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generally to the fields of biology and nedicine. The

present invention is directed to nethods and '
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particularly, the invention is directed to

|'i pi d-conjugated interferon having increased |iver

upt ake and increased plasma half-life. Background Art

[0002] Interferon-a (IFN-a) is considered the nost

ef fecti ve ant BACKIGRQUIND QF AHBANVENTI®Nhepati ti s

that currently affects approximately 800 mllion

peopl.e_worl dwi de (Hoofnagle et al., N Engl. J. Med.

3%@5@25“@1@@#&&? However, the short half-life and | ack
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al..,. Hepatalogy 24:778.(1996)). [0003] Pegylation is _ .
mb%filré%fﬁﬁ%rﬁ%Ilypl‘gg@au%em?ﬁfifw ANVIg ipskpppest liver) wpgle and increased

e -1: NTRON, was thus devel oped to prolong its
hg%??P?ngl vert hel ess, pegylation results in a

het er ogeneous species (Wang et al., Adv. Drug Delivery
R8Backgréuddi Art( 2002) ). For PEG | NTRON, a nonsel ecti ve,
succi ni m dyl carbonate chem stry was used and

[0002¢ ons equrteiferon-gp (IPNIeed @nvidxiedrtke afosp effydtpiecitif-alnagent for chronic

ol yet hyl ene gl ycol PEG. with an. avera mol ecul ar .
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[0003]) Pegylation is most commonly used to modify IFN-a. Pegylated IFN-q, 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-a 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 vitro 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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invention relates to |ipid conjugated pol ypepti des,
we2@s/ospber apeutic  pol ypeptides. The nodifi edPCT/US2007/022770

pol ypeptides exhibit increaséd plasma half-life and

i ncreased |iver uptake, thereby enhancing the
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increasing the |iver uptake of a polypeptide upon
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urther relates to nethods of treating a |iver disease
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pha npositions conprising a lipid

ce a
cgﬂ{yaﬁ% gdwgb?)}ﬁ ptide. [0010] In one enbodi nent, the
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[0009ﬂ)ol ypeém pij addi pyatpmbpdioent theanv extionyelatoRiyp R utgrREagmpositions

tter understood wth
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[OOIOIFI gur esn die dikb&dimedt, ithsorin is Chdvipeafie €orraliver ditsasent. g Yepatitis. In
that palmtoyl cysteines are conjugated to | FN Vi a
diosel Frbedimetid shapobmeptidssis pBnigtcsferayse.g, injpsferng-gngdln 2 further
14] Figure 2 is a graph
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administration to CF-1 mice. WD 2008/ 057298
plimkage 67 tigovgtymodification 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.



-3 [0015] Figures 3A and 3B are a graph and bar graph,
respectively, which illustrate the plasm |evels and

wo pooeis12eg ent i on of PAL-1FN, | FN and PEG | NTROMEHUS287/022770
mn, 60 min and 240 nmin post3iv injection to CF-1
m ce. [0016] Figures 4A and 4B are a graph and bar
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resent_.i nvention, the term"polypeptide" refers to
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agh§spnThe pol ypeptides may be isolated from natural

sources or prepared by means well known in the art,
such as reconbi nant DNA technol ogy or solid-state

sved 1 RESHIERRESTREADSIE HHE DRFRIRTRON

conprise only naturally- occurring L-am no acids,

[0020§ ONDi Nt GRverdion LieREsNO 185l E8n J%gﬁie@tphgfpeﬁﬁﬂdﬁ%a@ﬁi Mcreased plasma
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orhalf lrafman la\mrdmtaheh@nd theansel of #he mediisddpolypeptidae for treatment of
ol 9 1h%sé nvention, a lipid conjugate is
f r%& fﬁr’6 8h 5“1 east one reactive thiol group on

[0021} he pO'”I)hBQﬂédeﬂle}nvbrﬁlcﬁﬁﬂﬂ eapeseticéd iRy JRINpefde, e.g., a therapeutic
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isolated from natural sources or prepared by means well known in the art, such as
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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-



the field; in particular, well known thiolating agents
(e.g., N-succinimdyl-3-(2 WO 2008/ 057298

wEROBAS2007/ 022770 -4 pyridyl dithi o) propi onat BCT/6800P)/022770
and 2-imnothiolane (Traut's4-eagent)) may be
routinely enployed for this purpose. 100221 Exanpl es

Py QaRRGH fioRl: KERPE) % IMGb i lane Hradts Sediho) may be routinely
iﬁﬁmkﬁedﬁnksh®hqﬁ3ainterferoh-a, interferon-tB,

interferon-y, al pha-1 protei nase inhjbjtor, o
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hor nones ~por Ci > hor none, nman serum _
Caltérférohgstdipia-al fstdinse P ltpiba! ag@iogemist | Entfthidfiben SIII, beta-acid
transnenbrane regul ator, Factor VII1, Factor IX

Fdecaghoxylase,nduman  glosdh ohermons, bovineugrowsh abermasngerporcine growth

agtivator elin _basic.protei insulin o] lin, .. .
B ok OB s i BERPRRAL i s
f raadRdhiSrane répulatérABRttor MOMY Habida IXQFatlee dy, idlAY 1hdoferrin, tissue

Ta? 72 nonocl onal antibody, Tag 72 single chain . .
aRtasGEwgen rigiivajon meyadinnbasyr prodein, msuliyprolisnlis pratactin, hepatitis B

their re tor ingludin f Of JiIst el I

nanidsz BERRhGTul BB e g AR BRI Bithogy G A4 1e, Tag
t N2i mofledlbnait intidsdy,r THE M2 Sing¥ kRhiiar smipenr Bih@mgi ptein, protein C,
factor; parathyroid hornone; thyroid stinulating

heytalines and peair HCEPINES; ugglyhgg, for Jngtance rtyer mecrosis factors alpha and
f [ Lol at i ng, hor .ocal gitoni n; 4l I N.Z] . i
b S K00 R 821 el YA g
Nparathyfeill | Korid@e;0 thyrdid nglimulafiRe thefhond)r Mdpiéems; alpha-1-antitrypsin;
baonmbesi n; thronbin; henppoietic growh factor; .

e flbPIR sfimwiating hormare; ralctepiiadieinizmehnarmone:yelpsages; yon Willebrand
( - 1- al. " r I N S . . . .
er; SR Nt MR (U CoRHERnl wrofingsg; bombesin;  thrombin;
r abmspdictt Ghawth; f4etoy ehkephalina®®uiéman macrophage inflammatory protein
gonadot r opi n- associ ated pepti de; beta-| actanase; i .
DOMER-1-3lphw) 1 serumcalbumin; sugh s mulerigmbitiing sybstanecuralaxin A-chain;
f VEGE) .0 or eS.. Of: . i .
r K0S Xl e b RS SR o BB 8 Pl patactamase
aDNage;0finthilpin] activiag tvascudarc bndishdlahegrowth faddor (VEGF); receptors for
neurotrophic factor (BDNF), neurotrophin-3, -4, -5, or .
- Borneqmss 9r grewth ’faq{gr_sgl’ntec&nn;\mo@lp Agpr ; }:Rc]umgtqqu &A6t9Ts; a neurotrophic

f < ; elet, - j .

¢ S bR e NEfv AP h Ao ROHE or, BDNYE iMoo, -4, -5, or -6

aNTI3-CFT-4, &pI-AeomiNT-g), omt & neaet growiiE@dtor suchnsd DIGH-begta; platelet-
T

SOt a0 1A BRI S A g sFGF and bEGR
B eyt REDPY GielomBogr{n 403 [T 9F ol o TG0 and
gTGH-p, iheladimg TGF-1, TGF-.2, TGF-3, TGF-4, or TGF-S; 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



bi ndi ng proteins; CD proteins such as CD 3, CD 4,
CD-8, and CD-19; osteoinductive factors;

WO povBsR2e%i NS; a bone norphogenetic protein (BM/PS2007/022770
colony stinulating factors -PCSFs), e.g., M CSF,
Gv CSF, and GCSF interl euki ns (I Ls) e.g., IL-1to
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Al DS envel ope; transport WO 2008/ 057298
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rapeut | TrVer Qidedse, ere

adireosizgdivef chieer eBthﬂ[me,dalhd \aboohold diver Qlﬁsehshae Polypeptldes that are
conj ugat.ed. pol ypept.i de. . mpl es of |iver diseases
i ,thqrwgtlc wPE Boluyer| thﬁapqitmq;\a\de Hawh ¢ mpk limiteg, to, \any ferferon such as

IS ver cancer, steatosis, and
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[0024’ her ap%i berpb s ofl te predentlinv iR, tHeabid BipidUtefers & éfter a lipid group
imted to, an interferon such as interferon-a,

| .pt:rearef agrahydsocaghori- -based gmuor(nyparpoam onger mete proEesiciss) comprising

esent entio he term f.ers t
citalged 5P BERtny i ol res S oo Sy consising of
94Qb R6(dafboRAdrhs; PreferabBNEtoOr9 ERbGh ABIMBO Saﬁatﬂéllpld groups include, but
conpri si ng allpld‘grou By the term

| Qrermahhmtewgr i Stioes e oAt (€ 1ot Plsb] G5By tea] (Cirbas):

bon eferably 5 to 19 carbon atons.
Slfﬂ1 {% %nqﬁ?eﬁgg&gr%%ps include, but are not limted

[0025)0, theTheaipidWaydie quajupated! to(the pbipeptidel layany( Kﬁﬂ&g@%eans known in
stearyl (CL7H35); cholate; and deoxgchol ate. [00251

hbze ritpi @eengghd).8oRptudiased 908,080 6,580,907 ot injene gmbegiment of the

Qv‘%%g&bnﬁu% §B%§1”gs‘“"§5@ﬁ%a;§{% b pdI5oEiAE : fraugh! P refBbivle linkage

| M&hhhighs foheeverfiibld lnﬂ(agerihﬁg@é e\dltlﬁdhttlhﬁltzﬁtﬂiny peqictide of disulfide
through a reversible |Iinkage Mechani sns

r boadss ideolysinkanse Phﬁ@%‘é}e&% £lsavage! | @%afqrowample U.S. Pat. No.
r 84eldaq %8frefége%g%sfe ggeg gtg&‘él(}@e gupﬁr&{eﬁ Ipgep ?\g?ﬁ%?lg? Nos, WO 96/22773

photol'ytic bon exa

Nand %%51,3@31 disolbse efeatrBpctialatideteery laﬂdl edlegse of sulfhydryl-containing
Publ i shed PCT Application Nos. WD 96/22773 and WD
9@/31:&3@@%@ iPsetrigse Thaschylamahsamtion of sudhydydrepniairing polypeptides can

%?(ﬁ'gasg(fl b§ %L)IUI{%Q fol Wit gtli%ﬁ(mh?&gh a disulfide linkage. The labile disulfide

linkage is easily reduced, providing a mechanism for the release of the polypeptide from
the lipid once inside the body. Hydrolysis-based delivery systems in which a polypeptide
is conjugated with an organic acid incorporating a monoclonal antibody or other substrate
for the targeting of specific cells are known. (See U.S. Pat. Nos. 4,764,368, 4,618,492,
5,505,931 and 5,563,250). After specific binding to the targeted cell, these conjugates
deliver the polypeptide inside the cell where hydrolysis releases the free polypeptide

inside the cell.



pepti des and proteins. The cellul ar absorption of
sul f hydryl - cont ai ni ng pol ypepti des can be increased
whyoososj2eyati on with a lipid through a disul fiBPer/us2007/022770

| inkage. The labile disulfidé-linkage is easily

reduced, providing a nmechanismfor the release of the

ol ypept | f . insi da:.the D
on2ef, YoFBE 88, LESplde b¢ e BRaRehSheitytd edftbled poypepice is
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f 6YSI§IRR 4 &r gelRHdWes egpetbras & four molegulesigfRpimitpgegysteine. In one
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Cerbugh ktes formatipn gt disulfidelbondy belweepainepepiiode cystsinderesidues of
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pyitsripRioad the,eystring Haicheef palyto Y sysieins 7293
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i it ar fijent-tay atimidstbrng herthe ndnbpictrantipidt benjugated polypeptide of the
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o Myention. | Bh& g teaiing” tefers dg e smimstiarian Joosibysets of a lipid

P 20lpd oDl Tor pApARS w0 IFERNC plotention, amslipration, or cure

cyfualisease or gonditidarhr The imddifted polppdptida nofy bie adimfriistered to a subject

bonds between one or, npre st ei ne residues of . .

" HEIBE PRY IS4 B b IndDG AR Ordr et P! 8 1s5ae Fcgyfition by delivery of

CMS@ngLDO&? bnd EnBYdERER! theYipld 'cQﬁ}ungEd hRlydeptidd &S present or

to s of treating a disease or condition "in a

s athgnatstereyt ampart of & pkarmageutioaltdoepesitjoect a |i pi d

conj ugat ed pol ypeptide.of the  invention. The term . .
10028 ¢ 1 st e AP ey RLEQrEPSHEons dof AP PIS gl gy ACkordiNaodhe Breggnt invention

a.lipi . j - nal i r i . .

g Bt AP BRI Bo P A e A o p et invenion

diirs @aplkarmacanicalily iaoceptabie forndioptienhliyotgpkiped deithray phaemaceutically

adm ni% ered to.a subject.. usi ngl%an e hn%ﬂue known that achi

i ACREREO G AT ThesgS PSIPPNSCA Qe AURINGYTES 1Y A SRy that achieve

dedeiY GltdndRld p@g@&'syp%i"é;@mplé] LREnRIBRSH TRA bel BV oral, parenteral,

[ iprd conjugated pol ypeptide is present or

adubauiaeeusg dinievgsus, ohtramydealanadeita-peribneabnpragsdenpal, intrathecal,

[ 00281 Pharnmceuti cal, conpositions for adm.pi,stration

TRGHEE of SR aESa) e TR QRHER BTG O e e PER ARt on the age,
| g8sth, A8 wdiphtCoCRRI Haplcat I ¥PRBAIRNAGEANEN S bRy, frequency of
the present Tnvention in a pharnmaceutically

atreatpteab|apd oy matanetaf dheatfifgct desitsidn édnountard regimens for administration
phar accept abl che”i er .

ti,cal l Th . . .
o BRGBUNE (e RissenbEVaTHETTao e deberiyned f5aiBang thopgith ordinary skill
aghine\udt oflchigichl trépgied purposes. For exanpl e,

adm nistration may be by oral, parenteral, ) _
[0029] The form of administration may also include emulsions, nanoparticles (e.g., solid

lipid nanoparticles), liposomes, microspheres, microcapsules, aerosols, through
inhalation, and transdermal dosage forms.

[0030] Suitable formulations for parenteral administration include aqueous solutions of
the compounds in water-soluble form. In addition, suspensions of the compounds as
appropriately oily injection suspensions may be administered. Suitable lipophilic

solvents or vehicles include fatty oils, for example, sesame oil, or synthetic fatty acid



subcut aneous, intravenous, intramnuscul ar,
intra-peritoneal, transdermal, intrathecal,

w0 niosasn2esi al or intranasal routes. The dosagePCT/U52007/022770
admi nistered will be dependert- on the age, health,
and wei ght of the reC|p|ent ki nd of concurrent

"é]ltsn%lrt e)%aﬁl{é)lg%é’ %“SP‘%%gli} erideb. eaAge gus u?‘n&lon § sgensions may

ure of esire nount s rrens
adammins@batam@e whidlCiacastdtht istbetysfabe sispemyeincRidingg for example,
be determned readily by those with ordinary skill in

t hedinm; cagroxymetiyé ellilpseaserbitel, apdjondextreRe Qriforpldy, aqueous solutions
a G

ngﬁéggg rl%si)aﬁsg(gﬁ (rﬂay al% %&rtiu sltzi‘ﬁql?ze? g%rgmalﬁ” ers suc}3 as borate buffer and
Im&qaanes n1crospheres n1crocapsu|es aerosols

ough inhalation, and transdermal dosage forrrs
10031ﬂ 00301 Phgrmagpytical mrmr%ttqnén@f ther pp‘*ﬁ%nt@ﬁmon are manufactured in a

agl{gnﬂélsgvfﬁéﬂ 98 t&‘ft‘ %?wﬁ tl'gpg'ﬁ? s of M@nventional mixing,

conpoundas 1 n vva er-so orm '

S \geamansingndragde-ibleing odrmmﬁﬂg, adyoppipzing ptcﬁtegsbs/ Thibg/ pharmaceutical
i njection suspensions nay be adm ni stered. Suitable

| prﬁpsmﬂpm: for osal\usatcan G obtapncd byscaminingdhg agtivg compeunds with solid

S EOD oI55 Enghd bl S gk s o

eighinules] efidreadding sigblc auiligries, Audesired or MeegsksaryNto obtain tablets or
suspensi ons nmay contain substances which increase the

vilEEE8 FEFS-of t he suspension including, for exanpl e,
[00323OdI umSﬁﬁ@?f%&E F%l ar& u%uhﬁé@ S EPée}c%an ?fyc&) €, sucrose, mannitol

extra bus sof |ons an
sos pszmmtmnsceﬂulpsalmeparardnal mncﬂmah:alcnm&rphca;pﬂdteer such as tricalcium
bu gfers sucg rate buf er and _the lLike. 100311

psphate rica Iu“bnhbé Q8%h Phas %P, aspyuelhpscRiners iSpehedst Stesph paste, using,

al'fc‘:?r %ﬁﬁ'?ﬁp?%“{%@%‘& %hé&%[&%h WteCllarch, mbét?ﬁ;'g’gta}‘cﬂ?‘é@latm, tagaranth,

ans convént i onal

g mmnln}l a:bllmlgse dydipagpropKinregh yl el mbdosk vsadium «zarboxymethylcellulose, and/or
Thus, pharmaceutic

|
p¥§ il PR r°C§?§F81n9§edlélaﬁ?gbaémamgamﬁéan%9 addetbiushrig the above-
t tﬂ?enﬁﬁﬁ%c‘v §afchEP gﬁ’@ngﬁo WJ%X?\EHI {h91 sBXEH, Qi'c?sgtlﬁkcr:]d polyvinyl pyrrolidone,

optionally grinding the resultirng m xture
piagar&zrsallglglctdoﬁi on x salt thewbf, sgclamjd;o&lsum algdieate. aAnilxﬂgnes are, above all,

itabl e auxiliaries,, if. desifred or nece ar 0o . .
ook ek aBIE (el g gEeints S, crpoy) o i (e fearic acid or salts

eXferQJre8ich 8¢ thagheGum gtéeirﬁt%roqr %&Bmaﬁeﬁﬁf‘ec t?ﬁ’lﬁ/‘oijgrolyethylene glycol.

| act ose, sucros manni t ol or sorbitol
p Depgeeabrasrase amdldnd vagd mluahiepcbampgsaﬂash, 1§ dedired sare resistant to gastnc

LLE8) T R SSRLEL Somln e LSINTNAE SAERCROSENE! St which an
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.



for exanple, maize starch, wheat starch, rice starch
potato starch, gelatin, tagaranth, nethyl cellul ose,
whyasosees opyl net hyl cel | ul ose, sodi um PCT/US2007/022770
car boxynet hyl cel | ul ose, and/&- pol yvinyl pyrrolidone.
If desired, disintegrating agents can be added such as
he ab - fi r S I
10033412, 30 B4 CE6 bERER A7 OO IS Raffle SRR such as those
aldgdcribed aCU®. Pat. Nosak, 786,565 aaf 4,8531250.aDystaffs vipigments can be added

al ginate. Auxiliaries are, above all, ftlowregulating .
atfethestablsts arubpgeeaAnatngs dor examply, or ieniifieatiopgp @rder to characterize
SLERbIAR of Lfive @Rl ALLOT, such as magnesi um

stearate or cal cium'stearate, and/or polyethyl ene

[0034)! ycol Othdprphgatacenticsd pegparapiony it cahtbe wed irehide, but are not limited
coatings which, if desired, are resistant tq gastric )
j ta s puslirfit cansylep made o€ selativdretrlaguppositegieh driakation formulations for

R D e

ghithod phandéaitically harptabletbacrkérdpenetraticiuenhancdrpetappisnt, and/or filler.
and suitabl e organic solvents or solvent mxtures.

: In
oPgestratign spbancee wifablefgs uscesichdg patioRc.gamene.canpfioteric and neutral

SSAIBE s A e BED ML, PO SO BI BN s e

c&hdwh dsthe apht hal at e are used. Coatings nay al so be
Erovided to protect the lipid conjugated. polypeptide

[0035bf t he The SQUMVinBrR¥@MPIESAre LRI Wbl nat Eryiing;of the methods of the
acidi L Eanme ) | . .505 .
U S0 =0lr, SR BoglfhioR6ns SafABERSF e varics o
C oomditidrizadndgraeanpstat aotreallyf enoomgeret in medicaltreatment and pharmaceutical

Preferably, the core is neutral or basic. WD . .
2eggwwﬂqénﬁt@rm%zww@mdﬂllcﬁlr{ fgeeé]ares‘é(stb@ the sRigit and scope of

contai e or nore al kaline reacting conpounds such
a%lﬂgéhé%ﬂdescri bed in U S. Pat. Nos. 4,786,505 and
4,853,230. Dystuffs or pignents can be added to the

tabl ets or dragee coati AN anple, for

identification in order rﬁgw}a@ﬁeri ze conbinations

of active conpound doses. [0034] O her pharnmaceuti cal

pr epas ki ot i he{FALOIFN

[im ?f é@&h%ﬁ ogpzﬁq ﬁé@??ﬁtflgggasupgé%ngo egg# gel atin, )

rectal suppositories, inhalation formulations for .
[0036pr al altinman dBNead wakrimvessibhyt ilipndizedadyl conjugatintgalpalmitoyl cysteine

crear r ointnments optio conhi ith ) )
el P oL, Besiibtes o 2N SRLRSDEEs aPhds; Bprough this syntheric
CRRABEE! a KorRdRhEN, . siRflElspécids kbxgﬁgate Reaetpréduced) PAL-IFN. More
enhancers suitable for use include cationic, anionic,

amppatantiyc dentfidedinkess in PAhdFNawilbansunh thecestesses af hnmedified IFN-a

Eﬁgaﬁ ltt}l%?{re]lfll;ljfgl]ogg{lgcrlé %’boﬁ?,l Sorsglgfyairr]lcﬂlé liéezr%ﬁena re]tdalgtlﬁes{ige and Protein
Drug Delivery, S. Frokjer, L. Christrup, P. Krogsgaard-Larsen, Eds. (Munksgaard,
Copenhagen, 1998) pp. 397-408). As a result, the released IFN-a will locally circulate in
the liver with a prolonged period, thereby enhancing the therapeutic potential for viral
hepatitis. The pharmacokinetics, biodistribution, and in vivo biological activity among
PAL-IFN and pegylated and unmodified IFN-a was compared, proving the potential of
PAL-IFN as a novel modified IFN with improved delivery and liver-targeting properties.



[0035] The follow ng exanples are illustrative, but
not limting, of the nethods of the present
w0 poogfsizesr. Ot her suitabl e nodi fications and PCT/US2007/022770
adaptations of the variety of9- conditions and
paraneters normally encountered i n medi cal treatnent

[0037?Rgsgh2{<urﬁ?aﬁlel§ erﬁ?c%%aelﬁgir ar e VVI tzﬁF dafrgm@%\/?ﬁg‘n El\(ﬁountam View,

fie spi
s@Xe Iafthe fdIRwingy &mhpﬂ’bns@ﬁé\l‘ﬂﬁul?es;llmﬁﬁ dsidna teﬁfas hIFN-a only. Fifty
Pal m t oyl ated Human Interferon alp éPAL IF LOOS L

Hmmrﬁgtam\l(wg)\wkl wasdipsolyadyinto; %ﬂ%ulz eﬂP §ceamna@e SHgyChaps. Freshly

T e R R e T R
sdisatfeigybonds bﬂmemﬁldﬁl h%ut’lgicebeﬁi@ﬁ(alt 8%°C; @4j wgaf N-padaitoyl cysteinyl
produced, PAL-I ortantly, .disulfide

| 2riveidyl disuifide (Pelr@m ag AddAdelorie reaElieh guxigre and the incubation was

u ion inside the body,
pgér@%lleh ??rndntg Eke?f‘?‘\&/*g“? P?oﬁ ?erﬁp%?ﬂﬁ ﬁte Pepti de and

[0038Pr ot el HPLT aghlyed weensed tSmdﬁlitoktherwhdle reabtiors t HRpC was conducted on
Krq aard Larsen, Eds. (Minksgaard, . Copenha

19 W Bit-Packard 1689 HPAL systesy (Ayondals. Perjsylyanig) pmRloying a 250 x 4.6
ﬁggﬁcﬁﬁéﬂéx Ghupitet! @olﬁlﬂnt(z&‘?a 'evéﬁhﬁ%ﬁ% ai“lﬁ:rrﬁl)lﬂﬁgﬁﬁses were 5%

ereby” enhanci ng el apeuti ¢ potenti al
f atewmtr&lh in beli%ltmﬂmﬁoac'éhe apidaAyend Ki5Me beetanitrile in 0.1% trifluoroacetic

blodlstrlbutlon and in vivo biaological activity anp
PACII(BN ArfiagigthyplultondvasIogrAmEds staring phl Qo dncreasing 16 100% B in

mgﬁ‘?l:h X dlw {ﬂtﬂl dOh/e BPRk gﬂt ?ﬂtloﬁgl 5 %lr &'ﬁ@ d@tecRol'R4E Imade at 214

I nprove iVery and

| nvdr -With JEPLO ginplysip AN eas W2 0B 96 idA8and PAL-IFN conjugate was
PCI/ US2007/ 022770 0037] Human | nterferon-al pha

( §luted 25)2 sipgle peakat r]rédlf[zrn%)% Bi oVi si on (Mbuntain View,
C‘A) In the foll ow ng descriptions and figures, IFNis
desi gnated as hl FN-a onl Fifty mcrogram(g) IFN
was di ssol ved into 200 LEXAMBEESnt ai ni ng 0. 5% Chaps.
Freshly prepared dithl ot hrei toI (DTT) (8 L, 1 ng/m)

was added to the ut i di sul fide
bonds of I|EN. Aft Eiraﬁgqﬂzﬁ ‘Bﬁ??‘&nTEN 37C, 24 L of
N-pal mtoyl cysteinyl 2-pyridyl disulfide (Pal-CPD)

[0039YV6‘S addgshid Q?Hrbﬁafo%%h%&&l Mir3 Wlé%s APdclrdBet GUONBPWvas applied to

con I nued ano hour roomtenperature.
[ @baac}temme ancdiffeation wd P Adls BN t cbO mugmftPePcL -{IFe “mollgsted with freshly

react n.,, HPLC. cpnduc w et t - Packar d
Lteedpariny A BRI RL T armne Jrd BikeSIore aF agHefige dor another 2
256ux>s Ad&hemahﬁghpwrfemeﬂlymhg eFitHCfre O UWiyAsTRr TABGBptic digestion

California). The nobile phases were 5%

was stopped y 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 IT LC
system (Micro-Tech Scientific, Brockville, Ontario) using a 150 mm x 75 pm C-18
reverse-phase (RP) column (5 um 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



acetonitrile in 0.1%trifluoroacetic acid (A) and 95%

acetonitrile in 0.1%trifluoroacetic acid (B). A
w@e@diosns el uti on was programmed, starting at BORWR007/022770

increasing to 100% B in 15-d¥n and staying at 100% B

for an additional 5 mn. The detection was nade at 214

a Y | %s] : 8., i
ol sn e B AR Kt eonSlrB RTS SnPbeddiobiflelon peaks from
1%helgraceding fu$éPLE 2 Characterizati on of PAL-1FN

550039] Li qui d Chromat ography-1on Trap Mass ) o

[0041gpect r dhmamic exctusim Wasenaglsdisnehythabatterihieg ocapronges ¢fean ion within
e 7 0 : . _

ot SRR o8 BRSSPt s ks W 8 hfomrric dt

agendrittordp gamtictwersSasr foflewt .eebllicion anerpNe5% full@curSMS mass range
and t hen overni ght replenishing with fresh 1%

b
pdiR0 rm%énmrrwpil\ég diggakix¥l@nco n@iﬂ%ﬁ‘é(MW%éﬁ@ﬂgSXw3 counts.

t

5% i.C ' d usSi 8

R oL S 0 BEAGSE BpBp mccon
vasing enfuncomed W6 iung-1B JiiesTip " FPivoTiM nancride emitdPPNes Objective,
mass spectroneter with RP-LC inplenented with an Utra
PIWieburn, M@). shher say xeltags of dagmass enseiremeter Bragdid kY and the heated

h Q) ' X 75 m C 18 reverse-phase
?&é@‘lggltﬁﬁéér?%r%%%g%d?' particles) from M cro-Tech
[0042FcCi ent iThecobtiiegd iIME$ SSpeors ewdsoarthdyked ndsofdlomMsc hrADBeta test version of

Bi_ oresour ces peptide cap.trap, ai. 95% sol vent A (2%
a B wenke (Braworks 3ok) ragr frninegrqds) (2aerw/nogel slustehcompptss dgom Thermo

S50 B LS Al G raion s
6 Be N o viesdt speBtrh and Ohuwm:n inferfictom aldiaMiosgxe dhtabase. To identify

were acquired with Xcalihur 1.2 software. A full WO )
2@0870951%29‘83 Bét m@esz/adbgf?r?etlal-r&@ﬂlﬁsﬂ@eaf +3a8-559 (molecular weight

DAty Gl SPORET BRSSP poncsioic
Dgname tmpsihu?iaoge stits: a&m?bF@d)elpﬁdn@idbim?fﬁcaﬁbn,espectti‘H;msing a threshold
D OAEHE BT TSR PR HEELE (pbt| 9Ti H0 Te Fioniedfor +3 fons) were
S t [ 2

ARFLREFEIL) 6, 0 S bR BAIRNSIMS g were s
4onh8l0Ovatidatedm ni nrum MS si gnal 5x104 counts, m ni num

/ M5 sjgnal 5x103.counts. The mass spectronet
l0043i/§ Ui ppadioT 4R AL RIS preidies o B e distse hane Gors! pos; Cys29-
-t ot . nSourt STy
n?ggg%?rln YRRQAL @fle %Ql\rlg\%gé oJ'R o?'t ﬂdlxgﬁgylFbWeﬁieg ?J 'dYEM Cys29 and Cys138

t]
ay emtter ( (bj ect’l ve,
was identified with LC-MS. Figure 1 shows the mass spectrum of Cysl (A), Cys29 (B)

o]

and Cys138 (C) modifications. The tryptic fragment containing Cys98 was too large to
be eluted out of the C-18 RP column in LC-MS. However, since the reduced cysteinyl
residue is unstable in proteins, the modification of Cysl (Fig. 1A) infers that Cys98 has

also been lipidized.



Wburn, MA). The spray voltage of the nmass
spectroneter was 1.9 kV and the heated capillary
wao eqopesavtir e was 180C. [ 0042] The obtai ned M5 BpEUS2087/022770
was anal yzed as follows. A Béla test version of
Bi owor ks (Bi oworks 3.1) on a nine node (2 cpu/ node)

cluster conputer fromT liegtron utilizing the
SEQUEST al gorit hm was umlﬁeﬁgrm ne cross
correlation scores between acquired spectra and a
human i ntmpéeRhdeval PR RhE RoAR SPRAE.-TFN i#I9Rd Ty
Cys-conj ug%eg EX% pg%tulgées, Ipgodi f?er enti a?q

modi fication of +358.559 (nolecul ar wei ght of PAL) .
[0044has usddale OFREmiGERRIEBRgRAdheteacts witicfrerlaatesshtocfobdlanid water prior

36 e PRRRERlsy ety weel oY e, phifP Samisiniels. S5 BP AL PN and 'L.1EN
t Rya8 20RkdsterRl 5& gﬁéévis ®id @l eI VS mirg, h@rsrgﬁ, 36 atig, .2, 2, and 8 hours

for +1 ions, for +2 ions, 2.5 for +3 ions) were

t pest ihjmﬁ@ct%dﬁimlw&ow sach lexperzmentalpgropp iverte sewstficed and blood was

identified. MS, s tra re also nual | . .

v Pt ok TREF bl e B RN Byl nifugagion of blood for
f QO Mufiv0at d6.900 frpee DPREISnfably Protéing IRere Cprediditafeds #3B) 20% ice-cold
in |FN-a. The conjugation of palmtoyl cysteines to
Cyrichloroyespio agivd a®y sh3sadiaegtivikyiémthief preeipifites wacmgsured in a gamma
Figure 1 shows the mass spectrum of Cysl (A), Cys29

(%?““‘%Fnd Cys138 (C) nodifications. The tryptic

[00451 I 20T Fig @ DtsAbWE Miht Y PRsthR SondRAtrhtadnOSf P AL-IPN i8lsifin®ficantly higher
out of the C18 RP colum in LC-MS. However, since the

r deanctbat ofylFNeatrgach obessyesliime poins (Thisi pdasma PABtIENlevel displays both

t he Lfi.cation of sl.(Fig. | i nf.ers S .

b TRPsRERR Ry S Gh eflon ofhess Pl N Bhovts Bihominately e
Pelimifadiof phase? 7CRlcutatell fratAVRE Burdef)l the BRmiiRidh HaBrishd of PAL-IFN is
tinme profile of PAL-IFN in vivo [0044] WMale CF-1

m ce
wei 2§, hiclvis significantdy projpngeds sscomperedde theohalbbte afmgn-modified IFN
\Nmrz% rior to the experinments, were used for the

ant’ P‘experi ments. 1251-PAL-1FN and 1251-1FN was

adm nistered to mce via the tail vein. At 5 min, 15

mn, 30 mn, 1, 2, 4, amw post injection, 3
animal s from each experi &up were sacrificed
and bl ood was collected fromthe heart. 200 L of
I ' hRIN: 0 :
CopBRToL P AP B SR Lo PR INTROR bl S Cor ¥ntration and
precipitated with 20MYRJIEENNON 7 VBIA or oaceti ¢ aci d,
and the radioactivity in the precipitates was neasured

[0046] " @ 98F@Hlasma 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.



counter. [0045] Figure 2 shows that the plasma

concentration of PAL-IFN is significantly higher than
wao bas/osf298 FN at each observed tine point. The PCEHES®07/022770

PAL- I FN | evel displays both-12he distribution phase

and the elimnation phase, while |IFN shows

predom nately the elimmnation ase. Cal culated from

the curves, the elim natir}%‘?ﬁ1 i‘?-life of PAL-IFN is

3.28 h, which is significantly prolonged, as conpared

to the half-life 173 h).
EXAVPLE 4 Compari Ssotapt ERkERH BRI £26) o i n

pl asma concentration and I|iver ret entl on in vivo
[0048] 0046] C'e'ﬂelaphatakm of ®AdI-TFN, IPALand:REGHTtNTR@NI wasemeasured in both the

ret was further red t hose of |IFN and
PRE4S Ine pog Pripegy oJIgEpd mapss afé?ﬁ}s‘eizm PEG | NTRON

[0049}“'er e giﬁ@/%rwﬁéfhxn hBpR6thedell Bn&Fhuh-T1 ©fhsfelRA Wit BICV RNA self-
were sacrificed at 15, 60 and 240 mn post i nj ection.

Theplicanli SLPCYiwas seedabet b densipy af 2e5 ant0’t prr wblblie a 12-well plate,

cPHiRiE o SRFAPROGT PR SFE 3p achtitine b <o aisposphgs wnt cells

t RORReP Eortifencd. NTREN A8 dvdrENv dshi D Bh& Ith- PIES‘ ratntiechgip'i&ubated with

PLIFNWasretalnedlnthellvervvlth ignificantl
hiDJMEM/ t@h A ccantdining ( FI-GiN. “IBAL-FNan' ekBBﬁI-IéJTaRONdor 2 hours at

R A —

3Tﬁ§%sultpa&fshb5hl iR Pthupe YRYTHPu %kE’E?BPANTﬁmd 9s-POe is 17-fold higher
liver at the sane tine point. 2008/ 057298

PWMW?E@WON-@Z Hoddrhigbergh@ethatwflFNJpt ake of

v SR B A2 ) i
apenfary B@iuted Hiotub@ Répab) S\ o r@ﬁ&%@ﬁousé Q@?ﬁécﬁ@' Weré obtamed by
u -

i S a human hepat oma cel transfected with
H@\¢ Nﬂf-\lswl of cqlbgena@o solution lucmqnacs hg@red e’laleahepatosﬁtﬁs iwteye seeded in

eib‘%%}fésatgﬁe@% ?fnb'g ﬁulgﬂg o‘i\l\ﬁ o df ‘H\‘) ‘ﬁg?re% hours in

umNIEMVTE] 2 %onthi% e0b,CPBS$.| UEHRCEnlls TREreClitA $notBhted waiﬂh &AL-IFN, '21-
once vvlthPS then i ncubated with
PAL-IFN or “I- PEG INTRON. After incubation for 10 min, 30 min and 2 h, cells were

collected for measurement of radioactivity. 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 a dose of 0.1
mg/kg body weight (BW). Three mice were sacrificed from each experimental group at



DMEM 10% FBS contai ni ng 1251 -1FN, 1251-PAL-1FN or
1251 - PEG I NTRON for 2 hours at 37C. The cells were
w0 b@s/0s129Ppsi ni zed and harvested for neasur enmeneCDiS2007/022770
radi oactivity. The results-&3e shown in Figure 4A
The uptake of PAL-1FN in Sg-PC2 is 17-fold higher

3 TS A0 P o o e

OfwaBAbtaikdd Byasenkrifiipitéon SfB1bdd BEEJ000 rprp for B0 MirC Uﬁérufveﬁhlght clotting
nouse hepatocytes. The primary nouse hepatocytes were
o8t 4itred by the perfusion of collagenase solution to

[OOSZED ;ts :S l’['glf\é %glgnagg;pgy n‘?&%ﬁlﬁ Wats?%xgﬂﬁfécﬁ lf‘s?r%&damrg{]‘)ro}lgeﬁ%%r{ assay against

C Waudf dllsf audf céluwereisBede@MEN deadtycon? &i 10° m@llﬂlﬁx%rFBS6 well plate,
The cells were then i ncubated with 1251 -1FN, 125

PALd Rt 3 2EC pechymvHsd Har e sivedis Shrepdpldypprial dilutions of
DS dTEN ?@Hda@g Nyer& ?h&e% Y5hee 150! AREE Ry fdQ{g 30 4l of CellTiter 96
rreasurerrent (0] [ adl oacC Vlty. ? are expres é él

t muﬂﬁ&forﬂé Solptiak Readeng(Proinkga, kﬁfdlSOﬁ?‘»WMpip&ttEd gm each well, and
the uptake of PAL-IFN into the cells increase
w.ab $PTRANGE SHEW e WBRtecordadi toeanakyzeeesdh P @AY 11 |eﬁ%ﬁ well.  The

P, BB BB P BBURLASR O s s

PAtont tHY sitheldidn bfthe ebiréspoading IBN knahdarbicghver t han | FN,
and 8.6-fold higher than PEG I NTRON at 2 haqurs_post
10053] ncubatiBHe 55bah‘5|ﬂéat6herFFé\I PEREVERYYS eenaaied diom, Pey- RN in vivo at a

S SELTI QLERE B ] B 6L 0 BorflarREle difthohhe AN Ras administered

t ho enige) serinl RN iattdvint was chpiity dfmidishedry/ krgubdhﬂgctm g&m at 2 h post-
(BW. Three mce were sacrificed from each

ek‘ﬂié‘?t}%nt al group at WD 2008/ 057298 PCT/ US2007/ 022770

-13 10 mn, 2, 4 and 8 hours post injection. Blood was

col | ected fromthe heart and serum was obtai ned by
centrifugation of blood aBxampde®7rpm for 30 min after
overnight clotti ng at 4C. [0052] The IFN activity in

erum tifi i n n a pral jferation assa
IndgahABiot IRig -sepfigoddemintiuitbeiaied KBSy SKpreSSeH in vivo
density of 2 x 105 cells/m in a 96-well|l plate, and
[0054?_UI tur iqvé}tOx@gpekﬁe%lJHJ%étheﬁeag axoR e ARSI R-induced anti-viral

hree-fold seri al l'utions of serum and |FN standard
wectvigddEl- mlcdwwexgbiﬂgsﬂ 20 gewere @rouptdyrsndarglyl  Dlfiree mice per group
Cell Tit

were mtravengo%sly 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-HC], 50 mM KCl, 3 mM Mg(OAc),, 0.3 mM EDTA, 10% glycerol,
0.01% NaNj, 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).



Agqueous One Sol ution Reagent (Pronega, Madison, W)

was pipetted into each well, and absorbance of 490 nm
wor®snERes ded to anal yze cell proliferation i nPE€HUR2007/022770
wel . The anmount of serumitBEN-activity in each well

was cal culated fromthe fornula generated fromthe

[0056F|0(r;15“3]a tAlfgﬁoglu(?lf}é)t é%ﬁs%&e?ﬁ%?rg?thgc%pé%\log tanFQ( §8 Gl OF ‘wet tissue) was

I S ERER 1S d] Fo% OB - doﬁ%yl nsﬂfa\/@ﬁ)cﬂyao@ylain% gBUtlectrophoresis (SDS-
sustai ned | evel, for up n conpari son, after

nBAGE, lard| thers traasfﬁmdatt@rp@b'vnty@qu: élﬂwﬂg PVENF) membrane by wet

Bl 3t SARaRERIP N TANRL e tfedRt 858 Blcked in 5% non-fa

| dre mifk at5rooﬁi teipReERaE ﬁf Q Botittdndt e idcub&¥® whith a rabbit anti-OASI
expression in vivo [00541 Liver OAS1 expression was

upelyclenalaantibpdy, gébg,en#aﬁanewleg@, G ANwiithcudibationrf; L: WQ a1 4°C overnight.

g'&ll u trXbra:Fh rweaérﬂnl‘?% ngglée%h Iguba\ll\g %wme L pero¥ 1g§ueo C ng/ugated goat anti-

a@dﬂbﬂl E‘g@ﬁ@ﬂi WidilatisBof 1@5(20003&%91 BWtOxfooian‘dm;ﬁfHﬂurQ 2The signal was
BWof PAL-1FN, respectively. At 24 hours post

n%pf@@tpd &, inpybang,she mepbrane; wihy plus yeaggntpe(Aanersham Biosciences,
ei(’?scﬁtg\q/a [Igﬂgfg%j 1 '?‘mR' Enrﬁeex Psﬂﬁggh% ﬁl\élglrbfa?nleﬁg gl )é ?;%ySﬁl%z gca' 2 min. The

[ ) ySi'S
mikrlsitlySoftdath 101 \VM dfantified WQ@@%@)B@ s@ﬁ@ar@Wﬂ, Hercules CA).
10% gl ycerol, 0.01 % NaNg3, 5% Triton-X 100, 0.1

p éwrrn@l@whg mq‘t@nwadmaquaelénxemm)e B-actimmwas measured after stripping
T
R SARRASAFRSlyechlle Bl TGy by Bl R RASERNASIELS,

[0057puper nafsahben \We Figued 6 qw&trﬁéhtfwath BADIAYesigiifie&h01§. enfimicdt the protein
protein concentration in the supernatants was

éqvg} o Qé§ By liverebys&A-folde pepempasediip thy p,t@p@éent with native IFN after 24

COUREC IR P8 I b YR OB 30 s e s o

et,6alihkddcoligoad@nitae Mt ATHGeferetl tords 2-5AS u2)SAVdinds and activates
subjected to 12% sadi um dodecyl sulfat e- pol Igacryl am d

gé‘lbo’é‘F‘%‘iaﬁ? dphishiesi degvebapRNAcHsading, do the Anhipidieat ofr Vel replication.

"ﬁ{ ngd ug%{éﬂcgsﬁgﬁ {)f é%g&gﬁgf or V@ge) m nu (lage'? ﬁcé%é dfFIFN.  Therefore,

n’h’(ﬁﬂéa’ﬁétbem&stdnarf ST IocdlY imdlivek atouldisignificdklyadnhame@ithe therapeutic
erature for 1 hour, and then incubated with a

rﬁ ey aht ALARY againsbyiyal hepaiitisant i body (Abgent, San

Diego, CA) with a dilution of 1:500 at 4C overnight.

EXAMPLE 8

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



The menbrane was then washed and incubated with

per oxi dase- conj ugat ed goat anti- rabbit IgGwth a
waledososmaes of 1:50,000 for 1 h at room tenperat BCEUSZNE022770

signal was detected by incubiting the nembrane with

ECL plus reagents (Anershan1B|OSC|ences Pi scat away,

Ngl%ec{r we]rcé %ﬁrac?&rﬁl Eﬁff’ep ?petcgg ﬁgq{q%p%)etc&a %Qta&ér@%malyzed using

ensl

O Qaigin 7 sefwirg (ngﬁiﬂabﬁoﬁitﬁat&ﬁf NoathempBnpRed). Her cul es,

CA). To normalize the protein | oadi ng I n each
[005%enbr ads, shpwadn iFigurad, teashrspectesr @fef ABIFNasE iviftualliyeoverlapped with

RS o7 el ?"SE] DS tﬁ%éig%q%%ﬁﬁmﬁ??ﬁﬁﬁéthre%l@%ttb%atwe IFN. The

t degpt peAK atv22d rﬁﬁ\hndhl?&tle§ ittgad| Yoitle PNIL-YFe ndhdn@d dohirise mainly alpha
protein level of OASL in liver by 2.5-fold, as
cbﬁlﬁféﬁed to the treatnment with native IFN after 24

ours. ' I n eron-# AU
10060121 &7 e by Sl desitiboa 8, LRk Ot 8 Gitrgion by those of
obtdinadeRill &i ehef aromhabTtht sammé ean éd pedfoftied within 2-wide and equivalent

bi nds and activates_ ribonuclease L, which cl eaves
nF38e of earrifens; forpydations apd Pﬁhshp%aﬁmﬂef%wth%|aff@atfngoﬁhe scope of the
e t
ARy bL5Y bt BBl Hgtio 87 e i orsand publcaions
expeebatiarrofulipAicctpéraed blyyeference eeininher entirety.
significantly enhance the therapeutic efficacy of
PAL-1 FN agai nst viral hepatitis. EXAVPLE 8
Characterization of PAL-IFN wth Far-Uv Circul ar
Di chroism (CD) [0058] PAL-IFN and IFN were eluted and
collected fromHPLC. To obtain Far-UV CD spectra, 1
uM of PAL-1FN in 50% acetonitrile/0.1 %9FA was | oaded
into a cuvette with 1.0 cm path-length. The cuvette
was positioned in a Jasco J810 Spectropol ari neter
(Jasco Inc, Easton, MD). Conplete spectra were
collected at roomtenperature with 100 scans in the
wavel ength range of 190-260 nm |FN and buffer (50%
acetonitrile/0.1 %9FA) spectra were collected in the
same condition. PAL-1FN and I FN WD 2008/ 057298
PCT/ US2007/ 022770 - 15 spectra were subtracted from
buffer spectra. The final spectra data were anal yzed
using Oigin 7 software (O gi nLab Corporation,
Nort hampt on, MA). [0059] As shown in Figure 7, the CD
spectra of PAL-IFN are virtually overlapped with that
of I'FN, which indicates that PAL-I1FN maintains a
structure close to native IFN. The deep peak at 222
nmindi cates that both PAL-IFN and I FN conprise mainly
al pha



o

hel i ces. [0060] Having now fully described the

invention, it will be understood by those of ordinary
w@RioBlos1208 t he art that the same can be perf or nedr/mb1oa7/22770

a wi de and equi val ent rangel®f conditions,

formul ati ons and ot her parameters w thout affecting

t i nvention or any enbodi nent thereof.

A&fH%§ﬂ§3?§5”%§§é§t appl i cations and publications

cited herein are fully incorporated by reference

herein in their entirety. WO 20Q8/ 057298 . . .

PR 95 BIDRTIINE e ok FeYees pAY APRRRIES with pamitoyl cysteine.

pol ypepti de conprising interferon-a reversibly

conjugated with pal mtoyl cysteine. 2. The

pdlhg pebypertidesit cldimi lpvherejhemdinterfeprt aiin hemparintsriegon-g.

human interferon-a. 3. The pol ypeptide of claiml,

wherein said interferon-a is conjugated through one or

mithe polypspteierod ctaimi I wésreimsaid nterfavbry-peptompegatdd thtaiginone or more

1, wherein said interferon-a is conjugated with at

I@ﬁﬁ&ngwgkh@plecules of palmtoyl cysteine. 5. The

pol ypeptide of claim4, wherein said interferon-a is

conjugated with four nolecules of palmtoyl cysteine.

6  cal oy o '
S pEBEATRSH LA, SOERIPIA A RACR S|SB i s e
l'iver disease.in a subject, conprising adm nistering

t & %ﬁugeSQEBP]é‘EfoylPﬁie%%l ypeptide of claim1. 8. The

met hod of claim7, wherein said liver disease is vira
hepatitis. 9. A nethod of increasing the liver uptake

ofThp robypertidsraf glaypdh Wwhgreihsaid indgrfesen-pds eonjugsiedowith four molecules
conprising reversibly conjugating the pol ypeptide with

paf paltrotply] cystting. ne.

A pharmaceutical composition comprising the polypeptide of claim 1.

A method of treating a liver disease in a subject, comprising administering to said subject

the polypeptide of claim 1.
The method of claim 7, wherein said liver disease is viral hepatitis.

A method of increasing the liver uptake of interferon-a upon administration to a subject,

comprising reversibly conjugating the polypeptide with palmitoyl cysteine.



