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20  New Biol., 239, 117 (1972); Blobel, et al., J. Cell. Biol.,‘67, 835 (1975)). On the
other hand, there is no known natural pathway for exporting a protein from the
exterior of the cells into the cytosol (with the exception of pinocytosis, a mechanism
of snake venom toxin intrusion into cells). Therefore, targeting protein therapeutics
into cells poses extreme difficulties in the art.

25 11.-18 is a recently discovered novel cytokine. Active human IL-18 contains
157 amino acid residues. It has potent biological activities, including induction of
interferon-y-production by T cells and splenocytes, enhancement of the killing
activity of NK cells and promotion of the differentiation of naive CDA4*T cells into
Th1 cells. In addition, human IL-18 augments the production of GM-CSF and

30 decreases the production of IL-10. IL-18 has been shown to have greater interferon-

v inducing capabilities than IL-12, and appears to have different receptors and utilize '

a distinct signal transduction pathway.



precursors is induced by IL-4. Prior to the discovery of IL-1 8, IL-12 was
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macr ophages to eﬁﬂéngreceﬁlﬁéfer %‘%08‘?%%56&%’?%%3 etzliér?]laéngigfgaggly |gﬂe;§t§fl;d\?|¥@tsi es. As a
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macr ophage- ¢9 ﬂ@hﬁf%%d Whirkesthy edird P cclafgeitfist %ngpgxr_aﬁ%i&mag Foest o
erf%gbé%—hﬁﬁiatéaqﬁﬁlﬁﬂli@}‘cos' tis,
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al t hough the resufts were 1 ncon ot h granul ocyte- col ony
sti mul at i ngwhile The celiwarg respuhsilly tfer mmooralpimgetiyol ony stinul ating factor
have only denonstrated an effect in the prevention of oral itis.
Ker at i n_&%yt e growrdyn _é%ﬁab‘ils@lbé$ 1?_( QFWﬁSat%;Etegﬂmvpﬂvén%eé’tﬂag?%ﬁ%ggs’i n the
prevention gk RSt fbix Biis NehdRiBple RElubRGh &GS, Altthdinea@uwkiat i on- of
oral nucositis. Wth the energence of agents that target nucositis
pat hophysi oFfastprs and ¢yiokines sWininhd repeir npiydrertriggated by hwmp, miseobesel at i on or
chenot herapy, regi.nens,. pbut will tailor th rotocol to incl .agent -
t hat ‘can pr g]i}eé’ilf{g“altg’ IF%B?Y:Fe??HéedOVSSHiJE%Wt &@O@}égﬁoﬁmp r?g(;ﬁééhggfltg i the
art a need {OudaNRb BBst HRMUNBREPBRYY therer@tRialiont Quigiiahich thowaghd epai r,
particularly to treat: skin wounds, surgl cal wounds, |eg ulcers, diabetic

ul cer s, 20nuctepatripsocepwistinpairerd- | Sevgend grosvth fastars haye bage §8¢d todralRdPrereat
nucosi tis, "rirpu%oéi {{) ci,ag. eurrp\étients undergoing radiation or chemotherapy with limited
success. Peterson, Adv. Stud. Med., 4(4B): $299-S310, (2005). Granulocyte-colony
stimulating factor (Neupogen) had a modest effect on the incidence and severity of
mucositis in two out of four studies that involved cancer patients undergoing
25 . treatment. Granulocyte macrophage-colony stimulating factor (Sargramostim)
induced a modest decrease in the severity of chemotherapy and radiation induced
mucositis, although the results were inconsistent. Both granulocyte- colony
stimulating factor and granulocyte macrophage-colony stimulating factor have only
demonstrated an effect in the prevention of oral mucositis. Keratinocyte growth
30 factor (Palifermin) has shown the most promise in the prevention of mucositis,
preventing both the incidence and the duration of oral mucositis. With the

emergence of agents that target mucositis pathophysiology, clinicians will no longer
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Summary of the Invention In one aspect, this invention provides a nmethod of
healing a wound in a patient in need thereof, conprising the step of

adm ni st ewpregostm3d2Bie pati ent a therapeutically effectivecarasaws/oed3shunan

| L-18 polypeptide (SEQ ID NO 1). In another aspect, the wound to be
treated is ch enfr m.th r d r ol €g
ul cers, di ab&ti 8alt?rt§? gadla%ggto?gﬁe gth%aﬁgpeg\{rf@%ﬁéiﬁ?t@ﬁh tgfrl(glﬁhnﬁg cosI t| s and

| ung i nj ur Wnclddle&n%g&ﬁlﬂﬁbta&p Ventlthd mcidene@ndfimurcopitiov Citeslyatharet dxoxs of
heal i ng such wounds in a tlent in need thereof, conpri the step of
admi ni steri H@WW@@ t%é@we@mneav s EAPRRIECRIP eS| o £BIAFRS %wquai "d)gﬁprl sing an
effectlvea n S a carrier.
Bri ef Descr |on (n?%ﬁ ﬂi‘g&‘?"g‘gaﬁsg‘%?"gi Wﬁrlllds E LJh‘l‘égrge\lﬁlarll%al%Ellraglrssequence of
native FﬁlrramuEtbmﬁzBpéﬁﬁEﬁJaﬂyz)gblfﬁclx)testﬁagmueo@msdml\maltmmmmsn:mddungi1nsmquence of
murine IL-18 (SEQ ID NO 2). Figure 3 shows the amno acid sequence of

muri ne platel et derived growth factor-D (PDGF-D) (SEQ ID NG 3). Mature
nouse PDGF- %ﬁ@%ﬁr chprval of a signal peptide (-20- -1) and both
N-term nal C—ter m naI (171-221) propeptides (underlined). Figure
4 shows the ani nmwadpmqhsnn‘@mbnmmesm@ethw heplinga Houndigyre 5 shows

the effect of. to i cal administratio | D NO 2) encoded
i nto adenovP#i{fat &P%Jﬁﬂeqfe‘f?é‘??ﬂsi"?g@ﬁ B%@Emwtag&%qﬁﬁm represents

the meayy f ofhepRehidall %fteame agﬁ&mpof:mﬁﬂ&ﬁnm@b&%eﬁtm@ (SEQaptNof1)mui i ne | L-

18 purified protein {SEQ ID NO 2) delivered dally systemcally by

i ntraperi tomhenan]p@t:tth@)womﬂ indaeritcatediarhosem fropy BB grvpel: shiaivaadd poi nt

ts th f h.t th ffect of
A N R T A T A

ob/ ob m ce. nﬁagﬁtlgah@lmllmhry epresents the nean for each treatnent group.
Description of the Invention Human |L-18 paol ypepti des_ are discl OSE‘? in EP
0692536A2, EP 07iposerapd awmmmwnamaw@@ omethed pf heglmesueh yodrdsy

S equenC? of J‘é’ﬁ%{éln# %nexgegd berdtfl an‘P d—fsﬂlg tﬂe stepPot Rit¥istdring 8 pdRentla 8

polypep |des a eron- g-in
.pharmaceutical composition comprising an,effectlve amount of human IL-18

polypeptide (SEQ ID NO:1) and a carrier.

Brief Description of the Figures
20 : Figure 1 shows the amino acid sequence of native human IL-18 (SEQ ID
NO:1). : o
Figure 2 shows the amino acid sequence of murine IL-18 (SEQ ID NO:2).
Figure 3 shows the amino acid sequence of murine platelet derived growth
N factor-1 (PDGF-0) (SEQ ID NO:3). Mature mouse PDGF-1 is formed by removal of
25  asignal peptide (-20- -1) and both N-terminal (1-61) and C-terminal (171-221)
propeptides (underlined).
Figure 4 shows the amino acid sequence of human KGF (SEQ ID NO:4).
Figure 5 shows the effect of topical administration of murine IL-18 (SEQ ID
NO:2) encoded into adenovirus on wound repair in ob/ob mice. Each data point

30  represents the mean for each treatment group.



pol ypeptides. They play a primary role in the induction of cell-nediated
imunity, including induction of interferon- g production by T cells and
spl enocytwe,20@nhaszesenent of the killing activity of NK @elrius2006029358 onot i on
of the differentiation of naive CD4+ T cells into Thl cells. IL-18 nay be
used to repair nds, i,n ient | i . &t n Skin
wounds, surgi ca},\@%}]gen%gfo Setgg%f%gro gFluglﬁgggili%gmﬁlﬁgéPgb?élgr(geggl}rﬁg\l (talozgers,
mucositis, péiveraldadlylsystgaihllgbnigsipeiheanigostidn & wand epat imeldasi tis, and
| ung repair. Wund repair pertains to the regeneration of injured cells by
cel I's of thaieardichgaa porrecpesaBdic Braninysach Biment H0Y- ves the systematic

coordi nati on of ] I oF i tri @@ﬁg’ tion,
differentiation, F{d‘én%(rjé?éﬂn% etpigﬁggét&/?%l%% ﬁ’égﬂf@ lle\lgn{}ﬁ(%fnﬂeu?,{a%g%gl\r/‘\;tﬁ factors, and
adhesi or5 NnDNEX L) @swbumbriepainirash/clehiicd. #Eachddiagtont sepredentsiihomee fireatte t he
particular cells involved in these activities. Kanpfer, et al, Mdlec. Md.
6(12): 1016HcAESH FOWRO0). Interl eukin-18 (I1L-18), a pro-inflammtory

cyt oki ne, can induce Tunor Necrosis Factor-al pha, Interleukin 1- beta, and
both CC and CXC chenoki nes, which may play a role during the inflammtory
phase of thBPesariptibrefpghe Inypndioess. Puren, et al., J. din. Invest. 101:

Synt hesi o | L) 1 BTG BR BB SR AU BB THAP Her o2 Qe opades.  whi ch
both pl gy appeiey179AYHAOORAIUE]. THe Mhinb Acidébdueh@sSoftfunfaM_A8SE seful at ed
peri pheral bl ood nononuclear cells (PBMC) treated with human |L-18 have

i nduced gr afrthoo PEQ IONOCk t Bunai B8 polypaptides avgintertaronr-y{rdvwri@8F) pr oduct i on.
Ushio, et al, J. | ol . 156:.4274-4279(1996). Additianall. EL-18 has
been shown PBIYP?P&]&%WW &SI SRS HRA% Rl Y _Nﬁigméﬁg%&ﬁg{a?egﬁxw Ytell's and
NK cells. qtﬁﬁjdﬁl%]‘i}{&&tiﬁﬁ’ BPmME- RO} HBuctioh By Hedeli9and $dnetytha eniaesmgiown t o
pronote wound healing (Arnold, et al, J. und Care 54: 400-402 (1995)),

and' has beenf tha killeg gitivity of NK dellgand peniagion of thietditfarentation olmaieSDig

ul cers. Costg,. et al, Wund Rep. Reg. 7: 17-25 (1999). In a nurine

exci Si ohg)?ro_cgﬂ;eﬁ%]fm%@g]nﬁuﬁepai r, we have denonstrated that DL-1 8 pronotes
wound repair. Thﬁ.ﬂ@‘iﬁh%%eif&@i’ox‘é?hi@@oﬁhdsﬁ% aPF0ERY RRlusRiEN But R dintiteday be due
to the pro-inflamatory nature of the cytokine, or as an inducing agent for

growt h fact b skiniwengs.zntgicnd yroandn iegeyledss.clitbstiy ulogthuprenyire Beesr .
e T N N T
or ethanol pgpRE Waid Bpair pétaahsers i@ bé@faticArofemjuesd 2Bt by dellyafhiange
chromat (2)((); r aFSJmee, type. The process of wound repair involves the systematic coordination of the
following cellular events: proliferation, migration, differentiation, and remodeling.
Cytokines, chemokines, growth factors, and adhesion molecules function as cellular
mediators, which orchestrate the particular cells involved in these activities.
-Kampfer, et al., Molec. Med. 6(12): 10160-1027 (2000). Interleukin-18 (IL-13), a
25  pro-inflammatory cytokine, can induce Tumor Necrosis Factor-alpha, Interleukin 1-
beta, and both CC and CXC chemokines, which may play a role during the
- inflammatory phase of the wound repair process. Puren, et al.,, J. Clin. Invest. 101:
711-721 (1998). Several different cell types have been identified that synthesize IL-
18, including keratinocytes and activated macrophages, which both play a role in
30  wound repair. In vitro cultures of Con A-stimulated peripheral blood mononuclear
cells (PBMC) treated with human IL-18 have induced granulocyte monocyte-colony

stimulating factor (GM-CSF) production. Ushio, et al., J. Immunol. 156: 4274-4279
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phosphocel | ul ose chromat ography, hydrophobic interaction chromatography,
affinity chromat ography, hydroxyl apatite chromatography, lectin

chr omat ogwephyes/02a62d hi gh performance |iquid chromat ogr aply/Uusyésio2dssown
techni ques for refolding proteins may be enployed to regener ate active
conformatio | ar
synt hesi s, \gﬁgt‘f“%ﬁﬁgﬁa iyyﬂfqgP??P%gtsﬂgﬂgtt%{a@}chﬁér%%d y ané\y‘I pr oduce
active hunagaxﬁhralpl%daétﬁmsgztﬂcemdndMK\AﬂlQl@fhﬂ&%ﬁte Iﬂ'dﬁﬁ)cpuee&mmw i nventi on

al so provi des pharmaceutical comnpositions conprjsing

pol ypept i destimyating tacmhaweenshewné%mt% eHad E‘Eﬂ%‘gl@@ d’teﬁélr a{neutl cally
effective a i K eutically
accept abl e g@?’??ec%fre g?l uen [@ér{%g qnﬁrlﬁisn]%e%ggﬁ C%ﬁgﬁﬁé%gtﬁngglé%rl ers can
be sterije bhmnicd&noweQuRSrSV\maﬂosmnek adi, M&unid d@puﬂagn@: 1 has€199P).plata ol eum

ani mal , vegetabl e or. synth c origin, such as peanut. oil oybean oil,
ni neral oi | MUEEE §KEsIgN ImOdé}(@ gp‘l‘i’él‘i" Ege@og%tragedctg l;[‘efg %ﬂg}‘?tet he
phar maceut i Q@hn@ SiTht %chﬁuﬁﬂ%%ﬁélﬁﬁﬁ% pRIARYEROMR] r)épansﬁﬂay Be dge! utions
and aqueous dextrose and glycerol “solutions can al so be enpl oyed as |iquid

carriers, fuorthepawpifemohaoryi nm,tuarc phtheeytoking, poassan iBdudizdhigenpfoagnagidut i cal
exci pients iinclu st arch, ucose, crose, gelatin, malt, rice,
ik

flour, chal KCtsfi %raaléliocytg n8ﬁ¥t§TC8L?P¥t“é C&ngflé%troﬁl nonost earate, talc,

sodi um ¢hl ori de, pdryhestidek biMhRiprésentihy&iftionlcan BE &Ryl €8€ andipefdd frovat er
et hanol and the |like. The conposition, if desired, can also contain m nor

_zla_rr:t)unt s of mmbﬁgnmelwmmsfbyl‘mjl lenpeein metheds, insleding NPeE ey BH{ake 01; .
eseconposit] 0 mul si on,
Theeccomos L Al A8, LU SL RO AT SRR o o0,

| i ke. The cgnmﬁbéduorbseamohﬁtdgmml Rydrdplaubi@insuppionichamytogiphty, t r adi ti onal
bi nders and carriers, such as triglycerides. Oal formulation can incl ude

standard carHinsyshramaieeaphy, Ili‘éﬁi%bf]éﬁ%titﬁ éhm&}aé%’é%PWf leqm phroglatography g s e |
starch, ggrag i hfé&lp%ﬁgﬁﬁﬁfcg ?1qﬁﬂcgh§g11:§t3%ﬁ 1 Wil KnBlvh Y @aRue SR NEDIdifB

car bona es of 'suit maceuti cal carriers are described
i n REM NGT Qir(ﬁel%léﬁweﬁhfﬁl@éﬂ t SflgENTES abiyvdi;dﬁfomfmrcmn whe@ﬂw&pc&muéﬂ i ons

will contain t herapeuti.cally effective, unt often in
purified fofHenpugRst g\AP‘E?Feﬁu@WXnéllﬂs@ ﬁ%ﬂ? % orc% C@ﬁnﬁolp/ggmflﬁ;opr ovi de
the form f oh, RERORAINEEIKE AL S RinhANT L 08 4BePREtheNtvO Dhokesrul ati on shoul d
suit the node of admnistration. In one enbodi nent of the invention, the

conposi tion | s f thﬁptmcrﬁdnvamtlan elso gavides\pihprmaceuti¢ah eoppesiiéenscompasing
phar mac Sbl ti uman ?]r;rqg peptlcﬁes?gfiﬁ%fle{) 1). Such compositions comprise a

therapeutically effective amount of a compound, and may further comprise a

pharmaceutically acceptable carrier, diluent, or excipient. Such pharmaceutical
carriers can be sterile liquids, such as water and oils, including those of petroleum,
animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil,
25  sesame oil, etc. Water can be used as a carrier when the pharmaceutical
composition is administered intravenously. Saline solutions and aqueous dextrose
and glycerol solutions can also be employed as liquid carriers, for example, for
injectable solutions. Suitable pharmaceutical excipients include starch, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol
30  monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,
water, ethanol and the like. The composition, if desired, can also contain minor

amounts of wetting or emulsifying agents, or pH buffering agents. These
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i ntravenous adm ni stration to human beings. Typically, conpositions for

i ntravenous admnistration are solutions in sterile isotonic aqueous

buf fer. Wiereoszsd2abl e, the conposition nmay al so i ncl udeca/iseéodoed3sgzi ng
agent and a | ocal anesthetic, such as lignocaine, to ease pain at the site

of the injection.. Generall i 2(j.e S q It separately
or m xed to%oé?%oes%th%% Cgl}]?ab(e ﬁi&fté’gg 0? (Q)(g{rﬁ? bgséi%#gﬁsé#ﬁ@élogﬁgﬁﬁ{sf ?)lf)’hi lized
powder, or wpkeks,podesosiBemiddatRasd forraulagone ndkllike s #aé edmpanitiai ner, such
as an anpoul e or_ sachette, indicating the quantity of_ active ent. \Were
t he conposi ¢andi foEmulategas agHPRAsE Py With fgaditiopalshipgers ppd @é‘ﬁerﬁ’esuéaﬁé‘%ensed Wi th

an infusi Ontr%g)scteh esqct@faﬁd?@ﬂﬁtiﬁﬁgﬁﬂ ngluggg‘{aﬁaﬁﬂl&}rfe?i s NIBh&EuRal SAl I NE.

Where the conposition 1s admnistere I njection, an anpoule of sterile
wat er f @ i gjadedofanamiitol dddteve, tanh vagnesivinceehrate, sodaim sdeehdrimgr edi ent s may

be m xed prior to admnjstration. Accordingly, th ol ypept.i de may be used
in the manufALIQse sMagnesIURRCARANM Y ELC- %’f&?“ﬂ&gé’\é?‘i‘lﬁaﬁe @Bﬁ%g%q%‘%lf’%ﬁ Sthe
I nvention "R &Rl %‘kﬁ&ﬁﬁ}%@?ﬁ%‘éﬁﬁn@h @@ME@B%’ B pediaandsic for

par ent er al mnistration. Powders nay be reconstituted by addition of a
sui t abl e di tempusitoms otil eontpines trexeperiticely Effeciive@ptoabt ef thacompeungds Piten t o use.
The liquid formy ation may be .g buffered, isotonic, agueous. ution.

Exanpl es of "SR Ifﬁmﬂfitf’%%]i‘ﬁré“ﬁ"r%S‘Ht@ﬁ{?ﬂmqugﬁ?%mer gla?\\njoeprsf’g}d%ﬂ"%ﬁ)zmst andard
5% dext {@Serdrprpt SmBistRkibh &5 @€ pafstitUThe FordMMYntRb@E bR tiR Beddis on. Such
aforrmul ation i's especially suitable for parenteral adm nistration, but may

al so be useadrhiatstigtigh. adm ni stration or contained in a netered dose inhal er

bul i f i fflation. . i . ipi ents, h
oL nebul zer T 1 R Ao e M, AESPLAP ol R @A} oLy suc

gl ycol , mangichflancs with wontalRl ppodederes as a phatinaoewtical adnepositionadapted for
pharmaceutical conpositions. Alternately, the%qﬁ)ol ypeptide ?a be
encapsul at ethirayensus adaunstrgson o hwnan beings. shpielynCURPASHORS 191 or al

adm ni sjg at .n?ﬁverf)olﬁgras I %{Hu%ﬁla!c soﬁﬁﬁ)ﬁpﬁrﬁggﬁleﬁwté&@c? uf::cthHﬁt?erpaNﬁérgr s may be

added to enhance or I'ze the conposition, acilitate preparation
of the conpasiablepthe cBalpoditioanayels inclodaiasolsbidizinlg, agbwendsdocatal ci um sul fate

Gyt oL alh TR VLo el & BB SRSy Rl ny TR
o "B SR SR A chas sl asial and o) oo
With a wax. efdmeplemsuantry ifophiized powderi erwatar-fres congentrate.|in alermettoalEn about
20 ng t 80 ab(s)euatledlco%ta?neerr, Scli,lg 9 gr%g)lile -(I)-p seachette, indicating the quantity of active
| agent. Where the composition is to be administered by infusion, it can be dispensed
with an infusion bottle containing sterile pharmaceutical grade water or saline.
Where the composition is administered by injection, an ampoule of sterile water for
injection or saline can be provided so that the ingredients may be mixed prior to
25  administration.
Accordingly, the polypeptide may be used in the manufacture of a
medicament. Pharmaceutical compositions of the invention may be formulated as
solutions or as lyophilized powders for parenteral administration. Powders may be
. reconstituted by addition of a suitable diluent or other pharmaceutically acceptable
30  carrier prior to use. The liquid formulation may be a buffered, isotonic, aqueous

solution. Examples of suitable diluents are normal isotonic saline solution, standard

5% dextrose in water or buffered sodium or ammonium acetate solution. Such a
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phar maceuti cal preparations are made foll ow ng the conventional techniques
of pharmacy involving mlling, mxing, granulating, and conpressing, when
sui t abl e,wbanostabd2et forns; or mlling, mxing and fill ipog/Usesosiaesds gel ati n
capsul e forns. V\hen a quuid carrier is used, the preparation will be in

the form of a SR 55 &k éaltl%?lrﬁrug?j esfiopﬁarerﬂgrag rﬁ%ﬁ's%%ﬂg? ik Bﬁg%sﬁq}é%&gy mout h

suspenS|on a |I atro mnistere |rectly

(p.o.) or ffdrloeacl adﬂﬁlﬁst@atﬁmfdr cgetaed in @m&&mdz@doshiummﬂmlolnn&l&lmt gqneptl des may
be prepared aHgPhar nmaceuti cal conpositions cont%lr ning an eff i ve anount
t he pol ypepinsaélagen gk I%%}t‘?ev‘ieslrﬁ@? EpddRxcimends: SH ‘PNHBYIF CEept abl e

carrier. | nehiln SOERASICLIANS, b ol KSR Qoo P ARSI BHIRRAREON o

sol ution cofifai Hi e polypeptid yS|oIog|caI pH, in a
formreafly togodium etttaie) o my ﬁhmrmcphtdx;abcbmﬁcksmmrrpoa tions for parenteral

adm nistration will conmmo i se sol ution of ol ide of the
inventi'on or a cé‘étEF’&Fqu’ttﬁeeg@ ng‘ﬂgwg’&i’ni:?f’s'éla}fﬂqa%?&fg E%Ffjaf% B@ept abl e
carrier, SUEBuEﬁ)nad? Qﬂ,;s%yéraﬁmm&m&l Vﬂﬁdrﬁ%&’eu@it:al%ﬂé&@ﬁtﬁbl@%ﬁd 6fs may be
enpl oyed e.g. i ne 3% glycine, and the Tik These sol utions

are steril eliquid cgm@esr mhy Ye hdded toenipace brsthbitiee ﬂthDEIPOSI'IQIGSE te ficilititons may

be sterilized by .conyventional nown st i t|on tec ues (e.g.
filtration)ProPREtieR %@ CPFQﬂgtl%yg@bcﬁ?%ﬂs brflefcl"?ﬁ% l%cé?ﬁe Cag tabl e

auxi | i afy suRkABiE§Sratts tdrROHbd, Bthohesidi Rieaitkd Gt sty Sicidl, ead cpa&mgacwatl ons
such as pH adj usting and bufferi ng agents etc. The concentration of the

pol ypept i deagﬂf, I*r@latmvénqmdﬁaﬁrwr@uelﬁ D B PreReatiCila PliYopinspking, 8fd can vary

s muth as Yarshr PBbGRSr P P ek Kb adRet ek, BhnPEBRET 1

fluid vol umanoséEae i gl y2sryl @istearatd alume dir Mgthtzow ioh eTixearhdunit loisolitbde  of
adm ni stration sel ected. Thus, a pharnmaceutical conposition of i&ﬁ
1m

i nvention f 6¥IPHYATEMRYE l‘,ﬂlgrbelbﬁ]"@@{‘ aBent LHungtonbopt LERFEEOLES Bt
sterilejbuf Eﬁ%rﬁ%gg%ﬁf%reﬁzﬁgnaﬁt El@d@fb@lﬁvngg hg cBl?ve"f\HQhﬁl teBfiqT8s oft- 9 - about

50 ng to ab rom about 5 ng to about ng, of a pol ypepti de
of the i nvephironcy Bivelting hylling, rpixmgrgraautatmg,i and@nmpsassmgnvvbffn fuditablenvent i on

for intravenous i nfusion Q uld be ma t.o contain abou 50 of
Steril'e R ng¥aRedor B Binscmanh e itie St et Fapsils SRponiBbut 5 g
to.about 25,Mguffcaftid? @ M&ﬁ%le%?ep‘ﬁfaubﬂ%vﬂl Y ¢ tHeFBrm OEL h‘ﬁ{l? n@txpods for

pr epari ng par nterally adm ni strabl e conpositions are we known or will be
appar-ent toemhtsscm, ekiaul d@wous; ot hen-aguconhsiispensiate stich bdiuidformpplatidet ai | i n,

for exa%) | emay %I gs\{ered A&%Wmou% os) rEfll\f%%’m 052;[ sb)ftegdeleltm'v%psulPubI I shing

Conmpany;
Human IL-18 polypeptides may be prepared as pharmaceutical compositions

containing an effective amount the polypeptide as an active ingredient in a
pharmaceutically acceptable carrier. In the compositions of the invention, an
aqueous suspension or solution containing the polypeptide, buffered at physiological

25  pH, in a form ready for injection may be employed. The compositions for parenteral
administration will commonly comprise a solution of the polypeptide of the
invention or a cocktail thereof dissolved in a pharmaceutically acceptable carrier,
such as an aqueous carrier. A variety of aqueous carriers may be employed, e.g.,
0.4% saline, 0.3% glycine, and the like. These solutions are sterile and generally

30 free of particulate matter. These solutions may be sterilized by conventional, well
known sterilization techniques (e.g., filtration). The compositions may contain

pharmaceutically acceptable auxiliary substances as required to approximate

7



East on, Pennsylvani a. The pol ypeptides of the invention, when prepared in a
phar maceuti cal preparation, nmay be present in unit dose forns. The
appropri ave 20bwnaqaut i cal |y effective dose can be det er rcmas2008ac3sy by

those of skill in the art. Such a dose may, if suitable, be repeated at
appropriate_ti i.nt.erval.s s L@l e phys+gd an duri ng
t he responsghsbséor? 183.1 PR lzglg?ﬁ ﬁcgﬁg 8gna%®’|lsp Egglg(gé%ys egtps)’tgl%ngﬁ y be

enpl oyed t ochiekpratidardfitie/pappdpiiat ofithe agweentian gesich Phernpreedticabfatmsiativn be
enployed in the formulation will also depend upon the roug}g of
adni ni st r at FIhVaryMadalhd-es &Famp lnsh an aBputho dissalhy et Qgrat ifrsabart 1% 4988 shoul d

be deci ded ﬂl%%f?éﬁﬁ‘g{ E(S%%Q%ig;ﬂ%&%{gn% sélgaecﬁ’Fﬁﬁl%JaU RES o NiceRAImARt i ent ' s
ci rcunst ances. ectTve doses may be extrapol ated from doseresponse curves
deri ved 5 r omstasitids] é70., accoadingrad thapdeiculae stods pf edmmistiaton paésipkpt | des, t he

dosage adm nistered to a patient is typic .0. 1. kg.to 10 [ kg of the
patient's body wélghePhameacgy o t?ﬁns‘?fjé{“%ﬁwf%ucgl%éﬁ]t@musﬂg?nge get ween
0.1 ng/kg a e%%a%g@hgﬁgﬁ%ﬁm Bbh@H 1 S1bedYie WaESRE wadr, Ald iwadd vely, 1

my/ kg to 10 atient's body wei gﬁt. General [y, human
pol ypept i desbduatagao labowgd 00 mag, fe-g..i abeutiQ g to abhat Himgrotfoun abeidd mg to

pol ypeptides fr t her. spgeci es e to the i ne response t.o.the foreign
pol ypept i de'_'é“?ouf_ﬁgg‘?g’ P%)@\@Bﬁ’aﬁgtﬁég IR EHOR %ﬁ&jﬁ Pg@?“%cﬁag?aéss f requent
adm ni s{@ at ;@ApdsstiH b&Re RRSAtE Rr iftkivEdss infufien doglade rwe uprtequaiey of
adm ni stration of polﬁeptl des of the invention may be reduced by enhancing

upt ake and tbax 280 pdneft sterile &inges's golutipmwepd ebeutdrmag i) about 3G amgper §P@pt i des by
dificati h f | |1 Rk dat | e | ti | id
 phar maceu T B inshChs FEATR pBtnepBIE G hE hveditth. SUERhARoR B, T O Fns

one or nor epgpatifiepirtgeedly adisnistabldeonpuaitions ettt welbknoonposiltbeons of the
i nventi on. %pti onal |y associated with such contai ner can be a potice in

, s)..¢c
the form pr aeRarems&theye skilled iy theran aagd aggleprriper dyMos ?(leﬁ%}l T FEARP et ur e,

use or 93! © RAUmBIRNTASEUALER T SURlcR0) Sifled PRALN GBSt EByifaky, Ce
refl ects approval by e agency of manufacturé, use or safe for "human
adm ni st r at Baston,|Renasydtdnéa.. enbodi ment of the invention, a kit can be
provided with the appropriate_nunber .of containers.required to. fulfill the
dosage requi r enert§ PP]&PgEthgéPfr&ﬁtmfﬂ“_uan’p‘%}Peﬂ Hf?ﬂ’aé‘?ds’inr?dl?q@ﬁfpf“iﬁ’#lcqln anot her
enbodi ment,, the. HENRANIGE Hes&R IPAsE doLTor@) BR a%gfd_?}‘iﬁfeﬁﬂeﬂagelﬁdcm@y'ﬁl cle, in
particul ar g 'l posone (see Langer, Science 249:1527-1533 990) ;" Treat,
effective dose can be determined readily by those of skill in the art. Such a dose *
20  may, if suitable, be repeated at appropriate time intervals selected as appropriate by
a physician during the response period.
In addition, in vitro assays may optionally be employed to help identify
optimal dosage ranges. The precise dose to be employed in the formulation will also
~ depend upon the route of administration, and the seriousness of the disease or
25  disorder, and should be decided according to the judgment of the practitioner and
each patient's circumstances. Effective doses may be extrapolated from dose-
response curves derived from in vitro or animal model test systems.
For polypeptides, the dosage administered to a patient is typically 0.1 mg/kg
to 100 mg/kg of the patient's body weight. The dosage administered to a patient
30 may be between 0.1 mg/kg and 20 mg/kg of the patient's body weight, or
alternatively, 1 mg/kg to 10 mg/kg of the patient's body weight. Generally, human

polypeptides have a longer half-life within the human body than polypeptides from
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et al, in LIPOSOVES I N THE THERAPY OF | NFECTI QUS DI SEASE AND CANCER, Lopez-
Berestein and Fidler (eds.), Liss, New York, pp. 353-365 (1989);

Lopez- Berwetetamz3dbi d. , pp. 317-327; see generally ibi drPrTius2908t02880t her
enbodi ment, the conpound or conposition can be delivered in a controlled

Sof ton chebEfyspeflef Mg ORI veBoR Tl M St Thldoher SIDV S
88: 507 (198@sa @&iﬂdﬁk}%@bly@bptld&l andEtegh frequentvBdinind@:htibn 4 c(fﬂeﬁ&ﬁ)};siblei n anot her

enbodi nment , %yrren c materials can_be used {se VEDI CAL LI CATL ONS OF
CONTROLLED EeELfEAsEB dosage and Hpqroppy af dipigisjrati ml&epﬂd% %?HEVS’PPOTH a.

PERFCRVNCE B ey BT (B0 U4 Sy PRChor e (O8] © Feamber . et al,

J., Macrnoihe pSbipeftides bb/mm@mauoncmims%r 6Xlan(1pll@,8ii))datwee al so Levy, et al,
Sci ence 228: 190 ,&ﬁ985 Durin et al, Ann. 5:351. 1989%lb Howar d,
et al, J. Neur osiRgnVentiopsq BIeBgss ap]i‘W&‘?““ﬁﬁldﬁ‘i or SIHGEPH¥EAE oD

cont r ol ' ed ﬁl%ieeﬁ%&éﬁé@ A it oRE oPhRFEEF thd 1@%&%4:1{%% bpthe bhardctitappeut i ¢

target, i.e rain, thus requiring only a fraction of the systemc
dose {see, mngpqsﬁ@nsdﬁth@ invemtivEDOPADN AR RIss AT ONBIDEUGeNRONT S CREDEASE,

5-138 h |
i Scussed | POUSREN e PaN PRy RUR Y pegrin e Jus F AR IRaBIShaR, 20°) L

18 pol ypept ides shie@phiniebuical¥Ry bRoSeUTIpRORICE! Wﬂlch}hoﬁﬁé’reﬂé@tfs @pprogile
internal route, and nmay be repeated as needed, e.g., as frequently as one

to three ti h!é@ie@gblll%’ dfganyéaoeiise ogggle a5 @Wﬂtﬁdﬂmléféat“ﬁ@e@ apgthefnce per
week or once tivel t reduce
char ge densf?y an ntt(#théb\nlklgow&ma Cérllgé FOVF&? ﬁfthg%%éﬁgﬁgg{g?%ﬁ gﬁr ation

of treat nengont@hét esyuired tdrulfik kivt dogsgedhequitdnagntofor tfeetmmt efCapaticdér t he

present invention in the human circulation, and can be adjusted by one of
skill in th@digationdependi ng upon the condition being treated and the

general yieal th ofy gtr{%ﬂ}e?@fn'bg iment e LdhY, t[?(ﬂlt hoR c&hﬁc‘fdlg@r?cdﬁ%e%ﬂ%&a i  €at ment,

|nh|b|t|on and prop axi's by admnis Ion to a human patient an
ef fective amsiuie, mbax&cnlarmhpmﬂmm(sq:mhatmn@miancam%biﬁﬂeki’i& @AW Treab

embodi mont  Ghdle HoLFHOSHES BFHEHERABh L OACHOUS ST AN 4 gt FRea (e, g..
substanti al gy eé&ﬁﬁaﬁdr}qa‘ﬂeﬁf:é%') aANeE Nl @bk, ppid531365 (@SB CLoz-Beredlsine
undesired side-effects) ormul at'i ons and et hods of admni stration can be
ibid., pp. 317-327; see generally ibid.) :
20 In yet another embodiment, the compound or composition can be delivered
in a controlled release system. In one embodiment, a pump may be used (see
Langer, supra; Sefton, CRC Crit. Ref. Biomed. Eng. 14:201 (1987); Buchwald, et
al., Surgery 88:507 (1980); Saudek, et al., N. Engl. J. Med. 321:574 (1989)). In
another embodiment, polymeric materials can be used (see MEDICAL APPLICATIONS
25  OF CONTROLLED RELEASE, Langer and Wise (eds.), CRC Pres., Boca Raton, Fla.
(1974); CONTROLLED DRUG BIOAVAILABILITY, DRUG PRODUCT DESIGN AND
PERFORMANCE, Smolen and Ball (eds.), Wiley, New York (1984); Ranger, et al., J.,
Macromol. Sci. Rev. Macromol. Chem. 23:61 (1983); see also Levy, et al., Science
228:190 (1985); During, et al., Ann. Neurol. 25:351 (1989); Howard, et al., J.
30  Neurosurg. 71:105 (1989)). In yet another embodiment, a controlled release system

can be placed in proximity of the therapeutic target, i.e., the brain, thus requiring

only a fraction of the systemic dose (see, e.g., Goodson, in MEDICAL APPLICATIONS
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enpl oyed when the conpound conpri ses a pol ypepti de as descri bed above;

addi tional appropriate fornulations and routes of adm nistration can be
sel ect ed woamearesrg t hose descri bed herein bel ow. Vari oR€TABRIOGALIBZSSYSt €nMB
are known and can be used to adm nister a conpound of the invention, e.g.,
encapsul at i i N o od] hC 1sMp r%ﬁ? i nant
cells capabﬁgd@g?g@g@ﬁﬁésgﬁéﬁ%g%%g ,'qugcqggt(or diLHz)i é%ccgln ggéy)t 0Si s
(see, e.(g., rdMasedystahs ard.diBusded ifCtherravieR &3 14428 @d3dcd 298152)7-1588nst ruct i on
of a nucleic_acid as part of a retroviral or other vector, etc. Methods of
i ntroducti of!99&)- ude, but are not linmited to, intradermal, intranuscular,

i ntraperitoneal, ¢ e O o enl and oral
routes. The conpgjdrillﬁdﬁ{an%r clgn%%@#tﬁg%ﬁwﬁgoéﬁgﬁﬁfg?gég%ﬁ%gBg%{}yconveni ent
rout ﬁ, I fﬁ)lr cappmpﬁaateﬁmeﬁnlafmtelopmc_bmapbb u@ehﬂ&ﬂasnj:@ad, dy., aslﬁcqupniiljoas déﬂer ough
epithelial or mucocutaneous |inin e.g., ora cosa, rectal, an

TPt estinal (ESSTIER i THEFES bavt e PEEou T e sire Per Rk 61 sse

bi ol ogi cal | y;a&ddy %n%&ﬁ@magi @@ ?ibﬁﬁd‘etrh@;‘} bORGEDINB IR ThePe GeRlity H@al - 1N

addition, it may ‘be desira o introduce thepharnaceutical conpounds or
conposi t i onshusfalloweorhlrbieaviailarlityntIhetdose amhduratiomedrtveatrens yelateaidtheany

sui tabl e route, incl udi intraventrjcul ar and intrathecal inject.ion,;
Tntravent ri ke S e RalPHER PR R ar e onit I e e Rl R
catheteng f ghd exebPARustét ByP6Mast skill A the &@f dePbridinS Uisdh RS candifbATBAg
reservoir. Pulnonary adm nistration can al so be enployed, e.g., by use of
an i nhal er &ieatgdpud theegenerahlapatth ofitheqationf- wi t h an aerosol i zi ng agent. In one
enbodi ment of theylr N i i 0 i | J

phar maceut i cal c?&%éwu‘%gébrgﬁrog%&%% lﬁagr?gﬁgétht%ﬁlé%f}%@élﬁg%ﬁbﬁ%g’ggﬁlg%? o the
area i n needdsini$tratiahn®shumbi phtiechd anh bifsdtivetan@ontdia denpouhdeved by, for
exanpl e, and not by way of |limtation, |ocal infusion during surg ry,
topi cal appPheEacEHicabcompositionl fq FMYeRtion CATPRSRERVTHE [r ESligPHSE er
surgery 5 by &Bhgpen). Wo e &%éﬁ%&{ﬁonbbﬁe%sagsaum isdubYRROBYL Or Y.
or by means of ~an inplant, said inplant being of a porous, non-porolUs, or
gel ati nous - patified & g., substantibllygreedindm anlesancsuithht initsis@ffest orprodwbr anes, or

fibers. When adm ni sterin rotein, it i dvi sphle to use materials to
whi ah i he prBASRG ateeraD. JRmaiton and ot CLARRRILET L S Poof 5
pol ypept i de eﬁlfpléy'éﬂ dﬂéﬂ%&dﬂﬁpoﬁﬁ& c@l%pﬁ&éé a%iéil&@?ﬁ@e FukEritdaathodgl i vers the

agent to the host. The pol ypeptides and pharnaceutical conpositions of the
i nventi on arddifianaliappiogribty fomflaionsand peutesmiexdaiinistration can be selected

20  from among those described herein below.

Various delivery systems are known and can be used to administer a
compound of the invention, e.g., encapsulation in liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the compound, receptor-
mediated endocytosis (see, e.g., Wu, et al., J. Biol. Chem. 262:4429-4432 (1987)),

25  construction of a nucleic acid as part of a retroviral or other vector, etc. Methods of
introduction include, but are not limited to, intradermal, intramuscular,
intraperitoneal, intravenous, subcutaneous, intranasal, epidural, and oral routes. The
compounds or compositions may be administered by any convenient route, for
example by infusion or bolus injection, by absorption through epithelial or

30  mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with other biologically active agents. Administration

can be systemic or local. In addition, it may be desirable to introduce the
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adm nistration, i.e., subcutaneously, intranuscularly, intravenously or
intranasally, or for topical admnistration, if used to repair a wound on
t he ski n.wlaotaread23nucositi s, the pol ypeptides can be deciruseed/ orass he
patient via parenteral adm ni strati on. The present invention may be

nbodi ed h f f
:SSCe)n![ |eal ! 2?1?%%%6[ delfc:ggi,pﬁg? Orc mpg%gglﬁ'%?ﬁﬁ?ﬁ{v% lnénce E‘ﬁg‘ﬁﬁ \)825 %rade to

t he appendegysedn@byeny §1ﬁﬁabl‘érroﬁthﬁlﬁlclﬁldlntghﬁtri@hﬁgmiaﬂ @nd firtuttecaldhjectiomr
foll ow ng exanples, as indicating the scope of the jnventjon. 4 ossary The

fol | owi ng dBfaMeRITIgHET inleatipn BaY é@&aqlﬁamdémam%%venmélag?%Fh%t?]hé%f certain
d h
terms use aé%‘?x?ﬂgg%[&éa%eg%%&gﬁfoﬂf Such’S 2 y%ﬁgrrn'a 4 fes8volr'Bu ﬁ%ﬁychca”' er”

refers to uvant, excl pi en cI e Wt t he
t her apews i CadrBingstfation Sztre:{laﬁb érﬁplbgé@d ans oﬁhm ﬁﬁm&rbbyeuuﬂleemamrd of man"
fromits natural state, i. it occurs in nature, it has been changed

or renoved _fqr@h‘iqt‘% Vﬂﬁ%ﬁ’i%&”@ﬁ%ﬁ%‘fﬂ#‘ent or both. For exanple, a
pol ynucl eoti de of, eQﬁﬁB’oQiﬁHédt%? Hﬁhkf\frﬁioh}’ltﬂ{ 2%%%&&2{?)1@&4 ddlinQiepfi@ani smis

not "isolated," ut the sane po ynucl eot | de eptide separated from
at | east onpharﬁlacetmlcalammp@undsg)r@ehipoblannmaﬁthc lradeatlmf lopaléy todheiagh ist ate i s

"isolated", as the term s enpl.oyed.herein. re er. a_polynucl eoti de or

pol ypept i dengadf t’ieéltnilq’i’ltrg pisErtionmay B%ﬁ?!Yg Yt o5 58418 léa B ?Bﬁenetl c
mani pul g | 0RaPbf BMhidhdn Q&&anfﬁs@&i)@miﬂgaﬁ&g&?ttbﬁdalla@phm@haé gdin even if it is
still present”in said organism which organi.smmay be |iving or non-Iliving.

The term " eenjussitionsvith awowsddressingsafier swgans by jedion: bymepesofdf t he

esulting 1 FOME PRaaPs P BRvefichion P sheifs REMERA AR RAMIE LI

" phar maceut peaporous, %hlpéﬁﬁasv@{g%ldtmaﬁynﬁ&ﬁhl gdlidimg meibidies,isnviend i on The
term "therapeutically effective anount”, refers to that anount of

t her apeut i csialgeiig merghiasgs.os figeis Whenpdmipisisping eipkgfei. §d abisBled8NS tion. As
used he{§| ”maEe'i'l‘%lstSr ﬁgﬁwﬁ%gg £&l by gecept abl e”, neans approved by a
fe era

regul atory agency or a state gover nrrent or listed in the
U. S. Phar macopei ihernodé o adrgi@iseration yf apckygeptﬂe@f meanvmrtmpeileaz Heamyuse in

ani mal s, and .nor.e partlcularl i n humans tld refers to any
pol ypept i deSWiRIsotebatdRe Ve k’r%géntégl‘a}f‘ﬁ)h%?&l ﬁéé/]g ’F%a@ach ot her by
pepti de bongg. HaclRiLhf dfthoBfEBhE 8€the invention are particularly useful for parenteral

administration, i.e., subcutaneously, intramuscularly, intravenously or intranasally,

20  or for topical administration, if used to repair a wound on the skin. To treat
mucositis, the polypeptides can be delivered to the patient via parenteral
administration.

The present invention may be embodied in other specific forms, without
' departing from the spirit or essential attributes thereof, and, accordingly, reference
25  should be made to the appended claims, rather than to the foregoing specification or -

following examples, as indicating the scope of the invention.

Glossary

The following definitions are provided to facilitate understanding of certain

30  terms used frequently hereinbefore. |
As used herein, the term, "carrier", refers to a diluent, adjuvant, excipient, or

vehicle with which the therapeutic is administered.
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bonds, i.e., peptide isosteres. "Polypeptide" refers to both short chains,
commonly referred to as peptides, oligopeptides or oligoners, and to | onger
chai ns, gwoepald2gé2seferred to as proteins. Pol ypepti despPomyuSeastio2e388 ani no
acids other than the 20 gene-encoded am no aci ds. "Pol ypeptides" include

ani no aci d sequeagga IOAEheRsld A DHaRASURAL BERGETRER BHE AT i

post -transl ati onal processing, O ication techniques that
are wel | knowdurs in ddngeait has 8en Bhanydd bt cadved Sroat 8s vgihaldbasoonbed, om basi c
texts and in nore detail ed nonographs, as wel| as in a volum ngus research

i terat ur e. DRBiTOF E3aTRIRs? PRIYRUSIROHAC g RAPEPtIds NSl X RYessY Hed IYREI udi ng
the peptide AafihpRtior 408aRE> b fiE!sdme pIREARGIR AH)ypBEHRNPAaR car Doxyl

termni. It e appreclate at the’sanme typeo dification may be
present §o filoen stdesst ome ofdtsydongistegcatiatar atateeleofdls midrelsstate i3 igplated!,

| tide. Al so, i | i d tain t f .
odi {1 cat i oAsthepdi f5eTnleed he o MlopeoyaE g M BoUds ol RO Ped B Bt nat i on,
and they may,ReuENCtdan (inﬁrerﬁrby"ﬁfarng'i%ﬁhatlﬂfrﬁQéﬁhiti@gnan%h.i(ﬁr o_rtlfy%‘ﬂ&%r and

branched cyclic pol ypeptides nay result from post-translation natural
processes orecompitpet methedhs/ "isglaedeeven ifvigihwidspredentiinf saghergamism whichde
acetyl ation, acylatiop, . .ADP-ribosylation, am dation, biotinylation,
coval ent at P=H %Bé}ly%ioﬁ,no‘&' Weent attachnent of a heme noiety,

coval engp at t achmgmg 1@, Bmabsiteo! asdRe@herdi; hRahd ®e ddarictah b¥ the eplidiagnt
attachment of a lipid or lipid derivative, coval ent attachnent of

phosphot i dyliningsifeslorgass s in thelkntagjinechladder ampeth, regiling fromeirgdistion 6F mat i on,
dernet hyl at i ?ﬁ'em&%rgﬁi on of coval ent cross-1links, formation of cystine,
formati on orf pyroglutamate, fornylation, ganma-carboxyl ation,

gl ycosyl ati on, GAls wedhatinf then@xin, Opharhickunicyl” siclades vetetinaag agphications

nmet hyl ati on, nyristoyl ation, oxidation, teolytic pro%gssi

phosphor yI aff &§ InYs08RY| 4b¢ tm. 'Fta‘?,réﬂ‘?‘%‘&fﬂilgéif?e“élé(P MeYMat jelEs tostggt% ARG

transfefsR ' Wi R ARk 4 QR @hlifionSuch as
ar gi nyl g.%i yﬁﬁ%n@%ﬁ‘?ﬁ%ﬁ?%@?ﬁgﬁgfggg, %lor I Nst ance, PROTIEPNS - STRUCTURE
AND MOLECULAR PRARERId ESein2the tétth, " plarmiceuicell yitcoptabMl, htankapenowed bynd

Conpany, New York, 1993; d .., Post-transl ati onal Protei

Voar 11 2t RSBy S Fees st gatis s Ren df el i thE .

POST- TRANSL AT NRLAGY O EHENRL i GATISEHEEd Edia Br uSe in@iASENndEd. |
Academ c Press, New York, 1983; Seifter et al, th Enzynol, 182, 626-646,
1990; Rat t amoreparticylaginim huyansc 4Bolysentided 6Fers48 agppglyoepeily comprisingnt

one- mot Aba i S5PeBP AT Re iR fierr® e PR E RS B AP R Rt s,
and often, bexdsCi.t.ypdpide idd88RsC OPPRPEIRIC? B3B8 aH botk shaft €hains, commonly
referred to as peptides, oligopeptides or oligomers, and to longer chains, generally
referred to as proteins. Polypeptides may contain amino acids other than the 20
gene-encoded amino acids. “Polypeptides” include amino acid sequences modified
25  either by natural processes, such as post-translational processing, or by chemical
modification techniques that are well known in the art. Such modifications are well
described in basic texts and in more detailed monographs, as well as in a voluminous
research literature. Modifications may occur anywhere in a polypeptide, including
the peptide backbone, the amino acid side-chains and the amino or carboxyl termini.
30 It will be appreciated that the same type of modification may be present to the same
or varying degrees at several sites in a given polypeptide. Also, a given polypeptide

may contain many types of modifications. Polypeptides may be branched as a result
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Kopecek, J . (1984) Adv. Polym Sci. 57:53-101). Many water-sol uble

pol ynmers have been used to achieve these effects, such as poly(sialic
aci d), dewoOras/02paBy(N-(2- hydroxypropyl) net hacryl am dePCrRISEWMAN29358

pol y(N-vi nyl pyrrolidone) (PVP), polyvinyl alcohol) .(PVA), poly(ethylene

gl ycol -co- pr I : I ' : .~ and

pol y( et hyl e%@%ﬁ@@ﬁ t?’“{%@cf}’? %‘g“&é%w&@/ bﬁ%(ofg%g@ GE%I@QP%IA@%”@ ycol. In
E.eL. YDa\léi dsﬁmnéIEd.a)lqdlﬂédﬂBB&]@cﬁE PO DER Bt LrEs (BN AR -tREESIaNSn nhn@i aw- Hi | |,
Foxi oi 1y’ (PBRGESEs ongpiybe (aGob) STmGHE Teghids. JHBeHon Belusgeasly b cel | ent
solubility | e g I : i Bt Vinand
anti geni o) S BRURALT-AUSLER, G o Dby, i R Y g
Carri er Bystovafent 3itdrhdfh) of PEcmojetygabededrattaép@ut af @dlicleotide or

pr ot ei nt herapeutjcs, . t ai ni i ngl l.ti pl.e ' f I hyl
Gl ycol on t REIERSE Sy, B EOh S HBGER POt T oh LD EARBNeT ¥ EOT Dy at r o

(Cark, R, aﬁécﬁgIr%ms éf?ﬁyﬁ%g%hé/ﬁ yhﬁisﬁlbl, A REMnking /icliZA B 9diddi9id¢ boiter shfi el d, M

S. (1997) Bioc i fmunol ogy of poly(ethyl ene glycol)-nodified

adenosi ne déamatiasele(ieii@lation) formation ¢f coMaleni grossAlinks, fopmpiiprsafcystess )

Pol y(et hyl epe gl.ycol): m stry and. Bi ol ogi cal dcations .. A an
B Y Dl Sk i A I PRl AORL R W X g5

Prepar aj onaihdr faiaf, Ofydzlyi0n Abdiatliv, eidiyyedsh, elyyiersidiaheskidutizan gr owt h
hor mone antagonist. In J'M rris and S. Zalipsky (Eds) Pol y(]et hyl ene

gl y(r:]ol ): Cheratenlytic praceseing) Rhgspharylapen.ipsetyilaion, raperaizatiomh s, Soci et y,
Washi ngt on, . pl.70- : : 2 ] . . y n air", means
the tissue Tq’ug%élioﬁ’ tﬁarngiéeggjﬂsl\éé@ﬁ]eﬁd\ﬁ'/%fvae%ﬁé@ %e%‘?llnﬁé&ggm rrcl)g, r %JCCF]%gl ng, but not
limted to, amaingion| asduitdquibhitidubeéd, éatihaaseaPrROTER S SARUESURE Awd udi ng but

not limted to patents and patent applications, cited in this specificati
are herein M@@FE%F%@IPEBWEIS&@%C@ E. Creighfon, %%_}@Pw%aqufégagwy’ i cation

ndivi dyal R VGRL {688 QoiioF CoERGENYENIGhaf PRIUID MAHiHiYarRAE Bohevial |y
indicated to be intorporated by reference herein as being fully set forth.
Any pat ent amppPiospecisy - 120 inPOSTHIRANSSATIPNAL CAVADBENTMAODIBCHTIONOFt y i s al so

above Tor pUBPVENiToie JAMsorlibr AREEIS RS Yoriet RN SR fbird ilpai r
e T e LV L Ty
a naturally - Covalent attachment of biologically active compounds to water-soluble
20  polymers is one method for alteration and control of biodistribution,
pharmacokinetics, and often, toxicity for these compounds (Duncan, R. and
Kopecek, J. (1984) Adv. Polym. Sci. 57:53-101). Many water-soluble polymers have
been used to achieve these effects, such as poly(sialic acid), dextran, poly(N-(2-
hydroxypropyl)methacrylamide) (PHPMA), poly(N-vinylpyrrolidone) (PVP),
25  poly(vinyl alcohol) (PVA), poly(ethylene glycol-co-propylene glycol), poly(N-
acryloyl morpholine (PAcM), and poly(ethylene glycol) (PEG) (Powell, G. M.
(1980) Polyethylene glycol. In R.L. Davidson (Ed.) HANDBOOK OF WATER
SOLUBLE GUMS AND RESINS. McGraw-Hill, New York, chapter 18). PEG
possess an ideal set of properties: very low toxicity (Pang, S. N. J. (1993) J. Am.
30  Coll. Toxicol. 12: 429-456) excellent solubility in aqueous solution (Powell, supra),
low immunogenicity and antigenicity (Dreborg, S. and Akerblom, E. B. (1990) Crit.
Rev. Ther. Drug Carrier Syst. 6: 315-365). PEG-conjugated or "PEGylated" protein
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occurring strain of mce that have a deletion of the ob/ob gene, which
codes for leptin. Leptin binds to a cytokine class | receptor, obRb, and
act i vat eswoheos/msé2acel | ul ar signali ng cascade that curt acrajSa@serisse.
Because the ob/ob m ce cannot produce leptin, they are obese, being tw ce
the wei ght 1 t her

nmet abol i ¢ dg{ee t gt%sn’@éqté}gﬂ% ﬁ%éé&%’r‘é@ﬁlﬁp %ﬁagg 3’?&@81'@56‘?}1"3‘%29&%‘?@@ decr eased
fertility, pfuﬂelnﬂ’(mbbéﬂocﬂbsoﬁb@hﬁmhmsclrmmﬂorhﬁaeratﬁrer@lald{t Ralet ¢l. 996 Y.i nol .

ob o0y i co R Gl M4t 11900 T Hemeioid o oD B ryﬁ"é" ‘NBSeiQ of
i mpai red woypd hedky B€%ﬁ§§mﬁeﬁegy%5&ﬁeﬂTabferfo@m@&@!nﬁfrﬁséQIE eheg) of

specific cyt oki nes: rowmh factors, suc
Deri ved % o#t h Nialdbrois apPBGEYipskip () Hdlyr(@byalene glyopl):dienzptpy amht i on of PDGF-

D has been wn to, e hance und h n .t he [ ain,

db/ db. Gree%ll‘g%lﬁal gt igpLiongy, %Iﬁeﬂclﬂa BCIC‘i/z%‘ga @&% ?@B?‘% % db/ db
strain i s pogpat XDi£al. kwﬁprmépafaubﬁaﬁ@&la@&/taﬁaﬁsﬁ @fﬁol#&l{ yléee db/db nice
llack the leptin recept or he wounds of db/db mice exhibi't a marked del ay

in cellular glmbl)yltateeltlmman govvethuimirmpehantigonise ok MtH@'ﬁS aphd- ‘daipsked wound

Chemattr acham PPBREHEE KORIL e REhP idihitiiog) ApPuSReR SARCEREC, " api o

re-epitip@l i ahbmadal S6ciety, WastidsohIDAP HD-1819€. Although Int erl eukin -18
(1L-18) has not been used previously as a therapeutic agent in a wound

heal ing nodel , st\sdisesheigipetherienih “WREnd FrpRiEadRUE 5 5843 BRAIF BIRSPESS but not
t , t al J.
Pr oL el 1 B Ok}l d SO PRI Eour B o ol 0,

cyt oki ne (Kanpfer, et al ., Eur. Cytokine Netw. 11: 626- 33 (2000)), it may
play a role in wou healnggy stlwlatfggﬁghecllul infiltrate into

t he wounds. To déY ‘}Wlﬁ%“‘t”ﬁé‘n fefgrepcess ing ut gl ligited topatssgs apd o ppar- D
on wounglsr e?@t'eﬁt’ appRBatiofs [ el ek égﬁ@ﬂflcﬁﬁ(gl {rENBlef RPLPBrE LS I‘é?err@nce in

anest he5| tized using a Ketam ne Xyl azine (10 ng/ kg) cocktail.
Adenovi r al - tetki eatiedy awffreacdpnidsvsdlmhpolﬁlldQMOM&IMVWﬁrc epfmfm‘a@&tand scheni c

d heal bi t d h t ol
115" 375- 3aarigButyBrgee 5 be oyl Sha e SRt paf¥ Rilise b er  ci en
adenovi rus efnlyiatedDhppliclk®dd 168V18Eh ifiappiichtida dlAia3gaRmey BidRGhtotpbategel | s in

t he wounded area. The upper back of each npbuse was shaved, and a sterile
field was ebyatfbicnprelbreiviinds antiretyniattee mepeas describrd ebeye fanpulBisatensrad

Ful | -t hbﬁkn circul ar excisional wounds 6 mMmmin dianeter were created
rererences.

Example 1: Excisonal Wound Repair Model

Diabetic mice, such as the ob/ob strain, display delayed wound healing.

Stallmeyer, et al., Diabetologia 44: 471-479 (2001). Ob/ob mice are a naturally

25  occurring strain of mice that have a deletion of the ob/ob gene, which codes for
leptin. Leptin binds to a cytokine class I receptor, obRb, and activates the
intracellular signaling cascade that curtails appetiteﬂ. Because the ob/ob mice cannot
produce leptin, they are obese, being twice the weight of a normal C57/B16 mouse.
The obese mice also have other metabolic defects, including reduced thermogenesis,

30  hyperphagia, decreased fertility, and inhibition of growth hormone. Ring, et al.,
Endocrinol. 141(1): 446-449 (2000). The pronounced retardation on wound
healing in ob/ob mice has been attributed to their diabetic-like phenotype.
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using a sterile biopsy punch, resulting in two wounds per nouse. For
topi cal delivery, adenovirus (IxIO 10 viral particles/ wound) coding for a
mur i ne DIw020¢e8E68328D NO 2), nurine PDG--D (am no aci ds Pcésand/019838 221 of
SEQ ID NO 3), or a control (enpty adenovirus-CW.Null)) was applied

directly onto th (P I y applied
to the wounds. %ﬁ%ﬁ%&ﬂ‘@%&{rﬁ%ﬁ@f@éggp 8‘% %O @mﬁlﬁt Pff’ gér:tté1 sal i ne
(PBS)) was stibstedypstifiycyavianésqisachoastln- lshand@tmmﬂs facwhs CsthElateltm-n cover ed

with a transparent sterile dressing. To determ_nethe rate of cl osure,
the ci r cunt S1EHES CopviPHacis (RSS! ¥9UKdapaht d opicah Wéwfﬁﬁgaf{ t wo

day int ervalhﬁ?ll) shB%n 89 Ehhicd uﬁci h@aﬁngﬂ?ﬂle@ be&@ﬁxo‘ﬁ@é"ﬁgﬁn hsgpieal ed, the

t ranspar ency ms were optically scann e surface area was
determ néd Wseerdaughi etmllﬁagé Baholdde [2Z36-H6C9H)r ahe dbv/dbktreidas i ck,

Maryl and, U. sul t hls e W|n Fi gure 5.
The cont r ol PEE%QSR)FJ tﬁiﬁ%tﬁb/e %Wﬁ%P ﬁaf@%m&qaﬁﬁhi% 871 of SEQ ID
NO 3), was genrsioat ¢He Rups mwwﬁ%&hﬁit%%me@wﬁfﬁp&uﬁﬁy kRamid, J-

Kal | arakal , A, Fornwald, J., Kozarsky, K F baum E. Shatzman A

R, and Lu, g@nu2ioog tis@erfermationn and dale@dmmdmgammen&}atphde@ﬂ@r@wwy a

oy ot Ch o8, BRS80S SR SRR oy M P

Brieflyjot han@BbrdbRistshiid duaisetDiah r@evs%&haﬁﬁzamﬂ ¢ffwaﬂ1dahddl§/li@ﬁﬁaa into the
Xbal / Swal sites of AC2XS gl acing t ene under the control of CW IE

pronot er. THdtheugh int@répum d8ullad 8xhasmet used prgaioEsiyrag e therapasitic igent
lineari zed *i’xl¥ nt‘&@%ﬁ@éeg%g%ﬁél dids Tvé bV ¥ e ERGd E%}@é&?ogﬁgvéll % and

transf ect ed or a €novi rus rescue. enovi’rus was

amplified amdt proteii p@dudtionCHET HBridiwvgnasoftdgety mbved Kdnngfet, baa/idt/, J. 1999.
Met hods for _adenqvirus-nedi ated gene transfer to airway epithelium In

Met hods in WBtege berr- N8 i308; 74RO iscasy Terlstis e Sramilsmmyani ns (Ed. ).

169-1 db
P G S b RO L e R R et
-8Q0C. The Adwmuhd.h@ﬂingbystmmﬁ;{tmgﬂ]se cpdlnbr afdtratesntoghe Wweumdst hods descri bed

Cs aki t al Th 08- 8 1999 I
of the protei n cIRAEIRIERE i Vit lanmisA Aebienaet B L€ BoPHERA B ¥k D ( am no
acids 1-61 fi‘é}ﬁuﬂ?e%‘t@?&ur@@n etk bfd ﬂé@a@olﬁ(ﬂﬂnﬁé werd hnes@ﬁ:sﬁr%&@uilﬁﬁ NG 2)

greatly enhanced wound closure in the ob/ob excisional wound répair nodel.
Ad.'m PDGF- DKetaniine (¥bingékg) £ Bylaaing (17 ingtke) cotktdEQAHEnaNdaBinediared over-

20  expression of PDGF was shown to correct ischemic wound healing in a rabbit ear
model. Liechty, et al.,J. Invest. Dermatol. 113:375-383 (1999). Liechty, et al.
demonstrated that replication deficient adenovirus efficiently delivered the PDGF-
transgene directly to cells in the wounded area. The upper back of each mouse was
shaved, and a sterile field was established using alternate wipes of alcohol and

25 Betadine. Full-thickness circular excisional wounds 6 mm in diameter were created
using a sterile biopsy punch, resulting in two wounds per mouse. For topical
delivery, adenovirus (1x101° viral particles/ wound) coding for a murine IL-18 (SEQ
ID NO:2), murine PDGF- (amino acids 1-61 and 171-221 of SEQ ID NO:3), or a
control (empty adenovirus-CMV.Null)) was applied directly onto the wounded area.

30 A saline control was also directly applied to the wounds. Polaxamer (Pluronic F127
in 10% phosphate buffered saline (PBS)) was subsequently overlaid onto the

wounds, which were then covered with a transparent sterile dressing. To determine
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positive control protein, and Ad. mIL-18 (SEQ I D NO 2) reached 50% Day Zero
closure on day 7.5 and 9.5, respectively, versus the vector control

(Ad. CW. NubI2pgs/oai2ah achi eved 50% Day Zero cl osure on dagTtaB2@sseessoundi ng.
Additionally, the Ad. mIL-18 (SEQ ID NO 2) and Ad. m» PDG--D (am no aci ds
1-61 and 17 ) sure of the
wounds by dgh 62%%: &, O%F f? o?m#?hgfcnla %ﬁé@%&ﬁ%?&i\&&ﬂ@?ﬁae%%ddgﬁ gn day 22
post - woundi ngnspae:lnbylﬁﬂmtahe;vcsady ineervads. t Aethe end of the(studly@irhegradiubswbanﬂsf ully

heal ed. Havin dermnstrat ed the_positive effect of taopjca plied Ad.IL-
18 in the ekaq ARt %mlﬁeprﬁwafalmsm%wﬂqa#@ SeyEdAnd ¢ w P?“%Bfw%url ne

| L-18 prot elybefphl {JQn%@m Sﬁﬁ‘?x egcﬁ%ﬁg (Scléh @86tRFdHoACFiR& &, Ef?&%llaﬁci system c

delivery of nurine ten to fourteen weé d femal e
ob/ ob m fe \I&hﬁe\hriﬁmtrhﬂﬂustafﬂﬁdemn@naap@aabnlmmEtgumﬂ kg) / Xylazine (10

orven i ntra. per | ThRGaR elvishaA Srrti enE SR T sz ey o No 2)
gl ven intra- per|
at _nmul tipl e sgeEERO: Bt WadgedePatdd Qpbsﬂgré d{fbagtc@mﬁl@g)a@é&hisma@ﬁ Ahe vehicle

(PBS wi t hout cal ci um'and Ragnesi um per back of the nobuse was
shaved, andKallgtakali Ae Hormwald wasKesstkiyl Ksﬂedpp@lbmgneﬁt Shatamen, - Fo sangl

al cohol and.Be th| kness circul ar eXCISI S.6 Min
di anet er V\BF"E @r ggpgdc}ﬁgqrﬁtbo%o JEERpRat; g%'éoylrﬁﬁ?{%ﬁjiors &ﬂl{%ﬁgo?lﬁgtm wounds
per nmouse. approfd. IRGeARTlotg dhd BEpreysiTT&hhHiRgido NI, Wattieg Bnd\@l Eut hen
covered with a trans%rent sterile dressing. To determne the rate of wound

cl osure, th@@ﬁ%ﬁ%ﬁﬂf % rgaiopPublishing Wrgthoymigh, Miae &riclys BetQBA S ar ency film
at two day Sb PR fhs FE'J? éﬂﬂe@d aﬂlﬁ%lo?xteffﬁ% ‘fmeeﬁbﬁ}cﬁwagﬁg é"ﬂie‘nds had

heal ed, the anspar ency re optica scanne surface area

was det er m paAC2XsS, phcigithngdneagdesthé cowmtrad ofSMWIE@mmmeat Tha puffiedler i ck,

Maryl and, U.S. A Thr ou ot t he duration ]‘ t he yciemc st dies, mce
efjjj\ f

wer e moni t ofsedqubir cloae I° §§en(9P’1r5%1Yer?t°rTY?e°’ 135D x_peri ment
appear pgl O‘Pés'tﬁbtloh%HEBﬁ?@Paﬁ% eih%%z ;mg; QHA frafiGbdiEinto AEKDDS B fof | ed

protein, nurine nhanced the rate of wound closure in a
dose- dependedenonamsiesqueoVidhe ademtnsmis mas gmplifiedand Prified Wy00s@dlandingee/ day.

Doy Zero ol fg%%%bvcﬁgﬁ &t 3085 NEad Py ooy VRSP el B3 con ol
whi ch achi euﬁ@aﬁ }%ﬁn;ﬁ{Meﬂ‘ld&MM(}Pééu%MéHﬁemJ ltRenk atherapl PrétbéolgFosur e was

increased for the mIL-18 (SEQ I D NG 2) treatnents relative to the PBS
control . Robbins (Ed.). p.169-184. Humana Press, Totowa). Concentrated adenovirus was

20  desalted by using a Bio-gel column (Bio-Rad) and stored in 1xPBS with 10%

glycerol at -80°C. The Ad.m-IL-18 construct was generated using the methods
described in Osaki, et al., Gene Therapy 6: 808-815 (1999).
For the topical delivery of the protein constructs in an adenovirus vector,
both Ad.m-PDGF-1 (amino acids 1-61 and 171-221 of SEQ ID NO:3) and Ad.m-IL-
25 18 (SEQ ID NO:2) greatly enhanced wound closure in the ob/ob excisional wound
repair model. Ad.m-PDGF-I (amino acids 1-61 and 171-221 of SEQ ID NO:3), the
positive control protein, and Ad.m-IL-18 (SEQ ID NO:2) reached 50% Day Zero
closure on day 7.5 and 9.5, respectively, versus the vector control (Ad.CMV .Null),
which achieved 50% Day Zero closure on day 20 post-wounding. Additionally, the
30 Ad.m-IL-18 (SEQ ID NO:2) and Ad.m-PDGF-I (amino acids 1-61 and 171-221 of
SEQ ID NO:3) both accelerated the full closure of the wounds by day 20. At the

time of the conclusion of the study on day 22 post-wounding, neither the saline nor
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Both topically and systemically delivered nurine IL-18 (SEQ I D NG 2)
enhanced wound cl osure in the ob/ob excisional nodel of wound repair. PDGF
was used WO 20¢w02pa2si ti ve control in our murine wound reparnus2e03M2esss
Reconbi nant human pl atel et-derived growth factor was approved by the U S

Food and Dr ol i I I I rs.
W eman, et g% %@rr&?ﬁ&@%&g‘%}%&%@h@%ﬂg&ﬁﬁwd %r%'t p gtsﬂlﬁeg%(fsgmn%leagigt:s are
caused by t iof sapicallyjappliesAdiH18hn diesaxaionhheomat wepaik maxigiathezgstemic of t he
tissue, resujfing Ln a . The jndications clained in this patent are
all exanpl eéefi’(e&ioggﬁlém\é\ﬁg‘ﬂgt%?tewgﬂz ]gjoadigb‘?éasrtﬁs}ﬁgr ed by treatment with
humen 1L-1 8 (SEQJ Rid¥idd the EEIRI SystemiERuRi6 o@'ﬂ%dri)ﬁefiﬂﬁ'shgﬁ%ml of human
IL- 18 to an excisional wound Since nurine DL-18 (SEQ ID i was
effective | N@Eg tenuroi foartesnoweskarid Fermvde nb/ob eped werenhesthestitizeddsinigveer ed

topically as,an ad i Str . t ) rforned in rified
nonmn EL 16 Kt SNBEE bRt b mefed kel “BrPaehRpERtdTena wound
from Exanpl &ychndRBPrEcedide e nhibe whit dgb&t Rit-peRehlnitidns obake ARRKE €d as 10
Dg/ 30 DI/ wound. hos%ggte Buf fered Sal i ne (PBS) was used as the dil uent

control . ThdLrldgubtein @PeA? NCh2)Rit guriplz chrdentwationsi (@ IghdivnliatlORlgla | L- 18

(SEQ ED NO 1), ,acgel er.a und repair relative t e PBS,cantyol. In the
o, hural PEEE ERETERY Ry ERG R Aiar vk, THE sie B St Ui cor s,
Weman ¢b almoud®wad sha8ll Gind bseerild BeléSbas(cbRBB3hedxmapiiternidte wiptest i nal
Mucositis Moddel Cancer therapies, such as chenotherapy or radiation, often

result i'n cyleobehand Reiarinse E‘Bl‘ﬂlﬁémg%éﬁli%iahfi&%ipwéwqupé%@HB?“H@%{HP@&i on of
the crypts. V\E-eEé redted BEm%Q%?m‘f@bﬁ%ﬁgy ﬂ&%ﬁ!ésﬁlﬁ?gﬁlvt%%?@g%% @p&se‘.’emded

areas of epithelium “cadsing gas est1 nal® nucosi osely rel ated
condi ti on, &akhe wacasilied direcbcents thehveourideewleiph tieed thah covemedgitht t he nout h

i s damaged by cyt ot oxi.c ents,. causing ulcers to develop. If a protein,
such as hu_rré‘t}%n?éfeﬂ ?ﬁﬂ&fﬁ%s%%ﬂeﬁg&%ﬁh‘(@@:‘?f‘( _ q\{%uf\%).ﬂlﬂ, is active in
the int ¢sti RabuAREGRE bt theWRSlRIds weke FFY%d¥hto BhsParBhdyOPRNAGwbaR, 0T, by

stimulating the proliferation and differentiation of the epithelium
Potten, et amtervalSelAt tie endtdf th §thidy whaR all B85vattrdé hadhdaledihedranaparomdyy, human

KGF (SEQ | DfNCI4 COL{] d]@gct as.a cell cycle inhihitor. tcgat. i pduces stem
cel | arrest PP S ALY pmaeh And erneiifee Sehure dgremmigeLbiregithe st em
cell's, whi C']miage §offihre BcRPO8peLaYidh, BletdickaMaryiand, @).5.A Bt TRbughdedifeer Res.
58: 933-39 (1998). Simlarly, in oral nucositis, therapies that reduce the

sensi ti vi ty dgfatiphef esiystemid gudies, eyicowesei raonitpsed for ayeighs loss wp gaine Thhe

20 . results from this experiment appear below in Figure 6. -

For the systemic delivery of the purified protein, murine IL-18 (SEQ ID
NO:2) enhanced the rate of wound closure in a dose-dependent manner, over a dose
range of 0.1 g to 100 g/ mouse/ day. The most effective doses were 50 and 100 0g/
mouse/day, which reached 50% Day Zero closure by day 8 and 9, respectively,

25  versus the vehicle control, which achieved 50% Day Zero closure by day 16. The
rate of full closure was increased for the m-IL-18 (SEQ ID NO:2) treatments relative
to the PBS control.

Both topically and systemically delivered murine IL-18 (SEQ ID NO:2)
enhanced wound closure in the ob/ob excisional model of wound repair. PDGF was

30  used as the positive control in our murine wound repair studies. Recombinant
human platelet-derived growth factor was approved by the U.S. Food and Drug

Administration for the treatment of diabetic foot ulcers. Wieman, et al. Am. J. Surg.
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regenerative response post exposure will have a clinical inpact by reducing
the sideeffects of current cancer treatnent protocols. Sonis, et al., J.
Am Dent .woOes@n23@3: 468-472 (1978). One assay protocol wra3/usSe@soyesdsto
address the role of BL 18 in mucositis: the crypt survi val assay. A Crypt
Survival As I [ 'S bed
bel ow was a(sjlglgtsgg jyg éﬁr St e%%&éleg m%\ﬁég %rtE(g?u S%qﬁﬁhegt on Street,
Manchest er, dmaptgmatuw otdsmidatdth efdhé tlsa(u&&eﬁﬂtm\geka wbuh)d MEhean@itfionsi ce. Al |

were housed s to st Irs e. circadjan r Potte et al,
1677 " Cer 1 g et 5t ATCeRpb Il Sty BoUe: IR CPHALS Y

ventil at ed Q%ﬁﬁer{tk\){@q)uma@mmga@@;@ﬁj[\]cﬁ[ unit on a 12 hour Ilghtrdark
cycle. Animals wer e aI I owed_ food and vvater ad |ibi tum t hroughout Al l

procedur és e ‘ -1 i
Fol | owing b orou r?cﬁecré‘rﬁ‘rge ﬁ%@@éﬁtﬂﬁf‘ 248 cu‘%gﬁra&s li’ﬂqe?e%é%‘r%%?r on: (2
drug i nj ect egbund réfaer madsl whidh idBBvdred Rpically RO&H addnoBHhPddnlituct (B3tudpl i ne
injected ip pre- and drug injected post-irradiation; (4) drug i nj'ected pre-

and post - i r mesipgtfoaned ysig pintfreddwaindbnks GEQ IR AP: (Bgrotmmmphﬁdadal(l)sm | D
NO: 4
Cont ol ). 1 Pl ARG RAR T REl ol rahld A8 biila EIDL) %y oy

i rradi atl'Oon NOHYwas bp{ﬂied%xposgyrm Dlﬂﬁ@hd\r\a&oﬁﬁlﬁt&l@ﬁﬁeﬁd Sali®nN@BSYese to start
with, as it should have picked up f/ potential protective effects of a
test conpounded ythpdiluent é?nt’éﬂl Thgg@@g ts pppgar mé&gureiéaeks’gsthwho“amahar s were

wet ghed: onc iy f5@EY) Irstbaf)' RBe10frcd FALTR0if QIIE 1 IHEPHY cGLI 1 Ce-
Animal s were sacrifice ays ‘post-irradiati esrra i ntestine was
renoved and If ihesdiniay h@aam B!DGF fiasxaen ueed tdpically wareat dabetjprfoodsas f or

hi stol o raffin edded) . i rnoy' s-fixed material the nunber
of survigzigr 1ema§ﬁﬂﬁg%'§r%slﬁ%‘§gﬁ§9 ment group was scored and

si zecornegcted using an untreated control, as per "ConoQuant(tm". For each
nouse, 10 cross- sectr ons of |nt estr ne were scored and the average nunber of
crypts per ARG S ddaglFarrel |, et al., 1998, Cancer Res.

58, 933 The cr asured t corr ct f rin
ortors. due to s Bhol L 5eLS1% A 3T Aol ik SROBEE per
Cross-secti Qlﬁma?@fo tHE g&ﬁ@ro‘iﬂ&tﬂﬁﬁl 940 b9 destritlRBon Bf @ lckis. PTIAS 85t 1otssbat was
used appears below in Table 1. The dprot ei n was purchased from PeproTech,
cat al ogue nGAEER uicgs-ta deveden @Ollg the de

20  gastrointestinal mucositis. A closely related condition, oral mucositis, occurs when

nuded areas of epithelium, causing

the epithelial lining of the mouth is damaged by cytotoxic agents, causing ulcers to
develop. If a protein, such as human Keratinocyte Growth Factor (KGF) (SEQ ID
NO:4), is active in the intestinal mucositis model, it may act as a mitogenic factor,
by stimulating the proliferation and differentiation of the epithelium. Potten, et al.,

25  Cell Growth Differ. 12: 265-75 (2001). Alternatively, human KGF (SEQ ID NO:4)
could act as a cell cycle inhibitor that induces stem cell arrest prior to the cytotoxic
insult, thereby protecting the stem cells, which in turn, prolong crypt survival.
Farrell, et al., Cancer Res. 58: 933-39 (1998). Similarly, in oral mucositis, therapies
that reduce the sensitivity of the stem cells to cytotoxic insult and/or improve the

30  regenerative response post exposure will have a clinical impact by reducing the side-
effects of current cancer treatment protocols. Sonis, et al., J. Am. Dent. Assoc. 97:
468-472 (1978).

18



S = Saline intraperitoneal injection D = Drug intraperitoneal injection KG-
= Positive control intraperitoneal injection | = Irradiate with 136Gy C =
Cull Gp =wGnowm2E€@s this protocol, all injections were @CTAS2@65/023590
hours. The irradiation was carried out at 15:00hours. The effect of nurine
I L-18 (SEQ I D NO(e #38ayi proRebl Wad erfpl¥idd t%%ﬁ&fek’@dhe rQIUO?W_, 9 ih Mugddiad.i on was
determ ned in study 04/135C whi ch was perfornmed under contract by Epi Stem
Lt d. EplSteﬁh%Cmmtﬁ&XRW%ﬂ%%O systemidentified and quantified the
regenerating crypts in transverse sections of the small intestine.

Foll owi ng the cytotoxic insult, the regenerating crypts rapidly
proliferated and were easily distinguished fromdying crypts. Human KGF
(SEQ ID NO 4) was dosed at 6.25 ng/kg/day and was run as the positive
control in the study. Murine IL-18 (SEQ BD NO 2) was dosed at 5 ng/ kg/ day.
Data for the nunmber of surviving crypts per crypt circunference are
reported below in Figure 6. Table 2, below, sunmarizes the data fromthe
radi ati on-i nduced nucositis nodel. The positive control for the

radi ati on-induced nucositis study, human KG- (SEQ I D NGO 4), denonstrated
good activity when dosed three days prior to irradiation. The human KG-
(SEQ I D NO 4) group showed a fourfold increase in the nunber of surviving
crypts relative to the saline control group. Mirine EL-18(SEQ ID NO 2) had
conparabl e activity to human KG- (SEQ I D NO 4) when dosed three days prior
to irradiation, showing a threefold increase in crypt survival. Wen nurine
IL- 18 (SEQ ID NO 2) was dosed both pre- and post-irradiation, the nunber
of crypts surviving relative to the saline control was increased twofold.
Dosing nurine IL-18 (SEQ ID NO 2) post-irradiation only was the | east
effective, resulting in only a 1.6- fold increase in surviving crypts.
Thus, three-day dosing of nurine EL-1 8 (SEQ ED NO 2) prior to irradiation
was the nost effective reginmen. Al though chenot herapy and radi ot herapy may
be successful treatments for killing cancerous cells, healthy tissue is
often destroyed, as well. Wen the epithelial lining of the
gastrointestinal tract is conprom sed, ulceration and crypt destruction can
occur, leaving the patient in pain, unable to eat and susceptible to
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infection. Additionally, the devel opnment of nucositis can |lead to | ack of
conpliance of the patient in the conpletion of the full regimne of

radi ot herwipyoavo2sdzenot her apy. La nurine nodel s, KG- anelpconst@d/oeesds at i on
and chenot her apyi nduced injury of oral and gastrointestinal tract

epi thel i um Recori aaj: SLAMBMNssKGE Mok BeBResRaW It Qigeduce oral nucositis
in patients with netastatic colorectal cancer receiving fluorouracil plus

| eucovorin. Mer opdle psotogdl degeribeflibalowOneoadapred:fiops Bpistas, L@QF®ubaton t he

i rradi ation-g nguce cosi ti s [model I =18 (SEQ EO NO 2) has shown
efficacy inl%tﬁgynﬁ’&rg%fnl tﬁee&ﬁ“f‘%‘?%%t?i’m‘ éc,}%]o , and coul d be used as a

pal l'iative treat meget 30Rdil(ENS2 wobln6R]) Flald BDFASHISHOMN erP@Shdei ¥6r 2f fECt in
treating _radiation-induced nmucositis, it nmay al so heal the damaged

epi t hel i Bm evacde i stabilissy the ciieadénn thydinm@otten, 2! aRARTHAGA! TighBEREGHISURVI VI NG
CRIPTS PER GBPTVRRANERSNGR L Chatl =obihaflabod(ial il & habiied. L

1. A
nmet hod of heali'ng a woun n-a pa I'n nee Ehe step

of admi ni st eniankp liour ligkt: @@k cedle. Aninhals apedliodeldlfyodidewityad Rbtawat of human
IL- 18 polypeptide (SEQ IDNO 1). 2. The nmethod as clainmed in Claim 2,
wher ei n t he SHOUERPYLs Adlwacsqures are erstiedrgsorting wuthe UkoHams Offige gi cal

wounds, | eg I } eNnS. i Ll I in The
Tothod as. ol AT e ot RS AG: MRS RS b SomARH 6 4P Grolf ilicenthe 10
par ent ed@l ddiowing torgroupsn.(1Ysalifié mjentcipdpras and postxdadiaticnt ¢)rirdg injdeesdei n t he
parenteral adm ni s(ﬁr tion is chosen ,fr,om&éhehlgr ou subcHt aneous,

of .:
i nt ranuscul aP P ARq SAPDR dyECted PastdTRdiption, Gimsetedtip 05-30d 451 The et hod

as clai med ijmebb@pRerriMISi&; M) di8e THERS prbSal SpRE-fradiBRSi(5) ﬁxtregﬁed-rhe
nmethod as claimed in Caim2, ‘whefein the micositis is intestina

mucosi tis. ronplpeando®) dfuntreak GHESEQUDUNG:4) mnjactpdip pwtand salineddjettedr eof |
conprising the .step.of admnistering to the patient a pharnmaceuti cal
conpositi onpggtnlf)rralglgflﬁlb(pé)ﬁl_ lé'ch%tf?lb/e_ anount of human |L-18 pol ypeptide (SEQ
I D NO 1)5i n conbilneétimandhdgde wasGadideR using a single dose of 13Gy X-ray irradiation,

whole body exposure. 13Gy was the best mid-range dose to start with, as it should
have picked up any potential protective effects of a test compound (Withers, et al.,
1969, Rad. Res., 38, 598). All animals were weighed once daily from initiation of
treatment to the time of sacrifice. Animals were sacrificed 4 days post-irradiation.

20  The small intestine was removed and fixed in Carnoy’s fixative. All tissue was
processed for histology (paraffin embedded). Using the Carnoy’s-fixed material the
number of surviving intestinal crypts in each treatment group was scored and size-
corrected using an untreated control, as per “ClonoQuant™”, For each mouse, 10
cross-sections of intestine were scored and the average number of crypts per cross-

25  section was measured (Farrell, et al., 1998, Cancer Res., 58, 933). The crypt widths
were also measured to correct for scoring errors, due to size. After size correction
the mean number of crypts per cross-section, per group was be scored. The injection
protocol that was used appears below in Table 1. The protein was purchased from
PeproTech, catalogue number 100-19.

30
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8. The method as clained in daim5, wherein the wound is chosen fromthe
group of: skin wounds, surgical wounds, |eg ulcers, diabetic ulcers,

mucosi ti swoaneb/d2862g i njury. 9. The nmethod as clainmed i n @caiuse®s/024368 ei n t he
mucositis is oral nucositis. 10. The nethod as clainmed in Caim8, wherein
t he nucositi bieslhi ntestinal nucositis. 11. The nethod as clainmed in daim
2, wherein the pharnaceutical conposition is admnistered via parenteral
adm nistration. 12. The nmethod as clained in Caim1ll, wherein the
parenteral Ladmnilstrat lon | s chosenfromthe grpup—ofi—subeytaneoys;
i nt ranuscul alGP i nt ravenous” or| ant int rhnasal O adpi ritlst i] atton| 18 Thethet|lhod

as cl ai ned T8, TWhRrernm tJie ad TS SKIMgwoundg and Kurtiheis
wherein the pF‘lar x'acgutica ccrrp[ogsitio;lwi S adﬁi n st%red tg t he Eatient

t opi cal | y. BEQJENCE bl STI NG <110p DEDE,D Ki nber | y| LEE, JudSt hannS<120>C

VETHODS OF [ LHEAL I NG \WOUNDS BY_ IADM NUSTERI NG HUMAN L L-1 18 «<130> PUSG998 <140>
Herewi th <1413 20055S084055<150>50//60P 01p <his51p> 2804408D20 |<1Bo> |14 L&70>
Fast SEQ f ot —Wrndows=Versiom4-0<210>t <pPtt>157 <212>RRT [<ZE3> [HO
sapi en <400> i Tyr Bhe Gy Lys Peu € DLSer Ll;s _euﬁSer al Iiebz\r Asrér)l Lieu
Asn 1 5 10155 C

6 KGF | KGF | KGF | KGF I S S S S

S = Saline intraperitoneal injection
D =Drug intraperitoneal injection
5 KGF = Positive control intraperitoneal injection

I = Irradiate with 13Gy
C=Cull
Gp = Group
10
For this protocol, all injections were given at 09:00 hours. The irradiation

was carried out at 15:00hours.
The effect of murine IL-18 (SEQ ID NO:2) on intestinal crypt survival

following irradiation was determined in study 04/135C, which was performed under

15 contract by EpiStem Ltd. EpiStem’s CLONOQUANT® system identified and
quantified the regenerating crypts in transverse sections of the small intestine.
Following the cytotoxic insult, the regenerating crypts rapidly proliferated and were
easily distinguished from dying crypts. Human KGF (SEQ ID NO:4) was dosed at
6.25 mg/kg/day and was run as the positive control in the study. Murine IL-18

20 (SEQID NO:2) was dosed at 5 mg/kg/day. Data for the number of surviving crypts
per crypt circumference are reported below in Figure 6.

Table 2, below, summarizes the data from the radiation-induced mucositis

model. The positive control for the radiation-induced mucositis study, human KGF
(SEQ ID NO:4), demonstrated good activity when dosed three days prior to

25  irradiation. The human KGF (SEQ ID NO:4) group showed a fourfold increase in

the number of surviving crypts relative to the saline control group. Murine IL-18
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Asp G n
Met Thr
lie Ser
Ser Val
lie Ser
Ser Asp
Met A n
Lys Gu
Gy Asp A
<211> 1
Thr Thr
Lys Arg
Ser GQu
Arg Gy
Leu Ser

Val Leu Phe lie Asp Gn Gy Asn Arg Pro Leu Phe Gu Asp 20 25 30
Asp Ser Asp Cy s Arg Asp Asn Ala Pro Arg Thr lie Phe |lie 35 40 45
MWeO 20967028623 Asp Ser G n Pro Arg Ay Met Al a Val PCmuskeos/ 03565 60
Lys Cys Gu Lys lie Ser Thr Leu Ser Cys Gu Asn Lys lie 65 70 75 80

Phe i : 85 90 95
lie (@(2 “?%b gﬁha@&n%rgblg a&@}fbﬁ?%ﬂé §GE?I(§E§® ﬁ?n‘”hﬁe 100 105 110
Phe d&ded thiee doeyprisgiio ]iyzrmﬁou SHowvitly & tHPbefoldaticrdhse ifysypGhurvivab 120 125

Arg Asp Leu Phe Lys Leu lie Leu Lys Gu Asp Gu.Leu 130 135 140
Vi ol | HIRETHD NP Eeniad e R P Eisto8s 2105 2

ST SHiF o Syl PR k"’?‘eﬁ%"’%ﬁé\%f e fRBIANe Vel Al

& n DB!smnglanHE—m (SERS D M6X: ZQlﬁbsﬂ-ﬁ'reﬁﬁhtiblnronAswa$ the lgsspef@ctivGer Al a
0, o o LR e AT T S BB, O,
s phite AEN SBBQ ITEND: B) Bror (irtaialBn was the most effective regimen.
Although chemotherapy and radiotherapy may be successful treatments for
killing cancerous cells, healthy tissue is often destroyed, as well. When the
10  epithelial lining of the gastrointestinal tract is compromised, ulceration and crypt
destruction can occur, leaving the patient in pain, unable to eat and susceptible to
infection. Additionally, the development of mucositis can lead to lack of
compliance of the patient in the completion of the full regimine of radiotherapy or
chemotherapy. In murine models, KGF ameliorated radiation and chemotherapy-
15  induced injury of oral and gastrointestinal tract epithelium. Recombinant [human]
KGF has been shown to reduce oral mucositis in patients with metastatic colorectal
cancer receiving fluorouracil plus leucovorin. Meropol et al. J. Clin. Oncol.
21:1452-1458 (2003). In the irradiation-induced mucositis model, murine IL-18
(SEQ ID NO:2) has shown efficacy in the protection of intestinal crypts, and could
20  be used as a palliative treatment in humans. Since IL-18 has shown a positive effect
in treating radiation-induced mucositis, it may also heal the damaged epithelium

evident in oral mucositis.
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Ser Phe Gu GQu Met Asp
Asp Leu |lie Phe Phe Gn
Phe G u SFO 28ev028@38 Tyr
Asp Asp Ala Phe Lys Leu
Lys Ser ValTdle2Phe Thr

<211> 241 <@l
... (20) <400
Arg -20 -1F TRE

Pro Pro G u Asn
Val Pro Gy His

Lys Arg

lie Asp

Asp lie Gn Ser 85 90 95
Asn Lys Met Gu 100 105 110

Gu Ay Hs Phe Leu Ala Cys G npCyaisedod/oigsss 120 125

lie Leu Lys Lys
Leu Thr Asn Leu

Lys Asp
Hs Gn

Ser

Gu Asn Gy Asp 130 135 140
145 150 155 <210> 3

$UWTV‘E&@ER‘@211§PEWRWP@22> (-241)
rp Ala Leu Phe Leu Pro Leu Cys Cys Tyr Leu

= A'ﬂ”"my ASP ProgtHePro—Gp—G

GIuNEtlElOLeuSer Asp r Phq Asp p Lepy An
Leu 15 20 35 His Arg Asp Se e AhRusd Inb&de Psp Le
Met 30 35 40 Thr Arg AI a H| 5 G ul,Leu u Set. Ser r A
Arg 45 50 5Lreagmey = Ao AH o AMICAL
G u 65 70 7éalings [iryarrﬁﬂr 2 Gnlflie Sef Arg PAsn Lg
Asp 80 85 Shust-irrad 1.4 W9 8 39 B1 5 4.4

KGF pre-irrad 172 {124 [10.3 203 P42 R3.1 - [17.9

[IL-18 pre-irrad 21 11 10 [6.1 9.6 21 13

I1-18 post-irrad s 56 s Bs W loe b

IL-18 pre and post-

irrad 10.5 J11.4 J10.5 8 8.6 5.2 19

Untreated, non irrad|

controls 105.1 [100.3 [107.6 [102.4 [105.5 [105.5 |104.4

irrad = irradiated

5
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Arg
Arg
G n
140
155
170
185
200
215
Asn
Pro
Arg
Lys

Val

Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cys Val Gu Val Gn 95 100 105

Cys Ser

Ay Cys Cys Asn Asn Arg Asn Val G n Cys Arg Ala Ser 110

Val Gvo2Met028629 Pro Val G n Val Arg Lys lie Qu |iePlalus2eng/ 0igss
Lys Lys Pro lie Phe Lys Lys Ala Thr Val Thr Leu Gu Asp Hi s Leu
Ala Cys Lys Cys GQu Thr He Val Thr Pro Arg Pro Val Thr Arg Ser
Pro Gy Thr Ser Arg Gu Gn Arg Ala Lys Thr Pro Gdn Ala Arg Val
Thr H ewha@isldaimédis/AYg H e Arg Arg Pro Pro Lys Gy Lys Hs Arg
Lys Phe Lys H's Thr Hs Asp Lys Ala Ala Leu Lys Gu Thr Leu Gy

220 Al a <210> 4<211> 164 <212> PRT <213> Mius nuscul us <400>

4 Met

115
130
145
160
175
190
205

120
135
150
165
180
195
210

Cys

Gu Acg His il QWuddh it EGutepRIUSTT P

Val sAr gty 6F ddernisheingys thirpatiditra thérapelnipally effdctive Amgusof40mes ILi e Asp

Arg Gy Lys Val Lys Gy Thr Gn Gu Met Lys Asn Asn 50 55 60 Tyr Asn H
e Met G u H&pAyReptide (RBR RMNOYY Gy He Val Ala He 65 70 75 80 Lys Gy
Gu Ser Gu Phe Tyr Leu Ala Met Asn Lys Gu Gy Lys
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2. The method as claimed in Claim 2, wherein the wound is chosen from the
group of: skin wounds, surgical wounds, leg ulcers, diabetic ulcers, mucositis, and

lung injury.

3. The method as claimed in Claim 2, wherein the human IL-18 is

administered via parenteral administration.

4. The method as claimed in Claim 3, wherein the parenteral administration
is chosen from the group of: subcutaneous, intramuscular, intravenous or and

intranasal administration.
5. The method as claimed in Claim 2 wherein the mucositis is oral mucositis.

6. The method as claimed in Claim 2, wherein the mucositis is intestinal

mucositis.

7. A method of healing a wound in a patient in need thereof, comprising the
step of administering to the patient a pharmaceutical composition comprising an
effective amount of human IL-18 polypeptide (SEQ ID NO:1) in combination with a

carrier.

8. The method as claimed in Claim 5, wherein the wound is chosen from the
group of: skin wounds, surgical wounds, leg ulcers, diabetic ulcers, mucositis, and

lung injury.
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85 90 95 Leu Tyr Ala Lys Lys Gu Cys Asn Qu Asp Cys Asn Phe Lys GQu Leu
100 105 HO He Leu Gu Asn H's Tyr Asn Thr Tyr Ala Ser Ala Lys Trp Thr H's
115 120 M6 20mm268d29 Gy G u Met Phe Val Ala Leu Asn G nprLyasaog/okdsss Pro Val
130 135 140 Arg Ay Lys Lys Thr Lys Lys Gu Gn Lys Thr Ala H s Phe Leu Pro
145 150 155 160 Met Ala H e Thr
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9. The method as claimed in Claim 8, wherein the mucositis is oral

mucositis.

10. The method as claimed in Claim 8, wherein the mucositis is intestinal

mucositis.

11. The method as claimed in Claim 2, wherein the pharmaceutical

composition is administered vig parenteral administration.

12.  The method as claimed in Claim 11, wherein the parenteral administration
is chosen from the group of: subcutaneous, intramuscular, intravenous or and

intranasal administration.
13. The method as claimed in Claim 8, wherein the wound is a skin wound,

and further wherein the pharmaceutical composition is administered to the patient

topically.
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