WO 2006/065561 PCT/US2005/045169 THERAPEUTIC
FORMULATIONS OF KERATINOCYTE GROWTH FACTOR FIELD OF

VENTION 5 The present invention relates to formulgy; .
%@Eﬁ?ﬁ’%%’y}(eratinocyte growth factor and methods for ma%n{’rg?gs%osm{msg
lyophilized composition comprising keratinocyte growth factor.
BACKGROUND OF THE INVENTION 10 Keratinocyte growth factor
(KGF) is a growth factor specific for epithelial cells that was first identified
in conditioned medium of a hum mbryonic lung fibroblast cell line
[Rubin CHE 3',:"-;'5.3; o FORMIEATIQNS S B I AL TGO GROWT
of messenger RNA for KOF has beddGdRed in several stromal
fibroblast cell lines derived from epithelial tissues at various 15 stages of
development. The transcript for KGF was also evident in RNA extracted
from normal adult kidney angprparsieithesasirgigestinal tract [Finch et
al., Science 245:752-755 (1989)]. Evidence that KGF is secreted from
fibroblasts in cultlihe prscis expréssedarsfvdimthttemeidmphiivethe
epidermis.indi [ t ine-
Cecia e e S een
as pétapRrEEngeretnrayit awitha@&® (EGF) in stimulating the proliferation
of primary or secondary human keratinocytes in tissue culture [Marchese
et al., J. Cell. Phys. 144:326-332 (1990)]. KGF is produced by

mesenchymal cells n ‘heli Eﬁ[};%ﬁ% meluding the
epidermis, oral and Io%vsé%%(ggén esﬁlgﬁeplt e ium@%ea& liver, lung,
145 urothelium, progiaig.epitaehvmipnaRtersHiRinge Bretal fubr apddensiay
et at., J Clin Invest. 94:1764-77, (1994); Yi et al., Am JPath, 145:80-85,
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several stromal fibroblast cell lines derived from epithelial tissues at various

15 stages of development. The transcript for KGF was also evident in RNA extracted
from normal adult kidney and organs of the gastrointestinal tract [Finch et al.,
Science 245:752-755 (1989)]. Evidence that KGF is secreted from fibroblasts in
culture and is expressed in vivo in the dermis but not the epidermis indicates that
KGF may be an important normal paracrine effector of keratinocyte proliferation.

20 Studies have shown that KGEF is as potent as epidermal growth factor (EGF) in

| stimulating the proliferation of primary or secondary human keratinocytes in

* tissue culture [Marchese et al., J. Cell Phys. 144:326-332 (1990}]. KGF is
produced by mesenchymal cells near the epitheliom of many organs including the
epidermis, oral and lower gastrointestinal epithelium, pancreas, liver, ‘lung,

25 urothelium, prostate epithelium and others [Finch et al, supra, Housley etal,J

Clin Invest. 94:1764-77, (1994); Yietal, Am J Parh. 145:80-85, (1994); Pierce et

al., J Exp. Med. 179831-40, (1994); Yi et al, J Urol. 154:1566-70, (1995); and

Ulich et al., J Clin Invest. 93:1298-1306, (1994)].



embryonic fibroblast cell line, as well as the partial amino acid sequencing
of purified KGF, the cloning of the KGF gene, and the expression of the

woERGsIhsRacterial cells to yield biologically active recombingpt K& 65 8585160
described in 5 International Patent Publication WO 90/08771. This

publication also discloses that KGF or KGF-like polypeptides are useful
as wound healing agents for burn wounds or to stimulate transplanted
corneal tissue. Ex vivo and in vivo studié€ in normal adult animals have

shown that KGF-1 (herejnafter " ".produces.changes in hair follicle
morphogenesis, %‘ﬂﬁ%ﬁ% ?)é(%lf:g ﬁ%ln?%{ﬁglé’%%?‘gﬁgd%ﬁ p?o iferation
in thenlbwygnioriimshlqsandidas, stombehisrpaltiritesimescidh setargeimesdtine
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); Yietal, Am. J. Path. 145:80-85 (1994); and Ulich et
al., Pacialierllssio Yoeld bisdngisaily @ty ypeorpbinans bEK ar dasersA Bnic
9r nggpatAHeVelaRme iseuH et ooger 11 STinvestgation Heneyabses

KGF has been documented to he an impqrtant medigtor. of semijnal

Ve RSTRSE L e BRRERSGT ARBGL (RIERESTSR B BEC gy oo
Acagvonndis hSA Simhliid +DgR (18D d)indtiditianally, mice overexpressing
KGF in hepatocytes exhibit polycystic kidneys [Nguyen et al., Oncogene
12:2109-19, (1998)1ivehind kP ovedissirasonahadiigpoishal asgrheranibat

promaier resyllingd Aieswith Rulnonancysiademanassimeasiatal
Proc. Natl. Acad. Sci. USA 92:12461-65, (1995)], demonstrating the
mpdieatiesy brrebiteratineaad raiarlishaclhbamErasraayv i PrRedt REF

hhas pagresie ma&&glhtﬁﬂano incieasadelapihelistizaipmans dncreasednvest.
thickness .o ithelium when recombinant icall

e etebi e R R R el o S
[Piertearietl 48:80-3E X Muzchnd 101884+ 84 0. (T4 ariP SiAAMd A06I3IEDAI.
J. Exp. Med, rKI8:805:878 (19D BRsa oS L Aok Gliur oS under

98:2683-2687 (1996)] reported that administration of keratinocyte growth
Hactdrverfigitoedaevsio RSiaharbesideswanaiedtoby drimy opaptragdiator of

polyReRtifeseaigyprsinci s ableb i agdeausistata aPebe. Nard
Acad. Sci. US4 91:1074-1078 (1994)]. Additionally, mice overexpressing KGF in
hepatocytes exhibit polycystic kidneys [Nguyen et al., Oncogene 12:2109-19,
(1996)], while KGF overexpresion in lung using a surfactant promoter result in
20  mice with pulmonary cystademonas [Simonet et al., Proc. Natl. Acad. Sci. USA
02:12461-65, (1995)], demonstrating the importance of KGF in normal renal and
pulmonary development. ' ' '

KGF has been demonstrated to increase re-epithelialization and
1increased thickness of the epithelium when recombinant KGF was topically
25  applied to wounds surgically induced in the rabbit ear or in porcine skin [Pierce et
al., J Exp. Med 179:831-840 {19941); and Staiano-Coico et al., J. Exp. Med.
178:865-878 (1993)]. Bosch, etal,, [J. Clin. Invest. 98:2683-2687 (1996}]
reported that administration of keratinocyte growth factor will induce the

proliferation of liver cells.



undergo chemical and physical degradation resulting in a loss of biological

activity during processing and storage. Additionally, polypeptide

compositions in aqueous solution undergo hydrolysis, such as

deamidation and peptide bond cleavage. These effects represent a

serious problem for therapeutically active polypeptides which are

intended to be administered to humains within a defined dosage range

based on biological activity. Administration of purified keratinocyte growth

factor remains a promising candidate to treat many diseases that affect

fRrepinaitarppopedanelyerivey e nbbilg SR KDl o RiAdaeehipate and
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and then be effective for patients in vivo has not been addressed. Thus,
processingrané maTagca NESHITRaHE. e b GrediderrREPSTHOR 1 gREMRPRfERbRGRD undergo

hydrolRPIg farmuialiansdoat ale pegiut ascHierangube. anents ddetieati@ent a serious
varleg of diseases which benefit from KGF -mediated stimulation of

problerg igp BlExPRRIgHR AHIVS BRIKPRRIMSO R BRERIR VERIFTOIS Phagpausisred to humans
within i86iRRUrGoEelAtem i@ BBy eh feisisRiipadseR for lyophilization of

keratinocyte growth factor (KGF), resulting in.a highly stable KGF product..
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treat mahingisvighale suffrinen b aondis praeisarn CHoditons tiadidhny kenbdifi@imo remain

the, administration of KGF. In one .as%ect, theretis 8tro¥idedga %ﬁnilizseaqnd fhen be
2 stablg DA O AR IR IOEE) "B ro3iti BH COmprisIHG the Bifsr
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..Stabilizing sugar. ne embodiment, the KGF composition compris
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treat tiproteiitsyindlditeatielighiariationt; drodel &R (sikedubstititioni@)wor of epitheiial cell
gmm}:ilnsertion(s) of amino acids, including fragments, chimeric or hybrid

molecules of native KGF. For -4- example, the disclosure contemplates

that the KGF is 4N23 KGF (SEQ ID NO:3), wherein the first 23 amino

acids of the native KW@@% Nefinpisinslude,fnose molecules

described herein, such as charge-change polypeptides wherein one or

mibite mEsamiddscohresituesid 2 1164 | dbmative KGE(SEQ IPoNdi2)tane of
keratiGiRIGte Q5 Qﬁiﬂ%@ﬁ@@?] Anguiakresiduener begRtively shAfGad The stable KGF

ec

residue selected to effect a protein with a reduced positive charge. A still,
produg} iqeseful as a therapeutic agent m the treatment of individuais suffering from disorders or

conditions that can benefit from the administration of KGF.

In one aspect, there is provided a lyophilized keratinocyte growth factor (KGF)
composition comprising the buffer histidine, a bulking agent, a sugar and a surfactant.

The sugar may be a stabilizing sugar.
In one embodiment, the KGF composition comprises the amino acid sequence of SEQ ID
NC:2 or variant thereof. A variant of KGF proteins include allelic variations, or deletion(s),

substitution(s) or insertion(s) of amino acids, including fragments, chimeric or hybrié molecunles
of native KGF. For



example of KGF includes, but is not limited to, proteins generated by
substituting at least one amino acid having a higher loop-forming potential
for at least one amino acid within a loop- forming region of Asti 115 -His
116 - Tyrl17 -Asn118 Thrl119 of native KGF. A still further example
includes proteins having one or more amino acid substitutions, deletions
or additions within a region of aminé-acids 123-133 (amino acids 154-164
of SEQ ID NO:2) of native KGF. Disclosed is the use of a bulking
agent/osmolarity regulating agent. Bulking agents may be either
examplEnigtallinesiforaxampies ghtcireal oraRnitol} QGISERDUSHED), example:
first 23"5%?3521%%5 %"I’%9%?&&99llﬁ'@?%@&?&édd@%ﬂtsuﬂbmﬁy{ﬂﬂgliqgf%@nies described

carboxymethylcellulose, and lactose). In one embodiment, the bulking
herein, syehtaisarraemitbings acLmAREEn HOSTHEADh MaFhRDRBIIAGSHD GRaldEEs 41-154

of natidt &EANEERTATPROIALAULRYALA BPALITANUY WA Y BRIHENRGidue or negatively

embodiment, the concentration is about 3% to about 4.5% w/v. In another

charged residiimaplEiRg FAaFIRES| ds RICKETR odbn & HRGHCSE ARSHING ATESSGisdodidy furtber

exampl® S{CREPGSIQRCURPHSIRY BnsitaRilZ ING-SHYAR S1GAES CoNieRIRIaiRg treast one
use include but are not limited to, sucrose, trehalose or glycine. In one

amino gt JHTihE. PRENETAPIEOTTIR RO IFRUR IR KAThSBMIBHID IS S, widua @ loop-

formiri® AlRETCRATAtROF abput'1-3%eWA . Thrd* furthererEluadimeril) thether example
. sucrose is at a concentration of 2%. It.iff C%ntemplate hat the dis éosed thin
inchude, QSIS FRR BE S6TSIEFIBRpRT IR S PHGE SPAETE Y (§F A5 D Wit &
region| BfaRdRAbddiments IHenkaFacompbsition MaSEIH MAlE rdngeveiakiout
6,0 ta about 8.0. In apother embodiment, the composition ha ina
NG BP LTS 8% B SR R AT s AL LSRR 0 R gens may
be cithascayptdiafabiott-fampis: Flyeidiscloasdichnupesitiophmay( tontemyiatel -histidine,

use of a surfactant, It is contemplated that the surf ncludes,
s e e OH B L 20 B O B TGO st 1
one egrbbtidianentithbudidnactasttigpodpsorbatel20e Iuhel aebahmpadiniehimannitol 1s

incorpDERR NSRRI AL LANCEINERNOR IS ViR 2 5ARES ahaPOL Qrin 10-80@Mlent, the

0.004% w/v. In a further embodiment, the polysorbate 20 concentration is
concealBIeID B 15w\ in teridaidipdct/thwre- idp rovities erephizbdthe mannitol is at a
conceSEEAfRasyie, grawth factor composition comprising 10 mM histidine, 4%

mannitol, 2% sucrose, and 0.01% polysorbate 20, wherein the

coMhisositrdprrst dt & HIPBPEISI SRR S8 PE HRBReSHEBrovieats gontemplated for

use inPRHodfrMmAKIRG GlyRPRilizes KEEARMORYER plycine. In one embodiment, the sugar is
sucrose. In a related embodiment, the sucrose is at a concentration of about 1-3% w/v. In a
further embodiment, the sucrose is at a concentration of 2%.

It is contemplated that the disclosed composition may be adiusted to a pH in a
range of about 5.0 to about 8.0. In one embodiment, the KGF composition has a pH in the range
of about 6.0 to about 8.0. In another embodiment, the composition has a pH in a range of about

6.0 to about 7.0. In a further embodiment, the composition has a pH of about 6.5.



growth factor comprising the steps of. a) preparing a solution of histidine,

a bulking agent, a sugar; and surfactant; and b) lyophilizing said KGF.
Disclosed is a method for making a lyophilized keratinocyte growth factor
further comprising, prior to the lyophilization step: b) adjusting the pH of -

the solution to a pH between about 6.0 and about 8.0; c) preparing a

solution containing a keratinocyte -gfowth factor; d) buffer exchanging the
solution of step (c) into the solution of step (b); e) adding an appropriate
amount of a surfactant, and f) lyophilizing the mixture from step (e). Itis

fi]h'eh disclonté mpiatedtibatnthe «KBEmMEbe s Iéfsa:qur&teimlsdt outimi@E@ted that
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contempiate use of a bulk |ng agent osmol ulating a ent wherein
embodm@rbuﬂhﬂgta@mgtmy@esem é@st@llmerf(fdp(émbp@ﬁglyeﬁ@ polysorbate 20

concen@ﬁm}ltglmﬁlﬁ@%?g us tonexample, Ly histid e sUeross, PRIVWRE Smbodiment,

such as dextran, polyvinylpyrolidone, carboxymethylcellulose, and

the pOlD@@F@@éﬂﬂﬁ@h@@ﬁﬁb@@ﬂ%@?ﬂ“tﬁé’b&l%@ agent is mannitol. In another
emhodiment; themanniolisat A15epaankatinnfh3beut 2340 aRaut B¥position

w/v. In a related embodiment, the mannitol is at a concentration of about

comprangd GBS BG4 PARIRh S PRt ERe Y ARSIl 2> Wherein the
comp(ﬁﬁﬂﬁﬁ@tﬁﬁggﬂgffé% w/v. -6- The disclosed method may prowde for a
composition comprising a sugar, wherein the sugar js a stabilizi n‘ ‘Tfi ar.
%atmocyte
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a }yop(ﬁiii?z%l Keimibontamplatat fadie ﬂlﬂhhaseﬁiﬂpﬂﬂmgjgathatﬂhélp&ynphmbmon step: b)

: iC one embodiment,.t ep sted.to
ad}uﬂf%ﬁ 8 a%fqgg éoguté% a§%§ %%) anon%ergé?r%?bo |men the|§j r%panng%gommn
contamd;gsié(tmlao@t@gmﬁzﬁb&mﬁﬁdbw&n &Changalgjtﬂqem@mb@dlfmm {fheinto the
solutig H |7 j%blu(?%?dﬁo P lﬁa@eoaﬁ% 3}9‘1 We 730013 %‘%l f&{&hﬁr C?rophihlzing the

adJ te to a pH value o 6 5 T e disclose
mlxtuméthcdstmé?) cbnﬁefn@mreca@@r@ﬁatgdrfh@tam HGE coritdnpl e prateimeset out in

SEQ fyriratang E{%?ﬂ {esludes, hutis metlmpited to, polysorbate 20 or

polysorbate 80. In one embodiment, the surfactant is polysorbate 20. In a

e dispinssdimeRodHE POREEFBRIE 0o R ARSI SOFHRPRIkTSE Fevlating
agent2BRLEn 180 1QA00LLO-AR4% W dirRfuhenambasinenhple gtycine, mannitol) or

amorphous (for example, L- histidine, sucrose, polymers such as dextran, polyvinylpyrolidone,
carboxymethylcellulose, and lactose). In one embodiment, the bulking agent is mannitol. In
another embodiment, the mannito} is at a concentration of about 2% to about 5% wiv. In a
related embodiment, the mannitol is at a conceniration of about 3% to about 4.5% w/v. In a

further embodiment, the manmnitol is at a concentration of 4% w/v.



polysorbate 20 concentration is about 0.01%w/v. Disclosed is a method

for making a lyophilized keratinocyte growth factor composition

comprising 10 mM histidine, 4% mannitol, 2% sucrose, and 0.01% (w/v)

polysorbate 20, wherein the composition is at a pH of about 6.5. In one

aspect. there is provided use of 'a disclosed ivophihzed keratinocyte grow

h factor in the manufacture of a megicament for treating a cis age

wherein said medicament is capable of increasing KGF-mediated

stimulation of epithelial cell growth Disclosed is a method for treating a

d'rsea@@gmééﬂdqmm W gﬂ@@&ew&gf@dasﬁaa#@ﬁm@fccﬁ@ﬁhﬁhgl ﬁ@ﬂgﬂﬁ?l_\ﬁmgrein the

comprising. administering to a subject a ective amount of a lyophilize
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limitecantemplsteddndtibedigesse. th: hedreaiecimayh ehg UtitaxiGityudruseositis; related

bum gr other partial and full thickness.injuries: repopulation_of hair

embodiiety, Hhe SO RIE Anc SSPUALT ARG AdhiR e Bucke s In @ futher

embodinaife thtion;rode eépidermodysiszbullosd,%6hemotherapy-induced alopecia;
nelenaltepnaldness gastricdicers; dyodenal wcers er0sive 9SS oiogical
esophagitis, or esop ageaﬁ reflux; mﬁ’ammatory%owél Isease; yaIPne

pH. I israbred diseastheinjtirissatiomesnto ke s atforb@mp iy seatauhédatie  another

emboiBRSIRe il faiie. 2ay1e Mkl HeRafitis. OfbeniRxie INBS IR NEGi Hlent. the
graft-versus-host™ disease (GVHD). In another aspect, there Is provided a

pH is |agifgiash épdrirg 2 Horswi S Shiarahacs utidalnceripbiidhrcsmpribingna the pH is

adjustfifSh GORYRIARI-hadng a lyophilized keratinocyte growth factor composition
comprising the buffer histidine, a bulking agent, a sugar and a surfactant,

andcadiddend suibaerRaiPRFaBHYSIfs ity uaReattabic senerprbterehat the

surfad¥@philizednaameositions Ihis cppiemplated thatthe KGFPrateiRdsset eut in one
in SEQ ID NO;2, SEQ ID NO:3, or variants thereof. The physiologically
embodipetiitaBfe THERTBtUT oRPEERIBST mly Be atfjAidariedimtay e polysorbate 20

concedgeapiableigan ereedibianbuneiuding bt noddimitedhtoinansuanet @llbodiment, the

clinically useful solvents, dispersjon media, coatings, antibacterial and
polys %ar;‘ %18?

&P%ﬁ@ﬁ@‘,%&@h%‘% it 4B806Yption delaying agents and the like,
inClisdiog ¢heseraganisdisclasednerainilibcdtianatyc tihe d&éskh factor composition

compasition may be admyjnistered to a subject by any route deemed . .
comp oot by HE Sating SHYRIEn, MEIGHTG orally, GpicAlyy ) Posoroate 20
wherein the composition is at a pH of about £.5.

In one aspect, there is provided use of & disciosed ivophilized keraunocvie growth factor
in the manufacture of a medicament for treatng a disease wherein said medicament is capable of
increasing KGF-mediated stimulation of epithelial cell growth _

Disclosed is a method for treating a disease by increasing KGF-mediated stimulation of

- epithelial cell growth éomprising administering to a subject an effective amount of & iyophilized
keratinocyte growth factor composition of the disclosure. | |

It 1s contemplated that the disease 10 be treated may be gut toxicity, mucositis; a burn or

other partial and full thickness injuries; repopulation of hair foliicles, sweat glands, and

sebaceous glands; adnexal structure proliferation;



transdermally, parenterally, by inhalation spray, vaginally, rectally, or by

intracranial injection. The term parenteral as used herein includes

subcutaneous injections, intravenous, intramuscular, intracisternal

injection, or infusion techniques. Administration by intravenous,

intradermal, intramusclar, intramammary, intraperitoneal. intrathecal,

retrobulbar, intrapulmonary injectioff and or surgical implantation at a

particular site is contemplated as well. BRIEF DESCRIPTION OF THE

DRAWINGS Figure 1 depicts Size-exclusion (SE)-HPLC (Figure 1A) and
epidermGlgtinribelobandetORp HPIBIFGURIIRY dh ARARIGHEBIUPE PRt RETTY icers:
anodendf ST R AlaAR e g et Flouephdemicisneyeramdmhasey bove)
_ -| chromatograms comparing KGF formulations lyo hlltlllzed in .
disease; 1 Bymilnehistdieat: 0dissso | BivBEte WRD2O0EHFESREation; cmphysema,  hepatic
cirrhosig,) %I{sp %f?}gé/ Qég{l Q%rat %%Qatﬁﬁgtﬁﬁ@rtﬂ%bw(w 2% swerpse gnB%ersus-host

mannitol/2% sucrose. Figure 2A depicts time zero after lyophilization
disease ({AWéIPigure 2B shows product after storage for 1 year at 4 C. Inset

shows the area around th i - Fi jcal
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compoanialy STy BShil e @@@Pﬂ%’iﬁﬂﬂ%ﬁslyéi?&r‘“%%:%%%”f‘é?%ev%’eks at4s'
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ictor which provide a stabls in product and incre &
Compctﬁé%uﬁ?i@&ﬁ%ﬂ?“?ﬂé}’m\}gﬁ%ﬁ f FE)% }nplrso%?(tjgg{algmet %%o??—neaglgn@ %f)
NO:3 Iyephiized berpbsThiomionpmsil keestprbte SIUWH AR AELER °
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al iR 03E08) 57 B eBI ST sErh 1o SIS S e
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discidlAOmEant of kerasinory @ grNth dagiosidpamanaogitharesteduets S8DARY
any routf.!.: deemed appropriate by the treating physician, including orally, topically,
transdermally, parenterally, by inhalation spray, vaginally, rectally, or by intracranial
injection. The term parenteral as used herein includes subcutaneous injections,
intravenous,  inframuscular, intracisternal  injection, or infusion techniques.
Administration by intravenous, intradermal, intramusclar, intramammary, intraperitoneal,
intrathecal. retrobulbar, intrapuimonary injection and or surgical implantation at a

particular site is contemplated as well.

BRIEF DESCRIPTIOTN OF THE DRAWINGS
Figure 1 depicts Size-exclusion (SE}-HPLC (Figure 1A) and Cation-exchange (CE)}-
HPIC (Figure 1B) analysis of soluble protein iz liquid KGF formulations at differing pH.
Figure 2 depicts reversed-phase (RP)-HPLC chromatograms comparing KGF
formulations iyophlilized in 10 mM histidine, 0.01% polysorbate



(SEQ ID NO:3), or a factor that binds and activates the keratinocyte
growth factor 20 receptor. In a preferred embodiment, KGF is AN23 KGF,

whISemkipantly produced form of KGF in which the first Z%W%Qﬁjgﬁw

of the amino-terminus have been deleted from the mature KGF (no signal
sequence attached). See, e.g., US Patent No. 5,677,278;.6,677,301,
6,074,848, 5,843,883, 5,863,767 and 5,773,586, all assigned to CHIRON
Corp., U.S. Pat. No. 5,731,170, and PCTYS Application No. WO

90/08771, published A 90 (di to full | h f fKG
and DL At Sl A K i S SH TSR i 24
25, 1896:1E% ApplidatidpoblolixDro6HiEds fnpullisheds Aprd@s afigo8orage
and f&?§éépﬁ'@89%%ﬁ-sﬁx93%?J%&%%MM%B%L 1998

(directed to stable analogs of KGF) all of which are incorporated herein
by reference in thein30erlrgkntinalsingticuras QDA brotein
PCT/US2005/045169 - nalQgs having jngre %%% ability over

Pt SRR RS O bt R o R A R SR 281
and dthfagP et Meek6a677,801, and such KGF analogs are contemplated
by the invention. Alternatively, any fragment of the entire KGF

polypeptide or analog thereof 5 which retains complete or even partial
KGF activity is contemEIated. It should be _understood that the terms

"keratinocyte griW "DERGRECEO Qﬁﬂiwmgmcription
intended to inglude ' h i
ndicated. native KR Sha R RS e aaaiiel Rt pHsAEeor

1@harpwifiad erjnagyepeigeydelgeienvdishipseaidiaftytehle sroirenagainerand
part gfihe AePla serueIceRfinal SRR andiRverelainintaoms Read of

the biological activity of native KGF, particularly non-fibrobjast epithelial
cell PO AEBHIEE 2 BORBHiATY ATERS HCTEBHIRG HGTHEREY ™ 8T
stimglagen of BALB/MK keratinocyte cells than that of NIH/3T3 fibroblast
cells, and at least about 50-fold greater stimulation of BALB/MK
keratinocyte cellsAbaseforeadI588ratinepitiaatiaidbifsctn for GEIRO®Ters to the

15Pitheligheels. e daierminedinnHepidine IR aiaRadk$Q cession
contemplated by the invention are peptides "characterized b

No. NM_002009) or polypeptide as set forth in SEQ 1D NO:2 (Genbank
Accession No. NP_002000) or an analog thereof, or alfematively an active
fragment of keratinocyte growth factor or an analog thereof, such as AN23 KGF

. (SEQ ID NO:3), or a factor that binds and activates the keratinocyte growth factor

20 receptor. In a preferred embodiment, KGF is AN23 KGF, a recombinantly
proditced form of KGF in which the first 23 amino acids of the amino-terminus
have been deleted from the mature KGF (no signal sequence attached). See, e.g.,

. US Patent No. 5,677,278;.6,677,301, 6,074,848, 5,843,883, 5,863,767 and

5,773,586, all assigned to CHIRON Corp., U.S. Pat. No. 5,731,170, and PCT

25  Application No. WO 90/08771, published Aug. 9, 1990 (directed to full length
forms of KGF and variants); and PCT Application No. WO 96/11949, published
Apr. 25, 1996; PCT Application No. WO 96/11951, published Apr. 25, 1996; and
PCT Application No. WO 98/24813, published Jun. 11, 1998 (directed to stable
analogs of KGF) all of which are incorporated herein by reference in their

30  entirety, including figures.



ape pride sequence substantially the same as the peptide sequence of
native KGF" which refers to a peptide sequence which is encoded by a

nce capable of hybridizing with the coding regi
vﬁ%ﬁﬁ%ﬁf& moderately to 20 highly stringent hybridizatior% %ﬁ{gﬁ%{?ﬁi%gg
exemplified herein. Stringent conditions, in the hybridization context, will
be stringent combined conditions of salt, temperature, organic solvents

and other parameters typically controlletin hybridization reactions.
Exemplary stringent hybridization . condition hybridization, | SSC
at 62-67 C., foll MeF %i’ﬂ??f@giﬁlﬁﬁfﬁegs%@@a%eﬁ- f?){r@EAéé
appresHBatelP an hnunaftediblehtiexBiophery 19 ingenit -Bybriens ifon
congditi re hybridizagon i) 45290, I0HBRRRINS, heiRebiah 40- 45 C.
[Seéwfﬁgn%%ugﬁaﬁ%ﬂ o} ec%lsglr%%%lr{inc (A@ala_%%yqratory Manual); Cold
Spriptsiiidy. laab dragorgnt pH iR cpEs & Farolsrspade R RE FTEdhclude
sallelig varalions ALAEIRHRER 3RS st biisn(F)oinsariants) of amino
acids, including fragments, chimeric or WO 2006/065861
PCT/US2005/04b3iaf1412 tipthiidambiia thes tofmatkeaa i@ By ta gaeafdy fagior™

KGE malegule of s yention s ANGR KCE QUet S xamBle s G
incifftte, Withdlitfiitation, proteins having residues corresgondlng to Cys'

ANyl G BE QBN e wésglinskensi detsck GiandHEGE suplagioroteins

molgcu Ing improved SRt a8 ed\with g ipareRbde as all or
mol@cu}gu%%sﬂtg%ght n comm%%llgygwned .S, Patent 6,008,328 ﬂépgeher

10cxapaplefSladetifceareach af rets A aad Oy SR I RE R &
po|m@ﬁgéggs(aea?w@Eﬂlﬁﬁeeqé@mfﬁlﬁtﬂmlgmmﬂmmmimm4edif
native K (preferably. residyes Arq41 LYsss . 8
T A el e T
delgad BASKsiistiteet ytaitbetisrsart thht o§RIld/ S 3 Gimelashrshs chrghgelgast

R b b

15y suiibetislieg) s ordas Con tnmbdiaboaiiiag e Rigrud 53 powmitne
poteptiahivnRileasirnmaminaadd wilhivcadeaprtosspings e diamathsduly

a pepﬁdc sequence substantially the same as the peptide sequence of native KGF"

which reférs to a peptide sequence which is encoded by a DNA sequence capable
of hybridizing with the coding region of SEQ 1D NO:1, under moderately to
20  highly stringent hybridization conditions as exemplified herein.

Stringent conditions, in the hybridization context, will be stringent
cbmbined conditions of salt, teraperature, organic solvents and other parameters
typically controlled in hybridization reactions. Exemplary stringent hybridization

| conditions are hﬁbﬁdization in 4x SSC at 62°-67° C,, followed by washing in 0.1x
25  SSC at 62°-67° C for approximately an hour. Alternatively, exemplary stringent
hybridization conditions are hybridization in 45-55% formamide, 4 x SSC at 40°-
45° C. [See, T. Maniatis et. al., Molecular Cloning (4 Laboratory Manual); Cold
Spring Harbor Laboratory (1982), pages 387 to 389.]

KGF proteins include allelic variations, or deletion(s),

30 substitution(s) or insertion(s) of amino acids, including fragments, chimeric or



I-1is116, - Tyra 17 -Asnrs -Thru9 of native KGF (as taught in US Patent
6,008,328). 15 A still further example includes proteins having one or
w96 Ahainp acid substitutions, deletions or additions withif-a t&gdig 9«0
amino acids 123-133 (amino acids 154-164 of SEQ ID NO:2) of native
KGF. Specifically contemplated KGF proteins include the following KGF
molecules (referred to by the residue found at that position in the mature
20 protein (minus signal sequence) set #8h in SEQ ID NO:2, followed by
tha ino acid posijtion i entheses a n either the.substituted.
ot P S BB e A A 1 AR A 5 AP N,
AN 228 NZE: . 0P b2 FxakBiRs K GB jSeIndd 1 SinedintiNE o pa)sins having
AN 42 ! ) N%(é Qkﬁ E/ﬁﬁ'ﬂ% d or deleted,
ca,é%‘é%i‘i%% c‘g’%‘g}&kl;\rz%/ (144‘)(_3,%(1,15,4 S, 25 cu%%‘fio%rse_
C(1vith imrerobyst malooylrbevingmerey shetaBibiiE as ARDRIRE wElhe parent
9AN%B%:ﬁéwﬁg%%%%&ﬂgaﬁﬁwgﬂygﬂmﬁa%/ﬁ%]ﬁ?mer 3
AN23/K(147)Q, AN23/K(153)E, AN23/K(153)0, AN 152)E/K(153)E;
R(1947eP fesied ﬁzésdjr%tl' é{?]é?% OeTEtes s a%ﬁj i %}ge&ﬁ% types
of epitbeliabnd@nindrendatiietiakobiisimpli¢hiest aSratieckbiNerafsebiic in
treatment of manyWO-204 8861 BCTIUS2005(84p16% -11 eonditions
or dﬁ%sel%useess%%e’c%r% élﬁjﬁsr]d?\f?%udlg‘ﬁe’f&lg){wihggg a gscri’p%g)gn of e

dise@led?, dnd' hedidal Condiddatsdnenbetitse tridh teevim) retuapthe

10NVERHaRy {5 b IPAIIR BRIGEHDIEREIAGHRH U AsIRH BIARSY positive
chemotherapy treatment regimes. Pretreatment wijth Kw§¥?have as

cytopraEEcHby SR HSESHARERIN AR HritE SR BB S RN e RIRiERY
dosagesatedl sychihampies whitenedudingpiatential fatalsid®efféntsiof

gut toxicity, Recent phase L clinical trials of patients administ 15 _
recd?%tﬁ?ﬁé}wﬁ &ﬁ%ﬁ%&%&%ﬁ r‘é%{ﬁrljnnean d\%/ﬁiﬁ%m(%reeﬁl%i%{%%%utic
agett S Hudrolfadiseliygbel tofneeen et asitnge D Wil Prisnicu808,328).

1%1;ﬁ%%%%%?%%ﬁéa%@?ﬁ%ﬁ%@%%%ﬁ%%3:%%3;%

( t
toxicHhstiMmpelHifienegpAdditions YaLHRG BedohbstiRR a5Rghtihan
(amino acids 154-164 of SEQ II)J NO:2) of native KGF.

Specifically contemplated KGF proteins include the féﬁowing
KGF molecules (referred to by the residue found at that position in the mature
20 protein (minus signal sequence) set forth in SEQ ID NO:2, followed by that amino

it
-

acid position in parentheses and then either the substituted residue or "-" to
designate a deletion): AN15, AN16, AN18, AN23, AN24, AN25, AN26, or AN27
KGE, C(1,15)8, AN15-AN24, AN3/C(15)S, AN3/C(15)-, AN8/C(15)S,
ANS/C(lS)—, C(1,15)S/RI4DE, C(1,15)S/R(144)Q, AN23/R(144)Q, C(1,15,40)S,

25 C(1,15,102)8, C(1,15,102,106)8, AN23/N(137)E, AN23/K(139)E,
AN23/K(139)Q, AN23/R(144)A, AN23/R(144)E, AN23/R(144)L, AN23/K(147)E,
AN23/K(147)Q, AN23/K(153)E, AN23/K(153)Q, AN23/Q(152)E/K(153)E;

R(144)Q and H(116)G.

K GF’s proliferative effects on many different types of epithelial

30  and endothelial cells implicate it as a nseful therapeutic in treatment of many



therapeutic efficacy are well-known [Withers and Elkind, "Microcolony
Survival Assay for Cells of Mouse Intestinal Mucosa Exposed to

;b%gsf'ﬁ,llnt. J. Radiat., 17:261-267 (1970). Standard i”ﬁ’é‘@dm&%%%

chemotherapy-induced gut 15 toxicity which are predictive of human
therapeutic efficacy are well-known. Sonis, et al., "An Animal Model for
Mucositis Induced by Cancer Chemotherapy, Oral Surg.", Oral Med. Oral
Pathol., 69:437-431(1990); and Moore,“'lclllbnogenic Response of Cells of

Murine Intestinal, Crypts jo 12 Cytotoxic Drugs”, Cancer Chemothera
P ARG T8 1SS SR AR AL T oat ahich o
the disoehestion mEdvabusdhionghbich e batraitevittikalirefchethigntion.
property may be useful in protecting the gut mucosa from injurious
substances that it Pideistds a sraiotikamirieg dretos sraadigion iy in
conglifignshstipl asinflammnaian bowekaisaases IEGRMaHRYOL
§roliferation and differentjation gQf adnexal 25 strug#ures such asiggir .
ol EMEPEEHYBFARERC AT SEPL ST aRESTs YR R BSR AR
regenenalifg:epiceniis sidddegmpiseinigatiehtddwitffdotinos mrdositier. Pargat
A e RS I 188 A PR SRR AR MRl MRH betore
formRafion and kera moc;]/:)te resurfacing; full regeneration of skin is not yet
possiiendbpsh thatbensfthemmoitiel ess wdbiogarned, wggesbhadeiment

glandsdeas 3&1’1?%5&8%&E@%%@t1}£éﬁé&£@91§5&§,§1§ kindefREts ainglading
burns. The use of WO 2006/065861 PCT/US2005/045169 -12 KGF can

1&nableralich 14peE RSN, StaptiaddinvaBBa st aipmsindrsel e
proliferationvaicd siimilatgnediith petmi dheoprpdiaty adestngoin
compounds. haying human therapeutic.effica r bums. and otheg pattjal
andtﬁﬁgﬁ%’fétk%%afssc ] ﬁ?e@%r“e ﬁ%%ﬁiﬁ@ﬁ%ﬁt a .fqrécr%%v% SHINA

- factdsiay GoeCele o Mratio fnofEitid ddecrep HitrpnestigRdibetivahdihdubadist.,
aCti\'ﬂ#%f- e e{@? B%d %E%@M(%ﬁ rvm?gﬁlc'ielg 'oggﬁkﬂf&‘(ﬁe%gﬁ?ﬂ@%d7£§
(1991); Pierce, et at, "Platelet-derived growth factor (BB homodimer),

Iiranmg@bwséw:ﬁaw{%dgs%@ﬁsﬁfﬁr‘égﬁ'@rswmlﬂewin
dermgghwuar haalitgmMeonasseladeoiats xfieatio U and:ceissadiberay,

rg%w ) ‘r‘eF:é?r%L{}%iio &.’365 %gz%o(} ,96%223 %gfg IE%?%%) ,egn%l Moore, "Clonogenic
Response of Cells of Murine Intestinal Crypts to 12 Cytotoxic Drugs", Cancer

Chemotherapy Pharmacol., 15:11-15 (1985)].

20 KGF treatment has a striking effect on the production of mucus
throughout the gastrointenstinal tract. This property may be useful in protecting
the gut mucosa from injurious substances that are ingested, ot in limiting the

spread of injury in conditions such as inflammatory bowel diseases.

Stimulation of proliferation and differentiation of adnexal
25  structures such as hair follicles, sweat glands, and sebaceous glands is of critical
importance in regenerating epidermis and dermis in patients with burns and other
partial and full thickness injuries. At present, surface defects heal by scar
formation and keratinocyte resurfacing; full regeneration of skin is not yet
possible. Repopulation of hair follicles, sweat glands, and sebaceous glands does

30  not oceur presently in full thickness skin defects, including burns., The use of



10 healing: the effect of occlusive dressings and a cream." J. of Surgical
Res. 48:245- 248 (1990)]. Epidermolysis bullosa is a defect in adherence

&Bt%%igﬁgg{mis to the underlying dermis, resulting in freqlfwﬁ&%&msm;

pai Isters which can cause severe morbidity. Accelerate
re-epithelialization of these lesions, such as by 15 treatment with KGF,
would result in less risk of infection, diminished pain, and less wound
care. Chemotherapy-induced alopecia relufts when patients are treated

with courses of chemotherapy for malignancy. At present no, therapeutics
are. ARECTRHT U TR THE o TOMRRES A ORI th O, (e
the trasisfenti@Oadassiofaiod<@iciprevideths pefi atne &ntnStdndasbimdsivo
models .of chematherapy-induced al ia,whj | Gl

toste S R Ry o SRR ERIA 1 BRI e
[Saviapwicetialweltotosp BrinstoeStmlulEsgwhifacrswidpisdgeriquiéen of

Ljab(%f?s_tt%% ] Q@Qﬁre@%ﬁﬁﬁ%cﬁ%@%&vﬁ@g%@graﬁﬂﬂmmgﬁ§ glodel”
Alopecia”, Clin. Dermatol, 6:159:162 25 (1988); Hussein, tection from

: "Pr
Cherh i dpgind It AN g I iR N alaifiyed erowth factor
249: 158 4dR6 B &9 IR habthitiissentahebr-betercatdbdi Aibiesisagaint
1-B-D-Arabinofuranosyylcytasine:zinduced Alopecia jn the. Newporn Ra
Ani 3?%0’8@?}"8%}’1‘7 1e]}L/r1 egsaggﬁiﬁeﬂ%sfg@?éoéﬁtlf&éﬁ%ﬁaﬁ-pcgﬁseafhogl of
baldnessrisprevdetit 24t BSSIRicIRIUntrediBbles, T, Srprodrdesspedum

lpss ip i J ' ' e VA8h45.
o D B R o e a2

unketApESdDIvhile KGF receptor knockouts exhibited thin skin, low

numbers of hair follicles, and delayed wound heali erperetal., .
Science 266:819- 2 (T894 ér’ﬁﬁe%?gf’%a‘gf %’}‘/X b lbe gpidermis to

§I8peC|a,
pre-teeatmésnlyinithl¢asambinhingKiGreqratected, agaiiid bigprownndtchp 5094
of the 5 alopecia.induce, ini ' [ nt
M et e S
13 995y jatmatwithdaltiormlsorrribindesarisk oS inieriomn draished @ncad),
or topigalhifhhedrug

Chemotherapy-induced aiopeéia results when patients are freated
with courses of chemotherapy for malignancy. At present no therapeutics are
effective at preventing the hair follicle cells from death, which cause the transient

20  loss of hair. KGF provides such a means. Standard in vivo models of
chemotherapy-induced alopecia which permit the predictive testing of compounds
having human therapeutic efficacy are well-known. [Sawada, et al., "Cyclosporin
A Stimulates Hair Growth in Nude Mice", Laboratory Investigation, 56(6):684
(1987); Holland, " Animal Models of Alopecia”, Clin. Dermatol, 6:159:162

25 (1988); Hussein, "Protection from Chemotherapy-induced Alopecia in a Rat
Model", Science, 249:1564-1566 (1990); and Hussein, et al., "Interleukin 1
Protects against 1-B-D-Arabinofuranosyuleytosine-induced Alopecia in the
Newbomn Rat Animal Model", Cancer Research, 51:3329-3330 (1991)].

Male-pattern baldness is prevalent and essentially untreatable. The

30  progressive loss of hair in men and women is a serious cosmetic problem. KGF



could be applied and absorbed through the scalp, or by spray injection
into the scalp using an air gun or similar technologies. A standard in vivo

WPSRsRkmale 10 pattern baldness which permits the prediglivg tesfing.Qf o
h

compounds having human therapeutic efficacy is well-known. [Uno, “The
Stumptailed Macaque as a Model for Baldness: effects of Minoxidil",
International Journal of Cosmetic Science, 8:63-71 (1986); Porter R.,
"Mouse models for human hair loss disordkts" JAnat. 202:125-31 (2003)].

15 Stydjes have shown that administration of KGF could induce cell
g rowtﬁe’#f’ﬂzi%t GOt Pt gk sprl coat Bl K Cfprasptol Baodusts 2,

(1998)hiGiastricinbeersonl noughstteatabieide 2N ROSRIS S G RURRling
signifiggnt morbigity .and a_regurr, , and heal by scar formation of
the m cgé%ell I?rtli%%.gflﬁ}éc‘? %ﬁbﬁﬁ%ﬂ%ﬁgg%ggﬁa% 8?8%@%@1’5{? g13 fh glepecta,
rapidmrmmmmgwm@ammmtmf 20ogsdngtiestmperbaivitid§GE% of the
would,pifesa pigificaptitaraneutis W@&%ﬁgﬁt&%&ﬂ&t%ﬁgﬁ% Lof

gastric ulcers. Standard in vivo models of gastric ulcers w ermit the

prediéfRETeElR & St esmsnHerkp st Mg Ham 8 éfdpkiicde (895 aFbese
well-ki@uitiofer BYAIBEecalanamis ki Gat alncl ipdamethoci inpralls Rualie

of Experimental Gastric Ulcer Healing: A Quantitative Histological and 25
UItraﬁ?HL%r@a?%%lg %S é %H%OF%Q%QH@N%C(?F uf B wia BT Cliva Rieghs

of thescalppeing astbigtestinahifratiHeds)iGarheads OB RA MMl Y Bmale-
ﬁpns%;@é}%m il . ) troprotective activity of. oJeanolic
acid derivatives oﬁ%ﬁ%ﬁﬁ%@a&g ﬁ%@gggeggssttlﬁ% ?e%%rﬁgélfﬁnpastfs}agﬁlﬁ boman

mice R PHErATE do e BAmBal(Bm0 SThaAtor0edr0888ague as a Model
PCT/ebs BARRA4SER s drNRRadena michlsidin S5SN8 HIeISndEscience,
treatagtryl (? &]g,g qegvelo ment of a therapeutic agent to more fully gnd
more g%i- It}| §@f T Re “MoesEPHEH PR tER bea e isrisare Helas:
impoéntladhan@eom)addition, a therapeutic agent to regeneratively heal

these ulcers and decrease their recurrence 5 would be of benefit. KGF
bifers such potentiiuditahetershirvwivehadudissuitidn od &G ateddsndiriekel]

permihepredictiedeatng: Al GaR PAUPARNAYING BUMAN 184:316-22, (1998)].
Gastric ulcers, although treatable by H2 antagonists, cause significant morbidity
and a recurrence rate, and heal by scar formation of the nmucosal lining, The .
ability to regenerate glandular mucosa more rapidly in patients with gastric ulcers,

20 e.g., by treatment with KGF, would offer a significant therapeutic improvement in

' the treatment of gastric ulcers. Standard in vivo models of gastric ulcers Which

permit the predictive testing of compounds having human therapeutic efficacy are
well-known, for example, Tarnawski, et al., ["Indomethacin Impairs Quality of
Experimental Gastric Ulcer Healing: A Quantitative Histological and

25  Ultrastructural Analysis", In: Mechanisms of Injury, Protection and Repair of the
Upper Gastrointestinal Tract, (eds) Garner and O'Brien, Wiley & Sons (1991); and
Astudilio et al., [“Gastroprotective activity of oleanolic acid derivatives on
experimentally induced gastric lesions in rats and mice™ J Pharm Pharmacol.
54:583-8 (2002)].



therapeutic efficacy are well-known [Berg, et al., "Duodenal ulcers
produced on a diet deficient in pantothenic acid", Proc. Soc. Exp. Biol.
%ja?lgégsgf@m (1949); Szabo and Pihan, "Development and

ignificance of Cysteamine and Propionitrile 10 Models of Bologaian 416

Ulcer”, Chronobiol. Int., 6:31-42 (1987); Robert, et al., "Production of
Secretatogues of Duodenal Ulcers in the Rat", Gastroenterology,
59:95-102 (1970); and Keshavarzian et at4"Gastroduodenal ulcers in rats
induced by 1-methyl-4-phenyl-1,2,5,6-tetrahydropyridine (MPTP):
requirement for gE&wRengbifcesclinaasne ulrstro ecotataiadiaritiins” Res

Cormupilobiiend dPatheldR Rhapmaco mbf 28 A1 920 - Fias 2. A0S he
stomach a i}gﬂﬁgép)?a%ug, like erosive gastritis, esophagitis, Or N

oo RIS FBRBO LIS GOSN BISHIA TSy RSB BT ot piclifen.
agerih¢mpaaie fuityt amepanidiywagdnsirtiedhecaviensabinring BEthR carrence
tomggh d ould be an i r advance. |n addjtijon,. a
tgherapeu%{iatékz%%E%%%%ﬁ%%%%ﬁa%&%@%%ﬁﬁgggn éir SEETK Eiér%fase

theirdedsned desiw ol beerofittbpefitdiBR bfftng sfichnpoientidlaGtaritarcth

in Viygs glsof L | e li ' n
gastriti?%gqphaé%?ﬁi@%%%%%?%%x?p%ﬁiﬁ?}%ﬁ%%é%%%%ﬁ%%o 4
A1k

testifity SIESHTRITRaBt AL HiG et dtfic Bt ddesh a8 HETRABWN:
[Geisingened mﬁllﬁh' mmgﬁ%ﬁtg@rlesgﬁ@g%ﬁ@g ?‘%&&éﬂﬁ%ﬁﬁ@ Propionitrile
sophagqitis e,caty,.Mod-Pathol.; 3:619-62- L Carlborg et at,
LRSS i S R R R TR
stu q@;oeﬁmgéﬁmtmmo@ﬁm&wlhd@ Rblf Gissaphageaty,
lesionsoatiped 9 OLAAdMInisISIed Arugs, A0 RSTIMERIA!SUdyin ihe;
cat", Eur-Surg-Ethanol on esophageal motility in cats,
AlcoiblenihExfreayl 136 fatctrhydogyyidinpi(EEPI Oretuitement for gastric
"Acidc'ia_dbkﬁeﬁtﬁsﬁﬂtﬁl _@b@%ﬁpmg@%@%\%ﬁ;@%%%ﬁ%ﬂﬁlgw not
ynthetic prostag| I " Dig-Dis-Sci., 33:217- .
1%00(?%%@5@3@%%58&9545169 -15 Inflammatory bowel diseases,
such a Crohn's dj i rmarily the small.intestine) and .
ulcerative colitis %%%%égg%%g%@g% e gréésé) p%%%\‘}é’l)kfkgrgr% 1¥8r%%5§fg%,ases
of uRkSIIRE s BTIGyyRbAzERl reler: mateatride butithe development of a

therapeutic agent to more fully and rapidly regenerate the mucosal lining of thé
stomach and esophagus would be an important advance. In addition, a therapeutic

20 agent to regeneratively heal these erosions and decrease their recurrence would be
of benefit. KGF offers such potential. Standard iz vivo models of erosion of the
stomach and esophagus, like erosive gastritis, esophagitis, or esophageal reflux,
which permit the predictive testing of compounds having human therapeutic
efficacy are well-known [Geisinger et al, "The histologic development of acid-

25  induced esophagitis in the cat", Mod-Pathol.; 3:619-624 (1990); Carlborg et al.,
"Tetracycline induced esophageal ulcers. A clinical and experimental study”,
Laryngoscope, 93:184-187 (1983); Carlborg et al., "Esophageal lesions caused by
orally administered drugs. An experimental study in the cat”, Bur-Surg-Ethanol on
esophageal motility in cats, Alcohol-Clin-Exp-Res., 15:116-121 (1991), and Katz

30 etal, "Acid-induced esophophagitis in cats is prevented by sucralfate but not
synthetic prostaglandin E.", Dig-Dis-Sci., 33:217-224 (1988)].



of the mucosal surface, inflammation, scar and adhesion formation during
repair, 5 and significant morbidity to the affected individuals. Therapy at

vﬁéez%ﬁg}ﬁé 6QeS|gned to control the inflammation, however, %%ﬂ%ﬁ@%?ﬂt@

as been shown to induce proliferation of gastrointestinal tract epithelium
in IBD affected animals [Housley et al., JClin Invest. 94:1764-77, (1994)].
A therapeutic such as KGF to stimulate resurfacing of the mucosal
surface, resulting in faster healing, may b&of 10 benefit in controlling

progression of disease. Standard in vivo models of inflammatory bowel
disease which peW@ﬁ@%Péﬂ RawR! dssting orebm bariridipravmg i,
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astroenterology, 96:1290-1300 (1989), "Review: Experimental Colitis in

Animal Models", Scand. J. Gastroenterol, 27:529-537 (1992)].

20 Hyaline membrane disease of premature infants results in the
absence of surfactant production by type II pneumocytes within the lung, resulting
in the collapse of the alveoli. Hyaline membrane disease may have both acute and

- chronic phases. The acute phase of hyaline membrane disease (Infant Respiratory
Distress Syndrome—IRDS) is treated with mechanical ventilation and treatment

25 with 80-100% concentrations of supplemental oxygen and by administration of an
exo geﬁous surfactant. Those patients undergoing a prolonged course of treatment
may develop the chronic disease phase of ilyaiine membrane disease
(bronchopulmonary dysplasia--BPD). While the surfactants have greatly reduced
the mortality associated with IRDS, the morbidity associated with BPD remains

30 high. Thus, there is a need to develop effective treatments to accelerate

maturation of the lung and secretion of surfactant in neonates to reduce the



incidence of BPD. Although corticosteroids can accelerate maturation and
secretion in fetuses twenty-eight weeks old and beyond to a Iarge extent,

here is g)resently no treatment for younger fetuses, resultin %lns nificant

Wo%%@gqy Xhd mortality in this population. The history of BP gYpesIes

that improvements in 5 treatment of IRDS will be matched by mechanical
ventilation of even smaller prematurely-born infants and a subsequent
increase in the incidence of BPD in thesdg&maller infants. A therapeutic
agent such as KGF which would induce proliferation and differentiation of
type inpdenanotEs.[Vildrakh teittenstratidn c22 8¢S 28 1898} timoend be

of cogsiderabls henelitiniheEapimant 94 thig Q&&&ﬁ%&%ﬁa&%ﬁéﬁdﬂ{&e is

vivo models of IRDS which permit the predictive testing of compound

havirkf e efepeatierreasy FERRnasHbing l%ﬁmﬁcéiﬁtdmfb’éﬁé&%d
of aniﬁmmhihmﬁ@a@ﬂmi@@sm e eegmgﬁagaéts@;sﬂﬁi;@%%ﬂ}%nm

til f t bilizati t bbits"
o B RO s 85 e B R Rab R L AP "COHoR e
and ﬁ%%Wm@wmmemmMm&hm HBPD in
functigce JnQiRinEANSIRl 4 greag%%&%&&h9ﬁ%t§‘%?h9% G Ohce

models of BPD which ermltt e testing of compounds having
humasclie mmwﬁ%aw@mmmawmmm@w Ideuragtion

SurfaQMﬁ@Si (ypeyoxitedupg Bl ME MAtE In RVsialogwatthis
|oc mis |. Physiol. 76:991-1001 (1994);.20 and Galan, et al.,

J. A
e &ﬁé@gﬁmwﬁé@s@lmﬁ%f‘efhwb%mfbﬂlwﬁ%ﬁﬁ%temng of
membsanpewdiéehsanp lﬁbazmﬁtara{pebabemm Pate JeDiaiatnCSnesok: al.,

169:8417324 (1003) Sppke ohalaien s a Samiicant saties o marbighy.
and mortality in the we ing & bum It INJury, tue 10 Recrosis of th
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and induce their repair and regeneration, would be of benefit in treatlng

Inhal SHBRITARIFEE A BERerR oot AB R SR YAE A BRP Hh o
permpayttiel p Rl 22 StNEI0S. COMPRUIEIS N iGN BRI TPt the
‘ efflcac S well known Hubbar% tal., "Smok inhal tlon O injury i
| SheeB %\m 3’E(-I‘I§t11t1ﬁ (ﬂf k&’g erapeu ic eﬂ:%acy are ngl-
k_nown [Yuh-Chin, et al., "Natural surfactant and hyperoxide lung injury in
primates I. Physiology and biochemistry”, J. Appl. Physiol. 76:991-1001 (1994);
20 and Galan, et al., "Surfactant replacement therapy in utero for prevention of
hyaline membrane disease in the preterm baboon", Am. J. Obstet. Gynecol.,

169:817-824 (1993)].

Smoke inhalationis a significant cause of morbidity and mortality
in the week following a bumn injury, due to necrosis of the bronchiolar epithelium
25  and the alveoli. A growth factor such as KGF which could stimulate proliferation
and differenﬁétion of these structufes, and induce their repair and regeneration,
would be of benefit in treating inhalation injuries. A standard in vivo model of
smoke inhalation which permits the predictive testing of compounds having
human therapeutic efficacy is well-known. Hubbard, et al., "Smoke inhalation
30 injury in sheep", Am. J. Pathol., 133:660-663 (1988).



WO 2006/065861 PCT/US2005/0451..69 -17 Emphysema results from
the progressive loss of alveoli. A growth factor such as KGF which could

i%HJ; & -growth or, which is cytoprotective for remaini %} Ii
“zéat, (%‘%%cu ation. 106(12 Suppl 1):1120-4 (2002)], would brg%o ﬁg@g%é%?%

benefit. At present, no effective treatment is available. A 5 standard in vivo
model of emphysema which permits the predictive testing of compounds
having human therapeutic efficacy is wéll-known [Stolk et al., "Induction

of emphysema and bronchial mucus cell hyperplasia by intratracheal
instillation of lipdBREAEEHRAR ‘ﬁ#ﬂ%%%ﬂfg%ﬁssﬁfeg%%%ﬂ%e‘ﬁém%%‘@m
(198 brHepaticuin vdsish saddndanite rinatdvehatitis/laint ishptmiciiotol
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development of cirrhosis. A standard in vivo ,mode| of hepatic cirrhosis
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therapatifoe fleaphisselldndnndfianraszewskihgioapldsiinby pnmimcheai of
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ureis a lire atening condition wi Ich occurs with endsta

cirrhosis. An agept,such. a5, KGFwbichcoulgiinducamrolfaratianicAiconol

remaining hepatocytes would be of direct benefit to this disease, which is
100 presginty e siamidcamyansthofrer Haie Rt RasHIE L aeReirFiRb
mo%ﬁiﬁéaﬂgmmﬁr&i#%%nf@dﬁﬂﬁ W hiphipstatsti mwﬁ/@é@fﬂt@fw L |
compounds havi human t . c effi are well-known [Mitche
e T s s R R R
metabolidanfil iPHan ncpheko HidnslhBIABSE tBrh(1187 3) sandefhiakore
and M le,." . ﬁ@ﬁ?f{@@ll!!éi'@f ToT2l
autonﬁ?eg{tggﬁi%ﬁw}lc%%gc Pathol. 19:47- Eg%%ggﬁ@&&%%%o ﬁgg%titis
135 fréguisatywabiiresntndBercnisitisl ke ama g Wi of Lhe

patigtausgyuereiyarid amasgsGanesullpyer ravesal weeke3A (1991)].
cytoprotective agent such as KGF would be of use in preventing

Fulminant liver failure is a life~threatening condition which occurs

with endstage cirrhosis. An agent such as KGF which could induce proliferation
of remaining hepatocytes would be of direct benefit to this disease, which is

20  presently treatable only with liver transplantation. Standard in vivo models of
fulminant liver failure which permit the predictive testing of compounds having
human therapeutic efficacy ave well-known [Mitchell, et al., "Acetaminophen-
induced hepatic necrosis I. Role of drug metabolism”, J. Pharmeol. Exp. Ther.,
187:185-194 (1973); and Thakore and Mehendale, "Role of hepatoceﬁiilar

25 regeneration in CC14 autoprotection”, Toxicologic Pathol. 19:47-58 (1991)].

Acute viral hepatitis is frequently subclinical and self-limiting.
However, in a minority of patients, severe liver damage can result over several
weeks. A cytoprotective agent such as KGF would be of use in preventing

hepatocellular degeneration.



hepatocellular degeneration. WO 2006/065861 PCT/US2005/045169 -18
Toxic insults to the liver caused by acetaminophen, halothane, carbon

loride, and other toxins could be ameliorated by a gr
%?KE{; 9@3\%%% QMBI .5160

is cytoprotective for hepatocytes. Standard in vivo models o
liver toxicity which permit the predictive testing of compounds having
human 5 therapeutic efficacy are well-kngwn [Mitchell, et al. (1973), supra,
and Thakore and Mehendale (1991), sud%)]. Graft-versus-host disease

(GVHD) (chronic gr acute) is a leadling causg, of ineffective bo arrow
or hematopeitic ¢ ﬁ”ff‘éﬁ?ﬁ)’l}éﬂoiﬁﬁ tien %‘f‘gé%’l!l Bc?gaéxaag%ﬁg%rﬁg%gh%l}e,
sevetatiprgrnsysiedes didethetpragutatithbefablivmtethbyrioghotatio fpcked

cytotox| rs: GVHD 1. | i I ' i
st S B e

in thewyety, whivharrgisthersdisimisstine eynmuadnbaingiwmes the

%Omﬁfé?aﬂa'hﬁg aac.iteatines.- IReRR ThAtHHRS daanIvE} ingkegedditikore
GVHD indicate that rHUKGF-treated recipients did not develop intestinal

GVHBY MRS @é@é%ﬁl‘é’ﬁ@&oxemia, and did not die
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alloengraftment and ameliorates graft-versus-h Isease In mice by a
mechamisrofindpuinddrmnefimepolr of heorritsitisgal dapadans sy aatisfiry

B'OO%@%%‘%%@QQQ%L Jhgsedatasugessidaat Kabarexanisthe

I f lethal GVHD i itheli [l'inj
development of acute lethal G by protecting epithelial ce ml[%%?lﬂﬂle

Hie didiaroony IR AT LTRNS X o iite DO BET Bt etk
agentaismasdiahevhaighoaacithinduee pedlifeatien: cirepithilia andtizny
of these cells.types would be af direct benefit to in treating. G in . .
e GBS FEA SRS A AL s i o s i Toricte
proteiths soparhtitiesearedineiuirs: Reednt phdiosdneniieds indufsthwithtosD
in oragrio it %%Tt tﬁ@ﬁﬂ!ﬁ%ﬁﬁéﬁﬁéﬁ%&ﬂ%ﬂ BRRYS HRARPHPED, did not
prepared as a liquid or a lyophilized formulation. In a preferred )
EmbodirskmeaistrarisempdidmnehdalBnrskrlisisd eishHirkatiofr HAgBE
carrieg QLU facilitates alloengraftment and ameliorates graft-versus-host disease
in mice by a mechanism independent of repair of condiﬁonﬁmg—induced tissue
injury” Blood. 96:4350-6 (2000)]. These data suggest that KGF prevents the
development of acute lethal GVHD by protecting epithelial cell injury mediated
20 by TNF-alpha, NO, and other potential cytotoxic factors. An agent such as KG¥
which could induce proliferation of epithelia in many of these cells types would

be of direct benefit to in treating GVHD in human transplant recipients.

Formulations and Administration

K GF proteins or peptides are useful for use in pharmaceutical
25  formulations in order to treat human diseases as described above. KGF may be
prepared as a liquid or a lyophilized formulation. Ina preferred embodiment the
KGF compositions are Iyophilized. Lyophilization may be carried out using
techniques common in the art and should be optimized for the composition being
developed [Tang et al., Pharm Res. 21:191-200, (2004) and Chang et al., Pharm
30 Res. 13:243-9 (1996)].



techniqgues common in the art and should be optimized for the
composition being developed [Tang et al., Pharm Res. 21:191-200,
‘g%oo%/and Chang et al., Pharm 30 Res. 13:243-9 (1996)]. WO

J&1865881 PCT/US2005/045169 -19 A lyophilization cydie TEGAA(R 1
composed of three steps: freezing, primary drying, and secondary drying
[A.P. Mackenzie, Phil Trans R Soc London, Ser B, Biol 278:167 (1977)].
In the freezing step, the solution is cooled*o initiate ice formation and
completion. Furthermore, this step induces the crystallization of 5 the

bulking agent. Th& perhilisAouHsIhis PP ARG A JU e itife: ireczing,
congyietas; Byyisgusing-chamyerpigspure helow:the, vapdh-presstse hiine,
ice, using.a intrqducing heat tq pr t blimation. Finall
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the cake canbe reconstituted with either” sterile water for injection or an
apprspdasiediinedocias cbanbatpior s Rilow Hiforrey sessyref the ice,

lyophiization-svslenoiesieaaterainestbadralphysital. satelpfdierbed or
exci%ients but also affe%[s (;i?r%:'r ar%r%eéers stich as rdeﬁ%:)n titu&iog 1%
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1 R e e L A e
The gfrads watesfiiomjertipesatirappra)iesin THrbdescrRmHaRE ATRIbEH R atior
physigalstate of a solute and can be determined by 20 differential
scanning calorimetry (DSC). This is an important parameter that must be

taken into accourthiwhesphidisiginimgydie Ayophilizitiemioycibe Fuehetynioak,
in the dried,state, the glass,transition temperature provides in ion on
the IR EIaR T P AT A e sl L LmEar
16f thépeesmraconspashibitysid Seditivast2s dsrcide dho epaipoiblan sausHAe

form Hﬁﬂ@ RIQ-REME ﬂ&feéﬁgﬂﬁ&ﬂgﬁ RRUZAUAR:sitions (e.g., glass transitions and
‘ crystallizations) that occur at specific temperatures and can be used to understand
and optimize the lyophilization process. The glass transition temperature (Tg) can
provide information about the physical state of a solute and can be determined by
20  differential scanning calorimetry (DSC). This is an important parameter that must
be taken into account when designing the Iyophilization cycle. Furthermore, in the
dried state, the glass transition temperature provides information on the storage

temperature of the final product.

In a particular embodiment of the present compositioﬂs, a stabilizer
25 is added to the lyophilization formulation fo prevent or reduce lyophilization
induced or storage induced aggregation and chemical degradation. A hazy or
turbid solution upon reconstitution indicates that the profein has precipitated. The
term "stabilizer" means an excipient capable of preventing aggregation or other
physical degradation, as well as chemical degradation (for example, autolysis,

30  deamidation, oxidation, efc.) in an aqueous and solid state. Stabilizers that are



induced or storage induced aggregation and chemical degradation. A
hazy or turbid solution upon reconstitution indicates that the protein has

Wissipiates, The term "stabilizer" means an excipient Capamﬁrﬂfsmﬁm 15169
preventing aggregation or other physical degradation, as well as chemica

degradation (for example, autolysis, 30 deamidation, oxidation, etc.) in an
agueous and solid state. Stabilizers that are WO 2006/065861
PCT/US2005/045169 -20 conventionallyzgrﬁployed in pharmaceutical

compositions, including, hut not limited. ta, sucrose, trehal orglycine,
ey FEN RO L B A A PP B Y S b T Ea e 0 (05
Surfaieidng stabilizess ishabsaspelysor atey2t: (Fod E6mzo)wrhalySorehie
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surface re ateél aggregation gﬁenomenon during freezing and" drying
[Chadyy®n 20perapplyadiaig 50 Ebweq GOk pay GggiF@ddf’ﬁé HopRmpEete
%Omleﬁtﬁmﬂ@%@g%t &%&gllﬁc?p%@&{@@@gal @é&@_&l_ﬁa&f&l}&akl'(ﬂigdﬁﬂﬂgﬁwﬂ_ @E:thid
regulating agents suitable for formin yophilized."cake. Bulking.agents
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mechanically and pharmaceutically stable and elegant cake. In another 15

embdaiRe Ao bR e Pbie AR eyl AR ¢ S BROTERPBT g ent
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the stability of the present compositions. The buffeg tem present in.the
compEL e SRS bR ORI Bt A o e
a deﬁwmmﬁm&ewmmgm lsftibla alwisiant ¢akihelsonstibir 20
peforg iorilaaua BRI aBhc R RliRIsHaye a pH buffering capacity

in the ‘range of from about pH 6.0 to about pH 8.0. A series of screening
studies incorporating fhacelke e nentientr Nararoeiersbeitypied|pH has
perfoglrgéa ge%% §£ ,ttotggegt] ?hset S?tta%?fletyf %r lé'%%lz%gn%ggggic%ﬂions. The buffer
system present in.the compositions is selected to be physiologically compatible
and to maintain a desired pH in the reconstituted sohition as well as in the solution
20 before lyophilization. Preferably, the buffers bave a pH buffering capacity in the
range of from about pH 6.0 to about pH 8.0. A series of screening studies
incorporatiilg the above mentioned parameters are typically performed to select

the most stable formulation condition.

The compositions are expected to be stable for at least two years at
25  2°Cto 8° C in the lyophilized state. This long-term stability is beneficial for
extending the shelf life of the pharmaceutical product.

The present invention further contemplates methods for the
preparation of the present KGF formulations. In one aspect, methods for

preparing a lyophilized KGF formulation comprising the steps of:

30 () mixing said KGF composition in a buffer comprising histidine,



The compositions are expected to be stable for at least two years at 25 2
C to 8 C in the lyophilized state. This long-term stability is beneficial for
extending the shelf life of the pharmaceutical product. Ther?resent

ther contemplates methods for the preparatio of “BPé%é?‘ﬂg
KGF formulations. In one aspect, methods for preparing a lyophilized
KGF formulation comprising the steps of: 30 (a) mixing said KGF
composition in a buffer comprising histid?ie, WO 2006/065861
PCT/US2005/045169 -21 a bulking agent, a sugar and a surfactant; (b)
lyophltidifigesstenk crgphag esihicisithods further comprise one or more
of the following steps: adding a stabilizing agent to said mixture prior to
lyophilizing, addi@%’f’gh’é%%ﬁ?éﬁg ht selected from a bulking agent and
an osmolarity regullating a r Q. Said mixture RO i
lyophilization. T%%l_neag%%hﬁ?%ggﬁg é%%%[&ﬁting agent set forth ne
abovpRaidbhstbiliputidaenbigastdeniansinsiomedyeplyirpgaydsnany
stabjlizing,sugar: Sel-0ul 2R0Y e Hinene 2 MPRRlimE BbnbrRisPRIEINth AAgHK:,

is sucrose. The surfactant may be any surfactant set out ahove. 10 In one
em B EREREER R Rl ER I B SO ReE B B 748 Pe&gHE R on”
~ pradiigesiariygphilized Mmdieiialis Rrefdsbhackedritnmepaitpumenvitdr dhe
sterile water for injection. (WFI) (typicall uivalent to t I

remdVed Ialﬁ?fir% ?SI/JXBH % %3%‘%%?%8%%% %ﬁf%‘fee' 2& 3%%%@%?@#%%?erial
agentsbilieispagetinsesussd ifhthefrothuttivryy bé phnsréstuicssul 3Hoye.

1pareisie AR inpdEhen-Nup Reyeippsent and Industrial
Pharmacy, 18:1311-1354 (1992)]. The lyophilized KGF composition may

be reconstituted §$,a@a e Q5 HEIHOA pravitieiyt Of pHUROMISEREHIRS to
e.g., sterile wat

for injection, t ith i f Iti d
ot B SR LM S R ol B TN T DALY
polysqubatier2®), (B:4ttusadireend.8hgiygihopbilagtieous!tbugbalisiorolns
Contg{n aﬁ%%a%%ﬁlﬁ a%%ﬁrt]? %lé@grﬁét%qgg 'éé&s'&%‘"éﬁ@ &%ﬁ{w@&{%f pharmaceuticals

15  for parenteral administration [Chen, Drug Development and Industrial Pharmacy,
18:1311-1354 (1992)].

The lyophilized KGF composition may be reconstituted as an
aqueous solution. A variety of aqueous carriers, e.g., sterile water for injection,
water with preservatives for multi dose use, or water with appropriate amounts of

20  surfactants (for example, polysorbate 20), 0.4% saline, (.3% glycine, or aqueous

" suspensions may contain the active compound in admixture with excipients

suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethyleellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum

25  tragacanth and gum acacia; dispersing or wetting agents may be a naturally-
occurring phosphatide, for example lecithin, or condensation products of an
alkylene oxide with fatty acids, for example polyoxyethylene stearate, or
condensation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyl-eneoxycetanol, or condensation products of ethylene

30  oxide with partial esters derived from faity acids and a hexitol such as



suitable for the manufacture of aqueous suspensions. Such excipients are
suspending agents, for example sodium carboxymethylcellulose,

‘g@ga&%?gygpse, hydroxypropylmethyleellulose, sodium algm%szﬁosm 45165
polyvinylpyrrolidone, gum 25 tragacanth and gum acacia; dispersing or

wetting agents may be a naturally- occurring phosphatide, for example
lecithin, or condensation products of an alkylene oxide with fatty acids, for
example polyoxyethylene stearate, or cortdensation products of ethylene
oxide with long.chain aliphatic alcohols, for example .
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polyethylene sorbjtan monooleate. The aqueous suspensions may also
contain one or mOPARELISHARAROFHP RS A RTd Y },‘){’JHEWF test
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human ortest animalo, s preferable o formulate the comgosfigns in @
COIT][%BSIHOH %omprlsmg € or more pharmaceutically acceptable
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accepialley (6181 10 MAlGRMARRNHIES: ARAE? H&gﬁ%&@%ﬁ&%@@%&@éy@@n

inhibit protein degradation such as aggregation I0 and cleavage products,
14nd indalEcdsBcEraadde aﬁ?@f@?c%%?%ﬁ@dﬁa?/%&l?e%& A AbFatF
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may t)_e ministered orally, topically, transdermally, parenterally, by
ihhaldiselesralpvgaginally, rectally, or by intracranial injection. The term
parenteral as used_herein includes K%g)cutaneous inj[ections, intrgvenous

intramuscular, intrRSERIRIR i FN iy factor compositions may be stered
orally, topically, transdermally, parenterally, by inhalation spray, vaginally,

rectally, or by intracranial injection. The term parenteral as used herein includes
subcutaneous injections, intravenous, intramuscular, intracisternal injection, or
20 infusion techniques. Administration by intravenous, intradermal, inframusclar,
intramammary, intraperitoneal, intrathecal, retrobulbar, intrapulmonary injection
and or surgical implantation at a particular site is contemplated as well, B
Generally, compositions are essentially free of pyrogens, as well as other

impurities that could be harmful to the recipient.

25 Kits ’
As an additional aspect, the invention includes kits which comprise
one or more compounds or compositions packaged in a manner which facilitates
their use for administration to subjects. In one embodiment, such a kit includes a
compound or composition described herein (e.g., a composition comprising a

30  keratinocyte growth factor), packaged in a container such as a sealed bottle or



20 infusion techniques. Administration by intravenous, intradermal,
intramusclar, intramammary, intraperitoneal, intrathecal, retrobulbar,

intrapulmonary injection and or surgical implantation at a particular site is
WO easg Y Nl 9 np pPFTfU 200'}045169
contemplated as well. Generally, compositions are essentially frée o

pyrogens, as well as other impurities that could be harmful to the
recipient. 25 Kits As an additional aspect, the invention includes kits which
comprise one or more compounds or coRdpositions packaged in a manner
which facilitates their use for administration to subjects. In one

embiosssenithsutabel /ffirrd delths sosinpouriadrdsdinbsinarkeestzbed
hergin (819 A LOMROSHIAPEAN R iSRG Ri88:KA JHNVEHIE GEOWSMACI O one

packaged in a container such as a sealed bottle or WO 2006/065861
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the followin%examples. E LE1 LIQUID FORMULATION OF KGF 15

Prodift SRS BRHY "EREFARRRAY bioactivity are important aspects to any
therapeutically effective composition. Designing and formulating
compositions that are stable when stored at recommended storage
temperatures for extended periodg-@fiiigg, put retain significant biological

activity are key LIQUID FORMULATION OF KGF

15 Product stability, shelf-life and bioactivity are imﬁortant aspects to
any therapeutically effective composition. Designing and formulating
compositions that are stable when stored at recommended storage temperatures for
extended periods ‘of time, but retain significant biological activity are key

elements to pharmaceutical compositions.

20 In previous experiments, liquid formulations of KGF showed
significant aggregation and subsequent loss of protein at elevated temperatures
(37° C). In order to determine the pH that provided the greatest stability to the
KGF compo sitiﬁns, the pH of the liquid formulation of keratinocyte growth factor

was tested over a pH range of 3.0 10 9.0.

25 , The K GF used in the following experiments, e.g., Examples 1-3,
was the AN23 KGF molecule. The pH of the solution was adjusted using either
concentrated HCI or sodium hydroxide, Samples of KGF formulation (0.5 mg/mi,
10 mM buffer, 0.1M Na(l]) at differing pH were taken at time 0, 6 and 28 hours
after incubation at 37° C (Figure 1). Percent of recovered protein was measured

30 by SE-HPLC (Figure 1A) or by CE-HPLC (Figure 1B). For size-exclusion HPLC
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Complete recovery of protein was observed at time 0 over the pH
5.0 t0 9.0 range. However, at pH 3.0 com"pleté loss of protein was observed, and -
pH 4.0 resulted in approximately an 80% loss of the protein due to immediate
precipitation. After 6 hours at 37° C, no soluble protein was obtained from the pH
20 4.0 samples. The percent protein recovered after 28 hours at 37° C when the
soluble KGF was formulated at pH 5 to G was less than 20%. .However, at pH 7.0
- only 20%. of total protein was lost. The loss in soluble protein after 28 hours at

- 37° C was primarily due to aggregation.

These results indicate that the KGF protein in liquid formulations is
25  most stable at neutral pH, however even in this optimal pH range, keeping KGF as

a liquid results in significant loss of protein due to aggregation.



5.0 to 9.0 range. However, at pH 3.0 complete loss of protein was
observed, and pH 4.0 resulted in approximately an 80% loss of the

rotej to immediate precipitation. After 6 hours at 37 soluble

“%rg‘égé@%v%% obtained from the pH 20 4.0 samples. The pergﬁﬁ%%g(ﬁglﬁ%ﬂ@

recovered after 28 hours at 37 C when the soluble KGF was formulated
at pH 5 to 9 was less than 20%. However, at pH 7.0 only 20% of total
protein was lost. The loss in soluble pro?éin after 28 hours at 37 C was
primarily due to aggregation. These results indicate that the KGF protein
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stability of KGF was then determined at the recommended storage
te nﬁﬁ@ﬁﬂ%@%%iﬁi&t@ﬂ%@ﬂ was lyophilized under varied conditions,

15 altering parameters such as pH, bulking agent, sugar concentration, and surfactant

concentration. The long term storage stability of KGF was then determined at the

recommended storage temperature.

Lvophilization cycle

For lyophilization, samples were loaded into a VirTis Genesis 12
20 EL pilot scale (VirTis, Gardiner, N.Y.) lyophilizer that was pre-cooled to a
chamber temperatare of approximately 4° C. Samples were frozen rapidly (about
1° C/minute to -50° C) and held at that temperature for at least 2 hours. Once
samples were placed in the lyophilizer, the shelf temperature was lowered to -50°
C at a rate of approximately 27° C/bour. Samples were held at -50° C for 2 hours
25  to ensure complete freezing. In an optional step to crystallize mannitdl, the shelf
| temperature was raised to —25" C at arate of 10° C/hour, equilibrating foi‘ 2-3
hours, and then cooling to -35° C at arate of 9° C/hour. After an additional hold
of at least 2 hours, a vacuum of approximately 100 mTorr was applied. The shelf
temperature was raised to -35° C for primary drying, but may be within the range
30 of -45° Cto -10° C. Primary drying was continued for 40 hours, but may be



For lyophilization, samples were loaded into a VirTis Genesis 12 20 EL
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The shel'temperature was then raised to +20 C to +25 C at a rate of 5
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50 mdapdtesondanyidtyingtuas performed for 36 hours, but may be
performed for anywhere from 24-72 hours. At the conclusion of secondary
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The gg‘l’kcoi];‘rggge;/ lltg ls‘?ervx\i/g Eg 35?113% S?L[étlle%uﬁg of the vials were stored at 4° C. At
the time of analysis, samples were reconstituted with 1.2 mL sterile water for

injection (WFI).

SE-HPLC of the lyophilized K. GF samples after storage for 6
20  months at 45°C demonstrated that the percent main peak of the samples at all pHs
tested was approximately 97.5%, indicating that in the pH range 0f 6.0 to 7.0 the
lyophilized KGF composition is stable after 6 months storage at high temperature.
These studies also indicated that the pH range of 5.01t0 8.0 provided stable protein

when the formulation was kept at 4° C.

25  Effect of sucrose cqncenu*ation on stability of KGF

To assess the amount of sucrose that provided the greatest stability
to the lyophilized KGF, recombinant human KGF (1 mg/ml} was formulated in a
composition comprising 10 mM histidine, 3 % mannitol, at pH 7.0 in a solution
either lacking sucrose or with 2% sucrose (w/v). The samples were Iyophilized as

30  above and allowed to incubate up to 3 months at 45° C.



the time of analysis, samples were reconstituted with 1.2 ml, sterile water
for injection (WFI). SE-HPLC of the lyophilized KGF samples after
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to the lyophilized formulation. Further analysis was performed using KGF
lyphilization prodiietther analysis was performed using KGF Iyphilization product

15  comprising 10mM histidine, pH 6.5, over a range of sucrose concentrations
between 1% and 3% sucrose, wherein the solution always maintained isotonicity
with the appropriate percent of mannitol. Lyophilization product having 1%-3%
sucrose and stored at 37° C for one year showed protein stability comparable to
formulations with 2% sucrose, with the percent main peak remaining above 99%

20  for all formulations tested.

Effects of Polysorbate 20 Concentration on the stability of KGE |
The concentration of polysorbate 20 in the lyophilized formulation

for KGF was selected based on its ability to eliminate particle formation upon
reconstitution. Recombinant human KGF was formulated in a composition

25  comprising 10 mM histidine, 3% mannitol, 2% sucrose at pH 7.0 and lyophilized.
K GF was then reconstituted in a solution containing varying concentrations of
polysorbate 20. The lyophilized cake consisted of 5 mg/ml KGF formulated as
above. Table 1 describes the recorded observations of the lyophilized formulation

upon reconstitution.

30



15 comprising 10mM histidine, pH 6.5, over a range of sucrose
concentrations between 1% and 3% sucrose, wherein the solution always

El[im egl Jsotonicity with the appropriate percent of mam%jg:ldms2 05/045169
Lyophilization product having 1%-3% sucrose and stored at 37 C for one
year showed protein stability comparable to formulations with 2%
sucrose, with the percent main peak remaining above 99% 20 for all
formulations tested. Effects of Polvsorbaté 20 Concentration on the
stability of KGF The concentration of polysc%{% tﬁéo.in the lyophilized
formulation for KGF was selected based 6| i lity to eliminate particle
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corjsisted of 5 mg/ml KGFE formulated as above. Table 1 deai:ribes the
recprded obseRI&tBAY ¥ bAE @ophilized formulation upon reéconstitution.
30 WO 2006/065861 PCTIUS2005/045169 -28 TABLEI Dilyentin .
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recpnstitutio ¢ servations after‘recgns? Ion
polysorbate égqﬁL ar S'th ams.0.01% polysorbate 20 Clear,0.004%
polysorbate e(/a\?vpﬁ ﬁ?@ﬁ?&gggiborderline 0.001% polys%lr%lgpeak%
Panticulates water Partticulates Further studies showed tq,at tpn% ate
formulation with poI;}‘s’%ﬁr)ate 20 included in the cake prior ?gllyop%ﬁization

was-equalty-stabteafter-4 months-at 545 Cwhentompared 1o the

addition of polysorbate 20 in the reconstitution solution. SE-HPLC
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M s bl LS o P S R0 8408 S0 AR omits a
5  45°C when compared to the addition of polysorbate 20 in the reconstitution

solution. SE-HPLC analysis [Biorad Biosil SEC 125 (7.8 mm x 30 cm)}, 20 mM
NaP, pH 7.0, 1M NaCl, 40 pg injection load] showed that the loss of monomeric
KGF was negligible for all polysorbate concentrations tested (as in Table 1) at 0, 1
aid 4 months. A concentrétion of 0.01% (w/v) was selected for inclusion in the

10 formulation based on its ability to consistently eliminate visible particles upon

reconstitution.

Effect of Mannitol Concentration on the stability of KGF

| Mannitol and othér bulking agents are included in formulations to

obtain good cake appearance and quality. In addition, they help to maintain the
15  isotonicity of the pharmaceutical composition with physiological fluid. For |

example, physiological fluid bas an osmolarity of 290-320 mOsm. The mannitol

concentration in the final KGF formulation was adjusted to be iso-osmotic with

physiological fluid.

To assess the peréent mannitol concentration that provides protein
20 stability in the Iyophilization formulation, KGF at 3 mg/ml was lyophilized in a
formulation copprising 10 mM histidine, 2% sucrose, and 0.01% polysorbate 20



KGF was negligible for all polysorbate concentrations tested (as in Table
1) at 0, 1 and 4 months. A concentration of 0.01% (w/v) was selected for
Wslssionde;the 10 formulation based on its ability to consistgatlyslimipate,
visible particles upon reconstitution. Effect of Mannitol Concentration on

the stability of KGF Mannitol and other bulking agents are included in
formulations to obtain good cake appearance and quality. In addition,
they help to maintain the 15 isotonicity"o% he pharmaceutical composition
with physiological fluid, For example, physiological flui S an,osmolarit
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mannitol was recommended for use in the lyophilized formulation.

15 Effect of Protein Concentration on stability of tHuKGF

Protein concentration in the lyophilized sample can also have an
effect on the stability of the lyophilization quality of the protein as well as the
stability of the reconstituted product.

The effect of KGF concentration on stability was explored at 0.5, 1,
20 2,3 and 5 mg/ml. Samples were formulated and lyophilized in 10 mM histidine, 3
% mannitol, 2% sucrose and 0.005% polysorbate 20 at pH 6.5. The lyopiﬁlized
- samples were stored for 24 weeks at 45° C before reconstitﬁﬁon. Protein
degradaﬁon was monitored by SE-HPLC, RP-HPLC, CE-HPLC and SDS-PAGE.
For this experiment, SE-HPLC was performed as above using the HP system and
25 aG2000SWx1 column. |

Figure 3 represents the percent main peak as a function of protein
concentration from an SE-HPLC analysis of KGF after storage for 24 weeks at
45° C. The dashed line represents a trend line to the measured data. Based on
SE-HPLC data, stability increased as the concentration of KGF increased, at least

30  up to a concentration of 5 mg/ml. The dependence of the percent main peak on
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concentration in the lyophilized sample can also have an effect on the
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the reconstituted product. The effect of KGF concentration on stability was
explored at 0.5, 1, 20 2, 3 and 5 mg/ml. Samples were formulated and
lyophilized in 10 mM histidine, 3 % mannitol, 2% sucrose and 0.005%
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formulation comprising 10 mM 5 histidine, 0.01% polysorbate 20, 2%

jgucrose and 3% mannitol at pH 6.5 was stored for over 4 years at 2 to 8
C. Upon reconstitution, the KGF formulation was shown to maintain KGF
activity as tested below, indicatingiiRatMiE&Ba¥rticular composition

maintaindRihaS§AY SIBTEERR BAORSRIEIGER IS6H ¥ RMHE AP Ncally
effective pharmaceutical composition. 10 EXAI\/t[PLE 3 BIOASSAY_ OF.
THE RECONSTI'POST iR SRR MUt 2 pharmaceutically etfective

product is the requirement for high biological activity of the protein of interest.

15 The bioactivity of the KGF, e.g., AN23 KGF, formulations were
tested using 32D KECA clone 16 cells, which are IL-3 dependent murine
lymphoblast cells that proliferate in the presence of KGF, similar to 32D clone 3
cells (ATCC# CRL-1 1346), and are a useful proliferation assay system, as
described in Hsu et al., 1999 Biochemistry, 38, 2523-2534. '

20 32D clone 16 cells are maintained in growth medium [RPMI, Fetal
bovine serum (10%)(Hyclone, Logan, UT), glutamine (1%) (Gibco/Invitrogen,
Carlsbad, CA,), geﬁeﬁcm {29%) (Gibeo), and murine 11.-3 (12 ng/mL)(Biosource
International, Camarillo, CA)] at 37° C and 5.5% CO,. Sample KGF formulations
or reference standard (AN23 KGF stored Iyophilized at -70°C) are reconstituted in

25 assay medium [RPML FBS (6%), glutamine(1%), heparin (0.6 pg/mi)(Sigma, St.
Louis, MO)] to approximately 25 ng/mL. Serial dilutions are then made to obtain
a range of concentrations from approximately 25 ng/mL to 1.6 ng/mL.

To test the bioactivity of the KGF formulation, the 32D clone 16
cells are plated in 150 pL at 2.0 x 10° cell/mL. Reference standard, control and
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;%%@%gg%%s%%?%rg%g%?ﬁ&gg t ?ﬁ%{%gggg}él%%ncentration

were added to th | i v
sample were inc%i%%%%g\%%n%%é ‘%ﬁ&h%? rl'ksm] a?t %%l%:gqgﬁ%&g%%i&é}g% .at

1on ddy e8¢ foof Armarmineraieduiniid birrsianonshasiesyes fiapdmd
addeerip glhisitsiard mixadi-the: plates, wakeRiincuhatesdishanather &4 o,

hours at ZC arg)d 5.5% CO2. After 24 hours, qu$resc as . .
el da b SO P L A S RES TR B CoRSTRAlslips
400Gidel SET\@ Bipsyste 18/ tamitginan A Dusitghale@xeitdtitightly
wavelen of 53Q:-560 an ission.wavele f . .
oA AR s g SRR IS S g e
1€ foKGHaydiddrmdrstratadtsivaicalisiondniviyed o fise viefese ntcaratidaied

KPR pspRalalsosieed shofiGharXBhiG A:ARY6 PiRaRORY a
ay U, . |
{formulations.

These results indicate that the reconstituted KGF formulations
described herein are as potent as the reference standard KGF protein and the
20 formulation has no deleterious effects on the stability or potency of KGF, e.g.,
AN23KGF, and are thus useful as therapies in the treatment of individuals to
promote growth of eﬁitheliai cells and the like.

.  In addition, KGF bioactivity can be assessed by the ability of the
| reconstitited formulations to promote growth of Balb/C-MK cells. Stock cultu_res _
25  of Balb/MK cells are grown and maintained in low calcinm Dulbecco's modified
Eagle medium supplemented with 10% fetal bovine serum, 0.25 pg/mi fungizone,
and 10 ng/ml aPGF. The cells are incubated at 37° C in a 10% CO» atmosphere
with 99% humidity. For the bioactivity assay, the cells are seeded in 12-well
plates at a density of 5 x 10° cells per well in 1 ml of medium as described in

30  Gospodarowicz et al. [J. Cell. Physiol. 142:325-333 (1990)]. A predetermined



and 92%, 100% and 107% activity, respectively, at day 7. KGF
formulations stored at 25 C showed > 100% bioactivity at time 0, which
lightly after 4 hours to 90%, 95% and 100% bi IV
v%e?s%ggﬁﬁ\%egﬁ compared to native 15 KGF. This level of acti\%ggvﬂyggs\égﬁ%ﬂ@
maintained after storage of reconstituted KGF formulation at 25C for 24
hours, indicating the stability of the KGF formulations. These results
indicate that the reconstituted KGF formdfations described herein are as

potent as the reference standard KGF protein and the 20 ulatign has
no dERAISHEHK G oeirte &aﬁﬁﬂyf%ﬁm@&&%w ,~ é‘%%ﬁ%‘%é&%
and psgittteisouseful as therapies in the treatment of individuals to promote
growth of epithelial cells and the like. In addition, KGF bioactivity can be
assessed by the Alfitityfiue thes e coltestited fbmatd ATopaiRs b rohbrelinal cell

growﬁ%@@t@&%@g 2 EHLH e B 2210 BAIMI CRU AR pEANLY

and maintained in low calcium Dulbecco’'s modified Eagle medium
SuppravaeReheFITo IR Bt YuRom ol -Risizbhd A 10
ng/micafdfa bhddpe-gelisrareinousedes shig a4d in@RHTO TOBZ aWMmasphere
with 99% humidity, For. the bi Ivit ay.the cells are seeded in
e R el T B S RS
descrlikecil80 Gospodarowicz et al. [J. Cell. Physiol. 142:325-333

(1990)]. A predetermined WO 2006/065861 PCT/US2005/045169 -32
amount of KGF fakminensass i Batrdertdiureit onrylinive e KEE tiediedd
19S 2 RESLIVEngaREDle AftaifiNa slayInRs Ry Baiie: GBYE afeiosRsiniaeek not
and the f_in%l cell . density. de@r&gineg usinlﬁ a cell cgun er. Thtﬁ% %Illslg
reledSS R B HHE IR ABERE PG HRECSERUFR RS With & otition
contdiminda=880priid@ls Brldddtbedhemphic plete tipidaT silhjoc65%mtrypsin,
and O.QTZ%SEEE% Cj&;l;\}/ and incubated for-5-10 minutes at 37 C, and then
the slt%cﬁascu ture medium is added- to the cells. An increase in Balb/C-MK
cell population in fhg,KfahstherigRations and variations in the invention as set forth

15  inthe above illustrative examples are expected to occur to those skilled in the art.
Consequently only such limitations as appear in the appended claims should be

placed on the invention.



10 sample compared to the untreated cells shows that the KGF
composition does not lose its bio-activity during the formulation process
vﬂggﬂm%i&%gs that the KGF formulation provides an effecti %§%§Miﬁ 6
agent to treat subjects in need of increased KGF activity. Numerous
modifications and variations in the invention as set forth 15 in the above
illustrative examples are expected to occur to those skilled in the art.
Consequently only such limitations as aaﬁéar in the appended claims
should be placed on the invention. %%0506/065861
PCT/US2005/045169 -33 CLAIMS® im: 1. A lyophilized
ker%g%yte growth factor (KGF) composition comprising the buffer
histidine, éabulking agent, a sugar, and a surfactant. 2. The composition of
claim 1 wherein heykeratiaegeietaianihdacie fistee@EEY duamditogroup
consisting of SE%HI% ’\\‘R)Oﬂ:Z .SEQbI NO:3 a[gd varianégdtggr ag'ta?i’i The
confRBSHEHE L BIHET iy T ESmphicedthe ammo acid’
sequence of SEQ ID NO:2. 4. The composition of claim 1 wherein the
KGF comprises (c)N23 KGF set out in SEQ ID NO:3. 5. The composi}ion

of claim 1 yvhereiftheRylidaenaeiia mansial 46 kEheisempasiion tkior
claim 5 wherein the mannitol is at a entratjo %.,to ghout
5% Wﬁ?@?%%%%@%ﬁ%ﬁ%%%%% ﬁt{:ﬁz’ g}ﬁ?r%#o IS 'gitag3 variants

congemntedtion of 4% wiv. 8. The composition of claim | wherein the sugar
is sucrose. WO 2006/065861 PCT/US2005/045169 -34 9. The
composition of claim 8 wherein the sucrose is at a

3. The composition of claim 1 wherein the KGF comprises the amino

acid sequence of SEQ 1D NO:2.

4. The composition of claim 1 wherein the KGF comprises AN23

KGF set out in SEQ ID NO:3.
| 5. The composition of claim 1 wherein the bulking agent is mannitol.
6. The composition of claim 5 wherein the mannitol is at a

concentration of about 2% to about 5% w/v.

7. The composition of claim 6 wherein the maniitol is ata

concentration of 4% w/v.

8. The composition of clair 1 wherein the sugar is sucrose.



concentration of about 1 % to about 3% wi/v. 10. The composition of claim
9 wherein the sucrose is 2% w/v. 11. The composition of claim 1 wherein

is ip.a range of about 6.0 to about 8.0. 12. The compasiti
\E:q(a?i%%)f%\?v%grein the pH is in a range of about 6.0 to aboutgﬁgm%%‘%&ﬁ‘ésm
composition of claim 12 wherein the pH is 6.5. 14. The composition of
claim i wherein the surfactant is polysorbate 20. 15. The composition of
claim 14 wherein the polysorbate 20 conentration is within a range of
about 0.1% to about 0.004% w/v. 16. The composition of claim 15 wherein
the polysorbate 2B EERAHEATLRAL BB HAAF A PErRE et B tion of
claingdnaagreindbeK&iconsanimtionsigy.between 3 mg/mL and 15
mg/mL. WO 2006/065861 PCT/U52005/045169 -35 18. The composition
of claim 17 wherein the KGF concentration is 5 mg/mL. 19. A lyophilized
keratinocyte growth factor composition comprising 10 m1V] histidine, 4%
mannitol, 288-sucrdSecame Lot G %W%{ﬁlﬁﬁ‘@ BEEAiHE relh the
composition is at a pH of 6.5. 20. A method for making a lyophilized
keratinocyte growth factor comprising the steps of a) preparing a solution
of histidine,;a bulkj . i ut
Cyophilizing Said K SO e o ek SR e of aho
prior@® kpagdiaiizétion, the steps of: b) adjusting the pH of the solution to a
pH between about 6.0 and about

12.  The composition of claim 11 wherein the pH is in a range of about

6.0 to about 7.0.
13.  The composition of claim 12 wherein the pH is 6.5.

14. = The composition of claim 1 wherein the surfactant is polysorbate

20.

15.  The composition of claim 14 wherein the polysorbate 20

‘concentration is within a range of about 0.1% to about 0.004% w/v.

16.  The composition of claim 15 wherein the polysorbate 20

concentration is 0.01%w/v.

17.  The composition of claim 1 wherein the KGF concentration is

between 3 mg/mL and 15 mg/mL.



8.0; c) preparing a solution containing a keratinocyte growth factor d)
buffer exchanging the solution of step (c) into the solution of step (b) e)
‘,@&g&@%@g}sﬁppropriate amount of a surfactant, and f) lyoDhi}EIEiﬂgs%?s 1045169
mixture from step (e). 22. The method of claims 20 or 21 wherein the
keratinocyte growth factor is selected from the group consisting of SEQ
ID NO: 2, SEQ ID NO: 3 and variants thereof. -36- 23. The method of
claims 20 or 21 wherein the keratinothéSQ'rovvth factor comprises the

amino acid sequence of SEQ ID NQ: 2, 24, The me of claims.20.0r.21
wherein tHé‘keré%h?&eyt@@%%ﬂfg%‘f 8 th%?\‘l%% (f%eggf% Shesir

omptises
SE QoJiINO:3. 25. The method of claim 21 wherein the surfactant is
poivsorbate 20. 26. Use of a lyophilized keratinocyte growth factor of claim
1 in the manufacture of a medicament for treating a disease wherein said
medicament is capable of increasing I<.GF-mediated stimulation of . .
epithelial d8H grawkrPEhihzadiketRRYF I ZIE (RRHF SRS HL BRI Ut
tOXi¢tyn R kGaRIS, b uTmeitdles spatia) antiioll thieknesdinpurts 20,
repopulation of hair follicles. sweat ds, and sebaceous glands;

adnBREI R G PR BB SRS Ribidermiolysis bullosa; chemotherapv-
ihduced alopecia; male-pattern baldness; gastric ulcers: duodenal ulcers
erosive gastritis,, t ophagitis or esophageal reflex; 117flammattirr’ bowel

disease; hygli.ne spembiaie disgaseliniract lomianoke dgrivelafamgr
emphysema; hepatic cirrhosis, liver failure, acute viral hepatitis, other
toxiCHSHHILRURE R or graft-versus-host disease (GVH j. 28. A kit for

preparing an agueous HﬁHH GceyiigalLompORIton SAMPURIAL Mlrst.
container k%f/%gga?ﬁéoap%l |ze(§ kernn.ocyte growtg factor composition
compuiBietgnttikndpuffer histidine. a. bulking agaen t a su{gr a and a.

- surlaciant., and a second coptainer having a physiologically acceptable

solvent forth&YRRYPIRE sition.

21.  The method of claim 20 further comprising, prior to Iyophilization,
the steps of ' |

b) adjusting the pH of thé solution to a pH between about 6.0 and about
8.0;

c) | preparing a solution containing a Keratinocyte growth factor

d) buffer exchanging the solu;cion of step (¢) into the solution of step (b)

¢) adding an appropriate amount of a surfactant, and

f) lyophilizing the mixture from step (e).

72, The method of claims 20 or 21 wherein the keratinocyte growth
factor is selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 3 and

variants thereof.



WO 2006/065861 PCT/US2005/045169 -37 29. The kit of claim 28
wherein the keratinocyte growth factor is selected from the group
consisting of SEQ ID NO: 2, SEQ ID NO: 3 and variants thereof 30. The
kit of claim 28 wherein the keratinocyte growth factor comprises the
amino acid sequence of SEQ ID NO: 2. 31. The kit of claim 28 wherein the
keratinocyte growth factor comprises AN23 ICGF set out in SEQ ID NO:3.
WO 2006/065861 PCTIUS2005/045369 A-971 PCT seq lis,txt
SEQUENCE LISTING <110> AMGEN INC. <120> Therapeutic
Formulations of Keratinocyte Growth Factor <130> 01017/40453 <160> 3

3<17ChPatehtih vrBios 38 <21 Ghdrair 1388 Thos 22 DNAfFd S mprises

n 90, SaDiens, 2205 5231 CRS <222 (446).(1030) <400> 1

acgcgctcac acacagagag ARACCHE tgcctgttga tttatggaaa caattatgat 60
tctgctggag aacttttcag ctgagaaata gtttgtagct acagtagaaa ggctcaagtt 120

220CCHRA00GA GRGIATANRC AlguRALE falRlalcea getaliagea acaagacaa

agtcaaatag caaacagcgt cacagcaact gaactiacta cgaacigt"t tatgammt (iff)m 58
Alttatédatag agttatttda ggadygaatce tgtgttgtta tcaggaacta aaaggataag 300

25 The method of claim 21 wherein the surfactant is polvsorbate 20.

26, Lise of a lvophilized keratinocyte growth {actor of claim 1 in the manufacture of a
medicament for treating a disease wherein said medicament is capable of increasing

K.GF-mediated stimuiation of epithelial cell growth.

7. The use of claim 26 wherein the disease Is gut toxicity; mucositis; a burn or other
partial and full thickness injuries; repopulation of hair follicles, sweat glands, and
sebaceous wiands; adnexal structure proliferation: epidermolysis bullosa: chemotherapy-
induced alopecia: male-patiern baldness; gastric uleers; ducdenal ulcers. erosive
gastritis, esophagitis, or esophageal reflux; inflammatory bowel disease; hyaline
membrane disease: injuries from smoke inhalation; emphysema: hepatic cirrhosis, liver
tailure, acute viral hepatitis, other toxic Insults to the liver; or graft-versus-host disease

(GYVHD).

28. A kit for preparing an aqueous pharmaceutical composition comprising a first
container having a lvophilized keratinocyie growth factor composition comprising the
buller histidine, & bulking agent, a sugar and a surfactant. and a second container having

a physiologically acceptable solvent for the lvophilized composition



gctaacaatt tggaaagagc aactactctt tcttaaatca atctacaatt cacagatagg 360
aagaggtcaa tgacctagga gtaacaatca actcaagatt cattttcatt atgttattca 420

cacceg gagcactaca ctata atg cac aaa tgg ata ctg aca tgg atc 472 Met
VUti%?ill(_)glz?g6‘?%|%1IIe Lea Thr Trp lle 1 5 ctg cca act ttg ctc tac agag C'%{{Ea%;{]?ﬁ/ at®
att atc tgt cta gt9g 520 Leu Pro Thr Leu Leu Tyr Arg Ser Cys Phe His lle
lle Cys Leu Val 10 15 20 25 g9t act ata tct tta get tgc aat gac atg act cca
gag caa atg get 568 Gly Thr lle Ser Leu A3 Cys Asn Asp Met Thr Pro Glu
GIn Met Ala 30 35 40 aca aat gt9 aac tgt tcc agc cct gag cga cac aca aga

agt tat gat 876 ThH&IHOPAFIRER Byehesrin thererainests Frvihianiy Ser
Tyr AspedbiFeohbtiiagraly ganigite 6F AEQATAIA RIS A0ARD R GlitiGiethts
cga aca 664 Tyr Met Glu Gly Gly Asp lle Arg Val Arg Arg Leu Phe Cys

1 .
Arg Thi 60'65 70 cag tgg tac ctg agg atc gat aaa aga ggc aaa gta aaa ggg
acc caa 712 Gin Trp Tyr Leu Arg lle Asp Lys Arg Giy Lys Val Lys Gly Thr
GIn 75 80 85 gag atg aag aat aat tac aat atc atg gaa atc agg aca gtg gca

gtt 760 Gluet LysAgpAshifhysAsaeMaE GUbie. A ThrpkAlg Val
90 95 100 105_gga att gtg gca atc aaa ggg gtg gaa agt gaa ttc tat ctt gca
atg 8%%5%@%%%%88@2%‘#%&%%%%169 A-971 PCT seq

lis.txt Gly lle Val Ala lle Lys Gly Val Giu Ser Glu Phe. Tyr Leu Ala Met- 110
115120 aac aag gaa gga aaa ctc tat gca aag aaa gaa tgc aat gaa gat tgt

856 31.  Thekit of claim 28 wherein the keratinocyte growth factor

comprises AN23 KGF set out in SEQ ID NO:3.



Asn Lys Glu Gly Lys Leu Tyr Ala Lys Lys Glu Cys Asn Glu Asp Cys 125
130 135 aac ttc aaa gaa cta att ctg gaa aac cat tac aac aca tat gca tca
V%%O%}i%e Lys Glu Leu lle Leu Glu Asn His Tyr Asn Thrggff@%?o%%ﬁsmg
1 get aaa tgg aca cac aac gga ggg gaa atg ttt gtt gcc tta aat

caa 952 Ala Lys Trp Thr His Asn G y Gly Glu Met Phe Val Ala Leu Asn
Gin 155 160 165 aag gggg-déirtotgtsagd s 9exaaa aaa acg aag aaa gaa
caa aaa aca 1000 Lys Ggﬁ%’%\}&?ﬁ@ﬂ@y Lys Lys Thr Lys Lys Glu

<110> Gimdegsifar 170 175 180 185 gcc cac ttt ctt cct atg gca ata act taa

<120- U9RAIGIA0AIAIARR0 1050 Aladdis Bhebew BraMetAladle Thr 190
acccagttcc agcagggaga tttctttaag tggactgttt tctttcttct caaaattttc 1110

<130> (it d‘Rtbagta atcaagaaag getggaaaaa ctactgaaaa actgatcaag 1170

<160 Ctggacttgt gcatttatgt ttgttttaag acactgcatt aaagaaagat ttgaaaagta 1230

<1705 taé:at%a% aa, t(':%gggtt?gg taactaaagg ttgtaaaaaa ttgtaaaact ggttgtacaa 1290

tcaatga?g { ag?aacagtai atttttttct taaattaatt tacccttaag agtatgttag 1350

<%%g; a gttat ctgataatga ttatttaaat attcctatct gcttataaaa tggctgctat 1410
<515 agiaataata atacagatgt tgttatataa ggtatatcag acctacaggce ttctggcagg 1470

<213> afityeaga ieEtcaagec acactaacta tggaaaatga gcagcatttt aaatgcetttc 1530
tagtgaaaaa ttataatcta cttaaactct aatcagaaaa aaaattctca aaaaaactat 1590
<220> tatgaaagtc aataaaatag ataatttaac aaaagtacag gattagaaca tgcttatacc 1650

j%%%’;t R@jang gagpaaatit ctaatgctgc tcaagtggaa agggtattge taaaaggatg 1710

400 tttccaaaaa tcttgtatat aagatagcaa cagtgattga tgataatact gtacttcatc 1770
< >

cocadIAGHasCR CanpRaaca IitRtecR) GAlGARACIA AARHERANAA AlCIAATt 183
ttttttcaag taacataatc tatctttgta taattcatat ttgggaatat ggcttttaat 1890

TCLOCTGgROARE L EAA AEARSRART A TIEOLARS PAAIGRAMER HRSGETAN Tos0 120
geaccdg@aitgtit stgaaatitatigiitigit atttasgitt atgtiatttartagaaaaaaa’edd 180

agtcaaatag caaacagegt cacagceaact gaacttacta cgaactgttt ttatgaggat 240
ttatcaacay agttatttaa ggaggaatcce tgtgttgtta tcaggaacta aaaggataag 300
gctaacaatt tggaaagagc aactactctt tcttaaatca atctacaatt cacagatagg 360

aagaggtcaa tgacctagga gtaacaatca actcaagatt cattttcatt atgttattca 420

tgaacacccg gagcactaca ctata atg cac aaa tgg ata ctg aca tgg atc 472
Met His Lys Trp gTe Leu Thr Trp Ile
1
ctg cca act ttg ctc tac aga tca tge ttt cac att atc tgt cta gt 520
Let Pro Thr Leu Leu Tyr Arg Ser Cys Phe His Ile Ile Cys Leu Val
10 15 ‘ 20 25
ggt act ata tct tta gct tge aat gac atg act cca gag caa atg get 568
G?y Thr ITe Ser Leu Ala Cys Asn Asp Met Thr Pro Glu Gln Met Ala
' ' 30 ‘ 35 40
aca aat gty aac tgt Tcc age cct gag Cga cac aca aga agt tat gat 616
Thr Asn val Asn Cys Ser Ser Pro Glu Arg His Thr Arg Ser Tyr Asp
45 50 55
tac atg gaa ggl;a g%}g gat ata aga gtg aga aga ctec ttc tgt cga aca 664
Tyr Met Glu Gly Gly Asp 1le Arg val Arg Arg Leu pPhe Cys Arg Thr
60 63 70 ‘
cag tgg tac ctg agg atc gat aaa aga g?c aaa gra aaa g?g acc caa 712
GTn Trp Tyr Leu Arg Ile Asp Lys Arg Gly Lys val Lys Gly Thr GIn
75 80 85
gag atg aag aat aat tac aat atc atg gaa atc agg aca gty gca gtt 760
Glu Met Lys Asn Asn Tyr Asn Ile Met Glu Ile Arg Tthr val Ala val
%0 95 100 105
gga art gtg gea atc aaa ggg gtg gaa agt gaa tte tat ctt geca atg 808

Page 1



accttaataa gctgtatctg tttcatatgc ttttaatttt aaaggaataa caaaactgtc 2070
tggctcaacg gcaagtttcc ctcccttttc tgactgacac taagtctagc acacagcact 2130
WH9MGSR%6A aatcctggaa gcagacaaaa ataagagect gaagcaatgg facaataga, o
2190 tgtctcacac agaacaatac aaatatgtaa aaactctttc accacatatt cttgccaatt
2250 aattggatca tataagtaaa atcattacaa atataagtat ttacaggatt ttaaagttag
el 123105 a.ftat ttt%é?at at\c{;giggé a‘éf“a"awftqcpi@ttttaa aactatgtat atttaaattt 2370
Y H8gfRattd thefctitad ahatttctgctgiitadahd StodtadEichsmasagtigt 2430
Page 2 WO 2006/065861 PCT/US2005/045169 A-971 PCT seq 1lis,txt

aon LR E @ RTCERH b dict i haaRlaa0REtadEs afdataagdy”

2490 @etctgaatg tcatgaaggéstigaggtcag cctacagatdsacaggattat
aac tri2GAURAAIL 2250 atlicgactdcaaaaaisl teattagca gatdigata geactttajgy
Asn pPhigitgaceha 126101 gggagiica atatitatOlyaatitaatiag Ytatgttadercactgtggott
ttaktitcaa 2670 aatatttg %ttcaagtcc ctitacata® tagtatttg gtaatacatt
gct aatatagatgagca 3t agitataign gaagyetaty taagaaaaa caatagattc atttaantt
Ala ;g@dfg"fgg@ 19 Ayt a%%ﬁ‘@&tﬁ?ffgd@%aé&?abﬁuaéﬂé cc
cttcctcaga tatactcttg 2850 ggagagagca tgaatggtat tctgaactat cacctgattc
Ly SeBREAlolRaind 2030 baggaBgetcditaangehetiogagtty
170 ftgagggcag aggerggactt 0" agtttttcedaatgtgtttcc ttagtgcctagragactatc
toticataat cagttttcag 3030 _tgtgaattca ctgaatgitt afagacaaaa gaaaat
B A R A0t SANEAAA LEag At toad e
atagtgtata ##@atataaa 3150 atacaagcta tgttaggacc aaatgctctt tgtctatgga
acccagdfiatagitaspicaaatia 33kl s alg@raate clgaatiage Garaassaas atttagiont
. %aatccattc gt%?[tagtat 3270 aag{caccta aaaaagactt ctacqcaaatat Cgtacti[ia}gt
trreCt ittt teiceRit 3535 Rt 9%%8%%%&&?&%3%%%% B\ its el
ctggadegitagesrid trith gaatt 3800 cegydaict th aaackienay Jogee ey ttcccletif

tacacaaleA QR Helagoaas-24n Jlioadatil-atacacsiaAgolAcycagataggiaga
tatacagctg tcacaaga%t 3510 ctagatcagt tagcacatgc tttctactct tcgattatta

teatoayplit G UAAIG gt 3BV TotRabtr it gutfr SHtERG P ARG ity

atttgatacacab@topd630 tratttaaat attcctatct gottataaaa tggetgetat 1410

aataataata atacagatgt tgttatataa ggtatatcag acctacaggce ttectggcagyg 1470
afttgtcaga-taatcaagcc acactaacta tggaaaatga gcageattit aaatgcfttc 1530
tagtgaaaaa ttataatcta cttaaactct aatcagaaaa aaaattctca aaaaaactat 1590
tatgaaagic aataaaatag ataatttaac aaaagtacag gattagaaca tgcttatacc 1658
tataaataag aacaaaattt ctaatgctgc tcaagtggaa agggtattge taaaaggatg 1710
tttccaaaaa tcrtgtatat aagatagcaa cagtgattga tgataatact gtacttcatc 1770
ttacttgtca caaaataaca ttttataaat cctcaaagta aaatigagaa atctttaagr 1830
ttttttcaag taacataatc tatctttgta taattcatat ttgggaatat ggettitaat 1890
aatgttcttc ccacaaataa tcatgotttt ttectatggt tacagecatta aactetattt 1950
taagrtgtit ttgaacttta ttgttttgtt atttaagttt atgttattta taaaaaaaaa 2010
accttaataa gctgtatctg tttcatatge ttttaatttt aaaggaataa caaaactgtc 2070
tggcteaacyg geaagtttce ctecctttic tgactgacac taagtctage acacageact 2130
tygggecagea aatcctggaa goagacaaaa ataagagect gaageaatge ttacaataga 2190
tgtctcacac agaacaatac aaatatgtaa aaactctttc accacatatt cttgecaatt 2250
aattggatca tataagtaaa atcattacaa atataagtat ttacaggatt ttaaagttag 2310
aatatattty aatgcatggyg tagazaatat catattttaa aactatgrtat atttaaattt 2370

agtaatttic taatcictag aaatctctgl tgticaaaay gtggeagcac tgaaagttgt 2430
Page 2



tgactatgtc ttggcaatgc acttcataca caatgactaa tctatactgt gatgatttga 3690
ctcaaaagga gaaaagaaat tatgtagtit tcaattctga ticctattca cctittgttt 3750
aalggag agctiigtge aaaatataca tataagcaga gtaagcctit taag, %%%% 8 p
cttt(’igaaaga taaaattaaa tacatgagtt tctaacaatt aga 3853 <210> 1>fai3£f ?
<212> PRT <213> homo sapiens <220> <221> MISC_FEATURE <222>
(1)..(31) <223> signal peptid®¥’ <800sMatsHistys Trp lle Leu Thr Trp

trtcch k8 LRI It gk eyt kAL TYE A adaPad a1 8a &&%&W%Qﬁ%@%%%%go
PCT/US2005/045169 A-971 PCT seq lis.txt ser 0{5 Phe His

lle C
ecCt g 14 A PRI SR A b S PR 9 B AL A ISR B Prct
aatttGhrMatidaadinrtAsrcvalgisa Gy BmuBen8sdd 4 aProt@radkeg Hi2 Ty

S DS I YE AT, TYAMELG) rlg 9(%%&@&3 &E@C%Q&i@qa&v@éa%rg Ao

tggga{%u Phe Cys Arg Thr GIn T ea Arg lle 65 70 75 80 Lys Ar%
aatat@%Ey%%ﬁ.%‘GWﬁ*ﬁF@ﬁaGﬁ%@ttE‘}@s%W%F%@ﬁ’@@% 95’r7ﬁ
agttadMeys hadlgydrgyd hrcad Ahlea Y alGtydie Mabhbladleckys Sygididdd5 DYoo

acctatacga ccaggatgta gaaaactaga aagaactgcee cttcctcaga tatactcttg 2850
ggagagagca tgaatggtat tctgaactat cacctgattc aaggacttig ctagctaggt 2910
titgaggitca ggcttcagta actgtagtet tgtgagcata ttgagggcag aggaggactt 2970
agttrttcat atgtgtttcc ttagtgccta gcagactate tgttcataat cagttttcag 3030
totgaattca ctgaatgltt atagacaaaa gaaaatacac actaaaacta atcticattt 3090
taaaagggta aaacatgact atacagaaat ttaaatagaa atagtgtata tacatataaa 3150
atacaagcta tgttaggacc aaatgctctt tgtctatgga gttatacttc catcaaatta 3210
catagcaatg ctgaattagg caaaaccaac atttagtogt aaatccattc ctggtagtat 3270
aagtcaccta aaaaagactt ctagaaatat gtactttaat tatttgtttt tctectattt 3330
ttaaatttat tatgcaaatt ttagaaaata aaattrtgctc tagttacaca cctttagaat 3390
tctagaatat taaaactgta aggggectec atccctetta ctcatttgta gtetaggaaa 3450
ttgagatitt gatacaccta aggtcacgca gctgggtaga tatacagety tcacaagagt 3510
ctagatcagt tagcacatge tttctactct tcgattatta gtattattag ctaatggtct 3570
tiggcatgtt tttgtttitt atttctgrig égatatagcc tttacatttg tacacaaata 3636
tgactatgtc ttggcaatgc acttcataca caatgactaa tctatactgt gatgatitga 36980
ctcaaaagga gaaaagaaat tatgtagttt tcaattctga ttcctattca certttgttt 3750
atgaatggaa agctttgtgc'aaaatataca tataagcaga gtaagccttt taaaaatgtt 3810
ctttgaaaga taaaattaaa tacatgagtt tctaacaatt aga 3853
<210= 2

<211> 194

<21Z2> PRT

<213> home sapiens

<220>

<221> MISC_FEATURE

<222> (1)..(3D

<223> signal peptide

<400> 2

Met His Lys Trp Ile Leu Thr Trp Ile Leu Pro Thr Leu Leu Tyr Arg
1 5 10 15
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Val Glu Ser Glu Phe Tyr Leu Ala Met Asn Lys Glu Gly Lys Leu Tyr 115
120 125 Ala Lys Lys Glu Cys Asn Glu Asp Cys Asn the Lys Glu Leu lle
140 Glu Asn His Tyr Asn Thr Tyr Ala Ser Ala ELr
“h%bﬁgﬂ%éf 145 150 155 160 Gly Glu Met Phe Val Ala Le‘uéfsér?r%‘% K
Gly lle Pro Val Arg Gly 165 170 175 Lys Lys Thr Lys Lys Glu GIn Lys Thr
Ala His Phe_ Leu Pro Met At8718@18&4 90sHexthr <210> 3 <211> 140
ser OYe PPSSBRFIETES NontSaféns <00 £t TiEAS) Ty Met Glu Gly
Gly Asp lle Arg Val Arg Arg Leu Phe 151015 Cys Arg Thr Gin Trp Tyr
asn ashUATHEASRAY AU HOMVALYS2D 253 EheThrsgin Clu Met
y&Asn Asn Tyr Asn lléMet Glu lle Arg Thr 85 40 45 Val Ala Val Gly lle
Val Ala lle Lys Gly Val Glu Ser Glu Phe Tyr Page 4 WO 2006/065861
pro G1RGHZUS2000/0093168 Aye74sBCTsertisixt 50561600 WIAIa Met Asn
50Lys Glu Gly Lys LeElSTyr Ala Lys Lys Gluféys Asn 65707580 Glu Asp

Cys Asn Phe Lys Glu Leu lle Lou Glu Asn His Tyr Asn Thr

Arg val Arg Arg Leu Phe Cys Arg Thr &In Trp Tyr Leu Arg Ile Asp
65 70 75 80

Lys Arg Gly Lys gg? Lys aly Thr Gln ggu Met LysS Asn Asn ggr Asn

Ite Met Glu Ile Arg Thr val Ala val Gly Ile val Ala ITe Lys Gly
100 105 110

val Glu Ser Glu Phe Tyr Leu Ala Met Asn Lys Glu Gly Lys Leu Tyr
115 120 125

Ala Lys Lys Glu Cys Asn Glu Asp Cys Asn Phe Lys Glu Leu Ile Leu
130 135 140

Glu Asn His Tyr Asn Thr Tyr Ala Ser Ala Lys Trp Thr His Asn Gly
145 150 153 160

Gly Glu Met phe val Ala Let Asn Gin Lys Gly Ile Pro val Arg Gly
165 170 175

Lys Lys Thr Lys Lys Giu GIn Lys Thr Ala His phe Leu Pro Met Ala
180 185 180

ITe Thr

<210> 3

<211> 140

<212> PRT

<213> homo sapiens

<400> 3
ier Tyr Asp Tyr ?et Glu Gly Gly Asp {ge Arg val Arg Arg k?u Phe

Cys Arg Thr ggn Trp Tyr‘Leu Arg %%e Asp LYs Arg Gly Lys val Lys
30

Gly Thr GIn Glu Met Lys Asn Asn Tyr Asn Ile met Glu Ile Arg Thr
35 40 45

val Ala val Gly Ile val Ala Ile Lys Gly val Glu Ser Glu Phe Tyr
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8590 95 Tyr Ala Ser Ala Lys Trp Thr His Asn Gly Gly Glu Met Phe Val
Ala 100 105 110 LeU Asn GIn Lys Gly lle Pro Val Arg Gly Lys Lys Thr Lys
‘lfés Glu 115120125 GIn Lys Thr Ala His Phe Leu Pro Meﬁ@,ll%gzeo(y,br

FPEETH) Page 5 45169

Page 5

A-971 PCT seq lis.txt
60
Leu Met Asn Lys Glu Lys Leu Tyr Ala Lys Lys Glu Cys Ash
65 70 75 80
Glu Cys Asn Phe Lys Leu Ile Leu Glu Asn His Tyr Asn Thr
85 S0 a5
Tyr Ser Ala Lys Trp His Asn Gly Gly Glu Met pPhe val Ala
100 105 110
Leu GIn Lys Gly Ile val Arg Gly Lys Lys Thr Lys Lys Glu
115 - 120 125
Gin Thr Ala His Phe pro Met Ala Ile Thr
140



