THERAPEUTI C FORMULATI ONSOF KERATI NOCYTE GROMH FACTOR
FI ELD OF THE | NVENTI ON The present invention rel ates

woaodomermsh at i ons of | yophilized keratinocyte gPOWIS2005/045169
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factor and nmethods for making a |yophilized
conposition conprising keratinocyte gromh factor.
BACKGROUNDOF THE | NVENTI ON Ker ati nocyte grow h factor
(KGF) is a growth factor specific for epithelial cells
that was first identified in conditioned nediumof a

humTEIRAPEUTIC BORMUBADIONS OFEKERATENORYI R GROWTH
al ., Proc. Natl. Acad. Sci.FASR0O%6: 802-806 (1989)].

Expressi on of nessenger RNATor KG- has been detected
in several stromal fibroblast cell lines derived from

epithelial tissues at various stages of devel opnent.
The transcript for i NN RNA
extracted from nor m@ﬁ?%ﬁ%%mioojﬂgans of the
gastroi ntestiwal _trac ' 4 1
225: 752. 755 (HG8BYFHY pyteloH o} gy RO vaptylized

f r Guardtinbeyab basith fadiorcukd tngtkoda Hok makiax priesshilizeld compugition
in the derm s but not t epi derm s indicates that KG-
maPORRrisg kersnecite LiosvhiactBar acri ne ef fector of
keratinocyte proliferation. Studies have shown that
KGF is as potent as epidermal growh factor (EGF) in
stimulating the proliferation of primary or secondary
human ker at i nocyBACKIGROUB OR THIURVENTIfese et

al., J Cell Phys. 144:326-332 (1990)]. KG- is produced
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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 epithelium of many organs including the
epidermis, oral and lower gastrointestinal epithelium, pancreas, liver, lung,
urothelium, prostate epithelium and others [Finch et al, supra, Housley et al., J
Clin Invest. 94:1764-77, (1994); Yi et al., Am J Path. 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)].



wounds or to stinulate transplanted corneal tissue. Ex
vivo and in vivo studies in normal adult ani mals have
weoehaswettoat KG--1 (hereinafter "KG") producesPChnasgms/045169
in hair follicle norphogenesis, hepatocyte
proliferation, and epithelial cell proliferation in
the lung, breast, pancreas, stomach, small intestine,
and large intestine [Panos et al25 J din. Invest.
92:969-977 (1993); Uich et al., Am J. Path.
144: 862- 868 ( ificftio® bf BGF, frodncodditibladdhmedivin: 03@-hdman
(1994 and Uich et al., J din. Invest. 93:1298-1306
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degradation resulting in a | oss of biological activit
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for therapeutically active pol ypeptides which
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KGF has been demonstrated to increase re-epithelialization and
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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 (1994]); and Staiano-Coico et al., J. Exp. Med.
178:865-878 (1993)]. Bosch, et al., [J. Clin. Invest. 98:2683-2687 (1996)]
reported that administration of keratinocyte growth factor will induce the

proliferation of liver cells.



However, the ability of the KGF to remain a stable

phar maceuti cal conposition over tine in a variety of
weoetareagssetondi t i ons and then be effective for parivsms/045169

in vivo has not been addressed. Thus, there remains a

need in the art to provide keratinocyte growmh factor

in stable fornulations that are useful as therapeutic

agents to treat the variety of -di-seases which benefit

from KG--nedi ated stinulation of epithelial cell

growt h. SUMVARY¥icalty 'Iﬂdﬁfllem}z!&l‘ﬂiblﬁdleﬂaee cpﬂ;emrginallwsiahlé gnan

provi des a novel fornmulation u fuI r hi | | zat | |i1
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hi st ng agent, a surfactant, and a sugar,

sudumass withinebddfingil nlgsagagmge basedorrebielosisel ansinity. t he

KGF conposition conprises the am no acid sequence of
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proteins include aIIeIicvriatig Ietloéﬁg
ulation.
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native - exanple, the invention
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wherein th a cids aof the .na GE _ar.e
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( SE@ertDtoNGaR fheavasietied fatisedsasrwhictbbenefit fren RiiF tmediated

neut.r a eS|du r.on ely charged residue sel ected
15¢0 8 éﬁ?&@? P%hi?%‘ﬁﬁ?ﬂwﬁlreduced positive charge. A

still further exanpl e of KGF includes, but is not

limted to, proteins generated by substituting at

| east one amino acid havigg a _hi gher quﬁﬂwornlng

potential for at | QK;

| oop-form ng region of Asnll5 -Hs 116 - Tyr11l7 -
118 - Thr 119 &herm@sen@nr(@hon/pr@wﬂw a peyel f?@mu@ﬁlaﬁﬂﬁ%ful for

s PR P kARph R o B ey RO ARG highty stabe
2oof JOGF piddaci. dBnelstabld K& @ 0due isusefid ad b dhetfpbutié ag“da@m me

NO 2) of native KGF.
" tréatment of individuals suffering from disorders or conditions that can benefit

from the administration of KGF.

In one aspect, the invention provides a lyophilized keratinocyte
growth factor composition comprising histidine, a bulking agent, a surfactant, and

25  asugar, such as a stabilizing suger.

In one embodiment, the KGF composition comprises the amino
acid sequence of SEQ ID NO: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 hybrid molecules of native KGF. For



In one aspect, the invention contenplates use of a

bul ki ng agent/osnol arity regul ati ng agent. Bul ki ng
wageamstssssay be either crystalline (for exanpl ePCT/US2005/045169

gl ycine, mannitol) or anorphous (for exanple,

L- hi stidi ne, sucrose, polyners such as dextran,

pol yvi nyl pyrol i done, carboxynethyl cel | ul ose, and

| actose). In one enbodi ment, thé&-bul king agent is

mannitol. In a further enbodi ment, the mannitol is

i Nnegmpse aheinahtion coreesitteathaothed GRIBOAIN22 %GIo(SHQ P NO:3),

500w v, In a yet further enbodi.ne t he concentratio
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another aspect, the invention provides Tor a

c opfroet mbrrofemiine beid nepidues ok iof natiyedKGRI(SEQUHANG:2) are

contenpl ated for, use include.but are not |,imted.to
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| natei it Fevd Biabatiope oy BREGHD itk Wast O crping agid
t 0 vAImaH 1RpForthhgeBEof FhAG Henis' t TeyrKGFA a0 Ppasi'td dimative

has a pHin the range of about 6,0 to about 8.0. In |
10 an BiGHer Asti) Suithesexample analudgs pseteins haviag OBe PHNPF gnino acid

range..of.. about 6. 0 R : .
e L T e
f ugdhiab aeRiBE6H.164 b€ SEQMPONOLT)WT nativd KGPL at es use of a
surfactant. It is contenplated that the surfactant

used i ncl udegy oRilhspedt, thetinvdnfoh @ente@plaite ke 6f HBuking0

or polysorbate 80. 'In one enbodi ment, the surfactant

i s apoitipsmobuaity reznlating agent.c Butkdeg agestsanayebn eitheperystalline (for
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v. In one aspect, the invention contenpl ates a

| y dgstase). Zacbrieeanzhodiaeny: the Brikingrageats s1anpibelp da pdigher

co i §in M _hi, st.j di 9 [ .20
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at 58, A Ofnba Yot filifieer iefibedinienn thelcdreentrationys alsait A%netabout
for making_a | yophilized keratinocyte growh fact o¥ % w/

20c orfp’h 8/Kig In arothar epbodiment)the mapaiil vt COpPeRiabAn gf 476 w/v.
hi stidine, a bulking agent, a spabili;ing sugar; and
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limited to, sucrose, trehalose or glycine. In one embodiment, the sugar is sucrose.
In a related embodiment, the sucrose is at a concentration of about 1-3% w/v. Ina

25  further embodiment, the sucrose is at a concentration of 2%.

It is contemplated that the composition of the invention is adjusted
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. Ina

30 further embodiment, the composition has a pH of about 6.5.



| yophi li zed keratinocyte growth factor further

conprising, prior to the |yophilization step: b)
wadpusabssey t he pH of the solution to a pH bet weenuabwan45169

6.0 and about 8.0; c) preparing a solution containing

a keratinocyte growth factor; d) buffer exchanging the

solution of step (c) into the soI ution of step (b); e)

addi ng an appropriate anount ofJa surfactant, and f)

| yophilizing the m xture fromstep (e). It is further

cont enpl at ed IhhdurthdraspcE ﬂmg/orhpasmohﬁcaénmnqﬂﬁbmuseﬁ aout
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enbodi nent, the it s, at ncentra A% .

W e oY arress kO Skl 201 WhRR e gRrpositon s ot a
loprg)\lqué sfor a conposition conprising a sugar, wherein

sugar is a stabilizing sugar. Sugars contenpl ated
for use int EF‘HI 1
sucrose, tr eﬂmgﬁg&glr ng éllg)?mh#ér? agﬁgchgﬁgogéh éﬁlﬁgglﬁﬁm ized

SUg@tatin®c e @i @sth. fadtor c&)mlﬁisaigetﬂe stepocki: B prepating asulutlms ef
is at a concentration of _about 1%t ?out SAVK
a fhistidies, adbvlides aeent astabéh%%wéreap sygfactant; and ) Tyoplilizing
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e I'nvéntion I's adjuste
15p h)lgo}ﬂhb@ddalratmdcytb graowih fmtbxoﬁhr&rantomprismgp pripsto the
adj usted to a range of .abqut 5.0 to about 8.0. In
TR ‘adyisting fhr? 88 i SolBtoR b %Pﬁahf?b%ee&}fabout 6.0
ab RERAAD V\Iﬂhﬁ d
o 10 aBoit 4.0, barfh & soliich Jgﬂ%&“%ao Po about 7. 0 oon Y
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pH val ue of 6. t he met hods

P e e g 8h 5 pitienitenge) Fephitits BReisfge fim step
20conk Tf‘nﬁ ipfueBlet é’lﬁ‘ﬁen‘iﬂl@teé ik aetlaot misest d KGFydesin slwbutllﬁ SEQ

not' limted to, polysorbate 20 or polysorbate 80. In

ondDeNBu2i SEQID NOi3 os yetands teteof.s pol ysorbate 20. In a
rel at ed enbodi nent, the polysorbate 20 concentration
'S In one aspect the method of the invention contemplates use of a

bulking agent/osmolarity regulating agent, wherein the bulking agents may be
either crystaﬂine (for example, glycine, mannitol) or amorphous (for example, L-
25  histidine, sucrose, polymers such as dextran, polyvinylpyrolidone,
carboxymethylcellulose, and lactose). In one embodiment, the bulking agent is
mannitol. In another embodiment, the mannitol is at a concentration of about 2%
to about 5% w/v. In arelated embodiment, the mannitol is at a concentration of
about 3% to about 4.5% w/v. In a further embodiment, the mannitol is at a

30 concentration of 4% w/v.



within a range of about 0.1%to about 0.004% wv. In a

further enbodi nent, the pol ysorbate 20 concentrati on
wO0mmeste1 0. 01%V v. | n one aspect, the inventi 8aT/US2005/045169

contenpl ates a nmethod for making a | yophilized

keratinocyte growth factor conposition conprising 10

nmM hi stidine, 4% mannitol, 2% sucrose, and 0.01% (w v)

pol ysorbate 20, wherein the conPesition is at a pH of

about 6.5. The invention further contenpl ates a net hod
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stinulation of epithelial cell growth conprising
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The invention further contemplates a method for treating a disease

by increasing KGF-mediated stimulation of epithelial cell growth comprising
25  administering to a subject an effective amount of a lyophilized keratinocyte

growth factor composition of the invention.

It is contemplated that the disease to be treated is gut toxicity;
mucositis; a burn or other partial and full thickness injuries; repopulation of hair

follicles, sweat glands, and sebaceous glands; adnexal structure proliferation;



i ntramuscul ar, intracisternal injection, or infusion
techni ques. Admi nistration by intravenous,

wonvoemdsssmal , i ntranusclar, intramammary, PCT/US2005/045169
i ntraperitoneal, intrathecal, retrobul bar,
i ntrapul nonary injection and or surgical inplantation
at a particular site is contenplated as well. BRI EF
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f adhotreatimaphisyician. inpladingoralky wpiqaly. Kapsdempegs,pagenterally, by

1 o : ' GF
R e N R o
Whipafentdisl o us@al he2dindnclodesatbaitanebud ingections mttageminas
2o e LA ST Wiliisasints
g'n Sztza\%zgﬁls, ﬁm%&gmga@,]intrgmgs%farﬁﬁ’&am%n%y,a%apeﬁtcﬁﬁﬁg #frathecal,

retrobulbar, intrapulmonary injection and or surgical implantation at a particular

site is contemplated as well.

25 ~ BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts Size-exclusion (SE)-HPLC (Figure 1A) and
" Cation-exchange (CE)-HPLC (Figure 1B) analysis of soluble protein in liquid
KGF formulations at differing pH.

Figure 2 depicts reversed-phase (RP)-HPLC chromatograms
30  comparing KGF formulations lyophlilized in 10 mM histidine, 0.01% polysorbate



5,773,586, all assigned to CHHRON Corp., U S. Pat. No.

5,731,170, and PCT Application No. WO 90/08771,
wouahleisssstd Aug. 9, 1990 (directed to full | engPOTfuseevs/045169

of KGF and variants); and PCT Application No. WD 96/1

1949, published Apr. 25, 1996; PCT Application No. WO

96/ 11951, published Apr. 25, 1996; and PCT Application

No. WO 98/24813, published Jun'grl 1998 (directed to

st abl e anal ogs of KGF) all of which are incorporated
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kerfatl nocyte cells than for BS/ 589 epithelial cells or

f orfag% 208 epithelial cells, as determ ned by

H-t hymi di ne incorporatiaon. Al so conte at,gd
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conditions, 1 n the hybridization context, Wl
st r(SEQeiit NOchbbne ticow it binds sndhctévakes the leﬂrﬁtmm@o“’th factor

or ga sol ve er cally,.

20 o EFBITrod PRI SPOPER Redobi v KER ek fregyinanty
St rhBGRRE 6P F RIGESh ivichGRE it D9 iR Bcily & thél hdid-@Pminus
in4x SSC at 62-67 C, foll owed by washing in Qlx SSC

at 16@e brercldlesed Sppribs e KEBmoraenal sequerserniiarhed) y See, e.g.
eXeRpalY: RE!4,88PIs8; 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.



hybri di zati on conditions are hybridization in 45-55%

formam de, 4 x SSC at 40- 45 C. [See, T. Maniatis et.
wabhoge/8d6ecul ar C oni ng (A Laboratory Manual ) ; PCoiuS82005/045169

Spring Harbor Laboratory (1982), pages 387 to 389.]
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acids, including fragnents, chi“rferic orhybrid

nol ecul es of native KG. A preferred KG- nol ecul e of
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6, BAY, IR kerAtidddytd cells Hah eliat@f ATHV3T3 filwbbldstcels,anéahkast
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(am.no,.aci ds 154- f s natuwVg- wdi
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D’\Q)?ilﬁll%"%h@)ll&\ﬁfﬂyiﬁﬁdﬁ&)cﬁ, reBMRBKKEXEBPIAYy stringent hybridization
DN23/ Q(152) E/ K(153) E; . o o ping in 0.1
conditions are hybridization in 4x SSC at 62°-67° C., followed by washing 1n 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.]

K GF proteins include allelic variations, or deletion(s),

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



R(144) Q and H(116)G KG- s proliferative effects on
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woebdeessspl i cate it as a useful therapeutic i NPCT/US2005/045169

treatment of manyconditions or diseases affecting an

i ndividual. The following is a description of diseases

and medi cal conditions which can be treated wth KG-
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KGF’s proliferative effects on many different types of epithelial

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



not occur presently in full thickness skin defects,
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such a nmeans. Standard in vivo.nodels of
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wound heal i n Stimulation of proliferation and differentiation of adnexal

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 occur presently in full thickness skin defects, including burns. The use of



[Werner et al., Science 266:819-22 (1994)]. In

experinmental nodels of al opecia, pre-treatnent with
woeowrmiesssant KG- pr ot ect ed agai nst appr oxi mat e PgTAB2%06/045169
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Male-pattern baldness is prevalent and essentially untreatable. The

30  progressive loss of hair in men and women is a serious cosmetic problem. KGF
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25 Ultrastructural Analysis", In: Mechanisms of Injury, Protection and Repair of the

Upper Gastrointestinal Tract, (eds) Garner and O'Brien, Wiley & Sons (1991); and

Astudillo et al., [“Gastroprotective activity of oleanolic acid derivatives on
experimentally induced gastric lesions in rats and mice” J Pharm Pharmacol.
54:583-8 (2002)].
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as KGF to stimulate resurfacing of the nucosa

surface, resulting in faster healing, may be of

benefit in controlling progression of disease.

Standard in vivo nodel s of infl-addratory bowel disease

which permt the predictive testing of conpounds

havi ng human Disdapeiicts, Bl j880u18rE A lrda IO Wit the
[Morris, et al., "Hapteninduced Model's of Chronic

| nf fletielppmeshobmtheransslicagenhto moretfullRand Boteapidly regenerate the

Ga . : - 1989) : hnd | ewi .

ol Rt i e, ARGl SRR o RBp 1f pahon. o

I n RatapeyticGaphit avikRkively heBlithdsttn Sty addl@Base their recurrence
| gayer, "Treatment wt

., h
6, Yeuldde r?%ﬁ?ﬁ%ﬁtpligﬁt%@rmh ipotentiple fanslardhiar vata mpdels of

I nd ' | do | Har | foni.c_aci.d

| BT er Rhlch Bt M Pt G R A hman

;Rethigmpcutif:xqfﬁcédyme a/lell-l(!?nb‘izvhi[BZﬂggn ebg&ﬂj, ?B{é%dghdleﬂSé'rs roduced on a

cand. . L . Gastroenterol , 27 529-537 (1¢ : al i ne

e n‘%?’a‘i‘?iick?%{%’d%a@t ¢ %tg d7°eC- iSRF-ehiiPs Bfoésfg]ﬁd-s%’n""@ﬁ @ (1949);

absenes fi | t . o

e R4 ] LA RIS LIRS tbpine o gl
100f Medelab{BubienaHfdder'h €hrmmibicnk:.d6:3 A€ 1 987); Rabwet, boilh

meniraetef o SRCiRana DA d sy e Ree Gabiroenerolos,
Sy nsly.oareo BOFD); ianid W eglatvardia dt Ql.m&%ﬂ&ﬁienédﬁﬂ‘ééré A faRnduced

and treatnment with 80-100% concentrations o

suppl bmstyaid-rhepykh.2fudtebphpdinpyriding QUPBP): odquarement for gastric
fact . Ih i d '
or o Ehgu RN TS of iR Res comape e AT o
15di skiasmapsla®@®@2pi4ghyedo)pe menbrane di sease

(bronchopul nonary dyspl asi a~BPD). Wi le the
surfactants hagiods 68kt tgﬁ%.gH%ﬁ&lﬁ§ RadR! fic érgéévw%sﬁritis,

associ ated with I RDS, t morbidity associate
BPBsppiagitiss othgsghhagbhlusflux, laes eedtable buicthel dévelahavait opa

" ur§ e P brs A5 B Zaridl e s harieord linkeidhe
t heydifcend @séPhaBirbworit bE aH M p6R4rt a8 RicET B ARIitfSH) a therapeutic

accel erate maturation and secretion in fetuses
20t weageyt-te regeneratisrly hetldhesn @raséynsadd tecreask drajereemtrame would be

t he ' ently no treat t for.yaunger .fefuses,

o e PRER R s phle R Slindef i eigidets 5 g5 5Rn of he
t historeeh ahdebPhagdd) Gk brokivt YadfitiBRELSHAGHIS SdresbftBloeal reflux,
i nproverments in treatment of IRDS will be natched by

me cHeh paamil tba predigtive testing ef eomponuds baving human therapeutic

_ i nf.ant. ) It i in.
ST R
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"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", Eur-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)].
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with 80-100% concentrations of supplemental oxygen and by administration of an
exogehous surfactant. Those patients undergoing a prolonged course of treatment
may develop the chronic disease phase of hyaline membrane disease
(bronchopulmonary dysplasia--BPD). While the surfactants have greatly reduced
the mortality associated with IRDS, the morbidity associated with BPD remains
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
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25  and the alveoli. A growth factor such as KGF which could stimulate proliferation
and differentiation of these structures, 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).
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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.
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prepared as a liquid or a lyophilized formulation. In a preferred embodiment the

KGF compositions are lyophilized. 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)].



al so been found to affect the stability of the present
conpositions. The buffer system present in the
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conpati ble and to maintain a desired pHin the
reconstituted solution as well as in the solution

before |yophilization. Preferably, the buffers have a

pH buffering capacity in the rdfge of from about pH

6.0 to about pH 8.0. A series of screening studies
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In a particular embodiment of the present compositions, a stabilizer
is added to the lyophilization formulation to prevent or reduce lyophilization
induced or storage induced aggregation and chemical degradation. A hazy or
turbid solution upon reconstitution indicates that the protein 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, etc.) in an aqueous and solid state. Stabilizers that are
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adm xture with excipients suitable for the manufacture
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i njections, intrayenous, . intranmuscular, intracisternal
i njf@?:{nioé"rﬁtaté‘? fqrppls&ion GORdiEAH ques. Adm ni stration by

intravenous, intradermal, intranuscla
The compositions are expected to be stable for at least two years at

2° C to 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:

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



i ntramanmary, intraperitoneal, intrathecal,
retrobul bar, intrapul nonary injection and or surgical

wonpleassat i on at a particular site is contenpl BCEAS2A85/045169
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well. Generally, conpositions are essentially free of
pyrogens, as well as other inpurities that could be
harnful to the recipient. Kits As an additi onal

aspect, the invention includes4its which conprise one
or nore conpounds or conpositions packaged in a manner
WhiaGalifiRE hydnt, atsagartdndia sunaetafitor admi ni stratioh to

subj ects. In one enbodi nent, such a kit includes a
conpound or g¢RPSsHitiziap sseIeF.bed herein (e.g., a
conposition conprising a keratinocyte growth factor),
packaged in ayg gfkts@hﬂﬁéth%’s?ﬁnﬁ& Rn§fiRbk 8He BPIoteof the following
orvessel, with a |abel affixed to the container or

i nGtepstexdding # stabilprng agrnt theeid tégure (s toylyopbilizingeadding at

conpound or copposition,in.practjci t he .met ho In
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E)P%Bl Q !a;;% l!t)e!i %&%}a@ﬂgﬁi 1sit : Qelit rc]nFl){ aego%.am Ine érﬁﬁ%d‘flﬁ%?ﬂéﬁg

. a unrt dosage torm
Ki tstabByzifgiideRes sidibkd) dEhesudiRviaftmSybé all @irfaotant set out above.
adm ni stering the conpositjon according to a specific

r ol ene tmbadingnt theaturivatantis dpbyseidetg 20 he kit cont ai ns
a | abel that describes use of the keratinocyte growth,
fact or conposiheistmdardddéanstivaion agsties for dyaphilived materigd is to

the ,inventi on w l.l . be arent. from.the. fol | qwm .

ex 4AH DSk & SRR YR © ORIk e VB dypiselly

st alidvilent 1oV diubelrEmavél dirRRaybpHikizatiehy; althf@hiddnte solutions
aspects to any therapeutically effective ,congjc;si tion., '
De sif gnfibasteriatiagentsrare aemeigmesoinsd &1 thepreductiar oppharmaceytigals

2 5 s SERTTR I, 3 2P D ot PP,

bi olgorgigalzsagiooehty are key el enents to pharnmaceuti cal
conpositions. In previous experinents, liquid

fornul ati ons afe 1iEnigRAEAF TbRbiitis Hay 38§ 1R a8 B
subsequent | oss of protein at el evated tenperatures

( 37aq@ousisolutiote A vagieticofaqueots catrierp 4.4 +ierilp mgler fudniepton,

O S B U 5 46 RSB Bl B o
surfactants (for example, polysorbate 20), 0.4% saline, 0.3% 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 carboxymethylcellulose, methylcellulose,
hydroxypropylmethylcellulose, sodium alginate, polyvinylpyrrolidone, gum
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 fatty acids and a hexitol such as



was tested over a pHrange of 3.0 to 9.0. The KGF used

in the follow ng experinents, e.g., Exanples 1-3, was
woOheoolsEX81 KGF nol ecul e. The pH of the sol uti onP@@AIS2005/045169

adj usted using either concentrated HC or sodium

hydr oxi de. Sanples of KG formulation (0.5 ng/m, 10

nmM buffer, 0.1M NaCl) at differing pH were taken at

time 0, 6 and 28 hours after im&ubation at 37 C

(Figure 1). Percent of recovered protein was measured

by pSEokiiiky1édd @iibieol Ixﬂc)nooteatmym%nﬁ&is@tl()ﬂpglduets bB}thylene oxide
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A nononeric peak indicates that there are few
5aggr egat es i Motddenitfister tompasitiins of theGavémiones bivaag er test
(CE) - HPLC was perfor med on an HP 1090/ 1050 machj ne
eq@mmla it prse feraljlsrie fasmpdate s cQMPPHEANT Birfompositien 40

19 AiTrghELRL s A% ipadad, ARG dDSeL UiTieAN L hiRE:

sal"phagtradiutioslly dvl ‘Magin)acolbgeakdy artoeﬁtab}edtrﬁentomecular entities

nmoni tored by absorbance at, 215 nm Reversed- HPL

RPDAPEpOS BRI B EB: fale GHMER PRAcgBEIe1080" AR A A egation
10 UEI(?H%P%%% @?é}&ﬂg&oﬁﬁc?m ARG dofbt Ero)élugégll &thﬁer&‘aﬂ%&se

was i hjected onto tRe col um
an deaetivhewhersiduginisterad asinnidutds veel @ rthelamrs dakaribed

% trifluoroacetic aci TE viv nd 90%
0. belovin Erpatpncly Agsertasl et bkl Ay B A Rbieuly
by ROSPEIAREE dRRperdiba Iﬁéala _CoBm 8! Mtiba&eMAT nd @htifkhgilelgBnts,
was observed at "tine over the pH 5.0 to 9.0 range.

Housoienic amd absbrgion d@taypigeag@nﬂs ond theflikey mchidingthese agents
15obsg Xc?d and pH 4.0 resulted in approximately an 80%
|l o iy VSrotein due to i mediate precipitation.

Af 6 h 37. C, [
e s hou bt o G ssliBle Brslaln s ket
af teh y2 M?%ﬂsd&ﬁa@g"‘ﬁﬁ@n&ﬁﬁy Eieh 1ﬂﬁﬁﬁtl&%ré(§a$/agmally,

for rru | esSs tthan 20% er, at
pH ractﬁny; ok by ﬂﬁi%:ndmal dtjedtionr dihe itermyeasenteral as ush@ hemgsmphﬂdes

sol u rotein.after. 28 hours at r|I
oo beaB G o T e Pooipitsl BBl Bdebo, or
OKG:nﬁER)h%dﬂniqﬂei Iﬁamﬁuét@e&ﬁwb?ﬁmmnmﬁs R&deraiadth@ardtsclar,

neutral pH however even in this opti nal pH r ange,
k e épiragarki@rrya intraperitoneal, intrathecal, retrobulbar intrapulmonary 1nJect10n

and or surgical implantation at a particular site is contemplated as well.
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



aliquidr results in significant |oss of protein due to
aggr egati on. EXAMPLE 2 FORMULATI ON OF KGF COWPCSI TI ON
WO helowsdeH LI ZATI ON I n order to devel op a nor ePeTAISk@®5/045169

KGF conposition, it was decided to fornmulate KG- as a

I yophi i zed product. Previous attenpts at formulating

a |lyophilized KGF conposition involved mani pul ati on of

the reconstitution solution, redltting in a

conposition that produced fevver protei n aggregates

depesdl, rgthanlabéleaffinepioshé camnainér driecindwion she packagerthat

soI ut i on [ Zha et al, Pharrn. Res, 12:1447-52
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51 ncRSpRA o OB U PGP PBROS iep. Preferably,th
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solution. To determ ne the conposition of a stable
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CONBERerk@idcte croWeh ﬁa@fofr@6ﬁ1ﬁéﬁit1&9ncem ration. The |ong
termstorage stability of KG was then determ ned at

10t he recomendeshifb el agicls@ny %@hy bfthe lrf{\%ﬁfibﬁ LiRbe Q}Bparent
cycle For lyophilization, sanples were |oaded into
Vi rffors tiedfnBewmgleXatiplesi | ot scale (VirTis, Gardiner,
N.Y.) lyophilizer that was pre-cooled to a chanber
tenperature of approximately 4 C. Sanples were frozen
rapidly (about 1 Cmnute to -50 C) and held at that
tenperature for at |east ZXAMPBLE@ce sanpl es were
placed in the |yopliQuArFORMELANON OFRERL Ure was
| owered to -50 C at a rate of approximately 27 C hour.
155anpl es were ﬂ%h@c‘t%’éabﬂﬁg shelt9ife gncﬂﬁ%&lv‘it? afieMioRtant aspects to
corrpl ete freezing an optional step to crystallize
maramiyttidrapetubiealhefiféctive nmapmtume Deségning sldfotroulatisg C at

a rate of, 10_C/ hour. for

* hefBt AL Lo SIS e ot Bom STy Ry ifores o
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approxi matel y 100 miorr was applied e shel

temienattmoa)hmat‘realltlsddomosmﬁnsc for primary dr yi ng,

but may be within the range of -45 Cto -10 C. Primary
20dryi ng was cdntprenieds émerimenmdiqlﬁd fdrotulatiays oERGEshawed

t he ragge of 24-48 hg The shegf te er at¥

t heTEHHTADE ASEBEA 99 ABd B aUCTEICH oL Proigins % ippratures

forgeep nﬂﬁfrﬁeﬂbﬂe@mu&r’cﬂe VA ProRded @@@feﬁﬂ:sﬁ Rability to the
KGF compositions, the pH of the liquid formulation of keratinocyte growth factor

was tested over a pH range of 3.0 to 9.0.

25 4 The KGF 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 HC] or sodium hydroxide. Samples of KGF formulation (0.5 mg/ml,
10 mM buffer, 0.1M NaCl) 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



approxi mately 50 mforr). Secondary drying was

perfornmed for 36 hours, but may be perfornmed for
wanyoshvesss1f rom 24-72 hours. At the concl usi on BET/US2005/045169

secondary drying, the sanples were stoppered under

vacuum (< 25 nTorr) and vials renoved fromthe freeze

dryer. Vials were crinp capped and placed at various

tenperatures for stability test?hg. Effect of pH on

the stability of |yophilized KG- The stability of KG-F
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i ndipoat1e80 itrhinkieingH Clacdemnfirom Vytla, 8.0 x@50\whui¢ dore size 300

stabl e protein when the formil atjon s_kept .at 4 C. . .
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t hepradgititionn AfterPhaucat3ge (pnogolibk protsingmisfdbtained from the pH
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20y gbpamiles Bhe RerodR STFiBSEeEIa ReT ﬁjﬁﬂﬂaﬁﬁ%ﬁ@%ﬂv

99. RNIBKEIPEEK 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 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.



I medi ately post-1yophilization, and 98.5% at both 1

mont h and 3 nont hs post |yophilization. The
woanwsiestsil ons | acki ng sucrose exhi bited appr ox PaBUSRO5/045169

96% mai n peak and approxi mately 93.5% nain peak at 1

nmonth and 3 nonths postlyophilization, respectively.

These results indicate that in fornulati ons w thout

sucrose, the percent active norfdner peak decreased 7%

after storage for 3 nonths at 450C, while there was

only a small| decrease in EXAMPLE®ak in fornul ati ons
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stabilizer to the KG when added to the |yophilized

formul ati on. pfyidehRIdeddiBh ¥Thére WaBleHEGF @bMpEsitish,Ngwiddecided

| yphi li zation product conprising 10vM histidine, pH,

6. B foonulateaK GHrag @ lpdphdlirsd psedust nRreviepaetieniss pefoppulatings

3% wh in_t | Ut 100 ' i ned

5 o BB R S eor ROt e BplblyRo b SR B

Ly enlida, 2eul @iy iRraQeuposition g ptdiuddd fewer poecinagorsgaesed
at 37 C for one year showed protein stabjlit

c Odmldmgémt the ﬁ@nmﬁlltmq Qf.ﬁhe Wopﬁsti@mjé%l@@}%g)@, [Z%il]g]et tah ,ePharm.
]P g?e%{]e. ﬁgt 1{1%2—;52&22&?531] eﬁ@v?\'ééé]?léﬁgﬁ\f%g?oglé"gr : gﬂ}lﬁggreganon seen

Coaaey feabnstitutivh wdsevesy diffiduilt or infpossiite Thmeverse.
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10 fornul ati on g diEnpldessibed ¢tFllilagetle proteihdn akblutidly that
to elimnate parti cFe formati on upon reconstitution.
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recorded observations of tﬁ.e | yophilized formul ation
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luti Vi | .ob ' f.1. it uti 9
Sor st 25 PR PO PRSP BT HTE G e frel 8 the
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parti cul at es/ borderline 0.001% pol ysorbate 20
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For lyophilization, samples were loaded into a VirTis Genesis 12

20  EL pilot scale (VirTis, Gardiner, N.Y.) Iyophilizer that was pre-cooled to a
chamber temperature 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/hour. Samples were held at -50° C for 2 hours

25  to ensure complete freezing. In an optional step to crystallize mannitol, the shelf
temperature was raised to -25° C at a rate of 10° C/hour, equilibrating for 2-3
hours, and then cooling to -55° C at a rate 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
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manni t ol recommended for usée in the
lyophilized KGF composition is stable after 6 months storage at high temperature.

These studies also indicated that the pH range of 5.0 to 8.0 provided stable protein

when the formulation was kept at 4° C.

25  Effect of sucrose concentration 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 lyophilized as

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



| yophilized formulation. Effect of Protein
Concentration on stability of rHuKG-F Protein

woan@asseat i on in the |yophilized sanpl e can aPeo/US2006/045169
an effect on the stability of the |yophilization
quality of the protein as well as the stability of the
reconstituted product. The effect of KGF concentration
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Effects of Polysorbate 20 Concentration on the stability of KGF
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.
KGF 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



| ynphobl ast cells that proliferate in the presence of

KG-, simlar to 32D clone 3 cells (ATCC# CRL-1 1346),
wanaoeaessed useful proliferation assay system BET/US2005/045169

described in Hsu et al., 1999 Bi ochem stry, 38,

2523-2534. 32D clone 16 cells are maintained in growth

medium [ RPM , Fetal bovine serum (10% (Hycl one, Logan,

UT), glutamne (1% (G bco/lnvi2§ogen, Carlsbad, CA

), geneticin (2% (G bco), and nurine IL-3 (12

ng/ mL) (Bi osource International, TABREK 1|0, CA)] at 37

C and 5.5% CO2. Sanple KG- fornul ations or reference

! an?@:il?etn& tli)xlggésclo%ﬁtu%itog rsgﬂlaio}ﬁ()ph' | 7 ggsez'g&?@s #ter reconstitution

reco n-assay medi um [ RPM,
1t

gltut-amreH—%%—heparin—(0-—6—rof M) Srgne _St——touts;
MD) ] to afpterehsedele 295 ng/nl. Serial di | Gleab R Tgpms
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cells ar A% o1y BrbdedomL at 2. 0 x 10few@hattdilates/borderline
Referencg)'@%aégalya, control andKGF test s?rrpl es at the
‘desired copcentration re added to the sanpje.wells
in a 50 rﬂ_'g & .SO’%P@}Q@S of cells and san‘pmliJI °S

i ncubat ed approxi mately 24 hours at 37 C and 5.5% CC2.
O1 day 2, 40 niwaér Al omar Bl ue (AccuMed | nt eleriiaulasesal |
Chicago, IL) was added to all wells and nixed. The

pl ates were incubated for another 24 hours at 37 C and
5.5% CO2. After 24 hours, fluorescence was neasured on

a Fl uor escenggyiReasadicd Botvell b ihd forRllatyl ofithyniysorbate 20
Series 4000, PerSeptive Biosystens, Fram r{gham VA

usiinguded intes eakeipsior tedvenhiligptionorassgvelbtatiernligrd Ia%anths at

em Ssi wavel en .14 S
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8 Gofgion.7 SEAYBL danBpsit [Ribed Biosil SEC 1¥5q@8tmmix 30 an),2henM
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| 7068) PHeA i ML, 40 1immeetip i shayedhdidhg loss SEmgromeric

920 o . c o .
kR OB IRS hERR 1 ALYl age ERBREMIRdicqhs REVaLTe 1) at 0,1
bi eadiinédtls.aA coheant@tiondl (.01 XaorVasedektied vl inclasipein the

4 hours to 90% 95% and 100%.bi oactjvity, .. .

10r o.opBeHla) §ased oA AR § cRATiFiGRIYelminglc isibls particyys upon
act LVikdu¥Bgs @l so maintained after storage of
reconstituted KG fornul ation at 25C for 24 hours,
i ndicati Lo ks | ati ons.
s} of faplifori sty bh oGl K B\ ORer
formul ati ons Masitdl bedother Wilkingragerts appdh@ndedds foimalations to

reference standard KGF protein and, th .
obtain good cake appearance agcli quaﬁity. ?n adc{'ltlc?n, they help to maintain the

15  isotonicity of the pharmaceutical composition with physiological fluid. For
example, physiological fluid has 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 percent mannitol concentration that provides protein
20  stability in the lyophilization formulation, KGF at 3 mg/ml was lyophilized in a
formulation comprising 10 mM histidine, 2% sucrose, and 0.01% polysorbate 20



formul ati on has no deleterious effects on the

stability or potency of KG-, e.g., DN23KG-, and are
wohow/0dsssf ul as therapies in the treatnent of PCT/US2005/045169

i ndividuals to pronote growh of epithelial cells and

the like. In addition, KG bioactivity can be assessed

by the ability of the reconstituted fornulations to

pronote growth of Bal b/ C MK celd%- Stock cul tures of

Bal b/ MK cells are grown and nmaintained in | ow cal cium
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d bed Ph l.
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medi um wi t h_a_sol uti on containing,, Yo Na 01
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An remnnasied |stormltd:mpﬁrmr@eﬂ 2° tp & @l. dniaddition, ﬂlh@almppear ance

d.sanpl e. co redtotheu ated .cells sh
B R BT A R S0 T Bl
gﬁ&CZ%V ipfa¥edbY 1 ﬂhﬁg; C AV PR ERIiR] WP rdbReRBded st use in the
icates that the KG- formulation provides an

ef flpaphilizedtfornepiénnt i ¢ agent to treat subjects in need
of increased KG- activity. Nunmerous nodifications and
15v arHfct ohBro'temthaceintméum omstabiditwef &G in t he above

illustrative _ex | es ct.ed .t:0 Qccur tot
skilled in tHEogHteon B ey idzed bl Fp 18 Hve an
as ARPEH the RtabllRy 806 1cﬂaﬁbﬂ§uaanpufﬂhe tBinaR&ekliaR the
t he 1 nvention. CLAI M5 I ai m A l'yophilized

kerstability of the rg¢®1ﬁklﬂlitefdan‘0@10t( KGF) conposition
conprising the buffer histidine, a bulking agent, a
sugar, and a Eherdffect drKGF Zon@m&ah@mmostablhbhww expllespdati0.5, 1,

20Wh e2r %IarﬂdtShrgg}r(nelr %tarflngl%cs: ere H)r O\A{atc]edfe% tlyophulhzed in 10 mM histidine, 3
% mannitol, 2% sucrose and 0.005% polysorbate 20 at pH 6.5. The Iyophilized

samples were stored for 24 weeks at 45° C before reconstitution. Protein

degradation 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



is selected fromthe group consisting of SEQ ID NO 2,
SEQ ID NO 3 and variants thereof. 3. The conposition

wohowlasssr 1 wherein the KG- conprises the am nBCamiSen05/045169

5

10

15

20

25

sequence of SEQ ID NO 2. 4. The conposition of claiml1
wherein the KGF conprises DN23 KG- set out in SEQID
NGO 3. 5. The conposition of claim1 wherein the

bul ki ng agent is mannitol. 6. “Be conposition of claim
5 wherein the mannitol is at a concentration of about

2% fotéh ooiicehftativhy as detefthitied byRPSHPL Grand fCHEHRLA @e similar to
wherein the mannitol is at ,Concent@ti on of. 4%

WV...
8. TR Eeep OMOSE H1F B e o uriea FiHFies Rierabnd it foPiolrim oreghttation of
sug -alsm@su@@arﬂ@&aﬁkq?oﬂﬁnz%h%Imatmﬁ.r ein the

sucrose’ 1s at a concentration of about 1% to about 3%

w v. 10. The ,co i td Al : o
sucrose is 2 og)gga%ﬁd ]gﬁgq&c()}%hplgisalf%? g%mg#ﬁtoﬁa%oﬁnhﬁnsmg 10 mM
1whRfi@ing, 0.DE%polyissrbate 20, Ledigrrast and dYt ménrttol at @b 6.5twas

8.0. 12. The conposition of claim11l wherein pH.i S
i nsteraddfayevest yepsat 251081 b- Aipsneecpngitugen, TR fofitation
co . J . -y 1
CoMBR TSmO A7 eI BB e o i
pokyapositdremaiitaiddd. thd ypeadispabiity amhaaivity nacessdry for a

wherei n the pqlysorhate 20 cqoncentration is wthin a
raﬂ@@ﬂ?ﬂu%HL?gge@?‘FB%&nﬁ?%‘ﬁ‘Péiﬁpﬁ’@ﬁ%lW‘v. 16. The
conposition of claim15 wherein the pol ysorbate 20
concentration is 0.01%Wvv. 17. The conposition of

cl ai m 1wherein the KG- concentration is between 3

mg/ mL and 15 ng/ni. 18. ThEXWMPddi3i on of claim 17

wher ei BIOASSAFOFCTHENRECIONSTIEUTERGKGE. FORMBLATION

| yophi li zed keratinocyte growh factor conposition
conpri si ng 1@neldf iestattdirsim, forkhtlatomoftagpharB8eesiticallysdiective

22 %ﬁ&lg‘% ﬁogo é]f(lpm;;/eél)liaq%%lyt %&r}ggﬁ gi_cit?g’icawggveltiynofttﬁeeprotein of interest.
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-11346), and are a useful proliferation assay system, as
described in Hsu et al., 1999 Biochemistry, 38, 2523-2534.

32D clone 16 cells are maintained in growth medium [RPMI, Fetal
bovine serum (10%)(Hyclone, Logan, UT), glutamine (1%) (Gibco/Invitrogen,
Carlsbad, CA, ), geneticin (2%) (Gibco), and murine IL-3 (12 ng/mL)(Biosource
International, Camarillo, CA)] at 37° C and 5.5% CO,. Sample KGF formulations
or reference standard (AN23 KGF stored lyophilized at -70°C) are reconstituted in
assay medium [RPMI, FBS (6%), glutamine(l%), heparin (0.6 pg/ml)(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



20. A nethod for making a |yophilized keratinocyte

grow h factor conprising the steps of a) preparing a
weabastoessal of hi stidine, a bul king agent, a sugacT/uan®5/a45169

surfactant; and, b) lyophilizing said KG-. 21. The

met hod of claim 20 further conprising, prior to

| yophilization, the steps of: b) adjusting the pH of

the solution to a pH between abdut 6.0 and about 8. 0;

c) preparing a solution containing a keratinocyte
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102dmenj, %b 1 o9 dbfs EerotRiirael sﬁ‘rﬂla@fbfc%éﬁh‘t/}eaﬂﬁ@ pférefde fandard

| yophi I'i zed kerati nocé grow h factor of claim1l. 27.
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falﬁomlélatlénﬁute viral hepatitis, other toxic insults to
the liver; or graft-versus-host di sease (GVHD
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These results indicate that the reconstituted KGF formulations
described herein are as potent as the reference standard KGF protein and the
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 epithelial cells and the like.

In addition, KGF bioactivity can be assessed by the ability of the
reconstituted formulations to promote growth of Balb/C-MK cells. Stock cultures
of Balb/MK cells are grown and maintained in low calcium Dulbecco's modified
Eagle medium supplemented with 10% fetal bovine serum, 0.25 pg/ml 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

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



28. A kit for preparing an aqueous pharnmaceutica

conposition conprising a first container having a
woOyoaplicticzed kerati nocyte grow h factor conposPCTMIS2005/045169

and a second contai ner having a physiol ogically

accept abl e solvent for the |yophilized conposition.29.

The kit of claim 28 wherein the keratinocyte growth

factor is selected fromthe groddb-consisting of SEQ ID

NO 2, SEQID NO 3 and variants thereof. 30. The kit

of AN ABGRITereilatithia akésdabithocall enlgrowmelh FGEtionsed as a

conprises the am no acid sequence of SEQ ID NO 2. 31.

ThePogitive ¢ntEqlai m 28 wherein the keratinocyte growth

factor conprises DN23 KGF set out in SEQ I D NO 3. A-

971 PCT seq |Afer fivedaysmauitmesthe osits res terpsigizedpng the final cell
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cgaactgttt ttah gregeé indBAbLIO-MK adt pgpagiohdd thedQGF treated
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formulation provides an effective therapeutic agent to treat subjects in need of

increased KGF activity.

Numerous modifications 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.



t gaacacccg gagcactaca ctata atg cac aaa tgg ata ctg
aca tgg ate 472 Met Hs Lys Trp lie Leu Thr Trp lie 1
W6 20d6gp6sssa act ttg etc tac aga tea tgc ttt cacPrPartusains 045169
tgt eta gtg 520 Leu Pro Thr Leu Leu Tyr Arg ser Cys
Phe Hs lie lie Cys Leu Vat 10 15 20 25 gqt act ata
tet tta get tgc aat gac atg act cca gag caa atg get
568 Ay Thr lie Ser Leu Ala Cy$3Asn Asp Met Thr Pro G
lu Gn Met Ala 30 35 40 aca aat gtg aac tgt tec age
cct gag cga cac aca aga agCLiafM8at 616 Thr Asn Val
Asn cys Ser Ser Pro Glu Arg H's Thr Arg Ser Tyr Asp
453&eQ14Mm:t ac atg gaa gga ggqg gat ata aga gtg aga aga
etc ttc tgt cga aca 664 Tyr Met Au Ay Ay Asp lie
Arg Val 1 Arg ArigopielizddherdBndcyie grovth f68o1qK GI) catpasigign
tac ctg agg ate gat aaa aga ggc aaa gta aaa gQg ace
c acomiviy e prferitidiae; aARGKING Azt et ARG NGy
Val Lys Ay Thr G n 75 80 85 gag atg aag aat aat tac
aat ate atg gaa ate agg aca gtg gca gtt 760 G lu Mt
Lys Asn Asn Tyr Asn lie Met Glu lie Arg Thr VaT Al a
Val 90 95 10WThd0e&mpestiat df cigion Yuheminghakeratigecyye groyak factor

agt gaa ttc tat ctt gca at -971 P LS EXE
& Plesteydiomih spw dSisang ot 0P Nagy SEY 1P MRk i barianss
Lefefdop Met 110 115 120 aac aag gaa gga aaa etc tat

gca aag aaa gaa tgc aat gaa gat tgt 856 Asn Lys Glu G
ly Lys Leu Tyr Ala Lys Lys A u Cys Asn G lu Asp Cys

125 130 135 aac ttc aaa gaa eta att ctg gaa aac cat

t t tea 904 .As . i :
Lo & 3% e The ¢ ohslaint ) phRfRir W K Borpflisep e amino
?facia@?qdeaseggsimqpmg.gga ggg gaa atg ttt gtt gcc

a aa caa

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 mannitol is at a

concentration of 4% w/v.

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



Ala Lys Trp Thr Hs Asn Gly Gly Glu Mt Phe Val A a
Leu Asn G n 155 160 165 aag ggg att ect gta aga gga
waaseaasseacy aag aaa gaa caa aaa aca 1000 Lys E&Cy/uSzms/045169
Pro Val Arg Gly Lys Lys Thr Lys Lys Glu G n Lys Thr
170 175 180 185 gcc cac ttt ctt ect atg gca ata act
taa ttgcatatgg tatataaaga 1050 Ala H s Phe Leu Pro Met
Ala lie Thr 190 acccagttcc agca@dggaga tttctttaag
tggactgttt tctttcttct caaaattttc 1110 tttcctttta
ttttttagta afbasgapegdt@gcitdaashahetncthgaacasaistyat caag
1170 ctggacttgt gcatttatgt ttgjtttaag acactgcatt
aaeeneanigaiion efghaddge 20 aboyh3vu¥dcaaaaa tcagattt ag
t aact aaagg ttgtaaaaaa ttgtaaaact ggttgtacaa 1290
tcatgatgtt agtaacagta atttttttct taaattaatt tacccttaag
agtatgttag 1350 atttgattat ctgataatga ttatttaaat
attcctator gdhtavmpastiomobtlgiot Awhalnthe steraseist2yo w/v.
atacagatgt tgttatataa ggtatatcag acctacaggc ttctggcagg
1470 atttgtcaga taatcaagcc acactaacta tggaaaatga
gcagcatttt aaatgctttc 1530 tagtgaaaaa ttataatcta
cttaaactigt agteagnpadticaapdlhed Caharanmephhls il a9hge of about
t at gaaagt c aat aaaatag at aatttaac aaaagtacag gattagaaca
t g6thttatahoet 81850 t at aaat aag aacaaaattt ctaatgctgce
t caagt ggaa agggtattgc taaaaggatg 1710 tttccaaaaa
tcttgtatat aagatagcaa cagtgattga tgataatact gtacttcatc
1770 ttacttgcca caaaataaca ttttataaat cctcaaagta
aaatt gagaa atltklcbmpgsitidBaclhint 11 hemin thagthisamt cange of about
tatctttgta taattcatat ttgggaatat ggcttttaat 1890
aabdttoabpst tRacaaat aa tcatgectttt ttcctatggt tacagcatta
aactctattt 1950 taagttgttt ttgaacttta ttgttttgtt
atttaagttt atgttattta taaaaaaaaa 2010 accttaataa
gctgtatctg tttcatatgc ttttaatttt aaaggaataa caaaactgtc
2070 t gd6t cadkhy cgmpasitivn of cleine ¢2 whetem thgadt ydeac
t aagt ct agc acacagcact 2130 tgggccagca aatcctggaa
gcagacaaaa at aagagcct gaagcaatgc ttacaataga 2190
t gt ct cacac agaacaat ac aaat at gt aa aaactctttc accacatatt
cttgccaayt 228Q Rsipbsitich ofclhih 2adictaa iRt suafattantia polysorbate
at ataagtat ttacaggatt ttaaagttag 2310 aatatatttg “
aatfjcat ggg tagaaaatat catattttaa aactatgtat atttaaattt
2370 agtaattttc taatctctag aaatctctgc tgttcaaaag
gt ggcagcac tgaaagttgt 2430A-971 PCT seq Us. txt

15.  The composition of claim 14 wherein the polysorbate 20

lconcentration 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.



tttcctgtta gatggcaaga gcacaat gcc caaaatagaa gatgcagtta
agaat aaggg 2490 gccctgaatg tcat gaaggc ttgaggtcag
woebmuasgal a acaggattat tacaaggatg 2550 aattt ccRCT/US2005/045169

tcaaaagtct ttcattggca gatcttggta gcactttata tgttcaccaa
2610 tgggaggtca atatttatct aatttaaaag gtatgctaac
cactgtggtt ttaatttcaa 2670 aatatttgtc attcaagtcc
ctttacataa atagtatttg gtaatacab?-tatagatgag 2730
agttatatga aaaggctagg tcaacaaaaa caatagattc atttaatttt
cct gt ggis.g 2Mdcaesisiiomagalaindggetiatia ek adcoagetration is 5
aagaactgcc cttcctcaga tatactcttg 2850 ggagagagca

t gagiglgt at t ct gaactat cacctgattc aaggactttg ctagctaggt
2910 tttgaggtca ggcttcagta actgtagtct tgtgagcata

tt gagggcag aggaggactt 2970 agtttttcat atgtgtttcc
ttagtgccta gcagactatc tgttcataat cagttttcag 3030 .

t gt gaat 1%a cAdpayhifized keraipacyie geovih Aa0rRoaPOsEoR £ARPHISINE

atcttcattt. 3090 taaa aaacat oat

t t KAEM fistidmey d’?%l’t“gt%g %rtc’/gi“ﬁf"a?&amg'la(g@l AN igg?éfba‘e 20,
t 9%@&9{3@1@ ARBb GG Listat hPtSrA DOa gttatacttc catcaaatta
32

cat agcaatg ctgaattagg caaaaccaac atttagtggt
aaatccattc ctggtagtat 3270 aagtcaccta aaaaagactt
ctagaaatat gtactttaat tatttgtttt tctcctattt 3330

ttaaattfat tatgcaaatt f - LHRGRGR
ccttt agggt 3 etﬁg? ogra%%lg?gak?gghg% gl?gé%gg% ceiz%qgc
at gGapaiih@ttelsteph bf gt a gt ct aggaaa 3450 ttgagatttt
gat acaccta aggtcacgca gctgggtaga tatacagctg tcacaagagt

3510 ctgg g}égaﬁﬁ% h 381686 bPRistidih& ledsilllcihg be@Ald dighg and a
gtattatta taatggtct 3570 ttggcatgtt tttgtttttt

at str€dotpnt;pndgat at agcc tttacatttg tacacaaatg 3630
tgactatgtc ttggcaatgc acttcataca caatgactaa tctatactqgt
gat gat t bydysphading cadE4fya gaaaagaaat tatgtagttt
tcaattctga ttcctattca ccttttgttt 3750 at gaat ggaa
agctttgtgc aaaatataca tataagcaga gtaagccttt taaaaatgtt
3810 ctttgaaaga taaaattaaa tacatgagtt tctaacaatt aga

3853 <210> 2 . TBrisepil Hlization,
R e

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

¢) preparing a solution containing a keratinocyte growth factor
d) buffer exchanging the solution of step (c) into the solution of step (b)

¢) adding an appropriate amount of a surfactant, and

f) lyophilizing the mixture from step ().

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.



<223> signal peptide <400> 2 Met H s Lys Trp lie Leu
Thr Trp He Leu Pro Thr Leu Leu Ty r Arg 1 5 10 15A-
WO 2M06RP6eW6seq |is.txt Ser cys Phe H s lie | e egs/uses/ 045169
Val Ay Thr lie ser Leu Ala cys 20 25 30 Asn Asp Met
Thr Pro AQu Gn Met Ala Thr Asn Val Asn Cys Ser ser 35
40 45 Pro Qu Arg H s Thr Arg Ser Tyr Asp Tyr Met Qu
Ay Ay Asp lie 50 55 60 Arg Val6Arg Arg Leu Phe Cys
Arg Thr G n Trp Tyr Leu Arg | i e Asp 65 70 75 80 Lys

Arg GyoBys fale rhfod@ficldits 201 gt 28 whebdih theylserdifiocpis mrowth
Tyr Asn 85 90 95 lie Met Qu lie Arg Thr Val Al a Val

d yadtorecopaprises thelaming geid spapeneoeli gl MY Yl G u Ser d
u Phe Tyr Leu Ala Met Asn Lys Qu Ay Lys Leu Tyr 115
120 125 Ala Lys Lys Au Cys Asn Qu Asp Cys Asn Phe

Lys A u Leu lie Leu 130 135 140 Qu Asn H s Tyr Asn
Thr Tyr 24l a Sete ridthod ofsclding 20hr 28 wisrdis theGteyatintEyte goowth

155 160 dy. d e Val. n Gn Lys Ay
| i daqipiorOpRATisay éNggﬁ@g%etP%m%@t@iq@s Thr Lys Lys
Qu @n Lys Thr Ala H s Phe Leu Pro Met Ala 180 185
190 lie Thr <210> 3 <211> 140 <212> PRT <213> hono

sapi ens
25.  The method of claim 21 wherein the surfactant is polysorbate 20.

26. A method for treating a disease by increasing KGF-mediated
stimulation of epithelial cell growth comprising administering to a subject an

effective amount of a lyophilized keratinocyte growth factor of claim 1.

27.  The method 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 glands; adnexal structure proliferation;
epidermolysis bullosa; chemotherapy-induced alopecia; male-pattern baldness;
gastric ulcers; duodenal ulcers,; erosive gastritis, esophagitis, or esophageal
reflux; inflammatory bowel disease; hyaline membrane disease; injuries from
smoke inhalation; emphysema; hepatic cirrhosis, liver failure, acute viral hepatitis,

other toxic insults to the liver; or graft-versus-host disease (GVHD).

28.  AXit for preparing an aqueous pharmaceutical composition
comprising a first container having a lyophilized keratinocyte growth factor
composition, and a second container having a physiologically acceptable solvent

for the lyophilized composition.



<400> 3 Ser Tyr Asp Tyr Met Gu Ay Ay Asp lie Arg

Val Arg Arg Leu Phe 1 5 10 15 Cys Arg Thr G n Trp Tyr
woeweAssgol | e Asp Lys Arg Ay Lys Val Lys 20 BETR020865445169
Thr G n Gu Met Lys Asn Asn Tyr Asn lie Met GQu lie

Arg Thr 35 40 45 val Ala Val Ay lie Val Ala lie Lys

Ay Val Au Ser Qu Phe TyrA-971 PCT seq lis . txt 50

55 60 Leu Ala Met Asn Lys G u GV'Lys Leu Tyr Ala Lys

Lys A u Cys Asn 65 70 75 80 3 u Asp Cys Asn Phe Lys

A u Leu29ie [Ibek@iofglaim28rwheréiy thedsmatiforyt8 gr&OthAactdyis

pho SOaelrmtt et cbtsiis TARRY B Nty S 1 s Ying varians
Val tie@dfd y Lys Lys Thr Lys Lys G u 115 120 125 G n

Lys Thr Ala H's Phe Leu Pro Met Ala lie Thr 130 135
140

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 KGF set out in SEQ ID NO:3.



