;rse3eG@:aF6T@O " 3 ~H~t~R 203  WOUND HEALI NG COVPCSI TI ONS CONTAI NI NG
FI HROBLAST GROWTH FACTOR AND ACCORBI C ACI D BACKGROUND OF THE | NVENTHEN 75he
present invention concerns nethods and conpositions for treating a wound
and increasing the rate of healing a wound by adm nistering to the wound a
conposition containing fibroblast growmh factor and ascorbic a

process of wound heal ing can general | y~Be divided into three oﬂwmmwmwmmMMMN
stages. The first stage is the inflammation stage, which occurs ovegjthe
first three days after the tissue has been wounded. The second stage I's the
granul ation tissue formation stage, which occurs fromthe th|rWWMﬂmwmn
wounding to the twelfth day. And the third stage is the matrix "Hmmw
and renodel i ng stage, which occurs fromabout the third day to aboupydhe
sixth month after wounding. During the inflammuation stage the tissue injury
results in the rel eag@uab biquxmrmmposmmmg coﬁTmm@GSI te which
activate a cIottlng cascidg 59 , flux of

i nfl anmatory cel | I Lm-1l i 2 f orm whi ch
consi sts of a dense popul ati on of flbroblasts nacrophages and

neovascul d Lo, & trix of collagen fibronectin and
hyal ur oni aé i ?fgr”)?g&%)’gaﬁig?‘ne Extra Cellular Matrix (ECM.
Endothelial cells in the wound praliferate and form new bl ood vessels
(2091 00eNPS o f ek P Ak d1Es bil) HERA e nbkhBalY Ll N AIL O3rier. | Thi o
nutri ent suppﬁ§ I's essenti eS|s Ssit o Afd or gani zati on of
the ECM faqr treatdguB a WoNRGj hnﬂomngréﬁsnnputyxe rr@t@aolqﬁmaaahrmta on
begi ns t 0 JRFLNR, (oIl L0 { X otothﬁedaaaaed Sk EI:?: Efb% matrix
formati on and renodel I ng stage %eglns wi_th the gradu ssolutlon of

gr anul at | GPntaningfibTalathl 9FPYEbi Sackng eRd |a<§§§r@rm<:ea|q:si
fibronectin and type |1l collagen. The granulation tissue is replaced with
connective _tissue consisting of a iranemork of collagen and elastin fibers

provi di ng Thes AFeCasSe Adt WA 183 ?EgpFBBeQFP%a1|1é'sﬁ?@cld|1\)’éldﬁ Tt

er arrg\/\?_r K tHier RReATRPpIaigirst sges t hTﬁéOfeeshygaageari@ ghygcopr ot ei ns.
enoael 1 n

vol ves the synthesis of new col]l agep, an tion of
ol d collagé’rfrrl PﬁaFQﬁﬁ§ﬂnéb%ﬁhn%f?PﬁszY tPBﬁ gﬁ ﬁegﬁga% ¥Ss t he
scar tissu€te@nehel tilssumdtas Npoen amouadp@ct SThé \s/eumhdheetlalgmg iiss the rate

at whi ch Qoyad 93T NS d &, LESIRL 0L UL LI WOHAY R, 3 gpficr ease

in tensile st S an Tncrease in a
wound. .Th@eg&hnrdndmwmﬂﬂhgzanngﬂhmcotweth@egwaﬂfhhtH@Yraténd=hhﬂ | agen

t hesi Kk d h
Sy e 3 HHRBUAR A1) S ke et tecnt o iga Y Sl Tave
i's concenﬁh&?édOPﬁuﬁéaﬁFﬁg‘Wﬁﬂﬁﬁ% the ﬁhbr@|¢%hléplﬁéopév§ e sixticutely

di mi ni shegoheh! Qekag akLRGIMY Y DY $hg %éofﬁfaﬁﬁbélbﬁ 9%agRl itdle for the
growt h and mal nt enance of caqnnective tissue. is a cqfactor for several

hydr ozyl atif§uenipausyi seswd odkr $he| wl%swaﬁ yP1agdr 62PREENESd | ysyl
hydr oayl a&ﬁtoeeﬁwaauhbats1wrmﬂsdrat@c@wéwé aan@lldayﬁyh regks@d8® and

vl oayl yBFHLORyar BabERa e Sk STk of o %%a”hpé?;‘ééﬁ‘ig' of the-
triple heAEtseandrdsongeeuemaltyiorf d'i sace iePinoftor boenl WAgen fromthe
O [V OEGRUL LR G 87aLhS S oo B 4RO ERLY, hEEEobSes

and neovasculature embedded in a loose matrix of collagen,

fibronectin and hyaluronic acid, generally known as the

Extra Cellular Matrix (ECM). Endothelial cells in the

wound proliferate and form new blood vessels

(angiogenesis) to supply the injured site with nutrients

and oxygen. This nutrient supply is essential for

synthesis, deposition and organization of the ECM.



site for covalent attachnent of gal actosyl or glucosyl - galactosy] ﬁhdﬂﬁ§
duri'ng col |l agen bi osynthesis. Ascorbic acid also stimulates collagen
synthesis by stinmulating |ipid perozidation. Basic FG- (bFGF) is a potent
m togen for vascul ar endothelial cells, derived fromeither |arge vessels
or capillaries. In addition, bFG- regul atgs the synthesis and deposition of
various ECM conponents. Heparin sulfate, a structural conponent of the ECM
may function to stabilize FG-'s since it protects both bFG- and aci dic FG-
(aFGF) fromacid or heat inactivation and potentiates their mtogenic
activity. aFG- and bFGF possess the sane intrinsic_ biological activity but
differ in th8ithial hen¥s ©dt dRGVEY., F@Femlottlwhsaha%tmre\hmw teen

described as pgtdgeUsBbUl nitkgirieeds e hférﬁé’?@d%uf‘@é@ heg) & Mot 8 for
i nstance) International Patent Aﬂpl i cati on Publjcation WO 87/017 It

has been shofPrPakiopcRNE F&MRdER 189c i AR PEBENF gl b1 tt}iﬁ iherdpak thé

formation ofq9s8uhetbANoE g3unL 1H@MRNE) sHird wiFh Sdévad Al Bir WoAktsny have
not shown i ncreased fol I agzn cggten%.gbove t.hat observed Jj.n untreated
PAtr 85s&C var

wounds or a ¥PRcFRec Pat FFETLOTH B ML aSERE Fh T R Ta9eRDf the
granul ati on Thesgeanstetion tdssapcés Ma@aeacféd avith Jeorfecgiiond tHassue
(1988), 4:195- 153 BroadlLey, (K techn Th 1989), ..., ,.:55;
Davi dson, J.§#R%tsEind Sk éelflrag%’g%g (flggé)ciagﬁfbpq ‘fﬁ) EXbers 47.
and Davi dsorpro]vi\dlmg aissue. steehgBhohndl @85S t U e ti220, SUMVARY OF

THE | NVENTI QN The_pyr t d t S| for
(reating wolt R THE Gbind ALLF| Fo nangbs Eratf Jeindy SaRyiad ylh ' )
present - i nvemtotm)g:lmpanSesnéuqtheErFGBlaﬁd a Remqdalddgc dpaiol lvest the
stinmul ating 0zfd o] asnas Gy be human
basi ¢ FGP orél}hrﬁrrl%nﬁg: &!5 ﬁéh E°1§H§Qgc§?gl gﬁaeglt%m&éng? gs%cor llii?c acid or
a derivati veso ldrgiany orTlilgofﬁeFa%h%?é‘é?merﬁeﬂmlf’orf%@@Itﬂﬁ@ andound in a
patient conydniRfe1aRR) Yi80the sb&rweugsua, wound heal ing amount of the
conposition of the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Ascorbic acid, also knowmn as L-ascorbic acid or Vitamin C, is an

unsat ur at ed oilel RIEAtte SHIRE iacﬁp:slramtl5spbetgamado@ezuomeamﬁn@ hgxemec acid
havi ng an enedi ol structure at carbon S a very unstable

conpound and3t&aditi Whifoer §orH |%I%1’c’?%nt?ﬁst"ﬁ§ §§F&P§&Bd dBHy¥dP8ascor bi ¢
aci d. Ascor hat@dr exfe.%rlsmg), aasaldcredsesinr tehsaa@orslmr@ngehdpaIbeuélar e
known derivativyes, anal o ﬁré oiwgrs of asg i cfaC| d. %gs of .such
deri vat i vesPlanBC5§255% 120 2990 COPEPRAOf 03 BOrE asc Bi €338 d;

L- dehydr oasdar lmemsadjazl sta:semttil cocrelatdéerwithsthebiratacofi estdéagensuch as
lipid ester | t f h p i sphat e
and nagnesi E%ngggtsgﬁ At?%se@?ﬁ%hré;%gt*ﬁet%ﬁrgggk’u’?ggog ?@aag%ﬁ?gfers to
L-ascorbic acid, any derivatives, anal ogs or isomers of L-ascorbic acid

that al so angpgaggghqéy ﬁéé@lér@éﬂz{wxdéd)' eiheem@béetahee @f‘da Eb!rﬁi‘!:ts or

esters thereo proteins are nenbers of a faml ag e-chal ned
protei ns of a@ldlsnkmu%ﬂ?ﬁ?]&% t iARRIEDIG HGerP-ﬁ cchée rpteéf ined
forms of FGg a'?%'tﬁxd:@: xﬁiﬂqm%ﬁ&ﬁ%tﬁﬁglbse%pa%eaeue£1}40 am no
acids (15.6 | _of, 5.6-6.0., bFGF is a_protein of 146 am no acids

(16. 4 kDa) Mmhnasbedoff@l@wqw rﬁ:}sltn SRIERE - exAhFRedaseprricsacid 1s Ne-y
2003 -5 norgsskablgl1aFdeAlididrowt ehd ahsli St eAbAEePOE CBNnEBAIvaFGF. Bot h

mesoder mal GERERA; Sdeh b 8 A itk 0% RELe hr Lo RUOEHET I AF LRG0
vascul ar snefi{imassine tdmd [dyny dilcaidE nkepad lpdchiy@soxyhondr angt es and
~steobl aStslysyl hydroxylase, enzymes that hydroxylate prolyl and
lysyl residues, respectively, in the pro-collagen
polypeptide to form hydroxyproline and hydroxylysine.
Hydroxyproline is essential for maximum stability of the
triple helix and, consequently, for secretion of
pro-collagen from the cell. Hydroxylysine, on the other

hand, participates in cross-link formation and serves as a



FGF's may be isolated fromnatural sources, such as brain and retina for
aFGF or brain and pituitary for bFGF. Acidic and basic FGF may al 5d BER 2003
obt ai ned by reconbi nant DNA net hods of production, such as those descri bed
in International Patent Application Publication No. WO 87/01728. As used
herein "FGF" refers to acidic FG- or basic FGF, preferably of human origin,
as well as any biologically active anal ogs; fragnents or chem cal

synt hesi zed derivatives thereof. The term "anal og" of FGF refers to any

pol ypepti de having a substantially identical am no acid sequence to that of
FGF in which one or nore ami no acids has been substituted with chemcally
simlar am ng,acids. The .term"ana " _shall i pclude any pol ypepti de
whi ch has onﬁlg‘? rﬁrjﬁ)rr ecoé'rﬁlrﬁad’tacﬁ%ad"!'e}?@?%g ?%oﬂ?gggg{%ggg 55 t he pol ypepti de,
but which stglicosgthigel aztosyst ares aduesi doravgdecstlagane honol ogy to the
pol ypepti de. stant al I [ I ter than
50% Anal ogsbigtfé" dge}'rlés 'deé%%?(}qfn urogggﬂ E’g%g%%gg\ggl ggégggﬁﬁ

Publ i cati on $ysthesd s0 bg26 tia®lagh ng 2bsp @ 3peapyiddt porgl 822. The phrase
"fragnment of FGF" refers to any shorter version of the FGF pol ypepti de,
having at |east 10 am no acids residues angd having the sane bioactivity as
natural |y ocRafig F$FEEPFCTe ishRaRobeleMibpPoeRfRBtYI8CULaFers to any

pol ypept i de gledeRd sfanoweR®s ,i @ewiivdl ONLoMT e PPKEr aTh e a6Ld8eaverbeen
chem cally deriyvatized syntheti cal.l bylaéf? ction, of - 3 Pisa ; -~~~ -6
functional <$aRd IJr3FdSS « of IPhé‘dQHiEr’ré"’h'ci I?i redylates sthe, SyBBhes b t he
parent FGF niiE@eppsitioncodr varioud ey . cdigopeisent Heyepihon provides a
wound heal i ng conpositi gn c% ri.sing a m xturg ﬁfé Eﬁ} prefegablé,t&l{ri fied,
and ascor bi SWd&aFe TRe SEEPM ;‘T’Ea}i FONPOnERY S & r SPRY sTERC whi ch,
prior to m xogtebilizBergrcer bincaciit) psoO&SborbatrleahBEF dydvecddic FGF,

i.e., it is t wally free.of other.p d 1pids.and caybohydrat es

W th which iffdyijza%%&rgﬁg(}‘ I LU ’{)’ﬁér%{liaotﬁﬁ %’P%t%%e‘bﬁa%gﬁti on,

wi || gener aldheiyi elidogesiaghetinjidy .barkF@n pud LRG| possesgethe same

elect 1 ophor Q3l3inL88 5E51809ca3CALNIG AL bt A PASe My I Ehd i cOIPOSYLI ONS

of the present invéntron rn anmounts that” are sufficient to enhance the rate
of wound heaglotegciasa patient by increasing the tensile strength of a wound
or increasing the rate of collagen synthesis at a wound site or the anpunt

of collagen deposited at_a wound site. Such anpunts are ref erred to herein
as "an eff eFGFv@rafsans hane piexdousdioweeh A8 ARET 25 PeHRY nedi ci nal

arts, effectjsuguampunifcobadediCthel @aaNtSE WisvhdVida1igy pardde U@ agent
enpl oyed, the condition bei ngé reeit ed and the rate at which, the, conﬁ)oa tion

cont ai ni ng oRstABARei ARFeRRahEoPa leFiafisih APRIGALIRN FRRLiGRLiRN NS
varyi Ing VcM;)t ot he/almbmlf}ntwhiashbbtea $}wafd,tma’wl_ftdw Portyl evei ghguct bt he
ani mal . nsequen .effectve,amunts treati agent s may not. be
defined for w@ﬁ@ﬁ éﬁéhl".‘gThﬁs¥:°aﬁngffeeac§te’i \(}ehearrg ar}igi?'?t?g ga’?ﬁ%‘hfa%‘?’&h in a
conposi ti ontakstbis Howentr pnspchyFEGFs st iswif Ifd teide mowamdmuttaved 6@ and
ascorbic acid to provide an_j e Jn.t rat.e, of u ealing n the
body of t heotpeR: SRCERFFaf T TERERAT cohenifh R it b4 Y o
present inventreatedywinendsedri a specfidim dncneasquamis s dimadihe
conposition, a ol ut i f Si r

di spersi on. 1?%22%%‘%%0%? I%ﬁé?% ngé:@lb%e Q%ﬁalf{%gtﬁg?m%%%gﬁ&oi ;%brfé;nfto.r An
ef fecti ve wonatiahea! i MicGemuet al.vhd -FEmLIiced RgSeodd % ®position is in

the range ofct {981 pbout aRowt, el BTltleidhint ueous
ge Ofsg “’?‘e‘?ﬁ% yz?eﬁtgléF%# ROMt, bt'G1per plbltleidhint @hdd (1vBA0)

fornul ation. "Pre I concentration_is,in the range 100 ng-10

i crograms pe5hiPavidsen. Fnf- cehcaddtrati-ofedl BAOChesHi%8oid in an
aqu]ceousb}‘orgygﬁiifrrﬁj SPaiﬂgt gbﬁ parge ;| @ndl @raggﬁam/,nu.mﬁt%& rm/.nﬁt T
preferably 0. 0 5, pr. ed on a weig per cent age basi s
(wei ght of ?ﬁb?‘g’r%t&pﬁs)(owf/\é?gﬁfl szf’or mul ation), the ascorbic acid
may be present in the formulation at 0.001%to 5.0% (ww, preferably 0.05%
to 0.5% Thme ascorbic acid will depend on the
particul ar ts potency. OQbviously, the nore potent
the ascorbic acid the less that will be needed in the fornulation. The

growth f aCt'P{}_%nFi/e%tpr%t i;éfn gﬁéggfi’%étso nidth¥acWaWh, cB'fn?fo%ri"%qlo%slzj-o 5%

to 1z10 3% e conpositions i

[ resent invention contain

phar maceut i €aF | yrealcidig aundsor Jhbeayesnsi deadiagi soarositiieat @ fnitheur e.
As used herein, the phrase "pharnmaceutically acceptable" neans that the
materi al so described may be used for treatnents in or on humans or ot her
manmal s wi t hout causing i1l effects, such as tozicity. blistering or
whi t eni ng of nmucosa or skin tissues. The phrase "intinmate m zture" is used
herein to mean that the conponents of the conposition are m ned

a4 = . - N Y o o o b o I Y 1 A



3 ~'rfY' ~ 2~~3 _g_ The conpositions of the present invention may be 3 MAR 2003
formul ated i n any nunber of ways dependi ng on whet her an aqueous sol ution,
creamor ointnment is desired and whether it will be used internally or
topically on the surface of the skin or in the eye or oral nucosa. A
suitable water mscible (substantially oil free and fat free) liquid
carrier is a mxture of an al cohol, such-as et hyl al cohol or i sopropyl

al cohol, at 25-75% by weight, and the balance of a liquid glycol, such as
et hyl ene gl ycol or polyethyl ene glycol. Conpositions fornmulated as a cream
may contain a creamstabilizer, such as zanthan gum an enulsifier,
Ergferﬁblby p&e&‘éﬂti.Q:ﬂiv@nlﬁtmﬂnSicfo:cn@l’r;is@ﬁ Ipie_aat:iame %@uu}adgadcm@g&di d f

ydr ophobi c_material_sel.ected .from.t i qui d and. sol i tty acids, fatty
al cohol s, Fé‘tptaé"igcpg égﬂéﬂ”sl,a%ﬁﬁgr @éﬁtip ong"rcg%itéﬁoﬁf ﬁﬁﬁ@sa nd

hydr ocar bonascotrbécl attiar. r angi FGFf may beqhudsn tiha 9ughFSEND s dhuntkr such as
petrol atum_ tq.solLjds a the |like: Leservati v.e; er...he

conposi ti oﬁglgfmt hégpregg’ﬁt aisﬁeéﬁﬁpoﬁcﬁgyﬁbg ﬁiéefﬁTagﬁgle‘%é\gé d#%lﬁl or a

fornul ati odexiegéigel spnajegcoeanspmerptbereo for nhceéthdédr et ati ons,
aqueous velhi for soaki a : Ssi : j <~ artificial
ski ns, sutgl ég?gﬁdgsréﬁﬁé ggatgi Eéglgégl \%gg\%o%rl%%gargl?fgg+g19%°r r%u €at | ons,

f oanms and whenBi keworddi heedidngnamenndl ofshdie @onpdsbtign pweddevat i ves,

t oni ci ty~agjrg§%ggigggm:§°npol ymers for adjusting viscosity or for use as
ext enders, *and ezci pi ents nmay be used in the conpositions. Specific
illustrative exanples of such other materials include phosphate, citrate,
or borate Burheffp HEEPRIPEFAON 6P BiE RVEN Myl or propyl paraben and
chl or obut ano - ~ 7 ~S ~ 7 “g_ preserv-atives: sodiumchloride
and/or sugars to adjust the tonicity; and eacipients such as mannitol,

| act ose 0rA§e|sl6£9§@- aé@% hpdgsa?ormbaﬁr @§Si.ﬂ§s_t:tbfi:ﬁidi ]fh@ihd r@@"*iﬁﬁgﬁpwn?_
conpri se applying or adni nisteri a conpositiaqn o e pr.esent invention
directly tbga neYred Har 2bed; ﬁfé?ﬂgpﬁoﬁ\qg?&ﬁ@@orﬁﬁii }$0MG s pernitted to
remain in %&ﬂxﬁé\ﬁiac}ﬂiéﬁetbe mﬁﬂ@ﬂoﬁﬁt acper hfadvim}‘gl tairtreemeh&ifdlc: Fnt to
increase the tensile strength of the,rat c [ oWt cQ

deposi ti onSbruehHIT&geh g?ﬁgﬂ’és? Oriy %hgn&ognd ?Itt ei.g‘?' e %t"ﬁ’&%g%aﬁcl ude
i ncor por at¢ompeunyd campose &d bhy ofind éegpe esexidiatnient i ton thd catuceéed
formul ati on_ or.soaki] a.g dr | gt lLution.ef the
conpositio e%@?ﬁ%e%éjg%b?ygﬁégt heﬁ%?%%%% ggg%er%qé‘goﬁ;az %gltato\fogﬁgegi te.
Addi ti onal ¢, asennbies acidt apTherenyredinounedesi vadzivas wianaloge or
DOMPOS] L Ik GRE 'S dQcBIBRE 205 8P ELRIPTes 1T HRAP drifIgES Nl oY

be heal ed uUSing the conpositrons o Fesent invention are those which
result froAnaeahcn desRBErHrafR P TRFCORPLEy AfARCh R iRascoFbifel i al darmmge

such as opfi{wl Mg MHIFSa s SHEBE @Sad TP cadbbehibeadila fdtamraer neal ul cers,
radi oker at ot ony,, corneal transplants, epjkeratophakia and other surgically

0
i nduced WARRRIRIE aRidRStenty IHEhabusl B d§g§l?5t§7asanidn<§ia§#6ns, deep

surgi cal woiEwspf e N sweidss Edim Siget a0sidm, f phosptiatel hagspl ant s
and~ul cers (cutaneous,_ decubitis ‘i/ nous, staﬁbs a?ﬁ di aketic). .

Addi t i onalM3gnefUThiH Bet cal AT othd iFRE 1 WhPEh PIFRS&"35698Pheen damaged,
such as psyidsifefeni bty L Saeteih it rasies, anpy dee iviatdived , Wah 1o He

iti Of th t 1 ti P it b liedt
he vound 35 (FoRAHR Jor LI b rriR by HeBeRAt G AR b of

wound. stiulatiRg?@ipid peroxidation and any salts or esters
thereof. )

FGF proteins are members of a family of single-chained
proteins of 14-18 kDa, which bind tightly to heparin. Two
well defined forms of FGF are acidic FGF and basic FGF.
aFGF is a protein of 140 amino acids (15.6 kDa) with a pI
of 5.6-6.0. DbFGF is a protein of 146 amino acids (16.4
kDa) with a pI of 9.6. 1In most systems examined, bFGF is



-l o Ascorbic acid has been shown to stinulate collagen synthesis thrgugan 2003
i nduction of lipid peroaidation |leading to increased transcription of t'fhe &%
col | agen genes. The mechani sm by which |ipid peroxidation stinulates
col l agen transcription is unknown, however, an alteration of cell nenbranes
may affect the activity of serun1grom¢h_j§ptors that |l eads to a change in
gene expression. To test this hypothesis,”we treated dermal fibroblasts
with FG-F in the presence of |ipid peroaidation stinulating (200 m cronol ar)
and nonstinmulating (1 mcronolar) concentrations of ascorbic acid. FGF
affected col |l agen synthesis in the presence of 200 m cronol ar ascorbic acid
produci ng stmomse sgtale Gl 2xhilytns )a Theséorldsgirestendpebencyh&han
ascorbal e- | NHGEd | Adth! RS2 IGAIFOR SefaTREAULALSSERE BEELYLLY. Of gEds The
exanpl es which follow are presented to Illustrate the subject invention.
The inventi orré dninkmgand b aromsldet c@ff | RaFPE@ IRy 1t RE3G1BXafPERsasbut only
by the appendatpldts, RINRHEL Areorhbeiag! dehas, Dosucanarn oty mlate
esis In culture

col | agen synt human dernmal fibroblasts throu stinulation

. ro
of the expre¥4siGhe seld® 1 e gty thprehenarytys. aohppdrecyfes) angnd
al (1V) chai nssWdgsttschangi ng the rate of intracellul ar degradation. This
process has al so been shown to involve the induction of |ipid peroaidation
by ascorbic acid. The process by which |lipid peroaidation |eads to a

stimul ati on FIF'¢olnago®e dynilhesids §omnkapwnal soudcdh;, §ucR088 briaive
chose to test the activ'tie%

FGE. on, human derma] _fibgobl in the
presence of A& F&Rotidar g%f & RA3AT n3¥ 286 P}Lﬂlfya el n%aﬁéfr mul ating (1
uM concent patiiddres aol decdcbiFGFacdiay & 3o has bbtaistdwy t recdhiethanel |
proliferati cell differentiatl or i Z.S S} ich are nediated
t hr ough ceIﬁR@MFF%@@ Fe@ggnggacﬁié cﬁ%&ﬁwéstggégg ééﬁf%g#?$t§nof
ascor bi ¢ acilaternaltienatth®atesso Ay ldfc alei om| Pibbiobt ben Neo FG-. METHODS
AND PROCEDURESBWB%§35§|S - L-Ascorbic acid was purchased from Si gna

Cheni cal Conpany“and“afl nedia containing it was nmade fresh daily due to
its instability in solution. FGF Was purchased from Col | aborati ve Research

and was fro bﬂgEaeh@irb%t Akt ~Colde W T CaBL 18! YoE U § WL Of papYbor N
human dernmal fibroblasts (American Type Culture Cbllectlgg%?mpre 9romm and
treated as Prefrsadly @€sbHMBBJIOEFTihe Fot'8f it nds i W HiIEGRhIEynt hesi s

(see, CeesiBctdve afhldhs, frabheetds derdmémical 19PSIhésiALD- 424) .
Briefly, cells were see gq at 100 ?%g per 35 nn1d|gq%éer tissue culture
dish and gr BRRiVAtiSREI GBREECEn DINSLEFR TRRRIPRY Eadl® srer#%¥%rﬁ:?DlvEM
buf fered w thy28on¥bepdide havanhoratsuiich ®oi aM HERRS Hih S Wk erent ed
with 20~ heat-i,nactivated,di ed serum ( ”Hl DCS Grand 1sland
Bi ol ogi cal ) 3¢PRat8IUGRFE Fﬁeghéfgsﬁtggq’ﬁﬁ ee’ t‘i”ﬁégh V\ﬁnf% ‘é)%&%eat%“-‘bﬁ?f er ed
sal i ne (PBShcadd hesabednf enbshiéa tealy sviitrh DMEh Lo lyr re iyl 8 5% A WES wit h
t he appropri con t .OR GOI G Acl fls @ S were
i ncubat ed fé?gﬁﬁé flﬁ.ﬁ% E%H? hgﬁééa i thstﬂaﬁle tes% _%I a C.}ceogdﬁla?il ning 20 uG/m
2, 3-1~N] - 1- pod¥paptideewbhah) has one Mr more oo 1acid deleted from
or added to the polypeptide, but which still retains a
substantial amino acid sequence homology to the
polypeptide. A substantial sequence homology is any
homology greater than 50%. Analogs of FGF are described
in European Patent Application Publication Nos.
EP O 320 148, EpP O 298 723, and EP O 281 822. The phrase
"fragment of FGF" refers to any shorter version of the FGF
polypeptide, having at least 10 amino acids residues and
having the same bioactivity as naturally occurring FGF.
The phrase "chemical derivative"” refers to any polypeptide
derived from FGF in which one or more amino acids have

been chemically derivatized synthetically by reaction of
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(see Geesin et al., su~r~), nedia fromtreated plates was conbi ned wid HI4R 2003
sol ution of protease inhibitors and stored at -20C until analysis. The
cells were counted on a Coulter counter after trypsinization. The medics
were then dialyzed extensively versus 0.33 Mcal ciumacetate, 25 mM Tris,
pH 7.4, 0.02% sodium azide with 0.6 nv Néethyl mal ei mi de. Measured al i quots
of the sanples were conbi ned with bovine serum al bum n and digested Wth

hi ghly purified collagenase (Col | agenase FormlI1, Advanced Bi of act ures,
Inc.) by an incubation at 37C for 4 hours. The sanples were then

preci pi tat edyWet ogaP0 § 1865 0HABGEWIFC tAE Amiho2A%ilEANNILC, AC)  rand
centrifuged_at 12,000g for 3.5 mnutes. The cqllagenase sol ubilized counts
vere deter nfREHVEY EFOmtEhe PRELSEpEFamRiecHilen bYi Qmes AhiMq@%at i onal

Di agnosticsgtg?g)guantifying on an Intertechnique SL 4000 scintillation
spectroneter. The radioactivity of an undi gested sanple was simlarly
guantified. The coll agenase sol ubl e counts were uskd to determ ne the
amount of nexb yp sysdtEesi mesn edbhagedviBeseanwatnddahealdmel icdepdSition

col | agenase_sol upbl e counts_per ceIIF EESUI~}~~ EF in L%eg%;ese ce of

ascor bate cOMERMTHY chdBbApE bt FS ppBFF'ﬁéaE 3| PHE iy &Cox#P&t i on, but

i ncapabl e oéssériid atdid). ' | The dteemodpdaifdafi”has assdnhealeiaf recktren
col | agen synt LS e, fi blasis. ko:the t S.treated with 1.yM

ascor bi ¢ acaﬂﬂﬁ¥5%ﬂ¥ﬁq@i§€%é y£§iEggﬁbgaﬁggéhghgea&ﬁgr%égnaFﬁ éiﬁ%er

col | agen sy?ihest yresitteny erwebhghtol F&Benisent hdti §s Sobstantiadlyhe
presence of .20 r.hl id, e at i of,.st.i mul ati ng

| i pid per oaﬁ%aﬁoi%nwtgﬁég}leﬁt%% hegf‘ggagsgf’écééeggggggggk?ﬁenlgécr eased
dependi ng upuich it- iz naturably agsochatedncehtpuribfhedf FEEFpustdinAt 0.4
ng/ ~1 FGF, Rfs i S g4 e hagstha epRni N the
absence of éﬁ%ééggyﬁgiﬁggﬂgfa f%ﬁtééryF%ggg%péeéﬁﬁé%%/ﬁF?Bgopfggeﬁn

synt hesi s/ ®A1yagry lamgdief iahtele¢eEqrheE@Sifat seen in the absence of -

FGF. Table 1 lists the results (as collagen cpnf 1000 cells). TABLE gFFECTS
OF | ~. SCOBBhT$ _7vHD PI BBOBLJ~ST GBOKI B PACTO~ qy CCLEEGEH SYN (HBSI S Pl ate
Hurber Tr e iRefiCE2 386 3EGABHRIM 13019 32 59 R §5aBt gha Bhe328mPegibians, gra
(0. 30%) Contgfolthe E@Eba’ﬁ&ﬁﬁﬁzé&%ﬂoﬂ%&arﬂ&%té%a5648e792ff?)cz?éﬁt Cf)ﬂt rol +
Ascor bat ea47..29554.,71046. 765H41. 48 . S1346, SO847. 561, (2, 243) Control + FGF
+ Ascor bat eﬁ“~*—’€é‘.¢£8§g‘§. f@fé’a.%éﬁ%“/’?‘ggﬁ%ﬁﬂ%‘?’? 5?)1%@&%%%%?058) DI SCUS
~ 1 ON In timcremsiagi tbet temsilbstetiremetabif i ¢ waindsopr baceeasilnged i pi d
per ozi dat i tQ_i.nterfer ] r . i e of .F The effect
of FGF in ﬁ%\ﬁ %ftg. ﬁ/f gﬁé%%‘% (%’8&}1 ls(r:rg%%génﬁ?oaﬁ%nglg égcgf ic acid was
conpar ed. Bmesatcoficeptllagemslaroei ted cal el wonndestteect Such |ipid
per oxi dat i ld ifef i ] i «~M
ascor bate \%g‘gq?sl{gv\ﬁla?oqgtfieergu at e%??%r%%%?peé}g% a‘i’%ﬁéﬁng’g&‘%‘? 3
y., N 2. AS03ds well known, particularly in the medicinal arts,

effective amounts of medicinal agents vary with the
particular agent employed, the condition being treated and
the rate at which the composition containing the medicinal
agent is eliminated from the body, as well as varying with
the animal in which it is used, and the body weight of the
animal. Consequently, effective amounts of treating
agents may not be defined for each agent. Thus, an
effective amount is that amount which in a composition of
this invention provides a sufficient amount of FGF and
ascorbic acid to provide an increase in the rate of wound
healing in the body of the treated animal.
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be l'ittle or no induction of |ipid peroaidation. W chose to use 1 ~. ~M
ascorbat e because, at this concentration, the activity of the enzynme prolyl
hydroayl ase is not_|imted by the absence of ascorbate. Therefore, under
these conditions, all the collagen nol ecutes are properly hydrozyl at ed

which permits the formation of the characteristic triple helical

conformati on of collagen which is necessary for secretion. In this way,

under the conditions tested in these experinents. the effect of ascorbic

acid induced_|ipid geroaidatiog ggn be detgrqined Ver sus cgntrol whi ch do
not have a def% cFRRRYSH MR Pht &NGr PRGFAFBLy PAVESN 8P FR¥oPEAMSSS o1 ne
resi dues. FGhest f orth ad £5a1€0d agens syadhesna lonbypat idsoar bacd as a

concentratian hat . pr e lipjd,pe [ dat refaore..EGE st.inul ation
of coIIagenqgi%{%ﬁ%?sséékggﬁé't%g%tcé?égﬂrygﬁgpﬁgg§8$e§§ngésggrs10“'
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menbr ane as i i 0 g L.pu ed b

ascorbate-in ué%%F ?%f& gﬁ?%g?g€€?g%ngéE8ﬁgg gggh?n%??cgpeéniﬁqﬁgﬁﬁ§
heal i ng t hr mogipoéskt = liig yin cthewusengappfl icomasbahsrilzagi bn abdut 1

fibroplasia | 1N g '3 . L e, ] (1987 2l 447)
whi ch are as'ﬁs‘{}réé&'l p‘(‘)"%@'queﬂ;ée)%%ntn%%i %ﬁ%‘?‘% tfﬁg{‘}gggghél}e @5?%?%%33& Yy no
evi dence t hdthe d¢RBganagntitasien ks o kearangeTheOr ngehf| pideserieped

i nteracti ong,hetyeen f®e aAnd the extéaserdtish SRt EhE Bavsrhie! hedat hat
this growth factor plays ~an integral role in the wund, heal i ng response.

Qur findi ng®h REUSRYSHFoNR HAPE A5 iR nthat B3RP A0eRiSy PP RaEF{Mint]
lipid perozisgaigymidepaedaitaiBNNErs defonbt £at 80t hgymi he BegrbsgadObnan
activator of linpl er oai dation .such as ascorbate, wll,enhance E
stinulationaoﬁeﬁéigLanﬁiﬁa§ge h?5¥5r1“9%9hé06§ i&%rﬁébﬁ%Wep?rA ggﬂéra
creap1foLnEb?ﬁbmm mqngﬁrmunyﬁ?aﬁmﬁﬂuuﬁna§ummm1bF£Ei@nﬂ%¢-?§cpfbsengcid is
set fort elow.in Ta .« The [|ist i i gt e roul at e

accor di ng t&ns\tg&r?dflptf"ﬁﬁgéé‘&?r &t k(fl‘oda\/\dlgloTI ﬁ ﬁ%'%ﬂaﬁﬁ&?ibt?ﬁ% ef?)# | ation
art. Table 2.05& ¢ OntS3hFGThe Axanthipe st aget hint lpeina Nomebbai ecid

enul sifier i i liyQuid ang i : ACJ y c | s,
fatty acid gg{igr s%% %ﬁ% org%ottﬁ%r phar na"gfe%u% idac%ﬁ%/y%%cée% %b*%%y%’?%pﬁggi C

mat eri al s Ppetengat.i voby ivpaisdy whbhelqiars rotsny the dscorpie ac1d-theo 1.0

- 10.0 15. 01530482 Q211 beOn@adcad &ndkSrmulation. The growth
factor may be present at 1x10™’% to 0.1% (w/w),

preferably 1x10°°% to 1x1073%.

The compositions of the present invention contain
pharmaceutically acceptable FGF and ascorbic acid in an
intimate mixture. As used herein, the phrase
"pharmaceutically acéeptable' means that the material so
described may be used for treatments in or on humans or
other mammals without causing ill effects, such as
toxicity, blistering or whitening of mucosa or skin
tissues. The phrase "intimate mixture™ is used herein to
mean that the components of the composition are mixed
substantially uniformly so that none of those components
are localized. A minor amount of agitation immediately
prior to use may be required for some liquid compositions
of this invention to achieve an intimately mixed state

when used.



Optionally, mnor anounts of other commonly used cosnetic adjuvants,~ 3 MAR 2003
additives and the like for use as hunectants) sequestering agents, dyes)
perfunme oils and sunscreens may al so be incl uded. ~- ~rv,a~ 2003 -16 The
present invention has been described herein with reference to certain
preferred enbodi nents and eaanpl es. vatgus vari ati ons may appear to those
skilled in the art. Therefore, the invention is not to be considered
limted thereto but only by the clainms which foll ow. ~ 3 1~A~ 203 mn ~
- " -, 1. Use of a wound healing conmposition for the preparation of

é ﬁedicénent for inproving wound healing, the conposition conprising FGF
and a phar mrgeutcoapbky taeeeptabltthe lppre szt dompoutnib mivesagi bet he cheni cal
conmpound i s .capabl f.stimul ati oY roxidation. 2. e.according to
claimi, mhéPgﬁﬁqﬁﬁggc6ﬁp8§ﬂﬂQH$§%#fﬁ%gm oﬁgéééﬂékﬁgi%ﬂd%ggﬁg?ﬁi%nacid
3. Use accordmkrgusosolatioh,orcr2artheeiolntimentCh § sddammed basdcwk&Ehed. Use
accordi ng toe.cl ai o] rein t E IS, 3 | dic F
accordi ng tgtckgpglé? éségwggﬁﬁg%gﬁgsiﬁgFgg?é?%ﬁggégﬁ%d¢§engggg?%higacid.
6. Use accoklengkin anyiof tdleaieme2 oo oF alh8KEIOF &t.he Aashwt bablacwateés
present at g;LLphde PELOBEEANEQR13Y B4hABE and fat free) liquid

carrier is a mixture of an alcohol, such as ethyl alcohol

or isopropyl alcohol, at 25-75% by weight, and the balance

of a liquid glycol, such as ethylene glycol or

polyethylene glycol.

Compositions formulated as a cream may contain a cream
stabilizer, such as xanthan gum; an emulsifier, preferably
a non~ionic emulsifier; at least one liquid and one solid
hydrophobic material selected from the liquid and solid
fatty acids, fatty alcohols, fatty acid esters,
pharmaceutical grades of waxes and hydrocarbons, the
latter ranging from liquids, through semisolids such as
petrolatum, to solids and the like; a preservative; and

water.

The compositions of the present invention may be useful in
eye drop formulations, eye gels, eye creams, liposomes or
micell formulations, aqueous vehicles for soaking gauze
dressings, burn dressings, artificial skins, sutures and
staple coatings, salves or creams, gel formulations, foams
and the like. Additional materials such as buffers,
preservatives, tonicity -adjusting agents, polymers for
adjusting viscosity or for use as extenders, and
excipients may be used in the compositions. Specific
illustrative examples of such other materials include
phosphate, citrate, or bo;ate buffers; thimerosal, sorbic
acid, methyl or propyl paraben and chlorobutanol
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gauze dressing with an aqueous solution of the composition
and then applying the cream or soaked gauze to a wound
site. Additionally, sutures or staples may be coated or
soaked with the composition and used to close an open

wound.

The types of wounds that may be healed using the
compositions of the present invention are those which
result from any accidental or medical injury which causes
epithelial damage such as ophthalmic wounds, such as those
which result from corneal ulcers, radiokeratotomy, corneal
transplants, epikeratophakia and other surgically induced
wounds in the eye; and cutaneous wounds such as incisions,
deep surgical wounds, burn wounds, donor site wounds from
skin transplants and -ulcers (cutaneous, decubitis, venous
stasis and diabetic). Additionally, dermatological
conditions in which the skin has been damaged, such as
psoriasis, sunburn and skin rashes, may be treated with
the compositions of the present invention. The
compositions may be applied to the wound site either
topically or internally depending on the type of wound.
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Ascorbic acid has been shown to stimulate collagen
synthesis through induction of lipid peroxidation leading
to increased transcription of the collagen genes. The
mechanism by which lipid peroxidation stimulates collagen
transcription is unknown, however, an alteration of cell
membranes may affect the activity of serum growth factors
that leads to a change in gene expression.

To test this hypothesis, we treated dermal fibroblasts
with FGF in the presence of lipid peroxidation stimulating
(200 micromolar) and nonstimulating (1 micromolar)
concentrations of ascorbic acid. FGF affected collagen
synthesis in the presence of 200 micromolar ascorbic acid
producing stimulation (0.4-2.0 ng/ml). These results
indicate that ascorbate-induced lipid peroxidation can
modulate the activity of FGF.

The examples which follow are presented to illusirate the
subject invention. The invention is not to be considered
limited by these examples, but only by the appended
claims.

EXAMPLE

Ascorbic acid has been shown to stimulate collagen
synthesis in cultured human dermal fibroblasts through
stimulation of the expression of collagen genes for the
al(I), «2(I), «l(III), and al(IV) chains without

changing the rate of intracellular degradation. This
process has also been shown to involve the induction of
lipid peroxidation by ascorbic acid. The process by which
lipid peroxidation leads to a stimulation of collagen

synthesis is unknown.
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We chose to test the activities of FGF on human dermal
fibroblasts in the presence of lipid peroxidation
stimulating (200 p¥) and nonstimulating (1 uM)
concentrations of ascorbic acid. FGF has been shown to
effect cell proliferation, cell differentiation or matrix
synthesis, which are mediated through cell surface
receptors. Therefore, we tested the ability of ascorbic
acid to alter the response of dermal fibroblasts to FGF.

ME DS_AND PRQCEDURE

Materials ~ L-Ascorbic acid was purchased from Sigma
Chemical Company and all media containing it was made
fresh daily due to its instability in solution. FGF was
purchased from Collaborative Research and was from bovine

pituitary.

Cell Culture-Primary cultures of newborn human dermal
fibroblasts (American Type Culture Collection) were grown
and treated as previously described for the determination
of collagen synthesis (see, Geesin, J.C. et al., J.
Invest. Dermatol. (1988) 590:420-424). Briefly, cells were
seeded at 100,000 per 35 mm diameter tissue culture dish
and grown to confluence in Dulbecco's modified Eagle's
medium (DMEM) buffered with 24 mM sodium bicarbonate and
25 mM HEPES and supplemented with 20% heat-inactivated
dialyzed calf serum (HIDCS) (Grand Island Biological).
Plates were then washed three times with
phosphate-buffered saline (PBS) and treated for three days
in DMEM containing 0.5% HIDCS with the appropriate
concentration of ascorbic acid and FGF. Cells were
incubated for the final six hours with the test media
containing 20 uCi/ml 2,3-{3H]-1-proline (Amersham).
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M remen £ 11 n nthesis - By a previously
described protocol (see Geesin et al., supra), media from
treated plates was combined with a solution of protease
inhibitors and stored at -20°C until analysis. The cells
were counted on a Coulter counter after trypsinization.
The medias were then dialyzed extensively versus 0.33 M
calcium acetate, 25 mM Tris, pH 7.4, 0.02% sodium azide
with 0.6 mM N-ethylmaleimide. Measured aliquots of the
samples were combined with bovine serum albumin and
digested with highly purified collagenase (Collagenase
Form III, Advanced Biofactures, Inc.) by an incubation at
37°C for 4 hours. The samples were then precipitated with
25% trichloroacetic acid, 1.25% tannic acid and
centrifuged at 12,0009 for 3.5 minutes. The collagenase
solubilized counts were determined by diluting the
supernatent with Liquiscint (National Diagnostics) and
quantifying on an Intertechnique SL 4000 scintillation
spectrometer. The radioactivity of an undigested sample
was similarly quantified. The collagenase soluble counts
were used to determine the amount of newly synthesized
collagen protein and are reported as collagenase soluble

counts per cell.

RE T

FGF in the presence of ascorbate concentrations capable of
supporting proline hydroxylation, but incapable of
stimulating 1ipid peroxidation, has a minimal effect on
collagen synthesis in fibroblasts. In the cultures
treated with 1 uM ascorbic acid, no statistically
significant change was seen in either collagen
synthesis/cell or percent collagen synthesis. However, in
the presence of 200 puM ascorbic acid, a concentration
capable of stimulating lipid peroxidation, collagen
synthesis was increased and then decreased depending upon
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the concentration of FGF used. At 0.4 ng/ml FGF, collagen
synthesis/cell was 50% greater than that seen in the
absence of FGF. At concentrations of FGF above 10 ng/ml,
collagen synthesis/cell was significantly less than that
seen in the absence of FGF.

Table 1 lists the results (as collagen cpm/1000 cells).

TABLE 1

BFFECTS OF ASCORBATE AND FIBROBLAST GROWIER FACTOR
ON COLLAGEN SYNTHESIS

Plate Rumber

Treatment 1 2 3 avg (stad)

Control A | 3.295 3.723 2,345 .
B 2.345 2.191 2.845 2.874 (0.302)

Control + FGF A | 3.950 3.804 3.968
B 4.324 3.142 3.564 3.792 (0.213)

Control + Ascorbate A |47.295 [54.710 [46.765
B [41.486 [48.513 [46.598 [47.561 (2.243)

Control + FGF + Ascorbate A |66.485 [69.257 }66.248
B |67.357 |81.342 67.501 |[69.698 (3.058)

DY ION

In this experiment, we tested the ability of
ascorbate-induced lipid peroxidation to interfere with
receptor mediated effects of FGF. The effect of FGF in
low (1 pM) and high (200 yM) concentrations of ascorbic
acid was compared. These concentrations were selected so
the effects of lipid peroxidation could be
differentiated. 1In previous studies, 200 yM ascorbate
was shown to stimulate both lipid peroxidation and
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collagen synthesis, whereas at 1 pyM ascorbic acid, there
was shown to be little or no induction of lipid
peroxidation. We chose to use 1 yM ascorbate because, at
this concentration, the activity of the enzyme prolyl
hydroxylase is not_limited by the absence of ascorbate.
Therefore, under these conditions, all the collagen
molecules are properly hydroxylated which permits the
formation of the characteristic triple helical
conformation of collagen which is necessary for
secretion. In this way, under the conditions tested in
these experiments, the effect of ascorbic acid induced
lipid peroxidation'can be determined versus controls which
do not have a deficiency in the rate of hydroxylation of

important proline residues.

FGF stimulates collagen synthesis only at ascorbate
concentrations that produce 1lipid peroxidation.
Therefore, FGF stimulation of collagen synthesis appears
to occur only in the presence of ascorbate-induced lipid
peroxidation and therefore represents a cell membrane
associated mechanism capable of being manipulated by
ascorbate-induced lipid peroxidation. FGF has been
implicated in wound healing through its ability to cause
rapid neovascularization and fibroplasia in skin (see,
Folkman, J. et al., Science (1987) 235:442-447) which are
assumed to be receptor mediated, although there was
previpusly no evidence that collagen synthesis was
stimulated. The recently described interactions between
FGF and the extracellular matrix have implied that this
growth factor plays an integral role in the wound healing
response. Our findings indicating that FGF can stimulate
collagen synthesis in a lipid peroxidation dependent
manner demonstrates that the addition of an activator of
lipid peroxidation such as ascorbate, will enhance FGF

stimulation of tissue repair.
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Example 2

A general cream formulation containing recombinant human
bFGF and L-ascorbic acid is set forth below in Table 2.
The listed ingredients may be formulated according to
standard proceéﬁres known in the pharmaceutical

formulation art.

Table 2
Ingredient S(w/w)
bFGF 121077 - 1x1073
L-Ascorbic Acid 0.05 - 0.5
Xanthan gum 0.1 -~ 1.0
Non-ionic emulsifier 1.0 - 10.0
Combination of liquid and
solid fatty acids, fatty alcohols,
fatty acid esters and/or other
pharmaceutically acceptable
hydrophobic materials 15.0 - 50.0
Preservative(s) 0.05 - 1.0
Water balance to 100.0
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Optionally, minor amounts of other commonly used cosmetic
adjuvants, additives and the like for use as humectants,
sequestering agents, dyes, perfume o0ils and sunscreens may

also be included.
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The present invention has been described herein with
reference to certain preferred embodiments and examples.
Obvious variations may appear to those skilled in the
art. Therefore, the invention is not to be considered
limited thereto but only by the claims which follow.
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2. Use according to claim 1, " wherein the composition

further comprises FGF and ascorbic acid.

3. Use according to claim 1 or 2 wherein the FGF is human
basic FGF.
4. Use according to claim 1 or 2 wherein the FGF is human

acidic FGF.

5. Use according to claim 2, 3 or 4 wherein the ascorbic

acid 1s L-ascorbic acid.

6. Use according to any of claim 2 to 5 wherein the
ascorbic acid is present at a lipid peroxidation stimulating

amount .



