9 Novenber 2006 ‘WD:03/094835 PCT/1L03/00379 FGF VAR ANRovéhbar kE0BHODS FOR
USE THERECF FI ELD OF THE | NVENTI ON The present invention concerns nutants
and. variants of fibroblast growh factors 5 (FG-s) with inproved
properties, and provides FG- pol ypepti des, pharnmaceutical conpositions

. conpri si ngwolearemsssar i ants and net hods for use thereof. BACKERGHMNP OF THE

| NVENTI ON  Fi br obl ast Gowth Factors and their Receptors 10 Fi brobl ast

pol ypepti des invol ved b‘ugl i ncl udi ng

~growm h factors (FGFs) I | ”rbls)ﬁ - olutionarily conserved

" nmor phogenesi s, angi ogenesi s, and tissue renodeling as well as in the

pat hogenesi s ]‘ié niggﬁrous di seases (reviewed in Onitz, Bioessays 22 108,
2000). The vai ONhis fanily stimulate the proliferation of a
wi de spectrum of cells, ranging 15 from nesenchynmal to epithelial and

neur oect oder malThe piegént ventiontoomems dnutais\and GraridnGRe MASHsE MBWESS&HsI N
strict tenpor - i al ttern durin el Qqpnent and have inportant
roles in patt%?ﬁ?%ﬂg%ﬁ)%gb& ‘?Pgﬁﬁ%ﬁnor?r?v?%g%%@q%@eﬁi pharmappgigal says 22,
108, 2000). PePBosgoss prmpaisthg thesyivaringsiasd metbodarfer uer thérbafal i n the regul ation
of many bi ol ogi cal: 20 processes including angi ogenesi s, vascul ogenesi s,
wound healing, linb formation, tunorigenesis and cell survival. The

bi ol ogi cal response of cells to FG- is nmediated through specific, high

affinity (KdEBRCKGROIND OFTHEINVENT#ONECept or s that possess intrinsic
tyrosi ne | dnase activity and are phosphoryl ated upon binding of FGF

(Coughlin  etriRdblasdGRBwdl Fac PR , 1988). Five distinct Fibroblast
Growt h Factor Receptors been identified, FG-R1-4 are

t ransmentinane- BibbRitN gl SRBHIMIFGER) GEERS 2PR r%ﬁl? t‘%‘rs gwgolusﬁ%au ) e

receptor. The FGFFE ext raq&l | ul ar domai n” consi st™s
e P

i munogl obul FEEFYRe PPYRFPR{SR eV itsdaiong Yapety o2 bietedichIaprocasdseipainding bi ndi ng

“domai n and amoghogtnesisp agioghlekis,raAd kil ™y R ener at es
ish anpiogAlebis) A tiksu® refddlidifn RO wall af ﬂghgﬁfgﬁﬁg E%ﬁ g

different r rvariants ncl udj ng_the FG-R3I 1 | lc forns,
each havi ng. ﬁ%ﬁ%ﬁ% d’%‘f(f‘sqs?@%‘(ﬁ eéﬁ‘éc ‘ft't%?f?‘%ssags Ny dAHe?009h e WBod3/ 094835

PCT/ 1L03/ 003@mbroeftis fawilytstimalbte Yhe jistTérk AL  GITBEERM df@elfsﬁﬁ:ﬁ%ﬁ#gor

activati i Laadi i .pr ot eogl ycans such as_heparan sultate. FGFs
fail to gi@ndﬁgﬁﬁgtgg%%l vg?g) eﬁ%@h‘?‘@g B?“g‘f’%t mal ogigingn yitrg apd Byivef F@Fdogenous

h](capﬁr an sul ffﬂ?g@fﬂwfl‘ o @ pirictntodgirg alna\s%nblepﬁnexp' : Fd:@ﬁggagl,le_zogmﬁwa[%%_ t he5r olhe
of heparan s A C in signal i.ng,. including 5 the
formation of & %ﬁé‘? %iﬁ%%ﬁ?@r%@n%@é’? (g’ﬁe\‘ﬁﬁ%ﬁ‘ é@ﬂ?’%@ﬁyé% an HSPG
(Yayon et all0% 28} 64, 841,1991; Fahamet al, Curt Opin. Stnct. Biol. 8:
578, 1998). '

FGFs are powerful mitogens and are critical in the regulation of many bi.ological
20 processes including angiogenesis, vasculogenesis, wound healing, limb formation,

tumorigenesis and cell survival, The biological response of cells to FGF is mediated

;, through specific, high affinity (Kd 20-500 pM) celi surface receptors that possess

intrinsic tyrosine kinase activity and are phosphorylated upon binding of FGF (Coughlin
et al. I Biol. Chem. 263, 988, 1988). Five distinct Fibroblast Growth Factor Receptors
25 (FGFRs) have been identified, FGFR1-4 are transmembrane-protein kinases while
FGFRS appears to be a soluble receptor. The FGFR extracellular domain consisﬁ of
three fmmunoglobulin-like (Ig-like) domains (D1, D2 and D3), a heparin binding
domain and an acidic box. Alernative splicing of the FGFR mRNAs generates different

teceptor variants, including the FGFR3MIb and FGFR3IIIc forms, each havihg wmique
30 Higand specificity. |




Bone Devel opnent The process of bone formation is initiaiNecniber2sudochondr al
ossification.and intranmenbranous ossification. Endochondral ossification

is the fundanental mechanism 10 for |ongitudinal bone fornmation whereby
cartilage is replaced by bone. It requires the sequential formation and
degradat i omoe#/wssst i | agi nous structures in the growh pleetrasestobeyd serve as:
tenpl ates for the devel opi ng bones. During intranmenbranous ossification
bone is for nmedindiber ctiticlly ﬁmbtﬁwabmmﬁédt\ﬁerécq&&u&svaﬁ@t,mmrgﬁgﬁgsq,s require

the infiltratjgg, ke uen trix osition. 15 The
si gnal i ng patrrl ﬁcrl Ogélrag | va{'ﬁﬁgimelq F—%ﬁ agfate g&ﬁ?"%‘ﬁ%ﬁ to be
i nvol ved in <&l nv@t ge@g@pua hmmamnﬁmmmmm bee@ﬁpassemw or

regul ators ofexpl@Ng: eWHHIpadX
nor phogenet i ¢ éar ot el ns (é%P %%S&E%%%hiﬁ%%&ﬂ §’6"’§“Pﬁ ‘??l'ffg“ggr owt h
factors (IPGF)® ofta @mﬂ(l&w qompiemhs#twemﬁﬁnﬁemm aqnél&l’tihyr oi d
hor none (PTFD(YaﬂBIEtdletatﬂdsﬂewgu%hétﬁ Iama@lﬂ” GFRs and
Di sease A number of birth defects affecti ng t e\gﬁh‘% ejf:']l'on are a soci at ed
wi t h nut at i o/Bone Dedelpmegienes encodi ng FG- receptors, specifically Crouzon,

Pfeiffer, Jackson-Wiss, Apert and Beare-Stevenson syndrones (Kan, et al.,
Am J Hum Genet THO piitgss Q00e. fadmatlvit it inﬂiaﬁdiliy EhdoEIndsie ofsBBRRASIA € for

T vaj oot i giaeibe bRGlHRg byl ot R B Rudemsnid egplcone of

the achorir ofrdengindiul &tmetﬁqnnagmamrdm dartdgd is mﬂa&ﬂ |b§rlbbhe/etl ¥quiRs tevat ed

FGFR3 | eadi Ngegh&nihiGSinlali&d £ & Qgﬂ r on.ip the growth plate of
| ong bones anélhabnorna shoftene bone Cj%fh’é I’—"tﬁ‘@mﬁgg tg"ﬁ

inplicated i W‘ﬁ%sﬁ%mt%fﬂgﬁaw&v@sbmQynugmﬁmcaibranmsdssﬂ'mma)one FGFR3 is: )

fgegm’NitveLLif”““ g %%%5%%%%%%%&‘%8%%@%& S AR

mitated in nBTEPRHd sEvswmt maEx depsstiont Cappel | en et at. Nat ure Genet. 23
18, 1999 akova..e Haematol . 113, 832, 2001) have shown
Chat 't he FEarRolTR CEPUT: Bty it i aein ot HHR dunAbancbbdel beol | 5. o

chroni ¢ nyeinvolded Bukemil ataf SME)linflodndebthe deviRBm&tt. Glher thajor RBfthtors Gancer 92
1848, 2000) |, GF%?%@ %ﬂd a_nut t| on. i @§GFR3 | i nked to "cervical carcinona.

~ Recently, & PIGUISHC poplides ?éﬁn‘?}\n‘l’t"f?hﬁge??ﬂctla?t?ﬂ% (FMFs (Ezzat,

et at, J. Gﬂnﬁmhqvm(ﬁﬂpmmegﬁ@@)faamammmmmwe( [ @gkRESi on

(Range, et 0 n coptr s, and their

anal ogs hav?"é‘g%%gﬁg\ﬁnﬁﬁ‘g' g@%ﬁ(ﬁég}mﬁ Qﬁ%‘( E&(ﬁ@‘?@’é Yt | ydi ng

wounds (%95 Patent Nos. 4, 950,483, 5,859, 208 and 6, 294, 359), 10 nyocardi al

infarction (Matgnt Nos 4,296, 100 and 4, 378, 347), skeletal disorders (US

1SGEI.SB

A number of birth defects affecting the skeleton are associated with mautations in the

genes encoding FGF receptors, specifically Crouzon, Pfeiﬁ‘ér, Jackson-Weiss, Apert

and Beare-Stevenson syndromes (Kan, et al, Am J Hum Genst 70, 472, '2002).

25  Mutations in FGFR3 are responsible for achondroplasia, the most common form of
human genetic dwarfism (reviewed m Vajo et al, Endocr. Rev. 21, 23, 2000).
Specifically, the outcome of the achondroplasia mutation is a stabilized, constitutively

activated FGFR3 leading to restricted chondrocyie maturation in the growth plate of
~ long bones and abnormally shortened bones.

e

30 The FGFRs have been implicated in certain malignancies and proliferative diseases.
FGFR3 is the most frequently mutated oncogene in transitional cell carcinoma (TCC)
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Patent Nos. 5,614,496 and 5, 656,598) and for renodel i ngo savetitaezagessue (US
Patent No. 6,352,971). - Receptor Specificity In light of the | arge nunber
- of FGFs and FGF receptor variants, a major question 15 regarding FG-
function is their receptor specificity. All FGFRs tested so far bind FG-1
(acidic FGNO®GREBIs wi th noderate to high affinity, denonstwmbieegrean :
apparent redundancy in the FG-F system In contrast to FGFRL and FGFR2, the
t hi rd. r ecept opf the lhirddeyeyhefeGF R3muiated frotoet then HoN6 6 e (Gppdifek o 4., and

FGF-18 wi th high, LN ECGE-9 with. igproved selectivity.
Specificity may aﬁ%ﬁéﬁgh%%g%égg%?kog%gc £PE I H‘P@Fe’é&%ﬁ ai@l%]}ad?essed in
di fferent tis8ipss taotheFCFR3Br dobumyisovedpret®8in ROGEe. bidilcelts ofclegt ed

mut agenesi s apgeisidid@¥erhih YSHA r {0 ..pasi s of

speci fi ci t% o?g?:(}:,s to tgei i I;rag%g%{%%gy?ﬁm\ﬁﬁﬁ%wgtlg%?’/,z&og&d?’%é{ﬁg641, .
1999; Pl ot i k{ufion y FGFR3dpkeditg gervigal Tarc 2000 Re@mtly) FREFRd twaa khownRNBS 97, 49,

2000; Pel | egr assboiddid vith pimday Winfors (B4 .ot A0 Bin AN ] gf al., Mol
Cell, 6 43, 2000‘%?'8 25 FG:h%%ri ant 5 AIZIe nenbel?gﬂ%%%@g%aﬁé%)g%? rﬁ"*%hare a

homol ogy cor e®dEHEIResTor{Bge: ¢t glo CanperRes. e 349520028 as resi dues are highly
conserved and %Xc ar e iﬁ?taigg%eﬁr% lé% u‘{qallaﬁqztslgfg‘;ng%el%[] gl?\éerggégs
identified 12 anti paral a used (-

~conpri sing t hiadigsioss inelyilion woomis (US \Ratknt No0 U@s04E3, 51859, F08MNink ¥6,208R89)COT €
domai n 301¢onptd 588 ar | R eparin binding sites. Receptor

bi ndi ng regi gﬁg{s’dca@] &El?csut&lr' h@%ngﬁgﬁﬁéggﬁﬂ “B?ﬁ&?nﬁﬁ’d”la gﬁieg’ﬁg‘s?ﬂﬁﬂ@/md in

- Ornitz and | tRsent Mes 5,681,406 an®@ 5,888 and fa0ikddelingTallidlaivasies PaAR &, WO

03/ 094835 PCT@’ﬁng&b(_jOS?Q Attenpts have been nmade to achieve altered FGF
receptor specificity by deletions or truncations of its |igands, by neans

of nutations Q@Mwﬁ%t certain locations within the gene encoding for
t he proteins. Copending PCT application WD 02/36732"di scl oses FGF variants

“having at | eastn tigie offtheating® Burhber b BGASaldPAORRptol 3, 4 B ﬁé%ﬁonr eceptor S
speci fi cifsy 0,908 I;(?Eciﬁ:?t.or. E%lgtt g%e conpared to the corresgp di ng wild type
FGF.  Several' fnvest] gator8 Aty aanpmetiicly Ml FeiRsigedise fir bind FGErli ant s
af fecting r edeplioFGFandiGlp péithi mobiirieli 18 ChighWHBE, 8dmdRbirating BANGparem 431,

1999) deronstLal&des ull- l.ength FGE- ol ypepti de and ‘a shortened

version cont a{':m;]ng 1%4 %rg}ldr?losy%eﬁ'&nF‘g&aﬁdﬁeégﬁﬁ?ﬁ?ﬁ%ﬁﬁép%F%e%I | ul ar
proliferati ofulyng. BEFRE wasokwmidniobisisie FOF-8) 6GP-10 anbFGH-18 Wl high glaakt est form
of FGF-4 testiflio mad i ¥4l agina. acid resi dues, -exhibifed
limited growth stjmul ator %C?fg%i/?ct%ﬂy Ugg’ﬁggiic%ﬁ?aW§osh§,ag@%Ye§$5 | oses a
bi ol ogi c&tl ypg’&%%v@nﬁmseedﬂn!de@m@ﬁm@q {Gynitzf Bivessome2, A08,MHo00)y Sfreur ani no
aci ds del et edirédisaMnbiagenblid #dTX-1a) Trydfanddrihly e GSaShIME Re vasis of
o | specificity of FGFs to their receptors (Plotnikov et al., Cell 98, 641, 1999; Plotnikov et

| gl., Cell 101, 413, 2000; Stauber ot al., PNAS 97, 49, 2000; Pellegrini et al., Nature,
) 407, 1029, 2000, Schlessinger et al., Mol Cell, 6, 43, 2000). "

25  FGF varianis

All members of the FGF family share a homology cb:e domain of about 120 amino

acids, 28 aa residues are highly conserved and six are identical. Stroctural studies on

- several FGFs identified 12 antiparallel B. strands each one adjacent to P-loops
comprising the core region, conserved rthroughout the family. The core domain

30  comprises the primary FGFR and heparin binding sites. Receptor binding regions are

distinct from heparin binding regions (reviewed in Omitz and Foh, Gen. Biol. 2, 3005.1,
2001). ' '
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am no acids deleted fromthe Cterm nus. 15 US Pat ent NoNobenthik?2¢060

di scl oses an FG--9 (glia activating factor, GAF) nolecule conprising
N-term nus and Cterm nus truncations of 53 as and 13 aa, respectively. US
Pat ent No. 5,571,895 discloses a 54 as deletion fromthe N-term nus of the
protein yWO0MI35a 154 aa protein retaining its biol ogiraliesmoswi ty. Basic
FG-, al so known as FGF-2, bFG-, prostatin and heparin binding gromh 20
factor 2, is hi gffypickare beepsurdaivonijewpiabdRGRuRcEpha SpebiEeRy 15RMRods@r Sti mul at e

the prolifergide@n®bs it AR ] : |l . types. The sequence of FGF-2
has been disclosed US Paten’t%%sasgﬁf@&%&ﬁ'@%’?ﬁ%@ﬁ%ﬁ’%ﬂ%&%% and
5, 604, 293. HuWEReeEeoding for thogeteins £dpdnding BUE pppilicdtion NEO 0236730 disdlospy €CUT SOF |

a 155 as f or n"FGRvatifits Bgvidy- 4 Rakfiond i ! @Chof nd .several others
(reviewed fn O(e%ﬁa- Ean eltg al ., | n{nuﬁaﬁgﬁgl%ﬁcb&ﬁp%ﬁ%ﬁa?%%%, 2000) .
FGF- 2 has %ee AV £9 U8 16PN LyPasoBpeed ©dbe comespendingadldaype FIFNdi ng
specificity. U%evgﬁt..%ntﬁ Ng 5,491, 220 dj scl oses structural anal ogues

£ on So P PR dsmgusiated BGF wutgnts and vagam afferting reseptbogi cal

conpri sing substituti on®©o

properties arfdbiepadn bindige Eufole it yi., (BaRp2£t438) 199(;%0“,]13@%@%%% 188,
239, 1990) dqmﬂ?&@yﬁ%ﬁ&e [ §no al of the C-termnus, not the 30
termnus, affects : Ty TR cortainte N34 amiva acid ggBlues\O

03/ 094835 PCTrhibit cBnpodipocealit prolifetation and(FRGHR idoreabd oBBohe RAAY) THEhOW t hat
FGF- 2 m tmgenhétediNdm Qi iat]on. actiyities may he dissociated by a
poi nt nut at | ﬁg{gl n Ser %{?{?{Sf%%dﬁi)qogaﬂ%%aorﬁkgg-‘ﬁmgﬂﬁ‘é‘aémt%h‘We been
desi gned wi t Aulbgevtstimplatorzactidivt her one or more of the foll owing anino
acids: glutanmate 89, aspartate 101 and/or |leucine 137 (US 5 Patent No.

6,274, 712; not UStHaht Naes,9, M0 akebied @ tisloAGHP LaivB %14l as form of .~
' PR el ot 1%?531.6 BedOdiel 0 ™ O )

FG--2 disclo i n ng at al, |, _

6, 294, 359 d?‘ggﬁ Beied ‘g{;g‘?ﬂ‘ &pung aejds fefetnd dtomdhe MimmgEordtonr@R tocighian conpri se
anmino acid suhonsidadeletd Froal the€sdrinds.nepari n and receptor bi ndi ng donai ns
but does not teach receptor specificity changes. 10 US Patent Nos.

5,302, 702%and Y5 3aentd®35.8124i0akseloses e FGRIS (gt oty Bt iolechl@vi Ng t he

al ani ne of peshidsAl NGeRdith SEL | f.position 5 replaced with glutamc
aci d, exhibjtin ?nc?easesaﬁfgei gs. J RS th)%aa?@gﬁa‘ﬁdmﬁ’@ﬁwﬂﬂa%ent s for
targeting . ck}i‘f‘?ﬁt - A& Gsclinges Hétnra delbtion] fome thei MicBinGd 688E PRand US
Pat ent - Nos. el a O$4/aa @3@,@% . o 15 mtogenically active FGF
nol ecul e provi des % Emfbe for in ﬁﬁ(ﬁ%%?cﬁg%tzﬁgﬁsel ected agents into the
cel . The extendf§ foﬁ@%ﬁ@@%z,pb%e@mﬁmmqpmm bildihg totomth and  poi nt
mut at | on20 vafitant,sisitighChokave i@t dpBses dha MR BAGStolin b il 40 e
B P Lﬁrol%ﬁon of a wide variety of cell types. The sequence of FGF-2 has been disclosed
'US Patent Nos. 4,994,559; 5,155,214; 5,439,818 and 5,604,293. Human FGF-2 is
expressed in several forms, a 210 aa precursor, a 155 aa form, a 146 aa N-terminal

truncated form and several others (reviewed in Okada-Ban et al,, Int J Biochem Cell‘ \:3
25 Biol, 32, 263, 2000). | |

FGE-2 has been modified to alter biologicé.l properties and binding specificity. US

. Patent No. 5,491,220 discloses structural analogues comprising substitution of the $9-

P10 locp having altered biological properties and binding specificity. Seno et al. (Eur. J.

| Biochem. 188, 239, 1990) demonstrated that removal of the C-terminus, not the N-
30 terminus, affects FGF-2 affinity to heparin. '




significant alterations in receptor specificity. Thus, oheveniss2eos unnet
need for highly 20 active and selective ligands for the various types of
FGF receptors, useful in selective stimulation or inhibition of these
receptors, W \gsRYs addressing the clinical manifestations associated wth
t he above-mentioned mutations, and nodul ating various Xl

functions. It ig e explight Ly, under d that known variants of FGFs
~are excl uded f_ro?rlfugh_e 355@6?%e#1t$n%§nlet0§(ﬁ sholy ghak\ Ji( &t apitoperas anSUMVARY OF
THE | NVENTI ONdifessutiaio dotixities may beatidsaoiandd bye pbiat sutttfontmhSerfiGsfiowy. | y of growt h

~factors with ipproved receptor specificity and/or affinity and biol ogi cal
activity havi ngPamenEEE? ssperagenists hravje beenvdesiprmid vethpnistimtionsdoetmione bt scl osed

activati ons géfﬁgég‘;’it AT AR g Ryl v e
5

fanily whefei 74,43 pote that the ap aambesing isofecariiag Gothb 846/ f  ami no

termni rendeFGF-2 lugsdlosal @ Baadbtenl, PVAS Bg:| Oy&y LELgity,

and/ or betterdiécﬁ)r's&eti n a%%nts. [lijscl o"s“édg?ﬁ’r ?%g)r ?gqgkg{%?'@é’é%fcal
conposition conpri siaﬁodg afittagopist piglogs nof EGFe thah (compriss amio cavid i | age
formati on andubstigeiony at camin Wepune ab@addepten binBBY\BRGH! Bhd dRL L8N BRM treating
FGFR rel at ed&&g{opgp%. Qi't}dch%{ oliferative disorders. Disclosed yet further is
the use of F ar | anlps to &F%pare medi canents useful in bone and

- cartilageid or § | O d heal i ng,. .neovascul ari zati on and
treating FG:RW?ZSI ngt gﬂﬁsrél%%? %I%zg%nél %?%@?3?%??%”&%5%?@3‘2&@@%5ed yet
further are MRYiRSHHSE 2kpine pfposition? ufd the(Serineanf pasition Strepliee LRIl GutaiR diiganent s
useful for tamﬁﬁhglﬁc;e%e@y@ﬂg_ti cular tissue. The FGF variants as discl osed
~herein can fulfill the above description. Certain nodifications to nenbers

of the FG- famlhy wsé dPOFGHICRI BSIS fo@Rent a Qus in that
t hey can hav%{sglgsré nc%gﬁ ggtor speci fi c%%ﬁ%‘%ﬁW| %‘*?‘gq%“"’n Ml tered
bi ol ogi cal actrvity" % §3e‘ti‘fi}?s Batent Hop 518004596288, S67863% | Ased wer e
f ound t o l@xhinbfogengmiinadivd FGD indlleagt gakidaCt dotik i{lt_{:bdg‘gﬁg ih %C{C&)aé;g%ept or

n

selectivity. hﬁgﬁelni[lpands havi ng enhanced biol ogical activity i ncreased
receptor selectivity can be used for treatnent of various pathol ogical

condi tions. GeRgs alde i active, receptar-specific |igands would
be useful for fhe _pu?s@%eggﬁo %d\x}etf’(f’ﬁ?&r{f&é PO drlption; gy g myationssye

repair and r EgBHe BT Fh baorawdtedrid chinger ithefiihitngp thorecpiora i heal i ng,
0St eopor 0si Ssigdificafi ﬂ%&a@ﬁsein%&btgg E@&ﬁgﬁ; %’hus,l {ﬂer%‘qg b {m%rl]e’t nge eforhiﬁghq}lfy active

recept or 20spe&i fic, | i gand_s can
active and selective ligands for the various types of FGF receptors, useful in selective

stimulation or inhibition of these receptors, thercby addressing the clinical

manifestations associated with the above-mentioned mutations, and modulating various
‘biological functions.

It is to be explicitly understood that known variants of FGFs are excluded from the‘ |
25  present invention, o '




-6 9 Novenber 2006 wuseful for the growth, selection, ppebid®erbioogn and
differentiation of certain cell types including chondrocytes, osteoblasts,
progenitor cells and stemcells, in vitro and in vivo. As disclosed in
copendi ng international patent application WD 02/36732 certain
nmodi fications \ ' equence provide FGF variants with
enhanced r eceptof ‘- retain biological activity.
Specifically, FG-9 variants conprising nutations in the | oop between the
(38 and (39 str aRigosst arhenansotfyprapess b€ thepf@R faouls | of grabehtfiddrediths a
conserved recﬁ%ﬂfve@'r&‘éﬁtaﬂ sﬁécf-ﬁ%i’ty aaﬁ&;‘or Ehia %Hsb'J)lgé&f a!:’rﬂit} i Qer menber s
of me FGF fam |y, unpexpectedly provide en anced T ceptor’ subtiype
specificity. DPEFUOpEadI0syapbleprateig demain ant of FGF having at | east one anino
acid substi tutin 1ione t@ghbetangFbet_a 9 | oop,. said FGF vari ant
characterized jn éof Ted AU e Yerants deyigaimpr o srlreivite o E6Er ed to the
correspondi ng & ntype FG: enhanced specificity for one receptor
subtype; increa LPL-agi Vi di at.e Y. al | east one receptor
subt ype with eqﬁlﬁ\%ﬁg%&r)#ttﬁgé&r e%%g%{éﬁ%é%/lfl?ﬁrq%? °§E&‘§§”id§tf818ﬁ% ﬁ&eé%??nﬁﬁot her
recept or subt ypreific &nivalivaeef the aibaiot andionamino {earisitrersiess there coptectabiibt ype;
i ncreased cel kyifprigh i j ceptor subtype.

i Rl RLLRD PREFR) AR DR R

Accordingly, in a first aspec presen ion, there is provided
a variant of FORcsehauttegisal pHaR@sduti@i Sodpbkiich St Retuld Uich®R i n the beta
8-beta 9 loop, .said 6 FGF-2 varjant _characterized in at |east one of the

f ol | owi ng attﬁﬁ%‘glﬂgesboéﬁnﬁér g°  ToreatigR r pnds FEgsERTHigwi Taund yhsalingcr- 2:
enhanced specinédvasciilytizition agiv@ating EEPR ffated HRIPA proliffefiRAREdHI ol ogi cal
activity medi ated by at | east one receptor subtype with equival ent or
reduced acti vi t Pisplesidaetddrtitchisdhegise af isihentiatiieapdpare nsdiingdpe usehd kanced
affinity to a tvpe increased cell. proliferation

nedi at ed throh%rk%ﬁ%%agﬁ e(t;(gep %Bta}s?c{%g%/ﬂ%gt?o%a‘ﬁo \&\;?%arﬂlég AR08 88 one ani no
aci d subst i t utrfape F&FR rlated eletphand profiferatypdisadprne at position 111. A second
aspect of the present invention provides the variant according to the

first aspect fumiisipedsrippithe i methodsafor tha aseaall FEF omentsniatpagnasn provi di ng
enhanced yi eheli@mest @bful fol tho@ihg oh@avaiidrafte, A third aspect of the present
i nvention provides a ponnucFeoti de encoding a variant of FG--2 having at

| east one ami noTAcFGF ewilxst dstlistlosedhdrein éaln efulfift i aBovb @ésariglion.| 0Op, said FGF- 2
variant characterized in at |east one of the followng attributes conpared
to the correspoli mylifyetiehs typemteeRf the Feltfamityed palpeoiides cintrgndérolienone

receptor SUbtaﬁ%ﬁg&%he@&%y%@hﬁgieﬁl%hoéwy %e%ﬂir ahed a%q?tand east one

receptor 7 - )
altered biological activity.

Unexpectedly, certain FGF variants as disclosed were found to exhibit enhanced
biological activity in addition to receptor selectivity. FGF ligands having enhanced
biological activity and increased receptor selectivity can be used for treatment of
various pathological conditions. Generation of highly active, feceptor—speciﬁc
ligands would be useful for the purpose of developing medicaments for use in tissue
repair and regeneration, wound and ulcer healing, bone fracture healing,
osteoporosis and other skeletal disorders. In addition, the highly active receptor
specific ligands can be |




9 Novenber 2006 subtype with equival ent or reduced act pwWolampeedogt ed
t hrough anot her receptor subtype; enhanced affinity to at | east one
receptor subtype; increased cell proliferation nediated through one
receptor subtype and wherein at |east one substitution is replacenment of a

codon encodi ngfiddpathagiroveh,adeldons, tpr@iTerad@dn arfd diefrehihiias RECLradf cLihe present
i nvention prpvi de(? CFhe ﬁlgjlfa/nucl eot i de accordi n? to the third aspect
encodi ng a vEPFART HiELASkoctsinssirdilast reecniins sells apdstamienlls. i rap andrut at i on
provi di ng entaneed yield or increased stability of the variant. A fifth
aspect of the present invention provides a pharnmaceutical conposition

conprising as as disdésee ih ﬂ@pﬁﬂh@nhtqﬁﬁatibﬁa@%{ateﬁﬂ%%ﬁ{ﬁﬁticﬁnWCpfOZB%zz_ havi ng at
| east one ami no ac%g substitution in the beta 8-beta 9 |oop, said FG--2
variant char ZCF8r POYHAIARS iy Meopypegiide sgquence mrowideoRioR gvasients iwith es conpar ed

to the corr eshared REepr bfbclitR$ whldierin HODARS 88ivip eglclintily phply One
receptor subtype; increased biological activity mediated by at |east one
receptor subf&p¥S FPTRIsERUIVANsHn dhe loap betwaemibe iBYiang PO wiatidatodthet hr ough

anot her recepiiepsdedpyReusionaanard Af § iBhdeWeli 3’6%%}(!5 353%5%% e " GePL or

subtype; increased cell proliferation nmediated e receptor subtype
wherei n  t he™aoepusdeqps dn thepihas sncabers of sk GF Eamiibm vihexpeatpdlpomvitet  of

aspar agi ne ainhsl tdcofto gtypgsp%giﬁgﬂ_aspect of the present invention
provi des the pharmaceutical” conposition according to the fifth aspect

further conpri siRpsél nb@fsts ANerafdbl iFefiah LAY Q¥Lgl ng;4enhanced
yield or stability of the vsari aﬁt. A seveh%‘ﬁﬂé;sagel%:agpggé taﬁlégopragléient

i nventi on prigRstigieien inbe pgimd-hete dedre sdid FGBnpost thannteamddn o lagt ére any one of
the fifth orsrsinXtdnASRE ChSinh rising a trix. An eighth aspect
of the pr esent inventi_%n prot\glslr Bglglgfggﬁgg %? cgﬁesl?afga Vari BRE lgijr“llgvi ng at

| east one arfPhascet ispecifisls t for unk orecéptort hibtyipet dncBeabt BioBglcabpetiveigi d FGF- 2
vari ant charagt.alyl ' one of the followng atfriputes conpared
to the corresgonﬁeg lé\ndg'i %get %/eg%)%%dﬂb PeH ﬁ%“é‘é?‘fé‘gé’&if%“eﬁ S one
receptor subedpesd throughemstsr bécoptogisataypea ehliavicddyafiBitf &f edleay @fe | east one
receptor su 4.0 equivalent or reduced actiyity nediated through
anot her recg‘%ct\égtr%r %‘B‘Wpe‘g“%%sﬁ 't gdpmgfﬁfai“ﬂ‘? {ediafpd, thrquigh sqne orseepi® c ept or

subtype; i neuegsed cell proliferation nediated through one receptor

subtype for th r ration of a nmedicament for the treatnment of a disease
or disorder re‘gcé‘i%@ig‘?g?yol FeAsPst oLhsrpseal inysniiens Biersds prayigod hvaraet or

receptor 2. oABGBRdiatigk ¥, ledt BicHninPEResbsRhitidn18 (RIREENctd PUBPLLRN Provi des a
met hod of Eﬁ*{F co.nve%ti ng_ selectively an FG--2 pol ypeptide froma mtogen
to a differéntiatyon rad 'KF‘SB}atfl?aéh?f& oither foHesring airibyies campased too a i t ogen

by generati fig darvpoiddy wildiypO GGRL: chiRash sPASHATINLmRchdptstfdljpt,ut i on into
the beta 8-bheta g lIj.oog_ qf saj d F%F-Z pol ypepti de.
increased biological activity mediated by at least one receptor subtype with
equivalent or reduced activity mediated through another receptor subtype; enhanced
affinity to at least one receptor subtype increased cell proliferation mediated through
- one receptor subtype; and wherein the at least one amino acid substitution is

replacement of asparagine at position 111.

A second aspect of the present invention provides the variant according to the
first aspect further comprising at least one additional mutation providing enhanced

yield or stability of the variant.

A third aspect of the present invention provides a polynucleotide encoding a
variant of FGF-Z having at least one amino acid substitution in the beta 8-beta 9
loop, said FGF-2 variant characterized in at least one of the following attributes
compared to the corresponding wild type FGF-2: enhanced specificity for one

receptor subtype; increased biological activity mediated by at least one receptor

o




7a 9 Novenber 2006 Disclosed are variants of FGF, and ¢ RoRfHbhidgsar to
variants of FG--2, FG--4 and FGF-9. It is now unexpectedly disclosed that
FGF-2 vari ant corrprl sing at |east one nutation in the | oop between the
(38 and 09 sTPURYLtheaupplsntyes roduepdaastivioh aefigted ghiong angies FPRIOE uper agoni st

properties isbapdi tihafeel Oafﬁmgam@eﬂ 1chRCHRL RlceptdtDEMRReS nﬁ&éafsédmc&lv The
vari ants can exhi bit enhanc recept or subtype speC|?|C|ty or one

receptor subf’ grayrgtiaigd t1Bropsfe opo recsRipoRdIRg WWd whergipeat Hegst ongyy
i ncreasi ng tdusstiRitioh @gblaemaiof ¥ bddon RRQAUAL 8SaRYindht JoSiast 37ane recept or
subtype while retaining or reducing the activity nedi ated through anot her

receptor subtymaounw@s@edtﬁf&@ pr@eNBveatitrd HoVilids thé ﬁélﬁ’fd&%&l&@@é)ﬁdﬁ@m of the
present i nven var i ant %g‘égr%rl ses .an amno acid (aa

t t
substituti orfo\/}heeﬁ’érflr?s%eé;bﬁ?cg fé verqqt | COppLisiRg at [ppst joge pddtiepebd wi t h

anot her am nuta&binGrovehingnbaricbeyieldr PeRNed biglity be&eRh@Mmt. Speci ficity. These
variants are herein denoted FGF2-NI 11X, having SEQID NOI|, wherein Xis

an anino acid atfier aspbanf aenaesagi Iﬁ&ntléi«c@efadbsﬁgpﬁaﬂnﬁ:la@ncap&;Hn{;ﬁﬁlhd)ry preferred

enbodi nment is.arginine.(Ar C ( Novenber 2006
WD 03/ 094835""19&‘#‘7”?59 RIPGES %ﬁ%‘*’éﬂb{ﬁ%f’éﬂa&ﬁ@ ﬂggé'ﬁ 2%?’@3@ &Y P& pond to the
one |etter amiimochliubstionide irf ht baumebeta byoow@ldmﬂmpﬂarﬁﬁﬁdhgﬁaémg i he am no
acid positian FG-- 1:eﬁnd the one |letter amno acid

t he .
‘code for thetéeﬁl et Fé)dfozlﬂi”wg aétélg'ﬂfes GO (e c9srenonding VW RS ment  of
the present HGRVERhhaoedypesifidBsfofonaktapidt subtypeDinbrised biothgial fdvier ei n FGF2
N111R, having ,S | D NO. wherein substitution of the asparagine 111 with
Argi ni ne (A ,d”gg %S%aés%nﬁef?fqr)ﬁuﬁm%% euyelent, px {edpesAaAcHEY FGFR3 and
FGFR2 whi | e niediztedalabuigh scthéntbdeytof abtybEleRfancd aBfufity@fhd 1yastddeecchted er r ed
enbodi nment qf, t he. Rr.es nt.ion provides a variant of FG--2, denoted
herei n FGF2- KHW:L gl ?‘}bprgﬁ%ail N@S.P%*e RFRUERL PRF TESRBLY PYRNACSHCBI 10 t he
aspar agi ne 1He:IatWa¢thnamﬁﬁo ad §ubktitutidn)is feplRvEncRSTas atalde it pragiBanged activity
towards FGFR3 while increasing activity for FGFRI, and to a | esser extent
towards FGFR2.A At hepect wifr €t Ipyesemr mva{tiﬁhewo@dieenﬁh@dj}l’iﬁﬁﬂeiceﬁfcalt he present

|nvent| on pI’OVI des a denot ed. herein FGF 3 50 - NI 11X,
havi ng’ SEQ IFB™REE™ % Oréin ﬁ%%ﬁé‘hﬁ?sﬁ £l CURRIS g aéﬁeé?té’n? agsiitionaly” 1

- gl ut ami ne, amlthtmﬁpmvﬂgigmﬁhah&édylad%d%ﬁlltﬁ&ftﬁé%éﬁgi ne. According to one
currently preferred enbodinent X is arginine (Arg, R or Gycine (Ay, G.
A currently nopat sqyemlﬁ eerspe:d entiedpresmt idfentifte ppivideenthe | phaaidck@izal provi des a
vari ant of EGE-2 N111 5, wherein alanine 3
and serine. §°m?°esmr° Iéf)‘ cé%g t?f“éloﬁ? g%ﬁhﬁgﬁh Eﬂ’“ggfﬁfftégi?‘ﬂ?r FEPTEeSubst i t ut ed
with Gycimat{xdy, G show ng essentially unchanged activity towards
FGFR3I 1l b and

An eighth aspect of the present invention provides a use of an FGF-2 variant
having at least one amino acid substitution in the beta 8-beta 9 loop, said FGF-2
variant characterized in at least one of the following attributes compared to the
corresponding wild type FGF-2: enhanced specificity for one receptor subtype;
increased biological activity mediated by at least one receptor subtype with

. equivalent or reduced activity mediated through another receptor subtype; enhanced

- affinity to at least one receptor subtype; increased cell proliferation mediated
through one receptor subtype for the preparation of a medicament for the treatment
of a disease or disorder related to normal or abnormal Fibroblast Growth Factor

receptor 2.

Accordingly, a ninth aspect of the present invention provides a method of
interconverting selectively an FGF-2 polypeptide from a mitbgen to a differentiation
factor or from a differentiation factor to a mitogen by generating a variant having at

least one amino acid substitution into the beta 8-beta 9 loop of said FGF-2

polypeptide.
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20 FGFR2 whil e increasing activity for FGFRI and FGFR3I § NgvembBexdosr- 2
variants are shown to stinulate proliferati on of chondrocytes and i nduce

differentiatio y induce
or ol i ferat§ on QtiosPf ARk E Bt e 300 WTB R U5 Bt B ITH LA ¢ o
adult stem caid EGF A Bonpawalbb)@eandlyndlsa]osed tﬁuthﬁE-_ﬂ hidias C(Bnmllsﬁiglaos ed for
FG--4. FG-- 41’eas‘§l [LAUA 1191:?15 J/gog bew‘ggn dBSKand 9 strandsgﬁgrrﬁ]@esr_&_eid (? 5,8 206 as

precursor pr ot el n avl ng S SiI gna sequence I’T'DFGCU| e,
havi ng 179 ade RoRpricep, ngroatdel e-aastagomet puipetticsnin additien t6i &h@ed oop

provi des a v, al Yitles. According to one
currently pr% rreH%o‘Jg Q)a%en?%%aglsem%?l AVeERt rece}ft?'nr s gﬁf—?4 vari ant
conpri ses arﬁpe@ﬁ‘iﬂFYoanQllqie%tmsSubtt)wslcmnpwmﬂoehmcmmnagg wéd 155 FGRsn165, N165)
is repl aced ther provi di ng enhanced
bi ol ogi cal actfngfetggnganﬁ Qﬁogl\%#g‘r’\&ghﬁdl%ﬁ bggaﬁr%g deRo tyea plt—c@'—szfg 965X havi ng
SEQ I D NO 6, Werne@mm@onrsduamgatm aetvityaro¢diptat thewgh hetheNreb et antaghene) |,
preferably % 2006
enbodi nment oe?&tgﬁg{ pr ggl)é%nctuﬁle%\iye rt%?%lr?x eg}gjwlgpe;l%le%fqesemf m%en'}{% %F%e protein
conpri si ng a®RZaveriagt eqohmtishe taleamnmu@clfﬂ r(ur)csabstmmthnnwhdcintaspmagxme t he N165X
substitutio 1V e 4 N165X.  havi ng SEQ
ID NO 7. Amnlnlﬁggl? ﬁ%@?% %’5%9’? Vﬂﬁ‘%}f‘gg—' E‘S%%J%‘ﬁ‘nda‘lr??g‘%ttg%; é’r‘“’é‘ﬁ to the 206
as form THecep®smer@rify. hew Xatantsi ashergmdansted FEHDIH 8 hafhngﬂﬁlﬁhse in
activity t K d th HRsh C GER1 and a
slight r eduﬁ‘?énwgﬁﬁg}é% \?Ptay tog\gggl%eq tﬁli@ég%rig%% %o dfn)% {:hgnei/arl ants
have at | easmrpntprgferise embedipentyX sfargihipe (at R/)e)rEi@T-:H@(Gh, G).erms of
proliferation of FG-R bearing cells induced by the variant. The therapeutic
utility of these novel FGF-2 and FGF-4 variants is disclosed for both
normal and abnormal FGF receptors, including but not limted to bone
regeneration and bone fracture healing, articular chondrocyte repair,

ost eoporosi s, wound healing, ischemc tissue repair, neural tissue survival
and repair and neovascul arization. It is now disclosed that through

i ntroduction of a single amno acid substitution within the 08-09 | oop, an
FGF pol ypeptide may undergo interconversion froma mtogen to a
differentiation factor, or froma differentiation factor to a mtogen.

Thi s unexpected property of the variants warrants their wuse in selectively
i nducing proliferation and differentiation of various cell types. The
variants as disclosed may be used in vitro or in vivo, alone or in

conbi nation to achieve a desired effect of proliferation and/or
differentiation. Furthernore, the introduction of an am no acid
substitution into the p8-09 | oop of




the other nmenbers of the FG- fam |y of pol ypepti des cangsbdEnbar2a0ebe used
to achieve interconversion of a proliferation factor into a
“differentiation factor, and a differentiation factor into a proliferation
factor. By way of non-limting exanples, the FG-2 N11lX variants, including
FGF2( 3, 5QwWoNIMbKg3sar e nore potent mtogens than the nat pgembGlodsre
Alternatively, certain FGF9 variants that were disclosed in PCT application

WD 02/ 36732 hé{beabb@wviatiwqmremdiqonb@emﬁmeu@mﬂﬁdﬁm@mﬁuﬁéﬁn@m& ation of

articular c he n -9 is both a weak
ni t ogen and ma%&%g[etﬁflg}’%ﬁe Jmoa B?S(Stf Wgég%f?%?ft TGP 2 amd dfen ot ed
herei n FGF9- mqlf@rwmncﬁgm@&‘@ﬂ@umaemwa FGF9- WL44X having SEQ I D

NO 9. In neuronal cells, the FGF-2 variant of the present invention, FG-2
9 9 Novenber 2Zoerentiy preferred embadisngmt 06 theepresemtuinentiot potidai 4 feiaensd at i on

factor than Wﬁde@&dh%h@@@m%ﬂ)ﬁaﬂﬁgéﬁéﬁ)ﬁ@}pgvggi@,gsub% entfl preferred
enbodi nents in accorggﬂlgﬁ&o the inventtion conprrs Orns of

FGF-2 and FGAPAmgrg 1 ¢ Ehtg, Er!sshomswmsnaﬂnm@@@dmvﬁymasﬁq I D NO
1) having 15FGaR3 whtEFGIRE wisle ircMhsintl acRAS hi iFRr1111 is replaced by X wherein
X is an amno acid other than Asn. The currently prefend amo acid

SNE) b; '; i L ution i4 wetmlytese prbmdemiddimdatt 86 plidit ﬁ?énhor?broﬁ@zl?a ‘ML-%&%G E;q SEQ( lG;D
avin s i's replace
o a0 o "2 PR EaEd R AR oM Rl BN o B nertn Bt REm ok (N ot
EOSI ti o2;511t}1‘3§§;rﬂeplbébbﬂlﬂb§ﬂyﬁng((ﬂﬁ)G) sﬁéwd—'ﬁa%ﬁly‘di@lmﬂﬁd 3dn%it) &E,Q»dsg) ESO 4% "
avin a e aced Wi an n
at pogl tion ﬁcl}l |§ﬁfrlée}gﬁga§§%§%%g§%£§ﬁer éf“ﬁ I‘ngerﬁ %fﬁwﬁgsg‘#@ ‘ot her than
Asn. The curr e&ﬁdm&rmﬁﬂnﬁ%%% %@eg& @,ﬁﬁ gEéQ"th %9 sel e%tied from ’}

X=G y(Q or (Qg 53 RATT g‘)""%ﬁ“"ﬁ’é’ %8 as
wherein Al a3 S QP’@“"# 2@:5 LX(1gyingiS8QABINQM) whireiposi ti on
111 is repl asledoedyp ADdysetife) 5 & rgﬁcédl‘ﬂ;yl gﬂmgqaﬁp ;)HIP qyi g 179 as and

the M (N al éargleon 165 is Iaced The cur entﬂ:f/ pre erred am no
aci d substit PR desapg o 03@)'“ Y?I?% odipgentX SSminANORIZY havi ng
152 as.wher eGlycibd (Glyl B3 Aaniréifly aidt pletied eBBodin@Mor iR Meleh! s, the Leu

(L) at posit 5 at position 165 is
repl aced by %Egﬂdf%e g%}a%@ﬁ{ ?@E g’pFQ%(%(ngg{“éﬁ%admw d‘EQu]%& Q:ytWhsrein s X=Gly :
(G . Additi c¥raineyd and eeringis mrwquacammsgldmﬁxbmedsphﬂg-ﬂ@mlapmbmﬂéd% WO
02/ 36732 'ar &giycine (Gly, G) showing essentially unchanged activity towards FGFR3{Ib and

20. FGFR2 w}u'l_e mcreasing activity for FGFR1 and FGFR3IIIc.

The FGF-2 variants are shown to stimulate proliferation of chondrocytes and induce
differenﬁation of neuronal cells and may be used to specifically induce proliferation or
differentiation of progenitor cells and embryonic or adult stem cells,

A comparable amino acid substitution is disclosed for FGF-4. FGF-4, also knownas )

© 25, HST and K-FGF, is expressed as a 206 aa precursor protein having a 27 aa signat
sequence. An FGF-4 molecule, having 179 aa, comprising at least one mutation in the.

B8-B9 loop provides a variant with improved biological activities, According to one
-currently preferred embodiment of the present invention the FGF-4 variant comprises an

amino. acid substitution wherein asparagine 165 (Asnl65, N165) is réplaced with

30  another amino acid residne thereby providing enhanced biological activity. These
‘variants are herein denoted FGF4-N1 65X, having SEQ ID NO:6, wherein X is an amino .

acid -other than N (asparagine), preferably R (arginine). A currently more preferred
. . -8_ .




now shown to be effective in selectively inducing prolidgsrtibereasd
differentiation of cells. The am no acid sequences of the variants are
denoted herein as follows: 8) W44X-FGF9 (SEQ I D NG 8) 9) L37M WL44X- FGF9
(SEQ ID NO 9) The focus of the FGF receptors as receptors involved in
certain cancers has raised the unnet need for |igands specific for these
receptors; preferabhly a.ljgand which binds tqQ_-10 9 Novenber .2006 one
FGFR wi th hi gh %“68“3‘?%%tcﬂftd§feg§%%8§?‘ﬂ‘bpr°§%ﬁ‘s? a5t i | fprgn B8 Bt he of her
FGFRs. The hi gleompasgigfa 84 tuyinb i agid idHensinad trenchtion tia mdditionator the 863X on t he
surface of a SR, Thiss HiEnObe QLA 1T SLATIFLNIG-PRLMREL] des ar e
fusion proteins, chineras, hy rid proterns or conjugat'es. Unexpect edl y,
certain FGF varlPaWe:3 AminelpaiEhusdhethngms the FG§undrint iy etading tollha®bng affinity to
specific FGF rgggptors while exhibiting reduced receptor- nedi ated

biol ogi cal activity, providing variants useful for targeting bioactive
?gents in%}ydi ?9 mllaélymwtmsm@?%ﬁaﬁ@sh@?g sass@dnasnsn@&gequaeasnﬁo speci :‘Nlh c ]
i ssue. ective e.varjant. polype e sef, s carriers ic
can be used fortowgﬂ¥gfg‘ggg?ﬂc W@%&)&%%%ﬁ%ﬁ?ﬁ&ﬁ[‘%ﬁrﬁ U} oacti ve
agent to cell s,ingdatisigiesardsae FGFRGans in which a therapeutic effect is
desired to be effected. Certain nodifications to the FGFs generate

pol ypept i des wi t hPicleablyhedvaripsdpes atilees 2ifold itheditivify bf hnative BERE iaf f i ni ty,
modi i edbi ol ogirabf skkdibd ¥ FHR bR SRS Shd kAL i On of proliferation
and enhanced receptor specificity. I% I's now disclosed that nutations in
the | oop between TiRehdBediddiillBS istd R FGF2fnd 1154 vAASLEL Ms@iRld Bed as 08- 09,

previ ously deterpined . to, conpri maj or . conserved binding site

denonst rat ed tg’o{prﬂogpﬁ@f‘d WQ%ﬁé%F?@E@&f%ﬁ%Qluwut &PHF‘E‘&‘GJQ%P%ps in the
ot her nenbers oégebdugiolr Gand almink y fragnireV hel¢ing Nnhakaad chbRB&PIOrefupt ype

speci 11city and. gl ALl Dhi nedie i8ndo g scl osed that tupegied PGP
variants exhi bit Fegticed A2 VIeY S TRES BB TPRG GPBW TR T Y8 8Bt or beari ng
cel I's than t heirgpais apdnseypssnldiizatiot ul | -1 ength wild type parent growth factor
and are particularly useful for targeting bioactive agents to cells,

ti ssues and organ.is TV ydieckosed thah threngh singetugtioncdfos eihgten aming r asidrost

preferred may fulstitigdn GRINY Re ML St,,0 i j st one
binding site tQ the receptor _anpg Bgr IIe(%?m%ﬂe1 _@E%@?@Ee@c%@éﬁfhan t he
correspondi ng FHTEORYEPRR oM G (Pitpeer;ig @ differsiifation fageropr fropyp digfrentigiion i ndi cat i ons,
i ncl udi ng sone figke heh alitogend THE @hdxb il friRrtflioB 8RS OFiants WReahi¢ Sheid | gands can
be used for targeting j.n.order. to gvoid activation of receptors where
activation of é‘g‘? o ?egegté'bet%r‘ UHRS péfg@%{ﬂb‘)@ qqqeaqﬁ?rgr@gg%ogyagpgs cedhi d FGF

variants wher épes. tThe vidanang/dxcloted hdr ba died aF €inb lod BE AL Alogsiehint hat t he
tr _uncat_i on ext %&%mation to achieve a desired effect of proh'feration and/or differentiation.
Furthermore, the introduction of an amino acid substitution into the B8-B9 loop of
the other members of the FGF family of polypeptides can similarly be used to

g

achieve interconversion of a proliferation factor into a differentiation factor, and a

differentiation factor into a proliferation factor.

By way of non-limiting examples, the FGF2-N11IX variants, inchiding
- FGI2(3,5Q)-N111X, are more potent mitogens than the native FGF2.
Alternatively, certain FGF9 variants that were disclosed in PCT application WO
02/36732 have now unexpectedly been shown to induce differentiation of articular
chondrocytes whereas the wild type protein FGF-9 is both a weak mitogen and
a.weak differentiation factor. These variants are denoted herein FGF9-W144G,
“having SEQ ID NO:8 and L37-FGF9-W144X having SEQ ID NO:9. In neuronal
cells, the FGF-2 variant of the present invention, FGF2- '




f
[

near to or within the core domain provide nol ecul es w t b Noesubee2bd8i ol ogi cal
activity useful as an antagoni st of FGFR or for targeting bioactive agents
to specific cells or tissues or organs. An FG--9 variant -11 9 Novenber
2006 having a 63 amino acid N-termnus truncation, is denoted herein
R64M FGF9, having SEQ I D NO 10. The R64M FGF9 variant was disclosed in
copendi ng PCX Niatlgns sap toé a0norVBoR7/ 36434iafs bhE: 8BTSt vari ant of
FGF-9 havi ng bidotlﬁl?rgljjeﬁgl activity and inproved binding specificity toward
FGFR3. The pres€ VEHTeSH et es to additional beneficial properties

of the R64M FGF9 | specgifically for use as. a targeting nol ecule
speci fic for FGFR3. eh@;%r?f?rga&%@oo%és B?/%cfcgﬁjafl‘éedto\fg‘? XFRoR, "?H’i‘@g%)resent

i nvention, haviviigotdforss ofFFindand X6 et ara demueithesin aafotlovasn 18 ami no aci d
C-termnus truncation is denoted herein FGF9-2, having SEQ ID NO 11. The
FGF9- 2 vari ant wel FGiFgN10BeEEQID N®@A$hslinpd sP&wRaiS Akn QYR posiabd on WO

02/ 36732 as a varj;ant_qf =9 ,havi reduced bi ol ogical activity. The
present inventi onﬂlg?ssrgﬁ%:ggg)&n%%&}pgan%{ﬁlaﬂq Srectegthht ¢ he FGRO- 2

vari ant, specifi cusfined fromo ardbsubrtitutiontisselpatd frogh XPGEGG) @ Asp@si fic for FGFRS.
According to yet another currently preferred enbodi nent of the invention
there i s provi ded® ERFFU1ICHMRER 1D Mg 2bhavinp 455 dauttiewin & (M) atlpesitidn one r esi due
in a major bi ndilmgis%laee%(ﬂ)t@)ep%g{y e to the receptor in conjunction

he -

with a truncation of 't and/ or termni. An amno acid substitution
can af fect bindi rSyFGF2-KER (SEQ IDBNO:3} 0viaH 5508 GRELIP Asd atPitioh §172not her

t her eby provi di ndsreplivadhsA@r). receptor specific nutants of FGFs. The
preferred FG- vari ant has enhanced specificity for one receptor subtype
conpared to the cGHFEEXRHQENNGXUBEQ D Wpet) pati@nss EorherdV AR EIdeRSI Ng  t he

bi ol ogi cal acti vig, | & t _one receptor type. while
retaining the activi t%%ﬁ%@ﬁéﬁ%ﬂ U ar%poéﬂ’hS’f‘ﬁ]grls 8%?’8?’%}3’3%%. The
truncat ed nol eculels ®xpisp tagid ratleb dled Avino Tog bwreehtlya ptefored ymitbidc Mmai nt ai ni ng

hi gh receptor af kindliduon id ReBed AT S| nple it is possible to
di m ni sh the bi olsogilcaolmacti vity resﬁdt?%rr%ﬁ?r om FGF-9 binding to FGFR1

whi | e retaining i) FAFRYSOPNAGEREEQ nfn_@fssr;ﬁ@%ngg ghewlg}e;}pj;lggﬁgcgegezm is a

high affinity bindin t.h reduce bi ol ogi cal activit re preferably
the binding to Fﬁgfff?gf%f“ﬁthr#hg&g&?‘g?sﬁi@%ﬂtP%i“ﬂ‘dllﬁgﬂwlﬂcﬁdw@%[@l ogi cal
activity. Prefer g [ i lts .ip a stitution of tryptophan
144 (\WL44) of tﬁgk%%%ﬁ?ﬂ% (E;QLI)B &d‘ﬁZﬁ%ﬁg&&Q%@%ﬁ%‘%@%at\Wﬁwntype par ent
FGF-9, or an ani A% is eplackdiby Xt e conentlp piofereli angingpil stibsamtiefis khely( 38- (39 | oop

of an FGF. More @_eferably the nutation is in the (38-(39 |oop of FG--2,
FG~-4 or FG--09. re we

7) L55M-FGF4-NH1X (SEQ ID NO:12) having 152 aa wherein 54 amino
acids are truncated from the N-terminus, the Leu (L) at position 55 is replaced

by a Met (M) and Asn (N) at position 165 is replaced by X. The currently
preferred amino acid substitution is X=Gly (G).

Additionally, certain variants disclosed in PCT application WO 02/36732 are
now shown to be effective in selectively inducing proliferation and differentiation

of cells. The amino acid sequences of the variants are denoted herein as follows:
8) W144X-FGF9 (SEQ ID NO:8)
9) L37M-W144X-FGF9 (SEQ ID NO:9)

The focus of the FGF receptors as receptors involved in certain cancers has

raiséd the unmet need for ligands specific for these receptors; preferably a ligand
which binds to
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di scl ose i ncreased receptor specificity by a point nutag| | -9
resulting in an amno acid substitution in the -12 9 N%%%‘@%@%G | oop

between the 08 and RO strands. The variants are furthernore truncated at
the Nor G terminus or both term ni wherein the biological activity is
reduced but the affinity to the receptor is substantially unaffected.
According to one reptly nost. preferred enbodi pent of the present

i nventi on FGF- §%%0 ngggéﬁ‘fﬂm%npnﬁgé}%?‘&o@ﬂlﬁ@?aﬁﬂgﬁgﬁ RPN GF ™y p144 (WL44)
is replaced wi fThe logthsecifiaiy tiganedd able te Sdrght @ Secgit@\vh dicnarace epdpadifis peci ficity
and N- term nal. —term nal truncation(s) that reduc he bi ol ogi cal
activity and %1@?%%&%&%%0@51?? PP ?ﬁ&eslaﬁt pieigh © e‘&fﬁg’éﬁt’f}?g at position
144 of FGF-9 abuwteinshesonjugaies. bi ndi ng to FGFR1, while retaining significant
affinity towards {h{E&R3eand LRidFGE &S t F ccording to an
addi tional cur r_en_tly}gliree err e_ﬁl enboglgl{rtrse%%( d_t%%ﬁem%@_ V ESE@ t\%’a{egglnt farther
conpri ses a Whinding gHmity te isesaific PO rosptory while exhitdting oedidecheecaptan

R64M FGF9- WL44Xcdiay bﬁ%ﬁﬁgc{i@ty'\lgovﬁﬁl vaR! Glcful ThPhAdideSwisipat i tuted with
anino acid residues includjng,  but _nofg limted to glycine (G, arginine
(R), valine (V5B gludiog palseepiides. neptides adompless aph drugy RAPFEICSUSFGERL whi | e
ret ai ni ng hi ghEgidively, the vaiidntibohgeptiles 4ok B A8 catridrewHieK cafbb ufdtar to  FGRR2.

These vari ants,. havi reduced bi ol ogical,.activity and high receptor
affinity are d%ﬁasf’%%‘?%éﬁhéfrﬁ ﬁﬁcﬁﬁggqr\/ﬁdﬁ@“‘%ﬁ%ﬁ@ﬁglsvﬁgw, OR64M  FGF9- W
144V and R64M &gkl inNHidis thédamoticiffeg id desired totd@ffécte@nal currently nore
preferred enmbodi nent of the present invention the FGF9-2 variant further
conprises a W44 Gsridis trhadifichtions to Tiei EGEsagénamte podypeidet with hmprevad

FGF9- 2- WL44X, i incki@n I%i%]q- affih} L NaL] : her conprises
an am no acid l'Lélﬁl\fgsti_t ut Lo% erué%r%r Tr p%ﬂﬂﬁgrﬁ% tg]ﬁféglé%%%% éﬁ\cth ag’osi tion hi

ot her FGFs, i sredusphstipulgtianf piokifraiinmiapdenhiesicel reesptpebgesificity. ncl udi ng, but not
limted to glycine (G, arginine (R), valine (V) or glutanmate (E) that
abol i sh the bi ndi'h§ ’P%Sdﬁ%@’ﬁf“%ﬁmu@t‘?@t‘%ﬂﬁii??@bFFW@fFi'ﬂéﬁI%iaﬁil@%/St‘BWﬁdi ng to FGFR3
and a | esser asffFGHsf Werdip dEHmERAs PSTEE pRovivaly adérminelay cdtiprisedusgst bi ol ogi cal

activity and high receptor.affinit re.denote ein FGF9- 2-W44G
FGFO- 2- W 44R, SRR e < Femersgbeds Iqpinisrest Bty MBS S 78 | s
substituti on odnalagms Heps rie sheduler inenfbye qi8hkel BAF | fanipy, praidelaghanédle am no acid

adjacent to Tr ragi-ne 1 géﬁnl 3. or N14 f -9 or the
equi val ent pos%eﬁoﬁsﬁﬁggfq’%g?m%@é%rw - itnlgt’}?gr d]iécﬁsﬁcg tlggggncraggi due

i ncl udi ng, butF@ibvarianisi exbiliit tredusasl dctidty in erogiorg grewthisif natepgy beainEGERI whi | e
retaining highyafbd Bet YodtsRizh C r finity to FGFR2.
Furthernore, tr pncaﬁeons r%guc%gﬂjﬁ)liqo g@;ﬁagdaﬁgg%%n\hgt%%%af?\%&r%?%%en bi ndi ng
capacity of t Hesrtewprly useful for targeting bioactive agents to cells, tissues and organs.

Truncated variants as disclosed that are most preferred may further comprise at
least one mutation in at least one binding site to the receptor and are more
receptor-selective than the corresponding full length wild type growth factor. In
certain indications, including some skeletal and proliferative diseases, inactive
ligands can be used for targeting in order to avoid activation of receptors where
activation of said receptors may advance the diseased state. Said FGF variants
wherein the N- and/or C- termini are truncated such that the truncation extends
near to or within the core domain provide molecules with reduced biological
activity useful as an antagonist of FGFR or for targeting bioactive agents to

specific cells or tissues or organs. An FGF-9 variant
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These variants are 13 9 Novenber 2006 WD 03/ 094835 PCT/ iNSRHBO3Hds"

denot ed herei n R64AM FGF9- N143X, and F9-2-N143X, having SEQ | D NCS: 14 and
15, respectively, wherein X is other than asparagine (N) and nore
preferably serine (S). Further preferred variants conprise anal ogous

- polypeptides of FG-2, in particular variants conprising the 120 as core

domei n and trungatd PBS aﬁﬁnobiafdrNrté?&n& uﬁ{agnog is QedoaM gﬁin R&N?Féﬁ@nt Iy

preferred enbodi nent_of the present invention provides a conposition

useful to targ@?"“ﬁﬁ%ﬂ%18&3‘ﬁ§‘§41‘f[§q§3ﬁma§waéldl5@@qe¢§lwmn§@m and or gans.

A currently nmOhgent BfEitLoh 8o e éEQlEHsh&%EER;Eﬂa%?& F@F%%!r:lgﬁblog@ﬂl ugate or
chimeri c reconbi nant fusion ng‘? te| n) orrprl Si ng]:&{in FG="varrant |inked to

a bioactive agéfft™ T4 PHAE Pe e %}tyléo"&ﬁf‘ii Figontbe PFEftidi ng a
pepti de bond, aundntﬁdneelbueomcadduﬁnaagerreﬁmme}y@@nas seherbMlrerh 3hent, cytotoxic

d , h ut t t d. Th
ncl ude; but ark® lfc%’l%ﬁo%s?%sé%r%en%%%@fuﬂe@g oo de anal ogs, ¢
peptidom netics, , HAPS &%tgk&g%&?t% tgoq]éﬁ?mgglﬁy%:pg ot ei ns,

antigens. and. ant i bodi es or gnt od rec ot her
menbr ane pr ot ei?fid trupgstigmandsn @r@yn@smd @d@nzlymé@ncam@l Gr@y@tﬁi hewtinbi t or s
i ncl udi ng ter?GP?-zklhEﬁ%ge SERNINDI K1, ﬂ@‘}f&}“ﬁ'v&%n@%st&%ésed qﬁ“ vatives,

hor nones, |i pids, 4) §h0|l pids, toxins and anti-cancer drugs. In a

currently most °picafiag Peli paipt saplisatinn WRD2E6M7csia yaomt o6 FEF9dwsing hi mer a or

conj ugat e of ReiMelf GobldiddiQr THGEr@enr At SdidikedekRcad RRRbAAE or peptide
anal og. 20 A curren tl}{m?ﬁ@%%%red enbodi nt of the present inventionis a

conposi tion us&FHFUES giantyspeciic ?Tf“S%PSBB‘F%t“&WHIeﬁ?e&ﬁ% i n abnor mal
bone. A currenfdr¥GhR3.e preferred enbodi nent of the present invention is a
pharmaceutical conposition conprising as an active ingredient a coval ent
conj ugat e or chi mMciding de getiznpthert cuoentiyrirsferreg cabodi@Ent of alid amdntibi nked to a

bi oactive ageniyeLhi Sodid gggl 25 peptide
bond, and the blei)aclﬁ)veea&@c%ny%%&b%%@ﬁ a@ Le'&ﬁ&e E’g]togm c drug, a
phar maceut i cal blydlagﬁlﬁe\s»’éﬂ!emﬁb@uhdo te r@neatgm;i@pmén%lewdbﬁdmnmelsefl ncl ude, but
are not |imted NoakiRpeaekinaagh 'aﬁﬁm%ﬁl%ﬁsu&&lw k Uag‘feyt dihddieestdhd) One

currently nost preferred enbodinent the abnormal bone 1s a dysplasic bone,
the FGF vari antaried '8 epereespipr Pidiol torgathprigrepy grovitiyeon basis gerreqepier bi oact i ve
agent is a nat ggetifietinentfFPGFgle. I n another 30 currently nost preferred
enbodi nent the FGF variant is selected from R64M FGF9- WL44G or

FGF9- 2- W44G and 'ﬂl‘h@rﬁhﬂ&tFGFeva&gﬁtnﬁasl@hﬁ&k@@}ﬁdﬁﬁicﬁtﬁf&m Gnd yeptoat ri uretic

peptide (CNP) bety%g c%ﬂ]lg«JirO@to tﬁee E:oerl(')efspondl:lL1fg1r wglidl\tlgpe paren{ FéIQOby decreasing
the biological activity mediated by at least one receptor subtype while retaining
the activity mediated through another receptor subtype. The truncated molecule
exhibits reduced biological activity while maintaining high receptor affinity.

In a non-limiting example it is possible to diminish the biological activity
resulting from FGF-9 binding to FGFR1 while retaining binding to FGFR3.
Preferably the binding to FGFR3 is a high affinity binding with reduced
biological activity. More preferably the binding to FGFR3 is a high affinity
binding with no biological activity.

Preferably the mutation results in a substitution of tryptophan 144 (W144) of
the B8-B9 loop as numbered according to wild type parent FGF-9, or an amino
acid in the corresponding position of the B8-B9 loop of an FGF. More preferably
the mutation is in the B8-B9 loop of FGF-Z, FGF-4 or FGF-9. Here we
disclose increased receptor specificity by a point mutation in FGF-9 resulting in

an amino acid substitution in the
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Di scl osed are further variants useful for regul ati ng actiNéldnybePPoos nMut at ed
FG- Receptor. A currently preferred enbodi nent of the present invention is
the use of a variant of the invention that acts as an antagoni st to reduce
the activity of a nutated receptor in diseases and disorders related to
FGFR. A currently nore preferred enbodi nent of the present invention is

the use of a vdoipdrtweafthd fBeand pruteiitsi 0B viriat ardftBendsre MhcROH AGOERL St t 0 reduce
" the activity ofor%_rtmt ated FGFR3 .i.n, di stgaﬁes .and djisorders related to
FGER3, i ncl udi ng achBRE} Sorodsieaniof s B HelPsical agiysts axieed diidther ol i f er at i ve
di seases i ncl udifingy tortkarsicponmsubstagiblly wwaffeciehona (TCC) of the bl adder,
breast cancer and nultiple nyeloma. Currently nost preferred enbodi nents in
accordance to t heAPipvding torne ewrepily siosigpreferediptmbidimens offthd-@esear e denot ed

herein as fol | aentichNGIRG 4dhFEIN(RER i f this
vari ant has been néli cl.osed L?:n_ PCT ap,p%cgc%%tlgﬁzwﬂggf%w%ﬁ
R64M FGF9- W44 % |‘t9%r\<|@.ef qrpiyo geid resigues psuidingireaspter speaificitieidR- of 63 ani no

aci ds from t he tédmirr rdrod G-tefrkigl &bﬂ:aﬁdﬂﬁ’@{at RA&detthOBoBfic facthile angM | d type

parent FGF-9 repl.aced b t and erein X at position 144 of the wld
type parent FG Wé?%@%’f‘ﬁé%“ﬁ‘ﬁ”(f Yot PR 165)@?%11’Fa%f‘t39’115h§5e| ected from

A yci ne( G)]; tAL ds biRJing MaHtGPB\V)wlgle rditin dg@ﬁﬁcﬂhm.mw&&md_ 3 agdCTNQ 12|); TP,G
sequence o0 [ .di scl osed.i.n copendij ng application
WO 02/ 36732. 1%‘3%86}2%6%2 6&%%( ?‘%@8"}%%%@“1??“‘!‘43‘%?? né“rTEt%yaé’rW‘FW a truncation
of 63 ami no a¢hbedimergrthe REAM-REOnvaniaw, fatlve cénpgris¢sS) Wik4 pastititioan 64 of the
wld type par e ;da]%% / I a truncation. of 18 am no
~acids fromt heq%*-st_er nf%udse t he rg&g\g?&g% wp%%le’glla‘élﬁg fé@ @If N@hé&wl | d type
parent FGF-9 Pegriadapihissrbsttuted with aatno osid sesigneslincidehgytiuence limitdd at  posi ti on
144 of FGF-9 icSolidf } AW 7 E‘ihg%![ N nreferred am no
acid substitu Olsgﬁ% i @(_G)s’e ecf@p‘?gl}é&nﬁv&;_y_(&@ @@at%%l{SE@%F%?J@é%or Gu (E).
14) R64M FGFO- %kwwma\mwﬁmwamw to FGER3 ind b legser efffinigatoi on  of 63
am no aci ds fr BOFRINETHE @it Ufving Iﬂ@u&ﬂ%i&l%caﬁﬁqtﬁﬁ;iiaﬁd Ridh Géketly the wild
erein at position 143 of the

type parent FG=:.9 repl.aced  by. and

wild type par eﬁ@mﬁ"(j“—gémfo?g%@rl\%@é%%wlm ROMY-EBOV MR BoDB y Ser (9).
45 9 Novenber POEBWIAY £3R6D4F659-RGI4HL03/ 00379 15) FGF9-2-N143X (SEQ I D
NO 15) having 127aa with a truncation of 63 amno acids fromthe

N-t erm nus, the AxgordiRg teitanpddititriabpurfedtlo noteh@refairtdetiydindpnbe e FGF- 9

the Pro (b arsaum b Y iRl i el B BE S 4 ER ab aced w th a
termnation This variant is denoted herein FGF9-2-W144X, having SEQ ID NO: 12. The
' FGF9-2 variant further comprises an amino acid substitution wherein Trpld4 or
the equivalent position hi other FGFs, is substituted with amino acid residues
including, but not limited to glycine (G), arginine (R), valine (V) or glutamate (E)
that abolish the binding to FGFR1 while retaining high affinity binding to FGFR3
and a lesser affinity to FGFR2. These variants, having reduced biological activity
and high receptor affinity are denoted herein FGF9-2-W144G, FGF9-2-W144R,
 FGF9-2-W144V and FGF9-2-W144E,

Disclosed herein is a substitution of another residue in the B8-9 loop, namely
the amino acid adjacent to Trpl44, asparagine 143 (Asnl43 or N1 43) of FGF-9,
or the equivalent position in other FGFs, with another amino acid residuc
including, but not limited to serine, to diminish binding to FGFR1 while retaining
high affinity binding to FGFR3 and a lesser affinity to FGFR2. Furthermore,
trancations reduce biological activity and retain binding capacity of the FGF.
These variants are
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5 signal and wherein X at position 143 of FG-9 is ot hegnbhabeAsds(N), and
nore preferably Ser (S). A currently preferred enbodi nent of the present
invention is a nethod to target bioactive agents to particular cells,

ti ssues and organs. Ina currently nore preferred enbodinent a conposition

conpri si ngvaees/oe4aBs conpl ex nol ecul e conpri sing a 10 copakmmseeon ugate or
chinmeric reconbinant conprising a n FG- variant linked to a bioactive

agent is adnﬁm@ﬁd@mﬁﬂ&awcpmmmxmm@mﬁb@ﬁ@m‘gdﬁmmmi@ﬁhllg nost
preferred @g&h e 1%)&0 ostbtlon [of0) i ses an R64M FGF9- WL44G or
FGF9- 2- WL44G q%gp qe PHB‘S n%) |%?%fe%?b1€6?ﬂnaé%l wT. A

currently prefp(grﬁ{gp sent s. a net hod to
i ncrease 15 the si ngfélggdjbﬂ] onegé“? vwgﬂﬂ?%%ust%oxpﬁpr}é‘% #%bﬂﬁﬁé‘ﬁﬁg}ﬂ‘t reating
the bone wi t Hetifotssrmpritieg: the| 126 (22 complomiin od tomegpions atrigttathe A%-adndrC- conj ugat e

or chineric gggRbi nant FGF conpl ex nol ecul e conprising an FGF vari ant
| inked to a bioactive agent, further conprising a pharmaceutical I y

accept abl e di I.me:nﬁenﬂsaqbfdférféﬂ eAIBEHiRENt D BRI rls® invehib
preferred enpodi nent twe abnormal bqne |ﬂsrésa dl?/% ggl?rg %%a%&%e GF 20

variant is RESZ? ORGiEEe Spengsceparoenlgy 49l @%ﬁ!ﬂ’sﬁ‘?@fﬁﬂéafémﬂl&@@m i s

C-t yp;a Pai L paneabd emip@pidntieontpibiz)a c@ﬁal@ﬂc?ﬁl@hﬁ%r E]?ﬁ[n?gﬁlfec g\}%ﬁﬂﬂ'@i Eﬁ one

aspect o riiant _js 5 to the i n _anot her

aspect’ t he F%g{e&zg%a%rﬁﬁlgs?n %’tﬁtv(%nﬁﬁ‘%@ﬂl a pipagtize agept. s ligwakbowa at hat t he

CNP anal ds direct hedd indhetin@MR(eitid@ Bpnd Zndabe HefRtivelPentdihyd6 b dMetBlAERL 22) 17 as

pepti de- or am no acid seqguences of
Ak gﬁﬁ’éﬁ&% {mcgﬁ ?‘glgﬁf’%’gpm’f'%ﬂ grenpsts, coqupaudo Theséc| eot i de

currently preferre
sequences, aielugy é:srérw@ehohémsm taSpdptidds Oael: pépfﬁ)le FaekBgs? péptilidrindbd( 1- 22) 5

SEQ | D NG Q.l Inked.tq a 22 as"
(CNP mol ecul (]a{mg?ﬁﬁﬁggg&éa ??p?/%{/g@ Hiser €0 a}%/hlggns aand‘ﬁlgqbi?%’gsp?rlaﬂ‘ébq%Ynker 30
17) CNP( 1- 22aemepts. meapjors) ud Sifzed nembape 1ipteing, viptrness, chayast, ch&yﬁSs,conprl si ng
a CNP(1-22) ¢lnhs UhiSbifdks an | @ﬂ&g{el )@Hev%h}b@tg %gmnl [ n 815\8 | D NG 16

via a polyp tlde I nker . - e el
03/ 094835 P iaf‘ % ‘@8%9?91‘1"45{Pﬁoﬁi’h?l@l%etoﬂnﬁ@dgnmc'ﬂhﬂmgsa corrpl ex nol ecul e

conprises an RGE variant havi.n D NOS: 12-15 linked to a bioactive
agent as eit h&F 2 iEey tlg?sﬁlpﬁgqr‘%ﬁ c?H‘gB‘*'t@?ﬂt th cqmeposition comprises chimera or

conjugate of R64AM-FGF9-W144G or FGF9-2-W144G linked to a peptide or peptide
analog,

20 - A currently preferred embodiment of the present invention is a composition useful fo
~increase the size of a bone growth plate in abnormal bone. A currently more preferréd-
embodiment of the present invention is a pharmacewtical composition comprising as an.
active ingredient a covalent conjugate or chjmeric recombinant comprising an FGF
| variant linked to a bioactive agent. This hnk may be via a direct bond, including a \,} '
25 peptlde bond, and the bioactive agent may be a detectable Iabel, cytotoxic drug, a
pharmaceutically active compound or dlagnostlc compound. These include, but are not
limited to those bioactive agents previously listed;In' one currently most preferred
embodiment the abnormal bone is a dysplasic bone, the FGF variant is selected ftom
R64M-FGF9 or FGF9-2, and the bioactive agent is 2 natriuretic peptide. In another
30 cumently most preferred elﬁbodit:ient the FGF variant is selected from R64M-FGFO-
‘W144G or FGF9-2-W144G and the bioactive agent is selected from C-type natnm:euc.
peptide (CNP) or an analog thereof.
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term nal conponent of the covalent conjugate or chinerignpeepEbigagnt. It is
further understood that a |linker may be a pol ypeptide |1 nker such as those
known in the ark A5 currently preferred enbodi nent conprises an FG-
variant having SEQ ID NCS: 12-15 linked to a bioactive agent as either the
N-term nal conponent or the C-tenninal conponent via a polyglycine |inker

of 2.20 amino_ac Haclosth e R K EhROLEARKS REUADE 8 5§£&%@§@kﬂ?ﬁlt0 t he

novel variants_is disclosed herein 1X DNA ( SEQ
ID NO. 18)  19)Repepien Agurrently prefeprgrerpbgtimyentof fopresmt ingonfixgimpusgoia R DNA ( SEQ

| D NO 20)  21) Fafaa( 3f iQinvdHdichXndoNeG S5@h IMEhbotdsl 1o redik tRFAiGRy 8 N1I UG DNA
(SEQ 1D N0 22). 15 23) FG-4 NI111X SEQ |eg N 23) 24) L55M FGF4- N165X
DNA ( SEQ | D NO™: ﬁ’? loRB R o™ é Blated RECHR) Agraerilysade i n pCT

appl i cation Mwﬁﬁzaaodlm&ﬁbfm%mvaﬂmﬂx tEiNAse( SEQudriniNGD (B86) 27) FGF9- 2

PGRo- o- v DR CHEF 1R ol S R B se B P a R ERa 5 N 29).
30) FGF9-2 N143iedshyang @E@dﬂﬁ)mﬂd@deGFM)ncEﬁga@odeM teNRehod@) DNA ( SEQ

1D NO3T)  32) (Rl b RS AR RSB RNGL AR, A dgfor di g Lo

one currently préferre resent inve
phar maceut i cal ﬂ@é‘lf?ﬂ‘éﬁ@lbﬁaﬁﬁaﬂé@mmﬁlﬂgn‘a@m active ingredient at |east one

vari ant having SE [ D NOS 1-1 (g‘gar rraceutl cally acceptable carrier,
di | uent or EXCI v P He 6111'70 5y Bndreprdagpdd thenindengion rent |y nore
preferred enbo‘éﬁ ‘Pg?ﬁ“ Hrams PG e depriedheredss e ar i ant s having SEQ I D

bromot i ng or acedt? Z?ﬁ%ﬁdﬁf&l@éﬁ%ﬁz 1B PR B et ot VBirab s a1 bone,
i nt ranenbr anous t;baob$edaer@1‘cappIu;atlonéiV@02/3£g3>2, spi nal defects and other

skel etal disorders and for pronoting or accelerating neovascularization in
i ndi cations incl Ud) R@WGWQ-WH&KS(SEQ@@{@M)(MWg béda withk #gyncatigncer s such as

those seen in di aghiaRidddkid B the RAGkinANEe 18 R lorliessue.
i ncluding skel etal , nerve and vascul ar tlssue ose hereirn is a nethod

of promoting or "é‘@é@ﬂ’%‘iﬁ#ﬂ: %@ﬂ%bbm%ﬁn%‘@lﬁqq)ég@oﬁwd% ofphi ch

conprises adm nitkd @ild BPe pPred FEH-H afbiher (AL APEWS hthhlok pkfefly ve amount of

a pharmaceuti cal . ed from Glycino(G), Arg (), Val (V) or Gl (B).

12) FGF9-2 (SEQ ID NO:12). The sequence of this variant has been
disclosed in copending PCT application WO 02/36732.

13) FGF9-2-W144X (SEQ ID NO:13) having 127aa with a truncation of 63
amino acids from the N-terminus, the Arg (R) at position 64 of the wild
type parent FGF-9 replaced by Met (M) and a truncation of 18 amino
acids from the C-terminus, the Pro (P) at position 191 of the wild type parent
FGF-9 replaced with a termination signal and wherein X at position 144 of
FGF-9 is other than Trp (W), wherein the currently preferred amino acid
substitution is selected from Gly (G); Arg (R), Val (V) or Glu (E).

14) R64M-FGF9-N143X (SEQ ID NO:14) having 145aa with a truncation

-of 63 amino acids from the N-terminus, the Arg (R) at position 64 of the
wild type parent FGE-9 replaced by Met (M) and wherein X at position 143 of
the wild type parent FGF-9 is other than Asn (N) and more preferably Ser (8).
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conposition in conbination with a matrix devi ce. The natMNoxemtsy 200
synthetic or natural. In a non-limting exanple the matrix is a plasm
protein matrix or a calcium phosphate matrix. Thus the present nethod nmay
be used to pronote tissue regeneration and repair including cartilage,

bone and v%gﬂﬁ”ﬁ@él ing. Disclosed further are pharnmaceutctalozo@amosi tions

~ conprising at one variant FGF of the present invention having SEQ ID

NOS: 10- 17 have1 %FFEP%W%Ead&NOdSMgﬂwmmmaseﬁﬁ;aﬁmaﬂrfts(ih&ﬁrders

associ ated with %ﬁohﬂg@mtg{,ﬁn '[ﬁga | i of these variants
is disclosed in ? s | nvoI i ng A:%g@h g’%ﬁ%&%ﬁh"ﬁ%@?‘?ﬁfm@recept ors,
i ncl udi ng but no My irgncation oflil§ emize msids fm:hlﬂwmgmbinhs get limted

t o Achondr opl amhp(ﬂﬁpﬁ@dﬂmdppﬂftﬁé{wﬁdty?ﬂ&:%%éﬁgg% t@? proliferative

di seases gnd d Di scl osed_ yet er are tn STPEY%ar i ant s
havi ng SEQ | D NG ?énd]e@%

Wf% (L BSTHORA A TR i dthey i Ash @) ecmbiov ¢
i nduction of praiéfeblmSeal).and differentiation of cells. The use of these
variants is disclosed for in vitro or in vivo treatnent of cells.

Di scl osed stil R dubtéd Lo r oo or .accel erating
neovascul ogePeS| S V\/nt?gﬂre%lg?rprl sgg%gtdgngt%lggfe@ﬁ H’Q’g‘E”Bnés B &sthod to garget

t her apeuti ca IP3ptive.paepts e partionts wells, tifsua apd argamC dtitai @ﬂbnt@%@ teken@a

conpri si ng aemtaiing@ft aOfontdat P eEffng! QY ion and optionally. a matrix-free
or matri ?< deyi 5} The matﬂral X may Engs{%‘n?ﬁet‘fogl PoF 1Y eal"‘m’?‘ﬁm& a
|

non- 1 mi t1 ng SYEhSPH A of ehimesc fegombinghinenmmpriping hie INGF vagibuiti k€T toda Cal Ci UM
phosphat e meltivdctive afbntds ddenidkr&BE At aﬂEﬁhﬂﬁé&d'ﬁﬁy Py ¥58dy Iﬂ?fg %gﬁ tissue
ng

regeneration gﬁ,’gg%%g% r including carti one a -18 9
Novenber 200 0 %%%%Wmm@gw BﬁFEWlmmmpmvmeTHE FI GURES
Figure 1 demﬂépﬂ!ﬁ%oxgnmmnﬂ&gdﬁ%rg&@ ugafel Ur es 2A and 2B show the
proliferative activity of FGF2-N111R i gures 3A"and 3B show t he

it ogeni ¢ act iy Firpnthprefae] bybdivent@Rhpidahi iaation K @hadtbdiPiichhdel G On

FG-R- t r arssf erd 6k GPGPL&GE! re 4 depicts the mtogenic activity of the
FGF-2 vari anh FGFZ(S 5%)g %Mci’l% ﬁ@?ﬁ“ﬁr%f@c?@ﬂ‘nﬂﬁgﬂﬂ@@lma@ a
function of PhERasentical mﬁt@a@qnmsmfagmknﬁcoﬁjﬁgm of S PGBMhanACt | Vi Ly

induced by WGﬁ'ﬁﬁieﬁrﬁé%ﬁI@ n FGFR-transf ected FDCP
cells. Fi gure . di S%ngs themPrrEgt%lrlgng P ‘g “8 © ggepd, Birtherr i ant s on

SDS- PAGE, f i"lip8ings utigedly raserptsbld drhelm,geamaciumtsyabg&ert he, t,r uncat ed
FGF- 9- var i antrsentlf-ingte Reférdil M ditddft e &Ehﬁn&}&,ﬁe EI on, bi ndi ng assay
s

of FG-- %gva r@\%t 8A and 8B WO ex & bone, PR EGH; st ri but | on '
of I FG9 %; d&&!{vpﬂéﬁgs ‘W144G or FGF9-2-W144G and the bloactlve agent is C-iype
natriuretic peptide (CNP) or an analog thereof. According to one aspect of the i invention,

the FGF variant is 5° to the CNE, in anothe; aspect the FGF variant is 3° to the CNP. It is
to be understood that the CNP analogs include the CNP(1

CNP(5-22) 17 aa peptide or an active variant thereof,

-22) 22 aa peptide, an active

25 - The amino acid sequences of currently preferred FGF complex molecules, followed
by the polymicleotide sequences, are presenied herein as follows:
16) FGF9-2-W144X-CNP(1 -22) (SEQ ID NO:16) having 152 aa comprising SEQ ID
NO:16, linked to a 22 aa CNP molecule or a stable derivative thereof via a
polypeptide linker .
30

17) CNP(1-22)-FGF9-2-W144X (SEQ ID NO:17) having at least 157 aa co:ﬁpﬁsing
a CNP(1-22) molecule or a stable deivative thereof, linked to SEQ ID NO:16 via -
-a polypeptide Tinker.
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15 variant in the nouse growth plate follow ng | P deliveNygvenfteg2tog 8A shows
the signal distribution while Figure 813 shows the outline of the cells.
Figure 9 depicts a proliferation curve of human articul ar chondrocytes
grown in th resence of the variants of the present invention. Figures
10A- 10E shb ogtj‘ﬁ’éssf)henotype of human articul ar chondrocy®&IMYPFEHE®in the 20
presence of varIgigptbs o% t{}% resent invention. Figures 11A-112C show the
phenot ype of por'ei’n& "BrEieaditiat a eomplarmenlsrile comgprsgian HOR ydant pavingSESe of

vari ants of tIDNQS:Es eNlinkedwerbibdtive dgbd s ﬁﬂmhaé\NJa&Ehﬁhéﬁeﬁfpmﬁt ahrnet ype of

porcine arti g| Al ndr ocyt.es gr.own i.n the resence _of variants of the
present i nveﬁtl o g%ﬁpﬁfngi%iﬂf‘? csotg%}? icﬁ'a‘.'ga%S"rl'—‘? Jeopgkingnt. ¥ ig figthen he
expr essi on ofundesitothat atlinhe nlaly bpmqblyheptida likepaich hBoseMAGMIMaEY ire apel | et

culture. K gy oqlyc Xpressi.on,j i ne articular

chondrocyt e p,glﬁ%gg'%gg tﬁ%ggd%agﬁgélﬁ%rrg?ﬁyaﬁggﬁﬁ?%ﬁ’ﬁw ﬁ%aﬁﬁg“@%s‘[}épni ng. -19

9 Noverber 2d0ked (A Gduciys st RERithdsOB¢ 0BABInal DishAbieFDoDESARlHRINGN OF THE

PREFERRED E mﬂo@gﬁ@ﬁ@ﬁ&egéﬁ%ﬁnﬁﬁ&%ﬁ%s (FGFs) constitute a |l arge
p

fam ly of structurally rélfated, 5 heparin binding polypeptides, which are
expressed i N aTié shiyivabith YoqBino&@bokripaithelrh BSUEH varE f@lidsio GFs share
- between 17-72% gm no acid squél}]encehisgrml ggy and awﬁll gtﬁ S%%l\?éaprﬂgrflﬁstructural

simlarity. ‘3\3%’ B8 ogy core of around 120 amino acids is highly conserved

and has RQgen i | j I s.of the famly. The residues of the
. core doﬁgi n |g§g§g%:ﬁ\?\ln)t E’%@ﬁ%@R and heparin. Twelve antiparallel p
- strands have 1fybkepnn hfa [ encore structure, |abeled 01 through

) NI?%;PI\{%/@EP[BMFQ#

pl2, linked one’to ano oops 'of variable lengths, organized into a
trefoil .inter HZU)FSFZINEHWDN%@EG@S&Q@M gnnment and | ocation and | ength of
the p strands for FG-1 through FG--19°is depicted in Figure 6 of

Pl ot ni kov et all)FGERBLQLNLIIXADIA (RO NOA). an no"ati d sequence of the
core structure of the known FGFs is depicted herein in Figure 1. 15
Accordi ng to t3?F@FI(BAEQPNEE GODNARSE@IRNEM?).i nvention it is now di scl osed
that FG- _variants of the present invention conprising amno acid

subst it ul? ons NFEHENIGEDPNLEEQEENOHZ) 08 and 09 strands of the core
structure vyiel q‘ variants with inproved properties, in addition to altered

specificity tHEPREFGFANIEYX BNA (SHRBANG.s the anino acid substitution
ields active J 1 eragoni st properties. The variants 20 thus
g?t g@ lnga? wi | | %%Wﬁ?%?%@g(éﬁ‘g& %%diﬁﬂg*@%:fﬂqnfpﬁcew@rotﬂééét@i ficity,
stability or | : 0 ranced mitogenic activity or
differentiati _022i p%fwéiﬁ%g%?%?“ﬁg’gubﬂﬁ@@?w?ﬁe variants so obtained nmay
further corrpr|23p5@_@d2ﬁNgqgﬂg%ﬁpﬁbfﬁg(g%fhoggd;%iPﬁrt hligg‘gqrnlygyb?)?%qzlof the p8-09

1 oop providing variants W I npro It
‘ 20 | 28) FGF9-2-W144X DNA (SEQ ID NO:28).

29) R64M-FGF9-N143X DNA (SEQ ID NO:29).

30) FGF9-2-N143X DNA (SEQ ID NO:30).
31) FGF9-2-W144X-CNP(1-22) DNA (SEQ ID NO:31) -
32) CNP(1-22)-FGF9-2-W144X DNA (SEQ ID NO:32)

25 According to one curently preferred embodiment of the present invention a

. pharmaceutical composiﬁqn comprising as an active ingredient at least one variant

having SEQ ID NOS:1-17 and a phannaceuticaﬂy acceptable carmier, d.iluent or
excipient is provided.
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or yield 25 The FGF |igands wi th enhanced bi ol ogi cal ac%hgvi t%ePide! NCreased
receptor selectivity are highly necessary for treatnen V&rT ous

pat hol ogi cal conditions. The variants would be useful for the purpose of
research as well as for the purpose of devel oping possible nedicanments for
use in tissue repair and regeneration, wound and ul cer healing, bone and
cartilage disorders, bone fracture healir ost eoporosj s and other 30

skel etal di sorde(ralé.a‘z FUt e MOt g&%’&%@ﬁ%‘?@‘gﬁéﬁ\?ﬁ TERE SV eh Meet ai n bi ndi ng
affinity to spewiatschaF@E JEEC EPINOSL-7 wiet foutlatat kanplositié pharmaeajpilor - medi at ed

bi ol ogi cal act LVt VRl i = variants.useful as_ -20.9 venber 2006
WO 03/ 094835 PCTl:M#ﬂl"{‘%"i‘?é’g%d}gw 851?:‘%% g‘;ﬁ‘%gfﬁ%ﬁlg%f?g%r“ff‘%%m mg‘r"&e‘fl}?ng bi oact i ve
agent's i ncl udi fArfiophngipleprriedameesariodse boren aticwaradanifpge, apidalddefigs t 0 specific
tissue. The vapi@nbifier™ kBchedbicRikaChhd | tY fr &ﬁlgfaq:lr @ eldilgyon! 21 ng a
specific receptor in indications related to ‘abnormal F R actPvati on.
Moreover, t hePSPXRSCWATZapR Riadieatigrssinglpding berpy lcutadacsitipnsehed saie.ch can be

used for site-gpaskichas th8hd @ M dRBEticTHAORS Bphid hidORRiRinQaGkLy e agent to
cells, tissues, or. org%?c?ai in which {ﬂ theraﬁ_eutl C e%fe_ct is desired to be

effected. Cert ZPRdiAg AervgRad yaseyler tisiey Dasplesed derelii 16 i msdAfed properti es
i ncl udi ng hi ghpioinniitignes ai‘chélerﬁli' Hg)/bqnl(éj ebaR ﬂarhiaﬁla@@!r@ailr vﬂﬁ&bi ind yis;énfl enlhaaned
recept or speci . t hus. proyidin apeutica eneficial nolecul es
for treating sédétﬁ}él%%fngé? gg?ﬁlc?gtrast}{er?ﬁ% %C‘E"ﬁtamo%towi’l?ﬂﬂéﬁn’f%

achondr opl asi asonpogitiqurimédnfogmatin with adntbadeeise. Thetatdk gy Bedynthedc dri mted to
multiple 10 ny nggqa Wihiiho gkl garcino E of .t he bl adder,
breast cancer gdn. &:Ienr%/lh%{;ﬁ?&uﬁ%grm r?gen%l% T"e)“tsgrlgags |ﬁ’lg’%no’fnf/mﬁ)éﬁfﬁdes are

~ fusion protei ngciugnpheemhite mptais. ol thewrtsnt nhefitor imdy bpused te prsiomrtismenj ugat es.  For
conveni ence_CeiebdidhRpRITRURN R alifhel Bnc3E ShLARlhEN,  exanpl es and

clains are described here. As used herein and Int ns the term"FGR"
denotes a recept obisslpaMi futtber 88 phdrhabdaficaMabiGhbsitond &G5iSiAs %t feat transduci ng
t he signal exerted gth\‘F(% ﬁ the cell interior ﬁépl cal ¥V7 conprising an
extracel | ul ar Pig¥Ha" i glledafﬁ%%}ﬂ"?ﬁg?ﬁ@w PEQIR A iU HebavRel i x, and a
cyt opl asmi ¢ doimpiaved Matapadio tusility Sinaditetsed Sind edidotdoR SR sodiated Wiithy FGhe term
"FGFR' includes_sol ubl e versio rising the extracel lul ar domai n and

| acki ng t he trre%eﬁsorr?eyﬂjg TR %gﬂ%cﬁ e%ﬁ‘ﬁﬁqﬁ@?&c&ﬁﬁng‘ﬁ?ﬁs”\yﬁlﬂnﬁnts t her eof .
20 As used heritnnamel dnd abivemal [F&iFnsceplos, inelnding' bunaot Iinseed k6BKelditnot es an FGF
nol ecul e or varl.ant. whi. fter bindi t.o an kE nLec ar elicits
stinmulation ofﬂgﬁjlr%%g%l%@%]ifggbugtn ' ﬁnnﬁlgétdqﬁéa{k g orfdﬁogﬁmta)’f}%:?ﬂcehogdg I?:’eﬂnfis exposed to

the wild type 5ePromsis REprofifiratizedissascemmd disedsur ed in cel | based assays known

inthe art. Mre preferably, the variant elicits stinmulation of
m t ogenesi s at nﬁ%ﬁloﬁ?ﬁé’e‘q@&?efé‘fe they srefegpd variants diping SEQ MR Bsked to the wild

25 type par entwhithhivel iaptived udifty Us ek edctidinandioh Rf Hhieddh MRat he term "FGF
recept or spem(“ Ci ti)é". defnoﬁ es t he fa}lct L L ]
0 ifferentiation of cells. The use of these variants is disclosed for in vitro or in
vivo treatment of cells.

Disclosed still further is a method of promoting or accelerating
neovasculogenesis which comprises administering to a patient a therapeutically
effective amount of a pharmaceutical composition comprising a variant of the
present invention and optionally a matrix-free or matrix device. The matrix may
be synthetic or natural. In a non-limiting example the matrix is a plasma protein
‘matrix or a calcium phosphate matrix. Thus the present method may be used to
promote tissue regeneration and repair including cartilage, bone and wound healing,
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that a certain FGF nolecule binds to a particular FGF r @eepéfmteranss elicits
a receptor nediated biological response at a concentration at |east tw ce
as high as its activity upon binding to another FGFR Bi ol ogi cal responses
are neasurgd oot hods known in the 30 art. The term "gffi ni (té%y{ as used
herein denotes the ability of a ligand or variant of saf T’W‘F’ﬂ 8 to bind

to a specific receptor. Mdifications to a ligand which stabilize -21 9

Novermber 2006 WO 03/ 094835 PCT/ 11.03/00379 favorabl e conformation or
enhance am no2as PR PA RO HEFRGURBAS will result in increased
receptor affinity while those which destabilize favorable conformation or
decrease ami nifigaeil depidtcidigahicaak 66 FGR @hactions Wil |l result in decreased
receptor affinity. A conpetitive binding assay was established to

det er mi ne t heFigws and 2B liawih¢ yrobrafiehacBvityat F@FLN1gRNPared to that of wild

type parent FGF towards an FGF receptor. Variants having high affinity for

~an FGF reckptirrend rasd A show tlegmiibgenisciciivit ndaee e tie OF@R-2 Craript ent i al

FGF ant agoni mm@md1@§£pém_&%}gfeg@§%p&hf_erenti ation factor" refers to
ypep

a substance, in particular a po Ide, Whi ch determines the fate that a

cell will acquiwesdpsics GPABIERC biviaF o %F%%W&%#%@ 195 dn"

conbi nati on w, ot her bstances. In a non-limting e
differenti at #%’@Mﬁé’ﬂnw 2 figctiongif Beprdmeoneamtfatismenot ypi ¢ changes or by

bi ochemi cal qg changes. .As used herein the term"m togen" or
"proliferation ¥ a%:tEé %O%S%Befn aPg coacgég'u’ﬂg‘f“’ﬁ‘?\b% thenBeF-4 | viadans EGB4rLISAEr ease i n
t he nunbed ofN1EER puFGHRtraBfetedBDOREAEN and in the clains the term"core",

"core domain’ or "core structure" denotes a region of honology of around
1120 amino acHigure hdisplays dieclastiopharesis Ipativart GRRSF-FGiriants BWSIISYPAEIEY Hzwmam no aci d

resi dues ar e sBisBdWs{hGORSaT i S e | Leal .. Twelve structurally
conserved anti-parallel fl E%?’g% @hﬁ\%ﬁ%%ﬁﬁﬁg%ﬁ?% inall the FGFs.
The core doniigareCohigws tBeSslltd6f ddofmpettiaf biGiRALskdY P FEFINY Sl es. 20 As used
herein and in the clains the term "bet a18- b%gtsg ,p?igé;}ﬁ‘,pp %ﬁs or "f38-J39 | oop”
refers to thEighweBAcid BBt thol 191 drPosael df ERSIAMAIRSod BAT FErobe the

eighth a ni £ ted st Qf fhe core_structure as disclosed

her ei n. Eg ug_e lfélrtféﬁ 1%1)%% "l@f’%&r}gﬁ%h% vara e Sivishryvstthe pigralis”  and
"N-t er mi nus" digitibgfion wile/Figwe BB chavayhehetlinsefthd salier changeably. Sinmilarly, the
terns "carboxy term nus" and 25 "C-term nus" nmay be used interchangeably.
"Nucl ei ¢ aci ﬁyg‘éréc?u‘&ﬁié‘@"a prelifesstiony enuvdl efdminge brtinglauchonirbssei glowiefnhs t 0 an

ol i gonucl eot pré@neof B whRalsiofi@e asknf hAGASKNL S Or portions thereof, and to DNA
or RNA of genomic or synthetic origin ich may be single- or

doubl e- st r anfigaies 20G10EMORIBNbhchFpe SRR WiicARH ARG @ aal M 1 ar 1y,
"am no a%d equen e". as ed herein refers to an _
- ]§r SCHce of vari Ot ihe present invention.

Figures 11A-112C show the phenotype of porci'ne' articular chondr;)cytes grown in the

> ;-1,’f:;;' ' presence of variants of the present invention.

‘Figures 12A-12C show the phenotype of porcine articular chondrocytes grown in the
presence of variants of the present invention, phalloidin staining. ‘

25  Figures 13A-13C show the expression of collagen type II protéin in a porcine
chondrocyte pellet culture. :

Figures 14A-14D show proteoglycan expression in porcine articular chbndrodyte ﬁe]let
culture, as defermined by toluidine blue staining, |
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30 ol igopeptide, peptide, polypeptide, or protein sequeg§BvenfdFzdobagnent s
or portions thereof, and to naturally occurring, synthetic or reconbi nant
nol ecul es. The ternms listed 22 -- -- -------- - 9 Novenber 2006 WO

03/ 094835 PCT/ 1L03/00379 herein are not neant to limt the amno acid
sequence Wwo alvwedssdnpl ete, wild type amno acid sequenceceas®cisad ed with
the recited protein nolecule. The term"variant” as used herein refers to
a pol ypepti de sequence that possesses sone nodified structural property of
the wild type or parent protein. For exanple, the variant nmay be truncated
at either 5 the am no or carboxy termnus- or both ternmni or may have

am no aci ds eilagbh RIE AF Bl FREFERRED EMBOBIMEBR TSNt agoni stic or
~agonistic with respect to nor nal properties of the.native protein. An

ant agoni st i s HibobBa thréih Facibth RS Sorstitdte zpiafﬁisf QPTstmcﬁxgﬁ Hfbg activate a

recept or at ed, response. .An agoni st 1 s define Anee: i nduces a
recept or - d*l i ‘5&%641@51’%4%"1 hich apeexpressed indaviderripty of ¢rlls gid tigswesipe | i gand.
A 10 super agOmérall, theSFGERS shae hetibe@ 159195 bdifeeicid RluehRMERRed o5Eh highar or

physi ol ogi ca RON at..a. concentration at |east half hat observed with
the wild tpr?V%r°§t 'g'i‘crs‘\‘“all\fdlf”é %r%?‘%‘?%lwwfeaOfc@PWH&PammOpm@ i highty c al

response is sinsmddeddhasbaemdamﬁmlhanhﬁﬂbaioﬁtﬁ@ﬁinﬂfr@h&resfdﬁés@f{h%&et han t hat

observed wt af.e ol 0 rra be, for
exanpl e, theEl}"sn%":llﬁherrlljﬁl a |on o FE%WQFWQ&CW#Véra@ nds BB genesi s or
wound 15 19 epbeden ideptifigdgh &glcoml smmnmammu@mmwaﬁm a:ﬁdm@by onal
properties h Rrgt ei Id be we known to

t hose pract ?fg?l?lsggt{ \r(l)&eljla%l Y&lg:%m i sg%%tﬁg ) attggo%{] s SYPRP Bt %@ﬂ “¥hat a

vari ant may ﬂmeﬂélapérlwtrm et lvggth@fathe B steplsdor FGRlathedgh BGFPhatisof the -~
esponsb. hociied Rl Mlgtte ol Flrfiob ol €l FBY 4P UMY 8 mif 380 0% o1 20 ca

response. Accordingly, the variant 20 one
or nore receﬁflﬁﬁgfesm‘@waﬁh‘émowaé’d@@ﬁe&@m@imtfhg!mlgh reconbi nant DNA
technol ogi es, wel l.. kno killed in the art. As used herein, the

e s
t erm " pol yner 8“8’%%%@5’8?‘? ?1"? fhe pesgeny inversja it isnow dieclesed WeiEGTI scl osed

in US Pat entvahiods Oﬂﬂ%&ﬂﬂeﬂﬁmv&tﬁﬁ?m&%nfwﬁlnﬁo%ﬁ &&&m&bﬁi &b¥hel R3GPT POT at ed
by - referencq“‘%g 'ﬁlhe ({Tg E_%res gion vector" and "reconbi nant expression
vector" as use Ihere 7é 20 QLR ARICHE Prelnprerianfy et Tmpewed ai ni ng a
desi red codlmgwlshequeradéhamda ampqmr q:paslﬁatyetorlt(}ﬂ’lal tn 3&iafh SAMPUBREBIHNECESSArY

for the exprgssi £ gk codi ng sequence in_.a particular
host organism T esexsnwgigtst on vec%(vma%ﬁ C{B g’g i’é"vaﬁ?ﬂ%dl ng

het er ol oabu@%@h*am&mw@unmgwﬁ propertiés m terrig dﬂedeptopspaélﬁtlﬁ, aildgbect i on,
purificati onfiHity Cine YREH u 1 he
i 3 dibe nﬁlja%&r? ggeﬁvfl@ & éﬁ% f’f‘:‘u&l’&ﬁe"Bﬁ—ot ei n.

Ctermnus 1o the deS| red codi ng seque
. i's cont enpl ZUERPIReIE: the pyariantsysy obtamed may further compnse addrtmnal modifications

within or outside of the p8-B9 loop prov:dmg variants with improved stability, solubﬂlty
or yield. ' : ,)

25 The FGF ligands with enhanced biotogical activity and increased receptor selectivity
are highly necessary for treatment of various pathological conditions. The variants -
would be useful for the purpose of ‘Tesearch as well as for the pﬁpose of developing

~ possible medicaments for use in tissue repair and regencration, wound and uloer-

healing, bone and cartilage disorders, bone fracture healing, osteoporosis and other
30  skeletal disorders.

Further disclosed are FGF variants which retain binding affinity to spesific FGF receptors
- without stimulating receptor-mediated biological' acliw}ity, providing FGF vadants usefil as
~20- '




9 Novenber 2006 WD 03/094835 PCTA03100379 present i nveriNnREnsRoomPasses
expression vectors that are integrated into host cell genomes, as well as
vectors that remain unintegrated into the host genone. used herein, the
~ "am no aciipespesssed i n the invention are those which arg avai | abl e
commercially or are available by routine synthetic nmeth GEHOEB%i 1 ani no

5 acid resid to¥BMtagoRiE t ho poration into the
" peptide, andm uent i al oéﬁrlgg%ﬁ#ﬁat%%oﬁﬁgsrﬂgwg g(P?PE fem-peplidpy Bches to

t he peptide @g’g%ﬁ%d’é‘gse o gpseifiq, fissien Thé ivariants weitht feduded Mabity' @b vedegd ami no
aci ds and t heutagosigifig &/qpbckaié & ih r .the e | etter code
or three-letper code@ﬁ@c in %Jailic%%%% conv%%?a?gﬁgfac W}‘é‘h &Y€ is no
i ndi cati on, i dc"\?\ﬁ% W%Ehchﬁmbmeﬁotme-qﬂlﬁc d@tttervd10 am no
aci ds, inél uehnmgtnmymbhabamvea.@anﬂ@, )| qsgu%agr%%g% 416, Akt _and. are

use er el ﬁeug‘ﬁ hSthe cl ai ns

i nt ended to ﬁg‘%ﬂy e ihvention

a "bioactive age E‘Hé’é‘ odifjcations yield gelgcptisles Wtﬁlnmr@chtbbrommeed to

cells, tissu Chnglmhgaﬂmgfaﬁmtmﬁdwbcﬁ&bm@capﬁcu %cféﬂhﬁﬂﬂ, ,f [ Fil?n
W t

i ncl udi ng f OfmdARs fect n accordance
“invention, bi oactl %Pa&“é%ﬁ ‘?ﬁfs’l'ﬁll lfﬁft‘mﬁf‘@kﬁlé‘?l@spmwu@ngbut
phar maceut i c‘?i’l‘l’lpméd@ W@dmphqwmdqmlﬁauﬁh HGROSHGlng R ROERES to g\o% i ncl ude,
but, are1mOotmyelotal 8hsikiGhn &ﬁpémlcfﬂ Q%Cg gtl ﬁﬁ Snal ogs peptl nmetics,

-ollgopeptldes pr ot el ns, apopro el n
anti bodi es CPCEM. el jaretingprivptrtides er ion pofng phicsc @d&&inuilaﬁl@rhyggd‘r‘or ane

pr ot ei ns, qwdtﬂﬁﬁfrfw%y %8 THepP corfvSfidley e g&% pﬁegg% Pl;ont&l .blélOI’S am no acids and

their derivat i or nones, 5t oxins
“such as ri cifeBesand plains preglegsribed hereaf | at oxi n, di goxi n, xant hot oxin,
rubratoxin, ribosone inactivating proteins; tyr osi ne ki nase i nhi bi tors,

phot or eact i ve Aagesit Ispeimadd ihitiet didims %Q&nﬁ@ﬁ@ﬁﬁ'&@ﬁo@%%%é ?t%r sﬁ% Gillin and

eryt hrongci grafad ant | -inf | apmat or stan rﬁ crobi al
agents; antihy erh?%?fél%%grygd cHiaducige, the ygual ex M§GFemtﬂleme§tuamaﬂ,es,

ant i - cancer B c@%ﬁ@émgxﬂ@eﬁﬂmﬂigh@fﬁﬁ%dn&@ﬁeﬂgﬁ tranbif

titghe
chloranmbuci helix¢ @hd @Ry vatl ves of busul fan, doxorubicin,
et oposi de, enest ein %%%I?Cehg% |PUAG A HQFIRG Fapss. achdtyr hy tmacti ve

agents: anti (115‘3%ﬂﬁﬂ?‘@é‘ml%Yﬂ@aﬁkommmgalyaeax&&sumrtcﬁmaﬁ?and fhsg i oact i ve
agents incl udeme:ﬂuﬁﬁ&éﬁh'kﬂﬁs%»doﬂ&b@%{&{ﬁ{ SO dteglﬁlg?fgl ynucl eotides; and their
unc

art-recogni zed and bi ol ogi cally I Ona gs and. derlvatives

pl asm d29 coshd uked haxéih ahd it ks Q‘gmmﬁ’%"“"gg’&%n‘%ﬂ"m?lff’%&%%}’ﬁ%?"élgrexte; or fo
y y

anti sense p, 0 cludin hose su
at | east on(glj%ﬂrq\ oge ﬁ?d%efw e aﬁ@%ﬁ Reeplohdisiss fiznpilatign obgliemsai ani th  a
sense opposleeﬁtﬁelfalnat IoéﬂEtsamel’céllsCHiﬁosed to'SﬁJeevH etgpev#t{ta{t]?% %&IPV' ral genones;

. pronmoters; n»eRHanee Qhibitor regu Ny “gene
transcri ptl%n and transalS At on: %1 &% preferably, i 981a80dEBS

- RCT/ 1103/ octinglation of mitogenesis at most one quarter thaf of the same cels exposed to the wild -
o 25  type parent FGF molecule,

As used herein and in the claims the term “FGE receptor specificity” denotes the fact
that a certain FGF molecule binds to a patticular FGF receptor and elicits a receptor
mediated biological response at a concentration at least twice as high as its activity upon
binding to another FGFR. Biological responses are measured by methods known in the

30 art,

The term “affinity” as used herein denotes the ability of a ligand or variant of said

ligand to bind to a speciﬁc receptor. ~ Modifications to a ligand which stabilize -
2i-




As herein, the ternms "bone defect" or "bone disorder"” igngRaiHer 8dbgi Mal ance
inthe ratio of bone formation to bone resorption, such that, if

unnodi fied, the subject will exhibit |ess bone than desirable, or the
subject's bones will be less intact than desired. Bone deficit may al so
resul t frwwoaonsbasss on, fracture, from surgical interventpotvnasedzom 5 dental
or periodontal disease. By "cartilage defect" or "cartilage disorder" is
neant damgwomﬂrwbmfmhoﬂessmetddﬁgemd bﬁacwshﬁ&d:.uoﬁ witlodebld @oe that is

| ess intact red re indications
including r heggrrast%g:}%;c&g{ ﬂ?ﬁi'i g ogP{ﬁo %gpze% rablfe gonfornafiongy
Repr esent at i $esrogspcasning acﬁmadft:@mymmmmé wilrmsuitrrm Sefiasddve@piol Aifinityng| ude:

repair of | 10uifetedRhER Sef Mol BELERENE) B BUGR. ARALREPSYELND |0

cl osed, open and non-union ‘fractures; prophy and open
fracture P edVAERRsfompesathas af wild bon earchiddR mgardﬂalpFGE trécepte I Vigianty ;

stimul ati on gividg WMA%F@QCEBEPML@&%%E%%WUSOI ni.g and

dental inplants;, vat i on of peak bone mass I n ar wonen;

treat ment of cPé‘faﬁ‘?}F%ﬁcr es; treatnment of peridontal disease and

. defects, and o herd% ot h r‘e ir rocesses i ncrease in bone formation
during distracti Bt BgeR erenfigtion fagiar Tefors 1g.arshbstAnge: incprsiisdlanz yt es pri or

to heterol ogmlss)epmie,awmm dgmme‘s lﬂier[ﬁnalﬂm'faafell@m a@lﬂde ipadpRake ©fmot her

skel etal gli s e-.rel €o si s, Rost- nmenopausal

ost eopor 0si SS% u?fc?(l:ogl‘rgtorréno‘r’o %WB %8&'(”%%‘&3 P°‘H@W§%e%?§%%por 0si s
and arthri trfhﬂ'ermﬁtunnqadmdmneﬂ byheophelsgit anﬂVﬁibhb@ﬂcarﬂﬁngé§erUb in repair

of congeni t aljchdBicliofiiiRaAdNEEd, or surgical resection of bone (for
~instance, for cancer treat rren&? and in cosnmetic surgery. Further t he )

conpounds of ARG REG e el Ofth R reating
cartil age defects or di sgreders éléﬁem E}lﬁrgrlg ct]é s“’f&‘ recft"Ll app |c tion of
the vari antsm estaﬁéncha%}ﬁﬂlelnﬂﬁﬁefﬁf@ﬂsor system c therapy as well as

treat men e ex_ vi\vo_an n vitrg for tissue engineering and tissue
regener atr on. %5 zlshﬁé%ﬂldﬁ*éflﬁr

the tepa 1 ¢pge™ Fegusidemainr’ of corestptureT hi er o
“chi meri ¢ r elenotisi megion of hothbiyhy blironf 120 abihothofdls A & BRAY RS iade, Pr oduced

usi ng host S res a ucl eoti de encodi ng an FG-
vari ant of ?ﬁgl.ﬁg %ﬁ’&o ‘%r‘%’é‘&?ﬁ”@%%ﬁfmﬁv R pariF geaidpsicsinept i de,
- peptide or ﬁplﬂedemetmalhogonsamd gticpagallelngl strandOpe® Hean tHemificd fik allBhe Cert ai n
~peptide |inkefs ﬁ@&?f@ﬁoﬂuﬂﬁg{ugp%&&ﬁdﬁé&%g RaLAS g,aél ot and the 30

bi oactive polypepti e or peptl g current nethods of

geneti ¢ 20mani Mh@ﬁ'h@@mﬁd%&@faﬂns%e tgﬁpbﬂegﬁ%ﬁtg”ogeééb orhggé? e i ncl udi ng
e

natriuretic ‘%?fgtt%g ﬁ) such as CNP or growt or non can sl ated as
fusion proté ¢ Foref2 ot 2aine acid wmmhqwmm@mrmw target .
cel |'s and f phhted itahds df HoRbR;UrbchAL hitibcloddiGeRineSENt  -25 9 Novenber 2006 WO
03/094835 PCTI |1 LO3/00379 invention provides a highly effective systemfor

delivery of aﬁsmﬂhmhxaﬂdhdﬂeblﬂ@srmmaw ‘athAb ©riBinBe ahnll EMleghnidu¥ P OF Cl ass of

cells. The EM% %Ed rOtb%l ur.t];gd g?e?c%&nagga y. lagy, ectgrerl?sn?:gxnggrrtemnnus * and )

25  “C-terminus” may be used mterchangeably.

"Nucleic acid sequence” or “polymucleotide” as used herein refers to an

) ohgonucleoude or nucleotide and fragments or portions thereof, and to DNA or RNA of

_ genomic or synthetic origin which may be single- or double-stranded, and represeﬁt the
sense or antisense strand. Similarly, "amino acid sequence” as used herein refets to an

30 oligopeptide_,‘ peptide, polypepﬁde, or protein sequénce, and fragments or portions.
~ thereof, and to naturally occurting, synthetic or recombinant molecules. The terms listed

22-




‘an am no acid su

the desired specificity and activity utilizing the methedgvafberbgid h in the
exanpl es and by various routine procedures. The FG- variant fusion
pr-ot ei ns encoded by the nucleic 5 acids of the present invention nust be

able to sp%gc?gﬁljgy bind the selected target cell and |nternaI|ze t he FGF

fusion. As use erein, the term"conjugate” refers to s 037 agent
coval ently boygd,to 2 | L ah @0 ng noj e rtain variants of the
“invention provi dg carﬂngfﬁ{é%olﬁn %rg %‘5& 238 1%?"“%%&’?‘?9’%‘”&5‘8%5 10 An

FGF "tar get i n&ifréranengs assonated winthb B‘xltﬁdﬂirmmhﬁfecﬁlaﬁQé%rﬁlG‘vﬁiﬂntF%s\é@-“ ant of

~the inventi oaerglhpéf&gtot pﬂﬁ@%‘t‘?ﬁe i sen %ngrﬁg@gb sg_?nt chi mera or

coval ent conju e._ Pr ov inve euti cal

conposi ti ons 14 tpg OB paretproledy: | Bon exazplt, ﬂtelyamt:may/b}: tagemdaae:t}ﬁrf usi on
_protein orsal therapadd &ﬁbdﬂno?c? Y26 B te ' S' Jaly Zn FGF

vari ant and a. bi pacti ve nt that are cova tg]?i u%e ?9! for FGF

targeting. ThEPFELL b si nttl 8% b petrgspistin @Tv#awegﬁmthc@bpectm nomial bi ti ng

prol i ferati onprofertisglof fhe bt pRid, %%&%G&ﬁ@&t&éﬂ%ﬁ%{t%ﬁ%%ﬁ? an FG-

vari ant targ‘%telsg ﬁ%m tion to the cells. For exa he conposition is
adninistered In a B EFERIIAPFdAILk TipeRspaon Mhtsdﬁ ed asablestanct hat has a
tivity is
A

t unor, wher ei mduchsea tegeptor- mnﬁiateﬁ respotid ﬁﬁﬂars&p@w ihdued i5HR: wil®iypiFaaff
conveni enfgy ﬂﬁér?%?mspﬁ} sing blbo?%cg g jassays erformed’in-vitr
ex-vivo and in Vi fe assa ubgfprce thatppdyess #igsly ?rrl?i‘b’%"lt’&@l&éﬂqn% ty

l"'!‘

‘elicited uportt drendenigtiof st keaf Galfnthiteshsdrecdt With ik wag rStein.] NRLoR Ol 0gi cal

t t | ud but
ot i ted 1o Bl F Rhiof byl sl Eifpeopimsin et oo For

reteptors ex prlééﬁséﬁlﬂBrﬁhﬁt W@@Mﬂz@d valdItype patffeid.i AdlogichlEregbise flay Gt i Ng a

bi ol ogical r Shamglel Bfe! inhihition of cell
prol i 19 er Og&p 9%33 P{Ié égﬂﬁuﬂg?ﬂé&;éegpdéﬁ%&n %mng%ho%ﬁlﬁoﬁ%‘%f’r B8HE growth in

e
ani mal model §GH§+‘ f’b'aﬂl@g’@iﬂéwpwsaw @@ompwmmﬁmmonanmpmmmwpeof

cartilage repadoht proteia BhdRbuIAROAI S SRdsl se and trauma. -26 9
Novenber 2006 WO 03/094835 PCT/lI 03/ 00379*@3%%%1‘ Variants One

currentl refer. he_invention is an FG nol ecul e i n which
Yooid & lF)st flggll Font g“ | IHEG(S’ ion, thaf; 2 derfant Bay feve (@ered byding ép 2

Structural dd‘tcaPtWaEPMPmdm&tpfﬂﬂmﬂﬂlﬁpb@&eﬁt&)ﬁﬁelﬂmlbﬁhda&n?a RaREe i Ndi ng

- site denonst t h | i nk, connectin the 19-1i ke 2 (D2)
and 1g-1ike gé}%%gf%gb(l)éﬁggans o?s \A%émrrdénggptg%?’ar{aﬁlmy ‘E)@]te“%tsl’%ﬁc‘tyf%ll 98 641

1999) . PI28t nPRO more Bgpeptory. Cel | 101, 413, 2000) have shown that certain

domai ns in the FG-R such as DC -DE (D2-D3 |inker) and OF- (3G (D3) regulate
FGF- 2 The variant may be generated through recombinant DNA technologies, well known

to those skilled in the art. As used hezein, the term "polymerase chain reaction” ("PCR™)
refers to the methods disclosed in TS Patent Nos. 4,683,195; 4,683,202 and 4,965,188
hereby incorporated by reference.

25 The term "expression vector" and "recombinant expression vector" as used herem
tefers to a tecombinant DNA molecule contammg a desired coding sequence and
appropriate nucleic acid sequences necessary for the expression of the operably linked
-coding sequence in a particular host organism. The expression vector may comprise
sequences encoding heterologous domains incloding but not limited to 'protein

30 detection, purification or cleavage sequences that may be fused at the N- or C-terminus
~to the desired coding sequence, to yield a fusion protein. It is contemplated that the

-23-




bi ndi ng specificity by interacting with the 04-5 | oop aBqol s Bbdt0
termnus of FGF. Additionally, FG-R2 nakes hydrophobic contacts with
Asnl102 of FGF-2 (nunbering 10 of as is according to FG--2 | acking the 9 as
signal peptide; equivalent to NI 11 as denoted herein) and fornms hydrogen
bonds wi t WR4H4EBS5 equi val ent to N113). An  Asnl 04 (NJ Esesweimt ution | ed:
to a 400-fold reduction in binding affinity of FGF2 for FGFRI.

Sur pri si ngl y, PYERE Rrrion encompenei expubsial vserathal 416 itasRed BRCERE cafti Vity

for a vari antgendies \hel9s fe i ol S U tutlon in FG--2. Table 1
depi cts the anmi no acid all 5ng@¥p&§m r%am gh LEFmSS - (39 | oop of the

known FGFs and Ak-@eddkRBe e F83iodMES *HJQJ&‘ and an r side. The
Asn1ll of FGE- @QND FGF-4 and the Trpl 445“2? % “aarree?‘l’?FgW {ff%d in bold

and under | i né'2 cPagiewially OAﬁierﬂ?a’é?@ledJYs@q@methaicllgamthtahﬁmBB 69 and
adj acent resiadidessidietmaly tefEdl X&HiYmm%ﬁﬁm é’aﬁﬂéﬂ‘é vﬁ‘? ‘Pe% O FGF- 2
es

LLSNNYNTY Re (f 115 (SEQ | D NO. 34) es 121- 129
(SEQ I D NO 3%%%’%‘“\‘-’ VEREePY B ﬂwgﬁaere@roeqhﬂwgthe BEIGdp BegEdcBBle  FGF- 5
FQENWYNTY Re gbefulds thisGovenfioh. (Nomel b@e&@nﬁ&czdﬁ@&u{éuld 5‘5%’%)68 163-171

(SEQ I D NO 3 L ENEIYNT sj dues: 143-151 ( SEQ | FG- 8
VLENNYTAL Reg% beésr tﬁ%"e T %@é’ ?%%f"d%% %EE‘RWWMOHS

Resi dues: 140 Whep thegr@ ndinkicntivh) the Gristfed EENQ&NM&%% SctiicaBfalfs (SEQ ID
NO 42)  R6F- ddinkE Yin 149- 157 (SEQ I.D_NO 4 12 VFENYYVI Y
Resi dues: 151- 1lgga§sEQ s %@%iﬁ@ é\?ﬁéﬁ?%whﬁé&‘r’%%@%ﬂ&medﬂ% (SEQ ID
NO 45) 35 F@?@ummm5| dues: 149- 157 (SEQ I D NO 46) FGF-15

MDCLGYNQY Resi dues: é@e 141 (SEQ I D NO 47) FGF-16 FEENWNTY
Resi dues: 139- 12%Se&kesp pnd\in: thepofaimyrabiqaptivel «EpadyiE Al fRemtivhichds ded@edkd 1 ( SEQ I D

NO. 49)  FGF- HeB dalivERINYG AblIRESh eSS ordAn- f&f‘koé@@gzdg% N‘T@%MC-F 19 -

| RPDGYNVY Res'lg esg%ée 134 (SE%I D NO 51)

Resi dues} %43 il Inzapcaydaver; with dre IRG0E NIWEIG3 bRSABSS
PCT/ 11A3}903%ents EﬂﬁdabutdrE%ﬁWdBe%aﬁH&é 3).. FGF-22
sk 4 i

::QEE:\I(?JZEYl ?S %,%};\Sﬁglzét?ﬁs%‘)% ES: t are not hmlted to, peptides and peptide analogs,
peptidomimetics, oligopeptides, proteins, apoproteins,  glycoproteins, antigens and
antibodies or antibody fragments thereto, receptors and other membrane proteins,
aptamers, enzymes, coenzymes, enzyme inhibitors, amino acids and their derivatives,
20 hormones, lipids, phospholipids, liposomes; toxins such as ricin or ricin fragments,
aflatoxin, digoxin, xanthotoxin, rubrafoxin ribosome inactivating proteins; tyrosine
kinase inhibitors, photoreactive agents, antibiotics such as cephaIOSponns, peniciltin
- and erythromycin; analgesics and anti<inflammatory substances; antimicrobial agents;
antihypertensive agents; antiviral agents; antihistamines; anti-cancer drugs including .
25  chemotherapeutic agents, such as chlorambucil, carboplatin, derivatives of busulfan, )
doxorubicin, efoposide, genestein, topotecan (TPT); ttanqulhzers neuroprotective
. agents; antispasmodics; anti-Parkinson agents; vitamins. Other bioactive agents include
nucleotides; ohgonucleoudes, polynucleotldes, and their art~recognized and biologically
' functional_. analogs and derivatives; plasmids, cosmids, artificial chromosomes, other
30  nucleic acid vectors; antisense polynucleotides including those substantiatly
| complementary to at least one endogenous nucleic acid or those having sequences with
a sense opposed to at least portions of selected viral or retroviral genomes; promoters;

enhancers; inhibitors; othgr ligands for regulating gene transcription and translation,
. 24. : )




FGF- CX FEENWYNTY Resi dues: 143- 151 (SEQ I D NO 56) 5 Jaf f @nbleFRSINMY

Resi dues: 127-135 (SEQ I D NO: 57) Note: The as nunbering of FGF-2 is
according to the 155 as isoform am no acid 107 would be 98 in the 146 as
i soform Sequence alignnment for FG--1 FGF-19 is according to Plotnikov et
al. (Cell MOP/%Z  2000). FGF-20-23 sequences were 10 PEMRBOIEY in

Kiri koshi et al é 274, 337, 2000), N shinmura et al. (BBA 1492, 203,
2000), Nakat ak&® 8™ the tepps, “qane defog sy “‘?Geitforéﬁﬁ’dlswmgmm@lae@e:althe ( BBRC

31/707382 Fézﬁﬁﬁ)qubﬁﬁﬁﬁﬁiﬂdd&b)boneTﬁﬁ)zrﬁﬁF %&1 jil_ﬁgkle‘hﬁﬁﬁ F qh%gfb in WO

_ o) as e human a sequence is
di scl osed in %ébiﬁ%@%?' ? f°é|ﬂ"reega ipstD benenuit be lass 15‘?“5*6‘?*’85?‘6%1 efln

copendi ng P@O@d@%mpﬂbamﬁlt%nﬂﬁaﬁ&i,ﬁﬁ&&aﬁoﬁﬁdiﬂ@daﬂmtemﬂﬁ&lo@%inons to the
pol ypepti de v ard ant nhapced rege specificity
whi ch ret gl n%ﬁﬁﬂgﬁ}g&% 08%1 Tty §%@:&fg‘f |dgf5% ”ﬁéa’%?éiﬁ“ ’Es‘s &P i si ng

mut at i ons i nderAaged %@iaﬂﬁelemmlagh@ap&eswtﬁoﬂﬁme ﬂ:ﬁﬁslesd'tﬁn‘aalaﬁd éhpemed as

08-09, 20 d
denonst r at g&%%ﬁ%{%@%ﬁﬁﬂ%ﬂ%%@%@ﬁe}g@ﬁﬁg n&“dgr?éﬁ"d % In‘ﬂ%"ﬁﬁ]&m}sn t he

ot her nenber &dfes Hisripcr famly, provide enhanced receptor subtype
specificity. re we disclose increased receptor specificity and/or

affinity and e ??é‘?ﬁ‘é”éﬁWB.“deﬁutb%wowdy|qf§heopreae@nnvqng@musluéc; e aci d
subst i t utionborenicfehie aﬁiﬂﬂeﬁcﬁﬁﬁes, SR fhdz@ bbobridd m%&é | pEh g:ﬂ‘lln ?lfmighl d type

FGF-2. 25 Sugs%t utlo O]:*.: al ﬁ’e d resjdues in FG--2, exenp
repl aci ng Asn 192 PIE ﬂac B 254 fieelased; andsopeg diagfpeyredyetion; ny oaaoemefzhwe(zm et
al ., Protei nh@ngg m];ﬁashdﬂ:ﬂ-geiﬁ%ﬁ)nulaa@ of RO IrgRRNH RitcPIALdnbntbOprb&ERPL OF

specificity t cl d herein are FG--2 variants wherein the
i'dentical aspar a%n%ndggtﬁfmﬁo?% %ﬁa%f’if PREfbope masssiypee-mepgpavsal OIRe  anot her

resi due unex@@mee!tlbiygr@a(thldbﬁdmmxgs lnehﬂmeﬂmfpmdbﬁﬁl&& ehst"abd adfeg sl onget i Vity and

30 increage JfiCi cuyrrentl referred enbodlrrent of the
i nvent i o%§| gtogtgﬁ%hoﬁg%g%gl\&ﬁéfgy ebrc’g?lrfllrln9<£I sx'ﬁgﬁe‘{’%?ﬁﬁ’ﬁ KEBENEE ne and
more pref er afiajneskofatioalr Fhavdrogtissairive to @tepglogBhs mfautowggummla(lﬂhgn R . This

sequence of 4nli Seattiin %Ptotﬂeé fanat g . currently
preferred enbodi Tent of the Sprge%e%tgnf&ﬁ{/en %rr(?{/ tegp?f%?sl’amft"of FGF- 2,
35 denot ed HE?“@PWS%@‘?QRQFOEEREWWPWQOISEQIM q&@ﬁ@rosxmafrchsuae suporotisit i on of

the -28 9 Novenkais BRQ6mp It E3m s 111 with
argl ni ne q(Arti%HE' sheﬁws esés‘gﬂf%/al l'y unéﬁ%%%ﬁ%?ﬁg%i rl‘%FGFR?,WIand

FGFR2 whi & i) Feseetipg T hong-flor instanee, ﬁ?r@mqer/trwm)mnéﬁxer red

embodi ment  absthdtie spig&gﬁﬂﬁrtﬁeﬂ%&dnﬁﬂuﬂ’s%fltﬂae&eﬁnﬁ/ﬁ%rﬁﬂﬁ o ve E@g & denot ed
herei n FGF2- %&I} Cg‘ﬁ VI‘rn%ﬁgEQ If V\,herel n substitution Ee
aspar agi ne Letng qF edting o @ﬁ‘ifts ‘t’;)‘hsgli%‘iﬁs Té%tg’éﬁ‘ft’?‘%lﬁeild@ﬁ%%’ak@@@l act | vity

t owar ds of the variants to the traumatized area or systemic therapy as well as treatment of cells

oy

(@) U)

ex vivo and in vitro for tissue engineering and tissue regeneration.

P

25 As used herein, the terms “fusion protein” or “chimera”, “chimeric recombinant” or
“hybrid” refer to a single polypeptide produced using host cells expressing a single
polynucleotide encoding an FGF variant of the invention and a bioactive agent
including a polypeptide, peptide or peptide analog contiguous and in open reading

- frame. Cerfain peptide linkers may be incorporated fo separate the FGF and the
30 bioactive polypeptide, peptide or peptide analog. Using current methods of genetic
' manipulation, a variety of peptides or peptide hormones, including nairiuretic peptides
such as CNP or growth hormone, can be translated as fusion proteins with FGF variants

whlch m turn can specifically target cells and facilitate mtemahzatlon The present
25.




FGFR3 while increasing activity for FGFRL, and to a | esaaovenbenbod owar ds
FG-FR2. The nunber designations correspond to the three letter or one-letter
am no acid codes followed by the am no acid position in the 155 am no acid
formof FG--2. The variants of the invention that are nost preferred may
further cohPP¥®4*5dditional 10 nodifications within, orPCEALesidyoof, the

08-1f39 | oop. h@é&ﬁ}les.‘% 7o jfications include truncations of the N or
"~ C-terninus or Do ROP9EF &i (f/ffﬁ‘fu"aﬁﬁsla?@faéii@‘f@mbéma‘ctiﬁiydm;:ingdﬁieqti ons or
addi tions whénte  patiidantgei o8 Bas of EI1IE The SIRAHk@lindl l.coactivity mediated
via FGFRs Wi ttﬂ?e#ﬁ!réﬁpsﬁ%]cr‘ d ordie\ﬁnroved?affi rfl’ikt inésrsge%%gnig)d;éragae?mgeﬁqefxw Id type
parent FGF-2, from whichYit 1Y ailizing dhe methods sefi foitloincthe erouiples it | ons
function to Pyyinke rou§nepotedines. (Tho PEF st Mfiod ﬁ%teﬁﬁ%&ﬁéfbngﬂﬁcﬂuléﬂicng
sol tbi 11

-enhanced st aRdild §dthe hidshEASEH Ly Leld of recombl nants, ty ‘and ot her
properties known in the art: "ﬁ%?’u%??ﬁ f & snepifically bipdyihecsslepted taeseterlino aci d

subst it ut i on&dipteraliseshefGRifugiosi t i ons 3 and 5 wherein alanine (Ala, A) and
serine (Ser, S arg replaced with Gutamne (Gn, Q (A3Q and S5Q

provi di ng var i aht€d hirein, thedsmy renjugateirefers torechisric il agédt YovaleniAbo@Ith b Y
preferred 20cadrotiagRiig Mbiel. QS ' ion is.dengted herein

FGF2(3, 50Q - Nﬂl(ﬁe %t%ﬁgbgﬁ % DmkIQ 4. T%ﬁ‘% °Eﬂ‘\é?'g’é%"‘r?f’?°§‘d§ﬁ‘ﬁﬂ%ﬁV*ﬂgﬂﬁﬂécept or

~ specificity °o&MFants of the present invention. Table 2.
Speci ficigy of & -N111X vari ants towards FGFR-expressing FDCP
cel I's. "Mutant ‘Aﬁlc:a%ﬁ? t%—‘é%"ﬁ%fﬁ%l 1 omplermplepide” wpigps t@andFGE varidnt of the
FGF2( 3, 5Q - Naveptpmlinked to aftfroactiveGhadn MalrdRuibhmit chinbra @ 2ovh spondi ng
position of Nl11 in FG-4 is N165 (numbering caccor((%i %Vgﬂ?tocgﬁh%a%?% as

form. FGF-4 WREidsdmthe me«%vdnﬁghmfpﬂlmawﬁéa%o&ﬁwﬁbﬁ%ﬁ?mgctéu enhances™)
O 1 hau

FGFR bi ndi n@Gi@hraslt dn¥ atdi Qe I LlLd type EG--4 is shown hduce a high
| evel of -29 9 NoverITlt),e,rHu%g‘%)V a@%‘é}%g SIpef plsuiyggly amFGF watnt f er at i on
t hrough FGFRPYBHE SPuMRSRIEE ap BGE|variant oulh bi(RR2 ageni thht A€ Gvhshdy! ALt | Vi ty

t hr ough BGFRSefulXoi FOF i, GHO . asured in a proliferation
assay, is enoq%nced %&yggﬁﬁgstl t%tei&(%—lﬁ%ftl gflﬁ]%?ﬁr%o 87’33%?‘158?@1‘4"?16% N165 and
truncati on SFCUREA40B 9} 55l tahPhrersa&IGHBs comprisingendtrimistpingfAarFard vamkodi ment  of

the present tirgeiiegtomposititn a6 tH3 ERF FoN Aaindiat her ei n. FGE4. N165X,
t ﬁi{ef%eﬁ@a pglg%ng1sna MR P ént |y mor e

- having SEQ LR rein X is other
preferred e%ﬁ%ﬁ r?g%lp%lf‘i‘?émﬁwgé‘éﬁﬁ“ﬁl%@ﬂﬂa@n tiingor, wieencin te tivair el
L55M FGF4- N&a%os si8BiQc FGFRIO. 7, wherein X is other than asparagine. This
vari ant 2}}nduces proliferation through FGFR3 while maintaining the
F activity is conveniently determined using biological assays performed in-vitro,

=

ex-vivo and. in vivo. The Aassays are used to demonstrate the activity elicited upon
binding of an FGE molecule to its receptors. The biological assays routinely used to test
activities of variant FGFs include, but are not limited to, the following:

i. binding of variant FGFs to cloned FGF receptors expressed on immortalized cell \,}

lines, thereby eliciting a biological response. including cell proliferation or
imhibition of cell proliferation; '

25

ii. cell culture systems;

ifi. stimulation of bone growth in animal models of bone growth and cell cultures;

. iv. enhancement of cartilage repair in animal models of cartilage disease and trapma.
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of activity through FGFRL and FGFR2. 10 The pRglangbbige utility
FG~-2 and FGF-4 variants is disclosed for both normal and
including but not limted to cartilage and bone

regener atl § 5’}6‘9‘2 one fracture healing, articular. chondrocyte
proliferath ol P53t eoporosis, wound healing, ischemc t FSSHP3PHBAi r, neural -

ti ssue survi 1o neh L epai r and neovascul ari zation. Additionally, the high
receptor-spe%%ﬂfl“yr—ﬁ%‘m t hese novel 15 variants warrants their use in -
targeting bi oagi\Ema DtQXIC material. toQ cells
over expr essi ng F%SFR i ggg&?e&e%emﬁdac{,mﬂiglr%&%w@ms BrFG pplesuds Bwhid di seases.
In a current |3 AyHed aqid enbseintmdlsrmmp@éted e therpBPethop. 1Bveetira0 Batd h@ variants
havi ng  SEQ | Rel}{fﬁd n%ﬁgdﬁgt% de Jaceuti c

) ¢ 0&%%‘!1%1% gbﬁl&n P dlf’m?ﬁg? gt “?tgé@ner ation

conposi tigns useful pronoti ng O acce era

of endoc hdndrl’éﬂ“:%ﬁ%‘ngﬂ@ Ig-Hee 2@2)imndiadive 3 103) dpmainy dfitheagreptot (fmimﬂd:lvng

articular cartdl, agess, spi pab) #RLAGY St ANEA10C 113, ) B8 lnodh il dghs and for
pronoting or accel erati nﬁ{neovascul arization IR 1 ndication udi ng

burns, cuts, SPHEERF BHHHEGIR grch ag BE oRE @ﬂ-@%h@‘@@uuﬁB&ﬁGt(D@segtﬂﬂeﬁGF-a di abetic
patients, rebﬂidfng@.ﬁﬁdlﬂcﬂgﬁﬁﬂ&e?dchﬂg‘wﬁﬁ thb B335 Saop W1l D RS b ke SKI N and

vascul ar ti S%éﬁ’ﬂ %i (CaF t| gns_ conpr i se he variant an er
conprise an ’ ydi@ @?%Tﬂnwtié?ﬁlmoaoﬁﬁ@?-ﬁx@ﬁmb@ner mat ri x
devi ce. Ufexpbet Bcﬂcwrdmgltd Baﬁnzl-'l%ﬂg&hé anh Sigadl fe

t
ecific F ePEd%ﬁEELt br}i‘;ﬂ@ 40N were

found to ret f to s receptors il
exhi bi ting rgéaﬁ 3ep?% mﬁg’dﬁ%’??&é’dbm& ith fhseif4 @%‘FY“%“E {0 N}%deﬁdl ng

vari ant s usef\mlo‘ﬂ Wllﬁhmsﬁmm 1ddli t0 2 GI00-Yistd RIS in Gty oPRGFPRE! | des,
pept i des andr@pRd 0gs and drugs to specific tissue. Effectively, the variant
30 pol ypeptides are useful as carriers which can be used for site-specific

delivery and - Sighf r gent .t || s.. tissues, or organs
in whi chag het apeﬁlt@fyéﬁghg&t&ghé?éﬁglg%{)s\régldﬁ IS dn %ﬁ@f@@ygﬁ g2 enber 2006
WO 03/ 094835

Peegareighhogps b Iybstisgion indiGHR. position of NI 11 in FGF-9 is
WL44 (tryptop ion 144 of the wild type protein). W generated
~ substituti onshga'g1 %CB\?\%&IE‘F ApipQ acidh aligngentcof thavasidios in the B8-BHiap of pbei ficity.

- The trypt oph@owu/aﬁFsamaEe!jademtr&uﬁieéﬁ@ﬁt}@ Pstrertd on ehth@ sla)The Xahig ¥} Asn
(N, du (E)pgs #M@F_“ \G/%#&gﬂ%éﬁv \[\144E and WL44R variants showed 5
di i ni shed speC| city to = Wﬁh@ﬁ‘%t?ddﬁbﬂﬂﬂlﬁb@é?fim@ty t owar ds
the FGFR3 receptor. The \/\144A or \/\144N vari ants behaved. as native FG--9.

| n addi t#bn; Takle ks Al ABERR BOAA 2(RASHRT@MuBE) at position
143 to a Ser (Serine), resulted in activation of FGFR3 and not

sanme | evel
of these novel
abnormal FGF receptors,

N1438

FGFRI . Tabl €S5-Sumrar i z oEENENETSS peciddiciés: 10i-1ahe(drermnd measdyant s t o- FDCP
cell's transfi&fredd 10 WHHTERE var RenidueGRRy-assdetmarm medsan a cel |
proliferati qEzassay. TaEgﬁnm%““SpeC?zziéW%’ig ;gg(gsgeam BNt owar ds
g dues: - SEQ ID NO:36
FGFR- expr essﬁ'e@gs FDCP ce E%sm'y Residues:166-174 (SEQ ID No:37§'
FGF-6 LLPNNYNTY Residues:163-171 (SEQ ID NO:38)
, FGPF-7 ILENHYNTY Residues:143-151 (SEQ ID NO:39)
 FGF-8 VLENNYTAL Residues:151-159 (SEQ ID NO:40)
30 rap-9 FEENWYNTY Residues:140-148  (SEQ ID NO:41)
FGF-10 TEENGYNTY Residues:156-164 (SEQ ID NO:42)
FGF-11 VFENYYVLY Residues:149-157 (SEQ ID NO:43)
FGF-12 VFENYYVIY = Residues:151-159 (SEQ ID NO:44)
FGF-13 VFENYYVTY Residues:147-155 (SEQ ID NO:45) -
35 per-14 VFENYYVIY Residues:149-157 (SEQ ID NO:46)
FGF~15 MDCLGYNQY Residues:133-141 (SEQ ID NO:47)
FGF-16 FEENWYNTY Residues:139-147 (SEQ ID NO:48)
FEF-17 VEENNYTAF Residues:133-141 (SEQ ID NO:49)
FGF-18 VLENNYTAL Residues:133-141 (SEQ ID NO:50)
40  FGF-19 IRDDGYNVY Residues:126-134 (SEQ ID NO:51)
FGF-20 FEENWYNTY Residues:143-151 (SEQ ID NO:52)
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Mit ant FGFR-1 WI FGF-9 FGF-9 WL44G FGF-9 WL44A FGF-9 WL4#Mvembbr Figg- 9 WL44N
+ + FGF-9 WI44E - .|, FG--9 WA44R - .}. FG-9 N143S - .|. According to
addi tional preferred enbodi nents, the FG- conprises the substitution of
Trp 144 (W 144) of FG-9 with either Ay (G, Val (V), Gu (E) orArg (R.
I n a. pref $B@*BIodi mrent of the present invention, thergrmoams7CONPrises
one or 15 nore amino acid substitutions in the 58-J39 |oop and a
truncation agg%jztlher or MEDAYNWe N Repid@st:e2THiRSIS(SEGESROMANI ants woul d be
advant ageous%ﬁ_gﬁerms ofl TSt aisifyesanty-ar7 SshuUll NPtss) and recept or
affinity andpgRegi ficity,: onc@ﬁfg HEGheedSBRAYPEA)  activity.
Figure 613 shems the redygs vel A MTopEnie: a(g VIR JO9) cert ai n
preferred FGF-9 variants in a prollfe ation assay Pn PR or
FGFRB-transfﬁc ethDCP el.ls. The 20 X axis is concentration of FGF9 vari ant
measured in pabn = "\'%;E“F%“f ‘%Fx%aa@ghﬂtgthea}tééampfomaaﬁnmmmm and
reflects mi tgcggl"]{:gi” m 2t 1SPETa r pegRenchjalipnment #ort FGF-1F5Fdgdni c
responsel?hrﬂga" (% %:?):E’:evf 108, 413, 2008). FCH2023 prausnossewere hanat
| east hal of ﬁé@%&%?%mﬁaw-@%mwsa
concentrat i OfhgfPles § 3R Se@i Yi)gudyamesiin s el. BRBG271)4%R835
PCT/ 1 1 031 00349, chat O 1 %‘5 /48 dsplpsed dg, WO E!B}/@?Séﬁaﬁﬂ 184et hi gher
than 20-fol d and moat  “pref ef aBry i sgwerce dtdisolosel in fYQOV3RIBT.t hat of the
native FGF receptor |igand. Upon renoval of am no acid residues near and
into thelior tructure, the FG- protein | oses receptor affinity. FGF9-2,
a 127 as'tep R0, QID NO 12 has 5 reduced mtogenic capacity
relative to wﬁlddtﬁge FGF-9. The R64M FGF9 variant of 145 aa, represented
as SEQ I D NO 18, S8F8%f 48 cPpudimg PR skatqatrappliostion) KBt 0986 BRAtcertairet ai ns n
bi ndi ng_speohddifsstions oy folfiGhiih aeknbdprokias batdhfs Bioh G AGLE Y 1 Ower d-
FGFR1, as d &ﬁﬂﬁfegmhpreiﬂita%gn'c assay,. Figufé”GB shows that "al t hough
the  nitogenfc activiey B md Tfk]"—aﬁh‘i"é" Reiicaly iFGFc warisnts | comprising t hat  of
wild type F@ugionyin e kﬁp“&ﬂ&mﬂ&mﬁB&SmhMghﬂﬁﬁﬁghéﬁﬁjHM&@@Q@&@%gFGFRB yet
shows r o I 4l . es. not .elici.t a response through FGFR1. A
current Fg}p rm%rgegﬁ%grﬂéﬁg% r e@ &ﬂ%%gp et o1 lll'ﬁié“g %‘tﬁ&%‘ﬁ&sgﬁeq o wiyagonthh FGFo
vari ant furﬂhbﬁ”@gﬁﬁmﬁgmﬂggankanihnmacﬂﬂrﬁmha&ibﬂﬁkQﬁHiﬁnﬂﬁgim&kﬁ‘p9 | oop.
- These vari arhn@igedfio LLl.ik. FCF9- W44 X and R64M FGEQ- N143X, SEQ
IDNO'| | and, 14, respg%?ﬁggP@#ﬂ%ggﬁg%5§€§$¥ge JPEBPT thee¥¥uences 15
are represedt¥y afinigrapd muhosd biokpgigal2 xtivite 9P RAN Vighnyds b Aiid €ididl Y NoSt re
preferred emoaiing i thept-fiLlobs) oty bBpdsAidh P wiidpdpeipaot ed herein as
- r'epr es

FGF9- 2- W 144X, the am no aci-d sequence 0 ichis hted as SEQ I D
NO: 12 wier ei nSbstitstimtdfaligrel advidubs/if FORDA B ARGy refbding ARSioz Reffer red am no

acid of the 155 aa isoform) with Ala (N102A) (Zhu et al,, Protein Eng, 10, 417,1997) was
reported to exhibit no receptor specificity alterations. Disclosed herein are FGF-2
variants wherein thg identical asparagine at position 111 (N111) is substituted ‘with -
another residue unexpectedly exhibiting both an increase in biological activity and
30  increased receptor specificity.

A currently preferred embodiment of the invention is denoted FGF2-N111X wherein

X is other than asparagine and more preferably selected from glycine (Gly, G) or
arginine (Arg, R). This sequence of this vatiant is denoted herein SEQ ID NO:1. A
currently preferred embodiment of the bresent invention provides a variant of FGF-2,

35  denoted herein FGF2-N111R having SEQ ID NO:2, wherecin substitution of the
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:

substitution | selected fromdycine (G, Arg (R, Val @Yjw@hbeftoa E). The -
20 correspondi ng pol ynucl eoti de sequence is presented as SEQ I D NGO 28. The
currently nore preferred enbodi nents of the inactive variant of FG--9 are
denot ed hgy§hiyeasss FGF9-2- W44G FGF9- 2- W44V and FGF9-2- W4

4E. .
‘Introduction of glycine at position 144 of FGF-9 abol i SHEF®™i ndi ng :
t owar ds FGFRLgWMER 118t &kNi 0. si-gni ficant affinity towards FGFR3 and to a
- | esser extent %&Fmﬁqﬁﬁp{%@%ﬁ%&g{g’ H}gﬁ:ﬁ@fﬁs‘eﬁu@g “Vghf%éaﬁﬁé’i“?é?ﬁafds

speci fical y-ﬁ%@?@Fﬁﬁ@gthmap'batcﬁyiqaﬁrB@mm in Figures 8A and 8B.

Met hods of Pr o\%ﬁc}:lig%land Usi ng Variants The nost preferred nmethod for
produci ng the ey dnqre preferred mbodimeniraf the aresenDitPentibieprbvidds a i ofvel | known
to those ski [FGE, dendidacerid PG 1605 ARRAESE e be saLepared by
Pol ymer asg Chai n Realﬁy Qn éPCR) usi ng s%e(gglf_lgé%fi mr%s@m@ﬁcﬁ%& the 30
truncat ed f o ROt 1hE "4 Y meGly: Bobews ewsentially pechaticed hativityl tdveirdsi N bel ow,

The PCR fr adfGFRS svhitejnciesingstivity st mka,%awl&ééeﬁ@ﬁam%%&fﬁur tfied DNA
fragment may be cloned into an expression vector and transfected into host

cells. The hosThominibsr designatiens coR@pend-fo the three letter or one-RtOMEHIEH @26 VO

03/ 094835 PC—fJIf_oHQ@ﬁ)Qﬁ’ngx%jn gaoéo(uﬂrnﬁg. atﬁéjlstgﬁﬁrpﬁr o_tdg‘igglégar yested according to

net hods known in the art AcCC % Gl FGE£- t he present

‘invention it i BhelafehiOSaAk ; . r variant FGEs, ve inproved
t her apeutl'bc uti )i tay in, di s%g@g%&tgﬁggﬁ%gé%er 5 %ﬁv‘%&ﬂﬁ%ﬂpﬁfﬁj‘%ﬁ’é@%t ors. The
“ther apeut'P ¢ Befifratipns,withip.cos quipide ef) the #3189 dnop. Ermmglles of mskftafiak iabidd nor mal

and 5 abnor mmdcatidab of YRER! & G-terhfdGd MBI 1l Mor'ah“ﬂota%%stﬁ .g%ge :
regeneration d bone, _fracture healing, osteoporosis, Wo OO ng,

mal i gnant oot OBR, ¥ Aditionssehiergin theyrpriantsdetainsapesior mitdpenic ndivitn siediatadd

~ Hypochondr optia #GERE asdmaﬁdhﬂai:%?ﬁ‘ri}%ﬁ%@hﬁﬂmw LhnpaftR IS il Giale YaL abl e,
s nor e

di sproporti & shortness of | . According to current
preferred eﬁ%od?’rr%%?s‘”l?cli lf‘sx’asp‘éf?g?dol e P‘Eﬂ“ﬂ“&f‘]@?dglﬁﬂa%@@ fupqtionote Hmprowé oact i ve
mol ecul ed? 1@tthincproptiviiy dfuthe Natiants ficki@itly tehamYddObabiieG, AEMGSd yREPLEdes and

anal ogs and HRERLI a1 0 | s _beari ng FGFR3 wi t hout appreciably
af fecting cellg(lgﬂs.bea{rsi %glﬁ’f}é&ﬂ!d.co PLOPErEes W i e Sfte gF9syexamenls, §68t3 ng t he

drug of choi®B¥ t@paseaminasrid FEHEmbn d @min weia positivns 3 ALOHEAYah@uEVEN NMOT e

preferred enfaediAyenhSesf Fnvention.it is now possible to
target dr ugrsmar,\d, ot her gi(tg.g}gts_r\%lgsr%%c&h:ultgrs}fﬂmimﬁ@ﬁgﬁlﬂng?ﬁ&(?ﬁﬁffsﬁaﬁ ted to 15
pepti des and™¥§¥eE ovrignts rwigs impovaihgicdds aut etbpisei Al cusiby yperaia FGFR2

Deetul i ?F%l}g’gﬁ‘“ﬁﬁ el nPAR0E B Rl BBLARSGENLR, 3G B0n na

facilitatin 2 BeSEs 2 iummary of Aeseptorsbecifinit of the FOIF2 verimtsfii@ar i ng a

~speci fic repeptminventihype, W thout interfering wwth the growth of normal
cells or tissues bearing other receptor subtypes. In a non-limting 20

exanpl e, FGISbER- 2 SpiGificity @ FGIR(SSUFONIK ARfnkoRwaRIFPFERR o2prehg 2- V144G

. FDCP cells.

vl | Mutant FGFRI | FGFR2 | FGFR3ID | FGFR3MIC
FGF-2 + + - +
FGF2(3,5Q)-N111G ++ + - T+
FGF2-NIIR - + - +

25

The corresponding position of N111 in FG¥-4 is N165 (humbering according to the
206 aa form). FGF-4 was shown to have hlgh affinity for the HSPGs which enhances
- FGFR binding and activation. The wild type FGF-4 is shown to induce a high levél of

20




conponent and cytotoxin that are covalently bound to eagR.QfRF 2008n0t her
exanple is a conjugate with a tyrosine inhibitor such as, but not limted
to, genistein. Alternatively, FG-9-W44G targeting conpositions can
conprise an FGF9-2-WL44G targeting fusion protein. In a currently nost

pr ef er r edni3®dsaent a fusi on protein of an inactive 25penmmoand37of the
~present invention and a peptide or peptide analog is used for targeting of
sai d pepti de pelifesatigh @gouebF@Fspemmrlmerderel mronglsmzommﬁ@n@me%uﬁgr geting

nmol ecul e” i s er, which: LS a receptor and
transported tﬂgﬁfaghcel [Kh Ag ecewﬁrr%%lagt ec?suﬁ?doé“egé’mlf |%8¥oF suitable
targeting neRiEesl dy quh&ﬂﬂl!i@e Ofbutanameambtat bésition 4l 66 oynd guneatior of &l act ose,
TRNNOSE: 1S Wchital iiRFiRids IR oy Bl b fimerf BPAL ALy i Sl 136! 9 O

derivatives, hiotin or derivativ exap
met al | ot exapRGFF ¥enapislepsipd hegein Eﬁ?"‘lﬂlﬁ%hh"m&ﬁw} B@éﬁ@z@mmeream{amﬂmody, an

ant i body fr agamaiebgnd. A oihlly 80k prekkBobenahakn of ! MAGK HALEAPLS T egi on
er

(scFv). artis readl |y recogni ze ot targeti ng nol ecul es
i ncl udi ng |.§%{Jﬁ%§d'raﬁ% rFS% m WOVBEgin 0¥ 8B50 ﬂEEOB/ 00379
bind to cel | asperagipd (his @risht Witiued [R6IFerhicABRAE BOFRY WA nfafikdin

recept or - ned] T invention is intended o i ncl ude

all such tar%mf ﬁ%%lﬁoﬁevﬁﬂﬁ%?ﬁfﬁ%ﬁw@%urrent |y pref erred enbodi nment

- bi oactivggage red sue, s Lfi the growth
plate of "the Biel%es ?Kfl qﬁtg%g%l% eno e &"B&‘zF '? ?fﬁ?%gqggthne skilled

in the art aemplas ubl@rmalrf“(ﬂ* mmpltormmqlud@grmn nﬁrhnn&dadﬂ bﬁﬁrag&ammnel n

conprising aeEGENG | ARt 1ofe tHE éeﬁ iy, &0 i er Fsed to a

bi oactive agent includin pt| es and”pét ue anar b’?e‘a M toa .
current|y moPSeopResiseou eeﬁmerpm@ tiggue sppir, Lnewial MWMMr@ai&unctl onal-
derivative tharfefashIadaead Aadisanns G prefefab' y
FGFO- 2-W 444 herei n denoted FGHO- A2, 84%0%30%’% nBJ @é%{% 1

wher ei n FGFQUaSaRy Waresnfsdhoin pse i tprgetimmybiogetive agantsy inipasiculir aylogoxic At nat ively,
the CONP i eoyolisovérbupkeiding RGRR vebdplorsy i tha%méﬂt%sﬁ&m{auré}ﬁ sehdde noiety lies
5 to the FG-, herein denoted CNP(1-22)-FG-9-2 44Q having SEQ ID NO 17.
Aﬁcordrh ng to the qnﬁenlblméfamd(ﬁmﬁobme]?fﬁsﬁ@brdséw%&ﬂtﬂﬂ the \édrﬁntgcﬁﬁhgé scl osed
that the [o of a,sin no aci.d substitution
within the (Ssﬁg]gg ofpg ep@m% AP “‘?"ﬁ‘f”r—ff? COHPRTans wssiilolef a i t ogen
~to a di fferd?li@m@mgomrfamebrapng)rrdpammoa raehcitiof N of 2lehddohdndil Obode) a

- m t ogen. 50T hi g -ARBHM v 0 ri rrants fheir us

sel ectively T hduci ‘ng prgfl %%rﬁlg \({)I%uéhrlll ﬂ{c'f?l":ﬁ % 3 ?1?5 cel |
types. For &kgetalfliopdersomd fer trpmdotingras agdeleptiog ménermulhmtmmmnﬂiumonﬂtl ve FGF2.
Al ternat | veliiudidburid Sud OndeiiibAl 8, o 45ok o A0 thobe? L R AP0, havi ng

"SEQ I D NO 8 and respectively, induce’ erenttation of artrcul ar

chondr ocyt e PZUIEr BRYT FHdegmnerefionyos dissuprintleding skelptab skin atbyascidantisstie. mi-t ogen
~and a weak dihé foBmpRitiond tddipribefhb Yariant A1 RRhEAYSHY an HSPG as camier or

25 stabil_izet and a matrix-free or matrix device. )

'1(D

D)

- Unexpectedly, certain FGF variants of the present invention were found to retain
binding affinity to specific FGF receptors while exhibiting reduced.raceptor-mediated
biological acﬁﬁty, providing variants useful for targeting bioactive agents including

' polypepﬁdes peptides and analogs and drugs to specific ﬁssﬁe Effectively, the variant

30  polypeptides are useful as camers which can be used for site-specific delivery and

concentration of bioactive agent to cells, tlssues, or organs in which a therapeutic effect
is desired to be effected,




the present invention may be used in vitro or in vivo, aNemisr 2006
conbination to achieve a desired effect of proliferation and/or
differentiation. In one non-limting exanple of 25 autol ogous chondrocyte

i npl ant at iwo of/é¥ehys the FGF2 N111X variant is added to aPCﬁHi&skaﬁyof human
chondrocytes prepared froma biopsy to induce rapid proliferation of the.
celI's. This is Thelkdubwaet bysitdol &r adi il pArQf; -WL44G variapt.to induce
differentiatipn of the %EI tured cel| s?éfl'%elsgﬁ%gﬁﬁ)ﬁa&taémﬁlyﬁ%y t hen be
reintroduced to" aYBUBEE- Wi efnemied spbstifutionsat e Widd sithand tepditemct: di seased

or traumati zaereptar spetificieyy. ThesBip@phadQval iepladad mi&ef@% &f ﬁﬁﬁ&? wPpRul ture a
variety of cqishéﬁygﬁfgé{)glp&uz#fghaﬁ}%&g ast s neur o é "henat’opoi ¢tic cells,
progeni tor_cells -an SHAEAT) dhe WA HASY. &V 14¢F and Wi44R wagantsshgwdde used f or
t he i nductd otigipiskadepédifisit tivanis ERRO landlicteh@SredTt dpadiE@ wwhrdlintrarpad 9
Novenber 2006 ] LAH-03/..00379 Phar macol ogy - The present

i nvention al sge%??n?gﬂ@?gtéﬁ%og%r cl %cléei?'a‘feﬂr"‘?rﬂﬂé‘[eiﬁﬁgg Ip gdditigny ja
veterinary aftPsiBHomefifhnadiasciteah (aspaagineh bicfosiaaTPI3i 15 @ SaS(SkhR), aGlby e agent
one or nore rfR@tpeptinde( Skyuakiog he inpventd as Il as the_use of a

pol ypepti de of the inventi gﬁ%ﬁﬁthe Og m?ﬁ#ﬁ%ture‘mf aedi cEFERL for the

treatment or praRB hhsizef thd HRESRA _'60{9@!;_ i |- escribed herein. ‘In
such phangacew i,cal .angGFEdi gﬁnent 8’]Ejdgtrﬂ!lrru at.lyg%ll?,ggﬁ%ié])ggféﬁm

preferably is utrl'F2&g grtotremngd furp celh probiferation assayhar naceut i cal | y

accept abl e car @hkls 3. Speeifity s F @O AR M&QFGW@?? Jher -Fbg?r peut i ¢

i ngredients. The carrierg pharmaceut | cal’lTy atce & in the
sense of 10 being conpat i BI"%i t h t he| BGHB | (EEEBFht s of the fornul ation
-and not unduly del eteri oUSWEBGFoe r1efipignt {hereof] The active agent is
provided in an anount ef _‘PEF-@?IM‘G aefi-eve—t-hp—desired pharnacol ogi cal
effect as described abovk,_and 1h a gpantfty hpprfopr|ate to achieve the
desired daily dose. AnofReF-9WIl44Acal |y fanct|onal cpnponent in FGF
signaling is proteogl ycalBGROGHAY 1p feparan ;3_: fafe. FGs fail to bind
and activate FGF recepto -5 cells deprived pf endogenous ‘hepar an

sul fate. Proteoglycan ref]g(l;g' tvgrﬂgpar n sul faﬁte pr oteogl ycans' (HSPG or
ot her types including c -9WiddEsul f at e-, Keraiin jsul fate-, and dermat an
sul f at e proteogl ycans. 1 -ea) conposition of the
present invention may varL Wt the ki nd~ 20 [of 'ai sgase, the age of
patient, body weight, tHFGEIDIHS, of| di seasd, the rloute of administration,
etc. Apart fr . nsi derat1 ons, (he fact—that—t he novel active

i ngredi ents ogg%()&iel&e{ona\%eﬁ?l e%?@‘?ﬁﬁlﬂ?ﬁ%ﬁﬂfsi e EGF sempisepth dibsiitationant s or
fusi on prot éf'Fm1(4,!4@VW&QfﬁGﬁﬂwﬁmeimef@wmj,ami(vﬂdaegﬁg}A@l@me for delivery of

these types o conPounds. Clearly, peptides are 25" ess suitable for oral
admi ni st rat i off HPEErsd swbedipent of Kictpyestutt inhegil i@ Validnt @aprstLoRGrds OF

15  more amino acid substitwtions in the f38-B9 Ioop and a truncation at either or both the N
or C terminus. These variants would be advantagedus in terms of their stability and/or '-
solubility and receptor affinity and specificity, and concomitant reduced biological
activity. Figure 6B shows the rednced level of mitogenic activity of certain preferred.
FGF-9 variants in a proliferation assay m FGFRI or FGFRS—transfected FDCP cells. The

20 X axis is concentration of FGF9 varjant measumdlin ng/ml, while the Y axis dépicts

absorbtion at 490 nm and reflects mitogenicity. An inactive variant will elicit a

mitogenic response through a specific receptor at a level not to be lower thanat least half
two-fold of that of the corresponding native FGF at a concentration not higher than 50-

-31-




intestinal enzymes. Apart from other considerations, thgnhagihet Sk the
novel active ingredients of the invention are pol ypeptides dictates that
the fornul ation be suitable for delivery of this type of conpounds.
Clearly, peptides are less suitable for oral admnistration due to
suscept i bwo d3yweises di gestion by gastric acids or intestiw@Anemynes. 30
Specific formulations nmay be designed to circunvent these problens,

:\EC' udih g efiflé od dealof Mg, Taﬁ@é EGanﬁﬁRﬁéfEﬁﬁdy i Higfidr QR ROQ1at R énbéfel
vert hel ess vai i Lit a oor gastror nt esti na
absorption aﬂrﬁPetrﬁ%é'nr 5%‘%@ ¥%t°iﬂth?‘“g$‘?t &Sﬁaﬁé{?g GF regeptoy ligggdenber 2006 WO
03/ 094535 PCT/ p. rentera.I The referred tes of
admi ni strati onﬁg%gle&%ajz)fa@ tdl%/f) v ndopto i, 695 sty ﬂ?"n%ﬂ9 nuscul ar
~(I'M, subcut BREEE s S@pptol aﬂimardﬁﬁim éllmaampresemaﬂraasmmlNQIﬁ)hasA nmor e
pref erredsr oxbioel Snifd¥erfld Ea%'& rGhfE ) g Q:szpecifGFrba !Rt dF? Ofiang A SOr der or
i ition Pt of o o

di sease. 5 As used hérein phar maceut conpos
preparation 5 BnEpEEeniadag SE@let Ne:1Qcprovidesvthy shariest §§F@qtowep‘mdemhat he

sequences SEQldsQuh\@l sl Sl r ccept abl e
"salts or ﬁg,i(lrj;’%:(gg thegrlﬁ t\?Vrrlth o?ﬁ}g}rﬁgcﬁgm%%gﬂ e ongncq%lcﬁg VK ard
a

physi ol ogr C @ 15 Bmingdip 4 wiegenin dsse¥c| ige §B lrlmtrqlﬁbstahdhe a
phar maceut i catogoipesity oPR6ANSFEPI 536dubdd ia bonmeiinb bt @%ﬁﬁ&pgfm% gonpound to

an 10 organism . The te rodrug" refers to .an agent, IS converted
into an g@tl M erﬁﬁamﬁi’%hsé)ﬁ’%@pv& tﬂ’r"E‘S ?‘@ﬁa@é’é!fmdds’e%ause in
_some i nst ances ehchegrremsémmglsﬁemlm BleSpréfenddabodilenRF Rt drug.

- They may, f n oavail abl e by, oral _adm nistration whereas the
parent dr ugql{l“sén{r?%l§ f?aﬁ_ﬁmﬁ‘fg,g{; lﬁ‘aés'/‘%ﬂ 821 JEPAFEFuatation ndhg j ¢ v Y
conpared to fi8H® Ipey. é‘heSBdmmag;tsmm finatedimeciit IR6AMIFGEDWIASK bhORG4MIEGESI N the term

‘excipient” (GREQr subs ance added. t ¢ ceuti cal

conpositjon to u?? aC| ;l m¥h%§f°f“8ﬂg%‘$y“§gﬁ‘5ﬁgﬁ‘ﬂﬁﬂmﬁxanpl es,
without 13 r?FQ@Pﬁeﬁ?ntedGﬁSEQ@DpT%rﬂﬁsndlﬁttqmbeme& ci um carbonate, calcium

phosphate, various sugars and types of starch, cellulose derivatives,
gel atin, vegetaBrwEnth]mest gteipedembpdimentds the ingétive virimnts PREGIA cdenttidc al

~ conpositio nﬂ:leﬂsﬁlyasfﬂGi‘Q-ZLW@-’-ﬂg ﬁleQﬁﬁlDQEld@R{ugnc@qg%llﬂpﬁq%?ré&&édvag Sﬁg%r edients.

Phar maceutm li osl)% % t he pr esent inventio nuf act ured by
processes Y 1§ pfaerfhan tryptaphan gad Gupremily ragst wﬁwhmactdm xi ng,
di ssol vi ng, sulgshmnui at sam;f;edgfmmdﬁlsxgne r(g} VRfg ;R)ng;;al a&eciBlEN o evi gating,
- enul si f yjyng, ghga entrappi n | 1.zi ng processes.

Phar macezlut i Ca gs? 511[3 B“'(J)c eé’*’?"greqr?&‘ée ‘isr?%é%"g"@r”ﬁéﬁée&/&@# StHe Prednt
i nvention mmpwﬁgzeﬂbemba}hmentsaﬁfetﬂe inactive kit bOPGF-9 B Abicdl B8R ANe Oor nore

physi ol 0gi Ca.o WEARPURIS FRIA) She FEREBIW PLBY LN GlRLS Ik Sayand Ui i aries,

position 144 of FGF-9 abolished its binding towards FGFR1 while retaining significant
affmity toWards FGFR3 and to a lesser extent, FGFR2. Furtheunore, the FGF9-2- . )
_ 25  W144G variant speclﬁcally targets the growth plate as shown in Figures 8A and 8B, e

Methods of Producing and Using Vanants

The most preferred method for producing the variants is through recombinant DNA
technologies, well known to those skilled in the art. For example, the variants may be

- prepared by Polymerase Chain Reaction (PCR) using specific primers for each of the

30 truncated forms or the amino acid substitutions as disclosed herein below. The PCR
fragments may be purified on an agarose gel and the purified DNA fragment may be
cloned intq an expression vector and iransfected into host cells. The host cells may be
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processing of the active conpounds into preparations méﬁ@venﬁa@&d&@ used 30
phar maceutically. Proper fornulation is dependent upon the route of

adm nistration chosen. -36 9 Novenber 2006 WD 03/094835 PCT/ 1L03/ 00379
For inj ect‘jv n, the conpounds of the invention may be fornul ated in agueous
sol uti ons, §P:g?9é§3 bly in physiologically conpatible buf FEMEEPH?as Hank' s

solution, Ri v S | ution, or physj.ol ogical saline buffer. For

t ransmucosal %%rgné%?%lt ea‘?rf’tS'H?’mﬁsé% 2 gsmg‘ﬁww&'f‘é“@%a?h%w‘b‘é?‘g%r to be
per neat ed ar enghethspant dfntke prsentinginton it iSdiSilestd PROGE Hfin%d vakane XerPl € DVBO,
or pol yet hyl n in.the a agee .co are provided with
sui t abl e coa'?:i[a ﬁ%%ipyoégdr gﬁ‘b‘ﬁl\rﬁé’o’g&mé’%s éﬁ??’%ﬁa’g‘“ﬁ‘gﬁ%@&ﬁ%ﬂﬁ“ons may be
used whi ch nmay 109 tHk2RakH Yut i iBse SR ' . ol yvi nyl rol i done,
car bopol gel, . pol yeﬁ?ﬁgl gnuetﬁlg??/%gﬁgfe t tlgﬁa?igﬁr%gi [ %)%Jilo 8‘,‘9’561'%"’\(%3?/%% i ons and
sui tabl e of g PE™FHeAtcerterr. Heldios buirhotlimited . to Dpes tagktesation apd poents may be
added to the fdmicakhRisS ofopHiofs SPortd AbdIRE SmilRhad: JOR! dvki b0 1IFR ©

characterize different conbinations of actrve conpound dose

Phar maceut i cdP°R8Tipo¥readmriesia,pdc Fiyseshonsionlpsia d(ao comdition jassetiaeth withsh- f i t
capsul es  nadsodehtegit Abriablep i drﬁﬁﬁtess%ﬁnesssﬁﬂihﬁﬂ).cﬁ&%fﬂiﬁto”&ﬂ%m gel atin
and a pl asti%ilzrgrréfmg?t#ch a?slgmc&g}/cerol or sorhitol.  The push-fit capsul es may
contain the &SFFVRCTHGFPY tispogsible g fargat drugs ad ofher hipactiye meledyless | act ose,
bi nder s slfich inddndiigdntive Simitbditor dymeoxicsdragsC fepides hid fnalips alPEAGEHH4R Rt ear at e
and, optionally, st b'kghgéer“%ﬂ] N sofiblca ules, the active conpounds nay
be di ssol ved of ‘éﬁé‘%n ea i'AOQY RETRCY; disrtyg colly bperwg ¥GHRY ThHa & | qui d
paraffin, or acdopplishel byo kbgnggatingethe dglgyaradhsice tona askthint FGR, of SheabivéritiaRr S may be

added. Al fQrmikasi f ral -admini strati.on shoul d he in dosages
suitable for tc%\Bél 'c goggek%nrtg%% g%cf)%eg %@ﬂiﬂ?ﬁtsa?{ g]ﬁ PrOGUEBYenfRR o now

admi ni strat i 8¢psibleHe taesipingstand mtherrhipadtiok enclandes, diclidng Hnabbelisitalr tol 0zenges
fornul at gd i JOAVA =Yy S ] Y i | nhal.atipn, the
Perftia i Bad céﬂ?%{b%ne BP0 i ﬁb@ﬁ% of PGP]XZ anagolr !nge‘#%

variants for_use accordin t he present 1 nv on are din the
formof an adesstemsdeapodimens afthe invention pio particyllysefnl inednjpgtss with a

nebuli zer wi Ggd ke SRR ool GokbARLE R ADGLERN: clbARID D LGAT LN the
. case of a prﬁ?f’%“ zed aerosol, the dosag}gﬂgumt may be~determ ned 25 by
~ providing a VAR T B9 beorre 3 sprstlis werp e, @&E@ﬁllﬁsﬁm witlr thei dges of ,
e. gt ~ gel at prowfhoof no@ea licallsa&tﬁsgﬁbahﬁ%ﬁ I‘otﬁeflgéééljt&%gét rgg;a'l 124/ Q\%ﬁ_%m ated
cont ai ni a e e peptide and a suitabl e powder base.
Phar maceggi caI \é\%hggg%%'ivg%]é(}f &geggﬁﬂ?@?&?ma‘&ﬁi PPt HiFX ¥ lddé aqueous
sol utions  ofonrezenbalicyetokinghiae atis e atenilybodid Sleadtihep! Sndthdr Brarfiisks hi onal |y,
suspensi ons gf.: Lye. 3Q. ound .b repar ed appropriate oily
i nj ection sufsfgjeu%%?gﬁg%%‘%ﬂlfea'%rgl%fn?‘lﬁgﬁﬁ?’?ﬂ%&%% maff’mvﬁ'ie agge?y,i ncl ude
fatty oils stE¥P-Wd44e suenting dompositiony v abinprideatt FGFAQIWS4465 togdinguch as
ethyl ol eat egusibh p@leCRIA HRSnt mdst ﬁ%&éﬁ%?nboé&&ﬁ%ﬁsi&nnﬂr&gﬁIo?zrz]n inactive
A 25" variant of the present invention and a peptide or peptide analog is used for targeting of

said peptide or analog to a specific cell, tissue or organ.

A “targeting molecule” is defined herein as a molecule which is bound by a recéptor

and transported to a cell by a receptor-mediated process. Examples of suitable targeting

| molecules include, but are not limited to, glucose, galactose, mannose, insulin, a peptide
30  growth factor, cobalamin, folic acid -or derivatives, biotin or derivatives, albuniin,
texaphyrin, metallotexaphyrin, -po;‘p_hyrin, any vitamin, any coenzyme, an antibody, an
antibody fragment (e.g., Fab) and a single chain antibody variable region (scFv). A

skilled artisan will readily recognize other tatgeting molecules including ligands which
-33- '




37 9 Novenber 2006 WO 03/094835 PCT/ 1L03/ 00379 suspensigqiseriByy 26630t ai n
subst ances which increase the viscosity of the suspension, including but
not limted to natural substances and pol yners such as coll agen, sorbitol,
dextran or_hyal uronic acid (HA) and derivatives, synthetic polyners,
cel | ul ose WORMNEHi ves i ncl udi ng sodi um car boxynet hyl c@CraLes®es7¢ CMC) and
derivatives &J‘“ﬁsgl d. .5 substances or any natural or synthetic carrier known
“in the art ( i Cellgeapiont sRdgTipln are t@usperidinto a @Hbhy aBeabtor-medidtdy 2001)
Optional |y, tiheesUTRgRGERInvemtnd i Al ' LLizers or
agents, which increase the sol ubi I??%Qgﬁg&ggﬁﬁ%%&?%gg%%eﬁbounds, to
all ow for 'the @apﬂxwtdmﬂpﬁmﬁh@héﬁboﬂﬂﬁﬁﬂﬁ&aﬁ:ﬁ%%eﬁ@w%ﬁﬁ 1o Didsiativel y,
t he active idg%(,'eg (t,aﬂ% be 'nhqelogp r . formfor reconstitution wth a
suitable vehicl €, 6.9, stertyaP ‘S?P‘Bﬁ%%‘é@’%@ﬁe‘,’edbwmﬁ@%e. The
conpounds %of knewen teross eilled in whenttiaod invye, & SonhRitig kikkea b fincAc pdfRkA!
conposi tions .§ : [ ford es or .retention.enemas, using, e.g.,
conventional . ?ﬁ%ﬁ%ﬁ“. If%‘lf?/ﬁ%gt;ogstﬁe e PR 26 F?}'H?r}ﬂggf%%b’a@tﬁi"?/@e%ri ant's
may be admi nil¥Wmgdpapigascend) petide apalems) , Acchbling fof ARBirentlyT B&S) préiRYASi ON OF
sust ai ned r elepBsEméRr | el udieng.a transdermal .. patch. The
phar maceuti cal ,co osﬁ%@%ﬁtﬁ%e %ﬁp gglg?{i%ﬁle%nﬁ%ve &'F?Sf‘ﬁ 2B FGEi t abl e
solid of gel "PHase e impvruion preferhlyi BG83 W 1445k berpin denotdd FGROD-WaddG-er s or

exci pi entl9 i OdPUEeEng SBALIDANG: 100 heldil &R Hf). i anate. . cal ci um
phosphate, v riglizta%u grs, starcheéﬁég%?m%ggig’é%W‘@%? ™&tin and

pol yners suc |t NG mpied is linked t¢-am FEF amiant gudhdlme the CNPher

tissue, for ewityiies Shnhe mp;.qlwrneﬁnotmmr@Q@?F@ﬁj‘-f-?m«gFhaviﬁgt} Skl epair,
adm ni stratiQp.gay be preferred locally by neans of a direct I'hjeéction at™"

or near the site of target or by nmeans of a subcutaneous inplant, stapleées

~or sl ow rel easg...f l.ation.inplanted at. or near. the target. Suitable
devi ces for direct ﬂ{gﬁﬁ SR O%Pﬁ?ﬁ‘ﬁl'ﬁvﬁ‘}‘?mér‘%‘sBPB’C@F?EP&Q%@P‘”ethand maybe

mat ri x- f fée Broughimppdustonofimesingloamitucid sabdutibh eethiElab fRD bachaipgr i N a
non-limtin Bffeo AR rials for ated_as_a paste, putty,
vi scous |iquid or. gel .% one eﬁ%?ﬁ nr%le%?ﬁend‘f 2 Ferphatonfactor, vg Aomon
f or mul at i onsdifirentigion faetpein p milopqw Tepmpedyiof &b nee] theliis #5min@Ghddiseig Mor oni ¢
pol oxaners iflselediva dRink Yhdi@dith Pat ent. 6. 281,.195) ,
pol ysacchari des or g.r ss-Fi nked p%lﬁé?g?ggﬂg%o ggv?r[?gs ?’%ﬂ&ﬂ%s Bor#5% 585) and
“hyal ur oni ¢ 4877 PPERE 1sdncersof grojiferatims Ahan thonativeGIR. xAldniativelg, the BGFY ai n
structurZll cariponeWl44G-BoFdiang 1IB7REWITRRERGEST r affold for

% hgegagéé@a% (])\ﬁ)(cigfag §

infiltratinggells, ;ué]érm&éqal- ternat | ve,ldéﬁpr oV I .
admi ni stration of - a VHF Girerintiqn el argiastcheondracytes Mberpasstbe ovildnypeed
ther eof . Relpesisie FGF-Stifboth @ el hitdPaly and-=37a dANENERREE 5000 G he WRLA3, 94835
PCT/ 1L03/ 00 %l?egpresent invention may be used in vitro or in ‘vivo, aloné .or in combination to achieve |
a dgsired effect of proliferation aﬁdfor differentiation. In one non-limiting example of . -
25  autologous chondrocyte implantation (ACD) the FGF2-N111X variant is added to a' >
- culture of human chondrocyies prepared from a biopsy to induce rapid proliferation of
the cells. This is followed by the addition of the FGF9—W144G vaﬁant to induce
~ differentiation of the cultured cells. The differentiated celfs may then be'reil.ltroduced to
a subject in need of tr_eatment for the repair of diseased or traumatized cartilage tissue,
30 The variants may be used to culture a variety of cell types including osteoblasts,
neurons, hematopoietic cells, progenitor cells and stem cells, Furthermore, the variants

may be used for the induction of proliferation and/or differentiation i vivo.
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controlled. Matrices include, in a non-limting manner,gh&hitdegeg! | agen

conpositions (WO 00/47114; US Patents 4,394,370 and 5, 425, 769), polyneric

and copol yneric conpositions (US Patent 5,650,180), calcium phosphate

particle. and ceramc conpositions (US Patent 6,231, 603 i ncl udi ng

hydr oxyapX¥q P¥¥9835mosi tions (WO 5 90/ 01342 and US Pat enfSU/BO¥YE™,75 ang

4,795, 467) , ci,gral ; %%el atins and dem neralized bone. Furthernore, a matrix

may be in th anirrplant a single layer or multilayered

conposi tion, shge ar t.i cuI te for har naceuti cal, congposition

conpri sing as an greflve né’?ea el I?f?fma(?? gp “ﬁ’“\?@'ﬁ‘t ﬁ‘ a matrix

or matrix-fr Edeigaryjspd ftnﬂl}lm#n,nntdml useowinch &mpumnhmh&t@hltlonieﬁ’ﬁorelo

i ncl udi ng he o) r S those | st ed above.
Balieidetd) b Cnfhudl O%nl_:i?ﬁ:@%s b aRlboricor AR svenie i

A currently preferr red PAVEnt oo €s a met hod
of adni nPst BrpRgEEfaaEedicaming for ﬂ@ﬁﬂ%ﬁtﬂprmﬂn@s qﬁﬁha'naudtuqnslvamuslg SEQ ID

Nos: 1-7, i Ndessya®hdda@hi on with a cal ci um phosphate based matrix to a
pati ent in need thereof. Pharnaceutical conpositions suitable for use

context of thempichprifhmobilive Mdn@icardent thrdflable e QRO HRASHIYRE EIA t he
active mgre% ts are contal ned in_an anmpunt effective t0O achieve the

i nt ended pur e TR FWWHYWP&%WJ@%WW@WYamum
means an anoathﬁrﬂnﬁpeaﬁamﬁhmdhﬁaﬁﬁ@iﬂﬁﬂbé ac@pthifdth 8k Senoranel i orat e
synpt ons {4 Of i e gof . the subject .rea ed Det.erm nation of a

t her apeug?ca‘)ﬁ%ﬁq‘!‘eﬁﬁg@ﬂ”@% glf% %B‘T ‘H‘iaﬁ ‘E‘ﬂ‘@‘%ﬂé‘ﬁ?ﬂ"ﬁ BBf those
skilled in twépimtthemdsﬁmmlageninpiowghlm@ﬁ ahdumt effddlivel Bt adhitve GheCicGRé OSUr €

- provi ded her apeut.ic effica f the p i.des

descri bed hetein c% g eter meﬁgﬁ Vgl%'f/&s gLy pp f?ﬁrﬁ‘%d%?:c 'ﬁegqtmlﬁétocedur es

ih cell cul téedswr experinental aninals, e.g., by deternining the IC50
(the concentratigon which provides 50% i nh| bition)™@nd the LD50 (I et hal
dose causing d¥siRt Fifically Dpctional sampansytdn FGRisiensling if proteagizabs sch ag onpound.

The 25 dis a epiid Battd FOM Eieechitehhd vt TEFORAPNR ﬁ”&n@ﬁéﬁ%d 3 udies can
be used in ‘ﬂlaorrul at| n a range of dosage for use I n human e dosage may

vary dependi dptenelican Ry dol beprgen mafajeo proteoglycans

adm ni str at i @SPG}) bt bﬁ&dypeIh@ltﬁﬁ%C&on&r@iﬁﬂthﬁEd— Olfratih QHfeRe-Ofndediihith,St r at i on
and dosage o t%)Pm%oasen by the individual phySI cian in view of the

patient's con endlng on the severity and 30 responsiveness of the
condition to Bge§d nals beasmleadmm of a
sl ow rel ease co?rpom t % H%agco ree ?pfeégit% oqnggyﬁalﬁ‘ﬁ‘%ﬁi‘ieveral
days to 2&ke %Wwoﬁmﬁmtb@dym@efhpsweﬁsfdd&w e rghiersf mindiniamtionf t he

di.sease statdg i s achieved. The -39 9 Novenber 2006 WO 03/094835 -
PCT/ H, 03/ 00379 anmount of a conposition to be adm nistered will be dependent

on the subj ectAph€ifidgh othéraRhilbratibile th%efd&rthétxh@ﬁov%f‘&u@é fdg%eﬁfeht@rbf 1€ manner
of adm ni st Iy at ion, the ud nment of t he prescri bi ng physician, and ot her
factors. vention’ are pol pt1 es, polypeptide variants or fl.lSlOl‘l profeins dictates that the
i 3 ' formulatxon be suitable for delivery of these types of compounds. Clearly, peptides arc '
" 25 less suitable for oral administration due to susceptibility to digestion by gastric acids or
intestinal enzymes. Apart from other considerations, the fact that the novel active
ingredients of the invention are polypeptides dictates that the formulation be suitable for
delivery of this type 'of co_:ﬁpounds. Clearly, peptides are less suitable for oral
administration due to susceptibility to digestion by gastric acids or intestinal enzymes.
30 Specific formulations may be designed to oircumvent these problems, including
enterocoating, gelatin capsules, emulsions and the like. Nevertheless, bioavailability is

‘impaired by poor gasirointestinal absorption. and the routes of administration are
. 35-
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The follow ng exanple is an illustration only of a nmethgg,Qmpkf &Rkl Ng a
subject with a 5 variant according to the invention, in order to treat a
pat hol ogi cal condition associated wth tissue trauna or a related
condition, and is not intended to be limting. The nmethod includes the step
of admi ni swewpsewgssshe variant or chimera or fusion prot @CELI3REY

phar maceutical ly acceptable carrier as descri bed above, to a subject to be
treated. The piefethtdppennteiab Thd paferst aodes GCAMiinAGord e dirLifQGE i(]y;g, dosi ng
met hodol ogy, ; ly. until. a predefined endpoint is reached, such as
a reduction c?g&garr%ﬁo fi'}étﬁ%%lﬁswl"frh ath E%I(g&an degpeli @0h heF subj ect .
The present iinfadred ¢H).ah guore ledired rowe ivehyhdickst infectignestt sraRir ©f sitder var i ous
pat hol ogi cal gjeREAIEeRs described above, by administering to a patient A
-therapeutically effective anount of the conmpositions of the present

i nventi on.5 The Ak géchadiilaMpRdchalchiRR BRpdtaRd" tRJISh g%gar%%@n%s 2 g‘ﬁ’i? Io ral,

parenteral, iﬁ?@r avenous, I ntranmuscul ar, subcut ane ransde

i ntrathecal , & PAIVe SaT6mt steptash e the semvpncpss SEQ TP HQ:1-Th dessribaddimreinj orvent i on
further rel apbmiolagicaly hasptitd s or poeusy mbBS, eh ioHer Eﬁﬁiﬁﬁé&@ﬂé&m tﬁ .
racture healing

prepare nedi nts.useful .in i.nduci ng bone ?o_r_matlon an

as well as %‘%g?ﬁse p&g?‘gg??agﬁ ﬁﬁtgbqfr SFertpd greipigntsousTheGRRPose| oft ed

di sorders i nohamlaaeyicak ebrepaaition Gs thb Sfacilite SadihaGiraBén 3¢ NORBRIhAS) anand

t hanat ophgr i 815%{&?' asia and certg@in.types of-- cancer including but not
limted to transitional cell carcinoma (TCC) of the bladder, nmultiple

myel oma, chronfg B4Rl .géfgg ] QML‘) .and cervi.cal carcinoma. Although
the invention has beepﬁddglegtscrl éﬂd&la% conljn%]n]ﬁf?ngﬁ){%@ﬁagﬁ’é@ﬁpfrﬁmélﬁﬁodi ment s,
thereof, it vy Jetfrussqr oftemrngeinl heequseain soms  nstancksf theyainomseasiadiovar i at i ons

will be 25 ke J | | e, cqr di ngl it s .
i ntended to ?%‘gr_acethgfll%i%%ﬁ&a%%r%%?_i%é?&n%%% ?’gﬁ‘éﬁgﬂ%b\xa??lati ons
that fall wi ?9FRstaten wheres: the parend dewgds geto ke plodrigean plpe e dmpbwaidns. Al |
publ i cat iI®nssolybiitestinipakBeh m@pﬁaﬂdﬁ?m ihGdab QRS BRd in this ,
specification are herein incorporated in their entirety by reference into
the specifi catHewin thel tamntiotbiplef! refbis @b BBrt Qibsiaf@ Mdadd A piRHnRlusRAY

reference i [ | pcatipn.shall .not be 30 construed as an adm ssion
that such re ogl}g%%ogpﬁshé@%ﬁ %5’3?% Yaopitagen gf @ qomppwd. Sixearles witheRfent i on.

-40 - - - - - -limifation,.of excipients includ@calidune tdvieinate 06 unY Ghddpi) 4835s Rl 1L03/ 00379
The subsequepll $RIUAGES e ed enbodi ne agcording to the

i nventi op, Sequencesr%sfggﬁg%rg ‘%’%&%ﬁ‘%ﬁ Fea, Phiible; 8 %ﬂ?‘ﬂB&mﬁeﬂFsof orm of
human FGE! 2.8lymlssBhamaepiticaldcompositipms ayay aisp lidclude ©og i moret ddditionald @otive

pol ynucl eot iiggedgmuences disclosed in SEQ ED NGs: 18-32 represent a single
allele of the human FG--2, FGF-4 and FG--9 genes and 5 pol ypeptides, and
that allelic Phunaial 8bapitRAeLe thel FroRfChienith iy bo YBhidRke: fAN De
cl oned by probing c or ]%etgomc | i braries or be generated by from
total RNA, processes we own ¢ art, e.g., by means of conventional mixing, dissolving,

granulating,  grinding, pulverizing, dragee-making, - levigating, emulsifying, ;‘
25 ' encapsulating, entrapping or lyophilizing processes. '

Pharmaceutical compositions for use i accordance with the present invention

thus may be formmlated in conventional manner using one or more physiologically

- acceptable carriers comprising excipients and auxiliaries, which facilitate
processing _of the active compoimds into preparations which, can be used

30 pharmaceutically_r.' Proper formulation is dependent upon the route of administration
chosen. - '
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cDNA or genomic DNA fromdifferent individuals accordi ngnbRnpepstar d
procedures. Allelic variants of the polynucl eotide sequence, i ncluding
those containing silent mutations and those in which nutations result in

am no aci e changes, are 10 within the scope of .the present
IFnventi on%@'ﬁsgog%ggkm FGF-2 nmolecule is 155 as in | engt BCW?{EWang at ed

f AUG : oni tart (Abraham et al . EMBO J. 5,
2523, 1686) . I 0 SLAITISh s PR 81 Bl b CEPHIMFLRISERT t_codons

e I st o i it it 7 (P P
resul ting inygadl : . a aa),

aa) and 34 kDa 255‘?’3‘5’?’, ?%éﬁg%@%%%%? §|%%e{” 06%%111%%{11%@?% performthe
same funct i GRUTRRS pRivetiaterto GledduieBtorbeggeradated atentsed inBihe ¢dwatilial | Bi ol , 32,
263, 2000)s. Fhaeh eRbinRifordRRaT 3 ' cids of FGE (am no acids
66- 190 of FGF-Q,Mam' no aci st?‘%(]!:)% - B‘lf%g%’%%@f%d%?@%?%’r . FG--2) has
been shown to Deigss bbskre ptividel Wit fstifbld Qtingd! %fﬂfié ﬁﬂgos@%&gﬂfm?e% Wi thin a

t - e

few amino acids near to or into_the core 20 resu educ pI ol ogi cal

activity, as U8t R THREaBYe et Which mey joptirnalbi epptain gom arabig, dale, pdiveisylosed t hat
FG- vari ant s pywrdlidones datb&d] bil.QloBgihglede @fdot, tdnimAdiSxiaks Blitler fliohddet i ng

bi oactive ag to specific tissues. Seguences , The am no acid seqguences
of the pref ergl!}’ht'ea eg%%lgftﬁr‘éeﬁ%sgfﬂlvef‘weésgﬁfw?&rﬂf&ﬂq%tﬁmaf@adé%“elﬂ’é’cl osed as
fol | ows: IAm hblepair draBeieatins fafidehffationldr tXckaiciritd Wirdnt cMNGERLATEP

ALPEDGGSGA FER NGGFF LRI HPDGRVD GVREKSDPHI KLQLQAEERG
W5l KGVCAN RYL@E@%&E%KC\/T DE CFFFERLESN XYNTYRSRKY TSWVALKRT

GQYKLGSKTG PC ¥ thdekiRica® o] | S 0t her. n nd re
preferably sel ect ec?l;leﬁ'_%rcglm&R or G rr%hn%agAgcéi %‘gdsgrc?ﬁu%n’%%“ 8f1’l‘—'%:’% ﬁ@srlr‘%ﬁ ( SEQ
IDNO 2) - 41m8dagf pelatings vwailas sofy@alod tapeul@3E:dp Gyelkio 303 8ciddAAGE aE TL P

ALPEDGGSGA FiRsart Ki2Pisrilo)' ﬁ.ﬁt%gﬁm %&% K EERG
W5l KGVCAN. RYLANKEDGR LLASKCVTDE ~CFFFERL Es‘!'lgf R “réf{%?\af%%ﬁ
GOYKLGskTs i ma@aWWWiswh% glawheselubicameRrh A tak 16 ( SEQ
| DNO: 3) MAAGBhghidiiin Al RERGREGAmRRCHENIRRK, Mk YaKNGERE W&% REKSDPHI
KLQLQAEERG V3l {G%CA% gYLAM(E R LLASKCVTDE CF@I;IQL.ESN GY ggﬁ%
TSWVALKRT Yk ﬁ? & meﬂ g suitable Hquids, such as fatty oils, liquid paraffin, or

liquid polyethylene glycols. In addition, stabilizers may be added. All formulations for

oral administration‘ should be in dosages suitable for the chosen route of administration.

20 For buccal adminisiraﬁqn, the compositions may take the form of tablets or lozenges

formulated in conventional manner, For administration by inhalation, the variants for use

according to the present invention are delivered in the form of an aerosol spray
presentation from a pressurized pack or a nebulizer with the use of a suitable propellant
known in the art. In the case of a pressmiZed aérosol, the dosage unit may be determined
For ) 25 by providing a valve to deliver a metered amount, Capsules and cartridges of, e.g., |
gelatin for use in an inhaler or insufflator may be formulated containing a powder mix of

* the peptide and a suitable powder base,

Pharmaceutical compositions for parenteral administration include aqueous sofutions

_ of the active ingredients in water-soluble fofm." Additionally, suspensions of the active
30 compounds may be prepared as appropriate oily injection sﬁspensions. Suitable
ﬁpophilic solvents or véhicles‘include fatty oils such as sesame oil, or synthetic' fatty
acids esters such as. ethy! oleate, triglycerides or liposomes.  Aqueous iﬁjecﬁoﬁ
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10 MSAKS Am no Acid Sequence of FGF2(3,50Q NI 1IX (SEQ | PNRpeMosdsld TTLP
ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRI HPDGRVD  GVREKSDPHI  KLQLQAEERG

WSl KGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN XYNTYRSRKY TSWYVALKRT
GQYKLGSKTG PGXAI LFLP 15 MSAKS wherein Xis other ‘than N and nore
pref er abl yY@&Y8EBEd from G or R Anmi no Acid Sequence of RGALZ0BT) - N111G
(SEQ I DNO: 5) MAQGQ TTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRI HPDGRVD

GVREKSDPHI KWWMWWMW&%KM@E of Atk &ispenkibh, ESN

GYNTYRSRKY T AK Ac d ence of
human FGF4 N?w 06 a%ﬁ | D&ﬁg '“'ﬁ&f’%ﬁ‘sﬁ%ﬁﬁ?_&ﬁ?}‘t SRiRERGAA
APTAPNGTLE AE{WSEWWGSMRLW)AA@N@MV@SMHQ Lyetymi¢Rl RGN\

G GFHLQALP  3&ivaal RGNS GSPF
FTDECTS&E LL PNXYNAYE SYEY%%HKEE KNGRTKKG LNJ;@@%%L%EL% erein X is
ot her than NRR@UHHPRngnapal opsyhetio syrigmawn Whﬁﬂé@%ﬁa@mhamnian

L55M FGF4- N166X 02 Gidm( SRR 3, mmoai ;A&QPWQ g%ﬁl?
KRLRRLYCNV G ﬁ%"@%ﬁﬁ DCRI GGA I'-%DSLi ELS VE SI'FG VASRFFVANVS
SKGKLYGSPF RINAR TR TherRomPaUvRS/ T  HFLPRL
35 wherein Xioi zﬂlowtfnﬂhetpi’@ﬁtaﬁdmadfdugmy ﬁm@d’n&fut@i aimtmnﬁmmme@cw asifiguence of

human WL44X- 8 AA.( SE 8 scl osed PCT. patent application

VO 02/ 36732: ﬁ%&ﬁ’é&%ﬁ?%‘?’%ﬁ&% @WE‘&%SP P EHe R REPA 40

VTDLDHLKE) | rrseeh-ReRTata-bifee EeNGT| QGTRKDHS RFG LEFI S -42 9 Novenber 2006

WD 03/ 094835 PCT/I | 03/ 00379 AVALVSI RGV DSGLYLGWE KGELYGSEKL TQECVFREQF

EENXYNTYSS  NUERRegmreradzysf/fleNpe@nt PREGIRT KRy HGISEB-FRRIRIDRDMEIEL

YKDI LSQS wheggintsiating @bk HeolAl | sel ected from C3 R E
Koy shigpRoE0 e BN B! BRI o) -

or V. 5 Amino Acjd sequence of L37M )
di scl osed i nFUPRepitOTEEISERt appl i cati on WO 02/ 36732:

The formmlations of the active variants may be adtmmstercd topically as a gel,

A,

15 ointment, cream, emulsion or sustained release formulation including a transdermal
patch. The pharmaceutical compositions herein described may also comprise suitable
solid of gel phase carriers or excipieﬁts. Examples of such cérz:iers or excipients include,
bu't‘ are not limited to, calchum catbonate, calcium phosphate, various sugars, starches,

cellulose derivatives, gelatin and palymers such as polyethylene glycdls.

20 For treating bone or other tissue, for example bone fractures, cartilage defects or
tissue repair, administration'may be preferred locally by means of a direct injection at or
near the site of target or by means of a subcutancous implant, staples or slow release
formulation implanted at or near the target. Suitable devices for direct injection or
implanmtion are biocompatable and maybe.matnx-ﬁee or comprise a inatnx Matmc-‘ :3
25 | free devices mclude in a non-limiting manner, amorphous materials formulated as a -
paste, putty, viscous liquid or gel. In one embodiment of the present mvenhon
formulations of the variant comprise matrix-free devices including Pluronic poloxamers
or carboxymethylcellulose (US Patent 6,281,195), polysaccharides or cross-linked
polysaccharides (US Patent 6,303,585) and hyaluronic acid (US Patent 6,221,854).

30 A matrix affords a certain structural component providing a permanent or temporary
scaffold for infiltrating cells. It may alternatively provide a scaffold for adminisiration of

a variant of the invention to the ﬁssﬁe in need theréof. Release of the variant may
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MGQSEAGGLP RGPAVTDLDH LKG LRRRQL YCRTGFHLEI FPNGTI QGTR ¢ KRHSREGdeE
FI SI AVGLVS | RGVDSGLYL GVNEKGELYG SEKLTQECVF REQFEENXYN TYSSNLYKHV
DTGRRYYVAL NKDGTPREGT RTKRHQKFTH 10 FLPRPVDPDK VPELYKDI LS QS wherein X is

ot her tha re preferably selected fromC R, E or V. Am no Acid
sequence ofd%@g%f GF9 145 as (SEQ ID NO 10) discl osed PGB0 Batent

appl i cat | on YE.GLI3GLAR.. 18 YCRT&';H LELEPNGTL O STRKDHSFEG | LEFI S1 AVG
VALNKDGTPR EGTRTIMID:; mmnﬁm@mwwmym e e nia&Aa bllmsguence of

R64M FG-9- Wg&ﬂ,}g 1) 20 GFH . I FPN GTRKDHSRFG
| LEFI SI AVG LVS R&/%%Gﬁiﬁ%&@?ﬁ E’Rf %

KHVDTGRRYY WLWB@FPW%MK@WWFMWWMK&&@S@W ein Xis

ot her thas VWand4ipk f Am no Acid
sequence of FGFQ4 1@952%%@%”@6!\%9 7%?4‘@ c| dsggﬁtm a"gé‘fmlﬁﬁlfz“zzﬁ

appl i cation bRBe Fughermore, W@WI@EEFFM@W@@W@REMHE%BMAVG

LVS| RGVDSG  sMtilad¥tSommpb N @REtedi & HMERERRGEN, VWNTYSSNLY KHVDTGRRYY
VALNKDGTPR EGTRTKRHQK FTHFLPR 30 Am no Acid sequence of FGF9-2-W 144X 127

as (SEQ | D NOA mmammasmmmmg @ & eh-Fhriahd Wnd V'SI RGVDSG
LYLGVNEKGE ﬁﬁﬁ% e %E%N; _YSSNL HVDT YY-.  VALNKDGTPR
EGTRTKRH er Y Figs M Bher comariseomprtestiliant y sel ect ed
fromG Hneluding hepain salfate\ori othes HEPGY @ €arelérs RO FROpA3X 145 as (SEQ I'D
NO 14) NQ_YCRTGFH LElI FPNGTI Q GTRKDHSRFAG LEFI SI AVG LVSI RGVDSG  LYLGWNEKGE

LYGSEKLTQE .CVPREEICEIIX prpfiorred/ S@hﬂdﬁnﬁﬂﬁh@WﬂtAbﬁvédﬁéﬂ\m&E E%Eﬂ_ BRHXK
FTHFLPRPVD Baﬁ}ﬂ?@fég%lmn 4&% Jgg%/fgm%mglg %%@31@ I%CAZ'(I:'{ 3

03/ 00379 vvhe I's ot her than nor e

sequence of “PEpgationyfthagaleinm phesphatEimsedanauix tow)m@t WW(@FH LEI FPNGTI Q
* GTRKDHSRFG | LEFI S| AVG | VS| RGYDSG . LYLGVNEKGE LYGSERLTQE CVFREQFEEX
WYNTYSSNLY KHVI':’/B’% CHPROREIPRtERYeT for i@ comipoPfke present invention

15 include compositions wherein the active ingredients are contained in an amount effective
to achieve the intended purpose. More specifically, a therapeutically effective amount
means an amount of a compound effective to pfevent, atleviate or ameliorate symﬁtoms
of a disease of the subject being treated. Determination of a therapeutically effective
amount is well within the capability of those skilled in the art, especially in light of the

20  detajled disclosure provided herein.

Toxicity and therapeutic efficacy of the peptides described herein can be determined
by standard pharmgceuﬁcal procedures in cell cultures or experimental animals, e.g,, by
determining the ICs5q (the concentration which provides 50% inhibition) and the LDs(

(lethal dose causing death in 50 % of the tested animals) for a subject compound. The
25 data obtained from these cell cnlture assays and animal studies can be .used, in
formulating a range of dosage for use in human, Thé dosage may vary depending upon
the dosage fon_n employed and the rouie of administration utilized. The exact
formulation, toute of administration and dosage can be chosen by the individual
physician in view of the patient's condition. Depending on the severity -and
30  responsiveness of the condition to be treated, dosing can also be a single administration
of a slow release composition, with conrse of treatment lasting from several days to

several weeks or until cure is effected or diminution of the disease state is achieved. ‘I'he
-30.




wherein Xi-s other than N and nore preferably S. 10 Am n@ NdGékbes e6isence of
FGF9- 2- W 144X- CNp(1-22) (SEQ ID NO 16) MALYCRTGFH LEI FPNGTI Q GTRKDHSRFG
| LEFI SI AVG LVSI RGVDSG LYLGWNEKGE LYGSEKLTQE CVFREQFEEN XYNTYSSNLY
KHVDTGRRYY,  VALNKDGTPR EGTRTKRHK FTHFLPRGGG GLSKGCFG.K LDRI GSMSG. GC 15
wherei n X" BYREPS t han wand nore preferably sel ected fPEHIG¥ORM E or V.
Am no Acid sequence of CNP(1-22)-FG-9-2-W 144X (SEQ ID NO 17) MA.SKGCFG

KLDRI GSMSG L wil) beGERMOHBRAGH kibfecShaMG

LVSI RGVDSG L&M%ela (A, e o Athd o E st rg AL KEVDTGRRYY
VALNKDGTPR E m K FTHFLPR Th%gcorrespoﬁdu ng po? PSR @ quences
are as fol | oRE*PEE fethenfagiors] X DNA( SEQI DNO. 18) 25 ATGGCTGCCG

GGAGCATCAC GCOCTTCOGG, AGGATGGOGG  CAGCGECOGCC TTCCCGOCOG
GGCACTTCAA GGS%% Tusipton onkiehe methed oficptig @F@@amm@c

ACCCCGACGE COEhaTaeAding GUBSTIREHE A CAREAGRGE . SXT SEARC
TTCAAGCAGA AAC CGGTACCTGG 30
CTATGAAGGA AGATGGAAi 55 m‘giﬁf%%?%ﬁm&%%ﬁ%mﬁmﬁdﬁT
TTGAACGATT GGﬂqq;@Cﬂ;égﬁJ BINNE: TA TAC. ACCAGTTGGT
ATGTGGCATT GAAA d CIDC%%%%%F %ﬁ %%&%‘%Q%&EA
~ AAGCTATACT TH‘??@TWWWMP@W@AWM@ atiove, M\BNsubgecDtolter t han a

"~ .codon codi ngedatdd. &ﬁﬂmé&@ﬁneﬁhs%gus@fedﬁcc%}éﬂ%tg%jéﬁ%c gg?llgs\ﬁr@@eldmeferabl y a

codon co mno acid Gy orArg uence o

DNA( SEQ gklogl_ﬁ‘)%‘ab P“laﬂf-e‘leﬁmdﬁﬂdnmnt isyeaghed Mish pS 2B0E WD DBLIGOUGET

PCT/ 1L03/ 0038 patiiolégidall écnlitn LCeAC CACGCTGCCC GCCCTTCCGG AGGATGGCGG
CAGCGGECECC TTCCCGCCCG GGCACTTCAA CCCCAAG CGGCTGTACT GCAAAAACGG

GGGCTTCTTC CTAheprTatint@EGCaAGaR oGBS Greaf el BTG W E
CCCTCACATC AAGEE GA 5 GAGAGGA GTTGIGTCTA R
GTGTGCTAAC CGGTA%%?}%%“%E @gﬁ’éﬁ{ Et‘g‘%%&m&“?ﬁﬂ;&m‘bi@w
TACGGATGAG ST HRTCPHPgBilonSCAEE pEEah TITEARE. THNNGAGAA A HEEIARGEET C
15  herein encompasses oral, parenteral, intravenous, intramuscular, subcutaneous,
transdermal, intrathecal, rectal and intranasal administration.

The present invention further relates 1o method for the use of the active FGF variants
to prepare medicaments useful in inducing bone formation and fracture healing as well
as in the detection and treatment of various FGFR-related disorders including skeletal

20 disorders such as achondroplasia and thanatophozic dysplasia and certain types of
cancer including but not limited to transitional cell carcinoma (TCC) of the bladder,

multiple myeloma, chronic myeloid leukemia (CML) and cervical carcinoma.

Although the invention has been described in conjunction with specific embodiments

thereof, it is evident that many alternatives, lhodiﬁcations and variations will be
25 apparent to those skilled in the art Accordingly, it—is*intended to embrace all such
- aliematives, modifications and variations that fall within the spirit and broad scope of
the appended claims. All publications, patents and patent applicétions’ mentioned in this
specification are herein incotporated in their entiréty by reference into the specification,
In addition, citation or identification of any reference in this application shall not be

.
AN
b’ ’

30 construed as an admission that such reference is avaﬂab!e as prior art to the present
mventlon




TAGAAAATAC ACCAGTTGGT ATGTGGCATT GAAACGAACT GGGCAGTATA ¢ AAGHESGIES
CAAAACAGGA CCTGGGCAGA AAGCTATACT TTTTCTTCCA 10 ATGTCTGETA ACKGOTGA wher ei n
NNN i s a codon coding for amno acid Gy (GGT, CSgZCAGGA &0 . Se_(IJ_uence of
FGF2N111R | DNO: 20) ATGGCTGCCG GGAGCAT CGCTGCCC GCCCTTCCGG

' AGGATGGCG@WA ‘{9?9&86@@6@@ TTCCCGCCCG GGCACTTCAA GGACCCCRAEIASASTLTACT

' TC GCGCATCC A CCGAGTTGAC GGGGTCCGEG
AGAAGAGCGA %ﬁ? % BiA @peeptimeatoctir dventior.

TCAAAGGAGT Gﬂgr@mk@emsmeﬁf@@o HE AT AnEmid AbofoaGihafanAICT GHee! -
CTAAATGTGT TA G TT T GGAATCTAAT CGNTACAATA
CTTACCGGTC T%ﬁqﬁ%r %WH IegsAtisplosgd Am REQ AP

AACTTGGTTC CAEEAGACERraeamEaREkai1a0ET ATAGTFGRFY, FOFTL G FGYT EE&EEA AGAGCTGA
\gplzr giEn gl\?os fggrbﬁﬁgéda[fdr@gp dﬁehcga“%@‘%&é% ﬁ%‘ﬁﬁuencegk F 2‘ 3% N111X
CAG(CGGgGCC Trlered iy arebieeERAT IR ECHBORE AN LERTFHETARIR EMAHOGG

GGGCTTCTTC CHONEA FoerAOBRACAGR ARG CRRARAAA
CCCTCACATC éé%l ACAAC TTCAAGCAGA 30 AGAGAGAGE%

GTGTGCTAAC Erihs peimrgleotidn enppseAinTindiar ARET R oTFnmg TEHET
TACGGATGAG  TiBEHd#5 Tahd Ehobd GAMBICA Tt EGTART, WX&%@%

GAAAA TGGT A GCCAT.T GAAACGAACT GGGCAGTATA _

TA (T;éﬁ c%@? ﬂ{@‘?’ﬁﬁeﬂﬁ?" CTTCCA 35 ATGTCTGCTA AGAGCTGA wger ein
e ch fromA or Gandthe codon

QE%SZB' by NN T RS BRER SRS o5 oy o et s eedtioh FemdrrdDRor Ao
- (AAT or AAQ (Whlemlsﬁbelprtgqrhmmlaaiumatahﬁmmr sfxpnidsg). ﬁ{lé‘daﬂﬁzﬁ tf'é\éli_é ar@m CR?(GaCI d
e
GGCAXATCAC CACGCTGCCC 5
GGCACTTCAA CGHA CharARrecmsdthariadioteiog & 29 kR \(Bi6tae), 228 0Ha Q4D Q520 908
PCT/ 1 LO3/1803@30 aa) and 34 kDa (283 aa), respectively, having the potential to perform the same

function (reviewed in Okada-Ban et al., Int ] Biochem Cell Biol, 32, 263, 2000).

The core of approximately 120 amiﬁo acids of FGF (amino acids 66-1 90 of FGF-9,

amino acids 30-152 of the 155 aa isoform of FGF-2) has been shown to be crucial for

FGF function. Trancations extending within a few amino acids near to or into the core

20  result in reduced biological activity, as determined by proliferation assays. - Tt is now
disclosed that FGF varjants with reduced biological aciivity are useful for largetmg

bioactive agents to specific tissues.

Sequences

The amino acid sequences of the preferred embodiments of the present invention arer
25  disclosed as follows:

Amino Acid Sequence of FGF2-N111X (SEQ ID NO:1)

MAAGSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD

GVREKSDPHT KLQLQAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE

CFFFERLESN XYNTYRSRKY TSWYVALKRT GQOVKLGSKTG PEOKATLFLP
30 MSAKS .

wherein X is other than N and more preferably selected from RorG
Amino Acid Sequence of FGF2-N1 1IR (SEQ ID NO:2)
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GCAAAAACGG GGGCTTCTTC CTGCGCATCC ACCCCGACGG CCGAGITGAC g COla66
AGAAGAGCGA CCCTCACATC AAGCTACAAC TTCAAGCAGA AGCAAGAGGA. GITGIGICTA
TCAAAGGAGT GTGTGCTAAC CGGTACCTGG ‘.. CTATGAAGGA AGATGGAAGA TTACTGGCTT
CTAAATGTGT TACGGATGAG 5 TGITTCTTTT TTGAACGATT GGAATCTAAT GGNTACAATA
CTTACCGGTH0 cBASRMAATAC ACCAGTTGGT ATGTGGCATT GAAACGAACT pERGG4GIBAT A
AACTTGGTTC CAAAACAGGA CCTGGGCAGA AAGCTATACT TTTTCTTCCA ATGTCTGCTA AGAGCTGA
wher ei n nucl eskcgingr? anserEzsahcrirEispendenttinetss ek inbegkvd or G and the N
at 10 posi t GURERERurS keelEwEErd Wme%mﬁ R¥B20IKEDGR SaQisgaeep®f FG-4- N165X
DNA ( SEQ | D SOr23RLEATCGTORNGEOR CEAGHERT CREAEEARES IGORARTLRGCG CGGTCCTGCT
GGCCTTGOTG GEEEGTTGEG OGGG00GAGG GGGCGO0GCC GCACCCACTG 15 CACCCAACGG
CACGCTGGAG GCCGAGCTGG AGCGGCGCTG GGAGAGCCTG GTGGCGCTCT CGTTGGCGCG
CCTGCOGGTG GCAGCGCAGC CCAAGGAGGC  GGBCCGTCCAG AGCGGCGCCG GOGACTACCT
@;@ TCGGCT TCCACCTCCA
CCCGCGAC GOCTGCTGGA 20

@@W%‘@%@@GHPWTTCGT

TRE LAV B SAPEKAVTIRECACGT T
CEE T R ARBTR AEBEcaaCAT

GAAGGTCACC 28inCACHIEQTREE CECBAGHR)MI1¢IRi(BEQXNOst) ot her than a codon codi ng

f As AAT; fer des f
et &%’P%ﬁ%ﬁﬁ S A S

ID NO: 24) 30 (o CCAGAG
CGGCGCCGE. GAGRACCTGC 'TGGGCATCAA GCGGECT CGECTCTA CCAACGT GGG
CATCGGCTTC %m W CGGCCGCATC.  GECGGCGOGC ACGOGGACAC S
CCGGGACAGC CT meysareiRelly pelestrdiBen L R TCTTCGRCGT
GGOCAGCCOGG TTCTT%% %ﬁ% GTCTATGGCT CGCCCTTCTT
CACCGATGAG PACAACG CCTACGAGTC

CTACAAGTAC CEQEECETE ADADCCSECTF HBAEERRERAARL YCARBGEFACRAH P IGRABRGGGEGAA
CCGAGTGICG (BRECPFEA MALDERECEAVEIKCBIOCECLAMBICRGIAAsMIamE n N i s
sel ect ed?® r SAFAEREESS SMNTYRSREY) (IS EABIRTRGOVKFGHOCCOREGKSEFLPD NO: 25)
di scl osed i HMRET appl i cation WO

Amino Acid sequence of human FGF4-N165X 206 aa (SEQ ID NO:6)

MSGPGTAAVA LLPAVLLALL APWAGRGGAA APTAPNGTLE AELERRWESL

VALSLARLEV AAQPKEAAVQ SGAGDYLLGI KRLRRLYCNV GIGFHLOALP

25 DGRIGGAHAD TRDSLLELSP VERGVVSIFG VASRFFVAMS SKGKLYGSPF

' FTDECTFKEI LLPNXYNAYR SYKYPGMFIA LSKNGKTKKG NRVSPTMKVT
HFLPRL,

wherein X is other than N and more preferably G.

30 Amino acid sequence of human L55M-FGF4-N165X 152 AA (SEQ ID NO:7)

_ MARLPV AAQPKEAAV(Q - SGAGDYLLGI KRLRRLYCNV GIGFHLOALP )
DORIGGAHAD TRDSLLELSP VERGVVSIFG VASRFFVAMS SKGKLYGSPF :
FTDECTFXKEI LL PNXYNAYE SYKYPGMFIA LSKNGKTKKG NRVSPTMKVT
HFLPRL S . '

35 ~wherein X is other than N and more preferably G.

‘Amino acid sequence of human W144X-FGF9 208 AA (SEQ ID NO: 8) disclosed in
PCT patent application WO 02/36732:

MAPLGEVGNY FGVQDAVPFG NVPVLPVDSP VLLSDHLGQS EAGGLPRGPA
40 V‘I‘DLDIILKGI LRRROLYCRT GFHLEIFPNG TIQGTRKDHS RFGILEFISI
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02/ 36732 A. -46 9 Novenber 2006 WO 03/094835 PCT/ 1Lo3/§>g§\7€%bg%@cmm
CTGCAGGACT GGATTTCACT TAGAAATCTT CCCCAATGGT ACTATCCAGG GAA

AGACCACAGC CGATTTGGCA TTCTGGAATT TATCAGTATA GCAGTGGGCC TGGTCAGCAT
TCGAGGCGT% GAZAGTGGAC TCTACCTCGG GATGAATGAG AAGGGGGAGC. TGTATGGATC
AGAAAAACTAV S S BHPANGAGT GTGTATTCAG AGAACAGTTC GAAGAAAACTCEERAMRAY AC

GTACTCGTCA % STOOA. CACTOGAAGG COATACTATG  TTGCATTAAA
TAAAGATGEG A TIACTA Tg%’éﬁw R EREAPRE NEABACATTT
TTTACCTAGA , RCARAGT T R FEAR TR AT ARBEVERPFYEHFAAGCCA AAGTTGA
10 Sequence of K 144X TA CTGCAGGACT
GGATTTCACT TAGAAA %:‘%‘7&%&?6 &@éﬁ" W@Kgﬂ&@@&

CGATTT TTCTGGAATT 15 TATCAGTATA CCAGTGOCOC TGGTCAGCAT TCGAGGCGTG
GACAGTGGAC TC PR CVAMBERGENI22 SRR TN €) AighinedinCTA

ACCCAAGAGT Gﬁ%ﬁlﬂ'ﬁ%ﬁoﬁ%@ﬁ%‘ﬁ@ ‘GAAGAAAACN NNTATAATAC GTACTCGTCA

AACCTATATA A CACTCAACG. CGATACTATG TTGCATTAAA TAAAGATGGG
ACCCCGAGAG EA@W‘F‘?QG‘WACCTAGA
CCAGTGGACC Y%&A SGEERTRREHTTGA wherei n NNN
i's other jphagy, 99 N@GTERE?%FF%HBWAA TAG or

TGA) and is m)re preera n COdI ng for amno acid Ay, Arg, Val or

A n. 25 Sequence wierdiCR 9 dheDkifn ({SH@midr: PedeRABly séléchalisas B, B oPET appl i cation
WO 02/36732 A TGCAGCTATA CTGCAGGACT GGATTTCACT TAGAAATCTT CCCCAATGGT

AT e S ST T L

AAGGGGGAGC Trafout apphivati ACCCAAGAGT GIGTATTCAG AGAACAGT TC
GAAGAAAAGT GRIATAATAE Lﬁr %ﬁ&@%& %ﬁm GG
CGATACTATG TtCEHAERAAAL W AAACGG 35

CACCAGAAAT  TCAGADATER ﬂ’d’tﬂh&@ﬁé@%ﬁ@ﬁmpw PDKVPELYK]j ILSQS

Amino Acid sequence of R64M-FGF9-W144X 145 aa (SEQ ID NO: 11)

20 MOLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVEG LVSIRGVDSG
LYLGMNEKGE LYGSEXKLTQE CVFREQFEEN XYNTYSSNLY RKHVDTGRRYY
VALNKDGTPR EGTRTKRHQOK FTHFLPRPVD PDKVPELYKD ILSQS

wherein X is other than W and more preferably selected from G, R, E or V.

25  Amino Acid sequence of FGF9-2 127 aa (SEQ ID NO: 12) disclosed in PCT patent
application WO 02/36732:

MQLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG
LYLGMNEKGE LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDTGRRYY
" VALNKDGTPR EGTRTKRHQK FTHFLPR

30
) -, .
- Amino Acid sequence of FGF9-2-W144X 127 aa (SEQ ID NO: 13)
MOLYCRTGFH LEIFPNGTIQO GTRKDHSRFG ILEFISIAVGE LVSIRGVDSGE
LYILGMNEKGE LYGSEKLTOE CVFREQFEEN EYNTYSSNLY'KHVDTGRRYY~
VALNEKDGTFR EGTRTKRHQK FTHFLPR
35 wherein X is other than W and more preferably selected from G, R, E or V,

Amino Acid sequence of R64M-FGF9-N143X 145 aa (SEQ ID NO: 14)

MQLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG
LYLGMNEKGE LYGSEKLTQE CVFREQFEEE WYNTYSSNLY KHVDTGRRYY
40 VALNEKDETPR EGTRTEKRHOK FTHFLPRPVD PDREVPELYKD ILSQS
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Sequence of FGF9-2-WL44X DNA (SEQ I D NO 28) A TGCAGCTASNotehigefesohCT
GGATTTCACT TAGAAATCTT CCCCAATGGT 40 ACTATCCAGG GAACCAGGAA AGACCACAGC
CGATTTGGCA TTCTGGAATT TATCAGTATA GCAGTGGGCC TGGTCAGCAT TCGAGGCGTG
GACAGTGGAC TCTACCTCGG GATGAATGAG AAGGGGGAGC TGTATGGATC AGAAAAACTA
ACCCAAGAGWOIBEIETIT CAG AGAACAGITC GAAGAAAACN  NNTATAATACPCHTIAGHEET CA
AACCTATATA AGCACGTGGA CACTGGAAGG CGATACTATG 45 TTGCATTAAA TAAAGATGGG
ACCCCGAGAG AACHRNT K GAG FeANGHE m: T TCACACATTT TTTACCTAGA TGA ..
wherein NNN is other than a codon coding for Tip (TG or a stop codon
(TAA, TAG or TGA) and is nore preferably a codon coding for amno acid
dy, Arg, Val or Gu. -47 9 Novenber 2006 WD 03/094535 PCT/1L03/00379 5
Sequence of R64M FGF9- N143X DNA &?E I D NO 29) A TGCAGCTATA CTGCAGGACT
GGATTTCACT T tpauones ol REERP-NIATH AATEASER BGANOTADGAA AGACCACAGC
CGATTTGGCR THETEMAFE Lﬂﬂ@&ﬁfﬂﬁﬁﬁ@@%ﬁﬁﬁ@%%@'
GACAGTGGAC  10YIRAIRARGE QG ST CAR TEAR EAACRERAGEs I A CTA
ACCCAAGAGT CIGIHENECAS IEAACAEHT GeAAGAANNNP GGTATAATAC  GTACTCGTCA
AACCTATATA AGCACEhGE#H XCACTHEEMAOT akd AT proATGly ST TCCATTAAA TAAAGATGGG
ACCCCGAGAG AAGGGACTAG GACTAAACGG CACCAGAAAT TCACACATTT TTTACCTAGA
CCAGTGGACC CCGACAAAGT 15 ACCTGAACTG TATAAGGATA TTCTAAGCCA AAGITGA wherein

NNN i s ottherAmivgAci seqeiose of BAFRZ-Widn X ANP((-2) [SEQAENOI6)a St op codon  ( TAA,
TAG. or TGA) RSP _ I.ng for amno acid Sec 20
e 15 e g S e
GGATTTCACT TaehiAd IR T { CAGC
CGATTTGECA TkCTGGAATT TATCA AT,& IéuA (5 GECGTG
GACAGTGEAC 25 TGhRbiH SCErofiy i W S G A CTA
OO AT GG A R I A I L B 4 Coron )

AACCTATATA AGCACGTGGA CACTGGAAGG CGATACTATG TTGCATTAAA TAAAGATGGG
ACCCCGAGAG  AWitAGT Aquése SAERann) FéAGAMY (SEGOTTA TTTACCTAGA TGA

MGLSKGCFGL KLDRIGSMSG LGCGGGEGGG GQLYCRTIGFH LEIFPNGTIQ
' GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE LYGSEKLTOE -
20  CVFREQFEEN XYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHOK
: FTHFLPR

The corresponding polynucleotide sequences are as follows:

Sequence of FGF2-N111X. DNA.(SEQ IDNO:18)

25

30

35

ATGGECTECCE
CAGCGGCECC

GCQAAAACGG
GEGGTCCEGE -

AGAGAGAGGA
CTATGAAGGA
TGTTTICTTTT
TAGAAAATAC
BAACTTGGTTC
ATGTCTCCTA

wherein NNN is other than a codon coding flor‘Asn (AAT or AAC) or a stop codon

GGAGCATCAC
TTCCCECCCG
GGECTTCTTC
AGARGAGCGA

GTTGTETCTA

AGATGGAAGA,
TTRAACGATT
ACCAGTTGGT
CAAARACAGGA

AGAGCTGA

CACGCTGCCC
GGCACTTCAA
crececaTCe
CCCTCACATC
"TCAAAGGAGT

TTACTGGCTT

GGAATCTAAT
ATGTGGCATT
COTGGECAGA

GCCCTTCCGE -

GGACCCCAAG
ACCCCGACGE
AAGCTACAAC
GTGTGCTAAC
CTAAATGETGET

" NNNTACAATA

GAAACGAACT

. ARGCTATACT

and is more preferably a codon coding for amino acid Gly orArg.

Sequence of FGF2-N111G DNA (SEQ IDNO:19)

44.

AGGATCECGE
CERCTETACT
CCEAGTTGEAL
TTCAAGCAGA

CGOETACCTGGE

TACGGATGAG
CTTACCGGTC
GCGCAGTATA
TTTTCTTCCA

L




30 wherein NNN is other than a codon coding for Asn ( AAJNoNMekLr RFcsa St oOp
codon (T AA, TAGor TGA) and is nore preferably a codon coding for am no

acid Ser. Sequence of FGF9-2-WL44X-CNP(1-22) DNA (SEQ ID NO 31) A 35
TGCAGCT ATAW§T CT GGATTTCACT TAGAAATCTT CCCCAATGGI ACTATCCAGG
GAACCAGGAA CAGC CGATTTGGCA TTCTGGAATT TATCAGTATA

TGGT CAGCAT TG GAGL G GACAGT GGAC  TCTACCTCGG GATGAATGAG AAGGEGGEGAGC

ACPXCACTTE QNBAAGAGH

NNTATAATAC 40 '0-1

TTGCA2TAAA TARBGNITE33 ACCELT AA CHRSBRTRANT

TCACACATTTs TTIALGIACA . GRA ARG GTL, - AR

TGGACCGAAT CElid AAG%J& .G, GA] er BTTFINRAY s GIFTFCTREAN a codon

codi ng for TrpafHeDrrer &p Qdo A gf’thG%gG%?e

pref erabl'y a 6as0masat NictaboaEno , e OT, quence of

CONP( 1- 22- FGFOn RerikAdto 48 98D R %3/ 094835
\ C

PCT/ 1L03/ 003 78rcithigoed CTAehdoeAMAGGT TG
CATGAGOGGC CTGGGATGOG GG GGGAGGGGGA GGGCAGCTAT — ACTGCAGGAC
TGGATTTCAC TTAGAKJL‘F@PW oding-fonpemaarid Gy GEENGEA, GAGATTACAG

CCGATTTGEC ATTCTGGAAT TTATCAGTAT 5 AGCAGIGEEC CTGGTCAGCA TTCGAGGECGT
GGACAGTGEA CTCTACCTCG  GGATGAATGA GAAGGGGEGAG CTGTATGGAT CAGAAAAACT

AACCCAAGAG T P FAF2NEINONATIECIHNEABAAC NNNTATAATA CGTACTCGTC
- AAACCTATAT AAGCACGTGG ACACTGGAAG GCGATACTAT GTTGCATTAA ATAAAGATGG
GACCCCGA A GOROGATANY: I CTTOAGACARRCATIAAGCTAG A

wher ei n ?G(S"Fﬁ‘eﬂﬁc‘f ha'W'C&'CE"Sﬁ% CPRETERR  THGACCTARG 0rcCaCTETTodon

(TAA, TAG or |‘§GGr?5'i1'€ ef‘é‘FGSE T c FFSRCeRRHAchg CCGAGEIRAT aci d
Gly, Arg, VaI acCFQ‘PT% Ehc PSCLBRCRAA]  (TREARGEWR hunan
FGFs (HFGF -

prote| n Sﬁqu Tb’?T

PE‘s“Jé‘ht PR r@TfTG%%@GTmIG@ ( MFGF9)
TATREANHChCI pl es of
the invention, %%%Ang CFBACCYSTE t at i ve
exanpl es. 201@\% EﬁééAO gar 2t g mg@? essi on
~system A‘I‘GTC'I‘GCTA AGAGCTGA

. wherein N is selected from A, C, Gor T
Sequence of FGF2(3Q5Q)-N111X DNA (SEQ ID NO:2 1)

25

30

35

40

ATGGCTCAXG
CAGCGGCGCC
GCAARAACGG
GEGGTCCEER
AGAGAGAGGA
CTATGAAGGA
TGTTTCTTTT
TAGAABATAC
ARCTTGGTTC
ATGTCTGCTA

GGCAXATCAC
TTCCCECCeE
GGEGECTTCTTC
AGAAGAGCEA
GTTETETCTA
AGATGGARGA
TTGAACGATT
ACCAGTTGET
"CAAAACAGGA
AGAGCTGA

CACGCTGCCC
GGCACTTCAA
CTGCECATCC
CCCTCACATC
TCAAAGGAGT
TTACTGGCTT
GGAATCTAAT
ATGTGGCATT
CCTGGGCAGA

GCCCTTCCEG
GGACCCCAAG
ACCCCGACGE
AAGCTACAAC

GTGTECTAAC

CTAAATGTGT
NNNTACAATA
GAAACGAACT
ARGCTATACT

AGGATGGCGG
CGGCTGTACT

CCGAGTTGAC

TTCARGCAGA
CGETACCTEG
TACGGATGAG
CTTACCGGTC
GGGCAGTATA
TPTTCTTCCA

~wherein nucleotides 9 and 15 are mdependenﬂy chosen from A or G and the
codon encoded by NNN AT POSITION 331-333 is other than a codon codmg for Asn
(AAT or AAC) or a stop codon and is more preferably encodes for amino acld Gly or

Arg.

Sequence of FGF2(3Q5Q)-N111G DNA (SEQ IDNO:22)

ATGGCTCAXG  GGCAXATCAC CACGCTGCCC GCCCTTCCEE  AGGATEGECGR
CAGCGECECC  TTCCECECCCE GGCACTTCARA  GGACCCCAAG CEGCTGTACT
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Construction of the p89Bl uescript (p89BS) Construct ConglbcibkPshogf PB8IBS
was performed as described in copending WO 02/ 022779. The genes encodi ng
the proteins of the present invention were ligated into the Ndel - BanmH

di gest of the p89BS construct and transformed into E. coil cells, such as
JMLO9, 2%WwOl@Go4s3s>2, DHa, and XL1bl ue. Construction of P&FEba6daNnt s
Construction of the FG-2, FG--4 and FG~-9 variants was perfornmed using the

pol ymer ase cReARRAAEEG! | GRGCPERrCt ectiotemrce ThAGGewARSE t HbdAta-rBRR reactions

were perfor G8EGTAMGECe RRBAGAROGAL | COCTIACAATY ARAGRCAREE rHix:aduerd i nto the
gene by 30 aeptAdaEchg BRreTemgrentreaiacmachot bremtsaat t Aesmadoation
site(s). TheCBATGRAGSAanaCHIGIAGCal USRUrdaurTt heTAnnrareEGReabatarzant S were as
foll ows: JHFFSTBICTISEQ FESMNOGEY SCCAFIRACCATATECAIGAAGERAREATE: HF2-rev

( SEQ | DNO 59 fAGAARKTACATECRGATCETT TATEIRGONTT | GSAXICCASED | @NQAEAATS'
GATTGGAATCT ACBATAEPFABCEAL OCOrIGErasher ABBIBTAVD (OBIIOSA365A

PCT/ | L03/ 00378 TGCTAG ARAPCEGEQ | D NO 61) 5 GTAAGTATTGTAGCCATTAGATTCCAATC
Ni| 1R for (Sk@ihRNRAGRs &'nd AT EGAMEAL CHoTAGAAT AL TAGnd 'Eﬁcl.N]zSB' rev (SEQ
| DNC: 63) 18" (Shhiba3 73T GIAGIGAITARTIGIAATC 3, 5Q for (SEQ I'D NG 64) 5
GGAATTCCATATGGCTCAAGGGCAAATCACCACGCTG 5 ( CATATG - Ndel, GGATCC - BanH ;
GAATTC- EcoRl | S AQ RSk f lng) 1. PCR for 5 dommin: The:

fol |l ow ng pﬁﬁ%@ﬁd@%&@%ﬁ%@@g@%_%@mOr and N111G R-rev PCR for
3" domai n: TAreTochkbeoi cupeEAtoer Tareterdtse dreMddGERESfcadrHF2-rev 10 on
t he tenpl at ecedCTRGaE® de@ec@rédd-Gedicchane debbt@ddoecefmscrgctor. 2. For
the entil® gHRECARECE CHOMIGEA® GOTBASCTEY aousattcTdlE@acAerar 3, 5Q for and
HF2-rev on t¢ECONATET cieTrRecdce anacicaimmernseeaiovecaadcpei ners and
“protocol, asSRfCSEreReRECECrETCh ScontTamy BoattemrTAMrAR/@GT38, used to .~
prepare the JRHPERTFTF-TGEAACEN] SeARTECGY frotAamsTalSealicttdCef or (SEQ I D £
NO 65) 5' - RBEEECERGNECCETRGUET SCETRCECAN A0CRARAKATSEYIMeNO 66) 5' -
GTACGT AT AT ASCEEFH99C PRORRCGYER SRETIPTAASECATIITNGEE 7Y TEBICCAGCT

CGAAGAAAA FATARTACCCRFATOHR) AERAXGHATR BEIYTREFE SCTCGCCOTTC

CGTATTATA %éggwww FHRCEASEET| CIERITSOYA GACKXXTACAA

CGAAGAAAA N 49 TEINECY 0JTGRAECAAGA
T SRS

CGTATTATACA FCAES-2E GRAGGRARAAAACGAGTATAATACG
wherein XXX is other than a codon coding for Asn (AAT or AAC) or a stop codon and

is more preferably ecodes for amino acid Gly (GGA, GGC, GGG, GGT).

Sequence of L55M-FGF4-N165X DNA (SEQ ID NO:24)

30

35

40

ATGECECRCC.

CEECeCCase

GCAACATGGE -
- GECEGCECRC

GGAGCEGEEEE

CCATGAGCAG
. TGCACGTTCA

CTACAAGTAC
AGAAGGGGAA
AGGCTG

TECCEGTEEC
GACTACCTEC
CATCGGCTTC
ACGCGGACAC
GTGETEAGCA
CAACGGCAAG

AGGAGATTCT -

CCCGGCATGT

- CCEAGTGETCE

AGCGCAGCCC
TEGECATCAA

CACCTCCAGE
CCECGACAGT

TCTTCEGCAT
CTCTATGECT
COCTTCCCAAC
TCATCGCCCT
CCCACCATGA

wherein N is selected from A, C, G or T.

AAGGAGGCGG
GCRCCTEECGEa

CECTCCCCEA

CTGCTGGAGC
GECCAGCCRE
CGCCCTTCTT
GGNTACAACE
GAGCAAGAAT
AGGTCACCCA

CCGTCCAGAG
CEGCTCTACT

CGECCECATC -

TCTCGCCCOGT
TTCTTCETGEG
CACCGATGAG
CCTACGAGTC
GGGAAGACCA
CTTCCTCCCC

Sequence of R64M-FGF9 DNA (SEQ ID NO:25) disclosed in PCT application WO

02/36732

‘A
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WL448-back (SEQ ID NO 72) &' - OGTATTATACTOGTTTICTTOS Whibdddbef 8fos( SEQ | D
NO 73) 51- CGAAGAAAACGOGTATAATACG W 144A back (SEQ ID NQ 74) 5’
CGTATTATACGOGTTTTCTTCG 25 W 144N-for (SEQ ID NO 75) 5' -
CGAAGAAAACAATTATAATACG W 144N back (SEQID NO76) §'-

CGTATTAT TTTCG FGF9- St opback (SEQ I D NO 77)
5" AGCTGGAT 6}g{_l:ﬂ'TGGCTTAGAATATCC R64M FGF9-for (SEQ I D NO 78)

5' GGGAATTCCAIAT @A%T%smsmm | ECRAFIRTS'

- GTTCGAAGAAAGLTIE JM‘AT W33 ‘é‘é% QOFBTREY®E) JTCTCGRATT

- CGTATTATA d exE FEAGGT 4 FECRGFCTSU e SAFRFTGGAE 5' to 3
sequence @f {hg A.I..l.u qcn EGEATCCATYR) 1 AGRAAIRCTAC odes f or
the 3' to 5 58 b at 4 CAEGARAACT CRERIAQTAC 5o g
Novenber ZOOQTG%% : coﬁ%%TprH'IATFhe 5 to
3" sequence ehcélen it ath-QR,, ? AG GHRAPGEEK codes

for the 3' tachremeadensRrizchhs ’E%%E&Arp S Ar W 9.

N1438—for1000des for the 5 to 3' sequence of & hitation Asnl143 into Ser

in FG--9. %fo to 5 sequence of the nutation Asnl43
into Ser i n fs“%%&@&é%%ﬁ@%ﬁam fol | ows: anneal i ng
tenperature %as 54C followed by elongation at 72C for 30 cycles. The

“purified PCRIGFEHITARE WETCWiGFasT edesnTiTchdel TamhBantl , c@ndalrkgat ed into
t he p89BS_ velFHLCCREE- AGARGIAGEAR H@Acsgan:hbesmmwmbmnamdi%zsﬂfWarl ant s,
FGF4- N165% aFRFGASTRIEGRACAMITEGC 1 0TGRIAGART | oneersiectite f eddaewtasge PCR
primers wer elGFREEFTCES 5 \VEMTGAATEAC ( JHATACECAGT 8 1JGTATGGATC  AGAAAAACTA

5' ACGTCATATGIT(SACEREECTeYIBETEAC h AEACRCTBEQ (RGNBASSN SMTATAATAC

AGGTGGATCCT e WA@ATM BIRACEECESECATINGABE) SCGATACTATG
GATTCTCCI.T 1 . CRROCEEFHPGAS COIERGAE 1 APQESECIAONGIETPABCGG

CTCGTA SE&T@%CE%% hmﬁ&éﬂ@ NIGGBCAREGT wer e used
to arrpllfyt RO BRAC) % AEGRBorate an Met at position
55 and a Gly QS 1% ‘%P ngf‘ﬁ\ﬁéﬂam)m%@ﬁm FAMEAS wer e used
to anplify the @9 dd m'{”m’(.rﬁ‘e’r godgn erding Loy gEreAcl Glietrs, Yol or Slu. p05|t|on 165.

The anmpl 25 i edqfna0iFeing.o d.serv a.templ ate for -

addi tional PCR reaction %ﬁé%ﬁ%%}f@gcl?segﬁ%w%ﬁ#% PCR condl tions
were 20 as fa{ PBi#s: 8 cycles with annealing at 50C, elongation at 72C

foll owed by al7 cycles wth annealing at 60 C, elongation at 72C. The PCR

fragment wagedhgmarad weumshaddder  ceaTTTCACT  TAGAAATCTT  CoCCAATGGT
ACTATCCAGG GAACCAGGAZ  AGACCACAGC CGATTTGGCA  TTCTGGAATT
30 TATCAGTATA  GCAGTGEEEC TGETCAGCAT TCGAGGCETE  GACAGTGGAC
TCTACCTCGG  GATGAATGAC  AAGGEGGAGC TGTATGGATC  AGAAAAACTA
ACCCAAGAGT GTGTATTCAG  AGAACAGTTC GAAGAAAACT  GGTATAATAC
GTACTCGTCA  AACCTATATA  AGCACGTCGA CACTGGAAGG  CGATACTATG
TTGCATTAAA ~ TAAAGATGGG .  ACCCCGAGAG . AAGGGACTAG - GACTAAACGG
35 CACCAGARAT TCACACATTT  TTTACCTAGA TGEA
) Eequence of FGIF9-2-W144X DNA (SEQ ID NO:28)
TGCAGCTATA  CTGCAGGACT  GGATTTCACT TAGAAATCTT  CCCCAATGGET
40 ACTATCCAGE GAACCAGGAA  AGACCACAGC CGATTTGGCA  TTCTGGAATT
TATCAGTATA  GCAGTGREGCC TGCTCAGCAT TCGAGGCGTG  GACAGTGGAC
 ICTACCTCGG ~ GATGAATGAG  AAGGGGGAGC - TGTATGCATC  AGAAAAACTRA
ACCCAAGAGT GTGTATTCAG  AGAACAGTTC GAAGARRACN  NNTATAATAC
GTACTCGTCA  AACCTATATA  AGCACGTGGA  CACTGGAAGG  CGATACTATG
45 TTGCATTAAA  TARAGATGGG  ACCCCGAGAG  AAGGGACTAG GACTAAACGGE
CACCAGAAAT TCACACATTT TTTACCTAGA TER ‘

wherein NNN is other than a codon coding for Trp (TGG) or a stop codon (TAA, TAG
ot TGA) and is more preferably 2 codon coding for amino acid Gly, Arg, Val or Glu.
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and BanHl, gel pur| fied and ligated into the P8OBS vect @inovdihiser Boded.

under |l i ned bases in SEQ ID NGO 81 encode the substituted am no acid.

Protein purification 25 The newy constructed expre55| on plasm ds were
transfected into conpetent JMLO9 bacteria, plated on"2YT-agar plates

suppl ementEOHHHS 200ug/ M anpicillin and left to growPCMIEMEINI ght) at
37 C. Asingle colony was grown ON at 37Cin a two-liter flask containing
330nt of TB125 nedium (Tryptonel 5 gr/L, Yeast extract 30 gr/L, KH2PO4 2.31
gr/L, K2ZHPO4 12.5 gr/L, dycerol 5 gr/L) supplenented with 200ug/ m 30
anpicillin. The bacterial suspension was centrifuged at 4000 rpm (4C) for
15 mnutes, and the nediumwas di scarded. The bacterial pellet was then
suspended in 25 m of Ix -51 9 Novenber 2006 WO 03/094835 PCT/ 111 A3100379

PBS buffens cgaqﬁhéyoﬁgmg@am4 @EQ] cat ed on ice, and
centrifuged gt -10,000 rpm (4C) nut The protein supernatant was

col | ect ed, aq.g 0 rGJ n- Sephar ose r) beads slurry was added and
shaken gently ﬁrﬁ&our S VIBFRAATEERed GRERPIEGEOl umm, ‘
‘washed ext enshy@layatd t h g@A “@WTut edin 7
n PBS cdfit araiagrded?. SMA-IE@:@raAGThe Gd(ﬁ{;é antTG@;g cps di al yzed
agai nst | x PBS-GaadAGepuckéTadeon FReAAMRIrSE a chAsBakduy 0564 E) col um
(Hi Trap(r) He 'ﬁ?thﬁG'Ni‘ersHaﬁﬁmtﬁmmamAacmmh) c.w:-.fdm(ﬁ Z&M (in

PBS- 0. 05%

pr ot ei nslg\er_gc st %gi” 70 CITAGSTRCR hqCCRAINECHUG - O CeQRAAARES Wer e
eluted with e ?'gﬂs va‘F"FWs vv&;re eluég?id with 2 M
NaCl . EXAMP . iv PAL) Phiester epderat ed

nut ants wer t&pr épar edi‘g% %@l—'fm%ﬁgte %Wf‘t‘r@?@“ addSrare |isted Y

herein bel ow 35421( SEQ | DNO 85) 5' - GBOCCTAGGTCATCTAGGTAAAAAATGIGIG 15

35422 S 86 CCATATGCAGCTATACTGCAGEACTG  29522( SEQ | DNQ: 87
( @AT%%J %ﬂ‘#@@gﬁ?ﬁh GEQ IHNOFOBEQ | D NO. 88) ( )

5' CGATACGTA@QQ{@J CT 5421 was used to introduce stop
codon (Prol %@h@@%@?ﬂd r es &c Si F%C%'Fggflhe
constructi OWWGMAFG?&A&T@!&CF% \i'a“ 422 clsed to
i Nt roduc® t HEETBEGHCEG codeaTeaatkaan Nibelcab@air | Ci@ﬂ@@@&@yl’ﬂi‘A r the
constructi O@CGFA%G%TRGWGFWQM FEFQAQITCAl | GRMEEANNED5 2 2ceNagaiged t O

i ntroduce ttﬁgi coddiy M AAFAGCTHM HI CACBSEARGE! | oreasiatentizor  t he
const ruct i orkagfa R64; G ar | MFCCe504 0 9BTCRETAEs edeAAMTGG0dUCe A
start c%(aon L72 and a res??%% en?Sfe

wherem

is other than a codon coding for Asn (AAT, AAC) or a stop codon (T
TAG or TGA) and is more preferably a codon coding for amino acid Ser. d (Tas,

gmuence of FGF9-2-W144X-CNP(1-22) DNA (SEQ ID NO:31)

35

CCCCAATGGT -

TECAGCTATA CIGCAGGACT  GGATTTCACT TAGARATCTT
ACTATCCAGE = GAACCAGGAA AGACCACAGC CGATTTEECA TTCTGGAATT ‘->
- TATCAGTATA  GCAGTEGGCC TEGTCAGCAT  TCGAGGCETE GACAGTGGAC - |
TCTACCTCGE GATGAATGAG  AAGGGGGAGC  TGTATGGATC  AGARAAACTA
o ACCCAAGAGT GTGTATTCAG ~ AGAACAGTTC  GAAGAAAACN  NNTATAATAC.
40  GTACTCGTCA  AACCTATATA  AGCACGTGEA  CACTGGAAGE  CGATACTATG
TTGCATTARA TABAGATGEG ACCCCGAGAG AAGGGACTAG GACTAAACGE
- CACCAGABMAT TCACARCATTT TTTACCTAGD, GEAGGEEEGAG GTCTGTCCAA
AGCtTTGCTTC GGCCTCAAGC TGGACCGAAT CGGCTCCATG AGCGGCCTEE GATGT
45  wherein NNN is other than a codon codin: g for Trp (TGG) or a stop codon (TAA, TAG

or TGA) and is more preferably a codon ¢

Sequence of CNP(1-22-FGF9-2-W144X DNA (SEQ ID NO:32)

-48-

odmg for amino acid Gly, Arg, Val or Glu.




Si t_e' for the construction of the FGF9-L72M variant. ThegRgWwniEdi s PCR
fragnments synthesized in nmethods known in the art, were digested with
restriction enzynes Nde | and BarmH and cloned in p89BS, form ng DNA
.construct ich were introduced into el ectroconpetent E TG 1 cells.
30 Figur e%v:ﬁ\ Ajéﬁn%ts t he eI ectrophor etic pattern of sev'é‘FTa{ﬁ‘%E{?“Sf%e
preferred vaghgider&0 m)l gcdl ar wei ght markers

[ Lysozyme ( 2Gardsiadecoe a égﬁ 5094835

PCT/ | LO3/ 003 A@rdanpesd &Gda—zf.th’lr@id@ﬁ' dr ase (34.3kDa),
Oval bumi n (S@M}Mmccﬂcmnt@me@ﬁhﬂt&s&@& erﬂeﬁ&ﬁqﬁ contains a 172 as

vari ant; Pan@CCREFRG CICCITAGEY TICEACRRRT ascactamectomanta ns t he R64M FGF9
(145 as) var 4 TGAAI%BA%GG@G%%FWME@TFMA@ammGAGS Exanpl e 3. FGF

Vari ant bi nle if;g -r 2 B GERACTRECEDCP cel |l line is a

nuri ne i mor E@%&E@ﬁ %@gg@sﬁ@%@ line of

myel ocyt i bQ@@;d{@g[-f-IO%@fAbgfi@ ghat does Aot enous FGF

Recept ors pn transfectl on W th FGFR cDNA, the FRCP cell line
“exhibits a d3’ %ﬁff‘g{ %E W@f’é@'@)ﬁﬁé‘é@@ﬂwéhaTA@an repl ace

t he dependen{® 153“0 WP&P@@@E‘PMW%”@G@@&W@M@ ore be used

to screen variant FGFs for specific inhibitors, activators or for FG-R
signal ing. FDCR,C S onse rious n uant i tat ed by a cell
proliferation ass%ll‘w ggb@x © kBayy I"Ygg‘"tﬂ ’tgq?%‘réﬁ ﬁHEGt ) 8¢ ol ogi cal
| ndustri d8 C]afe§enteﬂ' e Flmtehhdl'i:lesmdnas FGFON(MIGFIY pidddh lseduyncefis mdv@cﬁ@ndrl al 15
enzynes to rg[gﬂﬁ e];gg msalts into a col orogeni ¢ conpound, which can
- be quantitat an(f I ngh]gatl ve of cell viability. Specifically, FDCP
cells stabily ,@ﬁpresa ng FGFR3-|lic, FGFR3-1Il1b isofornms, FGR2II11c or
FGFRI were gr oW BRciPkes, pf thedavetipn @W@d%@%ﬁﬁ ebihe 4olioing wmi.
gl ut ami ne, 108wdFGSexak@REg/ M penicillin, 100ug(n™7Streptonycin)
suppl enment ed vvlth 20 Sug/m heparin and IOng/m FG-. Cells were split every
3 days addl KkBE Ekpare : oM &3 daigmpri or to the
experinment the cells were split. Before the experlrrent the cells were
washed 3 ti mswmmw The cells vere
resuspended and counted with Trypan Blue. Twenty thousand (2 x 10) cells
ver e added to (agictivel df [BPBI Granvprfornpédaisalebdtib@Dinl cofmﬂdingrwdi 02/02¢PMt ai ni ng
heparin. 25 i ining. FGE W | r vari ants
at varying @g%}é%nte?a??l ﬁ%ﬂ{lﬁgﬁg{hg er‘cim\?vas “88&"&“? hg%ﬁ 'gtac}getn# vol ume
of 50ul ful | Banfidigestobthe D$Qﬂ$g=0nmctfan¢1mnsfmﬂmdnﬂoﬁocom sucH'MJM)l{)a,t e was

i ncubat egk f ofGASGH IS aﬁﬁﬁ)(ﬁfb%e To assay cell proliferation, 100ul of PMS
reagent was added to 5 XTT reagent and m xed well (accor ding to

manuf act urer' s:oﬁguq;;mgﬁ:gpmtsof -the latter solution. were

Construction of the FGF-2, FGF4 and FGF-9 variants was performed using the
polymerase chain reaction (PCR) technique. Three constmmve PCR. reactions were
performed, where the variation or variations were introduced into the gene by

30 ampllfymg DNA fragments from both ends of the mutation site(s).

T_he primers and protocol used for the human FGF-2 variants were as follows:

HF2-for (SEQ IDNO:58) 5’ GGAATTCCATATGGCTGAAGGGGAAATC
HF2-rev (SEQID NO:59)  5'CGGGATCCTCAGCTCTTAGCAG

N111G-for (SEQ ID NO:6D) 5 GATTGGAATCTAATGGCTACAA‘I‘ACTTAC-
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30 aliquoted into each well, and the plates incubated atnN3vmbeProod hours
~and the color devel oped was read by a spectro-ELI SA reader at A490,. -53 9
Novenber 2006 WD 03/094835 PCTI |1 L03/00379 I n these experinments FDCP cells
expressing the FGFR3 isoforns FGFR#II1b and FGFR3I11c, FGFR2 or FGFRI were
grown i n tWR03P¢8S&nce of varying concentrations of thePEGELB/OTY FCGF- 4
variants. 5 Results Figures 2A, 213, 3A and 4 depict the mtogenicity

| evel and reddpiGrev{feR iP N4y sofTancwanpracofatheavraceantcs of the

i nvention. W Ve arent) FG=-2 or FG--4 are resent as
control int éﬁ&é}sj{’g&é& %héf%hr%é%ﬁr T§§A§WAF%T¥F?’CT|A€2% in
m t ogeni ci ty Naf frofed @Sk D NORs3 @%TM&E%%IG&‘&&&%A@.HT?%@M FGER3ME

expressing cells. Figure 3A shows the increase in mtogenicity afforded
by-t he FGF2( 3;59pr (SEQID NQ:64)0s 60 CehspSATRARG@ENAACGEGER A ats-de@ER31! | C
(expressifig) cells. The wild type FGF-2 is represented by open shapes.

Figure 3B sh ATRE. Pe'e. fadulift gfﬁslg_ i | i,f f.erent
exprerinent glm;:el I sﬁ(g(’[gﬂe%isci(ﬁgB elt ‘gr F %%I&E%E@?A%%%I?W or FG-R3Mc.
From t hese ass t e s necentratd f t FGF2(.3, 50Q) -
N111G vari ant &/aw?Rc%Fgu a%@dﬁ{ﬁﬁ%&gl?%sgrfﬁs%dgO@%F’I%%mt%g(zligﬁ&r anges
from about ®ESREW to 1.0 ng/m, and on FGFR3I 1l c expressing cells the
EC50 ranges frog) P&Eﬁoqt 0.3 ng/m to 0.65 ng/m . The EC50 of FGF-2 wildtype
protein is apprd&% % fgmaig: ko follgwing primers wersel Nd HIG/R-formad HF2remg/ n1  on
FGFR3I Il c,cel | s. tEi J%urf 4 iho heﬂlgg endency of the FGF2(3,5Q-N 11G
variant on hepaflfi® FEPRfef humenEGE-2 clredinta §eeR0Bs Yesorx - axi s represents

~ an i ncreasing §o r at | arin. the concentration of the FGF2v was
constant at | O%g/? ?ﬁeﬂg 'E@é%g%egﬁesﬁgv%n% %m?rﬁﬂ’ﬁ?tqsﬁﬁg&&ﬁ%(%éﬁ@sf%mﬁffor ded /by
-t he L55M FGFAFNegDGtheZ¥NA fpmdiret 5 and FChihins, M2 and FGFR3I 11 c expressing

FDCP cells. The wildtype FGF4 is a weak inducer of proliferation on FGFR3
cel I's whi | e TisrimsmvIegRmenl s5tisclogedrin BAT piter applicationtVe@ 02/86762,aispiod ent

mtogen. Fi w&@&%gﬂ@w@t@vﬁm&géﬁvﬁgof proliferation induced by
R64M FGF9 both on FGFR3Mc and FGFR1 cells as conpared to parent FGF-9. The

enhanced!$ ece%%—@@(@@dﬁlﬁﬁ)ﬁly f5oF mcezg}?Me;\mCof t?i s vari ant
to target to tWiBGSRGE [FHEIYROSH 0% - aPrbaNeX SR 20060 03/ 094835
\F/’gll ;h?gl 923;%1:44 IH%F(S%Q Q¥5.6hhe %¢§uééﬁa%§h}aﬁc?@e%%%£ace and FGF9-2
- WIAR Y% sroDNO68) 50 - CGTATTATACCGGTTTTCTTCG
W144V-for (SEQIDNO:69)  5'- CQAAGAABACGTGTATAATACG
20 W144V-back (SEQ IDNO:70) 5’- CQTATTATACACGTTTTCTTCG
W144E-for (SEQ ID NO:71) 57 - CGAAGAAAACGAGTATAATACG
W144E-back (SEQ IDNO:72) 5’- CETATTATACTCGTTTTCTTCG
- Wl44A-for SEQIDNO:73) 5’- CGAAGAAAACGCGTATAATACE
W144A-back (SEQ IDNQ:74) 57- CGTATTATACGCGTTTTCTTCG
25 W144N-for SEQIDNO:75)  5’- CGAAGARAACAATTATAATACE
W144N-back (SEQ IDNO:76) 5’- CGTATTATAATTGTTTTCTTCE

FGF9-Stopback (SEQ ID NO:77) 5’ AGCTGGATCCTCAACTTICGCTTAGAATATCC |

. R64M-FGF9-for (SEQ ID NO:78) o
5’ GEEAATTCCATATGCAGCTATACTGCAGRACTGE

30 N143S-for (SEQ ID NO:79) 5" ~GTTCGAAGARAGCTGGTATAATATACG
" N143S-back (SEQ ID NO:80) 5/ ~-CGTATTATACCAGCTTTCTTCGAAC
For example:

W144G-for codes for the 5° to 3° sequence of the mutation Trp144 into Gly in FGF-9.
'W144G-back codes for the 3° 1o 5” sequence of the mutation Trp144 into Gly in FGF-9.




assay as described in Exanple 4. R64M FGF9 and FGF9-2 agpgédmiePadgdncti on as
ant agoni sts of FGF-9. Exanple 4. Binding Assay O Truncated FGF Variants to
Sol ubl e FGF Receptor 5 Dimer Binding of FG- proteins to different FG-
receptors_are determ ned by nmeasuring the degree of conpetition for

bi ndi ng t FUHPE RNt types of FGFR proteins between a g‘EﬂF@?’%%at ed FGF
protein and I unl ?.bglseggqrot eins, or by the direct binding of

radi oi odi nat e reoges 17 e iR seauense of e mptatnp 4giniel Ao E6EH es ar e
confirmed by WiG4Ribackicodds fexrtiesss td 3” Biubie Of tht hewkadigi«26ie aled pGF. t 0 sol ubl e

receptors in ’ e d,absence of excess unl abelled FG-. Sodi um
hepari n froml\]tpl)gr%cil%%](gt%lgs%’é%? ?ﬁ&?’ FAEELLL e fRRpL ASTHT3 NS BETFSd from

Hepar | ndust Ml438-foFecesdor the 3'@h 5 apqueliéaior 1% nalbkio Aed4] meyRLBlrdrake Pl aci d,
N Y.). 1151 wasasg)ur chased from Anmersham (Bucki nghanshire, England). FGFs
ver e i odi Rat ed ™ ePGRs ponditiens wrrand follows: aBgplingdersmninae was §4°0F8lidwelipgi n, 0. 01M
sodi um phos pBBh@tioPddI2° 5P 20 sckl A } lL.ture dish re from
Fal con Labwar e, Di yi si gn, 0Be_ct}(lg-'n F[I)lﬁc 'l}ér%?):l};b%%%]%éfwgﬁrd{g\%dlwlﬁsgé\%e culture
plates from R ligtied intodhe PEPRS veclt®| ubl e FGF recept or proteins were

constructed Loning of the extracellular region of marine FGF receptor
1 (FGFR-1; f%@%@ireceptor 2 (FGFR-2; bek), or the 20 KGF receptor

(FGFR3(I1'11 b) e, K- receptaqrs. i t he_al kal i ne

phosphat ase-t gfo_ %E%sesﬁh%%maaenc 4 "ﬁﬂ?”@%%&*ﬁ%@@ fst LpMECFENAE5G or m of

pl acent al0 atambiriatiens ofibe filating BCR ARners Thees uséF r ecept or  al kal i ne phosphat ase
(FRAP) plasmids were cotransfected into NIli 3T3 cells by el ectroporation
with a sel ect dgPM-IHddpy (SEQ INNQBY ansecTRraTctNicncescracecsel ected in G418
:(800 g/ m) scr QL. secreted 25 AP enzynme activity in the

condi ti oned%ﬁ‘ﬁﬁfﬁgﬁgﬁég&%i ch PrSRICETECTICAGACTETRECCAECAP activity (2
to 4 Aaas uriSSRrips{SRRYDNEXE) t hefeARISTCCOTErdnedtandictoormdacgedi um  f or

bi ndi ng_ass AYESRABSHQENGDP) {$re-reehibbSyreeaBtRirbbafiAGARAE | On M X{ ure
i ncl uded;{RAP sgﬂﬂﬂﬂé%r%ﬂggnﬁ[ﬁﬂi um (0.24 OD ypits/ mn), ng 125 |- FGFs
and 200 ng/m Ihepari n. o et sphie ekl Y dpmeimef s SIGEL s
i munopr eci pind decorporatet in BBt g posifion 54 add &|GIY by p&ftioa es.- HR MALEE hapal
anti bodi es q@R&S ' Sepharose(.r).. A onponents were m xed at
room t enper at urg%%f%gm?{)\%?h%gi%’um %hezjdj%?é?"é8¥ %%F”g(ﬂgyﬂlc"m‘-’%@ tee Novenber
2006 WO 03/8pagustiedps) TioampiEASpyerscieine tatbie alMeive aoieaibhicTar 0. 1%
bovi ne ser ummakssdrueciBi-ld B QiP5 SRy _proceed for..1 to 2 hours at
24C, af t%eér whi ﬂé time bound rec_ept%#btgg%r&e%%rvf%g%ﬁ#gc% A ecover ed
by cent r1°f udafqtigns:dtovales with grngaliag ap5Q3G0slongytion Bk 2 Pefblieted by ittcpelesal  vias
was Ihec(jlg i C evithiabiibahipt 60 °) blodghtibit & 78, EndPER Bhz MG Hldifa R 20 ™,

and BamHI, gel purified and ligated into the p80BS vector. The bold, underlined bases

in SEQ ID NO:81 encode the substituted amino acid.

" ' Protein purification
25 The newly constructed expression plasmids were transfected into 'competent JM109
| bacteria, plated on 2Y T-agar plates supplemented with 200ug/ml ampicillin and left to
grow ON {overnight) at 37 °C. A single colony was grown ON at 37°C in a two-liter
flask containing 330ml of TBI2S medium (TiyptonelS gr/L, Yeast extract 30 gu/L,
KH;PO, 2.31 goll, K;HPO, 12.5 griLL, Glycerol 5 gr/L) supplemented with 200ug/tl
30 ampicillin, The bacterial suspension was centrifuged at 4000 rpm (4°C) for 15 minutes,
and the medium was discarded. The bac_teriél pellet was then suspended in 25 ml of 1x

Si-




5 My, .gl ycerol (10% and Triton X-100 (1% . 125 |-FGF §Npeiniber 38
quantitated by counting of the sanples in a ganma counter. Alternatively,
AP enzynme activity of the FRAP protein is determ ned by transferring the
FRAP receptor bound to heparin- Sepharose(r) to a flat bottommcrotiter

pl ate in swomeloasses of 501xl of PBS. The reaction is inieCunedodsys addition
~of substrate (50 lil of 2x solution of AP assay buffer containing 2M 10

di et hanol ami #BS buffervongiBirg, préitaserhibitom ogicaiéd\éh i6¢) And eniddianit 16,0mheny!
phosphate) . @@?ﬁ' .1s followed at room t enper at ur, t 405 rimin a
kinetic ni crgc%lgfat e %%5631 eru?eng!éee%g%lrn BieH W‘\‘ﬁégrweﬁ@?’«,?ﬁ‘ﬁgﬁ‘ad’fb‘ipaﬁﬁanti tating
rel ease of | AtRbpese@reads slony wesasldpt on shakBr peafly for 6FGErs hodPal Tie hepar an

sul fate | ow afeildNabyord § ESid - 5 cel.l, surf by a 5

m nute ingubatjQn with an ?%%“%%1% soih%lpgvn%gggtb‘é%e f?\‘%}‘&‘%‘%ﬁzﬁl@?ﬂ%} 20 MM
HEPES, pH’7. A4 elerl toryembRBY pentaiing 2:Q5MalaGly iThe FGR baiasteproee watertied | N a
gamma- count egialybdidraghiastng ey BiaeSuahld & #p1. t . i ss0¢iated by a 2M
NaCl (20 m\/b_ﬁiet e huffer, pﬁah. 0), thr%ﬁgﬁ,ﬂgﬁgvgaeﬁ%%%@gg% | abel ed
FGF i's quant MEAER FePEpbimetshant Phasmadia birteely vatksed-2. M0 NaCl@y BB:0.05%ed out at
room t enper aCHALS) hnear graflentGh tidRaRé d8BsiPlbufid The h&Rl 28840 Dol

m crocentri f%&gdgu%ib he,reacti.on mg?tures coirjtt al n%g%‘y%rgceptt%r

i mobi | i zed T ARty %‘8@‘&%@%%%6&6&6@%&%35@6l*{g%tw@ﬂmtheA

Sephar 0s&¢ r ) FG&2 varithtisdveroelgedwitte2 Midwml. concentration of 0.15 mM and the

reaction m xtures were diI uted 25 1:1 with 2x SDS- pol yacryl am de gel

el ect r ophor esiBe [toachitedgnivuité etregicharl &6 PORD MBER SRINpIAY pibeSRSEdlAY0 e
pol yacryl aml@ﬁed%@emk%%ss'l i nked FG- to the FG- receptor were detected by)
y on Ko

aut or adi ogr ap ak XAR film Exanple 5. Efféc€ts of FGF variants on
f emoral grow Bs&asE@ID KoRS) c@iwcﬁg@ﬁ%ﬂw&%ng the hind
li mbs of ;4M | dakyp EQ NO: Tg]'e"glFié‘g%E %&% caLely ¥ cl'eaned fromthe
surrounding ti Wgﬁbgn and nusc G TPRERGERTPETEATTREYE The fenora
are renoved a NQiBdhr Y PLERFTARSTEARCIEIGASTEAGRATAIgaMENt S.  The

- fenora are nedSt0EEGBYNOBE) r b nicthaicdmngriTearsimacandidteeul ar with an
-56 9 NovenberyO6 WO 03/094835 PCT/11403/00379 eyepi ece m croneter

" ~ruler. The bones are grown in 1 nm of mediumwith FG--9, FG--9 variants,

FGF- 9 targeti Bg#2l UsdsOiRed e rftlolie RfopCRR - %E FFF- .yariants in a
24 wel | 2tOi ssue cul.t)lt,lr}%ﬁgi sh. O_Thg rpovvi %ﬂéaﬁ;é%?%tgﬁ%dé sﬁeﬁécé?rnent ed with
peni ci | 19n CH3GeHT 5 ?",S’I%“t“P’éB?‘g‘?Tﬁ@F-‘r‘r i BGR7AM vagiamds;Ny st at i n (12. 5
units/m). Ingeadditign. .th di um cont ai ns. BSA (0. 2%, .

(3-gl ycer opho?s)%%ggvg!s E‘Tgr%n Erg gﬁ’i"é@ﬁl“?‘%nﬁF‘éﬁhN@e& Ie&é@ﬁ?‘b‘?mﬁlﬁ fo50 tg(m).
The bones aithe covpirpetion of the R64E-REFY and FEESS2vagimet S of bone | ength and nmedi um

repl acenent are E)erfor med every three days. :
_ 29522 was used to introduce the start codon (R64M) and a Bam HI resiriction site for

the construction of the R64M-FGF9 variant; ;,)

25 40869 was used to introduce a start codon (L72M) and a Bam¥I restriction enzyme
 site for the construction of the FGFI-L72M variant.

The new mutant PCR, fragments synthesized in methods known in the ar, were
digested with restriction enzymes Nde I and BamHI and cloned in P89BS, forming
DNA constructs which were introduced into electrocompetent E. coli TG-1 cells.

30 Figure 5A depicts the electrophoretic pattern of several of the preferred variants on
SDS-PAGE. Lane 1 contains molecular weight markers [Lysozyme (20.7kDa),Soybean




- At the end of the experinment, the growh rate of the bogRsveaber fieser m ned
fromthe slope of a linear regression fit on the | ength neasurenents
obtained fromday 3 to 12. 10 Units given can be converted to | ength, 40

units =1- Ie6 Ef fect of FGF-2 variants in bone f re healing
Sui t abl e amﬁb 5f;g%rmdel s are used to create bil ateral ostE’Sif{Sﬁ%%}&@-””?o

d trate t h t i ti .
n ' rabbi 1 rofer gERRt Ry G PP AR D PRRS fe 1< i

- conpl i ance wi? ¢pufains nafvenRF-Ceirage 1Eoﬁnnm 1Txe ﬂhaﬁtﬁ:—:anHebbﬁ%wnMez{aSI ty. The
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creation of a bone defect without requrr bilization
treatnent. | V48 tion, this gap constitutes a spontaneously-healing

defect th allows the evaluation of the tested agent. The primary indices
of fracture healing are accelerated duration of healing and call us
formation. The teft onnpounds ., 20 conS|st of - FGF 2 varlants in a polyneric
scaf fol d whi ' e oM S

-8 sanspcled FDCPcelblese: Aninal s are

anest heti zed a o] standard prot ocol . Gap for mation is performed in
the md U na bgﬁ%ﬁﬂéﬁgﬁl LI ks adqnyrie dpaortized; mferleuktn 3 @leAkdrpendert elhinieat i on i s

put into th@f@ﬂfﬂom&>0hﬂnﬁﬁ&hohglﬁtﬂlaaﬂ&stﬂ8? kRS bio Senbiss lfckfﬁﬁ&fé pto1 MBI are
treated Wthgﬁ@i BSLES 5for #gsg st operation. The duration of the
experi nent We RYY Tppstction with r?y?%‘aé*‘? VCE sl b exhibits pedapa-ng ti me
Evglb'uat i gf: ﬂepea@engurahﬁemquxeaﬁmsd eSFGHtaa:tbwleplh&&ind nddrdd SIS ?Gﬁﬁ”ent
abbits are . t her ter rgery
orthopedi ¢ sur geoﬁsﬁz(g%%eelg X ye§e \Iﬁ b§ ‘HF‘?ﬁ é‘ae%Y?ﬁ@?t Fﬁé(fgﬂﬁﬂ?&ﬁf’o st andard
gr ggl tng scal @hm@g%vatorsgr @EGFRylgmhag (RIIGFOsR1ls ﬁfpo?&&&o ez[tﬂ)uﬂl;'gahhlﬁseXpe(rj' ment
rabbits are r sen olo an
g@efiiafch 052 28 fo'(i)lﬁe?atnﬁfn %?ng R YT agpnt Cfeﬂgl ?ﬁ)i%erag?g KC] )

mechani cal strength_éval ua ogy TS
-------- 9 NB{rkesrel Imslngides\(@o.)0 3TiooneBE! P@Tﬁed m&h@@@mwpﬁhﬁimb}ﬁgw for

eval uati ap Ofmzbin&i & AR o eARR a1 id 9% oeggxﬁg%z'ng §I ng

standard stai ni met hods, usi ng _hemat oxy i tbpf asm and
nucl eus. | n&‘faﬁ %P‘Pﬁ‘ﬁmé{{“%"ﬁl"ﬁ'@ﬂl‘@b’&tyso applied for det ectl on of newy

01 nt o bena ng B DB s bl Rimtteng e T eI Bbt gﬁfﬁm?i't nout
‘treatment, CEGERAMeryr F@Eﬁte&eyotvhmﬂﬁllméﬁﬁme(ﬁméiﬂieﬂu@cg hEot oy
LRt oo conf SR O S5 G AT St im0 o
cal lus 180 1- SWIIJPGPW@&& L @pg/ml FGFO Gl wdre aplie a3 adys BN@pt in culture for
up to one month. One day prior to the experiment the cells were split. Before the
experiment the cells were washed 3 times (1000rpm, 6 min) with full medium, The
cells were resuspended and counted with Trypan Blue. Twenty thousand (2 x 104)' cells
were added to each well of 96-well plate in 50ul full mediom containing heparin.
25 Conditioned medium containing FGF wild type parent or variants at varying
~ concentrations with heparin was added in an additional volume of 50ul full medium to
bring the final volume to 100ul, The plate was incubated for 48 hours at 37°C. To
assay cell proliferation, 100ul of PMS reageﬁt was added to 5 ml of X’IT- reagent and
mixed well (according to manufacturer’s protocoi). 50ul 6f the latier solution were
30  aliquoted into each well, and the plates incubated at 37°C for 4 hours and the color

o

developed was read by a speciro-ELISA reader at A49oun.
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2 - Primary callus response at both ends of bone 3 - PafbicalbeEXdogr nal
callus union 4 - Conplete external callus union 5 - <30%gap closure 15 6
- >30% gap closure 7 -Conplete gap closure 8 -Partial callus renodeling 9 -
Compl ete callus renodeling Gap Filling Cal culation: 25 ;; PS

(A A+B) x 100084835 f i [ | i ng 30 Exanple 7. Efficacy of FGPOHBOHNMEE in

Di straction Osteogenesis Distraction osteogenesis is a useful nethod for
bone el ongat i ot ib¢se exparients FOEP] aells sxpoesting that KEFR3 dfutbrihe FGFREMbr mdt nent  of
ext ensi ve bopgrgiahe for ne. | engt heni ng .have been
devel oped folrsguse i’ﬁﬁ‘?ﬁ%%gfléﬁﬁf’%%%%ﬁ%%% ﬁes?@g%%gvﬁmn@rcg eg'faﬂmﬁfs fig this

t echni que i ntPHGE-2ad EGFdrvadantsneal i ng tine and conplications such as non-
35 union or poor quality of the regenerated bone. The maxi nal rate of

el ongation used in the current procedure of linb elongation, while

mai ntai ni pg proper bone healing and reconstitution, is 1 nmfday Faster

el ongation rates have resulted in lack of fusion or in the formation of
weak bone thatphreaks easily or cannot bear body weight In this process,
extrenme conditions of elongation (1.5miday) will be perfornmed 40 in order
to observe a MhgesSiOBRS 4 ¢ oLl ounds. on the
background of %ﬁtuﬁ?&h%ﬁ%@nz*g%icgg]%gg ﬁg%/%ﬁ%zé}g]efggge%e SB?FE?@XQ%%

PCT/ | L03/ 003Fe i1 thstypdants of e infentigne Wald penei(mting, parens) F@F-295EGE4 arhe qual ity
of bone for nédetias cdndBin e asine fornmation and safety after el ongation
usi ng a cal ci um phosphate (Cap) scaffold enbedded with the FGF2 vari ant

Tr eat ment0 Ar ni¥igube R Bid I8 showb Hedndicass i thitd¥BiSdity aNOrdbd SRMERAF NIT At ment 20 5
“lanmbs (5 i %zﬁt :%émg'l%@ﬁ? E,ggﬁltmant 3. 5 lanbs (5 linbs): Cap wth FG-2_
variant Materra s an (GG Wecxprpesing cellsa s si gned randomy into one of t he
five treat mentyarhs rgical .l engtheni ng of the igéf s
performed in 2@]E ar%gﬂog’ég% ﬁ?rg%qeén P_ﬂ(l) %B"%?ﬁwﬁ%faed Wﬁﬁ’é%ﬁg éQﬁ—&Elld -
pr e- medi at i dlosedeshanes)| vanens oRHUHRA and RFRRSHIonjekrexsing)enilotThacHBalypd nt ubat i on.
I ntranuscul gigred IsQEprd EntéPoyWpllt thafleh. Figure 3B shows the activity of the same variant '
15 in a different expreriment on cells expressing either FGFR1, FGFR2, FGFR3IMb or
FGFR3HIc. From these assays the EC50 (effective concentration) of the FGF2(3,5Q)-
N111G variant was calculated. On FGFR1 expressing cells the EC350 ranges from about
0.35 ng/ml to 1.0 ng/ml, and on FGFR31Ic expressing cells the EC50 ranges from
about 0.3 ng/ml to 0.65 ng/ml. The EC50 of FGF-2 wildtype protein is approximately
20 2.65 ng/ml on FGFR1 cells and 4.2 ng/ml on FGFR3IIic cells.

Figure 4 shows the dependency of the FGF2(3,5Q)-N1 11G variant on heparin for the
different receptor types. The x-axis represents an increasing concentration of heparin,
the concentration of the FGF2v was constant at 10ng/ml. | | ' )

_ Figure 5 shows the inductionof mitogenesis afforded by the L55M-FGF4-N165G
25  variant on FGFRI, FGFR2 and FGFR3MIc expressing FDCP cells. The wildtype FGF4
is a weak inducer of proliferation on FGFR3 cells while the L55M-FGF4-N165G
- variant has converted into a potent mitogen.

Figure 6B shows the reduced level of proliferation induced by R6AM-FGES both on |
FGFR3llc and FGFR] cells as compared to parent FGF-9. The enhanced receptor
30 specificity for FGFR3 permits the use of this variant to target to this specific receptor.
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_prenedication (0.5 nom and thiopentone sodi um 2. 5% ( 10g Ai5vdiKshos
Fentanyl (r) (0.0015 ngkg) and D azepam(r) (0.2 ng/kg) is adm nistere

i ntravenously. 15 Fixation: A nonol ateral external fixator '
(Monot ube-_Tr | , Stryker Traumm, Ceneva, Switzerland) with four pins,
two proxi rygéh%ﬁgs%m distal in each of its pin clanps, i)PET’Hc?@'l“??'l’%ned S0

that the pins t f.yom t r ates and the surface of the
joint The ost eg%¥§@)wﬁgﬁ€§ﬂ{s€gﬁ%§%§§%%&ﬁ%ﬁ% vagaRts @ Hidig: heni ng
Lengt heni ng 13esgV ms deserilend itlafpamalbtder REANIFEFY hOIFGIDY dpp@ateBbktG AUPS:

Lengt heni ng QQQ%JDE&%§ng_tQiI the Iinb has been | engthened by 4.5. cm The
total elongation period Tasts 30 days at a rate of 1.5 mmday starting the

8u’ day aft elExambIes, Bindind SRLDR TrArated HeF fhEntSs) SRSE FARJQM v into one
of the four treatnment anps. A Eat e KE——prace oo o=t

consol i daf’ o@‘-’&&ﬁ"iod, at day 44. Treatnment 1 - Control - To assess the
effect during the consolidation period, aninmals remain wthout treatnent

until the end Bmdingef F@F protejns t¢ diferemtF&traneptors 2re-delbeminabigaseatiiiag €hf ect of
CaP al one dudefi@ dMEonfRRERY fof Fhd efif ' bl 1 pe adm ni stered
once, one week#%f ter ngljgrrpl et(,)i ondg% @I%ﬁ&g?i#ﬁ?&%%pﬂ%\%%@ﬁ'ﬁﬁ% WO
031094835 PCHIIurisA GE protein erfovarions unipbelled protrinst brebydhd dicett tadditghed var i ant

protein duri rgicidmsel iFdHls BRI ) ] - i 2-N111G or
FGF2(3,50\-NJ I G is adm ni stered Tg%la“e)f ﬁ%(%nnwé' ém%glg%?l@g%/%o%n&effo of

el ongation 5 qﬁ&“‘l"t%"?ﬁ" {B“Rﬁ ot Jadipiadipaled FGRotor solublearereniowsdn thermiesenet he  ext ent
of the whol eambdgpenitdtFBicesyitllabeiRd Fgkl owed to feed and walk ad libitumin own
cage. Animals are weighed at fixed intervals and general well-being is

) ][r?ni t or ﬁd. To Sodisdy héphin liomepdraiahitestial iﬁﬂcds&lﬁ(’jl\hg@ﬁaﬁhpﬂﬁsdo}fiﬁhﬁ’d fich f gr ent

uor ochr one S rker.s tered ., acgording to
he T of ow nacas fideehibs (BB ORY R P i BvbBL kL Pt di w3t
(Si Ema( ][%1) . Wesordachaked %Tmeﬁﬂnm(hmge(ﬂapcldnghhrlmﬁkré,?ﬁl(gi@d) FCfFﬁlv@di‘d)gﬁ{n};&d ]E hr ee
weeks af (er s o . uka(r nd,.t hr ee s before
sacrifice ox%fﬂ%a%%?’gg%el &E‘%ﬂgﬁ%}%sﬁfw&é%%ﬁf‘%éﬂ )"?‘?SPH“?% @%al t ehol z
t'echni que is 'Ozp/éfEP$Xr§%maﬂs%‘P ciliyrg dishs werp ifiein FalopreE4bivare DifisiBe MHetton bl ue
studi ed t hr oDBinio ¢ UBRNRs @hwelifSt it AL 936 R IR, b aar@.' yze the

al I'us group: n&).

vascul ari zation of the |engthened c i n eac l etion: The
ani r_ral s are- Sa&ohlbfeimrécbﬁt&epﬂﬁﬁﬁﬁshﬁer@fc&xﬁ&u&é&i lt))j eionﬁgrog%eye ce?l%(] L nj ection
. \(/)eri Sh?;aq Ofreggl of n?i];ntn% %G%r}gcsei[)tgref I(I%l%ﬂ-{,rhg)s, %%Furenge;etgp 5 (()Ft%?FrRt-)i;tbgk), or the "o/ kg
20 KGF receptor (FGFR3(IIIb) or FGFR3Ilc; K-sam) receptors into the alkaline
phosphatase-tag expression vector, which encodes for a secreted form of placental
alkaline phosphatase (AP). The FGF receptor alkaline phosphatase (FRAP) plasmids
were cotransfected into NIH 3T3 cells by electroporation with a sclectable neomycin
j ~ Tesistance gene. Colonies were selected in G418 (600 pg/mt) and screéned for secreted
B 25 AP enzyme activity in the conditioned medium. Clones which produced a high level of

AP activity (2 to 4 A4os units/min/ml) were then used to produce conditioned medium
for binding assays.

Components of the soluble receptor binding reaction mixture includé& FRAP-
conditioned medium (0.24 OD wnits/min), 2 ng/m! 125 I-FGFs and 200 ng/ml heparin,

30 The FGF:heparin:FRAP terniary complex. is immunoprecipitated with 20 pl of a 1:1
slurry of anti-AP monoclonal antibodies coupled to proicin A Sepharose®. All

components were mixed at room temperature. The total volume was adjusted to 200 pl
: . -55-




Assessnent of efficacy: 20 Success is determ ned in teedyodmireaddsng tine
and bone quality obtained after elongation d an treatnment with FG-2 or
FGF2 variant and if no major adverse effects are observed X-rav Progress
of bone healing is followed by X-ray at weeks 1, 2 and 4 after begi nning of
el ongat i o\WWO 03109483par aneters to be assessed fromthe X-r@¢gTanmswes 1. Degree
of callus formation, 2. Gap closure 3. Renodeling achieved during

~treatnent X rhé{?d‘é@?#‘?fm qoutpinmgdddo bgvuamemmtaﬂmmﬂmaﬁgwemweae@ordl ng to
an est abl i shegbcediOBE] duﬁgltggg%g%, ouggre c‘g‘g@&m{?‘%@ venber

2006 WO 03/094835 PCT/ 11, 03/00 S I'S parts,
one for enbeddf AFOTFEdRY sertrifpgationat 4t¢}e(1Q)§ hb?ﬂowmd@ﬁlpelletddeﬂhterhbﬁrasenbeddl ng

in nethyl net haeﬂeuk\akemtﬁeﬂo A1 adics bk Bkes bt %ﬁEPﬁSP@I S%Beﬁ (‘é@%ﬁ) \I/EMD!I'!A bgt

fixed in gow Bg és and calcifie

4C. Once 3pell c?fﬁlv %’éﬁ‘fia@é’ il8q €d0)- &ﬁﬁﬁrb@dmwquamtadsbyng 5

i ncreasi ng coomnmg bﬁﬂhe edinplds @b@ﬁhﬂh%aﬁu?e@%lteﬁﬁ&’%lﬁ@%&%é&&?{% orad after 4
paraffin af a tenperattre of 60C. The

hours in e
speci mens ar e sepcr? ’énlgdjefegmﬂedgﬁa( “EPﬁrﬁle’E’EgaﬁﬁM fasentarstoynd & hepadmr one,
hemat oxyl i n §m!laesnr>® tma@bﬂﬁhmmﬁﬁt&mlﬁﬁa%%\égﬂsdiﬁ%ﬁﬁﬁs "fﬁeéﬁlﬁb e the

m neralizati ecjnmens are fixed in ornol for
one week, thie]]?lhagﬁhyg && lﬁ%n%‘%égﬁtoé‘gﬂg%o OW?f&Péé%aVHbffeﬁFWm%Mer one
week in mmd@&e@ﬂmpnmnhwrwgcmmmmﬁmm&e@ﬂmmm7 r)),

speci mens W e ned nond, s Exak trimmed to a
t hi ckness ifJ fﬂﬁtp%eﬁ{,g\fter lrlr;ﬂag%hro%ﬁg Fﬁoomsg&pf:%&f? ‘%0% ‘%i%‘f’?&\)?%qt’ét l'i ght

t he di stancemﬁoﬂ%eﬁﬁ?ﬁe mar kers i s neasured and the bone index fornmation
cal cul ated (distance nu days) 15 The proximal parts of both, |engthened anyi
control, tibi dEosHer bRfips cpe deigrpined by iapantifating: reldasant] labeled #GFpReths. The -

| ateral por tneaaptms mbﬁﬁmmmuﬁ%)bnuﬁafrﬁsﬁﬁ*aéw%ﬂ e reiéégedefrro

decal ci figa e specj nens i n EDTA, proceed to er‘rttl)led themin
par af f i nii’gncf eﬁﬁ?‘%’ﬁ%ﬁf‘ 5tn'f”6‘“t3 ’M@PFE"@Q an Sle&PHsSO’@ﬁOH-QEtammSlml\bCL ri chrone,
Safranin 0 2nohMAHEPRS, piIups, RAS s Qm&BjNo&‘Qﬁhwag@vnly%]égbgl‘H ShoG strv
Speci fic ant e n|2| | , collagen If, éﬁgwknovm as
- FGF-1), oé % %chﬁlét%regggp (r}gt}'fg?ﬂ"f‘cr@gﬁyéfi@wﬁ’éﬁ@ﬁ dissgoiated by ABET by an

i ndi rect t\/\dzg{néfbaqmteﬁmﬂbrl'ﬁé‘lm extraction, and the released labeled FGF is quantitated,

Chemical cross-linking experiments were carded out at room temperature in a
20  volume of 20 pl in siliconized 0.5-ml microcentrifuge tubes. The reaction mixtures
- contain FGF receptor immobilized to anti-AP monoclonal antibodies coupled to protein
A Sepharose® was added to give a final concentration of 0.15 mM, and the mixture
incubated for an additional 30 mimutes. The reaction was quenched by addition of 1 ml -
of 200 mM ethanolamine-HCl (pH 8.0) for 30 min. The reaction mixtures were diluted . . o
25 1:1 with 2x SDS-polyacrylamide gel electrophoresis loading buffer and electrophoresed - ;‘“’)
on an SDS-12% polyacrylamide gel. Cross-linked FGF to the FGF receptor were .
detected by autoradiography on Kodak XAR film. |

Example 5. Effects of FGF variants on femoral growth

Femoral bone cultures are performed by excising the hind limbs of wild type mice.
30 The limbs are carefully cleaned from the surrounding tissue (skin and muscles) and the
femora exposed. The femora are removed and further cleared from tissue remains and
ligaments. The femora are measured for their nitial length, using a binocular.with an
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pm paraffin sections are dewaxed in xylem and taken thr gyghesichagl 100%
After trypsinization, follow ng deparaffinization, endogenous peroxidase
is bl ocked by placing the 25 sections in hydrogen peroxi dase sol ution for
30 mn. Qﬁé Aol t hen i ncubated in the followng reagents with appropriate
Tris-buf f e? 24¥¥4F%ne (1BS: 0.55 M pH 7.36) washes: nor REFUHPE9372er um f or
.30 mn, aboverrent | oned nti bodies for | hour, a secondary

bi oti nyl at ed “SATT BB F@'@ TESAHSEQYR B ok refwmowidIGERS, FOEMo  KO355)

for 30 nin Th@nlresa@'ﬁif‘@mgsnng\ﬂlﬁétaﬂ;rbtéﬁéjoﬂ\boh oA POP.A YR FEHDSILtighSmSO! Ut i on
(di ami nobenzi Q,gl o dr?lﬂlgg cg% (r)@%dase, . 30, and sections are
count er st ai né s%ﬁar ot GG medivpy Hr MEM suprlevepledtvER. As a
negative contnembl;lhnTBSO iugits/rsiyCstdeptoditén (. D &fl) end N$#RRAA195 vhiigm)! By
anti bodi es; n ned hot ogr aphed wi th use of
a m croscope'%'(dlli\lﬁﬁl ﬁ%ﬁ%ﬁ%&% ﬁﬁ‘gﬁg%ﬁyaﬂm@ﬁfmﬁﬁqiﬁ’@gn%&ﬂkﬁ% freshlpy 03/ 094835
PCT/ 1L03/ 00313931381[%#%9 ieatid (X wprral).yRhe bondé b caiturdd TR QS dayRalMyshpgesyst em (Lei ca
Q 500 MC (r) bokd¥8ngtl SRR f}@é};&;ﬁ]g,ﬁm glrfgrﬁ gvres re,determned. Wth

e

Masson's trichrone stain th oW n Fanet a?lé( determ ned: 5 1.

" Trabecul ar W dizbibe e2d oﬂ'ﬂhab;%&h@d%, tﬁé@@wth%at}g-BTﬂlQ%S%}s%e ﬁgepnf &Eﬁgu%gce f
er o

| ndex of trableculllﬁ er osi on; ost eobl ast s
osteocl asts pepe Pl “Iegessﬂﬁﬁﬁé?ﬂﬁfle%@twwfsmb@m fro®.day AdeX2.0f bone

r eabsor ptllﬂontlnﬁs@wﬁbeﬁbmhﬁﬂﬁdlﬁs&ngﬂluadﬁhtsl: 19sheocl asts. >> Wth von
Kossa's. scamthe foI I oW ng paraneters are obtained 1.GCsteoid width 15

2. Osteoi d -. Exathple 6l Bffect of REE-2 enthokd it DoRSERMGS kIlinh De used to neasure; 3.
Bone formation |ndex Exanpl e 8: Targeting of FGF variants The FG--9
variants havi nipitable asinial mbdelstaﬁe Bicddo thRGe BERM dé%toﬁﬁ:! kD GerbnbGHlREd

capacity to t bi 9 I onse can be used as targeting vectors
for the dlffgéitéa% Of% B'S Pgaﬂa%a}t d@‘ﬁl’f&“ﬂmﬁmﬁgﬂ KR iFabRib moded rae@ gmm bone

|l ength (see PskwtmiveisSyeate@NiP Nber Zashind \Rabbiis 16 | cullptiaedPe i 22) AnifalPEds 17) and
derivatiygs e ity or half life is _increased. In
particul ar, E@m‘hﬁ@é Y‘@S’E%h”w%?vmﬁ %1 gi?‘ladva@ﬁ seiheciise itHs ol shighilees both N-
and C-ter ni Weightbgsrngandallows thd ceeaticarnf mbomdbﬂctsﬂh&ttlréquiﬂngﬂca%tor&}fey pt ophan
144 (WL44), bR dedmleAl 08 adfdohChiNbYeoklintdls Yoo, Rl ALE of Tong 25

bones.

defect that allows the evaluation of the tested agent. The primary indices of fracture
healing are accelerated duration of healing and callus formation. The test compounds

20 consist of FGF-2 variants in a polymerip scaffold which facilitates bone growth.
Surgical procedure:; |

| Animals are anesthetized according to standard protocol. Gap formation is performed

- in the mid Ulna bone. A standard volume of 0.2ml of treatment formulation is put info

st the gap area in each limb and the fracture is closed. Animals are treated with anﬁgesics
25 for 3 days post operation. The duration of the experiment is 6 weeks.

Healing time and quality assessment:
Healing time evaluation: X-ray grading provides fracture healing status assessment,

| Rgb_bits are x-rayed every other week for 5 weeks after surgery. Two orthopedic
surgeons score X-rays in a blinded manner according to standard grading scale protocol.

30 Quality evaluation: at the end of the experiment rabbits are sacrificed and fracture

area is sent for histological and rnechanical strength evaluation. Histology is scored by a
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One day old mce pups were injected | P with iodinated FER§sedi¥AA6 .
Animals were sacrificed 2 and 8 hrs |ater and whol e enbryo sections were
"perfornmed. In these pups, the | abel ed FG- was observed to | ocalize to the
grom h plate of the hind Iinb, close to the site of injection. Figure 8A
and B showo dwesgscposures of the distribution 30 of |rep&fhfsdsW 144G in
the nouse gromh plate followng IP delivery. P, M Hand T define the

proliferati ngathah@surfat eua@mdiﬂ@ﬁhi&tblé@hﬂcch@ﬁﬁﬁ bbrBRCmY 13dtin gﬂdcﬁﬂ gf th
ne €

ol [ Flguts iy B Senptnedfo i osiros eviebsos obms

cells. Fi gure S50

PCT{ | fLos/ ?osk@gsmmMg tnktealdﬂyﬂipﬁéd Qﬁhﬂﬁecﬁ&ﬂ%f%%l)?%%m&'{ig&ﬁbs' n. |tBe| g
proliferativgeand & er specific sites were |abele
by this FGFQﬁIvarl anfs %%ll 3“‘88?3 gﬁ’l‘?ﬁﬁé & of 8" meHhodx ogenousl y

adm ni st esed CARRAMREE Bro %ugtg%@as ﬁ&thn viy %eqbet"{]d gre%)v d s a tool for

targeted delivery of factors suc rlure 5 NP

anal ogs. ThePqbmesgis seatighd et%mmwémmdummgmmwaﬂ in Exanpl e
9. During fe(tg&bm}ﬂyfhea@dtgny&gﬁ;gldgg;&]m 2 %l@ﬁg ' i nal bone growth
takes place via endochondral ossifli cat(lﬁio%t 0 ﬁdemé%’g%hggate | ocat ed at

t he epi physeg..{ of long bones. The growth plate is - divided into
several zones_fhcfRLtilage formng cells, or -chondocytes, wth distinct

patternsi1®f QefG &y MRS se Hneeﬁﬁ %ﬁgrve Zone, cells are 10 snmall and
relatively 'Mﬁﬂa}‘ﬁcallﬁﬂg%gﬂ Of%P Ol iferative Zone, chondrocytes
proliferate,;3.piaP88ndl ghygs 'n col'ums and eventual |y undergo
hyper tr ophy .4 - dompldiCextePieEall ﬁtrophl c Region towards the cartil age-bone
junction, cellsowg Bbgrand highly active but exhibit no further cell .~
di vi si onis Thee >30%rgaXcl6dukd oundi ng the hypertrophic cells calcifies and th

| ower nost  c el Compidegpeldeegr anmed cel | death. Cel'f death is acconpani ed by
the 15 reno\Bail Patifal ¢diles @mbdidlih@gi nous matrix and its replacenment by bone

t hrough t he Scdhmpleteatliusdahodelingdf recruited bone cells, nanmely osteoclasts
and osteobl asts. Exanple 9: FG- Variant Fusion Constructs In addition to
menber s of Gap Filidg Gadundakin: Nat ri uretl ¢ pepiEs: anrd G- type
natriuré¥ic peptide (CNP) in particular, n shovvn to regul ate bone
20 growth. It B:)temﬁ—%tgap\ﬁltmgat CNP ch exhi bit skel etal
phenotypes histologically simlar to those seen in achondr opl asia mce

(Chusho et al. PNAS 98, 4016, 2001). They also reveal the rescue of the
CNP knogg Oiﬂmlﬁ gh : .b speci f| c ectopic CNP expression
inthe gro p : 'eéfﬁ %ﬁtvg A A stepgenesis f et al  bone organ

culture) fromw n| mal hav t?tm that 25 CNP, nore than BNP and

"~ ANP, can induce one g%tf'?séﬁ‘ls ¥ g4 fop bone eloggation of pxfrpraiessin al |
2000) . 1 n ashotirstatime bx;d ﬁumlieetmaenbne nﬁad&nﬁieﬂbotﬁfdeféa@ BERRE PocddB¥S Ryl ON

provi ded i Sph@e g 89 Si ze of .a bgne growt h plate by
treating the bongﬁ&ﬁn%%v ‘r?zé’(?g? Motk é‘l?r'ﬁﬂiﬁ’gt cﬂﬁg‘é“d‘tﬁﬁﬁ’%‘mﬁ'@dan FGF
vari ant NP Pd%m@?hlspqup@mmclndpancxtended healing time and compllcatlons such as non-

35 union or poor quality of the regenerated bone.

The maximal rate of elongation used in the curent proccdtue of limb elongation, while
maintaining proper bone healing and reconstitution, is 1 mm/day Faster elongation rates have

. resuited in lack of fusion or in the formation' of weak bone that breaks easily or cannot bear
body weight. In this prooess, extreme conditions of elongation (1. Snmﬁday) will be performed

40 in order to observe a more significant effect of the added compcmnds on the background of
natural healing.
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a currently nore preferred enbodi nent the FGF variant i §nNcéandedogad t he NP
is 30 CNP or an analog thereof. -63 9 Novenber 2006 WD 03/094835

PCT/ 1L03/ 00379 Two FGF9-2- CNP fusion constructs were prepared, each using
four oli g(wg% 99§3| de primers and three PCR reactions. The first, FG-9-2
WL44G CNP( ? Wherein FGF9-2 lies in a 5 orientati SRTIHERB® was

const 45180 55 bl e 2l TSRO S, g
- Awaw@&mm@@m@Aaeloﬂg%@ wsfaPIR- daRfund ﬁﬁ hh%g@ Latrold

5' - CACACATTT L EASK A (A CTGTCCAAAGGTTGC i ev

(SEQ DNO 92) 10 5- ' CCTCCCCCTCCTCTACI;TAAAAAATGTGTG The first

PCR reacti on %efunfeCARs: Was performed using FGF9-2 for and CNP-rev on an

FGF9-2 tenpl ate. The second (20 cycl es)was performed using F9.2-CNP-for and

15 F9-2-CyP-re a NMCNP ),. tenplate. The third PCR reaction (20
cycl es) \?gs per %Or]fred us#}&%ﬁé peEiagt t he two previous PCR 'np' tions

as tenpl ate andreatmept3:f yi nglauds (5dinfbEBaPaléer and F922- CNP-rev. The second

fusi on constr Ugleamfehi: FggSﬂm%;}%nb@Qg%[w%gf%ge CNP N termnal to the

FGF9-2. The follow ng prinmers ot (SEQ 1 D NO 93) 5
- ACGT GACCAT A&esiatsianranothods) TG CNP- F9-2-rev (SEQ I D NO 94)

5' CAGTCCT TA %:T CCCCCTCCGCAACCCAGACCGGACATG

CNP- F9- 2-f or Forst mtooneofiheﬁvetreajmentanns

5'- Liﬁ"-:-‘ e o e WHded T S AN ol G 25
P191St op ( SEQ LING, 26) 5 ( ' @iég i%’e first PCR
reaction (ZOTy@gs%\v%%m@ﬁned usi ng CNP-for and CNP-9-2 rev on a nCNP
tenpl ate. ThEemmbowndhetioh gﬁ@ﬁh&ﬁn}teﬂkﬁﬁacmlﬁl%aﬁaﬂlnﬁﬁﬁ .,9.? é‘ and
P191St op on et ird p X actl on (20 ¢ was

per f or med 3% usi n ?ﬁmngh(@duc{'}gﬂpﬂgn ne pige % pg\)ﬁ@lﬂﬂ‘gb@’%‘aﬁié@&? BHs as

t enpl at e andmefkgian W@ﬁgag/k%dﬁxhismﬁu%ﬁ}ué‘l&op primers. The PCR
product siypergxghened in an expression vector, p80 Bluescript, sequenced

and anal yzed Tor accuracy and used to transfect host cells. Fusion protein
was produce ﬁ’@ﬁ@‘i mmbmmmmmmmvﬂmgwmal yzed for

‘CNP acti vi t}foﬁt&ﬁﬁgwabﬁx&a&%rdg&]ﬁ%x%l %oassp(%m(gm&soﬂmggrshaﬁ) t hat

measur es the nmount gom
away the growth plates and the surface of the Jjoint. The osteotomy is performed
using a pnewmatic saw.

20 Lengthening:
Lengthening begins seven days after surgery for all treatment gronps:
Lengthening continues until the Limb has been lengthened by 4.5 cm. The total
‘elongation period lasts 30 days at a rate of 1.5 mm/day starfing the 8% day after surgery.
- Treatment:
‘ 25 Lambs are assigned randomly into one of the four treatment arms. All treatments take
place during the consolidation period, at day 44,

Treatment I - Control - To assess the effect during the consolidation period, animals
remain without treatment until the end of the irial peﬁod.

Treatment 2 - To assess the effect of CaP alore during the consolidation period, it
= 30 will be administered once, one week after completion of elongation..
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9 Novenber 2006 WD 03/094835 PCT/ H, 03/ 00379 secondary gRsaiHaesooscyclic
GW (c@Gw), elicited after activation of the natriuretic peptide receptor
by the peptide on C3H10T1/2 cells. It will be appreciated by the skilled
artisan that the fusion construct can conprise an FGF variant of the
present i wW@eisesisfused to a bioactive agent including acpapisiog@eor 5
peptide anal og or hornone, including growth hormone (GB), I1G--1, TH or

PTHP that i sTewseapbilbiassals e Eoed b BlriaktQrdtéth BatinglBndo @il 9&4?0 plate.
0

Exanpl e 10: (NP roctes were 1S ed from
pi g or hurran@lr)ali)c‘)ﬁsﬁ?ngrq{%%jl tuf E\U(iwﬁ fﬁ@l“gﬁ%@gm& iradpinistered prest s of t he
present mveﬁt“?U?Pktaﬁeﬁcd@nl@quthagaebﬂ ect of the variants on 10
proliferation and differentiation. The procedure enpl oyed for the isolation
~and propagation of articular chondrocytes is presented bel ow. Reagents:

Dul becco’ % NE%IBME (G bco BRL, cat no. 41965) MEM Non-Essential Amino
Acids (G bco dlgt no 11140) 15 Sodi um Pyruvate (G bco BRL, cat no.

11360) Fetal Byin ) bco BRL, cat. no. 10270) Streptonycin,
Penicillin, st atl n ;“b%“% ”éé“g thg jexienf i dhe Wholp expefimentiand 8% 0321)
Trypsi n- EDTA2 ét,cofe@f@d Woliad hhhmi'ﬂbﬁé):a@fAMﬁﬁﬁ@fé@ve}-ghw&'fﬂedﬁleﬂmisAB Lt d.

cat. no. 13;0leherd¥eftRl %Q% ype 2 (Worthington Bi ochem Corp. Cat No
4147). A st ockjggol ut |eon ’h%g [0 %-nl ts/m Col | agenase i n DVEM was prepar ed

and filtered (0. ZoRm4 th'?:f il u 50 M), 5 n
of anti bi t| C. $o| Stl o% ° 0%) dﬂoﬂ% erhgggf’% H;%eﬂgllﬂ ﬁ’g’@%réntl al
ani no acil %gbe.?aﬂ@ark% aémsmyermmb@molr@ngm ﬁavamwﬂ@mmmmwem FGF- 25

2, FGF-9 or ﬁ’@Fs\ﬁ%&Waaﬂ& 2 entrat on o 0 ng/ m.
IsoI ation of, cel t{lﬁq‘? ]ﬂ\g%lle?ngge%%l ogs? ece 0 elgl‘tl {‘ﬂ}ssue was™
m nced into 9% {or gﬁs)

€Einke@) and" ﬁseeaiayé Ixfenase &
sol ution \Aﬁssadlﬁcﬂtoeﬁetﬂacﬁ:hhé]wﬁB& t | € and | eft
to incubater‘ﬁ%@v%ﬁd 1 t'ﬁéYC overn ﬁﬁ’lﬂ?ﬁ%&%g‘%’?t&ﬁi@e centrifuged
30 (1200 rp mﬁ i 'PPea d thipeehdb¢ femopghatteryl in 5 nd
medi um akd mmwcbugmenyzeﬁheva@maﬁmwmé REMHBRENERE: BadPddgr € Medi um and
seeded in 25 cn2 or 75 cnR flasks at a concentration of apprdgm mat el y
1x106 cel|ls pé&empleigik. The cells were -65 9 Novermber 2006 WO 03/ 094835
PCT/ 11 A3/ 0037 |ncubat ed in a 5% CX®2 incubator at 37C. The cell nmedi um was
repl aced ever @ammals are sacrificed three months after initial surgery by IV injection of 5 meq

of KCI, after anesthesia with sodium pentobarbital (1.5 mg/kg weight).

Assessment of efficacy:

20  Success is determined in ferms of healing time and bone quality obiained after elongauon and
- treatment with FGF2 or FGF2 variant and if no major adverse eﬁ‘ects are observec'L
X-ray
- Progress of bone healing is followed by X-may at weeks },2and4 after begmnmg of elongatxon. |
‘The parameters to be assessed from the X-my are:
25 1. Degree of callus formation,

e

2. Gap closure

3. Remodeling achieved during treatment.

X ray scoring is perfonned by an orthopedic. surgeon, accordmg to an establwhed
bone healing grading system.

30 Histology
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- several of the c

days. 5 Procedure for passaging cells (trvpsinization) WeRehie 268 |
culture reached the desired confluency the nediumwas renoved and the
cells trypsinized according to standard procedure. The cell s were spli t
to 2-3 new flasks and 20 ml fresh pre-warnmed nedi um was added. The
expansi on 0P "¥BMS and trypsinization was performed as PEEEEEO8FY. 10
Furthernore, the | 1 .pa #{éﬁ;&%pn grown on the above matrices expresses

§t P‘%dg Tiodive pttfsaeneder embeddingsn pa@rfén,afd te vibenal

phenot ypes expleeseifd, dur bingeddif o dica oyl F60 ik Ak Al stuay,

gl ycosam nog| roduction, The production o 19" 'denti fied
i n" hi stol ogi c%eﬁﬁg&%%%ﬁ%qdﬂ;é%ncﬁ%% PuFR ansk decieifiedinpesolkione oGP~
quantitated #&TAg at HEC.DVBe( Pedmerti KRE bosty BRAZiE, NeeydhB YRI5 ge) dye

ferentiation Assay Articul ar

hod. 1 : : Rrol. i on/ D
gﬁgngrocyt@esﬁﬁﬁ% %u\lllgenl{);g&ééﬁ' ﬁ%%?%‘i%@e%’;gdg/ﬁ%%sﬁ“ﬁéo%)gwwhﬂ'@inrrai nt ai ned

i n nonol ayer ¥¥ene; ther apmereteddeddie dfaffor @t fempiratre X S0°d. ITHE fheadlht to a

fibrobl ast -1 idsgordR &P IS i eflected in part by their norphol ogy
and | oss of expressi %%P%PS%G?%@¥3?$FS%?§°@&| ematgrdingpd cosini&ENer go
proliferati oftfianiy Ciniver Bpssi.at i on 20 into articul ar chondr ocyt es under
certain growth cgrnditi ons. Proliferation of the cartilage cells in-the

presence of the dPfia¥enthemineraliationybys Muerochndudsathe dp§maan areOfixell i et hods,

Rinan or o gl e Atk renr o chonr e B8Rl Pl P A5t o 51 own 1 n

Human or porv‘g,‘;’B e, a&%&glﬂ@r chondrocytes ~(_

the presence" of th P& 3 there” weske rini BYMAL @Techriondt) 72000 viigmpowel | ' "]
25 pl ates. THpecimelslvallhe se-tigiedWithlafiah A8 56 Sind n ith and

‘wiit hout FGF ang varjants and the cell ssprgcess% accorg%%c ©s8

manuf act ur er’s i h&t FHET PHLTNErfhs sprtigasewith Wimpwioletdight the diglandeloF $A Hosader at

A490 nm. Regudrkess i dfcaduksdRnd @6 bixedhddk fERaRA LAcULEF A mS,?h/g in Figure
| OA- 10E. {Arti cf?ﬂ: g{mc%la?ndro ?bt&; were | sol at eq 1F_t§§dﬁ%gcretl ag& tissue
fragments. Cells Were P%‘b*%” Stin epgthenigd and eautrel, Hbiek are sxippledamhtuedh wi t h Fet al

Cal f Serum (#@8) andDhédiad ipend. The RAGEIYoktidhi i© Phodl inQf, g@:e-,%‘ igx(ma -2 or FGF
vari ants FGagNid L cggﬁzaé\léll{ R or . FGE9-W44G were added to the medi um and
then to the cells. Fum it heVBFTSHE B Fodhg argresseshto ednd thewDinn3/ 094835

PCT/ | | A3/ 00379iRend exichamiptaid pmetises 2StanletyimsE, Midbdnls thidhdnRNs@ana®@) | S Was

determ ned yad A8ian B 'erggé.}?el | Proliferation Assay Kit (Ml ecul ar
Probes). Morphol ogy of cult eg' cells Human or porcine articular

chondr o9t e Smuiehists MehidnR icuI ture with or without wild 5 type and vari ant
FGFs for two weeks. The célls were observed under an inverted

Specific antibodies recognizing collagen I, collagen 1, FGFa (now known as FGF-1),
and S-100 are app]igd to the lengthened callus sections by an indirect two-step method.. The 4
pm paraffin sections are dewaxed in xylene and taken through -ethanol 100%. After
o - foypsinization, following deparaffinization, endogenous peroxidase s blocked by placing fho
C 25 | sections in hydrogen peroxidase solution for 30 tmin. They are then incubated in the following
reagents with appropriate Tris-buffered-saline (TBS: 0.55 M, pH 7.36) washes: normal pig
serum for 30 min, abovementioned primary antibodies for 1 hour, a secondary biotinylated
 antibody for 30 min, and avidin-bietin complex (Dako KO355) for 30 min. The reaction is
visnalized with chromogen substrate soluﬁon (diaminobenzidine, hydrogen peroxidase, TB)

30  and sections are counterstained with Harris’s hematoxylin, dehydmﬁéd, and mounted. As a
negative control, TBS is used in the procedure instead of the primary antibodies, A1l stained
sections an examined and photographed with use of a microscope (Nikon Optiphot-2®, Japax).
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m croscope and stained with fluorescent-conjugated phal b@beiniber 3dp8 dat a
fromthe human articular chondrocytes are shown in Figures 9 and 10.

Figure 9 shows the proliferation curve of cells that were cultured in
mediumw th and w thout added FGF |igand. The ligands FG-2, FG-2-Nl11l1 G
(FGFv) anwo-GF®4d3ave a 10 proliferative effect on the aptimuwbedsro
chondrocytes, while FGF9-W 144G (FGFv) does not enhance proliferation.

Fi gures 10A- Mieplpinewi: ahalpen -arti cul ar chondrocytes foll owm ng 2 weeks in
culture as n under an _inverted mcroscope. Cells grown wthout |igand
(panel A) exSﬁ {1 gmags gpalysings HsennreiiaoQopp MG ®) uthe dfisinasiptveredizr s. , whil e
cell's grown ipheainbiers@ief deRbfBRsA, In . ' 0ol vgonal _shapes.

Wt hout w sh:pn t.o be bound bﬂkﬁ%ﬁqm@\gﬁsﬁg{s% ggglggﬁé%?é}?rﬁﬁe the cells
retain the c S%W%tic phenotype are. able to undergo differentiation
once the gells en.hnduced to proliferate. Furthernore the cells’

vol une isgaffecl?%&ca%v{lﬁ%’ cells growmn in FGF-9-W 144G (panel E) are the

| argest. The 2elplecilprapanel B and C were grown in FGF-2 or FGF2(3,50Q-N
11R, respecti V§l¥abedihr Bodb shows the norphol ogy of porcine articular

- chondrocytes g&ﬁ%@ \A*thout “addéed ligand. The cells are fibroblast-Ilike and
have undef i ned*BUFg8t @becplpgerogion; o grown wth human FGF2-N111G vari ant
(Figure 12B) a¥.dumbenudedeoblasty hi ghly defined borders, while the cells

grown i nlgumnﬁr@%ﬁ\%%ﬁm\éa&i@?ﬂ&lﬁye cuboi dal and resenble articular

chondr ocyt es. S were ed with fluorescent |abeled phalloidin to
25 | abel s t'he admherof peeoklastandei; of the cells. The data are presented in
Fi gures 12A- 12Cinded Bbofd fltRESHGSS ninbd: i skel et on between the
treatments %ver@/? cl ear Tlﬁe_ a([:ltl n gﬁw?ﬁ%etng%ﬁ/és’%é’%% in mediumwt hout—_)
ligand (Fig TOAjonRossas siinfn llewingaarnmisreag obsined: £  br obl ast -1 i ke cel | s.. The®..
actin of cell slgisewdwidth; t he FGF2-NI 11R ligand i §"found and defined while

t he actiyg of cgl -gr ' -W 144G i.5, pol ygonal . -67 9 Novenber 2006
WO 03/ 0925835 P%Td 11130%%8%%%0%?%@5@1% #§7Al ter the cellul ar
phenot ype of C%IBP%EFPPDPW@@@M cells by exposing themto FGF variants
havi ng at | gB&im bdiine 8EFQF S4skd tution in the beta8-beta9 Iloop. 5
Exanpl e 12: Chondrocyte PelTe ure Cell differentiation and
~ nor phogenesi s washs b g ; t a al yzed by. usjng
cel | -type-specific mgﬁﬁgz%%% agﬁg#’ct?héﬁg?eti CP%BJP%@HBH&%W?%S that had
- been expandé&8PAcHY P siteet R diolagicelvesppnse isambedised 4s trogeting-Gietowscfot thaligferser € pel | et ed

in 0.5 rd0 didatwecipenat CRP iFBEbwd DM B&J@% ' ?rs\%% %aé ni the
. foll ow ng: LM 10 de thasone, 1 nmM Sodi um tﬁ/ at'e, o g/ m
ascorbi ¢ aciog vayresdn %ﬁ‘ﬂ"?‘?é’, CNH(- Iy doriefives, thet@f whyoedn sTGH(G0r | nsul i n-
Transf er ri nhalfdifeiniinomasd) Wi poticuld, IREBLOWTH4G, 5308 Wni@did J&ﬁ&ﬁ%h?c% in
differentiatjon. [ in .pol ypr | ene centrifuge tubes
_ Ebrgﬂns@;e %oﬁ{nk- anc;' %—Q’mlﬁl tIXtPcat?o%.};/ and an amino acidgsubstitution at
g tryptophan 144 (W144), was shown to target efficiently to the growth plate of long )
25  bones. : | | ‘)
One day old mice pups were injected IP with iodinated FGF9-2-W144G . Animals
were sacrificed 2 and 8 hrs later and whole embryo sections were performed. In these
pups, the labeled FGF was observed to localize 1o the growth plate of the hind limb,
close to the site of injection. Figure 8A and B shows two exposures of the distribution
30  of ' FGF9-2-W144G in the mouse growth plate following IP delivery. P, M, Hand T
deﬁne the proliferating, maturating, hypertrophic and trabecular regions, respectively,
of thcf.- growth plate. Figure 8B shows the outline of the cells, Figure 8A shows strong
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with caps | oosened. Medium was exchanged every 2-3 daysgnbagnieebdgts were
sectioned wusing standard nethods known in the art and stained with

tol uidine blue to |Iabel the 15 sul fated proteogl ycans and

I nununoht st ochemi cally stained with anti-collagen Il antibodies. The

pel et cul VOPE™ Y Bwn in mediumwith no ligands or with REEALAYOIIG showed
| ow col | agen |l .expression. The cultures grown in nmediumw th FGF9-W 144G
show the ap p%aé?%@ég%gy@m%% &ppe; aud sowme signalyn. thej meliferati®/end ebwsular sl |

. anmount of colkgiganNEGet spebito Gital was 1@e1ws%ﬁmtﬁv£ﬁag€fﬁﬁe§§ g 13C show

a hi gh anount_ of | | agen 11 rotejn expression after 2 an weeks,
respecti vel y.Sh%T'Sg%E%Eeéy gﬁ?{' ?fr?ﬁen%if% %4%%“?‘%“’"1‘1%05’?15 fodbgrowth giste tredyl ycan
staining in taheépordsuetopbbuligeted délivom dflfi&tcﬁeeéubﬁ a@ﬁﬂtﬁxﬁét@ﬁgjﬁﬁes éﬂi‘?ﬂ&um
conpri sing t - 46 vari.ant. . whi Figyres 14D and 14C show no
t ol ui di ne bl E‘g %%E?Sh#f’éﬁ?‘%?“%’uﬁfﬁlﬁﬁé‘é"“ﬁ?’lﬁﬁh"tﬁ‘gﬂﬁé‘mﬁ%@fﬁf&e Sr with FGFE-2
vari ?Pt ,  Dowipg Bnd Gfei apd lugtil tehéng of @shelty, ledpitudinal bﬁielguh't&h 1¥0b 444G Valr: ant
i's effective ehdhckinfdie LAt i 0 ed articul.gr chondrocyte cells.
‘The same expeeri ent iéﬁgtédru?%ro?re %%Wfﬁciﬁ%‘ﬁg{"%ag‘i}‘t%ﬁﬁ %p(’ﬁ%ﬁeége"lr‘}f o¥h! n and
ot her manmmalbPis e eEsh pbty is @idsd Ny eeveml @00 6f oA @3 foREi48 3&ls, or
PCT/ | | A3/ 003 3RondiXad P eh BincCpak i cul tj l.age Repair el A
conpar ati1\6e stg}j tq evaluate thlgég% ‘%gae fesggﬁtlhéhe%&er\?gr%?%nfl\%giaﬁ treating
articul arcaff %’ﬂée Rg &nagtive.n Inghesasipeonk Riobteiatie fope, ehetalrocytes ipeliffratz,mred. A
total of 6 adidnge tHegREVeR ﬁ%llﬁmﬁraﬁdtb%@nﬂmuf"uhdefg:?t gmg&m%eu%‘%rgo a

ant a

chondrocyte rvest. pracedure 5 prior to 1 npl on. "The collTected tissue
will be used%ﬁoﬁi’l&%ﬁg‘a’? fogiatds fhe Saptilspcobnme dimction, oglly gre bigomd highlytactive Thr ee

wegks post opﬂmﬁﬁﬁim,mﬁeﬂceﬁmﬁnmtr&ﬁxﬁbﬂﬂo&d%@b firRRrophio bdls 8figaRuUnched out
and natural pafsix nMBLL wth or wthout variahts, pre- seeded with

t S
di fferent concent ?%?Tlgsﬁg‘%%?ﬁ‘ﬁfqo@ﬂ’%r@dﬁeéqw&eg deatipis aseomprnied by fhe
cor r espoRdi nipmovalliof ihel wastilaginaus rhamix andl i@REplcandR BY BEic HRAN hd 2oniBRKS) . After

12 weeks, 10,abd o P@&gﬁéeﬁs%e?g%%-[egmg%%ﬁd. The joints are grossly

eval uated for speci anges 8%hdyl e and the contacting
.surfaces. Hi ﬁol ogical analysis is performed to determne the structural
and cel | ul ar=4 of AaRE T usiag it erials. Materials and Methods: Six

axper i montal 10 Saditel Rt 8 o Hokinl Nitirdlnaredsa cobk aaf Fent
Treat nent M @Bt 8atwpighe peptide HCAFAin pRrtiowlantlave been shown to regulate bone
20 growth. It has been shown that CNP knockout mice which exhibit skeletal
phenotypes histologically similar to those seen in achondroplasia mice (bhusho et al.,
PNAS 98, 4016, 2001). They also reveal the rescue of the CNP knock out skeletal
defects by tissue-specific ectopic CNP expression in the growth plate. Moreover, ex
vivo experiments (fetal bone organ culture) from wild type animals have shown that.
25 CNP, more than BNP and ANP, can induce bone elongation (Yasoda et al., 1998;

........
-

JiL
I

‘Mericq et al., 2000). In a currently preferred embodiment of the present invention
provided is a method to increase the size of 2 bone growth plate by treating the bone
with a pharmaceutical composition comprising an FGF variant-NP fusion protein. In

a cufrently more preferred embodiment the FGF variant is FGF9-2 and the NP is
© 30 CNP or an analog thereof, ' '
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1-3 Matrix Matrix+0.4x105 cells Matrix +2x105,cells 4- Wabidmber2doerv Matri x
+FGFv+0. 4x105 cells Matri x+FGFv +2x105 cells The variant tested is
FGF2(3,5Q N111G Antibiotics: 2ml of amoxycillin is injected IM

i mredi ately before the procedure and once a day for 4 days after the

pr ocedur e WQ03/835t hesi a: Pre-nedi cation: 0.05 ng/ kg xyleazinms/edzob | owed by
ket am ne di aze am 4nmg/ kg and 2ng/ kg 1V) is adm nistered IM Surgery and

| mpl ant ati on: F2eCNR figioo abnspnac wete pepired, iesbhising &ur bkpomalebti&lb] ect s.

Al l surgeri esyigle r peg [i [ e ve
antibiotics Zre dogdggml[%l at leé%qrgnﬁs[ Is['th &2?&5%??21435 @%‘?{?2& I‘Ytlk‘ﬁr ocai ne
(40, 000 uni t $5§ 2§13E))°3a‘-'t ofigpdatign t GIVE, m@saﬁ]sm@dmibﬂ@mre Anest hesia is

i nduced wit h pgrbazis, IM {0 m ne di azepam (4ng/ kg
and 2ng/ kg M_ The sﬁgsecfﬁg@@gtubate i ve&ﬁ C“Sﬁ’gﬂﬁhen

posi tioned t &NEsrer (SEQIRAKNSS) . Anesi’hegtmaascmmmat;Amdshc@regaseous

m xture of  IFeof-tneane EadDANYy.9fn. Anal gesia, carprofen 2-4ng/ kg SQ SID.
-69 ----------- %‘“tfg Novenber 2006 WO 03/094835 PCT/ 1L03/ 00379 Harvest
Procedure: TRe Peare DHERAEIATS TS TEHCCRRRAGHYEY, | ateral skin

i nci sion mad TRPLLD one-third of the left femur to the |evel of
the tibig %ﬂh@%@g@zio the nedial side of the tibial spine.

Usi ng th| s ngtnﬁgacc&.p%&gg T]J,I%Q} 1_39% sected and 5 retracted to allow a
- lateral parapatellar approac 0 Gg# Tt An inci SI on is made

paral l el to the Tratme2cRbOAG 20k d&ﬁ@}%@%@%@%ﬁég%} Ggazent. Thi s

extends fromt at er al SI de of” t he ong bor der
of the bicep® % tepplpte. Thyy sscqnd €29 %@)H#Sﬁeégmeduﬁlhgfmmmﬁrlaadj oi nt The

'mci 8 on' 1 i é:;ﬁ’é‘:;x‘gf’ o apof e Rt o (T CEIAAEA T SURI YD Diel 1

| uxat ed nedi ot off fthes Wy previousTRER figgicienst asferpplate and he sane as

the | ocati onalmﬂlfyﬂmuqnigam}md-fofﬂﬁll-bmvect which is created in the right
fenoral condyl

def ects tely 5 "fmin dianmeter and
approxi matel y ezse%o-ﬂﬁefusmn G B%E“ﬁ‘!’ %ﬁ%ﬂg ”E%:% comprises: the CNEPEewitRl4¢  bone. The
def ect s ar e habBeFOA 'ﬁletfdibwmglpembatvsefeaise@r medi al wall of the"distal

trochl easg SUbGHor ﬁéﬁ ngt on individual anatony. The harvested
cartilage |ayer I proxXimht el y 5 Tt T A O ATATE AT CIFRICAMGEBES mat el y 0.5 mm
in depth. TM@&Q@N&S@W transferred to

cell culture nmedium

d I BEMHS Th
isclosed | TabyEig . Egﬁaﬁgﬁgﬁ?&?{e‘éﬁ%ﬁgﬁﬁ?eé%%é*@?@@ﬁg&eﬁwegnl ation

Pr ocedur e:
5" ~ATETCCRGTCTGEETTGCCEAGGECEACEEGEAGGEEGACGECAGCTATACTGCAGGACTG

25 P191Stop (SEQID N0:96) 5' -GGCCCTACGTCATCTAGGTARAARATATGTG

The first PCR reaction (20 cycles) was performed ﬁsing CNP-for and CNP-9-2-
rev on a mCNP template. The second (20 cycles)--was performed using CNP-F9-2-for - :,)
. and P191Stop on a mCNP template, The third PCR reaction (20 cycles) was pex:fonnéd‘
30  using the products of the two previous PCR reactions as template and amplifying using
CNP-for and P191Stop primers.
 The PCR products were cloned in an expression vector, p80 Bluescript, sequenced
and analyzed for accuracy and used to transfect host cells. Fusion protein was produced
by methods known in the art. Fusion proteins are analyzed for CNP activity using the
35 Biotrak enzyme immunoassay  (EIA, Amersham) that measures the amount of
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20 The - trochl ear defect is created in the right fenoral gagRgieez006ne
defects are approximately 5 nmmin dianeter and approximately 2.5 mmin
depth, and pass into the subchondral bone. The defects are nade on either
t he | at era‘l?v or dial wall of the distal trochlear sulcus dependent on

i ndi vi dual VAPPSR Each defect is filled with the appr&pfidy®@sPest

~article. 25 The surgi cal approach consists of a curved, lateral skin

i nci si on nmade®f tRrssengrnelic GMB-(6GMPY cltited laier| agtivatifre nfithe matritetic | evel of
the tibial plppedieapd RoahOsptdnlde10TREEAL. Si de of the tibial spine.
Using this method, the skin is bluntly dissected and retracted to allow a
| ateral parapat el will bappyredatdd Hynlieoskillee aibanfthe tHe Fisithn ot BGhSiRpriss Made

parallel tot [ al rder,.of t.he tell.a and patellar liganent This
ext ends 30 fr%%_c?ﬁ;e iat0 %@‘g T V68$‘°“[%gegf‘é%%f’aéuﬁ'eef‘tgg‘“é‘}°3‘ﬁﬁlgtaﬁép ? Shi al
bor der of % hepeblideapalog entoramesincludibggrowih hermicht (G IGRE TR THPtast i f | €
joint The bi I | at |, fascia are retracted
qgﬁérafimllk Pertfdaidh LAGHS the grﬂfﬁﬁegl‘atg,
N

al l owi ng exposure to the joint capsule. int is extended and the
£ ' i Stifle joint -70 9 Novenber 2006 WO

cxpesi g the
TTTU3r00ST9 W T e Rhe bint fully f | exed, the appropriate
| ocation for t hehopabeytes weke istlind fdigpic bIRmMAR bREliesAB bliErd EPELbEARCS Ul cus are
identified aq)g tgearv[ér?d V\ll‘a.t'?l a surglilcaﬁ mar ker, A s&eci al |'y designed
cartilage cutter® "&a18cY 1@ PLISPRt dnyetion, i idewly dher effach g€ e varients gper  and
prevent t¥ar ipngifeétionhandc diffichiegion. The paRefueX iemPlofedd f¥Mnd | RETRIA! afOr € cutter

hondroey

~is used 5 un to create a fixed depth of approximately 2.5 mm
" mai nt ai ni ng ?‘%ﬁ%ﬁgﬁ&ﬁgfﬁéﬁgﬁoﬁ‘ﬁ?%sfsd’retsﬂge‘ﬁ’ﬁ{gf&ent of the sulcus. The core

~of y subchondr Reagenlse and cartilage is carefully renoved. The cutter is

‘carefully rermbgﬁge% Iﬁﬁ R@@ rti e, edqi is carefully dissected
wi'th a scal pel bla gg r@e_ e ,(&gbc‘%]igir}g%éfao‘%h)%}‘éﬁ“dri Il with a specially

desi gned dri | | MEM NpwEgsertig Awing i 6FibtdBRIgdgencof114d)e creat ed defect. This

10 under gt t ngodﬁﬁﬂpﬁﬁﬂté(biﬂcQBﬁiP%it%ﬂ%ﬁ) mechani cal lock with the matrix.
The cartil age defects are _clﬁl ously tlushed with sterile saline prior to

insertion of Fete Bogigg Seqpm R (GippreBRlpsatopr: 10276) t est naterial is then
placed into t heudpehseh, Fueilid SathdSolkiSn (ﬁlol{)éi&?mﬁﬁst.ﬂuit g ] %@F' ng

cartilage and -cover i th bi ol ogica lue to maintarn 1IN p A final
saline flush o?ry?ﬂ‘é'ﬁﬁgw&%’ﬂ’?‘é]g%r%? Be- (T3 144 aeVersere Tiyntie (Bio LAS Ithetat.r educed
and 15 the joimt 130Med through a conplete range-of-notion to ensure that
there is,po iARi.ngenment taq the inplants. This is followed by routine
cl osure 3? the%ﬂé1 i &Fpﬁpe?K&@W’T%‘ﬁf%%%‘ipscﬂsﬁq%élwpfﬁéf??k-%lwoguture

mat eri al . Postofdpel eits/mCyllagenaseaia DMEM wifigreated sid filtdedi(6.2aR)) i €d to the |eg.

"Thi s renai nsPﬂg&gﬁdﬁhﬂfﬁB&Bﬂ[ﬂ%ﬂﬁ&ﬁks- tolimt flexing of the operated knee.
Post operatiVé _chec * for any ani mal di spl ayi ng si gns of post

operative di scBR$ 650tmb.Foat ofomtibiatic sobatiom &l mictiding Byreva@i,\5fl $BM Bordays if the
ani mal s di spdsashtitihintl B8 wilk adhed'ts £360 Bl vele> S A Whdh specified, FGF-
K 25 - 2, ¥GF-9 or FGF variants were added to a final concentration of 10 ng/ ml. |
. Isolation of cells from cartilage biopsy: o -.
A piece of carlilage tissne was minced info 2 ’£0 4 mm pieces wi‘th‘a sterile scalpel.
The colagenase solution was diluted 1:4 in FBS-DMEM, éd_ded to 'i;he tiésue sample
and left to incubate on a rotator at 37°C, overnight (ON). The ceﬁs were cenfrifuged
30 (1200 1pm 5-10 min). The medium was aspirated, the cells washed in 5 ml medium and
recenitifuged, The cells were resuspended in cultufe medium and seeded I 25.cm® or |

75 em” flasks at a concentration of approximately 1x10° cells per flask. The cells were
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treatnments are recorded in the appropriate study docuneghgld.a: 2088CT Opsy
Animal s are humanely sacrificed at 12 weeks postoperatively. Bodyweights
are 25 recorded imediately prior to sacrifice. Deep anesthesia is induced
with a m xture of ketam ne-xyl azi ne and the subject exsangui nated accordi ng
to the guViRe¥HEIS set forth Dby the AVMA Panel on Eut haRewmasqazvMA, March
2000). Gross evaluation and sanple collection as described in Table 4 are
performed.  Epnskedrio deis GO GhabEopa BTIOYTHY ctID molliBmi s Hplesf SRR 78d. The
articul ating aHrfaces 30 opposing the defect sites are examned for any
abnormal joint surface. Additionally, gross evaluations of the knee joints
Is made to determ ne the cartilage repair based on  previous scoring
criteria listed in Table 4. Fenora, patellae, synovium and popliteal
| ynph nodes are harvested and pl aced into appropriately |abel ed containers.
3 nasss AMeaGian)) 94835 PCT/ H, 03/ 00379 | nmedi ately

fol l ow ng tissyg, o) atlon of the cartil age
surface i s dgne gﬁs]ﬁi(%\eéggﬁlgwgg &E%({/Egégeﬁﬁedo ‘%ﬂiﬁgﬁ‘?ya% }"E(‘,VB?’E?EWT‘F&(YE of each
speci men. %ﬁﬁ? lls tyypsipipegsaccqrding Gaimdmmmhecmlvbﬁiphoﬁ 23pke G oss
Sampl 6 Phot OG4sRPlnd 2024l FodiOpto SRIAShIEL AadtbR! Fre HRALLY HHIAGS and UNCYS

u

Spl een opliteal nph nodes X r-nee | ol nE“Cine cul ating
def ect si te)“’@?‘ﬂ’ég}/ H?ff‘%'@?‘%ﬁdl““@fs’é’rvat ions After collection of the knee
joints, {he jolpks are op ﬁp hot ographed and the surface of the defect

site scored as ?:fm(%“fgﬁ b ign growiiqn theyabeve mptriens wknreass sovemil Déexam ned

for any i nfltherledoeyte differthtifion! hﬁrldeﬁ;. O bl asl Ribb C%%&Q;d és

Scoring Critgpi cfg@rdééren% Soﬁy ol ogi cal Eval uat I ons aract eristic

G adi ng Score & TRt agreni “ﬁﬁﬁ“ﬁ"% YoRprdFAG) peadaction| Bee preduction it i ve ™y

cartil aage) Fs fsaffentified in histological staining using Alcian blug or toluidine blue and e
quantitated using the DMB (3, 3'-dimethoxybenzidine d:hydrochlonde) dye method.

15 Example 11: Cell Proliferation/Differentiation Assay

Articular chondrocytes that have been isolated by enzymatic d:gestmn and
maintained in monolayer culture undergo dedifferentiation over time and shift to a
fibroblast-like phenotype. This is reflected in part by their morphology and loss of
expression of collagen IL, The cells are able to undergo proliferation and diﬂbréntiation

20  into articular chondrocytes under certain growth conditions,

Proliferation of the cartilage cells in the presence of the different variants was
quantitated by ong of two methods, CYQUANT® (Molecﬁlar Probes) or XTT reagent -
(Biological Industries, Co.). Human or porcine articular chondrocytes (10%10° cells/100
ul) were grown in the presence of the varianis of the invention (10 ng/ml) in microwell

25  plates. The cells were grown for the several days in DMEM with and without FGF and
variants, and the cells processed according to manufacturers instructions. The plates
were read in an ELISA reader at A490 nm. Results for human articular chondrocytes are

- shown in Figure 10A-10E,
Articular chondrocytes were isolated from cariilage tissue fragments. Cells were
. 30 grown using culture media supplemented with Fetal Calf Serum (FCS). Different
concentrations of of FGF-2 or FGF-9 or FGF variants FGF2-N111G, FGF2-N111R or

FGF9-W 144G were added to the medivm and then to the cells. Medium with variant
-66-
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one 0 Snoothness of the cartilage surface Smooth 2 | ngeLbEsiabssl Rough O
artilage surface, degree of filling Flush 2 Slight depression 1 {
Depressed/ overgrown 0 ol or of cartilage, opacity or Transparent 2

transl uce : e neocartilage Translucent 1 Opaque Q _Hi stology and

Hi st ol ogi [}g?‘"ﬁ@?g%%at ion i mediately after dissection an8“FB¥8%Whg gross

“joint surfac b ' e joints isplaced in 10% phosphate buffered
- formalin (at %‘I,agagt tj,%%fi f%?lg é'gl ﬁkﬁ%) E{f}‘gﬁhﬁ?&l Qgs‘?ﬂs f@%@eﬁ%ﬁ‘ﬁfg wig sent for
hi st ol ogi cal GHBHET" (51l Padifestion Assay KitiMbleculd Propliisphat e buffered formalin,
t he specinens_ i s gross trimmed to renove extra tissue. The tissue bl ocks
-72 9 Novenbere FOOEY oyguligred odlg 835 PCT/ 1L03/ 00379 are cut approxinately 1/3
of the distance in fromthe exterior inplant/tissue interface in order to
exan ne t hem gFym8n gt poinstagtisular chdndroprytes nerel glowindik editufr Wit or wathéud §ild
conmencengnt calisd: fggaty th.ssyes _are.decgl ci.fied in 10% EDTA
until radi ogrngjeh%aof t rt1e_ detcf_gﬁgﬁof;wrée%s' "gl scél'gf FEig O r‘ﬁlgerc“&n’BY%ieé_
decal ci fi cat FBfosceRpfaad slaines wihdlugreseehietonjugaitd phalldidin det er mi ned, t he
speci nens isde@dg%tégtg E}Ergugh an ethanol series and paraffin enbedded. The
speci nens i ssecttd RS b friculas ehepdeocytemare shosnain fghrasi % émdHIE and
anot her _ seqiigntel 2dhos et iplifetitiol R ARID th SQBiGRa S AbAGH wilhtlq Fast
G een. For hk@&hg&iegF ﬁﬁ}g’l@ésﬁ% of t?g sections, the scoring sca‘i‘e
accor di ng to Fenke e  Thediands FOF 3P QEA-N B GI(FGEY) evd F&F%ars or ned to
measure the polifeotivagfoptmatedrtinutar chdilRERE, FhileXGrOSY PGt BErHeRss B Med

tissue, regulgbilk (ﬁffz}t% joint surface of the regenerated tissue,
structural int egr?b{oy An Ethi ckness of the regenerated tissue, endochondral

ossification ap |s..in t.he,remmi.ni ng cartjlage. 15 Exanpl e
14: Phar mac o&%ﬁgﬁj Q%Q?ﬁﬁﬁrgd@{bfhﬁaﬁgcﬁ ﬁ‘fq_ﬂgrg‘ﬁéc?"e& PEURES in the
bl ood or tis P HECHaPEPS.- gavanwithiout Tighiel (@ardel A) dihebit

phar macoki nefitr6bliie RgtHoR Sy %ﬂltlggefg,g&ﬁbggd%ge(” GeTRUNdS )ar (lje%t erm ned
using sugh net hdosi%. In _animal nodels, radiblabef] egpw&ﬁng%%@eﬁ%ﬁides or
pept i des tan SBRELENT Hrebls pelieonalshenca Witkhiug wishing to terbowid by thedipeyse20 f 1 Ui ds
and tissues madiesegesthiat @bt ¢eBE bdt@n ﬂ&fchgﬁ@o@h‘il%ﬁ%%%ee%%glgsq%ﬁgeopt i des

fol 'owed by ..autaradi ography._ (Agrawal et al . O her
met hods i nc|%§%ﬂ} 5@0& ?lﬁ%% c)éllsréve been induced to proliferate. Furthermore the cells’

volume is affected and the cells grown in FGF-9-W144G (panel E) are the largest. The
cells in panel B and C were grown in FGF-2 or FGF2(3,5Q)-N111R, respectively.

20 Figure 11A shows the morphology of porcine articular chondrocytes grown without
- added ligand. The cells are fibroblast-like and have undefined borders. The cells grown
with human FGF2-N111G variant (Figure 12B) are rounded with highly defined
- _ borders, while the cells grown in human FGF9-W114 variant are cuboidal and resemble
i , : articular chondrocytes. The cells were stained with fluorescent labeled phalloidin to
25 labels the actin cytoskeleton of the cells. The data are presented i Figures 12A-12C.
The differences in the actin cytoskeleton between the treatments are very clear. The
actifr of the cells grown in medium without ligand (Fig 12A) is elonga_ted and typical of
fibroblast-like cells. The actin of cells grown in the FGF2-N111R Iigand is round and
defined while the actin of cells grown in FGF9-W144G is polygonal.
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of a peptide with a reporter noiety, including fluorescgRbvdibeERigMe

| abel s, admnistration to an aninmal, extraction of the peptide from body
fluids and organs followed by HPLC anal ysis. Alternatively, '

i mmunohi st ochem cal nethods are used for 25 detection of the adm ni stered
peptide i WQ4848S The present invention contenpl ates PeHBOYVeEs™ abel ed FG-
pol ypeptides and chineras, fusion protein, hybrids and conjugates using
the sane. Exanflistiaspossifle toaltershe sglivlaephenotipn oREit2in Gpkd of oAl tyexpdigst i gat e

whet her neur gRal HREGRy. . if . he K d,,FCGF

variants, cells were eﬁ%%%%{ﬁ%% g‘%e %‘g% %‘T&@u%&l'?é%neaﬂ%%ag&WMMi

-73 9 Novenbé‘}"P‘ZOOG_ WD 03/ 094835 PCT/ 1L03/ 00379 The PCl12 cell line was

originally cloned froma transplantable rat adrenal nmedullary

pheochr onocytoma. The cells were grown in DVEM w th high glucose

suppl emented_ wth 10/a horse serum 5%fetal calf serum. 130-units/m

penicilli fsample 12: Chopdrocyte Relles Gultire and 0. 25, 40 ng/ Ml FGF or variant in

a humdified incubator _at 5 37C. To harvest the cell, the cell |ayer was

~ washed with PESEferentiatrppaandanqrphogenesis waosthdiet iegeliat dulbeestanil bordwad f or 5 ni n,

2000 rpm They G&hd & edsiigs fter 3 days
00 rp By G&hd l{tvgﬁ@spe&ﬁyﬁﬁﬂ;eﬂ_ €8l5419° Borlhne aBMﬁM_ d?@g%‘?%%ﬁgafﬁa& y

in culture, Foth F and FCGE-9 i nduced neurona ion at a

simlar | eveP* 5Ppeddn flfedn e withend pathow HEF gpriants weeapellpted imdembi ons.
Close 10 obdifferestiatin niddivk GDRMEM UKSE SQERNSSdiating tﬂeh%noaﬁ%- hepgg h of the

QD -
neurite outgrow h i nduce _FGF-2 was typically Tonger than'that induced
by FGF- 9?6l| rr‘%%"?‘?%?ﬁs?‘i?: fF’ﬂEQJ‘%‘? puete. ?%Hﬁe&@l&wowbmﬁé s@3mMarolinghen
conpared to itweg/ml MR- 10 @il CRGRB} REAL Transthiih-eSeldifaie sdhdohReWoseiPr € Pot ent,

=,

as det erm ne t.he er..and.length of the neurite extensions, than
FGF- 2, Fng-%ﬁ%”cEdﬁ%" Q#?%“%@??@Ei“ﬁ%i‘%}%“ﬂ%ﬂ%ﬁﬂ %ﬂ%leff;P&‘%?eeWWaﬁ&gs 15 "
exerting m rvitfedapsiofseande Meidiutn wis eeoheipedbvely 163 Myl TS hele@RGERIN&RhiON enpl oyed
(40 ng/ M) . ' [ f. tation in.the 08-f]9 | of the FG--2
ind oo 13 ahhd SEHEL AR 1 fhoH Bl yBied R it b g P 9t ect on
the cel I ¥ i rulitipd proseogingins candh enpumebietn¢hemivelintsiamad heith he®bolpgedt icul ar |y
descri bed, pagfisfnrs skilled in the art 20 wll appreciate that many
variations and nodifications can be nade. Therefore, the invention is not

to be constr udt pellof el glin' dedhitPwithd liuhdh Win(RESNATE SoPad! ment S,
rat her the 3009@3 %ﬂt”t and_concept of the invention wll "be nore readily
under st ood bYY “PEFBERPES T Thrulyiss srewmmimsdivpoyithiGT-W 4G sow sheber 2006

CLAI NS 1. A apgeianeet ofaklligel 12 oveR e OFigire 18R Showi £ sl HRnAE blcsidfat i tution in

- h - .
_ the bet a208 Qﬁ%ggaﬂer a week, while figures 13B and 13C show a high amount of collagen II

- protein expression after 2 and 6 weeks, respectively. Figures 14A and 14B show the
high level of proteoglycan staining in the tissue resulting from the cells cultured in

- medium comprising the FGF9-W144G variant, while Figures 14D and 14C show no ,
tolnidine blue staining for cultures grown in medium alone or with FGF-2 variant,

25 respectively. ' '

~ This result shows that the FGF9—W144(} variant is effective in differentiation of
cultured articular shondrocyte cells, |
‘The same experiment is performed on chondrocytes isolated from human and other

mammalian sources.
. 30
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.o activity ne

| oop, said FGF-2 variant characterized in at |east one gfoldef fddsOW Ng
attributes conpared to the corresponding wld type FG--2: enhanced
specificity for one receptor 5 subtype; increased biological activity
nmedi at ed | east one receptor subtype with equivalent or reduced
Wﬁ?‘l‘é?%%gt hrough anot her receptor subtype; enhBAFE4UKinity to
~at | east Oneﬁxﬁﬁltﬂfeﬁ&t pe i ncreased cel | proliferation nediated through
one r.eceptol SUDLYpPE, 4 e et e 8t one amino acid substitution
is replacenent of, asparagine at position 111. 10 2. The variant according
to claim2 havi ngAé’@BB?rﬂl‘%éé‘.dﬁ oy pvalnate e efficecyt of dhe BGP amtiagls rie tradtingosi t i on
111 is repl aedigulbycastilagerdefocts aCh foah @hed GRS rhddols PL¥EhEE AObal &*f,gjél ine. 3. The
at a
dzo

variant accowgg) al urt her. conprisin east one I'tional
mut ati on pr ov%ﬁ@gagsn%ﬁ’sceed]}w%ﬁ © grimals ugdargq 3 ¢ pie barvostoprecedwrs 4. The

vari ant aécoPterig iuplaghtivnmTBbe ballebid iSEOVITbNGed for Prepaifon bR hit@BjougC COr di Ng
to claim3 hagynwhg. o ing.a substitutiqn of | utam ne at am no
acid positi oﬁfgﬂ%}ggng S,Rghg aeg?é}gzpneﬂge@glg?’iaﬁ#‘?”éﬁ‘a‘&? ilfmerdesn1. 6. The
FGF- 2 vari anbolaatesmashag ovtend | naiwm! matwxematiices,twith drGHthdnt FEF vaRint p- act i vity

at | east 2-icld Wh@ Bkl TincRiiat: ti.ve EGF-2 in terns of proliferation
i nduced by the 20. vari aﬁt in ECE egfia?]l%geg%? I‘?ﬁs 77 fganied i dbe 5ccor di ng
to clai m6 wHEPEORdipHmdvdent goat fmGriRag tend Sxi@riNent¢thweckOBer 18 webks,

pol ynucl éot i dbaenels did Burn¥3 leh@Mizcal FiGhHof Vi t least. one.am no acid
substitutionin thﬁ befa 8-beta 9 Ioop, J?%F%é%ﬁ?@%ﬁlfmcﬁq terized in
‘at |east one™6fE% P & igmeral Gondyle prd; the caniastinmmpfares d Hitolegial amlysiespondi ng

Wil d type FQRrBmodnbanaeathe hesp@sidian ikl o AEBRIALnAYRLYPE: | nor eased
bijol ogi cal aﬁ%lyg%t%dg&gi gt_ed by at |east one receptor subtype with

equi val ent o 9 *vity nedi ated through another receptor subtype;
enhanced af fi nfix pauitfeale|gens (1142 anoh@s 6Kl e u5MD IV pakiBiiSasEess |
prolifergfi %E}stéﬂ?ﬁie%&%n’é gtgﬁ%g%one recept or subtypg aﬂg V\ﬁl%rel n at | east

one substitiltion is replaceneit of a codon encodi ng asparagi ne at position
331. 10 9. TKeapol Preatvicadt iLde aeatthtidake C1 aijm 319@,%%])?%; FBINCS: 19
and 20 wher ¢i nb t h&@rexadain _¢ncodi ng asparagi ne dt position. =333 is
- repl aced by{a EddonMakéodi fg - Al cl d-Selfected fronrgrycing or
arginine. 1¢- %Fﬁgi‘t%ﬂ}'}g POt | aemlggg'%gl | ncqu?o ¢l ai @‘E%Bdi"‘ﬁ’é a |vari ant
further conpri A MRS g e that 1. oV, B ffhanced
yield or inéereased—stability of the 15 varic%ﬂgn ﬁLt'T%Q g-%g#oy%ﬁ@ﬁ eoti de
according to claim8 having SEQ ID NO 21. 12. The pol ynucl eotde accordi ng
to clai m8 havhagariahi@eddd iNGE2E,5¢)N1118e pol ynucl eotide according to claim$8
wherein the p%ﬁ&gﬁ.l e nilld? encoges, an .
LIEIIOUCS. of amoxycillin is injected IM immediately before the procedure

and once a day for 4 days afier the procedure.

20 Anesthesia: Pre-medication: 0,05 mg/kg xylazine followed by ketamine-diazepam.

-y (4mgfkg and 2mg/kg IV) is admimistercd IM.
- Surgery and Implantation: -
The basic surgical procedure is identical for all subjects. All surgeries are
performed under strict asepsis. Peri-operative antibiotics are dosed. IM at 2.4 miilion
| 25 units of Penicillin procaine (40,000 units/kg SID) at the beginning of the proéedure.
Anesthesia is induced with xylazine 0.05mg/kg IM followed by ketamine-diazepam
(4mg/kg and 2meg/kg IV). The subject is intubated in ventral position and then
positioned to left recumbency. Anesthesia is maintained with a gaseous mixture of
Isoflurane and oxygen. Analgesia, carpiofen 2-4mg/kg SQ, SID.
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FGF-2 variant, having activity at |least 2-fold the acti YiNoVerfder b3 Nati ve
FG-2 in terns of 20 proliferation induced by the variant in FG-R bearing
cells. 14. The pol ynucl eotide according to claim 13 wherein the FGFR i s
FGFRL. 76 9 Novenber 2006 15. A pharmaceutical conposition conprising as
an acti veWheH08e#ent at | east one variant of FGF-2 havPeiiasadsgast one
am no acid sybstitution in the beta 8-beta 9 |oop, said FG--2 vari ant
char act er | zelapvgstRrocedizest one of the fol | ow ng attributes conpared to the

~correspondi ng W |"thetRRalehosch BRRANGEdSREGLLLLLLY: f.ar on ecept or
subtype; 5 i&grﬁasg _ bi gl%ﬁocglcgactl‘?/%%/ rre’g?tﬁff"{é%ﬂ%'?mﬁf’nin%‘gs‘%m’b recept or
subt ype wi t h*8GLPRethist pf Bie Tef} Eanme de) thedevel iof the riibidl plateah ddir s2rtgh tamet her

receptor subigfist si@$FARe Bblaladpfnb.Nitishetiiis 3l .0 r tor suhtype;
i ncreasedgcel | ‘gé‘dO{?: ferat] o?lgprredi ast &d Fhreéﬂgg’ﬂ'ﬁ%%%ggg%“en%??“ Eﬁﬁlt e Wwherein
the at | east “ORahI HBY Acligral pasenatellan srproachsintocthe siiffsrjeint. Af imdsiaragi ne at

position 1lthadelfhrali6] to Fhelaphd bRGEH thE Bliclla bt ing to claimi15

havi ng SEQ Ipom;]%m%rs.de?): erein tlheﬁéa%pggggiﬁﬁe& gg‘”‘%@ﬁﬁ*ﬁ%ﬁ’g‘i"fﬁ i's

repl aced by an amno acid g’@l}@&‘? 3longthe qpujd border of the pigbnsiferaoriskid  The

phar maceut i cafo Bolrod iftstionf the sileqoing TR Kidopd Rindfs dodabfRBEd ﬁQ&PPﬁ+ ng at

| east one Wkéu‘a‘%ﬁ?rlllo% aﬂ%l'h?c?s‘otz)lr'owtﬂéﬁg; enh?nced yield or stability of the

variant. 15 18.. The pharmaceuticar Rnfbeareiisnthsdeitig prepdedand the m 17

havi ng SEQ Imteliolurated Dedidllyexpising Hactifid jomal conposi tion according to claim

17 havi ng SEQ | DThG, | bstitutiop of glutan ne at positions 3

and 5, and 3 gl yci.neaﬁ‘?al}t}ztﬁsﬁ%tslg%%g&atﬁeiof)%{lé’fl??%ﬁp}ﬁ’i‘.&l%e“ﬁ?@%‘ﬂa@mceut i cal

conposi t i on BEEHedin ey tight fematahsondylevh Eheslefoots ixaphiGimatelya halh dinBteh S

activity at an@apgrodmhlyd 4 Chiok Ml e.nativ Gk-2.in terns of

proliferati %nf ?ﬂﬁauce@bby _?ﬁleﬁv%erﬁé%d %\H ﬁ%t—ﬁt%éjgf}’e?f °“(‘,j§“l%lb§1?e' 71 Novenb‘er)

2006 21. TREPRAFReGU sither tsriptew] of medialcwat of thy disml alogkilenr 200ciher ei n t he

FGFR i s ISFGEEiiand&Eonfﬁbﬁidﬂé]@ﬁdﬁ@ﬁ%&%ﬁlves@éamﬁdgéfagéglisﬁcr%rdgaira{; c{ 0 _any one of
1 , ‘

-clains 15-23, ornmul ated 5 for admnistration-vi a- a
i nt r avenous ™ PRPFEATS @paratimately O mpugrie depsh. Thebamvestrdronklsl are pansfered @t hecal

routes. 23. c@henlpreanetha itthaidtc!f ORR Yaivbd: 3 AFHG L;PQ;B;I of clains
15-21 fornukated. Jl&red% gn' nistration to the si tglgo ot%ég%yﬁg'gﬁei | age
‘traumm. 24. The pharnaceutr e RO 16R adRetes ng to clai m 23 further

conpri si ng HuplamatienPricedur?5. Use of an FGF-2 variant having at |east one
am no agpd. substyluf .o, (ﬂfe&thllsa cxbegkg n§ the right femoral condyle. The defects are
approximately 5 mm in diameter and approximately 2.5 mm in depth, and pass into the
subchondral bone. The defects are made on either the lateral or medial wall of the distal

~ trochlear sulcus dependent on individual anatomy. Each defect is filled with the
appropriate test article.

25 The surgical approach_consists of a curved, lateral skin incision made from the )
distal one-third of the left femur to the level of the tibial platean and across to the a
medial side of the tibial spine. Using this method, the skin is blunfly dissected and
tetracted to allow a lateral parapatellar approach into the stifle joint. An incision is
made parallel to the Iateral border of the patella and patellar ligament, This extends

30  irom the lateral side of the fascia lata along the cranial border of the biceps femoris and
into fhe lateral fascia of the stifle joint. The biceps femoris and attached lateral fascia
are retracted allowing exposure to the joint capsule. The joint is extended and the
patella luxated medially exposing the stifle joi/nt, .
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beta 9 |oop, said FGF-2 variant characterized in at |eagy.fePhodshe

followng attributes conpared to the corresponding wld type FG-- 2:

enhanced specificity for one receptor subtype; increased biol ogical

activity | ated by at | east one receptor subtype with 15 equival ent or
pevid

reduced act UMYY*Rdi at ed t hrough anot her receptor subty HPPEAc ed
ubtype; increased cell proliferation

affinity to at le ne receptor s . ]
medi at ed t hrough aﬁtﬁlé&lgg]ﬂe@ﬂ?'ﬁ&@u%%@eﬁ@mRWE1%%?@%@?%%?%@%& canent
for the treat indofeof onathel B EEALslONE afdi iGAHHGT 2l Ghatted FrithQ HAPIaRE;, ADNOT Mal

- Fi broblast & tor. receptor 2. 78 9 Noyenher 2006 26. Use according
to claim?25 ogi tﬁg%é—ggﬁi ?/agtg?gﬁ?é%fs USRS o stier %‘f”‘q%'a‘i’ fartilese Qg dager and 27, Use
accordi ng to @esinitcatng off the bartilpgee pHcaipprosinak Smmedbifdadretie e it hedt r eat ment
of skeletal difp . e accarding t im27.far. the preparation
of a medi cament t%%ré?mctﬁagé%rﬂ}%n% ncoga ﬁlgm?tglgg‘imﬁlé%t?%%a & growth
processes, caP#Pindigiiarfe diet tangont of Ggailcus. Fde cids of mbcondialigns mdakailige 25 f or

t he prepar atigwﬂhlﬁ;@é&%@ﬁ%wcﬁﬁﬁ?gﬁd&gﬂ %y%%ﬁc%gﬁ%gsses. 30.

Use according to claim?25 for the prepa t he
sel ection, 16PPlY dissevied wish 2 Sralpel Pleds: elfineeded, onbanflhelt powens deill willba 20 25

79 9 Novenber s 20ty dsibmod iPhiP 9ol 1 Blafis U Glcb o oo Bl el Vol FOF- 2
pol ypepty%, f%%m a@emto en.to a differentiation factor or Troma

di fferentiati SN FACTEP B3t hprpvidiana mychyaiend fogk with thg matris ant  havi ng at | east
one am no aci d sullhé cdrtithpeOdetectsdiedoopidfstP Bhdhe By kidrild siO Brif to SRbeod G- 2

pol ypepti de. The .met.hod according to c¢claim31 wherein the - has SEQ
I D "~ NOS: 1- 5. e tes aitics. ﬂeﬁ?ﬁm@”ﬁ&%&’ﬁ‘@%‘ﬁb@%@@?ﬂd@ﬂ%@t weirihatiit A3/ 00379

Organi zat i on Applitiecdthtthe susrounding cartilage and-covered wifb BiSl6icA GBS nkdiigin 10 LY -
REHOVOT St at Place. A final saline flush of the joint is carefully done. The patella is then reduced and
15  the joint moved through a complete range-of-motion to ensure that there is no
impingement due to the implants. This is followed by routine closure of the joint in
three or four layers vsing appropriate sufure material. ‘
| Post operatively, 2 modified Thomas splint is applied to the leg. This remains in
~ place fo_r 2 weeks to limit flexing of the operated knee. Post operative checks are made
20  for any animal displaying signs of post operative discomfort. Post operative analgesics
are given for 5 days if the animals display any signs of distress of discomfort, All
treamlents are recorded in the appropriate study documentation. '
Necropsy
Animals are humanely sacrificed at 12 weeks postoperatively. Bodyweights are
25  rtecorded immediately prior to sacrifice. Deep anesthesia is induced with a mixture of
ketamine-xylazine and the subject exsangninated according to the guidelines set forth
by the AVMA Panel on Euthanasia (JAVMA, March 2000). gy
Gross evaluation and sample collection as described in Table 4 are performed.
_ .Lymph nodes in close proximity to the joint isexamined, The art.iculaﬁhg surfaces
30  opposing the defect sites are examined for any abnormal joint surface, Additionally,
gross evaluations of the knee joints is made to determine the cartilage repair based on -
previous scoring criteria listed in Table 4, Femora, patellae, synovium, and popliteal

Iymph nodes are harvested and placed into appropriately labeled containers.

S
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Country : | SRAEL . Postal Code 76114 PhoneNunber : 972- 8N3&nt2PBsbsFaxNunber
1 972-8-931-8848 Email Address <110> Organi zati onName : PROCHON Bl OTECH

LTD. Individual Applicant -------------------- Street SITRIA 104 City .
MOSHAV- SITRIA State : Country : |SRAEL Postal Code : 76834 PhoneNunber
FaxNunmber woHisao4888idr ess <110> Last Nane : YAYON <110> PBcraiddaoso: AVNER
<110> Mddlelnitial <110> Suffix : Individual Applicant VOHANAN
----- Tmmediately Sl tissoNaFks ;%L‘@M%%ﬁ%calgxﬁdﬁnahoméyg)er

State Countr RAEL Post al honeNunmber FaxNu
Emai | Addr ess¥“rkaf‘1’6 ’t%@tdrﬁﬁ'éeg%gﬂemnd ehpiqgeaphic recpnds radeiREaqh speeings.

Mddl el nitial <110> Suffix Application Project ------------------- <120>
Title : FGF VARI ANTS AND METHODS FOR USE THEREOF <130> AppFil eReference :
PRO- 018- PCT
5
Table 4: Gross Evaluation and Sample Collection
Sample Eross Sample hotograph
valuation [collection d Score

[Heart

[Lungs

Kidneys

Spleen

apliteal lymph nodés X X
ee joint (includes X X X
articulating defect site) }
Gross Moxphological Observations B

After collection of the knee joints, the joints are opened, photographed and the

surface of the defect site scored as indicated in Table 5. The synovlal membrane

16 isexamined for any inflammation. Joint fluid is collected and analyzed. '
Table 5: Scoring Criteria for Gross Morphological Evaluations

Characteristic Grading Score
[Edge Intogration uli 2
(new tissue relative to native cartilage) Eart:al i
- 0
Smoothness of the cartilage surface Smooth 2
Intermediate 1
[Rough 0

Cartilage surface, degree of filling {Flush: 2

‘ ' Slight depression 1 \:)

. ' Depressed/overgrown 0 -
Color of carl:ﬂage, opacity or Transparent 2
translucency of the neocartilage Translucent 1
¢

Opaque
Histology and Histologicel Evaluation |
| Irmediately after dissection and following gross joint surface observations, the
joints isplaced in 10% phosphate buffered formalin (at least ten-fold volume) for at least
15 48 hours and sent for Instologlcal processing. After fixation in 10% phosphate buffered
.formahn, the specimens is grossly trimmed to remove extra tissue. The tissue blocks

72-




 <140> 'CurrentAppNunber . PCT/ 1 LO3/ XXXXX <141> Current thbmpg)oe

2003-05-09 . Earlier Applications -------------------- <150> Pri or AppNunber

| L149562 Page 1 9 Novenber 2006 WO 03/094835 PCT/1103/00379 <151>
2002- 05- 09 Sequence <213> Organi smNanme : HOMO SAPI ENS

PriorFilingDate :

<400> Preé&h@é’ﬁ‘t"é%tru ng MAAGSI TTLP ALPEDGGSGA FPPGHFKDPFC L YAMeREGF
LRI HPDGRVD GVREKSDPHI . 60 KL QAEERG WSI KGVCAN RYLAMKEDGR LLASKCVTDE
CFFFERLESN X¥KFYrspieyimatehyl an@mﬂmfh@zmmﬁmﬂs 155

<212> Type : oﬁE‘ﬂ'to%ﬂaheLﬂﬁﬁt grossl}lSSCmeﬂ% 1“ §g%_gglo—'eat ureKey :

Se uenceDescrl tlon ure uence: SEQ ID
MqSC FEATURE® ?_“68 %‘ﬂi‘% . 111 <222> LocationTo : 111 O her

- : ed fromRor G
DSdoin ¢ Mo ée;@uﬁé&%equee%c“ﬁ% 1 ek el o etbe fesgiitens SC
FEATURE 222 sestiong gsstiics pdtpdete debdlcifiadian: (e abringhed GecalcifidatiofishiRferhindaor mat i on :
X is other than,N;and 1%}%1%9&%5&? an efhanofl lseen%g gndd IJJIa emgedd%. The

specimens issectioned to 5-10 pm. One section is stained with H&E and another
sequential section with Safranin O counter-stained with Fast Green. For histologic
analysis of the sections, the scoring scale according to Frenkel is used.

10 Histological evaluation is performed to measure the following parameters:
 Characteristics of the neo-formed tissue, regularity of the joint swrface of the
regenerated tissue, structural integrity and thickness of the regenerated tissue,
endochondral ossification and state of the cells in the remalmngcaru}age

15 Example 14: Pharmacokinetics

Methods for detecﬁng administered compounds in the blood or tissue of treated
mammals are known in the art. The pharmacokinetic properties of the administered
‘compounds are determined using such methods. In animal models, radiolabelled
oligonucleotides or peptides can be administered and their distribution within body

20  fluids and tissues assessed by extraction of the oligonucleotides or peptides followed by
autoradiography (Agrawal et al PNAS 88,:7595,1991). Other methods include labeling
‘of a peptide with a reporter moiety, including fluorescent or enzyme labels,
administration to an animal, extraction of the peptide from body fluids and organs
followed by HPLC analysis. Alternatively, immunohistochemical methods are used for

25  detection of the administered peptide in tissue. The present invention contemplates -
reporter labeled FGF polypeptides and chimeras, fusion protein, hybrids and conjugates

using the same,

Example 15: Effect of Variants on PC12 Cells

30 To investigate whether neuronal PC12 cells respond differently to the FGFs and
FGF variants, cells were exposed to FGF-Z, FGEF2-N111R, FGF-9 and FGF9-W144G.,
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CDSJoin : No Sequence <213> Organi smNane : HOMO SAPI ENS NoveheHer 2006
PreSequenceStri ng MAAGSI TTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRI HPDGRVD
GVREKSDPHI 60 KLQLQAEERG WWSI KGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN

- RYNTYRSRKY 120 TSWYVALKRT GQYKLGSKTG PGQKAI LFLP MBAKS. 155 <212_> Type :
PRT <211wo@esgtdss: 155 SequenceNane : SEQ ID NO 2 SeqeenseBesxsi ption
Page 2 9 Novenber 2006 WO 03/094835 PCT/1L03/00379 Sequence <213>

Organi smNane : HOUBR BAE EiSline<480 oriffiali$eqpied Gest 4 lu@ﬂs;MééﬁSIrﬁTH?eﬂﬁ_PEDGGSGA

RVLAVKEDGR L AC oy Bl bt T Rl e v o O MK R GYREGSTG
_ PGQ(AI LFLP I\/SWGEGQ V@ﬂg% Bpyse @erumPS fetad&ﬂiseori;m,g%i()hnﬁﬁﬁl mﬂ:ﬂﬂfﬂ @ﬂgligf E;\]SSEQ
<4005 Pr %ﬁgﬁi‘%@%ﬁ#ﬁg%@ i e g S TR
LRI HPDGRVB GvREKSpbaivest §iy alldheyalidmer wesvasvOnth RES-EDREDER: b SR TDE
CFFFERLESN X¥biledBSRHY centrafzl Y ik BhoRKRRKEE HaALLExR AR
DMEM and plated. _ |
After 3 days in culture, both FGF-2 and FGF-9 induced neuronal differentiation at
a similar level, as determined by the observation of neurite extensions. Close
10 observation of the cultures demonstrated that the length of the neurite outgrowth
g induced by FGF-2 was typically longer than that induced by FGF-9. Importantly, the
variants induced an inverse effect when compared to their wild type counterpart. While
FGF2-N111R was more potent, as determined by the number and length of the neurite / )
extensions, than FGF-2, FGF9-W144G had the weakest activity of all tested ligands
15 exerting minimal differentiation even at the highest concentration employed (40 ng/ml).
Thg introduction of a mutation in the B8-B9 loop of the FGF-2 and FGF-9
ligands resulted in polypeptides having a selective effect on the cells in culture. |

‘While the present invention has been particularly described, persons skﬂ]ed in the art

20 will appreciate that many variations and modifications can be made. Therefore, the
invention is not to be construed as restricted to the particularly described embodiments,
rather the scope, spirit and concept of the invention will be more xeadiljr understood by

reference to the claims which follow.




155 <212> Type : PRT <211> Length : 155 SequenceNane : gRofmtder didsd
SequenceDescription Feature Sequence: SEQ ID NO 4: <221> Feat ur eKey : MSC
FEATURE <222> LocationFrom 111 <222> LocationTo : 111 CGher Information :
X is other than N and nore preferably s elected fromR or G CDSJoin : No
Sequence <213> Organi smNane : HOMO SAPI ENS <400> PreSequenceString

MAQGQ T DGGSGA FPPGHFKDPK RLYCKNGGFF LRI HPDGRVD GVREKSDPHI 60
KLQLQAEERG VVS|I KGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN GYNTYRSRKY 120
TSWYVALKRT Acariantek FEFEEmving FpagyoaR 8mind Beid 2abstitilignan thehfa 842149 Lengt h

155 Page[ggyagszﬁﬁ’vlf(ﬁ@-ﬁr v%?a%@ ch cg%égdg ?’1? 3 1P§sl-/djj%gﬁf g%ﬁ?abo"%%% E ?’IrrEN:S SEQ

I D NO: 5 uenceDescCri ption equence

guen
<400> Preggguenoabt conegpbRGRETARMApé FBAVL:LéhhnAR 1Y AfoRBhARN o
AELERRVESL VALSLARLPV I)O_AAQDKEAAVQ SGAGDYLLE KRLRRLYCNV d GFHLQALP
DGRI gsm&by‘??éd@ﬁ[eeﬁﬁpblo oEtr A/ BRENAYSIEdatgA Inr rv s WEWW@E@%?KEI
LLPNXYNAegivaldit! BEYEdRed ]a%gvity mediated through another receptor subtype; enhanced

affinity to at least one receptor subtype increased cell proliferation mediated through one
receptor subtype; and wherein the at least one amino acid substitution is replacement of

asparagine at position 111,

10 2.  The variant according to claim 2 having SEQ ID NOS:2 or 3, wherein the
asparagine at position 111 is replaced by an amino acid selected from glycine or

. arginine.

3. The variant according to claim 1 further comprising at least one additional

mutation providing enhanced yield or stability of the variant.
15 4. The variant according to claim 3 having SEQ 1D NO:4.

5. The variant according to claim 3 having SEQ ID NO:5 having a substitution of

glutamine at amino acid positions 3 and 5, and a glycine substitution at position 111.

6.  The FGF-2 variant according to claim 1 wherei_n the FGF-2 variant has activity at
least 2-fold the activity of the native FGF-2 in terms of proliferation induced by the
20 variant in FGFR bearing cells.

7. The variant according to claim 6 wherein the FGFR is FGFRI1,
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LSKNGKTKKG NRVSPTMKVT HFLPRL 206 <212> Type : PRT <2ldR.JeRB&idbos 206
SequenceNane : SEQ ID NO: 6 SequenceDescription : _Feature Sequence: SEQ ID
NO 6: <221> FeatureKey : M SC FEATURE <222> LocationFrom: 165 <222>
LocationTo : 165 O her Information : X is other than N and rmreogref erably
G CDSJojn : No Sequence <213> O ganismName : HOMO SAPI ENS <400>

Pr eSeque%ceS%rH%umml&/wl%@m FYFi2chaRaRlergNvE @pind. @id PDGRI

TRDS.. C VAVES PEET EKEL LLPN

YNAYESY 0 A SO G ORI £ T T a iy esd WL R ORs 8L ey

<211> Léhgtthllowihg2at@bgtes noeddane to EEQ.:dr&Sf)@ldéan §GE§$%@R§&E@;%%FZ I;:ﬁ{%rfggc%i gﬁg g:n e
. . 7: Key .. M S Al .

SE1E < 3ps el fon i rsc U FEDBPReicl et HalGEBAT RN OTHERCS ReriNFdhd nor o

preferaking fecedtddl SHR)p,au8 équ?vam\f%?bl%ﬁuégogcg&% @%ﬁ%&ﬁgﬁguwgﬁh@?/ 00379

CDSJoin : No Sequence ~<213> Organi smNane
receptor subtype; enhanced affinity to at least one receptor subtype; increased cell

proliferation mediated through one receptor subtype and wherein at least one

substitution is replacement of a codon encoding asparagine at position 331.

10 9. The polynucleotide according to claim 8 having SEQ ID NOS: 19 and 20 wherein
the codon encoding asparagine at position 331-333 is replaced by a codon encoding an

amino acid selected from glycine or arginine.

10.  The polynucleotide according to claim 8 encoding a variant further comprising at
least one additional mutation- providing enhanced yield or increased stability of the

15  wvariant.
11.  The polynucleotide according to claim 8 having SEQ ID NO:21.
12.  The polynucleotide according to claim 8 having SEQ ID NO:22.

13.  The polynucleotide according to claim 8 wherein the polynucleotide encodes an
FGF-2 variant, having activity at least 2-fold the activity of the native FGF-2 in terms of
20  proliferation induced by the variant in FGFR bearing cells.

14.  The polynucleotide according to claim 13 wherein the FGFR is FGFR1.
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<400> PreSequenceString MAPLGEVGNY FGVQDAVPFG NVPVLPVDSE N

EAGGELPRGPA VTDLDHLKGA 60 LRRRQLYCRT GFHLEI FPNG Tl QGTRKDHS RFG LEFI SI
AVALVSI RGVY DSALYLGWE 120 KGELYGSEKL TQECVFREQF EENXYNTYSS NLYKHVDTGR
RYYVALNKDG TPREGTRTKR 180 HQKFTHFLPR PVDPDKVPEL YKDI LSQS 208 <212> Type :

PRT <21 L : S Name :. SEQ I D NO.8 .Seguenc scription
Feat ure é%q ug &%{gﬁngﬁé{??% %%&@gﬁgﬁ 2@@1151@%%%%?0@%%%1%%5? £857>

Locat i onfariant of BGB-2RR 2w holeadtica hehino 2dd sEhdnaktidnhQheBbt ®bela bSody, her t han
Wand nore preferaply s elected fromG R _E or V (W44X) CDSJoin : No

Pat ent ssé‘éﬂxgﬁg“ez. vasiag) chgragieryed @b leasti ane of thenfolipwing afibaser Somparedito W TH

: ' . <309> ryDate . - -
3105 boeRensodliy FH8 n RAnCEs SR B oo R R Sy 51 o
PubDét e inci2a@d-bidogital acBdifrmediated byht kadtIme Tﬁceféttoi SibtyEerie B@é!;&lf% bs>
i X S ring : M3QS
RCPAVT DL B P P e H RSSO RS R et SO TR PERAEL VS
| RGVDSGlofle reddf slbtyfe; Hhetbaselr et Fp AR RN bl déP altbudi Bhe rkébtor subtype

wherein the at least one amino acid substitution is replacement of asparagine at position
111.

10 16. The pharmaceutical composition according to claim 15 having SEQ ID NOS:2 or
3, wherein the asparagine at position 111 is replaced by an amino acid selected from

glycine or arginine.
17. The pharmaceutical composition according to claim 15 further comprising at least
one additional mutation providing enhanced yield or stability of the variant.

15 18. The pharmaceutical composition according to claim 17 having SEQ ID NO:4,

19.  The pharmaceutical composition according to claim 17 having SEQ ID NO:5
having a substitution of glutamine at positions 3 and 5, and a glycine substitution at

position 111,

20. The pharmaceutical composition according to claim 15 wherein the FGF-2 variant
20 has activity at least 2-fold the activity of the native FGF-2 in terms of proliferation
induced by the variant in FGFR bearing cells.
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DTGRRYYVAL NKDGTPREGI RTKRHQKFTH FLPRPVDPDK VPELYKDI LS ¢Jovehber id0ge 5 9
Novenber 2006 WO 03/094835 PCT/ 1L03/00379 <212> Type : PRT <211> Length :
172 SequenceNanme : SEQ ID NO 9 SequenceDescription Feature Sequence: SEQ
I D NO 9: <221> FeatureKey : M SC FEATURE <222> LocationFrom: 108 <222>
LocationTo : 108 O her Information : X is other than Wand nore preferably

s. el eciied THeOBMSEN. (0] 4 ¢ Sht SEQ ID
No o canss THeOPhdana ChutiGeiDboukbrsiie dbbofding @ Maim' D0 iR §E§mq$v <308>

DBAccessi@unber : <309> DBEntryDate : - - <310> DocNunber
-02/ 3-6-732- <311> PatentFilingDate : 2001-10-18 <312> PubDate :
2002- 05-200 d3kFhafmapgutical comBdsgttonTacording?to aSgque e elain 1821 BrgatiedNane

HOVD_SAP ENS <400> PreSequenceString : MOLYCRTGFH LE| FPNGTI Q GTRKDHSRFG
| LEFPSI AYG VipL CRERGE faéoqEWENESTQ@ traprRE R ERPRRRRYRISNL Y

KHVDTG?R;(%&@A{;,MKQG}{EB}IE@[%[{@HQ( 120 FTHFLPRPVD PDKVPELYKD | LSQS 145
<212> Type : PRT ° _ <211> Length : 145

23. The pharmaceutlcal composition according to anyone of claims 15-21 formulated

for administration to the site of bone or cartilage trauma.

24. The pharmaceutical composition according to claim 23 further comprising a

10 mairx.

25. Use of an FGF-2 variant having at least one amino acid substitution in the beta 8-
beta 9 loop, said FGF-2 variant characterized in at least one of the following attributes
compared to the corresponding wild type FGF-2: enhanced specificity for one receptor
subtype; increased biological activity mediated by at least one receptor subtype with
15  equivalent or reduced activity mediated through another receptor subtype; enhanced
affinity to at least one receptor subtype; increased cell proliferation mediated through
“one receptor subtype for the preparation of a medicament for the treatment of a disease

or disorder related to normal or abnormal Fibroblast Growth Factor receptor 2.
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SequenceNanme : SEQ ID NO 10 SequenceDescription PatendnySeauensgs SEQ ID
NO 10: <302> Title : ACTIVE VAR ANTS OF FGF WTH | MPROVED SPECI FI CI TY
<308> DBAccessi onNunber <309> DBEntryDate : - - <310> DocNumber : WO

-02/ 36-73-2- <311> PatentFilingDate : 2001-10-18 <312> PubDate 2002-05-10
<313> From 1 Page 6 9 Novenber 2006 WD 03/094835 PCT/L03/00379 <313> To :
145 SequéfceUsetaedin tgahiimASafthe FEOUR SAR FENBy o600t aiRlsa1 geString
MALYCRTGFH LEI FPNGTI Q GTRKDHSRFG | LEFI SI AVG LVSI RGVDSG LYLGWEKGE 60

L YGSEKLTZE QUEREChy mmaswmg&ygﬁmmymmmo%%&m of 120
FTHFLPRE%IE&) Pl?g\,/PE YKD | LSQ@S 145 <212> Type : PRT <211> Length : 145
Sequenc A EEFGer$- NO: 11 SequenceDescription Feature Sequence: SEQ I D
NO 11: <221> FeatureKey : M SC FEATURE <222> LocationFrom: 81 <222>

- Locat’i ord® :Uspracorbing fnelsimed7 for the Yrémraioherf 4 nsedicahandtarproendse ef er abl y s
?l ect edég&?@ﬁ?ongﬁagmpé’ he\élirgé/\,lé(ﬁl)é)gr% p%Qesées,NcOartilasgquqrg\rn]/%heo;r%%gE Organi smane

29.  Use according to claim 25 for the preparation of a medicament for enhancing

wound healing processes.

30. Use according to claim 25 for the preparation of a medicament for the selection,

10 - proliferation or differentiation of stem cells.

15

20
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<400> PreSequenceString MALYCRTGFH LEI FPNGTI Q GTRKDHSRFGbIJAEeSOYG

LVSI RGVDSG LYLGWEKGE 60 LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDTGRRYY
VALNKDGTPR EGTRTKRHQK 120 FTHFLPR 127 <212> Type : PRT <211> Length :
127 SequenceNane : SEQ I D NO 12 SequenceDescription Patent Sequence: SEQ
- 1D NGO 12: <302> Title : ACTIVE VARI ANTS OF FGF W TH | MPROVED SPECI FI CI TY

<308> DBAccessi3pn Nkrm&ﬁ"ﬁq‘%am%%ﬁ eoly aléFGg ?%1’% l}%a :

02/ 36732 <311> PatentF Dat e_: 002'05 10
<313> From 1 Pé‘a@g%“@ @Of\ﬁ@mﬁ %@Borp%ztrtpmm/ 00379 <313> To
: 127 Sequence mitsg aSPIRE B0 acQ0mtRkisPeduencesSt ri ng

i\/Q_YCRTGFH LEI EPN SRF AYG LVYSI RGVDSG LYLGWNEKGE 60
LYGSEKLTQE wp%é%ﬂ%%ﬂ& P%hws SNKDGTPR EGTRTKRHQK 120
FTHFLPR 127 <212> Type PRT <211> Length : 127 SequenceNane : SEQ I D NG 13
SequenceDescription Feature

32. The method according to claim 31 wherein the FGF has SEQ ID

NOS:1-5.

80




Sequence: SEQ ID NO 13: <221> FeatureKey : M SC FEATUREg Ngvetdbar kgtgat | onFrom
: 81 <222> LocationTo : 81 OQher Information : X is other than Wand nore
preferably s elected fromG R E or V (W44X) CDSJoin : No Sequence
<213> O 93ph% :- HOMO SAPI ENS <400> PreSequenceStr%gg YCRTGFH
LEI FPNGT1 Q GT RFG | LEFI SI AVG LVSI RGVDSG LYLGWNEKGE - %LTQE
CVFREQF AW DT Y SSNLY, %‘5 YY VALNKDGTPR EGTRTKRHQK 120 FTHFLPRPVD
PDKVPEL -LLSCS. _'1.4 >-Type : PRT <211> Length : 145 SequenceNane :
SEQ I D NO 14 sbeasencefmsss iqRigbon  Feature Sequence: SEQ ID NO 14: <221>
Feat ur eKey: Nt@gyFEAﬁﬁRﬁmm;222> Locati onFrom : 80 <222> LocationTo 80 O her
Information :swhegejn X is other than N and nore pref erably S (N143X)
CDSJoi n No PageuStfy Noveyraer, 2006 WO 03/ 094835 PCT/1103/00379 Sequence
<213> O gani shdlat®l CoddOMO78ARKENS <400> PreSequenceString : MALYCRTGFH
LEI FPNGTI Q GTRE@SRIbdn EFI0SRAYGokVShd%9/DSG LYLGWNEKGE 60 LYGSEKLTQE
CVFREQFEEX WREMSSNbar KHYDTGRRYY1 Vg NKDGTPR EGT RTKRHXX 120
EmailAddress :
<110> OrganizationName : PROCHON BIOTECH LTD.

Individual Applicant
Street : SITRIA 104
City : MOSHAV SITRIA
State :
Country : ISRAEL
PostalCode : 76834
PhoneNumber : :
FaxNumber : e
EmailAddress :

<110> LastName : YAYON

<110> FirstName : AVNER

<110> MiddleInitigl :

<110> suffix :

Individual Applicant
Street : GANEI YOHANAN 160
City : MOSHAV GANEI YOHANAN
State : :
Country : ISRAEL
PostalCode : 76922
PhoneNumber :
FaxNumber :
. EmailAddress :
g;g . <110> LastName : BOGIN
- <110> FirstName : OREN
~ <110> 'MiddleInitial :
©:<110> Suffix :

Application Project

<120> Title : FGF VARIANTS AND METHODS FOR USE THEREOF
~<130> AppFileReference : PRO~018~PCT
' <140> CurrentAppNumber : PCT/ILO3/XXXXX
- <141> CurrentFilingDate : 2003-05-09

Barlier Applications

<150> PriorAppNumber : IL149562

Pége 1




FTHFLPR 127 <212> Type : PRT <211> Length : 127 Sequeggehiaimer 2008EQ | D
NG 15 SequenceDescription Feature Sequence: SEQ I D NO 15: <221>
FeatureKey : M SC FEATURE <222> LocationFrom: 80 <222> LocationTo : 80
QO her Information : wherein X is other than N and nore pref erably S
(N143X). vo8Bepr4833 No Sequence <213> Organi smNanme | HOROI/BABOENS <400>
PreSequencestri ng MQLYCRTGFH LEI FPNGTI Q GTRKDHSRFG | LEFI SI AVG LVSI RGVDSG
L YLONEKET > GQ-ilo¥@PEKL Okt £VIEREGHERS - XNUNTYSSNLY KHVDTGRRYY VALNKDGTPR
EGTRTKRHQK 120 FTHFLPRGGG GLSKGCFGLK LDRI GSMSG. GC 152 <212> Type : PRT
<211> lsmgidnce 152 SequenceNane SEQ I D NO 16 SequenceDescription Feature
Sequence:—-SEQ- D NO 16: <221> FeatureKey : M SC FEATURE <222> Locati onFrom
. 81 <222534 dugkinosi¥ame8]1 HOMersArFENSTation : X is other than Wand nore
pr ef er abi30>s PrelSegedckfomBy R, E or V (W44X) CDSJoin : No Sequence Page
.9 9 NOWAEFETTZF0BLPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD GVREKSDPHI

60

KLOQLOABEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN XYNTYRSRKY
120
TSWYVALKRT GQYELGSKTG PGOQKRAILFLP MSAKS
155
<212> Type : PRT
<211> Length : 155
SequenceName : SEQ ID NO:1
Sequencebescription :

Feature .
_______ . .
. Sequence: SEQ ID NO:1: ez,
<221> FeatureKey : MISC FEATURE
<222> LocationFrom : 111
<222> LocationTo : 111 :
Other Information : X is other than N and more preferably s
elected from R or G. '
CDSJoin : No

Feature

Sequence: SEQ ID NO:1l:

<221> FeatureKey : MISC FEATURE

<222> LocationFrom : 111

<222> LocationTo : 111 o
Other Information : X is other than N and more preferably s

elected from R or G. : .
ChSJoin : No

| )
Sequence ’ ' e
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
MAAGSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGEF LRIHPDGRVD GVREKSDPHI
60
KLOLOARERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN RYNTYRSRKY
120
TSWYVALKRT GQYRLGSKTG PGQKAILFLP MSAKS
155
<212> Type : PRT
<211> Length : 155
SequenceName : SEQ ID NO:2
SequenceDescription :

: Page:z




WD 03/ 094835 PCT/ u03/ 00379 <213> Organi smNane : HOMO SARLEN®e<3H0>
PreSequenceString : MASKGCFA. KLDRI GSMSG LGCGEEEEEG GQLYCRTGHFH

LEI FPNGTI Q' GTRKDHSRFG 60 | LEFI SI AVG LVSI RGVDSG LYLGUNEKGE LYGSEKLTQE
CVFRECFEEQ”&%Q&;F@?NLY 120 KHVDTGRRYY VALNKDGTPR EGTRTK F%&mﬁggg}PR 157
<212> Type : <211> Length : 157 SequenceNane : SE L7 _
Sequenceg Eption Feature Sequence: SEQ I D NO 17: <221> Feat ureKey :

M SC FEA%%%%__QZD Locati onFrom: 111 <222> ]Ic_oca'ltoi onTo :Ill'} gxper & R
| nf or mat : 1S5 S th re preferably s electe rom S
Eor V E\%\%Eﬁ)@fﬁ%}_@daégt@gg%é\éﬁéﬁg%@zls> Organi smName : HOMD SAPI ENS
<400> PrRBCSYBRCE AIFHIGCB6A0 6hAGE AU SE URRECFRCHSH 1 SEHEREHR
aggat ggcgg caggggcgcc 60 ttcccgececcg ggcacttcaa ggaccccaag c
gcaaaaarpgLOgeRd Oiisa KGYRANCRIEACAISER 3GRCREIPEE SFEAMLLAF &9?9&&{2@?9
agaagagcga ctezg cacatc 180 aagctacaac ttcaagcaga agagagagga gtfgtg a

t caaaggASHY GARRIC IGTAKI.GRADGCoghReri |t ¢sakgaagga agat ggaaga ttactggcett
ctaaat gt gt thegggatgag 300 iV tgtttctttt ttgaacgatt ggaatctaat nnntacaata
cttaccggit2: dijgamat #aRT360 accagttggt atgtggcatt gaaacgaact gggcagtata

aact t gogt2tlxdasaidgga 15820 _
SequenceName : SEQ ID NO:3

SequenceDescription  :

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

MAQGOITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD GVREKSDPHI

60 e
KLOLOAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN XYNTYRSRKY
120
PSWYVALKRT GQYKLGSKTG PGQKAILFLP MSAKS
158

<212> Type : PRT

<211> Length : 155
SequenceName : SEQ ID NO:4
SequenceDescription :

Feature

Sequence: SEQ ID NO:4:

<221> FeatureKey : MISC FEATURE

<222> LocationFrom : 111

<222> LocationTo : 111 ) :
_ Other Information : X is other than N and more preferably s
P elected from R or G. ‘
e CDSJoin : No

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString : ‘

MAQGQITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFFE LRIHPDGRVD GVREKSDPHI

60 , L
* KLOLOAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN GYNTYRSRKY

120 , S ' :

TSWYVALKRT GOYKLGSKTG PGQKAILFLP MSAKS
155

<212> Type : PRT

<211> Length : 155
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cctgggcaga aagctatact ttttcttcca atgtctgcta agagctga 46fovedberobgpe : DNA
<211> Length : 468 SequenceNane : SEQ I D NO: 18 SequenceDescri ption

Feat ure Sequence: SEQ ID NO 18: <221> FeatureKey m sc feature Page 10 9
Novenber 2006 WD 03/094835 PCT/ 1L03/ 00379 <222> LocationFrom: 331 <222>
Locati onTegi 03884334 her Information NNN is other than a eed@uvseaddng for As
n (AAT or Aﬁ(j or a stop codon and is nore preferably a codon cod 1ing for
am no acid JanEPSIOE sCustom Codon ------------ Sequence
Name SEQ ID @é‘ énc BUYEPES: %%; > ganlsnhbne : HOMO SAPI ENS <400>
PreSequenceString atggctgccg ggagcat cac cacgctgccc gcccttccgg aggat ggcgg
cagcgg en@@ ttcccgcccg ggcacttcaa ggaccccaag cggctgtact gcaaaaacyg
gggcttcLLc_*lZO ctgcgcat cc accccgacgg ccgagttgac ggggt ccggg agaagagcga

ccct cacatiad> Organi8inamgct agaes Jhmaagcaga agagagagga gttgtgtcta tcaaaggagt
gt gt gctamm> %%8s@nga@égﬁmhﬁ§aigaagga agatggaaga ttactggctt ctaaatgtgt
t acggatgpGTAA0At GLPAVLIALL IAaatgahl goaaAPNGEBE ROIHREGARLA VALEBRRGDY C
t agaaaatac 300 accagttggt atgtggcatt gaaacgaact gggcagtata aacttggttc
CaaaaC&YFKEAAVQ SGAGDYLLGI KRLRRLYCNV GIGFHLOALP DGRIGGAHAD TRDSLLELSP
120
VERGVVSIFG VASREFVAMS SKGKLYGSPF FTDECTFKEI LLPNXYNAYE SYRKYPGMFIA
180
LSKNGKTKKG NRVSPTMEVT HFLPRL
206
<212> Type : PRT
<211> Length : 206
SequenceName : SEQ ID NO:é6 P
SequenceDbDescription : L

5
L Jj

Sequence: SEQ ID NO:6:

<221> FeatureKey : MISC FEATURE

<222> LocationFrom : 165

<222> LocationTo : 165
Other Information : X is other than N and more preferably G
CbSJoin : No

Sequence
<213> OrganismiName : HOMO SAPIENS
<400> PreSequenceString :
MARLPVARQP KEAAVQOSGAG DYLLGIKRLR RLYCNVGIGF HLQALPDGRI GGAHADTRDS
60
LLELSPVERG VVSIFGVASR FEFVAMSSKGK LYGSPFFTDE CTFRKEILLPN XYNAYESYKY
120 §
PGMFIALSKN GKTKKGNRVS PTMKVTHFLP RL N
152 ‘
<212> Type : BRT
<211> Liength : 152 _
SegquenceName : SEQ ID NO:7.
SequenceDescription :

(L

Feature
Sequence: SEQ ID NO:7:
<221> FeatureKey : MISC FEATURE
'<222> LocationFrom : 111
<222> LocationTo : 111
Other Information : X is other than N and more preferably G
{N165G) ' '
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420 cctgggcaga aagctatact ttttcttcca atgtctgcta agagct ganodhibersbbd> Type
DNA <211> Length : 468 SequenceNane : SEQ ID NO:19 SequenceDescri ption
Feature Sequence: SEQ ID NO 19: <221> FeatureKey : m st feature <222>
Locati onFrom : 333 <222> LocationTo : 333 QG her Information : N 1S SELECTED
FROM A, CWQP4835 cpsjoin No Custom Codon - ----------- PELUSEEE? Nane : SEQ
I D NO 19 Sequence <213> Organi snNane HOMO SAPI ENS Page 11 9 Novenber 2006
WO 03/ 094835 Fof7aim3/ 3379 <400> PreSequenceString atggctgccg ggageat cac
cacgctgccc gcccttccgg aggat ggcgg cagcggcgcc 60 ttcccgeccg ggcacttcaa
ggacccc ﬁﬁu%ﬁﬁ%tgtact gcaaaaacgg gggcttcttc 120 ctgcgcatcc accccgacgg

ccgagtt éﬁgﬁgggccg g a aaga c a ccctcacatc 180 aagctacaac ttcaagcaga

agagaga taac 240 cggtacctgg ctat gaagga
agat gg

e P bl o 8?@%%%%%}%%%86 b HoRohest
gaaacgapghy %ﬁ?t@ﬁﬁﬁk&gﬁb&ﬁﬁ&?@%m%? RGEAPIRAP D%%%%éhﬁﬁt

r—1

ttttcttcc cta agagct ga

KGELYGSEKL TQECVFREQF EENXYNTYSS NLYKHVDTGR RYYVALNKDG TPREGTRTKR
180
HORKFTHFLPR PVDPDKVPEL YKDILS(QS
208
<212> Type : PRT
<211> Length : 208
SequenceName : SEQ ID NO:8
SequenceDescription :

Sequence: SEQ ID NO:8:
<221> FeatureKey : MISC_ FEATURE
<222> Locationlrom : 144
<222> LocationTo : 144
Other Information : X is other than W and more preferably s
elected from G, R, E or V {Wl44X)
CDSJoin : No

Sequence: SEQ ID NO:8: '
<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICTY
<308> DBAccessionNumber : :
<309> DBEntryDate :
<310> DocNumber : WO 02. 36732

e <311> PatentFilingDate : 2001-10-18

b <312> Pubbate : 2002-05-10

o ' <313> From : 1
<313> To : 208

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

MGQSEAGGLP RGPAVTDLDH LKGILRRRQL YCRTGFHLEI FPNGTIQGTR KDHSRFGILE

G0

FISIAVGLVS IRGVDSGLYL GMNEKGELYG SEKLTQECVF REQFEENXYN TYSSNLYKHV
120

DTGRRYYVAL NKDGTPREGT RTKRHQKFTH FLPRPVDPDK VPELYKDILS QS
172
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468 <212> Type : DNA <211> Length : 468 SequenceNane : g {ERnibEr ek 20
SequenceDescri ption Feature Sequence: SEQ ID NO 20: <221> Feat ureKey :
msc feature <222> LocationFrom: 331 <222> LocationTo : 333 O her
Information : NNN is a codon coding for amno acid A rg. CDSJoin No

- Cust om CowOrN3/094835 - - - - - - - Sequence Nanme : SEQ I D NO 20 rS&snusmmse <213>
Organi smNanmre : HOMO SAPI ENS <400> PreSequenceString : atggctcang
ggcanat €at2x dtyget gc®BTgccctt ccgg aggat ggcgg cagcggegec 60 ttcccgeccg
ggcact t €ablydasatdaagldggcet gt act gcaaaaacgg gggcttcttc 120 ctgcgcatcc

- accccgacgg coyamengataggggt 86QLP ayxadyagcga ccctcacatc 180 aagct acaac
tt caagcaga adiyagagglegtrybyion a: t caaaggagt gt gt gctaac 240 cggtacct gg

ctatgaggga agat ggaaga ttactggctt ctaaatgtgt tacggatgag 300 tgtttctttt

tt gaacgB®¥tWghat ct aat nnntacaata cttaccggtc tagaaaatac 360 Page 12 9
hbvehber MD 03/094835 PCT/ 1L03/ 00379 accagttggt atgtggcatt gaaacgaact
gggcagt t Dcﬁ%a tagga 420 cctgggcaga aagctatact ttttcttcca
at gt ct g g MISC FEATURE

ota nFrom : 108

<222> LocationTo : 108

Other Information : X is other than W and more preferably s
elected from G, R, E or V (W144X)
' CDSJoin : No

Patent

Sequence: SEQ ID NG:9: e
<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY gﬁﬁ
<308> DBAccessionNumber : .

<309> DBEntryDate :

<310> DocNumber :; WO 02/36732

<311> PatentFilingDate : 2001-10-18
<312> Pubbate : 2002-05-10

<313> From : 1 ‘

'<313> To : 172

Sequence
<213> Organismilame : HOMO SAPIENS
<400> PreSequenceString :
MOLYCRTGFH LEIFPNGTI(Q GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
60 .
LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHOK
120
FTHFLPRPVD PDKVPELYKD ILSQS
145
<212> Type : PRT
<211> Length : 145 o
SequenceName : SEQ ID NO:10
SequenceDescription :

st
R
o

Patent

Sequence: SEQ ID NO:10:

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY
<308> DBAccessionNumber :

<3089> DBEntryDate :

<310> DocNumber : WO 02/36732

<311> PatentFilingDate : 2001-10-18:

<312> PubDate : 2002-05-10

<313> From : 1
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<212> Type : DNA <211> Length : 468 SequenceNane : SEQNRNBPdoos _
SequenceDescri ption Feature Sequence: SEQ ID NO 21: <221> FeatureKey :

msc feature <222> LocationFrom: 9 <222> LocationTo : 9 OQher Information
: NIS EITHER A OR G CDSJoin : No Feature Sequence: SEQ ID NGO 21; <221>
FeatureKey OUPYESf eature  <222> LocationFrom: 15 <222 PQTHEEY¥0EMTO 15

O her J(i ion : NISETHER A ORG CDSJoin : No Feature Sequence: SEQ
I D NIC7213 352%9 ?eé#ﬁreKey : msc feature <222> LocationFrom: 331 <222>
Locatlo To 333 Gther Information : NNN is other than a codon coding for
As usre C) or a stop codon and is nore preferably a codon cod ing

ar“ Rt S 5% R eigh?, Custom Codon - - -E-N;-;s;z“ence
tgccc.gcececttcc at ggcgg
E;gfggzgcﬁéhgonCccgcccg %@%ﬁ%%ﬁégﬁ%ﬁf&%&cﬁ&aﬁgﬁz\ew CoAhageaL

999¢t { culvespkuPos GREGHEAE XINTIREREY CHAANERY YRPRLESISY B9Ragagcga
ccctcacatc 120
FTHFLPRPVD PDKVPELYKD ILSQS
145
<212> Type : PRT
- <211> Length : 145
SequenceName : SEQ ID NO:11
Sequencebescription :

Feature

Sequence: SEQ ID NO:11:

<221> FeatureKey : MISC FEATURE

<222> LocationFrom : 81

<222> LocationTo : 81 :
Other Information : X is other than W and more preferably s

elected from G, R, E or V (W144X) : '
CDSJoin : No

Sequence
<213> OrganismName : HOMO SAPIENS -
<400> PreSequenceString :
MQLYCRTGFH LETFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
60
LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHQK
‘ 120 .
FTHELPR
- 127
ey <212> Type : PRT
R <211> Length : 127
SequenceName : SEQ ID NO:12
SeguenceDescription :

Sequence: SEQ ID NO:12:

. <302> Title : ACTIVE VARTANTS OF ¥GF WITH IMPROVED SPECIFICITY
<308> DBAccessionNumber :

<309> DBEntryDate : S

<310> DocNumber : WQ 02/36732

<311> PatentFilingDate : 2001-10-18

<312> PubDate : 2002- 05 =10

<313> From : 1
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180 Page 13 - - --------- 9 Novenber 2006 WO 03/ 0948359 ReJdritdBidiie379
aagct acaac ttcaagcaga agagagagga gttgtgtcta tcaaaggagt gtgtgctaac 240
cggtacctgg ctatgaagga agat ggaaga ttactggctt ctaaatgtgt tacggatgag 300
tgtttctttt ttgaacgatt ggaatctaat ggntacaata cttaccggtc tagaaaatac 360
accagtt ggwoaisgbgpgtat t gaaacgaact gggcagtata aacttggttc ecmmagegpa 420

cctgggcaga aagctatact ttttcttcca atgtctgcta agagctga 468 <212> Type : DNA

<211> L€AYh To 46828. SequenceNane : SEQ I D NO 22 SequenceDescription
Feature Sequence: SEQ ID NO 22: _ <221> FeatureKey : m sceature <222>

Locat i obfE@snce 9 <222> Locat i onTo : 9 Oher Information NIS EITHER A OR G

CDSJoi n"7-No-Feature Sequence: SEQ | D NO 22: <221> FeatureKey : mi st

f eat ur e<213» BraagdsmNensr onllOMQ BAPIFNS Locati onTo : 15 Other Information :

N 1S EITHER Argleguegpsdbring No Feature Sequence: SEQ | D NO 22: <221>

Feat ur e“f@yYCRﬂﬁFé& LESEPNFEIQ GIBRNHSRAG JHEFEHTAVRIFSIRGVDER 2RBLEMNEHGHONTO

3
33 LYGSEKLTQE CVFREQFEEN XYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHQK

120
FTHELPR
127
<212> Type : PRT
- <211> Length : 127
SequenceName : SEQ ID NO:13
SequenceDescription :

Feature
Sequence: SEQ ID NO:13: R
<221> FeatureKey : MISC ._FEATURE
<222> LocationFrom : 81
<222> LocationTo : 81
Other Information : X is other than W and more preferably s .
elected from G, R, E or V (W144X)
CD3Join : No

Sequence

<213> OrganismName : HOMQO SAPIENS

<400> PreSequenceString :

MOLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE

' 60

LYGSEKLTQE CVFREQFEEX WYNTYSSNLY KHVDTGRRYY VALNEKDGTPR EGTRTKRHQK
120

FTHFLPRPVD PDKVPELYKD ILSQS

_ 145

<212> Type .: PRT

<211> Length : 145

' SequenceName : SEQ ID NO:14
SequenceDescription :

Sequence: SEQ ID NO:14:
<221> FeatureKey : MISC FEATURE
<222> LocationFrom : 80
<222> LocationTo : 80 :
Other Information : wherein X is other than N and more pref
erably S (N143X) ' ‘ '
CbS8Join : No

Page 8 o

£,




QO her Information : NISEITHER A, C, G OR T CDSJoin pnNyYaertaesbsogm Codon
------------ Sequence Nanme : SEQ I D NO 22 Sequence <213> Organi snNane :
HOMO SAPI ENS <400> PreSequenceString : atgtcggggc ccgggacggc cgcggtagcg
ctgctcccg tcctgct ggccttgectg 60 Page 14 - ------------ 9
Novenber 3%839 Y#%P° 03/ 094835 PCTQLO3/ 00379 gcggcect cgg cd’&@“@b‘&é@@ﬁﬁ‘gggcgccgcc
gcacccactg cacccaacgg cacgctggag 120 gccgagctgg agcgccgctg ggagagcctg
gt ggcgchequaryte ggcgecg cctgeccggtg 180 gcagcgcagc ccaaggaggc ggccgtccag
agcggcgcce gcgact acct gctgggcatc 240 aagcggctgc ggcggctcta ctgcaacgtg
ggcat cgfét3r Qrmpodsoliaggcgciede cSABUMSyacggccgea tcggcggecge gecacgeggac
acccgegatdP d@ﬁgfﬁgﬁacgét§%@@c€c 360 gt ggagcggg gcgtggtgag catcttcggce
gt ggcc Y FPgéﬁégtﬁﬁﬁ%Dﬂsﬁﬂﬁ é@@@éé@@%@.%@ﬁﬁ&ﬁ?ﬁ%ﬁ;hﬁ@@gﬁﬁ%@ﬁc
ttcaccgat g adi‘gcacgtt caa att 480 ctccttccca acnnntacaa cgcctacgag
{ cct acalys GUEREGFEER EQEEYSSY FHYRGERRER VR UHEReIER: FCIRGERS6G
aaccga ccaccat gaaggtcacc 600 cacttcctcc ccaggctg 618 <212> Type :
g%ﬁﬁg%l 618 SequenceNane : SEQ I D No: 23 SequenceDescription

<212> Type : PRT

<211> Length : 127
SequenceName : SEQ ID NOQ:156
SequenceDescription :

(R

Sequence: SEQ ID NO:15:
<221> FeatureKey : MISC FEATURE
'<222> LocationFrom : 80
<222> LocationTo : 80
Other Information : wherein X is other than N and more pref
erably S (N143X).
CDhSJoin : No

L,

Sequence
- <213> OrganismName : HOMO SAPIENS
<400> PreSequencesString :
MOLYCRTGEH LETIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
60 ,
LYGSEKLTQE CVFREQFEEN XYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHQK
' 120
FTHFLPRGGG GLSKGCFGLK LDRIGSMSGL GC
152 '
<212> Type : PRT
R <211> Length : 152
'jﬂ. SequenceName : SEQ ID NO:16
SequenceDescription :

Feature
Seguence:; SEQ ID NO:16:
<221> FeatureKey : MISC FEATURE
»<222> LocationFrom : 81
<222> LocationTo : 81
Other Information : X is other than W and more preferably s
elected from G, R, E or V (W144X)
CDSJoin : No
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Feat ureKey : m scoh@dmieR2006222>

Feature Sequence: SEQ I D NO 23: <221>
495 O her Information : NNN i s ot her

Locati onFrom : 493 <222> LocationTo :
than a codon coding for As n (AAT or AAC) or a stop codon and is nore
preferably a codon cod ing for amno acid Ay or Arg. CDSJoin : No Custom
- Codon - - - -WO03/024835 Sequence Nanme SEQ | D NO 23 Sequence peZABos/06¥7gani sniNanme
- HOMO SAPI ENS <400> PreSequenceString : atggcgcgcc tgccggtggc agcgcagcecc
aaggagg 3échfgeagagNalggcgd@g): SA®QEgAct acct gc tgggcat caa gcggct gcgg
cggct ct g@%@@egggncaﬁmgmgtc 120 cacctccagg cgctccccga cggccgceatc
ggcggcegdd Egéa@ERE@Wdﬁ@GGGGGGCG@YW LEIFINCTYY QIGaItRasac
gt ggt ga%ca tC ggc\g}t ggccagccgg 240 Page 15 9 Novenber 2006 WO 03/094835
PCT/ | LO /I@@§$§AY chY 2 HRrEEP¥E Y LHUEHGE ab eRIATAPEC CYFAEQEEEN COMIYISEREY
caccgat%gl% cac ttca a%%t attct ccttcccaac nnntacaacg cctacgagtc
ct acaag DT% %TPR Tg'g“EBEQKgﬁ%%at gggaagacca agaaggggaa
ccgagt gt ggz cccaccat ga aggtcaccca cttcctcccc aggctg 456 <212> Type :
DNA <2% ;e gf’gth ;%35_§equenceNama : SEQ I D NO 24 SequenceDescription
SequenceName : SEQ ID NO:17
SequenceDescription :

- Feature

Sequence: SEQ ID NO:17:

<221> FeatureKey : MISC _FEATURE

<222> LocationFrom : 111

<222> LocationTo : 111
Other Information : X is other than W

elected from G, R, E or V (Wl44X) :
CbSJeoin : No

e
&

.and more preferably s

Seduence

<213> OrganismName : HOMO SAPIENS
- <400> PreSequenceString :

atggctggcg ggagcatcac cacgctgece geecttecgg aggatggegg cagcggcgcc
ttcccg;gcg ggcacttcaa ggaccccaag cggctgtact gcaaaaacgg gggettette
ctgcgiggcc accccgacgg ccgagttgac ggggtccggy agaagagega ccctcacatc
aagct;:gac ttcaagcaga agagagagga gttgtgtcta tcaaaggagt gtgtgctaac
cggtaggggg ctatgaagga agatggaaga ttactggcett ctaaatgtgt tacggatgag
.tgtttgggtt ttgaacgatt ggaatctaat nnntacaata cttaccagtc tégaaaataC‘ ﬁ;}
accagzgggt atgtggcatt gaaacgaact gggcagtata aacttggtte Caaaacaggé '
cctgggggga aagdtatact ttttcttcca atgtctgeta agagetga
<212> Type : DNA
<211> Length : 468.

SequenceName : SEQ ID NO:18

SequenceDescription :
Feature
Sequence: SEQ ID NO:18:
<221> FeatureKey : misc feature

e 10




aaccc aa
aaacct at

Feat ure Sequence:
Locati onFrom :
t han a codon coding for As

pr ef er abl y\‘%o‘iﬁg&% cod

O ganl srrNarre :
tggattt c
ccgattt g

taf:a

accagtg
<212> T)%?J_%_E%ﬁll?%g{i

Sequence

e

SEQ I D NO

i ng
Sequence

HOMD SAPI ENS

98Tt at

<213> OrganismName :
<400> PreSequenceString :

-atggetgecg
60
ttcecegeccg
120
ctgegcecatcec
180
aagctacaac
240
cggtacctgg
300
tgtttetttt
360
accagttggt
420
cctgggeaga
468
<212> Type

gagagcatcac
ggcacttcaa
accccgacgg
ttcaagcaga
ctatgaagga
ttgaacgatt
atgtggcatt
aagctatact

: DNA

<211> Length : 468
SequencelName :
SequenceDescription :

Feature

Sequence:

m.'.L

<222> LocationFrom :

<222> LocationTo :
Other Information :

33

CDSJoin : No

Custom Codon

Sequence Name :

SEQ T

<213> OrganismName :

c?é’

24: <221>

331 <222> LocationTo :

n (AAT or
for am no
Nane :

tat

a cagt gagc
el

49 5 gat act at -

Feat ur eKey :

333 O her

M st o NSl 2006222>
I nformati on NNN i s ot her

AAC) or a stop codon and is nore

acid Gy or Arg. CDSJoin :
SEQ I D NO. 24 Sequend&1Ab4340379
<400> PreSequenceString atgcagctat actgcaggac
ég&éé%‘é’fm%'%ccﬁt]gg tactatccag 60 ggaaccagga aagaccacag

438 SequenceNane :
Sequencg@gﬁlghbgt QR Pag® 1% foleyenber 2006 WO 03/094835 PCT/ |1 A3/ 00379

HOMO SAPIENS

cacgchtgeee
ggaccccaaqg
ccgagttgac
agagagagga
agatggaaga
ggaaﬁctaat
gaaacgaact

ttttcotteeca

gccectteegqgg
cggctgtact
ggggtccggg
gttgtgtcta
ttactggett
cgntacaata
gagcagtata

atgtctgcta

SEQ ID NO:19

SEQ ID NO:19:
<221> FeatureKey :

sc _feature
333
3

D NG:19

HOMO SAPIENS

Page 11

aggatggcgyg

gcaaaaacgg

agaagagcga

tcaaaggagt
ctaaatgtgt
cttadcggtc
aacttggtte

agagctga

120 ctggtcagca tt cgaggcgt
fdgrza epdemt erin
ast AT PrEeatabY # Rt €gtic

300 gttgcattaa ataaagat gg
gaccccgaga gaagggac a ggact aaacg gcaccagaaa 360 ttcacacatt ttttacctag
gfag tacctgaact gtataaggat
<211> Length :

420 attctaagcc aaagttga 438
SEQ I D NO 25

cagcggcgcee
gggcttctte
ccctcacatce
gtgtgctaac
tacggatgag
taéaéaatac

caaaacagga

N IS SELECTED FROM A, C, G, T.

No Cust om

T d@&adBact




- Patent Sequence: SEQ ID NO:25: <302> Title :. ACTIVE VARNOERSDefF006CGF W TH
| MPROVED SPECI FI CI TY <308> DBAccessi onNunber <309> DBEntryDate : - <310>
DocNumber : WO 02/36732 <311> PatentFilingDate : 2001-10-18 <312> PubDate
: 2002-05-10 <313> From: 1 <313> To : 438 Custom Codon ------------
Sequence Neow3/0948EQ | D NO 25 Sequence <213> O gani smNamer/aLebiodghd SAPI ENS
<400> PreSequenceString atgcagctat actgcaggac tggatttcac ttagaaatct
t ccccaat oo axleradce 80 Agfaccagga aagaccacag ccgatttggc attctggaat

1t at cCal dfgAYRRY G@8Gcaldhc LAY QR HECIRBOSH LRREIGLEFACEISIRGECY
ggat gaat ga gamgggggag 180 ctgtatggat cagaaaaact aaccCaagag tgtgtattca

gagaacagidcgragagaaact€48a ngiaictahy egheededitt RRReehabg! g@REeRREEIY
acactggaag dcogatactat 300 gttgcattaa ataaagatgg gaccccgaga gaagggacta
ggact aasiogrgeaceagaaacg36fy t capeatatt yibieceinp) aceaghggaccecagatataag
tacctgaact g8t aaggat 420 attctaagcc aaagttga 438 <212> Type : DNA <211>
Lengt h aagi8&cBequétceblanega BEQAdJagNE. 26tgSpmiendebesgpapt | ghgtgctiaeat ur e
Sequence: SEA0 D NO 26: '
cggtacctgy ctatgaagga agatggaaga ttactggett ctaaatgtgt tacggatgag
300
tgtttctttt ttgaacgatt ggaatctaat nnntacaata cttaccggtce tagaaaatac
360
accagttggt atgtggcatt gaaacgaact gggcagtata aacttggttc caaaacagga
420 '
cctgggeaga aagctatact tittctteca atgtcetgeta agagetga
468
<212> Type : DNA .
<211> Tength : 468 )
' SequenceName : SEQ ID NO:20- nrsing :
SeguenceDescription :

Sequence: SEQ ID NO:20:
<221> FeatureKey : misc_feature
<222> LocationFrom : 331
<222> LocationTo : 333
Other Information : NNN is a codon coding for amino acid A
rg.
CDSJoin : No

Custom Codon

Sequence Name : SEQ ID NO:20

Sequence . ' ﬁzﬁ
<213> OrganiswmName : HOMOQ SAPIENS |
<400> PreSequenceString : ' .
atggctcang ggcanatcac cacgctgeccce geccttcegg aggatggegyg cageggegec

60 '

ttcccgggcg ggcacttcaa ggaccccaag cggetgtact gcaaaaacygg gggcttcttc
ctgcgiggcc acceccgacgg ccgagtigac ggggtccggg agaagagega ccecteacate
aagctgzgac ttcaagcaga agagagagga.gttgtgtcta tcaaaggagt gtgtgctaac‘
cggtacctgg ctatgaagga agatggaaga ttactggctt ctaaatgtgt tacggétgag
tgtttgggtt ttgaacgatt ggaatctaat annntacaata cttaccggtc tagaaaatac

‘Page 12




<221> FeatureKey : msc_feature <222> LocationFrom: 24hoverder2dgecati onTo
. 243 Gther Information : NNN is other than a codon coding for Tr p (TGG
or a stop codon (TAA, TAG or TGA) and is nore preferably a codon coding
for am no ‘g@ﬁﬁ%’# Arg, Val or Gu: CDSJoin No Page 17_9 Novenber 2006 WO
03/ 094835 00379 Custom Codon ------------ SequBRTERENE? SEQ | D -
NG 26 Sequence <213> Organi smNanme : HOMO SAPI ENS <400> PreSequenceString
at gcagc?‘a?a%*% A Riat-auggat t vercIratfaSg0cRIERER crRRA Y AtAct aREBAGRIBD
ggaacca ccacag . ccgatttggc attctgga at ttatcagt at agcagtgggc 120

ct ggtcag‘gcJ g’caéft%t@&%éig gg‘?a‘:fctt%“’taa E6L 955 peR%E 9aagggggag 180
ctgtat gg »$ aaaagjé\I aacccaagag tgtgtattca gagaacagtt cgaagaaaac 240

t ggt ata < t acctatat aagcacgtgg acactggaag gcgatactat 300
gttgcattaa at dccCg %PD%@%qTacta ggact aaacg gcaccagaaa 360
ttcacacatt ttf1 ﬁ%%e%&gg ype : DNA <211> Length : 384
SequenceNane f% I? equenceDescri ption Patent Sequence: SEQ ID
NO 27: g30R2%.ditle : ACTIVE VAR ANTS OF FG- WTH | MPROVED SPECI FI CI TY

<308> DBAccessi onNunber

Sequence: SEQ ID NO:21:

<221> FeatureKey : misc feature

<222> LocationFrom : 9

<222> LocationTo : 9
Cther Information : N IS EITHER A OR G
CDSJoin : No

S Feature

-,

Sequence: SEQ ID NO:21:
<221> PeatureKey : misc feature
<222> LocationFrem : 15
222> LocationTo : 15
Other Information : N IS EITHER A OR G
CD3Join : No

Feature
Sequence: SEQ ID NO:21:
<221> FeatureKey : misc feature
<222> LocationFrom : 337
<222> LocationTo : 333 :
Other Information : NNN is other than a codon coding for As
n (AAT or AAC) or a stop codon and is more preferably a codon cod .
- ing for amino acid Gly or Arg.
CDSJoin : No

Custom Codon

Sequence Name : SEQ ID NO:21

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

atggctcang ggcanatcac cacgctgcce gecctteegy aggatggegg cageggegeco
60 ) ‘

ttccegeceg ggeacttcaa ggaccccaag cggctgtact gecaaaaacgg gggettctte
120
ctgcgiggcc accccgacgg ccgagttgac ggggtccggg agaagagcga ccctcacatc
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<309> DBEntryDate : - - <310> DocNunber : WO - 02/ 3- 6773gRpoverbklnos
Patent FilingDate : 2001-10-18 <312> PubDate : 2002-05-10 <313> From: 1
<313> To : 384 Custom Codon =------------ Sequence Nanme : SEQ I D NO 27
Sequence <213> Organi smName @ HOMO SAPIENS <400> PreSequenceString
at gcagct awoastgsaggac tggatttcac ttagaaatct tccccaatgg pepuabesag 60
ggaaccagga aagaccacag ccgatttggc attctggaat ttatcagtat agcagt gggc 120 Page
18 9 Noyejiieicag@08tc DU RCTLL geagtLe
ggacagt gga ot acct c%%ga gaat ga gggggégg%}&@%% tga%% 90 gt C gaaaaact
aacccaaga dcdtghatbt § g SRERAGRAIyRGAIRAREEggR40 ARLRLRGE LS8y QS C
aaacct at at aagcacgt gg acactggaag gcgatactat ~ 300 gttgcattaa ataaagatgg
gaccccgﬁﬂﬁtt@&&ggga‘ﬁ@@aw ARRLE BGAECagAtaAcaAG) duteregeatt thgddandiag atga
384 <212> Tywwe <211> Length : 384 SequenceNane : SEQ I D NO 28
Sequencelestitigpti aﬂgtdj@zﬁtw gaSeqence: gStadNO23 tg32te Leatavalpy
m sc_featurd20<222> LocationFrom: 241 <222> LocationTo : 243

cctgggcaga aagctatact ttttottcca atgtctgeta agagectga

468

<212> Type : DNA

<211> Length : 468

' SequenceName : SEQ ID NO:22

SequenceDescription :

Feature
Sequence: 3EQ ID NO:22: P
<221> FeatureKey : misc feature i)
<222> LocationFrom : 9 p— ‘
<222> LocationTo : 9 '

Other Information : N IS EITHER A OR G

CDS3Join : No

- Feature
Sequence: SEQ ID NO:22:
<221> FeatureKey : misc_ feature
<222> LocationFrom : 15
<222> LocationTo : 15
Other Information : N IS RITHER A OR G
ChSJoin : No

Feature
Sequence: SEQ ID NO:22:
<221> FeatureKey : misc feature X
<222> LocationFrem : 333 - : , i
<222> LocationTo : 333

Other Information : N IS EITHER A, C, G, OR T

CDSJoin : No

Custom Codon

Sequence Name : SEQ ID NO:22

Seguence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

atgtcggggc cocgggacgge cgcggtagcg ctgctcccgg cggtcctgct ggccttgctg
_ 60

Page 14




G her- Information NNN is other than a codon coding for Fovdhedsdas OrF a
stop codon (TAA, TAG or TGA) and is nore preferably a codon coding for
amno acid Gy, Arg, Val or Qu. CDSJoin No Custom Codon ------------

Sequence e SE§.I D NO 28 Sequence <213> O gani smNanme c HOMO SAPI ENS
<400> Preggﬁu%??’é String atgcagctat actgcaggac tggatttca@CTAHFAAT ct

tccccaat tactatccag 60 ggaaccagga aagaccacag ccgatttggc attctggaat
- ttatcagt cggégaggﬂﬁ%ﬁx¥§ﬁgg§§@Fegﬁﬁ%FtQQﬁﬁﬁﬁ}@ f goaceRPedm CRicochagagg

GagascagioRae e e o G diey Mttt aubbereden cageseatag
Goact aasrgdubdid ¢ laoaity ) blelhett ASRAtIRY Seset i dtrgagnate:

S aaaig oo t a aagttga 437 <212> Type.: DNA <211>
Lengtn 457 Baee 1o NETaBer J008- b Larbadesh PeTaiss) Ggsvgtoees
NOL20. - STasedat sy o, ESHER R bRy iR PeB5ECaess s

NO 29: <221>3&gatureKey . "m Sc
Locat i ogtagag@ddy gcgtggtgag catcttegge gtggccagec ggttcttegt ggecatgage

420

agcaagggca agctctatgg ctegeectte ttcaccgatg agtgcacgtt caaggagatt
480

ctcecttecca acnnntacaa cgcctacgag tccetacaagt accceggeat gttcategece
540

ctgagcaaga atgggaagac caagaagggg aaccgagtgt cgcccaccat gaaggtcace
600 '

cacttcctee ccaggctg
618

<212> Type : DNA _ T

<211> Length : 618
SequenceName : SEQ ID NO:23
SequenceDescription :

Feature
Sequence: SEQ ID NO:23:
<221> FeatureKey : misc Ffeature
<222> LocationFrom : 493
<222> LocationTo : 495 . _
Other Information : NNN is other than a codon coding for As
n (AAT or AAC) or a stop codon and is more preferably a codon cod
ing for amino acid Gly or Arg.
CDSJoin : No

Custom Codon

Sequence Name : SEQ ID NO:23

Seguence
<213> OrganismName : HOMO SAPIENS -
<400> PreSequenceString : ' N : '
atggcgegee tgecggtgge agegeageeco aaggaggcgg ccgtcecagag cggcgecgge
60 - '
gactacctge tgggcatcaa gcggetgegg cggctetact gcaacgtggg catcggcette
120 s

cacctccagg cgctceccega cggccgcatc'ggcggcgcgc acgcggacac ccgcgacagce
180 .

ctgctggage tcectegeccgt ggagcgggge gtggtgagea tctteggegt ggccagecgg

: 240 ' : _ S I .
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O her Information wherein NNN is other than a codon codRoveshbbPsoohSn ( AAT,
AAC) or a stop codon (TAA, TAG or TGA) and is nor e preferably a codon
coding for amno acid Ser. CDSJoin : No Custom Codon Sequence
Nane : SEQ ID NO 29 Sequence <213> Organi smNane : HOMO SAPI ENS - <400>

Pr eSequenw@Siefsgs at gcagct at act gcaggac tggatttcac ttagpepi®bedsecccaat gg
tactatccag 60 ggaaccagga aagaccacag ccgatttggc attctggaat ttatcagtat

t
s9ca01806Es oo Lo gadinn Lishgassdy suoeaninncichecete Lassianon

aacccadgag tgtgtattca gagaacagtt

cgaagag chgQé@a tﬁgﬁﬁt@c COtaELegie RRALIAIAR! cRRIEFEGE O L 1aLAREHaal

gcgat ac at 3@@0 gcattaa ataaagatgg gaccccgaga gaagggacta ggactaaacg

gcaccagg@g% bhbtasgi g Gd@ingadtah 8gddggdyae ceddhgtegll>
Lengt h 42($equencel\larre : SEQ I D NO 30 SequenceDescription Feature
SequeneecaSEAX &H MNFticced2 brtbentticekeygetgri sc feature <222> LocationFrom

238 <222>4%®cationTo : 240 O her Information : NNN is other than a codon
codi ng<Pde>ABypa { AR, AAC) or a stop codon (TAA, TAG or TGA) and is nore

SequenceName :
SeqguenceDescription :

Feature

 Sequence. SEQ ID NO:24:
<221> FeatureKey : misc_ feature
<222> LocationFrom :

<222> LocationTo :
Qther Information :

33

331
3

pr ef er <2ab¥yLhengiddon 4&&di ng for am no acid Ser.
SEQ ID NO:24

CDSJoi n No Page 20

NNN is other than a.godon coding for As

n {AAT or AAC) or a stop codon and is more preferably a codon cod
ing for amino acid Gly or Arg.

CDSJoin : No
Custom Codon
Sequence Name : SEQ ID NO:24

Sequence

<213> OrganismMName :
<400> PreSequenceString :
atgcagctat actgeaggac tggatttcac ttagaaatct

60

HOMO SAPIENS

ggaaccagga aagaccacag ccgatttggc

~ 120
ctggtcagceca
' 180
ctgtatggat

240
tggtataata

300
gttgcattaa

360
ttcacacatt

420
attctaagcece
438

£212> Type :
<211> Length :

ttecgaggegt
cagaaaaact
cgtactegte
ataaagatgg
ttttacctag
aaagttga |

DNA
438

SequenceName :
SequenceDescription :

ggacagtgga
aacccaagag
aaacctatat
gaccccegaga

accagtggac

SEQ Ib NO:25

Page 16

attctggaat
ctcetaccteg
tgtgtatteca
aagcacgtgg
gaagggaéta

cccgacaaag

tccecaatgg
ttatcagtat
ggatgaatga
gagaacagtt
acactggaag
ggactaaacg

tacctgaact

tactatccag

agcagtggge

gaagggggag
cgaagaaaac
gcgatactat
gcaccagaaa

gtataaggat




9 Novenmber 2006 WO 03/094835 PCT/1103/00379 Feature Sggg\eép,%,goﬁg(g | D
<222> LocationFrom: 238 <222>

NG 30: <221> FeatureKey : msc feature
LocationTo : 240 O her Information : NNN is other thag a codon cod:c ng folrol
As n (AAT, AAC) or a stop codon (TAA, TAG or TG) and is nore re er a y
a COdOI(’l coﬁpr‘f@{"%“ﬁs am no gm d Ser. CDSJoin No Custom CIGEALA300372_____ .
Sequence Name : SEQ ID NO 30 Sequence <213> Organi smNane : HOMO SAPI ENS
<400> Prg gll%enceStrl ng atgcagctat actgcaggac tggatttcac ttagaaatct
tccccaat_gget dctatccag 60 ggaaccagga aagaccacag ccgatttggc attctggaat
ttatcagtal,.; %glgggt% . ggtcagca ttcgaggcg: gggggg;gga ftft?gftgg

at gaa a
gagancaghy eoaaRaaas %ngt br CAREORAR - BRGRER SR Tt 0o
acact gg@gggcgggg.gfﬁg gttgcattaa at aaagat gg gaccccgaga gaagggacta
ggact aaaggogcgggmm att ttttacctag aggaggggga ggtctgtcca
aaggt t gei3t 15985 E&GARLL 1 1 t%tgggasga folfgactceal gageggect g ggatgt - 456
<212> Typez> Phparlll> g)t5h10 456 equenceNane SEQ I D NO: 31 Sequence

Descri pkizeB>Feabhir € 1
<313> To : 438

Custom Codon

Sequence Name : SEQ ID NO:25

Sequence

<213> OrganismName : HCOMO SAPIENS
<400> PreSequenceString :

-y,

atgcagctat
60
ggaaccagga
. 120
ctggtecagea
180
ctgtatggat
240
nnntataata
300
gttgcattaa
360
ttcacacatt
420
attctaagce
438
<212> Type

actgcaggac
aagaccacag
ttegaggegt
cagaaaaact
cgtactcgte
ataaagatgyg
ttttacctag
aaagttga

: DNA

<211> Length : 438
SequenceName : SEQ ID NO:26
SequenceDescription :

Feature

Sequence:

SEQ ID NC:26:
- <221> FeatureKey

tggattteac
ccgatttgge
ggacagtgga
aacccaagag
aaacctatat

gaccecgaga

accagtggac

: misc . _feature

<222> LocationFrom : 241

ttagaaatct
attctggaat
ctctacctgg
tgtgtattca
aagcacgtgy
gaagggacta

cccgacaaag

tceeccaatgg
ttatcagtat
ggatgaatga
gagaacagtt
acactggaag
ggactaaacyg

tacctgaact

tactatccag
agcagtgggce
gaagggggag
cgaagaaaac
gcgatactat

geaccagaaa

'gtataaggat

<222> LocationTo : 243
Other Information : NNN is other than a codon coding for Tr
p (TGG) or a stop codon (TAA, TAG or TGA) -and is more preferably
a codon coding for amino a01d Gly, Arg, Val or Glu.
- CDSJoin : No

Pagg'l7"




Sequence: SEQ I D NO 31: <221> FeatureKey : msc featuregpngieamber b@sat i onFrom
241 <222> LocationTo : 243 OQher Information : NNN is other than a codon

coding for Tr p (TGS or a stop codon (TAA, TAG or TGA) and is nore

preferably. a codon coding for amno acid Ay, Arg, Val or Au. CDSJoin

No Cust omg@aesssage 21 9 Novernber 2006 WO 03/094835 BETiddsfaa-90379

----------- Sequence Nane : SEQ ID NO 31 Sequence <213> O gani sniNane

SAPI ENS <400> PreSequenceString atgggtctgt ccaaaggttg cttcggcctc

aagct g%csgogaeggggctc catgagcggc 60 ctgggatgcg gagggggagg gggaggggga
gggcagctat _actdcaggac tggatttcac 120 ttagaaatct tccccaatgg tactatccag

ggaaccaggn, a ag atd L@ 180 attctggaat ttatcagtat agcagtgggc
ctggtcagcae??gggggggt g%%cag€g826 240 ctctacctcg ggat gaat ga gaagggggag

ct gt at ggal,.gagaaaaact aacccaagag 300 tgtgtattca gagaacagtt cgaagaaaac
nnnt at aata.cgt.actcgtc aaacctatat 360 } aagcacgtgg acactggaag gcgat act at

gt t gcatizaa>abagaddbefafaCcC Ry ZabFBNsgaagggact a ggact aaacg gcaccagaaa

tt cacacatop>t brbseghafcast Ay <212> Type : DNA_ <211> Length : 471

Sequencafyai@ctabER-L RN 2 tooeaueaaeDesssaRit &N tdRRbHEGy tactatccag
60

ggaaccagga aagaccacaq ccgatttgge attcectggaat ttatcagtat agecagtggge
120
ctggtcagca ttcgaggegt ggacagtgga ctctacctcg ggatgaatga gaagggggag
180
ctgtatggat cagaaaaact aacccaagag tgtgtattca gagaacagtt cgaagaaaac
240 ' '
tggtataata cgtactcgtec aaacctatat aagecacgtgg acactggaag gegatactat ,¢§
gttgcattaa ataaagatgg gaccccgaga gaagggacta ggactaaacg gcaccagaaa -
360 '
ttcacacatt ttttacctag atga
384
<212> Type : DNA
<211> Length : 384
SequencelName : SEQ ID NO:27
SequenceDescription :

Sequence: SEQ ID N0:27: o

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY

<308> DBAccessionNumber ; , :

<309> DBEntryDate : - - '

<310> DocNumber : WO 02/36732

<311> PatentFilingDate : 2001-10-18 : :
<312> Pubbate : 2002-05-10 ‘ e
<313> From : 1 ' S 31}
<313> To : 384

Custom Codon

'Sequence Name : SEQ ID NO:27

Seguence

<213> OrganismName : HOMO SAPIENS

. <400> PreSequenceString :

atgcagctat actgcaggac tggatttcac ttagaaatct tccccaatgg tactatccag
60 ' '

'ggaaccagga aagaccacag ccgatttgge attctggaat ttatcagtat agcagtgggc
. 120 ‘ .
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- Sequence:

<213> OF§IhpEaeal

212> T :

212> Tupe 2;%?
e

PreSequggE

SEQ | D NO 32:
331 <222> LocationTo :
coding for Tr

<221> Feat ur eKey :
333 O her

| nformati on :

m sc f eat ur eg NSéeddsar bstgat i onFrom
NNN i s other than a codon

p (TGS or a stop codon (TAA, TAG or TGA) and is nore

preferablﬁy a codon coding for amno acid Ay, Arg, Val or QG u. CDSJoin : _
No Custony@8Y&A»s. ... Sequence Name : SEQ | D NOFSHLAYMIdnce <213> -
Organi smNane : HOMO SAPI ENS <400> PreSequenceString LEENHYNTY 9 <212>

PRIgt<299s HauRdgCcot PagRcRRt BINSHeHaeCt 00 0B0a \WBatRR094886999ag

dca
360

" PCT/ 1L03/ 003¥80 SequenceNare :
<211> Length :

HELG

gg’agaaaga¥ggyégccccgaga

SEQ

ttcacacatt ttttacctag atga

384

<212> Type
<211> Length :

: DNA
384

SequenceName :
Sequencebescription :

Feature

SEQ ID NO:28

Seguence: SEQ ID NO:28:

<221> FeatureKey :

222> LocationFrom :

<222> LocationTo :

misc_ feature
241
243

| D NO 33 SequenceDescri ption
e 933eRBC SAPR ERER 2 3o (9 bt a SheR cFREREGHY CHESIRAAY 9
. 9 SequenceNane SEQ
F Jif LAt Rc B2 Y GACSANEAS 2CIRbNgSAPPENRE 2D >

<212> Type : PRT =
&éagggacta ggactaaacqg gcaccagaaa

<N i

| D NO: 34

Other Information : NNN is other than a codon coding for Tr
p (TGG) or a stop codon (TAA, TAG or TGA) and is more preferably
a codon coding for amino acid Gly, Arg, Val or Glu.

ChbSJoin

: No-

Custom Codon

Sequence Name

Sequence

<213> OrganismMName :
<400> PreSequenceString :

atgcagectat
_ 60
ggaaccagga
120
ctggtcagea
180
ctgtatggat
240
tggtataata
: . 300
gttgcattaa
360
ttcacacatt
420
ttctaagcea
437
<212> Type

<211> Length

actgecaggac
aagaccaéag
ttegaggegt
cagaaaaact
cgtactegtce
ataaagatgg
ttttaccaga
aagttga

: DNA
: 437

: SEQ ID NO:28

HOMO SAPIENS

tggattteac
ccegatttgge
ggacagtgga
aacccaagag
aaacctatat

gaccccgaga

ccagtggacce

ttagaaatct

attctggaat

ctctacctey.

tgtgtattca
aagcacgtgg
gaagggacta

ccgacaaagt

Page 19

tccecaatgg
ttatcagtat
ggatgaatga
gagaacagtt
acactggaag
ggactaaacg

acctgaactg

téctatccag
agéagtgggc
gaagggggag_
cgaagaannn
gcgatactat
gcaccagaaa

tataaggata

Sequence




<211> Length : 9 SequenceNane SEQ I D NO 35 SequenceDesgxbRinb&ipoodequence
<213> Organi snNane HOMO SAPI ENS <400> PreSequenceString LLPNNYNAY 9

<212> Type : PRT <211> Length : 9 SequenceNane SEQ I D NG 36 _
SequenceDescri ption Sequence <213> O gani smNanme HOMO SAPI ENS <400>

“ PreSequenweltndasg FQENSYNTY 9 <212> Type : PRT <211>pdengibvzre 9
SequenceNane : SEQ ID NO 37 SequenceDescription Sequence <213>

Or gani ananeséqEQl\%;g%@ ENgro<4B0goPseSequenceStri ng LLPNNYNTY Page 23 9
Novenber 20086 M@@igglzlLOBIOOBN 9 <212> Type : PRT <211>
Length : 9 SequenceNane : "SEQ I D NO 38 SequenceDescription Sequence <213>
O gani sahageHOMO SAPI ENS <400> PreSequencestring | LENHYNTY 9

Sequence: SEQ ID NO:29:
<221> FeatureKey : misc feature
<222> LocationFrom : 238
<222> locationTo : 240

Other Information : wherein NNN is other than a codon codin
g for Asn (AAT, AAC) or a stop codon (TARA, TAG or TGA) and is mor
e preferably a codon coding for amino acid Ser.

CDSJoin : No

Custom Codon

Sequence Name : SEQ ID NO:29
Sequence ' {?}

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
atgcagctat actgcaggac tggatttcac ttagaaatct tccccaatgg tactatccag
60

ggaaccagga aagaccacag ccgatttggce attctggaat ttatcagtat agcagtgggce

120 .
ctggtcagca ttegaggcgt ggacagtgga ctctaccteg ggatgaatga gaagggggag

180 _
ctgtatggat cagaaaaact aacccaagag tgtgtattca gagaacagtt cgaagaannn

240
tggtataata cgtactegic aaacctatat aagcacgtgg acactggaag gcgatactat

300 S
gttgcattaa ataaagatgg gaccccgaga gaagggacta ggactaaacg gcaccagaaa

360 _ .
ttcacacatt ttttacctag atga

384 _
<212> Type : DNA ' o
<211> Length : 384 ' _ . i;>

SequenceName : SEQ ID NO:30 -

SequenceDescription :

Feature
-Sequence: SEQ ID NO:30:
<221> FeatureKey : misc_feature
<222> LocationFrom : 238
<222> LocationTo : 240
Other Information : NNN is other than a codon coding for As’
n (AAT, ‘AAC) or a stop codon (TAA, TAG or TGA) and is more prefer
ably a codon coding for amino acid Ser.
CDSJoin : No '
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SEQ | §nb¥amdar 2006
HOMO SAPI ENS <400>

<211> Length : 9

<211> Length : 9 SequenceNane :
Sequence <213> O gani smNane :
<212> Type : PRT

<212> Type : PRT
- SequenceDescri ption
PreSequenceString VLENNYTAL 9

SequenceNa I D NO 40 SequenceDescription Seque < > :
nganlsnvkﬁﬁ?qyo SAPI ENS <400> PreSequenceString FE%%W%%%%TQ <212>
Type : <211> Length : 9 SequenceNane : SEQ I D NO 41
Sequenc_@@%BFFptlon Sequence <213> Organi smNane : HOMD SAPI ENS <400>
PreSequ §g£gng (NLy 9 <212> Type : PRT <211> Length : 9

Sequenc Zf nceDescription : Sequence Page 24 9
Novenber, f%&&?oo:a?g <213> Organi snName HOMD SAPI ENS
<400> P QUEQE &aﬁg \éE

Other Informatlon : NNN is other than a codon coding for As
n (AAT, AAC) or a stop codon (TAA, TAG or TGA) and is more prefer
ably a codon coding for amino acid Ser.

CD3Join : No

Custom Codon

Sequence Name : SEQ ID NO:30

<213> OrganismName : HOMO SAPTENS
“j <400> PreSequenceString :

atgcagctat actgcaggac tggatttcac

60
ggaaccagga aagaccacag

ccgatttgge

ttagaaatct

attctggaat

tceccaatgg

[lace: 8

ttatcagtat

tactatecag

agcagtggge

120
‘ctggtcageca
180
ctgtatggat
240
nnntataata
300
gttgecattaa
360
ttcacacatt
420
ctggaccgaa
- 456
<212> Type : DNA
<211> Length : 456
SequenceName : SEQ ID NO:31
SequenceDescription :

ttcgaggegt ggacagtgga ctctaccteg ggatgaatga gaagggggag

cagaaaaact aacccaagag tgtgtattca gagaacagtt cgaagaaaac

cgtactcgtc aaacctatat aagcacgtgg acactggaag gegatactat

ataaagatgg gaccccgaga gaagggacta ggactaaacg gcaccagaaa

ttttacctag aggaggggga ggtctgtceca aaggttgett cggectcaag

tcggetececat gageggectg ggatgt

VI

Sequence: SEQ ID NO:31:
<221> FeatureKey : misc feature
<222> LocationFrom : 241
<222> LocationTo : 243

Other Information : NNN is other than a codon coding for Tr
p (TGG) or a stop codon (TAA, TAG or TGA) and is more preferably .
a codon coding for amino acid Gly, Arg, Val or Glu.

CDSJoin : No

Custom Codon
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<211> Length 9 SequenceNane SEQ | D N@NbSember 2006
SequenceDescription Sequence <213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceStri ng VFENYYVIY 9 <212>-Type : PRT <211> Length : 9
SequenceNgirvTE'@E D NO 44 SequenceDescription Sequence <213> O gani smNane
: HOMO SA #00> PreSequenceString VFENYYVTY 9 <ZPCTIALOMOFIPRT <211>
Length 9 SequenceNane SEQ I D NO 45 SequenceDescription Sequence <213>
O gani saNatre--HEMD-SAPI ENS  <400> PreSequenceString VFENYYVIY 9 i <212>
Type  PRIeque2ick> Nagwgt hSBO SeguancdName SEQ | D NO 46  SequenceDescri ption

"~ Sequence <213> Organi smNanme HOMO SAPI ENS <400> PreSequenceString
MDCLGYNEYWence212> Type PRT

9 <212> Type PRT

<213> OrganismName :
<400> PreSequenceString :

HOMO SAPIENS

atgggtgggt ccaaaggttyg ctteggecte aagctggace gaatcggete catgagegge
Ctgggi;gcg gagggggagy gggaggggga gggcagctat actgcaggac tggatttcac
ttagaiggct tcececaatgg tactatccag ggaaccagga aagaccacag ccgatttgge
attctgggat ttatcagtat agcagtgggc ctggtcagca ttcgaggegt ggacagtgga
ctctagggcg ggatgaatga gaagggggag ctgtatggat cagaaaaact aacccaagag
tgtgtgzgca gagaacagtt cgaagaaaac nnntataata cgtactegtc aaacctatat
aagca:gggg acactggaag gcgatactat gttgcattaa akaaagatgg gaccccgaga
gaaggggita ggactaaacg gcaccagaaa ttcacacatt ttttacctag a
<212> Type : DNA
<211> Length : 471

SequenceName : SEQ ID NO:32

Sequencebescription :

Feature

Sequence: SEQ ID NO:32:
<Z221> FeatureKey : misc feature
<222> LocationFrom :

<222> LocationTo :
Other Information :

331
333

NNN is other than a codon codlng for Tr

p (TGG} or a stop codon {(TAA, TAG or TGA) and is more preferably
a codon coding for amino acid Gly, Arg, Val or Glu.

CDSJ01n :

No

_Custom Codon

Sequence Name :

Sequence

<213> OrganismMName :
<400> PreSequenceString :

LEENHYNTY
9
<212> Type

: PRT

<211> Length : 9

SEQ ID NO:32

HOMO SAPIENS
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<211> Length : 9 SequenceNane SEQ I D NO 47 SequenceDesgnbRinigeioooBage 25 9
Novenmber 2006 WO 03/094835 PCT/ HA3/ 00379 Sequence <213> O gani smNane HOMO
SAPI ENS <400> PreSequenceString FEENWNTY 9 <212> Type : PRT <211>
Length 9 SequenceNane SEQ I D NO 48 SequenceDescription_ Sequence <213>

Or gani sm\lgﬁ?a" SAPI ENS <400> PreSequenceString VLERﬁWS??’“@” <212> Type
PRT <211> Length : 9 SequenceNane SEQ ID NO 49 SequenceDescri ption
Sequence <213eqixrgsaN=arNanS8ERICOMD ISABENS <400> PreSequenceString

VLENNYTAL 9 Se@idncelgseripPRdn k211> Length : 9 SequenceNane SEQ I D NO 50
SequenceDescri ption Sequence <213> Organi smNanme HOMO SAPI ENS <400>

Pr eSeq@eAveseei ng | RPDGYNVY 9

<213> Organismiame : HOMO SAPIENS
<400> PreSequenceString :
LESNNYNTY
‘ 9
<212> Type : PRT
<211> Length : 9
SequenceName : 3EQ ID NO:34
SequenceDescription :

Sequence

<213> OrganismName : HOMC SAPIENS

<400> PreSequenceString :

IHELGYNTY

: 9

<212> Type : PRT

<211> Length : 9
SequenceMName : SEQ ID NO:35
SeguenceDescription :

Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSeguenceString :
LLPNNYNAY '
9
<212> Type : PRT
<211> Length : 9
) SequenceName : SEQ ID NO:36
SequenceDescription :

Sequence

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
FOENSYNTY -
9

<212> Type : PRT
'<211> Length : 9

SequenceName : SEQ ID NO:37

SequenceDescription :

Sequence

<213> OrganismName : HOMO SAPIENS
. <400> PreSequenceString :
: LLPHNYNTY
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<212> Type : PRT <211> Length : 9 SequenceNanme SEQ | D BQowhber 2006
SequenceDescri ption Sequence <213> O gani smNanme HOMO SAPI ENS <400>
PreSequenceString FEENWYNTY 9 <212> Type PRT Page 26 9 Novenber 2006 WO
03/ 094535 PCT/ 1L03/00379 <211> Length 9 SequenceNanme SEQ | D NO 52
SequenceD¥gxespessdHn  Sequence <213> O gani smNane HOMO SaPTaNSe0379+00>
PreSequenceString LLEDGYNVY 9 <212> Type PRT <211> Length : 9
SequenceName SEQ I D NO: 53 SequenceDescription Sequence <213> O gani smName
. HOMO $APPENS/pe<40®RTPr eSequenceString | EENGHNTY 9 <212> Type PRT <211>
Lengt h <291SekpmayideNarse SEQ | D NO. 54 SequenceDescripti on Sequence <213>
O gani smNane Sedi@Vio<SAREENSSEQATDNG3BSequenceStri ng TLENGYDVY
SequencebDescription :

Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
ILENHYNTY
.9
<212> Type : PRT
<211> Length : 9
- SeguenceName : SEQ ID NO:39
SequenceDescription :
Sequence _A}
<213> OrganismName : HOMO SAPIENS R |
<400> PreSequenceString :
VLENNYTAL
9
<212> Type : PRT
<211> Length : 9
SequenceName : SEQ ID NO:40
SequenceDescription :

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
FEENWYNTY
9
<212> Type : PRT
<211> Length : 9 : _
SequenceName : SEQ ID NO:41 - o o
SequenceDescription : : 12}'

. Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
IEENGYNTY
9
<212> Type : PRT
<211> Length : 9
SequenceName : SEQ ID NQ:42
Sequencebescription

Sequence : : ' - o

——— . . e
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9 <212> Type PRT <211> Length : 9 SequenceNanme SEQ | Dy NGerber 2006
SequenceDescri ption Sequence <213> O gani smNanme HOMO SAPI ENS <400>
PreSequenceString FEENWYNTY 9 <212> Type PRT <211> Length : 9
SequenceNane §E%I D NO 56 SequenceDescription Sequence <213> O gani snmNane
HOMD SAPI %&%"392 9> PreSequenceString Page 27 9 NovenbeFCHHIEOIRD 03/ 094835
PCT/ HA3/ 00379 LLEDGYNVY 9 <212> Type PRT <211> Length 9 SequenceNane :
SEQ | D<RIDB5 70r Sejuremitzae sc HOMO| BAPIEuence <213> Organi snNane Artifi ci al
Sequensé00x4DoeSequelmpidrdast i ng ggaattccat atggctgaag gggaaatc 28 <212>
Type DNBENZPYHY |ength 28 SequenceNane SEQ | D NO 58 SequenceDescri ption

Cust om Codon 2----------- Sequence Nane : SEQ I D NO 58
<212> Type : PRT

<211> Length : 9 .
SequencelName : SEQ ID NO:43
SequenceDescription :

Seguence
<213> OrganismName : HOMC SAPIENS
<400> PreSequenceString :
VEFENYYVIY
9

<212> Type : PRT
<211i> Length : 9

SequenceName : SEQ ID NO:44

SequenceDescription :

<213> QrganismName : HOMO SAPIENS
<400> PreSequenceString :
VEFENYYVTY
9

<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:45

SequenceDescription :

Sequence

<213> QOrganismName : HOMO® SAPIENS

<400> PreSequenceString :

VFENYYVIY

. 9
) <212> Type : PRT

<211> Length : 9 :
SequenceName : SEQ ID N0:46
SequencebDescription :

Sequénce
<213> OrganismName : HOMO SAPIENS
<400> PreSeqguenceString :
MDCLGYNQY
9
<212> Type : PRT
<211> Length : 9 : .
 SequenceName : SEQ ID NO:47
SequenceDescription : '
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Sequence <213> Organi smNane Artificial Sequence <400> PreRfdesmeStri ng
cgggatcctc agctcttagc ag 22 <212> Type DNA <211> Length 22 SequenceNane
SEQ I D NO 59 SequenceDescription Custom Codon ------------ Sequence Nane
SEQ I D NO 59 Sequence <213> Organi snNane Artificial Sequence <400>

Pr eSequencedusmsagssgat t ggaat ¢ taatggctac aatacttac 29 <3EFarcbwpse DNA <211>.

‘Length 29 SequenceNanme SEQ I D NO 60 SequenceDescription Custom Codon

------------ Sequence Nane SEQ I D NO 60 Page 28 9 Novenber 2006 WO
03/ 094?@@% 1L03/ 00379 Sequence <213> OrganismNanme : Artificial Sequence
<400> quenceStrl ng gtaagtattg tagccattag attccaatc 29 <212> Type :

DNA <21 g_%glsmﬁgrﬁgeqqmemSEQ I D NO 61 SequenceDescription

Custom PreSeguendéString
FEENWYNTY
9
<212> Type : PRT
'<211> Length : S
SequenceName : SEQ ID NO:48
SequenceDescription @

Sequence

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :

VLENNYTAF

9 \
<212> Type : PRT 3
<211> Length : 9 rn it

SeguenceName : SEQ ID NO:49
SequenceDescription :

‘Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
VLENNYTAT
9
<212> Type : PRT
<211> Length : 9 :
SequenceName : SEQ ID NQ:50
SequenceDescription :

Sequence
<213> OrganismName : HOMO SAPIENS - _ S ' {:)
<400> PreSequenceString : ' : pE
TRPDGYNVY
9

<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:51

SequenceDescription :

<213> OrganismName : HOMO SAPIENS
<400> PreSegquenceString :-
FEENWYNTY

9
<212> Type : PRT
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- Sequence Nane : SEQ ID NO 61 Sequence <213> O gani smNagRoeRHbef 2006al
Sequence <400> PreSequenceString gattggaatc taatcgctac aatacttac 29 <212>
Type : DNA <211> Length : 29 SequenceNanme SEQ I D NO 62

SequenceDescriADti on Custom Codon ------------ Sequence Nanme : SEQ I D NO 62
Sequence YA BOHEFani smNane Artificial Sequence <400> PERHSFUBAteString
gtaagtattg tagcgattag attccaatc 29 <212> Type : DNA <211> Length : 29
Sequeneeharer.&kgH Q NO 63 SequenceDescription Custom Codon ------------
Sequence NanBegu&ifaNadeNO 8RB0 BB@@ME <213> Organi smNanme : Artificial
Sequence <488pudhiaSepmeripe$oni-ng ggaattccat at ggctcaag ggcaaatcac cacgctg
37 <212> Type DNA Page 29 9 Novenber 2006 WD 03/094835 PCT/ 1L03/ 00379
<211> Bemgehce 37 SequenceNane : SEQ ID NO 64 SequenceDescription Custom

Codon ——==————=
<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :
LLEDGYNVY
9
<212> Type : PRT
<211> Length : 9
SequenceName : SEQ ID NO:53
SeguenceDescription :

Sequence
N - €213> QOrganismName : HOMO SAPIENS
) <400> PreSequenceString :
' IEENGHNTY
9
<212> Type : PRT
<211> Length : 9
SequenceName : SEQ ID NO:54
SequenceDescription :

Sequence
<213> Organismiame : HOMO SAPIENS
<400> PreSequenceString :
TLENGYDVY
9
<212> Type : PRT
<211> Length : 9 : '
SequenceName : SEQ ID NO:55
SequenceDescription :

Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSeguenceString :
FEENWYNTY
9
<212> Type : PRT
<211> Length : 9 . :
SequenceName : SEQ ID NO:56
SequenceDescription :

Sequence

<213> OrganismName : HOMO SAPIENS -
<400> PreSequenceString : '
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R Sequence Nanme SEQ I D NO 64 Sequence <213>y((h@aibesigdgane
Artificial Sequence <400> PreSequenceString cgaagaaaac gggtataata cgtac
25 <212> Type DNA <211> Length : 25 SequenceNane -SEQ | D NG 65
-SequenceDescri ption Custom Codon ------------ Sequence Nanme SEQ I D NO:. 65
Sequence <@g assssgani smName Artificial Sequence <400> B@@g}dmgesul ng
gtacgtatta tacccgtttt cttcg 25 <212> Type DNA <211> Length :
SequenceNane SEQ I D NO 66 SequenceDescription Custom Codon ------------
Sequené@ﬁ%ﬁ@%EQ ID NO 66 Sequence <213> Organi snNanme Artificial

Sequenc 8> Pre uenceString cgaagaaaac cggtataata cg 22 <212> Type
DNA < g Elé _ SequenceNarre SEQ I D NO 67 SequenceDescription
Custom 8n § genge ame : éﬂaglb B@%§7 Page 30

SequenceDescrlptlon :

<213> QOrganismName : Artificial Sequence
<400> PreSequenceString :
ggaattccat atggctgaag gggaaatc
28
<212> Type : DNA
<211> Length : 28
SequenceName : SEQ ID NO:58
SequenceDescription :

Custom Codon ' %ﬁ}

e e o e p i

Sequence Name : SEQ ID NO:58

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSeqguenceString :

cgggatccte agetcttage ag

: 22

<212> Type : DNA

<211i> Length : 22
SequenceName : SEQ ID NO:59
SequencebDescription :

Custom Codon

Sequence Name : SEQ ID NO:59

P
Q\.‘)

Sequence -
<213> OrganismName : Artificial Sequence
<400> PreSeqguenceString :
gattggaatc taatggctac aatacttac
29

<£212> Type : DNA

<211> Length : 29
SequenceName : SEQ ID NO:60
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:60

Pagé'QS




9 Novenber 2006 WD 031094535 PCT/1L03/00379 Sequence sgRddmbeFgmpi snmNane
Artificial Sequence <400> PreSequenceString cgtattatac cggttttctt cg 22
<212> Type : DNA <211> Length : 22 SequenceNane SEQ I D NO 68
SequenceDegI%ﬂi;p ion Custom Codon ------------ Sequence Nane S§§ | D NO 68

- Sequence < O8Fani srName :© Artificial Sequence <400FPAESORRnceString
cgaagaaaac gtgtataata cg 22 <212> Type : DNA <211> Length : 22
Sequencéranence SEQ | D NO 69 SequenceDescription Custom Codon ------------
Sequence~Nane~SEQ I D NO 69 Sequence <213> Organi smNanme Artificial Sequence
<400> Pré&apuersagiNagec gt Arthf s adc Fearere® cg 22 <212> Type : DNA
<211> LEABPH PrefequencentEMBfe’: SEQ ID NO 70 SequenceDescription Custom
Codon -915?@9233’992 ‘tagegaéhed RERECa2SEQ I D NO 70

<212> Type : DNA

<211> Length : 29
SequenceName : SEQ ID NO:6l1
SequencebDescription :

Custom Codon

Sequence Name : SEQ ID NO:61

Sequence
) <213> OrganismName : Artificial Sequence
- ) <400> PreSequenceString :
o gattggaatc taatcgctac aatacttac
29
<212> Type : DNA
<211> Length : 29
SequenceName : SEQ ID NO:62
SequencebDescription :

. Custom Codon

Sequence Name : SEQ ID NO:62

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString : :
gtaagtattg tagcgattag attccaatc

29

<212> Type : DNA -

ol <211> Length : 29

- SequenceName : SEQ ID NO:63
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:63

Sequence

<213> OrganismName : Artificial Seguence

<400> PreSequenceString :

ggaattccat atggctcaag ggcaaatcac cacgetg
37 ' . _

<212> Type : DNA
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Sequence <213> OrganismNane : Artificial Sequence <400zNBreadearmBceString
. Ccgaagaaaac gagtataata cg 22 Page 31 9 Novenber 2006 WD 03/094835

PCT/ JL0O3/ 00379 <212> Type DNA <211> Length 22 SequenceNane SEQ I D NO 71
SequenceDescri ption Custom Codon ------------ Sequence Nanme SEQ ID NO 71
Sequence whlednossgani smNane Artificial Sequence <400> peghesp@nceString
cgtattatac tcgttttctt cg 22 <212> Type DNA <211> Length : 22 SequenceNane
SEQ | DS%QE%Z encgpescription rcy_ Custom Codon ------------ Sequence

Name S 5 cafUHeNCeER233 s gani smNane Artificial Sequence <400>

PreSequenceSgggangm cgcgtataata cg 22 <212> Type : DNA <211>
Length 22 SequénceNane SEég I D NO 73 SequenceDescription Custom Codon

Custom Codon

‘Sequence Name : SEQ ID NO:64

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSeguenceString :
cgaagaaaac gggtataata cgtac
25
<212> Type : DNA
<211> Length : 25
SequenceName : SEQ ID NO:65
SequenceDescription :

Custom Codon N

Sequence Name : SEQ ID NO:65

Sequencea

<213> OrganismNéme : Artificial Sequence

<400> PreSequenceString :

gtacgtatta tacccgtttt ctteg
25

<212> Type : DNA

<211> Length : 25 ,
SequenceName : SEQ ID NO:66
Sequencebescription :

Custom Codon

Sequence Name : SEQ ID NO:66 _ o ;i)

Seguence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :

cgaagaaaac cggtataata cg

' 2

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO: &7
SequenceDescription : .

Custom Codon

Sequence Name : SEQ ID NO:67
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------------ Sequence Nanme : SEQ ID NO 73 Sequence <213RonantgpiNanme
Artificial Sequence <400> PreSequenceString cgtattatac gcgttttctt cg 22
<212> Type DNA <211> Length 22 SequenceNane SEQ I D NO 74
Sequence ription Custom Codon ----------- Page 32 9 Novenber 2006 WD
03/ 094535 43/ 00379 Sequence Nane SEQ I D NO 74 SefGEHL032 13>
Organi smName Artificial Sequence <400> PreSequenceString cgaagaaaac
aattataata cg 22 <212> Type : DNA <211> Length : 22 SequenceNanme SEQ I D
NO 75 St Description Custom Codon ------------ Sequence Name SEQ | D
NO 75 Sgguence <213> Organi smNane Artificial Sequence <400>
PreSequ%j‘Pg&qqgﬁgl?’“%gﬁ‘%tiﬂ%%ﬁtlt PEEVSREE 22 <212> Type : DNA <211>
S Le
2

t
<
Lengt h ¢g?§t§

e@z cgg
2

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO:68
SequenceDescription :

tra 3 ; ; .
ﬁ%cttrchgQ I D NO 76 SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:68

Sequence

<213> OxganismName : Artificial Sedquence
<400> PreSequenceString :

cgaagaaaac gtgtataata cg

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO:69
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:69

Sequence

<213> OrganismName : Artificial Sequence:

<400> PreSequenceString :

cgtattatac acgttttctt cg

. 22

Ly <212> Type : DNA

<211> Length : 22

' SequenceName : SEQ ID N0O:70
SequencebDescription :

Custom Codon

Sequence Name : SEQ ID NO:70

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString : : :
cgaagaaaac gagtataata cg

22
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Cust om Codon ------------ Sequence Nanme : SEQ I D NO 76 gReeHi®Rem06213>
Organi smNanme : Artificial Sequence <400> PreSequenceString agctggatcc
tcaactttgg cttagaatat cc 32 <212> Type : DNA <211> Length.: 32

SequenceNane : SEQ ID NO 77 SequenceDescription Custom Codon --------

Sequence WanB/09488EQ | D NO 77 Sequence <213> O gani snmNaperiLosedis i ci al
Sequence <400> PreSequenceStri Nng gggaattcca tatgcagcta tactgcagga ctg
Page 33 GB& FDNE ~"CCccccc- - 9 Novenber 2006 WO 03/094835
PCT/HQ@&Q@@E <> Type : DNA <211> Length : 33 SequenceName :

SEQ

I D NO 78 Segg@g@,mﬁé pt isep tEUsbeom Codon ------------ Sequence Nane SEQ

I D NO 78 Segg@%mlgtg@w smNane : Artificial Sequence <400>

PreSequenceString gttcgaagaa agctggtata atatacg 27 <212> Type : DNA <211>

Lengt hcus2ém Codon

Sequence Name : SEQ ID NO:71

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgtattatac tegttitctt cg
22
<212> Type : DNA
<211> Length : 22
SequenceName : SEQ ID NO:72
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:72

. Sequence

<213> OrganismName : Artificial Seguence
<400> PreSequenceString :
cgaagaaaac gcgtataata cg

<212> Type : DHNA

<211> Length : 22
SequenceName : SEQ ID NO:73
SequenceDescription :

Custom Codon

It A —— i — i

Sequence Name : SEQ ID NO:73

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString : ‘
cgtattatac gegttttcett cg
22
<212> Type : DNA
<211> Length : 22
SequenceName : SEQ ID NO:74
SequenceDescription :

Custom Codon
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SequenceName SEQ I D NO 79 SequenceDescription Custom &ad@dinber 2006-- - - - - -
Sequence Nane SEQ ID NO 79 Sequence <213> Organi smNane Artificial Sequence
<400> PreSequenceString cgtattatac cagctttctt cgaac 25 <212> Type : DNA
<211> Length : 25 SequenceNanme SEQ I D NO 80 SequenceDescription Custom
Codon - - - - WO.03/024835 goqyence Nane SEQ I D NO 80 Sequence BCHIBS3/@BWani smiName
Artificial Sequence <400> PreSequenceString acgtcatatg ttggcgcgcc tgccggtg
28 <212>Sqyprnce pgre <2358 A4 28 SequenceNane : SEQ | D NO 81
SequenceDescrl ption Custom Codon Page 34 9 Novenber 2006 WO 03/094835
PCT/ 1LO3790%Fe - - - - - - Sequence Name : SEQ ID NO 81 Sequence <213>

Or gani S%Aﬂl fi CI aI Sequence <400> PreSequenceStrl ng acgtggatcc

l-ﬁ} 9% Wuence
tcacagC @‘ﬁ@g‘% enceStrlng : '

cgaagaaaac aattataata cg

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO:75
SequenceDescription :

Custom Codon

L e L L pmp—

Sequence Name : SEQ ID NO:75.

Sequeﬁce
<213> OrganismName : Artificial Sequence
- <400> PreSequenceString :

cgtattataa ttgttttctt cg
22

<212> Type : DNA

<211> Length : 22
SequenceName : SEQ ID NO:76
SequenceDescription :

Custom Codon

Sequence Name : SED ID NO:76

Sequence
<213> OxganismName : Artificial Sequence
<400> PreSequenceString :

. agctggatce tcaactttgg cttagaatat cc

. <212> Type : DNA

<211> Length : 32
SequenceName : SEQ ID NO:77
SequencebDescription :

Custom Codon

Sequence Name : SEQ ID NO:77

Sequence

<213> OrganismName : Artificial Sequence.
<400> PreSequencesString :
gggaattcca tatgcagceta tactgcagga ctg
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<211> Length : 29 SequenceName SEQ I D NO 82 SequenceDes®loiddideppoosCust om
Codon ------------ Sequence Nane SEQ I D NGO 82 Sequence <213> O gani sniNane
. Artificial Sequence <400> PreSequenceString gattctcctt cccaacaggt
acaacgccta cgag 34 <212> Type : DNA <211> Length : 34 SequenceNane : SEQ
| D NO 83 wiemgnenseDescription Custom Codon ----------- eCPaOMRREe Nane
SEQ I D NGO 83 Sequence <213> Organi smNane Artificial Sequence <400>
PreSequenceSt33 ng ctcgtaggcg ttgtacctgt tgggaaggag aatc. 34 <212> Type
DNA <24232% éhygich :: DBA SequenceNane SEQ | D NO 84 SequenceDescription
Cust om €8Hbn Length- <- 33-- Sequence Name SEQ | D NO 84 Sequence <213>
Or gani smName $aguchiceNaleSeq8BACED RAOMB> PreSequenceString Page 35 9
Novenber 20065edneno8bee483ptPET/ H, 03/ 00379 ggccct aggt catctaggta
aaaaatgtgt g 31

Custom Codon

Sequence Name : SEQ ID NO:78

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

gttcgaagaa agctggtata atatacg
27

<212> Type : DNA

<211> Length : 27 .
SequenceName : SEQ ID NO:79 £ }
SequenceDescription : B

Custom Codon

Sequence Name : SEQ ID NO:79

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgtattatac cagctttctt cgaac
25
<212> Type : DNA
<211> Length : 25
SequenceName : SEQ ID NO:80
SequenceDescription :

‘Custom Codon ' ' | 7y

Sequence Name : SEQ ID NO:80

Segquence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
acgtcatatyg ttggcgegee tgccggtg
28
<212> Type : DNA
<211> Length : 28
SequenceName : SEQ ID NO:81
SequenceDescription :

Custom.Codon
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<212> Type DNA <211> Length 31 SequenceNanme SEQ I D NO g 8bvember 2006
SequenceDescri ption Custom Codon ------------ Sequence Nane : SEQ | D NO 85
Sequence <213> Organi snmNane Artificial Sequence <400> PreSequenceString
gggaattcca ta tactgcagga ctg 33 <212> Type DNA _<211> | ength 33
SequenceNaﬁéﬁ@gﬁﬁgﬁ)hK286 SequenceDescri ption cust om OB 030037
Sequence Nane SEQ I D NO 86 Sequence <213> Organi smNane Artificial Sequence

<400> PreSequencestring_agctggatcc tcaactttgg cttagaatat cc 32 <212> Type
DNA <2 PEIUEESGt NaBs Seﬁﬁ‘gngg%!ﬂréﬁ: SEQ I D NO 87 SequenceDescri ption
Custom Codon - ----------- Sequence Nanme SEQ I D NO 87 Sequence <213>
- Organi s SAFtificial Sequence <400> PreSequenceString cgatacgtac

atat gcachl; ;30328064 Linan ~2ha ehiG1 DBquspdd> Length 30

<400> PreSequenceString :

acgtggatcce tcacagectg gggaggaag
29

<212> Type : DNA

<211> lLength : 29
SequenceName : SEQ ID NO:82
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:8Z

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
gattctecett cccaacaggt acaacgecta cgag
34
<212> Type : DNA
<211> Length : 34
SequenceName : SEQ ID NO:83
SequenceDescription :

- PR

Custom Codon

Sequence Name : SEQ ID NO:83

Sequence

.<213> OrganismName : Artificial Sequence
. <400> PreSequenceString : .
3;& - ctegtaggeg ttgtaccitgt tgggaaggag aatc,
i 34
- <212> Type : DNA
<211> Length : 34
' SequencelName : SEQ ID NO:84
SequenceDescription :

Custom.Codon'

Sequence Name : SEQ ID NO:84

- Sequence

<213> OrganismName : Artificial SeQuence
<400> PreSequenceString : o
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SequenceNanme SEQ I D NO 88 SequenceDescription Page 369%ioNewerbms 2006 WO
03/ 094835 PCT/1L03/00379 Custom Codon ------------ Sequence Nanme SEQ I D
NO: 88 Sequence <213> Organi smNane : Artificial Sequence <400>
PreSequenceString gggaattcca tatgcagcta tactgcagga ctg 33 <212> Type : DNA
<211> Leng¥diod@4BequenceNanme : SEQ I D NO: 89 SequenceDegcrimpusiessrs Cust om
Codon ------------ Sequence Nanme : SEQ ID NO: 89 Sequence <213>

Or gani sgidaee: agghr idaftice habt Sesprenaetgg4@0> PreSequenceStri ng agct ggat cc

t cagcaaccc agHccggaca tg 32 <212> Type DNA <211> Length : 32 SequenceNane
. SEQ 1€2Ny» HypeSeqdAceDescri ption Custom Codon ------------ Sequence
Nanme : S€EQ Dex@t®0: Séquence <213> Organi smNane : Artificial Sequence
<400> Pr eSequEuesceNage: : cHEcHl NG 85t acct agag gagggggagg tct gt ccaaa
ggttgc 46 <ZBemumepggPescpNption :

Custom Codon

Sequence Name : SEQ ID NO:85

Sequence
<213> OrganismMName : Artificial Sequence
<400> PreSequenceString :
gggaattcca tatgcagecta tactgcagga ctg
33 -

<212> Type : DNA .

<211> Length : 33 {ﬁ}
SequenceName : SEQ ID NO:86 N -
Seguencebescription :

Custom Codon

Sequence Name : SEQ ID NO:86

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
agctggatec teaactttgg cttagaatat cc
32
<212> Type : DNA
<211> Length : 32
SequenceName : SEQ ID NO:87
Sequencebescription :

Custom Codon QQ}

Sequence Name : SEQ ID NO:87

Sequence

<213> OrganismName : Artificial Seguence

<400> PreSequenceString :

cgatacgtac atatgcactt agaaatctte

' 30

<212> Type : DNA

<211> Length : 30
SequenceName : SEQ ID NC:88
SequenceDescription :
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<211> Length : 46 SequenceNane : SEQ ID NO: 91 SequenceDsisednibgt2ams Custom
Codon ------------ Sequence Nane : SEQ ID NO 91 Sequence <213>

Organi smNanme Artificial Sequence Page 37 9 Novenber 2006 WO 03/094835
PCT/ 1L03/ 00> PreSequenceString gcaacctttg gaca c cccctcectct
aggt aaaaaggég%?')gg#%é 46 <212> Type : DNA <211> Length : %%C@L‘H(?gﬁgeNarre :
SEQ ID NGO 92 SequenceDescription : Custom Codon ------------ Sequence
Narme SE}IMINGOdPn Sequence <213> OrganisnNane © Artificial Sequence <400>
PreSequenceStTing acgt gaccat atgggtctgt ccaaaggttg 30 <212> Type : DNA
<211> LRGfitaRce §Gm8eé]ug%%e$\%d>p‘ Q I D NO 93 SequenceDescription Custom
Codon ------------ Sequence Nane : SEQ ID NO 93 Sequence <213>

O gani SHH#IF & tificial Sequence <400> PreSequenceString cagtcctgca

gt at agck 5 S G880 ShRa R8O L ARG 1899885588 8920000aca 60
<400> PreSequenceString : : '
gggaattcca tatgcagcta tactagcagga ctg

33

<212> Type : DNA

<211> Length : 33
SequenceName : SEQ ID NQO:89
SequenceDescription :

- Custom Codon

Sequence Name : SEQ ID N(0:89

Sequence

<213> OrganismMName : Artificial Seqguence

<400> PreSequenceString :

agctggatec tcagcaacce agaccggaca tg
32

<212> Type : DNA

<211> Length : 32

' SequenceName : SEQ ID NO:90

SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:90

Segquence

- <213> OrganismName : Artificial Sequence

ver) <400> PreSequenceString :

cacacatttt ttacctagag gagggggagg tctgtccaaa ggttge.
46 '

<212> Type : DNA

<211> Length : 46
SequenceName : SEQ ID NO:9%1
SequencebDescription :

Custom Codon

Sequence Name : SEQ ID NO:%1

<213> OrganismName :-Artificial Sequence
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tg 62 <212> Type DNA <211> Length : 62 SequenceNane SE®olkéniD2806
SequenceDescription Custom Codon ------------ Sequence Name SEQ I D NG 94
Sequence <213> OrganisnmNane : Artificial Sequence <400> PreSequenceString
. atgtccggtc tgggttgcgg agggggaggg ggagggggag ggcagctata ctgcaggact 60 g
61 Page 38@0¥¢Aber 2006 WO 03/ 094535 PCT/ 1103/ 00379 PCrBbamosType @ DNA
<211> Length : 61 SequenceNane : SEQ ID NO 95 SequenceDescri ption ~Custom
Codon - <400>- PreSeq@gttenig@nyare SEQ I D NO 95 Sequence <213> O gani sniNanme
Artifi cigebaSegtesceacsAr PreSeasensetdd ﬂth&S%CEgéggé catctaggta
aaaaatgtgt g 481 <212> Type : DNA <211> Length : 31 SequenceNane SEQ I D
NO 96 Sedeenteescriysti on Custom Codon ------------ Sequence Nanme SEQ I D
NO 96 <211> Length : 46 :

SequenceName : SEQ ID NO:92

SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:92

Seguence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
acgtgaccalt atgggtctgt ccaaaggttg
30

<212> Type : DNA iQ}
<211> Length : 30 e '

SequenceName : SEQ ID NO:93

SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:93

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString : :
cagtcctgea gtatagetge cctccccctc ccecteecee teccogeaacce agacceggaca
60 .
tg
62
<212> Type : DNA
<211> Length : 62
SequenceName : SEQ ID NO:94
SequenceDescription :

i

Custom Codon

Sequence Name : SEQ ID NO:94

Sequence

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

atgtccggtc tgggttgegy agggggagyy ggagggggag ggcagctata ctgcaggact
6

g

_ 61
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<212> Type : DNA

<211> Length : 61
SequenceName : SEQ ID NO:95
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:95

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

ggccctaggt catctaggta aaaaatgtgt g
31 ‘

<212> Type : DNA

<211> Length : 31
SequenceName : SEQ ID NO:96
‘SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:96
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