FGF VARl ANTS AND METHODS FOR USE [HEREOF FI ELD OF THE
I NVENTI ON The present invention concerns nmutants
and variants of aroblast growh factors 5 (FGFs) with
i nproved properties, and provi des FG- potypepti des,
phar maceuti cal conpositions conprising these variants
and nethods for use thereof. BACKGROUND OF THE
| NVENTI ON Fi brobl ast Growth Factors and their

. Receptors ¥oFhrTANTs ANDMRTHODS FORNRE TEEREOF

. conprise a large famly of evolutionarily conserved
pol ypepti des involved in a variety of biol ogica

' pr oR®3 $AOF AR NSHRBrORPr Phogenesi s, augi ogenesi s, and
tissue renodéling as well as in the pathogenesis of

numer. vi e in,rni S

108, @ggggéﬁ%?%%?/naéﬁn%us V\rrlgafrl%ercs1 Kiiadd ﬁ?ﬁ‘% g§/‘%‘§h factors
$t | (FGFRrwith fwprqypd piopesicat indrproides FF dolyppeides, pharmdcenticat
Cehb&pmﬂﬁﬁﬂhﬁ&m%%ﬂk&ﬁﬁh&%&ﬁ@&&ﬂ&ﬁﬁhm&%mﬁ%kthe"a| and
neur oectodermal origin in vitro and in vivo. FGFs are
expressed in a strict tenporal and spatial pattern
dari ng devel opment and have inportant roles in

Patg ARG ROURDGE TR N ARFRDNON (reviewed in Omitz,

Bi oessays 108 2000) FG-s are powerful mtogens and
ar ation of many bi ol ogical 20
%mﬁ&th%%Mhﬁ%gF dg%ﬁ: si s, vasculogene3|s

i | Eapibrs f @EGRH
Hﬁ?ﬁ”%ﬁ%ﬁ%&% ewglologlgel r%s onsenQ%&Q&P S t&gﬁ%ﬁ
medPEEEY PHRSEYS dyalvd it 2 Yﬁ“@’ﬂ off pielepiea) Jewssze nebgmg
ph m)omheéelnesﬁuazfgmgﬁemt £ARHO tgnddking aPFEIERSH the/Palhl

by RRE sl Tl %@%”%e%%%s%?@eé%ﬁé?g%%@
19 s@ywbeerﬁﬁbts Binly ﬁmmﬁh@prom:amn oBa eidetypdettarh of cells, Tanging
15Re%ﬂtr&fsém1%;§m{£@€%ﬁa1 Wases X bt 64y

&o %GFS
are transnegnbme- pr ot ej [ e MFRS appears
t 0 "B HTEH A %ﬂ‘i* é%*@ﬁ%?ﬂd spifial pridem dusipg developryng end have
do igiortart eelsi in tpstienfingt 408 @b |mﬁ?dﬁmgir@iwled Br Oiebts; Bioessays 22,
(Igﬁ domains (D1, D2 and 1)3), a heparin blndlng
donaln and an acidic box. Alternative splicing of the
FGFEGHRRNASwWANEiR:eS afd ki Lrdth ;aaz,
20|nclud|nﬁ &H@ Fal R3ffi b and FGF%%%%%@Q&%%ﬁégﬁhac f3gicel
halFPFEt AT S FHEIPEHHy vaspRepteris womd bealingy, fmh dprmation,
cr futriodgehésis ahdingll swotal. TeObIpREEN trespdiusdf SR BI'FGF is mediated

Peltotal bi2Bih. 2 iy R DA sof RS St FRpaec e s
r elee»a%%osinﬁheaér obivitiapt 4rveh¢snhf>rylam oprarbd g hERGEH (Boughlin

suhfaalr Biol [enb:h 68 Vs, TOELS)! Bivd @MEORGELIRE GR cfoOReceptors
§%E§ the rol e of heﬁaran sul fate proteog cans

e eee dmGiied: FRERIF e tReASHgmiare e Sile
ofFCiI'RfSwppdatsanab alsGinlé w@mlmm E%m bR of

o PR R ol e o8 g B ot B

- Defpariggadanacidic by éltgnfGUe sphiciog Omm.ﬁs Eneritss different
I odepiat Rk REFR

t r b n‘omg%gﬁls?d%sglgf i catllﬂgﬁl§i %%Ig%%[%on r a%Ch having uniquo

is the findanental mechanism 10 for

Iongltudlnal bone formati on whereby cartilage is
repl aced by bone. It requires the sequentia
formati on and degradation of cartilagi nous structures
In the growh plates that serve as tenplates for the
devel opi ng bones. During intranmenbranous ossification
,bone is formed directly i-n the connective tissues.
" Both processes require the infiltration of
ost eobl asts and subsequent matri x deposition. 15The
signaling pathway triggered by activation of FGFRs
has been shown to be involved in several.. stages- of
li-mb and bone devel opment Other major regulators of -
bone growt h include natriuretic peptides (NP), bone
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of the bl adder where it is nutated in nore than 30%
of the cases (Cappellen et at, Nature CGenet. 23, 18,
1999). Dvorakova et al. (Br. J. Haematot 113 832,
2001) have shown that the FGFR3ific isoformis over
expressed in the white blood cells of chronic nyeloid
Ieukenia (CNL) patients Yee et al. (J. Natl. Cancer

éé entified 5 a mutation_ in FGFR3
I|n Ot 51 cer CETRETRY i BEERigt pvalieapinghe dipding to

Qﬁ@%ﬂﬁﬁ@mbﬂda&éagualaGMNlmﬁwﬁmuuﬁﬁﬁ@ﬂh&ﬁﬂb$ﬁ@ﬁ&%ﬁhmln
eda 00 d br ast

ca%z:gr B?‘%ﬁr"g‘si sgll‘?ﬁb X E’ang shlfage aq&ﬁéﬁ’gg gpsoposed to
gxplaingbpmje of heparazg eﬂﬁmamteogﬁﬁs (BESRG)t th EGF S@ﬂiﬁgg Bicluding

e S0 nchhab frtlef b bec Lf Hor So g 2 S0
dXayos et Cabed, 841 é%iyﬁ@am@it 2l Cin Ppin o$tivon BiolS: T8t 1998).

Qg i4Ei96 100 and 4, 378, 347), skeletal disorders (US
, 614, 496 and 5, 656, 598) and for
e] cPrdla sue US Pa ent 352 971)

Recepto peci ICI ??Iﬁ ﬁ@d‘>?%ﬁ§ fiong pud
mezgleehdncrﬁeesafwemm Endwhmﬂm]’kissﬁcaﬁoﬂm ] thy fufida@®hth1ORechaism

SO P A i B BRI 5580 e
Wwﬂﬁb@%@e woicmagqmoabf mlagymuschamw h alfel gepvi Plates that

§§§%§ and FGFR2, %%éhﬂklgg Fece ﬁ%%% S InpC s

duerdly tip the Gepneasive dissugs. Bnecpwsm deqﬁ@:%mﬁlnbﬁbn of

bit@blagté {ddRiblsYquaktthate &fdsmn W th i nproved sel ectivity.
Specificity may al so be achi eved by specific 20

p r Bicesigrajing patheasp g &ed biy ﬁciﬂ}aﬁtflﬁgfeMFlfsi %@. Uﬂéfn Gt 6 be

\'/ e-dlrecte mut agenesi s
‘g‘g‘fﬁﬁ?‘a%"eﬁyﬁﬂg% ?‘Sb‘Pé ‘8?’ <irpmgni, Gt Halpr fequsions of
b iggovgh imghuie | rhtcivietiy ;m;t»n«ﬁﬁ&@); Bonk hﬁjqﬁhoﬁ@eﬁpﬁ@fe&s (BMP)

t otn v
SR B, o B g st 10 Blgpeorpiahl (640, dhyroia
Tene (BE):|pegtiyriid bormane, (PED, P8, k6T pepli02@THAGAA] Vitrmin
chl essinger et al., Ml Cell, 6, 43, 2000). 25 FGF
variants All nenbers of the FCP famly share a
HGHRBla6d) Piseae € donmai n of about 120 am no acids, 28 aa
resi dues are highly conserved and six are i denti cal .

St wonhgr of bigh dabatssafotis: ﬁk%toﬁ%%ssb@iﬁ&i Wit Btaddhs in the

f strands h one cent to fI-Ioops
corrpr|5|k5I %ﬂ’ém}uﬂ& _ @%hﬁﬁ S, Ppert
ap@l@eply—swph@og sy@ieaios *..1 an,36 eﬂ,pﬂ;m’ | ;segmﬁ r(%narmmryyj FoehHR

MECRE B FGRRD Al 18 oo Bits! Arisyidige of

are distinct eparln
hpmarogerosic advgrfian r{rev@rnd iBiGfio &0 al, 3B@ber] Re0 _11,)23 2000).

Sptdisiany, M EREH | t d
ecepto?hgpe0|f|C|t{F%$%m%§F§§?%%é%%% E&ﬁggfcﬂﬁgmg?ﬂy
a??@mﬁ FGARA Je dﬂ¥*ﬁéﬁﬁ%wﬁﬁdmmhgw&0m$HMHmnnGMngmh@ﬂphm(f

lav@ bbdds Bnd addala P ShokdddivandsNe gene encoding for the
proteins: Copendi ng PCT application WD 02136732

OTeCF@shaid R o dipIsted ihebihi Gnafifnah@@Sha %ﬁfe%@&s&&
FbﬂRiﬂﬁhégs q? h%ﬁg havi ng i ncreased receptor
gpecifreres “W@ﬁ@ﬂ?gﬁﬁgﬁﬁﬂ?ﬁ@mﬁﬂnﬁ%P%ﬁmﬁﬁiKﬁ@?

corresponding wild type FOP. Several investigators

- have denonstrated FGF nuta#ts and variants affecting

receptor and heparin binding. Kuroda et al, (Bone,
25 , 431, 1999) denonstrated that a full-length FG--4
pol ypepti de and a shortened version containing 134
am no acid residues exhibit conparable cellular
proliferation and effect on increase of bone density.

" The 10 shortest formof FGF-4 tested, contain* only

111 am no acid residues, exhibited limted growh
stimulatory activity. US Patent No. 5,998,170
di scl oses a biologically active FG=16 nol ecul e
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20 factor 2, is highly conserved anong speci es and
has been shown to stinulate the proliferation of a

wi de variety of cell types. The sequence of FG--2 has
been di scl osed US Patent Nos. 4,994,559; 5, 155, 214,
5,439, 818 and 5, 604, 293. Human FGF-2 is expressed in
several forns, a 210 aa precursor, a 155 aa form a

1 d veral .ot hers
L8 AR RS el YB3 SR RS o,
BiN3fure Gonet S3318, $PARY)Dvorakovacg 2R (Bras Ibereatolr‘rddﬁ,fmé,dwﬂb) have

al E&¥n thlll o o I O!
T e i

arelgit jek @&rfﬁMlé PRisnts, e gtali(li Hatl Grncerfe. m@{m ilentifiod

haviuigion i BGEIES hikel Qﬂéeﬁﬁ&al %&ﬂﬁ‘ﬁa! RESoBNEGERN AL Siown to be
eci.fi Seno et agF . Biochem 188 239,

7 BSEsit ik EERAD e SRt o CO SORE J62; @ A and breast

ngancerrpeog%ssxaﬁ(ﬂaegmm,scana&fae@tﬁs giGognaffinity to

hepari n. Bailly at al. (FASEB J, 14, 333, 2000)
sholw edntrest FiGFEs andi theig evdoganichvel ibbéxeslﬁwhitatbieomeﬁﬂ for treating

v YR b
%E*ﬂ*f{‘%f’“g GG Wity SO0 b3 Lo AT CheoB0k 3t G204 359,
ifarelEgpn/ (U6 RatsuidNdsi 4,206 106 sndat, 378 3¢ Heskelotbdigrders (US

t
e o L 08 A0l A e

9%H%Z note that the aa nunbering is according to
tge é46§aaﬁf8rn1of FGF-2 disclosed in 7aupg et 4 PNAS
US Patent No. 6,294, 359 discl oses
a |st f FGF-2 that conprise
A ac&gkgs%g% e AtEbe: r%sgié;tan‘g gﬁ? PP FER T AMaer question
riesefirpFGh fimdiiangs ﬂl@lmccmorbpﬁcxﬂzt@ AITFUFRE 6368 s¢ AL BGF-1

fh6ie t S t 2,..702 and
SRE LG PO okl M bl st 5 g
{TRENGAngH itk the JiGHwysiem; beoptrash th FORR Isedi TGFROS thpakiid fecspsor
rdﬂﬁﬂy@a@ SUFRB tds Gl 3Vhind AFFEF- seff@ﬂr P} d%ﬁ-{?gﬁgﬁ%ﬁ affinity

The use of FGFs and r agnent

tﬂﬁ§ éoe??%a VE';%P@M wlegiidis sSmaécrtyew aénogue laghievdd by spagific
@ﬁt@@m&mmﬁm&d&i EﬁBﬂl@fcﬂM&%&es oML, BiBcksayd 2y B B! %82 828@0) Site-

A 15 0 enlcal actlve F I ecul
gl’rﬂg?/t%d &t eslﬁtag F‘g’ VEeusSE | t@cﬂt‘@é{ thy eh%l% of
ispecificith of B@Fd to their r&l&bﬁto@(l’l%wov et 4f ta[ 0% 60 d999; Plotnikov et

0 tr n, . del tation
BLCHE ol B Shnih St R E Ol I o o g,
#87.t1829, ﬂ@(&b&mgnmuahdﬂomwsﬁ gajZdomant al terations
|n receptor specificity Thus, there is an unmet need

y 20 active and sel ecti ve l'igands for the
us tépes of FCE receptors, useful in selective
r“:’hi?‘%e (L d1e EGTnfamily e dhomdlemycotcaiompingif sbout ) akiyo
acids“ 28 Sth BidubiCars highlyCRbscPRA iah® $ik ale ﬂﬁﬁmﬁm fu@a? §t§dles on
[

w.th,t ment i oned. nutatlons and
vﬁ%@a‘gﬁ%&%aﬁfi prtpepfigng strands cach opg adincgny tpef-loops
eoxpprisinigt thy cordephing eshsbdd iﬁﬂ&%mﬁ ahd 8Ll OhE GhR &fufin

fr.omt rese nvention.  SUVMMARY OF
%%L‘fé%\)% Pt}&i"rz a‘%"ghf’aw n‘Bﬁé sifgt Repipios badingregions are
ilittjmoh frimp hegtadn pindin; degiona rbvisvied 0OmIE MAgIon, Odn. B 2M1305.1,
ﬁ@ﬁ)ly of gromh factors with inproved receptor-
specificity and/or affinity and biol ogical activity
having a nutation in a maj of variable protein domain.
5t is another object of the present invention to
provi de FOP variants having inproved selectivity for
receptor activation. It is a still another object of
the present invention to provide variants of nenbers
of-the FOP fam |y wherein certain specific
truncati ons of the carboxy and/or am no term ni
renders them advant ageous in that they are nore
stable, with inproved receptor 10 specificity, and/or
better targeting agents. It is a further object of
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neovascul ari zation and treating FGFR rel ated skel et al
and proliferative disorders. It is yet a further
obj ect of the invention to provide nethods for the
use of FGF variants to prepare nedi canments useful for
targeting to a particular tissue. 20The novel FOP
variants provided by this invention fidfill these and

ot h The present .invention is.based_on
t he bt‘L(’)ver‘z’y mide do Yenﬁ%ffﬁif% AR TRe R Ry ilgagns or

ofrmtchr@nE@thé Bgrindsy by facpnloy mpnbﬂemmmd @t cekthi® Mcations within

SHAEAARER i pd Bl U ATSRE HBTPRI v

oB6F Vatiapts hmeastée&semeynut@en firadhn BFﬁPpr.rham mcwdsed fvecpior

;QHHQ phangsd
gfpg%gggil{yctgpxact i VI t : It on tO rece nﬁ%‘?ﬂf
sel ReérhMhides E)%kfe SANA AR HAARAHRAAA $5kialis AL £ Bleptor

actrvr%%¥aqg i ncreased_receptor selectivity are

o8¢ TRy Hipding rftt bt (B 23y 4310 AP dpgpristiptod that a full-
Clontii f GMQlolyﬁe;Sflﬁé afld Qkhoﬁfanehlvgilﬁioﬂ g&ﬁ&hﬁi 1?4 ammr)f ?thd residues
r Speci i gands wo e ysefu or e
p%?“g’%s e ?Igtge\‘/’%l "gaﬁ ipﬁ(’gﬁﬁ%ﬁf‘@gﬁ@ OR dperegeecot; hong flensif The
rebpdst famndofr BGRAaesdd] oshiaiiing palyarid amitelkicid eRididdg exhibited
q&“ﬁﬂ%kﬁﬁﬁ _ laﬂﬁﬁ ost eoporosi s 30 and ot her
al disorders addition, the highly active

rec tor specific |igands are -6- useful for the

Fteng dYoe SP9PHATO Gpcdeses @ bislqeisalnsntive FEF4F anldoule ihoving

Gf‘onﬁ&fett@ﬂlﬂtsﬁﬁtnl anhh’@aﬁ:ﬁls laBeled bR Ihea: %%MF{%& one to eighteen

osteobla Hs enltor cells and stem ce
VIPRoqous delptpd R} e C-termipse or ding to a first aspect

h FGF .h |
SR A BB o BB San Fopdgn Sk
|compising-teaminn e arslol-Grrsinlsthintationosr 55 aa hﬁiﬂ.?rh&,tr&sp&:ﬁbﬁir ass

a |st apacteri.z .
a0, 5511785 Mol 100 BOGSPh B DR S BmiRc P Powin
L %@ﬁ@an@wmempebﬁmmmwed proliferation of
t arggt I Egﬂg

ubt y c:F@i;%gﬁ%%&ﬁ%g?ﬁﬁﬁ?ﬂ%%@f igfance receﬁ?%?nwm
3 it bighlys @m%‘aﬂdwwrse%qs diag beswpthown solstinpgae the

@ﬂﬂfﬂﬁtﬁﬂ of owam%h@y of 28 BRED L ld&ﬁ&t&@ ofFGF~2 é&%@énddl g)sed

15 Bl BOR o TR 8P 5 v e Bl B0 g bummn
bimbsand inGeverdlifoms] b 260 ag ﬁi%ursor, a 15&:&01‘0%,&9146%%&@%{9&

there IS prOV| ed a_polynuc| eoti de encodi ng
SRREED ror S o) PGt (5 i, Olrtion ok 13 el
BEI&QJZ& 2000). According to a fourth aspect, there is
provi ded a pharmaceutical conposition conprising as
nFﬁEﬂﬂvebﬂﬁgn@m%@ntaﬁmﬁmﬂagnﬂpmmkﬁkaaﬁfﬁmﬂaywﬂg&ﬁw Us

bRARNOBRILIMGRIRE LBl AN LHLEACTCOIRN S 5.

at | east’ ole” am no acl

L0Jatrahaying gligred bielogien] arvpeites aeudﬂamgmg sstificiyaSaotetali (Ee:d}
Bmcmn 18854390 rﬂ@os)ﬁe&laﬁmf | having r%eb&te%gmﬁs? TBARS %

or respondi n FG-" red

tﬁ?’b‘P‘i‘sf%éea G- Wﬁq@b@m@el |'s having at |east one FGF
receptor subtype, said FGF variant having enhanced
receptor specificity for said at | east one receptor
subt ype conpared. to anot her receptor subtype.
According to a fifth aspect4 there is provided a
met hod of interconverthig selectively an FGF
pol ypeptide froma mtogen to a differentiation
factor or froma differentiation factor to a mtogen
by generating a variant having at |east one am no
acid substitution into the beta 8-beta 9 |oop of said
FGF pol ypepti de. As di scl osed in copendi ng

Nolia)
—

<

o
0]

. international patent application WO 02/36732 certain

nodi fications to the pol ypepti de sequence provi de FOP
variants with enhanced receptor 5 specificity which
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20 herein defined as the (38439 | oop, provide
super agoni st properties in addition to enhanced
receptor subtype specificity. The variants exhi bit
enhanced receptor subtype specificity for one
receptor subtype conpared to the corresponding wld
type FOP, by increasing the biological activity
medi Bailly dyalat(FASEBtJ,0ME 33¢apo®r s}ﬁ;bvbgmpemm |Iﬁ1t0gem(; and
r ef. c I Vit at.e

dif orPh (n%géj soma%gg)&a i %}opgn o 7(81191&)

anot her receptor S

curr .

i nveﬁ{ﬁlil%)ﬁ/nl;ﬁg SEI;IEBF 2 varl ant con%ﬁié@g Sg?rgg%ﬁﬁ’fﬁc?t ggﬁjm-le or
( dRgre &fiths follogingymmingheoidsi ﬂutasms%gmaatq 101 sodéoi emcine 137 (US
Nighieht N8, 6,271,206 Hodidal 1329 Ll Gse g'_ﬁ{ £3198'8: form of

t provi ding receptor spec crt ese

T ACICTEFONE G ST A AR L
1mwﬂ>smmrh@rn@tmnx hStagdlis FhdMps 261 @G@Izh %rattéa @prise amino acid
| %%8nea Accor to.one current preferred
FBhf g epa'ﬁlg; i2ff TRy ) bptn docg oy teach
O)receptor Sphaifiaibuhangeat i ons used hereln correspond to
the one letter am no acid code foll owed by the nunber
desi'§hBeterigNesh & 38AT70f0amcy, 3l 0863 idistlose & Fecthbinakd FGED variant,

f @hvh 5 T 0378 t

t he sélj%gt i t u%?e gi%&bng acl olJ egl% &B?S?“"rﬁ‘t% Irf’/pall F@V‘@g%&f&m acid,
e fbiREHEeeFd viRldspr esent i nvention provides a

variant of 5 FGF-2, denoted herein FGF2-N111R, havi ng

SEQ D Wyos, Fifisernd FOE lfﬁg‘fl‘?llt%qudﬁg@mgt%@t@gpm@m been

1@fkclodett Hn Amglmrswss(aw USR)’at&ﬁ@%@ fﬁg&%@’r | edsyssincdianrgpd o
t|V|t i va gé_ Gf FGFR2 whil e |ncreaS|n9

o ftbalclint SR KB mmolocple i it oyt g erqsh R o akutod agonts

enﬁnﬁﬁqﬂht of the present invention provides a

vari ant of FG--2; denoted herein FGF2-N111G having
SEQTROeBtensitree ity madosto troduie truphtic) dbhﬁoaﬁ&mapca@ ﬂﬁauon

Lickiakt i 12 G ki Y 2BRAPNS 14 | 3,&4‘3 1%
acti. tomards FG-R3 e i ncrea |ng At IRt
F%?Fé Mtpratignsin reeepior S@xﬁm Theswthersis EGHERRet need for highly

Anavdaid délbbﬁﬁﬂiéaﬂds"f@i%@ ko8t Iypd: %@%&Eﬁf&{ Qs rut Bsetective
present . |nvzwﬁ£on provrdes a variant_ of FéF 5

dﬂ‘i"é’?"“é‘ " her e i3 thesy _Iegeptoss,  fhewion qrddieeingD KO clinical
whaniitaical agbdigteBwil the $Bdve RRnRondd Rul:Sdts dme %oﬁl)ﬂatm various

and asparagi ne 111 is other 15 asparaglne
q%@%?dﬂﬁﬁw?o one currently preferred enbodi nent Xis

ar €] g curre tI

ooy X408 oot B i nfins b S roalom o
presoRtd@snionyar i ant of FGF-2, FGF2(3,5Q-N111G having
SEQ I D NGO 5, wherein alanlne 3 and scrim5 are

repl aced by gl utam ne, and asparagine IIl is
substituted with Aycine (Ay, G show ng essenti aI 'y
unchanged activity towards FGER311113 and 20 FGFR2
whil e increasing activity for FGFRL and FGERM t h.

The FGF-2 variants am shown to stinulate
proliferation.of chondrocytes and induce
differentiation of neuronal cells and may be used to
specifirally induce proliferation or differentiation
of progenitor cells and enbryonic or adult stem
cells. A conparable amino agid substitution is

di scl osed for FG--4. FGF-4, al so known as 25 HST and

-1 CGFGF, is expressed as a 206 an precursor protein

having a 27 an signal sequence. An FG--4 nol ecul e,
having 179 aa, conprising at |east one nmutation in
the /38-19 | oop provides a variant with inproved

bi ol ogi cal activities. According to one currently
preferred enbodi nent of the present invention the
FGF-4 variant conprises an amno acid substitution
wher ei n asparagi ne 165 (Asnl65, N165) is replaced
with 30 another am no acid residue thereby providing
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FGFR3 with unchanged activity towards the FGFRI and a
slight reduction in activity towards the FGFR2.
Preferably the variants have at |east 2-fold the
activity of the native FGF-2 in terns of

proliferation of FG-R bearing cells induced by the
variant 10The therapeutic utility of these novel

FG--2 and FGF-4 variants is disclosed for both
nEYMMARY OEFHEINNENTIQN, ecept or s, i ncl udi ng but not
limted to bone regeneration and bone fracture
healtiingh olijéct bE bk Phessd FREHHOE Y& FroVilPRirants QF hRAVES OF the FGF

und eaI| g schem ¢ tissue repair,. neur tissue
R A1 B pa it o0 ot AP SRS o ‘it am
ﬂﬁﬂmgaﬂduhgyhﬁn@h&mﬁﬂhﬂﬁnph@anmﬁﬂmmmwmmﬁmmﬁm
invention it is now disclosed that through
i nt}t dd wovthenohidct of sthey greeenh mivvmotianc fodprovids t FEH varbmts having

i o FOP pol ypepti de may
el ot o rCedploP v Bl

ergo Inte roma mtogen to a

dl Tt Ra0filllafdthd? Rbjet Ut Ae predifnt inv@ifoR toQrbvi®S Gikkht@ bt Rlnbers of
f ctor to a m t ogen. ﬁIS unexpected property of the

Ffr%meeﬁf memgnd&réwwmm

seldest thut| Advidbihe6isni B0ty @feaiubﬁrhiﬁﬂkg with improved receptor
%Iff rent@ptlon of varlous cell types. The variants

Thefter teeesiSiay be used in vitro or |n

conbi, nat i.on to achi eve
s RBO SR A T RRCo0T o o B ] cbriostion
Eunmhamnumemswhﬁﬂmnﬁﬁmﬁuﬂmmenmb&mﬁnmdmmnmmmamﬁmgmwmnmm

ther ;.. ..
Sl b, S e BB Sy ot
§ﬁwﬂﬁ&rly be used to achleve i ntercomrsion of a
proliferation factor into a differentiation factor,

anll 1DEetamether; ehjeshio) Rrvidsmetheds dor e pss of &%VW@*F 49 propare
RaicafentsR)teBi ttine BRNCaktiliPe bSO AL RSeralidle wound healing,

P2 N variants, ﬁﬁgﬂgdl FGFZ&H 50) RI113C,
L 2jn  FGE9 ts th t.
d sﬁ{gse%ﬂ'?‘## LA i YR %, 49568 o v

mh@mpédﬁadﬂymﬁbanwshomﬁﬂﬁmkmyﬂmgea@mmhdmammmat|on of
articul ar chondrocytes whereas the wild type 30

pr Biedpyel FGE varianss nyeyided by ihisirverrionfylill thosel and aflesa kbjects.
di erentigtion Factor., These variants are denated

§ RrepetgIARD s Prased Ry tesdjspqvemicihat gyl modifications to

| hazbmmmw aaeﬁdd)@e& adb i8R bt they have

c [ ls the FGF-% ar;anE of th es%%gﬂéﬁgentlon
f h v
ﬁ'e‘ﬁr%ee%*‘ b b B gt ?&%twe%m%éw%:%%%ﬂﬁww

mﬁmagtbmﬁ&nabmtmﬁyheammmmnbuﬂmpmomﬁamﬁhng%ﬂahgaﬂihmm@

4“9%3%5@ R 75 e T AR e BB et

YWKW@I@@dpEGﬂtWEAMM@lﬁbwnmuplaﬁb@hhmehewhsqenﬂp%ﬁk

B VR B LR e Py 80 SR Ep AR AP B 8 e

ey nd Zggenergtionwppnd\and ploey m@&@mﬂm Ihaﬂhne,gwﬂ?gl@ma
ankd S hey akeeendi@&me@tma@@ﬁ& ze&JB N%gec

(G or Arg (2). 103) FGF (SEQ 3) haV|ng
155 aa wherein Asn (N) at ﬁES|t|on 111 i s repl aced by
My (R). 4) FGF2(3,5Q-N111X (SEQ I D NO 4) having 155
aa wherein Ala3 and Ser5 are replaced with Gu (Q
and Asn (N) at position 111 is replaced by X, wherein
X is an amno acid other than Ago. The currently
preferred am no acid substitution is 15sel ecteéed fl out
Xa (G or Arg (R. 5) FG2(3,5Q-N1110 (SEQ I D NO 5)
havi ng 155 aa wherein Ala3 and Ser5 are replaced with
Gn (Q and Asn (N) at position 111 is replaced by
Ay (G§.

e
‘éﬁi{'fi



6) FGl4-N111X (SEQ ID NGO I1) having 179 aa and the WMn

(N) at position 165 is replaced by X. The currently

preferred am no acid substitution is X=Ay (G. 207)

L55M FGF4- N111X (SEQ I D NO: 12) having 152 aa wherein

54 am no acids are truncated fromthe N-term nus, the

Lou (L) at position 55 is replaced by a Met (M and

Asn (N) at position 165 is replaced by X. The

uethl P lhey F‘i% ol SRR PrdferAfnChnd UitiStrkdtiation of icsrifiS)ell types
Y,

t1ona certaln variants disc] osed _jn.  PCT
HﬂﬂﬂumthnMWSW&(Qﬁﬁ$$$32ﬁ@ﬁ@ﬂ iﬁﬁ%ﬁ? oifd@ro and in vivo.

effective in selectively inducing proliferation and

di ffcesaitel Blal @5t Rbekahbs is facidadrh Rariat iof o8 FPEREEE Afleast
the variants are denoted herein as foll ows: 8)

ongpRetEdeomngEapdNar By compigAtIgRaUoRe PEFEoe ecst@bﬁ%ump the
b1 4f ¥S108h, bllf; RFFGPAEREALS GRrERARRE O i ONOLNCHS the
I'n cer ain cancers has rai Sed the 30 unnet need for
fdllbgmgd stttsbﬂcs fdomphed td e@e carsgpuding; WwikdeftEpabf@l:a reduced
and bi [ eci fi-Gi Ly-
orglif 5 87 e S Rarkli ot PR b st P S b
hakitgy dvhgited pReptbi etificity Qﬁllﬁd Iasleadlloﬁe taeptar gotypa compared to
receptor on the surface of a specific tissue or

BFECCPESUPYPYet i ng pol ypepti des are fusion

proteins, chimeras, hybrid proteins _ or at es.
SURCSPISBE Sl §, 500ttt APFCLEERrs, & PEded oan %ﬁ@i’ ﬁg Blep molecule

.cd 2R ROME afiah QN Qckided abfledinRedfohHist3idé hdent.ty 1O

CI1IC FGF receptors while exhibiting reduced

r eGPl fing 159 B g%pb,whﬁw i§ Phovaded! Vpd1ymcRIoAYd E’ﬁc@gmg an FGF

vari ant scusef targeting bioactive agents
canptdxuddlnglpledvispeiiiQ HéQJO Bépt SE@SIDM'J’&naI ogs and

drugs to specific tissue. Effectively, the variant. ‘

pohymmhg desa ﬁznmhu&@écm thes: aprovided avbhiagihmagahcad) eoupestion

Site-specif ver 1 C ratioqn of

copPbis G A gt e Pl 08 PR G AGRE AP leat b fupcatea
teAnitriemAgeidr Gopfiand atilcasti@fi ahenb fdid béhséfufien irattle beta 8-beta 9

Certain nmodifications to th enerﬁ
loowy By e 0 kfels atpgapist ﬁb@w@&eg%ﬁ% &8 phaieflipgingiagrbutes
coﬁipﬁﬁgﬁﬂg At fcbﬁéstplrﬂndjﬂé’ Qifdl ?ﬂe IrGr eeiuead paaifbiiidny of tedet cells

p

as reduced stimul ation roliferation and enhanced

. havisgeplagst anediGH rmtyr subtymeciiFEY vaganthevipe srbanspd geceptor
spg&{léchefopgafé 5@% G}Q(Eépg)g tsﬂbtt}éde%o WedtSHld ﬁ %CE}H@I‘: subtarge

i'ons 1n oop 138 an 39 'stran
erel d fi 8 r
ocAETiARS, £ MufahaE yBe, BRIk PN b1 meamine
scléeuiml’gstlﬂ ﬁG@dpdlijdpnﬂ@ fiamt a mtdgeIF@arthﬂ'@‘pMMn famd‘ or from a

, ,Enalo ou Ioggs .n the othey. nenbers, of Qi . id
i eTRRTAION Felst 1418 mURBCTHRFT AT STt e Pyt
suBdiiliRh 1h Hctctays-bAG 906 dT8aill FGF®LPeptits. pl es of the
20 present invention it is now disclosed that
truncated FGF variants exhibit reduced activity in
pronoting growth of receptor bearing cells than their
corresponding full- length wild type parent growth
factor and are particularly useful far targeting
bi oactive agents to cells, tissues and organs.
Truncated variants of the invention that are nost
preferred may further conprise at |east one nutation
in at | east one binding site to the 25 receptor and
are nore receptor-sel ective than the correspondi ng
full Tength wild type gromh factor. In certain
i ndi cations, including sonme skel etal and
proliferative diseages, it is advantageous to use
i nactive ligands for targeting in order to avoid
activation of
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receptors where activation of said receptors may
advance the di seased state. According to one aspect

of the present invention said FGF variants wherein

the NN and/or G 30 termni are truncated such that

the truncation extends near to or within the core
domai n provide nol ecules with reduced bi ol ogi ca
activity useful as an antagonist of FGFR or for
targeting bioactive agents to specific cells or

t AS GiteRsdd’ inOécpeiding Atednbiion paéot applicatidn WOa0L/TGy32 c@ﬁam

ami_no. aC|d N-t er m_nus truncatjon I s.denoted herejn

megdififations s theprlyprgtideesipgmorproyide FEF vaganis wrth sepapsed rgpaptor

SpPeaIS: %ica Ghird BIW%%PW@@@@ Vehhis OGbrfflsin
02/ 36732 as the shortest variant of FG--9 having &

mbﬁﬂmltﬁgpdib‘? logpthetveop the 8 and P9\slrgudsi of dhey gwlyp&trdﬁ preyipusly

t.onargﬁﬁﬁ%?qﬁﬁéﬁiqﬁggg ?ﬁg&ﬁgﬁﬂéﬁgﬂﬁﬁ églhccﬁum

m@abqramf thep BGFT ifgmaily, yufenpectedly awpvidet ephgarddn geqsploe caubtype
sp gjlc for FGFRS. A currently nore preferred
varidnt of the present invention, having a 63 anino

o5 RS PR AE B Qi i

sudifitutibh .in TedbelaE-Beid Naop, anitl RiliSvating chaaeldrizad in at least one of

TN T e

spacicityT 05 8y rebepi@ dubfpe incredsod Bﬁldgﬁ&kﬁﬁ@it? ehedighd hyomakast

~benefici propertles of the FGF9- varlant
BTy O AP PO el ot (g, PG Y e aofher

15

20

25

30

enhané&?@@h@gtotﬁ Mt ofd %c@lﬁf)r Sty RAtihdfeased cell
preferred enbodi nent -of the jnvention there is
prqlifetepamedintedbrough ABS resrief SEP@Rfbst i tuti on of at | east

one residue in a major _binding site 15 of th

e
B eyt peenfipm 15 @ereﬁ% to paved JATIERTC Y BiFwand 1y particular to
validnéGAFGRD, LR GndFA@DS!/ 1PYs fiow AndpBliedMUiRTsAP 4Rf FER.2
substitution according to the invention affects

vanigufiieomprishg oh deagapncamutation Bnie feapdistvsrenthe PA@nd 58 strands,

0 t he
heiOB0fiea" B P BS ey By MRLSRAL 1 SEARLh adion o
enhapesdanteptor ed)tmpae gickifisity. y’I'lieorran@rte exlememmnc@mwp:e sgbtype

sPegﬁﬂggcr goéitg?%cge&?ﬁg&{)%ﬁsogl céaﬁgwm U%’%Eﬁd]ggat e a?’ by

umhmangtmmbxmgﬁﬁpunﬁwguhkﬁﬁ&ﬂﬂhrmehmEannnmqmmheﬂwnm while

rordiind e et et PR Sttt SER B sbligr Affording.
to 8 bitkdnily WhéfbRed Rinbbdinidht 6f 'ﬂiegﬁteﬁeﬁp avestiondfiel PGIFY. vdriant

a non-limting exanple it i's possible to dlnrnrsh t he
wnmné%g:r 6‘31’510&’6% (e} pabeltion M@rﬂzesrqrw hb.lﬂbll) is

RAaRin I RL<EH §£5%0
%ﬁg'b|ndfﬁmkf§m%g§%% IS er?ﬂH affinit |ﬁé? mnth

WF%UHWWWW@ NG is an amino

CEIO{HQOQI ca g-%%l ty. &d%QQg?éW%e&éwt ationr eSUFt)(SIS |

argipime Az, B3 or Glyrine (G, Gt)ryptophan 144 (WL44) of the
j 389 loop as nunmbered according to wild type parent
FG~-9, or an amno acid in the 30 correspondi ng
position of the 38-89 |oop of an FOR More preferably
the nmutation is in the j38-j39 |oop of FG--2, FG--4
or FGF-9. Here we disclose increased receptor
specificity by a point nut af#on in FGF-9 resulting in
an amno acid substitution in the -12- | oop between
the 138 and 09 strands. The variants are furthernore
truncated at the NN or G terminus or both termn

- wherein the biological activity is reduced but the

affinity to the receptor is substantially unaffected.
According to one currently nost preferred enbodi nent
of the present invention 5 FG--9 conprises an am no
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According to an additional currently nore preferred
enbodi nent of the present invention the FG9-2
variant further conprises a WL44 substitution. This
variant is 20 denoted herein FG-9-2-W44X, having SEQ
ID NO 12. The FGF9-2 variant further conprises an

am no acid substitution mherein Trpl44, or the

equ ositiqn Ln other S subst|t
#{am no gm FeSTgLUET PR g endé’?h%ri f‘cln? & fplipged
g ﬂ)y &emsm@@)demamgngmhn emipRpcid p@itloneﬂ /) 504a fgtou bEIGR-2and the

ﬁ@% whi l e retaining
%lnlty b|n |ng ¥ Qﬁ%%ﬁ%ﬁgﬁ&fa | esser affinity

t 0 Eq:uﬁ%nﬂyl efefred/ @Iﬁfxﬁﬂﬁé}t 012 &e%ﬁ@eﬁ% fﬁg&ipsl%wdes a variant of
bi ol ogi cal act|V| [ rece tor atfinity are

BB SRt Brin FEESN R 3wt s i
Finn Vi P, W e ARG 3BEA achlty s

| V|des a substltut of anot her reS|due
ﬁﬁfh%aﬁgmﬁ@al ﬁ%& acid adjacent to
Trp par a or N14 f FG-:
the&equfggl g% F%Pg(&ﬁﬁm%?ﬁ%?PE&¥¢§&H&F?PHQH%Thg?“m‘
aef F(@-2,0dcdotedisirain EGBDNI T, WEQ)DI NO&, wherintsebbtitation of

SRLI gi 1,9 '.' h mhlle n
hlﬁl% ﬁ'&]a I'n i1 ?fymb @F ng t‘iﬁg‘ (F—%l—l%s 27 '6¢d eg a*’st‘ﬁ t?‘ga’ds
t BOIRIRvhileHperedsiog agivity for Faﬁkhmma lmdummww@w.
activity and retain binding capacity of the FGr.
Thewothes cnmmily moreprefeged ergeadgncat] ofy e grgsent invention provides a

%ﬁ%t%@%@ﬁ?&l ﬁ&?&maﬁﬁuﬁ%@(ﬂ}ﬂ%@umwﬂﬂ% SEdD ﬁo’-\p%erem

and 15, respectlve y, wherein I s ot her than

RS antre nisAngse e BB Wesé*ﬁiiri’épafaﬂm 111 is other
aspirk@re [Ab&frcﬁﬂg’ QoY Birteatl freRBOPEhRinNOK Q0RYRine (Arg, R) or

p‘g‘ﬁ%lﬁ‘? Z{}hg f“*fggﬂééﬂ%%g HsTharto RS 18t oot dnvaption

bypéides he vidiang 6l FGB-21 @GER(3I5Q)-N111G,Chidvin@ 'BEQY IDIeOS| kvbekein

nment. of the nt, 1vent|on rov
?(%%%Slat I-on useafeufig?mas S5 %‘aél?ll’ dgﬁ{s§alf58m with
gy eivec (Ghy Cﬁedhbmngtqsmu@y wbhnged) aciyity Aowands EGFRYIDL and

PRI R&}ﬁfe%{c{aﬁﬁﬂ ASmeon k}?ﬁ%{gﬁ coval ent
conjugate or c nerlc reconbl nan usion protein)

COMmaE F@M&%M@M&%&Mﬁ& afiPfaflce
This lin e via a_ 10 direct bond, including a.

ﬁ@mﬂ&éﬁ%ﬁ&e% cqlls @nd g be g toyipesticath jadpee proliferation or

derfepentiaiingf pabélitor &)t fldeaibiyend bAginlideReigraceut i cal |y
active conpound or diagnostic conpound. These

i Nl aorparabld tmioack Glibstituttid i@ dist1osed mmemmnq a@emdwﬁas

TR RE o Yeieh ot & A6 = AR o e bt el

@mpanﬁibndﬁwﬂMmgammihmm@ﬁﬁﬂpagmmqumgiﬂ%ﬁﬂoﬂ@&ﬂhﬁﬁﬂ@uﬁm

15
B B0 pro ke Dte with FAFT (ARG Btk ARPENE to one
awﬁmﬁyacﬁm@damuﬂhhatofwhmnmmmummmmnﬂnmﬂﬁbﬂeuqmﬁaqmmd$$an

CRASORR] oieliiod QhLOR AR Aos GRS, TR i3 ropllldwits
EROSE | 3aHRo epifl m@eoﬂm@m progiding @ﬁmmsdlﬁoﬁ@i@l mwm Bhese
E%zfeweﬁpaehb@&ﬁép glé‘a')@ ﬁﬁmg%:c?m ROR! bilGeid 33k QPamino

20A currently pref ened enbodi ment = of e present

poid ofher i %P%mswrﬁﬁe@hly& érgigingh A prepeatls anopth preferred
size of a bone growh pl at e& n abnornmal bone. A
currently nore preferred enbodi nrent of the present
invention is a pharmaceutical conposition conprising
as an active ingredient a coval ent conjugate or
chimeric reconbi nant conprising an FGF variant |inked
to a bioactive agent This |link may be via a direct
bond, including a 25 peptide bond, and the bioactive
agent may be a detectable |abel, cytotoxic drug, a
pharmaceutically active conpound or diagnhostic
conmpound. These i-nclude, but are not limted to those

Dh

I
Yy
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10) R6AM FGF9 (SEQ I D NGO 10). The sequence of this

vari ant has been disclosed in PCT application WO
02/36732. 11) R64M FGF9-WL44X (SEQ ED NGO 11) havi ng
145aa with a truncation of 63 15 am no acids from
the NNtermnus, the My (R at position 64 of the wild
type parent FG--9 replaced by Met (M and wherein X
abmB&fhdre 8Fthd fiéseRf m*eﬁﬁoﬂ%rbﬁdés)mgz ﬂﬁf)ﬂ‘&f thFrotdinlcdmprising a

ot her than Trp (W and nore preferab seI ected from
Py @mipe o) N- tﬁ;g]]]{lﬁ) trangation Gq/)adtgpor{ ]sguth? E;IGSX substitution. 1’12:}333
FEinig ateSBRoR P hdrdin. LSEMF@MN%B;@ 1¥ing BEG WANOINAmBRSacid
been di scl osed in ZOCQpendl n %B%fg%’ i cati on WD

of theGl-freyiagts \ﬁ%ﬁ‘ﬁd‘(‘ “23) havi ng

B AL G e sy S P

t yGERIpmthmhchE@d Qcmltm@s tb‘yFWERI {id)a dightt laductton in activity
&h 18 amino acids fromthe Ctermnus, the
éf% at position 191 of the wld type parent FG--9

r epﬂ» Hiy\hd \tJmZés h@veta@fe@t FECSL0N a%h@ﬁ@f t@nﬂnmﬁffei fh rms

at pOSItIOﬂ FGF-9 is other t

whlgrdifpratiqyef EGFR@P@W G?ﬂse#d@ aC| d

substitution is, selected m G, A |
(V) Thy thepppufiqayti ‘Zf)%ﬁﬂﬂvﬁ %%%(F fﬁa&‘ﬁ%ﬁﬁg
¥R anovhiinaml bbdoaast FGE fteplods, includiggibao o€ ihsitel N8l bone

ﬁég@lél— .er rgggggq e%f?‘ [ 1) at%ﬁo%y i 0 64 of Ht he

Vilreumdi healingt isgesiid |tﬁ91e14ﬁ:am,f el \issoel smyspml paﬂerdpan' and
FGE)va9sc|s other than Mh (N) and nore preferably Ser
(EPYEUBI 9. 2- N143X (SEQ | D NO 15) having 127aa
Wi tmccata}r{ %5%195 ofafe ﬁ@eﬂﬁn@&h&ﬁtfs B daf!eﬁsea that through

N-termn position 64
t%@dusimneﬁf anefglﬂg AENS) %béuwwm W(t}w thfa ﬁ3rﬁ?ch>t’li’=o?ﬂ §OF

zﬁg vlferdd ABdoRferon Edn'ﬂh MiBgentth 8 difeentifiion Fctor, or
p03|t|on 1 .of the vvlldtg/ arent FGF-9 repl aced

ViR agdiffereptiaion fasferde; 4y FdPEEn poperlyoef the gigvel
Widiawd wWaahnt® ﬂhe& ﬁﬂx@ﬁ&gdo{m’iﬁseﬂxﬁﬂse(lé‘dhvelﬁm:lﬁﬁg @roliferation and

B Rl SR h s b HToR of b Beieel gt ion gy b wed

tzawg:ei orlih oG talone of frectntbitationpiar dchicwel sadesitel dffect dfipsdifiegtion
.| I d t.
RS rag U h lSheROELEA TRE
dbwﬁﬁ-ﬁ%iocwoﬁhel@hazmﬁ&ibetsbf tho F{3B @mbr of polgiptides ican similarly be
eI RN G GOMREkDh gﬁa ﬁ!&hfm%o dﬁl&tbﬂﬂ&) alat RS Hade fRror, r, and

bioactive agent Is a stered to a patient In nee
tﬂlﬁﬁ%ﬂhﬂﬁwfact@umpemhfem@cﬁreferred enbodl ment the
co osition conprises an R64M FGF9- W.440 o

~wey\Rf norplimitige sepmmlescthe FCIA 1 idevasan. @ylvémgrlf"@?%@éﬁ?}
qmua,g@é fhore pobdtf fRdEdnY tmeﬁeﬁa&ﬁg FERR Otk PRl celth® FGFO

pres%gttg i nvention i S_a hod to increase 15 the size

ik ‘PF% ¥ el PW‘%‘HBW&IWB@R% hBXP %‘H‘FW@‘W
tuae; Seke whildicaadifdanmee u{l irGiedlarGBoRICS ks arnezf&mg: wid Rge
Qv e.or C nmer | C I Nan
Do BT B R ek Frsphonian RS S 150, T variges
ardxienated hergin EGHWlﬁiﬁd}fﬁahﬁg SEQIPMNGS agl 137-FGFI-W144X having
| |
SPELIT RO i Reurtngf SO R i Ll o Bobenf Bty oo

the abnormal bone is a dysptdasic hone, the FGF 20
variant is R64M FGF9- W41G or F6F9-2-W44G and t he
bi oactive agent is C-type mriuretic peptide (CNP) or

-an anal og thereof. According to one aspect of the

invention, the FGF variant is 5 to the CNP in

anot her aspect the FGF varknt is 3' to the CNP. It is
to be understood that the CNP anal ogs include the '
CNP(1-22) 22 aa peptide, an active CNP(5-22) 17 aa
pepti de or an active variant thereof. 25The am no
acid sequences of currently preferred FOP conpl ex
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The pol ynucl eoti de sequences corresponding to the
novel variants is disclosed herein as follows: 1018)
FGF2- N111X DNA (SEQ I D NO 18) 19) FGF2- N111G DNA ( SEQ
| D-NO 19) 20) FGF2-N111R DNA (SEQ I D NG 20) 21)
FGF2(3,5Q-N111X DNA (SEQ I D NG 21). 22)
FGF2(3,5Q-N111G DNA (SEQ I D NGO 22). 1523) FGF4- N111X
ﬁgﬁ SEQ ID h()23) 24) L55M FGF4- N165X DNA (S EQ ID
H ebav meregosridiffapriatioy Retpoibym BEER, a5
Fl(il'neaﬁﬁldusgaimn WD 02136732. 26) R64M FGF9- WL44X DNA
(SEQ I D NG 26) 27) FGF9-2 DNA (SEQ I D NG 27)
di SGirosslt praferféd cabpdimests inoRcdMANE b e AdRntidDdbBprising variant

T Rl i T
3[\,5)) e 335%%93‘?%% BN (Z’%ﬁ@%ﬁ%@f& PoshiBn 117 is
bttty proffoced

25Ac éﬁw%@f X.ovhsrran ¥ i anaminopacisiotifee hpm st

the RM@RGBU shidkAbe RBe1dRHRERC UG &l Ag @RPOSI Li on
rcorrprl sing as an active ingredient at |east one

var i anFGhawing SEQ miNU@Ehax&:glﬁsam &hhérein Asn (N).at position 111
le carrier, diluent or

'22?[ I@ﬁUtlﬁgbbﬁgﬁgégpt “In a currently nore

Dari Sh e ST ARIS R ot orpind 58 Praro PR o ey 11
pr oviegleptarAe@ut i cal conposi tions useful for

promoting or accelerating repair or regeneration of
endo HPQp X (SEQIR Ay hepring & 5 harmehercin blad edeSers are

cart e ﬁ%mﬁﬁ'}lﬂi‘@ gﬁfﬁﬁlt MSlﬁ&hﬁﬁ iSK L&h% X, wherein X is
di sorders 5 and for |ng or accelerat|

neovHs ¥R #7ig afh%ﬁa# Br H‘H? gatepdnprefered yaing goifh gbstitation is
cutsﬂmkgaﬁbancqnﬁg;pggnggges ul cers such as those
seen in diabetic patients, repair and regeneration of

tis smem(mjs@mngaqm em alQ:5)ntavie 1 5l WiRfetilATaT and Ser5 are
or ecisReedAGRIGH 19 o Ar% ofis portion Sy BRBREHS (5.
acced)giilg rznkggﬁ?e“ i M HglaL@&?ﬂlas&m) asfifdn 165

conprises a atien

t heri ﬁ@lﬁﬁd&aﬂx;ﬂ& en@!lﬂsemfev@ mwd aybst@non is X=Gly (G).
phar osition in conbination with a

Pt DL S GRS GRODNorS) g y 3 pevhests 54 amino acid
n Iat tir@tranchid fro @t N-keiafnhd) @aea;zela D) 2Epdshtn Bﬁtsrrbﬁiacb&b}@a Met
p as mat i X a calciLu osphate matri x.
Thu ﬁ@égﬂé@@ﬁf P?Fé‘l"ﬁ&gg C‘%fég b%gd%{; i e
I egeiirsabistiotionis K=CGHpad)r - |nclud|ng cartil age, bone and
wound heal i ng. 15According to another aspect of the
prl’e@@iﬂnaﬂm\ﬁatmﬂ wariants disslogtidsio IR eapplidation W 02/36732 are now

varl ant %ﬁaﬁlfmf e prémel%{é rgf?\g/en msf’lnn a?%e'@e‘?@%l@u%%?eu&

ThBSMQQﬂQWd$Hmﬂ¥ﬁsnﬁﬁ@w@dﬂﬁh@%me@ﬂhxmnﬁB@Mkﬁy in
di seases and di sorders associated with FG- receptors.

ghes?W@HﬁﬁéﬁﬁpésﬂQﬂmP¥kmoflthesebnoxel var:antz is-

Sbnd) el A3 TR0 ReRhATng 20 but ot 1t ed
d | udi, | dt

G S e M R0 o P RO gt 1 5 i e

uamdt peed |forf lppadsi sperifit &e&s@&e@ptdrsdpﬁfefaﬁmashgand which binds to
According to yet another agpect of the present
invention it is disclosed the preferred variants
having SEQ I D NO 1-9 have inproved utility in the

sel ective induction of proliferation and
differentiation of cells. The use of these variants
is disclosed for in 25 vitro or in vivo treatnent of
cells.




According to yet a thither, aspect of the present
invention is a nethod of pronoting or accel erating
neovascul ogenesi s whi ch conprises adm nistering to a
patient a therapeutically effective anmobunt of a

phar maceuti cal conposition conprising a variant of
the present invention and optionally a matri x-free or

Mede HAFRAGH :ﬁgl sp&tisaﬁ%a i0es RSB Bniidly SiHALOAL b OFGFRs. The

natural. In non-limting exanple the matrix i.,s a

Vgl hscirit laand ol 1 58 & Teoses Qb REGHaf PRI fisgue or

- Thidsn t R RIREGNbolRPIRE aFRJsioR ptotedsh, tlimpiag bAd photditior
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re eneratlon and repair including cartilage, bone and
eal i ng. BRI EF DESCRI PTI ON OF THE FI GURES

Figure 1 depicts alignnent of FGF genes. Figures 2A ,

andhﬁﬁsw@ﬁmwwaﬂuaﬁﬁﬁbhﬂhawafmw%pmﬁmnhﬂﬂm@noﬁmﬂaﬁmmdk)ﬁmnn

e spoafi SOF Rty e SR tobloda RbliSfet
F*@tﬂggl@l @@utmnrmd@a VRGRYR eefih §7 dereding fHiveRtivwedgonss including

var | ant @B‘d%;t %8%1%]]%@ gﬁgéF%:g&%ﬁrc?ﬁg‘%eg?%cg Eﬁ:va%am

@refua#el MosrrdsEs Wbioh o be 8srdeft Fikrspggific delivery and

Fdoﬁébﬁ@ah%n shﬁwfcﬁw el th eaﬁmiseueac& bashdsVin WARMG Yutlch@rct
FG=-4 varlggk 4- L55ML0 N165R on FG-R-tr ansfected

ure 6 displays the electrophoreS|s

t
P st eieitons &0 P O B Rt v bR dprsyes
FAfadinpiagh hmltng afﬁmgumedzﬁecshmm haivite such isredificed stimulation
Il i atfiity wcoghanirausser
B e e e B D et T he
di %%drm ok 11 nc%ikgéf rgse?if m\\%écﬂlelt ryi_im)é ﬁfsblg&ti tﬁapmﬁtgﬁons

nouse growt h % ollow n deljvery gure

dp ﬁwéowr%m@?lg B8 avdsﬁﬁ‘rﬁhamswg RGTih berein PiP@tmdéS BE-89. arraiousty
tdaRnKd foBmpiisel I\MajobdnServediginesi (ﬂﬁﬁtﬁhﬁd & interact with

|i feration curve_of hupan_articul ar ndr o, tes
8‘1 \EFCepiers, prd fﬁ'f‘ﬁ’ W doers fn Qﬂ%ﬁn?fa‘fﬁ%ofo'ﬁ ?ﬁ @y
|amm%&mmmwummmquqgaﬁa@uﬁﬂewﬁﬁEhsh@Mmhhgmphfﬁﬁkmpgoﬂ&e

IETE I e S

ﬁ@ﬁm&lﬂ@h&ﬁmngemmﬂmhénmqmpdmmﬁ@pmmcﬁmeﬂ&ﬁimmmﬁamﬁmgﬁﬂL

RN Ret o B R SRR ool Ang e

ﬁmpdp@ﬁheham@amﬁhammsﬁﬁndnméww@mmgﬁdhnﬁWnnbhdmtmenmm

RRERRE iy Rt nh et fE gireseTy ot 1Yk g e o o

&epirtersamd gre wpre getepiayealectiygthan the wowespondingrful lmﬁ:cwilﬁetype.
SRAMILEIGY b odbteinl ifdicalibils 3 Riding babhtf Klordt Y hARIGARY diseases,

proteoglycan expression in orC|ne articular

geous todisp @%acfa@ﬂ{ga@ dp 9fdse i #ypid activation of
wilete RbceSE skl wﬁ&m&ﬁlm @ookdiE
PREFERRED EI VI RODI VI ENT groblast gromﬁh factors
[oreResdsPRhH A fhﬂtnf?sgntaanrfm%w FOEvagpots prherein fhe N- pndlor C-
teahm £€ trufrald@ okl thht hieﬂﬁh%o@ eltiaeRtat ok witht tﬁbccaé Somain
gpess dlln de f cel and tlssue
-]t N 1 ‘é‘ﬁ’ e éﬁ?ﬁ%"%&

ﬁnqusnmgbh@ﬂbb@gmﬁ&népamha&Msbﬁﬁﬁﬁm@ioﬁhmucmmﬂﬁﬂ9xmnmﬁ
simlarity. A honol ogy core of around 120 am no aci ds
is highly conserved and has!!been identified in al
menbers of the famly. The residues of the core
domain interact with both the FGFR and heparin.

Twel ve antiparallel 13 strands have 10 been
identified in the core structure, |abeled 131 through
1312, linked one to another by | oops of variable

| engths, organized into a trefoil internal symetry.
Sequence al i gnnent and | ocation and | ength of the
strands for FG-1 through FG--19 is depicted in
Figure 6 of Plotnilcov et al. (Cell 101, 413, 2000).
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25The FGF ligands with enhanced biol ogical activity
and increased receptor selectivity are higlhly
necessary for treatnment of various pathol ogica
conditions. The variants would be useful for the

pur pose of research as well as for the purpose of
devel opi ng possibl e nmedi caments for use in tissue
repai r and_regeneration, wound_and ul cer healin

Bevies & A% 2einoracidatjdorains uyrortion, flseoted heeely WM&QGFP ving
FEEAP N 0. STRNA N 6 Irisdf &1 Lk 106HdSAr Shpbiting PCT patent

Furt her disclosed are FOP varjants which _retain

BPeliseting WOr 31672 pg tebestast yaneepof FGlish haying biplosigHlctivity

Shd HEpratddBindifE QPEsIE wadwaaqd;maso rmg lpﬁaaént aﬁdnumt Velates to

vi di ng EG- varlant re
s P &) prpisT oo i gt RS EEa Pt RERHELY or wso as o
itRgatinglindBoyiobpspidip fordeSFR3pept | des and analogs and
drugs to specific tissue. The variants with reduced
achi cuirently amore predferted asrizmh oEdho piegenhigventigp davifig g 63 amino acid

GRS Obud bt Ngrlﬂﬂﬁ‘r}@%ﬁ[tz sl Bbch on]a@ NREGRY. nEFEFGro-2,

I vatl on. reover e varil ant eptl des are
hg@iaﬁE(aéDdﬂB Al.cThe FHRLA vesiant was di mmpendmg PCT patent

§£>;Iﬁ@atﬁﬁ% 028630 2k ¥ SinanP P AR-FRRRE Mah&loRiogilal activity. Trl]le

‘bi"oactive agent to cells, tissues, or organs in Wi

arepanb PEpion disclopasaimpxiested additiosal tepefisial pfopaBiesoef the FGES-2
CalabebRcifkBalyfhoRt hPNfrgdinf MolblespRiic atGrmat h

I mpr oved propertles |nclud|ng hi gh binding affinity,

r eﬂwaﬁﬂlgbtbq}ee Ghdtdr cR@dnitly ipkeferd brdodinB ey ﬂseeﬁleaﬂ;eﬁ there is

r.ovi din eutj cal

BBREH e ranvuen a B ol B R oE B 2 dpias nines
oﬁmbuﬂmﬁ@bhutmmﬁqunnhbeﬂm&ﬁmmmmbadmm@hasmﬁﬂmamdmﬁkm(;
kL WSl BhY il BEARRSy bOS ot alrldll 68l O me
nmul'trp e 10° A nye elforna, ‘transi carci no
YAyt to bng teceplxir bt to dgn@a:sthcrdmmdlmibmrfw rgeeptor specific
Gkt BOFEr The targeting pol ypeptides are fusion
proteins, chineric reconbinants, hybrid proteins or

COffeUgidtoRSa FOlN valhY 8k QRkAcKE g;seaﬁ&qx €drBne P@&;@&eﬁbgpe

the specification, exanples an | ai s are _descr.i be

(e eerirapostiing frRe PREEntYGH. Y dereating the bilegpal
£eniol Medifed BEA{1EDE mﬁ:&e@pﬂ‘ot sublypé while fefaningfth€ Betivity mediated

@%ngsar for trgg ugbygﬁﬁﬁ%{%%kﬁ%?%élyt%%Wﬁébégzmﬂ

- elitityadalel miimttining Givh decoptachiffigjtydomai n, a singl e

transnenbrane helix, and a cytoplasm c donain that
cdn taalpnélmeﬂw@mph gt &ipnsthle Walimipish yhe bTﬁwm RefivitF @ealing

ext r acel | gﬂm"#béggn(éﬁﬁgggélr‘%%gfﬂ% hﬁ%dﬁ% Pranarsnbr anay e

bindidogkfonBGER Y isnm ibieh, afBwity bindieg withmedwerdsbiclesical gfetivitro Mpre

denoﬁggkbn F nofecﬁﬁg-%r vaﬁlantgaﬁléh aftﬁe(?ay - L
b |PE’€fd=r§lﬂy iR rlatiReduRERR Qbstifiltiog bt atﬁﬁﬁbhdwﬂﬁt(mmwf the p8-

é;togene3|s at nost hal f_that of e sanme cel

WS smgPeradercspripe 0 Seld fapeparent BEF 0y o gty prinopgid in the
cﬂmwm fositiebf thb gspd mps,aaxsmmm&e px@fe’tdb@' @& butali®l € in

r Stl t| on of
o Brfbioen b 5ERA HOBR orisEh cfled e dsfloger oo reeptor
speliicily &x pqeéd ntutatich én EGFG 2dulting ke arpania tciff Gibstitntion in the
nmol ecul e. ‘As used hereipgand in the clains the
term"FOP receptor specificity" denotes the fact that
a certain FOP nolecule binds to a particular FOP
receptor and elicits a receptor mnedi ated biol ogi ca
response at a concentration at |east tw ce as high as
its activity upon binding to another FGFlt.

Bi ol ogi cal responses are neasured by nethods known in
the 30art. The term "affinity" as used herein
denotes the ability of a ligand or variant of said
ligand to bind to a specific receptor. Modifications

R



20As used herein and in The clains the term
"bet a8- bet a9" or 138139" or "138-139 | oop" refers to
the loop of 2 to 5 amno acid residues that lie

bet ween the eighth and ninth J3-pleated strands of
the core structure as discl osed herein. As used
herein and in the cIainB the ternms "am no term nus"

Intgrchangeaﬁ%d 9 stufhd ﬂnm s ARNerGre W3R ted at the N- or

e terms_ "carboxy
t ©r terpiges ordpd tarmini @hp@mrﬁlmlagloglﬁvaycw ﬁé@hlced but the affinity fo

| Bl SLERANIEBRIMally Dueb&EL aci d sequence” or
"pol ynucl eoti de” as used herein refers to an

ol | GREMIhe e biteo@fentlt GlofQirbRedBifbol RGBS Wésent invention

pgﬁ%lons thereot and.,t o EgA wywﬁﬂﬁgﬁ4giaﬁghISRmkwaiwmh

: dﬂwhiﬁmﬁbmaﬂdﬁdmwﬂqdnmﬁ@gﬁsqmm:@h@&m@n&d]ﬁmxanhlsmﬁmec

10

15

20

25

ﬁé%§$%1?§%g$ésr%%%ﬁé%ﬁ Olgol%d$ g%gppep ; usea“aﬁﬁmy

phtrthspm ofalycime appostton A446ei{BIhe eholishes!itf bla@ngtmtﬂ}@‘l while

PR R ER R ot ol Rt PRSYH G B8 ot Rkl

atoeam eddiieah curtently i préferredn embadiment ded B 6 wariant fuviber
COMRse Wikd Sk Ron? Thil Vaifis s S6HE BECIARORE FORE W 144x,

recited protein nolecule. The term "vari ant

daving EQ dPelNR: wefv@ae@lq dd4hds prisiipied ovithe amitncisid Fgidues
m&a&&g %atfo@ﬂ&ts@@tl éljcﬁié (63, Tabifikine @b, @ﬁﬁaqm)by fanhR]E) that

rotein.. For exanpl.e, e variant

.rfé’?ml?e%? PR b OHR1 SYMIp Graiking Meh FRRTHE bgidingop (PR and a

t1edsBi 4FESity 10TFGFRENThAE RridintsOhaviliro@MEDiBIBRIOA @E¥§Sand high

del et ed,_.i.nsert bst y

SR RIgE AT o5, et BopR. Rt m vE4BY Ry gpo-wis,
puﬁpeﬁﬁﬁwana@vhﬁ&x&mﬁ&mﬁmﬁwmmum n- An antagonist is
defined as a substance that binds to but does not

aCt AVl dingPro’ FHCAIRhal GiHeAHyCAlofe SRR om bR Gf file C#r&ent

defined as a substance induces ‘a receptor ne i ate

rRYHeTs e JiGHP 2avarpet forbar compieed WiA4 whstiption- Thip gariant is

| deBstBiiherdin FOFSUNR A0 Rindie SEQ dofnmead, 'ﬁﬁe PGP SABRE Birther
that .i nduces a c¢ell ul ar or physiol ogic response  at

FOPBTIES AR ARo03PId, pubsiiyiqn Whqrn | oS ? FEUvais Rosipe in
\witHegl FGF:Q & sﬁﬁsﬁhﬁdd%ﬂi\ﬂﬁﬁﬂo iElaaRs indlnding, ARt hotlidfitedto glycine

0 SRRt i Bl e RO R e
wmhdmgymﬁaﬂhﬂthMmganEﬁﬂﬂﬂ@?ﬁggfaﬁeﬁﬁﬁﬁgagtﬂm&‘hmmefmﬂmm
PR irch Bocdicel Mdi, 58152 Splor iR demotpifepn BoT-

: BﬂﬁﬂéﬁiE§W9ﬂégbﬁﬁsEGﬁ%¥V@HdﬁhpégémdLMQﬂ4Eunct|ona

30

properties of the wild type parent protein and would
beAnether deprstwf theoinvintigr plovidet 4 sbsifutionef apother fesidpin the P3-

B8 e b VPl BP144D AbariiPi 43 g(ﬁ%nl'lﬁ‘lér N143)

have tered |ng|ng to a rec Fptor conpare

of Fﬁﬁé‘ fF (g egyiprlens pogtien 15y otites FRFs THithsangthtipmigo weid residue

aal &&oﬁﬁa&a%sénblt@h&%mm&ﬁgs@mi while retaining high
Accordingly, the variant may have altered specificrty
ol ity

tp b tenF 8P end @ lesser v AT tgmoreg frugsations
e BibRgicdl RE®RGhnd ecoRIbIRRRL cabidfy e &I&VFI#IOQIH:E& va¥illid are
known to those skilled in the art As used herein, the
term "pol ynerase chain react¥on" ("PCR') refers to
t he met hods disclosed in US Patent Nos. 4,683, 195;
4,683,202 and 4, 965, 188 hereby i ncorporated by
reference. 25The term "expression vector" and
"reconbi nant expression vector" as used herein refers
to a reconbi nant DNA nol ecul e containing a desired
codi ng sequence and appropriate nucleic acid
sequences necessary for the expression of the
operably |inked coding sequence in a particular host
organi sm The expression vector may conprise




present invention enconpasses L.pression vectors that
are integrated into host cell genones, as well as
vectors that remain um ntegrated into the host

genone. As used herein, the "am no acids " used in
the invention are those which are avail abl e
commercially or are available by routine synthetic
nmet hods. Certain anino 5 acid residues may require

s fenotedberein RGNS FEET- NI 4355 pstioat- NS X, havingt SHQ wsosae and 15,
ARGpRAKIE MabRln X HotRE S8 spRieifeqRy S1ddRiM padpblatif .

approaches to the peptide sequence are useful” in this

i NVRRHeOpefehiad %ﬁh&%@ﬂﬁ@e&%&@uﬁ polgiEp@is of heml in particular

derivati ves .ar r esent ther the one etter
O Gt coppnas fhe, D014 GOt g Gate N- and C-

cenwieit i ons. When there is no |nd|cat|on the L
i somer was used. Ot her pharmaceutically active 10

' wnh@mmmw$mﬁm@mﬂmhmﬁwﬂh@mmmemmnmmmksammmmmm
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LSoablide ag%gs @@S«a&ﬁ&r%g@%ﬁsggeg 39&" 11%' x]%ﬁgenw rwore

e |nv tion. al ns
Hﬁf?ﬁé‘i fylodiecah comprisesapvales genivgatecin cb:smde mreldnano (fadon

dﬁb!eﬂﬁ Céipristig R IHGE valiht HHES 605 bRhGRB SedaP BN 'uagbg Qia a

|fy|ng cell function, including for ther utic
e‘ilfeebkog ipckadingapegtidechondand the hemwmmmem!e label,

biyasiié URg 1D phasAtctalif bR colfbundl R ddPhostié Bhdifhind. Ohese
phar maceuti cal |y active conpounds or. diagnostic
ﬁﬁ o S 2rer gl é’ﬂf‘ﬁél 9o eeptiden aut @cpide , eReplidpmimetics,

pﬁigbp@ﬂﬁesﬁﬁdteﬁ%mpbﬁanaﬂ alyRgotciRE Pl e indBhitoSies or antibody

oélg geptldgn%ﬁ$48&ﬁ4 B?H%ErOtelns glycopro}gkggnm%

teneyned dphibiege pim‘hicﬁnga ngrogieh &inase ﬁﬁﬁlﬁiﬁﬁ; FHxﬂitEI dofids and therr

AR nor Rk e FRSRBNIIES xR By g i |
i Bh ASourBRB SRR drdtbf: enld g m&%élﬂﬁ é#iﬁljijse@%hnnem or

ricin or r|C|nfr ment s, af | at oxi
CRPITERSt BSREMFGEPIY YdGor FﬁF%@sWWG rdked m/atpengde or peptide

Rabgi NS; tyrosine kiting inhibitors, photoreactive
agents, antibiotics such as cephalosporths

pem (ﬁltrk:tlﬂlylprﬁﬁebdﬁdmbbﬁhﬁﬁfb WE tHe (preddiid flﬂ&ﬁioﬁ &b:f’d%ﬂnpol smontuseful o
-1 Su ces, antil.m Ccropl al_agents,
HMidasc BE P REL PRk S070R pBR R Abr L HS Acehgatly Mors preferred
ambmhmguaﬁﬁmqmsmamhnmﬁaﬁmeph¢ﬁmqymaﬂvdmmwmmadﬂﬁnmngasan

apey ent s e SUCH as cl do uci
car bop% a¥| n, éc?er‘r;lfm\l/a(f VEL® St st feghmg’ﬁﬁ Tpsnean FGF

@b dinlgd, togelnwtrmrmgept ﬂ'bqsdhkomy Wi} a dxmrmpnd,l mmd'nsg- a

Bea8 o) S A LRURRE Secef Bl I BRER' e ypqpic ame o
a@ewﬁwanﬂya@QEHGEWEmdpﬂ@ay06kmgmmmmuﬂhmﬂﬁuﬁw@lmtmenm
n&h&mlﬂ&hﬁ% 'bﬂ)g&we ah)‘%gs andg%e!e“ Vg@?%mst preferred

blologlcal functlonw
Frbadimpent ormglk bongris p fysplagic bong, thed¥@Freaiantyis kedect@from

ammergacalmmez: 143 e BRICRCIRR R MAHELEC M&Sm another

i ncl ydi ng t hose substanti al | conplenentar to at

frazetly g efsugheahndiongt e FSPawrgotds seb REH-FGF9-
mmmsspmtvhmesmm BRRERAAAGs Blectd 3o QB nABSretic
of %ﬁ%@ﬁéed viral or £etrOV|raI genones; pronoters;
Bk or AneleR 678 ot her | gands for regul ating
gene transcrlptlon and traqg_atlon As herein

the terns "bone defect' or "bone disorder” is meant

an i nbalance in the ratio of bone fornmation to bone
resorption, such that, if unnodified, the subject

will exhibit |ess bone than desirable, or the

subj ects bones will be less intact than desired. Bone
deficit may also result fromnutation, fracture, from.
surgical intervention or from5 dental or periodontal
di sease. By "cartilage defect"” or "cartil age

di sorder” is meant damaged cartil age, |less cartil age
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which in turn can specifically target cells and
facilitate internalization. The present invention
provi des-a highly effective systemfor delivery of an
activity-inducing noiety into a particular type or
claos of cells. The fusion proteins generated can be
screened for the desired specificity and activity

Ut i Z4rfnel ifentit ROES 36%ads Vatiblnd Mehul) for SXRRLE 9B of 2

by various routine procedures. The FCP variant fusion

piweled HST Baecptee d ayeathi@referead spbodimept pEfge ppseptigvention is the

[is8 B B tyaiidhy 6PhE GiveRBbhl thitQc@ Rk 8n hlagdRBCHh frbdad thy a@iﬁﬁ@ of a
t he sel ected targe%ﬁieil and_internalize the FOP

fIgptgdhreceptor Ay discages ap fagrrers Fiftedit FRFR b RysgiRy wore preferred
iR dischofahdiireRatihvéfidds fHe usOdEal varid: yf 106 tiehtio it acts as

Icairri e%r%%r ta et n%%epéxﬁu%&%:’nvar EI ants oéélfsgr.

belaad 16 Fem mmngi@nmdﬁmsm tugephay dysilaibuind proiferative
| cul.e e to of .t he
B iR St fepa Sh ErBinbels JRCELE KM bRhot blter ana

ne@@ﬁ@nudnmachinera or covalent conj ugat e. Provi ded
in the present . invention are pharnmaceutica

corfprsnty swe reefamd eabodinents RopospEiogrie tpnigveation comprising

RaRAE e oA re BhoRa héteih Q0 bPE eI n or alternatively
an FGF variant conjugate conprising an FGF vari ant

an dg)@ltdamp@tg YSEQUB NO: 10): th_?ﬁ;E@leﬂ&\bﬁhﬂ'ktaﬁ}int _ tlnt@su&en_ n dclosed
usefu . e present invention
furtﬁ@%E%WBgﬁﬂggaﬁaﬁh@ “for inhibiting proliferation
rin
Iéﬁkhvarian targﬁﬁ? 3§§n%9%ggg g%dwﬁne ce o6

For axanprids fim. tb@ihistesmtmso thei &g dBniinposition 64 of iﬁleawﬂd type
th I
er ARGHIFGER r%%aecrgée W@tﬁmmpf at Posiiitin 194 be thd\@h d type

has ‘a tunor, unor cell S express specl

FGF Rearet FOB-Saié tofbpt fhgn Tep €¥hansinern rejerahbt edlaried dym Glyrige

biol@gL&@kaegqy§mﬂgﬁhgrned in-vitro, ex-vivo and in
vivo. The assays are used to denonstrate the activity

el Il:gIFGBd-zullKEQ mmfb ;). Uhe fudnbtdofBlsaaiiing | htsohdeﬁda:sclosed in
rece ol 0 s routinely used to
test‘P .ga% Qﬁmggﬁ%ﬁﬁ%%i s i ncl ude, but are not
Py of .va nt .
31“?%9%1%8%@2‘6 @%@ F ecep% b hayin 2r7 %S%Q%lm 0508 @i
i nnuwkhﬂhmeﬂm@%ﬁﬁm@ﬁﬁnhwﬁqg(Rhenebymetﬁhut@MQWkiWPepmmﬁ

i oS arpiop® B I Al or 53l il Al T -

systiemminussihe Rig ) tfmnsmn Kroé ﬂyrvaidttrpei parent R iEP ropladed with
of @@&M%i@ﬁ%ﬁﬂieww & %eﬁon 144 of%@aﬁﬁﬁ %%Pthaﬁfrrp

cartilage repair 1n animal nodels of cartil

di sd¥9eWhgrgin themﬂy Pyé@regﬁm@io agidysplhitngion is Wed from Gly
curq@n@hgagr@ﬁeqpﬁqm@a@odinent of the invention is an

FG- nol ecule in which an am no acid substitution is
i nni@mmm Nlﬂtm (5he MIROHAY) hedR: 14845 wElhU Bhnd@idof 63

has recent fied that domain as.a
bi nd %EH& Aﬂﬁﬁ@ﬁﬁ@?“ﬁ?t%P%€@®§QQQWF
conuanmﬁﬁﬂﬁ*Phekmgﬁﬁwﬂﬁaaﬁ)@ﬁﬁwhﬂﬁﬂngmodwnke4§bmﬂ¥ﬁﬂd3@e

or trdko Cel
64%@‘@ i&-ﬁ" eﬁi%%‘%s“e@g m"?&‘e"’i{i"“%‘y%i(s)413 2000)
have shown that certain domains in the FG-R such as
fiC-13E (D2-D3 |inker) and®3F-13G (1)3) regul ate
FGF-2 binding specificity by interacting with the
134435 | oop and the am no term nus of FG-.
Addi tionally, FGFR2 makes hydrophobic contacts with
Asnl102 of FGF-2 (nunbering 10 of an is according to
FGF-2 lacking the 9 as a signal peptide; equivalent
to N111 as denoted herein) and fornms hydrogen bonds
with Asnl04 (equivalent to N113). An Asnl04 (N113)
substitution led to a 400-fold reduction in binding
affinity of FGF2 for FGFRL. Surprisingly, the
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FOP- 31 HELGYNTYResi dues: 121- 129 (SEQ | D NO 35) 25
FGF- 4LLPNNYNAYResi dues: 161- 169 ( SEQ | D NO: 36)

FGF, 5FQENSYMFYResi dues: 166- 174 ( SEQ | D NO 37)
FGF- 6LLYNNYNTYResi dues: 163-171 (SEQ | D 1(0: 38)
FGF- 7| LENHYNTYResi dues: 143- 151 (SEQ | D 1(0: 39)
FOP- 8VLENNYTALResi dues: 151- 159 (SEQ | D 1(0 40) 30

F NTYResi dues: 140- 148
FGEOMGERMREG) H D008 g et bt ’B“i"@‘@‘]‘lfz?f 63 amino
FGF A Y Y N MRef R RS ARAR) dpdsifionlDof Be qvﬁ@ arentFGE

G- TSR AGD) B oot Baiie ot oo i, o

FGF P\ERNRHOMROS iofl the Svillidfhe pant(FEFQ fefladd@vafh)a tormination

Eg_ 15 ﬁYi%%YReS: dusglsoﬂléé %%,}F((g ghft%‘%ﬂ‘gm , and more

FGF- pefaBNS @&FResi dues: 133- 141 (SEQ | D 1(0: 49)
FGF- 18VLENNYTALResi dues: 133- 141 (SEQ I D 1(0: 50) 40

FGx ditleRiiR W@ﬁb&ﬁﬁ&t@% ﬁﬁ@nﬁ& Js(aOméf]:),d to_target
FGF- 20FEENWYNT YResi dues; 143- (SEQ I D 1( -27-

plepcttrs asi@dewwlﬁe@aﬁwﬂﬂ e ( mnﬂn% proferred

bfsbodident a composition comprising an FGF complex molecule comprising a
covalent conjugate or chimeric recombinant comprising an FGF variant linked to a
bioactive agent is administered to a patient in need thereof. In a currently most preferred
embodiment the composition comprises an R64M-FGF9-W144G or FGF9-2-W144G
and peptide or peptide analog chimera or conjugate. -

A cmrenﬂy preferred embodiment of the present invention is a method to increase
the size of a bone growth plate in abnormal bone by treating the bone with a
pharmaceutical composition comprising a covalent conjugate or chimeric recombinant
FGF complex molecule comprising an FGF variant livked to a biocactive agent, further
comprising a pharmacentically acceptable diluent, carrier and/or stabilizer. In a
éurrenﬂy more prefemred embodiment the abnormal bone is a dysplasic bone, the FGF
variant is R64M-FGF9-W144G or FGF9-2-W144G and the bioactive agent is C-type
natriuretic peptide (CNP) or an analog thereof. According o one aspect of the invention,
the FGFT variant is 5° to the CNP, manothcraspecttheFGFvanantls 3’ to the CNP. Itis
to be understood that the CNP analogs include the CNP(1-22) 22 aa peptide, an acfive
CNP(5-22) 17 aa peptide or an active variant thereof.

The amino acid sequences of currently preferred FGF complex molecules, followed
by the polynuclectide sequences, are presented herein as follows: o _

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 . '

17) CNP(1-22)-FGF9-2-W144X (SEQ 1D NO:17) having at least 157 aa comprising

a CNP(1-22) molecule or a stable derivative thereof, linked to SEQ ID NO:16 via -

a polypeptide linker.

S
T
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| EENGHNTY Resi dues: 119-127 (SEQ I D NO 54) PGF-23
TLENGYDVY Resi dues: 119-127 (SEQ I D NO 55) FGF- CX
FEENWYNTY Resi dues: 143-151 (SEQ I D NO: 50 Jaffa
LLEDGYNVY Resi dues: 127-135 (SEQ I D NO:57) Note: The
aa nunbering of FGF-2 is according to the 155 aa
isoform amno acid 107 would be 98 in the 146 an

| S Gf R EdBe uRBSHERFIBat 3 chiElNBRRbiE A confphised ah FEF I ichbhaving S
accordlgg to Pl otni kov et al %EII 101, 413, 208% Q

5 Lk dr Bloacliuy agenps ol DOV REHEHRR o C-
Gl chAAIBIE ¥l S6iTicn2OARate e SHIEHErRbmhark ERA frter

82 20@ qg&%Em%fgftaée ethmkg%EBA éﬁ%? ﬁggjn%PQEQA_
rmﬁﬁmﬁﬁpwﬁﬁ@ﬁeuﬁhauﬁﬁﬁnﬁmu&equGB@mm&tEwﬁ@hﬁﬁpn)NOSV%MS

/ 95...F n as The, h
et By 7 it pE s SRCRAa Rt Gmpbimggeye B ica
@ne@emmﬁﬁhéiﬂhahmmedhbﬂonﬂemdn@ahésed in c,opending
PCT patent application WO 02/36732, certain
modh¢ pelmuclsefilesequenrss emtesnoading dhesrayelendanisis digéleped herein
VgfdiRRt:s W th enhanced receptor specificity which
retain biological activity Specifically, FG- variants
C ONEYHGER2 00K 1 (X LTSITA @3R) IDINDN®) | oop between the 138 and
139 strands, herein defined as 138-p9,
19)FGF2-N111G DNA (SEQ ID NO:19)

Di

20)FGF2-N111R DNA (SEQ ID NO:20)

21) FGF2(3,5Q)-N111X DNA (SEQ ID NO:21),

22) FGF2(3,5Q)-N111G DNA (SEQ ID NO:22).

23) FGF4-N111X DNA (SEQ ID NO:23)

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

25) R64M-FGF9 DNA (SEQ ID NO:25) disclosed in PCT ;ppﬁcaﬁon WO.02/36732.
26) R6AM-FGF9-W144X DNA (SEQ ID NO:26) |

27)FGF9-2 DNA (SEQ ID NO:27) disclosed in PCT application WO 02/36732.
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)

According to one cumrently preferred embodiment of the present invention a
pharmaceutical composition comprising as an active ingredient at least one variant
having SEQ ID NGS:1~17 and a pharmaceuticaily acceptable camder, diluent or
excipientispfovided.

~17-
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20 previously determ ned to conprise a major binding
site denonstrated to interact with the receptor, and
anal ogous | oops in the other nmenbers of the FG-

fam |y, provide enhanced receptor subtype specificity

Here we di sclose increased receptor specificity

and/or affinity and enhanced bi ol ogical activity of
FCGE | i gand b am no aci tltutlonSJH he 413-$19
| odb2 SRR P ooy RRPEaR, of M P eerf b et
E%g SEQID J0sst-¥ tuatforaiulandd tabtogﬂepﬂmwutwe@ompoﬁ@s @seful

TEC TR o1 PSRRI ShEr R of pkiokln 3,

Iniﬁ!meﬂ:bﬁndl&%)w watioulie partitagel spivaledefriotiand oer ekl 34sorders
%B&% ﬁmﬁv,ﬁdqnéaérta%&%ﬁﬁ&@}mt s5:05 ih Sl dafor i 1ok s,

varl a rern t spar agl ne at position

lokts, laganiitibny, bpd saveso vickns suetias fhess segron (dibeticorgfigiiie repair and
%Qg%fs%%@ ls¥ou &t RtinkHilg é&aeagh&v@&al VaschRe@@nd. According fo yet a

bio oglcal activity I ncreased receptor
st hspettof themr@aftr@fw’r‘l‘gﬂ iaancdhaded PRGBS ARdreelepiingfone
bl ORithgs ChAaHEEH M%ﬂa}ﬁm’tﬂﬁﬁg & ipXientS BérRatically
t an asparaglne and nDre preferab sel.ected fram
GHGtivR ampygt of 2 ﬂéf %% g@mm
qfhe tohitSx Yay lbarsynm&cd&rmhﬁd, Bﬁi ammnﬁ@ leam tba nhatrix is a

rrentl{ﬁ\‘(‘u%referre H’Fm af t! re%%@tglgﬁg‘%%ybe |

hedfdelorprlﬁma 1ib¢hd l&eiﬁ&ﬁdﬁ@zn&&@:ﬂrﬂndhﬁﬂl@carmr bong and wound
tltutl on of the asparagine Ill w-th arginine
?‘ R) shows essentially unchanged activity towards

FGF tF %R&e% binﬁ{ @ﬁ%ﬁ% n@&ftlbﬂ '1{ Ys Elﬁ&logé&;-:fﬁ]t the

A curren |y nore erreq I ment of the gresent

iphyreaedutel ppr@wsa@gs aowwet WF@F vzmrﬂe‘éﬁﬁ of theo Prpat
et ki BAY PV improveh §eipbhr Ik BbdaG¥d and
of the 5 asp Y‘ﬂ%gl ne 111 W|th ycin ‘géGIy shows

e PRPTYSUT R ERG BIREE| T ST e amiants

i diERRed RO1iRGdel Wvbl¥ink WothH{dntedi, and Ashotntal Q‘Gll?&%ptbrs emﬂeﬁtzg

D! Bkt ik AGRoB B0 B B o A E

iybbdhomilopgisial 416 ostsépomsiahd protifstativaatischses andelisbBlbrsan no
acid formof FG-2. The variants of. ths i_nventi on
t h a’tccaﬂmg ot aprttef aspect wfithe fpraseol iwention s is disslaseitihe profeepd

I oop dt}:ax%%‘p%f%bgﬂf’mrr%gl I catl g‘%g%lﬁﬁ Ilggﬂla trun%’g?l?%rtl}gn of
BfOIIfMON-aﬂ‘b differentintion o sellss Throuds of dhepd yatianip dy &pclased R in

O SR ehitchQRSentsde! €t ons or additions wherein.

the variants retain superlor mtogenlc activity

e hicad:8le Yo 7ot K EeitSr Mbddd oflthe PRadnt Ridkerbn isfmﬁ@htﬂdaf pmmoung

affinities conpared to the wld type palrent
PF Sffeltien nepvagdosgrssis, Which THEPHR; AdrupHslprn a Pahent a

eReiphiticaly dRstve dhGinit OF 2 tpBariFsutiae cclﬂmﬁlﬂdiﬁ &infprising a variant

erti s of. the, varignts i.ncl ud| anc .
BE B Frebtn nvirion At Shona] Ao S NP . The matcx may
BObyuktietic bz;mama!. Iﬁfahﬁﬁ-hﬁﬁtmg&:lkﬁmﬁs thi¢ RaRtx i o plak!ﬁa mtbmﬁmtux

exanpl.e se amn cid sub i tuti

qt* 4 I%Pg@b&%p%ﬁ%ﬁg&ﬁ %ﬁ‘g aEnal et sés',le
ﬁgemmhosatdmn(ﬁ&ldmg@ﬂrm&mmm&\h@hnﬁ ut anmi ne
(Gn, Q (A3Q and S5Q providing variants with

i nmpr oved yi el ds and stabili-18. A currently profs-fled
20 enbodi ment of the present invention is denoted
herein FGF2(3,50Q-N111X, SEQ ID NO 4. Table 2
presents a sunmary of receptor specificity of the
FGF2 variants of the present invention. Table 2.
Specificity of 1?GF2(3,5Q -NMX variants towards

FGFR- expressing FDCP cells. Mutant FGFRL FGFl12. 2
FGFR3111b FGFR3Ific FG--2 +

L) : el
it
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+ - FGR2(3,5Q-NIMG + - rn FGF2-NL11R 1i'  + -
H+ 25 The correspondi ng position of N111 in
FG--4 is N165 (nunbering according to the 206 as
form. FG4 was shown to have high affinity for the
HSPGs whi ch enhances FGF11 bi nding and activati on.
The wild type FGF4 is shown to induce a high |evel of

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts alignment of FGF genes.

Figures 2A and 2B show the proliferative activity of FGF2-N111R.

Figures 3A and 3B show the milogenic activity induced by the FGF-2 variant,
FGIF2(3,5Q)-N111G on FGFR-transfected FDCP cells.

Figare 4 depicts the mitogenic activity of the FGF-2 variant FGF2(3,5Q)-N111G on
FGFR-transfected FDCP cells as a function of heparin concentration.

Figure 5 shows the mitogenic activity induced by the FGF-4 variant, FGF4-155M-
N165R on FGFR-transfected FDCP cells.

Figure 6 displays the electrophoresis pattern of FGF-9 variants on SDS-PAGE, figure
5B shows the reduced mitogen activity of the truncated FGR-9-variants.

Figure 7 shows the results of a competition binding assay of FGF-9 variants.

Figures 8A and 8B show two exposures of the distribution of I'® FGF9-2-W144G
variant in the mouse growth plate following IP delivery. Figure 8A shows the signal
distribution while Figure 8B shows the outline of the cells.

Figure 9 depicts a proliferation cuzve of human articular chondrocytes grown in the
presence of the variants of the present invention.

Figures 10A-10E show the phenotype of human arficular chondrocytes grown in the
presence of variants of the present invention.

Figures 11A-112C show the phenotype of porcine articular chondrbcytes grown in the
‘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.

Figures 13A-13C show the expression of collagen type H profein in a porcine -
chondrocyte pellet culture.

Figures 14A-14D show proteoglycan expression in porcine articular chéndrocyte pellet
culture, as determined by toluidine biue staining.

-19-
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: en chon rgfﬂhone

proliferation through FGFRI and a | ower |evel through
FGFR2, with negligible activity through FGFR3.
Activity through FGFR3, as neasured in a
proliferation assay, is enhanced by substitution of
an ami no acid at position N165 and truncation of
N-term nal amno acids. A currently preferred

enbodi ment of the present invention is an 5 FUN
variant denoted herein FGF4-N165X, having SEQ I D
NO 6, wherein X is other t han asparaglne A currently

CE I JLlE 10 I3
g% her thap aspara i ne. ThIS variant induces
pr o1°F fﬁ'awwﬁ PRPBUGHTS oretitytn | len im0 frimefume related,

SeyEn bRugk pairp@ﬁaésvwmml 4B pakeaR I Rile Sk SF00s an&QiQﬁ@&
se novel FGF-2 and FG--4

t | t
@W@pﬁgkbﬁ | 1f" Ve PRRO AL feaons BompIRGY fr a igh
@l afemeq:ttuer ﬁmﬂanttpl Atdioﬂ@lo@jdboxﬁ&if atouid § Blath@o Gakid id ey

enerati ne f.r.act eal.i.n
gggfgu ar c ondroc e pro éfﬂﬁ%“m%%?g ngmwcmﬁ
deroaie inberadt iwid, bOﬂsﬁlh RAFE. a"udsheptemr @waw anﬁpaunalﬁ tiahidsURve

d .

%ﬁ%%%ﬁqher&g@é% %%’ }agglg% or - s%ﬂ g@l m?gfn&to Fioer by
h@WeP Iﬁﬂﬂ@ﬁﬂ angths, weepnizedt énta hreirefollSieteinal samgetty. rfpquence
Gt 38 RERDE Sud It&g&aat {6 Y BanY R IR FEH-15 G

I's overe;PreSS|n ept or s,
“rpeﬁdﬁ%ﬁtg“’iﬁ %P&W@tféﬂ @1M§e@00) Herﬂnan@@md @itdnye

U @kd Blc@RIO e B PEFiD&pREATER ih BEALI on the
variants having SEQ ID NCS: 1-9 are fornulated to

prmmmgpﬂa ahdmﬁeipﬂdsaﬁlthecmﬁﬁinbéxﬁﬁﬁ itus abw GistRked that FGE

ar agceleratln alr or re ener.ati on_of
El ons I the loop

bettveeh | they B8 apdh P uzthan@ @fl‘ the @Bﬂeaﬂtruaﬁi&tjhﬂ&%lar@ﬁvﬁﬂﬁmpmved
t t for
ﬂ@ﬁeﬁxe‘i 5 ARFRLDS wé&?#&%ﬁ%%% ovag%ﬂf I gﬁxbfxﬂments the

pronDtln or acce era
JopeR ot imeawﬂEWWQWMmmu$“mhmmﬁmmasanmmnnnsnmb@dmm

B Bfeinel WS have S
Lients, fepglrﬁghd regeneratlon g?ai ngh%ﬁﬁsmthOI

ulh ﬁa‘h Qb |t t epbanced  mitogamic \asiEitn or ctlﬂtsrslueﬁonﬂpetenhal
Roethfsie] BRNAHSRITRS bB®ndd Say RidhdN bonftRide fdEddAS modifications
c_ rise. anf%BE ? carrjer or 25 stabilizer and a
TR g pusics B 15 D58 Toop Pragding garianis vifhdsapreved stapility splubility
oE@kldvari ants of the present invention were found to
retain binding affinity to specific FG- receptors

mﬂﬁ@@ﬁﬁkguﬁ$Wﬁhgﬂm&&ﬂmﬁﬂ@ﬁﬁhﬂﬁhqrz GocBpiOf REH:GAy

bl%%%‘lve a r?%%%% u8¥ﬁgtéﬁl @%@ fgén %@%t&h%gmﬁﬂﬁ

weor gl hegisefghfor Msms@ of pewichias wellss . thifbrpest iof @bweloping

| pbéble ﬁfé&@ﬂﬁen%ofop 31 %( R¥ %&u@ gnx#]%eef gfll‘fﬁﬁgé ecfllr tgln%lrdsul cer

whi ch can be use or S|te
hﬁ@ﬁ&éﬁPFé@ﬂ@ﬁmbﬁe@W@E@ﬁah@md@@whah@hmekkspmtmmsmﬂsmmn
sellet0d@adss] N- Whi ch a therapeutic effect is desired to
be effected. The equi val ent position of NI 11lin

FEIrhe: disslodd 4d mw&beahﬁuﬁ réidin BiRdhd 4@y W&ﬁ

L B, ot prdiiy Brwat S”““%&%&’%&E%&@m

tryptophan was replaced wi-#h either Ay (G, M (A,
Val (V), Asn (N, Gu (E) or Arg (R . The W44Q
W44V, WL44E and WL44R variants showed 5 di m ni shed
specificity towards FG-R1L and retention of
specificity towards the FGFR3 receptor The WL44A or
WL44N vari ants behaved as native FGF-9. In addition,
a substitution of the adjacent Asn (asparagine) at
position 143 to a Ser (Serine), N143S, resulted in
activation of FGFR3 and not FGFRL. Table 3
sunnarlzes the speC|f|C|ty of the FGF-9 variants to
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FGF-9 WL44A + + FG--9 W44V - + FG--9 W44N + FGF-9
W44E + FG-9 W44R - FGF-9 N1438 - + According to
addi tional prelied enbodinents, the FG- conprises the
substitution of Tip 144 (WL44) of FG--9 with either
ay (g, val (V), Gu (E) or Arg (R. In a preferred
enbodi ment of the present invention, the variant

CORPIPT SEEONHe |°‘Of°r Ed !? ! ti n. t either o.r oitidﬁpmﬂ
t 38-,1 o] .a ncati on . L

iort i’ B BB oy, 08 RS T8 e oty e oot s
Fepeomizingecprsific receper ingndidtiduelated ®tahiginhdl FGFR BeivHbn, Moreover,

o il PR (e RERLR Bl bt o BT P Sy e o
SR FRTatiereof ligaciive @zank ipedellsp fissyeis;t @y pegaiiscin ardiich\ai thetapertic effect is
@Rt td) b AR Etain modifications yield polypeptides with improved properties
including high binding affinity; reduced biological activity and enhanced recepior specificity,
thos providing therapeutically beneficial molecules for treating skeletal disorders, including but
not limited to achondroplasia, and proliferative diseases including but not limited to ruultiple
myeloma, trapsitional cell catcinoma (TCC) of the bladder, breast cancer and cervical
carcinoma. The targeting polypeptides are fusion proteins, chimetic recombinants, hybrid
proteins or conjugates. For convenience cerfain terms employed in the specification,

examples and claims are described here,

As used herein and in the claims the term “FGFR” d’enotéé a receptor specific for
FGF which is necessary for _&ansduciug the signal exerted by FGF to the cell interior,
typically comprising an exiracellular ]igand—biuding domain, a single transmembrane
helix, and a cytoplasmic domain-that contains a tyrosine kinase activity. The term
"FGFR” includes soluble versions combﬁsing the exiracellufar domain and Tacking the

fransmembrane and kinase domains, and other variants thercof,

As used herein and in the claims the term “inactive FGF” denotes an FGF molecule
or variant which after binding to an FGF receptor elicits stimulation of mitogenesis at
most half that of the same cells exposed to the wild type parent FGF molecule, as
-measured in cell based #says known in the art. More preferably, the variant elicits
stimmlation of mitogenesis af most one quarier that of the same cells-exposed to the wild
type parent FGF molecule.

As used herein and in the claims the term “FGF receptor specificity” denotes the fact
that a certain FGF molecule binds to a particular FGF receptor and elicits a receptor
mediated biological response at a concentration at least twice as high as iis activity upon
binding to another FGFR. Biolegical responses are measured by methods known in the
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
21-
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FGF-9 variants in a proliferation assay in FGFRL or
FGFR3-transfected FDCP cells. The 20 X axis is
concentration of FGF9 variant neasured in ng/m,
while the Y axis depicts absorbtion at 490 nut and
reflects mtogenicity. An inactive variant wl|
elicit a mtogenic response through a specific

recg&owamgpngﬁlegel[nota%g?ﬁggé%ﬁféﬁépﬁnat .l eas half

et veodpiod raffvdty Whilhiboset widch BStabilizé Gvdrable doliaﬁnaﬁsn or

IR AT R abitice TRUE PRl Rl Yool by A or g A

PhanﬂmhabmdthHeywaswmdﬂﬁﬁﬂtpekepumw1ﬂa@ﬁwmhaﬁhmyumnﬁGF7

'2%%?3?%”%%3_%0 FEGRBler A A Bl 005

froyiag high afﬁmfoaan Fep r@elémaed rqlgces@yﬂlg@lmhwmmh d@x@ated
E&éﬁﬁ i capacity relative to wld type
G--9 The AM FGF9 variant of 145 aa, represented
aSASEQd |h&eh@1&&rmﬁﬂﬁéﬂeﬁﬁﬁoﬁ hetoBMef:kas b shfsland, i particular a
%gg q}rectcpat retﬁl ?’ﬁ?ﬁ'andl eC|f|C|tytovvard
ofegetees g %WW%P?Q%MﬁW?WQEW%P“
a&mdmmeﬂnmmemhndnﬂmmmnmwmmMﬂMiﬁﬂ%&&&m Tnl YodrSlinkifid:
|t hough..t he eni c.act of RQ4 G9 is
iRlenidon OO Berk el b SEBRAGE] "t eRborie %ﬂ@ﬂ ooy
binehewdnal anolecataaihmsgdsi gh specificity towards FGFR3

yet shows reduced activity and does not elicit a
r eApbiad berpinthy g Traimen” on “prolifertion fictoSmefer ted ebstade that
RERR LIRREaR fin thD BuhY 6RLON 1S an R64AM FGF9 vari ant

further conprising an amno acid substitution in the

08aPell Dapin sl eme wamsmia Bt Brt SR BB b ¥eore structure”
N143X, SEQ | D NO 11

L5 TR, Tl S0 mi s o e s

BGiR Ghenty eagn ardnor z&iﬂ eséuts at: BghipehsbPedNGE 36 aidendifal,

i"ﬁ%odlme}{]?a Sy |nacrscglJ%g$§@ﬁée ?ééiiféﬁg%ﬂgﬁggw

Fafse e cond depGinpcopriskX the FIGER sanil hepace biddisgesgjieence of

~which is represented as SEQ ID NGO 12 wherein X is

ot/ettsed hrarin epd i thpsleirs fiedere el by ras SBS-BA ek &&-Rocloop”
lamm ARClo6p mts dntthd 258 desi@Rk A6l BOedw QM e\fgﬁma Gufdn -

Val. or Au (E). The 20 correspondi ng

FX%F 8{'11*8@ %é‘&ﬁ&‘ﬁ‘c"édﬁgbﬁdé‘%‘@iﬂt ed as SEQ I D NO 28.
The cunent. r r, rred enbodi nents of _the

i f 6Ff£§“@%¥wgﬁfgaﬁmﬁﬁgmémg?gm%@ﬁ P N ogginus” of 2
W@p@e%&b@wsﬁ(ﬁﬁmﬁ&nﬁd&ﬂ?@ﬁﬁﬁﬂtﬁ%ﬁz&% dtcgménus and
N gggﬁc posi tion 0
abolI's %m? &%d%3¥ ?%@%rds FGL' RL while retalnlng
Sim 5js C t Q@ﬁpg t ser
ex?gﬁ%b %%%ﬁ%&kkﬁft ernbre §?E Féf9g%d %@gﬁmﬁ% :
Oéla‘muaﬁ?u@pv@ apdlsatide snd fragmenst er pottionghovafhandliaDNA caBNA of

| oBRAMB of nfleBlESSn HRRGy Bldngl MB%%%%H felo PG Y

Usi ng Variants The nost” preferred net

SEFE QT antignse Aeand o imilads “gine peid segmence’cas msid-Rerdin fers to an
algrﬂmepgbﬁﬂe gﬁepk&ow pheih NOGRnEK Ad dg;heimt Hephidus.

For %E‘?g@@% e variants %Wre Y i torms fistod

prinmers for each of the 30 truncated forns or the
am no acid substitutions a82di scl osed herein bel ow
The PCR fragnents nmay be purified on an agarose ge
and the purified DNA fragnent may be cloned into an
expression vector and transfected into host cells.
The host cells may be -32- cultured and the protein
harvest ed according to nmethods known in the art.
According to another aspect of the present invention
it is disclosed that the preferred variant FG-s have
i mproved therapeutic utility in diseases and

di sorders invol ving FG-F receptors. The therapeutic
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10 including but not limted to cytotoxic drugs,
pepti des and anal ogs and pol ypeptides to cells
beari ng FG-FR3 wi t hout appreciably affecting cells
bearing EGER . This is acconplished by conjugating
the drug of choice to a variant FOP of the invention.
According to even nore preferred enbodi nents of the
[HeREERE nbtHARE loQfnil the hifind 844 RABGLO0S Snlphid Hitd Yt Fino
anﬁ]other bi oact.i v. | ecul es,. including but not"
139 PRSI S TSR PERIRIR Pglerie. g dam “Wepiagh s gyed
rtorein e bipolypepnty Rquddte fitpbRe8ndb@E mb@RRBstubst property
R f%%[_d enbodi nment s qi%the nyention ar

C

particul 3PF §F REEEY Bt KRt V@ﬁlﬁnﬁme%g@gchg?dateiﬂm

. itlhabnd i orgradeky tomolusf @rath eomiahdr ag ibhvd shing @cids deleted,

eRRANC r q“pe defects or..tunprs bearin
a spe.cwlgg)gr}tgtghe'pﬁor sﬁi?%é’,g‘%%’ %%%OPBF %FNE@ ftgsrp”fre%gtovﬁo pl
tPrRPeTiieDof the witive profegrt: Apehbgpnit is Bfged esa dvbstaricn thadtiinis to but
(B SERk Qb iR d 100 I, 10 e

FG-9- 29\5/\??12&84 %/eg%ﬁ‘ggtl%l%é cqn%gisdle {Ql%ﬁ csg% con%%)%’ssgemgm e
mrduoes 2. rereatocmediatsd reprusaisinilange Bebinduyed athe aild type ligand. A
G 51 abmida ds § QuRasd2 1k Bdfices A0al SRRk Rl
c%ﬁfﬁggté Wi th ? tyrosi ne inhfﬁ?tor‘%ﬁgﬁ as, gﬁ?rﬁ%gme

Pt BEPRfBRong & featt el thal) eheeriedt ifk | the wildrgpa/\prtpin. More
prefgahly, A Gl PhysiolpRealdporse HUbER 284 o Sebidadon M 49 four

getj,ng. fusion profein. In a Latently nost
SPATES ot ensh BsGror Rk Sl s ToviO ArPiPE G Septea e,
#5 examplanthe Glimbheop bEedtindivision, alifférafliatRy ateiRedsisdR Wmd

i og is used for tr ti f said tide -
RS LBl Rl BT Faco Rt S0 Felieprogia SR Goe
pargnt gectiin gudnwdwd be el krowd ef thove drabigimithe s a nol ecul e
whi ch is bound by a receptor and transported to a

Cei_t'|tis E?hta,t]ﬁmﬁ&m Qfis 'ﬁﬁfﬂﬁ@ﬁ iﬁﬂt RaS8S | gnay @é@e{rﬁk&% Q&%mg to a
suitabl e targeting nolecul es include; but are no
PR S0P fh (S0 41 i ettt bt Hgebindings ey pphange or
fappdsi ol iokidigl R¥poisd Asdopfingly GRAMNE hay hdci aBerdd kdciftity for
gg;kvatlves biotin or derivatives, al bumn,

e

fhpegFP%?kﬁ%talIoteitaphyrin, por phyrin, any

Vian.p 0 body..an _antj bod .
{ ¢ O afant B8 (R URRENF el REbIRY o Bl pRE it 1o
tpdhase prilledrin fhegmt. Asused herein, Skleint Gulyartasshainwkdotion” ("PCRY)
ool e MBGOGNILS | L | gLyl

LLgands which D <01 Hs bR 2‘%?%'?%58 Gi8aS S0 A0 1k

dusormorRted ytrgtesgneee| | by a recept or - nedi at ed

prqcess. ,The present invention is intended to include
al 1oe JE0h "FREGEM Hyorodc ijcambinant orprassion (Yevort @f pis thespin
pfef &r & atconitindi DBIA nbicode thatfining ANEEind Sodi’ @6l i

a desired.tissye, specifically the growth plate of
PRISPRIR BUCIeis Aid Shptopanorirg Ji5 i gomeR el dhesomerbiflinked
®ding skqushedini ¢ pirfienartostasighnisic Thel exprésiio vasas thay dobipse

, | Neri rotein.c ri.Si a FGF .variant .
SRS ool MRlcrioRbt sfoodin® CRpia: TH el Trgied o rotin
Jstegtian; pytiicatiendr dlaaedgn dequenopibitinge de Sixad grakd Weor C-torminus

95:4 rg%Qg t reently nore.prefer
tggg%dineﬁﬁﬁg%ﬁ% r|J?g?ﬁ%ﬁ%é%ﬁ?lé%%?‘aﬁﬁﬁﬁ%%?%#é%aﬂmtmm
derivative thereof is fused to an FCE variant of the
i nvention, preferably FG-9-2-W44G herei n denot ed
FGF9- 2-WL440- 10 CNP havi ng°SEQ I D NO 16, wher ei n
FGF9-2-WL44G is fused to CNP via a dycine |inker.
Alternatively, the CNP noiety is linked to an FGF
variant, such that the CNP noiety lies 5 to the FG-,
herei n denoted CNP(1-22)-FG-9-2-W44( having SEQ ID
NO 17. According to the principles of the present
invention it is now disclosed that the 15 through
i ntroduction of a single am no acid substitution
within the 08-139 | oop, an FGF nay undergo
interconversion froma mtogen to a differentiation
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I n such pharmaceutical and nmedi canent fornul ations,
the active agent preferably is utilized together wth
one or nore pharnmaceutically acceptable cattier(s)
therefore and optionally any other therapeutic
ingredients. The cattier(s) nmust be pharmaceutically
acceptable in the sense of 10 being conpatible with
the other jngredients of the formulation and not
UARERGHy InHeitien cpeasipgsses exmssipn ypoiire dhat piteintsefatclitipto host cell

RhoH&, A0S ashvEctBE Bl LRk | bﬁh@&aﬁ@ﬁ%@ fast ge%ﬁly e to

achi eve the desired pharnmacol ogi cal abut,
desiar idee hetda\iBe “@filo ia0ida “Oad il e ﬁ%ﬁ&?%&eaﬂiﬁset@hlch are

achi t he desired da|I 0S Anot her crltlcall .

AeBle eSOt T Srign Pttty metioss. Srasd amino

FNﬂﬁEﬂ@h#Oa@Bnmuﬁhsﬂﬁmlﬁmﬁﬁ&ﬁﬁﬁﬁm&ﬂhﬁﬂbﬁ1m5GE$pﬁﬂMb and

§$gh nd ac g&}g:mgF epLors. | Ils a%gglved
o FL 19110

heﬂﬁhaﬂnggﬁﬁumseﬁﬁéSb@Qﬂ&@mm@%ﬁkHﬁpﬁ%rénwmhhemntmm&mwd
'bS}CélﬁiQ:' B9 Snp ?Jflglr %tﬂzl(ﬂ tﬁl@%-%cg%ﬁf:sodesk:ﬁ:c@r&ﬁzﬁ gblt'se o?ﬂvte?] ons.

dermatan sulfate proteog

pRbaonthens s ine dpdieasiapoBe L iemenfwas eedp Ofisce phatinasegiivally active
RENnoVaids, iﬂbltlﬁ]né Qﬁlﬂkﬁ‘h@ Amink a&&s He 589 Ein thd Bt ar@inﬁ:nded to

atlen body Wel ght, the severity of diseas
Fa%kﬁﬁ¥W§¥@%tlon etc. Apart from ot her

siderations, the fact_that the Jovel active
gf PRI B it FE <loigen RgHs PEEIE OF PHAsERt aduch is desired to

peldpmmd cecallay hﬁﬁésSorOdirngnH ForofofllAing | o InclifGlndtcel® fiddfdn,

r Iatlo suitabl e, for ellve Qf t
% péﬁsn%otguc om?gu i %fm&l ltﬂaaP fopdangsy %? F"é‘s oactive
ggﬁntsabﬂedeﬁ byt agy @it lieited tol ﬁiametmnalljwemteo:ompounds ot diagnostic
SHS5RA tr| Ci
}9&1 &El- e&et &cfuge ‘%part s Ot &deg dé’re% ide analogs,

i ntesti na enzy nmes. r conS| I ONS,
PrRtidpmimetich a@haon@tlﬁm efrotginy, | apeprpinigs. eglyeprateisf afifgens and

hARHL: QP AliGod) OfYRRRL | HES0 dleClAi€ Snd s ofeins,
this typé’rg?

formul ation be suitable for del'ivery o

BRI Ay ™me EUPIIce aprReEhibiers auRosacidy qud Shedr degyatives,
Bé:@lonad! it Sfifoditoffiag] iBodoRiod USRRPEICIa: ik &:%ici fragments

estian ric agids, or_intestinal_ enzynes.
%%%%?W ‘@ ?’%%ﬁ%f@? % r@@%rﬂ@ﬂ?ﬂr@n@.mmw
hhwenhbmmtoma&@del@m@ aBtHieico Gidl AsNgphRbérink,Npeniciliin

e L Ly R -

am@mmmxmwcaWMmihewuﬂu@gmsaﬁﬂmﬁmmM§&matmﬁﬁ‘amg:mmﬁmg

t f d f
Al EABL L R U iy PSR S PP SErlps, ot
@qxvylblcmat vteposide.u Eeuestéing &)potemb CRTxN eauwilGE) penroprotective

43 ARREARhodidDhnti- Aftchibh bl A5 Blinel bbb AR Gronts ingipge

preferred routé Is |nject|on 4t
wyolgtidss; @g@@w&eﬁdqsr ‘éﬁé’ée% S Asieetng -_«,. pnd biologically

hRBREATGREL) G2 dGRARRS HLER. (ORI afu‘ﬁegit}%‘g&oﬁégmgﬁer

of _one or nore of the active varlant se

Pgleics Agih nvestors: Spaispse Neplyaugteotifles c jucly@ins héoes rsubsimtially
ki og Gal ie)ist%ﬁ@ SIoSRb&: Rl S ror %%Uﬂg dq168Fin

wi th ot her, che onents _such

S R R o N R
qubisrpeascinhibitds; pitd HReaiot £adlathe FHRiabdcatidnSnd Ranslation.
facilitate adm nistration ofz.a conpound to an 10

or gani sm The term "prodrug" refers to an agent
which is converted into an active parent drug in
vivo. Prodrugs are often useful because in sone

i nstances they may be easier to adm nister than the
parent drug. They may, for instance, -be bioavailable
by oral adm nistration whereas the parent drug is
not. The prodrug may al so have i nproved 15 solubility
conpared to the parent drug in pharmaceutica

“conposi tions. Herein the term "excipient" refers
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- Addltlonal Y, sue§§P3|ons of the a

5

- formulated in rectal conpo

10 tablets or dragee coatings for identification or
to characterize different conbinations of active
compound doses. Phar maceuti cal conpositions, which
can be used orally, include push-fit capsul es nmade of
gelatin as well as soft, sealed capsul es made of
gelatin and a plasticizer, such as glycerol or

S OV A¥iHeRdin, dbM6imR U3nd Adfec R ShASAHRIECO ﬁﬂeﬁ O E]ﬁ%lanoehin the

active ingredients in 15 adm xture wt er suc
d8q oo dompzfion ky bong gesarpiien, stidly hafe ¥ vopgdifipd dba sibisgicwill

axhibitll&s B6ne RGN BSicAbS, S 83 @ﬂﬁ&f@mﬁm Qi 4eQBR |sht¥ot fhan desired.
é%gpléézers In s ft ca Su&eﬁé actlve conpounds
Ao 513 Bl S B P S HBioal PR o from
sicnthl asPe:‘mﬂdnyal alidesse. Byq'wrﬁlg@amécﬂ &, cﬁitﬂdgb Qisofller” is n:gfmnj:
et . | n, a tion zZers e -
A SRS 1 LB eGP ng o g e o
Shrgudesireld eContentidaatyars irslichtian e luiting ridnmatoldastritis, ousdaribitis
%ﬂ@h&h%% Lation. 20 For buccal adm nistration, the
conpositions nay take the formof tablets or | ozenges

f OIREpteRh@Eve dkef OPURNLBBRH s TR RRG resER inftH Jmn%ﬁﬁea LAR of

SP i nhal ation, the variants for ‘use accor t'he

e diliets fndelebicignpiot Bich et fhos eReuiing i iosed opFIOAdayn-imion

QLIRS proghyRYHERSIARI0BSd 21 Jpb® WadhuR SRSt ﬁﬁ%@ﬁ@tp bt ﬂ{ne
%ﬁaebull zer with the use of a suitable propell

R 4 Retieumrts Fimtipfionof dancpem iy loctrospgpiod prostictio

gento and dertdl Gmﬁlaﬁﬁg Slewalibit o P4k iRn€ alagyr igl e herdpatil women;
r ed.-anount

L di lve to
Bl i G opriy B of Brfons et i fertnand e
ém)ﬂl THpair @rocesses; risarbdsé A dbbnd‘rﬁymht&mf drifg | dst@clion osteogenesm
L t.h tide and a sui
%g%%%t%gg%gﬁmp cﬁ%c u;%m he%r (gg of au% qgeys transl}lan tmn
pad &patwent| Ofaaﬂwrn slgﬂqwétdlmﬂerm csm]xj es agpjelawé SEHopdrbg) post-

ﬂfen&phﬁsaﬁ@&éo}ﬂ@mh@ 016 &RL sd inﬁuéé'ﬁ (Jg 5ot ggmoquamsm
| ve

0 co
P PefrRmodndscof tspvespnt inyeetiop jareyuspfn) zemamnf congenital,

BARRERSICONS: suitial RABbcRor bRt sS0l, Y& b oPcall Sl Clrfi S
i ncl ude fatHégﬁlls such as sesane oil, or synthetlc

?og{nfa ST ‘6’8}?" H]W Piggepty Fzgcntxon can be used for

lxmtgg pradiitecartihgd deﬁ@&&ﬂﬂﬁord&ﬁ UBeateht Hheifded @fect application
nsi ons contai n substances which_increase the
VISCOSI @U?% @ﬁ%?ﬁﬁmmPﬁé%ﬁﬁWﬁﬁ“ﬁ%?s?ﬁﬁma“Of“ﬂk
4 viisotagd mtuynn&t tssa¢ erpitbaingnoddssandedpahydier s such as
col l agen, sorbitol, dextran or hyal nonic acid (HA)
a#&“&@i%vgeﬂhe®ﬂmsyhmhemvbmﬁetVdmmui’&@hmuka&enmnmm?or

di E% a's 1L la (3 L+
( ) aﬁ%%gerlvagﬁhg p%%qgald %ﬁ ?gncesXpog O%%ﬂ
Rode aWM%rmevhmhéeu%H%awwmemfmh@wnmmnmth@ aﬂmMQﬁwnuam:
laaddlegaacﬁwgeg e, pophilic %amagam ol afid fu ofd

Ootlcfall the suspensi on may a ntai n
oFizin, Reptide Lighamt &y \isi eaorpwe%a‘séename ol TR lapd ;ﬂle

tisackieahitipehiide) poptide of QERIAL REeg. t Osia oMt MetHoliCof genetic
Igrelﬁﬁ@tlon Ofcgﬁ%p y concentrated sol utions,

RES AR S 2 tdEs PrRSPHdedioEpmEh incldipepeitiupetip peniides
shcr s GNI? orrgeeath atnrgime Io@ﬁlbésl\trdflnblaad sm;mbb;gte?@ Riit6 [FEF variants

er| yrogensfre ef ore use
‘%ﬁ% coélrr]%loundS wgi ?"ﬁ'emﬁ e‘?%gﬂfffﬁ?@igﬁ‘ﬁ BRpeRgAtin-o eb@&‘ent
tions such as

suppositories or retention enemas, using, e.g.,
conventi onal suppository bases. The fornmul ati ons of
the active variants may be adm nistered topically as
a gel, 15 ointnent, cream enulsion or sustained
rel ease fornulation including a transdermal patch.
The pharnmaceuti cal conpositions herein described may
al so conprise suitable solid of gel phase carriers or

exci pi ents. Exanples of such carriers or excipients
i nclude, but are not |imted to, calcium carbonate,
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A pharnmaceutical conposition conprising as an active
ingredient a variant of the invention in a matrix or
matri x-free device may further conprise conprise
stabilizers 10 including heparin sulfate or other
HSPGs or carriers as those |isted above. A '
currently preferred enbodi nent of the present

|n%m§t|on ém%f net hod of adm ni sterjng an FOP
vart ant ﬁﬁﬁ%ﬂ'l%ﬁ%ﬂﬁF&ﬂ““ﬁ' £ P getisionsingingngeiety
iniga paﬂ:cnﬂﬁl’lhﬂen:abiaﬁsrbmﬂshm ﬁ@é@pﬂt@h@é&ﬁ%ﬁi&ahﬁl Ra8Rbhed for

1} a =ed her naceutlca
R dcited ot o Aok o S{ b ety eb B th g Gt qesmmples and
DY ee@qws mmnem@mrew‘he IFGFU&dﬁam B0 Prdidify Whcde b e tublBic

0 ned. unt
ALYt DR SHn B SRl Ry nC B2 sl et cen
éﬁﬁﬂﬂqﬂﬂ%ﬂﬂﬁﬁ“ﬂéﬁﬁherapeut|calIy ef fective anount
ggs an amount of a_conpound effective to prevent,
Yied fereigy the frap |‘niveste Syt te Abioattiveegtiosalently botrkdgo a

Szh‘ﬂjnﬁﬁ tareih B olelyCBdRth vaRe e s Thd @ldnRbh ﬁf) ide c.arrﬁ:,rs or faﬁ%etmg
%gg uthgll effective anmount is me int
é?% 8ﬁg se skilled in the art, especially in

t arled di.scl rovi ded_her ei n.
Togil11 & m}é S OF i COpiey IE%E%'?‘{ gf“’l% ag &G vt of the
Bisendion b@‘d’d foex bpuumms d edcombingie chiliyra ot ﬁﬁﬁi@itdonjugate
pharmaceuti cal procedures in cell cultures or
exigerifedeintthe peeadniritivention. age phivmacdatiost erimplositorts Im:::jhﬂﬁﬂ; an

K Gut@OgRI &a&auoag%ggr £ RERY 3903% a?‘ﬁ%" Err‘" and

the 1. (lethal e causin
fopEy %mi’fi‘ﬁéﬁ @t vagiagi asidachioastvrprsant dhat 'ﬂtveco,‘iﬁerdlaﬂmund

wbBion memghm r&&lt'm&ﬂlﬁdn%&eﬁﬁé@iﬁ& [aaﬂodg@déosa ting

dﬁg g .ﬁn be used in_formulating range o
e phoqlly fhad exss E‘é@%@@@%mg mm@@yemmg}mmt
tugetingosapesificr 10 IOy RS «xRdpit AR do id is administered in a

an ut|I ed. . The exact formuylation, route
BB Brecll: Bhooah IR IR b esnh cuherpin e bgaor coi
qqﬁ%&ﬂwﬂﬁqumWS|C|an in view of the patients
condi ti on. Depending on the severity and 30
r G5 GREYIy d eenyeniently setegninet uarrmmlqgl@bm@bﬁdmed %ﬁﬁ@

£ @bo A8 Qr bﬁmaTﬁé E&Lﬁ, A0l &Y ﬁé?ﬁt e &F%?‘Llﬁ ase

bg@@ gltl : course of trea
§1°!%“1§ titsrrggepipgse Rie tielogical assays mmselml;s used to test
aarivitee b ehriant FEM b, Mt A6 n&hﬁm@& REMS RIBHALE 1S
achi eved. The -39- anpunt of a conp03|t n to be

atinbindisg ef esamiHGFs e cldaaaTient 4xPBRss38 B fhorb®bddett

tregl d F fe r|t of. the affliction, the manner
of adm mrepy SHe %ifﬁﬂgdﬁﬁ?m%P“Tﬁ%meﬂk fifgratign or
phylshlblbamofcaﬂth@fdmron;‘ actors. The foll ow ng
exgg¥le is an illustration only of a nethod of
%ﬁ@@%¥ect with a 5 variant according to the
iavention, in order to treat a pathol ogical condition
285 Fipulgtion ofpe manimal medelnef bane srowih el elirdlittedson,
S not gp e ded to.be limting. °~ The method
i nc%“i'%‘ arpaaarﬁwglmdrlﬁ@f catiidagy distagnand drauma.
chimera or fusion protein, in a pharmaceutically
acceptable carrier as described above, to a subject
to be treated. The nedi canent is adm nistered
according to an effective-#ssi ng nmet hodol ogy, 10
preferably until a predefined endpoint is reached,
such as a reduction or anelioration of the
pat hol ogi cal  condition in the subject The present
invention also relates to nethods of treatnent of the
vari ous pathol ogi cal conditions descri bed above, by
admnistering to a patient a-therapeutically
ef fective amount of the conpositions of the present.
invention. The termadm nistration as used 15 herein
enconpasses oral, parenteral, intravenous,
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The 18 kDa FGF-2 nolecule is 155 an in | ength when
translated froman AUG (nethionine) start codon
(Abraham et aL EMBO J. 5, 2523,1986). In addition,
there are at |east four alternate start codons (CU(T
Leu) that provide N-term nal extensions of 41, 46,
55, or 133 aa, resulting in proteins of 22 IcDa (196

i VadantcDa (201 an), 24 kDa 15 (210 an) and 34
kDa (288 aa), respectively, having the potential to
perderqmtitly meoeed anboticent (frigvinetich isan GFdasIBak i8twhich

, [, Bi 3 6 000) Th

?gr %‘L% g\ﬁ p%g%ﬁlr?g Jf lmc%'g&a?n'%g %ec ﬁs@& SPPFEE R %Ba has
descatly gigntifed that dp@ih @ amwhmda@sdsdaﬁamab mtdmtﬂvﬂ’éthe

Al SRLMR i 1ol 2 )RS ILRR @3? EI o %&@b@km

FG- function. Truncatlons ext

Sl el OB £i41 1 2HD. Rignikev 4t ak.4Ce e202@) haggsshowa that certain
rdehaes Gh B #loPRi saal asgRd IﬂE' (b)l—uDZSelﬁlké’r?Bﬂ @bﬁ%egula& FGF-2

&Q} |ferat|on assays. I S nom1d|sclosed th

eeifigity}by TalerRtig YihdhoBi-hloon ard the pying famipge e FGF.

fmrdmoamge FGRR? hiaba Gy dréfhoBR@0htEt Wits R8ADE bEFdE- QSﬁ&%benng‘
am_no a0|g§iequences of

t
3 40 57 R g0 iR, R i o el Rt aipleet 100 s
dieswéd badinpsnd folnho hdrogdi Hoads @it ASEIPE qBevaliit to N113). An

et umlpa b Mkl tircioRei sy ol

FRERWS| KGVCAN RYLAMVKEDGR LLASKCVTDE CFFFERLESN
XYNTYRSRKY TSWYVALKRT GQYKLGSKTG PGQKALLFLP 30 MAKS
wh §w@m1mgbf ithe ipyamtors herpipdisglogneh inrease prIEiFRA ablivwity for a variant

iﬁ&gﬁ:&ﬁgﬁﬁ@u@mﬁm&kﬁﬁ@ﬁ Sequence of
FGF2- N111R (SEQ I D NG 2) -41- MAAGSI Al LP ALPEDGGSGA

- FPREH- RO thRkh¥ GitdNdGIckd 4R¢malsoloPle rgdxﬂem -B9 loop of the

s d%b%%&%%@R c R et S At of

EGE2 AW FEFUSROHYTRI4 MAUKESY kie hiphligitddFDEERPGA underlined.
FPPGHFKDPK RLYCKNGGFF GVREKSDPHI KLQLQAE ERG
EEEF | (GYNTYRSRKY

e agjace;

’\ G

(S
AEPEDOGSCA - FERGRERIPK %@éﬁ@? %@?&L JQAE
BRGNS IkKBVC%ﬁﬁLE&ﬁw%NKEIiaglEEE%FEE&JESN ﬁﬁ%ﬁ@“ﬁs

TERAMVALKRT GOYMNBBKTG 1LfeshINGS : 16aM160 e{sroXis mtmr
PRen? N and niENSYNIRS er ablsydwel:aed-ad4f sem B oo:371)

Bfitlo Acid SEFNERER of FRefdtes:56)-1RE 1(FEQ(BEQND)S)
TLENHYNTY Residues:143-151 (SEQ ID NO:39)
FGF-8 VLENNYTAL  Residues:151-159 (SEQ ID NO:40)
FGF-9 FEENWYNTY  Residues:140-148 (SEQ ID NO:41)
FGF-10 IEENGYNTY  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)
FGF-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)
FGF-17 VLENNYTAF  Residues:133-141 (SEQ ID NO:49)
FGF-18 VLENNYTAL Residues:133-141 {SEQ ID NO:50)
PGF-19 IRPDGYNVY  Residues:126-134 (SEQ ID NO:51)
FGF-20 FEENWYNTY Residues:143-151 (SEQ ID NO:52)

27
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MAQGQ TTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF
LRI HPDGRVD GVREKSDPHI KLQLOAEERG WWSI KGVCAN

'RYLAMKEDGR LLASKCVTDE 20 CFFPERLESN GYNTYRSRKY

TSWYVALKRT GQYKLGSKTG PGQKAI LFLP MSAKS Ami no Aci d
sequence of human FGF4- N165X 206 an (SEQ I D NGO 6)
MSGPGTAAVA LLPAVLLALL APWAGRGGAA APTAPNGTLE

SLARLPV AA( VQ SCGAQYLLGE. KRLRRLY!
Tae s o
FEREETFKE | LERGESNAYE oLt d SRR
EREPRL wher eFmenfvivgy Ot heksidiaB: Maanh Wek6 1 %rs@bl y
GaAEL ERRVESL LGETRI DAL PRrEKIELEE YESPE: NR\Go PiMEy 57330
Am no acid sequence of human L55M FGF4- N165X 152 AA
(NIRRT a8 nanbering JYRGEBYs A4G) Iyt i- (3 amino acid 107
hofalad AR YgNY ﬁﬁk"—a@“ﬁ?f = 11; e GF-1-TGF-19 is

%? C
MESRRNS! ECp ARl FANS( SHCHe; Yepbh,
L

et oG MMYEL oY eK?ﬂP@Yﬁ{d mtﬁél\@‘éﬁjs RSB A
2600)ENSliabkXef 8. @HEIS17NAD, shd RiufsHin §F 8F P[c '377. 494,
A0B0) Oregsb e B GWRITPEF-OK supicas Wubddeh GV 20507505 (ehR s is
&0 kkivil) asdFGE 5 OBRdminin PON Tapalsefiend BitlidcfRld AW Y6Y /38357,
02136732: MAPLGEVGNY FGVQDAVREG NVPVLPVDSP

VI | LSDHLGQS EAGE.PRGPA 40 VTDLDHLKG LRRRQLYCRT

hirl kel FEl %RKDHS RFG LEFI SI  AVGLVSI RGV
DSGEYLC YGSEKL TQECVFREQF EENXYNTYSS

NLXKHYRAGR! RYY VAleMERS AR PRo/a673:
PV TDKVPEL YKDI LS. wherei'n X @pot er t? i 1y cortain

cafions & 451 Relysptide: ssarepseoproRde Fagmts\@itls enmmt Berpthr
mqmem:&rwh LRIV v%lylﬁé’é%ﬁic BERGEL Vardiels Shoprising

| t t t WO 02/ 36732:
wﬁ osed &%C;g?%i el @ﬁ‘kca on MqEEﬂeﬁned as B8-f9,
MIWE&W Elxﬂie% SHRAMBSaetbd to interact with

YOSt e Rltsboliti RrlmeBRE T ol B br provide

hEcyE BickiBoG8biybe s;mcnﬁcikg $lemt e distidainrd BRp®r specificity

BR STt ERE. biieyPhao )R SO pimecaid
Pattiviiongindhe RERY lew necHodlyavpRition S IMIWIGREGIFGE-2.

3_ PNGT GT RKDHSRFG | LEFI SI AVG LVSI RGVDSG
L f phgneg restiess tolERR memylified by replacing Asn 102 (N111

ORMEET YSSSILivo sty REERRY (INMAWNENE TR BEBRNREQG, 417,1997) was

FT?%PRPV PDKVPELYKD | L, Ami no Aci d sequence o

AW TCHGPEOT 5P qlﬁgtalt@s ﬂz)closed herein are FGE-2
variants wherein. the identical asparagine at position 111 (N111) is substituted with

another residue unexpectedly exhibiting both an increase in biological activity and
increased receptor specificity. |

A currently preferred embodiment of the invention is denoted FGF2-N111X wherein
X is other than asparagine and more preferably sclected 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 present invention provides a variant of FGFE-2,
denoted herein FGF2-N111R having SEQ TD NO:2, wherein substitution of the
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20 MQLYCRTGFH LEI FPNGTI Q GTRKDHSRFG | LEFI SI AVG

LVSI RGVDSG LYLGWEKGE LYGSEKLTQE CVFREQFEEN
XYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHXK
FTHFLPRPVD PDKVPELYKD | LSQS wherein Xis other than W
and nore preferably selected from41lk, E or V. 25 -
Am' noAci dsequenceof FGF9- 2127aa( SEQ DNO 12) di scl osedin

LFﬁ_FPNGT EEFGTR%%%FEE%I LEFI SI AVG LVS‘% gotivity towards
ehiisdporerinege IR BRI

NTYSSNLY

K DTGRRYY VALN GTRT FTHFLPR 30 |

L P S R e
Blf L E QlL EKLT e ER:E E}éﬁubmmhon of the

RRRLTE? N AR S e S e s

TGiRE méviln MicwetipactiVig VAR sdited Esebdxyatoetdls BEFR,. EO

rv. Am no Acid sequence of R64M FGF9- N143X 145 aa

( Sy rppbey dosiggrovRperpond o[terigerletrrar BE@REGmO acid codes

b1 b NS alnibolal W the 155/ dnSNe Forh JEFRHIS. TQE

CVERE EX WYNTYSSNLY KETVDTGRRYY 40 VALNKDGIPR

EGT Rk of thirivEHRGY Bla PIAYBE btk cll kiR thédrdompibtaa&itibhal

SR s S TR ol g i

N@M@Riﬁ@ﬂ-ﬂlé_ﬁl- lof° i dofQhoks oRICBIHS B | Aottt SThity G@eid substitntions,

SRR e e o PR PP R rheiod

Wadi@iRs with snimpdied or ieproNdaaibhitesrempared e thb Ivsyld@pe];ﬁ:ent |

R 2% 595 P SRR ot DRt et s

PYRIREVDSEE. vﬁ@mm@s linebsiong TdEned PRbUBERN reased yield of

YYDEHSSN. Yo SLKR
FTHFLPRGGG GL.S GCFGLK ‘\i % c&m\/s%Lal éf:ﬁlsvm ggg Chamgple, FGF-2
B E™RrisE AMiRg 36 MFE“B?‘E%MB? jeid pysitiepetiandy Sowerer alyuine

17) I\/G_SK KL M@@Mﬁﬁ?ﬁﬁ%ﬁ%&%b@
i’fEY‘E’rB %Hgﬂmﬂ@ﬁ siaQiyRaypgiyently preferred
MMKGE%WW@GS QxR FelENFOMIE X SSNLIY X, SEQ D

KD VAL NK PR EC RTKR THFL PR . )
corrg‘éﬁggé}i naéf%lol VhaeT 8ot rds T F%L}gﬁ%ggggfg%mm of the
eicpomenti@equence of FGF2-N111X DNA (SEQ I D NO 18)

Table 2. Specificity of FGIF2(3, SQ}NIIIX variants towards FGFR—ex,pressmg

FDCP cells.

| Mutant FGFRL | FGFR? | FGFRSID | ¥GIRAIIE
FGF-2 + + - +
FGF2(3,5Q)-N111G -H— + - T
FGF2-NIIIR it + . 4

The corresponding position of N111 in FGF-4 is N165 (numbering according to.the
206 aa form). FGF-4 was shown te have high affinity for the HSPGs which enhances
FGFR binding and activation. The wild type FGF-4 is shown to induce a high level of
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25 ATGGECTGCCG CAGCGECECC GCAAAAACGG GEGEGTCCGEG
AGAGAGAGGA 30 CTATGAAGGA TGITTCTTTT TAGAAAATAC
AACTTGGITC ATGTCTGCTA  GGAGCATCAC TTCCCGECCCG
GCECTTCTTC AGAAGAGCGA GITGTGICTA AG ATGGAAGA
TTGAACGATT ACCAGITGGT CAAAACAGGA AGAGCTGA  CACGCTGCCC
GGCACTTCAA CTGCGCATCC CCCTCACATC TCAAAGGAGT

TR oG R R R R it aciviy

@ﬁ@mﬁﬂﬁ GOt ﬁ@@hmmamﬁferamn assay, is
A € 20 . COGAGT TGA

TT C‘AA it ; J A 33¢ &qnmcaimn of N-

EDmAGIATA gl TATREEAY p@ﬁmh@ mqunwnNOf&c ptekemt infdngion & an

GRBAN 2508 1Ot Here M FERAT 1 £ %@rggég%ﬁ) PP v&%%%gx?{&dmer

IS nore preferabl%wa codon -codi am o aci

Shan gsppracieg derrerentst morer proferpd abadigent GE the| HEpsg inGiption is
AT Geiole CASKEGETAOT SR AMBAYATEIONO:7, wherein X is other than

asparagine. ‘This variant induces proliferation through FGFR3 while maintaining the
same level of activity through FGFR1 and FGFR2.

The therapeutic utility of these novel FGF-2 and FGF-4 variants is disclosed for both
normal and abnormial FGF receptors, including but not limited to cartilage and bone
regencration and bone fiacture healing, articular chondrocyte proliferation,
osteoporosis, wound healing, ischemic tissue repair, neural hssue survival and repair
and neovascularization. Additionally, the high receptor—spec:ﬁcxty of these novel
variants warrants their use in targeting bioactive agents, in particular cytotoxic material
to cells overexpressing FGFR. receptors, for the treatment of proliférative diseases.

In a cumrently. preferred embodiment of the present invention the variants having
SEQ ID NOS:1-9 are formulated to provide pharmaceutical compositions useful for
promoting or acbelerat_i::lg repair  or regeneration of endochondral bone,
intramembranous bone, cartilage, including articular cartilage, spinal defects and other
skeletal disorders and for promoting or accelerating neovascularization in indications

including bums, cuts, lacerations, bed sores, ulcers such as these seen in diabetic

patients, repair and regeneration of tissue, including skeletal, skin and vascular tissue. o

The compositions comprise the variant and further comprise an HSPG as carrier or
stabihzer and a matrix-free orrl_natn'x device.

Unexpectedly, cextain FGF variants of the present invention were found to rotain
binding affinity to specific FGF receptors while exhibiting reduced receptor-mediated
biological activity, providing variants useful for targeﬂng bioactive agents including
polypeptides, peptides and analogs and drugs to specific tissue. Effectively, the variant

~polypeptides are useful as carders which ean be used for site-specific delivery and

concentration of bicactive agent to cells, tissues, or organs in which a therapeutic effect
is desired to be effected.
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GEEGTCCEEG 5 AGAGAGAGEA CTATGAAGGA TGL12CTTTT
TAGAAAATAC AACTTGGTTC 10 ATGTer GCTA  GGAGCATCAC
TTCCCGECCCG GEECTTCTTC AGAAGAGCGA GITGIGICTA
AGATGGAAGA TTGAACGATT ACCAGITGGT CAAAACAGGA AGAGCTGA
CACGCTGCCC GGCAcr | i CAA CTGCGCATCC CC Cl VACATC
TCAAAGGAGT TTACMSCTT GGAATCTAAT ATGIGGCATT CCTGGEGCAGA

ooy tested them for
WWGMAWW@HM HINCGHAE, ?]Ja é%)a IVal V),
afi no@m g@g W%&ﬁ}' ﬂ%ﬁp%d'ﬁr&‘?@éﬂ ed
F@E‘SFHQLWM 1o @ESG FEIRR oM relefHseoT GREHH oGAHOHEEGEBR 3
GeLAOANGHE VIR PN CRERCAIN S L L P2 %a aadition, o
Ts%s!ﬁgxtmn of the adjacent Asn (asparagine) at position 143 to a Ser (Serine), N1438,
resulted in activation of FGFR3 and not FGFR1.

Table 3 summarizes the specificity of the FGF-9 variants to FDCP cells transfected
with the various FGFR as determined in a cell proliferation assay.

Table 3. Specificity of FGF9 variants towards FGFR-expressing ¥DCP cells.
Mutant FGFR-1 | FGFR-3
WERGF-9 o+ +
FGF-9 W144G -
FGF-9 Wi44A +
| FGF-9 W144V -
| FGF-9 W144N +:
' FGF-9 Wid4E, - -

FGF-9 WI44R | -
FGF9NI43S | -

| ] ] ]

Accord;ng to additional preferred embodlments, the FGF compnses the substlmhon
of Tip 144 (W144) of FGF-9 with either Gly (G), Val (V), Glu (E) or Arg (R).

In a preferred embodiment of the present invention, the variant comprises one or
more amino acid substitutions in the p8-po lodp and a truncation at either or both the N
or C terminus, These variants would be advantageous in terms of their stability and/or
solubility and receptor affinity and specificity, and concomitant reduced biological
acﬁvity. Figure 6B shows the reduced level of mitogenic activity of certain preferred

- FGF-9 variants in a proliferation assay in FGFR1 or FGFR3-transfected FDCP cells. The

X axis is concentration of FGF9 variant ineasured in ng/ml, while the Y axis depicts
absorbtion at 490 nm and reflects mitogenicity. Am 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 cortesponding native FGF at a concentration 1ot higher than 50-
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TAGAAAATAC AACTTGGTITC ATGTCTGCTA  GGAGCATCAC
TTCCCGBCCCG GECCTTCl TC AGAAGAGCGA GITGIGICTA

A. GATGGAAGA TTGAACGATT AC C. AGITGGT CAAAACAGGA
AGAGCTGA CACCCTGCCC GGCA(. .. | rCAA CTGCGCATCC CC
CTCACATC TCAAAGGAGT TTACTGGCTT GGAATCTANT ATGIGGCATT
CCTGEECAGA GCCCTTCCGEG GGACCCCAAG ACCCCGACGG

ANGCIARYSG GICIOCTAAC CTAATGICT CONTACAATA 'most

PEEAGHT GhGightr Wmaﬁva PCEA N Sigand.
L1JTACCCGTC GGGCAGTATA TTTTCTTCCA wherein N'is
selUpen edndvrbofi Aming, add msidies AbarSeejliancie 0fre structure, the FGE

ST N RR L0 ] S0 1210
(@AWWWWWWM@A@M@M B9 variant of
3¢de A 5 %?_19 Slypeptide that

GATGGAA '
Fﬁ@@;@y@;&as lost the binding capacity toward

: FGFRI, as detcnmned in a mitogenic assay.  Figure 6B shows thai although the

mitogenic activity of R64M-FGF? is reduced in comparison to that of wild type ¥GF-9
the variant retains high specificity towards FGFR3 yet shows reduced activity and does
not elicit a response through FGFR1. A currently more preforred embodiment of the
invention is an R64M-FGF9 variant further comprising an amino acid substitution in the
B8-B% loop. These variants are denotedherein R6AM-FGF9-W144X and R64M-FGF9-
NI143X, SEQ ID NO:11 and 14, respectively. Comresponding i)blynucleotide sequences
are represented as SEQ ID NOS:26 and 29, respectively.

A cuzrently most re preferred embodiment is the inaciive variants of FGE-9 denoted

 hierein as FGF9-2-W144X, the ainino acid sequence of which is represented as SEQ 1D

NO:12 wherein X is other than tryptophan and currenily most preferred amino acid
substitution I selected from Glycine (G), Arg (R), Val (V) or Ghu (E). The
corresponding polynucleotide sequence is presented as SEQ ID NO:28. The currently

- more preferred embodiments of the inactive variant of FGF-9 are denoted herein as

FGF9-2-W144G, FGF9-2-W144V and FGF9-2-W144E. Introduction of glycine at
position 144 of FGF-9 abolished its binding towards FGFR1 while retaining significant
affinity towards FGFR3 and to a lesser extent, FGFR2, Furthermore, the FGF9-2-
W144G varjant specifically targets the growth plate, as shown in Figures 8A and 8B.

Methods of Producing and Using Variants

The most preferred method for producing the variants is through recombinant DNA
technologies, well known to those skilled in-the att. For example, the variants may be
prepared by Polymerasc Chain Reaction (PCR) using specific primers for each of the
truncated foxms 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 into an expression vector and transfected into host cells. The hest cells may be
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CACGCTGCCC GGCACTTCAA CTGCGCATCC CC CTCACATC
TCAAAGGAGT TTACTGCCTT GGAATCTAAT ATGIGGECATT
CCTGGGCAGA (GCCul i CCGG GGACCCCAAG ACCCCGACGG
AAGCTACAAC GIGIGCTAAC CTAAATGTGI NNNTACAATA
GAAACGAACT AAGQTATACT AGGATGECGG CGECTGTACT
CCGAGITGAC TTCAAGCAGA CGGTACCTGG TACGGATGAG

%WMMTMM osen%

nucl eotides .9 and 15 are |ndependent
SPSHESTRFS pleihe BETST AHEHIRE Byl Wd/ﬂram‘ésv rrfean] mmsw-«»

itavOipasved thadpeatic ORI it BEhRYarddisofle ik vOMY FANEIepREs. &

stop codon and is nore preferably encodes fTor am no
acillle (Heapewic wiliy oSdgse noel OirakZt Ibked\bot HoxhDMAmal and

BRI AL PR AT o

EaroedcAkE. OBBPPEFHACTo ISR QEisthy FGFR

MRS MBI il (et it

ayiableT AEpmREAETREAROATT oA@@i&@Tv@@Trdmg to currently

el s Fooel e e Mo Biohbeve el

u.
% t not limited to cytotoxic drugs, peptides and analogs and polypepﬁdes to
cells bearing FGFR3 without appreciably affecting cells bearing FGFR1. This is
accomplished by conjugating the drug of choice to a variant FGF of the invention.

According to even more preferred embodiments of the present invention it is now
possible fo target dnigs and other bioactive molecules, including but not limited to
peptides and cytotoxic drugs, {0 one or mere specific subtype of FGFR2 and/or FGFR3.
Most preferred embodiments of the invention are particularly uscful in conjugatés with
drugs for inhibiting cell proliferation and facilitating or enhancing the treatment of
defects or tumors bearing a specific receptor subtype, without intérfering with the
growth of normal cells or tissues bearing other teceptor subtypes. In a non-limiting
example, FGF9-2-W144G targeting compositions can comprise a FGF9-2-W144G
component and cytotoxin that are covalently bound to each other. Another example is a
conjugdte with a tyrosine inhibitor such as, but not limited to, genistein. Alternatively,
FGF9-WI44G targeting compositions can comprise an FGF9-2-W144G targeting _
fusion protein. In a currently most preferred embodiment a fusion protein of an inactive
variant of the present invention and a peptide or peptide analog is used for targeting of
said peptide or analog te a specific cell, tissue or organ.

A “targeting molecale” is defined herein as a molecule which is bound by a receptor
and transported to a cell by a receptor-mediated process. Examples of suitable targeting
roolecules include, but are not limited td, glucose, galactose, mannose, insulin, a peptide
growth factor, cobalamin, folic acid -or derivatives, biotin or detivatives, albusnin,
texaphyrin, metaliotexaphyrin, porphyrin, any vitamin, any coenzyme, an antibody, an
antibody fragment (¢.g., Fab) and a single chain antibody variable region (scFv). A

skilled artisan will readily recognize other targeting molecules including ligands which
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ACCCCGACGG AAGCTACAAC GTGTGCTAAC CTAAATGTGT
GGNTACAATA GAAACGAACT AACCTATACT CCGAGITGAC
TTCAAGCAGA CGGTACCTGG TACGGATGAG CTTACCGGTC
GGGCAGTATA Tr TTCTTCCA i ndependently chosen from A or
G and the N at 10 position 333 is selected fromA, C
G or T. Sequence of FGF4-N165X DNA (SEQ 11) NO 23)

QAL o B A S Sl AT, 196 "cieH g tormediod
GEtcEes: T PesERGACCOEMESIHEEIEI A GERTe AllGtGARNEg molecules.
CCGGEGACGEC GCECCCTGEG CACGCMGAG CGTTGECGECG AGCGECGECCG

CTeAndsT ouTat-peioed car @Gt EeR BCRRAT GAGR geted to a desired

B2 chimeric protein

COARANGAT FoAGRRRRGEAT pAMSORAGEGT o Wmm agont

AGCTCTATGG CTOCTTGCCA
%%QCA CATey f CGGCS I(gg According to a currently more preferred

embodiment a natriuretic peptide or a functional derivative thereof is fused to an FGF
variant of tﬁe invention, preferably FGF9-2-W144G, herein denoted FGF9-2-W144G-
CNP having SEQ ID NO:16, wherein FGF9-2-W144G is fused to CNP via a Glycine
linker. Alternatively, the CNP moiety is linked to an FGF variant, such that the CNP
moiety lies 57 fo the FGF, herein denoted CNP(1-22)-FGF9-2-W144G; having SEQ ID
NO:17.

According to the principles of the present invention it is now disclosed that the
through introduction of a single amino acid substitution within the B8-p9 loop, an FGF
may undergo interconversion from a mitogen to a differentiation factor, or from a
differentiation factor to a mitogen. This property of the novel variants warrants their nse
in selectively inducing proliferation and differentiation of varios cell types. For ate
more potent inducers of proliferation than the native FGF2. Alternatively, the FGF9
variants, W144G-FGF9 and LS?M—WIMG—FGFS‘, having SEQ Y NO:8 and 9
respectively, induce differentiation of articular chondrecytes whereas the wild type
protein FGF-9 is both a weak mit’oge:i and a weak differentiation factor. The variants of
the present invention may be used # vitro or in vivo, alone or in combination to achieve
a desired effect of proliferation and/or differentiation. In one non-limiting example of
antologous chondrocyte implantation (ACI) the FGE2-N111X varfent is added to a
culture of human chondrocytes prepared from a biopsy to induce rapid proliferation of
the cells. This is followed by the addition of the FGF9-W144G vadiant fo induce
differentiation of the cultured cefls. The differentiated cells may then be reintroduced to 7
a subject in need of freatment for the tepair of diseased or traumatized cattilage tissue.
The vatiants may be used o culture a variety of cell types inclading osteoblasts,
neurons, hematopoie‘ﬁc cells, progenitor cells and stem cells. Furthermore, the variants
may be used for the induction of proliferation andfor differentiation in vivo.
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GGCGCTCCCC GCCTGCTGGA GTGGCCAGCC CTCGCCCTTC ACMIACAA
CTGAGCAAGA GAAGGTCACC Sequence of L55M FGF4- N165X
DNA (SF, Q I D NO 24) 30 ATGGCGCGCC TGCCGGTGEC
AGCGCAGCCC CGGECGCCGGEC GACTACCTGC TGGGCATCAA
GCAACGTGGG CATCGGCTTC CACCTCCAGG GGCGECECGC
ACGCCGCGACAC CCGCGACAGC GGAGCEEEEC GIGGrGAGCA
Bhirh@e6GT 35 CCATGAGCAG CAAGGGCAAG CTCTATGECT
TGCACGITCA AGGAGATTCT CCT TCCCAAC CTACAAGTAC
CCEBCmESE fﬁ@ﬁﬁ BANEE .‘a_.s.ﬁ (Eﬁﬁlaﬁons both for

AFHEARTE s mERGEORAH R FERETE %%%gmmmmly
TCTCGCCCGT TTCTTCGTGG CACCGAT
Crf CCTCCCC ~ Sequence of R64M EGF9 DNA (SEQ

I\I&ZS%F %i scl osg%&ﬂé@ @gl icati gn WO 02/ 36732 A

ACERANGAGT: ETACTBEHEATEBCATHANA m@w&m optionally any

S R e e e R AR o o oot

PACO@pavIe “ﬂﬂmwmmonw&dmmus to the
ACL =L JAC A 2

KA 1 Fecion o s

phaunacologlcal effect, as described above, andmaquazmtyappmpnatetoaclnevethedesmd

Another critically fimctional component in FGF signaling is proteoglycans such as
heparan sulfate. FGFs fail to bind and activate ¥GF receptors in cells deprived of
endogenous heparan sulfate. Proteoglycan tefers to heparan sulfate proteoglycans
(HSPG) or ofher types including chondroitin sulfate-, keratin salfate-, and dermatan

sulfate proteoglycans.

The dose of the pharmacentical coniposition of the present invention may vary with he kind
of disease, the age of paticnt, body weight, the severity of disease, fhe route ofaﬂin_inisttaﬁon,
efe.

Apart from eother considerations, the fact that the novel active ingredients of the
invention are polypeptides, polypeptide variants or fusion proteins dictates that the
formulation be suitable for delivery of these types of compounds. Clearly, peptides are
less suitable for oral administration due fo susceptibility to digesﬁoﬁ by gastric acids er
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 compounds. Clearly, peptides. are less suitable for oral
administration due to susceptibility to digestion by gastvic acids or intestinal enzymes.
Specific formulations may be designed fo cimurﬁvem these problems, including
enterocoating, gelatin capsules, emulsions and the like. Nevertheless, bioavailability is
impaired by poor gastrointestinal absorption and the routes of admimistration are
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TAGAAATC | 1 CGATTTGGCA TCGAGGCGTG TGTATGGATC
GAAGAAAACT CACTGGAAGG AAGGGACTAG CCAGTGGACC AAGITGA
CCCCAATGGT TTCTGGAATT GACAGTGGAC AGAAAAACTA
GGTATAATAC CGATACTATG GACTAAACGG CCGACAAAGT 1
Sequence of R64M FGF9- W44X DNA ( SEQ 1D NGO 26)
TAGAAATCTT CGATTTGGCA TCGAGGCGIG TGTATGGATC

AR St R R R iR e imrnion )

iintrayees  (INAN indragiosiolar @), ngibbwmedisp ($NCGhtr@emal SAOYP or

RNy, AT rob 0 B0 15 SRESRRLGEE 3Pt e it of
eredl@ﬁseFng 2 DNA (SEQ ID NO:27) disclosed in

2/ 36732 A TGcAGCTATA ACTATCCAGG
ggTAEPappl icati 38132 A

BF GeATTAAAIRR Ms NEAAFCRLMA hereim, or

T e

FW%%{EQW&A@A&%% cREHIOEST CBhe purpose of a
%%%%? GELWI;@C@T to facﬂltate admm:straton of a compound to an

organism. 2% -

The term "prodrug" refers to an agent, which is converted into an active parent drug
in vivo. Prodrugs are often useful because in some instances they may be easier to
administer than the parent drug. They may, for instance, be bioavailable by oral
administration whereas the parent drug is not. The prodrug may also-have improved
solubility compared to the parent drug in pharmaceutical compositions.

Herein the tenh “excipient” refers to an inext substance added to a pharmaceutical
composition to further facilitate administration of a compound. Examples, without -
limitation, of excipients include calcium cathonate; calcium phosphiate, various sugars
and types of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene
glycols Pharmaceutical compositions may also include one or more additional active
ingredients.

Pharmaceutical compositions of the present invention may be manufactured by
processes well known in the art, e.g., by means of conventional mlxmg, dissolving,
granulating, grinding, pulverizing, dmgec-making, levigating, emulsifying,
éncapmlaﬁng, entrapping or lyophilizing processes.

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more physiolqgica]ly
accepiable camiers comprising exciptents and auxiliarics, which faciliinﬁe
processing of the active compounds into preparations which, can be used
pharmaceutically. Prc‘sper formulation is dependent upon the route of administration
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TAGAAATCTT CGATTTGGECA TCGAGGCGTG TGTATGGATC
GAAGAAAACT CACTGGAAGG AAGCGACTAG TGA TAGAAATCTT
CGAr r TGECA TCGAGSECGIG TGTATGGATC GAAGAAAACN.
CACTGGAAGG AAGGGACTAG CCCCAATGGT TTCTGGAATT
GACAGTGGAC AGAAAAACTA GGTATAATAC CGATACTATG
GACTAAACGG CCCCAATGGT TTCTGGAATT GACAGIGGAC

AGEAMHCTIS0, NN ATARTAS GRS ACIADE nadGEADAIER in aqueous

iﬁé&fﬂﬁm L T T SN

'p a¢lirijorg ot plafsioiogiodi salywﬂmffe:a rHon mmnebsﬂl admickdationa|

29) ﬁ%ﬁ%%&%“% t%sf%uxaum

GAAAT 15 ACCTGAACTG V\hereln NNN i s other than a
%‘%"% Gefeh g HP“%WW%W@SS aFSTt bis mrmém C(ﬂiEMatcd
M@r estutidndnagtd vsél WREILmEY 650 %\olgr&ﬁyl

I

Fuitbla GTaTe sOCAE GEauaEt fikthel PYEhiEcor ﬁ@&%@ﬁ% added to the

é%% %ATFT%G @I ACT @,’&R&A AACCT ATATA of

riiiNe cemprrhédosehan a codon codi ng for Asn (AA T, AAC
or_a stop_codon (FAA, TAG or TGA) and is nore .
pr Biragpagspticah cererpsitionso dihich chbe amddnaraliy iisthBe tpush-fit capsules

made of gelatin as well as soft, sealed capsules made of gelatmﬂzmd a plasticizer, such as
giycerol er sorbitol. The push-fit capsules may contain the active ingredients in
admixtare with filler such as lactose, binders such as starches, lubricanis such as fale or
magnesium stearate and, optionally, stabilizers. In soft capsules, the active compounds
may be dissolved or suspended in suitable liquids, such as faity oils, liquid paraffin, or
liquid polyethylene glycols. In addition, stabilizers may be added. All formulations for
-oral administration should be in dosages suitable for ﬂlé chosen route of adiministration.
For buccal administration, the compositions nay take the form of tablets or lozenges
formulated in conventionai manner.F of admini-suﬁﬁoﬂ by inhalation, the variants for use
according to the present invenfion 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 pressurized aerosol, the dosage unit may be determined
by providing a valve to deliver a metered amoust. Capsules and cartridges of, e.g.,
gelatin for use in an mﬁéler or insufflator may be formulated containing a powder mix of _
the peptide and a suitable powder base,

Phiarmaceutical compositions for parenteral administration include aqueous solutions

‘of the active ingredients in water-soluble form. Additionally, suspensions of the active

compounds may be, prepared as appropriate oily imjection suspensions. Suitable

lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic faity

acids esters such as ethyl oleate, triglycerides or liposomes. Adqueous injection
37-
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45 wherein NNN i s other Than a codon coding for Trp
(M5 or a stop codon (FAA, TAG or TGA) and is nore
preferably a codon coding for amno acid Ay, Arg,

Val or du. Sequence of CNP(1-22-FGF9-2-W44X DNA
(SF,Q 1D NO 32) ATGGGTCTGI CATGAGCGEC ACTGCAGGAC
GGAACCAGCGA 5 AGCAGIGGGEC GGATGAATGA TGTGTATTCA
AAACCTATAT ATAAAGATCG 10 acAcArr.  CCAAAGGLT ]
AR oy P FOREAR SRS ARASC TS SRERA 1 (5 suspension,

AT XA GoBAA Gl AEAOETED p D G@\collagen, sorbitol,
%@W@%ﬁ ésséa-?%%ﬁw e, collloss

EWA%.

v , 11t ¥ > are e€ "
mﬁéb@ﬁ@mm mmT@m;naﬂy(ﬂi@wm may also contain
Wx&n@ L hd ffut! 191&3,

Abitbi AN
NNN i s ot her than codon codi ng for Tip ( GG or

d¢ gleve Gudhe (weqaﬁomé highlyTegnsengiated solutiont: dlipmativelyathe yciare .

GRpakeent Oy BEin dﬁs brda FolPfoR Sdobhslubion Wb a MRAbIOFehfedele., g stenlc

The no aci equences for all the known human FGF
Teeatesefore gsee 15 presented in Figure 1. The

mouse FG=-9 e| n _sequence i s sho for

com%rchvlgld%) u?fegzg g'%fﬁl} yrventionrmay pﬁﬁﬁ"ng’? pég’é’\ém"?"’é?d i geotal

icmgntuoom saohe az] snppnsiforied ed rdigniine nQo6f uiitie d®) bawkntigeal
OS @ﬁag(%sl ve exan‘pl es. 20 EXAMPLE 1. Expression of
varl an usi ng hi gh expression system

Cofd FdtmbilaRBhsOdf b %ﬁ%%ﬂ&??ﬂ or n}!&pi’%’?ﬁé%‘legg A Ig‘zl

Construction of p8913S was
CHRTt HemnoreRyieror pataingh éeh@ém &mehmmﬁlgdame {ramsdermal

p&eK. efine sphmm&éaﬁca [BmBa¥tiond UG Eh | BRNEI Bay algﬁ&&qmwmabie
Eld% m I, %est of the p8913S construct and

F‘?q'g‘ﬁ’ £YP Ropeptse grwlesgﬁ%ﬁh epariery ep\eAqipjoputs include,

but‘ are not lumte_d to, calcmm carbonate, calcium phosphate, vatious sugars, starches,

celtulose derivatives, gelatin and polymers such as polyethylene glycols.

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
mnear the site of farget or by means of a subcutaneous implant, staples or slow release
formulation implanted at or mear the target. Suitable devices for direct mijection or
implantation are biocompatable and maybe matrix-free or comprise a mairix. Matrix-
free devices inciude, in a non-Kmiting manner, amorphous materials formulated as a
paste, putty, viscous liquid or gel. Tn one embodiment of the present invention
formulations of the variant comprise mafrix-frce 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),

A matrix affords 4 certain structural component providing a permanent or temporary
scaffold for infiltrating cells. It may altematively provide a scaffold for administration of

a variant of the invention to the ﬁssue in need thereof. Release of the variant may

-38-
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25 TGl, T&, Dila, and al blue. Construction of

FGF. Vadci nt s Construction of the FG-2, FG-4 and
FGF-9 variants was performed using the pol ynmerase
chain reaction (PCR) technique. Three constitutive
PCR reactions were perfornmed, where the variation or
vari ations were introduced into the gene by 30

mut a?%d/o %%ﬁg B@QI_JEE%&? P%ﬁet&?%pr opﬁcg‘% hﬁ gyitions
{we Pﬂfﬁﬂl’i“sF@ﬁ Batepigy 4,30 370vand 5,425, 769), Imb@enﬁlﬁﬂd f:qpolymenc

pigiasikibhsNQLTS B GEhdh TeIGET
11F2- s ev %gﬁ%‘tm 59 % & Wﬁﬂe‘“’m"
i@&oﬁlp‘”{ss&@ 6@7), nclading hydroxyapaute composmons (WO
Ny ﬁgG'IL%)%AP;K:GTATTGTA éﬁzl_l_zr%z;46[?111'CCAA C N11 1R f .

- T 0r
DB, TR 7 AL PRt ARTOSCTAERAIACR Fodle aver or
b itilaRere @ vonfBEGdd, EheOo6ia patticulate fort.
GTAAGTATTGTAGCGATTAGATTCCAATC 3_5Qfor (SEQ I D NO 64)

5' A ClRENTEREBAT ATORE ) @(ﬁgﬁdﬁn«ﬁwﬁfme

on lohEatriction
e AN s SIS AP o o
quifﬁtepéo%&w@eumﬁmsﬂmsemda@a@ for and

N(#lG/ R-rev PCR for 3' donmin: The
PYTEHY PR resnbrdiment efctie presant @vRotios prayides 1 mothed of

a’lﬁﬂ:ﬂstétﬂ@ dnePG Ao b hﬂmexﬁ%eau&m%ﬁ%@ SEb W Ebst AH70in
he. 308s. vect or or, the entire gene the
"T°“1 f ﬁ%@%%@ﬂ”&?ﬁh@“&éﬁd mmapw ippeed ﬂw@‘fl
o el oRflorllis RMRLl B G gfcﬁ*ssvé?featﬁmﬁeﬁm
’ﬂfdl'f@r??ma??ﬁionﬁ:ﬁb@r@m W@ﬁ@/@m@ argedtained ke pacwt éfetve

B WA TR ot Ao, "0 36,9 4

(SEQ I D NO 65) 5 - e e ‘é@“{“’e amount
ARSI FRpupt C(f SECRpEyRiciip@ive 83 prevent, alleviatc or ameliorate symptoms
of a dxsease 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
detailed disclosure provided berein.

Toxicity and ﬂlarapeuﬁc_efﬁcacy'of the peptides described herein can be determined
by standard pharmaceutical procedures in cell cultures or experimental amimals, e.g., by
determining the ICsg (the concentration which provides 50% inhibition) and the LDsg
(lethal dose causing death in 50 % of the tested animals) for a subject compound. The
data obtained from these cell culture assays and animal studies can be msed in
formulating a Tange of dosage for use in human. The dosage may vary depending upon ‘

_ the dosage fom employed'- and the route of administration utilized. The exact

formulation, route of administration and dosage can be choébn by the individual

physician in- view of the patient's condition. Depending on the severity and

responsiveness of thecondition to be treated, dosing can also be a single administration

of a slow release composition, with course of treatment lasting from sevéral days to

several weeks or unil cure is effected or diminution of the disease state is achieved. The
39
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GTACGTATTATACCCGTTTTCTTCG WL44R-for (SEQ I D NO 67)

5' - CGAAGAAAACCGGTATAATACG WL44R-back (SEQ JD

NO 68) 5' - CGTATTATACCGGTITTTCTTCG WL44V-for (SEQ ID
1(0: 69) 5' - CGAAGAAAACGTGTATAATACG 20 WL44V- back
(SEQNO 70) 5' - CGTATTATACACGTrit CTTCG WL44E-f or
(SEQ ID 1(0: 71) 5' - CGAAGAAAACGAGTATAATACG

-back (SEQ ID NO 72) 5 - CGTATTA. TACTCGITTTer f
%4[5 oag co:gapom on to be adml)mstered will be dependent on the subject being

treated, the severity of the affliction, the manner of administration, the judgment of the
prescribing physician, and other factors.

The following example is an illustration only of a method of treating a subject with a .

variant according to the invention, in order to treat a pathological condition associated
with tissue trauma or a related condition, and is not intended to be limiting,

The method includes the step of adinimistering the variant or chimera or fusion
protein, in a pharmaceutically acceptable carrier as described above, to a subject to be

. treated. The medicament is administered according to an effective dosing" methedology,

preferably until a predefined endpoint is feached, such as a reduction or amelioration of
the pathological condition in the subject.

The present invention also relates to methods of freatment of the various pathological
conditions described above, by administering to a patient a thempentically effective
amount of the compositions of the present invention. The term administeation as used
hereinA encompasses oral, parenteral, intravenous, 'iniramuscular, subenianeous,
transdermal, intrathecal, rectal and intranasal administration.

The present invention further relates to 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
disorders such as achondroplasia and thanatophoric dysplasia .and certain fypes of

~cancer including but not limited to fransitional cell carcinoma (TCC) of the bladder,
mualtiple 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, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is 'infcnded fo embrace all such
alternatives, modifications and variations that fall wifhin the spirit and broad scope of
the appended claims. All publications, patents and patent applications mentioned in this
specification are herein incorporated in their entirety by reference info the specification.
In addition, citation or identification of any reference in this application shall tot be
construed as.an admission that such reference is available as prior art fo the present

invention,
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WL44A-for (SEQ ID NO: 73) 5' - CGAAGAAAACGCGTATAATACG
WL44A- back (SEQ I D NO: 74) 6' - CGTATTATACGCGTTTTCTTCG
WL44N-for (SEQ ID 1(0:75) 5' - CGAAGAAAACAATTATAATACG
WL44N- back (SEQ I D NO: 76) 5' -

CGTATTATAATTGITT2C. 11CG FGF9- St opback (SEQ I D NO. 77)

5 ' AGCTGGATCCTCAACTTTGAMAGAATATCC R64M FGF9-for ( SEQ

1 . CBATAGTORAGRACT o
3(%%}%%)8113%%& Gz %E%N“%L%Fﬁ% i the invention.
SA ArEressing ivAAA@mino acid) Kofgnp gf kung@HGH-b Those
446iﬂ ﬁea%ﬁﬁgﬁ%qﬁg 5! 3 segglg%%eg of !t;&em SEQID
AR e g o sty ool of o s FOF g Gl A GO L grwes and
g&[ypb]hﬂeés and €hab: alldieq'hl&ﬂﬁe a?f exbmbgrw todéur. qmeiiﬁ p:lﬂafmd %h'h%
or odes 0
iche R robne FRIR S peap i Ior R oo ettt by R o rge
WDNIRA gemkmicdDA. ffoor d:ﬁhenﬁnd:hduaﬁs aceﬁqing e Etaﬁttard ﬂgecedmes
3&-f £es
T Bl B4, e B! B Sy B 9953, e
g@{taqons p@:thgse Nﬁl}ﬂlﬁ@l mylatigs dewlt fip amirlecacll sctjgenté changes, are

AHERE L ofd oSt RiveRbn/ Asnl43 into Ser in FGF-9.
5The PCR 1g@(;ondl t ons were as fol | ows: anneal i ng

t empe mu:memm mAdeuth Gk h 9RH ib¥n8h HRGR b Rl ﬁZxﬁgnf&ﬁG
iﬁ”f"ﬁ“ S. Ths purified PCR fragment was digeste

Sing s ARTalesh e TGO dc, Pl B e i, thero aro
weleisofour Hfsknath sWd0 doddi (CUG, Leu) that provide N-terminal extensions of 41,

46, 55, or 133 aa, resulting in proteins of 22 kDa (196 aa), 22.5 kDa (201 aa), 24 kDa
(210 a2) and 34 kDa (288 aa), respectively, having the potential to perform the same
function (reviewed in Okada-Ban et al., Int J Biochem Cell Biel, 32, 263, 2000).

The core of approximately 120 amiﬁo acids of FGF (amino acids 66~190 of FGF—Q,
amine acids 30-152 of the 155 aa isoform: of FGF-2) has been shown to be crucial for
FGF finction. Trancations extending within a few amino acids near to or into the core
result in reduced biological activity, as determined by proliferation assays. It is now
disclosed that FGF variants with reduced biological aciivity are useful for mxgeuug
bioactive agents to specific tissues.

Sequences

The amino acid sequences of the preferred embodiments of the present invention arc
disclosed as follows: o

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

EAAQSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD
GVREKSDPHI KLOLOARERG VVSIKGVCAN RYLAMKEDGR LLASKCVIDE
CFFFERLESN XYNTYRSRKY TSWYVALKRT GOYELAESKTG PGQKAILFLP
MSAKS .

wherein X is other than N and more preferably selected from R or G.
Amino Acid Sequence of FGF2-N111R (SEQID NO:2)

41-
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~ the lyze

To synthesize the human FGF-4 variants, FG-4- N165G
and L55M FGF4- N165G 10 conbi nations of the foll ow ng
PCR prinmers were used: L55/4-11F4-for (SEQ | D NO 81)
5 ' ACGTCATATGITGECGCGCCTGCCGGTG hF4-rev (SEQ I D

NG 82) 5' ACGTGGATCCTCACAGCCTGGGEGAGGAAG N1 65R-f or
(SEQ 1D NG 83) 5 GATTCTCCTTCCCAACAGGT ACAACGCCPACGAG
NI 65R-rev (SEQ ID NO 84) 5'

P e T T ETACCTEY TREGCHATRI/BAYOENGGFE SRVERPAR Y [
SHHEREREE. FEQLARERRG) s‘éﬁlﬁﬁv%%m R LIAGHEV D f
(rifh a’h@ftﬁﬂ RYNRERERED (ORARE FRFD HGFBALELP and
a y at position 165. The hF4-rev and N165G for
primers were used to anplify the 3 domain of FG-4
and incorporate the Gy at position 165. The

Ampid Adid Bedupmng wERGE2-NEE G CBHDEMEO:ANd serve as a

MBABS A8, QFpRAcASId (PrRaRk bR %ﬁ&é&% Yl hg
bbRb et 0k D6 RRSTREREAN GDAS R0
asrFEIHANG GYNTEYShIOs WAM@Q‘Y&QGQ@I‘GSQQQKAILFLP
gkangation"at 72C followed by 17 cycles with

nnea at 60 72C. _The PCR fragment
d’lrdfgg‘tqé}%°$ﬁ6%@58§ﬁaﬁ%aﬁ§£Q IP4hurified and
MAQRRISULIEN AOPEDECHBOBBPESEKIYK RINexiimink, Landendrvred
SURRISH PN ESEQRLOA BB VVSIEGUMN Ry LEMAENIGH BL.RSK@NITRO
GEFRERLECH EVNTYRARIY CSWROMLIFETIQYRBVEISTC DAQKA LIS
¥S3fessi on plasmids were transfected into conpetent :

1 W9 x0260:& th N RhPhé&d R:?em%ﬂeﬁ%& fibth &
suppl emrented wi th 200ug/ ml anpicillin and I eft to

gmﬁwﬁ@m itdqv&wbﬂmm@sqﬁﬁmwmmgpl ony was grown
ask cont ai ni nggBBOml of

-, I|ter1mf_] B rEL0aR B
i) w@?ﬁé“’ Pe St [RL e L
Sl e el

e
bacef| al suspension was centrifuged at 4000 rpm (40
Asino WeidHeiiéh&@Sof haRen PR NBEHXDWA I BPROGgd. The

terial pellet_vvas then suspended in 25 mM of [|Xx
r ¥ iw nEBAPNFELE s JHILEBRBESL

L(‘B’kl Tﬁg fgf:’% g@gﬁgmf@%o f TEGYBLOALP
(ATt SHORLRAESEF

1! %E?I%ﬁeparlét%%ﬁ%ar ogee E@ﬁﬁsl it nga%%’ : é‘ﬁ‘vgﬁEMKVT

shakew&mkkgﬁ%ﬂgna%ﬂ'd%ho@%mg%%b 'E{te beads were

| oaded onto a colum, wa H'S|vely wi th PBS
buf f er._cont.ai ni ng 0.3M NaCl, 5 and eluted in 7 m PBS
‘gt afishpeqyense of WWWﬂM(SEQ@NQQ wer e

b

5‘%

tl
")

o

d t I PBS d fied FPLC
_ 'gfﬁe tqpa al ns x an regunyén% %QGFMALP
i) ggw A PRETSC PRSP
NESHRYE SP | PRERFEYY i SRYSPREEVT
tﬁ'e same d| al ysi s buffet The purified proteins were
| atvhereintiolsethenthan HE@! mNotgefeably G he FGF-9 variants

were eluted with 2.5 M NaCL while the 10 FG--2
variants were eluted with 2 M NaCl EXAMPLE 2.

A&r&@m”dtsbcﬁﬁndéfoftlﬁxﬁﬁﬁ a«VﬁﬂxE@QVﬁS'@QE) Q 1D N¥98) disclosed in
unc ts prepared by PCR whereé
cﬁf‘?‘tiﬁps‘)%gz ‘are listed herein bel ow
mm@mmmrﬁ@ N @B2% SEQshBr.A6Y 80):c28hdE{ SEQ
VIEDLING8L) I46860¢ SER) dHATNOFERG Merreknldd RFGILEFIST
- GGCCOTAGGTCATCTAGGTAAAAAARGTGTG 5
- GGGAATTCCATATGCAGCTATACTGCAGGACTG 5'
- AGCTGGATCCTCAACTTTGGCTTAGAATATCC 5'
- CGATACGTACATATGCACTTAGAAATent 35421 was
used to introduce stop codon (Prol91Stop) and a BanHi
restriction 20 enzynme site fmthe construction of the
FGF9- 2 and FGF9-L72M vari ants; 35422 was used to
i ntroduce the start codon and an Ndel restriction
enzynme site for the construction of the R64M FGF9 and
FG-9-2 vari ants;
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29522 was used to introduce the start codon (R64M
and a Barn H restriction site for the construction
of the R641V1-FGF9 variant 2540869 was used to

i ntroduce a stait codon (L72M and a BanH
restriction enzyne site for the construction of the
FGF9- L72M vari ant . The new'nutant PCR fragnents

AR TRES thdh.yTRIRR SR Rk, nrdé&%ﬂﬁ
MBS BT TRk ChrTR PR "Bk i aﬁ%“g‘m
arghiekgged in p89BS, form ng DNA constructs I C

ver e iwiblRaUAthet IhPWoInE SlofAFQIRAY Sikcwk R, Gk ¥
cells. 30Figure 5A depicts the elect ropho&qfli'l C

DA i S R G DT B MR S Plbsen rer
[ﬁégcat@yh@uéﬁWOMMFEJBoybean -Sig& 4“t rypsin bzglgﬁpoa

%h ! ﬂb & T
Coode e b e e

EPBkE T
\PRaGHrbARP R YRERERIAS the R64AM FOF9 (145 aa
variant; 1- ane 6 contains the FG-9-2 (variant S

Ex anpivaergin XHepthoetharWand maiprieratdy selerrd fiomiés Rl be'd
FDCP cell 1ines The FDCP cell line is a nurine

iAnwine Aald &Ghkned 6f REDEFGED 48 ab I(SEG IDdepenyeskcseld in peT

' f that d t
SRt O roceptors (FGER). pon

MOANSRECRH QEIRPHET KOERREDIERFE TesFDER e isiramsa
EXHEVREICE IFOSBKLICE (WPeROEERN pETYESNIA KUeDTERYINSe
VOLFGIC T ECETRAKREQH FTEFLARPWe poRdREcEKDOALERS 3. EGER
transfeeted FDCP cells can therefore be used to

AGHREALIY Bl o2l F@f@ %ﬁ%kfmg st @Dggbtr&?l S’ responce

activators or for FGFR na in
EEEE?W&% HEFQ FfftGatI gr Aé{GcéV$IRGVDSG
St '53}3 KHVDTGRRYY
1A FERRRAE ‘%FEFE@?%D sTB8RY . The

mewhaein BSis btheetbanOlr ahdiRoepptritly te;ecmﬂ frﬂiht@RhEBﬂhl al 15 :

enzynmes to reduce tetrazoliura salts into a

col orogem: conpound, which can be quantitated and is
PRnad seguanbe ofdIGFNE A% 4ai(5Q ID NSp &d)idisclosudliy PCEREGR

%{;ﬁoﬁwbﬁgﬁ—@,ﬁpres& ng FGFR3- l\/b, FGFR3- Mo i sof or ns,
1llc or FGFRL were grown in "full nedi unf

E@%%%?@F@ VE OF RFA T on CBRFPHERFEn L LB ARTANFNBY S TROVPEES,
f%gpéﬁ?%‘?@’li% STYREDSSMPE | HVDTGRRYY

CRVRSTRE R BETRT KO FERGIRRL heparin and | Ong/ nl FOP,

CBIIS were split every 3 days and kept in culture for

em@qmea&ff@aaummnnma(smmmemerl nent the
ore the ez§er| ment the cells were
n

Sl o L e

ﬁg(dg ' th ?ngﬁRgue
v
e i o gt ol R GORESFR no

hepari n. 25 Conditioned nedi um containing FGF wild

AYRS r t.rati ons

D A on o A A o BB e o1

MOHLRECPE. HEHRNATIG BYTAYISRAE TRERHISINGE UhHS IRGVDSBD UL
BEPE NESERARE P SRS EEE N HTYESNRY KIMOTCIRY Bissay

A TBRi FETRAKRERK HEHLPREND PREEVPERGERt IS added t o

5 m of XTT reagent and m X8d wel | (according to
manuf acturer's protocol). 50th of the latter solution
were 30 aliquoted into each well, and the plates

i ncubated at 37C for 4 hours and the col or devel oped
was read by a spectro-ELI SA reader at A49onnt. In
t hese experinents FDCP cells expressing the FGFR3 .
isoforms FGFRiffl b and FGFR3111c, FGFR2 or FG Rl were
grown in the presence of varying concentrations of
the FG--2 and FG--4 variants. 5 Results Fi gures 2A,
213, 3A and 4 depict the mtogenicity |evel and
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15 in a different exprerinment on cells expressing
ei ther FGFRl, FGFR2, FGER3111b or FGFIUDIc. From
t hese assays the EC50 (effective concentration) of
the FGF2(3,5Q - N111G variant was cal cul ated. On
FGFR1 expressing cells the EC50 ranges from about
0.35 ng/nl to 1.0 ng/mM, and on FGFR3111lc expressing
cells the EC50 ranges from about 0. 3 ngthil to 0.65
ngWhereig feis BOSOthaf N m@Fmore picfaitbjp® protein is
approximately 20 2.65 ng/m on FGFR1 cells and 42
ng/mM on FGFR3IIlIc cells. Figure 4 shows the
dependency of the FGF2(3,5Q-N111G variant on heparin
for, the different receptor types. The x-axis

QAT Feguepie PRI N R TR U BR: 59 hepar i n,
OBy Coreren LEAFPeT 19l GrRRDESGERY TvaBISTINGE a.m:md;vnse
OGN RKGEFLYGS ERKISTQEh OVBREGEEEN $UETYO80fy RHVDY®RY S
VATARTEE0PRD EETREKHEQES Mk N1650 25 vanaHrt on FGFR1,
FGFR3vterain K@RBdritiac NoandmesspmfyrabPSP cel | s. The
w | dtype FGF4 is a weak inducer of proliferation on
FGFR 3 cells while the L55M FG-4- N165G vari ant has
SoippcidepqiarcoofFGFot2e Wil 449-CoE€22) (SEQ IIFNQut® 613
BHONSRTRS Lﬁﬁ%h%e&%kxﬁisﬁ%@ kbR Stahen v&%&%
RerdleRGR: BodsuliroECErReRt @y s xifdoe &/
CONAIE®R! fePrfigiiokr FrrPhrrRile BNBRRGRE K Eﬁl@f&ﬁffsc;%o
gpecificity for FGER3 permts the use of this variant
t 0 t an@hin X @ dtidr Shah MEfidihdie pRERBIYEIected frbth @LJR,% drv.
shows the results of the R64M FGF9 and_FGF9- 2
variants in a binding s.say as described in Exanpl e

Ammla%M doGieRod i NPER2) F GRS W 4430 (SEQUE NONI S

e b @Gﬁ%&ﬁﬁéﬁ”ﬁ%ﬁ )

é%ﬂﬁﬁbFEEN

ﬁﬁ@ﬁ@&ors'are eternlne y measuri ng he- egre

conpetition for binding to different types of POPE

pr tei ns between a_radioi odi nated FGF protein and
Suspmdisrivaesioords wnvmscesgre asfellore direct bi ndi ng

oA Q%ﬂiﬁe@?{@i;ﬁ?mir by 30 ehon oal T O eLnS:
éﬁd&%%a&b@k' Thﬁﬁsgeﬂbéh d%gt%gc5§¥EA§% S%gggkébcee
CTETACT

%%%EE@&& ' o
dﬁ%A%Eﬁbé@d odgy@& abb 8&@9&?' GTTGAC
ddaicesbesal- A&kﬁﬁ;&x@c & WaiA& GA
mmé@ﬁuswmﬂhan%&& z~§;c°b §§A
drispanhbE - (Adde@:dRh Aﬂﬁﬁxﬂﬂfc TGAG
T rCARer S hﬁmp(zmkrn g Cegri8E&@ e

Tacdrnated 1&casimgeehl mf@mmﬁ Sﬁﬂh@ﬁx&@m ¥cBEacTATA
RCOFeETYPSi taacAtih s odirmadizesp habecringT0. Q2%ERichna
AISTOYGCTA ssuwaccwta ur e di shes were fron1FaIcon Labwar e

D‘Wﬁl@éin%’f@% %ﬁslgr D' & ki Idnf?g %%@\;ﬁu n‘ﬁ(]];) a s?op codon

nm
ns Wwere con§tructed by
cloning of the extrac el lular region of nurine FG-

recept FGFR— ; FOP receptor 2 (FGFR-2;
Sﬁ‘ﬁ'ﬁ‘*}"gfgﬁ‘ﬂ? g‘é BO#9) (FGER3(11b) or
FGFR311l1c; K—san) receptors into the al kaline
phosphatase-tag expression vector, which encodes for
a secreted form of placental. al kaline phosphat ase
(AP). The FOP receptor al kaline phosphatase (FRAP)

pl asm ds were cotransfected into NTEI 313 cells by
el ectroporation with a sel ectabl e neomycin resi stance
gene. Col onies were selected in 0418 (600 pg/m) and
screened for secreted 25 AT enzyme activity in the
condi ti oned nmedium C ones which produced a high

| evel of AP activity (2 to 4 A405 units/ mn/nl) were
t hen used to produce conditioned nedi umfor binding

- assays. Conponents of the sol uble receptor binding
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Receptor binding was determ ned by quantitating

rel ease of |abeled FGF fromreceptors. Briefly, FGF
bound to heparan sulfate low affinity sites is

rel eased fromthe 15 cell surface by a 5 mnute

i ncubation with an ice cold solution containing 1.6M
NaCl, 20 inMIIEPES, pH 7.4, and the amount of

ra t Bl determ.ne i -counter.,
Srela ke B
b¥cRndd ddi @c e&x Plrca %

exbe@fdodt  AEabRGCdE! 2es '%ﬁ H
queAtAdaiced. JPremtfdla CHOSAnbEANG neze&eefd& %&%ﬁé@ﬁ

carsi@tcadl abareARdEMRERSTEEETT N cEaRRrdRlUMEAQ

pleTTrcivtrc orirzRlcdh T MecRheE-A0aNt kwACAATAD e rrd,

I eREAAXITA X rtReTIEY anrehéEcAec e ERARcEARED IdezesutAn

amadrARTTON O chanatacEn! | bodiescanuplhedoiRriaot errérreca
wasagoitkad t o give a final concentration of

SEpRIISEa
30 neAE Ao MR ARl R Bef Ao,

1 m of 200 naM et hanol am ne- HCI (pH 8. O) for 30 mn.

The rea m xtures were diluted 25 1:1 with 2x

é%@? ‘@g 8§F' epé%¥4%phore3|s | oadi ng buffer
_ 2

é%&§§EG8EEODT%§§§:_ oé.aiﬁ Iaralde geL

FAC
’Gbo AGTTGAC

R
Qﬁh&ﬂ&ﬁ%&;@reefﬁégﬁgbﬁﬁd % e 9ahdt éi%50l§§$§§§§;
GGTC

WrinchyB6a M &€aTRAadRe ++ & CapA

fremrtiers ur ¢RuOtcRgT! | GEMEchSKirN APASGH €S

tiagrhaapi@ exPesAdccTheatf@RICATE ek RIFMRET aNEsacaaTaTa

fanctriteeTed e arrthAcnOEnt | SOHRBCCRARI NEAGRARThEY AMBRIS T TCCn

Rrerteaorm acacawasured for their initial |ength,

“S'”Qméeﬁ%ﬂg%%gkdé%&E<9an§5 eyepi ece m croneter
nes are grown in 1 m of nmediumwth

Pegmenye ofRGE2BQSR)- NMKSDNIF@Q@E@QQU ng fusion

8&- 0S. O | con:u&ates FGF-2 or FGF-2 wvariants in a

[ F=ET s FBT e RSHICTRS q?gﬁﬁﬁ CHR d | AFRATERCES
| e] QOG0 t %FEW t SYGRCTGTACT
.'hs ﬂ!‘n1 CHEARES t AGIECERS0G  CCOAGTTGAC
v T hReadal i QL the N 2ﬁﬁ9? ﬁ?%ﬁru?q§§ﬁGCAGA
2088 vl oY= EPLOS pLAT 177 C']I'r ,
. d
@ﬂém;@ﬁcf Ofacl:ie,%&?cgfw :

PROTHIBFRD! RBRRBACEH © ROLLE
Arctde:end g&mgﬁﬁnexperlnent

bones are deter ned fron1the slope of a linear
P%ﬁﬁr gg‘ ipdependenly chesen srombh ar Fewd the
e‘&ﬁ i N 3’g?3<r’>eﬁ ofhgtthpea eesian epdingfor 4sn
SO IR cedin and 1S mex e Tl eppedet for aminpapid Sty or
|ants in bone fracture healing Sui t abl e ani mal
nDdeIs are used to create bilateral osteotomes to
denonstrate the efficacy of the novel variants of the
Frtesen e HGRIGRSQINI LG DNA SEQBPNOMBHel a 6 rum
{eoto is created in New Zeal and Rabbits in
%@% REEREAMRCAN CREFCTSHSE 1 SCCORTIIA0e e AGFATRROGE
Drew - oni vErsTtyFCife GPRACTHDAC hESBRCHEPEU S SCRETGRACT
only slightly weight-bearirf§ and allows the creation
of a bone defect wi thout requiring a cast or other
i mobi lization treatnment In addition, this gap
constitutes a spontaneously healing defect t hat
al lows the evaluation of the tested agent The primary
indices of fracture healing are accel erated duration
of healing and callus formation. The test conpounds -
20 consist of FGF-2 variants in a polyneric scaffold
which facilitates bone growth. Surgical procedure:
Ani mal s are anesthetized according to standard
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during the healing process using standard staining
nmet hods, using hematoxylin and eosin for cytoplasm
for detection of newy generated callus. Mechanica
strength evaluation is perforned using the "4 points
, wi FHBATCEF € at FRIACCALEE e 0RGHGLAACEEt e dCORATTCAC
el QEPEPAE WITEBRAGCAGA
GREER @Gﬂ%ﬁéﬁ&ﬂ‘aﬁ oSTEHIEAR
'Gé%%?%rﬂ%ﬁ $%|3§%¥%? ar FERRATGTGT  TACGGATGAG
= o 0
sl il S
@&W N G{je&ponse (ﬁAen%GCgF"TB‘S'ﬁe ErITCTTCCA
Partial externa
Fheresmglgotides 9 and 5 are i3Bpendenilycthosurfeonid & G and@ié N at
Foiton 353 i eelepted fiomefpCeBeordap cl osure 8 - Parti al
3&1HEX®IWFGFZNIE§XDN§\({SE@iDﬁ@:23YaH ants in Distraction
Ost eogenesi s Di stracti on osteogenesis is a
SHOFTTI8 GPECHARFACo FRRCACEaERRPICASICCeRERTIAmBGhONe
FECARCGESLH geMeAnaTgCGhave
& ARTSCE: AAGEIEECan
R COTpT T R 4 ghurmgcc
T
) Kocliecs
T 8&&%};@% N AR
S@éﬁéﬁﬁs A
éAcmmm@T@e c@n@d@@@fornatlon o wea one it :
In thIS process,
%%Smnﬁﬂwb@ﬂ
gp

pat hol ogi st for evaluation of histol ogical changes
and nucleus. Indigo-Carmn staining is also applied
bending" net hod. 5 The treatnents groups are:
sd%?@@ﬁﬁc%ﬁoﬁ%ﬂﬂ@@Feﬁﬁon%A
Ct r EREFBRFCTGE
PIN -§§@§Q9&FPUSC?¥PQFGGTC
callus union 4 - Conpl ete externa
callus rempdeling 9 - Conplete callus renpdeling
aSef REHCEAFCAs0 RECRETARES FORCHICASE: CeRi'CETsSTi n
_ E?%ngggo@@@%ﬁqg¥gﬁoﬁgﬁﬁﬁRQQﬁ§n
e Sg“é'BG? uSETGGretEe @Fﬁ“iﬁ@@h@%@@l@ﬁs
oz, 8 qugﬁggeﬁ%?%¥€ﬁgéone
eclRRAAG AR
6ﬂﬁhh@£m&aéﬁﬁéﬁfﬁg
at” br eaks
?sa?é %Fﬂ?‘%% 3@“' A
f%ﬂoe e chdﬁ f?f'é‘f‘o i ficant

effect of t he added conpounds on the background of
natural healing. The objectives of the experinent
Sqeentoofd SSRECRGRAN GINADNA YSEIf bRO@4f or mati on, time of
bone formation and safety after el ongation using a
rrgiccsoarphospltaicactEaPlearaliobd saRedirdeW FRedd@onc
JAGEECUGEE antACiAeRee Nt TRiGURTCRRO NEt@lcTdzckambsedReracT
GOAAEETGEM0 CAESRCENt Teaatmenate2: Sederieech > TC
CCEPCERCRe TAEECHBMLC 3: Godaariace5 thedmisacEapTtddicoaT

GERECECHAE | aFGGTGAGCA

CCATGAGCAG

TGCACGTTCA

CTACAAGTAC
AGANGGGGAA
AGGCTG

CARAGGGCAAG

AGGAGATTCT -

CCCGRCATET
CCGAGTGTCG

TCTTCEGCGT
CTCTATGGCT
CCTTCCCAAC

TCATCGCCeT

CCCACCATGA

wherein N is selected fom A, C, Gor T.

GGCCAGCCEE
CECCCTTCTT
GGNTACRACG
GAGCAAGAAT
AGGTCACCCA

TTCTTCETEG
CACCGATCAG
CCTACGAGTC
GEEARGACCA
CorrecTecee

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

02/36732
A
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Materi al s and nethods: Lanbs are assigned randomy
into one of the five treatnent arns. 10 Surgica

| engt hening of the right femur is perforned in 25

| anbs aged from 3 to 4 nonths. Anesthesia and
pre-nedi ation: General anesthesia is given w thout
endottacheal i ntubation. Intramuscular atropine is

n 1KD) oy o[thlopenbane
L0 & ’15”@ gan S g1 5 ChtipaoeT
SR AN d cEg/ TdA% et lae st , C
I RETRRORGHS | roharbhiat hAScas : © cTa
eicethataéM ft@édi@x%&e aXﬁGAﬁA céen%&zf‘ATAATAc

Sninicretired d) sAtciAThON ﬂéélzﬁzet[blﬁ@ PERFIEMA R
ditecarThsn eahachTebS PAGCEABRE, AScdi@SidEON %Acec-
thaaratheapi NTaanentept BRENCATROR t BeadiicRiict PhatSSaanaT
avdTehecsur fraceactathe jrornicdde OsA@BE@NY i S

perf rmed using a pneumatic saw. 20 Lengt heni ng:

REhRATRBIMBRTING 156 ﬁA‘{é‘ﬁcgﬁé‘fqbei ysurgery for all
ent n

treat ment groups: Lengt confihues until the

B b has been Ie t hened b 5 cm The total

eongats 88%* sc%ﬂx‘agg@ at TASAPATETE! QCEAATGGT
o Bay- s ﬁﬂcgg Fr %ﬁgggﬁi@nwmw
5 AR r CRETPHRAE r G({ fiom Ceggt hgfwwem
al e “1r a acedur : A

i %RcBrE

T

E@ﬂé@ _
ﬁé‘u

%gggg?ﬁ% mmmgom%%?eng%?& M P al ?T

ther for Tip (T} : Codon (TAA, TAG

811G ANhnlt NGO PRI ; / .

adm ni st ered %% b%g%](eda\aneek a?tea?ﬂc:oérr)%l&}’&ﬁ or Glu.

Slgpagabi BEES-2 DNA FEERIDROL7BdisdednIe0Sapbhasi fert of

&9$ﬁ¥€riant protein during consolidation period, CaP
G- 2 variant, FGF2-N111G or FGF2(3,50)-NI1 1G

#s admi nistered once, one week after conpletion of

"Eg,r g‘é’i‘mon QWAIGG%CTJ . COANPTRATS AFASARMTGHT esCré@pedsr

Ak fingg nt 25PCENBGhol & NETEREGAATT
G catdaned an%@ i g Cf'Iﬁ WA C
ARG rar € cABIngh At er 3l ge@% i

AGGE CGATACTATG

- gekredyeinng hscamamhtor ehecd@uBbaldy dfege A'c@ﬁrc

THeCriarhost Tirgsaredour mictdewant fAadetQeREoNesa@handdd: -

BEEHBTHoN ECATHTRETS, gumiguiratier edrdaM according to

the foll ow ng schedul e: one week after surgery:

‘Seghhbd 6F HEH LW 44BDRIRERED eks after surgery:

‘zaaIQJilzari n (red) (Signg; ?hgg\gﬁ)m%sgks after surgery:
TEReTBIT: ( or creyedeidil uk ehamamdatdr eeradaysrdiel Or Ecconatcar

.Pé:%?qqﬂﬁ‘ée OSAACEREEdY c | iraBCanichEC be cgmmmaca TTCTCGAATT

cI |‘F’f3‘~GTfF‘FFéJCSpaIT?‘éT@IG§AT eCHISERERCGTs pesXaaemeEthc
GAEA §§§ ; ST of TWERTIRHTB uedwratied
ERAGH eRnEAL, ar ef GLESTAREf | BIPS
TRBEANARA t herm Tl | Zpkdcoatt t NELLERE ene@ﬁﬁmﬁ?
cmczeaeh-rgr otfRcaCaRpE et gngCTAGAThe el Tl s are

e hree nonths after initial surgery by IV
| n | eclgllklféaingI ot% g 1 pode for Frp (GG e @ sppgodon AR, TAG
osbdlandiemto ipertiritilp b cédbn bodimy fsamine it Sly, ASSea sAGRL
of efficacy: 20 Success is determned in ternms of
healing time and bone qual#fy obtained after
el ongation and treatnent wwth FGF2 or FG-2 vari ant
and i fno major adverse effects are observed. X-ray
Progress of bone healing is followed by X-ray at
weeks 1,2 and 4 after begi nning of elongation. The
paraneters to be assessed fromthe X-ray am 251.
Degree of callus formation,

1
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2. Gap closure 3. Renodeling achieved during

treat nent X ray scoring is perforned by an
ort hopedi ¢ surgeon, according to an established bone
heal i ng grading 'system 30 Histol ogy The

callus is divided into two parts, one for enbedding
in paraffin, and the other undecalcified, for
enbeddi ng i n met hyhnet hacxyl ate. For the histol ogi ca
study, the specinmens will be fixed in Bouin for 24
hours and decalcified in a solution of P VPEDTA, at
4C. Once specinens have been decalcified, they are
dehydrat ed using 5 increasing concentration of
alcohols (70@6 80% 96% and 1009, and after 4 hours

H‘de 194%;@@ i ffin at a '
tenrperature g EE > ﬂ ec nrens% e sectioned to 4

d st ained with Masson' s trkhr one,. herrat oxyI | n

( ani "'i _
A 0 GACCAG GAATT
tHecieReh al | dalhQidy T IEoK me eci Rl
afceatdenced | Noakdah-REED! Eﬁ;@ Ez; @%eh% >
usicospcale oh odasstafrdaacr eaémm@pfmo cihdrainnPne \WRekriaiac
RIFRMPCCECE ohohacanalrATAr ceavmelkscdan Phiraeiashn O\GGthYc&QQG
AT ARK o CTAPRARTGREG| | BecaseasrconedasdarhTzae di aaurmhaces
F ct ) RaRERIE WWST% hi ERAFTSEAGT 14:cgmw\e'r'
wHBAsurl Gcffxi‘“‘th ARETEi ol et |ig

e
£, O ﬂ’?)“o Oaﬁﬁreﬂ ﬁ@on
Eg*ﬁ%fdﬁéd%& 3?%%%%5.%%6 gt fﬂ@ ﬁ%ﬂ Aﬁg& i’:‘%‘nﬁf‘%‘ﬁﬁys)

15 The proxi mal parts of both, Iengt hened and
ontrol &gg e are extracted and cut in |ateral and
%"\( age B BEFE2- ﬁgpﬁ%fsﬁ BHYOP8h i s pI aced in 4%

&hash forgaldenyde. ALter.decal gl ation of all
tbeigone i tadre, SRTERlco i anblnd « R
paraicihts andcaticdtbem | Ri@chedP S| +&8: al Nga@legraeac
HEE OIS ON'CRTEAATGAE OMesacBabaneni N fxaneedleCi ARGAARARCTA
BrE@ARRCT ar STEPPITCRE. ZCARMMITChI SEOChBINNE' t GYTATAATAC

T& antPp Té?’* r ec%ﬁ?cﬂ‘qﬁig COMACTEEANGE, COMITAQERIG

EE%% éﬁgﬁ% andPiSCETREr e EPPPRREES
tot eEge gt’hene calll}gTTJ (?;A Wan i ndirect

Yigsein NBBY weﬁqoﬂhan T prslon coptingofar Mm‘(m,séam) wRStopRbdon (TAA,
"E%VWXE@A) ndiymenercinthbly atwion cddingdoramiddvaidder. 100021 |

After trypsinization, follow ng deparaffinization,

ﬁect [ OQWWQ%%%E\I%@% ?ﬁgzgﬁcg%?ﬁb%&n?otr thZErSn X

dreycpi@ t hefednaabat e%ehdarfcﬁ@rff Olqlngy ea cor
adTahcermer opthaicaedAd S- hehéeliad: saldah

PHCECBER WashmmoeenT malrepicpcast umufct;A&Q:Gm;n . GACAG'.[‘GGAC
HITHGEPREAt | cARTEMBTEATAr Y AAAGAA0BAE es TooaTdeatrol M BsaaanncTa
PEary bFBLE f ed AGPAGASEEY  CRAAGEAMACY), aMIFATAATAC
TEERDI5SRCTCHANGE) i GRATAERATC

RPREAGR | Sqdl Sl ﬁ Egj %ﬁ%t r FACTARACGG
Aelriddrad ( deaftaq gﬁe
30 and sections are (oa:stalne Wlt rrlss
wierdd NXW ik BtherdBhyéoabe sodin¥er 199 O&ﬁgﬁlﬁ AG
oz TAMA) ok is ik pireforablpd cmnb&ﬁngaﬁ)pﬁﬁﬂw&d 6RSAGM B 6

primary ‘anti bodies. Al stained sections are exam ned

Seaebnphd DT BRHEGFR2AIWI MXONA (SEQIBNosype (i ficon
Opti phot-20, Japan). -61- Morphonetric analysis
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Wth an i mage anal yzing system (Leica Q 500 MC 0) the
hi st onor phonet dc paraneters am determ ned. Wth
Masson's trichrome stain the foll ow ng paraneters are
detemun. ed: 1. Trabecular width; 2. Trabecul ar area;
3. Trabecul ar erosion surface; 4. |ndex of trabecul ar
erosion; 5. Number of osteoblasts; 106. Nunber of

asteeeed-Ast Scm&eﬁeebﬁrcaeccfc ANEREE Ot RRIRORL 25t
nUrcicesceae cizachnelex ceahnesdd eBe@cchaiber
OATCE A S TCGITT@IC kTEHEEBEEﬁ astaaatlid raymrclkassa’ s
STHRPRCAGTR ARHCEFATY CHMEAREE AETCHICEARTD TeATURGTAT.
IPTCAHH. TE%%@%“F‘E}? G%@éﬁ%@u FEeTACAEe, and

DA i .
fgghﬁgiiﬁyg riants

TaeakGiTed Maicca@id &maeagmﬁah@ EA&@/ t he
ﬁﬁﬁﬁﬁmyﬂt-hmmwugma.neduced capacity to effect a

Rl nse %aﬁﬁz& get faG
f
T L (,%ngﬁ
derivatives |nclude CNP(l 22), CNP(l 17) and

de iy alinesid Reaal mmi merammgmw y%fsf @gﬁ;@ ﬂm‘éﬁ Cj fo

increased.. 1n particul ar

RESPRA %!ﬁ'erevshﬂ‘éﬁ WFGEQS@WW) Igroteim aec@cwnmsmwn for

tebipaative @@dm@n am no acid substitution at

trypt ophan 144 (W44), was shown to t ar get

ef T at.e | on bones.. One
fﬂa& F%Qﬁrél%ge&gh%% %ev\t/glrg I J%& l-]” vﬁa?aﬁ f’gﬁ’l" o%gpg non-

P@w@mzawmmmg Ani mal s were sacrlflced 2 and 8 hrs

| ater and mhole enbryo sectlons were performed. In
P dPLI, L Fxpression abBGE v pokne 4-‘“ redsiowsylstemal | ze

p

exaosures of'the dlstrlbatlon 30 6f | 125FGF9- 2- W.442
PIEuTIER o PR prcivpraed: 25| desniberyincpBendinei WETG2/020779.

' 117116 Ebnad dm]id:dgiiﬁel’}ﬁotéﬁﬁopﬂle Ipkeks @it Blvieltn B HERdl 109 the Ndel-

trabecul i ons, respectively, of
BBEL SRaP i B0Ds hRRandbimehing e Giforlmmiched oo
tal.lxG2, Bngaml)&Abmlaov\s strong staining in the
hypertrophlc zone and sone signal in the
wvadladts dbecul ar regions. No ot her
specific sites were 1abel ed by this FGF9 variant This
e%ﬁ@ﬁmﬁﬁﬁ!Oﬁﬁﬁwgﬂﬁédmﬁ%ﬁyméﬂxﬁﬁiE&ﬁgﬁn@mqkymmmdlmmgﬂm

ﬁ&%&aﬁﬁhﬁ&ﬁqﬂ&ﬁgpﬁﬂﬂg ??%% V'VO and
rovides a tool for argeted I very: oP fac{ors der
itheer hepepiation or (Wrgtions ver\inteduded gisto Thegene by

@Ef(mﬁﬁfénm PRembAS b BB nds QR &l nttliSn kif(eh ! | UStrated in
anpl e

The primers ard protocol used for the human FGF-2. variants were as follows:

* HF2-for (SEQ ID NO:58) 5 GGAATTCCATATGGCTGAAGGGGAAATC

HF2-rev (SEQIDNO:59) 5 CEEGATCCTCAGCTCTTACCAL

N111G-for (SEQ 1D NO:60) 5+ GATTGGAATCTAATGGCTACAATACTTAC
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During fetal life and until the end of puberty,

| ongi tudi nal bone growth takes place via endochondral
ossification of the growh plate | ocated at the

epi physes (ends) of Iong bones. The growth plate is

-divided into several zones of cartilage formng

cells, or chondrocytes, with distinct patterns of
In the Reserve Zone, cells are 10

ne expr essi on.
g‘ﬂé (T'~rf‘é(r(§EQéPa{q 6915/ GTARETATIS TAGRCA FRACHITIEERANC

SIS O et A0 ROl 7

N1 pi Fe R IESEQ M N63) waamd;'fam@fmm@mﬁma@@t@mﬁ@mr ds
the cartil age-bone junction, cells are big and highly
éf?rﬁ?é(sé?&mg&%ﬁﬁl t Y GCPRTFTHETAEEFI TARCS I BRATCRGEACCCTE

matri x surroundi ng the hypertrophic cells calcifies

AOATATIE- M@ CRArhHL, GAART Slie§ B bloning)
death. Cell death is acconpanied by the 15 renoval of

t he FOR £ b BdtinBe TheBllb kg PAMeds werd REL: AEEIRRAbr RY5 (‘Pﬁ?gnd
H;{th}gh the concerted action of recruited bone cells,

9%t eocl asts and osteobl ast's. Exanple 9: FGF
Var i teF ion fructs . itign to
rrenbpg?{s %#*% HR e e e 9@ ié!%rff’rcf@eﬂﬁhﬁs ,
and,, rt| cuI ar,
have een S frhh%ﬁﬁ%lgﬁupg%g&gone %‘) has

begn F@pﬁ%nﬁ@ 3bacdhe fdﬂ@%ﬁ Qs CKB]?ZG)%&J Qials ﬁ)r and
y simla

kel et al phenotypes hi st ol og| ca r to thos
il?‘ﬁf’ﬁf%?cfﬂ%ﬁ@o@d#l%%aa # é‘m(ﬂ@?b%‘ﬁo et.alL, PNAS 98

16 200 They the rescue_of the CNP
B ieesms bt b Serdpel BEChpeT SR s DiPke BR el
ﬁb@r@&phﬁﬁeﬁim&mﬁemfewdmmate Mor eover, a vivo
‘gerlments (fetal bone organ culture) fromvvlld type
G for SR THhIRIFS) hatS 25 CENIERAPBCECE TR ASNPCEAL

ANPM@back R B NOrs) el orgarhorryrfasadecetriatrtd®98;
Mewiom-Rk (30 2068 | 5.2 em&mm&ce&ﬁﬁhﬁg |s .

ewgf%‘”?o %é)%ﬁ%gg" h gf zégﬁfpfga%ﬁgg&%::' i i ate by
f: :?ﬁﬂﬁljvsbaulg (50 m;ﬁowa)tr i &t p NP TETACA PETH TS Cd Int Iao "

C W IRBLfbY(SERITS m«ei)er r %d GHMAMEGA&%TF&A&@Y I ant

o @%@@%ﬂﬁf*ﬁ%. B Sonseriir amaRRadpatdrs™ o0

T
3?%"6 IDRAEB eots’ de%%ﬁgcgw&weccpm
r @ﬁlﬂﬂﬁdﬁ@k (SEQSHNﬁ)g#} E@QG@AM&WCG wher ei n

F@ﬂmﬁ-fof@sqmm%) or Isent Ao o
%@PWA&% %&%&‘?‘%ﬁ%@%@g% SEQ I D

TATCC
- BRIMRGFYSESEIDNEDIS) 5 :
CA PR KIBEACBREIENBETC2 GT CCAAAGGT TGC

FSH &Q’dl?(sm BRQ: 0P NO59 20 R aAGAAAGCTGETATAATATACG

The f1rst %ﬁon (2% cch@ed

Fgs5agPearo- 2 for and (NP-rev on an FGF9-2 tenpl ate.
WhiaGseeaask fho2fe §¥6 |38%M&§e Fekef R T&iﬁw fhio ((?I%Dm FGE

V{(:Igtﬁ% P-for_and 15 2-CNP-rev on

roaple codes for tha 3119 Sp@mx@%@ﬂh@ﬁu%@@we@wm’a@ F-9.
per for msd usi ng the producte of the two previous PCR
reactions as tenplate and anplifying using FGF9-2-for
and F922-CNP-rev. The second fusion construct

CNP- FGF9- 2- WL44( 3, conprises the CNP N-terminal to
the FGF9-2. The followi ng priners were used: 20
OV-for (SEQ ID NO 93)5'

- ACGTGACCATATGGGTCTGTCCAAAGGTTG CNP- F9-2-rev (SEQ I D
NO 94) 5
CAGTCCTGCAGTATAGCTGCCCTCCCCCTCCCCCTCCCCCTCCGCAACCCAGA
CCGGACATG CNP-F9-2-for (SEQ I D NO 95) 5'
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30 using the products of the two previous PCR
reactions as tenplate and anplifying using CNP-for
and P191Stop priners. The PCR products were cloned in
an expression vector, p80 Bluescript, sequenced and
anal yzed for accuracy and used to transfect host
cell's. Fusion protein was produced by methods known

| Wit RefoRbddes Rkt MO 1 oPhEmBRAL ij44f1% A%\EFGF .
aﬁ#ﬁylty using the 35 Biotrak enzy ma noa
( EFAIR-Dgok pedes i thai o Fruemsence of e sation e it Arg in FGF-9.

snmsdarc»dﬁ&sﬁﬁ@g% 3 eYichécor YA Rhn1 48 ili6 54 SPrGR-9.
n_of the natriuretic peptide receptor

act i va ti
f‘?’ﬁé Ol GOI ORI H 15| 9ot digmption Aip ftayger in TGE-S.
te the skilled arthan that the fusio
con Fuct 3%1%3%%%:? f’ss}éh%‘fﬁs FRgealing traperatyyp “faﬁé“ﬁ:rfé’g%‘i‘ﬁd by
i Mmm@n 7¥Crfed 3@ cycles.b Ibaptrified PABdhigmieolbds HigdgeBwith Ndel
ool hor none, i ncl udi ng
growth Blflf) 36 Bech ?%5:‘30% %‘%gmpm of PTFITP that is
tHoapRidhd cal |y beneficial to target to the growth
pl ate. Exanple BE Articular Chondrocvte culture

Chan dyiahesize SheNBiirianl BGY-2tv@ganks, PORRING 650 M@W@d&ﬂ%ﬁ%&
esence of the variants of the

| t th
pP%{s)en Ongéﬁg%{ pB eSB{‘aBWFﬁSW%W effect of the
d diff tiat Th
br SeRTeRASl RGOSR B i S Badncon
OF4-2dvi (SEQI TRINGBAPNT | MBY{ Q% rtEa Pl

STy tiro BAORER” Sty R bk b e

3’3{55%‘@ (31Q HYINOLER,, (ff @%Cﬁw%%?ﬂa@(r@tgwwmmm-c
11135@9; hFefa |amBEl\l63IEre$@cfetHﬁsé(ﬂB$}n plifd RC9 Bdin B3bmAORGF4

Stre cn . gg] II|n Nyst adn Sol ution
%‘gg i cal %t popifign - é‘éfi a gy 35809(9@21565 The hF4-rev and
N quﬂ {)E@?ﬁz& we@: bed t(BBhphflyi&ig Ndomdid L5F33Fgr acl)ljd- incorporate the

r t cat, .n

B PRk 1R ol P e ST A irvecss sty for
maddmpnﬁ)PCRAem ksispLApM-B-for and ﬁF&I%@.OI'ﬁ.trH(IRS ¢dablitions were
§0dolt ﬂPMEMm{g ed. id pered

n% &%‘ragpa?gét ‘PIon of ét %d'%fi& m% 7 ‘Cgﬁ”%‘l 72°ygles
ﬁ? a'B‘Paha*ﬁtMﬂ G Elengaiprati731c. memﬁ@mmmmmmﬁl
iﬂd%ﬂ}}gl o PlYified ol Ciflsy

%E@%f) bot talmé1 of DI\/EIt@L ge\iﬁ‘lgrggcﬁgpem ‘i%éﬁ E@%%gg?es
Vi Teefs herbalivted ypipeaddided to a fi nal

entration of 10 ng/ m. Isolation of cells from

%r‘f% 'il opsy: A piece of cartilage tissue was

TR Gy Wofstdhoib efrlP bS5 Wb afhe e Somsemsct Sution
bacteria, plated on 2YT-agar plates supplemented with 200ug/m] 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 TB125 medium (Teyptonel$ gr/L., Yeast extract 30 gr/L,
KI,PO; 2.31 gi/L, KHPO, 12.5 gifl, Glycerol 5 gr/L) supplemented with 200ug/ml
anpicillin. The bacterial suspension was centrifuped at 4000 rpm {4°C) for 15 minutes,
and the medium was discarded. The bacterial pellet was then suspended in 25 ml of 1x
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The col | agenase solution was diluted 1:4 in FBS- DVEM
added to the tissue sanple and left to incubate on a
rotator at 37C, overnight (ON). The cells were
centrifuged 30 (1200 rpm 5-10 m n), The nmedi um was
aspirated, the cells washed in 5 m nedi um and
recenttifuged. The cells were resuspended in culture
ym.and seeded. in 2 a aor 75 cn? flasks at a
CHt B Home S sty GRTRIP Gy it apy Souihemsip000
Tinee (d%1)Ifer Memigutes. nﬂmk;mtad supenﬁmﬁ%mdcmmtsqm oFheparin-

eg?:eﬁb%%sl ‘Hgssagl ng ce?ﬁﬂggced ’ grf.%%aélsi‘hebeads

VWi lopdied ontel 4 cobuping washed ea@meiy m PBs buﬁ‘@dmﬁﬁﬂihg aemyam,

t I3 P B, g@)ﬁg@ FQ%]
adgggirﬁgﬁn*ﬂmt 0 st%a%dar pr ocedure. %h%]fz(}%e gﬁelt{m
t%ﬂ?ﬁé amvt fix BBR gnd prpuriiiedyin m&m@wmhmmm

Tﬁﬁﬁl%’c—&ﬁlﬁi&m T ()
W rfor med _as necessar;g 10 ﬁ%ﬁiyﬁo%ﬁ%%%$vﬁﬂs‘/°

£5diRRA Inthe saRe dBlyvie buiir The Burieg Pedieiesswere later
Syl l—?@?f;‘ Nbl@ el GRATAICY biatlls ety Q0L Rl 3 MNaKE Sile the

gﬁnd{@g’g’%ieﬁ% Tﬂ’ﬁ@f@&ﬁxf}jéfggogiﬂ?gl ycan
e _and ed usrﬁigjn?hél (I:D_il\/larl bl ue
(5T tehled BRSSP e o8 b o S ot pE B et

hE&Ekaﬂpbduﬁl Cell Proliferation/Differentiation
%ﬁé Articular chondrocytes t hat have been

i ot al G Ni39nats’ cCHF §EMS T RAEFBRGRTISAR AR NEGIGTS

NOHYPAPER IDIQ:-G6)e B decgarTirdirfrheceAddArhOTC@VRIACEE TR

anzhseiiskD }I)(N@S'f)l bisebhastedAdtc@rBRERLINER ﬁTﬁI ll}%
OS S O

' eidsg%é? bR %e%%@cé@cgggﬁ%@n

60 prol iferati on and differentiation 20 i nto
ag#i | ar chondroc tes under certain growh

dt g @sed to pipfuce sionroden Brokofdtopdarndi 4 BgwHE adshristion
emyhdstefoaieantmiiol b FERED ST FORLLAN SRS
quantitated by one of two nmethods, CyQUANTO
( mﬂ&meMe Kttt coddaged in B dsa@ti6@bnzyme site for

'Eé)fj ci.ne articular
chondrocy es %“N?ﬁg&%’éﬁ%@ ' were grown in the

PresSeNGA E}Em}i Nty o
n mer O\Au/gflgdltg at esmtfchgé lt{:&?dﬂbslpalv\n/gire14 n%'\(/ﬁg‘isq?&g le?efor
Sratgictiongfdhg FEE vaslenty and V\/lthout FGF and
ng{h%@ntsd]ﬁgd the cells processed according to
intepdpga Acstarbpagon (M) ped & BamE restriction ehzyme
site folr te Sonst-eaid@lof gt FHFD.70M-vaiggsul t s for human

articular chondrocytes are shown in Figure 10A- 10E
At oaw anutah AR Gepthess mﬂmmqhaﬁmdﬁ KBEXE & b | A ere

I nts. Cell u3| ng culture
ér?i%lygﬁslupp SR ray eﬁﬁhﬁ?\liel:aé}?a?a"é 255, forming
N4 pansiapts wWastowert irdibiead nﬁel@irod?ﬁﬁet@nt(ﬂi cﬁGTG& &N, FGF
variants FGF2-N111G FGF2-N111R or FGF9-WL44G were :
Al Yodepiss the dleeiapbgretia patipmtod sevival athé profibled!ivarimts on
SOStHAGRLhRNT cofelns mMBS15 ﬁ%‘%ﬁ;&
Proliferation of c?él l's \Aﬁ%@%@?ﬁ SI %Oqﬁ}f)%),&ybeau
CYyQUAN Tim Cel I Proliferatf®dn Assay Kit (Ml ecul ar
Probes). 1',.nl42lintafcultured cells Human or
porcine articular chondrocytes were grown in culture
with or without wild 5 type and variant FGFs for two
weeks. The cells were observed under an inverted
m croscope and stained with fluorescent-conjugated
phalloiclin. = The data fromthe human articul ar
chondrocytes are shown in Figures 9 and 10. Figure 9
shows the proliferation curve of cells that were
cultured in nmediumw th and wi thout added Rit |igand.
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Fi gures 10A- 10E shows human articul ar chondrocytes
followng 2 weeks in culture as seen under an
inverted microscope. Cells grown wthout |ig- and
(panel A) exhibit a fibroblastic norphology with
undefined borders., while cells grown in the
different 15 |igands have vari abl e pol ygonal shapes.

\ybkin ihibios R IslaDi )OCRBotOMBGIEY (F48DaY, OviBSRin!(S¥Waf]STane

ceIIs retain the chondrocytic

st that
f%h‘g’ g‘fﬂgﬁﬂé‘l‘éﬂr a§|feaﬂﬁa HaEF 84727 Taieain {paetd enmtaing @el64 aa
tviagant;dlahsS bainsIRERAMIBGES ¢145@a 08kt B4R6Qontains the FGF9-2
Hrtgernnre the cells' volune is affected and the
s grown in FGF-9-W440 (panel E) are the |argest
The cells in panel 13 and C were grown in FG-2 or
FGF2(3,5Q -N111R, respectively. 20Figure 11A shows

%@Wb@%ﬁﬁ%ﬂmﬁﬁﬁ%{:ﬂ%ﬁt@ g%d PP ARG €s
o1 RORAR Ll ik & Aftng BfonEL bRSKARE AT bl faf Sl e

PHtelecyticibere wegew riglafthat dgesent ¢aress emngbwus HGF dRekémors

QFGER). UBord m&cﬁ:&%ﬂ%ﬂvmm@% F%@ %]xh:ﬁ&da dose-
rese Ie articul ar chondroc%tes I's wer

BLPrORIERiTe IppRse SR HEF mlawap feppatiencotop 1128, FGFR

hah&b&dtﬂmmedus Noa WhaPSHoR| B @ed Qb sbien G&lahs ol orddbdne
?ﬁ%ﬁ re% Qted IE&E res 12A—12C The differences I n
‘é‘ﬁ PP PHK EG plle respensg feeviaus digands is

qenijtael el:ara calh @roaﬁammnmfssaymtm R Sre Qe MMTcl errBﬁ%’rhﬁ‘éH Klt,

OB I IE Pl 3 BT el fy icsroria

FZApesNio] 1e|au¢e| gamnm gabis) irdo an@blﬁegmebmwuﬂde v can be
bt @hnd3lnliRal B Lot Vit ﬁ}%?? WL44G i s pol ygonal . |

I's thus possible to alter the cel lul ar phenotype

ofspe@fitaAtyNFh f |
s i FOED Send St&gﬁi’ m no acl dlii?fgg?n? 9?%&”“8

$¢¥ ts haV|ng at IeasL one
éﬁi’i Gl lpeere grovgap ol resdim) (Beavp’s Mordmeleapisinting 2ml
éPﬁthﬁé m FUs elOOug/z@Hmcﬂanl@D@gﬁH ehBRy@Rbupplemented with

A5 10 R o a2 o et

lwdpoqnnencalﬂt. Qe day pahotbdmaemteﬁﬁaeﬁm& chiRtvde et HRAR Al

“pr L el Sl 895 W“’“ﬁﬁ%ﬁm&%&?ﬁre

cgllwee eeserpentdad midvguithdwitioViypas Bige, Tweadd t&g;(s)amli 620 x 16% cells
t m a u
B D58 b S S 1S e B
diipnett Grpdiugn, gertiiviog Tlfﬁahsrhkir rtme pdelteoi waime! Wt ivaRing
cofber®@iond Wiln ﬁ‘@&'ﬁﬁ gvaﬁ?ﬂed ﬁ%ﬁgﬁﬁl oha ‘pﬂl ugeﬁoﬁg aL O to

nedium.in 15 pol ypropyl ene ¢
bang, the| éeele‘w@aﬂe %&pmmylwwmwwé\fm@s Rud aﬂam To

aFhe cAEpbBEHENET B0t %@pmr}e%eﬁma@%&h dofeﬁ‘ﬂ%’%%?t and

knawn the art and stained with to |ne bl
1 fee

TS efe % I Paedartyse s melgrafl apfd aﬁéhe latter solution were
all‘lmﬂ diith ShAC WA 26 hiley, ?I&Esain&@ﬁtew at Broenkl 2 Gk Hmlclolor
i {Ib di es. The pellet culture grown in ne
WtoRe ﬁ@%&@@#wmw% showed | ow
col l agen Il expression. The cultures grown in nmedium
wi th FGF9-W440 show t he appearance of collagen |
over time. Figure 13A shows a small anount of
coll agen 20 staining after a week, while figures 13B
and 13C show a bier anmount of collagen Il protein
expression after 2 and 6 weeks, respectively. Figures
14A and 1413 show the high | evel of proteoglycan
staining in the tissue resulting fromthe cells
cultured in medium conprising the EGF9-W440 vari ant,
whil e Figures MD and 14C show no tol ui di ne bl ue
staining for cultures grown in medium alone or - with
FGF-2 variant 25 respectively. This result shows
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Treatnment Mddle Treatnent Distal 1-3 Matrix Matrix +
0.4x105 cells Matrix 4 2x105 cells 4-6 Matrix + FGry
Mat nx + FGFv + 0.4x105 cells Matrix + FGy +2x105
cells The variant tested is FOF2(3,5Q-N111G

Anti biotics: 2ml of anmpoxycilliu is injected FM
itrunedi ately before the procedure and once a day for
4 ggys after, the procedure. 20Anest hesi a:

Pr

e experigisnts FISE salp REprsssing sierRGHRS| bsefpes BYFRAID and
mm%az%pmma{e vt dRskile biRarting ai
atgn#‘g# f@ E Sur gerylgg)nd | mpl ant aglbon cmmwﬁog“f

% é S prg%dure is identical for all .
subj ect s. surgeries are performed under strict
asepsi s. Pen operative antibiotics are dosed I M at
2.4 mllion 25 units of Penicillin procaine (40,000
units/ kg SLD) at the beginning of the procedure.
Anggtfigsia i s induced wth xylazine 0.05nmg/ kg I M
fol |l oned by ketam ne-di awpam (4nmg/ kg and 2nmg/ kg V).

Theigatte28¢ PB] zswmm@toedmlnﬁmgaﬁ&fyaévepﬁﬁl r §R468RE a
p05| L gﬁ‘gd to I %n _ ﬁmest es
g 9@@3‘?@8% i byng (et PP@B‘P F@F&rfﬁ FoRdt are

'@J@ﬁgeascoﬁnalllgéﬁlamays:ar profen 2-4nmg/kg SQ SM -69-

Har vest Procedure: The surgical approach _
cofigiest 2A oid 2B ghows &, indrese inahitaplenivityl affidetl Of REREFZENTITR

“htntbtGhR ONR TG e Wiphlifialafd femur to the level

of the tibial plateau a F0Ss to the nedial side

of Fighe 1A Biodk HinBRase i hﬂ%ﬁ%er;,gbgt? gﬁhapggr F%Vfivﬁ}afarjésfbg e

d ted d5
BAGRR, gD Shmis ot R T, 0 CTRGIER forpressing) s e wid type

FGEi2sk mprds&atéiﬁﬁﬁ)plaﬂﬁiﬁ Figh@ 3Brhﬁm*rﬁ§1@ s @vinP OF e Ean& variant
his extends from

{“n dfha I a and at el ar i ganment
ter & 8? “Frie Zaciheg EG%IT“]@ G TRR e FEFRHTR or
BGRRYHc ofromtbesh |asse3msthé E(IB(D (ciffactive donceﬁtanaﬁ) ef gt RIral3,5q)-

fefid o tthrlE cEJE c? dn¥Fra e%}g%sfnlgc g;dh &%ﬁﬁjggﬂn about

atta aera PESE RS
%P@‘Pﬁﬁo iLi9t ve/mh end o FGFRANS expressiige c4llsi thé BCSO ranges from

?fmg@;g%gmgog? e Rt e T R e—
nglulen BEFR i gell f@!@ﬁgﬂwwm Wed 't rochl ear

created in the ht fem)ral condyl e.

t
TSRS e apgironte GOTEG S 16 Bhanedep o tr
diffpenxbapiop iype The ikisieeBAE an ﬁ{%ﬂaaéﬁc# J:on%ﬁdnrﬁf%eﬁﬁﬁ,

hondr. al The def ect ther t
PURERALR of i Miraytie Spiier Whghty ) t rochl ear
di vi.d
S r L N T —
Varianren FCFRAIF GRS adi REHARATIe e@pnsssmﬂmmem IThe ¥Al@ype FGF4

lﬂgr?éﬁﬁt ?‘%“mc%g!og?’ e‘iﬁé}a 3 ggr}lsﬁar vest f?;’F %ﬁg%@g@lﬁe

Vﬁﬁ?qt?%“@émgltowmpmn is cI osed in |ayers

us.d Orlate suture and atterns.
Figutt: ¢ Biows the Teduced lovel of proliforation induced by R64M-FGF9 both on

FGFR3IIc and FGFR1 cells as compared to parent FGF-9. The enhanced receplor -
specificity for FGFR3 permits the use of this variant to target to this specific receptor.
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| mpl antation Procedure: 20The trochlear defect is
created in the right fenoral condyle. The defects are
approximately 5 nmin dianeter and approximately 2.5
mmin depth, and pass into the subchondral bone. The
defects are nmade on either the lateral or nedial wal
of the distal trochlear sul cus dependent on

i NdFigire Fadho® aie%yﬁm baah MFGFQ and Féﬂ?geﬁ vl ih 'a%mdmg

appro rlat rticle, he surgical approach

REES TR et % oRefFCER pd PirEPe: o detiomes
thﬂmmﬂkabﬁhﬁmae third of the left femur to the I evel

of the tibial plateau and across to the nedial side
oExdnnde i BindingsirisaeOf Usineated FGF Varianado SohdlsRGHE Rebeptor
bphiat! ¥ dissected and retracted to allow a |ateral '
parapatellar approach into the stifle joint An

d | e | he | d f'
| DB RAREpt SRRt B S bl e
f‘iﬂsrwtdfecovm@cal foe mdmgftotdﬁermsmea of mpmgm tuween a

i . { :
PSS pRE e LIS SRRy B By
artfolefinaiedh 6T de arprigus frepsplon prateiisy Bindiag tswdien Iaieaxmﬁ:gled by
eéiﬁﬁﬁ:ﬂlr SodsQinkilg of Ble %dxﬁétﬁxﬂﬂédef?(ffﬂn}esoiugie %cebt%ﬁgﬁ ttl%ﬁ‘?sgnce

t he patella |uxated ned y exposingt
j ﬁ@wm”°fmmﬁﬁwphhﬁﬁ% ﬁﬁee jOInt fully flexed, the

ap riate.lqcation for poi nt s of drillin the
o R b, SRR iestimosss GIberitint PatoRpieed from
rﬁaphem«imteb (Erasdlinglie). KIGETiK SitaifedIRRCUBENkEIPREGNET ). 251

R B i, ekl Bl e BRSPS oo

cﬁmgnmhg@mmﬂﬁéSammwmmamumﬁﬁ%Immﬁmannnesmﬁmﬁq&&mmmgnmd

, iO?OZ%ﬁgTﬁ ﬁwe’gm%g\dﬁﬁnet Harlel ?[&L %m% Ef i 5 e]lqa apetlﬁwsmn, Becton

pr.oxi mat e , maln
68?'9@% ( B8AR four-grell Hesue aﬂ@eqnlat@rﬁnmwxs lﬂR@&hde mmmauc)r e
supchonchal bone and cartilage is careful
r e PG, geogntern ppteps g éPIES‘FWgEdr bnslesis aﬁdheaﬁ:ymcenular

|re@mfemmb [FegacRpigi N emm-p el FrelF] rifcePios 8 adiada, Vuek)h ofthe

RSl G SR R A B i g s

'@mmse{tdgee@tégs&om irectdﬂ,ewliibb @h@desdfl Cdecrtlall ForkD of placental

B bl T e Rt hofage R et

é‘@{ﬂ @&l‘ﬂﬂlSﬁeCfCﬂll@h SUH\VITS lreld by Blb(eropﬁhﬂdilemﬂr 4 6dlectable neomycin

R i, Cor e o Bhd oty (0 PR 0o et

S anpymnd qeEviy inhet qqedxgcmed wmglowmmdhagmuawbh Kighlevet df
Wbt Rtidily AR Q8 1 8} willedh il 3

al inﬁzush the | on?l t 1s calr%q[{li}lpl9 o%oe eﬁmﬁd‘
ggﬁmﬁmga#§w%hen reduced and 15 the jOInt nmoved
c qﬁ%ete range-of -nption to ensure that

AR PRoPGT ndEe tectipRIRiaics ictptigds FRAP-
fxiﬂditmmﬁnd&iymﬁ 4 0P uﬁimamp & @fmlt 26 1FeFI ind fbﬂtﬂynﬁ%el%'im.

t t t
KL ot RUBER P 3P BB ibien S Srmpnisciaftech i 20 appf # dd
shorry (o€ dnagxP Thinsclomahifttdics cpupd@iet Ploteln \WESlshatone®.  All

ChilherL P Bl o gfﬁéerm%gmk”%a’. obRaP AT

post operative disconfort ost operative analge5|cs
are given for 5 days if the animals display any signs
of distress of disconfort Al treatnents are recorded
in the appropriate study docunentation. Necropsy
Annual s are humanely sacrificed at 12 weeks

post operatively. Bodywei ghts are 25-recopi ed

i mredi ately prior to sacrifice. Deep anesthesia is

i nduced with a m xture of ketam ne-xylavine and the
subj ect exsangui nated according to the guidelines set
forth by t he AVNA Panel on Eut hanasia (JA' VMA, March

v o o~ o~ x




10

15

20

25

30

Table 4: Goss Evaluation and Sanple Collection
Sanpl e Gross Eval uation Sanple coll ection Phot ograph

and Score eart rungs *dneys pl een
opliteal lynph i iodes

by addition of DMEM containing 0.1% bovine serum albumin. Binding was allowed to
proceed for 1 te 2 hours at 24°C, after which time bound receptor complex or the ligand
was tecovered by centrifugation at 4°C. (10 s at 2,000x g). The pelleted material was
washed twice with 500 pt of an ice cold butfer containing HEPES (20 mM), NaCl (150
mM), glycerol (10%) and Triton®X-100 (1%). ' LFGE binding was quantitated by
counting of the samples in 2 gamma co@ter. Alternatively, AP enzyme acfivity of the
FRAP protein is determined by transferring the FRAP receptor bound to heparin-
Sepharose® to a flat-bottom microtiter plate in a volume of 50 pl of PBS. The reaction is
initiated by addition of substrate (50 pl of 2x solution of AP assay buffer containing 2M
diethanolamine, 1 mM MgCl, 20 mM homoarginine. and 12 mM p-nitrophenyl
phosphate). The reaction is followed at room temperature at 405 nm in a kinetic

microplate reader.

Receptor binding was determined by quantitafing release ef labeled FGF from
receptors. Briefly, FGF bound to heparan sulfate low a.fﬁmty 51tes is released from the
cell surface by a 5 minute incubation with an ice cold solution containing 1.6M NaCl,
20 mM HEPES, pH 7.4, and the amount of radioactivity release detennmed ina
gamma-counter. FGF bound o high affinity receptors was dlssoclated by a 2M NaCl
(20 mM acetate buffer, pH 4.0) extraction, and the released labeled FGF is quantitated.

Chemical cr‘oss-ﬁnking‘ experiments were cartied out at room temperatire in a
volume of 20 yl 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
inéubated for an additional 30 minuics. The reaction was quenched by addition of 1 mi
of 200 mM ethanolamine-FC] (pH 8.0) for 30 min. The reaction mixtures were diluted
1:1 with 2x SDS-polyacrylamide gel electrophoresis loading buffer and electropheresed
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 FGE variants on femoral growth

Femoral bone cultures are performed by excising the hind Limbs of wild type mice.
The limbs are carefully cleaned from the suirounding tissue (skin and muscles) and the
femora exposed. The femora are removed and further cleared from fissue remains and
lipaments. The femora are measured for their mitial length, using a binocular with an
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x eejoint(includeE "cul ating defect site) G oss
Mor phol ogi cal Qbservati ons After collection
of the knee joints, the joints are opened, _

phot ographed and the surface of the defect site
scored as indicated in Table 5. The synovi al nenbrane
10 isexam ned for. any inflammation. Joint fluid is

C9bgias nd6koRBEr ARATHZ Bhes ;E@?Jo fm?n 1 m6 O thedhnfHich 58, o
G qss N%gfholo i cal_ Eval uafions Characteristic

Cotgeting rigppisig GF snvsaes @ﬂFﬁzor(H%‘W verigefs én a
r2| @bl \tBsueOcultdiel ¥ih. Cbk drbv88 )mddain! iAk-MEMNRPRemented with
peniciliin (100 umits/ml), streptomycin (0.1 mg/ml) and Nystatin (12.5 units/ml). In
addition, the medium contains BSA. (0.2%), B-glycerophosphate (1 mM) and freshly
prepared ascorbic acid (50 pgfeil). The bones are cultured for 15 days. Measurements of
bone length and medium replacement are performed every three days.

At the end of the experiment, the growth rate of the bones are determined from the
slope of a linear regression fit on the length measurements obtained from day 3 to 12.
Units given can be converted fo length, 40 units = 1 mm,

Example 6. Effect of FGF-2 variants in bone fracture healing

Suitable animat models are used to create bilateral osteotomies fo demonstrate the
efficacy of the novel variants of the present mvention. Tn-a rabbit model a 6 mm
osteotomy is created in New Zealand Rabbiis in compliance with the Animal Care
Conmmittee of the Hebrew University. The ulna was chosen because it is only slightly
weight-bearing and allows the creation of a bone defect without requiring a cast or other
immobilization treatment. In addition, this gap constitutes a spontancously healing
defect that allows the evaluation of the tested agent. The primary indices of fracture
bealing are accelerated duration of healing and callus formation. The test compounds
consist of FGF-2 variants in a polymeric scaffold which facilitates bone growth.

Surgieal 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 into
the gap area in each limb and the fracture is closed. Animals are treated with analgesms
for3 days post operation. The durahon of the experiment is 6 weeks.

@gg time and quality assessment:

Healing time evaluation: X-ray grading provides fracture healing statns assessment.
Rabbits are x-rayed every other week for 5 wecks afier surgery. Two orthepedic
surgeons score X-rays i a blinded manner according to standard grading scale protocot.

Quality evaluation: at the end of the experiment rabbits are saerificed and fracture

area is sent for hlstologlcal and mechanical strength evaluation. Histology is scored bya
5T
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0 Snoot hness of the. cartilage surface Snooth 2
Intermediate 1 Rough O Cartilage surface, degree of
filling Flush 2 Slight depression 1 _
Depr essed/ overgrown 0 Color of cartilage, opacity or
Transparent 2 translucency of the neocartil age

Transl ucent 1

pathologist for evaluation of histological changes during the healing process using
standard staining methods, using hematoxylin and eosin for cytoplasm and nucleus.
Indigo-Carmin staining is also applied for detection of newly generated callus.
Mechanical strength evaluation is performed nsing the “4 points bending” method.

The treatments groups are: Osteotomy without treatment, Osteotomy freated with
polynteric scaffold alone, Osteotomy treated with scaffold containing FGF-2 and an
osteotomy treated with scaffold containing FGF-2 variant, FGF2(3,5Q)-N111G.

X-ray scoring

0 —No callus

1 —Primary callus response at one end of bone

2 - Primary callus response at both ends of bone

3 — Partial external callus union

4 - Complete external callus union

5 - <30% gap closure

6 - >30% gap closure. .
7 - Complete gap closure -

8 — Partial callus remodeling

9 - Complete callus remodeling

Gap Filling Calculation:

(A/A+B)x100=% gap filling

Example 7, Efficacy of FGF Variants in Distraction Osteopenesis

Distraction osteogenesis is a useful method for bone eiongaiﬁon of extremities in
short stature and for the treatment of extensive bone defects.- Several procedures for
bone lengthening have been developed for use in the clinic. The problems encountered
in using this technique include an extended healing ﬁlne and complications such as non-
union er poor quality of the regenerated bone. | |

The maximal rate of clongation used. in the cument procedure of limb elongation, while
maintaining proper bone healing and reconstitution, is 1 mm/day. Faster elongation rates have
esulted in Jack of fusion or in the formation of weak bone that breaks casily or caniof bear
body weight. I this process, extreme conditions of elongation (1.5mm/day) will be performed
in order to observe a more signiﬁcanf effect of the added compounds on the background of
natural healing, '
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Opaque 0 Histology and Hi stol ogi cal Eval uation

| mredi ately after dissection and follow ng gross

joint surface observations, the joints isplaced in

1031, phosphate buffered fonnalin (at |east ten-fold

volune) for at |east 15 48 hours and sent for

hi st ol ogi cal processing. After fixation in 10%

Phomp BBsivaEF B 6 efuabdBe | | Sation. 6

a{os ly trimmed to réﬁgegﬁtg??%ﬁgisg e&ﬁﬁﬂgﬁFFggﬁgmm{f
0Bt k&natyon and afetycafier slopgelivt peinget yalding pbbsphite (CaP) scaffold

Gintbedded &vifhnthé FQ vhantext eri or i nplant/ti ssue '

interface in order to exam ne them grossly. Contact

rErdatopnephes:i S taken prior to the commencenent of
decalcification. The tissues are decalcified in 10%

EDGOniddit:1 | radi cal cified 5 sections
SUURARS b, o AE it

as%ures_cqnplete decal. icatron. Once conplete
decEPR Tat i on l4mebs fulimbsyiGaBalone he speci nens
i sTehyshbeded t Hlontglls RabspicaaReh ISP @&iand paraffin

h jeci nens 1 ssectioned to 5-10 pm One
%ER&%Q?QBdJQ 2 £ed wi th H&E and anot her sequenti a
386 Rkl SR A o GONR Gl o) W (h Fast
Green. For_histo?gg+§m§ﬁ%%§§|s 0 ‘?ﬁ%‘sections, t he
Swigiea! egetacning of teight frovrds pegforfediniké lambsagetigh 3 to 4 months.
Lokashe hathsdeafai@l: uat ion is performed to nmeasure the

foll ow ng paraneters: Characteristics of the
ﬁé%?“’i- 5 ghep @ithquipdqtiasheal jninbption Hotwmysonlar atropidfedcgivenbis

pilamediagBI© 5, b EHRntosd olet9IsH (10.94 &g&%{%ﬁ% ©0015

t hj ckness of e regenerated tissue, endo
%@%ﬁ%?%é??@ﬂn EH“%W%?@“%Wmﬁﬁ%h@@WF§mﬁh t he remai ni ng
Bizatipi:| age. 15 Exanpl e 14: Phar macoki netics Met hods

A58 i SRR B, e 9

%%@ﬁzﬁg;;ﬁgﬁg?uﬂpwqumﬁdﬂwhfﬁmpﬁeﬁfﬂﬂkqﬁg&gﬁaﬁgmrmbpms
ani mal nodels,érad?oiagePF%ﬁggrgg%ﬁﬂ%ﬁ%%F%ﬁ%@yﬁPﬂﬁmmﬂ
gt Pyugatcap-be adni ni stered and their distribution
Wnpihnhgdody 20 fluids and tissues assessed by '

extraction of the oligonucleotides or peptides
%ﬁ%&ww&%mﬁyﬂm al | NAS

I2n7t68fng] OOk Ainkds el MR 1AG6 ad BEIRULE é‘g"lbéfl%;%m total
|

ept.i de w a reporter npiety, includin uor escen
BBieh oo B Erd B v o Sroiiy locinti Aetafio sesery:
Jaeatorepct i on of the peptide from body fluids and organs

f .by .BPLC anal ysis, Al ternatively, _
B T M ey L AN AR A p—

phee dirmgdlindonscditiaion gerpdpdtidaledd. n ti ssue. The present
i nvention contenpl ates reporter |abel ed FGF

péegiept | deantmhd Te hisere flms fledt dsiigthp cabkaidationbydisd, S§mals

x@?ﬁhﬁﬂﬁﬂdé&@&ﬁ&tuﬁ% BONE por mpl e 15: Effect of
Vari ants on PCl2 eélﬂg% 0l egg‘?i gat e whet her
NBuseiad 2 PR 3s68| theSee8SHObSP Sbld &iH hl26n bR 1
W@ FGF.vaghantsh cel s were exposeg%%%m&%k@%ﬁnpmnﬁ’ﬁ

IR Rzed phe; frogregiafter-tguplefips o€ plongation.. The PO12
cell line was originally cloned froma transpl antabl e-
rat adrenal nedul |l ary pheochronocytoma. The cells

“were grown in DVMEM wi th high gl ucose suppl enent ed

with 10% horse serum 5% fetal calf serum
130-units/m penicillin and 0.1 ing/ml streptonycin
and 0.25-40 ng/m RIP or variant in a humdified

i ncubator at 5 37C. To harvest the cell, the cel

| ayer was washed with PBS-EDTA. The cells were

coll ected and centrifuged for 5 mn, 2000 rpm The
cells were resuspended in 5 nl DVEM and pl at ed.

After 3 days in culture, both FG--2 and FG--9 i nduced
neuronal differentiation at a simlar |evel, as
determ ned by the observation of neuri M extensions.
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15 exerting mnimal differentiation even at the

hi ghest concentrati on enpl oyed (40 ng/nl). The

i ntroduction of a nutation in the 13849 | oop of the
FGF-2 and FG--9 ligands resulted in pol ypeptides
having a selective effect on the cells in culture.
Wil e the present invention has been particularly

des rlbed ersons s§%§led in.the art 20 will

app o e variant grofein duiog; comtolidation perind,
bGalwilie FGthmfa@c; GGFL- PR 1ICNUERGTHB, SQPNTIAG $s%dBfnistered once,

C [y as restricted.to the particularly described
ﬁ%%& gom @% kq?ﬁ%‘§bope spirit and concept of

t he inventlon will be nore readily understood by
reference to the clainms which follow CLAIMS: 1. A
vaqhnaﬁugf an FGF having at |east one truncated

term nus and further conprising at | east one am no

aciAdimalbaieiih uusmwmxaafaamk@&aeﬁe&%t ale%ﬂoﬁoacpe&&én@ Qn@';m
ﬁF aﬂn%%ﬁ $ ]E $E§cter|zed in at | east onée of
o ow ng- Att Prnat s¥egnpyp ﬁﬁet%m{nﬂéa@dﬁ%’é‘pm@mms

- vail geresppwclFfing is euitael. prol i ferati on of target cells

having at | east one FGF receptor subtype, said FGF
vari a mnéwﬂmgw@nhan@%uﬁwﬁ@hpnbmxsﬁmﬁﬁﬁkﬁhtgmﬁ&hnﬁﬁh&m

- GERE ared to anot her
?g%deag?gl?e ‘Ssl{ijéerg 3 ger e% var & 1? ac ?vxapg@c % PUF Tirek
P areary Piﬂ@*ﬂ:@w&; (Figma®); twd Whtke afar isanbryaclionidi (e

t(Sigﬁh@] Mrde Qbekd aﬂé\éh%&ysg@nbﬁo% gﬂ‘ﬁ&ka &) ahd ﬁJrece(!a?f Before

| east one subStitution 1s nent

“ﬁ‘ﬁf%mﬁfaﬁy&hm wifl b%ﬁvqnc@uebmml@x@hame Sphlistolz techmque is
@aﬁpmmswﬂ@nﬁﬁaﬁﬁﬁﬂﬁﬁ&iﬁﬁ%fﬁamﬂﬂﬁgé&&é&hﬁa
3 ked to bloactlée agent . . gﬁg&fﬁfﬁmy
Is%%iﬁiﬁ%f oy ﬂé"c%’*ﬁ‘i"&i“ﬁﬂém? gt the lengfhopedipaliog inrpagtigroup.
F&ﬁ%% e.agent is CNP (1-22). 6. The FG- conpl ex
ecule accordlng to claim5 having SEQ ID NO 16 or

SER\el diniid £ encadi

| ex n6%£§ﬁ|é”ﬁ?ggﬁgﬁgﬁéhﬁihhaﬁ % I%%EF?fwc¥gnmq
ﬂéﬁ%@a Ismﬁﬁﬁﬁﬂﬁﬂmﬁﬂﬁﬂﬂnqﬁaaﬂ@hﬁ@d@mﬁkmwmgbmprlS|ng as
an,active Q%redlent a variant of an FG- having at
Ie%ETS%ﬁ%°f? ff€¥t ed termi nus and further conprising
Sitcodseia détermived RGnm oftteilidg ﬁ:ﬂ@ﬁldlbbﬁétduﬂﬁy biftirlell 82 Glbbation and

bl iR R A i SRR Bt o

Xyt he corresponding wild type FGF: reduced

Bl ot Sl e Bl Qfticetfacy e Dot s girmrd oenion

re@%ﬁ@m@p@ob&a&m&gﬂﬁmthsmrdyab | east one receptor
suptxpgmggﬂg 1o o) &nother receptor subtype. 9. The
phar maceut 1 ca conp03|t|on according to claim$8

whér SepclofEe FGF i s FGF-9. 10. The phar maceut i cal

C OB(PREmbdefife ARty LbQufil@l M 9 Wherein the at | east
one substltutlon i's ré acenent of tryptophan 144,

h is o hged '
i i ks e B g

conpr ctive ingredient a FG- variant of
Histylogne of clains 1-3 linked to a bioactive agent.

12. The pharnaceutical conposition according to claim
11 wherein the bioactive agent is CNP (1-22). 13.

The pharmaceuti cal conposié-on according to claim12
having SEQ ID NO 16-17. 14. A nethod of
interconverting selectively an FGF pol ypeptide froma

~mtogen to a differentiation factor or froma

differentiation factor to a mtogen by generating a
variant having at |east one am no acid substitution
into the beta 8-beta 9 | oop of said FG- pol ypepti de.
15. The method according to claim 14 wherein the FG-
is a FGF-9 variant. 16. The .nethod according to
claim 15 wherein the FGF-9 has SEQ ID NCS: 8-9. 17.
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Organi zation Applicant Street : POBOX 1482 City :
REHOVOT State ; Country : | SRAEL Postal Code : 76114
PhoneNunber : 972-8-931-0900 FaxNumber : _
972-8-931-8848 Rnmi | Address : <110> Organi zati onNane

: PROCHON BI OTECH LTD. | ndividual Applicant Street
SITRIA 104 Gty : MOSHAV SITRIA State : Country

| SRAELLPegta ifeeiged m%%§?ar@héﬂé?%$& e ﬁ%@ﬁ%ﬁﬂr\?@{ the oﬂler

ﬁ ress : <110> Las :

% Hg eflg fornughgding i mefhylmedpeybiesFor the histplogical |St¢dnl the

qupéune:&”mﬂlSierﬁ&H ih HohiHor X@h&h&%ﬂ&@al&&ym a Mreidir pve-

State : 63; | SRAEL Post al Code :

% Bnofre ﬁ%ﬁ%ﬁ%ﬁ%ﬁ’ fsralerfiad) fhess are. dehydraied. using
Lla@edsraagmouceaﬁﬁohl of alcéliblsﬂ(?()‘ﬁj 80836, N@PEmd 160%N and et @ hours in
Myfil, Sty b Urmboaded 10 Farail 4% onmp@Rinle "R 0% FrepSSmmens are
sectioned to 4 pm, and stained with Masson's trichrome, hematoxylm and eosin (H&E},
safranin O and von Kogsa,

To analyze the mineralization by fluorochromes, the specimens are fixed in
formol for one week, then dehydrated using alcohols of increasing proof. After one
week m PMMA:alcohol and three weeks in PMMA (Technovit 7200 VLC®),
specimens will be sectioned with a diamond saw (Exakt®) and trimmed to a thickness
of 14 pm. After measuring the sections with ultraviolet hght ﬂle distance of the bone
markers is measured and the bone index formation calenlated (dLstance mrn/days)

The proximal parts of both, lengthened and control, tibiae are exiracted and cut in
lateral and medial parts. The lateral portion is placed in 4% buffered formaldehyde.
After decalcification of all the specimens in EDTA, are proceed to embed them in
paraifin and cut them into 4 pm slices. Stains of H&E, Masson's trichrome, Safranin 0
and Alcian blue-PAS are apphied,

Inmmuonohistochemisiry

Specific antibodies recognizing collagen 1, collagen T, FGFa (now known as FGF-1),
and S-100 are applied to the Iengthened callus sections by an indirect two-step method. The 4
pm paraffin sections are dewaxed in xylene and taken through ethanol 100%. After
trypsiization, following deparaffinization, endogenous peroxidase is blocked by placing the
sections in hydrogen peraxidise solution for 30 min. They aro fhen incubated in fhe following
reagents with appropriate Tiis-buffered-saline (TBS: 0.55 M, PH 7.36) washes: normal pig
senum for 30 min, abovementiansd primary antibodies for 1 hour, a secondary biofinylated
antibody for 30 min, and avidin-biotin complex (Dako KO355) for 30 min. The reaction is
visnalized with chromogen substrate so]utlon (dizminobenzidine, hydrogen peroxidase, TB)
and sections are counterstained with Harris’s henmtoxy]m, dehydrated, and mounted. As 2
negative conftrol, TBS is used in the procedure instead of the primary antibodies. AR stained
sections are examined and photographed with use of a microscope (Nikon Opfiphot-26®, Japan).
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<120> Title : FGF VARI ANTS AND METHODS FOR USE
THEREOF <130> AppFil eReference : PRO 018- PCT <140>
Cur-rent AppNunber : PCT/ 11303/ XXXXX <141>
CurrentFilingDate : 2003-05-09 Earlier Applications
<150> Prior AppNunber 1L149562 Page 1 <151> _
Pri or F| lingDate : 2002-05-09 Sequence <213>

.. HOMO SAPI ENS <400> PreSeqUenceString :
AXPEDGGSGA FPPGHFKDPK RLYCKNGGFF

ACH Pipemicanat
RYLAM(EDGEB LLW@? R BT ppgrptomotrc
etsmiaeEIRMCMpsoRiritiEpRe NEAKS fEGvini2mclyrpae
@{},‘In'néglb Length : 155 SequenceNane : SEQ ID NO 1
SequenceDescri ption : Feature Sequence: SEQ ID NO 1:

<22|1‘Pra5®alaﬂfvﬁll{§y . M SC FEATURE <222> Locati onFrom -
5%%'1‘35?%3“ onTo : 111 QO her Information :
XISO er n N and nore preferably s elected from
R #rTrehecubmSmsion surfave
4. Index of trabecular erosion;
5. Number of osteoblasts;
6. Number of osteoclasts per field;
7. Number of osteoclast nuclei;
8. Index of bone reabsorption or mumber osteoclast nuclei / osteoclasts.
With von Kossa's stain the following paramefers are obfained:
- 1.Osteoid width;
2. Osteoid - trabecular index, and fluorescence will be used to measure;
3. Bone formation index. o
Example 8: Tarpgeting of FGF variauts

The FGE-9 variants having the ability to bind the FGFR3 yet having a reduced
capacity to effect a biological response can be uscd as targeting vectors for the different
bioactive agents. CNP is known to increase bone length (see Exarople 9). CNP
derivatives include CNP(1-22), CNP(1-17) and derivatives thereof wherein stability or
half life is increased. In particular, FGF9-2-W144G, a 127 amino acid variant which
comprises both N- and C-termini truncations and an amino acid substitution at
tryptophan 144 (W144), was shown to target efficiently to the growth plate of long
bones.

One day old mice pups were injected I with fodinated FGF9-2-W144G . Animals
were sacrificed 2 and 8 hrs later and whole ermbryo sections were performed. Tn these
pups, the Iabeled FGF was observed to localize o the growth plate of the hind b,
close to the site of injection. Figure 8A and B shows t'wb exposureé of the distribution -
of " FGF9-2-W144G in the mouse growth plate following IP delivery. P, M, Hand T
define the proliferating, matﬁmﬁag, hypertrophic and trabecular regions, respectively,
of the growth plate. Figure 8B shows the outline of the cells. Figure 8A shows strong
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Feature Sequence: SEQ ID NO 1: <221> Feat ureKey :

M SC FEATURE <222> Locati onFrom 115. <222> Locati onTo
111 G her 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 : MAAGSI TTLP ALPEDGGSGA FJF__’PGHFKDPK
AR LSRR QRSP OB vt
EEEPPTRERIethen pppeific\sitsar riR Tatelod iy i RGO Gaxiant Thip exmriksnt
IRbvs<dtiidery bF ReexopEiBlsly géﬂﬁls&ﬁﬁ%ﬁlpouréﬁg tl'éeﬂyﬁﬂ %@&aﬁ%ivo
SEQ I D.NO 2 SgguenceDe cription : Sequence <213>
EPOBITSrnRie! Tor fegpisd SRy ERRS aiat:sugdy a5 SatiyETrcReBtidas (P or
RAGED ST T pbhicht 3@ RIS iSSP Bxample 9.

b@kx'f'gpm a%%%gls thP lélzlld gfo puberty, longitudinal bone growth takes place via
endochondral ossification of the growth plate Iocated at the epiphyses (ends) of long
bones. The growth plate is divided into several zones of cartilage forming cells, or
chondrocytes, with distinct patterns of gene expression. In the Reserve Zone, cells are
small and relatively inactive. In the adjacent Proliferative Zone, chondrocytes proliferate,
arrange themselves in columns and eventually . undergo hypertrophy. In the Lower
Hypertrophic Region towards the cartilage-bone junction, cells are big and hiphly active
but exhibit no further cell division. The mairix sunrounding the hypertrophic cells calcifies
and the lowermost cells undergo programmed cell death. Cell death is sccompanied by the
removal of the cartilaginous matrix and its replacement by bone ﬂuough the conceérted
action of recruited bone cells, namely osteoclasts and osteoblasts.

Example 9; EGF Varjant Fusion Constructs

In addition to members of the FGF family, Natriuretic peptides (NP}, and C-
type natriuretic peptide (CNP) in particular, have been shown to reguiate bone
growth. It bas been shown that CNP knockout mice which exhibit skeletal
phenotypes histologically similar to those seen in achondroplasia mice (Chusho et al.,
PNAS 98, 4016, 2001). They also reveal the rescue of the CNP knbc];:- out skeletal
defects by tissue-specific ectopic CNP expression in the growth plaite. Moreover, ex

vivo experiments _(fetél‘_ bone organ culture) from wild type animals have shown that
CNP, more than BNP and ANP, can induce bone elongation (Yasoda et al., 1998;
Mericq et al., 2000). In a currently preferred embodiment of the present invention
provided is a2 method to increase the size of a bone gtowth plate by treating the bone
with 2 pharmaceutical composition comprising an FGF variant-NP fusion protein. In
a currently more preferred embodiment the FGF variant is FGF9-2 and the NP is
CNP or an analog thereof. |
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KLQLQAEERG WVSI KGVCAN RYLAMKEDGR LLASKCVTDE
CFFFERLESN GYNTYRSRKY 120 TSWYVALKRT GQYKLGSKTG
PGXKAI LFLP | 4SAKS 155 <212> Type : PRT <211> Length :
155 SequenceNane : SEQ I D NO: 3 SequenceDescription :
Sequence <213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceString : MACXSQ TTLP ALPEDGGSGA FPPGHFKDPK

RL%@Z% GVREKSDPHI 60 KLQQAEER&:gonuclcoude

XY RIRK ¥k Q’CRTWKﬂc @3{@@@%@4@%&#&) Pwhereini

,12> RT <211>
%c%sﬁ%é g’é@tﬁ ﬁ&‘iﬁ%@g“i Spti on
ngﬁ*ﬂ@mdmw 89FQ | B hmmwﬁﬂﬁimdaa&mg&ﬁ;@bﬂ;pﬁ%
URE Si%fé é gptionFrom . 11T. <222> LocationTo -
e R e T i
niES-2:-GivRefoe (SBQ YD N9 ct ed from R or G CDSJoin : No -
DY AR TT T T T IACCTAGAGGAGGEEEACCT CTCTCCAAAGGTTGC

F9-2-CNP-rev (SEQIDNO:92)
57 -GCAACCTTTGEACAGACUTCCCCCTCCTCTAGG TAAANAATGTETG

The first PCR reaction (20 oycles) was performed using FGF9-2 for and CNP-rev
on an FGF9-2 template. The second (20 cycles)was performed using F9.2-CNP-for and
F9-2-CNP-rev on a mCNP (mouse) template. The third PCR reaction (20 cycles) was
performed using the products of the two previous PCR. ieictions as template and
amplifying nsing FGF9-2-for and F922-CNP-re
The second fusion construct, CNP-FGF9- -2-W 144G, compnses the CNP N-terminal to
the FGF9-2. The following primers were used:

CNP-for (SEQ 1D NO:93) ; 5* -ACGTGACCATATGEGTCTGTCCARAGETTS
CNP-F9-2-rev (SEQ ID NO:94)
57 CAGTCCTGCACTATAGCTGCCCTCCCCCTCCCCCTCCCCCTCCECAACCCAGACCGRACATE
CNP-F9-2-for (SEQ ID NO:95)
5 - ATGTCCEGTCTEEETTGCCRACGEGEAGGAGEAGEGEGAGCECAGCTATACTCCACGACTGE
P1918i0p (SEQ 1D NO:96) 5 -GGcccrAGGfCATCTAGGTAAAAAATGTGm

The first PCR reaction (20 cycles) was performed using CNP-for and CNP-9-2-
tev 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 performed
using the products of the two ptevmus 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 hest cells. Fusion protein was produced
by methods known in the art. Fusion proteins are analyzed for CNP activity using the
Biotrak enzyme immunoassay- (EIA, Amersham) that measures the amount of
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<213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceString : MAQEQ TTLP ALPEDGGSGA FPPGHFKDPK
RLYCKNGGFF LRI HPDGRVD GVREKSDPHI 60 KLQLQAEERG

WSI KGVCAN RYLAVMKEDGR LLASKCVTDE CFFFERLESN
GYNTYRSRKY 120 TSWYVALKRT GQYKLGSKTG PQOKAI LFLP MSAKS
155 <212> Type : PRT <211> Length : 155 SequenceNamne

oty bt AP ORR AR Uik 0 R ERA o T i
NEE S TReERIN

r by thewrapkidg on QIFMTHECAs. APTAPNGTLE

AELE L _VALSLARI PV 60 AACPKEAAVQ SGAGDYLLG
KRL R%L% regtfdc| the et {nt-therfusipyrpagstraed gpn comprise

%R@Eﬁhﬁﬁoﬁ&ﬁ%&%%ﬁ&ﬁﬁk&d@E&o&é@E%ﬁ@mdm apepilde or

LL P%La%ﬂ% gF;l%M: ﬁ@ .18 O SNGKT Klégﬁgt% h] EH@I PTHP that

Seq:aammbdﬂly@eneﬁamota@em%mwme%scrl ption :
Feat ure Sequence: SEQ | D NO: 6:

Example 10: Articular Chondrocevte culture

Chondrocytes were isolated from pig or human biopsies and cultured in the presence
of the varianis of the present invention to identify the effect of the variants on
proliferation and differentiation. The procedure employed for the isolation and
propagation of articular chiondrocytes is presented below.

Reagents:

Bulbecco’s MEM (DMEM) (Gibco BRL, cat. no. 41965) .~ -

MEM Non-Essential Amino Acids (Gibco BRL, cat. no. 11140}

Sodium Pyruvate (Gibco BRL, cat. no. 11360)

Fetal Bovine Serum (FBS) (Gibco BRL, cat. no. 10270) _

Streptomycin, Penicillin, Nystatin Solution (Biological Indus. Ltd., cat. no. 63 0321)

Trypsin-EDTA (Gibco BRL, cat. nio. T8154) or Versene-Trypsin (Bio LAB Lid., cat.

no. 13.012)

Collagenase Type 2 (Worthington Biochem. Corp. Cat. No. 4147). A stock solution

of 1700 units/ml Collagenase in DMEM was prepared and filtered (0.2 pm),
Preparation of FBS-DMEM medium:

FBS (50 ml), 5 m! of antibiotic solufion, 5 ml Sodium Pyruvate , 5 ml MEM non-
essential amino acids were added to a 500 m! botile of DMEM. Where specified, FGF-
2, FGF-9-or FGF variants were added to a fina] conceniration of 10 ng/ ml.

Isolation of cells from cartilage biopsy:

A piece of cartilage tissue was minced into 2 to 4 mm pieces with a sterile scalpel.
The collagenase solution was diluted 1:4 in FBS-DMEM, added to the tissue. sample -
and left to incubate on a rotafor at 37°C, overnight (ON). The cells were centrifuged
{1200 rpm 5-10 min). The medium was aspirated, the cells washed in 5 ml meditm and
recenfrifuged. The cells were resuspended in culivrc medium and seeded in 25 cm’ or
75 e’ flasks at a concentration of approximately 1x10° cells per flask. The cells were
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<221> FeatureKey : M SC_FEATURE <222> LocationFrom:
165 <222> LocationTo : 165 Qther Information : Xis
other than N and nore preferably G CDSJoin : No
Sequence <213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceStri ng MARLPVAAQP KEAAVQSGAG DYLLA KRI R
RLYPI VA GF HLQALPDGRI GGAHADTRDS 60 LLELSPVERG

URRELIY ST b 0P Sk R Pt ey 2-

Ihags. <212> Type : PRT <211> Length : 152 SequenceNane

. SEQ ID NO 7 SequenceDescription : Feature Sequence:
SEQ I D NO 7: <221> FeatureKey : M SC FEATDRE <222>
Locat i onFrom 111 <222> LocationTo 111 O her :
.han N and nore preferably G
ALI0I\;

; 1 No Sequence
When ﬂw cell culture reached the demed confluency the medium was removed and

the cells trypsinized according to standard procedure. The cells were split to 2-3 new
flasks and 20 ml fresh pre-warmed medium was added. The expansion of cells and

trypsinization was performed as necessary.

Furibermore, the cell population grown on the above matrices expresses several of
the chondrocyte differentiation markers. One of several phénotypes expressed during
chondrocyte differentiation is glycosaminoglycan (GAG) production. The production of
GAGs is identified in histological staining using Alcian blue or toluidine blue and
‘quantitated using the DMB (3,3"-dimethoxybenzidine dikydrechloside) dye method.

Example 11: Cell Proliferation/Differentiation Assay

Arﬁcular chondrocytes that have been isolated by enzymatic digestion and
maintained in monolayer culture undergo dedifferentiation over time and shift to a
ﬁbroblast—lﬂcg phenotype. This is reflected in part by their morphology and loss of
expression of collagen II. The cells are able to undergo proliferation and differentiation
into articular chondrocytes under certain growth conditions.

Proliferation of the cartilage cells in the presence of the different variants was
quantitated by one of two methods, CyQUANT® (Molecular Probes) or XTT reagent
(Biological Industries, Co.). Human or porcine arficular chondrocytes (10*10° cell/100
ul) were grown in the presence of the variants of the invention (10 ng/ml) in microwell

© plates. The cells were grown for the several days in DMEM with and without FGF and

variants, and the cells processed according to manufactirers instructions. The plates
were read in an ELISA reader at A490 nm. Resulis for human articular chondrocytes are -
shown in Figure 10A-10E.

Articular chondrocytes were isolated from cartilage tissue fragments. Cells were
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-N11iR or

FGF9-W144G wero added to the medium and then to the cells, Medinm with variant
“66-



10

15

20

<213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceString : MAPLGEVGNY FGVQDAVPFG NVPVLPVDSP
VLLSDHLGQS 60 LRRRQLYCRT GFHLEI FPNG TI QGTRKDHS

RFG LEFI SI 120 KGELYGSEKL TQECVFREQF EENXYNTYSS
NLYKHVDTGR 180 HQKFTHFLPR PVDPDKVPEL YKDI LSQS 208
<212> Type : PRT <211> Length : 208 SequenceNane SEQ

| Wad\@xéhafeduense s cdd tk’ﬂ)ﬁferaugf\@ww@’te%musm

GNNE RYYVAl NKDG TPREGTRTKR Feat ur e
?é%‘é’%‘?ﬁ’ e Ohoicoaten oy

o%mxgdzce fis Locat i onFr om: 144

Human or porcine articular chondrocytes were grown in culture with or without wild
type and variant FGFs for itwo weeks. The cells were observed under an inverted
microscope and stained with fluorescent-conjugated phalloidin.

The data from the human articular chondrocytes are shown in Figures 9 and 10.
Figure 9 shows the proliferation curve of cells that were cultured in medium with and
without added FGF ligand. The ligands FGF-2, FGF2-N111G (FGFv) and FGF9 have a
proliferative effect on the articular chondrocytes, while FGF9-W144G (FGFv) does not
enhance proliferation. .

Figures 10A-10E shows human articular chondrocytes following 2 weeks in culture
as seen under an inverted microscope. Cells grown without igand (panel A) exhibit a
fibroblastic morpholegy with undefined borders., while cells grown in the different
ligands have variable polygonal shapes. Without wishing to be bound by theory these

* resulis suggest that the cells retain the chondrocytic phenotype are able fo undergo

differentiation once the cells have been induced to proliferate. Furthermore the cells’
volume is affected and the cells grown in FGF-9-W144G {panel E) are the largest. The
celis in panel B and C were grown in FGF-2 or FGF2(3,5Q)-N111R, respectively.

Figure 11A shows the morphelogy 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
bordess, while the cells grown in human FGF9-W114 variant are cuboidal and resemble
articular chondrocytes. The cells were stained with fluorescent labeled phalloidin to
labels the actin cytoskeleton of the cells. The data are presented in Figures 12A-12C.
The differences in the actin cytoskeleton between the treatments are very clear. The |
actin of the cells grown in medium without ligand (Fig 12A) is clongated and typical of
fibroblast-like cells. The actin of cells grown in the FGF2-N111R Tigand is round and

 defined while the actin of cells grown in FGF9-W144G is polygonal.
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<222> LocationTo : 144 . O her Information : X

is other than Wand nore preferably elected from G

R, E or V (W44X) CDSJoin : No Patent Sequence: SEQ

ID NO 8: <302> Title : ACTIVE VARI ANTS OF FG-F W TH

| MPROVED <308> DBAccessi onNunber : <309> DBEntryDat e

<310> DocNurrber : WO 02. 36732 <311> PatentFilingDate
2002-05-10 <313> From:1

: > Pub
<3 158 by poss E?é"ééea b abenoPpe picoraim mepqizsls by exposing
Ghaams SGRaaHants a‘BAakﬁMs A0 iPeoRaEanNmaRt biiibetas
EAGGLP RGPAVTDLDH LKA LRRRQL YCRTGFHLEI
| QGTR 60 FI SI AVGLVS | RGVDSGLYL GWNEKGELYG
SEKLTQECVF REQFEENXYN 120 DTGRRYYVAL NKDGTPREGT
RTKRHQKFTH FLPRPVDPDK VPELYKO LS 172

Example 12: Chondrocyte Pellet Culture

Cell differentiation and morphogenesis was studied in pellet cultures and analyzed

_ by using cell-type-specific markers. 2.5x10° porcine articular chondrocytes that had

been expanded in culture in the with and without FGF variants were pelleted in 0.5 ml
differentiation medium (DMEM -high glucose containing the following: 1 pM
dexamethasone, 1 mM Sodium pyruvate, 50-100 ug/ml ascorbic acid, 0.35 mM proline,
10 ng/ml IGF-1, 10 ng/ml TGFp, Msulin- Transferrin- Selenium solution (6.25pg/mi
each)) and incubated in differentiation medium in 15 m! polypropylene centrifuge tubes
with cé,ps loosened. Medium was exchanged every 2-3 days. ’Itlxe pellets were sectioned
using standard methods known in the art and stained with toluidine blue to label the
sulfated proteoglycans and immunchistochemically stained with anti-collagen I
antibodies.

The pellet culture grown in mediurn with no ligands or with FGF2-N111G showed
low collagen II expression. The cultures grown in medinm with FGF9-W144G show the
appearance of collapen Il over time. Figure 13A shows a small amount of collagen
staining after a week, while figures 13B and 13C show 2 high amount of collagen 1T
protein expressmn 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
medinm comprising the FGF9-W144G variant, while Figures 14D and 14C show no
toluidine blue staining for cultures grown in medivm alone or with FGI-2 variant,
respectively. '

This result shows that the FGF9—W144G variant is effective in differentiation of
ciiltured articular chondrocyte cells.

The same experiment is performed on chondrocytes isolated from human and other
matnmalian sources. «
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<212> Type : PRT <211> Length : 172 SequenceNane :
SEQ I D NGO 9 SequenceDescription : Feature Sequence:
SEQ I D NO 9: <221> FeatureKey : M SC FEATURE <222>
Locati onFrom : 10-8- <222> LocationTo : 108

O her Information : X is other than Wand nore
preferably s. elected fromG R E or V (W44X)

D NG 9: <302>
%1@13- iae SRRt éﬁﬁ%::&g % | PROVED
; >
Deint Py Eeumir v oy Y GRRAS 0 RS or s W3 S mppaive
Paieivr Ftilagy) Grftcts in 221001 kat @ ini8y mans Pufobadde A iotal of 6 adult

ifg‘;%%ﬁéaégﬁﬁééﬁ?\;ﬁg ?% I“F BEEIX% f@é‘% BB Frocodure

LS teten. i Hey wﬂw@é\@m@nﬁ @wmm@mmmus

' | prilafatySnANEody WS TR B 2 Q0 oy SRR TSH 1 5oam d
QUEREQEEEN VWNTYSSNLY KHVDTGRRYY VALNKDGIPR m deep
: %l[:: ( % natural matrix matrices, with or without FGF variaats, pre-

sceded with different concentrations of aHogeneic cells are n:nplanted in the
corresponding individual goat for a long term experiment (12 weeks). After 12 weeks,
all animals are humanely euthanized. The joints are grossly evaluated for specific

+ changes of the femoral condyle and the contacting surfaces. Histological analysis is

performed to determine the structural and cellular response to the implant materials.
Materials and Methods: _ 7

Six adult female goats (11-12 months 6ld) are used. In on:; f-:articular expetimental
system the different tests include:

‘Goat| Treatment ' 'I?reatmenf Middle Treatment Distal
Prt_)ximal _ .
1-3 Matrix Matrix + 0.4x10% cells: Matrix + 2x10° cells

4—5]- Matrix ++ FGFv Mamx+FGFv+04x105 cells. Matrix + FGFv +2x10° cells

The variant tested is FGF2(3,5Q)-N111G.

Anﬁbmtlcs 2ml of amoxycillin is injected IM mmwdmtely before the procedure
and once a day for 4 days afier the procedure,

Aunesthesia: Pre-medication: 0.05 mg/kg xylazine followed by ketamme—dlazepam
{4mg/kg and 2mg/kg IV) is administered IM.
Surgery and Implantation:

~ The basic surgical procedure is identical for all subjects. All surgerios are

performed under strict asepsis. Peri-operative anfibiotics are dosed IM at 2.4 million
units of Penicillin procaine (40,000 units/kg SID) at the beginming of the procedure,
Anesthesia is induced with xylazine 0.05mg/kg IM followed by ketamine-diazepam

(4mg/kg and 2mg/kg IV). The subject is intubated in ventral position and then

positioned to left recumbency. Anesthesia is maintained with a gaseous mixture of
Isofturane and oxygen. Analgesia, carprofen 2-4mg/kg SQ, SID.
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FTHFLPRPVD PDKVPELYKD | LSQS 145 <212> Type : PRT
<211> Length :145 SequenceNane : SEQ ID NGO 10
SequenceDescri ption : Patent Sequence: SEQ I D NG 10:
<302> Title : ACTI VE VAR ANTS OF FG- W TH | MPROVED

SPECI FI CI TY <308> DBAccessi onNunber : <309>
DBEntryDate :- - <310> DocNunmber : WD 02/36732 <311>

Len FiI'ngEnte : 2001-10-18 <312> PubDate :
E@§§r§g¥§%g<313> From: 1 <313> To : 145 Sequence
<213>THer myapiviab apacaeh colsMD SBARLEMS 1514@0skin incision made from the
, uencestrint LY. H P GTRKDHSRFG
FEEPLABLERY R B Boteinel e dbiny ety vedcros o e
OAEAEDREENDX YiNRY §iShd. Y Ulihly BiECRIRTYA, \(Ad. NEDGT Ry diss%ciezd and
RIKR 1 HE| gﬁg PDKVPEL YKD | 145 <212>

%%e : E%Wi% %@g i MQ afﬁqgach mto@e sh%%m% in incision is
made paralle] to the lateral border of the patella and patellar ligament. This extends
from the lateral side of the fascia lata along the cranial border of the biceps femoris and

into the lateral fascia of the stifle joint. The biceps femoris and attached lateral fascia

are retracted allowing an incision into the joint capsule. The joint is extended and the
patella luxated medially exposing the stiffe joint.

The harvest site is the same as the location of the planned trochlear defect which
is created in the right femoral condyle. The defects is approximately 5 mm in diameter
and approximately 2.5 mm in depth, and will pass info the subschondral bone. The
defects are made on either the lateral or medial wall of the distal trochlear sulcus
dependent on individual anatomy. The harvested cartilage layer is approximately 5 mm
in diameter and approximately 0.5 mm in depth. The harvested cells are transferred to
cell culture medium immediately afer harvest for expansion and matrix seeding. The

incision is closed in layers using appropriate suture and patterns.

Implantation Precedure;-

The trochlear defect is created in the right femoral condyle. The defects arc
approximately 5 mm in diameter and-‘appmximaiely 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
trachlear sulcus dependent on individual anmatomy. Fach defect is filled with the
appropriate fest article.

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 iibial plateau and across to the

medial side of the tibial spine. Using this method, the skin is bluntly dissected and

retracted to allow a lateral parapatellar approach into the stifle joint. An incision is
made parallel fo the Iatoral border of the patella and patellar ligament, This extends
from the Iateral side of the fascia lata along the cranial border of the biceps femoris and
into the 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 joint.
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SequenceNane : SEQ I D NO 11 SequenceDescri ption
Feature Sequence: SEQ I D NO 11: <221> Feat ureKey :

M SC _FEATURE <222> Locati onFrom: 81 <222> LocationTo
: 81 O her Information : X is other than Wand

mor e preferably s elected fromG R E or V (\/\144X)
CDSJoin : No Sequence <213> Organl smName .

SAPI E’\ﬁ'tﬁﬂlggﬁcepﬁiﬁ ﬁal%gm s R%e points of drilling

LEI FPNGT| S
6@0@4@5}@?@9 @nﬁﬁe@p@mﬂmlwﬂ%mcﬂ marker. A

fer IR KR inkoeh Il/dERR: ddidr tayer and
<212> Type PRT <211> length, : 127 SeqguenceNane SEQ

|Hemt %ﬁﬂéﬁ CHPRET ¢ Fﬁﬁ’tp@f?mqbaf ] d%efare%%wﬁsmvsed
Ehd8Opdver 162038 al ﬁkédedepthﬂ&‘r dppEoxiiRly NS S mbEaaimle T blane

Dﬁ%&%SP%Q FI cl % <63 D%Ccfe%%ﬁ%%%gg@g 09>

is carefully removed. The cutter is.carefully removed and any loose cartilage cdgmg is
carefully dissected with a scalpel blade. If neceded, a handheld powered drill with a
specially designed drill bit is used to chamfer the edge of the created defect. This
undercutting may assist in providing a mechanical lock with the matrix.

“The cartilage defocts are copiously flushed with sterile saline prior to insertion
of the test article, The appropriate test material is then placed into the defect such that it
is in line with the surrounding cartilage and covered with biological glue to maintain in
place. A final saline flush of the joint is carefully done. The patella is then reduced and
the joint moved through a complete range-of-motion to ensure that there is no
impngement due to the implants. This is followed by routine closire of the joint in
three or four layers using appropriate suture material.

Postoperatively, a modified Thomias splint is applied o the leg. This remains in
place for 2 weeks to limit flexing of the operated knee. Post operative checks are made
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

treatments are recorded in the appropriate stady documentation.
Necropsy -

Animals are humanely sacrificed at 12 weeks postoperatively. Bodyweights are
Tecorded immediately prior to sacrifice. Deep anesthesia is induced with a mixtare of
ketamine-xylazive and the subject exsanguinated according fo the guidelines set. forth
by the AVMA Panel on Buthanasia (JAVMA, Mazch 2000), _

Gross evaluation and sample collection as described in Table 4 are performed.
Lymph nodes in close proximity to the joint isexamined. The articulating surfaces
opposing the defect sites are examined for any abnormal joint surface. Additionatly,
gross evaluations of the knee joints is made to. determine the cartilage repair based on -
previous scoring criteria listed in Table 4. Femora, pateliae, synovium, and popliteal
Iymph nodes are harvested and placed into appropdately labeled containers.
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<311> PatentFilingDate : 2001-10-18 <312> PubDate :
2002-05-10 <313> From: 1 <313> To : 127 Sequence
<213> Organi smNane : HOMO SAPI ENS <400>
PreSequenceStfing : MOLYCRTGFH LEI FPNGTI Q GTRKDHSRFG
| LEFI SI AVG LVSI RGVDSG LYLGVNEKGE 60 LYGSEKLTQE
CVFREQFEEN XYNTYSSNLY KHVDTGRRYY VALNKDGTPR
EGTRTKRH?< 120 FTHFLPR 127 <212> Type : PRT <211>
y qlopvings gg@rplgﬂma&gmmmaﬁon of the cartilage

Sﬁ%@&%ﬁ?&%&cﬁ%&m AFhH gﬁﬁ‘w%&)?c& P%p%@nl-ﬁ
<221> Feat ureKey : RXGSC% T%BE <222> Locati onFrom

81 <222> LocationTo : QO her Information :
is other than Wand rmre preferably s el ected fromG
R, E or V (W44X) CDSJoin : No Sequence <213>

Organi smNane : HOMO SAPI ENS :

Table 4: Gross Evaluation and Sample Collection

Sample G1oss Sample hotograph
valuation [collection d Score

Heart

Lungs

Kidneys

Spleen

Popliteal lymph nodes | X - x .
ee joint (includes X
iculating defect site)

Gross Morphological Qbservations

After coﬂecﬁOn of the knee joints, the joints areropened_, photographed and the
surface of the defect sife scored as indicated in Table 5. The symovial membrane
isexamined for any inflammation. Joint fluid is collected and analyzed.

Table 5: Scoring Criteria for Gross Morphological Evaluations

!Chamcterzstzc : Gradmg Score
{Hdge Integratlon Fall 2
{mew tissue relative to native cartﬂage) Partial 1
INone 0

Smoothness of the cartilage surface  [Smooth 2
] termediate i
[Rough 0

Cartilage surface, degree of filling ush 2
Slight depression 1

) ressed/overgrown ]

iColor of cartilage, opacity or Transparent 2
translucency of the neocartilage Transtucent 1
Opagque 0

Histology and Histolosical Evaluatioﬁ

Immediately after dissection and following gross joint surface observations, the
joints isplaced in 10% Phosphate buffered formalin (at least ten-fold volume) for at least
48 hours and sent for histological ptocessmg After fixation in 10% phosphate buffered
formalin, the specimens is gfossly trimmed fe remove exira tissue. The tissue blocks
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<400> PreSequenceString : MJLYCRTGFH LEI FPNGTI Q

GTRKDHSRFG | LEFI SI AVG LVSI RGVDSG LYLGVNEKGE 60

LYGSEKLTQE CVFREQFEEX WYNTYSSNLY KHVDTGRRYY

VALNKDGTPR EGTRTKREQK 120 FTHFLPRPVD PDKVPELYKD | LSQS

145 <212> Type : PRT <211> Length : 145 SequenceNane
SEQ ID NO: 14 SequenceDescri ption ( Feature

SBENT ST B e o2 T BB B BT,
©rdeertol nﬁannnfatﬂmm grosslyer eConiast i isdiegripds ishaked\ paiddl to the

q%% ganl g%e%'ﬁh?aﬁo VD Sggﬁ\lliﬁllsndoglg Sequence

e eI BaR MRl O AL R, TP e
SSTHERISERTEDE CppRlF e SeplovioriingD RurRsomplole dgemleififion is determined,
BeTRRehisdddrmbhThabizn an ethanol series and pasaffin embedded. The
specimens issectioned to 5-10 pum. One section is stained with H&E and another
seqﬁential section with Safranin O counter-stained with Fast Green. For histologic
analysis of the sections, the scoring scale according to Frenkel is used.

Histological evaluation is performed to measure the following paramefers:
Characteristics of the neo-formed tissue,. regularity of the joint’ surface of the
regenerated tissue, structural integn'ty and thickness of the“ regenerated tissue,
endochondral ossification and state of the cells in the i‘emainiqg: cartilage.

Example 14: Pharmacokinetics

Methods for detecting administered compounds in the blood or tissue of treated
matmmals are known in the art: The pharmacokinetic properties of the administered
compounds are determined using such methods. In animal modelé', radiolabelled

-'oligpmmleoﬁdﬂs or peptides can be administered and their disiribution within body

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 moicty, including fluorescent or enzymer labels,
administration to an animal, extraction of the peptide from body flnids and organs
folqued by HPLC analysis. Alternatively, immunotistochemical methods are used for -
detection of the administered ‘peptide in tissue. The present invention coniemplates
reporter labeled FGF polypeptldes and chimeras, fusion protein, hybrids and conjugates

using the same.

Example 15: Effect of Variants on PCI2 Cells

To investigate whether neuronal PC12 cells respond differently to the FGFs and
FGF variants, cells were exposed to FGF-2, FGF2-N111R, FGF-9 and FGF9-W144G.
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127 <212> Type : PAT <211> Length : 127 SequenceNane
. SEQ I D NO: 15 egnenceDescription : Feature Sequence:
SEQ I D 110: 15: <221> FeatureKey : M SC FEATURE <222>
Locati onFrom : 80 <222> LocationTo : 80 O her
Information : wherein X is other than N and nore pref
erably S (N143X) CDSJoin : No Sequence <213>

O gaw 1%%%APJ E:% <400>¥rPr eSequence% rmll na%mal
Lm@m@@ﬁ&ohhﬂnﬁwﬁlﬁ%ﬁl{ﬁ}%eﬂé( G%g@b"% lﬁ;?i%ﬁa\%gh glucose
P MR R LAl i 30 Bl il and
e/ srepianyyinand 052103giulFGFaXsmnSEQ lidﬂnﬂiﬂedl.ﬁcubator at
3P eRCERRSCHE Bil, 3R cell ESa! #&%ﬁeﬁ%&%&éﬁ? A Qud §ire

collected and centrifuged for 5 min, 2000 pm. The cells were resuspended in 5 ml
DMEM and plated. _

After 3 days in cuiture, both FGF-2. and FGF-9 induced neuronal differentiation at
a similar level, as determined by the observation of neurite extensions. Close
observation of the cultures demonstrated that the length of the meurite outgrowth
induced by FGF-2 was typically longer than that induced by FGF-9. Jmportantly, the
variants indoced an inverse effect when compared to their wild type countetﬁart. While
FGE2-N111R was more pofent, as determined by the number and length of the neurite
extensions, than FGF-2, FGF9-W144G had the weakest aciivity of all tosted Tigands
exXerting minimal differentiation even at the highest concentration employed (40 ng/ml).

The 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 parﬁculaﬂy described, persons skilled in. the art
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 readily understood by
reference to the claims which follow.



<221> FeatureKey : M SC_FEATURE <222> Locati onFrom :
81 <222> LocationTo : 81 ‘ O her Information : X
is other than Wand nore preferably s elected fromG
R, E or V (W44X) CDSJoin : No Sequence <213>
Qr gani smNanme : HOMO SAPI ENS <400> PreSequenceString :
C $KGCFG. KLDRI GSMSG LGCGGEEEEEG Gpll CRI GFH
LElI FPNGTI Q GTRKDHSRFG 60 | LEFI. SI AVG LVSI RGVDSG
LYLGWEKGE LYGSEKLTQE CVFREQFEEN XYNTYSSNLY 120
1. KMVOTERERYo\GH- NISFRBRNG GERe 4660 fraEteR tasrinueg apd further

: PRT <211> L h
comaaing SEdaasioanasEI AGH SUBRIEITG Mg BRia E588 PooP.
beull\g %{ Zgﬂ%ggﬁﬁuﬁ%%&enz%sﬁ FW&BEO‘E%-?%P the following

[ on rom > LocationTo :
attriButes cormparetbio the corespondirigewild itype E/(Bﬁn mdﬂqeg proliferation

r ef er apl I
t%[@j a{ls- q\wgnge éatﬁgg%f@l[lgrp& rgbe;ﬁo?rsugt);p\é%%@g FGF variant
having enhanced receptor specificity for said at least one receptor subtype

compared to another receptor subtype.
2. The variant according to claim 1 wherein the FGF is FGF-9.

3. The variant acbording to claim 1 or 2 having SEQ 1D NOS: 11 or 13

wherein the at least one substitution is replacement of tryptophan 144.

4. An FGF complex molecule comprising an FGF variant according to

anyone of claims 1-3 linked to a bioactive agent.

5. The FGF complex molecule according to claim 4 wherein the bioactive

agent is CNP (1-22).

B. The FGF complex molecule according to claim 5 having SEQ 1D NO:
16 or SEQ ID NO:17. o

7. A polynucleotide encoding an FGF complex molecule having SEQ ID
NO: 31 or SEQ ID NO:32.

8. A pharmaceutical composition comprising as an active ingredient a
variant of an FGF having at least one truncated terminus and further
comprising at least one amino acid substitution in the beta 8-beta 9 loop,
being an FGF antagonist characterized in at least one of the following
attributes compared to the corresponding wild type FGF: reduced proliferatioh
of target cells having at least one FGF receptor subtype, said FGF variant
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dggctgtact , 120- ctgcgcatcc accccgacgg ccgagttgac
ggggt ccggg 180 aagctacaac ttcaagcaga agagagagga
havﬁ?t Shishried RAQPRuipuificly for ataiha deast ganey gapéor subtype
t act%gctt 300 tgtttctttt ttgaacgatt ggaatctaat :
comparech Eknanethgsreaapieigiubie-at gt ggcatt gaaacgaact
gggcagtata 420 cctgggcaga aagdtatact ttttcttcca
atgtctgcta 468 <212> Type : DNA <211> Length : 468
9. SeqmensieienkeutiGiQohipdvlioiBaSamdingdeDiaioy 8 wesein:the FGF
_ _Feature Sequence: SEQ I D NO:18: <221> Feat ureKey :
isF@Fs® feature <222> LocationFrom: 331

10. The phamaceutical corﬁposition according to claim 9 wherein the at
least one substitution is replacement of tryptophan 144, having SEQ 1D NOS:
11 0or 13. '

'11.  The pharmmaceutical composition according to-any one of claims 8-10
comprising as an active-ingredient a FGF variant of any one of claims 1-3

linked to a bioactive agent.

12.  The phamaceutical composition according to claim 11 wherein the

bicactive agent is CNP (1-22).

13.  The pharmaceutical composition according to claim 12 having SEQ ID

NO: 16-17.

14. A method of inter;cbnveﬁ;i'n'g selectively an FGF polypeptide from a
mitogen to a dif,ferehfiatién factor or from a differentiation factor fo a mitogen
by generating a variant h'aving at least one amino acid substitution into the
beta 8-beta 9 loop of said FGF potypeptide.

15.  The method according to claim 14 wherein the FGF is a FGF-9 variant.

16. The method according to claim 15 wherein the FGF-8 has SEQ ID -
NOS:8-9. -

17.  The method according fo claim 14 wherein the FGF has SEQ ID NO:8.

18.  The method according to claim 14 wherein the FGF has SEQ ID NO:9.
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for amno acid Ay or Arg. CDSJoin : No Custom Codon
Sequence Name : SEQ I D NO: 18 Sequence <213>

ani smNane : HOMO SAPI ENS <400> PreSequenceString :

Organiﬁﬁgb‘& d@?&lﬁﬁ%ﬁcat cac cacgctgccc gecccttccegg
"""""""""""""""" chbcg ggcacttcaa ggaccccaag

aacgg 120 ctgcgcatcc accccgacgg
'ttgac ggggtccggg agaagagcga 180 aagctacaac
Egg agggspg@gagagga gttgtgtcta tcaaaggagt 240
@99{%&9 Ctgipgpagga agatggaaga ttactggcett
chesahgial 30074-gi-oBat-09do tt gaacgatt ggaatct aat
cgRtaaaat 3 ov2-acPpgt-68860 accagttggt atgtggcatt

gRadlzghRRelsgggcagt at a aacttggttc 420 cctgggcaga
<110> Qagatintaddbnliane ct (PROGHAN RIOEHEH ahTyaget ga 468 <212>
Type : DNA
Individual Applicant

Street : SITRIA 104
City : MOSHAV SITRIA
State .
Country : ISRARL
PostalCode : 76834
PhoneNumber :
FaxNumber :
EmailAddress :
<110> LastName : YAYON
<110> FirstName : AVNER
<110> MiddleInitial :
<110> Sufflx :

Individual Applicant
Street : GANEI YOHANAN 160
City : MOSHAV GANEI YOHANAN
State : i
Country : ISRAEL
PostalCode : 76922
PhoneNumber :
FaxNumber :
EmailAddress :

<110> LastName : BOGIN

<110> FirstName : OREN

. '<110> MiddleInitial :

©<110> Suffix :

Appllcatlon Project

<120> Title : FGF VARIANTS AND METHODS FOR USE THEREOF
<130> App¥FileReference : PR0O-018-PCT

<140> CurrentAppNumber : PCT/ILO3/XXXX

<141> CurrentFilingDate - : 2003-05-09

Earlier Applications

s it b e 2 s e e TS P Ay T et T . e S At

<150> PriorAppNumber : IL149562
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Locati onFrom : 333 <222> LocationTo : 333 O her

Information : N IS SELECTED FROM A, C, G T. CDSJoin

: No Custom Codon Sequence Nane-: SEQ I D 140: 19
<151> SE8N§8ngRide OweenissName : HOMD SAPIENS  <400>

PreSequencCeString : atggctgccg ggagcatcac cacgctgccc
sequen®® tltcccgcccg ggcacttcaa ggaccccaag 120 ctgcgceatcc
______ accccgacgg ccgagttgac 180 aagctacaac ttcaagcaga

<213> agpgagaggac 24 HQMYEAEEENY ct at gaagga agat ggaaga 300

<400> PhgddquenteStryshcgat t Igjlg;aat ct aat 360 accal%tgz;q,lRE

MAAGSIEILR JGEEDECHR FRFFHEKDPK RLYCKNGGEF LRIHPDGRVD GVREKSDPHI
60

KLQLQAEEﬁG VVSTKGYCAN RYLAMKEDGR LLASKCVIDE CEFFFERLESN XYNTYRSRKY
120 : ’

TSWYVALKRT GQYKLGSKTG PGOKAILFLP MSAKS
155 '

<212> Type : PRT

<211> Length : 155

' SequenceName : SEQ ID NO:1

SequenceDescription :

Feature
Sequence: SEQ ID NO:l:
<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.
ChsJdoin : No

Feature

Sequence: SEQ ID NO:l:

<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 : XNo

Sequence
£213> OrganismName : HOMO SAPIENS
<400> PreSequenceString : _
MAAGSITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD GVREKSDPHT -
60
KLOLOAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVTDE CFFFERLESN RYNTYRSRKY
120 '
TSWYVALKRT GQYKLGSKTG PGOKATLFLP MSAKS .
155 '
<212> Type : PRT
' <211> Length : 155
SequenceName : SEQ ID NO:2
Sequencebescription :
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<221> FeatureKey : msc_feature <222> LocationFrom :
331 <222> LocationTo : 333 OGther Information : FINN
Sequenis a codon coding for amno acid Arg. ,CDSJoin : No
Tust om Codon Sequence Nane : SEQ I D NO 20 Sequence

<213> gﬁﬁgﬁsﬁkgﬂé'?@Rﬁ%ﬁ%é?ﬁﬂﬂ@3 SAPI ENS <400>
<400> PL %@ggeggggﬂﬂgng : atggctcang ggcanat cac cacgctgccc
MARGSTPRLE REPRIEESEN FPPERIRNIAXA RYYANIFFAUR LIEDARVYCGERIRIDPHT
§fcccgacgg ccgagttgac 180 aagctacaac ttcaagcaga

KLOLOABIIRY ¥Y8gRavEA) RYGHMERIEIRg HLAT EIVTREQ QB BRRUEGY aG Y FBRKY

id@tttctttt ttgaacgatt ggaatctaat 360 '
TSWYVALKRT GQYKLGSKTG PGQKAILFLP MSAKS

155
<212> Type : PRT
<211> Length : 155

SequenceName :- SEQ ID NO:3

SequenceDescription :

-

Sequence

e e i

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
MAQGOITTLP ALPEDGGSGA FPPGHFKDPK RLYCKNGGEF LRIHPDGRVD GVREKSDPHI .
60 A
KLOLQAFERG VVSIKGVCAN RYLAMEEDGR LLASKCVTDE CFFFERLESN XYNTYRSRKY
120- .- K
TSWYVALKRT GQYKLGSKIG PGOKAILFLP MSAKS
155
<212> Type : BRT
<211> Length : 155
SequenceName : S5EQ ID NO:4
SequenceDescription

Feature
Sequence: SEQ ID NO:4:
<221> FeatureKey : MISC_ FEATURE
<222> hocationFrom : 111
<222> LocationTo : 111 .
Other Information : ¥ is other than N and more preferably s
elected from R or G.
CDsJoin : No

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

MAOGOITTLEP ALPEDGGSGA FPPGHFKDPK RLYCKNGGFF LRIHPDGRVD GVREKSDPHI

&0 , ) _

" KLOLOAEERG VVSIKGVCAN RYLAMKEDGR LLASKCVIDE CEFFFERLESN GYNTYRS3
120 ~

TSWYVALKRT GQYEKLGSKTG PGOKAILFLP MSAKS
155

<212> Type : PRT

<211> Length : 155
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<211> Length : 468 SequenceNane SEQ | b-NO 21
SequenceDescri ption : Feature Sequence: SEQ ID hE)Zl:
<221> FeatureKey : msc_feature <222> LocationFrom:
& Cekg&@tl QRHOTH @ her Information : NIS
Ei Qption : CDSJoin : No Feature Sequence:
hE)Zl <221> FeatureKey : msc_feature <222>
,Iugégatl onFrom: 15 <222> LocationTo " 15 O her
————— Lniornatlon: NIS EITHER A OR G CDSJoin : No
<21 3> Feafani emBaae en dEMOSERPTHNSNG 21: <221> Feat ur eKey
<400>' PieSeqheatefteriag22> Locati onFrom : 331 <222>
MSGPCTAASEY LHRATGLEAIZS BPERRRFCAM PELABNG BT AENW‘F%SIOWF%&?LARLPV

: t%an a codon codi ng for As
ABQPKEAAVQ SGAGDYLLGI KRLRRLYCNY GIGFHLOALP DGRIGGAHAD TRDSLLELSP

120
VERGVVSIFG VASRFFVAMS SKGKLYGSPF FTDECTFKEI LLPNXYNAXE SYRYPGMFIA
180 :
 LSKNGKTKKG NRVSPTMKVT HFLPRL
206
<212> Type : PRT
<211> Length : 206
SequenceName : SEQ ID NO:6
SequenceDescription :

Feature
Sequence: SEQ ID NO:6:
<221> FeatureKey : MISC_FEATURE
<222> LocationFrom : 165
<222> LocabionTo : 165
Other Information : X is other than.N and more preferably G

CDSJolin : No

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
MARLPVAAQP KEBAAVOSGAG DYLLGIKRLR RLYCNVGIGF HI.QALPDGRI GGAHADTRDS
60
LILELSPVERG VVSIFGVASR FFVAMSSKGK LYGSPFFTDE CTFKEILLPN XYNAYESYKY
120
PGMFITALSKN GKTKKGNRVS PTMEVTHILP RL
152 _
<212> Type : PRT
<211> Length : 152
SequenceName : SEQ ID NO:7
SequenceDescription :

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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NO 21 Sequence <213> Organi smNane : HOMO SAPI ENS

<400> PreSequenceString : atggctcang ggcanatdac

cacgctgccc gecccttccgg aggat ggcgg cagcggcgec 60

t EB8ege g Nggcact t caa ggaccccaag cggct gt act

gcaaaaacgg gggcttcttc 120 ctgcgcatcc accccgacgg
SequegiEgagt t gac ggggt ccggg agaagagcga ccctcacatc 180
“““““““ ctacaac ttc a agagga gttgtgtcta
<400>t§r%§§§%§§2%t§§ ,aggP cggtacctgg ctat gaagga

J 3

e B PR P S B2 0SB B0t Ubnonc

LRRROEVERE CHE G THAgR daREaRkHE) Besastiadhvel 88 BeNabscLYLeMNE
ga@acgaact gggcagtata aacttggttc caaaacagga 420
KGELYGSERY JCAGHFREYT EENATRTTSS NYKeeeraR g etaaNacaggaitToa KR
4868 <212> Type : DNA <211> Length : 468 SequenceNane
HOKFTHFGEQ HVDPREY 2L YKDILSQS
208 .
<212> Type : PRT
<211> Length : 208
SequenceName : SEQ ID NO:8
SequenceDescription :

Feature .
Sequence: SEQ ID NO:8:
<221> FeatureKey : MISC FEATURE
<222> Locationfrom : 144
<222> LocationTo : 144

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 NO:8:

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICTY
<308> DBAccessionNumber :

<302> DBEntryDate : - -

<310> DocNumber : WO 02_36732

<311> PatentFilingDate : 2001-10-18

<312> PubbDate : 2002-05-10

<313> From : 1

<313> To : 208

Sequence

<4060> PreSequenceString :
MGQSEAGGLP RGPAVTDLDH LKGILRRRQI, YCRTGFHLEI FPNGTIQGTR KDHSRFGILE
60 '
FISIAVGLVS TRGVDSGLYL GMNEKGELYG SEKLTQECVF REQFEENXYN TYSSNIYKHV
120
DTGRRYYVAL NRDGTPREGT RTKRHQKFTH FLPRPVDEDK VPELYKDILS QS
172
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ElI THER A OR G CDSJoin : No Feature Sequence: SEQ ID
NO 22: . <221> FeatureKey : ndsc_feature <222>
Locati onFrom: 15 <222> LocationTo : 15 O her
<2124 Rfgematggn @ N IS EITHER A OR G CDSJoin : No Feature
<211>‘SQ,% pReE: 1S;§Q I D NO 22: <221> FeatureKey Elise
Bosiahe™ : Loe@tiporbeom @ 335 <222> LocationTo :
3&%qﬁkh@ernelsﬁ§:mptmdn an : NISETHERA C G ORT
CDSJoi n: No Custom Codon Sequence Name : SEQ I D
Featud@ 22 Sequence <213> Organi smNane : HOMO SAPI ENS
;*~~<ﬁ00> PreSequegceStrlng : atgtcggggc ccgggacggc
edqu
‘<2<211>g ¢! $§%€(§ ,@fpglég%%% chgtcctgct ggccttgetg 60 .
<222>° 15caticnFrom : 108
<222> LoocationTo : 108
Other Information : ¥X is other than W and more preferably s
elected from G, R, E or V (Wl44X)
CP3Join : No :

Sequence: SEQ ID NO:9%:

<302> Title : ACTIVE VARIANTS OF FGF WITH TMPROVED SPECIFICITY
<308> DBAccessionNumber : e

<309> DBEntryDate : - = -

<310> PpocNumber : WO 02/36732

<311> PatentFilingDate : 2001-10~-18

<312> Pubbate : 2002-05-10

<313> From = 1

<313> To : 172

Sequence

<213> OrganismName -: HOMO SAPIENS
<400> PreSequenceString :
MQLYCRTGFH LEIFPNGTI(Q GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
- 60
LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTKRHQK
120 ,
FTHFLPRPVD PDKVPELYKD ILS3QS
145
<212> Type : PRT -
<211> Length : 145
SequenceName : SEQ ID NO:10
SequenceDescription :

s ra s s

Sequence: SEQ ID NO:10:

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY
<308> DBAccessionNumber : ]
<309> DBEntryDate : - - .
<310> DocNumber : WO 02/36732 '

<311> Patentfilingbate : 2001-10-18

. <312> PubDate : 2002-05-10

<313> From : 1
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ggcggctcta gggcgeccgee gcacccactg ggagagect g
gt ggcgectct ggccgt ccag agcggegecg ctgcaacgtg
ggcat cggct cacccaacgg cgttggcgcg gcgact acct
<313> Foaccltiseca gectgectgga ggttcttcgt agtgcacgtt
cacgctggag cctgccggtg gctgggecatc ggegcetcccce
Sequeggect cgccc ggccat gagc caaggagatt Feat ure

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
MOLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE

60
LYGSEKLTQE CVEFREQFEEN XYNTYSSNLY KHVDTGRRYY VAILNEKDGTPR EGTRTKRHQK
120
FTHFLPRPVD PDKVPELYKD ILSQS
145
<212> Type : PRT
<211> Length : 145
SequenceName : SEQ ID NO:11
SequenceDescription

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 {Wl44X)

CDhSdoin : No

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString : '
MOLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISTAVG LVSIRGVDSG LYLGMNEKGE
60 .
LYGSEKLTQE CVFREQFEEN WYNTYSSNLY KHVDITGRRYY VELNKDGTPR EGTRTKRHOK
1290
FTHFLPR
127
<212> Type : PRT |
<211> Length : 127
SequenceName : SEQ ID NO:12
SequencebDescription :

Patent

Sequence: SEQ ID NO:12:

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY
<308> DBAccessionNumber : :
<309> DBEntryDate : -

<310> DocNumber : WO 02736732

<311> PatentFilingDate : 2001-10-18

<312> PubDate : 2002-05-10

<313> From : 1 '
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‘ot her than a codon coding for As n | AAT or AA-pi or a
stop codon and is nore preferably a codbn cod ing for
amno acid Ay or Arg. CDSJoin : No Custom Codon
<313>>8guengg; Name @ SEQ I D NO: 23 Sequence <213>
Organi smNane : HOMO SAPI EN <400> PreSequenceString :
Sequedlcggcgcgcc tgccggtggec agcgcagccc 60 gactacctgce
- ————-t-gggcat caa gcggctgcgg 120 cacctccagg cgctccccga
<213 o0geaaraiNnamb80 HOMOEtIAPAGNSt ct cgeccecgt ggagcgggge 240
<400>% Paageg@ggeggteigccagag cggcgecgge cggct ct act
MOLYCREGEE GERJFRPNEIT 0 gGERKRHSRHE g FI§E A¥E JoFdREHBSG LYLGMNEKGE

| msmgél‘é’?&%@%@%ﬁgﬁa Sy KGRI Lo A IAGAPE OTRERIOK

H ggcat gt tcatcgccct 420 cccaccatga aggtcaccca 456
FT ngg 2> Type : DNA <211> Length : 456 SequenceNane

<212> encelgscription Feature

<211> Length. : 127
SequenceName : SEQ ID NO:13"
SequenceDescription : .

Feature

Sequence: SEQ ID NO:13:

<221> PFeatureKey : MISC_FEATURE

<222> LogationFrom @ 81

' <222> LocationTo : 81 :
Other Information : X is other than W and more preferably s

elected from G, R, B or V {Wl44X)
CDS8Join : No

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSeguenceString :

'MOLYCRPGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
60

LYGSEKLTQE CVFREQFEEX WYNTYSSNLY KHVDTGRRYY VALNKDGTPR EGTRTERHOK
120

FPHFLPRPVD PDKVPELYKD ILSQS
145

<212> Type : PRT

<211> Length : 145 .
SequenceName : SEQ ID NO:14
Sequencebescription

Feature
Sequence: SEQ ID NG:14:
<221> FeatureKey : MISC_FEATURE
. <222> LocationFrom : 80
<222> LocationTo : 80
Other Information : wherein ¥ is other than N and more pref

erably S (N143X)

" CDSJoin @ No

Page 8
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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 Sequence Nane : SEQ ID

Sequent® 24 Sequence <213> Organi smNanme : HOMO SAPI ENS

----—-<400> PreSequenceString : atgcagctat actgcaggac

<213> bggatidtaact t agAEASAPIEREecaat gg tact atccag 60

<400> ggassgaggesSaadagcacag ccgatttggc attctggaat

MOLYCREGEH da@]t@tﬂsag@a@‘mg@@léﬁ@oﬂcﬁ%%g&% &a"%ﬁ%&!&ﬁﬁ Cyt-CMNERGE

B

FTHFL; f8gaacagtt cgaagaaaac 240 tggtataata cgtactcgtc
acctatat aagcacgtgg acactggaag gcgatactat 300

<10 @hlgcatiaa ataaagatgg gaccccgaga gaagggacta

<211> gﬁ{@a:ac&?gcaccagaaa 360 ttcacacatt ttttacctag

O9pG.CCCHRG a@ntict dsCt gaact gt at aaggat 420
abhEtRednt2apaiéga 438

Feature
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 5 (N143X).
CDSJoin : No

Sequence

by e e iyt A

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
MOLYCRTGFH LEIFPNGTIQ GTRKDHSRFG ILEFISIAVG LVSIRGVDSG LYLGMNEKGE
60 .
LYGSEKLTQE CVFREQFEEN XYNTYSSNLY KHVDIGRRYY VALNKDGTPR EGTRTKRHOK
120 '
FTHFLPRGGG GLSKGCFGLE LDRIGSMSGL GC
152 .
<212> Type : PRT
<211> Length : 152
 SequenceName : SEQ ID NO:16
Sequencebescription :

‘Feature
Sequence: 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 {Wid4X)
ChSJoin : No :
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W TH | MPROVED SPECI FI CI TY <308> DBAccessi onNumnber
<309> DBEntryDate <31(Q> DocNunber
<311> PatentFilingDate

<213>2003205sh@nw3 1 3R0is WRPTERs <313> TO
<400>Codepefasitzteihigne

WD 02136732

2001- 10- 18 <312> PubDat e

438 CUStony

SEO I'D NO: 25 Sequence

MGLSKGCFGL KLDRIGSMSG LGCGGGGGGE GDLYCRTGFH LEIFPNGTIQ GTRKDHSREG

60

ILEFTSIAVG LVSIRGVDSG LYLGMNEKGE LYGSEKLTQE CVEFREQFEEN XYNTYSSNLY

120

KHVDTGRRYY VALNKDGTPR EGTRTERHQK FTHFLPR

157
C<212> Type

<211> Length :

> PRT
157

SequenceName :
SequenceDescription :

Feature

SEQ ID NO:17

Seqﬁence:'SEQ ID NO:17:.

<221> FeatureKey :

M1

<222> TocationFrom :

<222> LocationTo :
Other Information :
elected from G,
ChSJoin :

Sequence

11

No

<213> OrganismName :
<400> PreSequenceString :

atggctgecy
60

ttcececgeecg

120
ctgcegeatec
180
aagctacaac
, 240
cggtaccigg
300
tgtttctttt
360
accagttggt
420
cctgggeaga
468 .

<212> Type :
<211> Length :

ggagcatcac
ggcacttcaa
éccccgacgg
ttcaagecaga
ctatgaagga
ttgaacgatt
atgtggeatt
aagctatact

DNA
468

SequenceName  :
SequenceDescription :

Feature

SC_ FEATURE
111
i

cacgctgeee
ggaccccaag
ccgégttgac
agagagagga
agatggaaga
ggaatctaat
gaaacgaact

ttttectteca

X is other than W
R, B or V (Wid4X)

HOMO SAPIENS

-gcecttecgyg
cggctgtact

gggatceggg

gttgtgtcta:

ttactggett

nnntacaata’

gggcagtata

atgtctgeta

SEQ ID NO:18

Sequence: SEQ ID NG:18:

<221> FeatureKey :

mi

sc_feature

Page 10

and more preferably s

aggatggcgyg
gcaaaaacgg
agaagagcga
tcaaaggagt
ctaaatgtgt
cttaccggte
aacttggtte

agagctga

cageggegec
gggcttettc
ccctcacatc
gtgtgctaac
tacggatgag
tagaaaatac

caaaacagga



LtiLayaaat vi

A A

yyaavuvdyya aayacvvvavay viuyat tt yy
attctggaat 120 ctggtcagca ttcgaggcgt
ctotacctog 180 ctgtatggat cagaaaaact
tgtgtattca 240 nnntataata cgtactcgtc
<222> 3BEEELHEGN3003 9t t gcat t aa at aaagat gg

<222> Uaagepaeia :3603ttcacacatt ttttacctag _
 othgAChaAgmRiont:t tNdale oEdeagthymn M 38den1geding

A%

ggacagt gga
aacccaagag
aaacct at at
gaccccgaga
accagt ggac

péo; As

n (AATDNA A21)]»d engtdp cof88 SehuenverfrareleseEbly 3 KGR cod

ing foSeguime elogsicELIPtdnATLd- Feat ure
RoSZein <2 Mp> Feat ureKey nisc feature

Custom Codon

Sequence Name :

Sequence

<213> OrganismName : HOMO SAPIENS

SEQ ID NO:18

<400> PreSequenceString :

atgyctgccy
60

ttccegeccyg
120

ctgcgcatce
180

aagctacaac .
240

cggtacctgg
300

tgtttctttt
360
accagttggt
420
cctgaggcadga
468
<212> Type
<211> Lengt

SequenceName : SEQ ID NO:19

ggagcatcac

ggcacttcaa
accccgacgy
ttcaagcaga

ctatgaagga

ttgaacgatt.

atgtggcatt
aagctatact

: DNA .
h : 468

cacgctgecce
ggaccccaadg

ccgagttgac

_agagagaggdga

agatggaaga

ggaatctaat
gaaacgaact

titttctteca

Sequencebescription :

Feature
Sequence:
<221> Featu

reKey :

SEQ ID NO:19: _
misc_feature

<222> LocationFrom : 333

<222> Locat
CDSJo

Custom Codo

ionTo :
in : No

n

333
Other Information :

Sequence Name : SEQ ID NO:19

Sequence

geecttoegyg
cggctgtact
ggggtccgdgy
gttgtgtcta
ttactggetl
cgntacaata
gggcagtata

atgtectgeta

N IS SELECTED FROM A,

<213> OrganismName‘: HOMO SAPIENS

Page 11

Sequence:

aggatggcgg

gcaaaaacgg

aga}agagcga

tcaaaggagt

ctaaatgtgt
cttaccggtc
aacttggtte

agagctga

c, G

SEQ I D

cagcggegec

‘gggcttctic

cecteacatc
gtgtgctaac
tacggatgag
tagaaaatac

caaaacagga

T.



1 Ul

L

a ot uUpy Ludull

\ AV

LIV an\ =g 4

gy = allu

is nore preferably a codon coding for amno acid Gy,

Arg,

Val or

O gani snNane

<400> argﬁggﬂﬁnaﬁstﬁingéggac t
o RGGat s &CCd
ggt cagca ttc

s8Ry

qtggctg

ttcccggga &

G u:
Sequence Nane

CDSJoi n :
SEQ I D NO. 26

No Cust om Codon
Sequence

<213>

HOMO SAPI ENS <400> PreSequenceStri ng

&

ctgegeatec accccgacyy ccgagttgac ggggtccggg

180
aagctacaac
240

cggtacctgg

300 -
tgttteotitt
360
accagttggt
420
cctgggcaga
468
<212> Type

<211> Length :

ttcaagcaga
ctatgaagga
ttgaacgatt
atgtggcatt
aagctatact

: DNA
468

agagagagga gttgtgtcta
agatgéaaga ttactggctt
ggaatctaat nnntacggta
gaaacgaact gggcagtata

tittctteca atgtctgcta

SequenceName : SEQ ID NO:20-
SequenceDescription :

Feature

Sequence: SEQ ID NO:20:

<221> FeatureKey

: misc feature

<222> L,ocationFrom : 331

<222> LocationTo :

333

cac tta

SEbtiSod, pig Al

e GOSN s R

agaagagcga

tcaaéggagt
ctaaatgtgt
cttaccggtc
aacttggttc

agagctga

80qcq0cqee

ccctcacatce
gtgtgctaac
tacggatgag
tagaaaatac

caaaacagga

other Information : NNN is a codon coding for amino acid A

rg.

- CDSJoin :

No

Custom Codon

Sequence Name :

s e e e

SEQ ID NO:20

<400> PreSeguenceString :

‘atggctcang
' 60
ttececegeoceg

120
ctgcgeatce
180
aagctacaac
240
cggtacctgg
300

tgtttetttt
360

ggcanatcac
ggcacttcaa
accccgacgqg
ttcaégcéga

ctatgaagga

ttgaacgatt

cacgctgcce geccttceedag
ggaccccaag cggctgtact

ccgagttgac ggggtcegyg

agagagagga gttgtgteta

agatggaaga ttactggctt

ggaatctaat nnntacaata

Page 12

aggatggcegy
gcaaaaacgq
agaagagcga
tcadaggagt
ctaaatgtgt

cttaceggte

cageggegeco
gggcttette
cccteacate
gtgtgctaac
tacggatgag

tagaaaatac



cturtovavaval L tLtLtrauvuli d.g aLU VOT ~NL 1L~ |ypc . ANV N2 4141~
Length : 384 SequenceNane SEQ | D NO 27
SequenceDescri ption tccccaatgg ttatcagtat ggatgaatga
gagaacagtt acactggaag ggactaaacg tactatccag '
accagtRQEagt Gopt-a A aguRyyagCt Wﬁaﬁ%’éa 9*’@6}&?38?5? caaaacagga
4xcaccagaaa Pat ent uence: ,SEQ I D NO: 27:
cetgggoadB2aadtidtact mq’qc\mw%m%ﬁ%g FE9F PR | MPROVED
A68PECI FI ClI TY <308> DBAccessi onNunber : <309>

<212> T3BeNE r%t e
<211> Length ! 468

SequenceName : SEQ ID NO:21
Sequencebescription :

Feature

Sequence: SEQ ID NO:21:

<221> FeatureKey : misc_feature

<222> LocationFrom : 9

<222> LocationTo : 9
Othex Informatlon - N IS BITHER A OR G
CDSJoin : No

Feature

Sequence: SEQ ID NO:21:

<221> FeatureKey : misc_feature

<222> LocationFrom ; 15

<222> LocationTo : 15 :
Otrher Information : N IS EITHER A OR G
CDSJeoin : No '

Feature

Sequence: SEQ ID NO:21:
<221> FeatureKey : misc_ feature
<222> LocationFrom : 331

<222> LocationTo : 333
Other Information : NNN is other than a codon coding for As

n (AAT or RAC)} or a stop codon and is more preferably a codon cod
ing for amino acid Gly or Arg.
ChSJoin : No '

Custom Codon

et et e s ot e

Sequence Name : SEQ ID NO:21

Sedquence

e L e st et e

£213> OrganismName : HOMO SAPTIENS

<400> PreSequenceStrlng :

atggctcang ggcanatdac cacgctgecce gcccttccgg aggatggcgg cagcggegee
60

tteccecgeeeg ggcacttcaa ggaccccaag cggctgtact gcaaaaacgg gggcttetite
120

ctgcgecatee acccegacgg ccgagttgac ggggtccggg agaagagcga ccctcacate
180

Page 13
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NO: 27 Sequence <213> Organi smNane : HOMO SAPI ENS

<400> PreSequenceString : atgcagctat actgcaggac

tggatttcac ttagaaatct tccccaatgg tactatccag 60

fi cAht e¢QPRRfagt gtgtgctaac

angot il C%%%%g@g‘%%g%t TR R e
cagta8URRAYG985564 Akflieat8 et itigyat ceagaapaactacggatgay

FFECcaagag tg gtattca 240, nnntataata cgtactcgtc

tgtt+AAAGCALAhc§aue anlaet3l gitigrahtaackt aaapHiggagaaaatac
g&secccgaga gaagggacta 360 ttcacacatt ttttacctag atga
accagB8fyt<2tdrghypet | gBNEgeatt >gd@raytata 384 Qiien CapameagYa -
£ | D NO: 28 SequenceDescri ption ggat gaat ga '
cctgg@@aa@g%@a@aga@adda@ﬂtt@%a@%@% eaRBYHEL
¢&fat act at ggactaaacg gcaccagaaa Feature
<212> Type : DNA
<211> Length : 468
SequenceName : SEQ ID NO:22
SequenceDescription :

Feature

Sequence: SEQ ID NO:22:

<221> FeatureKey : misc feature

<222> LocatienFrom : 9 _ L

<222> LocationTo : 9 .
Other Information : N IS EITHER A OR G
CD8Join : No

Sequence: SEQ ID NO:22:

<221> FeatureKey : misc_ feature

«<222> LocationFrom : 15

<222> Locationfo : i5 '
Other Information : N IS BEITHER A OR G
CDSJoin : No

Feature

Sequence: SEQ ID NO:22:

<221> FeatureKey :. misc_feature

<222> LocationFrom : 333

<222> LocationTo : 333
Other Information : N IS BITHER A, C, G, OR T
CDSJoin : No

Custom Codon

-— .

Sequence Name : SEQ ID NO:22

Sequence

e it e s e

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

atgtegggge ccgggacgge cgeggtageg ctgctccegg cggtcctgct ggcettgetg
60

Page 14
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for Tr p (TGS or a stop codon (TAA, TAG or TGA) and
iIs nore preferably a codon coding for amno acid dvy,
., Val or Ju. CDSJoin : No Custom Codon Sequence
gegee :ngéecﬁi‘ﬁ?\ic?%%&aﬁ‘ér%?“@igg FYHACE AR ICTIgag

e S A A s
TR
aagcg&@tgﬁ?%@?%cggg% q@&?ﬂgcﬁgé Yl egglA O d QAR §yegetcece

$@d act’cg ctatat aagcacgtgg 300 gttgcattaa
gacggtRRRF_LGHgHEEE CFERGR AR FAFRGHFadd GddieReggatldctctegece
' ~34d t accaga ccagtggacc ccgacaaagt 420 ttctaagcca
gtggagafid gegtggtgag catcttegge gtggecagee ggttettegt ggecatgage
420 )
agcaadggca agctctatgg ctegceettce ttcaccgatg agtgcacgtt caaggagatt
480
ctcettecca acnnntacaa cgectacgag tcctacaagt accccggeat gtteatcegece
540 ‘
ctgagcaaga atgggaagac caagaagggg aaccgagtgt cgcccaccat gaaggtcace
600 '
cacttectee ccaggetg
618
<212> Type : DNA
<211> Length : 618
: SequencelName : SEQ ID NO:23
Sequencebescription :

Feature

Sequence: SEQ ID NO:23:

<221> FeatureKey : misc_ feature
<222> LocationFrom : 493

<222> LocationTo : 495
Other Information : NNN is eother than a codon coding for As

n {(AAT or BAC) or a stop codon and is more preferably a codon cod
ing for amino acid Gly or Arg.
.CDSJoin : No

Custom Codon

L e ——

Sequence Name : SEQ ID NO:23

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

atggcgcgee tgceceggtgge agcgcagecc aaggaggegg ccglcocagag cggogceggo
60

gactacctge tgggcatcaa gcggcetgegyg cggctctact gecaacgtggg catcggette
120 . :

cacctccagyg cgectecceccga cggecgcate ggeggegege acgcggacac ccgegacage
180 .

ctgctggage tectegeecgt ggagegggge gtggtgagea tetteggegt ggecagecgg

‘ 240 '

Page 15
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LocationFrom: 238 <222> LocationTo : 240 O her
Information : wherein NNN is other than a codon codin
% for Aa?'(AAT’ AAC) or a stop codon (TAA, TAG or
and i r ' '
ttette R Ead RSB Ly cBatgfan cgedichygcorcageigrbgad
3 ?% Set-9 %ﬁg§0|n :éiwn %ﬁston1deon Sequence Nane :
tgcacyg gfl %@ﬁ%c@egé@%&aaﬁ hamt&xgary sitlaggagt¢@ecaagtac
3 00> PreSequenceString : atgcagctat
ccoggcathiCagiRgydeanabhjeansadaraggaatgac®D (gqageeadyFeIaItates
4agfaccacag ccgatttggc attctggaat 120 ctggtcagca
cccaccht§§a9gpdiacggacagt ggecastcrggeteég 180 ct gt at ggat
4687Jaaaaact aacccaagag tgtgtattca 240
<212> Type : DNA
<211> Length : 456
SequenceName : SEQ ID NO:24
SequenceDescription :

[2Y <Y <1

Feature

Sequence: SEQ ID NO:24:

<221> FeatureKey : misc feature
<222> LocationFrom : 331

<222> LocationTo : 333 '
Other Information : NNN is other than a-codoen coding for As

n. (AAT or AAC)} oxr a stop codon and is more preferably a codon cod
ing for amino acid Gly or Arg.
CDSdJoin : No :

CuStom,Codoﬁ

Sequence Name : SEQ 1D NO: 24

Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString -

atgcagctat actgcaggac tggatttcac
60 '

ttagaaatet tccecaatgg tactatccag

ggaaccagga
120
ctggtcagca
180
ctgtatggat
240
tggtataata
300
gttgcattaa
360
ttcacacatt
420
attctaagcc
438

<212> Type :
<211> Length :

aagaccacag
ttcgaggcegt
cagaaaaact
cgtactegtc
ataaagatgg
tittacctag
aaagttg;

DNA
438

SequenceName :
SequenceDescription :

ccgatttggc
ggacagtgga
aadccaadag
aaacctatat
gacccegaga

accagtggac

attctggaat
ctctaccteg
tgtgtattca
aagcacgtgg
gaagggacta

cccgacaaag

SEQ ID NO:25

Page 16

ttatecagtat
ggatgaatga
gagaacagtt
acéctggaag
ggactaaacg

tacctgaact

agcagtgggce
gaagggggag
cgaagaaaac
gcgatactat
gcaccagaaa

gtataaggat



trtuvavavatl t ttttavviay atya 905 =4 lco~ Iy pe . LJIl\II'-\ ~L 44T
Length : 384 SequenceNane : SEQ I D NO: 30
SequenceDescription : Feature Sequence: SEQ ID

NO: 30:

Locati onFrom:

Pat enta her

““““““ for As n
Seqﬂmaﬁdl FEQ i}

I nformati on :

( AAT
83

gl

<221> FeatureKey m sc_feature <222>
238 <222> LocationTo :
NNN i s other than a codon coding
AAC) or a stop codon (TAA TAG or TGA)

for G Rfr O

240

. oY E%Br #p d
:ggg; Gee : ture equence: % I%ﬁﬁﬁgﬁgs
<309> Sff’ MBSy fisc feature <222> Locati onFrom 231
<310> Doc q_,ca?t Wg—?ﬁ?‘ O her Information : NNN
<3115 +@ Coﬂéﬁhi%ﬂﬂlﬁg for As n (AAT, AAC) or a

[
<312> %B@a@é"%o@
' <313> 2r&RAD

. coding for ami no acid Ser.
<313> @yst ameCodon

Custom Codon

e Yt et £ s e e

Seguence Name !

it s, e e N e o et

<213> OrganismName :

SE¢ ID NO:25

<400> PreSequenceString :
actgcaggac tggatttcac ttagaaatct

atgcagctat
60
ggaaccagga
120
ctggtcagca
180
ctgtatggat
240
‘nnntataata
300
gttgcattaa
360
ttcacacatt
420
atitctaagcc
438
<212> Type

<211> Length :

aagaccacag

ttcgaggegt
cagaaaaact
cgtactegte
ataaagatgyg
ttttacctag
aaagttga

: DNA
438

SequenceName :
SequenceDescription :

Feature

——— e 2

ccgatttgge
ggacagtgga
aacccaagag
aaacétatat
gaccccgaga

accagtggac

Sequence: SEQ ID NO:26:

$<221> FeatureKey :

misc_feature

HOMO SAPIENS -

attctggaat

ctctacctcg.

tgtgtattca
aagcacgtgg
gaagggacta

cccgacaaayg

SEQ ID NO:26

tcceccaatgg
ttatcagtat
ggatgaatga

gagaacagtt

acactggaag

ggactaaacg

tacctgaact

$805-160G or TGA) and is nore prefer ably

CDSJoin : No

tactaktccag
agcagtggge
gaagggggag
cgaagaaaac
gegatactat
ggaccagaaa

gtataaggat

<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 ceding for amino acid Gly, Arg, Val or Glu:
CDSJoin : No

Page 17
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ggaaccagga aagaccacag ccgatttggc attctggaat 120
ctggtcagca ttcgaggcgt ggacagtgga ctctacctcg 180
ctgtatggat 'cagaaaaact aacccaagag tgtgtattca 240

nnnt at aat a cgtactcgtc aaacctatat aagcacgtgg 300
tgcattaa ataaagatgg gaccccgaga gaa acta 360
cuStOH?{C&’a%%catt ttttacctag aggaggggga ggt g?gtcca 420

Seque ‘egﬁ%ﬁégaaséq%&@cs:@?@& gagcggcct g ggatgt 456 <212>
a 1{pre T-DNA <211> Le_ngth . 456 SequenceNane : SEQ I D
Sequenmi 31 SequenceDescription : Feature Sequence: SEQ ID
_____ NO31: <221> FeatureKey : misc feature <222>
<213> Rgahi afkmem:: HRNG. SARDNS LocationTo @ 243
<400> Brbeeqhedarsmtingn: NNN i s ot her than a codon coding
atgcadotiat Tacpydab@ar bpyatstany: ddaonaptAR topacasitaT A Clatdcad
: i6® nore preferably a codon coding for amno acid GILy,
ggaaccapga Madacrad@ouccdPETiedar atistagarbiiteddggtat agcagtygge
120
ctggtecageca ttcgaggegt ggacagtgga ctctacctcg ggatgaatga gaagggggag
180 _ : ‘
ctgtatggat cagaaaaact aacccaagag tgtgtattca gagaacagtt cgaagaaaac
240 _ -
tggtataata cgtactcgtc aaacctatat aagcacgtgyg acactggaag gcgatactat
300 o
gttgcattaa ataaagatgg gaccccgaga gaagggacta ggactaaacg gcaccagaaa
360 :
ttcacacatt ttttacctag atga
384 '
<212> Type : DNA
<211> Length : 384
SequenceName : SEQ ID NO:27
SequenceDescription :

Sequence: SEQ ID NO:27:

<302> Title : ACTIVE VARIANTS OF FGF WITH IMPROVED SPECIFICITY
<308> DBAccessionNumber :

<309> DBEntryDate : - =

<310> DocNumber : WO 02/36732

<311> PatentFilingDate : 2001-10-18

<312> PubDate : 2002-05-10 '

<313> From :z 1

<313> To : 384

Custom Codon

e e e A i i e mm e tmn

Sequence Name : SEQ ID NO:27

Sequence

i A i o '

<213> OrganismiMame : HOMO SAPIENS
<400> PreSequenceString :
atgcagctat actgcaggac tggatttcac ttagaaatct tccccaatgg tactatccag
60 _ ,
ggaaccagga aagaccacag ccgatitggce attctggaat ttatcagtat agcagtggge
120 '

Page 18
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gagggggagg gggaggggga 120 ttagaaatct tccccaatgg
tactatccag 180 attctggaat ttatcagtat aggagtgggc 240
ctctacctcg ggatgaat ga gaagggggag 300 tgtgtattca
ctggt@agaacagiigogdagragag e q@@@g@@@@@@@%&é@@@%aﬂfa@l%ww ,
fegat act at 420 gaagggacta ggact aaacg gcaccagaaa 471
ctgtatgb2>cIgperaadiNAacEEesgre dgiiytatucy JBegaergbRfRragaaaac
JEQ I'D: NO: 32 SequenceDescription : Feature Se uence. . .+
nnicSa0n) DR 920163 FESFERT B GRS P bipaY ppacta
ationFrom: 331 <222> Locationlo : e
gttgc;gg@ér ABREFRAR LIRSS TR TR IAHIR T I, %%Q%%g nchaf"S?gaaa
A tg %géﬁ)é?cg{ﬂ%a;a}tg%p codon (TAA, TAG or TGA) and is

codon coding for amno acid 4y,
<212> o Yafor Gu. CDSJoin : No Custom Codon Sequence -
<211> 4D NO 32 Sequence <213> Organi smName @
eﬁe&g <430 1Br aSempienceString : LEENHYNTY

SequenceDescription :

Feature

Sequence: SEQ ID NO:28:

<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-

Ty

Custom Codon

Sequence Name : SEQ ID NO:28

Sequence

i e o

<400> PreSequenceString :.
atgcagctat actgcaggac tggatttcac ttagaaatct tccccaatgyg tactatccag
60 : : .
ggaaccagga aagaccacag ccgatttgge attctggaat ttatcagtat agcagtgggc
120

ctggtcagea ttcgaggegt ggacagtgga ctcetacctcg ggatgaatga gaagggggag

: 180 : '

ctgtatggat cagaaaaact aacccaagag tgtgtattca gagaacagtt cgaagaannn
240 _ ‘

tggtataata cgtactcgtc aaacctatat aagcacgtgg acactggaag gcgatactat
300 : '

gttgcattaa ataaagatgyg gaccccgaga gaagggacta ggactaaacg gcaccagaaa
360 ‘ :

ttcacacatt ttttaccaga ccagtggacc ccgacaaagt acctgaactg tataaggata
420 :

ttctaageca aagttga
437 i

<212> Type : DNA

<211> Length : 437
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A yalll oifiNnalle . 'V OJMmin |l EI\D
LRSNNYNTY 9 <212> Type : PRT <211> Length : 9
SequenceNane :
Sequence <213> Organi smNane :

PreSequencesStri el YNTY 9 <212> Type :
deetions, - i%}%’g%au‘g!%:"e%l\lame . SEQ I D 140: 35
S UERE BT ot On
SAPI ENS <400> PreSequenceStri ng
_______ : PRT <211> Length
sequendd :Nrdbrpagyscebescri ption
<221> FeatureKey : misc_feature
<222> LocationFrom : 238

. €222> LocationTo : 240

~=FUUVS T oooyyutilivoeol bl

9 SequenceNane :

Iy

SEQ I D NO: 34 SequenceDescription :
HOMO SAPI ENS <400>
PRT

Sequence <213> Organi smNane :
LLPNNYNAY 9

SEQ

Other Information : wherein NNN is other than a codon codin

g for Asn (AAT, AAC) or a stop codon (TAA, TAG or TGA)
e preferably a codon coding for amino acid Sex. -
CDSJoin : No

Custom Codon

RSP

Sequence Name : SEQ 1D NO: 28

- Sequence

<213> OrganismName : HOMC SAPIENS

<400> PreSequenceString :

atgcagctat actgcaggac tggatttcac ttagaaatect
60

ggaaccagga
120

ctggtcagea
180

ctgtatggat
240

tggtataata
300

gttgcattaa
360

tEcacacatt
384

<212> Type : DNA

<211> Length : 384
SequenceName : SEQ ID NO:30
SequenceDescription :

tccccaatgy

aagaccacag ccgattitggce attctggaat ttatecagtat

ggatgaatga

ttegaggcgt ggacagitgga ctgtacctcg

tgtgtattca gagaacagtt

cagaaaaact aacccaagag

cgtactcgte aaacctatat aagcacgtgg  acactggaag

ggactaaacqg

ataaagatgg gaccccgaga gaagggacta

ttttacctag atga

Feature

Sequence: SEQ ID NO:30:

<221> FeatureKey : misc_feature
<222> LocationFrom.: 238

<222> LocationTo : 240

and is mo

tactatecag
agcagtggge
géagggggag
cgaagaannn
gegatactat

gcaccagaaa

Other Information : NNN is other than a codon coding for As
n (AAT, BAC) 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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SequenceDescri pti on

J Jtyurtilivoinallic .

DL\ | U INJV. 91T

Sequence <213> Organi smNane :

HOMO SAPI ENS <400> P}eSequenceString LLPNNYNTY 9

<212> Type :

Seq“effcf_aENﬁ’?‘F%TW e

<221>
<222> 40
<222> 10

I sSnmN\ane
n1
ﬁeagﬁé'fﬁ

1onT

Z
S G UGRBEERL T «

gaggﬁmﬁ%ﬁe :

PRT <211> Length
FEatu#%)14O 38 SequendeDescri ption

9 SequenceNane :
Sequence <213>

SEQ

SAPI ENS <400> PreSequenceStri ng
PRT <211> Length

gan|snﬁbne :

9
: 39 SequenceDescri ption
HOMO SAPI ENS <400>

NMMENNG A er9than a codon coding for As

n (AAT, BAC) or a stop codon (TAA, TAG or TGA) and is more prefer
ably a codon coding for amino acid Ser.
ChsSJoin : No

Custom Codon

Sequence Name :

e e aan gt e s tan s

<213> QrganismiName : HOMO SAPIENS

SEQ ID NO:30

<400> PreSequenceString :

atgcagctat
60
ggaaccagga
120
‘ctggtcagea
180
ctgtatggat
240
nnntataata
. 3090
gttgecattaa
- 360
ttcacacatt
. 420
ctggaccgaa
456
<212> Type

<211> Length :

actgcaggac
aagaccacag

ttcgéggcgt

‘cagaaaaact

cgtactegte

ataaégatgg
ttttacctag
tecggeteeat

1 -DNA
456

SequenceName :
SequenceDescr;ptlon :

Feature

Sequence:

<222> LocationFrom :

<222> LocationTo :
Other Information :

tggattteac
cogatttgge
ggacagtgga
aacccaagag
aaacctatat

gacccagaga

aggaggggga g

gagcggectg

SEQ ID NO:31:
<221> FeatureKey : misc feature
2471

243

ttagaaatct
attctggaat
ctctacecteg
tgtgﬁattca
aagecacgtgg

gaagggacta

ggatgt

SEQ ID NO:31

gtctgteca

tecccaatygy
ttatcagtat

ggatgaatga

gagaacagtt

acactggaaqg
ggactaaacg

aaggttgett

tactatccag
agcagtgggc
gaagggggad
cgaaéaaaac
gcgatactat
gcaccagaaa

cggectcaag

NNN is other than a codon coding for Tr

p (TGG) or a stop codon (TRAA, TAG or TGA) and is more preferably
a codon coding for aminc acid Gly, Arg, Val or Glu.

CDSJ01n :

No

Custom Codon
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FEENWYNTY 9 <212> Type :
SequenceNane :

Sequence <213> Organi smNane :
PreSequenceString :

B A

Sequen

__%212> Type

ceDes

r¥%t|on :
HOMO SAPI ENS <400> PreSequenceStri ng

- PRT <211> Length :
<213> bPNA Akanedyenaee@IERS on

F'IAVIY OME 1| LN

PRT <211>

~=FUUVS T oot yucilivool bl

Length : 9

Iy -

SEQ I D 140: 41 SequenceDescription :

YQoneguenceNanme SEQ |1 D NO: 42

<400> PreSequenceString :
ccaaaggtty cttcggecte aagctggacc

atgggtctgt
- 60

ctgggatgeg
120

ttagaaatct
180

attctggaat
240

ctctaccteg

300
tgtgtattca
360
aagcacgtgyg
420
gaagggacta
471

<212> Type

<211> Length :
SequenceName : SEQ ID NO:32

gaggaggagg
tcceccaatgg
ttatcagtat
ggatgaatga
gagaacagtt
acactggaag
ggactaaacg

: DNA
471

gggaggggga
tactatccag
agcagtgggc
gaagggggayg
cgaagaaaac
gcgatactat

gcaccagaaa

SequenceDescription T

Feature

Sequence: SEQ ID NO:32:

<221> FeatureKey :

<222> Locationfrom :

<222> LocationTo =

misc_ feature
331
333

Sequence

gggcagctat
anaccagga
ctggtcagca
ctgtatggat
nnntataata
gttgcattaa

ticacacatt

gaatcggcte
actgcaggac
aagaccacag
ﬁtdgaggcgt
cagaaaaact
cgtactegtc
akaaagatgyg

ttttacctag

HOVD SAPI ENS <400>
| EENGYNTY 9 <212> Type :

PRT

<213> Organi smNane :

VFENYYVLY 9
9 SequenceNane

Sequence

. SEQ

catgagcgge
tggatttcac
ccgatttgge
ggacagtgga

aacccaagag

aaacctatat

gaccccgaga

a

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, Brg, val or Glu.

CDSJoin -

No

Custom Codon

i R P e o e ke s

Sequence Name : SEQ ID NO:32

Sequence

e e e e e e e

<213> OrganismiName

<400> PreSequenceString :

LEENHYNTY
9
<212> Type

: PRT

<211> Length : 3

. HOMO SAPIENS
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SequenceDescription : Sequence <213> O gani snNane :
HOMO SAPI ENS <400> PreSequenceString : VFENYYVTY 9

<212> Type : PRT <211> Length : 9 SequenceNamne :
s D ddABmSegueng eldeso:3pt i on Sequence <213>

SX Gadticpda®i pt HMO SAPI ENS <400> PreSequenceString :

VFENYYVIY 9 <212> Type : PRT <211> Length : 9
sequen&equenceNanme : SEQ I D NO: 46 SequenceDescri ption
------ Sequence <213> O gani snNane : HOMO SAPI ENS <400>
<213> OreSeigioeloest r FA0 SABENEYNQY 9 <212> Type : PRT
<400> EfdJequesymgSitring SequenceNanme SEQ | D NO: 47
LESNNYNTY

9
<212> Type : FRT
<211> Length : 9
SequenceName : SEQ ID NO:34
SequenceDescription :

Sequence 7
'<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
THELGYNTY
9 - torER

<212> Type : PRT - '
<211> Length : 9

SeguenceName : SEQ ID NO:35

SequenceDescription :

it e ey e e

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
LLPNNYNAY
9

<212> Type : PRT
<211> Length : 9
' SequenceName : SEQ ID NO:36

SequencebDescription : o

Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSequencesString :
FOENSYNTY
9
<212> Type : PRT
<211> Length : 9 .
SequenceName : SEQ ID NO:37
SequenceDescription :

“

Sequence

et e e e e ey .

£213> OrganismName : HOMO SAPIENS
<400> PreSequenceString. :
LLPNNYNTY
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140: 48 SequenceDescription : Sequence <213>

Organi smNanme : HOMO SAPI ENS <400> PreSequenceString :

VLENNYTAF 9 <212> Type : PRT <211> Length : 9
SegjuenceNane : SEQ I D NO 49 SequenceDescription :
<212>Se@giencerg213> Organi smName @ HOMO SAPI ENS <400>

<211>PregaaqueneeSt ri ng VLENNYTAL 9 <212> Type : PRT <211>

LengidhceNamSe g uamg eNan@: 38SEQ | D NO 50

] criptiom = Sequence <213> Organi smNane :

HOMO SAPI ENS <400> PreSequenceString : | RPDGYNVY
Sequence ‘ . _
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
TLENHYNTY
g9 -
<212> Type : PRY
<211> Length : S
SequenceName : SEQ ID NO:3%
Sequencebescription

Sequence

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
VLENNYTAT,
9

<212> Type : PRT
«<211> Length : 9

SequenceName : SEQ ID NO:40

SequencebDescription :

<213> QOrganismName : HOMO SAPIENS
<400> PreSequenceString :
FEENWYNTY

9
<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:41

SequenceDescription :

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
TEENGYNTY
9

<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:42

SequencebDescription :

Sequence

i e e ey e e
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:- FEENWYNTY 9 <212> Type : PRT <211> Length : 9

gequencel\larre : SEQ I D NO 52 SequenceDescri ption

equence <213> ani smNanme : HOMO SAPI ENS <400>
<213> pr str<H695ﬁLEEEéYNVY 9 <212> Type : PRT
<400> 22&%&&%@?5]?111?9 ‘SequenceNarme SEQ | D NO 53
VEENYY®EGuenceDescription : Sequence <213> Organi smiName :
SAPI ENS <400> PreSequenceString : | EENGHNTY 9
F‘BHNES‘ I%fﬁe . PRT <211> Length : 9 SequenceNane : SEQ
Sequence ameqUQQ&EQ§§%&ﬂ@§|0n :

-

SequenceDescription :

<2125
<211> L E

Sequence

[ ——

<213> OrganismName : HOMO SAPTENS
<400> PreSequenceString :
VEFENYYVIY
9

<212> Type : PRT
<Z11> Length : 2

SequenceName : SEQ ID NO:44

SequenceDescription :

Séquence
<213> OrganismName : HOMO SAPTENS
<400> PreSequenceStrlng :
VFENYYVTY
9
<212> Type : PRT
<211> Length : 9 _
SequenceName : SEQ ID NO:45
SequenceDescription :

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
VFENYYVIY '
9

<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:46

SequenceDescription :

<213> OrganismName : HOMO SAPIENS
<4Q0> PreSequenceStrlng :
MDCLGYNQY
S
<212> Type : PRT
<211> Length : 9
SequenceName : SEQ ID NG:47
SequenceDescription :

Page 25



Lciiyc it . J Jtyurtilivcinallc . DL\ | U INU JJ

SequenceDescri ption : Sequence <213> O gani smNane :

HOMO SAPI ENS <400> PreSequenceString : FEENWNTY 9

<212> Type : PRT <211> Length : 9 SequenceNane : SEQ

I D NO: 56 SequenceDesciiption : Sequence <213>

Organi smNanme : HOMO SAPI ENS <400> PreSequenceString
SBQHEHEEEDGNNNY 9 <212> Type PRT <211> Length : 9
——TT~SequenceNane Q =57 SequenceDescri ption
:iég; S ; a@ggsﬁ“ﬁgb&%ﬁ% me : Artificial Sequence
A &88atiehteSt ring : ggaattccat atggctgaag

?@aaatc '

<212> Type : PRT

<211> Length : 9
SequenceName : SEQ ID NO: 48
SequenceDescription :

Seqguence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

VLENNYTAF

9

<212> Type : ERT

<211> Length : 8 o
SequenceName : SEQ ID NO:-4%
SequenceDescription :

<213> OrganismMame : HOMO SAPTENS
<400> PreSequenceString :
YLENNYTAL :
9 ,

<212> Type : ERT
<211> Length : 9

SequenceName : SEQ 1D NO:50

Sequencelescription :

Seqguence
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString : e
IRPDGYNVY _
9

<212> Type : PRT
<211> Length : 9

SequenceName : SEQ ID NO:51

SequenceDescription :

Sequence

<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
- FEENWYNTY
9
<212> Type : PRT
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OrganismNane : Artificial Sequence <400>
PreSequenceString : cgggatcctc agctcttagc ag 22 <212>
Type : DNA <211> Length : 22 SequenceNane : SEQ 1D

211> 5t9n Se uenceDescrl ption : Custom codon Sequence
nce’ﬁé}% NS 5P 8Bgyence <213> Organi smNane :
chcél g <400> PreSequenceString.
ggaatc taatggctac aatacttac 29 <212> Type . DNA
Sequen6811> Length : 29 SequenceNane.: SEQ I D NO 60
mmmmmm SequenceDescription : Custom Codon Sequence Nane : .
<213> SEQALRMNGME0: Bmu&A@EEN213> Or gani snNane :
<400> PrésédininaksSetpence <400> PreSequenceString :
LLE:DGYgVﬂagt attg tagccattag attccaatc

<212> Type :+ PRT

<211> Length : 9 '
SequenceName : SEQ ID NO:53 -
SequenceDescription : :

‘Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSeqguenceString :

IEENGHNTY
9

<212> Type : PRT

<211> Length : 9 :
SequenceName : SEQ ID NQ:54
SequenceDescrlptlon :

‘Sequence

<213> OrganismName : HOMO SAPIENS

<400> PreSequenceString :

TLENGYDVY

' 9

<212> Type : PRT

<211> Length : 8
SequenceName : SEQ ID NO:55
SequenceDescription :

Sequence
<213> OrganismName : HOMO SAPIENS
<400> PreSequenceString :
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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Organi smNane : Artificial Sequence <400>
PreSequenceStri ug gattggaatc taatcgctac aatacttac 29
<212> Type : DNA <211> Length : 29 SequenceNane SEQ
I D NO 62 SequenceDescription : Custom Codon Sequence
LLEDGYNSIEFe : SEQ I D NO 62 Sequence <213> Organi smNane :
ABtificial Sequence <400> PreSequenceStriag :
<212> Gymagt atRY tagcgattag attccaatc <212> Type : DNA
<211> LengShlenyth : 29 SequenceNane : SEQ I'D NO 63
§€§H@h‘€%‘@%€‘crfiﬁﬁpoﬁ?: cb?r:'g]teom Codon Sequence Nane :
SE@ PIrRRE T 1884Bnte <213> Organi smName : Artificial
Sequence <400> PreSequenceString : ggaattccat
Sequengfqgct caag ggcaaat cac cacgdtg 37 <212> Type : DNA

<213> 0348n fuName : Artificial Sequence

<400> PreSequencesString :

ggaattccat atggctgaag gggaaatc
28

<212> Type : DNA .

<211> Length : 28 _
SequenceName : SEQ ID NO:58 .
SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:58

Sequence

<213> OrganismName :_ArtificiaIHSequence
<400> PreSequenceString :
cgggatccte agctettage ag

22

<212> Type : DNA

<21i> Length : 22 o
SequenceName : SEQ ID NO:59
SequenceDescription :

Custom Codon

U g

Sequence Name : SEQ ID NO:53

Sedﬁence
<213> OrganismName : Artificilal Sequence
<400> PreSeguenceString :
‘gattggaatc taatggctac aatacttac
29
<212> Type : DNA
<211> Length : 29
SequenceName -: SEQ ID NO:60
SequenceDescription :

Custom Codon

e e . e o A

Sequence Name : SEQ ID NO:60
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Sequence <400> PreSequenceString : cgaagaaaac
gggtataata cgtac 25 <212> Type : DNA <211> Length :
25 SequenceNane SEQ | D NO 65 SequenceDescription :
Sequenggstom Codon Sequence Nanme : SEQ I D NO 65 Sequence
e S213> Organi smName @ Artificial Sequence <400>
<213> Br&SerenseSt ring ficjeacit@atanget accecgtttt cttcg 25
<400> F2d¥ayubypestrDNA <211> Length : 25 SequenceName : SEQ
gtaagthB-NE HecSeqagneeDesettpt i on : Cust om Codon Sequence
hame : SEQ I D NO 66 Sequence <213> Organi smNane :
<212> Aypefi ANl - Sequence <400> PreSequenceString :
<211> temaidazad® cgot at aat a c% 22 <212> Type : DNA <211>

Equ@¢peﬂagg SEQ 1D N
SequenceDescrlptlon H

Custom Codon

Sequence Name : SEQ ID NO:61

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
gattggaatc taatcgctac aatacttac
29

<212> Type : DNA

<211> Length : 29
SequenceName : SEQ ID NO: 62
Sequencebescription :

Custom Codon

R

Sequence Name : SEQ ID NO:62

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString. :
gtaagtattg tagcgattag attccaatc

29 ' :

<212> Type : DNA

<211> Length : 29 -
SequenceName : SEQ ID NO:63
SequenceDescription :

Custom Codon

et ke i e e 2 ey g e e

Sequence Name : SEQ ID NO:63

Sequence

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

ggaattccat atggctcaag ggcaaatcac.cacgctg
37

<212> Type : DNA
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PreSequenceString cgtattatac cggttttctt cg 22 <212>
Type : DNA <211> Length : 22 SequenceNane : SEQ ID
NO. 68 SequenceDescription : Cust om Codon Sequence
Name : ID NO 68 Sequence <213> O gani snmNane :
<211> Jgndih C|§ Sequ 54007 PreSequenceString :
é@e t Ead&gta Cg’ 22 <212> Type : DNA <211>
%%g@tf’r?eﬂeéﬁ 2hceNane : SEQ I D NO: 69

nceDescri pti on Cust om Codon Sequence Name : SEQ
E‘jf‘fff‘_‘libj%___ 69 Sequence <213> Organi snNane Artificial

nce Opp REeSrquenceString . cgtattatac
Seque“ﬁ%é? ct?égg 22 <212> Type : DNA <211> Length : 22

Sequence

<213> Organismbame : Artificial Sequence
<400> PreSequenceString
cgaagaaaac gggtataata cgtac
25

<212> Type : DNA

<211> Length : 25
SequenceName : SEQ ID WO:65
SequenceDescrlptlon :

Custom Codon . . B

N bt

Sequence Name : SEQ ID NO: 65

Sequence

e N ]

<213> OrganismName 3 Artificial Sequence
<400> PreSequenceString : -
gtacgtatta tacccgtitt ctteg

25 ,

<212> Type : DNA |
<211> Length : 23
SequenceName : SEQ ID NO: 66
SequenceDescription :

Custom Codon

i AL s e g e P Y o e

Sequencé Name : SEQ ID,NO;GG

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgaagaaaac cggtataata cg
22
<212> Type : DHA
<211> Length : 22
SequenceName : SEQ ID NO o7
SequenceDescription :

Custom Codon

U PP

Sequence Name : SEQ ID NO: 67
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PreSequenceString : cgaagaaaac gagtataata cg 22 Page
31 <212> Type : DNA <211> Length : 22 SequenceNane :
SEQ I D NO: 71 SequenceDescription : Custom Codon
Sequence Nanme : SEQ I D NO: 71 Sequence <213>
sequefkgani smNane : Artificial Sequence <400>
_____ PreSequenceString cgtattatac tcgttttctt cg 22 <212>
<213>TPpGani SANAns 21 Ipr isfiighihl : S@eBeguenceNane : SEQ I D
<400>NBrd2=dirpdenceDdescri pti on : Cust om Codon Sequence
cgtathlabec cdBEQEEECING:G72 Sequence <213> Organi smNane :
AeZi ficial Sequence <400> PreSequenceString
<212>cHrpgoad@é gcgtataata cg 22 <212> Type : DNA <211>

<211>L@ﬁgq¢h;: 22
SequenceName : SEQ ID NO:6€8

SeguenceDescription :

Custom Codon

e e e s

Sequence o

<213> OrganismName :; Artificial Sequence

<400> PreSequenceString :

cgaagaaaac gtgtataata cg
22

<212> Type : DNA

<211> Length : 22 _
SequenceName : SEQ ID NO:69
SequenceDescription :

Custeom Codon

Seguence Name : SEQ ID NO:GQ

Seguence

<213> OrganismName : Artificial Seguence
<400> PreSequenceString :
cgtattatac acgtittctt cg
22
<212> Type : DNA
<211> Length : 22
SequenceName : SEQ ID NO:70
SequenceDescription : '

Custom Codon

]

et ——— -

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgaagaaaac gagtataata cg

22 :
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PreSequenceString : cgtattatac gcgttttctt cg 22 <212>
Type : DNA <211> Length : 22 SequenceNane : SEQ ID

NG 74 SequenceDescription : Custom Codon Page 32
Sequence Nanme : SEQ I D NO 74 Sequence <213>
<212> Oygani gmNane : Artificial Sequence <400>

<211> Ree@dquer@eString : cgaagaaaac aattataata cg 22 <212>
TygecnceDhiae<21380 L BAGIH 71 22 SequenceNane : SEQ I D

RerTenhRdggenépbeeRri ption : Cust om Codon Sequence

Nane : SEQ I D NGO 75 Sequence <213> Organi smName :
CustomAfedant ¢ al .Sequence <400> PreSequenceString
““““““ coratt at aa tt t cg 22 <212> Type : DNA <211>

Sequence

<213> OrganlsmName : Artificial Sequence
<400> PreSequenceString :
cgtattatac tcgttttectt cg
22
<212> Type : DNA
<211> Length : 22
SequenceName : SEQ ID NO:72
SequenceDescription :

Custom Codon

i i i A e Bk e e

Sequence Name : SEQ ID NO:72

Sequence

<213> OrganismName. : Artificial Sequence
<400> PreSequenceString :
cgaagaaaac gcgtataata cg
22
<212> Type : DNA
<211> Length : 22
SequenceName : SEQ ID NO:73
SequenceDescription :

Custom Codon

e b e e e e T o . e

Sequence Name : SEQ ID NG:73

e it i it e ot

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgtattatac gcgttttett cg

22

<212> Type : DNA

<21i> Length : 22
SequenceName : SEQ ID NO:74
SequenceDescription :

Custom Codon

e e e e ey e et A man
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PreSequenceString : agctggatcc tcaactttgg cttagaat at
cc 32 <212> Type : DNA <211> Length : 32 SequenCeNane
_ : SEQ ID NO 77 SequenceDescri ption Custom Codon
Naéﬁb NO 77 Sequence <213>
Sequ %gﬁ".gg‘g nNanme I,Erstﬁlgfll?g al Sequence <400>
Sequgﬂ&SequenceStrl ng : .gggaattcca tatgcagcta tactgcagga
———_ctg 33 <212> Type : DNA <211> Length : 33
<2135e4ens ehidam: - BEQiFDcNG 7&qeguenceDescri ption
<400 CustgayenesstIaagence Nanme : SEQ I D NO: 78 Sequence
cgaagaihiz GhfbaisitNang : Artificial Sequence <400>
Pra@SequenceString : gttcgaagaa agctggtata atatacg 27
<212xZpe TypP#A: DNA <211> Length : 27 SequenceNane : SEQ

<2113 Dem@tB9o: S¥uenceDescri ption : Cust om Codon
SequenceName : SEQ ID NO:75

SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:75

Sequénce
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgtattataa ttgtttictt cg
22
<212> Type : DNA
<211> Length -z 22
SequenceName : SEQ ID NO:76
SequencebDescription :

Custom Codon

Sequence Name : SBQ ID NO:76

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
agctggatcc tcaactitgg cttagaatat cC
32
<212> Type : DNA
<211> Length : 32
SequenceName : SEQ ID NO:77
SequenceDescription :

Custom Codon

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
gggaatteca tatgecagcta tactgcagga ctg

Page 33



rrococyuciivoot i b ily . Lytattdatauv LagybLiriirititi Lvyaavv 4oJ
<212> Type : DNA <211> Length : 25 SequenceNane : SEQ
I D NO 80 SequenceDescription : Custom Codon Sequence
Nanme : SEQ I D NO 80 Sequence <213> Organi snNaftd :
Agificial Sequence <400> PreSeguenceString :
<9195 gatalg ttggegegee tgeeggtg 28 <212> Type : DNA
<211> iLenggh : 28 SequenceName SEQ I D NO 81
celeser i pdapnn nduss om Codon Page 34 Sequence
Nt eneepk B N BilonSequence <213> Organi smNane :
Artificial Sequence <400> PreSequenceString :
CustomG@dgat cc tcacagcctg gggaggaag 29 <212> Type : DNA
————— <24d>-dength : 29 SequenceNane SEQ I D NO 82
Sequernss| Namee DeSEQ | TR i 78 Cust om Codon

<213> OrganismName : Artificial Sequence
- <400> PreSequenceString : _
gttcgaagaa agctggtata atatacg
27
<212> Type : DNA
<211> Length : 27
SequenceName : SEQ ID NO:79
SequenceDescription : i e

Custom Codon

e a

Sequence Name : SEQ 1b NO:79

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgtattatac cagctttett cgaac
25
<212> Type : DNA
<211> Length : 25 )
SequenceName : SEQ ID NO:80
SequenceDescription :

Custom Cocdon

Sequence Name : SEQ ID NO:80

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
acgtcatatg ttggcgecgcece tgccggtg
28 -
<Z212> Type : DNA
<211> Length : 28
SeguenceName : SEQ ID NO:81
SeguenceDescription :

Custom Codon
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cgag 34 <212> Tyge :QDNA <211> LeES?;a?gé4abaabgbbla

SequenceNane : SEQ I D NO 83 SequenceDescri ption

Cust om Codon Sequence Nanme : SEQ I D NO: 83 SequenCe
______ <213> Organi smNane : Artificial Sequence <400>
sequenbe ef@asencEBt tbngocigt aggeg ttgtacctgt tgggaaggag

aatc 34 <212> Type : DNA <211> Length : 34
SequenbequenceNane : SEQ I D NO 84 SequenceDescri ption
—————— €dst om-Codon Sequence Nane : SEQ | D NO 84 Sequence
ﬁﬁﬁgi gigsmlﬁﬁ@uniSgﬁgﬁ%flcyﬂ¥|%%qBF8FeSequence <400>

SequrrteiSE ccct aggt catctaggta aa

acgtggaICQZHQ@CWW%%@'g%ﬂﬁéééﬁ%> Egngth : S%QSeQUeﬁizkghgt:g
(212> QID NO 85 SequenceDescrl ption : Custom Codon
S11s éF gﬁgc : SEQ I D NO 85 Sequence <213>
T R A P T e

§F§u§ ?%?g ype : g agc a tactgcagga

Custom Codon

Sequence Name : SEQ ID NO:82

Sequence

<213> OrganismName : Artificial Sedquence
<400> PreSequenceString :
gattctectt cccaacaggt acaacgcecta cgag
34
«212> Type : DNA
<211> Length : 34
SequenceName : SEQ ID NO: 83
Sequencebescription :

Custom Cédon

A

Sequence Name : SEQ ID NO:83

Sequenée
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
ctcgtaggcg ttgtacctgt tgggaaggag aatc
34
<212> Type : DNA
<211> Length : 34
SequenceName : SEQ 1ID NO:84
SequenceDescription :

Custom Codon

. e e AL i e et e e e e T

Sequence Name : SEQ ID NO:84

Sequence

. . e et

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
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Sequence <400> PreSequenceString : agctggatcc
tcaactttgg cttagaatat cc 32' <212> Type : DNA <211>
Length : 32 SequenceName SEQ | D NO: 87
S pgéggat sgom Codon Sequence Name :
ggccctg%%g a§§£éequence %1g> Organi smNanme Artificial

<212> Egg 2<400> PreSequenceString : cgatacgtac

<211> a.ct3t1 agaaatcttc 30 <212> Type : DNA <211>

ERELh-enatl SegugnceNwmBs: SEQ I D NO 88

e RppibAN: .  Cust om Codon Sequence Nane :

SE%HI D NO 88 -Sequence <213> OrganismNane : Artificial
customSeguence <400> PreSequenceString : gggaattcca
_____ tatgeagcta tactgcagga ctg 33 <212> Type : DNA <211>
SequencenBahe : : FEQSEGuBRE®Nane SEQ | D NO 89

SequenceDescri ption : Custom Codon
Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
gggaattcca tatgcagcta tactgcagga ctg

33

<212> Type : DNA

<211> Length : 33
SequenceName : SEQ ID NO:86 e
SequenceDescription :

Custom Codon

et e i . e e B et e

Sequence Name : SEQ ID NO:86 '

Sequence

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

- agctggatce tcaactttgg cttagaatat cc
32°

<212> Type : DNA

<211> Length : 32

: SequenceName : SEQ ID NO:87

SequenceDescription :

Custom.Codon

. i A g e e e e L s

Sequence Name : SEQ ID NO:87

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cgatacgtac atatgcacgtt agaaatcttc
30
<212> Type : DNA
<211> Length : 30
SequenceName : SEQ ID NO:88
Sequencebescription :
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tg 32 <212> Type : DNA <211> Length : 32 SequenceNane
SEQ I D NO 90 SequenceDescription : Custom Codon
Sequenc;eerglarre : SEQ I D NO 90 Sequence <213>
ni s me @ Artificial Sequence <400>
EEfES’E%‘%@%‘buenceStri ng : cacacatttt ttacctagag gagggggagg
Sequengigt%;rgecqa%E%gtbg@gg@ <212> Type : DNA <211> Length :
equenceNanme : SEQ | D NO 91 SequenceDescri ption :
S,ewengejstom-Codo_n Sequence Narme : SEQ ID NO 91 Sequence
______ <213> OrganismNane : Artificial Sequence <400>
<213> BrgsSenmenceStr hngifigedaetredcyacagacct ¢ cccctectct
z2400> Pggteqeamrestyigygr 46 <212> Type : DNA <211> Length :
‘gggaatdbeSepmcgiiret 2c SRR 998 REF¥92 SequenceDescription :
3ast om Codon -
<212> Type : DNA
<211> Length :. 33
SequenceName : SEQ ID NO:89
SequenceDescription :

Custom Codon

+ it e s SR oy e S et T

Sequence Name : SEQ ID NO:89

Sequence

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :

agctggatcc tcagcaacce agaccggaca tg

<212> Type : DNA

<211> Length : 32
SequenceName : SEQ ID NO: 90
SequenceDescription :

Custom Codon

ks A s 4 A e St st S

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

cacacatttt ttacctagag gagggdgayy tctgtccaaa ggttge
46 _

<212> Type : DNA

<211> Length : 46
SequenceName : SEQ ID NO:%1
SequenceDescription :

Custom Codon

e . e e St et et it L

Sequence Name : SEQ ID NO: 91
Seguence

<213> OrganismName :-Artificial Sequence
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<212> Type : DNA <211> Length : 30 SequenceNane : SEQ
I D NO 93 SequenceDescription : Custom Codon Sequence
Nane : SEQ I D 140: 93 Sequence <213> O gani snNane
rt|f|C|aI Se uence <400> PreSequenceStrlng :

<400>
sesact ity E%%“ 0 SECTSHA T o 1,0
<212> th 2 SequenceNane : SEQ I D 140: 94

<211> %prlptlon Cust om Codon Sequence Nanme : SEQ
NggH <l &o:pgani snNane : Artificial

Sgg &E}&?en% Qf ﬂ@rsequenceStrl ng : atgtccggtc
tgggttgegg agggggaggg ggagggggag ggcagctata
custohl 86&&gact 60 61

Sequence Name : SEQ ID NO:92

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

acgtgaccat atgggtctgt ccaaaggttg
30

<212> Type : DNA

<211> Length : 30 '
SequenceName : SEQ ID NO:93
SequenceDescription :

Custom Codon

e ke AL S St e L S e e

Sequence Name : SEQ ID NO:93

‘Sequence

e e s b ey e Ly it

<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
cagtectgea gtatagetge cctccccctc cccctoeccee toegeaacee agaccggaca
60
tg
62 :
<212> Type : DNA
<211> Length : 62
SequenceName : SEQ ID NO:9%4
SequenceDescription :

Custom Codon

o —

Séquence-Name : SEQ ID NO:9%4

Sequence

<213> OrganismName : Artificial Sequence

<400> PreSequenceString :

atgtccggte tgggttgegg agggggaggy ggagggggag ggcagctata ctgcaggact
60

g
61
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Artificial Sequence <400> PreSequenceetring : :
ggccctaggt catctaggta aaaaatgtgt g 31 <212> Type :
DNA <211> Length : 31 SequenceNane : SEQ I D NGO 96
<212>SEgpencd®@scri ption : Cust om Codon Sequence Nane :

<211>sEength NO©36 P e 39
SequenceName : SEQ ID NO:95

SequenceDescription :

Custom Codon

Sequence Name : SEQ ID NO:95

Sequence
<213> OrganismName : Artificial Sequence
<400> PreSequenceString :
ggccctaggt catctaggta aaaaatgtgt g
31
<212> Type : DNA
<211> Length : 31
SequenceName : SEQ ID NO:%6
Sequencebescription :

Custom Codon

Sequence Name : SEQ ID NO:96
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