1 EXTRACELLULAR ALLGSTERI C | NHI Bl TOR Bl NDI NG DOVAI N FROM A TYRCSI NE Kl NASE
RECEPTOR The present invention relates to an extracellul ar binding domain
for an alwosvardiot413nhi bitor, whereby sai d bi ndi ng donai rCraBzbao/n3sesh fr om a
si ngl e menbrane span tyrosine kinase receptor. Mre specifically, the
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selective RTK small compound inhibitors is the field of anti-angiogenic drug therapies.
VEGF-targeted anti-angiogenic agents prolong the survival of cancer patients, but their
overall success is restricted by intrinsic refractoriness, escape via acquired resistance
and, at least in preclinical models, stimulation of metastasis. It has been postulated that
combination therapy with additional anti-angiogenic agents may help to overcome

these challenges. Fibroblast growth factor (FGF)-2, the first identified angiogenic factor,



Summary of the invention Surprisingly the inventors have found that, by
hi gh-t hr oughput screening conbined with chem cal optim zation, the first
oral l'y acwowel/®maBl conpound allosteric inhibitor of amCRIB2010/@53854 the
FGFR could be identified. This conpound is called SSR128129 (abbrevi ated
"SSR') (Figure 3). As illustrated by thé detailed study based on SSR
activity, SSR has the ability to inhibit all the nmenbers of a sane famly,

present |y t e, fSRetivieadru )éancﬁéat(%hl‘ﬁ%'ed rFGF'T@sbﬁéﬂ a@%é?eﬁquh@aﬁfed Wmanksr abl e
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\):_2 activit gure 8
FGFR3 acti vpd V‘ﬂ(ﬂ'ﬁ‘i‘tﬂl‘?ré d?)aa&% fFiGﬁF&i 89@@ W“{H‘Jmﬁﬁ éa'7)200¥?M§'e”IUH|%a

al I osteric bphy: ddr@eid M)t&nﬁ%u%‘é% W @lﬂﬂﬁbh?no@@rﬂé%wﬁﬂ(f&ﬁeﬁbﬂ o8bhsric
site, situated in the extracellular donmain of the rece%tor whi ch i's shared
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"bi ased ant agoni smi fect is confirned by t fact that SSR binding
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antagonlsm a way to i ent%réé an allosteric inhibitor |s\%§row ded by the
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inhibitor of a RTK The validation of targeting such a site on the FG'R and

the targeti MN§OofeEriNg ihibipiseel the Bgﬁgrtyli@ﬂ@ KRasgElrye NghBePDepRIoVAG Jor

i mport ant peifidd 63¢ (DifRtdCatal OTgoRMEDekhbtt E@AUbDOS)N a significant
t herapeutic benefit. 3 The different aspects of th| S invention are

illustrated |n t he c#etalled description of the invention and in the
following e Hfﬂﬂ‘%@m e 41MePlaNdescri ption of the invention A first aspect
of the invention is an allosteric binding site, derived fromthe

extracel | ul snrgﬂ@mgiynh@fnvanfowmbrf@ud@i has 8y hR@aRicRghpudRcRhgicembhedith ng

site, as used here, site ?re anlnhlbltorwrd) fe ably a small

conpound, cﬁ*r‘nerB'iCﬂ'dOptW'%q{'Sﬂt th@éﬁ%‘i AgaactyrpahAl Co@PPYH B Sut‘?ﬂ‘f IBRIHY O AN di ng

of the |igardki dahle®y tHed@BCHROCOEH e feheficf THRe coRpemidis chRidl $8R128M as

use here, ans t ha @g ﬂllost:ﬁrlc bi nding site consists of a part of the
S0 (o

extracel | ul SOPHYRISH, i ncl ude the conpl ete extracellul ar
domain. Preferably, the allosteric binding site is between 10 and 200 am no
aci ds in | epglilustraet ®yphetetandd stubebaeeinonlSSRREtIVIGOSSRINIG the hbisity tedibitTor e
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the extracellular domain of the receptor which is shared by different members of TKRs.
This conserved site is located in the domain Il of the FGFR (figure 11). The binding of
SSR to its binding site induces “biased antagonism”. The effect is confirmed by the fact
that SSR binding to the allosteric binding site results in a conformational change in the
receptor, especially in a determined frustrated domain. Due to the biased antagonism,
a way to identify an allosteric inhibitor is provided by the use of a screening test based
on phospho-signalling pathways measurements as described below. From now, SSR

is the first example of an allosteric inhibitor of a RTK.

The validation of targeting such a site on the FGFR and the targeting of similar sites in
other RTKs as VEGFR2 and PDGFRf has important practical implications and will

result in a significant therapeutic benefit.



Tyrosi ne ki nase receptor and receptor tyrosine kinase (RTK) are, in the
scope of this patent, application equivalent terns. "Tyrosine kinase
recept or "wogougwiiso i ndicate the receptor, whereas "re®€epiB010/y33034 ne

ki nase"” is used to indicate nore speci f| cally the kinase activity of the
receptor. Tyrosine kinase receptors are3known to the person skilled in the
art and include, but are not limted to receptors of the EG-, insulin-Ilike
growth factgpe dﬁ@@;nt a%&gcts Vs |Hﬂ@§t1onTérléyllllMlatedL|W@he Eb%ﬂletﬁ%scr% oPthE/
RYK, CCK4, Eph and MuSK receptor lies . Preferably, said allosteric

bi ndi ng si tE‘Vﬁﬁt'%‘eﬁﬂd\/@@qfPB‘PW'f‘Q@X@QE"?&ceI lular domain of a TKRwith Ig
domai n, including AXL, FGFR, MiSK, PDGFR, PTK7, ROR, TIE and VEGFR .. ;
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whi ch they Hieeallpsiarigindingosite, 6prsisds gha Ft?&‘r%fltaﬁse"traﬁe”éﬁé@%‘é& bwt, §Pek Nonar y
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have ori gi natigg &fnomghe §fb¢&b@l§/lb§ﬂwe@:ﬂdoae'rﬂ 80 samﬁ@@bugdwhéﬂéay%arepam
ancestral gene. Such al|osteric bind Igpcorrpn Si ng SEQ ID NO. 1 belongs to

the FGFRs féﬁ@??rem@ct%%@ﬁcﬁﬁ%{?”@”ﬂ% hEeEegaRIOr pref erabl y, said
allosteric inhibitor site conprises SEQID N1, even nore preferably it

consi sts of ASERII &rpdund! Bs a@@d here, @@@@ﬁmpomﬂﬂﬁoi ﬁbfrﬁﬁ@lym@n@aa@r@tpﬁsef@fab@
honol og, a paral og| or._an orth g n al | oster %bl ndi ng
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| D NO. 1. As&& exa Iog Slosterlc blndlng site are
present in P mf’@rﬁr?&ra ‘é?% e allosteric binding site
according to the invention is Iocated |n the domain 11l of the FG-Rs.

Tyrosine kinase receptor and receptor tyrosine kinase (RTK) are, in the scope of this
patent, application equivalent terms. “Tyrosine kinase receptor” is used to indicate the
receptor, whereas “receptor tyrosine kinase” is used to indicate more specifically the
kinase activity of the receptor. Tyrosine kinase receptors are known to the person
skilled in the art and include, but are not limited to receptors of the EGF, insulin-like
growth factor, PDGF, FGF, VEGF, HGF, Trk, AXL, LTK, TIE, ROR, DDR, PKT7, RYK,
CCK4, Eph and MuSK receptor families . Preferably, said allosteric binding site is
derived from the extracellular domain of a TKR with Ig domain, including AXL, FGFR,
MuSK, PDGFR, PTK7, ROR, TIE and VEGFR... ; even more preferably said allosteric
binding site is derived from a TKR with a split kinase domain in the cytoplasmic
domain; an preferred embodiment of TKRs according to the invention are the
Fibroblast Growth Factor receptors (FGFRs), or an homolog, ortholog or paralog

thereof.

“‘Homologs” of a protein encompass peptides, oligopeptides, polypeptides, proteins and
enzymes having amino acid substitutions, deletions and/or insertions relative to the
unmodified protein in question and having similar biological and functional activity as

the unmodified protein from which they are derived. “Orthologs and paralogs”



In the same manner, an allosteric binding site for VEGFR2 is |located in Ig
domain 6 of the receptor, in a region including Lysine 609 and Lysine 648.
An al | ostwoize1lmiondBng site is al so present in PDGFRP anecClraBzoeossos t he
region |located near the transnenbrane region, especially in Ig domain 3.

in a region including Leucine 383 ans LYsine 387.Preferably, binding of an
allosteric inhibitor to the allosteric binding site is inducing a biased
antagoni sm efio a%%eél\/cﬂimoﬁgt?/nb&meptsaﬁsé{ﬁ@@ d?}%[:l@oe WRARACE IR ’relﬁ%nsﬁldse&ept or
wi th several downstream pat hways, not all the pathways are affected, or not
all the pat BRRSFs Raralogs fase taenes ovithine then FBMExEREFtESuihah NBY; drigigated fhreugh
allosteric bl[]ﬂSllthéerf &R én'&@st?dl'g%ﬁbebhﬁolb%bhb@ E;é}{esbﬁr&ﬁ'd}ﬁeréhtt @rgahu@m% that
preferred enbodi nent, at |east one downstream path vva}/rols i nhi bi ted, whereas

at | east onBag ﬁ@g'”@@M@'ﬁquéﬁrﬁpﬁﬁ'?m&ayﬁﬁdsarﬁn%lﬁ@ é’@f'\éfdj I MOUE@H‘ Aegesiral  a
"frustratedgdegmai n® means a protein domain or a fragnent thereof that is
not unanbi guousl y directed towards one structural conformatl on; frustrated
domai ns are _known to the person skilled in the art, and resence of

frustrated FURRRHSIErS H@@'@@ﬁéﬂ‘péﬁ'f‘ﬂe?rE%yDzﬂpérﬁﬁ'%@éd@ t%gﬁg i AMdheMPiot ei n

secondary Sbﬁétﬁﬂdéﬂyi‘tcpfh%dFGFRQnPFBTé}ﬁb@msal@rallbé‘teﬁc fhitoAdits tb®Prisdd $B& 1D
prediction between two different protein secondary structure prediction

prograns. PNet-&VERMMAe Pgﬁferﬁplyl'tscoﬂélfs@&f%%&p Nhé contradiction in the
prediction froma protein secondary structure prediction program and the

real struct uf gnd@Rerdpettntieeitlvéntioncohsise cﬁtarmmﬁaldsgs dedrali @ anngihideg sumh as
crystalli Zatllp n an

-ray diffractio limting anple, a
cont 1 adi ct  Iei BEOTRe Ptttk die SRVReRER: Sl tiront HIEnBHORa a
13-sheet w bbraaﬁﬁtdnefthmeg@@hiareeraote@sm%ra)w 90%Eds % drirsrerAheholdigWaRer ,
sonme domai ngEﬁ@ Bdum ng sone frustration (called here "frustrated
domai n") an MOdonai ns are prone to induce confornmational changes of
the protein. In a preferred enbodi nent, said frustrated domai n conpri ses
SEQ I D N 2, Apraf ekahply, sticte pasicissofodlioSlele | Bihdh@ sitd ire drésest ninties FGmERai n
bel ongs to E(?“: famly, especially to FGFR2. O her frustrated domai ns can
be identifi s indi cated above. Another aspect of the invention is the
use of an allosteric binding site according to the invention to induce a
bi ased ant agepécatiyutperallbstads bigdiaf sae begadidg tothehevdntiodisrigeaed @ thé dommeain
tyrosi ne Ki stfi rgga?&%or in which the allosteric binding site is |ocated.
Still anoth E?) f the invention is the use of an allosteric binding
site according to the invention to screen snall conpound inhibitors com ng
from a randomheisaner manrErnah algpstavicsinding siteefor VEGFR2 is located in Ig domain 6 of

the receptor, in a region including Lysine 609 and Lysine 648.

An allosteric binding site is also present in PDGFR[ and located in the region located
near the transmembrane region, especially in Ig domain 3., in a region including
Leucine 383 ans Lysine 387.Preferably, binding of an allosteric inhibitor to the allosteric

binding site is inducing a biased antagonism.

A “biased antagonism”, as used here, means that, for a receptor with several
downstream pathways, not all the pathways are affected, or not all the pathways are
affected to the same extent upon binding of the allosteric inhibitor to the allosteric
inhibitor binding site. In a preferred embodiment, at least one downstream pathway is

inhibited, whereas at least one other downstream pathway is unaffected.

Preferably, the allosteric binding site according to the invention comprises, preferably

essentially consists, even more preferably consists of a frustrated domain.



Still another aspect of the invention is a nethod for identification of an
allosteric inhibitor binding site in the extracellular domain of a tyrosine
ki nase r ewepboroo14dnpri sing the screening for the presemce/1Bi016/0is0s4 at ed
domains in said extracellular domain. Methods to screen frustrated domains
are known to the person skilled in the art and an exanple of such nethod is
described in exanple 8. As a non limting exanple, frustrated donains are

det ect ed by AgnsadPkaOUS ARSI HOMANE MERSE Profdt aBfianYorsd fraghett@hereof
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it is overlapping with i nd |ng site, nost preferably it is conprised in
t he bi ndi ngthsi tndicajign &f andehelds M t@r@n”‘tﬂhoﬂeﬁﬂb@ &-shest Ml'tf‘oﬁnoéhetre@ethpﬁg

scr eeni ng ”wotgﬁ%c 'nﬁﬁ.ﬁgupyfr&%iéd RO QR 0lsofdC dbitRs! G Ghaddify RBFR b €
i nhibitor sit esi gni ng conpounds such as snma nol ecul es,

pepti des, pérpstrai@m (ﬁ@ltadc@ereaﬁwtrﬁi@rﬂ domain” hamd nseedonding ars nwnpotouh@u@‘ te
and of “hiCEm%BﬁuﬁkhQﬁ&%ﬁg&;&ﬂﬁ%ﬁhﬁ& y function can be tested. Another
aspect of the irnvention i or identification of a small conpound
allosteric inhibitor binding to an allosteric inhibitor site in the extra

cel | ul ar dotfad Rrejered epbedimest, Ispiddtustriatedesntain aemerigasngE® D e, infsferablyon
conpri sing_fRenGOERASERPID Q7 21 1s HLETAEFBOmERRRIIES So FORRESEMAY, dsBBially

di fferent downstream pat hways dependent upon the activation of” sal
tyrosine ki fas€FR8ceptor. A reporter is any gene, protein of corrpound t hat
| eads to a detectable signal and can be, as a non-limting exanple, an
anti bi otic oRsdr$iuansed 48RRInsah BliderlifEE as ARllkbiddbove. cel | death, a gene
encodi ng a fluorescent protein such as GFP, or a gene encodi ng an enzyne
activity such as bet a([;al act osi dase,  or aé)?rot ej n that |sqphosg %I ated or

dephosphor yPrapg" a 91 the dpyegtionyisdhe tise of @9 %PSH{%B'PHQ‘ $ite Atng toon.
In case of ¢he ﬁ\pehﬂén ﬂ@ﬁﬂucbhﬁbnﬁ@éh BBtagBAI&AN Gorl 5m@uh§@>¢§ ligateto theinaMg of a
sui tabl e pronoter, pronoter that is induced bi ndi ng of a I| and
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of a doubl eapgthbmagpect Yahdiidviefti®Nis thé OBBLERS a%sﬁerﬂﬁtﬂﬁ@iﬁ% st adcdi@ng ltd et | Ng
exanpl e, conparing the phosphoryl ati on of proteins int presence or

absence of e teSCEEENSMalHopiPegRd {h I'Q'togﬁ ‘@”H”Qifrf"?”@r'@ﬁé%@ “PF?"V binding to
phosphor yl athigritdue to the biased antagonism and these differences in
phosphoryl ation can be used as reporter. In a preferred enbodi nent,

dentificatign of an all hbtor ecare t.b
et orm ot SB aPind adPactat Tiefuemlni o methosf fepvicnitheaion, ahan HgSteric™”
conéagtl ng &mmltdnobtmrmg sitendh igp eixtrgcallilap dShiGiwidf ha aprosihk ogihayel eedepfairbi t or
candl date co

pat s doBRRLTEG UEbREHE G ORATSEnAT BHETSR SPTERFd IpibBH e kdase
receptor. domain. Methods to screen frustrated domains are known to the person skilled in the
art and an example of such method is described in example 8. As a non limiting
example, frustrated domains are detected by an ambiguous answer in one protein
secondary structure prediction program; preferably by a contradiction in prediction
between two different protein secondary structure prediction programs, even more
preferably by the contradiction in the the prediction from a protein secondary structure

prediction program and the real structure as determined by protein structure detection



7 c) conparing changes in the state of at |east one reporter for each of
the at least two different downstream pat hways dependent upon the

acti vat i onmOi2otwdoi413on of said tyrosi ne ki nase recept or. PGmMABBEI1/0E054
allosteric inhibitor is identified when, in presence of a |ligand binding to
the |igand binding domain of the recept@)r at | east one downstream pat hway
is inhibited whereas at | east one other downstream pathway is unaffected.

The change pptsddas®hods é‘ryé%ﬂi%ﬁcﬁwrarﬁiﬁ&erﬂ %lfﬁ?@ctfohePFc%Pthé%r MroRsh sédshasan be,
as a non-limting exanP e a change i n phospho ylatlon of a reporter
I

protein, or SEURUBWPEEIRIPR GHP OV HEuBEaPeIEOT fiflieddn (Bp Fces PePen)impinda
gene. Pref epalthyle. s@itd pﬁi@mﬁ@ dré‘ debaitRd By Roshaae,).! Pre@é]ﬁ@?hgylhaﬁéus%teﬂt ate.

Pref erably, the changes i'n the downstream pat hways are or med
neasur ement deMainHe syl Esthe ﬁe'tghéorbﬁ% Bh%f“% ?@%ﬁrlclw 'ﬁﬂaﬁ' Fiapse pr@ﬁ@”ﬁt)'dl'tng

the ERKL/ 2 qfBkdeyd fbRarel thig 20 aHNRYSdd Rord i B&Heﬁ@ﬁlﬁé"bmmg sut@ne\ﬂsln| ASteer i C
nodul at or of FGF-Rs can be identified using an affini screemgfgtbased on
(ﬁj%’ I

SEC- LC/ M5 afredRrgblyinst mase|tnn 1&@@'%@9‘11@/%”%@@&6‘13 tds arjagerd|tgspidal

techni que uppdingokitdf &bdh Inbré CireRAALNY |F<Pd“%v§|tlédlﬂ190ﬂmtﬁ @fedblﬁ%l?@' Q.If@l moYst em
coupl ed on-line: a size exclusion chromatog raF coupled to a

per f or mancePIa@[ably it isr eprarrisgH dpHle Pdingn gt 4§ eét"i‘%‘rﬁ'f"f%'PPcﬁmsﬁ'Plea'ﬁh'b'tor

el ectrospr a)ﬁltésome's@érb@rﬂn% nidyBe &mplbiedy dHRGEMSRACI RETRINGYorf 6f th@eacﬁ,glbleon
The nethod is _based on the Capacity of sone conpounds to interact with

sol ubl e pol {piper ¢ée. Py n‘éﬁstﬁﬂ‘i”’rggcﬁ@ﬁf"i‘%ssucﬁ‘r 6?&%'[16??&?%‘%93 simallypeptidepgt h

proteins). ﬁéétﬁfonﬂfhé!ld%g afhtlﬁ&ﬂés QF naBbddiELMAUNGS M thd ditBearReBE MAfchOthe
i nterest, eptide-1Ii d conpl ex induces a mass shift allow ng the

separat i on é'l*o%ﬁfl?dﬂlfﬁﬁ't%h %B%@%%\%te@orrpounds by size exclusion
chromat ogr aphy. Then, conplex is dissociated and binders are separated from

the pepti deAﬂBMedQ&@%t adthusmmu@n I%l thl%&fdﬂnd@rﬁllﬂ&/tl%ﬁ' of%n%ﬂrcoﬂ%un@t e
mass nmeasurenent (for Mass Spect rorreter)

A data decoAlRttgr¢ dphi Qit@'bp'f‘fj'ﬁ%t%?f‘&\HBS"F%'”P%H‘E ?'Yei 'Bélﬂ‘? Sﬁtr%Fe'b‘@.ﬁrﬁi@”}?ﬁl dcul es

from the magsydshekinasé redeslor atsordingtto tHeanv&HeBA 'cBin%ﬁélh@ﬂw&éon%ﬁ%bn ePfROUNd
allosteric npdul ators of  FGFRs, this technol o%y can be applied to the

ext racel | ul SifetEOEgRPiSFS 'Hi“qué’rté’ntt’VoF\tf&?rF&t dawyns @?mrpémWPé/S PRRAeRt 4BON Hige
native for maghva@¥s of Sfd HRdshed kuﬁlzﬁke%c tbr e psitdtde Bisy §énd, Prote tof asBpduHdar

dOITB.I n. Alternativelyr allosteric ul ators can ber screened by using an
"open" for mihat leads to"a detectable signal and can be, as a non-limiting example, an antibiotic
resistance gene, a toxin gene resulting in cell death, a gene encoding a fluorescent
protein such as GFP, or a gene encoding an enzyme activity such as beta-
galactosidase, or a protein that is phosporylated or dephosphorylated, acetylated or
deacetylated or changing in conformation. In case of a repoter gene, the coding
sequence is placed under control of a suitable promoter, i.e. a promoter that is induced
by binding of a ligand to the receptor and consequent induction of the reporter
pathway; in case of a double pathway, two different promoters are needed. As a non
limiting example, comparing the phosphorylation of proteins in the presence or
absence of the allosteric inhibitor will yield differences in phosphorylation due to the

biased antagonism, and these differences in phosphorylation can be used as reporter.

In a preferred embodiment, identification of an allosteric inhibitor of a RTK can be
carried out by performing a screening test comprising the following the steps:
a) contacting an allosteric binding site of a RTK with an allosteric inhibitor
candidate compound
b) measuring the changes in at least two downstream pathways dependent upon

the activation/inhibition of said tyrosine kinase receptor.



8 of the FGF-R2 helix close to the SSR binding site. Said "open" formcan
be obtained by the nutations Tyr328Arg-11e329Lys that stabilizes an

al pha- helw®,20tifeiaby al | owi ng sensitization to SSR bi ndiPag/IBXhne@ossntdat ed
FGF-R2 is then used in the screening, instead of W FG-R2. A sim | ar
strategy can be used for screening FGF-R1, -R3 or - R4 with nutations on
am no acids corresponding to Tyr328 and 11e329 in FG--R2. The nutated form

at Tyr328Asp ( F@%o%an% cﬁér\‘t_fe’ s i e &te%f%hle@smﬁeaffédbﬂeafor thén sonE esRasdi ng

positions can be used as con I ndeed, SSR fails to bind on the FGFR2
that is nutated d'ﬁ?'EGBQQR‘Q’BStF?@ﬁ? Pathmiay s @H%B'Eﬁ%‘t poerdee arhatianfnhdigan of

nutated form C&éb,@%/rysﬁ@éikmé)séi{leggﬁf)ﬂ part of conpounds that don't interact
with targeted pocket on FG--R2. In al| these cases, this strategy | eads to

the identif MP&tEDHAN SHlosierq inhipierd® ideadfietbween.dn Bresgnem ot méganst Heding&e ket of

the peptide|@dnd ﬂh@ih@ﬂomahmoﬁth%%@ oﬁ%@ﬁ’easﬁ I&ﬁe%fomgireé?ﬁ dafifivay ignAdibitedd 1 n
the cell has to be eval uated. Based on the phospho- mgnal | i ng "pat hways

i dentified wh?waﬁr@é'qaﬁb@%ﬁ@epﬁwnqt@@ma&hww's"qi@ﬁﬁﬁe hmq)ﬁ@nwpn%@tea@fr ay
Ki t* from R8QeSy&dreqhenas lAShEreporf@didedl ang cBATbD @sCAABK IR Stdnifle GON

cel | proteln extracts or directly on cells) on their ability to inhibit

FGF-2 effecf WGHH\/E@SQPOWH@%%?pm?bpf%ﬁ”kph&eeSWWEFO'(”O'HO"PW@CG%NOS
p53, c-jun, .rﬁtﬁed WrERee Fekh) &) ava;ér{y)tﬁreﬂeFumblstaiopehmgeumaétat%cltseaickérﬁwrﬁs

detected with the proteone pro sim’lar approach can be followed for
ot her RTKs: PAPIRBPYIRERINE!RT: cati on of one or nore frustrated domains in the
extracel lul ar domain of the receptor, said frustrated domain can be used in
a SEC- LC/ MSPegfprablyc htheo chateyesi firy the ndewsst'remnt heatimegysoraref pérI‘tEmfadubyr &bed

domain. The effect o he binder on nal l.i n ath can

ested usi neeRUCIdS Shofin CHBPaaln en e heuRr oo BOL oy Reliagendi
reporter sySRNDEPLOg spaaingpathitays | anot her aspect of the |nvent| on is a
smal | conpound conpound binding to an allosteric binding site, also called

"aIIoster|C|nh| i tor ccording to.the inventi and/ i tified with a
1ot hod. accotrm o pRfPRGE Ah RS BRI o rotk-RS ey BeriiiBan UsRe o
bi ol ogi cal eﬂlﬁmpsmdenlh@bésﬁdilmgsscmlmsam desofifegdbeldvgani ¢ and i norganic
nol ecul es, peptides, peptido-mnetics, proteins, antibodies, car bohydrat es,

nucl ei ¢ acl ﬁiﬁe cgE(fjE{’.I/I\Xéltmet Sdglggeyr Fsogn anal'chane nHu%t lIJSOer(]j 1%r atﬁhnety SC uen‘lensg 9
consisting of a 2-dimensional system coupled on-line: a size exclusion chromatography
coupled to a high performance liquid chromatography for the isolation followed by an

electrospray ionisation — time of flight mass spectrometry for detection.

The method is based on the capacity of some compounds to interact with soluble
polypeptides (including peptides, protein domains, or full length proteins). After mixing
a pool of small compounds with the peptide of interest, the peptide-ligand complex
induces a mass shift allowing the separation of unbound and bound small compounds
by size exclusion chromatography. Then, complex is dissociated and binders are
separated from the peptide and detected using a high resolution LC/ESI-TOF for
accurate mass measurement (for example with a Waters LCT Premier Mass
Spectrometer). A data deconvolution algorithm allows the identification of bound

molecules from the mass detection analysis.

For the identification of small compound allosteric modulators of FGFRs, this
technology can be applied to the extracellular domain of different FGF-Rs, either native
or mutated. The native form allows the detection of all the binders to the extracellular

domain. Alternativelyr allosteric modulators can ber screened by using an “open” form



Figure 1: N Quantitative PCR experinent on HUVEC shows only FGFR1L and FGFR4
expression. B/ RT-PCR analysis identified isofornms FGFRL 13 and FGFR4.
FGFRL is wodervahasfornmat of Illc variant (C). Figure 2pCBaBi@0/ess0is
transfected with FGFR111llc-hMl are able to proliferate when inserted FGFR
is activated. Only FGF4 (A) is able to $nduce FGFR1111llc while FGF19 is not
(B). Figure 3: SSR conmpound representation Figure 4. Study on SSR activity

on endot hel pAheGRIA-R2 Pt LIHEE ﬁ)tth@@sd\b.ﬁahysﬁ,ﬁ"s?amﬂ%eﬁ%ﬂn $hh Bla"oﬁfa‘?ne'dWEC

proliferation indicating that drives proliferation in these cell's. B/

SSR i nhi bi tﬁ‘eFGﬂiatioﬁauE@aZW@?’%ﬁLdFl that éﬁbﬁ'ﬁeﬁ il é'ﬁf"f‘ﬁ@“ﬂ;djﬁfbérﬂ”é?@’m sm

by SSR T kandiphtibnd IR Bidmigetheainutetdd FAFERPE AT assd ‘PrPttrﬁad sweteHinEGl:Rl
FGF2 i nduced FGFRL aut %hos phoryl ation that is only partially inhibited

wi th SSR evéwtead HiVyh FEHsRS. A W'Whﬁ@atﬁ%ﬁﬂ be yRed B sereening Blcdmpo@titive

effect of SRR hldadory &dbmhol Jb.d%&%ﬁe%b Fc?fét'@ﬂﬂsiﬁr%llléyzghﬁl FAPMEE. THel gure
5. N Binding of a fluorescent umo;&% umo) to a purified
19130

ECD of F@Rm%atﬁ%d‘efmtﬁew&%@ (FeE th%yFﬁ%Ea%%wtﬁgatWétattlewh e

speed as a B@ﬁ@d&h@ihg%f)&%ﬂssﬁnrb@ﬁ(sed% HnkrBCtin G SR Mo ¥8i§ theI<EF-and
FGFl-lumio is observed. B/ SSRisn't able to inhibit FGFR2 nultinerization

or ¢/ FGF2 &2nert gdniiged #i B er msandyhsoroRICaReGKeT tinegrioreaist Retetes!

cel I's chenotggldsm B8 @ere@ttb%cam ;%H ¥f &ﬁp%uﬁaytrﬁeﬁén ﬂnté?‘b'ét%@ thkd¥kld pacge@t i on
indicating that FGFRL drives proliferation in these cells. B/ SSR inhibits

FGF2- i nduce@ BOVERZchenpt actic migration corresponding to its antagonistic
affect on FGFRL. Figure 7: Study on SSR activity on endothelial cells in

vitro angi ogeaesiese chsa)hiis Eﬁﬁt@gﬂ'ﬂ%daﬂ;l& Riehtifdafdre ot BMECcangonEe BN B
indicating that FG-R4 controls this differentiation step in these cells. B/

SSR i nhi bi t 8INEQEANE (Y GEERPIENREIEN ReRids of '%tﬁl[:ﬁ%d%ﬁe%chn‘ééﬁepeg‘ﬁc?ﬁ@%ﬂ“ e its
ant agoni st i §|gﬂ§|fn?31n 08 delR4. to HedsVaRuaRed. BN PhSPRoAM- Mgﬁé{llr@npm

proliferation an gration. PANCO? cells proliferate (A) or grate (B)
under FGF7 tquHfiﬂdaWItrbﬁh%Pf‘HeWevﬁrf’Wﬁr%" ATERY TWTFGeR9SREBO 5'”?@@2’@@‘1‘5 from

dependence @iz Hfst&Hs, MBBteTSMIdNRLS Eon b&Fiedkad wye |SANK BeIRsBleir Strictson

and FGF7+VEGF-i nduced cel|l mgration show n% its ability to inhibit

FGFR2111b. or directly on cells) on “their ability to inhibit FGF-2 effect on HUVEC at the
phosphorylation kinase level (on PYK2, eNOS, p53, c-jun, AKT, CREB, Erk1/2) without

inhibition of unaffected kinases detected with the proteome profiler.

A similar approach can be followed for other RTKs: after identification of one or more
frustrated domains in the extracellular domain of the receptor, said frustrated domain
can be used in a SEC-LC/MS approach to identify binders in the region of the
frustrated domain. The effect of the binder on the signalling pathway can then be tested
using the phosphomap approach, as described above, or any other reporter system of

the pathway.

Still another aspect of the invention is a small compound compound binding to an
allosteric binding site, also called “allosteric inhibitor” according to the invention,

and/or identified with a method according to the invention.

“‘Compound” means any chemical or biological compound, including simple or complex
organic and inorganic molecules, peptides, peptido-mimetics, proteins, antibodies,

carbohydrates, nucleic acids or derivatives thereof.

Brief description of the figures



10 Figure 9: Study on SSR activity on B9 nyeloma cells proliferation. N
FGF1 i nduces B9 nyelona cells proliferation via FGFR3 and SSR inhibits this
sti mul at iwo 20ndiocasi ng that SSR is able to bl ock FGFR3. PBiI/IBEv@nish®d ess,
SSRisn't able to inhibit proliferation of B9 cells transfected with an
aut oactive FGFR3 nutant (kinase domain 9s constitutively phosphoryl ated).
These results indicate an extracellular effect of SSR Figure 10: HUVEC

mgration asyﬂ '1“AWC!iu§ht|t§t§B P@R@iﬁ@ﬂlrﬁeﬁt%rﬁleEU&@{%|o)ﬁ|y' R tan@:@kij
mgration in ed by various growh factors such_ as or

Pl GF. SSR i §*Rpegeti B RuPGRzaralyte 'WF'QG%IS@EQ@SFF@FR%%@&Q@EEG{H%? i on.

Figure 11: BiRraheifnRatr SOV anB&H. bi nding on FGFR domein I11. N 1D and
STDNMR anal ysi s of SSR bi ndi ng on 'FGFRL extracel |l ul ar domain. No sat uration

is observed with control TNFRla. B/ 1D-NMVR s tud%/l of SSR bi ndi ng
di fferent FES¥e doRaMs calsnbarsieciad With HOTHIRNG MB'b@rﬁlﬁ‘%%th/\P’qui eﬁ@rﬁ“%n

| ength and sthed:ffféﬁﬂ? id @ dled. OBy €GFUNAD & alsie! GORILENIGRR 1 BMC B IHGINGSi t e
in domain I1I. | sothermal titration calorinmetric showing ability to SSR

to bind on Iﬁcﬁqi?éB)and FGFR3 (D) extracel lular domain. Figure 12: NWVR (A, O
and | TC (B) studies denonstrating that SSRis not able to interact with

FGF1 (A B) Fryute BEBBR(dompoubd rdWpedantativher ence in SSR bi nding on FGFRL is
observed foI | owi ng addition of sucrose octasul fate (SCS), a heparin

m netics, nflrm ct Wt arl bi n site of
marr o goFbure®: M3 sSREAERAT o' et R OB A LR CRE i ¢
bi ndi ng si tEGfF@II’stlﬁi‘EI%teﬂBI&JVE[@@roM%E—ﬂloamdmatlagIthﬂat FIG-F(R1edm%B Ipi’mllférstldiﬂln\fﬂ'edéngZ
extracel | ul ar i show R and . FGFR2. i
e o PRl BT SR B QR B O D o580 IRt ( BRFRInt i v m
t hat Y328D am‘agbm@nn ye88R! €/ RRER Aadskaws Ehdothelicd CSER(RFnﬂcmganﬁegBdwa
Fouri er Tra r.aRed nme purifie A R2623- W,
(8 Farro. oBBFRTLFoP e RaReat G +(parqysopiainn TS bl BN foub] o
THonti1i ot oot Q#QIQ*” e O e e "t o
i ifi i . i i
mutating Y3 @%Bg)éfm arpsgg(g?gkgfgg qg}vﬁpﬁkg change. Figure 15:
Western bl ot anal ysis of activated Erkl/2, after stinulation with FG-2
(0.5ng/ ML f BigureiM)A/Bindihglof v ucasssbeicluedo-tigiad FGrel (FRGRd-lumid)utol a lpenftidn
FGFR2- W' or ECD of FGFR2 without the Fc-tag (FGFR20123), by measuring the tumbling speed as
a parameter of anisotropy. No direct competition between SSR and FGF1-lumio is
observed. B/ SSR isn’t able to inhibit FGFR2 multimerization or ¢/ FGF2 dimerization.

Figure 6: Study on SSR activity on endothelial cells chemotactic migration. A/ only
FGF2 and FGF4 stimulate HUVEC migration indicating that FGFR1 drives proliferation
in these cells. B/ SSR inhibits FGF2-induced HUVEC chemotactic migration

corresponding to its antagonistic affect on FGFR1.

Figure 7: Study on SSR activity on endothelial cells in vitro angiogenesis. A/ only
FGF2 and FGF19 stimulate HUVEC angiogenesis indicating that FGFR4 controls this
differentiation step in these cells. B/ SSR inhibits FGF2-induced HUVEC in vitro

angiogenesis corresponding to its antagonistic affect on FGFR4.

Figure 8: Study on SSR activity on PANCO02 proliferation and migration. PANCO02 cells
proliferate (A) or migrate (B) under FGF7 stimulation with or without VEGF suggesting
a FGFR2IlIb dependence of the system. SSR inhibits FGF7-induced PANCO02
proliferation and FGF7+VEGF-induced cell migration showing its ability to inhibit
FGFR2IlIb.



Y328D. Densitonetry defined 1050 value (average sem three independent 11
experinents), show that the FGFR2-Y328D nutant receptor (B) is about 5
times | eswoxengiotide to SSR i nhibition as conpared to FEERABMW0/(FPS4 Fi gure
16: N Western blot analysis of SSR effect conpared to FG-R tyrosine kinase
i nhi bi tor SU5402 on FGFR2 transfected HEK cells stinulated with FGF2.

SU5402 inhibits PLCy, FRS2 and Erkl/2 phosphorylation while SSR doesn't

i nhi bit PLCgiquaé watudynsh sshl NGividy B @@e(ﬁya&%a%m §m.#@vat.%§R A/BGFFindues 17:
Western bl ot analysis (A) of SSReffect on FG-2-i nduced AKT phosphoryl ation

i n HUVEC wi B YRores Ccekss protgraiigngimhEHBcand %Rg'ﬁfablﬁﬁeth(ssjt'mtdﬁtlorﬁn§'C@tfnr9ect

is also quamalt %B@h%%b}éﬂ thDIRR FEFREE IR Nelbrnefed SSRtlﬁdt &&@l&lﬁhlbl@%ﬁtﬁ@?%aﬁKT
(Ser473). D This effect is independent on SSR unabi 0 conpete with

FGF bi ndi ngOBrBQ:GEﬁS W'@ﬁﬁcéedlfi""th dhtauqashys RS p@ﬁ@t”?lv@'”ﬁﬁ%s@‘?@@'@d'szones

in the VEGF-H&tilRGEIPpAbstHONISted P ThIG RsRiadide AR Bcafthr BHE&lf 8BR.
analysis.. (A) Sone’ regions that are prone to undergo structural changes

(e.g. R-sheet to a-heljx transi tions) have been identif

| ysines (KeHWUERJOKELBEANEaREEeASSER I 881N OPR iubERRIS P ?'HE"BC%&'MW%H elue

to their clasgaessindacédd BPSABHR grRvtl oambrd el a*sh@Ff PIRGE-BE GG F \be Flgpact
perty following nutation. Figure 1 Ldentification of

on helicity

putative fr §§Br'éf5€%°'fi‘bfﬁé§(3fﬁ qnﬁé)”mo@ﬂ;': @@'éﬁ?%HUMEPH'@'QE%‘PPWar e program
AGADI R and nutation analysis. Miutations Lysine387 into Aspartate and

Leuci ne383 Fryure a3pAMRRIdRE &oivihghSIR bﬁrimngFGﬁRg@drhaﬂﬁ! lil.naE- vl $TED4 city

Fecoptors sNhIRYSabhaTs Csiid, 2t o hr BUERCIRLPomaR NSLEFURT VerRe

signal I'i ng bbsdrod wih ¥b&Hol SINFRIlcaBY aD-NIMR ity HGXBR Bindiry emalffeiend FOFHR10W ng

PDGF sti mul %omalns demonstrate that spectra obtained with FGFR1 full length and with FGFR1
domain Il are similar suggesting an interaction site in domain Ill. C/ Isothermal titration
calorimetric showing ability to SSR to bind on FGFR2 and FGFR3 (D) extracellular

domain.

Figure 12: NMR (A, C) and ITC (B) studies demonstrating that SSR is not able to
interact with FGF1 (A, B) and FGF2 (C) . D/ No interference in SSR binding on FGFR1
is observed following addition of sucrose octasulfate (SOS), a heparin mimetics,

confirming that SSR doesn’t interact with heparin binding site of FGFR1.

Figure 13: In silico modeling and mutagenesis identify allosteric binding site for SSR
near the Y328 amino acid. ITC experiments on WT FGFR2 extracellular domain (A)
show interaction between SSR and FGFR2. This binding failed when measurements
are realized with Y328D mutant (B) confirm that Y328D mutation renders FGFR2
insensitive to SSR binding.

Figure 14: Fourier Transform InfraRed (FTIR) measurements of purified (A)
FGFR20623-WT, (B) FGFR2-8623-His, (C) FGFR2-0623-Tyr, (D) FGFR2-0623-H/T
(H295L/Y328D double mutant) without or with 100uM SSR (black and grey line
respectively) identified a conformational cahnge in both WT or His295L mutant while

mutating Y328D renders FGFR2 insensitive for this change.

Figure 15: Western blot analysis of activated Erk1/2, after stimulation with FGF2
(0.5ng/ml for 5min) of stably transfected HEK293 cells with full length FGFR2-WT or —

Y328D. Densitometry defined IC50 value (average + sem; three independent



Figure 21: Erkl/2 phosphorylation detection in HEK293 cells that
overexpressed wild type or nutated forns of VEG--R2 or PDGF-RL13 receptors
usi ng weswernilooti3or surefire assay. (A) nouse w |l d typeTiBro1WEE3p54R2 and
nmut at ed at K609D or K648D were stably transfected in HEK293 cel | s.

Fol | owi ng starvation and stimulation without (0) or with (+) nouse VEGF,
Erkl/ 2 phosphorylation is detected by Western blot. (B) schenmatic

represent at b%brmientthesw ikt i PEPRY-YRgBEhEGht RIcKdor &é)l @fafboﬁtceb%%}; 1&4s PLCY
(right scheme) phosphorylation on protein extracts., Al phascr een

surefire doSaifiye t‘l§s&'”h'8tt'81‘ aéﬂoﬁﬁé@SH%FﬁFﬁzéﬁTEAkll 2 in
PDG-R8- tr ansf ect ed HEK293 celI's following stimulation with 10%FBS, 1 or

50ng/ m PDGFERRire M 6WAl INMdgters bidiahalt/sie bf 8SRCETHcE 8bmpatbd tEFBRR §Fosivt Ighase! S
and nethods to the exanpl es STD- NVR bi ndi ng assay, The extracellul ar dorral n

(ECD; ami noinaiitas SUsdV3sw) FEFRehBanripriz el flimpipteraBh Rfefe?: Frigo40
anpl i fied apghigisoPedy,i PRS2 EandC Ehit1/% 8sHoSHh dEATRY whitk tdsR dbelRt MhmBsit Fics t ag

foll owed by a TEV protease cleavage site), using Ndel and BamH restriction
sites. For B?@W@Vﬁ“%ﬁ%ﬂ%étﬁ%ﬁ aPF?QOP'égmyt‘?%% (B) asni d (pET FGFRL D1D2D3) was
transfornmed into E. coli BL21(DE3) (Novagene). Cells were grown at 37 C

gnti ljdp he 89@9?{3 $&Chﬁést@rn6 bamdah%gzgﬁb(malrot PERL e'ff@ctpbgd;arGFig?ndma iarduced
y addi ng t hi ogal act opyr angsi de t urs
Chdacti on.  eBptrboptbn NSRS iR dionaeTnd S G GHER Sraiey ). Shd ey |
ge! I /6}4 CI( 1 Leﬁ%dtt idr 850 v@manhmc' ) dvitin@nr &$-USIRE EUESA IdTe(E%d hgdmit f @foibhszx@(mvl
rs y P . 1 ! ont nin SOZY[ , d .
bensonase (REALY: DRIP S TREr e MERRBIE TGN S DRaBnY ih compate; Al F3F SO es
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0.5 M L- al’gbmf@ﬂ%f(ﬂoww%&mémorp 02% azi de foll owed by incubation with gentle
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for 20 mn, _concentr thro h rane (fin

concent rat] BIBUTS g g hicatan Slhiene dEerred zoars 1 Hear peBb Gattntar uhamy

Tris/ HCl, pkbfévdle &OQTMnEKEADIR)aQ@%u@IOd%na%@ M@datlbﬁs @yé’ﬂhéﬁ&iﬂnb@‘lﬁ@’artatﬁp

5ml (CE Heal t h are?1 deluted with a ear gradient fromO t MI.I\?CI
‘6?& E P'M‘ ity

Fi nal puri f PEAt{eHH o falgEsela gosy, ”@9%@6&}9?8%

chromat ogr apfypektgi Ng a H Load 26/ 60 75 pG col um (GE Heal t hcare)
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pathways activation through Erk1/2 and PLCy. (A) VEGFR?2 signalling following VEGF

stimulation and (B) PDGF-R@ signalling following PDGF stimulation.

Figure 21: Erk1/2 phosphorylation detection in HEK293 cells that overexpressed wild
type or mutated forms of VEGF-R2 or PDGF-RB receptors using western blot or
surefire assay. (A) mouse wild type for VEGF-R2 and mutated at K609D or K648D
were stably transfected in HEK293 cells. Following starvation and stimulation without
(0) or with (+) mouse VEGF, Erk1/2 phosphorylation is detected by Western blot. (B)
schematic representation of the surefire assay to detect Erk1/2 (left scheme) or PLCy

(right scheme) phosphorylation on protein extracts. (C) Alphascreen surefire dosages



TNF-R1 a were expressed and purified. The structural integrity of the FGFRL
ECD was denonstrated by its ability to bind the heparin columm (see above)
and by fowombilonigaB a conplex with FGF1. Conpl ex for nmat iPom/IB20/633854zed by
si ze excl usi on chromat ography and subsequent anal ysis on SDS-PAGE. All STD
and 1D-NVR experinments were carried out1dn a BRUKER t hree-channel DRX600
and on a BRUKER four-channel DRX800 spectroneter at the standard

t enper at ur eof)ftotglggr If)h@§';§hd’f‘ﬁél‘%dr efk@rent ebdorg-h8ndrodied N KRRER fbllowing
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8.0, 200 MM NaCl, 25 nmM L-arginine, 2 nM EDTA, 0.02% azide (in 95%H20/5%
D20) . For pEQhRp Ibsl i gand 1D STD NWR neasurenments spectra were recorded with
1 mMIigand SSR128129E (100 mM DWVSO stock solution) and 40 mM protein with
weak 2s RF i n on separated protein nethyl resonances. Water

suppr essi on’%ﬁé%”"i‘!ﬁtaf'fié’&etﬁﬂgs?&F’f?ge’ﬁ‘(go@fandard Bruker WATERGATE 3-9-19
sequence. NMR data were processed using the Bruker program xwi n NVR

sof tware. | sogDheNMRHiInding 8gdalvon cal orinetric (I TC) neasurenents All
calorinmetric experinents were perforned at 30Cwith a VP-1TC titration
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(30,000 g, 30 min) and the supernatant was loaded on a Ni-NTA column (Qiagen) pre-
equilibrated with buffer A following the manufacturer's recommendations. The FGFR1
ECD was eluted from the column using denaturation buffer with 500 mM imidazol.
Fractions containing the ECD were pooled and refolded by flash-diluting of the
solubilised protein (dilution factor 1:30) into 50 mM Tris/HCI, pH 8.0, 250 mM NaCl,
0.5 M L-arginine, 2 mM EDTA, 0.02% azide followed by incubation with gentle stirring
for 24 h at 4°C. The refolding mixture was centrifuged at 30,000 g for 20 min,
concentrated through a YM10 membrane (final protein concentration 1 mg/ml) in an
Amicon stirred cell, dialysed against 25 mM Tris/HCI, pH 8.0, 2 mM EDTA, 0.02%
azide, applied to a HiTrap Heparin HP 5ml (GE Healthcare) and eluted with a linear
gradient from 0 to 2 M NaCl. Final purification of the FGFR1 ECD was achieved by
size-exclusion chromatography using a Hi Load 26/60 75 pG column (GE Healthcare)
equilibrated with 25 mM Tris/HCI, pH 8.0, 200 mM NaCl, 25 mM L-arginine, 2 mM
EDTA, 0.02% azide. FGF1 (amino acids: 16-155) and FGF2 (amino acids 9-155) and



HEK293 transfection and Erkl/2, PLCv and FRS2 phosphoryl ati on studies
HEK293 cells were either transiently of stably transfected (using FuUGENE 6,
Roche) wiwb2hH@RA31l ca or hFGFR211l ca- Y328D cloned in pcDNBB1(/H33054 r ogen) .
Stably transfected cells were grown in G418 (400pg/ ml) containi ng nedium
Before stimulation, the cells were star¥®d overnight in DVEM (0% serum,

and pre-incubated vmth 55R128128E at the required concentration. The cells

wer e subseqqfﬁﬁtﬁwa %H@Jp@és%eﬂ%a uffde Tﬁg%%&mar ﬁﬁég}@f Qﬁhw@w EcbOng ml)

for 5 mnat 37Cwth or wthout SSR or 5U5402 at After washing with
ice-cold phdgrphmt@ietmby s abilitydo bing the heparin @F@urphé%qﬂmcugbandwhy feirmatien of
(Roche) ce & WiseFEdmy. ReBA R g hi 230 ]lgqc‘mg

NaCl , ? PIH‘]?)l%trt?;ltorg gP UD%/ vgcgnea(to§ chgléatag%?%nt al n| ng p ophat ase
and pr ot easéhromtmr@msardsﬁuaéwennbwlm ehEDFEPABRCt ur er (Roche)). Cell

| ysates were centrifuged at 12,000 g for 10 min, and the supernatants were

collected. Ry %'ﬁbﬁ§nd‘ﬂbeNﬁlﬁpéJ%r%n@1mM%/%ém%@|éﬂﬁ‘cdrﬁ’halﬁrRQREQeﬂhﬁee -channel
(I'nvitrogen, Carl subsequently transferred onto Hybond ECL
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cells used Iin this exgerlnent has been described in detail in
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i sol ated fr o EdRfentsSd g W%reT fdcBrilel v&.ﬁagw lidahB\d SR 128¢D9E H%)mmnﬁlmsbe
RNeasy Kit (Q agen, German rom whi cDNA ‘'was subsequently prepared

usi ng the QaieRk |SP@B@”)R@We4één'\#rFéﬂt§@rWﬁ1 M@ﬁk IGStRIE dragtiption @eperafgipd protein

r i mer - Set S i) FAMIn e Watke | oty oM RIRIRMG( 4! QGRRE Caruier

Bel gi um) were desi human % I9 G-FR4, and TBP, an
PCR react i oMA R Elér3r9 éa Se%%r@atNMR @atas\@me F%@SS@(}!SJQQ i Bm@mréy@@rem
(ABI, GCermayiNnFRR%AAP! € was anal ysed in triplicate along with specific
standards and no tenplate controls. Anplifications were carried out using
2X TagMan(r Unl versal PCR Master M X, 20X Assays-on- demandTM Gene

Expressi on BS 8| tiiratic e LS dromants al nRNA copy nunbers in each
sanpl e were made accordl ng to t he cycl e threshol d (CT) method. The copy

nunbers of EHERbrimefdicRkpeftER3 weré&3pEdornTEdNA 306T ith @ el TE @flatithi dbribRieMRNA

| evel s.

(MicroCal Inc., Northampton, MA) as previously described *°. Titrations involved the
addition of 10 pL aliquots of 1.25 mM SSR via a rotating stirrer-syringe to the solution
cell containing 1.407 mL of the 10 — 20 uM interacting protein (i.e. FGFR2%'%,
FGFR2%® and its described mutants and subdomains, FGFR3%'%, FGF1, FGF2 and
Follistatin (as negative control) at 4 min intervals. A constant stirring speed of 300 rpm
was maintained and data were fitted to the standard noninteracting one site model
supplied by MicroCal, with n fixed as 1.0. All measurements were performed in 10 mM
HEPES pH7.2, 150 mM NaCl, and proteins were purified as previously described
(Pellegrini et al., 2000). Mutagenesis was performed using the ‘site directed

mutagenesis kit’ (Stratagene).

Fourier Transform Infrared measurements

Fourier transform infrared measurements were performed using a Bruker Tensor 37
FT-IR spectrometer equipped with an AquaSpec flowcell. The sample compartment
was thermostatted to 25 °C, 100 spectra were averaged for a good signal to noise

ratio. Proteins were purified as described above. Immediately after the gelffiltration, the



FGFRL Phosphorvl ati on neasurenents Rat fat-pad endothelial cells, stably
transfected with hFGFR111l ca- Hemagl uttinin, were grown to 80-90% confl uency
and serumwetarvmwdt180. 5% FBS) for 24h. Stinul ati on was pectTaBmadozsosd ng 5
mnutes with FG2 at 2 ng/m in conbination with SSR or DMSO (as control).
Cell lysates were centrifuged at 12, 0001‘5 for 10 mn, and the supernatants
were collected. HA-tagged proteins were i munoprecipitated by incubation of

cell lysat EDrdifd We%‘%jla%e&‘évémlgthlﬂ% ﬂfeesga%lé?Erébfara%gﬁr&%‘éﬁ@ro(flom‘i—%ﬁe§%ﬁ' -
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(I'nvitrogen, Carlsbad, CA) d subsequent | ransferred onto bond
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non-fat m | KeRQWEELBArM, EB@Z#M}E menbr anes were incubated overnight at 4C
with the follow ng antibodies:” pFGFR (CST. 3471) and FGFRL (CST: 3472).

Ani sotrophy rreasurerrents To assess vvhet her SSR i nhi bits the binding of
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FGFR2 WIthOUt Fc t ag (FGFR23123) and rreasured the tunbling speed (as a
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Angi ogenesi Eh‘t%lﬁhtem for endothelial cell magration (BD Biocoat, 354144) and

750p1 of ne PrERME2 (owér 18 haRbesPhaiRRP %&@éﬁa Phosp-RECY £65 T 28¢H
(R&D, 235-F4nqg ﬁé&hzgr:ow 4) n house produced) at 67 ng/nl. Plates are
i ncubated 22h at 37Cin a chanber Then, plate insert is renoved, and
placed in a_new 24 wel | sgl ate (Fal con 353504) t hat contains 500pL of
cal cein (MESs igcladBal /g colsyproliferglionny ni .  Then nigrated cells are
fluorescent and mgratl on is neasured by a lum noneter with downstairs
readi ng f ol TAwcBGstABHOTOEBSH/B abllDisaand tHisS erpariars $iad®Been described in detail in

the application WO2007/080325.

Quantitative real-time PCR

Total RNA was isolated from HUVEC using the Trizole reagent (Invitrogen, USA) and
the RNeasy Kit (Qiagen, Germany), from which cDNA was subsequently prepared
using the Quantitect Reverse Transcription kit (Qiagen, Germany). Primer-sets and
FAM™ dye-labeled TagMan® MGB probes (Eurogentec, Belgium) were designed for
human FGFR1, FGFR2, FGFR3, FGFR4, and TBP, and PCR reactions were carried



HUVEC in vitro angi ogenesis Collagen/ matrigel gels are prepared by
distributing in each well of a chanberslide (Biocoat Cellware coll agen,
Type 1, 8weebivmwiBuresides: Becton dickinson 354630), P6EOAB2006/0530%t di | ut ed
matrigel (Gowh factor reduced Matri gel Bect on di cki nson 356230) in
collagen 1 (rat Tail collagene, type 1: 1Bect on di cki nson 354236) .

Pol ynmeri sation occurs at 37C for 1h. Then, 15.103 HUVEC are added per well
in 400 pl EBM sresli7500 (:Qt(mz%i lih& P@@-gﬂs}erﬁ'(@Bl%ﬁ%rﬁ/& 9’%%\%3 analysed
Endothelial cells are stinulated w th / G2 (R&D, 133-FB-025),
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starved overerni ght |n 1 8 m of RPM 1640 (| nvitrogen, 32404-014), 0.5%
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MEM nonessential am no-acid | x bco, 111 0 035) M sodi um pyruvate | x
(G bco, 11366F Rdé@)STa%Déeeded per well in 96- vveII col | agen 1-coated pl ates
(Beckton Dickinson, 354650) overnight. Cells are stinmulated 5 min with 100

pl equilibr aﬁg@t@é%%rqgamémw thout FCS containing 20 ng/m FG-4 and

600nM SSR. en, a p FA 8% in PBS (Polysciences, 18814) for 15m n
roomte rature a e ls 3 ti t 00pl S for 2
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anti-rabbit Seaondaty inout (blue) or with (red) SSR (1mM). When FGFR2' was added to

FGF1-lumio, the tumbling speed of the ligand/receptor complex was slower than of

FGF-lumio alone, because of its larger size. A large molar excess (1000 fold) of SSR
failed to alter the tumbling speed of the complex, confirming that SSR does not
displace FGF from FGFR.

HUVEC proliferation




18 anti body (CST, 7074) is used to detect AKT phosphorylation follow ng

1/ 2000 dilution in PBS, 0.3%triton for 2h at roomtenperature. Then, cells
are rinsesowntinmoPB% and 100pl of HRP substrate (Uptima, POPEB2VI®0J3054 added
for 20 mn in a dark room Enzymatic reaction is stopped with 100pl of stop
buffer (Uptim, UP529590) and OD was ne¥sured at 450nm FGF2 bi ndi ng on
FGFR-transfected 300-19 cells: FG2 was | abeled with Al exa Fluor 488

C5- mal ei mi d@oﬁildﬁfﬂt’i—ﬂﬂﬂﬁﬁcel@@@%he@@d'éﬂﬂ‘5‘@0"péérll§h@$@dplrmmmﬁctﬁ{v!t%én This
AF488- FGF2 was used bi ndi ng experinents on nurine

0o 15 ol SEhn U cblladd ik hCEGRIGS. Fessl st 2ud SR vRE] PR Topo

pllasm ds (| BYddniigfhiho-asan X @V i nRb35 WWE@dubMQﬂéﬁ%t@gx b6, M 18660
cells in RPM 1640 (lnvitrogen, 32404-014) with 10% one,

5H30070. 03) 039nfegperdadi P, Wﬁﬂ_:l\w n¥hwals selidges) - %gﬁt%pb?é%?%&km Bligkinson,
11140-035), 35@\60§QQbe’QHWTW\Ztrﬁedlefm(|9r@%ved%ﬁ@%@l@@é b@nsbpliéﬁrméd.um thatGFZ

nonot hi ogl ycer ol under rpm agitation.

S
(20 na Y Betens P AR P T S B O h R8I0 4 o QT S ROSees

Calibur flo cﬂMEéHFBén%VS(ﬁJBSﬁM QBRQZGG'oF‘%Q@THM) Eie'HQW%%%GS'atQ@m 80, tRsmeach
condition is al so analy mgration wth various _growth h factors

Cel | ni gr at Pba/ feler ééj@é%@@:@ipwfeéatr%dﬁ?V@HatBébeéWaB‘Ffwﬁﬁér conignt Wi 108phg

24-wel | i nsef tcul a8t @ioNiUMbindsdBM RANVBaLRiIt? it PRATYR] G78eNMeabl e supports with
a pol ycarbonate nmenbrane (Costar, Corning Inc.). Exponent| ally grow ng

cells were starved in 0.2% FBS containing mediumfor 16 hours and
resuspendedmiﬁ&lﬂlgya—“&ﬂ in the same | ow serum medi um 100 pl of
the cell suspension were seeded in the upper chanber, while

cheroattr aC'O@HﬂLien&lﬂdﬂ\mC Sk s apleat@dand) rédispéraisar mcﬂaambamo (InV|trogen

Toonort B0 BB RuL e T B SN} DnpSeoriiah PEEOSH Af (Bigo

medi um was 4$e4D- @35)0I$IE'M YRIiGn Py rohbte B ([Gcdd 11980-539)nE Wbt 060¢<e||§/tn|3275©p| @1_el |'s
on the upper SCr tton

ide. o rane aped u wab, while

m gr at ed ceP?'ES‘EJHt'Q”r\@ qﬁﬂ%‘l‘tngwtf‘a‘e‘emg%r'@ the B%er i‘@ﬁ‘%f% Bgf‘é(‘feﬂi???&? g@‘f?ﬁ% in
PBS and nuchaguogéraefsmeslymmhomcFalo]yfemél dwaﬁigraftubﬁ@&u)cabd&t 354 844)| dhar EsOpE ot
mcrosope nitifcation is Qr
Tagni 11 cat | BIFCEH TOP RN O g € (REHD S e el o OF PAREReo s P4-
proliferati gps5yedtdkGH-Y9 @hhBbse produced) at 67 ng/ml. Plates are incubated 22h at 37°C in a

CO, chamber. Then, plate insert is removed, and placed in a new 24-wells plate

(Falcon, 353504) that contains 500uL of calcein (Molecular probes, C-3100) for 90 min.

Then migrated cells are fluorescent and migration is measured by a luminometer with

downstairs reading following 485nm excitation and 535nm emission.

HUVEC in vitro angiogenesis

Collagen/matrigel gels are prepared by distributing in each well of a chamberslide
(Biocoat Cellware collagen, Type |, 8-well culturesides: Becton dickinson 354630),
160ul of 1/6 diluted matrigel (Growth factor reduced Matrigel: Becton dickinson
356230) in collagen | (rat Tail collagene, type |: Becton dickinson 354236).
Polymerisation occurs at 37°C for 1h. Then, 15.10° HUVEC are added per well in
400 uyl EBM medium (Clonetics C3121) + 2 % FCS + hEGF 10ug/ml. Endothelial cells
are stimulated with 10 ng/ml of FGF2 (R&D, 133-FB-025), FGF4 (R&D, 235-F4-025) or
FGF19 (R&D, 969-FG-025) for 24h at 37°C in a CO, chamber. Then, total length of
pseudotubules is quantified using a bioimaging system (Imagenia Biocom,

Courtaboeuf, France).



19 Cell proliferation was anal ysed on exponentially growing cells that were
starved for 16 hours in 100pl RPM 1640 (Invitrogen, 32404-014) with 0.2%
FBS (Hyclwoep11#eda670. 03), 2nM gl ut am ne, MEM non- essenPCINB2M/NBIORCI d | X
(G bco, 11140-035), MEM sodi um pyruvate |x (G bco, 11360-039) and seeded at
4,000 cells/well in 96-well microplates!? After exposure to mtogens and/ or
SSR for 72 hours, cell proliferation was assessed with the use of the

Cel | Ti ter 9%&@%&&aﬁlangs@emktgﬁo_&@bm&roﬂlm hereld on Assay (Pronega,
Madi son, W Sconsin according to manufacturer's instructions. Cell

m gration was assessed a nodifi ed Boyden chanber assay, by usin 24 wel |

inserts cont™VH ﬁ:&"%(Fﬁfﬁmﬁﬁ?'b G&i12200) rasm $Refed PesdBaBI!Iaqf pbreatedydish (

pol ycar bonanbcasmmss ( §oats10° IBIIA®D InCof) EBMX RRUARIM | (Bldnktie, mmgzq:)el I's
were starved in 0.2% FBS cont ai ni ng nmedi um for 16 hours and resusgended at

5 x 105 cel FRMARING; 76t FRS LelrpeticowChed i nEtbem! MEGT (fFlopgticeneCeAd 1) from

suspensi on Ry eGheSiHgE UdStstk*”t Oltﬂféﬂés at@ahes), 1260 Ing/renespaah (SRR 31 49nd/ or
SSR were placed_in ﬁ q e( amber. 10% FBS cor?’?al ni. ng ma(dfbﬁﬁm was usn)gd

posi tive coAP¥&ro ”ﬁf“ﬂ'eﬁc%s N%Br@"?%%t%@ﬁo@t AB9E cBflyenayncelisre sigeyeds de

of the menmbpagierigt €insS4sapRdot RN QGWtGrﬂxﬁro"g‘éﬁbBZWJOM)ﬂ Gb%t gELebhm on
the lower surface were fixed with 4% fornmal dehyde and nucl ei stai ned with

DAPI for quétfamingat Mk NopgssRUiPLARINOA9ILS %’Pvcbtfqgeér &1199h050) cgqdium pyruvate

proliferati @nvi ranﬂlsﬁasﬁopmwraag%felrabémé gfeow.rﬁlaféal e rﬁ.ha&y \Q@oemssﬂar ved
for 16 hours in Invitro 1980048 2%

cont ai ni ng Rl W%egrﬁa@%t&?e@e pmthgiogPreaing §¢¥N§F3IF 1 @%'@’%Iﬁ{gﬂn %:ﬁ)fﬁ‘ 9?@3

Af ter exposuite of @ithditA0R 1SS R34y, NS,ﬁRcélgraraZmb&ymn ceelPB s ¢é’ney@tjl\m was
assessed with the use of the Cell Titer 96 AQueous One Sol ution

Proliferatidn WsBE (HloffEgRNs r@a%hfg'}ﬂno"”wv@%ﬁ’%? r@”%sﬁate%s@clﬂ‘#m'tﬁif P%tha"

manuf act Ura(__SRgmbn%BkIQ | ©&15 lysAleBh@e e eentrifide@f dtr €2,606ay forDay Min, Rrat the
HEK293: nVE wt or HEK293: PDG-REI cel | s at 10000 cells/well (96 well plate

Cel | bi ndi n§URSSSFIAPY eHE Cé’l”?‘%f@\?jt%"oéet”ﬂsal’i’ﬁr@%qaﬁ?tﬁﬂto”lﬁs?o% Never JHs-GHINe i n

DVEM (0% sepyiphcrii@middh g@lsn'(l'ﬁUﬁbgéH)eBﬁd esdﬂ?sé(ﬁdérnﬂy Offarfateambn &f nM%@Eﬂmé’seor
PDGF-BB i n M (0% serum i nul ate for or 15 mnutesi Lyse cells in

lysis buff ernemtﬁﬁ@wré/ﬁrqgéna@égglo DibsrRloiEg mu?at'qr\/vg%h LN phme PRWdesf
buf fer, stif PBeiodRTwRnnBa 186 nBmeaded MeRe ficaBaERd AverHE NPt witticher

use; make 20
anti-phosphoAKT (Serd73, CST, 4058) diluted 1000x in TBS, tween, 1% BSA. Signal
of each spot is obtained following chemiluminescent detection with SuperSignal® West
Dura Extended Duration Substrate (Thermo Scientific, 34076) and spot density is

quantified using a Biolmaging System Chemigenius2 (Syngene).

On-cells AKT phosphorylation ELISA

Confluent HUVEC cells are harvested and 5 10* cells in 50ul RPMI 1640 (Invitrogen,
32404-014) with 0.5% FCS (Hyclone, SH30070.03), 2mM glutamine, MEM non-
essential amino-acid 1x (Gibco, 11140-035), MEM sodium pyruvate 1x (Gibco, 11360-
039) are seeded per well in 96-well collagen I|-coated plates (Beckton Dickinson,
354650) overnight. Cells are stimulated 5 min with 100 ul equilibrated staved medium
without FCS containing 20 ng/ml FGF4 and 600nM SSR. Then, add 50ul of PFA 8% in
PBS (Polysciences, 18814) for 15min at room temperature and wash the cells 3 times
with 200ul PBS for 2min. Non specific sites are blocked for 1 h at room temperature
with PBS, triton 0.3%, normal goat serum 0.1% (Zymed, 50-062Z) and the blocking
buffer is draw-up and replaced by anti phospho-AKt (Serd73) antibody (CST, 4058)
1/500 diluted in PBS, triton 0.3% overnight. Primary antibody was then eliminate and
washed 3 times with 200yl PBS for 2min. HRP-conjugated anti-rabbit secondary



m xture of lysis buffer with protein and anal yze with pERK1/ 2, total ERK1l/2
and a custom desi gned pPLCy and total PLCy according to manufacturers
instructiwosoti@oeaipl e 1: ldentification of SSR128129E agcCanBzili/esssr i c,

mul ti-FGFR i nhibitor The objective of this study was to devel op | ow

nol ecul ar wei ght cheni cal conpounds thai8bind to the FGFR extracel | ul ar
domain (ECD) and inhibit FGFR signaling. Gven that it is challenging to

envi sage hO%t@ooﬂW&éTCﬂWﬂ?%ﬂﬁe@wHé&ebM@T éﬁésprFyﬁbt@n Il A1/9630 d%'tlb!rpﬁhptl de
(i.e. FGF) via yyve steric hindrance for_the orthosteric site, iple
a

ligand bi ndPﬁé As3alitandenah at W@F‘etempﬁﬁtlf@dﬂﬁ% getseraiingediéh REP aamﬂ 00“'

identified 6@@@%&&%«%@@5' 096@47‘8'1?%'[ é‘dde@efbﬂ Z/O Rfin W & dafk RbMOSh&fh&tic
mechanism We initially devel put scintillation proximty

rou
D1 i no. assEACHEPAS NePAcdoNt {1P0EbehGURISUTRAL Ut b PSERESG; anst R ores
1251 - FGF2 t gh BB sESEYnsonsi sting of the three | g-1ike donmains D1-3,
coupled to a Fc-fragnent (FGFR13123/Fc). After screening >20, 000 corrpounds
and chem cal__opti m,zatl on, _one corrpound , 55R128129E (abbrevi ated as " SSR'
from here oB$F2 sfgeted 309 g&— n addi ti onal SPA assays, SSR
acted as a nulti -FGFR i nh| b| tor, bl ock| ng the bi ndi ng of different FGF

| i gands to ¥er2oMmss REERBE with Alexa @ludr 8B 5- hagirhide (hivivibiges, A10254P@Idineig Nt
ligands with r | at ed str%gf{ ral honol ogy or entirely different chem cal

conposi ti onpt’r(‘} PHEIrFelYy OP%ceptor; this finding was suggestive either
of a conpetitive (orthosteric) rrechanl sm or else an allosteric interaction
char act eri zgHistyFASBHAGHIEga Uskr ata0pgmain Nindivig Ekberinsdrap onlhnsinapes-Be3oakin,

“or obe- depefiabnais el WhoFOERH CorcPORRTonRRGH T SRS O] 8RB %an

allosteric (Irﬂllt?b@eﬂi)l 88Rd@poni firgil)omad bes-inatibitiagafo trive withtdetis tire RRMI 1640
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tu |ng SpPeea as I‘ (0] ani . so 0 . was a
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t han of FGrehtmtanda@ionnealbeanugsedf its larger size. If SSR inhibited |igand
bi nding, the tunmbling speed should increase again. However, even at >1,000

fold nol ar ess .SSRtfai led to Itetlr the tunbling speed of the conpl ex

i ndi cating %@@@Mﬁ-&%@éﬁiﬁ%ﬁ—?—?—%ﬁ bet ween SSR and FGF1- lunmio (figure
5A). Finally, binding assays with 1125-FG-2 on human unbilical vein 21
endot hel i al Ceélrmlgra(lbiUVE@sa)ssessepdiyceh nedifiedtBaydendbambeen adsageby ssing 24-well
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a sinple co n t i
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nodul at or s posut[hef f:emtemt Afiel ¢ lafdreomcublaﬂaorblanmﬁ@ oéllsoom hbes tuppec sldegafthe
dependi ng on gﬂ)e ass condi ti ons o ed her i_n for the IFGFR’thhgs

or ovi ously BEGIPPED SR OTHRel HEY &1 oty edetRc(i {fggrﬁfe& §¢lsaP" 19 Joger

PLI ce ﬁ[ al sur;‘]aiﬁﬁﬁére filke & SUithelo} ]?arafdmlalﬂ@?ﬁﬂ@ﬂaﬁ?&F@n@NU&éﬁtalﬁe@mﬁmrI[fhKFFIrm{| on
that allows t t ransni. ssi of a _negative ric effect an the

af ity of ILCHARIAD ¢ Mo BEr Mo ororsee A Luas it RerSegiemging fe o
tag, or theraxpresgigesatd rﬁabﬁlflezﬂtohrcﬁ 10x08ad by caagipg die numbdrf natlieive

environnent, do not. Exanple 2: SSR is an allosteric and multi-FGR
i nhi bi tor

PANCO2 proliferation and migration:




Because FGFR expression analysis on HUVEC cells (C- 12200, Pronocell) by
quantititative PCR (Figure 1A) and RT-PCR using specific prinmers to detect
FGFR genewexprigwsiion (Figure 1B) and FGFRL variants (Fi goTaB20@)/053054
denonstrated only the expression of FG--R4 and FGF-R1133c, we first used
HUVE Cells to study the antagonistic act9vity of SSR on di fferent FGFR .
FGF19 is known to stinulate specifically FGFR4, while FGF4 (but not FGF19)
activates ogly prfferfon Wa@ﬁn’&}se@j‘%d éxdoh@ﬁtﬁll?%?&ﬂn&“cél& thaewserdrdnBMRdr fusi on
protein (Figure 2A) whil gure . So, FGFRL and FGFR4 in
HUVECs can g@ur§t i%u1IOQtJleaRF\’/W h16#@thnaHagqr@F§%4q4e%{5‘écwitkyewA» HiRA=GHyclone,
proliferati @,mso@?@@s)mﬂnm gmta\m.ﬁ@ nﬁm%cﬁqn&sséﬁfé} aprﬁﬁo REY 1W(t3|‘b0691:11ﬁ10(¢:3£ur e 4

A) suggesting t hat eration is under the control SSR

is able to SP@'U'P@wwaﬁij@&@bW\?E@ﬁ%p%% 3®r3&9ﬂ6¢1ai ﬁ@@%é@'lsﬁ@e'k'ﬁa?@ "SiﬂR
i nhi bits FCRkbSdes! AtaRE g?BsdrE't(QHft@ é\'@anoﬁir%mﬁ)ra@m% Whil Prolifefiioh @z on

human unbi li cal vein endotheli al Cs) porcine aortic

endot hel i al 28wspad yi8rBRp1sesefi @@Tﬁﬁr ﬁ’ﬁ@@ﬁl@”? Holriep ¢ell BraliEgationat
SSR (even ahs%’%ﬂ@r&%@&%@dﬁéd@ﬁ/ﬁ@&ﬁ%m@ RRBbAINGAS nhahurdHRirbF 4 m%ﬂ@e'iroﬁ@: 2
binding to its receptor. A neutralizin GFZ anti body, however,
effective (ﬁﬁ&lﬁ‘ﬂ'@raﬁ@) WapRsgpesgd 4ot W&'eﬂk@yﬁé‘?‘ chaRbeihRsIHY ¢ R USing 24'We”

aut ophosphoysbag b@ﬁla%ﬁn@ﬁ% péreCdidd iré‘@we‘ﬁtr%?mbéblg%ﬁp&{sg\ﬂﬁ 'aer)charbonate
| mmunopr eci pitation of R1 expressed in rat fat-pad endothelial cells

fol | oned by memﬁﬁwaﬂak%@%t@rn&%wm%%br%ﬁm%t@ay B9 celfe Weed siepgd in 0. 2% "

FG=2- i nducegpB@oRirivg Akt WQEFP\BQFsYér%tﬂeQU éaeaae@bgmwop edise &l ibthe 2R N
t he nanonol ar concentration rant? gure 4 even at hi gh doses,

SSR does notovegpfgmenediyme (1 Pfihg elf@li'ﬁ!’ﬂsﬁ%ﬂstﬁ’ﬁlW@eﬁﬁ%%tﬁ‘rtwé'lpp%rn‘?hqn&;&n ng a
| ow r esi dUal/vh|I@‘bﬁbm65!tr%'traﬁts49ﬂd/oﬁ@@ReWeﬁ‘é?tpla‘%@d||anh9 Ib\ﬁgtgéﬁiarﬁ@:rl 1@ @iBRY ONn
FGFR2 extracel | ul ar domain been anal ysed and SSR doesn't inhibit

FGF1l/ FGFR2 Pmté'ﬁ&@tm%UWWWS@dWOS'tIVﬁ qEREok After QagursgsRbiaiomat 3736k eeltso

i nhibit FGF W ¥ e t W& ECs
was ol so st PTAVeE gt ARG bRty IR R REWIE pforald

thi s contextellsien éﬂesl@W@blserf@Qe warg hied WitFRY frmplgehydd aadiindglet siam@duwth on
of FGF2-i ndpgedsdr r tactic mgration (Figure 6B). Conversely, in
vitro angi ogenescfgylgrgl ﬂs;'?fl?c;rﬁjl ated by FGF2 and FGF19 while FGF4 is inactive
suggesting that FG-R4 controls in vitro angi ogenesis in this assay (Figure

7A). At | onBRuvelemacellspiglieratite bl ocks FGF2-induced HUVEC angi ogenesi s

denonstrating that SSR is able to i nhibit FGFR4-controlled cellular process

(Fi gure 7B) cel prontdistiont Wa@&ﬁél oﬁ@ﬁtﬁa\ﬂ thovﬂﬁ? E@%R%aﬁ\ﬂgreosﬂaﬁ/l?@ for 16
FGFR2-111b variant, prolifera a |on of PANCO2 cel have been

used becausBO¢HdR VP Q'Wlt&?geﬂeéﬁ?ﬁ@@g%) e lggss?WBMMnﬁy?oﬂt@WWd'P@:?

(Figure 8A gpd RBled %t&mm Eél%/\A/éllgﬁanJGWI rﬁ@Fd%?atésllAQﬁerF&ﬁBsuﬂédwCHn@@bnsw th
or without VEGF, is blocked by nM SSR addition showing that SSR is able

to inhibit ?@stﬁgcfébygﬂ‘oﬁﬁd C?)'bp%ifeir%ﬂﬁ’f‘ W @iﬁeéS%Wﬁrrhéf‘eBﬁe ofHbe &Rlidgi ng

SSR effect 0p AR ORE Ffiohf@EIRPHferaionBRssBrelRMesE! MadisEX PIVRRSh4S,
ei ther FGFR3wl or FGFR3TD (a constitutively activated FGFR3 variant induced

by the K650ESAUP&EIrdiAY i@ EAUPRUFETE IRBRISHNS. of any |igand; Truedel et al;

bl ood 2006), was assayed by stinmulation with FGF1 (25ng/ m). Wiile the

B9- FGFR3wl gA hbsérb@@s@r@ﬂﬂecbsb, i nduced by FGF1 and inhibited by 0.1pM of SSR
(Figure 9), cel'l line was insensitve to SSR (Figure 9)

i ndi Clat i ng at %@m \WééaFggg%r HeE(f&B%%rDGaﬂcheﬂQ fal’t r18b8(9 celPs?weI?%%

doesn't act
well plate Cell binding Costar) and allow to attach Overnight

Day 1: starve cells in DMEM (0% serum) for 3h minimum;_prepare mixture of 50ng/ml
of VEGF164 or PDGF-BB in DMEM (0% serum) and stimulate for 5 or 15 minutes;
Lyse cells in lysis buffer from SureFire assay (Perkin Elmer): lyse cells in 50 pl of

buffer, stir plate for 10 min at RT and then freeze at -20°C until further use; make



23 Al together, these results indicate that SSRis able to inhibit all
FGFR i soforms (FGFR1, R2, R3 and R4) and FGFR variants. Exanple 3. SSR is
not abl e wo 2omiobis cel | responses induced by other groRrCh/IB2a0/033854Si nce
SSR differentially inhibited FG--dependent signaling efficacy, we next

i nvestigated whether it also affects FG&dependent cellular responses in
vitro. Using HUVECs, SSR inhibited the chenotactic effects of FG-2. SSR did

not affect ﬁﬁ)lthﬂé'é‘ﬂlyé@scﬁ}?ﬂé?%th' &@w@nayanlah%,w.%ERR@@Fw&a amiﬁzGEnd\Mﬂch

are all known to actfivate nenbers of the tyrosine kinase receptor famly
(Figure 10) cugtemfgsignad PBERY 284 du@ RjiGtiaccoringhtognamEadyies igstusctiphs.t he
I g-1i ke domain D3 of extracellular region of FGFRs: Since SSR was a

mul ti- FGFR ERBiDId Pridedffidkin JTESHEBHRSE ab HAGMBSITicOMUItLEGER' ihAlbitor NUMAN)
FGFR subtypes. Saturation transfer difference NVR (STD-NVR) spectra of SSR

reveal ed that SSR bound to the ECD of FGFRL (FGFR1 3123) (Figure 11A). This
was confi r méfe epieshva 9isthis stwdy was Endevgiapeayi BelasulznwyioRiviRepreH |CP@F’0WI‘ﬂSch

reveal ed pegfat bireadent R ekitsodi@ERISHIR (@cﬁmadnduﬁﬁia.tmﬁ kRalg. SRRn

(Figure 11A). This binding is specific because no binding is observed with

TNF- R1 ext r &1 i§]Apligosdeionesagarhow 8 gmalveorprasind outy E@?qtr"&ﬁhéﬁf“échof
FGFRs to n'al%réé}%oﬁ)fpﬁglldlg(l Sl tEFplia SIS @teﬂ@ﬁm@fan‘b@?orttﬁé 8&hdlerftodiRi ﬁ‘lﬁltl{)ﬂ-}D' NVR

measur enent s of ragment containing only domain D3 (FGFRL 33) identified
a bi ndi ng sligands @f”dg‘g?aﬁﬁ% ﬁ?r@ﬁt%k’feﬁenﬁ%P%n@ deieEnine ( wheiiee aI‘IB)de”i'fl'?df act,

FGFR133 and chitsbitinis2Re @ ¥&ingdsmidstdica®) 8Nalasak baﬂl@@t@rl& in€ohaRBANIwWE |ﬁlhé‘|§/
obt ai ned sarre affinity for these proteins while FGFR1L 312 and FGFRL

cause shar pdgyghered( i fgah* -thrqughyput BB RarOR et iy caper i(BRA} o (dendy,

using two E%Fémﬁéﬁnhlﬁm%né 60NIFEFNG FEFRICEBDN chisisting ofthethfbe
FGFR3323 revea ed that SSR bound to FG-R2 and FG:RBRéIglzngres 10 and 11D).

The bi ndi ng'bifkesdpmemsdBied ncauplest trGrRs-TResedpdECF L)t NEtEE GHRANHY

failed to bbpgobe &S éurﬂandﬁd(a%can@ptﬁﬁﬁ%hoﬁ GHE € cdrdPounkt2 BseRa2d 2B When
anal yzed by I TC or STD-NVR, Moreover, heparin,did not interfere with the

bi ndi ng of GHRIAVAIEERR SER’ FPM KR PR &l @@d “E5ia5ar bipfiag singadditiesrl §8R t o
the FGFR | na?éégBeBS'Rhé*ct@d B8 & BfItAF GRRSIBRIBRorO bidckif g e Biridih LHRLIAEIAL BT OSe
oct asul phate (SCS, Figure 12D).
ligands to varlous FGFRs ‘while not inhibiting the binding of >100 distinct ligands with
related structural homology or entirely different chemical composition to their cognate
receptor; this finding was suggestive either of a competitive (orthosteric) mechanism, or
else an allosteric interaction characterized by high negative cooperativity

(Christopoulos and Kenakin, 2002).

One hallmark of allosteric interactions is the phenomenon of ‘probe-dependence’ i.e.,
variations in the magnitude and direction of an allosteric interaction depending on the
nature of the orthosteric ligand-receptor complex with which the modulator is
interacting (May et al., 2007). To determine whether the effects of SSR on '*I-FGF2
binding in the SPA were dependent on the configuration of the engineered FGFR/F¢
fusion protein plated on an artificial substrate, we next studied whether SSR inhibited
the binding of a fluorescent lumio-tagged FGF1 (FGF1-lumio) to a purified ECD of
FGFR2 without the Fc-tag (FGFR2?'?%), by measuring the tumbling speed as a

parameter of anisotropy. When FGFR2%'?®

was added to FGF1-lumio, the tumbling
speed of the ligand/receptor complex was slower than of FGF-lumio alone because of
its larger size. If SSR inhibited ligand binding, the tumbling speed should increase
again. However, even at >1,000 fold molar excess, SSR failed to alter the tumbling
speed of the complex indicating a lack of direct competition between SSR and FGF1-

lumio (figure 5A). Finally, binding assays with 1'"®-FGF2 on human umbilical vein



24 Exanple 5: Allosteric binding of SSR induces conformational change in
FGFR W t hen expl ored whether we could obtain direct evidence of a

conf or matwonzail/mhange of the FGFR nediated by the bindi RgTAB20SGRIH t he
region identified in the preceding experinents. Therefore, we perforned
Fourier transforminfrared (FTIR) spectf#bscopi c measurements of ECD
fragnments of FGFR2, consisting of domai ns donmains D2-3 (FGFR2323). Addition

of SSRto ebﬁ&lﬁﬁel?‘éﬁﬁélﬁn@jU\ﬂ?@ﬂ)tcﬁcbdréin@@oh@@n@@ﬁl‘éllélrbeil@%vé\@%ﬂe&aﬂﬁ’@ FefFR1he
am de | band of the FTIR spectrumw th a maxi nrum ar ound

640
consi stent WAREFEFR1oBiEO evAest il PoRAPvamaliieh ubl eracentisinns) wes weable to

expl ored wheihir|"?SEE R YUMING & |?srTFe@th69WF’erﬁ e 1di8Ss bResdy |m|ﬂ§4ﬁ6reQTatJrQﬁ
orthosteric site in D3 or to an alternative allosteric site. Init . we

used t he noPewoIatiog e iltee C&"Sg@r neuyigiZing of BE2mtibofit éOWQWa@’% eﬁmte
Aut odock ang;d Y'?acft%%x%gﬂimﬁﬂ k)ﬁ%g%n?ré(rﬁatﬁ |0 RN, Gne e, @g 4188 f&}é’ast

SSR on FGFR233 usin ot i'dentified two putative |ng Sit

one cent er edntagoniael thej kg afrﬁﬂdatwoahfe(ﬁFé\gansiststE@FRtsHE@eFQﬁ?cntQ@ to

bi ndi ng si t egrRbeF pglt@p@tm?o the FG- ligand binding site, located at the
opposite face of2 ﬁe receptof and form a hydrophobi c pocket - 25 A fromthe
orthosteric binding site. Notably, both residues do not overlap with

resi dues of CPH%C“M?'VNB%%Fqséltffz@ﬂ'clﬁtefﬁ’dhﬁbthﬁdﬁk@to"y Fefivily af gaReon ‘I'?é bingkea pfonal

rel evance Of:GlP‘qy%nH’éWvﬁg 'h\é‘ﬁly%eﬁh&q'dﬁghé'&%rm%n%% FBERTBAEFHebAListent
forcefield FoldX software (‘Schynmkowitz et al 2005) to design nutations

that woul d MélEemple é@mﬁemu@én@ma@mrqlm ogasieriohindrange Toi amoverlanmsever |

per turbing BM@m@V&frﬁ‘éh R0 LeligRL anal c§rtnﬁgur{d Bios@drict rh@d@ét'b%cwlﬂﬁ‘ere(ﬁhélly
FGFR2323- Y3281), which renoves a hydrophobic interaction wth

repl aci ng t RBectogrhindingr efsarihestelip tigandsndapending| ap bR:AsGeY C@@ﬁb%msaﬁé no(qdu )

FGFR23234- 12834 for WU P@FRG'WQ¥ %?e\ﬁodéfy' tBée‘Fmaf‘eEBﬁéd ﬂPﬁefffeWbit apcRkNeRsdiy at | ve
bi nding site for SSR 28D H293L doubl e nut ant

(referred tal a§999G9R§32333h 20052)2 Breﬁumﬁglye%ﬁe?(ﬁ'ﬁ%ht s/F§Fﬂ%Wé%I'ft agenfgsRataRi | ed
to bind to ﬁ@%%gg%ﬁ%ls(s%h%ﬁ%eﬁmeaélgst%ﬁgbﬁe&%stﬁe BHRRY BOss| "FG@'Z

consistent wth a no wher eby binds to an allosteric site forne
hydr ophobi ctfﬁdék@ﬂg ﬁé§$Rt weerigps Ht%@t@teﬁ@e pf e Bo.rithe expressiomatithe eniikg ch

resi due Tyr ﬁ»ﬁ&t:ﬁ&%?g&)rqrpltgaﬁatg,gleh{”%ﬂmgr@rd(ﬂﬁﬁh ating the interaction between
SSR to FGFR2 anal yzed the FTIR spect rum of the aforenentioned

nmut ated FGFR2 fragnents. None of these single or double mutations induced a

maj or shift i"ﬁmlpfﬁaz FSRis R alestaric ARdinultitiRFR mhibitate over al |

t hr ee- di nensi onal configuration of these FGFR variants was conparabl e. SSR

i nduced a CQMS@bF@FRhIe&bre@&oﬁ h@w ElsRof paCEEMcelis FEHR288 3 Préfsdelandhyt he
native FGFR2323 fragnen A and 14B) suggesting that nmutation

re
Hi s293 to LEHYYHglyg: F{C%d\g OH& éﬁ} POd dt aEERCUYRa SREE13PEDES % dalset EEFRuch
25 inplied Eéné BkSedsidn gel 1B)2PE. FEFRE 9BfidAS (FigheR ¢ addreshstratddnshie eet hi s

change in the - _
expression of FGF-R4 and FGF-R1B33c¢, we first used HUVE Cells to study the
antagonistic activity of SSR on different FGFR . FGF19 is known to stimulate
specifically FGFR4, while FGF4 (but not FGF19) activates only FGF-R1 in BaF/3 cells
transfected with the FGFR1-hMpl fusion protein (Figure 2A) while FGF19 can’t (Figure
2B). So, FGFR1 and FGFR4 in HUVECs can be stimulated with FGF4 and FGF19

respectively.

HUVEC proliferation is stimulated with FGF2 and FGF4 but not with FGF19 (Figure 4
A) suggesting that HUVEC proliferation is under the control of FGFR1. SSR is able to
inhibit FGF2-induced HUVEC proliferation indicating that SSR inhibits FGFR1B33¢
receptor (Figure 4B). Binding assays with I'-FGF2 on human umbilical vein
endothelial cells (HUVECSs) or porcine aortic endothelial cells overexpressing FGFR1
(PAE-FGFRA1) further revealed that SSR (even at high yM concentrations) was unable



FTIR spectrum of the nmutated FGFR2323"2" or FGFR2323-Y" fragnents (Figure
140 and 14D), indicating that residue Tyr328 was indeed critical in

medi at i ngwonhetialoh41st eri ¢ conformati onal change of FG-R2PupaBR2tbi/nEs0fg SSR.
Exanple 6: Miutation of the allosteric SSR binding site reduces SSR

i nhi bition of FGFR signalling To assess24he functional inportance of the
allosteric site in regulating FGFR signaling, we generated stable HEK293
cell lines gxXphesSiPgctot Bgking tf YRk A Fin8' o H FEA3285was 1)
variant, an anglﬁt zed%e?hglpesgé%@ﬁ%h%ﬂ ed%@a‘g%%g@oﬁ of &K%/.éé%g’
FGF2 i n t hewascesffectivmedliguienudbdl oWMe n@lspevaralysedt hwhethahi B3R onnhibitedGE2

i nduced ERK ; i i A FertRLioSahh s ; ced
(1050 val ue%%gﬁ%ég%%}shﬁrgrﬁvg cﬁ(@%ﬁ%t}%ﬁ?}ﬁ bi t%?ﬁaqlbg't 'Sﬁﬁ‘if’%ﬁ%"t ejtl(f:%ngZWT
cel I s (1050F¢FaRIeexmgssetl2impat {atpgd rendodrliaingeltss Byllowedd by dninigobledingt ofi s
allosteric sj [ f S Nl t il

fragnents i Eh%ﬁhpglag%ﬁ@aﬁ%ﬁogeg %@gﬁﬂati%ﬁ%ﬁ@)%f gl%![a ?J/itﬁf/)ggﬁ pE%@_;%boFr;g%:tg%ﬁ\al i ng
i n physi ol o@fs &ighborducaddysSR ircthieIngnemolah gorfegptratidnaenge & ivge 40) mietakly.on
did not conp|gtely || t hgsknNhidekt Ay b¥del i =0 thel hat
ot her adj a(r:rgntfgr{ résiﬂ%gshlé%sédglsti rc}ir?l%tso 'Ier g%{ébg‘es% génﬂﬁlgbﬁto.g?@ ne

bi ndi ng of SSFEPRkBtAtPEFRaVING adryrresidedl [evel dFipupsti@l &§Rceffect ontenio-taggeshpl e
7: SSR is apdtasifiing oRNEBERS 'exf g fl Iy s LA +or der
to eval uate ggquZf(?g%tolﬂonéF@gfc%%@%Fldgﬁggﬂoggtﬁgrg- %i%gﬁg?ﬂang,&gSHE%%%h_cel I's
have been t ingidf el ¥dGhRE inteerion dnigire hA)-tintheragime way. &y is fobpblevp HpitHGER
aut ophospho i ALt ; studi ed by western blot in
conpari son E@Fﬁgza&guebl I shggf%&ﬁgﬁgg/rre?sﬁl/ﬁne(pﬁ?ﬁhase i nhi bi tor SU5402 descri bed
to inhibit FGFR-dependent FRS2 and PLCy cascades (Zhen et al., Oncogene
2007). In sibsrabien bs HUSGES waacdso Firspiate R FEF2n@nBLTGFHikgs pROPY IR éh.
SU5402 bl oclgg@k! G@U%ﬁh,' iRAHGE Est W31 higo SBR @Nlinhiditn PERRY SadtiRe IRAINIRY
(Figure 16A and 16B) illustrating the biased antagoni sm obtained wth SSR
Mor e gener argdpctiomeldeGii-indueashid d¥ECIthgmetastio mjgrationliigtsm6Be used as
reporter to evaluate allosteric nodulators. 26 One of the possible

mol ecul ar  mMegR@HsSIYBinOitrd RRAgRBEfdid RIsHRNERY Feralarheae® W@ e 5,
i nvol ves the presence of a frustrated domain (see above for definiti_on).

When anal yzind§tiothgiorstingzhatfd>iiRt eentilmiary/iecrioasseHg InnGIEISRay g 70)-
stability ppedigw | RshoM@ ibRge, MERZ pio¥ks &EEDLiRIRed L-HAARES) eng@genesis
identified a sequence of residues, rang&tng fromTyr318 to Arg330, é_t hus

i ncl udi ng t Hemepstiating|thate3PR e ablg i imitisFERR4waNTolled gedHlar REcers (Higige t o
undergo a shpft froma R-sheet to an a-helix. In agreenment with such

t heoretical nodel, replacenent of Tyr328 by aspartate (FGFR2323-Y3281)),
whi ch was predicted by AGADIR to reduce the al F)ha helicality and thus to

reduce the. 112I8er Rravalakt SER@CHEMET, CTRRIBRH OB MV Ret [ Bt Brajisdation

conf or mat i 0BAd nfifraf@eef RANCE?L e6liserhvBlbeehUBeamataifsesthesd CBILRF rsPAHERCAIN
anal ysis of additijonal %éOOWt h factor receptors_includi & 3 and

. ding VEGFRL, -2
PDGFR11, anBR§iBHiad BkEONEBH G h&dovedioard 88): @eﬁp&{s'ﬂ"Q}gw%ﬁogﬁG)i&&dl'be
scores, whi ¢Fzanlichtibe, Wy oF SeHoltyVETF aisi Bi§ckad By 10 AM SSRI fdRiohrPidwiry S
region into asgart_ate. ve sonme prelimnary data of VEGFR2 where

V¢ have | .
mut at i ng K6GEHSERIS RBEED MEUUTER2 rqFepioraneab erient & gi1gBa 3> Ripon
stinmulation with VEGF. Exanple 9: Affinity screening of FG--Rs allosteric
nodul at ors byr SEyih§/SER amstt aAtFGHRY, thy pldlitdraton &fBI-AgBlonfa @ls COXPEIsNds

either FGFR3yr or FGFR3p (a constitutively activated FGFR3 variant induced by the
K650E mutation, even in the absence of any ligand; Truedel et al; blood 2006), was
assayed by stimulation with FGF1 (25ng/ml). While the B9-FGFR3wr cell line could be
induced by FGF1 and inhibited by 0.1uM of SSR (Figure 9), the B9-FGFR3+p cell line
was insensitve to SSR (Figure 9) indicating that SSR can inhibit FGFR3 receptor and

confirming that SSR doesn’t act on kinase domain of FGFR.



The SEC-LC/ M5 nmethodoly is an anal ytical technique used for the affinity
screeni ng dependent on a 2-di nensi onal system coupled on-line: a size

excl usi orwolnovmtagr aphy associ ated with a high perfor meotaB10/033ds4

chromat ography foll owed by an el ectrospray ionisation - tine of flight nass
spectronetry for detection. It is based2dn the abi lity of some conpounds to
interact with sol ubl e pol ypeptides (peptide, protein domain, or full length

protein). Fallgybtnsr, tthé‘sé“ré‘e!u'ﬂg |H€§|cé’teptﬂgi seR %”Bbl'e O RMINES PERR |§d’t‘@rms
pepti de of |nt er est e pe conpl exe i nduces a mass shift
al | owi ng seffz %Mﬁ@(ﬁﬁﬁgéﬁéﬁ%und smal | conpounds by size
excl usi on chronatography Then, conpl exes are dissoci ated and bi nders are
det ect ed usERSmpIIBIBSREROhSE hBIR teCGhhibit ¢6F rééb’or%%?;uhaﬁ@e&%%a tRBAgHSVRIRENT
(for exanpl vvrth a Waters LOT Prem er Mass Spectroneter)
deconvol ut i ‘A'Isgorr thmallows identification of bound nol ecul es from nass
detection analysis. For the identification of FG--Rs allosteric nodul ators,
this technobagy &BR b@ﬁﬁ@r’@ﬁhal@d ifHbitdde Fw- aa@e?rldbutl aer% rAOn@i Bffiedcydi fvbemnexrt

e

FG-- Rs, native or d.. The nativ maI detecti.on.of all the
et T noel |l ke VB Bae i o f kPRt APl Ue eapeee i vitgr Uaing

all osteric pWMEHG SSR inkibitsl the cHemetaldyc efddidof FgrRN” form of FG--R2 hel i x
27 close to the SSR128129 binding site obtained with nutations

Tyr 328Ar g- | 29Lys ze al ha hel i zat o]
SHri28129 bR A ateai et SofivelesafieB s S HORoEEE, PERS-Rie \/ér?fgt;

A simlar stwhithegy att &hole tuseVatecomembens didiie §r&iriccienadegreosptbhanfiEFigire -

or -R4 with tations at the am no acids corresponding to Tyr328 and 11e329
in FGF- R2. tﬁﬁ nmutated format Tyr328 (FG--R2) or correspondi ng nut at ed
amno acids in others FG--Rs can be used to nmake a counterscreen. Because,
SSR128129 fEkhmpteMbSS&mngrEeblFﬂE td2an mllosteeid site hythe2igAske demmairaD3 of
hydr ophobi c 2C & nart rre S I@éﬁg formcan be used to discard part of
conpounds tﬁa %eor!i"? ﬁt e'ract WY h targeted pocket on FGF-R2. In all cases,
this strategy | eads to the identification of nolecules able to bind on the
target poc kstncerSSFkrwapaJmumrd:(bFFRirmtrteroe,srt/e ubed polpeetids tiegmentseofabe vatiars

ef fect has t,0 be ated. Fi ) ed co tQ i.nhi
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typi cal feagﬁ 2‘% Eﬁﬁf’ §?? er| m?roguf gﬁ%‘?&e?nwtﬁhﬂ\ﬂ:r Hll‘]h/a? % l% tp%gorriaet e
wi th FGF bi (dgurg.11A) \Oedesn USBdeEl@.DLiE‘HgmelnlB of, FGFRs tedinap treeskiaging sitenof B8R

A exar uor boTBEnP AR AR, RANR Rratlo g Trebrd®8h S miinng Aol oo

on 300-19 cdbnnamttha(F@rartuf?)auwmdom mn@u@smesg)r@aR rﬁeﬁrajuaafnn@ﬁmaae damamM i s

not abl e to e o) 5123 t

anal ysi s (Fl'ggr% %nhliff'gt:’rpl eﬁ?Lb %ng &E’fqﬁcat Ai%‘%)%c gppglé &) ({Ym?)ed
zones in t heeWRBE-RE weeasained same afftmttﬁtorcbtreeermbtymrssrvmié FtGFQnSlitaatﬂ |FG5§R1"’2
frustrated T e 0, an er
recept or TK%Q% %I'ﬁég ﬁ%&ﬁ% 1q%§mlsﬁtﬁlgﬁ?%ﬁﬁral:qr:8§§hh§ tr;‘?f()l :)ﬁLgert P'\Zoglggrbs
t hat coul d ﬁagmemtspmareﬂ%(cahsusimgeﬁndomtamrtgeanemm F@ER&‘F? rierveaield thaé SSR
sof tware prg r hat are prone to undergo
structural arﬁgijgsi ?ii i"ﬁar}(hﬁaﬁeet %Jlé'feé 1r11§Ig°J}n>%WSI a'nsi tions), enploying

avai l abl e prl mary am no acid sequences fromthe nurine VEG-- R2 receptor
(Entrez accébsibgnlingrof0S3aR 42 dainainThd of FediRst was specifiev es die cagp@ms fallechtoa
higher helig ﬁ p(f‘%@—eﬂ%dnt&‘ (rbt—‘%%'a rEES: *ﬁ?drg 1%9{5}2@ tdWé‘d enn%eny 2qpysheet

structures s he Tesul Ir ana Si s are’shown
in figure 18/ or STD-NMR. Moreover heparin did not interfere with the brndrng of SSR to FGFR,
as STD-NMR revealed a comparable signal of SSR to the FGFR in either the presence

or absence of the heparin analogue sucrose octasulphate (SOS, Figure 12D).



28 Subsequently, after in silico nmutating each am no acid from VEG-- R2
sequentially by an aspartate residue (D), we anal yzed the AGADI R score
agai n andweebsawed3t hose nutations (i) from which the clramgB201003sess cal
propensity was | argest (nmost negative) and (ii) that were |located in those
| g-domai ns | ocated nearest to the trans2fenbrane domain. Fromthese, K609D
and K648D, both residues residing in domain Igbh6 of nVEGF-R2 (Figure 18B),

yi el ded t heElkam@ess: Aifshiétié thdu&z Bﬁssn%dlﬁ&é&nﬁﬂﬁbﬁﬂatM| \eﬁéﬁgef iWrdER used

for in cellulo analysis (see further exanple 12). Exanple

identification of putative frustrated zones in the PDG-- R13 receptor and
mut ati on an¥f %/E‘ieﬁ egplofadeviiiber we eoyld ghiaindiest syfrcesd agenfamatienal ghatdsach

to identifyocfggi F@ISRhﬁ@ﬁaté@%WhéTBan% AESH to/Beabbiohti®drtfied & Betpréddapy We
utilized the software program AGADIR 1 to identify regions that are prone

to undergo §¥9%E@%¢%ITh@Fﬁiﬁ’f6e§’e(p@”8rm¢@ Eptaier trtaBSmeﬁélf"akeq 3] gRegHegCoPic

enpl oyi ng awriak@ehRniy biMeCH ﬁr@‘%ﬂﬁ@nt@%de@BRQeB@r%%tﬁF%ﬂ ddMeaind! B MalfieCHRI3
receptor (Entrez _accessi on NP_002600. 1 This resu in several regl on

with a hi gh€rCHRE éa‘}ddﬁloﬁﬁ%%%? e'tf‘ﬁro‘(?dﬁni iestliRd I @ndieftadse 18 theapaltedaal nI y

R-sheet stru@dathig I%Bﬁ@bdtﬂéﬂz'ﬁms?@&tﬂﬂn WithGHiaxikim arduRg aderdny cordistent i n
silico mutati ng each amino acid from PDGFRR sequentially by an aspartate

resi due (D) Withe Hepal godarmaiienalchepge Q:éW%@'@}al n and sel ected those
mutations (i) fromwhich the change in helical propensity was | argest (nost

nﬁgat ive) amgk 6ia>i<t)extpnﬁéd Wéf?eﬁ’@&ﬂh @dur’hontd bmm éaéd d%migwgboﬁﬁme@bm@amst to
the trans- rre rane OTTB.I . romthnes al ot esl
resi di ng i nCHBMRIFHF $§08 OB ERRHRM V%la rfon%ter E\’tﬁ(ﬁ,%’tw‘? Hekit hﬁdﬁo peiar

hel i cal pr Oasmng é(lgérlr_th@]@rdf tHP3oftwaxe pptieigdd M(S_QE(E?ROI AgtoaBthatt YASARAMNd Y

conmpounds |ndu " sig aI| Bi ndi 201 . PDG-- BB uces
o oAV pbErrestalbgBae, eith S B rbs BE SR AT R sing e pfthods

It nduces phosj@h@ﬁedl &id @mamfe binginy rHite@celd cémérehiaam H@FPﬁlarma an‘étﬂb‘ﬁ%fﬂ@lﬁfdt ly
WO mmj or

(of interest in accordance w | ased oni st
SSR) are act VR%? g% et RGdingsiteRRE: ée'B*é‘t%\R/ait}e %ﬁ': '%QR%!P %ﬁt? e and
the PLCy pabhwYodposihe fatel srahé Yede%wrea?ﬂ%ﬁﬂ d RydrbgHobR g&bket N%SNrfﬁoﬂgtHehe

activation of each of the pat hvva){ presence or absence of a possible
i nhi bi tor, PE'&%ertcob'Pﬁ@glSﬁ@erﬁ‘{qtqqBbéiqtfbﬁeWUQ?o%é‘Qh%e”%’d%h Hgsiaues,ph §ed-

signaling, BihédMHPEGEBhdMg PEEKEL. O eRfludtd ene FuBRRbH N Gl ORHNBYRY Doth gfRative
SSR binding sites, we used the molecular forcefield FoldX software (Schymkowitz et
al., 2005) to design mutations that would reduce or eliminate allosteric ligand binding,
without, however, perturbing the overall conformational stability of the structure: (i)
FGFR2%%7328 which removes a hydrophobic interaction with SSR by replacing the
aromatic residue with a negatively charged aspartate; (i) FGFR2%2%L  which
removes a critical residue from the other putative binding site for SSR; and (iii) the
FGFR2%3Y3280M2%3L - goyble mutant (referred to as FGFR2%™). ITC binding
experiments showed that SSR failed to bind to FGFR2Y3%®" (Figure 13B and 13C).
These findings are consistent with a model whereby SSR binds to an allosteric site
formed by a hydrophobic pocket near the orthosteric ligand binding site, and in which

residue Tyr?®

seems to be critical for mediating the interaction between SSR to
FGFR2. We also analyzed the FTIR spectrum of the aforementioned mutated FGFR2
fragments. None of these single or double mutations induced a major shift in the FTIR
spectrum, indicating that the overall three-dimensional configuration of these FGFR
variants was comparable. SSR induced a comparable shift of the FTIR spectrum of
FGFR2%*"2%L gnd the native FGFR2% fragment (Figure 14A and 14B) suggesting that

mutation His293 to Leu293 isn’t sufficiently drastic or that His293 is not so much



For VEGF-R2, the two nutant VEGFR2 receptors (VEGFR2K691) and VEGFR2K648D)
identified in exanple 10 and the wilt type formof VEG-R2 were stably
expr essedwProHEKR2A3 cel | s. The VEGFR2WT recept or cl ear | yCTABIan0Z30Hly
activating ERKLl/ 2 phosphoryl ation. While the VEGFR2K691) nutant has a
reduced signaling capability through ERKL/2 (but sufiscient for a

count erscreeni ng assay), the VEGFR2K648D nutant lost it. The results are

summari zed ol iftedton BRth SEXFMRSntrbie SIRKENY ¢8Il RIcOMRE LRBRES &
hPDGFRI | cells were stinulated either 3., medi I:m ca%%al ning no_additives

("0"), 10% Fétraprediiner §er uHiaterobEFBE), 56415/5?2 BRIS0HyIMaye JAC1

ng/ m PDGF- BRy (11DE%(H’€@étir§CtﬁQtr Asiide 1T r¥N@adiRRas Chged i Hedidtifg RRO RELER
(Figure 21B). In Figure 210, the | eft panel denotes again the schematic
r epr esent at FOHOBIatioRal GhpRee PERCER2 yeerebindiPaeSSAet i vat ed or total ERKL/ 2

proteins upon stinulation. The right panels denote the detected

nmeasur enent gxhipleodd MotdtiHofiRe Hllbsieriat SSR b dihd Site @bdcedSSORASKbRIbN 6F ough
t he al phascreen surefire detection nethod. This shows that a clear signal
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FGFR2 is expressed in a physiological context.
Example 7: SSR is a “biased” inhibitor of FGFR-dependent phospho-signaling

In order to evaluate SSR effect on FGFR-controlled phosphor-signalling, HEK293 cells
have been transfected with FGFR2 and the two main pathways following FGFR
autophosphorylation, PLCy and FRS2, have been studied by western blot in
comparison with a published FGFR tyrosine kinase inhibitor SU5402 described to
inhibit FGFR-dependent FRS2 and PLCy cascades (Zhen et al., Oncogene 2007). In
such cells, FGF induces FRS2, Erk1/2 and PLCy phosphorylation. SU5402 blocks all
these inductions while SSR only inhibits FRS2 pathway (Figure 16A and 16B)
illustrating the biased antagonism obtained with SSR. More generally, these
differences in phosphorylation can be used as reporter to evaluate allosteric

modulators.

Example 8: Methodology to search for frustrated domain in extracellular domain

of tyrosine kinase receptors
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Example 9: Affinity screening of FGF-Rs allosteric modulators by SEC-LC/MS

and activity evaluation of identified compounds

The SEC-LC/MS methodoly is an analytical technique used for the affinity screening
dependent on a 2-dimensional system coupled on-line: a size exclusion
chromatography associated with a high performance liquid chromatography followed by

an electrospray ionisation — time of flight mass spectrometry for detection.

It is based on the ability of some compounds to interact with soluble polypeptides
(peptide, protein domain, or full length protein). Following the mixing of a pool of small
compounds with the peptide of interest, the peptide-ligand complexe induces a mass
shift allowing separation between unbound and bound small compounds by size
exclusion chromatography. Then, complexes are dissociated and binders are detected
using a high resolution LC/ESI-TOF for accurate mass measurement (for example with
a Waters LCT Premier Mass Spectrometer). Data deconvolution algorithm allows

identification of bound molecules from mass detection analysis.

For the identification of FGF-Rs allosteric modulators, this technology can be applied
to the extracellular domain of different FGF-Rs, native or mutated. The native form
allows the detection of all the extracellular domain binders. Another way to realize

screening for allosteric modulators could be done by using “open” form of FGF-R2 helix
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In all cases, this strategy leads to the identification of molecules able to bind on the
target pocket in the peptide of interest. In a next step, the cellular effect has to be
evaluated. First, the selected compounds have to inhibit an FGF-induced induced
pathway, such as AKT phosphorylation in HUVEC cells, as observed with SSR in
western-blot experiments (Figure 17A and 17B). The phosphorylation state of AKT in
HUVEC cells can be measured by an on-cell ELISA methodology. This assay format
has been developed in house for the direct detection of AKT phosphorylation in various
cells such as HUVEC and allows the detection of SSR effect on FGF4-stimulated
HUVEC (Figure 17C). A typical feature of FGFR allosteric modulators is their inability
to compete with FGF binding. In order to evaluate this, a binding assay on murine pre-
B 300-19 cells transfected with FGFRs has been elaborated. AlexaFluor488-labelled
FGF2 at 10 ng/ml binds to FGFR1 or FGFR4 expressed on 300-19 cells that naturally
don’t express any FGFR, and SSR at 300nM is not able to compete this binding on
FGFR1 or FGFR4 by flow cytometry analysis (Figure 17D).

Example 10: identification of putative frustrated zones in the VEGF-R2 receptor

and mutation analysis of the putative frustrated zones

The strategy developed for FGF-Rs is applied to another receptor TK: VEGF-R2 or
KDR. As an initial approach to identify regions that could harbor putative allosteric
target sites, we utilized the software program AGADIR " to identify regions that are prone
to undergo structural changes (e.g. 3-sheet to o-helix transitions), employing available
primary amino acid sequences from the murine VEGF-R2 receptor (Entrez accession
NP_034742.2). This resulted in several regions with a higher helical propensity, though
in the lg-domain structure mainly 3-sheet structures should be expected. The results of

the Agadir analysis are shown in figure 18A
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16, 159-178 gzaonoﬁAtlal approach to identify regions that could harbor putative allosteric target
sites, we utilized the software program AGADIR ' to identify regions that are prone to
undergo structural changes (e.g. 3-sheet to a-helix transitions), employing available
primary amino acid sequences from the human PDGFRR receptor (Entrez accession
NP_002600.1). This resulted in several regions with a higher helical propensity, though
in the Ig-domain structure mainly 3-sheet structures should be expected (Figure 19).
Subsequently, after in silico mutating each amino acid from PDGFR3 sequentially by
an aspartate residue (D), we analyzed the AGADIR score again and selected those
mutations (i) from which the change in helical propensity was largest (most negative)
and (ii) that were located in those Ig-domains located nearest to the trans-membrane
domain. From these, L383D and K387D, both residues residing in domain IgD3 of

hPDGFRWR, yielded the largest reduction in helical propensity (Figure 19).

Example 12: Screening method to identify compounds inducing a “biased”

signaling

Binding of VEGF or PDGF-BB induces dimerization of the respective cognate
receptors, which, on its turn, induces phosphorylation of the intracellular kinase
domains. Subsequently two major pathways (of interest in accordance with FGF-Rs
biased antagonist SSR) are activated including the ERK1/2 pathway (Figures 21A and
21C) and the PLCy pathway (schematically represented in Figure 20). Measuring the
activation of each of the pathways, in presence or absence of a possible inhibitor, leads
to the indentification of compounds inducing a “biased” signaling, by inhibition of only

one of the signaling pathways.
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lost it. The results are summarized in figure 21A.

For PDGF-R[, the HEK293 cells overexpressing hPDGFRG cells were stimulated
either with medium containing no additives (“0”), 10% fetal bovine serum (10% FBS),
50ng/ml PDGF-BB (50ng/ml) or 1ng/ml PDGF-BB (1ng/ml) according to the
alphascreen surfire procedure (Figure 21B). In Figure 21C, the left panel denotes again
the schematic representation of the mixtures to detect the activated or total ERK1/2
proteins upon stimulation. The right panels denote the detected measurements
following PDGF-BB stimulation of the cells as measured through the alphascreen
surefire detection method. This shows that a clear signal can be detected when the
cells are stimulated with either 10% FBS or 50ng/ml of PDGF-BB, while a much lower
signal is present without or with 1ng/ml stimulation with PDGF-BB. The PLCy answer is

measured in a similar way.

A screening method for identifying compounds inducing a “biased” signaling on VEGF-
R2 or PDGF-Rp, like SSR on FGF-Rs, can be based on Erk1/2 and PLCy answer.
Comparing the ERK1/2 and the PLCy response in presence and absence of candidate
allosteric inhibitors allows the identification of compounds that act as a biased inhibitor:
inhibiton only one of the two signaling pathways. The mutated constructs of VEGF-R2
or PDGF-R[ may serve for a counterscreening assay to verify the mechanism of action
of identified allosteric modulators. On the mutated receptors, compounds have to lose

their receptor modulation capability.
References

- Barth, A. Selective monitoring of 3 out of 50 000 protein vibrations. Biopolymers
67, 237-241 (2002).

- Beenken, A. & Mohammadi, M. The FGF family: biology, pathophysiology and
therapy. Nature reviews 8, 235-253 (2009).

- Bossard, C., et al. Antiangiogenic properties of fibstatin, an extracellular FGF-2-
binding polypeptide. Cancer Res 64, 7507-7512 (2004).

- Callarts-Vegh et al., J Neurosci. 26, 6573-6582 (2006)



2. An allosteric inhibitor binding site according to claim1, whereby said
binding site is derived froma tyrosine kinase receptor with an I g domain.
3. An al Iweteri/m141ahi bi tor binding site, according to clrairmBA1en53854 wher eby
bi nding of an inhibitor to said bindi ng site induces a biased antagonism

4. An allosteric inhibitor binding sited3&ccording to any of the previous
claims, whereby said binding site conprises a frustrated domain. 5. An

al l osteric inhi bthehellt,nei AicehBsid & Mo JHiB8adeCarfthebink NRlaRF & 4B B 2043 NS,
whereby said tyrosine Kinase receptor is the Fibroblast Gowh Factor

receptor, the Va&i®ar Endothelial Growth Factor Receptor or the Platelet

Derived G owth Fagts{ovBECOPIAEKINOD. .2, BERRILG. KM ALASH,0D. QFJbO}é%Q;tatn*&grt%pf
6. An allosteric inhibitor binding site according to any of the previous

clai ms, consi sti AYRSIYN FEatiapgiaenic tprgeting of Y EGE ywignaling @ l;ites@agw@ncry@twe y

Pro Asp Gy Leu F%Wé?tJrMérs'—@b‘néeY@e)/@' 2@92909@@05\} a Ala Ay Val Asn Thr Thr Asp
Lys Qu Ile @u Val Asn or a_ sequence presenting at | east

70% 80% 90% ongsl% 5. ﬁgﬁbl Iawltwm Fgipgepiavertivity, of yeppl SeTCRORE BY @i ng
site according t@n@eﬂbéno‘?égorﬁ}él'é%héé talgetiy fEFEbILEL k&&brlafs/\,mcanc@ra?éa y

Val Asn Thr Thr Asp Lys A u Val Leu Tyr Tle Arg As
25, 1109-1113 (2005).

- Christopoulus, A., Allosteric binding sites on cell surface receptors: novel
targets for drug discovery. Nat. Rev. Drug Discov. 1, 198-210 (2002).

- Christopoulus, A. and Kenakin, T. G protein coupled receptor, allosterism and
complexing. Pharmacol. Rev. 54, 323-374 (2002).

- Compagni, A., Wilgenbus, P., Impagnatiello, M.A., Cotten, M. & Christofori, G.
Fibroblast growth factors are required for efficient tumor angiogenesis. Cancer
Res 60, 7163-7169 (2000).

- Crump, J.G., Maves, L., Lawson, N.D., Weinstein, B.M. & Kimmel, C.B. An
essential role for Fgfs in endodermal pouch formation influences later
craniofacial skeletal patterning. Development 131, 5703-5716 (2004).

- Dimitroff, C.J., et al. Anti-angiogenic activity of selected receptor tyrosine kinase
inhibitors, PD166285 and PD173074: implications for combination treatment
with photodynamic therapy. Invest New Drugs 17, 121-135 (1999).

- Eswarakumar, V.P., Lax, I. & Schlessinger, J. Cellular signaling by fibroblast
growth factor receptors. Cytokine Growth Factor Rev 16, 139-149 (2005).

- Furihata, K., Shimotakahara, S. And Tashiro, M. An efficient use of the
WATERGATE W5 sequence for observing a ligand binding with a protein
receptor. Magn. Reson. Chem. 46, 799-802 (2008).

- Ghabirial, A.S. & Krasnow, M.A. Social interactions among epithelial cells during
tracheal branching morphogenesis. Nature 441, 746-749 (2006).

- Grassot, J., Gouy, M., Perriere, G. & Mouchiroud, G. Origin and molecular
evolution of receptor tyrosine kinases with immunoglobulin-like domains.
Molecular biology and evolution 23, 1232-1241 (2006).

- Innis, C.A. & Hyvonen, M. Crystal structures of the heparan sulfate-binding
domain of follistatin. Insights into ligand binding. J Biol Chem 278, 39969-39977
(2003).



34 8. The use of an allosteric inhibitor binding site according to claim
1-6 to induce a biased antagonismin a tyrosine kinase receptor pathway. 9.
The use owoOanilohgsteric i nhibitor binding site accordi RgTiB20a)/6330541-7 t O
screen for small conpound inhibitors 10. A nethod for identification of an
al l osteric inhibitor binding site in th&lextracellular domain of a tyrosine
ki nase receptor, conprising the screening of frustrated domains in said

extracel | ul ar dOF@hékm 111 et'%l ”@&\'fé?ﬂtrér%rmérﬁ’lﬁ‘raﬁéfrééé%idr@%@fsh%pémﬂt hg (b%’@i%'nd
allosteric inhibitor bind mg to an allosteric inhibitor site in the

extracel | ul ar dofg HNRACt 0ft JllogterinemRiviatian pad dppefionak eeledlivify @b NeWarmal- 7

conprising the cg@wé§pﬁama£{rebe@965%4qlg(ﬁfogrent reporters induced by
two different downstream tgat ways dependent upon the activation/inhibition

of said tyrosi neKubpabe ¢ éérﬁ'@‘?kadﬂo‘c yesetan ondegielialdgienth ifeelei aereptoran

al losteric inhi bijyRsInef nﬁrntﬁfEKﬂbR}BTQ%f '@rb\Wfﬁh tfg'&oﬁi BRfiIcAd IymP foerebis N an
allosteric binding site of a small conpound al [l osteric inhibitor

candi dat e conpouﬁH’US%Yorﬁéas’?fPPﬁ@’ﬂﬁ‘r‘éd@%ﬁ’fgseé 9P 0808-38 2420920 downst r eam

pat hways dependephyit@ .t Ba/aGbioprst @eovtmﬂabm LigRAIs Péguiatb @ WS Hadkbtites €
receptor. c) conparing changes in state of at |east one reporters for at

| east two differ 8eiivaligwriSel éamspentidhdps QEpEnd erecuipodeyglapment. Genes &
activation/inhi btispRént 201 f631¥16¥8i (Rod@d)nase receptor.

- Leach, K., Sexton, P.M. and Christopoulos, A. Allosteric GPCR modulators:
taking advantage of permissive receptor pharmacology. Trends Pharmacol. Sci.
28, 382-389 (2007).

- Litschig, S. et al., CPCCOEt, a non competitive metabotropic glutamate
receptor 1 antagonist inhibits receptor signalling without afeecting glutamate
binding. Mol. Pharmacol. 55, 453-461 (1999).

- Malemud, C.J. Growth hormone, VEGF and FGF: involvement in rheumatoid
arthritis. Clinica chimica acta; international journal of clinical chemistry 375,
10-19 (2007).

- May, L.T., Leach, K., Sexton, P.M. and Christopoulos, A. Allosteric modulation
of G protein-coupled receptors. Annu. Rev. Pharmacol. Toxicol. 47, 1-51
(2007).

- McDermott, L.A., et al. RO4383596, an orally active KDR, FGFR, and PDGFR
inhibitor: synthesis and biological evaluation. Bioorg Med Chem 13, 4835-4841
(2005).

- Mudoz, V. & Serrano, L. (1994) Elucidating the folding problem of helical
peptides using empirical parameters. Nature Struct. Biol. 1, 399-409 (1994)

- Nagendra, H.G., et al. Sequence analyses and comparative modeling of fly and
worm fibroblast growth factor receptors indicate that the determinants for FGF
and heparin binding are retained in evolution. FEBS letters 501, 51-58 (2001).

- Ornitz, D.M. & Marie, P.J. FGF signaling pathways in endochondral and
intramembranous bone development and human genetic disease. Genes &
development 16, 1446-1465 (2002).

- Overington, J.P., Al-Lazikani, B., and Hopkins, A.L. How many drug targets are
there? Nat. Rev. Drug Discov. 5, 993-995 (2006).



wherein an allosteric inhibitor is identified when, in presence of a |ligand
bi nding to the lIigand binding domain of the receptor, at |east one
downst r eawopatimea3i s inhi bited whereas at |east one ot ReT/IHZMABIINBAM
pathway is unaffected. 13. A nethod for identification of an allosteric

i nhibitor of a RTK, according to claim3d2, wherein the said two different
downst r eam pat hways correspond to the ERK1/2 signal ling pat hway and the

PLCy signal ling pafidyay.114BufkeCOMPOURA BéRAFNatiRyas. & IdG RN ¢Lb'd}9ét39
site according to any of the ciainms 1-6, wherein $ajd conmpound is snal
nmol ecul e. structire of fibroblast growth factor receptor ectodomain bound to Ilgand and

heparin. Nature 407, 1029-1034 (2000).

- Presta, M., et al. Fibroblast growth factor/fibroblast growth factor receptor
system in angiogenesis. Cyfokine Growth Factor Rev 16, 159-178 (2005).

- Price, M.R. et al. Allosteric modulation of the cannabinoid CB1 receptor. Mol.
Phatrmacol. 68, 1484-1495 (2005).

- Rost, B. Rising accuracy of protein secondary structure perediction. In « Protein
structure determination, analysis and modeling for drug discovery, pp207-249.
(ed. D. Chasman, New York, Dekker, 2003)

- Schymkowitz, J., et al. The FoldX web server: an online force field. Nucleic
acids research 33, W382-388 (2005).

- Shin, JW., et al. Prox1 promotes lineage-specific expression of fibroblast
growth factor (FGF) receptor-3 in lymphatic endothelium: a role for FGF
signaling in lymphangiogenesis. Mol Biol Cell 17, 576-584 (2006).

- Urban J.D. ,et al. Functional selectivity and classical concepts of quantitative
pharmacology. J. Pharmacol. Exp. Ther. 320, 1-13 (2007).



WO 2011/001413 PCT/IB2010/053054

33
Claims

1. An allosteric inhibitor binding site, derived from the extracellular domain of a tyrosine

kinase receptor.

2. An allosteric inhibitor binding site according to claim 1, whereby said binding site is

derived from a tyrosine kinase receptor with an lg domain.

3. An allosteric inhibitor binding site, according to claim 1 or 2, whereby binding of an

inhibitor to said binding site induces a biased antagonism.

4. An allosteric inhibitor binding site according to any of the previous claims, whereby

said binding site comprises a frustrated domain.

5. An allosteric inhibitor binding site according to any of the previous claims, whereby
said tyrosine kinase receptor is the Fibroblast Growth Factor receptor, the Vascular
Endothelial Growth Factor Receptor or the Platelet Derived Growth Factor Receptor,

or a homolog, paralog or otholog thereof.

6. An allosteric inhibitor binding site according to any of the previous claims, consisting
in SEQ ID N° 1:

His Val Glu Lys Asn Gly Ser Lys Tyr Gly Pro Asp Gly Leu Pro Tyr
Leu Lys Val Leu Lys Ala Ala Gly Val Asn Thr Thr Asp Lys Glu lle

Glu Val Leu Tyr lle Arg Asn
or a sequence presenting at least 70%, 80%, 90% or 95% of homology with SEQ 1D
NO.1
7. A frustrated binding site according to claim 4, consisting in SEQ ID NO.2

Leu Lys Ala Ala Gly Val Asn Thr Thr Asp Lys Glu lle Glu Val Leu Tyr lle Arg
Asn

or a sequence presenting at least 70%, 80%, 90% or 95% of homology with SEQ 1D
NO.2
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8. The use of an allosteric inhibitor binding site according to claim 1-6 to induce a

biased antagonism in a tyrosine kinase receptor pathway.

9. The use of an allosteric inhibitor binding site according to claim 1-7 to screen for

small compound inhibitors

10. A method for identification of an allosteric inhibitor binding site in the extracellular
domain of a tyrosine kinase receptor, comprising the screening of frustrated domains in

said extracellular domain.

11. A method for identificationof a small compound allosteric inhibitor binding to an
allosteric inhibitor site in the extracellular domain of a tyrosine kinase receptor
according to claim 1-7 comprising the comparison of at least two different reporters
induced by two different downstream pathways dependent upon the

activation/inhibition of said tyrosine kinase receptor.

12. A method for identification of an allosteric inhibitor of a RTK, comprising the steps

of:

a) contacting an allosteric binding site of a RTK with a small compound allosteric
inhibitor candidate compound

b) measuring the changes in at least two downstream pathways dependent upon
the activation/inhibition of said tyrosin kinase receptor.

¢) comparing changes in state of at least one reporters for at least two different
downstream pathways dependent upon the activation/inhibition of said tyrosin
kinase receptor.

wherein an allosteric inhibitor is identified when, in presence of a ligand binding to the
ligand binding domain of the receptor, at least one downstream pathway is inhibited

whereas at least one other downstream pathway is unaffected.

13. A method for identification of an allosteric inhibitor of a RTK, according to claim 12,
wherein the said two different downstream pathways correspond to the ERK1/2
signalling pathway and the PLCy signalling pathway.14. A compound binding to an
allosteric binding site according to any of the claims 1-6, wherein said compound is a

small molecule.



