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Background of the Invention Li gand i nduced tyrosine
aut ophosphoryl ation plays ghoiddRefel@ite ToPRAated A PiRlicaAbhE 0! of activation
and cell signaling by receptor tyrosine kinases K) (Schl essi nger

20(1988) Trends BhocipgheatiSgiis rel@¢didd ddaigispaipritySoHl &s Biovgenal Applatical |

103(2):211-225;, .Schl innger d Le 3 STK 91: RE12:

Schl ebst nges el GOl o o0 1058 g Bh 208 E35 s sopreht Ghbieh afpressly

Schl essi nge[nc() 4d Héends (Bisqefeeiice. Sci ., 19(11):459-463; and Lemmon and
Schl essi nger 998) Methods Mol. Biol., 84:49-71). Structural and

bi ochem cal studl es have shown that autophosphoryl ation of receptor

25t yrosite ki nases, such as fibroblast growmh factor receptor 1 (FGFR1),
are nedi ated by a sequent i Stateameht Regardiag FedechBlySponsdrednol ecul ar reacti on
that can be divided into three phmaﬁch((ﬁubektﬂolﬁﬁelﬁl (2006) Mol . Cell.
21(5):711-717 and_Lew et. al. (2009). Sci gnal d)f raé) and FGFR2 (Chen
et al. (2008) Prd&isifggntion aggnadgeyith Gép\@rmnentfesq%b}n 068 BBER  For

exanpl e, th@s%485110?@?}@6518@60#5(@%@%53 - %%:@Bgmeq{lét aplfnsﬁtlutex oP$leRfeh.

30l ocated in t activation o0 catalytic core
resul ti by i Ah&Qoverdfientfrdychaticombiatrights iofthekinmag®wnactivity (Furdui et al.
2006). In the second phase, tyrosine residues that serve as docking sites
for signaling proteins are phosphoryl ated including tyrosines in the kinase

insert region (Y583, Y585), th%d&éymtﬁ@qnvggiogn (Y463) and in the
Ctermnal tail (Y766) of FGFRL. In the final and third phase, Y654; a

35second t yr 0Si neLigan@treidc¢d1thd$mee@¢1tQBhammm’lhtmpplﬁ3§ q@hamph@mtybbuedle
resulting i Coritrol o¥\gl)ctlva 1(])'r/1 gr?c? ce?l s1gnah %9 %elc/elo)go% %yorgsine kinases (RTK) (Schlessinger
20 (1988) Trends Biochem. Sci., 3(11):443-447; Schlessinger (2000) Cell, 103(2):211-225;
Schlessinger and Lemmon (2003) Sci. STKFE, 191:RE12; Schlessinger and Ullrich
(1992) Neuron, 9(3):383-391; Lemmon and Schlessinger (1994) Trends Biochem. Sci.,
19(11):459-463; and Lemmon and Schlessinger (1998) Methods Mol. Biol., 84:49-71).
Structural and biochemical studies have shown that autophosphorylation of receptor
25  tyrosine kinases, such as fibroblast growth factor receptor 1 (FGFR1), are mediated by a
sequential and precisely ordered intermolecular reaction that can be divided into three
phases (Furdui et al. (2006) Mol. Cell., 21(5):711-717 and Lew et al. (2009) Sci. Signal,
2(58):ra6) and FGFR2 (Chen er al. (2008) Proc. Natl. Acad. Sci. U.S.A., 105(50):19660-
19665). For example, the first phase involves trans phosphorylation of a tyrosine
30 located in the activation loop (Y653 in FGFR1) of the catalytic core resulting in 50 - 100
fold stimulation of kinase activity (Furdui ef al., 2006). In the second phase, tyrosine
residues that serve as docking sites for signaling proteins are phosphorylated including
tyrosines in the kinase insert region (Y583, Y585), the juxtamembrane region (Y463)
and in the C-terminal tail (Y766) of FGFR1. In the final and third phase, Y654; a
35  second tyrosine located in the activation loop is phosphorylated, resulting in an
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additional 10 fold increase in FGFRL ki nase activity (Furdui et al., 2006).
Interestingly, tyrosines that are adjacent to one another (e.g., Y653, Y654
and Y583,w@38H)08sr9e not phosphoryl ated sequential ly, sugg@daiseeig/oetia? bot h
sequence and structural specificities dictate the order of phosphorylation
for receptor tyrosine kinases. 5Although tyrosine phosphoryl ation plays a
may or 1ol e bauifehd 16/r8RFhPle ih FOFR1KRasY GrivitygRlrdtq1! BOG! TEMiRy DasT s
is for trans autophosphorylation of receptor tyyr03| ne ki nases. In other

wor ds, the npbecaeslthat aneadjarensim anedepthyr (ege. 66S 1 iYeSKiand Y& 88 L YNES 3 are/me)

within the djnerized receptor, specificall nd sequenti al | cat al.yzes
o oaphor v aphowhehiie] SEFRLRLy “BEetn anbpMiradsee S Pl PEOBYTRS S o
yet been 10uRe: MRGrdAGTFBhUpRBHYatichT8F RedoyRRE] ithsbet ter characteri ze

the structures, phosphorylation and signaling of RTKs. Such a
charact ebi zat i onAMhbhgh wagbintephobgharylhisemeldys demjarfrole an cadhsigalinggit snwtwhi ch

may be targeted with drugs rmaceut i cal s r other. biqglogics., 15 Sunmary
o the 1 nvesticgsar it B e R BT G S rB g Pharb Thioh LB ST W Pies: ne

ki nases ( RTKmhsddl aysthar @bidsi @dimdledudarinfechidshe@ubdjih®@Rowlonk kaseet i vity
and in the recruitnent and activation of intracellular signaling pathways.
Aut ophosphofyayard) arithis thewlimertized resepepr spefifdelly and seareptphecatagdey or der ed

i nt ernol ecu ! | i . kv, i es t hat
the format i BosroR AR RAEHRa0 o PobBFLAR: (kDL-RY AR B G i s

I S requil® edrdsolvedl.r Arsordinicbp fiespharncseato bnteothdrheeri¥EKhe mprstured)l at ed cel | s.
In the FGFRL receptor tyrosine kinhase, for exanple,

trans
aut ophosphoPYPsRbPiaftios ahd gicarlate PR Ehechiahe delAstrerrtien wihieatiothpet ween t he
N-1 obe of o ' L GR: i : d
speci fic doc ﬁ%éﬁ???g@gﬁ&?h%eé@%?@%ﬁh ﬁ%%g%géak‘?%ggéugﬁhg%%%ﬁm I'ch
serves a subsbthat BoloRatshol ogi cal | oss of function nutations or oncogenic
activating mutations in the asymmetric contact interface of receptor
tyrosi ne kinases may hinder or facilitate asymetric dinmer formation and
trans aygophosphoryl ation, respectively. These data provide the nol ecul ar
basis underlying the control of trans 30aut ophosphoryl ation of receptor
tyrosi ne ki nases, including fibrasmhmary ofrthetlhvérdtomor recept ors.
Accordi ngly, the resent Oi rﬁverﬁti cfn[.q%ro \fi Cde S nq\r{gg.nage%r&gﬁ(}g) flgr N
phar macol ogi cal i ARTBICEERIGIPISRE HE ogi APty Met'vate S B¢ as FGF
receptors, byticald1 Ohlthe QSRIARMEF/ RO iV hh@%h thalredrtin®bntQihd asivai®h loff C
tyrosi ne kinase dinmer formation; a step required for RTK )
aut ophosphofiirageliye, sighalipgpathweyy ab ttephesplorylation 45 gadipted §y a sequentiphangne
aspect, 5t he_jnvent | i i hat i . .c.contact
interf a%(tt)a of feglsr @cdé%%gr {I?é;llflg)z%ﬁgar K?%\nggs%éa%%()ﬂe\r}/ﬂéﬁéﬁ%@ﬂgﬁﬁo% {}}a?er% hibits
5 |i gand- i nediac éd formnmnadtophosphoicydiatt wnwedn ddieat’T RTH kinasead camddiedis ment ,
the moiety inhibits |igand-jnduced trans autophosphoryl ati on of the RTK and

acti vati on STAURGIGHRNS pr{oRRRSPRRY AR GEHFERLE 1t ﬁ@nﬁ%ieéf911%o‘§§h%6ﬁ5FBﬂnd to a
nucl eot | de RicBetoN G ideriffscBror e hyb! Garll AMRpRo YhohiftioR imelifitdiy poariber

enbodi nment, the iety binds to an asynmetr nt'act interface on th

N-|1 obe of ongynmoetokepntaéts bhtveRT KhedX-lole drong Giresy mobtcniecwbmhtsevtes andrer f ace
on the C:1obe. of one nononer_.of the RTK |n gne enbodi nent., the noiety does
ot cauge ¢ ROIFGOEER. PTG Lokt e REARATORE T SERE LB dLI TG ol oty
does not bl Qhkchnitleeatshbl@rafl MRibdidd SoRiondinReon RitkatioRhbPbi®ckiipase
activity directly. In another enbodi nent, the noiety does nog cause a

conf or mat i oAetivaghargations ithtae RTWREHigsOndomaichiace pinreegpserHgrosawikoiserent , t he
moi ety incr %182‘1%/ %ndse'% & %a(c::ilitate asymmetric dimer formation and trans autophosphorylation,
respectively. These data provide the molecular basis underlying the control of trans
30  autophosphorylation of receptor tyrosine kinases, including fibroblast growth factor
receptors.
Accordingly, the present invention provides a novel approach for
pharmacological inhibition of pathologically activated RTKs, such as FGF receptors, by
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15 constraints between RTK nononers. I n one enbodi nent, the noiety
does not prevent dinerization of the RTK |n another enbodi nent, the noiety
does prewsotodioserdszati on of the RTK. I n a specific enbedirmsnai/oehies noi ety
prevents dinerization of cytoplasm c domains of the RTK. In one enbodi nent,
the RTK is a fibroblast grow h factor receptor (FGFR), e.g., 20fibrob|ast

grow h fact ?mﬂ‘reﬁf Cf‘gl%%l)ne KiraRE gﬁllﬁg%&r &%}gﬁ n tgﬁﬁitqgkecgr 8

(FGFR2), fi ctor receptor ast gromﬂh
factor recepmmpMﬁph&ﬁEﬁaycmzwneadbmﬁonen@nﬁbdgmﬂm@, the noiety binds to

am no acid residye Arg577 of .FGFRL. not her embodi ment, the mmi ety binds
Co A no. act d 1 oLt AR RL5 8 IR RN S 10 or I A& b ABBETEE t he

moi ety bi ndgokiQet AR adelSrrdiidsint 4Rt @Té@%%ﬁgmﬂ ﬂleaﬁ@&t@%h@rrpodl ment,

the noiety binds to equival ent residues in In another
embodi meht , ligarsl- mdu@tdytrams pd©phespheriyrdion of dlerReEKd (Ireomas@ﬁll@hmﬁntl:@ﬁmowtl\/n

anot her enbo I. bi nds to ci.d r dues in
R FornathiEganl MfudRl Fadk R Rl S R R RS R Y &% o

am no aci d REK.dmennstkeehbstimeainiiehfoiglyaitRs ﬁ@ﬂﬁh@td DBucMotidd BihdilpAdR,0f 9518,
T521, E522, D554, Gb55, P556, (b74, P5 P579, Ws91, T695, P702, Gr03 and

P705 of EGERatalyfig demainefisbeiR FKntln Yf:th?élor%wgm ogimeat theomaistubindoto® d r esi due

5015/ 0g61 06RO RS f?#%&@%@"aé%%@?w%25083?%%%@1%@%@5 Gl BISie Rerro. 11

anot her 1@nbagdinmaeatic cohactipicehye @i thd £ -tobe @ oadrinoaomei ¢f theRT&Kudnsakect ed from
t he group consrstrng of C491, F492, N662, (663, R664, L665, P666, V667,
K668, W69, SRBYFIMeRS fir mpishpdospgghcaups iy logsmp gitriysighinagseyvitys Bpotheis gg.

words, the moiety does not block nucleotide or substrate binding, but inhibits kinase
activity directly. In another embodiment, the moiety does not cause a conformational
change in the RTK kinase domains. In another embodiment, the moiety increases steric

15  constraints between RTK monomers.

In one embodiment, the moiety does not prevent dimerization of the RTK. In
another embodiment, the moiety does prevent dimerization of the RTK. In a specific
embodiment, the moiety prevents dimerization of cytoplasmic domains of the RTK.

In one embodiment, the RTK is a fibroblast growth factor receptor (FGFR), e.g.,

20  fibroblast growth factor receptor 1 (FGFR1), fibroblast growth factor receptor 2
(FGFR2), fibroblast growth factor receptor 3 (FGFR3), or fibroblast growth factor
receptor 4 (FGFR4).

In one embodiment, the moiety binds to amino acid residue Arg577 of FGFRI1.
In another embodiment, the moiety binds to amino acid residue Arg579 of FGFR2. In

25  yet another embodiment, the moiety binds to amino acid residue Arg580 of FGFR2. In
another embodiment, the moiety binds to equivalent residues in FGFR3 or FGFR4.

In another embodiment, the moiety binds to amino acid residue Asp519 of
FGFR1. In another embodiment, the moiety binds to equivalent amino acid residues in
FGFR2, FGFR3 or FGFR4.

30 In a further embodiment, the moiety binds to an amino acid residue selected from
the group consisting of C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587,
P579, W691, T69S, P702, G703 and P705 of FGFR1. In one embodiment, the moiety
binds to an amino acid residue selected from the group consisting of C491, F492, R577,
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1590, P705, Gr06, P708, F713, K724, A726, Nr727, C728, T729, 5 N30 and
E731 of FGFR2. In one enbodi nent, the noiety binds to an equival ent am no
acid resiwoeoimst@FR2, FGFR3 or FGFR4. | n anot her enbodiPEEAiS201tl0e11n®i ety
binds to at |least two, three, four, five or nore am no acid residues
selected fromthe group consisting of R577, D519, C488, F489, S518, T521,

E522, D554, %5159(53@5? Rb r%i'i’?%@ofﬁé 2. \fﬁgﬁothérﬁ%éoogﬁﬁ% th@%fb? 2"6%&’705

of FGFRL. In yét anot ment e nol ety s to at
t hree, fourfodn Melnoracldn’eﬁdmeﬂm:ttﬂidirdnrtIEsgrduqesorssltlegbé@MI,@ﬁﬂﬁhl%@?r Gifo3.

i anot her SbdiaRn o0t NEORoRGEd, SErualyo; k7o BSEY. T, P Ber-Rolv 1 ve
or nore an BegACYIksr BSRIUSS, $EhSALRSH, PrOMITNS, KT RUA7RBNEY ST, e of 74491, 15
binds to at |east two, three, four, five or nbre equi val ent am no acid

resi duesS i nN7GBRed ERSFRBFGFREGHRAe anbasioeitethe emdierslibirstitto an heuingemt y binds
t f th 20 t the 131-132
0 2 0 i e TS, 0L kY LSO R0GHIE SR ROTSHE L, O BIEAT 1

134- B5 | oopbiilds @ HQ8B08N0, @hreé TeuRfike of ﬁ@readanaEal:ﬁQ@sl@desaelme@mfn @of the
RTK, the aF heli x of a nononer of the RTK and the aF-aG | oop of a nononer

of 1he RTK. SYovPSABSEiEaIRt DSLh& 8 BA8). 50 Rl 00, 52 ROof 110 RARG.epi t ope
t he RTK T t
on the RTK @24 TBRCPBIRRIBSY 9038 1BhI GRT: IRVP IR SRS n ke ihar nore

residues in the asyimetric contact ano
enbodi nment , efrﬂb@dlﬁﬁ:lﬂf , Oliembiconisind e dt dqast GNTHites Esur Afiveadri more aaiitb mal due
sel ected from t he g %10 consisting of R577, D519 (C488, F489, S5H18, T521,

E522, D554, IAasHiss s fresgthe eregp yonsting of (W81, F4PgoB57HF582. 1639 "Afd P705.

In yet anot m e n am no
acid resi dugﬁggﬁg%?zg o(f}r%:}g e%@%&%%ﬁg?@%?@%g%@ﬁ%%}%q&%ﬁ P582,

1590, P705, tHEF GowarnflvdPF0BoefanbiEGhBIAd résndwgs Reledtthed fromntbo diowprebnsisting of C491,
i Tt T AL A
V69, Rpy7, ps¥DEARL 1y O3B LGP GIdd52334/ 1@3@3#37%5 R§7@6 PRO8G71BPR 124,084, ES8S,
Y589, S587, Y588, D589, 1590, P705, G708,
N727, C728 T729 N730 and E731 of FGFR2 In yet another embodiment, the moiety
binds to at least two, three, four, five or more equivalent amino acid residues in FGFR2,
FGFR3 or FGFR4.
In another embodiment, the moiety binds to a region of the RTK selected from
20  the group consisting of the B1-B2 loop of a monomer of the RTK, the $3-aC loop of a
monomer of the RTK, the $4-B5 loop of a monomer of the RTK, the aD-aE loop of a
monomer of the RTK, the oF helix of a monomer of the RTK and the aF-0aG loop of a
monomer of the RTK.
In one embodiment, the moiety binds to a conformational epitope on the RTK.
25  The conformational epitope may be composed of two or more residues in the
asymmetric contact interface of the RTK. In another embodiment, the conformational
epitope comprises an amino acid residue selected from the group consisting of R577,
D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579, W601,
T695, P702, G703 and P705. In yet another embodiment, the conformational epitope
30  comprises an amino acid residue selected from the group consisting of C491, F492,
R577, P582, 1590, P705, G706 and P708 of FGFR2. In a further embodiment, the
conformational epitope comprises an amino acid residue selected from the group
consisting of C491, F492, N662, G663, R664, L6635, P666, V667, K668, W669, R577,
4



F713, K724, A726, Nr27, Cr728, T729, N730 and E731 of FGFR2. In yet another
enbodi nent, the confornational epitope conprises an am no acid residue

whi ch i s w0 2equisg@bent ami no acid residue in FGFR2, FG-FRBTAIS2HEBEA09 51 n
anot her enbodi ment, the noiety binds to a contiguous epitope on the RTK. In
one enbodi nent, the contiguous epitope is conposed of two or nore residues

in the asy”ﬁ%bé,i1{«‘5%PB@Efps%@,}@s’sfsfi?%é’,fss%'??ﬂ%r {psig0, 1306, BIHROEHHE Prost he

noiety is a snal ecldl e. I'n yet anot her endodi nent,” the smal’l nol ecul e

bi nds to at Fieadt72dna726, N'1g, Gi2ed 7201 N73esidiiies sdl(@@R 2 dinfycomndtie 10gr oup
consi sting of _am no %%id resi due R577, D519, C488,. F489, ShHiS, Tng, E522,
D554, G555, CP88EMEaE IE COBEAMAlipRa §PIQRFPLMPHSEHIN #5999 aCiEFeHIUn ihish d5arf

FGFRL. | n yeluienetiiesing iRadis®matin FOMR2S FRIFR3MPIFee binds to at | east one
of the am no acid residues selected fromthe group consisting of C491,

F492, R5Y7, P582]n aggiger ePipO8imeBY.0bc patbtPFDgs tf a G@ERRous apitgpooithe RTK. In
renmbodi nent, the gfall ﬂﬁlecEle bi nds t.o at Iegéﬁ 150ne of Lge am.no acid
resi dues sePBEYRROVPSH {17eOgH et EBRAISE FRGPOF GhET0 OFRSS rigEs N dip 3.
R664, L665, aR6hfetriVebtactif@acdiGhe RRE(7, R579, R580, P581, P582, ES585,

Y589, S587, Y588,
In one embodiment, the moiety is a small molecule. In yet another embodiment,

the small molecule binds to at least one of the amino acid residues selected from the

10 group consisting of amino acid residue R577, D519, C488, F489, S518, T521, E522,
D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and P705 of FGFR1.
In yet another embodiment, the small molecule binds to at least one of the amino acid
residues selected from the group consisting of C491, F492, R577, P582, 1590, P705,
(G706 and P708 of FGFR2. In another rembodiment, the small molecule binds to at least

15  one of the amino acid residues selected from the group consisting of C491, F492, N662,
G663, R664, L665, P666, V667, K668, W669, R577, R579, R580, P581, P582, ESSS,
Y589, S587, Y588, D589, 1590, P705, G706, P708, F713, K724, A726, N727, C728,
T729, N730 and E731 of FGFR2. In another embodiment, the small molecule binds to a
region selected from the group consisting of the B1-B2 loop of a monomer of the RTK,

20 the B3-aC loop of a monomer of the RTK, the $4-B5 loop of a monomer of the RTK, the
aD-oE loop of a monomer of the RTK, the aF helix of a monomer of the RTK and the
aF-aG loop of a monomer of the RTK. In one embodiment, the small molecule is
designed based on the asymmetric contact interface of a fibroblast growth factor
receptor (FGFR).

25 In another embodiment, the moiety is a peptidic molecule, e.g., a peptidic
molecule designed based on the asymmetric contact interface of a fibroblast growth
factor receptor (FGFR). In yet another embodiment, the peptidic molecule binds to at
least one of the amino acid residues selected from the group consisting of amino acid
residue R577, D519, C488, FA489, S518, T521, ES22, D554, G555, P556, Q574, P587,

30  P579, W691, T695, P702, G703 and P705 of FGFR1. In a further embodiment, the
peptidic molecule binds to at least one of the amino acid residues selected from the
group consisting of C491, F492, R577, P582, 1590, P705, G706 and P708 of FGFR2. In
another embodiment, the peptidic molecule binds to at least one amino acid residue
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D589, 1590, P705, Gr06, P708, F713, K724, A726, Nr27, Cr28, T729, Nr30 and
E731 of FGFR2. In another enbodi nent, the small nolecule binds to a region
sel ect ed wpam1tdsg19gr oup consi sting of the 131-132 | oop @eCTaSawnopEn? of the
RTK, 20 the 133-aC | oop of a nmononer of the RTK, the 134-B5 |oop of a
nononer of the RTK, the aD-aE | oop of a nononer of the RTK, the aF helix of
a nononer o < one
enbodi ment , fs%l éel&isﬁgﬁ tﬂ@ngﬁotélgSPgﬁ?tggtﬁefgmg@rlfg%%ég{eeg@’ﬁé 6t3ﬁie{6§£§ﬁq§§%<fr) ?(i:d’]cont act
interface oV6a7fKordHBY &S RGT7TOVMR IV BROBQrP58écRIS0ESSFGRRP, S2H1, 1Y S8RADHEL,

oo gned bali BT RerVasS e RTrE a0 SLET: £ 18 el NTRb b aTorgr ot
factor recepipR( TG embdidRht, aRAlpabiceRNOdidBRlS An%tgﬂﬁ%ieeiea 504 geul e

binds to at |east one of the ami no acid residues sel ected fromthe group
consi stihg efovareongsting of thell-A Rt 2, m@BNEr oC4BRTIkABE f3S81Rop TE21, E522,

D554, Gb55, P556, 4 7 P579,.. W91, T6 2., Gr03_and P705 of
FORRL 1 aMKDPPRER BRBIRT dh e Bt Parm g b R IR R 146P fidact “one
of the am nencacindr 6ht RIBS txehEREIedoff 4 @FhdHE FHRURTREMGItRE 4gGIbofaOd,

F492, R577, P582,1590, P705, G706 and P708 of FGFR2. |In anot her enbodi nent,
t he pepti di &asgmeeef @e BiTkdsintanother prahedimghe themeptidiganelequds ¢ auprispoa

492, Noo2, TCWR® e b S0 REP LT AFRh dB e SR LRl
P581, PH82, afxuB&,entodmerHBe pepfaBBi8moldnBie, cottpdifes FPsthfoturéskbach iPT08ast BU%3,

K724, A726, Nr727, Cr728, T729,. N730 and E731 of FGFR2. |In one enbodi nent,
the pepti di erBrdépaing cisrepidues YR PId&Id st ed from the 5group consisting

of the 131-132 | @op, Ol GhdMBAMRE nRdie H?aﬁ%atéd%ﬁbé@j,% all QReRlbi PN ONET
of the RTK, the 134-B5 [oop of a nononer of the RIK'the abD-ak loop of a

nononer of pheioRMKredthaichlas belintsabodly. alnmmoteeembbditrieet, RiEkanaibddy, loe astizeaG | oop

f _of the.RTK. |p.another. embodi nent, th i di | ecul
Conpr | ses aPUEHERENS (hiceh f SToed HBATGEOAT SURTICAR! ESUEH ABTCRE
resi duess 576uS4i-&f aftBoRY, 2 BilpetARNGIEBSEy, 8ADQ IhimRMc antiBSIyP ERtGhSiner MO ecul e

conprises a structure which is at |east” 80%identical to amno acid
resi dues 579mbodimeht, FERRRibody, or antigendriediagipodiomahdreoft pemprtsice b ieiwy cain

i sol d i bod i - bi ndi i h f
oot abody " HRERt i SRR ARG B RBRk PRl TGP BeAT RN TR on
t her eof , i sap®l@TREtah @REIChEEINgye®Uifoth@ Ehisidiriéht Othe andibodgmeant ¢HaOHYons@nt

15humani zed anti ‘bodé, a bispecific antibody, and a chineric antibody. In
anot her enmb&#FeIeGEhE afrthspepbodiment theg@HDed Y @F ARfigsartinding porEPBof |

P8, S SO e M

anot her enbadingkntomdiinentébidly b dolyndilea\eynbodandnt abé sitéboddy, or antigen-binding

portion thereof, binds to the asymmetric contact interface of a receptor tyrosine kinase
with a KD selected from the group consisting of 1 x 107 M or less, more preferably 5 x
10" M or less, more preferably 1 x 10® M or less, more preferably 5 x 10 M or less.

25 In another aspect, the invention provides a hybridoma which produces an
antibody, or antigen binding portion thereof, of the invention.

In another aspect, the invention provides a moiety that binds to a conformational
epitope on an asymmetric contact interface of a fibroblast growth factor receptor
(FGFR), wherein the moiety inhibits ligand induced trans autophosphorylation of the

30 FGFR.

In yet another aspect, the invention provides a moiety that binds to an amino acid
residue selected from the group consisting of R577, D519, C488, F489, S518, T521,
ES522, D554, G555, P556, Q574, P587, PS79, W691, T695, P702, G703 and P705 of

6



region is Ig@. In a further enbodi nent, the antibody, or antigen-binding
portion 20 thereof, is a single chain Fv fragnent, an SM P, an affibody, an
avi ner, awoanobssiys and a single domain antibody. |n aneChars2@mvbodinent ,

t he anti body, or antigen-binding portion thereof, binds to the asymetric
contact interface of a recept or tyrosine kinase with a KD selected fromthe

group consi g Of withi% 11% Rreli§sS ’the'I‘PJ leb?c q%rl?%héf nﬁiuéedlgarﬁ Mor less,

more preferably 1 x 10-8 ess, nore p era M or |ess.
251 n anot heaumpmphoryIMQn|oﬁF@tﬁRiloﬂn pmiherdxspecza, the_s‘/mvenimnapmfvmdcha proodytas an

anti body, ntigen bindin ort on ereof, of the inv In
Aot her” as pEES ta ALy aRkd B seteb T g oy eHBE RGG A0 b 1402 RST.

conf or mati opag> qpig, PHES @m&m& FGEROOBE @thini 106 Ar fragR Bidae, bl ast
growth factor receptor (FGFR), wherein the moiety inhibits |igand induced

trans aul ophdltog Yizad ipducsf tltaheaIBOPfFJ@]R)rylatlon of FaFRat Immottheeraspespelet , t he

i nvention prow des a ol e " IB an am nao . CI d.r d_rfdueﬂ?el ect ed
from the or SnEgheByFRAS mbrdidy Bindie i oBe WGy G i RRL B EugEh
D554, GB55, chxabing B C491 87, NE’@?Q}66\3\5R664 1695, Pd%30966ﬁ7[(7@58&W76697ﬁ571)f 6
WO 2011/ 088196PCT/ US2011/ 021109 FGFRL, or W|th| n 1-5 A of said residue,

t her eby i nhREV?i PO Pé&hcﬁ’Sﬁﬁcﬂﬁ:SédYtS%rﬁsﬁSaqu&Sﬁﬁoﬁ?peﬁ’a‘oén%% FEORL. In

another as n S o acid
ot o1 EN A g p e e Sl gt R R Ty AL e
P705, GI06 aiid rd37i8, thtrebGhiRabitiap lighidiindudedirahs abitophdsphogsdtiduef FORR2e by

5inhibiting ligand i nduced trans autophosphoryl ation of FGFR2. | n another
aspect, the i nvet MNP RRACHARE IRVERSIOBRIOYIHEY: 2 BPisisthebbiads ARy REIHIS esi due

sel ected fr Q%tga?ntgffﬁ)é%f%qgéép%r tf;%sﬂg ofh e R'ﬁé)g %vhe%@t@gle n@@@ dl@gﬁé the- 665,
P666, V667, K668, W69, R577 9, R580, P581, P58

interface between the N-lobe of an RTK monomer which serves as an enzyme and the
C-lobe of an RTK monomer which serves as a substrate.

15 In yet another aspect, the invention provides a moiety that binds to an
asymmetric contact interface of a receptor tyrosine kinase (RTK), wherein the moiety
inhibits reverse dephosphorylation of the RTK.

In another aspect, the invention provides a pharmaceutical composition
comprising the moiety of the invention and a pharmaceutically acceptable carrier.

20 In yet another aspect, the invention provides a method of treating or preventing
an RTK associated disease in a subject. The method includes administering to the
subject an effective amount of the moiety of the invention, thereby treating or preventing
the disease in the subject. In one embodiment, the RTK associated disease is selected
from the group consisting of cancer and severe bone disorders. In one embodiment, the

25  severe bone disorder is selected from the group consisting of achondroplasia, Crouzon
syndrome and Saethre-Chotzen syndrome. In another embodiment, the RTK associated
disease is LADD syndrome. In yet another embodiment, the cancer is selected from the
group consisting of glioblastoma, multiple myeloma, prostate cancer, pancreatic cancer,
bladder cancer and breast cancer.

30 In another aspect, the invention provides a method for identifying a moiety that
binds to an asymmetric contact interface of a receptor tyrosine kinase (RTK) and inhibits
ligand-induced trans autophosphorylation of the RTK. The method includes contacting
a RTK with a candidate moiety; simultaneously or sequentially contacting the RTK with

7



E585, Y589, S587, Y588, D589, 1590, P705, Gr06, P708, F713, K724, A726,
N727, C728, T729, N730 and E731 of FGFR2, or within 1-5 A of 10said

resi due, wbenamgsisnhi biti ng |igand-induced trans autophespruseglimatiion of
FGFR2. I n anot her aspect, the invention provides a noiety that binds
to an asymmetric contact interface of a receptor tyrosine kinase (RTK),

wherein the arﬁ%iaﬁ& ¥or eSEPRL &et&li]rﬁniingt\ﬁ{(?ft}% %&ﬁ%i‘g@??%%ﬁgh%s%@&iﬁg, oﬁ@n%{ﬁ}: h

nononer whi ch“serves as an enzyne and the C n nononer
serves as aasdibsdis@abes behbean theiN-mhovhar RAKpecigmérhehicintentiommspneuryies a

noi ety that bind an a tric contact i.nterface of a receptor.tyrosine
i nase (RTKF HRGHAER o RE AR BOJORRRY DR Seliots St HESRESHAOFOY LERBRITHS | he
RTK. I'n anohigdty asReflds td AEadyRVERtiE Sohit OMEFER & tRNRTRBGAYHiIGR 1i&@aPosi tion
conprising the noiety of the’invention and a pharmaceutically acceptable

carri er .S 20imduyet trameuphosphpedationtdiehd RVEntlh one pmbodidwst, ghampietydinbibits

treating or .preventi an associ at ed.di e.in subject. T met hod
et utes. aahPHRLERN R deRS afREn ERRRELROS e MeRERST vbhast A §Tment Mo et y o1
the inventi aiiety BeEahy chiseaid 108 NinPIENRITK Rihabdhgt@itgease in the subject.

I n one enbodi ment, the RTK associ ated di sease is selected fromthe group
consi sting of caftarothgidspesiéheingeiondirayderct ynall molsgeledhai bildsdnen t he 25

severe bone_di r.J e kst

achondr opl a%g,él,? lg%frggﬁg%tﬁcégéﬁﬁgéen% %%%Bééllje}? Wg{e@ﬁ%agéz)Q?E ndr (r)érgé .thel i aflllnot her
enbodi medit , ntdheukTiKhidis athsduechhdisimagetiosof tADRTKY ndrodsembbdinyeat, taahdier
enbodi nent, the cancer is selected fromthe group consisting of

gl i obl ast onﬁ}olwlettflbqlsetorwé%%swl%r%&uaﬁéleetaﬁg@m the gruPeLnPisinefd®t 7> bl adder

q A ; ! ;
cancer an (Hgggﬁ?@ﬁﬁ@, 538 T‘Sﬁ”gg%@,g)iﬁgpé%i 586, HSHEPERPPADOWIcGES a

met hod for ying a noiety f s to’an asymmetric contact
i nterface ofl695.rRFO2pGd03 and BKISrd HKilkals er (iRlig) 1-arddofi sahd toiitlse.| Ingaother nduced

o0 Ut obheseRor ] 3L o0 ek G IS MBS, Hicludes, copLach! 06,8 KX
with 15  consisting of C491, F492, R577, P582, 1590, P705, G706 and P708 of FGFR2, or within

1-5 A of said residue. In another embodiment, the small molecule binds to an amino

acid residue selected from the group consisting of C491, F492, N662, G663, R664,

L6635, P666, V667, K668, W669, R577, R579, R580, P581, P582, ES8S, Y589, S587,

Y588, D589, 1590, P705, G706, P708, F713, K724, A726, N727, C728, T729, N730 and

20  E731 of FGFR2, or within 1-5 A of said residue. In another embodiment,the small

molecule binds to a region selected from the group consisting of the f1-B2 loop of a

monomer of the RTK, the $3-aC loop of a monomer of the RTK, the f4-B5 loop of a

monomer of the RTK, the aD-oE loop of a monomer of the RTK, the oF helix of a

monomer of the RTK and the aF-aG loop of a monomer of the RTK.

25
Other features and advantages of the invention will be apparent from the
following detailed description and claims.
Brief Description of the Drawings
30 This patent or application file contains at least one drawing executed in color.

Copies of this patent or patent application publication with color drawing(s) will be

provided by the Office upon request and payment of the necessary fee.



7 WD 2011/ 088196PCT/ US2011/ 021109 a ligand for the RTK; determ ning

whet her the noiety affects the positioning, orientation and/or distance
bet ween twe 2bt/sk®6of an RTK nononmer which functions asPpam/tsSeaymeliand t he
C-1 obe of an RTK nononmer which functions as a substrate, thereby
identifying a noiety that binds to an asymetric contact interface of the

RTK and i nhi bi tS g @ repf.d tHﬁHG&QllE{r%Egrﬁgﬂamgﬁa%b@a%d AAFRS Khfge RTK. 10

one enbodi nent, the noiety inhibits trans
aut ophosphodihatanddeifled hiewRDKint¢meaapairiventaetyb &thune hA depiks anmisehyetdaes not

cause the I gss of. intrinsic K kinase activity. ) I n ot her_aspgct,
Che T nvent i BTGP e R iRy PcrICh 1 oLt IARAS ditera ALYRTHTY BhESnt act
interface obreh@HRRERIC diXEPSERBINMIAISal BldQreeheipBEN NeFigiRIIIB dicts

mol ecul e inhibits trans autophosphoryl ation of the RTK ‘In one enbodi nent,
the smald noldeeiledvisivmaishe mteafacahirmsd deivecen dsiadesandled asymaactfic dmearhd T oup

consisting of .R57/ , 88, F489,.5S518, T521 522, D554,. (b5 P556,
GB7a. pogy, AR AYEEC e R Cisr 8P R B o RG8n SRR ERRER N AT e 105 A
of said resiflidfesilifl i@GNQh&kn 8D BRI RPdre. RB&dSBIdmM AdIRaL Sabilidsedwitian

am no acid residue selected fromthe group 15 consisting of C491, F492,

R577, P582, piizge, Thygdor chose aprlicdiodibfigwerresedder 4l figirs. 15S&opday sai d
oSt due- | SO eL SRR MOak, 00 Bl S ) AR SEL,
L665, P6®G6, EM6Gdpictsd GBeyaibhith inkbacting Resi®es R 82, mdb@ile SRb8&Zk dnd8hboi¥589,
S587, Y588, D589, 1590, P705, G706, P708, F713, K724, A726_ N/27, C728,
T729, N730 HiesepigligyaRepspsepiating resiuenfiphy molpcule & 43¢ labgled: Figyrgife depifts
oot R onb el SR n ORI g gl sl gn 1
| oop of a momderete BHfpadeyaRIig, stickend 88b&Bbrepmogntationa www.pymol.org).
Figure 2 depicts the surface distributions of residues in the asymmetric FGFR1
15  kinase dimer interface. Figure 1A depicts the overall structures of the asymmetric kinase
dimer are shown in ribbon format. Figure 1B depicts the surface presentation of
molecule E (the enzyme) is in cyan. The proximal substrate-binding region is shown in
red and distal substrate-binding region is shown in yellow. Activation-loop (A-loop)
and nucleotide-binding loop (N-loop) are indicated. Figure 1C depicts the surface
20  representation of molecule S (substrate) is in green with the tyrosine
autophosphorylation site (Y583) in the kinase insert region of molecule S indicated.
Substrate site of molecule S is colored in red and the distal substrate site is in yellow.
Figure 3 demonstrates the autophosphorylation of FGFR1 in vitro and in vivo.
Profiles of in vitro phosphorylation reactions of isolated kinase domains of wt-FGFR1
25  (Figure 3A) and FGFRI1-RE (Figure 3B) at room temperature as a function of time.
Figure 3C demonstrates that the kinase activity of FGFR1-RE in vitro is maintained.
Lysates of L6 cells expressing wt-FGFR1 or the FGFR1-RE mutant were subjected to
immunoprecipitation with anti-FGFR1 antibodies. The immunoprecipitates were then
incubated in the presence or absence of an FGFR1 substrate (PLCy fragment, described
30 in the results) for 30 minutes at room temperature followed by SDS-PAGE and
immunoblotting with anti-pTyr or anti-FGFR1 antibodies. Figure 3D demonstrates that
autophosphorylation of FGFR1-RE in vivo, is strongly compromised. L6 cells

expressing either wt-FGFR1 or its RE mutant were stimulated with increasing
9



nononer of the RTK, the aD-aE | oop of a nononer of the RTK, the aF helix of
a nononer of the RTK and the aF-aG | oop of a nononer of the RTK 25

Q her feavones/@sdeadvant ages of the invention will be &pparsent/otriom t he
foll owi ng detailed description and clains. Brief Description of the

Drawi ngs 30This patent or application file contains at | east one draw ng
executed in : L i oApPpl i.cati i.gation
et o 35 sfl S0 Rl WEISLBRAEN RpyRetert CPPLLEAL LG

paynment of bhBEGRetassAd¢d/celle tverd b icll t0 38 HhRIa BEFECipH2nIY DA BOFGFR1  Fi gure
1 depicts the overal| structure of asymretric activated FGFRL ki nase di ner

and det ai | e@"hosigs folowqet By SPedeele Ane Brmyreotipe githeantipTye or epis FGRR 1
asymetric Qhﬁlﬁé{ 'éégf fﬁ‘?%%%é YE dQ&BﬁQ&?és%%ﬁtL%dceﬁ%ﬁJre%sgnrgz\gf?lﬂﬂm of FEjRRN- gk agr am

Mol ecul es E a o] e asymetric dinmer are co In cyan and green,
respect i ¥el yerdstouuleted Bidiel®i0atggdmBFEF datdifferedt tiinewwao indidaged) nLesdtacd f or med

bet ween ki nases i.n the ymet ri i mer. ATP anal ANP- d
interacti ngngg?l&EltEé OBF§E§HH\}65?“?"§CES]§ "k ?Wé@éﬁtsiﬁ'gﬁ%ﬁ@{ggﬁﬁgnesi um
ion is showinAsnsblBling withefiep TyRe? bl S HR 10 BBAggul € S are labeled with
prinmes. The color scheme applied in this figure is used for all figures.

Secondary struct Wigsgedrdepictsobe etdudtered billeinaseidgoragnsiof (Higpiectd) whBGEBRIf ace

o5 dues. of (0NB TR PRar drauiay FaRRERE Frupbr el eutRrat gl et 18,
Repr eseng at ke atRFGERE (FGER-3P) @B 8):3GOH ih akeh@dieddagbse(abbvdlepi el § t he

surface representation of nolecule Sis shown in green with interacting
resi dues of rkbprediggiamebelosi e Thy satplyitia lean is kheamin yohlown andibe aséyatianileny

(www. pynol . orq). Figure 2 depjcts t urface distrdbutions .of residues in
Cho oL B bl B8 BBl fud b Wipct i B Satodtt, TNl RuiRts LEBHEN
overal | str uctedligsheQhartbheamBinriek fdpeskhtBsEinthBBbbH @iaSRMMWFibiive UTDRYts
format. Figure 1B depicts the surface Eresent ation of nol ecule

E (the
enzyne) is rhbeydiagramief singsg msert ops o BEERb; E@F&b%@ldoﬁﬁfl%l-éﬁém%wmm red
and di st al t - bi ndi r.egl,ongi ' I I i on-1a
(At oop) andrach BB EPGLE Aok BRg0sloR S Ss ke N T tag ROTTY e Buh 3R
depi ct's t hestdk lepeeenilionp MegeatBtdepidstahe sipegidltdnSf kiabsinkat &idrs of N gr een
with the tyrosine aut o%&%s horylation site (Y583) in the kinase insert

regi on of nbE&JI@resn), rRE©33nbatd BEER §13Pdbbe) FryPaltagieulaples col ored in
o0 and | o odlishaluBe R BB e kb N BB syryresFLOUT € 3 demons rat es

t he aut ophos atiron o nvitro and 1n vivo. Profiles of in vitro
phosphoryl ati on FeaotiSakpicofdistsmdeabettvekn sapentidlyairdsed FOMR-IREeRhe 25 ( Fi gur e

3A) and_FGFRL- i gure 3B) at t tyre f i foti
o ol ganonephy ORIy Hb meRRRid IR (el iR Foscril et TR yO PR
mai nt ai ned. | ¥SAGER | Arudbre§ &l hdwRXPIEES] Mgt fn@:s(%%mspﬁmm%%@ﬂeeﬁﬁ nut ant

were subj ected to inmunoprecipitation with anti-F 1 antibodies. The
i mmunopr eci plickatpresensateontand woloneslibard dThaseghenqgrog getepkosphorybion o€ thefsixan

FGFRL substrate (PLC7, f. t, ib 0.int | ts). for .30 m nut
2t r oom CenpaPRRLPETHP B ARty CBEL barEkrhyih PGBt Fr P B Re S oy
or anti - FG-Bdtwash iM@diu@sphospHokyleichRide BRyvat.  RisRaicdstrtw st B RS MLy bahd ONn

of FGFR1-RE in vivo, is strongly conprom sed. L6 cells expressing either
Wt - FGFRES or sitesqurtherpyerage ofydistanas hagiieen wiphosphhrylyed axkphngphagglated FGFR1

2011/ 0881961 H2¢ WhdsQarhATed in the table.
Figure 6 depicts the electron densities around R577 of active FGFR1-3P and
R577E of FGFR1-RE. Figure 6A depicts the electron density of active FGFR1-3P
(3GQI) around the kinase insert region. Two kinase domains are shown in cyan and
30  green ribbon representation. D519 of molecule E, and R577” and Y583E’ of molecule S
are shown in stick presentation. AMP-PCP is shown in stick presentation and Mg ion is
shown as blue sphere. The 2FoFc electron density map is shown in gray and contored at

1.0 0. Figure 6B depicts an example 2FoFc electron density map of FGFR1-RE is
10



concentrations of FG- (as indicated) for 10 mnutes at 37 C. Lysates of
unstinmul ated or FGF stinulated cells were subjected to i mmunoprecipitation
usi ng antwoRGHRBs®at i bodi es fol |l owed by SDS- PAGE and i mromaist@tiiozrngo wi t h
anti-pTyr or anti FGFRL anti bodies. Figure 3E denonstrates that L6 cells
expressing w-FGFRL or FGFRL-RE S5were stinmulated with 100 ng/m FGF for
different ti i ngi . %j.lsﬁ, . ti . E i,qul at ed
cells were gqu egv?géw?gi%%%&%%%%é_ 0 mgjl%%%%%ﬁ%%@%ngs qu\sn!itsﬁ%gﬁ?i -pTyr
or anti - FGFRb7aptircdddivasn stick presehtagion and celapured atitthe. st ruct ures of ki nase
domai ns of (Figure 4A)7 wt-FG-FR1 (PDB I D 3KY2), (Figure 4 L)RFGFRLRE mut ant
(PDB 1D 3KXX) aKiEWrE’glspistsaeperppsiens ofadldgunnpkeulereifrfatBPpRE. pHS forr 361 )
ina sinplit] r (18 j | i >

catal ytic | E)ﬂgg&iu%@s?ﬁg\%ﬁ ﬁlﬁbggﬁhg\?v?ﬂédrllga tt Jedrggﬁé \I;Iat@gén@{ngf)%?ér%&%nr %rg%l,%nthel i X
aC i s depi ctiech gseratodydhit pben. i n t he cartoon. Phosphotyrosi nes are col ored
inredin the cartfoon_and .in stick re resen%ation i.n %%g rigg i agram

Fi gure 4D depi ct E8WBBSCRIAYT SrElbriristirgs et syaentrie G5 1gp  KIfseR1 - RE
and FGERL- 3B #H0WR shBwh29Fi666h difYiamhs AP ulk &, addsPRE ol ¥&tobns FFidErec @I NS Of
R576, R577 and R577E are shown in stick representation. Figure 4E depi cst

t he super posid 8Bh blie foniad ahdidisral sylsghienstedhces @ERNakgd bpn)yel | FEORL 1RE

(cyan) and FGFR1- 3P (bl ue)..revealing mult.ipl onf or nat.i f t | nase
hoert regi oME- R PRene AU e riifedtali B Fube et AT artdEh woen
sequent i@l | yimakdlginRes. oﬁp\}{dﬁﬁhﬂé@ réfo@UindRBASNIANYd R BBthSittueiresAréodel
of FGFRL (including residue Y766 not yet observed in an FGFRL structure) is

shown in ri bivom.didelgr aniasidve s aphbisgerothhepsprimabiubsisate mtefacglot both
representation and. col or in red.. The uen f aut ophosphoryl at.i on of
Lo six aut OEFSEERETTIErS Bhn 3r D 8L cir e et FOGT o PRI Bl
appr oxi mat e ¢l Gtcpnces between i nter autophosphorylation sites shown.

Di st ances between two phosphotyrosine 25sites are the average of distance
bet ween unphospRiguye depictantiughisshted gligmeantydsrRauescesfeemhagan ikdR1 and

sunmari zed | . Fi.gur ' . I NSt und
Rs77 of ot FoL PG PRk RS opIcSPB-BRs b FuB hA 5B, KFFRR

el ectron dedsibiystatesaled daseeeFdBrRId@R onSéAt)onaw ol ithelr beank i(loagst )| oiglot, twegi on.
Two ki nase domai ns are shown in C)Ean and 30 g{rﬂ%en ri bbon representation.

D519 of ol €eiios ster (highesiragrrhe foyp e=ptesp ahtedetire S FAHR IO R st i ck
present at i oQ.,AVR: PGP, i i HEHR td . hn is shown as
bl ue sphere.geql'ﬁe eﬁ'F?E%bZT%@?%ﬁﬁﬁgzsi ty lﬁégﬁ(ﬁgﬁ E]héor\?\gnlﬁﬁ&grlyg%/ma%nd cont or ed
at 1.0 a. FrcouespofiBngepiatssn dre sexatupd & sefodace edre ¢idicneddens atrywrarash
FGFR1- is WD 2011/088196PCT/ US2011/021109 shown wiith two ki nase donmai ns
in a ribhon UPEGEHIUAS HemaeEcdn b e e&fzyrﬁ@feldﬁﬂjac%%rﬁée%%s Sioemhe
stick presepiaddus andsaRpheYrBuRioB et the locatiorio®Ws€ off fud€RbiChnSitations
superpositions of all four nolecules of FG-R1-RE. The four nol ecul es of
FGFR1- RE i nitt lpepeneas thel helliztafy of @Rl sndbe FRP osblde dnxksc diromedcids fignmadi ent

5f t | | t . Fi 8.d its t r al tr
ot ey et T ol et SR gregn anf et aste KPR et SR T B R e
(Figures 8Anaiicbd8Rlh e bRk Gk At e (dbeDot &9 oBtheadgudiidys. The proximal and

di stal substrate interfaces are marked by a yellow or a red sphere,
respect #vel y. | Figyse 1Qdemenstigies dhcedptaeqlisaonind facuss rar@ement SEsies F FGFR2

wt-FGFR1 and the R577E mutant, FGFR1-RE.

Figure 11 depicts potential regions and amino acid residues involved in the
asymmetric contact interface of FGFR1.
Figure 12 depicts a sequence alignment of fibroblast growth factor receptor
30  sequences (FGFR1, FGFR2, FGFR3 and FGFR4). The boxed sequences indicate
sequences responsible for mediating an asymmetric contact interface, and amino acids

colored in blue and red are located in the enzyme and substrate molecules, respectively.
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10ki nase di ners. The phosphoryl ated regi ons and activation | oops of both
structures are shown. Helix ccCis shown as a cylinder. The proxi mal
substrat ewproewd8s®e of both structures is marked by a yecCraw2aineiiey and
the distal substrate interface is marked by a red circle. Figure 9 depicts
structure-based alignnents of sequences from human FGFR1L and 15FGFR2

ki nases and i L.gure
oA demonet r A 0 P Re g apT Ploy Ay B BT e Pt o

(1 owest), ommidies of FGBRAJGFRE, IKGIER3 ¢(hiFGRkR4t) for the four FGF receptors at
the bottom of FGFR1 and FGFR2 sequences. The overall structure of FGFRL is
shown in gray ribbon, and the corresponding regions in the structure of
sequences are indicated with arrows. G een 20 colored residues are from
nol ecule E (the enzyne) and the colored residues are fromthe nolecule S
(the subStrate). Fi gure 9B dRefaided Desariptimneafithe Infentions of functi on
mutations in Iooeﬁ% ar tt.he Eel X aq%ﬁof .FtGFRl and EGF%Z %:n bl gg boxes.

Am no acids fro PECUI &M EHP e PENEWA " H° betsee% SIE?} MRS dEPdSf r om

mol ecul e S afdgedules! Hhmde] dnibadied 6 g&eﬁmmntgfpohmmﬂl@@éf DeXadiedths! the | abel
on top of the sequences. 25Figure 10 denonstrates the data collection and
structure ré&imdig Sywlil“sﬁqné@tﬁtﬁ?lfaﬁp-olﬁ@lhmlaaﬁ@epmtSRSSFIIEklﬁﬂ%%l%’ an
FGFR1- RE. t es
i nvolved in tGhPﬁIg% ?Ogﬁcﬂggg%n % ace d%@@% |I€lgzgr@%1rg0%§|§o§|%?s a
sequence0 al tgrineditioabidd tbrthﬂazhs@zﬁtm@ﬁomlhadt agtbdicer of clepteoept Sy BB He kRS and
(FGFR1, FGFR2, FGFR3 and FGFR4). The boxed seguences indi cate sequences

r esponsi bl e Fdpit thedraas ?ﬁapwpla%ry}%%e@ Pi hedlrt-alt Sonst@resatis MR dert B aci ds
col ored in plye ganded &n@isic 'k%?a%§§ \’1(? 9@%1@1%5(%%%%5‘19%&&? Jojrecul es,
respectively. WD 2011/088196PCT/ US2011/ 021109 I n one aspect e’ I nvention
provi des a mmiuaymatyhﬁbwbilmdﬂza;tm)na]ﬁyhe(ﬂTKhlmtlaffxradhcamsﬁtdaoramg ofthes\v«zlues of
FGFR1, FGFR2, FGFR3 or 5Det ai | ed .Descri pt he | nventio

The present ?YWB?\W&H“%VF&T/%&YMVSPH C@é‘for@aaonaﬁ }Po‘ﬁ‘s&ﬂe@@rs Hbeﬁrhydu c
nol ecul e, AMRANBE e 12Ahd-DRAALESrRls AWPhOGhoBj 1M tH@RTKO%etpE‘&EﬁOf and
adnectins, that bind to the asymetric cont act interface of a human
receptor t yitrb@nfm@n klbﬁ%ﬁsieat leasyin P@h of@rRIacatepnpef ths L@mtaéstm%@remimlm FGFR1,
FGPR?, FGFRBSO tcc t tltr?g. re 1f:cf)ff Ottaesalrllt\(l)e o} go a1 tf§ an
asymmetric oAt RYEAEE fied tor £y P83 REK] 82 RO i i ¢

the trans amnoﬂm@@ééﬁbﬁéﬂrfgrbf(lﬁlsﬁrh't@rfREPﬁas hnoxswrﬁ)rmslasnuﬂdaﬁom etiueloes
not cause the loss of intrinsic kinase activity in RTK kinase donains. In

ot her wor ds 204 KECHBIdaPYOREy ¢-&1: COWORM ML 0pRS ¥ CORBIYPPR ePKRRes ayhigh the he
posi ti orh Nng mers or alter or prevent confornmational
Ed) Pﬁ)fle&elg%f n\ae%}/ltgﬁ’% gg%/rg%g DL . X

changes i n e recep ors inhibiting the Iigand-induced trans
aut ophosphor yl at iAdter adtivialien B Ks lighel, pre senbmenvEntrecptdrsyosiaetlinast | east in
part, on the deci pherl ng of the crystal structgre of the asynmetri c cont act

interface r SHeiRridn foar 2t HyMMEHS JUURTGPRESERGES PY AR BHYIUPCHE KRR R dERRITaCer e
deci phering,pf s&b@éc@ehﬂ& Ghde @tr&?s%u%ﬂh@%rﬁ&’t‘ioﬁ & ﬁs‘é&ﬁ&‘efﬂ gRikoR of

resi dues and, sit epi topes, e.g., conformational epitopes and
cont i guous éqmytrm;mﬂc covhtaat lintetigce? Oninteatied ® mtlutichélemg/lembf ore ITRgptoyyeine

Af t 1 b 1 | two t t ki
At or ants t o Ringmaom et At R v S i el e lor et et M2o°

contact i nt g{dndfRr ark\Whish RSRGUIRRH fo¥ RIS EhoL FHRIFladdt @ﬂ%@%@wﬁé&l@ﬁé en. As
used herein, the term"asynmetric contact interface" is intended to include

t he region (t_he IoeRptrdpiopine kinage: @sstaperequired for tyrosine kinase activation and cell

signaling. The two regions of the asymmetric dimer interface are complementary, and
the formation of the asymmetric contact interface is required for activation of the
30  receptor tyrosine kinase. Each tyrosine which undergoes trans autophosphorylation on
an RTK is associated with a distinct asymmetric contact interface.
In one embodiment, the asymmetric contact interface of the receptor tyrosine

kinase comprises the N-lobe of one receptor tyrosine kinse molecule, such as FGFR1,
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25 ki nase nmononer which asymetrically interacts with a second receptor
tyrosi ne ki nase nononer and which is required for trans autophosphorylation
of a tyrospnreiwmssisdue of the receptor tyrosine kinase;, &CItuspomaeuby ed for
tyrosi ne kinase activation and cell signaling. The two regions of the
asymmetric dinmer interface are conplenentary, and the formation of the

asymmetric Ganiachel At &5 faRe e'h%mié gw drBhel Qﬁlb%h{e}{éttﬂe%?fﬂ%ﬁttﬁ@%&@i&cept or

tyrosi ne ki nase. Each tyrosine under goes trans aut ophosphoryl ation on
an RTK i s agseticatothewetdptar tylnoslnb‘ hatasasympretes ithe C-ooticadta recepenftaoeine I n

one enbodi nt, th S tr ntact interface of the receptor tyrosine
i nace. commeismofeRY TERat EEFRTOVREhres 111 dsie BT A e ot
as FGFRL,  VQn?Qddic Q88AGREIMASAFAFRLAIAR Wb ity 318U MESioADr BEFRAtAs Ve

enzyme. |n ariother enbodi ment, the asymetric contact interface of the
recept orSt yslwima Hpwase Ioenpthesasbadimert: the beymimeticreentapt interfage oSFGERKI nase

| | e, h FGFRL, , whi ch b . L nmbodi ,
fhe. seymret Are B3 ohie i ded et of FRERL S ReRil e, B il ogi on of

FGFRL as 5sb@pbdintenitigksgmenetlidicaiigdt e rf &8 ORI contpiige AGHINGRET 6sig@Nt act
interface of FGFRL does not conprise the red region of FGFRl as deg cted in

Figure 2. | ArahotHdiCighbddianetier cmbedimsyinthstasymmesin wetact testacaebFoFREGERL
comprises am 483Gl 419%%%1&%9%@%&(3%&?}5&1& t%&fl&eermbgﬂﬂﬁgitnﬁgt’ the

asymmetric contact 1 nterface o npri'ses’ am no acli d residue Asp519
of FGFRI10 | asymehetdin@biwact iewtfacd offFGER 1 banfides vt BR toapo tegi3t o tdopt diace of
FGFR1 conpri ses é%he 1-B2 lOOTﬁ’ the 3-aC loop, or the 4-5 | oop of the RTK
whi ch ser ve&edé-Bhlogn 2 the R Windh yeves aidid anaydife ,In pRRthesRARsimER: Bnt act

interface Oﬁsfnﬁﬁﬁﬁc%ﬁ‘iﬁééiﬁéﬁaﬁ@f Iﬁtﬁ?f@ﬁcérﬁﬁﬁseélfﬂ ) 18§;?(1&1|)ase§&@rt§§}@e' X,

or the aF-aG’l oop of the Ich serves as a substrate. In anot
enbodi nent , ofthelinsy imetlF-0G loombhiht R whichcerve$ adGRiRitrato mbr arsetlgerr esi dues

C488, 15 F489, 8518, D519, T521, E522, 54, or P556 of th K whi ch
serves as AATBRIPiEAL thernsyrgraiies C‘Eﬁ"i%&ﬁﬁ‘%%?,“?@s BRI £ U AT

i nterfage oR4§GRR18 0N, iTses, Fesi Byes (HEb: P854 &t (RIBTK wRRELer\69dan T695,
P702, Gr03 or P705 of the RTK which serves as a substrate. In a specific

enbodi ment , endyend. in@naibei anbasfimentethgsyymeseiriccconaat mttrface peFGEB & somprisaso

of V565 of  Pa 05T bR L TR Rl YoohaPrdht SR AP AR RPN 0

contact i ntegfacss Rbstue IHARPEESS clBSdifnehe thdigfe@ichioh 8f theQuimedaiciontlae
trans aut ophosphoryl ati on of Y653, Y463, Y766, Y585 or Y654 of FGFRL. The
st ruct ur e- ba¥eRcss gLBYRBORIMYH Bistibed hersidris exquirad [Idhe 6309 and 12 show t hat

oh : . d . . .
g oA NS 05 MR R Glo LA TG R e RUSELISOAD |
cont act i nt esynaaetric softactirdrihetsweeno ifvdomets deatdrited hesgmBntquitddeot ihp of t he
| eoti de- bi ndi I , the 3- I the 4-5 | he N- i nal
egi on of - hERRCEEPRoRPREANEY S Losh YABERL Gt PER CoSPYLe! EGFRA Shyne n ¢ he
asymet ri ¢ EFRle Hab®S seqddtcs afiSGhOis Ffé‘éé}ﬁ&ﬁh&ﬁigﬁ&@ i PO sikd B g 30

helices aF and aG and with N-term nal residues of the kinase insert region
| ocated i n tdvelu€s invblvedfin asyseugnd chiGrRlIomptoonkecaesevedp BSFR1 JilbiR2,at e in

Lhe, 2oV Ll BSep T gures 1L 2, 8 and 1) de ueed herel . the term
bi ndi ng site andfpsnd &bREMBREEIaSyHABERontact interface is formed between the

activation segment, the tip of the nucleotide-binding loop, the B3-aC loop, the B4-5

loop and the N-terminal region of helix aC in the N-lobe of FGFR1, which serves as an

enzyme in the asymmetric FGFR1 dimer. This region interacts with amino acids in

30 helices oF and oG and with N-terminal residues of the kinase insert region located in the
C-lobe of a second FGFR1 molecule serving as a substrate in the asymmetric dimer
(see Figures 1,2, 8 and 11). As used herein, the term “N-lobe” refers to the portion of

the RTK which contains the nucleotide binding site and/or the asymmetric contact
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WO 2011/ 088196PCT/ US2011/ 021109 interface of the RTK nononmer which serves
as an enzyne. As used herein, the term"C-|1obe" refers to the portion of

t he RTK whDchiiosstoai ns t he catal yti c donmai n and/ or the a&syrasednioe1ioont act
interface of the RTK nononer which serves as a substrate. As used herein,
the term "phosphoryl ation” refers to the addition of a phosphate 5 group
to a prot el fhbedt AR MiSholRPHNA € ol BPChSHTE AULERROTRNGAbR] en™ or
"cis phosphory %t ioon" re ersoto 'gﬁe pshiajs%f)ﬁoryfazslhgpn of Sa Elaﬁaéeeby thg

ki nase prot éibe; réfeised the pastiorsefcthel B &l which hentbi@s the"datadytg> domain and/or the
e o kol b SR IR AN ER Sl BTN ki Pase
protein which achg A& Rte@NE¥ BN HrdsHofhli AL defRCRRAOLddi b GBNs s prehiac ed
trans 10aut ophosphoryl ation plays an inportant role in the control of
activatidn graipdehlprastigriala kigasey ARTKed hetginude derhetagtaphospherytlatam” or “cis
"ligand-induced,trans autophosphorylation" refers to the activation, of
trane aut opHOCBREPDILRE rCars HetbednPonein §d Hafet ACRnRG PRI or < ne
RTK to its IAsgRedherdi, ths @sinharak Butoph& ph&fytioRDtedéry to the phoipdekastidnofi ncl ude
any noiety binds to the 15asymmetric contact interface of a receptor

tyrosi ne ki ABSEONGMET @ & kpaseuirteip Wikgh pitt 85 2 febstrataby thaipbphospiteenydfat i on of
the RTK. The. npi . . I cul.e: . .di G .ol , a
popt i di ¢ mofisn) SokiEAcGeR IR el BN oo PRRLESL LiRLAT A Tl . 2,
interfat@ ohutaphiepr@iytitioh playsanémpomams ejle irathe icenta@tog dctintibhanycelbr anti gen
bi ndi ng portjon. thereof; an aptamer or an adnectin. 20ln sone enbodi nents,
the noi ety wWePHing HoREEs speriadilerddbeiseasligand-mducgshiramst ri ¢ cont act

i nterface of &b BHIBMLRE RIS o H¥OS)8n 'tk BAREutbshoS PRV LG SIPRULENT S,
the noiety V\FHBE%S?I’]%?t o1 spec%]?i% sgqu%ncgs In t%ue Igtls()yﬁ@g%rilc cont a

i nterface ofyrasindGRRerupoe pimling dfothe I Enpliss ligardi dues R577, D519, C488,

F489, S518, T521, E522 D554, G555, .PbR6,. (br4, P58/, P579,. W91, T695,
P702, G703 or P76$ “S"“z‘gh%?mlr ™ FHISY rlse%%‘&%%t%i“fli’ffi?na’ﬂh@of-%g’inflw tg‘? one
nononer 19f  Hienfdikic cbi@ctdnteffied GOPe8ptANSrdRR XIS se Afhdrd theRldletytilgibAs e | 00p

of one nononer of the RTK, the aD-aE | oop of one nononer of the RTK, the aF
hel i x of on&anpngephospiforylheorRTikhaRd K. HEheaRoig@ dandyp agimadlmeolroderrepeptiflict he
RTK conpri se he1 ym*retr'.ﬁ. cont act i nt ea%ac% dq[ﬁraitn f tge hunman tF.GFRl and
are shown hEIARIGE e REPHEICERTCTE° P95 3O 0 R0 ShIFOH§ PLET B BFC e
receptor. Ogentedt isdtthde dffa rebta@rtirowink kirdP! ecisalatedtandbedy, Br &Qi¥en binding

enbodi ments, npieties of the invention my be easily targeted to the

cor r espondi RtoadhaIerfsan pptampeer IRPAREeCtd. g | t hose residues that form

sim | ar,pockets Viti ! f.ace.or those in
he sanafoseet ol LSy 0 AT L (aShe LALELRRFA0
2011/ 088196 RGMISZ0 LB lin@Faseeftbaibeman regapmntyrosDrckiodses ki kgecific t he art
will appreciate that a noiety which specifically binds to the

. y Wil (1.,
af or enent i oREOMEEPHuBS RYPYRIITT 8 SPEFG UGS dh e 25 ¥NGIeTIGEoPHich 1 2, 3,
4 or 5 A TrAMERAYE o PRIFIREIbN1dIRaAPNRIINECRIPIDAGY, LIRS R 558N

antagoni ze the activity of the receptor by, for exanple, preéventing trans 5
aut ophospholyR atEx@a, BH54, K& SRIR56, Q574, A¥dIs P57 Véathte TEADARTIOAEGTE3 0PI et y

of e BSeTHL ARy TR0 SO BUOUC L RO SOOLY SHOVS, ATV 996
aC loop of one monomer of the RTK, the f4-B5 loop of one monomer of the RTK, the
aD-oE loop of one monomer of the RTK, the oF helix of one monomer of the RTK and
the aF-0G loop of one monomer of the RTK comprise the asymmetric contact interface
domain of the human FGFR1 and are shown herein to be critical to trans

30  autophosphorylation of the receptor. One of skill in the art will appreciate that, in some
embodiments, moieties of the invention may be easily targeted to the corresponding
residues in other RTKSs, e.g., those residues that form similar pockets or cavities of an

asymmetric contact interface or those in the same position by structural alignment or
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notion required for positioning of the asymetric contact interface of the
RTK at a distance and orientation that enables trans autophosphoryl ati on of
t he RTK. WOI2n112088peci fi ¢ enbodi ment, a noiety of the ineemtusenidoends to a
conformati onal epitope or a discontinuous epitope on a RTK. As used herein,
the term"epitope" is intended to include residues, notifs, sites or

domai ns of I . . 1 . | - bi ndi ng

f ragnent thg%élggé,% %@“ﬁ%ﬁﬂbl céﬁn%}ﬂegllrfﬁ ée%g;“!J lgﬁgﬁ? %113%2?%{3%5%& ‘ktgllgﬁlg The

conf or mat i ompdcifarallgibsciond thewdersmemtidneg ecsidues be withip esedaiofdistmcewog.or nor e

residues fromth Y, i.c contact. interface of an RTK, e.qg,, the human
FORRL.  FGERD HCERaS o TR (gD o e o wpts i pact HGHeesh of t he
invention bihpdsodiR @e GORiBF TR RB&} 0L, ?&%a&ggg&%ﬁg tfn@" NOre am no
acids selected fromthe group consisti'ng of R577, D519, C488, F489, S518,
T521, E52, amspHgspiyshitiopsseie RBY4, P587, P579, W91, T695, P702, Gr03 and
P705 of FGFRL. Irf anot her 20 e odti nent aﬂf}ﬁi et\y ﬁf t he irgivtenti on binds to
a conformational 8PP EOFE"ESHBSLEITSt T HOKHY RbPs THEPHE™ 187 U9SgcoRYSeY: Pom
the group capsksitigiguOimiRdAéid 5idles HA88actioA9 a nRd&ilar Waedke tHad3veddd ot,
G655, P556, B74, P587, P579, W91, T695, P702, Gr03 and P705 of FGFRL. In
anot her enb8Wities fiequitgd fieyi Rosifiopngtd hq FHyBYRGIGHCHItRF nteidacs of Bir RFIvat f onal

2Bconsi st 1 ngRprC iyt iy TR Gy 3R, A5 RREL b AGAPMELE B s b,
@74, P87, P579]n ¥\§&tificlodmdihdti2a merdB ofithd iiéa G0 binBGkRI confornaitiohdier

enbodi ment, a noiety of the invention binds to a conformational epitope
conposed of BN FadECapiHOUa ERiERPe L8 ke d A6 MeTH heingie (i Mc GREPRY ithg of
Ro77, D519, ;{884 (& #ffrde PRIdhes, RS, sﬁéggr ddfaafs O%Kﬁ’émch®%4al P87,
P579, W691, T1695, Pr02, Gr03 and P705 of FG-RL. 30 As indicated above, the
noi et i es of ntdieeuienwaittodgor aetyechi odihg fraphetfth¢rbef, anpaptidacindlecds ol thes

form ng a pocket or a. cavi of .an asypmet.ri c .contact interface or they may
bind Lo a SUBSEIoGma R dbb afu RaR g G S ept R ooh oL TERPT ace.
I't is tosberwndemstaeddhdiatom itk é%gmh{é'tﬁb ESRRE ITTBMS of WARTK!, @fLliROREnAS Made
to a nmiety of the WO 2011/088196PCT/ US2011/021109 invention binding to an
epi t ope, e. §GFRd, EohRar atRowaFGERKt dbe pattiselar ambediment, agndiety of ifee noi ety to

bind only to thtoseb.s etci fic res'&.duags tthat make ‘ﬁ fihe e itoRe and rlloé Pt her
resi dues i n PRAIT] HEGT OongoERtign SHUANCE Y 2 r &Rt Y ACGR ST et
enbodi ment , fianiMk @iatpQontikend GVEEITTL DS 1RIAUPS, FO8R S6ORITRUOBS2 2 DIS5ApE555,0Nn
the RTK. I n _one enbodi ment, the contiguous eBit&Ee i s conposed of two or
more resi duB856-rYHeP a8k RER.rWEO bdvPack702nCdP3 arkPHS effeGIHEFRN angthghot her
enbodi t, - [ i1 ' it : -gup
consi st thg' SPORHERALHELS e RAGch (8L LORGRR Rl k2P bR e
nononer of bhmokTninbheidd sBbctbdiipmahe arompronestimf oftRHE7RDK] 9,18 3aBA&HE | oop

of a nononer._of the RIK, th F hel.ix of a 10 npnoner of the RTIK and the
2F-2G 1 00p 9P 1 hoohtns: Bt e Rt @74 iRy B87 S eV o L i Rtenc Bhery
exert their phpdLPEGARY. ﬁf&&@ﬁergﬂlbbglmwm%gy Hahd BReMonWif¥EBLI Ng critical

honotypi c i nteractions (such as salt bridges) between asynmetric contact
i nterfaces ofnfRikKgionhkdpitapecaspesat ol of ororpasinoi wnisngleREK fioontdegraipat a

di stance_and ori.ent at.i ential_far r QSj i i_vat i __Thus,
O Rk D 3SR ns ML AR L 38 RSBt P Real

prk eYlentl n?hpsgn?S?ﬁ;?/@bp,m_ EW@%’ (1723 ahdl PW)ftt bflad}smhg_aﬁgﬂatae&h@&ﬁﬁemapge of
ski In the ar at a noiety o e invention may bind to sugar residues
whi ch may appeéely obtheanyinyien bindatee codpimasfonalrepRPRE cempgssd p{Ip pharorpysiobl e
that a noi ety ,of ;the, invention wll .bin i i f
borh oo’ atif o LN TR O ShiioiRedf R3D Wi RAsE 1alsol S5 EOTRIPHDT
Ki nase" andD5BIKGSH, @586.80574nPe8 T IPangewd y, T ePT02, G708 hed PYOS dfrRGHR] |

known famly of nmenbrane receptors that phosphorylate tyrosine residues.
Many pl &Y siAgandiratethabave) tBe maictigs 0é thsghstionmaydiind (i al} afjthgaminecsist or

tyrosine ki P&ﬁg:os &9&?@%@&&{3&%{ ?a%’t& o Fﬁﬁerﬁrﬁ@tpg cBhe iiﬂtgﬁg&m?ﬁgey fay

t ransmenbrane donal n an I ntraceflular “catal ytic donain.
extracel | ul dinddomaubret bf thd resyduek faresng te avgrhmbactcontclinerfaot.hkiis foitgands and

are generally conprised of one or nore identifiable structural
g ur){derstrorgd that, in certain embodiments, when reference is made to a moiety of the
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notifs, including cysteine-rich regions, fibronectin Ill-like domains,

i mmunogl obul i nli ke domai ns, EG-1ike domains, cadherin-I|ike domains,
kringl e- IWheodassidsns, Factor VIII-1ike domai ns, glycinePcirais2eiegeans,

| euci ne-rich regions, acidic regions and discoidin-like domains. Activation
of the intracellular kinase domain is achieved by 30 |ligand binding to the
extracel | ul (-0 - whi i C i | i :

ecentor acisoyanp T IR cpIHCES RO Rl b opt iy LR TRp e o

resi dues outmidte td biad catyabyhase speifid residhecthhi maltd upgths epitedel andtnoonthef t he

active receptor con oination. Thgaghos$q§xﬁlated resi dues al so serve as
bi ndi ng si t ESIPET HPHUBFHIURT 2HC SF91e¢Hd e SREFBIB1 1/ 088196 PCT/ US2011/ 021109

transduce signal g, YidubrRnid8in%S | mEX8 B (BS iREnRHSnd 6l aUdii gkt epfiSpnot
limted to, Kit receptor (also known as Stem Cell Factor receptor or SCF

receptory, PhihreoRTEstn gnoembodimentothe(cPEryuaue cpipensris cohpgrat o€ (weoymot h
factor (HGF)_ receptors, insulin receptor, Jnsulin-like gromh factor-1
(hen) ' rechstBRCRLER SomyPate Ophe R Rle) BF BOER, db SSodb i A e el i 2
growt h f act esnt{QMEGFpifope @i pstopLb¥HctéRREME gidup CEXIsting O BedF I-pA Bop of

CSF- 1-receptor (also known as M CSF-receptor or Fns), and the F1t 3-receptor
(al so knownaaonpmepyf the RTK, the,BZroprlepr et enospmeeitbh RTES: theHe-Baleamafan, t he
RTKis aty r | f [ ' RTK is a
type V RTK Hﬁ)néMeBgﬁi&%ﬁe@Q@%&?h“eEe 1%\%@%8@8%%@& RIK P@é 8{2@%@ ype 111
RTK, i.&0, &omemeeof thée RiTkearRDGE oFat® pioprof handrdoyner of the RS, used herein, the
term"type IV famly of receptor tyrosine kinases" or "type IV RTK" is

i ntended to i ncl ulfli§ise epthernYSPHgR Y RFH AESIMTER st ChrrgPientfsypden
three i mungg &)ﬁeg»ﬁle)i(rfg et Mgﬁgﬁ ik PfactiGd (F‘ﬁ agqai%ﬂa%e@ Bet$ AP S mmetric

t ransmenbr an domal n, an 1ntrace ar domain"wth tyrosine

ki nase act i voityct iffthefadey pé RITY s ftizatialeyesedntidbfoRPpKsitibning RTikbmohdrasits agas distance
factors. Exanples of t Ee.IV RTKs.ingJude,.but ar, not.ILnitﬁg 1o, FGFR1,
FGFR2, FGFRETGAUCTHRARASAL AL {08 (Y REpe RS Y By 'ﬁ?&én?lFﬁle%Qi T {pvgiption
recept of5t ypRgianewkiiMas8iondf thd PR while preM&siting fahdHuedpieshHoBylhils. UdQill
receptor tyroSine kinases which typically contain five inmunogl obulin |ike
domai ns, or alsgbe iakpredotedibyone ohskilen theeet thatonmpiety, ofEkampyreisonomapbindype |1 |

RTKs include, hut.are not limted to PDGE receptors, eceptor,
the Fer r ecapeb e fRE v BRnamhCliegh ™y EFE LIRS a IR oL rbeiis
receptor. | Bo&ildé gfaeh ikt obodiimentioNtvill Bid an\epibphat it BembyRa JfbbthRTK i's
Kit (also known in the art as the SCF receptor). Kit, like other type II

RTKs is conp®éracyt regidyesanslssyraigsidesst racel | ul ar |i gand bi ndi ng donai n

(ect odosgi n) thaty] a} . P BB+ eI

singl e g?ansnenbﬁg%%x%gwggggﬁgpﬁg?gggyégeg&?ﬂk ch?eégg%g%?a%%ggggég%Fﬁl103:
211-225) . Awvoiefigro el wetbkdovaf fairily dfyyenbrhhe fE¢sorsehay phodphbrydate BDGFR is a
cytoplasm c protein tyrosine kinase (PTK) domain with a. |arge kinase-insert
region. At Feklestljgn alai‘/é@nilfw%@? ipreyqeprpent of E@LﬁVtﬁ*onar CRPIGIWYTRne

exist, the %ﬁﬁ&ési{oss’é%érﬂ&dﬁ%@lhﬂ&rl ndl Biddf T nERh | CPandbibraleldohR @ 4dh Of

Kit, and the oth above descri bed RTKs, are 30enconpassed by the present
i nventi on. intracellvds aagdytichdemerim, Thaexttagellilked cohomimd bitid otokinee geprtbrfadtyrsosi ne

ki nase K) is intended,to i nclude the domai ns well. knaq in the art to be
BN L S IS R RSN G R g e e RO T
|V recept or pfofit$hdl@ikd BR&ESo-ritNRIoR ! ForoNR1id A IR ERORCIAMSROA I IA1109

like domains, EGF-like domains, cadherin-like domains, kringle-like domains, Factor
VIII-like domains, glycine-rich regions, leucine-rich regions, acidic regions and
discoidin-like domains. Activation of the intracellular kinase domain is achieved by

30  ligand binding to the extracellular domain, which induces dimerization of the receptors.
A receptor activated in this way is able to autophosphorylate tyrosine residues outside
the catalytic domain, facilitating stabilization of the active receptor conformation. The

phosphorylated residues also serve as binding sites for proteins which will then
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three such domains. In the ectodomain of the famly of type Il receptor
tyrosi ne kinases (type Ill RTKs), e.g., Kit, there are five such donains,
known as W0,20D028808, D4 and D5. The D1, D2 and D3 dommai meTafS20goe11b® | RTKs
are responsi ble for binding the ligand of the RTK (reviewed in Ulrich and
Schl essi nger (1990) Cell 61: 203-212). Thus, in 5one enbodi nent of the

i nvention t b g Lk | Nyl i nodedhel Bud ; t.n of
2 R whi ch T R B R LK e B e O R e

i nvention, tdveptbg¢adliokeodomaiStern €ell Hadtoanstepior ar $BF dweption), Gbrohlasygewth | RTK.

In the ectodonai the VEG- receptor faml here are seven |g-1like
dormi s, - knGPTAECRL e oNTepatSFs ersow Bl e B RHCS: BAULEREAET of ¢ he
i nvention, thelih-Gikk bkRviH oG TGFLD BedfordQirRd %to@(fth e YREF) kQepRE 0T
famly. As used herein, the term"catalytic domain" is intended to
i ncl ude ¥ he vassglaoandsithedial groxyiméactay|(¥EGHR redepioss, CRIGH-yeseonf, RDEHbstapatre

occurs. For ,e le, the catal ytic in of RT onmpri s resi du of the
e ronomer Pobe bl SeodaR R ol ERE St At e F R ERpE! Floing
trans aut ophpsphes wikas.i on of the RTK mononmer which 15acts as a substrate.

In a specific enbodinent of the invention, the catalytic domain conprises
the red area of HBGFREfghhambadirrenyef ¢heZnvemioontbe &hiodiartepa IV RRK. dat al ytic

dormai n conprises the yellow. area of F hown i igure 4. As used
norei n, _t no st At R i lpp o R T Adgassl KIS o disypaer of 16
i nt ended t 0 VIEGH #deptbhRnli§Cent §pe 1Y RIK, Ne., K initagifr 3P PG MRicepot iRt of a

di merized 20 RTK and which is p o‘§ph0{}}ll ated by another receptor tyrosine
ki nase nmononer (Wit heseipathe tgm Tthiee BN sl y efdeqeprordygsing kirsesc 08 “&B8e t he

ot seut e+ 1 LRI ISR Qe R R SR S TR vp Ry, EORETR thrce

di meri zed r aagphoglobyinobkadorkiina@e Iatike dbrhgins)ae sihglerampmyibidne akliy
phosphoryl ate the ot her RTK nonomer which acts as a substrate. 25Simlarly,
the term " nBfBA®y and yxinfraceilupps damain wigh Bresipekigpsereivivs| Hieuyee hfanmly & a

singl e pol yRIRIiR AHRbAILE faSoROE ARG RIAR W RFKIRARRNGFHo

pol ypeptide of the sane or erent type. Theterm"diner"”, as use
her ei n, r ef énsgtetl vo,FORR le ¢ WER2C bGP RBsinAd*GRIKGE. RTK nononers. The term

"di nerization", herein, refers to.the formation of. a dj ner cul e
oD 510G o’ RER ORGSR LR By N iy AP br S ind el LA el
refers to th@l@t’?stiﬁteﬂﬁecﬁtoaﬁ%%%@ﬁE@ﬂt& ﬁyﬁ%hﬁﬂﬁqﬁ@i @zﬁi&h%yﬂi&l&%%?ﬂv@f a

si ngl e pol ypeptide chain wh is not "associated with 'a séecond RTK

pol ypept i deiofmunpgodingdilgrdodiaifse pelgt likegrenaiRT ik theireciodamipion. Esadples of t r ans

ctate 20 warsa BeEiouERRaS el it PPo R S R B L e R B oner i
state i s al FoFae&dpadretheiFeBebdeptdi@alds khdvel hd FIkePatidaté Kifveedpt@c én @pradesddgl e

RTK is not associated with the asymmetric contact interface, resgecti vely,
of a secondemRygiment of the inygatiens the tyae HHRAKais kit @lsoknpwadpthsrart 3srtae SRE

ki nase (RTK)_ I I ki I . fier | ar part
of "tho Rk oot s TAEhe Bkl RS s AR TER ot YReFi AR ALY
menbrane. ligand WAsdiug ddmhir ectodormhhia) that imcohmndetedab aslytaptapmidrel gt Brmeans
receptor”, "FGFR', "FGF receptor” or "FGFR famly", al so known as type IV
RTKs, ifAtl ufbdsipgie Ufa@é@ﬁmblfagemHO%I@MWWW%N@@%I@W #QOQéFGﬁle%:As
descri bed abgye,sit Vi ike, 1@ i i j :

ect odonmai ns??ggﬁppggﬁb %n%%fogr%a%ﬁgéﬂéggitﬂg? gg'égépdé@@Rf%%tﬁg?}p%&n% and
FGFR4. As upedeiheyresine kingsd @) doamouwah adndokinebd-mbergregwinh Aakhgrtwo
receptor”,

';B{lEc%;?soforms of the Kit receptor are known to exist, the shorter making use of an in-
frame splice site. All isoforms of Kit, and the other above described RTKs, are

30  encompassed by the present invention.

As used herein, an “Ig-like domain” of a receptor tyrosine kinase (RTK) is

intended to include the domains well known in the art to be present in the ectodomain of

RTKs. In the ectodomain of the family of type IV receptor tyrosine kinases, there are
17



receptor”, or "VEGF receptor famly", also known as type V RTKs incl udes
RTK receptors for the vascul ar endothelial growh factor. As descri bed
above, thweeoRMK81965 have 7 I g-1ike donmains in their ectrotarsaiing®21ibxanpl es
of VEGF fam |y receptors are VEGFRL (al so known as Flt-1), VEGFR2 (al so
known as KDR or Flk-1), and VEGFR3 (al so known as Flt-4). The term"a
menbr ane pr Qxil regi.on" t ARl ﬂ{mg i ki.pase
refers to aﬁﬁ%%rcgggﬁaﬁﬁarméhaere{aﬁ)g ﬁlt(illﬁllRTK |ch' ‘?fst& nﬁ%?eg%t{)#?g& %ﬂgqgtllﬁdesgg

pl asma 20netypatéRAKA), why. dit, therefasr 3 spch idemais, diomectsIyl, 1S ponHidind f or

t he bi ndi ng Qqf | {gand t e RTK _.Exa of nmenbrane.proxj.mal regions
el ude. | buP ar@entl T TR OTBARY R B TR oo B e g B Gnd
tyrosine ki gage.R1IKGeRewd@RUN S aftl $oM&sinbdr (196®REQN 6 1t YH9S1 e KiRkape, the
D3-D4 hinge region of a type Il receptor tyrosine kinase, the D4-D5 hinge

regi on of aonygwbedimeniefepe mventjanabe remkilgdise domah”tiheotDteddadeto nabfidean t ype
V 25receptor, tyrosi i nase, LJJhe term ' honotypic interaction: as
used her oi ndopndT e K WEN i espan g AT aPRS T B B PGt 8hef T om

t wo nonomer ifveh€6E eOleSlike ddendi s Dieh @b o4 PPidonial! 6f AGbé DMRTES Mske herein,
refers to the interaction between two different EIrdpglgi ons fromtwo nononeric
receptors. Acth@eraigoy HlecVEGE secgptor &mike theas asscydelgrlde fomapts, etk p7R14 on
of two diffepe ' S ; syl .t of di i.zation
of a'wild 1 D an SO aATT Par Y bie ERERRLEICorihe hIELLR e 1o i BRI &
exanpl el0i t aiDy7 dwhdin ket VEQE tdveptar fantihat a cancer patient may carry a wild
type allele and a nutant allele for a certain receptar.

. ), e .
2011/ 088196PCT/ USS01AY B73 Tode term “cajedyticomape rigiHenced-tp s wizdhe regiongpt
structural Yakhsyle @il AHIR! dofo1 RO Qs SHE Be@fs aforTtimpfe. BleQhAfRfe | 2

protein subunit may asse ein a I ned stoichionetry to form an
ol i goner. THemvE@EFRTKsomprises recideqt drthe R Eshoenkdrvdsdsaas & aoanalyen thay

| i nked honodi ners, and. each. VEGER protonmer is canposed four stranded
heet s Sar fisaEal s indhe BRinEar GePe e paivp by RS L e sk rBnGE! HRAD e
"cystei ne- kpak agh OWshafeadh @&pecific embodirhBft dFR@RQentiodhinRich@yticdRafkid nduced
trans aut ophosphoryl ation” refers to the ability of a noiety of the

i nventi on t eomphsdsithe tedareacf iINGHRA shbwnhe Figieept br oneyanaxidivgeiki hasatalytia ot her
words, this phrase includes the abil.li f.a miety of the invention to
ehift the 160RARRRASRINEE oG et s BRI B TPt v or

unphosphoryl at ed Aseg&PhatinCOBIphEYE 8idtoms a fubktraXasptsebstatdMbrREVe0fs t he
invention may inhibit the trans autophosphoryl ation of a receptor tyrosine

ki nase by aintensigd o Bwiude tg reqepgpr typanekipase gipnpmgswhichasparighg digpuized 5o,
60% 659 7% % 1.:809 9 % t iV f the
recept o;%i n%ﬁu{e;na a’s%lglgég p(??) §ﬁ%591%%?12> f % %ﬁ?gﬁ‘)&g@iﬁgfeoﬁglg |r}$§§&so,%gﬁr/r€)‘%ﬁeﬁ%1§ of

t he i nventi @npameyf thedinkzirized REKt andnshielui@plotbpleozyhat iksmsaf hatin, e phhe
tyrosine residues of the RTK For exanple, the noi Etﬁ}/ﬂﬁaty inhibit the trans

aut ophosphor $1tatS BTGy ™68, crvEB MOYAE, 1yinsgIdeyEpchide thegshK gronegert. | n
anot her embogiFBbart 8¢ FBjfd¥e@redeP®r YRYER kiRe TR WHIEH Rid tot A8y hh @Ry
aut ophosphorylation of all of the tyrosine residues located inh the
activati on pboyphofylattithe other RTK monomer which acts as a substrate.
25 Similarly, the term “monomer™, as used herein, refers to an RTK molecule
which is a single polypeptide chain which is not associated with a second RTK
polypeptide of the same or different type. The term “dimer”, as used herein, refers to a
molecule comprising two RTK monomers. The term “dimerization”, as used herein,
refers to the formation of a dimer molecule comprising two RTK monomers.
30 The term “monomeric state” as used herein, refers to the state of a RT'K wherein
the RTK molecule is composed of a single polypeptide chain which is not associated
with a second RTK polypeptide of the same or different type. RTK dimerization leads to

trans autophosphorylation and receptor activation. Thus, a RTK in a monomeric state is
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20 catalytic core of the RTK. For exanple, the noiety may inhibit the trans
aut ophosphoryl ati on of residue Y653 in the activation |oop of the catalytic
core of PEBRu11/d8RI96t her enbodi nents, a noiety of the i neemtuiserimanmod nhi bit
t he trans aut ophosphorylation of all of the tyrosine residues |ocated in
the kinase insert region. For exanple, the noiety may inhibit the trans

aut ophospho L egl > i i I egi on
of FOFRL AL o marea e Saf aRa B WIS g g el oYkt

aut ophosphointér&tce @f acngteeRTH uen K58 ciated Wieh Kierragmnienserantacegitofacefl FGFRL,

or the moiety may jnhibit t ans aut ophosphoryl ati on of residue Y585 in
t he ki nase F%B%Crt%'eirye '%?‘FCBI?&%@{?L In other embodi nents, a moiety of the

i nvention may i nhibidmt-ReclbARS deh aRRBPGPRREMhAKIhR (Rergl%é woll kh&\en tyihesi ne
residues located in the juxtanenbrane regi'on 30 of the K. For exanpl e,
the noi ety neypnd rdesite theteatroeedingr gatt op thedpHoriyd .dhé pat off the 8JiKdthet iv4eB1den t he
j uxt amenbr an trrt?i)%ion of FGFRL. In other enbodinents, a noiety of the

i nvention r’rﬁghi‘3 SB}atm?Iﬂ%raP?'ans aut ophosphoryl ation of all of the tyrosine
resi dues | ocat ed AsfusédRerbint @k éritatfitrablhst @howteadtdiKeecdp@sr” eXampR e “FGiFe i ety
may inhibit the trans W) 2011/ 088196PCT/ US2011/ 021109 aut ophosphoryl ati on
of residue Yerepor ot WETEB fagriy nalpo kegwn ety RGPRRTKspingludes REktsesspisnt s, a
noi ety of the.i i LahEbi £t [ sall o of
the. tyr osi nd AT ELAPLIEN ol Ak Rd ' REal L ARR A CRARSRAR A2k 0, Bl
exanpl e]l0t hdommaine firy theryeciodbinbink. ER@mplesanSFE@HR dphig plrepilredre PGRR 1, FESRAUe
Y654 in the activation |oop 5 of FGFRL. Trans aut ophosphoryl ation of all
tyrosi ne aufg’gﬁés"ﬁﬁgﬁﬁ%ﬁ'i on sites is required for full RTK activation and
that the trans a Q. et j j > fed

specific order. %%%g%?ﬁg ;}Mé ?%hagésgﬁlg%x%%%%ﬁréﬁﬁtﬁgﬁ ﬁrr)[g?g{e {O?)f’ SI %F

i nventi on meaceptolii, bi t VEGE recepns fautlgplabs inowy laatyperV BT Kemecltdes #dikne r esi due

and any 10tyrosi ne. resi dues whi,c ul d subsequent.| ran
Ot oohaspholsrapRdor B e msnuS e g S reiS el bl dhese BT Ssnmi bi ¢
the trans aﬁﬁ&pﬁfgsli’lt@ddﬁluﬁhé P&t eé8SdHARS Nl lesYStOPEGH f4hily ?é'é@ﬁtoﬁf’b@'e Y654.

I n anot her enbodinent, the noiety may inhibit the trans autophosphoryl ation
of residues VAR (vpecknowBas Find, YESHR2I (plsakoonens Edtkodli tisnlt), andnéE@bBRét y
may i nhibit tlhoelF&Or ansoﬁg ophosphoryl ati on of residues Y766, 15 Y585 and
Y654. In an&at%e SthGdi méht , the noi ety may inhibit the trans

aut ophosphor yl at Ta8 té@in ‘agséibiase Yo% e ¥B54F. tht Bety@manoF Aescepidh ogbiTRAL |
the noiety may inhibit the trans autophosphoryl ation of residue Y654.

The term "i KH@g ipers tosnesxtragel lulayepgritpd raémg Wlhl,i%éﬁ & prgximmiey torthe Blaginaa RTK
wher ei n,t he I I e. I i | An

i nacti v%(t)st ate rﬁ’%}% aglg%!élﬁ%z)trég%m\?chlesﬁlgf gﬁﬁt}l&%@gg%‘p%r%{@r@@ﬁ ia{nlr11 gdi S
allowed to  tieRTie Bximplbeofiaanbiadd prgimdrregnhainciade, 1o afearontitnied to,and/ or
di stance between the_ asymetric contact jnterface donmains of the two
mononers (e omAY Ak PP cI,Hé‘Eﬁ‘?P'é?éttYrPﬁ{l%lﬂPa%Peﬂlﬁ‘fDid?I%‘@ of ¢ tYRECRIFEBPIPy r 0si ne
kinase), is (tjy%&ﬁé grlagual Dk H:iﬁ'& &gi%h\éTBYy it & &Qﬁvl%"sfﬂé KAsOshd B4l Nase
is inhibited (e.g., tyrosine trans autophosphorylatioh of the receptor is

i nhi bi t ed ahtgeregitreo2baipe Nl rgceptor tyvesinekiapieonand the dxt donatie ofia dpanst r eam

si gnal i Igg pat hvva}/ is.inhibited). An inactive state also includes a

monomer i€ stHEROT BOYESEPSed above. The Exanpl es further discuss
experinents whi chyhdemRnbhtdid hadraddofr @s el SRS I bets 6 ISR RHioaM No aci d
resi dues which are crucial for RTK |igand-induced trans autophosphorylation
but whi ch abetwies peqiigblienl fagionsdewup twe mPnemerio sgacepars- The term "inacti ve
lsﬁlf]‘;[ gi t : ?ﬁleuflfaaﬁ“ag ?ef]t 3‘%1%@@“[}/%@ I%r?tgragti&ul aestu ecPlfler;[:irr]l,ere er}g?ontrhle e 18 on educe or

between two different regions from two monomeric receptors. A heterotypic interaction
30  may be the result of dimerization of two different types of monomeric receptors or the

result of dimerization of a wild type and a mutant form of the same monomeric receptor.

For example, it is well known in the art that a cancer patient may carry a wild type allele

and a mutant allele for a certain receptor.
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aut ophosphoryl ati on of a receptor tyrosine kinase by at |east 5% 10% 15%
20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90%
91% 92%WO2041/B4%s 95% 96% 97% 98% or 99% as conparPel/useotiioe1 1y ans

aut ophosphorylation WD 2011/ 088196PCT/ US2011/ 021109 of the receptor in the
absence of the noiety. Any of the functional assays described herein may be

used to determ ngtfiey gkl %yplefon?erﬂﬁiaesftéﬁc&fraﬂuﬁlﬁ Jf,’él}{%ﬁg@)rﬁ&ié @roitéﬁﬁlisﬁ&ﬁ ad e
trans aut ophosphon}]l ation of a receptor tyrosine kinasé. I'n sone
enbodi nent s an RTiKoi & prot@hertihe pratwiastibwnt whigh endyidssetntde br odefinet] fsedthiometgy ,

when nost or all target RTKs i ubject are inactivated. In ather

enbod nent o Bt oer e i YROERARGHY Raj<ERRT bRl HAPFONSOMFED, e g. .
when a port igRedforiRBmbAR! 48K e KEGIR ro’%é&ﬁd:ﬁ%orﬁé&‘seﬂ%@%dr‘éé‘&rﬁféd d[3'—sr1'le§t's|0h
enbodi nents, at |east 5% 10% 15% 20% 25% 30% 35% 40% 45% 50% 55%
60% 65% 705enge8dH a8eYy-p&slsl fadteroin VBYcHIre d¢regnatedejgyveive-dnet growked i nt o

an inactive asci;[oat,e as conpared to the receptors in the absence of said
noi ety. 10A£ U¥8d herein, the terns "confornational epi tope"™ or "non-linear

epi tope” or "di sqasphRLOUshidRk ligaRl indli@dusad abldpessphanteaht ywféotd @ker to an
epi tope which is conposed of at |east two am no acids which are are not
consecut i ve2bihef Aapyy ofrtheinyenderetogplgbiithe ackaity of thereeeripmhyresingkinase.
conformati o i . riseqd. an i ich
are scpar ar SoBEPRbERTIBARE SRIRG ERIRY gl TRUE ARBRARE IR AP PO
enough 1® bequitbognitaeddbiormation ef 3h dhctiveerivnplestphanladsl rcpitargl e epi t ope.
As a further exanple, amno acids which are separated hy intervening am no
aci ds on a SPHYUEMMoter AXEMRIFR MEiety:efi the INYERHE FRAY ahltéiﬁhgﬁraah separat e

oLl gl b DU e ot e e
whi ch may b80%Bodrd, #% a4 3bi ¥x%, D% 16060, 65%, 70%, 75%, 80%, 85%, 90% or 95% as

compared to the activity of the receptor in the absence of the moiety. In some

15  embodiments, a moiety of the invention may inhibit the trans autophosphorylation of all
of the tyrosine residues of the RTK. For example, the moiety may inhibit the trans
autophosphorylation of Y653, Y583, Y463, Y766, Y585 and Y654 of FGFRI. In
another embodiment, a moiety of the invention may inhibit the trans
autophosphorylation of all of the tyrosine residues located in the activation loop of the

20  catalytic core of the RTK. For example, the moiety may inhibit the trans
autophosphorylation of residue Y653 in the activation loop of the catalytic core of
FGFR1. In other embodiments, a moiety of the invention may inhibit the trans
autophosphorylation of all of the tyrosine residues located in the kinase insert region.
For example, the moiety may inhibit the trans autophosphorylation of residue Y583 and

25 Y585 in the kinase insert region of FGFR1. Alternatively, the moiety may inhibit the
trans autophosphorylation of residue Y583 in the kinase insert region of FGFR1, or the
moiety may inhibit the trans autophosphorylation of residue Y585 in the kinase insert
region of FGFR1. In other embodiments, a moiety of the invention may inhibit the trans
autophosphorylation of all of the tyrosine residues located in the juxtamembrane region

30  of the RTK. For example, the moiety may inhibit the trans autophosphorylation of
residue Y463 in the juxtamembrane region of FGFR1. In other embodiments, a moiety
of the invention may inhibit the trans autophosphorylation of all of the tyrosine residues
located in the C-terminal tail of the RTK. For example, the moiety may inhibit the trans

20



20i nvention. Particul ar discontinuous and conformati on epitopes are

descri bed herein. It will be appreciated by one of skill in the art that,

i n gener aWp 2a11la88ar epit ope bound by a noiety of the i re¢EMS2@n/oEY9 or nay
not be dependent on the secondary, tertiary, or quaternary structure of the
RTK. For exanple, in sone enbodi nents, a noiety of the invention may bind

to a group Qﬂcltogl:ﬂs fr?]%r?fpa'tlgﬁ of ?&Efu.g IYe/%ﬁ il?thev@—%rﬁl%al Ee{i’lﬁ%frﬁ%ﬁ%lg dlanJtﬁé?d ina

natural three onal protein structure. In o ments, a noiety
of the i nveambodinrmis, matoigte obgwiimentibe maydnhibid dal tranyianpheiptioryésiod wé all

maki ng up the_epitope, anpd require.a particul ar formati on (bend,
fwi st turnobHeRuRae sibEaictied 1 MedgH ¥ BneP o R RTRe [BperHPRC: BE used

herein, t henxo%t?%{'yq&%itMs%Qio&)ﬁ@s%o@nadb%%trésmq%mh&&%‘iwa&&l 1H§§d
30i nterchangeably to refer to an epitopé which is conposed of at |east two

am no acdsoiWhGERlare are consecutive anmino acids in a single protein

chain. Particul ar,_contj quous epi topes,are .described herein.. |n one.
enbodi ment, t he F61'acy BPPRRSTHVERY AB R B AG & pRaPhqjglaio ités ks Kefirea
2011/ 088196 R FLIWRAKL ddt82ddiDhdclnd thg tamkSauefihoofidr @ati o RT#osink e adds her

enbodi nent, the contiguous epitope is conposed of two or nore residues in
t he asymet PF@UtHm weeificordars AseoramehninRpkthepnsmsdiment peneictyttéhgphr ase

or oper t1 s Satifaebio Bedtal hoR DR BFL LR RRELR AU AORIE . ©
i sol eucide, thrysharsidueushich workt bi amsagendy ghmi eophokyleoyibe, Fuadxangle,
tryptophan, .tyrosine, serine, proline and others |listed herein. .

Vari ous asp&t grbadifaentnihe maigy maydnpigddhg s auprhatRReratipd Airesidysst he

fol I owi ng S%??Pﬂé%“%mé%éss e d54Mah GEth &% MG HeR! e rﬁd?et?%a@%}{ﬁ%ﬁttﬁé ¢

Contact Interface of a Human Receptor Tyrosine Kinase n one aspect
of the i nvenbhnomtophosphoyletign dthasidbesnH 3 & 706.6Y HdSyamdetGSitc Icomdthat | nterface
of a human receptor tyrosine kinase is a small nol ecul.e. The s

ol ecul 6. oPIPROTIERS CHRSIeR AL RORP S (RSP ACR PP HG BRr oot SF6S

15f unct i pnalysRsahdi@s4.0ln MHoARE LhbE&imenl thEMBI¥R) Ray tikebibiRIans0l ecul es bind
to specific residues or regions of an asymmetric contact interface of a

RTK. | n preferpeaphotybtiomehtesidueh¥ S8 matl K65 Ingrethnotihaylcatediandgnsthdi t ors to
L ST B0 B SFARSE APy SRR P el o the
t r ans- aut ophosphany ket ‘@icané staet i asalsedRerdih, fdi@s to the state of a RTK wherein the
RTK molecule is unable to activate downstream signaling. An inactive state may be a
20  state wherein the receptor tyrosine kinase is allowed to dimerize but the positioning,
orientation, conformation, and/or distance between the asymmetric contact interface
domains of the two monomers (e.g., asymmetric contact interface of a type IV receptor
tyrosine kinase), is altered such that the activity of the receptor tyrosine kinase is
inhibited (e.g., tyrosine trans autophosphorylation of the receptor is inhibited and/or the
25  ability of the receptor to activate a downstream signaling pathway is inhibited). An
inactive state also includes a monomeric state, as described above. The Examples
further discuss experiments which demonstrate that there are specific conserved amino
acid residues which are crucial for RTK ligand-induced trans autophosphorylation but
which are dispensable for receptor dimerization. The term “inactive state” includes a
30  state in which a moiety of the invention may reduce or inhibit the ligand-induced trans
autophosphorylation of a receptor tyrosine kinase by at least 5%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%. 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% as compared to the trans autophosphorylation
21



20 tyrosine kinase domain followed by recruitnment and activation of

downst ream si gnal i ng pat hways. The small nol ecul e bi nding nay, in sone
enbodi nerwe,20uldsseet he receptor tyrosine kinase to di nePCrashuti/oaftbect the
positioning, orientation and/or distance between the asymretric contact
interface domains of the two nononers (e.g., the asymetric contact

i nterfaces BV/ r e ng

251 i gand- i ngfjglgé&%épg)rrlgn gllri’t% gp %ggﬁ%ﬁq %%? A%g%gﬁﬁ]fgn%&%%%ﬁ%{v’sg% gt btghr ecept or
tyrosi ne ki hasmm may be usefihe determime tlsenaaalﬂhtymﬁhemmétg of drepiovendion, to frduteit the

nmol ecul e drugs nol ecul es", or " nmol ecul e i qryégl tors" are

oed It e cHne e Hhardon o § EreitoftrasHib i POCAMbEmER S cmpiety

i nvention WaF R i@FeRtisR by eQnibRt bid éfbe%t :éga\nﬁeﬂ Iﬂgy%@%%ﬁgétrmés ina
aut ophosphoryl ation or activity of the e.g., an FGFR, such as FGFRI1,

FGFR2, F&FRSulyect REHRACtiviteds én edwpeonbeiimenty, cowpty siethe omgouerdmay axibls@em

dat abase (pubchem nl m.ni h. gov/ h I l.ar Ljbraries Scre

Contor w0 SR D aTeher s Ehaht Reb R R sk Bt BRsBEAEE dhnaunds
in relat ed d@ihadpdssmenns, RabosTk| NES, 189612070, REC BORNAS %aM6d 04BBSS(9her eof .

As used herein, "anal ogue" or "functional anal ogue" refers to a chem cal

conpound or §%aﬁ@%n6$%cmo/e, 1370 %% % 98 91958% plidediecepioys aehodkad inte ap
parent conpaungd,. ghut, did, frE& tost!hég&tgl)%ré i tﬁ@%’@s@%&retdnf%gﬁd]grlﬁ%lg?. one or nore

atons or functi ona%gtdr oup The anal ogue
may or mh&y not ha\selseﬂ ]ﬁérelmemts terhsr‘r‘bclﬁbnﬂaith@hthmpé” ‘@peflinegsepitopst” drhe
ori gi nal compound and may Qr not have | nproved blologlcal and/ or

cheni cal act@wqwnu%repészwr%usqdﬁéteaqhav%s?@h@ (RASEHE ARSFPHORS WPISPHbbI ¢ or it

may have al E&hg&'seé%?gé’l'eﬁéf tdd Qﬁﬁrﬁ;aa%‘?&i’wﬂa‘fﬁl%%?@g tc%hsécﬁ&%t Adfidb aE E}%e”t 10

conpound) as conpared to the parent conpoun he ana ogue may
nat ur al | y osinglerpro@inurhaln. ),Fomcmmpllen:gcc(réorma,tmnelcapnbpmay pe vanplami odiftwo he

ori gi nal ound. O her, t anal pgues incl.ude isoners tioners,
SRR e AR L R A R ST A AL
conpoungs ashl dre 6@s§&ﬂdﬁ§h%@érdc§§}ﬁ%c§b Tﬁ%w@«;ﬂ@hﬁg%eﬁﬁ%&%ﬁngéanmed or
cyclic variant of a |linear conpound. For exanpl e, a |linear conpound 15may

have an anakpigrpe. thatfuitbermxamplve dmoro asidyerhvikls eresepsated by édeiveningpanino
certain deswable properties oyve X}gro icit

bi oavai | abi F{'fyyT 2 S NEC Pragh ‘gl(eaﬂ‘ %E?%mr? LR \gteqn SFB?%%%”‘E%I“ haiEm cal Iy

or bi ol ogi calalyyersaslight 8o pRxEh@NIES todth€ baTo@adti B Singpapest Dprotiattuctat ecul e
inhibitor that is structurally simlar to a parent conpound and (actually
or theoreti E4NPIPX t@lbfﬁqovm @nfqra}ﬁlpﬁadtepﬁ%\ﬁhwlz owyhsderad byna nawtwétheve

differ 52 g1 om\%{}tl?rﬂ dl?cronu{‘ Q&{foﬁﬂﬁioﬂ%gﬁgpés rd fat @edar?efra

conpoun er|a {0 genera erivative, " wher eas
t he parent corrpoﬂmdll@yappfﬁcwmkigsmmflsyﬂhﬁ thSﬁﬂtlﬁS it gmeszﬂazr hnemgepmlxerl aI to
generate an, "anal ogue” or _ "functional anal ogue, " rivative na

not have di PPEREN T BRiSH e5ihe SHVepgR MEPr Freg et bs apeiion g ﬂ}faﬁﬁ&m%% mpound.
For exanpl eterﬁzﬁ?, &qu'aféﬁ{a'ry §tructure of the RTK. For example, in some embodiments, a

moiety of the invention may bind to a group of amino acids regardless of whether they
25  are folded in a natural three dimensional protein structure. In other embodiments, a

moiety of the invention may not recognize the individual amino acid residues making up

the epitope, and may require a particular conformation (bend, twist, turn or fold) in order

to recognize and bind the epitope.

As used herein, the terms “contiguous epitope” or “continuous epitope” are used

30  interchangeably to refer to an epitope which is composed of at least two amino acids

which are are consecutive amino acids in a single protein chain. Particular contiguous

epitopes are described herein. In one embodiment, the moiety of the invention binds to a
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25 may be nore hydrophilic or it may have altered reactivity as conpared to
t he parent conpound. Derivatization (i.e., nodification by chem cal or

ot her nmeawe)RonEgsidnvol ve substitution of one or nore noPETItSOMOLHIDN t he
nol ecule (e.g., a change in functional group). For exanple, a hydrogen may
be substituted wth a hal ogen, such as fluorine or chlorine, or a hydroxyl
group (- - OthodtolCeipl 86 Gl RIK Nirfarb HePRRUbifneRE fh RS s ptostD

The term "derivativ so I ncl udes conj ugates, prodr ugs of a parent
conpound (i cemposchefitwabt mormﬁmﬂu@dnd&erasymlmaﬂecscwﬂﬂaommtméneb)éanchT\Ferted into

th I d d diti F th
bt odr ug nay. be. aRSTHELIE #E PTG THERAS (SIefo phy I 6 cal
cond t1 0nS, e EHTEIT: Hped 2011:ABBIARRET URRIMARLIARigoNver t ed

into the active form of the conpound. Prodrugs nmay be formed,” Tor exanple,
by repl aZi nleadmeaﬁoltmnwm@géfmcmteamthmmrm, treoyed thcomse, byahacn typidphgr.oup

(acyl prodr car hamat rbarrate prodrugs). More detailed

i nformati on%gggnéﬁ |SFirénet’ Broglln&ﬁpﬁﬁglefﬂ%feg Nt or exanple, in Fleisher et al.,
Advanced Drug DelvaMeiisyaspiRey behs 1rﬂv9nﬁdr9%)cie§lolﬁed Desir@br @taiPmaBé BgRwilth
Bundgaard (ed.), Elsevier, 1985; and H Bundgaard, Drugs of the Future 16
(1991) 443. Sq’%éﬁt%lﬁm der| vative" is also used to describe all solvates,

for exanple hydrates or adducts (e.g., adducts with al cohols), active

net abolites, and salts of the parent compound. The type of salt that may be

pr epar ed0 depefaiall Moledige s hicheBiad td ieApphetireCottddhimerfdve of affponand. For
exanpl e, 10acidic groups such as carboxylic acid groups can form al kal i
netal salts _e netal salts (e g , sodiumsalts, potassium
salts, nagnesiumsald és%m%!faieqme%@ﬂoh tt%ln\ﬁ's wthefa ﬁhﬁ’ﬂe&%‘c%ﬁ ok

tol erabl e quaternary a nium1ons an aC| |t|on salts wth anmonia and
physi ol ogi caitd:nﬁacm@tferhabiae rgregenityrosang ktmasesslahmaﬁ naleatddyl am ne,

et hanol am ne, r| S ox th m ne Basi c rou can farmacid
add 11 on 15eal 5T gl RiaeleS i s Yorbi g bion et cwtle SR JHHE or
acid ("iHd’ }"uncﬁHlllzfllfédt@res?‘@ﬂ ﬂogé}ﬁephlﬁ’cﬁi}ﬁ%b}é ﬁl@'sﬁ}all%oﬂé\élﬂél WRAORIYpecifiar boxyl i c

acids and sul fonic acids such as acetic aC|d citric acid, benzoic acid,
mal ei ¢ aci dresfdyasei kwgmwob df an agynanétyc gentait lmtemfh@nésuﬂﬂénircprafﬂrmd or

p-t ol uenesu ni..c ds_whi contaln basi c

b oup-and. armaenaI s R TR BT B R s s bas

ni trogen at afief&eRvilera@npthe s&vemant thid eInTaBl"eS ﬂﬁSRTISQidnSrrféﬁftotbe aobtntanes by
customary nethods known to those skilled in the art, for exanple b

conbi ni ng a@bAPIHPLIPEHtieH thfﬁ@ﬂl@yﬁFrén%auteplwah@ylaepmal@ﬁ aqslefngowf B¢ sol vent
or dil usnt, t Smal I
ol ccul 0 arBOURG R R £ Rl ey T8, AReRHAPAG,Bh oAb Ry AT G ne ™

bel ow, 900 eathbhaloVitheShthllonolkedlowindii¥Omay, nii)edrﬂ@'\emﬁ&ﬁrrﬁﬁtsbﬂlo@wwheE%pm

bel ow, 400 or bel ow, 300, or _ below_ 200 or_ below .100. or | ow, 50 or bel ow,
25 or bel ow/Y'Bne yingse tpdimgyize but affect e wﬁmn%%@m%owﬂf .deses%rg:eof t he

present inv g@&;teQ t}ﬁrgwﬁﬁleﬁfé SfhtRE uﬁ'@r@dcg 'agﬁllafn‘é’ oP 'tHE:C{w%Qnéﬁb%le@sg Géée’FgT% W come

contact interface of an RTK, e.g., a type IV RTK, e.g.,
enbodi nent saswmraetslmbhtacmhedadm of mhy s It\bnesefaoletys:siredmmc%emhed@m1g]mbd1ntgo bi nd

an as tr nt.act int erf human FGFR3,
or humi FoHB PHBgy AR eP Rty THEn 4Bl Fle 551 DRe FoeBbt SOTBE t r an
aut ophosphogyaat e and becone active, e.g., activate an intracellular signal

transduction pathway. In other WO 2011/088196PCT/US2011/021109
The terms "small molecule compounds”, “small molecule drugs” , “small

molecules”, or “small molecule inhibitors™ are used interchangeably herein to refer to

the compounds of the present invention which are able to inhibit the ligand-induced
30  trans autophosphorylation or activity of the RTK, e.g., an FGFR, such as FGFR1,

FGFR2, FGFR3 or FGFR4. These compounds may comprise compounds in PubChem

database (pubchem.ncbi.nlm.nih.gov/), the Molecular Libraries Screening Center
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enmbodi nrents the small nolecule inhibitors are selected to bi nd domai ns
sharing honol ogy to an asymmetric contact interface of the FG- receptor.
For exanpwe,2on/s8®b|l nol ecul e of the present invention may/useoidiorsot ed
toward a donain which is at |east 50% identical, at |east 60%identical, at
| east 70% identical, at |east 80% identical, at 5least 90% i dentical, or at

| east 95% 0Neﬁ?gﬂ(i(Qﬁ@dl@ﬁdat&b%sé@oﬁ?bfmt@ }eqatg&)@&t%zfse% Bt géri@a]?ilgesﬁ%]ld%rm&

e.g., the asymmetric contact interface of FG-RL. Such a smma ecul e
woul d be capattienadfanidbgabisnigerpefot ei n dormai ns whi ch are functionally simlar

to, for exanple, the mretric cogntact interface of the FGR . The snall
ol ecul e 1 bt Ao DTG GPBREHE T geistiPBH SHAJER <6 Rd PEiEnto
particul ar EBhbouddlorGRANSASIEGIS BRULDE thall & stiSGrdI QAL BIPATEE Ldhip&Riat act

interface of a RTK, e.g., a human FGFR or a human type |V RTK, aI?owi ng the
smal | nof ecbhediffasisbghtty in compopigion {¢-gabheonond atonaerigneifinghgrares har ed

m f the RTK fam.ly, .9, 110) f the h LV faml
of RiKs. 1 o ROt AT Ay Ale AndlpR e ot iy BriTgys Cp Rt papkhe
nmotifs or 15E@NGEPFopsrte HQNEESi WAIKINpBRAE SR Ia BEmhheehAt impsivedal

structure of the protein. Such notifs or consensus sequences woul d not
represent abiodegicaandier cheniey agfviiritios caunels, thp araleguyeanay bh@dare am no acid

oM BT e b My RSO0 L s Rl DB T
desi Qhedo basetpeund) becdrhpwéd torthg paest @impjonad aSkemmisdue neprbeaciatimtlgof ace of

the 20 FG- receptor. Such notifs and consensus sequences may be desi gned
accor di ng t SORRAUHRYINSAETIHE d& §s EsamMPHN hey atariaf e Sraging! grmgOwit BRI es.

| mportantly -1 nhi.bi : [ [ jnd to

t he nucl eot ity&jgs Efr%{(fih Or%g %sﬁlt% gﬁdgflgoé%p%g?ﬁatf@{ﬁr% Shﬂ?ﬁ&gf%tﬁgﬁgggﬁ gsoltEH egr owt h
factor receptpes of ¢hrahmaidner ofendemahomeditas vidhleasssmatfurainidoeew. Ellierdnalvigtomagf t he
i nvention binds to a, 25conti guous.epitope on t RTK. used herein, the
Lorm ep t opbe orepit Grraeh rSnhar fhee e anuld Teberiraplest FEr ERMBUR ne - of
an RTK 19 Wi{aGhade s0BAdlodRI1BA Y Braf@edRir BeherRe QMR RAROGIIABRL cert i _
conti guous epitope is conposed of two or nore residues in the asymetric
cont act i nt defirable pypparties (REK.improvadytirphilistty od biverailabilhg). cont i guous epi t ope
is an epitope selected fromthe group. cansisting,of the 131-132.lopp of a
mononer 30 of ¢ hé mi ekl 155 el SRRaR ehhRaNE pr bPRkdt Rt Sa. Bs
| oop of a nmepaearofafchéraRddtpduné od bnallE nl kanledhhiditoPiane ktradtutall @ sidditer t he
aF helix of a mononer of the RTK and the aF-aG | oop of a nononer of the
RTK. WO 20117 pgsntgeprerrubaet ety gotheoreticallyy dadyible Bamithameeal nent s,

smal | ec Lnhi bi & Qr. " ' I nSEl [GF bi nd
peci 11 201 1 oo o) iRfoufler uifer BUEE) AR pBE R 37 HL RGP TRl ©
preferred ephedideiiosind ifag beubasthrting Kndtaiad td generdtgeidaivativahwbaeagéni C
mutant. I n one speci fig enbodi ment, the small nolecule inhibitor is

sel ect ed or PHCRERRMEC {HYBIChBCES EH Bhtsgan e sne miteat 1© SPRafAant s

whi ch may be, 336t &0 Yct{Rg a%%'ghc.ml REVhER rﬁlfly Bﬂ‘ﬁa& RSURAQL altRY&Rt T on

i nclude, but are not limted to, "fibroblast growh factor receptors with
mut at i ons i nhamiealon phpsieal pioptentessfod thegwirery camipoanda dicd sxarRplé /the DBl eative4 88,
F489, Sh18, T521, EG22 54, b55, P556, 74,. P587, P579 91, T695,
P02, CF03 BPYBFSNTBIMERRIC of RO aﬁé“%?ﬁ“&&%%@%ﬁr%@t §PURRY | in
10the art t B@fh}é@clhﬂ. R&Nadsieh (L hembaiyRa Ry MR ich BE odRPhe&RD LR YAy her
mutations in FGFRs or to nutations in other RTKs. One advantage of
targeting asyhstitwtonRYRN¢ er mprgtmeictigrewidipa s moleaule|(c.gnh cbaige lmg:}ncmmmi to

only the RTKs. o el l s _containing the, nutat.ion, |eayi heal t hy.cells
Pargely or &RtPrely P Fos el af af MRyt fEha gl o Wit

chlorine, or a hydroxyl group (--OH) may be replaced with a carboxylic acid moiety (--
30 COOH). The term "derivative" also includes conjugates, and prodrugs of a parent

compound (i.e., chemically modified derivatives which can be converted into the

original compound under physiological conditions). For example, the prodrug may be

an inactive form of an active agent. Under physiological conditions, the prodrug may be
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where the mutation is tunorigenic, only tunor cells would be targeted for

t herapy, 15potentially reducing side effects and dosage requirenents. In
sonme enboapreentesstdhe smal | nol ecul e binds to specific sequarse@s/ oof10e he
human FGFR, for exanple, residues R577, D519, C488, F489, S518, T521, E522,
D554, Gb55, P556, b74, P587, P579, W91, T695, P702, G703 or P705 of
FOPRL. 1N achieled (g sRHRao Mihlor e Sdu P BAHIS nflfy et Bl ch@RpIEBY
bind to one or nore 20 residues 1 n the FG- receptor I ch make up tﬁe snmal |
caviti es or bpogiatise afe drieodygdrogetd niomsomntiaegeni andres byaweacyF@roupXacyl e, a

small nol ecul e of the i pvention may. bind to. on re.of. the follow n
Tal duoe o Bis 5T euBiBH sRpTRiBRERe ooy rlord B istatatigh o "ane
mononer  of }élan@%,prédaﬁ%sl 3403, fRRaRble oG EOBINLWRLL. HavaheedTIKe DdigeA/D- aE

| oop of one nononer of the RTK, the a hel'i x of one mononer of the 25 RTK
and the aF- Reviewod9dt9%n e | dpesigar ofdirodings, R ®Bundgaard (efhwElseviar, d88% and H.

enbodi nents,, a,snal | nol | of Loventi-Qn may, bind.to.caonti us or
o cont ! ouByBe g OB G Evdlr L oAy ER, (R ATRL R {2 TP RIS, p
prevents t hged¥Bibé O s6196Ke4, FEtefabpld liytige asit Qlabes pher ¥ddiisanitoicétgs)RTK t hat

enabl es tyrosine kinase activation. A small nolecule of the invention may
al so act t oagievesabaditesharmbialtsiot thRTIInk eeippetnde de dypedd sk Biat imag behe
asynmetric t. lnter e EIN Y SR o B i | hate that,
in some errb§%$ %r%%(rd;tdsei,) &éigs? Iﬁg‘?ﬁ nartrlt% Z)é Ejfeerﬁo h‘%%‘gﬂllnh\?@enﬁ%o\%ngy Fggg{eaa |1%y

t ar get edl0 t oatile goupseagonttanigoxytis acidesoupd cah fam dlygaemeM] Rty alkdilthe earth
2011/ 088196PCT/ US2011/ 021109 e.g., those residues that formsimlar pockets
or caviti es 5 HESE Ot HE SHfmPOFSSET BHS BY e HRY B aIcalering stsnncoralts
sequence al !\Rg@gﬁ?giologicall tdl@ra@le%ﬁg Hakf'ar‘ﬁﬁgﬁgfnmg an@aﬁgﬁh&iﬁgﬁ’gﬁ&%iﬂl of the
i nvention bin 0 acconf or mat | ona epl tope or a discontinuous epitope on a
type |V RTKamfvaibancgrifysiohaidalpadlembledirsmaonsmings sischepitticghgamine, be conposed
of two or nore residues fr the asymmetrjic_contact interface froma type
'V RTK, 6. gohaaoAgiln OF e Thgones BRUBIe | BANGHP P e BB ACigddition

di scont i fiuoyg tseRirbRRBP RV tHPIR0LARRASRE s@dh 4R dRIchBRicR RS C%Hb"f"),r K$uAHES8IdR77,
D519, CA488, F489, S518, T521, E522, D554, G655, P556, (B74, P587, P579,
W91, T695, oPFlgBph@iOR:ichred wthoBzasfic FERRyliclanida apdsulfanid znidseswbbds aestic, 10a
smal | nol ecul.e of. the, invention binds t.o.a conformati.onal epjtope .conposed
of 2 or "mor g s Reh hEYRR 40 ek it R Bl AR, PR PRBTERED
consi sting aéid! &e-bikndddfonaRidfCanpourandmath whulihiRoffKcorthia adbasic rogp of
one nmononer of the RTK, the 4-B5 | oop of one nononer of the RTK, the aD aE
| oop of oneaPdbAEdic groypHaciRyKa carhex ¥ Rl ipadditiop fRbapmy fegeroftomp AR and
t he aF- I f 1 ndi e smal |
nol ecul g(g o? pe{gﬁg i %@gﬁeﬁa g%'@%)s/‘é’%r} l%é;&%t%&;? F%gl%%éé&gﬁn%q%%&%& H\r{(gg}ogges

form ng a peldked imothe artcay exampld@ptcombidng ncanp@asidnvigt 4 @oanicatorganicer f ace
of an RTK or they may bind to a subset of the residues form ng the pocket
or the cavi f§idof Pasedh pgolyent pdmentopid reRAfher sHisRyr@RHPR CETAIBET MY  when
reference ig.jBd&. to a small nolecule of the invention binding to an
epitope, e.g., a confornmational epitope, the 20 intention is for the small
nol ecul e to bi ndSonllyntleculésose kspec id haye nedéechleesve gras o0 anpetolwe 18¢0 drope

(e.0., e pocke r cavity.of the ric .contact pLnterface) and not

ot her rég i dﬁglgw'r éoq)ﬂebe?‘?vﬁﬁp 9L BFIRY- Z@@%@%@@é’r b?lOWhéS(ﬁ & ?"(‘574.03 ° n
anot her embgagibWeBE0 ortbedd RI200MR bW B0PEr Bk, FVR Helod 2B S otvo0arl o aci d
resi dues Arg579 or Arg580 of human FGFR2, or the corresponding residues in

FGFR3 25 or belgPR4. The residues Arg579 or Arg580 of human FGFR2 are

anal ogous to the-tesidue Argh76, of FG: and are part of the, FGR2
asymretri c. cont adre PR Preted RiBla e BRoRhReRRr vieitolls v fhusdie

bi nds to anbaiBehealytinic@sd chigacs alt@ciceds bi RTK, k. GriopPICRITK, s1gl, AFGHR C491,
F492, N662, (663, R664, L665, P666, V667, K668, 30 . .
30  In some embodiments, the small molecule inhibitors are selected or designed to bind an
asymmetric contact interface of human FGFR1, human FGFR2, human FGFR3, or
human FGFR4, thereby inhibiting the ability of the receptor to trans autophosphorylate
and become active, e.g., activate an intracellular signal transduction pathway. In other
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structure based sequence alignnents presented in Figures 9 and 12 depi ct
the residues involved in asymmetric contact fornation; these residues are
conser vedwpnoH@SRYs FG-R2, FG-R3 and FGFR4. Accordi ngl y pCirnuseena/oentbodi ment
of the invention, the WD 2011/088196PCT/US2011/021109 smal | nol ecul e bi nds
to equivalent residues in FGFR3 or FGFR4. Small nol ecul es of the invention

may exert tBghbdihilstht Gh¥i fll&el ifRplGS SR ﬁ%ﬁec?éa.tt'b‘{) | At diYs Blaf¥ENt i ng

critical honmotypic Interactions (such as salt bridges) between asymetric
cont act i nt bpiabes tofin byypendtiic Biikscttimatfaar « thsE6htre@iptdroFot exanmple, a small

aut ophosphorylatjon.. Small 5 nolecul e f the invention. - allo

Gi et | 2at 1 ORGSRl theTReSs! JVEn iRy B AIreetET VR F Ageimanen is a leas

aut ophosphokyéatiéfal, §f bbkG bHUEIIBRAREH 18 RAUENGEL dRh iGN T Rast B0, RIZANEN the
conservation of residues involved in the formati on of asymetric contact

i nterfaces faostR% iesticaloaruk sstdi %ot 9% iddnviea FEERAs v FIGRRRa¢Hgrines 9A)

Lo 1he consdl §RdRr &g aneaBrt Ha SRR o R Betih el °f Dpe iy

RTKs. wollldeeda@hisle df BiaR@i pre@inSdonduisd hich AR RetH@any sinkiRr kd)¥ent i on
binds to an asymmetric contact interface of an RTK, e.g., an FGFR, with

hi gh af fi ni eyamplerthe gampnedric gprtactantedped ¢fithg FoFRa KD of 1 x 10-7 Mor |ess,

or Tess, o a ko't Bal Ekecuft FpBhe Gl Gy My Bhnt ey Rt Rulon * OGN

mol ecul €01 nbabictilar sodf oit dvdsémvesdguetterdey vibiromde Rymartrecionchcbintatvevtl
nmet hods known in the art. Screening procedures can he used to identify

smal | mol ecBRg-fréor MmnafG ER onanemapiyg Iddst et ogdysthersmad meptet
(nrerfaces Qfhighdili sphAcBl NRM doRIRMiAE Ind DAY HbkABEA HIRSRFRIA L 20S
e | 1'br acl The

for each nolecule In't ary to Itate 20sel ection.

Chenet i cs( r famsiys temnadrhions o5the demian ¢y pefl Vriiahlily @f 8 Tdfs. conpounds for target
bi nding. Patents_ related to small | ecul.e. lihrarjes and taq.based
coreentng are U 4 SBE g EURHT ROECUIS U668 P Io0e0 5805,
200602699200%0REH24GR~ERELs vAHOORER4EH khe APQOARRANEA sRRAARAF IS otein.
20030143561 which are incorporated herein by reference in their entirety.

25Q her wel Suinoetifsmetchogssushraquangags Weuld setirepresérd@rronfiguasiairingrodlagdnd es

fromlibrarie i ch bi.nd desired.,asymetr| ont interfaces of a RTK,
oo o e LS BB SR Gl RATERIR) Bof AR ok MerhlR e R [ Dy ar
nmenber s ar efélagged i RTK ae. ] danichdryl igif).ahglexathpieiofisech £aehf wabialbepr esent
inthe library I's associated with a discreet conpound structure present in
t he |i br arymaiifidpsignedtbapagenit the liggariregiont ofithe ayapaetric eppiactinerfagesefithet ure of

t he tagggd | 0 | ] | At 1 i .

oli gonug eotlnle} 52%‘%%’3%? @ggh gﬁggsraﬁgggh%fn (E)l?sgsggge%‘e%l?ﬁ? hgai#é%ﬁiﬁ% ?O(S:rg]tn (%%t . WO
2005/ 058479 mkehods dscdised ot thS8kanin régartimghnobaliys) and in US Patent Nos.
5,573,905; 5,708,153; 5,6 723,598, 6,060,596 publjshed PCT appl.ications WO
93/06121; WO 29 VWPoGMyoBEIYEPerSI0iipierf forinvention does not bind o the

nucleotide binding site of the catalytic domain of a fibroblast growth factor receptor.
In another embodiment, the small molecule inhibitor of the invention binds to a
25  contiguous epitope on the RTK. As used herein, the term “epitope” is intended to
include residues, motifs, sites or domains of an RTK to which a small molecule may
bind. In one embodiment, the contiguous epitope is composed of two or more residues
in the asymmetric contact interface of the RTK. In another embodiment, the contiguous
epitope is an epitope selected from the group consisting of the B1-B2 loop of a monomer
30  of the RTK, the B3-aC loop of a monomer of the RTK, the $4-B5 loop of a monomer of
the RTK, the aD-aE loop of a monomer of the RTK, the oF helix of a monomer of the
RTK and the oF-aG loop of a monomer of the RTK.
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93/ 20242; WD 94/ 13623; WO 00/ 23458; WD 02/074929 and WO 02/103008, and by
Brenner and Lerner (Proc. Natl. Acad. Sci. USA 89, 5381-5383 (1992);

Ni el sen awo 20anmds196 Met hods: A Conpani on to Met hods i n Emreyruaska@gp2899 361- 371
(1994); and N el sen, Brenner and Janda (J. Am Chem Soc. 115, 9812-9813
(1993)), the entire 5contents of each of which are incorporated herein by
reference in t e o fiddubspodihiehs! 8631 FRRAR idBd bPfhe ibinin by exampl e,
pol ymerase chain reaction, to proéuce many copi es o tag and identify
the tag by sdeuehai daglgna'dhe) lsied pdecaty té henutay anamemdennuaétnestrfatmofa

structure o bi in | ecul e, ~which be synt.hesized in pure form
and test od RIK SearolPrpPe B Bpnt ut g K 1 POdRIRGEOR EoHLPHARNT al

chem cal |i brafdtes am% s\p%&hc ROWEintcRt, HROSRaIB Kol B iAMbESSs MiketeSCh

combi natorial chemcal libraries which may be used to identify noieties of

the i nvehti designeditadind than oaeegenwtFGERrittugant t BTerpttantﬂthldblmaY betargetekby
e.g., US 7 493

C1901) ana BR o or R uns L e el FEBAE ot riteT R kbR e s or

gener ating ghewh ¢adtorkBetipv@s Siithymbthidrrih ©8e aF @oWedf] thk movindarhih agids: and can
be used. Such chem stries include, but are not limted to. peptoids (e.qg.,

PCT Publ i caRiodh LY. E88.174B973E)S, TEAbdied. Baptiiss. Padty Q3 7adP83uB1%at i on
VO 93/ 20242y ¢4 1a?~g9§nﬁ;7b% @%O%Wfoﬁlg?%gﬂ:‘%&g P%E)ﬁﬂpl%f! P\f}%%scga[r?r%dr\gy Suc%f%gz{slpfﬁogl)

benzodi azepi nes’

hydant oills, theenzihai the afethvds obfthd invaneipih ekl feHoiphisatdé teadther ri?nitaﬁonsaﬁ Nat .

Acad. Sci. USA 90: 6909 6913 (1993[%1) vi nyl ogous pol ypepti de Ha |hara et
al ., J. AmeFCERSer taspatatipnyinglsey RTgo A9ne adyapiaesph ta%aet%ﬁm jSdhaty; ¢

gl u C 0se sc afaftﬂgr%ﬂeﬂgc G m bﬁh t OHI%WTK%E ] dsSﬁ) talﬂli‘l? 217 9218

(1992)), anal ogous organi c synt eses o} conmpoun brarTes (Chen et
al ., J. AremuCiiem le$oiog hidl6ry2684 laf &P 4) Intirdly ivgeffentdsa ratceslif an étstalces

Sci ence 261: 1303, (1993 and/ or 25 tid hos nat es bell et al.,
3 O, ChelieBgnbEEbd Mo RsRR oty Bnd STEPRE e (e AIEDERPY: Ber ger
and Russel | p&emaaBr @@dfom%&lhe SHRtPdnd RRRE dEuikkiedRi.C acid libraries (see,
e.g., US Pat. No. 5,539, 083), carbohydrate libraries (see, e.g., Liang et

al ., Science, 27 s.cm@ermmmem@gl@) snpgaddmplegile Ptds tNepecBic58gu@se) of theral |

page 35 (1009 BGIR BhsRanaE Ryjle oy R TRAS CREER BT S B FEGF St nones and

et at hi azangrses, GE555P5FatQ5™MOP5$7, $499,949 1,05695 0PT(H, 09983 okPH)S HAGFIRDSIN
5,525,735 and 5, 519, 134; norpholino corrpounds U.S. Pat. No. 5,506, 337;
benzodi azepphederrs apsodimant, asaal molequicedf, theEyyntem mpsbing te geg pigmore

publi ca r es are al so
WO 2011?%88?%%%&%’%@%%?%2%& S‘I’lgl\%l& K%th% grcé‘v?ggﬁ% Cii}g{ﬁ?e?g%for smal |
nol ecul e scagemnégic centgct,infétfbée efar epadaplecmymalb mohdcierof hhegidventiodi may §ihd wi n
and Shoi chet (2005) J. %ni | nf. deI é%ﬁl?? 2), and ChenEank
(Seiler et 4 onqIo0ay okEhe faflew séaé.ra% ygadn the CCE Olilf‘s@%SmerE%f ¢ RdKo) .
SDevi ces fOEhetﬂ'Sea@'ic?o%an%b%n%he?gm%'kaﬂ@rthéﬁ Stilé:ﬁp’ bEShedhEn TRl al |y
avail abl e (see, e.g., MPS, 390 MPS, Advanhced em Tech, Louisville Ky.,

hony, RRIK,the ¥dtodit Inpp Masie mod@BA Apld REN, Bicaditetliew ond-omnemeCiftthe

Synp sm
conbi nafor i A1 115U GRSk BRDRE T kIRl |y avai Labl 6 (see. e...

Conenex, Princetrgis, ilNsolne ethbddi®®nts! H6mall BloleckRWrShe ihOMion bind to
Phar maceutical s, Exton, Pa., Martek Biosciences, Col unbia ., etc.).

Nbr eover, sFerfigusey @relmnrrg)ntrethdmmg peid repidaies @nd/\élnlctl@na@s 'ch@dlecultar wedgeonmon
E)? fﬁ?; 2‘2: > Pe%kfg‘rllt{éﬁleﬁ%clétgoqlsrﬁtﬂ;ﬁre!(dg%r #r(a)r(lzsue}s{lt(p Fl tf)hcolflﬂ 1(2.1\1' OR‘T“%Sth]étoerna et arget
(g- | ead. comtyrosine kinase activation. A small molecule of the invention may also act to prevent

30  homotypic RTK interactions or destabilize the asymmetric contact interface. One of

skill in the art will appreciate that, in some embodiments, a small molecule of the

invention may be easily targeted to the corresponding residues in other type IV RTKs,
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O her nethods of selecting small nol ecul es which are well known in the art,
and 15 nmay be applied to the nethods of the present invention are Huang and
Stuart L.wEchrigisk®s (1997) Proc Natl Acad Sci USA. 94( PEY/US:®308+108401;
Hung et al. (2005) Science 310:670-674; Zhang et al. (2007) Proc Natl Acad
Sci 104: 4606-4611; or any of the nethods reviewed in Gordon (2007) ACS
chem Bi ol - o2 Ak rehles Blat M ambepd REQTPOEREAbARSE!R 1Y afE HBLEDS By N
their entirety. 20In aéﬁltlon to exp%rlnenta screeni ng netﬁo 3, smal

nol ecul es oftrodieral avemntenoor segyeroe abghmeetted usi ng virtual screeni ng net hods.

Virtual screening technol ogi es predict which small. nol ecyles froma library
will bind toa pibtshdioemepdlpe 1 MBabBIGH e GV RIDDING CPati ot i cal
anal ysi s andogbRhidaaiQfiopOer ik RthLenSepidBS bn 6 ¥PEAV ITKViThe ual screeni ng
met hods conpare the three-di mensional structure of a protein to those of

smal | 2590l eenfburationakoridigpoatiyuoupiepitepeanay bt eampaye@st fwgr ormoeielr¢sidpes from

protein-nolecul e interaction re.used, al hit |is co enpl oy
B Qor thiro. S AShmTl Sbiep e fiRE PORER e ViRt ety abRETTRE) 8 ng
hydr ogen boeggnple] tBe to@sinddtionall @dE@SntiAds ¥gifopdanayed donpoléEsRGlid @isere
Typically, virtual screeninglnethods can scan libraries of nore than a

m | 1'ion conpbthsdesidued ROET ulPnl b (R F43% 83 18153 ki 122nBP &b tivs. R E R e

likely to b i | i i - ' t hod
kel 1o Do tossmg e e teqlus ot 5 MBI o
nol ecul €8 of sinaB npolasdénsds thawsehii@nbiadngel codforalatiof @PBYpelconfyvseThfdor Soc. ,

130 (15), 5115-5123; Ml nnes (2007). Curr Opin Chem Biol. Cct;
11(5) : 494- 5OPre ERHGACKE 1B p regioppfne RTK setgciddiem papgroar ponsgiing giyhe f1-p2

2011/ 088196%%/0@%% 5 ngﬁléllQ@thélR@ﬁlé(tﬁ%Bﬁa@'léiq 0%004 A AR TK 2808)- Dr ug

Di scovery To . 405-411; Ki'tchen et Nat ure Revi ews Drug
Di scovery 3B593&p 84&e.ménomidner thexRihp] the abfals haipl of moé evnbmesof the Rk thcan be

found in U S_ 2005/0124678, ich is incorporated herein by ref.er .
59l 1 ol eELMEL Bf SteoT b R Ry o AHCoRRP BFoRHBo SR RTK:
structures deph&itAEd Abvk e kAR en D&YW of TiREN L &fiRHRNEESnE id &fof the hiAghd abl e
are incorporated herein by reference in their entirety. The groups Rl, R2,

R3 and R4 aredirgsducsdoronnya packehat a edvaty idéngidiied iman asymreetfie centegttinierfage

significantly iphibit, the jndicated tion, apd can.incl,ude hydrogen,
2yt cupsel e REl st M S AMEG e TG e B ok BT RERPRE ey
10het er ocycliaatkiyd undetsasdd thatl Bilegitial @atddyhents Uishirkféetede hahatfeasuahodl kyl ,
aryl, substituted aryl, arylalkyl, heteroarylal kyl, substituted aryl al kyl,
subst i t ut ed MpdacaleR{rtls Evration tné%/lég EayePitopeyss- i 3 eRdarnpsioapleRitpe. thial ogen,

al koxy, »@ry ; ] [ ' - in the
art. Su% abhgéﬁﬁ g ﬁ?ﬁ%%?ﬁgfﬁg%%%Q?OEﬁ?qﬁbégﬂgﬁ%ﬁﬁﬁﬁ?QFS $§Sgﬁﬁ§gké§hkoxy,
t hi oal koxy, theidpitope (vydrthx pbekes tt davitgl oy the Byyihexyc comeagt inferfachpdralgen pther

carboxy. 1oaul 1o, 2L 211004, SL5LYLAT [, A g no. evano. cyanate
nitrile, is&CYafate q ptor.
In another embodiment, a small molecule of the invention binds to amino acid
residues Arg579 or Arg580 of human FGFR2, or the corresponding residues in FGFR3
25  or FGFR4. The residues Arg579 or Arg580 of human FGFR?2 are analogous to the
residue Arg576 of FGFR1 and are part of the FGFR2 asymmetric contact interface. In
another embodiment, the small molecule binds to an amino acid residue selected from
the group consisting of C491, F492, N662, G663, R664, L665, P666, V667, K668,
W669, R577, R579, R580, P581, P582, E585, Y589, S587, Y588, D589, 1590, P705,
30 G706, P708, F713, K724, A726, N727, C728, T729, N730 and E731 of FGFR2. The
structure based sequence alignments presented in Figures 9 and 12 depict the residues
involved in asymmetric contact formation; these residues are conserved in FGFR1,

FGFR2, FGFR3 and FGFR4. Accordingly, in one embodiment of the invention, the
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t hi ocyanate, carbanyl, and substituted carbanyl. Table 1. Scaffol ds Am ne
Al dehyde / Carboxylic Ketoneacid Other Reference |l. NHO . )CHORL | N 1
Carranco,wbep11aiss81962' 0 05) J. 1 Coemmb. Ch 7:33-41 PCT/US2011/021109

small molecule binds to equivalent residues in FGFR3 or FGFR4. Small molecules of
the invention may exert their inhibitory effect on receptor activation by preventing
critical homotypic interactions (such as salt bridges) between asymmetric contact
interfaces of type-IV RTKs that are essential for trans autophosphorylation. Small

5 molecules of the invention may allow dimerization of the RTK, e.g., FGFR, while
preventing trans autophosphorylation. Structure based sequence alignment has shown
the conservation of residues involved in the formation of asymmetric contact interfaces
found in structures of both active FGFR1 and FGFR2 (Figure 9A). Thus in some
embodiments, small molecules of the invention may be targeted to the conserved regions

10 of the asymmetric contact interfaces of type IV RTKs.

In preferred embodiments, a small molecule of the invention binds to an
asymmetric contact interface of an RTK, e.g., an FGFR, with high affinity, for example,
with an affinity of a Kp of 1 x 107" M or less, a Kp of 5 x 10° M or less,a Kpof 1x 108
Morless, a Kpof 5 x 10° M or less, or a K of between 1 x 10¥Mand 1 x 10 M or

15 less.

Small molecule inhibitors of the invention may be made or selected by several
methods known in the art. Screening procedures can be used to identify small molecules
from libraries which bind desired asymmetric contact interfaces of a RTK. One method,
Chemetics® (Nuevolutions) uses DNA tags for each molecule in the library to facilitate

20  selection. The Chemetics® system allows screening of millions of compounds for target
binding. Patents related to small molecule libraries and tag based screening are U.S. Pat.
Application Nos. 20070026397; 20060292603; 20060269920; 20060246450;
20060234231; 20060099592; 20040049008; 20030143561 which are incorporated
herein by reference in their entirety.

25 Other well known methods that may be used to identify small molecules from
libraries which bind desired asymmetric contact interfaces of a RTK, e.g., an FGFR,
include methods which utilize libraries in which the library members are tagged with an
identifying label, that is, each label present in the library is associated with a discreet
compound structure present in the library, such that identification of the label tells the

30 structure of the tagged molecule. One approach to tagged libraries utilizes
oligonucleotide tags, as described, for example, in PCT Publication No. WO
2005/058479 A2 (the Direct Select™ technology) and in US Patent Nos. 5,573,905;
5,708,153; 5,723,598, 6,060,596 published PCT applications WO 93/06121; WO
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,RL NH O am nes benzal dehydes and furfural el Rosamlia, A E , et al.
(2005) Organic Letters 7:1525- 1528 ID R2
WO 2011/088196 PCT/US2011/021109

93/20242; WO 94/13623; WO 00/23458; WO 02/074929 and WO 02/103008, and by
Brenner and Lerner (Proc. Natl. Acad. Sci. USA 89, 5381-5383 (1992); Nielsen and
Janda (Methods: A Companion to Methods in Enzymology 6, 361-371 (1994); and
Nielsen, Brenner and Janda (J. Am. Chem. Soc. 115, 9812-9813 (1993)), the entire

5 contents of each of which are incorporated herein by reference in their entirety. Such
tags can be amplified, using for example, polymerase chain reaction, to produce many
copies of the tag and identify the tag by sequencing. The sequence of the tag then
identifies the structure of the binding molecule, which can be synthesized in pure form
and tested for activity.

10 Preparation and screening of combinatorial chemical libraries is well known to
those skilled in the art. Such combinatorial chemical libraries which may be used to
identify moieties of the invention include, but are not limited to, peptide libraries (see,
e.g., U.S. Pat. No. 5,010,175, Furka, Int. J. Pept. Prot. Res. 37:487 493 (1991) and
Houghton et al., Nature 354:84 88 (1991)). Other chemistries for generating chemical

15  diversity libraries are well known in the art and can be used. Such chemistries include,
but are not limited to: peptoids (e.g., PCT Publication No. WO 91/19735), encoded
peptides (e.g., PCT Publication WO 93/20242), random bio-oligomers (e.g., PCT
Publication No. WO 92/00091), benzodiazepines (e.g., U.S. Pat. No. 5,288,514),
diversomers such as hydantoins, benzodiazepines and dipeptides (Hobbs et al., Proc.

20  Nat. Acad. Sci. USA 90:6909 6913 (1993)), vinylogous polypeptides (Hagihara et al., J.
Amer. Chem. Soc. 114:6568 (1992)), nonpeptidal peptidomimetics with glucose
scaffolding (Hirschmann et al., J. Amer. Chem. Soc. 114:9217 9218 (1992)), analogous
organic syntheses of small compound libraries (Chen et al., J. Amer. Chem. Soc.
116:2661 (1994)), oligocarbamates (Cho et al., Science 261:1303 (1993)), and/or

25  peptidyl phosphonates (Campbell et al., J. Org. Chem. 59:658 (1994)), nucleic acid
libraries (see Ausubel, Berger and Russell & Sambrook, all supra), peptide nucleic acid
libraries (see, e.g., U.S. Pat. No. 5,539,083), carbohydrate libraries (see, e.g., Liang et
al., Science, 274:1520 1522 (1996) and U.S. Pat. No. 5,593,853), small organic
molecule libraries (see, e.g., benzodiazepines, Baum C&EN, Jan 18, page 33 (1993);

30  isoprenoids, U.S. Pat. No. 5,569,588; thiazolidinones and metathiazanones, U.S. Pat.
No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and 5,519,134; morpholino
compounds, U.S. Pat. No. 5,506,337; benzodiazepines, 5,288,514, and the like). Each of
the foregoing publications is incorporated herein by reference. Public databases are also
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R3 111 R2. 'I [ HRL R3 RL CHORL /-R3 Syeda Huma, HZ., et al. (2002) Tet
Lett 43:6485- 6488
WO 2011/088196 PCT/US2011/021109

available and are commonly used for small molecule screening, e.g., PubChem
(pubchem.ncbi.nlm.nih.gov), Zinc (Irwin and Shoichet (2005) J. Chem. Inf. Model.
45(1):177-82), and ChemBank (Seiler et al. (2008) Nucleic Acids Res. 36(Database
issue): D351-D359).

5 Devices for the preparation of combinatorial libraries are commercially available
(see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville Ky., Symphony,
Rainin, Woburn, Mass., 433A Applied Biosystems, Foster City, Calif., 9050 Plus,
Millipore, Bedford, Mass.). In addition, numerous combinatorial libraries are themselves
commercially available (see, e.g., ComGenex, Princeton, N.J., Tripos, Inc., St. Louis,

10 Mo., 3D Pharmaceuticals, Exton, Pa., Martek Biosciences, Columbia, Md., etc.).
Moreover, since screening methodologies are so well defined, it is common to contract
specialist firms to identifiy particular compounds for a target of interest (e.g., BioFocus
DPI (biofocus.com), and Quantum Lead (g-lead.com)).

Other methods of selecting small molecules which are well known in the art, and

15  may be applied to the methods of the present invention are Huang and Stuart L.
Schreiber (1997) Proc Natl Acad Sci U S A. 94(25): 13396-13401; Hung et al. (2005)
Science 310:670-674; Zhang et al. (2007) Proc Natl Acad Sci 104: 4606-4611; or any of
the methods reviewed in Gordon (2007) ACS Chem. Biol. 2:9-16, all of which are
incorporated herein by reference in their entirety.

20 In addition to experimental screening methods, small molecules of the invention
may be selected using virtual screening methods. Virtual screening technologies predict
which small molecules from a library will bind to a protein, or a specific epitope therein,
using statistical analysis and protein docking simulations. Most commonly, virtual
screening methods compare the three-dimensional structure of a protein to those of small

25 molecules in a library. Different strategies for modeling protein-molecule interactions
are used, although it is common to employ algorithms which simulate binding energies
between atoms, including hydrogen bonds, electrostatic forces, and van-der walls
interactions. Typically, virtual screening methods can scan libraries of more than a
million compounds and return a short list of small molecules which are likely to be

30  strong binders. Several reviews of virtual screening methods are available, detailing the
techniques which may be used to identify small molecules of the present invention
(Engel et al. (2008) J. Am. Chem. Soc., 130 (15), 5115-5123; Mclnnes (2007). Curr
Opin Chem Biol. Oct;11(5):494-502; Reddy et al. (2007) Curr Protein Pept Sci.
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WO 2011/ 088196PCT/ US2011/ 021109 R R2 0 Hdit MHR * NHeoc R2-CHO 401
CCCH N-R3 Tenpest, P., et al. (2001) Tet Lett 42:4959- 4962
WO 2011/088196 PCT/US2011/021109

Aug;8(4):329-51; Muegge and Oloftf (2006) Drug Discovery Today, 3(4): 405-411;
Kitchen et al. (2004) Nature Reviews Drug Discovery 3, 935-949). Further examples of
small molecule screening can be found in U.S. 2005/0124678, which is incorporated
herein by reference.

5 Small molecules of the invention may contain one of the scaffold structures
depicted in the table below. The references cited in the table are incorporated herein by
reference in their entirety. The groups Rj, R,, R3 and R, are limited only in that they
should not interfere with, or significantly inhibit, the indicated reaction, and can include
hydrogen, alkyl, substituted alkyl, heteroalkyl, substituted heteroalkyl, cycloalkyl,

10 heterocycloalkyl, substituted cycloalkyl, substituted heterocycloalkyl, aryl, substituted
aryl, arylalkyl, heteroarylalkyl, substituted arylalkyl, substituted heteroarylalkyl,
heteroaryl, substituted heteroaryl, halogen, alkoxy, aryloxy, amino, substituted amino
and others as are known in the art. Suitable substituents include, but are not limited to,
alkyl, alkoxy, thioalkoxy, nitro, hydroxyl, sulthydryl, aryloxy, aryl-S-, halogen, carboxy,

15  amino, alkylamino, dialkylamino, arylamino, cyano, cyanate, nitrile, isocyanate,

thiocyanate, carbamyl, and substituted carbamyl.

Table 1.

Scaffolds . Aldehyde / Carboxylic
Amine .
Ketone acid

Other Reference

R Carranco,

i CHO
| I., etal.
(2005) J.
= | | Comb.
e R3 Chem.

7:33-41

Ri
|

Rosamilia,

R
NH
R3
~R1
NH
] A.E., etal
0 . benzaldehydes (2005')
amines Organic
Q and furfural Letters
R2 7: 1525'
1528
. A3 Syeda
m R CHO Huma,
R1 R H.Z., et al.
o =" (2002) Tet
o i Lett
[ : 3 NH, R1

43:6485-
6488

H
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Tempest,
P., et al.

COCH
R2—CHO o (2001) Tet
=N—-o-~R3 Lett

42:4959-
4962

Il Paulvanna

\ (1999) Tet
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40:1851-
1854

Tempest,
P., et al.

NO2 COCH
R1—CHO =N—n4 (2001) Tet
Lett
F 42:4963-

4968
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Tempest,

44:1947-
1950
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Tk Nefzi, A.,
et al.

R1—CHO Re——COOH s

COOMe (1999) Tet
Lett

40:4939-
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9 o 7 Bose,
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al. (2005)
i 0 Tet Lett
%H o 46:1901-
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Chem.
5:775-788

e
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Micheli,
F., et al.
(2001) J.
Comb.
Chem.3:2
24-228

SH
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R1—NH,

Sternson,
SM. et
al. (2001)
Org. Lett.
3:4239-
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R HNFMOC
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Cheng,

W.-C,et
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o Org.Chem
\ee . 67:5673-
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Park, K.-
H., et al.
(2001)J
Comb
Chem
3:171-176
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B.J., etal
(2000)
Synlett

1:131-133
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QKOJKO/Q J.P., etal.
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2642
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J.M., etal.

O
i i boxyli
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II. Peptidic Molecules Which Bind an Asymmetric Contact Interface of a Human

Receptor Tyrosine Kinase

5 In another aspect of the invention, the moiety that binds to an asymmetric contact
interface of a human receptor tyrosine kinase is a peptidic molecule. The peptidic
molecules may be designed based on an asymmetric contact interface of a RTK or a
consensus sequence derived from such a domain.

In one embodiment, the peptidic moieties of the invention may comprise an
10 entire protein domain, for example, a domain which comprises the entire asymmetric
contact interface of FGFR1. Such a peptidic molecule binds the RTK and acts as an
antagonist by preventing trans autophosphorylation and activation of the RTK. In some
embodiments, the peptidic moieties of the invention may have as little as 50% identity to
a domain of a RTK, such as a Type IV RTK, e.g., a peptidic moiety of the invention may
15  be at least 50% identical, at least 60% identical, at least 70% identical, at least 80%
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identical, at least 90% identical, or at least 95%, 96%, 97%, 98% or 99% identical to an
asymmetric contact interface domain, or a portion thereof, of a RTK. In a specific
embodiment, the peptidic moiety of the invention is at least 80% identical, at least 90%
identical, or at least 95%, 96%, 97%, 98% or 99% identical to amino acid residues 576-
594 of human FGFR1 or 579-597 of human FGFR1.

In some embodiments, the peptidic moiety of the invention binds to or comprises
specific sequences of a human FGFR, for example, residues R577, D519, C488, F489,
S518, T521, ES22, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and
P705 of FGFR1. In other embodiments, the peptidic moiety of the invention binds to or
comprises specific residues of regions of human FGFR1, for example, the f1-B2 loop of
one monomer of FGFR1, the $3-aC loop of one monomer of FGFR1, the 4-B5 loop of
one monomer of FGFR1, the aD-aE loop of one monomer of FGFR1, the oF helix of
one monomer of FGFR1 and the aF-aG loop of one monomer of FGFRI.

In a preferred embodiment, a peptidic moiety of the invention may bind to (or
comprise or consist of) one or more residues in a FGFR which make up the small
cavities or pockets of the asymmetric contact interface. For example, a peptidic
molecule of the invention may bind to (or comprise or consist of) one or more of the
following residues in the asymmetric contact interface of the human FGFR1: R577,
D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579, W601,
T695, P702, G703 and P705 of FGFR1.

A peptidic moiety of the invention may bind to contiguous or non-contiguous
amino acid residues and function as a molecular wedge that prevents the ligand-induced
trans autophosphorylation required for positioning of the asymmetric contact interface of
the RTK at a distance and orientation that enables tyrosine kinase activation. In some
embodiments, the moiety does not involve the nucleotide binding site of the catalytic
domain of the RTK. In other embodiments, the peptidic molecule of the invention may
act to prevent homotypic receptor interactions or destabilize the ligand-receptor
interaction site. In some preferred embodiments, a peptidic molecule of the invention
may bind to (or comprise or consist of) one or more of the following residues on the
human FGFR1: R577, D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574,
P587, P579, W691, T69S, P702, G703 or P705. The peptidic moieties of the invention
may bind to (or comprise or consist of) all of the amino acid residues forming a pocket

or a cavity of an asymmetric contact interface or they may bind to (or comprise or
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consist of) a subset of the residues forming the pocket or the cavity. One of skill in the
art will appreciate that, in some embodiments, a peptidic molecule of the invention may
be easily targeted to the corresponding residues in other type IV RTKs, e.g., those
residues that form similar pockets or cavities or those in the same position by structural
alignment or sequence alignment.

In a specific embodiment, a peptidic molecule of the invention binds to a
conformational epitope or a discontinuous epitope on a type IV RTK. The
conformational or discontinuous epitope may be composed of two or more residues from
the asymmetric contact interface regions from a type IV RTK, e.g., a human FGFR, e.g.,
a human FGFR1, FGFR2, FGFR3 or FGFR4 receptor. For example, the conformational
or discontinuous epitope may be composed of two or more of the residues selected from
the group consisting of R577, D519, C488, F489, S518, T521, ES22, D554, G555, P556,
Q574, P587, P579, W691, T695, P702, G703 and P705 of FGFRI1. In a particular
embodiment, a peptidic molecule of the invention binds to a conformational epitope
composed of 2 or more amino acids of a region of the RTK selected from the group
consisting of the B1-B2 loop of one monomer of the RTK, the B3-aC loop of one
monomer of the RTK, the $4-B5 loop of one monomer of the RTK, the aD-aE loop of
one monomer of the RTK, the aF helix of one monomer of the RTK and the aF-aG loop
of one monomer of the RTK.

In another embodiment, a peptidic moiety of the invention binds to a contiguous
epitope on the RTK, e.g., a FGFR, e.g., FGFR1, FGFR2, FGFR3 or FGFR4. In one
embodiment, the contiguous epitope is composed of two or more residues in the
asymmetric contact interface of the fibroblast growth factor receptor. In another
embodiment, the contiguous epitope is an epitope selected from the group consisting of
the B1-B2 loop of a monomer of the RTK, the B3-aC loop of a monomer of the RTK, the
4-BS5 loop of a monomer of the RTK, the aD-oE loop of a monomer of the RTK, the oF
helix of a monomer of the RTK and the aF-aG loop of a monomer of the RTK.

In another embodiment, a peptidic molecule of the invention binds to amino acid
residues Arg579 or Arg580 of human FGFR?2 or the corresponding residues in FGFR3 or
FGFR4. The residues Arg579 or Arg580 of human FGFR?2 are analogous to the residue
Arg576 of FGFR1 and are part of the FGFR2 asymmetric contact interface. In another
embodiment, a peptidic molecule of the invention binds to an amino acid residue
selected from the group consisting of C491, F492, N662, G663, R664, L665, P666,
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V667, K668, W669, R577, R579, R580, P581, P582, ES85, Y589, S587, Y588, D589,
1590, P705, G706, P708, F713, K724, A726, N727, C728, T729, N730 and E731 of
FGFR2. In yet another embodiment, a peptidic molecule of the invention binds to an
equivalent amino acid residue in FGFR3 or FGFR4. Peptidic molecules of the invention
may exert their inhibitory effect on receptor activation by preventing critical homotypic
interactions (such as salt bridges) between asymmetric contact interfaces of type-IV
RTKSs that are essential for positioning the kinase dimers at a distance and orientation
essential for ligand-induced trans autophosphorlyation and tyrosine kinase activation.
Peptidic molecules of the invention may allow dimerization of the RTK, e.g., FGFR,
while preventing trans autophosphorylation. Structure based sequence alignment has
shown the conservation of residues involved in the formation of asymmetric contact
interfaces found in structures of both active FGFR1 and FGFR2 (Figure 9A). Thus in
some embodiments, peptidic molecules of the invention may be targeted to the
conserved regions of the asymmetric contact interfaces of type IV RTKs (see also,
Figure 12).

The peptidic moieties of the invention may be peptides comprising or consisting
of any of the amino acid sequences identified herein, such as R577, D519, C488, F489,
S518, T521, ES22, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and
P705 of FGFR1. For example, peptidic moieties of the invention may be peptides
comprising or consisting of any of the following regions of the RTK: the B1-B2 loop of
one monomer of the RTK, the $3-aC loop of one monomer of the RTK, the 34-B5 loop
of one monomer of the RTK, the aD-oE loop of one monomer of the RTK, the aF helix
of one monomer of the RTK and the aF-0G loop of one monomer of the RTK.

A peptide molecule of the invention may be further modified to increase its
stability, bioavailability or solubility. For example, one or more L-amino acid residues
within the peptidic molecules may be replaced with a D-amino acid residue. The term
"mimetic" as applied to the peptidic molecules of the present invention is intended to
include molecules which mimic the chemical structure of a D-peptidic structure and
retain the functional properties of the D-peptidic structure. The term “mimetic” is
further intended to encompass an "analogue" and/or "derivative" of a peptide as
described below. Approaches to designing peptide analogs, derivatives and mimetics are
known in the art. For example, see Farmer, P.S. in Drug Design (E.J. Ariens, ed.)
Academic Press, New York, 1980, vol. 10, pp. 119-143; Ball. J.B. and Alewood, P.F.
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(1990) J. Mol. Recognition 3:55; Morgan, B.A. and Gainor, J.A. (1989) Ann. Rep. Med.
Chem. 24:243; and Freidinger, R. M. (1989) Trends Pharmacol. Sci. 10:270. See also
Sawyer, T.K. (1995) "Peptidomimetic Design and Chemical Approaches to Peptide
Metabolism" in Taylor, M.D. and Amidon, G.L. (eds.) Peptide-Based Drug Design:
Controlling Transport and Metabolism, Chapter 17; Smith, A.B. 3rd, et al. (1995) J. Am.
Chem. Soc. 117:11113-11123; Smith, A.B. 3rd, er al. (1994) J. Am. Chem. Soc.
116:9947-9962; and Hirschman, R., et al. (1993) J. Am. Chem. Soc. 115:12550-12568.
As used herein, a "derivative" of a peptidic molecule of the invention refers to a
form of the peptidic molecule in which one or more reaction groups on the molecule
have been derivatized with a substituent group. Examples of peptide derivatives include
peptides in which an amino acid side chain, the peptide backbone, or the amino- or
carboxy-terminus has been derivatized (e.g., peptidic compounds with methylated amide
linkages). As used herein an "analogue” of a peptidic molecule of the invention to a
peptidic molecule which retains chemical structures of the molecule necessary for
functional activity of the molecule yet which also contains certain chemical structures
which differ from the molecule. An example of an analogue of a naturally-occurring
peptide is a peptide which includes one or more non-naturally-occurring amino acids.
As used herein, a "mimetic" of a peptidic molecule of the invention refers to a peptidic
molecule in which chemical structures of the molecule necessary for functional activity
of the molecule have been replaced with other chemical structures which mimic the
conformation of the molecule. Examples of peptidomimetics include peptidic
compounds in which the peptide backbone is substituted with one or more
benzodiazepine molecules (see e.g., James, G.L. e al. (1993) Science 260:1937-1942).
Analogues of the peptidic molecules of the invention are intended to include
molecules in which one or more L- or D- amino acids of the peptidic structure are
substituted with a homologous amino acid such that the properties of the molecule are
maintained. Preferably conservative amino acid substitutions are made at one or more
amino acid residues. A "conservative amino acid substitution” is one in which the amino
acid residue is replaced with an amino acid residue having a similar side chain. Families
of amino acid residues having similar side chains have been defined in the art, including
basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid,
glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine,
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isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains
(e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine,
phenylalanine, tryptophan, histidine). Non-limiting examples of homologous
substitutions that can be made in the structures of the peptidic molecules of the invention
5 include substitution of D-phenylalanine with D-tyrosine, D-pyridylalanine or D-
homophenylalanine, substitution of D-leucine with D-valine or other natural or non-
natural amino acid having an aliphatic side chain and/or substitution of D-valine with D-
leucine or other natural or non-natural amino acid having an aliphatic side chain.
The term mimetic, and in particular, peptidomimetic, is intended to include

10 isosteres. The term "isostere" as used herein is intended to include a chemical structure
that can be substituted for a second chemical structure because the steric conformation
of the first structure fits a binding site specific for the second structure. The term
specifically includes peptide back-bone modifications (i.e., amide bond mimetics) well
known to those skilled in the art. Such modifications include modifications of the amide

15  nitrogen, the o-carbon, amide carbonyl, complete replacement of the amide bond,
extensions, deletions or backbone crosslinks. Several peptide backbone modifications

are known, including y[CH,S], y[CH,NH], y[CSNH,], y[NHCO], y[COCH,], and

[(E) or (Z) CH=CH]. In the nomenclature used above, \ indicates the absence of an
amide bond. The structure that replaces the amide group is specified within the brackets.

20 Other possible modifications include an N-alkyl (or aryl) substitution (y
[CONRY]), or backbone crosslinking to construct lactams and other cyclic structures.
Other derivatives of the modulator compounds of the invention include C-terminal
hydroxymethyl derivatives, O-modified derivatives (e.g., C-terminal hydroxymethyl
benzyl ether), N-terminally modified derivatives including substituted amides such as

25  alkylamides and hydrazides.

Peptidic molecules of the present invention may be made by standard methods
known in the art. The peptidic molecule, e.g., asymmetric contact interface of an RTK,
may be cloned from human cells using standard techniques, inserted in to a recombinant
vector, and expressed in an in vitro cell system (e.g., by transfection of the vector into

30  yeast cells). Alternatively, the peptidic molecules may be designed and synthesized de
novo via known synthesis methods such as Atherton er al. (1989) Oxford, England: IRL
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Press. ISBN 0199630674 Stewart et al. (1984). 2nd edition, Rockford: Pierce Chemical
Company, 91. ISBN 0935940030; Merrifield (1963) J. Am. Chem. Soc. 85: 2149-2154.
The peptidic molecules can then be tested for functional activity using any of the

assays described herein, e.g., those described in the Examples section below.

III. Antibodies Which Bind to an Asymmetric Contact Interface of a Human Receptor

Tvrosine Kinase

In one aspect of the invention, the moiety that binds to an asymmetric contact
interface of a human receptor tyrosine kinase is an antibody or an antigen binding

10 fragment thereof that is able to enter a cell, such as an intrabody.

The term “antibody” as referred to herein, includes whole antibodies and any
antigen binding fragment (i.e., “antigen-binding portion”) or single chains thereof. The
term “antibody” includes intracellular antibodies such as intrabodies. An "antibody"
refers to a glycoprotein comprising at least two heavy (H) chains and two light (L)

15  chains inter-connected by disulfide bonds, or an antigen binding portion thereof. Each
heavy chain is comprised of a heavy chain variable region (abbreviated herein as V)
and a heavy chain constant region. The heavy chain constant region is comprised of
three domains, Cy, Cypp and Cpz. Each light chain is comprised of a light chain variable
region (abbreviated herein as Vi) and a light chain constant region. The light chain

20  constant region is comprised of one domain, C;. The Vg and V1 regions can be further
subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions
(FR). Each Vy and V| is composed of three CDRs and four FRs, arranged from amino-
terminus to carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3,

25 CDR3, FR4. The variable regions of the heavy and light chains contain a binding
domain that interacts with an antigen. The constant regions of the antibodies may
mediate the binding of the immunoglobulin to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first component (Clq) of the
classical complement system.

30 The term "antigen-binding portion" of an antibody (or simply "antibody
portion"), as used herein, refers to one or more fragments of an antibody that retain the
ability to specifically bind to an antigen (e.g., the asymmetric contact interface of an
RTK). It has been shown that the antigen-binding function of an antibody can be
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performed by fragments of a full-length antibody. Examples of binding fragments
encompassed within the term "antigen-binding portion" of an antibody include (i) a Fab
fragment, a monovalent fragment consisting of the Vi, Vi, Cy and Cyl domains; (ii) a
F(ab'), fragment, a bivalent fragment comprising two Fab fragments linked by a
disulfide bridge at the hinge region; (iii) a Fab’ fragment, which is essentially an Fab
with part of the hinge region (see, FUNDAMENTAL IMMUNOLOGY (Paul ed., 3rd ed.
1993); (iv) a Fd fragment consisting of the Vi and Cy;1 domains; (v) a Fv fragment
consisting of the Vi and Vi domains of a single arm of an antibody, (vi) a dAb fragment
(Ward et al., (1989) Nature 341:544-546), which consists of a Vi domain; (vii) an
isolated complementarity determining region (CDR); and (viii) a nanobody, a heavy
chain variable region containing a single variable domain and two constant domains.
Furthermore, although the two domains of the Fv fragment, V; and Vy, are coded for by
separate genes, they can be joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the V;, and Vy regions pair to
form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al.
(1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
85:5879-5883). Such single chain antibodies are also intended to be encompassed
within the term "antigen-binding portion" of an antibody. These antibody fragments are
obtained using conventional techniques known to those with skill in the art, and the
fragments are screened for utility in the same manner as are intact antibodies.

An "isolated antibody", as used herein, is intended to refer to an antibody that is
substantially free of other antibodies having different antigenic specificities (e.g., an
isolated antibody that specifically binds to an asymmetric contact interface of an RTK is
substantially free of antibodies that specifically bind antigens other than the asymmetric
contact interface of an RTK). Moreover, an isolated antibody may be substantially free
of other cellular material and/or chemicals. An “isolated antibody” may, however,
include polyclonal antibodies which all bind specifically to, e.g., an asymmetric contact
interface of an RTK.

The terms "monoclonal antibody" or "monoclonal antibody composition" as used
herein refer to a preparation of antibody molecules of single molecular composition. A
monoclonal antibody composition displays a single binding specificity and affinity for a

particular epitope.
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The term "human antibody", as used herein, is intended to include antibodies
having variable regions in which both the framework and CDR regions are derived from
human germline immunoglobulin sequences. Furthermore, if the antibody contains a
constant region, the constant region also is derived from human germline
immunoglobulin sequences. The human antibodies of the invention may include amino
acid residues not encoded by human germline immunoglobulin sequences (e.g.,
mutations introduced by random or site-specific mutagenesis in vitro or by somatic
mutation in vivo). However, the term "human antibody", as used herein, is not intended
to include antibodies in which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted onto human framework
sequences.

The term "human monoclonal antibody" refers to antibodies displaying a single
binding specificity which have variable regions in which both the framework and CDR
regions are derived from human germline immunoglobulin sequences. In one
embodiment, the human monoclonal antibodies are produced by a hybridoma which
includes a B cell obtained from a transgenic nonhuman animal, e.g., a transgenic mouse,
having a genome comprising a human heavy chain transgene and a light chain transgene
fused to an immortalized cell.

The term "recombinant human antibody", as used herein, includes all human
antibodies that are prepared, expressed, created or isolated by recombinant means, such
as (a) antibodies isolated from an animal (e.g., a mouse) that is transgenic or
transchromosomal for human immunoglobulin genes or a hybridoma prepared therefrom
(described further below), (b) antibodies isolated from a host cell transformed to express
the human antibody, e.g., from a transfectoma, (c) antibodies isolated from a
recombinant, combinatorial human antibody library, and (d) antibodies prepared,
expressed, created or isolated by any other means that involve splicing of human
immunoglobulin gene sequences to other DNA sequences. Such recombinant human
antibodies have variable regions in which the framework and CDR regions are derived
from human germline immunoglobulin sequences. In certain embodiments, however,
such recombinant human antibodies can be subjected to in vitro mutagenesis (or, when
an animal transgenic for human Ig sequences is used, in vivo somatic mutagenesis) and
thus the amino acid sequences of the Vi and V1 regions of the recombinant antibodies

are sequences that, while derived from and related to human germline Vi and Vi
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sequences, may not naturally exist within the human antibody germline repertoire in
Vivo.

As used herein, "isotype" refers to the antibody class (e.g., IgM or IgGl) that is
encoded by the heavy chain constant region genes.

The phrases "an antibody recognizing an antigen" and "an antibody specific for
an antigen" are used interchangeably herein with the term "an antibody which binds
specifically to an antigen.”

The term “human antibody derivatives” refers to any modified form of the
human antibody, e.g., a conjugate of the antibody and another agent or antibody.

The term “humanized antibody” is intended to refer to antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse,
have been grafted onto human framework sequences. Additional framework region
modifications may be made within the human framework sequences. It will be
appreciated by one of skill in the art that when a sequence is “derived” from a particular
species, said sequence may be a protein sequence, such as when variable region amino
acids are taken from a murine antibody, or said sequence may be a DNA sequence, such
as when variable region encoding nucleic acids are taken from murine DNA. A
humanized antibody may also be designed based on the known sequences of human and
non-human (e.g., murine or rabbit) antibodies. The designed antibodies, potentially
incorporating both human and non-human residues, may be chemically synthesized.
The sequences may also be synthesized at the DNA level and expressed in vitro or in
vivo to generate the humanized antibodies.

The term “chimeric antibody” is intended to refer to antibodies in which the
variable region sequences are derived from one species and the constant region
sequences are derived from another species, such as an antibody in which the variable
region sequences are derived from a mouse antibody and the constant region sequences
are derived from a human antibody.

The term “antibody mimetic” or “antibody mimic™ is intended to refer to
molecules capable of mimicking an antibody’s ability to bind an antigen, but which are
not limited to native antibody structures. Examples of such antibody mimetics include,
but are not limited to, Adnectins (i.e., fibronectin based binding molecules), Affibodies,
DARPins, Anticalins, Avimers, and Versabodies all of which employ binding structures

that, while they mimic traditional antibody binding, are generated from and function via
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distinct mechanisms. The embodiments of the instant invention, as they are directed to
antibodies, or antigen binding portions thereof, also apply to the antibody mimetics
described above.

As used herein, an antibody that “specifically binds” to an asymmetric contact
interface of a RTK is intended to refer to an antibody that binds to an asymmetric
contact interface domain of a RTK with a K, of 1 x 107 M or less, more preferably 5 x
10" M or less, more preferably 1 x 10® M or less, more preferably 5 x 10° M or less

The term “does not substantially bind” to a protein or cells, as used herein,
means does not bind or does not bind with a high affinity to the protein or cells, i.e.
binds to the protein or cells with a Kp of 1 x 10 M or more, more preferably 1 x 10°M
or more, more preferably 1 x 10™ M or more, more preferably 1 x 10° M or more, even
more preferably 1 x 10 M or more.

The term "Kyg50c" 01 “Ka”, as used herein, is intended to refer to the association
rate of a particular antibody-antigen interaction, whereas the term "Kgig" or “Kq,” as

used herein, is intended to refer to the dissociation rate of a particular antibody-antigen
interaction. The term “Kp”, as used herein, is intended to refer to the dissociation
constant, which is obtained from the ratio of K4 to K, (i.e,. K4/K,) and is expressed as a
molar concentration (M). Kp values for antibodies can be determined using methods
well established in the art. A preferred method for determining the Kp, of an antibody is
by using surface plasmon resonance, preferably using a biosensor system such as a
Biacore® system.

As used herein, the term “high affinity”, when referring an IgG type antibody,
refers to an antibody having a Kp, of 10 M or less, more preferably 10° M or less and
even more preferably 1079 M or less for an asymmetric contact interface domain of a
RTK. However, “high affinity” binding can vary for other antibody isotypes. For
example, “high affinity” binding for an IgM isotype refers to an antibody having a Kp, of

107 M or less, more preferably 10 M or less, even more preferably 10° M or less.

Antibodies

The antibodies of the invention bind specifically to an asymmetric contact
interface domain of a RTK, e.g., member of the human type IV family of receptor
tyrosine kinases. In preferred embodiments, the antibodies, or antigen binding portions

thereof, of the invention bind to an asymmetric contact interface of an RTK and, thus,
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inhibit ligand-induced trans autophosphorylation and downstream signaling by the
receptor.
The antibodies of the invention are selected or designed to bind to specific
asymmetric contact interfaces of the RTK, for example, an FGFR, for example, FGFR1,
5 FGFR2, FGFR3 or FGFR4. In other embodiments the antibodies, or antigen binding
portions thereof, are selected or designed to bind proteins sharing homology to a domain
of the RTK, e.g., a human FGFR. For example, an antibody may be selected or designed
to bind a domain which is at least 50% identical, at least 60% identical, at least 70%
identical, at least 80% identical, at least 90% identical, or at least 95%, 96%, 97%, 98%
10 or 99% identical to an asymmetric contact interface of the FGFR, e.g., FGFR1. Such an
antibody, or antigen binding portion thereof, would be able to bind protein domains,
possibly in other RTKs, which are functionally similar to the asymmetric contact
interface of FGFRI1.
The antibodies, or antigen binding portions thereof, of the present invention may
15  also be selected or designed to bind a particular motif or consensus sequence derived
from an asymmetric contact interface of a RTK, e.g., a human type IV RTK, allowing
the antibodies, or antigen binding portions thereof, to specifically bind asymmetric
contact interface epitopes or domains which are shared among members of the RTK
family. Such a linear consensus sequence may be found, for example, by using a
20  sequence alignment algorithm to align domains of various RTKs, e.g., asymmetric
contact interfaces across RTK types or across species. One of skill in the art may align
the protein sequences of, for example, the FGFR1 asymmetric contact interfaces from
various species (e.g., human, mouse, rat) to determine which protein residues are
conserved in at least 40%, at least 50%, at least 60%, at least 70%, at least 80%, at least
25  90%, or at least 100% of the sequences being aligned. Such a consensus sequence may
then be used to generate antibodies or other moieties which specifically bind the
consensus sequence and, thus, will bind the most conserved residues of the RTK. One
of skill in the art should appreciate that the most highly conserved residues are those
which have been preserved through evolution and are most likely to be important for
30  protein function. Alternatively, if the alignment is made across various various classes
of RTKSs, antibodies generated toward such consensus sequences would allow the

antibodies to bind a similar asymmetric contact interface in multiple RTK types.
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The antibodies of the present invention do not bind to the the nucleotide binding
site of the catalytic domain of the RTK, e.g., the FGFR. Therefore, the antibodies
described herein do not antagonize the ability of the receptor to bind its target ligand.

In some embodiments the antibody or antigen binding portion thereof binds to
specific sequences of the human FGFR1, for example, residues R577, D519, C488,
F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579, W691, T695, P702,
G703 and P705 of FGFRI1.

In other embodiments, the antibodies, or antigen binding portions thereof, bind
protein motifs or consensus sequences which represent a three dimensional structure in
the protein. Such motifs or consensus sequences would not represent a contiguous string
of amino acids, but a non-contiguous amino acid arrangement that results from the three-
dimensional folding of the RTK (i.e., a “structural motif” or “non-linear epitope”). An
example of such a motif would be the asymmetric contact interface of a RTK.

In a preferred embodiment, an antibody or antigen binding portion thereof of the
invention may bind to one or more residues in the RTK which make up the small
cavities or pockets of an asymmetric contact interface of an RTK. For example, an
antibody or antigen binding portion thereof of the invention may bind to one or more of
the following residues in the asymmetric contact interface of FGFR1: R577, D519,
C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579, W691, T695,
P702, G703 and P705 of FGFR1. In another embodiment, the antibody or antigen
binding portion thereof of the invention may bind ot one or more residues in the
asymmetric contact interface of FGFR2: C491, F492, N662, G663, R664, L6635, P666,
V667, K668, W669, R577, R579, R580, P581, P582, ES85, Y589, S587, Y588, D589,
1590, P705, G706, P708, F713, K724, A726, N727, C728, T729, N730 and E731 of
FGFR2. In yet another embodiment, the antibody or antigen-binding portion thereof
may bind to one or more equivalent residues in FGFR3 or FGFR4.

Thus, in some embodiments, an antibody or antigen binding portion thereof of
the invention may bind to contiguous or non-contiguous amino acid residues and
function as a molecular wedge that prevents the ligand-induced trans
autophosphorylation required for positioning of the asymmetric contact interface of the
RTK at a distance and orientation that enables tyrosine kinase activation. In some

embodiments, an antibody or antigen binding portion thereof of the invention may also
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act to prevent homotypic receptor interactions or destabilize the ligand-receptor
interaction site.

One of skill in the art will appreciate that, in some embodiments, an antibody or
antigen binding portion thereof of the invention may be easily targeted to the
corresponding asymmetric contact interface residues in other type IV RTKs, e.g., those
residues that form similar pockets or cavities or those in the same position by structural
alignment or sequence alignment.

In a specific embodiment, an antibody or antigen binding portion thereof of the
invention binds to a conformational epitope or a discontinuous epitope on a type IV
RTK. The conformational or discontinuous epitope may be composed of two or more
residues from the asymmetric contact interface of an RTK, e.g., the human FGFR1,
FGFR2, FGFR3 or FGFR4. For example, the conformational or discontinuous epitope
may be composed of two or more of the residues selected from the group consisting of
R577, D519, C488, F489, S518, T521, ES22, D554, G555, P556, Q574, P587, P579,
W691, T695, P702, G703 and P705 of FGFRI.

As indicated above, the antibodies of the invention may bind to all of the amino
acid residues forming a pocket or a cavity of an asymmetric contact interface or they
may bind to a subset of the residues forming the pocket or the cavity. It is to be
understood that, in certain embodiments, when reference is made to an antibody of the

invention binding to an epitope, e.g., a conformational epitope, the intention is for the

antibody to bind only to those specific residues that make up the epitope (e.g., the pocket

or cavity of the asymmetric contact interface) and not other residues in the linear amino
acid sequence of the receptor.

In another embodiment, the antibody or antigen-binding fragment of the
invention binds to amino acid residues Arg579 or Arg580 of human FGFR2, or the
corresponding residues in FGFR3 or FGFR4. The residues Arg579 or Arg580 of human
FGFR?2 are analogous to the residue Arg576 of FGFR1 and are part of the FGFR2
asymmetric contact interface. In another embodiment, the antibody or antigen-binding
fragment of the invention binds to an amino acid residue selected from the group
consisting of C491, F492, N662, G663, R664, L665, P666, V667, K668, W669, R577,
R579, R580, P581, P582, E585, Y589, S587, Y588, D589, 1590, P705, G706, P708,
F713, K724, A726, N727, C728, T729, N730 and E731 of FGFR2. In another
embodiment, the antibody or antigen-binding fragment of the invention binds to an
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equivalent residue in FGFR3 or FGFR4. Antibodies or antigen-binding antibody
framgnets of the invention may exert their inhibitory effect on receptor activation by
preventing critical homotypic interactions (such as salt bridges) between asymmetric
contact interfaces of type-IV RTKs that are essential for positioning the kinase dimers at
a distance and orientation essential for ligand-induced trans autophosphorlyation and
tyrosine kinase activation. Experiments discussed herein demonstrate that the
asymmetric contact interface mediates RTK dimer formation and that dimerization is
necessary but not sufficient for receptor trans autophosphorylation. Thus, antibodies or
antigen-binding antibody fragments of the invention may allow dimerization of the
RTK, e.g., FGFR, while preventing trans autophosphorylation. Structure based sequence
alignment has shown the conservation of residues involved in the formation of
asymmetric contact interfaces found in structures of both active FGFR1 and FGFR2
(Figure 9A). Thus in some embodiments, antibodies or antigen-binding antibody
fragments of the invention may be targeted to the conserved regions of the asymmetric
contact interfaces of type IV RTKs.

In some embodiments, the antibody or antigen-binding portion thereof, binds to
specific regions of a human fibroblast growth factor receptor, for example, the $1-p2
loop of one monomer of the RTK, the 3-aC loop of one monomer of the RTK, the 4-
B5 loop of one monomer of the RTK, the aD-oE loop of one monomer of the RTK, the
oF helix of one monomer of the RTK and the aF-aG loop of one monomer of the RTK.

In another embodiment, the antibody or antigen-binding portion thereof binds to
a contiguous epitope on the RTK, e.g., FGFR. In one embodiment, the contiguous
epitope is composed of two or more residues in an asymmetric contact interface of an
FGFR. In another embodiment, the contiguous epitope is an epitope selected from the
group consisting of the B1-B2 loop of a monomer of the RTK, the B3-aC loop of a
monomer of the RTK, the $4-B5 loop of a monomer of the RTK, the aD-aE loop of a
monomer of the RTK, the oF helix of a monomer of the RTK and the aF-0aG loop of a
monomer of the RTK.

In additional embodiments, antibodies or antigen-binding antibody fragments of
the invention are selected or designed to bind specifically to a mutant asymmetric
contact interface of a RTK. In preferred embodiments, the mutant RTK is a tumorigenic
or an oncogenic mutant. In one specific embodiment, the antibody or antigen-binding
antibody fragment is selected or designed to bind to an oncogenic FGFR mutant. RTK
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mutants which may be targeted by the antibodies or antigen-binding antibody fragments
of the instant invention include, but are not limited to, fibroblast growth factor receptors
with mutations in one or more of the following amino acids: R577, D519, C488, F489,
S518, T521, ES22, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and
S P705 of FGFRI1. It should be appreciated by one of skill in the art that the methods of

the invention would be applicable to other mutations in FGFRs or to mutations in other
RTKs. One advantage of targeting a mutant RTK is that a therapeutic small molecule
may bind to only the RTKs on cells containing the mutation, leaving healthy cells
largely or entirely unaffected. Accordingly, in instances where the mutation is

10 tumorigenic, only tumor cells would be targeted for therapy, potentially reducing side
effects and dosage requirements.

Preferrably, the antibody binds to an asymmetric contact interface of a human

RTK with a Kp of 5 x 10 M or less,a Kpof 1 x 10 M or less, a Kp of 5 x 10° M or
less, or a K, of between 1 x 10 M and 1 x 10'° M or less. Standard assays to evaluate

15  the binding ability of the antibodies toward an asymmetric contact interface of a RTK,
e.g., an FGFR, are known in the art, including for example, ELISAs, Western blots and
RIAs. The binding kinetics (e.g., binding affinity) of the antibodies also can be assessed
by standard assays known in the art, such as by ELISA, Scatchard and Biacore analysis.

20  Intrabodies - Intracellular Antibodies

An antibody which can bind an intracellular epitope, e.g., an intrabody, is useful
for binding to an asymmetric contact interface of an RTK and inhibiting ligand-induced
trans autophosphorylation of the RTK. An intrabody comprises at least a portion of an
antibody (e.g., an scFv) that is capable of specifically binding an antigen and which has

25  been manipulated so that it can be expressed intracellularly and/or will bind an antigen
intracellularly. Generally, an intrabody does not contain sequences coding for its
secretion. When combined with methods for expression and/or targeting to precise
intracellular locations inside mammalian cells, intrabodies are particularly useful for
intracellular targets such as an asymmetric contact interface of an RTK. Generation of

30  intrabodies is well-known to the skilled artisan and is described, for example, in U.S.
Pat. Nos. 5,851,829; 5,965,371; 6,004,940; 6,072,036; and 5,965,371, the entire contents

of each of which are expressly incorporated herein by reference. Furthermore, the
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T | PO RORS LR e O R b
or a consengfk1$ExqUElE ©hdes brvdd 199D Mot Bial. A9hhl 29-1134; and Wirtz and Steipe,
1999, Protein Science 8:2245-2250; and Stocks, M. R. Drug Disc. Today Vol 9, No. 22
Nov. 2004. Recombinant molecular biological techniques may also be used in the
5 generation of intrabodies.

In one embodiment, a nucleic acid construct that expresses an intrabody can be
transfected into target cells. An "antibody cassette" which encodes the intrabody may
contain a sufficient number of nucleotides coding for the portion of an antibody capable
of binding to the target RTK asymmetric contact interface operably linked to a promoter

10 that will permit expression of the antibody in the cells of interest. The construct
encoding the intrabody can be delivered to the target cell bind to the target RTK, thereby
antagonizing the ligand-induced trans autophosphorylation of the RTK. In one preferred
embodiment, the "intrabody gene" (antibody) of the antibody cassette utilizes a cDNA,
encoding heavy chain variable (VH) and light chain variable (VL) domains of an

15  antibody which can be connected at the DNA level by an appropriate oligonucleotide as
a bridge of the two variable domains, which on translation, form a single peptide
(referred to as a single chain variable fragment, "scFv") capable of binding to a target
such as an RTK protein. The intrabody gene preferably does not encode an operable
secretory sequence and thus the expressed antibody remains within the cell.

20 In another embodiment, specific localization sequences can be attached to the
intrabody polypeptide to direct the intrabody to a specific intracellular location.
Intrabodies can be localized, for example, to the following intracellular locations:
endoplasmic reticulum (Munro et al., 1987, Cell 48:899-907; Hangejorden et al., 1991,
J. Biol. Chem. 266:6015); nucleus (Lanford er al., 1986, Cell 46:575; Stanton et al.,

25 1986, PNAS 83:1772; Harlow et al., 1985, Mol. Cell. Biol. 5:1605; Pap et al., 2002, Exp.
Cell Res. 265:288-93); nucleolar region (Seomi et al., 1990, J. Virology 64:1803;
Kubota et al., 1989, Biochem. Biophys. Res. Comm. 162:963; Siomi et al., 1998, Cell
55:197); endosomal compartment (Bakke ef al., 1990, Cell 63:707-716); mitochondrial
matrix (Pugsley, A. P., 1989, "Protein Targeting", Academic Press, Inc.); Golgi

30  apparatus (Tang ef al., 1992, J. Bio. Chem. 267:10122-6); liposomes (Letourneur et al.,
1992, Cell 69:1183); peroxisome (Pap et al., 2002, Exp. Cell Res. 265:288-93); bans
Golgi network (Pap et al., 2002, Exp. Cell Res. 265:288-93); and plasma membrane
(Marehildon ef al., 1984, PNAS 81:7679-82; Henderson er al., 1987, PNAS 89:339-43;
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translocation of that polypeptide across the cell membrane. Useful membrane

30  permeable sequence include the hydrophobic region of a signal peptide (sec, e.g.,
Hawiger, 1999, Curr. Opin. Chem. Biol. 3:89-94; Hawiger, 1997, Curr. Opin. Immunol.
9:189-94; U.S. Pat. Nos. 5,807,746 and 6,043,339, the entire contents of which are

incorporated herein by reference). The sequence of a membrane permeable sequence

53



be easily targeted to the corresponding residues in other type |V RTKs,
e.g., those residues that formsimlar pockets or cavities or those in the
sanme posiwpaniigs®sr uct ural 5al i gnnent or sequence al i gREEALS2011/021109 1 N a
speci fic enbodi nent, a peptidic nolecule of the invention binds to a
conformati onal epitope or a discontinuous epitope on a type IV RTK. The
conformati o i t L . glms e

resi dues frg‘%{? easggé%%e{}tﬂ i ié@éﬁghtﬁg%%ﬁ:?%éwsé eIP gl ons 1? ?%r?%%?&%%@@/ RTK,
e.d., a hunmbesd&R&), e, drom 1@ HGREPatatfB@ERRee &EGEREn; HEGRR31 487, PERERYeqr Baept or .

fwo or mor /gl THI T eon Rrae 88 ABRLFT-OMPOrEEns bilb CoRa LT e by 7
D519, O488, (AR, T is o RLanE2Phor BBHon H38 niRBSy pCBAiERT, P57

Ws91, T695, P702, Gr03 and P705 of FGFRL. In a particul ar enbodi nent, a
pept i di c5 noheosbraegfermpablé spguendean pisiaraldy based anonfigrataeptsleandegsinbepe 15

conposed of 2 or re.am no acids. of regi on of the K selected fromthe
or oup. conei 4t R BPE L HEMEer i isgin: Jpd SRR skl FAlSFR SR T35 ac
| oop of oneprRAANRE., Blergeh &k RrotbieVIP S -oBErab@ei tBéreOMNBedMPOPREIawEs dihe RTK,
the aD-aE | oop of one nononer of the RTK, the aF helix of one nononer of

t he RTK and19%%e NeF-B@erlgmb 16r440nd. mbrsmbransfperieabRTIequamevighibe her

enbodi nment , Ldj ety of. . . i i . i

cptope”on EMORRLL TR £ ot 1% AL P BB B A By |
one enbodi meatetetrhig@ed empirguidybdy epetsippethe abitionpsell neinbrave peimeaie resi dues
in the asymmetric contact interface of the fibroblast growh factor
receptor. | fCRRBIHEMISHIBE rARTIRcatiphal BigAtraheey actes 118 Fe MeMPHNSpi t ope
selected fromthe group consisting of 25 the 131-132 | oop of a nononer of
the RTK, the 133-aC | oop of a nononer of the RTK, the 134-B5 |oop of a
mononer of EheinBAkd and b odificaAtdbogdiesf a nononer of the RTK, the aF helix of

a nmononer of the and, t aF-aG | gop of., a, nononer of fhe RTK. In
anot her enbodi e Vi RSk N E i EciB DN PGSO BE fadhs gethitho
acid ress dugsBgRés iﬁ&eﬂ%ﬁ%ﬁ@n&@ HauREN. FERR ﬁ{atérﬁ?toc&{gilﬁéi@@ﬁ%u{fﬂadr esi dues
in FGFR3 or 30 FGFR4. The residués Arg579 or Arg580 of human FGFR2 are

anal ogous t entitrpayrekich oediregsinebody MEFRAvear @real mropraties lofmttheestmGRAR?
asymmetric contact ,interface. .In_anoth enmbodi nent, a peptidic | ecul e of
The T mvens i ontsasga b RRbAS T o5 B et R by GTRRS LTI o PE RIS y B
consi sting of b&th 9t theFeAidnal MeBable fBhs (ROOH; ahdI6BY | PELGxam¥¥ within one or

2011/ 088196PCT/ US2011/ 021109 V667, K668, W569, R577, R579, R580, P581,
P582, E585, MpEGDRIsmns yaer withiggne psgmre prosworaggionprAgditipmally ork724,
A726, 7, . D i s - j.ment,
N mont1 aF 0 ARl 5 apilod) BAH Botiedil SISy G rducd AT SEROM,

resi due in kghdi3s)oforkeichiRdle t&alpdrithd effevndrefandtizm(bf tHeentibod®nt i on Smay exert

their inhibitory effect on receptor activation by preventing.critical
homot ypi ¢ i nt er al¥F &S PsgbrPlascadan enapacge it st termiayiet PRetoReact
interfaces afiby@8s nterfREKS 1 f?et ﬁ{t%eﬁssﬁ%@&mﬁhmflf{hr&%%' dntifOhAE [t ase
dinmers at a distance and orientation essential for |7 gand-induced trans
aut ophosphonteylatatahinghelsik yiewsi and lighnalsen eanpleaen@rity Reptiidng regdrecul es of
the invepti | l.aw di neri zation of the RTK  .e. FGFR, 10whi l e
provent hg (< BRS) da¥ GHREERLIA HEPOde depH o b SR S G G N AT Fgnment
has shown t Beween slivatd QRtiididsarhiigserd ey 8hvRE of CDRYe BeohuRidmr of
asymmetric contact interfaces found in structures of both active FGFRL and
FGFR2 ( Fi gussuemes alrhigspanaibioivs mesbadibagyresticepdplelaghensyliepetside ©f t he
invention nmay he targeted to the conser.ved regions of the as tric
contact 1 nt SRSgdeRibfahior s ALY B o S BN Yy Spa Gy AT B:b g
pepti di ¢ nDbgiboRISes®y dohgricide Bk prodtidiyeches hapintries CORqushdeg fiom Gensi sti ng
of any of the am no acid sequences identified herein, such as R577, D519,
c488,  FAR9, smwits: napgaHy ogmmwnng mibedy epkisd opsisameypsls seqigees fpgng diffggont
T695, P702, o] ept i;di yetjes of the
i nvention nﬁl}?ﬁ%@yg@g}[ ﬁﬁg%npﬁroggﬁ&(seg Yg. %ﬁ%ﬁm, PEPLAs! 6199W&Me

332:323-327; Jones, P. et al. (1986) Nature 321:522-525; Queen, C. et al. (1989) Proc.
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20 conprising or consisting of any of the follow ng regions of the RTK: the
1-2 |l oop of one nononer of the RTK, the 3-aC | oop of one nononer of the
RTK, the woBBi1lms8epsof one nononer of the RTK, the aD aEPComajs2aif/oened nononer
of the RTK, the aF helix of one nononer of the RTK and the aF-aG | oop of
one nononer of the RTK. A peptide nolecule of the invention may be further
modi £ ed { 0 ACRERES.] 25.A086:3009. 1003301 Q8 YN ARb! 4,855, 930 At drdty sFor
exanpl e, one or nore L-am no acid residues w thin the peptidic nholecules
may be repl Retedt Wobkh5,33MEEARSIHES AP S, 6237 ausd 6Ihe), 3 Hy tmQueemet #/0" as appl i ed

to the peptidic | ecul es of th resent inventian is intend i ncl ude
ol ecul b5 whi ch WG GrhacBRa - dat SEPPUEE EEDOIOGE FRBa: Lo14 HueERE and
retain the bHpellisRAMfRERRE it BRI1WRE obhflide BEBbAF b eSEEUGELY. Gor EREnpIEr M
"mnmetic" is 30further intended to enconpass an "anal ogue" and/ or

"deri vat§ ve'temiling Eptsegeness fdebenibkahvlyehdlightghpinoaciabls regonl ggiegshmbe

pepti de anal.0gs,. derimatives and m.netics ar no i he art. Fo
a0, sol PR R in B G PUBE iR Gl AR Byl Bi gl o pr s,
New York, 19f§0.cp¥edm.adQk/vBise),bd Yeliddiin Rabdt; EJA Ber @nd oA ewd@encel of Prog&éins WO
2011/ 088196PCT/ US2011/ 021109 (1990) J. Mdl. Recognition 3:55; Mrgan, B. A
and Gai nor, ofImmupalogigyl Inferest, kéfsh Efigien, Oive faepaumontf Health méHegmager, R M
(1989) Tren r - SGI 02 . 0 1 Sgwy " -
*bopt | dom nSFT i oour bh b Nb 2EF 24 PRIt 1ATKE: (bof b iibrate |
Tayl or, 1M Dof HiothaAiGetidfine BylSeqiadss ReRaptabder Betg €tollsug ReSégments with
SControl ling. Transport and Metabolism Chapter 17: Smth, A B 3rd, et al.
(1995) J. AMiffessRiklyRSseariabled.oppy 3 Maly Bl 8447R;798; gnd Qexy J. Bil- &1 ol (194)) 3.
Am Chem Seg.y: ' ' as éhg%ﬁls t o T : n Chem
Soc. 115: 125%&1%%62814@%%%}5 nﬁgglg‘ilr’]}[ §§1 " erlﬁgraeia}s\?des"@dc?fg %&%@gﬁ%i{% | ecul e
of the i nvedui dnlmrefrer 24 $27a8 360 the ahtentseofpegt oftwiichrotesxxplessly anasdhparitedne or

nore reaction grou on the nolecul e 10have been ivatize ith
Subst ] ¢ went PRI REReEs| AS BphEGTATIALE Aok FBTRG BOTA HORGG: PR ep Y
whi ch ams am,@1igiicHainivilBalsiB addion %éh%s PaPbd ARndACHBRAbaX ddidtRs@m no- or
car boxy-term nus has been derivatized (e.g., peptidic conpounds with

met hyl at ed amni de Anitihgdygerolein fsjuerase atpeqogiparesim gamnad eguptedgirotgingegudngt c
nol ecul e of ;the invention.to a pepti.dic .mol ecul e ich retajns.chem cal
o oetureo b WERLREPLIS Rl {AGH TSR bl SR HBET Che
mol ecul e yeBIWHETCMIALEEA £ QN BINTS NeelelcaA f1d€ Reyel: £al2553380.3400 g svhidh i€ vedli T f er
fromthe nol ecul e. An exanpl e of an anal ogue of a naturally-occurring

peptide is knpuntq hesakiliad in kg yt & dnkisorhaypisiic Heprithay inthdtiastasisielyi ng

am no aghds.. As. uUsed herej Lidi I of

i nventi %dr)l rgggﬁlscgﬁtoa%énglggﬁégygen&g% g@h Ogyisg(iue f%ﬁﬁcﬁg%&g a egﬁuﬁgfeulrsé%gﬁf t he
nmol ecul e neecessadiy hfgbrscbiing tdoomeat pacst (HSP) yf 2erell wdrds. n"¥dgaeut pailkavisosbeen
replaced with other chem cal ﬁ%tyr uctures which mi m']ﬁ: t he con%mﬁti on of the
mol ecul e.  EXGAH SENQDBIBFTEE MY FEIGnEIon o I B gys Sl a1ie R 8 i n whi ch

the peptide packRRNC i SURSIBASESH W &Py @Y TREGREABAN IAZEPHAS are
nol ecul es (see e.g., Janes, G L. et "al. (z 1993) " Sci ence 260: 1937- 1@?2) )
Anal ogues ofrabtigegpapt thdiregiombawatresndihclubdmgiRlethtaugh FE3dram¢ventiagegidois
I ncl ude25 retained. The database sequences have an average length of 98 residues. Duplicate
sequences which are exact matches over the entire length of the protein are removed. A
BLAST search for proteins using the program blastp with default, standard parameters
except the low complexity filter, which is turned off, and the substitution matrix of
BLOSUMBS62, filters for the top 5 hits yielding sequence matches. The nucleotide
30  sequences are translated in all six frames and the frame with no stop codons in the
matching segment of the database sequence is considered the potential hit. This is in
turn confirmed using the BLAST program tblastx, which translates the antibody

sequence in all six frames and compares those translations to the VBASE nucleotide
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25 nol ecul es in which one or nore L- or D am no acids of the peptidic
structure are substituted with a honol ogous am no acid such that the
properti esoab1tdserool ecul e are nmi ntai ned. Preferably ceasase@tiorgoan no
acid substitutions are nade at one or nore amino acid residues. A
"conservative am no acid substitution" is one in which the am no acid
residue is 1 n } . i due, i e I chain.
Fami |1 05 30 BF A N Ao A A At et Ol s e S S ah e paen
defined in titebaes, suchhal thahi avgilddds fromsIMIET cingi: Asndteings.fr)| opsibaecarelegi ni ne,

hi stidine), acjdic sjde chains (e.g., aspartic acid, glutamc acid),
unchar ged pémia%é'itay%&fﬁ%de(s@é‘fd,a%ﬁi"?/ci ne, asparagine, glutanine, serine,
threoni ne, tyrositAgideptBéCirBlact BRNRCIRT maAicHE KMRbdISthé GnbodyRbahBEand

valine, leucine, WO 2011/088196PCT/US2011/021109 i sol euci né, proline,
phenyl al ani tie, proteirhdatatiapeover thyepandiphkenth df ¢heaseljpentehdtic podevestadengtiqset g. |

threonine, vali.ne, isol.eucine). and aromatic side chains (e.g.,.tyrosine,
phenyal ani A0 FppeBRHE AR Atle R Ha TR R B R REn iRyt oml ogous
substituti oB3,GNANI6E SibsBitivRGR. IR SitlHéaY YERSnES mhbResR@pldfdhLddtmaeeul es
of the invention 5include substitution of D-phenylal anine with D-tyrosine,
D-pyri dyl al &gfiugeceswith- sapsriepHien yhahibwithanoss et yas tquihbodecpladdade e wi t h
D-valine or .or non-natural am no acid having an aliphatic
side chain g{r%rctﬁ’gég Srs%%ési-[cgthtl}tl on of D-valine with D eucine or other natural
or non- h@t ural amdendfiad Vet CBRI1,TCDRD, aldi(IbRS keushae, aldaha1V TER T,&IDR2I net i c,
and in particular, peptidomnetic, is intended to.inc|lude 10i sosteres. The
term "i sost AAECDRS sqgencrierd he pelted prRdBma Tk Aegiensdhat hake fheddintisel uct ur e
t hat can be [ i d .. ¢ l ric
conf or mat i orsl ﬁétéh%%iﬁ?g%&sltn ?Iﬁ%?étjﬁ%qf ﬁi@ﬁg&%lbtr)] III{’]%&E itf{ogn g“%%@iq?‘?ﬁrgﬁqg‘r”ét e
second st r ustquerce deniges, er thedpieR istqueatdsycan ibe lguded opepfradewkakgibonédat

nodi fi cations %,:9 e., amde bond m neti csdz V\E| | known to thg?e ski | Iled in
the art. SuEAMABERFCETTORYEIRRT el RIS © dhT $BALING FeqURBCSnT Qe P8It bgen,
the a- cas boRys Gudh d6ufahRANYbitaif HRIGEEit [ERhAGARED tniRhte Ol REWIRIPGR,

ext ensi ons, del etions or backbone crosslinks. Several peptide backbone
nmodi fi cat i offremgwerkregions td meintadi pyenhan¢aahR Shtigendi pding NFlijy, ofitha pafindg] |

LA SR R TR O S R R R o

repl aces thgpam de group is specified within the brackets. 20Q her possible
nodi fications include an N-al kyl (or ar%/f%%i substitution (iv [CONR]), or
backbone crossl i MPHYT Hipe ObMatidhltegicadetEcHing ipichaptagaming agidregddipses .

O her degivarhye t 0 [ ' 1L nel

G torm 2ol pUEDe N dordar Ry G DR D EmIR, ccklis KBy Mol RE oHEE:
C-term nal hyae bixdimgtpiypertxanzyl, aéfidish pf the-ahabodynetl ihygraso diita-diceeelr | vat i ves

i ncl udi ng substituted am des such as 25al kyl am des and_ hydrazi des.

Pept i di ¢ molBtiAcRE b R rdedehnuiagertsicah bﬁ&W%@lﬂﬁéaéf}%&ﬂuﬁ Hdard net hods
known i n t hey Rlfon(s1ARd BRRIHE! & ARG, bRding; O oth&SURIRInGI ogé%ﬂﬁ SChterdit er face
of an RTK, may be cloned from human tell s usi ng standard techni ques,

i nserted i ncgobacvabatatbinmaniroedt oivp assags kxpyresstbe aitn Fanexampld, tan angleddy
system (ge.g., .by transfection of the vector into 30yeast c:}bls .

A Ter nats vePy e reeBaBt Ot Ty ectras R eBs LS ARR RIS I)FH ot 08d de
novo via knewmisdnd el &yAmtdradsonssts hi@$acblonah RIK, te. al fibroBI9& Dol 1R Hs
Engl and: IRL WO 2011/ 08§196PCT( US2011/ 021109 Press. | SBN 0199630674;
Stewart et #icepton FgfprabDinpnetivativgrmodesions (s dricapsed abhariatcantrGhinsdny, 91.

| SBN 093.59.4%§ O-utzM9 4 lélrﬂcal %le% ir:ll'o9 9%21 s‘lbstifl‘lrg(?n%h a%g?ftio%) §r de%eStliong, %%hl%lpééferabl
The peptidi ¢ bl ecul @8%¢an THen*pe Y ested -6f “Fuhett onal*"actt Wt “G&mg any

of the assaygbsdasions.bRbrdREE typicalydo.méibess @RSGVd, Beek, ifburtdigivExandmless
section_bel ow. . )
within a CDR region are altered.
Another type of framework modification involves mutating one or more residues
within the framework region, or even within one or more CDR regions, to remove T cell
epitopes to thereby reduce the potential immunogenicity of the antibody. This approach
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5111. Antibodies Wich Bind to an Asymmetric Contact Interface of a Human
Receptor Tyrosine Kinase |In one aspect of the invention, the noiety that
bi nds t o w0 28608861 i C cont act interface of a humamCrase@ioe110yr 0Si ne
ki nase is an anti body or an antigen binding 10fragment thereof that is able
to enter a cell, such as an intrabody. The term "anti body"” as
referred tolmgoefe?errem& hudesmhial z%tlé’ﬂ'{dnﬁqgh&%nﬁ&glnafﬁ%eﬁ@éthigﬁ{‘g@ Picho
fragnent (i.e., "antigen-binding portion") or single chains thereof. The
term"anti delylicannndeé@O}Oﬂ‘BB(Médj}d@draetcdnt| bodi es such as intrabodies. An

"anti body" refers to.a glycopratein conprisin t |east two heav

chai ns and tvio | TLHE GRS o ERaE oS CEiT SLtBar B Hedt T U BLRER. or an
antigen bi neli gichsPRtiHo@1s bG8 RfentiERARMY HERUYincd1R B indluae MYk RAHoRf wRhiieavy
chain variabl'e region (abbreviated hefein as VIl) and a heavy chain
constantSr e@hed?\t reJion, typwely tohalien ou@mmamfun@gqn@hpmseramrths e@tlhﬂdy,t suckes
donmai ns, chain |s ight chain
Variabre rodi RHaRr oot R dpel A s O i TR E® Bnfin deBhEichi

regi on. Thecélighicyedatiity OFetieehaR! at &dibody bSthe dihtise thaQfbe @Remidanyi n, CL.
The VH and VL regions can be further subdivided into regions of

hyper vari ab qutf}cd (e 1988 Ot BYWpt A1PEHEA M aisticd e peritiched FOefgf: anfsbadgbmy be

i ntersperse er.v r gi ons
(FR). Each ERAN e IBlafO 8 TR R SRORRE S fuort STl BATRIEL LR O
am no-tepm lnﬁbddg Eacf}boﬁ«heste@mhoﬂmenmlstda&rfbeﬂ hIOﬁ\llIﬁllgr MtﬁébeloﬁRJrheCDm FR2,
CDR2, FR3, 25 CDR3, FR4. The variabl e regions of the heavy and |ight chains
contain a bRRBPHPLRIFEsAUGsHR the rﬂrégla&l%thﬁ ¢ithe fUaREsyeKabeke const ant
regions of the a?ﬁ biRogh i g@ %eélbﬁopbpﬁ 15‘2110 ﬁédhsﬁcﬂ P ReLAREL b to
host tissues or factors, 1nc ous ce the 1 nmune system
(e.g., effecyaeinesdsidas mrtbe himge faglen isataednent H(CfaaSF)d cm‘det:lhtesedl d&s cal

conpl ement s te . 30Th gen- bi ndi ti of an i body (or
SOl v ant fgag s Arcaned firfer e Bieet §5 T Er R by Bt thoe 11 agmont s
of an apfi bﬁ%b&mtc Etetn@irfkidies e ik rEéloﬁBﬁGHﬁh@@l'tér&dQJ nt &@mpR, anti gen
(e.g., the asymretrl c contact interface of an RTK). It has been shown that
the ant | genf&wlttallleragsemhhx:@f ibn light and heavy dwdys aae insecasg\py decrease the stability

2011/ 088196P 3914” 021109 perforned by fragnents of a full-length

ant| body. EX bi ndi ng fragnents enconpassed within the term

"anti gen- bi ndi nglmﬁl{dth@@mb@ﬁlr@dht ané Fbamye rddedigRan(dnkibady-Bndth@g@reEnt , a
nonoval ent fragnent consisti n&lof the VL, VH CL and CHL donmmins; (ii) a

F(abt) 2 fr agessease the biplogicahhalf g a%@ﬁ?ﬂ i Moprgspegibiciib ORG algMerstaning nked
by a 5% ul Bélﬂwgﬁo%gﬁﬁ&hr%@@cep %}g?he{]@ﬁb%ﬁ?) fibinhih lﬁeﬁﬁ&guhﬁﬁwgﬁqﬁc whi ch is

essentia Iy an I'nge region (see,

| MMUNOLOGY (ias |fragﬁhent s'ﬁbhl thead the HOEBYdy Hds\inpairddiSthptagomiatyl postsinsA (Spgh)of t he
VH and CH1 orral ns; a Fv fragment consisting of the VL and VH domai ns
of a single a%dfﬁgorﬁfa&ﬁe ;Prﬂ%t%(lfy hﬂ(&ﬁ %OnaaﬂaﬁbA%ﬁ%%n?hlf gRRTaacls gescribediggg)

Nature 341: piherdhil il $ PakANRLSE S62T4Po MNP N: (ViT) an

In another embodiment, the antibody is modified to increase its biological half

25  life. Various approaches are possible. For example, one or more of the following
mutations can be introduced: T252L, T254S, T256F, as described in U.S. Patent No.
6,277,375 to Ward. Alternatively, to increase the biological half life, the antibody can be
altered within the CH1 or CL region to contain a salvage receptor binding epitope taken
from two loops of a CH2 domain of an Fc region of an IgG, as described in U.S. Patent

30  Nos. 5,869,046 and 6,121,022 by Presta et al. These strategies will be effective as long
as the binding of the antibody to an asymmetric contact interface of the RTK is not

compromised.
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10 isolated conplenentarity determining region (CDR); and (viii) a
nanobody, a heavy chain variable region containing a single variable domain
and two cwobanBsenai ns. Furt hernore, although the twoPdors2eig/oof10e he Fv
fragnent, VL and VH, are coded for by separate genes, they can be joined,
usi ng reconbi nant net hods, by a synthetic |inker that enables themto be
made as a single i b J i he V] i |
15forn1nDnovaIeanﬁgFﬁgﬁFggggﬁﬁﬁﬁhwggQQF%gﬁg;%ﬁﬁﬁﬁﬁﬁgﬁp E%Ev?%agggégkg??
Bird et al. a¢id988JueSeitlendife?el2 ah2® 26 resand td-lstr oire efecadr fu{cti®B88) ofrhec.
Nat|. Acad. Sci. U§A 85:5%39-5883 . Such s%g | e ég in anti bodi es ar & %Iso
i nt ended t 0 2BEP U SRLSEEWIE RPF AT AOFHAMNGARIdS SHEFIHLHOB HWHPAGCHIFYIEi=36f an
anti body. These3gniihody, f8agieiHis:oaran BPiINed witl 1A MERAY SRt ARRA residue

t echni ques known to those wth skill in the art, and the 20fragnents are
scr eeneds f osudhtthytithg antibogdin basama temethafénity foranetlienton b ganalrit beseine the An
"isol ated antibody",. as .use erein, i.s intend to.refer to .an.antibody
that s subdvustnopdig® f B RS pRef aniPod dFRTRab? HESl bl ien o
speci ficiti g@Bert@c#h be, &6t dxa@ph] et Fariceprodyr thb @1 @pghEntGAbyplinteds Tigs an
asymmetric contact interface of an RTK is substantially free of antibodies
that speci f PRRIPRGP ibidpwribed ingargeiatetail intlhanPatpret %yﬁﬁ%‘ﬂ%i?b a5 2,6th8.3eq, both
interface of @ﬁnﬁgg%ﬂ Mor eover, an isolated antibody nay be substantially
free of other celldl4r material and/or chemicals. An "isol ated ant i body"
may, however, i nti udehgpekymdpenale @mhorbadiimsacMi wehecadd frdm ashirspeid fesidakd y t o,
e.g., an asymmetric contact interface of an RTK. The terns "nonocl onal

ant i body" opP2%nondef dnarakbi 1eBBA WHRBSHFIERRMIAR a¢id depIdusFupl et Rer ef er t o

a preparati Qﬁ‘ti&)fdggl'ag aﬂe&gafcﬁrgh)ﬁﬁﬂl dRr &g Br 5‘3?)'11@%

dd ARt A
nmonocl onal anti body conposition displays a single binding specificity and

af finity focytatgaantyi(Cl@r Tapi dpppech i\iBsAMkd/i0 881186 BE&Tl USRS PaG21N09
The tern1"hﬁg§2 ?$i3$d§"" as, used herein, is intended to include
ant i bodi es .1?3 AMYSBEE ¢ 8Gi ons in which both the framework and CDR
regionsjare deri yeshdinid @k HpRNoGES RN Sl Rfed (yith $2AMAD GEE8 positions
Furthernore, if the antibody contains a constant region, the constant

regi on al so2pbantk?3%ard alteredidhihaeshy gbiemthe peility ofnthe antglod 1o fin comglesrewbs. The
human anti bodi es of the,inventi on nay i de. ani id.resi dues no
oncoded by flke e sk R TR rIRb e RN B A58 1 b SRS L8

i ntroduced by ramntgmagbthet &QnkE thd FCreMonaganaied tb hcrdasé theQibilly osthemt i C
mutation in vivo). However, the term "human anti body", as used herein, is
not i nt endedntikodyrie mediateantibadriensndent wailwar GEROSIERYIEABDES) dbd/pyiedneieaia t he
germ i ng, of angt her mal ian cle uch .a puse, have bee

o1 i t e bt AT 70 SRR e Sanegasecpior Y odffb RS Raorl Miac Bt

anti body" r efeoBowingasakitibasi 238, dBs ml48y24%g 282, 915001 55, bEOdISBY2ERE6T,FA68] t Y

whi ch have variable regions in which both the framework and CDR regi ons are

derived fro%%@ﬂﬁ#@eﬂ?%,m& 75 Ad A6, A8SE§lerPed93.129404, 280.MBodi nent ,

the human ”?E?R‘%og[‘fds 351 13904 £5 195 8,1 UG Dy & -Nyby I4gME WaL R ncl udes

a B cell obfai’ne rom d transgeni’c nonhunan ani mal, €.'g., a’trdnsgenic

mouse, havi 685,833£38884C,@6Pr 373, 376,B7BUBEN 3REBIY, sIsaulid talansigensdd,aind, a | i ght
ed tg an_imortalized cell. The "r.econbi nant human

o Dot " A8 e P RCeria3e i schpatrseh by Geortee{osbetan PET I UCHIRR VT o

A . P Phodt BCHHR
Bt bodi es. T RATaree PROG AftelorfepRUER Rk LERRIH [RH) ERR, el O 0 @

t ranschr onogeyrall fmarFcRumane beanmnggeadud ivir geO&ah o pRvEY binddpmave begar ed
therefrom (descri bed further bel ow, ggﬁ anti bodies isolated froma host

cel | transf gesesibied GeeRpicklssRiher MYJ\I)@QH Bigo€jeme2i§:65% reRtth Ineahist ect oma,
(c) antibodigs,|FOLAI&EHidS 955290, 298, 333, 334 and 339 were shown to improve binding
30  to FcyRIII. Additionally, the following combination mutants were shown to improve
FcyRIII binding: T256A/S298A, S298A/E333A, S298A/K224A and
S298A/E333A/K334A.
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25r econbi nant, conbinatorial human anti body library, and (d) antibodies
prepared, expressed, created or isolated by any other neans that involve
spl i ci ng WO 2nurmss19% nmunogl obul i n gene sequences to ot hePCDNA2&1@@H2ENTES.
Such reconbi nant human anti bodi es have variabl e regions in which the
framewor k and CDR regions are derived fromhuman germ i ne i nmunogl obulin
sequences. |02 @liDaRREdhiEBHn; NUEUBminAnd 4P ln hERRIIYIAAMp BUHEN

ant i bodi es can be sug?ect eg toall n Vi tér/\g rmntnggerrlles?sn% 1 r{ a%m&
transgenic imnhmmmldcgﬁabbwémcmsodustmse@b, cysteind mslds@msanmdesqmbbdigeii&| s) and
t hus the am_no.ac uenc of th d i ons. of the reconbi nant
bt T bod: eq BRSSO ARELSTORSET T /S UM gl Werab e d 5 hunmn

ger i ne VHgadnMin iM@n2041/ ORBIIGREH WS OLIP20AAR SRGMERARS, By not
naturally exist within the human antibody germine repertoire in vivo.

As used her ediplacetniegioafyaperkistiog emsna asid residanni Qrdtb;r tl:lleefsgﬁrmmug of alﬁglMemgthl gGl)
that is enc ded % tge er;leav%\é EL n]ﬁclo?rstacnt r I 188, . 3 tg rases

anti body re 835% lﬁlgg A St d”e as At gﬁu élr?fll (W S‘%Em B 3“?‘%?’( AN gen
are used i ntgicRangeabt ¥ fillPleak hebicldiesdq@me. ai paférrdacdybotithéits, hhards
specifically to an antigen. The term "human anti body derivatives”
refers to aRysteBetcentaigineoransfoncRBIPHsetehc WPM@}%I@ yaningrcygpipe gaed Nof t he
anti body an @FIE ) or antibody. 10The term "hunmani zed anti body" is
i nt ended toge re eﬁtﬁotgﬁﬁ%gdl es in which CDR sequences derived fromthe

gernl i ne0of anot heprefrredehitadinsgecihe pressuztvfasctaCromsieal dysieime berlifigtiaht ed
onto human franmewor k sequences. Additi onal frarrevvork regi on nodifications

may be madePUVEdR HIOFHIONHQRESTIY§aERB AR PSR ielede. sygh a5a tilella@e%ﬁtge%ﬁ%ed by
one of skillpg r%bqec%ﬁé ﬁlt@ghm\m@%@ &@%@%@Qr&a’%ﬁvé’ﬁﬁél‘(fﬁ:p,ﬁﬁ fearticul ar

15speci es, sal sequence be a p otel n sequence, en vari abl e
regi on am neradiadl sysamee mklénraﬁ@m @ berusadrie camjugd:todyoartmr msdedisegpenne nay

aken 1 rom M OAENATCR Tt BaeHOF Bty GFJEaa! (6 HEETGned Besy o

the knoywn sefencss tl‘ﬁfs n{h%H&fhll%Kl@ fHORcREGEAR 0 Rolb ver TREIshAEIOLitd GHMMatNment.
anti bodi es. The designed antibodies, potentially 20 incorporating both

human and nﬁnﬁthﬂrmmb&sntmjblslngﬁh%lt?eof@lﬁeﬁmmtlayorsqﬁﬁt ﬂﬂeﬁ -eediniFhe sequences
may al so becs 3210 . attt Z% htbatvi?lredage% expresse s1 %{Jf / tro ﬁ |n Vi vo
to generate SRR TREAT Do AU B Seh USRI E R e T VRt TDody” i s
i nt ended t 0akit@fo@lfy stfin@idhhINEp@Eed, Bndvill ik fol Ginviitied Ah&ysie ghdiuasSiepeBmeest ar e
derived fromone species and the constant region 25sequences are derived

f r om anot heFORjpeae Bgpaigties- as an ant i body in which the variable region
sequencgg are depi é’tﬁpariondg)emeﬂlb et EH?‘{ @Q%Xla%%lﬂ of ?1‘*? afft %ﬁ& {9 gﬁ‘ﬁhoﬁo

sequences are derived froma rran ‘an erm"a or
"ant i body nexample, s dghfcerided ahtbsdsfean bb@naaieI(e@udheant@mal@bhc&s(glycmmwdﬁ)ng an
anti body' s lity.to bind an antjgen, but which ar 30_not ted to

native anti g&ﬁ%ﬁ?%f@r@s& te%@atﬂpﬁ%%xa@ﬁplgd&ﬂ%ﬁh%@yl%ﬁ@ﬁaeg PHcictide, but

are not |1 maﬁti%Pt %ucl‘?*@é‘rﬁ&ﬁ;’d@éte Qﬂodﬁﬁoauf)h?éaﬂ%%%&d}nﬁ?s‘ﬁ@&ib?'f&déxréﬁl laﬁ%ges)’

Af fi bodi es Ins, Anticalins, Aviners, and Versabodies all

enpl oy bi ndpngosmpwcsum$ efsghthylatmtn it tlheymtrboﬂycseqlueaude t mexlarr@tet, phody

262?/ (r)]g%ange e%%%%&a%?%?%g%gggs cfalrJl rl])%tnllacc)ig tl\llalt resV\Em elimination of one or more
variable region framework glycosylation sites to thereby eliminate glycosylation at that
site. Such aglycosylation may increase the affinity of the antibody for antigen. Such an
approach is described in further detail in U.S. Patent Nos. 5,714,350 and 6,350,861 to
Co et al. Additional approaches for altering glycosylation are described in further detail

30 in U.S. Patent 7,214,775 to Hanai et al., U.S. Patent No. 6,737,056 to Presta, U.S. Pub

No. 20070020260 to Presta, PCT Publication No. W0O/2007/084926 to Dickey et al.,

PCT Publication No. W0O/2006/089294 to Zhu et al., and PCT Publication No.
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di stinct mechani snms. The enbodi ments of the instant invention, as they are
directed to anti bodies, or antigen binding portions thereof, also apply to
t he anti bwoyonosetdscs descri bed above. As used herein, aoTarstélboenot hat
"specifically binds" to an asymetric contact 5Sinterface of a RTK is
intended to refer to an anti body that binds to an asymmetric contact
interface d } 1 D 0= 7 . bly
5 1076 M oy O a0 e A By < gy s P TP I RO
10-9 Mor | @ssnfiiby. t erm "does not substantially bind® to a protein or

cells, as used herein, peans does not bind.or does no ind with a high
Srfinity to the mogtinaloe Qsrragvels an abiiody farcbs Bada bathasan ey g e

with a KD O%Iy%o 12 mBsivh Q% arﬁ%@ﬁucwa@ed%ﬁfbeaﬁﬁmngreaué&raﬁn&dn@srome@sy1 nor e
preferably x 10-4 Mor noré, noré preferably 1 X 10-3 Mor nore, éven

nmor e pr ef er abidped oxam@utidofly bavinginsreaTdsebisesting Glelaodrucares! Kach aligredised
herein, is intended to,.refer to the associati.on rate rticular

Dt § body. anePGEN iy aPubEk Shve Gish AEaB R folifedfi e RDCC AR oL T seq
herein, is wndyadsd Sheh e8beydiQe hidifiiafsRCdaatbeQBcdmaglehed bR foedtahpd, ar

anti body-antigen interaction. The term"Kr)", as used herein, is intended
to refer tocxpessiigstheentthadyin e dasicahtvithilickad glecospletipmadchipgim Csls wathi o of
Kd to Ka (i | S ti KD
val ues ror M S tplchiRPRERAEE B8l e SRGEPH 898 al M D,
the art10A pelafiamwhach iorixbrds feoombiiber aitibbdigs dhbe K eafiora thakebppeyducsa?0 by

usi ng surface_ plasnmon resonance, preferably using a biosensar so?/stem such
as a Bi acor &{fodyythefered glycosylatiga.eHorfanaipl, thearelldBesMsiPgMai®: Mg y |

when ref errivngoghck 9 MP@}%&%%&%@%%&%flﬁf%s(gfs@agg,g?ﬂltcbﬁﬁ)gé’nsﬁqygeﬂg;ual g’llgt of

10-8 Mor less, nore pre y 10-9 M or evert nore preferably
10-10 M or hesdicsrexpresadymietVis 4 g tand MEi0P ack lidontacknfuebseao2BRTK.

However, "hi af finity" bindi n vary. f her_antibody is es. For
exanpl e, "hf“%ﬁdgfd}‘f‘tﬁ?'tryhe @]Fﬂ(g# %7§g’ran§ﬁk/l¥7&ﬁq{[§ y Pl HRgp dyese r8at§ﬁtbéﬁtﬂ€i body
havi ng @5 KDtRbetdddidruMiof of @8 FUTRERe b eHRY/BEIM cblis 85iM B0 FePRBemEMBRCATRY €
preferably 10-9 Mor |ess. Antibodies 30The antibodies of the invention

bi nd speci f (all.§- RageraRublégapime tNoi. S0@8N1 @it ynYaamdngeeatlondiamade-@hRiK el e. g. |
oraforrad clbotl mamadAial Mgk fTkbH ek SR Biblep RRR IR 61 ST T bt etler cor
of the invepti/ofesbting o @l1dmeasyHARINETiGnall9MiEpted FUESIREE vficlehdBdk and,
t hus, 46 WD 2011/088196PCT/ US2011/ 021109 ) ) .
fucosyl transferase, such that antibodies expressed in such a cell line exhibit
20  hypofucosylation by reducing or eliminating the alpha 1,6 bond-related enzyme. Hanai
et al. also describe cell lines which have a low enzyme activity for adding fucose to the
N-acetylglucosamine that binds to the Fc region of the antibody or does not have the
enzyme activity, for example the rat myeloma cell line YB2/0 (ATCC CRL 1662). PCT
Publication WO 03/035835 by Presta describes a variant CHO cell line, Lec13 cells,
25  with reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in
hypofucosylation of antibodies expressed in that host cell (see also Shields, R.L. et al.
(2002) J. Biol. Chem. 277:26733-26740). PCT Publication WO 99/54342 by Umana et
al. describes cell lines engineered to express glycoprotein-modifying glycosyl
transferases (e.g., beta(1,4)-N-acetylglucosaminyltransferase III (GnTIII)) such that
30  antibodies expressed in the engineered cell lines exhibit increased bisecting GlcNac
structures which results in increased ADCC activity of the antibodies (see also Umana et
al. (1999) Nat. Biotech. 17:176-180). Alternatively, the fucose residues of the antibody

may be cleaved off using a fucosidase enzyme. For example, the fucosidase alpha-L-
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inhibit |igand-induced trans autophosphoryl ati on and downstream si gnal i ng
by the receptor. The antibodies of the invention are sel ected or designed
to bind twospHaisgise asymmetric contact interfaces of theCRIs201foOL116Xanpl €,
an FGFR, for exanple, FGFR1, 5 FGFR2, FGFR3 or FGFR4. In ot her enbodi nents
the anti bodi es, or antigen binding portions thereof, are selected or

desi gned t o Rio0da 108 A1 I bONBL OGN iR AndRIBhA £f Lhe (K e 0., a

human FGFR.  For exanpl e, an anti body nay be se esigned to bind a
domai n whi cRidcgerat 14:832H0% i dentical, at |east 60% i dentical, at |east

70% i dentical, at |east 80%. dentical, at | east 90% i dentical, or at |east
95% 96% 97% 98HIHEGAIYGuAlIGEIVF Y TN *E“éfbaﬂy 8@&%@%‘% R(:'jla faftered i dce of

the FGR e gfcosyrfddRlwhedftthamiRRioR ey tes a{t_h@m&degspsiazmﬂn&q tROLIHRBy.
t hereof, woul’d be able to bind protein domains, possibly in other Ks,

whi ch ar® f Gndt iltenatidny ags deis¢ratredtin PCHeP wodip atiast N o.cW O8I0 184D 76 tr Pekey of

FGFR1. The anti i or..ant.i Wolel! rtions thereof, .of .the present
i nvention r’rﬁE/] q@%&ﬁﬁ%@%@?l@yp mgb@g@%&gg‘) {{8%6?%}1@ “Z’E%L# cY,VL]j]IICatlrar?mti f or
consensus se@upnarddsreféttct iffedRnASWITR ek fmploNéRGhay &thlol a6 @nHfmaicRTK,
e.g., a human type IV RTK, allow ng the antibodies, or antl?gien bi ndi ng

portions thémeden with sipfigesef sushiabyobPHenmis yrtheehacter genafasens siglidase. atle

epi topes or c&QdIﬁ‘&{lsof‘é@éhCi‘reﬁ&?onsi}gr@%r&lﬁpd&% TR0 e ﬁfs.bgt%nﬁw 4 &1 by, Such
a |linear consensus sequence nay g tound, for exanpl'e, by using a
20sequemnCe alhigricbatbaigorpordied boredéregde id dvehtieetyofOthar nauBmRbSexapls,
asymetric contact interfaces acraoss RTK téy es Qor across species. One of
ski |l in the! #HiEblfgpzanryhe PRyapiytarind Mytibreedast; at 6?80@‘5%@@}110@1%@ FGFRL
asynmet ri c 9%?,QPVmegﬁnnggemgmmw USn $RAETS L 21 &Eaﬂoeheﬂyﬁaﬁs, KBYISE,

rat) to determne tein residues are conserved in at least 40% at
| east 50% aB8 [®WAS), r&Pestivaty. | [astlylZ@Sm@nalbodiesasiy BOMthat pUrdmdtby268@% or at

| east 100% of.. t he, sequences bei ng al j gned. Such, a copsensus sequyence . na
o be e g CaRETESER: Akl Of ey S Blogr Ro s e Rl T
bind thes COBﬁﬁH@Hﬁorﬁ@ﬁkﬂ%Qﬁ eiliﬁtqo¥ih§‘§i%1ytx\%éfiera@é é’ﬂi:yhfé@. 0BaditisANSaLYed

0

residues of the RTK. (One skill Tn the art should appreciate that the
nmost hi ghl y resetigetrggdnerely desegber i Basess ef edhiSshndinamsarheannah pebemueeloghir ough

evolution a r t b ely to be inportant for 30protein function.
Al ternati veﬁg(,ﬁi{m?g@% P(g)nrrent is made across various various cl asses of

RTKs, anti bodi es Ageter afoadichOwabtkhs UaibIRRIRASH Thas RAaRERSatwObY theal | ow t he
antibodies to bind a simlar asynmetric contact interface in nultiple RTK
types. WO FUENiQBE pospation Senanthody sambeapeeyiaied 1ot esample Weregsecthent

i nventi dQ. not. hi i i ndi I te-of t ytic
dorain of ¢ BBt (08 Sehuin]Balk N 1, SREP P BElyMe B by B ERNRLY
herei n do not fraphagainkred, typealpid iehgtedvith pelyeewipe @t ycob(RHGdsuchsistaar get
ligand. I n sone enbodi nenis the antibady or antigen bjnding portion thereof
bi nds to 5sPAEHYT IO aaREle Qsivatie ARG UP@@P%PBPS BohipT 8he P8Py es

RS77, D519, P@@Bgﬁoups become attached to the antibody or antibody fragment. Preferably, the

pegylation is carried out via an acylation reaction or an alkylation reaction with a

25  reactive PEG molecule (or an analogous reactive water-soluble polymer). As used
herein, the term “polyethylene glycol” is intended to encompass any of the forms of
PEG that have been used to derivatize other proteins, such as mono (C1-C10) alkoxy- or
aryloxy-polyethylene glycol or polyethylene glycol-maleimide. In certain embodiments,
the antibody to be pegylated is an aglycosylated antibody. Methods for pegylating

30  proteins are known in the art and can be applied to the antibodies of the invention. See
for example, EP 0 154 316 by Nishimura ef al. and EP 0 401 384 by Ishikawa er al. As
such, the methods of pegylation described here also apply the peptidic molecules of the
invention described below.
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F489, S518, T521, E522, D554, G655, P556, b74, P587, P579, W91, T695,
P702, Gr03 and P705 of FGFRL. I n other enbodi nents, the anti bodies,
or anti gewokondissyéporti ons thereof, bind protein notifeCouScansensus
sequences which represent a three dinensional structure in 10the protein.
Such notifs or consensus sequences woul d not represent a contiguous string
of am no acids, but a non-contiguous am no acid arrangenent that results
fromthe three-dinensional folding of the RTK (i.e., a "structural notif’

or "non-1li n%%ibg&ilglgggéﬁts aﬁ@A%ﬁ@&R' ﬁﬁl%ﬁcséuch a notif would be the

asymetric contact Tnterface oOf Rik. 11T a preferred enbodi nent, an

i bod i gen. bi ndi tion. f of 5 ] i i nd
one o hore rest dTBERa i e Rl b Ra e ol SRt S50 ey B PR iR ke o
of an asymefbigh GOt ankiBbEY fragiBerf aRNarRbEdy Fihef6aNR RtaikB bk, Redye Or

antigen binding portion thereof of the invention may bind to one or nore of
t he fol | dw Nerietesf audedy fragmentangdrntibed emuneticadeehnomeesthareneow bFaFR1L: R577,

w691, Teos, 956 THAII roSE foasan d Fe e el RS et S

anti body or a@aémganniibstiés)NapstddiedNaddigniBoticoimakbBasd sivfeapnhedits dfayr dtherd ot
one or nore residues in the asymmetric contact interface of FGFR2; C491,

F492, N662, Mogitratipgee, tradigonal peigwdyyhpsturerabere appaso alfesativeferhgologips

P581, P582, , ST 8R tial P : 8, F713,
K724, A726. S@%,Adé%@fs"%@é)fi 1‘%‘?@% Rg};\% ’ %’?gﬁahél? ’]’%@QE&@%%QFS E%agt her
enbodi nmkdit , empbyanhdibg styucdureathiat, gdle bheydningic paditioaal dntibodobindimy, oend t o one
or nore equival ené1 resi L%es in FGER3 or FGFRA4. %’@us, in sone

embodi ment s SERERIEH P BRetions i Qs tpgt RACRAIYEBT -t PURe PhBFEGH RV e

i nvention may, i adaleQe GiORNEd BHOHSaRIDNRR-(SQIH) i19UKBeN no acid residues and
function as a nol ecul ar wedge that prevents the |igand-induced trans

30aut ophosphor yl &oimemn Aetgendiesd diAbs) guo dietsmatlestduadftionblebiadiygmeits éfc cont act

Interface O];nttlbho%ies, corresponding to the variable regions of either the heavy (VH) or light (VL)

15  chains of human antibodies. Domain Antibodies have a molecular weight of
approximately 13 kDa. Domantis has developed a series of large and highly functional
libraries of fully human VH and VL dAbs (more than ten billion different sequences in
each library), and uses these libraries to select dAbs that are specific to therapeutic
targets. In contrast to many conventional antibodies, domain antibodies are well

20  expressed in bacterial, yeast, and mammalian cell systems. Further details of domain
antibodies and methods of production thereof may be obtained by reference to U.S.
Patent 6,291,158; 6,582,915; 6,593,081; 6,172,197; 6,696,245; U.S. Serial No.
2004/0110941; European patent application No. 1433846 and European Patents 0368684
& 0616640; WO05/035572, WO04/101790, WO04/081026, WO04/058821,

25  'WO004/003019 and WO03/002609, each of which is herein incorporated by reference in
its entirety.

Nanobodies are antibody-derived therapeutic proteins that contain the unique
structural and functional properties of naturally-occurring heavy-chain antibodies. These
heavy-chain antibodies contain a single variable domain (VHH) and two constant

30  domains (CH2 and CH3). Importantly, the cloned and isolated VHH domain is a
perfectly stable polypeptide harbouring the full antigen-binding capacity of the original
heavy-chain antibody. Nanobodies have a high homology with the VH domains of
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RTK at a distance and orientation that enables tyrosine kinase activation.

I n sone enbodi nents, an antibody or antigen binding portion thereof of the
i nvent i orwoay11aiss®e WO 2011/ 088196PCT/ US2011/ 021109 act twoTMarSemeafe1ihonot ypi c
receptor interactions or destabilize the |ligand-receptor interaction site.
One of skill in the art will appreciate that, in some enbodi ments, an

ant i body. or bk Afbdid dhadaP6! fir@e: hileLERl Phndditn] BYCOiAGRY be easily
targeted to the 5 corresponding asynmetric contact” Interface residues in
ot her type Np&Tdsly, Bampbodichbse 7 losi idiresndehait pbentialsivinidhdrmas peakensiroed
cavities or.those in the . ositiqgn by structural alignment or sequence
al i gnnent . FWP%F@%@E@F?G“Bﬁ@%HﬁWaﬁ%?858 At1%Sody or antigen binding portion

thereof of the i NRASIRR BhiddR theaéva%%f%%m;niv&ﬁ%naﬁgi%e&@s Qfith@mportant
di sconti nuous epitope on a type IV 10 K. The confornmational or

di scont i huolstwpi eciopelimylepde dorgsodde whventionalrantibedics, dsindbedief shom hiple
asymetric contact .interface.o n.RTK, e.qg.., the human.E FG- FGFR3
or Forre. - Fore i ale bl SBamhoPRarT st Db R TROGIT dhvSgE ey be
conposed of sk nledi @u thbfiead REIbHUSSyHed Al eedifyr Rardshecegt@eRfgoNsi sting
of R577, D519, C488, F489, S518, T521, EL22, D554, Gb55, P556, b74, P587,
P579, 15 Wsburthergos:, Napgbodicsmyg exfirmeby 98blst cqndrpiministered hysmpaqgjoghar dlghn
above, the ' i.es  of ' QR A [ ] aci d
resi dues fo?ﬂéﬁgﬁg&%b%gép&§$4gﬂg§€$f@ﬂ%?géﬁggggﬁ%§?3+%H§&ﬁF£§F%?%pgrface or
t hey may0 bi satiey) and ulesaty ©f mimidact@si Qiles atlcantagey of Nangodkstindidd he cavity.
It is to be understood that, in certain enbodi rents, when reference i s nade
to an anti b&EYLHFINERECYDMNSRNIRN BRIRPCHES 1 BSal OBt pe)! s@egbindige into

conf or mat | 9?%&&%%@8& siIeE B bRAGR 0 \V?thfh(?%h &fﬁﬁit?@ﬁd Rodyiv i abl pepapl y to
those specific residues that make up the epitope (e.g., the pocket or
cavity of t heiqas$nhmtndianatant@rmantledibitice)ailandg nbhalbtifeeandreass ghdepeedoft he

| i near anina acj.d sequence of the receptor. In another enbodi nent, the

anti body or “H#tTYENBi ndi ng fragment of the 25 invention binds to anino
acid ressdues ArQ@K&mﬁ&méﬁ&éﬁ%d&ﬁb%ﬂﬁg@gE&%E%daﬂ£dﬁb%nﬁ§8ﬂﬁﬁ&§ﬁﬂbﬂﬁom
residues in FG-R3 or FG-R4. The residues Arg579 or Arg580 of human FGFR2
ar e anal ogoal ptakatyetic ped pdueyiicdBF6. of.. EGRRL(sehd-&arle Spas765.087 twikclFGFR2

asymmetric ¢ontact interface. In angther embodingnt, th nti bady or

At gen bi nirny P bRl Sttt IR bSEALTTE bty AP pES: aue
sel ected fr anchdRmn@s)dhd y38st & @LiriFe Sacdhafondyties, FOdYve@omaedsi HemseRila @i ng
fragnent of the invention binds to an WD 2011/088196PCT/ US2011/ 021109

equi val ent Pedia(¥ei 6eFERRD-H18. 3 drRrAich AnberBadnecspoRted yirgierrnBe Huithg
ant | bodyy f 1 agagh TRl pldfcddvantd.on MMipR1GH lnd fEhbe A BRERLYr ! Fect on
receptor activation 9 preventing critical hono ypl% I'nteractions (such as
sal t bri dgedanbsididavabganmpbduced c Batact Nanderdiaeaiibifa duppéer sYabRTKs t hat
are essential for positioning the kinase di r% at 5a_ di stance an

@» gﬁ% 1?5 >and

ori ent at i on¥EBYRT MAIN cOBFeNtOGATALPorET S VIRANE [ATRUGBHOSThiERE Fht
tyrosine kigg§§4ggggygﬁ¢&m. Experiments di scussed herein denpnstrate that
the asymmetric’ contact interface nediates RTK diner formation and that
di meri zation is fbecéwsarlyndmethndisesid.§.i B @A6/079372; sheghtio hereimainsorporated
aut OphOEg) hOW lreaf%rieg(l:’]é in-li-‘psue%tireafy tiis g%%p%sétaor{f method for generating Nanobodies against a
desired target, based on automated high-throughout selection of B-cells and could be
used in the context of the instant invention.
UniBodies are another antibody fragment technology, however this one is based
upon the removal of the hinge region of IgG4 antibodies. The deletion of the hinge
30  region results in a molecule that is essentially half the size of traditional Ig(G4 antibodies
and has a univalent binding region rather than the bivalent binding region of IgG4
antibodies. It is also well known that IgG4 antibodies are inert and thus do not interact
with the immune system, which may be advantageous for the treatment of diseases
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anti gen-bi ndi ng anti body fragments of the invention may allow di merization
of the 10RTK, e.g., FGFR, while preventing trans autophosphoryl ation.

St ruct ur ewbasadss®quence al i gnnment has shown the conser waftiusaoiof2riesi dues
involved in the formation of asymretric contact interfaces found in
structures of both active FGFRL and FGFR2 (Figure 9A). Thus in sone

enbodi Ment S w13 ARG 10oRN & 4BPaR|rA!!aAg AU hiDAMGE b ARTERNR0 Bhildifes.
invention nmay be targeted'to the conserved regions o e asymetric
15cont act i Foeefaapds OfiBodipemhY{REKen to inhibit driyilsmeebwmbookillgrtcs]ls tohe

anti body or anti gen-bi ndi r.tion th of, binds to specific r.egions of a
e 1Y b o HEr i o, B sl b Ao bindi i heCer RIS nSSHERIEE” one
mononer of e, BlielifeRfe. SF@helAoR, Béca®eU MBRARE hrlfvohiien HRKsizbBe 4-B5 | oop

of one nononer of the RTK, the aD-aE | oop of one nonomer of the RTK, the 20
aF hel i x5 of tredidionaldghe anidfodidsethRY Kiayrtiow betteFdistGbitorpo et lavgre sniathomears of t he

RTK. I n anot her odi nt, the anti body.or..anti oen- bi.ndi rtion thereof
N s 1o n uiinoRaRY BEAhinsh O iasy pikinl§ i Bl b B pB3Y bt Sl le"
the conti gueus (ePhdlePEG SntHARASA aff abloMd Hfid WRh & siBidyesity for @iasymetric

contact interface of an FGFR_In another enbodi nent, the contiguous epitope
i s an epit opetiggap axwaedlefaptibrdiere PsendgiailsoidiniBpdigs Ry bpebtpinzdibyop of a

nononer of - QE;% . e 4-B5 | oop
of a m)norre%é}grf3 B%‘J}?B pht%ﬁt g@ﬁlecgtg)[ia 0@2@% é%%&%?&g}lnﬁ}éoﬁgﬁ{?% he aF
hel i x of0a mdaen®sindfs ehtietyRTK and t he aF-aG | oop of a nononmer of the RTK

I n addi tional enbodi nents, antibodies or_ antigen-binding anti body fragnents

of 30the i nventi ONEHE BRIFELEEYC SPLHREPGREE NEP BIPHY JSpEe FPRANF 9T F9T%
nutant  asynyghhing of ARlfrbndchh ?fd(téﬁ.e FQJI‘OI?CCBI '&iglg%aﬂfrﬁiﬁ&ﬁtﬁé’h&%&)ﬂ cgg s the

mutant RTK is a tunorigenic of an oncogenic nutant. I'n one speci
enbodi ment , pteentamthelradycablulsamiatigpe ps fo1 mdolnple ahtcdopmdsin dimagmadtalsoseset ect ed

or designed to bind to an oncogenic F t ant VWO . .

2011/ 088196BUTKTEI0EHF do 09 HEFAhTS P S Oiray oy APgRt aagiuibide
anti bodies ark&Ndih@eThiphdiRdoan bl AR edtBIRRNhSI R R el BSlaRdpatddyRRY, i on
include, but are not limted to, fibroblast growmh factor receptors with

nut at i ons i Andihe E§MfomeisohadeHry dhontloaiteg reavirophages. dedotiRdialcelipbilroblass,

F489, S518, 71521, EB22. D554, .Gh5 5 7 P587, P579, W91, T695,
P02, G703 AMh L OR T TR Ve QU e AOMRSE AR ed by’ one of skili in
the art thataltdigerieédhipasadeinié PeodramemMepotmemsiBdobe/appl/fisditeo hemptAer
mutations in FGFRs or to nmutations in other RTKs. One advantage of

targeting anmepiiand mawonsy. fibaenestip pay Apeation @agyally asppiel adhesioaipolscyg. ero
only theyRT L ' Vi S

ar el y2or  Snp bl ine AR ALY LA HAAbE s SRR LRI Y

nmut at i on i s T¥Pitaliw fibgeettin iseimddy of tiires difeldns pidtih ehdaales aty pet, egbef [rantiheseapy,
potentially reducing side effects and dosage requirenents.,

Pref er r abl y Hl{pduest F%%ISPVEﬁVhaéélF SIraHUIE LY AR PR &F s dibigiecting eF Pagegmda

human RTK w 0 . X, ke a KD
Wiyt B ada {ée@ggf J BeiX sélKl B5(M 21). 35893, HRIh&RRF Rﬂadaﬁrégai@%@g : 6&%%%%

of 5 x 10-9 Mor , or a KD of between 1 x 10-8
| ess. St andandlLesmaysat R08Valnvast€’lin.48:249-262.
25 In a preferred embodiment, adnectin molecules are derived from the fibronectin

type III domain by altering the native protein which is composed of multiple beta strands
distributed between two beta sheets. Depending on the originating tissue, fibronecting
may contain multiple type III domains which may be denoted, e.g., 'Fn3, *Fn3, *Fn3,
etc. The '°Fn3 domain contains an integrin binding motif and further contains three

30  loops which connect the beta strands. These loops may be thought of as corresponding
to the antigen binding loops of the IgG heavy chain, and they may be altered by methods
discussed below to specifically bind a target of interest, e.g., an asymmetric contact

interface of a RTK, such as a fibroblast growth factor receptor. Preferably, a fibronectin
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15 the binding ability of the antibodies toward an asynmetric contact
interface of a RTK, e.g., an FGFR, are known in the art, including for
exanpl e, WORBAKNSSMESt ern bl ots and RIAs. The bindi ng ki ReTiusgo1le2g09
binding affinity) of the antibodies also can be assessed by standard assays
known in the art, such as by ELI SA, Scatchard and Bi acore anal ysi s.

201 ntr abodi I I ] i ‘i . i I Chae bi nd
an intracell ngcg%#@ggggﬂg@é@é@%ﬁ%&%ﬁgggg3n?nyg6§§§$g%9@g%mg@ﬁgpﬁgégo an
asymetri ¢ captactidemtte of atdeasvBO@natRFdt 40@, atrlbasbbOFongs 1basg60f@d; atriensc@@%t r ans

aut ophosphoryl at i of th K. An i abaody conprises.at |east a rtion
of an anti but 805 M laipt Ogy T et DRl an Biniea R siodinG beft S wE ARG an
antigen and fi%n@&nhe/ayﬁe 29 BRAGUIERhRH k&t Ba&Bssed@onl the PO RDAX BLRS HEOB,
intracellularly and/or will bind an antigen intracellularly. Generally, an
i ntrabody dowsb.ongpdirbermelhomedquerth die asgelising dode: littgs Aslmeetat moleculppony

conbi ned wt t.hods, for expressio nd/ or tarageti 0 _precise

otracel | ul Ao PECSRTSHES RS TS Smbr P QL BEAE, s i BL T B

parti cul ar | ywonsekedt 'TFaB siradta@cel | ul ar targets such as an asynmetric contact
interface of an RTK. Generatiofy of 30intrabodies is well-known to the
skilled artisan addongh hesetivybeln3 dopaiaiyrelly, bindgs tyigegmyt FnRggotemsgs51, 829;
5, 965, 371, ; , 9 71, LLe ts each
of whi ch argdag%p%i%f?g?%%%;g%?gggﬁﬂﬁgggﬁﬁr f%r8%2?%%%%%&Eﬁﬁ?%%$gﬁﬁégkthe
WO 2011108818 6maditidsSahdyifRifAOcfcoREBK Y tieh iaoa fibkoblamt painahlif&sorisceptaclissed i n
Chage and Steipe, 1999, J. MIl. Biol.,291:1119-1128; Chagg et al., 1999, J.
Mbl . Biol . 99acmbodimensihe aligktign fe the, dep3gpelepde campigses pf Basione gutaipado

8: 2245- 2250, ,aAdRhOCHS; pibd DHGinRing Ghe HOIREI MR widlch Mhne2PniBY, 2004.
Reconbinantann eéu arﬁﬁi%léﬁé%g tec qudzs ﬁafydﬁgg Be uggd Pn t%e

5gener at i onstodndis f tred Bigti3asolecule are dleredrte bembrodn meynthmeaicrwotaet inteataceof a

construct that e&gresses an Lntrabodg ﬁg&ibe transfected into target cells.
An " ant | bod) AL EEERE: Rk iBHE otésh ERE S fict QBOY 'THEYCE BIPARREAEat 1 ci ent
nunber @f nucl eotrhg@Rera@6HsNE tHOPFANRaPBE HaBObPhnRMmeldliROAY i BRak! e of

binding to the target RTK asymretric contact interface operably linked to a

pronot er 10irehtding, bt padimitedggmress prang RIR tsite-dameted ouyagenesih®dNA| | s of
i nterest. quﬁﬁonsgr% &weQ§Q§%Q t%;tjnﬁraa%qyegan %: QFE%VS{%%:t% hhe
target cell *bind'& 8 The YR get ngtoRplIBYARTeEs SN g e PR IHYRRESi nduced
trans aut Opha‘éﬁhqm()hé-%kﬁﬂpléjvaﬁriﬁﬁts BT the DN AREodIn€fRr' PRt eakade MRRtbe t he
"intrabody gene" (antibody) of the antibody cassette utilizes a CDNA,

encodi ng hegwtlywanﬂlesﬁa@d oo (pdateripnseriied agd diapslytad iraprre of VLY vétomai ns  of
an 15antg bo L. C o e I i
oligonu%?eoggﬁﬁﬁg295”€&F g% gﬁygﬁéggﬁgﬁﬁégig ed gé@%ﬁ§¥oﬁﬂP§%8%%&;ﬁ£ﬁ§

t ransl at i onstahdardneetiside gdsepepfophedlie. £ riafles ried. Apgplratien Non2J0F008Esi66), wad i abl e
fragment, "scFv") capable of binding to a target such as an RTK protein.
The i nt r abodiFNJRHRCH MENS MISFIERdLRICHSES BRYIHE A 28per abl e secretory

sequence and thug, e fsRhSeHeH ,t';)PcRS}ﬂ, L8R Qﬁ/ﬂ’{%étﬂk Rohid& ifRtthee AU N
ari C

anot her enbodi ment, specific [oc ation seque s can be attached to the
i ntrabody p&T¥pepth de fitwoblasterowthifectbnteceisaid ynaty be amspddized oniarsblidsgipou] ar

| ocatiop, Intrabodies can be |ocalized, for exangple, to the follown
it r acor? ul A1 Dol BHGre B pt o G <c LA G (Rivirect et AR conaggd Wi
48: 899- 907; 1iblabgef SIERnR1 §fndﬁt%-é)rot@§1@1 Théd 1ibBirPInay h@PYise28BaPObRIs orNHRd RS
(Lanford et al., 1986, Cell 1975, Sfanton et al ., 0
molecules derived from the wild type “"Fn3 by mutagenesis/randomization of the “Fn3
sequence or by mutagenesis/randomization of the %Fn3 loop regions (not the beta
strands). In a preferred embodiment the library may be an RNA-protein fusion library
30  generated by the techniques described in Szostak er al., U.S. Ser. No. 09/007,005 and
09/247,190; Szostak et al., W0989/31700; and Roberts & Szostak (1997) 94:12297-
12302. The library may also be a DNA-protein library (e.g., as described in Lohse, U.S.
Ser. No. 60/110,549, U.S. Ser. No. 09/459,190, and WO 00/32823). The fusion library is
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251986, PNAS 83:1772; Harlow et al., 1985, M. Cell. Biol. 5:1605;, Pap et
al ., 2002, Exp. Cell Res. 265:288-93); nucleolar region (Seom et al.,
1990, J. worolios$1964: 1803; Kubota et al., 1989, Bi ochemPCBiuspiy®211ResS.
Comm 162:963; Siom et al., 1998, Cell 55:197); endosomal conpart ment
(Bakke et aI , 1990, Cell 63:707-716); mtochondrial matrix (Pugsley, A

P 1989 B BB P SRR B e FL £ o ifimkirc30h iy ARARRACALHS

(Tang et al., 1992, J. Bio. em 267: I posones (Letourneur et
al ., 1992, ®34K) aﬁ@th‘bl@ﬁ@i summmﬁxm&l&hmit()l?apomnm)l— peciZio®dikxmoieGes.| Tigbts .

265: 288- 93) twor k (P Exp. . Cel |

265: 288- 93) ] J bi ﬁlgs%%?ﬁﬁlﬁr@ﬂﬂmﬁ%rswgﬁgﬁ‘# qa iyt ES%R Is ”%’9% W@eagfn%% 82;
Hender son ety @imarioh%8 7o cONES Y 1339 b1ﬂ@1%&%ﬂdc91@§%ﬁg4ﬂé§%9ée¥é 0241 69
Rhee et al., 1987, J. Virol. 61:1045- ul t zet al 1984, J. Virol

133:431-7; @tthoyadditenabinutagdi@ss). ﬁlmmselwlolﬂamtagﬂe@ls Mecess 186 refRatader et

al ., 1985, Nat, 313; 84 cas ett n .edIi dto a
Chr et ool 1 UBGHRRS R SErR o R Bt Y SRR EI L ARG PGS R | <
descri bed i QsddnShe fiatent MenBorDdy 84 Ongihdt@eLiding ﬁlemwﬁbﬁ%fecml@gy are

i ncorporated herein by reference. Ant| - RTK ant1 bodi es suitable for

use/ expr esseBploysd prydagoti @BristentEcrrrdaribl sowpanhi e iR/ aiwsiop iechanlogy

readil'y proguced ébﬁse\éat[n & Yecﬁﬂlﬂﬁ«%sﬂ%fetrﬁﬁg c%?/er( @o%%ﬁ%oﬁgﬂggﬁg@d ude,

but are not Tt aditio cl onal
anti bodi@s, 9412297-¢2302h.eMuendidk Ioégerte&atfn(grlmrz&ld’sg)lfaltﬁhﬁll()ﬂ?naﬂbmbmdIaﬁ& or
screening of, e.qg., phage display |ibraries to select for antibodies
showi ng hi gi® %‘6@(8|aPP’E9in19teMeéer igh dpavyperispd with RS PEgEant iVeRURR ¥t i nterf ace

of an RTK B&%ﬁ@e@fa@ ngyhde foRbRIE K" ?ﬁc@ﬂgrhﬂd@%&Pﬁgplﬁfaﬁoﬁiﬁé‘&fnﬁéﬁ%daﬁeirg' nin

sone detail. In one nent, intra ies o invention retain at
I east about inebgpoodted }nca‘embydlefegeneéﬂé& Pete Nes.s7, 0If5,3%%e 6, 858 dirpl S &/, &t | body

(1., 120 PO eIt Gy ETnShan, SSTEAD,g5: ] 6%, e At A 00

| east 8680 ahohaasie 859858 4363%5; 8§88 381; 7128315088951, 805: | EaRtc30% at | east
91% at |east 92% at |east 93% at |east 94% at |east 95% at |east 96%

at | east 97%0781197 @429, 898/,185.68D; 0S3317499%000. 47 Bcandi di Ry Applewtipw Bivess of

ui tabl e  or TR Y Rot dpSartl TR et R AR oduct T on of
di verse int Q@@lﬂlWli& 20u068E980] DOOANESE! 2 S66300222B6; 20@3MHAI&) al ., 2003,
Nucl ei ¢ Aci ds Res 31(5) e23) In another enbodi ment, reconbi nantly

expressed i APPI98AL04e3P0BR0 dk9:n RAYANR 8 Fo 280%%8268\? LR e a
prophyl 3G ti QP 2&@@95‘%6? F%O%Q 0?&6(115 dﬁ@lgfgd7a %eélera_tlo% of
Y, e can

25| ntracel |l G an in y’ po ypept| e assocl at
"menbr ane pdmmabhﬁe fiseguaicspe [IVdoinnanesupk bTE RS doBegeEhe £ seledtn step may
pol ypepti de%e g&%%%h%hf% us?rﬁgnot}mr:rar}lfl:tﬂods known in the art such as phage display, ribosome
display, or yeast surface display, e.g., Lipovsek et al. (2007) Journal of Molecular
Biology 368: 1024-1041; Sergeeva et al. (2006) Adv Drug Deliv Rev. 58:1622-1654;
25  Petty et al. (2007) Trends Biotechnol. 25: 7-15; Rothe et al. (2006) Expert Opin Biol
Ther. 6:177-187; and Hoogenboom (2005) Nat Biotechnol. 23:1105-1116.

It should be appreciated by one of skill in the art that the methods references
cited above may be used to derive antibody mimics from proteins other than the
preferred '%Fn3 domain. Additional molecules which can be used to generate antibody

30  mimics via the above referenced methods include, without limitation, human fibronectin
modules 'Fn3-"Fn3 and "'Fn3-'"Fn3 as well as related Fn3 modules from non-human

animals and prokaryotes. In addition, Fn3 modules from other proteins with sequence

homology to '°Fn3, such as tenascins and undulins, may also be used. Other exemplary
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t hrough the cell nenbrane fromoutside of the cell to the interior of the
cell. When |linked to another pol ypeptide, nenbrane perneabl e sequences can
di rect thwotoarmsBmeati on of that pol ypeptide across thePcglus20mmbriane.
Usef ul nenbrane 30perneabl e sequence include the hydrophobic region of a
signal peptide (sec, e.g., Hawi ger, 1999, Curr. Opin. Chem Biol. 3:89-94,
Haw ger, 19 : i . 19; - 94 L s nd
6 043, 530,  PREnTPR Homp AIRHGRAID LA B wicalBlecy BPye PufiRgrétne

ref erence) . Viiibns@guseiode NfcadhereniC Ave 2 pretin€ #Ef Ieresgrioe nptekidOreceptor,

2011/ 088196PCT/ US2011/.0211Q9 can. be based on the hydrophobic, regi on of any
i gnal - pept FUECTHAE TRIIGHE CFagit ea Lol o e SHl SRR e Farher o8] o
dat abase (S@8at8d Fruct¥i@Omal®kldBBvediP&A mRliAtneniSiane Bk doiReculs Bl Ghs,von

Hei jne and Abrahnsen, 1989, FEBS Lett.;” 224:439-46). \Wen a specific cell
type is Yo bd4 &letlass ¥FMHG, Ase@lltanggerofecepion Rt labddyd pobtdraptindef, VEAY-5

menbr ane perngable se nce | ef erabl y. based. o i gnal t
endogenous tor RRARa SRRk BN ERBiRaB e el e e 6 oheabi o
sequence i sndoVinrtahdilg Pfo@éiﬂ H, &-s8t imniigo RS uNh fold IPreblghNteMBa2ZNcam f r agment

t hereof (see e.g., Phelan et al., 1998, Nat. Biotechnol. 16:440-3). A

menbr ane pefWdbacygliah ceowihtiormpee weeiten piyAePYedpecentas pfarctia
particul ar | a : e r |

et b o oy WASPAPRRY ML Bt e ot | 20RS) C LR D e
sequence( t obekaredaiurdriidase | dstapsgtiianiinsé. Alenitivielyabodythacsroesn thheinciabes

menbr ane. Engi neered and Mdified Antibodies The VH and/or VL sequences of
an ant i body °Bf epAPEd ERERERPHEN{ike fRlASMAE bR GHEZerEg ek s kenvent i on

and may be . L i ] i i:fd J whi ch
modi 11 ed ant ?@%&ﬁ%‘fﬁ%ﬁ“&ﬁgﬁ?‘%ﬁ*& p‘?%%%@@é?%%%?ﬁgg”g glrgtp?é%blgngtbl %%dy.
An ant i body (Marziber @ndi Mebbéd. B47:530d(1099 nfLo divatecoer adpNecleesicilsedeswWe3:P¥h one
or both of gib%rqgri ginal variable regions (i.e., VH and/or VL), for exanple
wi thin one re CDR regions and/or within one or nore franmework regions.
Additional |y or 2A0alph@Rdial inehet tyRbrantibeBRdyikalt PEicRNMMeapededyy Rdi fyi ng
residues within the constant region(s), for exanple to alter the effector

f unct i on(s) pufenthieveation.bddipmers are typ@pedlytsypdl rocleptidd pilymersghitdindiogi neer i ng

h b d.i fti ) i. bodi i ith
e o or B RERAA e AR T M S RAF hESoleRY SR MAd BT o

si x heavy aptblddu@RiDBRbIRNANIROESH DNA Yase@hpthieri g moeQiodiifordp d6E¥Rs) .  For
this reason, the am no acid seauences within CDRs are nore diverse between
i ndi vi dual &wndsedilBarednamdefingdédenesisiosan spigees pudpRacidpeseiss ePR%equences
are 1 espansibh&.fQn sk BALIAIKRALI 980 M RIAG@DRNG1 ¢ TS POSSible to
express reconbl nant anti bodi es at mm c the proper 165" of specific
natural |y occur r iApghanait bhadices doynplexndteetdimengorek piirwssico whithale@isitehat
i ncl ude CDR sequences fromthe 30specific natyrally occurring anti body
grafted ont §efrd tygefuRAEECT POTATEEHIF Y T AT T BBEF SR ERS RIPRT e ent
properties (ﬁ@&)die%; }%’ima%%mg theylean 6t e;?%inee(rétpgrﬁl) am R8I35 4 eRgre1 A
Jones, P. et al. (1986) ture 321: 522-525; Queen, C et al. (198 Proc.
vitro. Furthermore, aptamers often induce little or no immune response.

25 Aptamers may be generated using a variety of techniques, but were originally
developed using in vitro selection (Ellington and Szostak (1990) Nature, 346(6287):818-
22) and the SELEX method (systematic evolution of ligands by exponential enrichment)
(Schneider et al. 1992. J Mol Biol. 228(3):862-9) the contents of which are incorporated
herein by reference. Other methods to make and uses of aptamers have been published

30  including Klussmann. The Aptamer Handbook: Functional Oligonucleotides and Their
Applications. ISBN: 978-3-527-31059-3; Ulrich et al. 2006, Comb Chem High
Throughput Screen 9(8):619-32; Cerchia and de Franciscis, 2007, Methods Mol Biol.
361:187-200; Ireson and Kelland. 2006, Mol Cancer Ther., 2006 5(12):2957-62; US Pat.
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WD 2011/ 088196PCT/ US2011/ 021109 Natl. Acad. See. U.S. A 86:10029-10033;

U S. Patent No. 5,225,539 to Wnter, and U.S. Patent Nos. 5,530, 101,

5, 585, 0890298362 and 6, 180,370 to Queen et al.) PCTRIS20M8X00Y1R9
sequences for antibodi es can be obtained from public DNA databases or

publ i shed references that include germine antibody gene sequences. For
exanple, 5 Tkl f. vrgs y N ng| iabl e
regi on geneg%%'%sg%gwnﬁg?ﬁ%gﬂlvggge" hﬁérlri}ggg’esr%lg?e’ ggg%ﬂgfédlg\g%kase
(avai |l abl e &wppt Nes.l ht/¢é31&11;dd/102d28pEl/2%nt ld; ank 1 WH2E843 washwed 41l as i n
Kabat, E. A., et al %1.9 1) Sequences of Proteins of Inmunol ogical
Interest, FifCPoEF] PYRD BY &' hhar t nent of Health and Human Services, N H
Publication No. 9hs 3R4RX Hetbil 1SQehrlylthe Most Slpufth and k29RUucidhe (Reper toire 10
of Human Germ ine VH Sequences Reveal s about Fifty G oups of VH Segnents
wi t h Di f§er &mdamgpiel stepsi. dbise alldops'of gandudte nilgt acidarolgcudesig seleciediir@ox, J.

P. L. et al, (1994) "A D.rector f Hurman rm.line VH.Se nt veal s a
Strong Bi as RS 1o s Rufutar Shraph Rfend BB A HIRAL B o
each of whi gd} thé @r@xX Bfea®pdnited TR ROH-BinGeksITENiad, Thdboun@natienrncridsAge anot her

exanpl e, the germine DNA sequences for human heavy 15and Iiﬁht chain
vari abl e r egmphfigdnsscadditparyfinipiaed.andike mepesamkregeateh adecachneneHsons

protein > AAptAmER 4 Ehds G RACH a@&’ﬂ{g@%} arfd lﬁgllﬁg?iakﬁﬂ oPEh%itﬂlgﬁtgﬁb‘@ﬂgg dat abase

usi ng one o sequence simlari sear chi ng nethods ca ‘Gapped
BLAST (0t sSHUEXehetabds 4r& A856)ibdiliadogd fullhdi tis: fRES@AEubR&ItDIRIVE4DZX, Whi ch
is well known to those skilled in the art. BLAST is a heuristic algorithm
in that a si¥OIRHEGNGGINRYIEFETICE CRRRUAFI dnridft 4Bt Rk nS el tenitias ¢
sequence an : _Ang. taj j i

segment pai ggé?%g@g?ggﬁoz%ggﬁ M@g?délsog Asﬂgéé : it gtgh@g’%%ségb%%r%%g%b%@gét be
i nproved by38%xtlemsi-8A or triming is called a hit. Briefly, the nucleotide

sequences of VBASE .origin, ase. nr.c-cpe, cam ac. ul dvbasel /| st 2. are
ranslated and t NG PRI HboauRmULRhE B GO ERP G g RE R or k
region is 2pealdk nRead bhBudaRIRASPeiRIHUBAGRS: hakemay A¥BERSEw B RItIBoRfe 98
resi dues. Duplicate sequences which are exact matches over the entire

| engt h of t hetapetst(eign sanl sizermpd ebilityoRlinGmrgas aradérufeswiy ugkepfimitys iy t he

program bl astp w th default. stapdard r ers.except the |low co exity
Pl Pee™ o Riey i deB oy SHERGRCHRA AFh R R netol isEReD! ©

filters for gthegatt @fclBotitietaptanheds, dbiNekaSRULBAGEs AR CHES 2006 Db Ciedk I Tdday.
30sequences are translated in all six frames and the frane with no stop
codons in tA&nRtBHirHg 28¢ Birkia cted. 20Re- NitPaeasel (3 Hidndlewhish asnigrerep@éedt he
potenti hit.. Thiseis I.n turn confirmed using the BLAST program t bl ast x,
whi ch t?dz)ins Ealjteglsﬂgtlﬁgérg%dtei body sequence in all six franes and conpares those
transl ations to WfigbdBAGHetuled epicsela a\Ow2D4sk /ob BTG PETteidSBaEH/0D 2131809
sequences dynamcally translated |n all six fra ) her human gerpl i ne
sequence dafBHXsd residun PEeip Hgma, 4eivag fom pasP %ﬁg%-bmdmg domains of

(http://i m%mgﬁﬁﬁézcﬁél)pro@ﬁ%.b?hﬁ tREC Rk Silrlld @rhdin hes HRAYEPR HLIADIAIEH

above. The i1dentities are exact am no acid natches between the anti body
sequence anthextongrtion ef pordbinatfoaskephagemid literaeest from Wienlg Alifilpddyt aeiaste thaence.

The posjitives (identities+ substitution match) are. not identical am no
Rt subbt | faed SRS P BRI Rt bt R SlnaeEt HisP B SrdrrioRy (et

anti body seguan&aussE ENeodaM 7 0Stafinge (A ADR NS o RAGUE B fdin MhidkeifRiEeckdent i ty,
the hit with nost positives woul d be deci ded ?o be the matching sequence

hit. 101 dentiofri eunbippt@DRIibraRRR! aandelpRdagieulanespior denin. At Blotabrel  CDR2,
1997;15:772-7. Ronmark J, Gronlund H, Uhlen M, Nygren PA, Human immunoglobulin
A (IgA)-specific ligands from combinatorial engineering of protein A, Eur J Biochem
30 2002;269:2647-55). The simple, robust structure of Affibody molecules in combination
with their low molecular weight (6 kDa), make them suitable for a wide variety of

applications, for instance, as detection reagents (Ronmark J, Hansson M, Nguyen T, et

al, Construction and characterization of affibody-Fc chimeras produced in Escherichia
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and CDR3 sequences, can be grafted onto framework regions that have the
i dentical sequence as that found in the gernmine i munogl obulin gene from
whi ch t hewbram#semk sequence derives, or the CDR sequen®€3/usasijoeligy af t ed
onto framework regions that contain one or nore nutations as conpared to
the germine sequences. For exanple, it 15has been found that in certain
| nstances 1 ko3 IREARI Sltlods 20PMbAL:G00 g?l)daﬂﬁ%rﬂh%]{f%]géﬂ?ﬁrﬁlf WR{ K regi ons
to mai ntai n or "enhance the antigen i ng abi ant 1 body (see
e.g., U S Randstbrmids X16Z,330sbEE(, EyﬁBﬁPABBa;hltﬁu@%f thszm&aCBSQBG 370 to

am no aci d FEEPRles Saoo R RO S0y DRGSR bR AR CbRs

regi ons to bLRRLERYehERMY Brddiif FAL 2003:€6:80 1) Nth RLRREFEIIEReAE - agﬁbod@ésfl nity)
of the antibody of interest. Site-directed mutagenesis or PCR-nedi ated

mut ageneli shewrbdge afyercd or repthin @S 1Int1‘E1¢Q1)]le¢ @nmbm‘hémlb/xmt@d(@)themmmom ef fect on

ant i body b|nd|n 0 r i nterest

val uat | REuRSRs: i RS o' G| S8R B RRSTRE Y R Fo R e dvprmet 4,
anti body 25¢p0f1. @2!@@9pmawmtedhw@@ylzz(6)rmy 498) Bl detalls 6f KATRIRSs hhdrary,
whi ch may then be screened for binding to an a@ynnetrlc contact interface

of an RTK, &weghodsgf pmﬁﬂ@mnath@regﬁ@w he phfatngd by eefersnes to [SePatertoNg
conservat | V%V@E‘E‘M'\xﬁf’i‘éﬂ 19'%% B&?E&W&?&Vg)@ AL End,pfyr oduced. The

nmut ati ons ma e am no aC| I'ons or del etions, but are
preferabdy subst DARﬁlﬁms)esB@eeameyrln Ryspnan: thtymm)carmﬁeaeﬁah@me ofieh, aritibody t hr ee,
four or five residues 30 within a %mon are alter Anot her

type of frameWsikDivdiDerieast Bﬁpqahemt%&te éﬂ%yﬁbaté’ﬁéb‘%ﬁn dryploppd s Grplat
thin th ort
within the ft}f T t%ﬁbﬂlﬁgg on% U%M@y%&g%é&@ ggcipgﬁtt Ilyfg{eﬁls% Esezgik?ﬂﬁ 0

renmove T cel pes to ereby re I mmunogenicity of
t he anti bod}euciﬁhfrs:happnaOpmltﬁlmaﬁeOﬂbiqlﬁ&aiQﬁllé(ﬁglrhlszﬁﬂl&s( 210 ciis ualilso

referred to a delmmnlztlon escri bed tail in U S
bat ont Publ PRSHICH. RB Bo0ateebi Ny e in e napoutdt archi ifretiidisson or

al t er naf § ve dRatiitfucfRR41IANS (ﬁﬁ%)%ﬁﬁh RtabR b iRIRWRFK cWno&ORréRE1 ONS,
ant i bodi es of the invention nay be engineered to include m)dl fications

within 5t hedﬁmameglsphylﬂgyvmlabllelaydwdalat eargasrhendang srfaged. ulbesed ondhis properti es
of the antiho xat Fc recept or
bi ndi ng. andrapai fouRhalFhRuAfe inotibsp SRTRUATTRby YA RGRT piskr

anti body of spdesriditisah ibeRenm@yeDETERSFhERY in)élddi@ﬂthfelceﬂseﬁlﬁlsgiem QI8 sE@f- more
chemi cal noieties can be attached to the anti body) or be nodified to alter

its gl ycosyF@l’(ﬂPi‘ﬂble epaith displayingaiariable seifacegeedyas sad ﬂ@ﬁdlan%pﬁsﬁmbbsmtﬁ t he
10ant i b %@gt}hogﬁalﬁ@ese enbodi nents is described in further detail bel ow.
The nu erln residues in the Fc region is that of the EU i ndex of

Kabat . | N DneRBENbed begprbdudelién hidtganl eggeoibnodys@hil at seryhdliH yieldssuch

t hat the nunmber of cysteine residues in the hinge region js altered, e.g.,
i ncreased ofNYEEY 858yt fbﬁ.r%osa&ﬁ?laﬁé%eﬁnéia@%rﬁté%v tReetceRighmiliiy  pat ent

No. 5,677, 4%'_%I&ym§9)ds[7ﬁlba@1;a éof ‘EEP&‘[ gaﬁﬂélﬁp%clﬁﬁmg}{ﬁﬁl% e t@l%' gﬁgﬁnésn the

hi nge region of CHL Is al te ed or exanple,“facilitate assenbly of the
i ght and hkamgesclmanmpmteasens vmmsneambmombdmerpaases thage bteabrclected. of t he

a1 Do, | B NBAEL SR ne A 5 P Reho R aiE ' S
speci fi cal | yptaffag. or nore am no
DARPins have been used in a wide range of applications, including ELISA,
sandwich ELISA, flow cytometric analysis (FACS), immunohistochemistry (IHC), chip
applications, affinity purification or Western blotting. DARPIns also proved to be highly
30  active in the intracellular compartment for example as intracellular marker proteins
fused to green fluorescent protein (GFP). DARPins were further used to inhibit viral
entry with IC50 in the pM range. DARPins are not only ideal to block protein-protein
interactions, but also to inhibit enzymes. Proteases, kinases and transporters have been
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20 acid nutations are introduced into the CH2-CH3 donain interface region
of the Fc- hinge fragnent such that the antibody has inpaired

St aphyl ocwoayivgesobei n A (SpA) binding relative to nati PeTRS2MiL0gEIOMAI N
SpA binding. This approach is described in further detail in U S Patent
No. 6,165,745 by Ward et al. In another enbodinent, the antibody is

modi f i ed tOyRELRR nhitbﬁe@,'rﬁ)(gs(?gft&?gn ?%sﬁeri%?hl:lif)ﬁi'on%dep%rfﬁwﬁﬂ%ﬂgﬁfi@r €
possi bl e. For exanple, one or nore of the follow ng nutatlons cah be

i nt roduced: efi2G2ientsTR6EHE fumM@56HE, veasfademblel thadr toblobdSratiPatmake DMRPiss ®ReIF, 375

to Ward. Alterrgi%i vel.e/, to increase the biological half life, the antibody
can be al t e BEFNMPE i "q HASOSHCHY e aPYEC SRPPE SNt ai n a sal vage recept or

bi ndi ng epi tope {akednhliAMBEWRA &g%@m@d& Ak DHp @ehfo@%@ga%eof an
| gG as described in U S Patent 30Nos. 5,869,046 and 6, 121, 022 by Presta
et al. TheséuwtrialkeyiRaenntppligagionPublitative Nas 200401 3928 land biterdhtmenabPatehte

anti body to ,an,.as: .1 ¢c. cqnt i rface of the RTK i,s .not conpr.om sed.
W0 2011] 088 SBPEH BT I 55 T8 0 I2PRES I B whitk st ReP SR RE

regi on is akdfefefet infhdie@ltaedyng at | east one amino acid residue with a
different amno acid residue to alter the effector function(s) of the

anti body. For examprdinsgeaniddignnal aiibedy aumgsc sehedog hpwerar afmobcase d
resi dues 23 o 237 . with a
i 11 er ont agiehiding §iichyfe o &R by rithpupSiat® Hadfig of Y, RRICERY RERR,

af fini t yo f opraa¢inethbheat antukdlyaind abuidandl @k e sdel én Rinhagessubd adi bogydlvidst ty of
the parent anti body. The effector ligand to whijch affinity is altered can
be, for exatplosalinghape eyd¥eshtogieriormpriangs of duppRR At Vitt 2erpre vaitthe Thi s

approach is Bgﬁ&lg i@9%%%&95&5?&a%{)@ﬂenﬁﬁl 'sglsit?@ct erBst?cﬁe cénﬁ%‘h&? 1. and

5, 648, 260, W nt et a n ano r exanple, one or re amno
aci ds sel eclgobchliprhasernmobuacingrinsgsitoase 3&@8priGRda hrptily3Q2saaed bdarrelpl aced
with a different am no.acjd residue such that the antibody.has altered Cq
bi ndi ng_ and MO WARREBF 103BbR R ST T SR e JOR RO P LT BTy
(CDC) . Thi s t@PBmaaepocRetdRE ebhiBAAatiohafl dffeRAEsARIRE bart Bf e PaolEAlI€McoNAS -

6, 194, 551 by ldusogie et al. 15In another exanple, one or nore am no acid
resi dues wi tdrithe gariation ac bddpgsspedibeity 3weemididpadnahhipocaliner ed t o t her eby

alter the ability,0 he anti bo to,. fix complenent. This approach,i,s
Gescri boa furt et Hif BOPBEbTed of sty SBaE Ty rabiE BRORER LS | |

yet anot her sgseafmewoikie rériiniseent@f immufbdbbiled, ﬁﬁﬁbcmﬁgcﬁﬁslecdnbﬁe@biy firéd  Of
the anti body to medi ate anti body dependent cellular cytotoxicity éADCC)
and/ or to i Aelkodics iptermpet sire.ibsingcostpopstotantingdeaglypettidg shiawl 1g@dgor by

245, 248 289 RATR DUEN I TRLAR 1RLerhh L Sherd o, ROSbYY D85 /6% g
280, 283, 285, 28fpocB3B,ar@Odne8it] thei® Boopa Ark, suBRbied 286ngi2Bing 30 dydeB@3, 305,

307, 309, 312, 315, 320, 322, 324, 326 27, 29, 330, 331, 333, 34, 335,
337, 338, 34fsategppicalins Liragies gfziuchually égg,se 39@9'&11@9 avesegh ggnesated gad 430

434, 25 435 fiddin dig%%%u&%gﬁle I&E&i&%ﬁ%&%@nihg ofI BRI e ! MBS lvel By el
4 2 b I é E]uman

Publ i cati on WO 00/ y Presta. Moreover, the binding sites on h
| gGL for FceRiresskp7RidIprodreciiRh bf scwnide pofRrin Hanviertbesmalyais pe dradag/otiapi ant s wi t h

Bi 01 . Chim “S78S0Y 804y Rpaer T VLo SRS Lt ABie et oo 2
Bi ol . m ! : 4y, I i i ) 0, 298,
333, 334 andekishewRhf af\PabificJol VIRLANLadY M dhGardlt §rotelitddR! delisdiddi hh@nal Iy,
the follow ng conbination nutants were shown to i nprove Fc7RI Il binding:

T256A/ 5298 AbingRRgfiFEegm the paguiHaxrAighed r8208A1 B33IBAINKR34A. WO

2011/ 088196PCT/ Ug%%%gl{n%%%r} 91%0 be formatted as dual targeting proteins, so-called Duocalins.

A Duocalin binds two separate therapeutic targets in one easily produced monomeric
30  protein using standard manufacturing processes while retaining target specificity and
affinity regardless of the structural orientation of its two binding domains.
Modulation of multiple targets through a single molecule is particularly
advantageous in diseases known to involve more than a single causative factor.
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In still another enbodiment, the C-termnal end of an antibody of the
present invention is nodified by the introduction of a cysteine residue as
i s descriweadoiwmstlos. Provi sional Application Serial No. PER/US2M187Z099 whi ch
is hereby incorporated by reference inits entirety. Such nodifications

i nclude, but are not limted to, the 5replacenent of an existing am no acid

residue at @f,BSARL BiNG i 51@&%%9% fmaty duch 8BLEMRRU Y ShBHifAc pgguence,  as

wel | as the introduction of a cysteTne-containing extension to
c-term nus obteatidluh targedmgtchll hedinog nodledutessiegliseneemetintipg eg@nstecenbodi nent s,
t he cysteine-cantaining extension conprises the sequence e

2l ani no- al ANEAENEVSHISP R PETMANT NPT PG aperen BTERAT eFegb vie pirdigr  ed
enmbodi nent s ot NEuREESENCRIrAMCR Lot Q! I rIRImEXS iR i imRdisfd Galiligns provide
a location for conjugation of a partner nol ecule, such as a thefapeutic
agent or5a Raoradnsno¢aepdrable impeeréreuheticaling efforieg daxibledbrmulpeercaidve t hi ol
group, due hq.%he Q%teﬁgnﬂshxp steine nodification, can be used to
conjugate a %5}5%8? G XU §ﬁ$Toying the disulfide Iinkers described in

detail bel ow. ConjddginbiRfdatibiereabididotltidatin e faghd DS, BehENs.N this
manner allows for increased control over the specific site of attachnment.

Fur t her nor e/-250.20hend Hieinaigonah BatsnttAppdicatzan Refigaian Ne. WO $56878hkoth of
C-term nus, j QN .M . ] it reduces or elimnates
interferenc3&§ﬁ%ﬁgﬁﬁgggﬁﬁﬁﬁggﬁwgﬁgh%%%ﬁ%ﬁgﬂ%%ﬁ%%%%xies, and allows for
sinplifi@d anal yginsthendntihedl miyedo richadlo@f ueduljin gat@npixepithatnsems. 201 n
still another enbodi nent, the glycosylatigon of an antibaody is nodified. For
exanpl e, anBGNYALYF AVERS AN OV PHAY 2ELNOlyed Fioge? lareed amilyipd hipep sydsrellulak s

gl ycosyl at i - i ARl mi e the
affinity of9?%%”5%%?%%%59?%?93%396gﬁﬁﬁéggﬁggg%ﬁéﬂéﬁé%ge nDilng%@%ﬁﬁg'can
be acconpl i steendwijthbordiexamiphkibitatyt propargesodgnking mord&pls indeperafent binding

gl ycosylatign within the antibody sequence. For.exanple, .one or, 25npre

o no hera Sl Pot besHan il ko Sis AE AT Fesuir b R D! B BROBHDY o
nore vars abkempaed QithfoaPEMRAK HNESVIpR iR Shlotnd OhBesRONiaehdvihRate

gl ycosylation at that site. Such aglycosylation may increase the affinity
of the anti bwiydefsonplannd géeicnsSpidueioragfpneltitangdts peteiie mokpsdles m Esietielhia
detail in U_S. .Patent .Nos. 714, 350 .and 350,861 to Co et al. Additional
appr oaches G IS A Py RR O alehi s 2R Be reRuf i S pab i30T
U.S. Pat ent affindded hévObécd dtiaiimdd Shimt a varidtyof Bate@t No. 6, 737, 056 to Presta,
U.S. Pub No. 20070020260 to Presta, PCT Publication No. W) 2007/084926 to
Di ckey et al., P&HdpighplistarmghonesadyDioBrrsgRdL foegndznl.et Peent  and PCT
Publ i catj on . X P 2 to Ravetch
et aI.,E%acﬁ&@PC%ﬁ%§ﬂ$ﬁéRﬁ§#§Q@Siﬁggﬁgééégégé@§3¥%%é%g%@gé?2ﬁ€ts entirety.
Addi t i onal | 200670 E17881 EIDOX0OD§344a R0GTI02 1168y, 2086/0b643tbd200@18983%, an al t er ed

type of gly | ation, such a_h fucosyl at ed .anti hbody havi ng reduced
amounts of PORYA 8PS eB3 AR B S g s s deroprdeed Phg

A cNac struglifs insHGPedlE€red gl ycosyl ation patterns have been
denonstrated to increase thé ADCC ability of antibodies. Such carbohydrate

nmodi fi cati ons caiVebebaboomp hiahednbyody mimeicangineloggximtesslidrvg ustékinght i body
in a ho cell with altered glycosylation machinery.. Ce i th _al ed

ol ycosy Pht | SRFHAHoPY SRV EEn Ve e et Tel Rty Sng KEar g (8 as
host 10cel | gydifin¥hivbibhttors % i 85 s k186088 snaRta R, rHasdies tRfhyHRHhbH¥ B On t o
t her eby produce an antibody with altered gl ycosyl ation. For exanple, the

cell |ines Nevosicaherrodns kavd Wby oplicaaknt ¢fe lhigeawyiber einkiderrhobicgenae FUTS
(al pha (1, 6) .fucosyl.transferas .such t.hat antibodi es .expressed,.in the
Ver0a b 70Ac0d OB AR BT onic R st AR T AR BS RS Bl " e
Ms704, Ms70%rotél ehadvis/Sallel/h8ort hy@@bhilici(lResagiesRtioh eat ch-fpecifieebinding),

30  more resistant to proteases and heat, and has a lower density of T-cell epitopes, because

the residues that contribute most to MHC presentation are hydrophobic. All four of
these properties are well-known to affect immunogenicity, and together they are
expected to cause a large decrease in immunogenicity.
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15 targeted disruption of the FUT8 gene in CHO D&4 cells using two

repl acenent vectors (see U S. Patent Publication No. 20040110704 by Yamane
et al. amdoYamwssroehnuki et al. (2004) Biotechnol Bi oengC8Use@wd/020)? As
anot her exanple, EP 1,176,195 by Hanai et al. describes a cell line with a
functionally disrupted FUT8 gene, which encodes a fucosyl transferase, such
t hat anti bodi es j . I Lbi gy : 2 of ucosyl ati on
by reducing or eﬁ?ﬁ?ﬁg??ﬁghgﬁgHgPﬁﬁggﬁkgwhgﬁgl@%P%@%%1@%?@%3. Hanai et al

al so descri bepbainiactitivels pabduchd haleeckes| swken zyidersacbipionsy sifadls, addi ng f ucose

to the N-acetyl gl ucosam ne that binds to the regi on of .the ant.i body or
Hoes not hagueriss aRgharedpR i SXPE e Bl PG R ORaF D ENE Witne
YB2/ 0 (ATCCsGRed Rfidmal pidtein PiRLiEE BY iR NP Q3883 B¥ sPeesiRopiRdiitbes a
variant CHO cell line, Lecl3 cells, 25with reduced ability to attach fucose
to Asn(297) pldteritedr avighohyadesings andepope dendityiangmimmiaed 36 leyoksy el on thef

ant i bodi es e&$reéﬁedtin thatﬁgost cell (see also Shields, RL. et al

(2002) J. BROTAECRERR UL YUSEIISDOAING) ~ PCT Publ i cation WD 99/ 54342 by
Urana et al . desg@ivddage s@hdturkion &srsehglidiethesdaritibo@) Bistcs offer a versatile

gl ycoprotei n-nodi fying gl ycosyl transferases (e.g., . , ,

bet a( 1, 4) - Nferaat Wagmelge@gsamu}tyml@lmsm@ftag@cnﬁclty,(aca%wrm pf kalichfetreghanisms,

30ant i bodi e ' ' e N | bt . ased

bi secting O eRaerEpnipbdb aTRRbRER Gt BE (AN Dol BDERE Do e
anti bodi@s (ssebalismrémanafaeturalin H 89 9) hihayieldl aidcedeaust of 1hehr 180) .

Al ternativel the fucose residues of the antibody may be cl eaved of f using

a fucosi das 8¥@HEVH61.W st sreal bt /e s i e 8| st w0 i Al gan hgormulated to
R T oan L 2O Bigh e AR Rl QU ABREpl SIMY SR WS Nhey GRIL 1R R

anti bodi es rentino, AL et al. (197 em 14:5
Addi ti onal | pfferexad¢rtded siadlf-lifel y, an anti body can be nade that has an altered

type of glycosylation, wherein that alteratign relates to evel of
Lo ot on o o bR R, e P mor s n B4 o f L PatBey

Publ i caf§ on ANBIicM¥IhFRBAEARANS 2007/01 $KaY valictPis hereB) hddfdorid® b ¢atiease MO
WO 2007/ 0559 to Ravetch et al., both of which are incoporated by

reference i Hsthigkety. entirety. For exanple, one may enploy an enzynmatic

reaction with sialjdase,. s or e le, Arthrobacter ureaf.acens
Sralidase The coMIFE: oreRiiMafar thufiAMh e (O TRABRR ShgthSRIREE T 0 ¢ ne
U.S. Pat ent elNanedbeB@ImBiftdin difdptielizé srdeebRldihe BE@tRTuASERAS Y vhefarfdifee in
its entirety. O her non-Iinith%? exanpl es of suitable enzynes are

neur am ni daded grdession Igveds | YMERS rnsigsolfhiedivingt maddardaediasy. Kestfley, J.
Vi rol og 1 . . 975). i el bi . . I . 0338,
529. 538 ( 18@@%1?“ ara[’g%dﬁgg ?P@éﬁy@@@%ﬁﬁ%ﬁé}g aPbroftin ia)él?hrr%‘}?e%g%ﬁcﬁér
purified by(asiagdl affaceideyptohr dngit efaiaphtibodidst eslabit ipyaéiyis, etr)e Se@yndenpl oy
met hods to increase the | evel 15of sialyation, such as by enpl oying
si al ytr ansf d1San@H/MBES dEBAgit Y oheeruts adleebly el bavesn S unpal | y
descri bed 'Bm§§§éﬁﬁmﬁ€eﬁ%mnndéﬁ%ﬂghﬁ?&kéﬁdﬁ@@&ﬂﬁhnﬂﬁﬁﬁ@ﬂﬂﬂ%h%@ﬂwfﬁ&ﬁg)1
307-311 (2000). Another nodification of the antibodies herein that is
cont enpl at edrdgy Hidlyi BVER$ cartainsinpégytoatornan Winctamby bedyricafrde apegytyat ed

to, for anpl e, increasge the 20hiol ogical (.e.g.,.ser half life of the
bt bodg> 7o pelss B BRRR e U aagnS brag prteng desiften Py bt
typically igfieaetie whithabely@kRithSPeosiye®n FNAIRS ﬁiﬁpmv%tﬁof@@féwn\/e
ester or al dehyde derivative of PEG under conditions in which one or nore

PEG groups budorgehage.aodetfcetor doraaiantirgodss for rapitt atslothytonyigaphediug design.
Pref er ably. e REQYHALESIohonSlH:SHheRing nBiks AP Kb 1) AEPREH By B 7
found in Zhao et al. (2007) Blood 110:2569-77 and the following U.S. Pat. App. Nos.
30 20050238646; 20050202534; 20050202028; 20050202023; 20050202012;
20050186216; 20050180970; and 20050175614, each of which are incorporated herein

by reference in their entirety.
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25 reactive PEG nol ecul e (or an anal ogous reactive water-sol uble polyner).
As used herein, the term "polyethylene glycol" is intended to enconpass any
of the fowoRonfosPB6& t hat have been used to derivatize ofrh@mspeioeilng, such
as mono (Cl-CIO al koxy- or aryl oxy-pol yet hyl ene gl ycol or polyethyl ene
glycol-mal eim de. In certain enbodinents, the antibody to be pegylated is
an agl ycosyl at ed i | . I in
The art and can B S i beP TR AnPoBaPEe st I, SRl N Re REmypgee
exanpl e, EPp®vided aBdte isynoNinsdnidaditeabeed cahpreberdivieRisOo0 L ted8vbldpjes| thii doalda et
al . As such th%.rret hods of @g%l ation.descriped her? alc?o1 aBgIB/ t he ¢
pepti di c moPBLiRddE T cfREt ph TBH SRRES A BRd T DTGP Gp@fc 2150 hot By way o
2011/ 088196 Rl ks QL4081 A didhiiedhmoldead maqﬁngaﬁerﬁmqe%g%ef/h&@emseé

The instant invention is not limted to traditional antibodies and nay be
practicell t kacbughgitheuchse fosioanof dsoehiniantayyrdatesmiaimg 1gaionb adyuthinedeiniQ ef As

techno ogi o4 gl s RulBhb o BelORnr Bl L WGET el FRHRE%E i 1 e

a nunber of rdfaene hachAaltedgiassellabaticlaid ad@rmised @hidedeL suchNgnpbriliAes, and
Uni Bodi es make use of fragnents of, or other nodifications to, traditional

anti body st ppiemgr eshnalogiesedeseigbedl i §/.al Raseni Aasva 782Ehh0184i08s,; O.¢ bk’ as

Adnectins, Affi [ A%, j NS, [ d. Vi i hat
T0ompl oy bi RAERGCRt Pkt or - ey BT Ry Rle TR R0 2 BR3P FR sy

bi ndi ng]0 ar evhiynee Aérebly frcompoaned byrddremue, voad dé atddria thamaianbbis insGmie of
these alternative structures are reviewed in G|l and Danle (2006) 17:

653- 658. DoHHEAU%ht i bodi es (dAbs) are the smallest functional binding units
of anti bodi es, corresponding to the variable regions of either the heavy
(WVH) or light (VL) 15 chains of human anti bodi es. Domain Anti bodi es have a

nmol ecul ar wainghbdyPhyappt Bropemieel y 13 kDa. Domanti s has devel oped a series

of large and hig functional libraries.of full uman VH and VL dAbs
(ror e Chan ten bttt Aot R M Lol nRaue whiban oA Pyeas e« hese
libraries to&edRel a®ARS hdlAe RfBerSid8fcleriCed By HR&LABUSHRichPF 9B Ses. | N
contrast to many conventional antibodies, donain antibodies are well

20expr essed Vanousaassas ingdy, beyusad to desend andlondifficeentisteldiffergritcdarses dfantibesdics
details of gosn?ion tﬁenti Foscili s and. met hods of production thereof my be

obt ai ned by F&f erencs P’ ' 8/°RBat%nt 6, 291, 158; 6, 582, 915; 6, 593, 081;
6,172,197; 6, 696]1Rdme &nbodients Antidodie? 80hE BlebOd4dvenbbh aRgadn AL &ftor
application No. 1433846 and European Patents 0368684 & 0616640;

WD05/ 035572 Moypelyrayiaron sitgwio£ibentbe bhvpderosdemvariaglespgian0d 5o pEseisg
W03/ 002609 c ' ' kN - jnits

ent i rets) ot SO o el AR L A R Y s BB 5™t e
cont ai n t heimmiuqoeenidtywd the altibady of amateiraival of phicogde bf thesindbody due to altered
natural | y-occurring heavy-chai n antibodi es. These heavy-chain anti bodi es
Contain a SAHGEE tyins YW sbRheia (VPR aAet i bondlat 706 BRI GHp and
CH3) . 1 mpor hadiloh sﬁt@o@Lpﬂ% A1d 70 SAkglog ik AP IBi1988)ST B PRIEd $64:1 Jogst abl e
pol ypepti de harbouring the quI anti gen-bi ndi ng capacity of the™ori gi nal
heavy- chai n 169itSphoR/G (M2 bidicés dpvie:4BRDoR; Proekdl agy (MISOhNutvee 346:401%i ns

of 25  Mimura et al. (2000) Mol Immunol 37:697-706). Glycosylation has been known to

occur at motifs containing an N-X-S/T sequence. Variable region glycosylation may be
tested using a Glycoblot assay, which cleaves the antibody to produce a Fab, and then
tests for glycosylation using an assay that measures periodate oxidation and Schiff base
formation. Alternatively, variable region glycosylation may be tested using Dionex light
30  chromatography (Dionex-LC), which cleaves saccharides from a Fab into
monosaccharides and analyzes the individual saccharide content. In some instances, it
may be preferred to have an antibody that does not contain variable region
glycosylation. This can be achieved either by selecting antibodies that do not contain
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WO 2011/ 088196PCT/ US2011/ 021109 human anti bodi es and can be further

humani zed wi t hout any |loss of activity. Inportantly, Nanobodi es have a | ow
i mmunogerwo 2puatessitdsal , whi ch has been confirnmed in pri meCe/tstudiogson t h
Nanobody | ead conmpounds. Nanobodi es conbi ne the advant ages of conventi onal
antibodies with inportant 5features of snmall nolecul e drugs. Like

conventi onaly,g %0991‘35&?moﬁ?ﬁ%?qgﬁ%hﬁ%%%nmrgﬁxrfl%??@ reSREE! Wiy i gh

affinity for their"target and [ow I n ent I-}ovvever, 't ke smal |
nol ecul e dr ghsotyhaionaaetifi ushightdndenizycresquen dvetldadivinyin decess receptor clefts.

Furt hernore, Nangbadi e re.extrenely stahle, can dm ni st ered. by neans
other than | nj ecErgnatedy vl Fve{igsigs basste SaRt - PU HEFBIR FHSHFor at ed
by referencqf fali faShd PHER e Fb¥dwRNS AUD. £aF¥e bPIIVRRYS@E bR dy Bhi&ily

advant ages of Nanobodi es include recogni zi ng unconmon or hi dden epi topes as

a resul t5 of fallevithis thel gH singe of Hi9idindghe pt orente®+ estitpdy dtically fglls wehipf

protein targets,with high affinity and selectjvity. .to their unigue

BTG mensi ondie P ing” pbb farRiraieh a9 8 Faf gl sk sl gl BKSe and
speed of drygedi se@épsnlly LBNRRAD aRes sﬁé&llz@i@ﬁ@ﬁ’@dﬂ@b’ocﬁém@i&}% geaasidan@ are
efficiently produced in alnost all prokaryotic and eukaryotic hosts, e.g.,
E. coli (se&omglganggmay hage pgme @pr,lcgm prchinsigbihisy Bader imvee pordiieng. die
reference inj i ) . i hC r ma)
and yoast (seieEuEnld Sl CRECRIL PEagP TR BIERT A LB whih GlRRR 05
(see, elq., aPHradieBIBd2hay, utithre ¢dvei ochgngtor indresepacaiey (niiet ef @002 i n
its 20entirety). The production process is scalable and nulti-kilogram
quantities &fECKaRBBYEY &8 IHAVEl DR A ¢r GHlted oBstsigdiNadood e uBkHi%hi t a
superi or st afajoki hkBs i I; i be

f or nul at ed 2?955 ?)gﬁgﬁg(ﬁg%fglglﬂgg% r%gj;\df@rg %@?E@éﬂfggfﬁt ?g%&arﬁitlaq@aérl%c one

met hod ( see antghogly ,thaACoMEO 72F3 ¥2lue wint ¢4ilsiis thearoginal jangor’Pok edrelst Kbimyed

reference in its entirety). is. a proprietary method fo eneratin

Nanobod: s S yecletiibaTe gher PSR eaRE Lttt by G AR S hout

sel ecti g okyBriceobdiducansing AdhdarBeetRBed Rell RBoWRN @Xtart0f the instant _

i nvention. Uni Bodi es are anot her antibody fragnent technol ogy, however this

one i s based upoBatthatibedpwall hafe 1 melting heyeparayicathatos indy@ivant thsodiles. The

del etion of the hj 30regi gn results 4 | ecul.g that is essentially
nal f the i 2800 PRERATRGARY Rptiiln R BoU2 G el Hhort Q3 Bl Hal ne
regi on rat herhiiamhdringl fhpibtyEndichieh diea@r bRgGhl0Bntiody gfabilanid hosli Bge |t is
al so well known that | g&4 antibodies are inert and thus do not interact

with the i nmgHEILEAIRtOMAN AATRILYAY PremapyEmisirgelsciniquss sudleastdiigicpddt of

di seases, WO : : / ' - onse 1 ot
dest r 020 and Dhte ARy TR oL ) SR B F oo S EB IS HERRAAIRE (1Bl

Uni Bodi es nétminupldicir@i8:47052)nAivpiindicutessthé esngeratimgtof mat inkial lnfoldieg ofthés to
whi ch they are bound.  Additionally, UniBody bi ndi ng to cancer cells do not

stinul ate t ABPRAYY Preindi@festtle tempFiatEr RbFRINPEECHEQEIngnf BSAEo%Y- ¢ about

hal f the si zfcnélfally, it is preferred that the Ty of an antibody of the present invention is greater
than 60°C, preferably greater than 65°C, even more preferably greater than 70°C.
25  Alternatively, the thermal stability of an antibody may be measure using circular
dichroism (Murray et al. (2002) J. Chromatogr Sci 40:343-9).
In a preferred embodiment, antibodies that do not rapidly degrade may be
desired. Fragmentation of an antibody may be measured using capillary electrophoresis
(CE) and MALDI-MS, as is well understood in the art (Alexander AJ and Hughes DE
30 (1995) Anal Chem 67:3626-32).
In another preferred embodiment, antibodies are selected that have minimal
aggregation effects. Aggregation may lead to triggering of an unwanted immune

response and/or altered or unfavorable pharmacokinetic properties. Generally,
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Straditional 1g&4 antibodies, they may show better distribution over |arger
solid tunors with potentially advantageous efficacy. UniBodies are cleared
fromthe wodylizssmesi mlar rate to whole 1g&4 anti bodi epCarus2anmuabte to
bind with a simlar affinity for their antigens as whol e anti bodi es.
Further details of Uni Bodies may be obtained by reference to patent

appl i cation / I in
T8, enti 1ot g e e R e T oot &1
derived fr omoonpretarabipr8%darteisnsveafmdrh erdtedablyn®ét pnlepy oidesvan nfeirdr onect i n

exi sts naturall he hu body S in the extracellul ar

Tt rix ho aHSTUY SN 51 R GRaDR TAY e RN cab e et U EdTies SEl R
protein. |t jealSRcRUGRAMe-dBRInU3RlEn { smymgh gérﬁﬁﬁlaﬁ&@ SRd as a

di sul phide 15l inked di mér. The plasma form of onectin is synthesized by
liver cebl sclieapstesaphydIPLCarahdtlipbt Fanefieg o identifpdwnbmersh dimehiro diimess, or

macr ophages ndothellal cells, fibroblasts, and sone cells of the
epitheliumtns Ward M, and Mar cey, D.,

cal | ut her an. edu/ Academ c_Pr ogr ans/ Depar t ment s/ Bi oDev/ onmi fi bro/fibro. htn.

As nent i one@rqiueNomoSiPolyclbndd haribedibnofithy Ifwentsn on natural ly as a cell
adhesi on nol ecule, or 20it_may nediate the interaction of cells bé k| ng

contacts in the Ebvelosal m&ubaqilemﬁthpﬁreswpnwpmCarf bopigdcediby 9w

th di ff les. F
ot ovi ew of “FhnaBfOhE B TRAhGEn 1l HaSrt pol il %ﬁab%é%#%%@%;gééegﬁﬁzveznd >
Yamada wooa)ffejem telSaies aﬂdﬂ(dé’tmagﬂ):c@% Byltiplefepitesdsen thnshningeigef.2002)

21:115-128, Lucena et al 7 t Clin, 48: 249-262, . 25In a
preferred ehB 8 Héﬁntl%% ﬁ%?:rﬁtﬂ’lﬂag e%ﬁ P’émH%‘lniZ\?EanP IRl MEBMBhect i n
type Il dor\lﬁ-ﬂhrlh@é(nt?eh%f irﬂ&e§th§gn§ﬁ hW@nREBE @bMah e fadeSofCAMRAS €A nffials

mul tiple beta stran di stributed between two beta sheets. Depending on the
ori gi nat i ngoftessied, forf proderimatadf pglyaopakamibadins aglchicsbes, g9gpe duireagegsai ns

whi ch may be denot » Fn 2Fn 3Fn3 elc: The 10Fn3 . donmai

Cont i ne” anTFRTEGr RSB BKohGIORP: RAMIOE CPoUSeRP s S h e B s

whi ch conneglodubepigtiantah@béites alb R@1} RAPSn ke BR ahd OMOBE cdhbia&d with the
correspondi ng to the antigen binding | oops of the |1 gG heavy chain, and they
may be al t emgthagy Ofrﬂlemj@@nfciilg@lﬁ@ﬁédgbel ow to specifically bind a target of

i nterest, [ rf f such as a

fi brobl ast re%ea ﬁ ‘fyQ'lﬁ%zrhtla/l([:)glttt(g5 g?h%‘%B%%g’e}Pﬁ @&?/Il%]m r@éctl n VWO

2011/ 088196P(&15/.Hd552(11$1 Eﬁéﬂt@%stypw 290, 6(;835&163 §.589,008,f20520t 476, PILPASEIInOf
this invention is a sequence which exhibits a squence identity of at |east
30% at | east4d9. the elﬁ&%?ﬂ%@ﬁ%of athiqhgsg incepggated hqreiady 1969¢Cat | east 80%
at least 90% or at least 95%to the sequence encoding the structure of the
fi bronesg i nptyReridd b MBhGIHE A CaMPERfGGSSed from the Protein Data
Bank (PDB, 5rcsb.org/ pdb/ home/ home. do) Wwih the accession code: |ttg.
Adnecti n nol ecul dfonvalpnall swibbdiedenAboadf thegnespot ynvertsonafan b6 Bn@luced by ad

nol ecul es rat nononeri c 10Fn3 st Al t hough the
nat i ve. 10FnSutdHal Keny RSl TGSV st Ak ByeiSho] BRESI5mthadalo dior od 1 o
become adnegid sandRideoH 88 call ByRidighRd &Pnife BF ROhRRhADRNKteR %1'9'75)%7@@1}6

e.g., an lOasymmetric contact interface of a RTK, such as a fibrobl ast
growt h fact 856 r‘@ée p\tlthpugh sprentis celbbiidieation prpeedares @rfamrisfﬂﬁreﬂomtm@cmdﬁ;ns

mol ecul 55 cog I?m les fer rodl%le m"onoclonaﬂa a bet Setr l ira ref erred
enbodi nént , 8 regl Wht chConnedt eta m[p aY gO’fV]’E & 10Fn3
nol ecul e ar enaigbmbeﬁngmrrbatml df® Eymmymtml@mﬁ@aé Acikd kit emtitﬁﬁ&:sof a human

receptor tyrosine kinase, %1 a FGFR or a type |V receptor tyrosine
ki nase. (monoclonal or polyclona ) or antigen binding portions thereof, may be raised to any

epitope on an asymmetric contact interface of a RTK, such as a fibroblast growth factor
receptor, to the concensus sequences discussed herein, or to any conformational,
30  discontinuous, or linear epitopes described herein.
Several methods known in the art are useful for specifically selecting an antibody

or antigen binding fragment thereof that specifically binds a discontinuous epitope of
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15The alterations in the 10Fn3 nmay be made by any nmethod known in the art
including, but not limted to, error prone PCR, site-directed nutagenesis,
DNA shuf fworegi1/:88196t her types of reconbi nati onal nut agemesius2ashiociiohave
been referenced herein. In one exanple, variants of the DNA encoding the
10Fn3 sequence may be directly synthesized in vitro, and later transcribed
and trans! abgeld pefLingle. heiethkBucs Rk #HNBL, PEbioarin R 266 /0 4003
sequence nay be |so ated or cloned fromthe genone using stan t’hods
(as perf ormes, enelrcgco,ntanlts &f. BiclPate. indyypdrated hiemin Dpref@0020 0IBAS 6&)the smettiohen
mut at ed usi n? hods :ﬁrl wn in $ art. . In one eglig)cg‘di ment ,
a target pr8 %r??rnu WP CIEYRERLACS WiThAR £ REQleigsegy ch as a
fibroblast gfawdl rﬁa@%qrsecr RCRBSQhnceWith B Pro®ROhld AR O pRirkal %r@aréé{@lﬁe)r t,
25such as a columm fesin or a well in a mcrotiter plate. The target is

then con? acretfownational dnidishisoytimfoup spieertes éiscmmhqrgnpﬂf)tﬁlercnlsfomﬂtt@rﬂal brary
) d df th ldt
Torn3 by mitRbdrdor S TaRderg ST BROGR TR Tk bR T R € type

nut agenesi speRRO . Z ks ®ambb dclts). IR 3inhi@fzing @h @RENA| Math dniglebpéides r ands) .
In a preferred enbodi nent the library may be an RNA-protein fusion |ibrary
30gener at ed co¥ld chpiuteseRIsi cguEsMaBeal pRiEPeh nAlemati vy .dwogmall pgptlessdtich No.

Szostak (19008 45053 AIRHA By B conl T A e I A 51

|'i braryl@e. golygBsoldess strdietdof polarpiseharddd Smisesicidd)No Thﬁﬁhﬁdrﬁrvlﬁlhﬂlpwtﬂhs Ser.
No. 09/459, 190, and WD 00/ 32823 The fusion library
2011/ 088196 PERHIGSAPIRTD YHOQSLAEFACHAR QHERtBPj thliff’c“ﬁemigrﬁf%ﬁl? APy get

(e.g., the @amtﬂg'naegrog gcsrcreeﬂﬁgrc%aﬁeuetv farndgmrc 'aﬂ or i as%u%&Q@@Ht i's

washed to renmove n bi ndi ng noi eti es. ers are then
el ut ed unden csmﬁormgemtal cotge t ﬁompre@nbdl%@mddsnmepépndeﬁnppgmﬁhe genetic

i nf ormati on orf to creﬁ 3 a new | |brar of bi n(ﬂ) nol .ecul es tolr eﬁleat t he
process (w CAMGIMHEGEHY {neérd?ﬂ“to%%’f&?y B & %?ﬂmﬂlémg an antmat wi

sel ecti pg/ W&ﬁg@llaﬁ&érﬁalﬁro@ﬁ@?\?m@)’g be a[s?ﬁ%{&ftﬁ‘cdcdﬂﬂédt intQFRAQF &n \NTtK) aadf ficient
affinity to the target are obtai ned. Adnectin nolecules for use in the

present i nvewlisequentmyciveniag firmebbedieushinly bindghgifapsiod nrerestednnod ogy

enpl oyed by Adn ston- Myer s ui b

Cethnotogy” SACOT BNt edorstEh it tRey Tk PR R PR Nl Tos 2. g

Roberts & Szeshak (10089 0)fokd Whik2A8 PréZA8BN:0 M1 BDIED) afaydereédio 1ﬂ@1tify laear i es
of altered 10Fn3 domai ns and sel ecti ng appropriate binders which may be

used with t BRitqReesewd hynyrentibedy af wntiges emidhedragmany of thetmentign.| Byvdgnegher), S,

ot o entl OBy KR ERGUTRRLD, 0B 1 BB MERRINE e o055 Do oo

20050255548 pr 212050 O3B220fra 2R3 BHed@ 6 hod aR002AT1R 2697y c13QAREK T8 determine
20040086980;. 20040253612;  20030022236; 20030013160; 20030027194:
20030013110 thexsererapiteges thaigiio hausls dn addiggperitaptiananer BeprsE2A66B/gcing

20030100004, o@ﬁ%”@%{”ﬁ%ﬁ 'se c@%t%%@&ﬁ%gorﬁ‘ﬁg Q508121 B Abudi¥Ghsthty 1N

fibronectin type I'1l domains, such as 10Fh3 lI'owed by a selection step
may be accommcreshdohubeahnsgdmdt@rtoreptthpmi@f kmerast witl seleetiealy bdahe lisnphage

di spl a ri bosone displa or yeast rface d povgek et al.
Chobry 3our Aoehe Bt BRosy B G stiab, il ideni R iR (oot
Adv Drug DekdekniQey of dfiméRdAsddb&ftiope Al %ﬁ% had b@én usé@@&%éssﬁﬂ@ﬁ@%de@r‘ﬂ@;ﬁ echnol .

25: 7-15; Rothe et al. (2006) pert
epitopes in various settings (see Henriksson and Pettersson (1997) Journal of

Autoimmunity. 10(6):559-568; Netzer et al. (1999) J Biol Chem. 1999 Apr
16;274(16):11267-74; Hsia et al. (1996) Mol. Microbiol. 19, 53-63, the entire contents
30  of which are incorporated herein by reference).
It is believed that the epitopes of interest in target RTKs (e.g., fibroblast growth
factor receptors) are not glycosylated. However, if an RTK of interest is glycosylated,
antibodies or antigen binding portions thereof (and other moieties of the invention), may
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Ther. 6:177-187; and Hoogenboom (2005) Nat Bi otechnol. 23:1105-1116.

It should be appreciated by one of skill in the art that the nethods

ref er encesochtigdsmbove may be used to derive anti body mpPairas26momips ot ei ns
ot her than the preferred 10Fn3 domai n. Additional nol ecul es which can be
used to generate antibody 30 mnmics via the above referenced nethods

| net ude, i bpilodl el 1t 120 bidHeTRL flREANEGhS BeiBRAULPSAFRAIABN SN
11Fn3-17Fn3 as well as re rom non- hurman ani mal s and

pr okar yot es exalmpla,ddlstknown ikt arottied the Kiit moicot Inarat praett 1€ sitss ﬁmrtphtemaa]ldéﬂce

hormol o to,.1l tenas i ns al s ed. O her
exenp! a1y WIS EBSEOEPOAP DT P o ERNE ) HEmEpogE Crowt Factors
i mmunog| Obubn@ollokiﬂ%z{sﬁj Siﬁerfc@ldhd Mlhﬁaﬁﬁl%f%ﬁ@s Hhatand PResyNSBNAT $982b902she VH

domai n) include N-cadherin, 1CAM2, titin, GCSF receptor, cytokine
receptory gthls:fm@aﬁwuglmthzmI{lomayEXhlhdlﬁbhnhed dpebsahtipbrowEld ag hitaghmgnoei n.

Further domainps w.th u el in menbrane
adhesi on m)lgg fufl%d%d“éf)gwegy%d; f%&;&%eﬁé%cp%sﬁﬁé@ﬁq ifulls U i gen
receptor, CkordtempRtednHatlan&Bédi€kOsTRiInkSerOhin¥adMbrtidns SitdedfMHANQBEQRbIkTi#: dfol d of
nyosi n- b| ndi ng protein C,_ |-set immunoglobulin fold of nyosin-binding

protein H, fhesayentiommsylbstaisphsych|that dheyrabiadhing (o sugaf fesiduesNTaRD mayitechi n,
I t

PEEES?OL an, G&Q@%‘ﬁ% ng %B‘&Bﬁl {ndt%feit‘ﬁ?ée&%erglﬁr %Bp{h?sg@lergésj& ?.I{ §ERLQ e pRiolact i n

bet a- gall@ct Qﬁeldﬁﬁﬂdyglbd{ﬁudmddﬁiSEaniﬂrﬁbeélhs@hlﬂlmﬂﬁth&'tSZtﬁSpcrl}ag‘lglcosylated and the

transgl utam pase. Alternati veI ang@ot her cErot ei n that includes one_ or
n

mor e i mmuno§hspuHiated Prftlfgénmeag PEUPFL lod Mnizeet W igala ddable 8119 i ke
bi ndi ng noi ' j he

pr ogram Scéﬁ%ﬁﬁ%ﬁﬁsg? P%Iﬁhﬂég@%g?@ldé?(ﬁf@d tl%%%%%%%%lgg%%k%dg%@egt al .,
Nucl ei ¢ Aci figthRebeloR5s&5Tor(e20DPle, tht&énhna]pgamvailabledﬁmnlﬁﬁycdmdac olebanon,

ti body- th t
are ty o) cal I LT R P b Po JiErBtt HAToIian b2 RUEHTE Tl e ar
targetsys Aphﬁﬁgh%ﬁﬁﬂda@&nﬁztﬂbﬁls %&u&%t&%&&&WQEp}J@bﬁuﬁdﬁﬁys@s {E@' ecul es

(DNA or ough DNA based aptaners are nost conmonly d
st r anded. Tldetp@mnns nmoshstharisid cpmpgmhom)o ﬁh@mcelpxramrmatml@veg@@n@l makowever ,

apt amer 20 nDI nonl y, Opnucl eoti des | ong.
Aot aner s of CBRUPRFT (OIS SR Ao Es ST o T PP ef et o mi ne
their affinigrgcdia doioehicirabe QUE@R-bAARI arrm;r ﬁ) spaetl @ Ei9can@nlysRdMANI 8RS
over sinple antibodies, prinarily because they can be engineered and

ampl i fied absstO-ghicpndatpn spesificdlly muy be detegied using sehmiares sueh anevudiee

of 't echiy quakaTRr {1 BEBONRE: T ATThIE DR RALEL EE R, S8 oY
(El'l'i ngt on ands @EOﬁdiraktrj 3980) coNdtinatieon oBA@E6R8M)igBk8- 22) and the SELEX

met hod (systenat| | ution of |igands by exponential enrichnment)

(Schnei der et al .l The g5 rreﬁ%rlalawpmfml@syﬂ%@bg Omélsctﬁﬁwg SB¥CHhi ch are
i ncor por at e@lg@ﬁ&&h@ f&ﬂu&t‘?&ﬁﬁﬁﬂ&ﬁmugﬁﬁ gﬁxﬁvg‘ﬂ’Q&aﬁli%h@@f?ﬁc@dlﬁe.uﬁﬁﬁuﬁifzaﬁon

apt amers havé been Bubl I shed 30 including Klussmann he Apt aner Handbook:
Functi onal @rdtogrohuaidgethingdpss dovdsoliteinrof Ampduineztlisplesocyt<SBM fusion are known in

978-3-5 31059-3: Urich et al. 2006 b h Thro creen
0 8) - 6183 33 Mo JH TGS (- Pn e B Pyl 3i0se T L IsEEn RO titas tre ok
361: 187- 200kndkgson and Kel | and. 2006, Mol Cancer Ther., 2006
5(12):2957-62; US Pat. 67 WO 2011/ 088196PCT/ US2011/ 021109 Nos.: 5582981;
5840867; 5756291 Chgpgicrgdrungaigy agtlbcsh@zé 113 present O%Htlmn@s mareddm@ed
Nos. 11/ 482 917 &ellcloga42u§ ne]ﬁ%o/nzogjoha E?‘{;?d r:l'ozér6 43r1‘e)l\f'1~| %
|ncorporat e8 her SH I]b reference. It_ RERS |s cFear V'ﬁe

popul ar and ehcfodﬁﬁgf'tﬁbl ﬁ&aa@ anB light aﬁlﬁwﬁﬁi@gwﬁuahs Setrﬂ}ibsobtﬁhécﬁfrom&hé hﬁhﬁé y of
candi date nucleic acid nolecules is selected from

hybridoma of interest and engineered to contain non-murine (e.g., human)

immunoglobulin sequences using standard molecular biology techniques. For example,

to create a chimeric antibody, the murine variable regions can be linked to human

constant regions using methods known in the art (see e.g., U.S. Patent No. 4,816,567 to
77



for binding to specific nolecular target. Second, nucleic acids with
sufficient affinity for the target are separated from non-bi nders. Third,

t he boundwoueliiissivaci ds are anplified, a second |i braryPCs/Usesmweliloand t he
process is repeated. At each repetition, aptaners are chosen which have

hi gher and higher affinity for the target nolecule. 10 SELEX net hods are
descri bed . i i i I i chare | ted
nor ol n by rofordeel ghuerife st ABuRIRL, AR MIRRs CHR RGP Sa RO
2007 Bi onol irfng hu?@0 Tragefdyk 88dg Ae@Brodakolov@opi thahtt,(se2@Qr, UAnRhteBi Manal Chem

2007. 387(1): -82. An "a r of the Lpventi 0. been | ncl udes

apt amrer nol éczégéégﬁ%ﬁgmﬂﬁﬁﬁa @g&ﬁq%ggs'i%@gﬁﬂ’ éggﬁﬁgi&gﬁdﬂ@ angg it | de.

apt aners shgrneomanYo OLERES W8S AWIBE NG | SR £h¢-c8 R APRIySmA PbDdesi B kI thei ze
and ability to bind target nolecules with high affinity) "and they may be
gener at el bPNseeptotamlavel, gogs knpatedpaoehwnan drdrmopriivmedngiegeences. t$usbe used
to generate_nucleotide aptanmers,.. for .exanpl e Bain nd | as.. 20086. ug
b scov Todagnrt a RS S Bed B 2000 RaY Dby s and”
1('3) : 1066- 9&xmbisedd irdViGoldn&OViRe tapedulOhRiRhmzdyanti@béy.ence. Af fi body
nol ecul es represent a new cl ass of affini t%%prot ei ns based on a 58- am no
aci d resi due profiep predisragi ambodanensethe ppidhaditsedt de inFentiog@dHhwdithg domai ns of

st aphyl ococcal pr i . Jhd i . i . heen used as a
scartol d foftpgoRiEhTeduey Sy UEER i o AR R EORR B RRCRE Ve o

whi ch Alfi badynmetric @bhtacttih@ifabéfammd®IK I hg aditsbblast gioktduétesrecagtohearsed ect ed
usi ng phage display technol ogy (Nord K, Gunneriusson E, Ringdahl J, Stahl

S, Unlen M SREFGHENUPAZ URISEARIAGT HRBICEIWOSS B GRIGSFary g RREHB! athymag)
l'ibraries OﬁmﬂﬁlniEﬂ%n’l Fﬁlller ttﬁéhﬁa’u d ﬁ%f'eﬂji.ofhégé)%h enilél%hd lﬁ'af?gcﬁﬁﬂﬁ'&lo 9.7;
15: 772-7. Ronmark J, Gonlund H, UhFe M Nygren PA, Human 1 mmunogl obulin A
(1 gA) - speci fiice intlyde dscd retamedsorberat orilay Abnyicaeed K node ' Yr espictivdly, dadr  J

Bi ochem 302002; 269: 2647-.55).. '}I;he. Si rnl)ll e, robust, structure of Affibody

mol ecul es i ACCONBTHAD 'SR e 35 PYWaMde BESH- ar wei ght (6 kDa), make t hem
sui tabl gsfor a wrge MABMou® BPRHAEAThONSontdiAS hiSt BNEEroAShuliatesd | On
reagents (Ronmark J, Hansson M Nguyen T, et al, Construction an

char act er i zatinibori dfat efidoidb ooeaFen gedihnernadhepro@iandd) and Edigheshiaohi a WO

2011/ 088196PCT/ US Obllll 021109 coli, J I.@mnol Met hods 2002; 261: 199-211) and
to inhibit FBEUBLHPOYIR: SAUERD AReethsh REL HieRiek MURHoRs thal MAHYAE B Nygren PA,
| nhi bition efydog, ﬁi&@@&i&ﬁich@ké Y qlh08o S AMah od Nu P38 6 A):NG 6.

Af fi body |igand devel oped by conbi natori al %rot ei n engi neering, Protein Eng
2003; 16: 691839). Adeosiingy.ahbadéaexhitst redfidedlzapicesonbfivieudedeN al it,@anédh t o
remain as intracellular antibodies by extending the anti bod%/ sequence with
KDEL t 02%rakESpensede ima@ynization, the iageqduced hymap herivtand hight ghagplransgenes ver net

212 f ?Lbd |( ggo ﬁ)ﬁcﬁc\gf]ﬁ%ﬁé&%&l Hl%lrao g)égﬂggén%’ azehg) @4 §%§atg}e{{g§)lb %?igg%%/nslrgglce rence

to U S. Pat ethodNonalFL8mbkr &N sl ¢hod43, spre irdvidviioinA@nde@dNDy o0gf er ence in
its entirety. 10DARPI ns (Desziwgﬁed Ankyrin Repeat Proteins) are one exanple
of an anti bé@‘ﬁdl?ﬁqlﬁé#iEéPW’(f iagmeermepbbk 4 O dicaberged nnsd Beszat kit has

been devel 02@@% ) tlml}n%oi?ilﬁl.cﬁsﬂ@s,%REHa&hﬁ%rf‘?%n&‘ﬂ@ﬁl?e‘?é,?}@‘(‘i'%s Anp.

pol ypepti de peat protelns such as ankyrin eucl ne-Ti ch repeat
prot ei n85 aneY.ubirduid oitd: B6ordiongThopreparhes) anthiselof dludib, mick) ankdehant i bodi es,

intra- and extracellularly. Thejr unique m)gjru{lt ar ar C_Fi ecture ]Ijeat res
15r epeat i ng gg@%&ﬁﬂdéf}} caA i%ﬂf{l?%@»é&t%ﬁ?{cw het dexr %@ﬁ?@iort : fff_&fm
el ongat ed r epgal MIODRI NS/ dkSPLRY 20$28 26D EeaNH RAYi9aR) |AsA8kRi ndi ng
surfaces. Based on this
Immunology 5: 647-656; Tuaillon et al. (1993) Proc. Natl. Acad. Sci. USA 90:3720-
3724; Choi et al. (1993) Nature Genetics 4:117-123; Chen, J. et al. (1993) EMBO J. 12:
30  821-830; Tuaillon ef al. (1994) J. Immunol. 152:2912-2920; Taylor, L. et al. (1994)
International Immunology 6: 579-591; and Fishwild, D. et al. (1996) Nature
Biotechnology 14: 845-851, the contents of all of which are hereby specifically

incorporated by reference in their entirety. See further, U.S. Patent Nos. 5,545,806;
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nodul arity, conbinatorial libraries of polypeptides with highly diversified
bi ndi ng specificities can be generated. This strategy includes the
consensuswoesiignsswht sel f - conpati bl e repeats di spl ayi ng wamitskéia/ozupd ace
resi dues and their random assenbly into 20 repeat domnai ns. DARPI ns
can be produced in bacterial expression systens at very high yields and
they bel ongsispokhs: 1653154, 333 48508 08015 Kk NN 30H SIBEY.0FRSR [l Fie:

hi gh-affinit RPins to a broad range of farget proteins, including human
receptors, 6y/éRPHemd KT Hak¥s all uhwrbepy atdeifse d].SvPaters . ardd 5180fte Smani

B ot e di or ¢! farsaor AT e P Cans R o b2 25, i HTAS5E5. W8 parpi ns
have been used3gsp voicde4z8048d W0 8DRKOCELIINEonbdde hitfikRg drlIPEA; sandwi ch

ELI SA, flow cytonetric anal ysis (FACS), inmunohistochenmstry (IHC), chip
appl i cat$ on&ubladatipnNoy WD Ol fldd24 fodfororan\iggt ern bl otti ng. DARPi ns al so

proved to be highl Oactive. in the intracell r.conpartnment for exanple
Y mer acel T ul ar Thinay Shitiotdhe e BSGru Ry e R T s ol Ry
DARPI ns wer enduk thaegarti&athnidh infidddiglobuiif 8¢quendds Yon\Wahbeen€déhd N the pM range.
DARPi ns are not only ideal to block protein-protein interactions, but also
to inhibit EARSFREBOSOARS: HigBAS a NRGUSE s caRes ¢ hanapbeave chaindipasgsae andyn

2011/ 088196PCT/ US / f i nhipi St 0 . AMMs»
allosteric gﬁﬁqflﬁlﬁgﬁtﬁ a%%?%@§gﬁ§tw§hﬁn1§%re}%ﬁ I ggoelrllérﬂglzlharsren sﬁgﬁéq?h’e t unor
and ver y0 f auerdebdrébet imdetail in BCORIbLadtion SW Gl AR Bdidaek kil suited for in

vi vo di agnostics _qr therapeutic approaches. Additional |nformation

regar di ng DARPi nSUtARtRsrateraipe {rakgRUE GBI sEembeX e I§UHIU, S, Pat ent
Application; i i 3 t [ :

Appl 1 cati on Bapl b B o Cd ST B o S RARPL RS (REbERbdiesof

i ncor por at ethehyvengioer Encexampld, heiattermnative tednggendntyseanh referrat © aantheaddi t i onal

anti body m getic technol agy owever in this case th indi ng specificity
2 e ved. REGHTPYEAREFHE: g FAb Yl e B o BEGIAPeqat dhh OOt b ns
that ar es napueal Nys. andoabygnsan | ¥1;exnuessed 150,384 RA 6ticS 9¥S %o ROchPRPMi
fluids. Lipocalins have evolved to performa range of functions in vivo

associ ated wi4/h the physiol ogi cal transport and storage of chemically
sensitive or i nsg)loub(lj 8. Co glnecits. SL{PI%OC%I i ns, havleS a.r ol%usrt SSi. nt rli1 nsi c
structure conpri S RGOS RGNV CBHLSPOBE S HSAV LR WA CERSHEIS WLy 1 oops
at one ter mifteanedlobllR @hes aeRvailddesia tho@pend ednbdiied eNfal@Mkeartdoicd of

bi ndi ng pocket and conformational differences in this part of the nolecule
account for theHBvepdionafPoeraplyinyes s Epe bethjadivmanihes eehin Hglsghiggpsome

li pocal 2(515 *and a humx}q' h%lgt d:thgf_lal Stﬁa\eﬁg{u% osgﬁlé,%gfgy{eg t& Els ‘hf’,(E) ﬁ{i(Yea’rciaffi‘?L: %séd? O

supported by a conser ranmework i'S remniscent o
i mmunogl obukiitsare deqoibad inTBormliztitesr «f.q080@dtrab|Nurf Aowmd. Sat. iadd 2323-T2 1. er ns  of

si ze, being_conposed of a si.ngle polypeptide chain of 160-180 20 am no
aci ds whi chFPENSTEIOK: GNP G dpg 8Pk ar v a@ﬂ?f@hbchammwghrammrﬁeﬁmﬁibﬁm
Li pocal i ns gr&iglPRete 3AIKLRENE of QOPBORY BumHPB BRI BLbIbE RIGBNEEN)AG chipor der

to create Anticalins. Libraries of structurally diverse Anticalins have
been gener ausd tamaiseAht iagabadiesdifsid myetidnows t he sel ection and screeni ng of
bi ndi ng2§ unction Hulhlcgnlngg\erfoglo?lgl z}nrt]i%odies of the invention can also be prepared using phage
display methods for screening libraries of human immunoglobulin genes. Such phage
display methods for isolating human antibodies are established in the art. See for
example: U.S. Patent Nos. 5,223,409; 5,403,484; and 5,571,698 to Ladner ef al.; U.S.
Patent Nos. 5,427,908 and 5,580,717 to Dower ef al.; U.S. Patent Nos. 5,969,108 and
30 6,172,197 to McCafterty et al.; and U.S. Patent Nos. 5,885,793; 6,521,404; 6,544,731;
6,555,313; 6,582,915 and 6,593,081 to Griffiths er al.
Human monoclonal antibodies of the invention can also be prepared using SCID

mice into which human immune cells have been reconstituted such that a human
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expression and production of soluble protein for further analysis in
prokaryotic or 25eukaryotic systenms. Studies have successfully denonstrated
t hat Antiweal2on#ss®n be devel oped that are specific for ecrtusadiip2any hunman
target protein can be isolated and binding affinities in the nanonol ar or
hi gher range can be obt ai ned. Anticalins can also be formatted as
dual targeti LS, - ins: DPUE AL I . rate
t her apeuti chft?%)rogg? ES%PEQOC@%S%%?Q %%%%ﬁ@ﬁ%ﬁ?ﬁérl cﬂ:lg(&)lger %Fggicr%\éggg?&a

st andard meaeaxdnae. Ul iSnGatpntoées SE36 806 hed 6 ©D&76T ngMilaswgetalspecificity and

affinity regardless of th tructural orientation of ifs t bi ndi

dormei ns. B IdEs SH CBRITPRN PR Er/gB SERTUUaRY B BINgIe I SEu & i s
particul arl kn@s@ﬂﬁﬁ'&%\%ﬁgﬁ‘% k&rﬂdi&@pa%%s&{b@w&h MADY O V8 oMR( &9t NamviaL. si ngl e
causative factor. 0I1/088196PCT/ US2011/ 021109 Mor eover, bi- or

nul ti val 2nt Bidln2B2n§8 HolWiatisl, duchak$(1Pbc EMB(3 Thidy 693) apdi  ScBatentddasent i al i n

targeting cel f )|  d isea iating agonistic effects on
signal tran jgéﬁ?%hg%gém/a@s% j@%ﬁ@%&@ﬁ&“‘zﬁ%@zd internalization effects
via binding and ¢l ysirgel BEbedineat, inShdiacs themehonventd hiebeRuad ukidg hi gh
intrinsic stability of 5Duocalins is conparable to nononeric Anticalins,

of fering fl| &dshfdl fusrapeifliapiay rechaneloge ps desexbasof@expaples trU Sy Batant Nes.

Addi tional | r<Agat 4 r.Q ' ins can be found in U S. Patent No.
7,250, 297 a'ﬁd%s’é?g’réﬁ%@’%@%’%ﬁ%%f&ﬁ%ﬁ%ati on Publication No. WO 99/ 16873,
bot h of 1vhi ch are hereby incorporated by reference in their entirety.
10Anot her antibody minetic technol ogy useful in the context of the instant

i nventi on arEnAd Hybiidamas Progucing MHyuman geronaliAntibadies of the Tpyentigny

ext racel | ul ar T eq8 BLAl RIS RY boihd f B fsaBnSALS bhngaRad prage
di spl ay, generati ng mﬁlti gghrr%?% pprrot ec;{nés 1\£If\llnt | édlﬂr?g a% %hlfgﬁ ory
properti es. ilvientomgplenddyigslaadion thep@EnadeietceBs frdmnginconaidnsichasn besnlagdown t o
create avidity.and results in .inproved affinity and specificit 5

compar ed w £ BB R gTRBlE ol B dTsig g B oe e et st ent i a
advant ages iTRE kdidRing IYBHEoAR LB tkiscletidd BF AUEdRA0R DT M dehispédst - specific
mol ecul es in Escherichia coli, inproved thernostability and resistance to
prot eases. Anfibpeics. \Wot exage, nangdmesllasuspdnsions of splehalyenheeyteolipai ned agai nst

a variety of targets.. Additi.onal infor ion re i vV can be found
MU se Par dRPBERS B s PRGN OR kI S8 508 AU S S B isos
2006/ 022311 houdOR§E18IA BRI ( ARCOG RO Q884w itk O0%/FILR 1884natRRB5H karb&kOdall

2005/ 0089932, 2005/0053973, 2005/0048512, 2004/0175756, all of which are
her eby i ncoppeatietofplenis wpwheeyteniremammuaircH maeg canker fysgsoigsangglectdqot her
ant i body, m pet| COL i xt of the

i nst ant %(I) nvgg{dl bgatrséde eérlfs)éaﬁgsg%l} Eélgﬁltgg’e&gll né? ?%ﬁ%ﬁgﬂéﬁge %@@eﬁ?ﬁ%ﬁﬂ%ﬁt h >15%
cyst ei nes, wkcebpdraom@ytbigbe Stiaicks,ilde, denBuryieMakfaald, CelBpiraplated at he

hydr ophobi ¢ core that typiscal proteins have. The replacenent of a | arge
number of hﬁERYBiS]H%%‘SX 2amthdn et kestomuminse et Mgtey élol“(ﬁ@l_%éiﬁﬁ%i"teeké‘?“él}’a%f’t h a
smal | nunber, olie @i WelilfeSodi&ftte D% fotft IR Sirfimt DY 653 SRbiBhed ARES
hydrophilic (|l ess aggregation aﬁd non-speci fic binding), 30nore resistant

t 0o prot ease$%aonkehd HEENaddnNeE-ghuthrower 1 dévi sodiymgfyrivate ISmM plERI$e 9,056ecause

25 mM 2-mercaptoethanol, 50 units/ml penicillin, 50 mg/ml streptomycin, 50 mg/ml
gentamycin and 1X HAT (Sigma; the HAT is added 24 hours after the fusion). After

approximately two weeks, cells can be cultured in medium in which the HAT is replaced
with HT. Individual wells can then be screened by ELISA for human monoclonal IgM
and IgG antibodies. Once extensive hybridoma growth occurs, medium can be observed
30  wusually after 10-14 days. The antibody secreting hybridomas can be replated, screened
again, and if still positive for human IgG, the monoclonal antibodies can be subcloned at
least twice by limiting dilution. The stable subclones can then be cultured in vitro to

generate small amounts of antibody in tissue culture medium for characterization.
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the residues that contribute nost to MHC presentation are hydrophobic. All
four of these properties are well-known to affect immunogenicity, and

t oget her wheylizsgl9expect ed to cause a | arge decrease i nPCrusp@geniedty. WO
2011/ 088196PCT/ US2011/ 021109 The inspiration for Versabodi es cones
fromthe natural injectable biopharmaceuticals produced by | eeches, snakes,

spi ders, scor pi oRjg mf}gﬁdrﬁan AP AREMRA R diedie tseglr@bha@m & soPh fn |

unexpectedly | ow I genicity. Starting wt cted natural® protein
fam lies, bywddésirgpinaaefldys fomeenclgal dntibsdy pyrifinad poBupbinatahis,cabpeot eol yti ¢

anti gen processi.ng, and epi density are mnimzed to.levels far bel ow
The. Sver e TigRad coented BRBm Gh Bty PuSHEIOErPh) Witk pfFin REcEbItEt ure of
Ver sabodi es (Pﬁa%§ﬁa,§ﬂ§d.agh§‘iqa¥r, et 196 @h va cHé‘d’k%ﬁlaHg@ll {188 tphofeti@tand Nl udes

mul ti-val ency, nulti-specificity, a diversity of i fe mechani sms,
ti ssue tar gbtghmgrievduicediqaitdchréraatapzphy o asutelparign tfhb butferrolutiogicom be

Furt her nore OVersa Les are manufactured in E. .coli hi gh vyi el ds, and
because of FRANVEUAROERT g RS ki e R fertinFel b Bbay AP iy y

sol ubl e andeg@ittibg cheribieharad nicdoflofl 16 APEE dadtbe AMGuotME hSRNORHI QS -5 €.
exceptionally heat stable (they can be boiled) and of fer extended
shelf-1ife. Additional information regarding Versabodies can be found in
U.S. Patent GLRapRLi 6RFhATeRYRh FRLLAR. Nono2RRLY AREEAER MaRvditioRer eby

i ncor porate ; Modul ar

| mmunoPih@r maceut iAn@bsdidy oftthe mvehiasmEsecdn eprsduced g baestedll transfedtormaian and
optim ze target binding, effector functions, in vivo half life, and

expressi on PEFE YPIIANES veiegsios X YPPIE Y e P RITesRFRRIN Y DROMEACRRIIUES r st
they 20 conty per tmn?@b@& FOEB NN KRB SRR & (3. ¥ABMisBA.OY Gl dpsyhi Ch
confers specitrcity (e.g., cell surface receptors, single chain antibodies,
sol ubl e profeienss, 228t K02).Secondl y, they contain a hinge domai n which serves
as a flexible Ii gker bet ween t he Dbi ndi ng. donai n a(gd t he e{:tlfhectfr 19 mai n,
and al so hel ps cORt POMAuIT FHREFSSZaE ERodies e Twaipnteagel PNAM ps
contai njan ehdRedParG BRI WAL GNi JReNnPEead9 Ch¥iB chi BELBraMRE b§t¥andzaa Of
mol ecul es including Fc domains or other specially designed proteins. The
nmodul arity ofoledabr dedogyniechiiqush (akl BOR anm@ifisatign er doNStctaning esindd SM Ps
with a variety.of different hjndi hi- nge nd, ef or domai ns, .provides
For rapi d antbier O CaRE bl IRGes IR LAG SranRTE R i e

i ncl udi ng exasplsash aktdnonchehAdelsd et heBper@yelh inkeddrdndcrgtidaaeindal .
(2007) Bl ood 110;2569-77 and the followi ng US. Pat. App. Nos. 30
20050238646 rapdusnzbests! sepoeseeoobs; conas dpor 3orergostnlped2 is intended

20050186216, 97Q: 4 i re | por at ed
herein g§ ré érg%ﬁ@lég%n;@]ﬁ&éfggﬁeg ??g%tg/éﬁl]t?/\i)@%?%”%h%%%%f%@%@#%ﬁ%z1109
The det ai | edragdsttomiapddnanl edquadies batiin the agerenieranttieia iterlated umatioa toif

t echnol ogi es provi ded above. is not i nt,endeﬂ to.be a conprehensive |ist of
al |t echnol S@teding g ranseriefiggeangdeagslation plcthe apiibacy ggpe-t hee Gxpagsgip vector

S peci ficati Qhd eﬁﬁ’éssﬁfﬁ%ﬁ@l’ seﬁ@&c@g af cHQsten l?(y bé"@(ymﬁitibllé- mtﬁ ﬂ{é &@res?ﬁoﬂ ‘ﬁ[)gtet y of

addi ti onal technol ogies 1 ncluding alternative pol ypepti de-based
5t echnol ogi esl] usdc Ahasnfitusiydizht dfaic gengl andeing artipodg heaviyichhinggenegamles  as

tlhi in. i { | ., Nat Bi ot hnol 25(8) 921- 9 (2007), which
oo her oty 1 iseresbing terplt Yool e R S R ERAR e e b 3RS Wity o

aci d-based Eﬁg@ﬂ%rp\gﬂcﬁﬁu TRYERi 1Ty BiRes RNANSEHANRIO the EXOIsREN @%to@%?cr i bed in
U S. Patent s. 5,789,157, 5,864,026, 5,712,375, 5,763,566, 6,013,443,
6,376, 474, 6ta8dBd RE0ds (424ligAPn @ coBplenTptary Frt6;lRE Bite2W thalantiksidy gene

fragment and vector, or blunt end ligation if no restriction sites are present). The light

and heavy chain variable regions of the described antibodies can be used to create full-

30  length antibody genes of any antibody isotype by inserting them into expression vectors
already encoding heavy chain constant and light chain constant regions of the desired
isotype such that the Vi segment is operatively linked to the Cy segment(s) within the

vector and the Vi segment is operatively linked to the C;, segment within the vector.
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10whi ch are hereby incorporated by reference, could be used in the context
of the instant invention. Antibody Physical Properties The antibodies of

t he presewd 20mvsst9son, which bind to an asynmetric cont &ctr/us2émoeritbace of a
RTK, may be further characterized by the various physical properties.

Vari ous assays may be used to detect and/or differentiate different classes
of anti bodi i I .

embodi ment 5. ARET Bup o HRRT RS Rk S vestorsul dRATEenal

gl ycosyl at i peptgiettes faqilities hearetidneofl thgitibody kk@w yroohahost eelt.i ‘@ld antibedy on. The

presence 200f .one or r l.ycosylation sites.in the variahl eglon may
R e T S R A R S i N
pK of the apfd DAY idtendsdf dld i8I PMY eblmels{ggal(sﬁ\@ﬁa@aéﬂbeeén al (1972)
Annu Rev Bi ochem 41:673-702; Gala FA and Morrison SL (2004) J | nmunol

172: 54895 94 iminghoglekulit sigilal pa@Rig)or 3 hesepoliveahs seBallEpade (192 Bpial pefR@e( 2002)
A ycobi ol og¥7812:43R.-56R' Fl) rekh et. :jll (1985) Nature 316:452-7; 25 Mnura et
al . (2000) M4 AR Uace I-HTP(S%tfl.n ‘A ycosyl ati on has been known to occur
at notifs contai m a@ligeh f¥-the Sitiboa e dbAn Genes Vikk ireddndifH@ bAfeGloncesidradfi on may
be tested using a dycobl ot assay, which cleaves the antibody to produce a
Fab, and théi inexddionfaiy gaptaserylsequeasesuBatirgntipl the supretsiar ofipdanitbedy

peri odat e o0xj i . i f " i ernatival y. i abl e

Pegi on ol yoohof SRS RHoMERl; [oPRER Sk TRbeRuudikh S ARG el ™oy

(D onex10.C) prontdtels, elhedssesarsiogbdraxpaesod c@mod eleatentsnt.g., pohasasthmni des and
anal yzes the individual saccharide content. In sone |instances, it _may be
preferred t 8CAAVENAFORAP] 1he dpnioHiRtioy seYaGHior of thei MYy RIS DY

gl ycosyl at i i [ [ ' ' pes that do
not contai n?é%'[z %?L og‘é%gdég%cﬁté%g{%%‘g%%egﬁ%ﬁg&gﬁ%%%‘ﬁiﬁ% ]lréog%gfrlmtif in the

vari abl e regedmotngybyetiotiain Erapymedogyuless, Acddemmc Ptess, Play dbsgd, &1A dROOMD1 It

usi ng standar.d.techni.qu Il kno in th re., . Each anti body wi ||
ove st gl bt SE BT By M KRN h gt M dasiap oftbd B BBOMRROT ol 1 i n
the pH [angenpidiRethvreBcthnddtde 1§coryT§%§ué}Jce§,%ay%pélﬂpﬂn aRhirhqey st yRi cally 5
falls within the pH range of 7-9.5"and the pl for an g4 anti body

typi cal | y f ahdice it thiyhastichle tpbe ranfumetl, Be &velolt dxipoasiies ofrpsptdimdesizgdpdict hat

i s outside bhis rdamge%tAlthou h tfhe effefts are enerallg gn nown, there is
specul ati on TASTCHSEIBERY SSIUGH Y PdHe] Het FHEWR e PdhGe iy have
sone unf ol dergeandhitRisteaddibh leyeld 08 Brotdin eXpréiGPiAGhimhMaBan e, juskeas ectric
point may be tested using a capillary isoelectric focusing assay, which
creates 10aPPHQferadnd/nt cBacHhgeried| r%cytag@galpwﬂﬁsﬁc%w,o%gmmc%@w@d

v omat 30 aony B sSeainisg E e HE SR AT GRER s Pk A P emt 7y

sone i nst anaéésrnativellysngpn ghilaeg@dtotosdyasieeamag e ivbal] yudhhatthe obityaitin pramper
value that falls in the normal range. This can be achieved either_ by
sel ecting aft Pigdrhivgrogater. Htiffusther; isgulabr palemenisgamperedyf spareAEISHEP B har ged

Losur e BFELIR M A RN oL KB Db ST e

SV40 early promoter and the long terminal repeat of human T cell leukemia virus type 1

25  (Takebe, Y. et al. (1988) Mol. Cell. Biol. 8:466-472).

In addition to the antibody chain genes and regulatory sequences, the

recombinant expression vectors of the invention may carry additional sequences, such as
sequences that regulate replication of the vector in host cells (e.g., origins of replication)
and selectable marker genes. The selectable marker gene facilitates selection of host

30  cells into which the vector has been introduced (see, e.g., U.S. Pat. Nos. 4,399,216,
4,634,665 and 5,179,017, all by Axel ef al.). For example, typically the selectable

marker gene confers resistance to drugs, such as G418, hygromycin or methotrexate, on

a host cell into which the vector has been introduced. Preferred selectable marker genes
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stability (Krishnanurthy R and Manning MC (2002) Curr Pharm Bi ot echnol
3:361-71). A higher thermal stability indicates greater overall antibody
stabi | it ywpreouvo88196 The nel ti ng poi nt of an anti body mayPob@/uUse@soeBaousi ng
techni ques such as differential 20scanning calorinetry (Chen et al (2003)
Pharm Res 20:1952-60; Ghirlando et al (1999) |Inmunol Lett 68:47-52). Tm

I ndi cates tﬂgl&a%m@aiﬁ SS9 iRl é‘ lﬁHﬁk g%]fg%djr'lﬂ iPdnft- ek Ragy. Tt

i ndi cates t tenperature of conple e un ing o e antibody. Generally,
it is prefeneddtickat stlbhaichammificanomrini bledyeoodent kfer §ﬁ4é8 selectiomy.ention i s

greater than 60C_ preferabl re han ven nore referabl reater
Phan 70C. 25t SFAEPGNY & HEF IS Avabey shirh-« 5 SrPramioaaer gay ey nde
measur e usi &9:&hvﬂﬁ@ﬁg@cﬁm@ig&mﬂ@w&awo 8thodt cell (9 20AHard. e HHE RRBL PRE  SCi

40: 343-9). In a preferred enbodi nent, antibodies that do not rapidly

degr ade Iay vheouddeimseef. th&teagnemnsedtion” afe intendast folsodympasy alyadergarsty el usi ng

art (A exantior ORI RN bR 15 A aR by Sk ua RO TRl e,

preferred estiggdRMHost @t b.RQEIRGOFIRIGE kﬂ@ﬁlﬁﬂ?lﬁcﬂ@hatb@k@lpﬂaﬂbME@Egr egation
effects. Aggregation may lead to triggering of an unwanted inmune response
and/ or al t eferagrtranpfeaier sl the hlar A AesiteeopetisaBy ppwsible @ardresh e, WO

2011/ 088196 tjeon of
25% or | ess TERarLHY TEo0 it g P aGoRE PERERLAR Bt Al SRRLEREN ™" Ve
nor e pr & er atdibodidd%m elnkalr)aﬁﬁ: celisl agy efoshpieterivl @ henabalianIstodellk s she most
Aggregation may be neasured hy several techniques well known in the art,

i ncl udi ng sPEECTEXIGRYEAUCOT Uy OLISEL)S ARG REHT O TRHBR AN sk, are more
Schr omat OgrﬁRP%tl(dﬁFﬂr@ar?/@tggcellﬂs%ﬁss %taﬁa's&ge&a ns’p%gl Bbaeaﬂa mers, diners,

trimers or nmers ction o Polyclona |es 0 the | nventi on
Pol ycl onal anmmbddgmsﬂpaanhenpb@bemvdﬁmynmknpnmmamobaumpdﬂgaedhbybamvariety
of techni ques that wn in th PoI cl.onal ﬁgdl are

Sor i vedt Fombobas fo B BriCiive 5P P Prelioh 17 A thric boat e Sl Sy

epltope$5onaﬁ@ek@am§]@qygggqmnaﬂb&%#qaﬁbwapgq@pdles are typlcally produced
by i muni zation of a suitable mammal with the antigen of interest, e.g., an

asymmetric contaBﬁfﬂNKEWwaG@h@mh@ﬁCﬁhﬂbrﬁﬁHWEkstb¢ﬁ@nmmg@ﬁtﬁﬁWOQWSQﬁ&mion
of polyclonal antibodies, are ghickeps i ters,
horses, micé&"’ e?%?%mcgﬁ‘é?gmeée amrsr%g V%é@ eﬂ%b’g gﬁg%?‘ghgiir{zce thods to
15 produce gedcyisbOmalram dndattiasis, 80P aR! MaIKDQWEI S vhe 7aub 160G akede
conbined with the nethods of the present invention

r esear ch. cmwithexdEFBglestepletraarkes: ¢-61 abpesgepeet @t%&ngwﬁWélPo@yﬁh@nb htm ;
U5, Pabgnt (1B, ufa 1451 39000 Pe 3PN Ao 230802 AR0ATE: can&4g. 215, and

3,597,4 iTe cont are 1 ncéorpora herern
ref erence. particular, for use with NSO myeloma cells, another preferred expression system is the

GS gene expression system disclosed in WO 87/04462, WO 89/01036 and EP 338,841.
When recombinant expression vectors encoding antibody genes are introduced into
mammalian host cells, the antibodies are produced by culturing the host cells for a

25  period of time sufficient to allow for expression of the antibody in the host cells or, more
preferably, secretion of the antibody into the culture medium in which the host cells are
grown. Antibodies can be recovered from the culture medium using standard protein

purification methods.

30  Characterization of Antibody Binding to an Asymmetric Contact Interface of a RTK

Antibodies of the invention can be tested for binding to an asymmetric contact
interface of a RTK (or any chosen region such as the concensus sequences discussed

herein) by, for example, standard ELISA. Briefly, microtiter plates are coated with the
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20 Production of Mnocl onal Antibodies of the Invention Monocl onal
anti bodi es (mAbs) of the present invention can be produced by a variety of
t echni quesQ 20naiss®sng conventi onal nonocl onal anti body merhsdallogymoe. g. ,

t he standard somatic cell hybridization technique of Kohler and M| stein
(1975) Nature 256: 495. Al though somatic cell hybridization procedures are
preferred, ip-pLl NG . j r i { :

Bt body. cal e S B e e e i

| ynphocyt es PBSt arshtherh tlobkedwitle d% hratineaseturb olbuesn {(mPBS.c Dolnabnsorf apobgdyl onal )

or antigen binding. portions thereof, . be raised to any epitope on an
Ssymet Pro Lot Sgtidin o pRaEe I B e 46 2o BTBENZR g B/ h f act or

receptor, t QqhiRei5ieREFASHUAteSHBAUGNHERTIE) S6 YRR oREEEWBI af int@bAY for 1-2
conformationdl, 30di scontinuous, or |inear epitopes described herein.

Several fret hods ak3don The pldtes ae washes wige PBS/Tveen spédiehiiecubhtpd séthect i ng an
anti body or antigen binding fragnent thereof that.specifically binds a

i scont | nuodE OBy Girectr s e SoruBaTsRar (bRl o8 editat . - For
exanpl e, thgolyehali rguest)dosfleee b hRalthephoFHakdse adri ObuNas 3200Nf@E69925, the
entire contents of which are incorporated herein by reference, allow for

t he sel ecti dfasling.dhe Blates Beradevaleped with pdE R sebstiie di meenlermnd gaplyraer QP phin a
protei n seqygn t ] i i e _present
Pivent i on ta0egeg: PAECTTy Ry oo el e e P AR FADGG e BB e

epi t opes0 di scl oseah HIEISA a3sayl ds del@ibed abovenmhiabiodle wBed toofeeeeh Soshybiridb@ian
secondary structure, such structures often formeasily in smaller peptides
(e.g., <50 Hif fRPVABPULYE FCAHIEY Wi EI98GM ahlYBrdarars Bt HNS Frath high Bt des
coul d Capt Ui (SO (S HRMRAELI A ERIEARARTHY ELORIdnteld iy STal |

pepti des whi ch“conprise a conformational epitope may I]be connected via a

fl exi bl e |i nkanactérized. Onk@poleyfginy emdh, hybridamst wiick betaifhs pgelreactivitpohitieged am no

acids). The linke i | |.ow the peptides. 1o e or ri ous interaction
or et at i onguer it BTt Hr i PSB! FRkie iy Sber Dyt ar o
screeni ng couba, ahd W h@bodydanitichiigat i on of antibodies directed to a

conformational epitope. In"a preferred enbodi nent, peptides to specific
conf or mat i onal orfolpuriBaanteRT Keptbodiey stiectebhdritoaths lsgn bergreminzinheyo-diterani nal

with a 15 particular domain of an. e.g., an.asymetric .c ac

"t or face. orbnhRks BR AR RhyRRARSY i Runefos AR B Rl w0 bi no

t he epit opeceicehtdited Bsfore dffinyehromaadrdpBRtwid proglieAlsepihroieqPREGRPY, (Ji ang
et al. (2008) Nature 451, 1130-1134; Joachi m£2006) Oxford University Press
| SBN: 0195189 s88pwanVhe ElnetieCocandhermhpekpd iyecbelpetegbsrasisund high an ant i body

or antigen hindi . i j . iment, the
RriCor 25 doneainies LERTERonflod iy GRRLL Ay IneRERoNERyRIRRE o0

anti gen bi ndkdhgngdadaigroePB S, tane tieodonadrdragion keyz BeldayrmXnedlyy ODystualngdgtaphy to
determ ne the precise epitopes that are bound. In addition, epitopes nay be
mepped by r EPIEEPRGOPEFEND C@O%EWW%‘EQ%EIE@W%%W“EWQ Bdrios n_%ei@ rfg
sequences from mMygeAhindHOHP &L SPE RloRSclol h RO &Shifl fo,elﬁﬁ(i&é Ko ELRMES of
interest will selectively bind the human 25sequence regi on ar?d, thus, it

i s possi bl eanttbslggue ht batinylaredpisir@rogetmerpintl p peslablEhtsgensd RierguBodffoohi ner a
based epito i ng has been. used successfully to i.dentify.epitopes in
vari ous TR et B hgopRaRoRaRIrR Sos B ea Ererslan o Bebs el b Pised

Aut ol muni t‘moné&()ﬁ;)l3a§§90cﬁ&&5anm%tf€ﬁ‘6rrﬁéd @ing RER2B)ted EBIOA pfdd@MBoad@93tA 16;
274(16):11267-74; Hsia et al. (1996) Mol. %\/I crobiol. 19, 53-63, the entire
cont ent s 30efymihetels cantactinediepoeia REKHKegeadibbgblase feaveth dactor receptor) pg j s
bel i eved that t.he itopes.of .interest .in target RIKs.{e.q.. f.ibrqgblast
orowth 1 act BT EELTR PO PTG E e MM s L el it &ifensaliepigp
interest isppbypboxsyd @bes, antibodies or antigen binding portions thereof

(and other noieties of the invention), may WD 2011/ 088196PCT/ US2011/ 021109
be rai sé¥ such tAadeterpipehgigotype phairHidapshediahiisesyrsdild SAsgrbbe sugar

residues. F o b ool ' e t hat ' ' at
| east 10" o Ptofafe rklch RO Ak RanaL R i, R iy
Li eschke (20@&éd)mike et is@@pedfi chiEhawmbnddatadastibody el dgyicrofasiptatSocdaarbee and

Cinical Therapeutjcs. Hunmna Press. | SBN 15882930 :
coatgc? WEtil I pg/mlo an%—human immunogiojf)u n overng?)c at 4° C. After blocking
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5t is further thought that Kit may exhibit O-linked glycosylation as well
as attachnent to sialic acid residues (Wpych J, et a/.(1995) Bl ood,

85(1): 66-wBR011Tiss®s it is contenpl ated that anti bodi es ®@cTarstéigemib? ndi ng
portions thereof (and other noieties of the invention), may be raised such
that they also bind to sugar residues which may be attached to any epitope
| dentified QemeionpSROnd SIS PHTBRAR: Al 1 HBUADSHICS: mggt'nql&logfon;pa Abegiest may
be produced in an ani nal su gets properl ycosylate and

t he gl ycosybapmﬁ@inswtgmtcmupépm admbmmtyempeatub@fomsedtdt@za humnThe wells aai mal .

Suitable cells and tech es for u | at pep i des are known
Ch the art Hitd thagieud Fiirt heman GhPT e F R AR PR CHERAGT ogi o8
avai | abl e f e EwERGbes. Plfes ard 80RNPR awa@dj cBiaQWhicriBEd BSRkon, NJ). The
pr oper glycosylatlon of a peptide may be tested 15usi ng any standard

met hods 3uch as moeRHéﬂmmnﬁgﬁm@qnd@ fartken)testedcfod rdagtlviey wethen @symaetrisr m ne
nnnosaccharld and mass

apect r ot r SoURE PGPS SR SeE e R Riro el R P85 b ocogni

(procogni a. eRlingMB @1 seSsyth&sit contbaseedrfade ¢ RDK sferds bpbgbyaagrodmal ysi s
may al so be use 0-glycosyl ation specifically may be detected using
techni ques &¢H reesPRRECRRe thie\pec RS dod subiected éawﬂgen épdwmbﬁlﬁfaeq Patvasaylp@ifle,

peptide mapp 1;@?% OEH(HJCQS CR&QF&E&% ﬂgJ%Xl’s,TtﬁQ g%ﬁ?a?gd %R hd Q0% Bé’fg@%%%‘n%/ or

conbi nati on<o chniq erred ani ma
prepari hQgy hyhrdceliutes: m&nbﬂaﬁesm:;rdclaﬁi with tlefa fetdy balf choum, prdogtubdd wih the t he
nouse is a very well-established pracedure. | myuni zat i on prot ocol s and

t echni ques fsmosloptlanfibedies oibnighgd, ddumas kekbRipding cpp e defested usipg altiiown i n
25t he art. )

procedur es a#@bgﬁgPQ%; mn@“kﬁmgmm E%?%%&Mg$hunanlgtﬁ?%%tg%égéggpof t he

pr esent |nvé&gmmﬁﬂman(beEbﬂﬁpﬁséﬂabased on the sequence of a nurine

nonocl onal antib repar.ed as descri bed above. .encodi ng. t he vy and
" Ght oha n' 1 mruBUPBLARIHCE BN boETGULAT fRac R MR M Fo PP Bone. of
i nt er esf5and; SdleABaIdRth fA R HRIEbI AP RreMHdniBn( Sethral HSHBIY aré BVAIABR! obul i n
sequences usi ng standard nol ecul ar bi ol ogy techni ques. For exanple, to

create a chiwihighi forthertallopdhe ntappingef corfovmaticabl epitopeyi. dres esamplgethk inreitlaadist o

Pt ont Mo, Aosipeccaart s MR SRR U hE 3 mbBRuRP Ty o1 Tl ).

To create aThumenhzee @antdrbasly.to EMeﬁﬂﬂlMa@&:d@@h&MdﬁMﬁohﬂ%ﬁﬁé@@ into
a human framewor k u3|ngwnethods known in the art (see e. U.S. Patent No.

5, 225, 539 tBSl‘N AV e Roved frghujqses B&Wmsmsandwgge Sean.; The 681!1}1191@9 disglagoding 62
and 6, 126’ %ﬁé&r&s%ihﬁ}on% dem ttﬁfoﬁaigyghé’ 7 ’1’5%%‘ a&ﬁgoﬁggycgﬁay be

desi gne or pro e|n eve ven ge of "human®an
non- human saqmbﬂﬁEﬁydﬁﬂmhhamﬁmbaﬂnﬁ@nnaynb@tﬂede&hkmusmnﬁM®pezﬁdgmzaiby
chem cally, or the synt hesi.zed and expressed in vitro or in vivo

to produce ahem&lﬁaﬂ%%%B g%at W&&gﬁwn Imaging ﬁ%danwéfs%?l} v relHb bPmegRPhy may
anti bodi es @ {dugo Vi8I d RBbad Be BRA te%% K?%%T&H@%W
tric contact terface of

nonocl onal anti bodi es dlrecte nst an IOasy
an RTK, e. ghasbdenlsabprasioug)y mnwgzhn ﬁrasmglm intp @gdgriutm inteantiensgankewat edd 6si ng

Syot o Phe habow Hhat HETHppean Gy afied Phabihtk SReyiaer &ﬁ%R[‘thrﬁBxiﬂn"E%”som ¢
m ce incl udegPrcitd & AFELE1 MdNRIRVE cafolbiYNa (Th&eheddr HMPRICA®atl Acad Sci
respectlvel{ and are coIIectlvelgqreferred to herein as "human I g mce.

15The HuMAb Unbés 8008, 1Q30E@:r1&R; 14) ndlore taditianal snathadanu¢hanmieglissbighi n gene

mutagenesis may also be applied to map discontinuous epitopes. Amino acid regions
thought to participate in a discontinuous epitope may be selectively mutated and assayed
30  for binding to an antibody or antigen binding fragment thereof of the invention. The
inability of the antibody to bind when either region is mutated may indicate that binding
is dependent upon both amino acid segments. As noted above, some linear epitopes are

characterized by particular three-dimensional structures which must be present in order
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m niloci that encode unrearranged human heavy (..1 and 7) and x light chain
i mmunogl obul i n sequences, together with targeted nutations that inactivate
t he endogenaosl/isgi9and x chain | oci (see e.g., Lonberg, eCTAIS201002849 Nature
368 (6474): 856- 859). Accordingly, the mce exhibit reduced expression of
nmouse IgMor |Ic, and in 20 response to inmmunization, the introduced human
heavy and | u

neayy, and | Ol sl ARSHRORG USIEE B0 ELERy BUIEIIN AP ORI
al . (1994), bsﬂp@aﬁkhemuﬁmdﬂ«wmnbﬁmbﬂmgwaMK@ﬁﬁﬁRIKHamdhon&n@kmEwgaiumenta

Phar macol o 13:49-10 N.. and Huszar 995 Inte ev.
e %" 09 kngasigs whp e Iy ihageiec T pAREEREN R birgggecpm o (RE Y
Acad. Sci ?(ﬁ&ecﬁs?t@te R indRGteRRARAE @glto% P thels Bnodr ebu&fs%bchma%nz@d@y yhe

genom ¢ nodifications carried by such mce, is further described in Tayl or,
L. et ald (pegeylanNieddesi strupwiaier a?élswtlohovz@psgﬁ?orﬁ?chse@heﬁold@d preteim| .

1993) I nt ti yl | ogy.5: 647-656; ] R
Natt. acad. Sei - TG0 BT80S aenia a8 Mg Htigo B TRt RE e B
4:117-123; ghaino ddter@ineathettel 99 ntitNBOr dntided: blﬁﬁﬁgﬂm Ont taradfl dfare et al .

(1994) J. Ipmmunol. 152:2912-2920; Taylor, L. 1994) Internationa
| nmunol ogy @Vestian Bable tahindrngrpadtiyate p, regaptay|tyroging %I)aser\la‘e’wélzml@m etthaol ogy

14: 845-851 f.

Fncor por at i IERMCA0A SuadlinGide Mg W &f JRHBRY pRBE Gy €8 bosfionine o
5, 545, 80®; MKHBQ&ﬁﬁﬁB&&&@B@IﬁMS&ﬂ&&bﬂﬂ&iGBp&yﬁﬁ&pﬁﬂﬁﬁwﬁbﬁwEmm@&nn5h633 425;
5,789, 650; 5,877,397, 5,6661,016; 5,814,318; 5,874,299; and 5, 770, 429; al

to Lonberg &¥aPREpTosiNaKingsst ent No. 5,545,807 to Surani et al.: PCT
Publ i cati on Nos. WO 92/03918, WD 93/12227, WD 94/ 25585, WO 97/13852, WO
98/ 24884 and WD 99/45962, all to Lonberg and Kay; and PCT 5 Publication No.
WO 01/ 14424 to Kornman et aI I n anot her enbodi nent, human anti bodi es
of the inven |on“can be rai Sgf U Lno i1 ! ap carries human

i munogl obukH- 2YSe &2 Hbsones, such as a nouse
that carsies a hqmgﬁmhﬁﬁﬂﬁfQQQhﬂm56ﬁﬂ§9Qﬁ%c@@QxﬂbhRﬂﬁﬁnh%ﬁbhuﬁﬁ@hﬁumng
transchromosone. Such mce, referred td herein as "KM ni ce' 10are

descri bed i anyef t hssaps ¢aTriPashhareianné hononeay vibarzge well kshwdan the ag. For

Still furtherd q tergatlléltaagt?enlgr%nt%a tﬂé%t%gs exnr c)ssmg hunan

i mmunogl obuff A RerésVare " aVar abF e 'h THE At Akt ‘cal 'BePliSed to raise the
anti bodi es  @fitoph@phstyRifibh Oe[hd/d?(klina@é( SgRAlhg rﬁzﬁy B iRl lﬂcaideﬁﬁfytrﬁalﬁﬁ@esﬂhleh system
referred to as the Xenonouse eni X, Inc.) can be used; such mce are
described i Areveyrtha actiygtien Ofuaset E@K&{ eht 2 &bsoblagt &Ry 5 Ggtor geqspr181 ;

6,114, 5 @Creg’r%g%?: %C%E{hﬁntg)pgl’o% 1% }n(ag %g %Q&) X}ﬁﬁﬁéd b}%lm standard meM?)r over,
alterna |ve transthronmosom ¢ ani mal systens expressin man | mmunog obul|n
genes are akaowabl @eiart, fonexanple Andernpinyine ayphiespHoB L IHA Ibb@iuw(tawblmaaa of

t he invention. For nple, m c bot h human heavy chai n
transchromélb%%f@ ) R Pﬁpaﬁ rYXﬁaanft%t? ShiORRdFeRihe0 V¥ eaPr ed to as
"TC mce" canhgused: ph%%ﬁll% gjgllt?cﬁl € oﬁﬁé%éeﬁ?&, 4B, {B‘Brﬁc?ftli(%ar}ﬁbeadeterﬁé%o)

Proc. Natl. Acad. Sci 22-727. Furthernore, cows carrying human
heavy and | ughg ccrhmemmlbazn&dhblo kos suvbsis av exdngde, AR Kioede Assaykat dr$

i so 1% alRiBEHTG Bl NPT AP SRR ROBEY bl DS BodEes B 1 he

i nvention cap ﬁﬁh@sm&s S‘%f@@ﬁ@@@a%g"ﬁgulﬂhé’i@q}ngmﬁM PRSSPRELFCIFRT (SAbS LRI Ng
i braries of human |nnunoglobulln genes. Such phage di spl ay methods for

i sol ati ng hikdiR1dpual Beeegnsticr BaiegYayk Bidlegichla®t ﬁétahqgtNur@@@ -L008%h hpKe:

U S, Pt ey PSR 0 S0 PSPPI Fhglan) U ©

5, 969, 108 ardISAKITRULBToIcardCat {talol Widibeal KH@UBY1Y). SntitRali@NimADS .

5, 885, 793; 6,521, 404; 6, 544,731; 6,555,313, 6,582,915 and 6, 593 081 to
Giffithe efnoéqcules and other moieties of the invention may be screened using such kits to

determine their RTK inhibitory activity. For example, after treatment with an
appropriate ligand and a moiety of the invention, a phosphoELISA™ may be performed
to determine the phosphorylation state and, thus, the activation state of a RTK of
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Human nonocl onal anti bodi es of the invention can al so be prepared using
SCID mice into which human i mmune cel |l s have been reconstituted such that a
human WO wO020110B88ME6PCT/ US2011/ 021109 ant i body responsePcarush@1genes at ed
upon i muni zati on. Such mce are described in, for exanple, U S. Patent

Nos. 5,476,996 and 5,698,767 to Wlson et al. In another enbodi nent,

ant i bodi es e td b i i i spl ay
Fechni ques. e e deaHERTE: TRARR SRIGRAGHRIRA o Pliss FIRMPeIEIRTRLE)

222, 581), hitswiiop. Bhe Erdmples bgl¢w We4oribe BAMAEs which3nv@9@healattctibiBof PEKent

Nos. 6,794, 132; .6562341; .6057098; 5821047;. a 12097. .In furthe
enbodi ment , *dh{BBYT8S 2B PEAR"BRESUHT? 'Uh%lﬁ%-i %Pi%s @%?an%gﬁeﬁ]@ﬂ@%dést
cel | surfaceydigRbanidngeRRAl RG¥ oR8edaBE FlrBRAmelRHSs §2AMRIEN td detdimne fMat ent
Nos. 6,423,538; 6,300,065, 6,696, 251; 6, 699, 658. 10 Generation of

Hybri donks PewduiwidnepdHicaranuiobhesphonyédtionet RAEdi es of the I nvention To

generate hybridogas produci uman aocl onal . antihodies of the invention,
Tl enocyt ox ands STep SRR R B RO IRRS Al B P Rs e ehrBy ana
fused to aniappfwahisaine embBBiIteatd, Zedkt€tlihe the ABility HCAoREe Qo SR eANE PR

cell line. 15The resulting hybridomas can be screened for the production of
ant i gen- spedihibictasget REEdibaygncasyingthginabiity & Mgyt sespptos dpBH&FaBas of

splenic | i j ] . b . - SEXt
ntrber or” POSRPReh BRI JLFaGaTie AR oL RrBREITIENpiapR, o
wi t h 509 PEBukWlakee endt (2006 )Lifd $Hiéersen G0E ) dE6H13; Beahapai aml.qR0GH | Nanie

| ynphocytes from i mmuni zed mce can be fused using an electric 20field
based electﬂﬁﬂﬂyﬁbHL§§7h5@§?using a CytoPul se | arge chanber cell fusion

el ectropora ; ¥ I i \Y . are
pl ated at a%gt%eﬁ&)&{rrgfggfé&(gz@ )yl/ggﬁlgﬁecfek g)t? _lgtgﬁtagj?ﬁ%hé rg éc?tg ¥P§I§) %]I%gg )elfe Cfgg} %\Ned
by a two weekedchefilwdtichoare intogmiraed hareinrhydiefemercon Oae michlgkiR0h thethad taCl one
Serum 18% "653". conditi oned nedi a, 5@60%k8eg f'GEﬁﬁ’ 4 mM L-glutanine, 1
MM sodi um p§FGURNE FCSRON EREPEYIZa50pE50 382 dif YN & FURSEISARIP S §- &mi t s/
peni cil f4§n, (ﬁ&n@ﬁf@res@&ﬂt%@t@ﬁ%’(@@% &Qtﬁ&/sﬂﬂtab%ﬁbélmgcdg@n@ﬂ%ol%iﬁ&}ﬁ% oSingma;

the HAT is added 24 hours after the fusion). After approximately two weeks,
cel | s can bégand touhertcepiomgldiarescencewhicedsceopempilie psedrte yisaaleat pgeptorHT.

| ndi vi dual || s.can then,be screened by ELL.SA for, huma no nal 1gM and
| 0@ ant 1 boat e iRins SEEER, E HTET PhaminGPbRE RS e R yIRTRbEIE age™
observed 30usdiaibitoyesaéicemitfysdshydaysbe dde tanisiindYephh @itbimglifyibhi doaras can
be replated, screened again, and if still positive for human 1gG the
nonocl onal &KWi§th bcRbdstodahibE dhasaivity Ré thegecapedsiesseasti@tayalization phg di | uti on.

The =t 290° HRFLOBER . SSI08 ML SR MYy SR puaIsial e e |
2011/ 088196 AGH/ekiSAOd haQ B DOl qily bf tie berifirryrofthe kelhahe@nhé toity @ds the
sel ect ed hylroercif:gt%%%he%%?anbig egcri(?s\gnr}leis gr vesicles).
In addition to those mentioned above, various other receptor activation assays are
known in the art, any of which may be used to evaluate the function of the moieties of
25  the invention. Further receptor activation assays which may be used in accordance with
the present invention are described in U.S. Patent Nos. 6,287,784; 6,025,145; 5,599,681;
5,766,863 5,891,650; 5,914,237; 7,056,685; and many scientific publications including,
but not limited to: Amir-Zaltsman et al. (2000) Luminescence 15(6):377-80; Nakayama
and Parandoosh (1999) Journal of Immunological Methods. 225(1-2), 27, 67-74; Pike et
30 al. (1987) Methods of Enzymology 146: 353-362; Atienza et al. (2005) Journal of
Biomolecular Screening. 11(6): 634-643; Hunter et al. (1982). Journal of Biological
Chemistry 257(9): 4843-4848; White and Backer (1991) Methods in Enzymology 201:
65-67; Madden et al. (1991) Anal Biochem 199: 210-215; Cleaveland et al. (1990)
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two-liter spinner-flasks for nonoclonal antibody purification. Supernatants
can be filtered and concentrated before affinity chromatography with

prot ei n AWeephase®e (Pharnmaci a, Piscataway, N.J.). El utedTius®@1aanibe
checked by gel electrophoresis and 5 high performance |iquid chromatography
to ensure purity. The buffer solution can be exchanged into PBS, and the

concentrati ] g i I NCit b - icient.
The nonoc|o%g?ggﬁ??ﬁ8§ﬁ%§&§%%ﬁg§Q%F?5%§%€ %E%(é%%ﬁé@éé?aﬁéggggggghiration
of Transf ectl9de7R6ddHontegavb@ogieo (EISS AL BedBéesheh SthgO 1930 hilireh and

10Ant i bodi e f the i ng.i 0, can, be produced | haost cel

transfecto C]?lﬁssf%é( }58}@6[?8&?@352@3:}?@’tm?‘c?flgg%?ﬁgrﬁ]r%ﬁér YBichat i on of
reconbi nant gihAe 8608 ¥esH AN hoansh R KiALE: JTRYDOHY B cicdicdedd: known
inthe art (e.qg., ﬁr/grri so(?p,@s.s%%%%) Sci e)ﬁce1 gZQ@?ZOg?. Ugorc eﬁarrpl e, to
express 1 he ldot-ilbBdiVeang. Oi98anhMobwdlrind gieBnkis Bidleg)edfl 2): BRMS 30458 Kdottieng

partial or full- h |i and ;heavy ,chai i  obt ai n t andar d
nmol ecul ar bF%‘flbggl?g@g%ﬁma(ﬂ%&m'(’%@é@?w%éﬁ[f tg%l rgg{]?%ﬁ %@%ﬂ@%%ﬁﬁ%@ usi ng
a hybri domat Badyn@ipyes e s It NE; K¥lziaeeyil. 099 NVRIRSE Jn BRGnioheyDVAS2&aR be
inserted into expression vectors such that the genes are operatively |inked
to transcri polmesit ahndd2 anienea 339 AR0T HktandICostag abrle €993 ) RVAKI 454 8t ext
the term "oqg%@léi@l y linked" is intended 20to nmean that an anti body gene
is ligated info a vector such that transcriptional and transl ational

cont r ol 18equenceRewdpidr agtivit>nudigand dardvey dypienlly inifieedetsdquactih@acetifilar

regulating the transcription and translation of the antibody gene. The
expressi on GEEDE SarltiCTEREt BSEPYMHABOMEIEN LB 8¢ &% Whigh dR §¥BN {355

compat i bi'e Ykl &P RS HOR. 1964 robi3eshagTR, ABY bBARhi gl Chal 1

gene and the anti y heavy chai n gene can be 25i ed 1nto separate
vect or or, measuringgheqidnyity dzi‘rﬂehgrgier;emeﬂbegdmsshtaedPi octic nhdestalee, expr essi on

vector. The.antibod enes are inserted into the expressi

st andar d el ROURTE IR o PP SOGT t s g SR aE SN, CPReE i ¢ he
ant i bodys geggothk iBle @REU@SHANR (1R arP TSP Nd. 9855085 tscRBed Rt i ction
sites are present). The I'ight and heavy chain variable regions of the

descri bed amfeigoeisesvasarmgbodssehich maybeased fuictord@Bieemigt the graseiiouyengienes of

any anti body_j sotype i.hserting. theminto expression vectors already
envodt ng. el AP AR ahy i P e B R egi one of the
desired isotype mﬁ df et askdye dVidrive@aBaVe, biehQR @c@pioy @ltyrnhiinkied atayd he CH
segnent(s) within the vector and the VK segnent is operatively linked to
the CL segnEWEPIR agijvatipheassyycnay invghve theiegseetion @8 guawibeTii sl areso RTE9

Addi tiopal | y..qr - ' - conby L expr ' can encode
a si gna?@peé)ll%llﬁ%é&mgélgggéﬁﬁ%lgg égshﬁg%@fgé,m%a%ﬁn %%dg)zﬁegeg&éﬁgﬁ itr? froma
host cell. ThectarytthbdasyuethdiRTKemeeaal shfac dunied airadeptdriernatizaionsigely).t hat

t he signal E)epti de is linked in-frame to thﬁ am no term nus _of the antibody

chai n gene. I"tAgngiogifal bipdipe rerayeali voeclyse HoBF 38PN e §i- §hai F3sdpts de or
a heterol 09@}3%6,%'49%@76??1@ |4,%§7,(2'88,ean’d B35, ml FOQ%F}E%Q@ of the general

immunoassays, see also Methods in Cell Biology: Antibodies in Cell Biology, volume 37

25  (Asai, ed. 1993); Basic and Clinical Immunology (Stites & Terr, eds., 7th ed. 1991).

Immunoassays such as may be employed in receptor internalization studies,
receptor activation studies, or receptor detection assays often use a labeling agent to
specifically bind to and label the complex formed by the detecting antibody and the RTK
(see U.S. Pat. No. 7,056,685 which is incorporated herein by reference). The labeling

30  agent may itself be the antibody used to detect the receptor (the antibody here may or
may not be a moiety of the invention). Alternatively, the labeling agent may be a third
agent, such as a secondary or tertiary antibody (e.g., and anti-mouse antibody binding to

mouse monoclonal antibody specific for the target RTK). Other proteins capable of
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froma non-inmmunogl obulin protein). In addition to the antibody chain
genes, the reconbi nant expression vectors of the invention carry regulatory
sequenceswORlat1/o88196r ol t he expression of the anti body clrairwsganmsiion a host
cell. The term"regul atory sequence” is intended to include 10pronvoters,
enhancers and ot her expression control elenments (e.g., polyadenylation
signal's) tnghectiRiiy BindifieinkhARRRLRh BRAH: AR lth! QB AlintAG: ABkIPGIY

chai n genes.%eguch egnu;l ory s quencecs arer éSCIZILLE:e(i 53¥ormexarr%Pe,Iplen
Goeddel (GenmyBkprtessedns the tdhebhpggent Medrhiotsun abodient pirolinggassdy8 Fhesdcademi ¢
Press, San Diego, CA (1990)). It will be appreciated by those skilled in
the art ¢ haPrifie: ey ibh SBMe He B sser A b BE R P S8 rHEPBIPREY EHESE ect i on
of regul at of, icﬁﬁ%ﬁﬁ'ﬁ%ﬁﬂet%ysf?&&%?é%e?@g.?[(%h\fa@&ts@f@9@§) y.hewmehel ag1:950 1t he
host cell to be transformed, the |evel  of expression of protein desired,

etc. Pref er A4 Akgriiatoetyl S &Rfent derfiae!. hdraddd A 2hodie lakwling egprt ess plon

i nclude viral el nts that direct hi | evel s of .protein expression in
e §an o 8F PRI ke e Gt Tl a1 Bl ctiEl Bleft) ol iR B

cyt onegal ovipdesida@viind, Sidiia8Rtrdpthw8ind A RHeBVéetectab@NMbicties are (v knownh e
adenovirus major |ate pronoter (AdM.P) and pol yoma. Alternatively, nonviral
regul atory &edgendéldediaghd@t.used, such as the ubiquitin pronoter or-globin
pronoter. Still I 0 rom

di fferent sour cesbéhéﬁogﬂy ggse%?‘ﬁéea%%%{%%%%gg% ?glgg%%%%ieé{i’ S%g%?%ﬂﬁgﬁggéquences
from t he0 SVARd eanpetitive asgat e Coandoilh@sddossgayt formm i alcludepwadterafbldiiman T cel |

| eukem a virus type 1 25(Takebe, Y. et al. (1988) M. Cell. Biol.

8: 466- 472) . (immurioblgis)awhichiaghused 1@ Aeed v BBeRHT¥ His Beyared! IR Bdul at ory
sequences, e r : on: ry
addi ti onal ge %'nggg?élgg@tﬁr %2&5023%%%%3%&%}%%{ ésre gfértljfﬂg? (Saéa? \églq{)tlcaaﬁtgﬁyag @{the
vect or i n hoSthedetdnsof.esdong arit doennoofigniéipintlyaniedie)e witld tteespedfiablindingnfk er

oenes T e oL B ST it 525, TS 0 Qg S
4,399, 216, H4eHSdA6BinAINGd Inakfi9a® e REK! THRY dévéethbRlor@lp dan HEQhy SedIRi €,

typically the Sel ectable marker gene confers resistance to drugs, such as
(18, hygr ohyohgadetepeblephysigatos chemical fropartye Sluch deteotablhildielst iwere beast or  has

been i ntroduced, Preferred.sel ectabl e narker, .genes WD )
2011/ 088106 EHSET8R B35 G5 b Sand sy BB rgr oSt uhebe eebier)
gene (for usghiMetlbdycanbespplal boshaplelenteivieatisrEXBHS, a label is any composition

sel ection/anplification) and the neo gene (for (418 sel ecti (_)I’IL. ) For
expr essi on @¢te¢tple by §aectionepife Rhgtochramingl, biopkenaicy)y wampRchomicap efestricehcodi ng

the heayy aB{%ﬁ%éeaﬁ gpéheﬁﬁé‘iﬁfeahi UE«?‘R@%@ %ﬁldth'% B{e"s’erﬁi %Eioﬁﬁ{phué@ﬂu%}e%(@%@r d

t echni ques. various forms o e term*transfectron” are I ntended to
enconpass adwsde. gy dhioadsyeinfisotidodyan spe €kexaoradprilodamiiedarfdahe 1ik€), radiclagblct i on
of exogenous DNA_ intosa prokayyotic or eukaryotic host cell . 0.,

el ect r opor at§®n,Hca ’ciﬁm(ﬁrﬂﬁsﬁﬁaﬁr’éyﬂ%ﬁﬁ%i hosts @H{Shmwﬁ’ﬁgﬁﬁf‘? ansfection

and the i kg?osﬁh%%ﬁ dtﬁerg éorhﬁﬁ%ﬁf b&ﬁi AIVEIQE@?)! Qldecotl&irﬁéﬂ% ?Qx%lstslﬁgh as

ant i bodi es e invention I n either prokaryotic or eukaryotic host cells,
expressi on oblldidad rpbldadiobsed plagudkgn ystit ibeadsdl lgs pobngremes polpprepelead by

manmal i g h?st cells, is the nost preferred because such eukaryotic cells,
and in g rt 14%ar mammmalian cel | s, are nore likely than prokaryotic cells

to assenbl e and g86ILLEMAY BE eRRNdYditRtig e iRIMdctlTHURO H&Ge8 bMYoRt b¥ fie
anti body. Prokaryotic expression of antibody %gges has been reported to be

i nef f ect i veafsay agrosding ta wathofls weld kngwe e oft. ilahel et dlgsolBcquBisted M A
15and Weod, dlgéctf?f to (s%g%gllsgenle%g %r%ﬂé’unﬁ%’,d & g{., gy cj:'ozﬁjl}gsa?ti'on with an enzyme or
fluorophore. Enzymes of interest as labels will primarily be hydrolases, particularly
30  phosphatases, esterases and glycosidases, or oxidotases, particularly peroxidases.
Fluorescent compounds include fluorescein and its derivatives, rhodamine and its

derivatives, dansyl, umbelliferone, and the like. Chemiluminescent compounds include
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Preferred mammal i an host cells for expressing the reconbi nant anti bodi es of
the invention include Chinese Hanster Ovary (CHO cells) (including dhfr-
CHO cel | swodesionsgtsed i n Url aub and Chasin, (1980) Proc. PNatuS201A®02d09 Sci .
USA 77:4216-4220, used with a DHFR sel ectabl e marker, e.g., as described in
R J. Kauf man and P A. Sharp 20(1982) Mdl. Biol. 159:601-621), NSO nyel oma

Ils, I |
Y ot ﬁfchée o eglhgﬁllolrpﬁtha DinR@ohbCY) aﬁum&ﬁsi H58 MR HSQpye! oma

cells, Xpression syst em°i’s GS gene expression system
di scl osed i itab‘e!\mlﬁw @M@rod\dﬁnggyﬂélﬁgﬁlaamdy BEPuS3B s®AL.S. MiteNor £39hbBohant

expression vecto enc i ant i nes are intr ed into_.m l'ian

oot ool 15, the Mranbgrsaa s JsRoi o BTV Ear o5 RGN RS Hot TR BT or a
25period of ckdriBe SWhdré @Heq&tseﬁsoa Allawifohb@XRE&RTHOM@tioh Mtc1@ d body in the
host cells or, nore preferably, secretion of the antibody into the culture

medi um i h whéintillatios choster ergthoto graphigfilonas inntirpdidgrephye &Wlebetheéc@l'@raed from

the culture_ mediu St rote| i cation

char act er 2 S0P} HRHE PRGBS Al MR- SRS SomPBitsce o
a RTK wAREIeRAH b E olfant! iSteb MVEME ir@ulth@ Tl Ree st@fde €Thd BiiorBicBalicngay Be an
asymmetric contact interface of a RTK (or any chosen regi on such as the
concensus séefaeind ssudiys by swans elephetegramyce filpbydhehgs & clestranigaletecory sgh

o o oS TSR ORI B s S st

preferred rebeptmdy stodedot)d et providag théThpprﬁpﬂ?BSsu]ﬁﬁdteﬁ ft&nhéaémkechnw th 5%
bovine serumalbumn in PBS. Dilutions of antibody % di | uti ons of
&

pl asma fr onfFReHING he EFsHiting reastign produgte Hipatlyipels C\whr}m He labels mastha ¢
contact int aLLace p1#B BEKvid V\gﬁha(%%%s ogla‘?&P\bltH\@lellaWdThﬁkc ﬂp@a{rﬁ)qsf or 1-2°5

hours at 37C. The plates are PBS/ Tween an en I ncubated with
secondary r éipgeei assaysgeqnjigatedngoiadinftandppioadipés, wiilgvatiowrtonjugatee eadyG

Fc-specific polyclonal ent) conjugated to al kal i ne phosphatase for 1
hour at 37C2 %/&ﬂf’c\%g) t‘?fﬁ@ “fre pl ates are devel oped with pNPP substrate (1

ng/ m ), jand anal Yz g iHer ¥pe6f of4R5meSRionP iRl Bsiadi Yot thd ﬁ@séﬁﬂirﬁf@ntﬂﬁlvﬁb%p the
hi ghest titers will be used for fusions. 10An ELI SA assay as descri

above can abyd tb@Pltl@il@é ong targete’RPK faond stily hltgve dl@erscetplﬁa‘tw@hmwkpm@r toi dimerize.

reactivity en br.i domas t hat it h hi avidity .to, e.g.,
- asymet r 1SR RP: e PRl SR Akt oy “Eieh! F eRudouR Ofﬂe.n%ﬂgl?
characteriz eﬁd/ometaﬁéemwwédnqm eaehméryid thtaeEntewhé s bf iRt @iotsokdieers fivity
of the parent cells (by ELISA), can be chosen for making a 5-10 vial cell

bank st or ed thgrasymmstmontagh mgriicenpit Wofdvolplawugrw@tfa@ﬁr receptor mtr@orp@rﬁ) fy
ant |- RT anElLepé%Srl 1ﬁﬁ1’olt§1 tﬁg Zlcgqutg%? E}t:qrgg%%rct%mtﬁg tkg{ag’ ér\%)orhé YR moiet

spi nner - onal y purification upernat ants can “be
filtered anmag@ﬂioefritgraacﬂ adlubef dineriaftidnnfttire eoemontyagimriiyasaicttodpmoineibut
A- sephar ose éPhar maci a, . Piscataway, NJ). Eluted I1gG can b checked by gel

el ect r ophor 847 BERPSHIGH Y tb%wq)?%ﬂ%réaﬂvﬁ Yl gaee BSFRERGT 26T 6hsur o
purity. Th,e fy%glflted’onﬁﬂﬂn'dﬁbrpam ck: epﬁl tﬁé%&%ﬂt@?ﬂrrbﬂéﬁqﬁ)ﬁ%s tﬁé}gb fﬂﬁlbltln% the .

concentrati on can be determ ne usi'ng 1.43 extinction coetficient.
The nonocl onctivigntfitivodceggorctgroshe lalhasq(mg ethhéndngsteoepadr iatern@@at@®n and/or  To

oo T e oA RSSL el bRSeeer A bambE PRl s
(Pierce, Roglefi@ébtor to activate a downstream signaling pathway).

Thus, in some embodiments, it is useful to employ assays which are able to
identify moieties that allow receptor dimerization, yet render the receptor inactive. Such
assays are described herein. For example, experiments may be performed with the

30  receptor whereby receptor dimerization is detected using cross linking, and receptor
activation is determined using phosphotyrosine specific antibodies.

The conformational state of the RTK may also be determined by Fluorescence

Resonance Energy Transfer (FRET) analysis. A comprehensive review of fluorescence
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251L). Conpetition studies using unlabel ed nonocl onal anti bodies and

bi oti nyl at ed nonocl onal anti bodi es can be perfornmed using RTK coated ELI SA
pl at es cosDedivisgt»ean asymretric contact interface of aPRTHS@.182110
fibroblast growmh factor receptor) as described above. Biotinylated mAb

bi ndi ng can be detected with a strep-avidin-al kaline phosphat ase probe.
S0To_det er My ddBfoclcs Oby e finiRb bl if dofioh Rl Gfia diSALYAR F-hofsngan be
per formed using reggents speci for anti bodi es 01J a particular 1sotype.
For exanpl e Jolmson X080 nTnéid. B80S Peot:pe):d007&9hwiinh isbwogicoated hanin tyody, wel | s

of mcrotiter. plates_c coat with 1 g/ f anti-human | nogl obul i n
overn gt afeTHRRSE. i B R LTI N SOTET55s 16uber sr a9 KBS wi th 1%
BSA, the pl aLg2pR6@s." &AGEHBE RHK R 18l ddl cQls kBRSsiRY tHeQMeldDRPR laRNALubated

anti bodies or purified isotype controls, at anbient tenperature for one to

two hour®. Thid testimadeticaret theanvangion ead thedigand b dietRilds (dwgin®@F fgrGhe Kit human

| gM speci fi kal,i phosphat asecpnj ugat ed obes. Plates are.dev ed
and anal yzel TR GBETABRS B AR ERT PR Ron Bh el BB 4f TR s e
for reacti vi§spciatet vigdli @sy biRtind, R TEOdinaeizatiot, @hd/BERcOtoBaddViticH. By g@ncensus
sequence presented herein by Western blotting. Briefly, an asynmmetric

contact i nt &rethadeonsfof skikT thesuicman girecthyi a5esh P @5ateigconormatirnabghange sipidr
can be pr epﬁ{cﬁ&t&l}?lzlé Hﬁheﬁ&taﬁgn %ﬁhé&ddowps?%%?%’dvaﬁ ! "gﬁe?e ?1%' YA de gel
el ectrophoresis. er electrophoresis, € separated antigens are

t ransf ei® ed nietholl® atnaitabteae Ipetfbos FREAHdEBBR Sand lagdeqdrivdr &f tAOVarigioalarisal f

serum and probed with the npnoclonal aptibodies. to be tested. Human 1gG
bi ndi ng can88 BeteceiedifEsnhigiapphremA AN P KMIquse (H SSRGS and

bi ndi ng_can _ ' _
oS ORor olbroBhb Rl AT pRaat 6thferd @ HRED S GB ORI is mBthodt QWYL

ant i body 15&nowamin thenrtbanddi iptfreagwehFREAardmblagly it imailableemtiepduk G602x al

met hods are_avail abl e which further_ all mappi ng of conf.or i onal
cpi topes. | FERTEXRREn E RGO RRS: SERDstt T R HILETRat. L o[ BINE
Di vers. 12004u8{ctlioflexpdid SRbhe RIS 8EthodiaflBFe B Bbrafl-heVel By AlFbRnéD
successful |y map di sconti nuous/ conformati onal epitopes using tw novel

t echni ques, KBghah et @c@f0ahdlanenivds. SCldm 923 ReBiemehRimaryanetsad] 38e@ i n
20Ansong et .al. .(J4.Th ) 006. 4(A4): = ) al so be used.
Ansong et a .roﬁgle%o%ﬁ i%%@g?g%{ggof’?&%méb%gﬁmg Prfj’? ‘%Sm " the

di scont i nuoYs(18PEIAPST7;NESOBIERsDY,68NE7AH 8310616; BEBMAPOIFub#E dni 1081,
i magi ng techni/gBes such as Protein Tonography nmay be used to visualize

ant i body or WepOPHE3 i Raifkk Bueraphues mrKkEe iopgossted ey $R3IN REBINBRen

Y e

t her eby | ockf agRERRrdvided that therflh@spidres dongbtiimadeiewa tichn faratah iod the(REKMEr t S
et al. Proc Natl Acad_Sci U S A  2008. 105(-%&}1: 6109-14). More traditional
met hods sucR' % aBjlitpogmpisdesal heimgatsioLiaiicdt Yy be applied to map

di sconti nuous epicRP&shordMsA01 Af FRETESE Bften QUSRS iR sPatdriGbpate in a
di sconti nuous epitope may be selectively nutated and assayed 30f or binding

to an anti b&idgluminearencgBasdnanch kxgerdy Ggneat (BRIENesfdiwhsset delomw difieinoost The
t.o bi nd when either.regi,on .i s nut

i nabi | i of the [.bo : ted..
i cat & haePURHA G e e BB LSO 5D AT R o SHgREn S MR ot ed
above, sonefljoR@Hor@RhA RA%aANErethaTiBlthe LhdR chMeiRaEdidiey! Often fusion
t hr ee-di nensi onal structures which nust be preSent in order

proteins are constructed, whereby a protein of interest is fused to Green Fluorescent

Protein (see Neininger et al. (2001) EMBO Reports. 2(8):703-708). Additional methods

and useful fluorophores for FRET are described in Huebsch and Mooney (2007)

30  Biomaterials. 28(15):2424-37; Schmid and Birbach (2007) Thromb Haemost. 97(3):378-
84; Jares-Erijman AND Jovin (2006) Curr Opin Chem Biol. 10(5):409-16; Johansson

(2006) Methods Mol Biol. 335:17-29; Wallrabe and Periasamy (2005) Curr Opin
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WO 2011/ 088196PCT/ US2011/ 021109 to bind a noiety of the invention. Such
epi topes may be di scovered by assaying the binding of the antibody (or
anot her mepeby)ossivsen the RTK is in its native or fol dedpsraiseoiangiiagai n
when the RTK i s denatured. An observation that binding occurs only in the
folded state would indicate that the epitope is either a |linear epitope
char act er i 2 gDy, 38391094, #a ERd 8 S 19T ICHtLOBA Mol BRANK PHEUS) eP1 L OPe
only present In folded'protein. In"addition to the activity assays

descri bed hehahmre Rreotperatedoareigrtgphfereney. be used to det erm ne whet her an

anti body or antigen_binding fragnent thereof of _.the invention is ahle to
oo Thaatt VT and! SR AR ok DR ailiiGy OB 8R dspefiias
bi ndi ng integp %ﬂe@@ta?mm&mt:@nﬂohﬁaﬁ&ﬂ i9dhdgri@fly iiBeARE bPafyeraYo@f f ect

the positioning 100f the asymetric contact interface or alter or prevent
conf or mad i omathoetzgagedndused heny adeghosphorylatei. nle skéneases, on/of SaH aethieray

Mhventi on i BemelieaRia (R PSR KRB 870 4RV e (Oer Ay RSB  he
assays descidcbpdr haratin angardshasphasshoygatidhatFoaegai@lk | onei@Nuse ratiitnalr t .
For exanpl e, assays which may determ ne receptor internalization, receptor
aut ophosphofgspsatineng sadiss eexckiphisisd by iRpdaperet shy | Y8) dader i Krdleatinglggy,

noi eti es whi I byati.on .of. - [ ast
ar ont h 1 act A7 BBER0P0 Ge et KRR Bioh ) Athutliy i Sy ofink ey 2
acconpl i®hedctbytius haxgysdiscudsgdchboes. NBRIET kind vitnilan sy diemaimby akobe @xahipl e, by

enpl oyi ng a phosphoELI SATm procedure (avail able_at Invitrogen) to. determ ne
t he phosphofifFEty BeRsEieAEerPHIT A HEAIRMQT HMEl 1738 Rirs FPIEEtHIRG, ¥ QTPOrHEe
phosphoryl at,j m ned
Gsi mg commerera e SR Lo Rl o Roaymic b 1 TR esay
Kit (US 25 Bhaodpbgiytaion tCattgirotginNieb e downsa3absidmling HuoteeulGhBR B ovdalFbdr1
DuoSet |C Econ,Pk,. 15 plate (R&D Systens(r); Catal Nunmber, - DYC5079E) ,
Phospho. FaRRIPt s ey ek1eh SRR a oA T LBy D e P RAFL D
Cat al 0g1 NUMgRIRTK DPAGRRe, ifrolié EmbON 8RR EblceA sl -ﬁloié'f‘gof BleaSRui6# 19 8neCat al og

Nurmber - KHOO0401); c-KIT [TOTAL] ELISA KIT, HU (Bi oSourcemd; Catal og Number
- KH00391) . whirh dloskiseeceperdimerBaon.cs umeasyred hy costshéinkimgioe FRET, bt wiieh

e o T TR SR P R R A PRSP BT R o
noi ety of tBeby bihentebetor @tiPh@sPROLL(SAT AdtopBysphéryRetioh QiR @niployied &ty ne

t he phosphorylation state and, thus, the activation state of a RTK of WO
2011/ 088196 PTTPUEREEINeGPlibodes ddeWeyern e ethussusng thedeahpinsnt dearitsul d be
i dentifigd h i ' [ S W
desori bt as Lo Sir o HiEth B SR SIS AT HAl, P, S IRRBLE rebRuA o
anti - phosphattyfcdidshe detrinbocwkaherthey inkibigRES altivic] adiwig:thdn ehayeliloaods and
introduction related thereto) describe further nethods used herein to
det er ni ne t KRBT §ifdZAtificed trans aut ophosphoryl ation of RTKs.

Since receptor agf hyathiA) BB mtRAEIEOREHAEH DR Sy HAHELGRE P analysis may

internalization, |% Is useful, I n some enbodi nent’s, to deterni ne’the
ability of beustdtesdapfify meidtiay ehichomhibiy therdetibity of R§et URTKat.Rpbn¥asur i ng

nssays 21 e andeR ind FETEREon S WelRMeBlO7 R o at Bldhrol” b ReiRaga
E/}s d?Li- ] (e ZEgﬁh%%aEgoggggma@‘ma@)( dokeitibalPPdesBapORREBAs R idetify (iRR&)wHiat ur e

nat ur epr ot oedivatecRKe @li}wr@ﬂmmnmn@pmrhgrem by red¢reneet i ldwsaisskniqusippye t he

entire contents of eadh f. which are.i.ncorporated herein.b ference. One
%e c IP%CdC 8{ gﬁt}tﬁ%‘n’rl]léllnigé)é%te n imteraclions i, Vlté’oaflrllcglrtll ullvsél(t]j(’)fﬁ Egge?g?l | gand

wel | - known HETHO ptor 1Tnternal
with a flur xeeeNuupé PrRbdbIs B3§7-345; Kroeger et al. (2001), J. Biol. Chem.,
30 276(16):12736-43; and Harikumar, et al. (2004) Mol Pharmacol 65:28-35; which are all
incorporated herein by reference).
BRET is useful for identifying moieties of the present invention from test

compounds by screening for those moieties which prevent RTK activation.
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15G een Flurorescent Protein (GFP), or other suitable |abeling agent. Upon
bi nding of the ligand to the receptor, flurorescence m croscopy nmay be used
to vi sualweeorigsepsor internalization. Simlarly, a noi@cy/uskotthelipnventi on
may be tagged with a | abeling agent and flurorescence m croscopy may be
used to visualize receptor internalization. If the noiety is able to

I nhibit the acti \A Qselt ﬂ?UFs‘?‘P%P?‘thcéu% $&1860d/H 1 RNPE AR i ?[ﬂ:o orated

20f | ur or escence in the presence o |gan as conpared to appropriate
control s (ehgein ljymﬁarameBRETmayedlmsaylssembedse«irtbynmmrﬁﬁmterancpbleoﬁ/ of the

cell where the .nojt the re tor rathe in endosones or
Coul cloey © DRRNP byl PR uhE e R e el DA R BB SR D hor

receptor acty¥RtdeaNaRepRY ot (Amvv'gnleﬂy,tdaﬁséf ressf®anA{ TRID M T {TBY whie used
to evaluate the function of the npieties of 5 the invention. Further

r ecept or5 actomattitbnsubstraty’s crinishl anayeyblatodsghd Tfrthere corgAMce. swia higitahieg pr esent

i nvention are des . S. Paten 784:. 6,025,145, .
5560, bor: BORETSUMSENG] plisEproBhE] fo SRR AR bt nSrBé Rk mi 1
publ i cat i onsight hWeitsig.wavelen @t Fori dxXain@lk, BRETWHséd £k ysSda e @bedo.as{eR00R)

Lum nescence 15(6):377-80; Nakayama and Parandoosh (1999) Journal of
| nmunol ogi ¢ #tenestdndisweepasR TKAyciferase fgsior ard POKE-egnatigry profemggwion\dhifods of

Ser ooni g, Tt b B, AR ARG, Phore HERERY: HOBER ol oo BT GO
Chem sty 256F§ 99601f4:8a48ve=ﬂ£1@&1 raWiier t}ﬁnmyd:haaﬁ:lahéneﬁrg.}g&ih)velmimtl atkamiptesbifizy er | ogy

201: 65-67; Madden et al 1991i Anal Biochem 199: 210-215: C eavel and et
al . (1990) Belypnsweny pgisiterdTiugdereiacyty Jut Raybyuisedin EPRERSA¥tFy 190:

249- 253; La ) | Wl Mel unt er
and Cooper ?ﬁgg)g%%%inm%ég%%olgﬁg%%%z% 957519%?1#@%@%7%& 22%6 %c I-Sgég@ﬁr?ger

(1990) Cel | AdternaB@3DMRinclkidetsaymeanathiBbickn {98 kpitdrle hibsgstenfo inockear st ry

d Bi h 285 97-204 1993) Life K S
Bla6n. 2avs: MRine e il SR atamol o b < e b bt STy S el a8 4.
A enney gt @h@s ﬁ&t@@bet&%‘l‘ﬁdﬁ%m@ise hhav&el Fﬂ%gﬁbsew ﬂl@ﬁc iﬁﬁnes%ggt's%§§raté§a”ps
(1991) Methods in Enzynol ogy 201: 101-1 Kozma ét al. (1991) Methods in

Enzynol ogy f@thesp@nzgnestind wel kapwalin ﬂ](e_‘@mﬁ aSeé@nercRls:avaidgie fiom and

[ gand bi narRBPEYE B TarE e caedBit Mt eny StRTTER B WBET &7y,

i ncreases i Bn@REOOTIROM 1ﬁm§gqnjger[ats\upls 69,3563 which, in turn, rel eases
intracel lul ar stores of calciumions. Thus, receptor activi t% may be
§

det er mi ned by neRsoendigg emihegubsitaie PNIF el dightridjiferenisunglons tM‘Pp as | P3,
| |
Y L) B RSl AR S R0 L T R RAGSPRRL YRR RHENRLIRA, |

art. U S. Pah@rfornie, terpOib andblddiegier artaﬁhe tikel Thefl@viancies caabe faded netitods

whi ch may be used in accordapce with the present_invention to detect
recept or acthoARIPO LHEinad of GBS FAMERy! Reftion ot (e R%@f%ﬁeef’re%erably, Nany of

the assays ?Ss‘iﬁéﬂﬂ? dr ARBIOM RHEh {nSHE RTRLDMER[IAH g AbH By A% S8 SiryPSf

receptor activati o assays may I nvolve the detection or quantificati'on of a
target RTK ﬂ&usanmg promrml rothediitihg bi mdicnigs eiSthapssére ngveptmmaﬂ(@MQusaon
r adi ol aggl ed ant [ he ce rface

1 1 1 t he
o o208 | c Bt b e TR R P s s BropSrtct gk fyistay o ar o

wi del y descbinﬁﬂ% dnd abNRy & fntdr&8 Kithed BvnstrbhrPsighdling M@ﬁ:culés e 44tlve
4,376, 110; 4,517, 288; and 4,837,168). For a review of the general

i rrrrunoassaerot@ee al so Methods in Cell Biol ogy: Antibodies in Cell Biology,

vol ume 37 AMs in BRET analysis may re-emit the transferred energy as fluorescence.

Examples of AMs include Green Fluorescent Protein (GFP), or isoforms and derivatives

30  thereof such as YFP, EGFP, EYFP and the like (R. Y. Tsien, (1998) Ann. Rev. Biochem.
63:509-544). Preferably, the positioning of the AM domain within the AM- protein
fusion does not alter the activity of the native protein. AM-second protein fusion

proteins can be tested to ensure that it retains biochemical properties of the cognate
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25(Asai, ed. 1993); Basic and Cinical |Inmunology (Stites & Terr, eds., 7th
ed. 1991). Immunoassays such as nmay be enployed in receptor internalization
st udi es, wecentmssidacti vati on studi es, or receptor detecPChusasizayaonften
use a labeling agent to specifically bind to and | abel the conpl ex forned
by the detecting anti body and the RTK (see U. S. Pat. No. 7,056,685 which is
i ncor porate I t he
ant i body usgéwo[ﬁ l)ﬂegu}ej)éltlg ﬁgﬁt%hgg%)? gﬁﬂ%m Gﬁn;}[ ?Vgo p@’%ﬁﬂﬂe %én%%é%@nnﬁg be a
noi ety of t heiomafehd Gﬁﬁ)protéulnttelanmubs&hty: whlﬂeislpabqihorggata@bynbr oaybibe tathehi r d
agent, such as g or tertiary antibody (e.g., and anti-nouse

ant i body bi st fronocl onal ant i body specific for the target RTK).
Q her proteins capabl e of WO 2011/ 088196PCT/ US2011/ 021109 specifically

bi ndi ng i m‘runogl obulin constant regl ons such as pr otein A or protein G may
al so be used. BearmaeeutighleCompp 5 ivinistic ¢ 1 ipng assay. These
proteins exhibit eni c react|V| W t |nnunoglobulln
Const ant T egi ons ' PRI & E%Pfswnﬁ%gswé%i Rt i egbay

(1973), J. bmeéutlclﬂcbniﬁ@ﬁmn%&@ﬁmnébﬁé 5t § 66 Biha@bn of(thOB)atied of thenunol .
135: 2589 2542). The | abeling agent can also be nodified with a detectable
agent, suchin¥ENemc g, merpclgiial intdedicherr bt bingding pertpévithareati ayfitend,

such as str di t to
Those oki |1 SIEHEE HRaL ARG o RbiGERRLAR B B SHEIRE R forittd
assays, 1@. gtogegendivhalphagsaystically aaceptabbagetiet iSueh asmpystionsanayointlyidel sed
assay formats incJude Western blots (i mrunobl ot s()1 whi.ch are used to det ect
and quant i f §¥ ¢ ReMPPaLAhidess: tPOE Biase fikte adiesip8 ImEuRPeRIugates oAl of
det ect abl e S Vsl CH

i nvention, g{s& o%leg’ %g) P?dlgrc%{gos}gcﬁl%% Osfiﬂgenllﬂ?‘%nct%rrllt F’OP%%nt ?Zdﬂgﬁvh\}l?%ut e specific
bi ndi ng of thﬁpbshmmndghombhuipnmctompndeaecmbmlaeorRa'ﬂ@rmboduesrmcbsryalbf t he

i nvention whi 315 d to hind and jnactjivate the RTK. The

ot oot abl e GG 4T BRI e P PP £01 iy e B et b sy Sk meary

chem cal 5 pr g@litiss, e pUGRNAAIEAEAN Bal BB & MagmbRaR dkdct dRMEIEREEGER 1t he
field of imunoassays and, in general, nost any |abel useful in such

met hods can tclg@tm;)p'llth@dmadi melecyle dwehinds rvamisy ometifhesntach interase of EGER,Z

mmunochem cal , - oraeer ke CIRGTRASP! G ANSE AT iRk PBERER Flbr < i n

the present comudationhetapg)| ideohbitdasi@esthethp@ats( (Foﬂexan{ﬂldd(ﬂi@&ﬁﬁlblﬁatlon
i sot hi ocyanate, Texas red, rhodam ne, and the like), radiol abels ?
[ ne

1251, 35, M@apdrcagzrmludeewmwﬁe%ﬂé@n@bodw{@f gpal} a@ieshle@épém%wlecaleka
phosphatase SA) ri abel s
such asﬁgol H% ﬁ%gﬁ‘ﬁét co g%eeﬁ ﬁf%tslés]asg?nﬂnhstl (,t:1 cfca%%& Eﬁhﬁ)i& of

pol ystyr enexhempleym mgmtsetha can baibeﬂ1ﬁ)a)comb1nat10n'ﬂlfwaﬂ}azi.‘reldesrm}bedbﬁl @outpl ed
directly or indirectly to the desired conponent of the assay according to
met hods wel FERAGRIY n" the art. The I abel can al so be conjugated directly to
signal generati n&s%&@ﬁ’&&ﬁs" h%rrﬂaoeut%’al g%&éf)%ﬂé %1&’"9&11%&%9?3&%1@
fluorophore. Enzynes of |nf rest as els'wll primarily be hydrol ases,
parti cul ar | yolv&0s, plnt{pspﬁmtms@s,,coesmﬂ awdmctanail @Idwmoﬁmtga]mntsousotomc@odas es,

artic ri ero or 0 ncl yde fl res n.and its
o Vot 25 es o RR RS R agep i ShiRe Dhe oL Pl Campitiies ShErMai ! he
li ke. Chem kﬂé@aﬂ?&@@ﬂﬁtaﬁ@%@iﬁﬂg%ﬂoﬂg1%&@11%9%&lﬁ&@eﬁé@@f@ﬂeh@?ﬂ}s}ﬁ&? 6109

epidermal administration (e.g., by injection or infusion). Depending on the route of

administration, the active compound, i.e., the moiety of the invention, may be coated in
a material to protect the compound from the action of acids and other natural conditions
30  that may inactivate the compound.
The pharmaceutical compounds of the invention may include one or more
pharmaceutically acceptable salts. A "pharmaceutically acceptable salt" refers to a salt

that retains the desired biological activity of the parent compound and does not impart
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luci ferin, and 2, 3-di hydr opht hal azi nedi ones, e.g., lumnol. For a review of
various | abeling or signal producing systens that nay be used, see U. S

Pat. No. wWO291,/B8Ws Means of detecting | abel s arePaglus2knoarot o t hose
of skill in the art. Thus, for exanple, where the |label is a radioactive

| abel , nmeans for detection include a 5scintillation counter or photographic
filmas in j . bel. .J.S f r n lg..it may
be det ect ed%%(%gflr%?%g&? K0§IC¥QP§%€06%: g%%fg”%ie{gﬁ’ %% g%gk@%?ﬁaé gl h&/ﬁ@eﬁ%ngt h of
i ght and débdetd)ngxbmples eSsichisalgs tlnde esd eddicion THe dnd boseskd@mnesatay be
detected visually,.b ans of photographic film. by the use of electronic
ot ect or's soer sty R TeBsg afe ge0TeE RS Genlos RnoBAUE GHITCHE! For s and t he
like. Sim | aGhyeh1BRAEMIRI! ShokPhdrRDedifurl¥aNyR6b@atie Hyarbidic, heViHdrag dhliehe
appropriate Substrates for the enzyne and detecting the resulting reaction
product .5 Fi hké.lay veilmglfront odspxinetgants dcabehsh avgliphetideopet ad déarpdxyliby
observing the  caolor gsgqgi aéeﬁl( wi.t h .the |.abel .. Thus, d n var{'.ous di pstick
assays, conjaf}S%itp 8“%&1 SOV ERA 3%%8&?@8’313’%{8”%31“8&\?3} |Sbadgm86‘hfﬂ at ed beads
appear the gppiatic@hd bfvgndbieadifonibhfidaddiht Mige. BsReedith saheincRemdsen, the
noi eties of the present invention may bind to epitopes on a target RTK and
still al |l owdetedrfeane pikgling gardionefalskiush 9 sedium; PRIpSHE, MPIRNEH PR, o anent |

t he bi ndi ng,0f..t.h ' e - i tioni . orientation and/or

di st ance be%l%eheﬁr?’ %%‘g&g%wpgo&%oﬁg%%ggllnﬁ}%g’rnggfggésﬂg? the two nononers
(e.g., the diynrpéthylenebahimef NimdteylbRcasinef cHlvwpfdchine/dhatihe,glicahdnolfnaiae,or
recept or rmnomers%d 20t hereby inhibiting the activity of the receptor

tyrosi ne ki RAYENeHiAMEenBOCHEF 4ad thedikenpi ety may al | ow |i gand i nduced

di neri zation of ﬁgﬁ,ahﬁg&gﬁ@%Shﬁ%gghwoﬁgmﬁ&{s%@g@g%lucg af fect the

positioning of t two ecto ns at e ce interface or alter
or prevent obnfmacemichibyadceptablegas-axndanheExam@et ofphymasitellyianepesble t her eby
inhibiting the activity of the re tor.tyrosine kinase (e.g., inhibiting
Feceptor ¢ neRTRATSAFBHE AR Ve SRR ARG St e o GE R SEHER | at | on
of the fecepi@ocRBAIO oM RidIFaRY séd1B8maRéthbitufiRf sédi@m EFRPLRS the fikechh vat e a
downstream si gnal i ng pathway). Thus, in sone enbodinents, it is useful to

enpl oy assays-sehiblshangiosidaitsesuchh as ehenthyt palmotatset betylatddarydspiyewsele¢ BptAor

di meri zatio t, render the ptor. .i nactive, Su assays are scribed
her el . For DX iyaaeletie REETRClonn WapH Silla SiPhRep Ritiesd); B Bl

wher eby recefd @) nditsTRhelaBhg OsentsS st Cltad asig] AiBylehicSanink Ritaagaticaridl r ecept or
activation is determ ned using phosphotyrosine specific antibodies.

The conf or nEEP A Isoitel dargpicagisl, paePheC 2idngéheddécer ni ned by Fl uor escence

Fl tor estonce. o Sotiy gegiatals R gl AR RERAF 18l ey PEhEINEI 1 1 g
pr ot ei n contherphatmarsti@dompbdeti@astdf esineaniondndladmeltaten) ethahols pely 12 QQfzh

Traffic. 2005 Dec;6(12):1078-92 which is incorporated herein by reference.
In the FRET258WS50h Proplesr gysokPayEthyiene gherkdn 'ﬂteh‘ﬂ%bﬁnéﬁl*itaé’?%mﬁﬁﬁs

f'1 uor ophor ege &l RoetaBR HIKUCE ab BRE &f 1an&?driéc?atﬁé<9f fRl@rd en! ARglyed RTK

are incubated 5wth test noieties of the invention and the |igand of the
RTK (e.g., 8lehtef dropehEluidity damkp maiRENedfat xsingplaviblylthabdeamficoiterngobsterislat i on

of confgrmati onal c&lan es, in the RTK associated with. |igand binding, RTK
i mor 1 208 oRUTER I 9 i BEMAGER P B ) R s UG a ot skl 1 i
the art naydgi)é@i%g,ygng%?eﬁesug@ PLetrgdishtgeonf or mati onal change which i ndi cates
RTK di neri zation w thout downstream activation. There are a nunber of
These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of
microorganisms may be ensured both by sterilization procedures, and by the inclusion of
30  various antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol

sorbic acid, and the like. It may also be desirable to include isotonic agents, such as

sugars, sodium chloride, and the like into the compositions. In addition, prolonged
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10net hods avail able to perform FRET anal ysis, and a |l arge portion of the
variation arises fromthe use of different fluorophores or different

t echni quewoto11/088vspor at e t hose fl uorophores into proteiPa3/uskolitneHPESt .
FRET fl uorophores and anal ysis nmethods are well known in the art, and a
brief review of FRET technology is available in Heyduk (2002) Current

Qpinion in B I : Dy < . .
fol | owi ng b %{5@ MU Ehiectd ée%héﬁgﬁcet%ﬁga@%%%ﬁlﬁg? EBER: J00Rl By rqlgé;rl_%gsrlg? ed
her ei n by r ef ezearscehiclKdglhhabrgionaluch ¢2406)nuNamokbitéayats an® €dlddin.923- 9;

Bi -Ra i t | . 2006) G h Ho Res. 16(4): 247-57; Tani hi
o (500 Bi Ehtaeeytily S pa i mcl e T IGLoge BBO g
5, 891, 646; angerwoﬁQafdeéﬂng%w@rsl‘ﬂ@r th¥k R APR38R epriieh dflskenopfetds May

be incorporated into any domain or hinge 20 region of a RTK to detect
conf or mad i onabtietsamglepe(seong. Thetuse obhsirhmeadid andoagantader pharmadeatieallyfactive RTK)
provi ded thatbihe fl oro1g‘)h0{hes td% nott.i n%erfere wth.t h? fynctiaon tof t he
RTK or the ABPFAES BFIREN Lt a8 o "HE VAR FBACYD BIAE Piv8IaRRrREent S

Fl uor ophor escaaphtible Wath thiEdivarcenpolied) ubbHgherdien @8 phi@sRewtsal tdmpditions

Bi ol um nescence Resonance Energy Transfer (BRET) as di scussed bel ow. The
nmost 25populhthe ERENtf isfodtanplated. ehypphreentiy Aet o, ongRpsneds ¢pnrads bfues into a
protein of i . r . an then easily react with the chosen
cystein res?‘{c}%ggj?ig{ngél@tfgl %glgl?%'ei ns are constructed, whereby a protein
of intet@st is fThedpéwicGoaposiibuotypRalnmubyint @drile aseetableiundarghe et al .
(2001) EMBO Reports. 2(8):703-708). Additional pnethods and useful

f 1 uor ophor e§CFPHOSREMARMECHES 2R HRFSF n The eBRRIT RS2SRy 3D 39 2 30

51 ormt et |l A8 HMRARAGH 1 SERP, or 8E: B b AAL LYY BARTOSt
97(3):378- 84; Jares-FErijmn B\ND Jovin (2006) Curr Opin em Bi ol .

10(5) : 409- 16¢nciotnaivgs Arhe (2606 rarvid hedserviol dBpaision 385l c@&pinigl, karabe and
Periasany (2005) Curr C@i nIV\O Zq](g.ﬂlj088196P /1 US2011/ 021109 Pi o%rlach ol .

16( 1) : 19- 27 XARe Y Uy SRR LeRIES! (B erappicnelBrgPk Ry eﬁe@?yf)):f@ liggdini ch
are i nces popatyelyREE 8iyRoPYnd BalkeNGRd shithbRl RfltueiRAIEThS probbr MBYitPEan
unknown or difficult to determ ne (depending on the receptor) which RTK
conf or mat i ohe nglirgpieed. fipicexlampld, hlitheansiewéd agpatdignach 2atecidmnshy tha sugintenance

| i gand-i nducg trans .autophosph | ation. 1n such,cases ne.of skill in
the art may SEonsrRURIREOR TROPU B o Hoed SoR 40P ARBe S B8l Hh ¢ hose
that det er M@y c@eeMt Qill BE blekaiblOm MEIULE ddTnRtERRRORPRRANMPIRT du@hrs, FOr
exanpl e, one may use traditional cross-linking studies (exenplified by
Rodri guez ePolyplcohalysiph apmpasaiiplaporbiigloer 1adéime ghloride imthe campgosiiqgo) t o

det ect K di ' ' i P | Lt h e - -

Tonct 1 val} o Aeied bl BibToCATRAAN RIS AR b bBLLEREN W including,
used to dir éactheyonpastioiean egapthat ddaysi abadrpon,dor eiampid, idnosBarafeoaltexahpl e,
by i ncorporating appropriate FRET fl uorophores into the cytoplasm c domain
of the RTK &Ad™nto a phosphorylation target protein (i.e., a downstream
si gnal i ng mol ecukg)ile fiRELHCWIGiRE &R eﬁa@& bg?ﬁc%?Hr&iﬂ%ghX"Q@cN%%mpound
downst ream si gnal 1 ng | ecul es were beihg recrlited to t he RTK

Ther ef or e, imtheneguael adionenin aa appepassfsalventoyegh ynodr & trenbinatemtafon i s one

whi ch allows receptor dinerization, as ur b ross-linking.or FRET,
but whi G pREVEHTE: FUEBSHES SG0F Saendied. Bk dy S Tae BT igHtbcence by
FRET or BREGeadally dispeRiomR¥rdpBpdred 8¢ aRbRora el tHahdRR BRIV {nfo Hsterile

aut ophosphoryl ati on assay enpl oyi ng anti- phosphotyrosine antibodi es and

West ern Bl ovyhiciihas confginng bakie dispelsivinquedivitasd thepeduinguhesiingredigats gfons ki | |
ant i bod es) o SRt N BB Guetng ey sl Ren R PR riaR B rRRr L ey
al | ow r ecepigéctsil@sslid@isi @8 preferred methods of preparation are vacuum drying and freeze-
30  drying (lyophilization) that yield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution thereof.
The amount of active ingredient which can be combined with a carrier material

to produce a single dosage form will vary depending upon the subject being treated, and
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In particular, Biolum nescence Resonance Energy Transfer (BRET) analysis
may be used to identify noieties which inhibit the activity of RTKs. U S.
Pat. Pub.wBi20112B8®6060199226, W PO Publicati on No. W) 2006/u82e1@/M31108nd Tan
et al. (2007. Mol ecul ar Pharmacol ogy. 72:1440-1446) specifically describe
met hods to identify |ligands which activate RTKs and are thus incorporated
herein by rgfereRGe RRSE HRGNNLAIES TRRURRGER LR A¥RMidhPlynftcah BE N Ng
protein int ere éltl onsrni-{n Vi taro and in \Flflﬂvo f)Pﬁade?gaer1 elt)éal 1 ?%OOG)C Nat ur e
Prot ocol s 1c@3Fndd ithkr@egematridlto pfod08l) sindle dBbagle foBnemhl generally be that
30276(16):12736-43; and Harj kumar, et al. (2004). Phar macol 65;28- 35;
ahi ch ar e aRMORHS o R g U B arbifeahic chect. CRRERT <ol SEPRH 1 or
identifyi ngnimired p&et, i 8mBhASANrad AR hBSL 0rAM: &t 1& IR WSy -Pe
screening for those noieties which prevent RTK activation. WO

2011/ 088196 PaTESE @4tlye0Rdred@nApredersblydsmn abent U, 1er pent. to Rhdti7Oaei eant.No.

2006/ 0199226 ich i,s Lnhcorporated herein reference. BRET .based assays
can be usedtoh merrily HPRCRRRL EbgteREl A Pu A R v aRE i neccant
donor nol ecub@binn with A pha@hRedscal@utrptadld daggescent acceptor noi ety

(AM. Briefly, cells expressing an RTK-DM fusion wi || 5convert the
substrate's chemPostgeapgimeps pistadiusiegtie pravide the patimygmegesingd yespapse (&g., a

signaling p i.Ne i i Se. im RTK- ;R . ¢ hen
the cel '3 witritelicipde Ror eRufb RSP RER ofll nta b pliiniSHEa el faed, (28
assays t@n Hesedsey Headassiewsdidver timt ef drtdosd magbapespoatidihKy reducéeoas e
fusion and a GFP-signalling protein fusion. This differs slightly from FRET
anal ysis, wHEF@s¢hy 18%@ngislﬂéf’cfml%¢nﬁ’§§/ ohthe dherpredfic sijuatiogndt is geprecill¥peci fi ¢
wavel engt h pathel.50ag f%lﬁﬂ@?‘ar%ﬁ#eraqQS&%Xsiﬁ%Viﬁrd%E%@un @ﬁqgk&%a&fof_

Fot ei at may

bi ol um nescent p ns wt uciterase activity t e used in a BRET
anal ysi s maydib@istotino andutif@miMatf doNgs. [os2&028%rm5s 8@, likdn rGei848, 746,

5,196,524, 5,6 670,356. Alternativye DVs include. enz s, whjch can act an
Suitabl e suBBYYSIEEcr Ny e 8 YRR R aCRer ok e et e o by HPCL,LArbITE of

such enzymegophis Rpte@aharl Q8hHas 8f a@lvkabipeudPainb@tAsi8duce the desired
bet a- gl ucur oni dase and bet a- gl ucosi dase. Synthetic | um nescent substrates

for these eflreyapsstiaeideonsl dsskaiaiom with thegearitedaphdmegceuideiraarici. alley avai | abl e

from conpanies,. such.as, Tropi x l.nc. (Bedford, .Mass. . USA). . C al so be
5ol at od or "ErUIUE EA T el frumb of BetplinobRER woFE byaBY SvEfenai ng on
t he substr atigpenBbflt oBNhf the ufidfue ahartlitéliRice bt theavelerpigbend bod thealticuidri ng
exanpl es of substrates for DVs include coel enterazine, benzothiazol e,

luci ferin, EXEIPCRE pfiEcs to beighéayed. addbhihe AmyaEonyinlerepn|thg@t offhe DM i ety

can be fpse j ¢ he ] i Ral o} Ler - - Lon of
the RTIcHr of 2 RoFh e AR Ao BU A b RERM X ey R TR e
RTK- DM f usi on do&sr mbtinatihesn dihde astibodyt ymOf mbleeulaadr peptidic oicdédulethet he

bi nding of noieties of th pr(igent i nyentjon. RTK-DM fusion 25pé/it ei ns can

be tested t8O@SS{HNECt HAm 300uT &P In 19D seesrdedimase sperlly %Y, tooue#<as°f i gand
bi ndi ng and gahydg Eéﬁy?&ei%ﬁl? fofEtanifiE Bo%&@é ShlealB ﬁigﬂ{gaﬁddggvé@t?i: Hopg of the
native protein. AMs“in BRET anal ysis y re-emt the transferred energy as
f | uor escencéody weight, 3 mg/kg body weight, 5 mg/kg body weight or 10 mg/kg body weight or
25  within the range of 1-10 mg/kg. An exemplary treatment regime entails administration
once per week, once every two weeks, once every three weeks, once every four weeks,
once a month, once every 3 months or once every three to 6 months. Preferred dosage
regimens for a moiety of the invention include 1 mg/kg body weight or 3 mg/kg body
weight via intravenous administration, with the antibody being given using one of the
30  following dosing schedules: (i) every four weeks for six dosages, then every three

months; (ii) every three weeks; (iil) 3 mg/kg body weight once followed by 1 mg/kg

body weight every three weeks.
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Exanpl es of AMs include G een Fluorescent Protein (GFP), or isoforns and
derivatives 30 thereof such as YFP, EGFP, EYFP and the like (R Y. Tsien,
(1998) ArwoO 2RevossBsochem 63: 509-544). Preferably, the pogiuscanioagonf the
AM dormain within the AM protein fusion does not alter the activity of the
native protein. AM second protein fusion proteins can be tested to ensure

that it retains Qjaehegicahe RAARALIEH AblethE HAYPALE MR cul b
2011/ 088196PCT/ USIS T 05 1105 Tty R, STERPRGE mclcule can be b RTKs.

By way of exdmpligsredns arustondderetviaseaformulation infwhidhecaGFRspfrequenn t o any
substrate which.i s phosphor ed b can bind to the target K can be
Gsed V. PRUPIEHPT cPTeibdareRot oA RIS SR Gt EBUISH Hate
Invention bLimaRAEREEuREREE In the P&t € REMncl MR NN RS AN GBS de HFRASI ti On,
e.g., a pharmaceutical conposition, containing one or a conbination of the

noi et i esd of halhéfd, helbvtdaddry Huenagized arphbelion ehimgnit iabokiidiss, ansk naahtiingen- bi ndi ng

portion(s) thereof, .anti bod Lnetics, .small | ecul es, .or peptidic

hol ecul es of TS JB8 dpanadlieaigney pE Ty RHOT oGy Agentir@pnay Hether

phar maceut i ﬂﬁ]tlre)étrﬁ@rﬁ@@ﬁ@?ﬁﬁa&ﬁrdritl@d’rapeﬁti@.hIrﬁ?&?@ﬁhétie@@@lié&ﬁbné,%’el&d@el@ne or a
conmbi nation of (e.g., two or nore different) antibodies, or . .

i nmunoconj uday éesage iretdminipsicerd At sdlatively péisapeiit éntprypls oypieslong pered phiieat i on.

conbi nat 1 on 8Bt Reonug Rl EATP ARG b O o Al P nEPRERR, ' = ©

epi t opes0 onappiratiadsge el i€l ohigh dataghavelanspl bR ittarylsibaahétithds reguire. 9., a
smal | nol ecule that binds tq an asymetric contact interface of FGRL
t oget her wi PRUPTEEREPION Q] the isease hfedpied s terBingiech srpestsrlly UgHt e patient

nterf ‘ cal s : y |
interface ofyfGH e[?iiéal_or compfRRAL BRSP4 dnGR sE;ﬁleHﬁ%sdf{dlsCéQ&. ?B%rg%r{ tﬁggﬁén(?n al so

can be adm ni st in conbination therapy, 1.e., conbin er
agents. For caxampineipistdied ¢priphplatticomginrer apy can i ncl ude an anti - RTK

anti body (or small l,ecul e or tidic.nolecule) of 20the present

vent: on. conbi ndatity vags e of Bttt iErecit SRt PaBEHE: Fefanpl es o
therapeys i ¢ pagBNAESutichBlonGRNItRAs UBRAE prdled iRRHRLA Ay Va8l 3PYs RIddtAgasr | bed
in greater detail bel ow As used herein, "pharmaceutically acceptable

carrier" i nemadetsfalmyacsivd ingrédigwhaelt is effdétsysetp srlavarbdidasireddharpprysic

anti bacterial and.antifungal agents., isotonic and 25absorption .del ayi ng
Sgente. and CRENF R piHrAE RRERD i apo R nRlal R B ERaIRHT) "Phe
carrier is seinpadi€td e phiiint AYRAQKSted dUsh &MeSE W ill[dep&iddpohanRGUS, of
parenteral, spinal or epidermal adm nistration (e.g., by injection or

i nfusion). Bb%ﬁé@lﬁ@et&fgﬁtﬁ@ inglydiag ghe %f(ﬁlfﬁtﬁi0§Ehedjtaﬁtfﬁ}artcﬁ@P%{l@ﬂﬁé)fé]éﬁrpound,
i.e., t | . . I i : I igl to protect
t he corr%@u%feg %%%S{eﬁggggwtéﬁg%’f&g%ﬁ é(}?’aslr%ﬁ Ogtg ﬁﬁtéc?edtﬁg@aggfmlggﬁcf?t i onsp30 t hat
may i nacti vadmidifietionnpeting.of administitien pha ra@ofeNdran of aiguticdarof t he

invention may include one or nore pharmaceutically acceptable salfs. A
" phar maceut FRBPPYPIRENE AR PEeds Hierdur t@rng)?éh@c tseatment} 93? 2t SPHPAEdShe

desired bi ol gbrRhiefsls w¥id 4 BhnbileioR i the PATRAUPEL AR HRE SnipRyel TRAT U

age, sex, weight, condition, general health and prior medical history of the patient being
25  treated, and like factors well known in the medical arts.

A "therapeutically effective dosage" of an anti-RTK moiety of the invention
preferably results in a decrease in severity of disease symptoms, an increase in
frequency and duration of disease symptom-free periods, or a prevention of impairment
or disability due to the disease affliction. For example, for the treatment of tumors, a

30  "therapeutically effective dosage" preferably inhibits cell growth or tumor growth by at
least about 20%, more preferably by at least about 40%, even more preferably by at least
about 60%, and still more preferably by at least about 80% relative to untreated subjects.
The ability of a compound to inhibit tumor growth can be evaluated in an animal model
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WD 2011/ 088196PCT/ US2011/ 021109 any undesired toxicological effects (see
e.g., Berge, SSM, et al. (1977) J. Pharm Sci. 66:1-19). Exanples of such
sal ts i ncwoaeriasseaddi tion salts and base addition sal P€T/USeHd/02addd ti on
salts include those derived fromnontoxic inorganic acids, such as
hydrochloric, nitric, phosphoric, sulfuric, hydrobrom c, hydroiodic,

phosphor ous %@&1 I QRL-0%; S such as
al i phatic 0- EFE? ‘?ﬁvga%? f(g%ﬁ/ }Y\%Hgm ﬁlgﬁ]e sulvgllyloﬂth%ﬁ;e}gﬁéﬁf(a%m c acids,
hydr oxy al kammopeosigaai ds bewva]mmﬁcdby&xmdsun@ﬂhe[abﬂﬂy of tandompmnaltuoan}sblltfsmn]n c
acids and the.l.i.ke. Bas addi tjon sal ude those erived f {0 al.kal i ne
earth netal & 1‘%1881?1%‘@”@ dieiys 16‘6‘%‘%&%‘% ﬁfkl RESHIRCT Al r%H‘F\“H?Fd RHEHYe,
as well as fHr0hARiRNh Rt $8RpEuRIEARR creddclinR$ sibk,Nrotherwise ameliorate

10di benzyl et hyl enedi am ne, N-met hyl gl ucam ne, chl or'oprocai ne, choli ne,

di et hanod anﬁﬁeptoemhyh@nlemtalﬁm@f opfioaiskidl il arhwolidibe. able to deteamine such

phar maceuti cal ositio t he ntion. al so may. i ud .a.,

P har maceut | ARPP TRER st B Pt S P R O R B sy by M can 1y
accept abl e aﬂhpt@zﬁsd@;mttﬁe pareictldecont gositat @ ro®e ot dRinasitation kelédiés, such as
ascorbic acid, cysteine 15hydrochloride, sodium bisulfate, sodium

met abi sul fite, sodianrRBUKmaietyh éhetmsem ment{%)m@i be iggpd i determinowhethet s,

such as asc I i

hydr oxyt ol ug[ne&l{ eé’lﬁ% %nﬁ&f nﬁﬂﬁr:é MICEH F‘?d(%(ﬁﬁ aﬁ?%ﬁ %(';‘Ig%at ée?lr%flﬂléfﬁg t he
l'i ke; an@l ( &nemeitiadd (ﬁih&dtﬁntglthﬁgarﬁngKsmoﬁlthtcﬁﬁorlflnﬁll‘thﬂ 1ﬂtefaduolebctquksemﬁieam ne
tetraacetic aC| d EDTA sorbitol, tartaric aci df) phos&ltgorl c acid, and the

li ke. 20Exaffsi élml%ta@rl% thetiBu§onsamaln 296 8btld .aétrrgax sl Whalerpe
enpl oyed in cl ude water,
et hanol , poIa{l/?) s%?g g@“qﬁ%kg‘%e@ép@ﬁé"%@ }léééfgtw%c\)’%m{%gflh@ ene glycol,
and the |ikejymmaetdcsonthatiherfatextfithe BTKhefuebfigstafogbindbigeroivel ,knswnﬁntbs olive

oi I, and injectable ong cesters C ate. Pro er. fluidity
oan” b mai nPgaHea g e ek, iR B el RhE M PaREins B ch xs
| eci thins bynd REKBRLRLERAAGSE RAK Lk E&MHiERAN RAMidH K1h&ng %S dcBul Afl mase of
di spersions, and by the use of surfactants. Thesé conposi ti ons at:\

al so cont ai rsomljnvmtahzlsglﬁﬁ C@leﬂme@m geltor pb@s,phvmcmemg Sagaaily, the lUISAf yi ng
agents and di fl ierésimng rgéltentll op. gn presence of m croorgani sns nmay
be ensured By gFl fn P%%E%UI’U 2 and by the inclusion of

30various anti ba@n@ﬂieﬁhw&ﬁbd t@ﬂéﬂefrhhlﬂl&}heﬁﬁﬁﬂfe&nm&@rof%@ﬁmérﬂ}onﬂﬁl’ aben,
chl orobut anol , phenol sorbic acid, and the |iKke. éwalso be desirable

to include PBBEYHAIBE G 15 to a5k thephosnligarlationssie efﬁhémf lagenic deipaip Réthej ke
into th o]
2012/ 0881 ooty LB RnagHchl s cRLO BBl prevens activarion and waps

form may beaboplughhorghoioh oby RiTke Phusphusiationdf thg RIS makibe Itesdaell wihgabsor ption

such as al um num nonost earate and gel atin.
stanc'ilard methods inown ?n the artg or example, by using antibodies which specifically

bind the phosphorylated residues of the RTK. Other methods to detect phosphorylation
events include those described in U.S. Pat. Nos. 6548266; or Goshe et al. (2006) Brief

25  Funct Genomic Proteomic. 4:363-76; de Graauw et al. (2006) Electrophoresis. 27:2676-
86; Schmidt et al. (2007) J Chromatogr B Analyt Technol Biomed Life Sci. §49:154-62;
or by the use of the FlashPlates (SMP200) protocol for the Kinase Phosphorylation
Assay using [gamma-33P]ATP by PerkinElmer. One of skill in the art will appreciate
that these methods, and those demonstrated in the Examples may also be used to

30  determine the phosphorylation state of proteins which are phosphorylated by the RTK
and are signal transducers within the cell. Detecing the phosphorylation state of such
proteins will also indicate whether the RTK has been effectively antagonized by the
moieties of the present invention.
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Pharmaceutically acceptable carriers include sterile agqueous sol utions or

di spersions and sterile powlers for the extenporaneous preparation of
steril e iwpeotiatsB®65sol uti ons or di spersion. The use of Peudals2omeazE0ANd
agents for pharmaceutically active substances is known in the art. Except

i nsofar as any conventional nedia or agent is inconpatible wth the active
compound, Use_t NGl &Rfpoltioh 3 RNALARERULIEAR! cafi BURAIHLORS A ot mhdhyent i on
is contenpl ated. Supplenentary ‘active conpounds can al so be I ncorporated

i nto the conposs dfiadmsnistiibinersagent ioc nooepios varieon st mythodakdowminghe e Ateril e
and stabl e under the .conditions of manufacture and stor .. The.co sition
can b for milhPEAPHE S0 By e Bt Be e AP POt naR B BRHEr VOT der eq
structure syhtaRphendif MANhEasG-EP0GRNT PREIRA: rodB8 o LRIk RIraGa R BiRRO! vent
or dispersion mediumcontaining, for exanple, water, ethanol, polyol (for
exanpl e, 5 gl yeetiss of heapydnéine ingllydeahtravgndud, injuaintisdBpoingatéylabne gl ycol , and
the like), aqd suitﬁﬁlebnuxtures thFrqu. Theuﬁrqge{ fg%ideX ﬁanfbe

mai nt ai ned, "FEPEERRHT WOCHHICHE LT GOt RS Ayl SHER ChETRETRHH Py t he
Mai nt enanceeRfmplB®y igettioned ipakibh Cl ThephzBe I' Parbhteral asRin@iradbSPANBEORerdMd by
the use of surfactants. In many cases, it wll be preferable to include

i sotoni ¢ ag#&1feBs mpees aedmptisrationgaies thagsniessl GoH 6oRc aemikgravgRnysually by
sorbitol, ot_. i u ide.in the. it . or ption
o the i pi onanr BBt R B NPTl inPp el RERAC P
conposi 10 onimntiegsinintiabatsulde iy risibg dnpidagdiac, fimradexaatpineapernomst,ear at e
salts and gel atin, Sterile injectable solutions can be prepared by

i ncor por at i H§NYRENSLSPHSHRAEAPD TRRFUHRUIAH &R HIS EFUBPAPIWEL SFP4 AR opri at e
solvent wit r ' j f: 2540 [ enuner at ed above, as
required, fQF?%@E%’g?dggggkﬁﬁggﬁggﬁlﬁﬁg?g?é t?gg%%h. CGeneral |y, dispersions
are prepared by Aleorpeelstdnngtit REK datdivgemomtpofithd invehoracast keradineniselhddc| e

that contains a basic dispersion nmedi umand the required other ingredients
from t hose. SRHEFSRRGEBLURS FiFhe RHEY: SreSnEl PRAUHORERE Slor t be

prepar af § on,@hintdt@kivh Sol S LIARh@RINE bANS, vabhaPredisily, egbimuLApds: of
preparation are vacuumdrying and freeze- 30drying (lyophilizati'on) that
yi el d a powtiwicadlf. t he active ingredient plus any additional desired

i ngredient from reviously sterile-filtered sol.uti t.her eof. . The
amunt of act ve PRaRLS SRR cEerisat il FlE PR T EFR e mat er
to produce aompigldacdidsaapidolemeMidh a¥ arcynaleRendicag fopailatihie iﬁdlﬁliiﬁ%t bei ng
treated, and WD 2011/ 088196PCT/ US2011/ 021109 the particul ar node o

adm ni st r at iBplantshigansdesmel PYehescandupicropgeasiiaind deHven sygpmpeBiadspiadelewi t h

a carfri 20 fﬁio%%!nﬁ%ﬁﬁl@P@g%@y&i&n%e%é‘& 'sﬁchdﬁse%?;ﬁeﬁe% 1V¥c£t5te9§%1§§rﬁ4ﬁgéd&e that

anount € Ccolrposl i ch produces a therapeutic ef nerally,
out of one boRdivedipsid,eetiigent polgodimatts, whd polyaogeadid.oNMaap oisthdds @dr ther

cent to about ninety-nine 5percent of active ingredient, preferably from
about 0.1 p&fePaigHpn PBS%Bé%n%ﬂ%lérarecmn,te%s&ensﬁa@f/gpaw§0 Hogteilisiif the per

cent to aboyf ?Qe, RE., S:i@ﬂz%rie fan@@dnYr@llch‘ﬂEl@QJe%itugilﬂelﬁ@%ﬁéws%y‘f(@)lﬂnﬁ)n,

pharmaceutical |y acceptable carrier. Dosage reginens are adjusted to
provi de t heedpMamehDdkkdrylad., Nespomkel{7€. g., a therapeutic response). For
exanpl 625 a singl %hgr%{)gusticrg%}élp%%tiggsr%a%i bséta%h?r%’ste% Vv%tchalnegljcgli cﬂ:%gces known in
the art. For example, in a preferred embodiment, a therapeutic composition of the
invention can be administered with a needleless hypodermic injection device, such as the
devices disclosed in U.S. Patent Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413;
4,941,880; 4,790,824; or 4,596,556. Examples of well-known implants and modules
30  useful in the present invention include: U.S. Patent No. 4,487,603, which discloses an
implantable micro-infusion pump for dispensing medication at a controlled rate;
U.S. Patent No. 4,486,194, which discloses a therapeutic device for administering
medicants through the skin; U.S. Patent No. 4,447,233, which discloses a medication
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10 doses may be adm nistered over tinme or the dose may be proportionally
reduced or increased as indicated by the exigencies of the therapeutic

si tuat i orwol2o1/s8®speci al | y advant ageous to fornul at e pacentsesialo21109
conpositions in dosage unit formfor ease of admnistration and uniformty
of dosage. Dosage unit formas used herein refers to physically discrete
units suite gggﬁﬂ t. t each unit
15cont ai ns gﬁgggﬂg?%€%¥heg§ &QEMk¥EH§ ?%§%é§%%%32%eggﬁﬁgﬁg?%d to

pr oduce theN®e4A4é024hdndpémﬂpemeﬁhﬂ@bwﬁw“wmqﬂmudﬂeuﬁumpmmthwusﬁmU|red

har maceutical . carrier., The cificatio or. th e unit for of the
ivent on aFaHQESIGE BV g PEET YO bt i Lo neh piseiios
charact eri sybigwrPlystdhenagh dg Mﬁltﬁ@ﬁﬂ?ﬁé@?@oﬁﬁﬁ’rt&&%s PAULE SUPAEN NS UaPR8 UK C

effect to be achi eved, an the limtations inherent in the art of
20conpouddi M@l@ubwleﬂqs almmmetlcc@‘n@dalm@rf oystarime These prigeitarpincempnsited hareip i n

i ndi vi dual s For, admini strati f he anti bod ecule, or
pept | di o moPetPEnes fdabShBL e RhR B et A e oatm S s RBTE  ang
nor e usual | yhdde Millt®inxhewitkg, of the host body melght For exanpl e dosages
can be 0.3 ng/ kg body weight, 1 ng/kg body weight, 3 ng/kg body weight, 5
ng/ kg body wei ght or 10 ng/ kg body weight or 25 within the range of 1-10

my/ kg. An e&ﬁnme%ﬁids%%&gz% Mgﬁklﬁgofet%ﬁ”leﬁtlagm nistration once per week,
once every nce every four weeks, once a

nmont h, d)(mce ever ¥n anadridrtakisecqthoopre eeneiteeytidmpreeidea ﬁleﬂmﬂtfbsuedamgfad(]ned
dosage regi mens, for a noiety of the invention include 1 ng/kg body . wei ght

or 3 ng/ kg BYAFAREidgREsANA SPHFF%%HB%%WW%QG%W&W Sl\RFPha EPSREGH S dy
bei ng g Veneff@d&ﬂg a%%np(gf Jrgglegpéﬂhé C%tl %1@&3 é ) sthYIEr Y four
weeks for six dosages, then every t ree nD (i1) every t ree weeks;
(ii1) 3 ng/ kypldotky, antibgthts,@n peptidi¢ tr@\lmdleb,yoflhengkbtglt bodytimehayethueneeruyg it hr ee
weeks. WO 2011/ 088196PCT/ US2011/021109 rnatb gﬂé t he antlbody,
smal | mol eclii®, angd Sapdiagngsticindd r@*@&ﬁ“ﬂ@“ﬁﬂﬁ? Viedpediaguosts adst ai ned
rel ease$ or guhidehP8¥ a teBephbil §FbsARIENAsE 85 obihRE WBRhscA dMe Vit @iloRitiet Sf the

requi red. Dosage and frequency vary depending on the half-Tife of the

admi ni st er edresefstentien can bm@inpjatswem to deHs geqwdiued, iz hamen eantyp badb dgmghow

t he | ongest life Lzed anti b di es

anti bodtes, “THA heriAaf TRbd e AR L e SR BRe ' ©
adninistrath@aq@@ad%@ay;dependlng on whether the treatment is prophylactic
or therapeutic. prophyl actic applications, a relatively |ow dosage is
admi ni stered at uAéluéﬁd ﬁf‘éwy ‘@ﬁ?qeémésﬁpsm%k@ﬁtwsg%ai@d digegsgniy asbygagkionf ti ne.
Sonme pathen i t lives. In
therape%? E@ﬁﬁappkﬁggf%%ﬁ@ﬁ&ﬁb&%Yh{|vém§qﬁ %&Oégggg%gfb&gFg?$§%ly short

i nterval s i sxmesviin srastivaipul mdmph:tslolf rqeepgr 8ssdimkioisetah@cilitsadisaséss reduced

or term nated, and preferabl the patient shows partial or conplete
amel i or at i ofPeYtdessrpies s capdi é?rgsé ggre W%%ts@%ﬁh? ﬁéarﬁale R recsptope HOF

adm ni ster e?ec@%thsOHRMhﬁFécbﬁtofseme Te §¥&§|N@P§é%9 oS VEIGT Rbefihg, POERVE

i ngredi ents an mol ecul €s in the 15pharmaceuti cal conpositions of the
present i nventpononBGheevaptredl GXF-asedeptonhindiHit3anceprointiclofs ddeerchodd ve
ingredlgnt which is effective to achleve the desired therapeutic, response

for a patti EUFERT fRECPFREON LoMbs b cratt ThotRater 24 AT N STeHE FEROPHIY hout
bei ng t oxi ¢ of fy 15Q§s091%{e'dqpstea selNA oY Beh il APRRGRO B¥RinibdscdeReng uPon a
variety of p rnacoklnetlc actors including the activity of the particul ar
conposi t i ondisedses el@ibpsasertiont wisenterorSeayae! wyedjsootert Meluésﬂsordessal t or

am de t hereof t¥F rqﬁt of adnlnls%r tion, the tinme of dnlnl i on, the
rate of excret§'chi’ar PR COPLNg© 8&%@6&?&5‘% QiR Syeds aP "“& ¥ation
of the treamBntn s@idiGhe. dSpEsic SQIMPRNATRPH YrollBE Rimh& Hsdt$REU HiReases
conbination with the particul ar conpositions enployed, the age, sex,

wei ght, 3‘&,onmCﬂlid@nbutglmlecrtéImltt‘eietbxgﬁsaﬂlditqshn&irstrmaa]i twalorhiGIS B, yicef t he pati ent

" Ehor apeut | SaerpeBdede il BRSO RO T T R Bt et s on

preferably nhesditatis btdmstacade&r@mamdls@sesraﬂdyteﬂxfsyﬂmﬁagmeylmmr@csfs an
increase in frequency and duration of disease synptomfree periods, or a

preventi on éfddjtippal eamplesof regeRRbHIPTYe Hiaseragsackdcdidiseasesdnglee j cti on. For
exanple, for the treatnent of tunors, a g "therapeutically effective
dosage" preferably inhibits cell gromﬁh or tunor growth by at |east about
20% nore preferably by at | east about 40% even nore preferably by at

| east about 60% and still nore preferably by at |east about 80% rel ative
to untreated subjects. The ability of a conpound to inhibit tunmor growth
can be evaluated in an animal nodel WO 2011/ 088196PCT/ US2011/ 021109



system predictive of efficacy in human tunors. Alternatively, this property
of a conposition can be evaluated by exam ning the ability of the conpound
to i nhi biwp 28uaissionhi bition in vitro by assays known toPChaSg«illokudo
practitioner. A therapeutically effective amount of a therapeutic conpound
can decrease tunmor size, or otherw se ameliorate 5synptoms in a subj ect.
One of ordi I t b 9@&1‘? ggg‘bmts
based on su ﬁél%ﬂg%%%sL%]thﬁgd%l%j é\ég%hgm??‘zsg’t urezgrée rity oi?ﬁly‘ﬁ subj ect's
synpt ons, asyhdrdime panttayeBikéor syahmpos tyipogoradotropit dypdgoaddimi bickant Wieiss

sel ect ed. RTK noi ety of t se t| on . may be tested
o ot o i naHHRERAR I ShgeTsc o Eop R SRS RI Bl Y WIYRRE: | nduced
trans aut ophasRBApRhBRt EQBn 8dncbhEndflding QMM enbRLBshRF), fugs thi@r, hdsant i - RTK
nmoiety is to confirmthat |nteract|on occurs between the anti-RTK noiety
and t he RTKcarker, p@lxcatmice:an@nsndfan@m (dg.i mettalstetlemtahglmt mebnomkastaner an

ant i body, smali Cﬁ)l Fcul e g B g t he i nvent |totn bi nds to an
asymetric ContAct™ (At er P&B%‘/ e Ca@iféh“@%%‘% %anrc‘afra“S.Pﬁ&% g ‘A€ wel |
known i n t hgxampledBflotiBYcanB&k dihe nlagheltied@d 1eing the maMbed ek iM@htiéhe
anti-RTK noiety, incubating the 15 anti-RTK noiety with an RTK under

condi tions insludsirenal sanssr frog- nispalsel garcingmen)+ Hblasosraalymiaie §mﬂer,i>mg t he

conpl ex on y be
com oyt o T e B AL FUA 8614 Mok 5, Sl B0l PGS T2

the noi ey afcetlleukemie(-ADD.),ichranid myeldidienligenaia Riktd Igmiphotilesic léﬂﬂ&mla
phosphoryl atjon state of the cytoplasm c domain of the 20RTK. |n specific

enbodi ment s SHEPId¥INPRREYHA SRS LEMRRNas §¢-8y dtpdekiats ApdoBriedel ity ans

aut ophospho E%!SF?HOHJ& t ested

usi ng standﬁr met c?gﬁsp}%ﬁ%ﬁ rﬁﬂ?ﬁgh@?ﬁﬁ@f%@@eﬁ%%p% |F—bE>|§HUS| 111éﬁ%&{ntl bodi es
whi ch speci Budattk yyrbphwaing, heaphésds pdvee-yelatyetphoess i€ LofcutaneolRTKeellX her

nmet hods to ct pho I n events include .tho described in U S
Pat . Nos. _ 6BmIRE T grouse i |G e TR B PO URBIRE B ot eom c.
4:363- 765 decfR@@UWBhomhs, ithARAEDaf AGMPRAMLY, Tiel - le&%nga@wﬁ’lsph%ﬁlas Rt‘ﬂl}jt et
al . (2007) J Chromatogr B Analyt Techhol Biomed Life Sci 49: 15 or by

the use of thigotfhsgisiePhizacysc (@WQ@@)IC@&WG@@DmﬁWamh@ d(ffn%lérg@f?@klphoryl ation

Sonr ot at oo PSR 32 B S b, Y DR R LRGP B Rl G R B I e’ 1y

al so be usedyrhghodth HATEIVIAIECi4BE bPMPERNG Hitteatly MPhohad) Cerbryprid c@iciomal] ch
are phosphoryl ated by the RTK and are signal transducers within the cell.
Det eci ng t h&h{iHespHaey cacingmas phths rbnopharyny (6 geiSaRMtIcke’s 4189 ndi cat e

o esent 28 nvSat Rt Vi 301 od roupe LRYBHT 5 sty WEARORL 22 71 on ot

t he present niaorghibutineraarnbetied B-cdlislygipomyd, aagphaangdabt acinotihgDoat
adm ni stration using one or nore of a variety of nethods known in the art.

As will be aﬁw%éklat%wewaflwé of theheady Oapﬁqks%anwﬁw igtprUHINYI A de of
adni ni strat Lambidal w¥aRY cHeRERALN GattRP Rt df o g lah 8 de 5188 WidRachRhfE &Y 1 ed

routes of admnistration for binding 5noieties of the invention include
i ntravenous testiatlararmsabtarine ¢anterackecimaing of tterfaibepiant mhealcarcswhwuifameous,

spi nal ot h ar ent er.al es of adm.nistration, for exa

P ot g oP AR BT A HE ek SIS Sy et FAeT P Hah Y
herei n meang,{RRESShebsU IR &dnkat dfaRe GhRentdshad @Rt bathe@nodrRR] sgs%m
admi ni stration, usually by injection, and includes, without Iimfation,

i nt r avenous caricar efzhe ﬂw@@rglandn@anaarrqféhci aarathymlchglaad rratedr of thﬂada@mbglancér

| ntraorbital sdr (I)nq'%rfa%oq’{ dlsﬁg ca{n(pet LRE ure a cancer (t%etfll ¢ Onea 1bbf[art%‘£]1§1t 1{1}8‘&1 ?F
subcut aneous I Cu raartl CU arachno

i ntraspi nal myewnﬁh,lpajstaw@hnbm pm:t@haahndemb@mtthnaaﬁbﬂem@‘tusm&n solid tumors
Al ternativel anti-RTK binding noiety of the invention can be

admi ni sf@r e8¥ %lhihao%é?ﬁnﬁépé%é}l%id% SUCET 0%&11@ Kidpey 81 HSHILCArCingp? gethgal  or

mucosal r Ou}eeflaP}T)elws, neoplasm of the central nervous system (CNS), tumor angiogenesis, spinal
axis tumor, brain stem glioma, pituitary adenoma, epidermoid cancer, squamous cell

cancer, environmentally induced cancers including those induced by asbestos, e.g.,
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15adm ni stration, for exanple, intranasally, orally, vaginally, rectally,
sublingually or topically. The active conpounds can be prepared with
carriers wbhabiwvisBlo6pr ot ect t he conmpound agai nst rapi d r eCease)11®eahd as a
controlled release formulation, including inplants, transdermal patches,
and m croencapsul ated delivery systens. Bi odegradabl e, 20bi oconpati bl e

pol yners ca ﬁa%yﬁ g .yl i ,
polyglycoligwgngiﬁg%? age&?agg%ggt§ﬂ§8%¥g¥éFﬁgﬁhﬁ%gf9?@%%?gaﬁg%ﬁg%ﬁhny
met hods f or “dikenspy e@phe himpnatiofyssanr’h thao mmyl bettieated vaimg thametiiodsglodthegener al | 'y

known to those skill ip the art. See,. e.g., Sustained. .and Controlled
Rel ease Dr u&lVﬁaﬁl?ﬁx@Fﬁg%ﬁgPréWFnﬁPﬁz Ol ARGstic ARFMIdpREMOIVUGRASRER. | nc., New

York, 1978. c&@hﬁm%ﬁsgﬂegocgemﬁj 188815t R AnAAMN, PiBIESRAnWhnid) sieRdiceAl
devices known in the art. For exanple, in a preferred enbodi nent, a

t her apeu? i c aeomposhliaoamet, angielympheist liyparpdasn Wish adnioyihglioe petdthygingthin 1

needl el ess oderm,c injection devic such as..t he devi s di sed in

U Bt ont HAGERE M SR DuftRhe St Do BRud B SN LB hREE 5 5o
4,790, 824; afsofieRd6lu2BbbeEXRBRLSSs Fhdivid, ChB@wk Higphasindrcame nmodul es
30useful in the %resent i nvention include: U S. Patent No. 4,487,603, which

di scl oses aftyosiobahtepedipseariemi¢hmiayasaulpuensenigronicopanehing bidbgi®at i on at a
trolled ! P : 4 i chedi t ti
Govi co for CHbier dtvdiie, RANRIRLI, SR HHERrANGY BRIR RECERAH 1 ©

4,447,233, dhbfidng fictonSedeficned) faabi BN dMRiARY112088 XIBRET SR Ofhiddd21109

i nfusi on punp fpr-delivering nmedi cation at a precise infusion rate; U S.
Patent No. 20¢miz, 2ot IyiRgh apdeihyperriasy hamptpleddpfiseaseo e mesloRieapNiEsi nf usi on

apparatus f@g,g BBi&lﬂHQ;{%gg{gg@flgﬁéﬁlg ifa a,l-fleﬁ'ué)\?ﬁﬁfa%thflﬂgrrh%éé %ea?sggf whi ch

di scl oses an oshotic d very system ing multi-c r
conpar t ment sewbaond, list®icyRatsehistiddytosss, binSerh86s-cGwhistbcydos< Inos-ésgarhaosnet.i ¢

drug delivery,system These patents ar.e incosrporated herein ef erence.
Vany ot her s SRR RoaR Oy gg e HTP ARG GBS eE: RIBHOTES hose
skil'ledisn hiehetdelobflemilVBhpQdsyshRKtiUSInabhREmYBIoBbiRE, RiyelotembRYRBkI ON
10I'n anot her aspect, the present invention provides a nethod for treating a
RTK associ angglopraderatve diserdsishiiegtopearmardpsotaimenisi pliatsies sioragetpoot he
subject at ggaggytioa%kﬂﬁgéfegti%)dangpﬂg>qg arqgjetg.q£néhe }ng@ntion.
The anti - RTKOHBT et 1 REYORIGIavERs PO C SELFELCY: BITBS FFREn D) PREREY di ¢

ol ecul es,  @frotBecyRéRARN puiphie Hrb®Botameobets tapeficl RHVikdifn@ightioR, Vi Vo

di agnostic and therapeutic utilities involving the diagnosis and

15t r eat ment SYFOIOTiLERISOEOSIE APBYIOREONF TRIEICAYBBET. adepsenideBisembasfienis; ndi ng
o ) e300 o REHET MNEIRLON R IR ML SR RoRgLlReAR, Lt e,
and to di agnose &utteaapigiveyintasexpeessionas eyprdYoRTKE ed vaicraseor cells, the
binding moieties, compositions, and methods of the present invention can be used to
treat a subject with a tumorigenic disorder, e.g., a disorder characterized by the presence
of tumor cells expressing an RTK including, for example, gastrointestinal stromal
25  tumors, mast cell disease, and acute myelogenous lukemia. Examples of other subjects
with a tumorigenic disorder include subjects having renal cancer (e.g., renal cell
carcinoma), glioblastoma, brain tumors, chronic or acute leukemias including acute
lymphocytic leukemia (ALL), adult T-cell leukemia (T-ALL), chronic myeloid leukemia,
acute lymphoblastic leukemia, chronic lymphocytic leukemia, lymphomas (e.g.,
30  Hodgkin’s and non-Hodgkin’s lymphoma, lymphocytic lymphoma, primary CNS
lymphoma, T-cell lymphoma, Burkitt's lymphoma, anaplastic large-cell lymphomas
(ALCL), cutaneous T-cell lymphomas, nodular small cleaved-cell lymphomas,

peripheral T-cell lymphomas, Lennert's lymphomas, immunoblastic lymphomas, T-cell
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As used herein "a receptor tyrosine kinase associ ated di sease" is a disease
or 20 condition which is nediated by RTK activity or is associated with
aberrant WOKOEX8B$§Si on or activation. Exanpl es of recepCostymogiine ki nase
associ ated di seases include di seases or conditions that are associ ated
with, for exanple, FGF receptors, HG- receptors, insulin receptors, IG~-1
receptors, VT tor-13,
CSF- 1- recepyggmﬁﬁggﬁ%%@%a?g;epgoggﬁﬂgﬁgﬁc E&gﬁ??ﬁp&?ﬁ%ﬁngﬁa ﬁ&ﬁ%?
degeneratlonm@émcmﬁﬁm@hmgﬂsﬁﬂymphmsasm%@hma@eumganmhnmbbbaudlabetic

Lyr osi ne. ki AaePdetsana &GP ELKC e Teans® SevaRLTuBriaedpedf Gory Posdher o

bone di sor defspHoneds dmbH Al dREifoRe!. riedrdntiary thRifdhNRf RN It HASy R
achondropl asia, Crouzon syndrome and Saet hreChotzen syndronme. Specific

exanpl esd of (¢gcé@tmainckeyy weionk Gasthasan’ adiswes. M apdsii Swaxes rmOtlnlclmw:éombut are

not limted tr0|nte ti stro ,ac | ogenous
leukent a (AN i RrTab i Henih ke Mot T Riphrifomp ol Forte

met astatic bﬁ@ﬁsmagmel’candeymhiaiah@erouaﬁeaw%eawddbeﬂaﬁwmm@hs gi ant cel |
tunors. Additional exanples of receptor tyrosine kinase associ ated di seases
i ncl ude WO IUReFYRETElEEET USROADAOFIITI g olsFabeanael, canspPishe anad pegion,
achondr opl a§€o&ac§5§%9?esﬁ&ﬂ QlEer ﬁgﬁ’ﬁé‘éa% g‘%&ﬁ%@()‘?ﬁ{e%ﬁo ﬁﬁ‘&'b@%g Bi xI er
syndronme, hypogonadotropi ¢ hypogonhadi g son- V\ei ss synd%one al I man
syndr oni0 2, cmmeﬁgldﬁplﬁmdcnﬂ;mpﬂl aatcnonk & thé e¢rvy natimoma of thegaizarephal v,

col on cancer (|nclud|n smal | intestine cancer), Iung cancer, breast
Scancer, paR¥F@ema© éléFnY}ElYa Cﬁ%%eéﬂ%‘ililﬁ epQphagus. RUICEEPIANG émﬁléllr}tﬁfﬁl&ﬁ’tcaﬁ‘éqr&ﬁona)
acute nyel oy én@H&&‘E{E‘nsg reffi @ H&ﬁ{ oifl! @aqtqeéanemeaab e pAYRLIAM GARNCEr and
prostate cancer l'es’ o cancers that may be treated using the

nmet hods of t::hm:er ofvibe bdienali ghmidusiaarccrmmajf sofiatms e, c(umeg of the einahracednkeroarthe nomg) ,
glioblastoma, |ynphatic cancer, brain t chroni c or eyl te | eukem as
o ud ng aBbis POpHGy oF Enbegreacty Al Te i £ o be RS gk B

(T- ALL) 15 chegine st @n&l%&@@n%pl@ﬁh‘b?thls)é@ﬂ?ﬂlﬂlsﬁe%u& b;%tén@k@ﬁﬂ] @um&hr oni c

| ynphocytic | eukem a, |ynphomas (e.g., Hodgkin's and non-Hodgkin's

| ynphoma, | ymg)hgrwsm ,cﬁpirsahwh@) tmnorpbnarrmtgm eNismp ypmhf@maademome,l dpideympidona,

Burkitt's | onma, anaplastic e-ce tane

Thel |1 ymobOa s R Ehiefr oBY BTG MR TSRO e SR IR o

| ynphonas, b5 atieerd ;. Smlswmflmm%ndlcﬁmbmlﬂb%@ﬂ sid mphromas, T-cel |

| eukem a/ | ynphonas (ATLL) entroblastlc/centroc t|c gcb/cc) follicular

ly rrphomas cancer & uipd haigia. thy g sublect’ ysn*ﬂF?@ﬁ% Igde hyragyyand non-human

angi oi t. I e and HV
associ ated gh cavffﬂaﬂase ﬁlﬁ 3%§€¢Q%ﬂL%r§gﬁz %g?%%ﬂ%ﬂ§§ﬁ>

undi f f er ent rr&h&ﬂal@,a;nch mmshmﬁart prémaths, rsbee}phacligsndats( eoys,, hotekdhiekdeas,s t unor),

20 Castl eman' s di sease, posi Sar conm, | t nyel oma, Wal denstromni s
macr ogl obul AREM é@naﬁepddﬁmﬁ?s é’reéme ISW%%FP&WEJdeﬁ&%Bﬁ%‘PJaﬁﬁ AINg A FeAGHas,
bone cancer (;§&hdkindRCREocifENG8EasQf the head or neck, cutaneous or

i ntraocul ar nallgnant nel anonma, uterine cancer, rect al cancer, cancer of
the anal region, Thtnnmﬂhs@aacandlne&mubauapudmnm@cqﬂmmemﬂnékmamm@cn
carcino of . the fall opj ubes, carci.noma, of the.25 endonetr]

car i ot obirkie ReapyRThiRek Brtini SRreHRG MAGT AR IR L PRSP ISl va,
cancer of thedigseRhagysin tl@e?WndQﬁaéﬂ&@ls%Fﬁ@TK Ms68htedBise&RNEBE eimpl&&he
endocri ne sgstenl cancer of the thyroid gland, cancer of the par at hyr oi d
gl and, cancépmat ntOhecla@ﬁlelnabocngSaﬂ@ melgispesific wipesific maleqdes, tharsm@ll of t he
urethra canc eni s bl ast,oma

cancer, pancrngg% %gﬁ% epuﬁﬁ g 8?6%%ﬁ5%?w;%?gggﬂgngﬁg rlngg |&wfﬁﬁ%¥% 30of

chi | dhood, eame&sll®@iing beolbdiad AefivitieAns Bhitaf the @ﬁwkth@m@yd/@fkluraaieﬁr carci noma
of the renal pel vis, neoplasmof the central nervous system (CNS), tunor

angi oged@si §XPrepinea REKi(s st arihroblait graw b desiorgieranier): tpinediaia PRALREEAY Al
epi der moi d ABEELf a 589@{B?ék§m%eal RTK (e.g., a fibroblast growth factor receptor) in the

presence of human effector cells; or to inhibit the ligand-induced trans
autophosphorylation of the RTK, thereby antagonizing the activity of the receptor.
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cancer, environnmentally induced cancers including those induced by
asbestos, e.g., WO 2011/ 088196PCT/ US2011/ 021109 nesot hel i oma and

conbi nat iwox0nfoss®sd cancers. Exanpl es of |ynphatic di sea¥as20100211d9 seases
of the lynmphatic systeni, that nmay be treated using the nethods of the

i nvention include afibrinogenem a, anem a, aplastic anem a, henvolytic
anem a, congeni t gl HAnRRRE!RGH @R anROH ARIAR! bPRMERon BELD) Ci OUS
anem a, sickle ce 1 banem a, renaf anem a, angl ol ynphol hyperplila5| a wth
eosi nophi | i and antiird hreowd] kndwil indbé hut iasd cyn beBetavsaddySbodel afrordiymgrskite, Fdol ood

coagul ation dis rdﬁ%s, %}T?é’d %I.at el et ?\gi sor dersb,ry.bl ue rubber bl eb nevus
syndrone, CRAUITRIR-PF FHSHTKSPAlHEHED RerAyBYR ISR e HeRtoS Co% el RYRNYS OF

i ntravascul @Ebc_ﬁ%%ﬁs?‘.t 5 @ithblSQsh AR ithd ﬁoleEm@b@éeH%ﬁ%séndddrﬁﬁ@ﬁge and
eryt hrobl astosis, fetal, evans syndrone, factor V deficiency, Tactor VII
10def i ci &ncyeighact de sibjdeifand iteeppcerfteativn and(pr thamnbitien of thefbarding myijety
deficiency, fanconi anem a, giant |ynph node hyperplasia, hematol ogic

di seases, hé%a?sé%?lhopat hi es, henogl obi nuri a, paroxysmal, henophilia a,
henophilia b, hemrpidiagisty ¢HssER&e tHefanfieRWIQ hibiethds SF tRGYT @S0 calbsts-OCYt OSi S,
| anger hans-cel |, histiocytosis, non-langerhans-cell, job's syndroneg,

| eukopeni a, afRiptiergd wilthi cie or pshENET BrEPerHifoIsan6ss-§, 2 CyiRisredtaeat.

15net henmogl Qb g i i S| .ol

ot apl as | o, Py arRs der oL g BRhATbpE YORE e YR VIS 1 THE R0

pl at el el0 st or agebepuinlindetddcicpmae, frqao khecape hie h aha/latter, caps Gegdricec def i ci ency,
protein s deficiency, purpura, thronbocytopenic, gurpura, t hronboti c

t hr ombocyt opeRiTstragpn). 815 tadiRg 20igty Ran Rapdpingbard betatey alggr g sprcurrently

spher ocyt osi i e, P 1 i .

t hr onbocyt o%@%%&%‘t gre%agltq%e t)gr%earcriéﬁcl?%%i obu]{ejl5 gtélﬁ% %,E&g?@l%% %\?W(?‘?'é%?%nr%ca 'sease.
Fur t her nor ethegipyeagt, heslidiopr Sssh grraptutio/gpents\indids aowny athieoy snti-newrlastiel | s,

t he bi ndi ng noi etigs, CONPOSi ti&{ils’ and | thogfff of the gresent L nvention
can be used¥3ERES OXUBPIER (adiigpyan piig Bl PRYENSBH g Cargugine, 5

di sor def5 chagednecd add @yclél%]%sﬁﬁa@ﬁﬁaﬁ%@fcyﬂrﬂmmcﬁ% HeBXPKES atetthi@n RTK

i ncludi ng, for exanple, gastrolntestinhal stromal 25tunors, mast cell

di sease, andffegsiveat leyels odéshoars toxik enjudtoxEx@rappacisnio fCiopl @ isguijvwenossini t h a

tunorigenic_disorder in de,subj ects having renal, cancer. (e.qg., renal cell
Lol o) CahRRAEE al 00'FR ARREE T VoD R Bla SARRELISiflip 5hShR

i ncl udi ng aedhidtyePaOL P76 rh@bk dbieorcAklgry 2addld. To-Gehinilteiiloe BF ehe(ahtiALL) ,
chronic nyeloid | eukem a, acute |ynphoblastic |eukem a, chronic |ynphocytic

| eukeni a, | Rihkindiag moigiies, aghepmgnit invenHeRr WiB SheBagRIRCH1q Agapt greyides
| ynphocyj i L ALY el |, : S
monome - anubraCrier A te PR TR R en o RO B PUEp ki

| ynphoras, effellt@hussmtuma|cely eSlrchebladiminiphativiscan pelve phehiahs ducctel |

| ynphomas, Lennert's | ynphomas, i nmunobl astjc | ynphomas, T-cell
2011/ 088196 PETWSIWL f B2'LPOS° otk AEHSAS 2Rtgrpicty of the tumor cells
entrobl asti Ghean, 508 Ydider e Girdactitd Mtﬁ%%inhﬂﬁ%&%&?s cancers, diffuse
| arge cell |ynphonmas of B |1 neage, angi ol mmunobl astic | ynphadenopat hy
(AILD)-1i ke T ceWhdnyadphoiseriagdntHRY Kassety-pareer bwisculzasonjugatzasé the present
| ynphongs) , . enbryonal carcino , undifferenti ated carcinomas of th
(i no- phar vk eBEET B o5l RRAPRY i gy eiept G Al sy A 3 aonepel « o
Sarcoma, Mukdihiey BN RlRIFR, a MAUHIRRS loRAMEnEa IBE sOMnA Rl Rednd RRd oPhtRk B-cel |
| ynphonmas, nasophar angeal carci nomas, bone cancer, skin cancer, cancer of
t he head or 08¢ M cuR@nkbusabont (.6t pu&boud pM may bgnadt nel anona, uterine
cancer, rectal cancer, cancer of the anal%trr{ggi on stogac ncer

f

: h c ;
testicular cance At QP?eﬁ_ Orcoiﬁ]caéifl,n_még?té‘?nn Sqmlf‘ﬂlél_df Hps aft'itbes, 10
carci noma Ofcyptic’,‘hﬁy@ﬂggériﬁirﬁ hbdlt 1%@/@5@%0@&‘ 16,66 ﬁgfd\éy,%no&ﬁ‘ﬁﬁbd]@rf?orﬁfabéme
vagi na, carcinonma of the vulva, cancer of the esophagus, cancéer of the
smal | i A9 estld mg/daydn@beutdf 000 mg/day, and most typically from about 50 mg/day to about
500 mg/day. Stated in terms of patient body weight, typical dosages range from about

0.01 to about 150 mg/kg/day, more typically from about 0.1 to about 15 mg/kg/day, and
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t he endocrine system cancer of the thyroid gland, cancer of the

parat hyroid gl and, cancer of the adrenal gl and, sarcoma of soft tissue,
cancer ofwOhleiwnsetdhra, cancer of the penis, solid tunorecofUsetitiogiiond,
cancer of the bladder, cancer of the kidney or ureter, 15carcinoma of the
renal pelvis, neoplasmof the central nervous system (CNS), tunor

angi ogenesi I I i | 4 LW onmg,

epi dernoi d ?lé)rslggb {,&gﬂsl}aggglsoaﬁguggh a@%ﬂ%@r ) %ﬁr%ﬁ%ﬁ?@%%&h élﬁgﬁ%ggle%ancers

i ncl udi ng t hedlee/dayduced by asbestos, e.g., nesothelioma and conbi nations of

said cancers. As usqd her ei n,thE&ﬁt erm"subject" is (%lntjgg%ed to incl ude
human and non- huffaf 1S53 AG BN uPALT N BRSARE “ieﬁ’E. Qo810 tHMEE 10X at es,
e.g., mammaks &OHuRRMi e ARIBRIS:. F#eRadpleN@B pREERARLICHRHES 9, 518868, 0.499S.
cats, cows, horses, chickens, anphibians, and reptiles. Preferred subjects

i ncl ude hum@rd. 8dbf 6t hhnvimelkeg/dpeerlesoirefeyringsp mevles efdbedags odieterady, the

di sease. The_mmieties .q., small o] ecul es,. peptidic nmolecules,.

ohti bodi es. SR ROB e cnn i Re e G SR AR S el SRR n e
conposi ti ong)ilpdoshfearh B RivEONpdiRdrad@uitifbRalayyti lity in therapy and

di agnosi s of a RTK associ ated di sease. For exanple, the human nonocl onal
anti bodi es, the fuPhd apeadimprt, eanjrgasgyedithd iversioasan &8 usadHe taygefl qomperedsul es,

or the peptidjc a . Jelt | i i i ne or
more of the bt touren i SoRear SRERhE Ehb6dnt Tt Bhc Bk HE3 P

and/ or koI calscehich BOexXRriEssil sgfae Rddépoes By linking kinhabhgsiindy towhdarftaRTHr
receptor); to medi ate phagocytosis or ADCC of a cell expressing a RT

K
(e.g., a fiBIIHIEABeIRr SR FXFBRIE O ERPE Ryt 52k Re cppBsdtitie a8y ohihrdAxin
ef fector Ceutmﬁié? dstdescwa@aﬁfﬁstﬁa&nLNgé%?zgl%%gg 6tsr4%fs%oﬁus§5§tré9§@%wﬁ&w on

of the RTK, eby antagoni zing the activity tthe recep
2011/ 088196 RG§/20H530031)30 2120090064984, 2008 0@862 nodi e 008 74 armiubtigred mg Wh e

anti - RTK noi.et. f the ipvention in vivo and in vitro are | known in
Fhe art andoshaZEs s RUEDY 1wt B wiiends ha e iR s T, 8% he
anti - RTKs moilh €8 8188 p QiR Met ot %ﬁgca@i)iiﬂgr}ix%loi R UBo Bells xphdsRMeRAYS Or

subcut aneous). Suitabl e dosages of the nol'ecul es used will depend on the
age and S5weight with atdetectablsj lebdl, sunbl as headewpasepr, pdtuomscem dpwpodnsk ambryinen of
t he bi nding noiety co si t.ion. As previously described, the anti-RTK

moi eti es of %t AR VERCT S(r:ltOE)an be co-adninistered with one or other nore

t her apeuti c agentrsigeesi@cificaffeyloptaki € ¢caefbdtor @llk fidk&t @dotpadgiebhs @fg. AN

i mrunosuppressi ve agent. The noiety can be |linked to the agent 10or can be
adm ni st er e@nts0gigsainsigen bipdingerosdeisttherpef. sall medecales cyrspidie palegudes ) of
adm ni st at | . i ndi i . 1 f : r. or
oncur t et | JanysiEf < Bb BO R & cher P R R S Bl R B An AT

t her api es, au@an ledRo&nds suckac/ncioprig@pyheutophils dr athnatyted). Ofecellshedladreut i c
agents include, among others, anti-neoplastic agents such as_doxor ubi cin

. n
(adri amyci nfOSIRTRIHP Rl g Rz Aol - Of é%-f&cﬁptﬁé?eaﬂng cells. It desired,

effector cells can be obtained from the subject to be treated. The target-specific effector
cells can be administered as a suspension of cells in a physiologically acceptable
25 solution. The number of cells administered can be in the order of 10%-10” but will vary
depending on the therapeutic purpose. In general, the amount will be sufficient to obtain
localization at the target cell, e.g., a tumor cell expressing RTK and to effect cell killing
by, e.g., phagocytosis. Routes of administration can also vary.
Therapy with target-specific effector cells can be performed in conjunction with
30  other techniques for removal of targeted cells. For example, anti-tumor therapy using
the moieties of the invention and/or effector cells armed with these compositions can be

used in conjunction with chemotherapy.
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15 chl oranbuci| and cycl ophospham de hydroxyurea whi ch, by thensel ves, are
only effective at levels which are toxic or subtoxic to a patient.

G spl ati wo=0ivss®eéenously adm ni stered as a 100 ng/ do®eTarse@i1dyany four
weeks and adrianycin is intravenously adm nistered as a 60-75 ng/m dose
once every 21 days. Co-adm nistration of the anti RTK bi nding noieties, of
the present inve A

anti - cancer agen?ilémec 6%%13@2{@%\9?%?51%%3%%9% %%@ {hg\s{)k&%\?%l ch H;/ﬁ@lend a
cyt ot oxi ¢ eRf&cdntigon huztrmmplel,rmrmaaedlrﬁr% thSamburtefddman iRtk aitigen (¢anasol ve

robl ens due to devel opnent resi 0 dru r a change in the
e e ot S e oM pre iRt B R g RhePr GBS RN h ¢ he
bi ndi ng i gbMaciiiaRe 3EA1A1 58 oRGoRAMPIRIMMRURDK PAUIHSH0iEB! £6Ul&mall

conjugates of the present 25 invention for use in the pr ophyiaX| s and/ or
t r eat mend oandﬁoybasqmduceﬂnateedlet huraammomlor@é pitiHody, qrmdlqrfomdatg mnletsa

circul ati ng_concent.r.a adm ni co 0) 00 Mto 20 M
or about  0-5Th Pc B p® e e Tk A TRRLER Biar B redniaridied on
of the conpeumigrxdesedeh BRCLifiBbEY B othyiith6iatyl ahdradiigeanl ROKNs@di0dita tIbrplagtay to

about 10, 000 ng/ day, nore t\ﬁ;l cally fromabout 30 10 ng/day to about 1,000
my/ day, andgraveh faqesireeaprey. fThe feratsdar o5acomgplgays then defecied.5UBeipAday. St at ed

e e S AT R T Y o
and WO 201188196 BETyréiSae:1d PR 1HS., ﬂﬁﬂbr(bblant (gaMty fidteneadpoait inlthé earaglout 10

ng/ kg/ day, for exanple 5 ng/kg/day or 3 n In at | east sone
ﬁ‘r’i‘%f”ﬁﬁ”f‘“f

enbodi nent's, pat ettt WHEdRE 1oRBE Of BE RFEYNY Kitprompgisttthe ehRAE 1

nmol / kg/ day d

70101 925 GfplfiSfoic B o AN P le 00 SO Bl o B8
drug). Pref eepthliymoteaelesyinid-ifSTactivnsetoy ush G@led@maugamlmrmentaMegnm/t h of the
tunor when a gci}lgonatered in the dai I%/ dosa e.anmount over a.period of at

|l east five 4 reagents, Sugh as YhiiyBrHRSHPP" %%Vrﬁrﬁ@?é‘%é FOHE g Rt on can
be usedi$0 tRfG6kic QMY BASof Rofk additRARPRGURTR rRdeiMsSf thediR@drtion Rf?y%maﬁm ns,
radi ot oxoi ns i nmunosuppressants, etc.) to 10 cells which have K cel
surface recepi-8IK bipding mdieiy heviok a@@mmmmm/ @Cm‘hé’ wethich bRTK thimeftitnge mbi et y.

For exanpl e e

corpounds. b TRabts ulieh flnh ARBe SuF ORI S8R, i e b Bkl o
publ i cati onifdacting e30R00&BIse o? AAIACAHRSSE, th@@@@f&&&‘é&balﬁdcla@%%?@? or
publ i shed in WO 03/022806, which are hereby incorporated by reference in
their entir 8titag, orrRepyded matensh syppkigd Thorawdly thsrkaly PriwBichethesuisef or

| ocal i zhhg %co\é{ URicQkhel 1} Vivo cells expressing RTK (e.g., with a detectable
| abel , such & &di 61 sot ope, a fluorescent conpound, an enzynme or an
enzyme co- faCt or Jhe present ilangei isSoeberfillastatddant the fakiwisg exangples, @ftiichct or

cells linked t nposi ti ons . antibodies, antjgen blndln portions
thereof, s nﬁlpcru?%@témoagtmeéras %@Sﬁr limuting| Bhefomdenys il Byresiedidflyent i on can
al so be Use?efé%néégﬁﬁﬁ&ﬁyéﬂ&plﬁﬂl atdelt Bﬁﬁic‘aﬁoﬁ‘sedldeﬁ B8l Ho%'E gl ééﬂb@ic&t% be
human | eukocyt es such as macrophages, neutrophils or nocyte her cells
i ncl ude eoswedpkitheshigmas, wtr@éxp(edslmnccmpbﬂamddmhlmbhmfeﬂegﬁ- incheit gAiretycept or
bearing.,cells. If desired, effector cells can be obtained fromthe subject
to be tfeated. The target-specific effector cells can be adm nistered as a
suspension of cells in a physiologically acceptable 25 solution. The
nunber of cells adm nistered can be in the order of 108-109 but will vary
dependi ng on the therapeutic pur pose EXAMPAAS al , the anount will be

Z;LI Ieglsfaﬂtg }?‘?‘Kogn?éa?ld 1ncfu15: E %m Ontr af;[s ¢ n)lll)hosg)lilgrytlatlon ple’aﬁ aan?{)r"%%rllt Sr(r)ﬁg elels of

adm ni strat b@rﬁr&@ﬂa@is&ﬁoﬂaﬁwcelﬂéﬁ@a@ag bwrédeptoaweimémaw‘sl(nmf) tmﬂ@gmg@l I's
can be gerfor med in conjunction wt Oot her techni

ues for renoval of
t ar get ed0 ce(1%88) Eende Binsfiera, SC&nﬂ?’ﬂﬂhW“‘%&hﬁ?WW 00) Cell, 103(2):211-
225; Schlessinger and Lemmon (2003) Sci. STKE, 191:RE12; Schlessinger and Ullrich
(1992) Neuron, 9(3):383-391; Lemmon and Schlessinger (1994) Trends Biochem. Sci.,
19(11):459-463; and Lemmon and Schlessinger (1998) Methods Mol. Biol., 84:49-71).
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the noieties of the invention and/or effector cells arned with these
conpositions can be used in conjunction with chenotherapy. WO

2011/ 0881wORCT/Is®@011/ 021109 The invention further provipdeaSawtiloods f or
detecting the presence of a human RTK antigen in a sanple, or neasuring the
anount of human RTK anti gen (e g., an asyrmetri c contact interface of a

human 1 br ok 45t 9 Fﬁd‘%i%cﬁeﬁﬁ Jd‘?ééﬁhgik ow&&ﬁ?&dt@éﬁ%@p}fo‘?ﬂ%ﬁ&ﬁ bff‘J?lfrBGﬁstsa”p' e

and a contro# sanpl e, ing nolety, e.g., a small 5nol ecul e,
pepti di ¢ noksouhéycthrunmaptordn@Cifiial Fadoi dsad 200 Mlh€ell. b2 NA):hhl-whi atdy,

whi ch speci |caII r nditio t | ow f or
formati gn of-“¥4 eéﬂrrﬁf@%i%@t &kg@ﬁpgﬁg?éﬂgg %H&%&Z (gﬁ%?t%&g?@r}%ﬁﬁa}g‘”ﬂumn RTK
such as a fiibsphbl-a3tsar q%(so? q%wwe%@s?%%edlél{&@b%Qrsé@feheﬂ a8 pRectenpl ex is
t hen detected, wherein a difference conplex for i on between the sanpl e

conpar edd t o0td¢eedaot¢nnolleC@a1rm9a@1qn§haltmanbc dandadantortbreprpés@ﬁc@thlrmkasee g.,

t he fibrobl ast act or, r.ecept le. .. wthin the
scope of t nivSPas T POEhTYBHSE PR RirouhSiskife EPE oFetian e 3aihal ng

noi eti es ( eFQ}FR1$ BBihk callygicofSesidihd Hotl R0 AR dtianatisikighspacdigns

t her eof I%)H ptidic nol ecul es) and instructions for use. The kit can

further com( rduigH eL.raf0e)-da dha seeens Phasageinsiae resisls Bt eive MrdnskBIgsPressi ve
reagent, a gyto starQ h?s@ﬁé@ﬂé&ﬁ%{ﬂdﬁ@?@ﬁneg?{n t%@%nt%e ﬁ%%{?ﬁegwdl g

additional anti= | s Po nven
noi ety b@vi 1G58, YHBP), ehimjmcamena@ineweglysn\(\mn@:b and gl thet© teamirap tdilOYF 660t he RTK
antigen distinct fromthe first anti-RTK noi et % Klts ty |caIIy i ncl ude a

| abel i ndi cABHRY- théhe e ARb B Igbas YORS TiaPrhtvEosHte lepuckin the s¢fivatigh m
| abel incl ug@w yosgﬁb \48G, rQith 9959 (g%n@ia?ﬁb%ld%te&{sb%&iFePR@rklﬂ&s&h the

kit, or whi 20acconp ni es he present 1nvention
i s further héthvagt(Fatdadetny., £0@6)f dhtbatimgly.eyxasipeethat avhiadjacah o bok mwthdre

construed as fu r m ti cont en f all figures, and all

el or ences. Uit dhtS Y b OndasHarent Bppniosttenefental” SeSoe (i s
applicats Onboﬁ%e&j@nke asd 5tﬂﬁtfhl%é&ﬁcm@§ @1c%ﬂh@%§de¥ of ﬁ%bﬁ&*’y?&h@ﬂ Rﬁlﬁcﬁigﬁ by
reference in their entirety. 25 EXAMPLES Li gand i nduced tyrosine

trans aut opkosphopidsabdrglatiph alays ama qmoletla m:ll s@nehngn ittiheotcyghelea! whoft the

activation nd ce si nIin by recept.or ne kin RT

(Schl essi ngé Cébr(allgag aa%toé%t%fﬁ‘ Pﬁat?c? 5 E’i&‘yo ﬁ%ﬁ ecglc%l essi nger
(2000) Cel | metRish uﬁdel}ylr?lgow Sﬂ&hﬂsﬁﬂ (ﬂ@&fnz?ﬂﬁé) WRRRGRe &13&@13éd febptoSTKE,
191: RE12; Schl essi nger an | 1rich (1992) Neuron, 9(3):383-391; Lenmon and

Schl essi ngeiquc 1ouly and sesyenteillycaEhyzesphosphaylation of 6yosiess) ofibe pWpigAISNd

S B L e . 5078070 01 e

The crystal structure of activated FGFR1 kinase domain bound to a
phospholipase Cy (PLCy fragment composed of two SH2 domains and a tyrosine
phosphorylation site has been demonstrated (PDB code 3GQI) (Bae et al. (2009) Cell
138(3):512-524). In this structure, the substrate-binding pocket of the kinase molecule

25  (the enzyme molecule, termed molecule E) is occupied by YS83F of a symmetry-related
molecule (the substrate molecule, termed molecule S). This tyrosine (Y583F) is located
in the kinase insert and is the second FGFR1 tyrosine that becomes phosphorylated in
vitro (Furdui et al., 2006). On closer examination of the crystal structure, 3GQI, a
substantial crystallographic interface was identified between the N-lobe of the molecule

30  that serves as an enzyme and the C-lobe of molecule that functions as a substrate. In this
interface there are direct interactions between R577” and D519 (Fig. 6A). Inherited
mutations have been documented that result in D519N, a loss of function mutation

causing LADD syndrome (Rohmann et al. (2006) Nat. Genet. 38(4):414-417), and in
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Structural and biochem cal studies have shown that autophosphorylation of
fi broblast growh factor receptor 1 (FG-FR1) (Furdui et al. (2006) Mol.
Cell., 2MWO0)0inlkside7 and Lew et al. (2009) Sci. Signal, pefaBpomasoand
FGFR2 (Chen et al. (2008) Proc. Natl. Acad. Sci. U S A,

105(50): 19660-19665) are nedi ated by a sequential and precisely 5ordered
I nt er nol eculpdhcfieathingfc ENRLS BARiOe ol #6hidth iibhh&smA jyr st
phase i nvol V§S6Wr?ans pﬁco%pﬁorfl%a??gﬁl 0 10a tyros%nle aocr(;]{lt ggﬁettaﬁg%éj)
activati on IPeap Ma¥6831d. NeiFGERA) 102(40h&d3dt Bl34D). cStomneralrang i ddhagpridahtde® - 100
fold stinulation.of kinase actiVyvity (Furdui et al.,. 2006). In th ond
phase. tyr oSt tIEer quIDM it REUHy e aaBier Rl i ko1 B syttt RGT B ot ei ns
are phosphogyhatied al1B&k UdhNghdsyR@$1aNEs of W58 NEndkbRASSrdsHE litoph8 P8R 1R Y583,
Y585), the juxtanmenbrane region (Y463) and in the CGtermnal tail "(Y766) of
FGFRL. | t bigesfin WQIF stimehlathd eellspHldises davepupyide thebasirdor yrdesitainpoategdlai-n t he

activation | oagp is..phos ted,, resulti.ng i .addi tional 10 fold

i ncrease | nheﬁ&ﬁw Cl@?ﬂ%&@@%ﬁ\%‘iam/p}(%aﬁ%ft‘ﬁfaugg aﬁ??fﬁpﬁgﬂfgﬁ"fg' I nterestingly,
tyrosines that are adjacent to one another (e.g., Y653, Y654 and Y583,
Y585) are not phosphoryl ated sequentially, suggesting that 15both sequence
and structural spzample]s Asynanetiiedanenigationdaterfgce shigingnartophespbarylmiomough
tyrosi ne pmfﬁaﬁﬁl ation plays a nagjor role in cell signaling, it is not
yet clear a e’'structural basis for trans autophosphorylation is. In
ot her woppds, theThBk@cdthidlof BBGHERI FGFRNERALYIMRGMPRY Willea Fh@@ﬁ@hﬁatsae:yenzyrre)
within the dinerized receptor specifically and sequentially catal yzes
phosphor yl atPlday) dfagmenoBase( ) (H109% hellol3sed): Ui2ridde siro(stthat tyolssmmete) has
not yet been.resolved.. .. The c¢rystal structyre of .activated FG-RL

i nase. donarIMEOAHHEEE g5k BB ety St e guft S RSN ¢ wo
SH2 doni nSt@Ma@oﬁMspmrgﬁﬁ&heﬁpb%Mitﬁé kiMasSink@t Rapon@r) 1demanss raed (PDB
code 3GQ) (Bae et al. (2009) Cell 138&3):512-524).‘ In this structure, the
subst r at e- bilhelpsgupeieik atrapgendné okihaawe kigsemglesules is mediated py g intpifeccul e,

ter med | ecul e is occupied by Y583E of S try-rel ated e (the
substrats moagarbe arfek v el in & RYFREM LI GdaEs A FE s en 1
the kinase nda%,efh% pAngk 103 Taﬁ@t&%@é}ﬁnfa@%é%oﬁ YRS IakinRQGANRSule that
phosphoryl ated in vitro %Furdw et al., 2006). On closer exam nation of the
crystal struaver®,an3Ggyme &E)s ubibtharkinaat insely shdldspgeaiphween Gilebd ldieenalt
identified between the N-|obe of the nolecule 30that serves as an enzyne
and the C | 8BEOEFInFsFeRdIdnashAtOleifctegng 283 supsyadP diie. 1( andilips! Pht er f ace
there are di it i L i ited
mut at i ons hgg}gg%aé%l gé@fjtﬁéggt@udeb ctqggaéﬁg%gg\z%eilﬁﬁgg%éﬁl? f glelgggsgé%ﬁm{) %%@té ion
mut at i 0RO causitriguteAIDhiyin@rface {RABRAhe atterdlce buASOHprivdmateGeded A*
38(4):414-417), and in WO 2011/ 088196PCT/ US2011/ 021109 R576W a sonmmtic
gai n of f un&easkewkieaeh 7 blitads Rioghesmcastdhd) tRamtPet al . (2005) Proc.

Nat|. Acad. Sci. THe ﬁté'facejfgl%{e%q)ei\%%%[kﬂé g\é@é@)\/fz F%%Frﬁllcﬁlwe@llﬂe?@&sgitso&fh%m ca

I
tools were utilized to show that R577 Is Iinvolved in creating, in vivo, an
asymet ri ¢ Fg®Rb. Onaerthe haixiradll sobsrate-tindinghyds phortd Bt 1 crziof of Yb8&ctavatont her

tyrosi ne aut ophosphoryl ati on 5sites i.n F timulated cells. These data

ot ovi de. t he SSRIT 1 65 VRt AAr SR ERG! FarECar el b St e v n FerRy
trans phosph@duh@itifdin@ Bk §ebimel @RRdnregion adjac&taRlctubleo8d BIFRIHLI 160p

di meri zation interface during autophosphoryl ation of FG-R1L. 10The structure

of acti vat edf PCRRAlel maktbe ioth-@Gpdpeandvihe N-ermpimekiphidhé¢patdke KpafeRbEyl)

fragnent (Bae.et al. 009 [1, 138(3):512-524) shows that

- { eriGtonpiebls Sq R Tt R hie e AfcatroR domstuts seen SRS

illustrates 13'5@9@1%%43{ g i)g;ist@@mmm Ald ARiPfacdCHPréfimhRE K0Ndppositsert
ig

region (Fig. I A and . . The asymretric arrangenent of the two ki nase
mol ecul es i Sroneidireldtb by amaminetagid muted in glioblastoma (Rand er al. (2005) Proc.

30 Natl. Acad. Sci. U.S.A., 102(40):14344-14349).
The two regions of the asymmetric dimer interface are complementary (Fig. 2).

For the proximal substrate-binding site molecule E predominantly contributes residues
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15 fornmed between the activation segnent, the tip of nucl eotide-binding

| oop, the 3-ccC |l oop, the 134-135 |l oop and the N-term nal region of helix
ccC in aWwOnras#@sspobecul e that serves as an enzyne (E), &ou/ush@ikenese
insert and residues between C-|lobe helices ccF and ccGin a second ki nase
nol ecul e serving as a substrate (S) (Fig. 1C and Fig. 1D). Inportantly,
R577, a residue i

nol ecul e, 2 c%)hnt %@éléﬁtsw%&éﬂﬁﬁgﬁ i)gielglt(frlt—ﬁ‘g a%ﬁgéefdnél%e IF%P &lgégé@t uries

appr oxi mat er@slc&eg)o@tanmhammr fréin r@blecld $9and EﬁHﬂMmBh@@lthigeS@ith ES82’
22(12):488-490) . he interface forped between the two active FGFR1

mol ecul es c&igi S8k For ﬂt%“%‘@jﬁ@ﬁg siteake 777 sbindebeth dhs baskbangrathogybans sids ng
site near tgﬁaﬁf +§D§?§'a‘ﬂ R llohgﬁet%% %{Qﬁée %ﬁaﬁﬁr@f § 1gtsl}% mé @mﬁ d): 1891 on

di stal fromthe su I'ng si stra ng site
is formesl beliyREo canth&dwaih BEPRRCEMNind B4-BReodpy ekigot@de- bi ndi ng |00p of

nol ecul e E and the aF-aG IoopBand theMI\Pterdr%una? resi dues of the kinase
insert region of nmolecule S. In the crystal structure clear electron
density is seen r R A 577
side chain facesEgcﬁmP %x?rr’%t el (’D?yfgf)‘{1 ppog )f’g“fl gflﬁﬁFeFF&%%i Iﬁqula‘tﬁt no
acid mutated in gbiiglsagitome z(zR&ijefﬁicts&ijiﬁEQﬁt)taﬂ?(ﬁrQ@Gml\RE Acad. Sci .

U S. A, 102(40):14344-14349). he two regions of the asymretric diner
interface areoRRRHBNMEANOREYPEIGS wng wbFGERA a9¢ S%d Fill-RE s demains migithg

2011/ 084 06PCHCRIO 1 DoLa0b T He ARt s FoRRain AP0 eedl) ¢ nat

form a shor rocamteangeratileeind hBnstoedtat diffenent eisned bg Stdppingrthe trahs phospteB@atién om

nmol ecule S, and R570 for salt rid vvrth E58 Fi For th
di stal bi ndf%@l%lw&‘%rl??#gn%%@g “‘Eéﬁs %hvrgeﬁtrdgs%%n hai n

of D519, an@lgt @Bg ! @H@r&@ﬁdﬁﬁ%ﬁﬁ%'of%?(ﬁ‘kﬁ aﬁlﬂdﬁmﬁ RE 1%5&&@&& ccie&%l‘ m;
nmul ti pl e 5al i'phatic contact's with the 3-aC and 134-135 | oops (Fig.

Exanpl e 2: blmowsddithat ttaps phosphokilatmaand the reiverye déphokghoRBIEn IR@RERD afut ant

aut opholbhal VTR 5h "B PP Bt b Gl hveame Tl el M VAE Somai ns

were 10 condughid TrEﬂtrphfoglﬁrtrﬁﬁEcﬁioﬂ<WQp@9quQ%&@éerﬂ@h@odmh&a«tﬁﬁnmt h ATP
and My2+ at roomtengerature and nonitored at different tinmes by stopping

the trans phosphorsachinggrfule abespbarylitechstEprmddhen lmﬁfrm’fmj thel IICV@afrrpI es on a

non- educt g DRLS Rk (ELdhn 805 ELG v ABGETNR SAGH @RaRLF0N) e O

w - FGFR1 an I'n na Paar y S
phosphor yl aph@phaﬂthtédtmthmvae)rrﬁmucbeph@s}@h@myératehorrherraaestelrsml@ﬁ ThisFGFR1- RE
were substantially retarded when conpared to those of w-FGFRL ki nase

donai n. 247 aﬁ@%ﬁtfélbﬁﬁmr%tateé thag thejntrinagepdnase Aetbatys HER k- BEIKipsa damgint hi n
10 m nutes, pdll&g ?Btll!’lll lk}’neﬂt?zﬁ@%pa%é qated state, and then underwent the

reverse deprltosp orylation reacti I'S contrasts with FGFR1-RE, which
becane fully phoﬁprsordylhat»etﬂeWSﬂﬁE inud4giom affet @ shandivithend tranhephmpttory]laaon

reverse reac 0 rrent rates at the r k| nase
activity of© é@&fngﬁg%%ﬁ ds&ﬁéﬁ‘)ﬂ i Held: Stai?BtelefeS? IRLLr?Je‘PV Ly
retarded. (Fig 3dp. L%kh't@é’fr@&%e‘ll@@xﬁ@s%? \KHJP@FR@%r pUFRALRE kg activity and
trans phosphor ylation of ful engt R1, -FGFR1 and FGFR1- RE were

st abl y &Xpr essedopracipBated iyl a@tfs‘te@lﬁo gn UB@)ro ammmeﬂlof}d@tmndeadt@naxtm@ssr ng

Ut ophosphof STEE Il FUGRt e GPORaaf: Lefpar atal B¢ Furiae edr: % AB8080 No -
Cel | ., 21(ShulilfedgthIW)FGFR 9t ®FEERS IFMBedohrttyRRink ahitdphodphbglftedo FEmidar and

FGFR1- RE becone tyrosine aut thosphoryI ated to a simlar extent and are

capabl e of pﬁé@tpwéraww eSphgBisilg 28 P58La &SRS Irale M debmprurraicdpf t he
|
dormonot r at o TORSaIs uRfIge BRCLMEPhADR0h SO0t Sy HIF RSt dRe oy

mut ant 36 W&ialﬂth@l t@dlink Rinase activity of full length R577E FGFR1 mutant is maintained in

Vitro.
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vitro. WD 2011/088196PCT/ US2011/ 021109 Exanpl e 3: Tyrosine

aut ophosphoryl ation of the R577E nutant is strongly conprom sed in |iving
cells. wO 20usephosphoryl ati on of WI or the R577E FGFRCTruse@ni2iing FG-
stinulated live cells were conpared. Stable L6 cell |ines nmatched for
expression level of wt-FGFRL or 5 FGFRL-RE were stinmulated with different
FG- concentratio Orm e i ' . FG-
at different ti nemg%@h é '(l‘g%dggﬂ{es%tﬂf)q%é h&f}al 019 6?)eec§g¥%ﬁr: %t%g{s)llsg{m{gly
phosphor yl atomprovased éi Byimgreells.by subj ecting | ysates from unstinmul ated or

FGF stinulated cells to.i noprecipitati i nti-FGFRL _anti bodj es

Fol 1 owed by | mmurBEIRS TR HET PR er A R B 6 BT Bt G R b
10cel I's exprasidg c¥hpherREtabRIU EQMIilR nhdi@RA o ASRRRGBATVePEERE-PGFRY @S Ne
phosphoryl ation. By contrast, FG- stimulation of cells expressing FG-RLl- RE

resul t edd i nFORRArRE weakstphdsted ovith diffeignt BUE gorgentrigoryifghEsmindgeset 67° €he

| i d. Th i c reducti i ' hospt ' f FGFR1- RE
v vo, 1 (e ua P i S RRRRG: it PRRET R KA R UATTy o nce
bot h i sol at egeptd tyrbemgpitvsReolviationhantietansintdhby ddpettinkilpdtekiffbase domai n of

the R577E nutant maintai ned kinase activity in vitro. Exanple 4: Crystal
structure ofnyEpRgtedgr HAF stimpyiated ¢edls to BpmppepPre@Fivtiomytig 3nhFGHRL he

Lot g opniRSid IR R A TR D PRGN PEr A Al0GE,
mut ant  pd ot e¢lis axpesExnP e FEHR i rskteddoligamhdepeuddnt redptoy tyabdinai ty, size
excl usi on and ani on exchange chronmmat QgraEhy. Rod- shaped c@r}éstal s of nutant

protei n gr eRPRhOYIREIORs Byrcopath kehpamultatipl oberdls grpiersiog FOBRERE jesulted

resol ution. : T i ur copi es
7 Potra e TREOR L SHRPRELGRE L AR RSO, R BN Sl 2, 27

very si m | areduotidromnmitosima siu@phesptoslpenmd $€ M It RE RiVBDS, ik @sscankaibyothd A over
resi dues 461 to.762 w thout the kinase insert i.on 76 - 594) (Fig.
7y G, py s 8 5 et Rithsscb i anee b o RE Bh B2 i 368y s
of the four piBHi&Lkh&: doMain 60ME REFE R MRl QeMb& RindEadtiRity HEviaet | ve state
and exhibit few changes in overall conformation when conpared to 3GQ . The

structure of unphosphorylated FGFRL was al so determined in the inactive
30conformation te 2. 70 A resolution (T ;. Figure 10). Briefly,

t he FGFRL- RE nut Eﬁ‘f’m@?‘i@tgys&llﬁ[fgf:ﬁ?g O?gszzéé%‘fﬁaag-state ki nase domain with
an extended acti Tat efectlop@e. RFITE hhta@6eoh thelifieati§btthykinskes doRgiGwvhobe of

t he ki nase structure as has previously been seen in activated

phosphor y| agsmipegRy deteireiningdie gypstabstiycoss eddpdmassdomaings an d& Frdyantagt  al .

(2008) oc I . ' A g . - .ef al .
( 2009) 0)) ,pr‘%@@'( rﬂ‘%ﬁﬂ%%@“ ioRifty as?tjergglc(??%%ié‘}%fﬁ g@%é"%%%é@%&’%@ﬁg{’t y for
ATP anal og, si3EPx®GRon waBarfiauedthhmpetdheorna@bglapliy. CRed-slidpet) etyaadoftrineadd- | obe
and C-lobe. Helix aC in the N-1obe of FGFRL-RE is rat aéed | ightly closer

to the acti PEXFIBE'IHBL> BEHE FOPPIERRCGRISIONE SHIERR: Reld StPietiifed 61 FGFRL
(Fig. 4A an@rg@aﬂ; hefdh ng'fdego@%z ald'Bichl® fMﬁQ'BP§9 BPFBERY 8 fchEvation |oop
tyrosi nes (Y653, Y65 in FG-RL-RE are located In the sane positions as
phosphot yr ossymasetfip ¥i6 B 3 Alfé6E6dplecnles hEFGERIARE BEHRYe1ytsimad4nmoeformations
25  and superpose with RMSDs less than 0.4 A over residues 461 to 762 without the kinase
insert region (aa. 576 — 594) (Fig. 7) (www.pymol.org); the kinase insert is flexible and
modeled in only two of the four molecules. All four FGFR1-RE molecules are in the
active state and exhibit few changes in overall conformation when compared to 3GQI.
The structure of unphosphorylated FGFR1 was also determined in the inactive
30  conformation to 2.70 A resolution (Table 1; Figure 10).
Briefly, the FGFR1-RE mutant crystal structure is an active-state kinase domain

with an extended activation loop. The N-lobe is rotated towards the C-lobe of the kinase

structure as has previously been seen in activated phosphorylated FGFR structures
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10Exanpl e 5: Conparison of FGFRL crystal structures. The conformation
of the FGFR1 ki nase insert region shows significant confornational
flexibiliwg:2batosews all three FGFRL structures (FGFRL amdTRGER1AORE09
determned in this study and 3GQ, ternmed FGFR1-3P), with RVSD between 4
and 5.4 A over residues 576 to 594) (www. pynol.org) (Fig. 4). For FG-R1-RE
t he asymmet pg i i . r K S i resents
tael T as o ee P ot e L R Bl L R e
none of the 2094y Catd] BSW)ed 4i524).hn the yimneoreiof FikiR]-RBas ddmsitkiaraSEP | nser t

region present its o the catalytic cleft. of anoth FGF ecule. In
LT hrbe serlpgas PO YES TP Riaihe et s P AR ShoRBYer . T ¢ he
FGFRL- RE st gk WiceintheNobbeBE AGFRN-IG! isSbRdia iy ol b aclil ARRGo0? 0
approximately 180 conpared to wld-type FGFRL"(Fig. 4D). This

cryst al | Dgr dphiic atdvymsrdeadrméredtskrootures of e HRANFoy. Adt andiFigf4 B esd KigedG)r 7
illustrates chan in structural. space that this | ) ver tine.
Upon recept gﬁe S¥e F&gﬂsgwr}élﬁ@diaﬁf“ﬁuﬂlﬁ%?? Wfésf@éﬁg6§%3&§ﬁbﬁ%§i‘# Here is a
speci fic seqyanas afe staaﬁrs%giasnmqﬁﬁ@@{ovylra&ihmp%@@, e thIkSveBEAR] t hat
di meri zati on 25surfaces between two ki nase dormai ns are Sequentially
utilized tostdtew phosphorylation in the correct order and inplies that
specific interactions between the two kinase nolecules will play inportant
roles in phosphorylation of each specific tyrosine. This is surprising, as
the sanggenzymat iBxampcsi ComPaEssIPofFGERE erphiasditRfiiytedl i ON site within the

protein, suggesting simlar surface lgropert‘l es of the internolecul ar
i nteraction. 30Rdbeaenfprmaipnpd B FRE kiflapeinseihseetusdons sinffivant he ki nase

105(50) 10660 TEER T v T Rt DREHOR efiRE: GERR| SARDIRERE 1

Y766 i n FGRatermhided tragapetudyund 30030, tdrdad FORR 1sFHN®ith RIS beavdes 4andBbst r at e
for the other kinase donmin. Y769 is | ocated at the extrene C

d. W
2011/ 088196 PCAVCUSIHIES D2 PODH BV WINPT HE K Hhak Tl -RE e ApMMEHA of
t hese t S t g PPR,. Dsi: . cle e RV I he
rel ati o\ggs)hi g{ﬁt&m%g%eé\%op&fﬁeﬁ‘e}%;%ﬁggﬁase c])(gér?ﬁ%{ﬂrﬁgds%qﬁg%“a{gs {rggse%grl% her the
enzyne (nol eatree kifasodorhie, is mbsieentie HGRR leRblmon&pt (heifgur i8dlecules inabd
structures the buried. surface.area of the interfa(ﬁe is in the rgnge of 800
- 900 A2 5( PREKBHSKUNECog) ¢ e%i@é%“ﬁ‘?é%b@%?%?&h&?ﬁ g ‘??atéﬂﬁ?‘i@f.%gs- 490)
and is comphh&RE FEFIR RloRLRRIIN 8l three Shh@bs, RAEindBn@ink @ sinlide drdBration.
structures show that at the proximal substrate-binding region there is high

structural $lomiever in the FoHRIeREsiro¢fereghe an¢rdatigneofBiderihaeny/iRd77H isdliphedt al

b - bi_ndi_n i ' ignifi. | i f f : h
ctruct urls. e R SRS siruhdl ot REPRE R FRE P e oY FERel g by
subst r at e- b A@ralios i fhaeenRiBaGaNéaesTald STTRillutrAévesaasd in(Jfnhgurd spad Fi g.

8). In the structure of FGFRL the distal binding site is fornmed by residues
in the 3-aCthaptps lan sHYPPI&HPYRS thied-ds from t he nucl eoti de- bi ndi ng | oop t hat

contributes only . - nter | haugh the
conformati on of H%éﬁgff%@g f g(gt%%flégﬁgér]gléql@loﬁﬁgg%{ﬁ%@? Swégﬁ%\éﬁéfzﬁ%é{g%e

nucl eot i de- bpaetlic@qharp obtyréddghdsph@ygrivi tmaaiduys. afiienednd thatcdinfedratinhi on
15and al ] residues from (488 to, (493 contri bute t,?, bi ndi ng. Therefore,
struct ufal d¥FFCEs Brivesn prp kinasadamadns ae peyentiplbyattiligebioplopgphosphorylation

substr at e- bingli, Qgrrﬁé'tto??e"i"aﬂd %ﬁliésitﬁﬁsé%éiﬁ*&)ﬁﬁér% onb 8EtwebE tl%%%qg:}ais@ nature

of trans aut ophosphoryl ati on. ructure-based sequence I gnnent of
FGFRs shows nodersss watliptay iofportestirdige sn pimsphargkitipm of éeehfspeaitad iyoosind. This is
interfaces found in s}tlr uctures of both active FGFRJh arhd e
surprising, as the same enzymatic reaction occurs at each phosphorylation site within the
protein, suggesting similar surface properties of the intermolecular interaction.
30 Recently, an asymmetric dimer was described for the kinase domain of FGFR2
(Chen et al. (2008) Proc. Natl. Acad. Sci. U.S.A., 105(50):19660-19665). In the FGFR2
crystal structure Y769 (equivalent to Y766 in FGFR1) is trapped in a position that seems

poised to be a substrate for the other kinase domain. Y769 is located at the extreme C-
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20FGFR2 (Fig. 9A) (Notredame et al. (2000): J. M. Biol., 302(1):205-217).
Interestingly, the Ntermnal tip of the helix ccG and the adjacent region
in the NwoenmmeBid%boop of the helix ccGin FGFRL is invecrasemn/oenoverface
formation as a part of the substrate (nolecule S) whereas the sanme region
in FGFR2 structure is part of the enzyne (nolecule E). In addition, the

| oop C-termanal . i G S kel Ag:Yar as a
part of & he e G O el e P et gt he
hel i x ccG t end BEQiavindhodly stodted the rdd ativaskipdewedeal twb d€ FRofanfilyniahaseomairat | ons

have been clinically discovere [ B) (WIlkie (2005 ki ne G ow h
Fact or Rev.ﬂmigﬁfffﬁ%aj ?@§?gw%ﬁ&ﬁFg§§%d%f@%%@ﬂﬁﬁ%bﬁB??&ﬁgghﬁga tﬂgi?égof
the recept Okgudtie¥ INEDUFRY PR afdaQiNihdBitcfaeé WRhitQraRbe bR foped or mat i on
for trans phosphorylation. 30 Conclusions for Exanples 1-5 WO

2011/ 088196 HGFk80 x14DLIOPGD T rends BicRberapicor 22(J 243 8edRiand semprizpd of a

phosphoryl ate in respo to.ligand_.activation in a ecjfic sequence,
ovever. 1 neabtaciRaR g A euBahia Bt Rof AR Lk TENl o der of
trans phospbgisyh@ttifdingYedSthe® iDRighlsRdetfll o larin@in th&ERbbe bh@bRcalE.t WO
regions that nediate asymmetric dinmer formation when Y583 is trans
phosphor yl atlewevgrtherheplfypgrate-hadgigigeien poil grifipaitlatdibercoibeaweansthe theo
intrinsic t i S i f 7E, _dr ' I .aut ) | ation
o FarRe. RET Ry TAERTE6 1 G i B ARL S Srlp L RS AP EREL", 1o
ki nase 10! dsafidedidcandérniativhdtudieergegniFie 2 and Fo8§.omntht ktowalre Of GFRY,
FGFR1- RE was crystallized and no significant differences to w-FGRL were
i dentified {ridstaldBndingsits i foued bymkpiduesdn e lpas CHaEP by tginogridsifipahd

| nduced FGFRL 1a4L8PBARRRALYE Akl O] HIPRARELLS kS AGhe SRAUSERDY &
conf ormati onal change 1 n tthe ki nase domai n. e drastic reduction of

aut ophos phoHwhwat 0 altiafugh GrRonRintiibabt thelB3l 0@ eodiek & @lannEinaelifremsed by
the steric constraints driven by the |igand-induced dinerization in vivo.

In living c&OFRlatheapyrissidrobipiiagilor ofF Btsegnibganfigalteied imeqipiaration! f at e
pr ot eogh ycan, | fel Pe%%%e{%ﬁ%ﬁ ﬂ%rdi@téogﬁ‘{bu%ntg%rin&ilzf P Et'r&’%ﬁralh .
15i nt eracti ons anong ki nase domai NS in two di nenst'ons increase the steric
const r ai nt s dffederdecine@s RinhleeN o ter et Jistalf suptsdté-biidsn gt \wae ardlikehs e
dormains within a dineric conplex. That is, only a |imted nunber of nodes
of i nteract iBROTHEE iEdbe seaHe ] BYHES Adrags aytaplgspheryligiPecul es in the
cytoplasm c face s g&g%r- ey J i .

envi ronnment on tﬁgﬁg?ﬁﬁ?ﬁ %%ﬁl t éﬁgﬁﬁgggﬁgg%a|nsoﬁggﬁﬁ%ﬁgggygﬁ%gluf%
steric 20comnstohaidnt shegemeataned iltyrfaes épindrin dira@uniez af bath active FEFR ehhd

I ) ! ; , i
Phosphord| afCoRaar&/Bas (SHBiisar by 7 Melap ol Mo, Iiefestingly:

| i gand- i ndu QL eE 4 S PR SR d i 184

interface dg%@g%&_ éhgpé}ic é@%§¥?§¥%¥§a%%ﬁ%?g?égﬁgﬁiaﬁﬂngggg#%h%?gghlting
in the fail teléx a6 ih FOER Ipbaspivadyih aiteidace famddtmnss phpagplidieydubttan of FGFRL
occurs in preciselééordered sequence (Furdui et al. (2006) and Lew et al.

(2009)) and (DalecHp o phsreps teisame segian in KGFRS pirectagibPrarhpldep RiAY0si ne sit es

is required rothe f FCER | M€ ( q§%§ et ok 19 | .
Cell Biol., (r&gl(e§|§l?: @7%@5’)‘%% é:’qg(tr)%g?t%ﬁﬂ'fﬂrtgnse p log%(ﬁgsrlf}?gtv F%lgln lg?e%fg(g@of
FEFRJ- I 85 as fdralationas a Y69 3f th¥386kstradédie Ihe NGBR2 si¥b&bre. WObold ebps Sbiinestingl v,
t he

o

the helix oG to the main body of the kinase several loss-of-function mutations have been
clinically discovered (Fig. 9B) (Wilkie (2005) Cytokine Growth Factor Rev., 16(2):187-
203). The loss of autophosphorylation activity of the receptors in vivo may come from

the disruption of interface formation for trans phosphorylation.

30

Conclusions for Examples 1-5
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30di st ance between each of these sequential tyrosine phosphorylation sites
is between 35- 50 A (Fig. 5). The phosphoryl ation of Y583 cones second in
t he orderwef2oewosstye phosphoryl ati on of Y653 in the acti eariusrolloonn9
Furthernore, the full activation of FGFRL is achi eved by the
phosphoryl ati on of Y654 in the activation |oop, which is the 114 WO

2011/ 088196PCT/ Uﬁé@ ho@g%ﬁ% 1hasls tE%;?ipgg%lB%QQ irPf%‘éﬁc?ﬁQ'Eé’h?a%ﬁ%h%ﬁﬂ%e”Ce-

The failure of t rylation y res In attenuation or
t er m nat i onacpedfiastssjupivesiphvorvgt, dbé molecnlesolethangm respansdrigfar niink béquentmal of

recept or autophosphorylation in living cells. 5 erj and Met hods for
Ecanpl o5 1 6'0BF 0 B AEsRpith sl RUpTTnEBIog. Tor FOFR B detting

nut agenesi S -8 sRBA i diRE a dyonrh &HE QEHGS o UL IR Y 4435 TlEhs }gl?d%ﬁhér&ﬁfb%lf or med
into E. coli strain BL21 (codon+). Cultures were grown in terrific broth

(TB) nedfa &trtBFmEre, theanndOPOMt pfutadio8 ofiadesidrgusieiasigite Hhidintdvface.dpY Oby | -

10t hi ogal act,opyr anosi de (I PTG at C urs. | 1s were harvested
and r esusporBteT N TUSEs e Rrsalanp PP ERTEE s ST 250 RRnttlt B °2
MV phenyl netdiydtionldi® hetitler fhlekedsel o1 BABHEM)nok htfdbdlyesaehibiyadtcemempi@sb

foll owed by centrifugation to renove cellul ar debris. Expression and

purifi cati oshaenf -RERE cRETtEzad pnd Mo signaficenpdiffermpsys ineytelGER | Bietred as

previ ously | ( b ef @l . i Ik j.sol at ed
Dy at 11 mi Ly R B B0 AR 10 R hia BRAAE R AR B I Sl E RSO,
an i m dazol eutgphshpharylatipn i0livin@ caiM is hbecawked iBda safpineativasl chubgeigurat | y

subj ected to. size-exclusion ¢hromat ography using Superdex-200 (S200, GCE

Heal t hcar e) KIPAHICHBHEhe PC BLRFHY SEHCIR NEHEPeP RBEDIR N HEEHE) | -RErmdzRtHange
chr omat Ograﬂbé/celighﬁn@U%ﬂ&%ss@@@%%ﬁeﬁ’éc ?aiHWdﬂfvlsﬁg%g{e% hi.if@Reyerified by

20el ectrospray nmass spectroscopy. Crystallization a structure
det er m nat i dimerization Protei Indiwer ells anophesphdthtioo id edpfediby Fhieaikb77E

L pr ot B SRS 2 N el ot MESECE oy
MyCl2, 2rmM ] R 1961) , 20
MM Tri s1pH &iéagitths hEnIMMNBCIemARH st BRfeBHoACInSChRARAE RBri@BShstraints and
optimzation. Crystals were grown at roomtenperature in 14 days using the

hangi ng dr ogedreash thicoprebaainty ot miositj orsghraiveandtinase slogfins vathen a dgoén ¢asrplend

reservoir buifer 5 % [.w,v ol vet hyl ene gl ycol. 3350,,.200 mM | it hi um
itrate). oipdtspalbhshbeBs AR o B8 Mbb' & i
unit 30cel | retep@PBiotaledin theeybPlhsPidfacd ofthé4elB mdmbeare alSBlBve. Idinl3 =
97.4 with four nolecules in the asymetric unit. The solvent content of the

conpl ex was VEIOUYEOBTIR! Qythe preshanss thetkingse demaing i5 #at subipeied byt ect ant
cont o 1419 SRR Ky Rl M S BLARRIg ARy Lisepri |
2011/ 088196 Redd duSROhdi ORhR28 dimension enabling trans phosphorylation of Y583 and other
tyrosine residues. However, ligand-induced dimeric FGFR1-RE in vivo cannot bypass
the disrupted interface due to the steric constraints generated by dimerization resulting in
the failure of trans phosphorylation.
25 Trans phosphorylation of FGFR1 occurs in precisely ordered sequence (Furdui et
al. (2006) and Lew et al. (2009)) and the phosphorylation of all tyrosine auto-
phosphotyrosine sites is required for the full FGFR1 activation (Mohammadi et al.
(1996) Mol. Cell Biol., 16(3):977-989). The order of trans phosphorylation sites of
FGFRI1 is as follows: Y653, Y583, Y463, Y766, Y585, and Y654. Strikingly, the
30  distance between each of these sequential tyrosine phosphorylation sites is between 35-
50 A (Fig. 5). The phosphorylation of Y583 comes second in the order after the
phosphorylation of Y653 in the activation loop. Furthermore, the full activation of
FGFR1 is achieved by the phosphorylation of Y654 in the activation loop, which is the
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described (14). W-FGFRL crystals belonged to C2 space group with unit cell
dimensions of a = 212.0 A, b =49.8 A, ¢ = 66.5 A and 13 = 107.5. Data
wer e col Iwoted/mssi9beant i ne X29 at the National Synchr ot Pom/useght280ur ce for
R577E FGFRL nutant and using the hone source for the wild-type protein.
Dat a were processed using 5HKL2000 (M nor et al. (2000) Structure,

8(5): R105-1 : I with
Phaser ( I\/bCoi'{g? reeSfau?m IS\é:ZI(SJHOOE%) th?lB gﬁq&@erﬁeﬁ ﬁeofgfr]urfe% “f%%%ﬁ‘&s 674) using
t he struct uiYés3 afaytrbenlkin raasmladormir tesmofatipich Rirar(siihlosphoaghti@t, resultingif96)

Cell, 86(4):577-5 code: 1F and of FGFR-3P (Bae et al. (2009
Cel |, 13%(%? %‘.L&lng@f)&‘(‘\gaﬁ%cee&ﬁé‘“w@ orylgigniin fyinesely and t he re]gi nerrZent

of wt- and 10 nutant FGFRL were carried out with Coot (Ensley and Cow an
(2004) Acta Crystallogr. D. Biol. Crystallogr., 60(Pt. 12, Pt.
1):2126-2132) andandalspndiyethods fari Exqmpleg)-5Act a Crystallogr. D. Biol.

Crystallogr., 54(Pt. 921 0 a, grystallographic Rand Rf", for
FGFR1- RE of 22.2 %anzl)‘? % re%ﬁ’d’ ‘f’glrﬁﬁfﬁ&gﬁl of 20.3 %and 25.4 %
respectively. Fi gut@sedted thupdo@ReifladisdrRmEY MIatrOnyad. thy Mtand (RH77ERRIRUM was

15used to calculate inter nolecul ar interfaces (Laskowski et al. (1997)
Trends Bi ocHemsforgedd intop? (cyé)stml@é?-wd)cod@aﬂ Ldndey ‘é?l’lergé@fﬁlmn t@trzaftq bypihcs are

Farmy. Re (B AR a7 O O oF i an R KR B Rt o (10

ng/ m) was thld@iadmﬁylmnfbsﬁe()fPT@:l)calﬂ 125Crfof %uril&ll@Me&@E&ﬂes@ddfhnﬂO nmv HEPES

pH 7.5) and 10 M 20 HEPES#) then uenched with the 1 of 250 nM
EDTA in 10 FVHEPESS igHysss Bullgr @%}M FRi 8 g Wlnm}’t@yat room

temper at ur e pndRhYRy ORI Eh SR &%QPR/FSP%) 125 1388 bR Wi DraiRARuign sampl es

with 7 %na ture | munoprecipitatio nmunobl ot ti ng
experiments ceﬁntriﬁtgatwn toakmeee tdh],larpB]ABE Expomtian andgudfiqation of W hancEGER&NCe
gene was utilized 25 for tion o bl e cell Ilne ressin

N FGERL or RoRZE RAFMEGRGRT Tt K Rl orBed popieopay st ioed Harauigy Bon i n
DVEM comng ai npgy. ﬁl%te{ﬁf@ecreffﬁﬁ ﬁﬂ&k@b hFHiSthRRhADYEPKY oﬂ:Nli N BEIIIROES

cells were starved overnig contai ning penicillin/streptonycin,
and subsequélstlthcare tdnm]uaftdelvjlﬂﬁ @111 imidazale graidient 4O® 28§/ mM. AEE cluGsl Slarrlpiﬁs‘a@%s

vari ous ant Poet 681 AP BL By B P R E3ner Y B4 ned

f rom Upst at grBi1edlechenl.ad Yurtdn gudfiéd by-oRd-@IGE bditesud)ase epitRuous| y
described (Furdui et al., 2006 and Lew et al., 2009). Equivalents

Those ski | | €dromatagsephyy Ihwurltyla@@a&ﬁs ofthe ghritied pgfean yas ¥aHiadttyi n usi ng no
nore thah rgféngr%r%%rs s?«'?é?x%@é%)g/” many equivalents to the specific
I on S

enbodi nents o i nven cribed herein. Such equivalents are
i ntended to be enconpassed by the following clains. WD
2011/088196PCT/ USZOll/C%?s%algzatwn and structure determination
Proteins were concentrated to 12 mg/ml. The R577E mutant protein was
transferred to the buffer containing ImM AMP-PCP, 6mM MgCl,, 2mM tris[2-
25  carboxyethyl]phosphine hydrochloride (TCEP-HCI), 20 mM Tris pH 8.0 and 100 mM
Na(l, and subjected to screening and optimization. Crystals were grown at room
temperature in 14 days using the hanging drop technique containing equal volumes of
protein solution and reservoir buffer (15 % [w/v] polyethylene glycol 3350, 200 mM
lithium citrate). Crystals belonged to the centered monoclinic space group C2 with unit
30  cell dimensions of a = 186.8 A, b=74.3 A, ¢ =135.8 A, and B = 97.4° with four
molecules in the asymmetric unit. The solvent content of the complex was around 61%.

Crystals were transferred into the cryoprotectant containing reservoir buffer with 15%

glycerol then flash frozen in liquid nitrogen. Crystals of wt-FGFR1 were obtained as
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CLAIMS W Caim 1. Anoiety that binds to an asymmetric contact

i nterface of a receptor 5tyrosi ne kinase (RTK), wherein the noiety inhibits
| i gand- i rnsloced/as8®@as aut ophosphoryl ati on of the RTK PCT/UR201The11n®i et y of
claim1l1, wherein the noiety does not bind to a nucleotide binding site of a
catal ytic domain of the RTK. 10 3. The noiety of claim1, wherein the

noi ety bi ndge{Qnan1asy WEHEEE1 EQNLAHeIdnBEE IS @SSP oF i Nl QhecHf one

nononer of tﬁe RTK(. 7 G . &j’ The rrrlgléet y(}éosp chl}n?f%\Aﬁgr%@n the noiety

bi nds to andassmivat bf @ =18 2¢0A1 aetd9inA er £8665 Amndife= C07.6h®aaf wereoltenedrer of

t he RTK 5. e noi etéI of claim1, wherein the noi et;i: does not cause
I

Th

the | oss of °PREFMIRG ¥2% ke dageral pypshrowersLigheSomretay For/ 7EIFESGHR hmuighkr ei n

the noiety i rd -t ' The noi et
y hw‘;ﬁﬁ {fh%t}%hfé sofirck @&éﬁlé Wﬂ'&rﬁ%ﬁ%ﬁﬁ?}% %F@QBEE%E& usan[ y

of claiml1, erern e nol ety does no rization o he RTK. 25
8. The ndi eHKISKO00 (shimorky alMZI08) Nrridrerar8{eR1 0pr1d Ve Mt mothcoiar repdtcemantof t he

cytopl asm ¢ donai ps t he K. . . The ety of claim1,

Wher oi n-t he SFATROR DT LCRY B RST B lRr SMEBPY S0 BRBGL b PpEGERy Ao, 10
The noi ety afrs! BigFeLB74YhghEIHR strbufds R BRI 18%1se GLAWMM of RPEIFR (VESRRINPI bA
fibroblast growmh factor receptor 1 (FGFR1). 118 WO

2011/ 088196RLTIIS202H/ §RANTY -18/) TREBravidest WRIE) andaif iiGHR- WA eBasi a1 of.H2009)

JECE RTINS AN I I C
recept o1 ! S mutant FGFR1 were carried out with Coot (Emsley and Cowtan (2004) Acta
Crystallogr. D. Biol. Crystallogr., 60(Pt. 12, Pt. 1):2126-2132) and CNS (Brunger ef al.
(1998) Acta Crystallogr. D. Biol. Crystallogr., 54(Pt. 5):905-921) to a crystallographic R
and Rge. for FGFR1-RE of 22.2 % and 26.3 %, and for wt-FGFR1 of 20.3 % and 25.4
%, respectively. Figures were prepared using PYMOL (www.pymol.org). PDBsum was
15  used to calculate inter molecular interfaces (Laskowski et al. (1997) Trends Biochem.
Sci., 22(12):488-490). Data and refinement statistics are summarized in Table 1.
In vitro trans phosphorylation of wt-FGF1 and FGFRI-RE
1 wl of purified wt-FGFR1 (aa. 458 — 765) or FGFR1-RE (10 mg/ml) was mixed
with 1 pl of each 25 mM ATP, 125 mM MgCl, (in 10 mM HEPES pH 7.5) and 10 mM
20  HEPES pH 7.5, then quenched with the 1 pl of 250 mM EDTA in 10 mM HEPES pH
7.5 at every 10 minutes until 90 minutes at room temperature. Native gel electrophoresis
was performed with reaction samples with 7 % native gels.
Cell culture, Imnmunoprecipitation, and Immunoblotting experiments
A retroviral vector, pPBABE, containing a puromycin resistance gene was utilized
25  for generation of stable cell lines expressing wt-FGFR1 or the R577E FGFR1 mutant in
L6 myoblasts. Cells were grown in DMEM containing 10 % FBS and
penicillin/streptomycin. For experiments, cells were starved overnight in DMEM
containing penicillin/streptomycin, and subsequently, stimulated for 10 min with 100
ng/ml FGF. Cell lysates were subjected to immunoprecipitation followed by
30  immunoblotting with various antibodies. Anti-phosphotyrosine (4G10) antibodies were
obtained from Upstate Biotechnology, and anti-FGFR1 antibodies were previously
described (Furdui er al., 2006 and Lew et al., 2009).
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fibroblast growh factor receptor 3 (FGFR3). 13.The noiety of claim?9,
wherein the fibroblast growmh factor receptor is fibroblast growh factor
recept or WOQPGHR4)9s 10 14. The noiety of clai m 1PCRuSe@10bE0NDI ety
binds to amino acid residue Argsh77 of FGFRL, Arg579 of FGFR2 or Arg580 of
FGFR2 . 15. The moiety of claim 1, wherein the noiety binds to
am no acid residue 15 Asp519 of FGFRI1. 16. The noiety of claiml,
wherein the noiety binds to an am no acid residue selected fromthe group
consi sti ng oEq@ad@knt+489, S518, T521, E522, D554, G655, P556, b74, P587,

P579, W691, T695, P702, G/03 and P705 of FGFRI. .. 17. The

moi ety of claim 110 i‘ﬂkﬁgﬁnz‘}ﬁ 4t vt @F%%%%&E%%blsfo ?Séﬁ%%mfl%g&ﬂi%eg@itd
resi dues sek&%@@x%%rﬁmlﬁmngﬁﬁgge%wa%ﬁg td@e QpeciFrl dmbddh@nts S8R inFehBn
S518, T521, E522, 54, Gb55, 56, @74, P587, P579, W91, T695, P702,
G703 andS P7d8scobed-i@ERin. Such equivdlgnts Tieaniendest tp befenedrapassetd bywhe fellawinge

noi ety binds, to an am no acid residue selected fromthe group consisting of
c491, F492, “RE7Y P582, 1590, P705, G706 and P708 of FGFR2. 3019.The moiety
of claim1l, wherein said noiety binds to at |east two am no acid residues
selected fromthe group consisting of C491, F492, R577, P582, 1590, P705,
G706 and P708 of FGFR2. WD 2011/088196PCT/ US2011/ 021109 20. The
noiety of claiml1l, wherein said noiety binds to a region of the RTK
selected fromthe group consisting of the 1-2 | oop of a nonomer of the RTK,
the 3- aC | oop of a nononer of the RTK, the 4-B5 | oop of a nononmer of the
RTK, the aDaE | oop of a nononer of the RTK, the aF helix of a nononer of
the RTK and the aF- 5 aG | oop of a nononer of the RTK 21. The noi ety
of claim1, wherein the noiety binds to a confornational epitope on the
RTK. 1022. The noiety of claim 21, wherein said conformational epitope is
conposed of two or nore residues in the asymmetric contact interface of the
RTK. 23. The noiety of claim 21, wherein said confornmational epitope
conprises an am no acid residue selected fromthe group consisting of R577,
D519, C488, F489, 15S518, T521, E522, D554, Gb55, P556, &B74, P587, P579,
Ws91, T695, P702, G703 and P705. 24. The noiety of claim?2l
wherein said conformati onal epitope conprises an anmi no acid residue
selected fromthe group consisting of C491, F492, R577, P582, 20 1590,
P705, Gr06 and P708 of FGFR2.
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25. The noiety of claim1l, wherein the noiety binds to a contiguous epitope
on the RTK. 2526. The noiety of claim25, wherein the contiguous epitope is
conposed Wb 2088196 nOr e resi dues in the asymretric cont &ct/useaientaoe of the
RTK. 27.The noiety of claim1l, wherein the noiety is a small nol ecul e.

3028. The noi ety of claim27, wherein the small nol ecule binds to at |east
one of the am no acid residues sel ect e(gLMM t he group consisting of am no
acid residue R577, D519, C488, F489, SHl 21 E522, D554, Gb55, P556,
Qb74, P587, WodRimW91, T695, P702, Gr03 and P705 of FGFRL. 120 WO

2011/ 088196PCT. USZOll/ 021109 29. The noiety of claim 27, wherein the
smal | nol ecule binds to a region selected fromthe group consi sting of the
1-2 | oop of a nononer Ao;fnoiek;ethEﬂMndstﬂoem&syraﬁetannmfct mtarbe ki raekptohe RTK,

t he 4- BS | oop of a nongner of the RTK, the aD 5 aE Iogﬁg of a nonomer of

the RTK, théyraﬁinfhléllnﬁse STk whsisHhehe groigthanhidik Ligaad 1HBICSELEY oop of a
mononer of orylation oBfhe RHf¥¢. M0i ety of claim 27, wherein the small
nol ecule is deglg ed based on the asymetric contact interface of a
fibroblast growth factor receptor (FGFR). 31. The noiety of claim

1, wherein the |ety IdlC y of

claim3l whereid the Bepidy 8 fﬂméuwherﬁetﬁ%exogﬁ%aoeﬁa*&éhmﬁﬁomﬁﬁgv?ﬁmr.c

contact int efnfdﬁfg%efofacmagrt@bﬂoﬁﬁaln@rtﬁwm actor receptor (FGFR).
The noiety of claim32, wherein the peptidic nolecule binds to at |east one

of the & no acid resi dues sel ect ed fromthe group consisting of amno acid

resi due R577, D519, T521,. ER22 4. GB55 56, 74,
bear P57, veos - Teoahe PR SRRt g e oy BRI 1 PRIt 22
nmoi ety of cbaitmtEﬁeerﬁheN Iode pEpiid Slogorm®! @akd RTRI. nds to a region
selected fromthe group consisting of the 1-2 | oop of a nonomer of the RTK,
the 3- aC |l oop of a nononer of the RTK, the 4-B5 | oop of a nononer of the
RTK, the abDaE | ogp of rrer of
the RTK and the gF- '5r‘ﬂ a%%n &g%fd? icmtlhrr‘glrllégrl-rférth‘%) %1ﬁ§b%$%('t8(a19§syﬁl gg ©
noi ety of cbantmtBﬂerwa:metha(I]lobepémﬁmdomonmlcé@lnﬁRTKorrpr| ses a structure
which is at | east 80%identical to amno acid residues 576-594 of FGFRL.
3036. The nmoi ety of claim 32, wherein the peptidic nolecule conprises a
E};‘F’g“re whi ch iss at Th@%ﬁﬁet?%%’%l'aﬂﬁ”%ﬁ&kmttﬁe RIGIP d8& bt EARE a8 sf9- 597 of
intrinsic kinase activity.

20 6. The moiety of claim 1, wherein the moiety increases steric constraints

between RTK monomers.

7. The moiety of claim 1, wherein the moiety does not prevent dimerization
of the RTK.
25
8. The moiety of claim 1, wherein the moiety prevents dimerization of the

cytoplasmic domains of the RTK.

0. The moiety of claim 1, wherein the RTK is a fibroblast growth factor
30  receptor (FGFR).

10. The moiety of claim 9, wherein the fibroblast growth factor receptor is

fibroblast growth factor receptor 1 (FGFR1).
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WO 2011/ 088196PCT/ US2011/ 021109 37. The noiety of claim1, wherein
the noiety is an isolated anti body, or an antigen-binding portion thereof.
38. The mwDeby/m881961 ai m 37, wherein the isol ated anti boa¢T/use011/021109

ant i gen-bi ndi ng 5portion thereof, is an intrabody. 39. The noiety of
claim 37, wherein said anti body, or antigen-binding portion thereof, is

sel ected fromthe group consisting of a human anti body, a humani zed

anti body, a bispecific antibody, and a chineric antibody. 10 40. The
moi ety of claim 39, wigeeioetgal daamdj Whelyin the fibrbiagegrobitnthctog rgreptor on

t hereof, conprises a heavy chain ¢o region selected fromthe group
consi sting 19@%2%KWE%%F{F§%§P“F3é§§%%3b1 | gA and | gE constant regions.
1541. The noi ety of claim40, wherein the anti body heavy chai n const ant
region is 1gQd. 42. The noiety of claim 37, wherein said anti body,
or anti g&n-bi ndi ng. poilhe owidthef elofm 9i whereii thefibrobhat gromvh factoymeneptor in SM P,
an affi body,.,an,aviner., .a, 20 napo d a single domain antibody.

43. The noiQPg*&Fnggﬂ%F§?Ffﬁﬁ@&@$ﬁ9§§F§9antibody, or antigen-bindi ng
portion thereof, binds to the asymmetric contact interface of a receptor
tyrosine kinase with a KD selected fromthe group consisting of 1 x 10-7 M
or less, nore préderaBhyn®isty 2591@11189Wb¢reméh%,ﬁbw§laét poetlefagioiryecepter 10- 8 M
or |ess, not P l,ess. 44. A hybridoma which
produces th@ggﬁ?ﬁggﬁﬁ&ﬂ%Fﬁgﬁ?%§%%4gF§§Fﬁ' portion thereof, of any one of
clainms BJ-43. 3045.A noiety that binds to a conformational epitope on an

asymetric contact interface of a fibroblast growmh factaor receptor (FG-R)
wherein the noi et i nAPBIEtY PHEAMN L nwhes dha PaY RNEOIOREEpRBFgIetdSn of t he

FGFR. WD 2%%%8&%@#?@@1&%&9&&%5%0@@ ot hat binds to an am no

acid residue Selecte the group consisting of R577, D519, CA488, F489,
S518, T521, E522, D554, G655, P556, b74, P587, P579, W91, T695, P702,
G703 and P705 of EFGFRI1, or .within. 1-5 of said.residue, thereby i.nhibiting
7 gand | nduced ¢ Fano. 4 Sk GRORST 4cvBiebr ety byt ahhg e ety

t hat bi nsls AQpa1y &paer aci d resi due sel ected fromthe group consisting of
C491, F492, RE??, P582, 1590, P705, Gr06 and P708 of FGFR2. 48. A

noi ety that binds to an asymetric contact interface of a receptor

16. The moiety of claim 1, wherein the moiety binds to an amino acid residue
selected from the group consisting of C488, F489, S518, T521, E522, D554, G555,
P556, Q574, P587, P579, W691, T695, P702, G703 and P705 of FGFRI1.

20

17. The moiety of claim 1, wherein said moiety binds to at least two amino
acid residues selected from the group consisting of R577, D519, C488, F489, S518,
T521, ES22, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and P705
of FGFR1.

25

18. The moiety of claim 1, wherein the moiety binds to an amino acid residue
selected from the group consisting of C491, F492, R577, P582, 1590, P705, G706 and
P708 of FGFR2.

30 19. The moiety of claim 1, wherein said moiety binds to at least two amino
acid residues selected from the group consisting of C491, F492, R577, P582, 1590, P705,

G706 and P708 of FGFR2.
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10t yr osi ne ki nase (RTK), wherein the noiety disrupts the interface between
the N-1obe of an RTK nononmer which serves as an enzyne and the C-| obe of an

RTK nonorwo 20hi/8B19ser ves as a substrate. 49. A noipemyusthaw2tionds to
an asymretric contact interface of a receptor 15tyrosine kinase (RTK),
wherein the noiety inhibits reverse dephosphoryl ati on of the RTK 50.

A phar maceuti cal »gonpagL t.d I Sl =t | &
143 and 4549 and o pRaracuar TR Fo RS tih Gkl haaBh SR T uRlighe

of an eff ectéleaedfromrthe efoup kensigingtof tiof flafY lowpef afmalomearsf thedBante £3- 49 i n
the preparatign of .a nedi canent tr I or. preventi
hosoni af ed G dBeiter § WORTE dbt R 184 RS e a i ok Bk e Pre RTK
associ at ed @E36456r d SosGh&IreRk RTRMHNE MR WP a GRRInRL bPthe A TIE RE Bfe AN
severe bone disorders. 53. The use of claim52, wherein the severe bone
di sorder5i s of ldpof dlsonomer ofgh¢ BdKed from t he group consisting of
achondropl asi a, Crouzon syndrone, and Saet hre30 Chotzen syndrone. WO
2011/ 088196PCT/ US2011/ 021109 54. The use of claim52, wherein the cancer is
sel ected from thelgroUge ey Sf tlagn 0f whdre@bh@sloaiRbinaitd 4 PdrEorm:gioasme.,
prostate cancer, pancreatic cancer, bladder cancer and breast cancer. 555. A
met hod for rR&RCIMYh@BTE. noi ety that binds to an asymmetric contact
interface of a receptor tyrosine kinase (RTK) and inhibits Iigand-induced
trans aut ophosphoryl ation of the RTK, the nethod conprising: contacting a
RTK wi th0 a candi dat e Mae atoyety of oldint ahewhestiy seid coafpumatioml kyitapent acti ng sai d
RTK with a ligand for the RTK, 10determ ni ng whet her said myi ety affects
the positi oRPHBOSCHOf EHe 8% MEHF SHEN N dhestsAMEE et st IieécRof SR BK- an RTK
nononer whi ch functions as an enzyne and the C|obe of an RTK nononer which
functions as a substrate, thereby identifying a noiety that binds to
an asymretric cofiBact Thanmidtpo€cloim £ hewiRTénanid donfurinatienal epgigpd-compused
trans aut Opgr? gl%?ﬂ%rz}/clic? }elsi%?le (s)f]:clegtfr:]cf'\ froRr-lrthhe group consisting of R577, D519, C488, F489,

15 S518,T521, E522, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and

P705.

24. The moiety of claim 21, wherein said conformational epitope comprises
an amino acid residue selected from the group consisting of C491, F492, R577, P582,
20 1590, P705, G706 and P708 of FGFR2.

25. The moiety of claim 1, wherein the moiety binds to a contiguous epitope
on the RTK.
25 26. The moiety of claim 25, wherein the contiguous epitope is composed of

two or more residues in the asymmetric contact interface of the RTK.

27. The moiety of claim 1, wherein the moiety is a small molecule.

30 28. The moiety of claim 27, wherein the small molecule binds to at least one
of the amino acid residues selected from the group consisting of amino acid residue
R577, D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579,
W691, T695, P702, G703 and P705 of FGFRI.
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15 56. The nethod of claim55, wherein the noiety inhibits Iigand

i nduced trans autophosphoryl ation of the RTK 57. The nethod of claim
55, wher ewp20h@886ety does not cause the | oss of 20i nt PCHAISCOIRDKI1RY nase
activity. 58. A small nolecule that binds to an asymretric contact
interface of a receptor tyrosine kinase (RTK), wherein the small nolecule

i nhibits trans autophosphoryl ation of the RTK 59. The snal
nol ecul e of claimb58, wherein the small nolecule binds to an amno acid

resi due sel ect ed29r omlhbenogetp opclomm 8V svharginolie $bailmolsile bich88a réd@9, S518,

T521, E522, 54, (G555, P556, 74, P587, 79, W91, T69 P , 3 and
P705 of Fepﬁéf?dm Rt ﬁr%Psowc%ngsoéi%F 167 g ors monomgs .0?%eR7ﬁl_§th%9-_

mol ecul e of y€l18bpMOBmoNtiaECI Mnd REKS BRI 4-BD h&)?)tﬂf% rRbMHhSer P tRMR AR RO ofCi d
resi due selected fromthe group consisting of C491, F492, R577, P582, 1590,

P705, Gr96 ahdodrdB wbpn@EaaRE the ROK2 0 WHI88x 36 RCTY1YBRD 0f MO RN ené theThe smal |
nol ecul e of @lain1 8 mhere“q t§§¥§nall nol ecul e binds to a region sel ected
fromthe grg 609%8 ?gPPﬂae%ﬁ P% =2 | oop of a nmononer of the RTK, the 3-aC
| oop of a nononer of the RTK, the 4-B5 | oop of a nononmer of the RTK, the 5
abD-aE | oop of a nmononer of the RTK, the aF helix of a nononer of the RTK
and the aF-aG | 059- of The monsief clemm Ehevieran thegsmall molecule is designed based on

the asymmetric contact interface of a fibroblast growth factor receptor (FGFR).
10

31. The moiety of claim 1, wherein the moiety is a peptidic molecule.

32. The moiety of claim 31, wherein the peptidic molecule is designed based
on the asymmetric contact interface of a fibroblast growth factor receptor (FGFR).
15
33. The moiety of claim 32, wherein the peptidic molecule binds to at least
one of the amino acid residues selected from the group consisting of amino acid residue
R577, D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574, P587, P579,
W691, T695, P702, G703 and P705 of FGFRI.
20
34. The moiety of claim 32, wherein the peptidic molecule binds to a region
selected from the group consisting of the B1-B2 loop of a monomer of the RTK, the 33-
oC loop of a monomer of the RTK, the $4-BS5 loop of a monomer of the RTK, the aD-
oE loop of a monomer of the RTK, the oF helix of a monomer of the RTK and the aF-
25 oG loop of a monomer of the RTK.

35. The moiety of claim 32, wherein the peptidic molecule comprises a

structure which is at least 80% identical to amino acid residues 576-594 of FGFRI1.

30 36. The moiety of claim 32, wherein the peptidic molecule comprises a

structure which is at least 80% identical to amino acid residues 579-597 of FGFR2.
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37. The moiety of claim 1, wherein the moiety is an isolated antibody, or an

antigen-binding portion thereof.

38. The moiety of claim 37, wherein the isolated antibody, or antigen-binding

portion thereof, is an intrabody.

39. The moiety of claim 37, wherein said antibody, or antigen-binding
portion thereof, is selected from the group consisting of a human antibody, a humanized

antibody, a bispecific antibody, and a chimeric antibody.

40. The moiety of claim 39, wherein said antibody, or antigen-binding
portion thereof, comprises a heavy chain constant region selected from the group

consisting of IgG1, 1gG2, IgG3, 1gG4, 1gM, IgA and IgE constant regions.

41. The moiety of claim 40, wherein the antibody heavy chain constant
region is IgG1.
42. The moiety of claim 37, wherein said antibody, or antigen-binding

portion thereof, is a single chain Fv fragment, an SMIP, an affibody, an avimer, a

nanobody, and a single domain antibody.

43. The moiety of claim 37, wherein said antibody, or antigen-binding
portion thereof, binds to the asymmetric contact interface of a receptor tyrosine kinase
with a KD selected from the group consisting of 1 x 107 M or less, more preferably 5 x

10" M or less, more preferably 1 x 10® M or less, more preferably 5 x 10 M or less.

44. A hybridoma which produces the antibody, or antigen binding portion

thereof, of any one of claims 37-43.
45. A moiety that binds to a conformational epitope on an asymmetric
contact interface of a fibroblast growth factor receptor (FGFR), wherein the moiety

inhibits ligand induced trans autophosphorylation of the FGFR.
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46. A moiety that binds to an amino acid residue selected from the group
consisting of R577, D519, C488, F489, S518, T521, E522, D554, G555, P556, Q574,
P587, P579, W691, T695, P702, G703 and P705 of FGFR1, or within 1-5 A of said
residue, thereby inhibiting ligand induced trans autophosphorylation of FGFR1.

47. A moiety that binds to an amino acid residue selected from the group

consisting of C491, F492, R577, P582, 1590, P705, G706 and P708 of FGFR2.

48. A moiety that binds to an asymmetric contact interface of a receptor
tyrosine kinase (RTK), wherein the moiety disrupts the interface between the N-lobe of
an RTK monomer which serves as an enzyme and the C-lobe of an RTK monomer

which serves as a substrate.

49. A moiety that binds to an asymmetric contact interface of a receptor
tyrosine kinase (RTK), wherein the moiety inhibits reverse dephosphorylation of the

RTK.

50. A pharmaceutical composition comprising the moiety of any one of

claims 1-43 and 45-49 and a pharmaceutically acceptable carrier.

51. Use of an effective amount of the moiety of any one of claims 1-43 and
45-49 in the preparation of a medicament for treating or preventing an RTK associated

disease in a subject.

52. The use of claim 51, wherein the RTK associated disease is selected from

the group consisting of cancer and severe bone disorders.
53. The use of claim 52, wherein the severe bone disorder is a disorder

selected from the group consisting of achondroplasia, Crouzon syndrome, and Saethre-

Chotzen syndrome.
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54. The use of claim 52, wherein the cancer is selected from the group
consisting of glioblastoma, multiple myeloma, prostate cancer, pancreatic cancer,

bladder cancer and breast cancer.

55. A method for identifying a moiety that binds to an asymmetric contact
interface of a receptor tyrosine kinase (RTK) and inhibits ligand-induced trans
autophosphorylation of the RTK, the method comprising:

contacting a RTK with a candidate moiety;

simultaneously or sequentially contacting said RTK with a ligand for the RTK;

determining whether said moiety affects the positioning, orientation and/or
distance between the N-lobe of an RTK monomer which functions as an enzyme and the
C-lobe of an RTK monomer which functions as a substrate,

thereby identifying a moiety that binds to an asymmetric contact interface of the

RTK and inhibits ligand-induced trans autophosphorylation of the RTK.

56. The method of claim 55, wherein the moiety inhibits ligand induced trans

autophosphorylation of the RTK.

57. The method of claim 55, wherein the moiety does not cause the loss of

intrinsic RTK kinase activity.

38. A small molecule that binds to an asymmetric contact interface of a
receptor tyrosine kinase (RTK), wherein the small molecule inhibits trans

autophosphorylation of the RTK.

59. The small molecule of claim 58, wherein the small molecule binds to an
amino acid residue selected from the group consisting of R577, D519, C488, F489,
S518, T521, ES22, D554, G555, P556, Q574, P587, P579, W691, T695, P702, G703 and
P705 of FGFR1, or within 1-5 A of said residue.

60. The small molecule of claim 58, wherein the small molecule binds to an
amino acid residue selected from the group consisting of C491, F492, R577, P582, 1590,
P705, G706 and P708 of FGFR2.
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61. The small molecule of claim 58, wherein the small molecule binds to a
region selected from the group consisting of the B1-B2 loop of a monomer of the RTK,
the $3-aC loop of a monomer of the RTK, the B4-BS5 loop of a monomer of the RTK, the

5 oD-aE loop of a monomer of the RTK, the oF helix of a monomer of the RTK and the
aF-aG loop of a monomer of the RTK.

10
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