HGF BETA CHAIN VARIANTS 5This application is a non-provisional application filed under 37 CFR
1.53(b)(1), claiming priority under 35 USC 119(e) to provisional application number 60/671,610 filed
April 15, 2005, the contents of which are incorporated herein in their entirety by reference.
10TECHNICAL FIELD The present invention relates generally to the fields of molecular biology
and growth factor regulation. More specifigaliy #he JMeRHQR £RRERs modulators of the HGF/c-met
signaling pathway, and uses of said modulators. BACKGROUND 15Hepatocyte growth factor (HGF),
also known as scatter factor (SF), is the ligand for Met (Bottaro etal., 1991), a receptor tyrosine kinase

encoded by the c-met protooncogene (Cooper etal., 1984a &b). HGF binding to Met induces
phosphorylation of thednfraceiilar kinase.demaingaruiing ity acivataRf 3 R8P eXiSalof

intracellular pathways th ? [l growth, djfferentiation and migration.in a varjet cell types;
several recen O TERbE S A o R T OE SURaL) (AR LIe AP 2005
Trusolino and'Cemsglicf 200 amaunkerkl hoooy. hhizmdRbrPioggfmsdamental importance in
embryonic development and tissue regeneration, the HGF/Met signaling pathway has also been
implicated in invasive tumor growth and metastasis and as such represents an interesting therapeutic
target (Birchmeier et al., 2003; Trusolino and Comoglio, 2002; Danilkovitch- 25Miagkova and Zbar,
2002!Ma et al., 2003). HGF belongs to theﬁg@%lﬁéé@%ted growth factor family and
comprises a 69 IcDdla-preaint contémingatire: Maelimintik fiirgi ptomain N oangd folig-kivih dgletdK!

-K4)domains, ang @ 3kRas:ghaiiymhichhas s iaRa.SImdalin: o praleras. demainsef
chymotrypsin-like sering:lg%as s from Clan PA(S)/FamilyS1 (Nakamura et al., 1989; Donate et al.,

1994; 30Rawfings et &l°, FRE NS Rinogen and other serine protease zymogens, HUE is

secreted as a single chain precursor form (scHGEMSgEREEINIAdS to heparan sulfate proteoglycans,

such gs syndecan-| {aprksendesvah f220 2107 CalbsHEACes: O theexracelilasniatix. Heparan
sulfate proteolgll ns bin fo N domain (Hartmann et al,, 1998), which also contributes to the high
ity Mt o B U O (A "‘i%”i?flgiﬂé%ée”ﬁeéi’ré’%?ﬂ?&’&ﬁ ihough SeHGR s
able to bind MePwRIFHGH St itCanbifasiRMe s paprrBliweridiargd9aHartmann et al.,

1992). Acquisitiag: @b Eesulting in activation of a complex set of intracellular pathways that lead to
cell growth, differentiation and migration in a variety of cell types; several recently published

20 reviews provide a comprehensive overview (Birchmeier et al., 2003; Trusolino and Comoglio,
2002; Maulik et al., 2002). In addition to its fundamental imporiance in embryonic
development and tissue regeneration, the HGF/Met signaling pathway has also been
implicated in invasive tumor growth and metastasis and as such represents an interesting
therapeutic target (Birchmeier et al., 2003; Trusolino and Comoglio, 2002; Danilkovitch-

25 Miagkova and Zbar, 2002; Ma et al., 2003).

HGF belongs to the plasminogen-related growth factor family and comprises a 69
kD @-chain containing the N-terminal finger domain (N) and four Kringle (K1-K4) domains,
and a 34 kPa B-chain which has strong stmilarity to protease domains of chymotrypsin-like
serine proteases from Clan PA(S)/FamilyS1 (Nakamura et al., 1989; Donate et al., 1994;

30 Rawlings et al., 2002). Like plasminogen and other serine protease zymogens, HGF is
secreted as a single chain precursor form (scHGF). scHGF binds to heparan suifate
proteoglycans, such as syndecan-1 (Derksen et al., 2002) on cell surfaces or in the
extracelfuiar mafrix. Heparan sulfate proteoglycans bind to the N domain (Hartmann et al.,
1998), which also contributes to the high affinity Met binding together with amino acids

35 located in K1 (Lokker et al., 1994). Although scHGF is able to bind Met with high affinity, it
cannot activate the receptor (Lokker et al., 1992; Hartmann et al., 1992). Acquisition of HGF



signaling activity is contingent upon proteolytic cleavage (activation) of SCHGF at Arg494- Va1495
resulting in the formation of mature HGF, a disulfide-linked ali3 heterodimer (Loldcer et al., 1992;
Hartmann et al., 1992; Naldini et al., 1992). The protease-like domain of HGF (HGF 3-chain) is devoid
of catalytic activity since it lacks the required Asp [c102]-His [c57]- 5 Ser (c195j (standard

chymotrypsinogen numbering jn brackets throughout) catalytic triad faund in.all serine proteases
(Perona aﬁ‘@%ﬁﬁﬁ@%@%j‘ﬁ—?@%‘é‘f?g% SBRHBR %? |ng°%‘ 1l ﬁt’[‘é%‘?fi%ds Qf%é%?% %ﬁ%%f Because of
its importavigddn raglimntiig td Ginadivitf, thisrp IGEss disultdoditikptie/ b drteoitindo yLIdiBE: converting
enzymes ang t K-corres ig ] ical inhibieys. ctivatign.is npeghgted in vitro by
chymotryps{;%ifiﬁ%gézé%ﬁlzng)oar%%gtas%g ?ré]?f ﬁdﬁﬁ n%gﬁétpggﬂ?g%fg?gscv h%g%%gl:ﬁg%g@gt(ﬁ (HGFA) (Miyazawa et
al., 1993), gk preserMydopid ¢F ghiahisie st uity 15998, i lnslet the. repoved A laHE 5 Prasminogen
acgvator (Naleiny gt @hndS9 2y IOk LR HMMRIHRiE balibAIRedaeian ¥itReak et al., 2002) and
plasma kallikrein (Peek et al., 200%). Simila (Ep scﬁr?Fz ese pro es are pr ?. %gd as inactive
5precursof S & EHSRTRICIRSEY 55087'5@56%]@ v %egﬁﬁ?é%’%ﬁ%eﬁraggﬁ\?a% né proteases and both
Kunitz- anftS8rpid-Type iihildiors. Serine proteases and their activation process have been
described (Donatg & al: o 39, IR 3RUACDIRRASSToRCIMAHPNIEISRYALE Af % fymguen effects a

conformational rearrangement of the so-called 'activation domain' giving rise to a properly formed
active site oXFileALSHEE corRRns EBFMEARdiB FsgrsaPanding ehvsialns o A Cohstitutes three
sufface- exgoseddaopmtsigdaied thetobdQhy odBOkhalik:(c220 ptorps:amdidiaytion of the newly

formed N-ter incu einto ro ' rg}% d 7 hexppraplogous
Iigand/recéﬁ?%lfop%[r %%@o%%%%%%%l tmg%&%%?%%ﬁ%‘%%bﬁ%é@éé% Proterggie-like MSP p-chain
provides tiéEakeanrticmnabghP 181 rre o BR HEPlinesatvas alasrguoeemars aina el /i 24098). This is
reversed frepihedisRiM essysiamehare tve)hiatienitPeecentn) odingi sitadar Met resides in the

HGF a-chai ](JLolclﬁEr t at, 1994 Olcigaki et 9 23. The importance of the HGF/Met signaling
axis in norfﬁ]‘r(r:iﬂal Tefu a?e%(ﬁgﬁ'bzggé?d %ﬁrf%%retﬂg%%%%b ciin crgfe isorde goggcéegeaéstg}%ﬁ%vﬁeed to develop

highly effeptivershesdhpiuteymatingdbatisd un shedahilieamianibboadier RETFEIBBIPSSF this pathway,

however, pagticadarhmin 3Hionhihedassuietunderstood mechanism of HGF-HGF and HGF/Met
interactions, has slowed rogress oy this front and higiﬂ}l{igh ed the n eg deveI[(:)ﬁ approaches that
S a

are based on bettet Unhée ﬁﬁ%to?%ﬁg%%ﬁﬁl SR oPaction of the T-1CEHGE Shd HOF/Met
interaction$9e Insemianotistio sedvhéreitibelagy i Hils thisere etiesisc profitiogiotabr benefits. 35All

referencesgiipd hatsin.facudingippient arplicatiansakpublisatipnsrareincamaratag by reference
in their entirety. SUMMARY Hepatocy%grm%h factor, (H(?I:fz,,atplasmino en-related growth
P andB 1ETEEH 16

taftor, bind84dPRSTRESIHGIOHSE e RIS PSP EEEEMEE S A& or c-met),
which is inpfioatétbipiesEiomm dnt {¢tisklie ld§eherstiof28hthipyasi/esrtitoragtbevitviFhe serine
formed N-terminus into a hydrophobic pocket (Huber and Bode, 1978). In the homologous
ligand/receptor pair macrophage stimulating protein (MSP)/Ron, the serine protease-like MSP
B-chain provides the main energy for receptor binding (Wang et al., 1997; Miller and
15 Leonard, 1998). This is reversed from the HGF/Met system where the high affinity receptor
binding site for Met resides in the HGF a-chain (Lokker et al., 1994; Okigaki et al., 1992).
The importance of the HGF/Met signaling axis in normal cellular function and in the
etiology of clinical disorders suggests the need to develop highly effective therapeutic means
based on modulation of this axis. The complexity of this pathway, however, particularly in
30 light of the less well-understood mechanism of HGF-HGF and HGF/Met interactions, has
slowed progress on this front and highlighted the need to develop approaches that are based
on better understanding of the mechanism of action of the HGF-HGF and HGF/Met
interactions. The invention disclosed hereinbelow fulfills this need and provides other
benefits.
35 All references cited herein, including patent applications and publications, are

incorporated by reference in their entirety.



Sprotease-like HGF -chain itself binds to Met. Other than binding to Met, it is not clear what regions
and specific residues in the HGF 0 chain are necessary to effect proper signaling through the HGF/Met
pathway. We predicted that certain regions/positions within the 0 chain make important contributions to
proper HGF functional activity, Wherein these cqpiibutiops may or may not involve binding of HGF O
chain to its cognate egtor The rea% cr|b JLOherellagrowd 'r:‘bce tQat mutations in the N

SInInogen-re rOW
terminal region and/o FerZaton regio ain can disrup t Met BIOS|OQICGJ function,

with or withouf %fiﬁboﬁ%%g‘l‘fﬁ?ﬁﬁ%?ﬁ@ F—?éel*—{eﬁﬁdﬁ%}}ﬁﬁetﬂaff SRy ‘é’ﬁb‘?ﬁmﬁ%uﬂ’&ﬂ} 'T-Met. In general
but not necesEaMiAhESE YRIORETBh e FrEEIRipIRTatRd ferisHEtRbEghtho 1d6THA%e the 'activation
domaih' or 'agtivessttdeldiond ohawildselienGRVE6 Miktation Endihseddescrbed kereltprovide a basis
for design of acpatitkialepeafifidGkidndtants Bapgie.of drhikitisgwwildryperbpakitaingand HGF/c-met
interactions agrgss.aSRPRALME Iﬁt%%ﬁﬂﬁ%é&@m?&r@;ﬁ%ﬁ@%@ﬁ&%ﬁ@% pgdiherein. These

mutants are Gapanle,g eéag?”%%?f‘o” Ny p"r‘%‘ériﬁf‘%ﬁ%&%?w Q%‘Qrglﬁ‘ﬁqe%ey%h? hibjtreduced ability to

effect c-met assoc;alln t 6})1 Lénctlc%%s(3 |§l [t)oalrtlcu arl ra vantalt%eorusl%/v ere bz complete or
substantial infibition of the HGE/EH axis is U eswatf)feo IS %:%)f CUfaF Concern because HGF

and d'het aré‘ﬁﬁﬁﬂﬁﬁ@%l?@ﬁ?ﬁ%@é@ﬂ”?ﬁtﬁbﬁﬂé%@IT%“&HHIﬁ%%ﬂe%ld@ﬁé%‘éeﬁ%ﬁfaﬁfﬁg&&f’%\lso be used as
advantageousitHebapeintendgemsior trsabing pethototicalrsbnditidnstwivskeirrizduced, but not
complete abseneéioe IHE Bicpmenbidliogi ¢alhact vibhdiscdesHdblelnMethadsandrecmnpdsitions of the
disclosure arepbasgedablgashin }9@[&9{@ ihese2blindingsonhichiaradrassibeshinngseater detail below.

Disclosed is a&@@ﬁ/(}e%{@. |stygplecule comprising an HGF mutant comprising a mutation in
HGF {3 chain N ter re Sesﬁesanl J3.chain elg?aggsz% reg| am‘qt&d% aspegt, there is
provi ed an HGF/C antag nis £ matan comprising a mutation in

molecule comprisin
HGF p chain N“l‘éﬁ’fﬁﬁ%"’l‘brléﬁfdﬁiﬁtﬁﬁﬂﬂgﬁy?ﬁ@?ggg@%%ﬁgb% iSSP BBYS Awherein the
mutation in HEEEehaipoNermifaragiohsivipaiisihsertenorHYED dhain NUsthfktus into an HUE
binding pocketratid afheneititheifie siiltingcHIGF fmmitadinh ascredugead«dbiblogitatduhittior compared to
wild-type HGEff&tautatiendntheiblbikd3chamsNTeenipaticegioneankeanytbat impairs insertion of

35HYE f3 Ch%%}n%'l&@%m@i:ls%aﬁ?&? lﬁﬁlﬁHﬁoPLH@'H@FF%%B@&L%QB&S%?Q%@%@E&%J@%|t'n9 HGF 0
chain mutant binds ), ausewlth redug ngﬁp w%éw ared to \{\nlddtyge HGF chain. In one
su

embodiment, the resu ting AUET eb‘g&gm Y mutant mdgxf) stantial! equwalent affmity as

wild type HG I:-nbesc?ﬁﬁ’fﬁn heahE® AR UG e F@ﬁﬁﬂ%@ﬁ‘&%ﬁ? RI%A"Y mutated EIGF p
chain binds to@dietswibts redetsalp R FoRiFin AP CERbered ofel RIRAgM Rt e HGF. In one
embodiment, drrerFesuMnd)oin kidagtipositions of the disclosure are based at least in part on these

25 findings, which are described in greater detail below,

Disclosed is an HGF/C-Met antagonist molecule comprising
an HGF mutant comprising a mutation in HGF § chain N terminal region and/or HGF B chain
dimerization region.
In one aspect, there is provided an HGF/C-Met antagonist molecule comprising an
30 HGF mutant comprising a mutation in HGF [} chain N terminal region in position V495,
(G498, R302 plus T503, or D672, wherein the mutation in HGF p chain N terminal region
mmpairs insertion of HGF [ chain N-terminus inte an HGF binding pocket, and wherein the
resulting HGF mutant has reduced biclogical function compared to wild-tvpe HGF.
A mutation ins the HGF cﬁain N terminal region can be any that impairs insertion of
35 HGF f chain N-terminus into an HGF binding pocket. In one embodiment, the resulting HGF
 chain mutant binds to C-Met with reduced binding affinity compared to wild type HGF §
chain. In one embodiment, the resulting HGF P chain mutant binds to C-Met with
substantially equivalent affinity as wild type HGF 8 chain. In one embodiment, the resulting
full-length HGF containing a mutated HGF B chain binds to C-Met with reduced binding
40 affinity compared to full-length wild type HGF. In one embodiment, the resulting full-length
3



3 HOP containing a mutated HGF 13 chain binds to C-Met with substantially equivalent affinity as
full-length wild type HOE. In one embodiment, a mutation is in or adjacent to the P1' position (i.e., 495
[c16]), wherein the mutation results in a cleavable HOP mutant, and wherein the N-terminus of HOP p

chain does n ert into an active, site é gh ocket xamples for inability to ipsert into an active
site/binding p%%:d%z‘t"iﬁélﬁ’ééaH‘G‘%ﬁ%ﬁﬁgte%%%%r‘?ﬁ%‘%lrzé"t%ﬁgb\?v Elﬁé%eﬂ%‘é"a}n{?ﬁ?é%s%y defective in
either or both 1) HyKRSEHSITCRRET e SRS ARIRIBR SR BrdgesthioRSRy the N-terminus to
Asp672 [c]19a0stign ivhe® dn Q-terenimubehedrta reutation cleayabl HoSitivedyteindrged substituted or
inserted aminetaait esiduaninofemporimests signading:viaiysutantdaippaied. In one
embodiment. {0 AURUARIEN,OFAUIAEET ARG LMAIE AlRASIANS Bd wbfo Bignd P4 A

[

mutation in the H 33 f3 chain dimerization domain can be any that would be expected to impair contact

between two RGBS THSNS EIER PP HRHISHTH HEHE Hb RIS YERB s two HGF molecules) is
impaired. SuchegtiRoIsddUIPEEIteltiden thekind de Ackmsirucifensf HaP toraplexes, for
example, as desetibed-imkinatthefesr et@lion] Bioh PbEhemo(2QHuRIR(2B)3A% L L4hilRelevant amino

acid positions,inglude.bit re-agtimiiedio.hese describadihaisindnops embadisent, the resulting
HOPlrbmtant has reduced abig%é% 7c{zl)imerize with anomer};—{ﬁng%gh%r}j In one embodiment, a
) 4

mutation in HOP"J3 Thain dim rlzatlo%n?éjé%%m 0ds Sr11t(130tn§ubétan’tlally impair binding of the resulting

HOP mutant to C-ME&t™2BPRMBARER biitafirersréniameiicn bt HEPYPEAAM that interacts with
another HOP gwh&ihi¢eriprmeenditier(esy twintiiH O Piie b abtivationeceriplel)hddpon cleavage of
proHGF, the HQRs I3 chainwidergess.aiconiniational.shangendhe.ld @R weehaiaNierminal residue

495 forms a sglt rigge. Wit ASLE(2. 1) soimp emhedimentsdhs,dimerizayon jegion of an

HOP 153 comprises, consists essentially of, or consists of at least one amino aci “25residue (up to all
amind’acid re§ Hbg%@é}%?ﬁ%ﬂ&ﬁ?é%%egf&)’égt BrEe 1P BIf abeUl 2 88 #5569 HE c 140 loop]
amino acids itfeltidingeysitsd o2, deaE, ahkofdled] loopsaltia bl atksinthatirdy®8 251665, or mixtures
thereof In one«ibodimenyihsdifoe fzatinn demaimindiieess pasitions lcatedelose/adjacent to one

or more of the;pesitions Jééﬁ?rpd@g%\é?s%&%ﬁh&l@_@rﬁ%p@[@ﬂl%ﬁ%ﬂ&mgﬁﬁ&ﬁ%@i9185}% frdnore positions.

For example, ﬂ/r[]e his embodiment, the 30dimerization domain may further include positions 622 and
626. In one embodiment, an HOP/Met antagonist molecule of the disclosure comprises a mutation
in HGPR p chain N teHREgidWHER TG RE AR AR ih Pogithsh vares: wlogofs02 plus T503,
and/or 0672. AGhitetiontcanmbe dimarly. foime tHaFr Aters theiprimapys:setomdeleypapddér tertiary structure
of the N termipal iegifie 1066 chainoEor @xampigsnh drepe embrdimant, amttation in HOE f3

chain N terminaldgaian (e subsiidlion.dnssition andlondeleion, Susl.as XdgaG. ¥dgea, 04981
| plus T503del 72N, In ar

0498P, G498V, R502deg|(§lus T503del, or D6 . In‘another embodiment, a mutation in HGF p chain

N terminal redf8If1S S A RE ST BIRAFGCORT K TatBirty At arass PAREN OLBhaAR! and/or tertiary

structifre of tHesiuelminal regiornofd RSTYS ehrsinadiralscttup diig@inirracibbpotdtion that is not in
the HGF p chain, Ndgrminadgpgian iselfinfiosexamplessacedatian of Bf TR shatitemaves salt bridge

Sformation (eignkRd A3, G ENRAINY triinus,wanldalsobe sxReeiRd g alter the

includes positions iocated close/adjacent to one or more of the positions listed above and thus
are predicted to influence said one or more positions. For example, in this embodiment, the

30 dimerization domatn may forther include positions 622 and 626,

In one embodiment, an HGF/Met antagonist molecule of the disclosure comprises a

mutation in HGF § chain N terminal region, wherein the mutation is in position V495, G498,
R502 plus T503, and/or D672. A mutation can be in any form that alters the primary,
secondary and/or tertiary structure of the N terminal region of HGF B chain. For example, in

35 one embodiment, a mutation in HGF B chain N terminal region is a substitution, insertion
and/or deletion, such as V495G, V493 A, G4981, G498P, G498V, R502del plus T503del, or



primary, secondary and/or tertiary structure of the HGF (3 chain N terminal region. Thus, mutations of
the HOP 13 chain N terminal region and HOP p chain dimerization region are not necessarily mutually
exclusive. For example, as described herein, and exemplified in Fig. 1, mutation in certain positions

may be expesierhio afgckoth e NP Tmnaland AR ARIo0 A0omalns of 9k 43 chain. I

one embodiment, an HOP/Met antagonist molecu Isclosure comprises a mutation in HOP p

chain dimeriz&H5H JofmEi40R S TR RIREEN S RBOLRYR \eHE? BA68 P586 Mt or adjacent to
T501 and R562nselRe0m A Mt étibricem Heoibe ansfovmethed pitéientfet priviaryhsBediidary and/or
tertiary structunehofqtia_ﬁxﬂim&rgmti&amgm&afptd,Qlaxﬂx?atiihﬁﬁha.iw;zE»aamﬁ&e&.@mn&u@téqns that would glter
the stricture f the diagrizaferyregiancy fhf. HRR A3 c0aininglude mutatiens.fhagintroduce a residue

that is charged.or has a large side-chain (e.g., bu he wild-type sequence, whereby a charged
residue may Pé’é%ﬁ?ﬁhser‘éc’ﬁiufgfvag (%?{1) erACtONS gfhlﬁ 3}:66%?9]&3%%’%0 naﬁlt%%?a?é"% incrzgﬁierse steric
interactions. PU¥HerAbEe Bystdinkimiitatpne rasyn 1e23e iebacdipsuperdrtima97e) can also be
20introduced tiratsardy availdhy exddesimo dificationlbyaspecifie dhiotialkylatiagpidagentigsuich as those
containing malgimigdesnanaleacstyharounspinQne SMbosiment suniationin.Haf(3 chain
ditnefization rgog[il%si%ﬁ{aﬁtgsg%gpn, insertion and/or deletion, such as N497R or K; G498A or S;
P500W, H or E; insertion between T501 and R502 (e.g., an insertion of R and/or S); or R502del. In
one embodiment, a ThtR&fGRAtTBSitH WYY feRerrss R K 1BF Bl yRaembStiment, a mutation
is in one or morEdingosifidiscios do 503 iwerein stctel frrmatigivcoildaitenEP, {3 chain
dimerization andiorhinding iejseseptoso inan@ibenertbodimentsautations dhat.affeck the dimerization
domain can bg combined. With.muiALion i ens. OLMALR BRSILIoNR AIRide gl ihedipgrization domain,

e.g., mutatiog at Qo adjacent to the 494-495 cleavage site. FPr examlple, in a mutant that would be
expetied to ba3DnoHERSYSbIE H1 g RAU R ASE M o a S E AT AR AR H A 558 Golfains a mutation
in the dimeriZB£i6r® dinadnsvdasnatenstariviodtderionuthe thadsekpisn mivaitddsitiisgical function even
if does get cleasiedeip \Hvihy) intol hseilieembaedimentscaban HGtMatdantagonistinolecule of the
gg:l%ss)ugeé;h%ﬂg%lgégw%qm%%ﬁlwggmm&ﬁmm9 éai@i%}agdp&%t}&@&%m%a&&tl9,f6tzl3, 55_92', 693,

, 695, and/or 702 In.some e o onists of the disclosure,
the aptagoniohs SO S TRt b 3&3%6 B0y, 19626
(e.g.7D626K) MBI BlULESE 1RIgPIL 5 s1e Pl B Juiere TRt R YOrEBEEFEBBA (e.9., 1664C);
R502 (e.g., 56RBRREOE (erdeiPEoDayiNdoakhgloNasT OPIRYIA plusnlegBiteiq, RA9AE plus 1623C);
N497 plus 04884808 in N4 1R RIMs1498 Aorae MAY Ksihuisn G40 8AithNALPIUEBEAA(e.9., N497R plus

P500H, or N43%?\!&9%9§er’<§Q,%QA%ﬂ%;%%ﬁ%ﬁ?%@%%ﬁ%%%s@wﬁsﬁ’ﬁa%'ﬂ}éowgk%]?, Rlus 0498 plus P500
(e.g., N497R plus, G4 SA%%{ p lus P500H); N497 plus L622 (e.qg.,

plus PSO0H, or N497K plus 0498A p
N497R plus LBSH™ SF KIS Phis ReB9%) MOms R € o b e oA ROBINADEIBK, or N497K plus
D626R): NA9FHIUE LepE plusrD epbpfangnt Ay ERop|iis B2 2K e Degers 69 NaA&K plus L622K plus
D626K). 10 Invbarehesnbodimenip asud @k/MEF gntagotiistriolecele ebihdégisclosyre.camprises a

mutation in the fRE.ActMe SRRSOk INERMRINGLHRWItR ans.Lr-Meke.afiheaauiations described
herein. Mutationtsﬁof the active site i{f}clude mut % n .at ositiocﬂ)i667 and/or 704. Suitable mutations

include substituition of one or Both of these POSIIONS With & G o & Jy. & & muaHenator
adjacent to the 494-495 cleavage site. For example, in a mutant that would be expected to be
30 noncleavable (e.g. R494E: V495G double mutant) and that also contains a mutation in the
dimerization domain, such a mutant would nonetheless exhibit impaired biological function
even if does get cleaved in vivo,
In some embodiments of an HGF/Met antagonist molecule of the disclosure, the
molecule comprises wild type amino acids at position 534, 578, 619, 673, 692, 693, 694, 695,
35 696, 699, and/or 702. In some embodiments of HGF/Met antagonists of the disclosure, the

antagonists comprise mutations at position 1622 (e.g., L622C or K); 1623 {e.g., 1623C); D626



In general, an HOE/Met antagonist molecule of the disclosure comprises an HOE 15molecule having a
mutation in the HOE p chain that reduces one or more of the biological characteristics normally
associated with wild type HOE. For example, in one embodiment, the molecule has reduced C-Met
signaling capability (e.g., Met phorphorylation) compared to wild type HOE. In another embodiment,
the molecule has reduced abl|lt%/ to stimulate cell migration compared to wild ty ti%e HOE. In another

embodiment, g MOIEEUENAS TS RICEE 20567 R SHATGIRAEEH Grolififidn W figared to wild type
HOE. In anoth&rEmBdinsentthe fieibéute ﬁ%@%dﬁ@é(ﬂemlﬂ{@ﬁ%t%?ﬂ@iésé@él@ne&s compared to
wild type HOBRAAH: HIGHAVRSD 2447 phist#id (e qulF46f Rndud iS¢ iBau re gEN&Erally GovAprises at least a
portiors of the MOB mcPNEhag dnvelvessiniiseing 10 Mateikaddes sutaied HOE p chain as
descrflbed her@uagx%é ﬁmmtﬂ Mﬁlﬁug’@ﬁélﬁﬂébmy?%ﬂ%ﬁfﬂ?ﬁ%wﬁ&Elu&%&@ﬁ‘ 5@9'032 é";d oaical
specific amin i atin iologica
functions. Ac?\(]) in §|§%%§é gm%@ﬁ? nt thB‘u |sc%g %%HSB(?I{ acl)vu[i TSI’ é? r%O(SjguIators that
specifically targ B3 1EYdRS’? %ﬁﬁ@r‘f %“8&%#&‘?&@ %&uﬁ@ﬁﬁ%&?&“&?%&%‘% &Btamer and
polypeptides SG&hrs Bﬁ?&l%péﬁﬁ@%glwyﬂﬁlwﬂ%@ﬁﬁﬁﬁﬂ%ﬁ Meréf?2thelyetiétPefore a number
indicates the correspoerdieghndichtypenditindlecicfountnatithdcarfinol acichpositignitenoted by that
number in a wildatigpahthimatrHar: polypeptide, anditbe ekt (@) (F present)-aftesdhie number indicates
the mutation typRe/sming-Acifi(ehnSislijuionanmingacid.deletion fdel«ar ingertien (ins)). In one

embodiment, {1gAeRIASHIR RIGWRes AN HAE MM ALIAL s HSiEms Modulaory 3sactivty, e.o
an antagonist of HG /c- me acﬁ/étg/ gLan HOE varlan ?’f (%lﬁcgoa reduction, but not an absence, of

HOE biological actlvffﬁe 9. R AT e UeSABRT R Hhn antagonist of the
discldsure is é“aoﬂ%!i}%h&f”l‘i‘ﬁﬁﬁﬁﬁf?ﬁ‘tﬁé“ 816fﬂ)ﬁfe%F‘éi’é‘hWyrB‘f“Wﬁﬂnﬁlffé“f"i@cﬁ‘ﬁﬁﬂ\?&@ﬂ in vitro (such
biological actittjeticitie sbuely poediptitetitorétepidKghdsplonpidtion ostiemblatioensf cell proliferation,
enhancementiefroglcsisrivivaldpraimidtoniofdingiaganiagis, dnduchbnpromaton-aheetddmigration). In one
embodiment, @i eFmatantaiavides Jesuaed calligiovih Ramatingi@elivibleg..icell proliferation,
cell 5survival, @QQ%&Q%%&@H'@W%@I}{GF 10! B 0RE: %qs%@%@a% ﬁ{amﬁ@agsmaﬁl@ag'ecme of the

dlscl%ure com[ﬂg% s‘ﬁ’%ﬂlé’}’e Ce}y mh 1GE nocrmki)lmdln%tog{l%)e (%Pnfe o0 erem f dérr%etgts said
molecule |nh| it met recepto mutlmerlzau rization). In some em |ments said

molecule corﬁ’b?T‘ééléeﬁﬁé??éfﬁ?d(ﬁqﬂtgﬁ?)sﬂ%ﬂﬁﬁ?%%ﬁﬁsﬁéaﬂ%ﬁe%ﬂ W RREE (@ g.,

multimerize/difhEMJe)3neraigarderde 3 Endir psleearsali sumeserabedimentsnsdidanolecule inhibits
HGF j3 chainHGF a chain that is involved in binding to Met, linked to a mutated HGF § chain as described

herein.

25 As shown by the mutational analysis described herein, certain regions, and specific
amino acid positions therein, in HGF J chain play important roles in modulating HGF
biological functions. Accordingly, in one embodiment, the disclosure also provides HGF/Met
modulators that specifically target these regions. Such modulators include nucleic acids such
as aptamer, and polypeptides such as binding peptides and antibodies.

30 As used herein, the letter before a number indicates the corresponding wild type
amino acid found at the amino acid position denoted by that number in a wild type human
HGF polypeptide, and the letter(s) (if present) after the number indicates the mutation
type/amino acid {e.g., substitution amino acid, deletion (del) or insertion {ins)).

In one embodiment, the disclosure provides an HGF mutant that has HGF/c-met modulatery

35 activity, e.g. an antagonist of HGF/c-met activity or an HGF variant exhibiting a reduction,
but not an absence, of HGF biological activity (e.g., cell growth stimulatory activity). In one

embodiment, an antagonist of the disclosure is capable of inhibiting the biological activity of
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multimerization (e.g., dimerization). In some embodiments, said molecule binds to c-met but exhibits
reduced ability to effect c-met activation (e.g., as indicated by reduced c-met phosphorylation, mitogen
activated protein kinase (MAPK) phosphorylation, and/or reduced HGF/c-met dependent cell

migration, cell praleratien, oell supvival.cell motphagenssis.doandiegenasiselg). - In any
molecule of the diStlosure wherein one or more [Fositions Is mutated relative o the wild type

counterpart sE4TRENRtRECRAiARoTRER 8 Treahy rbfrrinas aitarenra rfifeliopaivatect of the

correspondingreiielitypd resiveresia, métditoroantye oedinegifcanyisoitabtédénmnkrown in the art

(and/or determimeshempricallyedugedy s pasiiytianoinsartion; @dditianrafanrdioeeletion. In some

embodiments, 2 mytafion caMplisgs.a,/agn-conservative substitution. Suitable substitutions include but

are not limited to thchsle des%régi%% herein inIPartic lar in_ the Examples), e.g. with amino acids such as
éS

alanine and serine. T BREERBodl HEH’ SRR SR TS GG BT M MR8 dulators as
described herd{f) i hfilcéts to MfoXireuerids sdndtosic age morhdsesiccure sfaustances can be
formulated 25ovladminisiered. idiceribinalidn with arbatididive althasieing agenkesuch as a radiation
and/or chemofhesapattic3oents Thendisalesursalse a&%@@é@ﬁmﬁﬂé@m&&mﬁ?%mns useful for
modygting disegse staics assaniaedalin dysredulation of, g HEFIE et signgjing axis. Thus. in one
embodiment, the disc osure provides a method of mo lfla Ing C-met activation i a subject, said

method 30coMPHEIRGAER eI tHe SuMBeeERodimrye. Midiapitayehistrioieetidof the
disclosure, wierébsyredmet ddlityatiofics rrodatatedon feenessndbadinte ntdsaitcmelecule is an
HGE/c-met aptagonistthal infifis.biGk/eppetaatiey AN ephediment:said-antagonist inhibits
specifi binding.olonld fpe HOR 139,615ty 0. gAe.aQd TR Me Clsdlgsure provides a method of

treatipg a patholo |cal,congitlon associated with activation of c-met'in a subject, Said 35method
comprising adiRRESEEIAE Td the subject a c-met antagonist of the disclosure, whereby c-met activation
is inhibited. The HAFfEsmetesignalitiy Peelhweyicipiponed irpmoiplenbiviogital ahdvpiysiological
functions, inclbiding] \pg sonetb:grewthustireiatiomergacel gralifesatian: gelssiwvivadiosall migration, cell

mmphogenese‘%e@m@a@%&gﬁﬂ%é%aa\gth%ﬁmgﬂ%@m%eqi%AQM&%O\/ideS a method of

inhibiting c-met activated gell growth (e,d. proliferation sandior sprvival), said method comprising

. W1 111 A
contaz%tlng a ceﬁnor tissue wi n antagonist o

and/or deletion. In some embodiments, a mutation comprises a non-conservative substitution.
Suitable substitutions include but are not limited to those described herein (in particular in the
Examples), e.g. with amino acids such as alanine and serine.
In one embodiment, a molecule/substance (e.g., HGF/c-met modulators as described herein)
is linked to a toxin such as a cytotoxic agent. These molecules/substances can be formulated
25 or administered in combination with an additive/enhancing agent, such as a radiation and/or
chemotherapeutic agent.
The disclosure also provides methods and compositions useful for modulating disease
states associated with dysregulation of the HGF/c-met signaling axis. Thus, in one embodiment, the
disclosure provides a method of modulating c~-met activation in a subject, said method
30 comprising administering to the subject an HGF/c-met antagonist molecule of the disclosure,
whereby c-met activation is modulated. In one embodiment, said molecule is an HGF/c-met
antagonist that inhibits HGF/c-met activity. In one embodiment, said antagonist inhibits
specific binding of wild type HGF f to c-met. In one embodiment, the disciosure provides a method
of treating a pathological condition associated with activation of c-met in a subject, said
35 method comprising administering to the subject a c-met antagonist of the disclosure, whereby

c-met activation is inhibited.



disclosure, whereby cell proliferation associated with c-met activation is inhibited. In yet another
embodiment, the disclosure provides a method of inhibiting angiogenesis, said method comprising
administering to a cell, tissue, and/or subject with a condition associated with abnormal angiogenesis
an HGF/Met antagofiistrofithergistlesiepathesabirangibgendsiscisidiognhibiied. Also disclosed is use

of an antagonizt ofiae fialas et hePreparation of a-medisament iordhg thsrapgutic andfor

prophylactic treatment of a disease, such as a cancer, a tumor, a cell proliferative disorder, an immune

(such as autotHiMEh&s HiesrHer U /Br B ERGTEG RSN Jsrierorieahedams¥an be of any
form 15descHlyebhereioyifnchuditigaetibobiinantibodytifraghdhtrpolypeptdé teigen an oligopeptide,
FIGF polypepiide.rastant/y arianbniusieisaeid (ARtamer - Rbcampinationtharsef of mdn one aspect,

there is provided.the use of an GF/.g:-met antago ist molecule. as. defin%q)at%io%e in the preparation of
. sclosure, whereby cell Prol eration assocrated with c-met actlvaﬂqn 18 mmhibiied. ?ylh . .
a medicament for reducing c-met activation in'a subject. n one aspect,there is provided the

use of an HGERhHEEraEniat Highseule ad ererine dpfoviEbineotse ssreparaicir it medicament for
reducing proliferatien Ofdapeikeimasubidctissue, ald/onetispedt, ihereiispravicked thienuse of an

HGF/c-met anjagonistimplecule Aseeinad AlRYR D heERAFANAR.Of A edigament for reducing

migration of a cell in a subject. In one aspect, there is provided the use of an HGF/c-met
antagénist mdt8&E as defined above in the preparation of a medicament for reducing angiogenic
activity of a cell in a“sehjeeps@28inse plepsipeetisththe dscprevittdd the use of an HGF/c-met antagonist
molecule as detnedaboveniditae prepanation.ehaaatic aragntlor treathag afpathalegical condition

associated it Aqtyalian.of Gamet pyayhiest Dissloser) 8.0l ATWSIRIS AR the disdlosure in

the preparation of a medicament for the therapeutic and/or prophylactic treatment of a disease,

[ ) rapeutic .
30such as a CHINEET, YRR A8 s ioTERs e o s AR AR fGR & LAY B utoimmune) disorder
and/dfan anglogernddis<ielatdddiisenderd Disclosedrignse pilareidetessieandligetertotthe disclosure in

the preparatiofcefRimpedicamentfanig, therapsulicandier sraphvlagtic digadment of a disease, such

as a cancer, a Wmoj 3 cel projferalye deg'Het, 2T MM (235, Aoimune) Alsprdey anclo
the preparation of a medicament for reducing c-met activation in a subject,

In one aspect, there is provided the use of an HGF/c-met antagonist molecule as defined above in

20 the preparation of a medicament for reducing proliferation of a cell in a subject.

In one aspect, there is provided the use of an HGF/c-met antagonist molecule as defined above in
the preparation of a medicament for reducing migration of a cell in a subject.

In one aspect, there is provided the use of an HGF/c-met antagonist molecule as defined above in
the preparation of a medicament for reducing angiogenic activity of a cell in a subject.

25 In one aspect, there is provided the use of an HGF/e-met antagonist molecule as defined above in
the preparation of a medicament for treating a pathological condition associated with activation of ¢-met
in a subject.

Disclosed is use of a nucleic acid of the disclosure in the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a disease,

30 such as a cancer, a tumor, a cell proliferative disorder, an immune (such as avioimmune)

disorder and/or an angiogenesis-related disorder.

Disclosed is use of an expression vector of the disclosure in
the preparation of a medicament for the therapeutic and/or prophylactic treatment of a disease,
such as a cancer, a tumor, a cell proliferative disorder, an immune (such as avtoimmune)

35 disorder and/or an angiogenesis-related disorder,



Disclosed is use of a host cell of the disclosure in the preparation of a medicament for the therapeutic
and/or prophylactic treatment of a disease, such as a cancer, a tumor, a cell proliferative disorder, an

immune (such as autoimmune) disorder and/or an angiogenesis-related disorder. 5Disclosed is use of
an article of manufabiuiedfthre distlgseiefititliecpreparation of a medicament for the therapeutic

and/or pfOIOh)ﬂ%&%ﬁﬁ%@@@f@&lezfrﬁ’e&iﬁﬁmwﬁ&ﬁéaﬁdﬁﬁ@ﬁ%{hﬁwm{%ﬁﬁeﬁ@y{ﬁr&é@%@tive disorder, an
immune (such a8 aslétglrggpu dlsor er ?%era Weé%s%p |o eneslligﬁr la eﬁgl:iS glll Dgrcljgr §)|sclosed is use of a
kit of the discfosure in breparélft a medicainent for the t erapeutlc and/or prophylactic
treatment of é@%@%@éd@moae@aﬁ%@l?fﬁ%ﬁ%#fa cell proliferative disorder, an immune (such as
autoimmune) disordexandl Granangiogenesismetatedigiserder: 15 20 25 30 35 Disclosed is a method
of inhibiting ciMet pehyated &%‘hﬁ(ﬁﬂé‘i‘ﬁéﬁ%@?t&%@r%ﬁi@&&gﬁﬂﬁiﬁm&oﬁéﬁﬁﬂ%ﬁﬁe|| or tissue with
an effective amount of an antagonlst of the |scl Itlsque by cel nProl eration associated with c-met
activation is inAiBed BB 1T Pret Ao o ot tad mglsaof:)afh%]loglc dtidition associated with
dysregulationgsfoimetcadivoakivmivrass ahgereersaidreethdeetdsmprising administering to the subject an
effective amount of ancantagosnist Ofitbendisclosiy e, mherahyo.said condition is treated. Disclosed is a

methpg of '”N%Bﬁaﬁﬁ&%@‘ﬁéﬁl@a@eﬁﬁﬂ E@&J&WQ&E@:‘%&{Q&%@EH@&@éo&%}?agﬁcé%@ factor, or both,

said method comprising contacting said cell with a c-met antagonist of the dlsclosure thereby causing
an inhibition df GRSt R bgl éaéﬂ”e SR AR B RS %lé?FWB??tgé?é%“W%ﬁ expressed by a
different cell (sgosthrosgiaseddisaciine effect). Disclosed is a method of therapeutically treating a
mammal 15having a cancerous tumor comprising a cell that expresses c-met or hepatocyte growth
factor,
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or both, said method comprising administering to said mammal an effective amount of an antagonist of
the disclosure, thereby effectively treating said mammal. In one embodiment, the cell is contacted by
HGF expressed by a different cell (e.g., through a paracrine effect). Disclosed is a method for treating
or preventing a cell g0proliferative oéj@J??%?beﬁri assOs i&%gge\@/icgﬂ incr_ea_lsed_expression_or a_ctivity of c-met or
hepatocyte growth factor, or Eoth sal met%odmcqmprlsmg administering to a subject in need of such
treatment an BHERIRASBMISUAE B LG BRRAGEAEGHTAE HSCIdktie Rty Sis cBAT teating or
preventing saitl aweikprolifc fetidiectiverdercriiond enibodimentosalid proliferatisttdigorder is cancer.
25Disclosed imanmathod for inhibiting the growth of a cell, wherein growth of said cell is at least in part

depengent upon a gﬁg\@{[}gcgqggmmg)ﬁﬁeg%g f;ém&{ggapg&@}%yte growth factor, or both, said

method comprsiggg%é:downlttﬁc ng spid cell with an effective amount of an antagonist of the disclosure,
thereby inhibiting the growth of said cell. T GRE Embodiment the Cal s CONtACEd by 11GF expressed

by a different®@lieignsotifoubi-sep sfaeiineamecy Distrssnd i Aistsdrortharabeutically treating
a tumor in a mademaliivaheneimethe growth of said tumor is at least in part dependent upon a growth
potentiating effect obhgyleliqt hepatacytarewtmiactan.or beth gsaid method comprising contacting
said ¢gll with an effective amount ofeagoa%%qnist of the dd'e;,%%%gre therebg 35effectively treating said

expresses . c-met or W or, OF Sai C rising gontacun 1
tumor. In one e?‘rﬁ)o iIment, t cellis contactedr’b HGF ex_presse&% a Cﬁ erent éesl? e.g., through a

paracrine effé€t) Vi 2 SIStABEEo8FIRER A SHTLtVE BaE&Isty 1o aiEPanlcETtsfEPhthological state,
for example, edlislantyomtisdinestdbsodiatechtithddydiedidationedbied BB s &t signaling pathway. In
one embodimgniuga spikihatistatgeted in a method of the disclosure is a cancer cell. For example, a

cancer cell can be ope selgcted from I)'P%&EBHB' &%Q%@ggg ol ahreast Scancer cell, a colorectal cancer
I o)
t

cell, aJung cancer cell, arpaspillary carcinoma C?|L eg., the thtyroid land), a cglg)n cancer cell, a
. avmrgaciimce ous REIoT COom nsm%&fei thdt eXpresses c-me rhep tocgtei %PWt actor,
pancreatic cancer-cell, an ovarian cancer cell,"a cervical cancer cell;a central nervous’ system cancer

cell, an osteoffdifid-saktBApEemmpriraaanrstntme & call, aerehio cEieliae €areniohia cell, a bladder
cancer cell, asgagtritticdnsintniascellihartteadfarid-haeckiBguaihousadr dinemandeMdiacmelanoma cell, a

mulitiple myelgemaicelloAQancaieikeptassely luana.ambadiment.a.cellipakisfargeted in a method
of the disclosure is %g%@%&roye‘g@gx%@gg{o& h¥§§e/‘pel&stlc %‘?H' In one embodiment, a cell that is
targeted in a method of the disciosure is a é‘yép stic celt: In yet another embodiment, a cell that is

targetld in a MRIFEY BTdise dHetyosie iV ] ifveaad feEaoMEAEEY of fEcHrR OB Ban further
comprise additiorhiftreatménthsteid sudiod toararmglelnmorengritbodineent, mahetbod further comprises
a step wherei-adargetedeall-antek of an antagonist of the disclosure, thereby effectively treating or

preventing said cell proliferative disorder. In one embodiment, said proliferative disorder is
cancer.
25 Disclosed is a method for inhibiting the growth of a cell,
wherein growth of said cell is at least in part dependent upon a growth potentiating effect of
c-met or hepatocyte growth factor, or both, said method comprising contacting said cefl with
an effective amount of an antagonist of the disclosure, thereby inhibiting the growth of said
cell. In one embodiment, the cell is contacted by HGF expressed by a different cell (e.g.,
30 through a paracrine effect).
Disclosed is a method of therapeutically treating a tumor in a
mammal, wherein the growth of said tumor is at least in part dependent upon a growth
potentiating effect of c-met or hepatoeyte growth factor, or both, said method comprising
contacting said cell with an effective amount of an antagonist of the disclosure, thereby
35 effectively treating said tumor. In one embodiment, the cell is contacted by HGF expressed

by a different cell (e.g., through a paracrine effect).



tissue (e.g., a cancer cell) is exposed to radiation treatment or a chemotherapeutic agent. In one
embodiment, an HGF/Met antagonist molecule of the disclosure is administered to a subject in
combination with one or more other therapeutic agent, for example erlotinib (TARCEVAO),

pemetrexed (AIAMTAR), Reyar gUaaRANASTINR) «ARHINR ZNIRERS AR tRRIUgGUMab
(HERCEPTINO), and tjiuximati(RIT HXANGRYAJTIDISHANIQR RS Hesranentic agents in combination
therapy can ggilr coneUently O SSAUERTRI, .. A5 deserined el sil et Aciivation is an
important bio%%lcglrlproce S the (rjglsr’(?1 ulgtion O?ﬁ%l% eagds to humerous Pt'ﬁolo Ical conditions.
Accordingly, i one embodiment o ?ﬁegﬁ%%%oé? e dise 8%1&5_ gléinépeff’fﬁlasl{"i“g garager 3% e.g., a cancer
cell) isone inIBSRATEH: ALHIEHEN BRE TRt 1 BRAAIEEH LS Eﬁ’rﬁlﬂ‘a’r‘é‘t’cﬁciﬁogl?mﬁ}"ﬁ%tgﬁﬁ t the same tissue
origin. In one BGARRENE QPRSI SHASWREIHE (e vgL e (e g ARACET S iter §etéd cell. For
example, contaRendtH: &vaRtatRIMSs HFthe arselcstrannrispsedeeirraeiistirfatlility to signal through
the c-met patbaagoneiidh e alies dHudelt danthna Bylb relg i edionnofresihat castivatsméamd thus signaling)
can result fromla nwmbed oé3Gqellulars echangessdicludingfordkamplepeverdrpression of HGF
(c-metis cognaiedigand)antd/on ernehitaaif-Aceoedingly i saha embodintanigisadnethod of the
disclosure compiisgsolatgatingaselwheraincsimetas hepatache: k0w fasigeorboth, is more
abundantly exprgsseeiyasaicdGelt Eadkp R tangeeel) asicompareddn a aamelcellolthe same tissue
origin. A c-mef-expiessing el gan.be regulated hy HOE from a variety of sources, I.e. in an
35autocrine or paragfine JOaRREt EALEXAMRIGN.ONG-erRediment of melngdsof the disclosure, a
targejed cell s copiacied/oound by hepalpeyle growth factor expressed n d dfient cel (2.9, via a
paracrine effect). Said diferent cell can be of the same of of a Bifferent usste 40 origin. In one
embodiment, $¥4rfeted GBS EB R AREW DG AP B e X P LsB HY TR 1T getd Cell itself (e.g., via
an autocrine SREEHSBHIEIHE MAGBaRmMET ROHBIEAIRE dsthgursRIsivRE R Bsure comprise
HUE mutantsSHiEccsrisriienficp difie atiorigniracbshipicectie i Bitsryaterorindrapeutic effect
(including, 5e(§ARGIRNEadaffititzdimpriiddpharmbeokingicsamddartesigduch as half life, stability,
clearaince rat€REesltEadrioniaity b HE8 SEMBER), Suctinmodifiddions\eludelnengranadifications
involving glycossdian »pag)iaiiomnsiis titekpncwiibr o nenattwaily o saingiput functionally equivalent
amino acid, linking grosRs:RichuHabiemarificationsiaperuaibiknwn ot a, and furthermore can
be determinedgRpikiGsHlyr33i0eLassAM OISO A lasech g GRMPQSIIRRS, GARHrising one or more
HGF/c- embodiment of methods of the disciosure, a cell that is targeted (e.g., a cancer cell) is one in
25 which activation of c-met is enhanced as compared to a normal cell of the same tissue origin.
In one embodiment, a method of the disclosure causes the death of a targeted ceil. For
example, contact with an antagonist of the disclosure may result in a cell’s inability to signal
through the c-met pathway, which results in cell death.
Dysregulation of c-met activation (and thus signaling) can result from a number of
30 cellular changes, including, for example, overexpression of HGF {c-met’s cognate ligand)
and/or c-met itself. Accordingly, in some embodiments, a method of the disclosure comprises
targeting a cell wherein c~met or hepatoctye growth factor, or both, is more abundantly
expressed by said cell (e.g., a cancer cell) as compared to a normal cell of the same tissue
origin. A c-met-expressing cell can be regulated by HGF from a variety of sources, i.e. in an
35 aujocrine or paracrine manner. For example, in one embodiment of methods of the disclosure,
a targeted cell is contacted/bound by hepatocyie growth factor expressed in a different cell
(e.g., via a paracrine effect). Said different cell can be of the same or of a different tissue
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met antagonists of the disclosure and a carrier. In one embodiment, the carrier is pharmaceutically
acceptable. In one aspect, there is provided a nucleic acid encoding the HGF/c-met antagonist
molecule as defined herein. In one embodiment, a nucleic acid of the disclosure encodes a HGF/c-met

15antagonist Whighyis At GRRBKRSS Mgévaa%@ﬂ@secés&w&ﬂotk%’y@é&ﬁ&&!}/@&%@? ) one embodiment, a

nucleic acid oft ﬁlS(ﬁ 0s enco es a HGF/ e@tﬁt antagonist which is or comprises an antibody or

v1a an autgerine €
fragment thereogfe o’hsc d are vectors comprlsf) g a nucleic acid of the disclosure. Disclosed are

host cells comprising’ éoﬁ’ﬁ(‘?f@?’@‘ﬂaﬁné’r%qyé\éfé?@?ﬁ?f‘ﬁﬁ%"&f@&ﬁi%ﬁ?%“%c%ﬁﬁ? B5H BE®Sny type, for
example a redaioiEie wdiGrdiseh iy ahaespisisivrbiestord prijeobantaridy 6itiebsells can be
used. fn one aspechathetefimigrovipleded hostcelimativitppopampiisicioatielfiife) eidhaicid as defined above.
In one embodimenkeaRgsteaitdsaiprpkanatisias)l, Jamexamplack. isiadn gne embodiment, a host

cellis a eukaryQiig Gelsdar. gﬂmmasn allanieelaNehas 2RCRINgse HRmsigrQvary (CHO) cell
Disclosed arebm th mnaY rmakl aHGF&mg{t anta onlsit °§&!¥§;1%'SCLPEEJEO£%EGX mple, the

€ Vajo mao ac 1110
disclosure prov es a methad of ma Ing an anta %ﬁ tp Hich 18 6r comprises an anti ody (or fragment

thereof), said e"fﬂg’dﬂb i W&%’Qﬁ?@%‘éﬁl?\a |ﬂ%‘§ﬂ?€§t§1‘8‘ﬂ%"§#&é‘ﬁ HY&tBhbinant vector of the
discld8ure encodingssidissntiB ey @rfaRIAtent 30e Rreon oG Fecovering said antibody. In another
example, the diseltvswresprovidassdomethothohmrakingz bi®Rosmetiantagenist which is or comprises a
polypeptide (stamasanaQR-eptatant/variant), said method comprising expressing in a suitable host

cell a recombinant vgeier9fdhardisclostvaancading srideaiwentideranaresysing said
polypeptide. 'R SNGERPRFHAIRIE I RIOVA A MENeR.ol MRS M HREE MCtANanaisha

35maqlecule as ¢ defined ove said met com I‘Iflng ex Ssm%ﬁpﬁg% st% nwtro anuclelc acid
O

i ;
encoding the a1 Onésnﬁ R AT SEGRERERE c?@’e?lhée Fig anta§on| "the cell.

embo unent, a nucleic acid of the disclosure encodes a HGF/c-met antagonist which is or
comprises an antibody or fragment thereof,

Also disclosed are vectors comprising a nucleic acid of the disclosure.

Disclosed are host cells comprising a nucleic acid or a vector

20 of the disclosure. A vector can be of any type, for example a recombinant vector such as an
expression vector. Any of a variety of host cells can be used.

In one aspect, there is provided a host ceil in vitro comprising the nucleic acid as
defined above. In one embodiment, a host cell is a prokaryotic cell, for example, E. coli. In
one embodiment, a host cell is a eukaryotic cell, for example a mammalian cell such as

25 Chinese Hamster Ovary (CHO) cell.

Disclosed are methods for making a HGF/c-met antagonist of
the disclosure. Forexample, the disclosure provides a method of making an anfagonist which
is or comprises an antibody (or fragment thereof), said method comprising expressing in a
suitable host cell a recombinant vector of the disclosure encoding said antibody (or fragment

30 thereof), and recovering said antibody. In another example, the disclosure provides a method
of making a HGF/c-met antagonist which is or comprises a polypeptide (such as an HGF
mutant/variant}, said method comprising expressing in a suitable host cell a recombinant
vector of the disclosure encoding said polypeptide, and recovering said polypeptide.

In one aspect, there is provided a method of making the HGF/c-met antagonist

35 molecule as defined above, said method comprising expressing in a host cell in vitro, a
nucleic acid encoding the antagonist molecule, and recovering the antagonist molecule from
the cell.

40
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40 In one aspect, there is provided an article of manufacture comprising a container comprising
one or more HGF/c-met antagonist molecules as defined above. Disclosed is an article of manufacture
comprising a container; and a composition contained within the container, wherein the composition

Scomprises one or mare. HIGE/GHmet aniagonists afdie AIRHRsHS IR, a0s.embediment, the

composition comgrises a nucleic of the disclosure. Ip one emho iment, a composition comprising

a HGF/c-met AN omSt fUASF Comprisss A SRa M WHICH i S8 &¥Rkadiments 10 15 20 25 30 35
40 is pharmaceuticHRF PG b e sfssa RS AR article of manufacture of the disclosure
further comprisegiisstrnétenarorimriniansd fdtiinaheompdsitionasia babjevesiisclosed is a kit
comprising a fwstdentainer mcempfising e eompdsitiohhedmpsising Iane:emmdiednt(3kdc-met antagonists
of the disclosusgipaditha sageRe: & CRRIAINGS GABpHshg-a PuHES ibane-eMmhedinnantthe buffer is

pharmaceutically acsentable. In.one. emRodiment,2.£20PSIPN FRMRYSNG. AR HEE(S-met antagonist

further comprises a carrier, which in some embodiments is pharmaceutically acceptable. In one
embodiment, a kit further comprises instructions for administering the composition to a subject. 10
BRIEF DESCRIPTION OF THE DRAWINGS FIG. | (A) depicts characterization of various HGF
mutaHis. Both HGF p chain N-terminal insertion and HGF p chain dimerization mutants are
exemplified. "Cell Migration" data relate to migration of MDA-MB435 cells in the presence of full-length
HGF containing the indicated 15mutation(s), expressed as percentage of migration in the presence of
wild-type HGF. "HGF 13/MetlgG Binding" data relate to binding of HGF p chain (containing the
indicated mutation(s)) to MetlgG, expressed as the ratio of IC50 (mutant) to IC50 (wild-type) in a
comqejtition binding assay. In these data, WT refers to the C6045 mutant; HGF 13 mutants also
contained this mutation. Note: As a general reference, mutations are indicated in bold if they are
expected to disrupt potential 20F chain-13 chain interactions, and mutations are indicated in italics and
underlined (bold or unbold)

20

25

30

35

40
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if they are expected to disrupt insertion of the N-tenninus. These expectations are based on the
predominant effect observed or expected for the respective mutations -- i.e., effect on either chain-f3
chain interactions or ability of the f3 chain N-terminus to insert into an active site/binding pocket.

Notwﬂhstandqg%ﬁ[ A 08 C%Mlgq SB{‘%%I'[I%Q)% ngﬁ déyag%g%kem digt%rmgp% whether a 25particular
both

mutation would have one or effects, whether indicated as such or not in Figure 1A. For example,
in some .nstaﬂlé%‘g%er?fm&ﬁ6%&fé%&8f®&fﬁ%§dﬁﬁﬁ%e&%gé¥ra?ﬁn?ﬁ?ém& [BAS'R#d" insertion of the
N-terminus, or in soRiecierstbineds eomnitationiinticatdekindmigiradA as expected to affect p
chain-f3chaincmt@saietio narpayng ipicicaly beBhbovnattadfect siserinaeitheditemmniaus. Similarly,
apparently ' 'r@&%ﬂ?gucmhgﬁédi@gf%?hﬁ&@@nm%FRQHQHE%P%@;%Q&Q%QW%%P Agrmal” binding
values are m?mated IEi’gffld ttext although the de im alrrpent taglq[ norm 8%/ is relative. (B)
Binding of fullFfengfi’ eéldr?t‘écfhi‘?]osqﬁe ndica mu atlon PR KA AN N SQTPE T 2 competition
binding assay 2t 4t Exjrassabragie iﬂaﬂr@rawe@ea&ﬁms%ah’%dr{mf@%@ww () Inhibition of cell
migration andkproliferatioprisys futkdength thiGmbonteinifg thejndicated 8&mutation(s). Amount of cell
migration and proliferation activity, respectively, in the presence of mutant FIGF and wild-type HGF (1
nM V\ﬁBﬂ type HGF for migration; 0.25 nM wild type HGF for proliferation) is expressed as a percentage
of activity observed in the presence of wild type HG’> alone FIG 2 (A) Inhibition of HGF-dependent
Met phosphorylation in A549 cells by REHE PEAGR] R RAYARIRA94E refers to single-chain
HGF. AmounﬂﬁMé@MﬁDmmﬂWﬁi@mﬁmm B%@Lﬂ@%r@@tﬁ&éﬂ@hth@mﬂ) ~{B}ilahibition of
HGF-dependenthetphosphosyiatiominAR4ddungscas ciremaee|ls-oyhGr-mutants-asingdicated.
Amount of Mef;phigsphondalion isdncicaiag a3 aneteaniag tghw%gla(wﬂéqﬁaa&n@t@dﬂount observed
in thelgresence to{ 0(5 nM wild- tX e HGF). FIG, 3 A fgf Phos Iatlon of Met in A549 cells in
the prasence B¥ il &) aPEREF DU RS RTRIESS O WRIS TSR e 6??8%?) %ﬁlﬁs indicated as a
percentage oﬁ%%ﬁﬁ@lﬁ%éﬁﬁdﬁiﬂ@%ﬁ*%&@?ﬁ@ﬁ fhetiaia ﬁr‘@"é@ﬁ@é 7(13? iy eprsmigb éach of the
respective wildkdype HEEsconcartratian3Cl IGudnAngicgenitiagibity drdheepriesehdaoisaytant HG?.
Amount of angli%mswi@%@mmmp&ﬁwuﬁ%gﬁégsmcm@dﬁé@a%@ﬁﬁtmoﬁ%a&n utants as
indicated. 5M DES F(?R CARRYING OUT. THEfeJ\iI [}%TE%BN are efz(IThednvgntlo% rowqes methods,
atin t e Al

Ter: refer nce, mutations are indic ST entia;
composmons I'[Sg artlc es o?lmanu?acture or mo Effitfc melt I% Ing pathway

Detafld of theééqﬂé‘t’ﬁ%’é" phmplEticRs M aratreE binalita fadindedine pRsipe 4nherBin. 0General

Techniques if they are expected to disrupt insertion of the N-terminus, These expectations are based on the

predominant effect observed or expected for the respective mutations - i.e., effect on either
B chain-P chain interactions or ability of the P chain N-terminus to insert into an active site/binding
pocket. Notwithstanding this, the skilled practitioner would readily be able to determine whether a

25 particular mutation would have one or both effects, whether indicated as such or not in Figure 1A,
For example, in some instances, a mutation may affect both § chain-P chain interactions and
insertion of the N-terminus, or in some instances a mutation indicated in Figure 1A as expected to
affect [} chain-Pchain interactions may empirically be shown to affect insertion of the N-terminus.
Similarly, apparently “impaired” Met binding values are indicated in italics, and apparently

30 “normal” binding values are indicated in bold text, although the degree of “impairment” and
“normality” is relative.
(B) Binding of full-length HGF containing the indicated mutation(s) to Met as measured in a
competition binding assay. Data are expressed as the ratio of 1Cs; {muf) to ICs (wild-type).
(C) Inhibition of cell migration and proliferation by full-length HGF containing the indicated

35 mutation{s). Amount of cell migration and proliferation activity, respectively, in the presence of
mutant HGF and wild-type HGF (1 nM wild type HGF for migration; 0.25 nM wild type HGF for

12



The practice of the present invention will employ, unless otherwise indicated, conventional techniques
of molecular biology (including recombinant techniques), microbiology, cell biology, biochemistry, and
immunology, which are within the skill of the art. Such techniques are explained fully in the literature,
such as, "Molecular Cloning: A Laboratory Manual”, second ,5edition (Sambrook et al., 1989);
‘Oligonucigelis, SYIesis: (s o Salk Sty k330hAURASEN GUiUE Rok FiEshDBed., 1987);
"Methods rrlgéﬁe%l/%rc{}lésg%%p@s%%%esrﬁi%%écfgss‘%elnc. ;i"cljc%rrent Protocol% in 1tl\l/loleculllar iology"” (F. M.

Ausubel etl@Pe-eds., 1987, and periodic updates); "PCR: The Polymerase Chain Reaction”, (Mullis et
al., ed., 1986, 3 AR rastiaanGriderqddalasm si<Chanipaor(Rataah BemeaydiVoy 1988 msfinitons As

employed.herein, referen amino acid ngme y be th -accepted designations in pne or
more of TSR AT B Ehie AR LB ot ALy BP0 e B
tryptopharss Sdih&eiglycitighetci)). (B ttditienef HObrdspanidans Xeeiphosghogdatiain add largl (i)
one-letter designaAang (¢ S mpard SltdicBeICaR {06 MR PRgHE-PRANERGRIRARE With respect
to a peptide or polypeptide sequence is defined as the percentage oﬁ]gglno a%# resg%%gi ina
candidate@éﬁ?&gﬁ&ﬁ%t%w%‘ém&%mm‘{ﬁteogﬁ?ﬁw B PR 0O th 8 Je SRS or
polypeptidicea(eros @jehaligoinitoe stifencesandlintrddupinggeps vilregessdnyptanachieve the
maximum pefeent SEAUSIES [BAY, ANRNRLERINCIAING ARy conseYalve SHRRIIIIANS AR part of the

sequence identity. Alignmentfor pu‘rig)oses of determining percent amino acid sequence identity can be

sathievedfsrusbiidhmatrs e Aruilditres HEFatirmb daferseiiveyiddystgirasreFainttable
computer pofinvare gughrdkAST RLASIN HlhG@MaIdie galigantRRAGTARBdfwaieisEhose skilled
in the art can determine ropyiat rameter, e r gli Arpent, including any algorithms
needed to &¢ ulnéel%)/%3r (r)ng%f(r)nas?}%l%%{r%Irln%é]3 fo%ﬁé? é%%ﬁ%ﬁ]g%? ofa%r%é écgquénces being compared. For
purposes herein, however, % amino acid Osequence identity values are generated using the sequence
comparison computer program ALIGN-2, as described in US Pat. No. 6,828,146. As used herein, the
terms "peptide" and "polypeptide]"ﬂ 'Qﬁrﬁﬁ ( %H;E& }enn "peptide” generally
re#enrs to polypeptide comprising Tew%?%?%‘%ﬂéuu LU%%%%Z%%ITE&%%%CIOS. rfe term "peptide” generally
refers to a contiglibuieandvepitivisss shrorode qompestioha ki eulcigilmed opyrfrepuie{tbonds. Typically,

but not neggasakily: AdBREAShasislapgP.afwlout 2 to 50 amino acids, 4-40 amino acids or 10-30

amino acids. e term, "vector,” as used herein, is intended to.refer to a nucleic acid molecule
capable of transp%ﬁﬂl}é gﬁ%ﬁﬁe‘?‘ﬁﬂ% SICHES 161%Ffri]l(§ﬁsi %s 1%%Sn°fi ﬁkagaftaﬁﬁ’@ ﬁ%gr%‘f“\%eegctor isa
"plasmid”, haawich refers to a circular double stranded DNA loop into which additional DNA segments
may be ligated. Angiher fypg.Rf yector is a phage vector. Another type of vector is a viral vector,
wherein additional DNA segments may be ligated jnto the viral genome. Certain vectors are capable of
autonomous replESBATNCE R 8% R B RIS lgPéOWFB%Pﬁ;% TEH° lﬂéﬁ?éer‘f};f:%‘é%% 4 ﬁgving a
bacterial owighnigfaer imaktomaribigis (nvhldngmremalizinaveetdrsinGihsiovesidegy el brdogpisomal
mammaliag) e, Cal BeiRasaied i Me.aenamneqh ahashrebuBniqdystion asinto the host

cell, and thereby are replicated along with the host genome. Moreover, certain vectors are capable of
directing tEPLIRTE S Andhe HFES B A%h MYl Bh Elar v g AR % Aagadio fES8R referred to
hefein as ‘“ddomSmsinbaxprassioipy.cbgehfcksidpiyntheddhibinadiateedqrE?§4 ) n“ganssbedixpression
vectors of Wiy e somRInAN! ANHISEPRMERALPEATRRIRPe iR RhPIRR i dhgresent
specification, "plasmid™ and "vector" may be used

Protocols in Molecular Biology” (F. M. Ausubel et al., eds., 1987, and periodic updates); “PCR:

The Polymerase Chain Reaction”, (Mullis et al., ed., 1994); “A Practical Guide to Molecular

Cloning” (Perbal Bernard V., 1988).

i0 Definitions
As employed herein, references to amino acid names may be the art-accepted
designations in one or more of the following forms, all of which are used interchangeably
herein: (i) full name (e.g., tryptophan, serine, glycine, etc.), (if) three-letter abbreviations (e.g.,
Trp, Ser, Gly, etc.), and (iii) one-letter designations (e.g., W, 8, G, etc.).
35 "Percent (%) amino acid sequence identity” with respect to a peptide or polypeptide

sequence is defined as the percentage of amino acid residues in a candidate sequence that are
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30interchangeably as the plasmid is the most commonly used form of vector. "Polynucleotide," or
"nucleic acid," as used interchangeably herein, refer to polymers of nucleotides of any length, and
include DNA and RNA. The nucleotides can be deoxyribonucleotides, ribonucleotides, modified
nucleotides or bases, and/or their analogs, or any substrate that can be incorporated into a polymer by

DNA or RNA polymerase, or by a.synthetic 35reaction. A polynucleotide m m 1;' e modified
nucleotide@%%?%%‘%%tﬁ?}fﬁf’e Iﬂucﬁbgﬁ%gﬁ gensﬁﬁlg? %ﬁéﬁ"?féﬂ%ﬁ écg%n%,s??geﬁ} fc’égti{gﬁ to the
nucleotideabtniottte mayehessmpbniceibafgreaps. AftetesseapritighifvihdpoRarPREGEquence of

nucleotideg, May. eI URGH Q% RARHHICIRP IR GIRRO SRR RONY DUSlsOlid ecqtandee further
modified after synthesis, such as by cor#%%atiqn,with a label, Otheé'_r%?es of.gwodificatiggs include, for
|

example, TSP SHEBTIERLIGRERESPAFE SIS RALGPARIBRAGH NG ITERBAEEE ftan analog,
internudeciitr wotifiagtions sudnes: forhexampli thosaewith instehe gettdipkbigds (e.g., methyl

Phosphongles, B eSRRALIRsIels-RoPRlBRINACIES, SRIPATAAS oP o Ahth Wik L0pIAGd Inkages (2.0

phosphorotY‘n%ates, phosphorodithioates, etc.), those containing pendant moieties, such as, for
example, préews (Eagse suillisbisdhe w5haaR deiRtIBBERE RS RAEDTHES IBIYMEaRIRE, etc.), those with
intercalatofg@@nt AaEKlNE REOFAGMhAICHEctase Lontadning chelipis«e Guentetald, radioactive
metals, boyon, oxidative metals, etc.), thos ntaining alkyla hase,with modified linkages (e.g.,
alpha anor]%%pé %%L?(}:]Fe‘cl’g ACH %S &ic- ,Cgén%éffﬁa?%r r%lga%szge}%lréhoé%‘%ge’%g%ynﬁcleotide(s). Further, any
of the hydresytrpedprtitr dideasigrp EeBerteh uH BN SHIARES 18 PETIFAR SATYEPAPMIHIE, by phosphonate
groups, phospitate grauRSHREGtasteshhWstanEardiprotecting groups, or activated to prepare additional
linkages to additional nucleqtides, or may be conjugated to.salid or semi-salid supports. The 5" and 3'
terminal OH can éé‘bsﬁgj f%‘?yﬁ%eté%? S%BE%FM%"]&T V\Rﬁtg' gﬁglthgéas oF 8?3%‘6’.‘8&%%“ enag%%’roup moieties of
from 1 to 28.@atiion theoms: ‘Qehédeliyadnoralls refas ddgwlyeedidietinersee Jeared drer pStecting groups.

PolynucleQifes can.alae Qaﬁéai*ﬁh@@é}%gg!alﬁiﬁa‘ng@n‘afﬂm@@@E&@%{&%@aﬁug@lﬁsﬁmt are generally

known in the art, including, for example, O-m_eéh -, 2'-0-allyl, '-{}Iuoro- or 2'-a%ido-ribose,
carbocyclie UGS S HIP RSSO R ¥é’%’é§h§%§1§ﬂ§a SRR S dbinose, xyloses or
lyxoses, pyrpridsaassudarshfufabase suidas)isedodeptdibsasnemydiiordfad gmiandadsasic nucleoside
analogs such as mgthylfibesisle: Qne.phamare:Phaspbedicsiendnkagrs: Ay hadaplasgsbRwalternative

linldng groups. These alternative linking groups include, but are not limited to,_em"bidimg,nts wherein
phosphatetﬁénﬁéﬁlﬁﬁ%ﬂ"ﬁ?‘@@)@?ﬁ%ﬁf@")ﬁhﬁ@ﬁéa@m2)‘3][‘5‘1),0?6%3{%650(‘“5%idj &P O)R,
P(0)OR', Gdior feHrsubazifdgammablakiaidadithhdaghiRoriRiREGidiindeieNderthnddtonsnbstituted or

Uﬂﬁubst“us?%t%%ﬁ%%&% YenRLY CAAIIONRN GHIRE G Be)ae A YRR eiaRky!

cy"cloalkeny?qr_ ar I linkages in apolynucleotide need be identical. The preceding
descriptiorréifinea N SoamyPCBR ibrekgasd e His HERLAS AU GIRIFRN GRS ReRabIe of
"Oligonuclegiigdemdas 4seekhiarein igrnamibtiefbi theshaetingeterallie sinthetstcdneaoks 3@geperally
synthetic pol}/n cleotides that are. ene all lglgflag sessAtlyJessitban.abut 20Q fucleotides in
length. Thé éﬁ%‘é’go fb%?\ag ¢(=3%t|ciletelg a%ndé 'Pﬁlolﬁ())/nuc eotl e are no{srﬁnutually exclutgi\?ge’. The description
above for oiserndautuadipn sepiann) wadeinieepisdal e teamyBntiidlited! wes R HPatocyte
grpyvth factgls @k e Fell andisrahpirirRiams Aniessmpreiicaliyndmindinated-gtieniise, to any
native or variant (whether native or synthetic) HGF pol tide that is capabl tyating the
HGFic-met" %‘fé‘?{%(ﬁﬁegc%??ﬁwéafydﬁﬁc &fconal 6%%1%5?{) Bee%%?tgs%qg EB?S éaé%g e%égg%{y iﬂe térri&f%c"wild type
HGF" genersiyrseferstroredso haveipid dreomiphsitg tiessivningier G simply, "recombinant

vectors”}. In general, expression vectors of utility in recombinant DNA techniques are often in the

form of plasmids. In the present specification, "plasmid” and "vector” may be used

30 interchangeably as the plasmid is the most commonly used form of vector.

"Polynucleotide,” or "nucleic acid,” as used interchangeably herein, refer to polymers of
nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or any
substrate that can be incorporated into a polymer by DINA or RNA polymerase, or by a synthetic

35 reaction. A polynucleotide may comprise modified nucleotides, such as methylated nucleotides

and their analogs. If present, modification to the nucleotide structure may be imparted before or
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sequence of a naturally occurring HGF protein. Thet term "wild type HGF sequence” generally refers
to an amino acid sequence found in a naturally occurring HGF. The phrase "does not substantially

impair”, "does not substantially reduce”, "are substantially similar" or "are substantially equivalent”, and

variations thereof, as used herein, 5denotes a sufficiently high degree of similarity between two

numeric values such that one of skill in the art would ¢consjder th% d.ifferencc%1 Betvveen tihe.tgvo values to
f&lﬁf t‘é eQtide

be of little HFR&HBRYIRAIS§AEEN AT TR L SRS SRR b oY AR A PA ARHSTE Measured by
said valuesorif @iffe re pob/heteein wajcbbforvatuesliforefer apiyhtsss treabpotritgsigreferably less

than aboul 4%, BIPTBIADY IcssRAR ABRKL SR Gl BBl JRSs-Hian ARAHLAAY6: QRISITRRYY less

than abouﬂt xamp two numeric values™ include a value assqciated with aQNEi% type protein
a

and a valud Bty SRR EelrstdR B AR ARTIs o tatprrucleot iR paificatinniiSach A
"immunoglgbilie, Hesised inkishageably e dhekigagdesiprense anddpidutistenonoclonal antibodies

(e.g., full lepgth or intact monoclgnal antibqdies),.pol al antibod,i I antibodies,
muItispeciﬁg‘%ﬁfﬁ%ﬂ%ﬁé‘?@fgﬁéﬁgﬁﬁg A&h |6N6‘f§g§a§%¥§oﬁ%?§%%%’e@§%% éﬁggé&sglééd_ biological
activity) andompaKitinshsdech thais eoniboing frenghie meighes qusk abder itk gt aétaf Girein). An

antibody canRe-humans mmRBizediandippadinipnymatyise, conihadwimamentsioeomarise only a
portion of an intact antibody, wherein the l}porti rlf{)ref%\:abl rt%}ain i%g(ls I@gt one, %regerably most or all,
of the funcHEIHE RGP AES SRRt Ot W&fﬁ% i8R \Whe R pretdh

ifen present In an intac én%gdy. In one
entbodimentidativamtibaisyefeaginentoumpns ebodatentidess biiidirodsied dnkaechiast amiBody and thus

retains the,abilityt 1o, bind antigep. Jn.2neinRLamRedingRbLAR aRtRadkdaament fafesammplerone that

comprises the Fc reqion, retains at least one of the biological functipns normﬂly as ocigtedtwith the Fc
region whete e Erams maERERBEeRRt Sits é‘égﬁﬁﬁ'ﬁybt?ﬁﬂ?ékf’ dgg?lrtl%%éﬁ? Sal IRRCRRO A %tion,
ADCC fungtiam®aptospimpleraeist fistetirg. iy somdaadnivoemiengrapsantibodyitdgmeptis a monovalent
antibody thathas a0 in.vivo halflife subsiantialy.» milpseamniastAuiaosshntmiamplassuch an

antibody fragment may %o{rgfrlse on antigen binding arm linked tg an Pc sequence capable of
t

cofferring TeivensARmpRs HREL ray bR alPsBRrrHattd Ph RS efoRith Aminss 47 B2 PR ein refers to
an antibody;el aiBredsormanapy Eliertoh suhstadinyhhomodenepsiscnrtirotiessi ¢, sthulindividual
tnat may DB LR s e rocied
against a sivgie HetigergerAhckpaein #’E@ﬁtﬁé@%"@oﬁ?&ﬁ%ﬁ?&ﬂb@@e&?@r}%’a E?Hglt%at typically
35include diffgrent antiedies direstedyenainghoifiarent detarmioaniz (@pilopgsiesachgrosstional
a@%bOdy isats:i ie{reaggggsg%?igssés%ﬁy}%lseeg %gf%n(jyeas%tg @,%%@&Q%Ears, sedoheptuloses, acyclic analogs
and abasic nucleoside analogs such as methyl riboside. One or more phosphodiester linkages may
be replaced by alternative linking groups. These alternative linking groups include, but are not
limited to, embodiments wherein phosphate is replaced by P(O)S("thicate™), P(S)S ("dithicate™),
"(Q)NR.sub.2 ("amidate"), P(O)R, P(O)OR', CO or CH.sub.2 ("formacetal"), in which each RorR'
25 is independently H or substituted or unsubstituted allkyl (1-20 C.) optionally containing an ether (-
0-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucieotide
need be identical. The preceding description applics to all polynucleotides referred to herein,
including RNA and DNA.
"Oligonucleotide," as used herein, generally refers to short, generally single stranded,
30 generally synthetic polynucleotides that are generally, but not necessarily, less than about 200
nucleotides in length., The terms "oligonucleotide" and "polynucleotide are not mutually
exclusive. The description above for polynucleotides is equally and fully applicable to
oligonucleotides.
The term “hepatocyte growth factor” or “HGF”, as used herein, refers, unless specifically
35 indicated otherwise, to any native or variant (whether native or synthetic) HGF polypeptide that is
capable of activating the HGF/c-met signaling pathway under cgnditions that permit such process
to occur. The term, “wild type HGF” generally refers to a polypeptide comprising the amino acid
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The monoclonal antibodies herein specifically include "chimeric" antibodies in which a portion of the
heavy and/or light chain is identical with or homologous to corresponding sequences in antibodies
derived from a particular species or belonging to a particular antibody class or subclass, while the
remainder of the chain(s) is identical with or homologous to 5 corresponding sequences in antibodies

derived from another species or belon to anot L& tlbq Iass ubclass .as well as fragments
of such anst?BB%ﬂ%%oi%%W&%%%Cé‘f/n&%l%@%ﬁf Ot%’esweatbl%glca% act Qt& (FE Bt nﬁolhﬁ 816,567;
and MorrisefzretalanRraioo Neitl séqpadeeSeind) B/4 8416851068880 B8A)). "Humanized" forms of

non-human (.. qﬂ%iﬂ@e%@s%%@ﬁnﬁﬁl@%ﬁaﬂ“%@%@éﬁ%&%ﬁ?‘%H%Héi'm@a!n@equence derived

from non-human immunoglobulin. For the most part, humanized antib

ies are h
immunog| SR BT RTEaAPRPOHAR brerdialsat fﬁﬂﬁvﬁrﬁyﬁ%‘?vlgﬁ%‘f@srgb%ﬁ%‘? the recipient are
replaced bisresiduagiicamia highergmetadt antigin iafradao mumasrispebiessidbiot emtibbdy) such as

e R LSBT %Jﬂ%t & heNing b desped R aallicly allinlbt, apghcapacity. In some

instances, framewor g’reglo I’eSI ues o uman Immunog obulin are rep laced by

corresponém’g’gﬁ@ﬂﬁﬂ!ﬁaﬁ@a@%giﬂ’ﬁ}ééhﬁmﬁé?ﬁfd?é biglagiasidarariannigiesitsAddiifise residues that
are not foupghis. tlﬁﬁd@ﬁf@f@{&&ﬁt{b&d}é@a m&h&d@n@p@fﬁmﬂgyesfmmmwa&m&m made to

further refipe nt| A %orm nergl ? nt| will prlse substantially all
of at least %ﬁeah an pf&l ?erg& omg’ll‘}{;sg()%J sb[g}]tt?gl y all of the

hyﬁervarla]bb”d@bbsi@@ﬂ@spbn@ ﬂ@%o@@@@@ﬁrﬁf Mm@tﬁqmmﬂh@ﬂ’jltmm% amelusll or substantially all of
the FRs af%%@ﬁ@dqmmmwﬁe%&qgﬁg@umﬁ@qmeﬁeedmaa@um&mae&ﬁr&mmdmmnalIy will also

comprise at least a portion, of rnm lobulin sfant regio all of a human
immunoglobulin. F& tﬂfﬁﬁe?"ﬁ’gﬁﬁ’s e E%ﬂ%‘é)%fjg?{]ﬁa%rgs %%?%%@%dgé n%hann etal,
Nature 332:323:820:Q1561:088);1amd RtidsthsCam, Oif. IStgticer Biokt 60316586 Qn@g@)e&ee also the

following fg}ﬂ Ao iclesand rﬁ[ﬁ{%@%ﬁﬁ@&bﬁﬂﬁ&ms}!@cﬁmmwwIt% A, Allergy, Asthma &
hnnzunol 05-115 (1998); Harris, Biochenz. Saoc, Transactions 23:1035- 1033‘6‘%“5 : Hurle and

Gross, CuftBpfligsistdens 8541’2"8’ a’s*%b(&@s&?%%ﬂ%%lrﬁ%w%) A RS 8 an amino
acid sequmaed&hmﬁgaﬁm(ieﬂmnﬁsdtm thedtef demadhtileody prodvibedytyyrebh brmeen.and/or has been
made usmglI égefdtggdp&c J&rré@aking human antibodies as disclosed herein. This definition of
a human an specifica y udes a humanized antibody c:ompns;jéi?f non-human antigen-binding

residues. An "afflnﬁ?tkh%%ﬁfé%ﬁ“%im 3 GOPRES R R BHE G AorESl AT s WHESHE BF more 35CDRs
- thereof whighiesptifiraly mpicve et bik, thefafiisitymithe-dntbaedyofetiantigematpmpared to a parent

angioody which dloes aRhiessees 1ase, LGP (Gk.BIRIRAY Gl aRE- HPodies wil have

nanomolar or even plcomol nItIeS e target antlfg
antibody fragment comprises an antigen binding site of the intact antibody and thus retains

the ability to bind antigen. In another embodiment, an antibody fragment, for example one
that comprises the Fc region, retains at least one of the biological functions normally
agsociated with the Fc region when present in an intact antibody, such as FcRn binding,

25 antibody haif life modulation, ADCC function and complement binding. In one embodiment,
an antibody fragment is a monovalent antibody that has an in vivo half life substantially
similar to an intact antibody. For example, such an antibody fragment may comprise on
antigen binding arm linked to an Fc sequence capable of conferring in vivo stability to the
fragment.

30 The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially horogeneous antibodies, i.e., the individual antibodies comprising
the population are identical except for possible naturally occurring mutations that may be
present in minor amounts. Monoclonal antibodies are highly specific, being directed against a
single antigen. Furthermore, in contrast to polyclonal antibody preparations that typically

35 include different antibodies directed against different determinants (epitopes), each

monoclonal antibody is directed against 4 single determinant on the antigen.
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Affinity matured antibodies are produced by procedures known in the art. Marks et at Rio/Technology
10:779-783 (1992) describes affinity maturation by VH and VL domain shuffling. Random mutagenesis
of CDR and/or framework residues is described by: Barbas et al. Proc Nat. Acad. Sci, USA
91:3809-3813 (1994); Schier et at Gene 169:147-155 (1995); 5Yelton et at J. Immunot 155:1994-2004
(1995); Jackson gf al., J. " muélet 54(7):3310-9 (1993): and Hawkins ef al..J. Mat Biql; 226:889-896
(1992). A"l é\?lﬁ@“%ﬂﬂ%a &8P %sﬁ REEEYE ﬁ’l%tgpg 'iglggl)%s%ﬁrge\f\;ﬁigﬁt}éﬂ%%npr reduces biological
activity of theaietigéthit ismgsrRiafbasdisio ckidepaer boties ranesgeis cariBeriEs substantially or
completelyjnhihit the hilogicalactyibonf dhe-antigap.QAnraornishaitibpdicuns seedyerein, is an
antibody which mimics at least one of the fynctional %[c,ti\(i ies o aé)ﬁ)ly%epti ecof i{]terest. A
"disorder” SR EHOREA BhHbRHadkA BHARET I"nsalfk%ﬁ BRR SRR 5 ihent with a

supstanceéorrigentingrsegethad of dnbhiduentianed fiisn actide sehienic txhthgisgte distwders or diseases
i“C'Udi“.g.%%%%f%%gé%gfi%%k andiions hichpieciznasedhp anarmmalallie cisaielein question.

Non-limiting examples of disorders to be treated herein include malignant and benign tumors or
cancers; risiedikistagcbasd ipnheidasaileahsids He ard AAPriiRn cagtr Syl lamic and
other glangelarsagicrephagsd, (@pithrlial, stromal and blastocoelic disorders; and inflammatory,
immunologic, neytodegenerative disorders, angiogenesis-relat isarders and disarders related to
mitochondiial or mig'faa%ﬁgﬁd?écss??% Hiéh ferms Cel ‘B?Séﬁie?’a%%%g |sorof§‘er" and "proliferative

digbrder" rihscentaisoraismel eaneires dotwrdren wathhsamitageslebHBn dith diccBnshiferation. In one

embodimeqinihecell-pilifer aty B dise (HakisosRRGRAs (reciplélafibas ) Beshhareidieafers to all
neoplastic cell growth and proliferatign, whether malignant or ign, and.all pre-cancerous and
cancerousf{%ﬂg W&gﬁ%g.rﬁ%nfg%%a?p&%gleerx?n%gﬁ%é orﬁsé%?u'%gwgr%ﬁ?’é)f%ﬁ%ad%order",
"proliferativeziis of d@cnenanitusneritaidonatantiedilsekan sivesas FefePRPIOIRENE"  The terms
"cancer” apd,cangenaH. ik gessTibeithe, Rhysipleaicalconditiominammpalsithat is typically
characterized by unregulated cell growt,h/proIifer%)g%r;6 Exangé)lei of cancer include but are not limited
to;tarcinofPEOR RS HERECE R RS AL POBH sk PEUIRIRTSS RIS EhRtig "% amples of such
cancers inbluke resittiple Fuydlomaresbuamood meﬂb@ﬁmymhr@elfdﬁiﬁ@@mgﬁ mn-small cell lung
cancer, aﬁﬁﬁﬁ&%%@%i@ﬁé%%ﬁ? AN CarRamaptdhe g faRGRE AhiBeperitoneum,

u

hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer,

ovarian caRERr FeERCARESRY RSkiIarash cor EHEH L Sin U praied aafbep Bl BB, colorectal
cancer, englpeeitialy3Bosfuidenear aironps;dialivany giabid darcinormaykidnayccancer (e.g., renal cell

Caﬁzmomagt}bs‘:antiaﬂy all of the hypervariable loops correspond to those of a non-human

immunoglobulin and all or substantially all of the FRs are those of a human immunoglobulin
sequence. The humanized antibody optionally will also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further
details, see Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329
25 © (1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also the following review
articles and references cited therein: Vaswani and Hamilton, Ann. Allergy, Asthma &
Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-1038 (1995); Hurle
and Gross, Curr. Op. Biotech. 5:428-433 (1994).
A “human antibody™ is one which possesses an amino acid sequence which
30 corresponds fo that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
residues,
An “affinity matured” antibody is one with one or more alterations in one or more
35 CDRs thereof which result in an improvement in the affinity of the antibody for antigen,
compared to a parent antibody which does not possess those alteration(s). Preferred affinity
matured antibodies will have nanomolar or even picomolar affinities for the target antigen.
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liver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types of
head and neck cancer. As used herein, "treatment" refers to clinical intervention in an attempt to
alter the natural course of the individual or cell being treated, and can be performed either for
5prophylaxis or during the course of clinical pathology. Desirable effects of treatment include
preventing occurrence or recurrence of diseg e, allie%/@ion of symptoms, diminishment of any direct or

indirect pathBiBG cRrEEHsEEaNES 878 IR ERE O O EVRHIRY B IS A% MAES @ &ing the rate of
disease prdrésica{qgmBEioTatid (ropalliztoibef dffediseasenstatey dllandrWissianabr improved

prognosis. 4 spe RIRSHIMEALE, A brcise ledINeninnaiausEc i delay dayslopment of a

disease or disor ective amount” refers to an amount effective, at dosagges and for
periods of fihfé figxe¥eafrard nieyethatlisites drérapethie of ProishyibetiEre R 1999)A
“thgrapeutivattyeffegtivesamesmt’s ofi acaunistanieeimalegiie afd)erinmentien 1 2qoymst gwantagonist may

' séo fgé:}_?ar},svksl}rjscpt %F‘ }h&éﬂll%&sgﬁt%@“ %e%ggﬁ: and weight of the t5individual, and the

vary according
ability of the Substance/molecule, agonist or antagon it a desired response in the individual. A

therapeutically efféctlectinifantitodiss anadtegohiet amipedxits orctebiphéikiteffordnotsthe
substance/gqlagtie.agepistg artasanisharerasbneioneddy thadhasapestisallybeneficial effects. A
"prophylacticag% effec%ive amount” refers toié%nbamo nt effective, at d{oﬁg%gs and for periods of time
necessary,.afgi CH?_@\% ﬁt@t ir%& %PBE%% ¢ore ."ﬁ%%i&%tﬂ‘ﬁ)tﬁﬁ 6t 88&&sarily, since a
praphylactic dose 13 useip RiRgs B Qi aLA! AnPAIRLARAGRLHIRRasA IR RLaptigactically

. &
effective amount will bé less th e therageutlcally effectivé amount. The term "cytotoxic agent"
as used hef&nfiReRl astyitics shaaieeride RiHMHEHr prevents the function of cells and/or causes
destruction of cells.,The term is.intended to 25include radioactive isotopes, (e.q., At211, Ini, 1'25, Y90,
Re's, pel88, sm153, f)slcﬂe% %IB %%glo Org@.{a?o{é%lﬁételo%oltso%ngscg Itdsmé aém%‘t‘i@e%%‘p%gﬁ %%gents e.g.
methotrexdteatagribmiicmsubriceceikaleitls (vimestisdnd théribrastioe, Ehirsosierss dosxmeudbitin, melphalan,
mitomycin (enehiQamRusihidlaknqreRign: o RtRiHbissRal NG A8 WaicE RAMRES:ARM fragments thereof

such as nucleolytic enzymes, antibiotics, and toxins such as small molecule toxins or enzymatically
Setve 1RO Gt G- GHRER e AT e A ORGP Sl ants thereo,
and the varisiisiamifigmot arddrticanicercagerisidisclose e thonpjiotoxidiagenissare described

below. A tumoHcid Aha0GRFEIUIOR HSRNHEROMA LIKP oL lS:, n1ac1®§i&%§1?&%§hﬁ[ﬁﬂ%{éyﬁlégent" is a
Ot

chemical compound useful in the treatment of cancer. Examples of chemotherapeutic agents include
alkylating SEE oA SIS &S hE AR X RN S REs prYSpReriat v afiidtifonates such as
busulfan, imgriogeltan-shdegigosukaryreziisdiries simbdas lnendecdpa, canbebelgngfasturedopa, and
urgglopa; ethylenimypes,ane eiyRMelaMes RGP AILIEIRERG JLetMERemEIamIne, 19
that are associated with some degree of abnormal cell proliferation. In one embodiment, the
cell proliferative disorder is cancer.
"Tumor"”, as used herein, refers to all neoplastic cell growth and proliferation,
whether malignant or benign, and all pre-cancerous and cancerous cells and tissues. The
23 terms “cancer”, “cancerous”, “cell proliferative disorder”, “proliferative disorder” and
“tumor” are not mutually exclusive as referred to herein.
The terms "cancer" and "cancerons" refer to or describe the physiological condition in
marmmals that is typically characterized by unregulated cell growth/proliferation. Examples
of cancer include but are not limited to, carcinoma, lymphoma, blastoma, sarcorna, and
30 leukemia. More particular examples of such cancers include multiple myeloma, squamous
cell cancer, small-cell Tung cancer, non-small cell lung cancer, adenocarcinoma of the lung,
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer,
gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial

35 or uterine carcinoma, salivary gland carcinoma, kidney cancer (e.g., renal cell carcinoma),
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trietylenephosphoramide, triethiylenethiophosphoramide and trimethylolomelamine; acetogenins
(especially bullatacin and bullatacinone); a camptothecin (including the synthetic analogue topotecan);
bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic
analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and 031-Th11); eleutherobin; pancratistatin; a
sarcodictyifYEFEREFStRI EHitoYEh irslErascs Bmrald BMBraRRmatn carsrmng it ous
cholophosphasigte: asirmetsttaacdfosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, mejphalan, overmbiehin-phenesieine, Biednimusting, tofesfamie. pracil mustard;
nitrosureas such a8 carmustne, ¢ [6ro%0 6Cin, fotemustina, fomustine, nimastme. and ranimnustine;
antibiotics Saerrhertne: ehddipndevdntibiotiel Yeing treaidibipdnieive pspenidlyidatiéleamicin gammall and
calgcheamigia,ameaall (886 it AR R ithiss. PREkabISA&% LB Mnhdyaemicin,

including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as well as
neocarzino AR % BTRE NS F e FETaTa 4t ?6%??0588%%0&?&8}%@%?%SMféhE%Emf&%phores),
aclac_inomy!i_mst; Qxc't?'wmpmgimmmysﬁgn_mmmedem;iog@mmw rdpa:_}a_aaibg:i n,
carminomygin - £2r£iReRRl &510/51%&913}9 IMEHYSHERGH BN o FiRu RQI0IGR, AGIATURICIR,, of

6-diazo-5-o0xo-L-norleucing, ADRIA _MYCINC) doxorubicin (including morpholino-doxorubicin,
cyanomorp R RYEH BYsHRsIinT SR FOMRRSIES Ry R P L6 BB RO BRI Bfeiicin, esorubicin,
idaBubicin, dessketharmmyin divdtoenycinsrdach 20as mitomycin C, mycophenolic acid, nogalamycin,

ofivomycins, peplomygi tf] [ I in in,r bicin, streptonigrin, streptozocin,
borcdin. Ubenitgk A crocraci

( ) i olites such as'met
(5-FU); foli84eirahidgliescdie Realsed dhrspreriic hpiprbrbcitaeptropterin, trimetrexate; purine
analogs such as flydakabieeifuyeffeapieptdas: thiamipline-Hhisauaniresdyrmidneanadogs such as
25ancitabing, saciidine. & szauidine camoluy, evarabine, dideqryuriding, dofluidine
enocitabine, Fﬁ%(urldln& an}arogens uch as ca‘l‘usterone, dromostanolone proploﬁatte, epitiostanol,
mépitiostariediadialcerd fis; ahititly abieralessnet{ meletimagtotepimdecninttratiel ridestade; folic acid
replenishergyehsasfiRlinigagid) aseslaiphgicaldephoasphamide 9Msosidan amiapigy winicwacid;
eniluracil, a&nsacripa?; Resitratbtgcil; itsé%ntpen ; edatraxate, detfofamine; 30de e%(i}ciﬂje; diaziquone;
elfornithine;fgf%ﬁhlu& Scethtean %po?ﬁi%%%?“e?bﬁﬂ%%? ﬁ%ﬂlfﬁ%n}ﬁ’iraé?e?uﬁ(/’%‘ )%y Ped lentinan;
lonidainine therageainsitp s efisih effermytaiminddendalz affittonsnmmd getezoenmtoxentrone;
mopidanm‘é_ffé&iﬁ%?ﬁi%&fé@%@i%&ﬂ%ﬁ% Pé_li%%ébj}? W 4%@@%@9%&?%%@9&@@ 2-
et%lhydraﬁge,; ﬁi?%arbazmeéggg(g, olr%sacchand_e omplex éJ,FIS Natural Products, Eulti:]ene, OR);
razoxane; rIBRIN: S5 BRTERCSBEN B%P BRIBRY AR50 ESSEE RIS BIRE o or at an earlier
2,2°,2"-trichogotiatiwdarriiragropbhbtitectn efeespavialiyt #ill toxiss tenr doutierdbevocidin A and
anguidine) ehan.yhdesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman;
gacytosine; arabingside ("Am-C"); cyclophosphamide, thiotepa; taxoids, e.d., TAXOL(r) paclitaxel
(Bristol- Myers Sqﬁ?ﬁﬁe@hfé’FBW}WE%W%Be,rﬂ%f?f@@,&?\@?hﬁt@rcé’ﬁ%‘b’r‘%ﬂ?%%f
albumin-enginestedicfanapartittelfomiiatianaidjoackitaxe b{AdieriTan tBharnaesistiaal Partners,
Seaumberg. Ji0Qig), Apc. T@S AT ERE @)doyetaxel (hhgnes RoulegriRgger: Antgny, France),

5chloranbucil; GEMZAR(r) genicitabine; 6- fhioguanlne; mercaptopurine, methotrexate; platinum
analogs suBECHSIRtRPER R EaksbsmaetierprmRcisal A &imsHostspsgeaUsn B Mosfamide;
mitoxantroaalsfristioasié WinbRBibikke(guposkih insonduant mshdn) pasdscadgtrexate; daunomycin;
aminopterin, o%g' ibandronate: CPT-11: topaisomerase inhibitor RES 2000: difluorometlhylornithine
(OMFO), e At SRS ol e AR IERE S el ot B R i or
derivativesaSEEpFBY h sraheve antibiglizs 4pE fqued SHchis st melsale thdenotisarameigiagent” above

argoanti-hoxgIRe b, agesH s e ACk AL GHlaterahiRhi i 0! ORI ACHRRRRASURMDEE Riiehtas _
antl-estroglﬁ%%éa}wd Ee ect% %Str% en rece }19:211 me?rdu!:ato[]s gioEe 2422) m%ttgilr}vg}tg?r %xample, tamoxifen
(including ] tanoxteh) Faloxifene: FOGRITE SR dFoxYtarnoRifen o

agents are described below. A tumoricidal agent causes destruction of tumor cells.

A "chemotherapeutic agent” 18 a chemical compound useful in the treatment of
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
35 CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
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Strioxifene, keoxifene, LY117018, onapristone, and FARESTON toremifene; aromatase inhibitors that
inhibit the enzyme aromatase, which regulates estrogen production in the adrenal glands, such as, for
example, 4(5)-imidazoles, aminoglutethimide, MEGASEO megestrol acetate, AROMASIN(r)
exemestane, formestanie, fadrozole, RIVISORO vorozole, FEMARA(r) letrozole, and ARLMIDEXO
anastrozole; and anti-androgens such as fiutarnide, 20nilutamide Ei?qlutapideé_leuprolide, and

Rhora {Fll émme% goome

goserelin; EERIPAROBRMREIELS 1M SRR HI oS & Siosine analog): antisense
oligonuclegligiesnprrtispdailstbateaihnichiibtibiterxprassicmpfaesesinciidinalthy spelitiiay s implicated

in abherant cell proliferatian, such as, for example.iB&GrARAM SRR kAR ER s 4lgaMAIeS such as a
VEGF expar%as%%% ?0 ibitor (iejf .,gAtNG?C()@YME(r) ribqé;s)%rlne) and a HER2 e>épression inhibitor; vaccines

such as gémesiRsthemsic ardRmes e RTINS AR S VRS NP RIYEEN2 P¥9R(r) vaccine, and
VAXID(r) vgcainaidR Qb F OQrdkndid HRFUEC ARG tapESoa1Stme: CHIRINbY, ABARELIXO
nnRH; and pharmaceutically acceptable salts, acids or derivat] g.above. A "growth
inhibitory §§€’Hiaﬂﬂ%8ﬁﬁ%cé%¥ t%trlging e e?s“f%rlg’csgﬁ!llﬁlo%gﬁ cl){r}{ gﬁé%gsgglgt%%:%%fvc?/ﬂich inhibits growth of a
cell whosechiowiibisitieermdphizipsophplGiasairseidetRraaBH SRR YR or in vivo. Thus, the growth

inhibitory agent may,he ongwhirkisignifisaaty jedksrs doaRemnaniageatbiic-met-dependent cells
in S phase. Examples of growth inhibitory agents include agents that block cell progression (at a
place othePHFREBHAE ,‘&T@ﬂ“ﬁs@é@ﬁ%@{ At fﬁ%%}&jeu S&fgd%gle{}s(fsgﬁgsl\sﬂqp a;ass‘%%rr&é%%’massical

M-phase blankerstintiutiethatBsyincastiinoisttiscatnd vnblrasties, aaikipdes EAb%HBisomerase I

inhibitors such, icip, £nirubicindaunorehicin.atapaside anshbieeraycin. Those agents that

arrest Gl g&%@gﬁ%ﬁ%ﬁi@%&éﬁg arrest, 1‘(£)]Sr(B exag’{)l NA ﬂéfﬁgr}%g@gﬁ such as tamoxifen,

prednisonéﬁh%&%ﬁ%ﬁ&%ﬁ%ﬁ*&ﬁaﬁﬁ%@%ﬁ%ﬁ%&ﬁ% e B8 ohraen, and ara-C. Further

informationigaugnfansaiingidyadiiinca) disBasishof@arceh ¥ dndestirantbisyasinets., Chapter 1,

entited "Cel pycle requlaion, AREaasncs. ans:aptacapiaABi dinds: by Miakam etar. (WB
Iad%?p%la 8 5' [

S .
Saunders: Phi , ), especlal yep. 13. The taxanes (pacllta>§1 | and docetaxel) are anticancer
drifys botholieriveihéreth FHECRIMYAR: ISPeTREN GG ERBI R REPB8HC Rorer), derived from
the Europeap:¥ewmyisnacsemisyniheaiiscanaiague-niopaitiitacixen(iAXa@sdadBristadiyers Squibb).
Paclitaxel gnd do%%%xgt[?rt?r mOteq[Q?az%Sj%'}HQ}X_ Qi icratubyies ipreivRisk dipeis and stabilize

microtubul guﬂﬁrﬁreve’n g (I:fé%o ymerization, which results in the inhibition ofmito%is,in cells.

"Doxorubiciintisding amphabipetitreimbisiey PRETIRPeFRMARITHERR SryERRTEIgT RO
(8S-cis)-10sH3 AminRsaaiicliidambiib:bosabieuapyraniony hesyli8yeid sbetraymyar 618, 11
pehides]odh BHBRNEE (AT B coletec
peptide/polypeptidis.avelamiitodpdrolisscepPRGn. SERER e RRR B HRFERSNd HOP-Met
interaction. \n Ane.eRpediment: Mesultersisvehaseptdesiachnentidesiandantivbdies) can be
puriication RS M Her ARSI S Al e B o e et DA
techniques sisa anfialtersidtiyé-toereumnpbiinenthistpimsisiohiogisa Meitbys Ridinp e RHBKE &Y chemically
us'ggg Standa?@tﬁ%%,i %é%ﬁgé%%im%ygﬁmomr, cytarabine, dideoxyuridine, doxifluridine,

enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,

epitiostanol, mepitiostane, testolactone; anti- adrenals such as aminoglutethimide, mitotane,

trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;

aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;

30 demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium

nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and

ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin, phenamet;

pirarubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK®

polysaccharide complex (JHS Natural Products, Engene, OR); razoxane; rhizoxin; sizofiran;

35 spirogermanium; tenuazonic acid; triaziquone; 2,2' 2"trichlorotriethylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine;
dacarbazine; mannomustine; mitobronitol; mitofactol; pipobroman; gacytosine; arabinoside
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HOP/Met antagonist molecules of the invention include those described in Figure 1. The invention also
provides a mutant or variant protein any of which residues may be 25changed from the corresponding
residues of these peptides/polypeptides, while still encoding a peptide/polypeptide that maintains
modulatory activity. In one embodiment, a variant of a peptide/polypeptide antagonist has at least

50%, 60%, 70%, 80%, 90%, 95%, 98%, 99% amino acid seﬂuence identit’é with the sequence of a

reference gepttie/polypepireamidgohicient: Henidtar-thd: axlitredGpstahdiRfthe same or
greater binSipgeitinisparthesiieiars rasrbindaevpénticdeipsiypeptidtbaniagapisézed., at least 0.75X,
0.8X, 0.9X, 1.0X, 1.25X or 1.5X the hjndi ffinity ofthe referen inder tide/polypeptide/ligand,
based on a%a%??fié-%%%p?éﬁ‘g%ﬁ fln%? ?s%g?/xagé%ﬁgﬁ%nn %Wrﬁ%%é%@v?ﬁ%%ﬁéﬁ%% rg%é)%irable degree of

antagonist BEavit). ard JeRerdIERERduetskth &biren FonieneBemsty Antis TMamtakh residues at a

pharﬁcuIarﬁ@&%fﬁt%ﬂpéﬂ@ﬁmg@gQ&ﬁoﬂ@yﬁe@eew@gbﬁimgaﬁem[@%@ﬁmﬁm@nd further includes
the possibility of inserting an additional residue or residues between two residues of the parent
T iR A G T oY Pl e
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sequence o’r‘oaﬁm@m@wm@ vé@i@hﬂb@;lﬁ{tﬁ@bﬁi@ﬁ&@@u@ﬁmﬁm@hﬁm waigosudbstitution,
insertion, og delglian &&Bﬁ%@&%ﬁﬁ%@%ﬁﬁ)%ﬁ&%ﬂ%ﬁh%i@@ﬁlﬁ-GJJS HisienRceRiBRsubstitution is a

conservative substitution as described herein. An "isolated" or "purifie_ " peptide, polypeptide, protein

or biologicaly =t Bffagyamsiindaihips dP I oS hel #rominPEaTiforHeRt BRI natural
endironmentdpbataiwdntlbomponiblet sainchoilds makeiiattvthal woultlithgpioathy interfere with diagnostic
or therapeutic uses for the polypeptide, and may include enzymes, hormones, and other

proteinaceous or Mot FreflFRiRdbR dhiiition a6, Prapliemprdin agnt preredpRrTsEa IR 30% by dry
weight of nasetlegiee eecaniemminatnpbattsiahdao BRI DARIS)P eatdradiylessdhan £:10%, 10%, and
preferably less than 5% contaminants are cansidered to he sybstantially isolated. An isolated,
ocombina o o b eSSBS P ERRD GRBI 1 reterably
substantialfjnfediag MiMuYe RIEER mmpeicel rirrifedidivl sefres drivdsraremaphitass than 20%,

pregerably lgssitas) reutdd) Yoy andprefembisiess ivaralynabfoehiinavaliimeant a
peptide/pol}/rﬁgﬁgyde rtei%?rﬁalg%n. Examples of con min%%llﬁs L5include ce# debris tﬁléllture media, and

substances Leat ant produced AUNRG IRVIEre SyMRe ISt e Paptaelpolypaptide.

adrepal glands, such as, for example, 4(5)-imidazoles, aminoghuethimide, MEGASE®
megestrol acetate, AROMASIN® exemestane, formestanie, fadrozole, RIVISOR® vorozole,
FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-androgens such as flutamide,
20 nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-dioxclane
nucleoside cytosine analog); antisense oligonucleotides, patticularly those which inhibit
expression of genes in signaling pathways implicated in abherant cell proliferation, such as,
for example, PKC-alpha, Ralf and H-Ras; ribozymes such as a VEGF expression inhibitor
(e.g., ANGIOZYME® ribozyme) and a HER? expression inhibitor; vaccines such as gene
23 therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and
VAXID® vaccine; PROLEUKING 1T1.-2; LURTOTECAN® topoisomerase 1 inhibitor;
ABARELIX® rmRH; and pharmaceutically acceptable salts, acids or derivatives of any of
the above.
A "growth inhibitory agent” when used herein refers to 2 compound or composition
30 which inhibits growth of a cell whose growth is dependent upon HGF/c-met activation either
in vitro ot in vivo. Thus, the growth inhibitory agent may be one which significantly reduces
the percentage of HGF/c-met-dependent cells in S phase. Examples of growth inhibitory
agents include agents that block cell cycle progression (at a place other than S phase), such as
agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the
35 vincas (vincristine and vinblastine), taxanes, and topoisomerase I inhibitors such as

doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those agents that arrest G1

21



Conservative substitutions of peptides/polypeptides are shown in Table A under the heading of
"preferred substitutions”. If such substitutions result in a change in biological activity, then more
substantial changes, denominated "exemplary substitutions” in Table A, or 20as further described
below in reference to amino acid classes, may be introduced and the products screened. Table A
Original Residue Exemplary Substitutions Preferred Substitutions Ala (A) val; leu; lie val Arg (R) lys;
gin: asn Iy§1A%FP(N§"@ﬁ‘fFFﬂg,“§§’;§? Fsygs&@rmgb,@lﬁ@ﬁ%&aﬂ@&geﬂts such as tamoxifen,

prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 3-fluorouracil, and ara-C.

Further information can be found in The Molecular Basis of Cancer, Mendelsohn and Israel,

eds., Chapter 1, entitled "Cell cycle regulation, oncogenes, and antineoplastic drags" by

5 Murakami et al. (WB Saunders: Philadelphia, 1995), especially p. 13. The taxanes (paclitaxe}
and docetaxel) are anticancer drugs both derived from the yew tree. Docetaxel
{TAXOTERE®, Rhone-Poulenc Rorer), derived from the European yew, is a semisynthetic
analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and docetaxel promote
the assembly of microtubules from tubulin dimers and stabilize microtubules by preventing

0 depolymerization, which results in the inhibition of mitosis in cells.

“Doxorubicin” is an anthracycline antibiotic, The full chemical name of doxorubicin is

(85-¢is)-10-[(3-amino-2,3,6-trideoxy-e-L-lyxo-hexapyranosyl)oxy}-7,8,9,10-tetrahy dro-6,8,11-
trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12-naphthacenedione.

|5 HGE/Met antagonists — peptides/polypeptides (including antibodies)

One aspect of the invention pertains to isolated peptide/polypeptide and antibody
modulators of HGF { chain- B chain interaction and HGF-Met interaction. In one
embodiment, modulators (such as peptides/polypepiides and antibodies) can be isolated from
cells or tissue sources by an appropriate purification scheroe using standard protein

20 purification techniques. In another ernbodiment, the modulators are produced by recombinant
DNA technigues. As an alternative to recombinant expression, modulators can be synthesized
chemically using standard peptide synthesis techniques.

HGF/Met antagonist molecules of the invention include those described in Figure 1.
The invention also provides a mutant or variant protein any of which residues may be

25 changed from the corresponding residues of these peptides/polypeptides, while still encoding
a peptide/polypeptide that maintains modulatory activity. In one embodiment, a variant of a
peptide/polypeptide antagonist has at least 50%, 60%, 70%, 80%, 90%, 95%, 98%, 99%
amino acid sequence identity with the sequence of a reference peptide/polypeptide antagonist.
In general, the variant exhibits substantially the same or greater binding affinity than the

30 reference binder peptide/polypeptide antagonist, e.g., at least 0.75X, 0.8X, 0.9X, 1.0X, 1.25X
or 1.5X the binding affinity of the reference binder peptide/polypeptide/ligand, based on an
art-accepted binding assay ¢uantitation unit/metric, while retaining a desirable degree of
antagonist activity.

In general, variants of the invention include variants in which residues at a particular

35 position in the sequence have been substituted by other amino acids, and further includes the
possibility of inserting an additional residue or residues between two residues of the parent

protein/peptide as well as the possibility of deleting one or more residues from the parent
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Cys (C) ser; ala ser'GIn (Q) asn; gin asn Glu (E) asp; gin asp Gly ((3) ala ala His (H) asn; gin; lys; arg
arg Be (1) leu; val; met; ala; phe; norleucine

sequence or adding one or more residues to the parent sequence. Any amino acid
substitution, insertion, or deletion is encompassed by the invention. In favorable
circumstances, the substitution 1s a conservative substitution as described herein.

An “isolated" or "purified” peptide, polypeptide, protein or biologically active

5 fragment is separated and/or recovered from a component of its natural environment.
Contaminant components include materials that would typically interfere with diagnostic or
therapentic uses for the polypeptide, and may include enzymes, hormones, and other
proteinaceous or non-proteinaceous materials. Preparations having preferably less than 30%
by dry weight of non-desired contaminating material (contaminants), preferably less than

0 20%, 10%, and preferably less than 5% contaminants are considered to be substantially
isolated. An isolated, recombinantly-produced peptide/polypeptide or biologically active
portion thereof is preferably substantially free of culture medium, i.e., culture medium
represents preferably less than 20%, preferably less than about 10%, and preferably less than
about 5% of the volume of a peptide/polypeptide preparation. Exaraples of contaminants

(5 include cell debris, culture media, and substances used and produced during in vitro synthesis
of the peptide/polypeptide.

Conservative substitutions of peptides/polypeptides are shown in Table A under the
heading of “preferred substitutions”. If such substitutions result in a change in biological
activity, then more substantial changes, denominated “exe}nplary substitations" in Table A, or

20 as farther described below in reference to amino acid classes, may be introduced and the

products screened.

Table A
Original Residue Exemplary Substitutions Preferred
Substitutions
Ala (A) val; len; ile val
Arg (R) lys; gin; asn lys
Asn (N) gln; his; asp, lys; arg gin
Asp (D) ghy; asn glu
Cys (C) ser; ala ser
Gln (Q) asn; glo asn
Gl (E) asp; gln asp
Gly (G) ala ala
His (H) asn; gln; Iyvs; arg arg
e (D) len; val, met; ala; phe; norlevcine lea
Leu (L) norleucine; ile; val; met; ala; phe ile
Lys (K) arg; gln; asn arg
Met (M) len; phe; ile len
Phe (F) leu; val; ile; ala; tyr tyr
Pro (P) ala ala
Ser (S) thr; cys cys
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leu Leu (L) norleucine; ile; val; met; ala; phe ile Lys (K) arg; gin; asn arg Met (M) leu; phe; ile leu Phe
(F) leu; val; ile; ala; tyr tyr Pro (P) ala ala Ser (S) thr; cys cys

Thr (T) ser ser
Trp (W) tyr; phe tyr
Tyr (Y} trp; phe; thr; ser phe
Val (V) ile; leu; met; phe; ala; norlencine len

Substantial modifications in the biological properties of the peptide/polypeptide are
accomplished by selecting substitutions that differ significantly in their effect on maintaining
(a) the structure of the polypeptide backbone in the area of the substitution, for example, as a
5 sheet or helical conformation, {b) the charge or hydrophobicity of the molecule at the target
site, or (c) the bulk of the side chain, Naturally occurring residues are divided into groups

based on common side-chain properties:
(1) hydrophobic: norleucine, met, ala, val, leu, ile;
(2) neutral hydrophilic: cys, ser, thr;
(0 (3) acidic: asp, glu;
{4) basic: asn, gln, his, lys, arg;
(5) residues that influence chain orientation: gly, pro; and
{6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of
15 these classes for another class.

Variants of antibody modulators can also be made based on information known in the
art, without substantially affecting the activity of antibody. For example, antibody variants
can have at least one amino acid residue in the antibody molecule replaced by a different
residue. For antibodies, the sites of greatest interest for substitutional mutagenesis generally

20 include the hypervariable regions, but framework region (FR) alterations are also
comtemplated.

For antibodies, one type of substitational variant involves substituting one or more
hypervariable region residues of a parent antibody {e.g. a humanized or human antibody).
Generally, the resuliing variant(s) selected for further development will have improved

25 biological properties relative to the parent antibody from which they are generated. A
convenient way for generating such substitutional variants involves affinity maturation using
phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to
generate all possible amino acid substitutions at each site. The antibodies thms generated are
displayed from filamentous phage particles as fusions to the gene I product of M13

30 packaged within each particle. The phage-displayed variants are then screened for their
biological activity (e.g. binding affinity) as herein disclosed. In order to identify candidate
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Thr (T) ser ser Trp (W) tyr; phe tyr Tyr (Y) trp; phe; thr; ser phe Val (V) lie; leu; met; phe; ala;

norleucine let Substantial modifications in the biological properties of the peptide/polypeptide are

accomplished by selecting substitutions that differ significantly in their effect on maintaining (a) the

structure of the polypeptide backbone in the area of the substitution, for example, as a 5sheet or

helical conformatlon (b) the charge orgnggar%% b|c| of the molecule at the tar S|te or (c) the bulk
u

of the side BRERENY %iynosé‘i?u hg'vesi %nﬁl R e RER S BaaR P ommon side-chain
properties: &)ty dspptvabinblnediencinaueeyadiutiag, égu;ﬁl@m(@)tn@mﬂmhﬂmﬁmhmc. cys, ser, thr; to(3)
acidic: as pAﬁls'fﬁz%)eRﬁ‘%ﬁo%ﬁbxﬂk& rﬁ'%’laly $e BEeficial to analyze a crystal structure of the
antigen-antibody complex to identify contact points between the antibody and antigen. Such
5 contact residues and neighboring residues are candidates for substitution according to the
techniques elaborated herein. Once such variants are generated, the panel of variants is
subjected to screening as described herein and antibodies with superior properties in one or
more relevant assays may be selected for further development.
Nucleic acid molecules encoding amino acid sequence variants of the antibody are
0 prepared by a variety of methods known in the art. These methods include, but are not
limited to, isolation from a natural source (in the case of naturally occurring amino acid
sequence variants) or preparation by oligonucleotide-mediated {or site-directed) mutagenesis,
PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant or a non-variant
version of the antibody.
(5 It may be desirable to introduce one or more amino acid modifications in an Fc region
of the immunoglobulin polypeptides of the invention, thereby generating a Fc region variant.
The Fc region variant may comprise a human Fc region sequence (e.g., a human IgGl, IgG2,
1g(3 or 1gG4 Fc region) comprising an amino acid modification (e.g. a substitution) at one or
more amino acid positions including that of a hinge cysteine.
20 In one embodiment, the Fc region variant may display altered neonatal Fc receptor
(FcRn) binding affinity. Such variant Fc regions may comprise an amino acid modification at
any one or more of amino acid positions 238, 252, 253, 254, 255, 256, 265, 272, 286, 288,
303, 305, 307, 309, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 386, 388, 400, 413,
415, 424, 433, 434, 435, 436, 439 or 447 of the Fc region, wherein the nurmbering of the
25 residues in the Fe region is that of the EU index as in Kabat. Fc region variants with reduced
binding io an FcRn may comprise an amino acid modification at any one or more of amino
acid positions 252, 253, 254, 255, 288, 309, 386, 388, 400, 415, 433, 435, 436, 439 or 447 of
the Fc region, wherein the numbering of the residues in the Fe region is that of the EU index
as in Kabat. The above-mentioned Fc region variznts may, alternatively, display increased
30 binding to FcRn and comprise an amino acid modification at any one or more of amino acid
positions 238, 256, 265, 272, 286, 303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 376, 378,
380, 382, 413, 424 or 434 of the Fc region, wherein the numbering of the residues in the Fc
region is that of the EU index as in Kabat.
The Fc region variant with reduced binding to an FcyR may comprise an amino acid
35 modification at any one or more of amino acid positions 238, 239, 248, 249, 252, 254, 2635,
268, 269, 270, 272, 278, 289, 292, 203, 204, 205, 296, 208, 301, 303, 322, 324, 327, 319, 333,
335, 338, 340, 373, 376, 382, 388, 389, 414, 416, 419, 434, 435, 437, 438 or 439 of the Fc
25



(5) residues that influence chain orientation: gly, pro; and (6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of 15these classes for another
class. Variants of antibody modulators can also be made based on information known in the art,
without substantially affecting the activity of antibody. For example, antibody variants can have at least
one amino acid residue in the antibody molecule replaced by a differe reglirpu . For.antibodies, the -
sites of gré&Edy MF@F@Bt‘?ﬁPEH‘B@HH&tR{ﬁB‘P FrROSEGE ?';% §é‘f’§'§%’3l]§/ ffiﬁgf%]?i h‘gﬁﬁ%%}l\]/ariable regions,
but frameviiaregion (FR) alterations are also contemplated. For antibodies, one type of
substitutional varignt involyes, substifulti r Vi i i i of a parent
antibody (e.g. a h&ﬁ%gﬁ?gg’or u%%%og?]%ggﬁy%aggqg@%fﬁgt%gg rgigu trirﬁeg) vggr}iﬁa};sﬁ[!g%ﬁsilected for further
developmennwiishaveninp psidaiiteionizanyropcrine et ain ad Rsiiesatottly from which they
are generajegl. Acanysrieplonay fRrganeratingsucnambstitistionat vartaetsinveRasasiinity maturation
using phage display. Briefly, several hypervariable region sites (e.g. 6-7 sites) are mutated to generate
all possibléS4fiss tgﬁgté gﬁﬁftf&%‘ feach site. The antibodies thus generated are displayed from
filamentous phag&ipditiciemasafisionsytditheygedecB! prdihrrah Ve 0pdakamedadithin each particle.
The phage;displauadaiRiR ALe. R esrerted ke hiBlagical aglivibs (60, biodiog, affiniy) as

herein disclosed. In order to identify candidate hypervariable region sites for modification, alanine
scanning mMifagdehadhs 3&h B peroirtedd Henty Aypet(artimé tedibh fedidad e cbitibuting
sigmificantlyhtorandiget WiasinghAtiarbativg byt de adiitisniall; Hongyobéshenefidiali0 detyze a crystal
structure of gr%elgarﬁ%gen-antibody complex to identify contact points between the antibody and antigen.
Such 5conf3&t résidues and neighboring residues are candidates for substitution according to the
techniques elaborditedegidn vaseodintrodman disrayerureddinding wardiafFHiafts is subjected to

screening aseseriRadherain audiantikadieswihsup sfighRORSIIRSI AT NrBIpPagelevant assays

may be selected for further devel n ic.aci cyles.encodi N0 aci guence
variants of #i& ﬁ%@géyzg%e e(éé%’z%l’ﬁy&ﬁéﬁgt%f %é?%ds rfozv%gf in F?g)g;?ghgeas?é%r%thods
incfude, bud3ESHh3Tmited, BR2ASHALRAY fAdM 4ohatdiar 80 ddhgTerestasevbiraattieally occurring amino
acid sequepgeAHaBINALARPAAIRTERY. QIR0 HResiferTesiied (Pksiig-directed) mutagenesis,

PCR mutagenesis, and cassette mutagenesis of an eaylier prepare, rignt or a non-variant version of
the antibody. 5It rﬁ&?ﬁ’é’%&@f’&fﬁ@"{@ FduEE SHEDP %frggar%%gdggg g&fﬁgﬁﬁ%%}g in an Fe region
of the immpeglebutinpelypeptiCastofithey (GIREton dthetbilig8epatiiga. Fivrbgiotsariant. The Fc
region varignt may cOMArse A HUMaR HarRdiAbACBUAREE £ in QI PARISE Y16 G2, 1003 or IgG4 Pc

region) comprising an amino acid modification (e.g. a substitution) at gne or more amino acid positions
in fhding t 0%%?@%&@&,&%},@334 of the Fc region. See, also, Duncan & Winter Nature
322:738-40 (1988); US Patent No. 5,648,260; US Patent No. 5,624,821; and W094/20351

concerning Fe region variants.

Vector Construction

25 Polynucleotide sequences encoding the peptides/polypeptides described herein can be
obtained using standard recombinant techniques. Desired polynucleotide sequences may be
isolated and sequenced from appropriate source cells. Source cells for antibodies would
include antibody producing cells such as hybridoma cells. Alternatively, polynucleotides can
be synthesized using nucleotide synihesizer or PCR techniques. Once obtained, sequences

30 encoding the immunoglobulins are inserted into a recombinant vector capable of replicating
and expressing heterologous polynucleotides in a host cell. Many vectors that are available
and known in the art can be used for the purpose of the present invention. Selection of an
appropriate vector will depend mainly on the size of the nucleic acids fo be inserted into the
vector and the particular host cell to be transformed with the vector. Hach vector contains

35 various components, depending o its function (amplification or expression of heterologous

polynucleotide, or both) and its compatibility with the particular host cell in which it resides.
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20In one embodiment, the Fc region variant may display altered neonatal Fe receptor (Fcfin) binding
affinity. Such variant Pc regions may comprise an amino acid modification at any one or more of amino
acid positions 238, 252, 253, 254, 255, 256, 265, 272, 286, 288, 303, 305, 307, 309, 311, 312, 317,
340, 356, 360, 362, 376, 378, 380, 382, 386, 388, 400, 413, 415, 424, 433, 434, 435, 436, 439 or 447

of the Fc region, wherein the numbering af the 25 residues in the Fe region is that of the EU index as
i Kabat, PR CATARIS R TSA 0t BrActs 45 D0t LR e BIRDAREsBACET: & i
modificatiopraicaiay whes diervrster &f mmitesl tagositions Q&) 268264y 26528816309, 386, 388, 400,

415, 433, $Emd3R 43R0 STOM G PeIstlon bRl e IHRREHNAALIG asiies in the Pe
at. e

region is that of the EU index as in Kab above-mentioned Fe region variants may, alternatively,

display incPESEe S BATSHEEN FERIPHIRT CeiEe an amino acid modification at any one or more of
amgno acid positiqns 2 296, 260, 272, 286, 303, 305, 307, 311,312 317, 340, 356, 360, 362, 376,
3r7rg, 380, 382, 4%’%5&@%%“ (ﬁ%ﬁ'ceorecfgéﬁ}ggf%ﬁ%}%% ﬁgecr?lr:jlltrrn l(seerﬁ%isng?syr‘f?}e“rcesﬁffues in the Fc

region is tHErEedHeoma sprsise ermpakilpatith the host cqthaeness@ iicanpasion withtrerdurosd. binding to an

FcyR may thsnptise adimiiyenaiid3epnesification alaimysanaieh et aminsmasid positions 238,
239, 248, 249 %52F 254, 265, 268, 269, 270, 272, 278, 2%9, ﬁQ% 293, 294, 295, 296, 298, 301,
capdble of providing phenotypic sélection in transformed cells. For example, £ coli 1s
typically transformed using pBR322, a plasmid derived from an £. col species. pBR322
0 contains genes encoding ampicillin (Amp) and tetracycline (Tet) resistance and thus provides
easy means for identifying transformed cells. pBR322, its derivatives, or other microbial
plasmids or bacteriophage may also contain, or be modified to contain, promoters which can

be used by the microbial organism for expression of endogenous proteins.

In addition, phage vectors containing replicon and control sequences that are
5 compatible with the host microorganism can be used as transforming vectors in connection
with these hosts. For example, bacteriophage such as AGEM.TM.-11 may be utilized in
making a recombinant vector which can be used to transform susceptible host cells such as £,
coli LE392,

Either constitutive or inducible promoters can be used in the present invention, in

20 accordance with the needs of a particular situation, which can be ascertained by one skilled in
the art. A large number of promoters recognized by a varicty of potential host cells are well
known. The selected promoter can be operably linked to cistron DNA encoding a polypeptide
described herein by rernoving the promoter from the source DNA via restriction enzyme
digesiion and inserting the isolated promoter sequence into the vector of choice. Both the

23 native promoter sequence and many heterologous promoters may be used to direct
amplification and/or expression of the target genes. However, heterologous promoters are
preferred, as they generally permit greater transcription and hi ghe; vields of expressed target

gene as compared {o the native target polypeptide promoter.

Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the B-
30 galactamase and lactose promoter systems, a tryptophan (trp) promoter system and hybrid
promoters such as the tac or the fre promoter. However, other promoters that are functional
in bacteria (such as other known bacterial or phage promoters) are suitable as well, Their
nucleotide sequences have been published, thereby enabling a skilled worker operably to
ligate them to cistrons encoding the target light and heavy chains (Siebenlist et al. (1980) Cell
35 20: 269) using linkers or adaptors to supply any required restriction sites.
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303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376, 382, 388, 389, 414, 416, 419, 434, 435, 437,
438 or 439 of the Fe

In some embodiments, each cistron within a recombinant vector comprises a secretion
signal sequence component that directs translocation of the expressed polypeptides across a
membrane. In general, the signal sequence may be a component of the vector, or it may be a
part of the target polypeptide DNA that is inserted into the vector. The signal sequence.

5 selected for the purpose of this invention should be one that is recognized and processed (i.e.
cleaved by a signal peptidase) by the host cell. For prokaryotic host cells that do not
recognize and process the signal sequences native to the heterologous polypeptides, the signal
sequence is substituted by a prokaryotic signal sequence selected, for example, from the
gfoup consisting of the alkaline phosphatase, penicillinase, Ipp, or heat-stable enterotoxin Il

0 (STID) leaders, LamB, PhoE, PelB, OmpA and MBP.

Prokaryotic host cells suitable for expressing polypeptides include Archaebacteria
and Eubacteria, such as Gram-negative or Gram-positive organisms. Examples of useful
bacteria include Bscherichia (e.g., E. coli), Bacilli (e.z., B. subtilis), Enterobacteria,
Pseudomonas species (e.g., P. aeruginosa), Salmonella typhimurium, Serratia marcescans,

5 Klebsiella, Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus. Preferably, gram-
negative cells are used. Preferably the host cell should secrete minimal amounts of
proteolytic enzymes, and additional protease inhibitors may desirably be incorporated in the

cell culture,

Peptide/Polypentide Production

20 Host cells are transformed or transfected with the above-described expression vectors
and cultured in conventional nutrient media modified as appropriate for inducing promoters,

selecting transformants, or amplifying the genes encoding the desired sequences.

Transfection refers to the taking up of an expression vector by a host cell whether or
not any coding sequences are in fact expressed. Numerous methods of transfection are known
25 to the ordinarily skifled artisan, for example, CaPQ, precipitation and electroporation.
Successful transfection is generally recognized when any indication of the operation of this

vector cccurs within the host cell.

Transformation means introducing DNA into the prokaryotic host so that the DNA is
replicable, either as an extrachromosomal element or by chmmesorﬁal integrant. Depending
30 on the host cell used, transformation is done using standard techniques appropriate to such
cells. The calcium treatment employing calcium chloride is generally used for bacterial cells
that contain substantial cell-wall barriers. Another method for transformation employs

polyethylene glycol/DMSQO. Yet another technique used is electroporation.

Prokaryotic cells used to produce the peptides/polypeptides of the invention are

35 grown in media known in the art and suitable for culture of the selected host cells. Examples
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25  region, wherein the numbering of the residues in the Fe region is that of the EU index as in
Kabat. For example, the Fc region variant may display reduced binding to an FcyRI and comprise
an amino acid modification at any one or more of amino acid positions 238, 265, 5269, 270, 327 or
329 of the Fc region, wherein the numbering of the residues in the Fc region is that of the EU index as

in Kabat. The Pc region variant may. display reduced binding.to an FcyRIl.and comprise an amino
i Ak B e e D R B Bl s, 206,
303, 324, 38bod8R@&n83H1c38511888 @?@@@%ﬁ@?ﬂ%@%@{%@ﬁ?%@@ﬁm@m@m@wregion,

wherein thg, umberng REthedesidussifhmiFeseaiar dhalaldhaiFlbingdaxandn Kabat.  The Fe
region variant of interest may display reduced hinding, to ané‘_:achBl agidcggf prise an.amino acid

modificatioRBIEBHER IF FHre B SATRG T SIS AS S3E, 25012 33y SPGB 68, 269, 270,

273, 278, 285id03, r284a23n96, 301, 303, 322, 327, 329,

Any necessary supplements besides carbon, nitrogen, and inorganic phosphate
sources may also be included at appropriate concentrations introeduced alone or as a mixture
with another supplement or medium such as a complex nitrogen source. Optionally the culture
medinm may contain one or more reducing agents selected from the group consisting of

0 glutathione, cysteine, cystamine, thioglycollate, dithioerythritol and dithiothreitol.

The prokaryotic hast cells are cultured at suitable temperatures. For E. coli growth,
for example, the preferred temperature ranges from about 20°C to about 39°C, more
preferably from about 25°C to about 37°C, even more preferably at about 30°C. The pH of
the medium may be any pH ranging from about 5 to about 9, depending mainly on the host

L5 organism. For E. coli, the pH is preferably from about 6.8 to about 7.4, and more preferably
about 7.0.

If an inducible promoter is used in the expression vector, protein expression is
induced under conditions suitable for the activation of the promoter. For example, if a PhoA
promoter is used for controlling transcription, the transformed host cells may be cultured in a
20 phosphate-limiting medivm for induction. A variety of other inducers may be used, according

to the vector construct employed, as is known in the art.

Peptide/polypeptides described herein expressed in a microorganism may be secreted
into and recovered from the periplasm of the host ceils. Protein recovery typically involves
disrupting the microorganism, generally by such means as osmotic shock, sonication or lysis.

25 Once cells are disrupted, cell debris or whole cells may be removed by centrifugation or
filtration. The proteins may be further purified, for example, by affinity resin
chromatography. Alternatively, proteins can be transported into the culture media and
isolated therefrom. Cells may be removed from the culture and the culture supernatant being
filtered and concentrated for further purification of the proteins produced. The expressed

30 polypeptides can be further isolated and identified using commonly known methods such as
fractionation on immunoaffinity or ion-exchange colurnns; ethanol precipitation; reverse
phase HPLC; chromatography on silica or on a cation exchange resin such as DEAE;
chromatofocusin g; SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for
example, Sephadex G-75; hydrophobic affinity resins, Higand affinity using a suitable antigen

35 immobilized on a matrix and Western blot assay.
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15338, 340, 373, 376, 382, 388, 389, 416, 434, 435 or 437 of the Fe region, wherein the numbering of
the residues in the Fe region is that of the EU index as in Kabat. Fe region variants with altered
(i.e. improved or diminished) Clg binding and/or Complement Dependent Cytotoxicity (CDC) are
described in W099/51642. Such variants may comprise an amino acid substitution at one or more of

amino acid positigns, 270, 322, 20326, 327, 329, 331, 333 ar 334 of the Fe region, See, also, Duncan
& Winter Nature 09 g K08 e G 5 A S0 G PGS BRTSt. and
W094/293 51 tonte buitaplE dastgyinsiuda mzamsidlisc el Gorssde inl 28 Rolymsetectldesbgsences
encoding thg RertidespalyReptides described herein can be obtained using standard recombinant
techniques. Desired polynucleotide sequences may be isolated and sequenced from appropriate
source cells. SoupegikiRiisofosaritibpdigrmionld include antibody producing cells such as hybridoma
cells. Alternatively, polynucleotides can be synthesized using nucleotide synthesizer or PCR

techniques. OnceFapighicalsepifasces 3o BadudihgWibdmrntindHlobiinsraperstensibatinto a

recombinagie\asionsapaiemefseplisatinaanrg Sukessing:hetesaieanus:halynusiagtides in a host cell.
Many vectorsﬁh@ are av.ailﬁlble and knowp int ag n be used for the e o%the present
ecti

a urpos
invention. SSBMGVAIRL6e o ca b Smplbved: The toliovians procedires e Srenlay F (1o 10 e
inserted intyithidapsitraiod thephiriclarthostioeitenbevireaiSiotye dowithcthiegeaociomiBach vector

contains 3gHANOYSe eptwrdaneading endisunsticniamnification arexpessian el heterologous
po%nucleotld_e, or bo{}))ﬁand its compatibility with the particular host cell in which it resides. The vector
|

cothponenf&SGee4s él%ncé’f‘ﬂﬂi‘tﬁ?éc‘%‘ﬁiﬁﬁéfﬁggﬁ&%ﬂ‘wwﬁ%ﬁ?iﬁﬁtmé?lvvhen the
vector is inSiergchintng finckamdticSepidexs@iection marker gene, a promoter, a ribosome binding site
(RBS), a signal sequence, the heterologous nucleic acid insert and a transcription termination
sequence. 5In geM&iBedsEE A xealed containing replicon and control sequences which are derived
from a species coémgatible.with th% host.cell a%ﬁhl%%d in con[;%;tig_n Wg%] these hosts. The vector
ordinarily carries reﬁ}’ggﬂ%%ﬂ‘@, ST AT e ésg%aﬁé SRR té‘?‘étaéﬁjﬂéﬁlé:e&a&oviding
phenotypicegbastid therEiEENS tdrinadsek lis nfedifextonpitthe bedilgsdypitaliytrdnisfoarniedlasing pBR322,
a pjasmid derived OMAR.F ALK URHR BRASS: Ae0taINS 98NS R SRGAgING gpicillin (Amp) and
tetracycllnggg‘:et) resistance and thus provides easy means for identifying transformed cells. pBR322,
its derivati ,%?%ﬂ?é‘?%?’crobial plasmids or bacteriophage may also contain, or be modified to
contain, promotergatbishtatukesusechey dlae (miioninperganisolyiebeipressjienpbendogenous
proteins. ..., inadditian. pIAge veetors,contalning:FeRliconANd SRIrgl seayenpes that are compatible
with the host?nicroorganl m can be used as transforming vectors in connection with these hosts. For
example, BRBIEHEpHIGR ke D befEvrefaied epidpeie anyadimhedstmprep#scombinant vector
which can petiseede-tnaiaunsuseanthlevhesioalis soahcabtzoc@icbEBAed in admithareconstitutive or
inducible promelsrs can be Red b g Lesenl ienian b accordanae with. (he fegds,of a particular
situation, Which tan be ascertaine y one Skilled in the are. A arge number oippr%moters recognized
by a variet{@RFObE IRAIHOSE delivcdraroditniching, tirhdosiatd descp i piaist with wé@iskrably linked to
cistron DNAxieRging Relypspiidedascrhsenesein iy a0\ @dinth the Pramaiakiion the source DNA

via restriction enz digesti nd inserting. the isolated promoter uence into the vector of choice.
ot e 250 TR S B B B e e F e B Lo to v
25 aqueous solutions. Acceptable carriers, excipients or stabilizers are nontoxic to recipients at

the dosages and concentrations eraploved, and include buffers such as phosphate, citrate and
other organic acids; antioxidants including ascorbic acid; low molecular weight (less than
about 10 residues) polypeptides; proteins, such as serum albumin, gelatin or
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone, amino acids such as

30 glycine, ghutamine, asparagine, arginine or lysine; monosaccharides, disaccharides and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar
alcohols such as mannitol or sorbitol; salt-forming counterions such as sodinm; and/or
nonionic surfactants such as TWEEN™, PLURONICS™ or PEG.
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amplification and/or expression of the target genes. However, heterologous promoters are preferred,
as they generally permit greater transcription and higher yields of expressed target gene as compared
to the native target polypeptide promoter. Promoters suitable for use with prokaryotic hosts include the
PhoA promoter, the 3- 30galactamase and lactose promoter systems, a tryptophan (trp) promoter
system and hybrid promoters such as the tac or the trc promoter. H%weveir, (e)lq;er. prognloters that are
functional in bactdfia (EIMVALENS fRe BT Ar HARRS AITBP SHAR BIBTHR &Y %re Sitl5E 2% well. Their
nucleotide gequphded baiierheantpuidisedlctfibraby enaliiimps shilted wirkewogerably to ligate them

to cistronslegckglgizra} Ow%garr g%ﬂ@&&nd heavy chains (Siebenlist et al. (1980) Cell 3520: 269) using

linkers or atiaptors to supply any required restriction sites. In some embodiments, each cistron

within a recombinBifrdesiés CorapTdens esdp s bignaplstl B a Compstits actiltts

tragslocatigaeeds theerpssaadepalypepides acioks danienmbilaneinigeneeapitiesigrial sequence may

be a compgner&%ofith%.vceti:tgr, oL iet may be a part of the target polypeptide DNA that is inserted into the
vector. The %‘?anéfns%ﬁ ence baeldcted for the purpose of this invention should be one that is

recognized and pideassiediremlistiontyia aiemapepttaserpiieie hospisliorst prokaryotic host

cells that dgmabrasadRiZeRAs PHEGRSHHRA Sianatseaancamnatine intwedieieialagesa polypeptides,
the signal sequence is substitute_daclf aﬁlgtr,okar otic ﬁ)i(gnal sequence selected, for example, from the
Fl4y

group condI&HHGEHRRE! SR N EY Bt O AL AT SR Eble enterotoxin 11 O(STII)
lea@lers, LarnB, PhoRgReii] @sapAdargcMBRtrationfobisyeticiiisst cuatisosititabld fot expressing
pO'VPeptid%?JJAHH%&{&P@SP%%@%EHP%g%c§upns@%;§fﬁmé@eq'ﬁ&iu@t&ﬁﬁ@mfapsitive

organisms. Examples of useful bacteria include Escherichia, %g E, Ofg‘)’ Bacilli (e.g., B. subtilis),
EnterobactfiaPBeRiiio ASHRELE el drgnisratan iy abyt Wﬁ&ﬁ&l EEEum, Serratia
marcescanghtdiabgiellaaRrptelisBhigelids eikbihiaidvitrefscltadet RewsicocdysieRtigferably, gram-
negaiive celR i Re, Rl tha st call supuRaRuAISIUIBa aRANNITAbRILCOl i
enzymes, and a é j} d bly b

dditional protease inhibitors may desira %}"e incorporated in the cell culture.
Péptide/Polipritideles fadonertyMasseéhant CirapdionhedisrisaldnidasitacaitsBove-described
expressionwaetarseass Gultuwrdiinarpyentienabaigentiopedia, Facifice ds BiprBagatefor inducing

promoters,.selecting frapsfarmant ¢ %amplifying the genes encoding the desired sequences.
Transfectio%?%fﬁ?%ﬁ%%iﬁ%&%% c%‘ an expression vector by a host cell whether or not any coding

sequences are in Taeteikpiue seaimimsoroRie bFES SradrRHsidhedrecRHEMA TBRPIRS ordinarily
skilled artisginfaexanpleutia RO RreGRiaion andglec apesalomtycshashihilarsfection is
geperally recognized when any indicaton.of ihe. oRe/AIeD A IAYREICEQRGHIR, Wikindhe host cell
route of administration. Guidance as to particular dosages and methods of delivery is
provided in the literature; see, for example, U.S, Pat. Nos. 4,657,760; 5,206,344; or
5,225,212. Ttis anticipated that different formulations will be effective for different treatment
compounds and different disorders, that administration targeting one organ or tissue, for
25 example, may necessitate delivery in a manner different from that to another organ or tissue.
Where sustained-release administration of a substance or molecule is desired in a
formulation with release characteristics suitable for the treatment of any disease or disorder
requiring administration of the substance or molecule, microencapsulation of the substance or
molecule is contemplated. Microencapsulation of recombinant proteins for sustained release
30 has been successfully performed with human growth hormone (rhGH), interferon- (thIFN- ),
interleukin-2, and MN rgp120. Johnson et al., Nat. Med., 2:795-799 (1996); Yasuda,
Biomed. Ther., 27:1221-1223 (1993); Hora et al., Bio/Technology, 8:755-758 (1990);
Cleland, "Design and Production of Single Immunization Vaccines Using Polylactide

Polyglycolide Microsphere Systems," in Vaccine Design: The Subunit and Adjuvant
35 Approach, Powell and Newman, eds, (Plenum Press: New York, 1995}, pp. 439-462; WO
97/03692, WO 96/40072, WO 96/07399; and 1.S. Pat. No. 5,654,010.
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Transformation means introducing DNA into the prokaryotic host so that the DNA is replicable, either
as an extrachromosomal element or by chromosomal integrant. Depending 30on the host cell used,
transformation is done using standard techniques appropriate to such cells. The calcium treatment
employing calcium chloride is generally used for bacterial cells that contain substantial cell-wall
bathers Another method togé[ae asfor Orati{ggﬁgrrp%llp%%%o%ghglggr% glycpUDMSQ. Yet another technique
used is electropo ation: Bro arryo & CallS Geed to pro fce the peptldes?Bo ypeﬁ(%)e% of the invention
are 35grovkriis-nogticoknevith(H-fhé) aalamer duitsbls Rorconinardibitihadsuideterthobt cells. Examples of
suitable m%ﬂiée%%&&éﬁl% [RABRUTAL BIPAS IR CRSAREY STUTIEAL SRR ERIDINLBIRfRMed

embodiments, the media also _cotgt ins a selection agent, chose sed on, the_construction of the
3 e

expression?GEEBFA PR R Grahh Mroren il R B A PR SP8ssion vector.
Fob6 exampte,zdjngédi ﬂinrﬁ&mﬂdedc_t@mdh@dmfigg@wm mbhehh@exqaiﬁgsaim@cﬁmmiﬂﬂhn kesistant gene.
Any necessapy SUPRIGMENLSRESIARR 8@&&9%o'ﬁ{tf&%?gfg%@%@é’ﬁg@ﬂl&?99:%91‘.‘@%&9%8% may also be

included at appropriate concentrations introduced alone or as a mixture with another supplement or
medium suet&d FeompiasemisdsbicPolymes aplmgddthivans Sisfame Maurl Heksy S6itain one or more
reducing ageatsise®ciedifram the group consisting of glutathione, cysteine, cystamine, thioglycollate,
dithioerythritol and,dithiothreitol. The prokaryatic, h lls.are cultured at suit emperatures. For
E. coil growth, forqglfalgn%%‘c Elgnp?gfgég%g »[We‘#‘bnet%ﬁ%ﬁ r%‘%lg firlt%témargl%% af(ﬁ%%%é%ﬁ%@& more
preferably fheHGHB i @ liomirtuw 37 G eversimorathirepa i ltinbgain 8 0GicH hetggbhetthanmedium
may be angdblsaoging fiam. Aot ahaul s eRaRd i malY O e Rs thgraagism. For . col,

the pH is preferably from about 6.8 to about™7.4, and more preferably about 7.0. ~ If an inducible
promoter iSRI3BE g diadpie Nsiemined and/ oy St st waionsief HEcR ahaiu ere shmrtigdasuitable for
the activatigpieddae incamatewifRoexample, ayPhehHiRMeter isusadsiarcantelirambmaseription, the
transformed h?st cells may. be cultured in a %%QOspgl%teﬂlimitingrryedium govreinducti{ag}dc variety of

. SIH§ e-chain an €8, anti-1%10 PIC ﬁn 1 i85 chImenic ?man & 181008 O
other inducer may be used, dccording to the vector construc employed, as IS Known in he art.

Péptide/pobptieplidesr desorbidaherdlneipres sedbedissaicreuibahisrremenysb épaaratedtinto and
recovered frm;ithe;petinasm althe-hasiviels viRmigin reeaxemuivaicalyHinyalessisndpting the

microorganjsm, generally by such means as osmatjc shock, sonicatjon or lysis nce cells are
Cisuptot, SATHERASES A RE TS 58 WEE B Ko ohton BF i THE SRS may
be further et iforfBoamepl iy sifPifiyeseth, New York) for treating age-related macular

degeneration.

20 As described herein, an HGF/Met antagonist substance/molecule of the invention can
be a peptide or polypeptide (including an antibody). Methods of obtaining such peptides and
polypeptides are well known in the art, and include screening peptide and polypeptide
libraries for binders to a suitable target antigen. In one ernbodiment, saitable target antigens
would comprise HGF B chain (or portion thereof that comprises the N-terminal and/or

25 dimerization region), which is described in detail herein. In one embodiment, suitable target
antigens would comprise Met, for example the extracellular domain of Met. Libraries of
peptides and polypeptides are well known in the art, and can also be prepared according to art
methods. See, e.g., Clark et al., U.S. Pat. Nos. 6,121,416; and Garrard et al., 5,750,373,
5,733,743, 5,837,242, 5,969,108, 6,172,197, 5,580,717, and 5,658,727. Libraries of peptides

30 and polypeptides fused to a heterologous protein component, such as a phage coat protein, are
well known in the art, e.g., as described in Clark et al. and Garrard et al., supra. Variants of a
first selected peptide or polypeptide binder can be generated by screehing mutants of the
peptide or polypeptide to obtain the characteristics of interest (e.g., enhancing target binding
affinity, enhanced pharmacokinetics, reduced toxicity, improved therapeutic index, etc.). For

35 example a characteristic of interest can be ability to bind to Met, but reduced ability to

activate HGF-related biological activities such as cell proliferation, Met phosphorylation, cell
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chromatography. Alternatively, proteins can be transported into the culture media and isolated
therefrom. Cells may be removed from the culture and the culture supernatant being filtered and
concentrated for further purification of the proteins produced. The expressed 30polypeptides can be
further isolated and identified using commonly known methods such as fractionation on immunoaffinity

or ion-exchange.columns; ethanol ipitation; reverse phase HPLC: chromatography.on silica or on
a cation ex%]f%?ﬁ%%l’r%ﬁ;% nalétgigﬁeréessl E%{_if% n%‘r%get%gfgg‘&esgl %@ %%@ETB\K&EE 91 aerfﬁggﬁé?\?ur% (s)gffate
precipitatiofor geltéligationld Sngjtfds mdﬁﬁﬁ@,@éphﬂd@ﬂiﬁlﬁpwmm@taﬁmi@%ﬁr&, ligand
affinity using, gy suiiahls aniiasn ASmmablized srmmais ancbesisbiphasspy. —Besides

prokaryotic host cells, eukaryotic host cell systems are also well established in the art. Suitable hosts
include mahiifEiERTeciFAEREIUERERS HE Paah CREk Bt bitomisEntasermeg Hlow.
Peptide/pohipaptidaPreification el eptidesinolypepides i ahpsaneducatiaa heaiparified to obtain
preparations.Hﬁat,%{]e sub stantial%homorgleneto&és for further assays and uses. Standard protein
purificationarcﬁefﬁ% Fknown THtRE SR B%pémployed. The following procedures are exemplary of
suitable purificatidPeprotediwes! fhastiditatbncondidnn arlstdfeitpdedois-eldbh angates|timns, ethanol
precipitatiop, fauesSearnask Bk din S HHaRARAs RNV HlS BsQ5-ileA H AN QR EXERARGRMresin such as
DEAE, ch@a'[égfocu ing, SDS-PAGE, ammonium sulfa}tgrprecipit%%%%, nd gel filtration using, for
example, SEHTHGEREE DECRIBRBHT ORI AORANIEY O o PRRSHRAEARBRBIOUI 4R L TR AB(E methods
based on thadiadiyg, thstimutatidhsrbiantdin fegions.of hdesi@ipicigaesullinsmedification of the
biological agiiitiesotihe Mmolachis. svnerais SUEhBysansmeleedas cxhikitaptagonistic effects in

the modulation of the EIGF/Met pathway. Varjous substances or molecules (including
peptides/pélspapaae ety iy prrefifitiled BiolHehpetilUgeitS i acct riamee shith the methods
of the invenitioo) vz sWdstanses dKimnbhetit esataFEBS famm (dadsysaectfdirg)ienddrown methods to
prepare phﬁra%%e&t%%&%%yé ﬁg@g@sﬂgﬁ)%ﬁ\%hereby the product hereof is combined in admixture
with a pharmaceutically acceptable carrier vehicle. Therapeutic formulations are prepared for storage
by #nixing the active ingredient having the desired degree of purity with optional physiologically
acceptable carriergcegipentsHnstiahilizers (Remington's Pharmaceutical Sciences 16th edition,
Osol, A. Ed. (1980)), in the form tof Iyoptgilizedf rmuIt tigns or 2ba ueous sctJLutéons. Acceptable
carriers, excipient ST S é?[éfﬁon 5 fgxibar‘pé%ﬁ)lé’n%cg?]ﬁwﬂeﬂ ls."féfzgcésa%ﬁ(§’ CGticentrations
employed, Branpietudetiboffes srslicle palyshosphatecdimakdramenittic bispgeific alds; antioxidants
including ageQrbicaeidi.owppaiacular weight (less than about 10 residues) polypeptides; proteins,
su)ch as serum albumin, gelatin or immunoglobulins; hydrophilic polymers such as
pdifvinylpyrrolidorle, amg%yége%l-é%‘ﬁ%eg

The antibodies may comprise polyclonal antibodies. Methods of preparing

polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in
a mammal, for example, by one or more injections of an immunizing agent and, if desired, an
adjgvant. Typically, the immunizing agent and/or adjuvant will be injected in the mammal by
25 multiple subcutaneous or intraperitoneal injections. The imununizing agent may include an
HGF B chain (or portion thereof) or a fusion protein thereof. It may be useful to conjugate the
Immunizing agent to & protein known to be immunogenic in the mammal being immunized.
Examples of such immunogenic proteins include but are not limited to keyhole limpet
hemocyanin, serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor, Examples
30 of adjuvants which may be employed include Freund's complete adjuvant and MPL-TDM
adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate). The
immunization protocol may be selected by one skilled in the art without undue
experimentation. -
2. Monoclonal Antibodies

35 The antibodies may, alternatively, be monoclonal antibodies. Monoclonal antibodies

may be prepared using hybridoma methods, such as those described by Kohler and Milstein,
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30glycine, glutamine, asparagine, arg,inine or lysine; monosaccharides, disaccharides and other
carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA, sugar
alcohols such as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic
surfactants such as TWEENTmM, PLURONICST" or PEG. The formulations to be used for in vivo

administration must be sterile, This is readily accomplished by filtration through sterile filtration
membraneg,%%@’6?%%%%%;%9&%{@%% R4 rgc%%“s ?tt%ﬁ“rsl on o OQFB%‘?%%)@%% %%Sr% positions
herein genaratyl aseypledbdintorazed mtahey itvavingiagstegiiti G elddebanpbetytos Graprpiecean intravenous
solution bag, &%\é@daﬂm@gﬁﬁ%&%&@ﬁ&ea@mﬁa&mﬁﬁm@tmﬁgtmmﬁgﬁm The route of

administration is in accord with khown methods, e.g. injection or infusion by intravenous,

intraperitorlSEITHEbe tH RAPARRRIFLISRY B IRRSER A VifGaarterial or intralesional routes, topical
administration, orns swstaings: pleasaisygems. ieRageHGR @ desiresk dontpsancestirations of
harmaceuytical composition the present invention.may, vary,dependipng, on the particular use
gnvisioned%uf’ﬁg Rt rﬁ'ﬁ%?gn(%n meﬂﬁ‘peﬁ%rhoeﬁﬁg?gh 6@6}{%2?30%;/3?8 86333%3% aafrl%hgf:sé lecell within the
skill of an oxlinaiyymsicign saimbedgenrarsiprolidehalidb kelisurred foRfriweaRrmination of
effective doses,fon hunasthalapyJntarspssissossalng efeffasiveidosessanheqerdarmed following
[5 the principles Jaid down by Mordenti, J. and Cha eII,V}g" he use o%inte(ggg}eci scaling in
toxicolcineliB& Mg B IHBRIA SIRBA5E R &YG B‘ggglﬁﬁrﬁ ﬁ?,’%#gBll% e “Pergamon Press,

Ne@v York 1988nrpiy4@s&6nal Anftadiedn pidi Sreation AtadsulsRaased KB &Rte of the invention

is employe%qpﬁmﬁlogaﬁm&m%m@m@mm RiThRR Rk e a0 E%Qt{&xﬂaﬁc? kg, mammal
body 20weight or more per day, preferably about 1 jig/kg/day to 10 mg/kg/day, depending upon the

route of adfiiitisfEadsnt: evigaAreyess pEsfruliEbssy&E Qﬁﬂsﬁ@’ﬁlﬁ’d’?&f’%gﬁ%ﬁﬁs provided in the
literature; semmifgeexdmepiehridomaRalls Nag bé 687260 Hs20&BAA tor522m R Yt Wriseaaitivipated that

different formulations Wil Be sfisetive. rdilfersadraaiment comapyids apdsdifferent disorders, that
25 [

administration targeting one organ or tissue, for 25eéxample, may necessitate delivery in a manner
différent frémmpatlieed aefineForgampleiddpparentahprly dack die Fensre vRSE B HRMEEHBN of a
substance groRalemIs/ s desied Maramu EiamWwWib daiasspchardoatistigskisiiable for the treatment
of any disease qr disqrder requiring administration of tlaq uh fan "T'H%!ﬁ le, Jpicroencapsulation
of the subs%?ﬁ%%[%ﬁﬁ% egclzlb %%l 1’86%@%‘81é‘%&‘?ﬁ%ﬁ‘?@&oé‘ﬁé"dﬁaﬁoﬁ%%ecom‘g‘m’m proteins for
sustained refessEaonaeyabh st EeiHIlefsitdcflith human growth hormone (rhOH), interferon-
(thIFN-), interleukips2ranghiblEgRd 2 IpRsandeial sbtatsMetciai SupPR(&A96)iihasuda, Biomed.
Ther., 27:1221-1223 (1993); Hora et al., BM/Technplagy, 8:755-758 (1990). Cleland, "Design and
Pi@duction%‘f ?ﬁ@fgs rﬁ?n??nal%%‘qlooﬁ %?ggiﬁ%ll\écﬁ%ﬁ?g %@%ﬁgﬁ%ﬂ'ﬁg %[ya&%%)% Sl?ﬂscl?gggﬂgre Systems," in
Vaccine DesignuTheisulfing wediveljddetsiapptdaohrtPigé ey apmarresci®®@num Press:
New York, $995) ik 43348728 for instance, from the Salk Institute Cell Distribution Center,

San Diego, California and the American Type Culture Collection, Manassas, Virginia.

Fuman myeloma and mouse-human heteromyeloma cell lines also have been described for

25 the production of human monoclonal antibodies [Kozbor, J, Immunol., 133:3001 (1984);
Brodeur et al., Monoclonal Antibody Production Technigues and Applications, Marcel
Deldker, Inc., New York, (1987) pp. 51-63].

The culture medium in which the hybridoma cells are cultured can then be assayed

for the presence of monoclonal antibodies directed against HGF {3 chain. Preferably, the

30 binding specificity of monoclonal antibodies produced by the htybridoma cells is determined
by immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or
enzyme-linked irmmunoabsorbent assay (ELISA). Such techniques and assays are known in
the art. The binding affinity of the monoclonal antibody can, for example, be determined by
the Scatchard analysis of Munson and Pollard, Anal. Biochem., 107:220 (1930).

35 After the desired hybridoma cells are identified, the clones may be subcloned by
Jimiting dilution procedures and grown by standard methods [Goding, supra). Suitable

34



97103692, WO 96/40072, WO 96/07399; and U.S. Pat. No. 5,654,010. The sustained-release
formulations of these proteins were developed using polylactic-coglycolic acid (PLGA) polymer due to
its biocompatibility and wide range of biodegradable properties. The degradation products of PLGA,
lactic and glycolic acids, can be cleared quickly within the human body. Moreover the degradability of

this polymer can 5be adjusted from maonths_to years depending on n;? el ht and
compositioHEERTE SR IR IR R S St B0 SEHVR'Y ‘HP§CI‘F8 E?&%W@ B8mer,” in: M.

Chasin and:R RrangesaEdedniiodiegrad adie RohyedsnascEltugd) dbvepw Sistévmss(ddareel Dekker:
New York, 199 %?%P 1-41. The identification of regions within the HGF f3 chain that are critical for

HGF functior; in HGF/Met signaling pathw. 1%i/ﬁélprowdes sites within HGF i chain against which
antagonists can bEaigarstPrEbanisdssorpetehPulls HsirRteRds s R bEBHi otide (which may

be an aptagpghiiBatdeirdmieunterRinat ﬂardt/ep dumeﬂﬁaaﬁmmﬂgmaﬁim@aﬁmm and, in particular,

antibodies mclaj % rit]hou{ Ilmrtatr e\{ding onocl n(%lﬂ% a'bé)z reec 1garc)r]rl]{(]j taontrb friagments
single- -chaff SHtBSaRE, &t H%?yr? eapn% e BN CRimenic Of humanize érrgo%sgof such -
antibodies dedraghoessts, @@Welloasfﬁmahram@and antlbody fragments. Aptamers are nucleic
acid molecules th%h@rﬁoﬁécﬁébiﬁaﬂr‘um@ema@a@s&aaa%ae@ﬁ@é@&nmhe}gm@r%@rba@eut!wepeutlc use of

aptamers are well established in the art. S Pat. No. 5,475,0 thegapeutic efficacy
of Macuge PG ESSTREA IEw- Y8R R t‘réjgﬁg ﬁﬁ@lﬁ?@%ﬂ%@ﬁﬁ?"ﬂ%ﬁ% raé’ttlléﬁ%% s described
hefein, an #i&ksteibantagentstidyislardein ctgoetecdutieginvertitrmebprdvedamefstitlebdr polypeptide
(including g AnReHRMEIDBRATRR'KAEBIC: PRIHASSAMLARNPEANARAGIRER known In the

art, and mcluggscreem Fgpeptl e and polypeptide libraries for bm%lers to a suitable target antigen. In

one embodiFA¥hEnd dighh sl raRtIESHERMAER cOin privddpresedls ef e HsRER B2 of that
comprises @M&&&em&n&ab&mﬂﬂoo&%|mﬂ¢mmade@mnwmhmhbks;dmdnhe@mrmtml herein. In one

embodimen, sy HEeRRNOHE pamariseMel [k eRuBl e Rtieaia domai of

Met. lerarles oﬁ‘spep}t?ées an peptl es are well known in the art, and can also be prepared

acdording e Eﬁ&@b@%lsseén@@mtq#k Batdo RetShoRYIN S TR SOk e et al.,
5,750,373, 3&&5&&@:&%&%@9@&1@&@@7@ zh&ze Eaﬁﬁﬁbﬁabﬂt mdcszﬁsamm hraries of

P o fEueRiee Juaedd L0 NElEIA RS DRI NGB NS S0P APHERC °0

proteln are V\P’ nown 1 escri and Garrar supra. Variants

of a first sdé@t@@p@pﬁd@@mpblyp?@ﬁﬁ@étbmcé&wwwer@f@@ﬂﬁ?sﬁ§eﬁm%ants of the peptide
or polypeptda éentRinthencharask _ﬂéﬂi%@)@éd%&ﬁﬂﬁt j(@rﬂnge@henﬁmﬁ@g@eﬁmrmmggafﬂmty, enhanced

rmacokinetics, reduced t crt roved t rapeuyc index G r 35exa le a characteristic
of €hterest ég%u%lge ?Waﬁb ﬁ gD %ﬂ?em(:fucea a%lllrfm{lo aggf\g/%'&e > $ rE%rologlcal activities
such as ce H%T—@M@Waﬁ@hbhﬁeﬁphwsp‘mﬁmtmubwmd for the constant domains of an antibody
of the invention, or can be substituted for the variable domains of one antigen-combining site
of an antibody of the invention to create a chimeric bivalent antibody.
The antibodies may be monovalent antibodies. Methods for preparing monovalent
25 antibodies are well known in the art. For example, one method involves recombinant
expression of immunoglobuylin light chain and modified heavy chain. The heavy chain is
truncated generally at any point in the Fc region so as to prevent heavy chain crosslinking.
Alternatively, the relevant cysteine residues are substituted with another amino acid residue or
are deleted so as to prevent crosslinking.
30 In vitro methods are also suitable for preparing monovalent antibodies. Digestion of
antibodies to produce fragments thereof, particularly, Fab fragments, can be accomplished
using routine techniques known in the art.
Antibodies can also be generated by screening phage display libraries for antibodies
or antibody fragments that bind with suitable/desired affinity to HGF P chain (or equivalent).
35 Such technigues are well known in the art, for e.g., as disclosed in U.S Pat. Nos. 5,750,373;
5,780,279; 5,821,047,6,040,136; 5,427,908; 5,580,717, and references therein.
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migration, and angiogenesis. Mutagenesis techniques are well known in the art, and regions for
mutation would be within the HGF 13 chain, in particular positions associated with HGF13 chain
N-terminus insertion and/or 13 chain- [3 chain dimerization as described herein. Furthermore,
scanning mutagenesis techniques (such as those based on alanine scanning) can be especially
helpful to assess structural and/or functional importance of individual amino acid residues within a
peptide or polype%rtide. Humap.gnd B ' apiiity of a candidate substance/molecule of the
invention to moduraerid® B/enmeisipoating andiokhiologisaliatityitiespassasiatetadith said signaling
can be performed by testing t odulatory capability of the substance/mol in4n vitro or in vivo
assays, Wh%%mg?gsvgéﬁ%@?égbﬁﬁ%%é% i the ar fzg%??rénsygzgglr%gﬁ]%ﬁ 'ﬁi’grgﬁlng%%yi. %gﬁﬁ‘gé; Matsumoto et
al., supra; Datsiotesic, iPPESElbulned PruXEphe!ip shdatey etfersmiy hersartswahasdtvaF2Bupra;
Kirghhofer gfyaln 1 Bie} e TR0 3¢ %3954 SamasiRt AP0 EMBR.L3. 2325-35;
Kirchhofer et al., FrEESaI‘?ett. (2005) 579; 1945{§££an !}%%kats.u %t aI.b icrovas .Iﬁes.an66: 102, 2003).
15 HGF13 SHETT &S ef§°“f*ﬂ8“§i‘%’§3’?1f1fﬂ’{}lérh RIRhel BV S ARG U €O praiag use of
antibodies ilxenoplaylantitotiestimvibdty polydiohatsmendoloratohpimeirat doiepasifie, and
heteroconjgale @SIORUER 20LERLICIARBLANIPRLES: tronELUPOHIES AN samarise polyclonal
ods IS

antibodies Methods of preparing polyclonal antibodies are known to the skilled artisan. Polyclonal
antibodies @RREMHEEY YL ASAPAPTERITAT SX2h R IIR Hn e h R R B AL B Y immunizing agent
ang, if desisgshcan ;dMMSTwmaﬂy,fmmmm@ aggnt@nﬂohm@pvgnbuﬁﬂ e injected in.the
mamma) PRty iple subsuiRneoNs ehieastlonsakinieeons, e Imputiagagent may include

an HGF13 chain (of porti f) or a fusion protein thereof. It may be useful to conjugate the
immunizingesigeet 1S rEERKAsihetd B erinans geEhedh rre s iRRa bEih Miunized. Examples
of such iImmunegeRicpieiels inghidabitatamaizindigB daykeyhaiaitspaitiematyaiiinf serum
albumin, bavjne thyroglobulin.and soybean trypsin inhibitor. Exa f adj hich may be
employed i%téﬁ?ateo r’e%rg t %Sﬁg%?é‘éﬁ%a%%‘g%s%@ﬁ%ﬁfé’é%\%?ﬁi’%ﬂgﬁg%#g@ r%%ﬁell Lipid A,
syhthetic tresiisiesseotrRspepd drrilrews afd) narhe inemmnPERRsH PrBtces) %QS/SBES?@FB%%HPW e skilled in
the art withgtdschieexpedmentation idhMapaeciunal Halibegdiesgbdhernntihagiesdnay, alternatively,
be monoclon%I) tibo.digﬁ. onocjonal antiquiets marﬁ be ﬁreparedng%qj%ipg@&i% ma mgthods, such as
those descHibed yo%rﬁ ey dnd Vil Rature™ 398" 3%(( wmllﬁ 2 ybridoma meﬁ%é‘, a mouse,
hamster, offsthemmePropriattathysteanimmandg!gppialpneraumizEaam B2tz agent to elicit
lymphocytgg dhatRrouge 9aaie eanablenf aredyucingrmalibadias dhas it specificadly spd to the
immunizing agent. Alternatively, the lymphocytes may be immunized in vitro. 5The immunizing agent
wi?lotypicalg(/lﬁggude the HGF p chain (or portion thereof) or a fusion protein thereof. Generally, either
peripheral blood Ipdefivdsyte buitrBLisY) mretuse intibiidies framwelhiodyiniatbedesifehegiispleen cells or

lymph nodg gells aresuseddben- B aammamma/ian sosices arssdssiwe il hedimphecytes are then

fused with an immortalized cell line using a suitable fusing agent, such a%snpglyethyjenerglycol, to form
a hybrid Om\ghég":s non-human. These non-himan amino acid residugs are often referted fo as “impo

residues, which are typically taken from an "import" variable domain. Humanization can be
25 essentially performed following the method of Winter and co-workers [Jones et al.. Nature,

321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et al.,

Science, 239:1534-1536 (1988)], by substituting rodent CDRs or CDR sequences for the

corresponding sequences of a human antibody. Accordingly, such "humanized” antibodies

are chimeric antibodies (U.S. Patent No. 4,816,567), wherein substantially Jess than an intact
30 human variable domain has been substituted by the corresponding sequence from a non-

human species. In practice, humanized antibodies are typically human antibodies in which

some CDR residues and possibly some FR residues are substituted by residues from

analogous sites in rodent antibodies.

Human antibodies can also be produced using various techniques known in the art,

35 including phage display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991);

Marks et al., J. Mol. Biol., 222:581 (1991)]. The techniques of Cole et al. and Boerner &t al.

are also available for the preparation of human monoclonal antibodies (Cole et al.,
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O[Coding, Monoclonal Antibodies: Principles and Practice, Academic Press, (1986) pp. 59- 103].
Immortalized cell lines are usually transformed mammalian cells, particularly myeloma cells of rodent,
bovine and human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells
may be cultured in a suitable culture medium that preferably contains one or more substances that
inhibit the rowth or survrv I of th nfus gé 15im ‘A‘E ed c l? i Ie |ft pjarental cells
lack the enzy e-gtia Hot osyl ﬁrf&er %51) Tthe culture
medium foktine: mbwwrdaﬂy)wummmwemmmnﬂnw eﬁnimpj@éﬁ by aﬁ@dﬁwﬂd}ﬁe ("HAT
medium”), Waieh; mégs &H%%&J%@ggxrmm% Tﬂ@é‘ﬁl%}@l@ & Bsfrisd immortalized cell

lines are those that tuse efticiently, support stable hlgh 20level ea&aessmn of antibody by the selected
antibody-pioaueracbslia saper SriesrRrREaYy 2 AaTRIFFYIeACHY AeRASr B erred
immortalizegteelyipesripnivtbentyeloh ihedywhichhbantaesebtaitecaforinstaspestrom the Salk

Institute Cell P dsltrlbutlon Center esnglré1 s@ nf%%. c%lasdé aﬁ r%fp%én&ﬁmﬁr g:%g Q{elgdg§%ge§ollectron

Manassas, ergln% eﬂum oma an eteromyelo lines also have been

described foF @emelw@da&@ﬁ% Natnas4néRb donatapibotiel fkoshbor28: itddiial., 133:3001
(1984); BrogeuiraalndionreiInalifnilaasnOsesliation:Taeriques, WI& Marcel Dekker,

Inc., New The |ch th s are cultured
can then bé%é %%%%D?h%] eféséﬁ%:’e‘%‘?o%gc ongﬁ5 (#tl%g éles directs re gp chain.
Préferably ({Re43(Fisinvdidgispe difiniry Bictechmaldam aﬁ‘i—t’fb‘%ﬂd{é%%}oﬁ%}é@&ﬁyltﬁélﬁybndoma cells is

determme(bh%é&’ﬂmﬁggﬁﬁﬁ%%t@%@)%&%a iR RindiReh arsAnsHEk A3 agigirnimes)oassay (RIA)
or enzyme-linked immunoalhsorbent a zﬁ ELISA). Such technlﬂg es a and a ays are known in the art.
The binding affinity SAIEHREHBELHA? BRITES FEEANED by the Scatchard
analysis omemmm&ﬂﬁoﬂb&ddﬁcﬁb,ﬁ@meﬁmrﬁ‘m&ﬁ?@@ﬁ(ﬂ.@@@)ﬂ@ﬁﬁﬁté&om@ tesiasd hybridorna cells
are identifsg e GIR0RS AR B HBRIOREC U HAGSUIPRARERHISS ané by standard

methods [Goding, supral. Suitable culture media for this purpose include, for exa EL Dulbecco's
Mbglified ESGRE W@dﬂﬂﬁﬁtﬁﬁaﬁﬁmﬁ%@@ﬁ%‘&hﬂﬁ“ﬁtm§ O rf&‘i%‘%’l fnay be grown in

ViVO as ascitesiisd amisatyriaprdpresthonoclonal antibodies secreted by the subclones may be isolated or

purified 5from the4culture3 [?_e‘Zi#@A%I%E%?S fluid by conventional immunoglobulin purification

procedures such as, for Example, protein -Sepharose hydroxylapatlte chromatography gel

electrophoresis, d?d%i‘éﬁ%)ﬁl& Pﬁtﬁsﬁﬁ%ﬁﬁ%@r"&bw erably-Hurnat ALRIBKHAIEH ’tﬂi’é‘&f@éeﬁray also be
made by regarpbiaaniddiN ApsoEitiaesisuckasthosgfdescribigdnn bh SePatent M, 41816,567. DNA

erEOOdmg thﬁe bmggggpne%if? nég()ig Ig(f}F B chain, the other one is for any other antigen, and
preferably for a cell-surface protein or receptor or receptor subunit.

Methods for making bispecific antibodies are known in the art. Traditionally, the

recomnbinant production of bispecific antibodies is based on the co-expression of two
immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different
25 specificities [Milstein and Cuello, Nature, 305:537-539 (1983)]. Because of the random

assortment of immunoglobulin heavy and light chains, these hybridomas (gnadromas)

produce a potential mixture of ten different antibody molecules, of which only one has the
correct bispecific structure, The purification of the correct molecule is usually accomplished
by affinity chromatography steps. Similar procedures are disclosed in WO a3/08829,

30 published 13 May 1993, and in Traunecker et al., EMBO 1., 10:3655-3659 (1991).

Antibody variable domains with the desired binding specificities (antibody-antigen
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion
preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part
of the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant

35 region (CH1) containing the site necessary for light-chain binding present in at least one of
the fusions. DNAs encoding the immunoglobufin heavy-chain fusions and, if desired, the
immmoglobulin light chain, are inserted into separate expression vectors, and are co-
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Othe invention can be readily isolated and sequenced using conventional procedures (e.g., by using
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and light
chains of murine antibodies). The hybridoma cells of the invention serve as a preferred source of such
DNA. Once isolated, the DNA may be placed into expression vectors, which are then transfected into
host cells such as 8%lmlan COS cells, Chlneseﬁha s er rXf%f‘h 0).cells or{:n eloma cells that do
not otherwTEESSEe O ATHAR BTSSR A Ot S gb?aln e Sy ng’élé m%noc onal antibodies in the
recombinantiibodicsedls fatwedDiil, Sisesnetyhévietholildel Efaymekran #2 by 18{BS#UtINg the coding
sequence for humap g mqgiﬂamggnm consiantidemainminplans afidisaemelegaus murine

sequences [U.S. Patent Morrison et al., supra] or by covalently | oml F?]to the

immunogldBHIRS BEMPdY JPSeBleFELbS P STEb BB S BqTEnaes e R M unoglobulin
polypeptidehih ch: a.BeRiA M eglolbiiam objipmiticde Tas pefanbbiitetécdorthyeiesnsteast domains of

o Aoy Sk e tanlon. or 6an be RSB anlag AN dRmR s o ABR. angen conbining

site of an &Miboc e |n create a chimeric biva ent antibody. The antibodies may be

monovalerﬂ‘lf%m‘mb@ié@ée rheiprdiienhnipriaea giisisveaib ol apeiseicd i@\l KiBwn in the art. For

example, qah%émalaQﬂaﬁﬂy@é\@@E@ﬁﬁmlﬂﬁﬁbﬁa@aﬁem@sﬂwﬁua@@@bumci@iﬁbahaln and modified
heavy chain. The heavy chain |s tr nc d generally at an int 19 e Pcr N s as to prevent
heavy chaﬁﬂn&-g%rsﬁﬁﬁf(or% © RIS ﬂa?’ve‘iu fﬁ%’%e 33{%%83;5 efﬁ%g%gl dues are %u%st?ﬁut d with another
anfino acidwelsitirebprepleciielded soing 2¢ihrdochtispoudhsiarlyr 30¢A GigcIHERRGHS are also suitable
for prepariggmengvaigabaninadiesRigestisnintanihodies o RIOR kR amme 8igtbakgof, particularly,

Fab fragments, can be accomplished usmg routine techniques known in the art. Antibodies can also

be generafé‘ﬁ”ﬁ?/‘?c‘?@‘éﬁfﬁﬁ”ﬁﬁafﬁg‘d‘fs’fﬁgﬂ? Bifies for antibodies or antibody fragments that bind
with suitable/desitisbedfityntbdd@Eicid bhamptordofivhlensh 88®adissorhrtiedsimgmantil known in the

ar, for &3 SiaplonRldl & ARl NS TORRYB: SABARLS DB ATBAAILEH: 5,427,908

5,580,717, and refeéfences therein I-Ejman and Humanized Antibodies p chain

arlfibodies BIPRSYRASHIS By hﬁﬁhﬁs%?ﬁ?)ﬁ%@e}mgmﬁeg A eipwal %sbgp?'ﬁﬁﬁ%é’ﬂt ﬁ Sddies.
Humanizeddpbsnprefaranehum arcfeced usinyg ktehdniiiokies Beomerd.ifunurdgoBulins,

immunogln(g%gba U9 ?@&Hﬁ?@m@a{%&fa@mg&f\%&%ﬂmmﬁa&mcpg&m%

antigen-binding’su seque ces of antibodies) which contain minimal sequence derived from

non-humarkifinwFsgIentlin e msrsal RdpbuRSMbr e trih e hIRb GRoBATR recipient
antibody) ingeftiskirasiskyasd anteotpaatemedithiol detepriringnegioie¢Q Rixdfitiee recipient are

repiaced by tesitiesdioma GRRAlAnanRman spesice(donar ApiRad AR mouse, rat of

rabbit havmgnﬂ'ne ésired speci C|ty inity and Oca acity. In'some instances, Fv framework residues

of the humaerivaiNem JnsIel e &ie r@fﬁ{gé@&‘fﬁ%r FRAPIY 8- s et BY . Humanized

antibodies M@ﬁ%ﬁﬁ%@f&&ﬁté&ﬁﬂmm& aedound aeihemisidheneciié teanitadtdy nor in the
imported C ramev¥o k sequ u%gc%a f]In ag{eg\%ral {?hum%né%ggb%@t %?%Mggh%%nse
substantially aI GHategs one, an %9p|ca Wo, Varia omains, in which all or substantially all of
the CDR used as agents for the selective 1mm0b111zat1on of enzymes.

25 Fab’ fragments may be directly recovered from E. coli and chemically coupled to
form bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) describe the
production of a fully humanized bispecific antibody F(ab®); molecule. Each Fab’ fragment
was separately secreted from E. coli and subjected to directed chemical coupling in vitro to
form the bispecific antibody. The bispecific antibody thus formed was able to bind to cells

30 overexpressing the ErbB2 receptor and normal human T cells, as well as rigger the lytic
activity of human cytotoxic lymphocytes against human breast tumor targets.

Various technigues for making and isolating bispecific antibody fragments directly
from recombinant cell culture have also been described. For example, bispecific antibodies
have been produced using leucine zippers. Kostelny ef al., I. Immunol. 148(5):1547-1553

35 (1992). The leucine zipper peptides from the Fos and Jun proteins were linked to the Fab’
portions of two different antibodies by gene fusion. The antibody homodirmers were reduced
at the hinge region to form monomers and then re-oxidized to form the antibody
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15regions correspond to those of a non-human immunoglobulin and all or substantially all of the FR
regions are those of a human immunoglobulin consensus sequence. The humanized antibody
optimally also will comprise at least a portion of an immunoglobulin constant region (Fe), typically that
of a human immunoglobulin [Jones et al., Nature, 321:522-525 (1986); Riechmann et al., Nature,
332:323-329 %1%88%; ang Pres a,dCurt.iOI%. Sttrl‘ncEi iohéZ:S 3-{596 O&lg%&!m dMethods for
humanizind SR HUTRan ARIBEES AH' RS RHOEA T tRerart Ca et el e R 28 Entibody has one
or more anfiho“deichdySiduemingrothacdebditp Hdiloreaes olirBrooviNeth iSoadrBbivbityh SThése non-human
amino acidglagieies)als AlLeuLEIEERdRAAR nilRAkHSSIIHES Y IBh. A5 fyiica|ly taken from an

"import” variable domain. Humanization can be 25essentially performed following the method of Winter

and co-workeFS N &8 PRI RN & ber st igER0iG SRMHR AV Caneristipe i¥-323-327
(1988); VethamyerisladyftiefiGe by A% 1E34410680 (086}, tbyikubstititinberedenheRs or CDR
sequences for 1. 0 onding sequences o, u anti JAccordingly, such "humanized"
antibodies %%ap Slr%qégril{g g%%%%&%’s %cgr@g%f ’nlfthﬁl\(bjllf %jlg?ég%%%ﬁgﬁeﬁf? r%%ngtﬁ%ﬁ%ﬁ%%s than an
intact 30hufhe vt albfecapameMas Decndklibsarnbg thansteohicsspwhdhsebe fusisom a non-
human spegiggsnlbipiagiceshumaniz ecasptiodiexiasaificathusvantagtiadies dp which some CDR
residues and possibly. som residues are substitute residues fr alogous sites in rodent
antibodies.Oflst??ﬁaeﬁca%ﬂk?gd%gji%ﬁ]% s%a %?Sﬁr%%?ﬁé“' é%?h??/%ﬂﬁ%&%ﬁ%%‘#glwn in the art, 35
incfuding phEyE6ispRBflibraries [Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al.,

J. Mol. Biol., 222: 38881 kaT hetashnidkesisisole stk Boemet aliliargsplegavailable for the
preparation of gﬁ}{cpan monoclon %ntibod'eﬁ ;Cole eg al.,. Manoclonal Antibodies and Cancer Therapy,

I
Alan R Lis&B0oHet FBE5 REEESerndt €%t K799 4495 %d6-05 (1991)]. Similarly, human
antibodies can betixiaaigaloy bistreadiic img takiig man timino neg lffatand ogitdpte tral&Fdhebamimals, e.g.,
mice in which the endogenous.immmunoglobulin genes haye been partially or com Iﬁrtﬁb/ inactivated.
Upon chalI(grr:{(\ﬁ)ea,nk‘laggr%0 ﬁ a%%%dgd%/ Slr%%%é(?%%e S %%?S‘ﬁ,‘” \ glgﬁegl%dst% e'%égerﬁ?f)i;e%st at& seen in
hufhans in @¥@spects, including gene rearrangement, assembly, and antibody repertoire. This
approach is descrbed, for-exaipRlest Mhd:ddatent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126;
5,633,425; 5,661,016, and.in the following scjentific. publications: Marks et al., Bio/Technology 10,
779-783 (1992): L%?%%%’Fé’“é‘t‘%ﬁt.‘? 4 l?rée%ﬁggﬁé%%-%’é%%%éﬁ??R/Pc?r‘r’i‘éé’r‘%‘?sﬁl’ét‘ﬂ’?"e"%’é’& 812-13 0(1994):
Fishwild et®tteraturesBioteibedbite gye targdsbaf (19 96yaiRebioiyst abiinstiesBethnology 14, 826

(1996); Lonherea@RthdbSZRbx MG b@@x‘izrﬁ}iﬂ&‘ﬂ&@kaﬁg%t@ﬁfﬁ@n@s%@n cells 1 RRkIBQEIQS May also be
n

affinity matyred using known selection and/or mutagenesis meth escribed above. Preferred
affinity matﬁ‘?éd%ﬁﬂ%e%ﬁgf?é @nagﬁﬁ?ﬂf% ti%%%fﬂ?ﬁ%&°ﬁw§?§ ;?ri(%)lafg)l’y%qg times, even more
preferably 2DB03TiERE308Yrcthie cohtemtlracsttetitige aniilonidls (gener alkpandinejthumiagized or human)
from whichitbg, mabaiest ﬂﬂ%%)ﬁ&%%@%ﬁéﬂnisuy, including those involving crosslinking agents.

For example, immunotoxins may be constructed using a disulfide exchange reaction or by

forming a thioether bond. Hxamples of suitable reagents for this purpose include
25 iminothiolate and methyl-4-mercaptobutyrimidate and those disclosed, for example, in U.S.
Patent No. 4,676,980.

8. Effector Function Fngineering

It may be desirable to modify the antibody of the invention with respect to effector

function, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. For

30 example, cysteine residue(s) may be introduced into the Fc region, thereby allowing
interchain disuifide bond formation in this region. The homodimeric antibody thus generated
may have improved internalization capability and/or increased complement-mediated cell
killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron ef al., J. Exp Med.,
176: 1191-1195 (1992) and Shopes, J. Immuonol., 148; 2918-2922 (1992). Homodimeric

35 antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional
cross-linkers as described in Wolff et al. Cancer Research, 53: 2560-2565 (1993).
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4 Bispecific Antibodies Bispecific antibodies are monoclonal, preferably human or humanized,
antibodies that have binding specificities for at least two different antigens. In the present case, one of
20the binding specificities is for HGF f3 chain, the other one is for any other antigen, and preferably for

a cell-surface protein or receptor or receptor subunit. Methods for making bispecific antibodies are
known in the art. Tr ditionally, the r complnant ucti specific antib bgsed on the
co- expresséﬁ“o’? maﬂtrlll(})ggqt%ﬁa HlincHegW ch da?él %9'1?1 et 531%:? pggrosnsv% d:fréqh&egfwg Eeavy chains have

different ZESMCEMIMMM&@W@MI@ CNEh;ﬂFé%@%@ﬁ%@W%B)}&B@@%M&e random
assortmenppf imrauegiapulggdeavy and light chains, these hybridomas (quadromas) produce a
potential mixture of ten different antibody molecules, of which only one has the correct bispecific
structure. The purfficaticBEAE R EE molecule is usually accomplished by affinity chromatography
steps. Similar pro’mdinu\estmaéﬁs@bm o WOuaEdH8828:s30pphiisized 48iMdy do8Gardd in
frauneckej gy c%lrmﬁl}/é o} AOPCHARAALLIELL et ARG VATBRIABMAYR N the desired

binding specificitie y antigen combining sites) can be sed to Irnmunoglobulin constant
domain se?ﬂ%@h@@%ﬁcﬁ’@f@ﬁéﬁ Y Erera el R n SRS o BRIFRTh A By aCRER Constant domain,
comprlsmgg@tdgagteparfdatmjhgm CH2, and CH3 regions. It is preferred to have the first
heavy-chain cons{zﬁnt 351 re |on C( I%I)ch3 ill.nl elséEe n F?u Q{m%n # J?cﬁg@&gugdmg present in

at least one of the'fisions. ncoding the 1m unog Sbulin eavyc sions and, if desired,

thé)|rnmunb@l@é@ﬁ@ﬁbﬁj’fﬁb@rﬂalrﬁ@ﬁ@’ﬁﬁ@éﬁﬂé@%‘%ﬁ%ﬁﬁ@é@ﬁ%&%ﬁ%é’ﬂé‘ré%?ﬁj“é% co- transfected
into a suitahledbeat s smnkal fuithesslelails.at ganaratinghiseasitisanibasipssearifor example,
Suresh et thods in Enz molo 121:210 (1986 According.to,a other proach described
in WO 96/2%’6%%5%9 ﬁ’fjélr?ég hmémf)é 5 ahaf%o“)nd%/ olﬂécu%sc%an rglengn}l)a}e]?ared to maximize
the percensageloﬁlhmuﬁamgmmaarbmmﬁeﬂfﬂmﬁ%wmmmfemlﬁﬁ% The preferred
interface ComPiSes @M&@?tmmam&% {ﬁﬂ&er%@a@@%gﬂyagmmﬁmm In this method,

one or more small amino acid side chains from the interface of the fi t antipbo molecule are replaced

with larger SiIRIChAAPSYE: §UI0P6 U SHHRSE pRIRT o SRRER TSN, a‘eeuté‘s?” S%Er?tlcal or similar size
to the largersidey chaidisjclidesreatodibhltferiftepfadeciinhé sérontjegatisouyi@riielecule by replacing

large aming agigside chameyvitin smgller0nes feyg. alanlngogju@igggf@@ afiisdyrayddes a mechanism

for increasing the yield of the heterodimer over other unwanted end-products such as homodlmers

Bispecific &MRTHCETE B HBPHPEE L& HH MR impbeide b SIBEAF TR
F(ab")2bispaeciicatibodizsyidddihigesiosgenSinirgi bxspénn“imaﬂibobi@sdmomiantlbody fragments
noye peendissalivatin s llerete, B isRcloaplbad es.conhe epared can be

prepared using chemical link Fg Brennan et al., Science 229:81 (1985) describe a procedure wherein
intact antib&eresFEdcEBR awe&é‘?ﬁéﬂlfé @%ﬂéﬁ?@% ?f?a{’g‘jfﬂ%ﬁ?gl?laﬂ%“e(sf‘r‘&@ﬁﬁents are
reduced inthe;piegepsesilhexdihinhaasirxingagentisodidmsarsenietia-giabilize vicinal dithiols and

prevent '”t%me'eﬁD%%‘)%@ AT A RIMALD A IS FAR [RAMSUR AR EEURL ASINgnpnverted O

thionitrobenzoat
bis-active fluorine compounds (such as 1,5-difluore-2,4-dinitrobenzene). For example, a ricin

25 immunotoxin can be prepared as described in Vitetta et al., Science, 238: 1098 (1987).

Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-
DTPA) is an exemplary chelating agent for conjugation of radionucleotide to the antibody.
See WO094/11026.
In another embodiment, the antibody may be conjugated to a "receptor” (such

30 streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is
adrainistered to the patient, followed by removal of unbound conjugate from the circulation
using a clearing agent and then administration of a "ligand” (e.g., avidin) that is conjugated to
a cytotoxic agent (e.g., a radionucleotide).

8. Immunoliposomes

35 The antibodies disclosed herein may also be formulated as immunoliposomes.
Liposomes containing the antibody are prepared by methods known in the art, such as
described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang er al., Proc.
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derivatives. One of the Fab'-TNB derivatives is then reconverted to the Fab'-thiol by reduction with
mercaptoethylarnine and is mixed with an equimolar amount of the other Fab'- TNB derivative to form
the bispecific antibody, The bispecific antibodies produced can be used as agents for the selective
immobilization of enzymes. 25Fab’ fragments may be directly recovered from E. coli and chemically

coupled to_form bispecific an e 75 2 992) describe the
production%@éﬁ%ﬁ%mgg %%e@?@ i{gy“% g@éﬁ‘% n%/l %@ e, a@izh%é%g ragment was
separatelylsiposeted frorefhascclil aivcuuiviettedars disdetediichbinatwcdiplholmhdvitro to form the
bispecific antibody, J; %Qi?%?&&t%ﬁ&&%@%mﬂé geﬁ@egd\M%@béeet@ebszgé%%t%aﬁ&?vereXDreSSIng the

ErbB2 receptor and normal human T cells, as well as av%g;iert e yt|c act|V|ty of human cytotoxic

lymphocyt@@eBgainahid i+ Bresst aFRIPREF & Ehosphadylehltis cHila ko h BRIy and isolating

bispecific mb@@be&rammatﬁﬂma@ﬁwﬁam @B@mﬁma‘npmﬂmum@chaaeiatsm@eemle@nbed For

example, ciftc ant|b die ve been progu i | y et al., J. Immunol.
Aehedling s 5)@@? S QSENBIRHUcRA S GIBHE e AIRRGIR KRl

148(5):15 felicing zipper peptl the Fos an Jun proteins were linked to
the Fab' pomitedodfibe ﬁﬁté?eﬁﬂaﬁtﬂﬁd‘éiehewfge%?éeﬂ}ﬁﬁwhPﬁ@ﬁﬁﬁBﬁé%ﬁ‘ﬁWlMé‘Fé“\ﬁére reduced at

the hinge rggignggfarmmonTmeEsaed e tﬁr@&t@ﬁlﬁi&ﬂﬂt@%ﬁéﬂﬁ@r%ﬁb@dﬁ heterodimers. This
method can, also be utilized for ésuc pro. uctlo ntlbidg fﬁomo s gg/ éhe "dija Oer" technology

described B8} hﬁrﬁg?“gtcggeﬁtr 643 5‘6&? S provided an
altérnative ¥nethabnisngtfok, hAldmendiSjanes fla. ft48hH{&PE8). The fragments comprise a

heavy -chain variable domain (VH) connected to a light- 5chain variable domain (VL) by a linker which
is too short to allow pairin two domam 5 o) the same chain. Accordingly, the VH and VL
domains of one fragment SRS FREEE&-R5 Hithe-Cothptertientary VL and VH domains of another
fragment, therebyAotitidigsteao maxgmmxktmeﬂrfgrsltesﬂﬁmmhef wiratsglstodarsakithg forspetific antibody

fragments ggamﬁéégg of single=ghain Fv (sFv) dimers has also been reported. See, Gruber et at, J.
Immunol, 0152:5368 (199H% Antibodies with more than two valencies are contemplated For

%émple trispecifit WhRlpsRibsde e e puidibingt: Bremaliyngiihodies #7 w6 t1891).
Exemplaryinispeeifiippridioties hpayohietio ivo Wilisrént dxitepesioniidGiF teinadntomto an epitope on
HGF 13 chan é‘éi% Eb?%ﬁ‘&?% Qe@u%ﬁ‘)%r ROIYRE o‘aS'FIﬁéﬁT zs%ﬁt?steﬁrtk!e%ﬁuﬁ?el?mﬁtﬁé&

Heteroconlugate Heteroconju gate antibodies are also within the scope of the present

invention. FrégsieRtdnpigfarehnfivfoaank Petsithpotelco s e s Y BRrELLARAEHRY Such

antibodies hgwrie ieluarpRieddpeRepasast @ iakeatdn Rune sy ateiy eelotbHEmRcies cells 20(U.S.

Patent No. 4,67 11, and for tr nt of |- in n 11
%t()e tNo andG/oP mgtgr%ere walthdmtce),ratct? atrggw%gn hglyd %ﬁglgnd -n?etgmteo e‘?g \Qlttt\{\{z(}?semen of

HGF B chain N-terminus, and/or interfere with HGF 3 chain-f chain interaction. Such
peptides and polypeptides can be synthesized chemically and/or produced by recombinant
DNA technology. See, e.g., Marasco e¢f al., Proc. Natl. Acad. Sci. USA, 90: 7889-7893

(1993). The formulation herein may also contain more than one active compound as

25 necessary for the particular indication being treated, preferably those with complementary
activities that do not adversely affect each other. Alternatively, or in addition, the
composition may comprise an agent that enhances its function, such as, for example, a
cytotoxic agent, cytokine, chemotherapeutic agent, or growth-inhibitory agent. Such
molecules are suitably present in combination in amounts that are effective for the purpose

30 intended. '

The active ingredients may also be entrapped in microcapsules prepared, for example,
by coacervation techniques or by interfacial polymerization, for example,
hydroxymethylcellulose or gelatin~microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systers (for example, liposomes,

35 albumin microspheres, microemulsions, nano-particles, and nanocapsules) or in
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92/200373; EP 03089]. It is contemplated that the antibodies may be prepared in vitro using known
methods in synthetic protein chemistry, including those involving crosslinking agents. For example,
immunotoxins may be constructed using a disulfide exchange reaction or by forming a thioether bond.
Examples of suitable reagents for this purpose include 25irninothiolate and

methyl-4-mercaptobutyrimidate and those djsclosed, for example, in U.S. Patent No. 4,676,980. 6.
Effector FURMISRIRIREertfd e P BEQRbR REPIHSE %@%—?ﬁ%%%@iaﬁ%%%ention with

respect to effeator function, so as to enhance, e.g., the effectiveness of the antibody in treating cancer.

For S0example, cyglecERIgEEN UG NIRRT NIRRT e/ eoRaleraRY Alaning iterchain

disulfide bond formation in this r‘a%lon. homodimeric antibody thus generated may have improved
internalizateerembsksifity dHarsPerersetctipiera s mbated cell killing and antibody-dependent

celfular cytotoXiCityudied sl S68 kepkenieisahal. e XpeMed., 3iGbllainOS(katZhaneohapes, J.
Irrununol., 148: 2918-29%}%E (1992). Homodimeric 3t58%ﬂgl%o ' ShV\gth el?hanced gnti-turggr activity may
e

ie
t
also be pr@ﬁ%‘?g t{%ﬁ'uléa BB Onal & oSSl fnkars aggglo Scrbed ih Wolft et al. Eancer Research

53: 2560-286H¢d90d)ichnewinstvedyn the Entibdfdpansd dtcdsiginecitiastanhae@ndliee regions and may
gleretg hagﬁa%m%gg}g%ql o ﬁgg@j@gﬁtﬂ%@@%ﬁ%@ﬁ;ﬁijgi(g@gé}gg@pigaﬁ@,@@_@g,@L, Anti-Cancer
Drug es%r_\, : 219-230 . 7. Immunoconjugates e invention also p L;;g@aég)

immunocom i atEE sams &ﬁf’?aﬁﬁﬁﬁ?’é?l@gﬁfgﬁ{ﬁdﬁ %a%}%?gﬁt@ag%ﬁ?? %U%h ’
chémotheragmificageit ghimeagid gmmmaighmmjven@%madﬁlﬁa@tbyﬁaneﬁuhghﬁcglam, or animal
origin, or fragmanis. NS Qhla YR JRJICRCINRINRIoPG 4 6 (R BEIRLON ¥ERIeT Chematigrapeutic

agents useful'in the generation of such immunoconjugates have Obeen described aboye.

Enzymatic 2 TasRRAEERBAME AN 3 ASTHAS S1eTelit BrdeRAIBST SR SHRIAULS i ARCP s,
nonbindingacitedikagbeyis afidipithie paljoxs, sexbtexihyleochainy(faorn® sed thorizendsyenlighlosa),
ricin A chaipsgBlIke a0 oIgdeca AR aRRSaLR, Aalee Ll BiotEiRseiagiain proteins,
Phytolaca americana proteins (PAPI, PAPH, and PAP-S), momordica charantia inhibitor, curcin, crotin,
saiPaonarid S ERTES-inkisRcgRIBiir MmHBoERTeRedt e ROBHERa MRy EIRTE SR, SAd e
tricothecengsadirvadiety ptdatienaglities asenomaitabisfocthentegustiosobr atliognjugatas antibodies.
Examples Incl e #le Shedst e BRLL S0 AN RIRRRE SolludR(GR of 415 2RTROKANGEY Ot agent
are made J&ng§ 3 Vanie y g%l?url?(%néfpro in-coupling agents such as

Nsuccinimiggpesiie py tiyiesichraippropidrige S PR tnifibtfistmsator yeshanistorn Aiverrratives of
Iidoestorse(Suclcas aiel v culpiTAAIR kot e Qpiarmdsieh R dsugsiminioy hayberate),
algehydes (suc utarelde ,.bis-azido compqunds.(such. is (p-azidobenzayl) .
kit R R R SRR e s R R e
diisocyanatesistolsiag wiyerie gidiisotypad ke opiteiseeeibane iiusrimetds pperfstiofsuch as
1,5-difluoro-2,4-dinitrobenzene). For examel , a ri%in 25igununothin can be prepar s described in

Vitetta et at, Scienr]t:;}ég %Qv‘i%gr?fwg_les of the methods and compositions of the mventlon. 1f 1
understood that various other embodiments may be practiced, given the general description

provided above.
25 | EXAMPLES

MATERIALS & METHODS

HGF mutants were generated essentially as described in Kirchhofer et al., J Biol.
Chem. (2004), 279:39915-24; Stamos et al, (2004) EMBO J. 23: 2325-35. Met binding and
MDA-MB435 cell migration assays were performed using reagents and methods as described

30 in Kirchhofer et al., supra. and Stamos et al., supra. Met phosphorlyation assays were carried
out using A549 cells essentially as described in Kirchhofer et al., supra.. Inhibition of Met
phosphorylation was catried out similarly except that HGF mutants were added in a dose
dependent manner to inhibit phosphorylation using 50 ng/ml HGF. Inhibition of cell
proliferation was carried out in BXPC3 assays essentially as described in Kirchhofer et al.,

35 FEBS Lett. (2005) 579: 1945-50. In-vitro angiogenesis assay was carried out essentially as
described by Nakatsu et al. (Microvasc.Res. 66: 102, 2003). The HGF mutants were added to
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Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MXDTPA) is
an exemplary chelating agent for conjugation of radionucleotide to the antibody. See W094/11026. In
another embodiment, the antibody may be conjugated to a "receptor” (such 30streptavidin) for
utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to the patient,

folowed DXHemRYR SLHAR vng@oae ﬁ%ﬁ fag e enaen A gieada0 Adesand then

administration 0 gan avidin) that is conjugated to a cytotoxit agerit (e.g.,

radionucledtidty eBd rhikr freRpEISE s STHRIMIGTRSS IRt RRsetpadiiisa EHﬁ‘é?"ﬁ@%f“l:iiea%ormulated as

immunolipegoMesst PeBUNEmaoRIBINExHe@aitkody are prepared by methods known in the art,
such as described in Epstein et al., Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang a al., Proc.

40 Natl Acad. Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes
with enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. Particularly useful
liposomes g@g@gﬂenerated by the reverse-phase evaporation method with a lipid composition

comprising phosphatidylcholine, cholesterol, and PEG- Sderivatized phosphatidylethanolamine
(PEG-PE). LiposoHf¥a baindruiiats %Qﬁaﬁ‘ﬁﬁ@@6’?‘%%%&%’6%%9%’18%7?@&1%5%&%% with the

desired diaspgigicafeabieagementiatdhennminady shhmargsent dovpation canihegeniamaed to the

Liposomes as descrihed in Martln al iol.. Chem., 257: 2 198 a ‘
disulfide-inféfdh TLARRR AN Y éaﬁ%lfl‘fi?fagﬂﬁg %ﬁ%’ﬂ?‘?@ﬂ%%ﬁ%@%%b@ agré%tionally contained
witlsin the lgpbseineadSescGabiiantetdinkbdNatiaralGanaewihslypSHEO P 44B4AGHE 33Bkin

9. Pharmaceuc?c%l. ggmgogétggng (ﬁggﬁ Bac les d th%g}tl keg \% adggHL SE_? for the treatment of
various dlsor ersin orm o armaceuﬁrca cbmpos E ho e antibodies are used as

inhibitors, |ﬁt@ﬁﬁaﬁzmgaédrt:bo,ohéscmréfpiﬂdﬁ@g@c2 -thoindliel, ipefictivrsamelipdsomedican also be used
to deliver apfipadies, Qhihe HNGRIRMLIQLC ﬁ%&%ﬁﬁoﬁagﬁﬁ ﬁ%éﬂf&ﬂ ay\m@gamteb@dy fragments are

used, the smallest inhibitory fragment is pre ferred. For example, based upon the variable-region

sequencesf’fb‘l‘téﬁ‘f)ﬁﬁ’t’(b‘@ﬁya hapridie e PeRpeEGE ﬁfélé&%géﬁ%@‘ﬂ@§l&ﬁ§lfﬁ3ﬁ%m the ability to
bind HGF prcirirpRasd/siosiestaes ity M&er@@ﬂﬁ&b@?&&&%ﬂdﬂ%&ﬁa@h@p’b&ﬂdxﬁ[@a interfere with

insertion of Hqg'gr %Itggtr %g,l%ggg)émt em Czﬁ&;ﬂgf r§ocs ain- ]ﬁb alir;tlngeractlon Such

peptides and polypeptides can esiz pro Lee y fecombinant DNA

technologyC4$e%, aédgGWagW@tM@t PeodioRely hwiwmm togvilFggoe g3 the Met
phosphorylation assay as depicted in Fig. 3; results for HGF mutant R424A:R4%4E are also

shown. HGF-dependent phosphorylation of Met was modulated in a dose dependent manner.

20 Mutants HGF G4981 and G498P alse inhibited BXxPC3 cell proliferation, having 2.5% and
56% of the activity of wild type HGF. Furthermore, selected full-length HGF mutants at a
concentration of 10 pg/ml (D672N, V495G, G4981, R424A:R494F) inhibited angiogenesis in
an in-vitro assay (Figure 4), thus further confirming the significance of the HGF {3 chain (and
selected mutations thereof) to the overall biological function of HGF.
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(1993). The formulation herein may also contain more than one active compound as 25necessary for
the particular indication being treated, preferably those with complementary activities that do not
adversely affect each other. Alternatively, or in addition, the composition may comprise an agent that
enhances its function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or
growth-inhibitory agent. Such molecules are suitably present in combination in amounts that are
effective fﬁ#@@ﬁé&é@ OERIERISHCES The active ingredients may also be entrapped in
rnicrocapsules prepared, for example, by coacervation techniques or by interfacial polymerization, for

example, INgLerTB el RES B salalnisGRBRYcs aBi el meliyimeihog )

microcapsules, respectively, in co rug delivery systems (for example, liposomes, 35albumin

microsphef@80ichseriuhissasasansip afiksetONrecripbERiEs S binticridersRMulsions. Such
techniques,agQqdisclpsadiimRaemimotayssE3hapmaceutical Sciences, supra..  The formulations to be
used for in yivo adminjistation mu terile. This is readily, accompli iltration through sterile
filtration MEMBIARGS. u%‘fa%ee%r-’fivlgegsﬁée%rrelpgi’aat?(o&ivsraﬁ%gﬂog p?f(;%g;r’gg.ﬁ@i?i%lié examples of
sustained-rettassiprapalistionbinoiutetge RiyeMobaksik Prelirfe@4507%%lid hydrophobic polymers

containing %&s@?ﬁ@?ﬁ%u%%&!&i@?@%&&{ﬁj%mﬁm Q_faﬁl?%éﬁﬁn%lm@l%ﬂ@?}. ﬁtqe@-lmgr]g- |
microcapsules. Examples of sustained-release matrices include polyesters rogels (for example,
ol o oy R ISR GBS B R e Wk S8 0Y 73 010)
coffblymersofyinefurtalanics doid lamcge etlayBlodilerasimatss, 60d-@Egradable ethylene-vinyl acetate,
degradableglaghic arip-ahisalis aciggapolymeresuchas theUAREN DREEQ Whikdineptable

rnicrospheres composed of lactic acid-g colic acid copofymer and_leuprolide acetate), and
poly-D(-)- 3RS V8RR Picald” Wder pErsHE e o hepdasns iEne i T Y CBesRP L 15 Efic acid-glycolic

acid enablentelgarecatspaie pubasciof e TO0, dagsOdertain hydrogels release proteins for shorter

[5time periofs, 418 ersaRstaled eAlbRdIRR RIMAINIR HeRRANIGL SRR IMRIDeYaay denature

or aggregate as a result of exposure to moisture at 37C, resulfing in a loss of biological activity and
pdéible chHah$es in immunogenicity. Rational strategies can be devised for stabilization depending on

the mechanic involyethioCrxaimpl SrikthasaogpegaenysaniyegitmAstdiSoeudias she
intermolecul :%%S bond formation through thio-disulfide interchange, stabilization may be 20achieved
by modifying sulthydryl residues, lyophilizing from acidic solutions, controlling moisture content, using

appropriateChtiglvest BndTRYERIHGISHBEHROPSSME matrix compositions.  The following are
examples afdhe roetradssamdsempositisns of tageinvpaiiqrottiscoadarateoddbatisgriots other

:ﬂrz@ggllrzﬁngt% rqaé/sr%% é%gttllggsqggiggp épyes tgl%\ggrjadq?g&q?g?n provided above. 25EXAMPLES
Cooper, C. S., Blair, D. G., Oskarsson, M. K., Tainsky, M. A., Eader, L. A., and Vande

Woude, G. . (1984a). Characterization of human transforming genes from chemically

transformed, teratocarcinoma, and pancreatic carcinoma cell lines. Cancer Res. 44, 1-10.
Cooper, C. S., Park, M., Blair, D. G,, Tainsky, M. A., Huebner, K., Croce, C. M., and Vande
25 Woude, G. F. (1984b). Molecular cloning of a new transforming gene from a chemically
transformed human cell line. Nature 317, 29-33,
Danilkovitch, A., Miller, M., and Leonard, E. J. (1999). Interaction of macrophage-
stimmlating protein with its receptor. I. Biol. Chem. 274, 29937-29943.
Danilkovitch-Miagkova, A., and Zbar, B. (2002). Dysregulation of Met receptor tyrosine
30 kinase activity in invasive tumors. J. Clin. Invest. 109, 863-8367.
Date et al., FEBS Lett. (1997), 420:1-6.
Dennis, M. S., Bigenbrot, C., Skelton, N. T, Ultsch, M. H., Santell, L., Dwyer, M. A,
O'Connell, M., P, and Lazarus, R. A. {2000). Peptide exosite inhibitors of factor Vlla as
anticoagulants. Nature 404, 465-470.
35 Derksen, P. W., Keehmen, R. M. I, Bvers, L. M., van Qers, M. H. 1., Spaargaren, M., and
Pals, S. T. (2002). Cell surface proteoglycan syndecan-1 mediates hepatocyte growth factor
binding and promotes Met signalling in multiple myeloma. Blood 99, 1405-1410.
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HGF mutants were generated essentially as described in Kirchhofer et al., J Biol. Chem. (2004),
279:39915-24; Stamos et al. (2004) EMBO J. 23: 2325-35. Met binding and MDA-MB435 cell
migration assays were performed using reagents and methods as described 30in Kirchhofer et al.,
supra. and Stamos et al., supra. Met phosphorlyation assays were carried out using A549 cells

essentially escribed in Kir fer.et.al, ra.. Inhihitio t.phosphorylatign was carried out
similarly ex@g%%rﬁﬁgf’ &ﬁt?h%tg?se\lﬁel %lé‘dgyﬁﬁ’gd%)gg‘ a'gﬁéqr‘fdl}gﬁ’tﬁﬂa‘{r‘l’ngéﬂ‘?g{ﬁ%ﬁ%ﬁosphorylaﬁon
using 50 nginil 3963 FTHinMibithordmkcit pf dlitenhtioh Bied EheieBULAIEXEO0R assays essentially as

described ipirshoferetiolny32r KBS flr (ROPBHEY uchAhBaa0: lriltipangiaggnesis assay was
carried out essentially as described by Nakatsu et al. (Microvasc.Res. 66: 102, 2003% The HGF

ibed :
mutants wePERHIEH e HE R ARG G RGBSR ARG FPiRe bR ATR &y Bihkday during a
6-day expermieAtaAtSHelEAd B e WxpEiment the number of sprouts per bead was quantified and

expressed ﬁznﬁa  2YE1306.2.5D 01 4 deRend oL eURBIMERSARRESUL T mwy it 13 chain

mutants (as (3 chain alone and as full-length HOP), having the mutations as indicated, were
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depicted indigy3cdas\lisdepRORMUIRRL RIZ4AR#94 Eoa alap shown. HOP-dependent
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The antadoms,t molecule of any one of the preceding claims, wherein a mutation in HGF B

chain N terminal region is V495G, V495 A, G498, G498P, G498V, R502del plus T503del, or

D672N.
6. The antagonist molecule of any one of the preceding claims, wherein the molecule comprises

wild type amino acids at positions 534, 578, 619, 673, 692, 693, 694, 695, 696, 699 and/or
702.
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699 and/or 702. The ntg‘qé)nlst molecule 0 &y%?n%ﬂ th e recedlng claims, wherein the molecule
t

has reduced leeﬂ}lceatn%‘? nSling CapaBiRyCoinpare " 8. The antagonist molecule of any
one of the prétediiy éiﬁﬁﬁ‘%mﬁl@%ﬁ%ﬁ@?ﬁ@@%@Péqﬁ?&%l}%mw%ﬂft%@*ét mblax&eell migration
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€ use 0 a i 1S anc
stimulate anglogene5|s compére {0 witd" se of an HGF/c-met anta onlst molecule

according to ariygris reEifRding it HQﬁé@ ﬁ?@ﬁé‘f%ﬁiﬁ%‘f‘ﬁ ?ﬁ\élal%%i%ﬂ‘ﬁ&f fEdIRihg c-met activation in

asu bJedB A host cell iz vitro comprising the nucleic acid of claim 18.
19.  An article of manufacture comprising a container comprising one or more HGF/c-met
antagonist molecules of any one of claims 1-10.
20. A method of making the HGF/c-met antagonist molecule of any one of claims 1-10, said
method comprising expressing int a host cell in vitro, a nucleic acid encoding the
antagonist molecule, and recovering the antagonist molecule from the ceil.
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12. Use of an HGF/c-met antagonist molecule according to claim 11 in the preparation of a
medicament for reducing proliferation of a cell in a subject. 13. Use of an HGF/c-met antagonist
molecule according to claim 11 in the preparation of a medicament for reducing migration of a cell in a
subject. 14. Use of an HGF/c-met antagonist molecule according to claim 11 in the preparation of a
medicament for reducing angiogenic activity of a cell in a subject. 15. Use of an HGF/c-met antagonist
molecule according to any one of dBFFSEEIIC ha INaparEON DS a medicament for treating a
pathological condition associated with activation of c-met in a subject. 16. The use of claim 15,
wherein the pathological condition is cancer. 17. A nucleic acid encoding the HGF/c-met antagonist
molecule of any one of claims 1-10. 18. A hoaBsifEnditro comprising the nucleic acid of claim 18. 19.
An article of manufacture comprising a container comprising one or more HGF/c-met antagonist
molecules of any one of claims 1-10. 20. A method of making the HGF/c-met antagonist molecule of
any oné of Blaiime:dtid0 psaidanBHd Meompiisings expressiadin fehhosk eelkdtionira, ragitseleig acid
encoding t i le i ; ist-mol ll r he cell., HGF BETA
CHAIN v&%ﬁ%&%@%&éﬁ & "T??%egﬁr%%%%}é%r #a{%%?/%ﬂef;}g% '|12§/‘|\/|Ireﬁtg g %’t’go?‘s’rp&ﬁc? hpReing HGF
having mutBfBRLSA idEIERdh St egiReiomodHaeRtagonists that target said regions. The
invention further provides methods of identifying, making and using these modulators. Fig. Nos. 2A

and 28 g0 Nos. 2A and 2B
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