HUVANI ZED ANTI - CVET ANTAGONI STS RELATEDAPPLI CATI ONS This application is a
non- provi sional application filed under 37 CFR 1.53(b)(l), claimng
priority wodessd574wWSC 119(e) to provisional applicationpogngdessm/c28, 991
filed August 5, 2004, the contents of which are incorporated herein in
their entirety by reference. TECHNI CAL FI ELD The present invention rel ates
generally to the fields of nolecular biology and growh factor regul ation.
More specifically, the invention concerns nodul ators of the HGF/ c-net
si gnaling pathway, and uses of said nodul ators. BACKGROUND HG- is a
mesenchymne- derived pl eiotrophic factor with mtogenic, notogenic and
cfphogenlc activities on a nunber of different cell types. HG- effects are
ated through a specific tyrosine kinase, c-met, and aberrant HGF and
c-nmet expression are frequently observed in a variety of tunors. See, e.g.,

Maul i k et al., Cytokine F 13: 41-59;

Dani | kovi t ch- M agkova &}éﬂ) M@ D@*‘ﬁ“ﬁﬁ%@ﬁ“@%% 109(7) : 863- 867.
Regul ation of the HGF/ c- Met signaling pathway is inplicated in tunor
progressi on and netastasis. Sﬁgﬁﬁggg%@gggﬁiﬁiérg & Conoglio, Nature Rev.
(2002), 2:289-300). HG- binds domai n of the Met receptor
tyrosine kin ul.at e dlvers oIo S _such as
cel | scatter f[?}%af) ‘g;[: le%l fggg OVISmna agglicdht O\I)a'lle %@?‘%ﬁﬁ@fﬁnﬁ ke

essent i ghiofitgundeo BHEISCdAdie)to rprcmsut&m]edpphnmm meﬂqee&(i/ﬂ&%@l ifitedrAgatsi 2004 othe
nmuscl e n vel o | i ver and nervous system
(Bl adt g{ﬁgff%&%@ﬁélﬁéﬁé@n%ﬁ%ﬁ%%m "Ft o irg)]é%yg ;feﬁ%lcet al., 1996; Schm dt et
al ., 1995, Uehara et al., 1995). EEveIopnentaI phenot ypes of Met and HGF
knackout mice are very sinmlar s&lgeﬁﬁ% %gﬁg HGF is the cognate |igand
for the Met receptor (Schm dt et hara et al., 1995). HGF- Met
al so plays a Thepwsdnhinkéniien reﬂae@@amram tothe fiaklg pbxgeln@ﬁarsb;ol@ydnd\@mm fagat i ng
(Bussol i Iaﬂgn afl/lore sé‘e%%%ﬂl %Uéﬁﬁon c% gn{\ja mo%m’al{or% of egéGF userég‘%réa il

al
1994). e precurso fece tor der goes |nto an
ext racelphthWa)r,andsmbmealdawduln’@m;r ane spannl ng b subunl t I i nked by di sul fide

bonds (Tenpest et al., 1988). Themiﬁn%cont ains the cytoplasm c kinase

donmi n and harbqrs a multi-substr site at the G term nus where
ad¥pt er pr ot &iGISEs bimseenelneher deiivédpleowiryivdhdtorgvithBaitagenit.im@ogeaic.and 1997; Nguyen

et al. Upgpg,%ﬁ GE&{B:% ibs s ilber kAR Roren! g&@& OpBe oftber arg‘?n%ﬂiatemjhg sggr et al.

1996) . | ng, activation o 1 eads to yrosi ne horyl at i on
and dovvﬁ@ﬂf@ém%ﬁedmﬁ%,ﬁgmtt rand alpraGahGT amik- @ttﬁzpl@@@nrm@ﬁrmuadlyl%lb&rwnmse and

Ras/ MAPIS, gt bahbe 5ek %sgoq\%dmeg o c‘%HléﬁQ &déﬂo%ﬂPFa%félr kevflrggé dzb(% A _so,

proliferation (Furg nzetto’ et al.
1996; R&pailkox Maigkovaﬁg@@y . §¥in. Tnwest. @AGNL00E)) B63-847arRekulrtxim tierHGE/c-

cagsCi NOgRNsLEAAL SAnOSLERASALGONR (GE) r$gr&§o§ &i@%&&sta%fs %l 1384 E’ k et

J I
al ., 1986). Met oOverexpression or egne anplification $een ob served in a
vari et yComogho Nature Rev. (2002), 2:289-300).

HGF binds the extracellular domain of the Met receptor tyrosine kinase (RTK) and regulates
diverse biological processes such as cell scattering, proliferation, and survival. HGF-Met signaling is
essential for normal embryonic development especially in migration of muscle progenitor cells and

30 development of the liver and nervous system (Bladt et al., 1995; Hamanoue et al., 1996; Maina et al.,
1996; Schmidt et al., 1995; Uehara et al., 1995). Developmental phenotypes of Met and HGF
knockout mice are very similar suggesting that HGF is the cognate ligand for the Met receptor
(Schmidt et al., 1995; Uehara et al., 1995). HGF-Met also plays a role in liver regeneration,
angiogenesis, and wound healing (Bussolino et al., 1992; Matsumoto and Nakamura, 1993; Nusrat et

35 al., 1994). The precursor Met receptor undergoes proteolytic cleavage into an extracellularc: subunit
and membrane spanning B subunit linked by disulfide bonds (Tempest et al., 1988). The B subunit
contains the cytoplasmic kinase domain and harbors a multi-substrate docking site at the C-terminus
where adapter proteins bind and initiate signaling (Bardelli et al., 1997; Nguyen et al., 1997; Pelicci et

al., 1995; Ponzetto et al., 1994; Weidner et al., 1996). Upon HGF binding, activation of Met leads to
1



of human cancers. For exanple, Met protein is overexpressed at |east 5-fold
in colorectal cancers and reported to be gene-anplified in liver netastasis
(D Renzowet2o@l015371995; Liu et al., 1992). Met protein ipeTalsSs@snepested to
be overexpressed in oral squanous cell carcinoma, hepatocellular carcinons,
renal cell carcinoma, breast carcinona and lung carcinoma (Jin et al.

1997, llq et al., 20 X 9
Suzuki I@E’ gﬁ? ﬁws{f’@%ﬁﬁt’;‘m fi%g%’d"d‘isl\é? aB]nSl m atég?tﬁ ‘g’%%qoaﬁ‘ gdfelzz%%/&%hla%d P’gelrl(l1 %bs erved

i N hepah@Red/ MAPET actiedtioh prmuvqlbas\mtdhcln&aroell notikty aadprotifekatioe Glusde et alr,ci noma
1992). A nunber of

( Boi x 1994; i yasu et al 1 I et . )

mut at i ?3?85‘.%?‘}?8 ?lahgg)g‘l SHER eEﬁ A ﬁa‘(?lallgfeﬁjaﬁk d in renal papillary
car ci noma Wm&hﬁés% tB % ﬁaﬂﬁﬂ,fngﬁﬂ A/@ar&ﬁ&g@ﬁlheite@&woy@&d@r&eﬂ @hd (cobgeret al .
1999; Schmdt et al 997; Schmdt et al 1999). These activating

nui at i chs1984nfask Et@bn@ﬁﬁ)t uMPWeWéEfe%SVPSEg%‘aBﬁB%%B‘F Dasbesobseqyig 1p &y Eﬂ‘etty in
MAPK acfeinyghd QReerd. G Sxanfic Rl ﬂ@teuﬂﬁ‘ gverréikFEEdeg anest §-fc(1@i| Bf oRf & ta8tanlrs andl 997) .

In addition, these nutations enhance cell notil %% i nvasi on §G or dano
et al . remugdto hegermomplified n lier metagims)(Di Reyzo dbfe I‘l{-‘lul\%ﬁl A% Met Bateim

transfqgg fﬂ@&ireﬁﬁjtéd% U@Weﬁkﬁ%ssb&‘ﬁ%?ﬁ%@ﬁnﬁ@i dellich¥inod@ %Eﬁédeﬂﬂar @Rshotadieadii ON
whi ch eventually leads to invasive tunmor growh and netastasis (Jeffers et

al ., 1998 capBpmebicagicarginoma, pgd g C%Wmﬁaémbfééh 1985 WMorel st ab-PSbNaglkeh ot her

pret ei N3 1908t Oy & af COORIRLu@ELHl Y BIolP NN aldiBskS bRIEBEdsQbh of MIFNA ﬂé(sﬁﬁ:bﬁ)n In
neopl astic cells, Met is reported to interact with a6h4 integrin

r ecept oibsqrapd léiamaa@@lmlaa FEPINARRR EPSHIY RERO R PSRN E%EHO%G%O%“— Al r}§94’t 0

pr ondt exiFaxdanendesty ih Basigse) growt h (Trusolino et al., 2001). In
addi tion, the extracellul ar domain of Met_has been shown to |n.é eract with a

menber of t b nwEbelGRERIHOYS Antbe Jinass dogpin ogMet hayg beeh fapKdR EBal RBllaye gr owt h

(Gor dadﬁfblrﬁ)tmaa;lrhwh 13&1@?3001’1&1@1&&@ %cBﬁB@actlgaﬂﬂr@weMt ah 1bes sbigsidt ¢tAP| 199&L ed i n
t unori genesi s and salsoreportedtoformac wi th Met

o SR Pl 957 g poth gl RH A8 PR AP Bty Mp s ie Samph e late
2002) . Matesu irPMAPRRSHvaEn, thiQs foRham dnd t&l‘f‘lor@iféls\@fﬁfﬁﬂ et 416l ogie. Bcuﬂdlﬁﬂﬁi Sea

(Maul ik et al., 2002). Prediction of. the extrac domai n_s cture of
Met sug}b%f@taélﬁésreé‘ﬁa‘]‘fﬁ R BgtARdHn Yasign é%‘ﬁﬁ%%?‘a Oﬁﬁ%ﬂn@w Al ?%‘f‘?g

N-t er m \EB-defenddk MePiRAtRS iPiraRfoBndi0I¥Rs Mediteippeaxd Aodiial schRfngahdo aci ds
that is conserved in all_ semaphorins and ‘%\ ns. The %%rraegg]grlg and

pl exi nsMISELSR §hich exenfugtlyiea Sé?fﬂ"?lﬁftu@%r&‘% L Y Do Ad (gr ot ei ns
figpst dasieédbed, fmg).their role in neural devel opment (Van Vact or and

Lorenz, 1999 Fbmeve nore recently senmm i, n overex r.essi on has been
correl ated wvEHhas B‘?ﬁ‘}rs THE TIFACE G o F%f Bré’feé{ghk?t drpvergRepier é“’? %h PSI domai n

(al so refheofhsiohtndsvasidetin E&Jpedtswceﬁew RGEpAHRI®I ifferadcOmiftosPa lmiegm Bs,
semaphori ns, and i nt egrins lies adjacent to the Sema dommai n $F| %Ed by

four | F“Fcetp@ﬁé%teétf%cﬁléﬁlafd?@’i @%@@%Wﬁﬁu‘}h@ﬁé&@%‘@?’ ShORgG AP i ns

andt r angedsive iskddih {BGIoRASet af\ 1000 M adhittflyths Hﬂ&eélhfar Hbadin bideiVRE be%ﬁ REowiomai n
is sufficient for HG- and heparl n. bi ndi nf; et al.,. 2003
e@é‘lﬁl %‘;662‘}

F&F t her'referactRathig.rasanter efribesemaphorinEamide p angs. IRVRSive &0
repor t edidhabo & e 26@1BralaRBhde, DARS, vilschHRS Bes ahpliched in tﬁ‘ﬁa&@édﬁémsﬁhnﬁer i zation

and aCtrIn;,/tgsttalls?snls also reported to form a complex with Met and HGF and result in Met receptor activation
(Orian-Rousseau et al., 2002).
Met is a member of the subfamily of RTKs which include Ron and Sea (Maulik et al., 2002).
30 Prediction of the extracellular domain structure of Met suggests shared homology with the
semaphorins and plexins. The N-terminus of Met contains a Sema domain of approximately 500
amino acids that is conserved in all semaphorins and plexins. The semaphorins and plexins belong to
a large family of secreted and membrane-bound proteins first described for their role in neural
development (Van Vactor and Lorenz, 1999). However, more recently semaphorin overexpression has
35 been correlated with tumor invasion and metastasis. A cysteine-rich PSI domain (also referred to as a

Met Related Sequence domain) found in plexins, semaphorins, and integrins lies adjacent to the Sema

domain followed by four IPT repeats that are immunoglobulin-like regions found in plexins and
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Nuner ous nol ecul es targeted at the HGF/ c-nmet pat hway have been reported.
These nol ecul es i nclude anti bodi es such as those described in U S. Pat.

No. 5, 686wd2806/Asgyorti on of the extracellul ar dormai n of pcTrustoosas7ecas so been
shown to be capabl e of antagonistic effects against the HGF/ c-nmet pat hway.
In view of the inportant role that this pathway plays in the etiol ogy of
Var' ous, DRt ?%ﬂ?ﬂl'cﬁ?sl ﬁ?& tts{ug %gg&%"iﬁ:}f%{e MébtlSehn® dGh&RSs duffflent REHBEGANT | NUES

o0 be a néée or agent ave clinical attributes that are optimal for

devel Ophmamn asdmgn@@pﬁé@tet @ a@f@m Eurthppreorp.itangthelrangbd c(Gaped Colb 1280 ¢iekt s
this neﬁg hgv dre r@H 't}gFﬁ'ne @Erﬁ?éonpaﬁp&*(l\l{éﬁs ne’bésgarfr ?Jr%c@é'@ﬁﬁmgﬂlﬁaﬁgn DRBihition.

i ncludin appl 1 cations and | 1 cations e 1 ncorporated by

ref erence | nNtlmermﬂS ele¢ulasttyrgetqd) %@@BREH@?WY&W erpriede Thepgent i on i s
nahar  m3Rsk lf?ﬂu&efaﬁuﬁo%%@gach'ag Lgecuas&foe@mws' pgtyN&fs RBLE K b&ikiSn 6 thd he
/crret Iologi cal way, i's a biological/celTular process that

pr esent sxtmsellahr flomon P%mmemﬁsl aladbﬁam shegradube wnerlapfentgenitiy regé‘tts agpiet theyvent i on

provi de S DPRRARR il DAL dySidyR o b b o Ga m%&

Dot vat O B blyRRomaih oo BRI B HIERTh B Liolor Rt

t he ext pailpdddiaal enndw@m, howiever, itds dlear thahiliere cemtipnesrio heii tl@eﬁhé@r ageity B have

Ant agon&l?ﬁc%l ﬁinghggth'apa\fg o for ASveRPREAt a0 BidrDEi#R aBontP TRY 'ir@@ntloma%chﬁé?f:

t herapeuti c an ragnostic agents for use in targeting pathol ogi cal

condi t i bavein asste diivneed and nrhvidgs ethenianefis. unwant ed signal i ng of the HGF/ c- net

pat hway. Accgﬁgéf&%cy cﬁéa%e{efhvgl%aag pRERYbSIR 3 dH8 LSS IicHORP XS lirfcb B tedilyt S

and articles manu acture related to nodul ati ng the HGF c-net pat hway,

i ncl udi rederense il theif entiredf. c- net | i gand bi ndi ng, c-net dinmerization,

activation, and other biol ogical/physiological activities associated with

HGF/ c-met signaling. In one aspect, the invention provides anti-HG c-net

therapeutic agents suitabl OBGLONRECEFIIHE INVENKON apabl e of ef f ecti ng

varylng degr ges. of dlsru tion t 51 n
exdnple, in %ﬁ INXFASSR SR ?“bats?‘iiooq tﬁ?ﬁgﬁﬂtggﬁmﬁﬁ (%Jaﬁagralﬁ“?sz%\/\ﬁ%{ 7 s c net
ant i bodyet¥iglbgical phﬂhe/aﬂm]ﬁbhaé £lﬁibloglf:illca]lhﬂgt pﬁfceish]l&t gn&kdnb;cadyn tngpoktemtand C met

affinit f the ant as
gubst anf! V&Pt%ﬂoi;% CRRTHEC st b@’eﬁﬁvﬁ%% pé%‘fldegfc ?Ig%osg ond ?nd me%%;als ﬁaesg%% i body
(e.g., aitdrefing Wltﬁ)HGHitEmaﬂﬁbuﬂﬁoraﬁﬁclddﬁ@)bualmt anﬁabtofmfa@efrmgtmthd{@mhmdmgcorret)

ggg?:]l \S/ %gtﬁ 1?@%%#” Irgtgllatglg[ﬁelas en %a!tlg‘rll ::Xntggo??s S %@t B%E@ n :Eg gg)a-vy
| nzoanot b@bnl&ﬂtheﬂimpmtqde i@mvmnapemrc god dmgnifsec egehua ;ﬁ:armsezmdarafrtmg Jp@hc&eglcal

anti bod erein the val ent affinit u

(o o O hRnE s e e R Pl BLokChitpefbe e AL buh o URBRY

for ex atmluezea(ﬁonl eaddes 3pettods, foopositiond, kitx:hnld@mte,s of mamufachme rebatedvia nedulatiflesf | nity

of arm nt| aff it 2 Fab

fr agrren gpagﬁlwné't 1)n91ud1 pr %l}qar?ox og%mgps Mgﬁgﬁg’?&%@?gﬁ%ﬁg{% essentially

of ali ghiva@dmanﬂmhadbfo@pﬂvlﬁiyaphgmaractame@ aghorraich Wit fiGEirometatndagi cted in

Fig 7 (SEQ 10 [y t n provides

an%antl -c-ne ?‘Ine 2 ec ﬁlg B a%l&’a&l%bﬁgétgﬁﬁ%{gﬁrggt %%{C fil ?t?tﬂlg ¥°3 of the

ant i bodwetapedtmmmaml-camble(cé e@ectmgfzafrymg tlagrapf of chs;uatrmwlﬁthdﬁ(ﬁféc meFagpalingagment

to human o
pat

&/re%;. )For example, in one embodiment, the invention provides a humanized anti-c-met antibody
wherein the monovalent affinity of the antibody to human c-met (e.g., affinity of the antibody as a Fab
fragment to human c-met) is substantially the same as the monovalent affinity of a murine antibody

30 (e.g., affinity of the murine antibody as a Fab fragment to human c-met) comprising, consisting or
consisting essentially of a light chain and heavy chain variable domain sequence as depicted in Fig. 7
(SEQ ID NO:9 and 10). In another embodiment, the invention provides a humanized anti-c-met
antibody wherein the monovalent affinity of the antibody to human c-met (e.g., affinity of the
antibody as a Fab fragment to human c-met) is lower, for example at least 3, 5, 7 or 10-fold lower,

35 than the monovalent affinity of a murine antibody (e.g., affinity of the murine antibody as a Fab
fragment to human c-met) comprising, consisting or consisting essentially of a light chain and heavy
chain variable domain sequence as depicted in Fig. 7 (SEQ ID NO: 9 and 10). In another
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is greater, for exanple at least 3, 5, 7, 10 or 13-fold greater, than the
nonoval ent affinity of a nmurine antibody (e.g., affinity of the nurine
ant i body we 2006fabB37ir agnment to hunman c-net) conprising, eOmAIS3ES0Y7606
consisting essentially of a light chain and heavy chain variabl e donain
sequence as depicted in Fig. 7 (SEQID NO 9 and 10). In one enbodi nent,
the nong dﬁﬂén 4nPR@¥ndd al

subst ant gt{ ttﬁl&e%%@g%éf%gowg&%g !ng;ml %?t y tof d}gwfé&an%egg&r?g{r,ltenéonprl si ng
vari abl ﬁﬁdtbmthe apdibesyrie wmaf c- mnt(agt, pliboidy offhowitibedy 45y Hab Grgroranie bwarn ¢ i ne
deposi t 31k §ehieOth o Emlﬁ ofATCC HB- 1
1854 (b docker iR ol KR T LR e Dl o glent AR

wel | - estaing antibeflyi(eigt #féingy of, thebmwdmervgtﬂaqdf/ hi Fap fefgmgny tp @arn@n ¢ @161‘0 F@nl?féwpt or
can be dglgfify @%Qns}gﬁhg&s&ﬁxmf AighPhhlhd Rl PRV SariaRDdo R LTSGR ad 1 L ET M

of "a variety of quantitative val des. Accordingly, in one enbodi nent, the
bi ndi ng daﬁfftfrdmlﬁg 7 §SEXB? MOs 8 @nchH)) Kdn orel cipbadiznger, the ipoaeyadent @fflﬁlit}hfsflthe bi ndi ng

af fini %ugl I%Iu%)ocis\ﬁt& BN ?le%t% %e@glﬁ@&ttﬁe) ?lﬁé%ﬁgaﬁ%l ¥ A08 rREALET ably,

bi ndi ng a IS neasured I n Vi -free or

cell -as smpratnedmg@ﬂetdongm saquegess of fub@dbfpdy Pg(?@aﬁtdéw hybridama qgB fing ¢epositstl d

di fferepgp Aﬁleﬁ &chﬁ@% Bhiieti GPAR c@s%loq;m{baf APECiHh- i@@my%dantaemaé i of

t he m)novarent ng affinity val ue 0 humani zed anti body (e.g., in Fab
f orom) andHBHé89§dhﬂvdb@nﬁDﬁllhé) s iaPell-ptablished ig e gt tandingf %ﬁ’@ﬁd’éﬁ@é‘mﬂé? at or
ant i bOdYtS (£ pgor’caﬂ B & Pmin@d {Bmg( ﬁly%f a vzﬂ‘mWf 'a&@ysagﬁd el%agyse@ ﬁl\%ﬂﬁg o@lﬁmﬁfety of

hyper vari ab? e regli on sequences), erei’n the binding affinity values are
det er m qeabtipHvevalush.ri¢egrdingly ezyorwmbpcilrn@iifsthe indigg affipity rexpigtrediasiehyaluet he
fold di f{;@{eﬁ&@ﬁnﬁlﬂs@bﬂ%ggffa&; (¥, t\Mth' Iﬁmgﬁke%ramdﬂ?@ff@és)t h@ne&aafylaﬁd ?&feHEFy Kd
val ues o humani zed anti bod Fab form and said referénce/ conpar at or
Fab ant bindirg affinigy isaweampedin vitre, ) @th@n*b@)@ﬁﬂrﬁéq‘?tm cqll-asgpeiaiychiipgyApfesered in

i nyenti at(‘:foﬂeta{ﬂ%reﬂp @l rifffglrerné’e ﬁllﬁﬁlrdmgﬁffm%y Ezghfédugﬂiﬁfed lﬂ:t'@fi‘iﬁk iR raffdrmiet y of a
referenCe antib (il(’ , then if value for Ais 3x, the Kd value of M

woul d banongyalegpindi flaw valugfol K@u@@mz&dta@ﬂmdy tsrav i fprBkand the mengidlettsel y,
in one SHRG LARRY Valhef oiaar}eﬁfkﬁlbé?&ﬁibaﬁfor Enhﬁoél}n(‘é%n tid A 1668 (B §Sa arisd dokiBddyy t hat

is "3-fold greater” than finity of a reference antibody (R), then if
the Kd Vavingdomerhygervariable reglﬁ@seﬁam@%eb ersin the Yipdipgatbisitgyalues g deleniped i o of

Kd of Cyh@: lsehigf asBy‘Q@hﬂlgorQeTﬂus in ofOYmdirfent WHEHYSTd dfferas ﬁytﬁndiﬁ%éﬂ]nmtyrls t he

art, including thoSe described herein, can be used to obtain di ng

af 29 ni t yletemainadras heratio, ofthedfd vlueg of the pureapizash prtibogy WEsP formyaad stid munoassay

(RIA) a@&elgﬁée/%@mpérﬁoﬂﬁh% aﬁﬁ‘tﬂﬂ L 1F0@eﬂ'|%fecm 33 erﬁlSHdﬁﬁ&l'ﬂllﬁztn #Afibddpef thBVrﬂfBﬁtlcﬂn
Corrprl ses an antl - y, conpri sing: at | east ane,

four or () ke amfﬁéﬁ%%}?‘i 1%1133 3’14 ]@&F’b hanyihprafiinitynhia ﬁ‘?f%tgn‘?é‘fl%'??flé M- Fl}?fhlé’\ﬁeeK@ rou

consi st ivage R A if 8, MG LdlueCTMP oSl BEY 1.5 GELIBE 6o AL KADT A tMﬁbEM\VdﬂdMU s

KSS@LLYTSSQ‘(NYLA (SEQID NQ 1) (ij) HVR-L2 CO risin n
wher ei n eavessely, i apasmpgeynentpifyn @“&@yﬁ ﬂ\e.ni“ieytlw pas qp8H ’QQS é‘g%ence

CL,L9, WhGleP! tRanGile £fnityPof @REAXEVIhtibodF @), Ben if the Kd value for C is lx the Kd value of
R would be 3x, and the ratio of Kd of C to Kd of R would be 1:3. Any of a number of assays known

in the art, including those described herein, can be used to obtain binding affinity measurements,
including, for example, Biacore, radioimmunoassay (RIA) and ELISA.
In one aspect, a HGF/c-met antagonist of the invention comprises an anti-c-met antibody
30 comprising:
(a) at least one, two, three, four or five hypervariable region (HVR) sequences selected from
the group consisting of:
@) HVR-L1 comprising sequence A1-A17, wherein A1-A17 is
KSSQSLLYTSSQKNYLA (SEQ ID NO:1)
35 (ii) HVR-L2 comprising sequence B1-B7, wherein B1-B7 is WASTRES (SEQ ID NO:2)
(ili) HVR-L3 comprising sequence C1-C9, wherein C1-C9 is QQYYAYPWT (SEQ ID
NO:3)



NO 3)(iv ) HVR-H conprising sequence DI-DIO wherein D-DOis GYTFTSYW.H
(SEQ ID NO 4) (v) HVR-H2 conprising sequence El1-E18, wherein E1-E18 is

GM DPSNSBVeRMdEED1( SEQ | D NO 5) and (vi) HVR-H3 conpri eCcmgss@goetce
FI-FI'l, wherein FI-FI 1 is XYGSYVSPLDY (SEQ ID NO 6) and X is not R and
(b) at |east one variant HVR wherein the variant HVR sequence conpri ses

nodi fi cation a f @T’Pﬁ'l%qmﬂgﬂ

NGs: 1, 2, 3(193 %{vﬁﬁﬂorﬁﬁﬁsll{ %%I%E&Aﬂn%m%h%\%/%ﬂﬁg?gan ant i body of the

i nvent i @ﬁl‘@b‘ﬁprl ses the sequence of SEQID NO 1. In one enbodi nent, HVR-L2

of an anti bo of rd of SE IDN02 In
¢y of yiierh @(}/rﬁms'ir%’r}?@%g%yﬂ %]?ﬁf hhGein BI4ARGE Q

one enbodi nent, HVR-L3 o he I nvention conprises the
sequenc@h@PSE@)ﬂ“Wl(wQﬁél\@tﬁ@dﬂrrent HVR-H of an antibody of the

| nyenti on Cogﬁf | SeS/EAS ¢ ?r%c‘s@%&%ﬁce%@ﬂl%ﬁé%ﬁﬂ Irily R@@Y@W@%LWKD(%’VR

of an anti bo the 1 nve onprises the sequence of SE
one enbdjlaNﬁé@tandH\lRmH?\ of an antibody of the invention conprises the

! C [0) DY
(S0 DR P b B R b Bt e TR R I Yo

8). In dme contrsidhaefitbe Seatﬁ:n@ﬂﬂqpbtfdyn &EQﬂJhéTQSriv B forrrde riwli@mbgdmetse
Sequenc?—ﬁfﬁ t.n opaglrgﬁllﬁlﬂl o@fﬁe ﬂﬁleﬁ{ Cc'éfn s@s &@r uQﬁce ofSS]JEG T@'N()zﬁdln%e human. In

one aspect the 1 nvention prOVI n anti bod y conpr|5|ng one, two, three
folr, fiembodimenti HVRNRDS ammmbe‘ilypfébazlnqum eomppiFgsslesseqien psofES BNQ@8ndn st s

essent | ahd éfmlsbfdnﬁenﬁ @ﬁﬂ@ﬂ@@f aﬁl%aﬁad%f Ih'é@rmeltntnﬁ cgﬁ,BH&s &Q@&iu%ﬁde%@ sEé ISR:3.D NOs:

1, 2, 3, 4, 5, and 8 wherein SEQ ID NO 1 corresponds to an

HVR- LI | hsecgelrrrbomew’ HHRrIélséfcm@gtﬂMy ahthefyenipn ceaEpylsrsﬂhN@qser@e P SEQHds to an
HVR- L3, \gFf) infanblgnéodﬁﬁ&ﬁ W@Q%Mmﬁmo@/&t@ inveRod éd;h sﬁhés@aﬁe%@&frs@%g to an

HVR- H2, and SEQ or corresponds to an R- I n one

embodi mdRNO: anhl@nﬁ PIBWH@F H‘ﬁ%rH?’rpi eﬁ@littbﬁdwﬁlpﬁmgeégowmmses thaarayepce ¢iyvR- |3,

VR H, ugﬁﬂﬁaeanﬂor!é\él%bk@ MWhAVRLIB &AGHsesi TV Y BESPLISOMNE] $280SHQH HeNC 1,
2, 3, 4, and | n one eﬁ%odl ment, an gel’?tl bodg of the invent ?gn COI’?’pI‘I ses

HVR- LI, eporipent, W&R@Omﬂvli@s HYGSYRPLDY GRE 13, Inghe cbedimertren i n or der,
conpri s Gstibaof the N ntion €ompRisirt thede §ferBes MAhBMHati bR lcdchb@ heddi)lid0dy Oof 1 he

i nventi on can have nodifications of one or nore residues within the H/R In
one enb&dmpEzRdor BUPAPR- L2 variant conprises 1-5 (1, 2, 3, 4 or 5)

substitutionsg, b aRMAAdH REvi8ds ah BRibh @ tRWrisEs BRS thd, aRss, ik, f(Mopsr L),
BZ(PTGg?ba%% el ghviles 2 1®%N%rF)B( Ll or Q)

1), (
B62{ A, PWRSTWB‘?WV)%%M'H}IB?OD(‘PWS FOHSWAS@F cqupists pifensiady %ﬁav%%elect&dﬁeﬁ thy
vari ant eaERbsRaRs I SEJ D N@s 132 34403 65? a&ﬂ@%ﬁd wgrelﬁtsgqm NOY cs@égpmatd on of

El-her O:J)ag WHbLlRm OSI tﬁ)%lg 3 corfestndg)to MV%@E SEQ ]]?) NO:3 correspo%ds to an ' HVR- L3 (G D

SEQID NO.4 corresponds to an HVR-H1, SEQ ID NO:5 corresponds to an HVR-H2, and SEQ ID
NOs:6, 7 or 8 corresponds to an HVR-H3. In one embodiment, an antibody of the invention

25 comprises HVR-L1, HVR-L2, HVR-L3, HVR-H1, HVR-H2, and HVR-H3, wherein each, in order,
comprises SEQ ID NO:1, 2, 3,4, 5 and 7. In one embodiment, an antibody of the invention comprises
HVR-L1, HVR-L2, HVR-L3, HVR-H1, HVR-H2, and HVR-H3, wherein each, in order, comprises
SEQID NO:1, 2, 3,4, 5 and 8.

Variant HVRs in an antibody of the invention can have modifications of one or more residues

30 within the HVR. In one embodiment, a HVR-L2 variant comprises 1-5 (1, 2, 3, 4 or 5) substitutions
in any combination of the following positions: B1 (M or L), B2 (P, T, Gor S), B3 (N, G, R or T), B4
(LNorF),B5(P,I,LorG),B6(A,D, TorV)and B7 (R, I, M or G). In one embodiment, a
HVR-H1 variant comprises 1-5 (1, 2, 3, 4 or 5) substitutions in any combination of the following
positions: D3 (N, P,L, S, A, 1), D5 (L, SorY), D6 (G, D, T, K, R), D7 (F, H, R, S, T or V) and D9

35 (M or V). In one embodiment, a HVR-H2 variant comprises 1-4 (1, 2, 3 or 4) substitutions in any
combination of the following positions: E7 (Y), E9 (), E10 (I), E14 (T or Q), E15 (D, K, S, T or V),
E16 (L), E17 (E, H, N or D) and E18 (Y, E or H). In one embodiment, a HVR-H3 variant comprises
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(Mor V). In one enbodinent, a H/YR-H2 variant conprises 1-4 (1, 2, 3 or 4)
substitutions in any conbination of the follow ng positions: E7 (Y), E9
(T), ElOWOrpockild37¢ T or Q, E15 (D, K, S, T or V), E16 ecjus2eesio2zisks H, N
or D and E18 (Y, E or H. In one enbodinent, a HVR-H3 variant conprisesl-5
(1, 2, 3, 4 or 5) substitutions in any conbination of the foll ow ng

pOSI ti 3\;‘% (H;'j (for 5§lubst'1:t§t1c(n§em % Cbi’ﬂbl-ﬁ téd% of fhkfol F%vu?g@oslt Bh: (F§ (Eﬁ)M’T?’ (-[Q SE K

F) et He'rf(é)K) mwr%ﬁmesmsi‘ I8, denY)’) i IpBsR.H-0R, FH@ Satde R and
I ustr gt 8 sSHOBE bl PR hlonfhesis foﬁedvﬁg e%ﬁ%gmaﬁws?atﬁser G Hius2iv QB

evi dent tO ne S In"the art Sul am no aci ds as

subst i t (iteh aeplageinens) amnaasid; as whidd boeiidont todas ekalildgienl the@rteduitatilafs obethergminmel y

as %es S egc1&'§e{s @gbsheﬁ&pmﬁe 2NN cbﬁke;tfa@scaﬁéd }eeg\{ ah Q?aﬁhay sgeéasmin@ I'n one
di nent conpri ses th e sequence O

e nbodl ntqqhmqﬁls kpgwngin ¢hgrartzand/or-lgseribigd heyeify, In cme@mémbmbl@da HERtLl qDFnPthS ébevar i ant

HVR- H3 'sé]tuélcE §PSEP<Q%) REPLAiGRR %mb&@ mlelﬂ }?1 mrvmﬁ HH@?% T St Boe dhoiMent,

enbodi nen in"a vari ant HVR I'n one enbodinent, F/ in a variant
HVR- H3 F$ imma varantdheR-Eidbhodl krene emb@ﬂnamt,u H3cay veriant HY R /s i iTo AncHredingat g

vari ant gklyR; bﬁa}{‘ﬁ?&[}%'glg 153 fn% Jexﬂfxodﬁnex{: F7 i a Rarine BVRAMis 7 1h SnelembbBinRAE

enbodi rrent an anti he i nventi on conprises a variant HVR-H3 wherein
F10is T almodssofmqaln@nﬁm ¢osnpnseS|arvaemé Fatpba e FlanT andiBde} cof. @HE

i nventi gsnl-corrprl ses a variant HVR-H3 wherein F | is S. In one enbodinent,
an antibody of the invention conprises a variant HVR-H3 wherein Fl is T,
and F3 is R Inppecambodirasnidimantibodyaph theripvepdrcopprisel @ vpape HVROM wherppifdés a

vari ant HH¥RHB, W8t Nmfohe Efibodimérs, dnSnfbodP o i ldvéntﬂ;n c!)rﬂpx%@?a ehpdivRis,  an

ant i body of the invention conprises a variant wherein FI is T, F3is
S, F7 i shfreindfids f8In ape smbodimerpeancpiondy rithe lnvamfloaﬁt)mmya wariapdVRA{Zent i on

coppri s %el%mvfairlk @Ning YR i3 Iﬁ’\&ﬁreﬁibedlﬁ{ent' $n ahtibad It %he%nveﬁt?od Smpris@BdafiBei S A

I n sone dinents, said variant R-H3 anti body f her conprises HVR-LI,

HVR- L2, HWH@ whergi i is 8,58 itRRo¢B7 wﬁlé r Lq qie embeliBeityn; aeeeody ohthg fnyeptiont he
Sequenc%oﬂ%me% SfiahHVER 3 VR NBFT 14T, B3 is3, FFisAN dnPFs k8. SJQIEEﬁe SHRRAGAERR S,

these antibodies further conprise a human subgroup I heavy chajn

f r amewo PRiRoSN 8iEhe yensien crameises 4 yarigpdT\Brblgavheesit Flos Ty ﬁ%eé BhisiThand Fé‘sls At he

f r amewoliks £ NSRRI HENS QA HEH 1 BVROLE SR DHosyHAShérlcBinpRs BVRIOS HVERRN2, HVR-73
and/or 78. In some enbodi nents of these antibodies, position 7 Tis A 73

i s20T andBoHVRaTY apd AVR-H2 srhercanfagiiromisesoln ordeadhe ssayensrodpisted in $RQ D
ant i bodingss. ff 9r4, BGhd §ORRbIS EmBodHER) tHeke dnhﬁﬂlﬁes@ﬁlﬁieﬂccfrﬁp@ﬁ@ﬂ‘@ﬁﬂfan%@lﬁg%&ﬂﬂﬂs

sequence I'n one enbodi ment, an anti body of the inventi %n conpr.i ses
vari ant heayehain fipspwirh csenses sgauenee. Jp Rpe arIogmeRkpfitaese anl ad%m%ﬁﬁeemvfr& L2

ant i bodyod sk QlqusneEBInpeiess shbdRukibn adPERtibn37 1, Y Ehdrdr, 78 HitRoki@ eaielitMiss 613,
wherein each conprises, in order, the sequence de E gted in SEQ |ID NOs: 1,

3, 4, 5 URESDOdIE. BOEN ShctETT 1T fyarh S erRIED: Oéﬁlt%eﬂ@f@er t her
CORgri s %s&%ﬁal}de"iMﬁm’f Somgri¥Ea Fhmar My érpchﬁiﬂ(?raﬁlg%ﬂﬂ%gns‘éﬁﬁﬁ &gheR@Ch conpri ses,

in order, the sequence depicted in S 4 and 7. In sone
enbodi ment s, & enecrbardimenl an-bedy of thei IBYS?GS}OIT GOFPRESS 2T Hé’é?sLWh&reP BOpA/R- L3,

HVR- H |, vAMRsbRe ashalResHRid WS 8IVR £ GRito @ R th&Q@Smpfifks HVR-L1, HVR-L3,
HVR-H1, HVR-H2 and HVR-H3, wherein each comprises, in order, the sequence depicted in SEQ ID
NOs:1, 3, 4, 5 and 6. In some embodiments, said variant HVR-L.2 antibody further comprises HVR-
30 L1, HVR-L3, HVR-H1, HVR-H2 and HVR-H3, wherein each comprises, in order, the sequence
depicted in SEQ ID NOs:1, 3, 4, 5 and 7. In some embodiments, said variant HVR-L.2 antibody
further comprises HVR-L1, HVR-L3, HVR-H1, HVR-H2 and HVR-H3, wherein each comprises, in
order, the sequence depicted in SEQ ID NOs:1, 3, 4, 5 and 8. In some embodiments, these antibodies

further comprise a human subgroup II heavy chain framework consensus sequence. In one

35 embodiment of these antibodies, the framework consensus sequence comprises substitution at position
71, 73 and/or 78. In some embodiments of these antibodies, position 71 is A, 73 is T and/or 78 is A.
In one embodiment of these antibodies, these antibodies further comprise a human «I light chain -
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order, the sequence depicted in SEQID NGCs: 1, 3, 4, 5 and 8. In sone
enbodi nents, these antibodies further conprise a human subgroup m heavy
chai n fr avewosdonisIImsensus sequence. | n one enbodi ment ofcrhmss@santsedodi es,
t he framework consensus sequence conprises substitution at position 71, 73
and/or 78. In some enbodi nents of these antibodies, position 7 1 is A 73
is T anﬂ&g&mgﬁcﬁga@usﬁﬁmgag enbodi ment of these antlbodles t hese

anti bodies further cgnprise a human id |ight chai nf r amewor k_consensus
sequence. | nlTdHe cRReEEResmtantibady ghthp ByerfoscomprEses pyaiet BRREBiareie El4is

vari ant THMB-i6R M e1BisE. Bl fnd SubbdinfedOad sitio®N thelidvengoreonlpRis @RS 28410 ﬁ?lﬂRnE nt,

an antibody of the invention conprises a variant HVRH2 wherein E17 is E In

sone enBedhEERS.” 8B i spae pabrdiprae. pRd shientidYl-Haathedy fudisprorgmiset ARt |
HVR- L2, LHVR-B2, iVR1H| HV&f!qll lahﬁqbfﬁ mﬁ&élﬂ efaaceb E%prlﬁ &8, the BeqRbHer . t he

sequence deplcted in I'n sone enbodi nent s,

sai d vafspigad VRD h&?ﬂ 1 80%1& afnh? 1 I@épmé mb@dl@@gs spisRvarant BNRH2antibpdy- | 3,

HVR- H |, fuadgh chBnAés vat EHVR @@qml@ PAPIVRESE, ahdHORAES, whibR AQAYERASsAgPI Ct ed
in SEQ | D NOs: 2, , d 7. I'n sone enbodi ments, said variant HVR-H2
ant i bod§Fdfrufhe ﬁ%}ue%cs r‘i‘ﬁﬁ“?t%%l SﬁQ@LIﬂOS R399 and fyAn same quRdpentsesag YAVRILH3,

wher ei NHYRAH &RABBEY ®ffer cbMpReHAVR-ITNEVREOY eNGeT 8 4PV R Jad HvaERS! Phda: 1,

2, 3, 4, and 8, In saone en%o di ments, these antibodies further conprise a

huffan stASHPUBRTISER THIdsrythe seapercs depiaiaidn REQIRNDRLZ B dqudiic i somp one

enbodi neffod@hentN B ANbIIRG AirliSs cohdpBsd 4 lﬂﬁ%ﬁ@,ﬁlﬁr&@ﬁﬁ%@w%ﬁﬁ AHBBE&KCONDr i ses
substitution at position 71, 73 and/or I n_sone enbodi nents of these

ant i bodf@EensEsFETenes Iy one qn%boﬂme‘?t?f"@sera“&%‘?‘% the framework corgeRsHEsegiRedi nent of

these aginipgpioeh s@bstindtids SEpodilibi ’ppdg es/drust hﬁgonﬁqmaaalﬁ@n@omgeemkﬂodies ght chain
f ranewor k con?ensus segquence. I n _one aspect he |nvent| on pI‘OVI es an

ant i booRPSESRR I isshnd iohand/ery(s is 4.l gne eugdiment ‘?féheé‘? angippdiesy thegeantiRadies equences
depi Ct efhrth&t bindriseds hutaf REL @K cithid REQWoEk Mens-sdfdhce. A t herapeutic agent for

use in a host subject preferably elicits |little to no inmunogenic response
agai nst t he Hg@aesHesf dainyentigppevides anmpnghedysapodsingene, twondree foen fiyeer all

provi degf (R RABNRARE Hepidt in 82N Md/ok B (SREISROREETBRNL . the invention

provi des a humani zed anti body that elicits and/or is expected to elicit a

human ant i - nBUREAREATS B8ERNOTIESHGreE spipqimicfatblacliciipltla fr rodrmypnegsaitced | evel
conpar efdsgoRsedpamitthd et i YNubRbN th SRQnHBAHRAC e @Jvexﬁﬁ@ PRI uch afadditi N @

host subject. In another exanple, the invention provides a humani zed

arf®i bodk rERATPIe 1 pRe enbadiapesl thP dnVentina Prifes @ hwpanized apgheryrit ety dfen fan

ant i - nogigect@ibicRay mirgmRan sRude NIy rdsporRP @H&M@ﬁﬁi a?subﬁﬁhu@.ﬁbt fe@&&ih( €1 the
invention elicits anti-nouse antibody response that is at or less than a

clini ca‘FqnﬂPa@éé‘éi‘Pﬁ apipedy| caparisingahe, ieaRsTCs eI EA D DOy Sot0 ipgdost sihassti Bn  may

conpri S@oﬁh@ﬁe HEDih@ il Vet pAReOd hithieRad a&fb'z‘a@mutseh&@srmlhmp@ kX REci-al] &icftegi on
(e.qg., fra é sequences in its heavy and/ or ght chain variable

domai n, T 8ﬁ’é° Hrappuse anghedy sesparse SHANMD Pb%exmi? £ asibednef ts e

pra@sent inVénkibh Blidite enthHBRR aRfiHblPresFinEPRatGORDL RSB aONMKMLENBFARDIReIr €gi ON
sequences. |n_one enbodgﬁ % t he heavy chain varlable domai n of an
y bitp

anti body of fHEDARERE AR PveRtion majy G MRS OAE HEere hrmaandior Ruman

consensus non-hypervariable region (e.g., framework) sequences in its heavy and/or light chain

variable domain. In some embodiments, one or more additional modifications are present within the
human and/or human consensus non-hypervariable region sequences. In one embodiment, the heavy

30 chain variable domain of an antibody of the invention comprises a human consensus framework
sequence, which in one embodiment is the subgroup III consensus framework sequence. In one
embodiment, an antibody of the invention comprises a variant subgroup III consensus framework
sequence modified at at least one amino acid position. For example, in one embodiment, a variant
subgroup III consensus framework sequence may comprise a substitution at one or more of positions

35 71,73 and/or 78. In one embodiment, said substitution is R71A, N73T and/or N78A, in any
combination thereof.

As is known in the art, and as described in greater detail hereinbelow, the amino acid
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sequence, which in one enbodinment is the subgroup Ill consensus franework
sequence. I n one enbodi nent, an anti body of the invention conprises a

vari ant swbgo@upsDh consensus framework sequence nodi fi edTAS2@6/0bmast one
am no acid position. For exanple, in one enbodinent, a variant subgroup in
consensus framework sequence may conprise a substitution at one or nore of

posi t i 0P&itfohsbolRladidliRatidSa h ev&%ﬁe%a&db%%ubo% Icgh Abdehdithi ONhks R71A,
N73T anglér N78A, |nlaﬁ¥,%%&%1%atl her eof 1A.s§|s ﬁﬁ%wﬁkﬁn % he art, and
18

as descFomsagandiheyyasiguedeligiwons fopa inshe gefas descriprd balomhoSeieq Rskiens Wighr Boundar y

del i neatiRgleYoMNiAREY BE vRRLE ad 1881 By REvaRiblSpYsitdadN tr;aaaleyeq;roxmo&%aﬁﬂgl ng on
the context and the various definitions known in the art (as descri bed

bel ow) . ds8itd (pRFsithinh ByRRMeHItle BeipapIdghPTe S@wfﬁnﬁrlmﬂwnw ¢l tade RYBidF d

hyper vap hRkrig0siekiod ifddr a e adnt kh@tsc%te@iﬁs Dhé 8NSore %f‘th@& p@ﬁﬁaﬁ@aﬁ sk Wi thin
a hypervarlable reqaon under one set of criteria while being deened to be

out si defoaneipsatepdadihyperaariaplgiregions fsdnrthsr dfmpdbadei). dbe HUPnttS’FHPt(é’Me& One or

nore of a{ihesiss d%ﬂﬁ)hhh%fiﬁdﬁéi{hoﬁi $AnREnyftRi Aperhriat BHGEHs hhﬁIQﬁé Vahddahd®, regions
(as further defjned below). The invention provides antibodies co rising

nodi fi cHesediybrid WWW@%@IWFWHS Rgperang Y et pesitions 36130, 3PRSBE BB bEY-ment ,

these hy®rosdndyRah ¥ ﬁédvg Bh£n PRRbIEIIORASINI 1§ blxedeenﬂaaﬁleﬁf tHR bR hﬁﬁﬁ»‘aﬁhﬂi’@ S
26- 30, 33- 35B, 47-49 7-65, 93, 94 and 102 in _a heavy chain variable

doifai n. PesifionhECclfnengi r@Iore ofpRydens R4-BP: -3y Hef 4P ia%fb?7em piehtshginyaiable ude one
or nor ed&haiR Ofiché BMBod2fier? In aR@0df of O mIshtioR @orcﬁjﬁl‘@esgg vérianthutda® MogfoRigi N

vari abl e domain. In _one enbodinent, an antibo of the invention conprises
a vari aRnsHSREFAEHSgT Saeneomedfied & one Amfp hybrid deprarrsieblgBaNfone dinne one or

nor e hy@(hb&mhem%\éamuoaﬁbﬁh@fmbﬁdoﬁ @&npﬂs@s é)ﬁb% f&ﬂa&d}aﬁﬁzﬂé dorfdin &J?ﬁﬂn@ﬁgh{ of the
i nvention conpr.i ses a neav chain vari abl e omal_n corrprl Si ng a varl ant

human sYBEPOWE2R Y g&%ﬁé@ﬁ%ﬂf&ﬂ% Samsisrksegraae medifindafions emere ObPRSIGPS Hor e of

posi ti ons 38,733-849,30.65 38238 102 %n 0B erffodin®t, Athndbby cbRp@Rea epbodi ment, the
s a F27Y substltutlon I n one_enbodj nent, the antlbody

anti bod co
conpri s %i}l ogs embodigients thg antibody, farpnrised TSN, Prioné & hHstitian Inf”l‘ﬁe
ant i bodymesdigént, 3RSandib&FLbmprise@ b SYVISTBSY istitdtitu@bn. ThdnOEELRTRME ikHERRtibo

anti bod ri a A33Wsubstitution. |n one enbodi ment, the anti ody
compris @%M%?( SR, R PPt Rodiment. fhegREbadN SoaRTER? M3ther MATY body

conpr | S abstauds fh Srlbtb&ﬁboﬁhﬁeh@ﬂ}e ahtibodin CorgFRecH $BBHIL subdtifioaNin dae SyibeR@It] Ses a

T571 stitution odi.nment, th nti body conprises a R
Slst Tt DERBIPORY ROt b A PTRSNEOT i on SRy e DI P SUE o e YooK
substit klibbtﬁlﬂt.lonl Mn &fb&n&ﬂbﬁﬁhﬂﬂi&'fannﬁohﬁ céfpris@ady SaFsipdtingies. B o6 Bibodiment,

substit t In one e ant| rises a D61P,
Subet i 1 eitbosy ForamEe BBt MEMichn G SR et ome ribedy Sragsta BT r or
V subst bt Qfslllﬁﬁtutl(brn I0B6e enibodihhei® e, aniﬁlhﬂy acthprizecly SE D, KSEor | sWizBfution. IW63L

substltutlo dlnent rises a KG4E, H N, D or
O oobst b itisiment g aBRAE bt & VY 0P S SoIp Pae St ey £ or 1
sulsst i t wrtibody confpriesie IG?ZIEQHJ NEDIbr Q kdtatitaadn. 10 diye @aitiineae sheamﬁ&@irc@ﬁ rRO4S

subst ! ¢ UPPGn B ot B GRS b el b su ey PRES R AT AT Bonpr i oi ng
sai d RO4ubstirntidr9 dbonenaibbdia@hi, tie ahtiiotli @mprises a Y102Q, S, H or F substitution. In one

embodiment, an antibody of the invention comprising said R94T or R94S modification further

comprises one or more modifications at position 96 and/or 100. In one embodiment, said
30 modifications comprise a G96R and/or S100T substitution (i.e., in HVR-H3). In one embodiment, an
antibody of the invention comprises a light chain variable domain comprising a variant human kappa
subgroup I consensus framework sequence modified at one or more of positions 24, 25, 29 and 56. In
one embodiment, the antibody comprises a R24K substitution. In one embodiment, the antibody
comprises a A25S substitution. In one embodiment, the antibody comprises a I129Q substitution. In
35 one embodiment, the antibody comprises a S56R, I, M or G substitution.
In one embodiment, an antibody of the invention comprises a heavy chain variable domain

comprising a variant human subgroup III consensus framework sequence modified at 1, 2, 3, 4, 5, 6,
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conprises one or nore nodifications at position 96 and/or 100. In one
enbodi nent, said nodifications conprise a P6R and/or SI OOT substitution
(i.e., inwvbNp®dd353711 n one enbodi nent, an anti body of thecCrsemnsioors2e
conprises a light chain variable domain conprising a variant human kappa
subgroup | consensus framework sequence nodified at one or nore of

posi ti onsg, 2410, 20,1223, 14556, 11 & 0Re &mgﬂzmtse 3t3h§ @mtstas’beL aﬁ@ﬁr@z iges a
R24K substitutjon. In _one enbodlneng the antib %Erlses

5S

subst i t G8§ GrPodiment medificisaiinteieeted fpm t%ﬁﬁf?%@ymﬁwﬁﬁf |F§ 28N FL S AorD),

subst i tBB@(D'Tor'YT) mmﬂmsﬂ the, ‘mﬁzl kz@ﬁb' ACG@NE bRPST, Q%)%BJ p,gMor G
e

substi tution, an_an I nventi on conprlses a

heavy cHaf )nV%F 1%5?64(% Mv P @b ﬁjﬁﬁ% |Yn§ 5) \R&FﬁTafﬁtan‘lllﬁ’ﬁ%Qs%% Foul opp

COnS eNs bigibddimék WA aktisea dl bERE fveRdh thastistle sdid RO4T 3r R94S Redifloafion Buth& 10, 11,
12, 13, 14, 15, 16, 17 or_all of positions 27-28, 30, 33-35, 49, 57- 65, 94

and 102 COTRisETRRe SRHEimRGHications af asitign PH MY 16Q| Bope smbdyRsntisaidgr oup

consi st ifagifieltion2do¥s _/pnI@%%R Bad/deS180T Abﬁftutio}l (i eS%Q(q'VR-ﬁ?))Or Y), A33W
MB4(L,V), S35H, T5 YoBR YSOF, AGON. DGoI(P Q, S62(N, D, K T, V),

V63(F, L), Keke embowe% ancgtibegyof fhe myentpon cmprlmaélghts}l%wafﬂf@sz{n@n S, H

F). I'n eafpRiadkf®i humakappt dubQdYp Blondeifis irAMERbHKQBque RIEREddsiea gt £l 6 oRI4T or
R94S nodlflcatlon further conprises one or nore nodifications at position

961%nd/ &Y CHRRStioNS24atne 22 Atsrfr e Are endbaflignep Aodificaion dnislesishpdke SIOWOGR and/ or

Sl OOT s uhsistihdfIRRAK( A255, R2oQUnb¥Rs(E3), M, lg). one enbodi nent, an antibody of the
i nvention conprises a_|ight chain variable domain conprising a variant

human kappa éﬂﬁﬁ@ﬁﬂboﬁm%HW§éﬁ@ﬁ§l?W@ﬁ%%@yﬁmg@ﬁﬂﬁﬁﬁ%oh%ﬁﬁpP@HmﬁPSE¥“2 3 or

al | of pesi frifewerildquetbes, ABvidatthd Satibbdy &ﬂ%lt@ﬂi@Qan@@BirolongElCBhgﬂa&@ﬁdt@d'Ke'gs
sel ected fro€¥the ﬁg §$n5|st|ng of R24K,  A25S, 129Q and 856(R M Q.
n

An ant i BdeRredpindipg 15 cERAdIEGRpRT A PT EgiinveRiioh RmBESS BY earfh"i‘mn

COf3Sens Ysrtibh GRAIGR ﬁie@raﬁfeﬁv%ﬁd&n&%ﬂﬂ@rﬂ&ﬁ@hg}ﬁ ER. 8 Gnd BBoRANMdnD AH Yol i t's
t he desired biological characteristics (e.g., a desired binding affinity).

| n one &htheHversiap corpprisatat lageidyporfont(preall) ?f\}@man srulessenprlifmes watk coesgBIs o

portiongQéncgl |) of the framework sequence of human Klight chain. In one
enbodlne , an antibody of the invention conprises at |east a portion (or
al 1) of hunah ®egpgedmpnt] anfangbedied e dvrritonsomprses o berye and/er lighecheinbodi nent

an anti bﬁgxﬂe%malh%omm&{gﬁm%maae%@esde@m@%ym’@%@é 13 Qlr f\@AUuNRRS abl e

domai n conprising framework sequence agglcte In SEQ ID NO 13 and/or 16
( FOGUREPIPYidedhpasifion 8¢ uvb%hﬁtaa%ﬁhaguls npf R ﬁ@é@\f@ra@hhwm reCepearil RS OuRd i s

preferably bgfoRAlpeReHLRBBEY of the ifentldn is b Hurﬁzﬂ@ze@%ﬂ@g tmet ﬁﬁb@d}tthg‘ﬁqﬁfbﬂf the
invention is a humani zed anti-c-met antibody that inhibits bi nding of human

hepat ochinding phiman hepatosyteteerth &acios exdfstreseptpibatier therafesenc e téibediceomarising o dy

conpri sh BEinRri¢ 4k iGn AR {shPQE 5@ RN Shahd & BIE: fBain and
heavy chain Earﬂablg se ugﬁceﬁgﬁu%gg?cte in ﬁ& V E Q%PRK) 9 and 10).

For exafgided ipfigoh @%Hpn% Ard 10nFeperaprien exe eenb@dmﬁvtem augihodyriiiths t s HGF
bi 3di ngiMkAtidn MIHY[%%(HI% Widdn 1c80 l\/ﬁlﬁesthﬁth?ﬁsﬁﬁﬁﬁgboﬁl%hff tab&thObnirh&iR

chinmeric antibody. one enbodi nent, the |1 C50 val ue of an antibody of the
i nvent i &#ibpdy- éﬁ@{{ﬁ en@o@m@@t Qhe 155G valye of an antibody of the invention is about 0.1, 0.2, 0.3 or

0.4 that of the chimeric antibody. Comparison of abilities to inhibit HGF binding to its receptor can

be performed according to various methods known in the art, including as described in the Examples

below. In one embodiment, IC50 values are determined across an antibody concentration range from
30 about 0.01 nM to around 1000 nM.

In one aspect, an antibody of the invention is a humanized anti-c-met antibody that inhibits
human hepatocyte growth factor (HGF) receptor activation better than a reference antibody
comprising a chimeric anti-c-met antibody comprising a light chain and heavy chain variable
sequence as depicted in Fig. 7 (SEQ ID NO: 9 and 10). For example in one embodiment, an antibody

35 of the invention inhibits receptor activation with an IC50 value that is less than about half that of the
chimeric antibody. In one embodiment, the IC50 value of an antibody of the invention is about 0.1,
0.2, 0.3 or 0.4 that of the chimeric antibody. Comparison of abilities to inhibit HGF receptor
9



0.4 that of the chineric antibody. Conparison of abilities to inhibit HG
binding to its receptor can be perforned according to various nethods known
in the arwp 200vodis8tiing as described in the Exanpl es bel omCTIUS2@5027626

enbodi ment, | C50 values are determ ned across an anti body concentration
range from about 0.01 nMto around 1000 nM In one aspect, an anti body of

the i nveatvafsh dab bé ;f)émm a&&ﬁidlag\ td vasiofEhe Rk kikQeYin tikakt, inBl'ﬂthQ% hSdeleHRA in

hepat ocyte growth facto recegtor activation better than a reference
antibodi}/“ ﬁ‘BPIF%'PWaI“@H‘?%‘?qun%tI? valyss argle ﬁeﬁeagﬂaem%qeﬂ #Ya |1ight chain

and heavyncediation Masd fBldh So8ETIVENGSE aBsut depingt ed in Fig. 7 (SEQ IDNO 9 and
10). For exanple in one enbodi nent, an anti body of the invention inhibits

recept or act LYACIARTCHER FUBPAY| GEH [pventien is ﬁﬁ?mﬁ%zefi aukcehntiRpdthatighibitscchat  of

the chi aBt-idpeithi dangwhfar@mﬁ B@ct&fﬂéﬁg'réf&@ﬁoe ahtli&dy Efbrisa taehfa{enalan@aiiﬂebody of
the invention is about 0.3 or 0.4 that of the chineric antibody.

Conpar i &g1ogy comprising Fé‘ghttCBa”il ﬁ‘Fﬂ ey qhapn Verghiteareaes 35spirtsh ndis THSERAP or ned

accor di N@: bany &0)i Fbk%xﬁl?ﬁﬂQQﬁlﬁné(é?Mlﬂldﬂt Tajaentﬁsay ofitGhwalifginB®idlascr i bed in
t he Exanpl es below. |l n one enbodi ne val ues are determ ned across an

ant i bod?“%‘@ﬁ%’é’ﬂ e r0rvalng shat ‘rsé‘?ﬁs ﬁl% Fﬁoubhaif tH‘N/IOf e shpigtic asdodmIn pre one

aspect , e@BodiiéitRREC50Naltider @@M%Ud? QNthk Snventiod iPdbodiarh, 8Nt 0.3 6r OB thapdtthdody
that i nhl bits crmet- dependent cell proliferatijon better than a reference

ant% bod§MEEHPAIEPHy CompatseR of ilifes te lehlh% eelbpiPiiBEHOR 28 Rp PFETMEd 2cPidRBEo chai n

and heavyidh ﬂieﬂho&'ﬂ{nb&ﬁ) kifth & 86 RGN pB8 dgé@ﬂbéatlﬂﬂlt‘,'malﬁ 185 belovk. S5@hd End¥diméht,and
10). For i n gne enbodi nent, an ant.i body the invention inhibits

cel | pr qu%fVé ugt ?rsHeteﬁn%ur?d&m?@@nv%qdu@%Cﬁl&faﬂ%rapes%or{l Abat GHHEM thahqut {§0at  of

the chigeric antibody. In one errbodl ment, the 1C50 val ue of an anti body of

the invention is abo or 0.4 that of the chinmeric _antjbody.
Conpari son of® ¥ie %Péiegntt Rtk %ﬁ PWP%“@&PP“R?F?SF“?drCé‘F%‘ﬂC&Htﬂ?P&ﬁ a5 nPayAgt-nity

acgor di w élﬂ)o\dﬁ;ﬁanBSth Rt AESsizdNRAPodyind BEmaHid antibétyl coBibRG AsnliEm6id@d i n
| C50 val ues _are determ ned across an

t he Exa one enbodi ne
ant i bodi}ﬁf?gr’i% Crfﬁ%% PEHERP B éﬂﬂoﬁﬁferecwﬂﬁwaatﬂa‘)&és GPMREES YDl n one
enbodi mesrhain bjubnctd@pieteaaiiig e SEQt IDodyo ﬁﬂd opﬂiuka@fd Lhuaiah IFD @byond T€one

nonoval en In o i ment,, both apnti body and chineric
ant i bodﬁmﬁm‘?‘}t tg ‘é“f%ﬁiﬂ%gre@?ﬁdﬁthﬁ‘eﬁuaaigr& gﬂr ‘gc region. In one

enbodi nent, fhéneragfeet; &8 afvefvinPRdvides am antﬁbs@gycoﬁ@ﬁaﬁg $R&vY aliditriebld aomiin
e G T T R R R D
1 9G , 2emBodiiierd)the 'l'aihalﬁlél goragp Mpnstl-H(Zﬁ]FRE—HG EI@HCdiﬁ&/oﬁFRéaHClsb@dyce
COMPL | WA A58 1% B s 0L, (RTRLD oML O, LUp LG, T2y o
vari abl s Homrailh honpémiseindnklan laiﬁi;boEIRBf thGnvédRdn Hitn@aiel OlieatiRéhahiGatistgeience
e T
i msent i €T, ERBABIA sdbr BRAEEwyqeha depicad iitBib@e BNl theeaitpdin®ht)gn ddiBody\R - HC,
HVRZ- I_lcth% rllr(lj\!egtqon@c{mpnses a lslea%f'l Chsis Varlaa‘l{;ll(tj: dE)rrr]u%n Eclslmﬁrll_sl%g tEeFﬁVRl—HC, HVR2-HC and/or
HVR3-HC sequence, and the CH1 and/or Fc sequence depicted in Figure 13. In one embodiment, an
antibody of the invention comprises a heavy chain variable domain comprising the HVR1-HC,
HVR2-HC and/or HVR3-HC sequence, and the FR1-HC, FR2-HC, FR3-HC and/or FR4-HC
30 sequence depicted in Figure 13, and the CH1 and/or Fc sequence depicted in Figure 13. In one
embodiment, the Fc region of the antibody of the invention comprises a complex between a
polypeptide comprising the Fc sequence in Figure 13 and a polypeptide comprising the Fc sequence in
Figure 14.
In one aspect, the invention provides an antibody comprising a light chain variable domain

35 comprising HVR1-LC, HVR2-LC and/or HVR3-LC sequence depicted in Figure 13. In one
embodiment, the variable domain comprises FR1-LC, FR2-LC, FR3-LC and/or FR4-LC sequence
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HC, FR3-HC and/or FR4-HC sequence depicted in Figure 13. In one enbodi nent,
an anti body of the invention conprises a heavy chain variabl e domain

conpri si nyotzhe/H4RM - HC, HVR2- HC and/ or HVR3- HC sequencepcanm$2aosm26k and/ or
Fc sequence depicted in Figure 13. In one enbodi ment, an anti body of the

i nvention conprises a heavy chain variable domain conprising the HVR - HC,
HVR2- HCdepividah FifwviR33HG SiRuBBdfentaihd atcb8dyF&dmprises At ddenced8pictsitingier

FR4- HC sequence depicted in Figure 13, and the CH and/or Fc seguence
deplcte§3|n Figure 13. In one enbodi nent, the Fc region of the antibody of
the inventiom @eembbcﬁesntaancaaﬂwd%f éaeimee{bneoﬂpﬂlgépﬁgﬁ bilPhea @N@kinSlanghl§ he Fc
sequence in Figure 13 an ypeptide conprising the Fc seguence in

Fi gure ﬁ%nall}sr?sg?férﬂ%f‘élﬂ’e%ﬁ Prefﬁg"‘g tW\‘?é’ﬁ‘iagrBPlhsplhb%e(fé@o ehin the ARy ¥:{§npr| sing a

| i ght Chidhdvadat dnalbbBpribed i Ft 698N Mh Shd\nbdRhent, Ghe HIVEEor SoniphigdsQt 1ehdVBe LC
I n_one nbodlnent the vari abl e domai n

seqguence icted in Figure 13. %
conpri s%@“‘g%ﬁmf’ Emnoplend|afleast pag qaptnhalel hRIRIL Nresercs o R PERDSTARS I CAVIE gur e
13. In @ineneshRdhatRang a cohfebhRady Fe g@@ﬁ&%&bﬁﬁgﬂ@ BB AR Mmil @ FL N

Figure 13. In one enbodi nent, an anti vent i gn_conpri ses |ight

and heaRRYReRE{EFOPRATBHID ecwﬁafpheaegleaégeﬁwédn WP 0088 B Mg t wo

par agr agfisodirhdht, SREF QIR OLbMMRRAKtbIIN 6f O InlvERdY chBiprifes PHAL Mldta sedddd BONPri ses an
Fc reglgg In ong enbodi ment, the Fc regi on conprises at |east one

pri8t ubePAKREBIGa WBHYIN At rshand spgeqd Roh@eRIK FRSh cOMBTISSS OnG i &1os: MUBHYSMbe of the
pr ot ubEfeaﬁbGﬁo&\fild tfR\hufnyn B NAREEEmBoAImAE, laeav@fmlaatcdawt%s hetesraend/an Fc

pol ypep r|S|n t he protuberance and c pol ypeptide c rising

t he cav&f‘@ﬂ’ fIBP "e%a%‘ geng & P&‘e‘étt?ﬁ‘nﬁf‘e‘a“t?‘ﬁo‘\/\brf%?aﬁ%/ Bess 98" Oq?fﬁe‘l&rﬂée ’g%odi ment ,
t he Fg p(ﬂﬂbe@tl'ﬂdlfon@ﬂ(sjeaﬂ{dm(%ébﬁeﬁﬂe dtﬁ;_lna?d nvRair éBTarﬂQﬁﬂlﬁb&ﬂlﬁ)o@péﬂtiﬂﬁ&orﬁmﬁﬁsa
second Fc _po tide erein the first and second pol ypepti de eac
conprlsgﬁPgﬁ§%§Fgﬁﬁ?ﬁ‘hﬂ’ fs with respect to wild type human Fc. In one

ensodi ment , Anﬁ@dﬁlitsyoﬂmﬂ ﬁzwdnadsn ¢a8 bd 364 T mbAGRAoR e KAEE\6f HGF/ORLt-
enbodi nent , %% otu nce nuéatl nis T366W |In one enb di nent first

pol ypepf¥eret PbuEpot F?ccemﬁteaﬁf%at“@a doyniseay e efgla’éﬁ’@a{%(%%cond
pﬁlypepmu@@neaﬂp&ﬁgﬁﬁmﬁhﬁmﬁQNB@ﬁ@@ﬂﬁphﬂﬁ@Mﬁ@eﬂnpthmgMﬁemnﬂngﬂmmagmnlsts of
t he i nvent.i e used to nodul ate_one nore as

e o il Bt e S pic B pRRAR e £o1 B 3 BBt Y at | on,
domnstrﬁmﬁmﬁmkemmkaruﬁk@mgHmﬁgu@aﬁggmxmhgogﬁnwamﬂmgaiedmpb@mﬁln ki nase
(MAPK) pho cel rol.iferation cel . cel.l surviva
Cell b RO SR i GRaRzaie: RehblRy Peve Phaliti Montikeng by any
bi ol ogi prakidys a’@inel\fﬁ[hfgoﬂfﬁ(aht&h’d)dﬁ that inhibitdtsihdige GHiIBGRIPtch0et. dh ohd getidinfeat, gc HGF)
bi nding to hos | at nd/ or c- met a

Accor v e yeeepsn@sody bR AR i blsiond e e alTe e SmeRFep hd S s
ant i bodymbdaateni, ralu-iéttastalinis angodf ofl-tﬁéﬁntzemtlon diedipts kl1me®1nﬂloe filnedomantmeta cet
ant agonj, st ntLb déﬁOf th |nvent |sru

o g00 b @M W nEcalig & ek 0 BES B SR ik L Aiset (- 9

i msent | domaih ®refifptts-rodt Mbndrizatidno ntérfenaiceé can befdireet weindirect. For example a c-met

antagonist antibody may bind to a sequence within the c-met Sema domain, and thereby inhibit

interaction of said bound domain with its binding partner (such as another c-met molecule). In
another example, a c-met antagonist antibody may bind to a sequence that is not within the c-met
Sema domain, but wherein said binding results in disruption of the ability of the c-met Sema domain

30 to interact with its binding partner (such as another c-met molecule). In one embodiment, an
antagonist antibody of the invention binds to c-met (e.g., the extracellular domain) such that c-met
dimerization is disrupted. In one embodiment, an antagonist antibody of the invention binds to c-met
such that ability of c-met Sema domain to effect c-met dimerization is disrupted. For example, in one
embodiment, the invention provides an antagonist antibody which upon binding to a c-met molecule

35 inhibits dimerization of said molecule. In one embodiment, a c-met antagonist antibody of the
invention specifically binds a sequence in the c-met Sema domain.

In one embodiment, an antagonist antibody of the invention disrupts c-met dimerization
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Sema domain. In one exanple, a c-nmet antagonist antibody interferes with

ability of c-nmet Sema domain to effect c-net dinerization. Interference can
be directwonoeemdss7zect. For exanple, a c-nmet antagoni st aotriuseag/ormye bi nd to
a sequence within the c-nmet Sema domain, and thereby inhibit interaction of
sai d bound domain with its binding partner (such as another c-net nolecule)

hi anot b&gh [ﬁiﬁ@ﬂmhﬁdm@nﬁatlﬂﬁt IniAt 8@BHirBdnt %ﬂtahtﬁgglyst HRbo Mhé BAvétisedisapse that
i s not WItIF'IIn t.he c-net Sena domai n, but wherein said binding results in

di sr upt PRt GmepiFation semprisineetedimerizaHon (g famef SRS HAEQR With BROR™MH t h i t s
bi ndi ngnfpakhiBer (such as another c-net nol ecul e) h| one enbodl ment, an

ant agoni st anti body of the invention binds to c-net (e
ext racel | ul af™ WHHERTACSuE ey hepdvantagepusdp haye azca@?t@ﬁtag@“d?%tﬁ?@f@ﬁtqﬁ’ffs’éﬂﬁe

enbodi MM fereRitEBth@GOHN asﬁgaam(shmdﬂcaf) td é]ﬁlei! MACBEHIINGR, 1idae emb&iBediBEe SUCH
that ability of c-nmet omain to effect c-net dinmerization is

di srupt &trentjey rPfclé(%jﬁFrﬁ‘} @‘tlbi"ﬁ’ tB‘Hé”@%b‘HPWGF pivding sifeeent 6Bt Ip arAthses an

ant agoniegbodinértkad)tidMal eNiht BRBnHdh A8ksHBt %@st@ntﬁﬂ%hbﬁ@kﬁ%ih«ﬁn% fhihdt $n one
di meri zati on of said nol ecule hi one enbodi nent, a c-net an onj st

ant i bod§™BIIPFRE BN Shihe grerton dagsingt Bipsarsially SwRRg et HAF f‘ﬁ ndingde c-Sera

donai n. nlel) 1B0f: SARPR] APMlagoBst aﬁtﬁﬁoag Ofth8 Invaiifoh babe REd ﬁﬁa@njhﬁw&m iR BnecdrsT Upt s
c- net dlnerlzatlonconpr|5|n% OﬁDdlﬁEflzatlon In one enbod |nent an

antlagonoFe M PHBERRISET WhTEn TheABIREeTiYS ¢ lrasisdet diffaert napoRtses andior SRR pr i si ng

het er odiwiini (B GBO-nldt afls., Tiirs TR bndbniBRAinkat, h@nnéﬁraﬁtﬁgoalsﬂ@ﬁbgdyrmher{meﬁﬁéﬂ e). In
sone in gﬁnces 1t may be advant ageous to have a met antagonj st anti body

that do8¥d%gneERitpp P&F@WWC&W@%@W@PG boungd e&ﬁ'afﬂ(egaeﬁt uagopgsh (sych ag.t
dAccor di H@ibﬁfagmeﬂt TR Iﬁ(ls)ﬁwmhﬂaﬂﬁbody b@dﬁdaaeyltﬂeqapbrmawcaemeaﬁ @sléttad hedy t hat

oes not i.nd n ite.on_c-net. In_another od] ment an
ot T oSBT b DAl SRR AT o b E A g kgt o
c- gset bﬁbtlﬁa emBstaétt "B et anthg@iidt lahmfguy gffthé ACertioy @mﬁgu?a faeS.cNRts nlot) a Fab
subst ant.l a ete. w . 1. NaAl cne n one _ex e,. an
ant agoni&§™m ‘ﬂ%f’ﬁc‘g%n?ﬂonﬁl:@“ﬁ%é’m ot bé(él??rl% i ht]fn%ﬂﬁﬂoﬂﬁéflp%ﬁ fifflone or
mor e ot Mgpe @iltuagCdliesioch, Adskssiod NiumbBeA BT HBOINiSSs @y&ﬁ@niaamg@t Bgl at different
processes an /Orﬁ@?’nétl on@ﬁw thin the HG-/ c-net ax

enbodi nent , F‘b"?mb?ﬂtpf“dbiﬁ/a gimet ﬂ’éa%"ﬁ\?‘&’ﬁ"i"%ﬁlﬁulﬁﬁt ﬂ’d’%lpfts 80%1?
epi t OpEnﬁﬂmﬁlﬂﬂ‘Ehzaﬁbﬁ hnmcgtand Elﬁd[h@.l’FcEBkaanﬂhe axbﬁxumniwan&n@iyhﬂheenmonaﬁﬁtagoni st

h the F t t I I ti bod d db

byl 1 oS8P Te] PHETHEERD (et QG RIaR SuHeny RS, PG GaPrede ol
AcceSS| mﬂ‘ﬂmnﬂﬂﬁimg%@&éﬂB 1 1894 (hybridoma 1A3.3. 13)). In another

nbodi t, t t bod f.t t tinct. f
(e e o T oo A e tom oS i N P3RS b BRIy t he
hybr i domac-med 1hh1b1tsrnemete1pm&nblebly HGHeIn Abwher ansbiodilepeofGukhdat etafomlidt aﬁibbd)ﬁof
Acce -1 1894 rido n_one enbod
the t nvaREMERRE: BT ea e durrdp b o e A ST oise W ST gPLoHeE n ciret
muist i me mozphibgemesisand/ok iyl obikedelng. For exanpl e, an antagoni st anti body of
the invention that hibits ¢

he, mvent o GRebu L 5ot TR S ORY R B PR Bt ™
portion of c-met Sema domain or variant thereof. In one example, an antagonist antibody of the
invention specifically binds at least one of the sequences selected from the group consisting of
LDAQT (SEQ ID NO:15) (e.g., residues 269-273 of c-met), LTEKRKKRS (SEQ ID NO:16) (e.g.,

30 residues 300-308 of c-met), KPDSAEPM (SEQ ID NO:17) (e.g., residues 350-357 of c-met) and
NVRCLQHF (SEQ ID NO:18) (e.g., residues 381-388 of c-met). In one embodiment, an antagonist
antibody of the invention specifically binds a conformational epitope formed by part or all of at least
one of the sequences selected from the group consisting of LDAQT (e.g., residues 269-273 of c-met),
LTEKRKKRS (e.g., residues 300-308 of c-met), KPDSAEPM (e.g., residues 350-357 of c-met) and

35 NVRCLQHF (e.g., residues 381-388 of c-met). In one embodiment, an antagonist antibody of the
invention specifically binds an amino acid sequence having at least 50%, 60%, 70%, 80%, 90%, 95%,
98% sequence identity or similarity with the sequence LDAQT, LTEKRKKRS, KPDSAEPM and/or

12



I n one enbodi ment of a c-net antagonist antibody of the invention, binding
of the antagonist to c-net inhibits c-net activation by HG-. | n another
enbodi nerwoaboe1s37met ant agoni st anti body of the inventipam/usbeos@detsge of t he
antagonist to c-net in a cell inhibits proliferation, survival, scattering,
nor phogenesi s and/or notility of the cell. In one enbodinent, a c-net

ant agoninstra@igrody of the invention specifically blnds at Ieast a portion
of c-nmet Sema donmmin _or variant thereof. In one exanp an ant agoni st

anti body of fheeiembeHmPyRnsERIdyiofde I“V’emqi?dﬁe%ﬁca}%%?s g ﬁ]é}Fd’FCGPWé okliisences

sel ect e@m‘fl{apdﬁb&élealﬂrd@é’s&o@ Sikisd1i %&B H@@%QE fobtQ deEdnlGhinmkPIpetis. On ond €SI dues
269-273 of c- net LTEKRKKRS (Sg f e.g., residues 300-308 of

c-met ) , SRPEKEAETBIRY fEEi@nin! mcleilis)hu(nén gnd/dr Pé@lﬁ‘@fﬁ"eé ymemalgys Benkengidthend
NVRBCL QHE: oERithdP sftﬁgea-ﬁ)mt{rﬁlege £ ﬁl@lﬁb}j&ﬁ%r SBkie 3 8Borefen®odiBlat; the BrsPABmal

enbodi nent, an an oni st antT body of the i nvention s ecifically binds a
conf or mRECIEhEIuBRH- tIB pee %r@?qéﬁapnbyhepfaﬁttan@@al glieFieyyp PHMmale fosexapple cynomahgus

sequenceﬁ,m%ecy'l %F&Fe@nbe&lfﬁhﬁthﬁe S BhPark BRI Sh& ek Adnne We thbuse. 18 Sh&lues
269- 273 of ¢-met LTEKRKKRS (e.g., residues 300-308 of c-met), KPDSAEPM

(e.g., P@@WH@@% cop aniggal gpepigs 3 caigf- N\VRCLQHF (e. g., residues 381-388 of
c-met). In onfoRABRE B Mventith ROVRS @&hﬁhtl@ﬁktdo%gﬁn?&netd?%mkm%%h ign

specifically binds an am no acid sequence havi n | east 50% 60% 70%
80%, 909ytibydies ofglvinateniide Gadisht Intope efpbagimpgnt. dhg W%smhalmeeueewence LDAQT,
L TEKRKKRRephIESSAEPM and/ or NVRCLQHF. I n one enbodi nent, an antibody of the

i nvention speC|f|caII bi nds to HG- receptor of a flrst ani nmal speci es, and
does not spedi ?qe@w%msﬂwanw Pryides Beddpt efdsepeodingacomet aatpondtt 2y ety &,

one enbggi;pRAton. t he first animal species is human and/ or prlnate (e.qg.,

cynonol gus nonkey), and the second ani mal species i s murine ﬁ% nouse)
and/ or cani n&? eSS the RySHqRRVides NeFtqrs cauprising Agpclein agi alsthe glv Bn. In one

enpodi ment,  ténefabgest the MveRkonTRESAR Bodt Sl E:blﬂﬁis@lg & REIcR*%BINRk 8 vE&YdReBgus
nonkey. I n one enbodi nent, the second ani nal ecies is nurine, for exanple

mouse. FHERNE: Aniseiar 578 RE Oof 40 dYRSetop RHMR arfﬁ@ﬂ%eei WSIOF Sch AT EPesiPlo ne

aSPeCt vEdigr, |A{iiy6ﬂ% {/dﬁ@tyﬂiffﬁs\[fdﬁ daB cePPRSd. L Th ORSemIARAdnS |aﬂﬁstQElelsQrprdnKEfygtlc

ant agoni st _ant i ies o e invention an rri n one odi ment

t he carF?Lfre§mBﬁ & Fnefie Jr PreFpRpd Q@@EﬁpgﬁFglmFﬁaﬁﬁ@uégﬂtg¥ex¥ﬂ’e?nvent|on

provideamﬁm@hahgua@mdgcﬁﬁ@@ﬁmﬁ@g@cmmchH@maﬁggnlst anti body of the

i nvention one aspec the i nventi ovi des vector.s npri sing

nut¥ ei ¢ aci d[E‘b‘?“etaF@C P ﬁ‘\?é‘mzw&? Pr‘l’vﬁ S HEB‘QQ%IQE’F‘&’%@ OABRMES Ogﬁ’ebrf"&(}tﬂod‘eg %host

g el | ? C exaiipls tﬂégn\@nﬁﬁmqir@hd‘es aGhethodlof a;amegza ©neOintdgdRist dﬁﬁﬁdﬁl@/l(ﬁmch s igkdr can
e of a y arec ant, vector such as an expres

Dector - M Biast O G EiRE frofntt BHRYE RAMETEY QB o o e g

host ce |hbst &l a’;\re&frﬂﬁr&hb’%ﬂoﬁ ofoté Inverftioh eoainp k£d arftibod@yolot fragnienoihercefiaad i n’é nt, a
host cell is. a g &égtlc cell, for exanple a mammalian cell such as

Chi nese "HarETe Y cHO) cel I .

25 In one aspect, the invention provides an article of manufacture comprising a container; and a
composition contained within the container, wherein the composition comprises one or more c-met
antagonist antibodies of the invention. In one embodiment, the composition comprises a nucleic acid
of the invention. In one embodiment, a composition comprising an antagonist antibody further
comprises a carrier, which in some embodiments is pharmaceutically acceptable. In one embodiment,

30 an article of manufacture of the invention further comprises instructions for administering the
composition (e.g., the antagonist antibody) to a subject.

In one aspect, the invention provides a kit comprising a first container comprising a
composition comprising one or more c-met antagonist antibodies of the invention; and a second
container comprising a buffer. In one embodiment, the buffer is pharmaceutically acceptable. In one

35 embodiment, a composition comprising an antagonist antibody further comprises a carrier, which in
some embodiments is pharmaceutically acceptable. In one embodiment, a kit further comprises

instructions for administering the composition (e.g., the antagonist antibody) to a subject.
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In one aspect, the invention provides nethods for nmaking an antagoni st of
the invention. For exanple, the invention provides a nethod of making a

c- met antwgandetisamt i body (which, as defined herein inclpadas2déosiob76kengt h
and fragnents thereof), said nethod conprising expressing in a suitable
host cell a reconbinant vector of the invention encoding said anti body (or

fragnent theqpegeaspedilthe rirﬁ{éﬁﬁ(ﬁ"pk#]zgié diethraRlhd? @t gonlsNarn®iB&I AT RRG hventibtfin
(0]

i nvention provides an article manuf act ure conprjsing a container; and a
conposi thearepesheneliaredigamantAonhretheraprutiy seior papbylastis terEceigpoisease.oich as

CONr i S@S4RBE AimdiDY LIl prolRkaiRPHRGAR ST infiitink RAAH RSuRimkiiR) LRV @By ad N ONE
enbodi ment, the conposition conprises a nucleic acid of the invention. In
one enbardieashesisTalaicB 58Pt i on conprising an antagoni st antibody further
conprises a ¢afdelSfect, Ml RntidA ppies BIRAY nIBGE Scill 8 RO RNERGE i the Blebdtation
acceptable. In one enbodi nent, an article of nmanufacture of the 1nvention

f ur t her otompdiraeest fop die thesappwissnd/e prapiviastiicrestnegol abscasnPi6B pL 3 eced g. , t he

ant agonhﬁﬁor?ﬂeh*ag&ﬂiyéra&ve dBoRMO LT munk RsuPhSs ARGREne) H6rdbr Rt kPN provi des a

kit conprising a first contaliner conprising a conposition conprising one or
nor e c- AegloggAesgelated disgides bodi es of the invention: and a second contai ner

conpri sing apPselafect, I iRREHETRATANTNY of ah BErEHA Sdctdrr B AVERSAUS eal |y
acceptable. In one enbodi nent, a conposition conprising an antagoni st

antl bodprepapidett agesdispinens for shecthgraneatic andfor prphylactip featwa G8 R AEPRSS Spdd as a

Phar"HC%&k&?éh&%n%ﬁﬁﬁBﬁﬁﬁkQWehﬁmﬁ&?mﬁﬂ@ﬁﬂk@ﬁ&imaﬂmhﬁhmkﬁﬁﬁ&ﬁ&xﬁ@@P&iSeS
instructions for adm nistering the conposition (e.g., the antagoni st

ant i bodyyeiegsneissiglsjed disonder- one aspect, the invention provides use of a c-net

ant agoni st anf bROEYecO theti@nlidABoidRRsd oF athB§ Bl BNAE Aldrditn Af théplpditament for
the therapeutic and/or prophylactic treatnent of a di sease, such as a
cancer , medicgmesyt for shethgrppepticanidfop prophylectig frezsment of a diseasssirRas p SHCH, yumor, a

autoi MyAEYroRieBavd@tordd dnGhn@he ARG R980RT Y BLl® dndldSa 886 genkdk-RBGd
aspect, the invention provides use of a nucleic acid of the invention in
the pred#Pueion of a medicament for the therapeutic and/or prophylactic

treatment of Rkl BEIE e iGN AISE ARERan aficleloiBanufRtGE bf th ii¥bntiog iddht ve
di sorder, an _inmune (such as autoi nmune) disorder and/or a

angi oge REBEUIAT grpsgicamens ferdhe therapeytipandias apaphylaqls tea{tgniof BHiSﬁSWF“d’eaé ayse of

an expr @aekO R whef ! Ldell Rfolikdiive AMEIAEL, Bininink MR cPiCRBIBIR) dRbrdar ABdE gament
for the therapeutjc and/or prophylactic treatnment of a disease, such as a
catfcer, 2asiegrReiisTelateddisprdst ol j ferative disorder, an i mune (such as

aut oi nmune) Gk &8 Mfct, RAMRAt I HréAEHs AGETRNitof BiRlilefEbndh SR Ipetphratidilofane
aspect, the invention provides use qf.a host cgll,of the invention in the
pr epar atfegiqagent forfhedheransing andisr Proghylaqe fredimentiof a disero Fushas B RJACET  frgnor 2

t r eat meRtll poliRkrafive Eesor, MUGBMuAS (sBctCR AGOImmhe) dikter add/6ihnlangibgntdiefeRiddv e

di sorder, an inmune (such as autoi nmune) disorder and/or an

angi oged58I% r el ated disorder. In one aspect, the invention provides use of
angarticl e ofrheaiuitRepvRleOmethb® and ¢afpdsBidnd Wefuh®@r modulating disease states

associated with dysregulation of the HGF/c-met signaling axis. The HGF/c-met signaling pathway is
involved in multiple biological and physiological functions, including, e.g., cell proliferation and
angiogenesis. Thus, in one aspect, the invention provides a method comprising administering to a
subject an antibody of the invention.

30 In one aspect, the invention provides a method of inhibiting c-met activated cell proliferation,
said method comprising contacting a cell or tissue with an effective amount of a antibody of the
invention, whereby cell proliferation associated with c-met activation is inhibited.

In one aspect, the invention provides a method of treating a pathological condition associated
with dysregulation of c-met activation in a subject, said method comprising administering to the

35 subject an effective amount of an antibody of the invention, whereby said condition is treated.

In one aspect, the invention provides a method of inhibiting the growth of a cell that expresses

c-met or hepatocyte growth factor, or both, said method comprising contacting said cell with an
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preparation of a nmedicanent for the therapeutic and/or prophylactic
treatnent of a disease, such as a cancer, a tunor, a cell proliferative

di sor der ,weanoéearsste (such as aut oi nmmune) di sorder and/ oPCaNTS2005/027626

angi ogenesi s-rel ated di sorder. In one aspect, the invention provides use of
a kit of the invention in the preparation of a nedicanment for the

t her apeaﬂtibedyadfdmhvd@mmﬂyﬂe@c&auﬁng zirﬁﬁltnﬁﬁaﬁ ofdroRthdf SLRSH. IS bidenddditneafieer , a
tumor, a cell a tive sor an i mmune (such as autoi mmne)

di sor defeldhenmicte B@FF@ %afl F’&Pb‘iﬂ‘ué‘?%oﬁhﬂ’éghamﬁémnﬁ%?ﬁron provi des

met hods and GodHpasietd &B&vﬁx&ﬁ’)ﬁ?kovfdéﬁ a @bl aitthagpedu&m&eatﬁlgamm 586head ed
with dysregul ati on of the HG- c-met signaling axis. The HGF/ c-met signaling

pat hway®3P§* PHVBRUSIMPHSIAR ? tollihat CIepS§T IE%{ for E?Patoﬁﬂ?/ 8109 Flbf@?tf’!’é Pryqihétifons,
i nal udi fgtho®cdnprisH@ laimPis@ring & Aidifdinrad) en BfAGHHRIBRRSE &.an hhtitfody bfxhene aspect,
the invention Erow des. a nethod conprising adm nistering to a subject an

ant i bod{PveriopHeereby risetively. treptingsaid mpapeal+ In"qog gmberjmeht; tB?mceb‘rlb?H“EPé‘é’ Y met hod

of i nhi HGFieRGreGedBY a difbleReR b, §Qhﬂou§lf@¢dr§cﬁﬁ@éffe@f): sai d nmethod conprising
contacting a_cell or tissue with an ective anmount of a anti body of the

i nvention, wHePEBPettetle IYFHiop PEYvides 6}%16@@%8&“5%% opprerentinga eellprelifeativeon i s

i nhi bi t&dordér&sééﬂlﬁted&iﬁlﬁ@ﬂcreaﬁeﬁ%xﬂ;r@s\éﬁ‘)ﬁfot 8tividy ONd-flerSor ﬂeﬂﬁ&fcljt@@rcﬁfth fof Bath,isad a
pat hol O%F%O%%condl ti associated w.th sregul ation of c-met actjvation in

a Qubj e SEPIISEE R n&mg [SERVITER H@at’tnﬁnttaﬂéff%ﬂ%‘j’ YRQUEQAf 4% f ect i ve

amount  gftibady &kd mm;awfthexdw effémeap trOAing WhSE RAYnSakdel QRMifdrhtBB dissrder. gat ed.
I n one aspect,,. the |nve 1veb 1s %%des a nethod of inhibiting the growh of

a cel | PH™ QQ‘SFEE%%P@ §tG85fe growth factor, or both, said
et hod conpr imsdne @speoiha Giveitn pedvilles & hethvll £dp irhitatiigl thogswafof el wheRnt | on

t her eby causin bition of growh o id cell one enbodi nent,
t he cel W, %flégq hllﬁ?/“ﬁ@“é%fﬂ“ EQPHW%thlp?tFIét}aélﬂgeflgeéf? rBetygr through a

pﬁursac ri n@a@f;}fte glopvth fabrof BELAS PAE nethbl CorhpHisiglcb @Bt oMl d@lsm&l awrffaadeof
t herapeuti ca ti av, ancer ou corrprl Si ng a
Lot 1 CFRroEE p ebBER Shle TPt bRy SR SRR UR O B B, sai d et hod

conpr i semghdixekit, thesdelilid dvgtatod BRIAT RRreREd B @fféeficeN @. ga,rtmuﬂgh aqfaraa:ﬁnéint i body
of therﬁ;ﬁv ntion, thereby effectively treating said marmal. I n one

enbodi %Y the cell is contacted by HGF expressed by a different cell

(e.g., thr Oughnahqalaifﬂ&hipa&lcﬁfyft&ﬁﬁr)gaﬂuﬂloﬂiii& rae&mﬂm,twhefrdmethb geoil bfsaidpaas des a
net hod foglgt reatin % ?rgreventl n'% i sorder SOCI at ed

wi Ph | nEPEELE Y, o epfoPegaspe BiRLo Shies e e R b
bot h, shath, saﬁtrﬂmuﬂbd(mmpmn@ dogtacihgisaid s¢lewitingn dftectvesiniop/cit an Ehtﬂbe@}dofoﬁe such
o e S P8 B sk WL RS , one
enbodi _rre«p&esseslaxyd difffendnit tell @1gi, ﬁmugh&@aﬂannelaéfeaancer In one as pect t he
nvent1 O B QK NG L AL I L 8y bl
patsent i edlis agl/@ftisaet andciaedreith dyrSregxﬂptammf eI @it/ ovdehsigmtibDpathvary. hodrte, sai d
met hod gr%b%%rhe%'t NQeft &“E 2 e;[réert]e% ina methog J’ th\c/mlx{[vgnt%Q 1sezlc cagccetr céﬁe For example, a
cancer cell can be one selected from the group consisting of a breast cancer cell, a colorectal cancer
cell, a lung cancer cell, a papillary carcinoma cell (e.g., of the thyroid gland), a colon cancer cell, a
pancreatic cancer cell, an ovarian cancer cell, a cervical cancer cell, a central nervous system cancer
30 cell, an osteogenic sarcoma cell, a renal carcinoma cell, a hepatocellular carcinoma cell, a bladder
cancer cell, a gastric carcinoma cell, a head and neck squamous carcinoma cell, a melanoma cell and a
leukemia cell. In one embodiment, a cell that is targeted in a method of the invention is a
hyperproliferative and/or hyperplastic cell. In one embodiment, a cell that is targeted in a method of
the invention is a dysplastic cell. In yet another embodiment, a cell that is targeted in a method of the
35 invention is a metastatic cell.
Methods of the invention can further comprise additional treatment steps. For example, in

one embodiment, a method further comprises a step wherein a targeted cell and/or tissue (e.g., a
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amount of an antibody of the invention, thereby inhibiting the growh of
said cell. In one enbodinent, the cell is contacted by HG- expressed by a
di ff er entwoeabée/(18379. , t hrough a paracrine effect). A netrhoarsedns27626

t herapeutically treating a tunor in a mammal, wherein the growth of said
tumor is at least in part dependent upon a growth potentiating effect of

C- Met  OFadGRAM)AS MpBsedi®WiftibRedabhont O 2 BOhBhersfiutlc BRENOD conpri sing
contacting said cell with an effective anmobunt of an anti body of the

i nvention, tAePSHIPEhEred pmst Jetivationds amgmperiagt biglesical rrocewsike dymissdrtiBf, t he
cell i Swﬁﬁﬂﬁe%ét@‘ﬂuﬂ&’roﬁ@ttﬁ)&%ﬁc%ﬁ&ﬁ@u@dé a cHirfif 8 SRtonE &hbodlBenbof mddaR eBihe a

paracrine effecté Met hods, of the invention can be used to affect any
sui t abl BVEREIRA GG Tehls [@edee(c o graneriaep) ie onciaMhichagiyagen of cmeldserhasd pat ed

Wi tsh dy ssfehlaab b 88mRf cding HdGhhé rifmd o&gug MR bhdeRATRWR Y- meibd SR e @rme@tﬂanrre nt, a
cell that is targeted in a nethod of the invention is a cancer cell. For

exanpl e Caugesdhg e Oéérqrgeée&r?e%eF%ﬁéa@éM@tt@a with gprRRtpgonist of e IBWWEPE ARy of a

breast camesla E@k hnabﬁtmls%ﬁa%@ﬁghqmﬁ& fafthay, WhibHiREIG aGaeag! | . a
papil | ary carcinonma ce e thyroid gland), a colon cancer cel

a pancreaticD dﬁﬁ%@#mﬁéf?nwﬁﬁgﬁﬁQP#@ﬁﬂ@éﬁé@ﬂmébﬁp“*Qtéémﬁﬂ§ﬁpmbﬁﬁ@@ﬁwcelI a

central cﬁb%ééé%l@lu&ﬁ% SSRGS vae&,gﬁréssmﬁ Bf Q6F @QBEIN SoghAt BORB) Mblot c-nRt fiRFA
car ci noma cel epat ocel l ul ar carci noma cell, a bl adder cancer cell, a

gat ri cAcerdngl insere qmboslmf-‘@ssaa mpBohRiche BYTHAb eSS IERHE 28l Phetginge| anoma

cel | angeforeptt@Bedr&th lfactdr Nor®6@, € QML IRRNILy Skpfedied by Ral célﬁ(etga’égﬁfc&d in a
nmet hod of the inventionis a h erprollferatlve and/ or hy pl astic cel

I'n one &¥BausomATed toa Bl qefl of ¥fi@§&fﬂ%ﬁ5@l§t@@m S SR EIRERIsing Callican P BREFGn | s

a dyspl 8gHGE ol 4 variety of @bur@R Ot Ban @S H: TB acrﬁie GRhher! Ratlexdrdpld, af @Rt ed in a
nethod of the invention is _a netastatic ce Met hods of the invention can

further e‘E‘B‘P@b‘P‘?TE &f methpdsi o HiginYepiaom prigpeted f%”p’é CO‘ﬁ%ted@%?élPFb‘PyehePi‘tﬁcy%%OWt
enpodi Medtor e;q)ra@erdh@d dftterdnb&1 (8. 8Pk lawscra;e stiedy). \WaRS Biffted ctBEQ Bk BFlthe Sdrhe
and/or tissue ( acancer ceII is posed to radi atjon treatment or a

chenot hé&f %fﬁé’&ﬁf‘?f‘?,m g&éﬁf’ﬂglﬁsh’d@% ewP%lae%élrt@igﬁe ek pontpcteripatnddy HE an

i rmﬁr It aeipra}séaluygh&@geﬂaa eazzissslftﬂg By & @edtiad dfRor10bp)\WMiiah al:t?v@d@n atn@/é)BUTTFI’ OES
pat hol o i cal con itions ccor in qQne e jment o s of the
i nvent i SANAILE £ Alsoqqelr ipdepqngpns o E@ﬂ% -ghigee; I%O%%ﬁmte@i ?f)mqt@g‘eﬁfg n which
activat m&mh EmbRictivabior iNagedd a8l canPmbgendedt o 1paidal cell of the sane
tissue origin. In one enbodi nent, a nethod of the invention causes the
defth of a targeted cell. For exanple, contact with an antagoni st of the
invention may result in BROH DESCRIPTION OFYTHEODRAWINIGSt hr ough t he c- net

pat hway, which results in cell death. Dysregulation of c-met activation
(and thus signaling) can result froma nunber of cellular changes,
including, fFK}&Xﬁﬁ@k%hgﬁMﬁfﬂ%ﬂﬂ&&&hGﬂh@ﬁmkﬁEL@mmm&hawycﬁmgﬁaﬂ&:|igand)
and/ or g { itself CCO gﬁx in sone enb3Q|neg hod t he

i nvent i %"EVB% g1 ghein tSF GRS ARSI DY cBn H‘é‘B%{’tS Y& gr owt h

f agst or , c@serl3td SBquence, MDFiGe SDEIAdBOInEYAnabqdy asd S05-pyfisdimimaaikdd” @atitgdy. a cancer

o - oxpr oabitha ebiet SaReER S Egtiateh Ry Al Y SR AR o Wtises

i . e. | nwahimliMidely-radehizphHER: | ne manner. For exanple, in one

FIG. 3 depicts HVR-H3 sequences of selected affinity-matured antibodies from a library pool
comprising a combination of 6 libraries encompassing all six HVRs wherein each library is
30 randomized in a single HVR.
FIG. 4 depicts results of Biacore analysis of selected anti-c-met antibodies.
FIG. 5A,B & 6A,B depict exemplary acceptor human consensus framework sequences for use
in practicing the instant invention with sequence identifiers as follows:
Variable heavy (VH) consensus frameworks (FIG. 5A, B)
35 human VH subgroup I consensus framework minus Kabat CDRs (SEQ ID NO:19)

human VH subgroup I consensus framework minus extended hypervariable regions (SEQ ID NOs:20-
22)
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enbodi nrent of nethods of the invention, a targeted cell is contacted/ bound
by hepatocyte growmh factor expressed in a different cell (e.g., via a

par acri newefhe@ati}371Sai d di fferent cell can be of the sameTas2@s/o276dé f fer ent
tissue origin. In one enbodinent, a targeted cell is contacted/ bound by HGF
expressed by the targeted cell itself (e.g., via an autocrine effect/|oop).

C-net  aghhiadii Subefg Monsehh #ahb@okdn@l PRy (SEQdBREndent of 1igand.
Hence, in one enbodi nent of nethods of the invention, c-met activation in a

t ar get elupwl YH sthernug 1 comsspen damewerk mupysexigndeghypaevanebierseors NEOP THE
DRAW NGRdsh%oel depicts alignment of sequences of the variable |ight and
heavy chains for the follow ng: |ight chain human suﬁgrgﬁﬁél consensus

sequenc Bumae¥il yubgrnap AL Rensenfus iaip minup Kabh SORS (REQ ., nurine 5D5
antsi - C- ARharPill siRebep W dorrbRudfrahd ik mikeBRmedhy R siofd @EQADdepi ct s

vari ous HVR sequences of selected affinity-matured anti bodies from
|i brari 8s#BR) i ndi vi dual | y-randoni zed HVR FIG 3 depicts HVR H3 sequences

of sel eﬁ&ﬁ&@ﬁ%&d@%@&%@ﬂu@@@%@ﬁ%(§E<?mgol:3'1b)rary pool conprising a
conbination of 6 libraries enconpassing all six HVRs wherein each library
i s randbwpaeHipsreptosiragveoriprrus priended hipsppeahle reen FEQIP MPutotd anal ysis
of sel egl8sh PALEcepoNBiradétdr 88 KabiTlCBRISEGBIENGS4H depi ct exenpl ary

accept or human consensus framework seguences, for use in @;I}Ia(:ti@ﬂci ng the
i n¥t ant MRy izensiar ¢ Hanewerk pums egsprer iyrsrarighle regiopg(REQ NANPS-dDheavy (VH)

consensus framewor ks (VhiGble Boat (B)) Eoabimbus NS WAk e, agonsensus framewor k
m nus Kabat CDRs (SEQ ID_NO 19) human VH sub r‘og)p I consensus franework
. 20-

mi nus eRVBHYYLH kP S1RZEIUP A BPse BT YR A ISEEQ 1B 22) human VH subgr oup

Il consgpsusvE kape WgkoupTNidssdial Fandehbigk (§19E® NO: NP 23) human VH subgroup ||
consensus framewor k m nus_ext ended hyper Vﬁd@g&(ﬁﬁr egions (SEQ I D NGs: 24- 26)

human VARERHYE Sinpe sibseyn d8 Atiensps SamamkC Bht CDRs (SEQ I D NO 27)
hugan Vigy,SMPL Q4pa kidersuf T8 @BsESsul frani@vek kSBEQ musoem) ended hypervari abl e

regions (SEQ_|ID NOCs; 2% 0) human VH eptor fr woy K m nus at

(SEQ I D NO 3f}G-ﬂLﬁﬁalﬁtS@PPOéé@%fp‘te&m‘P?dé{%@&bwt fﬁaﬂ@ggﬁ’%@ﬁa‘éw%ﬁ%@g&ﬂa%l e
regi ons dboERsddded¥er: 32- 33) human VH acceptor 2 framework m nus Kabat CDRs
(SEQ I D NO 34) human VH accept or ra .mnus. extended h ryari abl e
regi ons ( SEQH® @@@I@glfal\g if%rﬂﬁ‘é’ﬁqnﬁgﬁ%% @L’@“@éﬁgﬁﬁgﬁy@y &ﬁé’ﬁg’f’%ys(’fj(t% G
6A. B) hsnemiodl kappa subgroup | consensus framework (SEQ I D NO 38) human VL
kagop a subgr O%‘?G.|9| degi(():tr; ig?a%ﬁi%asd dfatra%cr;rr%\rll\ﬁ{)iiéoé C)%L:[%ll" gee’}'a%r%%&vation by an antibody of the

invention.

FIG. 10 depicts graphical data for inhibition of cell proliferation by an antibody of the invention.
“rchOASD5 HGF” refers to chimeric one-armed 5D35 antibody plus HGF; “rhuOASDS5v2 HGF” refers to
OA5D5.v2 plus HGF; “thuOA5D5v1 HGF” refers to OASDS.v1 plus HGF”. “rchOASDS Control” refers

25 to chimeric one-armed 5D35 antibody without HGF; “rhuOA5D5v2 Control” refers to OA5DS5.v2 without
HGF; “rhuOAS5D5v1 Control” refers to OA5DS.v1 without HGF”.

FIG. 11A, B depicts data for inhibition of receptor phosphorylation in the presence of an antibody
of the invention. Fig. 11A depicts receptor phosphorylation of H358 cells. Fig. 11B depicts receptor
phosphorylation of H358 cells transfected with HGE.

30 Fig. 12 depicts graphical data showing in vivo efficacy of an antibody of the invention. “TI” refers
to tumor incidence. TI=8/10 refers to 8 mice having tumors out of a group of 10 mice. TI=2/8 refers to 2
mice having tumors out of a group of 8 mice.

FIG. 13 depicts amino acid sequences of the framework (FR), hypervariable region (HVR), first
constant domain (CL or CH1) and Fc region (Fc) of one embodiment of an antibody of the invention

35 (5D5.v2). The Fc sequence depicted comprises “hole” (cavity) mutations T366S, L368A and Y407V, as
described in WO 2005/063816.

FIG. 14 depicts sequence of an Fc polypeptide comprising “knob” (protuberance) mutation
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human VL kappa subgroup H consensus framework (SEQ I D NO 40) human VL
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expla %QSu{tsuljrorX a sequence alteration involving said amino acid residue/positions. For example, typical

modifications include substitution of the residue (or at said position) with another amino acid (e.g., a
conservative or non-conservative substitution), insertion of one or more (generally fewer than 5 or 3)

25 amino acids adjacent to said residue/position, and deletion of said residue/position. An “amino acid
substitution”, or variation thereof, refers to the replacement of an existing amino acid residue in a
predetermined (starting) amino acid sequence with a different amino acid residue. Generally and
preferably, the modification results in alteration in at least one physicobiochemical activity of the
variant polypeptide compared to a polypeptide comprising the starting (or “wild type”) amino acid

30 sequence. For example, in the case of an antibody, a physicobiochemical activity that is altered can
be binding affinity, binding capability and/or binding effect upon a target molecule.

An "isolated" antibody is one which has been identified and separated and/or recovered from

a component of its natural environment. Contaminant components of its natural environment are
materials which would interfere with diagnostic or therapeutic uses for the antibody, and may include

35 enzymes, hormones, and other proteinaceous or nonproteinaceous solutes. In preferred embodiments,
the antibody will be purified (1) to greater than 95% by weight of antibody as determined by the
Lowry method, and most preferably more than 99% by weight, (2) to a degree sufficient to obtain at
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antigen). The affinity of a molecule X for its partner Y can generally be represented by the

30 dissociation constant (Kd). Affinity can be measured by common methods known in the art,
including those described herein. Low-affinity antibodies generally bind antigen slowly and tend to
dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend to remain
bound longer. A variety of methods of measuring binding affinity are known in the art, any of which
can be used for purposes of the present invention. Specific illustrative embodiments are described in

35 the following.

In one embodiment, the “Kd” or “Kd value” according to this invention is measured by a

radiolabeled antigen binding assay (RIA) performed with the Fab version of an antibody of interest
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( €.0., oneLangmuir b1nd1ng model (BIAcore Evaluation Software version 3.2) by simultaneous fitting the

association and dissociation sensorgram. The equilibrium dissociation constant (Kd) is calculated as
30 the ratio kyff/kop. See, e.g., Chen, Y., et al,, (1999) J. Mol Biol 293:865-881. If the on-rate exceeds

106 M1 5-1 by the surface plasmon resonance assay above, then the on-rate can be determined by

using a fluorescent quenching technique that measures the increase or decrease in fluorescence

emission intensity (excitation = 295 nm; emission = 340 nm, 16 nm band-pass) at 25°C of a 20nM
anti-antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
35 antigen as measured in a spectrometer, such as a stop-flow equipped spectrophometer (Aviv

Instruments) or a 8000-series SLM-Aminco spectrophotometer (ThermoSpectronic) with a stir red
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antigen, then capturing bound antigen with an antl-Fab antlbody coated plate (Chen, et al., (1999) J.

Mol Biol 293:865-881). To establish conditions for the assay, microtiter plates (Dynex) are coated
overnight with 5 ug/ml of a capturing anti-Fab antibody (Cappel Labs) in 50 mM sodium carbonate

30 (pH 9.6), and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours
at room temperature (approximately 23°C). In a non-adsorbant plate (Nunc #269620), 100 pM or 26
pM [125]]-antigen are mixed with serial dilutions of a Fab of interest (consistent with assessement of
an anti-VEGF antibody, Fab-12, in Presta et al., (1997) Cancer Res. 57:4593-4599). The Fab of
interest is then incubated overnight; however, the incubation may continue for a longer period (e.g.,

35 65 hours) to insure that equilibrium is reached. Thereafter, the mixtures are transferred to the capture

plate for incubation at room temperature for one hour. The solution is then removed and the plate
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25C with immobilized antigen CMS5 chips at ~10 response units (RU). Briefly, carboxymethylated
dextran biosensor chips (CM5, BIAcore Inc.) are activated with N-ethyl-N’- (3~
30 dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS)
according to the supplier’s instructions. Antigen is diluted with 10mM sodium acetate, pH 4.8, into
Sug/ml (~0.2uM) before injection at a flow rate of Sul/minute to achieve approximately 10 response
units (RU) of coupled protein. Following the injection of 1M ethanolamine to block unreacted groups.
For kinetics measurements, two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS
35 with 0.05% Tween 20 (PBST) at 25°C at a flow rate of approximately 25ul/min. Association rates

(kop) and dissociation rates (koff) are calculated using a simple one-to-one Langmuir binding model
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sequence identity values are generated using the sequence comparison computer program ALIGN-2,

30 wherein the complete source code for the ALIGN-2 program is provided in Table A below. The
ALIGN-2 sequence comparison computer program was authored by Genentech, Inc. and the source
code shown in Table A below has been filed with user documentation in the U.S. Copyright Office,
Washington D.C., 20559, where it is registered under U.S. Copyright Registration No. TXU510087.
The ALIGN-2 program is publicly available through Genentech, Inc., South San Francisco, California

35 or may be compiled from the source code provided in Figure 8 below. The ALIGN-2 program should
be compiled for use on a UNIX operating system, preferably digital UNIX V4.0D. All sequence

comparison parameters are set by the ALIGN-2 program and do not vary.
23



intensity (excitation = 295 nm em ssion = 340 nm 16 nm band-pass) at 250C
of a 20nM anti-antigen antibody (Fab form) in PBS, pH 7.2, in the presence
of 1 ncreasongicuassrent rati ons of antigen as neasured in a&ca/Usp@stemoet er,
such as a stop-fl ow equi pped spectrophoneter (Aviv Instrunents) or a
8000-series SLM Am nco spectrophotoneter (ThernoSpectronic) with a stirred
cuvette. The hpdiuua.izﬁs Wherb S AGN2aik bmplbﬁdlf&eﬁinno &id Sequddsd eonipaddony, teh % hmirent " |
as used herein, not e suf f.i ci ept ree aof difference between
o mamE sy SERTY Bha fudh e eadsartd dh S St A B0 e

i nvent i equaid Bt(blfﬁlch)t::lﬁﬂlteﬁﬁ&my et pihehsod dsha galeﬁ eﬁlﬁroaaﬁeé@ﬁrmax fhbthas ant | body)
such that one of sk (; der t he dlfferencg bet ween t he
two val G¥EPHSE HETBP %?@’t"f’&‘f‘ é%‘i“e%cre%fl‘l‘t?’ é"aWé %aﬁﬂi‘%‘.atg’r’(én YBhP R SEF "t Re

bi &l ogi Bals caldalerad befoilowd:c neasured by said values (e.g., Kd val ues, HAMA
response). The difference between said two values is preferably greater

t han about 10% preferably greater than about 20% preferably greater than
about 30% preferably greater tibafamadmefradidfX/pr ef erably greater than about
50% as a function of the value for the reference/conparator antibody.
"Percent (% am no acid sequence identity" with respect to a peptide or

pol ypeptivhee }slequexnﬁﬁeﬂﬁaﬁiﬁibiaaﬁdemest Jeerep ey idemicalgaatcties a;miha@eqa@icdalﬁ@ﬁiedwes in
acandldates are,l entic e ani,no_a es.inthe
SpbE T | et KGRttt aah R nER At B pid St el b GER0R "ana

I nt r oduac¢idgesgiagsn Bi fit witlbe ag@edated thatatibicehdetgieofmihomatid feicdeA isiofeat e

identit i tituf] t.of th
sequenct® PEERENEL A P RHIF Br b BoSei ISR Hh 5P B0 aci d
Sequenc éhel % emtnotayid cajueldve idatiiye¥Bdo An vari ous ways that are within the skill

in the art, ) ubI a abl e c re such
ns BlasT b MBesRRRER ol Bt ol iR s Te PR FstE bR FReq Fh
t hes art acabtathed esrdasmeapph@mm@ﬁaaelppreaﬂmg@m@am udireabelALIEN-2 kogpnent |

i ncl udi n aaﬁ}é al gorithns needed to achi eve maxi nmal alignment over the full
Iength sequences bei ng conpared. For purposes herein, however, %
am no adlablegequence identity val ues are generated using the sequence
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t he ALI 2 programis provided in Table A below The ALIG\2 sequence
conpari s'on conputer programwas authored by Genentech, Inc. and the source
coge sh has been filed with user docurrent ation in the
U S @Si@dlﬂ?re%4pom19\ﬁa§m ngton D.C., 20559, where it is registered under
U. S. Cop¥yZisgh¢rageagit& r ati on No. TXU510087. The ALIGN-2 programis publicly
avai | abl.g entech, Inc., South San Francisco, California or may
be conpi I%%fhafl;’?rg% g@?source code pI’OVI ded in Figure 8 below. The ALIGN-2

pr ogr am“siadi dithgogsnpl; lsed-sfopr= Q1§ Golen) raattNF X oper ating system preferably
digital JNTX V4.0D. Al sequence conparison paraneters are set by the

ALI GN-2 program and do not vary.Iln situations where ALIGN-2 is enpl oyed for
antino adddinceyuene® conpeliesBrsnatdhivathstpi*io aci d sequence identity of a

gi ven am no acid sequence Ato, with, or against a given am no acid
sequence B (which can alternatively be phrased as a given amno acid

sequencéntA t heay[263[26br {
/* ABCDEFGHIJKLMNOPQRSTUVWIXYZ#¥

*FA* {2,0-2,0,0,-4,1,-1,-1,0,-1,-2,-1,0,_. M, 1,0,-2, 1, 1, 0, 0,-6, 0,-3, 0},
30 *B* {0,3,4,3,2,-5,0,1,-2,0,0,-3,-2,2, M,-1, 1,0, 0,0, 0,-2,-5, 0,-3, 1},
*C*  {-2,-4,15,-5,-5,-4,-3,-3,-2, 0,-5,-6,-5,-4,_M,-3,-5,-4, 0,-2, 0,-2,-8, 0, 0,-5},
=D*  {0,3,5,4,3,-6,1,1,-2,0,0,-4,-3,2, M,-1, 2,-1, 0,0, 0,-2,-7, 0,4, 2},
*E* {0,2:5,3,4,-5,0,1,-2,0,0,-3,-2, 1,_ M,-1, 2,-1, 0, 0, 0,-2,-7, 0,-4, 3},
*B*  {-4,5,-4,-6,-5,9,-5,-2, 1, 0,-5, 2, 0,-4,_M,-5,-5,-4,-3,-3, 0,-1, 0, 0, 7,-5},
35 =G* {1,0:3,1,0,5, 5,-2,-3, 0,-2,-4,-3, 0,_M,-1,-1,-3, 1, 0, 0,-1,-7, 0,-5, O},
~AH* {-1,1,-3,1,1,-2,-2,6,-2,0,0,-2,-2,2, M, 0, 3, 2,-1,-1, 0,-2,-3, 0, 0, 2},
A1 {-1,-2,-2,-2,-2,1,-3,-2, 5,0,-2, 2, 2,-2, M,-2,-2,-2,-1, 0, 0, 4,-5, 0,-1,-2},
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conprises a certain %mno acid sequence identity to, with, or against a
gi ven am no acid sequence B) is calculated as follows: 100 tines the
fracti on wOYowdmasm1X i s the nunber of am no acid resi du®PETAISENBSMH2 6

i dentical matches by the sequence alignnment program ALIGN-2 in that
programi s alignnent of A and B, and where Y is the total nunber of am no
aci d resixtues {iono,B, 0,0t 0,0, 0./0, beo, apRIe ™A, af & A, 0,l020, Wby, 8, dthe | ength of am no

oo o ot e gleie Bty A3 A s BT e O R e St o aci
sequence: 1L dent{it-9,-6#4,-B 2-a,-A.2, 0)d, 654-35 pES,-L)-K a8 H1)y0, 2f-atoed, -1t her w se, al |

' tho { s SHeES A bR hg: bk ddapigstrg 2 he Ack ERP2 Tcomput er progr am.

Tabl eA V#*N*/ * {C; T4, ncr-eased2 fo om, 222 tM,-15, 9, Z0j G- zaveﬂragﬁ}, of EQ* Bis

average of ND * | t op, | st o J (joker) match = 0
*| #def é*f\/l {Mﬁ*&%’& 1{%‘1 i&—m’hwm ’t—%’fr& int _day[ 26] [26] = [ /*
ABC DOEM:I@,MIIM,JI\/KM MNOMW QRIS T UV WX Y Z*l I* A */ { 2, 0,-2,
0, 0,-4 3, 0}, /* B
*] {0, ’*3‘;“"4 {31 L 15il 5(3% ‘}]2’9 13%0111‘3169021 °|9r1 "0019% o, 0, 0,-2,-5,
0,-3, 1yxQkt q:o*i 5{222, 541 33*52 (51 5 54, M30,8 1581, 0,:2,5, e& 3K,-4, M-3,-5,-4,
2 14 177877 110471549, 2.20 30 ol Doy Bagrogo "5 4 97
1, -2, 0/* 9% 34120, 010, 0VB-11-1,-2,0, 0,-3,@2, 1,0M, 0:+ B, 2,1, OQ 284,330%, /* F */
(4,15 b 080835 o Goc b Gnbort Begugadog, 3 O0h 9 0
o, O,- 1/*U*/0{-050 009,,0, 0,%0, Bid‘.() ({{)J.O 01M,d, 0,0, 0,1, 6,2, 64, 0,60}-2 0, 0,-2,-2,
2,_M , , 0 2 2,-2, 1,-3,-2,
5, 0, /* */ {02-2 2'%]"2 g, ,i, 2, ,0-2 2 2’-26—?M,ZI{,’_-25-#’— ’,_(gfl',_' }:" s‘ H J */ { 0, 0, 0,
0} 15?, OJ*W*/O{GOS -§)57,-0, Q, 703 50,0, Q,Z_,_M 4,0M,-6,:5, @,-2,6, 086,100, @??}00 0,0 0,0 0}2, g* K
0, -4 f If% (I)Q) O,g)’, Oé) 0 0 0 0 0 ’M,i), ,%’, ,%7,9,34 O%O 010} o T
4, -3, _IVI/*-S{*# 2 {-333; (3-4 4,,7,0, 021 9,24 192 -2 M 23,-:4,-4 3% 0, ZO,]_Q 1(24}5 -3,-2, 0,-3,-2,
2,0, Oy Ooei?y 2570, 96,834 10M, 6,5,8:0,8:0.2:-6. 104, 43
b
20
/*
*/
#include <stdio.h>
#include <ctype.h>
25
#define MAXIMP 16 /* max jumps in a diag */
fdefine MAXGAP 24 /* don't continue to penalize gaps larger than this */
#define IMPS 1024  /* max jmps in an path */
#define MX 4 /* save if there's at least MX-1 bases since last jmp */
30
#define DMAT 3 /* value of matching bases */
#define DMIS 0 /* penalty for mismatched bases */
#define DINSO 8 /* penalty for a gap */
#define DINS1 1 /* penalty per base */
35 #define PINSO 8 /* penalty for a gap */
#define PINS1 4 /* penalty per residue */
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/* N*/ {0, 2,-4, 2, 1,-4, 0, 2,-2, 0, 1,-3,-2, 2, M-1, 1, 0, 1, O,
0,-2,-4, 0,-2, 1}, /* 0o*/ {{ M M M M M MMM MMM M_M_M

0, _M_M Wp2Meis3m) M _M_M_M_M, /* P* { 1,-1,-3, PCTAK2005/027%26 0, - 2,
0,-1,73,°2,-1, M 6, 0, 0, 1, 0, 0,-1,-6, 0,-5, 0}, /* Q*/ { 0, 1,-5, 2.
2,-5,-1, 3,-2,°0, 1,-2.-1, 1, M 0, 4, 1,-1,-1, 0,-2,-5, 0,-4, 3}, /* R */
{2, 0, séuctlmpl, -4,-3, 2,-2, 0, 3,-3, 0, 0,,M 0, 1, 6 0,-1, 0,-2, 2,
0,-4, 0}, /* S*/ [ 1, Q. ' 0.-3 1.-1.- ' 0-3-2. 1JM 1,-1, 0, 2,
1, 0,-1,-2, ghag () P&Lﬁf’%ﬂ\ﬂ%{ i"!SI%?,Qf?PP@leg%’fd%‘Y)ﬂ,-l, 0, 0, 0,-1,-1, QIM
0,-1,-1, 1, 3@nsi ed@ho@x[h@AXﬁ\/IPﬁ’ /* hgaseﬁb oﬁn{pﬁseq@c*/O, o, 0, 0, 0, O, O, O,
0, 0, 0, QM 0, 0, 0, 0, 0, 0, Q O}y, /% V *T |
0.-2.-2%5.2 -2 -1.-1,-2, 4, 0,-2 *&hmlésse@“’%l %2 .2 .1. 0, 0, 4,-6,
0,-2.-2}, /*W*/ {-6,-5,-8,-7,-7, 0,-7,-3,-5, 0,-3,-2,-4,-4, M-6, -5,

2, 2,.5,0,-6,17, 0, 0,-6}, /* X*/ {0, 0, 0 0 0 0, 0, 0, 0, 0, 0, O,
0. aiM S@uétsiasd "0 "0, 0, 0, 0, 0, 0, O}, /* Y */ {-3,-3, 0,-4,-4, 7,-5,
0,-1, O, - 4,-|mt-2 2, Msco'éa 4, -4, 7”*3scm%,atﬁstj&p*ﬂ 0,10,-4}, /* z*I { 0,
1.-5 2 3.-5. 0 2-2 0.-2. 8000260,-4,4}}
o 1* %] #inclWe <stdi Bffﬁ"& #i ncl (ld%ffs%‘i’fﬂeé(m@kﬁ efine MAXIMP 16 /* nmax

jurrps in a dsggt*/ #deflh,pe MAXGAI;‘%aﬁTeﬁt n@q,mek*pontl nue to penalize gaps

| arger than this */ #defineJMPS } ﬁg max jnps in an path */ #defineMX 4
[ *195ave if tABPEIBPat JRast MX-17D QEJHgﬁsnce last jnp */ #defineDVAT 3 /*
val ue of; matchi ng bases */ #defineDMS O /* penalty for m smatched bases */
#define DINSO 8 /* penalty for a gap */ #define DINSI 1 /* penalty per base
*/ #define PINSO 8 /* penalty for a gap */ #define PINSI 4 /* penalty per
resi duestrh&tpathqt jnp { short n[MAXIMP]; /* size of jnp (neg for dely) */
unsi gned short X[MAXIMP] ; /* base ng. of | ih seq x */ }; /* limts seq
to 2L16 - 1 9t stFRRt diag { TR e’é%ﬁFaéjfng/Am@%%{ne at last jnp */

15 short n[JMPS]; /* size of jmp (gap) */
int x[IMPS]; /* loc of jmp (last elem before gap) */
I
char *ofile; /* output file name */

20 char *namex[2]; /* seq names: getseqs() */
char *prog; /* prog name for err msgs */
char *seqx[2]; /* seqs: getseqs() */
int dmax; /* best diag: nw() */
int dmax0; /* final diag */

25 int dna; /* set if dna: main() */
int endgaps; /* set if penalizing end gaps */
int gapx, gapy; /* total gaps in seqs */
int len0, lenl; /* seq lens */
int ngapx, ngapy; /* total size of gaps */

30 int smax; /* max score: nw() */
int *xbm; /* bitmap for matching */
long offset; /* current offset in jmp file */
struct diag  *dx; /* holds diagonals */
struct path  ppl2]; /* holds path for seqs */

35
char *calloc(), *malloc(), *index(), *strcpy();
char *getseq(), *g_calloc();
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l ong offset; /* offset of prev block */ short ijnp; /* current jnp index */
struct jnp jp; /* list of jnps */ } ; struct path { int spc; /* nunber of

| eadi ng swaces/fs373hort n[ IMPS]; /* size of jnp (gap) *PCrrus20sobesf; /*
loc of jmp (last elem before gap) */ } ; char *ofile; /* output file nane
*/ char *nanmex[2]; /* seq nanes: getseqs() */ char *prog; /* prog nane for
err nsgs */ char *seqx[2]; /* seqs: getseqs() */ int dmax; /* best diag:
nw) */ int dnmaxQ, /* final diag */ int dna; /* set if dna: main() */ int
endgaps; /* set if penalizing end gaps */ int gapx, gapy; /* total gaps in
seqgs */ int lenQ lenl; /* seq lens */ int ngapx, ngapy:; /* total size of
gaps */ int smax; /* max score: nw() */ int *xbm /* bitmap for matching */
|l ong offset; /* current offset in jnp file */ struct diag *dx; /* holds

di agonal s */ struct path pp[2]; /* holds path for seqs */ char *calloc(),
*mal | oc *i nde , J¥strc ; char *eetseaq , *e callocQ/*

Need| en&%ﬁﬁﬂ%@é‘ﬁ%@“ﬁﬁﬁﬁ?ﬂﬁ?ﬂ‘g%ggéﬁ% * usage: progs filel file2 where filel
and file2 are two dna or two protein sequences. * The sequences can be in
upper- QqQr | ower-cas may contain anmbiguity * Any lines beginning with ';
v %r“sa¥~Pr8%SﬁF§ﬂ§?ed * Max file length is 65535 (limted by unsigned
short X # rwhehdilglngndSile2ued dwo'dndoSwqpenen saguédtesl/ 3 or nore of its el enents
ACGTU i s ggsumed to b

€ sequences can%e Il:I)ll\llﬁ\)pel’— or lower-case an may contain ambiguity

* Any lines beginning with ';', '>' or '<' are ignored

* Max file length is 65535 (limited by unsigned short x in the jmp struct)

* A sequence with 1/3 or more of its elements ACGTU is assumed to be DNA
*  Qutput is in the file "align.out”

15 *

* The program may create a tmp file in /tmp to hold info about traceback.

* Original version developed under BSD 4.3 on a vax 8650

*/
#include "nw.h"

20 #include "day.h"

static _dbval[26] ={
1,14,2,13,0,0,4,11,0,0,12,0,3,15,0,0,0,5,6,8,8,7,9,0,10,0

¥
25
static _pbval[26] = {
1, 2|(1<<(D-'AN|(1<<(N-'A"), 4, 8, 16, 32, 64,
128, 256, OxFFFFFFF, 1<<10, 1<<11, 1<<12, 1<<13, 1<<14,
1<<15, 1<<16, 1<<17, 1<<18, 1<<19, 1<<20, 1<<21, 1<<22,
30 1<<23, 1<<24, 1<<25|(1<<(E-'AY|(1<<('Q'-'A")
b
main(ac, av) main
int ac;
35 char *av[];
{
prog = av{0];
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* Qutput is in the file "align.out”™ * The programmay create a tnp file in
/[tnmp to hold info about traceback. * Original version devel oped under BSD
4.3 on a wexo@aass71/ #i ndude "nw. h" #include "day. h" statrws2abwaicpl6] = {
1,14, 2,13,0,0, 4,11,0,0,12,0, 3,15,0,0,0,5,6,8,8,7,9,0,10,0 } ; static
_rbval[26] ={ 1, 2|(1"('"D-"A))|(1"("N-"A 1)), 4, 8, 16, 32, 64, 128,
256, OxFFFFFRHfac !_310) 1*11, 1"12, 1"13, 1"14, 1"15, 116, 1"17, 1"18, 1"19,

|"20, 1"21, 1"22, .1' 1"24, 1" ! 1"("Q-"A ;
mai n(ac, av) main I?IW%%% o & §?]%a§h(tlle% prpf)oé')A- 2313/|[ g] ; i(f ?ac ! :) é)}{
;plri Int f( Zt ]glelr r," uﬁﬁ‘gﬂ‘(st&ég 'Twhblelfllefllamﬁleﬂ are tpbdAY or tﬁvppio{tﬂiﬁ {egtichesstn ywher e
ilel and file2 are na,or two protein sequences '
fprintf(stderr," Tﬁ%’“&%ﬁ%&n@ggse@}iwcﬁga?h ’l?ﬁBB‘?Iqor ?W‘frc?\?s%apn iaseV\)
fprs ntf (stderr, " Afptinkfl(sodsr, "tzxagummaagnﬁmg h1th"'orei’arefgnoﬁﬂa")l gnored\n");
fprintf(stderr, thef " al \ ;oexit (!l namex[ 0] =
a\F/)[: ] gamex[ 1 9#%[8%‘%6“ tlh‘(jg eré% I g‘f%y’[ub] &l e?(llq);( )Seqi[ 1] :X[ ]

get seq(namex[|], &ken);); xbm— (dna)’7 _dbval : _pbval; endgaps = 0; /* 1lto
penal i ze endqaps */

namex[0] = av[1];

10 namex[1] = av[2}];
seqx{0] = getseq(namex[0], &len0);
segx[1] = getseq(namex[1], &lenl);
xbm = (dna)? dbval : pbval;

15 endgaps = 0; /¥ 1 to penalize endgaps */
ofile = "align.out"; /* output file */
nw(); /* fill in the matrix, get the possible jmps */

readjmps(); /* get the actual jmps */
20 print(); /* print stats, alignment */

cleanup(0); /* unlink any tmp files */

}
25
/* do the alignment, return best score: main()
* dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983
* pro: PAM 250 values
30 * When scores are equal, we prefer mismatches to any gap, prefer
* a new gap to extending an ongoing gap, and prefer a gap in seqx
*to a gap in seqy.
*/
nw() nw
35 {
char *px, *py; /* seqs and ptrs */
int *ndely, *dely; /* keep track of dely */

28



ofile = "align.out"; /* output file */ nw(); /* fill in the matrix, get the
possible jnps */ readjnpsQ /* get the actual jnps */ print(); /* print
stats, alwgormentis37i cl eanup(O; /* unlink any tnp fil esPti/gs2éos/oow246 he
alignnment, return best score: main() * dna: values in Fitch and Smth,

PNAS, 80, 1382-1386, 1983 * pro: PAM 250 val ues * Wen scores are equal, we
prefer m smaimthes to angelgalpix; pr ef Riep track dfdwixgap to extendi ng an ongoi ng
gap, and pref a gap segx * tp_a gap.in s 5 nw() nw { char *px,
*py; |* seqs 'gnd ptrs ko M nt *ndéﬁ?,’fs‘g‘if&nﬁf"‘ﬂfgﬁ?{le’g track of dely */int
ndel x, del x; it* keep t magk of deI/xsc’&{eberﬁacKﬁyp@*/ /* for swapping rowO, row
*/int ms; /*tscorefor0 ype. * |nsQ/ insl; /* insertion

penal ties * Moy ster gD s d| a o}’i‘éefm‘?“rﬁ% 668 register ij: /* jnp index */
regi ster *colrégnstélcoll /* s¢qre for ClA’FoﬂlagdnalSﬁddX*fegl ster xx, yy; /* index
into seqs */ dx = (struct di. ag *)o_ ca loc("%o 9et di ags", |enOtl enl +1,

si zeof (st ruct® %ﬁt‘a‘g)) ndel y 9= (i nt to get ndely", |enl+1,

si zeof (int)) ,regiﬂhy = (int *)kgoloaﬂcblop("/f Q:o@ﬁbrdﬂlﬁ{hstm\k/e‘m +1, sizeof(int));
col O = (int %gq calloc("to get col 0", lenl+l S|z*20f(i nt)); coll = (int
*)g_cal | oc("tr I col 1™, | 8MWL, siz4oPEF5iP)®95hso = (dna)? DI NSO :

Pl NSG, |nsI (dna) ? DESfSI : PI NSI smax = -10000; if (endgaps) { for

( C?Ol aq d%xx[(stl‘uct dlag Qfg éall% ("to gef leg%" len0+lelr1.'1+1 Q{%ofj@trlict diag));

ndely = (int *)g_calloc("to get ndely", len1+1, sizeof(int));

dely = (int *)g_calloc("to get dely", len1+1, sizeof(int));

col0 = (int *)g_calloc("to get col0", len1+1, sizeof(int));
15 coll = (int *)g_calloc("to get coll”, len1+1, sizeof(int));

ins0 = (dna)? DINSO : PINSO;

insl = (dna)? DINS1 : PINS1;

smax = -10000;
20 if (endgaps) {
for (colO[0] = dely[0] = -ins0, yy = 1; yy <= lenl; yy++) {
col0[yy] = dely[yy] = colO[yy-1] - ins1;
ndely[yy] = yy;

}
25 col0[0] = 0; /* Waterman Bull Math Biol 84 */

else
for (yy = 1; yy <=lenl; yy++)
delylyy] = -ins0;

30
/* fill in match matrix
*/
for (px = seqx[0], xx = 1; xx <= len0; px++, xx++) {
/* initialize first entry in col
35 */
if (endgaps) {
fxx==1)
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colJyy] = dely[yy] = colJyy-1] - insl; ndely[yy] =yy; } cOJQ = 0; /*
Waterman Bull Math Biol 84 */ } else for (yy = 1; yy <= lenl; yy++)

del y[yy] wo-20000@s5374* fill in match matrix */ for (px = ®eqAseJos5/023626 1; XX
<= | enQ, px++, xx++) { /* initialize first entry in col */ if (endgaps) {
if (xx == 1)CAI[Q = delx = -(insOtinsl); else Coll[Q = delx = colJO0] -
insl; ndelx = xx; } else { ddl®]=delkas@sOmoel)x = G } ...nw for (py =
seax[1], yy = 1; yy <= Jenl; ry++, yy++) { mis = colqyy-I]; if (dna) ms
+= (xbnf *px-' A']&bn{*PyS' A']1)? DVMAT : DM S; else nis +=
_day[*px-"A][*py-'A]; /* u@dd@]edgeraoidj0lFasldel in x seq; * favor new del
over ongong del * igno;lgzebb/l:ﬁ\XGAP if weighting endgaps */

XX,
5 }
else {
coll[0] = 0;
delx = -ins0;
ndelx = 0;
10 }

. DW
for (py = seqx[1], yy = 1; yy <= lenl; py++, yy++) {
15 mis = colOfyy-1];
if (dna)
mis += (xbm[*px-'A']&xbm[*py-'A'T)? DMAT : DMIS;
else
mis += _day[*px-'A’J[*py-'A’l;
20
/* update penalty for del in x seq;
* favor new del over ongong del
* ignore MAXGAP if weighting endgaps
*/
25 if (endgaps || ndely[yy] < MAXGAP) {
if (colO[yy] - insO >= dely[yy]) {
dely[yy] = colO[yy] - (insO+ins1);
ndely[yy] = 1;
}else {
30 dely[yy] -= ins1;
ndely[yy]++;
}
} else {
if (colO[yy] - (insO+ins1) >= dely[yy]) {
35 dely[yy] = colO[yy] - (insO+ins1);
ndely[yyl =1;

} else
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if (endgaps || ndely[yy] < MAXGAP) { if (colOyy] - insO >= dely[yy]) {
del yfyy] = col Oyy] - (insO+tinsl); ndely[yy] =1; } else { dely[yy] -

i nsl; ndeWvg2gee0ts371} } else { if (coldyy] - (insO+insl pcrarsd@syppicegd) {
dely[yy] = colOyy] - (insOtinsl); ndely[yy] = 1; }elsendely[yy]++ } /*
update penalty for del iny seq; favor new del over ongong del */ if
(endgaps || ndel x < MAXGAP) { if ndet@hdl-yy-1] - insO >= delx) { delx =
coll[yy-1] - (insC»insE); ndelx = 1; } else { delx -=insl; ndel x++; } }
else { if (coll[yy-1] ¢ (insO+tinsl) >= delx) { delx = coll[yy-I] -
(insOtinsl); ndelx = 1; } else ndelx++; } /* pick the maxi num score; we're

favoring * fi's over anj, del, and delx o¥st, gel

5 * favor new del over ongong del
*/
if (endgaps || ndelx < MAXGAP) {
if (coll[yy-1] - insO >= delx) {
delx = coll{yy-1] - (insO+ins1);

10 ‘ ndelx = 1;
}else {
delx -=insl;
ndelx++;
}
15 }else {

if (col1[yy-1] - (insO-+ins1) >= delx) {
delx = coll[yy-1] - (insO+ins1);
ndelx = 1;

} else

20 ndelx++;

/* pick the maximum score; we're favoring
* mis over any del and delx over dely

25 */

30

. IW
id =xx - yy +lenl - 1;
35 if (mis >= delx && mis >= dely[yy])
coll[yy] = mis;
else if (delx >= dely[yy]) {
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I ...nwid =xx - yy +lenl - 1; if (ms >= delx && nls >= del y[yy])
collfyy] = ms; else if (delx >= del yfyy]) {coll[yy] = delx; ij =

dx[id]. IijZOOGVOlS:d’)I[I d.jp.n[0] && (!dna || (ndelx >= l\/M:TMth&&oxxw
dx[id].jp.x[ij]+MX) || ms > dx[id].score+tDINSO)) { dx[id].ijnmp++; if (++i]
>= MAXIMP) { witejnps(id); ij =dx[id].ijnp = 0; dx[id]. offset = offset;
of fset += sizeof (struct jnp)d&b@]ie@i(offset) } } dx[id].jp.n[ij] = ndelx;

dx[id].jp.x[1j] = xx; dx[id e del x; else { coll[yy] = dely[yy];
ij =dx[id].ijnp; && (!dna %l %ﬁ@L yy] >= N%XJNP && XX >

dx[id].jp.x[i1]]+MX) || mis H(dx[ﬁd]gﬂn[e]c&&aﬂahlﬂlme)x:{ BDADOIMP. i j mp++; i f (++i
offset 1o sl zeof (struet | ey S HpLERITI sy Bbiafbor OORE) o1 SE
5 dx[id].ijjmp++;
if (++ij >= MAXIMP) {
writejmps(id);
1j = dx[id].ijmp = 0;
dx[id].offset = offset;

10 offset += sizeof(struct jmp) + sizeof(offset);

}
dx[id}.jp.n[ij] = ndelx;
dx[id]jp-x[ij] = xx;

15 dx[id].score = delx;

else {
coll[yy] = delylyy];
ij = dx[id].ijmp;
20 if (dx[id].jp.n[0] && (!dna || (ndely[yy] >= MAXIMP
&& xx > dx[id].jp.x[ij1+MX) || mis > dx[id].score+DINS0)) {
dx[id].ijmp++;
if (++ij >= MAXIMP) {
writejmps(id);
25 ij = dx[id].ijmop = O;
dx[id].offset = offset;

offset += sizeof(struct jmp) + sizeof(offset);

}

30 dx[id].jp.n[ij] = -ndely[yyl;
dx[id].jp.x[ij] = xx;
dx[id].score = dely[yy];

}
if (xx ==1len0 && yy < lenl) {
35 /* last col
*/
if (endgaps)
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dx[id].jp.n[ij] = -ndely[yy]; dx[id].jp.x[ij] = xx;
delyfyy]; } if (xx =1enO && yy < lenl) { /* last col
(endgaps)wol2bgeym}$37a= i nsg+i nsl *(lenl-yy); if (coll

col I [yy];

insg+insl*(len g-xx); if (coll[yy-1] > smax) { smax

id;

i

(void) f h *)del y); i h * | 0);
) free((char *)dely) vo(lgﬁll')ry reeg ar *)col 0)

*Ycoll); } /* * * print() -&nf
static: * getmatO -trace back besmapatéliygpunt natches:
pr_align()

5

-print alignment of described in array p[]:
-dunp a block of lines with nurrbc.f,‘iimé",‘= ‘ars: pr_align()
}
}
}
if (endgaps && xx < len0)

10

15

20

25

30

35

coll{yy-1] -= insO+ins1*(len0-xx);
if (coll[yy-1] > smax) {
smax = coll[yy-1];
dmax = id;
}
tmp = col0; col0 = coll; coll = tmp;
}
(void) free((char *)ndely);
(void) free((char *)dely);
(void) free((char *)col0);
(void) free((char *)coll); }

/*
&
* print() -- only routine visible outside this module
*
* static:
* getmat() -- trace back best path, count matches: print()
* pr_align() -- print alignment of described in array p[]: print()
* dumpblock() -- dump a block of lines with numbers, stars: pr_align()
* nums() -- put out a number line: dumpblock()
* putline() -- put out a line (name, [num], seq, [num]): dumpblock()
* stars() - -put a line of stars: dumpblock()
* stripname() -- strip any path and prefix from a seqname
*/

#include "nw.h"

#define SPC 3
33

[ yy] PETAISR005/0£7636TB1X
dmax =1id; } } } if (endgaps && xx < lenO coll[yy-I]
col I [yy-1];
} tnmp = col G col O = coll; cebli[yy] =ms0+hs(*Jendyy)f ree((char *)ndely);
(void) free((char
isible outside this nodule * *
print() *
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* nuns() -put out a nunber line: dunpblock() * putlineO -put out a line
(name, [nun], seq, [nun]): dunpblock() starsO - -put a line of stars:
dunpbl ock§d 2voeatis37pname() -strip any path and prefix fregrass@gnoares */

#i ncl ude "nw. h" #define SPC 3#define PJLINE 256 /* maxi mum out put |ine */
#define P_SPC 3 /* space between nane or num and seq */ extern

_day[ 26}{icfie P_LINE ol en256 * Maﬂmnmmhtphtm*Vength */ FILE *fx; /* output

file */  rrin i nt i nt first stgap; /* overlap *[if
((fx = #g‘ﬁ@‘ﬁ?’(#@ Vé)Spacelﬁwe{an ??ftnl’"(“g’Pgé?qr’g"% can't wite %\n",
prog, ofile); cleanup(l) } fprintf(fx, "<first sequence: % (length =
%)\ n", nanex[,0 10); fprintf(fx, "<second sequence: % (length =
%)\ n", e’ﬁtﬁ'ffbx%?’#zﬁ] Zgﬂ - olen = 60; Ix =lenQ |y = lenl; firstgap

| ast gapimt O; oleh; (dmax #kéeeﬁﬂtputlméle{lgth*/ | eading gap in x */ pp[Q.spc =
firstgap = lepl - dmax pp[Q .spc; } else if (dmax > lenl - 1) {

P gap "%‘I’“ﬁt %p*

[* | eadi ’iny*/ = firstgap = dmax - (lenl - 1); Ix -=
pp[l].spc; } if (drraxO<IenO- 1) { /* trailing gap in x */ lastgap = | enO
drraxO 1 .
rint{) print
{
10 int Ix, ly, firstgap, lastgap; /* overlap */

if ((fx = fopen(ofile, "w")) == 0) {
fprintf(stderr,"%s: can't write %s\n", prog, ofile);
cleanup(1);
15 }
fprintf(fx, "<first sequence: %s (length = %d)\n", namex[0], len();
fprintf(fx, "<second sequence: %s (length = %d)\n", namex[1], lenl);
olen = 60;
Ix =len0;
20 ly =lenl;
firstgap = lastgap = 0;
if (dmax <lenl -1){ /* leading gap in x */
pplOl.spc = firstgap = lenl - dmax - 1;
ly -= pp[0].spc;
25 }
else if (dmax > lenl - 1) { /* leading gap in y */
ppl[1].spc = firstgap = dmax - (lenl - 1);
Ix -= pp[1].spc;

}
30 if (dmax0 < len0 - 1) { /* trailing gap in x */
lastgap = len0 - dmax0 -1;
Ix = lastgap;
}
else if (dmax0 > len0 - 1) { /* trailing gap in y */
35 lastgap = dmax0 - (JenO - 1);
ly -=lastgap;
}
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Ix -= lastgap; } elseif (dmaxO>1enO- 1) { /* trailing gap iny */

| astgap = dmaxO - (lenO - 1); |y -= lastgap; }getmat(lx, Iy, firstgap,

| ast gap) ;wproadigsi); } /* * trace back the best path, ecuns2emawetses */
static getmat (I x, ly, firstgap, |lastgap) getmat int Ix, ly; /* "core"

(m nus endgaps) */ int firstgap, lastgap; /* leading trailing overlap */ {
int nm iq, kttmagixzIy, fisigap,lasehgt out x[ 32]; doubl e pet; register nqgq, nl;

regi ster char * *pl; /* get total matches, score */ iO=1i | =sizO =
sizl = 0; pOpr:ajgg‘ﬂ)x[ 0] + pp[l].spc; pi = seqxfl] + pp[T.spc; nq =
pp[l].spc + 1; n| = pp[Q.spc + 1; nm= 0; while ( *pg & *pl ) { if(siz
g { pl++ nl++ sizO -,
5
/*
* trace back the best path, count matches
10 */
static
getmat(1x, ly, firstgap, lastgap) getmat
int ix, ly; /* "core" (minus endgaps) */
int firstgap, lastgap; /* leading trailing overlap */
15 {
int nm, 10, i1, si1z0, sizl;
char outx[32];
double pet;
register n0, nl;
20 register char *p0, *pl;
/* get total matches, score
*/
10 =11 = siz0 = sizl = 0;
25 PO = seqx{0] + pp[1].spc;
pl = seqx{1] + pp[O].spc;
n0 = ppf1].spc + 1;
nl = pp[0].spc + 1;
30 nm = 0;
while ( *p0 && *pl) {
if (siz0) {
pl++;
nl++;
35 8iz0--;
}
else if (siz1) {
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} else if (sizl) {pg++; ng++; sizl-; } else { if

(xbm{ *pO- ' A ] &bn{*pl-"A"]) nmt+; if (nO++== pp[0].x[iq]) sizqg =

ppl[ ] . n[ iweepos/aibiml ++ == pp[l].x[il1]) sizl = pp[!l].n[iPeFfus2@grnziczpl ++; }
} /* pet honology: * if penalizing endgaps, base is the shorter seq * el se,
knock of f overhangs and take shorter core */ if (endgaps) Ix = (lenO <
lenl)? lenO: lenl; elge+x = (IX < 1y)? Ix : ly, pet =

100.*(doub|e)nnf(doubleélx; fprintf(fx, "W; fprintf(fx, "<% nmatch% in an
overlap of %l: % 2f pef Ehit simlarityvn", nm (nm= 1)? "" : "es", IXx,

pet); fprintf(fx, "<gapglin first sequence: %", gapx); ...getmat if(gapx)
{ (void) sprintf(outx, " (% %%)", ngapx, (dna)? "base":"residue", (ngapx
== 1)? "":"s"); fprintf(fx,"%", outx);fprintf(fx, ", gaps in second

seguence: %", gappy{ if(gapy) {
if (xbm[*p0-'A"l&xbm[*p1-'A"])
nm-++;
if (n0++ == pp[0].x[i0])
51z0 = pp[0].n[i0++];

10 if (n1++ == pp[1].x[il])
sizl = pp[1].n[il++];
pO+-+;
pl++;
}
15 }
/% pct homology:

* if penalizing endgaps, base is the shorter seq

* else, knock off overhangs and take shorter core

20 */
if (endgaps)
Ix = (len0 < len1)? len0 : lenl;
else

x=>Ux<ly)?lx:ly;
25 pct = 100.*(double)nm/(double)lx;
fprintf(fx, "\n");
fprintf(fx, "<%d match%s in an overlap of %d: %.2f percent similarity\n",

nm, (nm == 1)? "" : "es", Ix, pct);
30
fprintf(fx, "<gaps in first sequence: %d", gapx); -.getmat
if (gapx) {
35 (veid) sprintf(outx, " (%d %s%s)",

Hon

ngapx, (dna)? "base":"residue", (ngapx == 1)? "":"s");
fprintf(fx," %s", outx);
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(void) sprintf(outx, " (% %%)", ngapy, (dna)? "base":"residue", (ngapy
== 1)? "":"s"); fprintf(fx,"%", outx); } if (dna) fprintf(fx, "\n<score:
%l (mat chwe 20@b/018373mat ch = %, gap penalty = %d + %d perclhase)osnic2s max,
DVAT, DMS, DINSO, DINSl); else fprintf(fx, "\n<score: %l (Dayhoff PAM 250
matrix, gap penalty = %1 + % per residue)\n", smax, PINSO, PINSI); if
(endgaps) fopri ntf(fx "<endgaps penalized, left endgap: % %%, right

d % Y& % fi i due", (first ==1)?
cnsap: 94, Yol - buasiag (L gbasgs, - oSt oue, (11 ratoe 22 1)

el se fpr| ntf(tf(gapyj{<endgaps not penallzed\ n"); static nm / * matches in
core -for checkl n ic | , lengths of stripped file names */
static ij[2]; %H%SPI %tzfoggaqbsg‘fsh’*/ static nc[2]; / * nunber at start
of scurrent Iine */ stahgapy,r(ﬂ{leai "baée"*'re@ﬁﬁé"ﬁ@@a@l:&-rmmv'ﬂ‘b‘er -for gapping */
static siz[2]; statjc h%r,, ps * ptr to current elenent */ static
char *po[2]; / * g%ﬂ‘“fff pus tput char slot */ static char out[2][: |NE];
[/ * output lIine */ static char ssttaarrF[PP :LINE]; / * set by starsQ */
[* @ print altjtgrﬁigent of described in struct path pp[]static pr_align()

pr_align { hil /* char count */
fprintf(fx,
10 "\n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n",
smax, DMAT, DMIS, DINSO, DINS1);
else
fprintf(fx,
"\n<score: %d (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n",
15 smax, PINSO, PINS1);
if (endgaps)
fprintf(fx,
"<endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%s\n",
firstgap, (dna)? "base" : "residue", (firstgap == 1)7 "" : "'s",
20 lastgap, (dna)? "base" : "residue”, (lastgap == 1)? "" : "s");
else
fprintf(fx, "<endgaps not penalized\n");
}
25 static nm; /* matches in core -- for checking */
static Imax; /* lengths of stripped file names */
static ij[2]; /* jmp index for a path */
static nc[2]; /* number at start of current line */
static ni[2]; /* current elem number -- for gapping */
30 static siz[2];
static char  *ps[2]; /* ptr to current element */
static char  *po[2]; /* ptr to next output char slot */
static char  out[2][P_LINE]; /* output line */

static char star[P_LINE]; /* set by stars() */
35
/*
* print alignment of described in struct path pp[]
37



int nore; register i; for (i =0, Ilmax =0; I < 2; i++) { nn =

stripname(nanmex[i]); if (nn > lmax) Imax = nn; nc[i] = 1; ni[i] = 1; siz[i]
= ij[i] =wO2o@sal1s371= seqx[i]; po[i] = out[i]; for (nn =pomus:@soomREe = 1;
nmore; ) { ...pr_align for (i =nore =0; i <2; i++) { /* * do we have nore
of this sequence? */ if(!*ps[i]) continue; more++ if (pp[i].spc) { /*
Leaglngfspace f/l*po[|]f+ "5 pp[i].spc~; } else if (siz[i]) { /* in a gap
*/ po[;lt+ ='-"; siz[i]-;} else { /* we're putting a seq el ement */
po[i] #B6s[i]; if(islower(*ps[i])) *ps[i] = toupper(*ps[i]); po[i]++
ps[i ] ++ipr/atign() pr_align
{
5 int nn; /* char count */
int more;
register i

for i= 0,lmax =0;1<2;i++) {
10 nn = stripname(namex|[i]);

if (nn > Imax)

Imax =nn;
ncli] = 1;
15 nifi] = 1;

siz[i] = ij[i] = 0;
psfi] = seqx[il;
poli] = out[i]; }

20
for (nn = nm = 0, more = 1; more; ) { ..pr_align
for (i=more = 0;i<2; i++) {
/*
* do we have more of this sequence?
25 */
if (I*ps[il)

continue;

more++;
30
if (pplil.spc) { /* leading space */
*poli]++=""
ppli]-spc--;
}
35 else if (siz[i]) { /* in a gap */
*poli]++ ="
siz[i]--;
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* are we at next gap for this seq? */ if(ni[i] == pp[i].x[ij[i]]) { 1I** we
need to nerge all gaps * at this location */ siz[i] pp[i].n[ij[i]++];
whil e (niwo2eeso1pgfii | . x[ij[i]]) siz[i] += pp[i] .n[ij [|P1:Tft]s200550276|2¢|]++ }

} if (++nn == olen || 'more && nn) { dunpblock(); for (i =0; i < 2; i++)
po[i] = out[i]; nn 0; } } I'* * dunp a block of lines, including nunbers
stars: rr_ali gn() */ stat i cdurrpbl ockO dunpbl ock { register i ; for (i = 0,

i< 2, i++) * \0 d t \n', f f =0; i
I<2; i+|+) % pO[ILut[l]els%céL( *out ‘I’e‘iei’“‘g“\f/‘giasg‘kﬁgﬁﬁc"}) = -X§> {OirfE: = 0) |
*

*poli] = *ps[il;
s if (islower(*ps[i]))
*ps[i] = toupper(*psfil);
poli]++;

pslil++;

10 /*
* are we at next gap for this seq?
*/
if (nifi] == pplilx[5[i]]) {
J*
15 * we need to merge all gaps
* at this location
*/
siz[i] = pplil.n[ij[il++];
while (ni[i] == pp[i].x[ij[1]])

20 siz[i] += ppliln[ij[il++];
}
ni[il++;
}
}
25 if (++nn == olen || !more && nn) {
dumpblock();

for i=0;1<2;1++)

poli] = out[i];

nn = 0;
30 }
}

}

/*
35 * dump a block of lines, including numbers, stars: pr_align()

*/

static
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fprintf(fx, star); if(i =1) nunms(i); } [ * * put out a nunber Iine:
dunpbl ockyp 20de/msami ¢ nuns(ix) nunms int ix; /* index inpoutspoosobmeang seq
line */ { char nline[P_LINE]; register i,j; register char *pn, *px, *py;

nuns(i); if(i == 0 & *out[l]) stars(); putline(i); if(i =0 &k *out[l])
}
[

for (pn = nline, i =0 ; i < |Imx+P_SPC, i++, pn++)*pn ="' '; for (i =
nclix], d@Mplﬂodk@t[ix] *py; py++, pn++) { f (*py =" Il *pydumpblotlon = " ;
el se { f(|%10::0|| (i —1&&nc[|x]!:l)){j (|<0)’7-| i for
(px = pr{ ;] /=10, px~) *px =5%0 + '0'; if (i <0) *px ="'-'; } else
*pn = ; reglster i
5 for i=0;1<2;1++)
*po[i]-- = \0';
«.dumpblock
10 (void) putc("\n', fx);
for i=0;i<2;i++) {
if (*out[i] && (*out[i] '=""|| *(poliD) t="") {
if(i==0)
nums(i);
15 if (i == 0 && *out[1])
stars();
putline(i);
if (i == 0 && *out[1])
fprintf(fx, star);
20 if(i==1)
nums(i);
}
}
}
25
/*
* put out a number line: dumpblock()
*/
static
30 pums(ix) nums
int iX; /* index in out[] holding seq line */
{
char nline[P_LINE];
register 1,];
35 register char *pn, *px, *py;

for (pn = nline, i = 0; i < Imax+P_SPC; i++, pn++)
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i++, } } *rn ="\0"; nc[ix] =1i; for (pn = nline; *pn; rn++) (void)
putc(*pn, fx); (void) putc(W fx); /* * put out a line (nane, [num, seq,
[nun]): owopbéemki{7y */ static rutline(ix) putline int i®CT{US2005pRt6R6 Ne i nt
i ; register char *px; for (px = namex[ix], i = 0; *px && *px !'="'":"; px++,
i ++)(void) putc(*px, fx); for (; i < |Imax+P_SPC, i++) (void) putcC', fx);
/* these count frepad:,* ni[] is current elenment (from1) * nc[] is nunber
at start of current_ line */Bﬁ'o*r .&)x = out£ix]; *px; px++) (void)

put ¢ (* px&0x 7T G X PCUX Y= HRUBL @VARY H@™H) ¢+ put a 1ine of stars (seqs

al ways in out[O0], ifqegfd]) || *ghuepol ock() */ static starsQ stars { int i;

*pn=""
5 else {
if 1%10==0|| i==1 && nclix] != 1)) {
j=<0)?-1:1;
for (px =pn; j; j /= 10, px--)
*px =j%10 + 0

10 ifi<0)
*px — '_';
}
else
*pn=""
15 it++;
}
}
*pn = "\0'
nclix] =1;
20 for (pn = nline; *pn; pn++)

(void) putc(*pn, fx);
(void) putc(\n', £x);

25 /*

* put out a line (name, [num], seq, [num]): dumpblock()

*/
static
putline(ix) putline
30 int ix; {
...putline
int i
35 register char *px;
for (px = namex[ix], i = 0; *px && *px !=""; px++, i++)
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reglster char *pq, *pl, ex, *px; if (!*out[O] Il (*out[O] ==" && *(ro[0])
I

I
== ") Il t*out[l] Il (*out[l] =" && *(po[l]) ==" ")) return; px = star;
for (i = Womses®ISPC, i; i~) *px++ ="' '; for (pg = OU [ @CT/US2005027604 [ | ] ;

*pq && *pl; pg++, pl++) { if (isalpha(*p q) && isalpha(*pl)) { if
(xbn{*pO'A‘]&xbn{*pI-'A‘]) { cx ="*; nm+,else if (!dna &&

_day[* pO A ][ pI {vofd) Jpute(*QX, f@( ="' elseex =" : } else ex =" ; *px++ =
ex; } * [* * strip path or prefix frompn, return
len: pr allgﬁ‘(r)( *71“gaf‘5]?1sgh ¥ pnane(pn) stripname char *pn; /* file nane
(may be path) */ {vdi®gusteexchar *px, *py; py = O for (px = pn; *px; px++)
if (*px ==V) py = px + 1 ;

5 /* these count from 1:
* ni[] is current element (from 1)

* nc[] is number at start of current line

*/
for (px = out[ix]; *px; px++)
10 (void) putc(*px&0x7F, fx);
(void) putc("\n', fx);
}
15 /*
* put a line of stars (seqs always in out[0], out[1]): dampblock()
*/
static
stars() stars
20 {
int i
register char *p0, *pl, cx, *px;
if (1¥out[0] || (Fout[0] ==""' && *(po[0]) =="" ||
25 Fout[1] || (*out[1] == "' && *(po[1]) =="")
return;
pX = star;
for (i = Imax+P_SPC; i; i--)
*px++=""
30
for (p0 = out[0], p1 = out[1]; *p0 && *pl; pO++, pl++) {
if (isalpha(*p0) && isalpha(*pl)) {
if (xbm[*p0-'A"T&xbm[*p1-'A"]) {
35 cx = "

nm-+;
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if(py) (void) strcpy(pn, py); return(strlen(pn)); }/* * cleanupO -cl eanup
any tnp file * getseqO -read in seq, set dna, len, maxlen * g_calloc()

- cal | ocOwDt2nocars3m checkin * readj npsO -get the good j mpsjUskeosmeteop fil e
if necessary witejnpsO -wite a filled array of jnps to a tnp file: nw)
*[ #include "nw. h" #include <sys/file.h> char *jname = "/t np/ honmgXXXXXX"

[* tnp file for jnps *kls&ifi(dn® &% _dayitp@G1A8EUPL] >05 cl eanup tnp file */ |ong

| seek@Q /* renpve any tnp fiC)I(g.j_f we blow */ cleanup(i) cleanup int i; { f
0S) (void) unlink(jname); extt(t); } /* * read, return ptr to seq, set dna,
len, maxlen * skip linekestarting with ';', '<', or '>' seq in upper or

| oner case */ char * getsqu(izl.@, | en) getseq char *file; /* file name */

5 }
else
cx=""
*pX++ = CX;
}
10 *px++ ="\n';
*px ="\0';
}
15
/*
20 * strip path or prefix from pn, return len: pr_align()
*/
static
stripname(pn) stripname

char *pn; /* file name (may be path) */

25 {
register char *px, *py;
py =0;
for (px = pn; *px; px++)
30 if (*px =)
py=px+1;
if (py)
(void) strcpy(pn, py);
return(strlen(pn));
35
}
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int *len; /* seq len */{ char |ine[1024], *pseq; register char *px, *py;
int natgc, tlen; FILE *fp; if ((fp = fopen(file,"r")) == 0) {
fprintf(swoenss/01%&1 can't read %\n", prog, file); exitexuspossloersze nat gc

= 0; while (fgets(line, 1024, fp)) { if (*line =";" || *line =="'<
*line == ">") continue; for (px =1line;, *px I'="\n"; rx++) if (isupper(*px)
|| islower(*px)) tlen++; } if ((pseq = malloc((unsigned)(tlen+6))) == 0)

fprintfgftderr,"WS: mal | oc() failed to get % bytes for %\n", prog,
tl ent+6 ile); exit(l); } pseq[O0] pseqfl] = pseq[2] = pseq[3] = "'\0";
getseqdammﬁ)p&mmmpabmm@ﬁm = tlen rewi nd(fp); while (fgets(line, 1024,
fp)) { |i%§ kb k 2 '<'" || *line == "'>") continue; for (px
= line; “ﬂQ””???ms?k$3 N qﬁ“ﬁ%?hpper( px)) *py++ = *px;else if
(i sd overy & R¥llocO™Patiscrwitpep@endckpx) ; i f (i ndex("ATGCU", *(py-1)))
* readjmps() -- get the good jmps, from tmp file if necessary
* writejmps() -- write a filled array of jmps to a tmp file: nw()
*/
#include "nw.h"

10 #include <sys/file.h>

char *jname = "/tmp/homgXXXXXX"; /* tmp file for jmps */
FILE *{j;

15 int cleanup(); /* cleanup tmp file */
long Iseek();

[
* remove any tmp file if we blow
20 */"
cleanup(i) cleanup

int i;

if (fj)
25 (void) unlink(jname);

exit(i);

/*
30 * read, return ptr to seq, set dna, len, maxlen
* skip lines starting with }', '<', or >
* seq in upper or lower case
*/
char *
35 getseq(file, len) getseq
char *file; /*file name */
int *len, /*seqlen */
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natgc++; } } *py++ = '\0"; *py = '\0"; (void) fclose(fp); dna = natgc >
(tlen/3); return(pseq+4); } char * g_calloc(nmsg, nx, sz) g _calloc char
*msg; /* woageersd7eal |ing routine */ int nx, sz; /* numpem/usea)ssemes of
elenents */ { char *px, *calloc(); if ((px = calloc((unsigned)nx,
(unsigned)sz)) == 0) { if (*nmsg) { fprintf(stderr, "%: g_calloc() failed
% (n=%, sz=%)\n", prog, nsg, nx, sz); exit(l); } } return(rx); } /* *

get final jnps from dx|[. file, set pp[], reset dmax: main() */
readj mpsO r &8 nps { ih{‘e[?@“i%ﬁbint siz, iq, il:register i,j, xx; if(fj)
{ (void) fcl eegdtéichar i fpx,¢ped = open(j name, O RDONLY, O) < 0) {

int natgc, tlen;
5 FILE *fp;

if (fp = fopen(file,"r")) == 0) {
fprintf(stderr,"%s: can't read %s\n", prog, file);
exit(1);
10 }
tlen = natgc = 0;
while (fgets(line, 1024, fp)) {
if (¥line ==";' || *line == '<' || *line ==">"
continue;
15 for (px = line; *px !="\n'; px++)
if (isupper(*px) || islower(*px))
tlen+-+;
}
if ((pseq = malloc((unsigned)(tlen+6))) == 0) {
20 fprintf(stderr," %s: malloc() failed to get %d bytes for %s\n", prog, tlen+6, file);
exit(l);
}
pseq[0] = pseq[1] = pseq[2] = pseq[3] = "\0';

25

~getseq
py = pseq + 4;
*len = tlen;

30 rewind(fp);

while (fgets(line, 1024, fp)) {
if (line ==";' || *line == '<'|| *line == *>")
continue;
35 for (px =line; *px !="\n'; px++) {
if (isupper(*px))
*py++ = *px;
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fprintf(stderr, "%: can't open() %\n", prog, jnane); cleanup(l); } } for
(t =10=11 =0, dmaxO = dmax, xx = lenQ, ; i++) { while (1) { for (] =
dx[ dmax] .wprgpoe/qis3sx 0 && dx[dmax].jp.x[j] >= xx; j~) .. Ppceaspeoss®2icke (] < 0
SLSC dxfdmax]. offset SLSL fj) { (void) |Iseek(fd, dx[dmax]. offset, 0);
(void) read(fd, (char *)&dJx[dmax].jp, sizeof(struct jnp)); (void) read(fd,
(char *)&dx[dmax]. of f skeif (slowexdfipx[ dmax] . offset)); dx[dmex].ijnp =
MAXIMP-1; } else break; } if (i>= JNP%L)i_fprintf(stderr, "U8: too many
gaps in alignment\n", prog): PeTeaRiRRE P if(j >= 0) { siz =
dx[dmex].jp.n[j]; xx =ifdidet@XIGEP: xpyd)) dmax += siz; if (siz < 0) { /* gap
in second seq */ pp[I].n[iILt: -Siz; xx +=siz; /* id =xx - yy +lenl - 1
*Ipp[l].x[il] = xx - dmax + flent - 1; gapy++; ngapy -= siz; /* ignore
MAXGAP when doi ng}endgaps */ siz = (-siz < MAXGAP || endgaps)? -siz :
MAXGAP;

}
*py++="\0';
“py ="0%
(void) fclose(fp);
10 dna = natgc > (tlen/3);
return(pseq+4);
}
char *
15 g_calloc(msg, nx, sz) g calloc
char *msg; /* program, calling routine */
int nx, sz; /* number and size of elements */
{
char *px, *calloc();
20
if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) {
if (*msg) {
fprintf(stderr, "%s: g_calloc() failed %s (n=%d, sz=%d)\n", prog, msg, nx,
$2);
25 exit(1);
}
}
return(px);
}
30
J%
* get final jmps from dx[] or tmp file, set pp[], reset dmax: main()
*/
readjmps() readjmps
35 {
int fd=-1;
int siz, 10, i1;
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il++; } elseif (siz >0) { /* gap in first seq */ rp[OQ.n[iQ = siz;
rr[Q.x[1J = xx; gapx++; ngapx += siz; /* ignore MAXGAP when doi ng endgaps
*[ siz =Weimic01MAXGAP | | endgaps)? siz @ MAXGAP; i q++; PETjusedis@2se€ak; }
/* reverse the order of jnps */ for (] 0, 10+ < IO]++ o) {0 =

pp[T . n[j]; pp[A.nj] = pp[Q.n[iQ; [_O] n[ig =i ;i pp[O] x[j1;
pp[O . x]] = peidte] . x[ i @i opP [0] . x[|0] =i 5 } for Q=0 il~ j <il; j++
it~y { i =ppll].n[j]; pp[l].n[j] = pp[I].n[il]; pp[lI].n[il] =i ;i = _
priil.x[f1: pp[I].x[i] = pp[1].x[il11: pp[I]. x[il] =i ; } if(fd>=0) (void)

close(fd); i#f()9 { (void) unlink(jname); f j = G offset 0;/** wite a
filled jnp struct (‘%u;)sfel Se?é),the prev one (if any) nw) */ wrltej nps(i x)

writejnps
5 if ((fd = open(jname, O_RDONLY, 0)) < 0) {

fprintf(stderr, "%s: can't open() %s\n", prog, jname);
cleanup(1);

}
10 for (i =10 =11 = 0, dmax0 = dmax, xx = len0; ; i++) {
while (1) {
for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >= xx; j--)

2

15 ...readjmps
if (j < 0 && dx[dmax].offset && fj) {
(void) Iseek(fd, dx[dmax].offset, 0);
(void) read(fd, (char *)&dx[dmax].jp, sizeof(struct jmp));
(void) read(fd, (char *)&dx[dmax].offset, sizeof(dx[dmax].offset));
20 dx[dmax].ijmp = MAXIMP-1;

else
break;
}
25 if (i >=IMPS) {
fprintf(stderr, "%s: too many gaps in alignment\n", prog);
cleanup(1);
}
if(G>=0){
30 siz = dx[dmax].jp.n[jl;
xx = dx[dmax].jp.x[j];
dmax += siz;
if (siz< 0) { /* gap in second seq */
ppl1].n[il] = -siz;
35 XX += siz;
/¥id=xx-yy+lenl -1
*/
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int ix; { char *nktenp(); if(!fj) { if (nktenp(jnane) < 0) {
fprintf(stderr, "%: can't nktenp() %\n", prog, jnane); cleanup(l); } if
((fj = foperppemassy "wW')) == 0) { fprlntf(stderr "Us: eamus200sioem206\ N,
prog, jnane); exit(l); } } (void) fwite((char *)&Ix[ix].jp, sizeof(struct
jm), 1, fj); (voi d) fwite((char *)&dx[ix].offset, sizeof(dx[ix].offset),
1, fj); The term "vector," ap[luseq=hear-dmax +ileli-if ended to refer to a

nucl eic acid nol ecul e capable of transporting another nucleic acid to which
it has been |inked. One typépé'f+ vector is a "plasmd", which refers to a
circul ar double stranded DNAgdpgepsiznto whi ch additi onal DNA segnents nmay be
l'i gat ed., Anot vect a phage vector. Another type of vector
is a vifaf V%%éxﬁﬁg?%?%nga ggatpfonal DNA segnents nay be ligated into the
virsal genome. Certain vect okt =aFsiz <RPXNGAP [péndaatspnanoMAX@pP;i cation in a
host cell into which they arf introduced (e.g., bacterial vectors having a
bacterial origin of repli cattdn and epi somal manmal i an vectors). O her
vectors (e.g., non-epigomal mammualian vectors) can be integrated into the
genone of a host cell Uﬁor} i.ntQ) guctl ntg he host cell, and thereby are
replicated along with £R&M{YsT 8 nome’” KBIREPEFd Certain vectors are

capabl e of directing the expp@3ali@s st genes to whi ch they are operatively
| i nked. Such vectors are ref eIer [(E:loto herein as "reconbi nant expression
vettors” (or sinply, "r econBP i\ﬁ ]ve%‘t ors"). In general, expression vectors
of utility in reconbinant Dlgépmechnl ques are often in the formof plasm ds.
I nt he present specification, Iasmd and "vector" may be used

i nt erchangeably as the pl asHEFS 'S e nost comonly used form of vector.

" Pol ynuct gmtrémXG@Pw'haud:dmgcmdwd/ " as used i nt er changeabl y herein, refer
to polyners of nucl eotides of a(? {%%}RPII i s1z nd RNA. The

nucl eoti des can be deoxyri b3HdcT &0t | |680$13 Ieot| es, modi fi ed

nucd eoti des or bases, and/on0#heir anal ogs, or any substrate that can be
incorporated into a pol}yrrer by DNA or RNA pol ynerase, or by a synthetic
reaction. A pol ynucl eot'ide may conprise nodi fied nucl eotides, such as

nmet hyl at ed nucl eofti des and their analogs. If present, nodifi cati on to the
nucl eoti de struct ure nay be inparted before or after assenbly of the

break;
20 }

/* reverse the order of jmps

*/
for (j =0, i0--; j <i0; j++, 10--) {
25 i = pp[0].nfj]; ppl0].nfj] = pp[0].n[i0]; pp[0].n[i0] =1i;
i = pp[01.x[j]; pplO].x[j] = pp[O].x[i0]; pp[0].x[i0] = i;
}

for G=0,il--; j <il; j++,i1--) {
i = pp[1].n[jl; pp[1].nfj] = pp[11n[il]; pp[1l.nill =1

30 i=pp[11.x[j]; pp[1].x[j1 = pp[11.x[il]; ppl1].x[il] =1
}
if (fd>=0)
(void) close(fd);
if (5 {
35 (void) unlink(jname);
fj=0;
offset = 0;
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pol yner. The sequence of nucleotides may be interrupted by non-nucl eotide
conponents. A polynucleotide may be further nodified after synthesis, such
as by conyogatdass™ th a | abel. OQther types of nodifi carcons2e0sobsde, for
exanpl e, "caps", substitution of one or nore of the naturally occurring
nucl eotides with an anal og, internucleotide nodifications such as, for
exanpl e, thOfe w t h unchar ged Iipkages (e.g., nethyl phosphonates,
phosphotri esters, phosphoam dates, carbanmates, etc.) and with charged
| i nkages (e.g., phosphorothi oates, phosphorodithioates, etc.), those
cont ai ni ng pendant noieties, such as, for exanple, proteins (e.g.,
nucl eases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), those
with i nfffercal ators (e.g., acridine, psoralen, etc.), those containing
chel at or, : i ' Le) gwoboron, oxidative netal s,
ot 2. ), t ﬁ”c?{sfga %%?%‘92‘?%?‘?%"%?"'39‘1 tg?g‘tfg}% osg)l Weh nodified |inkages (e.g..
al pha arfbneric nucleic acids, etc.), as well as unnodified forns of the
polynuc&ggg&ggkﬁ). Further, any of the hydroxyl groups ordi nafitdipippr esent
in the sugars may be replaced, for exanple, by phosphonate groups,
phosphat e grips, iXprot ect ed by standard protecting groups, or activated to
prepareyadditional |inkages to additional nucleotides, or nmay be conjugated
to solid or sem -solid supports. The 5° and 3' term nal OH can be
phiosphor yl at elror *wkiB@P(t ut ed wi th ami nes or organi ¢ cappi ng group noieties
of from1l to 20 carbon atons. O her hydroxyls may al so be derivatized to
standard protecting groups. Pol ynucl eoti des can al so contai n anal ogous
forms of rib#$dddr deoxyribose sugars that are generally known in the art,
incIuding,_for ex&qg&gnm@ﬂﬂ&gggﬁbyl- , 2'-Oallyl, 2'-f|uoro- or
2' -azido-ribose, carbocyclic sugar anal ogs, .alpha.-anoneric sugars,
epi meri c sugars such afraiEsleroses: cafEEP(LPs\y RSNy r anose sugar s,
fursanose sugars, sedohgpigibases, acyclic anal ogs and abasic nucl eosi de
anal ogs such as nethyl riboside. One or nore phosphodi ester |inkages nay be
repl aced by alterhative |inking groups. These alternative unking groups
i nclude, but are fj L bdpbi(@Emb 0w §rRagif ment s wherei n phosphate i s repl aced
by P(O S("t hi oat e'i'};(FJ P dgss(ﬁﬂ dit h?oat' e'l'{) , "(ONR sub.2 ("am date"), P(OR,
P(OOR, CO or CH.sub. Srpefislers Rt st wiits Hs\aiP9e BARPR R or R i s
i ndependent |y H or subgiptyted or unsubstituted alkyl (1-20 C) optionally
containing an ether (-O) linkage, aryl, alkenyl, cycloal kyl, cycloal kenyl
or20aral dyl. Not alll Iinkages in a polynucl eotide need be identical. The
precedi ng description applies to all polynucleotides referred to herein,
i ncl udi ng and DNA. "d.igonucleotide " as used herein, generally refers
to short, geﬁ@%@ﬁ?@m%¢H@T%&gﬂP§ﬁ%éﬂ?ngHQﬂEP%y’ ynt hetic pol ynucl eoti des
that are geneyd tritdidhar ¥k dX16q ©5sA sizedf(dxliebatfsthan jabout 200nucl eoti des in
| ength. The terns "ol i gonucl eotide” and "pol ynucl eoti de"” are not nutually
excl usi ve. The description above for polynucleotides is equally and fully
appj i cable to oligonucleotides. The term "hepatocyte growh factor" or
"HGF", as used herein, refer unl.ess cifically or cont
i ndi cated ot H&¢ \‘iﬁr@é}’“i‘)&r éﬁfife‘i Brpiels H’ite“ag‘f PEHET P ﬁﬁéﬁl‘ﬁ% ) IéltOII%\)C;&elg galrp glgl?/ o net i c)
HGF ) pol YREepLitEe aﬁdgl@tr nhSei€ afddd vehicH it Easibkenﬁltnkﬂg Ol ey pbiGFyectonista "plagmidl.i ng »
pat hway under condition at r.m uc rocess,..to r...T Em " w
ype. RrheiarErar f oo S B Sy BB PUb BB R AN sepmei oo
ligated. Another type of vector is a phage vector. Another type of vector is a viral vector, wherein
30 additional DNA segments may be ligated into the viral genome. Certain vectors are capable of
autonomous replication in a host cell into which they are introduced (e.g., bacterial vectors having a
bacterial origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) can be integrated into the genome of a host cell upon introduction into the host
cell, and thereby are replicated along with the host genome. Moreover, certain vectors are capable
35 of directing the expression of genes to which they are operatively linked. Such vectors are referred
to herein as "recombinant expression vectors" (or simply, "recombinant vectors"). In general,

expression vectors of utility in recombinant DNA techniques are often in the form of plasmids. In
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the am no acid sequence of a naturally occurring HG- protein. Thet term
"wld type HGF sequence" generally refers to an am no acid sequence found

i n a nat uwel2bgs/aszur ri ng HG-. The terns "anti body" and ‘Prcmrusp@glootsod i n* are
used i nterchangeably in the broadest sense and incl ude nonocl onal

anti bodies {e.g., full length or intact nonocl onal antibodies), polyclonal
ant i boditlesyresamtl spetcv}fazlaemt, "Iﬂnhim'mdii egctoffUihdyl e ihiefchaidtathogh tRsSplisni@is.the

bi speci flo(“;t antl b d| E5:.39 g) as they exhibit the desired biol ogical
activity)’a & S0 |ﬁcYeC & certain antibody fragnents (as described in
greater det al"Pom:mtmom)e " inwleid defidlyas weddl ierchangedbly Newim néf&ad palpaéRior af finity

mat ur ed t. bad ne c ri | a portion of an intact .
ant i bodfln,1C16 ngFSeﬁ%r?X ¥ I?ggat goa%l Pgwdﬁﬁ@eﬁw r%?&?‘ﬁ"souﬂ‘fs qa‘ég ‘f‘eoéwg’onbﬁﬁlg‘?sabl y
most or ridbhucleofides heodifirmiciuclostslenarbards) smd@s &iok hadl@F, cMahhsubkiadke @archt BN When

present .in _an. intact nt| b ne . enbodi n.anti body f ragnment
conpri 5 &0 ﬁraéer?tl?tag mﬁd‘?glgﬁf |°ng pQEWr?Sﬁ’tQé Yaémal?aﬂfi&"ﬁc R4 hus r et al ns
the abi pblyyudetils may amiprigemodified mrRbikes, sechadhdmBitcd Mbleoities Qﬁﬂuelfzﬁﬁ

for exaﬁﬁpl one ion, ins at | east the_

e
bi ol ogi cal Fune (ithgﬁasuorrl\ortgr%illf&eogée Sg?Ftéﬁe \Heﬂﬂpﬁrﬁé%lﬁfgm % gt assamely Qg?:}}ffse in
an i nt apblymat. |Tlmd@quemaohmaﬂkzoﬁd:d&mlalylbadﬁﬁg;pteamymbﬁldycléwhé cdnpofent®dul at i on,

A Lt S I RN R
subst antypad dfymedifiviatians mamda,rfor axample, ‘@ngpsi' ,l:mbisyitutﬁﬁ) bf @xaihlof, of SheGhAtuadilyant i body
fragmentO L nked to _an Fc seguenc

ant en, bi d| ng ar
capabl e 0 §n”r”er?tfdr?%sgwﬁﬁ vi \5}1(5)g TeBie e?tﬁf‘g d{ﬂ‘fémfnﬁ SRR o elx?fn%lﬁéﬂ(@ﬁﬂ’bt i ment,
an ant i bodwyrged lithagesi (ngentthgolrphb@hanmeplmpmmeaatsj ﬂmq;hoaﬁlddas carbddesbs| dic.)

WO2005/ F
mut at 1 oRd eaeddtd ?“qﬁaégsn(g FobERPlorarh st e PheSulBler 880 1= Re8BER0s8 16,
Fors exappident rai¢ieh.cuchus afbr exampknprbeins (g otuckases tadfinsJa6i6Aies| 3B Aparddsor

Y407V i g;.an: p tide aV|t mutation c 66W The term
" monocl erZIF I}J;%f |Qgéo)\(illﬁj'?‘spe Wlﬂlulgtee a%teofse > P espstoﬁaleghetﬁﬁ?ﬁloﬁ%ﬁ‘iﬁ BRRFER S rom a
popul at (cof, oftals, ub:l;oeamm radthly, bhmnmgedw«mmetalslatdapmoefsqomauﬁag alltyﬂreors nhbsy it al

ant i bodi [ entl exce sible
ot ur o PEREATRLS! O, b AR AN BIE JCF R s NG Fodin BiTRE
Monocl on@lbm@lﬁptlﬂﬂﬁﬂl Eurther, @nhofghd lyydsqmbgrbu;s ord)liﬂrlﬂ]}gprdsmteﬂﬂ&du@ﬁmmﬂie a single

ang,i gen nal t| ons t hat
ye ool TP RE AT GERET P PURPRELERLochD pROHE R8T BBLHRER PR RifesR
det erm g@npss of asfivateshte piepare additionehigddages &d actdntonddmdyleotslesj or @t lsaoboaggawtstb a
single e d n
speci fi g‘g%dﬁ{; g%n%%@%%gﬁp&ﬁl n@??caggg ter_l; od| es | h?&ﬂa S’(’:}Wr}late rss;g)sﬁlpugﬁd ‘}”ﬁ'e heavy
and/ or PingR olchzaAnie dappingigroun Ieabtlamf fromrl th dProdriompotenst @tlm hydrsppdnaaygso
sequenc S i es | ongi.ng to a
part cul o RaBR A eHIRS pRRLCHE ot P RaRlok s C BREL B BhoRRARRHL D )

i s25i dentibesglor @ﬁOE(Yfﬂ@ﬁe fveare thatoel SCHEGHE bmrveslpdmdimgxcl@émgefmampln 20tinktbgl es
derlved i e ass._.or
subcl 55 et o GRe e B RAEH ek 3 NE At bR Lo T, 1 ¢
t he desPyears seihats agbinage, QSﬁwttlyXOéQS, Drarosgt wgers, I‘ﬂmands;% SJ@IS5®dpheamtbswbr ri son

etal, Prgglic Mifobs afdGBhic mickeoddRAnSibe L8or 28830 1 (H3EH) Jone or more phosphodiester

linkages may be replaced by alternative linking groups. These alternative linking groups include, but

30 are not limited to, embodiments wherein phosphate is replaced by P(0)S("thioate"), P(S)S
("dithioate"), "(O)NR.sub.2 ("amidate"), P(O)R, P(O)OR', CO or CH.sub.2 ("formacetal"), in which
each R or R'is independently H or substituted or unsubstituted alkyl (1-20 C.) optionally containing
an ether (-O-) linkage, aryl, alkenyl, cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a
polynucleotide need be identical. The preceding description applies to all polynucleotides referred to

35 herein, including RNA and DNA.

"Oligonucleotide," as used herein, generally refers to short, generally single stranded,

generally synthetic polynucleotides that are generally, but not necessarily, less than about 200
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"Humani zed" forms of non-human (e.g., nmurine) antibodies are chineric

anti bodi es that contain mnimal sequence derived from non-human

i mrunogl owol2005/0153m the nost part, humani zed anti bodi es paerashesmere2s

i mrunogl obul i ns (recipient antibody) in which residues froma hypervariable
region of the recipient are replaced by residues froma hypervariable
regi on ofcleptidesrin frngthn Tbtp@un €ligaociertidahindpdyjuckugdde" a]iﬁafmnmatﬁallyraglpsmﬁabb! :
or nonh esire ICI inity, .and capacity.
PR L R s B e e SR R

i mmunogl obul iThe tgrme lm)pﬂoew@gtowsh f@cﬂmrr’ es‘aﬁﬁﬂﬁji ngSthbrélﬂ,(rjfaﬂErsrlﬁﬁdtsdB{ﬁSiﬂcaﬂy orf 4
Furt her b resi dues t not foun
in the ?ae}%% aﬁﬂ?ﬁ%h]t%ﬁgth e B%ﬁ%'we BY%‘r éwﬁ&% fluve'?ﬁ@g’ ﬁ@&%ﬁ?cati ons are
made t onleelph@ﬁrthatesf ¢apeblaqft acm:adyg meHGWmamnah@ @ﬂmy a@hder thiditioasmhnd 2 ed

o POt shaGRRN! 85 SRORAB oty o sl 2R By ROR SR
hy per va?heablll@ ab?@b‘p@len@rqf espioratly b@utrings}mﬁ)pﬁroamn GhexerartvilimypedgbBghdneand
all or gg@;ﬁ?}lﬂ%ﬁ 2ld ¥ A E Sb@%nf% afe,t %}(u) ?Cug}ngg{@ i mmunogl obul i n

sequenc umani ze tiona nmprise at least a
port i on of athg ﬁqumm"@gﬂlh@ldul dnd “mmmtoglnbulmégremsec(lﬁte)chartgwhlycmlthg/brbzhiait séfse a

321 59 25%&%%&?({8‘%%{0&1@%1 E&Lbori{ég Eegte rfllllgl%gﬁg 1hta§t§§(§1%§l§ §§tt§’%lf“f88 yC&JOélﬁ]d Prest a,

Cur r. Opntibgiipy, pultivBlend antithdEs 3n80¢e(ifi®@RipodiSae. gabspecifivanfildies wo ogg netitew

ticl r and n ay,
S0 oSSR REPGET AL i DS VERIBRL, A LR A0 B
23: 1035m139®83r dataid ByreinMhn antibedy o@n bslsyma@uimanizpd arﬁmlaffml'rty nﬁgxﬂeZB 433 (1994).
An "antigen"w b nt i bo
sel ecti vgl y bﬁﬁﬁd#ﬁggﬁgﬁg g%rnlg%% ?Igg%%ﬁo}l gf Mtf%)}ﬁgt pr}fogﬁ‘ Whef:ezlar Hor(t:}r at e,
nuél ei cPaferadly reiajms dt leastipreeprefsrablytrast onsdlt efthd ﬂuyctmlus:mm)a]ﬂbgasmm@sﬁnmﬁﬁhatc
conpoun r : apt p accept or
a1 P e P etin e S o SRl BER e RonBEEC R C
am no a@ltlaels@q@lem ﬁ,i@ @ Fheant% agfpboyA-hridrthuseeieink thd ebilityed bind @nngn hImrmother t
i mmuno f ccept or
uman 17 e o AL oo 4RI WA ERBRAE P L A b sV PRECT
consens¥fshs biglegiar fknotians I@Umﬂry iagsecipted with the Feegian ‘almn@@sq iremcietacthetiedf, or
Mey Condigh Bs RIS HRadirt bﬂiﬂo@ﬂiaﬁqlf%b fléﬁ)g ULHEE rERANDSS: co%\pgﬁlgntgﬁn%m sting
am no aci d changes are preésent, erably no nore tha erabl y 4
or | essonegmbgdigient, @S@Ubﬁ%fméﬁﬁ%tﬁ ﬁ@om‘fﬁlﬁ@t aatibadly ¢t hayes imyizo hﬂiﬁﬁe nt. Where

re- exi i i n s€,
hanges. o M HARAS K LER RS Fer Bl pRyhich f kbl eI AR bR, o,
i nst anci@tiseEnding #er Linkpdjtoras & swgmenca rareble sbcqpésiing lowgfombﬂlbetomeﬁragﬂ@m and/ or
78A. | NnQRAE eaRREEMTERantiBdAG oMie ﬁﬁ&ﬁﬁh@sra B Red afnﬁ § Kesbabdaggnt i cal in

sozguence to the VL human i nmunoglobulin framework séquence or human

sensWOZPPAUPRIRES Kinvae erebprdiment. the arpgrerressratbesiy somprisee pmutations censfifutingwor k

uhi ch RGeS it SioldyeadToskibGAAObIOSRBSHE! FHCELIBG 6 tubsH GHBe Lid o
sel ecti on of human i mmunogl obulin VL or f ramewo
more of T366A, L368A and/or Y407V in an Fc polypept1de and a cavity mutation can be T366W.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a

population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the

30 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 include different antibodies
directed against different determinants (epitopes), each monoclonal antibody is directed against a
single determinant on the antigen.

35 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,
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sequences. Cenerally, the selection of human i mmunogl obulin VL or VH
sequences is froma subgroup of variable donmain sequences. Cenerally, the
subgr oup wb 28@qussTees i s a subgroup as in Kabat et al. PoTarseoosobwdé nent,
for the VL, the subgroup is subgroup kappa | as in Kabat et al. In one
enbodi nent, for the VH, the subgroup is subgroup DI as in Kabat et al. A
"VH subghilelthe Himaielesaitbaichaindd ivadenkikdl witb np]ﬁdnxﬂk%ohhe) conEspaiBngSse SIRELER T

obt ai ned_fr

he i es. | eavy subgrou

kabat | etniodd e B @ RIBERIGEnt BB he SR Pt ST bR R ufh e
?ml Ino aﬁagrnamfemnnmgg s%gengas tHe@aﬂﬁb1ah¢)dasstrbd)blomg1c;2§btlm‘y ég)aﬂ: gitaﬁNOhe

ol | owi en -
V\X/RQAPG%%_W TP ”’ﬁgé‘ﬁlﬁﬁ %Né%‘é@f 8&1@5@1 AVYYC (SEQ I D
NOs44) - H3- V\GQEﬁhéﬁfMS’Sfo@SE@ ﬂoﬁ)hhlfaam{i)g nﬁnnﬂan&bd@isawp:him@mmﬁmms thar amewor k"
conprises the.consensus g ce_obt ai ned franb{] m.no_ac qanen es in
vari abl €11 H}mlﬂ%psﬁ%uegffbﬁ F ?j%ncfm B RABE R = O o%éheéﬂ‘ﬁbmlﬁ’rﬁ?f? e VH
subgr oupntibodiefnae heua imameglobina(redigert aitibody Guehick r@@ﬁmfkcmes hﬁierdaﬁaﬂet a
portion_or al Ih of eac h _of .the. follow.n uenc SLSASVGDR\/TI TC
(SEQ I D ﬁ@nzf%)t e ?I_CIR}\?IUWBY({?@FVS %tjstfy %regmn uman Species
L2- G/PSREEGﬁ@BEEH@FﬁHhﬁSh@EBFAM@ r(oﬁE@nahl@nh@eélﬁymgﬂxeBaiﬂ Kpafisity, SEQ | D
NO4 fra rk whi ch has the

v I R R S o e S N N S S L P
human t ammombgtubmmnaramphoecﬂm arbrrsspbmg nﬂnﬂmnﬁs )es1dnest martmmeqat lomahizedan

f ranmewor k. "altered r}:\é@erv [i abltefoun%qn ere{m lentgrt;teoo%fmpm es, herein is a

antihodies may comprise I ncs.that are no
hypervarl a fi e%; conprising one or Olfljt %6) am no

aci d substtotiyt Thes{ mg‘dlfld:mabm ane méde to ﬁl’lt-hﬂﬂl’dﬁl’fd amdbdtgmueﬂ:‘mmn@:b Ile genegl, o’ for the
purpos e%u h%l ged ant1bo|cq1€?]l wm/ oerrll‘rP}[{i%‘% star%%m{l}(n%\ll\%%at Lég\{ on eq ancY| F glcgl\i}%&% mlagol?lam d

sequence as a one whi ch
| atks ordemans nowle clagi mumldali,}wmsﬁltlteuwpanmablh&ro@s mrfﬁhlmnﬂmutrvébmvjpemnfari abl e

regi on” ﬁr%ﬁngélaguhn and ¥ gr %Hgan%alﬁ'ezﬁleolf rherP%s thct)s% ok Dl aLARS, buﬁfl orm

antlbody Var I'n sequence an
st r uct umseduence d€hd hlmnizgd)qumboc@eopapwlbf wll dm ¢dmmﬁ|se$ leastrgoyortsm of hx

PP Sl S D5 RN OFL B0l OB VL
are enCQWaseé@dalhéfnmmb’Zlmé 5Kéb@86)@mdimmemdr, Ny BX26¥267389 @Q%&eg%ns |

b use
E %JSZ) Hta éy?r?g)epo @tr&&.%gzn? §%§’ gétée 2. #éé afid %&F@@@%&?@%&?MJ‘ y

et al uences o I"'mMmuno nterest, 5th Ed.
Publ i c Eeferendgs @@d‘vheceél,l: Vidawéang prad Hamnyon, Aunt. edlecgly, A@lam & ImBerdicsfa-11/01998);

1991 I t
(Chot by byl ST Rl LR 158-A8 (RSP B ohllf b BFihis 50880,
r egi ons 4p&dPHent a conproni se between the Kabat CDRs and Chot hi a _
structural | aQpg,;8pds 35R S HHndDaniRh S SniLESihady Sn fhM:) blagd¥yndrodel i ng

25 target antigen may be polypeptide, carbohydrate, nucleic acid, lipid, hapten or other naturally
occurring or synthetic compound. Preferably, the target antigen is a polypeptide. An “acceptor
human framework” for the purposes herein is a framework comprising the amino acid sequence of a
VL or VH framework derived from a human immunoglobulin framework, or from a human consensus
framework. An acceptor human framework “derived from” a human immunoglobulin framework or

30 human consensus framework may comprise the same amino acid sequence thereof, or may contain
pre-existing amino acid sequence changes. Where pre-existing amino acid changes are present,
preferably no more than 5 and preferably 4 or less, or 3 or less, pre-existing amino acid changes are
present. Where pre-existing amino acid changes are present in a VH, preferably those changes are
only at three, two or one of positions 71H, 73H and 78H; for instance, the amino acid residues at

35 those positions may be 71A, 73T and/or 78A. In one embodiment, the VL acceptor human
framework is identical in sequence to the VL human immunoglobulin framework sequence or human

consensus framework sequence.
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software. The "contact" hypervariable regions are based on an anal ysis of
the avail abl e conpl ex crystal structures. The residues fromeach of these
hyper var ivwbl2eowmgi7ons are noted bel ow. Loop Kabat AbM ClrotrhisacoSoreteact LI
L24-1L34 L24-1L34 L26-L32 L30-L36 L2 L50-L56 L50-L56 L50-L52 L46-L55 L3
L89-L97 L89-L97 L91-1L96 L89-L96 H H31-H35B H26- H35B H26- H32 H30- H35B
(Kabat Numbery mgmaﬂonbﬁiusl-f&ﬁlewaﬁ(”h%frh%%ﬁhtﬁ&pﬂ%tit@]mbhic&nﬁbﬁwel’i ng) H2

H50- H65 5-H102 H9 1 H9 101 3- HlOl

ryper var T B R P Rt e B R B PREIT Y Peins

f ol | ows seq@dnc86 (Eﬁnelﬂlﬁly, tl&lbe]é:d;tio)l of Hﬁﬂﬁﬁnﬁﬂun@aﬁﬁn(\ﬂﬁr Vansbqéhe&as frbd)a 1 N t he VL
102, 94-102 or 95-102 (H3) in

and 26- HI) ar.
t he VH. g%%{ou@ar |aanle oHa ser%lu?rggi( %%@ra&/ éheffﬁ%g?ﬁe?f SAPFEBEH ISP ORA R et
alh 5, Sufabatkorl. Bk emeOdlﬂnaBHOdﬁéNE]U,thb@dﬂgrh ou Bﬁb@mﬁp’l&pp@feg,l1fﬁabdt9ﬁdldﬂﬁs_ gre
t hose var ot her than ervari abl e regi on residues
as here?n %Oﬁlmeap?%nh%xﬁﬁn’atﬁ ﬁ%ﬁoﬁ%ﬁﬁ“bﬁr@p éswg%ﬁ 668 sesses an amno acid
sequence whi @& \ﬁbmbgl&ppﬁﬂﬁ)nkdmsﬁsffaime%rlﬂ laoxaplﬁsebmd yoxﬁémdu&q@nbeyo‘taalﬁﬂdlrmim
and/ or usi n of t es f huna
ant | bodt BanEs TR RS B iy P R SRR st I naibodiE R Dy M
speci f i ewblgtopp &% cd>nadfsgs fmnhmrasﬂmrmed adidtdqhady c@mes a8 leag aponiol bENof e_achhof
anti genghi si du a " ne with one or
roe ol T AR o s GO L RO P RERElAs B0 BN BaMan pr overrent
in the MRQAP@KGLEWSEQW%)‘ H2-RETISRIENS KN TIDYEQMNSLBAEDTAVENY C eSHQ body
whi ch dﬂgﬁw&w_ﬁ %?f (§J€¢2%EN(5:Q%(S) . Preferred affinity matured

ave nonplar~o

anti bodies w even piconolar affinities for the target
anti gen. Af f AriMLysubgber ledngngus lﬁnadie@srké.C(ﬁnmrsadh@aﬁhsdmyusrséqnbﬁmﬁbeﬁnehIﬂmm’l in

the art, s et i o/ T 7797 99 descr bes affinit
mat ur at | oﬂ%e\ﬂm{ﬁ%ﬁc\?ﬁm@!&ﬁgbﬁ%%}hﬁg@éﬁ TRgOuRAR ?H(a Zfé’r‘i’é‘%? cﬁj?m?ﬂf)lf{aeand/gr
f riamewoVid Srubgpumh@nsessml édemew ik cdmino acEesedpasce@bmaﬁseE’aﬂeast\hapomdkcadll oBehch USA
9.1 3809- ﬁﬁégbfé%%%‘f%‘%lﬁ‘%%gl er et al. CGene 169: 147-155 (1995); Yelton et al

| nrun 04 (1995); Jackson et al, J. Inmmunol. 154(7):3310-9
(1995); D&MTQ&RRWE@AS&@RVWCMSEQ IBINSD:46) A6 WSEEIIHBK ARRIOLDY. (SEQ'IDINGKTIAG"

ant I body, ofvirsB8L3GPR 99 8% WK Ls) A1 G &
TIS P

bi ol ogi cal activity o rgen ’¥¥ch2 rg,ﬂ‘ é%g%ﬁi ﬁﬁgl@dl es
or ant ajexd9%3t anti bodi es subst antially or conpletely inhibit the biological
ackivity of . kﬂ ul?n%d'lf%ﬁrﬂum ax?&%}k 5§ ]@%{}#ﬂp@ eWoﬂg\%mgI? ﬁas e garenle %trm{osam n
anti body which mmcs at one

sequence as the acceptor human framework, e.g. lacking human to non-human amino acid

substitution(s) in the acceptor human framework.

An “altered hypervariable region” for the purposes herein is a hypervariable region
comprising one or more (e.g. one to about 16) amino acid substitution(s) therein.
25 An “un-modified hypervariable region” for the purposes herein is a hypervariable region
having the same amino acid sequence as a non-human antibody from which it was derived, i.e. one

which lacks one or more amino acid substitutions therein.

53



functional activities of a polypeptide of interest. A "disorder"” is any
condition that would benefit fromtreatnent with a substance/ nol ecul e or
net hod ofwoOheos/nisaEmt i on. This i ncludes chroni ¢ and acut eCcaivsordaes20r
di seases including those pathol ogi cal conditions which predispose the

manmal to the disorder in question. Non-limting exanples of disorders to
be treated hahetermiinypkivadableatgigirarfIVRNGr HEWT,gvheh used hsreintofers| i@ this @dFicas ofnd

of andul 4 S BERE SomBEUHER Feinafer s niating: Sites FyBoLPTLal &Pal, o "an
i nf | amrixops. yGenertynotilogies cangtiso tik @ peaitgiablg epasmb;Shie€inahe UHAHS,H ) €13% .and he

A
pral i f eesbopassed ercim eTterkabati Coaiple menbigityCRdtdrnfind Rég@in3 {CHRs)GireSkddion |1 S .
cancer. "Tunor" used herein, refers to all negpl astic. cell owt h an
prol i f ePETHR, a’%ﬁ?gﬁ%?ﬂ% aFFatF? g Sempenly élf‘ﬁdéﬁ?baéﬁtd’?'a‘? qugices FEFErsds and
cancer olsm@eldgcabitbrésy, St Public@lch kil §&vicE daderal Instito@nofilalib, Bethesdl MD.

roliferative-disorder’, "praliferati di sorder" d, "tunpr” ot
Pt un | RN GRIBE G ppadth B 0GR pife SR Rlops @RSt Postc or B0
"cancer 02s901FH7€1987Y). Ghe AN Mypdreariable rghots rapha gt @@bmprofike betder the Kabaral s

that is pi c characteri zed, by unrequl a cel wt h/ proliferation.
i oSSR B8kt NRIEREH Boong na el e B8 el B el Sy

bl ast onsftveae. Thertgonand hyeukeablaregidas &e paed b ol aalysix affht ewmilale sabgllexcancer s

i ncl ude s mous_cell cancer, small-cell |ung .cancer, non- |1 cell lung
cancer, Sgalaﬁérgé‘rlr&s'ﬁﬂgﬁﬁesgl?est o Tagﬁﬁ%th‘isﬁ&ﬁ%%l S RS AR P fﬂ@m ung, cancer
of the peopKaneunpbMepaChahkihl ulCantaccancer, gastrointestinal cancer,
pancreatic cancer, glioblastonman, cervical cancer, ovarian cancer, liver

cancer, bl adder cancer, hepatoma, breast cancer, col on cancer, col orectal
cancer , Lénboted4 | hP4-bB4 uL2G-L3e dad0eliiddonm, salivary gl and carcinoma, ki dney

cancer,Lkiﬁ%_Lgé)anE%hséare%_ﬁgze CAficeds, vulval cancer, thyroid cancer,

hepati ¢ Carci noma and” various types of head and neck cancer. Dysregul ation
of angi bdeh&5L87 cho-L¥AdLE BLYmNYLIHISW der s t hat can be treated by

conposi I%lilggltgll%g]gnﬁtzg_% Bong‘%g%ir%%/(?ﬁggé)n' These di sorders include both

non- neo ¢ and neoplastic I'ons. Neopl asties include but are not
limted tHodet Mesleringled above. Non-neopl astic di sorders include but are not

litedytodndesi red g t ertrophy, arthritis, rheumatoid
4 tedyh {%2%%% 19551945 ARG f3N! X(B’?I%§

arthritis soriasis, psoriatic plaques, sarcoidosis, atherosclerosis,
at her oscl &hothicNphbayngs, di abetic and other proliferative retinopathies

i ncl udi pg h%’m?g%{%@y’{ﬁf ]quse_ urihygsgetrol ental fibroplasia, neovascular

gl aucoma, agerel at macul ar degeneration, diabetic macul ar edenm, corneal
neovasclBaHo24t10dnHT B¢ 06 Hlt HEd¥HES8tul ari zati on, corneal graft
rejection, retinal/choroidal neovascul ari zati on, neovascul ari zati on of the
angl e (rubeosis), ocul ar neovascul ar di sease, vascul ar restenosis,

ar®er i ovenoHsparedripble mgidnomay ¢oivise “exntanideriypermaridhterragionsd nufollawmy 686 br 2,

thyroi ds0yne Rl 3% 35-56 175 Wity ERNEhSVI LRERSE 1), 50-65 or 49-65 (H2) and 93-
102, 94-102 or 95-102 (H3) in the VH. The variable domain residues are numbered according to
Kabat et al., supra for each of these definitions.
"Framework" or "FR" residues are those variable domain residues other than the
30 hypervariable region residues as herein defined.

A “human antibody” is one which possesses an amino acid sequence which corresponds to
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.

35 An “affinity matured” antibody is one with one or more alterations in one or more 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
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peri cardi al afbluskiag’ 4nsibedy opan tdhaborss agibadyed oid Whicipmhibiz@sideducss)hiolagichl

pl eural effusion. As e erein,. "treatment” refers to. cl.inical .

Pt or ventisnon BE nsfede I B PEbo plortr Rt or et bR Rb oY o o
cel | betdsgplételg aihatds thabidlogisnl sbviger themnmgtnei t her for prophyl axis or during
the course of clinical pathology. Desirable effects of treatnment include
preventi ng oaalfagoaiscantibbdy’” e ukdddiaein, fancdnsieds ehich lnlimics at leanomefof henpt ons,

di m ni shnent of .a irect aor. indirect pathological consequences of the

di sease?lnﬁtﬁoé\?%ﬁ:{l?ﬂﬁés #@tpag?eapgﬁd%f’ﬂatgg sasi ng the rate of disease progression,
amel i or .at 1on Ao'hisgradlerl"lisa L %anﬁtﬁonttpa? W%I I%g»g‘ée%t ?rt r%tt%atm%lrllthziﬁeﬂuﬁ&ﬁn%@/m%{ec{alggg oved
prognosi s hi “'sone enbodr BNt 5. ant I bodI es . of the 1 nvention are used to

del ay dexthbdphtbeinvaitioa. @his gebdesahradicsnd derte digndéredrfdaetseymcladpgtiose refers to

an anmount,. eff.ecti v, t . dos ) r rio . . ne Al to
ach; overtpdoe T tntfiond bR BRASR R Bl b b HRorfl I RERIRLe Doy 1y
ef fsect i wenmims vhditordérs w Butssttdhaen plude mlabgmht ant benign/tempisomn-ledenmias tndr

ant agoni . . . I hg..1.0 r I age,
o o g et e S SR o B B p M Al B Y REASE Bl B gl

subst anegthelidl.etainel, and pbstiosteliodisadira gohinflaminetos), ingintnotogibesmid othdr r esponse i n

t he i ndiyj e tically effective ambunt is also one in which any
toxic o?y%%ggésﬁeﬁaggp%{eswg%ts of the substance/ nol ecul e, agonist or

ant agoni st aifke punsisely hotifeyive Heorddhi2 padipudlifaativeflisbulne refer taldiserfdpis ghas are A
PIPPNYLAGKLERAY sld RElch ¥PRBRINL Jr&lfrEhfont. G B ARUHen I LA b rersile
dosagesand for periods”of tine necessary, to achieve the'desir

pr ophyl diserder is eamgdrt . Typi cal |y but not necessarily, since a prophylactic

dose is used"'][“ oY | ﬁ&:ﬁ%e@fn‘, f%ferstt? agmﬁfcﬁ)ﬁagfg@?eﬁ%&{/tﬁg% rﬁlg%iaﬁén, Wh@tﬁ@ée’ the

prophyl actically €ffective anoun ess the erapeuti cal l'y

ef f ect i welignapiumtbeniThand alf precaneerotoaidsansgens cell gnd fisseps h Eacternsy efnses. t 0 a
subst ane » 1.l Bl NES ot AL j fe ) auses
destr uct(?dg%é?%\% ’cg 1%@%?3%%0%%?3’ ﬂ%%%ggéé&tg‘%a%ﬂ& uctzldéIQJ r a%?ggkg{?%aé&i sot opes
(exyg., %%ﬁeaimefitqll@@% Y90, Rel86, Rel88, Snil53, Bi212, P32 and

radi oactive ﬁ@&%@’%ﬁgeg':agé vc(aﬁ&?d@_tﬁaﬁfaa%%gcﬁb@a@ hySiofoeftal HRLIAGH fexat e,

adriamcin, vinca a vincristine, vinblasti'ne, "etoposide),

doxor ubivemmalsitedt pHzpiealy chiracierized by Wregelntegrcaliisiosith/ probifsistion Uiiaiples of capedier

inter Cakn%fuidg' Hut are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More

particular examples of such cancers include squamous cell cancer, small-cell lung cancer, non-small
30 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 or uterine carcinoma, salivary gland carcinoma, kidney cancer, liver cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma and various types of head and neck

35 cancer.
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anti biotics, and toxins such as small nolecul e toxins or enzymatically
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embodiments, antibodies of the invention are used to delay development of a disease or disorder.
30 An "effective amount” refers to an amount effective, at dosages and for periods of time
necessary, to achieve the desired therapeutic or prophylactic result.

A “therapeutically effective amount” of a substance/molecule of the invention, agonist or
antagonist may vary according to factors such as the disease state, age, sex, and weight of the
individual, and the ability of the substance/molecule, agonist or antagonist to elicit a desired response

35 in the individual. A therapeutically effective amount is also one in which any toxic or detrimental
effects of the substance/molecule, agonist or antagonist are outweighed by the therapeutically

beneficial effects. A "prophylactically effective amount" refers to an amount effective, at dosages

56



di deoxyuri di ne, doxifluridine, enocitabine, floxuridine; androgens such as
cal ust erone, dronostanol one propionate, epitiostanol, nepitiostane,

t est ol actwoeposansi7a adrenal s such as am nogl ut et hi m de, POITIUSR@BA27626
trilostane; folic acid replenisher such as frolinic acid; acegl atone;

al dophospham de gl ycosi de; am nol evulinic acid; eniluracil; ansacrine;

best r abugd for péticaast i NRceseaAks aohaive thedefiRl ﬁfﬂfﬂﬁactld@éml@ quﬁicﬁlﬁy buflh@zi quone;
el fornithine; elliptiniumacetate; an epot one; etoglucid; gallium

ni t r at e NCHFAFEX SR @RTOMIEATHCHSE s pes bl vionta 9t 448 F%?rcfgag% segsg, the

mayt ans |pf®hﬂad1camﬂétﬁv@(éhﬂﬁnt Wil b@ BHARA e thBapQXicdll TeBo ive Iaﬁamuﬁi annol ;
nitraeri ne, pent OS atin I rarubi cin;: | osoxantron

2- et hyl hydr aZi® Béﬁrmp?yé‘lf%‘bggf%és uqﬁék%fP‘)“ f?fé‘lsﬁéﬂ@ﬁé‘%@&@t E‘Bﬁ’ﬁf %er"\?PTSthqat ur al
Pr oduct JuncEbgémells i cdugst a¥@etion dMedRX Th tefth ZQhefid®@A to ﬁahaqu@lemw um

t enuazonic aC|d t4 [a1F} i.chlorotriethylam
tri chot HORBRYE 8 é‘épl)leﬁ% Al &QTRQ t’&igﬁ S“{l/sérﬁlgieg%laﬁd ﬁdw?%‘rv? éﬁOWP% AR,

angui di REJmotkHrGlMa tigents @gieﬁdtme{(aﬁé_ Rl r\hncaakh%khﬁdrbsﬁne dap@dazi ne;

mannonusti ne; _nj tobr oni m t ol act ol pobr oman; yt osi ne; ar abl nosi de
(" Ar a- CEPOsidR).sloggrubicip @tanycmr%e@iombuﬁmam i ?Imﬂileg fHgrcalgfeg s
Squi bb %&1@5 egymeFind HEShETRs théféof)suclﬁ@%@i@&ﬁ(etdﬁ rﬁgsea{ﬁﬂ%ﬁdfsf §1f8Qexins such as

al bum n- engi neered nanoparticle farmul ati gn of pacl i taxel (Arrerl can

Phit mac ST Bglecie foxis peenzypsicaibnaciiye toxin piharteyial, ypgpl.plertsyapinial prigitx et axel

( Rhdne- RouldepGraBeeas andARtvaints tierédTCa theGlat QfsaR/mbE or 2868MBEd akinRQlisclosed
( GEMZAR %Ell)oé 6- t hi o uani ne; rcapt opuri ne; methotrexate; platinum anal ogs

such as EP¥pOaT RS BEPBSM Gesived b‘?q%l%E’fl}oﬁéldﬂl\?s?_%ﬁ\W(S‘F%est“ﬁﬁP%ﬂ‘? FiRFRe

et oposi delis( VP- 16) ; i fosfam de; m toxantrone; vincristine (O\ICO\/I N(r));

oxal i platin; |eucovovin; vinorelb NAVELBI NE( 1), novant r

edat r exat e; cfaL?HW]&fir‘?‘Peu%ﬁgﬁ%pfSé‘r‘ilhﬁmcé H&WB‘P‘B‘H&?%“ %B’ﬁé‘ie%tﬁlﬁ’ét §@°Frnh| bi t or
RFS 200@xartdpiéd mh@ﬁmmdripyéﬁtwagbﬁtmnamdé mﬁ@)mg ap@itd ok gahiStepaATY BOXANRC aci d;

ca eC|tab|ne arrra eu |1y acc tableslts acids or

Gortvat FUASPsP el e G0 Socias binalten. et OoiiR ARt PSRt e of

t he abO\DEnzSﬂkqﬁ @fbofe, maireddpay @\ﬂm&ﬁb@[letflﬂénlmrféﬁ)ﬁlm rﬁ&ﬁkfliﬂ‘kﬂitﬁﬁé‘s iffluding

o abbr SO ey P e gl o COSKP FE BeT R OELERTOA () )

conbi nemmthﬁolsmahfnﬁaphcbteg@wQespmd]&lbﬁnatacﬁtcdmmmatadmohm aelta@ﬁl nition are
S Rk AL B By AR o Ehc St B L B

t he for rmd,f a @yptogieria (induding the sy hivdiy aﬁ;ﬂ@é [@Bﬁecan‘(ﬁ@AﬂW]N@ Ger-nbnes

moaul at ST Ree Gy T PR AR B A RS o B B R FRBRUBRRG

NC]_VADEX(yto)tamra ndbystbmn XoC- 8065 Gihéluding fraddoxdiésan) earzedsil 2d bizelagn synthetic

4- hydr oxyt anp eoxi f ene tone nd

FarEsTOREI g o b B s BB el o DRER R S5BopBRh
dogin-r eguhdit@ptspl(yml}as,)ctolaagmntdsodahaﬁcuf (umhtdmgmhd synthefrpmelsgues /K WIBI algiwn t he

ovari es I anpl l.eutini.z e-rel easi.n R agoni sts
e oo RN ARl o Pt 4 AR T, SRR M S TR R s o sy S0
buser el ichioambutal, ehlambhazmqobhacrlqihosphamtdb estranistias) fodgeids, isaehloredmmidelt am de,

ni | ut am d bln(éa| ﬁyrgmc%l antn%ggml hi bhtn% tgntehat r{rrﬂhl bit the
enzyme arorra ase Wil regu a es rogen bﬁ OYFeFIeAR rfhprﬁilé léél &nal
gl ands, tsfesfamids, urhok mestadipitensureas such as carmustine, chlorozotocin, fotemustine, lomustine,

30 nimustine, and ranimnustine; antibiotics such as the enediyne antibiotics (e. g., calicheamicin,
especially calicheamicin gammall and calicheamicin omegall (see, e.g., Agnew, Chem Intl. Ed.
Engl., 33: 183-186 (1994)); dynemicin, including dynemicin A; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic chromophores),
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,

35 carminomycin, carzinophilin, chromomycinis, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-
oxo-L-norleucine, ADRIAMYCIN® doxorubicin (including morpholino-doxorubicin,

cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), epirubicin,
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ant i bodi es ex iting reduce HAMA response Reduction or
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devel op S Rbinations of two or more of the above such as CHOP, an abbreviation for a combined therapy of

cyclophosphamide, doxorubicin, vincristine, and prednisolone, and FOLFOX, an abbreviation for a
30 treatment regimen with oxaliplatin (ELOXATIN™) combined with 5-FU and leucovovin.

Also included in this definition are anti-hormonal agents that act to regulate, reduce, block, or
inhibit the effects of hormones that can promote the growth of cancer, and are often in the form of
systemic, or whole-body treatment. They may be hormones themselves. Examples include anti-
estrogens and selective estrogen receptor modulators (SERMs), including, for example, tamoxifen

35 (including NOLVADEX® tamoxifen), EVISTA® raloxifene, droloxifene, 4-hydroxytamoxifen,
trioxifene, keoxifene, LY 117018, onapristone, and FARESTON® toremifene; anti-progesterones;

estrogen receptor down-regulators (ERDs); agents that function to suppress or shut down the ovaries,
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of suitable therapeutic agents. See, e.g., Khaxzaeli et al., J . Natl.
Cancer Inst. (1988), 80:937; Jaffers et al., Transplantation (1986),
41:572; Skewb@voisi7ial ., J. Imunol . (1985), 135:1530; Searasedosabic2e J.
Bi ol . Response Mod. (1984), 3:138; MIler et al., Blood (1983), 62:988;
Hakim et al., J . Imunol. (1991), 147:1352; Reichmann et al., Nature
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NO 23) H!ﬁifﬁamet\ddpgulbgrccllqan SiphesonEemgles of gaomtiwohibitody rawtsexdmwgdlts that
hyper Vagioﬁpééﬁ 051919 'pf%@?ess(ié!;& el Bace other than S phase), such as agents that induce G1 arrest and

M-phase arrest. Classical M-phase blockers include the vincas (vincristine and vinblastine), taxanes,

and topoisomerase II inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and

25 bleomycin. Those agents that arrest G1 also spill over into S-phase arrest, for example, DNA
alkylating agents such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin,

methotrexate, S-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 drugs" by Murakami et al. (WB Saunders: Philadelphia, 1995), especially p. 13. The

30 taxanes (paclitaxel 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 depolymerization, which
results in the inhibition of mitosis in cells.

35 “Doxorubicin” is an anthracycline antibiotic. The full chemical name of doxorubicin is (8S-
cis)-10-[(3-amino-2,3,6-trideoxy-a-L-lyxo-hexapyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-
trihydroxy-8-(hydroxyacetyl)-1-methoxy-5,12-naphthacenedione.
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NGs: 24- 26) ; human VH subgroup H consensus framework m nus Kabat CDRs (SEQ
I D NO 27); human VH subgroup H consensus franmework m nus extended

hyper var iwbl2eomgi7ons (SEQ | D NO 28-30); human VH acceptror/use@seemed m nus
Kabat CDRs (SEQ ID NO 31); human VH acceptor framework m nus extended
hypervari abl e regions (SEQ I D NGs: 32-33); human VH acceptor 2 franmework
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by aligning the donor framework sequence with various human framework sequences in a collection

20 of human framework sequences, and select the most homologous framework sequence as the
acceptor.
In one embodiment, human consensus frameworks herein are from, or derived from, VH
subgroup III and/or VL kappa subgroup I consensus framework sequences.
Thus, the VH acceptor human framework may comprise one, two, three or all of the following
25 framework sequences:
FR1 comprising EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO:42),
FR2 comprising WVRQAPGKGLEWYV (SEQ ID NO:43),
FR3 comprising FR3 comprises RFTISX1DX2SKNTX3YLQMNSLRAEDTAVYYC (SEQ ID
NO:50), wherein X1is AorR, X2 is Tor N,and X3is AorL,
30 FR4 comprising WGQGTLVTVSS (SEQ ID NO:45).
Examples of VH consensus frameworks include:
human VH subgroup I consensus framework minus Kabat CDRs (SEQ ID NO:19);
human VH subgroup I consensus framework minus extended hypervariable regions (SEQ ID NOs:20-
22);
35 human VH subgroup II consensus framework minus Kabat CDRs (SEQ ID NO:23);
human VH subgroup II consensus framework minus extended hypervariable regions (SEQ ID
NOs:24-26);
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Hypervari abl e regi on residues of the non-human anti body are incorporated
into the VL and/or VH acceptor human franmeworks. For exanple, one may

i ncor por ave 2@wsiisires corresponding to the Kabat CDR resipduasooshersehot hi a
hypervari abl e | oop resi dues, the Abm residues, and/or contactresidues.
Optionally, the extended hypervariable region residues as follows are
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sequencel&,foul@i/iﬂgfranéiﬁﬂageqﬁ@ced i gonucl eotide for each hypervari abl e region.
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t hose sequences to.a target nol ecul e W|t h| Nucl ei ¢
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sequencéraemwodisaglemem ral coat prot e| n, such as the gene 111l protein or the

epe VI | protein. h,%%e{{; ens where the nucleic
ac % se(JFJllfelngrelprésrlln Wéi‘éﬁ%@el n orﬁgl(%éﬁ?@%s fused to a nucleic
aci d sedkernompesiOWYIQRIPEOAPKIONIYOSEQHD Nf&#A®, | 1 | pr ot ei n have been
devel op Bass Met hods: A
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human VL kappa subgroup IIT consensus framework (SEQ ID NO:40); or
human VL kappa subgroup IV consensus framework (SEQ ID NO:41)
While the acceptor may be identical in sequence to the human framework sequence selected,

30 whether that be from a human immunoglobulin or a human consensus framework, the present

invention contemplates that the acceptor sequence may comprise pre-existing amino acid substitutions

relative to the human immunoglobulin sequence or human consensus framework sequence. These

pre-existing substitutions are preferably minimal; usually four, three, two or one amino acid

differences only relative to the human immunoglobulin sequence or consensus framework sequence.
35 Hypervariable region residues of the non-human antibody are incorporated into the VL and/or

VH acceptor human frameworks. For example, one may incorporate residues corresponding to the

Kabat CDR residues, the Chothia hypervariable loop residues, the Abm residues, and/or contact
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5,498,530). Libraries of antibodies or antigen binding pol ypeptides have
been prepared in a nunber of ways including by altering a single gene by
i nserti ngvoanabosHDNA sequences or by cloning a fam |y ofcraisaisd2zmesnes.
Met hods for displaying antibodies or antigen binding fragments using
phage(m d) display have been described in U S. Patent Nos. 5,750, 373,
5,733,74$Mu5;aaakﬁdw,mSpﬁ&&bdﬁﬁmﬁmﬁmaaﬁgﬁnn&kﬁ&&mﬁﬂ%wmaﬁdnﬁxﬁﬁﬁmﬂ2134The
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)10M (Adesm(geII1<e Ge%r T) S(Cor GG W(Aor T) H(Aor Cor T) B(Cor Gor
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Gy, antbr@€yh hypervariable reglon Kunkel et al Methods Enzymol. 154: 367 382 (1987) Appropnate

changes can be introduced within the framework and/or hypervariable region, using routine

15 techniques, to correct and re-establish proper hypervariable region-antigen interactions.
Phage(mid) display (also referred to herein as phage display in some contexts) can be used as

a convenient and fast method for generating and screening many different potential variant antibodies
in a library generated by sequence randomization. However, other methods for making and screening
altered antibodies are available to the skilled person. A

20 Phage(mid) display technology has provided a powerful tool for generating and selecting
novel proteins which bind to a ligand, such as an antigen. Using the techniques of phage(mid) display
allows the generation of large libraries of protein variants which can be rapidly sorted for those
sequences that bind to a target molecule with high affinity. Nucleic acids encoding variant
polypeptides are generally fused to a nucleic acid sequence encoding a viral coat protein, such as the

25 gene III protein or the gene VIII protein. Monovalent phagemid display systems where the nucleic
acid sequence encoding the protein or polypeptide is fused to a nucleic acid sequence encoding a
portion of the gene III protein have been developed. (Bass, S., Proteins, 8:309 (1990); Lowman and
Wells, Methods: A Companion to Methods in Enzymology, 3:205 (1991)). In a monovalent phagemid
display system, the gene fusion is expressed at low levels and wild type gene III proteins are also

30 expressed so that infectivity of the particles is retained. Methods of generating peptide libraries and
screening those libraries have been disclosed in many patents (e.g. U.S. Patent No. 5,723,286, U.S.
Patent No. 5,432, 018, U.S. Patent No. 5,580,717, U.S. Patent No. 5,427,908 and U.S. Patent No.
5,498,530).

Libraries of antibodies or antigen binding polypeptides have been prepared in a number of

35 ways including by altering a single gene by inserting random DNA sequences or by cloning a family
of related genes. Methods for displaying antibodies or antigen binding fragments using phage(mid)
display have been described in U.S. Patent Nos. 5,750,373, 5,733,743, 5,837,242, 5,969,108,
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A i gonucl eotide or primer sets can be synthesized using standard nethods. A
set of oligonucleotides can be synthesized, for exanple, by solid phase
synt hesi swocostas3Ting sequences that represent all possipbiraiscasioereas i ons of
nucl eotide triplets provided by the codon set and that will encode the
desired group of am no acids. Synthesis of oligonucleotides with sel ected
nucl eot bd@2,19%6 §SRQT HE yiid H658C787 t Thd1itpas istthansrebied\ied dxpiléessonrof amitotiat o@r t .

Such se&%.ogbﬁt&leo L%FSmﬂﬁVing<§%$%ﬁin codon sets can be synthesized using
comer ¢ P ATECR HEEE LrORAIGIE e fraLs US| abl e from for exanple, Applied
Bi osystens, Mistiods ofGubstitutiGhpn amino @&l obehoizbtirad H ethpiiemieleld aald aye §élDr exanpl e,
fromife Technol gaies, Rockville, M) . Therefore, et of. oligonucleotides
synt hesFSRTERAT: A8 5 omeef SliehpS dstaheanbron dor eyt Bty Srintr en

pl ur al i tesidoés cah bgarbatithited tsigethe Kiitike] tethb® ISed) . gS KN eas., Mehtoddiffwsiences
establi§§g§ﬂgy2tgﬁv odon set within the overall sequence. Qi gonucleotides,
as used aCcoré%A ) the invention, have sequences that allow for

hybri di zat i offht eeqaencanf aigbmuctbotiaks ihchided @e ©r motethf Hrripsigied caduil sak §@ tiean

include,restr.iction enzyne sitges for clonin urposes. In e hod,
o) ore nRlht Lo SRR T il K ofioR R R RSl e WL by
ol i gonusdqeaiceghesedradinaddediesingtl agrnesniso acldsl. Totl@cdeti cgnlBe tepreventeld ukingyyinbols t he

art as described Zol Ler..et al .. cleic Acids Res. 10:6487-6504(1987).

o et 1y S Bt Pt o Boimb Ry ol Ao robat oS RP PN b by
hybri di z thgll@hcalei gonucl eoti de set encoding the desired codon sets to a DNA
tenpl ate, Wn%ﬁ SIerrpl ate is the single-stranded formof the plasmd
containing a region nucleic acid tenplate sequence. After

hybri di zat i o Gidepol ynerase is used to synthesize an entire second

conpl enment ar;Adgéern%rgd of the tenplate that will thus incorporate the

ol i gonucl eotide prinmer, and will contain the codon sets as provided by the
ol isgonucl eot Tdehyste. General |y, oligonucl eotides of at |east 25 nucl eotides
in length ar (;ﬁgs%e An optinmal oligonucleotide will have 12 to 15

nucl eoti des that are conpletely conplenentary to the tenplate on either

si de of the RUdl@&bi de(s) coding for the mutation(s). This ensures that the
ol i gonucl eot %d@"”ﬂ | hybridize properly to the single-stranded DNA tenpl ate
nol ecul e. The © |ggnucleotides are readily synthesi zed using techni ques
known in theMatAostch as that described by Crea et al., Proc. Nat'l. Acad.
Scly USA, 75:?](7@}50( 978). The DNA tenplate is generated by those vectors
that are either defived from bact eri ophage ML3 vectors (the conmercially
avai | abl e ML8rtplo8Gand ML3npl 9 vectors are suitable), or those vectors that
contain a sikg Loty anded phage origin of replication as described by Viera
et al., Meth. Enzynol., 153:3 (1987). Thus, the DNA that is to be nutated
can be insertdd ardierone of these vectors in order to generate

si ngl e-strangeg¢ J.eyRpt@t e. Production of the single-stranded tenplate is
described in sections 4.21-4.41 of Sanbrook et al., above. To alter the
natii ve DNA s¥qlepc€orhe ol i gonucl eotide is hybridized to the single
stranded tenmp gi 6 yipeyysui tabl e hybridization conditions. A DNA

pol ymeri zi ng enzyne, usually T7 DNA pol ynerase or the Kl enow fragnent of
DNA pol yner ade(4 or € or ¢ieel) added to synt hesi ze the

For example, in the codon set DVK, D can be nucleotides A or G or T; V can be A or G or C;

and K can be G or T. This codon set can present 18 different codons and can encode amino acids Ala,
30 Trp, Tyr, Lys, Thr, Asn, Lys, Ser, Arg, Asp, Glu, Gly, and Cys.

Oligonucleotide or primer sets can be synthesized using standard methods. A set of
oligonucleotides can be synthesized, for example, by solid phase synthesis, containing sequences that
represent all possible combinations of nucleotide triplets provided by the codon set and that will
encode the desired group of amino acids. Synthesis of oligonucleotides with selected nucleotide

35 "degeneracy" at certain positions is well known in that art. Such sets of nucleotides having certain
codon sets can be synthesized using commercial nucleic acid synthesizers (available from, for

example, Applied Biosystems, Foster City, CA), or can be obtained commercially (for example, from
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conpl ementary strand of the tenplate using the oligonucleotide as a priner
for synthesis. A heteroduplex nolecule is thus forned such that one strand
of DNA ernwodess/dibeinut ated form of gene 1, and the ot hercstusasd/odiche
original tenplate) encodes the native, unaltered sequence of gene 1. This
het er odupl ex nolecule is then transfornmed into a suitable host cell,
usual | y Lafe fecikaloyied, Roslidlie, ND)ETh&efote, o ddt & ohgécﬁdcmbu@s@yﬂtmglzédﬂelvmglal s, they

| at t d | eot i d
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dified d i ate ere oth s anso
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si ngl e atid emgdte oldiafpornacineinds dearictbonanyer|sies fbﬂclbljﬁﬁg@irpkg!sse stranded tenpl ate

as descri bed abovet Q ture, of three deoxyri bonucl eg |d%s, b
deoxyr i boadeNb¥ISHEEhY A‘ﬁsielc WIS GBS Viriant fesppycidsqp be oreated by
deoxyr i btigdnyeciedidaencd@Ed)mutdggnesB3NThis edhnilels aelivibdivini i thetahia® daopibedibh @eNdrosi ne

called d S edfro Aner.sham) . Thi mxlurels
caded t 6 PR 100ART Bt el B AR BpRc Mt TR0 B VRN
pol ymer aﬁﬁlotaﬁld§ JmeSreme&byihﬁmdamgtama»ngl)mﬂem&setdﬁwdh@ame deare‘ﬁheddn&mi@ ki e i of
ex ept ases s gen t hi.s new and o
1 DN o BB e &R s nSaT et o AR DaPha et SYuBbert t rom
restri ctégionh ranldomncid kawsae siqgast.i Afrer hy%‘lﬂ&ﬁtldnhBNM@m}rﬁ&e $Stl.'l’sand spfthdsiae an
doubl e- st r anded, het er odupl ex | i cke restriction
enzyne, PHE SEERLIOP genéeptégyn%a&%?ft eGP @V\f? ég ﬂa{]h{l B%FB‘% lf(l,lﬁ‘é%‘gffg tbq[’e anot her
appr opr ipétrer, amm\kzﬂa:smtamalsdcoﬂhesetmpmmdhmaﬁ theolﬂgcaucfl&tidb@etSI te(s) to be
Tt e zed IR0 Ret D501R PRE LR B ORI o 2"
t hen f onligehucisdtidg vsml\ll@avpdlzy«m:i mhotndes thlaearqs)ceqﬂendg cmhplaﬂlént:irp i the template on
ol eeul ST SO R Bt b ARRRIR T et REF b B s e RIRiE A
previ ouwl;ndm@rq:eQmm’thtESMIe-stheﬂ bya mm;ﬂze@tmtéaﬂse'fhel digafuckutides ejeeertlily engt h
to hybri ?11&%6%12&9 us E{ec:th e 1r1] yncthelrf suc s(%ﬁag%%ﬁ%g%/d (?re ett?aPtPr %t P gcad

necessarily, containr rlc I on Si e ‘can ’be'“genétat ed
by thosé’czvéf&ﬁdﬁ§7651@197&)re ei ther deri ved from bact eri ophage ML3 vect ors or

t hat i i.ngl e- i i f. I t

GeBLT Dol PR e TR LR M S RS

t bé/ﬂﬂmeetb dtheroghméreiall iletde Ml Binpl Sond Milf3ntph@ setoreat Eblleh opthder t
GENCr o 5 1 DAL AL, MBI PR O AR L EES
ik it s e S i
Accor di ngor t e ayty beam cge inyyone wegtors

t t t
oF ol | ganaat Sl SR ARUGEEL AR 5 o Rl ABhalRUL R, ALt ¢
establ i shsedtidpy 4£2hd.4d of Sambretlsergf.caboked Wi t hi n t he sequence of the

ol i gonue! eot e (PSRNG4 SOROSLNEA, Wi BOHA Bk B1e3Bheq 21 ONO

with a variable mal n tenpla e nu acl ence,
pol ymer deseplatharidar sugalde hybmidizatiqpeooaditions. 4 DA bplamyﬁzm enzyme usually T7 DNA

polymerase or the Klenow fragment of DNA polymerase I, is then added to synthesize the
complementary strand of the template using the oligonucleotide as a primer for synthesis. A

30 heteroduplex molecule is thus formed such that one strand of DNA encodes the mutated form of gene
1, and the other strand (the original template) encodes the native, unaltered sequence of gene 1. This
heteroduplex molecule is then transformed into a suitable host cell, usually a prokaryote such as E.
coli IM101. After growing the cells, they are plated onto agarose plates and screened using the
oligonucleotide primer radiolabelled with a 32-Phosphate to identify the bacterial colonies that

35 contain the mutated DNA.

The method described immediately above may be modified such that a homoduplex molecule

is created wherein both strands of the plasmid contain the mutation(s). The modifications are as
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PCR products. The PCR products can be referred to as "nucleic acid
cassettes", as they can be fused with other related or unrel ated nucleic
aci d sequwoces/o1fm exanpl e, viral coat proteins and di meriusasisonédonmeai ns,
usi ng established nol ecul ar biology techni ques. The sequence of the PCR
primers includes one or nore of the designed codon sets for the sol vent
accessi lﬁél&;mn @hddingié gﬁradciledeﬂigmuprasdidei iOimedldd ta tHe\spglevebahdrl k@npéz&@ hsﬁi&sclry%d
descri be on set set of different tide tripl.et

o quencatofo g MGt SuitioBu oies o itonBnsie A Thh iy dtPiit ant s
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oot oefica b Bl bt ok P s Pespp BB B A0eh T et ¢ e
ant i bodPN/ wilbaiainyd TPo(8)t iasteaArd dSERLaichadrviiSio Dgbted R VAt fe@Aclonpr ocedur es

Spoci f1 AR erBer CRRE T oRE SR ) Paiat PO hefrSho PRt hoay )
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pr oduci n]gltagi%lhl §tc§ﬁ’Ch as hybridoma cells. Alternatively, polynucleotides can
be synt heS| Zed 'Usi'ng nucl eotide synthesizer or PCR techni ques. Once

obtsai ned, seq’uemthcmmd@mnﬁslyguetsh@epm qf ﬂepmgdﬂaslearcb setris eff suffitiennlenptiato

r ecombi nant hQr . G& en ressing heterol o

pol ynucl it fdlz es hlertlempPr oiréurC?eé ?C(I:J o§'i’a§ 4 SR/aq%t 80633?%1 ISt 9%%11 oY ‘%‘b#%s and
known i The EeIAauemphamaﬂobze gmadteﬂ by tltokaeveptursphm erecefthetr Idempedémﬁrﬁacuenmmagel Mm
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PCR products. The PCR products can be referred to as “nucleic acid cassettes™, as they can be fused
with other related or unrelated nucleic acid sequences, for example, viral coat proteins and
dimerization domains, using established molecular biology techniques.

30 The sequence of the PCR primers includes one or more of the designed codon sets for the
solvent accessible and highly diverse positions in a hypervariable region. As described above, a
codon set is a set of different nucleotide triplet sequences used to encode desired variant amino acids.

Antibody selectants that meet the desired criteria, as selected through appropriate
screening/selection steps can be isolated and cloned using standard recombinant techniques.

35 Vectors, Host Cells and Recombinant Methods

For recombinant production of an antibody of the invention, the nucleic acid encoding it is

isolated and inserted into a replicable vector for further cloning (amplification of the DNA) or for
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selection in transfornmed cells. For exanple, E. coli is typically
transforned using pBR322, a plasm d derived froman E. coli species. pBR322
cont ai ns wenes/masxyedi ng anpicillin (Anp) and tetracycli meT(URedop/oe®36 St ance
and thus provides easy neans for identifying transformed cells. pBR322, its
derivatives, or other mcrobial plasm ds or bacteriophage may al so contain,
or be méﬁlprfadsﬁ)ﬂ t DN@OBicaiiAg thyY Qifody Ss YALEH mbmedbmdusaqderbgd fukigg Rbaveotiinal

organismfor e i on of. endogenous pr.ot ei
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t he host"e‘ﬁ‘i’ ‘gdﬂlp%oé‘a 8‘“0@@&0 &8 "ts‘?dz n@rexga Jogt ‘fe %‘ﬁﬁe

Wi tslh th?ma@aﬁé&eufe@yot@xma‘aﬂymb@ﬁﬁ%be@gﬁge such as IGEI\/I ™ -II may be
utili ze

ili in makin reconbi nant vector which can be used to transform
suscept iwwg@&ﬁ%é%@ééﬁﬁiLsz The expression vector of the
i nvent i aRcBRYoBNRIckSe tWwo or nmore pronoter-cistron pairs, encoding each of
t he pol ypepti de cqonpanents r onot i S an untran equl at or
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' nte rature.
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or it may e a ar
(Tet) res1stance 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.

30 Examples of pBR322 derivatives used for expression of particular antibodies are described in detail in
Carter et al., U.S. Patent No. 5,648,237.

In addition, phage vectors containing replicon and control sequences that are compatible with
the host microorganism can be used as transforming vectors in connection with these hosts. For
example, bacteriophage such as \GEM.TM.-11 may be utilized in making a recombinant vector

35 which can be used to transform susceptible host cells such as E. coli LE392.

The expression vector of the invention may comprise two or more promoter-cistron pairs,

encoding each of the polypeptide components. A promoter is an untranslated regulatory sequence

66



the target polypeptide DNA that is inserted into the vector. The signal
sequence sel ected for the purpose of this invention should be one that is
recogni zewloaneb/mssrecessed (i.e. cleaved by a signal peptipdaamspoosy2isbe host
cell. For prokaryotic host cells that do not recognize and process the
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evel of. the I.C Tl i can be ner at.e venti ona

mut agen ‘?E%ﬁ %ﬂﬁ”e*ég ﬁ%‘ﬁ“%@lﬁll%{% E%ﬁégoql@)c?‘?ﬁ’ﬁd A a@ﬁptSréx éramf he

am no aeeqdlrecﬁestﬁm sitéd. t hough silent changes in the nucl eoti de sequence are
preferred Al terations alterations in

R.can i nc
t h& nunber of® %‘f‘fe?é?‘?‘EQOf&‘“ ‘grﬁnH%n ﬁ%ﬂhgfasrfﬁ%WEE’&?&*EHS%O&“%P%%E“WW“&T% %rations
in the s¢optioh sighfyefuetee cOnpondxtthd dirdoty trapslbekiah biwe elpiedit pslypepdilessetpsences

nat  doBEnE ROt e G RSVar (L b bErme o1 o HE Ve SBUTOHEE o1 - o.

the ch alﬂ@&ﬁrgarpely@bﬂtﬂl D)\IA ﬂihu isingeated beo te cangl Tixhigabyqehangieogd fonéet hi rd
i i.t.ion codon: . .additiona i ds, .such as

nucl eoti de po C

s mergafehhs R SRAAE SRS BuiSietranf Bd oS T TR B A BB e

that capemiddsel byl @ust byll. i Hor piakirpgicthos chltstkat dEKhbrSremhlh@mdqiromttwsr S is

descri bed in detail ansur t

Vot ot SieRes TS o G B0RHES o adblivest o Sk MERHEP Rl EPARR Bkt o

W th a kighgeequiencElsReqtd, Gnrgkdnspld, ﬁbmﬁhﬁcg‘roﬁp ainsistingtdfi re@lkaline phosphatase,
penicillinase, Ipp, or heat-stable enterotoxin II (STII) leaders, LamB, PhoE, PelB, OmpA and MBP.

In one embodiment of the invention, the signal sequences used in both cistrons of the expression
30 system are STII signal sequences or variants thereof.

In another aspect, the production of the immunoglobulins according to the invention can
occur in the cytoplasm of the host cell, and therefore does not require the presence of secretion signal
sequences within each cistron. In that regard, immunoglobulin light and heavy chains are expressed,
folded and assembled to form functional immunoglobulins within the cytoplasm. Certain host strains

35 (e.g., the E. coli trxB’ strains) provide cytoplasm conditions that are favorable for disulfide bond
formation, thereby permitting proper folding and assembly of expressed protein subunits. Proba and

Pluckthun Gene, 159:203 (1995).
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This limted set provides a conparison of expression |levels of each chain
as well as the yield of the desired anti body products under various TIR
strengt h wontbegmasizons. TIR strengths can be determ ned lpgTqsasusiotsseég t he
expression level of a reporter gene as described in detail in Simobns et
al. US Pat. No. 5, 840,523. Based on the translational strength

conpari son, Thepeest iheshtibmphovidekialexgredSfonaystens & vidtiete qlmnbﬁumaﬂm ofed in the
expressi on vect B'r constructs of the |pFﬁnti

n. Prokaryoti.c  hps
ot o Bk RS R RaaTe T i te g A e Bt Vi REtmE B o1 1 a
and Eubagdpedy a%senﬂﬂsamnasodas@mhea@aﬁﬁoueswh fFdarkipoRiatdoviplisHed areSB. palEléﬁ.rrpl es
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subt i | Suliggep 56‘5‘8 %F“ﬁéransgél@ SHERES f%gﬁ%%‘@ef(@?ﬁf’%f’%em&er ugi nosa),
gﬁlgmgel | a tmbteahmqwfbr D6dull ik &m&eﬂsa&ngth 1M1$gsg<emlmm8nm elud].S.fhai.gel | a,

i zobi Lt reqs .a, or Paracocc ne enho nt, ram negative
cells a&?' §\1/§‘£0d5.%g1 “(5‘ {6 SRR tran%auoeﬂln?ltl?%’mr%g“ﬁlr@ g “g S £% Dr t he
iog?llenlt | @fven gnaa}@ér@s loﬂinuﬁo afi@ bi nlﬁhfc&bﬂ&equﬂﬂdewdﬁah 18 daf b8 cidBdd Qi Bm@mnn

ul ar an ecul ar_ Biolo WAS ton, D.C. : ric Soci ety
For | M o IBIPHEgEongb B ecg o gt aooyGichitresss B libhed it i Tgses it
?erl va; idysaed l&ﬂﬁésﬁ@xfl }evdalﬂﬁ Ehddpdégic&hélaITIR&&%tdwﬂ bngergmwmypmv%ﬂom Af li uUA
AtonA)ptr3 | ac | ac . TA e P41

50, b amjisenen b TR e AP R RRotan At DERaR. S ieabeli 904
( ATCC( 310N silelt chafdek uﬁhe Elcldbﬁdid dgqlﬂeﬁaeﬁare( pEee® 1A15&35‘c)0nai‘mdh£l‘ TRoah include,
RV308( ATCC 3 0 are.al so suitable es are illus tive
ather TR R e duties TR FOETE A R Satensciose b Fse
above- memihe eiged sdy@eidcer Dae mathbdfpr geferaﬁeglmg@mignplessm&n&s ksrtbevgeneratirhef aar t and
descri bed pr | e, Bass.et teins 30 |t
gener al If/)dﬁlék/"é%s ﬁtrtgé(?egpné@lgé) £ cQine Sﬁ%‘BP%eﬁf’%%gf’ ® “85% g ?‘3‘%0% Seﬁ%ence of
COnSi dertt&tsﬁg@al sE@mhd:dJ(ahi fhe thyangds atdsilerite m”mmﬂ be ﬁbcbhphsrhedl l))Sclﬂflglﬁg thadidr i um
For exa a, ..or Sal nonel. S eC|es can be SUI bly used

r
o’ ¢ e IBUEORRRS I e s AR R SEASEL 7Y, or
PKNA10 afgnitks deemlﬁpl@ﬁisyarﬁheconé pésutmnthat'lam adxhdohqpldxhg mhn&dmgabd bank. kG d

secrete m.ni f prot enzy pr.ot ease
Ch b1 ¢ Sy B Pt BRE B e SR W R R Rl R B3

Pr oduct |Mzdﬂmsntrxzﬁhdls4 w¥lel S8r ansfor rred W t h t he above-descri bed expr e55| on
vect ors and uIt rred | vent i onal tri ent tn”ﬁﬂl i riate
fof’ i nduci n g I?Jr% earsse{1 of(%/e r{ors gﬁner? r% VHE’% aran ? sg’en%p fInJ 6381 cas%ioﬁ%;e?rp
encodi nghtshmtéésetrpe:&meqmson oTrean&fsmn imtls oﬁeanbelwm asmelllcaddmymglcmme into

the pr O ant1 0 Osrtodéc und g‘rt ahgues s rén hcﬁ %&&ll eT{l? étl%g hs b@@etermirhed
extrachr 55 SR eP 8nent y Chr onos endi ng on the host

cel | usebd,quam&mm‘the nmezsemn leSelcbﬁneapm@rrggle% elcﬂdabadl ih dghihindiimmongsprloPrS.at e t o
such Celpl® No §1%af 81 1IN GuRL W5 GAPL YA ol del e BN AR dul BROGRA! | Y

used for actérla con alns arriers.
Anei her setedtébtd bé wmwmmm@rewm:ssmn veetp coyssrupts /e myemive. gl ycol / DMSO.  Yet

anot her tech rprcﬂ(u yo%‘l 3 Ec(yjst Lells g&lglgl% rfc?r%%grggsln% Antibodies of the invention include

Archaebacteria and Eubacteria, such as Gram-negative or Gram-positive organisms. Examples of
useful bacteria include Escherichia (e.g., E. coli), Bacilli (e.g., B. subtilis), Enterobacteria,
Pseudomonas species (e.g., P. aeruginosa), Salmonella typhimurium, Serratia marcescans, Klebsiella,
30 Proteus, Shigella, Rhizobia, Vitreoscilla, or Paracoccus. In one embodiment, gram-negative cells are
used. In one embodiment, E. coli cells are used as hosts for the invention. Examples of E. coli strains
include strain W3110 (Bachmann, Cellular and Molecular Biology, vol. 2 (Washington, D.C.:
American Society for Microbiology, 1987), pp. 1190-1219; ATCC Deposit No. 27,325) and
derivatives thereof, including strain 33D3 having genotype W3110 AffiuA (AtonA) ptr3 lac Ig lacL8
35 AompTA(nmpc-fepE) degP41 kan® (U.S. Pat. No. 5,639,635). Other strains and derivatives thereof,
such as E. coli 294 (ATCC 31,446), E. coli B, E. coli; 1776 (ATCC 31,537) and E. coli
RV308(ATCC 31,608) are also suitable. These examples are illustrative rather than limiting.
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Prokaryotic cells used to produce the pol ypeptides of the invention are
grown in nedia known in the art and suitable for culture of the selected
host cel Iwo 2BoczoTpd7@s of suitabl e nedia include |uria bretchuskidsopicus
necessary nutrient supplenments. In sonme enbodi nents, the nedia al so
contains a selection agent, chosen based on the construction of the

exp [ ess ﬂ\&'fhot\iﬁfé} SdnstricBnS @érﬁ/ﬁﬁ‘&e%! et hy Eﬁﬂ]@abo@frll%ﬁii&le@fba@&fb:iﬁﬁﬁﬂg téfmegel | s g
cont ai ni ng e expression vector. For exanple, anpicillin i nmedi a
for grogeetpes Beknosndy feadanddesgrhsd &. fariexarnie BasA flﬁg?é%@.n—s’ &?%98-3 g‘@&?é@r y
suppl engng senbRBY ARSss&R iD@Mct Mk hfRsHRiRie baAsHd thah SRt ondidtaidh adpBcadity 6Be MY

al so be included at apﬁroprlate concentratlons_lntr?duc d alone or as a

mi xt ur e TSRE B HECHEOT & hATErERL T GAMAEdf- GAl-SGERSr 3¢ rB?ﬂ‘?ﬁ‘T‘ ] ¥PSGen

souy ce. sERblyQBa ds YhelHd® vitish tell @ndvROI AR IEBMCICAPBRIZD, 9BR3DT, pAUYE 1TEE@HCI Ng
agents selected fromthe group consisting. of glutathione, cysteine,

cyst am REN4{ e gied &ptupaky dhe rgplican-obyrjaHy the gpst a%hshavlfi ﬁ?%fftw&“iyﬂeha.m?*ﬁé of

prokar y Qtdiolytie shzyfirs, lafid AddRionbl grotbR6linBibitSrd infad Ak Brablo BB &icaipbifa®d in iOEelE. col |
growt h, for 'exanple, the preferred tenperature ranges from about 200C to
about 398%§pre preferably from about 25C to about 37C, even nore

pr ef er abl,¥pat PRlRLHn3C0C. The pH of the medium nmay be any pH ranging from
about 5 to about 9, depending nainly on the host orqgnisnl For E. coli, the
pHI s pr ef er &9rhrells Bedrastppedwish the abayggescrbef expressignoegiors Aag %'ﬁ?:f about

7.0. 1T cakvehttdiGiublctt MEGORbEFied & apsBftidtdfol hBuaNDreHSk 8 keltehigarantibrulidis,
i nvention, protein expression is .Induced under conditions suitable for the

act i vat iobHIRiYIps B SERsRHROFIS e dstiisd SRMERES-of t he i nvention, PhoA pronoters
aL e us edf for Tgé?nﬁffoﬁﬂdtioh Fi?:aﬁsriatma}r@bmtgnn@fthd ﬁielilaﬁiﬂitiﬁ R6% ts«? desthe PNAGS g@ ngl %/ ,

t hetransforned host cells are cultured i osphat e-limting. nmedium for

i nduct i GFPLCHNG FIien AR eX TIPS YPH SIEBerR %B¥ &Hgmﬁ%%ﬂﬁw{eﬁ?“ﬁsp ERER" Peedi um
(see, : e -hg?t celﬁ]sﬁal[&!’éﬁscii’&inaﬁbn is d&nebdsfﬂglslﬁ@dard Nﬂiﬂiqm_d§apfp2@ﬁ§t): to SZIGB?CIE.SB‘B l:dlfi)lm f\
vari ety of other inducers . be used, according to.the vector copstruc
ol oy S TS SIS FOTAR 5 SRS Eh Beel e s S prue b celt

pol ypeptydiesmefs. Ahhdd iR8RA ForitAEaiiath aifos@olyethgldnd fijl/BMEQ. deoanethed from
the periplasmof the host cells. Protein recovery typically involves

di sr upt iRMENISH S FEEFPIRTEM general Iy by such neans as osnotic shock
soni cati on orPdiSose cd a&deeploducaiie pdiypeptidtad thecieldnticiedre p@warin mhdih knavel | s

may be renoved .centrifugation or filtratign. The.profeins. may be further
pu¥‘? fied? {L?’G’ii a‘éct%lﬁ%ﬁ%%“ Bg}f@? ‘?tjl t%i ﬁ}“?éé?sﬁ“@ﬁ'r gmp;[eﬁrog E‘Htﬁ‘f’le R}eﬁ &M alfllB \i-/)ueqay ,
%; Iolt ei ns)r(ﬁlli)l(LH)@ds madgsimrrtxﬁttﬂbﬁt :ﬁltpplleith&ﬁs. du |s¢brtldtf ﬁnhimldill?ltsathd megdialald eohtalhligi‘ ein.

s may. be renpv 0 cul tur.e e culture super.nat ant . bei ng
11 t or oqUsHan CEMEHCFAPEE Poipe Fafivifern BUPs PPRabr bt € HAEGPa Bl
prpducngmmhef@Emﬁﬁﬁﬁedfﬁﬁgymﬁgtﬁﬂﬁ@eﬁa?\baniFkthﬁmmksfhﬁfﬁﬂ?amﬂﬁﬂdenpified
using co n ods. such. al.yacryl am de gel el ectrophoresis
( PAGE) é%%BGéé?gvﬁ%%F eg@ggggarﬁwﬁﬁg%g§§§§$¥%f the invention, antibody
prasgiucti on i Anyepehyeieshpplambias Beideiartiont nitrépen sanfl éronganicahosphatp sauces 1y
pr oduct i 41 "B PRELPRERE BB RO D Yos AareTres AR M BE)C ot °l cast
1000 | i tsepidermdnt erafeaiint yuch as a complex nitrogen source. Optionally the culture medium may

contain one or more reducing agents selected from the group consisting of glutathione, cysteine,
cystamine, thioglycollate, dithioerythritol and dithiothreitol.

30 The prokaryotic host 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 organism. For E. coli, the pH is
preferably from about 6.8 to about 7.4, and more preferably about 7.0.

35 If an inducible promoter is used in the expression vector of the invention, protein expression
is induced under conditions suitable for the activation of the promoter. In one aspect of the invention,

~ PhoA promoters are used for controlling transcription of the polypeptides. Accordingly, the
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preferably about 1,000 to 100,000 liters of capacity. These fernentors use
agitator inpellers to distribute oxygen and nutrients, especially glucose
(t he prefwonrea/mss7bon/ energy source). Small scal e fer nercatusemwsnefoes s
generally to fermentation in a fernentor that is no nore than approxi mately
100 liters in volunetric capacity, and can range fromabout 1 liter to
about 1QQndrérka Sost tdlls arefcalturedinatphosphate-tiattig, mddmgufdt indnctioh. Breferablys the

expression is typically injti after the cel r er
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known i krPlpged At s SR HELRE A hed above. Cells may be grown for shorter

perd ods pri o bk dnitdd@ichQthe cabdssd pilgpeptideabd tie pragtutievention arg estetediiptozad
hours, although | anger. or shorter induction ti : e npr ove
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addi t i orﬁéﬁlmRF‘é]ef%lr%g%s\fgﬁ”é’?%rcgt%‘%?ygbecrﬁlgﬁ‘éea%gentﬁlr?tggagﬁ%g?ﬂgré%ﬁ" é[)sﬁ Q%@Eél%ﬁgatyei ns
( DsbA, E&bﬁthe%@ﬁed,%mﬁmﬂd, wraffisty@sinehrétader{rhy pApemairely plotgins can be
cis,trans-isoneras ith chaper.on i vit = orm
hé hootpHoRa Par o wured ] ooy s HE) pEFalEe bR Gl @an, 21 0
to facilthé afifrd sigerpi@peing filtetidngd andesatedifod fitther piriffreti@r @lteguetsingr ot ei ns
produced in b erial host cells. n.et. al. o 0 Sheh

274: 196cPf9fi‘1§%<gg]§he€éQﬁ?S§?d§l?‘iyé’FPt§e? ?a“g‘“%rﬂ‘ﬁ’alt“g%‘?d %%‘%8%‘?“8%%%‘:; Ceorgrou” et

al ., U. SpetRatseidh aNgoly&erQiid8 88 eleBodphnmsin (PAGE) Rhdi Blesthunblt2680) J. Bi ol .
Chem 275: 17100-17105; . Ramm and P| uckt hun. (2 Bi.ol .

275: 17106- 1715880 appe obpe %{‘lv?’n“("ﬁcfd‘%"’%f".dﬂi%l‘og‘r%%%?%‘i“‘fgedég?a? e&“%%?‘)%% m ni mi ze
pr at eol ygifentfioR ¥ptRs Sediohehaeotde faddaph frmemaiop @sgsedires drgaveableefor hat
areproteol yti.cal sensitive certain:h i k €Hn6: :

pr ot eol ylfrP%mB?&?fJﬁé?m@ﬁlﬁm@éOtﬂ sd af%?fsc?lﬁgen%?&éastg)%% @Vg\%telgiglt (i'.')é\rgoql'%sr &feb&%arcr% ‘e,
host cel preftabBiabsut MAYO el 001000 fiiesschf tapaeifyl dbesedermeniors mergeionipsilerd i t he

.0d] K bact eri al t <) QR scRegP,
Fop. pr otigann i B dRistny ShosPl ERRE TS HERAET b G RRRT Hhoe) T s 20

t her eof . fehadeation ref@b tenprally edsenedefiprinarfermenionibaiss by mor k| aaposingisty 100
described in, for exanpl.e, Jol k300 @eRrgiou et al., U S
Pat®nt mﬂt.ersé‘} %%P%‘%%?ag%%%aﬁﬁéﬁy reagéea‘?#fl a{?.%g?ﬁ%ét{’%n‘t 'No. 5,508, 192; Hara et

al ., M crobi aln SkngnRéei pbeese du@idf pRicin G@BFsion in typiralleipgited plsfthe lls cof |
strains deficient for, pr o) I . .t £aNgh O dr Motingploag i ds
over expr asvg:bﬁeé] %%‘%n%nrderl{r)rsgir%%ﬁ%%oé%%{ragsﬁg%ﬁ?%?%?{]hgl_t%r %fused as host cells in the
expr essi ohick yagecthe cdls triaén thavaht stasionarhphast od yariety offindugers 81y phussheccording
embodi ment. 1he antib g, 15 §sBkited aboie! DENs 4 cTghih 0P
obtai n pFPdpar% °|r8°nnss€nfcﬁ§l¥p1§$e§’ %ul lgg);“}r?\ﬁ#g)l%[ V "honogeneous for furt r?egl;r assays
ancsus es shoBtapetiadsthrior otisfuatignurGells erusushy induded der akewa-dP Rogrpeltagugh loggerog

enpl oyed 'shoIttc]reincfil%ki(l)ﬁ)t\{mr.nQglayﬁé)&sggj.ur es are exenplary of
To improve the production yield and quality of the polypeptides of the invention, various

fermentation conditions can be modified. For example, to improve the proper assembly and folding
of the secreted antibody polypeptides, additional vectors overexpressing chaperone proteins, such as

30 Dsb proteins (DsbA, DsbB, DsbC, DsbD and or DsbG) or FkpA (a peptidylprolyl cis,trans-isomerase
with chaperone activity) can be used to co-transform the host prokaryotic cells. The chaperone
proteins have been demonstrated to facilitate the proper folding and solubility of heterologous
proteins produced in bacterial host cells. Chen et al. (1999) J Bio Chem 274:19601-19605; Georgiou
et al., U.S. Patent No. 6,083,715; Georgiou et al., U.S. Patent No. 6,027,888; Bothmann and

35 Pluckthun (2000) J. Biol. Chem. 275:17100-17105; Ramm and Pluckthun (2000) J. Biol. Chem.
275:17106-17113; Arie et al. (2001) Mol. Microbiol. 39:199-210.

To minimize proteolysis of expressed heterologous proteins (especially those that are
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suitabl e purification procedures: fractionation on i mmunoaffinity or

i on- exchange colums, ethanol precipitation, reverse phase HPLC,

chr omat ogwephys/ass7si | i ca or on a cati on-exchange resin fgrhusa®sDEREs

chr omat of ocusi ng, SDS- PAGE, ammoni um sul fate precipitation, and gel
filtration using, for exanple, Sephadex G 75. In one aspect, Protein A

| Mobi | proedlytinally ssmitivd) piraehosisstraine deffcint ﬂoﬂpﬂdfeoaﬁé b2y inys qabé hdeddbritn of t he

full | th antib f th A
wad | pr Bemh AR S R TRIE b B iy SR i 2P 8nets il el Ly o
t he Fc gﬁgs efvodihg kmmnbmdbm prokdased gedhkas @totcake 1] OBP, Degh, mp.}l?ﬂeasd\let h.

62:1-13 Pr ot f bl
coi umm_ Bt e O afalle W ool beredho SRR Per Ly 4TEBR  of | b
porse gl sissnscad avaitable and dsdctibedliin, facdxdmple) Jolyret all (199&)mp&pmebngﬁ»hle0ﬂsU 8.he

or cvont PREMSBeOP oS RAFBREG O SCORT AN e G A s Mkt of +

purifi cRedigamce t2d3-Tr@p6d.ati on derived fromthe cell culture as described
above is appli ed ontao t solid p o allow
speci fic bi ndl ¥ 5P O‘?ngaﬁt g(%t&aﬁ“s ‘ﬁﬁfﬁ?rég?te‘ﬁﬁmﬁn@f%ﬁsr?mg\tra {?ém% Wity phase
is then pmﬂdedvdmxpreemgvcme oomb@rhatefing proiesspentd hximbl cplidia dirtxpessidhe sol i d
phl%se Flp y, t.he nt| body of interest is recovered fromthe solid phase
by el ut osnm(éelﬁel?laetnl Ay anti bodi es using eukaryotic host cells: The vector
conponentsboge Rerifidakiyn | ncl ude, but are not limted to, one or nore of the

follow ng: a.si naI e nore marker
genes, an en anng’er rengnlllla{ht@eaﬂnbo { pmé‘ﬁ%‘{]}f&t‘ ?%‘@ %ﬁt‘%@ﬁw nati on
sequenc grep(.riat)onSﬂgnab substgutailg homcugaspmme ﬁir ﬁAtMe&st@s aficouses ﬁaﬂdﬁrd@nﬁmk aryotic
host cel] mel Yorf méstﬁocfé?qu%v%i 19 tlﬁ‘ 5 n%'ee (\I%%ﬁrloﬁthnlgﬁgocggurys eD eﬁ(elalg’lagao\%l ng a

speci fi gL eavage Si AR re prot

polsy peptuitible phrificatien plsd:edur'ﬁ'l érahtmneuimﬂ anQMnsafgnnad or mnqaxehmnge aﬁirmst @hhnol
prefera n t a processed

D onal - BistiplicR e s L AR A St e B i e BN e R s an
si gnal Q@@Eectaensatafpcmmigl Sla%-PAGEazimmemumtsuifa]e precipierisn, afmbgel Ekend esing, fre

her pes i are avail able. The DNA for such precursor region
IS Iiga?’kag&)l!l §?Ig'gd§(@9$rarre to DNA encoding the antibody. (H Oigin of

r epI i cat ion @weraaiebyl’roaam Himgphilizfd onepblidpitabois usd fpomentoatBnityquurifiegided f or
[ I 5V4 .qi . ically b
usa onfhmEERERN SfedSH ey of i nGERM, B ROt i BRANBLCR. Y P
corrponeﬁf(ap@tqwe@s rgaasavidchcindyiwity ateght xfﬁmtyrtayhe(f@ntmn’pfan@@ki‘est Liodmgkresgl al so
termed pos8l £ELANE AL KEH- 13T§Hé &ith gﬁé%k ?oc&/ﬂﬁ&{‘m%ﬁ‘eﬂle& ls%&%g“ﬁz&f I%le??%[& pat

(a) conter resistance to antibrotic t oxi ns
neomyci eolume téroprismgatedass orsilice syrfacy ahdrqprefe(dhly wnpdﬂ@mpmte g&aam;ﬂmmpmac

defici eﬁﬁh@ deid %‘@%ﬁ In some applications, the column has been coated with a reagent, such as
25 glycerol, in an attempt to prevent nonspecific adherence of contaminants.

As the first step of purification, the preparation derived from the cell culture as described
above is applied onto the Protein A immobilized solid phase to allow specific binding of the antibody
of interest to Protein A. The solid phase is then washed to remove contaminants non-specifically
bound to the solid phase. Finally the antibody of interest is recovered from the solid phase by elution.

30 Generating antibodies using eukaryotic host cells:

The vector components generally include, but are not limited to, one or more of the following:
a signal sequence, an origin of replication, one or more marker genes, an enhancer element, a
promoter, and a transcription termination sequence.
(i) Signal sequence component
35 A vector for use in a eukaryotic host cell may also contain a signal sequence or other
polypeptide having a specific cleavage site at the N-terminus of the mature protein or polypeptide of

interest. The heterologous signal sequence selected preferably is one that is recognized and processed

71



relevant, or (c) supply critical nutrients not avail able from conpl ex
nmedi a. One exanple of a selection schene utilizes a drug to arrest growh
of a hostwoeabée/0133710se cel |l s that are successful |y transiParmsdoosiorts2a

het er ol ogous gene produce a protein conferring drug resistance and thus
survive the selection reginen. Exanples of such dom nant sel ection use the

drags ngemyeivad bgy cigpN pERidhse) @Cﬂlah@ﬂébﬂhm&ﬁﬂiﬁﬁhﬂm ceAequszseron axanpilan efgnal
sui tabl e sel ect at en

e markers f cells are
dent |1 RGRIEOT G 66 P SCOb REHES. 10 SR s TS Splebany SCPeF e g,
such as DHFRrhd IDWA démneickipi@sror fegioal s Qidate@nai adingdfidme ltd , DA eheddaly the
primate netal |l ot hi onei n genes, adenosi ne deam nase, ornithine
decar boﬂlp%@’e, etc. For exanple, cells transforned with the DHFR sel ection

gene are firglh oRgnbflprdniby cul turing all of the transformants in a
culture mediumthat contain t hotrexate ( i a éF{r’Fetltl e ant agoni st
ISt ene

of DHFR An SppFdir fRtosisok @ ‘fafl"%g‘ﬂp%ef“d 185 &8P P8 Phe

Chi neseyhan®t 86r Sahlk, Qmﬂﬁ&iglm lnda @yedlly Heesbd ohly m&Eﬁls@.ﬁtdoﬂﬂaﬁlj{ thecealy,
ATCC CRL-9096). Alternatively, host cells (particularly wild-type hosts
t hat coPl"ioﬁ’PWrendogenous DHFR) transformed or co-transforned with DNA

sequences engRASMGriaNgARtsAPY: W | d-type DHFR prot e| n, and anot her
sel ect abl e marker suc as am noﬁjﬁ%/COSI de 3! hos ho nsf t&ﬁPl;it)[ Lgan be
&8¢ P. etca ot

sellect ed by ESPESSPRSNE FORRAS FEWFURDCOREA fhfie]‘?@ 661??6
sel ect alﬂ/ cAIBEIKSion SHER eﬁ&d@-@ro&'ﬂsﬁﬂ@(%ﬁf@d t&m&ﬁéd Iblaﬁﬁlblo‘t;cs @r gther doamareygz,l n,
neonyci n, or. (418. onent

Se Nolg}] g % )ﬁ% 1C HDéc enc1es ere
Expr essABPCHi "eBH5iTh & E?’@Fes Oh@ﬁ%ﬂy ccHAELP erﬁerﬁ o) 'iogl?
recogni z&éiml&yoﬂ(bﬁubmtnwmﬁﬂ@mnanﬁ/aﬂ&lm@n adihylerd méﬂ{ed to the antl body

pol ypepti de nucl ei c acl d. Pro er es are r aryot
Virtually al p&ﬁﬁ’fﬂ’%‘?‘? @5 ]éﬁe’élnﬁm i‘ﬁ dlg?%:tﬂ angéﬁ'iS’ VYF (i & gﬁ%%%??%t ely
2515t 0 3&1abafee§1c6&§ﬁ1n¢afﬁh§fbmmﬂt\hﬁl 3i h@er\ﬂbgdﬁﬁ genansaducgtai pmtems confiertingtdek
Anot her seque found. 7 80 bases str fro t.he shant
transcr Feﬁis% ﬂﬁ‘éﬁV"’d@%@nglle diog @Q%%Bﬁa@&‘%%%? ‘?ge EeHen 555 Qse fhe drugs
nucl eot nétgaychY, nybephaiolie Bed afd hyasinyeinkar yot | c genes is an AATAAA sequence
that may be thesignal for |t|on ail to t t he
codi ng sequeﬁ883‘ 7 PRI Ofﬁ‘e@gl éf‘é%fu%’ crg%rp%f? amtm% el ais b °58‘%a %ﬁgle%e
eukar y ofidetifs o 85 t€R dbﬁtpét@ﬂitsm téket urh thel )anpbﬂdypetplelcd&d, rseabsasr DHFR o thy fordam
vectors jn ma

| i troll f. |
o b% hin eHmF%H} 8t116)é1ﬁ18ﬁéa§1d ?[, @fsefela% C%Hmrao meqqlotl}lc())nrem gé%g}) a%eno 1¥le % M&s@r S

4R oW pox VI rus,
adenovi btisthins dedartasylAdegiavi r us 2) bovi ne papl || oma vi rus avi an sarconma

YLIS) OY OBl QY Rl SR i B AL B B LA 10
an i mmangifomultransfpfrmmt ar a dulham thetiim sthajcctonparrxs nmttemtsepcatpr(wx)de’dcmhtlve
0 oot 834 SR 0 LR B ot T Tty gt
restri cth@stedavag€HO) t:dslblinealleﬁ@emm@HFlhacttvlrte (@/AM@CICQL ¥Poyi n of
replication. A-Il-g%aligerf}g dliwasE %el?safplaﬁiculaﬂy wild-type hosts that contain endogenous DHFR)
transformed or co-transformed with DNA sequences encoding an antibody, wild-type DHFR protein,
and another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected
by cell growth in medium containing a selection agent for the selectable marker such as an
30 aminoglycosidic antibiotic, e.g., kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199.
(iv) Promoter component
Expression and cloning vectors usually contain a promoter that is recognized by the host
organism and is operably linked to the antibody polypeptide nucleic acid. Promoter sequences are
known for eukaryotes. Virtually alleukaryotic genes have an AT-rich region located approximately
35 25 to 30 bases upstream from the site where transcription is initiated. Another sequence found 70 to
80 bases upstream from the start of transcription of many genes is a CNCAAT region where N may

be any nucleotide. At the 3' end of most eukaryotic genes is an AATAAA sequence that may be the
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antibody polypeptide-encoding sequence, but is preferably located at a site 5' from the promoter.
(vi) Transcription termination component
Expression vectors used in eukaryotic host cells will typically also contain sequences
necessary for the termination of transcription and for stabilizing the mRNA. Such sequences are
30 commonly available from the 5' and, occasionally 3', untranslated regions of eukaryotic or viral DNAs
or cDNAs. These regions contain nucleotide segments transcribed as polyadenylated fragments in the
untranslated portion of the mRNA encoding an antibody. One useful transcription termination
component is the bovine growth hormone polyadenylation region. See W094/11026 and the
expression vector disclosed therein.
35 (vii) Selection and transformation of host cells
Suitable host cells for cloning or expressing the DNA in the vectors herein include higher
eukaryote cells described herein, including vertebrate host cells. Propagation of vertebrate cells in
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glucose or an equivalent energy source. Any other necessary supplements may also be included at

appropriate concentrations that would be known to those skilled in the art. The culture conditions,
such as temperature, pH, and the like, are those previously used with the host cell selected for
30 expression, and will be apparent to the ordinarily skilled artisan.
(ix) Purification of antibody
When using recombinant techniques, the antibody can be produced intracellularly, or directly
secreted into the medium. If the antibody is produced intracellularly, as a first step, the particulate
_ debris, either host cells or lysed fragments, are removed, for example, by centrifugation or
35 ultrafiltration. Where the antibody is secreted into the medium, supernatants from such expression
systems are generally first concentrated using a commercially available protein concentration filter,

for example, an Amicon or Millipore Pellicon ultrafiltration unit. A protease inhibitor such as PMSF
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The purified immunoglobulins can be further characterized by a series of assays including,

but not limited to, N-terminal sequencing, amino acid analysis, non-denaturing size exclusion high
pressure liquid chromatography (HPLC), mass spectrometry, ion exchange chromatography and
papain digestion.

30 In certain embodiments of the invention, the immunoglobulins produced herein are analyzed
for their biological activity. In some embodiments, the immunoglobulins of the present invention are
tested for their antigen binding activity. The antigen binding assays that are known in the art and can
be used herein include without limitation any direct or competitive binding assays using techniques
such as western blots, radioimmunoassays, ELISA (enzyme linked immnosorbent assay), “sandwich”

35 immunoassays, immunoprecipitation assays, fluorescent immunoassays, and protein A

immunoassays. An illustrative antigen binding assay is provided below in the Examples section.
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sequenc@gabicab binde 16Ahd BSROREKSIIDS KANRN CES asss 8o t @dﬁtvatmda/@éca@sqy di ngly,
such "humani zed" anti bodies are chineric antibodi es Pat ent No.

4, 816, 56¥) aReFRrhinmEEPaneRteele) éslé””tuﬁ%Méf’foilsr%O%éP H&P@nm%‘?q ReBioE S Yonai n

has bee BeRibifding bidd vBY cleBfineMalt BEN@RGInRE1H SR AL Skbel peABinRd RGRg MeikBds
speC|es In practice, hunenized antibodies are typically human antibodies

Qrhi cﬁn%‘rfﬁtlF%'eP'&éP?S&GFSéIb?‘E‘QﬂEf"rrE"rag’é’}eaﬁ"é?gO‘énd possibly some FR residues
ar e subglumbteiipodiesi dues from anal ogous sites in rodent antibodies. The

choi ce of human vari abl e domai ns oth |ight and heav b sed.i.n

maki ng t he h&ﬁﬁﬂ‘ieieé‘ﬂm ﬂF‘PBS‘EfP’é‘BaS?eéq\‘}%‘F‘VZ‘?dr%ﬁB?‘}déFﬁt ﬁ%o‘%é‘lfﬁl?és f?ﬁﬁ%@ﬂﬁﬂt& ty.
Accor di Rgh-hiindnh@tib&tidsald @dwn BEBE art.i For ex@ilQd huinhizeIQEHIRIAG €arfave b otar i abl e
domai n of a r.odent anti hod screened agai nst .the entire libraryof known
A o PGP i U PR RNV B 5 B
that of ainhie atiddeiduet Se bR@ITeREELRE inRSrtt REidiHd ,I”Kﬂlﬂc}f a{rafy@mm%taﬁ@rfrdrﬁlﬁl

humani zed anti bo Sins_et al 1993) J ia et al.
(100~ Rt Vgl el Yamertigigh i borsihiub peReniad BB pepetiod of

Winter and co-workers (Jones ez al. (1986) Nature 321:522-525; Riechmann et al. (1988) Nature
332:323-327; Verhoeyen et al. (1988) Science 239:1534-1536), by substituting hypervariable region

sequences for the corresponding sequences of a human antibody. Accordingly, such "humanized"

30 antibodies are chimeric antibodies (U.S. Patent No. 4,816,567) wherein substantially less than an
intact 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
hypervariable region residues and possibly some FR residues are substituted by residues from
analogous sites in rodent antibodies.

35 The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is very important to reduce antigenicity. According to the so-called "best-fit"
method, the sequence of the variable domain of a rodent antibody is screened against the entire library
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framewor k derived fromthe consensus sequence of all human anti bodies of a
particul ar subgroup of light or heavy chains. The sane franework may be
used for wewvessl1sstiff erent humani zed anti bodi es (Cart er petr/uskoos(©1892) Proc.
Natl. Acad. ScL USA, 89:4285; Presta et al. (1993) J. Imunol, 151:2623. It
is further inportant that antibodi es be humani zed with retention of high
af fi ni t yr fnetn hh@aeiiagedonnid sejubfes. fE duab ﬁ‘:qh)eirﬁd: @bick &l cl@geopahitiotthe To

achieve this goal, according tqQ one i zed apti bodi re
pr epar efPIpR 1 tgTd’r FEapd aéfhea{’i‘f%aﬁ}g?@e%‘?rﬂ?%g‘ g%i angg?ﬂﬁﬁl@?g %n@g%ér' i ous
conceltot i@t@huﬁgwh@nzmglcmtmdummm M%&lh&&l&i% smansmnemaﬂ mébetasss aqfalrtidnhr e
parental an mani.ze uences re Mensi Q 0 in els
are cor‘r#ﬁ‘ﬁ?‘(‘/’orlé\t‘j%meg%qo@t 0 néer“éusfsﬁ‘?fﬁe?‘ieé’?aﬂb nf‘ar‘i‘c?élgb@kq IO%I% acrﬁ‘é g0 ®
tCﬁrSpug elig lﬁbﬁgéaaWaﬁfseTﬁé/ﬁ%ﬂe&Qh}éw\ﬂ{klrﬁdy bbhkddﬁbx;sab@almrdn mh?ﬂgp nodbabiee

r eedi nensi ona nf or onaj _s c se ndi dat
|m"runogﬁ%ﬁﬁ’f‘ftﬂl §E9(?§W€é at ﬁ%‘ffeﬁ%@ %#14%983 SS%FSHZKE%)@?’W" 2?11&%6%1 s of
the Iikely r‘Dc|1§fuﬁﬁert1ﬁ§oﬂeﬁﬁlhdﬂlﬂﬁbdd[bs bbRurianived Wixhirdigntioh of igh affinidi fdathe
i mmunogl obul i n t he anahxa s of .residues..that i nf{liﬂ(_l?nce t he

S e
abi | i ty ek h@%‘&’ﬂg‘?"ﬂ@g@ bl“?lrﬁh%lj‘io&%s EugyE s £k agerdine o0 BePRts way,
FR resi dugsmifaandpdeehe pieptreabda p@aaas aeﬂaltm@aﬂ thépardral is@juemts @iddafionsor t
sequences so that the desired a I&aﬁ" gt er{tﬁt' C azuc as i ngreased
ST Sonegimal Aemane] arodase Fofes ey ApebsiGh, RGOl (e bl g m i
hy per ¥|3-@éq%9rlcés r’BﬂéeQﬁmélﬁidndlalﬁﬁnuﬁbgolﬁlhﬁ aotidlyaraacmiosly agdilable ant drafamylidar oy ol ved
in influenci en _bi ndin Ant i bod) ec e
i nvent i (tﬁ?sep é‘ t PB‘BWerf AW T8 y %1%5%&t§ eing gfs?ﬂ(s%ﬁgro;’abl% t?llree—
interf a@ﬁnesaﬁlofaa cBbryRepdal dﬁﬁzu@e@ P selleBicn garﬁftﬁteﬁmnm&@l(ﬂmhn \mleereem Ihdpectlon

rmdlflcalonsf C|I|tat nd/ no eter atlon

Todi 1 caf PeweieBRbrEEs THOPBaLLe Ph B %fhlﬁ il AiPieg! PR3 Eoiqase

poky peptimfiendaibuin Squdnky, ik)the aal e Rdidhes tha hr)fhtépielthkea,bﬂmyleﬁ’the wndlldae

pr ot uber ance osi.tianabl.e i he cavjty .so as, ta Xi of
the firJPUHME %BE%WJ’"FQC“SF?B I%Fﬁegqﬁﬁiﬁéféaﬁﬁe eﬁgléeg el begsglrlegtF g I|lc}ncg(1)m§n b)rg |teeg with
t hese maaﬂpiem ad i0p6rt &dqRecaOMthit thetdagired biitibody characasistibesch abmdeatsnd Wfigity Pat .

No. 5, 7 d f f
the ant 1Bt BeekBUERI D TEr el e b O SRET el por “SylR e eal 41 °
desi r ablpgst bitampialdyw@volhne ibinfohiemndgngpehfigenibindirgnd/ or ot her bi oI ogi cal

pro(Pertl esgooz % ’t}e’ anti body. Am no acid sequence variants of the antibody

pre roduci ng appropriate nucl eoti de changes into the
antl body nucIIebme aapdcd thednvelntiompaptiddenthody reshent cGuutsingwahidficetans ontbe i ncl ude,
f or exa eti and/.or- i nser Lty ' i ons
 eeitgise A Eh PRS R e e bh eR R A R e SHAS phd
corrbl natprmtmlﬁetdedlmbmmon | Aeer mpdificatiamdomphstintraductom of 8 protberanes intprifw® at

the fi “ii{gﬁg@ “Jct ¢a QLY oeadse};o*}]atpc gaff%i;p @%Lvh&@ﬂscﬁiﬁ%l?&g%x? ?sﬁ;%ﬁﬁgﬁa@ﬁ o

desired e ‘am no eration uce

t hes subjtm:davm)nstol abudptommemomp]exldg sigbriimicad atcondEc pdlypeptideat Msbgdsedice i s nade.
A useful method for. tifd catkon . Qf r [ f Nt he
ant i bodfe?eﬁ%{ngémébome err egs o%g lcla(F)i(l?léS)S eclgl()%vgkl{;télge%zy %?g&%ré e‘ag%%grgchll\xn.e

scanni ng,Buflagenesi s" as descri bed by

In some embodiments, amino acid sequence modification(s) of the antibodies described

herein are contemplated. For example, it may be desirable to improve the binding affinity and/or

30 other biological properties of the antibody. Amino acid sequence variants of the antibody are
prepared by introducing appropriate nucleotide changes into the antibody nucleic acid, or by peptide
synthesis. Such modifications include, for example, deletions from, and/or insertions into and/or
substitutions of, residues within the amino acid sequences of the antibody. Any combination of
deletion, insertion, and substitution is made to arrive at the final construct, provided that the final

35 construct possesses the desired characteristics. The amino acid alterations may be introduced in the
subject antibody amino acid sequence at the time that sequence is made.

A useful method for identification of certain residues or regions of the antibody that are
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Cunni ngham and Wel|ls (1989) Science, 244:1081-1085. Here, a residue or
group of target residues are identified (e.g., charged residues such as
arg, asp,wbisge/digwy and glu) and replaced by a neutral ecTsg@si0Y®EbRy
charged am no acid (nost preferably alanine or polyalanine) to affect the
interaction of the amno acids with antigen. Those am no acid | ocations
denonst madférreg Idcatmms faonattagesnsiit ¢alled Yalahime sdasnisgiingtaptngtsis tassleschibsitar e r ef i ned
by intr u0| r her t r )

subst ot RERas R RO R 1B BT P rerbiarhilog ot AR EBrlitstence
vari ati are 1de31t1flecb(dgt, ehaxgadedsldltehmchas arg.esmhist lye andlglal armlrregdmed bea netdl erot  be
predet er m ne For 48%21m the ce t a
gi ven Slnf.%atwe char; ea rellrrrlllmr? am% (mosq St Pt r}eral}i nnéenoerglgfgaﬁfl I;[%q lgc , thg 1nq%]ra<i on 8?%1? ot
codon orarrmmgacnim with dnttgam thse asme dcui mwmmgﬂ@mmburaumg aretigot sesigdtyftothet he
desired suC 1{u¥10ns¥ en ereP ne%%l qnt?o%gcl:’{g nﬁl?t}lel:r ?th%r v%Pgnts AC rlfgr tharSQters]%f and/ or

car boxyl-term na usions rangi ng R f'Fom one 1 esi due

pol ypeptshlgseisiticro riktams, vihilg thee skie: frot nretzbdmlngmraennmldcbawncmmmjnl is mdetermined

i nt rasegﬁjen eofr%};?er ttht?orr]ls Ofe nselec?got%e reae%“{flmtlrlleﬁl or% § nalrzgﬁl p"fj:% rmance
Exanpl es of "term na i 'ORs 1 ReP an an A t'erm na

nmet hi onyif a mesitioug a@[venlsm a]tatscdnonlg of nasdeth mmtagancgst mcmducteqbaltlyqjqueu adéon @@ her
in ertlonal va riants of.the anti-body nol [ .1he fusion to the N
or "tx er A ?Jnsanofhe eﬁ%resseci n%%‘%img@%mglrsl a%ﬁcreen%& Or?he d%? ield%%b@gﬂ or a pol ypeptide
whi ch i ncr eastesing fed sqnence maérflerismioéldehnmmhealdfm cipbahyl-teAmmthesiontsy peingfin

vari ant i ubs Qn v t i ave at | east
one am r%%ngtelfm (!JT? Jr;ﬁeesf%’fﬁ1 g %O%W?@E&e% léjgljba"uclfng §£+H%Ped|0éllrag ?Sl&iﬂe ag%gagl fferent

r esi due.intfseuerict mserubnsgxf siagle st mu}mnpbraemto abtdrressilbstﬁxamplﬁmfaﬁtmmﬂ negEN@Esi S

i ncl ude e I 1

cont enpiidg e o BERERL L ONGERLRT Renth B o BE ST i Te3Bonic. 11
headli ng polypépidef @therddsegionaltviatiatts afitle'antibddy sueddruls iipdude thet fgerstortiesNiar G-n a

h j nat ed
" exonp! aryisSPR o BEklaK b 8l RER DR A bADkccRte SRER Ry BPHAC! ©
r ef er endelfdife efherrotibalyd cl asses nmay be introduced and the products
screened. TA%&h@ﬁ?@é&%@ﬁ ﬁhﬁd ﬁ%ﬁtsh%ﬁltlbﬁl v&rﬂlﬁt bf‘ h@éeovgh ha¥E &q%’sﬁ dufeS of

the anti body are a orrplls ecting substitutions that dif
si gni f i cannd agidiresiduqén the efitfbedy mohcuimenlaendrhy Rgliffent rdsislue {The gitag obgroftest he

gﬁg% Peg:}ht%% t?@rgiﬁlpsgglﬁ?ﬁep nﬁ%e&glg?b@fde Elg ﬁy P\Qﬁgﬁlé Hetgh)gg rbgf ]ﬁf) %1%'394 fre alflp @

or mati-on e or Icity of the
nol ecul eosiemplhied.t Gengervatiye sebstitionseye &hh@n buT le&untdbretheshqaémg Y prf:ferm] no acids
may be %ﬁ&'ﬁ&ﬁgnsacﬁ’g &Sﬂgstlmoﬁs ﬂg}dlﬁﬁ hEﬁaﬁge ﬁl%l&l(th‘?capﬁcﬁgﬁﬁ Tﬂ'leﬂ%no?é suﬁ;&@dtfal si de

chai ns ni nger, 1 n Biochem second Worth

Publ i shehangesdenoninated('emmiary substjtutingsip ghld? 2, omjagfurthyr, dewbect) lv}ow @é@fe{em e
(1), Prq, %Jﬁgho al H@lagsg%, ma¥%9nﬁr&ucey§ﬂd th ro&%)s s%&ﬁ@r ged polar: Ay (Q, Ser

(S), Thr (T), Cs (C), Tyr (Y), Asn ( an (3) acidic: Asp (D, Qu
(E) (4) basic: Lys (K, Arg (R, H's Alternatlvely natural |y occurring
redf dues may be divided into groups Bé20n common

Original Exemplary Preferred

Residue Substitutions Substitutions

Ala (A) Val; Leu; Ile Val

Arg (R) Lys; Gln; Asn Lys

Asn (N) Gin; His; Asp, Lys; Arg Gln

Asp (D) Glu; Asn Glu

Cys (C) Ser; Ala Ser

Gln (Q) Asn; Glu Asn

Glu (B) Asp; Gln Asp

Gly (G) Ala Ala

His (H) Asn; Gln; Lys; Arg Arg

78



si de-chain properties: (1) hydrophobic: Norleucine, Mt, Al a, Val, Leu,
lie; (2) neutral hydrophilic: Cys, Ser, Thr, Asn, G@n; (3) acidic: Asp,
G u; (4) we=xa015873, Lys, Arg; (5) residues that infl uerce/usheisn27626
orientation: Gy, Pro; (6) aromatic: Trp, Tyr, Phe. Non-conservative
substitutions will entail exchanging a nenber of one of these classes for
anot her ¢loafsnal Such substitfuted resEgga@siad SO may be i nPegeiseed i nfo the
conser vat Régdadibsti t uti onsijt es or, SapdiRutivnef er abl y| i nS@bstibgionemai pi ng
(non-consgeviegd) sites. One|typevaim&uRsITtutional Vaesant Tnvolves
substitufing one or nore hypaswileades regi on residues of a parent|anti body
(e.g. a hgg@@?zed or human Mlle&%&)’ile VggneralTy, theeresurting var|ant(s)
sel ected|for further devel opf@nAiaVe! have i nproved biol ogi cal properties
rel ative[Tosfe parent anti[DGEVGHI R Whi ch They ar ¢ \gener ated. A cpnveni ent
way for geherating such substitutional variants inVolves affinity
mat ur at i %Mﬁﬂ@i’mg phage di stﬂaerhBrlileefly several h) beluvarl able reglon sites

(e. g. 6- r\lfr\r\\ (AI b III.JI. (AtL PUQQI l b (AIII IIU aC:d
subst i tuilPE‘f'@at each site. Tﬁtg‘egk\é’;[b[gdﬁ@swrhus generated are disp|ayed
fromfil Wus phage parfigghies as fusions to the|ggne I product pf M3
packaged|within each particgle, The phage-displayvedlvariants are then
screened Selr(si he| r bi ol ogi calhr actl Vi ty (e g. bindi n@"haffl nity) as herein
di scl osed ot-der—to—dent candi-date NYPCIVGI; bi-e egtoh s++ps for
nodi fi cat Tg'hmal ani ne scanrni LVﬁ’t&[ fTut agenesi s can be p§?rf ormed to ideptify
hyper var i ag] @y egion residjasr,gaptributing signifig¢anily to antigep
binding. [Alternatively orladditionally it nmay belbeneficial to ahalyze a
crystal stTW’U@@ure of the artrﬁrlgé’the,éﬁtf’lﬂ%dy corrpl ex ti&h¢ dent | fy contact

poi nt's bé"wg} the—ant+ uuuy m—Such—conta restdues—and

nei ghborijng si dues are carﬁ&% gti gr substituti ()%&zliccordl ng to {he

techniqu s—etaborated—heretfi—Once——Steh—vartants—are gcuclatcu, the panel
of variants is subjected to screening as described herein and anti bodi es

W th superi ol r Jmore rele ted for
further devel o Srtraélgghﬁ {é?né%cla@e §101 alipr?péagt 1e\é§€t%%?1§tﬁ)%§a£§é'co%§%s gég’ﬁence
vari ant seledting Is;&astamtmrisddydla“mesgmﬁpatﬂ}eld tlbzyr @éfesﬁa)ninmryalmhg (mthectisctimmofithei n t he
art. n ,

nat i al POSRPEE TR HEfen Btihe SB8h, LOEER, Lk plt S ALLAL MG,

varsi ant €9) tigr chprze painatapbebidity of Ithegmdmulee?@thﬁ @begqtrst.:h ait (e)jthé bulk of the sid¢ cl@ut ed)

nmut agen : ; i . i en

or cpar od ks fidk B b BRERERLEorRRlh GARSRRL S BRSS! el bR BRI £L.

desir ablehmnger,m B@dlmestwnscmd adppp. 735N ortl Publishats, NewaX arb (D76 an Fc regi on

of the i f t y generating a
Fc regi (S{r?Hd ?I ant . d‘éﬁ ?l@((,‘y)oig"rl g“ﬂeﬁe |gltr?Q?> bﬂé’@g T*r)'?f*W) W&ﬁﬁan Fc region
sequenc €2)(vachgrged olat fidsn(Q) gt {S)l HaxD), CgG@)oTyr I(@EASFG\T) Gln (Q)
10 (3) acidic: Asp (D), Glu (E)
(4) basic: Lys (K), Arg (R), His(H)

Alternatively, naturally occurring residues may be divided into groups based on common

side-chain properties:
(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Ile;
15 (2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;
(3) acidic: Asp, Glu;
(4) basic: His, Lys, Arg;
(5) residues that influence chain orientation: Gly, Pro;
(6) aromatic: Trp, Tyr, Phe.
20
Non-conservative substitutions will entail exchanging a member of one of these classes for

another class. Such substituted residues also may be introduced into the conservative substitution

79



region) conprising an amno acid nodification (e.g. a substitution) at one
or nore am no acid positions including that of a hinge cysteine. In

accor dancwownadni1sitis description and the teachings of tireTaIsLosior7626
contenplated that in sone enbodi nents, an anti body used in nethods of the
invention may conprise one or nore alterations as conpared to the wild type
count er sia:sbr,amré ipofidyablyeing. the mnminmgl%ﬁom&gmvad) dikese anti bodi es would

nonet hel ess nti Ik l. haracteristjcs re red for
Toor apeut: o ot BePoPsBak Ay Sushy bOG BTy RIRE Bie.E it hitgrBafe gy
exanpl eresiduesioéatpbxemgshtlbddpaetg aanmmlfedadrhemat amh@dycgamerteﬁllyﬁﬂeresmtlﬁgwe Fc
regi on that ed or dim

0 q bi et Rarasd B fhshe dErRornBhSi e proet R e s Faye B o

descri bfm‘ent lant\AmQﬁBﬂanflﬁch tBB_/eareage&&aﬁiﬂAasﬂn‘&niéﬁmaeﬁfoﬂ\@hetﬁlﬁlg&ﬂ& sleﬁmﬁ[bn(ﬂl%B)
US Pat ent 0; US.Pat ent . No. W004/.29351. concer ni ng

5,624, ,821; an
ot her exaé%“?é%voavfes i LRI TRRPEEq Wﬁ&ﬁﬁ%g%@g hRRE AR REICBASI so
pert ai né.4. 6-7 siry) asaoutpted@teseratoill postible adynoticldgubsinitidget esh sADhe corrprl si ng
an anti b ated.to a 0 ent ch a enot her a
agent , | %’?gdlﬁs tmé PSR a’ier‘?ﬁp%yetd Oﬁ@é@ﬁ Ousapht%%%ﬁaﬁw eé aﬁﬁmo%wglﬁﬁﬁ%ﬂ cally
active podud OﬁMIE@M@gedadlﬂnnfdaﬂg&hmlqi)l']Ztﬂtphag&lfdlépIHyEEH‘l'anaﬂits giethen@trednedgprent s

ant) boa sy R aRr e’ Pav ST HERRomanSainobR) BB e RE % Bl st at i

agents, hypeazanaiﬂug@ohmtémfbﬂ maglificatidm, bliabing wmrmgmhthgenesis dah®e peréainaent  of

cancer and enetos 199 ntlc esear h 5-61
cancer (RN 995. g ERSncl o5 (1980) AN L Sancsh, Besean ehule: 20881 oy o
pat ent édc@tﬁﬁaamy?&)mayrbememfmrabtb Iayalﬂlelamtal amgmteemf tlﬁkeintlgﬁmFa]ltlbrfdytcbﬁPHKUg noi ety

to turm%ﬁn f? rclgntgc;t] tp{)lﬁ‘ s%etweenatfle an% a %%ht‘i’ r(]ent h corr;'tact res?u a[n %téleﬁgo%n%
adm ni s on o ese unconj| uga ag S nay resu unaecept abl e

| ensel s mﬁldtumarezctahghdates foosubrstitutoe lab®rdisg wehd tecamlqubsealabumd heeeinl Omsought to be

elim nagla(r%gé g%l gﬁg\erﬁte ttléf?pl %xla%%gt)s &sua/%%léc% t% screénA ggeas d%s%flbel 86e)1 603 05;

Thor pe rrrers OXI C hcer Ther apy: A
Revi ew, ‘&ntlbndlkbwmlm bupaadr pAaptiticoidioes or 18de rdievahiogsagaunayeckelebted fap fikrther

Appl i caﬁév(g ?, Pinchera et al. (ed.s), pp. 475-506). Maxinmal efficacy
with mnim mfom city is sought thereby. Both polyclonal antibodies and
monocl onal ahutlbiodridsndirgvles ¢needing apioe had segeengs edriahts iofitht hgdody tie atepged s

( R%\M ang¥ glar%lty o tnlﬁm %@m %qg file éitmﬂ’félg lmethoH%Tjﬂ&ﬂ&é1 ltare 1%11111%&%1’ Zgla %09’ ugs

used in ese s 1nc aunonyci n xoru Icln t?exa and
vi ndesi frem(aRewra nelirest (irathe asg Q@E@)alb(upmm)mg aroRre asd segewicd varans) dypdpatadon n

conj uQa{)}e Sli oﬂﬁéléb(?iﬁf P@gltaﬁﬁ qu' s1té &%@c@ﬁ) ﬁﬁkﬁ%};‘l gbﬁ*}ﬁdﬂ ehe@mt zﬁ%'(:ﬁ;éet lant toxins

such as ric ul'e toxins su anycin ndl er et al
(2000) dwiagenghis phan deier Pm%rarlamgtan@ﬁ(al@)t.versﬁmﬁ thg8dtiboNpand| er et al

2000) Bi i t - 10251028 Mand| . al (2002
b ocon; ugat e i oe S Etls (CHE et Gl Eintud il 0 1AM MBOT R Ep Ridor 1£°0%)
( 1596) ﬁmo@logmétﬂﬁn pohypaptidesofi the MO 1B648-£8623)ng adh deg(r,cml \iadaIéaﬁh@thegidee et
al (199 onl§%§e a 12%&%%@6 | R g(% gah h&&?@écyt GB(3§Ing§%C3336_

3342) . eto I NS “may ect their cyt Xl C an stalce cts by
mechani tgton) mmmmnggn aming lagig modification (e.g. a substitution) at one or more amino acid

positions including that of a hinge cysteine.
In accordance with this description and the teachings of the art, it is contemplated that in

30 some embodiments, an antibody used in methods of the invention may comprise one or more
alterations as compared to the wild type counterpart antibody, e.g. in the Fc region. These antibodies
would nonetheless retain substantially the same characteristics required for therapeutic utility as
compared to their wild type counterpart. For example, it is thought that certain alterations can be
made in the Fc region that would result in altered (i.e., either improved or diminished) C1q binding

35 and/or Complement Dependent Cytotoxicity (CDC), e.g., as described in W0O99/51642. See also
Duncan & Winter Nature 322:738-40 (1988); US Patent No. 5,648,260; US Patent No. 5,624,821; and

W094/29351 concerning other examples of Fc region variants.
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the surface of normal and malignant B lymphocytes and M1 or *°Y radioisotope bound by a thiourea

30 linker-chelator (Wiseman et al (2000) Eur. Jour. Nucl. Med. 27(7):766-77; Wiseman et al (2002)
Blood 99(12):4336-42; Witzig et al (2002) J. Clin. Oncol. 20(10):2453-63; Witzig et al (2002) J. Clin.
Oncol. 20(15):3262-69). Although ZEVALIN has activity against B-cell non-Hodgkin’s Lymphoma
(NHL), administration results in severe and prolonged cytopenias in most patients. MYLOTARG™
(gemtuzumab ozogamicin, Wyeth Pharmaceuticals), an antibody drug conjugate composed of a hu

35 CD33 antibody linked to calicheamicin, was approved in 2000 for the treatment of acute myeloid
leukemia by injection (Drugs of the Future (2000) 25(7):686; US Patent Nos. 4970198; 5079233;
5585089; 5606040; 5693762; 5739116; 5767285; 5773001). Cantuzumab mertansine (Immunogen,
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the humeispediaing a‘#%%?%?ya‘éaé‘fsl](S‘irggﬁge%ﬁ’ls??%%gf‘&’%gﬁ%ﬁ%‘gdp%g‘gfggﬁg&%e105 HER- 2
supf ace campowgensughens 1GedifluordAg-dimirgbcozmp diat examplei eyl iameegr:gecapbe

cytot OXIé)%épL&%/éd%&". escl:nabréd ;nonrtgi't% eI gle, %a@?@éfﬁﬁd@@'@s?{ l&rbomlélngeﬁ‘(aql— d be

i ncreas

isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary
chelating agent for conjugation of radionucleotide to the antibody. See W(094/11026.
Conjugates of an antibody and one or more small molecule toxins, such as a calicheamicin,
30 maytansinoids, a trichothecene, and CC1065, and the derivatives of these toxins that have toxin
activity, are also contemplated herein.
Maytansine and maytansinoids
In one embodiment, an antibody (full length or fragments) of the invention is conjugated to
one or more maytansinoid molecules.
35 Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata (U.S. Patent No.

3,896,111). Subsequently, it was discovered that certain microbes also produce maytansinoids, such
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molecule has shown efficacy in enhancmg cytotoxicity of target cells without negatively affecting the
function or solubility of the antibody, although even one molecule of toxin/antibody would be
expected to enhance cytotoxicity over the use of naked antibody. Maytansinoids are well known in
30 the art and can be synthesized by known techniques or isolated from natural sources. Suitable
maytansinoids are disclosed, for example, in U.S. Patent No. 5,208,020 and in the other patents and
nonpatent publications referred to hereinabove. Preferred maytansinoids are maytansinol and
maytansinol analogues modified in the aromatic ring or at other positions of the maytansinol
molecule, such as various maytansinol esters.
35 There are many linking groups known in the art for making antibody-maytansinoid
conjugates, including, for example, those disclosed in U.S. Patent No. 5,208,020 or EP Patent 0 425

235 B1, and Chari et al., Cancer Research 52:127-131 (1992). The linking groups include disulfide
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calicheamicin which may be used include, but are not limited to, 711, (1.21, (X,3I, N—acetyl—wl, PSAG and

911 (Hinman et al., Cancer Research 53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-2928

and

(1998) and the aforementioned U.S. patents to American Cyanamid). Another anti-tumor drug that
the antibody can be conjugated is QFA which is an antifolate. Both calicheamicin and QFA have
30 intracellular sites of action and do not readily cross the plasma membrane. Therefore, cellular uptake
of these agents through antibody mediated internalization greatly enhances their cytotoxic effects.
Other cytotoxic agents
Other antitumor agents that can be conjugated to the antibodies of the invention include
BCNU, streptozoicin, vincristine and 5-fluorouracil, the family of agents known collectively LL-
35 E33288 complex described in U.S. patents 5,053,394, 5,770,710, as well as esperamicins (U.S. patent
5,877,296).
Enzymatically active toxins and fragments thereof which can be used include diphtheria A
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t he peptide may be biosynthesized or may be synthesized by chem cal am no
acid synthesis using suitable am no acid precursors involving, for exanple,
fl uori ne-wb2oeanipd7ace of hydrogen. Labels such as tc m ecTiuk2®5/027ed8 , Re
88 and hi 111 can be attached via a cysteine residue in the peptide.
Yttrium 90 can be attached via a |ysine residue. The | ODOGEN net hod

(Fraker gfin, %bnlﬁﬂc@; i ﬁé@lﬁ%ﬂ’t‘s oBHipRRM 8- toﬁ%xot@ﬂl)%hmn&ﬁom%ez@&n@ﬂz@ be used
to incorporate iodine-123. "Monocl onal . Anti bodj NOSCi ntl graphy

(Chat al a(ﬂ"é@’l%§’§1ﬂ1@8}§’jﬂ abrine chai modersin ERay @ﬁ? Fima%t U EYAY BPN®s of

the ant yadhh ROEnS YHHR¥E EnaGaRt piaRihs IRATTRRIEPIN Shd BAR-SY, aﬁdrﬂir&ﬁc@éharanua
bi functional protein coupling agents such as

N- succi i@y icurging erolin, sanagnagia oHicaplin BBl narl it apipesilin, LestictqsingPheppoycin,

4- (N malegdiycdoma it oktedeo hsoeafote kPRl WXyl /21282 pmmismtdw@bmemﬂ)
bi functional derivatives of imdoesters (such as dine adi pim da%
hE o b by

active est er Ihe pigegnt Hyention firdprfiopemplates gbipmgngyoniugatgd g

gl ut ar al,fehyEoundiviin Al e QMRAY (s, {1Salt]@Se & 2D R eddondaELOZRY by a
hexanedi am ne), bis-di azoni um derivatives (such as
bi s- ( p- dPAERIURBEEZVIFY et hyl enedi ani ne), diisocyanates (such as tol uene

2, 6-dii socyangt fe)ecu@eméstgicﬁo@@ftthé/tﬁmﬁi t}@rahtrlﬁ)dsi @i ebkptsse G RphlY ragiodktife atom.
di f I uor o- 2, 4-di ni trobenzene). For rT‘B]| a [l CI n i m’runoteé)i an be

pr &bar ed waieyof diaeiiveiisotopet e ?‘é‘ﬂétile e PRIngHRET BdEncqneat 1es.
Car bon- %arh?i@ﬁlr@ﬂdé Aﬂzé'oltl?m Wa@*ﬁeﬂ@%ﬁl sBP?, mth )PPQdPﬂZfBﬁHszﬁ)actwe isotopes

tri anmi nepent aacetic acid IS an exerrpl ary chel ati ng agent for

conj ugatof b Bfher %P%E@F@@ﬂﬁed@fﬂdeﬂ%a imey %’éﬁflse sEadiogghys NI INUERENIC| nker
may be Vg omk 23 f [ f Sk Pxd (g i n

T 0 SRR 5 LB !
phot ol alknben ks m:k@r:t;lc ldsqmtcmmagmgnmb sueh adncsimefh%@g%mm(hlilmﬁigmﬁmmk]érl (Charl

et ,al ., eale &rﬁ&afacﬂ%u%gﬂll :\E}één ﬁ%%%c)umuﬁﬁ §Ian£ﬁ£s%%} b 5,208, 020) may

be used conpounds ntion expressly contenplate, but are not
linited to, ADE rphie papbet laheishn&m’ossmmoral@érm the sgreingate in BVP@) WIS COuRS:,

HBVS, LGS o n 2 EMCS,
cul  o- GRS P T Yo e PR e By Sy Y el hiag RSt b s
and SVSBuitablecamiimé mictigt’r:cu(rm&mwy‘{'lsm Iﬁfr@ﬁ@)lm@ ngrnee)? lmiaéﬁoféwéroe@m%b@fi gchy

| abl f
See pagds e/t Thog S FoRb: 200 AEI TCarr aasi (eims FREK, A ek ncplte )
Pr epar at9oean bf ataaiedbrmlagdyﬂmmgmdwnjfhﬁg@ﬂ)@ﬁﬂmmﬂhed éﬁmhebctdy( 1678)931Q§bﬁpugat es
(AP s Stpibs WY SRl 56030l ed G Heol BrfORIHORS 2 N Aol ARIRIE 1T 19

noi etie | es per anti rough
ali nkerInﬁdu)losciﬁlugraplDC (Gnatﬁmﬁﬁjﬂ’ress|198ﬁayledgsbq{3r0§pametd10¢wn desgibr aI rout es,

enpl oyi ng organic chenj str. aly to
Those’ ki | e TeeRooars oG H BTy pSRF Rk bPBRue ARG R ERITR N, L0

of an antrotbiadyuplhing hgeatsbuqhads emuc¢mmk®1 -3r(@@yeaditldithio pfczmqmatAbSH_DP)wuepna al ent
bo fo we a

nug? eophil 4I\Pmal(g1rmgom§ y(i)t cygfahé%aﬁfbl rggx&ngte%,:ﬂﬁlﬁ{))tx Brl ﬁﬁ‘gb gr%(ctlfn%?gcglgvgﬁegt){ o form
D-L, vi anmdoeﬂma(wcﬁ asbinndhylfadnpirmmHﬁy actgcesieor(sychtak distreingroidylsebtisteh ¢ gr oup

of an aml(!lelﬁy&jeg {such as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl)

hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine),

diisocyanates (such as toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-
30 difluoro-2,4-dinitrobenzene). For example, a ricin 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 W(094/11026. The linker may be a “cleavable
linker” facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
35 peptidase-sensitive linker, photolabile linker, dimethyl linker or disulfide-containing linker (Chari et

al., Cancer Research 52:127-131 (1992); U.S. Patent No. 5,208,020) may be used.
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Ab- (L-D)p Nucl eophilic groups on antibodies include, but are not limted
to: (i) N-termnal am ne groups, (ii) side chain am ne groups, e.g. |ysine,
(iii) siosocha/msi7hi ol groups, e.g. cysteine, and (iv) sogars26vgoem2y| or
am no groups where the antibody is glycosylated. Am ne, thiol, and hydroxyl
groups are nucl eophilic and capable of reacting to form coval ent bonds wth
el ect r ophi | i ChgEauREndS Hierke@htisiixglebsBSconthplate) ketrare aeittdstoj ADC peipagd (i)

Pl | des s Bhieg o DSy R SHES, RS R sRROARET RiRu B, A

al dehy dega B kMIOOSMPE, BMIEX Ylilfo-BME STailfiGNES, sgmums;us Galfd-BiBS, wmthiAB; es have

reduci bl e interchain disulfide te d ies may be

made r e dBHG-WMCLopndsEig- §]§I§{Bi s%ﬁ%(s?‘ic’r?ﬁé@ylr% Es[uLf %;bef'?c’@geﬁ Wgw With a

][ edyci nﬂ:oﬁﬂl@f&laﬂ? lH.fdilalﬁ& (4 Trdudl Pleftle Bidischdlody) {ncERﬁdfklfmﬁs]Le ‘dudmAmrSedF@emaw t hus
orm theoretica t wo nucl eophil es. Additiona

nucl eopﬁ‘l ﬁ’lzg%?%pﬁépk%ﬁwwg?ﬁ?%cfﬂégﬁ °Bt 0 anti bodi es through the reaction

of 1 ysi megpahdon ofad:Bbddrhs ednpizerek Traut ' s reagent) resulting in conversion

of an amine into a . thiol. Antibo con ates qf .t L. nvent | may

al so be proddedd aB@bOHﬁdwsuce'aP%%%PS{ ?fgh%lﬂf4“§gﬂfn%tq’oﬁ¥ C@’atﬁsccémjél e‘g Pophilic

noi et i eSne Whined dﬁ@ﬂndi&@@(D)\(\bghabwa t6 Gt 20 drug nibititsenimibody, thegh i ikl

reagent or dru Iat d ant i b di.es nay he OXI di zed,
e. g0 with ‘%H%?QF%W ?iaﬁ eplgg%gﬁtg r?‘g‘?sn? %ﬂ%/?féa qk e gr oups
whi ch W&Mach@ﬁcctonmlbxkh hrltere @9 Bn @O ltho@ef skiliet kiethe b A et c(t‘l) welactign nfi et i es.

The resulting. jmne Schif forma_.stahle |ink may be
r educed,nuglegpnil W%r"g ’ifbai" ‘Z‘h%@ﬁ%@% 5efaﬁ‘?n§’tt%fﬁné3§)m na ?O%glgmebgﬁd I n one
enbodi mMeBliowdd®aedac@obith Hé@rug aolkeydnaln r@@ﬁdﬂ afa nofle@phijicyromppf atheaa @ity body

with either glactgse oxidase_ or sodium La| i el bonyl

(al dehy deitmigvalent loi?ll‘é’f reggdhie fom - ﬁ’e“ap?’ %th’gllerh Aqqg’g’ﬁd rga}ég%{uo\%‘%ﬁﬁg{)pr opri ate
gr Qups Ofhclebyshildrgaghp(dfien amaivedy), Bi oconj ugate Techni ques) . In another

enbodi ment, proteins containing N-term nal serine or threonine residues can
react with sodi um net a- peri odat.ge, ting in production of an al dehyde in
pl ace of the first am no aci dz%( i}bﬂéﬁl & Stroh, (199@) Bi oconj ugate Chem
3:138-146; US 5362852). Such al dehyde can be reacted with a drug noiety or

| i nker nucl eophile. Likew se, nucleophilic gr oups on a drug noi ety i ncl ude,

but are not Iimted to: amne, thiol, hydroxy drazide, qxi

hydr azi ne, t hNesieomhilia glonpsomentibsiss iriude b@h@ﬁ@%}’l“&%é@ fo: é‘?}H‘tﬁﬁr‘Waﬁ?‘&F’ﬁm de
groups cg&%l &) Qe Jhga%e ﬁw%(r&q)sf@g WsEOMB) ek cmmﬁn otlﬂsg ekagbiwiaphnd ie) gr oups

on link |e Ies and er reagents inclu i). active such as
NHS0est efugar hydhpryl o8 piEing SToyat Whese Wﬁta@tsbodféﬁél%iev&%ﬁ‘a HijRg thigh ?‘%‘%é{iﬁf@ﬁr and

benzyl hgrbﬁlg%?e rﬁaegphﬁfc Ja kaﬁs@o@f@a&ﬁg to Mm kdvaRhoigycesh clkdiophias grot@rdaoxy|
and nmal er m de groups Al ternativel f usi on I’Ot ﬂyﬁgﬁ%{n?{ t he

ant i bodyh%ﬁtim@ml%ta&(h‘é‘eé@égﬁmsﬁwu% Hfb%fél"e %Stegs el?ﬁ% %&Ehni ques
or peptige.rs¥tlesl seid RRed; @Moiy1 afd oA Hﬁhﬂeé?@lﬂli) kY InBataaat (iMeldehglesns

encoding the two portions of the conj ugate either %d B¢ cent one.a her or
separ at e]@tqpys §arboxyl, and maleimide groups. Certam antibodies have reducible mterchamn disulfides, i.e.

25 cysteine bridges. Antibodies may be made reactive for conjugation with linker reagents by treatment
with a reducing agent such as DTT (dithiothreitol). Each cysteine bridge will thus form, theoretically,
two reactive thiol nucleophiles. Additional nucleophilic groups can be introduced into antibodies
through the reaction of lysines with 2-iminothiolane (Traut’s reagent) resulting in conversion of an
amine into a thiol.

30 Antibody drug conjugates of the invention may also be produced by modification of the
antibody to introduce electrophilié moieties, which can react with nucleophilic subsituents on the
linker reagent or drug. The sugars of glycosylated antibodies may be oxidized, e.g. with periodate
oxidizing reagents, to form aldehyde or ketone groups which may react with the amine group of linker
reagents or drug moieties. The resulting imine Schiff base groups may form a stable linkage, or may

35 be reduced, e.g. by borohydride reagents to form stable amine linkages. In one embodiment, reaction
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regi on encoding a |inker peptide which does not destroy the desired
properties of the conjugate. In yet another enbodi nent, the anti body may be
conj ugat eaot00621537@cept or" (such streptavi din) for util iPzatiseevsion7éeanmor
pre-targeting wherein the anti body-receptor conjugate is admnistered to
the patient, followed by renoval of unbound conjugate fromthe circulation
usi ng aofiheasrbéydagenitioantla phenyRadiantitsty aith ameﬁglacaoselokglaﬁd)r sc(d‘mrg mﬁtaavi di n)

whi ch is ¢onjugate cyt Xic, a a ra onucle

At | bocyeisdrievan oy Dt eyl oo fute e YRR BT he  urt ner
nodi fi edpiroprz@iraips oﬁidﬁIdtdeH&hnaﬂQﬁpBibE@hﬁk&&%dﬁndms)et[n aptiehatbodfenknown i n
the art and readj | bIe Pr ef er abl the noj et sui tabl e for

léﬁ\gval | Sy e

der i vat PREREHIGRIERsCHRnelsRe of thicpyedesiduss ?fBF@Cb‘éS’F‘Wa}“@ MRERETME i ng

ex fmpl ﬁ$esﬁlfting\ﬂ1t ﬁbdu?ﬁﬂnlbdﬁbﬁalﬁ&iyylﬂ}if 1ade REThY giest arhillib aéid ecliemghegan & Stfb:ﬂ <a992) |
ol yet ene, 0 s.of et en ene, col,

(F:)ar %oxyéé?cﬂfﬂflgaé%lﬁg]&ﬂnbéélsgégéﬁ‘g%&%'y@?chﬁﬁe Rlsiate e%%gﬁ \%r?ﬂo SRPPS| éone,

pol y- 1, hakéillneéqaipaﬂhe, poI y |,3,6-tri oxane et hyl ene/ mal ei c anhydrl de

copol yner, am no ei t her r and ol and

dextran or (erisev‘?“ﬁ (EF‘E)‘}HS&BH WJ‘F %'/H’S‘?{ gﬁg’utgqr?g% 3@%%’6&1@%&

gl ?/col hh??}tﬁjlaﬂ hyarkide, omlhm, Wyt 2mel alnsermxard@b@a, hglrdrm omblodﬂate and)ﬁ&y!hgéﬂ’aﬂde

pol yoxyet hyl at e als (e.Q., ce al and m.xtures
i oot Bt il PR et G oot el o o D sl

manuf acikdrighgeiit€intladihg: $i) sétBBichterds Yudhhas WMSQ:Eters TH@Bp@teysIJ'ﬁaﬂoﬂﬂiﬁyatQEaIﬂfacﬂn y

a1 achedidhe AL B heles D = Bor ey oL R SahBEy s eok B TS

at t achedpaldifiily gfodaps.be the sane or different rml ecules. In general, the

nunber and/ o ners. used.for. der.ivatization can, be determn ned
based on conﬁlﬁ\égaﬁ?%ﬁgu ‘%‘cﬂrﬂﬁf’ﬁﬁmprbsﬁgt %?ntl?o? éayt?té?m £ may be made,

pai{ i culeas, by dgembinexst t&hmfpw@@f paptide gyfntmehe "amtlmigﬂd;fmmhﬁy cwmprﬁvmdpecwﬁet her
t he anti body der, v tlve und defined condltlons
etc. Pha?gr’l%{%(?ﬁ‘fqd@ﬁl thepyp Rﬁmgﬁ gﬁ% %W&F%%%lﬁief% Ig%ﬂ? ElN c?ﬁ(s’r S Bihg an
ant i bodyegidn dnbedingw/iatked pk:ptldbl’\ﬂllﬂf m@an@dled‘tmy tl&tcbsmg@rdpyrtm ofi thgeanfugatant i body

havi ng the desired d rlty nal physial ogi

acceptabl e carri e&’% %39(%%5 s"nS?t g tﬁlog’gerygb gﬁfgélteclté)r?‘ S %ﬁ Krsél%heutl cal
Sci ence Stra;ﬁidi\dlﬁ)cfblt utrmnanoﬁmodumoApreEatget(n;g %ﬁl)e)n, the amtrbbxbf—xfecﬁpmr obnjemteapus
sol ution |I|ze dried, f t10

oxél pi erteim PR s fodiroRtd oy S o tpPpdbord e AoRERRL ARG RERLEL D
concent rc&tanmemtmpﬂ Uy e eldmiandationof a tégabdif(E.er, svidinrwhigsis phmsgﬁlt@tte a Cyimpxlat e,

hi sti di ne a d oth or gani c aci ds; antioxidants including ascorbic acid and
met hl Onl ﬁen ? a radion e el)

p‘?éserva I'ves”(such as octadecyl di net hyl benzyl ammoni um
chl ori detnsibedydeevivdrs um chl ori de; benzal koni um chl ori de, benzet honi um

chl or i de; pheﬂp lahtltio&e%(l)f tﬁe prest seﬂg 1¥venﬁ 19 Qarﬂ% ffurﬁne#ﬁ%dlﬁ&f tglgglﬂﬁn A n%fs mst hylor

propyl paraben; 850r CInor; Cycl ohexano pent ano
m eF esolnppprbeivaceohemoibizs thm@arg khovgn ol arbemd rabituavaille. dsefduably ) thp mbvp@pt i des;

Bg?;el NS inta%ijec or &nv t?z’ét‘;‘o@ 0? ltlg%mllpddy%el \%tér@oluﬂé pblmo%ﬁ B%ﬁﬂ%%’xarﬁlﬁgsr &P hilic
water soluble polymers include, but are not limited to, polyethylene glycol (PEG), copolymers of
ethylene glycol/propylene glycol, carboxymethylcellulose, dextran, polyvinyl alcohol, polyvinyl
pyrrolidone, poly-1, 3-dioxolane, poly-1,3,6-trioxane, ethylene/maleic anhydride copolymer,

30 polyaminoacids (either homopolymers or random copolymers), and dextran or poly(n-vinyl
pyrrolidone)polyethylene glycol, propropylene glycol homopolymers, prolypropylene oxide/ethylene
oxide co-polymers, polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof.
Polyethylene glycol propionaldehyde may have advantages in manufacturing due to its stability in
water. The polymer may be of any molecular weight, and may be branched or unbranched. The

35 number of polymers attached to the antibody may vary, and if more than one polymers are attached,

they can be the same or different molecules. In general, the number and/or type of polymers used for

derivatization can be determined based on considerations including, but not limited to, the particular
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such as pol yvi nyl pyrrolidone; am no acids such as glycine, glutam ne,
asparagi ne, histidine, arginine, or |lysine; nonosaccharides, disaccharides,
and ot herwoandmahyxinat es i ncl udi ng gl ucose, nmannose, or ®extus2ovs/2whel ati ng
agents such as EDTA; sugars such as sucrose, mannitol, trehal ose or
sorbitol; saltform ng counter-ions such as sodium netal conplexes (e.g.,
ZNn- pr ot GoPerGQHP hd¥@sh of @ autmbdmrme ii@fto CedS Whdtiag tiRnhsboay dbrivad veWHENuked) in
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bresent | coMBHIR HRIFOAHBHRT ST FAERPD SAOBIPOR FoPEpHe Jor pasety
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pol ymer $&FHETS GRCIPIERS? Ofe%aflr‘ﬁ?ré( W’éﬁ’ﬁk‘ﬁ@f’ﬁ%eﬁt&a ’?525%9 18%&5105*&5%?% ﬁdocapsul e
and pol yogoyRtiink ﬂ’@mﬁweaﬁs%bluﬁb&r BopiIsiet or oth&sdﬂé@fdrmﬁhﬁk)nsj Aceplablei dal drug
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[ mmnl()gkﬁllﬂhbkdihopﬁ-pbﬁt@ldl ;NME At drexal); Mo rﬁdlecimt Wbl@lﬂﬁ(l@@d‘tﬁan dbotitl® résﬁnues)of shaped
articles
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((at hyl - W%Wgsac‘ﬁ‘ﬁﬂ&ed@?&cg%ﬁk%%ﬁﬁhg ??tbog?'(ﬁfltfas 13@8‘?5% glu%oéar‘%&a%ﬁeé l actic
aci d- 9' M@)@ﬂmsccl@ﬁhdg £RpO |swﬁal§ EDIUC kugas stidhers M%Mtfdhm))se(omp@ﬂdﬂa@ﬂte

m crospheres co osed t| c acid- i c,acid.copol nd | e ol i de
acet at e fOrMHgFOPY ry‘o‘ﬁs(lc 35 S WQ‘F"%&VBH’%{%?S? °-&o FUPrARAT T8 I&Fnﬁrraenr%{sor duth l%)PJCS

et hyl enguriichdis sahes atvaErNTd, BIAONICEDY 6-@lytgleheglgai @m})abl e rel ease of

nol ecul es for over 100 days certain. h drg&gl S rel ease te| ns fofr %porter

ti#e periods ThorERvaHuHlsEn meedsq 15 Oﬂesacflﬁ‘?rﬁnf?o SRE“D

| ong ti PRichlaNdicaYn BanBkdated, fEfeRBTRGa RN 3omplem@fdt} hetidftiee tpodiroe t 0
nmoi sture_at 37C, resultin | oss of, ngé(m 0 caI ct| vity and

changes aii‘f?rﬁeh’rﬁffﬁﬁg?é‘m %#efygucmq GHIgP A SHEPE gr ec—f aﬂ%‘}/fnsag’d’ vy B&a&re

stabili éﬁfédu@@fdﬂﬁ@%ﬂjomn@ﬁldeﬁhe nechani smi nvol ved For exarrpl e, if the
aggregation mgchanl smi s di scogﬂéed to he inter m)kecul ar d, formation

through t hi o-'df 8%VF HEP dieRs a3y 3SR §& CNPPRASITT PUAPBR RIS P S gﬁ?fagygdb%y
nogh f yi REacsivhiidaebhiiquéses bgduwaclblypbwmaiizaiongof samprchydiaysethylcélise or

(s:ggt(::{ ]9 : gﬂg%q %(?C%Merang B@g Rﬁé@%ﬁegﬁgﬁﬁ&% rrolcaaptsﬁe afgs(lj)lecttllvc\:/l%%h cc?lpmda?g yg! opi ng

delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and

nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980).

30 The formulations to be used for in vivo administration must be sterile. This is readily
accomplished by filtration through sterile filtration membranes.

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the
immunoglobulin of the invention, which matrices are in the form of shaped articles, e.g., films, or

35 microcapsule. Examples of sustained-release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919),
copolymers of L-glutamic acid and 7 ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,
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An anti body of the present invention may be used in, for exanple, in vitro,
ex vivo and in vivo therapeutic nethods. Antibodies of the invention can be
used as awoandcaysstist to partially or fully bl ock the spetidse@sanisegen
activity in vitro, ex vivo and/or in vivo. Mreover, at |east sonme of the
anti bodi es of the invention can neutralize antigen activity from ot her

speci es deMdapie HcRghdld-olybDsicabh BRI &Ss é?lfch bd¥ge LOPRONI mcﬁan GARcHsed to
inhibit a specific an ? gen activity, e.g., in a cell culture containing the
&

ant i genmigresPRerARTPIPOtsHeE fasticrcid-glyastin agid mﬂymer andl leupsglisle pectaighdud gotyHe-(-
antigeny Wh&ﬁ‘roﬂ{)ﬂu%c%ﬁdawml@?gﬁﬁm% sﬁéﬁeas LayIeRY- hﬁ’}ﬂ abdiite §n(f lgéi'ﬁta&d(g?ycghc acid
chi npanzee, oon, marnoset, “cynonobl gus” and rhesus, or nouse). In one
embodi mesrble relrgse ahmpiserdss fox OV’@lhlé)Oldanemﬁa@ﬁlYé@ﬁelb@lqamotﬁm for gikirtst fipeg
anty gen paedas VishbeshchuRD idhhAddBohiie rdplih &qﬁa/ba/&ytf& 108 @AY, 't&ﬁ tha$ 4ekhnkdat
antigen act|V|ty I's inhibited "Preferably, the antigen I's a human protein
ol ecul er aggregaines ereduiipapasure ammaisturend 8Y°Co festlhieg mﬁt\le&a 1of binlogigal abavitysed in a
met hod { er in
B S S L e S e S e S P
subj ect oamemhdmdymmlquh &oi example lbﬁleagugrbgatlhlatnetthamsmm dl@@ﬁarattplbm ty in the
subj ect 4§ 'of%&!ll?ﬂst §Go ﬁﬁa%?g&é{l PE}H %ﬁh&%{}rdhﬁnﬁ {E%ﬁ?zgu erhcﬁ'iQ %CU' e
and the sugl is>a hunan su & ternative can
rrarﬁnral bx pwé@sngngﬂﬂlmylamlqhge riyqphthhmwﬁlomracmlm sahtipisoehpirolfing hl@lstum/@mtem; n
bi nds c h the antigen has
been |n§%%%%%% E%£%H¢5Q%fﬁggh%ﬁlH%Qg?pgﬁ%ag%ggg&gﬁ?%ggﬁﬂ%g by expression of
an anti &ses transgene). An anti body of the invention can be adm nistered to
a human subj %tanﬁl% ytoiﬂﬁm% ?&@éﬁ"t in‘%e&?% Hﬁz gﬁuseh@x{ FR\E&L plé"z‘n anb! ROHY o0 it 1B
i nvention can n1n|s ered t uman manmmal” expressi an antigen
W t h whitekapetiis nilqﬁlmsiﬁo@mdbdm of thﬁr @S@mmee@tbg ugasl ag an ataagﬁnishﬁatpérﬁalgv ¢ fully nouse)
f ofs vet @fo'cpa,expe@ﬁfcmﬁ 0@ Ao aeallvﬂalan&gﬁf; by MBHER, H18356e oRROAT di N

| atter, such aninma may be useful for evaluating the t her apeutic
ef f i cac ynttbrodlamﬁ tbmw@omammtrahm@m%wl(@ fom othexssppeies. d¥ccefdwalyee and ti me
courses aﬁ’cfboé@&‘bﬂ’chéﬁl@&hbf?@&n beBERAGH hfﬂﬁmaarkbé&@cddnﬁgeﬂctﬂuﬂﬁe gnﬂledrﬁen QRkdat are
therapeutical 'y useful include, for exa are not Iimted to,
ant i - HERoutaigiag fhe\yE@en, ig fpgnar sgllaectam limtbgr mamgpakidn; sppjeqts kavong therpatigen With | ssue

factor amidhhe Qﬁtﬁ)%dy Jhge ﬁ%dtl@ﬁ’%%%&:&fts (Uéecﬂnﬂ el %o&?—ﬂmﬂﬁbs@@ @}ﬁtoﬁlglgus and
treat,inhibit, delay progression of, prevent/delay récurrence of

an¥ i or &eeus, Big opmeyshtIn apaemtodimen ithecptiqdy opthe erzyﬁrénomcah@e uped f5 iabbisEnewi t h
abnor ma lant?%ﬁ) E&ﬁﬁie%y BcBhe BE ﬁﬂt%b&ywi@ﬁ the Q@agﬁﬁ sUR it ﬁ{ﬁtgérgé‘cﬂw@gﬂi's %%1@&
|nclud|ng ut not liTmted %o mal i gnant and beni gn tunors; non-|eukem as and
| ynphoi Srei@ptlymberafigen is 4 Bypapaetein gpglegple. ast rocyt al | hypothalanlc and ot her
gl andul ar, mMacsRRAM@menR 1A8bdyf theShVeidH caf BLuddh @54 AEQ6d fof mﬂibﬁﬁfg%r s; and
|nflannatory, angi ogeni ¢ and i mrunol ogi c di sorders, I n one aspect,

bl ocki n@Ptigat inpowiessutfping fppehdipasder i Whigle thie pRttgen actiyity isglgtioes %‘@PF‘S‘% d

I Ny bi t gdhiiRtednE toABOsudfekd Miahibddy oPthe b MiBn Qfichl thdt @felaBfide gctwlt?;f'h thBSubject is
l'igand-receptor interaction involving the Ingand anti gen, ere

i nhi bi t ikgPitehelreisrablys he abtiass 15< hyman Pﬁ’éft“hWﬁS?C #dghwpicris %Ewaélrsuéaﬁctc el l ul ar

events. Aﬁ&%m&@%ﬂﬂk%&@aﬁk&ﬂm&@ﬁkﬂ&ﬁ%mﬁéﬁﬁgHﬁ%mﬁ@ﬁ@hﬁhﬂn@ﬂ&%ﬂ@ﬂh?%fm@lCh do
not necessarily prevent %and bi nding but interfere with receptor

acti vat Ptyﬁn“of‘t‘?é}déWU lﬁlmhsi £ fitpiesiRpn P%é pemesrbintahickbe Plﬂlgﬁ'bP%?é’F?W be

introduced (e.g., by administration of the antigen or by expression of an antigen transgene). An

30 antibody of the invention can be administered to a human subject for therapeutic purposes. Moreover,
an antibody of the invention can be administered to a non-human mammal expressing an antigen with
which the immunoglobulin cross-reacts (e.g., a primate, pig or mouse) for veterinary purposes or as an
animal model of human disease. Regarding the latter, such animal models may be useful for
evaluating the therapeutic efficacy of antibodies of the invention (e.g., testing of dosages and time

35 courses of administration). Blocking antibodies of the invention that are therapeutically useful
include, for example but are not limited to, anti-HER?2, anti-VEGF, anti-IgE, anti-CD11, anti-
interferon and anti-tissue factor antibodies. The antibodies of the invention can be used to treat,
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initiated by the ligand binding. The invention al so enconpasses anti bodi es
that either preferably or exclusively bind to |Iigand-receptor conplexes. An
ant i body w0 20éw01537¢enti on can al so act as an agoni st of paTpsedosoOLicas
antigen receptor, thereby potentiating, enhancing or activating either all
or partial activities of the ligand-nediated receptor activation. In

certai n ;gffQdiERbsressRA offﬁ@:lr@&%éﬁ{/ HORE S cE HREIRIARE oRPre Rt HBA, HUMLGAL ed
with a cytotoxic agent_is admnistered to the patient. In sonme enbodi nents,

the i nmyRBEEATS asjesdedyidh shnompal pxeessionandfar aefvity of gnes wiree ansigen eolpewlesy nal i zed

by the ¢gidingtasit tiied torinah@ﬁar@almnighafnﬁ)@@%ﬁ guﬁérﬁlhs%qyylﬁghoidnﬁahgnanaes
i nmunoconjugate in killing thetarget cell which it binds. In one

embodi n@RIronaHale IHIEEEH; lzypa@élﬁ%uctaa gté@r@@fiul?w@?rp@raé@l cHitheliah seoraglendici d i n
t hes t ar gaktosslit dls&a@fgrraheﬁlf@mw aﬁgﬁgaal%&mﬁﬂﬁl@t@cldk%tde&e any of the
chenot herapeutic agents noted herein {(such as a maytansinoid or a

cal i cheami ci fy Onespeshp blpcking antjbedy ¢ffles inygntign Hslsmﬁ@dp @ ligand gptigen oA inhibits

endonuclieasBgenABivil @8 ibekak of R rfefYEHt @O h%ﬂa-r&%ptuﬁﬁ%ra%h&rmolﬁhgfh@ 1i@knd N
conbination with ot her conpositions in a thera For instance, an anti body

of the iAtEsAtihBRPYHaRIbISRS te cormpponduesiead PAYRY aidothes molsselpeg ggllular events.

chenot hemapRbiitiof aRE BRfukRredehBF bdiiP SntbOGKS RhitSdPhot 9&%&&%@%&%&%&&1 agents),
ot her cﬁﬂ%t oxi ¢, agent (s), anti-angi ogenic agent(s), cytokines
[

gr &t h MgittoiRt &7 S (1 PoywrEv Eog therehy| i BRANS R0t R oRsey Bt word mﬁmlﬂﬁ bes

tumor gLkt byl the HEMd BRGRG! Th&ﬂb@hbﬁ@lﬁ&b&@ﬁ%{s&s bRt IRt p‘Péférlegele or
nore ot her therapeutic agent(s) which also inhibits tunor growh

i nst anc &xcluyveliindys digansreeapor compriptes-ofn Aafipodeoldbrinrendian Gantafso 4t agAR | - VEGF
ant i bodysbiist 8f a pADREF hgeA REEAEr, BBleby lﬁf &Batﬁf@t érm@ﬁhu?gsor(a@tl@tmé'&m& N(r)

anti-HER2 antibody) in a treatnent sc .g. in treating any of the
di sease?a'iﬂ‘é]s"éPYlB‘éng ﬁ@r@f’lﬂfl‘mﬂi&t%weﬁ&réﬁ}vﬁﬁ“@ct aI cancer, netastatic breast

capcer and KiglagiinGaibeinend) énQﬁlﬁﬁhdac\éﬁJhyate Qmpadall bh mﬁbhyaon}u BePRih gnt  may
recei ve conbj ned radiation ther apy ( . external beamirradjation or

t her apy SHPIOKXIC48504 Hiagmunigisred 'i"é'bf‘eﬂ’aé‘ﬁf‘taﬁ’esﬁ’fne ewhedimenis. e THYRINPROBIFpAte itk

conbi ne(inﬁé@ﬁ‘ lfca\amaslt RHoaAd RRARMEteAR-H 8 the QBN rddGRin R tHThétbaabd @blaptié YiReK c? t he
two or ents are chﬁnded in the sane. or segltarate f ormul ati ons and

separ at é’ paoepripgain Klking e tarectcelldo Whighit hinds.r yong Ambgdiment thetidedy of

the i NV @pdnt FpeGaN NG s v@muﬂaefc@mdmdé ef &l Bwhiigles sFdRdHYyfkdxad dediits Of t he
unct t?era tlher i es. The antlg y of ﬁhe I nvention (and, adj unct
C} ape iy &@y 9&“5@%?13 DA ASLE APtEd hevin &g %ﬁﬁ'i.“%“r“émﬁ’é‘é’ﬁéca ich'??l‘%?)ng

pa(rj ent feragﬁdloasw\(?ﬁbﬂt(&}iéf@ldl&}bohﬁﬁld’awﬂralDNKIériiiionllldldaﬁd’ ap:JI md)nar y, and intranasal,

an i esire r cal treat esi onal adm ni s tion.

Par ent er al |mg‘?d8‘?§é’ff AYTHReY ”B%ﬁlﬁﬁg ong qf i cRPARALEN Wftfﬁf’tiﬁrarteri al,

i ntrape rcbmpcrsﬁmhs in@rh&AyC FoRinaamts, aadﬂmtrw;s bf B¢ in9entioh Mag Bl té-bdinistehtad vamt i body

doses oniie et ahghsisseienty tefco Bt Bal ot eigpelecsg e

i npect i @ytstoxﬁlagehlt(a)s anmarrgmgemugenqg @wkﬁmﬁ aﬂam@owmnﬂﬁmlto@mgen@pmetemg in
part on e admnistration i The

conposi £'0 d%?frt{‘%lé‘v?nﬁ\‘?% D08 RRqr Igmff’éh Ftd’?aﬁf&e%rélﬁ‘%a%geé‘dabl%ﬁ‘mogg‘ﬂ? ﬁlwé ered in
a fashi one aonse sﬂhmherupehﬁ\c gengks) Whith aBb iniIbe tun®e gromait t It $nsfafide, SOMAGEBIAL | ON

in this e 19\%?1%( 10n maycbe combmeg with an anti-VEGF antibody (e.g., AVASTIN) and/or anti-ErbB

antibodies (e.g. HERCEPTIN® anti-HER?2 antibody) in a treatment scheme, e.g. in treating any of the

30 diseases described herein, including colorectal cancer, metastatic breast cancer and kidney cancer.
Alternatively, or additionally, the patient may receive combined radiation therapy (e.g. external beam
irradiation or therapy with a radioactive labeled agent, such as an antibody). Such combined therapies
noted above include combined administration (where the two or more agents are included in the same
or separate formulations), and separate administration, in which case, administration of the antibody

35 of the invention can occur prior to, and/or following, administration of the adjunct therapy or

therapies.
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particul ar disorder being treated, the particular mammual being treated, the
clinical condition of the individual patient, the cause of the disorder,
the site wh2d@li1sEny of the agent, the nmethod of adm ni erCratse@s/o2iche
schedul i ng of adm nistration, and other factors known to nedical
practitioners. The anti body need not be, but is optionally fornulated with
one or nore gyehndtHodudfiigihlentis@dd bdufet B¥@pdutio bgeht) @tdre hdifinBicfedibglatiy | N
qgquestion., The effective am)unt1 f such other agents depends op. the :ilm)unt
of anti BYfPlsdnegps: ingRding PRRRIFY S‘gﬁ%‘é‘éeﬁt‘s’ i“}‘ifa!é’%or%%r WHP%’?‘Q%‘WY Pﬁ*fgmf‘%‘%"‘ ‘of

di sor dernd@¥if dekigatrorodal tréfderdtiitelesfoagitaamsishassil Baedeabiatisionsingsd: ar e

general |y used.in the sane dosages and w th adm ni strgti on tou&ggﬁs used

her ei nb&FBIESHIAnIHRYERNF A F5T Y TP Etionehls OHUP LB B SIBIMHTEIEY $8s. For
t hes pr evignintisddly & suftit@pddi@nitteRl bdlipslediafisioh JRrtRPRITPY Hith déRinThg Fage obhe an

anti body of thS invention (when used al %ne.or, i n _conbinati on w tbh ot her
agents SBARI%EsDeSNERIR Re PR FritPleTguR s PRICteRs R 2RI HROWS Oh BPE AP Y as e

f:l o be tﬁ@%i@ﬁlsﬁdéphﬁdﬁﬁg’iﬂ@a@fgn gﬂéthmwdadnﬁrh@raaen/ﬁ fb%"iéﬁbralildnieour se of the

i sease, et her anti bg adm.ni stere r preventive .or therapeutic
pur poses, prevf Bﬁé’ogﬁ‘éﬁnﬁlﬁﬁm‘%’ﬁ’féﬁ%’&i’?ﬂé‘ﬂ? wyl Iff"i’??“gaé?d?ﬂ‘?sg ’Wéa‘ﬁﬂalsﬁﬁ’éegb‘bﬁse to
the ant if&éslﬁiw ccé@_mdspt Wigh gﬂg&@ﬁeﬁichmwﬁfse. tHetoRtfbedddiidgatioh s this cdfitext Tidudamiiel body
is suitably a njstered t e patient at qne ti or.over g.serjes of

L1 451 e RIS PPt ethE GO PG PR ey B oa gl 1

g/ g_gdt Qndlgdm {)ekﬁ?t( e daus®oftAB dikgdek R éite@Y dafveBIof iHeadynt) the methodoft i al

candi dat osage for admnistration to th tient, whether, for. exanple,
by one. GHTiRoT e e dba i gt Rttt ogerByoS Bievhbote et tne
;ypi Cgl Tha bhtibodpsead @otBe Ok isroaptigalll F@fnate with bnarey th@e bgenkQOrremglylogedas nor e,
epending on the factors nentioned ahove. For repeated adm nistrati.ons over
sever al Pg"é'%t o feqt figgser eﬁ’@ﬁ@?ﬁ&?ﬁg%ﬁ?fgﬁge G F%‘ﬁﬁl O&‘ﬁreagf I{’pﬁgﬁpﬁ%c[?ton itie

Susi ai neghoufttof hntdodiesdfriatin Guppr @8nOn teffodivkeias,ehesty ppdfatierder aireatmen end
exenpl ary dopsage. of t ant. i body woul g be.in . the range from,ahout 0.05ng/ kg
o about PR SHLTogh R S rachy Bed b B Ry e S Y

4. 0ng/ kgowss ds Qrxag/bks@inbeforean ybam frvinrad D9 of the haefojorsr@yplbeedadsaged. st ered to t he
patient. Such, dgoses nmay be adm nistered.intermittentl e, Vv week or
every three 37@5&‘5 PE Ef‘lj‘?{m gﬁté‘??gfleﬁéf’fs‘%"f%sepg? fi%)ﬁ?pnraéa’cdg?a\%%éf ?nraélrgnb% Sg@ét wo to
about t vewrhion (&hep usad lode @i cahtigesionfvith hthezapentbodi hs chamotharapeuaik agenghweill

| oadi ng dose, f.ollo . by one or re | ower.dgoses may.. be adm nisiered. An
exéhpl arcgpe&ggflﬂ’ﬁ tﬁé‘é"’fﬂ‘é% %tgﬁﬁrtﬁez%%ésr?héﬂ A b | s urlsgééfgﬁeng dose of
about 4 digidegwheflet thewrtiboby isadwinidtdrsd fonpmteatienaehetpseicqfurmiseupre@dowsy/ kg of
the antipody...However .. other dosage reginens. . ss of
this ¢ ndray: PESURIR RN ot B B ebRTb RER BRI cBE Rt hon s ALRGLS

Art i cl ephgdiciivianiif aatibodpislsnitabiyotdimdnistearsp @ahe witiert eonertineeririovsr,a semesaf t i cl e of

andior dicagss: beppappal B St EEL b Shednivet FRIER I BRIGRL 20 ) 6
of 2sranufabigiree] (neyie) bSesibadyde at mitiabeandidae doshgdlet adpriniptzation tpethe pasientt  on or
assoc! atGatt 51 LIGE BYLAL Afore Al RUiBi QRGNS bitihiiSnruligl, GtaT! e,
bottles, viars, syri rig@s, etc. € contal ners hmay bée for mscf roma variety
of mat enyptad dglyclosags nigha smgofroplabatt il og/kT el (©ony/leg aremord dbpbsdiag owtho dasiars on
whi ch | Smetl)l i01i16tdsa cln}ce. Rbr r\éf)]e%{%d administrations over several days or longer, depending on the
condition, the treatment is sustained until a desired suppression of disease symptoms occurs. One
30 exemplary dosage of the antibody would be in the range from about 0.05mg/kg to about 10mg/kg.
Thus, one or more doses of about 0.5mg/kg, 2.0mg/kg, 4.0mg/kg or 10mg/kg (or any combination
thereof) may be administered to the patient. Such doses may be administered intermittently, e.g.
every week or every three weeks (e.g. such that the patient receives from about two to about twenty,
e.g. about six doses of the antibody). An initial higher loading dose, followed by one or more lower
35 doses may be administered. An exemplary dosing regimen comprises administering an initial loading
dose of about 4 mg/kg, followed by a weekly maintenance dose of about 2 mg/kg of the antibody.

However, other dosage regimens may be useful. The progress of this therapy is easily monitored by
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conbi ned with another conposition effective for treating, preventing and/or
di agnosi ng the condition and may have a sterile access port (for exanple

t he cont avoenoamay37be an i ntravenous sol uti on bag or a vipal/usasisngreas st opper
pi erceabl e by a hypoderm c injection needle). At |east one active agent in
the conposition is an anti body of the invention. The |abel or package
insert ifdécRhASechilales bittassggposi tion is used for treating the condition of
choi ce, such as cancer. Moreover, the article of manufacture may conprise
(a) a fAwtigles spMemifacire with a conposition contained therein, wherein the

conposi ti on GOABhESRFcBSt R ThidagY, afbrtitRef vameEadnird BontAnidg (jerials @00 fist the
container wwth a conposition contained therein, wherein %egie,lﬁogl]go%i %i on
ctdf 8YFR ©

conpri steatmenty preveationapd/ar Gagnesis gethe disopds dasertetl 8PP ITRIRY hi's

€ mg_Odi ”Eﬂﬁufﬁ’d(turta b@rnﬁrﬂymohﬁﬂlef@ﬁﬂ af1htet Macl@ EREdrSE @ afpacikiad &ith agebiitainer.
indicating that the first and second anti body corrpﬁi tions can beI: us&ﬁr to
t PSRy,

treat aSybleconpiaprs ishde-forgampledoties yials symEeserifiaf PN MaY bgiferg

the arti ¢hguPds hRMAIAGINH; @188k plddfid. NBHe c6:@BTREHORIs @ cSBe®Nidn (Wdichtidbyr iekplf or when

cont ai ner conpr. sSi nff% a pharmaceutical |l y-acceptahl e ffer su%h as... q

bact er i 6ekipgdwiilganather opppsifiialicsiye des\ieptne. Bﬁ?ﬁ?ﬂﬂ%‘?‘ /95 draefsg thegopdigon an

Ri nger' $,,$ hvatal spileddeksslfort EQeRarfflb teicOitaindrtmayay ah iittali@bus sobitionlBagairheial

materi al s” desirable froma comerci al and uaer séant_(ljeﬁloi nttV, i ngl gi ng ot her

bulof er s ha'iRg 3, pRPET Pigrpqapleby a hypadarrais injegHon wesdlPh, (HdeastRe 2¢thfe gl H‘g Gre

exanpl egoafosiis isHlahbay 8ntle GREMRS] Tholase] 6f pckae idvreliidicats thhithé composidesisood

t hat various other enbaodi ments may be practiced, glijven t?k]ke %egaetr aelma

descri pusedionsraingtbeicoraibion of hRisRPPEsHaIcsr iMPEOEh PNE oA BEE S Runber s

are accehghig (4)Q fakattaifdialimta Binpadition coRGideNBEsinOWhEin tieicosipasition comprises an

i mmunol ogi cal interest, 5th Ed., Public Health Servi ce. 'Naalthogﬁlw}'x nstifutes

of Heal RRIbodEphhE paentigps 3pd 6 f§eondPopfAiner I  SPRGHURR Cal Bréviations are

x/s%d_r DI}J&DV g%/g%/ﬁ%{,ﬁ i S%C/a %ﬁ%&_erk&@fc%/ﬁéﬁ/@rﬁdThEﬁg’ﬂe th@anukdBueid ehig éinbodﬁhegﬁ @the D =
, V= / = T, , K. =, = . R = P = .

Ve PIT, inwertiqrynpy fuither gepprisy BaiyAF laﬁténﬁwéa%@g}%afr‘?gngﬁ?°8“‘% HEo cep gt

human cQRseNEESoftfeatmMaicklar cohbifiopkag edice. Udethatively, bivdditinoally, the agiclewfioval ent

Fab- g3 di splay vector V0350- 2B ving 2 open readin r anes..
cont r ol Teanuleg{Ere PRy ﬁurﬁleg)g%‘?@ts? a é@é‘é‘ﬂ@f té‘frgﬂfo ?Blare%og}pir lﬁ%%gpgﬁ %Ceeu%%ﬂg%fep tgble
Mol . Bi Quffer{ 204 bacBAS D) wald T3 fectior (BWFI)J ibsphpebuffead satige, Riggees obition sids

of the stp signal sequence fuseq to the VL and | donmai ns .ac i 0
ch#l n arﬁlﬂ"tfoﬁ%scg‘éttf’&}nﬁ%g‘é& &t g‘db‘ge ?tﬁg I%a?eir’laﬁs“?ﬂﬁgﬁ%?énqau%)r%%er?lglsaggB{egEt?ILdggl@{l{
and CH iglowmigshed buffdis dacmeptieds, heailey, ambayringéol | owed by a truncated ninor

phage coatprotein P3. See Lege et . al. upra. The VL .and . j

nuri ne 5D5 (géh@f r“?%‘?ﬂ‘ag’%.s fttE‘? %l,eﬂl%\aslsd%d BED OsS]‘i%tO nﬁ\%f?hel—llg\}élﬁu%ggg%s ng%efpr)%g({a{
dat e Mayha Sarich® 9%r endoainthis grae te piattived, yiveh tivepenadnisenstio kapgeal aboYehukl ) and
human subgroup 111 consensus VH (hulH) domains. To make the HVR graft, the
acceptor VH franmework, which differs fromthe human subgroup m consensus VH
dopmin at 3 positions: R71A, N73T, BXAMPIFS (Carter et al, Proc. Natl.

Acad. ScL USA 89:4285 (1992)) WﬁatgﬁﬁganMﬁ{oﬁé‘“ abl e

Residue numbers are according to Kabat (Kabat et al., Sequences of proteins of immunological
interest, 5th Ed., Public Health Service, National Institutes of Health, Bethesda, MD (1991)). Single
letter amino acid abbreviations are used. DNA degeneracies are represented using the IUB code (N =

30 A/C/G/T, D = A/GIT, V = A/IC/G, B= C/G/T, H= A/C/T, K=G/T,M = A/C,R = A/G, S = G/C, W=
AIT, Y =C/T).

Direct hypervariable region grafis onto the acceptor human consensus framework — The
phagemid used for this work is a monovalent Fab-g3 display vector (pV0350-2B) having 2 open
reading frames under control of the phoA promoter, essentially as described in Lee et al., J. Mol. Biol.

35 (2004), 340(5):1073-93. The first open reading frame consists of the stIl signal sequence fused to the
VL and CH1 domains acceptor light chain and the second consists of the stII signal sequence fused to

the VH and CH1 domains of the acceptor heavy chain followed by a truncated minor phage coat
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regions fromthe nurine 5D5 (nu5D5) anti body were engineered into the
acceptor human consensus franmework to generate a direct HVR-graft of 5D5
(5D5 grafwp.20anisive VL domain the foll owi ng regi ons wer eCcyriskaosd21606 t he
human consensus acceptor: positions 24-34 (LI), 50-56 (L2) and 89-97 (L3).
In the VH domain, positions 26-35 (H ), 49-65 (H2) and 95-102 (H3) were

graftegpr&glhggrgeeji)eee{mestgh{ ect-graft variants were generated by Kunkel

mut agenesi s using a separate oli gonucl eotl d for Wi ri a regi on.
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acgonpl fr%ﬁlﬁ%ﬂy HHG d@ff&?ﬁ&ﬁ ﬂﬁdmﬁlhﬁ an b e bdrdensty Vil demhis as3 p@tt@gy RASA,

descri be For_a,.given
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nucl eot S5 Tasulti ng in an_average 50 ercent r‘%\?};l on.ra
a

posi t i offamaSesirk tor seperaigiaAert SIMRggalh of T3t ésgr‘WérIE g‘?”f‘laé%l 1ijOWU[fg‘ne nuri ne

[‘er{jvaf %ﬁﬁ%}@e&%ﬁb&@&'t&ﬁaﬁ{%%ms&ﬂws RRENGP pSRRAs 2H84 &apréOJfSégLDrasd @7 ned by
e alre

ypervari abl e region afts, 03|
be@i nni fg)-df theVH deysain,i noritiony 26137 He‘“\ﬁl? ‘ﬂbip &9&3% {HE ér)lazsl éﬁjie?nce
diversity torfs gifdcr-gt af?'bar?an@%e%%eﬁ&aﬁehlﬁy gaslenmAagene comsigad Sepalatef phage
libraries - Random zed ol i gonuc i

eoti de poals designed
hy per vapligashdeqtidefe rashdweerfrigsl &ggﬂna%laé%é ng%FF EAN) ?\?SGF%‘?d %Y N%Oseﬂ?encmgc tions
contai ni ng 6§th mdgimz%&,ggmm SYviuieble f2QiondV- Tequsndp szrsﬁy whQintrdugOo®,  1mvl

ATP, 20 mM DT and 5 U pol nucletlde ki nase at, .3 T SIX
phospho Pi}cﬂlélb’ E@V%la]?]@ RN Uét‘i‘f:' ?d%ft pBdmazatiop étrftt?‘%ﬁ{'ag %tams& R t%%igs de

Ku nkel }rﬁ rdaﬂa?@re@% Ieir h§nc9dH“h75 Was adddniphikHel Ghidg & poisonkd d@ﬁnmogdfe Of 500

resu g I'n a oligonucleotide t re was
anneal eaylélteS@@I!}@egycﬁS dgscrbsd by Sillerer, r} %@geﬁhéﬂﬁgnﬁé%gggﬁ g%rgl%&eeu Excess,
unanneal,ed Ql \ARNK 6y R e iegien f@fmmgﬁemnehoam@né@mg@& PORtype pinfio@aidiion ki t
(Q agen kit 28106) usin

protoc preve
denat ur aeisensd 3fithE-14nH9 I@atumf\ﬂug% Udpsre grﬁl a ?Veraﬁ%é%ﬁé%%%ﬂit\éﬁ?nemewo m
of PB wape.ahlg&stionand the m xture was split between 2 silica colums.

Fol | ow ng a wash of each colym with 7 f PE 2 nto dry
t h& col unns, SeHEMdeBIZEH AL eéﬂ“ S WY %ﬁm% er A{begp @g h%f‘%ﬁﬂﬁ@le 1[95rr1ll\1/l EDTA, pH

8. The %Eﬂﬁ@ﬁ’de@ g PeddorBhaaa @fd-stife fegivps Mﬁe({ 12321016 dirget hmrv@h@dp fegioh exdfts-nThpy

adding 1 m 100vM ATP, 10 m . 25 PS R P and
dTTP), X Pong aciRosiP DA Beginping 'f)‘uﬁ‘l %@fﬁﬂ s pl}mfggi Sequggg

MIC 2), 43408y %K%ls@aBByusﬂigdhe%d&ﬂlR_Gﬁm ymarase for 3 h at room

t enperat ure. Thef|I rodu S. a
Tri s- Acet at e- Wﬁﬁ %‘é‘é’e fes a&a‘%ﬂé‘?dﬁ(ﬁ 2O tﬁ&op pois desé%“f%% e%%‘y

3285 333-13pvArBRAdgien WérE @Hbshkaylld&d Wﬁtdbsmam 2 W ritisine contdiming At band i s a
Tl g;{ Lég%é%igggqean(gwﬁ at & 8 @dﬁ(\g{%@él § A0 0 8RPpire, Aalsiy | ed but
polynucleotide kinase for 1 h at 37°C The six phosphorylated oligonucleotide pools were then
combined with 20 pg of Kunkel template in 50 mM Tris pH 7.5, 10 mM MgCl, in a final volume of
500 pl resulting in a oligonucleotide to template ratio of 3. The mixture was annealed at 90 °C for 4
30 min, 50 °C for 5 min and then cooled on ice. Excess, unannealed oligonucleotide was removed with a
QIAQUICK PCR purification kit (Qiagen kit 28106) using a modified protocol to prevent excessive
denaturation of the annealed DNA. To the 500 ul of annealed mixture, 150 ul of PB was added, and
the mixture was split between 2 silica columns. Following a wash of each column with 750 pl of PE
and an extra spin to dry the columns, each column was eluted with 110 pl of 10 mM Tris, 1 mM
35 EDTA, pH 8. The annealed and cleaned-up template (220 ul) was then filled in by adding 1 ul
100mM ATP, 10 pl 25mM dNTPs (25mM each of dATP, dCTP, dGTP and dTTP), 15 ul 100mM
DTT, 25 ul 10X TM buffer (0.5 M Tris pH 7.5, 0.1 M MgCl,), 2400 U T4 ligase, and 30 U T7
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strand di spl aced product. The top band is produced by an intrinsic side
activity of T7 polynerase and is difficult to avoid (Lechner etal, J. Biol.
Chem 258v0LadA13184 (1983)); however, this band transPors:2@80bwhe | ess
efficiently than the bottom band and usually contributes little to the
library. The middle band is due to the absence of a 5 phosphate for the

final | |Igg§td1&£§e@&@qltdt%ngé Fératlﬂf%nd transforns efficiently and gives mainly
wi | d type 'sequence. ed in product was then cl eaned-up and

el ect r opor at ebheified nsss@@t waﬁ qnglyé?ﬁ@nﬁrw&@ta&ee@%(agwe gele eudeet ¢ Matimrk o7

hel per phagsa% gmsm (Bobo dhike géndakvepe MR Qskshld: PheFHRAYBLRAY a correctly
328: 333- 363 (2000). brary si zesﬂr aatgllpb roml - 2 x 109 independent
& i

cl ones. W@Wﬂl&qt@ﬂ@@d‘lﬁfr Bigmtidide bay B upligaed pledust, gadyiie frpddnd 6 2assess
libgary guad ngﬁface(?pﬁ)gﬁ'ct Sﬁlee&g BaBis prcﬂaged rgﬁﬂﬁi@ﬁ: ﬁ(ﬁzca%mlgfrof‘”@? g&%ﬁ@éxﬁd and

used as an Fc fusion (HGF

267: 26166 dfBarity avomtiiﬁcfm@r %&é l(cée?@ éalef@r%@d)u@blrlé%{l@ﬁ@@moypthbzﬁ é@ld( Nunc)
at 5 nu/mnsfoﬂnﬁ%ffomﬁ@{s ebfientfl frah th@%% %d%ﬁcﬁ SohiPOnEivIRS ht%m@ém& akhgst were

used; a single of target was used for successive rounds of selectlon

Vel | s weFke midde F@@Ttﬂl ip die to the abgqneﬁgof easrhiopphpiedenibs figabligation yeactmalis baed

harvestegangirogﬂggfﬁglerﬁgla}l&l ReSHARK BRI e sépdnuspended in PBS cont ai n| ng 1 %
BSA and 0.05 % TWEEN"2 %PBSBT) After binding to the wells for 2

unb8und phageTheilied F@P@%ﬁwwh@}&k@ﬁ%q WA R oRgrafEd iptoSEE2 esHs %Hdrﬂf?ﬂjg‘ﬁe‘bS %

TVEEN 20m(ﬂlf’ s)mce%@m@/ YBiBe & db@tbeddy SiBRVBALT MEHbAG, ¥RNISIoWs th 50 MM
HCO, 0.5 m n. Phage were anplitied using Topl O cells and

ML3/ KO7 mrﬁéﬁ%ﬁ’é}@@ Biverryysieamangediomn d ht2 Jat0’ areprndens clowes, Rggomgloges from
car banecfhl: irﬁtﬂﬂ IIJIQSCS etrgiguéﬁgedatggggss?h&ffgmﬂ oma target coated well were

conpared to titers o e recovere non-target coated well to
assess enri chitfese Selerona-fTherhutnyn HeF wecaptpomas gohexgfed iidoised dse@n Fousion SHEFR

of 806 B Macstel o biohGuge. 195 2BGRI0op Ty B Re A SRSt 8 i t n
20 m 4 o opd o RrdiidSdeCadd p@ﬂnﬂn(PB’SeF&%)e £irBirQndRY bdc@n BIGEIR: & Garfdd wekdlsEs)

was purified using a NAP5 col um (Anmersham Bi osci ences) in PBS. Mcrotiter
wel | s wet ngloyelbel wigetivasassdfrnfucssetiterrayndg pheelertioopY ey aeiibiskeddfer Ypesiagd

t hen bl oglsesl ﬁl@err](Pﬁrd&' P CR&EE hvEtRGHR! thé E’ﬁlﬁl‘f&ﬁbernétﬁhttaﬁtﬁsufsﬁeﬁl%d ihoped of
panni ng, 200 %7]#;4 d(Hﬁ)ended i n PBS cont ai ni ng 0. 05% Tween_ 20 (PBST) and
fnet

1% BSA v@ﬁl@lffﬁ&b SRIIBYERAERD EBSPA). Aftep pindipg infhe wellnfar 3 b upbouadr. Fc

wersg capﬁmg@%@ @erﬁt%a Bﬁé’;ltéiisﬂe GRMR0yinEPE Scdninidd0.05 % BRHEN b oy pBagR wer e
washed away with Phage were el uted_usi n%r 20 MM HGl , 500 mM KO for 45

m neut riaBe were CEIFF& bﬁﬁ%éﬁ’é‘ﬁ & yelis xith 5§ ol HCL O Mt T o 39gmipe S hash “eiee
presenc earﬂﬂhfié@ﬁsﬂi@’t dﬂﬁo cBikage Mibaw ERYen ?}lﬁxg&l&ﬂ B8N ovestiBE @EBTEQtn 2YNTAS Of

sorting were performed sinmlarly with the follow ng exceptions: |nr? und 2

t he finat®ml eadpaneqtlin Hgditsss ?%Hh?%?rP Iyfeccfrom g targgt caie r"t‘FLl}n"éef%cotn?’Pérefl iprs 0

b- HGFR- Fﬂlag@fée&l&da&fdn%ndfﬁ Brgbt chatBdvell 1 kR Whridhidae final b- HGFR- Fc
concentrati on was . nM an§

780 nM unbi otinyl ate tlyGFR- Fc ﬁﬂ&@%
t hedti xture F‘brraffimﬁ “bart‘?%tﬂont Phagaavreriss Voie SH@FA TSIRE AR UOPRRARS et Vf‘@A Xi Sorp
m crot it Qs HbialyREed W hexia®30me otb lshndNMAGFRIGER: PBS,ahd $0 pOdfTIM Potassium
phosphate, pH 8 with 20 ul 4 mM Sulfo-NHS-LC-biotin (Pierce). Biotinylated HGFR-Fc¢ (b-HGFR-
Fc) was purified using a NAP5 column (Amersham Biosciences) in PBS. Microtiter wells were coated
with 10 pg/ml neutravidin in PBS overnight at 4°C and then blocked for 1 h using Casein Blocker
30 (Pierce). In the first round of panning, 200 ul phage suspended in PBS containing 0.05% Tween 20
(PBST) and 1 % BSA were mixed with 10 nM b-HGFR-Fc for 1 hr. Phage bound to b-HGFR-Fc were
captured on neutravidin coated wells for 10 min and unbound phage were washed away with PBST.
Phage were eluted using 20 mM HCI, 500 mM KClI for 45 m, neutralized, and propagated in XL.1 blue
cells (Stratagene) in the presence of KO7 helper phage (New England Biolabs). Subsequent rounds of
35 sorting were performed similarly with the following exceptions: in round 2 the final b-HGFR-Fc
concentration was 5.6 nM, in round 3 the final b-HGFR-Fc concentration was 0.1 nM, in round 4 the

final b-HGFR-Fc concentration was 0.5 nM and 780 nM unbiotinylated HGFR-Fc was added to the
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PBS over night and then bl ocked wth Casein Bl ocker. Phage fromculture
supernatants were incubated with serially diluted HGFR-Fc in PBST

cont ai ni YOoLodMFAs7In a tissue culture mcrotiter plate fPam/uk2vsabices whi ch
80 mM of the mxture was transferred to the target coated wells for 15 mn
to capture unbound phage. The plate was washed with PBST and HRP conj ugat ed
ant i - ML gnixtiveesrsihapricPhadapmed ¢ Buwdvadih)) was added (1: 5000 i n PBST cont ai ni ng

1% BSA) for m h l.ate was.washed with PBST. and l.op by .addi ng
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ik P ohmen i by DR e BoB0r Posot 08 v e ROy B e i 56 Sl

vari ed doprgddionalid sorfaceaff tegdhage4 t 0 500 nM in PBST were injected. After
each injecti he, chi I erated using 100 nmM HCl.. BiLnding response
was correct eg'l‘}g%‘r ?&6&?’2@%@@"@%’2@@’@8%' ° ’T%é?‘?ﬁlq‘fq el a?h%gll: 1 Languir
nodel ofmeasumamehanenoscddoh tvhsigtrafucédinvern chelhody chais andsgin fi@rphkgeniidplays

anal ysis. Electro-chem |um ne nt.. ayfor OASD5 hlackin | clvet

D1 nd} g VBRI EL R DR T o SRR e R c o e 20 c et o

Fr anci s @apcdcRys. Bt 5p3-059M 9D e Gelbyweraicanzated by cantrifhgai0n, fsadpeinded iral0 eMces s
NHS- X- Bi.0ot i n_| H H 8.5 usin Lot | s XNHS e h.Qrganics,
Q ovel artd 1epTEnA PGS HinkelhO0sF et S i RiPAc el Yo b B0 SR Ehph 8

| abel ed affinith cBVmidGaplgat # 110034) via NHS-ester chem stry according to
manuf acturer',s.direction Bi oVeri s |nterpnational, Gaither. .

bt - - bi ot (A b EkEARRS ettt Bk SRR LE R A B ROLE Rl ons
of QA5D20eM HIAFResc wangimbilizedrl BB3&pens2 initsNRO) arat CNIH dip wel eriedicubat ed
together in a volune of 100 ul of assay . diluent: PBS + 0.5% BSA / 0.5%
Twébn 2@09ée@¥3@9@ﬂo;efﬁﬁ'b& 1orp0Q e én RBST were ingeotqd bR cachBRipotionihe GBS es vere
| ncubal geboh B SEREA UM HIAREAE L AHO RRLEQRAI Mtk L RE slofibr k) T or

2-4 hours  at roomtenperature w aking. Streptavidin nmagnetic beads

( Dynabedbw,ceBi A\lelr iauinmodel afisiwdltanBals figtivigreg ka ahd hadwaq Bsedifer Kineticdramelysisr wi t'h
T T R ey
Phosphor yl at iPorified cMet-Ig protein produced at Genentech (South San Francisco, CA) was biotinylated
25 by incubating with 20-fold molar excess NHS-X-Biotin in 0.1 M NaHCO3, pH 8.5 using biotin-X-
NHS (Research Organics, Cleveland, OH). Purified human 2-chain HGF produced at Genentech was
labeled with BV-TAG (cat # 110034) via NHS-ester chemistry according to manufacturer’s directions
(BioVeris International, Gaithersburg, MD). cMet-Ig-biotin (500 ng/mL)) , HGF-Ruthenium Tag
(250 ng/mL), and titrations of OASDS5 antibody ranging from 3333-0.21 nM of antibody were
30 incubated together in a volume of 100 ul of assay diluent: PBS + 0.5% BSA /7 0.5% Tween 20 /
0.033% Proclin (Supelco Inc. Bellefonte PA). The mixtures were incubated in sealed polypropylene
round bottom 96 well plates (Corning) for 2-4 hours at room temperature with shaking. Streptavidin
magnetic beads (Dynabeads, BioVeris) were added. Following a final 45 min incubation with
vigorous shaking, the plates were read using a BioVeris M-Series instrument (BioVeris International,
35 Gaithersburg, MD).
KIRA (HGF-dependent -Met Phosphorylation)

A549 cells (ATCC, Manassas, VA) were maintained in growth medium (Ham’s F12/DMEM
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A549 cells (ATCC, Manassas, VA) were maintained in growh nmedi um (Ham s
F12/ DMEMBO: 50 [ G bco, Grand Island, NY] containing 10%fetal bovine serum
(FBS, Si gwe,20@t015izoui s, MO). To prepare cells for the agssayus2@siobms26 r om
confluent cultures were detached using Accutase (ICN, Aurora, OH) and
seeded into 96 well plates at a density of 50,000 cells per well. After an
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assay plates. After a 15 mn incubation at 37C, H 50 n % was added.
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st|nu ro [ ation. a urvi va absence o

o Rk et Bgerlf hesS By TSl et aged. Femns Biho_ 506

fetal beyimieinsatin, théprﬁteé kvekbrﬁ&f@&@ébﬁ%ﬁ@ﬂﬁfumeﬁtm Um penicillin, 100

%m st rept g,r%gg [} 2, MM L-glutam ne, and 5% WEHI - condi ti oned
ium as a SBUIEETEEPTO e”“l”é’”l‘fésgéfure HGF- dependent proliferation the

nurrber of celBhE3 BheiinSNdRYSendent lyRphdi@ 6l M@RoGENR dbdsaiobekphys avetian@dats
arma Bl ue nostic.S . Clevela rin

1 oo astuiegbd §ic HREN LGRSy ter Y iR e T

prol i f ecRNAdor lafmah béde (Shlvhis etiall, 1. O&] BHS €1906), 033: 1@%18%%&5&t@nd HGF- PSF8

cells wer d i.n. RP, 1640, 0% bovi eru 100 U.m

peni oi | P55 SREFRALPTRLESRTE PR sl ParEoMS A B RGN HES oME s s ay

memdi um p@sagtPM REMEIGA)| 5951l E%né)seﬁ% B@B(L paherd4p¥aobdBandl, e8P @l peglciilin, The

assay was_ perforned as descri bed above. | rmunoprecipitation_and Western
Bl ot 100 pig/ml streptomycin sulfate, 2 mM L-glutamine, and 5% WEHI-conditioned medium as a source

of IL-3. To measure HGF-dependent proliferation the number of cells after 3 days of treatment was
quantitated by adding 25 pl Alarma Blue (Trek Diagnostic Systems; Cleveland, OH) and measuring
fluorescence intensity 6 hours later. Control experiments were proliferation of these cells in the

30 absence of HGF. H358-PSEF2 and HGF-PSFES cells were passaged in RPMI 1640, 10% fetal bovine
serum, 100 U/ml penicillin, 100 pg/ml streptomycin sulfate, 2 mM L-glutamine. The assay medium
was RPMI 1640 plus 0.1%, 0.5% BSA, or 10% FBS respectively. The assay was performed as
described above.

Immunoprecipitation and Western Blot

35 H358 cells are a cell line derived from human non-small cell lung carcinoma (NSCLC).

H358-PSF2, H358-PSF8 cells are human HGF stable transfected H358 cells (Tsao et al., Neoplasia,

Vol.2, No.3, 2000), and were cultured in RPMI 1640, 10% fetal bovine serum, 100 U/ml penicillin,
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Cont a O GerpilosnB Bk ibiflok Bef B3R ot s b atfSn oS Rane Aol Listidi
Fc- HRP (Upste®, Bmechndlagké?@dthhmh\ﬂ,/&) MSWedJ))OHRP—CE}A)thdtgbat(ahﬁmdukHﬁabQB.(E(G;O(OIE

detecti thSt.U £ h vvere| eul at ed
subcut ag%é(tsj-ﬁ%g%g W‘%?%O% PAS) anq&b@ %Sﬁé’fté’a E‘ﬁe “at‘r“é. gﬁﬁtlbogy n%w%ﬁa “Wfor s
r eac hed Bl@@f‘—hzﬁl@g}rrﬁ&lta ﬁ?ruzeCA\)e fcéloasébggredmttﬂamngﬁoeltlm (10f0,000; Jatksotl palis, VtﬁSt

cte week. Goup 2 was injected IP wit
OA D5. vg}rg\g?oﬁng@ﬁlyagkr&h 1%mteglgle&%th%%(tmnTurrnr size was neasured tw ce per week.
M ce were saérmﬁoree@gmmdb'urmr vol ume exceeded two-ti rres the starting
tunor vol une, I d
Humani zat i on %?Jrg%&eh@@hﬁl}éﬁo rr%rﬁ 1%%%123%% SubR&t%ﬁjeo\%l\%lf % 9 or t
humani z &ticigame tells DEVhen mprarsteached eSQawi)mns tmcetwnmassmq@paz lgrovips ofoh@al(hoanﬁ a
vari ant QLR n S\ T rhLa
domai n t@g rg&gedg%‘g"(g@ %%rt he 4?%1 rktyg‘?tlpc%ﬁog lr?s‘ﬁ%ﬁnjggﬁwwgmsﬁ E’?gﬁ
an® VH dokapeisveh. Tmnqrﬁ@e yBHmegswied alicgypes oveeli. tMice werehunan kappa | and
subgr OUQaclﬁﬁcgﬂp@n@tﬁnor%ﬁdnle%%%ewﬁwbﬁﬁgg E%gﬁgm Mn&r@g g/ 4 %tﬁ«%tum (o the
human acceptor framework to generate a coul I spl ayed as
an Fab #ifemitdge. When phage di spl aying the 5D5 graft were tested for
bi ndi ngﬁegﬂtsrmgtﬂl%ch% HGFR-Fc, no bi nding was observed. A library was
generate of the HVR regions of the 5D5 graft was soft
randomi zed. THimgnizteneef\pDiadhp hrmachceqpadr figme v onlruisid forthe hia@miRafion ¢fSD54
rognds  @bmSREEME t&Rensus human kappa I VL domain and a variant of the human subgroup III

consensus VH domain. The variant VH domain has 3 changes from the human consensus: R71A,

N73T and L78A. The VL and VH domains of murine 5D5 were aligned with the human kappa I and

pancreatic

e VL

subgroup III domains; each HVR was identified and then grafted into the human acceptor framework
to generate a SD35 graft that could be displayed as an Fab on phage. When phage displaying the 5D5
30 graft were tested for binding to immobilized HGFR-Fc, no binding was observed.
A library was generated in which each of the HVR regions of the 5D5 graft was soft
randomized. This library was panned against immobilized HGFR-Fc for 4 rounds of selection.
Clones were picked for DNA sequence analysis and revealed a single clone had been selected. This
clone had a single change in the VH domain at position 94 (R94S) just outside the intended region of
35 HVR-H3 targeted for mutagenesis. Analysis of this clone by phage ELISA indicated it had similar
affinity to that of the monovalent affinity of murine 5D5. When expressed as an Fab and tested by
Biacore, the Kd was determined to be 9.8 nM compared to 8.3 nM for the monovalent affinity of
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Cl ones were picked for DNA sequence anal ysis and reveal ed a single clone
had been selected. This clone had a single change in the VH donmain at

posi ti on WO 206894871 ust out si de the intended region of ERuUS3005aLHRE ed for
mut agenesi s. Analysis of this clone by phage ELISA indicated it had simlar
affinity to that of the nonovalent affinity of nurine 5D5. When expressed
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Mols.  Bi huctuebidind fordd zésilo&lw%)d)gmwe he cn@iegregsaﬁ bmg}t’orﬁd%@regﬂah ugl@n 6P| ex

crystal structures and found positions 93 and avy chain are
part of "PHEIRGH AL G BYP B?Pﬂtqlmgl the defiwigipn of @%@ﬁ%ﬁl@w%n Pﬂé? Hid when
posi ti on&némmﬁgﬁug&flésm tion of hypervariable region of H3 (H\/R— H3) when
humani zi ng ant | bodi es. Affini té mat ur ati on_ of husSD5, vl _- nprove the

affinity of H{BEE mAwratenofdwiBevi-deimprors e aftingy OWQSQM&%WWWHW he

backgr oupdrief wdie adderaield in B8 65tk ﬁﬂ?&f'hﬁﬁl})@vﬁleE@'t%géﬂM@afsﬁﬂglef’rWR fdraslom zat i on.
To avoid re selecting. huSD5.vl froma potenti al cp;h bac%ound of

wi 10d- t y fraderaizpiiont Eo a‘@tdofﬁ seleciipa busiey- vl frore p getgrtiahhigh bskemend iR idsysse nut at ed

prior tengeRekdh co@dneRed iltoBid@H Yato fe %Nw{olbe&l@@édﬂrﬁgtdgehé}%g%& BsRg AO
enhance the effici encg of the affini ty based fg{p %e sel ection process. By

mani pul SALHRG SPRBE MeBO Mgt died ip qohinge thecliriaany ¢ Hoity-begerontiags teksti9hage
tCalot :Jr ep fdcfﬁ@ Bm@mﬁmt@ﬁe]tw&?waea ﬁgydcctdaemd@h trr]éda??g)ihe ?m@e?&puﬁy lnalte@& tar get
O ellmna es W ster., o arrinty clones
profici Merﬁag E‘Eﬁéﬂd the additqn %P“bmtwgf%ﬂ tafs‘?% limpgate plpugs W‘@J?F&fagf fafes
selsect i gizh aﬂmﬁty cloa®thn 6d f%ge&nt@eaeaae Mlee BOAY Qupea Rrbih @e m»a&o@as)eger&don
cl ones were present .in each I W|th

suggestin e nunber
r easonaB‘Frigf ta‘%“‘? ?ler?F‘E‘&?ntng?gWem’aS @é?‘gﬁ UgFFsERg 4 g OB T d s
above) y&sent mceraeamﬁgiylwmhswb@emye@ AFfiiiy dor IGER -&E. JeUich s&@bﬁcy@sela MYtk €S
wer e conpi edto rateasevrﬁtglﬁpllbrar)rgﬁ815a After nds of
sel ecti B ‘V%fd‘é%f fhsehsegreioyng and gt Fquind P o 3 RV C%m‘?i? BETCRCT ones
in the l;avbmambesy ﬁo@[ Qetet ﬂg)uhﬁélaflséleoaaﬂl chivieb frdn Weh @f the @ MibiaeppoolsondieISD5. VI ;
however, new,s ences e observe targeti HVR- H
VR VD AL G Toics prereie ARy | bRk Smetedt fftrento PYDS Tt nat | on
of all Gowdver,aew e@ums daebmvem1MmraethgWE§HVRam VR - VRV -H2i dad BViR-
suggest tha e nces. | ded t he npr ovenent i n
T t PR R LOR 1 @y i e he Sp e B b ET G et SO E AHBEE) Phhage
ELI SA amﬂ;uélheﬁrﬁx ﬂfees\sleMBaﬁraBahgmsﬁﬁgthat thasel sdgheices @bidaditheylaggedter m ned usi ng
Bi acore. Severa .e frq he.co ary with changes HVR-
a1 o PG P PG or I 0 M ST TACTOr VHE SHIPFND Bas OOV ont
af £s5i ni t vhef BExpgessel o Fab floeseand tieiretfidig deeimihat usHig Biadorep Gsveral clon&Afronith® at
position 0Si.t nd P/ t position a. The best
P one. CErindtibaty SiBendaR ih B R RahieSe P atn e B ote S O30 ' BE 4 "o 0m)
and a 131uf1ﬁ1é ﬂ)ﬁfnbmﬂllalﬁyt dffigity igne d). Thédeuwdonsd ladteiting SIT apoditien P RISt at pbsitidae 6
murine éxéncf_%/ §%t posmon tl&? anla%A a osﬁi%nq{)o ‘i"fli f l];ecs)l! c(ildne:[ cqgne 78 (hu5D5.v2) had 3
changes from hu5D5.v1 (94T, 96R and 100T) and a 13-fold affinity improvement.
30 Thus starting from the graft of the 6 murine 5D5 HVRs into the human acceptor scaffold, the

expansion of HVR-H3 to include position 94 (Threonine) and the addition of 2 changes in HVR-H3
leads to a fully human 5D5 antibody with 13-fold improved binding affinity for HGFR. Furthermore,
selected humanized antibodies described herein have been determined to have at least comparable
biological activity as the parent 5D5 antibody, for example in receptor phosphorylation assays, etc.
35 (data not shown).
Characterization of an antibody of the invention — “One-armed” (also referred to as “one-

arm” and “OA”) anti-Met antibodies were characterized. Two antibodies of the invention were tested.
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expansion of HVR-H3 to include position 94 (Threonine) and the addition of
2 changes in HYR-H3 leads to a fully human 5D5 anti body with 13-fold
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receptor, OA-5D5.v2 was able to_block HGF binding to its receptor at |east
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antd body of the |nvé:|’°&“ir‘%)??ft‘@ﬂ\t° %BB“WIFfregWﬁ‘éﬁ“?é%‘tt@ﬁ fopdsof thaynuemiph o gy

concentration range (Oh- 8boul). IBRA tdsRdQerdsk aﬁl‘aﬂmud)aplecsnc@r@ﬁdbﬁ TaRgFof aBoudl 8331 | bed
in the Materials and Met hods section abaove was found to have an

| C50 val ue that was 8<% n%weé%é@mweﬁcmﬁtd 1theé\’[%?ﬂ?b%ﬁngi\@fh°§ﬁelc%%y such

as the chineric one—aamedAastmdaéf@mdta&ve&Dﬁ:smlva1u5laiaabbsmess%n5£&mélf al so
bl ocked with better than the ref ereﬂce chinmeric anti d'\ég;d Fi gure
8. (2) In an assay t}Ef‘ PEEFOmBIAGr PHbgRy PR B1ihe giimeric ongrarped antpedyaad B4y or

acts vation, OA- 5D5. SDBM/aNotalkweoA@Ds RDBIRS blokich A6 be®S PIDtharthié te¥erdrcon at
| east as well as the I wo, co é’%r ant | bodi es as described in (1) above.
Wien tested across aYHm“aﬁﬁ‘ﬁaﬁt &S %ti on range of about 200 to 0.19 nM

under condi tl(:g]ps ag Iﬁle[s%aybtedestzibﬂtdﬁefMﬁ%ivba@mamdﬁr@ﬂam@&fa@%ﬂmﬁnoabgve
OA-5D5. v2 was foun ave th a value that was s t han about
e £ that of a compaParamSARE suapo Hoke bR B EobHarl il TR | body
and OA-5D5.vl. See Ebgpargtor ﬁﬁbod%@ﬁ&cﬂ%dwa) abse. Wash eded Adross BOMBIHSPHECT €S

G S b R LS VR R T
(cynonol gul s nonkey Matodas smd dpdilaids sebtidn dbote, CﬁniBIDﬂEVZ)Wasrfdﬂiﬂdl‘te hdvaat SKQ.SO (data
not shown.) ( 4) OA 9 Q%Lrae\@gx'\galzat %J]gss ltesesctih 'l;out 1"hslf at o a mparator anuBocIy sug:n as

proliferation in t he"
the chimeric one-armed antibody and OA-5D5.v1. See Fig. 9.

3) OA-5D5.v2 was also tested for cross-species binding among human, primate
25 (cynomolgus monkey), canine and murine (mouse). OA-5D5.v2 was found to
bind specifically to human and primte (cynomolguls monkey) HGF receptor, but
not canine or murine (mouse). (data not shown.)
“@ OA-5D5.v2 was tested for its ability to inhibit cell proliferation in the presence of
HGF. As shown in Figure 10, OA-5D5.v2 inhibited cell proliferation at least as
30 well as its chimeric antibody counterpart and OA-5D5.v1 (as described in (1)
above). When tested across an antibody concentration range of about 0.01 to 100
nM, under conditions as described in the Materilas and Methods section above,
OA-5D5.v2 was found to have an IC50 value that was less than about half that of
a comparator antibody such as the chimeric one-armed antibody and OA-5D5.v1.
35 See Fig. 10. Specific binding of OA-5D5.v2 to the Met-transfected cells was
confirmed by FACs analysis. (data not shown)

99



HGF. As shown in Figure 10, OA-5D5.v2 inhibited cell proliferation at |east
as well as its chineric anti body counterpart and OA-5D5.vl (as described in
(1) aboveyo 2Wsnsizest ed across an anti body concentrati orcransg@sob7cadout
0.01 to 100 nM under conditions as described in the Materilas and Met hods
section above, OA-5D5.v2 was found to have an |1 C50 value that was |ess than
about half thgt of &)&gw&aa&agtes@@td RO AWi1i§ WS AnBS rde FIRE bfos 1%659

anti body and QA-5D5.vl. See ? .r Sp eél?fl Clbl nd Pﬁo% b [gﬁb% to

Met - t r ansf ect ed cel |1§tfm§eserz9ﬁp HﬁEdAthWA@F%‘§P%$§nC¥%I&/&5ﬁétV2$rﬁldeﬁ9i(5)
OA-5D5. v2 was t est ededeplor tykSirRiphbd E&i’g:aﬁod \%Hnl?ésﬁedraﬁﬁﬁﬂ&gf cohé’e'h&%dﬁ?from

phosphorylation in the presence o shown in Fidures d B,

OA- 5D5. v2 i nhi bi t ed 3Pe¥dR{d 000w, SehBispHéstHS yI at i on when test ed at

ant4 body Conqg)ntrat'@N%Dgrvgmaﬁté@k'@lfo}@z1tl§be¥ﬁ&gyﬂ%gasﬁﬁlofk&ogéﬁﬁl ?&%aég (6)
OA-5D5.v2 was tested for in vivo ef |ca% us;ﬂg@lﬁturmr xenogr a el

based on a pancr eat i ¥ %RIAGP2LE &mor|cplhBng ( Oﬁfsthfsreﬁfma@}fﬁﬂsiy(-ﬂlw@acy
study showed that thga@-GABDY22 %ﬁﬁﬂo@?@){s é@g&lé:@’%ﬁlglﬁné)gnd'c%r%' b 0gioR 3

causing regression of tunors in vivo. own I n Flg: ere was
conpl ete | oss of turFB‘i“o’isﬁlYfﬁ‘étAséhOVt’Ih’éFéBmtheéetvﬁsé?é’F@ tafosstpf tmeor Ammpts ofly

PARTI AL REFERENCE L|t§3_anﬁﬂﬂ§{r9ﬂéd1w1@theQﬁi@b%kow tch-M agkova, A, M agkov,
A., Leonard, E. J., and Lerman, M (20 The sol ubl e sema donmi n of

t h&® Ron receptor inhibits NMSP-i nZARHALBIFERENCILISTy gt j on. J Biol Chem
Anti pen'@ﬁ}gelﬁmg DHDHﬁH@ﬂiIchMla@(ovaV@antd’gl(@J‘A Keona¥B Y - IR ernYan, M-E$RIBK, J-

Barton, ‘W Raj ashankar,, K Hoemmre, C , Puschel, A and

Ni kol ov ThE)SO@k* ferpEemaingf fhs&og rrf‘eceEfPr Iphélt%lﬂﬁ%ﬁ}%?qdﬁecesw resivatismol Bil Gt
nodul e. Neuron 39, 589-598. Bardelli, A, Longati, P., Gamaglia, D

Stell a, Mlpfﬁk{), ANdint208m gl B, O%aﬁ Peddn, K1 89:4)- De@bleﬁﬂﬁkgj |%0%W§%§Rﬁﬁ§{aﬁ{%}
receptor, ti tlona ckin ite r uires binding o an

correl atKeig-I Sn‘fnrea %F‘Pﬁlr{gvgoi‘w py: %ﬁc%%emﬁm%‘ifd@e sginpphorin-

Berd ot t |3Aréceptoanddlﬁg>mague MNeuldnMo, {89008) . Tyrosi ne ki nase si gnal
specificity: | essons from the HG- receptor. Trends Bi ochem Sci 28, 527- 533

Bl adt, D., Is . Birchneier, C
(1995) . Bégsen?i”gf) ngag ?‘8‘{“&%1}?@ %ﬁe@f‘ Me%e?i@% n}oﬁh? ﬁewjgg@t (A sPPiREdYeni ¢
pr ecur S dire @F/Vt ienxdpoor tnivétifluictiondd ddcklﬂgaitufequlﬁez Gindifhgdf Gk anBleagdresivithlihe M |
Lev, S., senst ei B., Vogel, Z, Gvol, D, and
Yarden tr\?n??momn% ?ng?“teﬁzs %%333/811 obuI in domain of the stemcell factor
receptor couples ligand binding to signal transduction. Cell SO 103-1 13.
Boi x, L BertRtsh., andl CdmogliddhMiK2003F IT'yroGaskiedse signahspecBicity:Messahs froRaleHGF] ., and
Bar{ ron erexpression in human hepat ocel | ul ar

5(} %eceﬁﬁfe ﬁ“gegc?ﬁﬁlbch%ﬁxgg%g %WS%/

carci nona pat ol ogy

Bladt, F., Riethmacher, D., Isenmann, S., Aguzzi, A., and Birchmeier, C. (1995). Essential role for the

c-met receptor in the migration of myogenic precursor cells into the limb bud. Nature 376, 768-771.

Blechman, J. M., Lev, S., Barg, J., Eisenstein, M., Vaks, B., Vogel, Z., Givol, D., and Yarden, Y.
(1995). The fourth immunoglobulin domain of the stem cell factor receptor couples ligand binding to

25 signal transduction. Cell 80, 103-113.

Boix, L., Rosa, J. L., Ventura, F., Castells, A., Bruix, J., Rodes, J., and Bartrons, R. (1994). c-met

mRNA overexpression in human hepatocellular carcinoma. Hepatology 19, 88-91.

Bottaro, D. P., Rubin, J. S., Faletto, D. L., Chan, A. M., Kmiecik, T. E., Vande Woude, G. F., and
Aaronson, S. A. (1991). Identification of the hepatocyte growth factor receptor as the c-met proto-
30 oncogene product. Science 251, 802-804.

Bussolino, E., Di Renzo, M. F., Ziche, M., Bocchietto, E., Olivero, M., Naldini, L., Gaudino, G.,
Tamagnone, L., Coffer, A., and Comoglio, P. M. (1992). Hepatocyte growth factor is a potent

100



Bottaro, D. P., Rubin, J. S., Faletto, D. L., Chan, A. M, Kmecik, T. E.,
Vande Wude, G F., and Aaronson, S. A (1991). ldentification of the
hepat ocytwogoediks7iact or receptor as the c-nmet prot ooncegers2@soeiees .

Sci ence 251, 802-804. Bussolino, F., D Renzo, M F., Ziche, M,
Bocchietto, E., divero, M, Naldini, L., Gaudino, G, Tanmagnone, L.,

Cof fer, ahbiogeRiddackd WREHhis@mulBteMendoth@Ra bell FHBMAY AkYdOw@l POAINBIHRLI629L61 1A

pot ent angi ogeni ¢ factor which stinmulates endothelial cell notility and
gromh. J Cel|l Biol 119, 629-641. Coltella, N, narg, M C_, ri sano,
V., Tru§sltslielN., Manarp MtenGegisang, Vs Trusling, Fan?‘?nZRM,@L E-ngcqﬂqugggi "fﬂge R
(2003) . pReA®i L. (2d08). WEIE/ ot MET/EIRGEcebidr RIRbliféeticildnd mvasiee BeRMasiole behavi or
of osteosarcoma. Faseb J 17, 1162-1164. Cooper, C. S., Park, M, Blair, D
G, Tai ReReparcpma. KasebiZl162-1194. * roce, C. M, and Vande Wude, G F.
(1984). Mol ecular cloning of a new transformng gene froma chemcally

}v[r %nsé o@asaper,!mrmA,rPaﬂ%M., Hléﬁf}ﬁ. dﬂgq&mw M.JA.E, }B&lﬁﬂﬁéﬁ, K.DCroBg 1tz dy., At dv:ande Whideer 0,

, acom ni - ree, . H astre, E. |, ossay, .L Nor.dl i nger, B.,
Br et , Car: (B Mplgrolar eloningiofp fepp gansigrmiig gepedfomaf cepmighl raniFeed S oi on
and anplckil jiseaNu@fe 37, Joks3. net / HGF recept or gene during the progression of
colorectal cancer. din Cancer Res 1, 147-154. Ferguson, K M, Berger, M

B., Mendr.aql a, o , . H S, Leahy, D, J. Le n . A {2003).

Cor nor isenio Rt & Rty Gifomian b b ne ohass B e e B e Ringer 2

ect odomaréti 8. Bdtiaziats., @iordMol S Cald et 411 (198%) 70 Getdkprestiomgand akaplificatiowhixhg), Y. W,
and Vande e, G F. .(2000). Met .receptor. tvrosinhe Kinase: ed

o hat AU Eonion gt AP et ooy Bhal iR (RE CShOERE: pampgREed.
McKern, N M, Lou, M, Elleman, T. C, Adans, T. E., Lovrecz, G O, Zhu,
H J., \Rtdaesn, KPM,, BergenbelB., NMénddalg, THdY OB, HR.S..AeahyeD. hland (2002}, MGhyst al

structur runcated epidermal .gr. . NYoxs r L r
S D e g
Gner ar diMolEe]l IY07e47. M E., Mguel, R N., Blundell, T. L., lanele, L.,
Gough, J., Bandyopadhyay, A., Hartmann, G, and Butler, P. J. (2003).
Functi onal p,a O§rBj;N f 5

pr ot oon 2%1 6%6 @' %‘hggarn ceptd ?Ed% ‘{7)&;{1%% g%)g‘fj % é}y %E( Eg?%?ﬁtq% %gﬁég{ry/r cggng%{}%?& ?Igg%%a? :
Pr ot NatsignAlgmdhiSugh ddaiBerAprotéing Qnoegene 19 5582-5588nd Ruosl ahti, E. (1999).
Integrin signaling. Science 285, 1028-1032. G ordano, S., Corso, S.,

Conr ot t Qiangtt’T.'g,tl\iI&e N ﬁé'hougdl.,%lkﬁl%, TG0, ABRLOET BSLoReoz, G0BERQML., L., and
Conpgl i 0, P.M (2002). The sefmaphorin 4D receptor controls invasive growh
by couplWalkerwF Frenlst, M. Natogus, P. 48j ¢flal-42002p Grystl strugfusy of grfpncated epigerniglnz o, M

F., Nars Wtﬁ@ac]gﬁﬁffgptor SRR Iar domar: bouRPSRran Formif o F@NRAb afhha ReellM10(74389) .

Bi osynthesis o e protein encoded by the c-net proto-oncogene. Oncogene
4, 1383-7W388. G ordano, S., Maffe, A, Wllians, T. A, Artigiani, S.,
GQual, P., Bardelli, A, Basilico, C, Mchieli,P., and Conoglio, P.M

(2090) . dltd&r Nt oR& Pl EMWISLEL G0N BluddeR, TTRL, IARGQ S Tough, 1S Bindybgddhyg
A., Hartmann, G., and Butler, P. J. (2003). Functional map and domain structure of MET, the product
of the c-met protooncogene and receptor for hepatocyte growth factor/scatter factor. Proc Natl Acad

SciUS A.
Giancotti, F. G., and Ruoslahti, E. (1999). Integrin signaling. Science 285, 1028-1032.

25 Giordano, S., Corso, S., Conrotto, P., Artigiani, S., Gilestro, G., Barberis, D., Tamagnone, L., and
Comoglio, P. M. (2002). The semaphorin 4D receptor controls invasive growth by coupling with Met.
Nat Cell Biol 4, 720-724.

Giordano, S., Di Renzo, M. F., Narsimhan, R. P., Cooper, C. S., Rosa, C., and Comoglio, P. M.
(1989). Biosynthesis of the protein encoded by the c-met proto-oncogene. Oncogene 4, 1383-1388.

30 Giordano, S., Maffe, A., Williams, T. A., Artigiani, S., Gual, P., Bardelli, A., Basilico, C., Michieli,
101



bi ol ogi cal properties. Faseb J 14, 399-406. Hamanoue, M, Takenoto, N.

Mat sunoto, K., Nakarmura, T., Nakajima, K , and Kohsaka, S. (1996).

Neur ot r opwoo@ldiesst of hepat ocyte growt h factor on cent palr/usesosors26yst em
neurons in vitro. J Neurosci Res 43, 554-564. Hartmann, G, Widner, K M,

Schwarz, H, and Birchneier, W (1994). The notility signal of scatter

factor/ Iklee[?lﬂt(:%ﬁ%%ﬁo o Wﬂ@o&aﬁfffe{enﬂﬁﬁﬁt%ﬁgmhpﬁlQhkghettoﬁ&)gE&C&iBft @istiicy r 0si ne

ki nase net requires intracellular action of Ras. J Biol Chem 269,

21936- Higggcal pedpprsiess Fageb ] IRAAF406. | and Vande Wude, G F. (1996). Enhanced

tunorigenicity and |nva5|onnetasta5|s by hepatocyte grow h factor/scatter

factor H%Ban%heg ARl TdkBRolo N NNERBMSS! k S NGRRRRATTE, Makajihd, R, il 6Kshions afioddre

ur oki nase proteol ysis network. Ml Cell Biol 16, 1115-1125, Jeffers M,

SC hmi dt Neu_otrophla l@ﬁ%@@ﬁhepawcyte B fagtor qn centygh pervells sysem NEYrARiIHYTOF | Zpar |
B. 5 andyManderdoMdess 464 F. (1997). Activating nutations for the net

t yrosi ne ki nase receptor in hunan cancer. Proc Natl Acad Sci U S A 94,

11445-11450. Jin , Fuchs , Schn Jose

Lamszusk mkmmnpaﬁQWmNFrKCBid%BW@Z aﬁéBncgﬁﬁmﬁéééH%%EThﬁHfﬁ@§?¥Rﬂ€§preSS|on

of scat {GierRedBE a@&% teGrdih fAcRE ﬁﬁaﬁﬂéd thli‘odgﬁ RieGepittyfRint ghagtmdi@@iés ti ssue.
Cancer 79, 749- 76% uneyasu Yasui Yokozaki, H., Kitadai, Y., and

Tahar a, infrace]lylgeassion piHiasy aﬁi?lgi?ﬁlr?égs%lgﬁ 8*938net MRNA i n human gastric
carcinomas. Int J Cancer 55, 72-75. Lev, S., Yarden, Y., and Gvol, D

(1992) . jefrefsER0Q ML M ané VaRON&IdS, GfF. U996}[ Eﬁl&ﬁédﬂl‘tmﬁ@igehhﬁy atdemasiehd fact or
don .and

(SCF) retains |igand-induc re dineriz

SO bt | REPHESPIBPR T S R S B g A T Fm AL SR ER v

Par k, Mpdu@if off hdQrokiasePprotéctFdhetwd ave el dsdi/ont 1a5-1825ret  pr ot o- onc Og e n e
but not epidermal growth factor receptor or c-erbB-2 in primary human

R L e e e ey TS

J. ( 1999\)oude$th BCt1098- Activatiiganutativad §o6 ile nef tyhespetkiemye lecegtomw hunfaa@@@pr Proc

identif' 0 | ack mtogenic activity yet retain high
affinit %%%6&”%?&%1 éﬁSEﬂ@é J 11, 2503-2510. Lorenzato, A, divero,
M, Patane, S., Rosso, E., diaro, A, Conoglio, P. M, and DO Renzo, M F

(2002) . Jihidv.egFuchgratSchnim . dt Yens . JbseapheA. NeEmsawse Bg &ad, M Gelgvars. £ &-@foma
netasta . ot r (&) Resi t breast

7025- 70 ?"'Egé'g\f[' @dﬂ%‘,@%asr“f“g‘s} ,S‘Eatil?‘%%ﬁgivga?l‘ﬁég‘\i{ﬁéﬁgﬁorl itgil og 1,%“ Uart, D. |
, Jonestisske. Céncer daF4BS6@Uf, R M (2003). The |i gand- blndlng face of the
semaphori ns revealed by the high-resolution crystal structure of SEMAAD.

glat‘re g;;%ily%lu% fUJ 843 B%ﬁc%akll\ﬁl R?tadall: Y. ’ag@%ﬁﬁiﬁ'ﬁd@995 Abeﬂéﬂﬁ-f gres%n of c-

R” and Ponzetto, C.
UncouplmmgmBNAanBmwrﬁﬁﬁ@h@ﬁﬁ@meé@éﬁhwﬁiﬁ%7%ﬂ§o reveal s conplex roles in
nmuscl e devel opnent. Cell 87, 531-542.

20 Lev, S., Yarden, Y., and Givol, D. (1992). A recombinant ectodomain of the receptor for the stem cell
factor (SCF) retains ligand-induced receptor dimerization and antagonizes SCF-stimulated cellular

responses. J Biol Chem 267, 10866-10873.

Liu, C., Park, M., and Tsao, M. S. (1992). Overexpression of c-met proto-oncogene but not epidermal

growth factor receptor or c-erbB-2 in primary human colorectal carcinomas. Oncogene 7, 181-185.

25 Lokker, N. A., Mark, M. R., Luis, E. A., Bennett, G. L., Robbins, K. A., Baker, J. B., and Godowski,
P.J. (1992). Structure-function analysis of hepatocyte growth factor: identification of variants that
lack mitogenic activity yet retain high affinity receptor binding. Embo J 11, 2503-2510.

Lorenzato, A., Olivero, M., Patane, S., Rosso, E., Oliaro, A., Comoglio, P. M., and Di Renzo, M. F.
(2002). Novel somatic mutations of the MET oncogene in human carcinoma metastases activating cell

30 motility and invasion. Cancer Res 62, 7025-7030.

102



Mat sunoto, K., and Nakarmura, T. (1993). Roles of HG- as a pleiotropic
factor in organ regeneration. Exs 65, 225-249. Maulik, G, Shrikhande, A ,
Kijim, TWO:2Mes018371C , Mrrison, P. T., and Salgia, R @20a&poosBoices of the
hepat ocyte growth factor receptor, c-Met, in oncogenesis and potential for
therapeutic inhibition. Cytokine Gowh Factor Rev 13, 41-59. Meiners, S.,
Bri nkmapngve, ¥: A., NAWRIR!, Maviddat, 8N ®als S N0Sugt, D. Y 10pdO88Y ., araﬂsaomR M.

m)rphogenetl c factors.in_ netastasis of mlmd%l r.ci nona §a1 &6
16, " 9- 260035 Fue ljggnd-eindingfaes o e SeRphoRNAEHICS i the Tgh-Frap fion CKXS BaY

D Renzgs sE¥iadD . NABHuRMIdawaz-888. (2001). MET recept or i s overexpr essed but
not nmutated in oral squanous cell carcinomas. J Cell Physiol 189, 285-290.

Naka, D,, . |shi S y ra, . H. i shi

and Ki difieet %Sa%fi@éz‘? Kot B stisim e B%?r M-S?‘B% B @61{38%3%838

pr gt eol yiobe). Uﬂd’b\dﬁlﬁrfgl RELCIN Y fr(&nﬂiem@teecéﬂft&l il vivo kdveilo canplet eles it micle J Bi ol Chem
267, 201 14- 201&1 ;\lgi d%&l L., Weidner, K M, Vigna, E, Gaudino, G,
Bar del | flevelgpmens(elkg Nar si mhan, R P., Hartmann, G, Zarnegar, R,

M chal opoul o0s, G K., and et al. (1991). Scatter factor and hepatocyte
growt h Iv&eshmbtoaKe aﬁmldmahfagmj (s9e3h[Relds oy HOH 35 £ pleiotrapic K4etor ireaept regeneritidno J
10, 286%M857§ tali, P. G, Prat, M, N cotra, M R, Bigotti, A,
aivero™ 63 glio, P. M, and DI Renzo, M F. (1996). Overexpression of
the net/HGF receptor in renal cell carcinomas. Int J Cancer 69, 212-217.
Nguyen, Maulik, I@Imﬂm%dx u[giamaj\n‘ MuHE. 64y MorGson, FiTkraad SalEia, ID.(,ZOQ%rROIthahe D.,
Four ni e .

(1957) “erebisie SRFERRSPr S e BeeMepstspd Bfos rerapBRE RGN, Y, o
hepat oc yyekipe Gnwih fFacddRevrigc4lpi®r requires a functional G b2 binding site

i nvol vi ng tyrosine 1356. J Biol Chem 272, 20811-20819. Nusrat, A., Parkos,
C A, arr P and
Madar a, meIr_S §( ?B@lﬁn ﬁ?‘%@éftf eH g?ng\blﬁhlp%fgf\ ?gg{ tR é)rE c?fglcgt&(ﬁ)lr%geélf t%efg%(gpson
epi t hel umetm@wlﬁmamamcwmmwellﬂ OneggepauldeP28ns in transforned and

ene

nontransformed cell lines, basolateral polarization of c-nmetreceptor in
tr ansf onReiASYONUN] AfhE ] Btha@PM.1Rklofe, s REALYHA EOBdBiofdaRd, 6, wound
repair Ml@a trans?%r med e |t?1rel ium ) Ai'n Invest 93, 2056-2065.

Qg[liso K2001). YT rgerptor [ ovelmqurgqgf: bupnot nmgqg%q 1n ozl sqwﬂ aarcwpmas'({ ﬁf,ll J. H,
Sai to, Iopesiopak@RE 999 A, I noue, M, Shirouzu, M, and Yokoyama, S. (2002).
Crystal ¥ructure of the conpl ex of human epidermal growth factor and

receptor extracellul ar domains. Cell 110, 775 787. Aivero, M | zz0, M,
Madeddu Ne, Dt di & oshiyamapg  Migazay e i1 Hars H., Hishida T anﬁldﬁémaﬁ a@%

Maggi @cuva%iroﬁ Bﬁhep&{ocyté\@%azhi factht: byProte SNt conx(e}s%iﬁ)f a siA¢RIcBXpf@mIban and
actlvatl on of hepat ocyteéﬁrowth ctor/scatter factor in human

non- snthPte@éWeflltﬁa‘@l%Fb% &Péé.’z% J Cancer 74, 1862-1868. Oivero, M,
Valente, G, Bardelli, A, Longati, P., Ferrero, N, Cracco, C, Terrone, C

. BoccanResset Weidn&, K. M0Vaglal B, GRudidd, G., Baglell, ARPoZStto0, M., NarsiiAOR) P., Novel
mut at| Orf-lalrtnmaxgrg %.,/Azglfﬂegér?lgl Rﬂchaio&agulgs G. K, and et al. (1991). Scatter factor and hepatocyte

growth factor are indistinguishable ligands for the MET receptor. Embo J 10, 2867-2878.

Natali, P. G., Prat, M., Nicotra, M. R., Bigotti, A., Olivero, M., Comoglio, P. M., and Di Renzo, M. F.
(1996). Overexpression of the met/HGF receptor in renal cell carcinomas. Int J Cancer 69, 212-217.

25 Nguyen, L., Holgado-Madruga, M., Maroun, C., Fixman, E. D., Kamikura, D., Fournier, T., Charest,
A., Tremblay, M. L., Wong, A. J., and Park, M. (1997). Association of the multisubstrate docking
protein Gab1 with the hepatocyte growth factor receptor requires a functional Grb2 binding site
involving tyrosine 1356. J Biol Chem 272, 20811-20819.

Nusrat, A., Parkos, C. A., Bacarra, A. E., Godowski, P. J., Delp-Archer, C., Rosen, E. M., and
30 Madara, J. L. (1994). Hepatocyte growth factor/scatter factor effects on epithelia. Regulation of

intercellular junctions in transformed and nontransformed cell lines, basolateral polarization of c-met
103



t he MET oncogene tyrosine kinase in a HPRCC famly. Int J Cancer 82,
640-643. O'i an- Rousseau, V., Chen, L., Sleeman, J. P., Herrlich, P., and
Ponta, Hw020@&2)1537€D44 is required for two consecutive PCEAS2008/02i6GE6 C- Met
signaling. Genes Dev 16, 3074-3086. Park, M, Dean, M, Cooper, C S.,
Schmdt, M, OBrien, S. J., Blair, D. G, and Vande Wude, G F. (1986).

Mechani %&19& B hnsRRHEAU ST aARAl llﬁt@shhé} BpitHeld, 395 of@pid widagksepM in aMOT an,
P., Mendoza, N., Wckramasin and Kirchhofer, D. (2002). Unusual

pr ot eol JENsEorEeq modal epjthepym Jy mﬂé]ﬂ’é‘t@c%@ 5829wt h factor by plasma kal likrein

and coagul ation factor Xla. J Biol Chem 277, 47804-47809. Pelicci, G,

S or da?@glss é{ Kl\i/&\a&{m RZNulrﬁalc'o\;/{ lFu[l){al 8, YEmar}[ak@,M[Kﬂﬁ;OHH , Sdito, KB3sidh@lotd, AdA .
anayot qu erfie e e ,_and et a

(1605 Trite N AT O o YALEBEERS CNBE ST e ?éfﬁ%?%lpé%q A4 by ¢ he

Shes adappiaérnfl Qb\ethrfactmﬁ@gsaqgoﬂe@uacmaardlaﬁﬁﬁs diaquojwewg7.A. N,

Schl essinger, J., Hubbard, S. R. , and Mohammadi, M (1999) Structural

basis faor. FG- r i on actiwv 8,

Ponzet t Vg0, Mp @ ’Ilﬁrl\gﬂ? asa?"ag!(\j%‘?“ﬂae?cm%l §31§1°Pt5a %%cé) rgé% ?%gglr dano,
S., G azi.aMkna, N, NaRanRY®} &ul. (@96) ORelefpadyaigh hral acfvailon OI2Pdpcytéigrowth

mul tifuncti naI ockl site ne S nalin dtr n r ion by the
hepat oc;}‘[lcéo t’f"d&ﬁ%‘?‘?"s‘&"é‘fﬁ‘@ﬁ %@Pﬁ?ar 8%‘8%%?? ¢ 73’3 f@ﬂg&i]?, 261-271.
Ponzett o, C , Zhen, Z., Audero, E., Maina, F., Bardelli, A, Basile, M L.,
a or dan@)hv&o MNa/raEhtashGn Baifdelli, Andofgtidyy) ReaeroPN., CiR66 )C., Tspeus, £, Rowacoupl i ng

O T ST SNl 555PAL o B85 S0l ST AN AR SUIRLL 0N

Donoghuehe NET dncog2@QpsindHiKasmitt aHPROS faaumily. hmhﬁmwn&r G@Wen good r ecept or s
turn bad. Trends Genet 16, 265-271. Royal, | , and Park, M (1995).

Hepat ocy{ e a a¥.cell's
r equi regd paﬁgé)blfy%%{] g;ﬁh%%g“l [Sg%éﬁ%gkl ﬁalgéerﬁ{cg OéBl A(}){?(pgﬂte 5%6292 743'85[% l5711%7 o
Schm dt tw&cons®lutivi stepFin HGBledda lsizpalBg, GBes RkvERRY)7M086.Zschi esche, W,

Sharpe, M, CGherardi, E., and Birchneier, C (1995). Scatter

factor/ f I ture
LS %%e %qué:taﬁ N @%gar @%J@f:hdnﬁt Eﬁs@ﬂﬁ&fﬁk Jfg;_q?& Ig/glaggwa#&memtgn%hﬂae ,

Cheyke, (F986) Sidehangsm OfoletWCOg@mﬁaﬁh‘githlZCell I‘fﬁbl‘ﬁ@ﬁé% L, Dean, M, etal.
(1997). CGermine and somatic nutations in the tyrosine kinase donmain of the

MET pr OtPBeIQqugﬁﬁ P. rM%Qkal NaerEl%H@émg@l@-rﬁz' zﬂﬁﬁ@@hhcﬁ@ftD 06Y). Bifusud8- 73.
Schmdt, L., Junker, K., Nakaigawa, Ki nj er ski |r|ch G, Mller,

M, Lubeneikefyticlactivesomelino- hwatqoyte gm%@ﬁtor by Bla%é%galﬂelmand cgagulgtion {21999) .

Novel mutti MBS Ahes A4 oot 0- oncogene in papillary renal carcinonas.
Oncogene 18 2343 2350 Suzukl K., Hayashi, N., Yamada, Y., Yoshi hara, H.,

M yanot o Kat aya Sas ., and et
al . ( 19@3&}1001 @cp@@’?éi“b§ @F‘elt I?e SglejpiA- éré’??f&?&‘aﬁeﬁegi‘rﬂel}ﬂﬁa?ﬁnﬁ%oﬁ%& Geel 1 ul ar
cahgi NONRatedriBRAMODQ P¥n Ao, (LARTcLAB 6., and et al. (1995). The motogenic and mitogenic

responses to HGF are amplified by the Shc adaptor protein. Oncogene 10, 1631-1638.

Plotnikov, A. N., Schlessinger, J., Hubbard, S. R., and Mohammadi, M. (1999). Structural basis for
FGF receptor dimerization and activation. Cell 98, 641-650.

Ponzetto, C., Bardelli, A., Zhen, Z., Maina, F., dalla Zonca, P., Giordano, S., Graziani, A., Panayotou,
25 G., and Comoglio, P. M. (1994). A multifunctional docking site mediates signaling and
transformation by the hepatocyte growth factor/scatter factor receptor family. Cell 77, 261-271.

Ponzetto, C., Zhen, Z., Audero, E., Maina, F., Bardelli, A., Basile, M. L., Giordano, S., Narsimhan,
R., and Comoglio, P. (1996). Specific uncoupling of GRB2 from the Met receptor. Differential effects
on transformation and motility. J Biol Chem 271, 14119-14123.

30 Robertson, S. C., Tynan, J. A., and Donoghue, D. J. (2000). RTK mutations and human
104



Tamagnone, L., Artigiani, S., Chen, H, He, Z, Mng, G L, Song, H.,
Chedotal, A, Wnberg, M L., Goodnman, C. S., Poo, M, et al. (1999).

Pl exi ns awe 2aodiaszye fam |y of receptors for transnenbrarer/iseasprmsds and
GPl - anchored semaphorins in vertebrates. Cell 99, 71-80. Tenpest, P. R,
Stratton, M R, and Cooper, C. S. (1988). Structure of the net protein and

var i at | QRqBheden B5ALBcPokinia$al. AGkidy Ghdet 2608g2MMaN tumour cel | |ines. Br
J Cancer 58, 3-7. Trusolino, L., Bertotti, A, and Conoglio, P.M (2001). A

signaling adapter function for al pha6pbetad.inteqgrin in,.the_control of

i de b ks Mo oo Heo-gisiaont e nbea i Besdoaepit e o
Mori,  GiidneShbifdBquirks pholshafdylidositoNPRiRase I BioPOlbni2 2002178627187, ( 1995) .

Pl acent al defect andp enbryonic lethality in mce |acking hepatocyte growh

factor/scatter factor, tur 73, 702-705 . Van Vagct or . V.. .and_lLorenz,
L. J . YehowdyC. Riedi 5+ © Q‘?eogng’ﬂ%@a?ﬂ’gv 'S%Sr‘fﬁﬁcg%s%o%ﬁ%&éo “eheE acthg'.’ aI'%}ur r

Bi ol 9, pivdiddkict 04 .(1906). deutes fatdor/Mpatobite OGN faGtorSs esséaialfer livdr devBlopmkntann, V.,
Behrens, J., and Birchneier, W (1996). Interaction between Gabl and the

c- Met r@%téﬁt 2 €t99'r78%i ne kinase is responsible for epithelial norphogenesis.
Nature 384, 173-176. Wesmann, C, Fuh, G, Christinger, H W, Ei genbrot, C
, el | sschinidt, B, DuRRIMO eV F., KasHidla, (18%0)h, GO yaykalP. Scharet 8., Zhuahg,7Z.A

695 704 hreon &, Sof FLER Uetmige Wi chlc B ey GEARAGpART, oo

Cryst al ofsthé METWr&o-0hcoaedeve pgiiltiny fenflaatcmomhn NeoGpleess, 68/ t he | i gand- bi ndi ng
domain of the TrkA receptor. Nature 401, 184-188. CLAIM5S 1. An anti-c-net

ant i body .ca i Sing: at | east,. . . . G m t he grou
o ohisi o PGt Piokeh ot e ftaho ) koS T ERG S OBENEL Bnad O LTS BLOUP
KSSQSL L NESRISNYL P I586gh| 1B, NExkey, T( id Q. (HER). Novelompations effhe MiTarmele-oprsg, in

wherein Bl-B7 i s WASTRES ( SEQ | Z i) HVR-L3 conprising sequence
Cl-C9, Wi a@(??“%f?r ME %W%Vp%rb\%ééﬁb NO 3) (iv) HVR-H conprising
sequence DI -DI O wherein D-DOis GYTFTSYWH (SEQ ID NO 4) (v) HVR-H2
conpri sBmaks &qHayesbi, NL-¥an@da, Whe¥ eshiar 1H 2Ry ametogVi BpsKsBTRENFNERD2(ISEQ | D

NO 5) ( i%]? Ry HB8, COnmL 11Si156k S%&)&{%Elgﬁoﬂ:thé Elnke pr¥B88BLdhe it hfthan hepaocellular

XYGSYVSéﬁ (3 & I'D% %}d ana' Is not R andp (b) a% | east one variant HVR,

wher ei ncirbipomaHeantologhR, dGitpt236es nodi fication of at | east |
Tamagnone, L., Artigiani, S., Chen, H., He, Z., Ming, G. L, Song, H., Chedotal, A., Winberg, M. L.,
Goodman, C. S., Poo, M., et al. (1999). Plexins are a large family of receptors for transmembrane,

secreted, and GPI-anchored semaphorins in vertebrates. Cell 99, 71-80.

Tempest, P. R., Stratton, M. R., and Cooper, C. S. (1988). Structure of the met protein and variation

20 of met protein kinase activity among human tumour cell lines. Br J Cancer 58, 3-7.

Trusolino, L., Bertotti, A., and Comoglio, P. M. (2001). A signaling adapter function for alpha6betad
integrin in the control of HGF-dependent invasive growth. Cell 107, 643-654.

Uehara, Y., Minowa, O., Mori, C., Shiota, K., Kuno, J., Noda, T., and Kitamura, N. (1995). Placental
defect and embryonic lethality in mice lacking hepatocyte growth factor/scatter factor. Nature 373,
25 702-705.

Van Vactor, D. V., and Lorenz, L. J. (1999). Neural development: The semantics of axon guidance.
Curr Biol 9, R201-204.

Weidner, K. M., Di Cesare, S., Sachs, M., Brinkmann, V., Behrens, J., and Birchmeier, W. (1996).
Interaction between Gabl and the c-Met receptor tyrosine kinase is responsible for epithelial

30 morphogenesis. Nature 384, 173-176.
105



one residue of the sequence depicted in SEQID NO 1, 2, 3, 4, 5 or 6. 2.
The anti body of claiml1l, wherein F| in a variant HYRRH3 is T or S, F3 is R
or S and W0 208/0i5378. The anti body of claim 1, wherein tireTarstéosoet624 S

humani zed. 4. The anti body of claim 1, wherein at |east a portion of the
framework sequence is a human consensus framework sequence. 5. The anti body

of cl ai FidsmaM&F. G, @acﬁndﬁﬁgérfm ORL nurgt Stk LTUAIL 8 del BEATNON oY),
del etion. 6. The antib cIa|n1 wherein a HYR-L2 vari ant conprlies

1-5 (1, Coystabstrugtugsyat 8y Ps%&lﬁ%@f VERE ip poraplcx wisheameaa 7 oo Fit feeepigr e
pOS|t|O@§§ﬂﬁ_l (Mor L), B2 (P, T, Gor S), BB( N G Ror T), B4 ( I, N

or F, BS (P, I, Lor G, B6 ( A D Tor V) and B7 ( R I,Mor 7. The
anti body of claiml1, wherein a variant conprises 1-5 ﬁ% , 3 4 or
5) substiesaneis. Pischid- T oBass- r'?‘a%lr éﬂd %V%é Mo(198%k g sBbdmemspd ey (N, P,

L, sS, Agrolw}h faQ%r folcompleRih theDBadd®indhg domakn offthe THRA rédeptotINatdre 41, 1340188Y) and
D9 (Mor V). 8 The antibody of claim1l, wherein a H/R-H2 variant conprises

1-4 (1, 2, 3 or 4) substitutions in any conbination of the follow ng
positions: E7 (Y), E9 (1), EIO(I), E14 (T or Q, E15 (D, K, S, T or V),
E16 ( L), E17 (E, H N or D) and E18 (Y, E or H. 9. The antibody of claim
1, wherein a HVR-H3 variant conprises 1-5 (1, 2, 3, 4 or 5) substitutions
in any conbi nation of the followng positions: FI (T, S, F3 (R S, H T,
A K, F4 (g, F6 (R FM T, E, K A L, W, F7 (L, I, T, R K V), F8 (S
A, FIO(Y, N and FI1 1 (Q S, H F). 10. The antibody of claim1
conprising an HVR- LI having the sequence of SEQ ID NO 1. 11. The anti body
of claim1l conprising an HVR- L3 having the sequence of SEQ ID NG 3. 12. The
anti body of claim1, wherein FI in a variant HYR-H3 is T. 13. The anti body
of claiml1, wherein F3 in a variant HYR H3 is Ror S. 14. The anti body of
claim1l1, wherein F7 in a variant H/R-H3 is T. 15. A humani zed anti - c- net
anti body wherein nonoval ent affinity of the antibody to human cnet is
substantially the same as nonoval ent affinity of a murine antibody
conprising a light chain and heavy chain variabl e sequence as depicted in
Fig. 7 (SEQID NG 9 and 10). 16. A humani zed anti-c-net anti body wherein
nonoval ent affinity of the antibody to human cnet is at least 3-fold
greater than nonovalent affinity of a nurine antibody conmprising a |ight
chain and heavy chain variabl e sequence as depicted in Fig. 7 (SEQID NO 9
and 10). 17. The hunmani zed anti body of claim 15 or 16 wherein the nurine
anti body is produced by hybridoma cell |ine deposited under Anerican Type
Culture Collection Accession Nunber ATCC with designation HB-11894
(hybridoma 1A3.3.13) or HB-11895 (hybridoma 5D5. 11.6).
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18. The anti body of any of clains 15-17 wherein the binding affinity is
expressed as a Kd value. 19. The anti body of any of claim 15-18 wherein the
bi ndi ng aWbi2nectns37s nmeasured by Bi acore or radi oi nmunoa®sausS2@B/0276he

anti body of claim1 conprising human Ksubgroup 1 consensus framework
sequence. 21. The anti body of claim1l conprising heavy chain human subgroup
1l consensus franmework sequence. 22cpAMgs anti body of claim2 1 wherein the
framewor k sequence conprises a substitution at position 71, 73 and/or 78.
23. The anti body of claim 22 wherein said substitution is R7I A, N73T and/or

N78A. 24. A hWRRicza8d aff¥olly EonfRkingnt | body wherein the humani zed anti body
i nhi bits bindi ng human hepat ocyte growh factor to its receptor better than

a reference &hti bablgast YR peggense stletdriram e eronp conststiagef body conprising a
| i ght chain and heavy chain variabl e sequence as depicted in Fig. 7 (SEQ ID
NO 9 and 10).25. The anti body of claim 24, wherein the hupmani zed anti body
i nhi bits binding Wth &RR-EbeOwR{ising sedgeceisl-PEs vbeRAHAILT ISt hat of the
chineric anti body xkR@s1Theseokigedyseh minad:m 25, wherein the 1C50 is
determ ned across an anti body concentration range from about 0.01 nMto
around 1000 nM 27. A hurmani zed anti-c-net anti body wherein the humani zed
anti body i nhi bits jumanrnhepateapsedcqishdt 8RBT, Ahefdi3F)-Br &CWRSTIRESCSEQ At i on
better than a reference antibody conprising a chineric anti-c-net antibody
cotprising a |ightPH&Ph and heavy chain variabl e sequence as depicted in
Fig. 7 (SEQID NGO 9 and 10). 28. The anti body of claim 27, wherein the
humani zed anti body_inhibits receptor activation with _an anﬁ v%bﬁs% hat is
| ess than hal f thd#)of HYRLERpHRSIE ssafenesddyCo-odererhel-Grds Bdy ai m 28,
wherein the |1 C50 ispdebomned across an anti body concentration range from
about 0.1 nMto about 100 nM 30. A humani zed anti-c-nmet anti body wherein
the humani zed anti body i nhibits c-net-dependent cell proliferation better
than a reference gpbi bagyreAEBRMbSIiMGeguenbd DBID10, vlitkdin DITHD iaGY THSYWLH
conprising a light chain _and heavy chain variabl e sequence as depicted in
Fig. 7 (SEQ I D NOSERRNGH) . 31. The antibody of claim 30, wherein the
humani zed anti body inhibits cell proliferation wwth an 1 C50 value that is

| ess than half that of the chineric antibo 2. Th j.body of claim 31,
wherein the 1C50 i¥ detl&Y RiEamBEFBEEIHRH %FH%&@E Hﬁ%@ﬁﬁiﬁtion range from
about 0.01 nMto abauipshNIDTRMINPREKDISEQADINGGYY of the precedi ng cl ai ns,
mhggein both the humani zed anti body and chineric anti body are nonoval ent.

(vi) HVR-H3 comprising sequence F1-F11, wherein F1-F11 is XYGSYVSPLDY
(SEQ ID NO:6) and X is not R; and

(b) at least one variant HVR, wherein the variant HVR comprises modification of at least

25 one residue of the sequence depicted in SEQ ID NO: 1, 2, 3,4, 5 or 6.

2. The antibody of claim 1, wherein F1 in a variant HVR-H3 is T or S, F3is R or S and F7 is T.
The antibody of claim 1, wherein the antibody is humanized.
4. The antibody of claim 1, wherein at least a portion of the framework sequence is a human
30 consensus framework sequence.

The antibody of claim 1, wherein said modification is substitution, insertion or deletion.

6. The antibody of claim 1, wherein a HVR-L2 variant comprises 1-5 (1, 2, 3,4 or 5)
substitutions in any combination of the following positions: B1 M or L), B2 (P, T, G or S),
B3(N,G,RorT),B4(L,NorF),B5(P,I,LorG),B6 (A,D,TorV)and B7(R,I,Mor

35 Q).

7. The antibody of claim 1, wherein a HVR-H1 variant comprises 1-5 (1, 2, 3, 4 or 5)

substitutions in any combination of the following positions: D3 (N, P,L, S, A, I), D5 (L, S or
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34. The antibody of the preceding clainms, wherein both the hunmani zed

anti body and chineric antibody conprise a single Fab region linked to an Fc
regi on. 380 24%/mM371body conprising a heavy chai n vari ablpeTdsowisn2mespri Si ng
HVRI - HC, HVR2- HC and/ or HVR3- HC sequence depicted in Figure 13 (SEQ I D NO
191-193). 36. The antibody of claim 35, wherein the variable donmain

conpri ses FRiyyH (FBZTI-@R)FBQ. F HERAGAF & viRR4 Dd@vesagence depicted in Figure
13(SEQIDNO 18(7 f} %eantlbody of claim35 or 36, wherein the
ant i body- conpPs ¥ Cb?ﬁa/l ovberin 3 BY Rt ¥argaisfiogpesesi it @ Zdras O1bstsitions D NO
194 and/or 18Py c&%bmﬁ[bn%@me%ﬂmwmhb@ E@(‘ﬁ) EQQWElO'Z'@'EM‘(@H@P'E@S@@WH' n
conpri sing HVRI - %uence depicted in Fi gure 13

(SEQ I D NO f8§»ﬁ8‘5‘f> E?B@( L)Tﬁé7 @nﬁ H@HP) 6‘?‘1@18&( nE38M-wherein the variabl e
dongi n gonpr Tﬁ@&tﬁﬁg&@lan&@zwlkegem EBYRUS aﬁ%pcronl:pﬁéesl-lg gegluengesydepi cted in
Fi gure 13 (SE 179-182). 40. The antibody of claim38 or 39, wherein
the anti body SESHPBHONS &y bR RE EredeliERERP S| %d?es)1§3 FSEGL B ANG):

186) . 41. An any dbpémz GONDIT BildG 2, Reavyachal R, Kaw 2R AL ?cmw 19f an@ Py 1 Of
clainms 35-37 an l'i'ght chain variabl e domain of "any of clainms 38-40. 42.
The anti body @S-& Hl-ns 41, wherein the antibody i s nonoval ent and conpri ses
an Fc ragion Thélghtlb&ll}%f%[htlmbQQMpI@ngCJnEH\V@L‘ﬂ%aVM@ﬁE Siclericher §i80 e 8N

conprises a first _and a second polype wherein the first and second
pol%peptlide dBerntibedprfickin 1 sABPBIngAYY VWQ%Y%@W@WCP@%%%@P ild type

human Fqgp, 44Thd hfibadt oReENM 10§ h&biRFMrASwarivhierver pstifre. first pol ypepti de
conpri ses the Fc sequence dep| cted in Figure 13 (SEQ ID NO 195) and the

second P& ypdpt riibodioefistaindswWharen £ flicrEant dFER-EBdtR ORSFi gure 14 (SEQ I D NO

196) . 434, A@&Mo@oﬂc‘lﬂﬁhh'%hé?&n@?ﬂpivaﬁﬁﬂﬂ}l’\ﬁiﬂ@&'ﬁ'| proliferation, said
met hod conprising contacting a cell or tissue with an effective anount of

an antiBeédy éfhugRpized a"cUFFémE)traé‘E'é‘?ﬁYrY@er@}ndP‘?Pé’val% atfimity et fhe AntbpdnS dumat g a

di spase assogledfs8ebswintidllydNSsae Wk Abh@bleRfaffiti JihuemdBitibsdykdalpkings akke, said
met hod conprising adm nistering to a subject an effective anount of an

anti body of &P & hepw “;5‘?’@6’@'6‘} egyense s dem%eds&Fﬁ%tﬁ{%%QéPl\{q 3P4 Y- a subj ect

havi ng gancen heahiedRithOfheCRANPSdy WhBGinafsHoRA1SHt @Ffinity of Be bt®oGiid]hambn an
effecti ve anount of an anti bodél of any of the

;f)recedl n% ‘LY i ns., .48.
met hod of cl &ichisa7eashAdoldigrrateh al&@ﬁl@é@e?tsaffrfﬁwa & FWERT 2UBPYy; P TRe? hg% dney
canﬁe (r]I ?ast Chdin SRIHBVy: chlﬁﬂ:cv@ﬁ@% s@hueg@rh@ @epiabdlindTig. pngQeﬂatNoz 9@3@ el A 39 A
net ho O tre roilrer l.ve | I N a su sal t ho
coffpri sithy aaﬁf ﬁ‘f"gatnézreﬁ ARfbody Pﬁimg‘dgjoéié)wg‘?ﬁelgf}feé’&‘{rl“\‘?@Ltglﬁéhﬁtp“lﬁlflce Yant i body
of any of thaytidesadeiNEnedepbsifed under American Type Culture Collection Accession Number

ATCC with designation HB-11894 (hybridoma 1A3.3.13) or HB-11895 (hybridoma

5D5.11.6).

18. The antibody of any of claims 15-17 wherein the binding affinity is expressed as a Kd value.

25 19. The antibody of any of claim 15-18 wherein the binding affinity is measured by Biacore or
radioimmunoassay.
20. The antibody of claim 1 comprising human ¥ subgroup 1 consensus framework sequence.
21. The antibody of claim 1 comprising heavy chain human subgroup III consensus framework
sequence.
30 22. The antibody of claim 21 wherein the framework sequence comprises a substitution at

position 71, 73 and/or 78.
23. The antibody of claim 22 wherein said substitution is R71A, N73T and/or N78A.
24. A humanized anti-c-met antibody wherein the humanized antibody inhibits binding human
hepatocyte growth factor to its receptor better than a reference antibody comprising a
35 chimeric anti-c-met antibody comprising a light chain and heavy chain variable sequence as
depicted in Fig. 7 (SEQ ID NO: 9 and 10).
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50. The nethod of claim49, wherein the proliferative disorder is cancer.
51. A nucleic acid encoding the antibody of any of clains 1-44. 52. A host
cell conmpwowewpisite nucl eic acid of claimb51. 53. A conmposiusc@s/oeweri Si ng
t he anti body of any of clains 1-44. 54. The conposition of claim 53,
wherein the conposition conprises a carrier.

25. The antibody of claim 24, wherein the humanized antibody inhibits binding with an IC50
value that is less than half that of the chimeric antibody.
26. The antibody of claim 25, wherein the IC50 is determined across an antibody concentration
range from about 0.01 nM to around 1000 nM.
5 27. A humanized anti-c-met antibody wherein the humanized antibody inhibits human hepatocyte
growth factor (HGF) receptor activation better than a reference antibody comprising a
chimeric anti-c-met antibody comprising a light chain and heavy chain variable sequence as

depicted in Fig. 7 (SEQ ID NO: 9 and 10).

28. The antibody of claim 27, wherein the humanized antibody inhibits receptor activation with
10 an IC50 value that is less than half that of the chimeric antibody.
29. The antibody of claim 28, wherein the IC50 is determined across an antibody concentration

range from about 0.1 nM to about 100 nM.
30. A humanized anti-c-met antibody wherein the humanized antibody inhibits c-met-dependent
cell proliferation better than a reference antibody comprising a chimeric anti-c-met antibody
15 comprising a light chain and heavy chain variable sequence as depicted in Fig. 7 (SEQ ID
NO: 9 and 10).
31. The antibody of claim 30, wherein the humanized antibody inhibits cell proliferation with an

IC50 value that is less than half that of the chimeric antibody.

32. The antibody of claim 31, wherein the IC50 is determined across an antibody concentration
20 range from about 0.01 nM to about 100 nM.
33. The antibody of the preceding claims, wherein both the humanized antibody and chimeric

antibody are monovalent.
34, The antibody of the preceding claims, wherein both the humanized antibody and chimeric
antibody comprise a single Fab region linked to an Fc region.
25 35. An antibody comprising a heavy chain variable domain comprising HVR1-HC, HVR2-HC
and/or HVR3-HC sequence depicted in Figure 13 (SEQ ID NO: 191-193).
36. The antibody of claim 35, wherein the variable domain comprises FR1-HC, FR2-HC, FR3-
HC and/or FR4-HC sequence depicted in Figure 13 (SEQ ID NO: 187-190).
37. The antibody of claim 35 or 36, wherein the antibody comprises CH1 and/or Fc sequence
30 depicted in Figure 13 (SEQ ID NO: 194 and/or 195).
38. An antibody comprising a light chain variable domain comprising HVR1-LC, HVR2-L.C
and/or HVR3-LC sequence depicted in Figure 13 (SEQ ID NO: 183-185).
39. The antibody of claim 38, wherein the variable domain comprises FR1-LC, FR2-LC, FR3-LC
and/or FR4-L.C sequence depicted in Figure 13 (SEQ ID NO: 179-182).
35 . 40. The antibody of claim 38 or 39, wherein the antibody comprises CL.1 sequence depicted in
Figure 13 (SEQ ID NO: 186).
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WO 2006/015371 PCT/US2005/027626

An antibody comprising a heavy chain variable domain of any of claims 35-37 and a light
chain variable domain of any of claims 38-40.

The antibody of claims 41, wherein the antibody is monovalent and comprises an Fc region.
The antibody of claims 42, wherein the Fc region comprises a first and a second polypeptide,
wherein the first and second polypeptide each comprises one or more mutations with respect
to wild type human Fc.

The antibody of claim 43, wherein the first polypeptide comprises the Fc sequence depicted in
Figure 13 (SEQ ID NO: 195) and the second polypeptide comprises the sequence depicted in
Figure 14 (SEQ ID NO: 196).

A method of inhibiting c-met activated cell proliferation, said method comprising contacting a
cell or tissue with an effective amount of an antibody of any of the preceding claims.

A method of modulating a disease associated with dysregulation of the HGF/c-met signaling
axis, said method comprising administering to a subject an effective amount of an antibody of
any of the preceding claims.

A method of treating a subject having cancer, said method comprising administering to the
subject an effective amount of an antibody of any of the preceding claims.

The method of claim 47, wherein the cancer is lung cancer, brain cancer, kidney cancer,
gastric cancer, colorectal cancer and/or pancreatic cancer.

A method of treating a proliferative disorder in a subject, said method comprising
administering to the subject an effective amount of an antibody of any of the preceding
claims.

The method of claim 49, wherein the proliferative disorder is cancer.

A nucleic acid encoding the antibody of any of claims 1-44.

A host cell comprising the nucleic acid of claim 51.

A composition comprising the antibody of any of claims 1-44.

The composition of claim 53, wherein the composition comprises a carrier.
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