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 wodess/@537WSC 119(e) to provisional applicationprPaudsess®076308, 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
norphogeni ¢ activities on a nunber of different cell types. HG- effects are
nmedi ated t hrough a specific tyrosine kinase, c-nmet, and aberrant HG- and
c-nmet expression are frequently observed in a variety of tunors. See, e.g.,
Maul i k et al., Cytoki ne RUGAOMZEDRFESTRCMEEN ARWA JROGEE, 13:41-59;

Dani | kovi t ch-M agkova & Zbar, J. din. Invest. (2002), 109(7):863-867.
Regul ation of the HGF/ c- Met signaling pathway is inplicated in tunor
progressi on and nmetastasis. SeRELATED APPLICSONONS & Conpglio, Nature Rev.
(2002), 2:289-300). HG- binds the extracellular domain of the Met receptor
tyrosine ki nase dpflddiortied nbeprehisiosd agplicelicneild @kag7aHR pms)@@sa&nmgc h as

cell scatterin tion, rvival . alln

essent i grlomﬂm&%ﬁmd&}g@@mrwm\;&pg FRERE D ‘1%%@3%9%?1 %r é(??"’otﬂ’e
muscl e pomgenbicicet InSorphidied BMteih apiNEd bntkéty bireefdrén¢er and ner vous system
(Bladt et al., 1995; Hamanoue et al., 1996; Maina et al., 1996; Schm dt et
al ., 1995; Uehara et al., 1995). Devel opnental phenotypes of Met and HGF
knockout mce are very simlar sUBgHSUICAQFIHIA HG is t he cognate |igand
for the Met receptor, (Schm dt et a 99' har a HGF- Met
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( Bussol Irdsgﬁllaﬁbn alMore. sﬂz&%&ﬂ%esw&ituﬁh anckriNakaIm s othBeQBGFANUﬁdt sibngtingal .

1994) recursor eﬁwgt or undergoes proteolytic cleavage |nto an

extracelp'f‘tglW ¥ 28 ‘é‘ﬁﬁ)ﬁf}ﬁai “%1 hor ane spanning b subunit |inked by disul fide
bonds (Tenpest et al., 1988). The BAGBROUNDcONt ai ns the cytoplasm c ki nase

adabt or pr ot Al B Tt oG v CEHIAE i ™aeeeRle 9 1097; " Nguyen
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i ct|v eads to si ne. phos ation
and down ?ﬂ%ﬁﬁf%lgna g™ HP ugrnﬁg%§£§R§CE?H?P@%%@H%%F%P@HIﬁff% and
Ras/ MAPKarxay DmmrSaeasg)Hdhuhkek 3,, Cpdok ol &dGrowaisFaoelr Reviews (2003), Himi—59
proliferatio 0 n Pty 94, s&onz t al.
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\élllal’I, o y%%}nogl%btl\la% &i&x&roggsi 98y g)do)gene anplification has been observed in a

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 extracellularo subunit
and membrane spanning [3 subunit linked by disulfide bonds (Tempest et al., 1988). The  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



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 Renzoweto@l015371995; Liu et al., 1992). Met protein iPsTaAlSS@®sNe®osted to
be overexpressed in oral squanous cell carcinoma, hepatocellular carcinons,
renal cell carcinoma, breast carcinonma, and |lung carcinoma (Jin et al.
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pl exi ns B&" Secr prooteins
first delemehedalf ©998). helr rol e |n neural devel opnent (Van Vactor and

Lorenz, 199 9) ]twﬁﬂf S sho t%%nter%&%gghlr%l}é @%ﬂﬂ Qﬁa‘t g\n\%vrggeg%p gc(ﬁ%édo n has been

correl at ed w Onor T AvVasi on-an tasl's. cysteine-rich PSI donmin
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rins acent e .Se by
four | Pfefeé’f)oéz?rsex{‘ ﬁlg%’fr“%a ?’hm@ 0187'8 Al AT %kelilarmemlflgﬁ% ? oung{ éﬁ)ﬁéﬁ?exﬁtn
andt r ansivaspleigagwth dhriiiso etAl. rm&a)nﬂn delld)}’l he g:geas@lhﬂatr dernaib hEMkgtas Bemahaorai n
is suffici.ent for HGE ,and b| ndi r
Fur®her n’t?r“étf’raffd’ﬁg‘ HEPPREL A ¢ g? errfap fanuléyr’ %)é%% %ﬂfﬁ}ag&éﬁvaségg Ve
report ed((hhatmotelnel 2600). HarieimorefCIMEYS, w@uqhdxaeb@amyplioaned ietgmptigenesi amdr i zat i on
and acti Vat ta51s is 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, 686wD2R06/0Asz7orti on of the extracellul ar donai n of PcTraskodsmz76ad 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

various paisoptogifaedrs. CAReichi OIS sudlOWeME! the Met SchalloBih i ﬁ?ﬁcxém@ﬁfr‘?{d‘f‘){ﬁh' nues
to be a pneed for a?(gnts that have clinical_ attributes that are optinmal for

devel opneffia binding (Gheraydiiet aly 2003 5 Furthesmprey Kong Britraness b (Graeer Kel 0 n66is

thi s need3)ande Rpaeddes helsboh dBenebt M@t is ME&Q@@&Q&%&OQ&HCHZﬁ% SldhetdAGh udi ng
patent applic |ons and pubI i catl o are incorporated by reference in

their entiret {"IHoSEPelReyHeES tegetad Teohpatieyihavedieen esportesl. Thessart based

on tshe i demtiléd iBatdeRRKicd shhak &foye iRl ﬁlﬂ@@ §£tSN9f5 888991 E LGB of the
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ext r acel PTAQEBhr AN, horevRp it ingienr ff@&@ﬁies?ntwwttp het nqeétfmaentseth@tavgm sts of

the i nveahn@naurmte@lﬂaawré EREnRY B VRIopREMAAS BRrab IR LAY ThD GIEREU LG AR
di agnost ents.for use in targetlgfg pat hol ogi cal conditions associ at ed

wi tH abn er“ﬁﬁ oo ¢ hEndpravidss aterlgnefitst he HGF/ c- met pat hway. Accordingly,
t he inventi onApkeReatRS it hbBeRSincla Sibrlt QIR atiohd :

manuf actu e rel a&?& t.o nodul at i ngmﬁﬁg G:ﬁg met %)Igitp%\?\gcf%lisn%gé?rﬁgmedby
nmodul ati'§ r%lfe’élt enfifefand bi ndi ng, c-net di merization, activation, and

ot her bi ol ogi cal / physi ol ogi cal activities associ ated wi th HGH c- et
signaling. In one aspect, the i nventl on provides anti-HG-/ c-nmet therapeutic
agents suitable for therapeI QF YEDITIONF ect i ng varyi ng

degkees of di - inal For
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affinity ssubstantlally
t he saneadggém%gggusﬁg&n%g@%y %’:ﬁi??l{t{og% aléﬁfﬁ(im e ant aﬁ%wﬁ%%s 54 tinity of
t he nur i Rerfesng WedyGHesnagt ﬂalbatiqnalgnledmg bw nhulirsitedge mdrleriawith HSiFrgnding to

consi stig t «chain an hea chaln
variabl e g%’%fﬁﬁggi&‘ﬁﬁﬁg‘g ang&%gpl ctpg% rﬁﬁmﬁe thgo? (‘A‘an%émf o) ?)mﬁ O35

andf her depasibed rsein. previde ipportant ihelﬁpﬂ@llﬂevmctkbgnasthugmm meukeantargenngmthoajgtoabody
wher ei N LhGHER RN n

affinity of tlt eg)saﬁﬁ%l ?@gggfa%g)ﬁg&l)éégﬁ‘?&%ngﬁ Lﬁn%%g et}rrg}nﬂ?%mneqaﬁlwag ﬁgwé‘?“glaf or
exanpl e the iny@bien pryvides méthegls, CPOIPf)@Il@SJ lataend artitiesof mireufacime velhtedito nafdihiating y  of
a nuri nenenNEFRGAY pétﬁng inc Rt Mdd¥1a88n &Qqn%g&ﬂ%lr@m# p %gé’ d1 uz Fab fragment
to human c¢c-met) conpri'sing onsisting or consis s esse y of a light
chain aﬁﬂ“ﬁ&%;ﬁn‘éﬁéﬂ&l@w@é@h@o&gm astigiiep resrciated svididHFk/¢-edt sxgnaﬁn@ 7 (SEQ

| D2NO: 9 and 1 @)e ashdde, 3G &ha

ant2| - c- et humanel azsiédt ant %ﬁ%ﬁ mg?ég%ﬁ&t eFD ﬁ%lh%g%hﬁpa {18‘4111@%1% f?r
ant i bodyheraperfisisn ard Gapablq of, EQ%ICUnafVﬁlegtdygr@ﬁfS of Hieruptixni df M@@cwet:aglatmgg ment

t 0 humanamigy.) 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 2e0dfabs37fir agnment to human c-net) conprising, EQEAISIHS0Y7606
consisting essentially of a light chain and heavy chain variabl e donain
sequence as depicted in Fig. 7 (SEQID NG 9 and 10). In one enbodi ment,

t he nmonoyalQend el ﬂeﬁﬂb@m%&% aflefirl-Behe it RRELY artBodyiRdReif theBionbRlent
substantially t t he same as the bindi n%Baffl nity of a Fab fragnment conpri sing

vari abl eaffigifeofihesmtibrdy sebumgm cametdne: HHMY YrtlscAntbefly 3y 2 FbirershEo dBmAn ¢ ne

deposi teﬂeyﬁ%%ateérf&féx%g e ARt £Ul ¥ UQr ERfdI@EbAtaNhAR §8 Snovilht gy ARCC HB- 1
1894 (hybri doma or HB- 11895 (hybridona 5D5.11.6). As_ is

wel | - est EBlinesrEepdy (e-g h%ffl%zm of thy rﬁmqﬁ@n%h%iy A1 & §abdtagmentite Byprngcomey LORREEESt or

cansbe dghgLaH %?Qoﬂéﬁﬁﬂk%s%ﬂﬁalﬁrfofﬁ 1R chgh YndPleaRP@@MSrariaMEldn @55k 4N t er ns
of a variety of quantitative val ues. Accordingly, in one enbodi nent, the

bi ndi ng depidtediie Figi B(SERPIPNIedands! Okd Weﬁé@ocﬁﬁlﬂﬂtrt@f mepgvalepiatimiyf thepi ndi ng
af finityp( egznub&’(‘i'yR@hﬂﬁﬂ'c%&%u@é&hﬁﬂaﬁ?’th@ﬁr&%{s$ﬁe bn{aﬁ{ke‘ffﬁﬂu{y)bf @'ng ﬁﬁ@ﬁeﬂf ably,

binding affinity i's neasured in vitro,

whet
cel | - asservipaisiag vasisbleidagain sequgrase pi Fetipady @F@ﬁfeélrbyaé‘?r&lomari%‘} lé‘ierfjeP?S&fF‘H

di f fer engiel Bmbidad! 'T%b @Jla]wttémcmm&@ssm bl £LCd HBtﬁB%i)%ndoﬂﬁ 14813.13) of
t he nonoval ent bi ndi finity val ue a humani zed_anti body ; in Fab

forlf) aner Hhd 1396&@(})&1@1% 51%? h]dﬁ)ﬂ cpsds W?Ih?sf%iah‘%}’&ﬂ fethg prt, bindmeaHmify of & B%ﬁS‘QI‘%It or

ant i body;{ @edtor cAnbefd@RrrhiREdsi @ of a PariBl ok ABayANdnld RRSHY BB itdhehs SPNRAriety of
hypervari abl e regi on sequences wherein the binding affinity valueﬁFare

det er m newniiadervalips Agprdaglay @6 fuPedimens, therbipding it cxXRreweH he

fol d di f§eiIeMes ihAndd MAdiRGarahiy @ig, Xv1ﬂh$mﬁii%ﬁﬁﬁ Rl iaRefPts). NGereally ndirefefablyKd
val ues of the humani zed anti body 1n Fab form and said refer ence co &atr at or

Fab ant i biadiyps affigity & meapred in piroopeetssBithetdise of fefl-asspciafedisetiRg, /0%

I nvgNnt i OBk deRBSelh, Rid dhffbﬂéﬁ{cetlﬁ'%dlh%afﬁ%ﬁjf QJnd)e lq@¥HaiFied fnRéths bhge @eftibloﬂth%y of a
referencé antibody (M hen if d val ue for A_is 3Xx, éeKdvIue of M

woul d bempstovalﬁw&m% qfféltlwab*fs ofghigranied gntikadie- e itEAd (aryend the mopgYAlRIf s y
in one ephR@d: My vdhfe dAR ré@BkhdRMhpahtof HBibbdIUERY, irdib (ézin) k@@ Siuafefantibddy t hat
is "3-fold greater” than the affinit of ar engant ?J‘Xé{%‘) then if
the Kd vBavifg doper hypgreanaRle regign spapepepsl @hgpin Iﬂl%%’ﬂfil = AREmfingdi o of
Kd of C hieKdmfhr dRaypesHdtione tivd; in 6ﬁ6’erﬂfodﬂneﬂt;l Hegsld fofeﬁé&lﬁ@-ijlﬂ)n{ﬂﬂ@mfﬁmﬂy it he
art, including those described herebﬁ ﬁﬁ‘? Hg? %%Pbta | ng
af f%0ni t ydsiermined anibpfaio of the Kidiakgs offt ORGYAR b7 noassay
(RIA)  angidbdcSlompabat &¥RDb agipoay., For dvkple, iffBie chitlodpeni, stanaﬁuﬁohye of thevﬁméntmm
COITDI’I ses an antj.-.c-net ant a ree,
four or fANes ‘i“WéP‘?tésopefOidg@W%‘n C*(ag@ﬁ) #E‘étg BE%FE%TE%C% @Péﬁ%r e % %(Poup
consi st i pgudfor Ald Ix, HYRdldalue O PI WaildEe BElBRERHAGE K &, AWhIQdI eﬁM vAbldAEB:1. S
KSSQSLLYTSSQKNYL, D NO. R. L2 co risin enc
wher ei n ﬁ?ﬂn"Brfe]iysln\ﬂg%ﬂng@“’(’egEé ﬁ’%‘i &%‘% PF%F R llﬁas ﬁtds gience
Cl-£9, Whehel thaelheGiisy JDRYYANRhn{ERER) Dhen if the Kd value for C is 1x, 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 (HHVR) sequences selected from
the group consisting of:
@) HVR-L1 comprising sequence A1-A17, wherein A1-A17 is
KSSQSLLYTSSQKNYLA (SEQ ID NO:1)
35 (i1) HVR-L2 comprising sequence B1-B7, wherein B1-B7 is WASTRES (SEQ ID NO:2)
(iii) 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
GVE) PSNSDVBEN#EED1( SEQ | D NO 5) and (vi) HVR-H3 conpri ecmgss@joersee Fl - Fl
1, wherein FI-FI 1 is XYGSYVSPLDY (SEQ ID NO6) and X is not R and (b) at
| east one variant HVR, wherein the variant HVR sequence conpri ses

nodi fication ef )at Hvaasl cOmfrisiRSkalidheedd1-bE wHERHADT D 16IRT Tl YWLISESEd D

NGs: 1, 2, .3, 4, 5 or 6. In one enbodinent, HVR- LI of an antibody of the

i nventi OII;DMI‘I ses the sequence of SEQ I D NO 1. In one enbodi ment, HVR-L2

of an anti bodyy)of TH\&{HM&HM&& s€ Jdises1 8l Biersiaguanges of SEQ ID NO. 2. In
one enbodinent, HVR-1L.3 of an anti body of the invention conprises the

sequence BIDEENSP W@FKPN BREP odfent, HVR-H of an antibody of the
invention conmpyii SesTVRIA3 SeHpY mgee@{enc%ﬁ@ﬂ@ Wedrén FlF1 PRECEEDPUS PYETY s R— H2

of an ant| bod of the invention conprises the sequence of SEQ ID

one enmbod? ), andlngms peS Rof  an ant i body of the invention conprises the
sequence a&f SﬁQa{ 1RadGhSvarihdt HVIE v@le#aﬁdhmﬁam IR ddBee® BB BESmddENYPEI Y
(SEQ ID NGO 7). In one enbodi nent, HVR- H3 conprises SY SPLDY (SEQ I D NO

In okastonpBaidnerfithe sateach depisied iHPER Ha NOsileAtd bro &6t onsiempodifsale
sequencema N Gpiﬁtﬂnﬂl%d&%ﬁth@%w@ﬁ%rcbﬂ%ﬁ’sebﬁié 8ddidnck f HEBANNCEH RlonbUmaN. 1IN

one aspect the inventi on provi des an anti body conprising one, two, three,

fould fi gabediment,HYRke of gmaridpdy e&mnwwrbmnﬁ%sé@ sequses EPEQIP NQRs ikt

essent | abhéferﬁéodﬁneﬁemg@o%l aﬁﬁﬁcﬁg of 1@ 'iﬂv%xlilﬁ)nQ:B K%e@ﬂl@%éqﬁ&ﬂc@gf SEQBERJ: D NGs:
1, 2, 3, 4, and erein SEQ 1 corresponds to an

HVR- LI , éE@qeebR@nzmeHVBe%fpefﬁaenwd&ﬁf qbwveémn seeprises hesesuense PRSI HIs to an

HVR- L3, el 12 MO:dibadthée IPoRes otfen aﬁlbbﬁﬁfldhe,m&%@)ﬂ@ R theXefiRERATGEQ 0 an
HVR- H2, and SE%ID NGs: 6, 7 _or corresponds to an -H3. | n one

embodi med? NOi Bone eEbRABMOLERR ﬁﬁ\f’éﬁ‘f Rodirhihe lgeetlmnwrlsesmmeﬂ@nCWR- L3,
HVRsH , K810 0:8nth dﬂvlamb'&ilmmeﬂekmm{pusésrrmsiarsmermEQm@EQ HRO: 1,

2, 3, 4 5 and 7._1n _one enbodi ne an_anti t he i nvention conprises

SR L ppeoment KRS Compre YOSy S DY 0RO RO Titas et i o oy o

conpri Se%ntﬁ%@/ bilIndNGdntior condpristhg thes@§tduehces\(Bl doaBinatiddRs désdriedd h@f&ﬂ)b@pdy of the
i nvention can ave nodi fi cati ons of one or nore residues within the H/R In

one embodPREHted oRMYRAR: |2 variant conprises 1-5 (1, 2, 3, 4 or b)
substit uti ons In sheapecs G¥BIVRAIInGRovaTes b entfbodly @ipRigin@orsd, tviop thsce, Blur, (Ve O1 sitk-) |

RN R N AT A I M
var i ant @ﬂﬂprcmeeﬁnghfﬁsﬂ@m I‘ZOs 3, 2 4, mrs B,)7, s tahd whdr€i SEQMD &Y 1 ¢@id3pdids toon of
El'rleKT Olql) O\MB%]EP %Ebl [&%%2 c e&por\(}f to %IEJK{@LZASEd }D NBS 3 éon’espon(?s to Xl)l HVIR6L3( G D
SEQ ID 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,LLorG),B6(A,D, TorV)and B7 (R, I,Mor 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,I),D5(,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 (I), E10 (), 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), ElOWO)2p0cEl837¢ T or Q, E15 (D, K, S, T or V), E16 fcrjus2eeso2zisks 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 follow ng
posi ti ongx Fl : . S {PDosi (R (F.9Y & K
LW b ) R iy S fhe T O LS
F). LettBrTs) KnF4En it BeEiM, .81 Kot hgVb&é K-gobiR: o) HidS ok BK A N) and

LT ust rag] Ve, §uRsh! thge'r(?ﬁn% Bihesis IERNVAREIRR bsitiRRcaRS laf illu@SarO siibskidigon

evi dent to one ski’l ['ec e art, suitability of other am no acids as
subst i t ufiiee repladment)@oiinpsacidnas wenlderrvident telercikillsd dn the pidi shitabdiy pleothes aminge| y
assessed, Usi el [ : Sded helgkne | n one
aoa et SRR AR RTHRe L e A L PR S 0 e

enbodi metsthnidues knowa iy the iad and/pdRsdkBed kerem. Inpne prabasirbenti aEViR-L1epmopiiseathgar i ant

HVR- H3 i $RBodi ] ' -3 I
enbodi rre%tq&nlgégﬁ n a var ﬂénﬁ%&@@@%ﬁgl\{?% kl%%tgt %ﬁ%ﬁt@“ﬁf@bﬁ&glﬁ%n ant
HVR- H3 i E1 iR a Varjans iV Re HB ésc- nfie ene erplredipant. B8 dya wiriapHEVR AAdAR; dnonesmppdinest. o

variant EVR-H3 uh ﬁ\@%§3 5115 ofle Qfbodimdnt F7$n SvfanHVRRES i§T. hSontembbdiRBeR,

enbodi nent, an anti y of the invention conprises a variant HVR-H3 wherein
F 110i s Tan #@bpdy oRthgrinveption; coniprises g vanirat BNBJR wherein Fa s Ben 3. BB dsR of S.epdF7
inventiopconprises a variant HVR-H3 wherein Fl is S. In one enbodinment, an
anti body of the invention conprises a variant HVR-H3 wherein Fl is T, and
F3 is R In oheonestybetiimenitan antbagsiof te ifyewsfonichmprisey e Hiriap KBy wheeen Bl is

variant Vi3 whew i hlond Smbadinkert, I aﬁb@ﬁ!sdofl'_ﬂze fnSention EdmPR& Lhadipveat an

anti body of the invention conprises a variant HVR-H3 wherein Fl is T, F3 is
S, F7 i swiereiakd i¥$ Jnonsembadinmié ap ppiduilviehthe inyentigh eerprstsgs ofariemdVRriént i on
CONKI | SeG LG i & tandribiys TS ﬂ{rtfﬁ@%{nﬂodi_'llneﬂtsanzntilfog%'gﬁth?invglﬁidn%ogpﬁs@_glgvﬁﬁnﬂ s A

I n sone enbodi nents, said varian HVR-H3 anti body further conprises HVR-LI,
HVR- L2, HYREE3 whvrn L ishdSinRapdl Windr dp aneerehedipnp ap geibody of i HEFbOR he
sequence denial Lhi EREQHE RnbER Filis T273 i85, B @1 0and F8li'S S @BncRMpogiidR i

t hese anti bodies further conprise a human subgroup 111 heavy chain_.
f r anmewor Rotbedised ik iavenEefueampaises|ayapiss R 3 mhesi Fafis THEde St bl d8 is £ne

framewor , CRIABSHR IS IME VERNFAVRIAISATibeH TRihd: iR Re VRIS HVROL2/ VRL3
and/or 78. In sone enbodi nents of these antibodies, posjition 7.1 1is A 73

is 2 andL3HVRH1and HVRHZ whergimsads sopmiisesfin piles the spuepsdienisted §

ant i bodi §&)sfjUs, 318 hndCP MR EdRECerRbAHRRR, hbselah@dties ARih8r dofPHEVHuknaf OUBEENS U
sequence. In one enbodi nent, an anti body of the inventian CO[’%I’I ses a
r

vari ant PRy phrinfiapeayork gmsqngus\yequences dhpncsmbedimswt desesantifodiesy the frrmewask | o

ant i body frdédshedkqieffiiohpases Kititation ddyRitich 71H midlor 78 MR-sbize amsbdiviRtd 43,
wherein each conprises, in order, the sequence depi ci,ed in SEQ I D NOs: 1,

3, 4, 5 He atibodipsRasEion fbisdy f3 i sands 73Sy r fiame embediment 9f hetssaivaditst her
compris e%e@éﬂiﬂ)odi&%ﬂeﬁconﬁ}'{% zﬂluméﬁ“@'llzlgﬂ cﬁDd'ig frhﬁ»@vdﬂﬁ cobBRtLicGuepash conpri ses,

in order, the sequence depicted in SEQ ID NGs: 1, 3, 4, 5 and 7. In_sone
embodi ment s, Heing cphpdiment. FARIbay 9 the FyERtiongPmAdses & ¥Rt H¥B-IAyherqn BOGR. L3,
HVR-H ,  (VIR; kgl RadBaidWg s HV REBE bhib OVt RS Sompribes 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-L2 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-L2 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 III 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 in heavy
chai n fr avewordkniszImsensus sequence. | n one enbodi nent ofcrhss@saetesedodi 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

i s T andfemew&@kicsnsénsut seqadiee.enbodi ment of these anti bodi es, these

anti bodi es further conprise a .hu kKI. 1ight chai nframewark consensus .
sequence. In Erh%neeeﬁﬁ’figlg‘r‘?@tn?? ”‘gﬁogﬂﬁ’? fhs KR comries ¢ §aRanbH VRt whereig Ed4 is
vari ant HYBH2 Kvdne EeT is E-1i4 ohSentbodindddt, b8 atfibditofflle/inkéntibn cdnipridéra RRQ vt ,
an anti b%%%f .tlgle].i EV nti onH@o%rﬂi‘ ses, .a varié%nt HVRH2 wherein E1l7 is E. In
sone enbodi WEIEEEdaFq R Agmesmbodkuentessaid xeagbdy Reld 1atbedy sy camrrisea ARV R-
HVR-5L2, HL/H'IWLZI‘N_RRHB, gajIIMHD H\Rd H?’Rﬁg@ﬁvgéreiz‘é@&lgbog@ﬂ?féﬁj i 8&ler, iﬂggé%ugﬁf@ t he
sequence ,depi ¢t [ . : , 3, .an ...In_sonme_enbodi nent s,
said var F%&eﬁgggiﬁ &?51(5? b&@u%ﬁ £ By sops b pdmentisrid Vpriant KRR anfibedy 3,
HVR-H , é&ntletrddRptiss BUTELEi HVRACHURIDI HYRSH1, lahd AVREN3, whbRirkao&mngRisdeni ct ed

in SEQ ID -1, 2, 3. 4, . |In_sone enpodi ments, said variant HVR- H2
anti body°%dg?%é?q“8%°ﬁ;9??1§t8‘i mﬁ%ﬂi& f D,Ibféﬂ/F%a B a4 /R 1n 3ome grrbqdfmentsy spid Kadantz,

wher ei n HARNHZ adtpbisfastheri cOmpti@e HVRLINE HVEOUE MR- U8 pireR el | hidl ISERHDwHNDsm 1,
2, rré 4, aBd 8..1n.so ﬁnbOdi nment s, t.hggﬁ ant | bodi es further conprise a
human suBYr SUBPTERERN e SFW“‘FI}%H% 1 SERIBAYLSL: ety detitdd: Mg ne

enmbodi meambaiimdnne tescantibdiiddir@ther ¢dagribd ANBIMAISKLEQDPIENSMS HAHBBRERKONPr | Ses
substitution at positi.o enbodi nents of these

n 71,b 3.3 anc%/ or 78 %n t_s)ﬂortre
ant i bodi SLSCISESEAYCREF- 72 9ng ibrdimeat gt thege aptihodics, g Tamework consghsgs wAPEEF nent  of
t hese antinoidéssabstitthies et fesitibb 0L 78 and/st78h&r soaRERbb&EMeRts BURER ahtthollieght chai n

framewor k _consens sequence .l ne aspect, the invention provides an

ant i bodypcgg%??ésl‘%gg’dﬁg?mp%e{g lstﬂr g’é?nef%%’r‘),gmfefl thyse aptipodies, thisse apfedissquences
depisct edfurtherfco@prise,a haman 6 Bht ShaindRihdwlariNnsdabuskbqknceA t her apeutic agent for
use in a host_subject preferably elicits little to no inmmunogenic resPonse
agai nst the afelt a?PﬁCtstgF JPERigp aEvides op apfRody FREBRIHRMINe, tRethregiaw: fiwnor all
provi desofSeHVRBe@@adet degr@éd ig ¥adR) Fandioh4 GSEY) BIROGHBAS), the invention

provi des a humalgi zed. anti t%ogé that elicits and/or is expected to elicit a
human ant i - motd& RERHFSHRF IpdSpBRdesieppRppeiratly disisfidatq ng impupessiiced | evel

conpar edret@ngngainstitRogynt GOSAM Jubjetd It HiR cHBOMBREHCHE invalldn PR N siRhén 48ni.N @
hoszt0 subi':ect ._I.n.anot her _exanple, the i nvq%nt 'Eon praovi des a hunani zed,
antbody’ TRATRP i PReembadimspt. 1he iygniionpEqyides,a ymanized antiofhs fhatflicisand{opisn
ant i - Wpu&@eclae_ﬂitb lolixelya Hvexp @RS enofdd A ody kddperde (HeAMII his suBdtan@iBlly lo@sk¥d Rielt he
invention eli

its anti-nouse.antibody response that is at or |l ess than a
clinical Oﬁpﬁréagécb?naaﬁﬁé(’dlyé\?’élpl?sn}g %ﬁ?’?ﬁﬁ NoRGY - .ﬁ)olgéygécflot‘ﬂéth?%%’ﬂﬁq'o{ﬂ may
conpr i seanother xampidy the tuvemion arvdides a huhalizeC ANBHOEMSHS AER-aDY/PEE ¥Act@PlRIER I ON

(e.g., framework), sequences in.ts heav r_light chain variable
domai n. TH™E0ME" Je}%%a%iaﬂgmoélfe HB‘H{éOdgFCSWg(@%A& YATRIS P gtPatotdhe
present idnhiomelichearhiumense aitibody rebponetha @NE @NBsShAQIRNPIBE A&t Bvdl.egi on
sequences. |n,one _enhodi t he heavy chain variabl e domain of an

t
anti body of the TS tafltébg‘)%gB%? fry@eoy nﬁﬁ (RAPTESE ARBOTITLe by Pihuman

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

iy

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 Il 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 enbodi nent is the subgroup H consensus framework
sequence. I n one enbodi nent, an anti body of the invention conprises a

vari ant swbgo@upsddit consensus framework sequence nodi fi edTAlS2@6/0bmast one
am no acid position. For exanple, in one enbodinent, a variant subgroup H
consensus framework sequence may conprise a substitution at one or nore of

positio si@n/b&%dﬁ@%lﬁl’éaﬁ?@ nzﬁbr@di‘ﬁblé E@gﬂﬂldf'ﬁlﬁ\htlbsw dinslbﬂ?depéINﬁﬂng ths R71A,
N73T and/ or N78A, in any I nati on thereof ovvn in.the and

as descrqopey ang thgvaugus tde%ﬂé‘i‘%{‘? kngyat igithasel Wes‘f‘w’gg B?Jr‘i"ﬁ)o Q8 RPYEGS % (’fﬁ% undary

del i neat{,Rebi@dNRE MY PR ABN& arsﬂgrbrﬂrhy@érvmbﬁrpbm&ﬁyn &aﬂ'thééabysnidﬂle%mél ng on
the context and the various de i

initions known in.the a gagﬂgesgrlbq?
bel ow) . dsemed l9dsMithrRdhyfTYHiaRledegier s Oélea%ﬁﬁ?rﬁerﬁa‘yﬁlﬂﬁé’ew N e
hyper var] ghl&ampfi tdifNsndeih diffekndtsbess @nﬂ@ﬁ§ | bheQ? PnofAdT thSe peaiascdn@lsb®e W t hi n
a hypervarlable reglon under one set of criteria while being deened to be

out si de Tfaunsipextongded Aypeerapalls walophHAE Furtherflefinedrbslop) g Lpe igyenfipy r@?’ & One or

more of inlﬂgo?ﬁ’esQQﬁbﬁén%r}ﬁocﬁ%u@Asﬁﬁﬂﬁ& HyBHd By peFvafatiSptiridnd) Vip 8he/shiiodieat, I €gi ons
(as further defined below). The invention provides antibo '6217%%0453' ng

modi fi cath¢ss hﬁbfidrlePﬁé@fé‘bWWBﬁl‘éPSWﬂ@P\?&? PTAPATR OfRSHPRSARS0: $355Jh ment ,

these hydy bdaayipe i akda élﬁml%ﬁhﬁlé 88iSain. NG di)@%m%’tﬁm@f{t tﬁpseqa eiid m@awaﬂa@ms
26- 30, 33-35B, 47-49, 93, 94 and 102 in a éalln var i
£ ticqunﬁ ude one

dort@i n. Rositienssodpdseu ﬁb‘ﬁ?fe Of PR]EIONH IR A5 A0 ar G %ﬂsﬁ o %
or Nore @fmaiPSh bhdhshod#nedP an aRibd®y ofdk: iftvhnti&Pcodipeisdd 4 viaRar hhghdubgb@l n

vari abl e domain. In one enbodi nent, an anti bod% of the inventi o[g conpri ses
a vari anRonpursArERBEKSeRepcsacdified et eneonBRE v PEd BYRseBatinRAsiiony e % ne or

nor e hy bgdibalhyeRe by Mtiba®) & tROSIdntiOMSompriSesQRagHag! Wﬁﬁﬁble, doﬁﬂm&i@f;ﬂphﬁdg/a Of t he
i nvention conprises a heavy chain variabl e domgj. ngeuo Si ngﬁfa var
¥p bogfion

hunan suBgREEHIRR S@&?E%HEE@SWW ksedsacraod Taon e of
poskti ongg 3703328, 49367-653 94 3Rd 1049 In e Bfbodidtn@hd aﬂtﬁa%dy bcnnpmes £rdyadi ment, t he

anti body conprises a F27Y substitution. In on di he ant body
conpr i sebgitpgNIn gue embodgmen, e art §%%°EI?PF‘ERS 81%1?(10552 %‘53? R k"t

ant i bodyerfamHidnt @ adtitsed? comprises a Y3UDSHY bubbtit@ion. Moenbedined, the ahtibotie
anti body conprises a A33Wsubstitu

i n on nbodi nent %{2 body
conpri seLPrE AT VBFLIRH R pRef B%mePtnthB ﬁ‘éteb(?ﬁ%‘bod?ﬂ’?é?ﬁa Mp a{ﬁ? ody
conpri segbainibaHussHe tibbdik@the hitibodecoRipaesiaB3aH sutishationt inbaeymiadimemt,ses a
T571 substitution hi, one Fb di nent, the i bod r| ses a
sulét i t uthp &b OF%C‘B?PES@%% ?’r‘gﬁfmuoc“h@l At f@B‘%}'Ve?:t %ﬁ?’i‘t & oM Pe i
subst i t ufub&ftutidn IOHR eﬁiﬂi&ﬁdﬂeﬁf?ﬂhé anttboay amiperlinQBmpmumam alnAGO&nbodiment,
substitution, |In one enbo@ the_antib i ses.a D61P §
subst i t utiP BRPORHCHRPESSS RN Sttltuutoﬂ el HE F%‘g%%m%‘gﬁg ?@Egdy COBRHR 2 69{2 T or
V subst i §ud kubstitufidh. GiNEneMbOMinaRN th,e aﬁtﬁﬁbdﬁ&imﬂmekya SﬁaNpD; KeB 01aV W8B&ugen. B3 L
substitution. In on n@)ﬁ%bmsnt h\(; y??]g es_a éﬂhﬂ N, Dor
Q subst i PHSGHRIMER: g‘ﬁé“ SHTREYES 2 %% ) g t1t3 0ﬁ*pr | SESTR° E)HhY H
subst i t uidti@Bdy dofpfle a &BRB.H rmrﬂ or Q bl&)stﬂmﬁdnb Cﬁniynecacrrmpdmms tha aRR@bdy mmpmdﬁ
subst i tuELi H‘]P e enbodl t ri.ses S, Hor F
substitu pﬁﬂrY gﬂ b%%%?al ?ﬁ‘? %% %8‘% ‘i%ﬁn nlsergi\?elf;lbt‘ﬁ(]?n %)I’rpl‘l si ng
sai d RO4duberitutR4 & mdtrfbbdi&fehtalhe ﬁnttbfohﬁdfompnses 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 A258S substitution. In one embodiment, the antibody comprises a 129Q 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 nodi fied at one or nore of

posi ti ong ¢24,102f1, 129323141586, 177 AMEr SRS ITBI 30,8885 a0t 500K Y4 6RIMNI $eS a
R24K sugz’tgl’?l’l}toi glr’l.l I%r31 one enbod! ment, the ant1 body conprises a A25S

subst i t ueriesmbodimennmodifitriah iresAlested fiem theteryognséstingeh E&Y.d28Q96H L. S, Aor ),
SubSti tUgiipie of 8, ONBWE HPORL 15511 (1, Ak DRshE, AGARIIHEIRS TAQRTGHRN.ID, W O G

substitu n“one e nent, an anti bod e invention conprises a

of t
heavy ch&iV, Ve(F.BbKé4do HaNnDcdnppi & h’gEd{)ng‘?@@ apFHR(Qub 8 Bugnfit onsensus
f r agewor ! . o : TR 2, 13,
115, uRAALER iRl b Berkon Spmplt s rodn doudts it 102,
| n one esrvadisereme or mod infaddigations at posigen ¥candr 160G i pheerghodimsng 644 sti ng of

F27Y, T28(N- P : HetifiioNYire. A MB4(L,V), S35H, T571,
Y58R, YSISIE&I%%R#O@T% égﬁ,ﬂ Qéﬂd{(’%gdzo?’l\ls, E[S[t),ﬂ]rt Kl,n F,’@%& F,(_ L)?/.)K64( E H N,
D, Q, G&5(D, InvneEpbodimerRa(migyly afide Wyemioneomprises a ight chain wable ApBYM ment
an anti bgoqyr%@ifngmgﬁanmﬁma&a QB o DfkeRAL flaR ok géqugi%glgﬁﬁféa dcatdgn

i by
further cornpriSes one or nore ications at position and/or 1 I n
oneloenbod! efeesitions @42 5meiufd ali enssmbedipeitswodificoioRissalgstet fran tgproup
substitufon.(J [ d skdrOongr gfbodi ment, an anti body of the
i nvent i O{:}dn%gu rqggéKh&%%ﬁ?déﬁalsnathi‘égﬁg domai n conprising a variant
human kappa sbbgntiogy of thoinsention sanfoompasenk suehigdneen ordyen eeisepsusilishp 3 or
al I of pgsiig 8seqien 8k Bantib Sy FbRMRO AlsiBdbioloBslicharE @A 3.,
sel ect edaﬁnpﬂfnaq}%ﬁg gsreg_upcecs’gﬁg?sti n(ganolf &K, A258,S.I 29%"%% C.856( R 1 ,(I\/? G .
An ant i badssired bindieg #ffivisnt frome cahodimpisr angatibady of the dyBntionicomamsed At leashan
congensus, L] ' S light kA1 ob\GniRRintROIY afipBiPi t S
thgl%desi$%Adbrg¢3%ﬂ§§?thglfga%h%§§%&é% f?%ﬁ?@@ﬁ%e ég’ a desired binding affinity).
| n one eaftthelinn@mibn canprized dt brasty poftioh ke allhefdmman i sdgnppil Semeworkicorssnsug
portion (or all) of the framework sequence of human Klight chain. In one
enbodi metith &H ant i body of the invention conprises at |east a portion (or
al 1) of hunankksibgbodipedt, foraatiewy okthe drvesive gempisgsie ey andiordight chabodi nent

an anti body.of the invention conpri 14 %ﬁ(IF kabl e
domai n c%ar%lb‘%sd Prr?agmfc AP ﬁar%eévaﬂesﬁ%%ggﬁe%?%?géy i%@%?'d%%&{oﬁ ag%v%\]? 1?6

( FIBURE figoyidpd positde 84 pobé bdagyct@ih is nottth@ndhis aveferaginbut npsnepessarly § and)- i s
preferably but not necessarily - % oL A Rk the
invention is %1“ (ivfi: r??tzaéndan ‘E‘a}%%ciyog% ﬁglgve;egt%\%%%glgﬂ %%?Qﬁg%%ﬁ}lggﬁqylﬁggnglqﬁ human
hepat ocybiedigg ofliumahdepatrcyte grawth facee wptsaecepiet batter thimpareteraned antibedyecoamtibipg dy

conpri sing.a_ chiner | I G- - anti . IS 14 Lh and
neavy chafisar b it Solfila k| RPAnCARRELS it Brt B aBRER P09 o).
For examipigted in Fign@ (i BANPefand Wh Bortekinply iméneteybodimpatnan antibedyrif et s HGF
bi ndi ng wi.th. an | , ' Lanba! Hih&i
ch?gner i cwé’%llﬁoﬁgné@b%%r?@ ﬁ}é{ﬁ%@%?drg ﬁét) 9&,?%%1&?}%%%[%{3% aggﬁ (%1 fgﬂr?%fr%ﬁ %ocy Cof t he
i nvent i oantibsdyadowte GnbbdingenR theJC30 gatue 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 fromabout 0.01 nMto around 1000 nM |In one aspect, an antibody of

the invepti 08, b R TPQHMH %&grdﬁ%ttb VEidTE tneMBAY KRORY irf th@hrt, iftiMdM ot aS dEWdABE in

hepat ocyt e grovvt act or rececgtor activation better than a reference

ant i bodyh@Emml@bn]gWaht‘Pﬂembp@maﬁﬂ 8-vaEes aandatemapd éﬁﬁiﬁrapéiltmjf % light chain
and heavignChildbn ek FBhALSRAENER Asudephsied In Fig. 7 (SEQID NG 9 and

10). For exanple one enbodi nent, an anti body of the invention inhibits
recept or act ilnan¢ epeciianfntzhedy obe ipaprsien (s eturanizedsapg-c el anbng thahinfipits frat  of

theschi npLiL e%ﬁéﬂt @%p%rohéeﬁu&p@ett@ﬂmﬁm ﬂgﬁﬂatnce zmﬁgodyg% Fﬂﬁhgﬁclﬁﬁlet?d'hnﬁf&tm&()dy of

thelnventlo Is a that o eC|rrer|c ant i body.
Conpar i stibasty camptising aleht dlalfrﬁii\d bfsqu H@m m@hﬁgtseﬁua%qelae/éw%i ig §ig- hSHSRRH or med

accordi t fie ehdt idsvidesier i bed in
rmrﬁ? mﬁq]lb | W@é Pont 1fn9nt a{ﬁean%(;dy of {4 idhibi

t he Exa | nment 0 values are deterni ned across an
ant i bodypreliferation Wléh rolesp aﬁg@thﬁtﬂ%)hfsdb@mbov hﬁlfﬁM eighegémericrobais I eone

aspect, oamehpagxc% vl fwxrﬁmgamthém@enhmaba@d 12018, 10-For0BA tha 1k iHeody
that inhibits crhet- dependent cell” proliferation better than a reference:

ant1p bodychiroerisranghady. Gowprriver ﬁ>ﬁ:abélﬁt>$ toenh*mt cel prqlbBEiPn CamPs ReEiPHE IR A YRS toc hai n
and heav\yang {lhé’d@ﬁ&l&m fa t&eﬂpﬁ@ﬁ&ngﬁs SeBivel gatné Pxdnt flﬁs bélolrSEDleRnN¥elin@n@nd
npl e

10). For exa i n one enbodi nen an anti body of the invention inhibits
cel | pr olGSP salaesi amdepdrmined perpssBDan; pdieconpaniraiion rrrgs droppabauty M fpabput I8 of
the chingpic antibody hi one enbodi nent the | C50 val ue of an anti body of

the invention is about 0.1, 2, 0.3 or 0.4 that of the chineric ntlbod
Conpari son of g pinpedimery, d’othﬁh? ypanizeq pntibpdyy qnf ghigierie Antibady He meavRlH

accgrdin eteﬁlb&ﬁﬁeﬂuﬁotmg Redshika Qﬂ‘ﬁboﬁ? aﬁd@nﬁé’ﬂoanﬂﬁbﬁ& usthpite 8Singlie F66 teJ@ﬁd in

t he Exanp I n one enbodi nen C50 val ues are determ ne acr 0SS an
ant i bodyllmﬁm@tﬁcé%l@h Inawgeénwwfaﬁ@ﬁ%fmen@fhww gntEedyicommIGes RS one

enbodi Mg PQhkntdiGle E't@@ﬁl' ﬁ?dl (§EQ'I§‘N@‘ 92kd 19NInkES oG hambh BORYioAr B one
nonovalent n one enbodi nmen both the humani zed antibody and chineric

ant i bodyereksdinans éheduaiap §¢ eerpaks hegf shiet GieedtGlo2aPT#e region. In one
embodi nment, t{gnk efRECMRE ﬁlv&ﬂﬂoﬂgfdvﬁeﬁﬁi dnti@&ji)jl c@ﬁﬁﬂi’diﬂ@aﬂfeawaﬂiaﬂnmaﬁalﬂ@dtﬂﬁaﬁll
sequences dep| cted’in Fig M . and 10) ‘J(;‘F uman Fc
regPon heompaising sdHY ReHE; BV Ré- r BYR3HG gqupnce fi?Pé‘Ete rq G 8°%.
9@, ,eréoo%rrlléﬂﬁ the ﬁﬁ%@d&%@&igfpnﬁ%@ﬂl@@ . HRI2OFIC, mm«tjﬁﬁd/mm Haé badynce
conprising a heavy chain variahle domain conprisi

an(rtlr}) or I—Nﬂ%@qu@ E@éﬁéﬁcéﬂ A sPPpdiprent t%?Flij{li’P‘iV 3 PHF??Qg'HeaD l_%/ R o %ﬁed
vari abl ej,deaRd 1. qﬁ@ﬁéérﬁ&)ﬂm%ﬂ{ ’aﬁ@ltleBZofhfa inVdRBot€ongpridésarheidehtde vatpleenc e
depicted in Figure 13. hi_one enbodi , o@@t' bodcg ggﬁrﬁlﬁ_ (}‘,‘lg\ilfz and/ or
Fc sequeﬁ*fﬁ@“ﬂ@é‘i‘%lﬁ’é‘a theI\R YHEeHY B2- H(ha éﬂté'%t?" AEHERCA1 St 3%9’ t he
I nvgnt i ORCCORPICSAS 0AFRERT SeGlidelepiaed ﬂﬁh@lté@ﬁﬁlﬂbr@@ﬂibbdﬁlbmgantdﬂﬁbddylaf HC,
VRe-HC taﬁg (le{V(e)IEtlolr_ll\écl?rsnprljs%s g lelfgll{l’}?gl'?a?ﬂ varlaﬁe Eig]rgam compnsmg th IVR1-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. hi one enbodi ment, an antibody of the

i nvention conprises a heavy chain variable domain conprising the HVR - HC,

HVR2- HC an{aafin 1BICHS& R YRBEBmedNHe iltBodyRlordpfises ICIRE -skffuendedBpitied MTdgRé
FR4- HC sequence depicted in Figure 13, and the CH and/or Fc seguence
depi ctedldn Figure 13. hi one enbodinent, the Fc region of the antibody of

the inventi on,GREPHLGESeR £AMRMARY oPEL WREROA cHAprRBERINk R HANTUhhis vagablhe Fc
sequence in Figure 13 and a pol ypeptide conprising the Fc sequence in
Fi gur e 1dpmajng apgescrifed dnthe prepeding e pRpgAPhSr B141e 8PN ™SRt the 8PS pri sing a

l'i gt chabbvyhd AL SndREBINTFG i) Bﬁ@eﬂ%@meh@the@e’ﬁ?%&@oﬁ@ﬁéé@ bt 1EMRSeL C

seqguence de&;cted in Figure 13. I n one enbodi nent, e variable domain
conpri serroppgrance (knppypand @t legsane aavigi{hiple) wheginipeesenss Qe BRERFRESEn FVEY gur e

13. In offaREDRALIRALE a b&fp1I8NShRAA Yn EOPBN defER dohibriSRHUE PRBibBRRIGh&th F&

Figure 13. In one enbodi nent, an anti bodyﬂeof the invention conprises |ight
and heavielyisatide comprising e eryi facexamplg asdoseed i WQ H95/0pdediget wo

par agr apfigpod ka3 FRFRAEH S8R bntidolf o AL inPQf¥n LempPRBOYRkEmt 230EndPOPT | Ses an
Fc region. In one enbodi nent, the Fc region conprises at |east one

pr dfuber pivnsrtidentherein the fist apdsesendnelypeniidlp £37h CABPTEYS ORGRE MTHTIHRENEHAE of the

pr ot uber &g@@t 36l d EA¥ inha S BN AR GRSehtRiRhE, QRa vy it SRR BI6cHat6RL Ander FC
e

pol ypepti conpri’sing the protuberance_and _an_Fc_ pol ypepti de conpri sing
t he cavi ¥§97% dp oa@@wﬁ@% ageeerapedytaiopss BEeSY-oBese erbqdimeghdheditodi nent

the Fc Lﬂ&@?ﬁ&fcoﬁlﬁﬂﬁg tHelre d¥quetice BBt AN Gk OTB HAMRY &R palypdptiad coniprised
second Fc %o ypeptide, wherein the first and second pol ypepti de each
conpr i sedegnecapencadenictod ipdtguEn' with respect to wild type human Fc. In one

enbgdi ment, aAf@¥dnisys Fitedhiedfod Gin T3ERS 0 d@ihe St HorYAPLY of HGFRARet-
enbodi ment, a protuberance nutation is T366W. I n one enbodi nent, fhe first

pol ypept Paesidiesfdiertsdacliding e et diet o el Frevalen. AVRIUGHP Sorsuantene e €écond
pol ypept {6 A8 aled Brotdif Rinke (ﬁmﬁ?ﬁﬁ&pmﬁhﬁnﬁ @ell profifegiibe cddmighitioageni st s of
the invention can be used to nodul ate gne ?% nor e aﬁgﬁftabof - oloeical
HGF/ ¢- mettay¥dcieh masphepdngts a1d ngiogsaatih g stReliiese o40 Brimesiated DY apehiolggtlat i on,
downst r egiBviR hRekthif, SlcBiaakdReiplién & ligatd (b @Y BGRBniMAtedmpr, 6kt n Ki nase
( MAPK) phosphory] ati on), ceII_proILferatlgn, cel l n1§rat|?n,.ceIL survival,
cel?® nor pSeORdLio8 aader e r@ﬂ‘é‘ﬁ@?ﬁ%‘?“ ﬁ?_é%r mél_fyf Barse Hipen ’_rlilbedﬂYeg{l%rH by any
BI Oljogl CBlobMes £J-B¥iantag 6B & RatbogiMthal ilbikhimGn if HIGIoicafiet OfIn bacgaitddip@nga c- HGF)
inding to c-net, c-nmet phosphorylation and/or c-nmet nultineri.zation.
Accor di nBFtAntaganiss ARitody, Bgtihﬁg‘ﬁ?r}uo%{ Aisrupiswantt i“ﬂ’ﬁ%%@tfoé‘ég‘g'aélgl-e%attmén {5ni st
ant i bodyehbimdnahichhdt Sniabditk Agibedy Hike ihenfond@tnupts din@AeateRhodiicrsfic;ma cnet
ant agoni st antiboq% of the invention disruypts. c-pet h%l ri zati,on (e.g.,
G ror | 2abTRPmA, 16 RRe SRRl ARe nipsentharctieny mfeiies T abiBcely B SHHe
I Nv8Nt i OlorAkiS folple& chdi@irhetzhtiodN Ifteifegdnc®Ean®k diedef indirect. 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
said bound domain with its binding partner (such as another c-net

ol ecul e}omliRind ROhbEMe£%488P | 18 onderfibddBhent Rh 38OKINSEE arfiBbd RAhE iFRYtEH didupt® 2
sequence that is not within the c-net Sema donmj n, but wherein said binding

resul ts PrPeHAiEITEPY FoRRISIE Betgtgpimerigation (ken&-Taet MiveTicelior YABAHIOA<IBeL nt er act
with itsppjepding partner (such as another c-met nolecule). In one

enbodi nent, an antagoni st anti body of the invention binds to c-nmet (e.

the extracel | Il smedsHaFss) it Savbe 30NaR2Ge04EP hale HErne ARPEIS éﬂt’&P%Yr%tdé%F nor n one

embadi rreﬁﬁerfeﬁenmam@&mf%thgam (-RAQY 1o EJLemetn\A%Eﬁrmﬁgly Bih BESehddEndR theS UC
that ability of c-met” Sema domain to effect c-nmet dinerization is

di sr upt ehvertigp Pexisdapineantibody dens deaspeichindan HGY biading siterfn; cometp fbyothes an

ant agoni %b(ﬁi%énl? %ﬁ%m%ﬁf B¢ tHepf?lQerﬁ'oﬁ] dbddGot sgb@arﬁalrl’sﬁﬁlhlm Wi Rt D icBhdt STn one
di meri zation of said ecule. In one enbodi nent, a c-net_ ant agonl st

ant i body embodiment,iangetifiory el hpettiop dedspotuhvantiallscoqwet cathiHOK fos bpding fo semp

domai n. | qﬂ@n@é@ﬁﬁle%%ﬁagﬁﬂst%ﬁib%@?&' tAd indHib O8Vbe @fedtif Sorjit 86K %@ lordics I UPL S
c-net dinerizationconprising honodimerization. | n one enbodi nent, an

ant ®goni Boreiter pEepnists, vheseip fhg apesastoire argsted a@ﬁ%ﬁnt@r%éﬁs?%éfpbﬁm@m rising

het er odi FRhihZR HOHC hlet Seis. WrulBA ot HROHARR, 9B £ﬂi’ag%n1@péﬁtlgﬁd§%§° tHEvBRne) - I'Nn
sonme instances, it may be advantageous to have a c-net antagoni st anti body

that doeBinfgie ap ARIEAPE &} ek difingt faem wgeﬂsﬁpp%bqup@hhﬁw(l@nerﬁlea@tqa@iyt (bushas thet |

Accor di NghyfraghidnFeheShbedbag Qﬁtlboﬁ}hﬁroﬂd&é@&t ihe Hylﬂ{d@hﬁh eaﬂn@raeﬁmtémnyr t hat
does not bind an HG- binding site di nent., an

ant i body AgFrisaRel PR Caife SnlleaB%A%%ﬂ%&B%&bﬁh%m? |f93 ilr?ﬁi‘ Q}YPHW kﬁ%l% Ipg

C-nBt. | PhdREeShtRHTR  metdht éﬂﬁdt Q{Qﬁ%d}%f tﬁé‘ﬁﬁvénﬂbf@i@ﬂlsﬁﬁbt%ﬁﬁ(l 80 is not) aFab
substantially conpete with HG for bindin I n_one exanp

ant agoni Sesmgat pigbrigroraclonplentibady pradpred oy the 8’@‘3@@%@ el lingdrposiied pasder W“Fﬂcagn e or

nor e ot heypeatiRgistton AMBRESH Nulbg Ard@EBNi1sishRiomangstad).at di fferent
processes and/or functions within the HG-/ c-met axis. Thus, I.n

enbodi ment, altOREPOIHREHE EYCHiRn PIRYHYS bF- H’Fhaé‘tﬁgﬂ%%ﬁ%ﬁly Hlahﬂi‘é‘“?‘é %%th c-

epi t ope 9@t GoliRkriAish hdd0igadd KIRAIRY) FRPELBRDE, BOsRERY: AFRIdR OF the ifeltioaiadgoni st
(such as_ the Fab fragnent of the npnocl onal, anti body Mguced g\é?tt he

hy b3 donihidp F-mef REITESHEEPR e fiaeriz2ien iy SHOPaPB 1APEINCS LREHP BHb
Accessi opGNyBhehdifsTiccds- 1 1894 ( hybr i doma 1A3.3.13)). In another
enbodl ment, a_c-net_ant aqonl st anti bod H%?f‘é’é’? i nventi 0@ %} tinct from
(i.e., it is Howfepbedimentobp et all’i‘fgof"ﬁ B atventnm; Wadpe ?Jt]rt SRRy t he
hy br i dome cabdinfibite-HepesiatiatbundEr hAﬂBﬂthC‘a&ﬂboa_ Mﬁﬁt B lctrikt @ntéigdnlse@itibedy of
Accessi on Nunber @ngc I—}B 11894 . Kbl‘l dorra i | n one. agb i ment, the
i nvent i oeHEUPelingng of g aniagp Fé‘fetﬁ’r?t‘ie “tgﬁ ! e(ﬁ’i‘t’é’PLPB’fvév St et
nul 4si mer ineghb@nesi whdlok glaﬂlﬁi;y lbf eicely. For exanpl e an ant agoni st anti body of
t he i nvention_t hat CHIbItSCfT’Et mul tineriz r.i zat
FUrther - compr Fs@egRPRUTEH g Pl Blaepit aniiek o Sy ey e

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:13) (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 mrenwoabo61637met ant agoni st anti body of the inventipom/UuskéosaeTege 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 agoni styranigHrody 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 t Heotesiphedime. Asathady ohthe ylvelﬂtwa@%%fwrﬂésa@fld%ﬂ ECStreeeRier eletfifgnces
sel ect edadimAMNptdi&, HIALE foPetifitdl gbufafto h@é@ceﬁéﬁg 4 ORI adifohl {Bcilh. In bRST dues
269-273 of c-net), LTEKRKKRS (SE NGO 16) (e resi dues 300- 308 of
c-met), RPPIGRE thed é}alnmh@emms h(l@argand/qr éginereé%g stypomelgusgronkeyeand then g
NVRGL QHF s Lo 5feQnk1 Nidcied Bmice @. Iﬁ&ﬁé)%%r ke 38R e bmGodiBEnt; thé HrsPAfmal

enbodi nent, an anta oni st antl% of the invention specifically blnds a
conf or matRestals hepm: g[pener oraeddnesy tfﬁa?r%t agjnahipecig is aHmptefex cxghple 6yn
sequencegofglye ] G efhboinkbhems E&Ulﬂi A lssdcleD B rfrink, 26 TxafnBle Snousd. &8 bIes
269-273 of c-net), LTEKRKKRS g., residues 300-308 of c-net), KPDSAEPM
(e.qg., r@@¢%M@§“3§UESE¢a@ﬂmbﬂﬁ@?%mﬁ FEPENVRCLQHF (e. g., residues 381-388 of
c-net). In ong &RAGALIEBinveddn PRIVRRONInSosi@bis claﬁlgﬁmﬂg o8 moRVARLHHH
specifically binds an am no acid sequence having | east 50%, 60% 70%
80%° 9094ntlgdips Gy imEgtiand 2caeist: .Iflyn%fﬁmlsqdrquhﬁhetcyrrw sphirpecediedliince LDAQT,
LTEKRKKRRceftHIRSAEPM and/ or NVRCLQHF. I n one enbodi ment, an antlbody of the

i nvention specifically binds to HG receptor of a flrst ani mal eci es, and
does not speci¥enEaest e Hretion prgvides B Grcidseneeding A ieet anpermist Spibededf.

one enbogiei@Rhtont he first animal species is human and/ or prlnate (e. g,

cynonol gus naney) and the second animal species is murine .., house)
and/ or cani neln 91§ agel. BEHYERTR REOVidep deckors OMPEFPEA PUdsieagidel tb%mmslﬁaﬁ I'n one

enbg@di ment, t Beorkiafgett, AP inVBAticR PRSARS hdsScdh béMBirRinglaGicie Al bLa FaLRBPIhgUS
nonkey. | n one enbodi nent, the second ani mal species is nurine, for exanple

mouse. | HVERHETeADBEPTRSAPS Of 478 s cioneamAl er?’é?°°§’3€@?‘e"§“%suﬁ%?‘ﬁ REXPPBne

aspect, {&gorl !AM%BE 4 RifiefloPMbst &dls cAMRASEd. ITRBe SHiHTRIneSt, ago@ Bl 19k praRESotic
ant agoni st antl odies of _the invention and_a carrier. one epbodi nment,

the car r FEh 19r&x3mple Facoduh Qg gpodinteatyt Aest @H 1 ?13‘8%@’03%??@6{“ IS hvent i on

prOV|desnﬁﬁﬁhﬁagmﬁ@mmgsem@agmmgm@rcwﬁﬁtcﬁo)@gpnlst anti body of the
invention. In_one asp t he |nv§gt|on rOVIg?S vect or s ﬁh tisi g 2
nuchel o aci d BTOWE RSP BE HAFBIn POy ﬁ@e@g%efeltm PPt ARSI Shi P E 88 s T o st

g el | ? cossra&npw e 1rﬁ/eﬁtuﬁ|p@dv|€de§6 h@thod oﬁmM@ﬁ?ézO@‘f m@ﬂcan'tefgemlstﬁﬂﬁf&iy OWhickhay@gied can
e o an (0] Xanp a reco ant. _ve r suc as an. ressi.on
R S AL S ST R R R (R et U e A
host cel host &eliaa redfdﬁ{baraymebt@r 6fahd invdnfibn excading &id dntib6d (br frdgineaitieresthand ment, a

host cell is .a eutan ofic cell, for exanple a manmalian cell such as
Chi nese H&RET8FS CHO cell.
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
fragment therpgf) o 80%nt GCONRR bR)gldésal!ng oPRE nRPE¥acohiS BRELIFSPEE tnvedthf in

i nvention provi aes an article o manuf act ur e conprising a contalner and a
conposi t the prepayaticni of e snedicerhen far m@ teesrnentioangior poehidacHc trerbmens A diEeare fuch as

conpri ses Qpg LumBP b Celf liRieraf M ﬁ&ﬁ’nﬁgr 1@%11@@9&6&% aRbinth\Be] HVRRL blor 2nn ONE

enbodi ment, the corrp05|}t)| on conprises a nucleic acid of the invention. In
one enbo@gmmeslsaelmﬂftri on conprising an antagoni st anti body further

conprises a cargk %pect\’\(‘ﬂé ﬁlh/eﬂtl'an 5%&&?@%?‘5 H@i@léacﬁcﬁofﬁﬁ@fl%ﬁ%'t&aﬂré phration

accept abl e. I1'n one enbodi nent, "an article of nmanufacture of the invention
further oformpedicesniipsthe therabentis asdfor peebhylagtistiepimegt of hdlisewsmaell asiagAne 2g. , t he

antagoni gt,ant. E@B}?ﬁ%era{uge Bistid LG muhd(RAFasARREGhune] BSorllFURDEI AN PrOVi des a

kit conprisi'ng a first container conprising a conposition conprising one or
nore c- nmglcameag@ﬁatsddlémd@rbodl es of the invention; and a second contai ner

conprising a Uit Glhectl e %&tﬁHbe@ld@?ﬁge of b \&p R@Mﬁeoﬂo?oﬂ%ﬁ@fnﬂ&ﬁ%h‘iﬂtﬁ@' l'y

acceptable. In one Fefbodi ment onposi ti on conpri sing an antagoni st
antiobodypteparatiparof @m@par@,e@sfoaﬂl@élﬁapewc apfyoeprophylasBeriscatpend of adisease, pugh as a

phar mac e%hé}a% %I}’ﬁoﬁ %Qpél‘aﬁileﬁtlvé dlsdlir, a‘ﬁ'ﬂﬁﬁﬂh@@ﬁgh’ as %utgfrﬁmlfnw difRder GRIB hS €S

i nstructions | stering the conmposition (e.g., the antagoni st
ant i bodyjngiagenesisudlpteddistrderone aspect, the invention prOV| des use of a c-nmet

ant agoni st ang; &QQ%)e&f tht nﬁeddaxsmvm@puge%fw@st &rmdmeqmeanom R ﬁ?@;ﬂiaﬁm for
t he therapeutlc an |actic treatnent of a |sease such as a

cancer, medieansnt fogthe éherapplrt@l ail‘ﬁ/ e prpRhylACi BesraRat Of afiseRIpnivk Y BTFBFFI cAfumor, a

aut Qi MUAG) o, QisSHid&HisoRIA /af fm@fhedRih ggﬁﬂ&ﬁhﬁmé)%s@;a%{dmmo%aﬁ SefogehddisQA8ted
aspect, ep I nvention provides use of a nucleic acid of the invention in

the pr epélﬁ%tﬂ‘?fon of a nmedi cament for the therapeutic and/or prophylactic

treatment of § g 96RSEme fHHEMioRPrAiRIEEE an Ftib1l Bprhanu?acﬁl?é (l)f t]ﬁkrlﬁifénﬁ@[[ Althe/ e
di sorder, an immune (such as autoi nmmune) disorder and/o

angi ogenBspasation|ohp eydigamest fefhe therpays agd/grprophyashc F‘??\?‘é‘ﬂ]tt P%ehdlfﬁa%fv fyghas yse of

an expresggicQn Mefkt, grcel@ﬁrofﬂ*@?au’v@&iﬁ‘d?@lér% ihnbhuhd @udl £ RabRirnR8) @forder BRMAbGANMENT
for the therapeutic and/ or prophylactic treatnent of a disease, such as a

caner, angiagarnsis-relatedflisordero| j f erati ve di sorder, an inmune (such as

aut oi mmune)  dirSQk d§fectee iREntRA pARYIOIRHE 8 ki of tﬂl: aveliofl ilS@E PRparation cdBe
aspect, the invention provides use of a host cell of the Invention in the

pr epar at meficamenfonihg |ﬂ%§%ﬂ¥é‘ﬁ't‘3 apdfpr praghyiags esbmant af adiseAsy SYSh BhSAPCREt3 fmor, a

treat mn&e@rolﬁeﬂh%&ﬁs%@ier SHehmas (Such A& RSimnné)FiddEder #hdet bh afpicbhdsBirélbied €
di sorder, an inmune (such as autoi nmune) disorder and/or an

angi ogené’éﬁ’fgerr el ated disorder. In one aspect, the invention provides use of
an grticle of TReRWREH Pofidef méthsls ki &poSiforstisdfor 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

therape %’tﬁo@%@ﬁ‘@ inRh QRN & chside B atHBRn Hfardvifl bERRERI. BB eMBodmeANEEr , a
tumor, a cell proliferative 'disorder, an i mune (such as autoi nmune)

di sor dercelgoptactahbuHGF syureed by 4 Efferpuaellieortirareh amecrivg&RkeD on provi des

met hods and cQRROSIHL: Qﬂémblé‘n%ybro(qﬁés IREH B i Gapdh R ARS Beab FF% RSmassRsingked
with dysregulation of the HG-/c-nmet signaling axis. The HG-/ c-met sjignaling

pat hway 4a8cargws gmas gomprishgadel) Fh@t BB EE F et OivaRtHET BV E e orbaiietdhns,

i nckudi NGeth&t GumpriSife Edn%ﬁﬂehﬁ{&%&H%nﬁBﬂa@&&b%%%ﬁht%f al Mé®ody oF tRNe aspect,
the invention rlﬂrpow des a net conprising adm nistering to a subject an

ant i bodylnYﬁfntltDIhéherqliW@ff@thﬁy trpgiing sed mepeet. Inopeembpdipgnt. dhe s soaadeddhet hod
of i nhi birgp @&r&s{@%raaﬁﬁérxlﬁkaﬂ(efgﬁkﬂro@wﬂaia@ﬁ@etéffaw sai d method conprising

contacting a tissue with an effective ambunt of a anti body of the
i nvention, wh@oabgspes) the ipvestip ajoxidpsonmeBacfer weabipe o RIpYeRtHER Ceaefqh\fﬁé%t}vs nis

i nhi bi t ed:iso %144? 208 aBPRRE Increh B8 e gPAEIBE biOR P ICARS ofhdpRbERL @k bRk, Bd @

pat hol ogi cal condition associated with désre%I ation of c-met activation in
a d0bj ecmethedsjosnpriging adinipisiepng 9iasabiedd i ES P eatent prefleghyccmouniPierf ect i ve

anmount  ofBhyAR e RPN thERSy éf‘fb‘éﬁ’vgld}’ Qéhtmg‘&eﬂr&b,ﬂtn%as'aﬂ 0 PiifeliNe diSortidredt ed.

I n one aspect, the invention provides a nethod of inhibiting the growt h of
a cell tMtemé‘%iWé%ts@sdRf01rfellat1‘t?rdlf’r‘i’§}?&%s(9€%ﬁ?"e growt h factor, or both, said

met hod conpri idigaeea! @Sl dios ﬁﬂo%d@sezi Ilnetl%d: for ﬁlﬁﬁﬂing%m% of g1, RH&Ehi On
t hereby causing an'inhibition grow h of said cell. In one enmbodi ment ,

the cell grP‘é’thdtﬁﬁ@‘é@ﬁtl]elélatﬂ‘;ﬁs‘l-!@aléﬁw%@ﬂ’059 SEpvel PYtEntiating BiEryof Ao ¢t hr ough a

paracr i NeebERCibwthl QNG REDSE meﬁlb&cdlﬁp\fﬁlﬂg tSRacRhO¥ICRE vanhnB ehagivef
t her apeuti caII a manmal having a canceroqus tunpor conprising a

fy treatin rré)
cel |t hatmaspefassuibody ﬁgtbe @Welmbélﬁf‘d@vtl@lblFWﬁ groggh fsaidgfll- JBORS  sai d net hod

conpr i si fehcAfHED it istOnthQeFR] HGRBTIRkedasy aRfiffé@ &t 'cMB(e%mﬂﬂ&IgthpaﬁetGmﬂ:nt i body
of the invention, thereby effectively treating said manmal. In one

embodi metifect he cel | is contacted by HGF expressed by a different cell

(e.g., through n@ialpdkiapstiedifyeehing altﬂm@trlﬁ a%ﬁaﬂﬁﬁé‘l,,wlfeféﬁl thO\yRWH FRaip kddrdes a
nmet hod for treatin preventi n a cell %@I ferative di sordergﬁgsom at ed

Wit i ncle é@é@ﬂ%%@@gﬂﬁh‘lﬂﬂ“ A UP?tﬁntHfm%e t of Grog} SR BRPAGY R S1G or, 8%
both, sabdi, ¥Bil RRethos eFMpriskizREntadiNE Bis E&I\inﬂgant@feé‘m&labjo@xﬁtof hanfiB&Yy oBfhesuch

treat ment an effectiye amount of an antjbody of _the ntlon
ef f ect i VBFSAUPR-SBarsH GLiBFIVEY Seafgispg ugry @FIG"‘B?%’I“F‘FE\ afg \}%CCH?%@hg%?ﬂyn one

enbodi Megpressedivyl a@irRkdnt @Ak LY Birdlich @paladrineeffeancer. I n one as peCt t he
invention provides a method for ! nhi bi t %e t he A h ofal M éxam re n
growt h of sai Metbgfyofjthe “&‘fenfl%’a‘?f’ f RseA i 4t 8%’;% ﬁ‘ﬂﬂé’ﬂ p\é\l%BIr‘?g’ﬁ GPntoR Sxample
potgnt i addipendPdrfiests &Eocihtdﬂiﬁ)tmlﬂfys@gﬂﬁioﬁ@ﬁﬂle HyFFsMnbt shgnalingy pathovay bhitdae sai d
met hod Cgrrlrt%rdllrr?eln[] % cgl(l)trl]lgtaig Ealrg% edsu?;l rcrllet%ecll of ti% fnben%gn stafcglcl:é[er ce?l 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-nmet or.hep alif %yekﬁosg& QW fad AGHXnenr ateﬁ)énlfbthéa%bﬁmr%&h()d conprising

contacting said ce th an effective anount an anti body of the

i nvention, t haydsssribed heseip; araptactivetion isigg llgwr@nttbeﬁ’f@%wal piecesh e drsestiatientt t he

cell is \9195\# ?9&3‘% mm/er at‘ﬁ&B £2368Hiths. 2A Hof i E i ofe@hdbodifeft-of nfeﬁl'thh@

paracrine effect ds of the invention can be used to affect

s ui t abl elngeatibo pog tbaﬂl ls @rg@ﬁé (e-g-0% cangeinglD és onedn Which adivationtdf s gReéis e a&t ed
P dysg, ?@%&‘H %rﬂ% k6t R tgﬁfe oﬁFﬂn@r{ SREBAEINAY 2 mbBo@BBLERDARLAENT , A

ceI that 1's targete a net ho he I nvention is a cancer _cell. For

exanpl e, canses thecleath efd ﬂargé@ﬁ cfdb Fonexagpleeeantagt Witoah %HF?@OIQFWGBE HYRIBHG of a

breast cangat , el malﬁht?% ?gxﬁaﬁ: h@du ?%%%et %%Hvay @Vh &l@&uﬁﬁﬁ%ai aeall, a

papi |l | ary carcinoma ce § roi'd gland), a colon cancer cel

a pancreati c Resmeplatioedfic-mercoiation @pd @aﬁwah@@ |can reguliclegny p pnbeg afkelplatel |, a

central gef g\eéﬁ qt?chﬁﬂ%t e[e BV&kaesm@rpoquﬁfr}ngﬁél‘ sko éﬁfe ) &8d/bp c-RetiRAR!

carci noma C épat oc ul ar “carci noma cel der cancer cell, a

gasPri c Aenoviingliin soakelembadiments aapathqd@é ﬂlesrq/@atmwgmea?eé itaﬁgs%#ag gell whegeingd anoma

cell and g, kﬁéﬂﬁﬁ)@%@ Fx%%ﬂ facﬂof‘ opﬂcﬁh %ﬁﬂ&g L pERLntyRxfeiskd bnald defl . arHehed in a

met hod of the i nv lon 1S yﬁerpro iferative and/or hyperp astic cel

I n one eselibaticompered @ ac@rmaltchlé@ thessame tigBie SHEIN N A-MEHBIESET ceh gan Yoyeslaish | s

a dyspl ]!{ F $6hla Vahay ¥eLoufROL BSH aﬁm&ﬁh@&rﬁaracﬁn&lﬁjjﬂnelt &t edafnpledingbed in a
nmet hod o e invention 1s a netastatic cell. Methods of the inventjion can

further @rdmérme@teofa@nﬁiqu ohhe invensigpidangeted @Hgs oqpigictegRaAd| by hepaipcyig@rowth
222 di megL, Q{pf@@s;eﬁ ol disbdhetn @@%T%Vlé PhRachin® &@d@t)weﬁﬁ Qe LAEEDESE thSdalne

or tissue g., acancer ce i's exposed to.radiation treatnent or a
chenDthewaéédﬁeﬁmHEQQOHQ@5@é@%@ﬂﬁ@ﬂmﬁbﬁ&ﬁﬁ&Qfﬂhﬁc%ﬁﬁwqﬁ¥W6HyH@‘an

i npor t ant,,Qisali 89 H&%g&é@&ﬁ%éelf 28, s ek Beie@BetAbopht et hidlintagd/BrINEr OUS
pathologlcal conditions, Accordingly, in one enboglnent of nethods of the

i nvent i ofignalingean|alsp Regur 1@6&6&&@@?@@%{% Hence, i qng subpdipght|of mebodypl then whi ch

acti vat i Qer@bn, C-iRhethvitiGinANE 8 ARl CQHRARRPeddenidb hosaRl cel | of the sane
tissue origin. In one enbodi nent, a nethod of the Invention causes the

deadh of a targeted cell. For exanple, contact with an antagoni st of the

invention may result in agREFDEdrRIENION OF THE SRAWANGS hr ough t he c- net
pat hway, which results in cell death. Dysregulation of c-met activation
(and thus signaling) can result froma number of cellular changes,

i ncl udi ng, f oricex Aot ali MRS BERETEHST 1R vabiBie (G BRd heavEagnat® did gand)
and/or c-met_itself. Accordingly, in sonme enbodi nents, a nethod 3& t he

i nvent i ofellewingylisibchaindgiap F‘W@“‘é}P b L TR @1eHoR AR ghait R SERERPdHowt h
fackor, QhnsdeisRequefceRlugneBNFEHARht aﬁﬂﬁﬂ?&rﬁﬁﬂ)ﬂ%&aﬁe’ﬂl ‘lﬂmﬁﬁhied’( altgody a cancer
cell) as conpared tqo a nornmal_cell of % t|§Eg&.tlssue orlg
c- met - expr es sty 2 denifts yagioupE VRs§UHeRt e § %%’ PRt S&?“%ﬁﬁ?@%s
i.e. in {bhadheskilendmipd@eRi 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. paracriwe 2eddasi7’y. Said different cell can be of the samasessod7cac
different tissue origin. In one enbodinent, a targeted cell is

cont act ed/ bound by HGF expressed by the targeted cell itself (e.g., via an
aut ocr i néuedif €Htsilgo@p)II cofsanats faedeiveskiriams Kibd{ ODRS(SEQED M@:28aNn al so occur

i ndependent | i.gand.. Hence, .in one enbodi t of nethods of

i nventi oE?m%l?&ngtsu%&ulp\}la‘fop%eﬂsqsr'fra ewg&d'%‘f“‘ésoex@g&?% hSREY E’{gﬁ%?é‘ﬂ’é ﬁ%ée(gﬁ) of

| i gand. BRIsBE-2BESCRI PTI ON OF THE DRAWNGS FI G 1 depicts alignnment of
sequences_of e variagphle |ight and heavy_chai f follow ng: |ight
chai n huffdR®s é?b(?ﬁ%pﬁﬁg%%g@ﬁ§%§r“%"éod By, Kaﬂ%g@@“éﬁgﬁwﬁ@rﬁﬁ subgr oup DI
consens usut&ViE Ratgroupll cigesibfrandwork mifkk eatided BEhgrvansblSidpogs GERaD
"humani Zﬁ%izg%%body. FIG 2 depicts various HVR sequences of selected

affinity- anti bodies fromlibraries with individually-random zed
HVR.  Fl GhuBareRiacdeptoHviRndvdris eifiue Kaes CORs ssH@m 8d:Aff i ni t y- mat ur ed

oncommas B Deteptor kel i Sinaf ABikd M p e Reors BRI NG A2 L b ¢
I—I\/B bFlj ?hgrﬂarﬁ%ﬁiaéﬁgﬁtogbﬁu{éiv&rbfégﬁs ﬁ@ﬁ%@t&ﬁﬁiﬂ;@ il]B(I;]éQ)‘éS?gl ect ed agt i- cnrsrﬁg
P eooor Bl Eaectiops fagiork ARl Se R Ripeiatos eei CERU DR S5

sequence identifiers ayadiablk tys (VNpdonsahhe fhgawyrk WHE. €0B3ensus framewor ks
(FIG 5A, B n VH subgroup | consens f wor k m nus Kabat CDRs ( SEQ
ID NO 18 m%hﬁggaa S‘?ﬁff’ﬁpgﬁ‘ﬂs “S‘éso%ﬂé%‘*ﬁ@a%&ﬁpm% m nus ext ended

Pyper var hvah@evn:Eﬁipgﬁlﬂ:g(oﬁﬁ@obg;m}lsfraﬁgvgkxmm%ubgr oup | : I consensus
ramewor k. mi aba . /H subgroup consensus

frarremrEuHﬁ%nmkaé’f? Sheep Ré%?%ﬁ%%‘i‘?‘%@%@%% I D NGs: 24- 26) hunman VH

suggrouphllhflalln ‘(‘lo@pmaﬂngro?pﬂﬁemeﬂlfummmt zlmde 4(SEQ 1 D Nlo 27) _human(\S/EQ

subgr oup nsus frapewor k m nu e ervari abl.e i o

I D NOs: 28- 30) B l%d%%’ég‘%‘%r&e “pibod RPIIEH “ﬂﬁ’é‘ (%g%&d\{’%ﬁs“ ?‘%@éﬁgﬁ“% 31)

human VHdauadegqoencéss anewor k m nus ext ended hypervari able regions (SEQ I D

NGs: 32-33) h VH. f. k. ni K SEQ 1. .34

- vh aceobitss i ERRHEN afn i RBRGE SeioR BRobRRTLs tbros b e G | o

NGs: 35- 3inyevtani abl e 1ight (VL) consensus franmeworks (FI G 6A. B) human VL

T?%&ZEE’?LZ”% 008 DR ATRIR TR R Ry YRR PO 0T OLP
invention.

FIG. 10 depicts graphical data for inhibition of cell proliferation by an antibody of the invention.
“rchOASDS HGF” refers to chimeric one-armed 5D5 antibody plus HGF; “rthuOA5D5v2 HGF” refers to
OAS5D5.v2 plus HGF; “rhuOAS5SDSv1 HGF” refers to OA5DS5.v1 plus HGF”. “rchOA5DS5 Control” refers

25 to chimeric one-armed 5DS5 antibody without HGF; “rhuOAS5D5v2 Control” refers to OA5DS5.v2 without
HGF; “rhuOASD5v1 Control” refers to OA5SDS5.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 HGF.

30 Fig. 12 depicts graphical data showing in vivo efficacy of an antibody of the invention. “TT” 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
kappa subgroup IV consensus framework (SEQ ID NO 41) FIG 7 depicts donor
(rmurine awoi2b@dysHD5) |ight chain (LC) and heavy chai n pHCuSe@sioatsbe domai n
sequences. FIG 8 depicts graphical data for blocking of HG- binding to its
receptor by an antibody of the invention. FIG 9 depicts graphical data for
I nhi DI 11 PRy, a&'@:cﬁt%G?;PWZ()@QR)&@%' ﬁlrbn@xm%mﬁawm%og eﬂtlﬁ@cérﬁﬁf%ﬂl‘gltﬁﬁ FI G
10 depicts graphical data for inhibition of roliferation by a

ant i bodyseﬁﬁenﬁmgrmmmnlwlth mmywtﬁwmm@mé uﬂse F{g@e%ﬁvmf fig &1@«%59%6 e
ant i bOdyreQﬂoH%féﬂqgub dy e RS ReNEnHG-" refers to OASDS.v2 plus HGF;

"r huOQA5D5V " reférs to OQASD5.vl plus HGF". "rchQA5D5 Control™" refers to
chi nmeric one- arned 505 anti body wi thout HGF, "rhuOA5D5v2 Control" refers to
OASD5. v2 wi thout HGF "rhuOdGiNW réR bRy INGRIET SHEaNARPIoN! W t hout HGF".
FIG 1IA B depicts data for tnhibition of receptor phosphorylatlon in the
presence of aBhednventertigroviflestppthddpncempesiipns, fitgandanticiesof Bpaufpciie fr ddentifying

phosphor yla L,95 Bbt@%%fﬁgtkﬁy EbtSionklid pd@RLet s receptor phosphoryl ation of
H358 cel%g traﬁ% e%ted W th HGE. %ﬁ H%f de fcts graphi cal data showing in

vivo ef fi cacyDehilend these mprbers. @ﬂnppﬁ@onsdv@ i @ﬁcleS'quanP@f@qu poYidaddierein.
|nC|dencg éﬁhjgé Jgfers to 8 mce having tunors out of a group of 10
m ce. =21 efers to 2 mice havi ng tunmors out of a _group of 8 mice. FIG

13 @eplcts anfhnxaé¥@0@b@m@%@%@w%monWé“*m%ﬁ%%@%ﬁ0@@W§“”ﬁ¥ﬁ@¥k§¥W%EP@ﬂregion
(HVR), f fegﬁﬁ?uggmﬁ(ﬂ&ﬁllaggi (th&hdif rediipinANEcHr ﬁué%%hﬁﬂ)b(oﬁ%%' &Qf1 vy,

enbodi nent an anti bod the invention £ The FC sequence

depi ct edbiedhepistyeand 'nnmp@iogyeablph 9P withinghe Slkofthess Suphmahmignssiary septymed fully
descri beg thepluyigu?eo Qlﬁl Q638 Rculk! @?omﬁé AeMotdicty SRaREN SR o e(ﬁt'ibnESaﬂ?&bM@& Rt de

conpri sing protuberance atlonT366VV as descr

2005/ 0638X8); “phg@ﬁ@le@wsémth@ ahqaé Poll §Hepiineal Hﬁflt'él? 61 {rﬁf@h%eaq‘%ﬂence

forgs a ¢opl-Retmolidin E%E&&&o@ekx&ﬁgﬁcd‘@esg QR Gdrbe BBRCSICinREIBRINE %1&(%;&
13 to generate an Fc reglon of an antib of the inventian,

CARRY! NGModwsuppiet plngtsnTP8fy arheeriodig aipdatesy ?Bvatfé? yerase Fhain Reacder (Yefiget
kits andaacli fogs “ﬁzfprmha%%ﬁofe&naﬂ clefhd T(Pirb BRARIOV., UBRHYPhAAE DXplagr & Of
the HGF/ c-net si nal i ng pat Details of these nethods, conposi tions,
kits andlghorgtery Mangs ﬂ%ﬁ%ﬁéﬁ%uﬁ@‘hre provi ded herein. General Techniques
The pracpigfingfs the present invention will nploy, unl ess ot herw se

i ndi cat ed, conventj onal _techni ques_  of nol ecul ar i ncl udin

rec®nbi nant t AcHRAGGERY, ohanami sidigsid “ef!’é?PlFlorblaﬁ)‘Fsﬁﬂjgere‘Bi rBé?FFéPrf‘?[“?“ﬁgOfeﬁw

i munol ogym inﬁlla aBid 8edieidaial cdiRirsdikb h btadihg bliRo kil seqbieh, WiRedningURmgar e

expl ai ned fu
results from 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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or nonr epluiokivg abdetkitdtisdabsi gififidagceGoicHimms centdxt uthebiplopicelfcharaditristic siehswed
stain. Isolated anti i ncludes. the .antibody. in situ w.thin reconbi nant
cells si l'r‘|‘>'cséuada U sgt’qgﬁ‘élufgnhgﬁg‘?f?wiﬁe Es ‘%eeﬁﬁat“i)’/%)d‘g??uses R’ felﬁ?r%ily leeﬁs\‘itli;i armg;r% rc%% nt

Wi | | not 5098, ppsteaisiless @utliboar400 prefroatdyless, thinsbba 36%, praferdbtydyss Wiaklabdye 20%,
prepared b | east one rification_step. . The term " vari abl in

ool due HEREEMIFS i oo Al & hMonhind i o MR abiBlehs o nhlr FlBE'
Kabat ", and veBihdihg sifisity hefedfy refesfteths stangthhe theusmbestalrd nsycovadent ingerattibosr
heavy chai n vari apl e domains or. |ight chai ri abl.e domai f e

conpi | at PE¥eBE S&ﬂ%@%‘@%}g@ée f’ﬁa IR%%B%“tleggtg"ﬁ? ?Ifti%g(\éyauag%%ebsm%?g %r o?re(?ﬁ’é Blgf

| munol ogitigad). Unleeyigditateddtiferirde, aPusall hereine dlitdngSéfinityt exferNetintoing bibdisg i t ut es
of Healt h%ﬁwgle\%@?lzgggﬁ%%é injfegrgcjﬁ)oh bé%\?Vleer}l%érr}?tl)e% oqflflirg?n {nlgrf)glr %é/{?,t a?lm)ocfy%d act ual
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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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(e.g., one Langmuir binding model (BIAcore Evaluation Software version 3.2) by simultaneous fitting the
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association and dissociation sensorgram. The equilibrium dissociation constant (Kd) is calculated as

30 the ratio kof’kon. See, e.g., Chen, Y., et al., (1999) J. Mol Biol 293:865-881. If the on-rate exceeds

106 M-1 s-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 259C 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

Tnstruments) or a 8000-series SLM-Aminco spectrophotometer (ThermoSpectronic) with a stir red
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antigen, then capturing bound antigen with an anti-Fab antibody-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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pl asnon resonance assays using a Bl Acore(t 0 or a Bl Acore(tm-3000

( Bl Acor edestrild abdiesisiag aBddgordy)2080 0]25@1\,@][6 3009 BB IAcCeors dInc., Piscataway, NJ) at
25C with immobilized antigen CM5 chips at ~10 response units (RU). Briefly, carboxymethylated

dextran biosensor chips (CM5, BlAcore 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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e

det er ni nBatamgstery &r mgagiring a]éﬁf‘é@t%feif’i‘ﬁlgéiﬂé ABHlERgithaeRdcd iR achirXe MRdTe
i ncr ease, ;1166 RASE of e dqHAIEIRRIREBmPATEE P Burposes herein, however, % amino acid
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.
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about 30% preferably greater thaovimadars fr0% Xpr ef erably greater than about
50% as a function of the value for the reference/conparator antibody.
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i ncluding any al gorithns needed to achi eve nmaxi mal alignnment over the full
| engt h ong‘ﬁé'sequences bei ng conpared. For purposes herein, however, %
am no acrgpijeaquence identity val ues are generated using the sequence
conparisgn conputer program ALI G\N-2, wherein the conplete source code for
t he ALI 2 programis provided in Table A below The ALIG\2 sequence
conpari sen conputer programwas authored by Genentech, Inc. and the source
code sho in Table A P I has been filed with user docunentation in the
U. $° Copyr'i SH‘E‘CI‘?ﬁs?qefE(En %glﬁ/l ngton D.C., 20559, where it is registered under
U S. Copwrd ghateriRe@f 8Qr ati on No. TXU510087. The ALIGN-2 programis publicly
avai | abl @e%hr ough entech, Inc., South San Francisco, California or may
be conpi I tSAYBHtHhe source code provided in Figure 8 bel ow. The ALI G\-2
pr ogr am sheaidtdwittestepoispM; edp-ftop = 0sE(jaker)anddll=0 oper at i ng system preferably
digital UNTX V4.0D. Al sequence conparison paraneters are set by the

ALl GN- 2 p(ogram and do not vary.In situations where ALIGN-2 is enpl oyed for
amxo ac#dbfimegMence’ conpariwens matcheitheatwpridb 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
sequencein® t haday[P6H26]r= {

/* ABCDEFGHIJKLMNOPQRSTUVWXYZ*¥
FA* {2,0-2,00,4,1,1,-1,0-1,-2,-1,0,. M, 1,0,-2, 1, 1, 0, 0,-6, 0,-3, O},

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},
FE*  {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},
[*F*  {-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 /xG* {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, 0},
/<H*  {-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},
1% {-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},

24



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 WoYowmasEX i s the nunber of am no acid resi dueeCIasR@ad/ 02826

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 resj=gues {0, B0, d,b, ®viol o, obe oaomecmoeﬂotmalo whgoeo, e | ength of am no

o 0 SR e e o s 5oL 0GL1, S B oa e S e ot ¥

sequencedent (bys3 of 483,004/, 2lnliee s, SpRLiaf-2,cabl-y, cs2.at edl,ather wi se, all %
am no aci d sequence i dent ed as descri bed

ity val ues used_here t.ai
in the ifédf a{“éi'%f‘sp'?’ ‘%é’d?ﬂ% Zp%roa‘bréagthugl flé) ?’h]e%A%A'(ﬁ?Zl onput er program
TablseA |« =7 o0, ungneassd, 4,00msl2, 2(1\/1151 04, OS)avaeroag,a(}pf kEQ)* B i s
j oker) matc

average of ND * match with stop is tap p 0;

| #def i A M - §MxMp Yo, M. . Y. Me M Miv P’frl\é—é/f&ﬁ M- i nt day[26][26]
ABCD&ﬁ@II—MMMIMMA\IL@EI@{RAQTUVWXYZ*/ /* A*/ { 2
0, 0, -4,

3,

S0 o ER AT 0l L a6 o b s o b o 0
0, g (1)}/*@?/ C{b/u‘s 224, 115-25),,152, 1611 1%6? 1§L 120 255; (1314 @» 4, _M -

L JVL- | /*21 *, {@ Otj‘ 101} 423L272 ‘bi 3’0 94 M. P, 6 71, 6, ?(32 ‘%
-2, 0 /*05 */3 {2;0 b, @ﬂdleL, 121 010, 3}2212 MO1,5120,27 1, @1 Ao 3,}0}
} /4* TG*/*/ {E 012 ‘é>0 éOi 0’%’0513‘159’*1‘3 éffol 3P, 045 033 03
*7U *,0 {6 0, @}0 0/6, ol,-b,’t)’ 040; 8,0, ﬂ),,_NBO 01,0 d, 0; (2&0’,0 6,,0},2

106, 1Bragegtipt i . § g Mty 00 4 0
. /ﬂ0w=l=® {8,-5,®,-707, 0Q7,-BW,-0:2,-8,-4, M,-Q-5, 92,8, 0,8,1700, 006}0 0},2
},’/* Fix%_ 060 60.85.60. 80 o g gl oty oty Pu i, O, 0 2% Ot
, 2,-2, Oy =0, {3}3, o’-ﬁM*ﬂs{ol 0,2,-1.32,23 M,35,-404,-333; @2, @,0,10,-4), 4,
2, M2z i) {8 ,25,2,33,-500 229 070,201 12_M183 0,0, 0,0,-2,-6, 0,-4, 4}
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20
/*
*/
#include <stdio.h>
#include <ctype.h>
25
#define MAXTMP 16 /* max jumps in a diag */
#define 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

#idefine 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, 2JM-1, 1, 0, 1, O,
0,-2,-4, 0,-2, 1}, /I *o*/ { M M MMM M MMMMMM_M_M
0,_M_M Wp M3 M _M _M_M_M, I* P*/ { 1,-1,-3, PCTAK605/027%26 0, - 2,
0,-1,-3,-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 O, 4, 1,-1,-1, 0,-2,-5, 0,-4, 3}, /* R */
{-2, 0, -druckimg¢-4, -3, 2,-2, 0, 3,-3, 0, 0,_M 0, 1, 6 0,-1, 0,-2, 2,
0,-4, 0}, /* / {1, 0,0, 0, 0-3, 1,-1,-1, 0, 0,-3,-2, 1IJM 1,-1, 0, 2,
1, o,-1?-2, oshozt é}, / RIMAXIMET; 1/* sgge objmpfnegyfor &lv)G7 .1 o) o, Mo,-1,-1,
0, M 0,-1,-1 de x[ M ARIM ',B‘,baga}no b i deqk 9, O, O, O, O, O, 0O, O,
070, 0. O o',m%g,nfﬁ/fhof [g/f 0 lgf 0.0, o 0,0, O}, /* V*I |
0,-2,-2,52,-2,-1,-1,-2, 4, 0,-2, fZ“,hHZESS tOr%lqlé 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, O, O,
0, 0, Msteuctdiagd, 0, 0, 0, 0, 0, 0, O, O}, /*Y */ {-3,-3, 0,-4,-4, 7,-5,
0,-1, 0,-4,- |m‘tZ’ 2’_M'§c5re 47 47 ﬁ‘s‘c&eaﬂaﬂ%mp@/ 0, 10, 4} [* Z % { 0,
1,-5, 2, 3,-5, 0, 2,-2, 0, 0, 0,-2,-6, 0,-4, 4}
} ;o /* */ #inlopgde <stdi>féﬁeh> 4i nc{*LRf@et@éPVﬁ@Oﬁls /#deflneNAXJI\/P 16 /* nax

junps in a diggy/ #defjjApMAXGAP Rdubingapiddecent i nue to penal i ze gaps
| arger than this */ #defll neJMPS 1024 /* max jnps in an path */ #defineMX 4

/* Wave if thereetiopt |Bast MX-| OdEbdiePhde |ast jnp */ #defi neDVAT 3 /*
val ue ofy.matchi ng bases */ #defineDMS O /* penalty for m smatched bases */
#def i neDf NSO 8 /* penalty for a gap */ #define DINSI 1 /* penalty per base
*/ #definePINSO 8 /* penalty for a gap */ #definePINSI 4 /* penalty per

residue gggdepmat Jmp { short n[ MAXIMP]; /j* si_ze of jnmp (neg for defy) */
unsi gned short X[NAXJIVP] /* base no. inseq x */ }; /[* limts seq
to 2A16 - 1 *MtstreRst diag {’ |I}’1‘E“b§’i:?fr1@dmﬁ’sl?’a§‘€so e at last jnmp */
15 short nfIMPS]; /* size of jmp (gap) */
int x[JMPS]; /* loc of jmp (last elem before gap) */
k
char *ofile; /* output file name */
20 char *namex[2]; /* seq names: getsegs() */
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 lenQ, lenl; /* seq lens */
int ngapx, ngapys; /* 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  pp{2]; /* holds path for segs */
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
*/ structjnmp 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: getseqsQ */ char *prog; /* prog name 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 agonals */ struct path PPP]; /* holds path for seqs */ char *calloc(),
*mal | oc( *i ndex *strc y() char *eetseqq , * callocQO/*
Need| enefiNagdlews- PPﬁhﬁ%%?m%?%ﬁg%ﬁ1* usage: progs filel file2 * where filel
and file2z are two dna or two protein sequences. * The sequences can be in
upper - or | ower - case an nay contain anmbiguity * Any lines beginning with ";
>t or usage: pipss filgfds%ed * Max file length is 65535 (linited by unsigned

short x BN whie fill dTRnS filed Glekwd dih Sr@|Y Broeeh Wtlidacek/ 3 or nore of its el enents
ACEWU is assuned to be DNA

The sequences can be in upper- or lower-case an may contain ambiguity

LI B 2

*  Any lines beginning with ';', >' or '<' are ignored
* Max file length is 65535 (hrmted 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.
* QOriginal 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, 2J(1<<(D-AN|(1<<(N'-'A"), 4, 8, 16, 32, 64,
128, 256, OxXFFFFEFF, 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-'A))|(1<<('Q-'A")
I
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/tnp to hold info about traceback. * Oiginal version devel oped under
BSD 4. 3 owo20a6zms8650 */ #include "nw. h" #i ndude "day. h'PC3tuskeos/o2abyal [ 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 } ; static
_pbval[26] = { 1, 2|(1"("D-"A))|(1"("N-"A)), 4, 8, 16, 32, 64, 128,
256, OXFFFFFFE(ad =194 1"11, 1"12, 1"13, 1"14, 1"15, 1"16, 1"17, 1"18, 1"19,
|"20, 1"21, 1"22, 1"2 24, 1 , AN Q- AY)) Yo
mai n(ac, av) main rf&&dle“cﬂsége* %Eﬁl%z 5’%5—4 av[0];if(ac !'= 3) {
fprintf(stderr, "usametsids, et fifdllaa@¥iR? arepv‘veg;\a orft@é protdid shaipeds\n'wher e
filel and file2 argpt na, or two rot in se cesLnQn'C
fprintf(stderr,"Th Igl\ggi&ng C A iﬂﬁb‘@?e OVEwEEChse\ n")
;prlsnt;gstgerr "gYprintﬂhﬁﬁrrbﬁgyﬁﬁHsfbgglmm@Wuh"09r< fl\wefr\nl'gnor??; n%
printf(stderr,” ut " i ut\ "\ n" exi t
nanex[ 0] = av[!]; %éﬁgféfqu’ gu%f[lé}rft“%@{‘b}[a@?‘g t)seq( nanex[ 0], & enq);
segx[|] = getseq(naxmxi!], &enl); xbm= (dna)’7 _dbval : _pbval; endgaps =
0O; /* 1to pe?alize endgaps */

namex[0] = av[1];

10 namex[1] = av[2];
seqx[0] = getseq(namex[0], &len0);
seqx[1] = getseq(namex[1}, &len1);
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 seq y.
*/
nw() nw
35 {
char *pX, *py; /* seqs and ptrs */
int *ndely, *dely; /* keep track of dely */
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ofile = "align.out"; /* output file */ nw(); /* fill in the matrix, get the
possi ble jnps */ readjnps(); /* 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 values * \Wen scores are equal, we

prefer m snatgiges to anydem,age1xprefﬂ{eeptr@k@eaaga/p to extendi ng an ongoi ng
gap, and prefer a gap in segx * tg a gap in seq vy */ nw) nw { char *px,
*py: /* seqs Hd ptrs */MPat *nde(fors"’ﬁ‘BP‘f)grq""O ’R’é"ép track of dely */int
ndel x, del x; {gi keep tragk of del x stbreifdtteachitpgs+// * for swapping rowO row
*/int ms; [* score for eacht pe */ int insO_insl; /* insertion

penal ties *) i ster | #sOmsly; agbﬂ&?eﬂ}oﬁcﬂ’éw*eﬁ *t egi st er ij; /*jnp index */

regisster *col fgi S’{&oll /* scgre for curidiadoadtindex #Egi ster xx, yy; /* index
into seqs */ dx = (struct diag *)g_cal I Loc(to gft di ags", |enOtlenl +1,
si zeof (struct Y&iS$) ): ndely % (int *) g/ d@PIAEE ™t 0 get ndely", |enl +1,

sizeof (int)); rGaket = (i nt *) gecd@btae(” 1Hosca@ford@hrylast rdve®l +1, sizeof (int));
colO = (int *)g_calloc("to get col O, lenl+1, si ze f(| nt)); coll = (int
*)g_call oc("tﬁeggséftr coll", |efFt¥; si ze6f1(1ﬁier’ft15‘tj’seqs = (dna)? DI NSO :

Pl NSG, insI (dna)? DINSI : Pl NSI smax = -10000 |f (endgaps) { for

Col =d | 0 ) = 1; <=
( 10q 9 ed)%/ [ (s]truct diag *)g_caillgc("to get d¥ags" len0+len1+1 s¥ze01)(st$uct diag));

ndely = (int *)g_calloc("to get ndely", lenl+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));

insO = (dna)? DINSO : PINSO;

insl = (dna)? DINS1 : PINS1;

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

30
/* fill in match matrix
*/
for (px = seqx[0], xx = 1; xx <= len0; px++, xx++) {
/* initialize first entry in col
35 */
if (endgaps) {
if (xx==1)
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colyy] = dely[yy] = colyy-I] - insl; ndelyfyy] =vyy; } ColdQ =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)Coll[Q = delx = -(insOtinsl); else Coll[Q = delx = colJO0] -
insl; ndelx = xx; } else { Cotdli[0]=&Il=-@abxnsd)-i nsO ndelx = O } ...nw
for (py = seqx[l], yy = 1. yy <= lenl; py++, yy++) { mis = colqyy-I];
if(dna) ms += (xbn]*px-€]axbn{*py-' A ])? DVAT : DM S, else ms +=
_day[*px-' A ][*py-"A]; | * updHOp-ggnakéwof omsdel in x seq; * favor new
del over ongong del * iglglé)eixe_;wXGAP i f weighting endgaps

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

e IW
for (py = seqx[1], yy = 1; yy <= lenl; py++, yy++) {
15 mis = col0fyy-1]; _
if (dna)
mis += (xbm[*px-'A"l&xbm[*py-'A'])? DMAT : DMIS;
else
mis += _day[*px-'A'l[*py-'A';
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 (colOfyy] - insO >= dely[yy]) {
dely[yy] = colO[yy] - (insO+ins1);
ndely[yy] = 1;
Jelse {
30 dely[yy] -= insl;
ndely[yy]++;
}
Yelse {
if (colO[yy] - (insO+ins1) >= dely[yy]) {
35 dely[yy] = colOfyy] - (insO+ins1);
ndely[yy] = 1;

}else
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*/ if (endgaps || ndelyfyy] < MAXGAP) { if (col Oyy] insO >= del yfyy]) {
dely[yy] = colyy] - (insOtinsl); ndelyfyy] = 1; } else { dely[yy] -=
i nsl; ndeWo2geeots37i} } else { if (col OFyy] - (insO+insl pcrusedogfoyiopd {
dely[yy] = col qyy] (insO+tinsl); ndely[yy] = 1; } elsendely[yy]++ } /*
update penalty for del iny seq; * favor new del over ongong del */ if
(endgaps || ndel x < MAXGAP) { if ﬁdégj[%}{]yqy,-l] - insO >= debt) { delx =
coll[yy-1] - (insO#i nslg; ndel x = 1; else { delx -= insl; ndel x++ } }
else { if (coll[yy-1] -5 (insO+insl) >= delx) { delx = coll[yy-I] -
(insOtinsl); ndelx = 1; } else ndelx++; } /* pick the maxi num score; we're
favoring .

/* update penalty for del in y seq;

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

.\
id=xx-yy+lenl - 1;
35 if (mis >= delx && mis >= dely[yy])
coll[yy] = mis;
else if (delx >= dely[yy]) {
31



* ms over any del and delx over dely */ ...nwid =xx - yy + lenl - 1; if
(ms >= delx & ms >= delyfyy]) coll[yy] = ms; else if (delx >= dely[yy])
{col I [yy]we 2dems37nj = dx[id].ijnp; if (dx[id].jp.n[0] &&r(Usdewaopie2¢ ndel x
>= MAXIMP && xx > dx[id].jp.x[ij]+MX) || ms > dx[id].score+DINSO) {
dx[id].ijmp++; if (++i] >= MAXIMP) { witejnps(id); ij = dx[id].ijnp = O;
dx[id] .offset = offset; offegllyyfi=&lzeof (struct jnp) + sizeof(offset); } }
dx[id].jp.n[ij] = ndelx; dx[jd].J "ﬁ{li-j ] = xx; dx[id]. score = delx; } else
{ coll[yy] = dely[yy]; ij = ’dlelf‘@:ll fp; >= MAXIMP && xx >
Sx[ :vg]xﬂvg) x£| j1] +l\/K) | | ('md)s ﬁf@ﬂiﬁgﬂpin%izfcﬁﬁ%d%@d)ﬂx{xdxmm@i jp++; Qi f (i
= witejnps(id); ij = dx[id].i]j = .0;. dx[id].off = of f set;
of fset += sizeof (struct jnp)%% %i>Eerdf. Xl{}é]gpﬁx) ”}mls>)é[‘ﬂl‘ﬂlscore+l§[%%o»{
5 dx[id].ijmp++;
if (++j >= MAXJMP) {

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 {
colllyy] = dely[yy];
ij = dx[id].ijmp;
20 if (dx[id].jp.n[0] && (!dna || (ndely[yy] >= MAXIMP
&& xx > dx[id].jp.x[ij]+MX) || mis > dx[id].score+DINSO0)) {
dx[id}.ijmp++;
if (++ij >= MAXIMP) {
writejmps(id);
25 ij = dx[id].ijjmp = O;
dx[id].offset = offset;

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

}

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

}
if (xx ==len0 && yy <lenl) {
35 /* last col
*/
if (endgaps)
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}odx[id].jp.n[ij] = -ndely[yy]; dx[id].jp.x[1j] = xx;
delyfyy]; } if (xx ==1enO & yy <lenl) { /* last col
(endgaps)wol2bgeyyk374= i nsg+i nsl *(l enl -yy);

col I [yy];

id;

(void) free((char *)dely); (voi d% free((char *)col 0);

*ycol1): } / * * * printO -dhicgll

dx[i d] .
] if

score

_ _ if (coll[yy] PCIms)osf2mRr@X =
( ) dmax =1id; } } } if (endgaps && xx < lenO coll[yy-I] -=
insg+insl*(len g-xx); if (coll[yy-1] > smax) { smax =

coll [yy-1]; dmax =

(void) f

} top = colO col O = coll; caloli[yy]tamsodinsdd v@nd)yyf;r ee( (char *)ndely);

ree( (char

WP iR si bl e outside this nodule *

static: * getmat() -trace back begtaxpablifyygount matches: print() *

pr_align()

5

10

15

20

25

30

35

}

}
if (endgaps && xx < len0)

coll[yy-1] -= insO-+ins1*(len0-xx);
if (coll[yy-1] > smax) {
smax = coll[yy-1];
dmax =1id;
}
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
*
* gtatic:
* 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()
* pums() -- 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

-print alignnent of described in array p[]:
-dunp a block of lines with nunbe#®@*=silars: pr_align()

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@o?0&taiszmaneO -strip any path and prefix frompaTasqevane’c2é
#i ncl ude "nw. h" #define SPC 3#define P_LINE 256 /* maxi mum out put |ine */
#define P_SPC 3 /* space between nane or num and seq */ extern
day[26]£f&§ihepl1m\mol en; 25!6* Sﬁtmﬁﬂhlﬁh'butbﬁtflﬁel*length */ FILE *fx; /* output
file */ rlnt% rlnt int Ix, ly, firstgap ftgap /* overlap *[if
((fit = othq 8, 1\65SP“C@?tWFeWWer?EFTI§P% %: can't wite %\n",
prog, ofile); cleanup(l); } fprintf(fx, "<f|rst sequence: % (length =
%)\ n", nanex[ 0] IenO) fprintf(fx, "<second sequence: % (length =
%)\ n", Wﬁ?ﬁ?x{-‘ia}/f Ojig¢Mi); olen = 60; Ix = 1enO |y = lenl; firstgap =
| astgap me0; b1ten(dmax </*|s%mutp'utllﬂel{mg/th*/| eading gap in x */ pp[0].spc
firstgap = lenl - dmax - -= pp[0].spc; } else if (dmax > lenl - 1) {
/* | eadi B&Egap*in y */ bp{“FP]“té]ﬁc/— firstgap = dmax - (lenl - 1); Ix -
pp[l].spc; } if (dnmaxO < lenO - 1) { /* trailing gap in x */ |lastgap
- dmaxO - 1; )
print() print

{
10 int Ix, ly, firstgap, lastgap; /* overlap */

| enO

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], len0);
fprintf(fx, "<second sequence: %s (length = %d)\n", namex[1], lenl);
olen = 60;
1x = len0;
20 ly =lenl;
firstgap = lastgap = 0;
if (dmax <lenl - 1) { /* leading gap in x */
pp[0].spc = firstgap = lenl - dmax - 1;
ly -= pp[0].spc;
25 }
else if (dmax > lenl - 1) { /* leading gap in y */
ppl1].spc = firstgap = dmax - (len1 - 1);
Ix -= ppl1].spc;

}
30 if (dmax0 < len0 - 1) { /* trailing gap in x */
lastgap = len0 - dmax0 -1;
1x -= lastgap;
}
else if (dmax0 > len0 - 1) { [* trailing gap in 'y */
35 lastgap = dmax0 - (len0 - 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, |g;etm§(1;q>, fﬁdtgdp ; lagtbay; out x[ 32]; double pet; register ng, nl;
regi ster char *pq, get total rratches score */ iO=1i | =sizO=
sizl = 0; pOPs @?{0] + pp[l].spc; p i
ppll]. spp+1 n | pp[Q .spc + 1; nm
{ rl++; nl++; sizO;

seqX[!] + pp[T.spc; ng =
0; while ( *pg && *pl ) { if(sizq)

/*
* trace back the best path, count matches
10 */
static
getmat(lx, ly, firstgap, lastgap) getmat
int 1x, ly; /* "core" (minus endgaps) */
int firstgap, lastgap; /* leading trailing overlap */
15 {
int nm, i0, 11, siz0, sizl;
char outx[32];
double pet;
register n0, nl;

20 register char  *p0, *pl;

/* get total matches, score
*/
i0 =il =siz0 = sizl = 0;
25 p0 = seqx[0] + pp[1].spc;
pl = seqx[1] + pp[0].spc;
n0 = pp[1l].spc + 1;
nl = pp[0].spc + 1;

30 nm = 0;
while ( *p0 && *pl) {
if (siz0) {
pl++;
nl++;
35 51z0--;
}
else if (sizl) {
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} else if (sizl) {rg++; ng++; sizl-; } else { if
(xbn{*pO-" A'] &bnf*pl-* A']) nmt+; if(n gq++==pp[ q].x[iq]) sizq = pp[O]

.n[i g++] ;wofR0edotsz7Epp[ | ]. x[i1]) sizl = pp[l].n[il++]; poaet;uspbosh276ks pet
honol ogy: * 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; else IxX = ;< ly)? Ix : |y, pet =
100.*(doub|e)nnf(double?lx; fprintf(fx, 1V); fprintf(fx, "<% nmatch% in an

overlap of 9%d: @62f per%%#ﬁ simlarity\n', nm (nm==1)? "" : "es", Ix,
pet); fprintf(fx, "<gapgzi-n first sequence: %l", gapx); ...getmat if(gapx)
{ (void) sprintf(outx, " (@@ %%)", ngapx, (dna)? "base":"residue", (ngapx
== 1)? "":"s"); fp}intf(fx "Os", outx);fprintf(fx, ", gaps in second
seqyence: %", gapyie |f(gapy) { (void) sprintf(outx, " (% %%)", ngapy,
(dna)? "base": "re5|due" (P )2 "rirst);

if (xbm[ 'A‘]&Xbm[*pl A"

nm-++;

if (n0++ == ppl[0].x[i0])
siz0 = pp[0].n[i0-++];

10 if (n1++ == pp[1].x[i1])
sizl = pp[1].n[il++];
pO-++;
pl++;
}
15 }
/* pct homology:

* if penalizing endgaps, base is the shorter seq

* glse, knock off overhangs and take shorter core

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

Ix=(Ix<Iy)?1x: 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 (void) sprintf(outx, " (%d %s%s)",

m.n

ngapx, (dna)? "base":"residue”, (ngapx == 1)7 "":"s");
fprintf(fx,"%s", outx);
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fprintf(fx,"%", outx); } if (dna) fprintf(fx, "\n<score: % (match = %,

m smatch = %, gap penalty = % + % per base)\n", smax, DVAT, DM S, DI NSO
DI NSl ); eweeodqnssmif (fx, "\n<score: %l (Dayhoff PAM 250 pamtus2o0s/0gmps penal ty
= % + %l per residue)\n", smax, PINSO, PINSlI); if (endgaps) fprintf(fx,
"<endgaps penalized, left endgap: % %%, right endgap: % %%\n",

firstgap, (dna)? "base" : "residue", (firstgap == 1)? "" . "s", lastgap,
(dna) ? "base" . "resjidue’, (lgstgap == 1)? "" : "s"); else fprintf(fx,
" <endgaps notﬁﬁ@ﬁgFiz%ﬂ@@¥w§¥gﬁggaﬁﬁ1%ﬂ’gqﬁﬁtches in core -for checking */

static | max; if(aphepngths of stripped file names */ static ij[2]; / * jnp
index for a pat% *[ static nc[gk' [ * punber at start of current line */
static ni[2]: / * EQMPEAHIEEIIE Grfestos)'s or gappi ng */ static siz[2]; static
chars *ps[2]; / * ptr tongyyr@eit)? Pasmenbidid", @galyi-e 1ghars™po[2]; / * ptr to
next output char slot */ static char out[2][] DSE]; / * output line */
static char ssttaaf@fde %8} REF: / * set by stars() */ /* * print alignment
of described gn struct path pp[]*/ static pr_align() pr_align { int nn; /*
char count */ _int nore;

if (dna)
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 *psf2]; /* 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[]
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regi ster

if (nn > | max)
segx[i]; wono¢emsszinm = 0, nore
i i++) { /* * do we have nore of this sequence? */
if (pp[i].spc) { /* |eading space */ *po[i]++

nor e++;
pp[i].spc*f } else if (siz[i])

w4y

for (i

0; i
1;
1;

<
n
no

| max
ncli]

0,
nn;

i ++) {
i] 1;
e; {

2,
i[
;

| max

{ /* in a gap */
re putting a seq elenent */ *po[i]
i]1)) *ps[i] = toupper(*ps[i]); po[

at next gppaligat) this seq? */

0; i < 2;
conti nue;
else { /*
(i sl ower(

5

10

15 .

20

25

30

35

{

int nn; /* char count */
int more;
register i

for (i= 0,lmax =0;i< 2; i++) {
nn = stripname(namexJ[i});
if (nn > Imax)

lmax = nn;

ncli] =1;

nifi] = 1;

siz[i] = ij[i]l = 0,
psli] = seqx[il;

pol[if = outfil; }

for (nn = nm = 0, more = 1; more; ) {
for G=more=0;i<2;i++) {
/*
* do we have more of this sequence?
*f
if (I*ps[i])
continue;

more++;

if (pplil.spc) { /* leading space */

*polil++=""
ppli].spe--;

}

else if (siz[i]) { /* in a gap */
*po[i}++="-;
siz{i]--;

38

nn stripname(nanmex[i]);
siz[i] =ij[i] = 0; ps[i]
... pr _al irpgm/uses0s(27626 nor e
if(!'*ps[i]

siz[i]~}

*po[i] ++ 1-1;
= *ps[i]; if
i]++; ps[i]++ [/* * are we

pr_align

...pr_align



if(ni[i] ==pp[i].x[1j[i]]) { /* * we need to nerge all gaps * at this

| ocati on */ siz[i] =pp[i].Nn[1] [|]++] while (ni[i] == pp[i].x[ij[i]])

siz[i] +=awpppedjorpfiij [i]++] ; } n|[|]++; } } it (++nn PetTaisesvsjopickéror e &&
[

nn) { dumpblock(); for (i =0; i < 2; i++) po[i] =out[i]; nn=0; } } /* *
dunp a bl ock of Iines, including nunbers stars: pr_ali gn() */
st ati cdunpbl ockO dunpbl pck { regl ster i; for (i =0; i < 2; i++) *po[i]- =
"\0'; . dumpbl ock (void) putc( zm for (e <2 i++) {if
(*out[i] && (*oat[i] !=cle{] *(po{ Ygre pltting a e %WeFkl = 0) nuns(i); if(i ==
0 & *out[1]) */

*poli] = *ps[il;

5 if (islower(*ps[i]))
*psli] = toupper(*pslil);
polil++;

ps[il++;

10 /*
* are we at next gap for this seq?
*/
if (nili] == pp[i] x[§[il]) {
/*
15 ) . o * we need to merge all gaps
* at this location
*/
siz[i] = pplil-nfi[il++];
while (nili] == pp[i]-x[ij[1]])

20 siz[i] += pplil.n[ij[il++];
}
ni[ijJ4+;
}
}
25 if (++nn == olen || !more && nn) {
dumpblock();

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

poli] = out[i];

nn=0;
30 }
}

}

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

*/

static
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starsQ putline(i); if(i == 0 & *out[Il]) fprintf(fx, star); i G =D
nuns(i); } } / * * put out a nunber |ine: dunpbl ockO */ static nuns(iXx)
nuns i nt wWe2066/01537dex in out[] holding seq line */ { chacTniseevsfoPrcké NE] ;

register i,j; register char *pn, *px, *py; for (pn =nline, i =0; i <
| max+P_SPC, i++, rn++)*pn =" ; for (i = nc[ix], py = out[ix]; *py; pytt,
pn++) { idbmfBlgk(== " Il *py = '-') *pn = else { if(i%0 == Quhpblpek ==
&nclix] '=1)) {j =(i <0?-il : i ; for (px =pn;;j;j /=10, px~) *px
=j0a0 + tor; if (i <0) *px} else *pn =" ; i++ }
register i;
5 for i=0;i<2;i++)
#poli]-- = "0
..dumpblock
10 (void) putc(\n', fx);
for 1=0;i<2;i++) {
if (*out[i] && (*out[i] I="" || *(po[i]) I="") {
if G == 0)
nums(i);
15 if (i == 0 && *out[1])
stars();
putline(i);

if (i == 0 && *out[1])
fprintf(fx, star);

20 ifi==1)
nums(i);
}
}
}
25
/*
* put out a number line: dumpblock()
*/
static
30 nums(ix) nums
int ix; /* index in out[] holding seq line */
{
char nline[P_LINE];
register i,j;
35 register char *pn, *px, *py;

for (pn = nline, i = 0; i < Imax+P_SPC; i++, pn++)
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} *pn = '"\0"; nc[ix] =1i; for (pn = nline; *pn; pn++) (void) putc(*pn, fx);
(void) putc(W fx); /* * put out a line (name, [nunj, seq, [nun]):

dunpbl ockyp 20de/msami ¢ putline(ix) putline int ix; { ...poriusaesionte2s ;

regi ster 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 frompIiL ok ni[] is current el errent (from1l) nc[] is nunber at
start of curr%‘ e *] (] = outé ; *pXx; px++) (void)

put c(* px&x7F, Orf%(‘fnct"\]/’d%yd’)o c PYARH Gt Uy ts put a line of stars (segs

always in out[0], eutgfydsy |dpypblpck() */ static starsO stars { int i;

regi ster char *pq, *pl,*gri(,_”fpx; if ('*aut[0O] I I (*out[0] == " && *(po[0])
=" ") | =

5 else {
if (%10==0](i==1 &&nc[ix] 1= 1)) {
i=1<0)?-:14;
for (px = pn; j; j /= 10, px--)
*px =j%10 +'0

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

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

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 I=""; px++, i++)

41



P*out[I] Il (*out[l] ==" && *(po[l]) ==" ")) return; px = star; for (i =
| mx+P_SPC;, i; i-) *px++ ="' "; for (pg = out[0], pi =out[l]; *pg && *pl;
pg++, pl W 2poadisgzisal pha(*pq) && isal pha(*pl)) { if PCT/US2005/027626

(xbm{ *pO- " A ] &bn{*pl-"A]) { cx ="*"; nmt+; }else if (!dna &&
_day[*pO'A‘][*pI-'A‘] >0) ex ="'."; elseex =" ; } else cx =" ; *px++ =
ex; } *px++ = '\n' (vmd))@ut%(*p‘x(fx) [* * strip path or prefix frompn, return

| en: pr_align at tri narre(pn) stripname char *pn; /* file nane
(may be path) r/( ’{qs“@é é%sg r *rx, *ry; py = Q for (px = pn; *px; px++)
if(*px V) py = px tvold)plufc(py;))

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]): dumpblock()
*/
static
stars() stars
20 {
int i;
register char *p0, *pl, cx, *px;
if (1*out[0] || (*out[0] == "' && *(po[0]) =="" ||
25 out[1] || (Fout[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"]&xbm[*p1-'A]) {
35 cx="#

nm-++;
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(void) strcpy(pn, py); return(strlien(pn));/* * cleanupO -cl eanup any tnp
file * getseq() -read in seq, set dna, len, nmaxlen * g calloc() -callocO
wi t h errowochawssvi* readj npsO -get the good jnps, frompcowskeos@2iske
necessary * witejnpsO -wite a filled array of jnps to a tnp file: nw() */
#i nclude "nw. h" #include <sys/file.h> char *jnanme = "/tnp/homgXXXXXX"; /*
tnmp file for jnps */ Fl blke if{idha &&1_day[esoran@p14A sbeanup tnp file */ |ong

| seek(); /* * renove any tnp file if we blow */ cleanup(i) cleanup int i; {
if(fj) (void) unlink(jname); “&Xit(i); } /* * read, return ptr to seq, set
dna, len, maxlen * skipekénes starting with ';', "<, or "> * seq in upper

or |ower case */ char * getseq(file, len) getseq char *file; /* file nane
*/ int *len; /* seq len */{ €har->line[1024], *pseq;

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) strepy(pn, py);
return(strlen(pn));
35
}
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regi ster char *px, *py; int natgc, tlen; FILE *fp; if ((fp =
fopen(file,"r")) == 0) { fprintf(stderr,"%: can't read %\n", prog, file);
exit(l); wotbhe@mniss3Tmatgc = 0; while (fgets(line, 1024, fprX/ys20065/087ké ne ==

Ul *line == "< || *line ==">") continue; for (px =line; *px != W
rx++) if (isupper(*px) || islower(*px)) tlen++ } if ((pseq =
mal | oc((unsigned) (tlen+6))) == 0) { fprintf(stderr,"%: malloc() failed to
get % bztes for @&\n", prog, tlen+t6, file); exit(l); } pseq[0] = pseqfl] =
pseq[ 2] pseq[3] = "\O .getseq py = pseq + 4; *len = tlen; rew nd(fp);
e (fg%m@--a@@ﬁpaﬁmmen f (*line ==":" || *line =="'< || *line ==
'>") continue, for (px = line, *px !="'\n"; px++) { if (isupper(*px)) *py++
= *px; el séeis?q(h ﬁaé\%srefl”ﬁ%r‘f IEIbmlen t oupper (*px); if
( i ndex (" ALGddoc() (-RYHAC))with 608 6hktkin }
* 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 *fj;
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
* gkip 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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} *py++ = '\0'; *py = '\0'; (void) fclose(fp); dna = natgc > (tlen/3);
return(pseq+4); char * g _calloc(nmsg, nx, sz) g calloc char *nsg; /*
program wel2beemyss7outi ne */ int nx, sz; /* nunber and sipze/ustoosioeTseeits */
char *px, *calloc(); if ((px = calloc((unsigned)nx, (unsigned)sz)) == 0) {
if(*msg) { fprintf(stderr, "%: g_calloc() failed % (n=%, sz=%)\n",
prog, neg, nx, sz); exit(l) } } return(px); } /* * get final jnps from
dx[] or tnp flle set p reset dmax: main() */ readjnpsO readjnps { int
fd = -1; int §ha jq, 1 [%‘&‘%te#»eqa, i, oxx; if(fj) { (void) fclose(fj); if
((M= open@n@%te@hm,a{* ) <0) { fprintf(stdeir, "%: can't open()
%\ n", prog, Lname) C'i?gg%&') }

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(1);
}

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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} for (i =10 =1 1 =0, dmaxO = dmax, xx = lenQ ; i++) { while (1) { for
(j = dx[dmax].ijnp; jJ >= 0 && dx[dmax].jp.x[j] >= xx; j-) ...readjnps if (]
< 0 && dxivormmosjuisd7iset && fj) { (void) |seek(fd, dx[dmarrTafsbasinz7ed) ;
(void) read(fd, (char *)&dJx[dmax].jp, sizeof(struct jnp)); (void) read(fd,
(char *)&dx[dnmax].of fset, sizeof (dx[dmax] .offset)); dx[dmax] .ijnp =
MAXIMP-1 ; } else breake]se},f@ﬁov(dl(;-px);l\/PS) fprintf(stderr, "%: too many
gaps in alignment\n", prog) cl eanup if(j >0) { siz =
dx[dmax].jp.n[j]; xx dx[dmﬂ(T‘L rto‘%PP? “PXUHmax += siz; if (siz <0) { /* gap
in second seq */ pp[I] lp[lhdek%--grpg@m;*@yxl))r)— siz; /*id =xx - yy +lenl -1
*[pp[l].x[i11] = xx - dmax + Ienl - 1; gapy++; ngapy -= siz; /* ignore
MAXGAP when doi ng endgaps */M27H= (-siz < MAXGAP | | endgaps)’7 -siz :
MAXGAP; il ++; } elpe if (siz >0) { /* gap in first seq */

}
*py++="0%
*py ="0';
(void) fclose(fp);
10 dna = natgc > (tlen/3);
return(pseq+4);
}
char *
15 g_calloc(msg, nx, sz) ) o o 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,
sz);
25 exit(1);
}
}
return(px);
}
30
/%
* get final jmps from dx[] or tmp file, set pp[], reset dmax: main()
*/
readjmps() readjmps
35 {
int fd=-1;
int siz, 10, il;
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pplA.n[iq = siz; pp[O].x[iO] = XX; gapx++; ngapx += siz; /* ignore MAXGAP
when doi ng endgaps */ siz (siz < MAXGAP || endgaps)? siz : MAXGAP; iq++;

} } else \boeza(bﬁ/oﬂssm* reverse the order of jmps */ for OPCFU3200502762¢ < i O;
j++, ig-) { i =ppl0].n[j]; pp[OA.n[j] =pp[A.n[id; pp[A.n[IT =i i =
pp[ Q. x[j1; PPtA-X(J] = pp[Q.x[iQ; pP [0].x[i0] =i } for (j =0, il-:
Jo< il o+, ﬂe[lgtsber{ i3, pREL] - Nl pril].n(j] = pp[1].n[il]; pp[l].n[il] =
i3 i = ppll ] x[15 pritToxG] = ppll].x[i1]; ppll].x[i1] =i; } if(fd>= 0)
(void) close(fd); if(fj) { (void) unlink(jnane); fj = O offset = 0;/* *
wite a fillegdimyg struct offset of the prev one (if any): nw() */

writejnps(ix) wrltejln'g)s int ix; { char *nktenp();

(void) fclose(f));
5 if ((fd = open(jname, O_RDONLY, 0)) < 0) {
fprintf(stderr, "%s: can't open() %s\n", prog, jname);
cleanup(1);
}
}
10 for (i =i0 =il = 0, dmax0 = dmax, xx = len0; ; i++) {
while (1) {
for (j = dx[dmax].ijmp; j >= 0 && dx[dmax].jp.x[j] >= xx; j--)
15 ) _ ..readjmps
if (j < 0 && dx[dmax].offset && 1) {
(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].ijjmp = MAXIMP-1;
}
else
break;
}
25 if (i >=JMPS) {
fprintf(stderr, "%s: too many gaps in alignment\n", prog);
cleanup(1);
}
if(G>=0){
30 siz. = dx{dmax].jp.nljl;
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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if(rf)) { if (nktenp(jnane) < 0) { fprintf(stderr, "%: can't nktenpO
%\ n", progjnane); cleanup(l); } if ((fj = fopen(jnanme, "w')) = 0) {
fprintf(swoenss/o159: can't wite %\ n", progjnane); exiPCr)us2gosp21ieei d)
fwite((char *)&dx[ix].jp, sizeof (struct jnp), 1, fj); (void) fwite((char
*)&JAx[i x] .offset, sizeof (dx[ix] .offset), 1, fj); The term"vector," as
used herein, is intended to r@igx[ilp=ax NaBdxei enpaci;d nol ecul e capabl e of
transporting another nucleic acid to which it has been |inked. One type of
vector is a "plasmid", which #8%¥Fs to a circular double stranded DNA | oop
into which additional DNA segigepts sy be |igated. Another type of vector
is a phage: t Anot her, type of vector is a viral vector, wherein

9 MAXGAP Wg}’eﬂﬂ?n%g"dﬁf‘ﬁﬁ §Y

addi ti onal segnent ed into the viral genone. Certain
vectdrs are capabl e of autonoimtgsiz epMAXEAP|enddAps? RRSMAREApPI Nt O whi ch
they are introduced (e.g., bacterial vectors having a bacterial origin of
replication and epi somal na i an vectors). Other vectors (e.g.,
non- epi somal nmanmmal i an jectors) can be integrated into the genone of a host
cell upon introduction ipto Lheoggst cell, and thereby _are replicated al ong
with the host genome. MSFSOVEF>OlErtai d* $@dREFEss™s capabl e of directing

t he expression of genes to Whppmnfibieysiare operatively |inked. Such vectors
are,yeferred to herein as "recg&b&&qpt’expression vectors" (or sinply,
"reconbi nant vectors"). In g&REFAMN! “HKpression vectors of utility in
reconbi nant DNA techni ques argpxafifen in the formof plasmds. |Inthe present
specification, "plasm d" and "vector" may be used interchangeably as the
plasnmid is the nost comonl y "6¥&d % m of vector. "Pol ynucl eotide," or
"nucl ei c/aighas MAKGAR etlen diigy abigpgeabl y herein, refer to pol yners of

nucl eoti des of any | ength, and_jncléggxﬁgﬁ and RNA.. The nucl eoti des can be
deoxyri bonucl eoti des, ri bonué¥&dtddds illepdsrpit sir eMAPH#P;or  bases,
andfsor their anal ogs, or anyi®d4bstrate that can be incorporated into a

pol ymer by DNA or RNA pol ynerase, or by a synthetic reaction. A

pol ynucl eoti de may conptise nodified nucl eotides, such as nethyl ated

nucl eotides and their analogs. If present, nodification to the nucleotide
structure may be igggrted before or after assenbly of the polyner. The
sequence of nucleotides may be interrupted by non-nucl eotide conponents. A
pol ynucl eoti de nmay be fbreaker nodified after synthesis, such as by
conjpugati on m@th a |label. O her types of nodifications include, for
exanpl e, "caps", substitution of one or nore of the naturally

/* reverse the order of jmps

s/
for (j =0, i0—; j < i0; j++, i0-) {
25 i = ppl0].n[j; pp[0]-n(j] = pp[0].n[i0]; pp[0].n[i0] = i;
i = pp[01.x[j]; ppl0].x[j] = pp[01.x[i0]; pp[0].x[i0] = i;
}

for (j=0,il--; j <il; j4+ i1--) {
i=pp(11.nfj}; pp(11.n[jl = pp[11.0[il]; pp[11.nfil] =i

30 i = pp[11.x[j]; ppl11:x[j] = pp[11.x[i1]; pp[1].x[il] =i;
}
if (fd >=0)
(void) close(fd);
if () {
35 (void) unlink(jname);
fj=0;
offset = 0;
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occurring nucleotides with an anal og, internucleotide nodifications such
as, for exanple, those with uncharged |inkages (e.g., nethyl phosphonates,
phosphot rveb@rms37phosphoam dat es, carbamates, etc.) anecwushkoosharsged

| i nkages (e.g., phosphorothi oates, phosphorodithioates, etc.), those
cont ai ni ng pendant noi eties, such as, for exanple, proteins (e.g.,

nucl eases, toxins, antibodies, sipnal peptides, ply-L-lysine, etc.), those
with intercalators (e.g., acridine, psoralen, etc.), those containing
chelators (e.g., netals, radioactive netals, boron, oxidative netals,

etc.), those containing al kylators, those with nodified |Iinkages (e.g.,

al pha anoneric nucleic acids, etc.), as well as unnodified forns of the

pol ynucl €oti de(s). Further, any of the hydroxyl groups ordinarily present
in the sugaiisa AR RS sheRbESR EF thé pev BXAMRLG): nWY phosphonate groups,
phosphat e groups, protected by standard protecting groups, or activated to
prepare &dditional |inkages to additional nucleotides, or may be conjugated
to solidyQfeimfiky sol id supports. The 5 and 3' termnal OH ca#ritfmps
phosphoryla%eq or substituted with am nes or organi c capping group noieties
of from1 to ™ calbon atons. Other hydroxyls may al so be derivatized to

st andardg protecting groups. Pol ynucl eoti des can al so contai n anal ogous
forms of ribose or deoxyribose sugars that are generally known in the art,

i ncludi ng, fofhaxafipk@mPQr - O nethyl- , 2'-Oallyl, 2' -fluoro- or

2' -azido-ribose, carbocyclic sugar anal ogs, .al pha.-anoneric sugars,

epi meric sugars such as arabinose, xyloses or |yxoses, pyranose sugars,
raranose sugaﬁé%ﬂéedoheptuloses, acyclic anal ogs and abasi c nucl eosi de

anal ogs such as nefeiwkiemplpRsiesie o) Pne or nore phosphodi ester |inkages may be

repl aced by alternative_|1nking groups. These alternative |inking groups
i ncl ude, but are not Iiﬁ?@gﬁ“?ﬁz%@ﬂﬁgdpﬁﬁﬂﬂz)%ﬁﬁrgFﬁdBﬂB phate is repl aced

by B(O S("thioate"), P(Saup(1gi thioate”), "(ONR sub.2 ("am date"), P(OR
P(OOR, COor CH sub.2 ("formacetal "), in which each Ror R is

i ndependently H orYsubstituted or unsubstituted al kyl (1-20 C.) optionally
contai ning an et hejf ((ffSroped(jnakhagesm)acyh { al kenyl, cycl oal kyl, cycl oal kenyl
or araldyl. Not all Iinka%eégln,%gfol nucI%q%ide need be identical. The
precedi ng description appPiEEdery 'Fm%8WV% P e8l%Be et erred to herein,

i ncludi ng RNA and DNA. gfgonucl eotide,” as used herein, generally refers
to short, generall¥ single stranded, generally synthetic pol ynucl eoti des

that® are generally’ but not necessarily, |ess than about 200nucl eotides in
| ength. The terms "oligonucleotide" and "pol ynucl eotide" are not nutually

excl usive. The description ve. far pol ynucleotides is equally and fully
appl i cabl e to?"d’Fq%S‘Bﬂ'iﬁgfl@St ?%@&x 'th?-fzetog(?tﬁ’}{&ﬁl@@aﬁ yte growth factor" or
"HGF", as usedvoirerif((chietpkaxlixlioffes sizegf@ejiflict@e), \, By, contextual |y

i ndi cated otherw se, to any native or variant (whether native or synthetic)

HGF pol ypeptide that is capable of activating the HG-/ c-nmet signaling
patfsway under conditions that permt such process to occur. The term"wld

ST IR EE TN T P R e
sequencetragpaeng@hdopher mfckicacidro amichrii haobaa lidksleQuetypeoff vectndis  fipleasmdt ur al | 'y
IO(r:ﬂ(‘.: g; 2 Lg%&gﬁg?fvl?(ﬁa %ﬁéﬂ%@éﬁ@%@%‘?ﬁ%ﬁ@%og ﬁ%@%dgﬁghél %"NK?[ ge%mglﬁgglay be
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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and i nclude nonocl onal antibodies {e.g., full length or intact nonocl onal
anti bodi es), polyclonal antibodies, nultivalent antibodies, nultispecific
ant i bodi ewo{2e06zn1537bi speci fic anti bodi es so | ong as theypexhisbiogs/ortees desi r ed
bi ol ogi cal activity) and may al so include certain antibody fragnments (as
described in greater detail herein). An antibody can be human, humani zed
and/ or  afifipfsdny sp¥BikibARe; "plabiiid’ BROWed 62 @R BE Ssed GEHKang@bINL Yheplap@idis ;8 of an
i ntact antibody, wherein the portion preferably retains at |east one,

pr ef er abMgstep@tnoply uspdifornyef VEHar-f uncti ons normai |y associated with that
portion when pBsALotdE," 3P dublkRGLidARE 190 d¥ercHafgaRe helhofsrefolyradis ént i body
fragnment conprises an antigen binding site of the intact antibod atg% t hus
et ai ns EHEORGIITT B IEOhARITAHES a9 RNAn SbtuIoatss B Eo O RRoR e ey

fragment ripdiRkleB88RoIHRA BudidbfitiesC Bk, S8Forl thér dnloEE Ot &1y, subsh@idihs catbel east
one of the biological functigons nornmally assocjated with the Fc regi on when

present Mmsorapraie i PARPSTRYRNA SURNARIYmERRse: BT Mkt fgthetserdistyAhal f 1ife

nmodul at i gélynudldcde Y ComPRscaRshifcARALIBSHRIBS, skthng idghylated nBdeoti@bdRd k¥R AhalogN
anti body fragnment i s _a nonoval ent anti body_that Kas an in vivo hal gﬁl ife

subst ant Heargsgatspedificgrion (9 thgnucieptigerstragivr By e 1mrsFte Relors Pbaltes ASHR °HE i body
fragment ;QoMe:C QP SdqBéhcO B @dieb@RB nidy B&linferupledby hétkadleb@deadmpeneagquence
capabl e of "conferring in vivo stabili tl%het,o the fragnent. In opag enbodi nment ,
an Bnt i beelynusteotidsanayrhg dviiepmodifiedatisy synsess Fuchasiby SeRj egon i ¢ |aBe JOThRr
WO2005/ 083818 mdafficais fidaeliftohmple18apRN SatfifiB6h Stk BORYre GO hatGRHy FC

mut ati ons constituting "knobs" and "hol es" as described in 005/ 063816.

For exanpfaring nielpquides \wigh aumalegintgaugertide mogifiratios suph g for € oSy BR
Y407V i nyadharlsed RkbyReNE.| ﬂ@thylgiﬂgspﬂo&@:\s’j phigspRbtkiadiére) phépRoddedat36@Wamblee, ety m
"monocl onal anti body” as used herein refers to ag, ant i bgd&; obt ai.ned from a
popul at | 8 With darsed Hieees (p-g- ARATBIPESTRIGHES. Bpspipgittaioates; elg.), thosg SONURNG; ual
an: istF: BSndaR MRidiiSs, @Q:h:ab,?pmwalﬁ,t Iitr@teina(egg.,irﬂaeasbg taixirgmgmdia‘smgxﬁp@pﬁaﬂs,e

nat ur a occurring nutations that may be presept in nor amunts.

Monocl on)a{ly'lah’ts‘Flﬁﬁﬂﬁ%e@osfr%‘thﬁf“ﬁﬁfﬂ?m%%é%’/f“i“él,“gb‘égio nd?t?'}amoéedcoﬁﬁﬁil% ®130%5 gl e
anti gen. (FHIhdas, iRfidctivemét s bbRa] oxidatiROhytel @R, thast dohaliihgpllgpesra toedwith hat
typically include different anti bodjes directed ai nst .gic{%ere t

det er mi n3RfEed Epepes ey alp MREHRACl RS £t) BoURH 95 SnyPdite ana‘géli‘enst a
si ngl ](? d@f)ll?ﬁmeﬁﬁcllbts&pfluﬁﬁﬁﬁ afyNbfl t@tﬂlﬁydro-ﬁgEgrﬁiQﬁ@ﬁii@?ﬁl prﬁﬂ@ﬁﬂihﬂﬁisﬁ@rd‘tﬁz}fﬂeﬂ ]
specifically jnclude "chiperjc" antibodies in i C ortign.of . the heav
and?r | F%’H‘Pedcﬁ’éiei‘ﬁnilpée’ g}gg@@@gﬁt@ﬁf{uﬁ&g OSHWB'&?U@O?%GCE rsllaé"gﬁrg REtge Y
sequencegroups, idctiladi 16 pref@e hddtbril nikages prddditotd] anclepided, esmoyr belveohjoggedig to a

articul ar, anti hody, cl ass ubcl ass, whij t he remai nder of. t. chain(s
Ps i dent PUIOTSEERONS SRBSTEY %83&“% t?S’R‘%@?%‘%ﬁHF%@%&%@E%%‘{e%‘ S}l‘?fglglgetdi i ((as)
derived hhded arwiRicagifCiras Boietdlodfiginngo 2Ocaluatames. dnbdr bodtyxytd mssalwr

subcl ass s.wel |l as fragnment.s of such anti bodi es,. so | on s they exhibit
the desi P%gerﬂiat&ﬁe%q Séaé'fiarag’fqt?fh‘%gr(’t‘J?SS%O]P‘ﬁ‘fci%)?g%?n %?%Tgl,a%‘gl ;ale)%oﬁ1 d ?(R%'rs P fson
et als, Pr @ibose Nalddoxyrfoadsughs that 5 géhbiali kloveSih the(attOBdding, foiaxamplz 2HO-hethyls  of
non- human ((fg@%’ , ,ﬂuri n(g) ,antibodi es, ar el.chi marilc anfp&utl)pagli es. & haé[rs %olntelalicn
m ni mal  sedlenee HarPvaE FP SRS H RIS RS P e PP A A R e S B Par t |
humani zedugantsiidhod iapbinaseexiosanor lyxnes phobeiugas, firaedck pigarst sedoiteptobdss) i n

whi ch r e%cl:yg: 1ce a?nan[gg anrqldaébert]s)(dp Iglrcfég'sriclieaa%lal%gs such as methyl riboside. One 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(O)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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region of the recipient are replaced by residues froma hypervari abl e

regi on of a non-hunman species (donor antibody) such as nouse, rat, rabbit
or nonhurmo 2pec/ored7e havi ng the desired specificity, affipgirtusomamnezee@pacity.
In sone instances, framework region (FR) residues of the human

i mmunogl obulin are replaced by correspondi ng non- human resi dues.

Fur t her kR otiday (B gEE OTHR Mdrinb Osligbfuctidiide anprjobeudlasidedursndt hatuatly exchotvef ound

in the recipient anti body or in.ithe donor i body.,,These ifjcations are
mde ¢ o TeHEPIoGRP ORI BEEY o Rea I ARSI AT Bo e iEosEin 2o

anti body vvib: |T%Qém{‘ih§@t®9@%@ﬂ% raa}olk:’yora‘HlGngasagedlheTalai retﬁelriig pn?ﬁBCkpéO}'Iﬁliaﬂﬁbﬂ y
two, variable domains, in which all or substantially a .

hy per var§eatsk@alljagisatedhgeiss iy et HoX d 2t Lﬁﬁgﬁﬁ?ﬂ?é%oﬁ Sﬁﬂiﬁﬁtbcé] Fl(;ﬁgul in and

al | sor %@f}feﬁtﬁeit@t Is)eapdble B hetivagnhgiiRSHEFR -rhd1@gRaldE pathWaymaided condiriog! tiddul i n
sequence. The humani zed anti body  option n wi | | al$o con(*ﬁri se,at Iesa}gt a
porti on RSFMEAIGHPERGASED eAsH i ke si”ﬁﬂltypfegé']l orgeneslly Tefpls 9 4 BRIy RePYde GompHsile
human i ngpl RRGb bl kiglencEOf a hdtirhiRedccaleh@HGF, praa. T esmetvilatype NatHseguence”

321: 522-525 ‘(11986); Ri echmann et al, Nature 3?2: 323- 3%% (1988); and Presta,
Curr. Opseneslyefers gjap pming agid seqyepse (g ) 2 naguallygec P 80y | owi ng revi ew
articles and TRfiemRNeRHod " aad iARNEIIbulifaseastd iedhdigeablytio the bisudest Adnkeer gy,
Ast hma & mrunol . 1:105-115 é1998)' rris,. Bi ocheq\ E%ﬁ.b %r ins?cfi ns
23:19035- ag3erlyde gapmpclonalantiodigi| e &, flidlength orintaghmoneglonal aiibodies) JOIYCIPRR " 11 994y |
Anl "anti 8{%85%&9?rélaltifl?_ﬂ&ﬂ@ﬁtﬂfoﬂieﬂdelt@@édi@ceﬁltib%ﬁim&.i@.hbiép‘a:c'_ﬁnhhtﬂmdi)es galong as they

sel ectively bind. The target antigen . ol ypepti de.. carbohydrat.e

nucl ei ¢ E&TR the ‘?e}%‘ir?ﬂl,bl‘?]r%‘fagﬁw&t%@f‘ &y H]g%/ w@ﬁ?v%@éﬁ?‘?"%ﬁga%‘%‘ ensgi/{%gﬁeesﬁlbg d
conpoundiy gr¥aek é@bhetein) N6 dn8b@§catbd hug@n, liusagiz@bdnyfoe pifinlemadued. acce p'I[1 or

t he

human framewor k" for the purposes herein is.a.fr rk conprisin
am no acid sedqtiéie féﬁgnﬁn‘%/Lc‘g?P“?ﬁ-P ¥ 3 RET %fa&é]i‘tf“i%g%}lb\?’(rl% ﬁ’ﬁlgre nudrlr?a fon
i Mmynogl plgekdbly tREBMBsKone Ofrefbfabifngostvt i Nofainaanisisndmaliyeserclaed Avithalsat e pt or
human framework "derived fronf a hupan i ogl obul j.n framework or man
consens URCTHPLRARGF e AR A0 BREH AN ERe Y 1y %’Sﬁ%‘ﬁﬁnﬁg’ aﬁcaln{dbog éar ﬁ%‘ﬁ%\l@ X r%sg% , or
may cont @itePbigdigXiitof i@ idmt anibady shisrgueniaethe hzhiyes biny\hgigen phenethérst i ng
am no aci d changes ar.e esent .. preferably no nore.than 5 ol ly 4
or |ess, ©Bpodyn ’aPé‘étéb,Od‘zfr%@é?f’ g?rieﬁﬂné%oﬁe&x%téfnap% a5 es reg}ogﬂéglenggﬁltgg %er e
pr e- exi sk tRgbiolkidal fatithsabandgle assatiatep with @rtFeiregia Widn pprseft ér abhpctiahidzdy,
changes are oply at three, 't r o of Lt ons 7] H; for

i ns@ance?“cg ﬁ%pﬂ%i Yrgling. ?IH%P%YS‘%Aa@fdg%mS?‘ﬁ%tﬁ’é‘s‘gﬁggtsf? Clg%nnasndﬁgryg%ge%{%%fdﬁ%sk and/ or
78A. | n ementitiadhirenintibbdyeraghemds 2 pioosvaleutnatibddy smesrak in wive badhlifecal in
sequence to the VL .human.inmu ohulin frane

consens u§“%FtF‘§W§%BWRla%t8&ﬂé‘ﬁ?§éfﬁ&%g u%lgﬁe%aénﬁgeéﬁugﬁgﬁ %ft%%%&%n%a}g& g?ree%r k
whi ch r epitgsebihding hen laksd tocn Mrvejuynoe capableiofi gorderimpin ydiodtabBity idulks fragmgnt.

sel ection of h n i mmunogl obulin VL.or. VH fr General ly,
the sele (?I‘Sﬁ“’g‘r?m??ﬁ‘ﬁaarﬁn dPié’gith“JF%%h" i or WI%I ség{gléééd cggyﬁ%{g&?ﬁ%m a subgroup
of asar i ab@E008063816 sShgune anbsliméae by aletaymed ingibslylsgmpugss ¢ myatorsreRstititiag g

2 333: 838“%}%}3%%115 algoilési’ %s:[ c}ggclﬁié)fié 121,(\99?0&@ng6%£ exaIane, 4 ﬁ)qe Mlcrtati&h&n%g By Qup is
more of T366A, L368A and/or Y407V in an Fc polypeptide, 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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one enbodi nent, for the VH, the subgroup is subgroup H as in Kabat et al.

A "VH subgroup |1l consensus franework" conprises the consensus sequence
obt ai ned woamdihes7am no aci d sequences in vari abl e heavycsuisgoosopreké | of
Kabat et al. In one enbodi ment, the VH subgroup Il consensus framework

am no aci d sequence conprises at |least a portion or all of each of the
f ol | owl ng/haea edremisier G\ MEDEHsliIQREAHIR S AT doTEQ chice s i) sedpdiknces in

NG: 44) - REEE AT S BRir BSFIOVRPS 1 S5O DBED VAU F PEirBbor

conpri sesraglh@tmrsﬁ@mausod&emdmeis ﬂi@p akhmgché dared bislogivilneiagi(d.SsSegeemNoes i n

vari abl e || kappa subgroup | of odi nent, the VH
subgr oup 4! %g&é STEPY rrl?c'é\ﬁ‘?ln‘%c ggﬁtcﬁ%}sqé%]eﬁ%é&%grﬁ)? es at |east a
(pgrgi on ﬁlro ag;Hﬁlﬁarﬁ»’@ﬁhfoﬁfls &ﬂi@n%ﬁﬂn&ﬁﬁ(@%ﬁ@nﬁﬁ%ﬁﬁ(ﬁ&s a3l QVILICREHFASHEDRVTr r C
EQID 4 L1- Wy P L E 4

L2- GVPSRERE %X % "f%“‘?\‘?@“’}éb‘“ L7r thecepidiEh hopasized | p
NO 49) . Awibotieaae hﬁmﬁdnlﬁmmgoﬁlﬂlamw&i ahtiody) i¥hidh fersaﬁa\mfnka Wpeshridtas t he
sanme am no. acid sequence %ﬁ t he ac egt or human franmework % | acki ng
human t o "5%-oh HIRdrFRAL A eRiacqd B 58y YB‘}W?W?" eﬁég“’a‘b%fé‘ﬁ% “‘Pi‘ﬁ‘hﬁ’ﬁc‘e
L r amewor kdoni?;rhnusédym@ﬂ adWPRE VAl taBit 6 nofigin®R prifvafe Hatigg WHM&@Spebﬂbi)fy nis a

ypervari er on c rosin or re, e out 16) am no
aci tf subé 1“1%@?@%“(@31% ﬁ’én?"é‘i‘erfmt%‘ﬁes’ AOREET FeEe (%8?‘3’5 fgtBTE “T¥gi on" for the
pur poses 1rhﬁﬁlﬁigl'bbhl$n @e fbpmeéd@rdoabdpemﬁwo@muhﬁme@@uésh @uﬁl&bﬂﬁoﬁ!ﬂuﬂﬁnﬁ@d d
sequence a non- human antl lﬁ% fro V\% rLF was dﬁ L He one whi ch
| acks oné™ ‘ﬁ?)’?‘@y cmase wdes dhibae pp f"ll RARITTH, a5efpe 3f‘érrlf‘nt ﬁiﬁ?fgrvarl abl e
regi gnd, anttii;., T&Eed mlecatl\imUﬂibeiﬂehMScfédo Eﬁamai rBfu[eezfngllS@iytperférhﬁnd’eegtl gosrahthean
anti body vari.ahl e i.C re able in se nce and/or form
o r ot o AVRY AR AT PUDP GBI LAft A% P G AN et
?yiosr var kiarbiuﬁs reghional] orts]{ciﬂis%tmlly dilhg thVHiyﬁerarlaHB loobBéqrreqmdd tdthese of andthe VL

L L2, er o ervar| n de i neatjons .are | e and
are encolff& %‘%lgﬁn"lli‘&? a7in agd E@ﬁ&ﬂtﬁe t g?’ Ay RRes q lﬁ‘i‘
(CDRs) ak&ubas emhﬁun&eﬂetemeodyadpuamw Wlil!/al@crkd)nq)h@e zttm@strmmo@@fmmnl y used
(Kabat et al uences of . Pr ' ogi cal t
bubl 1 ¢ reRbipeRERY Sas e G ED: bREe R et e B Do Bl eBiy el
(1991)) . séehiotidBieaalr, dluess3A1rRR-SAS (1986)t Rechnoma tei zﬂnNOIfuretm 328302 {198@t arldoops
(Chothla and lLesk J. Ml_.. Bi rvari abl e
r egflons Eeﬁttaeélgﬁro P SE; rl%lh#'géeg' (3%9221? Jska eng%i%)?érewe %’%mets ﬁ&?
struct ur adfertmopsited dmbimr\&sm ahdiyarﬁiltérov&dn Midle o LA stéiics & Aladdlaaoit 1i: 1@661315 a8y i ng
tSﬁfet :@';ﬁ[{g—é—}he %h’gt goxc Tragy ns E: 6’?5] ﬁ3§§@9$ﬂﬁuﬁégn r%(s:"sd 81[1]‘ 5]‘)1 ISarzl ch §,E1%‘8e

crys &) ructure € residues’trom’ac
hyper var #ab{1694)egi ons are noted bel ow. Loop Kabat AbM Chot hi a Cont act

An “antigen” is a predetermined antigen to which an antibody can selectively bind. The

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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LI L24-L34 L24-134 L26-L32 L30-L36 L2 L50-L56 L50-L56 L50-L52 L46-L55 L3
L89-L97 L89-L97 L91-L96 L89-L96 H H31-H35B H26- H35B H26- H32 H30- H35B
(Kabat Nuwbeonésngys7tdl H31- H35 H26- H35 H26- H32 H30- H35 ( Cirotrhisaooslordses i ng) H2
H50- H65 H50- H58 H53- H55 HA47- H58 H3 H95- H102 H95- H102 H96- H101 HI93- H101
Hypervari abl e regi ons may conprise "extended hypervariabl e regi ons" as
fOLI| ows: 2?- %@x ‘QamaflconSehsislftamewd ks &t @fjm%rﬁﬁhiél&bre@dm tBOmOst cérhﬁi&mlj(/ n ';he VL
and 26-35 (H ), 50-65 or 49-65 (H2 nd 93- 102, 94-102 95-102 (H3) in
The Vi PPk SR geTe § e he TARe KRBt HOto i GRS Rbar Bt ah,
supra f OE?ﬂa@Bs.QfenélﬁBﬁehdielEktﬁnto'f BitBan immuac@uslik VIosr VEFERqudnesiidfies aar e t hose
0 bl e regi on residues as

vari abl e mai n_resj dues other than th pervari

or 6111 EHOBHER o oG AREA DIy e PR SR e sa T ARG B 3

S eg /Lse nc ﬁ K%&tt) etuiC Efd(’jn@ SRBESertt Ofof dn];awLﬁﬂle aﬁbgﬁmp iidasadgr?w mpim ilb%al&t beirel

and/ or has been nade using any of the tec ues for i ng human

ant i bodi 8% %@081@81’&(5]3?%%@? %bgf?mgssvdm%%%w a%(”tggnan ant i body

speci fi Cg-' | é QX‘GJHJQﬁgroap ﬂﬂépﬁﬂl@é@@?;aﬁ&%ﬂ@d&mﬁ%@ihb S&ﬂ%@lsg%gﬁuﬂ@ébtair}ed from

antigen-hinding residues, An "affinity matured" antibo I ne W t ne or

mor e al t SRS Sﬁq‘BH@S&VBHﬁPI%LmubEW&P iﬁ-fgf’fe gﬂha&fﬁ al g%ﬂ%leterq%ﬁglﬁﬁnﬁ’ Wﬁ&&ﬁ ement

L\E' t Eedafslfﬂgfvubmectnsmes ﬂé}ﬁé\nfbﬂda&nih@ﬁci@ﬁﬁqh@ﬁ@corﬁﬁmf edstla@oniopaf &Néf eamcgbody
ich does not possess t rati r i mat ur e

ant 1%odi &¢ fW‘i"‘PW&*\‘?@‘“ﬁ‘?&‘ﬁbﬁgﬁ%ﬁyﬁgﬁggg‘ggﬂg%%%gé&gﬁ#&g @N@sﬁ)'ﬁl't he target

aﬂti ot vfgﬁdlg(mammm '@E@mmhmlgjm_ 0. 783 (1992) doscrib W[fogﬂ'm '

the art. r et c 0; - escribes affinity

mat ur at i HHN&EW%Y?@Q%&%%@EREE#&%@ Random nut agenesi s of CDR and/ or

framewor k r esiad0gSsubgroGeBénidaad fhynewBar bafprdts tht cdikaBusdNaiuendcabehineSdiom USA

91: 3809-3813,(1994); Schier et al. Gene 169: 147-155 95); Yelton et al.

J. | mmn&e.ana@e;%%%@&f%ahvwi@g%ﬁt kappaRubsC R Og}%?ba o ##ﬁ.ﬁﬁ%?@%ﬁ%ﬂﬂ?%g 10- 9

(1985); amtkubarokp Nnsnads, frathewMlamild @id se@itBcelBpARE a( 12802 portidh Sriallet kichg”

anti body or g}rﬁ0 ant agoni st" anti body is one which inhibits or reduces

bi ol ogi c8t PaieVie e B fe antigen it bind. Preferred bl ocking anti bodies

or ant agoIQBIrQars$IRUK WEDR VDEIGISEQADINO:@6)-Iciowi @RIPGK ARKLDIYE (SEREDIN@KDgi cal

ant | boay i R ESEpriLsBPaRkOk FRKE Rtk ip pERal Lk G fint e

pol ypept iNde40f interest. A "disorder”.is any condition that woul d benefit
fromtreatnent, with a.substance/ nol.ecul.e or.metho f.the, invention.. This
i ncfudes chro cu%fﬁ%‘ﬁ%%cﬁ[{uglaa ?r?g?‘ﬁ%r sls('ﬁlthuﬁlﬁ%fer%%ee“éor? ﬂvgfclﬁ(%’?sn%e TS ggpinio deid

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.
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pat hol ogi cal conditions which predi spose the manmal to the disorder in
question. Non-limting exanples of disorders to be treated herein include
mal i gnantwendodmasm7gn tunors; non-| eukem as and | ynphoi dpomhisgeangices ;
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proliferatiyv isorder” and,'proliferatjve disorder” refer to di rs
Phat | ar o hede et kipna shishaegrad rbls s oula Tarormrely JHET1 5 one

enbodi mendops.t Ggnetally | anfibcdlids Comprise ¥i& htpsairidble rdgfon€;ameein the VHITHN, 'H2, 83), used

herein, refers t || lastic ce|ll growth and proljferation, et her
nalignanpuﬁanEﬁﬁg }*hggggrgnﬁwgy@ghﬁﬁgﬁﬂéﬁ%ﬁﬁﬂﬁ3%5@?53%”8€VP§ ®tissues.
The & er mencoapAGed herein. CEHRASbALSOmpleBtarityID@briiigh fR égichs GCBRE)AEI based on

"proliferative disqrder” and "tunor" are not nutyally exclusive as referred
to her ef HoaU4RE VRAPHLY A Ap7cDF moshaammony agddhabal fl S edieices S REXER He 1 he

physi o: o%mloz&gml dInﬁ‘ér&E/SiHEdTBﬁHSI&_ f | Healti8drvicd Na};i@fiacal:csditme@bﬁma_ﬂh,@fek%@ﬁ, .

unr egul at e ro [ proliferati.on. anpl es. o ncer inpclu t are
not |imi {129%1)[30;1.@%%%?%6}1%%4 ?MB%&?HBﬁtgéit%“it&fa??eﬁl’%@ﬁ&“aa?ﬁﬁ LFséidk@ﬁF §f01~|\/br e
parlti cul ?%:laoqasoml(mmf Tﬁmhm@piafﬁr&b}elneélimeepsa&amuﬁlp@ﬁﬁde beRaELthe Kabz}t .
smal | -ce un cer, nqgn-snmall ce er, adenocarci noma. of the
Tl cqoiRsdes cERBR i g ropiany gttt bderd Sl A TG R oding

hepat ocekdfulaa¢. Teanatact” gaseva0iuble RgionHat besad6esin almya@z@i@ bedt h@il@lﬂgiﬁ‘cﬁlﬁdpéex

gliobl asto cervi gal cancer, ovarjan cancer, liver cancer adder
Qancer . DAt rren 1D sesch fecp cach of G BUpREvAbIE BEis e AP e BBy
endonet r iLabp Kibatit eAbMe canehiaom@on@él | vary gl and carci noma, ki dney cancer,
| i ver cancer, prostate cancer, vulval cancer, thyroid cancer, hepatic

angisogenesi 52488 | 2t 30 nRcY3i siodeses that can be treated by conpositions
and net hods e, | t] Th isorders include both non-neoplastic
and neop?gsPg%L%gnh$@¥§ﬂsL9§%§%Ig@%%ggéinclude but are not limted those
descri bed3abg¥r97 Nhgo-hegoplLaside diseraters i ncl ude but are not |limted to
undesi red..o rra r , jtis, rheumatoid arthritis (RA)
psoriasi%} %@igﬁéﬁi£ﬁ8F§§§e§?8§§¥ééﬂ%%gﬁi, at heroscl erosis, atherosclerotic
pl aques, d(idbet Nuntsadg)ot her proliferative retinopathies including

ret&popag@ykgﬁ_ éfqgkﬂi&;yH%éﬁgﬁogﬁg%gﬁ?fibroplasia, neovascul ar gl aucons,

agetel at macu egenerafio c macul ar edemm, cornea
neovascul afClodtia Smpbezinpneal graft neovascul ari zation, corneal graft

rejectio pal /.chorgj peovasculari zation, neovascul ari zation of the
13b S}&%@ Y dgks 80 ﬁ&‘;’g?é

angl e (rubeosi ocul'ar’ neovastcul ar Sease, vascul ar restenosis,
arteri ovelBot®SHHD? oHHRHI GhSHIAWM), HBBHHIOl ona, hemangi oma, angi of i br ong,
thyroi d hyperplasias (including Gave's disease), corneal and other tissue
transpl antation, chronic inflanmmation, |ung inflamuation, acute |ung
i nj 25r y/ ARDS, Hgppeirsble pagiamsmay perhprisa dexyenlisdieptreambienegioms!” pgfodows: p4BGonzdt-y
ef f usi on r | oot d w t tr 0s head
o e o 5 B 8951 i . A3PASUAY AL GRS AR o8BS
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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sex, and weight of the individual, K and the abil.ity of the i

subst ancggéﬁ%‘?%%foé’fm%%‘ﬁ]?@? PIETISERRt t&@@ﬁf“’é‘iare&oghee‘ilﬁogl}éf m quertion, Ngn }Hengbgnse in

t hersi ndi wtagipih of Asdriees @pe ttitehlidrain Bt fude nbignasrmd bénignsuabrsmoori@kemiapimdch any

toxic or_detrinental effects of the s t ance/ nol e e, 1.8 '

ant agoni g'fnpg?lg H@H?’i‘%fﬁsh el lgh%l ?Sﬁgﬁyg%}ﬁ 4 (?ﬁ%lrplg; a %ﬁé?rigéﬁngﬁgé%%cé@éhg galy

" pr ophy! agithbled|strymalfahe blastve@ebndisondets; psf ieflanmaogninamooivgicehd eber ve, at
dosagesand. f or jgerito(g . 01;1 time necessary, to achieve the desired

pr ophy| a85eEepestirlee %%I % 1y but not necessarily, since a prophylactic
dose i s used iThe @t ‘eelt profifeiadve digordm” atd “arvliaative disorderd geferad ddprderathet are he
prophyl actical]y..effective unt . Wl | .. S h ' :

o et vE Bt e e AR B st Suc® T AR ORE BEHLAER S
subst ancéistriatis ¢antdrbi ts or prevents the function of cells and/or causes

destruction of..cells. The termlis i I LRACL MR SOt opes
(g 211, BT By e Ble g R R okl A RGnRRE R

radi oact imabigriastot bpesn, efid dllpre-caokemnt d1d capeets ellageliissies. The tashetncakat e,
adri am pl‘cghce\r%u"s]’c,a € lpﬁgﬂfgrla ec{is}{)lr 9{ éﬁ'&ﬁfa tivevdrir%pc!le?sin'dm&lmo?t Qgﬁﬁ!ﬂﬁaﬂy

doxor ubi ci'n; nel p?’ua an, mtonycin’C chloranbuci |, daunorubicin or”other

i nt®r cal atdwiye agefinsd taeezammes and fragnents thereof such as nucleol ytic
enzymes, antibjotics, an i c L LB ARGt i

enzymati cal | ylilg%tte?l\glse C?“%?(‘?r?égac%?&%g%?el?flegﬁ&p%ﬁ%%ﬁmé@liaﬁt #gr gﬂ‘lﬁrlralmori gi n,

i ncl udi neafrmatyrien issy@peadly oharactarizedhysunrdpalatedfcell gnawth/iveliforations Uixamples efipanger or

anticanc ?nﬁ:luﬁgguqtaﬁa n%t ﬁl%ité)dstg,dcarcinoma, 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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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
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al dophospham de gl ycosi de; am nol evulinic acid; eniluracil; ansacrine;
bestrabucil; bisantrene; edatraxate; defofam ne; denecol ci ne; diaziquone;
el f or ni t Wwoepoeal1b37pt i ni um acet ate; an epot hil one; et ogl ecirais2@alobicuen
nitrate; hydroxyurea; |entinan; |onidainine; maytansinoids such as

mayt ansi ne and ansam toci ns; m toguazone; m toxantrone; nopidannol;

ni traeri ARl foPRIMib@Sdfainehecddéiey) &R hievidihe assibd Sioptiyldcas Rxan Ty siely but not

2- et hyl hydr azi de; procaLbazj ne; ,PSKér) E.ol g/sacchari de corrgl ex &?JEHS Tr}?t ur al
Pr oduct s ISRt ICORProPPH3RHE ARRS:iS ¥orf JRPIACES BRY &1 PrahAn caglit Fagiet ERtSEte

t enuazonpepmticicallyleffodive URb@it wal Be les thanlthehér@pcaticalle tiddiaerimint.

trichot hecenes, (especially T-2 toxin, _verracuriE A rori dL,n A and b

angui di ne); urB FER: CHAHAEEN e 27 BEHRSHREEETS (0 supisiess Mgl DIt OI PERVRLS fhfe
NMBNRONMUS hinBfon ITcAIRRLGBE daBies dEBth@loact ils. PheReiM BiBSidegRGYI QR IrEsac@veabi Nosi de

("Ara-C"); thiotepa; 1ax0ids,  €qJ; ,188TAXQ_EE%ZH$,§%' tﬁ%xel, (Brist oh—m , ers

Squi bb OREBPEYSE- PE i ntetlon,’ NFe) ; RABRARAN 36V pseapes

al bum n- engionRAhHafdicRAHRRAE. ietloBefat faHaaldiQRimeh alRA6Idb tvacabtine ATEHIAsGR)

Phar maceuti cal Partners, Schaunmberg, 1l1jnois),. gnd TAXOTER ra? doi<e.t axel

( Rhdne- PEaPesife): ﬂ@mﬂzlcwmleeéemawwa%yg)n;C,ehlp@rfi’ﬁﬁh DO LT ftercalating

( GEMZAR( hgehis, Sy hdsQ@ll BBghis tABREF IR diidladiticbRiyneh raNsibess, 4l adxinduananal 0gs
such as ci S{)}|p§.tl n and carbopl atjn; vinhlastine, VELBﬁI\ﬁQ%; %léff%i num

et offosi deMipolegye toxipsrrenpyepically aclhyed PO P2cFHah P eah PHES I ENEBMANT) ) ;

oxal i pl atdchdink &EOMRYAnAor Varai eRionnd MA ViR Mit{tinhgr; or BEILARET Q8fts disclosed
edatrexat e; daunonycin; am nopterin; iba dronatﬁ% toPoi soner ase ioﬁhi bi t or
RFS 2000bela+ DSt olupThiacais Aredsidiked isiiEny mancif perat cquses dastrptiani ok BT aci g
capeci t abiige (XELODA(r)); pharmaceutically acceptable salts, acids or

derivatives of | of the, above; as well as conbi.nations of t or nore of
T S R e R e o

the above such &
cy cis0phogpitaiisdeE chad@¥iEdpbihtii agentdAnElGdd Sitylidg agenth speted Miisepome CYAUK AWFOX,

an abbreviation for a treatment regi wi th oxaliplatin. (ELOXATI N(t
i ned A R B SR it PSR rhueRien P PO BB Re DA
ant i - hor s&iadopagembgudnbabet@eédoph,@nd 8@dbpaf @hylérieineeand Mettkametiimine iridhidingt he
effects of hornmones that can pronote the gr. h of cancer, and.are often in
Che "t or mbragye, BRvvenaelR. Bl Shebr ity ety Rl b AT i
t henmsel veasnetistdomelbink ucttogaind (dspeeilly bgensincdnd bsibdteiiona)ededtisOr ogen recept or
nodul at or s ERMS), . incl udi.ng, examl e,. tanoxifen (includin ..
NCLADEXET PR Sror ST AL N B et e iyl et deutinic
4- hydr oxydi@mpinp@thecih (incidifigthe synkieax hfatzee topdecah THYBAMIN®).i GtIbhle, and
FARESTON(.r.) .torem.f @At - progesterones: .estrogen receptor . ..
down- r eggfflé‘ft?ﬁag’%?sp‘gLﬁfegylf%ﬁm eiﬁﬁlcﬁog?%e‘i%%l’ asngﬁbarnélgosca%l?méhﬁﬂ?)’ down t he
ovar i es, bgostainangilystatid; €It 1065 Zincigdiwitraneslasel easilan andbindesin (yoHRiY agoni sts
such as LUPRON(r) .and. ELI.GARD r)..| eupr.oli.de.acet at oserelin ac te.
buser o | APAET Sk SITPT sy e dPHO RN RS b Se O B D AiobBhERe.
ni | 25t am dandrgptbphyaind);alolastetin; dndaanyoinginading il spnthaicsinglbgtes, KWH2DET anidhe
enzyme a e i gh regulates estrogen production in . t I
o1 ands, - SOTRMD g i G bR EE o SRE ST BERE Sl i R Recase )
nmegest r okhlamabadilechlARGWAGhINCidlopbrphasikie retranfueting Fodamide, nfealdpmthainang,
RI VI SOR(r orozole, .E Jletrozole, and. ARl r) .0zole. In
nad tronmeeiEhBERRF npr BiaRsplobit st By el prBRARIGRE
bi sphos phofosmiiesutadil mstad; adrosuredsauch 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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(for exanple, BONEFOS(r) or OSTAC(r)), DI DROCAL(r) etidronate, NE-58095,
ZOVETA(r) zol edronic acid/zol edronate, FOSAMAX(r) al endronate, AREDI A(r)
pam dr onawe,208KEEDD(r) tiludronate, or ACTONEL(r) risedromaisegosasieael | as
troxaci tabine (a 1, 3-di oxol ane nucl eosi de cytosi ne anal og); antisense

ol i gonucl eoti des, particularly those that inhibit expression of genes in
signali ngsqnwﬁcﬁnva@zsutﬁcrmlmar@tlelmdim navingcantuct ed mitpmpdin €onptoplomplicageh as, for
(EGR Ry "R Ds R s P Rt BT e B s BRI e
for ex amtr@torwmﬂafﬁﬁfﬁkm Juber@clin, n‘eemrhﬁwmwnhl(zo)rubamc (anmm,etahasides\moﬁ d3(r)
vacci ne; LRTOT t001 e 1.inhibitor. ABARELI

| apat i ni B Or(ej)éay PI(“% SUE Eogﬁgtn 1 &élf}ng%%lfs ?ucrosﬂ%rqgl% G %O{ré@!—'

smald - rmlpemplteem; umlmabeiam; ptaineenatiasgsmhaas ﬂ(ﬂ%étﬁ&l@)nercamdplphlarthmmmnm cally

acceptable sal.ts s or. deri,vative the bove
b bi toryoaguh ey BRI et R sy o R LR 6 hASHRRE SFmoll, S,

whi ch i nhtdaoﬂy&n@ne\ﬂbhﬂmﬁdme, emnlcitahntwﬂemgdmwtahdnogerﬂemﬁraslezﬂustanmn HGF/ c- et
act i vat | %norr? I E)nei o lil}a[eoe Cl)rostanolvI \e/ 91:108 € %éstotlac%n antlt\g kcllrrena suc t Or y agent
may be of& KPEN S R TP E A S P e RO e (oS RS

HGF/ c- netamilepliredéntde csitdtse) mlo@tapé) dde. acﬁxqﬂqnhsesr soh g;rfnﬂmia acidjdchglitomey agent s
i nc udea ts . tha cel | o] ion (at a er .than S
phatly . SEER e i el o PP e e e o R ct ca
M phase blioackae; ﬁefofmmm demdreelcmerm:amu(om rfomshing ellmnmlumandmzttasm eprel)llone,ax anes,
and top0| hi.bi,tors s d xorub|C|n i ru

daunor ubi® Oﬁfreld Ehuéns’iu A hgﬁré)x%‘frea &Jeng]i'l n’ %(a)lglele maé’natngm?l a?ucg?r Bt a“&“ ealf

spi | | ovensanmbmgsamhgaeomr mewantrcmr mepidaviplog mtfabténeepétydssatmr@e@ent S such as
t anmoxi fen n n i ne t

met hot r eXa afu%l(g% ff)? 8‘8@ 50151 rg chc? %ﬁﬁydraé 1det%g%pba%ﬂtgtﬂt$eﬁr@ ?O%Fsgér:cllrtl%?(ile%h}n@ gjﬁ (Jgg f ound
in The l\/maemlIParduBasEuger@f ORa razexane vbiadeh;sahfiraarsgirdgrmaliym;aeimazonChaadt er 1,

Nur aka e ¥ R ARG ORERE s TR 1O B b A 95
t axanes @p@dlangladmet) laﬁuard@métsawéElmeE@ﬁHDEﬁE‘é@) dzrca@szummamdmmw@d from

the yew tt‘f(l&)@t‘onpacl%}tﬁéc%létge%M%%E%c&?@m Pa@ﬁlof Qé‘tf"ﬁﬁcc RO&]%E%? %@%«{% from .

t he European W, anial ogue of paclitax
Bristol - Wy“éi@@thbml (BﬁadtMYEatx%qm‘érthangthedtmpNdﬁDAERﬁKéI@ss@rﬂnmph@f

m CEQOt ubyl, Q%lﬁuﬁﬁﬂwgﬂhh ?aenghﬁﬁés@ Ifo%‘i{ S Ec‘b&&ef%?r({)e@:&b?ﬂa%a@é(uogf ??frﬁtsé_}s', ng

depol ymeri zat1 on, _ e inhibitio mtosis Iin c
" Doxor ubiSchauinberg, Mimowhiahd BAXOTERE®adox¢thyicbRhéne-Howdent Rofer.chderiycknasiine of

doxor ubi (18 nu

aL- | yxo(chlg&ag%ufrla gﬂscit W @%g%ﬁ;[urg% %%&g&géhne methotrexate platinum

tri hydr oxyal@ss(shshs owglafeeaxlﬂlcyrbomatrmvmbbwme (VEDBM@htpm'enemmﬁée Ghpat i ng
vari ant iRl GRSl it QBNER NG ANSRRGS: RlcBNR Vigraanse Reduct fon

or elimnpnation o MA response is a sig cant aspect of clinical

devé oprréNAVBLBEiEC@)aM\@ntmr@p@@qatecd@g@mcyl, arseepteen dbandonaig;Aepsisomenaseg| . | J
. Natl. r

 19895) ek 575121:@%%0& %ﬁ%@&qr@ﬂnﬁ&l&e a%@tffcs étguﬁﬁds%l.tch asTétﬁ\BﬁQluﬁr%gégtg&rée[ .
J. Biol. (@%@Bﬁ% thr@aCf(llll%h!)accerahlsSaltSMCtldS@r @tvagyes of W@ééle(ah%aa)s wefj 25 088;

Haki m etcoﬁﬂ)matlo’llts of tlvH‘EEPHlE?Je -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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(1991), 147:1352; Reichmann et al., Nature (1988), 332:323; Junghans et
al ., Cancer Res. (1990), 50: 1495. As described herein, the invention
provi des wotndsodszs t hat are humani zed such that HAVA r esparss@sios7eeeduced
or elimnpnated. Variants of these antibodies can further be obtained using
routi ne methods known in the art, sonme of which are further described

bel ow. Fodr eRaIN dtiniding ABinidRe-Addading BSHHRHE @ HRIDMgaist@siich BOOYPRON@esadr | bed
her ei n c%n serve as a Sstarti ngseégar e%%)ebse%ﬂence for diversification of the

f r amewor ELEHSFOP ISHpplidG agefaln, peserelip fs nasstteArd S aRET s equence
to whi chagdrsdeas :%{blﬁl& ﬂn?mﬁay, &hﬂﬁtﬁﬂld&ﬁﬁfﬂb&ﬂlﬂ@lﬁidé;&nh afdkRehsd i%hibfﬁ(ﬂre maeidhibio theer ei n
as an acceptor human frameworK. ile the acceptor n frameworks y be
from or SRR P3G Hhich RS eFFRFEhRG T o %nﬁh{) %dﬁf‘éla{jﬂli@ﬁ&‘%‘ras e ?Xéalpgﬁs
]E herseof ) ﬁ(spﬁlﬁlﬁ@zowa,l a){mﬁ&yﬂ}taﬁiﬂﬁﬁ leldnmég’e&@w&fﬁ AfﬁI(H\/IASM e;&E]neﬁi@l{eIBVEd
rom a human consensus_franewor k sequence suc, r ave en
enonst  SUBE G R, RIISPROGErcgs. MR A DA ey AT B PR
V\hte_r et |hf§l aaﬁﬁil%ﬁ,t s?éh cﬁeﬁnﬁi@ﬁ bi;/@fémbﬂq dutibEPaR ilildmnﬁmgémkpmbhdaes sGdheas I&E)ylrdonate _
opti ona sel ect_a _human franmework sequence that is_selec sed on its
ol oy (PboERE BN Ped o5 TR BRI ROLAgS e giter T S A mevior k
sequence z¥¥kdrBni¥ adid/21&drbH4fRRO S ARMBW® 1kn B&AKEARBPIA® pamidednbk@ SKEMDEf hunman
framewor k. sequenc and sel ect the st honpl ogous_franmewor k. sequence as

. €s 2
t heltac o lgomatepF AT VL RTIERIaICS T, 2t GHEBHEHS f FARISOFRE PRty Ee
]1: rom or f(lﬁie%g);Va@dsehg%%MdeSﬁdﬁg,r%uHﬁulmmmdéeqnaﬁmiﬁi@?p@sm lgeNeP inl sigGRMSE NS US
ramewor k sequences. ] , the .acceptor, human fr r ris
one, twoPaiPHRysdmplicated o %’ie Heek B‘iopgﬁﬂ“ﬁ SF?M?%@%%@E&%%%W si ng
F\EgQ_N\C/)Ez?S(md) &WFRB {BliRtMS e{gSE@dFQ{ﬂ;\I_(acéﬁ&s RSIIZIEIFQS mﬂmﬂ(sﬂg X(WL EV\X/VYg(gEQ
] , conpri sin c es RE QVN§
(SEQ I D ﬁ@.‘@@)"?"c%ﬂgiﬁgieﬁa le’@wwé@“il%@ ’Sréé%@da%}eiaé‘ %EB@A FR4
_corr}sr idsi REMEQG mmmm@@ddamhi@séﬁmhib;ﬁ&aﬁpl%ﬁﬁ{th® MR HOoRSRinHUE of ylasemor ks
i ncl ude: n u oup. | consensus fr var k- m nus Ka (SEQID
No. 10y EARARESEE Bt <EeHcRbeoh BTt a5 RifSent CRrlTS: dnd
Pypervar E%h@eﬁﬁ%ﬂ%ﬂfmﬁtaﬁ@ﬂ%ébﬁsg%ivgg}sofhuyrafthé\s//ﬁosubgroup :: consensus
ramewor k m nys, Ka . _human suhgroup I.l. copsensus
1 amewor k. ni SR BN B ayE DL e cSPEP R ReR e SiEfan v
subgr oup idhibits gRRSIEoRA 211 fnhaseaxent indeptirledtabat HGERsnd StYatidn dibkidi7 yirrolodiman VH
?Bb%gogg _vz!,)ylﬁv’; Tl(x:u%,n t g g%%lvt iilﬁig{g(%\}lf\géell(lt Qaynéjeson%)év 1?0%%1egglifjlchrRIeyrrg ulz:(les%ge! peerge%g:gg & (SEQ

HGF/c-met-dependent cells in S phase. Examples of growth inhibitory agents include agents that
block cell cycle progression (at a place other than S phasej, 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, 5-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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human VH acceptor framework m nus Kabat CDRs (SEQ I D NO 31); human VH
acceptor framework m nus extended hypervariable regions (SEQ I D NGs: 32-33);
human VH woceegns372 framewor k m nus Kabat CDRs (SEQ | D ROrgd#roosoe7sbeinman VH
acceptor 2 framework m nus extended hypervariable regions (SEQ ID

NGs: 35-37). I n one enbodinent, the VH acceptor human framework conprises
one, twoGehdtat@® vafiandhitibodied dxdibithis lreitdicpr hb@newi HAMAmspases: FR conpri si ng
EVQLVESGGELV LRLSCAAS (.SEQ | 1 42), FR2 .capprisin EW . ( SEQ
D NG 43) - FRECCBDT PO P T AN er AT AP SGB v ety
RFTI SADT SKTAbTE EMEpERAREShAY SUCA o, BihekA28)i &@1. 2 Natl. Cancer Inst. (1988), 80:937; Jaffers

RETI SADTSKNTAYL OVNSLRAEDTAVYY! SEO |  53) . o
RETI SADT§W§W%%§EP& %‘Q\N@%@Eﬁgeﬁ?ﬁ%‘&)ﬂ@o@%@’ 135:1530; Sears et al., J.
RFTIsSADT SVTENp M\ RAEBIAEYESSRICEHQL | Blod1583), (RS claipni @iang. WBREELVTVSS

SEQ ID N 45)._ The VL .acceptor _hu fr r co i se one ,
Unr oo or GO 447 T RETOAF g NeBaas). STEAo, Cuebne it s o
DI QVIT QSP S8 SASVEDRYIAbEChéSEQhd MvEof Blovidefehtib 6diEy tha hRkuiAIRGARKL LI Y ( SEQ

EXEAAER BRI ShaNIs b e )

f ramewor k&utin® k@ knbwiaithd/Art, kepPar Wb gL fipthér eesmsedisdlisy.f r amewor k (SEQ |1 D
NG 38); human VL kaglga subrgrou

| | consensus. f(qa vvor.%(SE | D NO. 39?;
hurtth” VL kappdPsEREPEAR AQasiLsAenes #om ARdibR Y("%Eﬁﬁcfl e jon sgye n VL
ll;appg su _lagftfag ppakéﬁt)@&{iﬁ@d&?gbtﬁi‘f'érf]ﬁﬂfmﬁw & t?eﬁE@ndeﬂi\ﬁdM hy;\éh\iahebljé Rguace@ptor ) may
e identica sequence to the human franewo sequence. sel ect ed, et her
Dhat Cho. FegTe R T MO e e TR GRS sonee sy s e iRl
present lafixeattéphir hadad gﬂﬂdvairle_SWhh@meh&&ptlaﬁlﬁﬁmh_ @ﬂanﬁ@ﬁﬂtﬁﬂﬂﬁbéﬁg’m,aﬂﬁﬁﬁ\:eﬂg .
re-exi stin m na acl upst | t 1 on ative to.the | n obul I n
D eeuonce o p et AL AR (b, WLASPR Tl aduom Bt aerepb i s it ot
subst i t Utflame®orls fre Plofil € datived fronk) iam@inan cisalshgfran@siiork detifege, astsudh feamepksani no
acid differences only r Iﬁti ve .t o, the hunman inmrmogl obul it.ntsequence or
consensuda TR TR RRE MR PU IHBRPEPEGPGR PR RIS of t he
non- human ant iWiesythaseepttrdodgivediired aibmen infreundplobulil) afe vy cpdaely stledoaiman
framewor ks. For ex | e, one .may incorporate residues corr.espondi ng to the
Koo oD ST Rateneg B el A SRHE 81 2 P IS R PR IERRIRR Siheh
r esi dues by ahighiyy th€ donbatimessiriditgsencOpith eardus ymanfanewbdrsd@endvy res acdiedtmbl e

' eg&oon ' %? hlgr}ila% raari%w]:)r lslec(ljuvevrslce%‘,ra%d LSRR NS heogriolozggﬁs%érlamework 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 X3 is A orL,
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 I consensus framework minus extended hypervariable regions (SEQ ID

NOs:24-26);
60



(LI'), 50-56 (L2) and 89-97 (L3), 26-35 (H ), 50-65 or 49-65 (H2) and
93-102, 94-102, or 95-102 (H3). Wile "incorporation"” of hypervariable
regi on r ewsodue15x1di scussed herein, it will be appreci atedsedan2tcké s can
be achi eved in various ways, for exanple, nucleic acid encoding the desired
am no aci d sequence can be generated by nutating nucleic acid encoding the

nmouse Vaginghval e ﬂlﬁ&ﬁb@@@&rmmh@ﬁnhh@ﬁa{eﬁy\mﬂgmjelsodu};s t hereof are
changed to acceptor

uman framewor k resi dues n ic acid
encodi ngume HsbarovR i cassastidFasiey odahBh Q‘Eﬁio]iyﬁﬁ‘tx'mi‘n%% ?Jgr(%(ﬁh]gbl e
domai n rgeixdwes are changed to non-human residues, or by synthesizing
nucl ei ¢ aci d _encodi ngf the desjired sequence n the exanpl es herein,
hyper var e i egerior-meresdmipgy Kahat DR (S lei)nlg?g’t%d by Kunkel nutagenesis

of ucl eﬁ&naawf@a&aﬁmmmh@dﬂumnmey@mm@e%@mqsm-iNm 33-33gpar at e

ol i gonucl eotide for each h pervar| able reqio et al, Methods
Enzynol . hupma. Vi§zcegor Q(fia}%ef‘)"f s Kphat gpgsﬁsrmg%ﬁt’)gép, %e introduced within

the franRhk/RREQ6r T RRIWORE inﬁllak Ext&1IBA ByperveiibiOreioht (SRE IDQWIWB5RIRS, to
correct and re-establish pro {3) rvari abl e region-anti gen mtegjﬂé) i ons.
6

Phage(ni d) di Bpmagmpedigent rtEff Hraé?fp h?f%‘?”effﬁﬁ‘leﬁ@ﬂ‘d?&lﬁé‘sedlogial W thrpe
cont ext Sie &3 faRAoASequea@Bveni ent and fast nethod for generatl ng and

screeni ng nany different potentlal var.i ant i inalibrary
genér at e&b@%ﬁ%ﬁé’@% ﬁ&@ﬁlza@?%qiﬁ &% b[ﬁ$(8 hods for making and

Sﬁr ee?l ngR@%j&neﬂdl‘s‘ﬁgWRdgﬂﬁ?Kﬁ}Lﬁﬁ&Wmmdb&ﬂ o the skilled person.
Phage(m i splay_techno as provided @6 I gor generati ng
and sel eBR? eRyASIAE RED }S&]%TS,J@% SFTB“FQTZ“ %@ rs[h]gﬁ 4& an anti gen.
Usi ng thﬁFTBmsanMN@HRABDEDWM @EQAD 00s2), he generation of |arge
l'ibraries_of protein variants W sorted for those
sequenceBFTR §W4@WN§¥WD%V3§@%{ J(3)#))& finity. Nucleic acids
enc@di NgrFAISARNS KAl AMISININSERABDEAYEVRTSA K ER Iha®e); & a nucl ei ¢ aci d
sequence encodl ng._a viral [ j S Q ? gene 111 protein or the
gene VDI %Wﬂg R%ﬁﬁggﬁﬁm@ﬁ }Bﬁifi éms where the nucleic
aci d sequmg&nlg@ﬁ]@(wvegglmvwsstﬂ@mmopﬁbypept i de | s fused to a nucleic
aci d sequence_encodi ng a}B‘F‘%{“tI on o ne Hi eel n wﬁ]et%ele
devel oped. (BA&SYL&cceptpy ameyor y(cﬁ? 3e,°nE5 %ﬂraa Vebhods: A
Corrpani OftathwdyRbdd@éled: N Enzynol ogy, 3:205 (1991)). In a nonoval ent phagem d
i splay system  th ﬁﬁ&é‘t" i i Qtdg | evel s and wld type
n@ Eﬁbf@f‘%mﬁﬁ)ég §§%§&§i@gﬁ§@hﬁ§? Irﬁ)f% '?Igill ty of the particles is
ret ai HEdFRNB&ﬂﬁdﬁagOJVYQQmPGMBmLmémE@H) NiO#7ari es and screening those
| i braries_have bee ‘ﬂ%ﬁﬁé {[ 23t ent  No.
5, 723, ZS%R? Epraprisg 8§§g5§§§1:%58@£’@%@ ggs%gﬁycgﬁé 717, U.S.
Pat ent NER4 &rﬂﬁ%m%@%@[ﬂﬂ(\ﬂil&(smﬂbmo Me). 5,498,530). Libraries of
ant i bodi or “E gen bin é){% ?ﬁ% ?tl des have been prepared in a nunber
of ways ﬁ%‘i‘Hﬂ"cﬁ negPes ria g‘“’ $"H4Te gene by inserting random DNA
SeiseNnc efuridn VY kgpd Bibatpup I E@pedsys framework (SEQ ID NO:38);
human VL kappa subgroup II consensus framework (SEQ ID NO:39);
human VL kappa subgroup III 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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of related genes. Methods for displaying antibodies or antigen binding
fragnments using phage(m d) display have been described in U S. Patent Nos.
5, 750, 373y02p6A353743, 5,837,242, 5,969, 108, 6,172, 197, 5pesiszdio2mne
5,658,727. The library is then screened for expression of antibodies or
antigen binding proteins with the desired characteristics, Mthods of
subst i t utdidugs. aBpariatiy tzixenddd hyhoarablemegioneresiduep hfoBo et Brerpeiaied 4rY el |

establ | 9nedsd.5 Qgﬁaﬁ don SR 205 Wi b &1 & 4IRS RHBPRA OBGHEI0R10F-Ck oexEIIP! €.

hypervar( on resi és can be subs usi ng the Kunkel et hod.
See, e.gH3).Kunkel et ah, Methods Enzynol. 154:367-382 (1987). The sequence

of oligonucl e\ﬁb zed‘ 1ncoi‘p09at1 cg’sh%]egv rblgFété?onQ%i&uggisg%&is%qgreﬁp?{%ll gets for the

hyper vari abl e ion ‘residu codon set is a set of
differ erﬁppﬂauade@m‘at e ctur bqnicbievesien] vETvoe wayss e exaoplen istRic apidsineedingthe fesied ani no

ﬁﬁ l: ? Z ot Iqa%g_g n%;?cf" Stgalﬁ?%a 1 b en%{agelﬁz)gttﬁ?atﬁg the@ X%:g QAcﬁdlhg g‘ﬁﬁ)h&%ﬁﬁ)l@@&ﬁd& ul ar

eoft 288 Shown 1 n bel ow
accor di ngqiencet soehak 4B fmnﬂworklrwum&f@r@lamedéo Axconteriumen frampark prsidaes.

CHA/E ZS IO ::] e(zr:%& &nAﬁ%nﬁn%c&m c%cfncod-fr.gl f@l} Eu lé(d((éﬁé 1%56 Iéncc)csso(tﬁ:at%e lg‘}aerWr{dBleogr L)

or G or dB)naEﬂésnmeamplchanged]tomh&hmDmSlé@S dDYK synihesizing b@lﬂ‘a@qlémcp‘é}é%t A or G

or C and K can be Gor T. This codon set can present
18 18I| ffe‘f"élﬁetdsgadlﬁgcr?set%nd can encode anino acids Ala, Tip, Tyr, I%Fﬂi( Tﬁr,
&

Asn, bLyS tSﬁrIn tWﬂJamﬂSSDherc@l mype@/mablamtl@ygafte@vag@m&qr@gqnp@@d r sets
can be s €esl. z sin f

oyt hes AR S ayt Ada SBRRTIH LT B8 heqRhecl us Bl nHODHE GROMCRSUGET D
that r epﬁoemmhymwanpiﬂssegbhe&uﬁdm mhtlwedwsis Ewmb L HAGTRS2(193P)- BPTBPI&\‘}‘? ded by

the codo rﬁar?g%g A 1ntro%hcewlvéllhm the framework and/or hypervariable region, using routine

15 techniques, to correct and re-establish proper hypervariable rezglon-antlgen 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.

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 Il protein have been developed. (Bass, S., Proteins, 8:309 (1990); Lowman and
Wells, Methods: A Companion to Methods in Enzymology, 3:205 (1991)). Ina monovalent phagemid
display system, the gene fusion is expressed at low levels and wild type gene Il 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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encode the desired group of am no acids. Synthesis of oligonucleotides with
sel ected nucl eoti de "degeneracy" at certain positions is well known in that
art. Suchweeaevs/maf3mmucl eoti des having certai n codon set spcausb@ssymsehesi zed
usi ng comerci al nucleic acid synthesizers (available from for exanple,
Applied Biosystens, Foster Cty, CA), or can be obtained commercially (for
exanpl e, ¢fivondsi §.830rBehaals®aR §57. TReGHkMY is then Mened R egfressidn oparsiBbdiafor

ol i gonucl eoti des synt hesi.zed having a particular codon set will typically

i ncl ude ﬁ“ﬁSPIU‘Pla‘IhP%?Oﬁfnsd‘i“ihé]?ﬁﬂ?ﬂf‘éldg‘i“&‘é‘%wst h di fferent sequences, the

di fferences esfealhi sheshiRving Makifs & sEhoieé inkd dtefnPRicaMEERlatid aRGUAENCE.
A i gonucl eoti des, as used according to the inventio have . uences t hat

al | ow f ofstabjishierl éff thegit-spme of whighyre desrabedbrtginn FAUPEPE: WEPYHBIRIFEP: and al so
can si ncl kg@udsa bd ﬁbét@tﬂecﬁﬁhé%ﬁ& BifkePmdtRsd. Sdepak NHuilel PSSR erhddy Fapendlet hod,
nucleic acid seguences encodi ng variant am no acids can be created by

ol i gonucl ¥ G7RSZ 98 At ed nut agenesis. This technique is well known in the

art as descri 9gdsehyendbfl dBkorRibledtides NIRH&I die HChEIE ofR@S deslbhe 86i6n 6RO( he887) .
Briefly, nucleic acid sequences encodi ng varlanaﬁggkno ac re created by

{ [ ds a
hybri di zhyR§rvariatdt region frsidaestte Bealiced: enroden 1S e’ Feé‘BmEi?aB‘?? WRES to a DNA
t enpl at egeqhhiRELusE® ch&RB U] VdriahtMnisd R¢seCoddnavd esh Beaefrehted Bendiyamoisd
containing a variable regiaon nucleic acid tenpl ate sequence. After .
hyb¥i di zEtdesianatmatiqyiar JirkioLdes of equRlar PigtuLss ﬁ?ﬁ‘&i‘?"?@esﬁg shoy 1p Belaw agqting
conpl emepifs wptdaiend of the tenplate that will thus incorporate the
ol i gonucl eotide priner, and will contain the codon sets as provided by the
oIigonucleotiH@ﬁgéggﬁcbneralIy, ol i gonucl eoti des of at |east 25 nucleotides
in length aregus@dineAn optimal oligonucleotide will have 12 to 15
nucl eotides that are conpletely conplenentary to the tenplate on either
side of the nﬁt?%%??de(s) coding for the nutation(s). This ensures that the
ol i gonucl eot i derhinlde hybri di ze properly to the single-stranded DNA tenplate
nol ecul e. The ol 1 gonucl eotides are readily synthesized using techni ques
known in the S¢S as that described by Crea et al., Proc. Natl Acad.
ScL USA, 75:5RqA &978). The DNA tenplate is generated by those vectors
that are eith derjived from bact eri ophage ML3 vectors (the commercially
avai |l abl e NHB%B ré&d ML3npl 9 vectors are suitable), or those vectors that
contain a sinytexat@anded phage origin of replication as described by Viera
et al, Meth. E&éynﬁé, 153: 3 (1987). Thus, the DNA that is to be nutated can
be thserted i Brié of these vectors in order to generate single-stranded
tenpl ate. Produyciiramn of the single-stranded tenplate is described in
sections 4.21-4. 41 of Sanbrook et al., above. To alter the native DNA
sequence, the Pf&b ucleotide is hybridized to the single stranded tenpl ate
under suitabl & (ayded @izati on conditions. A DNA pol ynerizing enzynme, usually
T7 DNA polyne% e gﬁﬁgﬁe Kl enow fragnent of DNA polynerase |, is then added
to synt hesi ze tWé" ¢o enentary strand of the tenplate using the
ol i gonucl eot i Ye(msr @opG) mer for synthesis. A heteroduplex nolecule is thus
formed such tggggoqﬁ S%iﬁnd of DNA encodes the nutated form of gene 1, and
the other strand {tH& original tenplate) encodes the native, unaltered
sequence of g&heA dc CohGerT)

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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het er odupl ex nolecule is then transfornmed into a suitable host cell,
usual ly a prokaryote such as E. coli JMO. After growing the cells, they
are pl at edoendicnisgyar ose pl ates and screened using the olpcgasoaseoiseee
prinmer radiolabelled with a 32-Phosphate to identify the bacterial colonies
that contain the nutated DNA. The nmet hod descri bed i nmedi ately above may be
mﬁdi f : ed L&gcrbchhaagie@ REQJVHH:UME_QX Tl@%fefé_;ll_zl &t bﬁoli@?@ﬁb@ﬁhéﬁbﬁﬁ&hiﬁeﬁ?ﬂlﬂlg atr an_(il_ ﬁ of
the plasmd contain the mytation(s). e i fications. are asfoll ows: e
ol e SPrHAEoG T R GENE » AR Bg et R R e R e el ot o
gs desc lr3 idii%eianaéafaytaah(sﬁeﬁrTﬁFy);tﬁeL%oaomet _tvgniﬁ EredRexy @éqbags_.gb@@hﬁﬁl@ﬁdes, as used

eoxyri boadenosi ne eoXYr i uanosi ne_ ( . an . .
deoxzr i bAtRREIP Hs TRt have S%%Tﬁe?]@g‘ %P‘Evﬁorg’yh’é‘g?al“f’é@ 1 vrglle d3aR BELSS osi ne
cal led dgHPthpBle 410his6 BarCialufereAhéRh BRG bk kN fhBstEdlposdshi s m xture is

added to the tenpl ateol i gonucl eotide conpl ex.  Upon addition of
pol yrer ase t o Pedngthods REClsIC ag1dSEqUEATes SRCOBIRA VAT TR POYSFaR RpCredefpat e

except f Qligdnh@ediidt AlcBidicD AR EeheSis JERE tedlifighe id Welbltidiwhiithe aftlas GestYedad 8y Faind of
DNA will contain I nst ea ich_serves towglrlote.ct it from

dCTP- (aS d of dCITP, ]
Peat | ot POt Mt O §Eot PO DA HE i Bk EREIee: P oY e
doubl e- stinaRdeds AetrRACEBPhR¥idizhgh cKgMuybdtide 8l cRPEING el datifed ceddnlsbis td DN
enz?/ma, ‘the tenplate strand can be. di gest(?g Wi t r} Equ | 1. nucl ease or..another
apptopr i AN ismelateqwherp the devpplate s Wele-iiapded dormygtite plpsmid poniainiye 3 yrighle
mut ageni z&ghn nhibiGich&ia dnhflile segudnde Mret Bybpiddation, DEARyneiBt Baikddao kifliesizs alon| y

partially single-stranded. A c et e doubl e-stranded DNA hanodupl ex is

P oon for Hte GoPi AT Sa L0 b e HaR A STt Brorapefe fs i Bonaciborids
deloxyr : benwet, aﬁmm«z}oﬁtaihmf phadetSis prAdTided BNtHe aégﬁnhdﬁgﬁaesetrri S hon‘o(cjiupl eXd
nmol ecul e can then be transforned into Sui t e host cell. As.indicate
previ ously thé}e’éeéﬂg'eﬂ]é%?nﬁ eqties Oglaf ]ﬁ%f’ﬁ%%‘?“ég‘f’? é“hlé?gtﬁgreﬂffeds GPPET¥nt | engt h
to ybri d}ig&m&l@mﬁb@ﬂlwplmcelsmneieeﬁdés el aﬁl% unshlaEy c@hllﬂélnedmﬂj? todgeﬁmphte on .
necessarily, contain restriction_sites. The DNA te te can be gener.ate
by those e\%‘éf‘gﬁ‘ %%‘E%’Q{C[eﬁ?‘ie(%ic? %gfoﬂg’rein?}léaﬁfo?(g)o %&FB?%% tg‘ﬁﬁ’igo lg‘ﬂﬂfﬁlegtéc?tvg s or
\éeCt or E ?jlbf%idii\é}@ﬂipaﬂylto&hi&éh@é-ﬁa@ﬂe&ﬂb\lﬂﬁkainﬂﬂmgmolaédlgi The(lﬂigﬁrﬁlﬁlebtﬁtm are meaddy .
escri be Viera et al. th.. Epzynol . 53:3.(1987). T t , at
oo bo wilespufiadterDutesGert B Ml Bebi R ReTREE e Bk TR SPtbA ot
gener at e Ssi Ogh,g5376R01deg). t enpl ate. Production of the single-stranded ‘

tenpl ate is descrihed in sectio 4.21-4.41 of Sanbr ook al... supra.
Acc8t ding to iﬁ%bﬁgrte%lﬁﬁdﬁgengm{éﬁ BY Hio% ‘?ﬁtﬁrsﬁgat ge& r‘fgeﬂr%)eart(:21 & Veg%of)n rb&‘}ﬁe‘a?ﬂ%age
upst r eamMarsdrectomnitht ca@areolailgonilalebi 3 del 8sat 313apth veatrs hrawiitablenopthoseal ity
of oligonucleqgtjdes.wth.different sequence the different,. sequ e

st abl | SHETP{e Srama R S e S FR b e BaqliE BV eY e

ol i gonuclEaginoders3: 3K @87y pBius stherDNACGhal dsin ¢ metmdchn broinsected oita ahe of diess, veetbsng
with a varigble domain tenplate nyclejc acid guenc seqd |

pol ymer adt€HAP A& ecsﬂgi)eﬁsq'{%g&& %Fi%?'gf’rﬁdup 1?%?§E%Sln%?"gtsﬁ%%g?rg@ﬁt§?SsgsﬁgéPCR
pr oghuct s icsntidne 4 ReMeall rog Sarhidrosiser ahirbbed. ¢ aci d cassettes”, as they can be
fused with other.re] at ed unrel at ed nucl ei ¢. aci xanmpl e,
viral coat pr g?’ éq}t?{?’ear%?gv%]?f\rr]e‘qrsle £ ?eoﬁ’e 8{3 onf“ﬁ%@dﬁési h%‘g)g%%t%ggﬁjl%éﬁé%g{rrr%q%ggul ar
bi ol ogy teqitné gndessuitable hybridization conditions. A DNA polymerizing 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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The sequence of the PCR priners includes one or nore of the designed codon
sets for the solvent accessible and highly diverse positions in a
hyper var iwbl2eoqragi7on. As described above, a codon set i gca/usedosobreds f ferent
nucl eotide triplet sequences used to encode desired variant am no acids.
Antibody selectants that neet the desired criteria, as selected through
aItODr gpr Id RISws %ﬁ@ﬁg@@&&ﬂh&@tgoﬁ&bl@ti@@ﬁ afiAled ® theohAt-athndntie@plawasldassitred
st andard reconbi nant techni ques. Vectors, Host Cell econbi nant
Vet hods. 61 1A SUTEF AL ARSI BT PEROGES deraHETHEy 16 RATES RO BIenE he
Pucl ]frl Ct GiTd), ?ﬁ@&b@kﬁ(ﬂ)otlﬁf?ﬁc?qd (Sﬁﬁis%?naiﬁﬁd Wil & fro@idied tiddeaxyrib@lyicsmbtaledect or
or further clonin anpl.ification of the . or forexpression, DNA
encodi n gdct‘??e(a%@"?hﬂfgcfﬁn P‘stbrtaé%F&%ﬂm RS Iglﬁ c‘]‘z”étéﬁd%?f{g%‘ﬁgﬁgei KgPEShvent i onal
E_f Og_edur&ﬁgoﬁlfc%@tidel clb)ynplbil g oi0hddGRIA WE DB polkendpdse behistiifdireas aranapibNa of
inding specifically to genes encoding t he heav nd, I ight. chaipns of the
ant i bodyifentigalig the dehriae exeert fonfag Pufpied basqsis g?:r}‘?&t%]e%b?dd\%ogl {tﬂs na‘gﬁgﬂ’gs‘)fi n part
on the hpgis witlcbnthif dOEPYES thsteGEBRIGTP, WhicRE&iR ¢ pdtebastiom edstristiar e of ei t her

prokaryotic or eukaryotic ener al | | ian) origin. nerati. .

ant i bodi @slowsieay db%eétv%élr f&e’? eﬁmat%%ﬁaﬁmg%@gfﬁswfgi‘ Bﬂ%‘f’eﬁ%’ﬁe%fl@%&é’f@ot i de

sequences, SpERHiResPRlisRARhd] ereGEHRRN eiting caf bel diges@i vith BlyITafuckeine of moehat i on

can be obtained using standard reconbi nant. techni ques.. ired . .

ol nuc SUREae SETHN BUL EHoBET SOTStsal Sy Ol abeRF: dit FarioBdten

Ereog;ﬁ![ Rgoﬁﬁh goslea'i/kiﬁl?n(ﬁe%uilamg 1s§>ﬁ%aﬁﬁlﬁi/ ﬁpglékt&@ﬂét%télﬁvc&h;ﬂeﬁe palbieuehded DiNFes can
esi zed using nucl eotide synthesizer or t ni.ques., :

obt ai ned?or%%lﬂﬂléhﬁé@%éme 5ge PNe %&%f‘)ﬂ Herresgpe (ifﬁﬁ g?“f g‘gbxg ﬁ]i’oél %;g&de

r econbi NgihospRAsOATR ZRADINA Biase. €THid Kadodiyge ancle@idaa sieh by tretemed ngous

pol ynucl eotj des in prokaryotic hosts. Many vectors that are avail able and

known i nstitRRleBestcdllan be used for the purpose of the present invention.

Sel 1|<gC_ti on _OL At@ irﬁ%%@pfebi@%ﬁ%l th_@@écfﬁénc‘ﬁ/iof the SgpRtcleonEe Bt ¥ cfsuffibientdéngth tof t he

nucleic acids to be inserted into,the vector and the rtic . .

to be trBASIEER e lmpkie weleirgsidgpd “’E%\ﬁlﬁo’g?}étc o8t "% 8‘?1°te%§f“ﬁl§’ %)5 rd'b”cfgsrsfn%fc?)nrslrtﬁ%e%grllt s,

d e}oe ndi thf]pﬁigttanﬁmg G%ﬂh&@eﬁégﬁﬁi yf ﬂlﬁs'ﬁtvb@dj’rts) ﬂlrat ax pictes dérvad frbmibettaiophapg MIS

ol ynucl eoti de, or bo and .its co ibility with the A .

el ' S Pt BPR oo < yaledrs DRt e o e

not | i m LEMHOERRoRQINEYB N1987). TR ihe BNAOthat iatodenetdtédomustbe nsarted e@onet

pronoter, a riboso bi nding site ) Si | se t

het®r ol oJ6HFs"eAGERPEHR ﬁﬁleﬁ%essél}‘gﬁe'%{%ﬂ%g t%rf@%tg'cr FBEFeR %%%r?l 1<'§13'ES|E!§1}1(16%equence.
I'n ggne_fEﬁmgla%%iaﬂéﬁcﬂbédeﬁte@ﬁ@sGQﬂtMIMfﬁgmbmdtét@zb,nsuﬁnd control sequences which
are derive rom speci es, conpat.ibl.e with the h 1. ar p n
connection w PRy E%E’ Htberdnetiqdya any san s & %rgt(rgiéf)g/grgglrd T é‘?“%g‘?%‘ﬁ i cation
site, asduweistreas oligphkilagids e et e hatinghplarabtyed phdvinacleftides witti dffergnt

phenotypi c selecgtion in transfo ells. For _ex . 1F .

Pypi cal | P s et s o oS eooh by Sp BT yichn e Qe o he

spesi es. opf¥Rtdebtiden Tk npstiganesd dnasdianpligopiceplide satsamg)witirdvarighle dugedt i ne

((:Zle][ )S ' gsm%a?al 3 anlg:q%][ezéna(gidtsre]éjusen e[ c(:)a\rlllbg G8edSE ¥019F}191£{§e cfh%l réagt%ﬁttb tge\fﬂe&ge ! ‘ﬁﬁ’)&?}t"yf med
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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derivatives, or other mcrobial plasm ds or bacteriophage may al so contain,
or be nodified to contain, pronoters which can be used by the m crobi al

or gani smwono@ps®Essi on of endogenous proteins. Exanpl epcofUspidRB2226
derivatives used for expression of particular antibodies are described in
detail in Carter et al., U S Patent No. 5,648,237. hi addition, phage
vect ors cemprabinn.nONRpnbatny &rdantiosdyr Bl resRFURGIERS aﬁlbadeq@h&dc&ﬁﬁga&dnbérﬁloﬂdlt h
t he host m croor anl m can pe used .as transform n vec FS i n .connection

with thes%roﬁedgfeg oPY BanpYEenusicolide probrhhgears Gt Qs I erfpecificafly g geps

utilized émodinki th’&gleavyr acloliht Bidids ofafid @ﬂiub\dhly)CMaﬁ}aﬂed@@s ufeetlatldld, I BRS WY of
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recogni ze aneéi process t
(Tet) resistance and thus provides easy means for identifying transformed cells. pBR322, its

derivatives, or other microbial plasmids or bacteriophage may also contain, or be modified to contain,
promoters which can be used by the microbial organism for expression of endogenous proteins.

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 A\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
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sequences native to the heterol ogous pol ypeptides, the signal sequence is
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; - . Prefera
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penicillinase, Ipp, or heat-stable enterotoxin II (STI) 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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Pat. No. 5, 840,523. Based on the translational strength comparison, the
desired individual TIRs are selected to be conbined in the expression
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bac at _cont.al ' :
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pr oduce of .t t t he
Brt “and S Yooy KREBD" B G ORn ARl s s phin) TS S e e
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suppl erent s. i’pokgr(})/gt?c }%npceﬂs smatnl;[lg for Eﬂ)ef‘esggg 5&1b%hl§90ﬁ9&§1@énﬂ§n ficlude

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 AfhiuA (AtonA) ptr3 lac Iq lacL8
35 AompTA(nimpc-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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sel ection agent, chosen based on the construction of the expression vector,
to selectively permt growh of prokaryotic cells containing the expression
vector. Pwo2e0czrpd7@, anpicillin is added to nedia for growmtus2@s/oewké S
expressing anpicillin resistant gene. Any necessary supplenents besides
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enbodi nent xpressed pol ides of t res | nven t|o
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neans as osnotic shock, .son i on or di sru cel |
Gobr s olaN s opRyTg el bR fattray esor PG ngFas Forfaif pPapRi o

pr ot ei ns wamyaxh&s fAﬁotH&emetmud foke tradfonfnwonmrqyls golydalyylafefelyebPMBOSsY ¢t another
chromat o rﬁfgﬁlﬁl Q ar natlvel proteins can be transported into the culture
nedi a an cEEd ﬁ%?ogf”ﬁw Il's may be renoved fromthe culture and the
cul t ure super pakagbtidreilnged id fredvecltba pdyppridant thatiedntarard grovingrmedia known
purlflcatl n of th telns r.oduced., The .expressed be
Puriher - s af i st G R R URGLRTS ol RuE DRERESRr ORI 0L AR

pol yacry bﬁm @s) giab n@bﬁﬁ:ﬂyrnupiamrsepplﬁne(nBA@onwmlMeeﬂS,I’thébinodla alsseptailse one

aspect of .the inve nt i bod duction i quantity
by a fer MeAtaR f&5H" B 08%12‘53&%% a&r?ei S}ésstgﬂc Tg O%he scaP regst%%gtgrg %Sg%ek&néﬁ{egﬁton
pr ocedur eswatt & pmkiaryload:)d:eé}ls tarnaipng the @kprcnsuoo 1’veqt<afc Gonbxixpaple, qoapadtiléin mrsadded to
Lar ge- scal f‘%rgiﬂf%ﬁf)‘ifﬂns p@eassm%?m%mﬁ% rEstlstQnQ Jiters of capacity, preferably

about 1, 55 PEFS apaci l6se fernentors use agi tator

inmpsl lers to Aln§ hesaeksaﬂyeupplgtgms t&mdesmartbpn,@ntcgt;n espwoigalit phagphateoercéshay

preferred][ rce erment athon. el ehs, general Iy
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supplement or medlum such as a complex n1trogen source. Opt1ona11y 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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liters in volunetric capacity, and can range fromabout 1 liter to about
100 liters. hi a fernmentation process, induction of protein expression is
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chaper onemiagotehibi) geﬁé:lrﬁlﬂytl@ SuSIeRledn® a€@niotia Rt shnitden bpl§r§1s POsRENKQEd C cel s,

The chaper.one ns hav en denonstrated to facilitate the proper
f ol di ng a@h %sf aﬁg\tf imtlsymd‘f ﬁ@?ﬁ% BRbYoERO Yoy seHdiugition ot Blratiop. bTéemtqn@ﬂ m3yost

cell's. Cherueler phrifieq Y89 hmple BbyOafhigreshy &r&ﬁzﬁ%aﬁh?G%emgﬁ@%Qt}@tgggtcmgﬁei A U S
0 na nn

Patent No. 6,0 et al U.S. Patent No

and 'Pl uc m%ﬂ?ft%%@@dge ?P?e’&'%ﬂdla Ao &ofates preis. 1 GRils pay g refmﬁ#rfrarﬁ epoleR ehd,
(2000) / the Riltate. supdneitant Belify; filE1d46md édntSitraddif & fercheRburiflcAGEhLOf thdProteitd CT 0b| ol .
39:199-210. . To n| mze pr teo si s _of expressed heterol ogous proteins

(especi alﬂrgfluf‘?‘?'o e pxpresseding |P811?t f SARibe Qyrihet islpted andydantitiedysingicamiggaly kaeyai ns

def i ci entmdtids p[dhfaepdlydct}@anﬁﬂiydIEEaE@»ﬁorbﬁs @aei) hed W@:hanm&gﬁast i nventi on.

For exanple, host cell rains, no jed to effect genetic
mut at i o%s) an’ﬂeeasﬁ?fﬁ%é&‘%ﬁ(‘,‘%oﬁ PRIV Ogﬁ‘tt’toé 15 CQPd“ﬁFeét“éE%§u%‘}3‘&hbya?s

Pr otiease fbﬂxﬂentaﬁlsm&oceae ORyriodslprge el RasQch ferdnelioa o cddures RicQl GRBR 1M

Pr ot ease VId (%Onbl ations.thereo 0e E.. col i Erote %g defi ci ent
strains a'e ug\loéllq LS5 PBOLY PEpEERsy iﬁ@ﬂ’sf‘ﬂe SRR A3 & AL 1ofS @J fiteggof CTPEQ%)
supr a; querfgrnbiy abdut 5000 to WOGOOR&EE bf camltyS:rR&étfa%ﬁ&to@awa@tQUr leipem:lrs to U.

Pat ent st ance, 2:63-7
(1996) . I R %ﬁ&&f*ﬁ@%@ntkew@&wy i Qe b eitarion W%sroafc@oﬁmaﬂlécale
enzynes damehmam&fefafs@dewﬂytth fqpimastaiofiSn 0 FeheX @RS $ Hdgn@e thad bppidKigatelnap@r one
proteins .are. us host cells in the expression s m of the invention.
Ant it)‘(ﬁody Gr }nfvloél a e|mocr’f R R ﬁgé %ar?ﬂﬁllﬁeﬁ@ﬁ’ta?’mﬁﬁgﬂ%{ﬁ? %8@@%% ei n produced
herein is fur ﬂheferqnunatfdn@nbcb@ mﬂlicabliﬂomj’nﬁaialéﬂﬁré@ﬁﬁ 1§tbﬁlbalk§zﬁﬁtlabtbﬁ’feaﬂlblcals| y
hormgeneql%e for furt hg i

met hods RRoWRT B owﬁe art ul%glﬁ%s éor‘?‘f)iEj e%éife%%nm?bﬁdg ’(F))?{rﬁ s quféoé%&$ :a?c')tg
exenpl ar ywhidh stage theloblis aprinitliel cady stationpiyphedu Aeatiety bAntuesahdydd uedd, according
e o O A OB AT DR R L LS SYELES o
DEAB, chrsborger pér@dumcmgq m&iIaSolPACEls asesuaily tmdusad thadbeutplr2ex0 Houis adlihough 1aier gel
filtrati Qlorty inIaQCtioIn B may be used.
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

70



exanpl e, Sephadex G 75. In one aspect, Protein A immbilized on a solid
phase is used for irnmunoaffinity purification of the full |ength antibody
product s wo 20és@1537¢ention. Protein Ais a 41kD cell wal lPcprust@smn2feeom

St aphyl ococcus aureas which binds with a high affinity to the Fc region of
anti bodies. Lindmark et al (1983) J. Inmmunol. Meth. 62:1-13. The solid

phase t opifoBiiclyQbmRitivey \cdrin HbMEhin mleh&oppreﬂ‘eel@abwy@emh Udlﬂ’ﬁlseﬁ (ﬁdﬂbllid sing a
pore. ass m or

glass or silica surface, er abl co

a silici Bresaf vesieRnker er%nr@%ﬁeg [)?t‘ia&‘é aﬁﬁ% mo? %WW%@ (g)olﬁt d
with ar g&ﬁ@&kodlﬁym@%aghﬂa @fdﬁéaseslsﬁbh@@ Pﬂitéa&fﬂmll; o&@TpDegPemip, nRRaReCi fic
adherence of contam nants. e first ste uri t| on

pr epar at FEERMb \]/)é‘tﬁeaﬁ"rXﬂﬁ’rPtﬁ%Seéfélan ‘Eﬁ‘j‘?bt“ﬁ‘fl%nséger%s 1% cF" IBEP\%‘S‘? éeq’ﬁ’ﬁﬁ'i i ed

ont g t he sl fafabldaiRlabsdchBedn, o1 dxdmplhens@e‘t@l @bb&kugn@c;bérgﬁulamdur@ of the
antibody of interest to Protein A_ The as t\:‘éﬁlﬂn%%ag)dto renmove
cont ani nBHE¥E Neorr2 %%@r @F%&‘P‘I‘?t%oﬂﬁdp‘itﬁ‘ti\lﬁég ]iga Ig"ﬂéﬁ HA NV

ant i body refisrhiat,era3st (i1eh.ecovered fromthe solid phase by el ution.

CGener ati ng anti bodi es_usi gg eukaryotic host cells: The vector_co ents

general |y i ncfuee smBedimartes f6t S‘F‘"Pﬁ‘ﬁ deligientdor REgieCIYIC chpes 3pd wistorpe ‘6 ng: a

si gnal s@RLAIS BverdPreQingdind oPfnofe@RApefoat bfkinsQRAusEd as MOk IR iRlexpRfem, an
enhancer el enent, a pronoter, and a transcription term nation sequence. (i)

Siglal s &tifEhldheiBRgEMnt A vector for use in a eukaryotic host cell may
al so Conhﬂjl%dﬁpﬁhﬁ;&ﬁbn sequence or other polypeptide having a specific

cleavage site at the N-termnu t he maure prot ol ti de of
i nterest. The The¥r&rEPYEEHshe P‘ﬁﬁ’&% RETas C"sdet}eéeé’f 8 rﬁ’re "é&lﬁ%?@%&) one t hat
Ih S rec o?Pfe@&du@@ mapaltr@mmlﬁlﬂy hEmogefbdRa ¥ Gurbhyr sk g:malsesoemﬂaiawe@y t he
ost ce | n mammml j cel |l ex Si 0 é)hlan Si 4 uences as wel |
as viral PeHiRdgpsHh ‘?dégﬁ‘é"i‘%m ttI‘eoar"‘p B é\oyegag?ﬂa prRye® %B U agﬁ"%’in@lﬁ’é'l of are
avajsl abl @ultaiﬂ@@mﬂ}é%u&c) o&dﬁﬂ&s.}ﬂfa@ﬁdﬁ_ﬁﬁ@f ,onrlﬁlgiuﬁdmﬂnﬁtﬂ or @t exchanpe cfcﬁaﬁhsnghefnbamé to
DNA encodi n% t he anti é’ﬁ }gj(j_k% hOrl in qf replicati ontGeneéaI I\éeﬁ an_origin
of repl i EXCPEHOBIRYEITE EhrprRE aEraPY P SIHSH RIS AFUARECRYSP B\ ER Br s .
For exanppBaE, bthanaﬁ&%&lsﬁfgl SDS-PAGE, b sylfAepricichtion layd P Giftasion tdings 6t ai NS
the early gng &F g‘-{z% Sel ecti on gene conponent Expression and cl oning
vectors ﬁﬁ@“l"b FRlAdexL-d ect i on gene, also termed a sel ectabl e nmarker.
Typi cal sel ecti @1@ agea@mo&mcadmmbblﬁteeu diiSi sb]li'talbhaéeal); ustedrﬂchemmuﬁmfﬁm@rlmafmauon
ant| bioti rlb i ns tﬁ neo t hot.r gxate, or
t etflacyc Pfﬁi‘%gﬂl(l gt %’H%?%’r?é?ﬂmtéﬁg%l? FD(YB }OE gﬁl%ﬁé%% Mgﬁgm e ervant or
(c) suppyphylédotdm burabit whiehtisdsrth aahigh dffilityero tlred?mregmsmdfambmds aLmdinakexzarrpl e
of a sel Lon.sche tiéj to, arr.es h_of
Those ce?ﬁéb)ﬁ{;gf’mﬁﬁogﬁgﬁbé ééwg TF}?/ @%H%SF 5t i g“%\ﬁ %H] a'me é)]rm‘((fi)L %(go rse%eéaéjlle
produce aolpimdt@nprisingraf gdtss drmijicd surface, more preferably a controlled pore glass column or a
silicic acid column. 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
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resi stance and thus survive the selection regi nen. Exanples of such

dom nant sel ection use the drugs neonycin, mycophenolic acid and

hygr onyciwo 2dwatibezn exanpl e of suitabl e sel ect abl e mar kecs/usesosmemsoal | an
cells are those that enable the identification of cells conpetent to take
up the antibody nucleic acid, such as DHFR, thym di ne ki nase,

rrgt al | ot megl&%ﬁ‘_&b&by&mgnaﬂphpt%daﬁe@Bgﬂﬁmb% cfl. im&iaﬁlnlﬁﬁhrﬁ&dll(bkﬁieﬁﬂﬁl ?a@male?,signal
adenosi ne deam nase, ornithine decarbox se, etc. exar , _cel.

Cranst or SRHHEFY 1 YA PRERESUTEIEATH f@f@ﬁéﬁ@?éh@rl?er@és RS %rl%afa'g? a&%ﬂﬁ?‘an ng
all of the transNAESE SuchNprécuéddt repich BEHEaWM inh@hdifOMamkns DEAhakodxatie
(Mx), a corrpetltlve ant agoni st of DHFR. An appropriate host cell when

wi | d- typénlﬁﬂﬁ? is enployed is the Chinese hanster ovary (CHO cell line
defiscient in DHFBngﬁToy%lléau()ﬁ g., ATCC CRL-9096). Alternatively, host cells
(particularly wild-type host€ t hat, contain endo eno PHFR% transfor rred or
co-t r ansf or mePERFRE: BRACTENY Ok FPESAUOR COMPAYTLS & t‘?eﬁgﬁ‘d‘y PARAlap &

protein, vadists.amet Baimphs liecs il enggﬁrxﬂre@rtyﬁuab RSusddlioNy Wey 06 iitd@ntains the early
3' - phosphotransferase (APH) can be selected by cell growth in nmedium

cont ai ni ﬁﬁ’n}ﬁ’%el ection agent for the sel ectabl e marker such as an

am nogl ycosi di) 8dddibh @énle@@mﬁn@zt, kananycin, neorryC| n, or (418. See U.S.

Pat ent No. 4, 965,199. (iv). Pronoter conponent  EXx ion a | onj n
vectors usual EYPEEHRAPH CI0iRE Yriramay ‘FPé.‘fa“} & selegh o fRyme %Seﬁeﬁgamed'?aéléeﬁ'i sm

and i s opepiads¥ledtionkesbsteBeddb @roddits BAUY) @(ﬁfey E@Btah&Etol’hhiﬁlheﬂldé o Gthdr tolkme g er
sequences ar e.known for euka ot es, \/ rtu %m@l | eukar llg Iq%;enes have an
AT-rich PEBCEIP PEYRIHY SBHES AL Birgrysine, ©) sorpgEed AiPua AP FBHCE IS t o

where tr @él&@f ik &L(bpsﬁppl? ctitifal mﬁﬁ@c& nomnmfr@ﬁqme)emwwnd 70 to 80 bases
upstream fromt he st transcri pt .on o ene a I re
where N may anﬁﬁVT‘i’Hﬁ%ﬁ’fé‘osF fegfion Sﬁ&‘m’cet’l‘é‘ 1565 2, ?MFFg zlh%fsaargpé't‘i ﬁpﬁgﬁs&é‘:g’s an
AﬁTAAA sqglua?%&&aﬁlgﬁ&mﬁmheﬁiﬂg raahetérﬁlbg@.ﬁdgehb @odute Tahﬁroféiﬂ yorﬁerhag |drig0
the 3' end of the codin ence

| oer t eRBC AR AR ot e B BN SrHApEL PP oAR: RO S e e the des
transcri pédn®Rid, ﬁ@mphamuleaadmmﬁygfmbman host cells is controll ed for
exanpl e, by pr ers o i ned from rres of .viruses suc S pol.yona
virus, fow pot m?'f’h?‘am lgé’ﬁ%{}tia ﬁéekfcéat‘i’i ér‘f@ma&n ‘fﬁs afﬁ&@?sﬁﬂ‘ag%{ﬁu Iﬂ}o/erra
Virus, avdeafifiasC ofreelldidothPeterttb Qikrog mwanulsqdyambleicramd e, ashBHBR] thyside
VII’US and. Si m an rus. 40 om. heter ous. mammal i.an .pranmot.ers,
e I I T sk SR R B

pr onot er smltpmededdﬂﬂxﬁmm@r ormt ers are conpatible with the host cell
systens. The a SV40 viruy ntly

obt ai ned as aﬁaﬁﬁéﬁm{ée“s‘%ﬂ? r%‘fs ?ng%eﬁﬁélae%ec S en%(%rr?'ff lzﬁ%n(genfﬁ dtg\ﬂf Vlgl’ al
origin otllrepthé aalhsfomanfﬁhm a nokede ah@iuemrthay qEnainsteethafexith Migancompetitive
cyt orregal ow

fragnent °§‘§7§P£ >r<] Iﬁ?epgép? R ?%he?rl;"ﬁ?rér %05 ;essolyﬁ Sttﬁe Bethe
papz2s | onﬁamstemaxasCHO\)'efﬂltlme defmmint BdDIGER activity (d. @ AT €RL—9NB6) 4 419, 446. A
modi fi cation %lteltngélvsel yhsotste rc%lis (p%lglcﬁlarl}p evglld-type 'hosts Egﬁltt all\rp ‘endogenous DHER)
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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4,601,978. See also Reyes et al., Nature 297:598-601 (1982) on expression
of human b-interferon cDNA in nouse cells under the control of a thym dine
ki nase prworb@voisz7om her pes sinplex virus. Alternativel pcTiuseooRops268ar coma
Virus long term nal repeat can be used as the pronoter. (v) Enhancer

el ement conponent Transcription of DNA encoding the anti body pol ypepti de of

this i nvephhias: fitbh ehak pelykaryed 8s 3i shdf iRoliNE kRRSRE. BV Jf HR&S debit@cdire
enhancer sequence into the vector, l\/any enhancer sequences are now known

fron1nanﬁ%ﬁigﬁnﬁ@ﬁ%@“F@k@%@ﬁ”*@F%gpéﬁﬁmsaIbunln a-fetoprotein, and

insulin). Typlpﬁﬁb&dy pIdNPABYR tran@Btid frbmUS&0dNn @RAGMLIEH hbdt CBNlsts RUKAIYDHE
cell virus. anpl es include the Sv40 enhancer on the |ate side of the

replicat |eesfﬁn£8ff iy BFOQErs Phiginod By m thengenemesfegres viGhAs PyPIRY VB ADYIBPX Virus,

enhancer ,adéReirRQbuca MR ARBRAREES), a&lﬂe pillBke v vied sefr&lﬁhar\@lﬂis |c€1ﬁ>§de§d]oﬁfu's§ﬂ n,
and adenovirus enhancers. See al so Yaniv Nat ure 297:17-18 (1982

enhanci ngeEVEHe herstifisp vius pebSimean Girusel0ay§or fremdxe@mg@% mamﬂ*éhwalﬁetéﬁs may
be spliced. ihd Liih PRoMRG B an 3tnn@Anddstulih PRI@ter HFors hedtBhdcR ?rcﬁﬁﬁtérb Qfided such

pol ypepti e- encodi ng sequence, but is preferably located at a site 5 from
t he pronﬁ%%?ﬁmfW@fOWW%HEEWﬂﬂ¥?%ﬁt%%ﬁﬁ$ﬁ%t|on conponent Expression vectors

used in eukary@biGriead 156! pkeindtésh lof iP5 080 hfudbROconPdHichtl chRMHIENEH SV40
necessary for the termnation of transcription and for stabilizing the

ni RA.  Stesictiay fegpay that &lso sepBie yheavht] %im! origingeh eplisateon. o hbe 1 &7 ¥R | y

3", untr 3RshoMdred @Bl Sytohe SUBHYR tbiveMEntil dbtdinddMAs HhdIE BNASrictibagR8ment.
regions contain nucleotide segments transcribed as polyadenylated fragnents

in the urtPaKE of stPrsig B & memealizeniesis Heing ithgboyHe AP IpRPa YirusHie? YRSEF i3

transcri pfiscREedtif UN. Paiehto. AANPANE N mo8ifitiRn BOW K steth @\eScrived DS, Patent No.
polyadenylatlon region. See W94/ 11026 and t he expression vector discl osed

t her ei n. 40198 seteedleq Beveadael MNeAEt 7 1andradh (6?82%% £XREassion obhpmaPanterfgen
cel bs forp&iAOR H&LsO ee@xﬁa&&ﬁé BéhtloD6r Pl dinel Bas GEnfdict HOBT BlrprsisBEYISIIGus.
hi gher eukaryote cells described herein, including vertebrate host cells.
Pr opagat iAdisrighivelie fhedisua Sucemr Vius loes friminad repeat safee used #s0healomaler become a

routine proceQwrgdmg&gggh@@Cg%(g§%ful manmal i an host cell |ines are nonkey
ki dney CVI |ine transforned SV40 %% tll7 ATCC CRL 1651); human, enbryonic
&n

ki dney |ine (%@Sﬁfpuggsofc@w\s e%ce%*egd R9y grabiRepidenots fhis, #ertion by higher,

G aham e‘teuladryotejs is @8Bn Whdi@ked BPim&ifgl & édbancer RBR¥EnEANES 86 Vebioh O arCdnhsnctBHK,
ATCC CCL 10); Chinese hanster ovary cells/- DHFR (CHO, Ul aub et al, Proc.

Nat PO Ac AeHuesses agspow knawn drop yemyplian grigs 62t dastase etlpusnip, Todetonveteife nd
Bi ol . RepfQfin). 23y 248y, 21§Jwe(véi9%99 whll u@ﬂkéaﬁaifdeﬁi R Q%leéyoﬁg\élen RHEC Edmddy ;

African green nmonkey” ki dney cells (VERO 76, ATCC CRL human cervi ca
car ci nonmancdusie the SM46|ephanagr e tiedpte sifle ofthpTepkicalipryprégin el 1|0Q 2( cytpnesaloginys
34); buf feﬁ&lg,o fd?ﬁotér' éﬁﬁﬁnc&eltfé pb1BGha %ﬁhan&-fqﬁ @BLlatJ:%ge) of MHeMRPlidaHAY ofigh! 8nd

(W38, AT ); human liveéer ce 8065) ; nouse manmary

tunor ( Wﬂer@m%zhanmr@cs@@bs ﬁjamvmturé@r?f/ 47 (I&/élt9ﬁ%>r0n@haa'|°mg elgppais for K“F“’a%@‘ad
(Sﬂe 25 ?ég?’:o‘ﬂé‘ul@%/o(lé S8Aoters. Mife entafdel fhay bS4pifell o tRNEcRr RUNBSIRBPALP BB, lhd1e
p

‘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 WO094/11026 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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Host cells are transfornmed wth the above-described expression or cloning
vectors for antibody production and cultured in conventional nutrient nedia
nodi fi ed we 2agpregmi at e for inducing pronoters, sel ecti rgTiusanshoTed@Nt s, or
anplifying the genes encoding the desired sequences. (viii) Culturing the
host cells The host cells used to produce an antibody of this invention may

be cul t upaglid @ssBe Mlﬂﬁlhﬁﬁlys &Eorﬁ@adioﬂtme@&é"&ir@|Iﬁhfnﬁleﬁéfﬁlsbf@hhﬁnﬂ@lﬁﬁnaloauem111&:3
Ham s FlI O (Si ma%‘é ni mal Essential Medi u (71l\]§!\/{: %% RPM - 1640,

(Si gma), arg rpnRgH ey b1 Kb rastogmesh by eV 40 (& t %I\é% ;Jpgpn gprryonic
sui t abl eyifipey 164 |(i93rdr Q93 @éi'l@ sﬁlﬁﬁﬁwc@ﬁ)k bwitl i s ﬂlsﬁanﬂltm@rGraﬁ)im ke, ]I'&Iizbza/zrol
described in Ham Meth. Enz. 58: 44 '1(7C %:)L Bar es et al

Bi oc hem@@5%5§7z)198’©§?y haypster kisdpey cpilss(BHK. 75 W)e§ ln%%é‘amﬁt%?‘?arﬁé‘ﬁw -

4, 580, 65§H1:ﬁr(c51012j¥1a6t69mz V\@fo%ON&}Bél@Qd SWOUBA 170Q2 85¢1980)) Um&lseBatcmrueuRerM4

30 985 may be used ture nedia for the host cells. ¥ me%& nmedi a
may be sﬁéﬁl%rﬁé?{t 86”8% %e%‘éé’éér(wg\mﬁhm?fwmgy sl GV 1ot e (8% h X 3@ or s
(sgch as lewylgmey ﬁdn@pﬁélf‘s ((WERO-T9 AQ‘@U@E@%S?WI%M@[J] cfa@%ﬁﬁa}omo‘ir@ deBs (IBRICA) as
sodi um chl oride, "calclu nesi u ospha uf f er

HEPES), AFEC&S %gww&%eégahm C&fgc%ﬁ n?‘bffaifel)at Ireen £5115; (’éﬁjéé\ giﬁé’h as
GENTAMY CLi a2 At #hh, luﬂ%'c%ﬁﬁ(\ﬁiﬁnﬁmt@ d@i@’fﬂ)%&ﬁﬁvéﬁt@ngmﬂ) G% Hmﬂﬂdﬁwuse
usual ly present” at final concentrations in_the mcronol ar

gl ubose BemHEYEHTOY QYR 069363 o (e D): ARY C%‘lSMaﬂﬁééeglsaﬁ’Wag%g% “Eﬂgrﬁ% may
al so be bgrhagiedodt)), MARE 9BLisAbR: CRNGRIY hidhidnMBsardhalineplbp d2joe known to those
skilled inthe art. The culture condi tigns, such as tenperature, EH and

the like, areHergels 3t B lotrasd Vit ahgve AeserediraRipssiog|of CIQ%IP%ETCEHS
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pr ot ease ajelitddle f6F cu&uﬁrrg tﬁé h(BN&'ﬁEYBM abeumn ahyefatk nediadsscritfed tirhidarh er & gbfethg
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W th af £ R oG RSt AE e ardred Harialet af Mot e
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ot body Vg SrsefthtnshDaHE e fRemedhs oy T phatmb S B bRE £ eﬁsda%“é%?mdes
hungn g Isuch §hdefdking dnd@@iiine})) ailtﬂﬁot(ck(sﬂdfm IGEI\QIAMYCINFM drugntreoé elebtih.
62: 1-13 8%% Protein Gis ommended f.or muse i sot S _a 3
uman g3 (ERHRL o R A ORTr G Sens et R BB

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
_ deburis, 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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affinity ligand is attached is nost often agarose, but other matrices are
avai |l abl e. Mechanically stable matrices such as controlled pore glass or

pol y( st yrwoedeswiisgr) benzene all ow for faster flow ratespamissisnLmsee
processing times than can be achieved with agarose. Wiere the antibody
conprises a CH3 donmein, the Bakerbond ABX(tmresin (J. T. Baker,

Phi | | i psimayde mdlh)iedmau;seifthd: fokegoingstepd to G bitoprote @y fieandtagdhiotiog uesg bé oclugedxbei n
purifica .on.an i on- exchange col um, et hanol
precipit keﬁg%%%é%\gtﬁgg&gﬁﬁa%&éﬂgﬁ % Fomat ography on silica, chromatography
on heparin SEFIHAR@':BE(dwn@on@hmmpmgmaqbif;ommeacellamamrbeopunfﬁﬂmsmg,efm haaggle,
resin (suc art i 45 romat Si SDS- PAGE,, and
ammoni umtﬁgé}f)gyz?p atlt%r ecl p ?gﬁplh aregecgr horegl\)?al élts)lf'e Hgﬁ' Q‘%S‘ﬁ“’?ﬁ%hyan“f Mhody
to e reafingy ehtorrﬁtogﬂaplwl b‘eglgahfyprpfeﬁ“bd parifationpeshhifyiie afhecsnltaiaﬁlﬂp()ﬁprptehlh@ as an

1 Xt th b ad: t t .and t am t . b .
sub] ect ed B Bt RePe POn S figaegor 3t BRPaiaRb P S AP S PG 2t & i on
buf f er attheaanﬁbd)dbermmA&bmbﬁ us2d fo pluriby anpibefi@riado e Hasidfonmimen at, y{zowys SHebvy

ant i boai cbsr etk asalrf Pfigeh orelh 2Tl RN, Pt s lomBrmdta o Al mouse

physi cal Aohpsd @xﬂl foP heRal {3 ESusdRfali KMBQI X 3l15611B838 (B86)) bYThéahdu@t o FERRYIR
known in éht ? ...The purified i munogl obulins can be further characterized
guty

by ¥ serf® g%{@é%%clieﬁd% et Qfen ftﬁ?ﬂf"s"m‘%‘t qthermagipes §° axiladle Viehenisdly bl ng,

am no ac |n€ittrﬂ:@§-§u)éﬁ Ia$ conftOMediRRALHSs| df Pol§ i sB/enBXiGiniSheR B la by Bresssdd TR w! by bl
chromat o HPLC), mass spectronetry, ion exchan%1 chr omat ogr aphy_and
G

papai n di ’EP?S’%BSSIP% tipet fhap s kb avsyed é‘hégaf?sﬁe Vhere fite atbodypfemprises 2’ Cp3

i munogl abuhinGe Baedbtne hBIeMesh AI'E BRa! PEBRsHues, NIN&idsefi Rk patiffatiordChihd Y.
I n sonme en‘godl ments, the i "B‘Ifmuno gl obulins of the present invention are
tested f&EIPAES rioh DGIER nPUSHIRHIOR gSUaR 135y Facionating Oéi‘nf“i‘ JEMCASHFUE rfgluads fflanelh ot

Sr e1sk NoWprecipithtioa, &Ie'fver@@b dphgém Hye.q) Sﬁﬂorﬁzﬂég@hﬁh%fl aﬁl del, VUhEd?Mh grdphyi &I?tuepe&many
irect or ve bindi assays using techniques such as western
bl ot s, §E?@3§§?§h %1‘59&7%?0@ a(ne%wrfg crqmcEgh %nﬁ%f?é’é‘ci?‘tférﬂs agolygspprtic acid

" sandwi cholumﬁmmm&ﬁwasmg nsmmmasﬁg: lafd tafkrioBmA SEAYS prebibitftiod SEERlso available
i mmunoass . andh {.m;in A i mmunoassays. An illustrative antigen binding
assay is E&B@‘F@%‘N Y 19 PP REO¥Ihpl es section. I n one enbodi nent, the
present i nveankmwm:giminifﬁﬁnaﬁﬂﬁpL&[ﬁoaﬂldn&Edp(i) alﬁktrhﬁiaﬁeycdn’fpﬁkmgﬂﬁiﬂtﬂﬁﬁﬁ oSOMe but

not _al | effe functi ons |red candi date for

appl’i cat {6HE F‘?f{‘iﬂﬁ‘iaﬁlﬁlaf‘ﬁé“aﬁgij fuweicfega Jéf)wtp%leh %‘&IW‘?‘WUW °‘P3§°%T?Pﬁ‘é5 Pf‘g%t
yet cert an elutdnf tatfeodt aprﬂﬁtWe@ﬁl sbdus U644 5apre2EABP (RfbfiedandwARCEIncadtRtions (e.g.,
unnecess& é‘ %rm 8%8 In certain enbodi nents, the Fc activities of
the prod eede? n%)l? I|n are neasured to ensurethat only the desired
properti dsamwdssams ntained. In vitro and/or in vivo cytotoxicity assays can
be conduct ed co. reduction/ de tion.of .and/.or,, ADCC

oot ot o paPe SRR ards B Ao REBS e SebDSY BE H nduct ed
t 0 BNSUr erobhrtits dnh dicdnidabfodytiohdlesk earibagissahs kbiwadn (Heernice |1 kel y | acki ng ADCC

activity), but retains FcRn binding ability.
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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The primary cells for nediating ADCC, NK cells, express Fcg RH only,
wher eas nonocytes express Fcg RI, Fcg RIl and Fcg RIII. FcR expression on
hemat opoiwoi20060mb5373 1S summari zed in Tabl e 3 on page 46#cofusRasprmke and
Ki net, Annu. Rev. Inmunol 9:457-92 (1991). An exanple of an in vitro assay
to assess ADCC activity of a nolecule of interest is described in US Patent
No. 5,h500|, 362 106nentbddimddt/ the pesdntinveftios comémslatd 4 altered sitibbdyhsgypssessac| ude
peri pheral bl ood onuc) ear cel BMC), an tural Killer. (NK).cells.
AUt eF nat SYBT g S0 AT D AP WAl ) it o st OB i b
gay be aﬂ&&iliﬁ@lﬂ% dffhevintiBody @ Gva is imipdtadtfetBrtaiReRttoFudioasS(sidiat cahgehased in
ynes et PNAS (USA) 95:652-656 (1998). Cl g bindi assays | so be
carried Sﬂ‘f Apgcglgrﬁflé’?eﬁ? Hapr ‘?el?Féer’zQHT'i GW“% emhpdHpnEs- &‘B%gﬁ“r]i‘dlt’é/ &ftg‘%‘oﬁ‘@ﬁ‘ge
ljac kss bCDGnd AGHdYIblNn ara_ﬁleasﬁfeﬁ%erﬁﬁk@]ﬂ{h aeaiﬁgntheaiegﬂelugidpaﬂes agefﬁaﬁta&ﬁ&am vitlo §. as
escribed in Gazzano-Santoro et ah, J. Il mmungl. Mthods 202:16 96), may
be perfo er.mﬁwﬁeﬁytsﬁomﬁwsaomaaqWWP%teéﬂ%%ﬂnﬁﬁe H*Fﬁ%ﬁfufthn(f%@e%t%ﬁﬁ?]ﬁaﬁoans
can al so Ar@aiilBiesreHorbshifigle, PR rdteptsr (FORVWIndif 4skes's 8dnlbe cBadiictell Fasgurel @6t thbed
in the Exanpl es section. Humani zed Antibodies The gr esent_invention

enconpas $eoAY el EdR biading psasedielneaking D Ge fHiyHY: P retHphER R AP e 5 hunman
anti bodi §§e ﬁi"ilﬁa& RAWTor rﬁecﬁzﬁlﬁ% Ancc, KR cefX %Qﬂlsﬁ FcARIMUITB ba&dasaRidobRtYexpRE have

one or nore am no acid residues introduced into it froma source which is
nonithumakcYRIhBedkThand HeuRBh FaRienprestiondnhemptaprigicaelts ipsunuparized arfablg 310 as

"i nport" ' i ' N AR o L@l e
dona . Bt 9E Rl BRER ARNPRER bl EE A7 A BT ApsTRAIL of M3 L8R 0G o
W nt er anshayty-ansskdPSCadibiie of emolsrul¢ digElesNadeseébed MUS Pateg 2. SAGERmINN et
al . ( 198§§8ZNE§71' r[?seél%gffe%%:’?'cgﬂgﬁér psy@hr £93§¥ @léﬁé %é?%phergl%?&ﬁ)moﬁgﬁlﬁfé%ecetﬁ%%BMC)

1534- 153 y substituting hypervarrable r glon sequences for
cor r esponui NefjusbKillen@do colfs. dlistnaarelant sddsippallyAdBECdichgiyof theyedieculppbani zed"

ant {oodi %Tr@srt ﬁia& BL MRES& A5 RA1LS adibaiSnoRRLERhs hY-distto&hGn R A2s MEPRIAR
substantially I

ess than an Intact human var i ab e domai n has ‘been )
subst i t ul BB BReESCIPPBs pdnbindige swaisarryelshbe aarEehem Iipramm Bigile enibogyrs
practi cey,iBmia’d 3Rt hdedia88 @Cadiviy.CAd As¥esb&8¥@1len§éﬂ¥ AROgHRS EPcWLgh sone
hypervari abl e regi on residues and possibly. sone FR residues are substituted
by resi dagsastdessiberhial Ggens Sarteres! ¢ln Jrigaunel. Matpicadrds3 (19%Q. maobarerigrmeduman
vari abl e peRiBihfife aR0h Bivb cRRn@ NI HEAWYermm@idiR cHSED tePeffBikled Usibd Relibdiani zed
antibodies is very inportant to reduce antigenicity. According to the
so- ¥al | elnovgemitherdry, e.grfhesy depribedyia thedimapmles sesfior-he vari abl e donain of a
rodent anpglRRdy Asirsgteened against the entire |ibraryof known human
vari abl e-domal n sequences. The human sequence which i s closest to that of
the rodent i s Thagisscatiaptianensampareeshumarizadateadin k Vrets rBoRyRRB@Ene
ant i body pbehi¥BarintiBddies Gred@8wn th thd FATURR exardpdel 2 228&izcTRAAEMR cALhadd one(ck987) J.

Mol . Biol. 196:901. Another nmethod uses a particular framework derived from
the cons@8RERNBRAidIFEiduesintipdrced dial ffem a 1Bkr akichfs nenhumen. dhesgmoriB¥itbup of

i gfyt or JReRYidGERIUBSare $A6 SRAE blad "Eﬂif@l‘t'kreﬁﬁﬁés,bﬂliélﬁﬁgtyﬁéﬁlly&%rf@m i fferent
humani zed, anti bodies (Carter et al. (1992) Proc. Natl. Acad. ScL USA,

89: 4285; "IPHeEt ¥eriaple gpmaip Yymgnizatiop pap sspsentiatly porggrmed following the method of
Winter and co-workers (Jones et 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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It is further inportant that antibodies be humani zed with retention of high
affinity for the antigen and other favorabl e biol ogical properties. To

achi eve two=oguaki7iaccordi ng to one net hod, humani zed amtirhsdiss2rmee
prepared by a process of analysis of the parental sequences and vari ous
conceptual humani zed products using three-di nensional nodels of the

par ent al ARy RN 2851 S ESHER S@Bencds ITAE hethiTERGicasAN hitUIReS! ©ibiak bitherndel s
are comonly available and are famliar to those skilled.in tageq)%h{
T e

Conput erropets irthapscenpied 3 e hamandrarrvork fof fhg dpmanized aatpody §ms ¢

t hr eedi NENSION24 12007 HHRRL koNR198S] ). Wl Wis1S198{903 e hecrh@ tnegimaddisddatparticular

i mmunogl obul i n sequences. | nspection of these displ _ag/s aﬁ)é;tm' hg ugnahgslj s of
the |i keffgmevespledesived fiem thecopsgaws sequense of YHwpiap AptRgdis of 4 RarqeRRE Qa8 ©

i mynog| ﬁ’;%?k'bf R aPPHRE CBhe shm€ framb WAk AR bY 8ed f&fse e difeast hlahizedidibediee t he
ability of the candi date i mmnaogl obulin to bind it? an |ng? Ig fﬁ'&% %/vay,
FR resi déaseceanl 0899dirae Vel Amd coMnEat28p dritta @ é]cglgéﬂ e 41Ky, 3
sequences SO {hat hdd SnseehtRA aRiHolliROEVhuelARHAEH B fefdntién ofHughhfiastyifiaheased
affinity for the target antigen(s), is achieved. In general, the

hyper var ftispreandetfien faveralp biglogicalRsorgrtice.c T 3ehigye thirpzoal: Agsaing e P2a PSP9%v ol ved
in i nfl URRGREd AibbBE urdpietdithy ARbdebad Yndfpdid FeSpatditaDitGueABROGd varidae

i nvention provides antibody fragnent conpri Si n? nodi fications in the

i ntler f aceonetrtyak hyernizsd proferssusing Mps-dimepsignabmpdels f dhepareniz addiumapiy

modi fi catd,0fSes aideidiAdnSioRd hRinRIMIRY Roded £¢ didi@ily Fallitiland Bhefailiar to

nmodi fications _conprise introduction of a %roti,lv%S ance into a fi raﬁt@ Erc

pol ypept thaee skifigd i theydrf- t (orInyEcE PLoSE 3 Vkeblsoy! B‘Eﬁ“ﬂ@,aﬂ &) pfofaRle three-

pr ot uber gneRsibi fRThhAakBctns bhBlefiy tdnllids® idGuidglplaRtEncaMpspacting  of
the first and second Fc pol ypefptl des. Met dis.of | engéat.lglg aﬁf bo les with
t hese motfi these displayisperpiss deplgtinot the sl rglecof thg repidues,in the fungiiopiig of the ggneidatp -
NO. 155, 73nnk@BglobflinsefRn&DAdheBAlySis ofyabilk:s Act TilsaQe tRabilitod itfei camtidann (s) of
the anti bodi es described herein are con engl at ed. Fﬁr e%q%gpl e,. iqtf may be
desi r abl BEnpgoelepilgfa bind dfs prtiggs-ntg i fV%iF{‘Ve SheP 60 B SREFedng coghipg) from the
properti g3ipRh 4nAempdH {h@iYes sOia@e a&sired SRGUSheraviafistia sush @findrégedaattinityody

are prepared by introduci ng apptopria ucl eot j de changes into the

ant i body foidhetapet a%‘i‘;gea(,s)’bsracg‘ﬁ"%e ‘?ﬂératgﬁg‘ﬁ%%?’@a{ﬂgﬁ%gﬁoﬁ%ﬁlﬁf %rgfhlr%cﬁﬁlg el ude,
for exanpbg susheh@iliyanwolfed dinfladdding tntigs Bintlingns i nt o and/ or substitutions
of, residues within the am no acid sequences of the antibody. Any

comi nat 4 ion, insertion, and substitution is nmade to arrive at
the final congénd@pectihevive@ibntphaidet heibbiytdgneansinprising modifies®esinttive

he. Subj GUHGFsRYPEAS Te G UG ERES =t MBI T A LB 1 oe.
A usef ul preatofatckimériaiinl fihesmiodifications esyisa imesidioe sf oproubgimsn o fitshe
LNy R S TR S i R P e
244351081 thkQ@Mty sblas @, prémdiesinihlexingfof gieditf and secandféetpolypeptidoe Meth@isioflent i f i ed
(o0 LA LSS e R Bl ol By P
pol yal anke),14% affect the interaction of the
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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amno acids wth antigen. Those am no acid | ocations denonstrating
functional sensitivity to the substitutions then are refined by introducing
further owoabdwarsirari ants at, or for, the sites of substrruScas27bbas,
while the site for introducing an am no acid sequence variation is
predeterm ned, the nature of the nutation per se need not be predeterm ned.
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Alternatlve Y, nat ur a yoccurr|ng re S M > |nt0_gr0ups
based on changemdenoiniated iedemppropbstititons” if Thbley.dr epfiohéraieschibed telowi inecfervede,

Ala, Vval 1o !ﬂ%ﬂo aéiél aéssés?)na%é’ﬁ&@&uc@’ Q{dQPJBrl)du%ts sc%éled.ser , Thr, Asn, Gn;

—~D:
)-,

25 TABLE 2

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; Ile Val

Arg (R) Lys; Gln; Asn Lys

Asn (N) Gln; His; Asp, Lys; Arg Gln

Asp (D) Glu; Asn Glu

Cys (C) Ser; Ala Ser

Gln (Q) Asn; Glu Asn

Glu (E) Asp; Gln Asp

Gly (G) Ala Ala

His (H) Asn; Gln; Lys; Arg Arg
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(3) acidic: Asp, Gu; (4) basic: H's, Lys, Arg; (5) residues that influence
chain orientation: Gy, Pro; (6) aromatic: Trp, Tyr, Phe. Non-conservative
subst i t utwonsoediki7zient ai | exchangi ng a nenber of one of pChhaseosloasses for
anot her class. Such substituted residues also may be introduced into the
conservative substitutionsites or, nore preferably, into the renaining

(non- conseromgil,) ]St tes. One tjype of sggéiﬁlblgpytl onal vari anpréferred ves
substitutiimgsigie or nore hypervari aBuBstiteGd@N r esi dues Shbstitgpent anti body
(e.g. a hymgiQhzed or human gnybedes; AaneralrTy, theiggsurting variant(s)
sel ected flor further devel of rmgtN(me{lémehave i nproved |bi ol ogi cal properties

relative (@ g parent anti DQ@yY iGN They are[ggnerated. A copveni ent
way for generating such substMgtuMaqqgl variants invglves affinity
mat ur at i or Ly;ggg prage drsptigy; (?1 Yy, severat hyperyariabie regipn sites
(e.g. 6-7 are mutated 16 qenerate all possiblle am no acid

substitutiioms (M) each site. It&e Hmilldodi es thus gengfated are displ pyed
fromfil anentous nh:\nn n:\rflr\lnc as fusions—to-the -dgene—in-product—pf ML3

Tt ooro —oootrot

packaged WPPR{T each partl cl |l WébeeAEﬁ giﬁ‘l ayed Vd#Tants are theh
screened fg, @el —bi ot ogi Cgigctivity (e- g bimding g Finity) as tgrein
disclosed.| In order to identlify candi date hypervari able reqgion siteps for
nodi fi cat i|8a; (Sal ani ne scanni|figer nut agenesi s can be pefMhormed to identify

hypervar|th|n rani oh rnc:du\_c cant ri h||+| nn clnnlflnfnflu to anflggn

bi ndi ng. ATt vel y, or dddSebnal | y, | it may be “Befieficial to anpl yze a
crystal sUFHERHy € of the aniiggmpyanti body conplex tgqgdentity contagt
poi nts betlweenh the antibody |land antigen. Such contadt "residues and
nei ghbor i ngyr @i dues are cardirpl;ePche;sTHr;cﬁersubsti tuti onPaecording to the
t echni queg=£ elahorated—heret—anree—sueh v'ari ant-s—ar¢—generatet—the| panel

of variants “swsubj ected to rﬁffnrﬁéu descri bed hef®in and anti bpdi es

W th super-e+—prepertites—h oHE P +elevant—asdays ray—be—seletted for

further devel opnent. Nucleic acid rml ecul es encodi ng am no acid sequence

variants of the, ant.i.bo are pre . by a vari of t hods k in the
ot Mhese. meoHBRRH R RatoT T FB PSR T IR Tt e baly 4F FSRmPPOR

nat ur al seledtiag subistitatidie thaasﬂem‘ignilf&ﬁaum;alh |t}yaumff@btrdhlmi@1tﬁﬂing &) areisducmq veihe e

vari ant s) atlon b onucl eot i rect.ed)
it agenesrEPerBeEPR g BT e oL MG EEh, B rFRls e by R si bR Se

pr epar ed (Wahd cihaltge or h;almphobm&@rdfam:tmolmum aDthe cnefrgdt lsnﬁa am:) tbe)dglk of the srdeyclfam

desi rabl%%l acids, may. gro edaccr1 ?051 1 91 smt T ertleso ﬁ'lelr echam mFCLregI on
of the i MY g‘i 6“‘1 ﬁ poPypEptTdes’ B Th |nve1?1f"? y“geRerating a
Fc regi oleldtiges rid Bﬁ&'ﬂfmﬁq seegidod., paridaidt mePclﬂmhafrs,%waﬁ_(dmmmS)Ec _re_gl on
sequence u g C conprising an
am no aC|(g B &P |caat ,RVa(lg%Leu&Sﬁ% @i%(?%%g@hg%gbgr%%@%% am no acid
posi t i ong2)iuncargdil polat: Bt (Df Sea ($)i Tige Tk F'st €N)ikyr (V) Aar O Gar@ with this
desgorl pt kgr;wﬁpchgph&)’t&%?B)l ngs of the art, it is contenplated that in

(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
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sone enbodi nents, an anti body used in nethods of the invention may conprise
one or nore alterations as conpared to the wild type counterpart anti body,
e.g. in twebw/megion. These anti bodi es woul d nonet hel epsTESR@I5027626
substantially the same characteristics required for therapeutic utility as
conpared to their wild type counterpart. For exanple, it is thought that
certain aitQSe)r,amr@plsfemw bleatﬂracbmainmg(lnm—ams&e@i) siest hat woul d result in

aLered (1. coBUeF obTRRNEtsfln ShLOL RSN sEhh i BsSRSas wSRP! 7o
Duncan &raArdueseaf amartemaetlw (dB8- mma(ui&ﬂﬂ)mmhjﬁaxﬁab@mt Gdierally, tﬁé&stﬂﬁ@g us

Pat ent [ 293 ncernin her. exanpl e regi on
vari ant ’s\ka b %églgﬁlgdlufoé n%ervﬁn%é}?pr%e EWIQWV%H?BOVﬁgP’tOLﬂgW@l REQpefs nPﬁsrffﬁ?f’é'SFﬁ ‘gﬁjat gs,
or anti beayatdnalypdg @npugtadﬁhe}(aw@neracednmdoﬁwﬂgnammﬁ gebadtynngaélj s@at@tbnblo a

cyt ot oxi a not her en romh |
i nhi bit o&@l%gggltriﬁomg inf 18‘1?&’ t(lrag&n usuéﬁ'P %}f"f’iﬁy S%V(‘?faﬁ g&efvé‘? © fgpion sites
bact er i ake.g.forihgad) arephaatd to@enaate Athpossibiegimino a01d sﬁbsﬁgﬁeﬁaﬁ eidien€ofpe, or a

radi oact | adj The u anti bod dra
conj ugat (%Ps{,t %fo hl%é){hﬁ?gelnérgtaeﬁ a5 & SPfa% dﬁ%‘i’ P%‘?'?’%P‘b%ﬁhéged?m fﬁgB% gepgtothredsas g
dr ags t opkodidt oM 13 plikbget! muhnmaclcmmae I']fhetph@etcﬁ@&yéﬂ%ﬂhalﬂi a1 &g SredndY ferOS

e G R  ER R y LTE

t heoreti bmet\ymdﬂet Egon it detradiftetiony elamnmcamﬂmg Idma@nmm @h Ye p@fdredios, and

intracel ?Hﬁ!{l! ion therein ere mc a nistr |on of these
uncon;j ugat egsl(lﬁég ag elg%e i reSlérlalgsscu Flb\{l\gn BF%“%egb@fhélgo t‘t"‘B%}VE{YtV to
nor mal cedditgnaldy, wteﬂldy babextehelalttu amlyzeelcbstasnmgﬂnte df cheha@tigehianiitualy ecmplBatodwi n et

al ., (19 . 15 . - 603-0 Thar 198 i body
Carriers tltt\?t ot oﬁ(ﬁgts B\étb@{n th cer P pih © tﬁg{ﬁs g%ielﬁ@%‘% onal
Antisbodi esidu@4re Bhditlaesi foladubsﬂémdloﬁ:lacqordz@ to ﬂ;epédhﬁaﬁes@mborated h&leinc loeeaswet al .

(ed.s), | ffl £ac ought

t her eby. " Ianﬁzgcﬁg ‘;‘)eg%t%dng@ ém%t% bo eglsasﬁb Crtreon8écfr86r?5’lg aﬁﬂ?sc%tbe(ﬁlt%‘? “nagae been

r eport edaIE@O@l@e\fHGh superior ppertistin aneegn age (dRowhtandysahayetle. sele¢tddR6 JurBancer

| munol .dgvgf(gglq%her. , 21:183- 87). Drags used in these nethods include
daunonycin, doxorubicin, nethotrexate, and vindesine (Row and et al.,
(1986) supr a) Nudgg peid malcewles encaling dﬂdnwacﬂcbscqwnca)vajriagabme amibbdydeze baptret | al
toxpns speh,as p X as ricin . snall. nol ecul e
t 0Xi NS s!l’}ghv astﬁfﬁ%giﬁgglh@rvhq%%ﬁl&l Jg%% fn%% asqﬁ%‘ﬂ%cb Y & PO O Ao e

| nst. 92{rampnameEBsopsg in thgkmast efmatgrally IOCC(uﬁﬁ@@)mIB] aomirsg@,mn@ aribdes) .or Bleparation
Letters 1102 R1b048m ( %) 3:786- 791),
mayt Snei P (EP 139‘31‘1%{%%PI E%lbeedérte%ﬁ’)‘g‘g %ﬁg%p@?%&g%ag ' g ek T30 2
93: 8618- 8612@}1681e¢fdn@aﬂlﬁluhem¢ddmﬁn( prodenefrigit v¢riion 8f) thCamibedy . Res 58: 2928;

H nman et al §1998) a&anaer. fxln their
cytotoxi ¢ and cy ?ostatl & oY eers %}y%ﬁglcﬁfﬁﬁézﬁ%%%@ﬁc&l%ngs"?albnﬁ%/rleﬁm%lf\tél ng,
DNAS bi ndliffH’QmOGiP @n’@lmmé%@f éhelmﬁ‘wmrt, th@wby mtmg/aﬁczmgnon vahaags:ﬂteéhdegiml be

i nact i Veva?i’é 2SS ombhd \éE[Lu tein

recept or f; rﬁ)dg 0 g VAL N ? &gﬁh lgégl uxe Q@%ﬁ%ﬁ@ |§ an

ant i bOdy’;eglﬁ%i C@m@@ﬂ%@ z@l@m @pghm@dlflcatmn (e.g.a substltutlon) at one or more amino a01d
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) Clq 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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conposed of a nurine Igd kappa nonocl onal antibody directed agai nst the
CD20 antigen found on the surface of normal and malignant B | ynphocytes and
1111 n or WOYoseadssyisot ope bound by a thiourea |inker-chelkcatuseolsdimesran et

al (2000) Eur. Jour. Nucl. Med. 27(7):766-77; Wseman et al (2002) Bl ood
99(12):4336-42; Wtzig et al (2002) J . din. Oncol. 20(10):2453-63; Wtzig
et al (200Znodonjfdatel. Oncol . 20(15):3262-69). Although ZEVALI N has activity
agai nst B-cell non-Hodgkin's L nphoma ( NHL) , Q&ﬁ{ration results in
severe and pr ok ?)W&"é’&%%ﬁ%&fétﬁiné IPFPURRROPIUSAES, 8‘iﬁ“§‘ QY ESIRREEHR ( m uzumab

ozogam ¢ b&npr}é\XﬁgtaH atREYBAERIShEE &) SytordXit ABhtsBAY adhaotERitetgaioentCoapgsed of

a hu CD33 anti | i nked to calicheam_cin, was approved in 2000 for the
t r eat meng&royth la&@tt@y AgFI- BileKIn @ s SRERZYBPUGAHlY active &priry ftﬁrbafjgﬂa&f ungAk Plegt o e

(20Q0) 2%{idhi ,, ol cPRAE Merd¥BSor AARKLRR 1sQOeIRS 3 radiodoafifte). 5606040;
5693762; 5739116; 5767285; 5773001 Cant uzumab nertansi ne

(1 mmunogen, | n&hg use ghansifpdshiiug caruggiet forhadesekdelivm BEDEPIRHC Priatonadssnts,
anti body; ¢ 'dﬂﬁ_@% IMH 8r ﬁdﬁ%n dinsod k1is@ethk Bk RENt P Pank & (Sﬂfgommﬁétmllgbﬂr ug

nmoi ety, DM, 1s advancing into Phase Il trjals fao he treat nment gmgfancers

that expPeiemnesRagarch &%ﬁg%él%grca}?scudalhvce% é%dt%mgﬁééW ¢dv-2agDgh Rey

M.N- 2704 143Vt 4. 9ReAUD75D28) MheordBédiyBilow @l Rfd dLINRHNI @R dGoitty teundR, kddody
drug conj ugate conposed of the anti-prostate specific nenbrane antigen

(PSOR) nigedlBlntccanlptradyerein st Yot dmEyan H o Ycoyusniostye 2BRF, i s
under deygl %Qﬂi?ﬁ‘ltunﬁ&éptﬁﬂ?@lep&g &ri&)héi{ tb h&@a &Nk a@xf/elpdfsQﬁétaﬁn@r delmlbﬁlght td hee
auristatin peptid auristatin QQ/I and nonanet h aurl é Lgﬁé)l\/%m
synthet i & Halr‘?étF‘é)@?saldd‘fmﬁf@ll -4 PEHY lLﬁnCCQ\EB‘ dohy dg2&8° 9% Hﬂ’ﬁf( Hnal

ant i bodi earRBRICHANEEAbdnts Th Cah@MIFerdpyOR l&afeﬁll"ﬁﬁ)m&ycl&ﬁﬁAﬁtbeH@ gspecific to
CD30 on henatol ogi cal. mal i gnan

Dor oni na et 0
Bi ot echn&idegrabapdrlinica A?B&)a“%fﬁdAé) ipeherd gbel: ey &%2&? @dﬁ%’r"@%ﬁéﬁﬁcy with
Chepot hegapgul ibficidGe ughiiB@étyl Both fdhRIABNATiIRIdied Bndinofddbhall AiiBOARE Bijebgat €S
have been descri bed above. Enzymatical l ﬁégé&\éﬁﬂ f} Wmd fra 2{[?
t her eof faRattedassehdl indiese sfraiesieii& ont %ﬂ?ﬂ‘%f PHEPeIECTalt i &
f r agment 870 DredsRREIE iede hOKOR incBree oMy din CddRbAbICHI ﬁé’th&ﬁeﬁhté,&ﬂﬂ) nﬁﬂesme

aer ugi nosa ricin A chain, abrin h d h
A eur! t ogutnd et o BBl wer) o FarieTh Dot R P g A e B HF ot ef ns

(PAPI,  P&Rhlas di mﬂerm&lﬁ)planmmg glicaas ﬁ&ia,rsaian in@ldcild Itcbdlris@ﬁ(;h B lgéldzmamyém otin,
sapaonari a offici s_ i nhj i cin
pheﬁbnycﬂﬂmx@ﬁ B?beﬁﬁﬂo ﬁ% F@g?ﬁﬁ ﬂ%gﬁHiﬁ% Q@m% 5#@§Lclldes are
avai | abl @id anicfxemaﬂ ahdst LQ@rsOIfO 1roaﬂnmomau@ateed1 (ammp Bmadbrﬁﬁgateﬂﬁrmllﬁi%—
i ncl ude , 1311, 1] a tes and
cyt ot oxi % &ég@?ﬁmﬂé‘r"@dﬁ@emg Hfrgi V‘gr pé? él}% ¢ ﬁ)ﬁﬁ%? Sgh 59% Ap é?%&iﬁ’pﬁnﬁ ng
agent s sughhasidih Guwde boul (m9elg')l Caace(r RepyiBi26Yd; Eiirknk )1 (ﬂﬂ%DCﬁncaﬂ lhas(fs%ms
i m not hi y onal derivatjves sters.
i ot hy | S5E i ahibemeatfeet bt BuORE sttt B sl By PEERL R e BUFRRBM at )
al dﬁhydesmﬁﬁlg bNA$irdingt @niédotiehyde) inhibitien. adnttcyensgodingiser(dsa bhinagivbogless
(pazi dobenzo hexanedi ﬂ% I S- zoni u erl atives (such as
bi s- (p- dFﬂ?Bﬁmﬁﬁﬁgﬂﬁ%?€(ﬁm§? FB%SHF&HF%%?”WQ%H ﬁanates (such as tol uene
2, 6- di i socyangE&ALMN@dibbtusmoaeb iivestdnl EiblgbrﬂHeQ Qmimnﬁblﬁy(r&h@bbtq& conjugate
1, 5-difl lélgrgqg)osezd é}f adrhur}:ng Iig(?lelga%)ganrgonocrggl agt)fboggl) dlrecte% agamst t el é%%%é’eﬁ'fé‘un%an be
the surface of normal and malignant B lymphocytes and 11 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
Jeukemia 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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prepared as described in Vitetta et al, Science, 238: 1098 (1987). Carbon-
14-| abel ed 1- i sothiocyanat obenzyl - 3-net hyl di et hyl ene tri am nepent aacetic
aci d ( MX-WwoRA)e/i1s37an exenpl ary chel ati ng agent for conj egatuseevsobk7626

radi onucl eotide to the anti body. See W94/ 1 1026. Conjugates of an anti body
and one or nore small nol ecul e toxins, such as a calicheam cin,

nmayt ansi mei)ds anBbddyl @EIRREAE Compsdl LGB 24D4abodyaindeT iy ik idikagidofinkehese
toxi ns that have toxin activi 1%/, are al so contenplated herein. Myt gnsi ne
and rmayt SREINEE BeytrRsneikirasmeiainBM L 1saAvageipg Bekiaps 1 irfaly ferige Feaspert Phgnent s)
of the i R¥RBLIANepSess O A Alc8ds Edor PAcRhtdTBASdTEM clikgd. NILN-2T0Y @giube$um

Mayt ansinoids are mtotqatic inhibitors which act, by inhibiting tubulin

pol ymer i Z8¥MoPZLBiglogissilmaupreen fiepsin sntbadydetg copysis Frennesadiof M PLRIPS @i ub
Mayt£nus sg@ificabchbldde 2ntidda (BIMA NBonodlo8H ntdbblly 1iniRd RS @6 ¥RPlahdnoid dru¥@Siety,

di scovered that certain mcrobes al so produce maytansi ngi ds, suchas

mayt ansi AL &ihdes dgvelermeahior Higpoiseiiah freatment af Prps{pte Himokp Thy ,a‘?L‘BSi%t’GZP?Bt!deS’

Synt het i GufiRthan@BE)ahd AGbneylaMAdthaSINNE), fyitled liifosk BEdRRfatiAréli scl osed,
for exanple, in U S Patent Nos. 4,137,230; 4,248,870, 4,256, 746;

4, 260, 608°NuEAEgL0 ghimerigmonyglons) pntibpdign BISYHespegifisppleogs Y on caispoppy and

4, 309, 428ac40 &%&ﬁ%@ CDB0 34 Befdogidal Jhfigddies) tDFEkinBé 81 (200838,

4,361, 650; 4, 364, 866; 4,424,219; 4, 450, 254; 4,362,663; and 4, 371,533, the
di s& os uBkechpoloy T 8- 7Rraak gre gndsr thetapsutic Jevslopsient ed by r ef er ence.

Mayt ansi noi d- @hbhseepaadhdésn uesul hifthd BertAiBABE subPintiRbeughidehdve bbgr apeut i ¢
i ndex, maytansi ne and nmaytansi noi ds have been conj ugat ed to anti bodi es
speci fi c4FIcybesiahaen Foegndtisueract e tpxiayand dggment; Bergaldha AAUtsaet el ai ni ng
mayt ansi aghthsri@RdndilQlohbihdifs &G4tk Gned &R AipRtheliaekif eR6toxih A chaxmamphe, in U. S
Pat ent s. 5,208,020, 5,416,064 and, European Pat efgt EP 0 425 235 Bl, the
di scl osuf &g PEHs ) FiEfh ghaik BRisd PR OgFssB e Blpha-srdm-dleereés, i u et
al . 15 Pr ogordipioteins AG@tthin PeoteinsUBHy:A&iaBhikfic $adeotéidO@BPT, PaPel AdagthP-S),

i mmunoconj ugat.es conpr.i sing a maytansi noi d. desi.gnated DM linked to the
nonocl on OHQFF{I?WWHWLWIT EETR Gm&ﬁ’aﬁali’?é’fmlﬁﬂié‘f’lg% F‘%ﬁ’été”i’ ﬁ?k"&‘ﬁﬁﬁlé‘fg?ﬁ?he

COH ugat @e(:;%ﬁacfn@%ﬂ&domybirb endth@Hl, ¥ndoiié @icokédendso \wavaesty ta,ﬂfat;ud)fn&)cﬁiidesoalr@ziwanaatfk;:eEh
cells, a sho .antitynor. actjvity.in_an in Vvivo,L,umar gro assay. an
o L R R D iy B b ics B i R P S 2SR SR

whi c[\) g myjﬁlgﬁésl;jdﬁﬂiednmy@miyﬁg@ﬁ@ﬁkeﬂﬁhaﬁe Madbl @}mkgfaivd@etﬂ' bﬂﬂiﬁl’lcl:tfoﬁelﬂtplﬁ&eiﬁuri ne
ant i body A7 _bindin 0 ant.i 0 u col on .canc ell. 1jnes r to
Another oG gl e & BB U St R S Errrerii s aBh ene.
The cyt obiFuictibiay dafvatives off ifnidoesrais ((@ibls sy dimethgldjpitfidite HUHS adiies ésedls (stichwist r 0 on
t he humagﬁbreast Sglpcer i ne, SK resses .3, x,105. HER- 2

cell | - BR- ich ex .
surt ace SnregenerRPETE Al GRIG LR TERD vl he iy P &
cyt ot oxi atitigbesiofl) hectantdiarhine), bis-dazsmtyth adrimties Guch asthis-(phdiazbnicmbdndoyie
i ncreased_ by increasing th unper, of ansi noi.d L. ecul es per anti body
ol ecut e HE R P GHEb A e R PO LR e ot ci ry i n
m css.  Antolpahyidn@ychan $jsaliihcrepajdindadbeszefid) MFoineaple Ligddire®jmunotoxin 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 W094/11026.
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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Ant i body- mayt ansi noi d conjugates are prepared by chemcally linking an
anti body to a maytansi noid nol ecule without significantly dimnishing the
bi ol ogi cavoacds/nasiry of either the anti body or the nayt amsirrmseesmpicecul e. An
average of 3-4 maytansi noid nol ecul es conjugated per anti body nol ecul e has
shown efficacy in enhancing cytotoxicity of target cells w thout negatively
af }‘ ect : ngis ]Tcrﬂa?talfmﬂb}l: hrid(mg mayslﬁdmdlm 'gitét:)rg w.sfpatdnelaranmisb 0dy). Sshth&RUB YIRS 2B e

nol ecul e t.oxi n/anti body wou expected to nce_cytotoxjicity over
the use SFUYAREH"d ARG mﬁﬁfﬁﬁﬁgﬁﬁﬁfggeﬁ?@ﬂﬁéTﬁg ﬁ N@%4ﬂﬁ@2§?t gnd can
ge_ syglt heisi438u0; 25Kk o6y, 26,6081 |4gzs63314:zm 208,05RUBd7 t)r@ m30@12w abg&w £.809,428;

ui tabl e si_noi at ent
5208, 000 I A G T Spkt erEa T > ROvh ACBh St B S58 FORDE et 4002 t o
her es nabos2,665;ehen Beﬂsmme aRSlbdeds G whicR ald e By Sipfiably aiasrpBmet B sdféterce.
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molecule has shown efficacy in enhancing 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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sel ect i vaydiesfl gtoap,itenC-0f pbdieontritified viithehyaioky Rk, thag-16 oRticrSiBodfid Wik &/

radi oactive atom A dloa i,ve isotopes a vaj |l abl e for the
b oduct i B! Ep e e A neiiah BRuR o< it bt pRETEaE g, B 51 "
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d}O Ph the conjugate is used for detection, it may conprise a

oact LG SEEH  or sci nt i graphic studies, for exanple tc mor | , or a
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magneti c_resonance ne- 12
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usiag 5,770,710, 5,773,001, 5, 877 296 (all to American Cyanamld Company). Structural analogues of

calicheamicin which may be used include, but are not limited to, 711, oczl, a3I, N-acetyl—yll, PSAG and
911 (Hinman et al., Cancer Research 53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-2928
(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 hose Sk[[]hlhﬁﬁlosbmtlgrhlﬂ]ya((fhatail @RClRﬂesBl(y%% de)scml&aoiﬁmnnethxfdsm atamll eoph| l'ic group

of an anti bod reagent ., to for.m gyal ent
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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 W094/11026. 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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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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(e.g., glycer &ﬂﬁewlsﬁo‘wwmc HPUWPS RB A drugmpigty 1ophyde buk grepet fipnite F%‘Pﬁﬂ“@ e

gl ycol phogbanalydebive @xiimy hjteateadhivadthiodbsond) hyldviteagibbkylag aHdlgryth9draise

stability in water._ The polynmer may be of any nol ecul ar wei ght, and y be

br atthed gﬁupﬁ?f‘lﬁ?%?l%fﬁé%‘fﬁngr‘i?éo%?%@?m@mﬁ(Yflﬁ}‘r?éercgol%ilﬂlfca%‘l’%’a op §nleh oigHes 49 dy may

\é_a][ ]y andinkdr lréﬁ@érfl@s hoadin@ e a&ﬁzlelysﬁag ﬁlca@eﬁgswéﬂa,g?o]attéa@m, Eﬂc?fo@@ltefs,%d%éiﬂe gr
ifferen ecul es. | n general, e nunber,  and/ or e of po rs use

or  der | Ve 1) T ol bop| Aakcet fhehechsaamiger oS eimE: FETane. - bu

not |im teeih@e gfdags. particul arproperties or functions of the antibody to be

i nproved, whether the antibody derivative wil be used.in a therapy under

defined condi ﬁqfawgt,we& & NS iein CRpATERE ﬂpecﬁnﬂ{zﬂdataf*%ﬁgot?ﬁg F‘%ﬁB&ﬂt‘X‘@rﬁXde’

formul at igsgo y ROMbingit E@mﬂ@geagi ﬁé@aaieysyﬁeheéri]dn a‘éﬂe mﬁgﬂh&dfgmam@y Qngpias Rbhebidle ]

st or age .mxing the anti hody having the desired degree of purity wt

opti onal S PRiotE BRIt porbest i anbas TP R SRS Sty e o

{ Rem ngt edich enbatidEFaceltd ©ptideStHicnivesnot @éstrop the ldeginad plop@ties dhthelodnjugatQ80) ), in

the form of aqueous solutjons, ]yophjlized or qther. dried fornul ations.
Acceptabl o carr or & oagit? Snpaditigf s bBreStmPetphiitit s SR bn; ent s
at the desagesiiie: LilinaRA il @nbOHE-tRFM0Y Waeteinalicthntibaly e plotiédnfteatesuich as
PR, SomBibt 1 R e o B 2B Gl EDp B AL

oct adecy kiutiretdayitaadtyh adainiwutomotdigand] €&.g. hexdmpiiidnk venjfaled td detotoxic
benzal koni ug{fchl orc'gde,lgbtg({%iet honi um chl ori de; phenol, butyl or benzyl

al cohol ; &k yte-FaPAPENS Etéh as nethyl or propyl paraben; catechol ;
r esor ci ndhiibadly Beihveivasnol ; 3- pentanol ; and mcresol); |ow nol ecul ar wei ght

(I ess than abqut .esidues ol ypeptides: proteins, such as.ser.um
b buni o ger atPrenBphEs s B SrERER 0 B e farkh &Rk,
pol 3vi ny hpmpirsteihdcdousanoicties that @ackobsvndn ta agandjteydilyragailaleu Peafdratdy, tiespaetrgi ne,

hi sti di . i nj . | ysi ne; har i des, di rari d d.oth
T B Al B DO RS Al RSB S0 o P

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 manufactoring 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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dextrins; chelating agents such as EDTA; sugars such as sucrose, nannitol
trehal ose or sorbitol; saltformng counter-ions such as sodium netal

conpl exeswbeo@/015%m- pr ot ei n conpl exes); and/ or non-i oni ecywst@sivarske such
as TVWEEN(tnm), PLURONICS(tn) or polyethylene glycol (PEG. The fornul ation
herein may al so contain nore than one active conpound as necessary for the
parti cul gfopbriel ¢z #kcOéhsREHB AntifodRtaR imPlo@dde vkthdt thd@EBodi dbhivAE0SRIIERRRE BN Y
activities that do not adversely af fect each other. Such nol ecul es are

sui t abl y 2 freegHpder AefshEImHEOPHATi n anounts that are effective for the

pur pose ippLsRe88cqal Faguastdye 1 ngredi ents may al so be entrapped in
m cr ocapsul e grepared for exanpl e coacervatjon techni ques _or
p

interfacial pdhgrepiiciormyprions 69%5@51&&? éntlbﬁ%?fdkeymmv BEPrgrES Eor étPrage by
gel at i n- MiGHOGRSIBLEy RRThgIR] dé‘sﬁé?ﬁfe%ﬁéé EuRBCYikAS fibn AV pRysRcHRE U Ssceptable

respectively, in colloidal dru ivery systens (for exanple Ilposones

al buni n RUEPSSHFBIERS Or Sfﬁ%bel%rémf@%ﬁgs Pi%?é'ﬁﬁceﬁw PEFIEES léﬁbedﬁ&ﬁo%%s“u Fs) or

i N macr oefush)s, i i foreHFRqlB GRS [y3pIRLi Al BE biB&aRied PorReRlifE! RBceptable
Phar maceuti cal Scjences 16th edition, Osol, A Ed. (198Q0). The formul ations

to be us&HTIPERXFIRICHEARE SERIIGH 4 PORLgRIATO ARFEicntat Sedppages andiGprcenteatiphsy i | v

acconpl i gRgdyddyadd ihdifRtbufters ElﬁUth'ﬁlﬁbs%{a%r biteie fHidtlin@ bh O S ERARNR AEs;
Sust ai ned- refease &reparatlons nmay be prepared. Suitable exagPles of

susttai nedntasidanis welydiag arcaricorid and efhinninespressavaivestifush angctadeqyidipethlbenzyl

hy dr ophoRingoRi@nyiREide; hexHnRttHdhith dhltgidé; mmghlammoﬁd@ fbeﬁzamomammbh@éq , Whi ch
matrices are in the form of shaped articles, m crocapsul e.

Exanpl es PBmok L by} A1bals Al Rpereb s SUrie Pisttel ?fcnlwéeaé?b;en q%&?&%g%ﬁoy or

exanpl e, Rkl y%ﬁmtah& hréredohaetthadclar weihii@kydhai éb)éhtaﬂOQéﬂitﬁﬂeQ))
pol yl actides (U.S. Pat. . 3,773,919), copol yners of c acid and g

| uta
et hyl - L- §PRIPEHET R ORBH- Sa@garsaiaam a@’“&?‘hﬁlé% omrﬂwnog}e@ﬂ% éger@alelg]aafmefr actic
aci g- gl y e@hia€ paigiisy162RMHMTEASinS bl sash 458y clddPRMBERCST{idie, hisijiRs brghie,

m crospheres conposed of |actic acid-glycoli ci d copol yner and | eu rollde
acet at e) O kpige: ﬁ&nwa@hende)skdasaﬁw@%waﬂhﬁ @rbobyfates ARelp %é‘rlsﬂ%%ﬁ%ang%f&

et hyl eneawitst c}@ﬁahga&g%n@@@hlaaﬁm@; ahd s@h)e alckdie aﬁandlt@n&tnhlese"@ seBBE; :th—

nol ecul es for over .100 certai.n hydrogel s_rel ease proteins, for shorter

time per FUBES QWS- IEHY |Saci%la PR ABBICEB IE-f-ndn PR SR EHA 0 0E O 8 Ca

long ti MBurfAcRAN siBhY¥s qfwm\un@mmc@mmtpmya&y@n@?m tpHEf). exposure to
noi sture at 37C, resulting. in a_|loss of biaqglogica act|V|EéEand p055|ble

chatfges in i nﬁﬂ%@@‘@ﬂ?‘é‘i“tlﬂ‘?’fe‘%ﬁ %?%OH@{W%qr%&%gn%HV%@Wéw gegegiary for the

st abi | i z@hkieNarGRReA6H %gat&)eateheprae@b@ mmosérwnm ¥&hpl@entdr het®REMbERIo dof  t he
aggregation nechanismis discovered be internmplecular S-S bond fornatlon

t hrough effeEeliadeftrrdeticnt Sick molfgales %fﬁ abﬁaPlfyz’é&S%Hl GREpm3tonin RmagRiy thayAre

nDdlfylngg&gk@ﬂqu$mp5§§hgﬂﬁg Iyoph|I|2|ng from aci di ¢ sol utions,
controlling noisture content, using appropriate adgltl and developlng

speci fic pol yrBs ke inerediei iy alsp Bhentrappeddn WFTocARS 5oy %eé‘a‘ﬂi‘?lésté’nt

I nvgnt i 0Bod¥BYatRa tééﬁﬁiQuds Rr by Iﬂfer@éﬁ&rﬁalyﬁ]enkdﬁoﬁlfbf&am@é h»yup@y@adyltdnuwsa/a
therapeutlc nmet hods. |bod|eﬁ invention can be used 2s.An
1loidal drug

ant agoni € atfrbmﬁg}cgl?sa]qay Be y-{la?t X}methacy ate) microcapsule, respectively, 1n co

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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bl ock the specific antigen activity in vitro, ex vivo and/or in vivo.
Moreover, at |east some of the antibodies of the invention can neutralize
antigen asviveciousImom ot her species. Accordingly, the amrCirhsdess2mhe t he
invention can be used to inhibit a specific antigen activity, e.g., in a
cell culture containing the antigen, in human subjects or in other

manmal | ag, Siohie tlse &?&%1?&11& B&d afoly3RRs bt £ Wi GPREN DEPOTPOMNje@hb1d he

i nvention cross-reacts (e.g. chinmpanzee, baboon, marnoset, cynonol gus and
rhesus, piqgosphererrampysed phlagiivercidrabsgliorenid GOPPH@%W@iI%’@Wd@)FCGtaF% dpelitl-on can
be used {on iBALRILE 01 2RMIORSYAGE bith bl ERyIb¥ -GN EAEE £ 11DE a88kIyRaDAH t h
the anti ggr}]lysu%:s;h tyhat anti geﬁ }éct%vl}é%]tféi syi nhi%{]t ed. Pref ergbl %,y theC

anti gen bk rtleasenf melotuds forrpyereldidays. ¢enainhadiegdoiglepmroteinhion hortBidéye of t he
i nventio e 195 rd i chd 50y 36 230Hel BRD e Rty S4RRRST
sufferi nger&rﬁgn?getgeﬁlg%rs{élgtre fn%ﬁﬁvd%gfgﬁ t Séérggri\%i g_:;en%g%ti \?i ty ti s’he ri}r,rent al ,
conpr i si npggugitnket silng expsithe woibjiect 3HE, watliody lass of Helogipal esttvityand uch
anti gen PEoBenamaa: By iior bR Shhes okl Bihator TkBLaPIKm e

Al t er nat bw theyneclidnismsinijledt Foamatpplef e ppaxégagapmedeiisty istdigoramd tgén wi t h

& manmal AT eaAvar b Ta R SR B ik il PEIb R Shioan B
admioni st bptiodifyind sutfhgrantsidyen lwphiﬂjyingf«pm@sidiccsnluticbnsaq@nawﬁﬁlég@nismlreagwstgetne) . An
anti body_of the i.nvention 1 NSt . . subj ect for

t her apeuf1 1 %’8?088%8gfpélwge?’eag@g?\g%gﬁgg%eﬁf%gg{?&% Bi'? tﬁlg i nﬁ&gﬁﬁoﬁgn can be

adm ni st &sed to a non- human mammal expressing an antigen with which the

i mmunogl obul i n_crass-r X . ' B rjpary
pur poses or agn ﬁﬁ&é)?\l?’ Prgt?gh%?féf}mg?mﬁﬁ%%%b%@seggégrgﬁgﬁd)ér’ ?ﬁgz’teﬁgfvfgﬁlgrv t,vgsuch
ani mal midepsutivaettiods. ussibadies ofithesvedntion ¢andpe vbed as reangsenist te parfigllyca dyllyof

ant jsbod ir %1%{;]9&6%&%@0 gﬁ%@% é&[{}ht% ?‘;Hgtro, o %ﬁ/% . ! I‘QIL vzgcQ Sﬁ%&eﬁ%@ %e%gt WEnCOYEses of

adm™ni stration odi'es o e invention that are

t her apeutitdatieyofienvintipmeinmdetralitomntigsearviey foem oheresperans. |Acpardiaglys the

anti - HE . i - | } . LLhterser bad 1 Ssue
factor an tllbggli %%fg.écﬁ eé]ﬁgélﬁngggfegggo fbtg?esb?crll%%l é(glna%{lz\gﬁ” %g 1313% g:gﬁ-t@%l{uré

treat, i nhortdining the lntjgeprio jueassiubjacts bt in gthexmammeléan sybiecschiving frecanggen with
amrel i or at e | di rs: it j i-t1h
bor el e S i Pk s

i ncoudi nghelust pigot mpisal. the dng enbediniegh thetanglhrdy BEHE Frventigrssbe yehior BhibEMzas and
| ynphoi d j LES, ] G & : Ak Gihigadg ot her
gl andul aﬁ@%%ggﬁg%ﬁ?&gﬁﬁqﬁgﬁtg?y ‘%{thr tgﬁg%t{ggﬁﬁkgklggﬁgﬁ#?%% glgr éler's; and
i nf | ammaPmfsrabla i aohgamiiat imﬁ@n@}o@@lﬂé- di sorders. In one aspect, a

bl ocking anti Rogy Bfhodind HVERbORDE R iPREEI daf bl Bedid 4 B&RSH BPfhB/fAg aRN
inhibits the antigen activity by blocking or interfering with the

| i gand- r entigsn gra qu etrsaﬁffmn_@rﬁrom% papdandn whish the gefiean agttvitysletrmreiek Byoprising

| nhjsbi ti 'a%m%i%%ﬁﬁg{or tﬁcsﬁg{lgt' AAnSAH BF thP BVENRY, saiGh R Ghti PR @Gtk & thOkutfel ks ul ar
events. The iInvention also features receptor-specific antibodies which do
not necedwihited.yPrpfeeaplynthe pntigan i aduman aeptemolesileridhesubicetts ¢ Brepsghiect
activati ik bARIERY shiffhi BintteAnAYal EEREQMS 8R ahfidth WHBWHENNALABIJY ob@e

initiated by the [ gand bi ndi ng. The ‘i nvention al so enconpasses anti bodi es
that ei t freentsndinds.abil fsthertie sibictean pe paemabinty Waehthe exigpt B PEBhpl exes. An
ant i body ;0f, 44 8 d OVEHainARstGA6h & (ROanBEdn 3By @kbression 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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agoni st of a particular antigen receptor, thereby potentiating, enhancing
or activating either all or partial activities of the |igand-nedi ated
recept or wotnacatiszym. I n certain enbodi ments, an i nMuNoOCEOIFAS/0ZBRE! | Si NQ
an anti body conjugated with_a cytotoxic agent is admnistered to the
patient. In sone enbodi ments, the imunoconjugate and/or antigen to which

it is bounghii, 38 HobdsRh Iaﬁlpte?«@ﬂ/dbuy tgrrnet b, ah@orid, bPtetent diRase8 afRfers or
t herapeutic efficacy of the immunoconjugate in killing the target cell to

whi ch it cordiiénns asserigedewighabaennberpressipiband(ar ¢ty of engen foreAngerndngiecules,
i nterfer eghidobulttt lificd RGhaBighddt idibehidh 88forS 8bi-leuEhRiTtng $ynfhoRiUEN gharkRE;0X1 C

agents include any of the chenot herapeutic agents noted herein (such as a

mayt ansi Aeranabelial, esapeysHuaptbalpmic apd pther shadulps, masrephagy ecpithliah Sfm%ﬁ%fa ease

or & DNApeRdenye bisaass; aﬁ@fnﬂ@nﬂghé%%/ A eiddific Ay BBk ABRBrsUsed either al one
or in conbination wth other conpositions in a therapy. For instance, an

anti body of t Aeonerpseast b Blocking asibodyoaf depinyangersis élafcmcrt%a Hsroel pesieenrnd By

chemot heaP@HLd G RIS bivkkihk BChtatMe Wikt Rbdnd o ten%pdt:m{ﬁm%g fhe fﬁgﬁi&t s),
other cytotoxic agent(s), anti-angiogenic agent(s), cytokines, and/o

growt h | @niasns thergbyapfbitingthe coprspeading %mlupbfaayy @i qthes mojegdartar 6¢flulas ﬁY%‘FSt s

tunmor  gr gyt bhvedtion TRY fdARirR %c%%t@ﬂép@&h&' axgﬁééhéﬁpllu@h dPnkt QRS Ipteviic iiBarfAne OF
nmore ot her therapeutic agent(s) wh al so inhibits tunor growth. For

i nsttnce bindingdut intseery voih TeoRRIOF artieaion g herpkyymibitipg i TARESER fapf wanldpnrmalter
ant i body ;{;@at& by tﬁé/fg%};a DB TR inftibn ﬁ&@%c&ﬂﬁds&@ it dikEinst-cithiEBZIBINGF )

anti -HER2 anti b BJ in a treatnent schene in treating any of the
di seases cHauwyehpue tdigedriecepios FRIERIpSS-cON %t@eﬁh‘l’f thejipyeafion ??étaéfgta%lttaﬁ &0 br east

cancer a@%ﬂﬁt@f‘@ﬁ/arﬁ&ﬁ? @ﬂttgeﬂet:&ft&%br\éﬁ}l Yoten@htirRdeinkh Rl |a6’t1vaﬁr%%1tﬁéﬁa!ll%ﬂt may
recei ve conbined radiation therapy (€e.g. external beamirradi ation or

t her apy Wrgtil astiyiies of ghetlisgud-medhatedigcopliEAttivaldeich as an anti body). Such
conmpy ned t her apL&RinNAIEENRROVE ilnRGhRuEAEI}RGnA dihdiibsdy @hjudited Whis € t he

two or nore agents are_ included in the same or separate formul ati ons), and
separ at e CHi@Ifrisiagen Eatwmistred ipcontiens B somg ArReUmPHE. {Rsimerne e ugHE iy of

the i nvenhiLR t¢RMcPR ssWouR i/afe 1ﬁt@rna1%§lb§3fhefcéll kQWltingin iAGHEAsEH tBérhutiO&Ffiedcyt he
adj unct therapy or therapies. The antib of .the invention_ (and a(y unct

t her apeutof te A@@H@%omga%%lé killing the @rash el twhlaw bud;-t lpipne empodia ent it IReHY

par ent er abent SREWH: BRGRMS withHus1SP A&l iONe Rk get ¢t 'Eﬁ@fﬁﬂ)l@%’f@ﬁéh,cy@&%d dakftanasal |
and, if desired for local treatnent, intralesional admnistratio

Par &ht er At°lydsepsefdhechematherareufin pgeRitReiet PSP (TURR ASABRGISIOK S ¢ a%w?wa@;

i Nt raper iatr@i@ative ifftopURGUHHBNERAS RAMNA sidodidi@ks. | n addition, the antibody
is suitably adm nistered b&éﬂ ul se | nf §5| on, particularl decl i ni ng

h
doses of the AMtiPHERHPT hedaendPncam beuseqgithepglons frinembipal 81t1t1 ather  py

i nj ect i OREmp&HtAs AS thdi'&p’ya‘l"‘eﬂﬂuénce ranSiiisody BNE@O Lieitidh 8Lk be b adrieperdiwig i n
part on

conposi t %ﬁ’fg%%’?qtﬁ’g}?’l ﬁ ?I %P%‘r"i?ﬁt al}ggntﬁgé af‘g‘t“]d’?ﬁf ¢ hotrfig e:é‘gf’the-érﬁggu@g’tﬁ%‘ﬁ??g‘%{%?ed in
a fashi onyeeRR agéR®), ami-idyigead agmds)p@homfeg@hwsﬁgromeﬁmm;f QentCHNVikeeraat i on
RRHER=ENT R A R IS N N N
patient, ohd6r i@t stetherhitticiigeon ) &hichtalie ifhitite ndfor @eiwith eFdy idfandehen agBHdy, oft he
met hod Ofthc:—: invention may be combined 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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adm ni stration, the scheduling of adm nistration, and other factors known
to nedical practitioners. The anti body need not be, but is optionally

f or nul at eWowddnissT® or nore agents currently used to precens2as/otTeeat the
di sorder in question. The effective amount of such other agents depends on
t he amount of antibodies of the invention present in the formulation, the

type of di sor dgg afibolly &ahd B ntiorda8d &Rt thE@EAE Sgedt) S48 sBMnBRRAM®Y adnese are
generally used in the sanme dosages and with adm nistration routes as_used

her ei nbefYialegpeans, fitudmg paeaterah SWeuiROus HEraREl BiraPulnenapy el 96¥aiks. For

the preven, ifRsifd for16al fbher@fintthisRAMIMINIE B8RP PABK Al iffutiosAQuef an
anti body. of the invention_ (when used alone or in conbination w th other

agent s s (RUAMYSCUlaRRERVRROUS FETRETeriah guRpatongal pr yboiEREoYs AT URAe IRpddfiogease
to be trerta@bbody MesultyideaddlinioBicl BP fise hiiSiod PéRichbdy FNH d&BHing Bosef of the _
di sease, whether the antjbody is adm nistered for preventive or therapeutic
pur poses ,antﬁ%oé)(/i Berdng g3m F’%l'@y*}nytsﬁg‘b}?aff"i‘%rﬁg' by H‘ﬂqCH‘PlEa%“CWSslP‘&"ﬁn%lﬁ ar sr‘%%"é%ﬁ%‘@ to

the anti hﬁ&ﬁong@ﬂ@pﬁcﬁl@g i@lgﬁ& b8 whQRer He dahmiddatioNdibAG P BYSAEI an. The anti body
is suitably adm nistered to.the patient at one tine or over a series of

treat ments. DIPeAdibAYy wpresidon of the inyrgticneyyidl hedgrmpytatqdndosed, gpdadminiglpisain 3

Mg/ kg t 0 fakBioRBédéBichewith gdo kB K Grdc P/ Hs@hrs Br RN ir tis@Bntbiificldb the
candi dat e dosage for_adnm nistration to the t[))atl ent, whether, for exanple,

by Hhe oPafieHa disopisr baine tfatef ihepartigulas remmgt beine treated thedinical sondisipf thene
typi cal daiiidual@Sioateth8 AR of i \Grder ame aoblelilefBf kg abdt, H0ndBdd@ or nore,

dependi ng_on the factors nentioned above. For repeated adm ni strations over
several A&yEisgriqnothysshedyling aladminystetion. pad ederdpgters Knovinia meflisaliprmstitioness-
sust ai nedhélitibbdyened@ btibebusid PPliESEY Pn@lhted WEE 38LorTHMPALRIE c@emUy Ssed@¥ e
exenpl ary dosage of the g%tghléqgg%bv\oul be in the range fr beout . 05ng/ kg

| om 0
t o about P%%Pgﬁe.a“ﬁﬁfi‘??rd ridhe gHective 6‘7“0‘5‘158{:%“"109%‘?19@25‘?{6‘3 ‘? .‘Iﬁ‘ﬁﬁ? H’@
4. Orsy/ kg aﬂburﬁ@gﬁ{tﬂsgﬂi&s@f ﬂ%rilyveﬁﬁk_;mjr@aﬁti i®the Fh1TREAHD, thyl?e_hﬂ dREIENir S @rest, irff t he
patient. Suc oses may . be mnistered intermttently, e.g. eyvery week or
every tth’@r {%@8%91861&?@ abg\fec HIPSsEFe &eﬁga'gya'fsr:imtﬂgr BEE g BTt o
about t Wediites as Bsed herdidBefbre ot XbodoE@s 1@ 99% 6f A hdr&odyt) emplsyedl Boshged] hi gher
| oadi ng dose, _foll owed 'bX one or (g%re Ioiqer doses may be adrg gi s‘gtﬁred. An
exenpl ary dosFAGHE BEYTREAT RFFrAenkd dsamer s TRRFIPRE  AsaEnian Atihogyat By dose of
alﬁout 4 mﬁﬂﬁgm (Whdd @wﬂoﬂéﬁ)rfm dg&@kiayomitmtﬁﬁa@ﬁﬂs Sﬂgh?& dhér?albﬁbkieﬁﬂc Apghisgwalf f
t he_anti ho wever . .ot her  dosage_regi nens. e useful. The progress o
L8t heRSy PERERER] i © B Sehigl L rrenL RO (1 SHAT 600 catf LBy
Arti cl es dBéasd/mrtiathacthel iribbdy i@ adrhinBteredSoaRéventiveton thetapsteia ipiPbses gievaduls i Cl € of
manuf act yre caoptai.ni hg,.materjals useful for the tre nt,.preventian
Tl o crEEREITLS PR RUE Bl g erguns 1 Bhebive bR BT S At ¢
of manuf ahysitiaa. Thepitibs®sis auiGbIf adininesteraind e daddne bt cde tipaoka@ea katgest on or
associated with the container. Suitable containers jnclude, for exanple,
bottl o, Gorapes ROEPGRaThEFRe it B et B R Lk R e A Ve ety
of mat er Dah/kgUuOhgAS) ofl aadisodtis 4alisisiilicandiddiredcapetfen adainidnaticlstoaheqatigosi t 1 on
which is lﬁt ittself or ﬁﬂei conbi ned tWiéh apott her }gor’g)gsi ti o?ueff ctive for
treating, %P%‘vé’ﬁ?’f%’ a5 FPEGIBET R T RETEORYT PR dRtP Ay IPAv e steril e
access popical dafly desapiplght tahee fooniteunkeng/katy 10@ ngrkgionmbay dapentingsal thé factorsbag

or awvi aImentioned above. For repeated 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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havi ng a stopper pierceable by a hypoderm c injection needle). At |east one
active agent in the conposition is an anti body of the invention. The | abel
or packagwoinerrs37indi cates that the conposition i s use@ciarsdos@aiceag t he
condition of choice, such as cancer. Mreover, the article of manufacture
may conprise (a) a first container with a conposition contained therein,

wher ei n tBpveaIHRNEIHnIAE £AARRYsS€S an antibody of the invention; and (b) a
second container with a conposition contained therein, wherein the

conposi t iAskclesiMandadur further cytotoxic agent. The article of manufacture
in this enbodipyei¥hePhisptd@f ihB i8R anMRYc1d &rrﬁdaefac@&raaﬁthﬁﬁlg%mQ@@uufﬂﬁﬁét
i ndi cating that the flrst and second anti body c ositions can be used to

treat a pPEAIICBLPEYCnEoMyIdqr giagnasisgf the diserders deges pYejepipyidet Hgdrticledtal |y,

the arti GhRuREuAROMbACE HESHAIRY ahdi 1ah& br FRRABE hiiBrt Bn SOLHtcdMWithtiiM croelaamer
cont ai ner_ conprising a pharnaceutlcalIy-acceptable buffer, such a

bact er i oSVHIHICCAREHTER ipcdide; iRy BRPlnOUEAFYY. SpHESHIRk Jhﬁwaé?%ﬂ%hqfﬁ@led from

Ringer' s ;slidt} bPRatdrilk S8KES 258 oSRhb.] P cohdaintBa61ds e doRBbsididAGH A ﬁ'&l’f or whet
materials desirable froma comercial and user standpoint, inclu ot her

buf fers, campiehyish another eqnaposifeieffestve fanigrating. pryeing Trlordigpesiethe %qn ition and

exanmpl es Qf e, ARfihRdss pod (fepémﬁaﬁrettn&aﬁtaﬁér thd}Ebel 40 YRR RN solftioh Sagidtdanat ood
t hat various other enbodi ments may be practlcedawglven t he genera

desét i pt iNgHIHR FOPRFERICSERHIEDY Y PAOETS Igatian nesrs) oo WEIRSHE e REET MBS nunber s

ar e accorginpshida if@latibddabat ifenidn. ThSREMSPFREA 5géf1ns9ft @RS thaf the composition is
i munol ogi cal interest, 5th Ed., Public Health Service, National Institutes

of Heal t Rseddat Fratpmthe Wd(@ggiﬁl)oweauﬁfg%éaw&f tMpregyar,the aftisle oLBMEGIUER PHhs ar e
used. DN'%OQE}Q&%Q laFfrbt@Entdh & Wit &ﬁ‘%?ilﬁ’(ﬂl déﬁt!aﬁhgd thBRin WBer@ﬁ(ﬂl% Johiposwﬁln@oﬁpﬁses Bh=
ANGT, V=A B= QT K=gT, M= A A G G C,
W AT, \anﬁboézﬁt e [VERIOR: Wé@wa%némrémeé@ﬂfbﬁC@ma?se@néﬁlet@n%drfeef%c@ﬁfﬁ? the’
hung consePSHEh3RBNRE K firthdNS tRNa0RBAtd THS 8HcIE 6f mbrlifftMOkhik SmBodifBdHO¥Bhe Nt
Fab-g3 dis P%& vgctor pV03§g§ZB havi ng_.2 ocen ?eadln ?rénes under

cont rol  GRepHD w&mlgﬁr GPFBRIESP aP%‘%‘%%?I'fPﬁe&Il‘P‘WH%g adthy fuseapdjseropd antippdygomposjtions
Mol . Bi Olcan $2Q0dH0, tre@dd0faBtculad €hditi98 - e.ol Biicér A3ternaiey, beawditidgally! tihHEm@l@lEbSl sts
of the stp sjgnal sequence fused to th ﬁgL and CH donalng acceg qr §#¢
chai n and™@PRiacur iy duithsh sgranrise g fecopb(og ifdqoginer COmprshe 8 PRISREIHS ¥ﬁ le
and CH darfred §sh af batlrBoRGR &Rt For AGeiyn EWED), ;fh@&dh@t%dffayd aulibé, mcgai'mluﬂibm@ﬁd

phage coat rotein P3. Se e. et al su L and VH dqnai ns

P e SOBSe e ity AR BE ne b PR SoS e i R g HEpggidpoint
ﬂate Nhygﬁﬁumﬁ&ﬁﬁ&bMﬁiﬁdﬁ&mgnﬁmem&hkkgﬁd@um@& consensushkappa | (huKl) and

uman subgroup. I Ll consensus VH S t.he HVR
et of UH 1 P GSHSRRE o AERPHD P SEpRBId Hameaar & CisaP o A Aty
domai n atthad virvab bthetsibofimbAts niy Bd praeirdd, lghBAtHe Gafidral [detipi@dn, préided abiNat | .
Acad. ScL USA 89:4285 (1992)) was used. Hypervariable regions fromthe
murine 505 (nu5D5) anti body were engineered into the acceptor human
congensus framework to generate a diEXAMPHYR-graft of 5D5 (5D5 graft). In
the VL dormain the foll ow ng .
Materials and Methods

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/GIT, D = A/G/T, 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=
AT, Y =C/T).

Direct hypervariable region grafts 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 stII 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
92



regions were grafted to the 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 Wb-206A16343) were grafted (Figure 1). The directregrusbiosioarseant s
wer e generated by Kunkel nutagenesis using a separate oligonucleotide for
each hypervariable region. Correct clones were assessed by DNA sequenci ng.
Sof t ranctﬁaﬂeizla’BiSHaL@éettdnesulawpervari abl e regions - Sequence diversity was

i ntroduced i nt C rvariabl e region using a soft random zation
strategy that ﬂg\ﬁt dh\yslLP g OB T R L H e Y PRI Rk lvia ATS S ReppERNen

sequence. HANi 85yapoacdue hy xjwwbsgl%ﬁghg\nea%mmdmﬁh canBsal @%EA ﬂguﬁm%@%l S
strat egy as describ Chem 37 51 (1994).

For a gi H’a’bﬁ gfﬁ“Bﬁﬂﬁﬁ"%éfﬂSHS gﬁﬁ@‘ﬂg} %ﬁ%b?%mﬁl@gb%ﬁvﬁﬁﬁéﬂﬁ@f%@a VHt he codon
encosli ng fidn@woll, dhicy QEfedy 3@ tha Giuglar ﬁb@@hg§ﬂf&ﬂséﬁ%ﬁshﬂﬁd&9&1{1§ ﬂ&sx&@nsﬁkﬁw e of

nucl eot i n a ver ag ercent nmutation rate at ch

posi t i on%%gr dﬁghégg?%d ‘81’% f et 46t g@s@ﬁa?%‘uﬁét(p@?ﬁéﬂs H‘feflelflyﬁeﬁéﬂ?ﬁhl ne
hyper var iragibe ffoﬁgﬂhemuﬁmﬁﬁﬁmﬁﬂltlﬁmﬁﬂ@&%ﬁﬂe&@ﬁlt§ﬁgﬁccéﬁgﬂ Han @S‘rtsbﬂﬁ&j by
t he direct hw rvari able.re The amino acid position at the

begi nni ng VR P ST %‘?Fe&gfireﬁrgratfh 59\5 (dheet)): ke Vi dl"?f“@@dhfi fRllewiggence

di ver si t yegionsAverdgraftedas thk hbﬂlalu&nﬁ@lsﬁsfh@ce@ﬁﬂ%mm 24@&331)3-50 W(LQ; aRIRgs
desi

l'ibraries ed. ol i gonu i de poal s

hypéﬁ?var i E‘aﬂ%ggéﬁn\ﬂ}é‘r ROSBINBS %qual? &d-09 darand &p 03 iy |“S?f62§§afFﬁd (Figaetli-ons
cont ai ni ng 660rhagired- gﬁalfdxgﬁﬂuwaege&ﬁaxed@ KMkl fuhuSagBikdsié ubing 4 SpideMyC 2, 1M
ATP, 20 eot.i de. kinase for 1 h at 378C The_ si x

phosphor ;})}}A 5?’%‘816‘6?‘7{]3%%651 BE1 aréa JBFL- (OFECt Clongs eEhiTesd BN SYsupRgingt
Kunkel tenpl atSaftirindothizibibil of the Rypertvabiabld Pegiiik M3eduéndertiverdidy Rak invelnte®igf 500
m resultl |n a. %’ onucleotl e to tenplate ratio of 3. The m xture was
anneal ed g‘f er&f‘ag FEAOTHISHE 256 E)aéd?l&zatg’nﬁfr?fe@rf atmiaiRyoidowRds e
Excess, umﬁiﬂlﬁﬁiemaﬂt @@ﬂﬂ@é@@ﬁdedﬂw\ﬁﬁs A QMPHEKEd\Whih B a PoiSdniblidkudédBde
purificati to prevent-

06) a_nodified protoco
excessi vé’ ’gger‘?gt B?téﬁg B e%fl ‘?‘H”é( Eg?#ﬂ%ﬁtl d} %ﬁ( Cheg- ?711132@ S h{1981)- Efifesavead
i xture, ppSfomvitiod a Pibenasiatacitgbn t(ﬁl!ihdnﬁtﬁled mﬂe)thﬂér&nw&ﬁng&ﬂé wild-bet Weel adidsd | 1 ca
col umms. Igg(lj Ie w1t21% 79#}@1% of t%ac H‘ﬂ ?Xgn h 750 E and an extra
spin to &Pyt I QAW 88 TETRHS A" it ?Vﬁlaﬁ‘i PATCESF myigtiopvRter i s,
1 nM EDTAf eap]ﬂp&tlo]ihe anneal ed and cl eaned up t errpl at e (220 M) was then
filled in by §g§i n I%ﬁz"%oh )¢ eat}gﬁs m Fﬂsg}j\ﬂ %%5r’d\/l € h of dATP,
dCTP, dGTP an i“f]%)), 15 ‘i% 3Ie’ﬁepa§%m e'f‘WIHB ¥P§Fvaf1 ‘?Sreﬁ/‘lo‘rri s pH-
7.5, 0.1 sdqubdyet ﬁﬁd engohidssed T shing@giens defided3f) the Eﬁ?dat)lh}apﬂiﬁﬁm £ €16n grafls. aher OOM
t enper at %%'F r.odu ﬁ
Tris-Ac e'td At e EGPRY I{zﬁltonaa‘r?t ghseebeélngg 8@&%%&8@ )i tﬁﬁxé’?‘ﬂ"&&?% WaEDiRIgR gyence
328: 333- 3BRrs{te®08)G, S onls/elsingmﬂesommrEG@s ual | y vi si bl e the bottomband is a
correctly fill at e r.oduct %’Ied but
unl i gated pr og'% ‘fr%lgi" ‘glp?ﬁ%e gl mlzs) R nd°§m%§’ SF%"&W&‘G%H BP%{ﬁ ?f‘gﬁ?‘% LEEM The top
bane i s pymducelde tqgloarwermhoshmlatecsseﬂaatalgtm sk 2§ pokactidngrohipiieas0 ngofl | S
difficult,.to gvoid (L er I i ol 58: 4- 84 (1983));
however , OP%OIHISIC %oglrc]i& 5% n%hi%s pHe7t§6,1 10 nﬁlfl NFgC?, 1 mﬁl%ﬂ’, 2% mM s an(il'g'%j
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 1 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 ul 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 pl) was then filled in by adding 1 pl
100mM ATP, 10 ul 25mM dNTPs (25mM each of dATP, dCTP, dGTP and dTTP), 15 pl 100mM
DTT, 25 pl 10X T™ buffer (0.5 M Tris pH 7.5, 0.1 M MgCl,), 2400 U T4 ligase, and 30 U T7
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transforns 30-fold less efficiently than the bottom band and usually
contributes little to the library. The mddle band is due to the absence of
a 5 phospbave/diss7ithe final |igation reaction; this bamdrtusansihorcne
efficiently and gives mainly wild type sequence. The filled in product was
t hen cl eaned-up and el ectroporated into SS320 cells and propagated in the
presence pdiyNkal KB hakRsh chpadsas described by Sidhu et al, Methods in
Enzynol ogy 328: 333-363 (2000). Library sizes ranged from1l - 2 x 10

i ndependent c| Shfelalled apradiet Whomalyzed eriristisetate BV EA/agarese aels 65diwenr ol dbaranc ed
t 0 assess;;| iRy 388biL Y63 RhRGE T%?ée%gﬁds %re usﬂ]‘? vﬁlﬂﬁ@ rﬁ}e‘%@ﬁs&%@rﬁﬂ% 9'&(&%@&

generated and used as an Fc fusion

(1992), 2Bikedzed Geataipradoyt, thq@xdﬂlﬁbar\ﬂasa &l@dtbeaur@gatmp@@r pndrthe tapthiapnis ap| at es
(Nung) at stﬁn&rg{sﬁhceﬂ Broﬁ% T}F%p Ealﬂg 1sfﬂrg<ir§1Eeed{ lﬂl\%ggntﬁlfm ds‘?n#eeagﬁ{ll f %‘72@ ytn%ra?é an

target wer e used; a Si ng use or successive rounds of
sel ecti onis dxﬁﬁmltstoamﬂé(lﬁpla@k@@l fb:BwJ_ Fhems?3%¢ | EHs BilR4 BI9SDdroweRIrghisbind Phage

h e ;
156 BSA a0 O o0 TUEEN 3h ( Blga e R B Al PRARASL L EFf iBghy) ™ 19

unbound phigeiddie ub@ldrléﬁwvte&le@:pseeﬁq @r@si phesphatstipnthe fmatl ligfBsreagivmathisibagd 0. 05 %

TWEEN 20 ﬁg@@;@l f@&bﬂg ncubating the wells wth 50 nM
HCl, 0.5 MK Se Qaﬁ@@ﬂ@slﬂgéﬁv\vﬁ;ﬂ?%%%@ﬁ%d usi ng ToplO cells and

ML3/'RO7 hel per Tlﬁﬁfé@é ingpradugt wosribendeanedgin and elegroro@tgdrintp $$ 3205@ Isaydrpropagated
car baneci Jn'thé”bresyft!% ot Ml@fl@melﬂ%pﬁtgi%e & dik&fled byPStukh 838 I n &R B E%y%@llf% were

conpared to titers of IE) age recovered froma non-target coate
assess ent3SERABAT (200Qr Libfary sites yanged fierad i-Grx, 10p aigeentiért plamseEaud/emelo&@arit@d

of 306 g e R PR O oG I D 2% (YL Boshat o, | DH 8w ¢ h
20 m 4 mv| Sul PlsgkiSgedtiorn miaap mnmqrﬁiéFw)apthmtgﬁmataimumaﬂﬁc fusiohlGEGER.)
et 18 er T ettt ROE 7 TR ST B P IR b BEBR IS S fptonaioists ang

t hen bl O%ﬁﬂ)ﬁte@ blaﬂes Nde) 2Y %Fﬁlelh PBB!Rf kR Fird FhuaH Bﬁgelec 15}1 )é Henstde Ea;%et Ev%%%do f

panni ng, 200 P age suspended in PBS containing O Tween
19BSA wer*bﬁ?ﬁlwa vﬁtﬁfﬁetms H?@ﬂtﬁoqﬂ@zﬁssn@ rguges qf snlﬁctmh%[g@s Were htgcked for-HGBRG C

ver e captsgd BIRkOGPeFRY Ipﬂhge &&@Bﬁdesveﬁ ot thO&ulthi sﬁg)é?na@d%@mmﬁ%eﬂ&éd E&hcf@go""ef e

washed away with PBST. Phage were el uted using r 45

m neut r APEBES LABSHr B AFa T §WEENG] PBSBY).- é@?‘l @HCKHQ o Aheatedls &9 2 I uptipend
presence ghhed<ide RBIRNE byRhaasvé NewidsRatnans c%hl%!nﬁl%%)OS BIRHN SN PRERY! %’(ﬁmef

sorting were perforned simlarly with the follow ng exceptions: inh round 2

the fi nalPhpseyrgreelpied Ebﬁ’é%‘?ﬁl%fhied‘ﬁ’llw%h 50 ML P M EGhEPr 30 e Khiageatvere
b- HGFR- F%nmﬂs&ﬁuiﬂgardgm\célﬁﬁnm%m&h Helper Ifhugkdané e vax‘ﬁ%ht Rt QEFT 50

concentratl 0 S nM_.and 780 nM unbi oti nyl at ed Fc was added to

t hem xt urte’ n4¢ilip. T5e e qg&b%%ﬁﬁ@t@ﬁf%@%ﬁmoaﬁeﬁWebW&’@éOEB*PISNO titgygsli Sor p

M crotit ehagy AéREredMBbM 2GRAEREL Wbdidd WHINB BssbiFeRidimedt 5 N/ M in PBS over
ni ght and th@da{bﬁ ocked with Casein, Bl ocker. Phage from culture supernatants
t

wer € i ncuba Nty mapratgp- Rhags; [buries Weiesmted ysing 2 pReTonseraisied HGREA i n a
tissue culdsBictinglted By hix@ig 500 ul of 3.6 mg/ml HGFR-Fc in PBS, and 10 pl of 1 M 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 ! 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 nsing 20 mM HCI, 500 mM KCI 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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plate for 1 h after which 80 ml of the mxture was transferred to the
target coated wells for 15 mn to capture unbound phage. The pl ate was
washed wiwbD 2088is5amd HRP conj ugated anti-ML3 (Aner sham Poarusaaisa2iBeet ech)
was added (1:5000 in PBST containing 1%BSA) for 40 mn. The plate was
washed wi th PBST and devel oped by addi ng Tetranet hyl benzi di ne substrate

(Ki r kegaafigdumet ﬁgpr[oytd_@?@fea;tnmeumlduﬁalthersburg MD). The absorbance at
405 nmwas plqgtte

tion of target concentratio 0
determine an FOE%. EH%f‘s M%E%&HE@&Fr%fgeré%t%ff“ﬁr%‘foﬁg‘?g@’é%% Hbg’{ﬁl% %(nH‘lb“l one
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media at 30 C (Presta et al Res. 4593- 4599 97 ga wer e
har vest e §2aFe e%hww Ifl}ié%tTPBHlateé’Yi‘é aéﬁﬁéamh HB% cauju a.ED}i«L} IS58m
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S FrBTIE
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500 nM in PBST were injected. After ea,ch injectio the C
r eg¥ner afeRfeREHiARyInFORtidROKdelermine HfCry This &ﬁ%ﬁ%@ @P%gfos\?@@abflpa%t ing

the RU f aRplageddnaiksufth@Wwf @RlphageA 1. 1 Languir nodel of 5| rrul taneous fitting
O1cOn and koff_ was. used for_ kinetics anal SI S. fE% ctro um nescent

assayf or OASDEBIEAdKFGRY B ABEI O TPty ‘P‘Eﬁpﬁs Btein
pr oduced nRbsufRRaR] £&6p dodeiivhk iBRdiutddaREicEE e heA)y cWaB a.tm gstm melpaa@dh Yay

i ncubatin Ofold ce HS- X-Bi.otin .i pH 8.5
1SS g bi SR GRS RO GRS S e e PGS B I et
2- Cfrﬁng &P Ro4 ST e|d9an59@eg wnge@énsw@& ﬂaab]gb@sly mltrhu@{orl Abspéiiadl irth 07d034)
Vi a -ester ¢ St Ing to manu rer r Bi.o\eri s
er e BT b R ROt e TR, ey et A plois
HGF- Rut heﬂlnuﬁbﬁagatbgﬂéﬁhyng/ m), and titrations of OASD5 antibody ranging
from 3333-0. 2 I—‘% ant i boXm 1% g b%d tlo ether in a, volm 0fy 100 ul
of assay dilu lty Erminglions ivese Rerformed by SUHagePIsHNOn I oS I E P I Psiipel co
| nc. Bel QedeG@RHA)wasTlhﬁﬁomlxdduLEmomp@asé meits IRUPdniarCMEeieshdpatisdpr opyl ene
round bottom 96 well plates (Cornll%ggi) for 2-4 hours at room tenperature

N

wi t 3P shakwgntrasmrse)éil’ah/{"dp Ao i el ietog i sard, Bk ievEIG &P Wir e added.
Follown i.0 ion , { wer e
Foad st Retartf it TR R ARl b ERLBHS, SARL A nd 0 e

Gai t her siowgell. MO): 1 IKnRRAc mb«BIFeﬂﬁpﬂmdmm‘s flttﬁigtof lajaasq:)h,@ b aded Gorkindbbdnglgdis. s

PSS T A T T AR L
St. Louis, MOPurifled op/[&—ﬂ)@preteﬁlqird)(ﬁcém Getiteab SSvyith Sae [FracikdopGAT Gmsf bioteytated
cul t ur €s b%l%&batlgé \?'vftp S(Sj-fotfg é{%gsléltl\ﬂfse-X iotirl 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 OAS5DS5 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 /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 mediom (Ham’s F12/DMEM
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Aurora, OH) and seeded into 96 well plates at a density of 50,000 cells per
well. After an overnight incubation at 37C, growh nedia was renoved and
cells werwoesarsstarved for 30 - 60 min in nmedi um cont acmiusgood/0ifeéBS. To
determne the ability of OA-5D5 to inhibit cMet phosphoryl ation, the

nol ecul e was serially diluted from200 to 0.19 nMin nedium+ 0.1% FBS and

added t 050:8e [GiBEArRdAdI AR, tkaidngl FomTeful boWanEkuinOFBS! Sidrhk;, St HiGmis(Xd)ng/ m )
was added. The plates were en incubated for an additional 10 m nutes at

37C, t he LpepaeRell frhotssy: %ﬁ%laframccepﬁluepv&ltgrewrﬁéFtaﬁbéé usipgreerueeetN.

Si gnal i nguigs 01| 08kR8ed 163196 %vefl Pihebs aBLIREtYor SHBO0 SUP pérevBRNAGEr M dvBrndsht
pr ot ease i nh| bi tor cocktail purchased from Cal bi ochem Cat #539131, San

Di ego, CHcubatigea) sqresaviherdagitaremrat! rdcelbhyspiiory raedios 34 e 0 Pi%inan

el ect r oc Rl EshidRHGICE FBS S@(Ydéi&hﬁkﬁa R abitp VEO A S DYRE [h i éM&tphbHﬁE&Sflatlon
(BioVeris International, Gaithers Wﬁ))l%né% An_ anti - hosEpE)Wot yrosi ne mAb

(cl one 4theguolegyle;ves geriafly gilntes fxom aoo in) rgdER g O drddsd fp the assay

NHS- est eplaeleRTistd 15 i GRuBHHE af 37°CBIGE BOhYmaY wis Mide athk fRtks WBleah@r i S) .
Ant i bodi es a%al nst the c-Met extracel | ul ar domain were biotinylated using

bi ot i n- xIqHEidreswardicnrlgmipyes 5 B e fbs mpdiacyy rerqq’f@dwawslﬁ%éf FPVAGLO
and bi ot hﬂﬁéh@@ap&%mm g Ted¥RblogNI CHYEF 93081 BaleAY Mn @pﬁl@ﬁﬁe@wm{awﬁﬁe/ 0. 5%

Tween-20 / 0.5% B and added as a cockt ai cel | sates. After a

1. 510 2 fhibigeeaskiei! dwrcaeseii e tadhipsarat GreBaria, §‘i“g‘8‘regﬁa§3f°’§h ilyges were
strept avighiyredBE @ﬁ&spﬁorm@ai&Mwﬁ%@@&&ch&nﬁl\{ﬁﬁds&cmg wided Bidwelib o ng a

final 45 m n i ncubation, the plates were read on the %I oVerls i nstrunent.

Cel | Cul Ot l%ﬁamﬁ‘rtéﬁo?’é%@feaﬁt@%z%ﬁl%@ra VD). pareniehespholyiadipemaR ftlone

| ynphoi d4ceb, lupstaat Lzﬂdé rpmaidl MYJ Q@5 1aB8Ed RXPBISEAG MatNERIEhte ORSmif B ace&alag md to
HGF. However, in BaF3-hMet. derived by. transft%ctl on with nor nal

ful | -1 engaAUAEHE"  irectioniRiod St ApQadifa pgainst thg p-Met gxipagel] u?aéfi@iﬂam P596) |

13345709- Bﬁﬁhy]at%u?&ﬁﬂ—m (ReSatch @ gdnic9 CIanhng LON). iRk BWITAGGarkgasae of
| L-3. BaF3- hMet _an

BaF3-neo cells were routjn ed | 40, 5%
fetal boghhowyaigdanii-ceyletmap wg?eiﬁ?%éf% i er?li%%&ﬁ %ﬁ%‘h?@/ QR ?%S}\ i
mg{j M st kRPAdIEY & aﬂ:oSl?ﬂnflf tﬁttlﬁb ceg 1yhded. fg?cdﬂtaam _Pehr i OBhtidaMEbh tef@aﬂuiw aned
nmedl umas. a soO (0] 0o ne nt e on t
nunber of&QErf %e?'Ffe%‘a d‘§9§’a%'fenf B‘@gf ﬁ%/r‘i‘f%:‘iﬂg% %3\2 ?ngf’éﬁ‘geﬂy%%’d‘f g@l m
Al ar ma Bl enir theedstida, &grpmetslv@r@y@d@nﬁe BioVeneingtfithenOH) and measuring

fl uorescence i {’%{']'?ﬁg 8 h(? rs.later. Control experinents were
profd feration®6 egnd grofilergfipnas@ansence of HGF. H358- PSF2 and HGF- PSF8

cel I's were pagaBPBA nuiinRAM ddfeddbnt afhdietel thixamiondly slessi expodds dWedand does

Dol S vk egBn DRICF. RREE, Soe by siaRe Sy Corplcrama et it e

assay wasDNarfboluimed ca\aetcde&mubed Abel Biol. I(m%)a OFB: 9 [18), aIGR)slmmesV\ést ern

gt RUEKTEN WIS N TR e T AN

tr agst echadadeld ﬁﬂ{RMI 16310595 8cal @bvidd seruni\@ QYLaSmécapthoethanol, 100 U/ml penicillin,

100 pg/ml streptomycin sulfate, 2 mM L-glatamine, 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-PSF2 and HGF-PSFS 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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Vol .2, No.3, 2000), and were cultured in RPM 1640, 10%fetal bovine serum
100 UmM penicillin,100 ng/ M streptonycin sulfate, 2 nM L-glutamne. cMet
t yrosi ne wbas@masirhat i on detecti on was perforned essent ipalrlus2@s/odmser i bed

previously (Zioncheck, J Bio Chem 270(28):16871-8, 1995). In brief, cells
were plated in 60-mm plates overnight, and nedi umwas changed to RPM 1640

cont ai ni ngo Rg/aiteBpmybrfaife, 2dAINJoltARire UNM RAbL R PhoPhodlakibn Sltectibd Haut | nM
HGF or conpetitor QABD5. v2 antlbodlg . After ?}g rlnn gﬁjowm C, n%clumvvas

renoved &fdorEee pssenfiainay descaibed P vignsly/(icacisgk. I dtio Chan 27RM2RG871-8, 9MMmMG C12,
1% Tri t oy, éé?@we}e)i)lé?éﬁh%@%ﬁn I\E@Qk metrrﬁéht CARE el wis%hﬂ%@@ﬁh@l\fﬁsl%4b nhi bi tor

cockt ai | (Sl gma, St ter spinning super nat ant of the

| ysat e W&SNRIARE Bé%%ﬁfwohef?reaw@mgéwmg@% pﬁwaﬂwt@m 1B HYAF (o c@BpetiSant a
Cr , h
uzs Bi om@mqlz%garbod%mt@r {9 i at 575, E@ﬁﬂ% &;ag gfglga gj%a@gg %.; égqgsflﬁl our

at 4 0C. The i mune conpl exes were was
bef ore s&pkiegraii0onMBe(EES PMCGHeERI1% [Te@tnr}@b(l)(b flx pwgaaseonlmbltqr@(mtdﬂuliés e.

Phosphot r
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f ol | owed Way inepRied Grifhiagtchgt Ig@alolyalwmlamhﬁe (cF%t?o Sguita Qﬁlzmcgchneiog}s Smtd G,

West G o , usin 28 anti bho 1:400;
Santa Cr \UC% ?@%det%ﬁ% gIulo‘glysteg%r %? §°€f\ér%our a?%i#' l?m\}\%% %‘f?goa‘flergrvlvfl ?QI gé‘bdg)
Fc- HRP ( bailetiGn 0OGmplawikfen hefomizeparafios by SDBPAGERAY elictrbblatiey o Irlmmbaslmmence

d At h

subcut anehybl PN ERAB R Mot ubl el PR &, e B P R e Lor o
reached 1p&ae@ wtfmh&qlogm, B&lthen, MAB@llg\n@hbthccgn@apd godt adtBmotae Gl (1110/609;

i nj ected JQCE%OWL Pi(‘é@e*é éﬂo@e tP\M%Can H‘let& X%g gf tot%?fch& usmm@§8 alm gyaﬁqlfOb K V\% é]

OA5D5. v2 er veek.
M ce wer @I(E@;bml‘f’gyc@adltmen QA,Dnﬁﬂlowcﬂ Waanedﬂﬂ$ctHRP tli lt@é@OtJthksm Taabh,i Wiest

t unmyr vo R I ed. Results and D scussion
g é))r VSE-I chEQﬁ &%Q&Encg dgtggtl%%l

Humani zatl on’ o man acceptor framework used for the humani zati on
of 5D5 conpri damor tvaogrofisadsus human kappa | VL domain and a variant of the

frrom t he. hunan Dok anaas s - Rt ol OB il SRR §PF piaGRRRocs

muri ne SPBCRIPRCElp.| @’ﬂieldtUWOtSHEQCh@i Worden nk)apllme wegeredsigned ¢r 2 proupddof d@nﬁrqug 1

each HVR [ ft r rk
o gener oo oBi siF PR STEr 88, G P I I eRaBE RS U AlRE
phaffe di §praRar wgel NanBDsizg)yas meagredtviicesteewedkoMibé welieng t o i rmobi | i zed
HGFR- Fc, each of
the HVR Faar oo e g Spe Sl o kgl B YRS e AR It e
panned aflfase. i mobi | i zed HGFR- Fc for 4 rounds of selection. Cl ones were
pi cked f ResuiAnd PiERRE anal ysis and reveal ed a single clone had been
selected. Thrs cfone had a single change in the VH domain at position 94
(R94S) just offespdisatiogrof SR e Alekinaagresntopframework used for the humanization of SD5

25 comprises the consensus 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

subgroup III domains; each HVR was identified and then grafted into the human acceptor framework

to generate a SD3 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 1M compared to 8.3 nM for the monovalent affinity of
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HVR-H3 targeted for nutagenesis. Analysis of this clone by phage ELI SA
indicated it had simlar affinity to that of the nonovalent affinity of
muri ne 5080 2WwanszExpressed as an Fab and tested by Bi acec®/ustds/ okdanas
determned to be 9.8 nMconpared to 8.3 nMfor the nonovalent affinity
of muri ne 5D5. Thus this unexpected substitution restores full binding

affinit YmﬁﬁhetS:cml ’;{_’1% rt]153§ @Tekpec%ﬂ GuHsﬁ%quiD%st&l’eﬁfuﬂl bﬁlidug am#@ t thia 5D5 gdlf) and the
repr esents a u unmanl ze anti bo nt ere ous, aim no
ol .t gt ps FoA Garies d oertpL it bor R e PR TR Bgay B s
Mac Ical | éﬂﬂuﬁé acdd, thréd\ﬁiécl@ rduAagthis @bsmell in M@ lmuBin® bntibd &2 MatB82Hufd& al. I_Mﬁﬁ)a)luﬂnave
anal yze ant |

bod ant | en conpl ex ctures an dfo
posi ti ond b3 Igﬂld%@hf 26%: T8hé 5?1@3%)) l?ﬁ’f%l?‘?‘?fyég‘g “b‘g?‘fyaﬂga?tfggnﬁ %f&‘fryﬁ'faggl on thus
Iht see ”Bstlrugt'ﬁﬁa@ AaPlofind ;Sbfsﬂuﬂl_gs' 93dad 9?{3 BIStﬁ?Nh RSy EHa@Ge pdit diliee ddafabtirediorothusif seems
ypervariabl e region o HVR- en nmani z) ant | inity
mat ur at i Gesopgti 9 s luge theserppsy IH‘EJ%IB\W? deHption ¢ %WP?yarBFI% ﬁ?%%oqg'g (ﬁ?&ﬁ%
di spl ay llldn%ﬁ[dg%u}y@ﬁ[e@ generated in the background of hu5D5.vl, each

t t HVR f ft d t t
PUSD6. VI 1 ronAA sbatiraian ok NGO BHCR T BURAeChe . SR T EpR AL CePBy

codons Vg &rids HefeORHGREd inﬂﬁé’oauagi‘odTMBf h&sﬂsevmacmtae@tlﬂgmngle V@efoesolit | Ng each
l'ibrary. A solution sortlgegEt hod was used ﬁ H nceth fflglency of

t heloaf ¥ i Fndapuigiion oy aidae-sdecting ‘illéﬁ”ﬁrlé'&?&sasp"t@éya gé?“l“ Fypite

bi ot i nyl aigtlie a6P&IdoRORGEMbAIcCEORLO th@HURI t6Be inhﬁteﬂ |i)ﬁgt€t0 (gamamhgeatch libratyo A ower
backgrounds and the addition of unb| yI at e ate cl ones

Wit h fastoliftioppertipgghod W?Sg}ﬁe%tPPPIPﬁ“f lé’écy(f’ “B’rbg? @*’%g?tsf 598 ect ed.

éee efj a{)roeers]§ B rAnipnla0 ihb@mﬁh}‘l&éd fafggmﬂ)nfﬁcntr&ﬁineﬁﬂm(ﬁﬂg theptai € bupand tir(d @:‘ get
ependent phage capture erve suggestin e ones

were prelBRt backereuidp and thg IOWO ﬁ“br‘oélﬁlﬂ'i‘?ggﬁr’?tf? S‘H“%?Fef (ilﬂ]ef V%Egars{ef—é{t‘ﬁ

Sel gct i Opyep Bﬂﬁhﬁgaﬂﬁeﬁé cérﬁ&q)rd}&iéihﬂsd Selethiay @pe AL, saumr asethe ifirst saubd eﬁpaleunonr ounds

and at round 3 all I|brar es were conbi ne generate aseve rary

pool . Af ?fé%d“?ﬁ!er}*éta%'sdeﬁ‘?n U PRIE R Y BB gﬁggg g 2¢eg ﬁ%“b?r orngtsr ‘i/vergool s
wer e ana%)ﬂégeﬁﬂn chdlalene sith Featdhebly high affing$ fdr HGFR-Fa GelebiRn stringendy valc&ower e
i dentical tao hu5D5. vl

wever equ e .ohserve ies
target | n@bOP‘R)R"aL?nCIQ—WIQ ‘ﬁPu%SWthgﬁﬂl% F%‘P%%% é\ﬁérér PG he” q)fm grt% e)?l&%{gol
consi st i Rgemh liblag pooIrakaet iodisof sddction clohdsrfsmi esh vlbe ddhianatoed Weye sequences
fromthe HVR- l'ibrary estl n t ence
| arfest PURBEE s i ﬂéefslflhg ¢ frgegflg ﬁg&% ?Eﬁfur e gen% EﬁYA l?J%gsrvﬁ’lones
Wer e SCr genser, Byw paagreldrSébsaiveld mhﬁmexqargemwdlv EiZFHNR@IbtPE\thHamId HN&r
affinity erm in acore. ver al n l'i brary
with cha Z]é‘g'i’rﬁ 22@&/ t@anga B’: C%%l%%a%? £ aﬁlé"s‘ Ogaﬁol ¢ %tt?redés B s ﬁ&%g or the
murine 5E{quéﬂ@§(/ﬂ(ﬂh euatH\a{ HB mibtayy sﬁaggcgémtghat)thesér M&elccsl mse@dhlaﬂdalmat her S/T at
position, 94 S .at T. 0si
posi t i on MRBEMHHR ag 9§¥ icOc'f :Hgﬁ &nbgﬁlee é? ?fﬁheﬁ nés enﬁ %%gmﬂ'aﬁl/ aé/ }ﬁfI?%r%nd
hu5135. VI thef éxpresSiRs Faslprdthland anit affinli3 -détetnanesif u‘Slng Btlzyzoler’rﬁﬁmé nbms fromihthe
starting fraoamthe t. of th ine 5D5 pt or
scaf f ol d®° lﬂ‘eede}?baég %’% ﬁh%gesﬂwgy%ﬁ?[éad hefoget eﬂg@ﬁ le%ﬁ)a%gg jr%gg %“@ﬁ% and
t he addi hiuﬁﬂe §165 ﬂomvalegelﬁﬁﬂmy (Fiyfite Hp Thesaat®neshad efthelr S{T m@namp%R@m pesEipp
with 13-1.0L 4 48R! 8 Pod B AT bdlloX 106 ThEFER c1dnd! G 78RBS 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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sel ected humani zed anti bodi es descri bed herein have been determ ned to have
at | east conparabl e biological activity as the parent 5D5 anti body, for
exanpl e iwoneeapsm phosphoryl ati on assays, etc. (data motr/usbasn)ic26
Characterization of an antibody of the invention - "One-arned" (also
referred to as "onearmt and "OA") anti-Met antibodies were characterized.

Two. zgn'sj | b¥ettiGisallyf the F@A@Sm]em Eﬂ%oﬂﬁé@ﬁi@@t@ﬂ?gMiafﬁl G«zr%lﬁr}ééngtvlaﬁaﬁi%nﬁ%- v2"
anti body conprised a si.ngle rm conprising variabl e domai n sequences as
depi ct ed SF%‘%C& G gepi“éﬁ% ‘Wﬁ‘@Pféi 13’ ‘F‘?Féelﬁgb& %g? APS fiiipd & B ragiorr and wharein theand
wher ei n tivgegion wagi @mpla SeveaDiie FRXpolyépiae o inEehel ¥Rl sYRRRe! dEFicC @ Ikt NY
the Fc seguence, de 'ctled I.H Figure 13 and and one Fc po y&eptl de conprising
the Fc sequence U&pr ey ek e?ﬁ’“ﬁ’&?’@g Feepuengsdemieied Bdiguss & Hhaenithodics zed as
fol | dws: wWekg cHaracerizedss &llotve, t est ability of OA-5D5.v2 to bl ock binding of
HGF to its receptor, QOA-5D5.v2 s.able to block HGF binding to its
receptor at Ie@gt as %Plassé%tott%%%?@épéﬁﬁs-%f’ blrskpiading Oﬁ]d%ﬁlt%/itsere@moneri c
one-arnmed anti body (vhAsiDseanpEbsiee BodkaGRbNhE RMst-BeplHANe: RVeR (vRD5
anti body (variabl e donai ns de jcé,ed in Figure 7) fused to a human Fc

regi on), and anot her Cﬁﬁ?%@&ft‘%@f’ e BeN pamEsmibody (Wehcanensised

across an antibody conenin &binahe hd@Hattht FPOMibBIJartaBle YoRkindMpidkAdg "
Congq)tzsl ons as descri hed I%eéjgfﬁ Material s and Met hods section above,
OA-5D5. v2 was found t'dsHay 5 E8Hapfc gSieH snd Rather @atibody aithaisgentional f

that of a conparator (@a5DOEY). SUE tasedtdbRsChi MBEIIG cOREHRHIE fna b BeH %3 and
QA- 5D5.vl, Notably, OS\ED@[ vl ~al so. bl ocked with better 1C50 Than the
reference chineric aff B8 URsspcqndifigpasgiescribsd ip theMateriadsand Miethads sechign | i t y

of OA-5D5.v2 to inhi bibbveHOR-SIBO@DVR ot Mk b (G50 iue BB wY e WaSnabLE niiP
i nhi bit ki nase receptgr Fcti vati on tzbtdl ea'ﬁt as well as the two conparat or
anti bodi es as descri B&H °F ACTPRTAB SULPodYFHEh 25 e chigetie prsssmedaniihed iagd PA-

congentration range @D5ahoNbtadPDA-GDE.v1AsoMockeadaih e@RFUCId @RSHASIIgSEr | bed
in the Materilas and t hods. sectjon.above, OA-5D5.v2 was foundto have an
1C50 with a val ue thai lm\ﬁlgga?tg’ggy’t%ﬁ%l%‘%%t hal f that of a conparator

anti body such(@s t he Inhi awayitc tarubilay SEOA DGR esHhBR A @AeRBRr WivaRReORL . 9.

(3) OA-5D5.v2 was al tested for. cross-speci es hindi ng anong_human,
pri mate (cynonol gus %%ﬁlgg)‘/‘ﬁa,sgb3%%%{”5%83%?@”8”(0%’@6?? eFShas5TH a5 thevie f ound

to bind specifically coopdratmeamtibsttiesps Hestebed Gy (19 BBYvE UNeRAKE N osE i adtB6@Pt OF
but,,not canine or nurj OA-5D5. v2 was tested

forits ability to i ShitEn B Sﬁ%é%éfgﬁ%%"%&ﬁ‘g{% L ‘%’H‘(é%?f&%ﬁ @xdeggribegm thns
shown in Figure 10, GMSiDE.au@Methoidbictih abevd, OprIdI. $ewatfber @havk @afts0as wel |
as its chineric anti Q&tﬂ% V%ng Hlta? \I;vgsalgsts thaé.?l%b(%?\ Bzﬁl:)t?létvc!f agca)'r?lpa?aetgrca{nitil?&?f SlilCrlll a(s b
the chimeric one-armed antibody and OA-5D5.v1. See Fig. 9.
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35 See Fig. 10. Specific binding of OA-5D5.v2 to the Met-transfected cells was
confirmed by FACs analysis. (data not shown)
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3. The antibody of claim1, wherein the antibody is humani zed. 4. The
anti body of claim1, wherein at |east a portion of the franmework sequence
i s a humawmoeorsassus framewor k sequence. 5. The anti bodycofusedodioricis
wherein said nodification is substitution, insertion or deletion. 6. The
anti body of claim1, wherein a H/R-L2 variant conprises 1-5 (1, 2, 3, 4 or
‘3 SEQSE wlbgmaq%i: lmjaey cﬁﬁmaklé}aﬁlwn E@‘enﬁr?@cf (WA(IEVD‘ RY am&a VdsOASM. (Efbm( M orL
or : : or
G, B6 (C’Aystabstmrhléer at\jy7 Ihf?aolmwn(of EGF m gpigplexgyith @m%%O%ﬁh% i‘%dd@ﬁeﬁm 96%:‘?#1 1,
wherein go4Mid H variant conprises 1-5 (1, 2, 3, 4 or 5) substitutions in
any conbi nation of t he foIIowi ng positions D3 ( N P L, S, A 1), D5 (I,
SorY), D6 (G T, K (Mar V). 8. The
ant i body V%lfssne,avl&.% [iltscmér %aSéz Wm@d%‘é% énM &18%%% F&)’é‘é‘l Siruatu'(eff ngve 3 or 4)
subsgt i t U}y fabidr ﬁ%mﬁﬁmtﬂ Al l%ﬁlnd)ﬁlndlﬂ@dérﬁﬂlﬁ @B%@grkﬁquebiop MNaturd=/01( 1941989
(1), ElO(l), E14 (T or S, or V), E16 L), E17 (E, H, N
or D and E18 (Y, E or H). 9. The anti body of claim1, vvhereln a HVR- H3
variant conprises 1-5 (1, 2, 3, 4 or 5) substitutions in any conbi nation of
the follow ng positions: FI (T, S), F3 (R S, H T, A K, F4 (G, F6 (R
FFM T, E, K A L W, F7 (L, I, T, R K V), F8 (S, A, FIO (Y, N and F
| 1 (Q S H F). 10. The antibody of claim1l conprising an HVR-LI having
t he sequence of SEQ ID NGO 1. 11. The antibody of claim21 conprising an
HVR- L3 havi ng the sequence of SEQ ID NO 3. 12. The antibody of claim1,
wherein FIl in a variant HYR-H3 is T. 13. The anti body of claim 11, wherein
F3 in a variant HYR-H3 is Ror S. 14. The antibody of claim1l, wherein F7
inavariant HYR-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 sane
as nonovalent affinity of a murine antibody conprising a |light chain and
heavy chai n vari abl e sequence as depicted in Fig. 7 (SEQ ID NO 9 and 10).
16. A humani zed anti-c-net anti body wherein nonoval ent affinity of the
anti body to human cnet is at |east 3-fold greater than nonoval ent affinity
of a nurine antibody conprising a |ight chain and heavy chain variabl e
sequence as depicted in Fig. 7 (SEQID NO 9 and 10). 17. The humani zed
anti body of claim 15 or 16 wherein the nurine antibody is produced by
hybri doma cell |ine deposited under American Type Culture Collection
Accessi on Nunber ATCC with designation HB-11894 (hybridoma 1A3.3.13) or
HB- 11895 (hybridoma 5D5.11.6). 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 binding affinity is neasured by Biacore
or
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radi oi mmunoassay. 20. The anti body of claim 1 conprising human Ksubgroup 1
consensus framework sequence. 21. The anti body of claim 1l conprising heavy
chai n hurmo 28esngsxup |11 consensus framework sequence. 22T1/URb@saptsebody of
claim 21 wherein the framework sequence conprises a substitution at
position 71, 73 and/or 78. 23. The antibody of claim 22 wherein said
substitution is R7I A, N73T and/or N/78AARL A humani zed anti-c-net anti body
wherei n the humani zed anti body inhi bits binding hunan hepat ocyte growth
factor to its receptor better than a reference anti body conprising a
chinericianti ;A(ﬁ-aﬂﬁ.k_rﬁdﬂbﬁth@dyccﬁmﬁg;si ng a light chain and heavy chain

vari abl e sequence as depicted in Fig. 7 (SEQQI D NGO 9 and 10).25. The

anti body of cf&i m s4leasipne YR sqanench lectrd Som Un ETOBRERPSISME i t s bi nding with
an 1sC50 value that is less than half that of the chinmeric antibody. 26. The
anti body of claim25, wherein the |C50 is determ ned, acr ? .an anti body
concentration rangéf roﬁvé%{jhfor@?réﬁlgﬁ?\ﬂ“?’ﬂfeé%rlﬁ\]WdWf%{f)"?u‘Mg FZI? A humani zed
anti-c-met anti bodgsgogr evns$beNTUARPEG D Nant) body i nhibits human

hepat ocyte grow h factor (HGF) receptor activation better than a reference
anti body conprising a chineric anti-c-nmet antibody conprising a light chain
and heavy chain Var(iii}abl leﬂﬂe&ﬁkgisﬂ@ sélRphetBadB 7, AvhEieth B I7BT SEQASTRINOISEY and
10). 28. The antibg of claim 27, wherein the humani zed anti body inhibits
r ec¥pt or activati ofPWXH an 1C50 value that is less than half that of the
chinmeric antibody. 29. The antibody of claim 28, wherein the 1C50 is

determ ned across an antjbody concentration.r fro 0 0
about | 100 M 30, AhamERSEH caRERESHBER 1 G APt g ST N o
anti body inhibits ¢speipdepyndent cell proliferation better than a
reference anti body conprising a chinmeric anti-c-net antibody conprising a

| i ght chain and heavy chain variabl e sequence as depicted in Fig. 7 (SEQ DD
NG 159 and 10). 31. aihe aniR-H0dympsin sain¥hctl1-DIG eieftin DO G P YamLHbody
inhibits cell proliferation with an 1C50 value that is |less than half that
of the chineric ant@ﬁ(@)ﬁ%\l : The anti body of claim 31, wherein the IC50 is
determ ned across an anti body concentration range fromabout 0.01 nMto
about 100 nM 33. The ani.i y of .the precedi clai. erein both the
humani zed ant i body (%nd Bﬁl}lﬁggfﬁm%f?ﬂng% n %‘ﬁ%ﬁ%%{f"‘g&?f 4% The antibody
of the precedi ng clGMIDPSNSDFRENRNBRDRSEQED NOvE)Ni zed anti body and chineric
antizobody conprise a single Fab region linked to an Fc region.

(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 Tor S, F3isRor Sand F7is 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(I,NorF),B5(P,LLorG),B6(A,D, TorV)and B7 (R,I, M or

35 G).

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 (I, S or
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35. An anti body conprising a heavy chain variabl e domain conprising

HVRl - HC, HVR2- HC and/ or HVR3- HC sequence depicted in Figure 13 (SEQ I D NO
191- 193) .wB&ooslhss7ant i body of clai m 35, wherein the var ipaltlus2asnricns
conprises FR -HC, FR2-HC, FR3- HC and/or FR4-HC sequence depicted in Figure
13 (SEQ ID NO 187-190). 37. The anti body of claim 35 or 36, wherein the
anti body conmpii sescCH, Tard)OD7 BT 1S RASENse)da@ Do t®thrivy. Fi gure 13 (SEQ I D NO
194 and/or 195). 38. An antibody conprising a |ight chain_ variable domin
conpri si Rg HviRhe aupbods\akslainel aphsresn  HYRIY veriepforREs d&dilct @ Hsupstigiiioas 13
(SEQ I D NGO 183} 3ohbinatidn of D8 réadwil2qRVitieds: BY anNESE), Baben,&l1a (t beQy &15 abl e
domai n conprises FR - LC and/ or FR4-LC sequence depicted in

LC, FR2- FR3-LC
Figure 13 (SE& PF N0 Bl wgBi7 (B4, NprB) ande 1868y E ST HE | ai m 38 or 39, wherein
the santi body GRORHibSESf Clatm 3 OGRS SHIRNIT L REN! AnkpligdN s 132,6SFR HD NO
186).4 1. An anti body conprising a heaV}/ chai n_variabl e domai n of an& of
cl ai ns 35-37 SHgLEions ghanycrabratioaof dsfellogdpmrositions: iy Top: B & refl3B M) 42.
The antibody gf (&) 86 FAls, TVREL &L, D, SN 1, BORYK W), FREOUAIFRD (Y 2N)dng @D | Ses
an Fc region. 4§®| Thgﬁanti body of c}r\gi rr7§( 42, V\%%r\?l n {gﬁeQFc Eegpon
conprises a f(@stHaFHd a second pol ypeptide, wherein the first and second

pol ypept ijge egfdaftiBhR! drehfin @ R6mpHsidFhL STVRLE. 2 hi@RSthik ﬁeﬂ@ﬁﬂ@?ﬂﬂ@ﬂ.'d type
human Fc. 44. The aﬂatglirbod Y . Ct

_ y of claim43 V\herei_nthefirsp\fépo égeggide
conBr i sedlt he Tieangibedre ctimaé sPmer &%Pﬂ%&?éa&@%sml?@ ' EQEENOZhg t he
second pehypephé ARILEG MRS, WiReiS PAMANGRaf eNFEHG T.N Figure 14 (SEQ DD NO
196). 45. A nethod of inhibiting c-net activated cell proliferation, said

met hod cédpri Shagtibett Actaimd, wheeedn F3 Bya vapad fVRyHB s BAT 2 fecti ve anount of

an antibagy ofrhaf¥ivedy drtfimn erReiing7 &l AlafEnt HAGR-HAEL hod of nodul ating a
di sease associated with dysregul ati on of the HG-/ c- rre{ naling axis, said

. y - si g
met hod cdtpri & ganided A= BetaREPAdy WA ETQeYalep aifinity g tih?/%“%gﬁ‘}ﬁfﬁ WPt Gn
ant {sbody of apy; RkudshRtidN kA8 ds fbiiviEat ity Af FBIuRACareibody @Rplifige Alighybj ect
havi ng cancer, said _nethod conprising adm m%f.erl, ng %]151) EIQF% s;@uf an
effective anoGHtin @ hawyychein peRAPlesPaushsp as ferigied ip g AP I NG 8l HB:  The
met hod ofigCl aiAMguthhniz ¥ RHieS-Rettal €bdaR REGErini rSonbV)éht BEIEE bE thOErRibbdyCd AEMAn c-Ki dney
cancer, gastric cancer, colorectal cancer and/o ancrealt_)i cancer. 49. A

o BRRE e t

met hod of t r e i8gt 5ashr 60! SiEpist hormenoveley B oow SPRPTRIRETD e
C]Qrfpri si ][19 ﬁdm’ldﬁi &idgfeamhlm vﬁtﬁﬁble%@@jeﬁﬁtasaépiﬁ&f ia@]gg'.vlesmuuwb: ofin@r)ant ihbody
of any of the _preceding clainms, 50._The nethod of claim 49, erein the
profd fer dfi ve ?E‘B?ad‘ézfeg?%“bé’%%fé}%‘mﬁ or & ‘ﬁ]ilﬁf‘?“éﬂ@ R a‘&’%@'d‘is ﬁé\ﬂ’f“ﬁglbﬁnt i body
of any of cl ahisiidbmé4ell line deposited 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 k 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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52. A host cell conprising the nucleic acid of claimb51. 53. A conposition
conprising the antibody of any of clainms 1-44. 52. The conposition of claim
53, wher ev0 206w018MPOSi tion conprises a carrier. PCT/US2005/027626

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 (HHGF) 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-LC
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-LC sequence depicted in Figure 13 (SEQ ID NO: 179-182).
35 . 40. The antibody of claim 38 or 39, wherein the antibody comprises CL1 sequence depicted in
Figure 13 (SEQ ID NO: 186).
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41.

42.

43.

44.

45.

46.

.47,

48.

49.

50.
51.
52.
53.
52.

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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