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CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application is a nonprovisional of USSN 60/788,243 filed

April 1, 2006, which is incorporated by reference in its entirety for all purposes.

STATEMENT OF GOVERNMENT INTEREST

[0002] The work described in this application was funded in part by Grant
2R44CA101283-02 from the National Institutes of Health. The US government may

have certain rights in this invention.

FIELD OF THE INVENTION
[0003] The present invention relates generally to the combination of
monoclonal antibody (mAb) and recombinant DNA technologies for developing novel
biologics, and more particularly, for example, to the production of humanized -
monoclonal antibodies that bind to and neutralize Hepatocyte Growth Factor.

BACKGROUND OF THE INVENTION

[0004] Human Hepatocyte Growth Factor (HGF) is a multifunctional
heterodimeric polypeptide produced by mesenchymal celis. HGF has been shown to
stimulate angiogenesis, morphogenesis and motogenesis, as well as the growth and
scattering of various cell types (Bussolino et al., J. Cell. Biol. 119: 629, 1992;
Zarnegar and Michalopoulos, J. Cell. Biol. 129:1177, 1995; Matsumoto et al., Ciba.
Found. Symp. 212:198, 1997; Birchmeier and Gherardi, Trends Cell. Biol. 8:404,
1998; Xin et al. Am. J. Pathol. 158:1111, 2001). The pleiotropic activities of HGF are
mediated through its receptor, a transmembrane tyrosine kinase encoded by the
proto-oncogene cMet. In addition to regulating a variety of normal cellular functions,
HGF and its receptor c-Met have been shown to be involved in the initiation, invasion
and metastasis of tumors (Jeffers et al., J. Mol. Med. 74:505, 1996; Comoglio and
Trusolino, J. Clin. Invest. 109:857, 2002). HGF/cMet are coexpressed, often over-
expressed, on various human solid tumors including tumors derived from lung, colon,

rectum, stomach, kidney, ovary, skin, multiple myeloma and thyroid tissue (Prat et
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[0006] The cMet receptor is a member of the class |V protein tyrosine kinase
receptor family. The full length cMet gene was cloned and identified as the cMet
proto-oncogene (Cooper et al., Nature 311:29, 1984; Park et al., Proc. Natl. Acad.
Sci. USA 84:6379, 1987). NK2 (a protein encompassing the N-terminus and first two
kringle domains of the a-subunit) is sufficient for binding to cMet and activation of the
signal cascade for motility, however the full length protein is required for the
mitogenic response (Weidner et al.,, Am. J. Respir. Cell. Mol. Biol. 8:229, 1993).
HSPG binds to HGF by interacting with the N terminus of HGF.

[0007] HGF/cMet have been reported to play important roles in several
aspects of cancer development such as tumor initiation, invasion, metastasis,
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[0005] HGF is a 102 kDa protein with sequence and
structural simlarity to plasm nogen and other enzynes
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comprises CDRs from L2G7 and a human light chain variable region framework
provided that at least one position selected from the group consisting of L3 and L60
is occupied by the amino acid occupying the corresponding position in the L2G7 light
chain.

[0013] Cell lines producing such humanized antibodies are also provided. In
another embodiment, a pharmaceutical composition comprising a humanized L2G7
mAb is provided. [In a third embodiment, the pharmaceutical composition is

administered to a patient (typically a human patient) to treat cancer or other disease.
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b‘%ﬁr&ﬁﬁaﬁ\g Mk THE DRAWNGS 100141 Figure 1.

acl equences of the L2G7 mature heavy chain

(A) and light chain (B) variable regions translated
f r o918 Figuom6d Radaiive alylify obbiRe-2657eanth BBV jta dihibitr pl&F-induced

préiRBAioR SRR/ D9 ca¥St em i's used.

[0020] Figure 7. Effect of treatment with HuL2G7 or L2G7 mAb or PBS
control on growth of U87 subcutaneous xenografts in groups of NIH 1l Beige/Nude
mice. Arrow indicates when injections began, and error bars show standard error of
the mean (s.e.m). The symbols for L2G7 and HuL2G7 superimpose and cannot be

distinguished in the figure.



[0015] Figure 2. Am no acid sequences of the HuL2G/
heavy chain (A) and light chain (B) nmature vari abl e
regions are shown aligned with L207 and acceptor V
regions. The CDRs are underlined in the L2G/

W%%l%&@ and the anmi no aci ds substituted V(_‘;”_}’tct}/u@dd?/?ﬁssss
L

amno acids are underlined in the HuL2
sequences, with the initial am no acid HLE

douhbg21y W@rrémegffe&hﬁ fabaffferuniiaesé Nevekystt BOL2G7 Waaftowth of
gure 3. Amino acid sequences of the entire
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whgh Gﬁ’ecﬁu%hé’%e&én e TR Bk fiRAVY.eand | i ght chains
(1.e., after cleavage of the si gnal sequences) are

double underllned and | abel ed_w he nunber

am no aBEd\ld DESERIHAON @%tﬂﬁrf’ﬁé':g@ﬂ%) EMBt(N%MENTS

;]/Tfh%gin%‘ﬁtlonl Brotvl'é%shﬁﬂﬁé(mﬁ&ﬁ'n@utrél%gf bRA§HGHRhoclonal
aC| , hinge, CH2 CH3 regions are

anibedies; mBarmageytical eorePOsigms @cwaprmsm@ Keemi ped rapthads of using

el S underlined. [0017]
thgmgﬁfg{eﬁ%gm %% bi ndi ng assay of HulL2G7, ChL2Gr

and L2G7 for bi nd| ng to HG-. [0018] Figure 5.

Rel ative ability of HuL2G7,1 %ﬁ?@ g\nd L2G7 to bl ock

bi nding of HGF to Met. ' ]eFigure 6. Relative

abi 1{0023] @fntibMéG?aren\cberZﬁ}Z;et cn:oimmébinuolémesi r(mhuteedlar weight of

ol 1 era M/ .1 Lu. Q ure 7
~§Of®({ °6fa QA?%%&”‘W ta}?’ @'%Pci‘id%‘ %&813 ’r“c A natural
artibotly aholeoulgr @cwttélngfthSIZiesaum u;barseoﬂspoiwepgmafdwamlsn each pair

t NLH 11 BeigelN di
i S et B e e s e Sgamen Sirural unit of

areémmfodgﬁs tahetram@n Esicr light chidie apl el g chaih ih2%h c@Mdists of two
regipgas & varbie (VA fegion Invalved i binding the targel antigen, and & constant
(“C”) region that interacts with other components of the immune system. The light
and heavy chain variable regions fold up together in 3-dimensional space to form a
variable region that binds the antigen (for example, a receptor on the surface of a
cell). Within each light or heavy chain variable region, there are three short
segments (averaging 10 amino acids in length) called the complementarity
determining regions (“CDRs”"). The six CDRs in an antibody variable domain (three
from the light chain and three from the heavy chain) fold up together in 3-D space to
form the actual antibody binding site which locks onto the target antigen. The
position and length of the CDRs have been precisely defined. See Kabat, E. et al.,,
Sequences of Proteins of Immunological Interest, U.S. Department of Health and
Human Services, 1983, 1987, which are herein incorporated by reference. The part
of a variable region not contained in the CDRs is called the framework, which forms
the environment for the CDRs. In each chain, the three CDRs are interspersed with
four framework sections in this order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FRA4.
[0024] Amino acids from the variable regions of the mature heavy and light
chains of immunoglobulins are designated Hx and Lx respectively, where x is a

number designating the position of an amino acid according to the scheme of Kabat,
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WO 2007/ 115049PCT/ US2007/ 065385 [0021] Figure
8. Effect of four different dose |evels of HuL2G7 on
growt h of U37 subcutaneous xenografts in groups of NLH
[1'l Beigel/Nude mce. Arrow indicates when injections
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in an anti body variable domain (three fro

Kahaymumbesi Mtghaligmpert. ff roshige anbkogy 9 ie-¢- o?sz»' gffire mature
vahggl%tljﬁﬁfon'df eﬁh&v%rRﬂQ%ht endify ¥ Béh@g 86fpatedamt ﬂféc%me reglon of

|n|n site which | ocks onto t etar‘%et antig
a p@fgretncgrarmbedy.em perseniege TIRENAR e @éﬁeme@@. EE@I §~ub1ect and

refé}?ér‘ld%egntlb%%gl é%gﬁé is fhe ﬁﬂim@ér ®f &%‘ﬂﬁtﬁi@c&%u Ied Fff)pt‘i‘n%'é%?ne amino

I mmunol o I nterest, part nmen

acighi hatiiiie Sehiestans refiyemce a@x@pdymgl@n dsw@dql@y mentotal number of
ah'bﬂ&? g%gft@h?%f B rtﬁ't)grreﬁlbﬁg WT%D%@% ho§ Lﬁ'lt%@,{ Hrr]\gkﬁbﬁ‘ed by 100 to

n not contai ne 'S ca
COﬁve'ﬂrw\mﬂcenWb%h forms the environnent for the CDRs.

| BB e 8o 655, (A €5l SRy gy
anGDR2reféri@3dodBDREL effdRtnpass polydlofddntidniline predutzdf byinjecting an
o) H3C% B8R PR A0 T BB Rt serum o
the afipes! ielnianixdeastibodyds a g@meﬁ@ally@mglr@eaéd (rmgortdmbnal) antibody
in Fﬁ’ . ttlh%nCBE{s ?rrc])n‘? g\] mngusa&lar%b%%%fo(r ganP bocpy wﬁlcﬁ can also be rat,
hamster or other similar species) are grafted onto a human antibody (“acceptor
antibody”). Humanized antibodies can also be made with less than the complete
CDRs from a mouse antibody (e.g., Pascalis et al., J. Immunol. 169:3076, 2002).
Most commonly the first heavy chain hypervariable loop H1 as defined by Chothia &
Lesk, J. Mol. Biol. 196:901-917, 1987, from the donor antibody is also transferred to
the humanized antibody. Thus, a humanized antibody is an antibody having CDRs
from a donor antibody and variable region frameworks and constant regions from
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WO 2007/ 115049PCT/ U52007/ 065385 op. cit. Kabat lists

many am no aci d sequences for antibodies for each

subgroup, and lists the nost commonly occurring am no

acid for each residue position in that subgroup to

18048 CONsensus sequence. Kabat uses a pefBodofdeEsss

assigning a residue nunber to each amno acid in a

| i sted sequence, and this nethod for assigning residue
huthai entbduiss. bReolight shdmaavyl chain ticeeftoreirameWalkatrhay be from the

schenef%% e tendlblﬁjto ot her ant | not_i.nc

S gy G Sefbshr deach i §salHosid SLLFS g more

hithah aﬁ%d‘?ﬁrénh@u&@@&ﬁ%@ﬁwﬁlegy e bitoKedratus Bgquence of a set
reference to conserved am no e use o

ofitean Famswerisdedss? EHPIRERIA | Um@rﬁﬂﬂg%'gs 5&4?8“%@ jry&abat et
aldbp eayj V&l @deqpentd hating ithe ﬁﬁsf 86AHonRNddRAH mBQic:td in the

exanpl@, an amno acid at the L50 position o

seiratiagetypostienpile addiiene gurataindigh meg #ffinit aéﬁeaa%% of two
at?ﬁ'ﬁ&ap %Jtt'ér%pelleﬁ%ng cih BRI by Qd\géheé?‘é@r UfSaFaé‘tent Nos.

sequences can be uni quel'y ali
5,83@wtp1 @nﬂdi 5@ @&Qnaa@hpﬁwdem is ineprpiotaged b§reus bhgefteﬁ@ce which

pr%pgtde E‘B%d&&&%@%?gﬁa&%&h&% oﬁﬂﬁﬂ%rﬁ%dq%tﬁ’)%%s' n one

sequence 1Is th the amno acid in .
t he [mzhsetn stmueatcetmuatal heismehe ﬂ‘@nﬁamw@tk rofinther heavy chain

f ' . .
veipbBUsBlon R bpai=bigfe PSR ain-aR Y B sefplngs iwentty
(at ImisﬂBS?V&) with th@ fcam‘aaoﬁdofv\nhbrhetdw chairevaregieonegién af the donor

ce .an t he erc nt a equence id it
arBodiedy GO o REPERE tbaft S Roag Fi iahy known
mmlftﬂwd amﬁwb lesﬁf lnﬁﬁé lsteg@rﬁts s@@agwl @%rﬂwnt i &:oﬁemmgctﬁdhm the humanized
cid in both the supject and refere nti bo
anPosiyexplefied RENRVESI Sn'urm@rfr%f'e%{wkgﬂfc @* éﬁgefeeﬁf antibody
(olifdRiet R CPWsPRFe rébhihbedNMH m%esmﬁahg%mmlémcm ifreeh e donor
100 to convert to &ercenta

25
aniBAbi | 1BrRACORIANTs o @H@@ﬁqu §“‘SSS|$\@‘?Céf{Cﬁ8¥ f}ﬂm gpino acids to be

reﬁl@@éd ﬁﬁth@ffra%@vkﬁk) de Q@rﬂeré EiRfseh@®ntAe Habielof ERHOABIRS S0 interact
anti bodi eS produced by injecting an ani ma

mal
W'{')‘stbéfC@g? aFpoeratepler isypplased gautg 2Gifs Ran S &diacgahto a CDR in
thé"&@néﬁéﬁ%d‘y%q@@ﬁé@‘oﬁ MR B8 8RGdRIms 6f BUBRIiAQAe humanized

ant | genetical |y engineered (nonoclonal)
anﬁh@qi)b@%lweﬁﬁuﬁﬁﬁl!@ﬁ -dimengiprel a6 a nouse anti body

(" dg(ﬂﬁrq ARLthDAMer natfdl ShhcEaHy r§£é ﬁA%@tmuﬂ%¥ﬂe Qith a non-

m | ar species) are gra onto a
huamn donty roAlc bepraoized mAbs dp" !)_._ mﬂa@e@saﬂmtﬁﬂmté@,an mAbs

05,69 Tt Al S3RIET A GBBES) Y S A o
selb&gn@ﬂﬁin uzma)hagb’ma*apley) nmeshdds (see, BigrsDoweraetyalc VeIDR1/17271;

varl apl S fi th k

maer e &P §uoBgBoite i "FoR i il MffpEeps Lot
23192, al|9$)6) br dpafsitg &dnigbrﬁmmldimm,mgi, aohbdrgdat. alThN@93lsﬂ2227;

h ni z, ' y is_an antib [ froma
<GB U A ene PRtse ot 8ben LPaReraPehna

congdoaf THE @oROSe bf @MmAb ¥MOhe region of its antigen to which the mAb

2007/ 115049PCT/ U52007/ 065385
binds. Two antibodies bind to the same or overlapping epitope if each competitively
inhibits (blocks) binding of the other to the antigen. That is, a 1x, 5x, 10x, 20x or
100x excess of one antibody inhibits binding of the other by at least 50% but
preferably 75%, 90% or even 99% as measured in a competitive binding assay (see,
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human anti bodi es. The |ight and heavy chai n acceptor
framewor ks nmay be fromthe sane or different human

anti bodi es and may each be a conposite of two or nore
human anti body franmeworks; or alternatively nay be a
NSRS EoSequence of a set of human franeworks s8oJesssss

a subgroup of human anti bodi es as defined in Kabat et

al, op. cit.), i.e., a sequence having the nost
ecgannmgwmeoaww i CencaniRes. &0t Wo5N 108@). séﬂteatatneelyhtwo antibodies

h ‘?%ﬂ}’\ér 1%9"‘ ?p' Oé’gs{r a@n%m%\?) %%al @ar?f?sg% ?Ptglﬁ“up‘éf reduce or

eRhRERN b dER oPene EMtiBY@d redife, ol uiRAiNakt bmbmg éﬁh@abtﬁét Two
Nos. . 5,530,101 and 5, 585, 089, each .of whic

apiiRasfigfohaxe:avertaneing eRItopes di HBe 2nyipe @ﬁ'dp'?‘BW'BES that reduce or

emﬁtn%té &Pldana%tr ngfahfm?dafr@au@@aﬁénrnMﬁétb%mg BURB RS d
ant i bodi es. n the first structural

el ement, the framsvvork of t he heavy chain variabl e

region of the BunBM,4R9 @ﬂéﬁjt*?éi&}ﬁg' aﬁ*\tlcfti’@fi%tlbedlggve

hi gh sequence identity
f r ani®@RAlIA momh@nhbafwtjbodhdmb\)éfnatdlﬂI\@ H@le (d)ﬁ @ﬂ 3riieHGF mAb)

|sd§’z§]8 3’[&##39?&’ HAY (?futhé ﬂghyalﬁz@ﬁe% {t%gblhgﬁgwgo& completely

rom anon
mhrbmsrmwesecmmde sbimmgmaj rantlvmbemérHGF i(ire.cehst rtbe Ay is beed as a

i b d
PO RIET Bopddny midRoiEs cERpaTb AR FRtT e St dftqlizipg gntivody
rr@SDFRSﬁdlblaa% tthe?ibgn)gdf MGFtotid gﬁlmmeh@ﬁeﬂbndq aaugksthier smattering
ono anti I.N,.acco ance w S | € .
of gtz S 4R%s sudh P MEUELERDE5Ee ddnty B A Felsetp stmutate
pioliRrétionneMg.ek tﬁ:rm:t@@emea’bbycetaﬂaoseéusoincmhagbtaadaso@tes Mv 1 Lu

thelr abil )t nteragct with the CDRs.
ke | SRR GRS e VEHH S R BRIOr t G5! (O Py Stimuiate

aﬁm%%%%&r XY a8 ARERNGE] @9 smmta@nﬂofﬁmmxsmmammqfascuxar
n the humani zed anti b as neasured in

erglothetish Seb BV V&l alcgroliferation of @W}‘or@j@tlpﬁ eorotg)h dndugtiery of blood

ve%'sBFse wﬂiéﬂ%ﬁél?&i %\bﬁaernéﬁtck%wry@t&o%éll&nammnemme (CAM).
donor umani zed do not enconpass essenti al |

y
Awmﬁ%ﬂbéhmaéerwm aiﬁf%r@bwgbwactoeuhén@eu H&Fericodihghe " protein
eﬁ&eba@thé %'neaﬁk Eé@m&ewmﬂcm@oﬁ%%érmm@m usi ng

phage di spl ay net (see . Dower et al
W9 108302 A1 humeaized é\quyaézm@lm/\b wh Y Byenton alpmoseentration Of

é\g%@% ’PJO 5 aﬁ% \3’ %eﬁq OFE@ﬁg}rﬁlt\LI“ Il'%ﬁ%?g blo]?g?cg%l f&’r(anX of HGF

'trdnsgeri’c M ce
(e\@)Q@Mrﬂxmaﬂﬂn oKpajméaﬂaﬂmabr smaatmgﬁ)w]aboahdt Bastgm% tmtt preferably

WO 2005 1 [ 0028
7thiy T P PY0r90% 50 G R 5o OG- L S PRpS! feferably
ad@r@ﬁlmateTyV?i 0BI9% If}(b@ﬁrﬁ&{lbltdm%ﬂlétetyf}l €ss aﬁﬁay@ﬁ by enhé@pps Ndescribed
epl e 1 eac co |V S
unRrESEGRS SHEes T et ndviseoche Heht of Elithionis measured

wigh tHEamalX &Ir HEPO¥sQX G8 §est ofufdientasat ful détlmmebihtesblological
bi nding of the other by at |east 50% but nrgrefer

2o s e B 0. g oer 10 donmetarghiyant least 25%,
Sd% %%99@%5 8y 95‘%‘3& es%en%y%%@r?dlé‘t%ﬁ% gn%ﬂ_ Wﬁg@ QZ?’w xQ@é&s %en the

molar ratio of antibody to HGF is 0.1x, 0.5x, 1x, 2x, 3x, 5x or 10x. Most preferably,
the mAb will neutralize not just one but several of the biological activities listed
above; for purposes herein, an anti-HGF mAb that neutralizes all the biological

activities of HGF will be called “fully neutralizing”, and such mAbs are most
9



e.g., Junghans et al., Cancer Res. 50:1495, 1990).

Alternatively, two anti bodi es have the sane epitope if
all amno acid nmutations in the antigen that reduce or
el i m nate binding of one antibody reduce or elimnate

Rishongisff the other. Two antibodi es have ovegkaRR8ks3ss
epitopes if sone amno acid mutations that reduce or

el i m nate binding of one anti body reduce or elimnate

pk@f@db!@g MAb$ bﬁth@tlﬂﬂﬁntloﬂ prefinzblyi Hedl spmﬁdaa* toZHltTag that is they will
ona

An
G Bt RS T e [Rgsen BRoT: PictoingIEL Ary Filgied fg{oF such
ab Sibbeblgkstt @o@ﬁﬂkéc@d)ﬁ FEHGmd YbshiBamenddthélial igh@athi factdne(VEGF)

bi ndi ng parti al or conpletely inhibits one or

Méibs|  dhe mveaf&n pra@sh%\fe pyndirig gffinity jehfor ﬁ@F,Tgfbat lgast 10" M
biSSdfAgHIR 19P ?.91 8r ﬁ@ﬁé‘rt )andWQ)réﬂé?am @0@91”‘3&' hlgher or even 10"

Mpropertles 0 hat a neutralizing antibody may
‘meriigherare the ability of HGF to bind to its cMet
receptor, to cause the scattering of certain cell

|'i ne®031)c huasanitedi mADaoqueaamenkndm@a(wWBG&) amtiiadggs in their

| at f t ic f
ol g5 Pt PGBl Fr RepR acipel crgpoThERR b draigk or tre
kit hedtyds Id, 118A, dgM, WD ia0d slgRuamed tmeinenbtgzadasf.,si;e orgG1 1gG2,
243, TR S i FT L AtaPPa it (908! T ERAE: pong AnAbs of the
ing&htior( HMaClndnide! lfr%gm%htsoﬁbf Qntibodiesf qudmaik ofv,0Falbyand F(ab');
i nduction of bl %od vessel s when a}%%l [ e

bigynstigaal dhbrid antibadies (& trehBrZaYECEtAN! 2 Ar??‘irbng'é@“B‘l?ﬁ 17:105,
1@@@ EMYROSHA aﬁﬂ%cﬁé@hhlyst@m RE al.0 PReETBNtHATadI S@& USA 85:5879,

rotein encoded é&t he GenBank sequence W th

1&§§3e§1§¢@§ Hurdrdenqeogaa423, 1988), gngogntivodien withi dlisged constant

re@ﬁmsr(@'g 2y g@ g%mé Rfo. %@m gmeyntﬂ%]s@}rc@ OF%C@ihg k 'trﬂanmAb may

b@vpf primgh{ent nwu1§eonaédiafmteff@rn@w@m sriAcer f{ﬂéygnay & Genetically
t t
r?g{lhéf@ﬂeé‘ 'Igcgq;?{) t AR 'a¥ee eoﬁ%gf%n%‘régir ‘ér%rth&%) whlY- kﬁ‘@@h‘ in the art,

ast ut prefera preferably b
cgopgsing oBdbnde irewmenizetion Mihd-l%sn qmpéquéﬁoagjuvant Lp., lv or into

thERB{;[@)éH gg)tllg\g}éd %90%&%‘5&&? B 's@)%la?f ol‘r“ ‘Wbﬁ%ghx )ceﬁ‘?c‘ afld %@é’ 68 with a

under
smuable Trymodah:te;d celhdinextagdt theh sellacﬂmrt |f@hhvtsndmmrﬂmi produce
q@EFof HGF used is just sufficient to

a'%‘laf]?/' Dé]camrﬁ.l ate the biological activity, or is 0.01,
0. 040032} 0Be idvdntidd. provides3humadi@egpfomhs oPribé enathﬂeyjl@t? mAb.

| 250/ % 7 00/ %
TR ARMTRD a8 e e Gl BATS Reditng gf the mouse
LaAGR hmwéreaﬁﬁcivboiﬂw%/F”go gfd%dl $B Pespectifelpx, Hdnice IZIWma3*>‘2r—3d:'>130rms of
r . t prefera eutralize,n
B 28 ne BuerbbEne TBFSt R 2 B dBF cHPRRBTTOP L Hom these

séqﬁ%h@éls aaquﬂaanf QAridhis pegied hameivbrksainéidihg "nglﬁAbompOSIte or
at neutralizes all the biol ogl cal activi t| es of

COffSENSYse SqUEBER " PYPRY HBMEWRrkSi ngvor affraRien SARRR vi@amzed
arfi®ehie? in¥EyeIRrbk Lk 4 UTSd HadP Qéé38|5eavy chain and three intact

CDRs from the light chain. Other humanized antibodies include at least one intact
CDR from the L2G7 heavy chain and at least one intact CDR from the L2G7 light
chain. Some humanized antibodies include at least one CDR in which some

residues are from the corresponding CDR of L2G7 and the others are from a CDR of

10



preferable. MAbs of the invention preferably bind
specifically to HG-, that is they will not bind, or
only bind to a nmuch | esser extent, proteins that are
related to HG- such as fibroblast growh factor (FGF)
238 flear endothelial growth factor (VEGF)per 7085385
the 1 nvention typically have a binding affinity )
for HGF of at least 107 M1 but preferably 108 M1 or
ahhgdmen armxbddylmrbfemtﬂ? ¢ihalbynel @bk antbody ghesuppliese thenvariable
010 M1 or, higher. [ 00311 Humani zed mAbs of
r‘?@i@” frﬂwﬂbﬁorﬁ?w\n@d@e SR HGF antibodies in their

nﬁt ujeus3t mfj g@t@hgmahf%m a(rﬁlb]t)dlt@Etof:(tﬂi@llﬁWna@? a2 idwavy 3, 5 or all
calns an can e o0 (0] e nown 1 SO e

PPRROMS BRECIPG Gomthe GRUARIESK HEDy HeBigdds HE): HeHgER, and L60
akg%%cuﬂ)lgﬁy hﬁ%ﬁadaé@yprééﬁmrétstﬁeacdfri'ﬁ%aanéﬁhg|;%ER% by Kabat

chai n. The mAbs the invention also I nclude
nru jeatis the raﬁwsebéaﬁésa@tmya@ e hpaignagereptall warigple region
b
erHé%Béf(é 99?& rf‘Yr*EH 'Eq?ﬁv%te'_? %g &Sthég%%osmm%gé’?%g%ﬁéd %Yy human
r@mituesodnﬁean fHoet e arninal acid prasent dfathe. coresgondog .positian in the
Ir t 1
an%’i%éa%ﬁ@%d)a TCFIUSI t:t rse%recﬁagﬁtgggtﬁt &.fbgstlﬂﬁé% all &Sﬁf)ost positions
séJeStedeatmlttte gdoupS JfaRde@Aimhan Vimiabde tagien inémeWerlGDRe uséd some

of: Fheec E@%Bimn?r/ ;Ina}(? rp%f %%ﬂp%bﬁﬁde agigg zl%%t Caiargltt{)e hs%%et # the human
vanghle eegionl fraRedert andtise afce:smema’ntibbap d aﬁrddomh’idmdﬁlbstltutlon

'Simﬁ(lf‘F{Rﬁ g?v'\’gg:?t \ﬁﬂgﬁ Pa nsnglé {3? %gﬁgrng‘%f at gther PO%IUOHS differing
between e indh@ant b@nétﬂ@t Rgibn feimavgikd dd anduskCLi2@T entibody in

ag%fagl@;]%o{\lgléﬁﬁgg{lqs of Qégééﬁ.&gnd {y 1?%@%&252@5Le)i8ba%eegardless
oY dHERERSE Kutddn ParRibis Geg%ﬂ frbﬁ\@)hoh»{ REb&Gutich bﬁfther ammo acids

[ 00321 The invention provides humani zed forns of
bagides thosersnasiedTinathg ARG FOUBTIS tahee RABIIPIE %Qwua%?&’ below.

HbW@bér W@érﬁbr&ﬁﬁél%? ﬂwé REAR GhaM vérl‘bﬂ)l 6h FraFREWSNP naF fhe light

shown i n Fig. and 1B respecti vel nce humani zed
chaip W@rfewetrﬁ@oui@mmkéﬁé aaf@nwsgtan&m%)r Inchides fBorepkan ten

oxamvé‘@e a&Jb@ﬁtuBéWr& #F HEGaGES nbf1 phANTRD i ahk ¥ Rptor human
& on frameworks (1ncluding single, conposite or

Feien Setesde INtMENg iy emes sUF sRriana fpgien frameworks

t
af‘@om PHARIY 58 SRR tlfolifiks 2 88cl e e o
t he [0D3HtANRyhapmstandt wonwmaeﬂemdn athei bomaniged nentigdiest of the
& SRIRIEE oSSR PHER M B g R AnddieRtanly two
othdewar zedbstmtiodso diettive ntd uddenattiral eaghamneor@biiti negidri.ch Some

%ﬁﬁﬁ{hﬁﬁg é?%%ﬁgg@ggééf mmt gl%@%%{n:gfe ev{iﬁq# lnfg o% an 8];1’(!&')‘02057 and/or its

afﬂﬂlﬁ),?/fddSGﬂ&P@'E/ diISANRéd Opa385 @tth‘a:nmbsanmbbsxdysually conservative .
bl h h t [ th

sl EhRe 2oy Brlo A RO o bR

[ 003835 m@&@ﬂéw RBmiaAREd 3binhd 8L 2S7 Ohcitidee marmyr@meaﬁm and light
at least 1 or all positions selected fromth

chainy ypriaipe regigns having thesseauggizes shewn gk ig. 124 ap% @5 Espectively.

Ofife? REfeHRYCRrRY cﬁrhdi‘%rﬂ?ecﬁ@ﬁ@?pfn%ﬁﬁ@t maturé h’?eav% and light chain
correspondi ng position by Kabat nunbering in the nouSe

varipble rgeians d@yinglseqt pecasatdeas S08p t95% \88% abP8%ridgntial to these
t
S Nert BRGrct B g R ndibeffla, PP, andor difer rom
fromthe am no acid present &t the correspondi ng
position in the nouse L2G/ anti body. Thus, it is
preferable to substitute all or nobst positions
sel ected fromthe group. If other human vari abl e
region frameworks are used, some of the positions may
be occupi ed by am no acids that are the sane in the
human vari abl e regi on framework and the nouse L207



[0034] Any constant regions present in the humanized
anti bodi es of the invention are human or essentially
so, having no nore than ten, and preferably two or
fewer substitutions relative to a natural human

egi on. Sone substitutions are advap <
W@h?ﬁéaél ng the half-life of an anti body angﬁggﬁﬁ(gsssa
affinity for Fc-yRn, as discussed bel ow. O her

th‘éﬁbﬁyld ShbP RSMbes u@bubwwm&emaﬁo w&)ré et 6 tart i00amincascids) of
di scussed below, are neutral in ef

fungtionslly incogseaiRmA, Bshibiings stelgtions qnﬁéqrufbs@rmsur'pm Learmpe,

tHRERYYaRing ddid bt tn%h%a@y‘éﬁélnaflﬁb? beedihensihay G ‘Th@ substatut:ons
sequences shown in Fig. and 2B respectively.

afer esually cansesvatlycothal UMW'Q%%I ap 2gynp rReid e eRe that ﬁeﬁwmca"y
[ r n
snﬁggr. Fg% (%u? A (garg /é @8 /z?rﬂin% &l&@%b@&lﬂﬁ%@%@én@watwe or

ast dent i cal hese
neEpuesyetive, vneino aacucgnmayahﬁ: gratipeg a%quawat Gawbel (h’yg rophobic

5B JAEL, UL, St D oy s o O

Sét, yibir;c@doly |l mmdhmsrdg omalrm)xr Asph@tm Srwp M(bamcrmdeachaje$) Asn,

G%}fe P&%J P'g#s ;%9 uenI §|ﬁ% %tneﬁﬁa%b? Gly Pro; and

Gmnm‘e)l (@mrdatm‘ sitid ehzhlﬁa)/};/rp¢ﬂ79n lﬁ’hﬁa)Cdsmsealatm@ sulidtituteons are those
nservative,

uhstitu are.usual ly ¢ o .
thas oo abelias R CEr oA SGHE PHAF SADe AP a PLgSttutions
refdtive [tathe Wolegione mOFRE 20f asd 2Bsdrb\prefgrably awided dspositions H29,

substitutions as conservative_ or nonconseryv,

HED T i g o oo oy T GR@RS BIgS from mouse L2G7

wéryiAEBB@RLE t§tkefHielaBEan oMieselaRitioMslwithL€@DRs! ke discussed in
Goup Il (neutral hydrophilic side chains):

thvrﬁxanm!% pSyhsiitytiges AreferblieotBImEItabiesisdiony f%m%wwos'tlons
bdt\éaﬁ% Sccir Q‘?Cgb{af'e@ﬁ)}]s 4‘59 COR Pegibh & sdb!éﬁwte‘ﬂ' @is éﬂa'i%ble to

V (residues influenCing chain ori ent ation): dy,
reame@ SuyseI aniapoaaid ivdths pel @ndingj aeid frwbthmrfesmedmg position

Eﬁﬁﬁﬁ‘:ﬁéh 092 ot UPRMEH ErBBSay? aﬁel’g’i’é}?? tH8dmk M(PAafantibody that

stituti bet ween am no n the same group.
Susob@s thewrcceptor varfiaile rgiaroframewgrksegi ons in Fig. 2A and

25 WRGRLEL B2 A Ehopanhghops i 1550 8 oo or
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o TR ool a0 e, SR SR Re g entivody
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are cl’eaved off before or during antibody secretion.
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[0037] Variants of HuL2G7 retaining simlar binding
characteristics to HuL2G/ can be obtai ned by

nmut agenesi s foll owed by nass sel ection using the phage
di spl ay net hods di scussed above. Variants are

initial I{%/‘g/sel ected for specific binding to

) 065385
8’&210937(1’6\? in conpetition with HuL2G7 or nouse [E%&();/
Vari ants having the sane or simlar binding
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be tested functional Pr ef
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gerdBQbUBbmcﬁp@ngraﬁﬁl y a 40, 20 or even 10 pg dose of
!
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r ons
ther Gt eFamoteBRRRIEES IS e 5epes dor. ! %g ong alr% Jiow widely
a\@Wbl@r&”ﬂ%?rbeel@é@W‘éfon'ea B R freph h&iﬁ@ﬁsarftmbdﬁproducmg cells.

egions are now widely available or may be re

The Eote @ngheporchain @eRaFERYRR N5Basd E}Q@H&%u"‘r‘fa ac%w'@ Vegtgs or into
selpa?ma v@%réqeﬂs(é/ e@}@éﬂoﬂ%%réﬁﬁ y el %ﬁéﬁﬁ@ctb@%‘d@ﬂanous art-
0 a single vector or Into separate vectors.
knexpr eediaols sue:bta:sr kpafagtiarhen elestroperation éte M%”Ei*hg Of mammalian
I
oofioef i P B O 2P R ROT Tl ORI R0 Blsn210 ana No
arﬁimdfllsas(p@d@ngrthéQatlmmemaelpctedlm'lawrwat@ﬁ’a@b@m#i@@ml@@ See,
3p2/0 and NSO, and cells expressing the antibodies
sel ected by appropriate antibiotic selection. See, WO
2007/ J15049PCT/ US2007/ 0653851%®. g., US Patent No.
5,530, 101. Larger anounts of antibody nay be produced
by growing the cells in commercially avail abl e
bi or eactors.



100401 Once expressed, the humani zed mAbs of the

i nvention may be purified according to standard

procedures of the art such as mcrofiltration,

ultrafiltration, protein A or G affinity ‘

Qp&g&%gg{gaphy, size exclusion chromat ogr aphy, Qb 3oes385

exchange chromat ography, cation exchange

chr omat ogr aphy and/ or other fornms of affinity

e‘éﬁ‘.r ORRLSGHERBY 5kRBEM 10N AHeABhoUANKESt AtibbBE rhdyBe é)roduced by
ubstantial |y pure antibodies of at |east about 90 or

gonwing Hirpeptiady egmeEeEcialyevaiatie bioaerrte89% or 99% or nore

hono [ f : ' :

3. TP QoA B el B inarliy PAGL AR AR Rlon A&Rbe purfed
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o7 P eBrnty S, BR Sroffiel s of Mhe kR, o sitlahgaty pure
aAtibAlRES 1648t lbooNS0 oALBBDicThb Gereity e paferedd; i gmded8% or 99%
or st Ebi lizers a‘gﬁi n%nt oxi C to reci pti eﬂts at the
Of BYOAG BAMQARN Y et PrelEir e O BIRERU IR HSSShe | ude

buffers such as phosphate, citrate, or acetate at a pH
typically of 5.0 to 8.Q, nost often 6.0 to 7.0; salts
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nmakejgp§QtiRNiaC; préfiie8Xichdimetl CHRN VRESMAS invePlion provides a
nmol ecul ar wei ght pol ypepti des, proteins, hydrophilic )
phaIMasertical fiemiudatiopotarapsising thegumanized agtipelies described herein.

t i ; t iolodi
PHATRMAES S Sha o 0O AAROHE, cHHeA] i 06 B phusopoialy
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RSP SRRl A TR A0S 5 800 b o BT ETF0 70
satsg.suchiub2 GEodium achiiv@lenapetassical dhioridel acticonto ThakemAbotonic;

d i i cal | at i on.: . .
oBERATED o AVBS B b5 Rr LRY BBPUOE phfins, rcropn
pagpers alidhy apapatysosbdty 8y aminbasedyusarboliydsates, onelbtgisagents,
Sl S SHhD e ARAEE M ST 40 PSR e b e gt e
Reinmgtt@ss Phatmaﬁmﬁgrﬁlf&saéné@nG‘B(édmbhu()esl,, AOIEOVI®BOL, TBe mADb is

e

or even 3 hqurs. mAb .can so, he injected directly
wplsel) FheSuite GoanElibe (e 1Y M. mon 10 Hpm

encgpe4sh at @fothel Prefalréy iehtbcEASHS i FeAsor EW method of

The dose given_is sufficient to alleviate the 14

WO
treqiing) 81 BatiEnboyith  slisgasgsygigg a humanized anti-HGF mAb such as
humanized L2G7, e.g., HuL2G7, in a pharmaceutical formulation. The mAb

prepared in a pharmaceutical formulation can be administered to a patient by any

suitable route, especially parentally by intravenous infusion or bolus injection,

intramuscularly or subcutaneously. Intravenous infusion can be given over as little

as 15 minutes, but more often for 30 minutes, or over 1, 2 or even 3 hours. The mAb

can also be injected directly into the site of disease (e.g., a tumor), or encapsulated

into carrying agents such as liposomes. The dose given is sufficient to alleviate the
14



condition being treated ("therapeutically effective

dose") and is likely to be 0.1 to 5 ng/ kg body wei ght,

for exanmple 1, 2, 3 or 4 ng/kg, but may be as high as

10 ng/ kg or even 15 or 20 ng/kg. A fixed unit dose nay

@J(f‘ﬂm}ﬁﬁsﬁlbven for exanple, 50, 100, 200, 509 ,55%99{%5385
e dose may be based on the patient's surface

area, e.g., 100 ng/nR. Usually between 1 and 8 doses,

cémdition bémgasea&;d Gthe’iape@»txcaiwéﬁ&iuv@ncs@dr@nal|§mﬁél§zdotb@ 01to5

treat cancer but 10, 20 or nore doses may be
waig %&rm'%ﬁe?e%oaéum QH?‘W@@J ﬁg@@aﬁmmg/kg

PR 19120 Rk, AR (%seartna§9|§§ Hétdﬂ@‘én 6 i e, 50, 100,
dependi n on the half-life o mADb,
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f . .
chi | 19043 Qiseasgn especiahy SHPEER %Fﬁaﬂgefa%g/@@o*%etwamzed anti-

HOFt hads dPthis M\)%nh&’{eé\bl %Lzﬁpw@é yoliaycatnc?@ §elleved to require
treatment with a humani zed re especi al

angipgenesisi & tode pesacraled i Teyated el of EE, f%axamwgovaﬂan

céﬁ%@k NGicagBeanddr! Wcéﬁl&lruﬁh@ EHERFHIAGRSall cell), colon cancer
| odendrogllonas and al es of astrocytoras (lo
pr@ﬁ%’\ig%

| o
Canpelp| RASICTAALIC AeRNCET i @msta@ﬂamerndwsr fGANREI, o'ifead-and -neck
tufoi®)! Me@hbﬁ’iglzﬂ'ﬁf QMcmaMl@h'llét@na&Im and gr%n tumors Indeed,

gangl i ogl i omas, schwannomas, chor donas:
the ureshedsef s invgntion, chmmlb/rswstﬂmg&eﬁ@nwuwﬁna hémamzed L2G7
urgec : t el brai
m%lls.,. e'iﬂ',@ Ef?ﬁg‘#'%gj iéf#bﬁ]ﬁéeﬁ%rgfngﬁe tﬁzﬁ%eéérgn grBra'inle%rs including
mepingiomas: glidimas includingrependymoasy emo@dnﬁmgtlmamwwlstypes of
n [ j.se s for .
oo Rl B e CeBRtic® 208 AT TWupe or simny
gllabbctnnm)emeduﬂlablasmwsr ednghagliogese schhwanreimass chordomas; and

o R SR e 3D TR i By mor. o
prﬂ:ﬁmﬂéb‘raihmumt;reimc aébihy uprtbé&mam@l aad‘mﬂd:bnmw ort imetastatic brain
ni st e

umani z d.an
SRR B O (Bl bY T Tt b henRgan éﬂa%r%m%ﬁ%rwqab'e for
treafhiniabg ahe tethagy . ofFie BX8ATLE ard hﬁosm“\bsﬁfwjatb@ w1th undesired
admi ni stered together, with any one or nore of

arGHRDE RS SRLIA RS KIBRRENY. rHasTiard SipPyIBY Hegqgeration,

rhélirha®id Sfefisey, psodsiexanpl e al kyl ating agents such as
carnusti ne, chl or anbuci |, ci sgl atin, carbop

oxi p104¢] I anespegidly-Rraterreshem 9@%@56@%&%@@% "&nti-HGF mAb,
%nHuE?G?bQJ adiRisidieh t tilngr whR (i.e., before, during or after) other anti-
007/ 115049PCF us2007 6 85 fluor ouraci |
caﬂc@xtberamyn e‘orfaxadmlatihﬁ @A@@FﬁM babiiméistamdiogeeawéh any one
or ?&gal 0| &gﬁﬁb@ﬂf% sqgs%%h% tb?éééo%%@ﬂin%g%ﬁ’t of oncology,
ford oe@imyidé calkylaﬁagmagabiscmuchl s udgEroustinest cpﬁmrdbucul cisplatin,

el e BRI, AL BB ap LA e

Taxot eree; agents specificalisy approved for brain
tunors including tenpzol om de and G iadel 0 wafer
contai ni ng carnustine; and other drugs including
irinotecan and G eevecO and all approved and
experimental anti-cancer agents listed in WO
2005/ 017107 A2 (which is herein incorporated by
reference). O her agents with which the humani zed



[0045] Treatnent (e.g., standard chenot herapy)

i ncl udi ng the humani zed anti HGF mAb anti body, e.g.,
HuL2G7, can increase the medi an progression-free
survival or overall survival time of patients with

Wesgiders (e.g., ovarian, breast, lung, P3perRAN/065385

brai n and col on, especially when relapsed or
refractory) by at |east 30% or 40% but preferably 50%
flediYuitagil, 7 O8auokiirey élmdﬂa%%eorgdmm@bme onetpatr@date cartchéydroxyurea;

sant treatment (e. he her a wi t hou .
nSHE - pleRCHAD Mol flaton Bl cinan vl o apseplpomyein.
d&)fbrgblcmSt mda@x@b@emﬂbmmy) etopbsideng niitoenyaht, i - i@bxantrone,

can i ncrease the _co ete.re ponse ra arti al .
V‘PE@B’H?%eV'FSFt‘%'”eora'lS’bJTé'ég?\ﬁBa‘?"é@ﬁ n&b ke %ﬁ‘b‘?@dé guch as
TR thie®; adehtd 8hé@itiafly Wpbfovedere Brbllﬁﬁtruﬁwc(rﬁ ifsludify aéindPolomide
breast, I'un pancreas, brain and col on, especially

angh EiadeiPapialer containktar earmmsyyelAncdethprdrigs oSG disgiecan and
G%egéeéﬁd ahl ¥pB¥ad go B JM%méu %ﬁ%aw&"/@@&n@qr&é& in WO

sanme treatnent enot herapy) but wit hout
20080 Bi07- MESR Wi, isFagrelsr mcmptolm@ﬁ sbysl;ﬁfﬁreage) Other agents with
i .
A s P B AL Yo D B 0105 s o
mpnetlenadnfibpdies, idelsid mgpiaertceatinmcagmm&ittbe dtERDjaetigén et\vastin“"

SGSRESE, B inflgile G HRLEEH FepBLLo R A 68 Bk ant
agiodnatic or EGF rec{a;lﬁlﬁﬂéﬂr\]taﬁyplis??tdlgly, In mdﬁmohj ﬂmedajmam:fezd anti-HGF
. Q. 1 i ,
it el dosesherv it BiiationchpoionBgeR. || 1A
pr oqoe:sy iWébtfrfeﬂE(e:‘»ng yiiavi@hrdadrdheothérapponsiadingttiee hfimahized anti-
HRE L Gt PG HRbI0: Gan ISTSts hoIHeon prgapapsion-free

SUr@AIN & o@r@uaurofvapmheeﬂ tieRBENIH tHpsettandey cbghewa@am breast,
16 WD 2007/ 115049PCT/ US2007 062385 al o

U9 RRSB54. RFn 204G, GIPPYAL HRER TERESd PooTEriag) by at least

30% drla@Pbat &eﬁb"?’a{ﬂ{/ 5@%’%0‘% tEYOR & Sk 10898 br lohger, compared to
npl ete and partial response rates are_ determ ned

th@tﬁa&ﬁ‘t froaiment (g &h@mwhﬁmy)mdmhﬁuwmw@ﬁ mAG: ainsagdlt'on or
alfe?ﬁatﬁféfy‘lc%atn?erg (e @Sstlah%r%dcr%m&ﬁé%yﬁﬂwcmﬁlﬂgf?he anti-HGF mAb

nal Cancer Institute and/or Food and
caqquﬁegqe( 4he gspmpjeteorernongrt Fdels partial response rate or objective

response rate (complete + partial) of patients with these tumors (e.g., ovarian,
breast, lung, pancreas, brain and colon, especially when relapsed or refractory) by at
least 30% or 40% but preferably 50%, 60% to 70% or even 100% compared to the
same treatment (e.g., chemotherapy) but without the anti-HGF mAb. For brain
tumors such as glioblastomas, treatment with the humanized anti-HGF mAb, alone
or in combination with other agents, preferably provides a partial, complete or
objective response rate of at least 5% or 10%, more preferably 20% or 25% or 30%,
and most preferably 40%, 50% or higher.

[0046] Typically, in a clinical trial (e.g., a phase II, phase Il/ill or phase lil trial),
the aforementioned increases in median progression-free survival and/or response
rate of the patients treated with standard therapy plus the humanized anti-HGF mAb,
e.g., HUL2G7, relative to the control group of patients receiving standard therapy

16



100471 The humani zed anti-HG- mAbs of the invention
al so find use in diagnostic, prognostic and | aboratory
net hods. They may be used to neasure the |evel of HG-
in atunor or in the circulation of a patient with a

w7130 therefore to follow and guide treatfRRi009b6s385
the tunor. For exanple, a tunor associated wth high

| evel s of HGF woul d be especially susceptible to
aloneabmphis Miad;dboz). dvenstaiigtied!asighifiGmtriis. exampbaet theupat 0.05 or

oSSR Busbl TR a5 B5tal BeATEIRR 6 getoped b
oB;ebWﬁ)rctnfént@p@ommbﬁWI OBed Qi dlinicai s dior ldlanmadleag as listed or
ernatant. o t
pledpy BNl Ganardrete angier bt a§ toed AdfiSimtion.
with fluorescent nol ecules, spin-I|abel ed nolecul es,

enzymes or radi oi sotopes, and be provided in t he
formof kit with all the ‘he@g?ééx gthedtagents to perform

the g ﬂWHeohuH%rzeBnar%-P@F lﬂﬁ&@s cﬁfhtﬁeai‘ﬂ‘{/éntld@:al”ﬁﬁbﬁnd use in

are use

uri fini t
dignostis; @gqg@pﬁgc 8Wﬂgﬂme®ﬂ¢)§/t r Lheyi neay BP uyged to measure the
t,
SHTNGR D £ 9 qqign B HEaRESE Bt o
fdﬂewtamﬂ diidé tbgatomint at theviutioss Fof ed@Rplehadumpr agapgiaied with high

GRS RN e PRSP RE I by ghisd -

HEFe A, stlnsnsaemcmar bobradinEntd, 268 mdst aarcbenesed: i BnghtISA or

raég@ré\mqng%ﬁ?y :9216 rﬂlﬁ%tr{e\/@yé}l f:ﬁ?ﬁ ow%olﬁﬂ(?%'f)psy ﬁpeClmen or

ml sfmfum&br in bedtid $4brndtaAlof IBGFefdoyetingdalisvascelr @ptareed For various

S R G BT R

n%ﬁij{tﬁs bﬁzew\ﬂ;iszor’; ﬁgﬁ?@t@fdsﬁgh@ Ntk tbtgp&)vldeti ifi tierform of kit with all
i tion n

th&efb%&?ﬁg%’b’éﬁ?ﬁl% tq peg %mﬁ%@ss(%r BHE@?) Mgeﬂ]@%\% the, gnti-HGF

nmbgfatre aBad b bﬁrwamn% J\ebeafiinfyp eelomegdgtagipl i fied from
the cDNA with a priner annealing to the dGtails and a

primer annealing to the N-term nal region of Ca2 for
t he heavy chain and a pri megxamredg ng to the
N-termnal region of C for the light chain, using a

high 17 WO 200%/Constusiammeishunanesbgs/ antibody
[0048] The generation of the mouse anti-HGF mAb L2G7, which neutralizes

all tested biological activities of HGF, has already been described (Kim et al.,
US20050019327 filed August 13, 2004, and Kim et al. Clin Cancer Res 12:1292,
2006). The first step to humanize L2G7 was to clone its light and heavy chain
genes, which was accomplished essentially according to the method of Co et al,, J.
Immunol. 148:1149, 1992. Briefly, RNA was prepared from 10° L2G7 (IgG2a, &)
hybridoma cells using an RNeasy Mini Kit (Qiagen) followed by first strand cDNA
synthesis with random primers using a kit from Stratagene and addition of dG tails
with terminal deoxynucleotidyl transferase (Promega). The heavy and light chain V
regions were respectively amplified from the cDNA with a primer annealing to the dG
tails and a primer annealing to the N-terminal region of C ., for the heavy chain and
a primer annealing to the N-terminal region of C, for the light chain, using a high
17



fidelity polymerase AccuPrime Pfx (lInvitrogen). Bands
of appropriate sizes were gel purified fromthe PCR
reacti ons, and sequenced directly or cloned and then
sequenced, using the dideoxy term nation nethod with

ed sequencer. A single cDNA sequen <
g@ﬁ%gﬁﬁgggthe heavy chain, which is shown af?gngﬁwmmimb
translation in Fig. 1A Two different apparently

fid@lﬂr gagmendde Adctbtimelreininviligeh £ aBanRest a@rcsprfaw sides were gel
but am no aci d sequencing of the N-term nus
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regions in Fig. 2A and 2B, with the CDRs and
substituted am no acids highli ghted. [ 0051] The
i nvention al so provides variant humani zed L2G/ nmAbs
whose mature heavy and |ight chain variable regions



[ 0052] Mpst often the replacenents nmade in the variant
humani zed L2G7 sequences are conservative with respect

to the replaced HuL2G/7 am no aci ds. Preferably,

repl acenents in HuL2G7 (whether or not conservative)
WavBoMQseasibst antial effect on the binding af pifRigkdeRbsssss
potency of the humani zed mAb, that is, its ability to
neutralize the biological activities of HGF (e.g., the
thpobegiog! ihonmoméraoevwalk mmwmheadssafbrdbschubwdmhér9267 mAb
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15- base overl aps. Doubl e-stranded DNA fragnents are
synt hesi zed usi ng Kl enow pol ynerase fromthe 5 pair
of oligos and separately fromthe 3 pair. The 5 DNA
fragment is cleaved with the restriction enzynes
cutting at the 5 end and at the center of the V



WO 2007/ 115049PCT/ US2007/ 065385 transforned into E.
coil, and DNA froma nunber of isolates is sequenced
to find fragnments that have conpletely correct
sequences. For each gene, a 3-way ligation is then

RRS f00%/Bgkot 0 i nsert the correct 5° and 3 fr@gmgoﬁmﬁws
into the appropriate expression vector to formth

conpl ete gene, the sequence of which is verified.
addOeaty Thaipr Ydegient Heorhiiudéah sethgrotiinpor censdnsus sequences of
i Elth lial 293-F cells (Invitrogen) were cultured in
IOH %93 expressi on nedi um (FS nedi um
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anei g naghed by ﬂpﬁ ae@gnqtmmpw%l Humanfizegk mAbs of other isotypes
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mﬁ@txbrb@ﬁMhM@G RYhsthhBRglonae L£6In atR sRidh 50 drsa Us Bfposition
rotei arfi n|t chromat ogr aphy and anal yzed for

Te{gMRRAINEeRs 9 prfse'F'-‘r"& iPPes of HuL2G7

[ 00%6ds4] PlaCid s@;nbﬁ&hé"l—ﬁu@?@g AAbI id.t Naihg EWbsZAthel drhino acid
that of ChL2 and L2G7, a conpetitive bindin

seqUpRsTRITE Al AR e HALIEIN X TRIIBRS{Tige? ap A1 HeBNA sequences
er@@éﬁ"@d{h@" \ r}e&QnQJ((n‘éﬁJdlinggglg%al’ HSétmEs?fwéi}é"}Bu%% chHQ@ﬁ‘ via the

over ni and bl ocked
gam%t'% CE@’@BQJ@ ﬁ@ﬁuepq@ﬁ kagaRTwitAf ¢ E 8%@%CQ hefope dbe initiating
AW@S?O?&EF@QF&&G}% ?%tﬁ&lo‘?\]édgﬂot rcg\%a ng b gﬂfgﬁ%tw‘ initiation

sigifal. hubhasel gIBNES0 »pq/erme)ynﬂms:mdhrcqrme@aﬁm tbacfagnemm Corp.
(P{éf:%%gvgp’agbjf ”,Qlte{}ﬁ"ﬁt' \Je% éﬁ:ﬂwpo% GRERS ﬁﬂﬂﬁ{uﬂBPHMB 1149, 1992

vari ous
capore ened & |sgmt<heerte piachf V adgidn I.gza@é Bhe&;eﬂvmr p4ieGaf aserlapping

Ollé(?lﬁlpni%dtld%% e °d v\éﬂﬂﬁ{"ﬁg‘ r@Hgs ISF \getlhl 'F%d KEE H"?‘ﬂgif{?ﬁ@&qs DNA
symihiekiz56), wﬂllcwabgembr bl%bﬁvﬁamﬁe-&itm«g gedb. (Thevoligodgeteotides are
118'19 191'8%;3%%% rl]cgngHvBﬁh %gtbas@ o%%rlaps Double-stranded DNA fragments are
synthesized using Klenow polymerase from the 5’ pair of oligos and separately from
the 3’ pair. The 5' DNA fragment is cleaved with the restriction enzymes cutting at
the 5’ end and at the center of the V region gene. The 3' DNA fragment is cleaved
with the restriction enzymes cutting at the center and at the 3’ end of the V region
gene. Each cleaved fragment is inserted into a suitable cloning vector and
20



WD 2007/ 115049PCT/ U52007/ 065385 M2 detected by the

addi tion of tetranethyl benzidine substrate. Fig. 4

shows that HuL2G7, ChL2Gr7 and L2G7 conpeted

essentially equally well with the L2G7 bound to the

WMo {186ao i nding to the sol ubl e HG--Fl ag, i pvatobesssss

that these three mAbs have very simlar affinity.

[ 00571 A key biological activity of HGF is the ability
tramsfoinmell into I& TofiearmpONA bkt a montidnef asnlbtes \is sbqudéreced to find

Hul 2 L2G/7 and L2G7 0 i nhipit bindi

fragmghts t aasr?ﬁmpi%fe@mr?’%g%e%@aaeﬁ PRty R S-waY igation
isMelenFserfotthetiGo inBeftBef Grracefs’ *d@ﬁ & ﬂggmmlsclhtd/\mee appropriate

prepared as described (Patent appl i cati on USSN

eXRILIRIGN YAstoRtp iR Mekaiplate gepgothe seqHengeRferhich is vgrified.

Cancqu,sgjeq% Ea?od%%gzthezﬂgﬁie‘-?%mbcrﬁ?ﬁrr'\énerrerﬂil S MtheAS 293-F cells
coated with %\93 ﬁeac of two antj - Met
r

(Imvitseoqrdawasey CBft‘éﬂeécﬁ) ﬁrﬂem@ xeymesigh wedium (FS medium;
Ing?fl g@ﬁﬁ@hbvrgé%’s%%gg% dh hﬁ?&@'ﬁcﬁqﬁd ?@II#?@%I fi‘l‘ﬂéi:rowen The

ked wth After washi ng
Hpl 2@ édlight Gangll heevy cbainVexpiessipn yepton PNAss (acmadet @ach) were

ing%%\}%WRh § Lorl;;FﬁE;ren%t (%%Jche})ln flﬁfglrr-a%%ﬁédupﬁ %gﬁﬁ( a?QT the
mbxéuorke gyvasuthebn Afdded tmabda |ce§;s t Aﬁeph&tMsnc@@tml/tvMsfeabéd cells were
- Fl 0.5 pg/ ' t ' .
e nPablestobg pP @ HARGAREH oL Selfbis¥Sng ngo and then
sdnﬁ?d Mt GBfwﬁlS?tigsng,cuttlhle ﬁf@qu\lﬁ{/\i&eﬂ nt%ﬂmtagxd)rwimgt&tﬁm weeks,
0 an - n r.o an e
wii, WEs ptati o Wulg ol heletbmetsr ke bR te shiPrafits from
thas@sﬁglat e/eg Ctgk&t@@ gfofggg a;h@‘s!@nceciaGd guammft}hamztm l\?eyt ELISA.
] , an I N .to
TIBHTIARRY SlF Moo HELE ARSNGB TR e eRyHenalts spiip pnsure

thatoRIPIcBMPREIQHUL2GT is méé&ﬁ_’&l thRINSA s8R QdadRhti-human Fc as a
bi ol ogi cal actjvity of HG i's the ability to stinulate

caﬁftﬁﬁ.a&ernétar@nb@fmwé?e@aaﬂn “humes, KanRa adi fSAAFIen, ageRl. The

chLyGg @bt \b&é 'e& re%@é&i %1mﬂ—é}lyC°@Rﬁ{e% éfh@elfébéi;iréé/sl%atnvely high
HuL2G7 and to neutralize this activit

IeVlefcﬁhL%GZ zersé thi 2641 wera ogspestivalyl £XP anch gpwR in FS

al n r I
A L R A g My

chigragtegaphy ggd gnelyead ﬁ‘@rmttﬁmy R1SPE-REGRL, R&D Syst ens)
to reduce background and various concentrations of

HuL2G7, L2G7 or irrelevant control human anti body. The
|l evel of cell proliferatPeeparies didrdihed by the

add[dds@];T@foo%Eré tﬁﬁ%ﬁ%gﬁ@ﬁin %f%L@@ﬁ)wtﬁ Qhatldf ChL2G7 and
hour s shows t hat uLZG7 and L2G7 had, equal

L2ﬁ?h|aop9mp§ttta@t pipiding experimentawasyperfopmedinmir jpicrediier glate was
coé\%g d\:fa&h' gaﬁw&ﬂwb';@/@ﬁpﬁgbbvﬁnﬁﬁuhﬁﬁxg@F@ baﬁg{‘@ﬁ in PBS

i's theref neutra
overmnidt? G 4Ma sandasbcken witte 2%188@1 foatli hmatpRTac édter wadliing, the plate

wa%qggdbla%gcg) \Az'v?t’E> %B/uLI'TQ' eQIOg{\LOz(sé'; mADb (2 ug/well) for 1 hr at RT, followed after

washing by 50 udiwell of human IgG (10 pg/mi) for 1 hr to reduce background. After

washing, wells of the plate were separately incubated for 1 hr with 50 ul/well of

various concentrations of purified HuL2G7, ChL2G7 or L2G7 as competitor together

with 50 uliwell of HGF-Flag (1 ug/mi). After washing, the plates were then incubated

with 60 ul/well of HRP-M2 anti-Flag mAb (Invitrogen) and the bound HRP-anti-Flag
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3. Ability of HuL2G7 to inhibit tunor growth in vivo
10059] It has already been shown that L2G7/ mAb is able
to conpletely inhibit the growth of U87 glioma
xenografts in nude nouse nodels (Patent application

é%SN ég)j sy 7,915 filed August 13, 2004, and Kipppgika@beessss
I n ncer Res 12:1292, 2006). To verify that HuL2Gr

also has this ability, the sane experinental procedure
Meagetasted. byBMeeédcyt;orf efritanbtiyiveedidiod dubbtrite] IFig. 4 shows that

Hi G R SR TR ke BsfSntghy, SRS el A7 bound

tdiﬂresgbteafo@%du\@wtﬁéweolhu@omeﬂmga ripaicheh & thesk tirbe mAbs
mce were randomy divided into groups (n = 6 per

hgreovgsy simlerefiéét ed with 40 pg HUL2G?7, L2G7 or control
- PBS joo$r A REF DiNEGKAIYadiRitR quJKQFfﬁs @he GubliityTho %‘ﬁﬁl td W8 Deceptor

vol unes were g)eterm ned weekly by measu

CMehrﬁ@sﬁh@r@ﬂ(ty o dher Hua2GHn &Jhm@ﬂhandaj--?@ﬁ dmégs da|iafibipinding of
nﬁef"g/a%/ n‘?;}%? le\/Ealt as’ USSP WP tHR Err« RLd&l, F@di W25 in the

|te i st hgui sha in this
fomlsaﬁ/HGFeFtbgr Winexh defa lweenaned aﬂ@l Hesayibef H@L@G?amcatlon USSN

t f f f
14581 818 NS gBo AT HERRLALL gl P L So0pp, 2000).
mitsetiter plaae siasi dcatede wjithr 50vphiwvell lBif /ngnﬁmam ofhisto antpiviet mAbs
QLSRRI ek 5t Bt BN o
udedRind dsckeaiwifn M W %rgpﬁﬂabR‘T | A¥e? Wl sBirg the plates, 50 ul/well
inhibition. Sim V\,henadmnlsterﬂ %%{PCI%
ofMEtzEsfr(bﬂs/eBW%Wd?%tﬂ Rdhswel Bk ThhioAt R hfp qftgr ing by
50‘ﬁi7\9&f %Phﬁrman IgG &1 O[;%Qrﬁg)forAi hhH@ButdBatitY@Md AtePABishing the
been describ reference to the presently

piptest 80 pdiweld mﬁcﬁﬁﬁﬁm(o $ pokmid @rejn%@a&mw%t\'@aauq Rapcentrations
oerﬂi\bQ Was Rk tG %tabﬁ’ Wl 98 1 kﬁ‘? 'ﬂ?@‘? W’Msﬁiﬁ%ufhedﬁﬁérstwm incubated

the 1 nvent 611 Al'l publications

wnﬂaﬁ@ iisetiod HRR-MR a@ipﬁlagda{\b dlmyisioeeit dnddnndiound HiP-ani-Flag
M rb‘é?écffé)cf B\% ‘ﬂ% Eéfdlﬁcﬁf &f ﬁx%%%tﬂsﬂafehl Eie:?d?%b éo'f:lgflé shows that

pur pos sane extent as eac
Hmm G267, apd A Binckashbiedinoagfphi GEAD: Gt oauslly well, so these

mABSRLid G l%“@%Feg&'xltﬁ'gaAsgg i ndi cated to be

|ncorpora e ence Yis entirety for all
pur J08ss$ Another impHd@@2ioldpieal 2aGWitlyddriH@bna thasibilideto stimulate

BB R, A8, ML RSB D compr
thasbANTCEF NMulbd®T aF\’ET AZEIYG’@ nudetize trés BothalyesS tHGTF eldy yi. Lu cells (2 x
10t MBE g arl srophaciMEN e tfharTogt ¥t efg fosuspended i

seP@RAVTRDIOVEY @hddeshilaedd ot OlIOOap[lﬂ/VéHOd)fOIﬂGEt (4®asy/mL) plus
five years after the

tragystoyminghgravipdactpild( goétsﬁ/@e% et 6?;;85%{?? b§dKfound and

vaﬁ@ﬁé een&int@ftiohe8FHULDETt V2@ R adrSrralbl it ddfh&oﬁl&ﬁrﬂa@fanhb@j The
posit, or during the enforceable ljfe of the relate
ie\fpétqgmell ‘nipliferetion wasadetermined by the addition of WST-1 (Roche Applied

Science) for 14 hours. Fig. 6 shows that the HuL2G7 and L2G7 had equal inhibitory
activity in this assay. In summary, HUL2G7 was at least equally as active as L2G7 in
all assays used, and is therefore fully neutralizing: no activity of L2G7 was lost in the

humanization process.
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period is longest. Al restrictions on the
availability to the public of these cell lines will be
irrevocably renoved upon the issuance of a patent from
the application. CLAIMS: 1. A humani zed nonocl onal

mAb) that binds and neutralizes hu <
@p%{’?@g‘é 4& Gowm h Factor conprising a rmtureEIEEC':[\]\%O07/06538D

chai n variabl e regi on having the am no acid sequence
of SEQID NG5 and a mature Iight chain variabl e
regi on having the _am no acid gu ence of SEQ.1 D NO 8.

2. A hunani zed- M&PBH'A‘FZ%HQB‘ Wit temapgroMia (N Wreds
and [?8‘551 rltail\észﬁ?eéwr%rén'ﬁg%c’(ﬁﬂ E2&F ARisFAIE @ completely inhibit

conprising a mature heavy chain variable reglon havi n
thehgrosvth b 87 ¢liemguancearats BEQUdDM@Iss ewdelst (Ratent application

U%b‘i\ﬁ‘io@?‘i 8953 &?‘FéadAg@Jsft%' 2664 Wid i r@drg a@”@hr@cﬁ%é‘ﬁ’ Res 12:1292,

chaln vari e region having the amno acid
2@@6:)ue’l’rwermf th8ERQUL B NBIs®. has3thisfatiliiyethe Ziemen@m&cmméﬂ! procedure

ant i
O NC
L stsorptories Ngerealinjaoteziesic. mmyoﬁndnd |ng(ht1 mhefi PBS it Inlm dorsal areas.
ed heav ai n % from
WhERES BFOTSIEF teeRORbroN GaDy o AT VAT HOEMPLgEl 1m0 groups
(nf£ @Wr&u;@)f@(\d Mtéchaﬁthaato 11§ 2RIL 2875 iLRGINGY d:ﬂﬁrol Hma i.p. twice
HA8, H66, H67, I—W% [@éﬁgr occu | ed by t he
waekliidn GoUelPerel O umbBRSes FHRIA NPIEBET 1o6h delTrHerd Mepkly by
m@ﬁ&)’%gctb@ armetn%nb %Féﬂ@!hZ%d alnug}ocam: i dCaUatiigh@l@hRsas V =
from | 2G/ ht chain variable re
Al B! BN el 2o LPS2drhpe] (i @rpgigistinguishably
inLffRESsRCCHBI BANSY dbfR B QQ:II@CbidHQEQGPytbnlgh?bhegrth of tumor
corresponding position in the 'L2G7 |ight chain.
xenografts, four different doses of the mADb, 40 pug, 20 1g, 10 ug and 5 pg, were used
in a similar experiment. Fig. 8 shows that even the remarkably low dose of 10 pg
twice weekly was able to completely inhibit tumor growth, while the even lower dose
of 5 ug gave good but incomplete inhibition. Similarly, when administered
systemically HUL2G7 effectively inhibits growth of intracranial U87 xenographs.

[0060] Although the invention has been described with reference to the
presently preferred embodiments, it should be understood that various modifications
can be made without departing from the invention.

[0061] All publications, patents and patent applications cited are herein
incorporated by reference in their entirety for all purposes to the same extent as if
each individual publication, patent and patent application was specifically and
individually indicated to be incorporated by reference in its entirety for all purposes.

[0062] The L2G7 hybridoma has been deposited on April 29, 2003 with the
American Type Culture Collection, P.O. Box 1549 Manassas, VA 20108, as ATCC
Number PTA-5162 under the Budapest Treaty. This deposit will be maintained at an
authorized depository and replaced in the event of mutation, nonviability or
destruction for a period of at least five years after the most recent request for release
of a sample was received by the depository, for a period of at least thirty years after
the date of the deposit, or during the enforceable life of the related patent, whichever
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4. A humani zed mAb of claim1l1, 2 or 3 which is of

I gGl, Kisotype. 5. A humanized mAb of claim 3 which
neutralizes biological activities of HG- as well as
L2G7 (ATCC PTA-5162) does. 6. The humani zed

anti body (mAb) of claim3, furthepcpi@whARdss
position HL is occupied by Gu. 7. Acell line
producing a mAb of claim1l1, 2 or 3.

period is longest. All restrictions on the availability to the public of these cell lines will

be irrevocably removed upon the issuance of a patent from the application.
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A pharmaceutical conposition conprising a mAb of claim
1, 2 or 3.

CLAIMS:

1. A humanized monoclonal antibody (mAb) that binds and neutralizes human
Hepatocyte Growth Factor comprising a mature heavy chain variable region having
the amino acid sequence of SEQ ID NO:5 and a mature light chain variable region

having the amino acid sequence of SEQ ID NO:8.

2. A humanized monoclonal antibody (mAb) that binds and neutralizes human
Hepatocyte Growth Factor comprising a mature heavy chain variable region having
the amino acid sequence of SEQ ID NO:5 except the first amino acid is replaced with
GIn and a mature light chain variable region having the amino acid sequence of SEQ
ID NO:8.

3. A humanized monoclonal antibody (mADb) that binds and neutralizes human
Hepatocyte Growth Factor (HGF), the humanized antibody comprising humanized
heavy and light chains, the humanized heavy chain comprising CDRs from L2G7
(ATCC PTA-5162) and a human heavy chain variable region framework provided
that at least positions H29, H30, H48, H66, H67, H71, H94 are occupied by the
amino acids occupying the corresponding position in the L2G7 heavy chain; the
humanized light chain comprising CDRs from L2G7 and a human light chain variable
region framework provided that at least positions L3 and L60ar_e occupied by the

amino acid occupying the corresponding position in the L2G7 light chain.
4, A humanized mAb of claim 1, 2 or 3 which is of IgG1, K isotype.

5. A humanized mAb of claim 3 which neutralizes biological activities of HGF as
well as L2G7 (ATCC PTA-5162) does.

6. The humanized monoclonal antibody (mAb) of claim 3, further provided

position H1 is occupied by Glu.
7. A cell line producing a mAb of claim 1, 2 or 3.

8. A pharmaceutical composition comprising a mAb of claim 1, 2 or 3.
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