IMMUNOGLOBULIN VARIANTS AND USES THEREOF RELATED APPLICATIONS 5 This
application is a non-provisional application filed under 37 CFR 1.53(b)(1), claiming priority under 35
USC 119(e) to provisional application number 61/105,086 filed October 14, 2008, provisional
application number 61/152,131 filed February 12, 2009, provisional application number 61/171,768
filed April 22, 2009, and provisional application 10 number 61/220,514 filed June 25, 2009, the
contents of which are incorporated herein by reference. FIELD OF THE INVENTION The present
invention relates generally to the field of molecular biology. More  specifically, the present invention
relates to IgG immunoglobulin variants with altered 15 biological properties and methods of using the

same. BACKGROUND S¥MEEGEEGHEN Sodiind TaA3MEBBs SHERUABglobulins as

therapeutic agents has increased dramatically. Immunoglobulin (1g) molecules which constitute an
important part of the immune system are of great interest because they (1) react with a diverse family
of ligands, 20(2) possess different effe‘%@r‘ﬁiﬁﬁoﬁggﬂ@@?@é\lgf great biological importance. Today
uses of-antibody based drugs.include treatment of cancer, autoimmune_diseases as well as various

systemic and infechod SRREEHIRNS A1uat RN iR otRtisa s fied andss i GibB diddfhdidde tools, for
example, indliagnesiicomagingiIocanuIes dof jsdhisisesipeyalenhimmymalobuks siags in humans

and other mammals 5 is utilized in various types of immunotherapies and diagnostic procedures.
Human lgG$ %’é}%@é h%%%@)%ﬁ%h@@s%ﬁ?&fﬁ@d&lﬁp%@gﬁgﬁ% Eﬁ?ﬁ%ggg"‘@’u}gegﬂ{}gmany antibodies
in clinical tripis\asRtlifepiedapainskbimel/ #5506MmIRelabGEILS. J00p ke whak anHaVipplicartralizing
antibodies have be o) r rowth of a variety of human tumor cell lines in nude
ice (i chA R e o ) DA Gl 5! SR O BRSBTS BG355 (1008).

Borgstrom etfke@i@ncer Res. 56:4032-4039 (1996); and

FIELD OF THE INVENTION

The present invention relates generally to the field of molecular biology. More
specifically, the present invention relates to IgG immunoglobulin variants with altered

15  biological properties and methods of using the same.

BACKGROUND OF THE INVENTION

Over the years the use of immunoglobulins as tﬁerapeutic agents has increased
dramatically. Immunoglobulin (Ig) molecules which constitute an important part of the
immune system are of great interest because they (1) react with a diverse family of ligands,

20 (2) possess different effector functions and (3) are of great biological importance. Today
uses of antibody based drugs include treatment of cancer, autoimmune discases as well as
various systemic and infectious diseases. Also, immunoglobulins are useful as in vive
diagnostic tools, for example, in diagnostic imaging procedures.

- 1gG is the most prevalent immunoglobulin class in humans and other mammals and

25 isutilized in various types of immunotherapies and diagnostic procedures. Human 1gG; is

- the most commonly used antibody for therapeutic purposes. Currently many antibodies in
clinical trials are directed against tumor associated antigens. In particular, anti-VEGF
neutralizing antibodies have been shown to suppress the growth of a variety of human
tumor cell lines in nude mice (Kim ef al. Nature 362:841-844 (1993);, Warren et al. J. Clin.

30 Invest. 95:1789-1797 (1995); Borgstrom et al. Cancer Res. 56:4032-4039 (1996), and



Melnyk etal. Cancer Res. 56:921-924 (1996)) and also inhibit intraocular angiogenesis in models of
ischemic retinal disorders (Adamis et al. Arch. Ophthahnol. 114:66-71(1996)). Indeed, a humanized
anti-VEGF antibody, bevacizumab (AVASTIN(r), Genentech, South San Francisco, CA) is the first U.S.
FDA-approved therapy designed to inhibit 5angiogenesis. Despite its potential, one of the
problems witHémphuried| Goutier iReminstheflgy S Deed thve péisisieneecofinangivmgksibulins in the

circulation. TA?}&@%PfsEﬂé&?@?&ﬁ?ﬁLéﬂé‘o%%%rg?#a‘?mqy9&&1}’2{%‘3 ap%%%nmo?“ﬂtz@é})qi T of dosage

of the immunoglobulin. Increased dosage and frequency of dosage may cause adverse efiects in the
patient and dissetmbrensizedegical BGEtantibodFhbevstharibtAMAG BN AL dbokotadn Swatbirculation has

been slucidated shinuah Sudes e Aiec1a e Kapgler of Asssivalmipuply fiammother 0

fetus/neonate through the placenta or yolk 'sac or through colostrum(maternofetal transfer of 1gG via
transcytdsis pigresdeis.(Brambell, Lancet, ii: 1087-1093, 1966; Rodewaid, J. Cell Biol., 71:666-670,

1976; 15Morris et gh, 41 ARtigRn, ARSORRUIMRY I8 Gty AR i idandddRubniNpraiRArK RISSS.

Baltimore; Jones et al., J. Clin. Invest., 51:291%—2‘927, 1972). The neonatal Fe receptor (FCcRn) plays
an importanbestetiy feesivmnse plosiganeeibnarsiagis afqgeimmbanttds Ferniedeidtrally

homologous ig,maRriSac AMRAIRILAFRAMBPIEX m&):kg'@ﬁ&k@@lﬁ%ﬂ%@%&@@ﬁiﬁ%ﬁ. ofa

transmembrane a chain and f32-microglobulin (132m). Previous 20studies in knockout mice illustrated
that the serufifigaAféostay @ dearencnp oéferhnaY Camifcelyirate gfEstn iehe satepResbEffan et al., J
Immungh 170(£)::3528:883302Q03; Israel et al., Immunology 89(4), 573-578, 1996), demonstrating the
protective role of FORn in regulatin’% the level of circulating IgG. Various site-specific mutagenesis

experiments in the T pagfib#H g fyeolsvandhasideatine sad ResP chieidnteditiearaiino acid

‘residues 25igygivegindhe inierastion HRieRe Igtnand ReRM KR &8 flmFionhtOMRgURPIhe24:2429-
2434, 1994; Medesan et al., Eur. Inununot, 26:2533, 1996; Medesan et at, J. Immunol.,

158:2211-2213E RGP YRk S SH P U FS IS puBietieme Gl dmpelshatiets  Famiartng
physiologicalyagtiveasiesules wheseobali-ves 066 Rediieadeithes by btrodseing @, modifying an
FcRn-binding, region of the lgGs (WO 97/43316; U.S. Pat. Na. 5,869,046; 30U.S. Pat. No, 5,747,035;

WO 96132478002 G065 S S BRINEY 7663088; 318> PHENOIFEH BI&PIOsS At the
molecular leBelifoRnbirdsthe, Feqiortiancef, | G2n heiCHACR3 thmathiegibnrcthgdrc-FCRN
interaction is highly pH dependent; 1gGs bjnd FcRn with high affinity . at , but as the pH is raised to
7 e nindiC IR AP A B S R RSl 4 FoEBGIERe for protecting
IgG from deBeRdatiemSpedifidaliyojpinnscytosagbids:iscoaphuieididyy draplexi(MRECacidis Endosome,

recycled back to the cell surface and then released back into the circulation hysiological serum
y Eecu €8 and consists o atransmcmgranc O cham an8 Jgg—m.l.cmg %&ln%b?ﬂ% y]§rev?09.|.s

pH of 7.4 (dB%r
20 studies in knockout mice illustrated that the serum half-life of IgG in FcRn- or f2m-
deficient mice was greatly reduced (Roopenian et af., J Immunol 170(7), 3528-3533, 2003;
Israel et al.; Immunology 89(4), 573-578, 1996), demonstrating the protective role of FcRa
in regulating the level of circulating 1gGG. Vartous site-specific mutagenesis experiments in
the Fc region of mouse IgGs have led to identification of certain critical amino acid residues
25  involved in the interaction between IgG and FcRa (Kim et al., Eur. J. Immunol., 24:2429-
2434, 1994; Medesan et al., Eur. J. Immunol., 26:2533, 1996; Medesan et al., J. Immunol.,
158:2211-2217, 1997). Additionally, various publications describe methods for obtaining
physiologically active molecules whose half-lives are modified either by introducing or
modifying an FcRn-binding region of the 1gGs (W0 97/43316; U.S. Pat. No. 5,869,046,
30 U.S.Pat. No. 5,747,035; WO 96/32478; W02006053301; U.S. Pat. No. 7,083,784, U.S.
Pat. No. 7,371,826).
At the molecular level, FcRa binds the Fe portion of 1gG in the Cy2-Cy3 domain
region. The Fc-FcRn interaction is highly pH dependent; IgGs bind FeRn with high affinity
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5et at Proc Nat! Acad Sci US A 101(30), 11076-11081, 2004; Ober et al. J Immunol 172(4),
2021-2029, 2004; Prabhat etal. Proc Nall Acad Sci USA 104(14), 5889-5894, 2007). 1gG that is not
bound by FcRn is targeted to the lysosome and degraded. As FcRn is important in regulating IgG
homeostasis, modulating the interaction between Fc and FcRn through protein engineering is one

method for impa\inguthe pbammiacaktiaticsQtibeiapdticriantibpdicaishigids gtalk 48Th! Chem
276(9), 6591:6604, 2001; DallAcqua et al, Nat Rioted/ng! 15(7), 637-64Q, 1997; Dall'Acqua et al., J
Immunol 16&@fﬂéiﬁlfgi%&l%b ?ﬁﬂﬁ%ﬁﬁk@:‘ Oétpjoé%‘il%gﬁlgé é%(%ﬁ%ﬂi@&?@?% 6#5¥Hinton et al. J
Immunol 17 3bbeBR6; R0apuREte-Manranhetatd ugdidetad) Risphs Ba{l)086:24112007;
Datta-Mannan gtat JC{SE)I Chem %ZSE). in mi

suriace and t a

,%7 9-171{, 2007).%%umber f studies. in 'f? hesus and
15cynomolgtid S rREY S RdVE Bem oSt H T A THERSE AR R 18%—?%%%8%513%&{;}] Si(3RSE can
Egogl (() 9I‘l)g gl f;fdi'felgBa}Méqua:;_eﬁ akiNas Bi(bﬂ_)éfﬂﬂ)pt ﬂ(521577-)1 1;6;31;6004;1@&%; eD@A.All' Abguiaiel aﬁz@jlmmunol |

, - - Higtan et at | Rjo! ), 6213~ , - Hint at J Jmmuno
176(1), 346- %f%‘?@ggggﬁh’rgre%%%trg,agt é?%%l%ﬁfe%c g?/%a s‘g d?%nﬁi#%trgagg%uf-lgg?é(%%bi ng affinity
at pH 7.4 is dntasditidnahdéteFolinantagigs t@hphabmacokiddtigsdSpesifiCally, isenaortwariants with
increased p'ﬁ':f?e“ éil%gi @fﬂi&iﬁg I rqso%sgdﬁ{%l?ln Qib'tedc'ncr a§edc ara(rillge#id%ﬁrde%reased
half-life) in mlce%’ga Achua et a?.,oﬁa?m’mun'o fgé(etalgheﬁ%ﬂ%%e 20062y, Neéver elesg}lﬁ*ne detailed
relationship b@mie@n.giWﬁr@ﬁwmﬂmélfdﬁmm mmmm&t@iggﬁhmﬁm&mevious studies
rvolverha STRAHEINEH AINaANte A in.A Rite] K300 A1F SN Afllies, [0 nggmal halr e

25extension achievable through engineering t cRn'interaction is unclear. espite the fact

that adhergrﬁiefmf@drhﬁl'r’éf@tﬁﬁﬁﬂ) i D@ﬁﬁw&m % i potamtndt! i5686HmHRD Thad .79 f those for
whom mediimRs PP 9360 PORAICAYAS 11831 4N 06 SERBIEAF R RYR[DIE. @ recen!

research showed that as many as one-third of women taking breast cancer drugs oped in the

past 10 years 8ic? A defiptdlantiaie30. ddcerdserioBa mive3year $oifs 08 et Maasges for poor
compliance jpcjusie feyanthuness: piusiesd, difiovits ineomplyinge.dn haveling iR ghgnoving away from

place of treatment), inconvenience, adverse side effect, complicated regimen and cost of drugs. Poor

adheréfice toVBPOW BAIAMEKE el I8 RORIHTEdiHp I dad aprangtis RiTHhoaIdmsatinty ehifisines can
provide to pafiepisobehexamPiB. falaeMpRIetingARe,FeomMsngac sl S Cangek ipatpent could

lead to a recurrence of the disease and a reduced chance of survival. Strategies to improve drug

compliance Fhet{ &R Mrd konbemeit iBitpasentst8ihiskeme TU8drxiédd& course of
treatment. Queitheoways/thimmayre76(1), 346-356, 2006). Furthermore, other studies have

also demonstrated that FeRn binding affinity at pH 7.4 is an additional determinant of IgG
20 pharmacokinetics. Specifically, certain variants with increased pH-7.4 binding affinity to
mouse FcRn exhibited increased clearance (i.e., decreased half-life) in mice (Dall'Acqua et
al., J Immunol 169(9), 5171-5180, 2002). Nevertheless, the detailed relationship between
FcRn affinity and half-life has not been elucidated, as all of the previous studies involved a
small number of variants, within a limited range of FcRn affinities. The maximal half-life
25  extension achievable through engincering the Fc:FcRn interaction is unclear.
Despite the fact that adherence to (compliance with) drug treatment is important, it
18 estimnated that half of those for whom medicines are prescribed do not take them in the
recommended way. For example, a recent research showed that as many as one-third of
women taking breast cancer drugs developed in the past 10 years do not complete their
30 recommended five-year course. Some of the causes for poor compliance include
forgetfulness, physical difficulty in complying (e.g. traveling to or moving away from place
of treatment), inconvenience, adverse side effect, complicated regimen and cost of drugs.

Poor adherence to drug treatment can lead to achicving less than the full health benefits
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accomplished for patients under immunotherapy treatment is by increasing the duration of time that
immunoglobulins are in circulation. The rate of immunoglobulin clearance directly affects the amount
and frequency of dosage of the immunoglobulin. Therefore, developing an immunoglobulin that
confers increased in vivo half-life may decrease the 10 amount ancUor frequency of dosage, thus
minimizing fhelincenvanieperds walkas any: additinnaldnesicakaasiheAccrrdinglyditouayld be highly
advantageous to have modified immunoglobulins that confer increased in vivg half-life for therapeutic
purposes. PHEPIEEHTBHTBHLAY S SaEHERE N LAY 2ETRBEBsaRInt upon review of
the following,d5aisclosure. SUMMARY OF THE INVENTION The invention provides novel IgG
variants and useséhgereof. A number of 1gG va{jants,arfz rgr\%%ed in the inventian. For example, the
present invention OTEERSAESHBURTNYE VA HORTE LIRS ng &M ORI d8prising two or
more aming @it Substitiiensreletiveitcoarvdlsk typenhun abnkg 6 e vegiomiakiwober more of amino
acid residues 251 _2152 ?07’1;3.08.’ 378, 428, 430, 434, and 436, nﬁqmbered ac%:gﬁ%.to the EU index
as in Kabat* WHEFSTH td Vaant e AL an R AR AR A R P ArEd Y8 4 HAHRE 6F an 19G
having the vitid-tiydhnimnan lgGlne sedgiooyransinh etdinratd eAghinmafl thalamniogaacid substitutions are
at amino acid resid 51, 252, 307, 308, 378, 428, 430, 434, 250r 436, and ap.amino acid
Substitutior R Se AR Rk pcb skt b e R S R 20 amino
acid substitdtiaroatremimionatidagsidlie 262 dendesuinstitettanmwithotiindSlite ey dminasadid substitution at
amino,geid ecichie, 30715, substiinion with alutamin. anaming acld substituion, f amino acid
residue 308'15 a sUbSttution with pro me% an ‘amino acuin up)s itition at amino acid residue 378 is a 30
substitutionadditoralimesdaelaopitro acid substitution at amino acid residue 428 is a substitution with
leucine, an am'”%’i‘&égr&&%ﬁ%t.HW&P&Mig&fﬁ@ fEIME S30. R & ubsitunion with slapine or lysine, an
amino acid substitution at amino acid residué 434 is a substitution with alanine, sgerlne or tyrosine, and
an amino atidtsabEtitimorstdming aeitiresioud«dsigiamubssitatibhoittsésoblevoitien In certain
embodimenss 1S uBANLIAG RS RURN.CUMPHESEAR AN Aaifksuhsilfion ahamino acd 251,
wherein the amino acid substitution at amino acid 251 is the 5substitution with aspartic acid or
glutaniz acfdsdssestain embodiments, the human IgG Fe region comprises an amino acid substitution
at amino acid 307, wherein the amino acid substitution at amino acid 307 is the substitution with
glutamine. In certain embodimentsgihe ugren dgGiFGregiRNPMpKISes an amino acid substitution at
amino acid 308, wherein the amino acid substitution at amino acid 308 is the substitution with prolinc.
In certain The invention provides novel IgG variants and uses thereof. A number of IgG

variants are provided in the invention. For example, the present invention discloses novel
1eG variants comprising a human 1gG Fe region comprising two or more aniino acid

20 substitutions relative to a wild-type human {gG Fc region at two or more of amino acid
residues 251, 252, 307, 308, 378, 428, 430, 434, and 436, numbered according to the EU
index as in Kabat, wherein the variant IgG has an increased haif-life compared to the half-
life of an IgG having the wild-type human 1gG Fc region, and wherein at least two of the
amino acid substitutions are at amino acid residue 251, 252, 307, 308, 378, 428, 430, 434,

25  or 436, and an amino acid substitution at amino acid residue 251 is a substitution with
aspartic acid or glutamic acid, an amino acid substitution at amino acid residue 252 1s a
substitution with tyrosine, an amino acid substitution at amino acid residue 307 is a
substitution with glutamine, an amino acid substitution at amino acid residue 308 is a
substitution with proline, an amino acid substitution at amino acid residue 378 is a

30 substifution with valine, an amino acid substitution at amino acid residue 428 is a
substitution with leucine, an amino acid substitution at amino acid residue 430 is a

substitution with alanine or lysine, an amino acid substitution at amino acid residue 434 is a



10 embodiments, the human IgG Fc region comprises an amino acid substitution at amino acid 378,
wherein the amino acid substitution at amino acid 378 is the substitution with valine. In certain
embodiments, the human IgG Fe region comprises an amino acid substitution at amino acid 436,
wherein the amino acid substitution at amino acid 436 is the substitution with isoleucine. In certain
embodimengs,ihgaeRith \GMbawe R oS HInding ARk Ik ARG R RAR HGdGG Maying the
wild-type human IgG Fe region.  In one’embodiment, the human IgG Fc region comprises the
amino acid $81E6ttibH asubsiitBigeid b BAsMFEkitamine and the amino acid substitution at amino acid
434 with alanine. iy gheRmaRedimenste: RMANILEE cLE8I0n CORRESE 3G AMIRO acid substitution

at amino acid 307 with glutamine and the amino acid substitution at amino acid 20 434 with serine. In
one embodiHRSHEEHRE RLAARPIRRIL RS helisH Eolfieay gradavinel wion supatuted a8 hinihe acid 308
with pralinesangitheoamine-acidURNIBIIMR A RMIND acitdad wWithalaring 4R ane.sMmbodiment, the

human 1gG Fe region comprises the amino acid substitution at amino acid 252 with tyrosine and the

amino acid SEBSHTORBRES ATy Ieciaid SUNHHESR AT RS Srid &RbBlRTEmthe #5A 1§€ Fe region
comprises thesamiRm acikhesubgtiotien i amine asid3fSWithnaling, apdathe ARdifitagig substitution
at amino acid 434 wiigﬁ(lfmine, In one embodiment, the human IgG Fe region_comprises the amino

I

acid substittMoHER NS QA ECTRASEL A AEHPHE SR e ¢ SHBLR At 98- M6 Acid 434 with

alanine. In ena:embadinentthedlmanilglde Jegiomeamprsepineianionmcithsdhstiution at amino
acid 434 with alanine and the aming acid substitution at amino acid 30,436 with isoleucine. In one
embodimer T R o GG R AT o SR SRR BN A G A B ISE A Hofh 306 with
proline and3he ainirtnabichsiibstitudenbatiamiinataeitnd34iwinstyr asinabltitenenamhadiment, the
human IgGlgcgl%%ngm%m%g s [he aminoI ' §ubstitution at amino .acid %107 w%thr%lutatmine and the
amino acid SUBSHtUtion at Amine aciauﬁ%aé1 Wi igoF&%rfncé)?]prlsﬁaénﬁ%lsné’n‘ﬁ \73%6?1‘ 184 discloses

- novel 1gG variemtsidotdfarigirg:a tiumarinkg &1E cuiegion@om prisirotid €é s nherastitntoacid
substitutions relatiye to a wild-type h n 19G SFe reqi ree agr.more of. aming acid residues
351, 252, 307 AR B S T S R S g R S as i
Kabat} WwheFeRnthaivdridatsl & 1ha sharvintteps banhail fiéie lrorpaned to the half-life of an IgG having the
ons are at amino

wild-type human 19G Pc I Ny dt i‘her 5 { three of the amino acid substituti
acid residue 251, 2502,83%‘?@3808%78&38“5Ez%f%‘g%%éozﬂ or ,33% 3%‘3%?ﬁég§3§&%§ﬁﬁgﬁtution 10at
amino acid #esitioe 254 387avdtibghitiationewith thepartio acid wwbefittamiezeidpancahdibbveithd substitution

at amino acidhERIdMP ARR iR AHsLHian W BAqRInG B AR aci ahauign at amino acid
residue 307 is a substitution with glutamine, an amino acid substitution at amino acid residue 308 is a
substitutionsWigk igFsing 2arnenaind B dvehixewnior ardivronaridessighdiBT@isbastbstitition with
valinep@n aming;acid syl v ipn AL AN A Hhies EerIa0:S ARHRR I LIRR Wiayapine. an amino
acid substitution at amino acid residue 428 is a substitution with leucine, an amino acid substitution at
amino acid FESuE Ry praresditiforitimiodaning Bieiyaiine, asilarbirisviion Zupsnaeia at amino acid
residue 434 ks 3, sHRBHMIONNH AlARiRe.SRIIE HYFRSINECOE Nistdine,apd.anaming.acid substitution
ato acid residue 436 is a substitution with 20isol eucine. '
substitution at amino acid 252 with tyrosine and the amino acid substitution at amino acid
434 with alanine. In one embodiment, human [gG Fc region comprises the amino acid
25  substitution at amino acid 378 with valine and the amino acid substitution at amino acid
434 with alantne. In one embodiment, the human IgG Fc region comprises the amino acid
substitution at amino acid 428 with leucine and the amino acid substitution at amino acid
434 with alanine. In one embodiment, the human IgG Fc region comprises the amino acid
substitution at amino acid 434 with alanine and the amino acid substitution at amino acid
30 436 with 1soleucine. In one embodiment, the human IgG Fc region comprises the amino
acid substitution at amino acid 308 with proline and the amino acid substitution at amino

acid 434 with tyrosine. In one embodiment, the human IgG Fe region comprises the amino



In certain embodiments, the human IgG Fc region comprises an amino acid substitution at amino acid
251, wherein the amino acid substitution at amino acid 251 is the substitution with aspartic acid or
glutamic acid. In certain embodiments, the human IgG Fc region comprises an amino acid substitution
at amino acid 307, wherein the amino acid 25substitution at amino acid 307 is the substitution with
glutamine. |p;aqRiRERRAIUAEESARS MLMANAAGTE: HAIN COTHYIRES BRI acidsypstitution at
amino acid 308, wherein the amino acid substitution at amino acid 308 is the substitution with proline.
In certain eASBbHMEHISISBIERIRhan 19G Fc region comprises an amino acid substitution at amino acid
378, wherein the gminp.acidisvbstiHtion alaminemReld B8Jsthasubstitdtionwithsatirer30 In certain

embodiments, the human IgG Fc region comprises an amino acid_substitution at amino acid 436,

wherein thd SHMheCERE b BRsRS A S AR 4614 sHbstiutimmsibdivato A Wik ieen dyeme 1 certain
embodiments ;4R v aridftd gasdiave adighridingingafinitysto feRsoeompared, o thaigG having the

wild-type human IgG_Fe region.. In one embodiment, the human ?IJPG Fc region comprises the amino

acid substittiior 4t ZRiMYRRRICIGFRItrgiRArRiRE, s amioRae- VRt im VAR &PhiSE Beid 380 with

alanine andithecamieg agidisubstipuiontatianin e aBierd34 0 thaseiinge WiRbeRMbediment, the human
IgG Fc regign comﬁris s the aminﬁo aciff subit#utjon at aminq acid 307 with Iutaming, the amino acid
substitution’ &t SiHo A, TEACATAHIFRS Sht TR AfdCa R LR A5 #5'%cid 434 with
alanine. In esglesisodifEROThERUBTANIGGIES 460iansaniisasdhe amintsacidubghatitoion at amino

acid 2?5 with tyrosine, the?mi%){acid sgbcstﬂtution.%t amino acid 30 With(gro.l' e and.the amino acid
substitution”af a%%?n%clgcﬁ%sl 35 Wi ﬁstf}r%ls‘,l%le. TORE S BTN O s At @tﬁ%@g&on comprises
the amino acid d@stihsiiittoanainandiioretin @50 Wi thsabpattibacidhthecaiminmaeithswastitution at
amino acid Jo7ih, olytamine, and (he amno.acideubstitition,al amino. acid 434 with histdine. In
certain embodimen s,‘% e presen Ifvention pfovu]']‘e‘st e variantigGs or‘fragmen%s‘fhereof further
comprising subshiming acsub stitd ticandat POSitens 29T tg1atawitie ploloertairreimbadiinents, the variant
IgG of the present. [ -a higher -L5hindin inity for, FCRn than the IgG having the wild-type
aman 190 T e e iy for Echn at
pH 6.0 tharseltspiptiod ainmeartainie mbddimgnts athes@risnt yGhislanimemanomoumidnized 19G. In

certain emhogdiments, INSHANABLI0G IR 19Gam 8GR S %[tﬁl'&&mg%@gef‘ts’ the IgG Fc
region of the variant IgG Is an IgGl, 1gG2, IgG3 or IgG4 Fc region. In certain 20embodiments, the IgG
Fe region ofubsiipdi¢arit paGue eSS dFedddion substimtoprtaith aabodiondrisctihe varamcidG is an

anti-VEGF anfibady,{0 atian.embodiments; (s varanida G is ayaiantahbeyagizumab. In certain

embodiments, the IgG having the wild-type human IgG Fe region is bevacizumab. In certain
embodimerfstigieonant grproersrlighstibegismsaserd regis Hbbveesbeialenvidertain
embodiments; 2rthe variant IgG comprises the heavy chain variable domain (SEQ ID NO:1) and light

chain
In certain embodiments, the human IgG Fc region comprises an amino acid

substitution at amino acid 251, wherein the amino acid substitution at amino acid 251 1s the
substitution with aspartic acid or ghutamic acid. In certain embodiments, the human IgG Fe
region comprises an amino acid substitution at amino acid 307, wherein the amino acid

25  substitution at amino acid 307 is the substitution with glutamine. In certain embodiments,
the human IgG Fc region comprises an amino acid substitution at amino acid 308, wherein
the amino acid substitution at amino acid 308 is the substitution with proline. In certain
embodiments, the human IgG Fc region comprises an amino acid substitution at amino acid
378, wherein the amino acid substitution at amnino acid 378 1s the substitution with valine,

30 In certain embodiments, the human IgG Fe region comprises an amino acid substitution at
amino acid 436, wherein the amino acid substitution at amino acid 436 is the substitution
with isolcucine. In certain embodiments, the variant IgGs have a higher binding affinity to

FeRn compared to the 1gG having the wild-type human IgG Fe region.
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variable domain (SEQ ID NO:2). In certain embodiments, the variant IgG comprises the heavy chain
variable domain (SEQ ID NO:3) and light chain variable domain (SEQ ID NO:4). In certain
embodiments, the variant IgG comprises the heavy chain variable domain (SEQ ID NO:7) and light
chain variable domain (SEQ ID NO:8). 30The present invention further discloses pharmaceutical

compositions comprisiog.AnyhLhe MRriARLIGE descbrd harsinand aphaumaceytisalyacceptable

carrier. A kit comprising any of the variant IgGs described herein, in a container, and instructions for
use is also fravAdedneddn with giytesipgiisrhpaFEaRIDHEWE fteBhmeRABMYS is increased by
at least 50%a 4 Q% B0 %P6 SN QL SN eRISN A MRS AN AR NaVing taguild:ype human

IgG Fe region. In certain embodiments, the half life of the variant IgG is increased by at least 2 fold
compared tB*aRUgE haiRg R TARPHER TR AR e TeRibh R ABMO S EfHldiHBNts, the half life

of the variagh 1g6ids Mereasechiy aldaastidfald.camRateddewmlgk:hrving theaiids e human IgG
Fe region. In certain embodiments, the half life of the variant IgG is increased by at least 4 fold

compared P& HEORA ARG ESIHIRE BEhelARRF1 g8 98E Faiedmatdhalit ebbdimerigiothe 1gG

having the wildpiipg hemamiose: i eurrgiands Heyaaty b 1eariaipseripdimentactie half life of the
variant 1gG is the mean half- 10ljfe_of be_vacizgmab. In certain embodiments, the mean half-life of

bevacizumABYHBE3 e Ay Y S8 HhaneiPE A TG HERREIOH 4800 8%0eeks as

measured inFaumansrdseeriaisnerahbeiments herinmd GE&S ROMAGSIAGRHUNRB AgEFaciegion are
provided, wherein the human 1gG, Fe region comprises amino acid substitutions relative to a
e A I AT A LS i S0 45 UPAE R t0 the £U
index as in Kabaiihgheretinthayaiteahigtebids drincieaseshiiali-4tdkl compared odthe half-life of an IgG

having the wild-type yman 10 Fetedion, and wherein the aming,acid substition at amino acid
residue 307 is a subSttation wit g lﬁaf’nln& and the amind acid substitution at-amino acid residue 434

is a substitutigmwith élaciéuth@rer2fidsinihadiment thie valkaint fig6dspeattiantAYGp ebmiprising the
heavy chain veriable, domain (SEQ.10,NO: 1) and ot phain varisble dameln (591D NO'2), and
comprising a human Fg e reglion comprising amino acid su Stitutions refative 1o a wild-type human
lgG, FtSregiondatgafiimonafiidFadidthes 30 7pahikxtd4, themilbitepkdooordieg tBetheiBt) index as in Kabat,
wherein the variant 190G, has an increa If-life compared to the. half-life of an having the
wiype ho A LB R e B A R 07 s
a substitutich Mith ¢lutereitie; ambadienantind aeidaubstititiohvaaminomend zakigle 434 is a

subsiitution i elanjag-I0AnGHReLSPRRIMEN vABNLIG0S SANPISIG A U IAG e region are

provided, w%ereln the human 1gG Fe region prises amino acld substitutions relative to a 30
wild-type huhsdaGdG Feipagibiary aiantdescis aekifucs 8o gtndulgiHamtissad Massiglihg to the EU

index ag in éﬁf?@éiﬁ{‘é'ﬂﬁfﬁ'% ‘f@%@%lﬁ@ﬂﬂ@%%ﬁ@?é@ﬁ?%ﬂ w}-ﬁf@rggg}pared to the half-life of an IgG
having the wild-type human IgG Fe fegion, and wherein the amino
In certain embodiments, the variant IgG is an anti-VEGF antibody. In certain

embodiments, the variant 1gG 1s a variant of bevacizumab. In ce;rtain embodiments, the IgG
having the wild-type human IgG Fc region is bevacizumab. In certain enibod.iments, the
wild-type human IgG Fe region is the Fe region of bevacizumab. In certain embodiments,

25  the vanant IgG comprises the heavy chain variable domain (SEQ ID NO:1) and light chain
variable domain (SEQ ID NO:2), In certain embodiments, the variant IgG comprises the |
heavy chain variable domain (SEQ 1D NO:3) and light chain variable domain (SEQ ID
NO:4). In certain embodiments, the variant IgG comprises the heavy chain vanable domain
(SEQ ID NO:7) and light chain variable domain (SEQ ID NO:8).

30 The present invention further discloses pharmaceutical compositions comprising
any of the variant IgGs described herein and a pharmaceutically acceptable carrier. A kit
comprising any of the variant IgGs described herein, in a container, and instructions for use

1s also provided herein.



acid substitution at amino acid residue 307 is a substitution with glutamine, and the amino acid
substitution at amino acid residue 434 is a substitution with serine. In another embodiment, variant
IgGs comprising a human IgG Fe region are provided, wherein the human IgG Fe region comprises
amino acid substitutions relative to a 5 wild-type human IgG Fe region at amino acid residues 308 and

434, numbered aqgQrding tonheEldiRdax ﬁﬁf@ié%@%e‘é’%ﬁ@ﬁ\g}?%‘{ﬁ%%e@@ Nasgnsipgreased

half-life compared to the half-life of an 1IgG having the wild-ty uman IgG Fc region, and wherein the

amino acid Stbstitdfion H&mith dod sesisnecssiddosp ngitheprdarsp ahenmpe lafino acid
substitutionrat, 3R RGigHgsidMs ARdds:a substitytiopithalanine LRI apatheremhadiment, variant

IgGs comprising a human IgG Fc region are E}rovided, wherein the human IgG Fe region comprises

amino acid b ERRRIGHS PetBHeS Bragifleyp A SHTGE 166 Fegieost dmfRBeitid residues 307, 380
and 434, numbgsaadeascaidingriorhe B JRdex BN krRakayberainihe isiaigsdas an increased

half-life comp(a'gred to the half-life of an IgG_having. the wild-type human IgG Fc region, and wherein

15the aminBSdid“ St ha SRS Hed Fo S a8y g 8 raRatB T itk Hinel e amino
acid substitutiomelc@minecacitdesidur 380 513 ssbsiitdirnewitiGalanine R e pmingAcid
substitution g% mino, aciquesidue 434#; a substitution with serine. In certain embodiments, the variant

IgG compridhT' s FgRRN Ty ESTE SR R ARG Sb Ay Radhe MUREIS UMY d8tnfs FO¥2ERN than the

IgG having #ewittktyns 20heunain tghdieniegiomd haehRinfembedisents, thesaranhigG has a higher
bindin affinjaé/

L R o Rl M R R T T s OGP B coraim

or humanize

embodimenis tshie kixes ke regioredfthervanisipt igtaikan, lgGhogGAvdgs AnntgsadfFregion. hi certain
embodimerggmt%% IgG Fe region of the variant IgG is IgGi Fe region. In 25certain embodiments, the
variant IgG is an anti-VEGF antibody. In certain embodiments, the variant IgG is a variant of
bevacizumab. In dertaituierafsbdiments, the AgGghiaviog theivg kdkypenhigtan tggokereegion is

be"ac!zumzﬁo%gf DM %gi'{f‘mearr‘}?g Fc."z‘-’é'%dﬁ%{ %ﬁ%%‘?é%”a}%%o%%ﬁe AR AL ~'?[§‘a°f .
bevacizumab. In cértain embodiments; the variant IgG comprises the heavy chain variable domain
(SEQ 1B N®ij-srd lighieehglhReardghie 8Gdomaind(@8EQ:dD NQiR) 454 centdinredabcdithents, a
pharmaceuliga QmROSIBNSAMPIAING AT QLIS MARANL OGS COlBYBINA A NRRJ9EE Fe region
and a phalmaceutically acceptable carrier are provided herein. A kit comprising any of the variant
IgGs comptisirigl& figraben lgS Fevregiba wildtgpntamen labd insietiend fdreuse featsonprovided
herein. In cerfain embedimentsxariantJa&s sempUInAa MNaANIaG . EGIRIAN AlS.AIQYded.
wherein the variant IgGs comprise the heavy chain variable domain {SEQ ID

acid substitution at amino acid residue 434 is a substitution with alanine. In one
20 embodiment, the variant IgG is variant IgG, comprising the heavy chain variable domain

(SEQ ID NO:1) and light chain variable domain (SEQ ID NO:2), and comprising a human

1gG, Fe region comprising amino acid substitutions relative to & wild-type human 1gG; Fe

region at amino acid residues 307 and 434, numbered according to the EU index as in

Kabat, wherein the variant IgG, has an increased half-life compared to the half-life of an
25 1gGi having the wild-type human 1gG Fc region, and wherein the amino acid substitution

at amino acid residue 307 is a substitution with glutamine, and the amino acid substitution

at amino acid residue 434 is a substitution with alanine.

In another embodiment, variant IgGs comprising a human IgG Fe region are

provided, wherein the human IgG Fe region comprises amino acid substitutions relative to a
30 wild-type human IgG Fe region at amino actd residues 307 and 434, numbered according to

the EU index as in Kabat, wherein the variant 1gG has an increased half-life compared to

the half-life of an IgG having the wild-type human IgG Fc region, and wherein the amino



5 NO:1) and light chain variable domain (SEQ ID NO:2) and wherein the human IgGi Fc region
comprises an amino acid substitution relative to a wild-type human IgG, Fe region at amino acid
residue 434, numbered according to the EU index as in Kabat, wherein the variant IgG has an
increased half-life compared to the half-life of an IgG having the wild- type human IgGiFc region, and

the variant IgGqhassatigher binfingcallininionirin Icemasrediie Ainsing A danfieRn of the

IgG having the wild-type human IgGt Fe region, and wherein the amino_acid substitution at amino acid

residue 434364 SUBEHIRTH KA RGETTEL Wééﬁé?ﬁé‘ﬂﬁ%@ﬁﬁéﬁ@t?%‘%riant IgG is variant IgGi. In
certain embodimempissihehalhliteieiayabamd ge ol dhe RiRsetiRvantionFsissaased by at least 50,
T e A e R P e e v
human IgG FeYegion' it , SVEHaRfHED TiNvehtion is
increasgd byatlgasthakn cecparegida therhialf lifeiotirdgShavingthawilsktypecbsrdian oG Fe
region. In anpther embodim the half Jife of a variant 19G of the resentl' vention is increased by at
st 7506 U GENES Hhe b eI HEh 6 VeSO gEe JEh Gy RO R BB i yot
another emigiadiia if: thtuh a2 RIS gkl valihniplgtuahing@raseaionvatinhdgin dieaseebby at least
100% compar%d tgﬁ'ghe half Jife of the.f;ngﬂ. avia@the Wir{rdit e hur:%(lam' I9G Fe e ion.. In certain
embodimentS IRERAIRTRY B 4N AR Bt PG YRR S L a5 Kb B T 195, 30, 35,
or 40 days. inetiasmbodinenicithechialidife Ofsa vabiahitigs witihéapiesent invention is at least about
15 days, In anotheﬂl%mkgggimebnt the half life to{f %25variant I9G of the-g esent invention is at least
about 20 days. In ano’fﬁerce%ggfrrﬁg%tf,‘fﬁremﬁag e OF & vanant ugr&l% e ﬁrrél’gleor?t%evention is at least
about 25 daysvidcdnetiverienhb ddimenGhé helidieohmivasiamidg@eof thisfinesentrabatenrtion is at least

about 30 days,In anpther, ggirrgq&tfatﬂg half life, of a,variant lags of the grgusrggtljn%/ention is at least
about 35 days. Inanother embodintent, the alf fite o?avariant’lg of the present 30invention is at

least about 4@etdyss in theEainnadmbdindenitst, tkcuam st vgGuis Aediibat 4y Gicreasethheédin
Pumans, In e e I e e as
measuted itheymuimoigisssnhotiteips, aheosraimimiidumihis 2t siatiypeith Gloriead having the
wild-type human, 196 e LeRIARLISRSYAG AHIAR; dR.CeMaln, STROAIMGSLIRNAU-IIR gl.bevacizumab
is about 10 to 12 days as measured in cynomolgus monkeys, or about 20 days as measured in
humans. A AtiBacdsHstiotiencr aBiny kG! veridind Hés prodsfedtianigtinsesnton. Methods 5of
treating tumor in a;suRiee A RIANIded (RO EXAMBLS RGNS SAMRISRadMRISIRIINg
described above has a highef binding affinity for FcRn than the IgG having the wild-type
20 human IgQG Fe region. In certain embodiments, the variant [gG has a higher binding affinity
for FcRn at pH 6.0 than at pH 7.4. In certain embodiments, the variant IgG is a human or
humanized IgG. In certain embodiments, the vartant IgG 1s IgG,, IgGy, 1gGaor 1gGy. In
certain embodiments, the IgG Fc region of the variant IgG is an 1gGy, IgGa,, IgG; or IgGy Fe
region. In certain embodiments, the IgG Fe region of the variant IgG is IgG) Fe region. In
25  certain embodiments, the variant IgG is an anti-VEGF antibody. In certain embodiments,
the variant IgG 1s a variant of bevacizumab. In certain embodiments, the IgG having the
wild-type human 1gG Fc region is bevacizumab. In certain embodiments, the wild-type
human IgG Fc region is the Fc region of bevacizumab. In certain embodiments, the variant
IgG comprises the heavy chain variable domain (SEQ ID NO:1) and light chain variable
30 domaiﬁ (SEQ ID NO:2). In certain embodiments, a pharmaceutical compositiéh

comprising any of the variant IgGs comprising a human IgG Fc region and a

pharmaceutically acceptable carrier are provided herein. A kit comprising any of the



to the subject an effective amount of any variant IgGs described above and herein. In certain
embodiments, the variant IgG is an anti-VEGF antibody. In certain embodiments, the variant IgG is a
variant of bevacizumab. In certain embodiments, the methods further comprise administering to the
subject an effective amount of a chemotherapeutic agent. 10Methods of inhibiting VEGF activity in a
subject are pygyidecy cﬁaﬁpﬁg{ﬁgaqpmfamgm ple;dnethedscanpriss adipinisialing iRegid subject an
effective amount of any variant [gGs described above and herein. In certain embodiments, the VEGF
activity is aftjoBEREE bereinvethods of modulating vascular permeability in a subject are provided in

the 15 invention. ReiexampleJnaiheds.eampiisssadministering fospigeuRisetan slfective amount of
any variant IgGs described above and herein. Methods of t_reatir]g%a non-neoglastic disorder in a

subject are HFUGEdTHATE RFEREGR! FSIERaRpRs, thidwmashymmse S demiddnRE tPsaid subject an

effective amaunt Qﬁ@ﬁgﬁ%ﬁ@iﬂwﬂﬁﬁlg%ﬁ[ﬂ?@@s@@}l@m&%gi@h%ﬁ@ﬂﬁiﬁlﬁﬁﬁﬁmﬁﬁs, the non- 20
neoplastic disorder is an autoimmune_disease. In certain embodiments, the non-neoplastic disorder is

Alzheimer's HHAEEEEH S ARSI R el 1R anslhbss Wit dgEarE R akular
degeneratiamivieibridssahiseainguanbied exressing theEY inR:sEDies 40, Rravidadhp the invention.
For example, methods comprise administering to said subject an, effective 25 amount of any variant
0G5 oser L AN BT L SRS S THE A AT 156 BBINBH LB HIE heavy chain
variable dompih(aQIH0 NG isianddigichaimyai@bls damrin{SER: IEFNGy8pr FecRnMethods of
inhibiting or preventing growth of cancer cells | uhject are provided in the inyentign. For example,
methogjg CO?EB’II?%@%&?}%\ i?‘?é?gysgalﬁpscl%}é’gtg%%%%gélﬁ\%%%a gt}ﬁ?‘%’f“é id tclgGs described
above and hafiein.and Wiettiods:ahddsministerinttioi @ stbstbaridifedtve 4 ountdfsdnasiant 1gG are
provided in ‘t}@%i&v ti%n. Theée me s of administra rbcgr‘lfzpmearli;[sleg}in combination with other

St% e, In cetfaln € thcg ment qwivanang? : .
methods (e.g., me 005 of treatments) described Rerein. m certain & ddiments, methods comprise
administering to siictstbjeehbndsffectythahdlintof anyvaridghlgGsedesenib éd-abareiand herein, and
wherein the,yariank 46, 3. adrojnisiergd e e sublgcl Y4 werlss oAt longer tepalzyIn certain
embodiments, the variant 1gG"is administéred every 5 weeks ‘or longer. In tertain embodiments, the
variant 3gG i habfiihistexstievedsgpwbeksnidoigergnceltaincambodimeani shehelfafaot4gG is

administereg, gvery, & ‘6"%%%%1%%8{‘%%1'&‘08%@J&&ﬂéﬁ% iﬁ@?&%’% X&'&@ 0 g Adpieigred every 8

weeks or longer. In"certain embodiments, the variant IgG I1s administered every 9 weeks or longer. In

certain embbdilgerivsiteshanaat ipShiseamiitidieregievely 20thaekebodiongethmeditdre!
embodimenys, fhe Vayant &%ﬂ%&%ﬁﬁ?{fﬂ&gﬁ% bL weeks-Anlongss. Ise iR appediments,

the variant IgG is administered every 12 weeks or longer. In certain embodiments, methods comprise

administerify e datd ybjecharddrbmp/ugriplit 5t agorariantigosbwsareadithentdhiahelig is
adminigferegress, frgguantly hapdherecommended arrigseubes desaasiresuisney /f fe 19G having

the wild-type human IgG Fc region. In certain embodiments, the IgG 15 having the wild-type human

IgG Fe regibalidifet/dbe laadsvincddaaHcmpomeanieCRe waitant 1gG, e.g., a variant of

bevacizumab, is aﬁmg}iﬁis@%tﬁﬁﬁ;&ﬁgug@ﬂmmgm@E@gﬁdg@d}ﬂﬂa@%ﬂ@s&ﬁ%@eﬁ%@&bﬁvacizumab-
In certain embodiments, the variant IgG is initially administered every 2 weeks, and later administered

every 4 weekSHBHger. APy eéridin’ensh 8 ffamtdnes vt msati&d bkl cadmarrttldd every 3
weeks, andJatps paprinisterpa-aveny RVefIswOrIRQEr Idinother embodiment, the half life of a

25  wvariant 1gG of the present invention is at least about 20 days. In another embodiment, the
haif life of a variant 1gG of the present invention is at least about 25 days. In another
embodiment, the half life of a variant IgG of the present invention is at least about 30 days.
In another embodiment, the half life of a variant 1gG of the present invention is at least
about 35 days. In another embodiment, the half life of a variant IgG of the present

30 invention is at least about 40 days. In certain embodiments, the variant 1gG is variant IgG.

In certain embodiments, the half life of a variant IgG of the present invention is the
half life as measured in humans. In certain embodiments, the half life of a variant 1gG of

the present invention is the half life as measured in cynomolgus monkeys. In certain

10



certain embodiments, the variant IgG is initially administered every 4 weeks, and later administered
every 8 weeks or longer. In certain embodiments, the variant IgG is initially administered every 5
weeks, and later administered every 10 weeks or longer. In certain embodiments, the variant 1gG is
initially administered every 6 weeks, and later 25administered every 12 weeks or longer. In certain

embodimer@ﬁlbmﬁrxa{@,%éq%ﬁ%%qw Ry RIPRKAGIAHDRLIS %%Maﬂi@@%tx%r%qgn%th the

prescribed dosage frequency of bevacizumab, and later administéred less frequently than the

prescribed ApsugEIERbelaeF s olEapaih Enbitifcatdomametnvaoabseindd ¢arein, the
variant 19G ig a@,aé{}séaff@c;\fﬁf%geymeg@ ePgmdRdimEnt ihe ARkl YRR ARtibody comprises the
heavy chain variable domain (SEQ ID NO_:lS and light chain variable domain (SEQ ID NO:2). In
another embodiméntuiRkeapfimathofs Shuseey 56y Vanmamnbsirevdes imainventin. ddadieds
embodinengsthevarian gGsafthedr augfac@r@&mmﬁ@,r%tm@%&h@i@e%mﬁﬁx/&aﬂ%sly- In
certain embodiments, the variant IgGs of the invention are administered to the subject subcutaneously.

In certain efRBBETHERTS BrafechamBasrdatenpaariaidarHessubid @R RanddiHPs dertain

embodimenig:tiheeshigehdsidiagnaspd it cancerineeraisrmbodinanis, hesanrcstds selected
from the group consisting of non-small cell lung cancer, renal cell carcinoma, ovarian cancer,

gliobiastomE BRI daH e BHANSbPEERSI b r ISR STHARH REPLInt 2 &R IBRHD ¥ Bftreating a

benign, presansakusanineingmetastailgeaaserinasupjeeh Which sanpsss-adaipistering to the
subject an effective 1}%amo$]nt of a varia%t 1gG, In certain embodiments, the administration of the

variant 1gG preven RN PR CArTE RIS B R Gr S A TS PR ATRE R ERBMME %N invasive
or metastatig eapte ks dxamplesdhéntianigrn Pre-ead oelaids Bl difkbtneiasiaticotangertan be a stage

0, stage I, tage Il.cancer, and,in certain embodiments, the ag inistration of the variant IgG
prevents thc':!)rg ér%%sﬁflg?g-%bé)ﬁlgé%duseléerl%oﬁl-ﬁ?&%&tgﬁlg%%ﬂggfsfrt %@%’?&%@m‘a td 15the next stage(s),
e.g., a stagenkjazsiage |, a stage 1l or stage IV cancer. In certain. embodiments, the variant 1gG is
administered for a,time and.in ount sufficient to, treat.the benign, pre-cancerous, or
non-metastatic tuaﬁ%%ﬁ%%%fﬁ(g%@t%fg%a%:rlkei\a}reﬁ?ltlﬁga éln glr]‘]]L ,apsr%l‘ti eacl%ac%? 1[ﬂ’s‘fr;‘adc?rgr%%r%-%etastatic tumor
from bEcoming@mimviasiveaoriectastatic canpescladoenatn ambbodinh erligcasmiffistéving the variant
1gG reduce%&l%rlptgr()%ige \tz%z[{'a%{f)&?dgnﬁ%gg tlglée guargg)ﬁt%lmber of the benign, pre-cancerous, or
non-metastatic tumor.the varia ?g(% can also be admimistered in an amount and for a time to
decrease the vasdvitholésrdityciitige: benigenpeticaheedous; osuipesiastastatikdume As described
herein, the melliads NG IMARNARAAN BEGAL LR 8 SIRGRAUE fh frgarnoma in situ)
stage |, or stage Il cancer. The methods of neoadjuvant an

amount of any variant IgGs described above and herein. In certain embodiments, the non-

20 neoplastic disorder 15 an autormmune disease. In certain embodiments, the non-neoplastic
disorder is Alzheimer’s disease, In certain embodiments, the subject is diagnosed with age-
related macular degeneration.

Methods of treating a HER expressing tumor in a subject are provided in the

invention. For example, methods comprise administering to said subject an effective

[N
N

amount of any variant IgGs described above and herein. In certain embodiments, the
variant 1g(G comprises the heavy chain variable domain (SEQ ID NO:7) and light chain
variable domain (SEQ ID NO:8).

Methods of inhibiting or preventing growth of cancer cells in a subject are provided
in the invention. For example, methods comprise administering to said subject an effective
30 amount of any variant IgGs described above and herein,

Methods of administering to a subject an effective amount of a variant 1gG are
provided in the invention. These methods of administration can be used in combination

with other methods (e.g., methods of treatments) described herein. In certain embodiments,

il



25adjuvant therapy can be used to treat any type of cancer, e.g., benign or malignant. In certain
embodiments of the invention, the cancer is a solid tumor, including, but not limited to, colon cancer,
breast cancer, prostate cancer, renal cancer, lung cancer (e.g., non-small cell lung cancer),
melanoma, ovarian cancer, pancreatic cancer, gastrointestinal cancer, head and neck cancer, liver

cancer and sQt{iasuSRARGELS e GieBneel WMRIBRASSHERA5MMIH: dNGyulipiersyeloma and

leukemias such as chronic lymphacytic Ieuker_nia?’éln another embodi_ment& the benign, pre-cancerous,
or non-metaStSHRORIABI VS SRR ORTE aBRhBAREC RAS N P IR STRSHMBRTES fRLARTBIAEC! chondroma,
osteoma, hefangiorssympiangiamavaeningioma.daluyems, hakdomyrenas squamous cell
papilloma, acoustic neuromas, neurofibroma, bile duct cyst%poma, leiomyomas, mesotheliomas,
teratomas, MYRIMLHSERS M IS Ht ShITBRTEs heFHARGHROFalS o s @Sl HaBfidina, piciomorphic
adenonm of dheisalivany-gland wiesmaithigsronrdermeidrsysipapifiQma veystadegama, focal nodular
hyperplasia, qr a nodular regenerative erpé?gia. In anqgther embodiment, the method is desirably
used to treaf YA BEERS 5?’& nwﬁa‘ﬁi bp‘grggﬁﬁ gewgh‘aéﬁqg?ﬁ%%%ﬂ%%‘ﬁ%@ggégﬁenoma, renal
agenoma, nﬂaﬁﬂm&gd adﬁyld 8masibronihigd-adevomai avsla @f@mamd ‘mdr@ﬂfaisadenonlwlai pituitary
adenoma, parathyroi enoma, pancreatic agenoma, salivar ngd adeno epatocellular
denoma, QT OIRIEEH, PR LAt L 0RO e BT B daRBTE B invention also
features metldedsithatcomprisevadiiniskarieg th astijeshboleffectivdamowmtigavariant 1gG to

prevery,pecience or Jecurence.of aDEnign. Rre-ganceigus-OraRn Melastalip eagoer in the subject.
In certan embodiments of the invéntion, subject is at risk for caricer, polypsior a cancer
syndrome. |ndoneisxaxhplerti@ subjsct hawe famisrhistonboficarmtenpdlygscanamsinherited cancer

syndrome. Ip Jocetiain asRects ot e inyention ’a‘iﬁgu%%gie% i%eﬁ‘}ar{{ﬁ( pl.deyeloping 3 benjan,
pre-cancerous, OF Non-Tetastatic {umor. In certain em odiments. the métho prevents occurrence or
recurrence d¢Saichibanigsrpidesaficavouiéydhanihanetasmaticdsdreeréscralmdojestaviisdesayever had a

tmor, & subjegiube AARSHELAY pelipalReiedaRn AoE AT MBIRRE NN NAROTY had 2

benign tumor. 20In another aspect, methods of preventing or reducing the likelihood of recurrence of a
cancerlin a bevjectthatihdinddomanisistering e theesapjaenzbydriastagGioeditertsady in an amount

sufficient to preysher fedusecthinlbelitond ghepncahBRNIPRERIE R SHbieskATgprovided: The

invention includes a method of preventing the recurrence of a cancer in a subject having a tumor that
includes therstepibed fosisvifieatsaqupideracizugihg 25definitive surgery) and thereafter administering

to the subject a vafiant g6 Fhssimention ingdesmethads o ArRYERLAG the-legrautl 9f@ tumor in a

subject that includes the steps of removing the tumor (e.g., using definitive surgery) and thereafter

administerirglteh eI & draneshEerI o Rere i e Hapen bt h tbh iHEaH 54 method of

preventing regureneenal seReen g AsyRIREt AL R Gngi thadike iherd of crBeeIdgLM TRNCE In a
subject 30that optionally includes administering to the subject an effective amount of a variant IgG
ﬁl]fl‘?%ﬁ

prior to surg&RAPERBHAIRGTHR MRRNASI SRS SHHA AImERTE Y SR donte srABU ST a variant 1gG
following thedwrgeriRereik the-adRivskalion @k thie Mateatiess alter thRSUeRTY iarexMents

recurrence gtfi}a'?igisct%pe%egv%g %%Je%?(g, E—Ql% lliatstgil‘i ggr%?n?s];e%gg gchrgfe]%J (aceeer]lﬁgsedrllr(])nger. In certain

embodiments, the variant IgG is initially administered every 6 wecks, and later

25  administered every 12 weeks or longer. In certain embodiments, the vanant IgG, e.g., a
variant of bevacizumab, is initially administered with the prescribed dosage frequency of
bevacizumab, and later administered less frequently than the prescribed dosage of
bevacizumab.,

In certain embodiments of the methods described herein, the variant IgG is an anti-

30  VEGF antibody. In one embodiment, the anti-VEGF antibody comprises the heavy chain

variable domain (SEQ 1D NO:1) and light chain variable domain (SEQ ID NO:2). In

another embodiment, the anti-VEGF antibody is a variant of bevacizurnab.
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another related aspect, the invention includes a method of preventing recurrence of cancer in a subject
or reducing the likelihood of cancer recurrence in a subject that includes administering to the subject
an effective amount of a variant IgG in the absence of any additional anti-cancer therapeutic agent,
wherein the administering prevents recurrence of 5cancer in a subject or reduces the likelihood of

cancer recurrencey,in.astbiSalodimd0! BRAAIHNE ADOYEASRERIRR. LMSKiCRRRE,RY type of tumor

including but not Limited to the solid tumors, and particularly the tumors and adenomas, described

herein. TheSsbisfé drEaYFRRIFEYa WsaHaRI RSB HEChsVarastds6s oabRie FRHFa @Y 4ifay not be clinically
detectable. Ja.angembeainent eEthis aspethdie variant IgG is administered for 10 a time and in an

amount sufficient to reduce neovascularization of a dormant tumor or micrometastases. In another

embodiment, the Vafgit Ty R st SERsumsia didesarberhbsreaniba et dameprévent

occurrencegfaiclinicalhniaisciabletimer iaimetasiagisdhereah ofipinereageqthes dyation of
survival of the subject. In one embodiment, the variant IgG is a monotherapy. In another embodiment,

the 15subjePRES DRI SARsHLN Foafeertsisting Rifen: Yorkcatlyre ciair-arraktRtancer therapy. In

one examplgrihir@RtccanactihReiapYd5I SHESRNLIRRMBEY, snkedipant cthe-subject can be further
treated with an additional anti-cancer theraéﬁya/ before, during (e.g., simultaneously), or after

administration of tRE Y AFREALTE B BRI S At tEaHRE AIRRESPICLHARGE Y AR B Timitation, surgery,

radiation therapytdiadintherapyduiiRthetapy ca@ifmunathetany: thanaibietapy cgeai¢embination of
these therapies. In embodiments where the subject has undergone c%génitive surgery, the variant

IgG is Yenet RN HdthihIPEd S ie P pEHB SBPAHRSH WRC ATHE ST HaLs SRt rom the

surgery. Thiseperieaheftirmenc areinatusledhepariothtagliieddarewbbintd berling ok healng 6f the

surgical incisi(;gns,,{é gtimelpelfiod re%uige&%q}éeduce the risk of wound dehiscence, or 25the time period
e eévelo

required for'thé squjé:%fl%‘r VKGR § H@gnﬁrg&a‘éﬁﬁgﬁg%%‘i,%?fé{m%taéFaBl&‘féP‘fFfa‘f-? & level of

health prioraetdbe Gutgery, divenpeliadnbetyuad mntheraoneplbticimeh i ehdafinithieratitgarytand the first

administration.of the.variant Iq&% %an also include the period neeg§d for a % holida erein the
varian ¢ DS | tasiatic ¢

W
subject requirés E)Irlgretﬂ)ﬁ%‘?f%tgé Penioaeor Bime Deween therapsutic regimes. g’n%rﬁ)ﬂf/%gt’ﬁlg fme period

betweéeh camphetivstagktefingive Sasurgatygeitl theagoiine scemBhtaicthe MartanidgG therapy can
weeks, & weD R PR I R TR TS o,
11 months,theymangp, pearsnGyaarsr opmortasiatortereen botienrehicther pe o ot timédetween definitive
sy iSRS e e
than 4 weeRet{@B gaheyiments, administering the variant IgG reduces tumor size, tumor burden, or
20 the tumor number of the benign, pre-cancerous, or non-metastatic tumor. The variant IgG
can also be administered in an amount and for a time to decrease the vascular density in the
- benign, pre-cancerous, or non-metastatic tumor.
As described herein, the methods of the invention can be used to treat, e.g., a stage 0
(e.g., a carcinoma in situ), stage I, or stage II cancer. The methods of neoadjﬁvant and
25  adjuvant therapy can be used to treat any type of cancer, ¢.g., benign or malignant, In
certain embodiments of the invention, the cancer is a solid tumor, including, but not limited
to, colon cancer, breast cancer, prostate cancer, renal cancer, lung cancer (e.g., non-small
céll lung cancer), melanoma, ovarian cancer, pancreatic cancer, gastrointestinal cancer,
head and neck cancer, liver cancer and soft tissue cancers (e.g., B cell lymphomas such as
30 NHL and multiple myeloma and leukemias such as chronic lymphacytic leukemia). In
another embodiment, the benign, pre-cancerous, or non-metastatic tumor is a polyp,

adenoma, fibroma, lipoma, gastrinoma, insulinoma, chondroma, osteoma, hemangioma,

lymphangioma, meningioma, leiomyoma, rhabdomyoma, squamous cell papilloma,
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In certain embodiments, each of the above aspects can further include monitoring 5the subject for
recurrence of the cancer. The invention also provides methods of neoadjuvant therapy prior to the
surgical removal of operable cancer in a subject, e.g., a human patient, comprising administering to
the patient an effective amount of a variant IgG where the patient has been diagnosed with a tumor or

cancer. The, yariant 19G can b inistered al rin bination with at least 10one
chemotherfgggtﬁ:gaé%r?t. 3 %ﬁéﬁﬁéb@glﬁgﬂ%ﬁa é)s&ag’rr?neé(t)ﬁgc?%ﬁFglzﬁ?%l?lgﬁbﬁséct with operable
cancer thattiielogies auministeliagcotisessubjsenan effectiveaatrogiticohbevlpapilig@prior to surgery

and thereaftef petpimingane MIIRONA caneehiB Pasilecdi Bnecemgdiment, the method

_ further includes the step of administering to"the subject an effective amou ariant IgG after

surgery to W%MG_C@MR@@W% or|pgseineregspretitheyprrehtion borushes a method of
neoadjyvani Hierany fOMPHSIgAJ RISy %9&&@@&%%\4%&&eﬂ?&#ﬁiﬁﬁﬁ&?gé%gﬁgme amount of

a variant IgG and at least one chemotherapeutic agent prior to definitive surgery. In I aspect,

the inventioff FeRide B e e ltd & redraema. fghibpdspeme.aptraejae ehenoms-drianshéglectable tumor
comprising aeministariagiie s sHhiett-anielerive A, ahauariapl a3 Whelginihg administering

reduces the tumor size thereby allowing complete resection of the tumor. In one embodiment, the

method furthEITREIi RS RN tErR g P td isnechenioneibelic aeTsmi: SRETOEYISHNRIG after

complete regpatian Afithetumnabs kaBathalasRsimtne invention concerns a method of treating
cancer in a subject comprising the following steps: a) a first stage comprising a plurality of treatment

cyclesWherein eal AR BRI ESHERHRTEISAR b OIS AN LRGP SHYRTH EBF a variant IgG

and at leastgReaichbametheszpediengeni@brriedrierRinedintenaink) srdefiniivesirgery whereby
the cancer is removed; and c) a second stage comprising a plurality of 30maintenance cycles wherein

each cycle CHFPALELLAMMSIETAY G 16e T Bjs sl eveihiathedoretetdhe 19G without any
chemotherapesitbagasikabiacpledatiermineshizie palpinaneamiogiartetng st staggigomprises a

first plurality, of tr atc%ent (;P/cles ﬁ/_hterein arvaria%)a{gG and a ;&gtc emotherapy regimen are
administered $SHBITEA B 24 LR AL BPATRP ST tReTRT AT &5 FaRG PAHERIPYgH and a second
chematherapytergispertssetheinirisions the Bub)sovaniienipsd videsopiathosis tompesngadministering to
a subject witp rggtﬂals %tggﬁ%r onm ta};%t%ﬂg c%rﬁgg{ fcﬁ%ov&nggd%%&étive surger%/, an effective amount of a
Svariant Igé). W EErtaiR embodiments e metssa urhier RS U054 7855 Pbne
chemotherapeutimagefdaid belngmeraspecdircomethoc:comprisas thinfollobytogwaiepas a) a first stage
comrising g plyrally gl fealent cvcles wherein sach pucle comprises administering o the subject
an effective amount of a vatian and at'least one chemotherapettic agent at a

who has only had a benign tumor.
20 In another aspect, methods of preventing or reducing the likelihood of recurrence of

a cancer in a subject that includes administering to the subject a variant 1gG for a time and

in an amount sufficient to prevent or reduce the likelihood of cancer recurrence in the

subject are provided. The invention includes a method of preventing the recurrence of a

cancer in a Subj ect having a tumor that includes the steps of removing the tumor (e.g., using
25  definitive surgery) and thereafter administering to the subject a variant IgG. The invention

includes methods of preventing the regrowth of a tumor in a subject that includes the steps

of removing the tumor (e.g., using definitive surgery) and thereafter administering to the

subject a variant IgG. In a related aspect, the invention includes a method of preventing

recurrence of cancer in a subject or reducing the likelihood of eancer recurrence in a subject
30 that optionally includes administering to the subject an effective amount of a variant IgG

prior to surgery, performing definitive surgery, and administering an effective amount of a

variant IgG following the surgery wherein the administration of the variant 1gG after the

surgery prevents recurrence of the cancer or reduces the likelihood of cancer recurrence. In
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. 10 predeteoldned interval; and b) a second stage comprising a plurality of maintenance cycles wherein
each cycle comprises administering to the subject an effective amount of a variant IgG without any
chemotherapeutic agent at a predetermined interval. In one embodiment, the first stage comprises a
first plurality of treatment cycles wherein a variant IgG and a first chemotherapy regimen are -

admi”iStere&o@@?%&@eﬁ%ﬁ&‘?ﬁ&@‘i’n@l%ﬁ‘i?dﬁX&iJ&%@H%&ﬁ&X%‘?fr&%ﬁYﬂﬂ "R, ANA03pLIgG and a

second chemotherapy regimen are administered. In certain embodiments, the variant IgG is an
anti-VEGF &htigtigotiarpingsnechetisimokeltes o7 RO Terpt és siothisebitbhicakastivity. The

anti-VEGF aptibody-at anigendinding fragment thareet G%agﬁggﬁﬁﬁ%%%@c@%%ﬁﬁiy’ a chimeric

antibody, a fully human antibody, or a humanized antibody. In certain embodiments, éxemplary
20antibodie! tisiefiAngins: SRRsliteaRAPErtBH IRl adpaviEs P BIS (PN STPINGRYF, ©6- 31,

B20-4.3, B2Qstte} ih AN HAYPROIR IO HERLelinodd GPERILLRNAAIMENS, (i y@riant I9G is humanized

anti-HER2 monoclonal antibody HERCEPTIN . In certain embodiments, the variant IgG is chimeric

anti-CD20 antibodyPRIGRAH )E Ao FEPSREnEE UaST RrRE Fraiitine Do BRtiBe iR IO |a antibody

25Raptiva(mnaRi-tdehé bl anaRtQildX--antbethman kb antibody MTRX1011A,
an anti-HC V antib,odg an anti- IL-17A/E antibody, an anti-A-beta antibody, an anti-DR6 antibody,

anti-human GASHRES: R AN AHBEHS. BT RS &SR MY AREBSAP! AR anti-tissue factor
antibody, MiiNN:6:d1 patisedy]umanizeshamint ok Bni(aipb?, antibody: @ Humanizrd-and:IgE I9Gi

antibody rhuMab-E25. In certain 30_embodiments, the variant 1gG is a bispecific antibody wherein
target hefmg%Hé“ﬁ@?ﬁ%ﬁﬁ&ﬂ?}ﬁ?fﬂ%%‘Fﬁé‘ﬁfféh’ﬁ?&ﬁ%?‘feé%% ioht gL HEATBBdy targeting an
epitope of sidplaeguses. In Alhaughibeisnbiechcan-hatireatRddmamnwragnof diferaatiyvays prior
to, during, or after the gdministration of the variant#?eG, in certain embodiments, the subject is treated
without surgBrR S BhEHEHTRE D e BHISF BB A HL B R AR AERIRHET SRR RGeS a
monotherapls=e¢od, prandibesapytiodihaishusdionotlbe akanitgG treatment period, as assessed by
the clinician or de?cribed erein. In %her etmplo%'m‘ents, treﬁ?tmentiwith the var'arétl G isin
combination with ah BdditoRal ARt:CAREE e Epy: TSR BOY nB RRIRSE TBCLHPYSR, Pediation
therapys cheuhpittérabycdifierentidiingdae raphdiotierapys:ienpln edherapyhtabsangidgesnssis inhibitor,
and an antiy rolif%g(aativqec%rgg%_nd. Jreatolent with the variant,19G can dalso g inqlt{)de an

combination of thé above ypes o?at%erapeuﬁg regit s h c(ér]%alﬁ Embodiments *eytotoxic agents,
anti-angiogénitaint aetigdrofife mtvéisgent srcambesusediry bofobindtione ith.the variant IgG. In one
embodiment, the anti-cancer therapy.is chemotherapy.. In.certain embodiments, the chemotherapeutic
agent and t @\ggcrﬂ%aer{?%l @(@ g%é‘% gﬁé%&?é‘ﬁ%%ﬁgﬁfgg%fﬁﬁg%h c}éﬁralt?brggr{)r?_bdgéﬁ_r%délﬁ%, the methods of
the inventiotherreiativahtdgeotiin hmdanepandgsreyvadinipedriyastagediothorpyihbiabyraraventing
progresgsion,ig e, MAs AdKaNGALHIR06S 1 SSHING B-AFSALCLRRIR;the morbidity and mortality

associated with advanced cancer. T e’methqd of the invention are a so advantageous in preventing
the recurrence of &Emiedonpens réprewhn whitethao nnidirexandofeitdonregsnt thnorrthettipBrsists after

20removal &Y KofRIKP @A HNOK LB PRI PERESHSIA 1P RARAITRRGEB1 ALY FRIRIRD of
micrometastases.
surgery. This period of time can include the period required for wound healing or healing

of the surgical incision, the time period required to reduce the risk of wound dehiscence, or

25  the time period required for the subject to return to a level of health essentially similar to or
better than the level of health prior to the surgery. The period between the completion of
the definitive surgery and the first administration of the variant IgG can also include the
period needed for a drug holiday, wherein the subject requires or requests a period of time
between therapeutic regimes. Generally, the time period between completion of definitive

30 surgery and the commencement of the variant IgG therapy can include less than one week, 1
week, 2 weeks, 3 weeks, 4 weeks (28 days), 5 weeks, 6 weeks, 7 weeks, 8 weeks, 3 months,
4 months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 1

year, 2 years, 3 years, or more. In one embodiment, the period of time between definitive
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For the methods of the invention, the cancer may be a solid tumor, e.g., such as, breast cancer,
colorectal cancer, rectal cancer, lung cancer, renal cell cancer, a glioma (e.g., anaplastic astrocytoma,
anaplastic oligoastrocytoma, anaplastic oligodendroglioma, 25 glioblastoma multiforme), kidney
cancer, prostate cancer, liver cancer, pancreatic cancer, soft-tissue sarcoma, carcinoid carcinoma,

head and ngek cancer melanoma and,o¥aran RANSEL: tharT M%0EMNAES.of e inyeptiqp can also

include monitong‘}%| the subject for recurrence of the cancer or tumor. 300ther features and advantages
of the inverftiSrEiP S aRpSirenetasha tHEfdidwesE PEriled Deserpas Admaigieinmhis, and the claims.

Any embodiment deseribagiharain o any m}yﬁtion thereof applies to any and all variant IgGs and
methods of the invention described herein. BRIEF DESCRIPTION OF THE FIGURES Fig. 1

Panels A-B: Bindifiteeftaiftradiongiis- g5k o dnucainogts e (s i e85 9 MRt at pH 6.0.

Two separafg experimentalrnsvtndifigrent levels of FcRn coupled on the chips were performed.
For each run, steady state response unit is plotted as 5a fitnction of variant concentrations to estimate

the dissociation coh§ENEaLeRls0 BavdekicHh et artedirvRat ApRTAVERS VDS HEHFT) and

anti-VEGF yafialiSoaepng1fumad FeRustake: 0a Kinua s LetimadechHan tpniwerditigrgnt runs
shown in Figure 1. Fig. 3: Binding of anti-VEGFE wild-type (WT) and anti-VEGF variants to human
10FcRn at-pH PRt arefiFsieraeiy iie: JATaY prstialbess RO AT

concentratigfifer or daigeft RRBeIADBiBgiNG efantisMRE Hwild-typedsnshantinEGRMagiants to (A)
human FcRn at pH 6.0,'(B§ human FeRn at pH 7.4, (C) cyno FcRn at pH 6.0 and (D) cyno FcRn at pH
7.4. 15Fig. %Tf‘%ﬁ%ﬂi}@E&PM%@%“;&nd monovalent dissociation constants (KD) of various anti-VEGF
variants against humanvieafiin atsphholtiansRbGo REstlisiare rpjesertatyeabihcesctnadependent

experiments. | Fig. .6: Ij{(inetiggs ﬁ@lara@eters ag%d onovaletnt Pissociq{tilo%consttants KD) of various
anti-VEGF VKfiAtis g AR AR R R e BB Sy AL R Rl AR AT VE ST othree
independeninexhariafienterformbig surRanelscfeld; thb eadiss ociatianctatin (koffyrobdditeuman FcRn and

o O e R cn R o e e
from Higuresadaantp6. after surgery to prevent recurrence of the cancer.
In another aspect, the invention concerns a method of neoadjuvant therapy
comprising administering to a subject with operable cancer an effective amount of a variant
IgG and at least one chemotherapeutic agent prior to definitive surgery.
In another aspect, the invention includes a method of reducing tumor size in a

20 subject having an unresectable tumor comprising administering to the subject an effective
amount of a variant IgGG wherein the administering reduces the tumor size thereby allowing
complete resection of the tumor. In one embodiment, the method further includes
administering to the subject an effective amount of a variant IgG after complete resection of
the turnor.

25 In another aspect, the invention concerns 2 method of treating cancer in a subject
comprising the following steps: a) a first stage comprising a plurality of treatment cycles
wherein each cycle comprises administering to the subject an effective amount of a vanant
IgG and at least one chemotherapeutic agent at a predetermined interval; b) a definitive
surgery whereby the cancer is removed; and ¢) a second stage comprising a plurality of

30 maintenance cycles wherein each cycle comprises administering to the subject an effective
amount of a variant IgG without any chemotherapeutic agent at a predetermined interval, In
one efnbodiment, the first stage comprises a first plurality of treatment cycles wherein a

variant [gG and a first chemotherapy regimen are administered followed by a second
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25Fig. 9 Panels A-B: The VEGF binding of (1) anti-VEGF wildtype and anti-VEGF variants (2)
N4341-1, (3) T307Q/N434A, (4) T307Q/N434S, (5) T307Q/E380A1N434S and (6) V308P/N434A. (A)
The VEGF binding of the antibodies determined by injecting anti- VEGF wildtype and anti-VEGF
variants over a VEGF-A109 coated sensor chip at 37C using BlAcore* 3000. (B) Sensorgrams for the

50nM and injecti NsorqQyr. ing was offs fo r.ylewing.
Fig. 10: Thﬁ%%%}owﬁ%@% nl;r :J;eeg;gft?ie?rll %%??;[OQR po%ii\%%gs&rﬁ\?&énﬁ%/%éﬁ ggﬁyd{i%?éﬁ%%g\\{/%cizumab)
and anti-VE@Rg&teds. Human umbilical vascular endothelial cells (HUVEC) were cultured in the

presence of VEG F[ﬁ‘@ﬂn\/&ﬁ%ﬂ%&%&%@tﬂ%? &%@&}é@@jgmm I%)V%E%BJ@{ &itgr 4 days of culture

were assessed.  Fig. 11: Pharmacokinetic pro the anti-VE type and five anti-VEGF
variants in EyefastisieosneRREystis|kenie fallingne feftdecouspny/kp cBegiira Beowatifations of the

antibodies ware-measuted- i FLiwtuhaiaafit [BRirReRed AR IR e, Slapsatd deyiation (n= 12
animals/group except for the V308P/N434A group that has 11 animals). Fig. 12: Pharmacokinetics

parametersSRsTRBAARRVEGENild-type and five antiVEGF variants following a single IV dose of 5
mg/kg to cynomolgy&@%g%@y,%%igoééé@ﬁm %%ﬁ@%ig&@&??@h&@@%g&%&ﬁ{m al half-life in
p -

gmomolgus monkeys and pH 6.0 FcRn affinity for the anti-VEGF wild-type and five anti-VEGF

variants. Erfdr iR ablisaamdeyiles i R fers Of e rUPRBsEhiNTaIgIFEr R pe sublsR. 204 Panels
A-B: Pharmagokinetiafrofides oftas: apt-Mea @HamldxyRe ansrpipérizho@iant T307Q/N434A in

humanized VEGF transgenic mice following a single IV 15dose of 0.3 or 5 mg/kg. Serum

conceRtratiBFRIGFIRESH HeTRIS WERY ASSr SR e G RTIRGR @) VR B EAMIE RIS AVBIFYB) h uman

Fc capture Fhbgdn Ratac xR repipsantashas theimeam StapdardigwaitNamountifa $Riant
Pharmacokincties parameters for the anti-VEGF wild-type and anti-VEGF variant T307Q/N434A

following a SyTEHATACRRERERINEBERIS 2Bt ARG RIar B8l GRS aOgai mice.  Fig.
16 Panels AnB fithstpacekingis proftesueiianitiMamsauartd 304t inIbomanized:VEGF

transgenic mice fgllowing a multi-dose of. 0.3 or /kg. Antibody was administered at day 0, 3, 6,
a0 & Ser A R e BT B B A BREP (A VK S5l £1 15
or (B) tumanhkeieapturadt IS Mhdalaare dkiepiesantes:asdhemeatiniStardard deviation. Fig.

17: Pharmacokineltics aram%lt%%s for the T307 (N 4A foll?y% ur lg'{t}r%y&g?glsngoses of 0.3 or5

mg/kg at day 0, 3, “andvto SR VER %ﬁns}ﬁg’ﬁi%nmme anti sto

VEGF or reduces VEGF expression or biological activity. The anti-VEGF antibody, or
antigen-binding fragment thereof, can be a monoclonal antibody, a chimeric antibody, a
fully human antibody, or a hurhanized antibody. In certain embodiments, exemplary

20  antibodies useful in the methods of the invention include bevacizumab (AVASTIN®), G6-
31, B20-4.1, B20-4.1.1, and fragments thereof.

in certain embodiments, the variant IgG is humanized anti-HERZ2 monoclonai

antibody HERCEPTIN®. In certain embodiments, the variant IgG is chimeric anti-CD20
antibody Rituxan®, anti-IgE antibody XOLAIR®, anti-CD20 antibody, anti-CD11a antibody

25 Raptiva®, anti-Her2 antibody Omnitarg®, an anti-oxLDL antibody, anti-CD4 antibody
MTRX1011A, an anti-HCV antibody, an anti- IL-17A/F antibody, an anti-A-beta antibody,
an anti-DR6 antibody, anti-human cytomegalovirus (HCMYV) antibody, anti-HER receptor
family antibody, an anti-tissue factor antibody, MLN-02 antibody, humanized anti-CD 18
F(ab"), antibody, or a humanized anti-IgE IgGy antibody rhuMab-E25. In certain

30  embodiments, the variant IgG is a bispecific antibody wherein target antigens are IL~4 and
[L-13. In certain embodiments, the variant IgG is an antibody targeting an epitope of staph

aureus.
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Fig. 18 Panels A-C: Efficacy of anti-VEGF wildtype and T307Q/N434A (QA) 30 variant in treating
HM-7 xenografts implanted s.c. into RAG2 KO; hum-X VEGF Kl double-homozygous mice. Sing/kg
and 0.5mg/kg of wildtype and T307Q/N434A variant and 5mg/kg of anti-ragweed control were
administered intraperitoneal twice weekly. (A) Growth curves of HM-7 tumors. Data are represented as

th tand Growt £.HM- f .05malkg, treatment .
5 Serum antivEE B B e B L and Gy

(C) Serum antiVE ody concentrations at the en _ 3 for
21 for the asflieMEGHeamtnt gfdhpsir@ddebnirativhesnserectheastsdbicssingetie eBGF capture

| , WwETeomoR > ¥ e
ELISA Dat%%ﬁéé%ﬁ&%%?%ﬁ%%gé%#g?%%ﬁ@p%&ﬁﬂgﬁ'ﬁﬁﬁéfﬂ&&%ﬁﬁﬁ@%ﬁﬁﬁt fiepeat efficacy

study of anti- _ N434A (QA) variant in treating HM-7 xenograits implanted s.c.
into RAG2 KOeheenxny BIGRIKhelbolsiey homtisrfyatienaice 520 B idal Cosmygiestedviddtype and

T307Q§\'43a‘§’s°é§{s%@%9ttﬁ@giﬁm(¥&%&‘?ﬁfé&‘%‘f@ﬁq control were administered intraperitoneal twice

weekly. (A) Growth ¢urves of HM-7 tumors. Data are represented as 10 the mean standard error. (B)

Growth curves of MMURTGHbPEIFBPISoERETSIOSYHE/ K taimdel drdupmbagiiereidtesented as the

mean stangaid;gare 5&@&&%@3@4@9{9&9&1&%&@ Faéitimecs detarpined alihg angdapf treatment (day
16 for anti-ragweed, day 19 for 0.05mg/kg group, and day 22 of the remaining groups). Data are

represente ¢S {BCHBRSIERAFEIS Y ??@)@%W&W@Fﬁlﬁ’@é? TyReeHtrEfions at the end of
treatment. 13G0RGe MEALPRT YRS IRERRULSHMRIRG, the:humanke aapivrefidSenRaia are

represented as the mean standard deviation. (E) Ratio of antibody concentration in tumors to that in

blood. P umBicBKE5EHy XBRhEaHERABIE Wisre detet fitksieBs U SEMA thE (5B Bmount of tumor

lysates and4hsameuny, eferiiy Ehaatihoedyiltthe hhendysriesHathgearicprasanierias the mean
standard deviation. 20Fi§h20 Panels A-D: The third efficacy study of anti-VEGF wildtype and

T307Q/NAERPIAYAEATHT KRS EBEM SRS oA b A T CGREPRRARY 25 O; hum-X VEGF

1(1 double-pamezygams maice:fin QrabaachRA5mMe/ ki:alotilsiypeiandhBa QM 434 amd arag/kg of
anti-ragweed, control |ﬁ(\gaere admigistered intraperitoneal twice weekly. (A) Mean tumor volume for each
group at thé URESIEFREHIARERTIARY 22). Data are 25represented as the mean standard error. (B)

Terminal weights of tthMia tibotsmBatatasenapsasenteeiasdhmeand siangasdsan aeaflay Serum
anti-VEGF antibod concen ra%ions at thet%nd 1())f treatment. concentr ti%!ns were measyred using the
anti-hnuman ¢ BEptaVE Y A?_aﬁgfgﬁé%s’re6?85%8{8‘&%&“&81’%%%6’0&% ard dévia %]ﬁ.e%D) Ratio of
antibody cosiagsitragioting itumedsdaothat ihchioobidfumdrantidadyconeentratipndwasrel determined 30
by measuring e taial amoupt of (umer ysales and.(he amountof aivEGH aathedyn e tumor
lysates. Data arc represented as the mean standard deviation. ]lx—lls.eé’fnﬁlaﬁe]i]s AD: ficacy of

anti-VEGF wildtypeaihd E307R@HNAS aan@A)variant] in  deativagHIWb5 thetnmgseftsaiaplanted s.c. into
RAGZ%O; E"%}%&éﬁ%?&g p%l%ary tumor, or in reducing or preventing the occurrence or proliferation
of micrometastases.
For the methods of the invention, the cancer may be a solid tumor, e.g., such as,
breast cancer, colorectal cancer, rectal cancer, lung cancer, renal cell cancer, a glioma {e.g.,
anaplastic astrocytoma, anaplastic oligoastrocytoma, anaplastic oligodendroglioma,

25  glioblastoma multiforme), kidney cancer, prostate cancer, liver cancer, pancreatic cancer,
sofi-tissue sarcoma, carcinoid carcinoma, head and neck cancer, melanoma, and ovarian
cancer.

The methods of the invention can also include monitoring the subject for recurrence
of the cancer or tumor.

30 Other features and advantages of the invention will be apparent from the following
Detailed Description, the drawings, and the claims.

Any embodiment described herein or anj/ combination thereof applies to any and all

variant IgGs and methods of the invention described herein.
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double-homozygous mice. 5, 0.5 and 0.05mg/kg of wildtype and T307Q/N434A and 5mg/kg of
anti-ragweed control were administered intraperitoneal twice weekly. (A) Growth curves of HT-55
tumors. Data are represented as the mean standard error. (B) Terminal weights of HT-55 tumors
determined at the end of treatment (day 35). Data are 5Srepresented as the mean standard error. (C)

Serum anti-VEGF antibody co i -Qf tr entrations were measured
CRRERIESCRINT RN e RMBR o

using the human Fc capture E ata are represented as the mean “standard deviation. (D) Ratio

of antibody conceRyatioR,iUMBIS A, 1AL I Dleedr E AL APPSR SRIANARE Werk detetmined

by measuring the total amount of tumor lysates and the amount of anti-VEGF antibody in the tumor

10lysates. Datii@sd Fsfe sepiietthisTive ppdAtcstapRIErddelvisrionith diffgeerp beraheld ?RE: Efficacy of -

anti-VEGF wildivieamick TRO QINARAALR4) variantimireating. Gale-20nxenagralts implanted s.c. into
RAG2 KO; \ﬁg‘%ﬁ;-x VEGF E@double-homozygous mice. 5, O.S%nd 0.0Sina)glkg of wildtype and

T307Q/MN433 Rniies il g o confsrigierde sHiFptiR die Hemmifdterenitpbperitoneal twice weekly. (A)

15Growth curves gf&0lorR0Rdumt SRR Iepigsanteskasi e e standald ewer (B) Growth
curves of Colo-205 tumors at 0.5 and O.OSmOak%geatment %gﬁc;u s. (C) Terminal weights of Colo-205
y f

tumors deteVATIARE 28eIRY BIYGr TFESAI N b 145 STHE Bs@sp siffiethedn standard error.
(D) Serum apgMESF @ntipody concentrations at the end of treatment. Concentrations were measured
using the human P¢ capture ELISA. 20 Data are represented as the mean standard deviation. (E)

Ratio of antibody dORcEnFaEHRiIAf oY Et AT BN T RGP AnTBEEY RFRE RrBHBAS were
determined Irmgasaing hedntalamelohod Wy fusalesanaibeoapouit-ofctiEGE antibody in

the tumor lysates. Data are represented as the mean standard deviation. Fig. 23 Panels A-D: A repeat
efficacy stud§"SFHRIYVEGF wildtype and 25 T307Q/N434A (QA) variant in treating Colo-205

xenografts. 5, 0.5 rid H1RhegAgpoiBiighvperand- VBOTQINASAR anthamykgpl anidagweed control
were adminjstered intraperitoneal twice weekly. (A) Growth curves of Colo-205 tumors, Data are
representeé%iﬁ%%@%nﬁﬁ%%r@ éﬁpcﬂ’m@?é ]E%\Ir%/zs(g%) EFB 3 @Rt E-4e8dRhd 0.05mg/kg
treatment geeup$FcfG)al griral weights of Colo-205 tumors determined at the end of 30 treatment (day
32). tha are represenfe astthga mean stan ard errrge(. %ﬁ? Serum antiVEGF g ib?%y concentrations
at the &hd of treatment. ConcamPRiiBAS e PR AR e LSIG TRE UM BE Bﬁfj’ e BI9%A. Data are
representechas-tisGReanastangdard teviatiBeRn at piFig 024d MEHiOVRbe ot dissegiadiontapnssants (KD) of
anti-HER2 l}_rtaztuzAJm%ta%IIIgGi Fc vari[ants to human FcRn at pH 6.0 and 25C using BlAcore. Results

TCC INAUC XPErIments., .
are representative OP WO In e%er%enf experiments.

Fig. 6: Kinetics parameters and monovalent dissociation constants (Kp) of various
anti-VEGF variants against cyno FcRn at pH 6.0 and 25°C. Results are representative of
20 three independent experiments.
Fig. 7 Panels A-B: The dissociation rate (ko) of (A) human FcRn and (B) cyno
FcRn against different anti-VEGF variants at different pHs.
Fig. 8: Summary of the human FcRn affinity tmprovement of the anti-VEGF
variants over anti-VEGF wild-type. Data are summarized from Figures 4 and 5.
25 Fig. 9 Panels A-B: The VEGF binding of (1) anti-VEGF wildtype and anti-VEGF
variants (2) N434H, (3) T307Q/N434A, (4) T307Q/N4348, (5) T307Q/E3R0A/NA34S and
(6) V308P/N434A. (A) The VEGF binding of the antibodies determined by injecting anti-
VEGF wildtype and anti-VEGF variants over a VEGF-A g coated sensor chip at 37°C
using BlAcore® 3000. (B) Sensorgrams for the 50nM and 100nM injections. Each
30  scnsorgram bascline was offset by 4RU for better viewing.
Fig. 10: The in-vitro HUVEC proliferation inhibition of AVASTIN®, anti-VEGF

wildtype (bevacizumab) and anti-VEGF variants. Human umbilical vascular endothelial
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Fig. 25: Expression levels of FcRn in different human tumor cell lines. Five Smillion cells of each cell
“line were used for the experiment. Raji cells (human B-cell ymphoma) were used as a negative
control, while soluble human FcRn protein, which is missing the 7kDa transmembrane and cytoplasmic
regions, was blotted as a positive control. Dilutions of soluble FCRn protein were used as the standard

to quantify th‘% FeRn ression ieve(li..R >sults shown Eﬁ)&ﬁare epresentative of at legst three
independentIDekIOVFREItET™ o RIS 38 e SEBER ARG WF SHo SRR MED) G, Fe
variants to hibtahahobididd aviabigtwefiercbasisudtad twithvardtaliensdt L251, L314, and E430. The
binding was measuyted, at pH ranging from 6 to 7.2 ysing e at 25C. The_affinity ratjos of the
variants relative toﬁé%'tiﬁl ‘ %@?%ﬁfﬁﬁéovﬁ\/%ﬁeo%g}' F&i‘%ﬁ&‘%ﬁdﬁ@& 4 fi%ﬂ?ﬁ%mf pH.

Fig. 27 Panelsi&x€ irBinaing lphantoiitER Zoffrewitiug uniadgl} IyGlosdl dftypey/kari8atuh307Q/N434A, variant
L251D/T307Q/N434H and.yariant L251D/T3070/1vI428 4H/Y4361 against human FeRn at (A)
b 6.0.(®) SR A Do iR R oAl RN, Tl A AR AT ere was no
detectable 20chindmgndirdattantiol 54-DIT30HQN GBI tockpnian FecRID&IR HH 3AA indkigtR7C. Fig.
28: The dis%%%i—i ig& raaﬁé(koff) of human FcRn against various anti-VEGF and anti-HER2 variants at

different pHs. The anti-VEGF variants are T307Q/N434A, T307Q/N434S. T307Q/E380A1N434S and
V308P/N434A. ThEigntz HEREnmnEmeis PEIDET30 ROIMARSEINMBAMIN 4864 arfchivkaifti-alues at

different pH fl K 3 H for ' ield_the s| of the hest-fit line (equation:
log(kotT) = 31(??615?(/ éﬁ%ﬁ?ﬁ%ﬁ%%%ps%%’mL%E)g%@s%@%%gﬁ %EE‘I)’%?I%T]I?\?@E’I%TION The present
inventith relates td i&)\lél \@Hﬁht‘é@)ﬂﬁg mmmgpmwwwmm@i&mmg@c fusions,
and 'mm“”?@ﬂ@e%ﬁ' B %ﬁ‘%Wﬁ&ﬂ%ﬁﬁﬁf@%ﬁ?ﬁl@a&wﬁé‘mﬁﬁ SHIFANRCOmpIse ahuman IgG

Fe region, or fragment thereof that bindsto an Fclin, that contains one or more amino acid
modificatiorigrekitivEmsnbadaysechisiadad Geratiagioh Misc hirodifibatorsdnerease the affinity of

the 19G Fe region, g1, fragsment m%e%efgﬁatk&ﬁeﬁpémmem%{ﬁ&Qaélqyﬁ%;f%larg@%%&%&&.escﬂbed or

referenced herein aré generally well understood and commonly employed using conventional

methodology Byhusesidiiéd st iné arheyenizs! Yo7 @k amiskeniaeoiviiBilaniistsmeihbdologies

descriged I sarmbonks ot abuoteeuiRt Sroning A ahnrlaMBIVAl ik _iilen aRat Fold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y. CURRENT PROTOCOLS IN MOLECULAR

BIOLOGY (FAWHGEGHeireEAISAer (Bdnmyinthe wiias METMOPM: ReEprosmdl &ahe (Academic
Press, Inc.)nRGR-2t ARRAGEIGAL. APPROACH (M. J. MacPherson, B. D.

Fig. 15: Pharmacokinetics parameters for the anti-VEGF wild-type and anti-VEGF

variant T307Q/N434A following a single intravenous dose of 0.3 or 5 mg/kg to humanized
20 VEGF transgenic mice.

Fig. 16 Pancls A-B: Pharmacokinetic profiles of anti-VEGF variant T307Q/N434A
in humanized VEGF transgenic mice following a multi-dose of 0.3 or 5 mg/kg. Antibody
was administered at day 0, 3, 6, and 9. Serum concentrations of the antibodies were
measured using either (A) VEGF capture ELISA or (B) human Fe capfurc—: ELISA. Data are

25  represented as the mean * standard deviation. '

Fig. 17: Pharmacokinetics parameters for the T307Q/N434A following four
intravenous doses of 0.3 or 5 mg/kg at day 0, 3, 6, and 9 to humanized VEGF transgenic
mice.

Fig. 18 Panels A-C: Efficacy of anti-VEGF wildtype and T307Q/N434A (QA)

30 wvariant in treating HM-7 xenografts implanted s.c. into RAG2 KO; hum-X VEGF K1
double-homozygous mice. Smg/kg and 0.5mg/kg of wildtype and T307Q/N434A variant
and Smg/kg of anti-ragweed control were administered intraperitoneal twice weekly, (A)

Growth curves of HM-7 tumors. Data are represented as the mean + standard error. (B)
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10 Hames and G. R. Taylor eds. (1995)), Harlow and Lane, eds. (1988) ANTIBODIES, A
LABORATORY MANUAL, and ANIMAL CELL CULTURE (R. I. Freshney, ed. (1987)); Oligonucleotide
Synthesis (M. J. Gait, ed., 1984); Methods in Molecular Biology, Humana Press; Cell Biology: A
Laboratory Notebook (J. E. Cellis, ed., 1998) Academic Press; Animal Cell Culture (R. I. Freshney),
ed., 1987); ltroduction t Il gnd Tiss ltur 15 P. Mather and P, E. RQberts, 1998) Plenum
Press; Cell é‘ﬁoﬁ%}s%&e %ture:afLa gfgt%éﬁy&éigﬁggg@rse%%gg rgit/ﬁ!g;%{ﬁg.ggﬁﬁi ﬁggﬁﬁq ES““?% Newell,
eds., 1993-8fxilthcailyd Sonsirdiantlbobk of Expermentddeniiufologit@wiedweidandIC. C.

D oot b e g A st e o1 Vammalep CSla chdf MUBARA VyBofabe, eds.
1987); PCR: The Polymerase Chain Reaction, (Mullis et al., eds., 1994); Cutrent Protocols in 20
Immunologya@ur. i dhidarbetaaire seryestwnd psShomerctotaiddn Molesarar Biology (Wiley and Sons,
1999, Intmunobiolqgy . JANEnaY A0d ReTIENE 99 T APeRURB.HEN, 1997); Antibodies:

A Practical Approach (D. Catty., ed., IRE Press, 1 89); Monoclonal A ies: A Practical
Approach (F3SHepHerth ATy mieahndtrst g old’Uanvasity Preksieioo)nwskyEitibbdies: A

Laboratory pansay, ¢ ieflanand dd-306.4nife0ld, Dy g 'd%%?%%%@%ﬁﬁﬁ%@%%%& 1999); The

Antibodies (M. Zanetti and J. D. Capra, eds., Harwood Academic lishers,”1995); and Cancer:

Principles ahdPPrRAS &I O1EbIGY (Ve/iE Hettd aareied «@sird BerE Bpmiestetempany, 1993).
Unless defingd othemusevwiechrioal apd)seisntificialms Heee herein-hapedhe-Sememeaning as

commonly understood by one of ordinary skill in the art to which this invention 30 belongs. Singleton et

al., Dictlondff StancrShielatlcaivs N Leamibaiansgy S RdVed tumarsifey RS s8R S NBW Mork, N.Y. 1994),

and March, AdvaneedfpganaChereiisRepsadignrmMechaniams ans Stycture 4t feigniohn Wiley &
Sons (New York, N.Y. 1992), provide one skilled in the art with a general guide to maoty of the terms

n
used in the PrEQ8H: MBpIRdtiETIRs e i e[RRIt A (RR A hRERt b RZA0RS and
publications) esa:inegtpoiptedduqjefe e tiieingatiretyy. Osfinitiensy ks Rosasnefnterpreting
this specification, f&he following definitions will ap.gly 5and whenever a propri%te, terms used in the
singular wilPSRGTAGHNE (i §ﬁ1ﬂ‘5} Aty ViR, B RO SoRs BB R &t SbuHLR tHE AR finology used
hereintis fortihe-pitrpase eldesedhing parictlahemboei Bamiscarlys Andig et inteasadiope limiting.
In the event that any definitign set forth below conflicts with any document incorporated herein by
reteronce. (1S HSARGHLHERAEY BLTow S L 6 PO A IGHOT ot SR ShLEEation and
claims, the nlsmbeTingwfththoasgichirsrfaindmun dglabiiisdisavychaiy ibdhetDitrnit Ufindex as in

Kabat et al., Sequences of Proteins of Imm ical. Interest, 5th Ed. Public Health Service, National
etutes o S A B T e R S oL B R A b Tho "EL, inlex
as in Kabattaetscstal thelresmduenumBedniyattioa.numan 1gG) EU antibody. 15The term "in vivo

half-life” or "the half, lif the, anti pol;(\i Vivo'.as used herein a biological half-life of a
partim%gr type oleaéJc 'r%(gg)ea&%é %Fllllgt‘s rdegr}ﬁé%g con aﬁ%ll ] q—?gﬁ‘{?ﬁ%}ﬁ%&ﬂs%%ﬁ%%ﬁe circulation of a
given animal Hi@idl 48 pred@Aiedulianthe tieneneivrd cfoo ghdtsinpplatittg soncemiaiohioha molecule to

decrease by 50%..l in embadiments, when.t cenfration.of a-q lgG is plotted as a
function of é%%%ﬁ%ﬁ%@g ?@%3%’5 ())/ZE dﬁ\ggﬁ%c\?\}ﬁ (gggglgd@a% §/5k§ w %@%ﬁf}é%grggcgms an equilibration
of the inject&éd0yBNHScatelsShative ehaite rgreecihebaixtlavas ediainspeice rtrrperilongd tPigehase which

represents e glimiaion.of e 9% MelSsHIES B e HUENPSFHIALABATRaI 5PTBlR, pbodiments

the term "in vivo ife" corresponds to the half Tife of the 1gG molecules in 3-phase. In certain
embodimenenTisentesheeift sk vetsudetinsaeu i dfaninal weights of HM-7 tumors. Data are

represented as the mean =+ standard error. (C) Serum anti-VEGF antibody concentrations at
the end of treatment. Concentrations were measured using the anti-human Fc capture
ELISA. Data are represented as the mean =+ standard deviation. (D) Ratio of antibody
concentration in tumors to that in blood. Tumor antibody concentrations were determined
30 by measuring the total amount of tumor lysates and the amount of anti-VEGF antibody in

the tumor lysates. Data are represented as the mean =+ standard deviation.

Fig. 21 Panels A-D: Efficacy of anfi-VEGF wildtype and T307Q/N434A (QA)
variant in treating HT-55 xenografts implanted s.c. into RAG2 KO; hum-X VEGF K1
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25 given IgG is triphasic, with corresponding distribution into an a-phase and 3-phase, and terminal
elimination represented by a y-phase. Therefore, in certain embodiments, in vivo half-life corresponds
.to the half-life of the terminal elimination phase, or the y -phase. In certain embodiments, the
concentration versus time curve of a given IgG is monophasic, with a single elimination phase.
Therefore, in certain embodiments,_in.vivo half- ifegf’?(OC responds t Q I % of the single
elimination IHALE PEL GEREH B e Satrn] U GRS T SEb e o (OB FAcifle meant an
unmodified jiobyke pfieket-sapatiechiyntot weingdrolyiseptidie)op antengineered wokigifiet) version of a

naturally oceurri olypcpti hich lacks one or more of. the,Fc region aming acid ifications
isclosed heTE e BT e e o VB s T O Hrde cisclosert
The parent polypepticegiiayp Cdifphisensrative sempdet teckodegioronan (BeyrgdioPatithrpre-existing

amino acid sequy madification h.as 5 agditions, d I._q'péﬁ nd/pr substitutions). The parent
polypegtider?ﬁge)§g£ts%§ %%?rﬁ%ilﬁsggnnoﬁé%g%?aﬁ a%in@;égf(%ﬂag%éiscn P:%r%g 0\?_\7/.c e{:r'%lr%l%go fpaéptide may
refer to the tholyppfitecinelf. dompositbarstivatcooripvisd therpdrehtpelybepriterade g amino acid

seduence kLIS AR BANRER GG AR HIN tﬂ%%%ﬁ%ﬁ}%}%ﬁ@%&?&lomlm'

wild-type immunoglobulin, parent antibody and wild-type antibody. 10Accor , by "parent
immunoglq@mbfpmémtlgéJUOWila"ltm mﬁrh%q@@mtrﬂti@mwwmg@en@@:ddg{ RGN is meant
an unmodifigd JRmuAGEPBY i a: RAMER K PRRHIFREHNAFLRLYREH!IR. B A £ RiRGRERd modified

version of a naturally occurring immunoglobulin which lacks one or more 6f the Fc region amino acid
modifittion¥safidicldite e remearitil BIcHUTFRYS FrHerestb AREn compared to 15 variant IgG as

herein disclosed. T PRSRLITIIENeGRRLIDMAY. ORBPriseR HRle BRNERAS 6 (ggion or an Fc

region with pre-existing amino acid sequence modifications (such as additions, deletions and/or

substitution¥¥t i Hd hirarahelandg seteratiaimke e mpriste RoMRdtd alvammno &&dids described
below. Pareq)imhesiabminmaysreferdahesmmurosiaRulipisalrnpmpoestions:that comprise the

parent immunoglobulin, or the 20amino acid sequence that encodes it. By "parent antibody" or
"wild-type a fqa e Red SO EsR CAM IR ARERARHIBEY, W i5a0raNY 0&Cdrring antibody, or

an engineegempdifiocs\\rsing-of s pakisallyLc ek ring.antibody whisthlackronedsmeresyf the Fc
region aming acid modifications disclosed herein and which differs in effector function compared to

variant 1gG SRS Bi<crieed’ THRBSEACARLL Ay medsE daimTat onBt & i Fe region or
an Fc regior it secRising amie aeishsasdense modfigalions(saisiay aoiditiges, deletions and/or

substitutions). Tk%ﬁﬁp rerig}antibody magl SO cor2§ri e non-na%r%lgaminoﬂg%(/:ids as described below.
parent aniBGUy TR AETLISSHHE AAHBOHY REGH, LAMBTGY HEP EGRRTRSY ERBGANPEhBbody, or the
amino acid gequdrdertaahencqiesdhdtimceramembedimanshe harent fgCaptiipaldisantibody,”
"WiId-tX e Iq)(tst; or '¥Vi|9- t}{[é)%ran%borgggnig:clg%gs, éP#tVrlné)'g "nmri#%jl%gi' kn%)wr%i%oiﬁnmercjal,artecombinantly
produced an g S R e SG Be dHarh - MCER LA S b Hirhen s,]\R/ﬁ’d-at?/p ° d’éqgcﬁﬁtﬁgerhaving the
wild-type humamitgxd-thaemibiodh CRriaon anilelitrentstheildetyple tamiss IgGrEesuegion refers to
Fe region WhICH 105 Q8 &' e L108.58 FRAon A% EGF antibody in the tumor
lysates. Data are represented as the mean = standard deviation. _
Fig. 23 Panels A-D: A repeat efficacy study of anti-VEGF wildtype and
25  T307Q/N434A (QA) variant in treating Colo-205 xenografts. 5, 0.5 and 0.05mg/kg of
wildtype and T307Q/N434A and 5mg/kg of anti-ragweed control were administered
intraperitoneal twice weekly. (A) Growth curves of Colo-205 tumors. Data are represented
as the mean + standard error. (B) Growth curves of Colo-205 tumors at 0.5 and 0.05mg/kg
treatment groups. (C) Terminal weights of Colo-205 tumors determined at the end of
30 treatment (day 32). Data are represented as the mean + standard error. (D) Serum anti-

VEGF antibody concentrations at the end of treatment. Concentrations were measured

using the human Fe capture ELISA. Data are represented as the mean + standard deviation.
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modifications disclosed herein. In certain embodiments, the wild-type human IgG Fc region refers to
Fe region with one or more Fe region amino acid modifications not disclosed herein. In certain
embodiments, the wild-type IgG is bevacizumab. In certain 5embodiment, the wild-type antibody is an
antibody fragment that does not contain an Fc region. In certain embodiments, the variant IgG of such

- wild-type antibody js ap Fc¢ fusion protein comprising Fab domain fragments of the wild-type antibody,
or theygomain or %%ﬁs%ﬁ%&l&ﬁr‘%ﬁ%&lﬂtﬁ%f&?g%ﬂQg’?)'—%?%th'ﬁrfﬁ'ﬁ%a@ﬁ?@ﬁﬂ‘ hg one or ’
more of thefcovtgigion iadificalicms diskleseshheEh ubingaaitoampedimentsrdhesaitdtyperhuman 10
IgG Fe region refers to,an 1gG Ec region with Fe mutation L251D or L251D/434FI, but has no other Fe
region aming 3¢ %%H’i?ﬁ:ta 855”8?3&?03% herein. By "variant," "variant protein™ or "protein variant”

as used herein is Figaks:afupiaisidhahvdifersiromithisffiatat parent prateicehyivigueiot at least one

amino acid maodification..Pratein variant may refer to the protein jtself, a composition.comprising the
prot'ein,:’or tﬁlé?&%?ﬁ%%ooggﬁcue éll;:j ]fhea‘f“%rﬁclg&é?eﬁ.ﬂ?ﬁ %’Sﬁ%"ﬁ Bt ‘Hhﬁﬁi’t&ﬂg@b 6?3} variant has at
least one artyinpaeid)wordtifisadian corpgare cotorthewidkest! piaky peptid & cBugpfoasin abbich ane to about
ten amino acid modificafions, In cerialn emAadimants, e proteinvarianyhas atgast two amino acid
modifications i tie 0G Fe reglon.nin ertain @mbodimen , the protein VaftahPhEs t least three amino
acid modifications iPthedgG FehdginficRinprproteitranah b2 Osequehcsd theneimtifiltiprEt@mably possess

0, i i 0,
at least aboy! 4% amelogy.uih & RarenL Pretein sequance, andmpst prslarablyay least about 0%
homology, madre preterably at least about 95% homology. Protein variants mafa SO comprise

non-ndturalamrenmendids, as defined below. The term "protein variant" includes immunoglobulin variant

and antibody variaat, ] erein. alh ey | inyaliant,” "variant
immunoglobutin,"ﬁﬁ?%#t gG@??l}?gé%ﬁgﬁlaépﬁ%ﬁﬁﬁ%@%ﬁ%&%%&lgn 1%n%r;\1r ﬁﬁéc%%%ulin sequence
that differs fhomathiBefof.a\sarans sewikdasipeciedrmisiogivtiidirs sebgizhde bjs enduetdb aflteast one amino

acid modfieaian., IR Aeralt /maeAMEn VAUAN 19 Sasal inasthi adinoagidmggfications in the

Fe region relative'to wild-type IgG. In certain embodiments, variant 30lgG has at least three amino
acid modificationsfitheiee tepioh e lamnE B EkTdieip ittty veraiviembod rnéntstivhAant IgG is a
variant antigogy; Jp (g%;fﬁin embodiments, the variant IgG is an anti-VEGF antibody. In one
embodiment, the variant IgG is a variant of bevacizumab comprising one or more amino acid

modification in thelfi® Padiareb ihe aRifsbier of antBUERA iisalcamatiasr vaddipa#peay” as used
herein is megyppaMaUROdy that dikersfromaparantantihasy by virtue of at least one amino acid

modification. In certain 5embodiments, the variant antibod% has one or more amino acid modifications

in the Fe redioh RRHRAASIARLHS HH OB 2gaing pupssitiche 45 (AdadifefeiRIPhédntatiocation in
the sequenge iig PIOteR: FRASHORa MM Re-AwHRed saduenyally TaeRcerdindde-amRstablished
format, for example the EU index as in Kabat. o
20" binding of variant L251D/T307Q/N434H to human FcRn at pH 7.4 in Fig. 27C.
Fig. 28: The dissociation rate (ko) of human FcRn against various anti-VEGF and
anti-HER2 variants at different pHs. The anti-VEGF variants are T307Q/N434A,
T307Q/N434S. T307Q/E380A/N434S and V308P/N434A. The anti-HER?2 variant is
1.251D/T307Q/M428L/N434H/Y 4361 The ko values at different pHs were fitted against
25  pH for each variant to yield the slope of the best-fit line (equation: log(ke) = slope x pH

+y-intercept).

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel variants of F¢ domains, including those found
30 in antibodies, Fe fusions, and immuno-adhesins, that have an increased in vivo half-life.
These variants comprise a human IgG Fe region, or fragment thereof that binds to an FcRn,

that contains one or more amino acid modifications relative to a wild type human IgG Fe
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10The term "Fc region-containing polypeptide” or "Fe polypeptide" refers to a polypeptide that
comprises all or part of an Fe region. For example, Fc polypeptides include antibodies, Fc fusions,
isolated Fcs, and Fe fragments. The term "Fe region-comprising antibody" refers to an antibody
that comprises an Fc region. The C-terminal lysine (residue 447 according to the EU numbering

system) of 15the Fc region may.be removed, for.example, durj urification of the antibady or by
e combinar BT Y B R S RBR G The s By HER B TR A dBrstion
comprising & dwrthaddy having an Fe region can comprise an antibody with K447, with all K447

removed, or a mixIlee of antibodie(f Withcfmd ithogtéhe K447 re igue. 20An "amﬁm a(ﬂd modification"
1.ne Hzchm UE£S an TOCSAUresS CSFI’I o OF T CFCHC@% CECHL are (lgan 1a af W
refers to a change’inthe amino acid sequence or a predetermined amino a equence. Exemplary

modificationsitecitrde aml aotinooaticsphstiditisng isertivivan dhethddidtionbinieastsiilledinodiments, the
amino acid modification s sbsfiutian. An.iamino.add modifieaton ata specfiad posiiion, e.g. o
the Fe region, refers to e substifution or deletion of the Specified residue, or the Rsertion of at
least one arindlakichiedides agjadestivihmspeified jebiddidoB2REertiohi'Sujagéiwbarspecified residue

is meant insei [thin.ong t .residues. t ' i i : - i r Grterminal to
the specifie?%%@%égg%ﬁh%%%%ﬁag %%ﬁ%ﬂ%%%ﬁ%ﬁ@%ﬁ?g nit\ﬁosf\%gﬁ' égaesllf%‘ﬁ% existing
amino 30 adireeidldlin M phusidtelreinbddmi(RB0d giddesprens od WitH MO thek N MOL Beplacement”
amino acid resighe:;J e (eRlAgeMeRtLIeSiBNS O ERIHUASIAK PR AR R EGNKINg gsnino acid

residues” ac. encoded by the genetic code) and selected from the group consisting of: alanine (Ala);
argininé (Argpresspadgine (Rshor edspaii@Sasitqiesp prey/stamede (E) 88y 16tamPeRIEH) Aglutamic acid
(Glu); glycinex(fiy AsHANG ANB)A 1SRN ARNIG)-(RYS! BRSNS (FshmMERIqn e (Met);

phenylalanine (Phe); proline (Pro); serine (Ser); threonine (Thr); tryptophan (Trp); tyrosine (Tyr); and
valine (Val) QfigsendreenssmhsentdiideGawi sde i rébtundssmboisaambiodgpsthatertwith one or

more non-najusaliy. BeoUEING RRHARAFIVSBIRSISSORNCAMPRISEL Y the Aglgition of an amino

acid substitution herein. A "non-naturally occurring amino acid residue® refers to a residue, other than
those naturaifB¥ g &eia 8 deit pelaiare sdisted Abbueoduricr fe SslbdycBvate ftyriint adjacent

amino grid resigues(sidP apRYReRtidecsh iRy ExaRRe s o DRP-Nal 4R ogesHngaMIno acid
residues include norleucine, ornithine, narvaline, homoserine and other amino acid residue analogues

such as thoS&qedeip&d: iﬁcﬁﬂﬁnérﬁef}élffm&ﬁ“é&ﬁn%%@f%%ﬁ@3’.);%@%ﬁ?ﬁb. 6,586,207;
WO 98/48032inM6bP3f 05323 Reklad imnblisRIOMIN G 2804-021 49888 L MI08d3p (242, WO

OBIT AN 0 SIS 7SR e AT PO 2R0Sdp e o027 3 w.
Chin, & P. G. >R ’
The Polymerase Chain Reaction, (Mullis et al., eds., 1994), Current Protocols in
20 Immunology (1. E. Coligan et al., eds., 1991); Short Protocols in Molecular Biology (Wiley
and Sons, 1999), fmmunobiology (C. A. Janeway and P. Travers, 1997); Antibodies (P.
Finch, 1997); Antibodies: 4 Practical Approach (D. Catty., ed., IRL Press, 1988-1989),
Monoclonal Antibodies: A Practical Approach (P. Shepherd and C. Dean, eds., Oxford
University Press, 2000); Using Antibodies: A Laboratory Manual (E. Harlow and D. Lane
25  (Cold Spring Harbor Laboratory Press, 1999); The Antibodies (M. Zanetti and J. D. Capra,
eds., Harwood Academic Publishers, 1995); and Cancer: Principles and Practice of
Oncology (V. T. DeVita et al., eds., J.B. Lippincott Company, 1993).
Unless defined otherwise, technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
30  belongs. Singleton ef al., Dictionary of Microbiology and Molecular Biology 2nd ed., J.
Wiley & Sons (New York, N.Y. 1994), and March, Advanced Organic Chemistry
Reaoﬁons; VMechanisms and Structure 4th ed., John Wiley & Sons (New York, N.Y. 1992),

provide one skilled in the art with a general guide to many of the terms used in the present
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15Schultz, (2002), ChemBioChem 11:1135-1137; and J. W. Chin, et al., (2002), PICAS United States
of America 99:11020-11024, all entirely incorporated by reference. An "amino acid insertion" refers to
the incorporation of at least one amino acid into a predeteimined amino acid sequence. While the
insertion will usually consist of the insertion of one or two amino acid residues, the present application
contemplates larger 20"peptide insertions”, e.g. insertion of about three to about five or even up to
about ten afiRIEHa GBS GHSL REE P NSRS RISSPLEPRATATARY HLEVRHEEP HoAhaturally
occurring asngisglased Bpaference Anh@ming-@eid deletion” refers to the removal of at least one amino
acid residue from a predetermined amino acid sequence. 25In certain embodiments, the teim
"increase," tipGiddsas half life" or "increased in vivo half life" refers to an overall increase of at least
about 25%, 30%, 40%, 50%, 6Q%, 700%, 75%, 80%, 85%, 90%, 95%, 100%, 150%, 200%, 300% or
greater, in the in Vi RERIE SF SUARSHR I ORI b degurng B5RAERRAAPRRown methods
such as thogeidaserbecpergifaaseempaddieha wilddypeilndenrnigEhbaving ihe widd-type human’
301gG Fcre ion‘.N!,'r‘].cer in embodiments, the telin.increasg, refers tQ the increased.in vivo half life of
the variant G wHATHE IETRRSdTa J3daar SR 1S Rer et iy PIROBETAY 5, or 10X or
greater as clxnpdieg joracuile sypedigsmt allgbdiavintgihadvdddispeiniinan tgBeosagion. In certain
embodiments, the.wjld-t I9G, or the | aving the ,wild-type human I1gG Fe region is bevacizurnab.
i ertain eSS LG L A PR i UL S MBSO L 0 o Heored
cynomolgushadekeyenceabehit2bdaymihsemessured in humans. "Hinge region” is generally defined
as stretching from.Q1u216 to Pro230 of human 519G J% urton, Molec. Immunol. 22:161-206 (1985)).
Finge [Lions of OISR LU B ey R e e e 1 (5 ot and
last cysteinémesigmshidimirgvint@rineathaohin F1$ ibdndssim tRebsaenel pSsitiensesTdie "lower hinge
region” of an, Fe region is noipiall ine t retch, of residues immediately C-terminal to the
e it B T B R bimeting
was generalfigaltivibatbebdo, Mdind 20iH eegidubsinvaheigadhdigdyedionnot aitigFEFBendgion.  "CIg"

' a polypenfiqs KgkIRelydes: AR PARASHE(BLANE SiseRignR1as BMHRRGIRUIN. © 1 d logether with

Two serine proteases, Clr and Cls, forms the coniplex CI, the first component of the complement
depentfent cytotoxidiey @D @) hehakyifelumathe half life of the antibody in vivo as used hercin

refers to a biological half-life of a particular type of IgG molecule or its fragments

containing FcRn-binding sites in the circulation of a given animal and is represented by the
time required for the circulating concentration of a molecule to decrease by 50%. In certain
embodiments, when the concentration of a given IgG is plotted as a function of time, the

20  curve is usually biphasic with a rapid o-phase which represents an equilibration of the
injected lgG molecules between the intra-and extra-vascular space, and a longer B-phase
which represents the elimination of the IgG molecules from the intravascular space. In
certain embodiments, the term "in vivo half-life" corresponds to the half life of the IgG
molecules in the f-phase. In certain embodiments, the concentration versus time curve of a

25  given lgG is triphasic, with corresponding distribution into an a~phase and B-phase, and
terminal elimination represented by a y-phase. Therefore, in certain embodiments, ir vivo
half-life corresponds to the haif-life of the terminal elimination phase, or the y -phase. In
certain embodiments, the concentration versus time curve of a given IgG is monophasic,
with a single elimination phase. Therefore, in certain embodiments, in vivo half-life

36 corresponds to the half-life of the single elimination phase.

By “parent polypeptide” or “wild-type polypeptide” as used herein 1s meant an

unmodified polypeptide, a naturally occurring polypeptide, or an engineered modified
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15Clg can be purchased commercially from, e.g. Quidel, San Diego, Calif The term "binding
domain” refers to the region of a polypeptide that binds to another molecule. In the case of an FcR, the
binding domain can comprise a portion of a polypeptide chain thereof (e.g., the a chain thereof) which
is responsible for binding an Fe region. One useful binding domain is the extracellular domain of an
FcR a chain. 20The term "antibody" herein is used in the broadest sense and specifically covers

monoclonal "&ftiBbales RERIAECRITIIE MGIPmERSISCldrich Histin Bered) mosnRl dhiaF aFtdtiies,
multispecifiganiibasies st iispacitic aatihedies dandanibedyiragmenissailin@asdhay exhibit the
desired biological activity. An "isolated" antibody is one which has been identified and separated
and/or 25 réBoPEA G A TEMPBHIREG it TR IR RS HATREY CORRIRR M EEBIER S of its
natural envirenggesnt arenrraiesials witighanaildngteniareawiRdaseaichodingapsiiqethgrapeutic uses
for the antibagﬁ/,. and ma inclugZ erﬁ{mes, h nl?ﬁfnes, and qther proteinageous or nonproteinaceous
solutes?In SEIREBHISS ﬁ‘?@ﬁ?& W ShibSEPRS Fe%aﬁl}ttgc%%%?etﬁéaﬁ'@ Yo By WEGRTST antibody as
deteunined ipfair xanplalstiedeanbeSBetoethbaicansbinmpiit: embadinents; folgseaias than 99% by
weight; (2) tct) ahgie ree S%Jffici rp;[to obtainiﬁlt Ieastt151residu s of N-terminal .qr internal amino acid
sequence by ise SF S ERAMP e?%mslﬁﬁlﬁﬁuna%aﬁﬁnsgaa@ﬁ%‘?g% 8??% B RS AT SR By SDS-PAGE
under reducingpdesnonPeducimgypenditto ns ludngpidicaxdimpleioG gemassienhinexbalivewsiiin. Isolated
antibody inc}Iudes the anlt(i)lgggx in Sitl% wittllgion rec r&%l nt celj[sthsicpce at least one component of the

antibody's natural envirenment Wik not be deéggnt. r%(ﬁ%r‘alpyf 0o%ever, isolated antibody will be

prepargd by at leastordipgisificatiparstepariNatigie antiodeshaies dallidheperotetrameric
glycoproteinglgju% %%%ﬁlg,ggo V%gaa_poré%%am Qie%qlgféw% [ ggﬂt.jtcagnl llll%% gﬂ)] c&ains and two identical
ac sh a hal ovalent di

heavy (H) chains. ight chain'is'lin to a heavy chain by one covalent disulfide bond, while the
number of disuifidedivikdges vattizdlnmonygiteheany ghbidis.ofrdiffengntsier omolifsduimsisoty pes.

Each heavy [ in.ak larly; ' hain disulfi r - Each heavy chain

has at one gﬁgﬁéﬁéﬁ%ﬁ% %ﬁ%%%%e%%ﬁ%h%&%@gﬁ (%%%tgﬁhgoﬁgggaﬁs .%Ilgal%h light chain
has a variatftddioahfretaon disedsed e adondsth i Bomainficie ihefieneniteredistant domain of
the Ligh chelps,allenechui (e (1SLconsaBl o mA RIMG ML DAiRADY e ioht chain variable

domain is aligned with the variable domain of the heavy chain. Particular amino acid residues are
believed to fof¥FET FREpRIER Wi B TYRIEPSIFsHRE Hampeeishipavariroddiviings 15The telt,'

“constant demai IRfefSR, NS RBHIN ALALMITHRASIORYLD MAleCHIE BB fHoL anserved

amino acid sequence relative to the other portion of the immunoglobulin, the variable domain, which
contains the¥RBGehNSmaiY ditrrpeddhisst ddrhisesntimentiammogdeadiameciatidémains of

the heavy chainaashthectith demaisabsisdsiehain=RT he Matiablarediiowiinatiakle domain” of
an antibody refers to the amino- terminal domains of the heavy or light chain of the antibody. The
variab dorfiEiR e FreisTse R TFRAFDY: referred to as "VH." The variable domain of the light chain

may be referred togspitent ThesRigomains argeanesally theunasiarariable partsmaehanamiaody and
contain the gl?tgitgo%?/: giggtil?r%] ;tgcsdurring antibody, or an engineered modified version of a naturally

occurring antibody which lacks one or more of the Fc region amino acid modifications

disclosed herein and which differs in effector function compared to variant IgG as herein

25  disclosed. The parent antibody may comprise a native sequence Fc region or an F¢ region

with pre-existing amino acid sequence modifications (such as additions, deletions and/or

substitutions). The parent antibody may also comprise non-natural amino acids as

described below. Parent antibody may refer to the antibody itself, compositions that

comprise the parent antiboedy, or the amino acid sequence that encodes it.

L2823

30 In certain embodiments, “parent 1gG,” “parent antibody,” “wild-type 1gG,” or “wild-
type antibody” includes, but not limited to, known commercial, recombinantly produced
antibodies as described herein. In certain embodiments, wild-type IgG is an IgG having the

wild-type human IgG Fc region. In certain embodiments, the wild-type human [gG Fc
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25The term "variable" refers to the fact that certain portions of the variable domains differ extensively
in sequence among antibodies and are used in the binding and specificity of each particular antibody
for its particular antigen. However, the variability is not evenly distributed throughout the variable
domains of antibodies. It is concentrated in three segments called hypervariable regions (FIVRs) both
in the Iight-(r:(glai)rg1 ?&grg e heay (Scha}ilgcgga}/%rsieél)g)lleeothlomaiql)ﬁlfl:'!:3 higcrlpeoreﬁhi hll% %gr&served portions of
variable domains are called the Tramewor reglons%[—)l‘ff). & Variable domains of native heavy and
light chainsreedifi coimpr iSecforad BRr¢agidnseiarg elntadopting. shbetddshype thoonfigiglation, connected by
three FIVRs, whichdorm loops conneeling, aad.nisome cases lorming aart of, fhe feta-sheet
structure. THE FIVRS in each chain are he (ﬁgget er In close proximity by the FR regions and, with the
HVRs fromdhelotbéhelaain froertdute bodhrecfosniationl b the lghtigbavbindingsitérekdmtibodies (see
Kabat et al. f Proteins. of. Inologi 0 [ ition.. National Institute of
Health,%Betﬁggﬁ%&%g(%%%&L‘{?&%agéég@rﬁp%r%{?ﬁéd reéﬁﬁ%ltn%%ﬁggémg%{%%h% Inding of an
antibody toaeiemtiereroin exhibitenrioubeetfeemrifitnefionh widH s petttioibaiien B¢ fheiemtibody in

antibody-depsndent GEIUAL 198IGNain AIAGIQ Qtf?lﬂ‘e%l?‘iﬁiu Aiediss dminynaglpRplins) from any

vertebrate species can be assigned to on€ of two clearly distinct types, called kappa (x) and lambda
DO, based épassthmecaditidedueries ofhen Co AR dosams CADPRERR ATCIGRIED Y pe: or

"subclass” 5,469 ASIGH ISHDENL ARKIBIHNERURCASSERA] dMPAUNRGIRDUHING Sletined,iwihe chemical

and antigenic characteristics of their constant regions. Depending on the amino acid sequences of

the coHtanelohaReEosfr AR ReamkelsireianBbuismitHtnbaidBusd Tan B HsBiyhat to different

classes. These,ae HYScLRMANFIRREED AHMHEAHABMIS:AGA, 19D, IgE, 19G, and IgM, and several
of these may be further divided into subclasses (isotypes), e.g., IgGi, 19G2, IgQL, 19G4, IgAi, and IgA2.

The heavy chain dohstaRtdom e thBIoteHeShoria e tKE e ASH BIRLEE! 5F ASARGAGEIEIinS are

called a, 8, @y dATk U JRSRBCSIVE Pard NG RHEHNY Siruktres RAd sRresndinansienal nambigurations of
different classes of immunoglobhulins are well known and 20described generally in, for example, Abbas

et al. CellulBFRY KEBRTARIOBEY) eRTate iR Bl & sommerdi e som it eAhedralsTuy h be part of a

larger fasioprmaiecylienteidtiledpy ravalanteraaaovaleshassrciation ohiasantikodyvate one or
more other proteins,ir p(g&tides. The term "IQ{G subclass modification” as used herein js meant an
i

amino acid 8 dH TREPRSAVBAS DI A A RN BIBHES IS i S8 5 T e do AR onding

amino acid ienashilierend, raligitedHgts. 90y ohBaaimpes, DRCAtSE 0@t aamprigasaat twesine and

lgG2 a phenylalanine at F%J ositian %9 : §296Y substitution in.IgG2 is copsidered an LgG subclass
R T e %

modificatiorf. BY*A8 §ooedtd FRAGBn e P REPA AR PR HE Keid
30modificatior thik:is thedeiaotirpiacidonekfinpie; diecht faGnone gbihellgGsccompriamia
20 sequence herein will preferably possess at least about 80% homology with a parent protein
sequence, and most preferably at least about 90% homology, more preferably at least about
95% homology. Protein variants may also comprise non-natural amino acids, as defined

below. The term “protein variant” includes immunoglobulin variant and antibody variant as

described herein.

RER 3T 4K

25 The term “immunoglobulin variant,” “variant immunoglobulin,” “variant IgG” or
"1gG variant" as used herein is meant an immunoglobulin sequence that differs from that of
a parent or wild-type immunoglobulin sequence by virtue of at least one amino acid
modification. In certain embodiments, variant 1gG has at least two amino acid
modifications in the F¢ region relative to wild-type IgG. In certain embodiments, variant

30 1gG has at least three amino acid modifications in the Fc regioh relative to wild-type 1gG.
In certain embodiments, variant IgG is a variant antibody. In certain embodiments, the

variant IgG is an anti-VEGF antibody. In one embodiment, the variant IgG is a variant of
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glutamic acid at position 332, substitution at position 332 with glutamic acid (332E) in IgGi, 19G2, IgG3,
or IgG4 is considered a non-naturally occurring modification. The terms "full length antibody,"
"intact antibody" and "whole antibody" are used herein interchangeably to refer to an antibody in its
substantially intact foim. The terms particularly refer to an antibody with heavy chains that contain an
Fe region. A "nak nti " f '%2’ PUrpos rein-is.an antib hat is pet conjugated to a
Sevtoroic SR e A antmocy
preferably cowipribing the antigen binding region thereof. In certain embodiments, antibody fragments
comprise an Fe reglon,ald RAHIAROI o aaiRn.ARRRYSING, ana grmetG e eglonmadiation
disclosed herein. E)gmpies%am%ﬁo §fragmeﬁts ?r%@ﬁjd%%l:ab, Faeb_', F af)pz, ;Oan%ljF %(?agments;
diabodies; IfHEarsdrtibediesnshnglecdn ainvamiboit fslcridesiandadunishBeiiomntibodies formed from
antibodly fragiments..n.,, Beraidigestion abeptiberiss-pidusesitvndsientisahantigen-pinding
fragments, called "Fab™ fragments, each'with a single antigen-binding site, and a residual "Fe"
fragment, WiSE58 FRIAET & EEd- oaBiiody crystallize readily. Pepsin treatment yields an 15F(ab’)2
fragment that has o apligeP-comBiniRgaiiesand issillisanable é%%ﬁ_é%éd%ﬁ}gt@m'ge”- "Fv'is

the minimum antibody fragment which contains a complete antigen-binding site. In one embodiment, a
two-chain FYospissie B EphsRISBrabiRErBithe MeawidBiddme srished daraihdier @oHRM in tight,
non-covalent apspgiation in@.siagle-chain Fv (scFv) 20 species, one heavy- and one light-chain
variable domain can be covalently linked by a flexible peptide linker such that the light and heavy
chains'€an associdt¥ HE™ dlif &R & RAISBATE o Bhal SrPa MRNARIAETSPecies. It is in this
configuratiopothadhe-threediRsoheac hypsipblirdapain intemehipdafingapantigen-binding site on
the surface of the VH-VL dimer. Collectively, the six FIVRs confer antigen-binding specificity to the 25
antibody. HHWé’\‘?Sﬁ%\?@ﬁlﬁqs}:ﬁg@@\?&ﬁdﬁ%&gﬂrﬁﬁ%%E‘Faffacﬁ%ﬁ‘?tﬁv comprising only three HVRs
specific for an antigen)chasHeakilitvdasacognizerang bige antigem:ataough aimpeweeaffinity than

the entire binding site The Fab fragment contajps the heavy- and light-chain variable domains and
also contan 8 S 30t CABTRA S HE ﬁraﬂffaﬁéﬁ?] éﬁ“d"iﬁlé%iF%t%ﬁ&é‘ﬁ?‘&%ﬁ%ﬁyﬁﬁmg % the 30

heavy hainh&abriagmenidelidaiiramitei irge) datmby e addition:bd anievsdesidses at the carboxy
terminus of the hgav chain CH1 dg ain inbludiné; one or nhore c%séein?r&s from ti?e antibody hinge
e t i

region. Fab™SH': t§8 %?%’tﬂ%ﬂo Er%}%l?(i)eﬁ:%% i%n\(%ﬂﬁii%]ﬁ %a&?’s e 55?585‘(%?”0? the constant
domains beaaptréedhiahgposipgked)daitibodysf adheatmnorgioatlynive e prodiodedyas pairs of Fab'

fragments %Aﬁg%ﬁ%r: %fygé%ggfﬁeﬁg%%e&%%ﬂngﬁg%r che icaé%c%%kilrg S tibody fragments

ies with an e .
are also known. gle-chain v antibody tfragmernts comprise the VH and VL domains

of antibody reshierein these domains are present in a single polypeptide chain. Generally, 5 the scFv

polypepyide further,camiprises & polypeglide-Inket betwpen the Yi.and Vi domains which enables the

scFv to form the desired structure Tor antigen binding. For d review of sckv, see, e.g., Fuckthiln, in
The Pharmaesologynohdonaoloaaf Agttilsodie S xahplar g rRdgenibong mmtiddeoreeds ao8pringer-Verlag,

New York, 199 Bn 28R BRI AR ARG A IR ALY JAGMERIS with two

antigen-binding sites,
modification is a substitution.

An “amino acid modification at” a specified position, e.g. of the Fc region, refers to
25  the substitution or deletion of the specified residue, or the insertion of at least one amino
acid residue adjacent the specified residue. By insertion “adiacent” a specified residue is
meant insertion within one to two residues thereof. The insertion may be N-terminal or C-
terminal to the specified residue.
An “amino acid substitution” refers to the replacemment of at least one existing amino
30 acid residuein a predetermined amino acid sequence with another different “replacement”
amino acid residue. The replacement residue or residues may be “naturally occurring amino
acid residues” (i.e. encoded by the genetic code) and selected from the group consisting oft

alanine (Ala); arginine (Arg), asparagine (Asn); aspartic acid (Asp); cysteine (Cys);
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10 which fragments comprise a heavy-chain variable domain (VH) connected to a light-chain variable
domain (VL) in the same polypeptide chain (VH-VL). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are forced to pair with the complementary
domains of another chain and create two antigen-binding sites. Diabodies may be bivalent or

bispecific. Diabodies are.described more fully.in,. for X e, EP.404,097: W(Q,1993/01161,
Flonson ot BRI EFR G S S R R el O T8
6444-6448 (L993)ysniafodies:ahibtéterabbdie slarylalsoie i) st dhitd (Bsonsetiat. { dar. Med.

9:129-134 (%1003 . h‘l§ term 'mo onal antigpd " as,used rzt?r [n yrefers to an antibody obtained
fom & popu RO LA BB Btoatad e o o SR rising
the populat'ttbn ‘reagenticateses ptifor qyossils| e nbatdtinrs vetly oneatunally scouaingliputations, that may
be present [ ipqL agus, T, MadiierMRNorianal isisalss, s sHRidlsy of the antibody
as not being a mixture of discrefe antibodies. In certain embodiments, such a monoclonal antibody
typically inciubggwiemheisdy comprising a polypeptide sequence that binds a target, wherein the

target-binding 25p@lypeptide Seauense %%%%@8%?%}&9&8&???0@?%35‘38@{%%e%@ﬁaﬁ?ﬂ%ggon of a

single target binding polypeptidé sequence from a plurality of polypeptide sequences. For example,

the selectiorepratesseaneamasatetiviot el igiigakotiondfebry abp tealityabiéivhes such as a pool
of hybridomg; Glones,RIReE CORES:sA) iSRRG NAi opesHhaheuid e Hpdeystood that a

selected targét binding sequence can be further altered, for example, to 30improve affinity for the
target,ltb hiyraming deinaréat birdieg sehidernvelowsinsprovidhiae protiabnentmesiEf|ne, to reduce its
Immunogeniaiy iayhihdR fale MAMEHSPRGHGAMROEYs &i613RE 1hakan ANIRIENERGMPIISING the

altered target bindir&gég&l:ence IS also a monoclonal antibody of this invention. In contrast to

polyclonal ittty HhiloRs, PRIFEARy Sicafy2 oI 0de ettt alfbbHRS tfe et against different
deteinants (gpifRRgs) 19echRONaAen Ankipgy |96 2menogionsaniihody praparation ig directed

against a single determinant on an antigen. In addition to their specificity, monoclonal antibody
preparation& 808 advArd gedits i tHat P A AARERIY \ATedit “r%‘?ﬁg'téd%yq}ﬁér&sﬁnﬁnunoglobulins.
The moglifiesimeaqotum! Grgicaiestheioheracterot ihe antbedy-as:heinaosbiainediom a
substantiallw%ni%%neous population of antibodies, and is not to be ¢construed as requiring

production 658 BYeEARg pardlafs? Riéthall BB IR Es Morbelal antibodies to be

used in accordancenwithihe Jeiesettiove ntien maydiadnpdatiynld a waseioiisshaigdase including,

for example, the hybridoma method (e.g., Ko and Milstein, Nature, 256:495-97(1975); Hongo et at,
o b e o e R SR I [0l S

Harbor LabaieiniynRifass; drd-ednlR88)dHaidmneringpetah: ipphtatoclanatAptibediegeand T-Cell
Hybridpmas,563-.681 (Elsevjer, N.Y., 9812)), re(%(%mggga%(DNﬁ\ methods ?ee e.gé U.S. Patent No.
, Clac ;

154,876 5670 PRay L SIEOm e araL DUty QBTSE St N6 628 (1991);

Marks et al.zdifdetBlotRP2s 581 584:1(20 8] diGith et At ndnividily Biohn3B8(2 1di20E141¢2004); Lee et
at, J. Mol. Bégéérﬁogf%{}%%é%&’?ﬁo 2004); Fellouse, Proc. Natl. Acad. Sci. USA 101(34): 12467-12472
(2004); and Lee etal*t immunol. Methods 284(1- 2): 119-132(2004), and technologies for producing
human or human-like“antibodies daletion”™ refers to the removal of at least one amino acid residue

from a predetermined amino acid sequence.

25 In certain embodiments, the term “increase,” “increased half 1ife” or “increased in
vivo half life” refers to an overall increase of at least about 25%, 30%, 40%, 50%, 60%,
70%, 75%, 80%, 85%, 90%, 95%, 100%, 150%, 200%, 300% or greater, in the in vivo half
life of a variant IgG of the invention detected by standard art known methods such as those
described herein, as compared to a wild-type IgG or an IgG having the wild-type human

30 IgGFcregion. In certain embodiments, the term increase refers to the increased in vivo half
life of the variant IgG, wherein the increase is at least about 1.25X, 1.5X, 1.75X, 2X, 3X,
4X, 5X, or 10X or greater as compared to a wild-type IgG or an IgG having the wild-type
hurnan IgG Fc region. In certain embodiments, the wild-type IgG or the IgG having the
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20 animals that have parts or all of the human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO 1996/33735; WO
1991/10741; Jakobovits et at, Proc. Natt Acad. Sci. USA 90: 2551 (1993); Jakobovits et at, Nature
362: 255-258 (1993); Bruggemann et at, Year in Innnunol. 7:33 (1993); U.S. Patent Nos. 5,545,807,
5,545,806; 5, 82%; 5’62§a %6; 5,633,425; angg%,g6 ,016; Marks %\5 et at, Eio/Te%jf[yl y 10:
779-783 (1563% ShBEREIEN FSHIPE SokY BE6BES: (1o 6% RSPt A SR 12813 (1994);
Fishwild et af bivatcireBabtacioat 18 1 B453pd 21:906) riieitbaigencNatureioteehnbbul 20826 (1996),

and Lonbergaang Husgl?rréffrilt%?. Rn%v, Inununot 13: 65-93 (1995). The monoclonal antibodies herein
specifically niude “ehimeric: antibodies in 30 which a portion of the heavy and/or light chain is

identical with or héfnlogegstd cogeespdindisftneegsienaeliig &otibOdies dderRedPafbamparticular

species or belonging to rtiqular antibody cl ss, while the. remainder of the chain(s) is
identical Wig’fd(f))% %)%%8%%%%ﬁ&%gégggég%@Z@gﬁfﬁ%ﬁﬁ% Pév’so%%rlsrefrﬁésrﬁ?%egther species
or belongimyaotaradttredarit 8yl glasscoraub taskicas Wellfast fredjime msiofrsuckhidntibodies, so long

as they exhibi Ir ' ical agtivity (seg..€.9.. ..Patent No. 4,816,567; and Morrison et al.,
Proc. Nau.hA}%:‘l% %ﬁ%g%%%%%gg6?5%%5&%?%%%%?%§rﬁ$bodies include PRIMATIZED(r)
antibodies whereir thélamigbingsineim i edionfoftzeoantibodyaisysidinidt fherratvanfibody produced

by, €.9., ImmMURZINGMAGAAUG FORKEYS wiIHetHﬁ;gé%%?d?l,O{é%Jﬁ%s 233 HumARyzgd:forms of

non-human (e.g., murine) anfibodies are chimeric antibodies that contain minimal sequence derived
from nBh-hupsiRiRiRuHBO BN Mbetiembedinhaning Wanssnizelvamibothd iv ahinmesid
immunogIopég;@ugseﬁi@g%@,gpgﬁgg)r%ggyy@p%@pwg%{{om a HVR of the recipient are replaced by

residues from a HVR of a nonhuman Species (donor antibody) such as mouse, rat, rabbit, or

nonhuman primate GlinyRa Aesiids Sgbiasieigs atiminssity drdhpAeitygionsditie instances, FR
residues of fhe EBRBIIM NN R5e: FRRIACERLBYROIIESRONINDERNHHNAN. [RSIdHES-

Furthermore, humanized antibodies may comprise residues that are not found in the recipient antibody

or 15in the ddnBiedHbruponsatelhsdrivatiordrdsyBd oo terdainrPéims Ertsddyperformance.
In genegal, @iwéa@laiazg&mﬁe@emm&&mpﬂ%%.;a?st@ﬂﬁ@ilxs&lﬂ pf@%lmﬁone, and typically two,

variable domains, in which all or substantjally all of the hypervariable loops correspond to those of a

non-human immurd§I55irPaHasfeosa SRR siFsome R wperitsbd At fan

immunoglolulithseguROGR. Then2Qu aranirer, antibpdnppibanall il alsei comprissnalfigast a portion
of an immunoglobulin ¢ nst%nt re{gion (Fe), typically that of a human immunoglgbulin. Faor further

details, seeP @G PHSHedUP ARt A 8L P BB B FIUBbT BB AR R B ISR BRI 88 H23-300
(1988); andrffestapedikeQPbnlingtdfinlind:593 S8 C1R9Z) dSedalgundieR i asani and Hamilton,
Ann. rgy, Asthma & Immunol ,1:105-115 (1998): Harris, Biochem. Soc. 25Transactions
23:10%-1038 (193%?;%’8}@%% @3@??8&*?#?%%?“%‘%5&%.%?&%@% 884§ 4HY 98 ™Pat. Nos.

6,982,321 anchd0@a408ihadibuiaiudintifolyirstb newtichpasgbsdes)appanitiaiasidiedigence which
corresponds (o hat.of A ANKRodY. BrasticedHoy, :04man and/orpas een.mads sing apyof
exhibit the desired biological activity.
An "isolated" antibody is one which has been identified and separated and/or
25  recovered from a component of its natural environment. Contaminant components of its
natural environment are materials which would interfere with research, diagnostic or
therapeutic uses for the antibody, and may include enzymes, hormones, and other
proteinaceous or nonproteinaceous solutes. In some embodiments, an antibody is purified
(1) to greater than 95% by weight of antibody as determined by, for example, the Lowry
30 method, and in some embodiments, to greater than 99% by weight; (2) to a degree sufficient
to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of, for
example, a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under reducing

or nonreducing conditions using, for example, Coomassie blue or silver stain. Isolated
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the techniques for making human antibodies as disclosed herein. This definition of a 30 human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding residues.
Human antibodies can be produced using various techniques known in the art, including phage-display
libraries. Hoogenboom and Winter, J. Mal. Biol., 227:381 (1991); Marks et at, J. Mot Biol., 222:581
(1991). Also ayailahle for th pre,%ar tion of human monoclonal antibodies are methods described in
Cole ot at, KITSHOREI AN BISHRLCRAA (AN P THLTY AT OIS0, L1 PR ot . J
Immunot, 1471y 8619k {39l rabas atemvan-iijkearnd yasnde. iidkeli GUoWpa, iBhagnacot, 5:

368-74 (20012.bHé1ma|ﬂ gntibodieé gan li)e &rerparedfbytadngtinistering the 5 antigen to a transgenie
animal that hias been moamied 1o pr%augé sacﬁpalllﬁ]tlgzéid?ens‘|ﬁpr'es_ponse to antigenic challenge, but
whose endogenou¥Nooidraibditer disablety daeriramunide divenordites (fedoatd 50080 Pat. Nos.

6,075,181 and 6,150,584 regarding, XEN Erm.technology). Iso, for.example. Li et at,
Proc. Nail. %%WSS%?%gﬁgl%%\ﬁ%%ﬂ?rggggh%g@ ?Eé%lé{? |rﬁ8g?ﬁrﬁgrr{%ﬁ%a%r%i§8al éﬁ e%g?%‘géd via a human
B-cell 10hyhrdoizhtelthnaddgyked to Altspecibsdependentadatibioayiids bowlyhidle Hes a stronger
binding affinjty for tj gr ! %Sr{ amma j[an.species.than it-has for a homologue of that
antigen fro r?']l%nég%%g@%@%:% é{ﬁs gﬁ%pec%g;.n&?oﬁr%a rlbe the (glﬁé%%gg-céé}a&eﬁlg ent anti é{g%%ﬂ%inds
specifically'iteteperinfaehawtye ang. Eghiashaihihsihgsatfiuiter iKappea ietet omdord fidlabradgest 1 x 10-7
vh 15 Preferablyig POIBAD AN {chd'\ it Me M IMPEL DI RHROY 5P MOFRIAP Qb X 1-0-9 M)

+ but has a binding affinity for a homologue of the antigen a second nonhuman mammalian species
which 1§ at Kemstabobedolighd cormbhsastaiisbin GBominie, Gleanie ¥t dsdut ABeRHbivwERker than its

binding affinjty.ferhenumasmantioa EhS AREHEs: Sepeadant Antiban,can.pe,anxef the various

types of antibodies as defined above, but 20 preferably is a humanized or human antibody. The
tem! "hyperdaramettyiseayy i wd s ishirban sedehb épmencisaiiensd vadicksvsrighlantibody
variable doﬁlﬁ}&w%ﬂﬂ@ﬁ@a@f%ﬁﬁmf'ﬁ&&{m%ﬁﬁﬁ@E@i@ﬁ@!{@ﬁé?ﬁ% suiskrallydefineddopRs. Generally,
antibodies comprise six HVRs; three in the VII (F11, H2, H3), and three in the VL (LI, L2, L3). In native
antibodies, PeavsRt the b Ry ith et Y S eyt #98°381%HVRs, and H3 in particular is believed to
play aique fObm&&%m&&@a&&a&*‘a@iﬁ%ﬁg’@QH@?&%&%@% BrnufdbRfbalin ALY 13:37-45
(2000); Johnson and Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa,
NJ, 2003). IWdes2 FRoisremyseed smE e anbhenarasdaidsvesndhsribes ratiensy Bhain only are

functional anghsiablgoiihe absenss OidiabiChairh 268« dihHamess v3Rimasigrman:et al., Nature
363:446-448 (1993); Sheriff et al., Nature Struct. Biol. 3:733-736 (1996). A number of HVR
l(’fotﬂﬁi)‘f@

delineationS R JeBaAGUFBHsiyAsSea HekEi fHmadsm! eane Betdtining
Regions (Cfsiacs hasgtaihsaguence variability and are the most commonly used (Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th Ed. Public.Health Service, National Institutes of
Healthﬁ,]%ethesda,&re\;ﬂf).V(af%fe@%ﬂﬁé r‘éﬁﬁ%?%?ﬁﬁg?@ﬁéfltoo I?)t%fg%% Behu fsiProops (Chothia

and Lesk J.tAlainBiobnOf 91k0 héa(d a8 HhTttaiAbMid YRS odpreBentaicompsaniseflriween the
Kabat HVR%.eavy chain may be referred to as “Vy.” The variable domain of the light chain may be

referred to as “Vy.” These domains are generally the most variable parts of an antibody and
contain the antigen-binding sites.

25 The term “variable” refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and specificity
of each particular antibody for its particular antigen. However, the variability is not evenly
distributed throughout the variable domains of antibodies. It is concentrated in three
segments called hypervariable regions (FHVRs) both in the light-chain and the heavy-chain

30 variable domains. The more highly conserved portions of variable domains are called the
framework regions (FR}. The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a beta-sheet configuration, connected by three

HVRs, which form loops connecting, and in some cases forming part of, the beta-sheet
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5and Chothia structural loops, and are used by Oxford Molecular's AbM antibody modeling software.
The "contact" HVRs are based on an analysis of the available complex crystal structures. The residues
from each of these HVRs are noted below. Loop Kabat AbMChothia Contact ----- 10LI L24-L34
L24-1.34 L26-L32 L30-L36 L2 L50-L56 L50-L56 L50-L52 L46-L55 L3 L89-L97 L89-L97 L91-L96

L89-L96 HI H31-H3 -H35B H26-H32 H3Q-H35B (Kabat Numbering) 15HI H31-H35 H26-H35
H26-H32 H%&%@'?&%Q thid |%1W$$§%_{tﬂ%%‘ é@%%ﬁ%ﬁ@éﬁ%ﬂs&e%ﬁgs-moz
HO95-H102 HaH4+id & HYRH1Oh 2HWRschidy, comfisise tetie ded by RSthasdalionbindhd6 or 24-34
(Li), 46-56 or 50:56 (L2) and 89-97 or 89-96 (L3) in the VL and 26-35 (HI), 50-65 or 49:65 (H2) and 93-
102, 94-105#8? Bg’ﬁ%‘?’(ﬁgﬁ% t%a\t/ﬁ.d?'h%e@%?%ﬁfeozgff%%ﬁ itk il'(@:g’ﬁclﬂl?nﬁteerréﬁt’a%clggrding to
Kabat et al Editiora Natieathafithesé deflditiBagiesda, MD'Fragewdik’ amiERt desidnesrarethose

variable dopain oteR, AL BaR 1S 20 MRISSIRUES SBNETEID defineds i L fpm varizbl

: . D 18V01V€ I'CCfﬁ’ 6({ T ..
domain residue number| gasin or amino acia posit numbeéring as in Kabat,” and variations

thereof, reféusdiaotisesncnserirtg pypstenviideddcbibavyachbin wdrablécdorbing ardight. chain variable
domains of the compiaion ol Anvingdics ienal gl Aluauiie Wla isaumherng ausigm. the
actual linear amino acid 6 sequence may contain ewer of aé%h ional amino amdspcorresponding toa
shortening of, assigisdrtiormintd feorial HikR st thpevanddblckdppadin . aBd daxbenble, adedawry chain

variable do;gg'm%é@&:gé ﬁeﬁc%ﬁ%?h%{%@&@ﬁg d&%ggm(residue 52a according to Kabat) after residue
aniit et g,

52 of H2 and inserted resi (e.g. residues 82a, 82D, and 82c, etc. according to Kabat) after heavy -
chain FR residue $h¢ Fie kebaseiuneberinglofieesidaescehbgrdie iderehnines 96iha gibelasasitibody by

alignment afregians o bomelagyof heseauenca ofihs antibody.with A istandard Kabag numbered

sequence.  The Kabat numbering System is generally used when referring to a residue in the
variable dofgidapproximately residues 1-107 of the light chain and residues 1-113 of the heavy

chain) (e.g., Kabab@g&ldﬁ%e&yﬁﬁcﬁﬁh% %W%ﬁ@@&%ﬁﬁ%&%ﬁ&téﬂ“ﬁ&aﬁ%?%‘é@ﬁ ervice, National

Institutes of Health, Bethesda, Md. (1991)). The "EU numbering system" or "EU index" is generally
used when tBEHidg tordire Simmaipale b Htifon bbatienehin EHaRE Stistant Td§IeElyS the EU index

reported in KabatRtal SLPEAkabGHEkhINGEX 88D, 1gE, 1gG, and IgM, and several of these may
be further divided into subclasses (isotypes), e.g., IgG, IgGy, IgGa, IgGy, IgA,, and IgA,.
The heavy chain constant domains that correspond to the different classes of
immunoglobulins are called a., 8, €, v, and u, respectively. The subunit structures and three-
dimensional configurations of different classes of immunoglobuling are well known and
20 described generaily in, for example, Abbas et al. Cellular and Mol. Immunology, 4th ed.
(W.B. Sauﬁders, Co., 2000). An antibody may be part of a larger fusion molecule, formed
by covalent or non-covalent association of the antibody with one or more other proteins or
peptides.
The term “IgG subclass modification” as used herein is meant an amino acid
25  modification that converts one amino acid of one 1gG isotype to the corresponding amino
acid in a different, aligned 1gG 1sotype. For example, because 1gG; comprises a tyrosine
and 1gG» a phenylalanine at EU position 296, a F296Y substitution in IgG, is considered an
tgG subclass modification. '
By “non-naturally occurring modification” as used herein is meant an amino acid
30 modification that is not isotypic. For example, because none of the IgGs comprise a
glutamic acid at position 332, substitution at position 332 with glutamic acid (332E) in

1gGy, 1gG,, 1gGs, or 1gGy is considered a non-naturally occurring modification.
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10 in Kabat" refers to the residue numbering of the human IgGi EU antibody. Unless stated otherwise
herein, references to residue numbers in the variable domain of antibodies means residue numbering
by the Kabat numbering system. Unless stated otherwise herein, references to residue numbers in the
constant domain of antibodies means residue numbering by the EU numbering system (see e.g., PCT
Publication No. W. 006073{m. 15An "affinity matured:’ antipody is one with opg or more alterations
in one or more HVRE {0 ?gﬁtspe‘gﬁ@ %n iR IBHRS Yina’ﬂ‘)l{e gﬁ%ﬁ? %ﬁl‘t‘?&?&@ for antigen,
compared thedcpaiieaicanifratly whichdoes noipdssess thbsemlidhatinaishrin.olikeaspheodiment, an
affinity matureiz_td aptipod}z htas nanom lar or gven chom%I]a{ affipi.ties flgr the target antigen. Affinity
matured an%olaileasr%rey%eoﬁll% UCE }G%flng et f:l)}r%ce' UTeS 20 Khowiiitthe art. For example,
Marks et at Bio/TetlnatodydhiyRg-#83H S22y dederibie ssaffi nitybohit viiat wmdaycMbbigated\ie ddomain
shufﬂing. Ra d%r}gl mut?gf&glsaié%&wé/l? and/or framework residues is described by, for example,
Barbas et al”’Proc Nat. Acad. 5ol USA 91:3809-3813 (1994); Schier et at Gene 169:147-155 (1995);
Yelton et at J. InufitinohotisSri@04:R004n(p895); atksoh @t mtad dntitndyohréfddFy3310-9 (1995); and
Hawkins et 25al, J, Mat Bigl. 226:889-896.(1992). A "hlocking” antibody gr, an "antagonist”
mntinocly s S S R e, e e B8 SRS g
antibodies eraptageni§t artibodics mubetarfiiallyegroeompietsheinmibit therbislogioal activity of the
antigen. An_" I i " e e | i ich | rfullyzmimics 30at least
one of the fﬂnr?cgf(i%gga %ﬂ%@%%%%?%%%l%g%é%gsﬁﬁ%@gg %)él)ﬁégéc{}\]}v}[ in%%%%’rﬁ%hﬁ@ggfés are those
that preventot Fedirsmpratiférdwdiceflmes kakpedissing ale-ahtigentibadhiviltseleniibddy binds.
Antibody "eﬁﬂ%ﬁﬁ%é&%%ﬁ%ﬂ%&%@fa@n@ﬁ&?@lﬁ%@'@@M&?& attributable to the Fc region (a native

sequence Fc region or amino acid sequence variarit Fe region) of an antibody, and vary with the

antibody isotype. Expifiplégsgicrivaipedfecrspdusrstiviosidseiirabacigepihtidigafidesmiplement

dependent gyftoxigity (aRXekE RISERRIPL @ﬁ?\@&t@%ﬂ@%ﬁ@ﬂ(&?%%&%’ﬁm egiated cytotoxicity
ce

(ADCC); phagocytosis; down regulation of surface receptors (e.g. B cell receptor); and B cell

activation. THETSH HROre§Me KERSH 1 Attt deridlaseiiyin BEpedidasmant metiidglobulin

heavy chaims inelydingaativeSrauebca R i YnH AR VAT L@fatiggtﬂ@ga@%}e%lﬂa%@himﬁlgoundaries of
the Fc region of an immunoglobulin heavy chain might vary, 10the human IgG heavy chain Fc region

is usually déhfi&dito stretch from an amino acid residue. at position Cys226, or from Pro230, to the

carboxyl-terminus thereofl R ferteimiaabis e iesiduecA4 e tdinen iitherskbRwmbRENg system)
of the Fe region may be removed, for example, during production Qr purification of the antibody, or by

recombinantlf e FyRE SRS HHRRL A STEOaA L AE AR ARV BhafiBrint Weisay: A8 eordingly, a
compositionighttasch antibneigsdna:copnpriss antitles: RoRLIEGONE Wit alk-chain Fv (scFv)

20 gpecies, one heavy- and one light-chain variable domain can be covalently linked by a

flexible peptide linker such that the light and heavy chains can associate in a “dimeric”
structure analogous to that m a two-chain Fv species. It is in this configuration that the
three HVRs of each variable domain interact to define an antigen-binding site on the surface
of the VH-VL dimer. Collectively, the six HVRs confer antigen-binding specificity to the
25  antibody. However, even a single variable domain (or half of an Fv comprising only three
HVRs specific for an antigen) has the ability to recognize and bind antigen, although at a
lower affinity than the entire binding site.
The Fab fragment contains the heavy- and light-chain variable domains and also
contains the constant domain of the light chain and the first constant domain (CHD) of the
30 heavy chain. Fab’ fragments differ from Fab fragments by the addition of a few residues at
the carboxy terminus of the heavy chain CH1 domain including one or more cysteines from
the antibody hinge region. Fab’-SH is the designation herein for Fab’ in which the cysteine

residue(s) of the constant domains bear a free thiol group. F(ab’), antibody fragments
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K447 residues removed, antibody populations with no K447 residues removed, and antibody
populations having a mixture of antibodies with and without the K447 residue. In certain embodiments,
the Fc region of an immunoglobulin comprises two constant domains, CH2 and CH3. 20The "CH2
domain” of a human IgG Fc region (also referred to as "Cy2" domain) usually extends from about

amino acid 231, to about amino acid 340. The CH2 domain is upique in that it js not closely paired with
another dorfEAFPHATHER R RESRReRP T S HEA EABORY O A B SRIEHBES B Belveen the two
CH2 domaitsef anistattnaiiveclgnRaleeni®olytesbean spediddieshthat the carbohydrate may

provide a substitute for the 25 damain-domain pajring and help stabilize CH2 domain. Burton,
Nolec. Immunot 25 TS UE C1oRE) T nE ST EOMMENE A o PR SR oes
C-terminal tef antibbidiylorhaigiiniarcfdoredionrt . srefoimnabeitk:knpsigpapiticesigue Gddetalabout amino
acid residue, 447 0of aOréSIP%G .3 %;functional Pc region’.possesses an "etgec{;%r fu g'i%n" of a native
sequen:(’:e cer(g%igr?. ePnpa& efteCloP TuRetions Rciuge grre%éyﬁ%lr ?ndlnén;’l lg binding; CDC,;
ADCC,; phadooyiosishadbwimbbgulatiaiofckisulfadesredeptonsielo: BiisthraedptorBBCR), etc. Such

effector functions g?&%@” / requirﬁtré%tlfignr%ggoén 59}19%11 %%g}(?%leo ! jy;ggogzgégﬁ%r% omaiqf (gﬁ.g., an

antibody vanable domain) andtan be assess eusmg vario ys. égﬁl%egéquence Pc

region” conﬂdrjs&wmlam@n@d’d’mbse@er{&_eﬁdgqﬁ&’aﬂ@ih@aﬁfmﬁ,d@i%ﬁwéﬁ%é tﬁ.an_ Fe region found
In nature. Native segul %9‘55%'8%5’%%93?8%&49&1%%@%‘!%{%&&%8Qﬁﬁé@%ﬁﬁﬂ%‘?hé‘? region

(non-A and A allotypes); native sequence human IgG2 Fe region; native séquence fiuman IgG3 Fe
region! @nd whithetsgaeeh cothprean ig&3-Ferregiorlds deathas(Natucalipastslicindishiridate thereof (see

e.g., SEQI ' - I 10 A val R ises: nin | uence
i diftere o o S P FRAL S Felisen)
modificatiorshintdebinvartibodibserisn Vagiare famapion cohiprseban. dmidoned sedomsée which

differs from that.of ANtV SeRENRE-F SR PY,ARR CLMATS,AINR. 6 sHRsHtutin(s)- In certain

embodiments, the variant Fe region has at least one amino acid substitution compared to the Fe
region of a Wiki-typiabefromanirdiydenhatibsascific cétishadieapiaunsicribsdtneipdyiiingme region has
two ormoreUpipR 4oicks4psHlueN S Ine F e ieaionn et e Mildivpesarihgsly (s iain

embodiments, the variant Fe region has three or more amino acid substitutions in the Fe region of the

wild-type arfdpbapeIsicanAiTempdaitihts ke daiaft FE GRS direbedishandwo or three or

more Fe regigniymino.Rcitsubstibtionsirssrkes harain g eertain embogiments, the variant Fe
region herein will possess at least 20about 80% homology with a native sequence Fe region and/or

with an Fe region 61 e MY/ BB I R eiiicd MBS Ao AahaAY R4BSIHAM rein wil

possess at lepshabest S0 hennalBowilbeadal aiRaeNLe. FE.'RUiRandeiyiikan Fe region of a
parent g)olypeptid_e, In certain embodim(%nts, the varignt Fer gion herein will possess at least about

95% homolGEYHITRE MERRELaRRAHE RSO PRAT S LeHeg b & B4R

occurring mutations, that may be present in minor amounts. Thus, the modifier
“monoclonal” indicates the character of the antibody as not being a mixture of discrete -
antibodies. In certain embodiments, such a monoclonal antibody typically includes an
antibody comprising a polypeptide sequence that binds a target, wherein the target-binding
25  polypeptide sequence was obtained by a process that includes the selection of a single target
binding polypeptide sequence from a plurality of polypeptide sequences. For example, the
selection process can be the selection of a unique clone from a plurality of clones, such as a
pool of hybridoma clones, phage clones, or recombinant DNA clones. It should be
understood that a selected target binding sequence can be further altered, for example, to
30 improve affinity for the target, to humanize the target binding sequence, to improve its
production in cell culture, to reduce its immunogenicity in viveo, to create a multispecific
antibody, etc., and that an antibody comprising the altered target binding sequence is also a

monoclonal antibody of this invention. In contrast to polyclonal antibody preparations,
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25polypeptide. "Fe receptor” or "FcR" describes a receptor that binds to the Fe region-of an
antibody. In some embodiments, an FcR is a native human FcR. In some embodiments, an FcR is one
which binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRII, and
FcyRIll subclasses, including allelic variants and alternatively spliced 30fonds of those receptors.

FcyRIl receptqr incjuingc lIA.(an "activating receptor”) and EcyRIIB (an "inhibiting receptor”),
which have ST B T A O A G OT AN BB Bimaine tereot
Activating regeapiassk; ey iAcsonlainsaticdnohoreseplon iy tosineip predrattivadidinenedif (TEAM) in its
cytoplasmic damain.. Inhibiting receptor FcyRIIB ¢ontains an immunoreceptor tyrosine-based inhibition
ot (TIPS SR (LGB ST A SR P B R 9t 254 (1997).
FcRs are rexigined, fiepexampleciadRavetchuand tan éioyAamtyirelly lanmonnehBab7 H92(H991); Capel et
at, Imtrgmomethodsl 34 (1994); and de Haas et at, J. Lab. 5Clin. Med. 126:330-41 (1995). Other

FcRs, inclu%ngmt]ﬁoc%{gijéégsé identified in the future, are encompassed by the term "FcR" herein.

The telin "Fc recefiorhodiEoR alsoclocilides théen dordtakcerapibe, HcRodyndsibbiig nbspoasible for the
transfer of maternal. 19Gs. ta the fetus (Guyer et at. J. dmmunpl. 117:587 (1976) and Kim et at, J.
ot 24 O A g R o B o e A Fremsuring
binding to FeRnraxgrkndwnqseéite. gnliBistieyand Maiiamivtbnd|. Fodagny8(12)1592-598 (1997);
S L e e S A T el P
279(8):6213-6216 (2004); WO 2004/92219 (Hinton et al.). The in vivo or serum half life of %uman FcRn
high aﬂ?nity@aﬂmﬁéwb@md@é@ammbéamm; @@hﬁ%ﬁam@geﬁhpm(@@,qiﬁ@mané, orin
non-humanmngraaa?muwég_%rli@sW%}?ﬁ%ﬁgfnﬁaxa@aﬂh-ﬁmgfQresa.@s%d@awtﬁéﬂf d. See also,
e.g., Petkova et al.’International Immunology 18(12):1759-1769 (2002@ "Human efféctor cells" are
leukocytes WhikH Ve ste s§:8heddr mble lreRe Addapamotrottfertoe bpyaterdirr&mbodiments,

the cells expassatdsaptFexBUANG PETRINANADEE AllBHRLIAGI00E) ExAmAles Shuman

leukocytes which mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer

(NK) cells, §ondesaisr cHidtoxiEDbancomhu s iPopmeinKe efe@sn dbfks Mtypidisolated from a
native SourQey 1%,9Qﬂ%ﬁa%@@gpfﬁag@%%%ﬂa?M?&EE@HH%@@&?QZEW@?%P. y5.QRAAREC refers to a
foim of 25cytatoxicity in which secreted Ig bound onto Fc receptors (FCRS) present on certain
(1991); Marks et al., J. Mol. Biol."222: 581-597 (1992); Sidhu ef al., J. Mol. Biol. 338(2):
299»310 (2004); Lee eral., J. Mol. Biol. 340(5): 1073-1093 (2004); Fellouse, Proc. Natl.
.Acad. Sci, US4 101(34): 12467-12472 (2004); and Lee et al., J. Immunol. Methods 284(1-
2): 119-132(2004), and technologies for producing human or human-like antibodies in
20 animals that have parts or ali of the human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO 1996/33735;
WO 1991/10741; Jakobovits et al., Proc. Natl. Acad. Sci. USA 90: 2551 (1993); Jakobovits
et al., Nature 362: 255-258 (1993); Bruggemann et al., Year in Immunol. 7:33 (1993); U.S.
Patent Nos. 5,545,807, 5,545,806; 5,569,825, 5,625,126, 5,633,425, and 5,661,016; Marks
25 etal, Bio/Technology 10: 779-783 (1992); Lonberg et al., Nature 368: 856-859 (1994),
Morrison, Nature 368: 812-813 (1994), Fishwild ef al., Nature Biotechnol. 14: 845-851
(1996); Neuberger, Nature Biotechnol. 14: 826 (1996); and Lonberg and Huszar, ntern.
Rev, Immunol. 13: 65-93 (1995).
The monoclonal antibodies herein specifically include "chimeric" antibodies in
30 which a portion of the heavy and/or light chain 18 identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging to a
particulaf antibody class or subclass, while the remainder of the chain(s) is identical with or

homologous to corresponding sequences in antibodies derived from another species or
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cytotoxic cells (e.g. NK cells, neutrophils, and macrophages) enable these cytotoxic effector cells to
bind specifically to an antigen-bearing target cell and subsequently kill the target cell with cytotoxins.
The primary cells for mediating ADCC, NK cells, express FcyRIll only, whereas monocytes express
FcyRlI, FcyRIIl, and FcyR111. FcR expression on 30hematopoietic cells is summarized in Table 3 on
page 464 of Ravetch and Kinet, Annu. Rev. Immi?nol 9:457-92 (1991). To assess ADCC activity of a

molecule of fSHEEE WG DRFGABE BESAY, e s thaCHSHsBP S S Bhari1961%5,500,362 or
5,821,337 dbks & Ratenhiia.tBs M34:R86idRsenta kdndyy ie-pariorel Pusaf N effegterseslisHor such
assays include PBMC and NK cells. Alternatjvely, or additionally, ADCC activity of the molecule of
interest ma g'gggé%ggdfgiﬁo iV ,t)efé?fz é?ﬁ yﬁ%ﬁfﬁ%%éé%&éé@%ﬁa GHSESeHThEShes et al.
PNAS (USA)Oai6 FRBBA TIRO8R iedtoplementde endent-ayitioxigityion SEMEieleds io the lysis of a
target cell in 5.t_h% resence, f §omﬁpl{§me({%. Activation of the classical c%l%{ylem%\t athway'is initiated
by the Bindi%%ng? he FirE EOMP SRR OF e Cofi SHB A& SH Rl T BB SHidd (o F & ppropriate
subclass), whiokease. bound to their cognate antigen. To assess complement activation, a CDC assay,
e.g., as described iy Gazzang-Santoro et al..' Immunol. Methods, 202:163 (1996), may be performed.
Polypeptide varian SWith %ftlaerég corfg%?gh%‘éhrﬁ%ﬁgg 4eid 10 8% qaﬂlgrq%gegs(ﬁ%eléé%?%%%nw‘ﬁ%(%é\)/ariant Fe
region) andtintreased wimtest sagen €|debirdifigmapakiitarendescoifietivieng InienddS Patent No.
6,194,551 B 99/51.642, See also, e.d., l[dusogie L.l Inuntenol. 164: 4178-4184 (2000).
A polypeptig;g‘%g%a%{r\éﬁ leat%waﬁ%e%rzeeﬁdﬁ%%fganla i‘?]glgltjﬁ Hi@%l%ﬁ%e@guggtﬁ?ﬁm]se%tndg %ﬁ?@ has either
enhantéd owvdichirdskdach FoR bildiRgrattbvityinirdicr ARG aldtivitgsitiBesdmpeadtMB af parent

polypepiide;of g, RANDRRIAS SOMRISIARLANE SSAUSRE 6 tegiRl The RONPRRIde yariant which

“displays increased binding" to an Fc s at least one FcR with better affinity t parent
polypeptidedsshedomgpEptivieanianendiichardigiiays seeecagenchinbhisiduandtdR Ibindg at least one

FoR with lowahalligibeiiana paieriagipealis Bk xalpols WIIERd shlaydagieased binding to an

FcR may possess 20 little or no appreciable binding to an FcR, e.g., 0-20% _bi.nding’to' the FcR
compared tBuRARGE SHfndirsengEmarrigistridues T Porydprae nabarrcipitehaniieeizes
antibogly-depepdgat selhmediated SRl ORI INANERRRS RERLMaR&Hector cells more

effectively” than a parent antibody is one which in vitro or in vivo is substantially more effective at
mediating ASCEm28sHh B ahioliresrsbipbspt e therppasrpiapi dhttbalatdedtin the assay

are essentigy theisamaGansralivasuabariantswilkhaiideniifagdusingahermyitro ADCC assay as
herein disclosed, but other assays or methods for determining ADCC activity, e.g. in an animal model

etc., are comBSTBRATERIC IBIRETSIRARG OgbRts Al RofsfuTRrthEEHERginbylte s #H ®tal of noncovalent
30 interactignsshatuaenifsTngl eingingosie 0f Ruelaaiaie debanmiiibeshy angd its binding partner

(e.g., an antigen). Unless indicated otherwise, as used herein, "binding affinity” refers to intrinsic
binding affintFWHH FERERE APEIMHESPECHBIN USRI M T8 ihang PR Mhtibody and
antigen). Theaffinitgba (RojegpleadyfonitsarnemY sannggopialy berrepnesenriensbythe dissociation

ethods ko TR A% NEHIENG AL HEu ac T LG ) ot A2 eneral bind
antigen slowlysidiad terstdptissapiate-readily/ Witorsascnighpaiffisity dssibogicssgensiratly bind antigen
faster and/qg g O e DU DA ot o1 BE T BN 08551 e Hing, Dinding afinity are
25  Transactions 23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994),
and U.S. Pat. Nos. 6,982,321 and 7,087,409.
A “human antibody” 1s 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 anttbodies as disclosed herein. This definition of a
30 human antibody specifically excludes a humanized antibody comprising non-human
antigen-binding residues. Human antibodies can be produced using various techniques
known iﬁ the art, including phage-display libraries. Hoogenboom and Winter, .J. Mol. Biol.,
227:381 (1991); Marks ef ¢l., J. Mol. Biol., 222:581 (1991). Also available for the
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known in the art, any of which can be used for purposes of the present invention. Specific illustrative
and exemplary embodiments for measuring binding affinity are described in the following. In certain
embodiments, the "KE,," "Kd," "Kd" or "Kd value" according to this 10 invention is measured by using
surface plasmon resonance assays using a BIACORE -2000 or a BIACORE (r)-3000 (BlAcore, Inc.,
Piscataway, NJ) at 25C_with immobilized antigen CM5 chips at -10 response units (RU). Briefly,
carboxyme i REH WS APBBCASTP EHiBR(ROMES BEARTNES drecy e BRMted vith N-ethyl-N-
(3-dimethylaminepramd)tathediride-hyemoehipridelt RC).aa e N-hydiesy suesisipide, (NHS)
according tg the 15sypplier's instructions, Antigen is dj%ﬂ(ﬁ% with 10 mM sodium acetate, pH 4.8, to
51..tg/m1 (-%ﬁfﬁuﬁ )’Lé%?éﬁﬁﬁjggﬁg%ﬁjsﬁ&ﬁ}? BB HPRG N AR KRR & 4 ppré¥imately 10 response
units (RU) at/esuialed. pfodén 7F oo indiheadnetienof apiinenbMethanelamipe-dg injected to block

unreacted groups. For kinetics measurements, serial dilutions of polypeptide, e.g., full length antibody, -
e injettec BB ATH O B5H S0 /BB 0H STHACAS (PELT) S DAL AL i rate o
approximatety:25:Rtimin: shssodiafion:sdtesioon kadc:disse ciafionrdies: (koi) iade«calculated using a

simple one-to-one L%n%mum blndln%‘rpog @WQR%@%W?L%%@?{‘ %[l{\’%é%%é%@on 3.2) by

. IRNIRINTC TOTICS {508 . e LNE3E, 3 ! 3 H . T
simultaneousty fitting the association-and dissociation serisorgrams. The equilibrium dissociation

constant (I(E)ESQMEIEBH asdie ketio. Kisfkdrm, Seeyeigni Chénret alyot. 25Bibl293:865-881 (1999).
If the on-rat }‘?X%‘%Edﬁ%Q%M‘%? e%%?d%‘#fﬁ&%a%’% Mmon:Lesonance assay above, then the on-rate can be
deteitinned by using @ fluorescent’queriching technique that measures the increase or decrease in
fluoreséencevernissinteiiitensity (excitation = 295 nm; emission = 340 rim, 16 nm band-pass) at 250C
of 20 1 antianjjgep anundy LSBT & R RichR ca ahnetsRRTOSaEeraons of
antigen as 30 measured in a spectrometer, _guch as a stop-flow equipped spectroptiometer (Aviv
Instruments)neizengonn S Erke SISNMaAN GBS TMspdetr fpticiomeleguctHéhaic8peairsaig pwith a stirred

cuvette. ran- B sociation 13 PRIy (elelcH in is invention
can also besgﬁ%ﬁ%ﬁ%ﬁ%&aﬁ%%ﬁ%fﬁ%%@l%giﬁgﬁaé(g%aé Rl{g%%o%bé? a é)b%%(%% IH;%:)Egi 00 system

(BlAcore, Irfe.2 PiseatanagerNDy. e deinding gbSraiit(XiR) sihiteef or ubdbanslnyithe $dmeék as used
herein, dengieg 3815 UHiGisRL. HABARIree 18 IMilRrin: ASEe IWRHIRSHE Y allies sugh. that one of

skill in the art would consider the difference between the two values to be of little or no biological

and/or statidfchrsignitietntessfimitier ediedlegunelths seiesndrirat et notasited by said

values (e.9 misdialiaaShdiLariaih ampRAMBRLs. I edifferancaLebviasineaitiiypyalugs is, for
example, less than about 50%, less than about 40%, less than about 30%, less
about 1000 fold, weaker than its binding affinity for the human antigen. The species-

dependent anﬁbody can be any of the various types of antibodies as defined above, but
20  preferably is'a humanized or human antibody.

The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable domain which are hypervariable in sequence and/or form
structurally defined loops. Generally, antibodies comprise six HVRs; three in the VH (H1,
H2, H3), and three in the VL (L1, L2, L3). In native antibodies, H3 and L3 display the most

25  diversity of the six HVRs, and H3 in particular is believed to play a unique rote in
conferring fine specificity to antibodics. See, e.g., Xu et al., Immunity 13:37-45 (2000);
Johnson and Wu, in Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press,
Totowa, NJ, 2003). Indeed, naturally occurring camelid antibodies consisting of a heavy
chain only are functional and stable in the absence of light chain. See, e.g., Hamers-

30  Casterman et al., Nature 363:446-448 (1993); Sheriff et al., Nature Struct. Biol. 3:733-736
{1996).

A number of HVR delineations are in use and are encompassed herein. The Kabat

Complementarity Determining Regions (CDRs) are based on sequence variability and are
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10than about 20%, and/or less than about 10% as a function of the reference/comparator value.
The phrase "substantially reduced," or "substantially different," as used herein, denotes a sufficiently
high degree of difference between two numeric values such that one of skill in the art would consider
the difference between the two values to be of statistical 15significance within the context of the
biological characteristic measured by said values (e.g., Kd values). In certain embodiments, the

difference BBEARSHh SIPRNY VarddE foat g aharhte dredtr el B ook Grebdeetriin about 20%,

greater thanahnur3dofe rasSHhar, abedhdONerianel o greaie sbansaboutb0Pscas a function of the
value for the_reference/comparator molecule. 20An "acceptor human framework" for the purposes

herein is a frAMBRETCEATENG R HidURTIAR YdNte SEHEIERLLsPE s M fr it dHe t&ifled from a
human immigsegiolulin feamewik abM MNVFATGEASENSUSHAMAWOHEARBEERIDITNRG framework

"derived from" a human immunoglobulin framework or.a n gons s framework may comprise
g T el Fr I e el i o i et

changes. Inssfimecermhodinants; HeRsumiesaf grereisting afincadiditbangetaeyifior less, 9 or
less, 8 or Iests, Z or Ieﬁ, 6 or less, 5 or less 4 or I 3.0r Ie§sd r12 or less. Where pre-existing amino
acid-changé;snﬁ:rgrﬁ?ESeﬁtrﬁ%IgW%r?e 8?a6’?y ose ¢ g\raféce%oo%c E?(zil‘fv'only three, two, or one of
positions 71H, 73H.ang 8t forAbstanceChothaminCatidiresidues at those positions may be 71A, 73T
~and/or 78A. In one-embediment, the-Vt- 30 aeeeptor human framework is identical in sequence to the

VL human immungglofyj‘i_rl AMEWO Eeq}%gf?zor Q%_etfr]}’gonsensus framework sequence. A "human

consensus framework™Is a framework which represents the most commonly occurring amino acid
residues in a seled¢tor-6fHiman-fhdmodidblii VLIso-UBbframework sequences. Generally, the

selection of humaﬂémm#@g}obﬂgguyé?orwﬂl%queﬂggu iskfrom a subgroup of variable domain
the [

sequences. Generally, subgroup of sequences is a subgroup as in Kabat et al., supra. In one
embodiment, for the VH3thE B gRUpHS SabgiuplkappalBbasiniRabat et al., supra. In one
embodiment, for the Q(ﬁébébﬁ&ﬁﬂ&%g}‘p is subgroup Il as in Kabat et al., supra. A "VU subgroup IlI
consensus framework” comprises thé consensus sequence obtained from the amino acid sequences
in varidble heavy stibgredpHSof RaedtBtalH26-A2v [ Eidighevip | consensus framework” comprises
the consensus seque(@ggtggtgj&%geflrﬁg) the amino acid sequences in variable light kappa subgroup I of

Kabat et all 10"Purified" means that a molecule is present in a sample at a concentration of at least
H2 H50-H65 HS50-HS8 HS53-HS55  H47-HS58

H3 H95-H102 H95-H102 H96-H101 H93-HI101

20 HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L.1), 46-56 or
50-56 (1.2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-65 or 49-65 (H2) and 93-
102, 94-102, or 95-102 (H3) in the VH. The variable domain residues are numbered
according to Kabat et al., supra, for each of these definitions,

"Framework" or "FR" residues are those variable domain residues other than the

25  HVR residues as herein defined.

Th.e.tcrm “variable domain residue numbering as in Kabat” or “amino acid position
ﬁumbering as in Kabat,” and variations thereof, refers to the numbering system used for
heavy chain variable domains or light chain variable domains of the compilation of
antibodies in Kabat et al., supra. Using this numbering system, the actual linear amino acid

30  sequence may contain fewer or additional amino acids corresponding to a shortening of, or
insertion into, a FR or HVR of the variable domain. For example, a heavy chain variable
domain may include a single amino acid insert (residue 52a according to Kabat) after

residue 52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c¢, etc. according to
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95% by weight, or at least 98% by weight of the sample in which it is contained. An "isolated"
nucleic acid molecule is a nucleic acid molecule that is separated from at least one other nucleic acid
molecule with which it is ordinarily associated, for example, in its natural environment. An isolated
nucleic acid molecule farther includes a nucleic 15 acid molecule contained in cells that ordinarily
express the nucleic_acid molecule, but the nucleic acid molecule is present extrachromosomally or at a

chromosomSiPEEATEsH REai ShARCFRTENANT ke nERG IS IRH EHRSSREPISESBR MaY Phe term "vector," as

used hereingdgintapgest togietariaisoay el iiaeitbmalestiensapable b asspe digdeanolTernucleic acid
to which it has ?een linked. One type of vectqr 20is a "plasmid,"” which refers to a circular double
I

stranded DX \?Oﬁ%]&ﬁ AR o WUBPRESSHEY Be ligated. Another type of vector is a phage
vector. Another ty oK veataiiisbariisayeaehds, iwhestivnadd iasaldtiinseg menisunaytine ligated into
the viral genome, Certain vectors are capahle o nomouys replication in g host cell into which they
are It Geu AT B R BT CELEHE AP o oL AL B RSP RGN R s el
25mammalissxviecians) (LQth8nivectors. (Saguanon-episemad maraiialiansyertors) Pastbdiiniggrated into
the genome_of a hast cell upon introduction info the hast cel d therehy are replicated algng with the
host genomse?%%efgg%?%}éﬁ %{?ﬁu?/eesc({orse%?r&e’%ﬁ% Sf}aa’(()ﬁ ir@?ﬁﬁ@th@l xgégﬁlghc%ﬁééﬁgg% which they
are operativelyHidkedtxSuchevectdysisrd whbarredtimp ereincsishicaacim binanipl@yessimawectors,” or
simply, "expression vectors." in 30gen . expression vectors of utility in recambinant DNA techniques
are often ST D E T R g R R S M TR B A e
interchi@ngealifrlas thaopidsiic s the mostgomefchiyhusest fgfin B wettiordy. UnRolyragleotide,” or
“nucleic acigy asu rein, refer lymers. af nucleptide any lengt d include DNA and
RNA. The n%tc eotliaﬂ?lsg can %egeaeglc()}%q/ri ge%i?c %gﬁ egréil1 gﬁ%giﬁ&%%@%%ral &%ﬂrﬁﬂoc eotiaes or bases,
ancUor theircaifatoeenberary/bsibs ifata thambaridgs incorp draked stttedopotymier py<DINA or RNA

polymerase, gk oy a. S VAR 8AGON: A LONBUSISRIE MRy SAmAos adfieg ucleotides, such as

methylated nucleotides and their analogs. If present, modification to the nucleotide structure may be

imparted beforberngfey heddmpnbetng polymérehe JHqldhblictinn deolides el B nterrupted by
non-nygleotide components, MRaWuSiealde;Mav. comBrssMRdlicalon(s) Made aflgrsynthesis,

such as conjugation to a label. Other types 6f modifications include, for example, 10"caps,”
substitutiond¥ Badhercaicrbiel iR Al IR TeEERIfNG IR tetedtiads ofithcam Endo §rinvdsnteleotide
modificationg,sigh.@8, fo a%ﬁ%l%o&?%ﬁdﬂ%éé%%&?&yﬂ&%gﬁ%ﬁign@eEE'}SthOSphonates,

phosphotriesters, phosphoamidates, carbamatcs, etc.) and with charged linkages (e.g.,
phosphorotRTBEREENFHoEp AbTHAItFIEAES 2B IHHSSA ST PetRirRVEHENEGEFoEs, for
example, proieing {Ca8rioRHCIRARASy XIS aRHBOMIRSH #IonA) baReRIE8Rs Ptk y3iedels ), those with
intercalators (e.g., acridine, psoralcn, etc.), those ]
20 known'in the art. For example, Marks ef al. Bio/Technology 10:779-783 (1992) describes
affinity maturation by VH and VL domain shuffling. Random mutagenesis of HVR and/or
framework residues is described by, for example, Barbas ef al. Proc Nat. Acad. Sci. USA
91:3809-3813 (1994); Schier et al. Gene 169:147-155 (1995); Yelton et af. J. Immunol.
155:1994-2004 (1995Y; Jackson et al,, J. Immunol. 154(7):3310-9 (1995); and Hawkins et
25  al, J Mol Biol. 226:889-896 (1992). '
A “blocking” antibody or an “antagonist” antibody is one which inhibits or reduces
biological activity of the antigen it binds. Certain blocking antibodies or antagonist
antibodies substantially or completely inhibit the biological activity of the antigen.
An “agonist antibody,” as used herein, is an antibody which partially or fully mimics
30  atleast one of the functional activities of a polypeptide of interest.
“Growth inhibitory” antibodies are those that prevent or reduce proliferation of a

cell expressing an antigen to which the antibody binds.
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containing chelators (e.g., metals, radioactive metals, boron, oxidative metals, etc.), those containing
alkylators, those with modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as
unmodified forms of the polynucleotides(s). Further, any of the hydroxyl groups ordinarily present in
the sugars may be replaced, for example, by phosphonate 20groups, phosphate groups, protected by

standard protecting groups, Qr activated to prepare additional linkages to addjtional nucleotides, or
may be conjugate D(%bggﬁ’d f@é‘?ﬁf-‘&ﬁﬂf’%ﬂﬁg’i&? ﬁ%ﬁ eigiRgsetartigS W‘Bﬁﬁ‘%@ 8B&phorylated or

substituted mitegisniNesGv OfgRRIScEeARRNGg rotyvieietias afutam l.idFeaskion)aipms. Other
hydroxyls ma

(.also be derivatized to standard protecting groups. Polynucleotides can also contain
analogous §%¥8ﬂ%§ 8%%%%@ eo?&}\’% %, a?rsfctﬁzé[gﬁ%%s SEW@?Bﬂgyﬁ%%Wﬁrﬁe%%l?ﬂﬁ including, for
example, z_h&imethqu Binﬁiagyﬁﬁd o?iff;plef@ermrd?b@ﬂd@ﬁjb@ﬁ&icﬁ@ib@b@li@@t@&pt&t;ﬁﬂ@@sga-anomeric
sugars, epimeric sugars suc arabingse, xylases or. ses, pyranose sugars, furanose sugars,
sedohe:’ptuI%%éc%?cgféy%]ﬁ%ngﬁrglg s"?%f%éa E?gsﬁg%%éfg&M@b@?%@ﬁ%&’ﬁ%ﬁﬂ%&%&%.0 ne or more
phosphpdimmmkcagesema;ﬁ @g@k&d:bddw_tafbem&tﬂeeﬂ@hﬂkiﬂ@group.s. These alternative linking
groups include, b har%%%m}lted tQ ergil%oidlmg gs %Eeée' phos&%&te is re?[aced by P(0)S
("thioate"), P(S)S dit |oate'5,?6')%R'Bfr'am| éltseﬁgl, ﬁ,?ﬁ’ f‘gﬁ (SC,gor -fél("forrnacetal"), in
which eachimmrril@gisﬁnlﬂe}bwdmmwl;{@illsﬁb%ﬁmt?ﬁs?&ufmulﬁlsﬁ?@edsﬁk@hmﬁ E:)r@giqiiﬁmaklly
containing ther (-0:) lin , ar cycloa cyglaalkenyl or araldyl, Not all linkages in a
polynucleo%léh%%%?}jt%%g}rﬁﬁ%% O?htéepﬁréfe ?r?g%%@éﬁé%ﬁy ggﬁ%“fé%l%éagﬁ %3) ?n}é%%gﬂggé referred to
herein incldehimgRNAzenEDN shain Fedtigjonicisotidedebsadyed thescbifrogererallpaebids to short,

generally si -st ly \/ ' h Ya not necessarily,
less than at{%gi%zgo%ﬁgm%%%é%%%%%’|8%§%$%rtﬁ’eft%fr%§ ﬁ%l%%)grﬁgigm@gﬁ%%p%yﬁg%gotide" are not
mutually exisimivel, [Teedessidistibhy abesvditartp oprité rmonbedns sgisaloatis fidigeaioplivable to

oligonucleoyides, 113 aypLessin omioh SeOURNCEEhIBIRIA (R A seaenoss pecessan for the

10expression of an operably linked coding sequence in a particular host organism. The control

sequences rEraa|iaBIsTer BIe Ke v tdac e saindies etarecAprorhbrernbpeidnally an operator
sequense, ad s ome RIRYIRG: I Ak AN NRIERE U210 KO0 LN S HAMBIR St ol

polyadenylation signals, and enhancers. Nucleic acid is "operably linked" when it is placed into a

functional réiafioredycesemeavanhatdiaddeniaErns sathamcB A dFsidisiiiened 18 a presequence or.

Secretory  antibody populations having a mixture of antibodies with and without the K447 residue. In
certain embodiments, the Fc region of an immunoglobulin comprises two constant domains,
'Cy2 and Cy3. '

20 The “Cy2 domain™ of a human IgG Fe region (also referred to as “Cy2” domain)
usually extends from about amino acid 231 to about amino acid 340. The Cyx2 domain is
unique in that it is not closely paired with another domain. Rather, two N-linked branched
carbohydrate chains are interposed between the two Cyi2 domains of an intact native 1gG
molecule. It has been speculated that the carbohydrate may provide a substitute for the

25  domain-domain pairing and help stabilize the Cy2 domain. Burton, Molec. Imnunol.
22:161-206 (1985). |

The “Cu3 domain” comprises the stretch of residues C-terminal to a Cyx2 domain in
an Fc region (i.e. from about amino acid residue 341 to about amino acid residue 447 of an
IgG).

30 A “functional Fc region” possesses an “cffector function” of a native sequence Fc
region. Exemplary “effector functions™ include Fe receptor binding; Clq binding;, CDC;
ADCC; phagocytosis; down regulation of cell surface receptors (e.g. B cell receptor; BCR),
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leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates in
the secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence if it
affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it is positioned so as to facilitate translation. 20 Generally, "operably linked" means that
the DNA sequences being linked are contiguous, and, in the case of a secretory leader, contiguous
and in readfifty pH&B& TR0 ieRhamesDUs AT S 58O R R GBmEISH RHY fREBEplished by
ligation at cenvenientrestustiorisiiesafisdeh siteadienobexistsive synthelin aligaaycleotide adaptors
or linkers are used in accordance with conventional practice. 25As used herein, the expressions "cell,"
"cell line," and "ceﬁ‘cﬁﬁﬁﬁ%*%%@e%cim@%aﬁmﬁﬁfQHG%WQL?EW&%%'F@H%@%WF\@I%@q%rogeny.
Thus, the watdlso s ségimasntst anek"tEarsiasnadceltsrdnoladesthe pinan supjectgathand cultures
derived_therefrom without regard for the number of transfers. It is also understood that all progeny may
ot bo procl GBI BATI 1 ORIRCCBHRERN A £ b E P SUnE R SOTRSSHE htarn

progeny thdtunanel iz Bamegisunaiidr @ecﬁjalog wahaclylly Bsregieenad fatie taquenigihathatransformed
cell are incl Where distinct desi tions are intended, it will be clear text. As
oo moron R AR PO A e 4 e QL PHHEI SR AU RTEO TS C el e tetoncode

desired vartzRQdmMiNG aCids. A set of oligonucleotides can be synthesized, for example, by solid phase

synthesis, including sequences that,re%resent all gossiblelfcfombinatio Sﬁfd clepgde (I) ts provided

tri
Vi FEE10 CQITIPLISCS an diMINe acld SCqUence wnic 1TICTS I th‘tp?
by the codon set and tha wilf Efcode therdesirad group of amino acids. A's andard Towl 6 codon

desigridtionzisdhat sfqiadtJB cogen Wwhictis &haviesshotiveaarang: desoedibed inerdincétgodon set

typically is represenier RY.2cARIALIISIS IR 1alloh & NNK NG XY PHSAE RS e A
"non-random codon set", as used herein, %s refa&s toaco onqset tﬁat encodes select amino acids
that fulfill parfiatiytipretarsbhe Eomgsletely, ahe writeriafoiranmnd sbidisdledpn/asaeseribed 10herein.

Synthesis ol laahleotea i aseiseusioald s agRReIAek AL SSTA Aaliens el knoun

in that art, for example the TRIM approach (ICnappek et al. (1999) J. Mo . 296:5/7-86); Garrard &
Henner (1998y@wna{i281d8)pSlgbhosatsy v -tligornidiedtidbschdvingubetimeotd die setsisan be

synthasizedUsREITAIIRLCIRIRACK EXINERIGRIR (RYAIADIe HiaMm, ek Grample. Applied
Biosystems, Foster City, CA), or is can be obtained commercially (for example, from Life
Technologi@stiRuek T cheYEReras. dhsataspptifoFetpaciiddbrey atHasiz aeniaviRg a particular

codon set wilkfypigalix inclule. apluralivefalisapusleatisies wit.difiereni seauences dhs.differences

established by the codon set within the overall sequence. Oligonucleotides, as used according to the
invention, hEYE BRI e6 SIRATSHEUPTOF IS I FAHS A (S 0aRaHIRO d6i%h sbsilielieisacid 20template

and also cafeQHbEPRS ARt NECaESAMMbINGIHARJ GBI GHAREN2MNESHES HSRIUL IR {oREXamPle, cloning
purposes. The exgression “linear antibodies" refers to the antibodies described in Zapata et al.

(1995 Brotethh§V 8 (1oalosy igs2 fative AsIuHESS SAtHBRREBHERSE Eossion tiRdsritd
segments (Yhispéplidd HrCdhanhishhotaartherith.cenn plemaniany iahk thaisanalvaeptides, form a

P O A s Ao mIogs With 3 mertus seuonce L Mogion Mot in ho 3oon oF & parent
polypeptide. In certain embodiments, the variant Fec region herein will possess at least
about 95% homology with a native sequence Fc region and/or with an Fe region of a parent

25  polypeptide.
"Fe receptor” or “FcR” describes a receptor that binds to the Fe region of an
antibody. In some embodiments, an FcR is a native human FcR. In some embodiments, an
FcR is one which binds an 1gG antibody (a gamma receptor) and includes receptors of the
FeyR1, FeyRIL, and FeyRIII subclasses, including allelic variants and alternatively spliced
30  forms of those receptors. FeyR1l receptors include FoyRILA (an "activating receptor”) and
FeyRIIB (an "inhibiting receptor™), which have similar amino acid sequences that differ
primarily in the cytoplasmic domains thercof. Activating receptor FeyRIIA contains an

immunoreceptor tyrosine-based activation motif (ITAM) in its cytoplasmic domain.
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As used herein, "library" refers to a plurality of antibody or antibody fragment sequences (for example,
variant 1gGs of the invention), or the nucleic acids that encode these sequences, the sequences being
different in the combination of variant amino acids 30that are introduced into these sequences
according to the methods of the invention. "Phage display" is a technique by which polypeptides are
displayed as fusion proteins to at least a portion of coat protein on the surface of phage, e.g.,
filamentous BhdgigrarrefesF aRHRF STpRAGR WHSpIAgTRePTATtRECRBE st dirdebilipameatidf randomized
protein Vaf'@@%%i&%p&?ﬂbﬁﬁ@@ﬂﬁﬁi%@& %sgfitqﬂaﬁsﬁhgﬁsmqy%%m bingt 1033 target antigen
0 n

with high affinity. Disﬁplay peptide and protein libraries on phage has been used for screening
millions of pdifpeptibie’siarcaraswitniepetiirbintify yieherddsiipbifvate Meprageaiplay methods
have been useshior displayingarallandampeptidesiartamalb s prateinsthaugh fusiops to either

gene lll or gene VIII of filamentous ha%e. Wells and Lowman (1992) Curr. Opin. Struct. Biol.
3:355-362, Akt réetehr@S3etiinerdinthea FiBaovaledingrbess thdsidera o githe fiestide library is
fused to a gaeedthaipaspartignibheraofrandxpressed allow levels in the presence of wild type gene lll
protein so that phaﬁg articles display ong copy or none of the fusion proteins. Avidity effects are

reduced 10relative ARFEARRE S0 tHAt AbRIMGIEh iR & trreielsrsrnis Ryt shisity, and
phagemid vesiwisibie faseeh wihighr sifplibnRNAGRanipyRtiensJyeywnan ang:Wels. (199%997Methods: A
companion thods in Enzymology 3:205- . A "phagemid" is a plasmid vector having a
bacterial ori@%lylgeé Fepi %Sh“%e'g)’&%iﬁﬁgzogﬁ%%? iﬁ%?%gﬂ&qiﬁ?&f%ﬁ%f”ﬁé’ teriophage. The
phagemid naynheoghea i oMaihy desfrirehaetegivhldageoifciuding ilameniays bacesiaphdge and
lambdoid bagterjophage. The plasmid will.a ally contain a selectable marker for antibiotic
resistance. e‘ié(r{ﬁeFl"tyét%o'{‘off)!2%?p oilégéiq %f(g?th%%e?;ﬁé%%t%r@%eatﬁ ﬁteaf)ré%;'cfi'éfﬁt &K ﬁz’ﬁﬁds. When cells
harboring thex@)uector) dtePnovidechwith/all gene Cheoe33NE) it Ithée Jm Qoo vebphage particles,
the mode of,replicati f the plasmid changes to rolling circle 20replication to generate copies of one
strand of theziggjsgr%g@] ﬁ% 8%§)€Z$age phage particles. The phagemid may form infectious or
non-infectious phabiesparticles. sthis: terfliftohddespin Egembdsh wiichconthin appgd dsatprotein gene
or fragment,thereof linked 10.a heterologous polypeptide gene.as a gene fusion such that the

hetero ogou%egg%} eedp’)t?('jgé’ i1§ .%%ﬁ%?é%%gr? %hlépé%r 5101%8 t goﬁlh%%me&pﬁﬁllla‘é%éi& Snelértk%e"phage vector"
means a dopiieetraissedthepiivaind fonsief ababtenophet cSeoniainng & Hsterologbus gene and
capable of rgplication. The phag, vpg(tpj I'iajgg'a}ﬁl%@ql%%g in of replication allowing phage replication
and phage particle founation. Th& phage is preferably a ilamentous bacteriophage, such as an M13, ii,
fd, Pf3 phage or a dénvativEasierselsor lankodpics phadecuuess asdanmaee R spmdociii®l, 82, 424,
434, 30etc., @A detivative hereok i «As.Ussd.hergin. ;roly: ssil ition” refers to a position
of an aminoea'ceid residue inthe vaﬁglb?é rggions of t%e ﬁefsa%/f gért?g %%%Scﬁgfr?sﬁifé %gd;pc%?%:%%antibody or
antige,ao ADCC effector function(s). Examples of human leukocytes which mediate ADCC include

peripheral blood mononuclear cells (PBMC), natural killer (NK) cells, monocytes,
cytotoxic T cells, and neutrophils. The effector cells may be isolated from a native source,.
e.g., from blood.
“Antibody-dependent cell-mediated cytotoxicity” or “ADCC” refers to a form of

25  cytotoxicity in which secreted lg bound onto Fereceptors (FcRs) present on certain
cytotoxic cells (e.g. NK cells, neutrophils, and macrophages) enable these cytotoxic effector
cells to bind specifically to an antigen-bearing target cell and subsequently kill the target
cell with cytotoxins. The primary cells for mediating ADCC, NK cells, express FcyRIII
only, whereas monocytes express FeyR1, FcyR1l, and FcyRHL. FcR expression on

30 hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and Kinet, 4nnu. Rev.
Immunol 9:457-92 (1991). To assess ADCC activity of a molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No. 5,500,362 or 5,821,337 or U.S.
Patent No. 6,737,056 (Presta), may be performed. Useful effector cells for such assays
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binding fragment that is determined, based on structure, ensemble of structures and/or modeled
structure of the antibody or antigen binding fragment, as potentially available for solvent access and/or
contact with a molecule, such as an antibody-specific antigen. These positions are typically found in
the CDRs and on the exterior of the protein. The solvent accessible positions of an antibody or antigen
binding fragment, as defined herein, can be 5determined using any of a number of algorithms known

in the art. IFSHEe ARG RS SRIEn AteBaEl F ShdHe AR TsPioBRifsEtes from a

3-dimensiopakmeesefan anikedyi-neie bl ite Nt aeDMEULe BRQgran sehag the lnsightl]
program (Acce(ll%s, San Diego, CA). Salvent accessible positions can also be determined using

algorithms KhBvh G 2 es.if.s,%:g%6a(t1139§)chards (1971) J. Mol. Biol. 55, 379 and 10Connolly

(1983)J. Appl. Oyst:diéphadhiDetenmumationsfi coivent acnessinle; pogitionsscm he gpedarmed using
software suitable for protein modeling and 3-dimensional structural infolination optained from an
antibody. SBIRFEFE 89&ﬁﬂnﬁéeﬁ%ﬁ&e&%}vﬁ%@%%}%&éﬁ%ﬂc‘iﬁ% BB O 8%&%téﬁliﬁ§éiule

software (TripasAssgotatesicbeanapaliynvdieie @mplgopthry{Rmgcan) tegiibegdiasysetinput size
parameter, the "sizreé' of agroﬁe E/.?#ch ii%15u4sed in.the calcqlattion is}sert at about 1..4 Angstrom or
smaller in rAARIEPTH S SBRTEHS EtRiFRiALHEI ST Solbene SRt SHE T ol O S SPaR WstHods using
software forpersonal cODPutess, kas, hedmsddisal ivedbyRadasddba4). COdnpuilnehbfahd8(4):
377-386. f %) amino acjd sequence identity" with re t to a reference polypeptide
eauence 2 e R St 6 T e R S R R A soare
identicdl witleqghenamifrolapighdsidudsarvdhentdie regioe )poly peptidedsegliertassdffén alighing the
sequences and,introduci ,if nec ry, to.achi Xi quence identity,
and not con%a}%aebrillﬁ% gﬁcygég%%ge%gfﬁiélgEgbz?l%téi%%\foa%%é\grf%?tﬁe?g%%ﬁ@iﬂg%?e%@'A %:nment for
purposes ofbeteimidihgoeereent. dniinwiacid Beqdante 1ddrfitPean be achieved in various ways that

are within the skill jn t : rj 1! 2 ing ' : ' ) r.sQftwate ch as
BLAST, BLAST 2. AT e AR B A tormine
appropriatem@m@@%ﬁdﬁmmméﬁ@e@, Fﬁ&@éﬂﬁ@l&ﬁ&@i@b@ﬁ@%ﬁé@@é@ﬁ@i_@chieve maximal
alignment oygr ek PGtk Oldbs SaAUERGSS BN SARAIGL O AHiRASEs IR, however, %
amino acid sequence identity values are generated using the sequence 30 comparison computer

program ALIGENR. Theralrenide seruerict dordiatiss ineomisd tengreg)r hawaR dunde eé depyy

Genentech, JI0cr ANdiNe SRUEAEARCGNARPEEDHIGH Wik Hse THOSHMEIAHON: 1N Hh6 bR Copyright
Office, Washington D.C., 20559, where it is registered under U.S. Copyright Registration No.

TXU51008?fﬁ3§@ﬂ4@ﬁ?ﬁéeﬁrbj§fﬁﬁ$’i§%bﬁ€& binds at least one FcR with lower affinity than a

parent polypeptide. Such variants which display decreased binding to an FcR may possess
20 little or no appreciable binding to an FcR, e.g., 0-20% binding to the FcR compared to a
native sequence 1gG Fe region.

The polypeptide variant which “mediates antibody-dependent cell-mediated
cytotoxicity (ADCC) in the presence of human effector cells more effectively” than a parent
antibody is one which in vitro or in vivo is substantially more effective at mediating ADCC,

25  when the amounts of polypeptide variant and parent antibody used in the assay are
essentially the same. Generally, such variants will be identified using the in vitro ADCC
agsay as herein disclosed, but other assays or methods for determining ADCC activity, e.g.
in an animal model efc., are contemplated.

“Binding affinity” generally refers to the strength of the sum total of noncovalent

30 interactions between a single binding site of a molecule {e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity”
refers to intrinsic binding affinity which reflects a 1:1 interaction between members of a

binding pair (e.g., antibody and antigen}. The affinity of a molecule X for its partner Y can
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available from Genentech, Inc., South San Francisco, California, or may be compiled from the source
code. 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. In situations where ALIGN-2 is employed for amino acid sequence comparisons, the % amino
acid sequence identity of a given amino acid sequence A to, with, or against a given amino acid

sequence BSEAARIY BARCAISAIERN B lRrabamenstivetdin e aeipreed 96 e aseriipas or

comprises aGakAN Ko AMATHRE h S 66 HRAGE @Rt iyrie o 1R @6 &ORIBSHAOME BraRINAdRsdd sequence
B) is calculated as follows: 10 100 times the fraction X/Y where Xis the number of amino acid residues

scored as idBMFAERSHEREhBE BY- the CaGiuhea it RIS b hanEsRRs er il A0dfeigidih's alignment
of A and B, @niswhgne réigi thevherielal puathenphabim:-acichsegiduanimBedh wikheappreciated that
where the Ien%th of amino acid sequence A is not equal to_ the length of aming_acid sequence B, the %

“amino acid $8GBREBATAMTAIPRERS B\ WHTRBtUJRsPaTe 95 RIS RINSEeR B OM B Rtity of B to A.
Unless spetiiigatlyrsthest otheoriseichltd mmind agigspeuencehidpniityaluassdsespbeiain are -

obtained as.gescribed in the immediately preceding paragraph using the ALIGN- 20 2 computer
orogram. TG BN G AR S oBPNaTE DEARS B e FEB AR AIa Ruman
vascular enfididweligl. cell growth factor and related 121-, 189-, and 206- amino acid human vascular

endothelial cell growth factor descriped by, l.eung. ta,l.é;j, 9) Science 246:1306, and Houck et
al. (1991) Mol. En? o%?fﬁa,}%%%%?%egneﬁh{gre Wi ﬂ’thigﬁatu%gllf oc‘gﬁﬁriﬁnécgﬁé i]él%gﬁ’dt 6réocessed forms
thereof 0ThenermicV EGRtaisd befermiciBGRddmmmonhuras speciissuBhLORBHsH0Mt or

primate. Sometj E f a specific,species are,{ndi d by terms such as hVEGF for -
uman VEGE R For 20 e e ST et W AT R Ao rruncated
fornis of the(jdfygepside-dGmphising wntinBEridr 8y, ted oryintohiB®:dfddwrdbbiarming eltickhuman 30

vascular eng@{p;l' factor. . rencetQ.any.such forms of VEGFE may be identified in the
present app |cat|6.§i§%g),%%\ﬁlx\$ G%I%%%% m%ﬁgg%%ﬂ%g?@ &{?ﬂé&@é&%@%&p GF165." The amino
acid positionarfor amidgivarechlprdy EDPEGR A ré-mudriareccasrmdidiEd inakedisgitetiEGF sequence.
For exampl ]! [ itio ninc) in.t 1ative YEGE is,als ition 17
(methioiing) TR e o e T 10r e WO an Fitt
receptors cériipharablderidiirstimar Row/ e Flantdgonise refehits epmoleadieleaBable of

neutralizing, Rlocking. {0 iaifing: 3 0FRQaHD R FIAOTiRL {ﬂgq;é%gggnvggtgn\éggﬁ%ﬂvities including, but
not 5limited to, its binding to'one or more VEGF receptors. VEGF antagonists include, without
limitation, affh Bl Eh B HAd Rk garRsTedi Y g Hen ghsseBraraapa meiétules and
derivatives whigbRIBe pacficady.to YRGS SR SRYRSISIRI L PBYIRGI® @8¢,0r more receptors,
anti-VEGF receptor antibodies, VEGF receptor antagonists such as small )
20 TWEEN-20"" surfactant (PBST) at 25°C at a fHow rate of approximately 25 ul/min.
Association rates (kop) and dissociation rates (kof) are calculated using a simple one-to-
one Langmuir binding model (BIACORE ® Evaluation Software version 3.2) by
simuitaneously fitting the association and dissoctation sensorgrams. The equilibrium
dissociation constant (Kd) is calculated as the ratio koppkon. See. e.g., Chen et al., J. Mol.
25 Biol. 293:865-881 (1999). If the on-rate exceeds 100 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 250C of a 20 nM anti-
antigen antibody in PBS, pH 7.2, in the presence of increasing concentrations of antigen as
30  measured ina spectrometer, such as a stop-flow equipped spectrophometer (Aviv
Instruments) or a 8000-series SLM-AMINCO ™ spectrophotometer (ThermoSpectronic)

with a stirred cuvette,
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molecule inhibitors of the VEGFR tyrosine kinases and immunoadhesins that binds to 10 VEGF such
as VEGF Trap. The term "VEGF antagonist,” as used herein, specifically includes molecules, including
antibodies, antibody fragments, other binding polypeptides, peptides, and non-peptide small
molecules, that bind to VEGF and are capable of neutralizing, blocking, inhibiting, abrogating, reducing
or interfering with VEGF activities. Thus, the term "VEGF activities” specifically includes VEGF

mediated biologicAPaivities 153 YEspciationthe2sasistYidRIgicar astivityeuAdetoidigically active"

with regard g, MEGFROMRERIdE. G NVEGE Rstiving 1sier tphysisalichemitabprapsrties and biological
functions associated with hill-length and/or truncated VEGF. In certain embodiments, VEGF activity is

inducing anBil6CSfulatinY antrst (REMe drandistinEers N certain 20embodiments, VEGF activity

is inducing and/orsiimetatingrRRMen RIOmeting Negvassuiarizalicnmi carai ambadineats, VEGF
activity is inducing and/or modula&%g_vascular permeability. In certain embodiments, VEGF activity is

inducing antiFSFAtiFRtMBIRg dPeTRS/b RITHIHY REISEREHS REMSRfgFARGA sish/briesath el gel

proliferationh2 2ARtiM E Gnsieutializingraniiioties s uppkessihe grovdb afadmrieiveidpeman tumor cell
lines in nude gzice éKim et at, Nature 36%;841-844 (1955&&Warren et at, J. Clin, Invest. 95:1789-1797
(1995); Borg&tr B BL ST SRREIBRES B AbTS SPO POTE) PRAGHIGR ehdiecEsaste meavratty21-924
(1996)) andsgisednbihit. infraoculacangiegasesimibiadels ofdsctienicratinataisorders. Adamis et al.,
Arch. Ophthaltnot. 114:66-71 (1996)., 30The term "anti-VEGF antjbody" or "an antibg at binds to
VR refel & 15 O it R A6 indiy R A U S Eaiy A Specificity
that thedantihedybtisuti2etu) asl@diagnibstiehandiorihe aheutiongrht ik fatgetiognffator For example,
the anti-VEGF antibody of the invention can be used as a therapeutic agent in targeting and

interfering v?’/rﬁﬁl%iseases or conditions wherein the VEGF activity is involved. See, e.g., U.S. Patents
6,582,959, 6,703,020 ;pt0@8/ 5332 iMIOreH/3RI)A6: AA8A0IR 21 BORD05 0448 538<iiEP 0666868B1;

US Patent @Eﬁ%ﬁoﬁﬁé%ﬁ%ﬁ)&g‘? 200{3 0317, 20030203409 2.00%91121236 2%050186208,

9
and 20050 opkov et al.; o?%rr?gloo I%erlﬁcljen% 09?8%| e?hmgigg OEBYAGY XI@ ?ﬁf); and

W02005012358] Mhé¢hantibodyl detestde vhitl diffiorally havea suffisientlysttorng biisdinsiaffinity for
VEGF, For gx he.antic , ind hVEGFE with a Ka.value of between. 100 nM-1 pM.
Antiboldgy affgi%r%%?spér%%éy‘%teﬁ%e?g&nxﬁg%yg%ﬂaes%lr a? écﬁvggﬁjcﬁeﬁéss%nﬁﬁ%’gr ase aéég%l E(%uch as the
BlAcore asday aBdestibedirrPEM ﬁrpbﬁéMS_P&hbltéﬁﬁmmw@.ﬁW@@O@@ﬂ(}mm&?@i&zﬁme-linked 10
mmunoabsgriasaak (iR ATH£OMARLIANATRAY 48 S RAEY Blnfob SHATRIG TG antbody

may be subjected to other biological activity assays, e.g., In order to evaluate its effectiveness as a
therapeutic '8uchas $8ys ard/Rhewwidntise drednd Yependoniohe fakgetstigethand intended use for
the antibody‘:@)éﬁggpggéégggﬂg%mgCMQVEC inhibition assay; tumor cell growth inhibition assays (as
described in WO 89/06692, for example); antibody- 15 dependent cellular cytotoxicity (ADCC) and
comp@%ent-mediéﬁé%ﬁ%&k@i@%@%@%g@ﬁy@f(@s PEROSESISTO36 2 ) HRT Ao SSTR BER ity or
hematopoiegis AssBYR PR WY 2 1868) v AtV & hantibedy vl dstaivaet binghiapther VEGF
homologues such as VEGF-B, VEGF-C, VEGF-D or VEGF-E, nor other growth factors such as PIGF,
PDGF or bEEREWPENY & EBaRemenit s rashtndrecHenyeanismsaerial dstnsddy that 20

binds to thefgame aRiQRSASIHSIPNACIONAL R YECHAMIBEM:AdGrinredrcsd Py hybridoma

... ATCC HB 10709; a recombinant humanized anti-VEGF monoclonal antibody (see Presta et al. (1997)

Cancer Re<SPERREBEEY) STRER 4G BALTSE RS 1 th 4R EBUET IO RHHEL BEER Bithab (By),"

also knewn sagudhes\Rd 35 G 'serh cAMBSTAN S, tRMVASBEN d$ RECSaRty oD esiptyaayailable.
Bevacizumab ¢ nég ises 25 mutated human EQI ramewark regions and antigen-binding
complemen?&eri{(;() {%ﬁ%ﬁrﬂﬁbﬁ’%;%?ﬁ%%% iSOy A 4 & 18at Bidcks Biddihg of human

VEGF to itslgeceptss: ppriostimatieind 3vidahtiganminorasid: sequencs-abhsvagigsraimdaciuding
most of the framework regions, is derived from hu i, a qut 7% of the sequence is derived
from A6 10 G BB A Th ISP TERAS Y bl 46 06 BAHBHESA 1S SOTR TSy lated
Bevacizurnadsidneh athksdepaatire dnantieVE & Fratitinddie3sare utdheembodiment, the VL

30 acceptor human framework is identical in sequence to the VL human immunoglobulin

framework sequence or human consensus framework sequence.
A “human consensus framework” is a framework which represents the most

commonly occurring amino acid residues in a selection of human immunoglobulin VL or
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described in U.S. Pat. No. 6,884,879, issued February 26, 2005. Additional anti-VEGF antibodies
include the G6 or B20 series antibodies (e.g., 06-23, G6-31, B20-4.1), as described in PCT Application
Publication No. W02005/012359. For additional preferred antibodies see U.S. Pat. Nos. 7,060,269,
6,582,959, 6,703,020; 6,054,297; W098/45332; WO 96/30046; W094/10202; EP 0666868B1; U.S.
Patent Application Publication Nos. 2006009360, 20050186208, 20030206899, 20030190317,
20030203458" HAASISEGIALTSE: AT BBk SCHCIB R hEIBE R AGGREMeR5dé Das: 149-164
(2004). 5ThedetmrB20-sariespPRlyRepLide 8% Usadt hekrjicrriarstena-poly peplidgrdoglyding an
antibody that binds to VEGF. B20 series polypeptides includes, pbut.not Iimite%to antibodies derived
from a seqUERER BT ERFRRTSAY BP eSS0 EVREd AhtBot) eI 5S Pubication No.
200602807 4obgebaPiublivationp Nep200y Glkia2andiopkdS RwblicativsdNen? 30 #0260 the content

of these patent applications are expre 310 incorporated herein by reference. In one embodiment,
B20 series Pol§p: tfﬁéﬁ%@@-ﬁﬁaﬁ?ﬁ &b "iﬁ%@lPublication No. 20060280747, US Publication

No. 20070141065/AtdidstbGréblitatmeiNes 2007002026 MmjrisandibesamnbodingrhcB20 series
polypeptide iﬁlBZO- 4.1.]fh(g%suibed.g18PCT Publication No. WO OOQ/OZI’I%{l)?Q, ]tggte ?n}ire disclosure of
it aﬁ}% : A

which is exPress i%&%}pora eﬁl?l%{?lemeﬁi}% erence. & THAN %8u§’erles'p3|ypeepﬁde" as used

herein refers to a polyeptieeounpd udingnaus Sntizedy thadinmisdohy E€akendts Seqesipolypeptides
includes, but, not limited to, antibodies derived from a sequence of the 06 anti or a 06-dcrived
tivody ceCAASH Db RSt OE K8 SG0B0oBE T e B abheAGoR 106, 2B 0bs andlor Us
Public&tion No. 200706202 6 %206 tkeriempolybeptidesnasidesonitiedtin oS uhlicatiminNens20
20060280744, Publication,N 141065 and/or Publication No,,20070020267 include, but
ot imited o ETa SR B g T e factor which
stimulates the devétopméntdbidet vessalgcetly. [promitéc angioydeasisthetidotipelizt ¢ ibyrowth,

stabilly of blg Qaé‘ceo%&eéﬁa&%%?&%% WENGS i R ERANRlS %Jé’o%?ﬂé% f?o%ﬁ%réﬁ'ﬁmde’ but 25

3d}l[b? 9\
are not Iimiteg to, e.g., VEGF and members of the VEGF fami szVE -B, VEGF-C and VEGF-D),

HOE, PDGm:f#sriRfutihroiyizetigeoivt faselitsd misiolr @ré makEulg dwdket Ardidpoietitidyicephrins,
delta-like ligand 4,(DikAyRakdq fibreplagl el isdarsaaidic aECR Apd Rasic RFGE). follistatin,

granulocyte colony-stimulating factor (G-CSF?', hepatocyte growth factor (ROE) /scatter factor (SF),
Interleukin-8y¢Laig aqlitialastitfin BICSOH B NSRBI vl Faesinpldeshsloa dbifdel endothelial

cell growth faglor (PR ECGRL R RiglslsisHved,grquth factor, especially PDGF-BB or PDGFR-beta,
pleiotrophin (PTN), progranulin, proliferin, transforming growth factor-alpha (TOE-alpha), transforming

growth factor-beta! EGEIDeta At hsgsinrasisieasisAdoatie fa1p Ruy dtact isifa®dso include

factors that aeaelersategiandiiaaling: SuehiaaamwW N MARE, S WHRkdKecHOWRR I (IGF-I),
VIGFézeé)ide,rme}lB%owth factor (EGFI, CTGF and members of its family, and TGF-alpha and TGF-beta.

See, €., KiasBII Khd BHkhT5ieTt 108 Hran AGERY ShYid IS T0 3¢ dyadtisinabliar (2003)
Oncogene 28i3lehs 3kl tchiniam Ahitrlantotd-NatyweMedician(haiddbdsedetanini et al.
(2003) Oncogene 22:6549-6556 (?d%‘{'Ta?ls l\llAisting known %nqiogegip facgors); ]and, Sato (2003) Int.
J. Clin. OncSI2 858 y568:: wherein adaitiona A segments may beTigated into the viral genome.
Certain vectors are capable of antonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal
25 mammalian vectors). Other vectors (¢.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 of
directing the expression of genes to which they are operatively linked. Such vectors are
referred to herein as "recombinant expression vectors,” or simply, "expression vectors." In
30 general, expression vectors of utility in recombinant DNA techniques are often in the form

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

interchangeably as the plasmid is the most commonly used form of vector.
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An "anti-angiogenesis agent" or "angiogenesis inhibitor" refers to a small molecular weight substance,
a polynucleotide (including, e.g., an inhibitory RNA (RNAi or siRNA)), 10a polypeptide, an isolated
protein, a recombinant protein, an antibody, or conjugates or fusion proteins thereof, that inhibits
angiogenesis, vasculogenesis, or undesirable vascular permeability, either directly or indirectly. It
should be understood that the anti-angiogenesis agent includes those agents that bind and block the
angiogenic activity STHREck SRy Aic TAEtBIc 3F its' rscisptoterst exdanipeoEmanafanglegidrssis agent is
an antibodyyerthelsld ANACgRRItAANANGIRIENG ARt ARidelineskaRaYe: S S RBHRAdIES to
VEGF-A or to the VEGF-A receptor (e.g., KDR receptor or Flt-I receptor), anti-PDGFR inhibitors such
as GLEEVE®@aHeittsb Mrdifedeydentioneidestecmif ik aptions. @capsibsigHaivg e.g.,
PTK787/ZK2286 iS446568 SHTFNEOISY 1] 248 sHRl Sralate)AMS 106n dkthass.Agscribed in,

e.g., international patent application WO 2004/113304). Anti- 20angiogensis agents also include native
angiogenesis IRRMIFEIds BransryiastsgimodHirgstugisotdes sueh asgnobygissriveisaidesaatore (1991)
Annu. Rev. Réysifliod3: A Fr3nStritiansbetinat (2003)i@NAgans B3kl (R@re hable 3

listing anti-angiogenic therapy in malignant melanoma); Ferrara & Alitalo (1999)Nature Medicine
5(12):1359-1 564> FBIR; Ut Af RIHST Ohtoanens> Baueesises @y deabrrmnistiy Réwn
anti-angiogenitctariosinphant, SaiRRRRb N haGlipndOncob 812000206 fe:8e sRable 1 listing
anti-angiogenic, agents used in clinical tria]s). A "dijsorder" is .any. condition or djsease that would
benefit fronﬂir}(g%i et ‘é}%‘ﬁ?ﬁ&&ﬁ%?ﬂ%g?ﬁeﬂ{ o S Ivarit ?lﬁﬁéq?iefifdé%réﬁ%ml&and acute
disordeds of dipeaseissinatitding dhoserpathofahioalcaligitionssiahdredisposet theapatspmal to the 30
disorder in %g%tiop. |\1| n-IirHi ing examples of disordeys Hélat can, be ﬁ}eateg u%in%the antibodies and
antibody fragmante or fie  AvEISRaRP TG aAS A STEERAG 480% AT dRelierd BRSURSS Cierein under
"DefinitionsicHlybraipd doattp rdlifgriativiestiso rdesphmdrigaotiforafiven disoede y areferido disorders that

are associajgd Wi some. degres,of Abnormal.cell profiferations lo.one pbodiment, e cel
proliferative Yisorder s cancer, P10 or,”as os&d e'r%ln, rerere 16 a n'%’op’Pasnc ceﬂ{gr%wth and

proliferationy&vidne therefrealigrditsofdperigml andatipr & cancelous andkoaneaibodicearid tissues.

The teyms "¢; ", icancerous | proliferative disorder", "proliferative disorder” and "tumor” are
not mutguqallé @%%i@gg?%%l’rgﬁ&%ﬁ%%%m& m{%%agat%l%% ?'gér%)%néi gl%cﬁ?gr?ﬂ?ﬁ’oer %iégr?(sj?\-solid or soft
tissue tumotoERamNples Biws fictissusttlmuddndivd mksukemianeogidafivomctay etogethosrs leukemia,

acute 10 mGIRSERAPHISHIETIR. 44 acuis iRbaleste Iskenin, aeis Muslqggnous leukemia,

mature B-cell acute lymphoblastic leukemia, chronic t emia, polymphocytic leukemia, or

hairy cell leéiéenia) Bk 4y nprreshizddgmnohtiraediincicyidpiomi chtarmouy hebiidyrphoma, or
Hodgkin's d%?&ﬂ%@rﬁé@fgp%geﬁr@ﬁlggﬁ@a&%%ﬁ%’b@%@cﬂ%ﬁ@éﬁ@pﬁ@mm&l%d’ bone marrow,
or the lymphati¢ system. Solid tumors can be further
20 groups, phosphate groups, protected by standard protecting groups, or activated to prepare
additional linkages to additional nucleotides, or may be éonjugated to solid or semi-solid
supports. The 5 and 3’ terminal OH can be phosphorylated or substituted with amines or
organic capping group moieties of from 1 to 20 carbon atoms. Other hydroxyls may also be
derivatized to standard protecting groups. Polynucleotides can also contain analogous
25  forms of ribose or deoxyribose sugars that are generally known in the art, including, for
example, 2°-O-methyl-, 2°-0O-allyl-, 2’-fluoro- or 2"-azido-ribose, carbocyclic sugar analogs,
o-anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars,
furanose sugars, sedoheptuloses, acyclic analogs, and basic nucleoside analogs such as
methyl riboside. One or more phosphodiester linkages may be replaced by alternative
30 linking groups. These alternative linking groups include, but are not limited to,
embodiments wherein phosphate is replaced by P(0)S (“thioate™), P(S)S (“dithioate™),
(O)NR: (“amidate™), P(O)R, P(OYOR’, CO, or CH2 (“formacetal™), in which each R or R’
is independently H or substituted or unsubstituted alkyl (1-20 C) optionally containing an
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15separated into those of epithelial cell origin and those of non-epithelial cell origin. Examples of solid
tumors include tumors of colon, breast, prostate, lung, kidney, liver, pancreas, ovary, head and neck,
oral cavity, stomach, duodenum, small intestine, large intestine, gastrointestinal tract, anus, gall
bladder, labium, nasopharynx, skin, uterus, male genital organ, urinary organs, bladder, and skin.
Solid tumors of non-epithelial origin 20include sarcomas, brain tumors, and bone tumors. The

terms "canédierdrid) dkesotiat AdkenY 8)‘“6%%%éyﬂk%agmlﬂbﬁ‘i%@%oﬁﬁﬁﬂ%ﬁﬂkﬁﬁﬁﬁ@%ls that is

typically charagaigrizesibyssarsgulatadaceltigr overdmsarplesioh cpprey ineludsi plicririaat limited to,
carcinoma, lymphoma, blastoma, sarcoma, and_leukemia or lymphoid malignancies. More particular

examples JF&IEH EARTEE iRAUER e At RA-25t0, squamous cell cancer (e.g., epithelial

squamous cell cancgiodubgdaRrRcesdnchdding ismakealywircangestt nemsaslkagllung cancer,
adenocarcinoma of the lung and squamous carcinoma of the lung, cancer of the peritoneum,

g
hepatogelluidP e &g AL Ry B USRS B R R A R A S b AR LR SR AriE Y astrointestinal
stromal canger, fancreaticdantess glirhlastonma. taeivical eanchitidran ganeeiclivadeaneer, bladder

30cancer, cancer of the urinary tract, hepatoma, breast cancer, calon cancer, rec ancer, colorectal
cancer, en&ﬁ’ﬁf@fﬁ'é?@rﬁéﬁ% Car%ﬁl%?ﬁ ,%511\/%\‘?9@%%&’ @M?}S?ﬁl ?&f&ﬁ&k}%l? raé’ﬁﬁgfjflggncer, prostate
cancer, vulegptadideto thyromidasidss, hepatic carcinoma, anal carcinoma, penile carcinoma,

melanoma, supert'ﬁlial spreading m(%la\noma, Ienl;ig m Ii%ﬁ melanoma, acral Iepti inous melanomas,
€ EXNIeSsion "Cconiro SEHBG@C’SS FeI‘S O .se&uealces FCCGSSE‘H'&‘ <
nodular melanomas, multiple myéloma a -Cell' lymphoma (including low grade/tollicular

non-HodgkiexXpibaniphnofna ¢hdblydmatd oo esdic{S ihnNiirtintbrrmhesiateagrade/follicular NHL;
intermediate grade diffuse NHL: high.gr immunoblastic NHL: hi rade lymphoblastic NHL; high
Orado amall B e e L Ky Bt o o R et
lymphoma; anhilitdenstomesshMacnogl ebd brdmiainchihic lyitap Mubyticteudainiac(@lol) acute

lymphoblastic |eukemi ). halr I a; i oblastic leukemia; and post-transplant
Iymphoprol#é}lagtﬁlzkee é?é%‘r%%%(BQﬁD%e Zéﬁgﬁg@g%h(@arﬁ%ﬁ\?%%lar proliferation associated with

phakomatoses, edesnlgifsutth iadapeeblysodiads dvirithilosameddhintrord)invisiog) xyaidvomie, brain, as well

as head and fieditGROGET, andassoniaied ristasiases. Ihoetaln smagdiments. sangers that are

amenable to treatment by the variant IgGs of the invention includé breast cancer, colorectal cancer,

rectal canceadmns owratdeliniag ledAtiér feflin braurshiae ribh Jpedyrined piriopiepal i), renal cell
cancer, ProgiaiR Eaeel (HYeE CANGehr RS A AIG RN ShoBAltl SF URRAFCP I 3p SABRSIRKSAROMa,

carcinoid 15 carcinoma, head and neck cancer, ovarian cancer, mesothelioma, and multiple myeloma.
In some embrfiinRprEutAE chit cdferd R EIBECRBRYINE GrotgEaRsi ity srsRw Pardingnccancer,

gliblastomayjg f@&l'ﬁﬁ%@@i‘&%lﬁﬂ@E%ﬂu@ﬁ‘@@iﬁﬁ_%@f%i&%d%%ﬁi%%@ﬁt&?&ﬁé%@ﬁamef (CRC),
and hepatocellular carcinoma. Yet, in some embodiments, the cancer is selected from the group

Consis%g desnseaty aﬂ%@PiﬁﬁM&?ﬁ%TB‘?&&%PNA sequences being linked are contiguous,

and, in the case of a secretory leader, contiguous and in reading phase. However, enhancers
do not have to be contiguous. Linking is accomplished by ligation at convenient restriction
sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are used in
accordance with conventional practice.

25 As used herein, the expressions "cell,” "cell line," and “cell culture" are used
interchangeably and all such designations include progeny. Thus, the words
"transformants” and "transformed cells” include the primary subject cell and cultures
derived therefrom without regard for the number of transfers. It is also understood that all
progeny may not be precisely identical in DNA content, due to deliberate or inadvertent

30  mutations. Mutant progeny that have the same function or biological activity as screened
for in the originally transformed cell are included. Where distinct designations are

intended, it will be clear from the context.
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20cancer, glioblastoma and breast carcinoma, including metastatic forms of those cancers. The
mini cancer embraces a collection of proliferative disorders, including but not limited to pre-cancerous
growths, benign tumors, malignant tumors and dm'mint tumors. Benign rumors remain localized at the
site of origin and do not have the capacity to infiltrate, invade, or metastasize to distant sites.
Malignant tumors will invade and damage 25other tissues around them. They can also gain the ability

to break off from whieteethisyeitartsdUntF'SJrder i otfe shfta ar treclsetigeriptelsraisescusually
through the ploodsiresie esthrpvaidherephalic sysiesr whemihedyanhnedemargiloeated.

Dormant tumors are quiescent tumors in which tumor cells are present but tumor progression is not
clinically apfargrrpinbaiPisnbrec e bedsiRdrgiPme e oy hab R morRt MhiRPM Y arise;

30metastatigotHmessoake £lagsitiadoy fhastssvritins frmouhichthel cancenicallprenderived. Over
time, the cells of a malignant tumor become more abnqonal and appear less like normal cells. This

change’in tHEsH5P &R um LE g skl cehstiodaldarne tandsr dratsaaling tattebrtbidBR described as

being well-difesentirter, imaderataly difierentiatdd peesly- Mdiffamniategiconyndifesentiated.
Well-differeptiated cells are qujte.normal appearing and resemble the normal cells from which they
originated. i that ger possible

ainated. DHTEHAEIED IISTe CEnIbRe Nave SOy SbHL i tiet RTA Bhger posail
to determinediie Qeiginoidhehealis, thus kgikebal eancers ganesadlycevolvea framoakienign tumor to a
preinvasive e (e.g,, carcinoma in situ), to a malignapt cancer, which has penetrajed the basement
membrane IR THE SRR AT o e cr g P R NS AR CA S 5Dt rowth or
developmenizefitis Syatheigaot, ddicoellslcnidertaith asidodimentsiithe' dysplase isthighagrade or
precancerous. By "metastasis” is. nt the spread of,c r.from its,primary site to other places in 10
the body. CELY I Bl B Ay oy TR e e Rt 2 oo
vessels, cirduldte. thraludpothig-ioodstradnt, Hachgroifin)ddistda fodils fudtastasize) in normal tissues
elsewhere in (e Bady, Mefasiasis.can bedocal.or.disiant. Melasiasls, o 2 seductrial process
contingent on fumor cefls brea go?ﬂrom the prlmary?ﬁnmor“,‘%raveslln% t%roug e bloodstream, and
stopping at acdistanhsierAfathd sidevisite, texelislestalpisid BivSykioos EagphCamdesh grow to form a
life-threatening,mass.. Both stim [ 1.nhihito, lecul thways within t mor cell regulate
this bl B R e aleo

significant. Thel‘eﬁre'mi@?@ﬁetmgb@nﬁém@aﬁmnﬁm bewdf%@lsm@man@@mlﬂBOm the
primary tumar.{0:0 %&%ﬂ%ﬁo?foﬁlﬂ,%%%é’otm& 'OMERFRSE DAL LMa Bakhe Jaledes A

20screening or diagnostic test. y "non-metastatic” is meant a cancer that is benign or that

remains at thietheipedep siievaiianibe tisrpbinstiened iiieemadaviitatiesosplosaoréasdpshstem or to
tissues othef, than e RIBaRY-RIS HRARN Y AHIRImATBR R CRARBR 3.0 GARCR! fhat is a Stage 0,

I, or Il cancer, and occasionally a Stage Ill cancer. 25Reference to a tumor or cancer as a "Stage 0,"
"Stage2l" "Seaydate and gL it Sopa et VeCRigERYe DS IREETHATOTRRETE AHSP BIERIHSEr using the
Overall Stags: GIWBIRG:RReM@pdmeral Staging methods known in the art. Although the actual
stage of the cancer is dependent on the type of cancer, in general, a Stage 0 cancer is an in situ

lesion, a Stage | cafE&FRECSHRN TdpeaTARdRaMeY, wismipdir aRtbedistdtesrided ibéapalavaRted tumor
30which exhilits invoblyementefdheokecaldymph svdes: and b &IRIRINHEARGEs JepresaRts Metastatic

cancer. The specific stages for each type of tumor is known to the skilled clinjcian..
Fd segments (VH-CH1-VH-CH1) which, together with complementary light chain
25  polypeptides, form a pair of antigen binding regions. Linear antibodies can be bispecific or
monospecific.

As used herein, “library” refers to a pluratity of antibody or antibody fragment
sequences (for example, variant 1gGs of the invention), or the nucleic acids that encode
these sequences, the sequences being different in the combination of variant amino acids

30 that are jntroduced into these sequences according to the methods of the invention.

"Phage display" 1s a technique by which polypeptides are displayed as fusion

proteins to at least a portion of coat protein on the surface of phage, e.g., filamentous phage,

particles. A uatility of phage display lies in the fact that large libraries of randomized protein
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By "primary tumor" or "primary cancer' is meant the original cancer and not a metastatic lesion located
in another tissue, organ, or location in the subject's body. By "benign tumor" or "benign cancer" is
meant a tumor that remains localized at the site of origin and does not have the capacity to infiltrate,
invade, or metastasize to a distant 5site. "Cancer recurrence” herein refers to a return of cancer
following treatment, and includes return of cancer in the primary organ, as well as distant recurrence,
where the ceaesrystrbsropididandfoticipritapytoidanthose s@yenoendradbimdan@ytaigameant a
prolonged aieasenlaAleaish BIMRL calikpia AR BRRELIImARgIe RN A ﬂ&hchngya“y

apparent. A dormant tumor may or may not be detected in a screening or diagnostic test.
"tumor burd@¥'sgscaegmiiont phBebotradredotenss thihsipecofcdtodies porndréesmbBelvdteancer in the

body. TumaRyiaisARaHEIerRd (RS Rk B3k A LRALAIBRSE STeAR g Pumber of

tumors. 15Non-neoplastic conditions that are amenable to treatment with antibodies and antibody

fragmefits dPeiEVERHEh fhdrddo sitbarecnetilmiteertoy Blg! ilaeaiang BhagseYemisiipdertrophy,

benign prosigic:tinatisopby-adhlisshauBalox:sshits ARAMRsarialsarindtis, npuEodegenerative
diseases (e.g. Alzheimer's disease, AIDS-related dementia, Parkinson's disease, amyotrophic lateral

sclerosis, refARY Bt RRESH SR AIP0RIN SEwnektite dPrrand Es e s s Y era®Bion autoimmune

disease, pseHiasis, MLOHMGRIAAURS BILOIHIBISHRIBRKOSEIRIRBISy AIRREQRGIRSRLIE Rlaguses,
Hashimoto's thyroiditis, angiogenic disorders, ocular disease such as presumed ocular histoplasmosis

syndrome, ISHFEIRFELCIGRAHoRIRD ANTIFABEME BoRF SEHEF BrImEPAFE SO pliESS ARy $edinopathy of
prematurity réliahetis paptarpaiygsal ahanial iy aplasice DRYaSHR: T AdeAMAHABER148 related
macular deggperatié)n, diabetic maculgr edema, corneal neovascularjzation, corneal graft _
neovasculaliZAEIRCCETHEE BFARSE; B EEhS PARM R ARG AR Atz nch s scularization of
the angle (ruisEasisjcthcdianneavascaias distass, Masciabiseas®saanaitions involving abnormal
proliferation of vascylar epithelial cellls, vascular restenosis, Guijllain-Batre Syndrome, polyps such as
Colon polyps, famifil BHERBINAtS 4 BN LISRo SR Ca B bP BRI A O ps,
gastrointestitwil i censd, ainipyti€dnyperiraphicgylonf sheaosishatnanhe batigehidensynicy aree, Menetrier's
diseasg, secreting adengmas .or protein Joss syndrome, fiproadenoma, respiratory disease,
cholecfjsstitiso,nn%iﬁ%é | ‘Fgr%’%%:éllg?}ga 8??8\9%%6%%21%%}%“&% gefl,&(%ﬂ%,e %{ﬁ%@%@ hemangioma,
angiofibromiagctieyicgibh dey pdrplasiasd(miludin g Gealéyschitease)l edrbeaharicoifremtisbaue

ransplantafion, jylammatony diseases, chieni lammation, Jung Infammation aeuiglung
injury/ARDS, sepsis, chronic occlusive pulmonary disease, prlmarypp onary hypertension, malignant

pulmonary é¥bsioreds athbrongthetternadollowimg hdedsyithealzaneadiationrsiookis ygdoximn
of phage particles, the mode of replication of the plasmid changes to rolling circle

20 replication to generate copies of one strand of the plasmid DNA and package phage
parﬁclés. The phagemid may form infectious or non-infectious phage particles. This term
mcludes phagemids which contain a phage coat protein gene or fragment thereof linked to a
heterologous polypeptide gene as a gene fusion such that the heterologous polypeptide is
displayed on the surface of the phage particle.

25 The term "phage vector” means a double stranded replicative form of a
bacteriophage containing a heterologous gene and capable of replication. The phage vector
has a phage origin of replication allowing phage replication and phage particle formation.
The phage is preferably a filamentous bacteriophage, such as an M13, f1, fd, Pf3 phage ora
derivative thereof, or a lambdoid phage, such as lambda, 21, phi80, phiR1, 82, 424, 434,

30 etc., or a derivative thereof,

As used herein, "solvent accessible position" refers to a position of an amino acid
residue in the variable regions of the heavy and light chains of a source antibody or antigen

binding fragment that i3 determined, based on structure, ensemble of structures and/or
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5 or ischemia, edema from myocardial infarction, ischemic injury, damage following a cerebral
ischemic event, cerebral edema (e.g., associated with acute stroke/ closed head injury/ trauma),
thrombus caused by platelet aggregation. fibrotic or edemia diseases such as hepatic cirrhosis, lung
fibrosis, carcoidosis, throiditis, hyperviscosity syndrome systemic, synovial inflammation, panhus
formation in RA, myositis ossificans, hypertropic bone 10formation, bone associated pathologies such
as osteoarthitiisleitkErstaro Ste apdhrodisratiuso bjrdsuitEschont wrjoientialzmmiidn for :

Myelodysplastic, RypdiQmes aPIRSHE ADRMIanIdngY, Qriver.d :cell sedjated hypersensilivily disease,

Paget's disease, polycystic kidney disease, 3rd spacing of fluid disedses (pancreatitis, compartment

syndrome, BOROBGWREBIsahs &b ipiie (ARBmmdvanisueHeasnEthtorekirs disesdecahd ulcerative
colitis), renglcLadisprdetidenat ﬁ#agf%ﬁ@@sﬂage@sﬁm SshoR! LisRAREOIIAnspIARE rejection,

inflammatory bowel disease, acute and chronic nephropathies (including proliferative

glomeralonéptitisranaingsateal mavmber rtbeendans &novaphBycsy davimenbrdssitid or aberrant

tissue mass;grAMlReATAPSa . RReS I RHIRESS HissUBNaSI ArRuih. bemapkiliadointachypertrophic
scars, inhibition of hair growth, Osier Weber-Rendu Syndrome, 20 pyogenic granuloma retrolental

fibroplasias®S&TeBURe AaP TSRS & 4 CORPYEHBEIEHE SYbitac FPErdb ARG reaction of the

skin, skin digoselarssincib BingNIONRS ROgk despatlispSGAEMRRARIBINE(ABcEaYsRd by UV
radiation of human skin), hypertrophic scar formation, reproductive conditions such as endometriosis,

~ ovarian hy pERGHRSHHTEY A BRTHE ety SRSRnEvHRM HisELSe /pfédcitiosta Sdy ithctional uterine
bleehdim, orcz_ﬁmﬁnoqlrgmmh@gia_,c)mef.ine,ffh?i.dgow@m?mgba@grva@@aﬁswi;@@ﬁﬁi@&@é&zﬁion (such

as that assqciated with pericardjtis), pleural effusion, endqtoxic shock and fungal infection, certain

microbial in%é:c}?l A UGIRg sr‘?%té’i%ﬁé?‘ﬁ%ﬁ?g@éﬂ‘sogeé %F&ﬂ“gdgéﬁm?ﬁé?%géﬁ?&\?ﬁﬂ@es, Borrelia

bu rgdorferi,i?ﬁbﬁﬁiﬁiﬁaﬁpbtaiBﬂI(_fﬁi@l lﬁlp.ﬁﬁlb.ti‘éis aﬂﬂvﬁ&yﬁhﬁmﬁﬁ dé&ﬁtd@c{& & ?}eselpiﬁ@pbmenia, pipolar
depression Lo SKSTUER St i) son tesplsien doepse s herespraton
fibrosis, bro#ighi@tbiagispattenyicqrethensdnifistoi<i pasitetcnflrd dzantifry psibdeficieicy, coughs,
Pt SRS BRI s RSl s SN gyt pmonan
disease or disteroensmsingsrbrmaadaiibbieckagaimsd ardmokithddalisioywe fissuefrbxamples of
autoimmune, diseases, AadisQIAels. INEIHAE: bt 808 L mitesi, iamraAaRigesponses such as
inflammatory skin
“Percent (%) amino acid sequence identity” with respect to a reference polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that
20 areidentical with the amino acid residues in the reference polypeptide sequence, after
aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent
sequence identity, and not considering any conservative substitutions as part of the
se@uence identity. Alignment for purposes of determining percent amino acid sequence
identity can be achieved in various ways that are within the skill in the art, for instance,
25  using publicly available computer software such as BLAST, BLAST-2, ALIGN or
Megalign (DNASTAR) software. Those skilled in the art can determine appropriate
parameters for aligning sequences, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared. For purposes herein,
however, % amino acid sequence identity values are generated using the sequence
30 comparison computer program ALIGN-2. The ALIGN-2 sequence comparison computer
program was authored by Genentech, Inc., and the source code 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. TXUS510087. The ALIGN-2 program is publicly
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diseases including psoriasis and dermatitis (e.g. atopic dermatitis and contact deimatitis), systemic
scleroderma and sclerosis; responses associated with inflammatory bowel disease (such as Crohn's
disease and ulcerative colitis); respiratory distress syndrome (including adult respiratory distress
syndrome; ARDS); dermatitis; meningitis; encephalitis; uveitis; 10colitis; glomerulonephritis; allergic
conditions such as eczema and asthma and other conditions involving infiltration of T cells and chronic

inflammator@“@é@b’@rfb@é;%h@f@ébléﬂés@?‘l_’élmﬁ@@ﬁ@%@ﬁiﬁ@ﬁ&e@amm&damﬂtis; systemic
lupus erythematosus (ALEXliahgies ek (e lyRe I Aiaheias MEllBHS empWiRdgpendent

diabetes mellitis); multiple sclerosis; Reynaud's syndrome; autoimmune thyroiditis; allergic
15encephal®ityaifseSiprlyetisial Harbmeét e dilb ssauatadi apanssisamgarpmeaiere sesipohsdecassociated

with acute andidelayed HyRersensitiyity.sediated by cytokines and T-lymphocytes typically found in
tuberculosis, sarcoidosis, polymyositis, granulomatosis and vasculitis; pernicious anemia (Addison’s
disease); diseasedBRIARS [RORGCHd @Bt esBlovafhien Hamo id &y RABPRICINSPHlamniEtory
disorder; mujfipig-@raan iR SyRLRRSrARemalttes ane g EREudingy. RHL sloldimited to
cryoglobinemia or Coombs positive anemia); myasthenia gravis; antigen-antibody complex mediated

diseases; aBtrgidMBRI A b IsReA B BRIt SRl dismatze NN ERFAdFBIR 28iflergic neuritis;
Graves' disgaaenbambeftiaatendmyasthienierayndiameiddamniigricbiousy REMARIgYS; autoimmune

polyendocrinopathies; Reiter's disease; stiff-man syndrome; Behcet disease; giant cell 25 arteritis;
immune coRfIERt ADHTIETIGA AL BTGP SVl Pe SAHAES: immune thrombocytopenic
purpurgs(lIP) or autoimmune thrombocytopenia etc. The term "vascular disease or disorder” herein
refers to the various diseases or disordersowhieh ilegactithexascular system, including the
cardiovascular system. Examples of such diseases include arteriosclerosis, vascular reobstruction,
atheroscleredisre 30ipostaungieablastubalciiennsiss Rstedasiglcwasauaraesluginn agcanesid

obstructive disease, coronary, artery disease, angina, small vesse| disease, hypercholesterolemia,
hypertensio%}%%?%@ﬁ%ﬂ%ﬁ?&%dna@ﬁ%ﬁﬂ%gﬁoﬁi%%‘fi%?ﬁ“oﬁf@n%ﬁﬁﬁ’gfl fifiaat;'éf)ﬁ]"?elial cells.
As used hetetdl, itrebémehith{an acihréaiimas iaUghlas/lireatippredraadingt) watesstolefigigalfintervention in

an attempt to alter the natural course of the i gividu | or.cell being treated ng?cg be performed
it Lol AR RadS o

either for pr%%h%ﬂﬁms or ﬁrrlf;r?g fe'Colisd 5? Fnilgn pa %%5?/.35 gﬁ%l%ﬁ%c’g tféditent include

preventing ecclycenoeordemtityrefisdodt Sdiseasenall dvidtieamofsyriptams)«indmistymEBt tof any direct
or indirect pathpladical,consaalangas pLihe.disgase, preventing metasiasis, degreasing the rate of
disease progression, Amelioration o pa ialion of the disease sta e, an remt%smn or improved
prognosis. Iesomeerhbrodithentssovikam hGsofahietdy erttodivg e arsgdith delaydetblépiment of a

diseasgoor @%%%g[gt&rgoo%lgﬂ the progression of a disease or disorder. 10An "individual,” "subject," or
"patient” is a vertebrate. [ certain embodiments, the vertebrate is a mammal. Mammals include, but

are not limited to, fﬁrﬁt@m’ﬁ?éliﬁ@b@h“é@@@m&’j,asp@wmmia&fgé® (badiaeaspddderamd horses),
primates, mice and LR L SMRAdINe oky AMamaal ke Nimaps Tha s e phalipaceutical

formulation” or "pharmaceutical composition" refers to a
vascular endothelial cell growth factors, as described by Leung et af. (1989) Science

246:1306, and Houck ef al. (1991) Mol. Endocrin, 5:1806, together with the naturally

25  occurring allelic and processed forms thereof. The term “VEGFEF™ also refers to VEGFs
from non-human species such as mouse, rat or primate. Sometimes the VEGF from a
specific species are indicated by terms such as hVEGF for human VEGF, mVEGF for
murine VEGF; and etc. The term "VEGF" is also used to refer to truncated forms of the
polypeptide comprising amino acids & to 109 or 1 to 109 of the 165-amino acid human

30 vascular endothelial cell growth factor. Reference to any such forms of VEGF may be
identified in the present application, e.g., by “VEGF (8-109),” “VEGF (1-109),” “VEGF-
Ajpe” or “VEGF165.” The amino acid positions for a "truncated" native VEGF are
numbered as indicated in the native VEGF sequence. For example, amino acid position 17

(methionine) in truncated native VEGF is also position 17 {(methionine) in native VEGF.
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preparation which is in such form as to permit the biological activity of the active ingredient to be
effective, and which contains no additional components which are unacceptably toxic to a subject to
which the formulation would be administered. Such formulations may be sterile. See also section
entitled Dosages, Formulations, and Duration. A "sterile" formulation is aseptic or free from all living
microorganisms and their 20spores. The term "effective amount” or "therapeutically effective
amount" reféhs toragitgheniiveof BCdt ligsdriedinga fanitz debikideRBeand dlsdrasentres subject. In certain
embodiments,an-affeclivgproutiFrefers to an amount effective, at dosages and for periods of time
necessary, to achieve the desired theraFeutic or prophylactic result. A 25therapeutically effective

amount of a substanoEbleareBsthEcipvdRtoRIaY S 6D of i i FR&drediies as the disease
state, age, sexvARY WeighlplthedndividyalanditbeaRiNE aFthesuRsiapemORaYls: to elicit a

desired res%onse in the individual. A therapeutical?y effective amount encompasses an amount in

which ahy t6RIESHBetihiardiar &rarsobigis YiEdpeasieddichroaernenhebds wEdérapeutically
beneficial effggigi30Untne casapisancemihaeifectivaiapeunheliha g maydedunedhgnumber of

cancer cells; reduce the tumor size; inhibit (ll.e., slow to some extent and '_[épiga ly stop) cancer cell
infiltration i sFipREE BRighNARRSH (I @bsRW FEShebxfsAr e iBRieAIYtsdP RISF metastasis;

inhibit, to safe:axtepiork)MAl- YIGRhe MY IofitiRaMEMEF tBe-unahaandier Saliexesifagome extent
one or more of the symEtoms ssociated with the disorder. To the extent the drug may prevent growth

and/or kill eXeHicY cAHEBYUSIRE IR SAdErsHingsch P dyiorneadiesips ShRn By effective
amounti refesGp anamaHGEfegtivehatdasagespasthioni peradsef e esassadyyto achieve the

desired prophylactic result. Typi %Jl , but_not.necessarily, since a pr /lactic dgse is .ysed in subjects
prior to or A GGG B HELHSE RS SR RO SRR R BORE RRTEB fss than the
therapeuticaliyteitecihenampeitidénsihg] easecofder ereiFiae RUSE BENIGH aariysbidate-stage tumors, the
therapeuticallxtl effecrti)\/e ou tigftthe n?iogenic inhibitor me%%{educe.%apb g%mbq{r of.cancer cells;
reduce the Bﬁm%r’;%%ﬁho? S ?t%l’%f §(§/%]t16gs%er§1lglél>%[8¥1ina o 5?&3’? %/Es p"ﬁcégﬁb@ér cell
infiltration irftupetipheral dfG&ls ctidit (ispectiow josdidesSXEGE ardiprelbialolyitiop)itdtizer
metast[aasis;(;?l{l}jg&gr delay, to some extent, tumor growth or tumor progression; and/or relieve to some
extent one or more of the symptoms associated with the disorder. To 15the extent the drug may
prevent growth antifertkitheXisthgicaheeivoglisnit thaydpecelifostatic’ ant oceytotoXEGEF

polypeptide or “VEGF activity” refer to physical/chemical properties and biological
functions associated with full-length and/or truncated VEGF. In certain émbodiments,
VEGF activity is inducing and/or stimulating and/or promoting angiogenesis, In certain

20 embodiments, VEGF activity is inducing and/or stimulating and/or promoting
neovasculanzation. In certain embodiments, VEGF activity is inducing and/or modulating
vascular permeability. In certain embodiments, VEGF activity is inducing and/or
stimulating and/or promoting endothelial cell migration and/or endothelial cell
proliferation. '

25 Anti-VEGF neutralizing antibodies suppress the growth of a variety of human tumor
cell lines in nude mice (Kim et al., Nature 362:841-844 (1993), Warren et al., J. Clin.
Invest. 95:1789-1797 (1995); Borgstrom et al., Cancer Res. 56;4032-4039 (1996); Melnyk
et al., Cancer Res. 56:921-924 (1996)) and also inhibit intraocular angiogenesis in models
of ischemic retinal disorders. Adamis et al., Arch. Ophthalmol. 114:66-71 (1996).

30 The term “anti-VEGF antibody” or “an antibody that binds to VEGF” refers to an
antibody that is capable of binding to VEGF with sufficient affinity and specificity that the
antibody is useful as a diagnostic and/or therapeutic agent in targeting VEGF. For example,

the anti-VEGF antibody of the invention can be used as a therapeutic agent in targeting and
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The term "efficacy" is used herein in the broadest sense and refers to immimoglobuin's, antibody's or
Fc fusion protein's ability to produce a desired effect. In certain embodiments, efficacy refers to the
maximal observed effect of an immunoglobulin, 20antibody or Fc fusion protein at saturating levels. In
certain embodiments, efficacy refers to the EC50 of an immunogiobulin, antibody or Fe fusion protein.
In certain embodiments, efficacy refers to the potency of an immunoglobulin, antibody or Fe fusion
protein. In cafeaiprampblifieasss effeadjtrsterdiscim NGBSy intivobigd. dfeBerfeision protein's
ability to proglyce peneficig 656 cis o8 dhe: ¢PBERs sralign ot gudisspepdnehisling clinical 2Sbenefit

as defined herein. The teim "EC50" refers to the concentration of an immunoglobulin, antibody or Fc
fusion proteMWAHEHdhtfices BR E6poHEBhalindy patdaphcaieBat e ¢ t2BGAURPAN certain

embodimenigREh94RPIRss01S 2186C006SMKRLOR, of ARBMURPSPHlIRLARHROY An EE fusion protein
where 50% of its maximal effect is observed. In certain embodiments, 30 EC50 r%gesents the plasma

or serufh cofitBrtPRIB A Sdeited oo hamity Z85:crntheY AR &ffe dinapiver o idgeigdn treating
cancer may.hf demenstiaied Qysisteatinadhe akilit: @Hﬁﬂéa%hboﬁm@ fusiQR.RIQEiMRea conjugated

molecule, or a composition of the invention to inhibit or reduce thed?rovvth or metastasis of cancerous

cells or to afEherE S RN GNYiGH HoraadysbidarrcsadliaMd with AnladyHiniéstment is
considered fgrapaeiignith@ s issiehexXprpien acsegamlion ipdhegrowth of metaslasisQfsancerous

cells, amelioration of one or more symptoms, associated with cancer, or a decrease in mortality and/or
morbidity fo%@ﬁ?’?&?d?ﬁﬁﬂ?&?aﬂ%lWﬁ?fla{)ﬁ’t]ﬂ%ﬁﬁwrhwﬂs%]ﬁ)a%tsém,235@8h?8§811§61’|‘?‘}61%cuIe, ora
composition it iBvantisn LAt dRs), iisierppeirins HrSRMPeRiang abthe diReativRecan be tested
for their ability to reduce tumor formation in jn vitro, ex.vivo, and in vivp assays. For cancer therapy,
efficacy in W 05 ROV BR HRPIS B d At rha It 15 B Ry H%e BLOHIROMOGTEIRAE, time to
disease progffessienc(t h5) theespesponSectaies kR Ryochiration ot ipapkpsed andiotapality of Life.

e e S e e e e, S A lcrders e
compositiormahdhecihgantidntbiveduces ey inhidtihébinflanwita go0 669N fanimahetclo anielibrate or
B Y A SRR T e o
more sympteassfolS\Wirigna diFM0iStraki endofganisntibooytyafusiaatproteiis, asepn{sgatéd molecule, or a
gggggﬁgiorb%’fz%%i'?."i%%@iﬁﬁ@?%é SRAlRALQLRAYSTEINg ¥rahinfeetigmmaybe demgnstrated by
as VEGF-B, VEGF-C, VEGF-D or VEGF-E, nor other growth factors such as PIGF, PDGF
or bFGF. In one embodiment, anti-VEGF antibodies include a monoclonal antibody that
20 binds to the same epitope as the monoclonal anti-VEGF antibody A4.6.1 produced by
hybridoma ATCC HB 10709; a recombinant humanized anti-VEGF monoclonal antibody
(see Presta et al. (1997) Cancer Res. 57:4593-4599), including but not limited to the
antibody known as “bevacizumab (BV),” also known as “rhuMAb VEGF” or
“AVASTIN®” AVASTIN®is presently commercially available. Bevacizumab comprises
25  mutated human igG, framework regions and antigen-binding complementarity-determining
regions from the murine antibody A.4.6.1 that blocks binding of human VEGF to its
receptors. Approximately 93% of the amino acid sequence of bevacizumab, including most
of the framework regions, is derived from human IgG), and about 7% of the sequence is
derived from A4.6.1. Bevacizumab has a molecular mass of about 149,000 daltons and is
30 glycosylated. Bevacizumab and other humanized anti-VEGF antibodies are further
described in U.S. Pat. No. 6,884,879, issued February 26, 2005. Additional anti-VEGF
antibodies include the G6 or B20 series antibodies (e.g., G6-23, G6-31, B20-4.1), as
described in PCT Application Publication No. WO2005/012359. For additional preferred
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20the ability of an antibody, a fusion protein, a conjugated molecule, or a composition of the invention
to inhibit the replication of the virus, to inhibit transmission or prevent the virus from establishing itself
in its host, or to prevent, ameliorate or alleviate one or more symptoms associated with viral infection.
The treatment is considered therapeutic if there is, for example, a reduction is viral load, amelioration
of one or more symptoms or a 25decrease in mortality and/or morbidity following administration of an

antibody, a&q@t@dimémiﬁ;%\ Beinflgatedah8litbdié $ 8P 8% 6mpBbSRLIS 8 P iVERIASRARbodies, fusion
proteins, copjaniadnplarules) ©FEomPesinke el IhsivRBoNHRRAlSe e fested fastheir ability to

inhibit viral replication or reduce viral load in in vitro and in vivo assays. Efficacy in treating or

preventing Bﬁ%@ﬂ%@ﬁfé@ﬂéﬂlﬁ@@%@@@%ﬁ@?ﬁté’@%@Wéfé(%ﬂﬁ’é%@é%ﬂit%ﬂéf an antibody, a fusion
protein or agemAasiian ALBERYEBLAN 1,nhibl e, hasisraLiansAlionsen o raveRhamelorate or

alleviate one or more symptoms associated with bacterial infection. The treatment is considered

therapéutic if therd 1, trsme B prEica nelineriils isehasea armn asBardo arielibratidh S1wESr more

Symptoms Qf, anfeSHeasR YmRApaaGRNEeH 5@95@5@&&@5}9@&%@9@@@3&;@%@%&%@%body. a fusion
protein or a composition of the invention. Clinical benefit can be measured by assessing various

endpoints, Hibodisbisrctdesnicseere of the ExlepibaiyssiaBAfrderdirg ©8hARY down and

complete agggkireductigrainibgsutabesidisease epsosesandias, SWRLMss: seddetion in lesion
size; inhibitionrf)i.e.t reduction slowin(g%%an or complete stopping) of disease cell infiltration into
3

adjacent peHSHabliHeaMoa A0S PERLYS heetian ¢ s R PRISHIG HBR B plete
stopping) ofisgrRsacireat searaseof BWE-iRbLdit fasEIEavhiRhvmay.dbu Boes nakhave to,

result in the regression gr ablation of the dis lesion; relief, to some_extent, of 10one or more
symptoms é’§§6@?§§e‘& W BC(I?%%‘}%‘?; ‘?ﬁéé@ggﬂ‘gﬂ%&gﬁé %P&%&h&@ﬁ%@é‘%?&é flon following
treatment, .13 PREOQAESEIN0-710679000Y6T, InCiaased overaihsuey v20; Bigherolespoatisdy BE)-and/or
decreased mortality at a giv. int .of time followi t, To "redyce or inhihit" is to d

oo an ARG SR o AP RROER Eoa Lo H e ) PR S B Sdiments, by

"reduce or iskplpitsis imegniriinel ability bg edusacn overall decrease of 20% or greater. In another

embodiment, by "r. uce or, ibri}" IS eant.he abdlgé\é 0 cause asptoverglll dee rease Pf 50% or greater.
In yet APother emlfc%lr%%t, SHEadcE 8 n“rgwﬁol i$Reant the a |||8/at8 cade S ogeur%lﬁ%ecrease of
75%, 85%, 90%h{iB&d flon Yhedter. \REdHIcCE@sdntsipibvarptefer otk symptonisnakthe.20disorder being
gﬁ) %tg‘j/'e Z‘:e%} }g%&%%%ﬁ%%@%%%s%%%%%ftt’ﬂ% BE SR BINERY UM QiHg Pire o pyimber of the
giogenic disorders.
in US Publication No. 20060280747, US Publication No. 20070141065 and/or US
Publication No. 2007(}02.0267. (6 series polypeptides, as described in US Publication No.
20 20060280747, US Publication No. 20070141065 and/or US Publication No. 20070020267
include, but not limited to, G6-8, G6-23 and G6-31.
An “angiogenic factor or agent” is a growth factor which stimulates the
development of blood vessels, e.g., promote angiogenesis, endothelial cell growth, stabiliy
of blood vessels, and/or vasculogenesis, etc. For example, angiogenic factors, include, but
25  are not limited to, e.g., VEGF and members of the VEGF family (VEGF-B, VEGF-C and
VEGF-D), PIGF, PDGF family, fibroblast growth factor family (F.GF s), TIE ligands
(Angiopoietins), ephrins, delta-like ligand 4 (DLLA4), Del-1, fibroblast growth factors:
acidic (aFGF) and basic (bFGF), follistatin, granulocyte colony-stimulating factor (G-CSF),
hepatocyte growth factor (HGF) /scatter factor (SF), Interleukin-8 (IL-8), leptin, midkine,
30 neuropilins, placental growth factor, platelet-derived endothelial cell growth factor (PD-
ECGP), platelet-derived growth factor, especially PDGF-BB or PDGFR-beta, pleiotrophin
(PTN), progranulin, proliferin, transforming growth factor-alpha (TGF-alpha), transforming
growth factor-beta (TGF-beta), tumor necrosis factor-alpha (TNF-alpha), etc. It would also
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"Operable" cancer is cancer which is confined to the primary organ and suitable for surgery. "Survival"
refers to the patient remaining alive, and includes disease free survival 25(DES), progression free
survival (PE'S) and overall survival (OS). Survival can be estimated by the Kaplan-Meier method, and
any differences in survival are computed using the stratified log-rank test. "Disease free survival
(DES)" refers to the patient remaining alive, without return of the cancer, for a defined period of time
such as abautlrjefstatsshrizgesirsiabound iraling, 3echbegtotvyiebosnabolinSiljedis; goodh 10 years,

etc. from nfalion GEHSAYIRN: of HAmIrIBAAGNGPiR i PPaapnse LIS Yepon, RES i

analyzed according to the intent-to-treat principle, i.e., patients are evaluated on t asis of their

assigned thera gy irablaatd GEeein thecanalySisgsbE 8ndd’ vlerdd 1825 AegioRet and distant
recurrence gf,capcen. qeciTenct Al FerandanneaNent 8 dealiyiomyany causg inpadients without

a prior event (e.g., breast cancer recurrence or second primary cancer). ~ "Overall survival' refers to

the patient féHPahiYigandéerbeiaeféfinbé3p8riddbikimal sieh @8ED SlncrsraaRupot-0596ars, about 3

years, about,4yaatie 3RS MRAIS «ABRIEHD RYRALS: £IE: s%@ﬂ@iﬁ?’#ﬁﬂﬂﬁﬁfﬁ?@%‘&ﬂﬁ@ﬁé@m initial

diagnosis. By "extending survival" Is meant increasing DFS and/or OS in a treated patient relative
to an untreatet patient, or relative to a control treatment protocol, such as treatment only with the

chemotherapeutic agex: SHgiahisi MERHOTed AL RlpleRslsahauLS FORRIAS 1 QhalIRAT @RAUL 1 year,

or at least about 2 years, or at least abgut 3 years, or at least about 4 10years, or at least about 5
years, or at A SHBtEAG~ARp yraeotioinml dingifitianb ir8iea REH IR XNoWiHG H nitial

diagnogis. a poliRHedy a6anauwEeRtzis, Usecbhmiaindproetel, o agnvsistratiompling gr more
therapeutic agents, where at least part of the administration overlaps in time. Accordingly, concurrent

administratiBi RTRIBELS Sy tPabiRTEH SRR SHmTASHREERCEF S B St B AN & 24 GWAT(s) continues
after discongifvieghihis administeatipnohanrecay mesenilieaganithbd thaBie MoPMbREaRY:is meant a

therapeutic regimen that jncludes on single therapeutic agent for the treatment of the cancer or
tumor during 188%\%6«? %Pﬁ?@%?&&%ﬁ%ﬂf%@%&é ﬂcgeth%ﬁ?%lﬁﬁ%ﬂﬁﬁf@ﬂ@f P SHoth&IRES) Ssing a variant

IgG means thabihe ivarianit20| §or isadplyistenad ingdbgabsengaofsan aeditienal amti:cancer therapy
duringltoh at g&%&%’ﬁ&ﬂﬁ%@%‘?{gogmc agent as defined above, e.g., antibodies to VEGF;A or to the
VEGF-A receptor (e.g., KDR receptor or Flt-1 receptor), anti-PDGFR inhibitors such as
GLEEVEC® (Imatinib Mesylate), small molecules that block VEGF receptor signaling
(e.g., PTKT787/ZK2284, SU6668, SUTENT®/SU11248 (sunitinib malate), AMG706, or
those described in, e.g., international patent application WO 2004/113304). Anti-
20 angiogensis agents also include native angiogenesis inhibitors , e.g., angiostatin, endostatin,
etc. See, e.g., Klagsbrun and D’ Amore (1991) Annu. Rev. Physiol. 53:217-39; Streit and
Detmar (2003) Oncogene 22:3172-3179 (e.g., Table 3 listing antiman.gi.égenic therapy in
malignant melanoma); Ferrara & Alitalo (1999) Nature Medicine 5(12):1359-1364; Tonini
et al. (2003) Oncogene 22:6549-6556 (e.g., Table 2 listing known anti-angiogenic factors);
25 and, Sato (2003) Int. J. Clin. dOncol. 8:200-206 {e.g., Table 1 listing anti-angiogenic agents
used in clinical trials).

A "disorder" is anty condition or disease that would benefit from treatment with a
composition or method of the invention. This includes chronic and acute disorders or
diseases including those pathological conditions which predispose the mammal to the

30 disorder in question. Non-limiting examples of disorders that can be treated using the
antibodies and antibody fragments of the invention include various diseases and disorders

provided herein under “Definitions.”
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By "maintenance therapy" is meant a therapeutic regimen that is given to reduce the likelihood of
disease recurrence or progression. Maintenance therapy can be provided for any length of time,
including extended time periods up to the life-span of the subject. 25Maintenance therapy can be
provided after initial therapy or in conjunction with initial or additional therapies. Dosages used for
maintenance therapy can vary and can include diminished dosages as compared to dosages used for
other types of ther@pyterms Nebpdjlifcanti therapyéSratpréppbfetave ¢ kidvady!” hefeimoréfiensi¢os therapy

given priortﬁ)§ur er .Thte oq{lof neoadjuvant therapy isto pravide immediate systemic treatment,
Sopotentiall A B L P graniL o e R M e of
surgery followlédrbfsxpstendisahisrapyavere followed. Neoadjuvant therapy may also help to reduce

tumor size thereby awing.compleis esaion of MBI ANEeciae AT G rgEenving porions

of the organ and its functions. Furthermore, neoadjuvant therapy permits an in vivo assessment of
drug efficacywhicmampauidcbtnéethoidelbpsubsmguestané sameenes cells Antfuisntsthélapy” herein

refers to theapy qyeOAMeLAUNRY: WhgTeaeadenae.Aldesiduat disnasaicande gatected, so as to

reduce the risk of disease recurrence. The goal 5of adjuvant thérapy is to prevent recurrence of the
cancer, and tHexeTore ot aeisalihexehalveavrcdemebiorsdstad death.  Herein, "standard of care”

chemotherapy refefg.tg, e EheHIIRATAREMIE AAENIR-EHIRE Yo HSRAIOHGRE aRaisilagcancer.

"Definitive surgery" is used as that teiii is used within the medical community. 10Definitive surgery
includes, foPUxHspleupre auivgs lakgalor oHEPNIGELRIaEFeRU I HkMBAIET resection of the

tumor jinclugingdhose dhakeasdltin theremevshosieseationafalgressikyisible fumpetRefinitive

surgery includes, for example, complete or curative resection or complete gross resection of the tumor.

Definitive suPgBl Frarlbadisrbeerigastitlentanie rsme Srrmbrediadekeatas ripeasicexample,
multi-stage phiigical, b RIpEealuIes whrRieRMehbIRI g SHIAIGRIRIIINET Brosaskte s ArgReiformed
prior to resection of the tumor. Definitive surgery includes procedures to remove or rescct the tumor
including indoRrid rghmRe priodr b As St tids iRl MERENAudss A0 AR BFGAAE H&THA as lymph
nodes, parts@tongansosd, isslkdenAamiisitalamhin copsRinatil dthRae.phwRkefrther therapeutic
agents 20includes simultaneous (g{%ncurren% and consecutive admijnistration in .any order.

"Chrorlit” adfRATREFAIIR hors &L EP LarHiSH AaBRIb A 9B At RS R OSHEHRUE #iBde as opposed to
an acute maengl-asteoibintadisthelinitialitesapeutic et (et fonaniaxtended,period of time.

i‘lntermit?ent"{ adminigggtiog%s{ﬁg Elm nt EQ tai%tnogtc?nrésgcgti(\)/glxu%?n% \é\ﬂtpncguttgrrl]te 8[}Jyption, but rather
is cyclic in Matuye™ OVaty: Cek, oral cavily, stomach, duodehum, § CSHne, large
intestine, gastrointcstinal tract, anus, gall bladder, labium, nasopharynx, skin, uterus, male
genital organ, urinary organs, btadder, and skin. Solid tumors of non-epithelial origin
20 include sarcomas, brain tumors, and bone tumors.

The terms "cancer” and "cancerous" refer to or describe the physiological condition
in mammals that is typically characterized by unregulated cell growth. Examples of cancer
include but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia or
lymphoid malignancies. More particular examples of such cancers include, but not limited

25  to, squamous cell cancer (e.g., epithelial squamous cell cancer), lung cancer including
small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the fung and
squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular cancer, gastric or
stomach cancer including gastrointestinal cancer and gastrointestinal stromal cancer,
pancreatic cancer, glioblastoma, cervical cancer, ovarian cancer, liver cancer, bladder

30 cancer, cancer of the urinary tract, hepatoma, breast cancer, colon cancer, rectal cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney or
renal cancer, prostate cancer, valval cancer, thyroid cancer, hepatic carcinoma, anal

carcinoma, penile carcinoma, melanoma, superficial spreading melanoma, lentigo maligna
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25"Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or stabilizers
which are nontoxic to the cell or mammal being exposed thereto at the dosages and concentrations
employed. Often the physiologically acceptable carrier is an aqueous pH buffered solution. Examples
of physiologically acceptable carriers include buffers such as phosphate, citrate, and other organic
acids; antioxidants including ascorbic acid; low 30 molecular weight (less than about 10 residues)
polypeptidemptatens, sugH as senummnatbunims geldtily ordhmoman ghobiiesysidnopiniidealiimers such

as polyvinylpyrrelidone: aming acids s glvcine,glutamine, asparagi arginine or lysine;
monosacchg’éfIE g‘émd?s@ﬁc%}%ﬁ g &Tﬁ%ﬁ%ﬁ%@%ﬁ%ﬁ;ﬁ%&?ﬁ?ﬂgﬁ]g Iaf%%{cf}s% ﬁns?élﬁwose, or dextrins;
chelating al_}mhcwtih @évEI_EﬁTI_A;;isttgaﬁ@mgm@%ﬁﬂhcabniﬁﬁhitmtmbﬁmi'mlﬂifﬂhming counterions
such as sodiyem. gna/erAeNRNIG.SHTARIANS SHER gﬁf‘li{e . Jm’s_{?é’héﬁ@]}’ﬁél?%%\ﬁ%%h{ﬁ?@)’ and

PLURONICSTM. A™"liposome” is a small vesicle’composed of various types of Tipids, phospholipids 5
and/or Surfarstastevridiesd Dd8tubidkdisoessy ik dnagtisoech bisphoaramd Scteted mammal. The

components gl sipaseme AEs SOMIT ARl AUBaERL N AL lDrmAtaRiitilen o dberipid

arrangement of biological membranes. ~ The term "anti-neoplastic composition" refers to a
compositiortgisefiyriahebbiiig leakaiaddrhblidipigy-acid kavkensaaehipaimensaiehitiadavenaiyy
"anti-canceL ARt X TRESAARREIRREVIG RBRIS KBTI ARGEN PISHR)NEIUdS. dt are limited to,

e.g., chemotherapeutic agents, growth inhibitory agents, cytotoxic agents, agents used in radiation
therapy, anBEriifidgeoaieostdsts idpeiptriasesnts dama-EHstIrs Syeateoaraorbrtagents to treat

cancersuchigsantddiERsgnariRodiess aRtihGPAG.antibedigsk ammegidgmalanawih factor receptor
(EGER) antagonist (e.g., a tyrosine kinase inhibitor), [JERI/EGER inhibitor (e.g., erlotinib

15(TARCE XA statdf b GRS MmN faoIHTp b @y bt e e et i AR ety late)), a

COX-2 inhihgox (F-the GRIQEMMMCINITREQNS BXIPKIBRTARIAGRNRIS IR dRIGaReH Falizing aRtiPodies) that
bind to one or more of the following tar%%ets ErbB2, ErbB3, ErbB4, PDGFR-beta, BlyS, APRIL, BCMA

or VEGF re B8R SHESETTRIRNIINRS, 2oitorer BB gad drganicneheslicaogp anestattc.
Combinatiossntheraobaramads @ inclysiaccinibe Afnugndioncoma,libpderasacdatoxe-dgent” as used
herein refers to.a substance that inhibits or prevents a cellular functiongnd/o_r causes cell death or

destruction FHE R I AN G IRETEAY FEcELATe ROIEHELMEY MRS IR E1YE P9%: VB0, Re186,
Re188, SM ks Ehiotiimadais pih2 e kadieactivVicisatanesgf ddnsighgrootherapeltimagents (e.g.,
methotrexate, adria ii:ir};, 25vinca ka%loids %/Ii%]cristine, vinblastine, eto&otside , doxorubicin,
mclphalan, %HS%;RI& & o PHIBRE FX T BIUBRIN i i - e ARy HE EME enzymes and

fragments theleotaiicinas (ORED Iyt lepzionedh; | antibidies s anetorissauahtagismall, thelecule toxins

o erometigly st B e e Aons oAt i g ggmens ande
20 cancer, glioblastoma and breast carcinoma, including metastatic forms of those cancers.
The term cancer embraces a collection of proliferative disorders, including but not

limited to pre-cancerous growths, benign tumors, malignant tumors and dormant tumors.
Benign tumors remain localized at the site of origin and do not have the capacity to
infiltrate, invade, or metastasize to distant sites. Malignant tumors will invade and damage

25 other tissues around them. They can also gain the ability to break off from where they
started and spread to other parts of the body (metastasize), usually through the bloodstream
or through the lymphatic system where the lymph nodes are located. Dormant tumors are
éuiescent tumors in which tumor cells are present but tumor progression is not clinically
apparent. Primary tumors are classified by the type of tissue from which they arise;

30 metastatic tumors are classified by the tissue type from which the cancer cells are derived.
Over time, the cells of a malignant tumor become more abnormal and appear less like

normal cells. This change in the appearance of cancer cells is called the tumor grade and

cancer cells are described as being well-differentiated, moderately-differentiated, poorly-
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30 Other cytotoxic agents are described below. A tumoricidal agent causes destruction of tumor cells.
In certain embodiments, the variant IgG may be conjugated with a cytotoxic agent. A "toxin" is any
substance capable of having a detrimental effect on the growth or proliferation of a cell. A
"chemotherapeutic agent is a chemical compound useful in the treatment of cancer. Examples of
chemotherapeutic agents include alkylating agents such as thiotepa and 5cyclosphosphamide
(CYTOXAN&DE)caikydd uifondiffsrautheds Blusuifdfsrimprod ubtn saa dubipestifsingpazitiigesdsuch as
benzodopa, carb ne, metur a, and uredopa; ethylenimines and methylamelamines including
altretamine?%ﬁ%%g)%é{rggr%be aﬁiﬁlee,stng%)v/‘fgiﬁeﬁﬁe s%ﬁ%lfkaaﬁ%/éjgpr‘?é e{/’fgﬁ%ttn&l&%%%f) Cdg}?qrﬁkl%te and
trimethylomedamikeyacatogenins| dspeciaty huigatgeissdndib diatacimohe )prigin of the cells.
delta-9-tetrahydrogannabinal 10(dronabinol, MARINOL rgii.be a-lapachone; lapachol; colchicines;
petuine a0, 8 Copp S T e e At B AR A G 11
(irinotecan, @AMPTOSBAlR), fretyldmmptothesin véoopblsqtimctanddtanbivosrmptethiein) abdyostatin;

callystatin; %Qagigc@%g@ﬁﬂl% mgﬂg §go%glesin, carzelesin and bizelesin synthetic analogues);
ophylf

podophyllotoxin; po nic acid; teniposide; cryptophycins (particularly 15cryptophycin 1 and

cryptophycin 8); ddsistiinlagiad carpageinriridioaling tbw sintheivcomtogtietikw, 2t8.and CB1-TM1);
ele”thembiQéﬁénﬁfﬁgﬁﬁ?ﬁi@én%&ﬂﬁ?&ﬁé?ﬁ(g‘dﬁﬁi%gi§§4H§%iagni§8@%{]éb’a§}@é §1§uch as chlorambucil,

chlomaphazine, ehlorophosphamide, estramustine, ifo ide, mechlorethamine, mechlorethamine
oxide hydrochloridBy migfssn, rovesmbithipretdericsnogn &opréd mimasinie trofdsfanides uracil

mustard; 204itERPUEAR SUIN AS LRSS f?&lﬁ’5%%9&}&&9@!?‘&&@@5&&%‘1%%&@&%““e' and

ranimnustine; antlgiotics such as the enediyne antibiotics (e.g., calicheamicin, éspecially calicheamicin

gammall andfeeditpesinieirddieganekdedlpodicsmomdize W Anadittacheasimerdesagy., 33:
183-186 (1994)ikdPR34s an-eirtalRrebdateavindrhibiter, dnemidaaidingdyagmicin A; an

esperamicin; as well as neocarzinostatin 25chromophore and related chromoprotein enediyne
antibiotic crﬁ%%}swéﬁggy%wﬂwﬁ%%yaweﬂﬁgﬁ?ﬁkmmfé% AP ASEFINEIE STIRIRS,

cactinomycCih$a/R BieinieatmiRRAMYQI RopRZ R RNR GHEeM YR RSwIACliBRBYEINBaugeLUbicin,
detorubicin, 6- diazo-5-oxo-L-norleucine, doxorubicin (including ADRIAMYCIN(r),

. : M, . ..
morphbtinodSSHBREH, BHERBIB H S ddSHIBRA B S RSiRe Acksrlsion ddshibier EICI 30
liposome injaetieniPEELAyJRasoaal dexartdicilke RrOSMYRGETHrRashdateddiposomal

doxorubicin (CAELYX()), %ld deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins 'SG¢H A i f?ﬂ% ey RIPRENBIR SEd HOSARER A blivomycins, peplomycin,
porfiromycin, puroByCiiceiebanyciy, ikodermticinal siaptenightal stieptezecincidagssidie, ubenimex,

zinostatin, zorubicin; anti-metabolites such ag mcthotrexate, gemcitabine (GEMZAR ), tegafur
(UFTORAL 5 AL RIS AL RS o SpostGHE- G i GLPARHTE PRI CEURbastatin folic
acid analogsescsiuchoasidenapietia;. methotrexatc, ptcropterin, trimetrexatc; purine analogs such as
Sfludarabine, 6-megcaplopuing: HiAmipIne. thioguapine: pyrimiding 2naloas UGl 8 mary
site and has not penetrated into the lymphatic or blood vessel system or to tissues other than
the primary site. Generally, a non-metastatic cancer is any cancer that is a Stage 0, I, or II
cancer, and occasionally a Stage I cancer. .
25 Reference to a tumor or cancer as a “Stage 0,” “Stage 1, “Stage I1,” “Stage 111,” or
“Stage IV” indicates classification of the tumor or cancer using the Overall Stage Grouping
or Roman Numeral Staging methods known in the art. Although the actual stage of the
cancer is dependent on the type of cancer, in general, a Stage 0 cancer is an in situ lesion, a
Stage I cancer is small localized tumor, a Stage Il and Il cancer is a local advanced tumor
30 which exhibits involvement of the local lymph nodes, and a Stage TV cancer represents
metastatic cancer. The specific stages for each type of tumor is known to the skilled

clinician.
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ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, cnocitabine,
floxuridine; androgens such as calusteronc, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such
as frolinic acid; acegl atone; aldophosphamide 10glycoside; aminolevulinic acid; eniluracil; arnsacrine;
bestrabucil; bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elfornithine; elliptinium
acetate; an epothigngyretegivcidpdaltitpmmidratenhydroxyascatientigan] enidamdephaaytansinoids
such as maytansine and ansamitocins; mitoguazone; mitoxantrone;. mopidanmol;, nitraerine;
pentostatind S S I e el 15
polysaccharide coiypfesn(@h SuNatlval ProgductsicEligensa® R Yureeokahenrnzolics sied fit dre;
spirogermanium; ic.acid; triaziquone; 2,2%.2:-tH rQiri ine;.tri (especially
T toxin v B e D CE e ey
dacarb&zineitenannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");
thiotepa; taxoid, e.g., pacllaxgl a0 CTAXQLIQ. plauminsenaineeiad RANAPaUisR.fruation of
paclitaxel (ABRAXANETm), and docetaxel (TAXOTERE(r)); chloranbucil; 6-thioguanine;
mercaptopuffladen et exatacyldtifyrraneniersubiay dissl dirm xedipratec(@vierEBO XATIN(r)), and
carboplatin;.yipeas.-which;RegvepiHubulinelymerization from fom ing microtubules, including
vinblastine (VELBAN(r)), vincristine (ONCOVIN(r)), vindesine (ELDISINE(r), FILDESIN(r)), and 25
vinorelbine (NAVEBDB‘I‘NE’Q’))‘?%WQQ; Rt B TSRS il cRrE e erBhahigy BaverirelisdVantrone;
edatrexate; 99&%%9@@5@{&@%@{9@@4@ topRisPMarassiMiRitasRES 20085 not
difluoromethylomithine (DMFO); retinoids such as retinoic acid, including bexarotene (TARGRETLN );
bisphosphoPafséeisaRnas crseBisRedrsrasinigie, BONEFOS(r) or OSTAC(N)), etidronate
(DIDROCALS), NE58095r2aleronic:aQasid/ A0lssoaataOMETAd spleptionate, (FASAMAX(Y)),
pamidronate (AREDIAL(r)), tiludronate (SICELID(r)), or risedronate (ACTONEL(r)); troxacitabine (a
1,3-dioxolartE PR 85 STHECERIE MR daldon RtEERLS Vi BHERRUSAS LM pRrieafarly those that inhibit
expression of gengs inysighalingnathways:implicaiest oy abgsrant cell proliferation, such as, for
example, PKC-alpha, Raf, H-Ras, and epidermal growth factor receptor (EGF-R) (e.g., erlotinib
(TARCEVA(1))); antfR/EISREATHERHIGABY BRIFRT GHEPARGHOVEEETEY S HRRATOPE(r) vaccine
and gene thenayy aegines:sfof exampleioALQYE Gt Méhyaiceinal bkl RaddNeadascine, and VAXID
vaccine; topgisomerase 1 inhihitor. (e.g., 5 LURTOTECANQ);.rmRH (e.g., ABARE ); BAY439006
(sorafenib; %%‘%’l‘}t @@i@ﬂ%y( iﬁ’ﬁiBf%WﬁN&?ﬁf%%%eﬁ%%&ﬁf@ﬁH%ﬁa%&%ﬁ:&' ‘(e.g. celecoxib
or etoricoxilpkopirie asoi, inkibitizyéecgatRS 34t)sd0idez e (M ElsGARE NIITCA{ZE8; tipifamib
(R11577); 0 afenibd %B 5101;1‘881'2 inhibitortsu%h as oblli[nlersen sotdi m GEN@SaENSI%(ir)); pixantrone;
EGFR inhibi %r}lg;rlfilros?ﬁeltk%as'sel?ﬁ %%i%?‘s’?&%r%& FEoRne 1o Kinase | itors Sudh 'ss rapamycin
(sirolimas, RARANMNESH) afacespitiansterasainnbijorsisncimadikeasf arsb {SC G686,
SARASARTIyI); and pharmaceutically acceptable salis,. acids ar deriyatives of any.of the above; as
well s comPu o s g e S e B S R S, Combined
therapy of cyadopiosphisrmids, doXerdbisis; sintrstneuzd prebinisoloplesandsEOIFE@K, an
abbreviation fqr, & WeAIMeNL bR (SIDENI AXAUBINR L QAN fembined il g U and
leucovorin, and pharmaceutically acceptable salts, acids or derivatives of any 6f the above; as well as

com_binationﬁ p!fel!wﬁtmit}’néf@@f;mmmmmmérﬁb@mmﬁiagmaa@%@mqm@ﬁ%cIu_d(_—:'
"anti-hotonal.aeents, Ql.,endoging.h %‘i@i?eﬁ{étkﬁﬁzdi’i}' ARG RIS, JRAHEE RICK AL IhibIt the

effects of 20 hormones that Can promote the growth of cancer. They may be hormones themselves,
including, bataibrgiTinst asizanenestroes nsading seleptivbiad rhgandd aeprepWot Gitits (SERMS),

including, fo[ Sxample; AAMeKIaR @Hgﬂym&gﬁ%@s@m@mﬁf@@w&l%ﬁ%@@,ﬂm&g@sifene,

4-hydroxytamoxifen, trioxifene, keoxitene, LY117018, onapristone, and FARESTON. toremifene;
aromatase iFHIBifSs ﬁﬁﬁ?hﬁﬁ%ﬁhﬁf@éﬁﬂﬁ%gﬂaﬂc’n of vascular epithelial cells, vascular restenosis,

Guillain-Barre Syndrome, polyps such as colon polyps, familial adenomatosis polyposis,

30 nasal polyps or gastrointestinal polyps, gastrointestinal ulcers, infantile hypertrophic pyloric
stenosis, urinary obstructive syndrome, Menetrier's discase, secreting adenomas or protein
loss syndrome, fibroadenoma, respiratory disease, cholecystitis, neurofibromatosis,

arteriovenous malformations (AVM), meningioma, hemangioma, angiofibroma, thyroid
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25aromatase, which regulates estrogen production in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE(r) megestrol acetate, AROMASIN(r) exemestane,
formestanie, fadrozole, RIVISOR(r) vorozole, FEMARA(r) letrozole, and AR1IMIDEX(r) anastrozole;
and anti-androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as
troxacitabine (a 1,3-dioxolane nucleoside cytosine 30analog); antisense oligonucleotides, particularly
those whichhifhipitaxpestidinggenasdiaignaling-phihdays implieatetphatakiesant cell proliferation,

such as, for.example, PKCalpha, Raf.a&%H-Ras; rigozymes such. as a VEGF expression inhibitor
(e.0.. ANGIBIRIECHISITTE) RO R TR R e 5 S therapy
vaccines, farpsamipeniAbtdEChdlbuagaiiweatcE piRSTHNGDnuactinpes tamibl AudRilmaccine;

é rrﬁ']RH'.Vinorerine

PROLELTICING il 2LURTOTECANO topoispmerase, L nibitor ABARELIXID.ipRH
and Espera?mcms (r%’ee RS U ?1’,8 ,f 7 , andp arFﬁaceIlBlCaEfy acceépta fa sg?f’s, acids or

derivatives of areofithedabe ey snwaihaBabictmubimatiohsrofctvwpior, duoregoffthieeing\ve. A "growth
inhibitory agent. herein refers to a compound ar composition which inhibits growth of a cell
(such as a %g{l}:ﬁé%?géés?ﬁé% g&h)%{(%eﬁgg Fr‘?%ﬁ“rlg(g og'fnasiﬁi(\)/%%ﬁl% t tﬁé“g‘?c?“ mﬁﬁﬁﬂﬂ%&ﬁg%eggent may be
one which significamipak throedtisepsrddntatrectt eelis stioh. ddbmicelirexdorassingasB@Fhin S phase.

Examples of growih itet AgeAR,0Gldn agenia Rt DIRSkSElL YRS IRgreosian (L a place

A
other than S phase), such as agents t uce Gl arrest an phase phase
blockers incluie anflpoase tiginapistine naariabiastinen yaxdnessidinensoppistmerabentt inhibitors such

as doxgrubigiy e bisio. KRR sipRaside. ARG BIRAMIC RTRoRR: AgeBR gt arrest G1 also

spill over into S-phase arrest, for example, DNA alkylating agents such as 15ta ;(iferi, prednisone,
dacarbazinéckieenicredrsniines eidpiatiniisemstraxdeciodinbreinsondamecarpletiFapgieieinformation

can be foungldadylsrlelsohaanddsiash egler e Molesulas, Basie Of CANCShICHO Ridnegntited "Cell

cycle regulation, oncogenes, and antineoplastic drugs" by Murakami et al. ( unders,
Philadelphiglispagisyig fpaging of e thscamsd ppacreits) srrumiscatatandrensntieasderiugs both
derived frong;tRgyewhies AARaastR AKX BT-RERy Rheng:RavlgnsRorediiderivedifrom the

European yew, is a sem isynthetic analogue of paclitaxet (TAXOL(r), Bristol-Myers Squibb). Paclitaxel

is :

and docetafbiPBrsmddthaagsdhiBIse e bt s IeSIR S ALEGBIRT SRASISHABIEE M Rize microtubules by
preventing ciepohmenizaion widieberasitsia thecnbikiiarn similosisingeallsra By radiation therapy”
is meant the use of directed gamma rays or beta rays to induce sufficient damage to a cell so as to

limit its abili§/WWFTHNARINGHARAIG RS IS tHRLaiPpisy SbrotHP SR s IRk Hat there wil
be many wayshaewsie heapdo gatelnminedhedesagedpek dutation ok taatmenmbynital treatments

are given as a ongpét;i)me a mini:strati%rﬁ)and typical dosaﬁl@ aré%e from %&th]%éoo units (Grays) per
day. 30The HPBth I BT LB BTHENGREY AR HHENGM SRt REHISRSISE 4Rl being of the
patient(Forsanesi; frsinchidespiwitho dblispitaticnsahoosmal, ancieontialable eelbgeawth, metastasis,
interference with.%he normal functionin% of : L : . .o
synovitis, hypersensitivity reaction of the skin, skin disorders including psoriasts and
dermatitis, eczema, photoaging (e.g. caused by UV radiation of human skin), hypertrophic
scar formation, reproductive conditions such as endometriosis, ovarian hyperstimulation
syndrome, polycystic ovarian disease, preeclampsia, dysfunctional uterine bleeding, or
25  menometrorrhagia, uterine fibroids, premature labor, ascites, pericardial effusion (such as
that associated with pericarditis), pleural effusion, endotoxic shock and fungal infection,
certain microbial infections including microbial pathogens selected from adenovirus,
hantaviruses, Borrelia burgdorferi, Yersinia spp., Bordetella pertussis and psychiatric
disorders (e.g. schizophrenia, bipolar depression, autism, and attention deficit disorder).
30 A "respiratory disease" involves the respiratory system and includes chronic
bronchitis, asthma including acute asthma and allergic asthma, cystic fibrosis,

bronchiectasis, allergic or other rhinitis or sinusitis, .alpha.l-antitrypsin deficiency, coughs,



neighboring cells, release of cytokines or other secretory products at abnormal levels, suppression or
aggravation of inflammatory or immunological response, etc. A "small molecule" is defined herein
to have a molecular weight below about 500 Daltons. 5The term "intravenous infusion" refers to
introduction of a drug into the vein of an animal or human patient over a period of time greater than
approximately 5 minutes, preferably between approximately 30 to 90 minutes, although, according to
the inventiopylimtreargroytintusiopuisiattennfitively adimiristetedhviositlahquis@rndessructive The term

intravenous holus" or. mtraveraoalsr({)ll.lggb refe{s t‘f %ru(gsadénl_nlstratlon 10into a vein of an animal or

human such t %??ﬁgggaﬁs?é%%lves he drﬁ%l‘é%&&lmgfe@'ﬁ minutes or less, preferably 5 minutes

. orless. The tehh"subsoimneodsadeiinistrationhoefers imantrddecton dlardeugrisingetdhe skin of an
animal or humAN.Balieat MSTrabie N ARockeLbeteen g skig.and underlying issue, by
relatively slow, sustained delivery from a drug recep acle. Fhe poc etT‘?may & created by pinching or
drawing thedskirden mabhdavbyt fromaihideithying tighuematorT etenses sutbcutarfGousanfysibn” refers to

introduction pf.a.drug LiRder 10gsi0.qf 3. ARal o .%%"f‘é‘%@qﬂ%@&s%5%5%5%?'&‘6‘@%&% ocket between
the skin and underlying tissue, by reratlve y slow, SL%StaI ed delivery from a d'irug receptacle for a
period of tindesipoigdivierobemirortihmittgoms; 3espoimgtasoriesd, it fhimotesyrbiess) dptienally, the 20

nfusion MayRe MG HGULAE W IMRRLIAHN QLAY dRiNEOGRHMRITRIANGSH Under the sidn

of the animal or human patient, wherein the pump delivers a predetermine rug for a
predetermirfddpespisrest tiistr ety s B e s, Gomaliitascoinaitishenperivdipaneify the length of
the tregimept fegimsR-AsmlR-isubetaneus RS R TR SR A Adminis YaHQmAeneath the skin of

an 25animal or human patient, where bolus drug delivery is preferably less than approximately 15
minutes, mSRRFFERST EBI9 1eas A Sioninfite sl drbserariiamakss ThRaNBESseconds.

Administratighs ieierably kYR ameslss eabiRen lne,skin el e /e issug, where the pocket
In

is created, for example, by pinching or drawing the skin up and away from underlying tissue. 30The
word "label WWHEAHES Iﬁé‘@i ?&E?Ee%ér‘ﬁlﬁ%ﬁébm%mg% mﬁw%ﬂﬁﬁw&’% njugated

directly or ingliteetiyniel R PRlRRRIidaerbhS, lRbalmaybedisel.hedateciable (R Qidkadirisgtope labels -
or fluorescent labels) or, in the case of an enzymatic label, may catalyze chemical alteration of a

substrite coRASBRARPBIEET SERsERH WAL TR Hp RSA iRBtiRssand immune responses

associated with acute and delayed hypersensitivity mediated by cytokines and T-
tymphocytes typically found in tuberculosis, sarcoidosis, polymyositis, granulomatosis and
vasculitis; pernicious anemia (Addison's disease); diseases involving leukocyte diapedesis;
central nervous system (CNS) inflammatory disorder; multiple organ injury syndrome;

20 hemolytic anemia (including, but not Jimited to cryoglobinemia or Coombs positive
anemia}; myasthenia gravis; antigen-antibody complex mediated diseases; anti-glomerular
basement membrane disease; antiphospholipid syndrome; allergic neuritis; Graves' disease;
Lambert-Eaton myasthenic syndrome; pemphigoid bullous; pemphigus; autoimmune
polyendocrinopathies; Reiter's disease; stiff-man syndrome; Behcet discase; giant cell

25  arteritis; immune complex nephritis; IgA nephropathy; IgM polyneuropathies; immune
thrombocytopenic purpura (ITP) or autoimmune thrombocytopenia etc.

The term "vascular disease or disorder” herein refers to the various diseases or
disorders which impact the vascular system, including the cardiovascular system. Examples
of such diseases include arteriosclerosis, vascular reobstruction, atherosclerosis,

30 postsurgical vascular stenosis, restenosis, vascular occlusion or carotid obstructive disease,
coronary artery disease, angina, small vessel disease, hypercholesterolemia, hypertension,

and conditions involving abnormal proliferation or function of vascular epithelial cells.
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Antibodies are proteins which exhibit binding specificity to a specific antigen. SNative antibodies are
usually heterotetrameric glycoproteins of about 150,000 daltons, composed of two identical light (L)
chains and two identical heavy (H) chains. Each light chain is linked to a heavy chain by one covalent
disulfide bond, while the number of disulfide linkages varies between the heavy chains of different
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain disulfide
bridges. Each 10 Wsawgdchaitihésatione efaddvwantdie demnairfityid) dotowen dy afumber of
constant do 1%{93 o gcr% I;Cgorg 1(Izlhaain Qeas %[\éarli,&lal‘;)]E cd][lomlz;lei %tu one tetnd %{f&%dla Corfﬁt,a%t domain at its
other end; the Constant domain of enﬁ% tchainis aél‘liglglne With the TSt Constant domain‘of the heavy
chain, and theatightohein bapatierdahdirisaligngidiaids theluaratile domant oithe!heavy chain.
Particular aming agid fesiduss are Relieved to form an inteitace, 15 between e light and heavy chain
variable dorhains. =" epenging o the amino acid sequence of the constant region S5t their heavy
chains,fantibodies, eilérmitionoflobulinssainbeidesignel aoydiffercot ivkdisse gattiodreiale five major
classes of i ns.| laD , ral of 1l .may be further divided
into subcla@g?éé gsggtlggselélg}%e?g%@aéf ?é%%nél%gl??%gﬁ%G%h%%ﬁ@n%%%ggig %ériety of human IgGi,
1gG2, 1gG3 papatdiye1. attojpretidravepsbin destiibsistreviseiadiy wmipsitefranprand G. LeFranc in:
"The Humag |G Subglasses,: FoSHAkR (i PRASTR. RGABPRLISSs Qe (1990)). The
different isotypes of the 1gG class, including IgGi, 1gG28, IgG3, and Igal, have unique physical,
biological, d@fipfeatpropériese prukirarics i s tivev egresreirion iyl esbieraistibotispréeTtherapeutic
purposes, and the Aajorilyi@f A5eRgiNeR NG SiHdies hayeheenLoNFIusieddRhiRcantes.  The

present application is directed to variant 1IgG immunoglobulins that include amino acid modifications

that alter thE BiRFcHITRITEREE s Mriraaly @ciuse i arst e iieed b Eirms aimads pradept application

include anti@&%@ﬁsﬁ@?@éﬁ%%j%%@@lﬁﬁiﬂaﬁga%?cf@@,%&h@r@@?ﬁﬂ@f&%ﬁ%‘ﬁﬁ&%@.n j¥ivo compared to
the wild-type antibodies. 30In certain embodiments, the half life of a variant IgG of the present

invention is GACFERSBREENE A TBOVR HdibEEd 0 the half life of the 1gG having the wild-type human
IgG Fc region. In catainsrmpedinenisdnedalfdifenoba yaranhdetial hepresent Benion is
increased by at least 75% compared to the half life of the IgG having the wild- type human IgG Fe
region!In cEFERRTEIRTHSLITERML b Famife "G’f%’%ﬁgﬁﬁb&%%‘?ﬁé%@e?ﬁtﬁﬁmmﬁqgﬁq%ased by at
least 100% wosepareds) the haltlifeafthedg@ibmeng dbepilddupenismanugGeftaggionic  In
certain embodiments, the half life of a variant 19G of the present invention is at least about 15 days. In
cortain embBaHEHRS! Ehe Al o OFJei Y RS Bf e BHSKEr i GRS A4 P85 B ut 20 days. In
certain embaeliRedis; e balfilife:-of dcddriantig G ahibatpesant iDventian is at least about 25 days. In
certain embodimeg\isu th% nglf Iifelotf. a variant.lﬁgG ft eP#érga Nt invention is at least aﬁout 30 days. In
certain embodimen s?ft"ﬁéel RETFHFEGE & SFERCIED d[ﬂ’ B ER e RS 4t ?3% 4bout 35 days.
In certain espaodiments, the half life of a variant IgG of the present invention is at least about 40 days.
In certain embodirﬁxggtt% th‘eef\_/fg G is.variant 19Gi. rtain embgdirpen{s,a%he half life of the

riant | . In.c
. ; c#we a%tcﬁm% O HeL bcutically e d”e.cecwe ariount, 1e er? 0 .
variant IgG of the present invention is the half life"as measured in humans. In Certain embodiments,

the half life efthetvelediigGidbotthepre seittcreaentitwiddahe halftitetadnmeasured in cynomolgus

monkeys. embodiments, 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

25  therapeutically effective amount of a substance/molecule of the invention may vary
according to factors such as the disease state, age, sex, and weight of the individual, and the
ability of the substance/molecule, to elicit a desired response in the individual. A
therapeutically effective amount encompasses an amount in which any toxic or detrimental
effects of the substance/molecule are outweighed by the therapeutically beneficial effects.

30 In the case of cancer, the effective amount of the drug may reduce the number of cancer
cells; reduce the tumor size; inhibit (i.e., slow to some extent and typically stop) cancer cell

mfiltration into peripheral organs; inhibit (Z.e., slow to some extent and typically stop)

tumor metastasis; mhibit, to some extent, tumor growth; allow for treatment of the tumor,
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Antibody Fragments The present invention encompasses antibody fragments. Of particular interest
are antibodies that comprise Pc regions, Fc fusions and the constant region of the heavy chain. In
certain embodiments, the antibody fragments are the fragments of variant 20 immunoglobulins (IgGs)
comprising Fe regions. Antibody fragments may be generated by traditional means, such as enzymatic
digestion, or by recombinant techniques. Various techniques have been developed for the
production ehabtibailydragoiaatsdrasitonallysctbbse fagreniswerateertvecivapradenlytic digestion
of intact antjpodies (see, e.g., Morimoto et al,, Journal of Biochemical and Biophysical Methods
11107117 D5 G & BT o PSR B R h TS br G RRSts can
now be produded diraoilicby recombinant host cells. Fab, Fv and ScFv antibody fragments can all be

expressed in and ggpr%etg {gotriwga . c%lie,&p%s, %Ilongp%ﬁpg t1‘acile I‘Od;[JC .of Ia{%e amoun&s of these
fragments. Antibody f%aé’n‘?én%s ¢an be Isolated Tfom the antibo yop a%ee ibraries. T Certan
embodifnents: Fealo'dS bt fiagmentsaatdactiesetiyeréaindrped fiotadic eali:B0Awpichibnticatiytcoupled to
form F(al)'lﬁ(gq;e%% mentsc(eCarter et.al Bi&)/Techno 0 %“ 0:163-167 199ﬁ‘)121. Aclcorroyn ) B? another

abt r

approach, }g’gsr%len?spé%%hglgﬁggla%ed%ﬁséec Ily Jb e?tes om lfﬁ(gﬁta' ost el csu?l%%re. Other

techniques fasctise, produgtiviroiatisddytivagmemts weillbeedpahentiio theagkilleckibractitioner. The
antibody fra&?@&%&lﬁ%ﬁ!?ﬁo be a "linear antibody", e.g., as described in U.S. Pat. No. 5,641,870, for
example. Such linear antibodies may be monospecific or bispecific. Humanized Antibodies 5The
invention encompdseschtnranizedrustivodiesidn, certaint bbtietamestiechbgramited!bntibodies are

humaniged yatiant.IgGs with Qa6 Jore. amin.adid padificationsindhe EG.Ledienselative tg

wild-type 1gG. Various methods for humanizing non-human antibodies are known in the art. For
example, a Hiaramgeduamivedy Bhbhale chevoe e axfroadiorresibbesdnroagesetihto it from a

source WhichdsRARshHD 3B ANESE N0 R an aminaacidresidues e often releyped to as

“import" residues, which are typically taken from an “import" variable domain. Humanization can be
essentially mm@awwnébmé%@ﬂy@@ SV SEEPTHAY BBLBBIKET T JERRSIE SRSEITBE) Nature

321:522-525; Rigchmann stat 8RNI 338 13R3s3ptoler BASYER8 LAt ARBH) 7eieNeS
239:1534-1536), by substituting hypervariable regon sequences for the 15 corresponding sequences

of a hifan BREBEY Ik EBedHyIPTSGshRitiaden kB hepsde s aechttie HobutiscaiesifliE S, Patent
No. 4,816,564 whetsisubstantially less than an intact human variable domain has been substituted
by the corresponding sequence from a nonhuman species. In practice, humanized antibodies are

typically human antiddiay i earen Sod BspsatvarbbReondsb scrssitR b SR Possibly some FR

residues arenstBsEHBBEPY, antibody’s or Fc fusion protein’s ability to produce a desired effect. In
certain embodiments, efficacy refers to the maximal observed effect of an immunoglobulin,
20 antibody or Fc fusion protein at saturating levels. In certain embodiments, efficacy refers to
the ECsp of an immunogiobulin, antibody or Fc fusion protein. In certain embodiments,
efficacy refers to the potency of an immunoglobulin, antibody or Fe fusion pfotein.‘ In
certain embodiments, efficacy refers to immunoglobulin’s, antibody’s or Fc fusion protein’s
‘ability to produce beneficial effects on the course or duration of a disease, including clinical
25  benefit as defined herein.

The term “ECs” refers to the concentration of an immunoglobulin, antibody or Fc
fusion protein which induces a response halfway between the baseline and maximum. In
certain embodiments, ECs; represents the concentration of an immunoglobulin, antibody or
Fc fusion protein where 50% of its maximal effect is observed. In certain embodiments,

30  ECs repreSents the plasma or serum concentration required for obtaining 50% of the
maximum effect in vivo,

Efficacy in treating cancer may be demonstrated by detecting the ability of an

antibody, a fusion protein, a conjugated molecule, or a composition of the invention to
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20residues from analogous sites in rodent antibodies. The choice of human variable domains, both
light and heavy, to be used in making the humanized antibodies can be.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 of known human variable-domain sequences.
The human 25 sequence which is closest to that of the rodent is then accepted as the human

framework fghibiedrtsdacizee aotocymSaeasigof Simsrotat{1O83)) atmtiwtnetot 22286, Chothia et at
(1987)J. Mot Biol. 196:901. Another mtet od,uses a p%[lticular framework derivt%d from[.th. consensus
sequence of SIRTREH SRRISSH 485 0F A Fh el P StingrBUB SHTIgHY 5 REAUR ShEHEPTHiS Yame
framework mai e fosedafopiseyerdhditfeientdprmattize chattibedies c@eerndOedds, Carter et at (1992)

Proc. Natl. Acafi. S%at U%Ah89:428%;SPre%a gtaasto%gtgg J.dlnig%iunrol.t 1%%:%%%;.&%&%%9& generally
desirable thAt antiboaies Be Humanized with retention o hlg a‘fﬁﬁif’y fortne anhgen and other
favoralie bimid@icaiqnbhﬁ@rﬁﬁkwﬂiommmmﬁ'mgoﬁta,nam(tﬂmﬂmgat&mimmmm, dunmeaiixked antib(_)dies
are prepared iy & process,of analisis ol e parental seguenaes,and yarious conaapiialymanized
products using threé-dimen lonal Bmodels of the parental and humanized sequerices.
Three-dimetisionahimmemdgl adstdinfon daetsibilé cmedord yuavai ibleeion iaré familiar tothose skilled in

the art. Computsr,rosrams as aalleblehidhrllisyrats; an disgla praheble. tisesglmensional

confoimational structures of selected candidate immunoglobulin sequences. Inspection of these
displays pehmitssanalgsle diitkigotikelyurolaadf time tesidows prabesinetibhing the teepatisantitiate

ImmURg OB SRANRRCS: kE&oie AR AleRtitesihaipilusnse e Ak olle gandidate

immunoglobulin'to bind its antigen. In this way, FR residues can be selected and combined from the
recipient an#iri#ipittsequences so that the desired antibody characteristic, such as increased affinity

for the target antigep(s).3,AciexethAR-BSRRM aflie AYPaRiRHialle SRR fesidurs Arg directly and

most substantially involved in influencing 15aritigen binding. Human Antibodies  In certain
embodiment8iltiecham i ksiba S PIREIBraSORUATEH TR stHECh oI VRASHPTYS &¥ith one or more

amino acid fRedificatonsiidae iErragindalaivaden dH¥ReAGr lHumanantbedirs san be
constructed by combining Fv clone variable domain 20 sequence(s) selected from human-derived

phage [§isplay a1 IR RABWH R dhatant 4B s dgtidsted ) el ibed above.

Alternatively,hymans mepgelanak antibadies sambe mada.fthg hybrdemadpethod. Human myelorna
and mouse-human heteromyeloma cell lines for the production of human monoclonal antibodies have

been descritBal PGSR HHIE By RESIOTAARURSING dmEdyR P8 84 Fretithedy ¢t Lsio%s Monoclonal

Antibody Pregustion chephuieyes RodApplicationsinm &ik3(Mateal Dekker, Inc., New York, 1987);
and Boerner et al., J._ Immunol., 147: 86 (1991). .  Itis now pos ibée to produg tlrﬁ%gls‘ﬁ,enic animals
(e.g. mice) that arggaﬁﬁﬁﬂ,ti?ﬁgﬂgmrﬁf?ﬁ% ViIgH REFHCM B R BN B PR GRER Bhtibodies in

the abgencetefability of an antibody, a fusion protein, a conjugated molecule, or a composition of the
invention to inhibit the replication of the virus, to inhibit transmission or prevent the virus
from establishing itself in its host, or to prevent, ameliorate or alleviate one or more
syniptoms a,ésociated. with viral infection. The treatment is considered therapeutic if there
is, for example, a reduction is viral load, amelioration of one or more symptoms or a
25  decrease in mortality and/or morbidity following administration of an antibody, a fusion
protein, a conjugated molecule, or a composition of the invention. Antibodies, fusion
proteins, conjugated molecules, or compositions of the invention can also be tested for their
ability to inhibit viral replication or reduce viral load in in vitro and in vivo assays.
Efficacy in treating or preventing bacterial infection may be demonstrated by
30  detecting the ability of an antibody, a fusion protein or a composition of the invention to
inhibit the bacterial replication, or to prevent, ameliorate or alleviate one or more symptoms
associated with bacterial infection. The treatment is considered therapeutic if there s, for

example, a reduction is bacterial numbers, amelioration of one or more symptoms or a
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endogenous immunoglobulin production. For example, it has been described that the 30 homozygous
deletion of the antibody heavy-chain joining region (JH) gene in chimeric and germ-line mutant mice
results in complete inhibition of endogenous antibody production. Transfer of the human germ-line
immunoglobulin gene array in such germ-line mutant mice will result in the production of human
antibodies upon antigen challenge. See, e.g., Jakobovits etal., Proc. Natl. Acad. Sci USA, 90:

2551(1993)dslakadaaniisoptatity blatlitench2didbh[b99R) aBiiggesmnanst eh ahtiVeby infleisaunol., 7: 33
(1993). Gene %hufflirgg can al,%.o befts‘ed to g.erive human antibodies from non-human, e.g. 5rodent,
antibodies, WR&M8 thé HURFEN é%l}i%olgﬁ Ra&%ifhar affinities and specificities to the starting non-human

antibody. Accordingito«tisemeihe, whiehsie-al 3o esltssiig pitapes inppisiting ¢, eithdithedeavy or light

chain variable region of a pon-numan antibody fragment.obtained by phage display techpiques as
described MBS P S S Sse b oLt R P A e e covices sprebreduchshy >
non-humanichbentmiraefkischainmsidecridaly shimeras. [Salegtiomvdtivantigembdstilis in isolation of
a non-human chain/human chain.chimeric sckEv or Eab wherein the human chain.restores the antigen
Pimding e S e e
display clonggrihecthboegitopedjovernsimprintonthies cledicriof, tevhogrdrwohairoparister. When the
process is repeated | gLt replage the remaining nen-human ehalnga, L3 Rymanagibody is
obtained (seg’[é8 %%%O%%f&%’ﬁ p’u%%s%%d%% 1, 1993(3. U%]Iﬁt(% f?ﬁ%ona?ﬁumaniz%%%n of
non-humantantitediessbin OB Regrsfivgethid deenhnidhe providéssieomplstely emsxgntisddies, which

have o FR g GRR fesidlisial aashuman e Biseediicanhdies Risnacilcaptbadies are

monoclonal antibodies )ave binding specificities for at 20least two different antigens. In certain
embodimenss¥sabigp i matirodreyarebispaemeiemfitse dlesivithiemesstdrasra minevabid

modificationg in.theF6<eging relativedaaldr e Aninory: i Getirirembastiments. bispecific

antibodies are human or humanized antibodies. In certain‘ embodiments, one of the binding
specificitiesf§FBWEGF and the other is for any other antigen. In certain embodiments, bispecific

antibodies may bing to. 254w giffsent epilanesobVEGE. Risraciic anibediasmaualinbe used to

localize cytotoxic agents to cells which express VEGF. These antibodies possess a VEGF-binding arm
and arf arm avRREAPBIRE o Sttt dberttduenbrimgissBp o ehitinubiEréhBearEs alkaloid, ricin

A chain, mejbptrexate et radipastiRJISAUIRRS bantenglicertainantibogdigs dhrindingsrecificities are
for IL-4 and 1L-13. Bispecific antibodies can be 30 prepared as full Ioength antibodies or antibody
fragments BTG FaREG A 2RHE U HSF ARRIAE DIpsae it U mibb AT G kAW in the art.

TraditionallysnthBer embodiment, by “reduce or inhibit” is meant the ability to cause an overall decrease
of 75%, 85%, 90%, 95%, or greater. Reduce or inhibit can refer to the symptoms of the
20  disorder being treated, the presence or size of metastases, the size of the primary tumor, or
the size or number of the blood vessels in angiogenic disorders.
“Operable” cancer is cancer which is confined to the primary organ and suitable for
surgery.
“Survival” refers to the patient remaining alive, and includes disease free survival
25  (DFS), progression free survival (PFS) and overall survival (OS). Survival can be
estimated by the Kaplan-Meier method, and any differences in survival are computed using
the stratified log-rank test.
“Disecase free survival (DFSY” refers to the patient remaining alive, without return of
the cancer, for a defined period of time such as about 1 year, about 2 years, about 3 years,
30  about 4 years, about 5 years, about 10 years, efc., from initiation of treatment or from initial
diagnosis. In one aspect of the invention, DFS is analyzed according to the intent-to-treat
principle, i.e., patients are evaluated on the basis of their assignéd therapy. The events used

in the analysis of DFS can include local, regional and distant recurrence of cancer,
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recombinant production of bispecific antibodies is based on the co-expression of two immunoglobulin
heavy chain-light chain pairs, where the two heavy chains have different specificities (Milstein and
Cucllo, Nature, 305: 537 (1983)). Because of the random assortment of immunoglobulin heavy and
light chains, these hybridomas (quadromas) produce a potential mixture of 10 different antibody
molecules, of which only one has the 5correct bispecific structure. The purification of the correct

molecule, whighisntsubycaaneyyadinityciyamatogmpinsiepsy is sathefttoumbersaraenand the
product yields art()a low. Similar procedures are disclosed in WO 93/08829 published May 13, 1993, and
in Traunecké&ret 5?,31%!\9@851? %%%%r(sfﬁgﬁpﬂ&a&aﬁ%c@‘a different approach, antibody variable

domains with the dégisedi 10hikdiNgeSpe eifititipsicantibady-aptitien oombifing pheas) afaifused to

immunoglobulin constant domain sequences. The fusion, for example, is with an i globulin
hoavy chain S AR oGt ot acars SBhut § vours dhoul FRGrdiont S veail abbI 10O ertain

embodifnengsathetirsteavitetiain Coastantt region(@HHE, deptasiing the site necessary for light chain

binding, is presentjn .at Ieagt one of tq;a.fusion% DNAs eqsgginlgg/})g@? immun 7%'88%‘4%@ heavy chain
rte

. . exIenadIng Survivii "~ 1§ .meant mereasin il 1 4 trea (1
fusions and, if desw%d,)fhe mﬁwnogﬁobu“llnﬁléht chain, are inse nto separate ‘expression vectors,

and are co-tréaisfetieu intucatsd patitethasttriganismcdinslprentides forgreatshekiwilitgamadjusting the
mutual proportions:o ide fr ts.in.embodi e ratios of the
three poIyp(':e)qp{lé'd\g1?:[}1tfilllltﬁrr::?l é&%ﬁ#&tﬁéeeg‘g% %ﬁ'c%%%?%%lé e?rﬁlgoé%%ﬁénf%%ﬁgg ﬁ}ig?)yh%levl%%%r, possible
to insert theo2@tlsaih gbsalignvesifer eae droall Ahresespotygpdpitiebohaingins omeakkpseskioh4/ector when

the expressian.ofatlgast WapaypeRIda.cRalRsn.ebaLIAiaR ropHbs NN Yields ppwhen the

ratios are of no particular significance. ~ In one embodiment of 'this approach, the bispecific
antibodies dreatpenpostdionnaiisriaiimdirgagidbulin heavy chain with a first binding specificity in one

arm, and a hybrid 2Qipmyroglofulin bepvy GhALRlIol CRal g RAILRLAUIIAY ARE GRAbPinding

specificity) in the other atm. It was found that this asymmetric structure facilitates the separation of the
desired bispbeifReebaissuitd hsHs trisrahiet AhtipoyiIBistRHCharalapnbitiatordcesdingliresence of

an imrnunoglobulia ightahaiRibe iueas Qaﬁs@&%@@gﬁiﬁmﬁ& melsauls: Rrgyidess it facile way of
separation. This approach is disclosed in WO 94/04690. For 30further details of generating bispecific

antibodifes JBCraREREN TSR g adls st sonfinatisdacAderpiEeIon Yl P24 P TONE S8
agent(s).

By “monotherapy” is meant a therapeutic regimen that includes only a single
therapeutic agent for the treatment of the cancer or tumor during the course of the treatment
period. In certain embodiments, monotherapy using a variant IgG means that the variant

20 TG is administered in the absence of an additional anti-cancer therapy during that treatment
period.

By “maintenance therapy” is meant a therapeutic regimen that is given to reduce the
likelihood of disease recurrence or progression. Maintenance therapy.can be provided for
any length of time, including extended time periods up to the life-span of the subject.

25  Maintenance therapy can be provided after initial therapy or in conjunction with initial or
additional therapies. Dosages used for maintenance therapy can vary and can include
diminished dosages as compared to dosages used for other types of therapy.

“Neoadjuvant therapy” or “preoperative therapy’ heremn refers to therapy given prior
to surgery. The goal of neoadjuvant therapy is to provide immediate systemic freatment,

30 potentially eradicating micrometastases that would otherwise proliferate if the standard
sequence of surgery followed by systemic therapy were followed. Neoadjuvant therapy
may also help to reduce tumor size thereby allowing complete resection of inttially

unresectable tumors or preserving portions of the organ and its functions. Furthermore,
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According to another approach, the interface between a pair of antibody molecules can be engineered
to maximize the percentage of heterodimers which are recovered from recombinant cell culture. The
interface comprises at least a part of the CH3 domain of an antibody constant domain. In this method,
one or more small amino acid side chains from the interface of the first antibody molecule are replaced
with larger side chains (e.g. tyrosine or tryptophan). Compensatory "cavities" of identical or similar size

to the large sigaipehainks)pie ereateshon the itestacaithr sesandantibadmedaaulaby replacing

large amino acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism
for increasif¥H& SisHPSAHE HEERHIrer over other unwanted end-products such as homodimers.

Bispecific antibodiesdngludercrass:inkgd ercheteieesnjwiaie aantibesios Wwierdibexampie, one of the
antibodies in the heteroconjugate can be coupled to, avidjn, the other to biotin. Such_antibqdies have,
et it bl B eany Rt L Al S g
4,676,980),dndjicatraatmenioabhiyy trfectons006@ DhOB366;, WDRHIOZ A3 rahd ER:03089).

Heteroconjugate ar}tibodies may anmade using any convenient cross-linking method. Suitable

cross-linkinﬁ 36%% S e Wel Kowr in the 15art, and are disclosed in US Patent No. 4,676,980, along

with a number of diessdjrikimgitedbhigueschemolieaidiatfodylbtdehmhologycesaribeg:dysHollinger et al.,
Proc. NatL '?‘C?%' ‘ﬂa;elé%o‘f ga :643141?:% ﬁ%alc%gB) has provided an alternative mechanism for making
bispecific antiboo fragments. 'ﬁ?e?r’agmen S comprise a heavy-chain variable domain (VH)
20connected to a liGkficheinsuagiabiesdontan il eby & linkdmivhickhisitedistiedrtmaliow pairing

betweep th .domains on the chali ordingly, the.VI-! and VL .domains of one fragment
are for ol ) Eo b B e P DR L o
two antigenriimdinigsitesciiimoth Srestrasey yidrdmgking oisgeeifidt antisodynirad nrentsdipthe use of

single-chair iy (SE) NGS5, A/SH BB (E091ed) BAE20GbEL el oh DGl 4525368

(1994). Antibodies with more than two valencles are confemp . For example, trispecific
antibodies casr@eprsparepicrufass sisgtipneftthotud. 60efl90 13 MattivatehidanpitsseiscA multivalent

antibody may,pednighalied (B chsatabrlizerliaster tianaAdqbivalent anthady by a cel

expressing an antigen to which the aritibodies bind. The antibodies of the present invention can be
multivafent arffseuieshaschRa /s BIEstigisd Piehry MasiBE P ivith rhrdeeidmers riggidinding sites

(e.g. tetravajepianiRedisslwhich.can he readiRradrsad RyRerhinaniRmrgssion of nucleic acid

encoding the p}&lgpeptidc chains of the antibody. The multivalent antibody can comprise a dimerization
domain andREHEERS TRYSFECH G- IR QiBass AEERIPs NG AfsHIE i preARaRYAldomain

comprises (9 GaRH$Ief) AESEYIN, 8F AddiRge region. In this scenario, the

Administration "in combination with" one or more further therapeutic agents

20 includes simultaneous (concurrent) and consecutive administration in any order.

"Chronic" administration refers to administration of the agent(s) in a continuous
mode as opposed to an acute mode, so as to maintain the initial therapeutic effect (activity)
for an extended period of time. “Intermittent” administration is treatment that is not
consecutively done without interruption, but rather is cyclic in nature.

25 "Carriers" as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers which are nontoxic to the cell or mammal being exposed thereto at the dosages
and concentrations employed. Often the physiologically acceptable carrier is an aqueous
pH buffered solution. Examples of physiologically acceptable carriers include buffers such
as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid; low

30  molecular weight (less than about 10 residues) polypeptide; proteins, such as serum
albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides,

disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating
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5 antibody will comprise an Fc region and three or more antigen binding sites amino-terminal to the Fc
region. In certain embodiments, a multivalent antibody comprises (or consists of) three to about eight
antigen binding sites. In one such embodiment, a multivalent antibody comprises (or consists of) four
antigen binding sites. The multivalent antibody comprises at least one polypeptide chain (for example,
two polypeptide chains), wherein the polypeptide 10 chain(s) comprise two or more variable domains.
For instancegéhs polypepiiviesckaia(e)]cory cartpiisaaibilo (S yorbubI2 sekdiming, swbereionyD1 is a first
variable domajn, VD2 is a sgcond variable domain, Fc is eptide.chain qf a gion, X1
anc X2 rep REB S ST EERSR B SREATE BT 15 § N T ar IRASHEL &g peiiite chain)
may comprise MHOBHEXIBle linker-VH-CHI-Fc region chain; or VH-CH1-VH-CHI-Fc 15 region chain.

The multivalent arJL{itb&dé/\herain ma erther comn[:j)rise tr%east tw? for ?fan%gle fobé&ﬂ%?its(:hain
4 .

variable domain p yp%pst?gé%.l‘?ﬁé n%u‘lt‘f\?%lcel%tc antibot y0 &rein may, For iRs alr?tl:lé),s omprise from about

two to aboutreiphtlighttehaihidriablefibfonikipelypeptities, (T lghtehain iabledanaih

polypeptides,contemplated here, comprise a tight cqain variable domain and 0 tionally, further
Compriee a L B e e e ot e

invc_antion isthﬁﬁpgi@mmmrgnﬁwp@omm?@.region. In ce_rtain embodimgnts, the single-domain
antibody has one Shiters amingagidmodicalans indhe. e eoion (FRING IR MIGARE 0. A

single-domain antibody is a sing ain comprising all or a portion of th avy chain 25
variable domrarercatipoisapartrent ohtestighthererientiadabie dgmantotanscantbuydy Eaniiptady

Modifiggtions i GRERIREMBAYINEALS, AMINAARIRSEAMERteMAAicajonta)- Qe smpnoglobulins

described herein are cont errinp ated. In cer aln%mbodiments, modifications comprise one or more
amino acid teeriiicapsAs it BN tIGEe ok thacslisre st itfedritiordimierbamaanitdiments, it may

be desirabigadurther i Pidincafinininhispalife sndlonaignRioloaisaLpragertis of the

variant IgGs ot the present invention. In certain embodiments, amino acid modifications comprise one
or more amfieh attingificativietianemticGBglbrrHbediescipaddseralrzrmobifistparatapicicid -
sequences @@Fﬁ)’%@éﬁd&ﬁ%gl@%ﬁﬁ@ﬁlﬁ{%@ %f&%ﬂ%ﬁt@im@i&tﬂ%@%@%ﬂ&ﬁ@e nucleotide

sequence encoding the antibody, or by peptide sg}nthesis. Such modifications include, for example,

deletioris fréBRENH insRiieRs daty ahaowtsistaninoreont (¢esidildsiVitim theasaiino acid
sequences pidhie.AMtibatyxAny eembinationpfdelslioncingeHion BridSUbStiangan be made to

arrive at the final construct, provided that the final construct ggssesses the desired characteristics. The -

amino acid BitEFalirRE AT e BEEd PSS TSI ARG BRI ARRiEak F o8 u EHR at the time that

sequence ismaderBaiseiimethed ioridemiivetion ok certairyesid eR anregions.af thesantibody that
10are preferred lpcations for mytagenesis is called_"alanine scanning mutagenesis” as described by
oo d%&hf%c}

Cunninghar ST /& QE8Y) SeRIee SAS 1081 nEons 1reeidie ¥af88t residues

are identifiegh¢engoncharged residues such as arg, asp, his, lys, and glu) and replaced by a neutral or

tively ch ' id (e.g., alanj lyalanine) to affect the interacti f th [ id
i ntigen ThosL ANTHD GUBTCtr AeFRRES MG RS UaICEh VB B substutions

then are refpjeﬁﬁxy a cellular function and/or causes cell death or destruction. The term s intended to

include radioactive isotopes (e.g., AL 3T 13 %0 Relgé, Relgg, Sm™?, Bi*2 P2, pp??
and radioactive isotopes of Lu), chemotherapeutic agents (e.g., methotrexate, adriamicin,

25  vinca alkaloids (vinceristine, vinblastine, etoposide), doxorubicin, melphalan, mitomyein C,
chlorambucil, daunorubicin or other intercalating agents, enzymes and fragments thergof
such as nucleolytic enzymes, antibiotics, and toxins such as small moiecule toxins or
enzymatically active toxins of bacterial, fungal, plant or animal origin, including fragments
and/or variants thereof, and the various antitumor or anticancer agents disclosed below,

30  Other cytotoxic agents are described below. A tumoricidal agent causes destruction of
tumor cells. In certain embodiments, the variant IgG may be conjugated with a cytotoxic

agent.

69



introducing further or other modifications at, or for, the sites of substitution. Thus, while the site for
introducing an amino acid sequence modification is predetermined, the nature of the mutation per se
need not be predetermined. For example, to analyze the performance of a mutation at a given site, ala
scanning or random mutagenesis is conducted at the target 20codon or region and the expressed
immunoglobulins are screened for the desired activity. Amino acid sequence insertions include

amino- and/or carboxykigrming tusiens saaging briersb iresenasesidie & pelyRaAtides containing
a hundred or mare residues, as well as intrasequencc insertions of single or multiple amino acid
residues. ERHREEW 2 54l insertions include an antibody with an N-terminal methionyl residue.

Other 25insertionad madificationsefctbgantipedymalecdapoakidestng fusiendathenNsfor C- terminus
of the antibody to an enzyme. (e.g. for ADEPT) or a poLy ep}'pl which increases the serum half-life of
the antibody"“*"1 E’E@é?éﬁ% %‘fﬁ%ﬁﬁ&ﬁ%@?@&r%‘?{%@c thé }DY S ARTER AT & et 'thcrease or

decrease the&xtphsdshwhich (e BOHROMR saglyCaspates: wiycamistion ofpateptides is 30typically
either N-linked erg-lilnked N-Iinkegl re%ers to the attgchment of a g{grbohﬁl_grate moiety to the side chain
of an aspargﬁjlfquéJ rénsllc?ﬁg.ldfﬁeé fturﬁe%%i %ng%ﬂjeanﬁ%r OaaélﬁgFaaTﬁtélf “dEri é‘ﬁ%flg%aragine-x-threonine,
where X is atiylaniinaacitiexchpigpiolineney enthalieg elriionze giehdesciaciemzymatic attachment of

the carbohydr eimoi%ta/tgt the% ar hain. Thu e of either of these tripeptide

trie e orami gptnet ! e%stilg‘% osphora ﬁéth%%{iesig elamine: .
sequences In a polypeptide creates a potential glycosylation site. O-iked giycosyiation refers to the

attachment afarrenif ke siridhs il atayigald dasaminen QatetteSac vahydasertmbityidroxyamino acid,
most monly serine.qr, ine,-although. 5-hydroxyprohne or. 5- Shydroxylysine may also be used.
i or S o S B e R SR by ahering tho
amino acid seypleficeisyitiinitote synthetie afitverbopetaes HBECANPEDTIeEGUENnces (for N-linked
glycosylation sj [ ‘ A terati av also be made by the addition, deletion,
or su bstitutigﬁ%{ﬁ%ﬁé g%r%ﬁé@%ﬁ%fﬁ%%%ﬁr%% #1%%@1%6%’5%%@% %"edgjé‘ﬁ‘é%‘%ﬁﬁ’é%?&% antibody
(for 0-linkedrygrysietiplatiimssitas }C- 1 0P dinelrsby dsadratiatheditocterinRa ddgiolvof tyethetiant IgGs
may be alteged, Nakye.aniiosies prouest A mAmMAANGES aIGai A ArisecR Rrgnched
biantennary olié)SsEl%c):’;eﬁari e%ﬂat IS g’egr‘leréz?lillégi aittached’ bf@n N-Jfr%%ﬂo&sn%? ocfg the9CH2 domain
of 15tHé Fc tegieniBee! ang. cumrigpitvetalS (1O9piaiB dpcknsigdindudine bigostictharide may

include varigus sarhoRyerales .6 dopnanneseMngehobisesaming (BlsNAg)galactose, and slake

acid, as well as a fucose attached to a G1cNAc in the "stem" of the biantennary oligosaccharide

structure. B RiDBARTER B BERTEcHS P Bifde ShtcEhame NG £ VarrmrgBidhe invention
- May be madeihRide dIBAMRIYANHIAER W, GRERBrethamine oxide hydrochloride,

melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard,

20 nitrosourcas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
ranimnustine; antibiotics such as the enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calichecamicin omegall (see, e.g., Nicolaou et al., Angew.
Chem Intl. Ed. Engl., 33: 183-186 (1994)), CDP323, an oral alpha-4 integrin inhibitor;
dynemicin, including dynemicin A; an esperamicin; as well as neocarzinostatin

25  chromophore and related chromoprotein enediyne antibiotic chromophores),
aclacinomysins, actinomycin, authramycin, azaserine, bleomycins, cactinomycin, carabicin,
carminomycin, carzinophilin, chromomycins, dactinomycin, daunorubicin, detorubicin, 6-
diazo-5-oxo-L-norleucine, doxorubicin (including ADRIAMY CIN®, morpholino-
doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin, doxorubicin HC

30 liposome injection (DOXIL®Y, liposomal doxorubicin TLC D-99 (MYOCET®), peglylated
liposomal doxorubicin (CAELY}(@), and deoxydoxorubicin), epirubicin, esorubicin,
idarubicin, marcéil.omycin, mitomycins such as mitomycin C, mycophenolic acid,

nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin, rodorubicin,
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20additionally improved properties. In certain embodiments, a variant IgG further comprises an amino
substitution at position 297 to alanine. For example, antibody modifications are provided having a
carbohydrate structure that lacks fucose attached (directly or indirectly) to an Fc region. Such
modifications may have improved ADCC function. See, e.g., US Patent Publication Nos. US
2003/0157108 25 (Presta, L.); US 2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Examples of

publicationssrelatasbion detuensyiatedhokidacosasiicienbsantibosh magifigatiapaipgiuge: US
2003/0157108; WO 2000/61739; WO 2001/29246; US 2003/0115614: US 2002/0164328; US
2004/009363¢h B SHRTBRIe BIRCiYBEYYTATDA: 198 BEEWIOARId2 158 oBtAIBY 09865 WO

2003/0851 1 W OrO03H84at Ao 08 F0SRAER METBY, 20RBAR5AAS; MRZAMDIAR fde
W02002/031140; Okazaki et at J. Mot Biol. 336:1239- 1249 (2004); Yamane-Ohnuki et al. Biotech.

Bioeng. 87: B4 {2 B8P B SIS Tt RHEPEEPRbE st 58t R 0 8RSy TaiB dantibodies include
Lec13 GHOmels-8R#c e nidRprotRifink cBRyhasion: (il aia); Avithi Biechemefiophys. 249:533-545
(1986); US Pat. Appl No US 2003/0157108 Al, Presta, L; and WO, 2004/056312 Al, Adams etal.,
Cepeoilly aPELT 5 A A B0 A PR o SR e ene, FUTS,
knockout Cliéadialisnts €exerglinY ambiogehnickigtcaluBioterh dBinenan@dnh63H(a0A4); Kanda, Y. etal.,
Biotechnot Bioeng., 94(4):680-688 (2006): and 5 WQ2003/085107). .  Antibody, modifications are
further prov%’é%o\ﬁﬁ%%igsnegg 38881?501% %%ﬁ tﬁa%sa}ngfgag,r?ﬁl %%%8??5%?%%{5}%?‘&?&3&5/%%%3 tglﬁ%e attached
to the Fc regitesiahth&botbiddynehidected by GtdMAcackleheghiitvac yidapioyishanaishave reduced
fucosylation and/or improved ADCC function. Examples of such.antibody modificatjons, are described,
o v SO B o T T e SR RS SRS e U
2005/01 23548 (famanad etalchl ntibbeli gnodifickitiongmét e Bipkeastrome tgataot esethdsidtie in the
oligosaccharide; attached to the Ec.region are alsq.provided. Such antibody modifications may have
mproved G B e B RS S 006 (Pater e
at); WO 1998/5806iq Ra] unSi)imnth Widi 519992 278k {Rejus:Srepidanmelertirresnthodiments, the

invention cq e ib ifigati i ¢ [ tor functions,
hich makeh D ol in ivo
is impdfaantiérvertaindeftenmiciudtifohstisedired eoniplesneritahdaD@E) dreaxirecessary or
deleterious. {p gertain.20e mAodiMents ihe e QR iligsRbHe 2ptbady.are MRAsHIRGLI ensure that

only the desired properties are maintained. In vitro and/or in vivo cytotoxicity assays can be conducted

binding assaysicande cordneted i ersueihal lie AN IRMIRGKAERRAAE (hence likely lacking
ADCC activity), but retains FCRn binding ability. The primary cells 25for mediating ADCC, NK cells,

express Femlaﬁm&;’gmq@;@g§wm@§;é@@%iﬁ:@gﬁr’a—@’); thiotepa; taxoid, e.g., paclitaxel

20 (TAXOL®), albumin-engineered nanoparticle formulation of paclitaxel (ABRAXANE™),
and docetaxel (TAXOTERE®); chloranbucil; 6-thioguanine; mercaptopurine; methotrexate;
platinum agents such as cispl.étin, oxaliplatin (e.g., ELOXATIN®), and carboplatin; vincas,
which prevent tubulin polymerization from forming microtubules, including vinblastine
(VELBAN®), vincristine (ONCOVIN®), vindesine (ELDISINE®, FILDESIN®), and

25  vinorelbine (NAVELBINE®); etoposide (VP-16); ifosfamide; mitoxantrone; leucovorin,
novantrone; edatrexate; daunomycin; aminopterin; ibandronate; topoisomerase inhibitor
RFS 2000; difluoromethylornithine (DMFO); retinoids such as retinoic acid, including
bexarotene (TARGRET1N®); bisphosphonates such as clodronate (for example,
BONEFOS® or OSTAC®), etidronate (DIDROCAL®), NE-358095, zoledronic

30  acid/zoledronate (ZOMETA®), alendronate (FOSAMAX®), pamidronate (AREDIA®),
tiludronate (SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); antisense oligonucleotides, particularly those that inhibit

expression of genes in signaling pathways implicated in aberrant cell proliferation, such as,
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FcyRIl and Fc1R111. FcR expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev. Immunol. 9:457-92 (1991). Non-limiting examples of in vitro assays to
assess ADCC activity of a molecule of interest is described in U.S. Patent No. 5,500,362 (see, e.g.
Hellstrom, I., etal. Proc. Nat'l Acad. Sci. USA 3083:7059-7063 (1986)) and Hellstrom, | et al., Proc.
Nat'l Acad. Sci. USA 82:1499-1502 (1985); 5,821,337 (see Bruggemann, M. et al., J. Exp. Med.

166:1351-1361(19810) pRECIALVRlY: @pﬁa@qmmmﬁgy&m%%&g%mm@% (see, for

example, ACTITm non-radioactive cytotoxicity assay for flow cytometry ( eIITechnoIogy, inc. Mountain

View, CA: affleeifs ToxReE oh-tagrhdifeFcotsiieiyra sl ismugs, Waermsssusyps Useful effector

cells for suchiasgaysopeiidgngEipherahblaed ieasnuclens celisARBMG X anddarakidlier (NK) cells.
AIternativelﬁaFgr additionally, ADCC activity gf the molecule of interest ma& be assessed in vivo, e.g., in

a animal mddet ¥ihl Ay At anse RiseY YRSt RPpsercRiat 1ipkbidodigiuSA 95:652-656

(1998). £lq binrlingassaysnamRIse-e, casriat:ouk o) confirm dhed the-astipoduisyinahnle to bind Clg
and hence Iag§§CDC_ acbt!r}./tlﬁ% To agsess complement activation, a CDC assay may be perfoiled (see,

TasJsmptalnelrd Bl ; Sinsphampionscds Zoseor{6 g6 5olrayt M.S. et al., Blood

for example,
101:1045-1@62i(3003)pasiebSotagtrhibifer 2nd. Ms3ABlenmiesdaodVEO G ATRE R (43 4692004)). FeRn
binding and in.viva clearance/half life determinations. can.also be performed using methods known in
the art (see RIS HbId PRiS P§.»§%?%19=%fqﬁu BB PBEER88(¢3BD6)). Other
antibody mddifisations $efing oneorNRGERMiNb reid sttt kions atslpyvidednSitesoafinterest for
substitlu(}ion%l muta[%eg?sis incHud_e the hé/,%irva lable [ﬁl%gi)o tER altefrqtior?s are also
contemplated: Conservative substrbtons are ShGW i RS H SRR SF "preferred
substitutionsahiises sudistansisd fehdin (RS HdEBoNH AR AQ AeXen plarplsubatitutions) areprmvided in Table

1, oras furthqr des%ribe below in rFfere to, amino acid classes. Aminofa}cid substitutjions may be
. .se% 18, acCl S(B’ gﬂv Ves 0 atng o%%ﬁ]ea ove. as well as compinations of two grm Te O }?e
introduced into an antibody of interest and the products screened, €.g., for a desired activity, such as

improved 2@antigenhbindiH R ecrédseddnom tinegemibine drinprepedf ARGOGhosERGIdetc. TABLE |
Original Re%{g)lcj(%'u%);(%rﬂ Q&%%Stine, and prednisclone; and FOLFOX, an abbreviation for a treatment

15 regimen with oxaliplatin (ELOXATIN™) combined with 5-FU and leucovorin, and
pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as
combinations of two or more of the above.

Chémotherapeutic agents as defined herein include “anti-hormonal agents™ or

“endocrine therapeutics” which act to regulate, reduce, block, or inhibit the effects of

20 hormones that can promote the growth of cancer. They may be hormones themselves,
including, but not limited to: anti-estrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen (including NOLVADEX® tamoxifen),
raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018,
onapristone, and FARESTON- toremifene; aromatase inhibitors that inhibit the enzyme

25  aromatase, which regulates estrogen production in the adrenal glands, such as, for example,
4(5)-imidazoles, aminoglutethimide, MEGASE® megestrol acetate, AROMASIN®
exemestane, formestanie, fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and
ARIMIDEX® anastrozole; and anti-androgens such as flutamide, nilutamide, bicalutamide,
leuprolide, and goserelin; as well as troxacitabine (a 1,3-dioxolane nucleoside cytosine

30 analog); antisense oligonucleotides, particularly those which inhibit expression of genes in
signaling pathways implicated in abherant cell proliferation, such as, for example, PKC-
alpha, Raf and H-Ras; ribozymes such as a VEGF expression inhibitor (e.g.,
ANGIOZYME® ribozyme) and a HER2 expression inhibitor; vaccines such as gene

72



Substitutions Preferred Substitutions Ala (A) Val; Leu; Ik Val Arg (R) Lys; Gin; Asn Lys Asn (N) Gin;
His; Asp, Lys; Arg Gin Asp (D) Glu; Asn GM Cys (C) Ser; Ala Ser Gin (Q) Asn; Glu

therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and
VAXID® vaccine; PROLEUKIN® IL-2; LURTOTECAN® topoisomerase 1 inhibitor;
ABARELIX® rmRH; Vinorelbine and Esperamicins (see U.S. Pat. No. 4,675,187), and
pharmaceutically acceptable salts, acids or derivatives of any of the above; as well as

5  combinations of two or more of the above.

A "growth inhibitory agent” when used herein refers to a compound or composition
which inhibits growth of a cell {such as a cell expressing VEGF) either in vitro or in vivo.
Thus, the growth inhibitory agent may be one which significantly reduces the percentage of
cells (such as a cell expressing VEGF) in S phase. Examples of growth inhibitory agents

10 include agents that block cell cycle progression (at a place other than S phase), such as
agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers include the
vincas (vineristine and vinblastine), taxanes, and topoisomerase II inhibitors such as
doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those agents that arrest
(31 also spill over into S-phase arrest, for example, DNA alkylating agents such as

15  tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-
fluorouracil, and ara-C. Further information can be found in Mendelsohn and Israel, eds.,
The Molecular Basis of Cancer, Chapter 1, entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakami et al. (W .B. Saunders, Philadelphia, 1995), e.g., p. 13.
The taxanes (paclitaxel and docetaxel) are anticancer drugs both derived from the yew tree.

20 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.

25 By “radiation therapy” is meant the use of directed gamma rays or beta rays to
induce sufficient damage to a cell so as to limit its ability to function normally or to destroy
the cell altogether. Tt will be appreciated that there will be many ways known in the art to
determine the dosage and duration of treatment. Typical treatments are given as a one time
administration and typical dosages range from 10 to 200 units (Grays) per day.

30 The "pathology” of a disease includes all phenomena that compromise the well-
being of the patient. For cancer, this includes, without limitation, abnormal or

uncontrollable cell growth, metastasis, interference with the normal functioning of
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Asn Glu (E) Asp; Gin Asp Gly (G) Ala Ala His (H) Asn; GIn; Lys; Arg Arg Original Residue Exemplary
Substitutions Preferred Substitutions lle (I) Leu; Val; Met; Ala; Phe; Norleu eine Leu

neighboring cells, release of cytokines or other secretory products at abnormal levels,
suppression or aggravation of inflammatory or immunological response, etc.

A “small molecule” is defined herein to have a molecular weight below about 500
Daltons.

5 The term “intravenous infusion” refers to introduction of a drug into the vein of an
animal or human patient over a period of time greater than approximately 5 minutes,
preferably between approximately 30 to 90 minutes, although, according to the invention,
intravenous infusion is alternatively administered for 10 hours or less.

The term “intravenous bolus™ or “intravenons push” refers to drug administration

10 into a vein of an animal or human such that the body receives the drug in approximately 15
minutes or less, preferably 5 minutes or less.

The term “subcutancous administration” refers to introduction of a drug under the
skin of an animal or human patient, preferable within a pocket between the skin and
underlying tissue, by relatively slow, sustained delivery from a drug receptacle. The pocket

15 may be created by pinching or drawing the skin up and away from underlying tissue.

The term “subcutaneous infusion” refers to introduction of a drug under the skin of
an animal or human patient, preferably within a pocket between the skin and underlying
tissue, by relatively slow, sustained delivery from a drug receptacle for a period of time
including, but not limited to, 30 minutes or less, or 90 minutes or less. Optionally, the

20 infusion may be made by subcutancous implantation of a drug delivery pump implanted
under the skin of the animal or human patient, wherein the pump delivers a predetermined
amount of drug for a predetermined period of time, such as 30 minutes, 90 minutes, or a
time period spanning the length of the treatment regimen.

The term “subcutaneous bolus” refers to drug administration beneath the skin of an

25  animal or human patient, where bolus drug delivery is preferably less than approximately
15 minutes, more preferably less than 5 minutes, and most preferably less than 60 seconds.
Administration is preferably within a pocket between the skin and underlying tissue, where
the pocket is created, for example, by pinching or drawing the skin up and away from
underlying tissue.

30 The word “label” when used herein refers to a detectable compound or composition
which is conjugated directly or indirectly to the polypeptide. The label may be itself be

detectable (e.g., radioisotope labels or fluorescent labels} or, in the case of an enzymatic
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Leu (L) Norleucine; lle; Val; Met; Ala; Phe lle Lys (K) Arg; Gin; Asn Arg Met (M) Leu; Phe; lie Leu Phe
(F) Trp; Leu; Val; lle; Ala; Tyr Tyr Pro (P) Ala Ala Ser (S) TM Thr Thr (T) Val; Ser

label, may catalyze chemical alteration of a substrate compound or composition which is

detectable.

. Antibedies

Antibodies are proteins which exhibit binding specificity to a specific antigen.

5  Native antibodies are usually heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light (L) chains and two identical heavy (H) chains. Each light
chain 1s linked to a heavy chain by one covalent disulfide bmuad, while the number of
disulfide linkages varies between the heavy chains of different immunoglobulin isotypes.
Each heavy and light chain also has regularly spaced intrachain disulfide bridges. Each

10 heavy chain has at one end a variable domain (Vi) followed by a number of constant
domains. Each light chain has a variable domain at one end (V) and a constant domain at
its other end; the constant domain of the light chain is aligned with the first constant
domain of the heavy chain, and the light chain variable domain is aligned with the variable
domain of the heavy chain. Particular amino acid residues are believed to form an interface

15  between the light and heavy chain variable domains.

Depending on the amino acid sequence of the constant region of their heavy chains,
antibodies or immunoglobulins can be assigned to different classes. There are five major
classes of immunoglobulins: IgA, IgD, IgE, IgG and IgM, and several of these may be
further divided into subclasses (i_sotypeé), e.g. 1gGy, 1gGs, IgGa, and I1gGy; IgA, and IgA,. A

20 variety of human IgGi, 1gGs, IgGa, and 1gG,4 allotypes have been described (reviewed by
M.-P. LeFranc and G. LeFranc in: "The Human IgG Subclasses," F. Shakib (ed.), pp. 43-78,
Pergamon Press, Oxford (1990)). The different isotypes of the IgG class, including IgGi,
1gGag, 1gGa, and 1gGy, have unique physical, biological, and clinical properties. Human -
IgG; is the most commonly used antibody for therapeutic purposes, and the majority of

25  engineering studies have been constructed in this context.

The present application is directed to variant IgG immunoglobulins that include
amino acid modifications that alter the biological properties of the IgG. The variant
immunoglobulins of the present application include antibodies that comprise a modified Fc
region that display longer half lives in vivo compared to the wild-type antibodies.

30 In certain embodiments, the half life of a variant IgG of the present invention is
increased by at least 50% compared to the half life of the 1gG having the wild-type human

IgG Fe region. In certain embodiments, the half life of a vanant IgG of the present
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Ser Tip (W) Tyr; Phe Tyr Tyr (Y) Trp; Phe; Thr; Ser Phc Val (V) lle; Leu; Met; Phe; Ala; Norleucine Leu
Modifications in the biological properties of an antibody may be accomplished by selecting
substitutions that affect (a) the structure of the polypeptidc backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge or 5hydrophobicity of the molecule at the
target site, or (c) the bulk of the side chain. Amino acids may be grouped according to similarities in

the propertigs &fiihiels sldR £RaIPy filehst b5 gk 10 BloghenyistyiRagend &dg MR -wiRr5, Worth
Publishers, New York (1975)): (I) non-polar: Ala (A), Val (V), Leu (L), lle (I), Pro (P), Phe (F), Trp (W),
Met (M) fypeéﬁafqmc{&&raéaegwar:léwég aRhodaonty (9 helf Sl oyt IRSPENE Gin (Q) 10(3)
acidic: Asp ke lth{Entidh Rasicedsys b A Rioddisdipared A terRLIY el JTAREIBRY 10KGHETING residues
may be divided into groups based on common side-chain properties: (I) hydrophobic: Norlcucine, Met,
Ala, Val, Lcthelr/gl;id—type human 1gG Fe region.

-

5 In certain embodiments, the half life of a variant IgG of the present invention is at
least about 15 days. In certain embodiments, the half life of a variant IgG of the present
invention is at least about 20 days. In certain embodiments, the half life of a variant IgG of
the present invention is at least about 25 days. In certain embodiments, the half life of a
variant IgG of the present invention is at least about 30 days. In certain embodiments, the

10 halflife of a variant IgG of the present invention is at least about 35 days. In certain

embodiments, the half life of a variant IgG of the present invention is at least about 40 days.

In certain embodiments, the variant IgG is variant 1gG;.

In certain embodiments, the half life of the variant IgG of the present invention is
the half life as measured in humans. In certain embodiments, the half life of the variant IgG

15  of the present invention is the half life as measured in cynomolgus monkeys.

Antibody Fragments

The present invention encompasses antibody fragments. Of particular interest are
antibodies that comprise Fc regions, Fc fusions and the constant region of the heavy chain.
In certain embodiments, the antibody fragments are the fragments of variant
20 immunoglobulins (IgGs) comprising Fe regions. Antibody fragments may be generated by
traditional means, such as enzymatic digestion, or by recombinant techniques.
Various techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of intact antibodies
(see, e.g., Morimoto et al., Journal of Biochemical and Biophysical Methods 24:107-117
25 (1992); and Brennan et al., Science, 229:81 (1985)). However, these fragments can now be
produced directly by recombinant host cells, Fab, Fv and ScFv antibody fragments can all
be expressed in and secreted from E. coli, thus allowing the facile production of large
amounts of these fragments. Antibody fragments can be isolated from the antibody phage
libraries. In certain embodiments, Fab'-SH fragments can be directly recovered from £. coli
30 and chemically coupled to form F(ab'"), fragments (Carter et al., Bio/Technology 10:163-167
(1992)). According to another approach, F(ab"), fragments can be isolated directly from

recombinant host cell culture. Other techniques for the production of antibody fragments
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15(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin; (3) acidic: Asp, Glu; (4) basic: His,
Lys, Arg; (5) residues that influence chain orientation: Gly, Pro; (6) aromatic: Trp, Tyr,
Phe. 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
sites or, into the remaining (non-conserved) sites. One type of substitutional modification involves

substitutingyeine, @k ppaie SBYRe kvariabie.cadiresidupslia paranhemtipady (@ g "Bdawmanized or
human antibody). In certain embodiments, the parent antibo%(\gs the wild-type counterpart variant IgG

(e.g., a varidHiIge of thehdeTHORAMALDE Ty M o A iaessIR Sts BCid sequence).

Generally, theireauiing pinedigpasteciedifpedither development will have modified (e.g., improved)
biological properties relative to the parent antibody from which they are 10generated. An exemplary

substitutional modificatioH#san:affinityimeiased antibody, which may be conveniently generated using
phage display-based affinity maturation techniques. Briefly, several hypervariable region sites (e.g. 6-7
sites) abe mutatedterdeviatite AIFposabee MmipssdianshbdtiutiBrecariegerbefendatie Bhtibodies thus

generated gje.displayediiiomIamenions ARAGERAECIGHASIUIPAR oA iIRAst part of a phage coat
protein (e.g., the 15gene HI product of M13) packaged within each particle. The phage-displayed

antibodies aredisatisersaibelferenen sisbgdarakditins (. birdms ambdy fon braenigugentify

candidate hypep/ariableHiRiee siesienmegificatian, ScaRRIRtMBRCACEIS{Bdy ARARAR Scanning)
can be perfofined to identify hypervariable region residues contributir;g}_significantly to antigen binding.

Alternativel§"6 PREMRIGHRANY, 3t 1h 57198 drertistddo L iy a werisrdtsh iigratempe
antigepoantibedy compiexiaidesify crRrtacneitabamaen ha.antiedy andiaatigen:mSyeh contact

residues and neiﬂhborin% residues are candidates for substitution according to techniques known in

the art, inclHG R GESLIEHB e BRSFEIT 2l domainm bimen 4HitodrR 8 sres giidhated, the panel of
antibodies igesfiifedad] LowEEEOAB MGHEIES WWHRBIGUe SKRRNR (hadrt: HIcludisy thase described

rerein, jjj‘gg&}&ﬁ% R R o 1B Nes e Sy g e VeI ey iSRGy De selected for

Science 239:1534-1536), by substituting hypervariable region sequences for the

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

20 residues from analogous sites in rodent antibodies.

The choice of human variable domains, both light and heavy, to be used in making
the humanized ai:;t:ibodies can be 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 of known human variable-domain sequences. The human

25 sequence which is closest to that of the rodent is then accepted as the human framework for
the humanized antibody. Sec, e.g., Sims et al. (1993) J. Immunol. 151:2296; Chothia et al.
(1987) J. Mol. Biol. 196:901. Another method uses a particular framework derived from
the consensus sequence of all human antibodies of a particular subgroup of light or heavy
chains. The same framework may be used for several different humanized antibodies. See,

30 e.g., Carter et al. (1992) Proc. Natl. Acad. Sci. USA, 89:4285, Presta et al. (1993} J.
Immunol,, 151:2623.
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Nucleic acid molecules encoding amino acid sequence of the modified antibody (e.g., modified variant
IgG) are prepared by a variety of methods known in the art. These methods include, but are not limited
to, isolation from a natural source (in the case of 30 naturally occurring amino acid sequence
modifications) or preparation by oligonucleotidemediated (or site-directed) mutagenesis, PCR
mutagenesis, and cassette mutagenesis of an earlier prepared modified antibody or a non-modified

version of the antifqglyuriher BnRRERrdana@ Wit ibiniHeSCHBHAN AR e daachinarRbgart it is
contemplated that in certain embodiments, an antibody modification of the jnvention may comprise one

or more alté&eRdasheomiirearbaheifRihe Wolnusrbarevarisht IRERY S 9£7aht 1gG of the
invention withe#iapyAsiditennb alieratiendd itiBsaine A6 GRUUEREE hrohase HantiRadr medifications
comprising additional alterations would nonetheless retain substantially the same characteristics
required forpﬁ"fg?é?ﬁéﬁf@?ﬁﬂﬁﬁ”ﬁs@ﬂﬂ‘fﬁﬁ?@ﬁ%‘lﬂe}%ﬂ%%RfBﬂm@rbﬂﬁg\ﬂfﬁh‘gpfﬁ@?W rtain
embodinenisdie Wil typereaunterRariN astniggscls aMasadipikevatirmalaglotanather aspect, the

invention provides antibody modifications comprising 10modifications in the interface of Fc
poypeptioe SRR HEECRRRAS TR RGNS e S AP Bimoto
heterodimesizafions Thesaimadifitationeamnpisgalnitodpetiabl otlaqrainkesinet into a first Fe
aclEgtide where'inbthle protuberan?eqis &Qositi?nable in the

[ tid itv. int dF |
Cauy 20 2c 08 BT TEEL SR Ot B ST ST EE Ry e dRBAR o1 Gonerating

cavity so as T0 Promote e %uﬁ
antibodies wlithelbthése paodificatitrsss afghaidvety i thef 3t egdpuasidesefibeddanitg 8f Bat. No.

5,731,168. et another gspect, it may be desirable to create cysteine.engineer ntibodies,

e o i on SBS  B S  B  E R T EERe resicves.
In certain emfitbermehthi¢hamsubstinielnresidudgootigent drdessible BRessafutsecantibody. By
substituting those sesiduss with SYsteins. (sactive digl groups are 20thereRy positinsd,a accessible
sites of the an?l%ody and may be used to conjugate the anti gy o other moieties, such agdrug
moieties or tinkertdnagensoibtissnasaed efibady flontter theseimtipeoértiainasmbodinienticzaly one or more

o the ol s W SUERIIES L /e DL BB RO TSR BIRLIG Jon chin

A118 (EU numbering) « eavy chain; and S400 (EU numbering) of the heavy chain Fcregion.
25Antibody DEduativedth certain embodiments, the variant IgGs of the present invention can be

further
Human Antibodies

In certain embodiments, the human antibodies of the present invention are human
variant IgGs with one or more amino acid modifications in the Fc region relative to wild-
type IgG. Human antibodies can be constructed by combining Fv clone variable domain

20  sequence(s) selected from human-derived phage display libraries with known human
constant domain sequences(s) as described above. Alternatively, human monoclonal
antibodies can be made by the hybridoma method. Human myeloma and mouse-human
heteromyeloma cell lines for the production of human monoclonal antibodies have been
described, for example, by Kozbor J. Immurnol., 133: 3001 (1984); Brodeur ef al.,

25  Monoclonal Antibody Production Techniques and Applications, pp. 51-63 (Marce] Dekker,
Inc., New York, 1987), and Boerner et al., J. Immunol., 147: 86 (1991).

It is now possible to produce transgenic animals (e.g. mice) that are capable, upon
immunization, of producing a full repertoire of human antibodies in the absence of
endogenous immunoglobulin production. For example, it has been described that the

30 homozygous deletion of the antibody heavy-chain joining region (JH) gene in chimeric and
germ-line mutant mice resuits in complete inhibition of endogenous antibody production.

Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice
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modified to contain additional nonproteinaceous moieties that are known in the art and readily
available. In certain embodiments, the variant IgG may be conjugated with a cytotoxic agent. In certain
embodiments, the variant IgG to which the cytotoxic agent is 30 bound is internalized by the cell,
resulting in increased therapeutic efficacy of the conjugate in killing the cancer cell to which it binds. In
one embodiment, the cytotoxic agent targets or interferes with nucleic acid in the cancer cell. In

certain embgdimantsithe peirigssutahiadomdedyatizatanal dheantibogdy ste water soluble

polymers. Non-limiting examples of water soluble polymers include, but are not limited to, polyethylene
glycol (PEGIXSSIEERS dF ath{ite GREDISHEReGR L6 CAp BRI K du & textran,
polyvinyl algeheb qlysinyl piigebcans. Holy- Yed- Sioxolang. pobs1i8@-frioxane, ethylene/maleic
anhydride copolymer, polyaminoacids.(either homopolymers or random copolymers), and dextran or
poly(n-vinyl pyrroli 8%5%6@&%%@8@ft}%&ﬁ%ﬁ@&%ﬁiﬁ&l@%&ﬁ?&?ﬁ%@ﬁ%@%&ﬁr&-py|ene
oxide/ethylengecaxideicodalymers fpolyoxeinylaied o Mels (eadintiys ard sppelywind @leghol, and
mixtures thereof Polyethylene glycol propionaldehyde m ave advantages 10jn manufacturing due
1 115 stabig T IERSE T B HET Ay SR UF Ay OTEEL IR EIghis 216 L5 bSTBiehod or
unbranchedinifatughlethaf the lyrmer seliigthdedi tos thiatdatibgely dhaysabynaachifiihede than one
polymer are attachqg0 g}gé/d an g)e éh(ﬁss?m r different. mol Cld| S. In enelralé C{Q“g umber and/or type

fra a ay WCCOques described herein [ replac 1 .
of ponmers U%n(]‘3 or erlvatli/a%oﬁ canpoey etermine ase(ﬁ on conslderations nc ualng, but not

limited to, theppanticuddhthgor dpdrtiem eefenctioasigfthepahtibodyf tolbélimpretent/ mhether the
andbody defiafivertil beised. g terapy udsr defined condiinsy eig,e, i giother embodiment,
conjugates of an antibody and nonproteinaceous mmg?y fhat may be seled |ver1yr}1ea'¥]é8 by exposure to
radiation arelprolidedn thonelemiyvodickent; Hhé whnpiotbinboeen shmoietytdsca tbarbdigaranotube (Kam

etal., Proc. . Acad. .Sci. USA : 20116 1605(200 ] iation. . may.be of an
Wavelengthyg%gg%ﬁg&eég %{,"}%é‘%@fﬁ?ﬁ%’%@%} f%?[ I\ﬁ/ea?(/é)e %%ggtﬁg}g agtpaecl){ ﬁ%’f‘ %%nol%fﬁzpy ce , but which
heat the nomprgtedirptantienndietihto:piterngeratosdinpvhisttivethopositial horke chain

antibodynonpraigingeeous Melelacs dlied, %Pé&j@& %%ﬁ%é%%sr%éﬁﬁﬁg’ ARALIgGT AR he made by

any method known in the art. In certain'embodiments, the variant IgG sequences are used to create

nucleid acidsuthar evdeuly thebisarbeceE§lcRte s34 thavhahahémivel chstréd iktdikest cells, ‘
expressed apdiassadkdnihaegirds I&%ﬁ%&éﬂ%ﬂ%ﬁ(ﬁé@ﬁ@@ UEHRINg Wl Rrqgedures, and

a variety of methods that may find use in are described in Molecular Cloning--A Laboratory Manual,
3rd 30Ed. (vraneishawmspinbodistbohicaderaepBress INewsdeer of 0oomrennetigient Protocols in
Molecular Biology (John Wiley 8c Sons), both incorporated by reference in their entirety. The nucleic
acids that encode the vaffameries: ¥incorporated into-an

Bispecific antibodies are monoclonal antibodies that have binding specificities for at
20 least two different antigens. In certain embodiments, the bispecific antibodies are bispecific
antibodies with one or more amino acid modifications in the Fc region relative to wild-type
antibody. In certain embodiments, bispecific antibodies are human or humanized
antibodies. In certain embodiments, one of the binding specificitics is for VEGF and the
other is for any other antigen. In certain embodiments, bispecific antibodies may bind to
25  two different epitopes of VEGF. Bispecific antibodies may also be used to localize
cytotoxic agents to cells which express VEGF. These antibodies possess a VEGF-binding
arm and an arm which binds a cytotoxic agent, such as, e.g., saporin, anti-interferon-o,
vinca alkaloid, ricin A chain, methotrexate or radioactive isotope hapten. In certain
antibodies, the binding specificities are for IL-4 and IL-13. Bispecific antibodies can be
30  prepared as full length antibodies or antibody fragments comprising Fc region.
Methods for making bispecific antibodies are known in the art. Traditionally, the

recombinant production of bispecific antibodies is based on the co-expression of two
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expression vector in order to express the protein. Expression vectors typically include a protein
operably linked, that is, placed in a fimctional relationship, with control or regulatory sequences,
selectable markers, any fusion partners, and/or additional elements. The variant IgGs may be
produced by culturing a host cell transformed with nucleic acid, 5 preferably an expression vector,
containing nucleic acid encoding the variant IgGs, under the appropriate conditions to induce or cause

expression ghiimeERieinn Acigdenanisinotiappiopiiaiahesheels Mayhaiiaedaiacimingut not

limited to mammalian cells, bacteria, insect cells, and yeast. For example, a variet% of cell lines that

may find usPSFHIEIESE LR Apelte -l irte 2 nalad (AATIbRaFaRr tht gh Type Culture
Collection, iineasposaiechbisgidrance:herainiingss entilehhctbrymatbods @binkmdiging exogenous
nucleic acid into host cells, are well known in. the art, and will vary with the host cell ysed. In certain
Embotimar R e TR BB A e S Sea AR5 a0 T2 B feolated or
purifiedsin acyaretyiofuidysaca tatagse: Skilra ot the aiteStantaidpunificationmhids include

chromatogr§§g£%tech iques, ele%trophoretlc 15 |mmunolo?|cal reci |at‘lor.1,1glsaa{}/e ][swflltratlon,

concentrati R %%%Bs?’nsge{%scﬁnriat&gs?%%wg k%n&Nneiﬂr &Gt AVatey

y of natural
proteins binghatitibprliesiuies exatisplesbhotanial prdieins pylGstaddayardd thedeapddteins may find use in

purification..Qften, purificati be.e @%ﬁi a particular fusion partner. For example, proteins
may be puri i%&%egll%é %tlﬁ 'ét%%%?%ésﬁr}r i?a %Bf){}‘sion is employed, Ni-r2 affinity 20 chromatography if

a His-tag is employederdingimedilikechaaipftaghantibodly it aifhy-tegisnised; Ferdgeingtal guidance in
suitable purification technigue e Antibody Purification. Principles and Practi 1d Ed., Scopes,
Springot Vo R L B e e R ML, s
25Variant |gGssehthipmpaessguimeentidherfisjobefstreemett UsingtaararenpodgidtHodssavicluding but not
limited to thgse t s i i;irg & Xt!“f £ H}l %%g S glg tiig teiﬁhnologies.
Automation%ﬁalﬁ%ﬁ#tlﬁgéghbdt% §c@ er’ﬂr:ég tegar?r%%og?es r%ay %geséaylézgg@rg the g%re%hing procedures.
Screening raayagnspibydinentsctlof Arfubrempertie rastaiak dondkibhp leonninma tivesiibel, isotopic

label, or Smﬁ‘é‘cQQ%&ff&?ll@ﬁ%%ﬂ?ﬁi&ﬁ@gﬁ%‘ﬂ@s‘&ﬁ‘iﬁ'él‘é R GARUBIGHIG Y Shs. DNQ&&EE%HI@“bOdime”f’

the functional ancUor biophysical properties of variant IgGs are screened in an in vitro assay. In

certairi embbdimensoghdpiotesays dwiadnsanbrranEdenatily o mesanasietd iabighy theeatalyze a
reaction or i.binding AN RIS I3ME&kA withse! AfSoreaning. metbedr e dhose tagt select for

favorable members of a 5Iibrarg/ The methods are herein referred to as "selection methods," and

these methaTitaudRinTiREiAee Sermme dstinlfor Badiasing Garmweryaepwirs pFohsifmsraries are
screened usingAsglectionmethodnepltpsasmembsiaotailibans thatars favaralenthat is which

meet some selection criteria, are propagated, isolated, and/or observed. A variety of selection
methods ar&%AdNASTIREHATORPINAJOIRG ALEHIES e sHritiR0BKHEN Bers1sdrdBrfdSrotein

libraries) Othegingleetien-pagtheds thatimav:fhuthyssin: hrRtasentipvastiominclisiesnatheds that do

not rely on display, such as in vivo methods. A subset of selection methods referred to as "directed
evolution” nfSTHERLARY i deastiat RAbiRaRtfechtathG SRETeAtNgSHsvB Bl dtentbe®during
selection, sepetipeswihifgancarpaRiaaigew mutations.

In one embodiment of this approach, the bispecific antibodies are composed of a
hybrid immunoglobulin heavy chain with a first binding specificity in one arm, and a hybrid
25  immunoglobulin heavy chain-light chain pair (providing a second binding specificity) in the
other arm, It was found that this asymmetric structure facilitates the separation of the
desired bispecific compound from unwanted immunoglobulin chain combinations, as the
presence of an immunoglobulin light chain in only one half of the bispecific molecule
provides for a facile way of separation. This approach is disclosed in WO 94/04690. For
30  further details of generating bispecific antibodies see, for example, Suresh et al., Methods in
Enzymology, 121:210 (1986).
According to another approach, the interface between a pair of antibody molecules

can be engineered to maximize the percentage of heterodimers which are recovered from
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15In certain embodiments, variant IgGs are screened using one or more cell-based or in vivo assays.
For such assays, purified or unpurified proteins are typically added exogenously such that cells are
exposed to individual variants or pools of variants belonging to a library. These assays are typically,
but not always, based on the function of the variant IgG; that is, the ability of the variant IgG to bind to
its target and mediate some 20biochemical event, for example effector function, ligand/receptor

binding inhiRitign, fRePLERIS.ARY. R ikR-RUCHATRES ATERIDRNG MAHTIAgIHR wSponse of cells

to the 19G, for example cell proliferation, cell migration, angiogenesis, cell survival, cell death, change
in cellular niSERREROERAGI dpsetbtitraleghafoAns RIS cEnalhiaigsraddisi ofeinaiiem gene or

reporter geng, FAL-AXATIR SHEDASIAYHRRYMeAsHIR4he abilithoblgavariants tQreligit ADCC,
ADCP, or CDC. For some assays additional cells or components, that is in addition to the target cells,
may need t8HERIRBR ot SRRAISKOSErGRYIEE pldfrafitebPretiatit e ks pdfipheral blood

monocyes (RBMG e MKaaellss Masiephagesianddhalikeivsuchadditiopatsalisioay ke from any

organism, preferably humans, mice, rat, rabbit, and monkey. In certain embodiments, antibodies may

inhibit angiGERE & GHbcBHBINGHS T8 ORI e <N BV IRF iRl SRR YITERE art. In yet
another embedimen: aRtibadismmay causerapopiesisiolceraineell dnesmqiessRglbe target, or
they may mediate ttac%_on target cells by immune cells which have been added to the assay.
Methods forq’fﬁhﬁﬁ ARG CBlFHeath or viability are known in the art, and include the use of dyes,
immunochemical, Bypghgmisahodnd radidacivereagdnis' banseripiiandlactvatian Feay also serve as

thod f ing fungtion | ll-hased . Alt tively, cell- based foimed
Ceing 0Bis TN Lo IR RIEL AT LTEEABNN RUIEIEIE At d Ve Ehte. That i,

variant 1gGsiatie. nodchddeit @iageneully dathgl €diten bhepbselogicabproperniiessedtthe cetisant 19Gs may

be characterized jn cell, i antdtI\YVh le.organism riments. e often tested in animals,
including bulfnr%atnljcl%d(i: gi Stt()%?n#iggﬁefla s??gtilﬁs%}g%r}dggtg%ﬁ?tg%?gno monweflcét}(fﬁ (c?‘r}é%r to measure a
drug's efficdtyforcibesitm oatligah sha ESe3650 prldissasenmgde noitimlimeasyle anddag'sng

10pharmacokinetics toxticitgg ﬁ?&&ther B{Ocpeétxil s, The anmgls ma pe refer@%‘ito a§ndti§gase models.

Therapeutic&'ts]n)étrC(E:?I%:)‘lé%‘|§Lf1e?eg]tﬂeols in‘mi I,nlencPuding al?ti?lgto imited to rude ?ﬁ?cvéi? ‘E)WI%ICG, xenograft

mice, 4hd trahsgenic: diksgofintlodibg’ kirochnstarid RibcKoutsy i Suchimbeernfmentatiokimay provide
meaningful %@ af _eg.etelmination of the potential of the protein to be used as a therapeutic. Any

organism, preferably mammals, may be used for 15testing. For example because of their genetic
similarity to humandimdakeys' ¢terirdostithisteiadiapdotinarodels,; netthied/ aydédaistd4o test the

efficacy, to%i:tfyetﬂh@m??ﬁ9b%%ﬁ%r&’&iﬁéﬂ%%ﬁ%&%&@%@&%ﬁéﬁ%}%ﬁiﬁﬁﬁ?&fi&e in humans are

ultimately required for approval as drugs, and thus of course these experiments are contemplated.
Thus the vatidiboljGeemspise ThstEdamamtinsany tsrebsivime tieietidiademiindffithcy, toxicity,

20 connected to a light-chain variable domain (VL) by a linker which is too short to allow
pairing between the two domains on the same chain. Accordingly, the VH and VL domains
of one fragment are forced to pair with the compf.émentary VI, and VH domains of another
fragment, thereby forming two antigen-binding sites. Another strategy for making bispecific
antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. See

25 Gruber ef al., J. Immunol., 152:5368 (1994).

Antibodies with more than two valencies are contemplated. For example, trispecific

antibodies can be prepared. Tutt ef al. J. Immunol. 147: 60 (1991).

Multivalent Antibodies

A multivalent antibody may be internalized (and/or catabolized) faster than a
30 Dbivalent antibody by a cell expressing an antigen to which the antibodies bind, The
antibodies of the present invention can be multivalent antibodies (which are other than of

the IgM class) with three or more antigen binding sites (e.g. tetravalent antibodies), which

gl



20immunogenicity, pharmacokinetics, and/or other clinical properties. Therapeutic Uses of Variant
IgGs The variant IgGs may find use in a wide range of products. In certain embodiments the IgG
variant is a therapeutic, a diagnostic, or a research reagent. The variant IgG may find use in an
antibody composition that is monoclonal or polyclonal. In certain 25embodiments, the variant IgGs are
used to block, antagonize or agonize the target antigen, such as VEGF. In certain embodiments, the

variant [9Gs arg. 138k 0 plRSkARUURIER MEGE-aMiroe smbarlinenlibe VEGE activty is

angiogenesis. The variant IgGs may be used for various therapeutic purposes, including but not

limited to tréabmgsiseheinnrti eﬂpé@eéhn%mﬁéﬁvﬁ%be%%@f@m@aeSaéfmetf%férﬁ 30under
"Definitions 4R £ dainigrabediments; f@ﬁ%@ﬁg@&eﬁ%&%@%ﬁ%ﬁﬁﬁa@@@ﬁ@ﬁﬂﬁﬁs patients

are first treated with wild-type 1gG and later treated with variant IgG. In one embodiment, the patients
are first tre IR FPBRTHEATT BT AHEn ERETeIPa Qi Vings 1EVarirbiaeserago- A\ariant of

bevacizimahiheeHaine lﬁlﬁ%%gﬂﬁ pRlients 6f@n%&aéﬁfigéﬁt&ﬁ§\& Gisainiakew 6 months
and then later treated with the variant IgG, e.g., a variant of bevacizumab. A number of antibodies and

Fe fusions tRdParE AppPavel SRR Em ARSI 1A RIS BYale DLl e BRS R PEFPPSRINER to as

"clinical proghigiscausisheandiflatescn pisceiiaintembodipenis.hsodariant lo@swiibe: preseny invention
may find use in a range of cllnlc roducts and candidates. Examples of angﬁﬁdles which may be

modified inGIRTIBT BT QFEHSITHATAEPES 2BHEsh 9&&%&? D 8GR RO RITBISR 45 VEGF,

EGFR (ErbBdk},driepdinpeh{ideaBaz (fdeéﬁa(rﬁgshﬁt&)) FeviofudBhin O D2 gEthe Bl ipdpideensity
10I|poprote| L L), interleukin 4 %L 4), |nt rIe kin 13 (;:1 g’\;f an e tlto eof pggagtls A- beta,
IL-17AL-1 REOTRRRISC IO 8?1?1a r&/fgﬁ’l JA ﬁ?ge’a y USRS lreus, tissue

factor, alphaéugeiaipmegmlc{]ﬁphﬁ5bfelal(mmm G/hkAd, @DB;sarfepltmaelﬁé thmas,wmzﬁlpha
CD147, 118 MUC C 4beta| VLA-4 rn, | otoxin a ptor, lymphotoxin
beta receptor fﬁrg}ﬂ)énﬁgﬁ# if QP&(P—QI}QT gg%e %%Iﬁf}%é)@ﬁ r‘3&8&& Ig gprgranase l;
CDA40, CDl%aﬁE&@clﬁmlmapmiprmgmns@mtlbnﬁactmwﬁw&ﬁhe@&péﬁikdi cVEEn(:adhagrln
carcinoembryonic a 30 inter ellular

anti-fibrobla % g?owth fac%é%e%ge)‘g %%E?nn%a |nte%rq’1er’on Iﬁ@ﬁg@%ﬁ@lﬁan%body and
beta2 iiftegriegifixamipled nf muﬁoal@mdmbtsiahdrwndﬁjaieﬁmmmwnaw@®mbmbe((ﬁ)mclude but 20are

not limited tg, antVEGH Anfibagy AYAST IR, LEYRSZHMAD. BEISNIRSES {8k hercin

may, for instance, comprise from about two to about eight light chain variable domain
poltypeptides. The light chain variable domain polypeptides contemplated here comprise a

light chain varisble domain and, optionally, further comprise a CL domain.
20 Single-Domain Antibodies

In some embodiments, an antibody of the invention is a single-domain antibody
comprising Fe region. In certain embodiments, the single-domain antibody has one or more
amino acid modifications in the Fc region relative to wild-type 1gGG. A single-domain
antibody is a single polypeptide chain comprising all or a portion of the heavy chain

25  variable domain or all or a portion of the light chain variable domain of an antibody.
Antibody Modifications

In certain embodiments, amino acid sequence modification(s) of the
immunoglobulins described herein are contemplated. In certain embodiments,
modifications comprise one or more amino acid modifications to the variant IgGs of the

30  present invention. In certain embodiments, it may be desirable to further alter the binding
affinity, in vive half-life and/or other biological properties of the variant IgGs of the present

invention. In certain embodiments, amino acid modifications comprise one or more amino
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example, U.S. Patent No. 7,169,901, incorporated by reference in its entirety); humanized anti-HER2
monoclonal antibody HERCEPTIN(r) (trastuzumab, Genentech) (see for example, U.S. Patent No.
6,489,447, incorporated by reference in its entirety); chimeric anti-CD20 antibody RITUXAN(r)
(rituximab, 1DEC/Genentech/Roche); anti-IgE antibody 25XOLAIR(r) (omalizumab, Genentech); other
anti-CD20 antibodies; anti-CD11 a antibody RAPTIVA(r) (efalizumab, Genentech/Xoma); anti-Her2

antibody OMMTARGEHPE IR0, O&ﬁ{‘&&tﬁg&l@eﬁ AL X hipkyanibody {360 pfxpmRle, U-S.
Publication No. 20040202653 and WO 2004030607, both incorporated by reference in their entirety);

anti-C04 anﬂ@dwlmtﬂaﬁwfﬂe(@é@wd&yam@mmmg%yhm@ﬁpéﬁfatb@lwlﬁ@r&@nce in 30 its
entirety); bispacific.antibadiesWiRiGIRAHo6 FHARNS AR IY-4a0bdl S ARANIHGY grtibody; an

anti- IL-17A/F antibody; an anti-A-beta antlbody, an ant| DR6 antibody; antihuman ¢ tomegalowrus

(HCMV) antiB&8) cafaliEm feraotbf riiisyraatb e dipr spntissivasabisrmsilvepadipniba-02

antibody, a imanized.lgei conaslonaliai yb%t&}%iézndﬁt@maeﬁeﬁmﬁg%wpa&?
Genentech/Millennium Phaltaceuticals); humanized anti-CD 18 Eglﬁj%)z antlbod and a humanized

anti-IgE 1gGHRMNEAY FAvRFBEEDt @é%t@@fﬁ&%ﬁ%}%?%ﬁw Hddttonal clinical

products anghsarglidlaiegsyiamaybestesmPRifigaiiaclbidetsrhidhaiaa de! Eﬁtﬁﬁﬁﬁé@d fmehimeric
anti-CD20 antibody a%proved to treat Non-Hodgkin's lymphoma; an anti- CD20 antibody HuMax-CD20

(Genmab), SHRISETIBBPRANEBHYCAMME 1 Res2H %Q%B?%t PRETEESNBI8, 500,362, incorporated by

reference in its entirgiernpitiaddviel et EueliiPRH A 2T SIMeBGH 68 (B GoiibbdN Rkl M
(Intracel), and PR%TO7T9 (PCT/U52003/040426, |ﬂ gd &?rated by reference in its entirety). A number of
g p

10antibidie&HsE RIS &%ﬁg?ﬁﬁﬁ)}&&ﬂ AR GG RIBIRERENT0 RS, including EGFR
(ErbB-1), Hee2éneud(byliRindin i &Ecrhﬁeﬁa (B ferbiB=42Amagralsodsenedicirorasiigmodifications to

Fe region described in the sent ention. For e am riants may.fing use ip an antibody
et 5 Subs A, LRI B TOS (et SR EIEE (01, AT A S 8N

96/40210, bgiih mdcr@mﬁ@ﬁym/rrﬁfeaeamegmﬁheiy iE@gM@hyx)na aliiieps aatitkeGFR antibody in clinical
trials for a vari e‘tl){ %In% nee }s {A{E GF U. Ségat No. g tﬁB mcorpggated b reference in its
entirety, AbSe HeX 3\°mgen I&P% ge? vIQI dfélﬁ% %%‘@orpora ed by
refereriée mmmnsréeymﬁma@fumlﬁﬂ\gmﬁﬁ@@ tEMﬁﬁ%@ﬁ&xmnsﬂtﬁM a%zeﬁﬁhdl\ngrck KGaA) (U.S.
Pat. No. 5,55 8 uAéi Mg%ﬁ/ret aIt 1987d 1§r'1(s)Chem 8110%34%2 u 10 (E}% k etal.,

1987,1 Celllﬁloc e 3 $15° B‘é“f% oroug ar: b7 aII
|ncorporatedlb)slteferemmedmmﬁnsnnmetyt)mﬂ@aﬁlzr(dnmdtﬁcraﬁ@amqsc@&semeﬂ;)tl{lw@t%mm%;

Modiahed g1, 1985, 1 Co BRYS 190, 2002 ARLA, Modiahid. i ol 1599, B Cancer

1993, 67(2):247-53; M Jta edl et al, 1996, Br J Cancer hedi et 5)1%2 03, IntI
Cancer, 103(2WeR:8a, &l P8indorpbretething refaraiooe trthainesitiretphduittedaaCiv HRB(YM

BiOSCi%ﬁceSCOG@QQ%QQQ and the expressed immunoglobulins are screened for the desired activity.
Amino acid sequence msertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues,
as well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include an antibody with an N-terminal methionyl residue. Other
25  insertional modifications of the antibody molecule include the fusion to the N- or C-
terminus of the antibody to an enzyme (e.g. for ADEPT) or a polypeptide which increases
the serum half-life of the antibody.
In certain embodiments, variant IgG of the present invention is altered to increase or
decrease the extent to which the antibody is glycosylated. Glycosylation of polypeptides is
30 typically either N-linked or O-linked. N-linked refers to the attachment of a carbohydrate
moiety to the side chain of an asparagine residue. The tripeptide sequences asparagine-X-
serine and asparagine-X-threonine, where X is any amino acid exoépt proline, are the

recognition sequences for enzymatic attachment of the carbohydrate moiety to the
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Centro de Immunologia Molecular, Cuba (U.S. Pat. Nos. 5,891,996; 6,506,883; Mateo et al, 1997,
Immunotechnology, 3(1):71-81), all incorporated by reference in their entirety); mAb806 (Ludwig
Institute for Cancer Research, Memorial Sloan-Kettering) (Jungbluth et al. 2003, Proc Nall Acad Sci
USA. 100(2):639-44); KSB-102 (KS Biomedix, incorporated by 30reference in its entirety); MR1-I
(IVAX, National Cancer Institute) (WO 0162931A2, incorporated by reference in its entirety); and

SC100 (chgggﬁ};ﬂé/@d@%%;3@%%@%&@&%@%&@e@métﬁ-i?s(gxﬁs&ys)edﬁbﬁ@é@%embodiments, the

IgG variants of the present invention may find use in CAMPATH(r) (alemtuzumab, Genzyme

Corporatiorf)o PRIt ASEESHBALERM K ¥XBH) ctiffe Ay R abEasdrtpadt &N B-cell chronic

lymphocyticaigidkgitiee 78R [@Gyatianis\ehiba dressmyeion @Ry dindiysedna variety of antibodies
or Fe fusions that are substantially similar to other clinical products and candidates, including but not

limited to \VEXSFRIPIIR AGENEIR FONTISHGT TR S qBith SHRE ORI YER WD 3 antibody
(Ortho Bioteglitdeinsian SdahaseesantiCD20 antibody ZEVALIN(r) (ibritumomab tiuxetan,
IDEC/Schering AG); anti-CD33 antibody MY O,TARG(Q, n (paﬁp otein) antibody gemtuzumab
o0zogamicin (Celltét ﬂ’i),%ﬁ’gﬂﬁ’i%)&%s HRR R ARTBO Y R}i‘rﬁ)“l%‘@ﬂ%ﬁcept, Biogen);
REOPRO(r)eheptishab b sirdaagrtidliyib MidldecuEit: (asildnat, INevetig)ihs YhAEG 1S(r) 10
(palivizumal), Medlrnmune); anti-TNFalpha antijpody REMICADE(r) (infliximab, Centocor);
TP A GO PP Ok ST AT TAED A A AP St SO PR Sty
HUMICADE(e}Celiteah slante HiNKdalpha Fadtiision ENBREL Qu{etanicepinbambnesimgen); anti-CD
147 antibody ABX-CBL (Apgenix); anti-1L8 antibody ABX-1L8 enjx), anti-MUC18 antibody
ABX ML (RSB T A s ST AT E R UR L SRS BT RS (amdooma;
anti-MUC1 antthody therex (R1550) (Antisoma); AngioMab (AS 1405) (Antisoma); HuBC-1 (Antisoma);
Thioplatin (AS 14 Antisoma); TYSABR1(r) (formall TEGREN(r), natalizumab), an anti-alpha-4-
potact (VLA-4) andlEISHB TR 7 By By A VLA T O e AL mAb
(Biogen); aMitizmpitdtodics ipetdumdeptorathrBRn aatib ogychlfBRmyNs( Blogerh) 2 0iantiziGy-p2
antibody CAT.-152 (Cambridge Antib echnalogy)..J695. an anti-ik= ntipgdy, (Camhridge
Antibocy TAISTB e L R Sl o e A Ao oF
TechnblogyiiGditzygied; @kTeZismurm&cﬁEB&ﬁ) _é?fﬂiblé@yd@é&érﬁﬁd@élmtmwmﬁmemy);
O TRTR AR AU B saAbody (GamBdas SRR REhERABNAY DD Genome
A y (Ca tbody

Sciences Inc.; TRAIL-RImAD, an anti-TRAIL-R1 25 antibod (Cambridge Antibody Tec nology/Human
Genome SciBheasiclpd,; SAXGDEcan AtleDe afipddy (Casmo) 19hMakianteBian anti-1L15

antibody (Ggnmah/Amaen)-duMar niam(GenmabiMadaridiy MaxGanssan adkigparanase 1

antibody (Genmab/Medarex/Oxford GlycoSciences); sI—iuMax-Lymp‘homa (Genmab/Amgen);
HuMax-TACYGEAEERE thp BEentan @9 abtincio Lraativody DR BORGA MdicEiedals); 1DEC-151

(clenobyimab)yiapranyi+ %@J&img&@gﬁ%ﬁmwﬂﬁ@m; IREGH Mcanart GRhglsantibody
(IDEC Pharmaceuticals); IDEC-152, an anti-CD23 antibody (IDEC Pharmaceuticals); anti-macrophage

migration faBtHUvRR) R BRI pRSitenBRA imaleBiseals); BEC2, an anti-idiotypic antibody (Imclone);
1IMC- IC!!, an antislRR. M QayiKbaClangk Gkl braprantilindvantibedy (ipeinngluanti: VE cadherin

antibodies (Imclone); CEA-CIDEO (labetuzumab), an anti-carcinoembryonic antigen (CEA) antibody
(ImmunoméBfédyis/Rpessetatiet itttz itasDarncattite arandEBuPorintiinagics);
AFP-Cide (ImawunpresicahMyelasReide 4 nmunomesics)im N lvpmongmesticel, ProstaCide
(Immunomedics); MDX-010, an anti-CTLA4 antibody (Medarex); MDX-060, an anti-CD30 antibody

(Medarex): MEsséoro: (edlt&0o et dustinbakke b ossibeEmME 1 BTSSR P AP Sntibody
(Medarex /Irargd e eriticed Moleaef)dsdd«Bcl4s; aniasdy tivdaanihedy{Medeex/Centocor/J&J);

CNTO 1275, 3 ik Ape 4 SRR A ORI AT RACR Afsigeer
US 2004/0093621; US 2004/0132140; US 2004/0110704; US 2004/0110282; US
2004/0109865; WO 2003/085119; WO 2003/084570;, WO 2005/035586, WO

30 2005/635778; W0O2005/053742; W(02002/031140; Okazaki et al. J. Mol. Biol. 336:1239-
1249 (2004), Yamane-Ohnuki ef al. Biotech. Bioeng. 87: 614 (2004). Examples of cell

lines capable of producing defucosylated antibodies include Lec13 CHO cells deficient in

protein fucosylation (Ripka ef al. Arch. Biochem. Biophys. 249:533-345 (1986); US Pat
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10 adhesion molecule-1 (ICAM-1, also known as CD54) antibodies (MorphoSys); MOR201, an
anti-fibroblast growth factor receptor 3 (FGFR-3) antibody (MorphoSys); NUVION(r) (visilizumab), an
anti-CD3 antibody (Protein Design Labs); HUZAFC10, an anti-gamma interferon antibody (Protein
Design Labs); antibodies to a5[31 integrin (Protein Design Labs); anti-IL-12 (Protein Design Labs);
ING-1, an anti-Ep-CAM antibody (Xoma); and 15MLNO1, an anti-beta2 integrin antibody (Xoma), all of

the above-cited refarancas i isRAATFARM: T e SXPFRGIYARRIRArRter harein by, eference. The

variant IgGs with modifications in the I?ﬁGﬁFc region of the present invention may be incorporated into

the aforemestiemely dikicanakintidiaed anakors geit sy weh antibbaié s dneppdtfusiBasthat are

substantially simiarie HeRoINerenans [9ES.Qf INReAMRIBRR R EN AN PRAYMSAL & NcRPorated
into versions of the aforementioned clinical candidates an%)roducts that are humanized, affinity

matured, erigitéer&andt motifibdBivsshrel offiesgay () Gl cerdPBMbEfiments, the variant 1gGs of
the presentypgentiondwaysfind use in the treatment of benign, pre-cancerous, or non-metastatic
cancers; for the 25 treatment of dormant tumors or micrometases; for the prevention of tumor

recurrence or re-gf RIS Merifisainns ¥ o FpTdRaYAcsr vk ddiericd sliBpsetderidrsiéiadbeloping

cancer. Forgxampigamehiant lesseempiiringedneadifications asHessiRashieretisara be used for
adjuvant therapy for the treatment of a subjeg{awith nonmetastatic cancer, following definitive surgery

m
or for neoadflivant thdtdhins ?Siyﬁ?é‘ﬁ%fﬂ?é( SF FUARRLLRRAAP YL RIS EPENGS- Whete the therapy
is provided pnerita. s surgicak waromal tekio pesaltieatancerindheisdiest. While the therapeutic

applications d below preventjon, neoadjuvant therapy, and adjuva thL{%erapy, it will be
appre&%te&@é%ﬁjiﬁﬁ 4t gﬁet%e‘ e?éggﬁf@é%ﬁ%s?aér@r?%tﬁ@é@%%%?ﬁﬁriﬁ& exclusive.
Classificatianes/J Laposs Cancarst@)ing.systemadciscibmbontiar ihgearcalhasspead anatomically
and 5attempt to put patiepts. with similar prognosis and treatment jn.the same.staging group. Several
tests may b BRI S R T SR Py RS T RABIHS tests such as a
chest x-ray,nodificadgiamaphne searnnEd GbanfuankdbM N sdamtBlahdtesifardm alinical evaluation

are also us%jsto. él/c?luate. g%i?%ﬁf?gﬁﬁ@ggﬂp oi?%t St?%%,é?g‘f@g}%cg icer spread to

: csery €Zad .antd
certain organs. 0 Stédge cancer, rican ommi cer‘first places the cancer,
particularly $oHe/20edrRpuaSletter category using the TNM classification system. Cancers are

designated the letir.T ({mor Size). M (RARARIG IR UGS AR M (MRBRassEhcliohS that

possesses some but not all effector functions, which make it a desirable candidate for many
applications in which the half life of the antibody in vivo is important yet certain effector
functions (such as complement and ADCC) are uﬁnecessary or deleterious. In certain

20 embodiments, the Fc activities of the antibody are measured to ensure that only the desired
properties are maintained. /n vitro and/or in vivo cytotoxicity assays can be conducted to
confirm the reduction/depletion of CDC and/or ADCC activities. For example, Fc receptor
(FcR) binding assays can be conducted to ensure that the antibody lacks FeyR binding
{hence likely lacking ADCC activity), but retains FcRn binding ability. The primary cells

25  for mediating ADCC, NK ceils, express FeyRIH only, whereas monocytes express FeyRI,
FeyRI1 and FeyRIHL FcR expression on hematopoietic cells is summarized in Table 3 on
page 464 of Ravetch and Kinet, Annu. Rev. Immunol. 9:457-92 (1991). Non-limiting
examples of in vitro assays to assess ADCC activity of a molecule of interest is described in
U.S. Patent No. 5,500,362 (see, e.g. Hellstrom, L., ef al. Proc. Nat'l Acad. Sci. USA

30 | 83:7059-7063 (1986)) and Hellstrom, I et al., Proc. Nat'l Acad. Sci. USA 82:1499-1502
(1985); 5,821,337 (see Bruggemann, M. ef al.,J. Exp. Med. 166:1351-1361 (1987)).
Alternatively, non-radioactive assays methods may be employed (see, for example, ACTI™

non-radioactive cytotoxicity assay for flow cytometry (CellTechnology, Inc. Mountain
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T3, and T4 describe the increasing size of the primary lesion; NO, Ni, N2, 143 indicates progressively
advancing node involvement; and MO and M1 reflect the absence or presence 15of distant
metastases. In the second staging method, also known as the Overall Stage Grouping or Roman
Numeral Staging, cancers are divided into stages 0 to IV, incorporating the size of primary lesions as
well as the presence of nodal spread and of distant metastases. In this system, cases are grouped into

four stages genoted hy, Remanaurerals LtHsaush. Ny a5 e 208asailied a3 TRRHIERNY 5o some

cancers, stage 0 is referred to as "in situ” or "Tis," such as ductal carcinoma in situ or lobular

carcinoma iRl Rffastenetlisdae seh phgyghadeda aenpheid Riandmerpeusiagsite @BMS&de 0. In
general, stagg h@ﬁ&%@Eéi@éﬁ(ﬁfﬁ?Ue'@&a!ﬂﬁe%ﬁaﬂg%[%ﬂa@&iﬁ%él%}f@L'E@@@&l%ﬁl\/&?l&étage IV usually
a

represents ino%erable or metastatic cancer. Stage Il and Ill cancers are usually locally advanced

and/or exhiBOHRGER RISt D3bariRit Abtee: i¥ giheraimpmgrershaaht fitrdeecthdicate more

extensiye dige@sacingliding Oreaeimor sizgans osspread obdhecanseuifnRaYHiMNPh nodes
and/or organs adjacent to the primary tumor. These stages are defined precisely, but the definition is

different for &5 ROGARIET eules e dhat Siebhady dkiradlsrpsbind frdnyrdhrnse faghs S such as
thr? NCI's Sueweiuﬁg@fe,aﬁﬁmm@%%@@aima,mwt@ﬁm@rﬂe@%fﬁﬁw%émmary staging.
This system is used for all types of cancer. It groups cancer cases into five main categories: In situ is
early canceftASP ﬁ%@@ﬂf’iﬁ‘?ﬁf‘?ﬁotﬁ%aétﬁe%?z@éﬂé M%%ﬁ%‘?%é@%ﬁlg%) t15&81XEa-is ehncer that is
limited to the/eegary inro4dscio folieges), withoticgyidehicadhEpradshnic, ARRGICORIBISaEEr that has
spread peyond the qriginal (primary), site to nearby )h nodes or grgans and tissues. 5Djstant is
R A R R e S R R T P
used to desasibg madesfanuwhida theret iSaotenaughlnPrtiation B, kdicate: 4 siagedh addition, it is

common forlﬁg{%eﬁtgb_r?,}g?n 588%25 or years after the primary 10 tumor has been removed. Cancer
that recurs after-all visible uQn 1S been eradicated, is called recurrent disease. Disease that recurs

in the area of the phitramntibedyr isothfalyaechrvent candrdigeasmiitabeaiurissanitivatastases is referred
fo as a distagt recyrence. A doARL LWOL 5 &, WMor Al exiss, .3, 04iescent tate in uhich tumor
cells are present but tumor progression Is not clinically apparent. Micrometastases are a stall
metastdsestsr FR alterations are also conternplated. Conservative substitutions are shown in Table 1

under the heading of "preferred substitutions.” More substantial changes, denominated

"exemplary substitutions" are provided in Table 1, or as further described below in

reference to amino acid classes. Amino acid substitutions may be introduced into an

antibody of interest and the products screened, e.g., for a desired activity, such as improved

20  antigen binding, decreased immunogenicity, improved ADCC or CDC, erfe.

TABLE 1
Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; lle Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gin; His; Asp, Lys; Arg Gln
Asp (D) Glu; Asn Glu
Cys (C) Ser; Ala Ser
Gln (Q) Asn; Glu Asn
Yo Asp. Gin Asp
Gly (G) Ala Ala
His (H) Asn; Gin; Lys; Arg | Arg
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.15a number of cells that have spread from the primary tumor to other parts of the body.
Micrometastasis may or may not be detected in a screening or diagnostic test. The methods of the
invention are useful for preventing the occurrence of dormant tumors or micrometastases or the
recurrence of the tumor, for example, in a setting where a dormant tumor or micrometastases is
present but may or may not be cllnlcally detected. 20The methods of the invention are also useful for
the treatmenl feart JCTCETS mctudingbut IIUlﬁIIIIch} to DEmgn PrE=CanGgt \dl nmormsmetastatic
tumors, This rigfugf?ies any stage 0,1,orll tumgﬂgrgfm -metastatic stagqéts itu Oior any condition
that typically 3 UUD ordevetops-it Lt)eut\cj-t(} s {ll}&ruulg but-not-tmitedtoaysplasie:; and any tumor
that remains Jocali ed at the site of orllghn a@oﬂgg(gr’lrteo a|"nf|Itrated inva e]él or metastasizgd 25to distant
sites. Examp benign,pre-cance |Hu:l t{{l}lIIUIhlll!{}CtblaLIb tamorsripciude-apotypadenoma,
fibroma, Iipoma gg rinoma, insuling éteg (‘ij’ m’a o’steoma hemangioma, lymphangloma,
meningioma, TEoyyma; |||auuut||yu||a i.quuua celtpapitoma;agoustic-reurormasTNeurofibroma,
bile duct cystan%ntt leiomyomas, m,so%ﬁbqlomas teratomas, myxomis, trachomas, granulomas,
hamartoma, trmltwﬂtal cell 30 papllldma, Iﬂhe;dhaorphlc adenoma off thezsalivary gland, desmoid
tumor, dermagig apittorma, Cystattey 1 apiar erptasia, andodutar regenerative
hyperplasia. S?‘h(éllgijéause angiogen ~sné8|s'[1%(\1/y dl & ogtlhT rimary furmor growth and metastasis, the
anti-angiogeniBreréBtment prowded by/tke invention is capable of inhibiling the neoplasti¢ growth of
tumor at the prE; gy Site'as Well as preygnting metastasis of [umors(agine secondary Sites, therefore
allowing atta¢k-of the tumors hy other therapeutics Additional i i ing adjuvant and
neoadjuvant { ﬂglfag &s and the treatmefr‘t‘tlao?f‘éarly stage tumors are dis€fosed in U.S. Apglication No.
12/002,605 angpEah Application PC Y249 /088000, the content pi{hese patent applications are
expressly incprperated-herein-by-reference—Rrevention-10n-certainfembodiments -varant IgGs can be
used for the tre@tr%}tt of benlgn pre: Eﬁ’nge‘l%t}g‘ro?‘%arly stage cant EPg or for the treatment or
prevention of| tusm@wyecurrence. In cernrienbasimraats, the variantjlgen is an anti-VEGH antibody. In
one embodiment, the variant 1gG is a wagians:ehlauacizumab. In oné embodiment, the variant 1IgG
comprises the complementarity determining regions of bevacizumab. In another embodiment, the
variant 15 IgG comprises the heavy chain variable domain (SEQ ID NO: 1) and light chain variable
domain (SEQ ID Nﬂbcﬁﬁchﬂiq«&tiaﬂb&hﬂmlegﬁ@d@mmemﬁf uaréaﬁbéggamrmprésaaﬂbmhaaby chain
variable domai Qbslt) NO 7). flft c) %ln \{rul’lgge rga‘ljrltg&SE[% IleléL(B e@a%gh s can be
used to treast nCer ftaalt or reveft progressmn of thid oa me?astgtlc or Invasive stage
ortoa hlghéregﬂ'adataﬁsta’ge eﬁmmebcamplehth@?@mahodsfmmm@mtmw@m used to treat a
subject,tht’;h;iga ((;Trt%' B{g%gsi N prde §ep£e[ t(%g(ggﬁr S ta emllor hl%ler stage
tumor. Simi na p atient having tage ncer, t S can 5¢ use to prevent progression
of the cancellctdjs mé@@Mﬁ@agedM&MEmWéwam 1yQeqantiaksof Beusatt thprevenitie

recurrence of. A {IPr FRILENAMRIS; cond ed., pp. 73-75, Worth Publishers, New York (1975)):
(1) non-polar: Ala (A), Val (V), Leu (L), lie (1), Pro (P), Phe (F), Trp (W), Met (M)
(2) uncharged polar: Gly (G), Ser (S), Thr (T), Cys {C), Tyr (Y), Asn (N), Gin (Q)
10 (3) acidic: Asp (D), Glu (E)
(4) basic: Lys (K), Arg (R), His(H)

Alternatively, naturally occwrring residues may be divided into groups based on
common side-chain properties:
(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, e,
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.
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25 a tumor has been identified and treated (e.g., with chemotherapy or surgically removed), a variant
IgG can be used to prevent the recurrence of the colorectal tumor either locally or a metastasis of the
colorectal tumor. For the prevention of the recurrence of the tumor, the variant IgGs can be used, for
example, to treat a dointant tumor or micrometastases, or to prevent the growth or re-growth of a
dormant tumor or micrometastases, which may or may 30not be clinically detectable. In certain

embodiments, varignt 19Gs can be used for n@%iﬂrreﬁ’t%ﬂté%h% cancer in a subject who has never had

. ‘ nservative si ng 8 Mempe one o
cancer or who is at risk for &EveYoplng acancer. There are a vanety of Hek factors known to be
associated witkseafrcanaidriciassy Shichenbsiratddsesibect hsraimy hadditibred subjeet known to have

an inherited Cgﬁg&@g@@ﬁg%j%&&@%ﬁ%@&%@ fe taﬁjr%%

for deyelopi cancer. Neoadjuvant
Therapy 5The invention provides methods of neoadjuva &ﬁ?erggygg#rg%%lt e surgical removal of

operable cancer inQrsitjeef, salytitationa ar ptiehprconyvisingbadntinis teving teothe patient (e.g.,
where the pﬁ'}‘&%%ﬁ‘?&)Q@@Q.cqj?&@&’é&%y\g%?eﬂt'Q?beé‘@%?%cQﬁﬁﬁ{%xﬁé&?g?ﬁﬁ%%@%%gﬁ&rﬁf a variant

IgG. In certain embodimernts, the variant IgG is an anti-VEGF antibody. In one em ent, the variant

IgG is a varidricorBevabidinmas. Moracnoaribedinifehe, Wil vapienugS eompriseisigrele.g., a
complementarity, dpieropiming eianS AhBEVAR 2UmAakndn.AoRRGT Smbodiment dhevariant 19G

comprises the heavy chain variable domain (SEQ ID NO:1) and light chain variable domain (SEQ ID

NO:2). In yeteitstHer Basodiine aatiprdivasalsetridedmprs dsielenmeniyihbiyvmedbiédomain (SEQ

ID NO 17) aqd i At VEIRRIBAQRAIRKS EQURNOD p134n 6e1taR ephadinents, e variant lgG is
nt.

administered in combination with at' least one chemotherapeutic a%e The additional step of

adminiSleriff16- 8 subj SR BiethvatEiRBRTPeHAcAIRAE e BREY Sirye: wtivesbemtigturrence of
the cancer can,asedeenepiRyad withithanenadiurpliissariesrdescibed hereidnfighihe methods

that include the additional step of administering to the subject an effective amount of a variant IgG

after 20surgefy Hnseot i meoHAb e tor S sembad REreleaniicddageneraigdllexample, one

method inclydeshiecating ealacabifatRimjacicaraplising Meatoirwing darsial admtstage comprising
a plurality of treajment cycl_e%&wherei,n each cycle comprises administering to the subject an effective

amount of a VARANRIE AR BRTBHAR A L BHE BHERSLRHE RS GRS Plédettimined
intervalsh) aelefimithrod2osuf gery) wharehy thenaaeaer jsrtRBoRd pangs-aRipRal inebadsacond stage

comprising a plurality of maintenance cycles wherein each cycle comprises administering to the
subject an eaflfgélfﬁ nesglf%%lﬁ ff[%% tafi}g\??gm%g?ﬁﬂﬁ”% ﬁ%ﬁ%ﬁ%ﬁtf PAREURdISGER at a
predetermineadidesyhlpbhvariebembooinea bf atvadinitisty afiomnisghedcalenths nepadjsnant therapy
30compriseg & fst S leR YNy &L 195 3nd one 4L more CheMainerapp s agents are
significantly to antigen binding. Alternatively, or additionally, it may be beneficial to
20 analyze a crystal structure of the antigen-antibody complex to identify contact points
between the antibody and antigen. Such contact residues and neighboring residues are
candidates for substitution according to techniques known in the art, including those
claborated herein. Once such modified antibodies are generated, the pancl of antibodics is
subjected to screening using techniques known in the art, including those described herein,
25  and antibodies with superior properties in one or more relevant assays may be selected for
further development.
Nucleic acid molecules encoding amino acid sequence of the modified antibody
(e.g., modified variant IgG) are prepared by a variety of methods known in the art. These
methods include, but are not limited to, isolation from a natural source (in the case of
30 paturally occurring amino acid sequence modifications) or preparation by oligonucieotide-
mediated (or site-directed) mutagenesis, PCR mutagenesis, and cassette mutagenesis of an

earlier prepared modified antibody or a non-modified version of the antibody.
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administered to the patients in a plurality of neoadjuvant cycles, followed by a surgery to definitively
remove the tumor. In certain embodiments, the neoadjuvant therapy lasts for less than one year, in
one embodiment, less than six months prior to surgery. Adjuvant Therapy The invention provides
methods of adjuvant therapy comprising administering a 5variant IgG to a subject with nonmetastatic
cancer, following definitive surgery. In certain embodiments, the variant IgG is an anti-VEGF antibody.

In one embodimeny, 1he, VARRANGLIGGIS AXBHARPLREYRGZIMAD 17 QDG EMROAINERLLhg variant IgG

comprises the complementarity deteimining regions of bevacizumab. In another embodiment, the

variant 1gG ¥ehiprisesitrsheayestiain varbiils BofiG{SED iID RO @Edigeain Yiriable
10domain @E&?&PaNQé%Ln@aX%BHﬁQEE@{&H&b@HHRﬁ%c&ﬁtgﬁféﬁ%@gt e R Heaxy chain

[
variable domain (SEQ ID NO:7) and light chain variable domain (SE Icligﬁ%rg) For example, a
method candindieie seflewmidstd pay sy ditRsestigetampisitg B RIBnEDathiet cycles wherein

each cycle %ﬁ%ﬂ??ﬁoﬁﬁf@éﬁ&%@&%ﬂsﬁﬁg HbiRslemLHRCHINEBMEHBhQha41aRH9G and optionally,
en

at least one chemo_therapeuticFea%g at a 15 predetermined interval;, and b) a second stage comprising
a plurality of¥h HrerE e ERddechipnsst oty steomp scthe dibject an

effective amwméqieacyﬂi loGavthaut anychemethssaRewiic Agem ataoredaigpnined interval;
wherein the combined firs@tﬁg%d secon%gtages last for at least one year after the initial postoperative

treatment. INGHE EDBRTRRELAENEC PR comprises a first plurality of treatment cycles wherein a
20variant I9G and ia fissticherpetherapyteainnosig-adrminssterashi folawad-bng-saeond plurality of

treatment cycles wherein a variant IgG and a second chemotherapy regimen are administered.
The vaifant RS GRS MR o oSt E e elyRenidis SBPRTS R S RGeS B hEE recovered

from the surgenytidaisnpEitatkat ineoearbinclbderthaiperaddegurecionbfiariodhealingeor healing of
the surgical incisjon, the time period re uire(%to redu?e the.éisk fwound,dehiscerll_gg or the time
period requitLIPRIFHRR SEREITBSFERSFATS A B0kt PRI SS 4B Sriar S cr Bbker than the level

of health pripslipdpedsyingesyinlihe petiddhainiegndhiecoipletienrofithedsfipipvensurgery and the first
somsteicn oL SR O S SsR pekde e el st fre s e vigren e
period BBetwéencenodpietitons hocfuutive s trgeny apnd dthécsatbagendéSdhit alishé, Varia6ek.1gG therapy can
include less than %1%&’ ?t%(_th%rvéls%%gt, %t Vr%%? %’c?es\{\égﬁlé%b%r\éva 3 Ié?sggl%edearyg%’egred antibodies,
e.g., “thioMAbs,” in which one or more residues of an antibody are substituted with
cysteine residues. In certain embodiments, the Substituied residues occur at accessible sites
of the antibody. By substituting those residues with cysteine, reactive thiol groups are
20 thereby positioned at accessible sites of the antibody and may be used to conjugate the
antibody to other moisties, such as drug moieties or linker-drug moieties, as described
further herein. In certain embodiments, any one or more of the following residues may be
substituted with cysteine: V205 (Kabat numbering) of the light chain; A118 (EU

numbering) of the heavy chain; and S400 (EU numbering) of the heavy chain Fe region.
25 Antibody Derivatives

In certain embodiments, the variant IgGs of the present invention can be further
modified to contain additional nonproteinaceous moieties that are known in the art and
readily available. In certain embodiments, the variant 1gG may be conjugated with a
cytotoxic agent. In certain embodiments, the variant IgG to which the cytotoxic agent is

306 bound is internalized by the cell, resulting in increased therapeutic efficacy of the conjugate
in killing the cancer cell to which it binds. In one embodiment, the cytotoxic agent targets

or interferes with nucleic acid in the cancer cell.
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weeks, 6 weeks, 7 weeks, 8 weeks, 3 months, 4 months, 5 months, 6 months, 7 months, 8 months, 9
months, 10 months, 11 months, 1 year, 2 years, 3 years, or more. In one embodiment, the period of
time between definitive surgery and administering the variant IgG is greater than 4 weeks (28 days)
and less than 1 year. In one administration schedule, the adjuvant therapy comprises a first stage
wherein a variant IgG and one or more chemotherapeutic agents are administered to the patients in a

plurality of treatment cycles; and a second stage wherein g vayiant IgG.is used as a single agent in a
Bluralty of mantoTA A SRS R BT B R AR08 imal and a
treatment cydecarhibé pighinuee Rénivcng eansiatientesraceiid iopeliddose didh émaitlkerapy and

one dose of varian vacizumab every ei eeks..In certain bodiments, treatment cycle can also
P e R B B U Bl B
bevacizumabreweny ¢thglue wiesk dexcentqivhemigbaitnbritgdlyeiagpyantideesapyliakidfor at least one

year from the initiation of the freatment th?le he subjects pr ?ress il be followed after that time. The

F , t
progres% of Oé((_)Lg{]ﬁéPgay 5 eas! 37 monitored %y colnv?glrﬁlﬁ/ona t‘é"&%’rﬁ’a’%?é@l’gﬁé%ls“s&ﬁs. Dosages,

Formulation@itardhDureidmitheovamant gGchmpositon deitie somaiviatethtiosed, and administered
in a fashion | i medigal practice. F f i ion.in thi ntext include, but
not limited to; t Zlgpaglr@t?g\gjlglrt%?sl%%gs}%g’r%gt@%g%ﬁh ggﬁﬁ%ﬁ?%‘ﬂ% éﬁ)ﬁg%’e&ated, the clinical
condition onhéQfﬂﬂWﬁ%Dp@ﬁmpﬂim&S@bﬁﬂ?’efhﬁé@fﬁdmw&ﬁ@-og@@ﬁvé}wﬁth@égent., the
method of agministaHoR DR SEEdHING f?lqr[&ll%'EE%HP&@%QH%%&&@%Q%E@Q%J&@@'Cal

practitioners. For the prevention or treatmént of disease, the appropriate dosage of a variant 19G, e.g.,
an antidbdyirongnefitieitinautinet tisbidiaioneasindemblmagomwilt ohengrpatiaisther additional

therapeutic agenisinil-2pdeReRdig ReHRE AldiSeasaNDS JEAURM NS pRakapibody, the

severity and course of thé disease, whether the antibody is administered for preventive or therapeutic

purposes, pfatady et ap5- e phmer helARaPISisHAENY heBprbibBey e Siteayoand the
discretion ofihe-attepdingiphysician-JihgvanantiaGis sy iabbradministere diaithe Astient at one time

or over a series of treatments. 30Pharmaceutical formulations herein may also contain more than one
active compBiiRf 4&isarBed hryad Parresigttiansimludiog baing! deuted hibrarabisifbse with
complamentaps a6ty Biesbassione-afvRR!Yoaitasi RactioMmeinaush meleayies e winably present

in combination in amounts that are effective for the purpose intended. The "therapeutically effective

amount" of Bfe"¥etint 1Reers grdahdshned esr 48RS edfinistered will be governed by considerations
discussed herein, anghisithie:AMoERHMAL, conjugates of an antibody and nonproteinaceous moiety that

may be selectively heated by exposure to radiation are provided. In one embodiment, the
nonproteinaceous moiety is a carbon nanotube (Kam et al., Proc. Nadl. Acad. Sci. USA 102:
20 11600-11605 (2005)). The radiation may be of any wavelength, and includes, but is not
limited to, wavelengths that do not harm ordinary cells, but which heat the
nonproteinaceous moiety to a temperature at which cells proximal to the antibody-

nonproteinaceous moiety are killed.

Making Variani IgGs

25 The variant IgGs can be made by any method known in the art. In certain
embodiments, the variant IgG sequences are used to create nucleic acids that encode the
member sequences, and that may then be cloned into host cells, expressed and assayed, if
desired. These practices are carried out using well-known procedures, and a variety of
methods that may find use in are described in Molecular Cloning--A Laboratory Manual, 3™

30 Ed. (Maniatis, Cold Spring Harbor Laboratory Press, New York, 2001), and Current
Protocols in Molecular Biology (John Wiley & Sons), both incorporated by reference in

their entirety. The nucleic acids that encode the variant IgGs may be incorporated into an
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5amount necessary to prevent, ameliorate, or treat a disease or disorder. In certain embodiments, the
"therapeutically effective amount" of the variant IgG to be administered is the minimum amount
necessary to prevent, ameliorate, or treat, or stabilize, a benign, precancerous, or early stage cancer;
or to treat or prevent the occurrence or recurrence of a tumor, a dormant tumor, or a micrometastases,
for example, in the neoadjuvant or adjuvant 10 setting. The variant IgG need not be, but is optionally
formulated with one or more agents currently used to prevent or treat the disorder i guestion. The
effecive anBUFEOr SIER BHHLP 5 TP ARE BREHE ARGt VO I e eshR the
formulation,pioe:ty pecoitdishnied, ol it éqtpirend, iandottiemtdctid digdussead abawd.oFhese are generally
used in the sa etdosa es and y\iitht,%qminiﬁétration routes as rtuse_d h einggl‘ore %?rlabou% from 1 to 99%
150f the heretofors en 8%%”(!“8?59%5‘? Ezérng?%ili‘??a Viafion oF treatment of a disease or disorder
involves theTlbssenmingioGio nep benoodyh pyamisuongretbsat gi ochlehsmassacinted withdhe disease or
disordet, In {hecase of cancer,ihe.therapeuticall, lfective Amount o e, dig an agggmplish one or
a combinati8h of the foIfdy INg: redlice the number of cancer ce‘ff’s; rEéduce the tamor Size; inhibit (i.e.,
to decreasetbe sumgexterimEntios stopd20 canesccapirsitratd thintoopenipAeraflorganty; dhhibit tumor
metastasis; il io. SOme-BXEN MmN UL ISlisNe. R Some arlsLane, o mgre of the
symptoms a ociated with the cancer. To’the extent the drug may prevent growt and/or <ill existing
cancer cellsingeatay!lseanytpensitidandtempieotosadetnod saiklimnssbelimentmdusompdsitivhedf this
Invention ca i USeSHQ:RTRYEBhS,O0EHBIJ RRGCHISNE RLINA dlSeaRR OLGIRRIRE! In 25 a subject

or mammal. In certain embodiments, the duration of therapy Will continue for as long as medically

indicatéd oriammar@rééibequﬁ&mhﬁrei_@ﬂeéﬁ _(f@.f@s?&hé@@ deseeitreef HereduyiseE9igsnsds In certain
embodimenis, ihe yaHANL 196G erany Beantinved e 2manis 4 meriisul menibg 8sponths, 10

months, | year, 2 years, 3 years, 4 years, 5 years, 10 years 30or for a period of years up to the lifetime

of the subject. Gede k&t e\edises taaslsCoracmunited préwlted ailes copeaiyistage cancer or

the adjuvantygringaadient thararyRha-rancer(bsnaneumalignanidnvelves ihe iasaening of one or
more symptoms or medical problems associated with the cancer. The therapeutically effective amount

of the drug 4 EEapfisH SR ETRBINEEI BRIPE TBItFREM Hed GE TGO B}L20%, 30%, 40%,
50%, 66%., TR0 YeediPRAR MR RMIINCE X SRAGEHR CRIE IRl iBMAEIE reduce the size

of the tumor; to reduce the tumor burden; to inhibit (i.e., to decrease to some extent and/or stop)

cancer cell HFRRPIARSS intd 18 IR Sighnartis ratitoe v aLss dunswsikipdetihasictoMnibit tumor

metastasis; §Qaifsildea @RI IRl arowth etdescalbrinlier R ierBdMaereevent the growth
of a dormaniégmor; 1;? reduce or prevent ére growth or %o,liferation of a micrometastases; to reduce or

prevent the resgt GOSN RSP A SU SRS T a ARVEATRErBEYFES increase or

extend the RS W RASHRiasubjgatshzeeptifileifa ostiagiasatwiilhld ahenigmifrecancerous, or
non-metastatic tumor or.

a maljgnant tumor; to reduce the, size of a tumor to allow for surgery (e.g., in
eoadilant HRPARAAIb 13 TafE e TS LBIRE SLIEHE AT G ABFIEH tHE R RE A brmto with
the cancer. ir«iofer adalitidnal é&mbodisentd heifiaranttgenhtandeusedibodrevantiiernccurrence or

recurrence of cancer in esu%e&t,ﬁ?régg reé/ention rt{%e%athqs?nltggfa.disease,t appropriate

dosage of a Varia nﬁé}‘ a8 e inventionwhen Used Alone or ih'coﬁﬁﬁ?ﬁg c%a\% Hdne or more other

additional thefapectitcagemssrittdepend on the type of disease to be treated, the type of antibody,
the severity and course of the disease, whether the variant IgG is administered for preventive or

therapeutic purpomw%%mgrpﬁys the patient's clinical history and response to the

25 Variant 1gGs of the present invention may be screened using a variety of methods,
including but not limited to those that use in vitro assays, in vivo and cell-based assays, and
selection technologies. Automation and high-throughput screening technologies may be
utilized in the screening procedures. Screening may employ the use of a fusion partoer or
label, for example an immune label, isotopic label, or small molecuie label such as a

30  fluorescent or calorimetric dye.
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variant 1gG, and the discretion of the attending physician. In certain embodiments, the 20variant IgG is
suitably administered to the patient at one time or over a series of treatments. Depending on the type
and severity of the disease, about 1 rig/kg to 20 mg/kg (e.g., 0.1mWkg-15mg/kg) of variant IgG can be .
an initial candidate dosage for administration to the patient, whether, for example, by one or more
separate administrations, or by continuous infusion. One typical daily dosage might range from about 1

L/kg 1o 100 25Makg AL TAM-ASREN DGR NGIRASIFNS MIEHINGS AROVECOF IERERIRG, qenerally

administrations over several days or longer, depending on t e treatment
be sustainegrtiptitendésiradisupprassion bf ditdasebydmomstbeominionecarmbdadiment, depending

on the condjipn; Jhg;ireptmentis SHstaingd y leatf}ﬁe%g{%%ﬁ&ﬁ E}{F@%%cﬂﬁg@ﬁ%ﬁﬂf‘?&@%%}%tmetmds

described herein or known in the art. One‘exemplary dosage of 30 the variant IgG would™e in the

range from about QGBWgﬂfgwmmﬁﬁgﬁ@ﬁméhﬁﬁélwm@m@g wrabewtd .5 mg/kg, 2.0
mg/kg, 4.0 mglkg, T 'Bgﬁﬁ%s]aqe”ﬁ%&%%f&'f’em KO (Rl 2R CamRIIR dhereof MaYsggdministered

to the patient. Stch doses may be administered intermittently, e.g., every three, every eight or every
twelve weeksq&dheguessntnny seopdtie preediyaairshizso Ve peokpe librasticscedchbout six

doses of the, aniibagihgh GRsial FRBQEIRERLS sH-iniiak bigharoading dase, felowedy one or more

lower doses may be administered. In certain embodiments, dosing regimen comprises administering

an initial loa@fh QESS L HBBLATH SRy pEE PrENessEd PR bR oh avENsthcd 5838 8f about 2 mg/kg of

the antibody,ciHaweveiHatReHIRSMIR Hegimens smavPerdsaluln TReprearassatithisdherapy is easily
monitored by conventional techniques and assays. In certain embodiments, the variant IgG is an

al lecnr] ay I
anti-VEGF SRRsBEe R e bRt SUhRERSCtioe Mehads Thrsmen fndinsh Brbebseimab. In certain

embodimentgvdheoli eguency ahsdnmaistsalianof theiualiantlekaisid 0itedHesd comparge: i the
frequency of administration of the wild-type 19G due tqQ the increased half life of the variant IgG. In

certain emb¥HOMETAEVARSHERS 18 AFHIRSERY 18R TEqoehtfy thait tha' /BEHRHEded or
prescribed degagefrequang\ pfdheaviltstypenlgGdlngartainienbediraniswwherein the variant IgG is
a variant of pevacizumab, the 15 variant IgG may be administered every 4 weeks or at longer
intervals. In'BFSHEEHSH BEBTH AP Fariant lgG may be administered every 6 weeks or longer. In

anothersembodimant;ditginvatiasdilgEnm) ayrbatidtinistereddan & weeksasdoagBhaladanother
embodiment, the variant |gG may be adminifsé[gred ever%I 0 weeks or Ionggﬁ. In anpther embodiment,

the variant Ilg”G’ZHffaaﬁ%gsa BRI e‘f‘%“ﬁifl%s\’/@}lf/T VOB SRRV HEhBISF It 1A ¢ SRR é/r%%éa iments, the variant
lgG may beadmiistereacinitiadlyeByvery & posed to individual variants or pools of variants
belonging to a library. These assays are typically, but not always, based on the function of
the variant IgG; that is, the ability of the variant IgG to bind to its target and mediate some
20 biochemical event, for example effector function, ligand/receptor binding inhibition,
apoptosis, and the like. Such assays often involve monitoring the response of cells to the
1gG, for example cell proliferation, cell migration, angiogenesis, cell survival, cell death,
change in cellular morphology, or transcriptional activation such as cellular expression of a
natural gene or reporter gene. For example, such assays may measure the ability of IgG
25  variants to elicit ADCC, ADCP, or CDXC. For some assays additional cells or components,
that 1s in addition to the target cells, may need to be added, for example serum complement,
or effector cells such as peripheral biood monocytes (PBMCs}), NK cells, macrophages, and
the like. Such additional cells may be from any organism, preferably humans, mice, rat,
rabbit, and monkey. In certain embodiments, antibodies may inhibit angiogenesis and
30  methods for monitoring such activity are well known in the art. In yet another embodiment,
antibodies may cause apoptosis of certain cell lines expressing the target, or they may
mediéte attack on target cells by immune cells which have been added to the assay.

Methods for monitoring cell death or viability are known in the art, and include the use of
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weeks, and subsequently every 4 weeks or at longer intervals. In another embodiment, the variant IgG
may be administered initially every 2-3 weeks, and subsequently every 6 weeks or longer. In another
embodiment, the variant IgG may be administered initially every 2-4 weeks, and subsequently every 8
weeks or longer. In another embodiment, the variant IgG 25 may be administered initially every 2-5
weeks, and subsequently every 10 weeks or longer. In another embodiment, the variant IgG-may be
administereg initi - u V. wee . ain
ambocimentt A B e S e e
prescribed dusaieofteraeneyrstivg/acioumate andtardnadiniisrssiiestetpatingy.tbedh the
prescribed dosaae LGRUEALK RTHRPRIAFETAR: In.cerah ERUsHimenis-Rexaraymad is nitally
administered at the prescribed dosage frequency and a variant of bevacizumab is later administered
less frequerifly eiapciieoseediriba dokade freguencriandabadiumbilded cxpeerrsin erSodiments,
the variant Igé.is administered every 14 days or at longer intervals. In certain embodiments, the
variant IgG is administered every 21 days or longer. In certain embodiments, the variant IgG is

administered every ebiigsi &Y BABEF ahoddbganbisdinartdarkaaiirely selhdfiifistered every
60 days or IangeholR Bosmhedimen YAUAN 18R dsRaminiaiarRd.exey mesth or at longer

intervals. In certain em odiments,_the variant IgG is administered every two month or longer. In certain
embodiment&itRe Vdrisht 1#f6 RO AHminsteral- dieh BB HE SR g srctERtaH&EMbodiments,

the patient isiiqateswihmhsambinatioRisldheyarian g RNe.08e:RaME ather therapeutic agent(s).
The combined administration includes co- 10administration or concurrent administration, using

separafé foRMITRACHETSH & SRR BHAN AL RTCRFTE R LTAR SR aHE B8R Se e hifrN fikiratfon in either
order, whergipdeRtionayihsie iscofme:Resiomh wile Rethd(as Bl astiveiagapts.gimitaneously exert
their biological activities. The éffective amounts of therapeutic a%gnts administered in combination with

a variant 1gC W BE SO PRl T QB SN A S SN K" S e RO Sttt and

adjustment isstofigcttafichiene prevideahsmanagementoidhereonditions do:betbiealest. dibe dose will :
additionally depend on such factors as tthegé)e of th_erapeuFtic E%eng to be used and tg specific patient
being treatdd° 1A CEHAH S BOAITIRE Luitabie GEEUYB S e VAR it 57 Bhose sfPésently used

for its wild-typedgGranekeanbédoaeted diui fertbicisiardassddaliifesandidretheaomelinadlaction
(synergy) of the variant 20 IgG and the additional therapeutic agent used..In certain embodiments, the
combination S HE oS BN (e e T S hIRBI: PAE CarBleh e refers
to an improvdmenbirethyebfficaeynf &iherdpautic tgenthamidsscomumtonatsl approvedidose. In
certain embodiments, dosing regimens. discussed herein are used in combipation with a.chemotherapy
regimen. B B S e s oo
intermittent kdimimistiatiostciicbrmimemidogiment shehehehmnoih efapeutiosigents are administered

using ama"%%gn@%%gg{%g?pﬁygf%ggﬁawm% &C&ﬁ&%ﬁgig%ﬁﬁgﬁﬁg;@&”@nomic chemotherapy™). — In

certain embo atient Is treated with a combinat e variant 1gG and one or more
chemotherapeutic agent(s). In certain embodiments, the chemotherapeutic 30 agent may be
administered prior {8etsPrstising At 4868 of the variant IgG. In one embodiment, the timing
between at least one administration of the chemotherapeutic agent and at least one administration of
the variant IgG is dppprosdamatelyisinmapfithl asdess Wnidonengmidgatindent, thectimiingbtweemat least one
admmIStratlgpe ?gféhw%rggﬁrpsoatt %G"%Bgu%c? g g%gr}lostic, or a rescarch reagent. The variant IgG may
find use in an antibody composition that is monoclonal or polyclonal, In certain
25  embodiments, the variant IgGs are used to block, antagonize or agonize the target antigen,
such as VEGF. In certain embodiments, the variant IgGs are used to block or neutralize
VEGF activity. In one embodiment, the VEGF activity is angiogenesis.
The variant 1gGs may be used for various therapeutic purposes, including but not
limited to treating patient with neoplastic and/or non-neoplastic diseases as defined herein
30  under “Definitions.” In certain embodiments, neoplastic disease is cancer. In certain
embodiments, patients are first treated with wild-type IgG and later treated with variant

IgG. In one embodiment, the patients are first treated with bevacizumab and then later
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and at least one administration of the variant IgG is approximately 2 weeks or less. Alternatively, the
chemotherapeutic agent and the variant IgG are administered concurrently to the patient, in a single
foimutation or separate formulations. Treatment with the combination of the chemotherapeutic agent
and the variant IgG may result in a synergistic, 5or greater than additive, therapeutic benefit to the

patient. The chemotherapeutic agent, if administered, is usually administered at dosages known

therefore, or optignally lowered to combined action of the drugs or negative.side effects

attributanie SO S B A Tt RO Ao e A8 BRASFAIO A End dosing

schedules fqrasiiots alemathierabduticcagents focgbbet Gsechdocord ihgnlibte maintfadthndes' instructions

or as determined em irical%bél.th(; SII%IIed practi%ioner. - Various chemotherapeutic agents that can
arian varnant or pevaclzu .

be combined are discloséd erelrill, e.g., un &F Beéfinitions. Examples of chemotherapeutic agents to be

combined with the $ariamtag® inghedessbmdidie fneblimitecdate aprgoyvaddxoide(inchlidingl didetaxel and
Pacitaxa), w2, s MORLEIDG oL KDIRSING).R BHgU, SR RaURd (uch 2 eafboplatn or
cisplatin%, 15aromatase inhibitor (such as le rozo(ie, anastrazo e, or exemestane), anﬁ-estrogen (e.q.
fulvestrant opmdedxifats), thtoposiddgiiiofdpa poyreidphospivamiae finethoirexeategdipddarival doxorubicin,
pegylated li | icin, C [tabine, itabi inhibi rins celecoxib),
or proteoso%??r{lﬁ%%r e%g?&ggh%%ﬁé;&%?aﬁﬁs&o é} e@gﬁhﬁgﬁﬁé#g%%%e%tﬁ%%%hﬁgr%%y be
administeredop6THe P Grozy ibediidh eradyinst the igentiviz sedilysNESHOBATR dohBehtional

techniques agg assays,R-2 RS ARETIOdImeRis AteRiEISY qLRreysntion,ofdagoccurrence or
recurrence of a tumor, a dormant tumor, or a micrometastases involves the prevention of tumor or .

metastaSes forenetion, GEHerifyrimkimditEi-thodbtseaviar rentByvab biea enttiepqelfdicnusing Gm-
25anti-cancey.{hefagy SUeN1as THRICHR SNEMBIRRERYMARIAATRINGIARY) . PUIEERX GARdRRVe behind

residual tumor cells, or dormant micro-metastatic nodules, which have the potential to _ré-activate the
"angiogenic G FafPsemddRetahetheid Bpeib iR ORABH GrEgEHL Eﬁﬂ&fg}@% presénee of a

doimant tumgr @ RESFORIEIRRASES ISTNAtNScERSA I rdeteciphlaising einical measyrements or
screens, a therapeutically effective amount is one that is 30sufficient to Erevent or reduce detection of

the dormant bIRRGP R iErdR e ESEREs ARBRIER St RSP E i h A& b g Hed Antdefds known to the
cliniciams In ang.Q¥aMpler@ sHAECRYNO iS tigaiad fara, tomay, kybsyricalio remeoying the tumor is then

treated with a variant IgG_and maqnitored over time for the detection of a dounant tumor,
microm etastg%g,’f&age migration factor (MIF), KDR, flk-1, VE cadherin, carcinoembryonic antigen
(CEA), CD22, CTLA4, CD30, intercellular adhesion molecule-1, anti-fibroblast growth
factor receptor 3 (FGFR-3), gamma interferon, IL-12, Ep;CAM antibody and beta2 integrin.
Examples of clinical products and candidates which may be modified include, but
20 are not limited to, anti-VEGF antibody AVASTIN® (bevacizumab, Genentech) (see for
example, U.S. Patent No. 7,169,901, incorporated by reference in its entirety); humanized
anti-HER 2 monoclonal antibody HERCEPTIN® (trastuzumab, Genentech) (see for
example, U.S. Patent No. 6,489,447, incorporated by reference in its entirety); chimeric
anti-CD20 antibody RITUXAN® (rituximab, IDEC/Genentech/Roche); anti-IgE antibody
25 XOLAIR® (omalizumab, Genentech); other anti-CD20 antibodies; anti-CD11a antibody
RAPTIVA® (efalizumab, Genentech/Xomay); anti-Her2 antibody OMNITARG®
(pertuzumab, Genentech); an anti-oxLDL antibody (see for example, U.S. Publication No.
20040202653 and WO 2004030607, both incorporated by reference in their entirety); anti-
CD4 antibody MTRX1011A (see for example, WO 02/102853, incorporated by reference in
30 its entirety); bispecific antibodies wherein target antigens are IL-4 and 1L-13; an anti-HCV
antibody; an anti- IL-17A/F antibody; an anti-A-beta antibody; an anti-DR6 antibody; anti-
human cytomegalovirus (HCMV) antibody; anti-HER rece@tor family antibodies; an anti-

tissue factor antibody; MEN-02 antibody, a humanized IgG; monoclonal antibody to a4p7
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tumor recurrence. The variant IgG, e.g., an anti-VEGF antibody, can be administered in combination
with another anti-cancer therapy (e.qg., prior to, with, or after the variant IgG) and one or both therapies
can be continued as a maintenance therapy. Additional measurements of therapeutic efficacy in
the treatment of cancers are 5described in U.S. Patent Application Publication No. 20050186208.
Variant IgG of the invention (and any additional therapeutic agent) can be administered by any suitable

means, inclyqing PAIsAIGIRL BrossBORRNSINIAREHIRNTAL AYAGRIAN PRAk Al apypgnary, and

intranasal, and; if desired for local treatment, intralesional administration. Parenteral infusions include

intramuscula¥, Hfabavenideastyl anstedaresiateintrabafideie arrobedibduthhddidd administration. In certain

embodime%amﬁtgmgwﬁgﬁﬁnﬁimng is suitably administered by pulse infusion, particularly
with declining doses of thc variant IgG. Dosing can be by any suitable route, e.g. by injections, such as

intravenous or subdiftafditaaahestishsrafustsHaiheardisareonitienterbmheo apdinidriagbidss brief or

chronics In GRIAR ANRALAGNT G IRY IBRL L5265 A000HY %J@Q&M&Qﬁéﬁgﬁ%ousm €.g., as

a bolus or bly continuous infusion over a period of time. e location of the binding target of a

variant 1gG,henpheinaatigeay, B tratirodntibivimaf Betafdsnmty: cotistdera ot tadsr tion and
administratiesqf thesyakanhig ©. Yvbamibesbindineg targstetaMaiarttisiaeatad:inthe brain,

certain embodiments of the invention provide for the variant 1gG to traverse the bleod-brain barrier.

Several art"SOksMIPLSBRIdE RISt o A HREPERamG s idetie Sl S e Biesstititin barrier,
including, bekaptoeutes to Ewsicalneh sl ipidibesed-retheds isteneali: basrehmetdods, and

receptor and channel-based methaods. Physical methods of transporting a variant 19G, e.g., an
antibodly, adiothes isbrerachiie PibrEm bR R drErrhatey e drisaith HEMIS od-brain

barrier entirglgrRY@ibBY 16/ eRENY QNERIBID)IHEE Hemldraierlhariss-Hirsamumestienmatbads include,
but are not Limited.tp, direct injection into the brain (see, e.qg., Papanastassiou et al., Gene Therapy 9:
398-406 (20 %53{0%{%‘1"3{&%‘1?1 ﬁ%ﬁ?&b&%@% -18rﬂ%%ﬂ@é%&ﬁ%‘?&?‘@sg&fé?&{“@%ﬁgeéﬂ%., Proc. Natl.

Acad. Sci. ARt n287fn3080ifLa0MNbang iraplantbnguaideii venyislevie B thedrais(seeite.g., Gill et
Mot . S0 000 sl it SOclid et Mot o
Publication &oir200)2/0R38086H6ENBR:pesduie (Erdcabyiadfinisttaitonodichygestodkmannitol
N (1050 B ataRon By AR S SRS SBP A7 fee, @ g U.S. Patont Nog,
5, 112,596_, &BW%M@A@@%})QEM%M@ (i ﬂ_ané?@d[ﬁﬁ?@f&i@ui%ﬁﬁbmt@ﬂ@ddle the
publication N SO0 I0LBII00) D ey S g e B et body,
across the BiéodbtBisS Haatidloirfchit S Ssudtmsiot inhite87iofreh dipshaatiiorthes \e 4R 3G in
st SBAC 9er oy N SNBSS MRS 55

Eng. 4(7):773-83, all incorporated by reference in their entirety); ICR62 {Institute of Cancer

Research) (WO 95/20045; Modjtahedi et al., 1993, .. Cell Biophys. 1993, 22(1-3).129-46;

Modjtahedi et al., 1993, BrJ Cancer. 1993, 67(2):247-53; Modjtahedi et al, 1996, Br J

Cancer, 73(2):228-35; Modjtahedi et a/, 2003, Int J Cancer, 105(2):273-80, all

25  incorporated by reference in their entirety); TheraCIM hR3 (YM Biosciences, Canada and

Centro de Immunolt)gia Molecular, Cuba (U.S. Pat. Nos. 5,891,996, 6,506,883; Mateo ef al,

1997, Immunotechnology, 3(1):71-81), all incorporated by reference in their entirety); mAb-

806 (Ludwig Institute for Cancer Research, Memorial Sloan-Kettering) (Jungbluth er af.

2003, Proc Nail Acad Sci U § A, 100{2):639-44); KSB-102 (KS Biomedix, incorporated by

30 reference in its entirety), MR1-1 (IVAX, National Cancer Institute) (WO 0162931A2,
mcorporated by reference in its entirety); and SC100 (Scancell) (WO 01/88138 incorporated
by reference in its entirety). In certain embodiments, the 1gG variants of the present

invention may find use in CAMPATH® (alemtuzumab, Genzyme Corporation), a
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Publication No. 20020025313), and coating the variant IgG in low-density lipoprotein 10particles (see,
e.g., U.S. Patent Application Publication No. 20040204354) or apolipoprotein E (see, e.g., U.S. Patent
Application Publication No. 20040131692). Stem-cell based methods of transporting a variant IgG,
e.g., an antibody, across the blood-brain barrier entail genetically engineering neural progenitor cells
(NPCs) to express the antibody of interest and then implanting the stem cells into the brain of the

individual t treated. rstqck et al., (2005 e Ther. 1 . 5 advanced online
oo PRI ABEPENRIT B Bl AdlR ZERE Lo AR Ao e N

reduced syrhptphesoicPewkingsen Hisdase whets wﬁmamm@m;m.wh@ibm dincbuerinandiprimate
models). R%@%&%o%@ shapagihased metigds of.i _@ﬁﬁﬂtyﬂge@h\éﬁ'ﬁﬁﬁg ﬂ)&# SI%E{&ZOantlbody,

across the blood-brain barrier include, but are not limited to, using glucocorticol ers to increase
* permeabilityeididetiiondlistaia e lisged g/ EQ?STRQ_%WM@W@B%W Nos.
2002/0065269, 120030432685, m&%%@%ﬁ&&!@mm@m& shaRbels.see. €. U.S.
Patent Application Publication No. %O_OS_/008947 ), inhibiting ABC drug transporters (see, e.g., U.S.
Patent Applfca88amilpfiz o NSV 2 $Po0srcordRetanditd-abtisonia s itigitkdAerrin and

modulating %%%%WW%}H@B@%%E%%%%%@@ozyg%.ﬁ):ﬁ{ent Application
Publication No. 2003/0129186), and cationizing the antibodies (see, e.g., U.S. Patent No. 5,004,697).

Pharmaceuffeailfesintiaibh st amiprthg Boimantarido s\ MR IS dglcbrans Bigeatibn are prepared
for storage Ry:ming tascvarant %t&%\‘mgty)?sm@bi@gﬁiﬁ&@% YR PRYSNRGIS®
e

physiologically acceptable carriers, excipients or stabilizers mingtop: The Science and Practice of
Pharmity 26t ¥ae(dbetmmHnhe ain OF datrtiidedrRENEGodgniediortther dried
formulations: AesRRIoI8-SNHAFhQXERMap IS UM BIAlizREsi ARe-RONINI6 D HReiRIgNS Righe dosages
“and concentrations emplo ude buffers such as phos%hate, citrate, histidine and other

ed, and _incl >
organic acid&ahtiodaaRe XWO%@%@M“@%M ?Bf@g@r@]§m%such as
octadecyldimethenaamnaoaive:ohiaridephexamaibenupxchiRrideshemzalikanium chloride,

paraben; SCRLEHOI 2 SaSTL N T EISHARAr L & BerRARED T ASa Gt TR s

15  antibody pemtumomab (R1549, 90Y-muHMFG1) (Antisoma); anti-MUCT antibody therex
(R1550) (Antisoma); AngioMab (AS1405) (Antisoma), HuBC-1 (Antisoma); Thioplatin
(AS1407) (Antisoma); TYSABRI® (formally ANTEGREN®, natalizumab), an anti-alpha-4-
beta-1 (VLA-4) and alpha-4-beta-7 antibody (Biogen); anti-VLA-1 integrin anti‘oodj VLA-
1 mAD (Biogen); anti-tymphotoxin beta receptor (LTBR) antibody LTBR mAb (Biogen);

20 anti-TGF-B2 antibody CAT-152 (Cambridge Antibody Technology); J6935, an anti-IL-12
antibody (Cambridge Antibody Technology/Abbott); CAT-192, an anti-TGFp1 antibody
(Cambridge Antibody Technology/Genzyme); CAT-213, an anti-Eotaxin! antibody
{Cambridge Antibody Technology); LYMPHOSTAT-B®, an anti-Blys antibody (Cambridge
Antibody Technology/ Human Genome Sciences Inc.; TRAIL-R1mAD, an anti-TRAIL-R1

25  antibody {Cambridge Antibody Technology/Human Genome Sciences, Inc.); HUMAX-
CD4, an anti~-CD4 antibody (Genmab); HuMax-IL15, an anti-IL15 antibody
{Genmab/Amgen); HuMax-Inflam (Genmab/ Medarex ); HuMax-Cancer, an anti-
Heparanase | antibody (Genmab/Medarex/Oxford GlycoSciences); HuMax-Lymphoma
{Genmab/Amgen); HuMax-TAC (Genmab); IDEC-131, an anti~-CD40L antibody (IDEC

30 Phamaceuticals), IDEC-151 (clenoliximab), an anti-CD4 antibody (IDEC
Pharmaceuticals); IDEC-114, an anti-CD80 antibody (IDEC Pharmaceuticals); IDEC-152,
an anti-CD23 antibody (IDEC Pharmaceuticals);, anti-macrophage migration factor (MIF)
antibodies (IDEC Pharmaceuticals); BEC2, an anti-idiotypic antibody (Imclone); IMC-
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than about 10 residues) polypeptides; proteins, such as scrum albumin, gelatin, or immunoglobulins;
hydrophilic polymers such as polyvinylpyrrolidone; amino acids such as glycine, glutamine,
asparagine, histidine, arginine, or lysine; monosaccharides, disaccharides, and other carbohydrates
including glucose, mannose, or dextrins; chelating 10agents such as EDTA,; sugars such as sucrose,
mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.qg.,

Zn-protei | : ioni t as: : ICST
ooy lend e L B e

prepared, fd?aélmm@@i@ﬁ@@é&@@ﬁbﬂ@@ﬂ@ﬁ&(@b@ﬂm&f@cmﬂ miwmﬁm@mmkexam ple, 15
hydroxym etQﬂ%@HT@éﬁP%n%Wﬁﬁ%%ﬁ%% ANBlYS IRy HAcHIALES) MicIaszRsMe,

respectively, incolloidal’ drug délivery systems (for example, liposomes, albumin microspheres,

microemulsiSoAa e pamiciediang MNEPScap Sasyronedinae fdeeiuisibnls Guehestdigeles are
disclosed i Remagi Hos SHENGE s aglise ALRRAILASY 39U CIiof (2099) 20The

formulations to be used for in vivo administration must be sterile. This is readily accomplished by

filtration thréttiPretervedntraloM Bretthetieati-CDS( salihedy dYbulsecpradartbitMedase orepared.
Suitable eX%ﬁlﬁ@éi@Mé&@%@?ﬂtﬁ%h@?ﬁﬁ@&mﬁE%Aﬂﬁl'ilfé?zsﬁmﬂ;%?@ﬁéﬁ!&emﬁ%@f solid
g

hydrophobic polymers containing the immunoglobulin of the invention, which matrices are in the form

of shaped 2BsHiAeEMelscfns CorifidiSeap it TR &b &t Qiedarred satessd $ 8 nclude

polyesters, hygkogels ke exampierhANCehvdsRatnxhoetbachdalfdravpolyiinmdalaahal)).
polylactides (U.S. Pat. No. 3,773,919), copolymers of L-glutamic acid and y ethg‘I-L- lutamate,

non-dé&rad%@?@sié’cﬁﬂﬁ%l\}ﬁﬂ/l(%@étéz HerykaauBas SRt A el s iMocrk Quch as the

LUPRON DEP&iTim.dpieatahie misrasibasasS0gamposeshablasticreidrgysplic acidrdpolymer and
leuprolide acetate), and po[y-Dé@-Sgém%drOXébutyric acid. While s‘%olgmers such_ as ethylene-vinyl
acetate andTAUHE ARG gttt GBS BABHY FEFSLER BFitdibatidsThf-oVEr thEUA§E BkItain hydrogels

release profetesrdanshumed i pariDdsgiihes) eaadpais et FpMunegio R eaain in the body for
osa of biolokttsl 2E0ly Ah L POS B ERAHRL TN NS S SEAEeHiin oo devised.
for stabfizatenrdEpendingtenihemeabatisyiivoher - f of exasbple dfitdedggnregatiohimechanism is
discovered toarge in egpgolecrlélsgf Sl-SoboOrl]q[ efé)kmr%glog tit‘lsrfog?%@e?thio-disu!fiQe interphange, stapilization
may be achpeve%ﬁgy modifying guﬁ%fary?resﬂues, op?n izing from acidic solutions, controlling
moisture content, Udingaipprdgibatethdditiféstans idevelgping spooifiief fol pretrmatrexi@ampositions.
Efficacy of e Treatment Eieacy KL 1AANLIGR AN REMEATNEY INYBIHEY S dgcluding but not
antibodies and Fe fusions that are substantially similar to them. The variant IgGs of the
20  present invention may also be incorporated into versions of the aforementioned clinical
candidates and products that are humanized, affinity matured, engineered, or modified in
some other way. . |
In certain embodiments, the variant IgGs of the present invention may find
use in the treatment of benign, pre-cancerous, or non-metastatic cancers; for the
25  treatment of dormant tumors or micrometases; for the prevention of tumor
recurrence or re-growth; or for treatment or prevention of cancer in a subject at risk
for developing cancer. For example, variant IgGs compnising Fe modifications as
“described herein may be used for adjuvant therapy for the treatment of 2 subject
with nonmetastatic cancer, following definitive surgery or for neoadjuvant therapy
30 for the treatment of a subject with an operable cancer where the therapy 1s provided

prior to the surgical removal of operable cancer in the subject. While the

therapeutic applications are separated below preventidn, neoadjuvant therapy, and
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10 to the methods described herein under "Definitions.” For example, efficacy in treating tumor can be
measured by detecting the ability of a variant 1gG to inhibit or reduce the growth or metastasis of
tumor. In certain embodiments, a variant IgG has higher efficacy compared to a wild-type 1gG if the
variant IgG is able to reduce the rate of tumor growth compared to the tumor growth achieved with
treatment using wild-type IgG. In certain 15embodiments, a variant IgG has higher efficacy compared

to the wild-type IgG jf the variant IgG can.achieve maxjmum inhibition of tumor growth at a lower 1gG
dose than (RO WHEETS SERHLE G ) G TOELGE ATV DS HECRRmum mbibition of
tumor growtie vcettainaeinbodimintsciuMarsiant 1I9G has higher efficacy compared to the wild-type 19G
if the variant IgG has the ability to inhibit or reduce the growth or metastasis of 20 cancerous cells at a
lower IgG dose th%‘la@fj‘i@&’ﬁ&rﬁﬁﬁ%‘gﬁor the wild-type IgG. In certain embodiments, variant IgGs of

the present invention has equal or higher efficacy compared to wild-type IgGs. In certain
embodiments, variant IgGs of the present invention does not have lower efficacy-compared to

wild-type 1gGs. ThEEfiCABFERME TRAMRSICE MY fVERGERCERReAEEBE huaRtiral iy darious
25endppintateannomyt ysechio wialiating Hegmestin o Hoambeaniastic disarders capexample, cancer
treatments ¢an be evaluated by, e.g., but nat limited to, tumor regression, tumor weight or size
shrinkage, t%ﬁ‘émi?‘j ﬁ%ﬁ%@’s"&ﬂ%&%&ff’é&%gﬁﬁﬁ% ?E)?Bﬁr%glilgﬁ" BB RS BB 4888 onse rate,
duration of respensescuetiityt afdife riuoiaiexpressicoand/Drastivily NBRCaase Beiddireagents

described herein, such as the anti-angiogenjc agents, 30target,the tumor vasculature and not
necessarilyatﬁ%ah%%% fic* ‘&%O?h%ﬁ%g%ﬁ’%& e Z‘BFE@&?F Iﬂﬁiaﬂgaﬁggp&%} gﬁiégg%er drugs, and
therefore canhregigtritkeunigueneqseaé soaredebritions of clinical responses to drugs. For example,

tumor %mnkage oIan-;L‘ater than g%‘;/% ina 2'%'”?&'1?")”6"1; erg%lx%%s IS t ta]ndarcikcut-oﬁ for declaring a

4g¢c Cancer Ccrican ornmy. ancer [rs aces the, cancer .
response. However, ﬂ’]eglnchI,E)IFOi’S or the Inventuon may cause In |%|ﬁon 0] I?’ne astatic spréad without

shrinkage ofthteparasyltlmagrerimalesample soce risanturho Thbthtie sifestiohassraingbznagproaches to
detelmining,g{igacy aLe hefany ganbe cloyer eluding for exeuple. 2 measujempnt of plasma
or urinary markers oflanglogeness ana measure e%t orresp hse throu ﬁl radio oglca imaglng.
Combinatioft ¥ hedalflets sthibedpe inivsadesovitzeef HerpimmaytseaditinisteNst Witinditweestherapeutics
oo, SRS B o S LA i reie
15  of distant metastases.
In the second staging method, also known as the Overall Stage Grouping or Roman
Numeral Staging, cancers are divided into stages 0 to 1V, incorporating the size of primary
lesions as well as the p.resence of nodal spread and of distant metastases. In this system,
cases are grouped into four stages denoted by Roman numerals 1 through IV, or are
20 classified as “recurrent.” For some cancers, stage 0 is referred to as “in situ” or “Tis,” such
as ductal carcinoma in situ or lobular carcinoma in situ for breast cancers. High grade
adenomas can also be classified as stage 0. In general, stage 1 cancers are small localized
cancers that are usually curable, while stage IV usually represents inoperable or metastatic
cancer. Stage Il and III cancers are usually locally advanced and/or exhibit involvement of
25 local lymph nodes. In general, the higher stage numbers indicate more extensive disease,
including greater tumor size and/or spread of the cancer to nearby lymph nodes and/or
organs adjacent to the primary tumor. These stages are defined precisely, but the definition
i different for each kind of cancer and is known to the skilled artisan.
Many cancer registries, such as the NCI’s Surveillance, Epidemiology, and End |
30 Results Program (SEER), use summary staging. This system is used for all types of cancer.
It groups cancer cases into five main categories:

In sifu 15 early cancer that 1s present only in the layer of cells in which it began.
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radiation therapy, surgery, etc. In certain embodiments, an IgG variant is the only therapeutically
active agent administered to a patient. In certain embodiments, the 1gG variant is administered in
combination with one or more other therapeutic agents, including but not Limited to anti- 15angiogenic
agents, chemotherapeutic agents, cytokines, growth inhibitory agents, anti- hormonal agents, kinase
inhibitors, cytotoxic agents, cardioprotectants, or other therapeutic agents. The IgG variants may be

administered concomitantly.with one or more other therapeutic regimens. In ¢ertain embodiments, the
IgG variant may b(32 %ﬁiﬁ%ﬁ%&%‘ﬁ%’&‘?ﬁ %ﬁj{éﬁf&% Wtﬁ%%@%’rlﬂwgmc AtiBgERR s RIREHHRES S may not be

an IgG variasftspre2fcertain embodiments, the IgG variants can be employed in combination with still
other therapeutic technigues such as surgery. In certain embodiment additiona{{agents, e.g.,
ant-cancer agents GBS D it e Ge i aree e e S troct in
combinationlywitshaxdanod gfados edtiwarisus neoplastic or non-neoplastic conditions. In one

embodi?ent, the nBOI?Ia?tic or non- %ﬁneo IagtF: co[ﬁ%ition IS ch?r c&er%zed b athglotgi(%al disorder
. . IS 18 Ccancer tnat pas spread Irofnt FI1ary Si 15 OFrgarns or.Glstan
associated with aberrant or undesire angﬁ%genegs. e Variah eig?Bs of the fivention can be

administeredvseriailydes. in combination with another agent that is effective for those purposes, either in

the same composition,of 83 SERA'AG SOMRASIIONS U3INg Eﬁ%é%‘sr%%t%g'féﬁrﬁ% adminigtration routes,
Anti-angiogenic therapy in relationship to cancer is a cancer treatment strategy 30 aimed at inhibiting
the developindiseisfagis: blood vessels required for providing nutrients to support tumor growth. In

certain embodiments, bee . gg]gg is.is invqlved.i i [ and metastasis,
the anti-angiogenigf}ra%h?tr%%&rjﬁ?%rgovided&gﬁ?eﬁ%%\é%gﬂ%@%@ﬁ%@%ﬁ%ﬁﬁ%%ﬁ%%n%gpIastic growth

of tumdFat th@“fpﬁh@ahﬁ@h@%wwéu Gensre venttieryrnefias plbid drlummops basthecsestidied. dites,
therefore alloying, atiack Ofi g LUBNS QY RINRL IREIRABRUICS o FhRNG:EIMRAgIe Y EING invention,

anti-cancer agent or therapeutic is an anti-angiogenic agent. In another embodiment, anti-cancer
agent is a SépaieRharsplittecigaticcurs parjasisgeaifgiogeisitiageaditaietsaarnerendified and are’

known in theaetsineiueing hase:isiRdhaeins §fesdsiedHoges Refinition.A0d by &gy Carmeliet
and JaM, Nature 407:249-257 (2000); Ferrara et al., Nature Reviews:Drug Discovery, 3:391-400

(2004); and BAHTX PIOSKH OS0! SIDUB0TA00S) Mermsserssprafrplimeaisac1oNo.
20030Q55006mimsariRinBMRANNE BEsAVR AR MOIRiARGIAGRBe s NIt MAY QRtionally be
co-administered to the patient in addition to variant IgG of the invention.
Microimetastasts may or may not be detected in a screening or diagnostic test. The methods
of the invention are useful for preventing the occurrence of dormant tumors or
micrometastases or the recurrence of the tumor, for example, in a setting where a dormant
tamor or micrometastases is present but may or may not be clinically detected.

20 The methods of the invention are also useful for the treatment of early cancers
including but not mited to benign, pre-cancerous, or nen-metastatic tumors, This includes
any stage O, I, or I tumor; any non-metastatic stage I tumor; any condition that typically
precedes or develops into a cancer, including but not limited to, dysplasia; and any tumor
that remains localized at the site of origin and has not infiltrated, invaded, or metastasized

25 to distant sites. Examples of benign, pre-cancerous, or non-metastatic tumors include a
polyp, adenoma, fibroma, lipoma, gastrinoma, insulinoma, chondroma, osteoma,
hemangioma, lymphangioma, meningioma, leiomyoma, rhabdomyoma, squamous cell
papilloma, acoustic neuromas, neurofibroma, bile duct cystanoma, leiomyomas,
mesotheliomas, teratomas, myxomas, trachomas, granulomas, hamartoma, transitional cell

30  papilloma, pieiomorphic adenoma of the salivary gland, desmoid tumor, dermoid
cystpapﬂioma, cystadenoma, focal nodular hyperplasia, and nodular regenerative

hyperplasia.
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In certain embodiments, other therapeutic agents that may be combined with the variant 1I9G are
VEGF antagonist or VEGF receptor antagonists. In certain embodiments, other therapeutic agents
useful for combination tumor therapy with the variant IgG include 15 antagonist of other factors that
are involved in tumor growth, such as EGFR, ErbB2 (also known as Her2) ErbB3, ErbB4, or TNT. In
certain embodiments, the variant IgG can be used in combination with small molecule receptor
tyrosine kinase inhibitors (RTKIs) that.target one ar mare tyrosine kinase, receptors such.as VEGF
rnceptors, FOE reba R e S U BT SRR BN e
RTK1s are knowrgingtrec2Gattnintirdindsbby theimotimitetctpabitafanibb{RTg 8 BropHetinib
(TARCEVA ; @64&&%@@ P26 E@l{}%? 23) IPA832, supitinib (SUTENT(Y)),
semaxanib QLYE%%%),Z%%%?O%?AGQ f?%ﬁ%gt)ﬁ% ?%%zn £ f‘AS A%Lilg-st%aﬁj%csEPJ 1, PKC- 412,
Lapatinib (GSKBI20368¥s VELEAD E{pyyInZ BiZk bIdbedhenils IYRAMAREpeXIB80, and CHIR-265.
25The igvention algq{eaiasdfR ol AR BNaNAR RINGEHRAE yEHBkIBRSRS the Invention or
Wi

the combination of at least one variant Ig one or more additional anti-cancer therapies.

Examples of eatticinéspillistags danneiide disvlased nvtationpseadeni oatidfiibhodierapy Grhdiotherapy),
biotherapy, ipppuRetheseRy SR ONRIRRYn O hEAMRIIAIOR.ALINES S ANGTAPISS < I 80 embodiment,

the anti-cancer therapy for the prostate 30 cancer, ovarian cancer and breast cancer can be hormone
therapy. In HQHSFL ﬂ@ﬁ@iﬁ&&@@ﬁ’f@?@nti-angiogenic and anti-proliferative agents can be used in
combination with the variant IgG. In certain embodiments, an IgG variant is administered to the patient
along with chemothesapyiofadiation therapy, or both chemotherapy and radiation therapy. In
certain embodiments, the variant IgG is used as adjuvant therapy for the treatment of a nonmetastatic

cancer, following dgfipifive, SUIgSTYy 40 (NI SXAMRS JRR VNN EIB R GAARR AT 8#%ﬁ%g$ge9r without at

least one additional chemotherapeutic agent. I certain embodiments, the variant | used as
neoadjuvantahesiapy. forciily StreattTestoPaPbiierapliancaheepisHoeniryeryr racthisisrafiple, the

variant 19G canhe MQIH RIR: (R URIGR WIth gniviet alleast onsaddiionakehemptherapeutic

agent.  In certain embodiments, the variant IgG and the one or'more other therapeutic agents can
be administefeansityfultansatsly drbsageienmally In are smboHTEAH Yot wtineé Isrferantites@8uce or

eliminate th&?ﬁﬁ%&ﬂ&ﬁ& GERGHAIERE SRR LM RSN U er LA BBl AOGIRRIASes. The

variant IgG and the one or more other therapeutic agents can be administered as maintenance

therap¥to prevEpmBFsetithcd arey iR ysHabIG detisircE B A &M fehiomd lighh detarargliBodiments, the

invention feghies Qe @f@wﬁ%{g@w%%amy&s%ma&h%@aﬁﬁgﬁﬁga{gﬁéﬁ@-, a cocktail).
Non-limiting examples of 15 chemothera eutigé?ﬁgents are described herein under Definitions.

Preparationcgﬁi(’ilH&ﬁ&%@%@g%&u ‘Ehand St dpdutrriablserms (BERIBIMNEEdrding to

manufacturers' insiuchRm @f @5 determiresenipiiaali bydherskijed arasiiensioseemso, section
entitled Dosages, Formulations, and Duration. Articles of Manufacture 2QIn another aspect of the

invention, aReAFAERS BRRATARS TR AEN TRy QAR &EHF R HREC r QEFETP € ntion ancUor
diagnasis ohibeliserdeesiiestoibeshakavedsoqrieyidedbEbevdtica gl mantfastyepenaprises a

container and a label or package insert on or associated with the container. Suitable containers
include, for SRS B BEHHB O AU o D T SHiE PR &y BT AP variety of
materials suctviag Slagsiocqplastitic hetieaitain@e used to prevent progression of the cancer to a
Stage III or Stage IV cancer.
Variant 1gGs can also be used to prevent the recurrence of a tumor, For example, if
25  atumor has been identified and treated (e.g., with chemotherapy or surgically removed), a
variant [gG can be used to prevent the recurrence of the colorectal tumor either locally or a
metastasis of the colorectal tumor. For the prevention of the recurrence of the tumor, the
variant IgGs can be used, for example, to treat a dormant tumor or micrometastases, or to
prevent the growth or re-growth of a dormant tumor or micrometastases, which may or may
30 not be clinically detectable. _
In certain embodiments, variant IgGs can be used for the prevention of cancer in a

subject who has never had cancer or who is at risk for developing a cancer. There arc a
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25holds a composition which is by itself or combined with another composition effective for treating,
preventing ancUor diagnosing the condition and may have a sterile access port (for example the
container may be an intravenous solution bag or a vial having a stopper pierceable by a hypodermic
injection needle). The label or package insert indicates that the composition is used for treating the
condition of choice. In certain embodiments, the article of manufacture 30may comprise (a) a first

container Wi, compasiion coniained ihereln, wherein he somposiion somprises & Yariant 196 of
the invention; anﬁ? a second container with a composition contained theréin, wherein the
compositiorhesmpriseddatiurthengyitode ntodtinerwisehtherdpentic agehorithe antistewtineanufacture

may furtherbce%pgg(s ?£z‘;}%%gi§ iglgg&é’ dicating that the compositions can be used to treat a
particular condition. Altérnative )% or additionally, the article of manufacture may further comprise a

second (or third) container comprising a pharmaceutically-acceptable buffer, such as bacteriostatic
water for injection @@WI‘){’M’H&Ye-buffered saline, Ringer's solution and dextrose solution. It may
further include other materials desirable from a commercial and user standpoint, including other
buffers sdiluents, filteedpneeciesrandtsyiniges. of nebrdjaxtaintbendypgdimentstlthamgcidnt IgG can be
packaged alone o [ c_omai%ipat&ilgg }Niirtlhaot%er herapeutic gompot ngsmas.ahlfit; le?monqsete%rgb%diment, the
therapeutic rt%nrﬁﬁouoné’ SNSRI |-canc353rjae§éﬁtg'ﬁeﬁg]t cdr melude g&?or‘?‘a‘l‘ co‘mponeﬁts that aid in
the administtetiemoft fre; ynibdosectpapatients b seictiaswials oh recomstitudivg owaeaforms, syringes
for injection, gustomized 1V deliver s, inhalers, ete. A1di jonall tp%e njt. dose: ki contain
instructions?c:g)flré%%‘é%%%)t%ﬁOgr?dvg%%]nﬁé%?g?o%eg?%ce:r%%or(ri]%%esnl iséﬁlhse ﬁaﬁyemki‘ %ﬁal)sl nearr%%amu actured as a
single use unitibiobe foroonembtibntgmhthiplerissé defoise ¥Bpantiol kavpatienizfatla ewhstant dose or in
which the indiv] ” 0, in r X e kit may contain
muItipIEe%dos%%ﬂg L%Ifll?lall(g?%r?g? g%}r%?lrﬁ%‘té@%%ﬂr% lCJg ﬁ%&?%%%ﬁ%%%%%ﬁ@g% % .()Hr%w%kkit components
may be asséavbidchinabarkonmthiistsrhodoksnb thtesriam éel antphiccs ke, IEXANMIPIIEG2dTthe following

are exampleg, of methedsA08 §omAasiiens.of {heINeiom (se¢nI/reaqdiihat argys other
embodiments may be practiced, given'the general description provided above. Example 1: Production
of anti-VE G Bl yaei i By A sefiscTRe s il daavaiohaia-rapabin fioves KYH VB ARiMab) 19Gi
heavy and light \W&t@hain variable domain (SEQ ID NO:8). |
15 In certain embodiments, the variant IgG is administered in combination with at least
one chemotherapeutic agent. The additional step of administering to the subject an
effective amount of a variant IgG after surgery to prevent recurrence of the cancer can also
be employed with the neoadjuvant therapies described herein. For the methods that include
the additional stép of administering to the subject an effective amount of a variant 1gG after
20  surgery, any of the adjuvant methods described herein can be used.
For example, one method includes treating cancer in a subject comprising the
following steps: a) a first stage comprising a plurality of treatment cycles wherein each
cycle comprises administering to the subject an effective amount of a variant IgG and,
optionally, at least one chemotherapeutic agent at a predetermined interval; b) a definitive
25  surgery whereby the cancer is removed; and, optionally, ¢) a second stage comprising a
plurality of maintenance cycles wherein each cycle comprises administering to the subject
an effective amount of a variant 1gG with or without any chemotherapeutic agent ata
predetermined interval.
In one embodiment of an administration schedule, the necadjuvant therapy
30 comprises a first step wherein a variant IgG and one or more chemotherapeutic agents are

administered to the patients in a plurality of neoadjuvant cycles, followed by a surgery to
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25 cloned separately into two pRK-based transient transfection plasmids containing human IgGi
constant domains. Kunkel based site-directed mutagenesis was then used to generate all the
anti-VEGF IgGi variants in which residues in the CH2 and CH3 domains were mutated. The anti-VEGF
variants generated in this study are summarized in Table 2 below. Each variant contains either single,
double and triple mutations in the CH2 and CH3 30 domains. Variants are numbered according to the
EU index as in Kabat. Table 2 IgGi Variant T307Q A378V N434A N434H N434S Y4361
T307Q/A378V IR REASAA hGresNAB AT HRGPSAAIBenisT Sragrad vvivhgsry lasts for

T307Q/E3B0A/NABMH SV FUBRINABLMDHIBAALY 436 R as BidsEOpRINBG.Ie: yariants’ heavy chain and

wildtype light chain were co- transfected into the adenovirus-transformed human embryonic kidney cell
line 293 by 5EUGEA\I@&){, égtoﬁg, Basel, Switzerland) according to the manufacturing protocol. After 24
hour of incubation With the trafieiettion complexes, transfected cell were then cultured with either
serum free media PSO4 supplemented with 10mg/L of insulin and trace elements for 5 days or 1.3X
GEM N Medium wiffhsmm@mmm-é@sn@éﬂﬁlaﬁ?ﬂ%ﬁ@m&ﬁb@%@%mﬁ@@mam|v| TRIS pH

8.0 and 5M segditmghlarigdehachiiteivsading é&@&pﬁﬁf&@ﬂga&i&%%@gﬁ anckaomM Nacl.

Conditioned supernatant were then purified using Protein A chromatography. Bound IgGi was eluted

from the Prof@iRsEsin AR B ENEY Tt eBir nigoiextn pitifiedIgOIHe lBecsReBhtrated and

injected oveng:SyRe 20 SIZ8AX%AYSIANGRIOMARSIARNN Lo 1o empysanyaggregates.
Monomeric IgGi fractions were pooled together and later used for the binding 15 studies. Anti-VEGF

wild-type andIRRISTEREr ) ASS TR BErRRTRiRfASiaIeb cAlctnather GobRILBEY i 1R8Ading at
280nM, and aiGaksashanceReaich s WamestinstethiohedmYm Nof: I9&n# light chain variable

10 domain (SE'Q. 1D NO:2). In yet another embodiment, the variant IgG comprises the heavy

chain variable domain (SEQ 1D NO:7) and light chain variable domain (SEQ ID NO:8).
For example, a method can include following steps: a) a first stage comprising a

plurality of treatment cycles wherein each cycle comprises administering to the subject an
effective amount of a variant IgG and optionally, at least onc chemotherapeutic agent at a

15  predetermined interval; and b) a second stage comprising a plurality of maintenance cycles
wherein each cycle comprises administering to the subject an effective amount of a variant
1gG without any chemotherapeutic agent at a predetermined interval; wherein the combined
first and second stages last for at least one year after the initial postoperative treatment. In
one embodiment, the first stage comprises a first plurality of treatment cycles wherein a

20 wvariant IgG and a first chemotherapy regimen are administered, followed by a second
plurality of treatment cycles wherein a variant IgG and a second chemotherapy regimen are
administered.

The variant IgG is generally administered after a period of time in which the subject

has recovered from the surgery. This period of time can include the period required for

25  wound healing or healing of the surgical incision, the time period required to reduce the risk
of wound dehiscence, or the time period required for the subject to return to a level of
health essentially similar to or better than the level of health prior to the surgery. The
period between the completion of the definitive surgery and the first administration of the
variant 1gG can also include the period needed for a drug holiday, wherein the subject

30 requires or requests a period of time between therapeutic regimes. Generally, the time
period between completion of definitive surgery and the commencement of the variant IgG

therapy can include less than one week, 1 week, 2 weeks, 3 weeks, 4 weeks (28 days), 5
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Example 2: Production of human and c_ynomolgus monkey FeRn Human FcRn is a heterodimcr of an
alpha chain and a j32-microglobulin subunit. These two subunits were cloned separately into two pRIC
based transient transfection plasmids. Plasmids containing both alpha chain and a 02-microglobulin
were co-transfected 5 into 293 cells using FUGENEO (Roche, Basel, Switzerland) according to
manufacturing protocol. After 24 hour of incubation with the transfection complexes, transfected cell
were then switched to serum free media P504 sugﬁplemented with 10% of insulin and trace

elements foPSHayR YEet i diipe Mietish SRGR Hiedr B0 Hia conahoreanis.dvmeydiv dhloric acid

and 5M NaGhdatgiye adinas,pid ebetsandraneentratipnalalmMdiacd: H:condiigned supernatant
were purified usiag IgG-sepharose chromatography. Bound FcRn was eluted from the column using a

pH 8.0 bufféf® ot BORTNPF R 8™aR Be st NFNHEYS BHAeY RRIRRstns Bepinnel using a

Superdex-7H:6i2e @xeleiSing: ahresratQgrapby £al iy ien eRraye any aggregates. FCRn concentration
was calculated usiﬂg absaorbance reading ?éZSOn , and an absorbance of 1.9 cgrresponded to be
Img/m1°1 5 of FcRA SYSMBIGHE AL AREY EEr A PRSI RN HURHES &iffb RGN FcRn,
except plasmidsieeritaining she aymorakhmehrinmodymnadiidaiciaghadulitoves eirad farthe
transfection. anlnépl t3: EcRr% bi dingﬁﬁudies: !{1'erctio of. .IGi_variants,qver FeRn The binding of
anti-VEGF VAPSHIS SUAHEE R ioR G Gt S ey S PrACE 8 A A RTLEDA B using &
BlAcore 300@¢nstnumpént(GohealthaanecRistaialvaysriiis) ehbwdancksRramias loouRlesHiaile sensor
chip using an amine coupling, kit. Specificall MS sensar chip.was activated with EDC,'NHS for 7min
S OO RS B e DS LB P S 5 AT & Hol0MPLtE Sh 1 imin
over the) actilateof chgmiglgive seantaodimdore bindingntdspenseratitefRiyeaftb 6 tok20Mn Adteriiconjugation,
EcRn 25coup] hip was blocked by an injection of 351.1.of 1M ethanolamine hydrochloride at 5
amin. B e A N T 6.0
or pH 7.4 wérsaefieharirdebr fiheandrmmindose fiev fonthbebhnding x pecimentlis sitiekr BBS:akH 6.0 or pH
7.4 containing 0.01% P20 and. 0.02% sodi ' I-VEGE 3 vacizumab) WT and anti-VEGF
variants were bager-gxdhang%&nto e%h%qg&%%@%ﬁ%%{?%{%ﬁﬁ%% %ﬁéﬁllﬁfl neg)(f;%\({lb’:eriments were
performed dr@B@sRonhépHG@ranogmiantd! britelbonabafiatibrsinagifiy trmmrdSwitio 0.7nM,
were fiayed Qyer 2 FeRncaated iR ALIOUHEN [eAIRYs fimes. o achieve steady state and then
were allowed to dissociate from the chip for 5min. For the pH 7.4 ruh, variants, with concentrations
ranging from 30pM to 30nM, were injected over the FCRn coated chip at 20ttlimin for various times 5to
achieve steady St SEEEHE s S B ORHH P shiants were also flowed over an unconjugated spot
on the sensor chip to allow subtraction of background non-specific binding from the binding to
FeRn-coupled chigl€hiprardgegenmaisdnvitil 30 Secpldsea! ofBctiViidRiliS1pkt8:3liim ketween
injections. S@@%S&@ﬁg&%{tf‘g% irﬁj1 tion was recerded at the end of. each.injection phase, and
apparent dissociation constants ?gbggarg%té?p r\?\?gﬁg'ig?g%grrsgg{ifﬁgféad gg‘?ﬁérﬁé@ggrﬁ%éﬁtrations that
achieved 509 oflenhyimeititRigd to, the particular disorder being treated, the particular mammal

20 being treated, the clinical condition of the individual patient, the cause of the disorder, the
site of delivery of the agent, the method of administration, the scheduling of administration,
and other factors known to medical practitioners. For the prevention or treatment of
disease, the appropriate dosage of a variant IgG, e.g., an antibody, of the invention (when
used alone or in combination with one or more other additional therapeutic agents) will

25  depend on the type of disease to be treated, the type of antibody, the severity and course of
the disease, whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient's clinical history and response to the antibody, and the
discretion of the attending physician. The variant IgG is suitably administered to the patient
at one time or over a seﬁes of treatments. |

30 Pharmaceutical formulations herein may also contain more than one active

compound as necessary for the particular indication being treated, preferably those with
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Results in Figure IA and 1B, resulting from two different runs, show that all the variants have improved
FcRn affinity over wildtype at pH 6. Estimates of the apparent dissociation constants (KD) are shown
in Figure 2. As the FcRn coupling density differed for the two runs, the avidity level was different,
resulting in slightly different apparent KD 15 values for the same variant. However, the affinity ranking
of these variants remained the same for different runs. Figure 3 shows that all of the anti-VEGF

variants tested exhibit higher neutral binding to human FcRn compared to the wildtype. The affinity
g of T A B o e e o

using pH 6 binidirig p28Tetbtec8rig@itisanantoiNgB4 khaFf 307434 £ TB0 P48 aEnded.
T307Q/E380A/N4 W308P/N4A3AA .The human and cyno FeRn bindin the anti-VEGF
wid g6 (W) and e e e B R R e B oy
format. Humdmweistgned #iRre wesuedted conssdamsorrshipsussat - MEGE and ds tyyemamdremti-VEGF

oo URISIREIEC VRS 106 ESAR SRS ShRaR! RE.ID SIVIELRH A0GKRH Ta Duler, Steady

state response units wererec rde otted as a function o Injection concentra_tlons. All the

anti-VEGF varlaniisishiowibe ‘itgepvetcaihdifigoter hamermtimf d}m‘(ﬁﬁmﬁgﬁ\ﬁ@rbmﬁlv%mwd-typ_e at
both pH 6.0;200 BiL#AAPEG g H0s4R), HEREIRIVIANAG frdbs 2piMRGE Yadapis deteimined in

this assay was the same as the ranking determined using 5 the monovalent KD. & human FcRn
binding of tHECARMEHER DN EEATFAher 40 39 EIR PIoserinhs SROWITIACRIgIPRIRE Wetbialso

evaluated uging thisiassay formRl PRASIAAR Gludied H}fﬁ%ﬁ@ﬁ@%&-ﬁ%ﬁ&&ﬂﬁdﬁ#ﬂ ,
L314K, E430A, E430K, L251D/N434H and L314D1N434H. Human FcRn was coated on sensor chips.

Anti-FIER2 §tidne pErsvaramti I g0 prek ool AedisitvendorszBaravia e it /s epaeis BEIpS at 25C in
buffers with QirtiaRARETO MR M0k Rarie Al Riale/SsRABEE TRIlSIETS sreidrd aggyplotted as a

function of injection concentrations for each pH. The affinities of wildtype and each variant were then

estimated fOHEAGEARERFLHLPARE TR URRFRNG sRREcY i anthe s h AR Sipg<d

disorder or treatment, and other factors discussed above. These are generally used in the
same dosages and with adounistration routes as used hereinbefore or about from 1 to 99%

15 of the heretofore employed dosages. Generally, alleviation or treatment of a discase or
disorder involves the lessening of one or more symptoms or medical problems associated
with the discase or disorder. In the case of cancer, the therapeutically effective amount of
the drug can accomplish one or a combination of the following: reduce the number of
cancer cells; reduce the tumor size; inhibit (i.e., to decrease to some extent and/or stop)

20 cancer cell infiltration into peripheral organs; inhibit tumor metastasis; inhibit, to some
extent, tumor growth; and/or relieve to some extent one or more of the symptoms
associated with the cancer. To the extent the drug may prevent growth and/or kill existing
cancer cells, it may be cytostatic and/or cytotoxic. In some embodiments, a composition of
this invention can be used to prevent the onset or reoccurrence of the discase or disorder in

25  asubject or mammal,

In certain embodiments, the duration of therapy will continue for as long as
medically indicated or until a desired therapeutic effect (e.g., those described herein) 1s
achieved. In certain embodiments, the variant IgG therapy is continued for 2 months, 4
months, 6 months, 8 months, 10 months, 1 year, 2 years, 3 years, 4 vears, 5 years, 10 years

30 or for a period of years up to the lifetime of the subject.

Generally, alleviation or treatment of a benign, precancerous, or early stage cancer
or the adjuvant or neoadjuvant therapy of a cancer (benign or malignant) involves the

lessening of one or more symptoms or medical problems associated with the cancer. The
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as a function of pH in Figure 26. The affinity ratios for variants E430A, E430K and 15L25ID/N4341-1
decrease with increasing pH; whereas the affinity ratios for all of the other variants increase with
increasing pH. The bindings of anti-HER?2 (traztuzumab) IgGi wild-type, variant T307Q/N434A,
variant L251D/T307Q/N434H and variant L251D/T307Q/M428L/N434H/Y4361 against human FcRn at
pH 6.0 (Fig. 27A), pH 7.1 (Fig. 27B), and pH 7.4 (Fig. 27C) were also 20evaluated using similar assay

format. Anti-HER?2 wild-t and anti-HER2 variants were injected over the FeRn coated chips at 25C
i o1 6.0, pIHTED SR TG A ERHES) S VS G TS WK Tt REARTANE oS as o
function of ifjeotionzaonesniatigndiareacdovariany, Resutysion. arabpt,6.0ig: Bék) variant

L251D/T307Q/N434H has similay, FCRn affinity as wildtype, and variant

L2910/ 30 A RS AR SEE I ABR MA S NG 1 AL A SEEHGT AR A prH 7.1
(Fig. 278), Viaridat; k@ HHENT 807 QéN4 4k hrassomuctklonven FoRstafficity ¢hasividiltygenaineb variant
L251D/T307Q/M428L/IN434H1Y4361 has similar FcRn affinity as wil e and much lower FcRn
affinity an%%%%ﬁ‘i SN AN ‘Aetsf)%ﬁ‘i. ! Pfi{éﬁ%8%%%?;16‘%%‘&@%’8%%&%@N434H/Y4361
has lower FoRuncaffinityitharewiidgypetbiod variantBOrdRR7 Q04 3Aduce oExanplehd: dreikih binding

studies: Injection of human or.cvno FeRn over IgG) variants _In.the binding foiinat using a BIAcore
3000 sttt R e Ay Koy Ut g Bt CE B R antvecr
variants wete tsanjegatet tensthiéferemo #wdel srobthdtsensomehipusimgah (amine stiupling kit.
Specifically,ﬂg:éM E0S0L 8@96’%’%%&@ t(fﬂ: ip C[;/ HS far. 7 min. {StuUm'n. 10 tq 5Qug/m1 of
antibodies Werel?ﬁjiected 11;or 30 sec to %&%m z?{éa ove 'rél\tgeu @fc @Oﬁﬁsf:frﬁﬁgvgro{hdéa%ﬁ%@tg ﬂc{:hip to give a
maximiim binelinigraysernseranit (RSB 1etRO0MAfer conjigaid fFeR colysietehipewis blocked

oy an injectip,ahEaihigk i eifinploming Rdinaniaride abad il tageﬁgse%%iﬂg Rufigr for the

binding experiments was PBS pH 6.0/ .Ol?/o P20/0.02% sodium azide (NaN3). Soluble human or cyno
FeRn dilutiohs fOme00h e fyDasmisiesiatpdjectb tharcanfien fateot 3dgitivnsirefobotidnraitsover the

antibody-coaled.SRsRICERIR B 8R4 ofeadysiats RIS ers recarded at theend ef thatajection. The
chip was regenerated with a 30 sec pulse of 0.1 M TRIS pH 8.5/0.15 M NaCl. FcRn was also injected

over an 15 uncon;ligatetirseiyeabe oy Baekarsiaic sitsasefioharmepkidierosararheteriaahtthe
monovalent gquiligutmAInging consiams Kk Lysss salauiaiedising.the Biteyalugiian software (GE

healthcare, Piscataway, NJ). Results in Figure 5 and Figure 6 show that all of the anti-VEGF variants

have improvBerarertis A8 BV AFRTaL pR i both A diseiaindeyirateb il Amsiiewtibody. ity

severity and course of the disease, whether the variant 1gG is administered for preventive or
therapeutic purposes, previous therapy, the patient's clinical history and response to the
variant IgG, and the discretion of the attending physician. In certain embodiments, the

20 variant IgG is suitably administered to the patient at one time or over a series of treatments.
Depending on the type and severity of the disease, about 1 pg/ke to 20 mg/ke (e.g,
0.Img/'kg-15mg/kg) of variant 1gG can be an initial candidate dosage for administration to
the patient, whether, for example, by one or more separate administrations, or by
continuous mfusion. One typical daily dosage might range from about I pg/kg to 100

25  mg/kg or more, depending on the factors mentioned above. For repeated administrations
over several days or longer, depending on the condition, the treatment would generally be
sustained until a desired suppression of disease symptoms occurs. In one embodiment,
depending on the condition, the treatment is sustained until the cancer is treated, as
measured by the methods described herein or known in the art. One exemplary dosage of

30 the variant IgG would be in the range from about 0.05 mg/kg to about 20 mg/kg. Thus, one
or more doses of about 0.5 mg/kg, 2.0 mg/kg, 4.0 mg/ke, 7.5 mg/keg, 10 mg/kg or 15 mg/kg
(or any combination thereof) may be administered to the patient, Such doses may be

administered intermittently, e.g., every three, every eight or every twelve weeks (e.g., such
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20 improvements were due to both increases in association rate constants and decreases in
dissociation rate constants. Overall, FoRn affinity improvements of the anti-VEGF variants over
wildtype using different binding assays are summarized in Figure 8. Figure 8 shows that V308P/N434A
variant has the highest FcRn affinity among the variants listed in Table 3, followed by
T307Q/E380A/N434S, T307Q/N434S, and T307Q/N434A. N434H variant 25has the least amount of
FcRn affinitﬁ}iqrfn rovement over wildtype. Example 5: Dissociation rates of the anti-VEGF and an

i-HER2 vari RAFRHHTEHS TomPRIELYA/R TR IRNSEAREA FardROut YA 48SS BEES 200nM to 2uM
of human orsybeire R west firabinjectad, evananlibpdyrconjugaied fRNealab 3okl nifdke PBS pH
306.0/0.01% P20/0.02% NaN3 for 5 mm tqQ achieve §$a y state, Then PBS buffer at pHs ranging from
6 10 7.4 werS THELRSE AROINTHEN G the hOwEd FB0 BHHRE S-SV S DA SRR RE Shssociate. FCRn

was also injedigdi avenamuncahjugdteddsusiaterion bagkgotsithsubsaativacKbissagiatianeate

constanis were detelmined by fitting the dissociation phase of the sensorgram using the BlAevaluation
coftwart (R RHe BREREAMEy NP ol LT OrS o She P VAL DR B e variants
against botiThumagr &k oRhi(RigrapA)i andity noreRed (igod B iherdasemithesareasimgs pH, and the
rate of koff increase for each yariant was similar. The .dissocjati te (koff) of anti-HER2 variant

P IDITA0T OIS AT So e R G R I RHEA R el Sy measorec.
The koff of antbddERatvatiantti2sIDFT30 7@ 28 béMt34HIN4 361 against 10human FcRn was plotted

as a function of pli.in Figure 28. The Ica-.of anti-VEGE variants T.307Q1N434A 7Q/N434S.
Ta070rE3s0atNbE BRI ER S Al e MO R ot i
Figure128 foréareperisparcd hethofirsaloesy af diffaresitaias ofakefittéd-apaiizét pid fortleach variant to

vield the slopg:alebRsi b P (uiations 9a¢el-aiana s il gieagpgive slopes of the

anti-VEGF variants range 15from 0.75 t0°0.84; whereas the slope of anti-HERZ2 variant
L251D/1T30#0nvMesd iss Bamyondisahais thbsesommended or prescribed dosage frequency of the

wild-type IgG.
In certain embddiments, wherein the variant IgG is a variant of bevacizumab, the

15  variant IgG may be administered every 4 weeks or at longer intervals. In another
embodiment, the variant IgG may be administered every 6 weeks or longer. In another
embodiment, the variant IgG may be admimstered every 8 weeks or longer. In another
embodiment, the variant IgG may be administered every 10 weeks or longer. 1n another
embodiment, the variant IgG may be administered eVery 12 weeks or longer.

20 In certain embodiments, the variant IgG may be administered initially every 2
weeks, and subsequently every 4 weeks or at longer intervals. In another embodiment, the
variant [gG may be administered initially every 2-3 weeks, and subsequently every 6 weeks
or longer. In another embodiment, the variant IgG may be administered initially every 2-4
weeks, and subsequently every 8 weeks or longer. In another embodiment, the variant IgG

25  may be administered initially every 2-5 weeks, and subsequently every 10 weeks or longer,
In another embodiment, the variant IgGG may be administered initially every 2-6 weeks, and
subsequently every 12 weeks or longer. In certain embodiments, the variant IgG, e.g., a
variant of bevacizumab, is initially administered with the prescribed dosage frequency of
bevacizumab, and later administered less frequently than the prescribed dosage frequency of

30 bevacizumab. In certain embodiments, bevacizumab is initially administered at the
prescribed dosage frequency and a variant of bevacizumab is later administered less

frequently than the prescribed dosage frequency of bevacizumab.
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Example 6: Binding against human VEGF Recombinant form of VEGF-A109 was conjugated onto
a CMS chip using an amine coupling kit. Specifically, CM5 sensor chip was activated with EDC/NHS
for 7 min at 205uUmin. 1 to 2ug/m1 of VEGF-A109 were injected for 30 sec at a flow rate of 20uUmin
over the activated chip to give a maximum binding response unit (RU) of 100 to 400. After conjugation,
FoRn coupled chip was blocked by an injection of 35p1 of 1M ethanolamine hydrochloride at 5SuUmin.
Two-fold dilutions of antibodies from 10011M to 6nM were injected over the VEGF-conjugated chip for

4 mm in PBS/0.05(Y STWELHO SRSt ¥poay7eC Hadeuipteseevmartidnnemrtdeociate for 18
mm. The chipwyesyegeteratesbiincats see patsaafGomihidrocdlevigpeidiAntibagdies were also
injected over an unconjugated surface for b g&; roynd subtraction, Results in Figure 9 show that the
Fc mutations"d6'Hot Sﬁggﬁf@e‘{}\éé Bty S %?#51‘%18 B PR Eh R R M alh & Ring
response aswidéypentE damplast 1hGvittdinhibitied efeebpoaltarationer. LVesiets concentrations of
anti-VEGF W”‘{}%{ﬁ’e gBtev%cizumaP} d anti-VEGF variants were pri-incubated' gi%{eecombinant
human VEGF at room tgémf)g?ralﬁ?re or'l Hir™ "Inﬁseeé%(}]%veeﬁ%'rg}%lﬁ BrA RS SE WG Cfﬁ@@aeizumab)
and anti-VEGkbvaniamts, thn gedabtffgtni 83hM:tintO:.belky The candentriatgar olreeanibinant human

VEGF was O.ZQn&vmlhgéh%comphﬁgéé\&er then presented to the human umbilical vascular endothelial

cells (HUVEeC?} IR cufture at 37¢ an BYRAAbIRtes' S Sé\ﬂ]éroﬁ%ys of culture were

assessed by incubativeg tfvecodislivitht20% pihAVIARI BLWE(K dyebffsskDifgrostiaBystems,
Cleveland, Qb fo nd 5%.CO2. F§l orescence.of ALAMAR BLUE(r) was 10 then detected
with a Molecu a(r) é&i@é’?(%ﬁ%n%&ﬁ&%&f elflé %jplaft%rceoén er ASs %}\lﬁﬁrﬁ'%el—nlignurﬂelg%éc 8l of the variants
have thé santenigidiaobpwiiferatioeniridiviticviraisoth asiipltype wan ANASBIHIN () aagaile confirming that

the Fe mutafions,do el AR IS YEARLS RO P ARHIRES Y ECE  EXample, B Pharmacokinetic

studies in cvnomolgus monkeys 15Thirty-six male and thirty-six female naive’cynomolgus monkeys,

weighed 2 -®#epali thaseds2 e perips otbi st hovib-stuel)) phg‘vm@e@mmmw@@ags@ﬁed to six
treatment grAYR% CACH.CANSISURG Afysk; NAleR AN ¥ [RPRIGY HUIMAIRWALE AgSigned to treatment

groups using a computerized blocking procedure designed to achieve body weight balance with
respect to tredfHBALYF OIS Oigna M ad thaebihsehrst i bohedrfipasat sHhsgriien 20free of obvious

abnornﬂélliti%ayfg@auﬁggigﬁmwyaj&m&wé&%ixgﬁ&émt%mwﬁmﬂ%%gOse via

saphenous vein followed by a 0.9% saline flush on day 1. The dose level for all groups was 5 mg/kg.

. . n day
Blood sampfe84iigprdRipsdtenred. oThdare i thelriieardmismrisre sisiclrerprs ieseantl post-dose at
0.5, 2, 4, 8 hgatpeki@adbn 1ol dsbd2hddBe SRcfto AicrROLRNG A0ARY S The. S8 UM GARERRLration-time

curves for all groups 25 were constructed using the mean serum concentration of n----11 to 12 animals
per group. SEFRRIdmaesTRbiRsctedm tafs arieerareieicusshfprds wihyen'e? ra sivtocol
described inbExamRRIE @ic to the increased half life and/or the combined action (synergy) of the variant

20 IgG and the additional therapeutic agent used. In certain embodiments, the combiration of
the inhibitors potentiates the efficacy of a single inhibitor. The term "potentiate” refers to
an improvement in the efficacy of a therapeutic agent at its common or approved dose.

In certain embodiments, dosing regimens discussed herein are used in combination
with a chemotherapy regimen. In certain embodiments, the chemotherapy regimen involves

25  the traditional high-dose intermittent administration. In certain embodiments, the
chemotherapeutic agents are administered using smaller and more frequent doses without
scheduled breaks (“metronomic chemotherapy”).

In certain embodiments, the patient is treated with a combination of the variant 1gG
and one or more chemotherapeutic agent(s). In certain embodiments, the chemotherapeutic

30 agent may be administered prior to, or following, administration of the variant IsG. In one
embodiment, the timing between at least one administration of the chemotherapeutic agent
and at least one administration of the variant IgG is approximately 1 month or less. In one

embodiment, the timing between at least one administration of the chemotherapeutic agent
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Example 9: Detection of antibody concentration in cvnomolgus monkey serum by ELISA Maxisorp
ELISA plates (Thermo Fisher Scientific, Rochester, NY) were coated with 0.5 ug/m1 of recombinant
human VEGF in 50mM carbonate buffer, pH 9.6, at 4C 5 overnight. Plates were blocked with PBS,
0.5% BSA, IOppm Proclin, pH 7.2 for 1 hr at room temperature and then washed with wash buffer
(PBS/0.05% Tween 20/pH 7.2). Two folds serially diluted standards (anti-VEGF IgGl wildtype

(Bevacizumab)) as well as 3- falds serially diluted cyno serum samples (starting at 1:10) in PBS buffer
containing 6‘.’%‘3/3%8%?1% éﬁﬁﬁ?ﬂﬂfh?%ﬁ%%eéﬁ SRR B IAZPEF D099 CHAPS, 0.2%

10 bovine gamsnaiielutin: iQpmhRapelincand:Q 3hivhblaGhwere addgehipithedblockagplates and
incubated for é}hrs at room tem%%ratur with shalg%%. Plate?rwere gashed 6 i egé, and bound drug
was detected Wil L8 HhH RS IGE PR L JEBlasionss IR SRR DS rch, West Grove,
PA) diluted tdkataassitruffemd@iBSppttid de0: 2% BS AxfabMGhweer20, KOppaeRiaain) for 1 hr at
room temperature Wi@ sth{Tin . Plates 15were en ashed 6 times again, followed by the addition of

tetramethyl Benzidind 40 BSE e ’(m%rgg,e‘ﬁl@fsé%lgna 3i5lor development. The reaction was

stopped after 20 Mihettshytheepdditiopeof, 1M phosphodciacidfl3kMA)sRades twesgaead on a

Molecular Dieyiges micraplale reader alauaysienai oliia0:o20,ame [0 setum profles. of the
wildtype and tive ant-VEGHE vanants in cynomo}lgus mon eysaf%ff%)wmg 2 SHoI8 IV E68e 3 B mg/kg are
20shown in &fgesertibitiitliv & wdriamigresdmbitad o edimed sl trangectinatqproldngedthalf-life compared

to wildtype. gnﬂlg 10: Pdharmacg)k'n ti(%dataa alysis. PK parameters were estimated. using
WinNonLin-Eile< err]Els%,a r\;%r'sqlsaﬁgfcl.idﬂfsaf)sriaﬁh ngﬁéoor%lﬁgaﬁ; oufrain Vi W,c(lf%\e). %%Wolzé%mpartment
model With FbetusoBreplinsirstiorteecdindiationcdaohriicedly dtetbodetéat g@vditelsT) was used to

describe the obseryed 3l (BREEAHONSHE R EN %@Qoﬁﬁiﬂgd%agge@;é%xg%{gﬁaﬁm. redicted to

power n=-1) and the Gauss-Newton minimization algorithm with Leven arfley modification.
The following#u PefiaiieterFnaneies oo deemeshsrr ok ogtiis Mbdepmbingditiothd drrgnéxposure

defined as grea;nndel te seneeRtaliondime chpyeR0GKIARAIAIRIIIONRIYp4liendrj; Balilife of the
alpha phase aI}E)ha half-life); til2. = half-life ™ . _ _
{such as vinorelbine or vinblastine), platinum compound (such as carboplatin or cisplatin),
15 aromatase inhibitor (such as letrozole, anastrazole, or exemestane), anti-estrogen (e.g.
fulvestrant or tamoxifen), etoposide, thiotepa, cyclophosphamide, methotrexate, liposomal
doxorubicin, pegylated liposomal doxorubicin, capecitabine, gemcitabine, COX-2 inhibitor
(for i.nstance, celecoxib), or proteosome inhibitor (e.g. PS342). “Cocktails” of different
chemotherapeutic agents may be administered.
20 The progress of the therapy of the invention is easily monitored by conventional
techniques and assays.

In certain embodiments, treatment or prevention of the occurrence or recurrence of a
tumor, a dormant tumor, or a micrometastases involves the prevention of tumor or
metastases formation, generally after initial treatment or removal of a tumor (e.g., using an

25  anti-cancer therapy such as surgery, chemotherapy, or radiation therapy). Surgery can leave
behind residual tumor cells, or dormant micro-metastatic nodules, which have the potential
to re-activate the “angiogenic program™ and facilitate more exponential tumor growth.,
Although the presence of a dormant tamor or micrometastases is not necessarily detectable
using clinical measurements or screens, a therapeutically effective amount is one that is

30 sufficient to prevent or reduce detection of the dormant tumor, micrometastases, metastases,
or tumor recurrence using techniques known to the clinician. In one example, a subject
who 1is treated for a tumor by surgically removing the tumor is then treated with a variant

IgG and monitored over time for the detection of 2 dormant tumor, micrometastases, or
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of the beta phase (beta half-life); Cmax= maximum observed concentration; CL = clearance; V1=
volume of the central compartment; V"= volume of distribution at steady state. For all dose groups,
model selection was based on goodness of fit by visual inspection of the observed versus predicted
serum concentration-time profile for each 5animal, examination of the weighted residuals sum of
squares, and examination of the standard error and coefficient of variation for each parameter. PK
parameters were presented as the mean_standard deviation (SD) of each group,  Figure 12 shows

the tabulateB'PRLFRTAESRGTEfiRS WakihsEre for thaih i KGR HhdY Sendisd franiemsA e Na34H,
T307Q/N434émBFiaRT6/ N84S TS0AQUEIEANIBAE. 10 mish M3IOSR/NA3tA dellewingracsingle IV dose

of 5 mg/kg to cynomolgus monkeys. The p (terminal) half-lives of variants are about 1.6- [0 2.2- fold
longer than tHE HAHORR°BY WAHRIGESMit? T PEINASA RYRIRAARHAVRIEhe longest half-life of 24.9 days.
To our knowledge,Abeifiaitllife-ofikevasianthta)¢Q14 3dhabhuh brdaysnf opRgestsatbe Longest

half-life of a human i nomolgus monkey: yet report The relationship between half-life and
FcRn affinit ‘r’é"&%&%lﬁ{-gi &}%ﬂi§&X8&‘é§?ﬂﬁ%¥l@é§@ﬁ%ﬁ§%ﬁ%§ﬁ”§mnity results in prolonged
terminal half-life, a¥ avideRceololyeNdd4ddnanad T80 ZQINSBdAvamants. ddewenearbadditional increase

in pH 6.0 Fe%n %‘;‘;‘{E}X (i)l’ 397(%/!\{4@45 T307 /IE S0AIN434A arﬂ)d \{308P/N43'4A?ﬂdoe not further
improved halth 8,48 Sloweraigss |§t‘%er?t}%itlélaﬁ ?ﬁ&%"ﬁ%@&%ﬁh.&? ﬁPﬁoéJﬁtl}gfrﬁpF %@/e% mpensate
20for the bemefitbxdugitifoltinframithes agidicdphtaffinidy andrébadminrisfeddcitheratiaatrend towards
reduced half-life, at higher EcRn affinities at pH.6.0..Example 11: Pharmacokinetic studies in transgenic
mice The ata B oL R A R B VRSV (oFp
knock-1f), RA®G24EE) ¥notkmuitonize, comthintaweoal elbsiols2atioumbnizedtetinséfiva @ Rhavhich can be
neutralized id=type antA—VIiEI 3F antibod evacizumah). RAG2.(-{-).mice are immung-deficient
and do not gL B s R R R e R RS e
express hurdeglina brnsasitheE@iim ie. dbsdngewftarbywept inttalineores pandy fojwetidnthe tumor

cells. Thus, ) i nor and el will. be;neutralized by
i ype B e U The X o

antiVEGF wikiniperanenahtine £ FhyerianiToordy Rbadingats teatanetzCrircsbmviataator bearing

transggRie MYClubiect intravenously, e.g., as a bolus or by continuous infusion over a period of time,
The location of the binding target of a variant IgG, e.g., an antibody, of the
invention may be taken into consideration in preparation and administration of the variant
1gG. When the binding target of a variant IgG is located in the brain, certain embodiments
of the invention provide for the vafiant igG to tréverse the blood-brain barrier. Severél art-
20 known approaches exist for transporting molecules across the blood-brain barrier,
including, but not limited to, physical methods, lipid-based methods, stem cell-based
methods, and receptor and channel-’aased. methods.'.. )
Physical methods of transporting a variant 1gG, e.g., an antibody, across the blood-
brain barrier include, but are not limited to, circumventing the blood-brain barrier entirely,
25 or by creating openings in the blood-brain barrier. Circumvention methods include, but are
not limited to, direct injection into the brain (see, e.g., Papanastassiou et al., Gene Therapy
9. 398-406 (2002)), interstitial infusion/convection-enhanced delivery (see, ¢.g., Bobo et al.,
Proc. Natl. Acad. Sci. US4 91; 2076-2080 (1994)), and implanting a delivery device in the
brain (see, e.g., Gill et al., Nature Med. 9: 589-595 (2003); and Gliadel Wafers™,
30 Guildford Pharmaceutical). Methods of creating openings in the barrier include, but are not
limited to, uitrasoun_d (see, e.g., U.S. Patent Publication No. 2002/0038086), osmotic
pressure (e.g., by administration of hypertonic mannitol (Neuwelt, E. A, fmplication of the

Blooad-Brain Barrier and its Manipulation, Vols 1 & 2, Plenum Press, N.Y. (1989)),
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Two different PK studies were performed. The first study is a single-dose PK study. There are 4
groups with 8-9 animals per group, each receiving a single intravenous dose of 0.3 or 5 mg/kg of
wildtype and variant T307Q/N434A in PBS. Dose volume to be administered varied from 5 to 15m1/kg
depending on the concentration of the dosing 5solution and the weight of each animal. IV dosing was
done via the tail vein. Samples from 3 mice were bled at each time point and about 125uL of blood
samples for PK analysis were collected at 15 minutes, 8 hours, 24 hours, 2, 4, 7, 10, 14,21 and 28
days post—dd’@éﬁn@bg@%%bbw-w&éaéﬂ%&@i pRTHERBiREStHEdiAs Wa e ribrbitRHSIHIYsAL sac time
points, mice yvere e d by, ¢apdiacpuneitlre AR 8 rane anesthesiar 1ATHE SAQRd Riudy is a

multi-dose PK study. There are 9 animals per group. Each animal received 0.3 or 5 mg/kg of variant

T307Q/N4342¢ Plesd Srainabayirravish ¥ides oriinamheds oiirpsinpfharersahpleSesiettion were

similar to the si@igaeparnKaaliNe HOYVEUeE3begd samples were collected at 15 min post first dose,
day 3 (pre-dose), day 6 (pre-dose), day 9 (pre-dose), 15min post day-9 dose, day 11, day 14, day 21,
day 28 ahd day 153#1d-baggdpiefodnpfdermmings arithiEPre g ardtihad i d8F using ELISA

described inixamples Ha3sbigwagel 44 arthdddshawdhe ahshinacokipeticafie sof the wildtype and
variant T307Q/N434A determined using ejther VEGF capture (Fig. 14A) or human Fc capture (Fig.

148) EL1SA"ROSPEEH R, 2R RUREF 5078 20188 Sramsris i prBRd L Areiiidmype following a
single IV dose®ei(3:edhn¥gkopfigwpdbkenfbmsdhatihe half-dives-at wilgheeoand T307Q/N434A
variant in trapsgenic mice %@g)%(g@é)ar ble. However, non-linear PK responses.were opserved, as

antibodies do4RUAI B3Ny rEH AR IR AR a0 Edg S SRIENP PELEBly due to the
antigentdepegnséntclearaneeURgRiedGAshtiwsitherpbiacmaackinetoqanpfiesipbiariant T307Q/N434A
in humanized VEGF 25 transgenic micg following a. multi-dose of.0.3 or the PK
parameters SR8 STRARHL GOt Figare v7 e N RO 8 R b itahs measured
experimentally corrgspoendétianel vetivthe Conopottationsapred i@ddyy, asimibatipnasingtbe
single-dose Bi¢ paramalere. Example 12: i, iva efficacy studics 30tuman Hisad, 010,205
(colorectal carcinoma) an CaluB &ung carcin aS’ cefisWerd oitained fro 'Re rﬁengahs“l'ype
Culture Collebtient{dddnassasiewtandihenhmplantingldre stahoait nomtEbkiT acethdinelisidudervative of
LS 1747, The Caly-6 apd - were N Ham's F12, e, DMEM 1:1. Colo-205 and
HT-55 v-{\—/sere gﬁgﬁ?ﬁ?ﬁ' F\’%ﬁ/l?e %8%3@%3?@%1??%% ige\lf\'/ér%(ﬂs%cgp em3%¥3gc\?vltﬁn£188/o viv FBS, 1% viv
penicillin/streptomsieim (lapirogetraCalEbadn@eyl 2 empintegidtarmipedribitroyertrd Gaflstiad, CA) and
1ug/m1FUN§,&@|}J Tg [nviir gen. > ﬁ%g %{0\(); ( Q)I] were arown a %17 in 5,%10? Zyntil
confluent, harve'stt‘ad‘51 gnﬁ%&ﬁpeh&eﬁn sterﬁe ﬁﬂg%%gﬁegt%g’xnlg%igeﬁls Eelrrarirlmjls. g(e?%énrafts were
established iar6-prangugaeiiaid RAG2 KO; hum-X VEGF K1 double-homozygous mice (Genentech,

South San Francisqg Al i dersahlianks & niegler oot callsagr mousg apd allowed to grow.
The treatment with antibody 10i.p. at the dose of 5, 0.5 and 0.05"mg/kg twice wéekly were initiated 24

h after ttinoraeshaBcimsnsereoddram harder fnalets Weraremeadimbedtiicsne slisoapsiepifie longest
axis and the pREReRJicHIarA$ A% EaRHPSHE Bl RAR ARYANWIIED IYmers ate measured, the

tumor volume for each mouse was calculated, and the mean tumor volumes from the control antibody
group (anti-RABRIEEH AP ESEIPRARY BER BY6eh WD 38Rty By SHIGEHE4133); activating

potassium channels (see, e.g., U.S. Patent Application Publication No. 2005/0089473),
inhibiting ABC drug transporters (see, e.g., U.S. Patent Application Publication No.

25 2003/0073713); coating antibodies with a transferrin and modulating activity of the one or
more transferrin receptors (see, e.g., U.S. Patent Application Publication No.
2003/01291806), and cationizing the antibodies (see, e.g., U.S. Patent No. 5,004,697).

Pharmaceutical formulations comprising a variant IgG, e.g., an antibody, of the
invention are prepared for storage by mixing the variant IgG having the desired degree of

30 purity with optional physiologically acceptable carriers, excipients or stabilizers |
(Remington. The Science and Practice of Pharmacy 20th edition (2000)), in the form of
aqueous solutions, lyophilized or other dried formulations. Acceptable carriers, excipients,

or stabilizers are nontoxic to recipients at the dosages and concentrations employed, and
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15test, at a level of P <0.05. Mice were killed when tumor volume reached 2,000 mma3. Results
from the first HM-7 xenografts study are shown in Figure 18. Figures 18A and 188 show that the
variant T307Q/N434A was able to achieve maximum inhibition of tumor growth at both 0.5 mg/kg as
well as 5 mg/kg treatment groups. Although the wild- type did inhibit tumor growth at both doses, it did
not achieve maximum inhibition of 20 tumor growth at 0.5 mg/kg. These results suggest that the

T307Q/N43 anti e efficaci an wildtvpe at Q. kg in.treating 1-IM-7 xenografts,
despie simi RS R e T SR S B M LR
xenografts shdwhig FEigure toicondingHtivatrtico RSO TONNS Sahvarienitdsayl drmattifitzanizids than

wildtype at Q. and 0, QRBAAQ ﬂ&?{ﬁ@%hﬂ{ﬁ%?oﬁﬁg%%éﬂ%&ﬁw& 4c§c4ﬁ‘c¥9%{ﬁ&rxiﬁnlowed greater

25inhibition of tumor growth in all treatment groups compared to the wi d-type (Fig. 19A and 198). The
increased effitidenragniob buieltor thetibileplsib atkriarrminre dunhitib oastind neempatioprih aumors for

T307QINA34A Lieated SROtH). g‘%@@ﬁ&%éﬂ W@Q&B&fﬂﬂd k%&%@ﬁ%‘a&%&ﬁ&%%mg y(RLEIM-7

xenografts shown in Figure 20 further validates the superior efficacy of T307Q/N434A over wildtype at

0.5 and 0.09HWRE U Aterafitcy) OpE cBO A THRLEIS. 5BoRGHOGFaRst UL BSBHD/N434A variant

showed gregigrnbiRiieR-e! fYmeparR ﬁ%&%ﬁﬁ% ekt Hy?ﬁ' B iORMasafirainertk groups (Fig.
21) suggesting EE@FT%?IQ/NXBEE IS rnwiagrre efficacioqs%ﬁgr%wgi;ld ype at O.O%r_n_E%/kg treatment groups.

For the Col&!98BesaINpERGe AEP2MS BRI NG oRitEaNR: QISR BIYIRRRATESves between 0.5mg/kg

wild-type angdQ.emaid, T390 4@MNA34anyaviantntigurs R4 2h3:RlR shawsathingigase in
inhibition of tumor growth b)ﬁTBO?Q/N434A in 0.5 and 0.05mg/kg treatment groups, suggesting slightly

higher &ffic 3858 HAFAIMREA 1§40 B 0165y /REngHRkpEhRIRsp aatebiIG et SRy enown in
Figure 23 ingdigates dhatulbBREQIM4RA Mis.slighiiy-mare Sefficacinus tapuildiyRedntigating Colo-205
xenografts. Finally, the efficacies of T307Q/N434A variant and wildty][)ﬁ%%n Calu-6 xcnografts study

were similai®FRSHERREP B susb s AMHoENIb e e HRONE for iherdsbetheteasl s did B8 variants. For

example, the increpgestpeiensy @bavarianleddiee; s 19 increasraiseiepirg, agd/or recycling of the
variant antibody mediated by the human FcRn expressed . in certain tumors 10(e.g., HM-7). This may

lead to an ifEAENEEPHERACSIRHRP SR BB I RYHG o RsiR) prbdhederiAEde! BHmBlF provide a

mechamssmiairexyianesr drgsasiaiionoh\Etbeipdhe MmeshHewayenharadaury that the increased
concentrationofvar[ t detected in the FlM-? %nors relative to the HT-55 and CA-6 tumors is not
directly corrSiST PRI T ORS L SRR SR JEI ST KA SEAPS: IBRRSPBSounts of FcRn

than either HBubEOmCakpHILE, adlsdhigliten2 Hakdthatitactamsl in:ie dpmes)migroenvironment such as
orative roles with FcRn in

e b1 SN RS SheLnL ot povaply plebmane plesn e
ranging fron?&:0racy Bimedian<Z00})while that of normal tissues ranges from 7.3 to 7.8
ey L S APOOH  TI SPReA Rpprse 1 Cance
readily accomplished by filtration through sterile filtration membranes,
Sustained—rélease preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid hydrophobic polymers
coﬁtaining the immunoglobulin of the invention, which matrices are in the form of shaped
25  articles, e.g., films, or 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 y ethyl-L-glutamate, non-degradable cthylene-vinyl acetate, degradable lactic acid-
glycolic acid copolymers such as the LUPRON DEPOT™ (injectable microspheres
30 composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-D-(-)-3-
hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid-glycolic

acid enable release of molecules for over 100 days, certain hydrogels reiease proteins for

shorter time periods. When encapsulated immunoglobulins remain in the body for a fong
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types of tumors can have a wide range of pH due to heterogeneous vascular supply and blood
perfusion, see Song, C.W. et al., Cancer Drug Resistance, 21-42 (2007), supra; Gillies, R.J. et al.,J
Magn Reson Imaging 16, 430-450 (2002). Multiple in-vitro studies indicate that the amount of
cell-associated Fc/IgG increases when cells were incubated at acidic pH, 25see Praetor, A. a at,
Journal of cell science 112 (Pt 14), 2291-2299(1999); McCarthy, K.M., Yoong, Y. & Simister, N.E.

Bidirectional transcytosis of 1gG by the rat neonatal Fc receptor expressed in a rat kidney cell line: a
system to stifl§ PRoYIFHEmeHER AGeEs ettt Ginor et aeivera #3( it 7ysultivg 1285
(2000); Tesa aloBb sttvasi dusiakfia ctivied 2L 4AR KRG TN BfaFeniidSrancatsbla bt differences

among the tumor lines tested may affect the 30accumulation leve] of antibody within each tumor.
Additional|yF?H§%é?éﬁ‘éef§§ﬂ6?t‘ NSRRI Ee s s shaei e Brobiesrek S snamale-abivg, C.w. et
al., Cancer aggtgggea&sma?m&ﬁ-M{&ﬁezr)ecsija)n_wm@m@muicsmaﬁiﬁaefdhﬁaﬁﬁiﬁm&alﬁg@;] these )
anti-VEGF antibodies specifically. Furthermore, HM-7 tumors in mice were previously shown to have
sparse 3tro éo(ggg?ﬁ%%@tw?l@_g&sﬁ@%zﬁgp@w %%@%@%’T%@gﬁméd@%m@ﬁ%\ors induced
strong host Bisphikdireshanseidichwasors|aively Biomastiah (seentei@t, dybpeial., Clin Cancer Res
12, 2676-268 .{200621)@T e presence of mopse stromal cells, which express murine FcRn, may mask
af R EUEd %@Ofgﬁ?ﬁéﬁl?ﬂr‘ﬁo@%?ﬁ“ﬂﬁ&nis may lead to the lower

h
the improve récycﬁing 0?%’,%
concentrative effect in human xenografts having a greater component of murine stroma, for example,
Calu-6.  ExampiéirscDeisuidtremeantbody concentrations in serums and tumors of transuenic
mice by ELISA Two different ELISA assay formats with either two different antibody capture

10reagents (VEGH:gicatiidivaand g@enaeatedarpiatesveievtse thigdalechapgnaded
concentrations, in tri%#sge{%jc ice. Maxisorp ELIS _Platgg, Thermo Fisher Scientific, Rochester, NY)
were coated With BRAGF DS TH AT SFYaIIBINRREMISN VIEEE BRI SHE# EEB 9% abbit

anti-human tgéirfoan(3aeksaorbi biudnRasgaic AbNie sif @ ravien P i 3 sarhpratgduffer, pH 9.6,
at 4C overnight. Plates were, blocked with PBS, 0.5% 15 BSA, |Oppm Praclin, pH 7.2 for 1 hr at room
temperatureggfa\r%qﬁérmﬁgzﬁséﬁﬁﬁﬁn\%s SEFEP (PRAITHERAVREA S o %%}ghﬁ}{l serially

diluted standewgaddevaciditngh: ipCOMEGHioimalges Ruisiand gédhfo e diaiv@inaaverototd 2.5ng/m1 as
voles S ol lsd enesmm st (e S s el eqanng 0%
globulitg 1 CppmiErathineandaCiEM NaGlgvereadde dotaphediockedvlates:dad indubateshfor 2 hrs at
(Paby2) B e (e L e R S SRR ety buter
(PBS, pH 7.@?&5%6@9&@6%@&@@&@& ©lpipne froeiing fonitman imbibitemplratore with shaking.
(Moss, Pastem Do B B e e oy e
addition of EXppleEbslibrivasient (B3P0 4)¢ Phaistovisshie ad redvacMicleperdh Davidesavicebplate reader
at a wayelengiB.af A9k 20 Milwer 1eG dose than the dose required for the wild-type 1gG. In certain
embodiments, variant IgGs of the present invention has equal or higher efficacy compared
to wild-type IgGs. In certain embodiments, variant 1gGs of the present invention does not
have lower efficacy compared to wild-type IgGs.
The efficacy of the treatment of the invention can also be measured by various
25  endpoints commonly used in evaluating neoplastic or non-neoplastic disorders. For
example, cancer treatments can be evaluated by, e.g., but not limited to, tumor regression,
tumor weight or size shrinkage, time to progression, duration of survival, progression free
survival, overall response rate, duration of response, quality of life, protein expression
and/or activity., Because certain agents described herein, such as the anti-angiogenic agents,
30 target the tumor vasculature and not necessarily the neoplastic cells themselves, they

represent a unique class of anti-cancer drugs, and therefore can require unique measures and

definitions of clinical responses to drugs. For example, tumor shrinkage of greater than
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Example 14: 1gGiFc variants with various affinity improvements over wildtvpe and their in-vivo
pharmacokinetic behaviors Additional combinations of Fc mutations, shown in Figure 24, were
incorporated into human anti-HER2 (tratuzumab) to construct IgG variants. The IgGl variants were 5
expressed using methods described in Example 1. The dissociation constants of the wild-type
anti-FIER2 1gGi and anti-HERZ2 1gGi variants arc measured as described in Example 4 and the results
are shown in FS/g 24. Results show that by combining different mutations, we can construct an 1gG

i
variant suchP<eMob o ipsnsion 94l tisdt [RaBreds brretifeadrbmingwassiorie-dlghaienomolar
affinity, represeRtnge vt ARG imRIaMe manidOo¥erheMild-tYRG9Gthout sHTRWENET,

high-affinitwriants do not necessarily have improved pharmacokinetic behaviors in vivo. For
example, twof EXE RITHATS HENRIAQAN SN2t VRRBONATRYGEest ints Wiimals PRt antibody to

construct twe [p&hviatlantsidhe brodavarianseNdadAvarianuang N4 3diyariant, resulted in
approximatelY 34g]ld and 404ekt higher 15FeRn affinity at pH 6.0 compared to the wildtype antibody,

respectively ™S8 YRR AT BIgSB2 O HeiephaATSE Y HER o BEIEmaR RS asErmsre A i FE RS ol gus
monkeys, ashdesdrihaibisexbimpieng.and 9, and compared to that of wildtype (approximately 6 to 9
days). The half-life of N434W (about 9.7 +/- 2.4 days) was less improved than that of the modestly

affinity-improved vaij 'in%‘]’o%ﬁﬁ 14.5 +1-2.2 days). These results suggest that too much
20increase in FcRn %‘?nity tmay %\?‘g%gdetrimental effect on the half-life of an Fe variant, and it is

difficult to predict a Rriori whether an Fe variant with improved FcRn affinity will have improved half-life

or not. Example 15-¥peHiRs A oBrddIsTEti Sy R Rinigkradinith ayesT tremeasutiove million

cells/each of@ithefitaldy? ; b Tithan & ahddar RaiktBdarldmpiosna) Aalineswelel¥gemby incubating in
25mM sodilg%izéhosph te buffer pH 6.0 containing 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1%

SDS, Jihm ESTRCI BOMRFRTAES 4 16 prdfessamninisripales Roerighbiolesifatshr at 4C. Lysed
cells were ceniiriflogetcatpl2s0QReyfe30min at 4C, and then 50 nM of trastuzumab Fe variant
M252YN308P/N434Y (Yeung.et al., submi}te ) was added to the supernatant to capture 30the FcRn.
After overnight inclbSHEP R IBIEER @?evr?:%")”r’ééﬁi PRYAR RGP ARIEYF (8 Bhd the complex

for 4hr at 4GdResincwdsctheativashaddiverdisasivifRihelysichuffienardheungproteins were eluted
with a 2X Ioadirb%l:a)lijffer Invitrogen, Carlﬁba , . Proteins were separated on a 4-12% BIS-TRIS gel
o]

(Invitrogen) Aha bloted ontd ' AitBeEGiege" régﬁ RS IPSGSIGS PHENRIIISHE 9745 blocked with
3% nohfat reilkireRBSuzmd prichedtiwitiptngimpefisabhitkant; hummah aBnantibedy, (anta Cruz, Santa
Cruz, SCA) 2 1Q0M SRS RIS IRhb SNSRI 908t et RORI G R ddans Conlugate at
agents. The 1gG variants may be administered concomitantly with one or more other
therapeutic regimens. In certain embodiments, the IgG variant may be administered in
conjunction with one or more antibodies, which may or may not be an IgG variant. In
20 certain embodiments, the IgG variants can be employed in combination with still other
therapeutic techniques such as surgery.
In certain embodiments, additional agents, e.g., anti-cancer agents or therapeutics, or
anti-angiogenesis agents, can also be administered in combination with variant IgG to treat
various neoplastic or non-neoplastic conditions. In one embodiment, the neoplastic or non-
25  neoplastic condition is characterized by pathological disorder associated with aberrant or
undesired angiogenesis. The variant IgGs of the invention can be administered serially or in
combination with another agent that is effective for those purposes, either in the same
composition or as separate compositions using the same or different administration routes.
Anti-angiogenic therapy in relationship to cancer is a cancer treatment strategy
30  aimed at inhibiting the development of tumor blood vessels required for providing nutrients
to support tumor growth, In certain embodiments, because angiogenesis is involved in both

primary tumor growth and metastasis, the anti-angiogenic treatment provided by the
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1:104 dilution (Pierce) for I hr at room temperature. Membrane was washed with PBS/0.05% Tween in
between blocking and antibody incubation steps. The FcRn protein was visualized by the ECL
detection kit (GE Healthcare, Piscataway, NJ). See Figure 25. RESULTS and DISCUSSION 10Two
separate binding experiments with different anti-VEGE variants were performed at each p1-1, pH 6.0
and pH 7.4. The steady state binding response unit (RU) as a function of concentration for pH 6.0 and

pH 7.4 was plotted in Figure 1 and Figure 2, rgspectively. The dissociation constants (Ku) at pH 6.0
were estimé’f’é’&%ﬁlﬁﬁﬁ?ﬁioﬁ’bﬂ ﬁ%gﬁz‘é‘?ﬁ’ PEG Eravah-ph et AL AR SHTBRSTHRES 8Fthe same
variant calculaias dneiny hetwadifteraniowns ivesecshabitlysdienentfironinstanceraa smhiN434A had a
KD of 550nM in thg fir@}tﬂru%%, but its KD from thg second g{g] was 250nM. The difference was due to the
avidity effecPHIRSEIER R IHicHB AN IFRGIBRIRE S bt SRR SRuBBH BEr 2P Rncoupled chip.
The level oftastighitncontabutivaigidheniisgeatationrahstanbdépendadiirdhedavehok kcRn coupled
onto th<1=3 ChiFEé v_\éi%ge}hé%ler level of FcRn coupling resulting in more 20 avidity. This might explain the

y

higher affinity 6 QBRI 4388 cond run, which had about two fold higher RU than the first run.

Although there wablanydityieffecizunih egassdy setitpn tisifdtrd aniostinesembled e, natural binding

process inside the cells, where, pinocytosed bivalent antibodies are. allowed.to bind to the.membrane
bound For S S IRE Ao o I Ao o (RS ks varants
were consishenite\VHT 28N dRfienFleveh of BcRroouBisd:Bolhitzidlisecland Bijurd®® showed that

V308P/N43 nsistently,h highest affini variant ted Il of variants tested
have impro ed&g?ﬁé?zfg% ?o&lgg’ggh Igtﬁ SHgé“.%".%"%%ﬁ?gmﬁ% '§ ?ﬁé%%wéé% E“gg}?%% &RFcRn at pH
7.4 aré_@nucﬁido@@@ﬁﬂﬂéﬁoﬂﬁeiﬂmﬁﬁtﬁ;ie@mbpﬁ-irﬁeﬂtssmoe)lﬂmotﬂmdgiggaﬂmis;ﬂaﬁbimmﬂ}wyas very low, the
dissociation SERNNANSOLANE YaUAR'S A Halfol eermngdcHouRNRLfigyre  showed

that the affinity ranking of these variants at pH 7.4 was the same as the ranking at pH 6.0, indicating

the variants' binding terRreRamap Hine0.anbepicTanaas agsopldut mexthe vambing! piteiebinding is
improved, s,istheindingsypbhddnlRere B Grdelicals halanGaReeR APYINGAILAL0 and 7.4

binding to FcRn affects the variant's half-life. Improved binding at pH 6.0 is suggested to have a
beneficial roehfs Varmausiaaaavs wisfulifer sersbighen wmanihommants e bt dep belée and hence

be recygled /nars oy Ko ReRA: G the e bRRE SHURSRUAIMNYRRIOAgItMERA falgProposed to

be unfavorable %r variants' half-life, as the FcRn-bound antibodies may not be readily released back
into circulatfiPire\H&re FobRd 6 BGHRIy WerdasetrarfrBe antgh: e darantisicthdsavorable

effects of ingreasedAHNLY; & LAlovrRl i SxarRIS o PRI "ﬁ@%%@&e%iﬁﬂﬁfﬁ@{gﬁ@@@?ﬁ% 5171-5180,
2002, showed that human IgGl variants such as M252Y/S254T/T256E and G385D/Q386P/N389S did

not have imBYEGLerR AR RO TR BRIsIRSARY Bstahse YRt rplesH Bhame imnkF o murine
FcRn. Thergfeepidishad PEEIF WRGiFRE OWMUER-HRRIQY smenhindigh pHhinginaean Ratslerated in

G VANt e S g e K e DBl IV S inib (TARCEVA®), OSL
7904, ZD6474 (ZACTIMA®), ZD6126 (ANG453), ZD1839, sunitinib (SUTENT®),
semaxanib (SU5416), AMG706, AG013736, Imatinib (GLEEVEC®), MLN-518, CEP-701,
PKC- 412, Lapatinib (GSK572016), VELCADE®, AZD2171, sorafenib (NEXAVAR®™),
XL880, and CHIR-265.

25 The invention also features the use of a combination of two or more variant IgGs of
the invention or the combination of at least one variant IgG with one or more additional
anti-cancer therapies, Examples of anti-cancer therapies include, without limitation,
surgery, radiation therapy (radiotherapy), biotherapy, immunotherapy, chemotherapy, or a
combination of these therapies. In one embodiment, the anti-cancer therapy for the prostate

30  cancer, ovarian cancer and breast cancer can be hormone therapy. In addition, cytotoxic
agents, anti-angiogenic and anti-proliferative agents can be used i combination with the
variant IgG. In certain embodiments, an JgG variant 18 administered to the patient along

with chemotherapy, radiation therapy, or both chemotherapy and radiation therapy.
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15Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, the descriptions and examples should not be
construed as limiting the scope of the invention. The disclosures of all patent and scientific literatures
cited herein are expressly incorporated in their entirety by reference. WHAT IS CLAIMED IS: A variant
IgG comprising a human IgG Fc region comprising two or more amino acid substitutions relative to a

wild-type human IgG Fc region at two or more,.of amino acid residues 251, 252, 307, 308, 378, 428,
430, 454, ang 436 N BB AT B R GU AR A ALRE GRS TV PTG s o
increased haffdifiercompantcctodhefbibdisifg ot Anitgeshaving hehwilddype hihmeanilgGigee ¢agion, and
wherein at I§ast tvv.% ftht amint% a?idt?ubtstitutj r(}tst.are a ami[E’hO acidtr.esidu 251, 252, 307, 308, 378,
428, 430, 435 P57 A5E BHE Sn AN A S OB e AP Ak BTG SERTEE 488551 is a substitution with
aspartic acid or glutarerzibGachddancamitic acdusultiitution at asomipuseid tlesighyei232eis a substitution
with tyr%sin(-%11 a arr{%ig_ ag%idms% es%iglrjitig}rn %t Ia{’gino acid g%dug %%7525 @ gybségy{i%cvgtilttg eglutamine, an
amino acid SUPSHTULION At AMmo acid reidue 30858 4 SUbSttution wit prgﬁ]ne, &n aming acid
substitution pwaiidgacidoresigire 8178 ¢s witubstitutian evithdditintalahanitherapidtsuastitUtion -IMMO

Stit Salle 42 istuhelian. iouith laine- A0 Amine AEId, HRSUNIGN.Al AMing Adiggidue 4301s a
substitution with alanine orcfys'lne, an amino acid sabstiution at amino acid residue 434 is a
substitution agithtaitanibeadatingcoed prowitieicansh ner apinptzdiyl sudnstintion axdaotindiaeid residue 436

s a substitugn with JSOISHEINS R FREAURLIAG of 13U, A GOBFIPINgL D, g, A6idhubsttution at

amino acid 308 20with proline and the amino acid substitution at amino acid 434 with alanine. 3. A
variantl G epaipiisingetatisemn o PenelgiorredmpaAsing thesedhambrsaaminoaseiissabdtitutions

relative to a iidpe-RUMARAAG.RG 1RGN ab tHse.RL MR AR AMIROIAGI HSIdHeSs RrlraR2, 307,
308, 378, 380, 428, 430, 434, and 436, numbered according to the EU index as in Kabat, wherein the

variant IgG R88%n 25increased half-life compared to the half-life of an IgG having the wild-type human

I9G Fc region, andpvhereinatleasidies.otihs.amiro.fcd %%@%‘F@%ﬁ%{ﬁ ?g@m'k'ﬂ%@&iﬁ feSidl_Je
251, 252, 307, 308, 378, 380, 428, 430, 434, or 436, and an amino acid substitution at amino acid

residue 2510k SHEREHIETRHIN 288PErtfctadd Ui iamR dERItiag Bsmdeadtl substitution at amino

acid residueRaRdméa HQ%@EﬂE@ﬂé’ﬁE@c%@&iH&eﬁ%ﬁE@F@eﬁﬁ‘i@cﬁ&bﬁ‘”ﬂﬂ@ﬂi@ﬁ@Hﬁiﬁesﬁféd residue 307
is a substitution with goutamine, an amino acid substitution at amino acid residue 308 is a substitution

with proline SSiFdiin & neaTseirsmthior arinisratacnayasivend 859 idinedaretutrstiitith valine, an
amino acid systidionahameibendcd (85R1a] 806 iha RubstiHiianivat alaning, aptamino acid
substitution at amino acid residue 428 is a substitution with leucine, an amino acid substitution at

amino acid fE4idER RegsesFsLun iR AR RThe or lysine, an amino acid substitution at amino

acid residue

Articles of Manufacture

20 In another aspect of the invention, an article of manufacture containing materials useful
for the treatment, prevention and/or diagnosis of the disorders described above is provided. The
article of manufacture comprises a container and a label or package insert on or associated with
the container. Suitable containers include, for example, bottles, vials, syringes, efc. The
containers may be formed from a variety of materials such as glass or plastic. The container

25  holds a composition which is by itself or combined with another composition effective for
treating, preventing and/or diagnosing the condition and may have a sterile access port (for
example the container may be an intravenous solution bag or a vial having a stopper pierceable
by a hypodermic injection needle). The label or package insert indicates that the composition is
used for treating the condition of choice. In certain embodiments, the article of manufacture

30 may comprise (a) a first container with a compaosition contained therein, wherein the
composition comprises a variant IgG of the invention; and (b) a second container with a

composition contained therein, wherein the composition comprises a further cytotoxic or
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434 is a substitution with alanine, serine, tyrosine or histidine, and an amino acid substitution at amino
acid residue 436 is a substitution with isoleucine. 4.The variant IgG of claim 1 or 3 which has a higher

binding affinity for FcRn than the 1gG having the wild-type human IgG Fc region. 10 5.The variant IgG

of claim 1 or 3 which has a higher binding affinity for FCRn at pH 6.0 than at pH 7.4. The variant IgG of
claim 1 or 3 which has an equal or higher efficacy than the IgG having the wild-type human IgG Fe

region. 7. The variant, 19G of claim ich has a-higher efficacy thap the lgG.having,the wild- 15type
aman 166 e e e e Mg T
variant 1gG oidétaimeShahich denigGiitigyG 23996 nerd ¢0% s 0 fRinecviwiamdg@rof Altdmativets3 pwherein the
lgG Fc regign js.an laGiFc regi Pl r felaim. 1 or 3, w in; lant 19G is an
anti-VEGF aﬁﬁ@%.gﬁbliﬁ' 1gé g\)/%fr?gnﬁgg%%é%gn%‘%%% ﬁ%?s%r?_gc%g E{e?a%ﬁ hcé%{\?lg%able domain
comprising SEQNBIN® rhanmkchetikghy-eheiptaldadbléct srehinsdoniplising SO NG RIB. A
pharmaceliga} eampashin somausing hevaanaGel ditkars andaPhaimacaticaly
acceptable carrier. 2514.A kit comprising the variant IgG of daim 1 or 3, in a containier, and instructions
for use. include other materials desirable from a commercial and user standpoint, including other

buffers, diluents, filters, needles, and syringes.

in certain embodiments, the variant 1gG can be packaged alone or in combination
with other therapeutic compounds as a kit. In one embodiment, the therapeutic compound
10 is an anti-cancer agent. The kit can include optional components that aid in the
administration of the unit dose to patients, such as vials for reconstituting powder forms,
syringes for injection, customized I'V delivery systems, inhalers, efc. Additionally, the unit
dose kit can contain instructions for preparation and administration of the compositions,
The kit may be manufactured as a single use unit dose for one patient, multiple uses for a
15  particular patient (at a constant dose or in which the individual compounds may vary in
potency as therapy progresses); or the kit may contain multiple doses suitable for
administration to multiple patients (“bulk packaging™). The kit components may be

assembled in cartons, blister packs, bottles, tubes, and the like.

EXAMPLES

20 The following are examples of methods and composttions of the invention. It is
understood that various other embodiments may be practiced, given the general description

provided above.

Example 1: Production of anti-VEGF {Bevacizumab) variants

The Fv regions of wild-type anti-VEGF (Bevacizumab) 1gG, heavy and light were
25  cloned separately into two pRK-based transient transfection plasmids containing human
1gG; constant domains. Kunkel based site-directed mutagenesis was then used to generate
all the anti-VEGF Ig(G;, variants in which residues in the CH; and CHj domains were
mutated.- Thé anti-VEGF variants generated in this study are summarized in Table 2 below.
Each variant contains either single, double and triple mutations in the CH, and CH;

30  domains. Variants are numbered according to the EU index as in Kabat.

iis



15. A variant IgG, comprising a human IgGi Fc region comprising amino acid substitutions relative to a
wild-type human IgGi Fc region at amino acid residues 308 and 434, numbered according to the EU
index as in Kabat, wherein the variant IgG[ has an increased half-life compared to the half-life of an
IgGi having the wild-type human IgGi Fc region, and wherein the amino acid substitution at amino acid
residue 308 is a substitution with proline, and the amino acid substitution at amino acid residue 434 is

a substitution with 'FAE‘

administer
inhibiting

pi e. 16. A method of treating tumor in a subject, said method comprising

ing to the—s:ﬁa]ect an effective amount of a variant IgG of claim 1 or 3. 1017.A method of

EGFE activity in a subject, said method co

mprising administering to said subject an effective

amount of
angiogene
administer
inhibiting @
said subje
20, wherei
p4182R15
and Uses |
61/152,13:

ng to said subject an effective amount of
r prevertBvg growth of cancer cells in a su
Ct an eﬁﬁﬁ%ﬁ amount of a variant IgG of ¢

FQ.TXT8Bgtience Listing <110> GENEN

I'hereof%%is P4182R1 WO <150> US 6

| <151>2009-02-12 <150> US 61/171,76
Y4361

T307Q/A378V
T307Q/N434A
T307Q/N4348
T307Q/Y4361
T307Q/A37’V/Y436]
T307Q/E380A/N434S
V30RP/N434A "
N434A/Y 4361

hod of claim 17, wherein the VEGF activity is
bermeability in a subject, said method comprising
b variant IgG of claim 1 or 3. 1520.A method of
bject, said method comprising administering to
laim 1 or 3. 21.The method of claim 16, 17, 19 or

n the variant’lgG is administered to the supject every 4 weeks or longer. 20

ECH, INC., et al. <120> Immunoglobulin Variants
1/105,086 <151> 2008-10-14 <150> US
B

10

15

Plasmiids containing the variants’ heavy chain and wildtype light chain were co-

transfected into the adenovirus-transformed human embryonic kidney cell line 293 by

FUGENE® (Roche, Basel, Switzerland) according to the manufacturing protocol. After 24
hour of incubation with the transfection complexes, transfected cell were then cultured with
either serum free media PSO4 supplemented with 10mg/L of msulin and trace elements for
5 days or 1.3X GEM N Medium with SmM Glutamine. Supernatant were collected, and
conditioned with 1M TRIS pH 8.0 and 5M sodium chloride (NaCl) fo give a final
concentration of 30mM TRIS and 50mM NaCl. Conditioned supernatant were then
purified using Protein A chromatography. Bound IgGy was eluted from the Protein A
column with 0.1M glycine buffer pH 3.0. Next, purified IgG, were concentrated and
injected over a Superdex-200 size exclusion chromatography column to remove any
aggregates. Monomeric IgG; fractions were pooled together and later used for the binding
studies. Anti-VEGF wild-type and anti-VEGF variants IgG; concentrations were caiculated
using absorbance reading at 280nM, and an absorbance of 1.5 was estimated to be Img/mi

of IgG;.
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<151> 2009-04-22 <150> US 61/220,514 <151> 2009-06-25 <160> 17 <210> 1 <211> 123 <212>
PRT <213> Atrtificial sequence <220> <223> sequence is synthesized <400> 1 Glu Val GIn Leu Val
Glu Ser Gly Gly Gly Leu Val GIn Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr
Phe Thr 202530 Asn Tyr Gly Met Asn Trp Val Arg GIn Ala Pro Gly Lys Gly Leu 354045 Glu Trp val Gly
Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr 505560 Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu

Asp Thr Ser 657075 Lys Ser Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu As
P Exarr){nle 2 Production%f uman. and cynomolgus monkengcRn P

Human FeRn is a heterodirner of an alpha chain and a po-microglobulin subunit.
These two subunits were cloned separately into two pRK based transient transfection

plasmids. Plasmids containing both alpha chain and a B,-microglobulin were co-transfected

L

into 293 cells using FUGENE® (Roche, Basel, Switzerland) according to manufacturing
protocol. After 24 hour of incubation with the transfection complexes, transfected cell were
then switched to serum free media PSO4 supplemented with 10mg/L of insulin and trace
clements for 5 days. Collected supernatant were filtered, and conditioned with 1M
hydrochloric actd and SM NaCl to give a final pH of 6.0 and concentration of 50mM NaCL
10 Conditioned supernatant were purified using IgG-sepharose chromatography. Bound FcRn
was eluted from the column using a pH 8.0 buffer containing 30mM TRIS and 150mM
NaCl. Eluted FcRn were further purified using a Superdex-75 size exclusion
chromatography column to remove any aggregates. FcRn concentration was calculated
using absorbance reading at 280nM, and an absorbance of 1.9 corresponded to be 1mg/ml
15  of FcRn. Cynomolgus monkey FcRn is produced and purified similarly as human FcRn,
except plasmids containing the cyno aipha chain and cyno By-microglobulin were used for

the transfection,

Example 3: FcRn binding studies; Inection of Ig(G; variants over FeRn

The binding of anti-VEGF variants against human FcRn were studied by surface
20 plasmon resonance using a BlAcore 3000 instrument (GE healthcare, Piscataway, NJ).
Human FcRn was coupled to the sensor chip using an amine coupling kit. Specifically,
CM_S___sensor chip was activated with EDC/NHS for 7min at Spl/min. 100pg/ml of human
FcRn were injected for 30 sec to 2 min at a flow rate of 10ul/min over the activated chip to
give a maximum binding response unit (RU} of 50 to 200. After conjugation, FcRn
25  coupled chip was blocked by an injection of 35ul of 1M cthanolamine hydrochloride at
Sul/min,
The anti-VEGF wildtype (WT) and anti-VEGF variants’ binding to human FcRn at
pH 6.0 or pH 7.4 were determined. The nmning buffer for the binding experiment is éither
PBS pH 6.0 or pH 7.4 containing 0.01% P20 and 0.02% sodium azide. Anti-VEGF
30 (Bevacizumab) WT and anti-VEGF variants were bﬁffer-excbanged into either pH 6.0 or

pH 7.4 running buffer. All the experiments were performed at 25°C. For the pH 6.0 run,
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808590 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser 95100105 Ser His Trp Tyr Phe
Asp Val Trp Gly GIn Gly Thr Leu Val Thr 110115120 Val Ser Ser <210> 2 <211> 108 <212> PRT
<213> Artificial sequence <220> <223> sequence i s synthesized <400> 2 P4182R1SEQ.TXT Asp lle
Gin Met Thr Gin Ser Pro Ser Ser Lea Ser Ala Ser Val 151015 Gly Asp Arg Val Thr lle Thr cys Ser Ala
Ser Gin Asp lle Ser 202530 Asn Tyr Leu Asn Trp Tyr GIn Gin Lys Pro Gly Lys Ala Pro Lys

variants, with concentrations ranging from 15uM to 0.7nM, were flowed over a FcRn
coated chip at 30ul/min for various times to achieve steady state and then were allowed to
dissociate from the chip for Smin. For the pH 7.4 run, variants, with concentrations ranging
from 30uM to 30nM, were injected over the FcRn coated chip at 20u!/min for various times
5 to achieve steady state and then released for 2min. Variants were also flowed over an
unconjugated spot on the sensor chip to allow subtraction of background non-specific
binding from the binding to FcRn-coupled chip. Chip was regenerated with 30sec pulse of
0.1M TRIS pH 8.3 in between injections, Steady state RU for each injection was recorded
at the end of each i njection phase, and apparent dissociation constants (apparent Ky) were
10 later estimated as the IgG concentrations that achieved 50% of maximum RU.

Results in Figure 1A and 1B, resulting from two different runs, show that all the
variants have improved FcRa affinity over wildtype at pH 6. Estimates of the apparent
dissociation constants (Kp) are shown in Figure 2. As the FcRn coupling density differed
for the two runs, the avidity level was different, resulting in slightly different apparent Kp

15 values for the same variant. However, the affinity ranking of these variants remained the
same for different runs. Figure 3 shows that all of the anti-VEGE variants tested exhibit
higher neutral pH binding to human FcRn compared to the wildtype. The affinity ranking
of the variants based on pH 7.4 binding corresponded with the affinity ranking determined
using pH 6 binding. |

20 Table 3

IgG; Variant

N434H
T307Q/N434A

T307Q/N4348
T307Q/E380A/N434S
V308P/N434A

The human and cyno FcRn binding of the anti-VEGF wild-type (WT) and anti-
VEGF variants shown in Table 3 were further evaluated using this assay format. Human or
cyno FcRn was coated on sensor chips. Anti-VEGF wild-type and anti-VEGF variants
25  were injected over the FcRn coated chips at 25°C in either pH 6.0 or pH 7.4 buffer. Steady
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354045 Val Lea lle Tyr Phe Thr Ser Ser Lea His Ser Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly
Ser Gly Thr Asp Phe Thr Lea Thr lle 657075 Ser Ser Lea Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys
Gin Gin 808590 Tyr ser Thr Val Pro Trp Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg
<210> 3 <211> 118 <212> PRT <213> Artificial Sequence <220> <223> sequence is synthesized
<400> 3 Glu Val Gin Lea Val Glu Ser Gly Gly Gly Lea Val Gin Pro Gly 151015 Gly Ser Lea Arg Leu
Ser Cys Ala Ala Ser Gly Tyr Asp Phe Thr 202530 His Tyr Gly Met Asn Trp Val Arg Gin Ala Pro Gly Lys

Gly Lea

(8]

10

15

20

25

30

statc response units were recorded and plotted as a function of injection concentrations. All
the anti-VEGF variants showed improved binding to human and cyno FcRn over anti-
VEGF wild-type at both pH 6.0 and pH 7.4 (see Fig. 4A-4D). The affinity ranking for the
anti-VEGF variants determined in this assay was the same as the ranking determined using
the monovalent Kp.

The human FeRn binding of the anti-HER2 wild-type (WT) and anti-HER2 variants
shown in Figure 26 were also evaluated using this assay format. The variants studied in
Figure 26 arc L251A, L314A,1.314D, L314K, E430A, E430K, 1.251D/N434H and
L314D/N434H. Human FcRn was coated on sensor chips. Anti-HER?2 wild-type and anti-
HER?2 variants were injected over the FcRn coated chips at 25°C in buffers with pH ranging
from 6.0 to 7.2. Steady state response units were recorded and plotted as a fanction of
injection concentrations for each pH. The affinities of wildtype and each variant were then
estimated for cach injection pH, and the affinity ratio of the variant to wildtype was plotted
as a function of pH in Figure 26. The affinity ratios for variants E430A, E430K and
L251D/N434H decrease with increasing pH; whéreas the affinity ratios for all of the other
variants mcrease with increasing pH.

The bindings of anti-HER2 (traztuzumab) IgG, wild-type, variant T307Q/N434A,
variant L251D/T307Q/N434H and variant L231D/T307Q/M428L/N434H/Y 4361 against
human FcRn at pH 6.0 (Fig. 27A), pH 7.1 (Fig. 27B), and pH 7.4 (Fig. 27C) were also
evaluated using similar assay format. Anti-HER2 wild-type and anti-HER?2 variants were
injected over the FcRn coated chips at 25°C in pH 6.0, pH 7.1 or pH 7.4 buffer. Steady
state response units were recorded and plotted as a function of injection concentrations for
each variant. Results show that at pH 6.0 (Fig. 27A), variant 1.251D/T307(Q/N434H has
stmilar FeRa affinity as wildtype, and variant L251D/T3070Q/M428L/N434H/Y 4361 has
similar FcRn affinity as variant T307Q/N434A. AtpH 7.1 (Fig. 27B), variant
L251D/T307Q/N434H has much lower FeRn affinity than wildtype; and variant
L251D/T307Q/M4A28L/N434H/Y 4361 has similar FeRn affinity as wildtype and much
lower FcRn affinity than variant T307Q/N434A. At pH 7.4 (Fig. 27C), variant
L251D/T307Q/M428L/N434H/Y 4361 has lower FcRn affinity than wildtype and variant
T307Q/N434A.
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354045 Glu Trp Val Gly Trp lle Asn Thr Tyr Thr Gly Glu Pro Thr Tyr 505560 Ala Ala Asp Phe Lys Arg
Arg Phe Thr Phe Ser Lea Asp Thr ser 657075 Lys Ser Thr Ala Tyr Lea Gin met Asn Ser Lea Arg Ala
Glu Asp 808590 Thr Ala Val Tyr Tyr Cys Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr 95100105 Ser His Trp
Tyr Phe Asp val Trp Gly Gin Gly Thr Lea 110115 <210> 4 <211> 110 <212> PRT <213> Atrtificial
Sequence <220> <223> sequence is synthesized <400> 4 Asp lle GIn Lea Thr Gin Ser Pro Ser Ser
Leu Ser Ala Ser Val 151015 Page 2

10

29

30

Example 41 FeRn binding studies: Injection of human or cyno FcRn over TGy

variants

In the binding format using a BlAcore 3000 instrument (GE healthcare, Piscataway,

NI), anti-VEGF wild-type (Bevacizumab) and anti-VEGF variants were conjugated to

different flowcells of the sensor chijﬁ using an amine coupling kit. Spectfically, CM5
sensor chip was activated with EDC/NHS for 7 min at Sul/min. 10 to 50pg/ml of antibodies
were injected for 30 sec to 2 min at a flow rate of 10pl/min over the activated chip to give a
maximum binding response unit (RU) of 50 to 200. After conjugation, FcRn coupled chip
was blocked by an injection of 35pl of 1M ethanolamine hydrochloride at Sul/min.

The running buffer for the binding experiments was PBS pH 6.0/0.01% P20/0.02%
sodium azide (NalN3). Soluble human or cyno FcRn dilutions from 20 uM to 0,15 nM were
injected at a flow rate of 30ul/min for 10 min over the antibody-coated sensor chip at 25°C.
Steady-state RUs were recorded at the end of the injection. The chip was regenerated with
a 30 sec pulse of 0.1 M TRIS pH 8.5/0.15 M NaCl. FcRn was also injected over an
unconjugated surface for background subtraction. The kinetic parameters and the
monovalent equilibrium binding constants (Kp) were calculated .using the BlAevaluation
software (GE healthcare, Piscataway, NJ).

Results in Figure 5 and Figure 6 show that all of the anti-VEGF variants have
improved FcRn affinity over wildtype to both human and cyno FcRn at pH 6.0. The affinity
improvements were due to both increases in association rate constants and decreases in
dissociation rate constants. Overall, FcRn affinity improvements of the anti-VEGF variants
over wildtype using different binding assays are summarized in Figure 8. Figure 8 shows
that V308P/N434A variant has the highest FcRa affinity among the variants listed in Table
3, followed by T307Q/E380A/N4348, T307Q/N4348, and T307Q/N434A. N434H variant

has the least amount of FcRn affinity improvement over wildtype.

Example 5: Dissociation rates of the anti-VEGF and anti-HER? variants at different

pHs

To measure the dissociation rates at various pH’s, 200nM to 2uM of human or cyno
FcRn were first injected over antibody-conjugated flowcell at 30ud/min in PBS pH
6.0/0.01% P20/0.02% NaNj; for 5 min to achieve steady state. Then PBS buffer at pHs

ranging from 6 to 7.4 were injected at 30ul/min over the flowcell for 8min to allow the
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P4182R1SEQ.TXT Gly Asp Arg Val Thr lle Thr Cys Ser Ala Ser GIn Asp lle Ser 202530 Asn Tyr Leu
Asn Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Val Leu lle Tyr Phe Thr Ser Ser Leu His Ser
Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser
Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Tyr Ser Thr Val Pro Trp Thr Phe Gly
Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg Thr Val 110 <210> 5 <211> 118 <212> PRT <213>
Artificial sequence <220> <223> sequence is synthesized <400> 5
complex to dissociate. FcRn was also wijected over an uncorngugated surface for
background subtraction. Dissociation rate constants were determined by fitting the
dissociation phase of the sensorgram using the BlAevaluation software (GE healthcare,
Piscataway, NJ). Results in Figure 7 show that the k.g's of the variants against both human
5  FcRn (Fig. 7A) and cyno FcRn (Fig. 7B) increase with increasing pH, and the rate of ko
' increase for each variant was similar, '
The dissociation rate (ko) of anti-HER2 variant
1251 D/T307Q/M428LFN434H/Y 436] against human FcRn at different pHs was similarly
measured. The ko of anti-HER2 variant 1L251D/T307Q/M428L/N434H/Y436] against
10 human FcRn was plotted as a function of pH in Figure 28. The k. of anti-VEGF variants
T307Q/N434A, T307Q/N43485. T307Q/E3B0A/NA34S and V3I08P/N434A against human
FcRn from Figure 7 were also plotted in Figure 28 for comparison. The ko values at
different pIHs was fitted against pH for each variant to yield the slope of the best-fit line
(equation: log(k.s) =slope x pH +y-intercept). The slopes of the anti-VEGF variants range
15 from 0.75 to 0.84; whereas the slope of anti-HER?2 variant

L251D/T307Q/M428L/N434H/Y 4361 is about 1.2.

Example 6: Binding agamst human VEGF

Recombinant form of VEGF-A gy was conjugated onto a CM5 chip using an amine

coupling kit. Specifically, CM35 sensor chip was activated with EDC/NHS for 7 min at

20 Sul/min. 1 to 2ug/ml of VEGF-A;s were injected for 30 sec at a flow rate of 10ul/min over
the activated chip to give a maximum binding response unit (RU) of 100 to 400. After
conjugation, FcRn coupled chip was blocked by an injection of 35pl of 1M ethanolamine
hydrochloride at Sul/min. Two-fold dilutions of antibodies from 100nM to 6nM were
injected over the VEGF-conjugated chip for 4 min in PBS/0.05% Tween/0.02% NaN; at

25  37°C. The complexes were allowed to dissociate for 18 min. The chip was regenerated
with a 30 sec pulse of 20mM hydrochloric acid. Antibodies were also injected over an
unconjugated surface for background subtraction. Results in Figure 9 show that the Fe
mutations do not alter the VEGF binding, and that all of the variants have the same binding

response as wildtype.
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Gin val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys Pro Gly 151015 Ala Ser Val Lys Val Ser Cys Lys
Ala Ser Gly Tyr Thr Phe Thr 202530 Ala Tyr Val lle Ser Trp Val Arg Gin Ala Pro Gly GIn Gly Leu
354045 Glu Trp Met Gly Glu lle Tyr Pro Gly Ser Gly Ser ser Tyr Tyr 505560 Asn Glu Lys Phe Lys Gly
Arg Val Thr Met Thr Arg Asp Thr Ser 657075 Thr Ser Thr Val Tyr met Glu Leu Ser Ser Leu Arg Ser
Glu Asp 808590 Thr Ala val Tyr Tyr Cys Ala Arg ser Gly Asp Gly Ser Arg Phe 95100105 val Tyr Trp
Gly Gin Gly Thr '—%&é{ﬁhﬂ}! Y&Lﬁ%&ﬁ%ﬁi%%%%% eﬁ%gﬁéré?okb 111 <212> PRT <213> Atrtificial

sequence <220> <2723> sequence IS synthesized

Various concentrations of anti-VEGF wildtype (Bevacizumab) and anti-VEGF
variants were pre-incubated with recombinant human VEGF at room temperature for 1 hr.
The concentrations of anti-VEGF wildtype (Bevacizumab) and anti-VEGF variants ranged
5  from 33nM to 0.05nM. The concentration of recombinant human VEGF was 0.26nM. The

complexes were then presented to the human umbilical vascular endothelial cells (HUVEC)
in culture at 37°C and 5% CO,. Viabilities of HUVEC after 4 days of culture were assessed
by incubating the cells with 20% of ALAMAR BLUE® dye (Trek Diagnostic Systems,
Cleveland, OH) for 6 hr at 37°C and 5% CO,. Fluorescence of ALAMAR BLUE® was

10 then detected with a Molecular Devices (Sunnyvale, CA) microplate reader. As shown in
Figure 10, all of the variants have the same level of proliferation inhibition as the wildtype
and AVASTIN®, again confirming that the Fc mutations do not affect the variant’s ability
to neutralize VEGE. | |

Example 8: Pharmacokinetic studies in cynomolgus monkevs

15 Thirty-six male and thirty-six female naive cynomolgus monkeys, weighed 2 - S kg
and were 2 to 7 years old at pre-study physical examination, were assigned to six treatment
groups cach consisting of six males and six females. Animals were assigned to treatment
groups using a computerized blocking procedure designed to achieve body weight balance
with respect to treatment groups. Only animals that appeared to be healthy and that were

20 free of obvious abnormalities were used in the study. All animals received a single
intravenous bolus dose via saphenous vein followed by a 0.9% saline flush on day 1. The
dose level for all groups was 5 mg/kg. Blood samples (approximately 1.0 mL) from the
femoral vein were collected pre-dose and post-dose at 0.5, 2, 4, 8 hours, 1, 2, 4, 7, 10, 14,
21, 28, 35, 42, 49, 56 and 70 days. The serutn concentration-time curves for all groups

25  were constructed using the mean serum concentration of n=11 to 12 animals per group.
Serum samples collected in this experiment were analyzed using an ELISA protocol

described in Example 9.
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<400> 6 Asp lle Val met Thr Gin Ser Pro AS Ser Leu Ala Val Ser Leu 151015 P4182R1SEQ.TXT
202530 Tyr Asp Gly Asp Ser Tyr Met Asn Trp Tyr Gin Gin Lys Pro Gly 354045 Gin Pro Pro Lys Leu
Leu lle Tyr Val Ala Ser Asn Leu Glu Ser 505560 Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr
Asp Phe 657075 Thr Leu Thr lle Ser Ser Leu Gin Ala Glu Asp Val Ala Val Tyr 808590 Tyr Cys Gin Gin
Ser Leu Gin Asp Pro Pro Thr Phe Gly Gly Gly 95100105 Thr Lys Val Glu lle Lys 110 <210> 7 <211>

449 <212> PRT <213> Artificial sequence . L
xample 9: Detect?on ofc antibody concentration in cynomoleus monkev serum by

ELISA

Maxisorp ELISA plates (Thermo Fisher Scientific, Rochester, NY) were coated with
0.5 pg/m! of recombinant human VEGF in 50mM carbonate buffer, pH 9.6, at 4°C
5 overnight. Plates were blocked with PBS, 0.5% BSA, 10ppm Proclin, pH 7.2 for 1 hr at
room temperature and then washed with wash buffer (PBS/0.05% Tween 20/pH 7.2). Two
folds serially diluted standards (anti-VEGF 1gG, wildtype (Bevacizumab)) as well as 3-
folds serially diluted cyno serum samples (starting at 1:10) in PBS buffer containing 0.5%
bovine serum albumin, 0.05% Tween 20, 5SmM EDTA pH 8.0, 0.25% CHAPS, 0.2%

10 bovine gamma globulin, 10ppm Proclin and 0.35M NaCl were added to the blocked plates
and incubated for 2 hrs at room temperature with shaking. Plates were washed 6 times, and
bound drug was detected with sheep anti-human IgG (Fc specific)-HRP (Jackson
ImmunoResearch, West Grove, PA) diluted 1:10K in assay buffer (PBS,‘pH 7.4, 0.5%
BSA, 0.05% Tween 20, 10ppm Proclin) for 1 hr at room temperature with shaking. Plates

15  were then washed 6 times again, followed by the addition of tetramethyl benzidine substrate
(Moss, Pasadena, MD) for color development. The reaction was stopped after 20 minutes

by the addition of 1M phosphoric acid (HzPOy). Plates were read on a Molecular Devices
microplate reader at a wavelength of 450-620 nm. The serum profiles of the wildtype and
five anti-VEGF variants in cynomolgus monkeys -following a single IV dose of 5 mg/kg are

20 shown in Figure 11. All five variants exhibited reduced clearance and prolonged half-life

compared to wildtype.

Example 10: Pharmacokinetic data analvsis

PK parameters were estimated using WinNonLin-Enterprise, version 5.1.1
(Pharsight Corporation; Mountain View, CA). A two-compartment mode! with TV-bolus
25  input, first-order elimination, and micro-rate constants (Model 7) was used to describe the
observed data. Concentrations were weighted using iterative reweighting (predicted to
power n=1} and the Gauss-Newton minimization algorithm with Levenberg and Hartley
‘modification. The following PK parameters were reported using WinNonLin Model 7:
AUC,= total drug exposure defined as area under the concentration-time curve

30 extrapolated to infinity; #12, = half-life of the alpha phase (alpha half-life); £1, p = half-life
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<220> <223> sequence is synthesized <400> 7 Glu val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin
Pro Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe ASn lle Lys 202530 Asp Thr Tyr lle
His Trp Val Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu Trp val Ala Arg lle Tyr Pro Thr Asn Gly Tyr
Thr Arg Tyr 505560 Ala Asp Ser Val Lys Gly Arg Phe Thr lle Ser Ala Asp Thr Ser 657075 Lys Asn Thr
Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp808590 Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly

Asp Gly Phe Tyr 95100105 Ala Asp Tyr Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser 110115120
Ala Ser Thrc@gecg e ?fﬁl@%ﬁfl) Y B8aY ié%ﬁﬁ% ion; CL = clearance;

V= volume of the central compartment; V= volume of distribution at stcady state.
For all dose groups, model selection was based on goodness of fit by visual
inspection of the observed versus predicted serum concentration-time profile for cach
5  animal, exammation of the weighted residuals sum of squares, and examination of the
standard error and coefficient of variation for each parameter. PK parameters were
presented as the mean =+ standard deviation (SD) of each group.
Figure 12 shows the tabulated pharmacokinetics parameters for the anti-VEGE
wildtype and five variants, N434H, T307Q/N434A, T307Q/N434S, T307Q/E380A/N434S
10 and V308P/N434A, following a single IV dose of 5 mg/kg to cynomolgus monkeys. The f8
(terminal} half-lives of variants are about 1.6- to 2.2- fold longer than the half-life of
wildtype, with T307Q/N434A variant having the longest half-life of 24.9 days. To our
knowledge, the half-life of the variant T307Q/434A, about 25 days, reﬁresents the longest half-life
of a human IgG in cynomolgus monkey yet reported.
15 The relationship between half-life and FcRn affinity is shown in Figure 13. Mbdest
increase in pH 6.0 FoRn affinity results in prolonged terminal half-life, as evidenced by
| N434H and T307Q/N434A variants. However, additional increase in pH 6.0 FcRn affinity
(T307Q/N434S, T307Q/E380A/N434A and V308P/N434A) does not further improved
half-life, as slower dissociation rate and increased affinity at ncutral pH may compensate
20 for the benefit brought forth from the acidic-pH affinity increase. Instead, there is a trend
towards reduced half-life at higher FcRn affinities at pH 6.0.

Example 11: Pharmacokinetic studies in transgenic mice

The strain of mice used in the study is Mu. VEGFhuX.K1.R1.B6.129.

MuVEGFhuMUTX (+/+) knock-in, RAG2 (-/~) knock-out mice contain two alleles of

25  humanized forms of VEGF, which can be neutralized by wild-type anti-VEGF antibody
(Bevacizumab). RAG2 (-/-) mice are immuno-deficient and do not generate functional T
and B cells. Human tumors can be grown in these mice, which express humanized forms of
VEGF in the absence of an overt immune response toward the tumor cells. Thus, VEGF
derived from the human tumor and mouse stromal cell will be neutralized by wild-type anti-

30 VEGF antibody (Bevacizumab), which does not neutralize murine VEGF. The PK of anti-
VEGF wild-type and anti-VEGF variant T307Q/N434A were evaluated in these non-tumor

bearing transgenic mice.
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Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 140145150 Asp Tyr Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Gly Ala 155160165 Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser
Ser 170175180 Gly Leu Tyr Ser Leu Ser Ser Val Val Thr val Pro Ser Ser Ser 185190195
P4182R1SEQ.TXT Leu Gly Thr Gin Thr Tyr lle Cys Asn val Asn His Lys Pro Ser 200205210 Asn Thr
Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 215220225 Thr His Thr Cys Pro Pro Cys Pro

Vet 245250255 10 SBAKIG A brd CIEh VAR LYYl VAR Ry 0ot SEPSHOSORST,

There are 4 groups with 8-9 animals per group, each receiving a single intravenous dose of
0.3 or 5 mg/kg of wildtype and variant T307Q/N434A in PBS. Dose volume to be
administered varied from 5 to 15ml/kg depending on the concentration of the dosing

5  solution and the weight of each animal. 1V dosing was done via the tail vein. Samples from
3 mice were bled at each time point and about 125uL of blood samples for PK analysis
were collected at 15 minutes, 8 hours, 24 hours, 2, 4, 7, 10, 14, 21 and 28 days posi-dose.
Blood samples were collected under anesthesia via periorbital sinus, At sac time points,
mice were bled by cardiac puncture under isoflurane anesthesia.

10 The second study is a multi-dose PK study. There are 9 animals per group. Each
animal received 0.3 or 5 mg/kg of variant T307Q/N434A in PBS at day 0, 3, 6, and 9. The
methods of injection and samples collection were similar to the single-dose PK study.
However, blood samples were collected at 15 min post first dose, day 3 (pre-dose), day 6
(pre-dose), day 9 (pre-dose), 15min post day-9 dose, day 11, day 14, day 21, day 28 and day

15 35,

- Serum samples collected from the PK studies were analyzed using ELISA described
in Examples 13. Figures 14A and 14B show the pharmacokingtic profiles of the wildtype
and variant T307Q/N434A determined using either VEGF capture (Fig. 14A) or human Fc
capture (Fig. 14B) ELISA, respectively. Variant T307Q/N434A has similar PK profiles are

20 wildtype following a single IV dose of 0.3 or 5 mg/kg. Figure 15 confirms that the haif-
lives of wildtype and T307Q/N434A variant in fransgenic mice are comparable, However,
non-linear PK responses were observed, as antibodies dosed at 0.3mg/kg have shorter half-
lives than that dosed at Smg/kg, possibly due to the antigen dependent clearance, Figure 16
shows the pharmacokinetic profiles of variant T307Q/N434A in humanized VEGF

25 transgenic mice following a multi-dose of 0.3 or 5 mg/kg and the PK parameters are
surnmarized in Figure 17. Results show that the serum concentrations measured
experimentally corresponded well with the concentrations predicted by a simulation using

the single-dose PK parameters.

Example 12: In vivo efficacy studies

(o3
)

Fuman HT-55, Colo-205 (colorectal carcinoma) and Calu-6 (lung carcinoma) cells

were obtained from the American Type Culture Collection (Manassas, VA). The human
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His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val 275280285 Glu val His Asn Ala Lys Thr
Lys Pro Arg Glu Glu Gin Tyr Asn 290295300 Ser Thr Tyr Arg Val Val Ser val Leu Thr Val Leu His GIn
Asp 305310315 Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser ASn Lys Ala 320325330 Leu Pro
Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin 335340345 Pro Arg Glu Pro GIn Val Tyr Thr Leu
Pro Pro Ser Arg Glu Glu 350355360 met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe
365370375 Tyr Pro Ser Asp lle Vgi lu Trp Glu Ser Asn Gly Gin Pro 380385390 Glu Asn Asn Tyr
Lys Thr Thrﬁfﬁ%@%ﬂ@ﬁ%@&%? %%%W%@%WX@@%& e -Phel S Aseiid Leu Thr val

Asp Lys servtig digpvalf4bd2012, low glucose DMEM 1:1. Colo-205 and HT-55 were grown in
RPMI 1640 medium. Both media were supplemented with 10% v/v FBS, 1% v/v
penicillin/streptomycin (Invitrogen, Carlsbad, CA), 2 mM L-glutamine (Invitrogen,
Carlsbad, CA) and 1 pg/ml FUNGIZONE™ (Invitrogen, Carlsbad, CA). Cells were grown

L

at 37°C in 5% CO; until confluent, harvested, and resuspended in sterile Matrigel at 50 x
10° cells per ml. Xenografts were established in 6- to 8-weck-old RAG2 KO; hum-X
VEGE KI double-homozygous mice (Genentech, South San Francisco, CA) by dorsal flank
s.C. iﬁjection of 5 x10° cells per mouse and allowed to grow. The treatment with antibody

10 1.p. atthe dose of 5, 0.5 and 0.05 mg/kg twice weekly were initiated 24 h after tumor celt
inoculation. The transplanted tumors were measured twice weekly along the longest axis
and the perpendicular axis as described. For each day on which tumors were measured, the
tumor volume for cach mouse was calculated, and the mean tumor volumes from the control
antibody group (anti-Ragweed) and each anti-VEGF group were compared by Student's ¢

15 test, at a level of P < 0.05. Mice were killed when tumor volume reached 2,000 mm®,

| Resuits from the first HM-7 xenografts study are shown in Figure 18. Figures 18A

and 18B show that the variant T307Q/N434A was able to achieve maximum inhibition of
tumor growth at both 0.5 mg/kg as well as 5 mg/kg treatment groups. Although the wild-
type did inhibit tumor growth at ’ooth doses, it did not achieve maximum inhibition of

20 tumor _grovﬁh at 0.5 mg/kg. These results suggest that the T307Q/N434A variant is more
efficacious than wildtype at 0.5mg/kg in treating HM-7 xenografis, despite similar levels of
serum IgG concentration (Fig. 18C). A repeat efficacy study of HM-7 xenografts shown in
Figure 19 confirms that the T307Q/N434A variant is more efficacious than wildtype at 0.5

- and 0.05mg/kg treatment groups. Indeed, the T307Q/N434A variant showed greater

25  inhibition of tumor growth in all treatiment groups compared to the wild-type (Fig. 19A and
19B). The increased efficacy may be due to the higher blood-normalized antibody
concentration in tumors for T307Q/N434A treated group compared to wildtype (Fig. 19E).
The third efficacy study of HM-7 xenografts shown in Figure 20 further validates the
superior efficacy of T307Q/N434A over wildtype at 0.5 and 0.05mg/kg treatment groups.

30 For the HT-55 xenografts study, T307Q/N434A variant showed greater inhibition of
tumor growth compared to wild-type in 0.05mg/kg treatment groups (Fig. 21) suggesting
that T307Q/N434A is more efﬁcacioﬁs than wildtype at 0.05mg/kg treatment groups. For

the Colo-205 study, Figure 22B shows a significant difference in growth curves between
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GIn GIn Gly Asn Val Phe Ser Cys Ser Val met His Glu Ala Leu 425430435 His Asn His Tyr Thr GIn Lys
Ser Leu Ser Leu Ser Pro Gly 440445 <210> 8 <211> 214 <212> PRT <213> Artificial sequence <220>
<223> sequence is synthesized <400>8 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val
151015 Gly Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gin Asp Val Asn 202530 Thr Ala val Ala Trp Tyr
GIn Gin Lys Pro Gly Lys Ala Pro Lys 354045 Page 5 P4182R1SEQ.TXT Leu Leu lle Tyr Ser Ala Ser
Phe Leu Tyr Ser Gly Val Pro Ser 505560

10

20

25

30

0.5mg/kg wild-type and 0.5mg/kg T307Q/N434A variant. Figure 22A and 22B also shows
an increase in inhibition of tumor growth by T307Q/N434A in 0.5 and 0.05mg/kg treatment
groups, suggesting slightly higher efficacy for T307Q/N434A in 0.5 and 0.05mg/kg groups.
A repeat Colo-205 study shown in Figure 23 indicates that T307Q/N434A is slightly more
efficacious than wildtype in treating Colo-203 xenografts. Finally, the efficacies of
T3070Q/N434A variant and wildtype in Calu-6 xenografts study were similar.

There may be several possible reasons for increased efficacy of the Fc variants. For
example, the increased potency of a variant could be due to increased retention and/or
recycling of the variant antibody mediated by the human FcRn expressed in certain tumors
{e.g., HM-7). This may lead to an increased mass-action effect of blocking locally
produced VEGF, or may provide a mechanism for enhanced degradation of VEGF in the
tumor, However, we found that the increased concentration of variant detected in the HM-7
tumors relative to the HT-55 and Calu-6 tumors is not directly correlated with cellular FeRn
expression level, as HM-7 cells express lower amounts of FcRn than either HT-55 or Calu-
6 cells (Figure 25), Other factors in the tumor microenvironment such as tumor pH,
growth rate, and other tumor constituents may also play collabogaﬁve roles with FeRn in
determining the distribution of IgGs. For example, the tumor microenvironment is mostly
acidic, with pH ranging from 6.0 to 7.6 (median=7.1), while that of normal tissues ranges
from 7.3 to 7.8 (mcdianﬁ’/.SS), see Song, C.W. et al., "Influence of Turnof pH on
Therapeutic Response " in Cancer Drug Resistance, 21-42 (2007). Furthermore, different
types of tumors can have a wide range of pH due to heterogeneous vascular supply and
blood perfusion, see Song, C.W. et al., Cancer Drug Resistance, 21-42 (2007), supra;
Gillies, R.J. et al., .J Magn Reson Imaging 16, 430-450 (2002). Multiple in-vitro studies indicate
that the amount of cell-associated Fe/IgG increases when cells were incubated at acidic pH,
see Practor, A. et al., Journal of cell science 112 (Pt 14), 2291-2299 (1999); McCarthy, K.M.,
Yoong, Y. & Simister, N.E. Bidirectional transcytosis of 1g(G by the rat neonatal Fc receptor
expressed in a rat kidney cell line: a system to study protein transport across epithelia. Journal of
cell science 113 (Pt 7), 1277-1285 (2000); Tesar, D.B. et al., Traffic 7, 1127-1142 (2006).
Therefore, it 1s conceivable that pH differences among the tumor lines tested may affect the
accumulation level of antibody within each tumor. Additionally, the acidic tumor
microenvironment also activates VEGF expression (see Song, C.W. et al., Cancer Drug
Resistance, 21-42 (2007), supra), which could mediate the retention of these anti-VEGE

antibodies specifically. Furthermore, HM-7 tumors in mice were previously shown to have
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Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu GIn Pro Glu Asp
Phe Ala Thr Tyr Tyr Cys Gin GIn 808590 His Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly Thr Lys Val Glu
95100105 lle Lys Arg Thr val Ala Ala Pro Ser Val Phe lle Phe Pro Pro 110115120 Ser Asp Glu Gin
Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 125130135 Leu ASrl AS!, Phe Tyr Pro Arg Glu Ala Lys
val Gin Trp Lys Val 140145150 Asp Asn Ala Leu GIn Ser Gly Asn Ser Gin Glu Ser Val Thr Glu
155160165 Gin A%p Tt‘rlr Ty Cé:‘. eug%?g% B} ] Thr 1%%12{ 8%1 Leu Ser Lys
Ala Asp Tyr &’qui_ ¥ ys va e(?ys 1 E i &8er Pro Val
Thr Lys Senﬁh&eﬁsﬁr&@ﬁﬁSﬂi@mI response and was relatively stroma-nch (see Tejada, M. L. et al.,

Clin Cancer Res 12, 2676-2688 (2006)). The presence of mouse stromal cells, which express

murine FcRn, may mask the improved recycling of an IgG variant by human tumor cells.

N

This may lead to the lower concentrative effect in human xenografts having a greater

component of murine stroma, for example, Calu-6.

Example 13: Detection of antibodv concentrations in serums and tumors of

transgenic mice by ELISA

Two different ELISA assay formats with cither two different antibody capture

10 reagents (VEGF or anti-human IgG, Fc) coated on plates were used to detect antibody
concentrations in transgenic mice. Maxisorp ELISA plates (Thermo Fisher Scientific,
Rochester, NY) were coated with etther 0.5 ug/ml of recombinant human VEGF or
0.25ug/ml (Fab’2) rabbit anti-human IgG; Fc (Jackson ImmunoRescarch, West Grove, PA)
in 50mM carbonate buffer, pH 9.6, at 4°C overnight. Plates were blocked with PBS, 0.5%

15  BSA, 10ppm Proclin, pH 7.2 for 1 hr at room temperature and then washed with wash
buffer (PBS/0.05% Tween 20/pH 7.2). Two folds serially diluted standards (Bevacizumab
for VEGF format or human IgG; for Fc format) down to 12.5ng/ml as well as 3-folds
serially diluted cyno serum samples (starting at 1:10) in PBS buffer containing 0.5% bovine
serum albumin, 0.05% Tween 20, 5mM EDTA pH 8.0, 0.25% CHAPS, 0.2% bovine

20 gamma globulin, 10ppm Proclin and 0.35M NaCl were added to the blocked plates and
incubated for 2 hrs at room temperature with shaking. Plates were washed 6 times, and
bound drug was detected with goat (Fab’2) anti-human IgG (Fe specific)-HRP conjugate
{Jackson) diluted 1:20K to 1:60K in assay buffer (PBS, pH 7.4, 0.5% BSA, 0.05% Tween
20, 10ppm Proclin) for 1hr at room temperature with shaking. Plates were then washed 6

25  times again, followed by the addition of tetramethyl] benzidine substrate (Moss, Pasadena,
MD) for color development. The reaction was stopped after 20 minutes by the addition of
1M phosphoric acid (HsPOy4). Plates were read on a Molecular Devices microplate reader at

a wavelength of 450-620 nm.
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Arg Gly Glu Cys <210> 9 <211> 360 <212> DNA <213> Atrtifi cial sequence <220> <223> sequen
<400> 9 tcctgtgcag ccgccaggct gtggtaacac agagacaatt cgaggacact gttatgcttt gaggtgcagc cctgagactc
<210> 10 <211> 327 <212> DNA <213> Artifi <220> ce is synthesized cctctggatt caccttcagt
ccagggaagg ggctggagtg atactatgca gactccgtga ccaagaacac gctgtatctg gecgtgtatt actgtgcgag tgatatctgg
ggccagggta tgttggagtc tgggggaggce 360 cial sequence aacgcctgga tgagctgggt 50 ggtctccgct attagtqgta
100 agggeeggtt caceatele 5q cagalg 90206 200 aoccloceas cdlajaliagpRd cactogteac
cgtgagctca 300 ttggtacag .

and their in-vivo pharmacokinetic behaviors

Additional combinations of Fc mutations, shown in Figure 24, were incorporated
into human anti-HERZ2 (tratuzumab} to construct IgG variants. The IgG; variants were
5  expressed using methods described in Example 1. The dissociation constants of the wild-
type anti-HERZ2 1g(G| and anti-HER?2 [gG, variants are measured as described in Example 4
and the results are shown in Fig. 24. Results show that by combining different mutations,
we can construct an IgG variant such as M252Y/V308P/N434Y that is able to bind human
FcRn with single-digit nanomolar affinity, representing an about 450-fold improvement
10 over the wild-type IgG.

However, high-affinity variants do not necessarily have mmproved pharmacokinetic
behaviors in vivo. For example, two Fc mutations, N434A and N434W, were incorporated
into a different human antibody to construct two IgGy variants. The two IgG, variants,
N434A variant and N434W variant, resulted in approximately 3-fold and 40-fold higher

15 FeRu affinity at pH 6.0 compared to the wildtype antibody, respectively, as Shﬁwn in Fig.
24. Their pharmacokinetic behavior was evaluated in cynomolgus monkeys, as described in
Example 8 and 9, and compared to that of wildtype (approximately 6 to 9 days). The half-
life of N434W (about 9.7 +/- 2.4 days) was less improved than that of the modestly affinity-
improved variant, N434A (about 14.5 +/-2.2 days). These results suggest that too much

20  increase in FcRn affinity may have a detrimental effect on the half-life of an Fc variant, and
it is difficult to predict @ priori whether an Fc variant with improved FcRn affinity will

have improved half-life or not.
Example 15: FcRn immunoprecipitation using a high-affinity IgG, variant,

Five million cells/each of either HM-7, HT-535, Calu-6 or Raji (B-cell lymphoma)
25  lines were lysed by incubating i 25mM sodium phosphate buffer pH 6.0 containing 1%
Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, ZmM EDTA, 150mM Na(l and 1X
protease inhibitor {Pierce, Rockland, IL) for lhr at 4°C. Lysed cells were centrifuged at
12,000¢ for 30min at 4°C, and then 50 nM of trastuzumab Fc variant
M252Y/V308P/N434Y (Yeung ef al., submitted) was added to the supernatant to capture
30  the FeRn. After overnight incubation at 4°C, Protein-L {Picree) resin was added and

allowed to bind the complex for 4hr at 4°C. Resin was then washed five times with the

130



<223> sequence is synthesized <400> 10 tcttgttctg gaagccgctc caacatcggg tcagcagctc ccaggaacgg
cccccaaact atcggcecctc aggggtccect gaccgattct tcagectcec tggecatcag tgggcetecegg ttactgtgca gcatgggatg
gcagcctgaa gaaccaagct gacggtccca gtctgtgctg tgggaccccc gggcagaggg tcaccat 32 <210> 11 <211>
227 <212> PRT <213> Artificial sequence <220> <223> sequence is synthesized <400> 11 Asp Lys
Thr His Thr Cys Pro Pro 15 Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys ASp Thr 202530

Lys Phe AcT T BV aI RS abeg Vel ) e R e S R S o
657075 Tyr(Msh Sertalm Wyrempgavﬁatdﬁai SérivH Béﬁﬂﬂiﬁ\@l Lleulﬁnscn) and blotteé onto a

nitrocellulose membrane (Invitrogen). The membrane was blocked with 3% nonfat milk in

PBS and probed with Ing/ml of rabbit anti-human FcRﬁ antibody (Santa Cruz, Santa Cruz,

5  CA)at room temperature for 1 hr, then with goat anti-rabbit IgG-peroxidase conjugate at

1:10* dilution (Pierce) for 1 hr at room temperature. Membrane was washed with

PBS/0.05% Tween in between blocking and antibody incubation steps. The FeRn protein

was visualized by the ECL detection kit (GE Healthcare, Piscataway, NJ). See Figure 25,

RESULTS and DISCUSSION

10 Two separate binding experiments with different anti-VEGF variants were
performed at éach pH, pH 6.0 and pH 7.4. The steady state binding response unit (RU) as a
function of concentration for pH 6.0 and pH 7.4 was plotted in Figure 1 and Figure 2,
wspectively, The dissociation constants (Kp) at pH 6.0 were estimated from Figure 1 and
summmarized in Figure 2. The dissociation constants of the same variant calculated from

15 two different runs were slightly different. For instance, variant N434A had a Kp of 550nM
in the first run, but its K5 from the second run was 250nM, The difference was due to the
avidity effect in the assay format which invelved flowing a bivalent antibody over an FcRn-
coupled chip. The level of avidity contribution to the dissociation constant depended on the
level of FeRn coupled onto the chips, with higher level of FeRn coupling resulting in mote

20 avidity. This might explain the higher affinity observed in the second run, which had about
two fold higher RU than the first run. Although there was avidity effect in the assay setup,
this format most resembled the natural binding process inside the cells, where pinocytosed
bivalent antibodies are allowed to bind to the membrane bound FcRn. While the absolute
Kp might differ from run to run, the affinity ranking of these variants were consistent even

25  with different level of FcRn coupled. Both Figure 1 and Figure 2 showed that
V308P/N434A consistently had the highest affinity among the variants tested and all of
variants tested have improved binding to FcRn at pH 6.0.

The affinities of the anti-VEGF variants to FcRn at pH 7.4 are much lower than
their affinitics at pH 6.0. Since the binding affinity at pH 7.4 was very.low, the dissociation

30 constants of the variants at pH 7.4 were not determined. However, Figure 3 showed that

the affinity ranking of these variants at pH 7.4 was the same as the ranking at pH 6.0,
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808590 GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn 95100105 Lys Ala Leu Pro Ala
Pro lle Glu Lys Thr lle Ser Lys Ala Lys 110115120 Gly GIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro
Pro ser Arg 125130135 Asp Glu Leu Thr Lys Asn GIn Val Ser Leu Thr Cys Leu Val Lys 140145150 Gly
Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 155160165 GIn Pro Glu Asn Asn Tyr Lys Thr
Thr Pro Pro Val Leu Asp Ser 170175180 Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys

Ser 185190195 Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser Val met His Glu 200205210 Page 7
P4182R1 SE@}Wﬁg the variants’ binding to FcRn at pH 6.0'and pH 7.4 was coupled. As the variants’

pH 6.0 binding is improved, so is the binding at pH 7.4. There is a delicate balance
between how the pH 6.0 and 7.4 binding to FcRn affects the variant’s half-life. Improved

binding at pH 6.0 is suggested to have a beneficial role in variants’ in vivo half-life, as

i

higher affinity variants can bind FcRn better and hence be recycled more by the FcRn. On
the other hand, substantially high binding at pH 7.4 is proposed to be unfavorable for
variants” half-life, as the FcRn-bound antibodies may not be readily released back into
circulation if they are bound too tightly. |
Increased affinity at high pH can negate the favorable effects of increased affinity at
10 low pH. For example, Dall’Acqua et al., J Immunol 169(9), 5171-5180, 2002, showed that
human IgG; variants such as M252Y/S254T/T256E and G385D/Q386P/N389S did not
have improved half-lives in mice, apparently because of their high pH binding affinity to
murine FcRn. Therefore, it has been unclear how much improvement in high-pH binding
can be tolerated in IgG, variants while still improving their pharmacokinetic half-lives.
15 : Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, the descriptions and
examples should not be construed as limiting the scope of the invention. The disclosures of
all patent and scientific literatures cited herein are expressly incorporated in their entirety by

reference.
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Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro 215220225 Gly Lys <210> 12 <211>
227 <212> PRT <213> Atrtificial sequence <220> <223> sequence is synthesized <400> 12 Asp Lys
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro Ser Val Phe Leu Phe Pro
Pro Lys Pro Lys Asp Thr 202530 Leu met lle Ser Arg Thr Pro Glu val Thr Cys Val Val Val Asp 354045
Val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp 505560 Gly Val Glu val His Asn Ala Lys
Thr Lys Pro Arg Glu Glu Gin 657075 Tyr Asn Ser Thr Tyr Arg Val Val Ser val Leu Thr Val Leu His
808590 GIn 'K W& Mﬁ%¥§tys Glu Tyr Lys Cys Lys Val Ser Asn
I A variant IgG comprising a human IgG Fc region comprising two or more amino
acid substitutions relative to a wild-type human IgG Fe region at two or more of
amino acid residues 251, 252, 307, 308, 378, 428, 430, 434, and 436, numbered
5 according to the EU index as in Kabat, wherein the variant IgG has an increased
half-life compared to the half-life of an IgG having the wild-type human IgG Fc
region, and wherein at least two of the amino acid substitutions are at amino acid
residue 251, 252, 307, 308, 378, 428, 430, 434, or 436, and an amino acid
substitution at amino acid residue 251 18 a substitution with aspartic acid or glutamic
10 acid, an amino acid substitution at amino acid residue 252 is a substitution with
tyrosine, an amino acid substitution at amino acid residue 307 is a substitution with
glutamine, an amino acid substitution at amino acid residue 308 is a substitution

with proline, an amino acid substitution at amino acid residue 378 is a substitution

with valine, anamifo acid sulistitotion ataming acidresidic 428 iy o

15 with leucine, an amino acid substitution at amino acid residue 430 is a substitution
with alaning or lysine, an amino acid substitution at amino acid residue 434 is a
substitution with alanine, serine or tyrosine, and an amino acid substitution at amino

acid residue 436 is a substitution with isoleucine.

2. The variant IgG of claim 1 comprising the amino acid substitution at amino acid 308
20 with proline and the amino acid substitution at amino acid 434 with alanine.
3. A variant IgG comprising a human IgG Fc region comprising three or more amino

acid substitutions relative to a wild-type human IgG Fc region at three or more of
amino acid residues 251, 252, 307, 308, 378, 380, 428, 430, 434, and 436,
numbered according to the EU index as in Kabat, wherein the vartant IgG has an

25 increased half-life compared to the half-life of an 1gG having the wild-type human
IgG Fc region, and wherein at least three of the amino acid substitutions are at
aming acid residue 251, 252, 307, 308, 378, 380, 428, 430, 434, or 436, and an
amino acid substitution at amino acid residue 251 is a substitution with aspartic acid
or glutamic acid, an amino acid substitution at amino acid residue 25215 a

30 substitution with tyrosine, an amino acid substitution at amino acid residue 307 1s a

substitution with glutamine, an amino acid substitution at amino acid residue 308 18
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95100105 Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys 110115120 Gly GIn Pro Arg Glu
Pro GIn val Tyr Thr Leu Pro Pro Ser Arg 125130135 Glu Glu Met Thr Lys Asn GIn Val Ser Leu Thr Cys
Leu val Lys 140145150 Gly Phe Tyr Pro ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly 155160165 GIn
Pro Glu Asti Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 170175180 Asp Gly Ser Phe Phe Leu Tyr
ser Lys Leu Thr Val Asp Lys Ser 185190195 Arg Trp GIn Gin Gly Asn val Phe Ser Cys Ser val met His

Glu 200205210 Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu ser Pro 215220225 Gly Lys
<210> 13 <211> 2&2%1bst1tut10n with proline, an amino acid substitution at amino acid residue 378 1s a

substitution with valine, an amino acid substitution at amino acid residue 380 isa
substitution with alanine, an amino acid substitution at amino acid residue 428 is a
substitution with leucine, an amino acid substitution at amino acid residue 430 is a
5 substitution with alanine or lysine, an amino acid substitution at amino acid residue
434 i3 a substitution with alanine, serine, tyrosine or histidine, and an arnino acid

substitution at amino acid residue 436 is 2 substitution with isoleucine.

4. The variant IgG of claim ! or 3 which has a higher binding affinity for FcRn than
the TgG having the wild-type human IgG Fc region.

10 5. The variant IgG of claim ! or 3 which has a higher binding affinity for FcRn at pH
6.0 than at pH 7.4,

6. The variant Ig( of claim 1 or 3 which has an equal or higher efficacy than the IgG
having the wild-type human IgG Fc region. |

7. The variant IgG of claim 6 which has a higher efficacy than the IgG having the wild-
15 type human IgG Fc region.

8. The variant IgG of claim 1 or 3 which is a human or humanized IgG.

9. The variant IgG of claim 8 which 1s IgG,, 1gGa, 1gGs or 1gGa.

10.  The variant 1gG of claim 1 or 3, wherein the IgG Fcregion is an IgGq Fe region.
11, The variant 1gG of claim 1 or 3, wherein the variant IgG is an anti-VEGF antibody.

20 12.  The variant IgG of claim 1 or 3 comprising the heavy chain variable domain
comprising SEQ 11D NO:1 and the light chain variable domain comprising SEQ 1D
NO:2.

13, A pharmaceutical composition comprising the variant IgG of claim 1 or 3 and a

pharmaceutically acceptable-carrier,

25 14, Akit comprising the variant IgG of claim 1 or 3, in a container, and instructions for

use.
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<212> PRT <213> Artificial sequence P4182R1sEQ.TXT <220> <223> sequence is synthesized
<400> 13 Asp Lys Thr His Thr cys Pro Pro Cys Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro Ser Val
Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr 202530 Leu met lle Ser Arg Thr Pro Glu Val Thr Cys val
Val Val Asp 354045 Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr val Asp 505560 Gly val Glu
Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 657075 Tyr Asn ser Thr Tyr Arg val Val Ser val Leu

Thr Val Leu His 808590 Gin Asp Trp Leu Asn Gly Lys Glu Tyr Lys cys Lys Val Ser Asn
15. A variant IgG, comprising a human 1gG; Fe region comprising amino acid

substitutions relative to a wild-type human IgG; Fc region at amino acid residues
308 and 434, numbered according to the EU index as in Kabat, wherein the variant
IgG, has an increased half-life compared to the half-life of an 1gG, having the wild-
5 type human lgG; Fc region, and wherein the amino acid substitution at amino acid
residue 308 is a substitution with proline, and the amino acid substitution at amino

acid residue 434 is a substitution with alanine.

16. A method of treating tumor 1n a subject, said method comprising administering to

the subject an effective amount of a variant IgG of claim 1 or 3.

10 17. A method of inhibiting VEGF activity in a subject, said method comprising

administering to said subject an effective amount of a vaniant IgG of claim 1 or 3.
18.  The method of claim 17, wherein the VEGF activity is angiogenesis.

19. A method of modulating vascular permeability in a subject, said method comprising

. administering to said subject an effective amount of a variant 1gG of claim 1 or 3.

15 20. A method of inhibiting or preventing growth of cancer cells in a subject, said
method comprising administering to said subject an effective amount of a variant

1gG of claim 1 or 3.

21. The method of claim 16, 17, 19 or 20, wherein the variant IgG is administered to the

subject every 4 weeks or longer.

20
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95100105 Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys 110115120 Gly Gin Pro Arg Glu
Pro Gin val Tyr Thr Leu Pro Pro ser Arg 125130135 Asp Glu Leu Thr Lys Asn Gin Val Ser Leu Thr cys
Leu Val Lys 140145150 Gly Phe Tyr Pro Ser Asp lle Ala Val Glu Trp Glu ser Asn Gly 155160165 Gin
Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser 170175180 Asp Gly Ser Phe Phe Leu Tyr
Ser Lys Leu Thr Val Asp Lys Ser 185190193 Ay &R GiREin Gly Asn Val Phe Ser cys ser Val Met His
Glu 200205210 Ala Leu His Asn His Tysefhersin LystSeg Leu Ser Leu ser Pro 215220225 Gly <210>

14 <2<H5>2%§NENTECH, INC., et al.
<120> Immunoglobulin variants and Uses Thereof
<130> P4182R1 WO
<150> Us 61/105,086
<151> 2008-10-14

<15C> us 61/152,131
<151> 2009-02-12

<150> uUs 61/171,768
<151> 2009-04-22

<150> Us 61/220,514
<151> 2009-06-25

<160> 17
<210> 1
<211> 123
<212> PRT
<213> Artificial sequence
<220>
<223> sequence 1is synthesized
<400> 1
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr
20 _ - 25 30
Asn Tyr Gly Met Asn Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr
: 50 5 60
Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
65 70 75
Lys Ser Thr Ala Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Lys Tyr Pro His Tyr Tyr Gly Ser
95 100 105
Ser His Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu val Thr
110 115 120
val Ser Ser
<210> 2
<211> 108
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 2
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<212> PRT <213> Atrtificial sequence <220> <223> sequence is synthesized <400> 14 Asp Lys Thr
His Thr Cys Pro Pro cys Pro Ala Pro Glu Leu Leu 151015 Gly Gly Pro ser Val Phe Leu Phe Pro Pro
Lys Pro Lys Asp Thr 202530 P4182R1SEQ.TXT 354045 Val Ser His Glu Asp Pro Glu Val Lys Phe
Asn Trp Tyr val Asp 505560 Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin 657075 Tyr
Asn ser Thr Tyr Arg Val Val Ser Val Leu Th&\@zlﬁgéai_s&p%% Gin Asp Trp Leu Asn Gly Lys Glu Tyr

Lys cysshysnalcier den 9640010Ser pro Ser Seg Lteu ser Ala sSer val
1 5 1 15

Gly Asp Arg val Thr Ile Thr Cys Ser Ala Ser GIn Asp Ile Ser
20 25 30

Asn Tyr Leu Asn Trp Tyr Gln GIn Lys Prg Gly Lys Ala Pro Lys
35 4 45

val Leu Ite Tyr Phe Thr Ser Ser Leu His Ser Gly val Pro Ser
50 _ 55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser Ser teu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gln
80 85 30

Tyr Ser Thr val pro Trp Thr phe Gly GIn Gly Thr Lys val Glu
95 100 105

Ile Lys Arg

<210> 3

<211> 118

<212> PRT

<213> Artificial Sequence

<220>
<223> seguence is synthesized

<400> 3
Glu val GiIn Leu val Glu Ser Gly Gly Gly Leu val Gln Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Asp phe Thr
20 25 30

His Tyr Gly Met Asn Trp val Arg GIn Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Gily Trp Ile Asn Thr Tyr Thr Gly 6lu Pro Thr Tyr
50 55 60

Ala Ala Asp Phe Lys Arg Arg Phe Thr Phe Ser Leu Asp Thr Ser
65 70 75

Lys Ser Thr AlTa Tyr Leu Gln Met Asn Ser Leu Arg Ala GTu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Lys Tyr Pro Tyr Tyr Tyr Gly Thr
95 100 ‘ 105

Ser His Trp Tyr Phe Asp val Trp Gly GIn Gly Thr Leu

110 115
<210> 4
<211> 110
<212> PRYT
<213> Artificial Sequence
<220> .
<223> sequence is synthesized
<400> 4
Asp Ile GIn Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala ser val
1 5 10 15
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Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys 110115120 Gly Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro Ser Arg 125130135 Glu Glu Met Thr Lys Asn Gin val Ser Leu Thr cys Leu val
Lys 140145150 Gly Phe Tyr Pro Ser Asp lle Ala val Glu Trp Glu ser Asn Gly 155160165 Gin Pro Glu
Asn ASn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser 170175180 Asp Gly ser Phe Phe Leu Tyr Ser Lys
Leu Thr val Asp Lys Ser 185190195 Arg Trp,&iadeir&HnAsn Val Phe Ser Cys ser val met His Glu
200205210 Ala Leu His Asn HiS Tyr Thr Gin Lys ser Leu ser Leu ser Pro 215220225 Gly <210> 15
<211:55p50&p 159 F*Fﬁggg%}ﬂrﬁ 6i£%%@§énﬁ%§<220§122@35§h%é§%e is synthesized

Asn Tyr Leu Asn Trp Tyr Glin GIn Lys Pro Gly Lys Ala Pro Lys
35 ' 40

45
val Leu Ile Tyr pPhe Thr ser Ser Leu His Ser Gly val Pro ser
50 55 _ 60
Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75
Ser Ser Leu Gln Pro GTu Asp phe ATa Thr Tyr Tyr Cys GIn GIn
&0 : 85 90
Tyr Ser Thr val Prb Trp Thr phe Gly GIn Gly Thr Lys val Glu
95 100 105
ITe Lys Arg Thr val
110
<210> 5
<211> 118
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 5
Gin val GIn Leu val GIn ser Gly Ala Glu val Lys Lys Pro Gly
i - 5 10 15
Ala Ser val Lys val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
20 25 30
Ala Tyr val Ile ser Trp val Arg Gln Ala Pro Gly &1n Gly Leu
35 40 45
Glu Trp Met Gly Glu Ile Tyr Pro Gly Ser Gly Ser Ser Tyr Tyr
50 55 60
Asn Glu Lys Phe Lys Gly Arg val Thr Met Thr Arg Asp Thr Ser
65 70 75
Thr Ser Thr val Tyr Met Glu Leu Ser Ser Leu Arg Ser Glu Asp
80 85 80
Thr Ala val Tyr Tyr Cys Ala Arg Ser Gly Asp Gly Ser Arg Phe
95 100 105
val Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
110 115
<210> 6
<211> 111
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 6
Asg Ite val met Thg GIn Ser Pro Asp Seg ey Ala val ser Leu
1 15

Gly G1u Arg Ala Thr ITe Asn Cys Lys Ala Ser Glin Ser val Asp
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<400> 15 cys cys Val Glu Cys Pro Pro Cys Pro Ala Pro Pro val Ala Gly 151015 Pro Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp Thr Leu met 202530 lle Ser Arg Thr Pro Glu val Thr cys val val val Asp
val ser 354045 His Glu Asp Pro Glu val Gin Phe Asn Trp Tyr val Asp Gly val 505560 Glu val His Asn
Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn 657075 ser Thr Phe Arg Val val ser val Leu Thr Val Val
His Gin Asp 808590 P4182R1SEQ.TXT THai&ik s Ghlys Glu Tyr Lys Cys Lys Val Ser Asn Lys
Gly 95100105 Leu Pro Al&BPro lle Glu Lys Thr 1[25Ser Lys Thr Lys Gly &n 110115120 Pro Arg Glu Pro

Gin Vq‘k/-r[yﬁs-@r(sli'ﬁuAgéo%rgo‘%ﬁrﬁég %L“ﬁqj}’b ng Gin Gln Lys Pro G}%

Glin Pro Pro Lys Leu Leu Ile Tyr val Ala Ser Asn teu Glu Ser
50 55 60

Gly val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
65 70 75

Thr Leu Thr Ile Ser Ser Leu Gin Ala Glu Asp val Ala val Tyr
80 85 90

Tyr Cys GlIn GIn Ser Leu Gln Asp Pro Pro Thr Phe Gly Gly Gly
95 100 105

Thr Lys val Glu Ile Lys
110

<210> 7

<211> 449

<212> PRT

<213> Artificial seguence

<220>
<223> sequence is synthesized

<400> 7 :
Glu val GIn Leu val Glu ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15

Gly Ser Leu Arg ieu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45

Glu Trp val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
50 55 60

Ala Asp Ser val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser
65 70 75

Lys Asn Thr Ala Tyr Leu GTn Met Asn Ser bLeu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr
g5 100 105

Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu val Thr val ser ser
110 115 120

Ala ser Thr Lys Gly Pro Ser val pPhe Pro Leu Ala Pro Ser Ser
125 130 135

Lys Ser Thr ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys
140 145 150

.Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala
155 160 165

Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu GIn Ser Ser
- 170 175 180

Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser
185 190 135
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125130135 Met Thr Lys ASTI Gin Val Ser Leu Thr Cys Leu Val Lys Gly Phe 140145150 Tyr Pro Ser
Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro 155160165 Glu Asn Asn Tyr Lys Thr Thr Pro Pro met
Leu Asp Ser Asp Gly 170175180 Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp
185190195 Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 200205210 His Asn His Tyr
Thr Gin Lys Ser Leu Ser Leu Ser Pro Gly L¥§1%%§%§9& 1§210> 16 <211> 274 <212> PRT <213>
Artificigbsegiente <320pPhe223> seguence is Syathasized s49@>/6 Lear Gly Asp Thr Thr His Thr Cys
Pro Arg Cys Pro Glu Pr@®§s 151015 ser cys A2p5Thr Pro Pro Pro cys2Pdo Arg Cys Pro Glu Pro Lys

Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys
215 220 225

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
230 235 240

Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met
245 250 255

Ile ser Arg Thr Pro Glu val Thr Cys val val val Asp val Ser
260 265 270

His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val
275 - 280 285

Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn
290 295 300

Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His GIn Asp

305 310 315
Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Ash Lys Ala
320 325 330

Leu Pro Ala Pro ITe GTu Lys Thr 1le Ser Lys Ala Lys Gly Gin
335 340 345

Pro Arg Glu Pro GlIn val Tyr Thr Leu Pro Pro Ser Arg Glu Glu
350 355 360

Met Thr Lys Aén Gin val ser Leu Thr Cys Leu val Lys Gly phe
_ 365 370 375

Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly GIn Pro
380 385 390

Glu Asn Asn Tyr Thr Thr Pro Pro val Leu Asp Ser Asp Gly

Lys
395 400 405

Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp
410 415 420

Gin Gln G1y Asn val Phe Ser Cys Ser val Met His Glu Ala Leu
425 430 435

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly

440 445
<210> 8
<211> 214
<212> PRT
<213> Artificial sequence
<220> '
<223> sequence is synthesized
<400> 8 :
Asp Ile GIn Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly asp Arg val Thr Ile Thr Cys Arg Ala Ser GIn Asp val Asn
20 25 30
Thr Ala val Ala Trp Tyr GIn Gln Lys Prg Gly Lys Ala Pro Lys
35 4 45
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202530 Ser Cys Asp Thr Pro Pro Pro Cys Pro Arg Cys Pro Glu Pro Lys 354045 Ser Cys Asp Thr Pro
Pro Pro Cys Pro Arg cys Pro Ala Pro Glu 505560 Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
Lys Pro Lys 657075 Asp Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val val 808590 val Asp Val
Ser His Glu Asp Pro Glu Val Gin Phe Lys Trp Tyr 95100105 Val Asp Gly Val Glu Val His Asn Ala Lys
Thr Lys Pro Arg Glu 110115120 Glu Gin T§4A§5'R Fdl'q,g(l?he Arg Val Val Ser val Lea Thr Val
125130135 Leu His Gin Asp Trp Lea Asn IylLys U Tyr Lys Cys Lys Val 140145150 Ser Asn Lys
Ala Lé&Prosald ProTie @%‘ L&@Tﬁﬂlé’@@ﬂ-@ysﬂ%ﬁeor&s‘a@@‘e ilily Sgg

Ite
75

Gln
90

Glu
105

Asp Phe Thr Leu Thr

70

Thr
85

GIn Gly
100

Arg Phe Ser Gly Sgg Arg ser Gly Thr

ser Sser Leu GIn Pro Glu rhe Ala

80

Asp Tyr Tyr Cys Gln

His Thr Thr Pro Pro Thr rhe Thr val

- 95

val
110

Tyr Gly Lys

Ile val Phe Ile Phe

115

Ala
130

Lys Arg Thr Ala Ala Pro Ser Pro

120

Pro

ser Glu GIn Leu Thr val val

125

Asp Lys Ser Gly ser Leu

135

val
150

Cys

Leu Asn Asn Tyr Pro Glu Ala val GlIn

140

Gin
155

Arg Lys

145

GIn
160

Phe Trp Lys

Asn Ala Glu

165

Thr
180

Glu
195

Asp Leu Ser Gly Asn Ser Glu ser val Thr

GlIn Asp Ser Lys Asp Ser Thr Ser Thr

170

Tyr Leu Ser Ser

175

Leu

L.eu Ser Lys Ala Asp Glu His val Ala

185

Gly
200

Tyr LYS Lys

190

Pro val
- 205

Tyr Cys

val Thr His Gln Leu Ser Ser Thr Ser Phe Asn

210

LyS

Arg Gly GTu Cys

<210>
<211
<212>
<213>

<220>
<223> sequence is synthesized

<400> 9

9

360

DNA

Artificial sequence

50

tcctgtgeag
ccgecagget
gtggtaacac
agagacaatt
cgaggacact
gttatgcttt
gaggtgcagc
cctgagactce
<210> 10
<211> 327
<212> DNA
<213>

<220>

cctetgyatt
ccagggaagg
atactatgca
ccaégaacac
gcegtgtatt
tgatatctgg
tgtitggagtc
360

cacctteagt
ggctggagtg
gactccgtga
gctgtatctg
actgtgcgag
ggccagggta
tgggggaggc

Artificial seguence

aacgcctgga
ggtctecget
agggeeggrt
caaatgaaca
agcctececac
cactggtcac

ttggtacage
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tgagctgggt
attagtggta
caccatctcce
gcctgagagce
cgtatatrtag
cgtgagctea

ctggggggtc

100
150
200
250
300
350



P4182R1SEQ.TXT Thr Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro 170175180 Ser Arg
Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu 185190195 Val Lys Gly Phe Tyr Pro Ser Asp lle
Ala Val Glu T p Glu Ser 200205210 Ser Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Met Leu
215220225 Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 230235240 Lys Ser Arg
Trp Gin Gin Gly Asn lle Phe Ser Cys Ser VaI4M8etR245259255 His Glu Ala Leu His Asn Arg Phe_T_hr Gin
Lys Serleu Sanbetk260285270:5esPro GIY LY6 28 17 <211> 224 <212> PRT <213> Artificial

sequence <220> <223> sequence is synthesized
<400> 10

tctigttctg gaagaogotc caacatcggy agaaatgctg ttagttggta 50
tcagcagctc ccaggaacgg cocccaaact cctcatctat getaacagea 100
atcggecctc aggggtecct gaccgattct ctggcetecaa gtctggeace 150
tcagccteec tggcecatcag tgggotccgg tccgaggaty aggetgatta 200
ttactgtgca gcatgggatg gcagcctgaa tggtitgggtg ttcggcggag 250
gaaccaagct gacggtecca gtctgtgetg actcagecac cctcagegte 300
tgggaccece gggeagaggg  tcaccat 327
<210> 11
<211> 227
<212> PRT
<213> Artificial sequence

<220> )
<223> seguence is synthesized

<400> 11
Asg Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
5 10 15

Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
20 25 30

Leu Met ITe Ser Arg Thr pPro Glu val Thr Cys val val val Asp

35 40 . 45
val Ser His Glu Asp Pro Glu val Lys pPhe Asn Trp Tyr val Asp
50 55 60

Gly val Giu val His Asn Ala Lys Thr Lys Pro Arg Giu Glu G1ln
65 70 75

Tyr Asn Ser Thr Tyr Arg val val ser val Leu Thr val Leu His
80 a5 90

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
95 100 105

Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
110 115 120

Gly GIn Pro Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser Arg
125 130 135

Asp Glu Leu Thr Lys Asn GIin val Ser Lteu Thr Cys teu val Lys
140 145 150
Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly

155 160 165

Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
170 175 180

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
185 190 195

Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
200 205 210
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<400> 17 Pro Pro Cys Pro Ser Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro 151015 Ser val Phe Leu Phe
Pro Pro Lys Pro Lys Asp Thr Leu Met lie 202530 Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val
Ser Gin 354045 Glu Asp Pro Glu Val Gin Phe Asn Trp Tyr Val Asp Gly Val Glu 505560 Val His Asn

Ala Lys Thr Lys Pro Arg Glu Glu Gin Phe Asn Ser 657075 Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
His Gin Asp Trp 808590 Leu ASn Gly Lys GI% %iﬁ%gs C¥s Lys Val Ser Asn Lys Gly Leu 95100105 Pro

Ser Sefille Gly kys Thnllgiserlysidadiys égl 131,290 Arg Glu Pro Gin val Tyr Thr Leu

Pro Pro Ser Gin Glu Glu mét 125130135 Thr Lya2Asn Gin Val Ser LeuZBlsr Cys Leu val Lys Gly Phe
Tyr

Gly Lys
<210> 12
<211> 227
<212> PRT
<213> Artificial sequence
<220>
<223> seguence is synthesized
<400> 12
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 .5 10 15
Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
20 25 30
Leu Met Ile ser Arg Thr Pro Glu val Thr Cys val val val Asp
35 40 45
val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
50 55 60
Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln
65 : 70 75
Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His
80 85 90
GIn Asp Trp Leu Ash Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
95 100 105
Lys Ala teu Pro Ala Pro Ile Glu Lys Thr Ite Ser Lys Ala Lys
110 115 120

Gly Gln Pro Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg
125 130 135

Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu val Lys
140 145 150

Gly phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
155 160 165

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
170 175 180

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser
185 190 195

Arg Trp GIn GlIn Gly Asn val Phe Ser Cys Ser val Met His Glu
206 205 210

ATa Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
215 220 225

Gly Lys
<210> 13
<211> 226

<212> PRT
<213> Artificial sequence
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140145150 Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu 155160165
p4182R1sEQ.TXT 170175180 Phe Phe Leu Tyr Ser Arg Leu Thr val Asp Lys Ser Arg Trp Gin
185190195 Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 200205210 ASn HiS Tyr
Thr Gin Lys Ser Leu Ser Leu Ser Leu Gly Lys 215220

P4182R1ISEQ.TXT

<220>
<223> sequence 15 synthesized
<400> 13
Asp Lys Thr Mis Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 5 10 15
- Gly Gly Pro ser val phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
20 25 30
Leu Met Ile Ser Arg Thr Pro Glu val Thr Cys val val val asp
35 40 45

val Ser His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp
50 55 60

Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg GIu Glu Gln
63 70 75

Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu His
_ 80 &5 _ 80

GIn Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn
: g5 100 105

Lys Ala Leu Pro-Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys
110 115 120

Gly GlIn Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg
125 130 135

Asp Glu Leu Thr Lys Asn GIn val Ser Leu Thr Cys teu val Lys
' 140 145 150

Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly
155 ' 160 165

GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser
170 175 180

Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser

185 190 195
Arg Trp GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu
200 205 210
Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
: 215 220 225
Gly
<210> 14
<211> 226
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 14
Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu
1 5 10 15

Gly Gly Pro ser Vgg Phe Leu Phe Pro Prg Lys Pro Lys Asp Thr
30

Leu Met Tle sSer Arg Thr Pro Glu val Thr Cys val val val Asp
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val
Gly
Tyr
GIn
Lys
Gly
Glu
Gly
Gin
Asb
Arg
Ala
Gly

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>
Cys
1
Pro
Iie
His

Glu

Ser

Ser
val
Asn
Asp
Ala
Gln
Glu
Phe
Pro
Gly
Trp

Leu

15

225

His

Glu

Ser

Trp

L.eu

Pro

Met

TYr

Glu

Ser

Glin

His

PRT

Artificial sequence

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Phe

Gln

Asn

35

Asp
50
His
65

Tyr
80

Asn
95

Ala
110

Glu
125

Lys
140

Ser
155

Asn
170

Phe
185

Gly
200
His
215

Pro
Asn
Arg
Gly
Pro
Pro
Asn
ASp
Tyr
Leu
Asn

Tyr

Giu val

Ala Lys

val val

Lys Glu

Ite Glu

Gin val

Gin val

Ile Ala

Lys Thr

Tyr Ser

val pPhe

Thr Gln

seguence is synthesized

15
Cys

Ser

Ser

Glu

val

Thr

val Glu Cyg Pro

val

Arg

ASp

His

Phe

Phe

Thr

Pro

Asn

Arg

Leu
20

Pro
35

Glu
50

Ala
65

val
80

phe

Glu

val

Lys

val

Pro Cys

Pro Pro

val Thr

Gin Phe

Thr Lys

ser val

PALB2RISEQ. TXT
40

LysS

Thr

Ser

Tyr

Lys

Tyr

Ser

val

Thr

Lys

ser

LYS

Pro

LyS

Cys

Asn

Pro

Leu

Phe
55
Lys
70

val
85

Lys
100

Thr
115

Thr
130

Leu
145

Glu
160

Pro
175

Leu
190

Cys
205

ser
220

Ala
16

Pro
25

val
40

Trp
55

Arg
70

Thr
85

Asn

Pro

Leu

Cys

Ile

Leu

Thr

Trp

Pro

Thr

ser

Leu

Pro

LYS

val

Tyr

Glu

val
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Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val

val

Ser

Pro

AsSp

val

val

Glu

val

Tyr
Glu
val
val
Lys
Pro
Leu
ser
Leu
Asp
Met

Leu

val
Thr
Asp
Asp
GIn

His

val

Glu

Leu

Ser

Ala

Ser

val

Asn

Asp

Lys

His

Ser

Ala

Leu

val

Gly

Phe

45

ASp
60

Gln
75
His
90

Asn
105

Lys
120

Arg
135

Lys
150

Gly
165

Ser
180

ser
195

Glu
210

Pro
225

Gly
15

Met
30

Ser
45

val
60

Asn
75

Asp
80



Trp Leu Asn Gly Lys Glu Tyr Lys
a5

l.eu Pro Ala Pro Ile Glu Lys Thr
110

Pro Arg Glu Pro GIn val Tyr Thr
125

Met Thr Lys Asn GlIn val Ser Leu
140

Tyr Pro Ser Asp Ile Ala val Glu
155

Glu Asn Asn Tyr Lys- Thr Thr Pro
: 170

Ser Phe Phe Leu Tyr Ser Lys Leu
185

GIn GIn Gly Asn val pPhe Ser Cys
200

His Asn His Tyr Thr Gln Lys Ser
215

<210> 16

<211l> 274

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<400> 16 '
Lei Gly Asp Thr Thg His Tht Cys

ser Cys Asp Thr prc Pro Pro Cys
20

ser Cys Asp Thr Pro Pro Pro Cys
35

Ser Cys Asp Thr Pro Pro Pro Cys
50

Leu Leu Gly Gly Pro Ser val phe
65

Asp Thr Leu Met Ile Ser Arg Thr
80

val Asp val Ser His Glu Asp Pro
95

val Asp Gly val Glu val His Asn
110

Glu Glin Tyr-Asn Sgr Thr Phe Arg
125

Leu His GIn Asp Trp Leu Asn Gly
140

Ser Asn Lys Ala Leu Pro Ala Pro
155

P4182R1ISEQ.TXT

cys

Ile

Leu

Thr

Trp

Pro

Thr

Ser

Leu

Pro

Pro

Pro

Pro

Leu

Pro

Glu

Ala

val

Lys

Ile

Lys
100

Ser
115

Pro
130

Cys
145

Glu
160

Met
175

val
190

val
205

ser
220

Arg
16

Arg
Arg
40

Arg
55

Phe
70

Glu
85

val
100

Lys
115

vat
130

Glu
145

Glu
160

val ser
Lys Thr
Pro Sser
Leu val
Ser Asn
Leu Asp
AsSp Lys
Met His

Leu Ser

Cys Pro
Cys Pro
Cys Pro
Cys Pro
Pro Pro
val Tthr
Glin Phe
Thr Lys
Ser val
Tyr Lys

Lys Thr
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AST
Lys
Arg
Lys
Gly
Ser
ser
Glu

Pro

Glu
Glu
Glu
Ala
Lys
Cys
Lys
Pro
Leu
Cys

Ile

LyS
Gly
Glu
Gly
Gln
Asp
Arg
Ala

Gly

Pro
Pro
Pro
Pro
Pro
val
Trp
Arg
Thr
LYS

Ser

Gly
105

Gln
120

Glu
135

Phe
150

Pro
165

Gly
180

Trp
195

Leu
210

Lys
225

15

LYS
30

LYS
45

Glu
60

Lys
75

val
90

Tyr
105

Glu
120

val
135

val
150

Lys
165



Thr Lys Gly Gin Pro Arg Glu Pro
170

" Ser Arg Glu Glu Met Thr Lys Asn
185

val Lys Gly Phe Tyr Pro Ser Asp
' 200

ser Gly GIn Pro g?u Ash Asn Tyr
15

Asp Ser Asp Gly Ser Phe pPhe Leu
230

Lys Ser Arg Trp GIn GIn Gly Asn
245

His Giu Ala Leu His Asn Arg Phe
260

Ser Pro Gly Lys

<210> 17

<211> 224

<212> PRT

<213> Artificial sequence

<220> )
<223> sequence is synthesized

<400> 17

Pro Pro Cys Pro Ser Cys Pro Ala
1 5

ser val Phe Leu ng Pro Pro Lys

ser Arg Thr Pro Glu val Thr Cys
35

Glu Asp Pro Glu V?g GIn Phe Asn

val His Asn Ala Lys Thr Lys Pro
65

Thr Tyr Arg val Vgé Ser val Leu

Ley Asn Gly Lys Gég Tyr Lys Cys

Pro Ser Ser Ile Glu Lys Thr Ile
110

Arg Gtu Pro GIn val Tyr Thr Leu
125

Thr Lys Asn GlIn val Ser Leu Thr
140

Pro Ser Asp Ite Ala val Glu Trp
155

Asn Asn Tyr Lys Thr Thr Pro Pro

P4182R1SEQ.TXT

Gin

Gln

1le

Lys

Tyr

Ile

Thr

Pro

Pro

val

Trp

Arg

Thr

Lys

Ser

Pro

Cys

Glu

val

val
175

val
190

Ala
205

Thr
220

ser
235

Phe
250

GTn
265

Glu
10

LysS
25

val
40

Tyr
55

Glu
70

val
85

val
100

Lys
115

Pro
130

Leu
145

Ser
160

Leu

Tyr

Ser

val

Thr

LYysS

ser

Lys

Phe

ASp

va'l

val

Glu

Leu

ser

Ala

Ser

val

Asn

Asp
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Thr
Leu
Glu
Pro
Leu
Cys

Ser

Leu
Thr
Asp
ASp
Glin
His
Asn
Lys
Gln
Lys
Gly

Ser

t.eu
Thr
Trp
Pro
Thr
ser

Leu

Gly
Leu
val
Gly
phe
Gln
Lys
Gly
Glu
Gly
GIn

ASp

Pro

Cys

Glu

Met

val

val

Ser

Gly

Met

Ser

val

Asn

Asp

Gly

Gin

Glu

rhe

Pro

Gly

Pro
180

Leu
195

Ser
210

Leu
225

Asp
240

Met
255

Leu
270

Pro
15

Ile

30

Gin
45

Glu
60

ser
75

Trp
90

Leu
105

Pro
120

Met
135

TYr
150

clu
165

ser



P4182RISEQ.TXT
170 175 180

Phe Phe Leu Tyr Ser Arg Leu Thr val Asp Lys Ser Arg Trp GIn
185 190 195

Glu Gly Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His
200 : 210

Asn His Tyr Thr Gin Lys Ser Leu Ser Leu Ser Leu Gly Lys
215 220
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