HER2/neu-Specific Antibodies And Methods Of Using Same [00011This application claims priority to
United States Patent Application Serial No. 61/041,649, filed April 2, 2008 (pending), which application
is herein incorporated by reference in its entirety. Reference to Sequence Listing: [00021This
application includes one or more Sequence Listings pursuant to 37 C.F.R. 1.821 et seq., which are
disclosed in both paper and computer-readable media, and which paper and computer-readable
disclosures are herein incorporated by reference in their entirety. Background Of The Invention: Field
Of The Invention: 100031 This invention relates to novel 4D5 antibodies that specifically bind
HER2/neu, and particularly novel chimeric 41)5 antibodies to HER2/neu, which have reduced
glycosylation and altered effector functions as compared to known 4D5 antibodies. The invention also

prognosis and HOFARY o1 DR B A AU TR GEHR R X Horirs, ana

infectious disease.  Description of the R@m@g tSHER3Meu and HER2/neu Receptors
[0004]Cellular growth and differentiation processes involve growth factors that exert their actions
though specific receptors such as the tyrosine kinases. The binding of lizand to a tyrosine kinase
receptor triggers a cascade of events that eventually lead to cellular proliferation and diﬂ‘erentiation.
(Carpenter et at (1979) Biochem. 48:193-216; Sachs et at (1987) Cancer Res. 47:1981-8196).

Tyrosine kingspriecentats ganaecslassifiediniaseveraharoups-onthebasisiofiseaugncesimilarity

and distinct f f IS the rb idermal growth factor receptor family, which -
includes mul&gﬁg{r’%?zg%%rs r?g\%\iii@g ERZE(a s%%n%a/ PR dF Tnd?%@ﬁﬁf HER 5B ER 2/neu
(also known #seei#sB-2, c-neu, or p185), HER-3 (also known as erbB-3), and HER-4 (also known as
erbB-4). (See, e.g., Carpenter et at, supra; Semba et al. (1985) Proc. Natl. Acad. Sci. (U.S.A.) 82:
6497-6501; @eusseostetrl(kasblsarnce, 230:1130- 1139, Bargmann et at (1986) Cell 45:649-657;
Kraus et at (1989) PNAS 86: 9193-9197; Carraway et at (1994) J. Biol. Chem. 269:14303-14306; and

Plowman et 1995 Haluta 266, 473415, Tebal AL ALASONIO, Chem, 26 22296.25035)

[0005]The ErbB receptors p important roles in rop gating si als regulating ce eratlon
differentiatiofam3Hity, ErdapestodisLEBtRERF a*rra%% ﬁﬁécé@%éﬁ%@ﬁ@%%n
tumorlgenesmn(ﬁlammme&h@%&)ﬁmemm by el Ry Rotexaniple ctaeactivation of erbB
receptors is coupled to and stimulates downstream IVIAPK-Erk1/2 and phosphoinositide-3- kinase
(PISK)/AKT gsowih-aiith P ivelinelaways. The deregulation of these pathways in cancer has been
linked to disease progression and refractoriness to therapy. (Fukazawa et at (1996) J. Biol. Chem. .
271:14554-14559; éﬁ{?gg at&([}%% Mol. Cell. Biol. 16:5276-5287; Lange et at (1998) J. Biol. Chem.
273:31308-31316; oy {£8598YMol. Cell. Biol. 18:5042-5051; Hackel et at (1999) Curr. Opin.
Cell Biol. 11:184-189). Activation of P13K/AKT promotes cell survival and enhanced tumor
aggressivend$¥3hnd ART iypadoree da e LA atEbosid Bk respiiedieling HER2/meu, and
HER2/neu-oyerexpressing! l&rﬁ@.aﬁ:canseﬁﬁ;b@hako(M@Mm&@&@@&&&&@@'&%&}%& Byang et at

(2000) Clinicgl Cancer Re 2166-2174. Bacus et at, 02 Oncog e.21: 3532 354
[00061S|gnaan% %m %ﬁ grghsllisofmgceggrs%s mnu?t’gc%}y?lgand mH’ng |c}f§°tﬁe§‘)été§'s Phomo- or

hetero-receptsthelisiriohe petherbvcns FOSRIs TS SpRoRARE S ofintee cjeapissmicstaits, and
activation of ipéfasefulesignakl ansgiset] QR PRRWRYS sk | @%@ﬁhﬁm&%ﬁgﬁ%ﬁ@. The
availability of Ji ands that bind to and activate the ErbB receptors is mediated by various
metalloproteases “such as the ADAM (A Disintegrin And Metalloprotease) family of zinc-dependent
metalloproteases, whighs 5%y&q§@ﬂ{§ﬁg@c&%ptodomaln shedding of specific proteins. (See Chang
and Werb (2001) Trends in CeII Biology 11:537-543; Moss and Lambert (2002) Essays in Biochemistry
38:141-153; ﬁ% %r&d C 20032_ Genes and Development 17:7-30). Specifically, the ADAM
family has been shown o C eave gan 5sponslble for activating the ErbB receptors, such as APP
and Notch. (Blobel (2005) Nat. Rev. Mol. Cell. Biol. 6:32-43). WO 2009/123894PCT/US20091038201
[0007]An imd8Hsht mEMBEF SFINE: BRI “HPE RDASEHS i T8 RTE: reseptdhpowintittiat was
originally identified @ tiae protiuctebtie tmensfoiming:geneiem TiewnbiastmasObehemigally treated
rats. HER2/ngy.agbeen extensivelyinvestigated %@k&gs%% foyplelne era'f&%m%f?g%r 'gngj

and in mammallan developméent. (Hynes and Stern (1994 him. et BIO

and Dougall SiEFes%- d{%&ﬁ@ﬁé@ 21 019" 7’21?3"‘1@@% éﬁw%f@%%iﬂﬁtﬁ?eﬂs?@%—@@%) RFhe human
HER2/neu gend ek HER 2Mpauipr tiein: arecgrsctibett idSambat a508e)pras NadaAcad. Sci.
(U.S.A)) 82:6497-6501 and Yamamoto et al. (1986) Nature 319:230-234, and the sequence is
available in GenBank as accession number X03363. HER2/neu comprises four domains: an
extracellular domain to which ligand binds; a Iipoph“ll}c'transmembrane domain; a conserved
intracellular tyrosine kinase domain; and a carboxyl-terminal signaling domain harboring several
tyrosine residues that can be phosphorylated. (Plowman et at (1993) Proc. Natl. Acad. Sci. (U.S.A.)
90:1746-1750). The sequence of the HERZ2ineu extracellular (ECD) domain was described by Franklin
et at (2004) Cancer Cell. 5(4):317-328, and is available in Protein DataBank Record 1578 (2004).
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Inc.) was developed and approved for treating cancers involving the overexpression or gene
amplification of HER2/neu, including breast cancer. (Cobleigh et at (1999) J. Clin. Oncol.
17:2639-2648). Trastuzumab inhibits the APMA-mediated cleavage of HER2/neu into the ECD and
p95 portions A 9 ts believed to work in vitro through different mecﬁgﬁfgﬁ?g?%éﬁi&]ing the
possible inhibition of HER2/neu shedding. (Pegram c/at (1998) Journal of Clinical Oncology
16(8):2659-2671; Baselga c/at (2001) Seminars in Oncology 28(5)(suppl, 16):4-11; Baselga c/at
(2001) Ann&tsusP@ntwiady 1ol @eist. f9rsss-Queryuchraaly il thB P RER Yarioud disiibacks,
however, suehas Gardigtoneityanddavelgumenipafiidbifnres pemse saasspinenpatienrs [06014] Thus,
there is still e improved forms of | 2/ney antibodies foruSe, | therapies, for
example 41’%%E *t(ijg{gc%gsgﬁaﬁvﬁlr%%ﬁ%rggging affllr%%;%)grﬁ?p’e%m %Eé?ﬁﬁe%%ﬁ%ﬁﬁ%?%%%m or HAHA
responses, #tBrad BHSES-furiktore s FibAIRe. FEREdeptEFRTHI1% | The Rtk raetbh 6+
antibody-antiges) eamplexescadtisdel(ls. Qithelinonearsdy stenssasetts. il Eiyisacaceayof responses,
ranging fror, effeglor Iunctions syeksas-antizody-genepdant.eylptoredy plarst celldegayyation, and

phagocytosis to immunomodulatory Signals such as regulating lymphocyte proliferation and antibody
Secretion. ATFEEEE FerALNS 48T G HrEg 1 i T BF B e dR A AEh iBcles or
immune codiplaresitalacaecdpioss BivhiCheare epecitlize t8ll surface receptors on hematopoietic
cells. The diversity of cellular responses triggered by antibodies and immune complexes results from
the structurgldasterogepeitipf kefeseinss.ihpreaenioss sharepsiuiciraly.relaiadatigandibinding
domains which, presumably mediate intracellular, sianaling; 209164 The 6 fesapiors, mempers of the
|mmunoglok5’u(f|n gene super%aml?y o’?proﬂ(élns, are surface glycoproteins that car?rblnd.the e portion of
immunogloBuliibleBarEsnEsich Hath e 'of H88rasiffyerétb gtzé S imtvTuriagdb thinh & BY8Ke or more
isotypes threughbpardepgnitiosupiaman Onitheas:s chaimehihekeraoepindshegepiossiare-defined by

ther specifgity JopAURAUIoRUin HANRES FRISRCARISIRLING 1S HEIETGH i85, ERYR. " for I0E as
"FsR," and for 1gA as"FcaR." Ditferent accessory cells bear Fe receptors for anti odies of different
isotype, andith&sebtiffeddeifiscasstiogrssaatetidindeiminr atcBesey, caeiiit 56 ¥nddged in a given
response (Biliadeatetat:(200R) 4h5G|inzalnyestigat. 92¢1 09 1641 81ip Getiseres mi7,(2ogt)dvticrobes

~ Infection 3:é%é‘)%‘.’?}?!%%Véﬁ%ﬁ.eiﬁ%%%@&ﬁ%%%@é’% Inmungbs} Ve AP HRAV eI £lafs2000)

Science 290:84-89; Ravetch (1994) Cell 78(4 0; Ravetch et at %199{1%)16Annu. Rev. linmunol.
0:457-492; SEkEI<H At aRcEBlogy T el Mitluhk S5 Hfiyalitihodh b Bk i @nireteh 099),
Elsevier Sciemceal teiiG anlamdeP ublishiaggrédevenéor kA m8U@rviesy mpuardous recepterslisupresented in

Table 1. TA&EE;&;@%@&Fm%ﬁﬁQIn%%%%g%@%s@EJ@%%'0@11'4'!9 (sRvPes.Reespter Kipging Cell
TypeEffect of Ligation FcryRI (CD64)FI£ 51108 M' Macrgﬁgﬁa es Neutrophils Eosingphils Dendritic

cells Uptake Sfitrididabiipei/atichot FAErafeRTATInGINH SF Ry EegrRAI%A) (B15%85799G1 2 x
106 M1 Magéicptiagesitosinophil s Dendriliccells Platelets Langerhan cells Uptake Granule release , 1
FcyRII-B1 (CD32) 1gG1 2 x 106 Mil B cells Mast cells Nouptake

[0006] Signaling by the ErbB family of receptors is initiated by ligand binding which triggers
homo- or hetero-receptor dirmerization, reciprocal tyrosine phosphorylation of the cytoplasmic
tails, and activation of intracellular signal trapsduction pathways. (Citri ef af. (2003) Exp. Cell
Res. 284:54). The availability of ligands that bind to and activate the FErbB receptors is mediated
by various metalloproteases, such as the ADAM (A Disintegrin And Metalloprotease) family of
zinc-dependent metalloproteases, which catalyze cell surface ectodomain shedding of specific
proteins. (See Chang and Werb (2001) Trends in Cell Biology 11:537-543; Moss and Lambert
(2002) Essays in Biochemistry 38:141-153; Seals and Courtneidge (2003) Genes and Development
17:7-30).  Specifically, the ADAM family has been shown to cleave ligands responsible for
activating the ErbB receptors, such as APP and Notch. (Blobel (2005) Nat, Rev. Mol. Cell. Biol.
6:32-43).



Inhibition of Stimulation Fc7121,1-B2 (CD32) IgGl 2 x 106 M1 Macrophages Neutrophils Eosinophils
Uptake Inhibition of Stimulation FcafRIll (CD16) IgG1 5 x 105 Mil NKcells Eosinophils Macrophages
Neutrophils Mast Cells 1 Induction of Killing FccRI IgE 1010 NI-' Mast cells Eosinophil Basophils
Secretion of §f@I84BEYR1 (CD89) IgAl,IgA2 107 M"1 Macrophages Ne#&&AH8EBEYphils Uptake
Induction of killing 100171Each Fey receptor ("FcyR") is an integral membrane glycoprotein,
possessing extracellular domains related to a C2-set of immunoglobulin-related domains, a single
membrane [8f8Aning domiriaanuharbintrfi et dipbds fmig o DY wfuvérimbs IdhythecPherectgie four known

FcyRs, desiginaied beyRliCREHRHCHRN:(RBE) Jr eItk d QRN RCYRIGIEREEe GRPtors are

encoded by distinct genes; how: the extensive haomology between the family members suggest
thoy arose SO S LT BroG AP U AEE SN GUBIISBUT! U SLM HUAAR G ind
inhibitory sidjazi mescirgmes veddithrsuietiae FapRerfoliowitilytigatioh Stes&StHarBteidallysopposing
functions resupfvem structralsdiferances.ameng thediffergatsacepios ispfonns..J wo fistinct domains
within the cytoplasmic signaling domain he recepto immunoreceptor. tyrosine pased
activation mxéﬁ%e(?% s)%?)?)i'rggrﬁﬁ%%nrlé‘%gpﬁ%@fﬁoﬁﬁﬁ%@@ﬁgﬂ%ilf(r)?tf%%r |f%g ﬁ?ﬁéfg ggggﬁnt for the

different respetise88IHE R Araitndsad ofcdifféfent SAGHIASTIG erdyimpameidresé stPdeiuvesrdictates the

outcome of the FoyR4madiated gelltlas 12SRORSES HEAM-SOMRIRIBY ey complexasinglide FcyRl,
FcyRIIA, FcyRILA, and FcyRIV., whereas ITIM-containing complexes only include FCyRIIB.
100191Fe|/|%lolmd}|§f)?\é;}sg R ﬁoa ?llrt%ffy for tﬁ(gflgﬁtllf)l%rdé %%ﬁsn_gtga%t. r‘é%]i%én gﬁ%%ls)ﬁlfég‘:’e& is%gt/%h_el% gpecificity
(Hulett and TS aFRPTISIWy ARy 4 ATTGIEH STract by, treyRe inetefiotire ad Kb wtdirarntmbrane
glycoproteingdtiichibindnhonlydhe; coraplexesdg tstiues tha davbaffiniynieymanopnasigage(106 M-1). This

receptor is egoptidely expigssed Fevanesanen-al heriatopgjetic.celis,nddiag ponocytes.

macrophages, B cells, NI( cells, neutrophils, mast cells, and platelets. FcyRIl has only two

immunoglolssiiAeikdaedioRs damrinmaisegibmum Brifgeerai e faree et deh IdwéRatfinity for
IgG than FeyRls Thdedlaie threie kaeBmhRmead EOyRIgenes (FcyRII-A, FcyRII-B, FcyR1I-C), all of
which bind 1gG in aggregates or immune complexes. Human neutrophils express the FcyRIIA gene.

The FcyRI1@mene iserressed@os Jy npbeaytessiteeyitacelandomainsis 96%eddantiesl to FeyRIIA
and binds I%sGbrCe%E? z?ILI(;,g(es ivn an irég(i;gltin Liishabg%eganrig@'/n@qzo Dristinct (%iffeig_%(g/e,s Mthin the
cytoplasmic domains O?F%yaﬂ?f’-/i and cylﬁlgl-cé Creéate two Tunc |8ne§ﬁ§/€ T3 é?ogenofj% rélsl‘fﬁ)a(r)lnses to
receptor lig&tRsH. THe TR cANsStiforhd iHithatedidist atdl iagrsigialifigifehdingtierlkadtimation such as
phagocytosisaanckkenpiralonsinst, whaiaas: the FoyR|kd-isefomiinitiatessiphibitarnsignsds, e.g.,
inhibiting B-ggll actiyation..EcyR|IA ¢l ringvia.jmmune complexes or specific antibody cross-linking
s S PR
phosphory| 380 T ANFisREeh RbRaitsrree ke melito cxing sialitor Sy Kdnaseokativatiod: of which
results in agtivatien:od tlawdastisaesulStates/(e1.ers FIdkkCetlotar, activationleadsoaclease of

proinflamm%gqgg_égegi@l@ﬁm\gg@ratlggﬂr%}ggr %S%gl:&gﬂr:?&adft)ed along with an activating FcyR having an
HAM, such as FcyRIIA or FCERI, the ITIM in FeyRI1B becomes phosphorylated and recruits the SH2

{0069] Activation of HER2/neu has been correlated with reduced clinical responsiveness fo |
hormone therapy in breast cancer patients, (Wright et al. (1989) Cancer Res. 49:2087-2090;

Kurokawa & Arteaga (2001) Clin. Cancer Res. 7:4436s-423, 44115-4412g8). Indeed, HER2/neu

expression is sufficient to convey anti-estrogen resistance. (Benz ct. al. (1993) Breast Cancer Res.

Treat. 24:85-95). HERZ2/neu, as well as HER-3, also appears to be involved in the onset of
hormone resistance in prostate cancer patients. Approximately one-third of prostate cancer patients

receive hormone therapy treatment aimed at disrupting the action of testicular and adrenal

androgens. As with breast cancer, resistance 1s inevitable. Recent data suggests that signals

emanating from HER2/neu and HER-3 induce a “hormone-refractory” state. (Mellinghof¥ et, al.

(2004) Cancer Cell 6:517-527),



domain of the src homology 2-containing inositol phosphatase (SHIP), which in turn is phosphorylated
and associates with Shc (Ott (2002) J. Immunol. 162(9):4430-4439; Yamanshi et at (1997) Cell
88:205; Carpino et at (1997) Cell 88:197). SHIP hydrolyzes phosphoinositol messengers released as a
consequence’d? HRNEEShtaining FcyR-mediated tyrosine kinase activatioft E&H3EEHé#FN preventing
the influx of intracellular Ca++, and dampening cellular responsiveness to FcyR ligation. Thus, B cell
activation, B cell proliferation and antibody secretion is aborted, and FcyR-mediated phagocytosis is
down-reguld#88i{ Trideavdupambetiat @002)idBiolsi@herh HERARR6082k89Yn[0021 | Spwpifically,
coaggregat%@itéaqs@h%ae{m&%?&%ﬁa@w%ﬁ@wms&elgeum ef-ehespbarylafirmeEAkt whichis a
serine- threonlnfs kinase that is invo in cellylar regéélal{on and serves to su

pre tosis, and
coaggregatish:of EL)R EBSTHT FRERIgH s f)y gt YAt B St R d %We??%n%%bltlon of
antigen-indgéed ﬂ@@@hh@tﬁﬁoﬁ%%ﬂ@@ﬁﬁ bRt A BPy telkin € ProdubticrR 6Rg599%) Annu Rev.

Immlﬁnol 17&&@&4&}@?«1{%@% AtELAGA: P&M@i@ﬁadﬁ&)&é@ ﬂe@%ex@gamdgatﬁm %ﬁ%@li??:@n? the
B-ce recepto R of BCR-mediate nd jnhibition of cell cycle
progressmnpaﬁ/é %glaﬁgsﬁé%awﬁt%%ug ﬁh?ﬁeroe 5 ?f)e)(]: r)ﬁ'J %ons o# f{dﬁ%mmd a%d inhibition
of BCR signilitifjisge i dutaiad itHhssgRs Hirmeseseyrrtisas phen @@m@méﬁa@aﬂmwker of

|ipopoIysaceimmc(bﬁ&@ﬁﬁaiaaﬁd@ce@ﬂ@&w@buﬁ q&iemumicﬁyequ&itc&igrmiaam 2973-

FeyRIIB-m ed inhi b| |on |I|z a
phosphorylezgt?g% BE:FgSWEIrér QQ)? gu 2001 i Jontfr(')na ?ﬁ%ﬁoﬁo&gy 1 ?1)&%%52 Q}H f%ogff he size of
FcyRIIl rangésBtdreen #0 drfg sokDRiHembtie %%ﬁ e td Wt@rog’énﬁi@e\/\ﬁi‘ﬁﬁ%}‘ﬁ% class. Two
human genescengadenyvorifansceipls, FeyRHtphanintegral membranamglycpprotewidad#CyRIBB, a
glycosylphogphatidyl:nesitpl LGP RANKS . YEFIBR:ARe MUrne, gene enGodes A fO¥REhL.

homologous to the membrane spanning human FeyRIIIA. The FeyRIli shares structural characteristics
with each of #hEBRREFRFEF LR RO GRE RS RA MRS R BRI R RSSO e ot simikP a4 diffains the
corresponding twekkirdteliutasig- ke HonailpSDREYRIHA.is. gxp)ﬂeﬁﬁedzmlmamnph@gesmast cells, _
and is the e Faudn IS coln I ERIsNSE eV RIS, CHUSIbINBND [8.heexrgssed only in

human neutrophils. [00231FcyRIV (also known as mFcRTV) requires association of the
gamma-chaifr P op GATSBRpTeL5I51 SRePRInEHRIS: dﬂl}ﬂy@r&ﬂe%ﬂs‘g"ﬁ?@Qﬂ‘éﬁ‘r’@%tﬂﬁ‘ff’é‘i f§ also
enhanced bseecoyddplasonic ) EERPParetiNthatsreridis the adaptor molecule Crk-L and
phosphatidylinosito1-3- OH kinase. FcyRIV preferentially binds immunoglobulin E antibodies of the b
allotype (IgE&jiap welhaselgtazashnehl gz antionsiesvkiggiieniad beyR I&@yrwatiga&dg&btimmune
complexes prome ﬁ:@%%@ﬁ%%%%ﬁ%ﬁ% 3 R0 t%hS JESRNAton.of %E‘é'@e”'é L aflls
production of proinfla=at y cytoldnes and ate phase o cutaneous a Clle gic re CtIOFI |rano et al.
(2007) Natufe*fiistin sl s iras- ?ﬂshqrémrwg &%’@éﬁl&ﬂw@?ﬁﬁﬂéﬁf e SReRERHIYS RN all
mammalian{Bpeigsavith {ntermediateraiiFityl sridisasiriateskswhalasp speCihicity sdNinagaerahn et al.
(2005) Immypiy23:41- ?1]99%\/ H%a«)efx%b {8920 npanegenclies, Rl 403405, Davis gLal. (2002)

Immunol Rev 190:23-3 ég e=an PcR V are physiologically important activation FCRs for mediating
inflammatoryPtie8iss V8B BRIy ESROTSKIC SHEBEARY IS tETTe Mcimrsti ke cBRtplais °FoRIV is

found on deriBRtiowetisidnasrophiages binanrokyitesvandoneurppiils S 4eaR4De spite %l Serol advances,
a need remains forLANY:HERI/NGUaBINGISS AL PAFSESE dasraRaUln Wae 4 Hhe teatment of

autoimmmity, cancer, inflammatory disease, and/or transplantation, and exhibit improved ability to
mediate eﬁé@ﬁﬁlrs RO o RS retopors 2 rhd HRRSE f HyvETSh fosseradd 13 Whd other
needs. Sunmifiemye] GO 25] 20D diknentsRef.tie: THsEEEreAprongid e viari 6 HolyPbyptideSpfoivexample a
polypeptide eerggrisingy@n imactunortiobuiin light chain variable domain having the amino acid
sequence of SEQ ID NO: 4, a polypeptide comprising an immunoglobulin light chain having the amino

acid sequeniof SR RN & AR RIRRIRE AT ASIIEILADE raRgigbuln loh

chain comprising an N65S substitution: Other em odiments provide a ypeptl e comprising an

immunogloBtATRe SRR chei ATRR Y e deserr ek firs srambies Earpennce i arjivedtide,
comprising amimmuiingtatvdlind ea\syelaiinihaging aramingiacid seqian cetiseteatad frieimithe group
consisting of 3R FRMNG/2 %%Qési@eé\'@w]&es@qg ﬁ?ﬁ%&&h&g}a&%g{aﬂ aROlRGPYdg.camprising a

4D5 immtmoglobulin hea chain compris arious substitutions. [0025a]in one aspect, there is
provided ancﬁ?ﬁﬁdﬁgb}ﬁﬂh R cRiBHE @Clﬁﬁag%Fﬁlﬂ%@ﬂl R RIS MARERS 4BPIRifRunoglobulin
light chain variable:ddrhairecpmpsisghanidSSasupstit(torr and/(B) %A otype plide sompsising a variant
4D5 immunoglobulin heavy chain variable domain, CH2 domain and CH3 domain; wherein: (2) said
light chain variable domain and said heavy chain vdriable domain form an epitope binding site
thatimmunospecifically binds to an epitope of HER2/neu; and said CH2 and CH3 domains form an Fe
region having at least one amino acid modification relative to the amino acid sequence of a wild-type
Fe region. [00261The polypeptides may be antibodies, and may specifically bind hamar SER2/nen.
The polypeptides and antibodies may comprise a variant Pc domain, which comprises one or more

modifications, which may confer a phenotype alteration on the polypeptide or antibody, including
altarad affectoar fiinctinn increaced DT decreaaced hindina t0 an EcvR em The embodimente nf the



(C) at least three substitutions selected from the group consisting of F243L, R292P and Y300L; F243L,
R292P and V3051; F243L, R292P and P396L; and P292P, V305I and P396L; or (D) at least four
substitutions selected from the group consisting of F243L, R292P, Y300L and P396L; and F243L,
R292P, V305V ar#pBU8Y4 and more particularly concerns antibodies wheP&H H&t@dfehtion in the
Fe domain comprises: (1) F243L, R292P, and Y300L; (2) L235V, F243L, R292P, Y300L, and P396L;
or (3) F243L, R292P, Y300L, V305I, and P396L. [0030]The disclosure further concerns the
embodiments.-8f s 8- Bitfilid8Re Slikareik thealaliZh? Feeuio maiimenthibite)-a¢ comparked!y4 wild-type

e i
y al of 1 g) %q éyns%gi)d]%pqgé’]tl d 1m0 11 )268 ncbar F#E y

[0031]The CiSs e titfer Conc prlsmg‘efaﬁI avy chain
comprising ﬁmmle@o}hbﬂi havifygrarisaeiiero @c@ééqd&m&%é@@@@%fmﬂ thelinikelifadonsisting of

SEQ ID NOpQa@EfilEAtNQick, &mao%&@m«h@@&m;%mﬁmgds%aﬁuc@@am%g&ﬂCﬁms a

polypept de comprisin 5 imm Iobulm he risi bstitution
selected fromqfhlggﬁguﬁlgg%ra?s?gﬁﬁg of%gﬁfﬁ1 %@’%%é‘dg’%@ 5??%%%@ 1?0%51P “A330V and
P396L; (B)dt-$6ast twiordeirsiutams. e@éé@abrﬁéﬁﬁ thelgimg- ééﬁsi%@hé?&f%iﬁlimsl_ and P396L; (2)

F243L and R292P; and (3) R292P and V3051, (C)at least three substitutions selected from the group
consisting offqI)] F248hyREGZR fand Y30BL k(Y F248is{uRRSPR sakichy/BO5dntidy FR48hsnR2Q2P and

P396L; andl(é)) R292E Y0P LA F3ARL 7 0) AL deRstious SURIHMEORS %%k@&l&@sﬁ'iemoﬁhg group
V3051 and P3 96L; Or

consisting o F243L, R292P, nd P396L; and (2 L, R292P

(B)at least ﬁ?‘éﬁﬁozﬁ%fﬁy{? i \f@fig‘frgn%"iﬂg%’gﬁbstfé‘ﬁ)fﬂ%% [60‘3? FHE s S8l ther
concerns tht’&@ecoiieitrothsychiaipolypdpt d&@Mherelnivecpeolype pfidioB 2AramibdayE0D341The
disclosure fygthgrsGRRGRMNS theembrdisentief mﬁmwasq%@am@mnmmm@ﬁam}f antibody

further comprises an i unog| ﬁ%@ hea haln omprisin blTéfl ing,the amino acid
sequence 0 %%ﬁ?&% ! {;fzf aoreéi’:%?%%zl% ngg’gﬁﬁ& %sc%sure further
concerns,théﬁéﬂrﬁféaiﬁﬁéhﬁﬂs#@ avcfé\léoﬁé‘s‘é?m@rsanﬁh@@li%’ 28(5)(suppl. 16):4-11; Baselga et al.

{2001) Annals of Oncology 12 (suppl. 1):S33-341). Trastuziimab therapy has various drawbacks,

however, such as cardiotoxicity and development of HAHA responses in some patients.

[0G14] Thus, there is still 2 need for new or improved forms of HER2/neu antibodies for use in
cancer therapies, for example 4D5 antibodies having increasing affinity or specificity, reduced

potemtial for HAMA or HAHA responses, altered effector functions, and the like.
¥ Receptors

[6015] The interaction of antibody-antigen complexes with cells of the immume system results
in a wide amray of responses, ranging from effector fiumctions such as antibody-dependent
cytotoxicity, mast cell degranulation, and phagocytosis to mmunomodulatory signals such as
regulating lymphocyte proliferation and antibody secretion.  All these interactions are mitiated
through the binding of the Fc domain of antibodies or immune complexes to Fc receptors, which
are specialized cell surface receptors on hematopoietic cells. The diversity of cellular respbnses
triggered by antibodies and immune complexes results from the structural heterogeneity of Fc
receptors.  Fe receptors share structurally related ligand binding domains which presumably

mediate intraceilular signaling.

[6616] The Fc receptors, members of the immunoglobulin gene superfamily of proteins, are
surface glycoproteins that can bind the Fe portion of immunoglobulin molecules. Each member of

the family recognizes immunoglobuling of one or more isotypes through a recognition domain on

5.



wherein the antibody comprises: (A)at least one substitution selected from the group consisting of:
F243L, D270E, R292P, S2981\l, Y300L, V3051, A330V and P3 96L; (B)at least two substitutions
selected from the group consisting of: (1) F243L and P3 96L; (2) F243L and R292?; and (3) R292P
and V3051; (BYae1eHdtdree substitutions selected from the group consistif¢f &152§8943%20R292P and
Y300L; F243L, R292P and V3051; F243L, R292P and P396L; and R292P, V3051 and P396L; (D)at
least four substitutions selected from the group cons s cr of: (1) F243L, R292P, Y300L and P396L; and
(2) F243L, F292Fhain3d5le dicd o398 ; ForqEpairicas 48 by RRO2P¢cYBOP LivM8oBh aptdPiBO6

substitutiong. QA6 The.pisclRsure fthernconcarnsire enhediments-afths-aboye-deseribed
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ol i th APESEE [0 I
ic 405 antibdd y of a prefersggiembodimen @t@b RE*4) with mu
anized (SEQ:ID NO: 5) 405 antibodies.
FeyRI-B2 TeG1 Macrophages Uptake
(CD32) 2x 10% M Neutrophils Inhibition of Stimulation
Eosinophils
FeyRIIE IeGl NK cells | .
(CD16) 5x 10° M Eosinophils Induction of Killing
Macrophages
Neutrophils
Mast Cells
IgE Secretion of granules
FceRI 1010 M Mast cells
Eosinophil
Basophils
FcoRI IgAl, IgA2 Macrophages Upteke
(CD8Y) 10" M Neutrophils Induction of killing
Hosinophils

[0017]

Each Feoy receptor (“FeyR™) is an integral membrane glycoprotein, possessing

extracellular domains related to a C2-set of immunoglobulin-refated domains, a single membrane

_6-



[0043]Figure 2 depicts a comparison between the sequences of the heavy chains of ch4D5- wild-type
Fe ("WY'") (SEQ ID NO: 7), ch4D5-FcMT1 ("MTI") (SEQ ED NO: 9), ch4D5-FcMT2 ("MT2") (SEQ ID
NO: 11), and ch4D5-FcMT3 ("MT3") (SEQ ID NO: 13). The CDRs are indicated with black bars shown
underneath tRE9EMIH& P fesidues. 100441Figure 3 depicts a BIACore andif3i& SHENABH  vild-type Fe
(panel A), ch4D5 (panel B) and trastuzumab (panel C) binding. [00451Figure 4 depicts the effect of
ch4D5 on the proliferation of SKBR3 cells in vitro. [0046]Figure 5 depicts the enhanced anti-tumor
activity of variswigdtibodiag! of ticegresermismipodimérsabicioretrandgenie ic&nfposziigure 6
depicts the gniianead-altumasactivinrafl wasoys antibediesef, thespregent embodinants in hCD16A
transgenic miced g4§§y§i %Jren7 -dl? ic;[]s tqﬁ rolienog inlllzclRlV a dhp(grpé16 ailrgﬂ umoi%l%omh inthibition by
various antiB6dIEs &f eipr Sefht embodiments m non-transyenic and ransgenic mlcszél.l%%w]ﬁgure 8
depicts the tisharsed amt cempmen actian oihebURy ZatbbHikeggithe present embodiments in hCD16A
transgenic mice. [0050]Figure 9 illustrates representative immunohistochemical staining of cells from
various cang#rgell liesifoctHifiR imeuinkibeéoraricuslparectsusimed ghtahd difefetsciilidimiag, i.e., Panel
A: MDA-MBr426: Panel BuMRAMB-23 s RanehGoASA% PARE! B QY AR:8-RANELE, MCF-7: Panel
F: BT-20; Panel G: HT-29; Panel H: ZR75-1; Panel I: JIMT-1; Panel J; MDA-MB-453; Panel K: BT-474;
Panel L: SKBRZSU R SROVES SBARFIHGR 1o HepiRtehisudind BFAD el assays
performed teetesbthelkdiliprehvadots chbas drtibbdigsatbthegiie St Eixibodimentsrteeptrediate ADCC
in cancer cqllings (MRAMBAINRAREMS) MPAMB: 231N RANELE)HAYINE VRGN RO
HER2/neu expression Ielvels (DAKO score of 0). WO 2009/1 3894PCTTL}JSZO 9/038 01d ‘
(0052]Figur l%i“’ L STAP8 HR Fe SRSt ROEEe ALY HAIBTRH S S8 th 8 "albiity G TEHEL chaDs
antibodies ofethéepresentcenibotfirrmiizing fedaenrBGC ivlodn EerfdeFirkis (ABABII P ang| A;
OVCAR-8 irRanel B;.M& rrifinRanshss BhrildonRanghd; dd/k29. in Panel E) having low HER2/neu
expression levels (DAKO score of 1+). 100531Figure 12 depicts the results of ADCC assays

performed fyias therabiityghivariaue ehdlR> anthodies,ql LipisRoLeIhedmRNLS o gediate ADCC

in cancer cell lines (ZR75-1 in Pane e eﬁ having moderate HER2/neu expression
levels (DAKBSEHTE SF2'ES. todskperdtr 1D dapiciEiHectestled Tt ABBR aREA 888 to test the
ability of varoughdbbrantipdies efithelirkdént erhbbdinventstd fgediatetADBE uffmander cell lines
(MDA-MBA453,inRanelA BT 1474 imRangk8ics S BR-itk Raas! GriRSKOYsRinRage! f)daving high
HER2/neu expression levels (DAKO score of 3+). Detailed Description of the Invention: [0055]The
present invelSHBIBPSUFRSEn BB s BAEd St FretsEys ?o?ﬂ%ﬁ%éﬂ{?’d’i%ﬁrﬁ%ﬁ@’%t SrBynosis for
certain cancexsnsingsaritinBtibs: aghinst HERRraebulm sirticalers thetpresemtaweiitidmpravides
anti-HERZ/Qﬁwlaﬁlﬁ%p%ﬂl%%mﬁé}%@v%%ﬁﬁW A zbf gg%efgﬂ@%wfqﬁﬁa F%‘f%%%ﬁ’g%nﬁ%% ﬂgfalzl\éleu
overexpressing cells, for exam imer antihodies neu, which have reduce
alycooyiatioR AT ARBIEA dHRtor L HRIbAe AL QR EEE A A A S BRI PR T ention aso
provides mdthuds whasphdsthromasitibo HieB dhdwomPuditohidtcomp siyctiehriBthawliogtosis,
prognosis apd thewRpnRf dseaseIsSush, aRIGAREEABQININUAR disaRSes: inflamaratory disorders, and
infectious disrl a g.&%ﬁ&)@%ﬁfegl@nce will now be made in detail to the presently preferred embodiments
of the inven%lon, ich, togefﬂ’er’with the drawings and the following examples, serve to explain the
principles of the invention. These embqdiments are described in sufficient detail to enable those skilled
in the art to I%%ice MBS Eh TR tBese RS BT RR L LI S BBtiTEs 5 Be utilized,
and that strueturfahctivohtiyibaisragml chemisakehangesmalidseomaddaithBlt-depattimgifiderthe spirit
and scope Qi {6 MBS YINENIORn L MlesSIolherMSe g@ﬁngdpﬂg&@ﬁaﬁgc%@qgs@w%@rmS used
herein have %}ﬁe same meanlr(l?g as commonly ulr&gi%rstood by one of ordinary skill in the art to which this
invention beldiTFas e S i AR HIA e AP 00 ATt efete iRl TARE 5P LLER &itions or for

detailed desSoripiiensiwfaaehvigirsudiscungieteh ereincifihasebtaxtsrinelideng sarentitragogels in

Moloaular Clonag: A Labaratory Mansal (Sombioek and Buceel e o 2001} Snglomiclecule
olecular Cloning: A Laborator ual (Sambrook.and Russell, ed., ); Single-Malecule
Techniaues” PRSI IN I A TR S o Ao el SaTig T ESF PABSE BB Clrrent
Protocols indRtiearen ciebremisey Bidaucagidtatctanson Joti WilklesieSuneointampeoay; Current
Protocols indiuaisnologytColiganebako g deriiileyi& Songibhby apk supplementsyhrough
March 2008), Maki Usi ibadies. A.Practical Handbook (H rd & Kaser,.e CRC,
2006); Ui/ b B A Sty Mo e 4 1 FR s B o FeBee A 21 000,
Binding and Kinetics for Molecular Biologists (Goodrich & Kugel, Cold Spring Harbor Press, 2007);
Current Protocols in Pharmacology (Enna et al., ed3., John Wiley & Sons, N.Y., and supplements
through March 2008), The Pharmacological Basis of Therapeutics (Goodman & Gilman, 11th ed.,
2006), and Remington: The Science and Practice of Pharmacy (Lippincott Williams & Wilkins, 21st
edition (2005), for example. A.Definitions 100571As used herein, the term "ADCC" refers to Antibody
Dependent Cellular Cytotoxicity, an in vitro cell-mediated reaction in which nonspecific cytotoxic cells

that express FcyRs (e.g., monocytic cells such as Natural Killer (NK) cells and macrophages)
recnoanize hoirind antihodyy on a taraet cell and cirtheendiienthvy fcartice vieie nf the tarcet ceall 100521 Ac



antigen receptor, which includes a membrane immunoglobulin (mig) antigen binding component, or a
biologically active portion thereof (i.e, a portion capable of binding a ligand and/or capable of
associating with a transducer component), and transducer CD79a and CD79b components, or
biologically a¥f&¥iiéid thereof (i.e., a portion capable of transducing aR¢iktFaetivigi28lgnal and/or
capable of associating with an extracellular ligand binding portion). 10060]As used herein, the term
"cancer" refers to a neoplasm or tumor resulting from abnormal uncontrolled growth of cells. As used
herein, candemeigpli€itieirstudewolegikdmint: i [ymphd rhsspirtssmSBinb odimknis, toemder refers to

a benign tumek,Whithe-hasd emprinedJosalizeddnothey exmm@ém%ﬁ@)qaﬂszeﬁar@f%a@malignam

tumor, which h destroyed n ring. b tru dlstant sites. In
some embocfm@er#é %dg%éaar%‘jjér(?s S§OCIa eg 8@1 gggpggm}r/c ca%cer a‘r% B%R?l%é Hrms "cell
proliferativerngiseraer’ saiisqdraliferatvedisnd e’ F@féﬂ@@t@mtﬁe#@fﬁ&ﬂ@&t%éﬁ@mﬁeﬁwm some
degree of abneEma Q@ﬁ@ﬁ@ﬂﬁﬁ@ﬂﬁﬂeﬂﬁn@ﬁﬁeemwi&&ﬁl&a&@ﬁlﬁ@tﬁﬁ@lifﬁﬁaﬂ&ﬁﬂ&ﬁfg%lﬁlﬁancer
[0062]The term ' cwlrygb (‘fb wh Et re ernn ms rﬁlboﬁlg{:sﬁ rqferséo% r % ergtyonn X}’JQ'Ch% ortion of a
heavy and/orhﬁ’g’n ain 1S iden |C§? {6 or homo ogous with an antibo (K/ rom one species d% g., mouse)
or antibody ¥&8808r 18 ibertss ahthife heediiadntigzponten is fiameariser Asmeisovisivith an
antibody of e@notherspecies:(eg(7hsrsmpr))or antibody class or subclass, so long as they exhibit the
desired biological activity. Chimeric antibodies of interest herein include "primatized" antibodies

comprising }(ﬁﬁ@P'e %%@%ﬁil%h t@%&@l@@ﬁcﬁ%ﬁﬂﬁ?%ﬂ?%ﬁ@@oﬁlﬁt@% J&%ﬂ%&ﬂ&mﬁ“& (e.g., Old
World Monk e,ietc % g n constant re%J e ue ces 1%‘OE %As useﬁ(li E:;li] the term
Compleme’?ﬁ% Rf’ﬁé‘ RGP BT TR RS & aé.ﬂﬁl oREY YesstuEsT ﬁl‘é{htlbody
variable dorainctic tarermese seenty saraahtioanbeatdingl Ea@wﬁaznatﬂl@ donalifntppicalschas three CDR
regions ideniifirdiamiRRLs R andifda BR0RE4 A UPRE BRI RERITmsiakashn melecule”

refers to a comﬁln X of V\égogr more P@%{)g%ld%h%l?ﬁl 1§1r Prgtgjlgshfm comp @g}'z]qﬁghleﬂat one VL
0

and one Vlﬂ/fomal ?“gth(e eréin b mains-are comprised ingle
polypeptideféq’faﬁi’.i1ﬂ3éért§wmmm1éﬁi@ﬁﬂalawbﬁy MP@CW@@WTCGEG& Hﬁﬁd‘ﬁef@umbmpﬁsmg an Fc

or a hinge- Imomiase$ﬁ@1@ﬁb’ﬁﬁ@ﬁhgﬁoﬁfbﬁiGﬁdaltbﬁ]@%@J@s?SﬁﬁEchb@aﬂhﬁmﬁfﬂf diffesant, i.e., the
diabody molecule maybe a hor Tons uitmer gy a 'Eftr% Pﬁn LIRS ecllsfy'i%l"’}gp?eﬁ‘:t%@aﬂ Siabody
rte 0 0

molecule” includes dimers of tetramers of said p P pep ains con alﬁlng and VIA

domain. Th&TReRVIHAT: pfswﬁépﬁdr@dﬁam@ea@mﬁﬁém&%h@ﬁmlﬁ%ﬁ@ﬂﬁﬁd{eﬁ’ﬁﬁ%@tﬁé%@%ﬁenuy joined
to at least ofienothaP ﬁa‘pﬂ&e&hﬂahﬁbu@ig@ﬁﬁ@mﬂmﬁmﬂﬁbdﬂ&bﬂﬁdﬂﬂaﬂﬁdﬁ oﬂmﬁﬁﬁlﬁb&uﬁ&ﬂﬁerein{ the
ters "disordgre ?Q%)f%'%‘?&ﬁx%uﬁ AR Iniera I%@'%%%% DR %f‘?éxt%\% gnaition i a syBIest- (i particular,
the tern "autoimmune disease™ is used interchangeably with - 16 - e farm Autoimmune disorder” to
refer to a cofEMBAIEYE Sliblectichidracterized by cellular, tissue and/or organ injury caused by an

immunologic reaction of the subject to its own cells, tissues and/or organs. The term inflammatory
disease" is U¥Ralinteiidisanigeabfewiih thegerietirfiantnandrydiderdermoseferdomancohdition in a
subject chareiRbzaspy aflammation EW&@E@QM&Q%&@&W%&%MMI&U@@1Hi§@ﬁﬂer3 may or

may not be ass%uate with mflam&‘r%atﬁgﬂrgMor gover, an mm tion m?@%%rﬁ@/e not be ca%lsed by an

ang g TotCIn, a‘ﬁ ~11051 VEISIon
autoimmune 8I80raef° ylcﬂ% értain yygj ara erize 0|mmune and

inflam mator&ﬂ‘mgémﬁs@nlmeﬁfﬁé‘f@rhﬁ’m@fﬁé@t@ rt%é*lile' nemiert iereimgdtensnd @ tBItof The immune
system thatrexpresses Oae@ian aie-fefecapians and madiaies snerermmorsweifagtar funetions. Effector

cells include b t are no limite to monocyt acro ha neutrophils c.C IIs eosmophlls
mast cells, %a?ele%? 1514“ ﬁarge granuf% f/irsnrgeoccoyt %_ds%e\?ﬁacr%a‘égg n%[ural ﬁerrﬁ\lK) cells,

and may beFﬁ?ﬁ#]é\ﬁ? érg@rﬁ%%ﬁ HEEIAINGBUt T Fettethdoshmians Frfed Pafscdbbles SRE monkeys.
[00671The teixed BHRCH icellir¢pdeisdabio lngieplactiviigsnatirihutallefaithe interaction of an antibody
Fc region with an Fc receptor or ligand. An antibody may have one or more effector functions.

Non- |imiting{ﬁ}@'inp'%ﬁiﬁ”tﬂ?@%@ﬁﬁ%@ﬁﬁéﬁ@@@&iﬂﬁw%&ﬁﬂ@&@y @l@@%ﬁd@%lﬁ@l!hm@%@ted

cytotoxicity SADC x reb blndlg%omrpgemen} d(? Sgdentc tOXICIt ﬂéa DISC i don rénrce ubatlt_)n of cell
surface recép GES % fireceptor, BERS, opsoni’za i0 nop agocytosis, ce bihding, and

rosetting. Efféfétéﬁﬁfwncﬂﬁifé’i’n’@ﬂitﬂéhbbﬂﬁptﬁ@s‘élqh‘é@lﬁpfemcahéﬁﬂnb prid diegrobadyimgieinand those
that Opef?tedﬂdﬁﬁﬁﬂd&ﬁm %@%bi@@iﬂ% HORGRBASused herainedhe derg.) %@?@R&Eﬁf@fsdtﬁ that
portion of a y eptide or on-protein e at i aspecifically bound by an
antibody.. A‘%qep%)opgﬁr%%} ﬁ mrﬁﬁﬁ%&ser?‘lggﬁ: I|1vﬁy stic t%%ltm? ici égagnué% Hélbauctlon
response in an animal. The ability of an epitope to immunospecifically bind an antlbody may be
determined by for example, an immunoassay. Epit@pes need not necessarily be immunogenic.
[0069]The terms "Pc receptor” or "FCR" are used herein to describe a receptor that binds to the Pc
region of an antibody. An exemplary FcR is a native sequence human FcR. An FcR may be one which
binds an 1gG antibody (a gamma receptor) and includes receptors of the FcyRlI, FcyRII, FcyRIII, and
FcyRIV subclasses, including allelic variants and alternatively spliced forms of these receptors, e.g.,

there are at least two known FcyRIl receptors, FCcyRIIA and FeyRIIB. The term FcR also includes the
naenhnatal recentnr EcRiit which ic reennncible for the trancfear of maternal laCe tn the fatiice \WO



N-VL-CL-C and the structure of IgG heavy chains is N-VH-CHI-H-CH2-CH3-C (where H is the hinge
region). The variable regions of an IgG molecule consists of the complementarity determining regions
(CDRs), which contain the residues in contact with antigen and non-CDR segments, referred to as
framework segments, which maintain the structure and determine the positioning of the CDR loops.
Thus, the VL and VH domains have the structure N-FR] -CDRI - FR2-CDR2-FR3-CDR3-FR4-C.
[00741As used herein, the tem.% "heterologous” nucleic acid denotes DNA, RNA, etc.that is
introduced intoreoho stecaihhihenedileiCrhaiddnayb g@emyuedTeman0iav NPl SaKHEEes including
genomic D MRNA hetic DNA .and fusions or combinations of these. The nucleic acid
may includgbgo onnuctg?gt%@}?%%gﬂ?g%aqﬁep Al ng'é“oﬁxleyor% ASTHE REBE FEERR At Lelflia
polynucleotibl&FonTerehiessnt ¢ei ype, BREKEniple, Hrsniln ifranifndlrersplantpanevaayy ofitionally,
include markemstHetepkcn: gL iRt A RHBI MG FesISIANGSs: g@g}gﬁﬂf @g%gé%%rgzsistance
genes, etc. [QO term "hir egion" is generally defined as stretching from 01u216 to Pro230 of
human IgGI.LQH i%%éesgr%%ll%%r%r%oi%%%grflgée ‘f%%%é%“?h%g%% STGRBRETTH S 1HE e RIS By placing
the first and(%@@%%%'i‘ﬁ%l re%ick RS fotmin g IREErand avsRENair SESshbmislin thesamespositians.
100761As useit bereidiahe tetammusnanized hasits ysuaneaning i ihe A ngenaral terms,
humanization, fl@x@&?W@%&{H@ngﬁ (;F:llonVﬁs substituting the CDR sequénces from nonhuman
immunoglobulin VL and VI regions into hdman framewore regrons smAaruaergided herein,
"humanized" antjbodijes may comprise additional substitutions and mutations in the CDR and/or
framework régiihs intfealal teeintdeRse Mg Brisroffe rpobEedeRotibodm the;, sulsstitution of
nonhuman fremesrark resitu s inthenbntmen aesaereergatnereasa.atfinity Theresulling,variable
domains haﬁgg&ggm%g%ﬁp%%{%gsaﬁﬂggroa%gdxévgglé e ue%gpes derived from human antibody

framework sequence(s) or'a human consensus sequence. Vaniety or QiffePe MhUm SRS ework
regions may’ BeFtreEY LYigRPb FiAtEskHmEifoRGeheimesis for a humanized antibody. 100771As used
herein, the t§llllrlrln']';i.ranmunomodulatory agent" and variations thereof refer to an agent that modulates a
host's immune syst’gm. In certain embodiments, an irmmmomodulatory agent is an

ImmUNOSUpRESFant B8Rl S5k AIEL STRAYIENLS, 2 mmunomodulatony agent s
: , S

n
immunostimulatary agent. Immunomodatory agents include re no |mﬁaen€1p%o NEK tlgFecules,
peptides, p&?/lﬁ%rgg/fb@e ) moﬁwméﬂhﬁ%dﬂi@%@?ﬂ@ POlBE esarimenid aggatsy ahd organic
molecules. WED 200971 23894PETdIS2008/0382( BRI Aaiseghhesginnibaderm.rimmunospecifically
binds," refergdg-the sReeifig birdi lol| n_antibedy and the epitope that it recognizes.
Such bindin C\%vill'-t ol gﬁgi Ba’gi%%ggd g least ée%%ﬂ?%?% mi ?“%%%%éshﬂgﬁgng S 1 uM,
preferably a %%g?}%%ﬁﬁ%ﬁ U ORISRy RS (S RtSmanty, DO Bhamabirasiis Peaferisiblyarthe
antibodies dfmeuhiamiiondmhaosetifoat phind dadreieins witkigiwativity, (@ iylewid(c).
[00791An aniiagdaatimmunassal sely, binds 141 ANGRR Ay G0 OlNET pERRdes of
polypeptlde.g,]r \(%Ith I%swe.r 9.f'fl SI% a deteymlned % e.g., immunoassays, B core. or othar Ssays
known in th& art. cilg?re]fgil_?%bcl"\tf QIR thaE€d SISy bifff SRR DIV dd3nerd ropdesasianith other
proteins. Mehseuieingh 408 pruificelybbinchaavanitigerveanshe ideptifiegsdamexample, by immunoassays,
BlAcore, or other techniques known to those of skill in the art. [0080]The term "Antibody Engineering
Technology[Mi#5#s usédohe reisteferrs forretiindlogyndisaiaiediin dd-Srisiqyisional Patent Application
Nos. 60/781,564; 60/945,523; 61/015,106; filed Dec. 19, 2007, and 61/019,051 filed Jan. 4, 2008; US -
20040185045; US 20040197340°RE2354699P86610US SOUBE0S7600; IS povsobsss 14gy Shain
20050215767; US 20060134789%blSIones00774389n )8 20 F00 0490801 3:R0070036799; US

20070037216; US 20QE)07 72460452007 Q344308idUS %ﬁ@%%ﬁ%ﬁ@%%&%lm,4lo;

11/952,568; U.S. Patent No. \Za}i%g}gf’b%gmm&g@ﬁ@@gﬁgﬂa; AYO-R6/0K (?éé)}fc; WO 07/024249; WO
06/113665; WO 07/02%%4513.WO 07/ . or.P 081]The term "monoclonal
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antibody" as used herein reters to ah ntibody bﬁa‘l’ BHF 1Y 8T HUPOtiSRCoRL BEs e vatiable
homogeneous antibodies, i.e., the individugPaAlbSIBsE PRI IHB H 61 [BrbAnams iverticatakcept
for possible naturally occurring mutations thatistayeberprasent HERdosiamdunts, and the tenn
"polyclonal antibody" as used hereinyefersp anantizody obtained kem Anenuation afheterogenous
antibodies. Monoclonal antibodies are hig Ig{s ific, being dirgeted against a single epitope. in .
addition to their specificity, monoclonal anrtel) 80%51‘2%%’ §g[nm%§§gﬁ§0% ter;atutﬁféy%ma&yebe y Gthz‘(‘a%ldzed
without contamination by other antibodies *HETERA BHECSITE Fdichtes the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and is not to
be construed as requiring production of the antibody by any particular method. [0082]As used herein,
the terms "nucleic acids" and "nucleotide sequences” include DNA molecules (e.g., cDNA or genomic
DNA), RNA molecules (e.g., mRNA), combinations of DNA and RNA molecules or hybrid DNA/RNA
molecules, and analogs of DNA or RNA molecules.¢Such analogs can be generated using, for
example, nucleotide analogs which include, but are not limited to, inosine or tritylated bases. Such

analogs can also comprise DNA or RNA molecules comprising modified backbones that lend
hanaficial attribhiitec to the maoleciilee c1irh ace for avamnle niicleace racictance nr an incraeaaced ahilityvy



tgacccagtc ccacaagttc atgtccacct ctgtgggega tagggtcage 60 atcacctgca aggecageca ggatgtgaat
actgctgtag cctggtatca gcagaaacca 120 ggacattctc ccaaactgct gatttactcc gcatccttcc ggtacactgg
agtccctgat 180 cgcttcactg gcagcagatc tgggacagat ttcactttca ccatcagcag tgtgcaggct 240 gaagacctgg

cagtttatta ctgtcagcaa cattatacta cacctcccac cttcggaggg 300 ggtaccaagg tggagatcaa acgtacggtg
gctgcacc#izé]  The polypeptides may be antibodiss, and mey specifically bmd humean HER2/neu, The

polypeptides and antibodies may comprise & vanant Fc domein, Which comprises one or more
modifications, which inay confer & phenotype alteration on the polypeptide or antibody, including
altered effsctor function, mcreased or decreased binding fo an FeyR, eic. The embodiments of the
disclosure also provide polynucleotides encoding the polypeptides and antibodies, vectors
comprising the polynucicotides, and host cells comprising the vectors. Methods of producing the
polypeptides and antibodies, as well as methods of treating various discases and disorders, are also

provided.

627} In detail, the disc]osﬁfe provides a polypeptide comprising a chimeric 4D5

immunogiobulin ght chain comprising an NE5S substitution, and particularly the smbodiments of
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ctgtcttcat cttoccgcca 360 tctgatgagc agttgaaatc tggaactgcc tctgttgtgt gectgctgaa taacttctat 420
cccagagagg ccaaagtaca gtggaaggtg gataacgccc tccaatcggg taactcccag 480 gagagtgtca cagagcagga
cagcaaggac agcacctaca gcctcagcag caccctgacg 540 ctgagcaaag cagactacga gaaacacaaa gtctacgcect
gcgaagtcac ccatcagggc 600 ctgagetcgc ccgtcacaaa gagettcaac aggggagagt gttag 645

such polypeptide wherein the polypeptide comprises a light chain vadable dorain having the
amino acid sequence of SEQ ID NO: 4 or of SEQ ID NO: 2.

[0628] The disclosure particularly concerns, the embodiment of such polypeptides wherein the
polypeptide is an antibody, and more particuiarly, an antibody that comprises 2 variant Fo domain
having at least ome modification in the Fe domsin,  The disclosure particularly concerns
embodiments wherein the modification corprises at least one substitution selected from the group
consisting of L235V, F243L, R292P, Y300L, V305L and P396L. |

f662 The disclosure further concerns the embodiments of such antibodies wherein the

9]
modification in the Fe domain comprises: |
{A)  at least one substitution seiected from the group consisting of F243L, D270E
R292P, S298N, Y300L, V3051, A330V, and P396L;
(B) at least two substinutions selected from the group consisting of F243L and P3%6L;
F2431 and R292P; and R292P and V3051;
(C) et least three substinimions selected from the group consisting of F243L, R292P
and Y300L; F243L, R292P and V305L; F243L, R292P and P396L; and R282P,
V3051 and P396L; or |
(D) at Jeast four substitutions selected from the group comsisting of F243L, R292P,
| Y300L and P396L; and F243L, R2$2P, V3(5! and P296L;
and more particuiarly concerns antibodies wherein the modification in the Fe domain comprises:
e8! F243L., R292P, emd Y300L; ‘
(2) L235V, F2431., R292P, Y300L, and P396L; or

(3) F243L, R292P, Y300L, V3051 and P396L.

bl

[0030) The disclosure further concerns the embodiments of such antibodies wherein the variant
Fc domain exhibits, as comparad 10 & wild-type Fe domain:

(4)  enhanced antibody dependent cell mediated cytotoxicity (ADCC);

(B) ncreased binding 10 FoyRITA or to FoyRITIA;

{®) decreased binding to FeyRIB; or

D) increased binding to FoyRIR.

[0i31] The disclosure further concerns a polypeptide comprising an immunogiobulin heavy

chain comprising a variable domain having an amine acid sequence selected from the group
comsisting of SEQ ID NO: 9, SEQ ID NO: 11, and SEQ ID NO: 13,
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[00881Chimeric light chain amino acid sequence (SEQ ID'NO: 2): DIVMTQSHKF MSTSVGDRVS
ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD 60 RFTGSRSGTD FTFTISSVQA
EDLAVYYCQQ HYTTPPTFGG GTKVEIKRTV AAPSVFIFPP 120 SDEQLKSGTA SVVCLLNNFY
PREAKVQWKY DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180 LSKADYEKHK VYACEVTHQG
LSSPVTKSFN RGEC 214 [0089]These antibodies having a modification at positions 65 of the VL
region lack an N- linked glycosylation site found in the native murine 4D5 antibody, as can be seen in
Figure 1, whial3 e picthadiselempiafic@mpanso popeween-tigMineginns aninaacisksequsrces of a
chimeric 4D§h%§§91%d%g{‘ ving an N65S modification (SEQ ID NO: 4), and the native murine (SEQ ID

NO: 3) and humanize ? EQ ID NO: 5) 4D5 antibodies. In another preferred embodiment, the

antibodies compri$éa N&SS5nersifisaeiowing tisdad raefiotheagrduprefesating havE243Y] Begisn amino
acid sequence of SEQ IxNCr, 423hese:sequenses ereniesented. below: 10090]Native murine VL

region amino-acid sequence (SEQ ID NO: 3): DIVMTOSHKF MSTSVGDRVS ITCKASQDVN
TAVAWYQQKP G PKfﬁrﬁgéTK%ﬁgﬁ??%%fé)éﬁ“ggﬂ% REGR FPREFERESVQA EDLAVYYCQQ

HYTTHRTEGG GTKLEIKRA108243L and P396L;
- (2)  F243L and R292P; and

| (3) E292P and V3031

(C}  atleest three substitutions selested from the group consisting of:
(1) F243L, R292P and Y300L
(2) F243L, R292P and V305L;
(3)  F243L. R292P and P396L: and
(4) R292P, V3051 and P396L.;

(D) at least four substitutions selected from the group consisting of:
(1) F243L, R292P, Y300L and P396L.; and

{2 F243L, R292P, V3051 and P396L;
or

(E) at least F243L, R262P, Y300L, V3051 and P396-substitutions.

[0033) The disclosure further concerns the embodiment of such a polypeptide wherein the
polypeptids s an antibody. '
[6634] The disclosure further concerns the embodiment of the above-described antibodies,

wherein the antibody further comprises an immumoglobulin heavy chain comprising a variable
domain having the amino acid sequence of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, or
SEQ ID NO: 13,

[9035] | The disclosure farther concerns the embodiment of the above-described antibodies,
wherein the autibody comprises: _
(&) at least one substitution selected from the group comsisting of F243L, D270F,
R292P, S298N, Y300L, V3051, A330V and P396L;
(B)  at least two substifutions selected from the group consisting of:
(0 F2431 and P396L;
) F243L and R292P; and
(3 R292P and V3031,

()] at least three substitutions selected from the group consisting of:
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[0091]Chimeric'VL region amino acid sequence (SEQNO: 4): DIVMTQSHKF MSTSVGDRVS
ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD60 RFTGSRSGTD FTFTISSVQA
EDLAVYYCQQ HYTTP}?TFGS%%%I@%%!Klgngl&%érg(_)%lHumanized VL region amino acid sequence
(SEQ ID NO: 5): DIQMT&SP ASVGDRVT ITCRASQDVN TAVAWYQQKP GKAPKWYS
ASFLESGVPS60 RFSGBRSGTHFTEIIBSKOPEDFATYYCQQ HYTTPPTFGQ GTKVEIKRT109
[0093]In one embodimept, thepheavyrghaindhas:asmugize 4DS wild-type Fe region, preferably encoded
by the nucleic acid sequence qf O: having the amino acid sequence of SEQ ID NO: 7.
These sequences are p@sent%% tJ)[T'é’IQo\/vL)'\ll8 %666%1%Téavy chain having wild-type Fe region nucleic acid
sequence (SEQ IIPNO: % audyyttebiyotorigiciede detgaticagygacsestagyiictgcaagtca ggggacggct
gcctccacca ggcacagegg iggaagigag gaastctagiiasatolgss agatottgtg ccgtcagtct gaggtcacat racgtggacy
agcacgtacc gagtacaagt a@agccg%a}g ct g}ggz a gGe tg agt ctggactccg cagcagggga cagaagagcc
tgcagcagtc cttctggcett gc&?tggaagg CC&Bgé ca %%cg'gcl%’ otatgctat agggcccatc ccctgggcetg gegeectgac
ccctcagcag acgtgaatca acaaaactca tcctcttcce gegtggtggt gegtggaggt gtgtggtcag gcaaggtcte

ggcagcecey accaggicad,qggagageanaeggctaait acoteHele teleeclate iggecctgag caacatcaaa
gattggaagg ggccactatc atctgaggac ggactactgg ggtcttccee cetggtcaag cageggegtg cgtggtgace

caagcccage cacgatlgcc %qoc -adaacao qgacalaaac aeARANICC A CIRREGEARGARARRR Agaaccacag
cctgacctge tgbﬁa gect ECEHaC atgctecgtg tccgggtaaa’ ctggtgaaégﬁc gacacctata atttatccta acagcagaca

actgcegtct gyteagy Jegiciggeattuliy sl ctheincpuae s CigtIEERc (AR At g B Tty
aaggacacceacgaagaceaagasRRAYGIUEEI16R66 6i0NeRgORS §lgiRtacLepiggicanagigagaacaact
agcaagctca atgcatgagg t ' ccactgggt ¢ 1 catcctccaa attactgete ceteegtgac
cctccaagag E%E@g@gg%)cﬁcgt‘%%%§;ﬂ&t§g}g ?gggglcgaﬁa ag%qgg?é@tgaact tcatgatctc ctgaggtcaa
cgcgggagga aggactgget ccatcgagaa tgececeate gettctatce acaagaccac cegtggacaa ctetgcacaa
actcaagtty giMatagagfbeabtaigaist @&E&b‘é’(ﬂ‘é@ég@‘gﬁ@@@? @E‘T@@‘b"&%ﬁ%@‘iﬁl §aE9Gteg
acagtcctca caraeRIacCaMtgadece Bigyobaga-aaggactact Guoaartigy goagtatarcayaatgygcaag

aaccatctcc cc (o] cgacatc tcccgtg gagcaggtgg ccactacacg [0095]Heavy chain having
wild-type Feﬂr%g%?%g&rﬁﬁ\%?%é% %e‘”qal%% ¢e (SEQ ID NO: 7): QVQLQQSGPE LVKPGASLKL

SCTASGFNIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY60 DPKFQDKATI TADTSSNTAY
LQVSRLTéﬁ‘E"PAVY‘PC%‘R%%B%@E%A%ﬁW @6@?&&%8@?@6 K%‘Téélﬁ PEAP&EKsTSG
GTAALGC LMY ERERMENMS WNSCAMIMEGMIHERRA QESIS0.GETSISBVY TIRSBBUGTQT

YICNVNHKRS MTKVDIRYER KSCRTHTER BERABRLLGR2A0RSYBLERRKR KRTLMISRTP
EVTCVVVE?%/ EVKFNW YVDGVEVHNA KTKPREEQYN300 STYRVVSVLT VLHQDWLNGK

EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE360 LTKNQVSLTC LVKGFYPSDI
AVEWESN 70 NNY KTl 522 \AdeB8 [ Rk LpYo lid ATy PieH 2 OO e CaYpNiHE AlcHNHY T
QKSLSLSPGK450 [00 E%I\n ther embodiments, the he chain is a variant of am ilp[e 405 antibody
heavy chairf BPafera51y'% rendgr%f)ﬁfﬁ’ao\rla%%n nl?émr}gg?gﬁ'%\ﬁ More pret e?aﬁ?ylg%mpff&é%ng a variant Fe
region suchaastec\AT defRel/AERyardE ey TsbTHe ge definsdidwsardprepbieerpiclly aspoptable
2009/12389%%; US2009/038201 100971Heavy chain having FaflT1 variant Fc region nucleic acid
sequence (SEQ ED NO: 8): caggttcagc tgcagcagtc

190331. The disclosure further concerns the use of the above-described antibodies in the

manufacture of .a medicament for the {reatment of cancer In & patient, and particularly, wherein the

cancer 1s £ HER2/neu-expressing cancer and wherein the antibody binds humen HERZ/nen.

[6039] The disclosure further concerns a method of treating cancer which comprises providing
1o & patient in neec thersof an effective amount of the above-described antibodies, and particularly,
wherein the cancer is & HER2/meu-expressing cancer and whersin the antibody binds humen

HER2/men.



tggccectgag ctggtgaage caggggccte actcaagttg 60 tcctgtacag cttctggctt caacatcaaa gacacctata
tccactgggt gaaacagagg 120 cctgaacagg gcectggaatg gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagectac 240 ctgcaagtca gecgectgac

atctgaggac actgccgtct attactgctc caggtgggga 300 ggggacggct totatgctat ggactactgg ggtcagggag
colLccgtgac :

[6040] The disclosure further concerns the use of such antibodies wherein the treatment further
comprises the step of admimstering & second therapeutic agent simuttaneonsly or sequentialiy with
the antibody, wheren the second therapeutic agent is selected from the group consistng of an ant-

angciogenic agent, an anti-neoplastic agent, & chemotherapeutic agent, and 2 cvtotoxic agent,

[6041] ~  Additionzl advantages and features of the present disclosure will be apparent from the
following detailed description, drewings and examples, which illustrate preferred embodiments of

the disclosure.

12a



cgtgagctee 360 gectccacca agggeccate ggtettcece ctggeaccct cetccaagag cacctetggg 420 ggcacagegg
ccetgggctg cetggtcaag gactacttce ccgaaccggt gacggtgteg 480 tggaactcag gegecctgac cageggegtg
cacaccttcc cggctgtect acagtoctca 540 ggactctact ccctcageag cgtggtgace gtgeccteea geagettggg
cacccagacc 898 t4EAR¢a acgtgaatca caagcccage aacaccaagg tggacaaddd AGRYRGEEYE60
aaatctigtg

Brief Description Of The Drawings:

[0042] Figure 1 depicts a sequence alignment comparing the sequences of the light chain
variable region of a chimeric 4D35 antibody of a preferred embodiment (SEQ ID NO: 4) with
murine (SEQ ID NO: 3) and humanized (SEQ 13 NO: 5) 4D5 antibodies.

[6643) Figure 2 depicts a comparison between the sequences of the heavy chains of ch4D35-
wild-type Fe (“WT} (SEQ ID NO: 7). chdDS-FcMTT (“MT17) (SEQ 1D NQO: 9}, chdD5-FcMT2
(“MT2") (SEQ ID NO: 11), and ch4D5-FcMT3 (“MT3”) (SEQ ID NO: 13). The CDRs are

mdicated with black bars shown undemneath the pertinent residues.

[6044] Figure 3 depicts a BIACore analysis of chdD5-wild-type Fe (panel A), chdD5 (panel
B} and trastuzumab (panel C) binding.

{0045} Figure 4 depicts the ¢ffect of ch4D3 on the proliferation of SKBR3 cells in vitro.

[6046] Figure 5 depicts the enhanced anti-tumor activity of various antibodies of the present

embodiments in non-transgenic mice,

[0047]  Figure 6 depicts the enhanced anti-tumor activity of various antibodies of the present

embodiments in hCD16A transgenic mice.

[6048] Figure 7 depicts the role of mFcRIV and hCDi6A in tumor growth inhibition by

various antibodies of the present embodiments i non-transgenic and transgenic mice.

[0049] Figure 8 depicts the enhanced anti-umor activity of various antibodies of the present

embodiments in hCDI6A transgenic mice.

[0650] Figure 9 illustrates representative immumohistochemical staining of cells from various
cancer cell lines for HER2/neu. The various panels represent the different cell lines, i.e., Panel A:
MDA-MB-435; Panel B: MDA-MB-231; Panel C: A549; Panel D: OVCAR-§; Pane! E: MCF-7;
Panel F: BT-20; Panel G: HT-29; Panel H: ZR75-1; Panel 1. JIMT-1; Panel J; MDA-MB-453;
Panel K: BT-474; Panel L: SKBR-3; and Panel M: mSKOV-3,

{0051} Figure 1¢ depicts the results of ADCC assays performed to test the ability of various
ch4D35 antibodies of the present embodiments to mediate ADCC in cancer cell lines (MDA-MB-
435 in Panel A; MDA-MB-231 in Panel B) having very low or no HER2/neu expression levels
(DAKO score of 0).
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acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 720 ccgtcagtct toctottacc cccaaaaccce
aaggacaccc tcatgatctc ccggacccct 780 gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa
gttcaactgg 840 tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgccggagga gcagracaac 900
agcacgctce gftfiggtedg tcctcacc gtectgcace aggactgget gaatggcaag 960 GdGtacH 8GR % Aaggtctc
caacaaagcc ctcccagccc

{0852] Figure 11 depicts the results of ADCC assays performed to test the ability of various
ch4D3 antibodies of the present embodiments to mediate ADCC in cancer cell lines (A549 in
Panel A; OVCAR-8 m Panel B; MCF-7 in Panel C; BT-20 in Panel D; HT-29 in Panel E) having
low HER2/meu expression levels (DAK.O score of 1+

[$G53] Figure 12 depicts the results of ADCC assays performed to test the ability of various
ch4D5 antibodies of the present embodiments to mediate ADCC in cancer cell lines (ZR75-1 in

Panel A; JIMT-1 in Panel B) having moderate HER2/neu expression levels (DAKO score of 2+).

[6054) Figure 13 depicts the results of ADCC assays performed to test the ability of various

-~ chdD3 antibodies of the present embodiments to mediate ADCC in cancer cell lines (MDA-MB-
453 in Panel A; BT-474 in Pane! B; SKBR-3 in Panel C; mSKGV-3 in Panel D) having high
HER2/meu expression levels (DAKO score of 3+).

Detaifed Description of the Invention:

{6055] The present invention provides novel antibodies and methods for treatment, diagnosis
and prognosis for certain cancers using antibodies against HERZ/mew. In particular, the present
invention provides amti-HER2/neu antibodies that are particularly useful as selective cytotoxic
agents for HER2/meu overexpressing cells, for example chimeric 4125 antibodies to HER2/new,
which have reduced glycosylation and altered effector fumctions as compared to known 4D35
antibodies. The invention also provides methods of using the antibodies and compositions
comprising them in the diagnosis, prognosis and therapy of diseases such as cancer, autoimmune

diseases, inflammatory disorders, and infectious disease.

[6856] Reference will now be made in detail to the presently preferred embodiments of the
invention, which, together with the drawings and the following examples, serve to explain the
principles of the invention. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that other embodiments may
be wilized, and that structaral, bioloegical, and chemical changes may be made without departing
from the spirit and scope of the present invention. Unless otherwise defined, all technical and
scientific terms used herein have the same meaning as conunonly understood by one of ordinary
skill in the art to which this invention belongs. One skilled in the art may refer to general
reference texts for such definitions or for detailed descriptions of technigues discussed herein,
These texts include Current Protocols in Molecular Biology (Ausubel et al., eds., John Wiley &
Sons, and supplements through March 2008), Molecular Cloning: A Laboratory Manual
(Sambrook and Russell, 3rd ed., 2001); Single-Molecule Techniques: A Laboratory Manual
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ccatcgagaa aaccatctcc 1020 aaagccaaag ggcagecceg agaaccacag gtgtacacce tgeccecate ccgggatgag
1080 ctgaccaaga accaggtcag cctgacctge ctggtcaaag gottctatce cagegacatc 1140 gecgtggagt
gggagagcaa tgggcagecg gagaacaact acaagaccac gectetegtg 1200 ctggactccg acggctectt cttectctac
agcaagctca ct§rgaeaithgcaggtgg 1260 cagcagggga acgtettcte atgctcedtyabgedityaig%ictgcacaa
ccactacacg 1320

(Seivin & Ha, eds., Cold Spring Harbor Press, 2008); Current Protocols in Nucleic Acid Chemistry
(Beaucage ef al., eds., John Wiley & Sons, Inc., 2000); Current Protocols in Immunology {Coligan
et al., eds., John Wiley & Sons, N.Y., and suppiements through March 2008), Making and Using
Antibodies: A Practical Handbook {Howard & Kaser, eds., CRC, 2006); Using Antibodies: A
Laboratory Manual (Harlow & Lane, Cold Spring Harbor Press, 1999); Binding and Kinetics for
Molecular Biologists (Goodrich & Kugel, Cold Spring Harbor Press, 2007); Current Protocols in
Pharmacology (Enna ef al., eds., John Wiley & Sons, N.Y., and supplements through March
2008), The Pharmacological Basis of Therapeutics (Goodman & Gilman, 11th ed., 2006), and
Remington: The Science and Practice of Pharmacy (Lippincott Williams & Wilking, 21st edition
(2003), for example.

A, Definitions

[0057] AS used herein, the term “ADCC” refers to Antibody Dependent Cellular Cytotoxicity,
an in virro cell-mediated reaction in which nonspecific cytotoxic celis that express FevRs {e.g.,
monocytic cells such as Natural Killer (NK) cells and macrophages) recognize bound antibody on

a target cell and subsequently cause lysis of the target cell.

[0858] As used herein, the term “antibody” refers to monoclonal antibodies, multispecific
antibodies, haman antibodies, hamanized antibodies, synthetic antibodies, chimeric antibodies,
polyclonal antibodies, camelized antibodies, single-chain Fvs (scFv), single chain antibodies,
immunologically active antibody fragments {e.g., antibody fragments capable of binding to an
epitope, eg., Fab fragments, Fab’ fragments, F(ab’), fragments, Fv fragments, fragments
containing either a VL or VH domain or a complementary determining region (CDR) that
immunospecifically binds an antigen, ete.), bi-functional or multi-functional antibodies, disulfide-
linked bispecific Fvs (sdFv), intrabodies, and diabodies, and epitope-binding fragments of any of
the above, In particular, the term antibodies is intended to encompass immunoglobulin molecules
and immunoclogically active fragments of immunoglobulin molecules, i.e., molecules that contain
an antigen binding site. Immunoglobulin molecules can be of any type (e.g., IgG, IgE, 1eM, IgD,
IgA and 1gY), class (e.g., 1gG, 1gGy, 1gGs, IgGy, IgA. and IgA.) or subclass (see, e.g., United
States Patent Publication Nos.. 20040185045: 20050037000: 20050064514: 20050215767
20070004909; 20070036799; 20070077246; and 20070244303).

[6859] Reference to a “B cell antigen receptor” or “BCR” is intended to reference the B cell
antigen receptor, which inciudes a membrane immunoglobulin (mlg) antigen binding component,
or a biologically active portion thereof (i.e, a portion capable of binding a ligand and/or capable of

associating with a transducer component), and transducer CD7% and CD79h components, or
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cagaagagcc tctcccetgtc tccgggtaaa tga 1353
[0098]HeavychainhavingFcNTllvariantFcregionannnoacidsequence(SEQIDNO: QVQLQQSGPE
LVKPGASLKL SCTASGFNIK DTY:HWVKQR PEQGLEWIGR IYPTEGYTRY 60 DPKFQDKATI
TADTSSNTAYAWRISREFSED TAVYYCSRWG GDGFYAMDYW GQGASYANERUPBRETKGPSVFP
LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180 GLYSLSSVVT
VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 240 PSVELLPPKP

bioclogically active portions thereof (i.e., a portion capable of transducing an intracellular signal

and/or capable of associating with an extracellular Hgand binding portion).

[6060] As used herein, the term “cancer” refers to a neoplasm or tumor resulting from
abnormal uncontrolled growth of cells. As used herein, cancer explicitly includes, leukemias and
lymphomas. In some embodiments, cancer refers to a benign tumor, which has remained localized.
In other embodiments, cancer refers to a malignant tumor, which has invaded and destroyed
neighboring body structures and spread to distant sites, In some embodiments, the cancer is

assoctated with a specific cancer antigen.

[6061] The terms “cell proliferative disorder” and “proliferative disorder” refer to disorders
that are associated with some degree of abnormal cell proliferation. In one embodiment, the cell

proliferative disorder is cancer.

[0062] The term “chimeric,” when referring to antibodies, refers 10 an antibody in which a
portion of a heavy and/or light chain is identical to or homologous with an antibody from one
species (e.g., mouse) or antibody class or subclass, while the remaining portion is identical to or
homologous with an antibody of another species (e.g., human) or antibody class or subclass, so
long as they exhibit the desired biological activity, Chimeric antibodies of interest herein include
“primatized” antibodies comprising variable domain antigen-binding sequences derived from a

non-human primate (e.g., Old World Monkey, Ape, etc.) and human constant region sequences.

{063} As used herein, the term “Complementarity Determining Region”™ or “CDR” refers to
the amino acid residues of an antibody variable domain that are necessary for antigen binding.

Each variable domain typically has three CDR regions identified as CDR,, CDR; and CDR..

[0064] As used herein, the term “diabody molecule” refers to & complex of two or more
polypeptide chains or proteins, each comprising at least one Vi and one Vy domain or fragment
thereof, wherein both domains are comprised within a single polypeptide chain. In certain
embodiments a “diabody molecule™ includes molecules comprising an Fe or a hinge-Fc domain,
Said polypeptide chains in the complex may be the same or different, i.e., the diabody molecule
may be a homo-multimer or a hetero-multimer. In specific aspects, a “diabody molecule™ includes
dimers or tetramers or said polypeptide chains containing both a Vi and Vy domain. The
individual polypeptide chains comprising the mulitimeric proteins may be covalently joined to at

least one other peptide of the nultimer by interchain disulfide bonds.

[0965] As used herein, the terms “disorder” and “disease” are used interchangeably to refer to

a condition in a subject. In particular, the term “agtoimmune disease” is used interchangeably with
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KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVENA KTKPPFEWN 300 STLRVVSILT
VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360 LTKNQVSLTC
LVKGFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGSFFLY SKLTVDKSRW 420 QQGNVFSCSV
MAEALMNHYP eREZSPEPGK 450 [0099]Heavy chain having FeNTI2 REFEREEE/ 3N nucleic add
sequence (SEQ ID NO: caggttcagc tgcagcagtc tggccctgag ctggtgaagc caggggcectc actcaagttg 60

tcctgtacag cttctggcett
the term “autoimmune disorder” to refer to a condition in a subject characterized by cellular, tissue

and/or organ injury caused by an immunologic reaction of the subject to its own cells, tissues
and/or organs. The term “inflammatory disease” is used interchangeably with the term
“inflammatory disorder” to refer to a condition in a subject characterized by inflammation,
preferably chronic mflammation. Autoimmune disorders may or may not be associated with
milammation. Moreover, inflammation may or may not be caused by an autoimmune disorder.

Thus, certain disorders may be characterized as both antoimmune and inflammatory disorders.

[0066] The term “effector cell” as used herein refers to 2 cell of the immune system that
expresses one or more Fe receptors and mediates one or more effector functions. Effector cells
include but are not limited to monocytes, macrophages, neutrophils, dendritic cells, eosinophils,
mast cells, platelets, B cells, large granular tymphocytes, Langerhans' cells, natural killer (NK)
cells, and may be from any organism including but not Hmited to humans, mice, rats, rabbits, and

monkeys.

[0¢67] The term “effector cell” refers to biological activities attributable to the interaction of
an antibody Fe region with an Fe receptor or ligand. An antibody may have one or more effector
functions. Non-limiting examples of antibody effector functions include antibody-dependent cell-
mediated cytotoxicity (ADCC), Clq binding, complement dependent cytotoxicity (CDC), down
regulation of cell surface receptors {¢.g., B-cell receptor; BCR), opsonization, opsonophagocytosis,
cell binding, and rosetting. Effector functions include both those that operate after the binding of

an antigen and those that operate independent of antigen binding.

[0068] As used herein, the term “epitope” refers to that portion of a polypeptide or protein or a
non-protein molecule that is immunospecifically bound by an antibody.. An epitope may have
immunogenic activity, such that it elicits an antibody production responsc in an animal. The
ability of an epitope to immunospecifically bind an antibody may be determined by for example,

an immunoassay. Epitopes need not necessarily be immunogenic.

[0069] The terms “Fe receptor” or “FcR™ are used herein to describe a receptor that binds to
the Fe region of an antibody. An exemplary FcR is a native sequence human FcR. An FcR may
be one which binds an IgG antibody (a gamma receptor) and includes receptors of the FeyRI,
FeyRIL FeyRIMH, and FeyRIV subclasses, including allelic variants and alternatively spliced forms
of these receptors, e.g., there are at least two known FeyRII receptors, FeyRIIA and FeyRIIB. The
term FcR also includes the neonatal receptor, FeRn, which is responsible for the transfer of

maternal IgGs to the fetus.
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caacatcaaa gacacctata tccactgggt gaaacagagg 120 cctgaacagg gcctggaatg gattggaagg atttatccta
ccaatggcta tactagatat 180 gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagcectac 240
ctgcaagtca gccgectgac atctgaggac actgecgtct attactgctc ccggtgggga 300 ggggacggct tetatgcetat

ggactactgg giteadtfgastéticcgtgac cgtgagetee 360 gectccacca agggeccatBiggteretd e diblycaccct
cctecaagag '

[6070] As used herein, the term “Fc region” is used to define a C-terminal region of an IgG
heavy chain,  Although the boundaries may vary slightly, the human IgG heavy chamn Fe region is
defined to stretch from Cys226 to the carboxy terminus. The Fe region of an IgG comprises two
constant domains, Cyp and Cis. The Cyp domain of a human IgGG Fe region (also referred to as
“Cy2” domain) usually extends from amino acid 231 to amine acid 338, and the Cys domain of a

Twman IgG Fe region usually extends from amino acids 342 to 447,

[8671] The term “glycosylation site” refers to an amino acid residue or residues that is
recognized by a mammalian cell as a location for the attachment of sugar residues. Amino acid
residues to which carbohydrates, such as oligosaccharides, are attached are usually asparagine (N-
linkage), serine {O-linkage), and threonine {O-linkage) residues. The specific sites of attachment

" usually have a characteristic sequence of amino acids, referred to as a “glycosylation site
sequence.” The glycosylation site sequence for N-linked glycosylation is: Asn-X-Ser/Thr, where X
can be any of the conventional amino acids other than proline. The Fc region of human IgG has
two N-linked glycosylation sites, one in each of the Cp; domains, at the asparagine at position 297
(Asn 297). '

[0872) As used herein, the term “HAMA response” refers to the Human Anti-Mouse Antibody
response, which is a deleterious immunogenic response that occurs when a human mmnune system
recognizes a murine antibody as foreign and attacks it. A HAMA response can cause toxic shock
or death, Chimeric and humanized antibodies reduce the likelihood of a HAMA response by
decreasing the non-human portions of administered antibodies, but there is still potential for a

Human Anti-Human Antibody response (“HAHA response”™) immune response to such antibodies.

16473} The terms “heavy chain,” “light chain” (*CL”), “light chain variable region” (*VL™),
“heavy chain variable region” (“VH”), “framework region” (“FR™), “heavy chain constant domain
(“CH™), “light chain constant domain (“CL”) refer to domains in naturally occurring
mmmnoglobuling and the corresponding domains of synthetic (e.g., recombinant) binding proteins
(e.g., humanized antibodies). The basic structural umit of naturally ocowrring immuneglobuling
(e.g., Ig(3) is a tetramer having two light chains and two heavy chains. Usually natarally occurring
mmmunoglobulin is expressed as a glycoprotein of about 150 KDa, although IgG can also be
produced in a non-glycosylated form. The amino-terminal (“N) portion of each chain includes a
variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The carboxy-terminal (“C”) portion of each chain defines a constant region, with light
chains having a single constant domain and heavy chains usually having three constant domains

and a hinge region. Thus, the structure of the light chaings of a naturally oceurring IgG molecule is
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cacctctggg 420 ggcacagegg ccctgggcty cotggtcaag gactacttce ccgaaccggt gacggtgteg 480 tggaactcag
gcgeectgac cageggegtg cacaccttce cggetgtect acagtectca 540 ggactetact cectcageag cgtggtgace
gtgocctcea geagettggg cacccagace 600 tacatctgca acgtgaatca caageccage aacaccaagg tggacaagag
agttgagccc 688 24&tHY acaaaactca cacatgccca cegtgeccag cacctgaactEgtdgglygdar?2o cegtcagtcet

N-VL-CL-C and the structare of IgG heavy chains is N-VH-CH1-H-CH2-CH3-C (where H is the
hinge region). The variable regions of an IgG molecule consists of the complementarity
determining regions (CDRs), which contain the residues in contact with antigen and non-CDR
segments, referred to as framework segments, which maintain the structure and determine the
positioning of the CDR loops. Thus, the VL and VH domains have the structure N-FR1-CDRI-
FR2-CDR2-FR3-CDR3-FR4-C.

[6874] As used herein, the term “heterologous™ nucleic acid denotes DNA, RNA, etc.that i3
infroduced into a host cell. The nucleic acid may be derived from any of a variety of sources
including genomic DNA, mRNA, cDNA, synthetic DNA and fusions or combinations of these,
The nucleic acid may include a polynucelotide from the same cell or cell type as the host or
recipient cell or a polynucleotide from a different cell type, for example, from a mammal or plant,
and may, optionally, include marker or selection genes, for example, antibiotic resistance genes,

temperature resistance genes, etc.

{0475} The term “hinge region” is generally defined as stretching from Gla216't0 Pro230 of
human IgG1. Hinge regions of other 1gG isotypes may be aligned with the 1gG1 sequence by
placing the first and last cysteine residues forming inter-heavy chain S-S bonds in the same

positions.

[0076] As used herein, the term “humanized” has its usual meaning in the art. In general
terms, humanization of a non-human antibody involves substituting the CDR sequences from non-
human imnmunogiobulin Vi and Vy regions into human framework regions, Further, as used
herein, “humanized” antibodies may comprise additional substitutions and mutations in the CDR
and/or framework regions introduced to increase affinity or for other purposes. For example,
substitution of nonbuman framework residues in the human sequence can increase affinity. The
resulting variable domains have non-human CDR sequences and framework sequences derived
from human antibody framework sequence(s) or a human consensus sequence. A variety of
different human framework regions may be used singly or m combination as a basis for a

humanized antibody.

[0677] As used herein, the term “immunomodulatory agent” and variations thereof refer to an
agent that modulates a host’s immune system. In certain embodiments, an immunomodulatory
agent 1s an immunosuppressant agent. In certain other embodiments, an immunomedulatory agent
is an immunostimulatory agent. Immunomodatory agents include, but are not limited to, small
molecules, peptides, polypeptides, fusion proteins, antibodies, inorganic molecules, mimetic

agents, and organic molecules.
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tcctcttacc cccaaaaccc aaggacaccce tcatgatctc coggacccct 780 gaggtcacat gcgtggtggt ggacgtgagce
cacgaagacc ctgaggtcaa gttcaactgg 840 tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgccggagga
gcagtacaac 900 agcacgctcc gtgtggr_cag cgtcctcacc gtectgcacc aggactggct gaatggcaag 960
gagtacaagt gBahYYtetE % acaaagcee ctoccagocc cecatcgagaa aaccatctee 1(5’2%%5{5@@3% ggcageececy
agaaccacag gtgtacaccc

[0678] As used herein, the term “immunospecifically binds,” refers to the specific binding
exhibited between an antibody and the epitope that it recognizes. Such binding will typically
exhibit a Ky, of at least about 0.1 mM, more usually at least about 1 pM, preferably at least about
0.1 uM or less, and most preferably, 0.01 pM or less. Preferably, the antibodies of the invention

mmmunospecifically bind to proteins with high affimity (e.g., low Kp).

[0079] An antibody that immunospecifically binds to an antigen may bind to other peptides or
polypeptides with lower affinity as determined by, e.g., immunocassays, BIAcore, or other assays
known in the art. Preferably, molecules that specifically bind an antigen do not cross react with
other proteins, Molecules that specifically bind an antigen can be identified, for example, by

immumoassays, BlAcore, or other techniques known to those of skill in the art.

[0080] The term “Antibody Engineering Technology Art” as used herein refers to technology
disclosed in U.S. Provisional Patent Application Nos. 60/781,564; 60/945,523; 61/015,106; filed
Dec. 19, 2007, and 61/019,051 filed Jan. 4, 2008; US 20040185045; US 20040197347; US
20040197866; US 20050037000; US 20050064514; US 20050215767, US 20060134709; US
20060177439; US 20070004909; US 20070036799, US 20070037216; US 20070077246, US
20070244303; TUS 20080044429, US 20080050371, 11/869,410; 11/952,568; 1.8, Patent No.
7,112,439; WO 04/063351; WO 06/088494; WO 07/024249; WO 06/113665; WO 07/021841,
WO 07/106707; or PCT/US(7/86793

[6081] The term “monoclonal antibody™ as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising the
population are identical except for possible naturally occurring mutations that may be present in
minor amounts, and the term “polyclonal antibody™ as used herein refers to an antibody obtained
from a population of heterogenous antibodies. Monoclonal antibodies are highly specific, being
directed against a singlc cpitope. In addition to their specificity, monoclonal antibodies are
advantageous in that they may be synthesized without contamination by other antibodies. The
term “monoclonal” indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring production of the

antibody by any particular method.

[68682] As used herein, the terms “nucleic acids™ and “nuclectide sequences”™ inchide DNA
molecules (e.g., ¢cDNA or genomic DNA), RNA molecules {e.g,, mRNA), combinations of DNA
and RNA molecules or hybrid DNA/RNA molecuies, and analogs of DNA or RNA molecules.
Such analogs can be generated using, for example, nucleotide analogs, which include, but are not

limited to, inosine or tritylated bases. Such analogs can also comprise DNA or RNA molecules
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tgcccccate ccgggatgag 1080 ctgaccaaga accaggtcag cctgacctge ctggtcaaag gettctatce cagegacate
1140 gccgtggagt gggagagceaa tgggcagecy gagaacaact acaagaccac gectetegtg 1200 ctggacteeg
acggctoctt cttcctotac agcaagctca ccgtggacaa gagcaggtgg 1260 cagcagggga acgtcttcte atgetcegtg
atgcatgagg clfyeYea&E 4 ctacacy 1320 cagaagagcc teteectgte tecgggtaabildsS2009/038201

comprising modified backbones that lend beneficial attributes to the molecules such as, for
example, nuclease resistance or an increased ability to cross cellular membranes, The nucleic
acids or nmucleotide sequences can be single-stranded, double-stranded, may contain both single-
stranded and double-stranded portions, and may contain triple-stranded portions, but preferably is
double-stranded DNA.

[0083] “Substantial sequence identity,” as used hercin, refers fo two or more sequences or
subsequences (e.g., domains) that have at least about 80% amino acid residue identity, preferably
at least about 90%, or at least about 95% identity when compared and aligned for maximum
correspondence.  Sequence identity between two similar sequences (e.g., antibody variable
regions) can be measured by algorithms such as that of Smith & Waterman, 1981, Adv. Appl.
Math. 2:482 [local homology algorithm], Needleman & Wunsch, 1970, 1. Mol. Biol, 48:443
{homology alignment algorithim], Pearson & Lipman, 1988, Proc. Natl Acad. Sci. (U.5.A)
85:2444 [search for similarity method], or Altschul e af., 1990, J. Mol. Biol. 215:403-10 [BLAST
algorithm]. When using any of the aforementioned algorithms, the default parameters (for
Window length, gap penalty, elc.) are used. An amino acid sequence is said to be “substantially
similar to” a second sequence when the degree of sequence identity is at least about 70% identical,
preferably at Ieast about 80%, or at least about 90%, or even at lcast about 95%, identical. A
nucleic acid sequence is said to be “substantially similar 10” a second sequence when either: (1) the
degree of sequence identity is at least about 70% identical, preferably at least about 80%, or at
least about 90%, or even at least about 95%, identical, or the nucleic acid sequence encodes a
polypeptide that is at least about 70% identical, preferably at least about 80%, or at least about
90%, or even at least about 95%, identical to the polypeptide encoded by the second sequence.

Sequences that are substantially identical are alsc substantially similar.

[0684] When referring to antibodies, the assignment of amine acids to each domain is
accordance with Kabat, Sequences Of Proteins Of Immunological Interest (National Institutes of
Health, Bethesda, Md., 1987 and 1991), which is expressly incorporated herein by reference.
Throughout the present specification, the numbering of the residues in an IgG heavy chain is that

of the EU index as in Kabat, and refers to the numbering of the human 1gG1 EU antibody.
B. Antibedies

[0085] The present invention particularly encompasses chimeric antibodies and polypeptides
that specifically bind to HER2/neu, preferably human HERZ2/nen. The antibodies have reduced
glycosylation as compared to known 4D5 antibodies such as murine 4D5 and trastuzumab, due to

the removal of a glycosylation site in the variable region of the light chain. In particular, the
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1353 1001001 Heavy chain having FcMT2 variant Fc region amino acid sequence (SEQ ID NO: 11):
QVQLQQSGPE LVKPGASLKL SCTASGFNIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60
DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGEYAMDYW GQGASVTVSS 120
ASTKGPSVMEZABEBRE TSG GTAALGCLVK DYFPEPVTVS WNSGAL?%V%“P%&?’&WQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELVGG 240

PSVFLLPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPPEEQYN
antibodies lack a glycosylation site in the variable region of the light chain, which in the native

murine 4D5 comprises an N-R-S sequence at positions 65, 66 and 67. Preferably the antibodies
have enhanced binding affinity for HER2/nen, and more preferably the antibodies have enhanced

effector function, both as compared 1o a native 4D5 antibody.

[0686] The antibodies comprise a chimeric 4D5 immunoglobulin light chain lacking an N-
linked glycosylation site at positions 65, 66 and 67 of the light chain variable region. In a
particular embodiment, the antibodies comprise a modification, preferably a substitution, at
position 65 of the variable region of the light chain (V;). In a preferred embodiment, the
antibodies comprise a light chain encoded by the nucleic acid sequence of SEQ ID NO: 1, or
comprise the amino acid sequence of SEQ ID NO: 2. The nucleic acid and amino acid sequences

of a preferred light chain of the present invention are presented below:

{0087] Chimeric light chain nucleic acid sequence (SEQ ID NO: 1):

gacatcgtga tgacccagte ccacaagtite atgtecacct ctgtgggega tagggtcage 60
atcacctgeca aggccageca ggatgtgaat actgetgtag cotggtatca geagaaacca 120
ggacattctc ccaaactgelt gatttactee geatcettee ggtacactdg agtecctgat 180
cgcttcactg gecagecagate tgggacagat ttcactttceca ceatcageayg tgtgcagget 240
gaagacctgg cagtttatta ctgltcagcaa cattatacta cacctcocac cttoggagyyg 300
ggtaccaagg tggagatcaa acgtacggtg gctgcaccat ctgtettcat ctteccegeea 360
totgatgage agttgaaatc tggaactgoce tectgtigtgt gectgetgaa taacttctat 420
cocagagagy ccaaagtaca gtggaaggtg gataacgece tccaateggg taactcocag 480
gagagtgtca cagagcagga cagceaaggac agcacctaca gectcageag caccctgacy 540
ctyagcaaay cagactacga gaaacacaaa gtctacgect gegaagtcac ccatcaggge 500
ctgagetege cegtcacaaa gagcebtcaac aggggagagt gttag 645

{0088] Chimeric light chain amino acid sequence (SEQ ID NO: 2):

DIVMTQSEKF MSTSVGDRVS ITCEASQDVN TAVAWYQQOKP GHSPKLLIYS ASFRYTGVPD 60
RETGSRSGTD FTFTISSVQA EDLAVYYCQQ HYTTPPTFGG GTEVEIKRIV AAPSVEIEFPE 129
SDEQLKSGTA SVVCLLNNFY PREARKVOWKY DNALQSGNSQ ESVIEQDSKED STYSLSSTLT 180
LSKEADYEKHK VYACEVTHQOG LSSPVTKSET RGEC 214

[86G89] These antibodies having a modification at positions 65 of the V| region lack an N-
linked glycosylation site foumd in the native murine 45 antibody, as can be seen in Figure 1,
which depicts an exemplary comparison between the Vp region amino acid sequences of a
chimheric 4D5 antibody having an N65S medification (SEQ ID NO: 4), and the native murine
(SEG 1D NO: 3) and humanized (SEQ ID NO: 5) 4D5 antibodies. In another preferred
embodiment, the antibodies comprise a N63S modification in the V; region, and preferably have a

V region amino acid sequence of SEQ ID NG: 4. These sequences are presented below:
[6690] Native murine V| region amino acid sequence (SEQ 1D NO: 3):

DIVMIQSHKF MSTSVGDRVI ITCKASQDVN TAVAWYQOKP GHSPELLIYS ASFRYTGVED 60
RETGNRSGTD FTFTISSVQA EDLAVYYCQQ HBYTTPPTFGG GTKLEIEKRA 109
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300 STLRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPFSRDE 360
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGSFFLY SKLTVDKSRW 420
QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 450 1001011Heavy chain having FeMT3 variant Fe
region nuclei¥ & ¥EGfi¥hce (SEQ ID NO: 12): caggttcage tgcageagte tgdeddtfay ttgt#daage

caggggcctc actcaagttg 60 tcctgtacag ctzctggctt caacatcaaa gacacctata tccactgggt gaaacagagg

[06%1] Chimeric V region aminoe acid sequence (SEQ 1D NO: 4):

DIVMTQSHKEF MSTSVGDRVS ITCEASQDVN TAVAWYDQOKP GHSPKLLIYS ASFRYTGVPD 60
RETGSREGTD FTFTISSVQA EDLAVYYCOD HYTTPPTFGE GIEVEIKRT 109
[0492) Humanized Vi region amino acid sequence (SEQ ID KO 5):

DIQMTQSPSS LSASVGDRVT ITCRASQDVN TAVAWYQQOKP GHAPKLLIYS ASFLESGVPES 60
RESGSRSGTD FTLTISSLOP EDFATYYCQQ HYTTPPTFGQ GTRVEIKRT 109

[0093]

In one embodiment, the heavy chain has a murine 4D3 wild-type Fc region, preferably

encoded by the nucleic acid sequence of SEQ ID NO: 6, or having the amino acid sequence of

SEQ ID NO: 7. These sequences are presented below:

[0094] Heavy chain having wild-type Fc region nucleic acid sequence (SEQ ID NO: 6):
caggttcage tgcagcagte tggcocectygag ctggtgaage caggggecte actcaagttg 60
tectgtacag cttetggett caacatcaaa gacacctata tecactgggt gaaacagagg 120
cctgaacagy goctggaatg gattggaagg atttatocta ccaatggeta tactagatat 180
gacccaaagt tccaggacaa ggecactatc acagoagaca catoectccaa cacageoctac 2490
ctgcaagtca geecgectgac atcetgaggac actgceegicet attactgetce ceggtgggga 300
ggggacgget totatgetat ggactactgg ggtcagggag cctecgtogae cgtgagetcee 360
gectecacca agggeccate ggtettecece ctgygcaccecet coctcecaagag cacctetgog 420
ggcacagcgyg ccoctgggotyg cotggtcaag gactacttoe cogaaccggt gacggtgteg 4840
tggaactcag gcgcectgac cageggegiy cacaccttee cggetgtoct acagtectea 540
ggactctact ccctcagecag cgtggtgace gigecccteca gecageltggg cagcecagace 600
tacatctgca acgtgaatca caagcccage aacaccaagqg Lggacaagag agttgagecoc 660
aaatcttgtyg acaaaactca cacatgccca cogtgcccag cacctgaact cetgggggga 720
cegteagtet tectettece cecaaaacce aaggacacce tcatgatcte ceggacccoct 780
gaggtcacat gcgtggiggt ggacgtygage cacgaagace ctgaggtcaa gttcaactgg 840
tacgtggacg dgogtggagglt geataatgoe sagacaaage cgegggagga geaghbacaac 900
agcacgtacce gtgtggtcag cgtectcace gtectgeace aggactgget gaabtggcaag 960
gagtacaagt gcaagghbctc caacaaagcce ctcccagecce ccatcgagaa aaccatcoctec 1020
aaagccaaaqg ggcagooccy agaaccacayg gtgtacacce tgeccccatce ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctge ctggtcaaag gettctatee cagegacate 1140
geocgtyggagt gggagageaa tgggeageceyg gagaacaact acaagaccac goctccoeogtg 1200
ctggactccg acggcteocott cttectetac agecaagetcea cogtggacaa gageaggtgg 1260
cagcagggga acgtcttete atgeteegtyg atgeatgagg ctetgcacaa ccactacacy 1320
cagaagagece tetcectgte tecgggtaaa tga 1353
{6095] Heavy chain having wild-type Fc region amino acid sequence (SEQ ID NO: 7).
QVOLQQOSGPE LVEPGASLEL SCTASGFNIK DIYIHWVEQR PEQGLEWIGR IYPINGYTIRY 60
DPEFQDEATI TADTSSNTAY LOVSRLTSED TAVYYCSRWG GDGEYAMDYW GQGASVIVSS 120
ASTEGPSVEP LAPSSKSTSG GTAALGCLVK DYFPEPVIVS WNSGALTSGVY HTEFPAVLQOSS 180
GLYSLSSVVT VPSSSLGTQT YICHVNHEPS NIKVDERVEEP KSCDKTHTCP PCPAPELLGG 240
PSVFLFPPKP EDTLMISRTP EVICVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 300
STYRVVSVLT VLHODWLNGK EYRCKVSNEA LPAPIERTIS KRAKGQOPREPQ VYTLPPSRDE 360
LTEKNQVSLTC LVKGEYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFEFLY SELTVDESRW 42¢
QOGNVESCSV MHEEALHNHYT QESLSLSPGK 450
[6096] In other embodiments, the heavy chain is a variant of a murine 4135 antibody heavy

chain, preferably comprising a variant Fc region, and more preferably comprising a variant ¥

region such as FeMT1, FeMT2, or FeMT3, These sequences are presented below:
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120 cctgaacagg gcctggaatg gattggaagg atttatccta ccaatggcta tactagatat 180 gacccaaagt tccaggacaa
ggccactatc acagcagaca catcctccaa cacagcctac 240 ctgcaagtca gccgectgac atctgaggac actgccgtct
attactgctc ccggtgggga 300 ggggacggct totatgctat ggactactgg ggtcagggag cctccgtgac cgtgagcetcc 360
gcctecacca G CE¥AtE dHtcttcece ctggeaccct cetccaagag cacctetggg 420%%’63%%3@ &etgggctg

{6097] Heavy chain having FcMT] variant Fe region nucleic acid sequence (SEQ ID NO: 8):
caggttecage tgcagcagtc tggccctgag ctggltgaage caggggectce actcaagttg 60
toctgtacag cttetggett caacatcaaa gacacctata tecactggyt gaascagagy 120
cotgaacagg gectggaatg gattggaagg atttatccta ccaatggeta tactagatat 180
gacccaaaght tccaggacaa ggecactate acageagaca catcectecaa cacagectac 240
ctgoaagtea gecogectgace atctgaggac actgecgtel attactgete ccggtyggygga 300
ggggacggcet tctatgetat ggactactgg ggtcagggag ccitcegtgac cgtgagetoe 360
gcotcoocaceca agggeccate ggtecttcece ctggoaccet cctceecsagay cacctetggyg 420
ggcacagegy ccctgggetg cotggtcaag gactactioo ccegaaccoggt gacggtgtog 480
tggaactcag gegecctgac cagcggegtyg cacaccttce cggetgtect acagtcoctea 540
ggactcetact ccctecageag cgtggtgace gtgceecteoca geagettggg cacccagace 600
tacatctygea acgtgaatca caageccago aacaccaagd Lggacaagag agttgagece 660
aaatcttgltyg acaaaactca cacatgcecca ccgtgcccag cacctgaact cotgggggga 720
cegtcagtet teoctettace cccamaacce aaggacaccce tcatgatcte ccocggacccocot 780
gaggtcacat gcgtggtggt ggacgtgage cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtggacyg gegtggaggt geataatgcece aagacaaagce cgocggagga gcagtacaac 900
agcacgctcee gtgtggtcag catcctcacc gtcecctgeacce aggactggcet gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagcec ctoccagocce ccatcgagaa aaccatctec 102¢
aaagcecaaaq ggcagocoocy agaaccacayg gtgtacacce tgeccccate ccgggatgag 108G
ctgaccaaga accagglcag ccotgacctge cltggteaaay gettctatece cagogacate 1140
gocgtggagt gggagageaa tgggcagoog gagaacaact acaagaccac gectetegty 1200
ctggactcecg acggctccectt ctteoctctac agecaagctca cogtggacaa gageagygtgyg 1260
cagcagggga acgtcecttete atgetecgtyg atgecatgagyg ctotgcacaa ccactacacg 1320
cagaagagcece tcteccctgic tecgggtaaa tga 1353
[0698) Heavy chain having FeMT1 variant Fe region amino acid sequence (SEQ ID NO: 9):
QVQLOQSGEPE LVKPGASLKL SCTASGFNIK DTYIHWVEQR PEQGLEWIGR IYPTNGYTRY 60
DPEFQDKATI TADTSSNTZY LQOVSRLTSED TAVYYCSRWG GDGFYAMDYW GOGASVTVSS 120
ASTKGPSVFP LAPSSKSTSG GTAALGCLVE DYFPEPVIVS WNSGALTSGV HTFPAVLQOSS 180
GLYSLSSVVT VPSSSLGTQOT YICNVNHEPS NTEVDKRVEP KSCDKTHTCP PCPAPELLGG 240
PSVELLPPKP KDTLMISRTP EVICVVVDVS HEDPEVEFNW YVIDGVEVHNA KTKPPEEQYN 300
STLRVVSILT VLHQDWLNGK EYKCKVSNEA LPAPIEKTIS KAKGQPREP(Q VYTLPPSRDE 360
LTENQVSLTC LVKGEFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGESFFLY SKLTVDESRW 424
QOGNVFSCEV MHEALHNHYT OKRSLSLSPGK 450
[0049] Heavy chain having FcMT?2 variant Fc region mucleic acid sequence (SEQ 1D NO:
10):

caggttcage tgcagcagtc tggcocctgag ctggtgaage caggggecte actcaagttg 60
tcectgtacag cttcectggett caacatcaaa gacacctata tecactgggt daaacagagy 120
cctgaacagy geetggaaty gattggaagy atttatecta ccaatggeta tactagatat 180
gacccaaagl tccaggacaa ggecactalte acagcagaca catcoctoraa cacagectac 240
ctgcaagtca gccgectgac atctgaggac actgecgtet attactgete cecggtgggga 3006
ggggacgget tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagotoo 360
goetocacea agggeccate ggtettecee ctggeaccet cetecaagag cacctoctggg 420
ggcacadgegy cectgggcetg cetggicaag gactacttoeo cegaaccggt gacggtgtcg 480
tggaactcag gcgecctgac cageggegtyg cacaccticoe cggetgtect acagtoctea 540
ggactetact cecteagcag cgtggtgace gtgeccteca geagettggg cacccagace 00
tacatetgea acgtgaatca caageccadge aacaccaagqg tggacaagag agttgageoce 660
aaatcttgtg acaaaactca cacatgecca cegtgceeccag cacctgaact cgtyggygggga 720
ccgtcagtet tcectettace cccaaaacce aaggacacce tcatgatote cceggacccect 780
gaggtcacat gcgtggtggt ggacgtgagce cacgaagacce ctgaggtcaa gttcaactgg 840
tacgtggacg gcgtggaggt gcataatgcce aagacaaage cgocggagga gcagtacaac 900
ageacgctec gtgtggtcag cgtectcace gtcecectgecace aggactggct gaatggcaag 960
gagtacaagt gcaaggtcte caacaaagcece cteccagecoe ¢ccategagaa aaccatcteco 1020
gaagccaaay ggeageceey agaaccacaqg gtgtacacee tgeccceate ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctge ctggtecaaag gettetatoe cagegacato 1140

224 .



cctggtcaag gactacttcc ccgaaccggt gacggtgtcg 480 tggaactcag gecgecctgac cageggegtg cacaccttce
cggctgtoct acagtcctca 540 ggactctact ccctcageag cgtggtgacce gtgecctcca geagcettggg cacccagace 600
tacatctgca aci%?aatca caagcccagc aacaccaagg tggacaagag agttgagccc 660 aaatct

cacatgccca
tcatgatctc

c

geegtggagt
ctggacteeyg
cagcaggdga
cagaagagce

{006100]

OVOLOQSGPE
DPEFQDKATI
ASTKGPSVEP
GLYSL3SVVT
PSVFLLPPKP
STLRVVSVLT
LTENQVSLTC
QOGNVFIC3V

{00101}
12):

caggttcage
tectgtacag
cctgaacagy
gacccaaagt
ctgcaagtca
ggggacgget
geccectecacca
ggcacagegyg
tggaactcaqg
ggactctact
tacatctgca
aaatettgtg
cogriecagtet
gaggtcacat
tacgtggacy
agcacgctce
gagtacaagt
aaagccaaadq
ctgaccaaga
gecgtggagt
ctggactecyg

cagcaggygya
cagaagages

{08102}

QVQLOOSGPE
DPKEGDKATI
ASTEGPSVEP
GLYSLESVVT
PSVFLLPPEP
STLRVVSVLT
LTENQVSLTC
COGNVESCSEV

{00103]

gggagagcaa
acggetectt
acgtcttete
teteoctgte

LVEPGASLEL
TADTSESNTAY
LAPSSKSTSG
VP3SSLGTQT
KDTIMISRTP
VLEQDWLNGE
LVEGEYPSRI
MHEALHNHYT

tgcagcagtc
ctitctggett
gcetggaatyg
tccaggacaa
gecegeetgac
tctatgetat
agggccocate
ccetgggetyg
gcgeoctgac
ccctcageag
acgtgaatca
acaaaactca
teotettace
gegtggtggt
gegtggaggt
gtgtggtcag
gcaaggtctc
ggcagececy
accaggteag
gdgagagcaa
acggeteett
acgtettete
tcteecetgte

LVEPGASLKL
TADTSSNTAY
LAPSSKSTSG
VPSSSLGTOT
ROTLMISRT B
VEHODWLNGK
LVKGFYPSDI
MHEALHNHYT

tgggcagecey
cttecetetac
atgctccgtyg
tcogggtaaa

SCTASGENIK
LOVSRLTISED
GTAALGCLVE
YICNVNHEPS
EVICVVVIVS
EYECKVSNEA
AVEWESNGOP
QESLELSPGK

tggcecctgag
caacatcaaa
gattggaagyg
ggccactatce
atctgaggac
ggactactgg
ggtectteeee
cctggtcaag
cagcggegtyg
cgtggtgacce
caagoooage
cacatgocca
cccaaaacce
ggacgtgage
gcataatgee
cgtectecacce
caacaaagcc
agaaccacaqg
cetgacetge
tgggcagecg
cttectetac
atgctcegty
tceggataaa

SCTASGFNIK
LOVSRLTSED
GTAALGCLVE
TICNVNHEES
EVTCVVVDVS
EYKCEVSNKA
AVEWESNGOP
QESLSLSPGK

Jagaacaact
agcaagetca
atgcatgagy
tga

DTYTHWVEQR
TAVYYCSRWG
DYFPEFVTIVS
NTEVDERVEFR
HEDPEVEENW
LPAPIERTIS
ENNYKTTPLV

ctggtgaagce
gacacctata
atttatccta
acagcagaca
actgeegtet
ggtcagggag
ctggcacect
gactacticc
cacaccttcc
gtgcectcca
aacaccaagg
cocgtgeecag
aaggacaccco
cacgaagacco
aagacaaagc
gtcetgeace
ctcocagece
gtgtacacce
ctggtcaaag
gagaacaact
agcaagetca
atgecatgagg
tga

DTYIHWVEQR
TAVYYCSRWG
DYFPEPVIVS
NIEVDKRVEP
HEDPEVEENW
LPAPIEKTIS
ENNYETTPPV

acaagaccac
ccgltggacasa
ctctgecacaa

PEQGLEWIGR
GDGEYAMDYW
WNSGALTSGV
KSCDKTHTCE
YVDEVEVHNA
KAKGQPREPD
LDSDGSFFLY

caggggectce
tccactgggt
ccaatggcta
catcctcecaa
attactgctc
cctocgtgac
cectecaagayg
ccgaaccggt
cggotgteot
goagettggg
tggacaagag
cacctgaact
tcatgatctc
ctgaggtcaa
cgccggagga
aggactggct
ccatogagaa
tgeccccate
gettetatece
acaagaccac
cecgtggacaa
ctetgeacaa

PEQGLEWIGR
GDGFYAMDYW
HNSGALTSGY
KSCDETHTCP
YVDGVEVENA
KAKGOPREPO
LDSDGSFFLY

geotetegty
gagceaggtygg
ccactacacg

IYPTNGYTRY
GOGASVIVES
HTFPAVLOSS
PCPAPELVGG

KTEPPEEQYN
VYTLEPSRDE

SKELTVDESRW

actcaagttg
gaaacagagqg
tactagatat
cacagectac
coggtgggga
cgtgagetee
cacetetbgygy
gacggtgteg
acagtcctca
cacccagacoe
agttgagcce
cctgggggga
coggacocot
gttcaactgg
gcagtacaac
gaaltggcaag
aaccatctece
ccgggatgag
cagecgacatc
geccteoeegty
gageaggtoy
ccactacacy

IYPTNGYTRY
GRGASVTIVSES
HTFPAVLQOSS
PCPAPELLGG
KTHKPPEEQYN
VYTLPPSRDE
SKLTVDESRW

t

acaaaactca

t
éﬁ@égﬁsgécctgaact cctgggggga 720 ccgtcagtct toctottacc 853&3%?38%?8 %Pdgacaccc

1260
1260
1320
1353

Heavy chain having FeMT2 variant Fe region amino acid sequence (SEQ ID NO: 11):

60

120
18¢C
240
300
360
420
450

Heavy chain having FeMT3 variant Fe region nucleic acid sequence (SEQ 1D NO:

&0

i2¢
180
240
300
360
420
480
540
600
660
720
780
840
$00C
960
1020
1080
1140
1200
1260
1320
1353

Heavy chain having FcMT3 variant Fe region amino acid sequence (SEQ ID NQO: 131

60

120
18C
240
300
360
420
4350

In one embodiment, a variant 4035 heavy chain has a modification in the Fe region, and

is encoded by the nucleic acid sequence of SEQ ID NO: 8 or comprises the amino acid sequence

of SEQ [D NO: 9, or is encoded by the nucleic acid sequence of SEQ ID N(C: 10 or comprises the
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caggaccoct 780 gaggtcacat gcgtggtggt ggacgtgage cacgaagacc ctgaggtcaa gttcaactgg 840 tacgtggacg
gcgtggaggt gcataatgcc aagacaaagc cgccggagga geagtacaac 900 agcacgctce gtgtggtcag cgtcctcace
gtcctgcacc a actg%ct %aatggcaag 960 gagtacaagt gcaaggtotc caacaaagcc ctcccagccc ccatcgagaa
aaccatctcc 1099 X% 4EE%hag ggcagecceg agaaccacag gtgtacacce tgccec&&tE Cydg &ty 1080
ctgaccaaga

amino acid seque.nce of SEQ ID NO: 11, or is encoded by the nucleic acid sequence of SEQ ID

NO: 12 or comprises the amino acid sequence of SEQ 1D NG: 13. Preferably, the antibodics

comprise a heavy chain encoded by a nucleic acid sequence selected from the group consisting of

SEQ ID NQO: 6, SEQ ID NQ: 8, SEQ D NO: 14, and SEQ ID NO: 12, or comprising an amino

acid scquence. sclected from the group comsisting of SEQ 1D NG: 7, SEQ 1D NO: 9, SEQ ID

NO: 11, and SEQ ID NO: 13.

[00104] In ome embodiment, an anti-HER2/meu antibody comprises an immunoglobulin Hght
chain having a N658 modification in the V, region, and an immunogiobulin heavy chain having a
modified Fc region. Preferably, an anti-HER2/meu antibody compriscs a light chain having the
amino acid sequence of SEQ ID NO: 2, and 2 heavy chain having an amino acid sequence
selected from the group consisting of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, and SEQ
ID NO: 13, In some embodiments, s polypeptide of the invention further comprises a light chain
constant domain fused to a light chain variable domain, which in some embodiments comprises at
least SEQ ID NO: 4. In other embodiments, the antibody is modified, a fragment, or a modified
fragment.

[601065] Chimeric 4D5 antibodies were constructed in accordamce with the wvarious
embodiments of the invention, to enhance binding to activating tow-affinity Fc receptors, and to
not alter, or only minimally increase, binding to the low-affinity inhibitor receptor CD32B

{FeyRI-B). The antibodies include the following wild-type and Fe-optimized antibodies:

® ch4D3-wild-type Fc, which has a light chain having an amino acid sequence of SEQ ID
NO: 2, and a heavy chain having an amino acid sequence of SEQ ID NO: 7. ch4D5-wild-
type Fc hag an N65S substitution on the light chain, which results in a de-glycosylated

light chain.

e chdD5-FcMT], which has a light chain having an amino acid sequence of SEQ 1D NO: 2,
and a heavy chain baving an amino acid sequence of SEQ ID NO: 9. ch4D35-FcMT1 has
an N65S substitution on the light chain, which results in a de-glycosylated light chain, and
F243L, R292P, Y300L, V3051, and P396L substitutions on the heavy chain (all numbered
according to Kabat). ch4D5-FeMT1 exhibits a 10-fold increase in binding to human
CD16A (FcyRII-A), and binding to CD16-158"™ is enhanced in a proportionally greater
fashion than binding to CD16-158".

e ¢hdD5-FeMT2, which has a light chain having an amino acid sequence of SEQ 1D NO: 2,
and a heavy chain having an amino acid sequence of SEQ ID NO: 11. ch4D5-FcMT2 has
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accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 1140 gccgtggagt gggagagcaa tgggcagccg
gagaacaact acaagaccac gcctccegtg 1200 ctggactccg acggctcectt cttcctctac agcaagctca ccgtggacaa
gagcaggtgg 1260 cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa ccactacacg 1320
cagaagagcc Y&&&%’%ﬁg gggtaaa tga 1353 [00102] Heavy chain havingP ELTR VAR Fe region
amino acid sequence (SEQ ID NO: 13): QVQLQQSGPE LVKPGASLKL

an N65S substitution on the light chain, which results in a de-glycosylated light chain, and
1235V, F243L, R292P, Y300L, and P396L substitutions on the heavy chain (all numbered
according fo Kabat), This antibody is a further refinement of the ch4D5-FcMT1 antibody,
and has similar CD16A binding propertics, but also has a more favorable reduction in

binding to CD32B (FeyRII-B).

e ch4D5-FcMT3, which has a light chain having an amino acid sequence of SEQ ID NO: 2,
and a heavy chain having an amino acid sequence of SEQ ID NO: 13, ch4D5-FcMT3 has
an N65S substitution on the light chain, which resulits in a de-glycosylated light chain, and
F243L, R292P, and Y300L substitutions on the heavy chain {all numbered according to
Kabat). This antibody is a further refinement of the chdD5-FcMT1 antibody, and has
similar CD16A binding properties, but also has a more favorahle reduction in binding to

CD32B {FeyR11-B).
o chdD5-Ag

e ch4D5-N297Q, which has a light chain having an amino acid sequence of SEQ ID NO: 2,
and a heavy chain having an N297Q substitution (numbered according to Kabat).

[606106] A comparison of the heavy chain sequences of the ch4D5-wild-type Fec and the Fe-
optimized variants ch4D5-FcMT1, ch4D5-FeMT2, and ch4D5-FeMT3 is shown in Figure 2. The

CIDRs are indicated with black bars shown underneath the pertinent residues.

[00107] Polypeptides (especially antibodies) contemplated by the present invention may
comprise all or part of any amino acid sequence of the present invention. For example, in one
embodiment a polypeptide comprises a murine 4D35 immunoglobulin light chain having an N65S
substitution, and in another embodiment a polypeptide comprises a murine 4D5 immunoglobulin
heavy chain variant. In another embodiment, a polypeptide comprises an immunoeglobulin light
chain variable domain having the amino acid sequence of SEQ ID NO: 4, or an immunoglobulin
light chain having the amino acid sequence of SEQ ID NO: Z. In another embodiment, the
polypeptide comprises a variant Fo domain, or an immunoglobulin heavy chain having the amino
acid sequence of SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, or SEQ ID NO: 13, or a 405
immunoglobulin heavy chain comprising F243L, R292P, and Y300L substitutions.

[00108] Polypeptides (especially antibodies) contemplated by the present invention may beina
complex with one another or with other non-immunoglobulin polypeptides (e.g., enzymes,

hormones, structural proteins, etc.). For example, an embodiment may provide a polypeptide
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SCTASGFNIK DTYIHWVKOR PEQGLEWIGR IYPTNGYTRY 60 DPKFQDKATI TADTSSNTAY
LQVSRLTSED TAVYYCSRWG GDGFYAMDYW GQGASVTVSS 120 ASTKGPSVFP LAPSSKSTSG
GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180 GLYSLSSVVT VPSSSLGTQT
YICNVNHKPENRIBREVEP KSCDKTHTCP PCPAPELLGG 240 PSVEL Y PPREPKBT ! MISRTP
EVTOVVVDVS HEDPEVKFNW YVDGVEVHNA KTKPPEEQYN 300 STLRVVSVLT VLHQDWLNGK
EYKCKVSNKA LPAPIEKTIS KAKGQPREP

complex comprising two polypeptides, wherein one of said polypeptides comprises a heavy chain,
and the other polypeptide comprises a variant light chain, or wherein both polypeptides comprise
the same sequences. Complexing can be mediated by any suitable technique, including by
dimerization/multimerization at a dimerization/multimerization domain such as those described
herein or covalent interactions (such as through a disulfide linkage) (which in some contexts is part
of a dimerization domain, for example a dimerization domain may contain a leucine zipper
sequence and a cysteine). In another embodiment, a composition may comprise polypeptides
and/or polynuclectides of the invention, for example a composition may comprise a plurality of
any of the .poiypeptides described herein. A composition comprising a polynucleotide or
polypeptide may be in the form of a kit or an article of manufacture (optionally packaged with

mmstroctions, buffers, etc.).

[66109] 1t is also contemplated that polypeptide variants {and in particular antibody variants)
can be prepared. The polypeptide variants may possess sequence modifications (e.g.,
substitutions, deletions and/or additions) at desired positions within their amino acid sequences
relative to the native amino acid sequence. Those skilled in the art will eppreciate that amino acid
changes may alter post-translational processes of the antibody or polypeptide, such as changing the
number or position of glveosylation sites or altering the membrane anchoring characteristics. Ina

preferred embodiment, the antibody and polypeptide variants are Fe region variants,

[00110] Variants may have the same or altered activity as compared to a native antibody or
polypeptide. For example, it may be desirable that the varant have the same activity, but be
modified in a manner so that it is more stable or has a longer half-life in vivo, for example by
conjugating the antibody with albumin or a salvage receptor binding epitope, as described, e.g., in
U.S. Patent No. 5,739,277, Or, for example, it may be desirable that an antibody have an
increased binding affinity to antigen, but the same effector function as a native antibody, or it may
be desirable that an antibody have the same binding affinity to antigen, but a decreased effector
function. Activity may be tested by, e.g., using in vitro assays such as ELISA assays, surface:
plasmon resonance assays, radiolabeled protein binding assays (RIA), or immunoprecipitation

assays.

[0011¥}  Substantial modifications in function or immunological identity may be accomplished
by selecting modifications that differ significantly in their effect on maintaining (a) the structure of
the polypeptide backbone in the area of the modification, for example, as a sheet or helical
conformation, (b) the charge or hydrophobicity of the molecule at the target site, or (¢) the bulk of

the side chain. Scanning amino acid analysis can also be employed to identify one or more amino
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VYTLPPSRDE 360 LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY
SKLTVDKSRW 420 QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 450 100103]Iin one
embodiment, a variant 4D5 heavy chain has a modification in the Fe region, and is encoded by the
nucleic acid g‘é%ﬁ%%@é%?"SEQ ID NO: 8 or comprises the amino acid seq&gégsaq(@/ﬁﬁz% NO: 9, oris
encoded by the nucleic acid sequence of SEQ ID NO: 10 or comprises the amino acid sequence of
SEQ ID NO: 11, or is encoded by the nucleic acid sequence of SEQ ID NO: 12 or comprises the amino
acid sequeAtEOtSE® 1P 3cPrarsy A\ s rtsHdC ¢ ih pHang raaiRrd sl €98dted by a
nucleic acidsseateriael selacted fimmghe:groftpebnaisingofieEQdDaN Q1618 Q@rHD, N&:8, SEQ ID
NO: 10, and, SO NG 3 U SATRISNG AR AR ARG SRauaNGE Salecipfon hagroup
consisting of SEQ ID NO: 7, SEQ ID NO: 9, SEQID NO: 11, and SEQ ID NO: 13. 1001041 In one
embodimerCaRTENRNRE RO B tHb 85 BOPRFISed SriPiheRBrairmighedhai Fradiga NOSS
modificatiorfamthia With tegivhueind@nainwriivag|ehd hachaavy «hahatbavingda-thaiibegdketiegion.
Preferably, gn,antHER2 ey aniibody camnrises.a light chalnhavind.iheaningaid.aeauence of

SEQ ID NO: 2, and a heavy chain having an amino acid sequence selected from the group consisting
of SEQ ID NS SR ROY§ISEIB NSO he sEd 1B RS HISSHS %BB&?F}‘gnts, a
polypeptidetofttae inyeption:fiatider comprised ia ightahagticomstantaddimasnduséthdemitiglyt chain
variable dogjain, WBIER RS YNE EMARAIMERLSICOMPLSES ab |{%§§B§'§@ RN 4aliefhe e
embodiments, the antjbody is modified, fi\f agment, or a modified fragment. 1001051 Chimeric 4D5
antibodies W HE AR DR H P A R TR S B RS RS S R RE S AR ESHUSHE BRI to enhance
binding to abtivativgiionaafititydFéreveptond and fo hiaaiersstonomitimaihbindded sethbinding to
the low-affinitinliBREIESRRION GEIRAB #Ea¥RiB). The antibodies include the following wild-type and
Fc-optimized antibodies: ch4D5-wild-type Fe, which has a light chain having an amino acid sequence

of SEQ ID NQ: 2, and:aheavy ¢hain having an amino acid sequence of SEQ ID NO: 7.
ch4D5-wildtype Fc has an N65S substitution on the light chain, which results in a de-glycosylated light

hemvy chaifl g AT B SoANdr s b SR G, SR P P hal g
substitutionrih Edigtieahdisrrwhiclsadsiamnin s miresgipateadeighn chaierednenme 231 1iR202P,
Y300L, V30ftsranglB396 lasuhstissionsian the:heavenhshain (aliarmbreras: acscoding: taakabat).
ch4D5-FcMT 1 exhibits a.10-fold increase in binding to human CR16A (FcyRIII-A), and binding to
cme-lsspjljﬁga%% s (ﬁ‘;ﬁ%‘#@%‘%’rﬁ%ﬁ%|’|’§?’§?é‘§%%‘?‘%if§ﬁﬁ’8‘r’% tﬁg%ﬁgié R b i
ch4D5-FeMte st ieas o fiheedhasy Haviersiah carmfholdcd suttie fedust SED 3iymeesiop odnd a heavy
chain havinﬁ_:aa@flﬂjzﬁaia@id s@giu&menoéeﬁﬁﬁ? d@e&] @érlé:caghﬂaﬁr FgVehe: hasamanNRD S/Besbstitution on
the ight chajp. wilgh Sl I ale BRSPS IR NN, RS 230 Y 243k, 32928, X300L, and

S
i of* .
P396L substitutions on %ﬁe heavy chain (alf numbgred according toKabat). This an oéf Is a further

refinement 8THEE-chUsEEIetonftnsBeR s srerTEy Gible ehrreisintingroldiassibsidso has a
more favorabl_emﬁﬁiqmﬂoﬁarhigbinelilsggvtbeﬁ%zan(ﬁcyﬁlb@)es@d@%ﬁclwmf Whiatmh@}_s,adig@t chain
having an aming ARId.SeQUENCS vl Qr '%Jﬂﬁ% %. gpﬂoﬂ-ﬁgﬁéﬁﬁm}%ﬂp@é}ﬂ AMBE.AGM sequence

of SEQ ID : 13. ch4D5-FcMT3 has an N65S substitution on the light chain, which results in a
de-glycosyl&tER Gt cHait bHBCPIRSE's FExdgsles if ety e it tioHE sA th&'iea\s/Ergin (all
numbered dccoidingttatiKakat)e fthisr amtibadyds anflistheswefine mntistthedtodddbeF ciEEdoantibody,
and has simjiar CD10A-bipdirg.properies: RiEAIFahesamaigdavorable reduction in binding to
CD32B (FcyRII-B). ch4D5-Ag ch4D5-N297Q, which has a light chain having an amino acid sequence
of SEQ ID : 2-and a heavy chain_haying an N2970 substitution (numbered according to Kabat).
001061 A Qe e e By A R SRS £ e
variants ch4mgiiraiprry totha Pt obihel frimmsie alirs g ifintigteidthe[EpRS are
indi_cate_d whtckgib{a@kdbaﬁssshmmamﬁi&mﬁgﬂa ﬁh@merﬁinantd&&sigiumsre [G&E?dcaﬁbypepﬁdﬁsefespecialIy
antibodies) coplamplAte By s, RLeseAt YERan Mk compUseal ALRRILALANS DR Ac

sequence of the present invention, For example, in one embodiment a polypeptide comprises a murine
4D5 inunun®aiBstIheiEhEEisin Hith Bossr R dbseEipetttti oA Pt Hes e s d Hventa
polypeptidemdmpkisésha imimeotDibrinimoneglo Bulinheawysclainhalabhdimangthe membodiment, a
polypeptide comatises.andROnRglchuinight chain Yarahls-demain havngheeminaagid sequence
of SEQ ID NO: 4, or an immunoglobulin light chain having the amino acid sequence of SEQ ID NO: 2.
In another embodiment, the polypeptide comprises a variant Fe domain, or an immunoglobulin heavy
chain having the amino acid sequence of SEQ ID RiO: 7, SEQ ID NO: 9, SEQ ID NO: 11, or SEQ ID
NO: 13, or a 4175 immunoglobulin heavy chain comprising F243L, R292P, and Y300L substitutions.
[001081 Polypeptides (especially antibodies) contemplated by the present invention may be in a
complex with one another or with other non-immunoglobulin polypeptides (e.g., enzymes, hormones,
structural proteins, etc.). For example, an embodiment may provide a polypeptide



complex comprising two polypeptides, wherein one of said polypeptides comprises a heavy chain, and
the other polypeptide comprises a variant light chain, or wherein both polypeptides comprise the same
sequences. Complexing can be mediated by any suitable technique, including by
dimerization/ﬁﬁ@lfﬂ??é’r?f%?fbn at a dimerization/multimerization domain such@<tHt8& H&&ribed herein
or covalent interactions (such as through a disulfide linkage) (which in some contexts is part of a
dimerization domain, for example a dimerization domain may contain a leucine zipper sequence and a
cysteine). it EtHR eRiBSdifiadrgacomBsiataay' conptials clypaptite $aked/evpolyAucleotides of
the inventiogyoriexamiple-acoraesiion mayaaRphisdindiiy aliynol-anys ebiieiralypeatides described
herein. A composition comprising a polynucleotide or polypepti .in the form kit or an
itholaie 1 i R S R e e e R L
contemplatdeheHaL s eptiderspasihbitding e TR BARIcalEFastiB S CGaR AT ERE PRts&RH8d. The
polypepticievastaiisipnayibssess seguence modifications (e.g., substitutions, deletions and/or
additions) at desired positions within their amino acid sequences relative to the native amino acid

sequence. Thase;skiled . themaunikanrr esiaiedthal-amineadt chanaesmanaliespasteransiational
processes of the argi od or. Iylpe tide, sucth as ch%nt%ine%lthg_ n(rmt%er or po jtion af %IchosyIation
sites or altelfﬁ%bo%iév membrane cén%ﬁ%ol}in%eféﬁgrastc?gri%tlgs.cin 3 p]r]é efred Emboaiment, t eoff'ntibody and
polypeptidecganairbticare! el eeggivnr v ahtsy {00 10T s/esgignts Imaipdiaveb elensaimdhorizitatied activity as
Cr?m pared tenaoﬂ@ug@s%aﬁtéaﬂy? Q{;)ﬁ@%%ﬂ%ﬁﬁ@%&@@ﬂﬁl?wﬁi&l%}gclﬁlﬁ%g@ﬁﬁ ltm,t mﬂiﬁ?rli?nt have
the same activi t be modified i nner atiti re stable or has a longer half-life in vivo,
for examplesg?qgg%ﬁ%’ gﬁfr{?g% eogﬁﬂ%lgﬂ?%hﬁgﬁ%%éﬁhﬁ g‘r:%{fs%%\'/age receptor binding epitope, as
described, e.qg., in U.S. Patent No. 5,739,277. Or, for example, it may be desirable that an antibody
nave an inclii4ah biFis i SRR R0 “Aritlg et theSim matseBr it elitiiag itV artibody, or it
may be desdivigithandiramtifadyy haore rteepsamédnbimeirgiadffimitptoten tigeémdb utrapdbpeeaded effector
function. Activiiymay DRilasiedyef B HSINEILME QARSSAYS FUoRTAS &L IRAQSSAYEmSYface plasmon
resonance S:S@ﬁs ra%lola[peligldbfrotleln bltndlng assar}?/g (rI3IA), or immung emgltatlpn,assays.
[00111]SubSEANTAH AU ARSI FaREEiAh HrrRRITRS BRI Xy At %‘@’ CEoFpIahEY by
selecting mendifisatiobalimantditfepadigrifidentiilintseiriaffotionammaprtainirmg ()P gtrietird of the
polypeptidejhagkbongiintheyamaoking mosiicationsianexamplaias.adshiett R helicaheenformation,
(b) the charge or Dx)ég Ol%hfbi it %1: ;he.l m%)leclgle at theitargtet si&le, or gc)dihe ‘P%!Lk oflthe tsi e chain.
Scanning amino acid ana ?/%‘fsecaln a1%h eemfalrg ed to'identity oné or' more amine 4eiis gﬁong a
contiguous Seda@rrsentfor examplaRs e seritit d O auihih fradecenedveiri 1 086y S&iB rae
244:1081-10&%Avn engithepreigued ssavningraminelasidoaredeiativehemnalle Redteatamino acids,
such as alanine,. glycine, serine, and cysteine. Alanine is typically a preferred scanning amino acid
amon ths JF5 s s s e R B e B s B e ana
exposed posisnd cdngl e tRirddie shfiged «thutsite RnBIPradcker ths betancsiden affidiig less likely
to alter the foam-GhaNeaRtaTerRLIAN:clhine wakambathis e g bsiitvian - dpesnetiseld adequate
amounts of variant, an isoteric amino acid can be used. Further, any cysteine residue not involved in
maintaining ae1B[oPgl caniaraaaiomehiesentRadyoLReReRIde. MAY hs stRstitisdigenerally with
serine, to improve the o>(|dat|v.§1 stablll(g o% th%molefculef: aﬂﬁiilfreve(gt a err@gt cro%ilt ktlngl However, in
certain circUfHiStEnE8s a7 WREFE th& BRED A8y 14N AntiBEUY fragment 8iidh B8 aly
fragment, cysteineslsbndfshanay lselatkiddeféethe Sniborlycar paiibedtidertadmpreslie edstability. Bl.Fe
I\D/IO rg.?in \(aréﬁi?t&%il:@.l ?&Tmﬁi@@gwaxﬁﬂﬁsg%ﬂ‘&&w ?&@ mﬂ&ﬁ&x@tiﬁadﬁlﬁh(nh&/@-\zi@}siﬁal&% %dﬁlomains-
odification of the.Fe domain n y leads, to an altere enotype, for example altered serum
Rl ife. A e AT ST STy EH e METE S AL on. 1 may be
desirable tooRteeRRPaEERRiH OB} obitnEvisRtiirewitH Tekipdiagtcraffetsop iamfatiofrrseiers tecbnhance the
effectivenesscofathecantizagy.in treating cancer, for example. Reduction or elimination of effector
function is desirable in certain cases, for example in the case of antibodies whose mechanism of

afotio? infvolyf_:ﬁ Plpcking Bﬁe?é?;t?tgd &Hﬂ}?mml’;)]b{! &Qta!ﬁétliﬁﬁpwagiﬁ%%éﬁ’%éalﬂ ﬁﬁaieﬁsaﬁ,ti&gnz.l gcgeased
effector functign is generally desirable when direc 0 undesirable cells, such as minor and foreign
celts. whorelie TR b T LTS 81 S O SLARE BRI R owe evels
of FcyRIIB (efgid.roresiodtrkihb hyrivphicihéolClor sakvdsBUMifes lyeishiotead . cnnpaicbemivbdineents,
molecules ofcthginventian with confaredipthalietem eifeciar Junctignactiviargiuselkignthe
treatment and/or prevention of a disease, disorder or infection where an enhanced efficacy of effector
function activity is desired. 100113] In certain embd@iments, the molecules of the invention comprise
one or more modifications to the amino acids of the Fe domain, which reduce the affinity and avidity of
the Fe region and, thus, the molecule of the invention, for one or more FcyR. receptors. In other
embodiments, the molecules of the invention comprise one or more modifications to the amino acids of
the Fe region, which increase the affinity and avidity of the Fe region and, thus, the molecule of the

invention, for one or more Fc712 receptors. In other embodiments, the molecules comprise a variant
Ee domain wherain eaid vvariant confare nr mediatec increaced ADCC activzity and/or an increaced



Table 2: Exemplary Single and Multiple Mutations Listed by Ratio of Affinities Ratio Single Double'
Triple Quadruple Quintuple > 1 243L D270L R292 G R292P F243L & R292P F243L & Y300L F243L
& P396L D270E & P396L R292P & Y300L R292P & V3051 R292P & P396L Y300L & P396L P396L &
Q419H E243OB8WAZE 421K F243L, R292P & Y300L F243L, R292P &XG3351 %8 Ro92P &
P396L F243L, Y3001, & P396L P247L, D270E & N421K R255L, D270E & P396L D270F, 6316D &
R416G D270E, K392T & P396L D270E, P396L & Q41911 V284M, R292L & K370N R292P, Y300L &
P396L L234mmpupecifglboipngs yaoomes3sRs o3t o oFm grofesgy ot #3830 BoU3t: $§1292P &
Y300L F243kyPa#g| 902708 & 1042 1152436y RAWS!, 20240k 85613 Wodatb?4dBhinpD2i4b, ©316D

aR4166 F2431, R219F £G302T, & R300k ER47LsRA TR Rk & QAR FR4RRA92R, Y300L, &

P396L

and in a preferred embodiment are in vitro assays such as ELISA or surface plasmon resonance

assays,

[00118] In different embodiments, the molecules comprise a vanant Fe domain wherein said
variant agonizes at least one activity of an FcyR receptor, or antagonizes at least one activity of an
FevR receptor. In a preferred embodiment, the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FcyRIIB, for example, B cell receptor-mediated signaling,
activation of B cells, B cell proliferation, antibody production, intracellular calcium influx of B
cells, cell cycle progression, FeyRIIB-mediated inhibition of FeeRI signaling, phosphorylation of
FeyRIIB, SHIP recruitment, SHIP phosphorylation and association with She, or activity of one or
more downstream molecules (e.g., MAP kinase, INK, p38, or Akt) in the FoyRIIB signal
transduction pathway. In another embodiment, the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FceRl, for example, mast cell activation, caicium

mobilization, degranulation, cyiokine production, or serotonin release.

[66119] In certain embodiments, the molecules comprise an Fe domain comprising domains or
regions from two or more IgG isotypes {(e.g., IgGl, 1gG2, 1gG3 and 1gG4). The vartous IgG
isotypes exhibit differing physical and functional properties including serum half-life, complement
fixation, FcyR binding affinitics and effector function activities (e.g. ADCC, CDC, cte.) due t0
differences in the amino acid sequences of their hinge and/or Fc domains, for example as described
in Flesch and Neppert (1999) J. Clin. Lab. Anal. 14:141-156; Chappel er al. (1993) J. Biol. Chem.
33:25124-25131; Chappel ef al. (1991) Proc. Natl. Acad. Sci. (U.S.A) 88:9036-9040;
Briiggemann et al. (1987} J. Exp. Med 166:1351-1361. This type of variant Fc domain may be
used alome, or in combination with an amino acid modification, to affect Fo-mediated effector
function and/or binding activity. In combination, the amino acid modification and IgG hinge/Fe
region may display similar functionality (e.g., increased affinity for FoyRIHA) and may act
additively or, more preferably, synergistically to modify the effec_tgr functionality in the molecule
of the invention, relative to a molecule of the invention comprising a wild-type Fe region. In other
embodiments, the amino acid modification and IgG Fc region may display opposite fonctionality
(e.g., increased and decreased affinity for FeyRIIA, respectively) and may act to selectively temper
or reduce a specific fumctionality in the molecule of the invention, refative to a molecule of the

invention not comprising an Fc region or comprising a wild-type Fc region of the same isotype.
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F243L, R292P, V3051 & P396L P247L, D270E, Y300L &N421K R255L, D270E, P2926 & P396L
R255L, D270E, Y300L & P396L D270E, 6316D, P396L & R4166 L235V, F243L, R292P, Y300L &
P396L L235P,11243L, R292P, Y300L & P396L F243L, R292P, V305!, YBOOL & P396L WO
2009/123894P 1Y/ 185%00/038201 Table 2: Exemplary Single and Multipfe'fittatiéhi&* sted by Ratio
of Affinities Ratio Single Double Triple Quadruple Quintuple < 1 Y300L F243L & F243L, R292P &

P396L P396L V3051 P247L & N421K
[60120] In a preferred specific embodiment, the molecules comprise a variant Fo region,

wherein said variant Fc region comprises at least one amino acid modification relative to a wild-
type Fe region, such that said molecule has an altered affinity for an FeR, provided that said
variant Fc region does not have a substitution at positions that make a divect contact with FoyR
based on crystallographic and structural analysis of Fe-FeR interactions such as those disclosed by
Sondermann et af. {2000) Nature 406:267-273. Examples of positions within the Fe region that
make a direct contact with FcyR are amino acid residues 234-239 (hinge region), amino acid
residues 265-269 (B/C loop), amino acid residues 297-299 (C'/E loop), and amino acid residues
327-332 (F/G loop). In some embodiments, the molecules of the invention comprise variant Fo
regions comprise modification of at least one residue that does not make a direct contact with an

FoyR based on structural and crystallographic analysis, e.g., is not within the Fc-FeyR binding site.

[66321] Variant Fc domains are well known in the art, and any known Fc variant may be used
in the present invention to confer or modify the effector function exhibited by a molecule of the
invention comprising an Fc domain (or portion thereof) as functionally assayed, e.g., in an NK
dependent or macrophage dependent assay. For exampié, Fc domain variants identified as altering
effector function are disclosed in the Antibody Engineering Technology Art, and any suitable

variant disclosed therein may be used in the present molecules.

[60122] In certain embodiments, the molecules comprise a variant Fc region, having one or
more amino acid modifications in one or more regions, which modification(s) alter {relative to a
wild-type Fec region) the Ratio of Affinities of the variant Fe region to an activating FevR (such as
FevRITA or FoyRITA) relative to an inhibiting FeyR (such as FeyRIB):

) o Wild-Type to Variant Change in Affinity to FeyR, .
Ratio of Affinities = Activating

Wild-Type to Variant Change in Affinity to FeyR

Inhibiling

[00123] Where an Fc variant has a Ratio of Affinities greater than I, the methods of the
invention have particular use in providing a therapeutic or prophylactic treatment of a disease,
disorder, or infection, or the amelioration of a symptom thereof, where an enhanced efficacy of
effector cell function (e.g., ADCC) mediated by FeyR is desired, e.g., cancer or infectious disease.
Where an Fc variant has a Ratio of Affinities less than 1, the methods of the invention have
particular use in providing a therapeutic or prophylactic treatment of a disease or disorder, or the
amelioration of a symptom thereof, where a decreased efficacy of effector cell function mediated
by FeyR is desired, e.g., autoimmune or inflammatory disorders. Table 2 lists exemplary single,

double, triple, quadruple and quintuple mutations by whether their Ratio of Affinities 1s greater
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R255L &

WO 2009/123894

P396L

R292P &

V3051

K392T &

P396L

PCT/AIS2669/038201

than or less than 1. Specific binding data for various mutations is listed in Table 3, and more

information concerning these mutations may be found in the Antibody Engineering Technology

Art.

Table 2: Exemplary Single and Multiple Mutations Listed by Ratio of Affinities

D270E, P396L &
Q419H

V284M, R2G2L &
K370N

R2G2P, Y300L &
P3%6L

F243%., R292P, V3051 &
P396L

P247L, D270E, Y300L
& N4ZIK

R255L, D270L, R292G
& P396L

R255L, D270E, Y300L
& P396L

D270E, G316D, P396L
& R416G

Ratio | Single Double Triple Cuadruple Quintuple
>1 | F243L F243L & | F243L, P247L & L234F, F243L, R292P & | L235V, F243L,
X R292P N421K Y300L R292P, Y300L
D270E & P396L
R29IG F243L & | F243L, R292P & 12351, F243L, R292P &
Y300L Y300L Y300L L235P, F243L,
. q
R292P [ ppasL & | 2431, R292P & L235Q, F43L, R292P & | gam o 0F
P39l V30631 Y300L
2
D270E & | F243L, R292P & F243L, P247L, D270F & f;;;;;ggéi
P396L P396L N421K & PIOKL
R292P & | F243L, Y300L & F243L, R255L, D270E &
Y300L P396L P3961.
R292P & | P247L, D270E & F243L, D270E, G316D
V3051 N421K & R416G
R292P & | R255L, D270E & F243L, D270E, K392T
P396L P396L & P396L
Y300L & | D270E, G316D & F243L, D270E, P396L &
P396L R416G Q419H
P396L & | D270E, K392T & F243L, R292P, Y300L,
Q419H P396L & P396L
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P396L & Q419H Table 3: Detailed Binding Information for Exemplary Fe Variants Fe sequence
CD16A V158 CD16A F158 CD32B Ratio of Affinities CD16A/CD32B V158 E158 Ratio of Affinities

> 1 Class I: Increased Binding to CD16; Decreased Binding to CD32B F243L 4.79 3.44
WO 2009/123894 PCT/US2009/038201

Table 2: Exemplary Singie and Multiple Mutations Listed by Ratio of Affinities

Ratio | Single Double Triple Quadruple Quintuple

<1 Y300L F243L & F2431., R292P &
PI96L P396L V3051

P247L &
N421K

R255L &
P3%561.

R292P &
V30631

K392T &
P396L

P396L &
Q419H

Table 3: Detailed Binding Information for Exemplary Fc Variants
Ratic of Affinities
Fc sequence Cpiea CD16A CD32B | CB16A/CD32B
V138 Fi58
V158 F158
Ratio of Affinities > 1

Class I: Increased Binding to CD16; Decreased Binding to CD32B
FI43L 4.7% 3.44 0.84 5,70 4,10
F2431 P2471 D270E N42 1K 236G 3.45 0.32 7.1 10.78
F2431 P2471 N421K 1.86 1.71 0.17 11,12 16.06
F243L R255L D270E P396L 1.75 1.64 (.38 4.61 4.32
F243L D270 G316D R416G 1.530 1.34 0.20 7.50 6.70
F243L D270E K392T P3%6L 3.16 2,44 044 7.18 5.55
F243L D270E P356L Q419H 1.46 1.15 0.26 5.62 4.42
F243L R292P 4.73 0.12 394
F243L R292P 4 1.67 0.16 25 10.44
F243L R292PF P300L 6.69 23 0.32 20.9 7.19
F2431 R292P V3051 2.56 1.43 ND >25 =23
F243L R292P V3051 P396L 5.37 2.53 0.40 13,43 6.33
P247L D270E N421K 1.89 2.46 (.58 3.26 4.24
R2551. D270E R292G P396L 1.39 1.30 0.65 2.14 2.00
R255L D270E Y300L P396L 1.52 1.74 0.87 1.75 2.06
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0.84 5.70 4.10 F243L P247L D270E 19421K 2.30 3.45 0.32 7.19 10.78 F243L P247L N421K 1.89
1.71 0.17 11.12 10.06 F243L R255L D270E P396L 1.75 1.64 0.38 4.61 4.32 F243L .D270E G316D
R4163 1.50 1,34 0.20 7.50 6.70 F243L D270E K392T P396L 3.16 2.44 0.44 7.18 5.55 F243L D270E
P396L Q419HQ A1 %E% 26 5.62 PCT/US2009/038201

Table 3: Detailed Binding Information for Exemplary Fe Variants

Ratio of Affinities

CDl6A CDi6A

Fc sequence Cb32B| CD16A/CD32B
Viss F158
Vis8 F158

R255L D270E P3S6L 1.34 1.65 0.87 1.54 1.90
D270E 1.25 1.48 0.39 3.21 3.79
D270E G316D R416G 218 2.49 0.78 2.79 3.19
D270E K392T P396L 1.81 2.28 0.79 229 2,89
D270 P396L 1.38 1,65 0.89 1.55 1.83
D2J0E P3961. G316D R416G 1.22 1.07 1.14
D270E P396L Q419H 1.64 2.00 0.68 2.41 2.94
V284M R292P K370N 1,14 1.37 0.37 3.1 3.7
R292G 1.54 0.25 6.2
R292P 2,90 0.25 11.60
R292P V3051 1.32 1.28 0.37 3.6 3.46

Class 11: Decreased Binding to CD16; Greatly Decreased Binding to CD32B

R292P .64 0.25 2.56
R292P F243L 0.6 0.12 5.00
Class III: Increased Binding to CD16; Unchanged Binding to CD32B

F2431 R292P Y3001 V3051 P3961L. 16.9 3.12 1.05 10.4 297
F2431 R292P Y300L P396L 10.06 5.62 1.07 9.40 525
R202P V3051 P396L 1.85 1.90 (.92 2.01 2.07
Class 1V: Greatly Increased Binding to CD16; Increased Binding to CD32B

F2431 R292P Y3001 V305] P396L. 10.06 8.25 1.38 7.29 5.98
D270E (316D P396L R416G 1.22 1.07 1.14

Ratio of Affinities < I

Class V: Unchanged Binding to CD16; Increased Binding to CD32B

R255L P396L 1.09 2.22 0.49

Y300L 1.01 1.18 0.99
Class VI: Increased Binding to CID16; Greatly Increased Binding to CD32B

F243L P396L 1.49 1.60 2.22 0.67 0.72
P247L N421K 1.29 1.73 2.00 0.65 0.87
R2351 P396L - 1.39 2.22 0.49 0.63
R292P V3051 1.59 2.1] 2.67 0.60 0.79
K392T P396L 1.49 1.81 2.35 0.63 0.77
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4.42 F243L R292P 4.73. 0.12 39.4 F243L R292P 4 1.67 0.16 25 10.44 F'243L R292P P300L 6.69 2.3
0.32 20.9 7.19 F243L R292P V3051 2.56 1.43 ND >75 >25 F243L R292P V3051 P396L 5.37 2.53

0.40 13.43 6.33 P247L D270E. N4211C 1.89 2.46 0.58 3.26 4.24 R255L D270F R2920 P396L
WO 2009/1238%4 PCT/US2009/638201

Table 3: Detailed Binding Information for Exemplary Fe Variants

Ratio of Affinities
CD16A CDi6A
Fe sequence Ch32B| CD16A/CD32B
V158 F158

V158 F158
P396L 1.27 1.73 2.58 (.49 0.67
P396L Q419H 1.19 1.19 1.33 0.89 0.89

Class VII: Decreased Binding to CD16; Increased / Unchanged Binding te CD32B
D270FE (G316D P396L R416G 0.94 1.07 0.88

[00124] In other embodiments, the molecules comprise a variant Fc region having one or more
amino acid substitutions, which substitutions alter (relative to a wild-type Fc¢ region) the binding of
the variant Fc region, e.g., enhance the binding 1o an activating FeyR (such as FoyRITA or
FeyRIUA} and/or reduce the binding to an inhibiting FeyR (such as FoyRIB). Various Fe
mutations having one or more amino acid changes were engineered and analyzed by surface
plasmon resonance for k.g, as shown in Table 4. Dissociation rate constants for binding the
various FeyR were determined by BIAcore analysis and directly compared with those for the wild-
type Fe, with the ratio (x = WT kwmutant k.g) indicated in the right-hand columns of Table 4

with respect to cach FevR tested.

Table 4; Comparison Of ki Of Fc Mutants t¢ Wild-Type Fc

™M Amino Acid Change(s) CD16AY | CcD16AT | ¢D32A" | CD32B

One Aming Acid

1 jF243L

5 Y300L 1.0 1.2 29 1.2
6 V3031 0.9 G.6 13 1.2
74 A0V 0.6 1.2 0.4 0.3

Two Amino acids

9 JF243L P3G6L 22 2.0 1.5 1.6
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1.39 1.30 0.65 2.14 2.00 R255L D270E. Y300L P396L 1.52 1.74 0.87 1.75 2.00 Table 3: Detailed
Binding Information for Exemplary Fe Variants Fc sequence CD16A V158 CD16A F158 CD32B Ratio

of Affinites _ CD16A/CD32B V158 FI58 R255L D270E P396L 1.34
WO 2009/123894 PCT/US2009/038201

Table 4: Comparison Of ks Of Fec Mutants to Wild-Type Fe

M Aming Acid Change(s) CDi6AY | ¢D16AY | CD32AY | CDh3zB

10

43L

252p 4.0 1.7 0.3 0.2

Three Amino Acids

12 jF243L R292p Y300L 7.4 4.6 1.0 0.6

14 J¥F243L R292P P396L 6.3 34 14 0.4

15 R292P V3051 P396L 19 1.9 1.5 0.9

Four Amino Acids

16 [F243L R262P Y300L P396L 10,1 5.6 1.7 .l

17 jF243L R292P V3031 P396L 4.0 23 0.8 0.4

Five Amino Acids

18 JF243L R262P Y300L [V30sI P396L, 10.1 83 32 1.4

Abbreviations: M, Mutant Number; nd, no detectable binding; nt, not tested, Values with = 80%
difference (= 0.8 fold) from wild-type in either direction are in bold. Shading denotes Fo mutants

identified directly by vyeast display; all other mutants were constructed by site-directed
mutagenesis.

[60125] There is also extensive guidance in the Antibody Engineering Technology Art
concerning desirable modifications. Exemplary modifications that may be desirable in certain

circumstances are listed below:

[00126] In a specific embodiment, in variant Fe regions, any amino acid modifications {e.g.,
substifutions) at any of pesitions 235, 240, 241, 243, 244, 247, 262, 263, 269, 298, 328, or 33 and
preferably one or more of the following residues: A240, 1240, 1241, 1243, H244, N29g, 1328 or
V330. In a different specific embodiment, in variant Fc regions, any amino acid modifications
(e.g., substituﬁons) at any of positions 268, 269, 270, 272, 276, 278, 283, 285, 286, 289, 292, 293,
301, 303, 305, 307, 309, 331, 333, 334, 335, 337, 338, 340, 360, 373, 376, 416, 419, 430, 434,
435, 437, 438 or 439 and preferably one or more of the following residues: H280, Q280, Y280,
(G260, 8290, T290, Y290, N294, K295, P296, D268, N298, P298, V298, 1300 or L300.

[08127] In a preferred embodiment, in variant Fc regions that bind an FoyR with an altered

affimity, any amino acid modifications (e.g., substitutions) at any of positions 255, 256, 258, 267,
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1.650.87 1.54 1.90 D270E 1.251.48 0.39 3.21 3.79 D270E G316D R416G 2.18 2.49 0.78 2.79 3.19
D270E, K392T P396L 1.81 2.28 0.79 2.29 2.89 D270E P396L 1.38 1.65 0.89 1.55 1.85 D270E

P396L G316D R416G 1.22 1.071.14
WO 2009/123894 PCT/US2009/038261

268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298, 300,
301, 303, 305, 307, 309, 312, 320, 322, 326, 329, 330, 332, 331, 333, 334, 335, 337, 338, 339,
340, 359, 360, 373, 376, 416, 419, 430, 434, 435, 437, 438 or 439. Prcferably, the variant Fc
region has any of the following residucs: A256, N268, Q272, D286, Q286, S286, A290, 5290,
A298, M301, A312, E320, M320, Q320, R320, E322, A326, D326, E326, N326, S326, K330,
T339, A333, A334, E334, H334, L334, M334, Q334, V334, K335, Q335, A359, A360 or A430.

[60128] In a different embodiment, in variant Fc regions that bind an FoyR (via its Fe region)
with a reduced affinity, any amino acid modifications (e.g., substitutions) at any of positions 252,
254, 265, 268, 269, 270, 278, 289, 2062, 293, 204, 295, 296, 268, 300, 301, 303, 322, 324, 327,
329,333,335, 338, 340, 373, 376, 382, 388, 389, 414, 416, 419, 434, 433, 437, 438 or 439.

[60129] In a different embodiment, in variant Fc regions that bind an FoyR (via its Fc region)
with an enhanced affinity, any amino acid modifications (e.g., substitutions) at any of positions
280, 283, 285, 286, 290, 294, 295, 298, 300, 301, 305, 307, 309, 312, 315, 331, 333, 334, 337,
340, 360, 378, 398 or 430. In a different embodiment, in variant Fo regions that binds FoyRIIA
with an enhanced affinity, any of the following residues: A255, A256, A258, A267, A268, N26§,
AZTY, Q27 A276, A280, A283, A28BS, AZB6, D286, Q286, 5286, A290, S290, M301, E320,
M324, Q320, RSZO, E322, A326, D326, E326, 8326, K330, A331, Q335, A337 or A430.

f00130]  In other embodiments, the invention encompasses the use of any Fe variant known in
the art, such as those disclosed in Jefferis er al. (2002) hmmunol Lett 82:57-65; Presta er ol. (2002)
Biochem Soc Trans 30:487-90; Idusogie ef gl (2001} J Immmunol 166:2571-75; Shiclds et al
(2001} T Biol Chem 276:6591-6604; Tdusogie er 4l {2000} J Immunol 164:4178-84; Reddy et 4.
(2000) J Immunol 164:1925-33; Xu er al (2000} Cell Imnwmnol 200:16-26; Armour e al (1999)
Eur J Immunol 29:2613-24; Jefferis ef al. (1996) Immunol Lett 54:101-04; Lund er al. (1996) ]
Immunol 157:4963-69; Hutchins ef al. {1995} Proc. Natl. Acad. Sci. (U.S.A)) 92:11980-84;
Jefferis et al. (1995) Immunol Lett. 44:111-17; Lund ef al. (1995) FASEB J 9:115-19; Alegre er al.
{1994) Transplantation 57:1537-43: Lund et al. (1992) Mol Immunol 29:53-59; Lund et al. (1991)
I, Tmmunol 147:2657-62; Duncan ef al. (1988) Nature 332:563-64; US Patent Nos. 5,624,821;
5,885,873; 6,194,531; 7,276,586; and 7,317,091; and PCT Publications WG 00/42072 and PCT
W 99/38572.

[00131] Preferred vanants mclude one or more modifications at any of positions: 228, 230,
231, 232, 233, 234, 235, 239, 240, 241, 243, 244, 245, 247, 262, 263, 264, 265, 266, 271, 273,
275,281, 284, 291, 296, 297, 298, 299, 302, 304, 305, 313, 323, 325, 326, 328, 330 or 332.
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D270E P396L Q419H 1.64 2.00 0.68 2.41 2.94 V284M R292P K370N 1.14 1.37 0.37 3.1 3.7 R292G
1.54 0.256.2 R292P 2.90 0.2511.60 R292P V3051 1.32 1.28 0.37 3.6 3.46 Class If: Decreased

Binding to CD16; Greatly Decreased Binding to CD32B R292P
WO 2009/123894 PCT/US2009/038201

[00132] Particularly preferred variants include one or more modifications selected from groups
A-AL

228E, 228K, 228Y or 228G

230A, 230E, 230Y or 230G;

231E, 231K, 231Y, 231P or 231G;

232E, 232K, 232Y, 232G;

233D,

2341 or 234F;

235D, 235, 235P, 2351 or 235V;

239D, 239E, 239N or 239Q;

240A, 2401, 240M or 240T;

243R, 243, 243Y, 243L, 2430, 243W, 243H or 243L;
244H;

2454;

247G, 247V or 2471

262A, 262K, 2621, 2627T, 262E or 262F;

2634, 2631, 263M or 263T;

264F, 264E, 264R,, 2641, 264A, 264T or 264W;

265F, 265Y, 265H, 2651, 265L, 265T, 265V, 265N or 265Q;
266A, 2661, 266M or 266T;

271D, 271E, 271N, 271Q, 271K, 271R, 2718, 271T, 2718, 27tA, 271V, 271L, 2717,
271F, 271M, 271Y, 271W or 271G;

2731

275L or 275W;

281D, 281K, 281Y or 281P,

284E, 284N, 284T, 284L, 284Y or284M;

291D, 291E, 291Q, 2917, 291H, 2911 or 291G;

209A, 200D, 209E, 290F, 299G, 290H, 2091, 290K, 2991, 209M, 299N, 200P, 2995(Q),
299R, 2998, 299V, 299W or 299Y;

3021

AA. 304D, 304N, 304T, 304H or 304L

AB. 3055

AC. 313F;

AD, 3231

wm RO PO Z N RS Do Tmyaw e

oK "E e

N
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0.64 0.25 2.56 R292P F243L 0.6 0.12 5.00 Class llI: Increased Binding to CD16; Unchanged
Binding to CD32B F2431 R29211 Y300L V3051 P396L 10.9 3.12 1.05 10.4 2.97 F243L R292P Y300L
13396L 10.06 5.62 1.07 9.40 5.25 R292P V305! P396L 1.85 1.90 0.92 2.01 2.07 Class IV: Greatly
Increased Bifdif§t¥'éB6; Increased Binding to CD32B F243L R292P YROHLYEEPB%o6L 10.06

AE.  325A, 325D, 325E, 325G, 325H, 3251, 325L, 325K, 325R, 3258, 325F, 325M, 325T,
325V, 325Y, 325W or 325P;

AF. 328D, 3280, 328K, 328R, 3285, 328T, 328V, 3281, 328Y, 328W, 328P, 328G, 328A,
328E, 328F, 328H, 328M or 328N;

AG.  330L,330Y, 3301 or 330V

AH. 3324, 332D, 332E, 332H, 332N, 3320, 332T, 332K, 332R, 3328, 332V, 332L, 332F,
332M, 332W, 332P, 332G or 332Y; and |

AL 336E, 336K or 336Y.

(601331  Stll more particularly preferred vadants include one or more modifications sclected

from Groups 1-103:

Group | Variant Group | Variant
1 A330L /I332E 54 823813/ D263L / N297D / 1332E
2 D265F / N297E / 1332E 55 52390/ D26ST / N297D / 1332F
3 D265Y /N287D /{332E 56 52390 / D265V /N297D /1332F
4 D265Y /N297D /' T290L / [332E 57 S239D / DZ65Y /N297D /13321
5 F241E /¥243Q / V262T / V264F 58 82390/ [332D
6 F241E [ F243Q / V262T / V264E /13328 59 S235D /13328
7 F241E /F243R / V262E / V264R 60 S239D /13328 / A3301
8 F241F /F243R / V262FE / V264R /13321 61 52393/ I332N
9 FA1E /F243Y / V2621 / V264R 62 5239D /13320
10 F241E / F243Y / V2627 / V264R / 63 $239D /N297D /I332E
1332E
i1 F241L /F243L / V26217 V2641 64 S239D / N297D / I332E / A330Y
12 F2411./V2621 65 S239D / N297D / 1332E / A330Y / F2418
S F243H /V262T / V264T
13 F241R /F243Q/V262T / V264R 66 52390 /N2970 /[ 1332F / K326E
14 F241R /[ F243Q / V262T / V264R / 67 52390/ N297D /1332E / L233D
1332E
15 F24TW [/ F243W / V262A / V264A 68 $2391) / S298A / 1332E
16 F241Y /F243Y / V262T / V264T 69 S239D / V26417 A330L / I332E
17 F241Y / F243Y / V262T / V264T / 70 8239D/V2641/ 1332E
N297D /T332
18 F2431./ V2621 / V264W 71 523913/ V2641 / S298A /13328
19 P2431./ V2641 72 S239E / D265N
20 L328D/1332F 73 S229E / D2650
21 L328E /I332F 74 S239% /13321
22 L328H /1332E 75 52391 /13321
23 L3281 /1332F 76 S230F /I332N
74 L328M /I332E 77 S239E /13320
25 L328N/1332E 78 S239E /N297D /13328
26 L328Q /13321 79 S2398 / V2641 / A330Y /1332 F
27 L328T /13328 80 S23098 /Vi641 /1332 1
28 L328V /1332E 81 S230F / V2641 / S298A / A330Y /1332E
29 N297D / A330Y /1332E 82 S239N / A330L /1332E
30 N297D /1332E 83 S239N /7 A330Y /I332E
31 N29TD /13328 / S239D / A330L 84 S239N /1332D
32 N297D / S298A / A330Y /1 332K 85 S239N /13321
33 N297D / T299L /1332E 86 S239N /332N
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8.25 1.38 7.29 5.98 D270E 0316D P396L R416G 1.22 1.07 1.14 Ratio of Affinities <1 Class V:
Unchanged Binding to CD16; Increased Binding to CD32B R255L P396L 1.09 2.22 0.49 Y300L 1.01
1,18 0.99 Class VI: Increased Binding to CD16; Greatly Increased Binding to CD32B F243L P396L

1.49 1.60 2.259BPOHEY®b2471 N421K PCT/US2009/038201

34 N297D / T299F / I332E / N297D / 87 S239N/1332Q
T299H / I332E

35 N297D / T2991 /1332E 88 S23O0N18298A / 1332E
36 N297D /12991 / 15332E 89 82390 /1332D
37 N297D / T299V /1332E 90 82390 /13328
38 N297E /I332E 91 82390 /1332N
39 N2978 /1332E 92 82390 /13320
46 P230A / E233D /1332F 93 82390 / V2641 /1332E
4] P244H / P24SA / P247V 04 S298A /T1332E
42 S23013 / A330L /1332F 95 V264E /N297D /13328
43 S2391) / A330Y /1332F 96 V26417 A330L /1332E
44 82391 / A330Y /I332E / K32613 97 V26417 A330Y /13328
45 S230D / AZ30Y [ T332E / K326T 98 V2641 /13328
46 52390/ A330Y /I332E / L2341 99 V26417 5298A /1332E
47 S230D / A330Y /I332E/1235D 100 Y2960 /N297D /1332E
48 S230D / A330Y /13328 / V240! 101 Y296E /N297D /I332 E
49 S230D / A330Y /13328 /V264T 102 Y206H /N297D / I332E
30 S§239D / A330Y /1332F / V2661 103 Y296N /N297D /1332E
51 82390/ D265F / N297D / I332F 104 Y2960 /N2971 /I332E
52 S230D / D265H /N297D /I332E 105 Y296T /N297D / I332E.
53 §230D / D2651 /N297D / 1332E

[06134] Effector function can be modified by techmiques such as those described in the
Antibody Engineering Technology Art, or by other means. For example, cysteine residue(s) may
be introduced in the Fc region, thereby allowing interchain disulfide bond formation in this region,
resulting in the generation of a homodimeric antibody that may have tmproved internalization
capability and/or increased complement-mediated cell killing and ADCC. See Caron ef al. (1992)
J. Exp Med. 176:1191-1165; and B. Shopes (1992) J. Tmumunol. 148:2918-2922. Homodimeric
antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional cross-
linkers as described in Wolff e @l (1993) Cancer Research 53:2560-2565. Alternatively, an
antibody can be engineered which has dual Fc regions and may thercby have enhanced
complement lysis and ADCC capabilities. Stevenson ef al (1989) Anti-Cancer Drug Design
3:219-230.

B2. Sequence Modifications

[06135]  Generally, sequence modifications may be the substitution, deletion, or addition of one
or more residues in the antibody or polypeptide that results in a change in the amino acid sequence
as compared to the native sequence. Guidance in determining which amino acid residue may be
inserted, substituted or deleted without adversely affecting the desired activity may be found by
comparing the sequence of the antibody or polypeptide with that of homologous known protein
molecules and minimizing the number of amino acid sequence changes made in regions of high

homology. The variation allowed may be determined by systematically making insertions,
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1.291.73 2.00 0.65 0.87 R255L P396L 1.39 2.22 0.49 0.63 R292P V3051 1.59 2.11 2.67 0.60 0.79
K392T P396L 1.49 1.81 2.35 0.63 0.77 WO 2009/123894PCT/1JS2009/038201 Table 3: Detailed

Binding Information for Exemplary Fe Variants Fe sequence CD16A V158 CD16A F158 CO32B Ratio
of Affinities WO 2009/123894 PCT/US2009/038201

deletions or substitutions of amino acids in the sequence and testing the resulting variants for

activity exhibited by the full-length or mature native sequence.

[80136] Amino acid substitutions may involve the conservative or non-conservative substitution
of one or mare residues. Such substitutions are well-known in the art, for example a conservative
substitution entails replacing an amino acid with another amino acid having similar structural
and/or chemical properties, such as the replacement of a leucine with a serine. Non-conservative
substitutions generally entail replacing an amino acid with another amino acid having different
structural and/or chentical properties, for example an acidic amino acid {e.g., Glu or Asp) may be

replaced with a basic amino acid (e.g., Lys or Asn).

[00137] A particularly preferred type of substifitional variant involves substituting one or more
hypervariable region residues of a parent antibody (e.g., a humanized or human antibody), in order
to obtain a variant antibody having improved biological properties relative to the parent antibody.
A convenient way for generating such substitutional variants involves affinity matoration using
phage display. Briefly, several hypervariable region sites are mutated to gencrate alt possible
amino substitutions at each site, the antibody variants thus generated are displayved on phage, and
the phage-displayed variants are then screened for their biological activity (e.g., binding affinity).
In order to identify candidate hypervariable region sites for modification, alanine scanning
mutagenesis cant be performed io identify hypervariable region residues contributing significantly
to anfigen binding. Alternatively, or additionally, it may be beneficial to analyze a crystal
structure of the antigen-antibody complex to identify contact points between the antibody and its
antigen. Such contact residues and neighboring residues are candidates for substitution according
to the techniques elaborated herein. Once such variants are generated, the panel of variants is
subjected to screening as described herein and antibodies with superior properties in one or more

relevant assays may be selected for further development.

[66138] The modification may also involve the incorporation (e.g., by substitution or addition)
of unnatural amino acids, for example by methods such as those described in, e.g., Wang ef al.
(2002) Chem. Comm. 1:1-11; Wang ef al. (2001) Science 292:498-500; and van Hest ef al. (2001)
Chem, Comm. 19:1897-1904, Alternative strategies focus on the enzymes responsible for the
biosynthesis of amino acyl-tRNA, as described in, e.g., Tang ef @l (2001} J. Am. Chem.
123(44):11089-11090; and Kiick ef af. (2001) FEBS Lett. 505(3):465.

[00139] Inapreferred embodiment, atleast 1,2, 3,4, 5,6,7,. 8,9, 10, 11, 12, 13, 14, 15, 20, 25,
30, 35, 40, 45, or 50 amino acid residues have been modified. Additionally or alternatively, such

modifications may be characterized as having no more than 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
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CD16A/CD32B V158 F158 P396L 1.27 1.73 2.58 0.49 0.67 P396L Q419H 1.19 1.19 1.33 0.89 0.89
Class VII: Decreased Binding to CD16; Increased / Unchanged Binding to CD32B D270E G3 16D
P396L R416G 0.94 1.07 0.88 1001241 In other embodiments, the molecules comprise a variant Fe
region havinav&%’%’ﬁﬁzfg% amino acid substitutions, which substitutions aﬁgfff(ﬁléfégﬂ?/@?&‘ﬁ wild-type Fe
region) the binding of the variant Fe region, e.g., enhance the binding to an activating FcyR (such as
FcyRIIA or FcyRIIIA) and/or reduce the binding to an inhibiting FcyR (such as FcyRIIBéEVarious Fe
mutations hiVing Sfe2dr Hote dfhifd atit) cReibrksaiie sitirdered dhd AHERAEY BiFSHTace plasmon

resonance farkaffaas shows in hable hddisseciationiaie canstents daubiadingdbi@omnious FcyR were

determineda BlAcare i K li tly it Rl 0f [ il Ltype ith the ratio (z
=WT koﬁ/m%%a%ﬁ%%‘i‘r%ﬁ%ﬁ%ﬁ %ﬂg gﬁgzqﬁh%éhgﬁﬁég c% %%ﬁ\ggéno}n 'I? tgegé{ \%git X%e%b)efgi %g %g{g PFcyR tested.
t

Table 4: Cotip&riSor-C¥ Rert:Of Fe MutEHIEG VN 2P B EE A miH AN TRl EDIAV CDIGAF

substitutions, all deletions, all additions, or any combination of substitutions, decletions, or

additions,

[60140] Nucleic acid molecules encoding amine acid sequence variants may be prepared by a
variety of methods known in the art. These methods include, but are not limited to, isolation from
a natyral source (in the case of naturally occurring amine acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) mutagenesis, restriction selection nmutagenesis, PCR
mutagenesis, and cassetie mutagenesis of an carlier prepared variant or a non-variant version of the

antibody.
B3. Other Modifications

[00141]  The polypeptide variants (especially antibody variants) of the present invention include
analogs and derivatives that are modified, e.g., by the covalent attachment of any type of molecule
as long as such covalent attachment permits the antibody to refain its epitope binding
immunospecificity. For example, but not by way of limitation, the derivatives and analogs of the
antibodies nclude those that have been further modified, e.g., by glycosylation, acetylation,
pegylation, phosphorylation, amidation, derivatization by known protecting/blocking groups,
protealytic cleavage, linkage to a celluiar antibody unit or other protein, etc. Any of numerous
chemical modifications can be carried out by known technigues, including, but not limited to
specific chemical cieavage, acetylation, formylation, metabolic synthesis in the presence of
tonicamycimn, etc. Additionally, the analog or derivative can contain one or more unnatural amino

acids.

[60142] The antibodies and polypeptides may be modified by introducing one or more
glycosylation sites into the antibodies, deleting one or more glycosylation sites from the
antibodies, or shifting an existing glycosylation site on the antibodies, preferably without altering
the desired functionality of the amtibodies, e.g., binding activity. Glycosylation sites may be
introduced into, or deleted from, the vartable and/or constant region of the antibodies, by methods
known in the art. For example, a glycosylation site may be introduced into an antibody of the
invention by modifying or mutating an amino acid sequence of the antibody so that the desired
sequence (e.g., Asn-X-Thr/Ser) is obtained, and a glvcosylation site may be shifted by modifying

position 296 in the Fo region, so that position 296 and not position 297 is glycosylated. Methods

_43 .



CD32An C1)3213 One Amino Acid 4.8 2.4 529 Y300L 1.0

WO 2009/123894 PCTIUS2009/038201

of modifying the carbohydrate content (glycosylation) of proteins are well known in the art, for
example as described in U.S, Patent Nos, 6,472,511 and 6,218,149; .S, Patent Publication Nos.
20030115614 and 20020028486; EP 0359096 B1; and WO 03/035835,

[00143] In some embodiments, molecules of the invention are enginecred to comprise an
altered glycosylation pattern or an altered glycoform, Engineered glycoforms may be useful fora
variety of purposes, including, but not limited fo, enhancing effector function. Engineered
glvcoforms may be generated by any method known to one skilled in the art, for example by using
engineered or variant expression strains, by co-expression with one or more enzymes, for example,
N-acetylghicosaminyltransferase 11T {(GnT-1II), by expressing an antibody of the invention in
various organisms or cell lines from various organisms, or by modifying carbohydrate(s) after the
antibody has been expressed and purified. Methods for generating engineered glycoforms are
known in the art, and include but are not limited 1o those described in, e.g., Okazaki er al. (2004)
IMB 336:1239-1249; Shinkawa er ¢l (2003} T Biol Chem 278:3466-3473; Shields et ol (2002) ]
Biol Chem 277:26733-26740; Davies ef al. (2001) Biotechnol Bioeng 74:288-294; Umana ef al.
(1999} Nat. Biotechnol 17:176-180; U.S. Patent No. 6,602,684; U.S. Patent Publication Nos.
20030157108, 20030115614, and 20030003097; WO 02/311140; WO 02/30954; WO (1/292246;
WO 00/61739; Potillegent™ technology available from Biowa, Inc. (Princeton, NIy, and
GlycoMAb™ glycosylation engineering technology available from GLYCART biotechnology AG

(Zarich, Switzerland).
B4. Polypeptide Conjugates

[00144] The polypeptides of the present invention may be recombinantly fused or chemically
conjugated (including both covalent and non-covalent conjugations) to heterologous polypeptides
or portions thereof to generate fusion proteins. Preferably, the polypeptide of the present invention
(espeoially. an antibody) is fused to at least 10, at least 15, at least 20, at least 25, at least 30, at
least 40, at least 50, at least 60, at least 70, at least 8¢, at least 90 or at least 100 amino acids of the
heterologous polypeptide to generate a desired fusion protein. The fusion does not necessarily
need to be direct, but may occur through linker sequences. Polypeptides of the present invention
may also be attached to solid supports or semi-solid matrices, which are particularly useful for
immunoassays or purification of the target antigen. Such supports and matrices include, but are
not limited to, glass, cellulose, polyacrylamide, agarose beads, acrylamide beads, nylon,
polystyrene, polyvinyl chloride or polypropylene. Attachment may be accomplished, for example,
by methods described in Methods in Enzymology, 44 (1976).
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[06145] The antibodies and polypeptides may be conjugated to a therapeutic agent in order to
modify a given biclogical response, affect {e.g., increase) the serum half-life of the therapeutic
agemnt, or target the therapeutic agent to a particular subset of cells. They may alsc be fused to
marker sequences (e.g., a hexa-histidine peptide or a “flag” tag) to faciliate purification. '
Techniques for conjugating such therapeutic moieties to antibodies are well known; see, e.g.,
Hellstrom er al., “Antibodies For Drug Delivery”, in Controlled Drug Delivery (2nd ed., Robinson
el al. (eds.), 1987, pp. 623-53, Marcel Dekker, Inc.).

[06146]  Additional fusion proteins may be generated through the techniques of gene-shuffling,
motif-shuffling, exon-shuffling, and/or codon-shuffliing (collectively referred to as “DNA
shuffling™). DNA shuffling may be employed to alter the activities of molecules of the invention
{e.g., antibodies with higher affinitics and Jower dissociation rates). Antibodies and polypeptides
of the invention, or their encoding nucleic acids, may be further altered by being subjected to
random mutagenesis by error-prone PCR, random nucleotide insertion or other methods prior to
recombination. One or more portions of a polynucleotide encoding a molecule of the invention,
may be recombined with one or more componenﬁs, motifs, sections, parts, domains, fragments, etc.

of one or more heterologous molecules,
BA. Fragments

[60147) The invention additionally provides antibody and other polypeptide fragments. Such
fragments may be truncated at the N-terminus or C-ferminus, or may lack internal residues, for
example, when compared with a full length native antibody or protein. Certain fragments may
lack amino acid residues that are not essential for 2 desired biological activity. These fragments
may be prepared by any of a number of conventional techniques. Desired peptide fragments may
be chemically synthesized. An alternative approach mvolves generating antibody or polypeptide
fragments by enzymatic digestion, ¢.g., by treating the protein with an enzyme known to cleave
proteins at sites defined by particular amino acid residues, or by digesting the DNA with suitable
restriction enzymes and isolating the desired fragment, Yet another suitable technique involves
isolating and amplifying a DNA fragment encoding a desired antibody or polypeptide fragment, by
polymerase chain reaction (PCR). Oligonucieotides that define the desired termini of the DNA
fragment are employed at the 5" and 3' primers in the PCR. Preferably, antibody and polypeptide
fragments share at least one biological and/or immunological activity with the native antibody or

polypeptide disclosed herein.

[00148] In some embodiments, a polypeptide of the invention further comprises a dimerization

domain, which can comprise a dimerization sequence, and/or sequence comprising one or more
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cysteine residues. In some embodiments, the dimerization domain will be located between an
antibody heavy chain or light chain variable domain and at least a portion of a viral coat protein,
and one or more disuifide bond and/or a single dimerization sequence may be present in the
dimerization domain to provide for bivalent display. In some embodiments, heavy chaing of a
F(ab), will dimerize at a dimerization domain not mcluding a hinge region. The dimerization

domain may comprise a leucine zipper sequence.

[00149] In another embodiment, the polypeptide fragments of the present invention comprise an
amino acid sequence of at least 5 contiguous amine acid residues, at least 10 contiguous amino
acid residues, at least 15 contiguous amino acid residues, at least 20 contiguous amino acid
residues, at least 25 contiguous amino acid residues, at least 30 contiguous amino acid residues, at
least 40 contiguous amino acid residues, at least 50 contiguous amine acid residues, at least 60
contiguous amino residues, at icast 70 contiguous amino acid residues, at least contiguous 80
amino acid residues, at least contignous 90 amino acid residues, at least contiguous 100 amino acid
residues, at least contiguous 125 amino acid residues, at least 150 contiguous amino acid residues,
at least contiguous 175 amino acid residues, at least contiguous 200 amino acid residues, or at least
contiguous 250 amino acid residues of the amino acid sequence of another polypeptide. In a

specific embodiment, a fragment of a polypeptide retains at least one function of the polypeptide.
B&. Diabodies and BARTS

[¢0150] Diabodies and dual affinity retargeting reagents (“DARTS™) are also provided by the
present invention. The diabodies and DARTSs comprise antigen binding domains generally derived
from the antibodies and polypeptides of the invention. The design and construction of diabodies
and DARTSs is described in, for example, U.S, Provisional Patent Application Nos. 61/019,051
filed on January 4, 2008 and 60/945,523 filed on June 21, 2007; U.S. Patent Application No.
11/409,339 filed on April 17, 2006; Marvin er al. (2005) Acta Pharmacol. Sin. 26:649-658;
Qlafsen er al. (2004) Prot. Engr, Des. Sel. 17:21-27, Holliger ef al. (1993) Proc. Natl. Acad. Sci
{U.S.A)) 91:6444-6448. Each polypeptide chain of a diabody molecule comprises a 'V domain
and a Vy domain, from the same or different antibodies, which are covalently linked such that the
domains are consirained from self assembly. Interaction of two of the polypeptide chaing wilt
produce two V-V pairings, forming two epitope binding sites, i.e., a bivalent molecule, Netther
the Vy or V. domain is constrained to any position within the polypeptide chain, nor are the
domains restricted in their relative positions to one another; the only restriction is that a
complementary polypeptide chain be available in order to form functional diabody. The domains

may be separated by a peptide linker, and the polypeptide chains may be engineered to comprise at
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lcast one cysteine residue on each chain, so that interchain disulfide bonds may be formed to

stabilize the diabody.

[60151] Where the Vy and Vg domaiﬁs are derived from the same antibody, the two
complementary polypeptide chains may be identical, resulting in a bivalent monospecific antibody,
or may be different, resulting in a bivalent bispecific antibody {e.g., one that binds ton two
different epitopes on the same antigen). Where the Vi and Vy domains are derived from
antibodies specific for different antigens, formation of a functional bispecific diabody requires the
interaction of two different polypeptide chains, i.c., formation of a heterodimer. In a particular
embodiment, at least one epitope binding site of the diabody is specific for an antigen on a
particular cell, such as a B-cell or T-cell, a phagocytotic cell, a natural killer (NK) cell or a

dendritic cell.

[06152] 1In various embodiments, one or more of the polypeptide chains of the diabody
comprises an Fo domain. Fc domains in the polypeptide chains of the diabody molecules
preferentially dimerize, resuiting in the formation of a diabody molecule that exhibiig
immunoglobulin-like properties, e.g., Fe-FeyR interactions. Fe comprising diabodies may be
dimers, e.g., comprised of two polypeptide chains, cach comprising a Vy; domain, 2 V| domain and
an Fc domain. In various embodiments, one or more of the polypeptide chains of the diabody
comprises a hinge domain, which may be derived from any immunoglobulin isotype or allotype
including IgA, IgD, 1gG, IgE and IgM. In preferred embodiments, the hinge domain is derived
from IgG, wherein the IgG isotype is IgG1, IgG2, IgG3 or I1gG4, or an allotype thereof. The hinge
domain may be engineered into a polypeptide chain in any position relative to other domains or
portions of the chain, and in certain circumstances may be engineered together with an Fc domain

such that the diabody molecule comprises a hinge-Fc domain.

[00153] In other embodiments, diabody molecules comprising Fc domains may be tetramers,
which may comprise two “heavier” polypeptide chains {i.e. a polypeptide chain comprising a V|, a
Vyand an Fe domain), and two “lighter” polypeptide chains (i.e., a polypeptide chain comprising a
Vy and a Vy). Such lighter and heavier chaing may interact to form a monomer, and interact via
their unpaired Fe domains to form an Ig-like moiecule, which may be a DART molecule. Such an
Ig-like diabody is tetravalent and may be monospecific, bispecific or tetraspecific. The Ig-like
DART species has unique properties, because its domains may be designed to bind to the same
epitope (s0 as to form a tetravalent, mono-epitope specific Ig-like DART capable of binding four
identical antigen molecules), or to different epitopes or antigens. For example, its domains may be

designed to bind to two epitopes of the same antigen (so as to form a tetravalent, mono-antigen
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specific, bi-epitope specific Ig-like DART), or to epitopes of different antigen molecules so as to
form a tetravalent Ig-like DART having a pair of binding sites specific for a first antigen and a
second pair of binding sites specific for a second antigen). Hybrid molecules having combinations

of such attributes can be readily produced.

[66154]  Although not intending to be bound by a particular mechanism of action, the diabody
molecules of the invention exhibit enhanced therapeutic efficacy relative to therapeutic antibodies
known in the art, in part, due to the ability of diabody to immunospecifically bind a target cell
which expresses a particular antigen (e.g., FoyR) at reduced levels, for example, by virmae of the
ability of the diabody to remain on the target cell longer due to an mmproved avidity of the
diabody-epitope interaction. Thus, the diabodies of the invention have particular ufility in
treatment, prevention or management of a disease or disorder, such as cancer, in a sub-population,

wherein the target antigen is expressed at low levels in the target cell population,

[00155} -Due to their increased valency, low dissociation rates and rapid clearance from the
circulation {for diabodies of small size, at or below ~50 kDa), diabody molecules known in the art
have also shown particular use in the filed of tumor imaging. (Fitzgerald ef al (1997) Protein Eng.
10:1221). Of particular importance is the cross linking of differing cells, for example the cross
linking of cytotoxic T cells to tumor cells, (Staerz ef al. (1985) Nature 314:628-631; Holliger et
al. (1996) Protein Eng. 9:299-305). Diabody cpitope binding domains may alse be directed 1o a
surface determinant of any immune effector cell such as CD3, CD16, CD32, or CD64, which are
expressed on T lymphocytes, natural killer (NK) cells or other mononuclear cells. In many
studies, disbody binding to effector cell determinants, e.g., Fcy receptors {FcyR), was also found to
activate the effector cell. (Holliger er al. (1996) Protein Eng. 9:299-305; Holliger et al. (1999)
Cancer Res. 59:2909-2916). Normally, effector cell activation is triggered by the binding of an
antigen bound antibody to an effector cell via Fo-FoyR interaction; thus, in this regard, diabody
molecules of the invention may exhibit Ig-like functionality independent of whether they comprise
an Fc domain. By cross-linking tumor and effector cells, the diabody not only brings the effector
cell within the proximity of the tumor cells but leads to effective tumor killing. Cao and Lam
(2003) Ady. Drug. Deliv. Rev, 55:171-97.

[00156] The diabody molecules of the present invention can be produced using a varicty of
methods, including de novo protein synthesis and recombinant expression of nucleic acids
encoding the binding proteins. The desired nucleic acid sequences can be produced by
recombinant methods (e.g, PCR mutagenesis of an earlier prepared variant of the desired

polynucleotide) or by solid-phase DNA synthesis. Preferably recombinant expression methods are
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Abbreviations: M, Mutant Number; nd, no detectable binding; nt, not tested. Values with __ 80%
difference (?.. 0.8 fold) from wild-type in either direction are in bold. Shading denotes Fe mutants
identified directly by yeast display; all other mutants were constructed by site-directed mutagenesis.
[00125] Ther‘é]%zg%g?éﬁ?énsive guidance in the Antibody Engineering TeWWﬂW%’ﬁcerning
desirable modifications. Exemplary modifications that may be desirable in certain circumstances are
listed below: [00126]In a specific embodiment, in variant Fe regions, any amino acid modifications
(e.g., substittfbrid Y5t aRycbilisosiene 23 ides @ rolpudemid Aupt porprpgpa SEBEEEGnPY8IL328, or 330
and preferabtyienevgrineievof ihentallowipg esidmnestid2d0yvii2dDpdiRditicdo Ad3min 244pM298, 1328 or
V330. In a dif t specific e jaent, in varianf Fe regions, ami Ci ifications (e.g.,
cubstitutions) S any oSG ar e 288 Rb B 20 svedoils S R IR SONELS S0 30,
305, 307, 30913 ¢ 39&@3&@3@5&1%@% gugdeaatrhagenarglosyy angosry Fueus4aie437, 438 or
439 and preferabiynanaoarmiatesafl the kol aiinghcosicins bikiRS 0y @28W=¥286] K280, S290, T290,
Y290, N294, K295, P296, D298, N298, P298, V298,1300 or L300. [00127] In a preferred embodiment,

in variant Fgfegions Hhahingmanr keihavith an altered affinity, any amino acid modifications (e.qg.,
substitutions) at any of positions 255, 256, 258, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285,

286, 289, 203,262. 233 AHoR25 20 1R A DU IRP PR A0SR0 FR03A2,326. 329

obtained in any of a variety of ways. For example, such antibodiss may be obtained from plasma,
syothetically, recombinantly or fransgemically, via cell {(e.g., hybridoma culture), cic. The
production of synthetic proteins has been described in, e.g., Dawson er al (2000) Amn. Rev
Biochem. 69:923-960; Wilken ef al (1998) Curr. Opin. Biotechnol. 9{4):412-426; and
Kochendoerfer ef al. (1999) Curr. Opin. Chem. Biol. 3(6):665-671.

{60158] Production of recombinant and transgenic antibodies has been described in, e.g., Wang
et gl (2007) 1Drgs 10(8):562-565; Hagemeyer et gl (2007) Semin, Thromb, Hemost. 33(2):185-
195; Rasmussen ef al. (2007) Biotechnol. Lett. 29(6):845-852; Gasser ef al. (2007} Biotechnol,
Lett. 29(2%:201-212; Aubrey et al. (2006) 1. Soc. Biol. 200(4):345-354; Laffly er ol {2006) I. Soc.
Biol. 200(4):325-343; Jefferis (2005) Biotechnol Prog. 21{1):11-16; Smith ef al. (2004) J. Clin,
Pathol. 57(9):912-917; Kiprivanov ef al. (2004) Mol Biotechnol. 26(1):39-60; Fischer er al. (2003)
Vaccine 21(7-8):820-825; Maynard ef al. (2000) Ann. Rev. Biomed. Eng. 2:339-376; Young er al.
(1998) Res. Immunol. 149(6):609-610; and Hudson (1998) Curr. Opin. Biotechnol. 9(4):395-402.

[06159]  Production of antibodies via cell (e.g., hybridoma) culture has been described in, e.g.,
Laffly er al. (2006), supra;, Aldington et al. (2007) J. Chromatogr. B Analyt. Technol. Biomed.
Life Sci. 848(1):64-78; 8.S. Farid (2006) J. Chromatogr. B Analyt. Technol. Biomed. Life Sci.
848(1):8-18; Birch ef al. (2006) Adv. Drug Deliv, Rev. 58(5-6):671-685; Even ef al. (2006) Trends
Biotechnol. 24(3):105-108; Graumann etf al. (2006) Biotechnol. J. 1(2):164-86; 1.8. Patent No.
7,112,439; and U.S. Patent Publications Nos. 20070037216 and 20040197866.

[08160] Antibodies may be produced viz phage display methods, such as those disclosed in,
e.g., Brinkman et al {1995) J. Immunol. Methods 182:41-50; Ames et al. (1995) J. Immunol.
Methods 184:177-86; Kettleborough er af. (1994) Eur, J, Tnnnunol, 24:952-58; Persic ef al. (1997)
Gene 187:9-18; Burton ef al. (1994) Advances in Immunology 57:191-28(; PCT Publications WO
90/02809; WO 91/10737; WO 92/01047; WO 92/18619; WO 93/11236;, WO 95/15982; WO
95/20401; and U.S. Patent Nos. 5,698,426; 5,223.409; 5,403.484; 5580,717; 5,427,90%;
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331, 333, 334, 335, 337, 338, 339, 340, 359, 360, 373, 376, 416, 419, 430, 434, 435, 437, 438 or 439.
Preferably, the variant Fc region has any of the following residues: A256, N268, Q272, D286, Q286,
5286, A290, 5290, A298, M301, A3I2, E320, M320, Q320, R320, E322, A326, D326, E326, N326,
5326, K330, V'K3%40334. £334, H334, L334, M334. Q334, V334, KASETSHMRMEG A360 or
A430. [00128] In a different embodiment, in variant Fe regions that bind an FcyR (via its Fe region)
with a reduced affinity, any amino acid modifications (e.g., substitutions) at any of positions 252, 254,

265, 268, 2697270 781289, 2971093, 29U 285,796,298, 3602301808322, 32443219329, 333,
335, 338, 340637, 3K£gc3§’s§la§8&,hﬁ&9gy4M oAbl 1634 30114 ATAIS DABL{BP 29 IN a

citerent empediment. BAIAN: ERRgRTe [hghonG SAESAR N I e lsdlon i ag sohances

affinity, any aniino aci ations (e.g sub tutlons ata posit jons 280 5 286 290,
294, 295, 298! BGOSR WiNg, téew@@@ @fﬁefeffsd%@iy agihodiss, thagind Arjinkghe iy dcor 430. In a
different embeodimentyhenvarigatdeviggiensithnbhinds i eyRibaywithean enbaneed Affimne) any of the

following reﬁlﬁﬁiﬁ% 4%%%5 9 AR PR z’&%@%} /IS%QSNN?%&@?J& (@%7/366@3@37“%%90%8? A285,

A286, D286 286, A290, 5290 %‘I% 322, A326, D326, E326,
5326, K330' B‘ i]@%BOE%%ﬁ%}%ﬁﬁfh[ﬁ@i%ﬁW@tﬁé\& ?Jcﬁﬁziéﬁﬂs the invention encompasses

the use of any Fe variant known in the art, such as those disclosed in Jefferis et at (2002) Immunol
Lett 82:57-688PléstaVionagl (2denyiBibeheny Sosattdis 304800t dssepeetodh¢eoiled immunol
166:2571- 7&8&@6&%9&18@9%%%@6@@ RLEBRL-68! Kew&se@gje(masl I(ﬁ&@@)z@dlmunol
164:4178-84; Re 0).J 164:1925-33; Xu ell. Inununol 200:16-26;
Armour et a%?_%f 5fy %? @%grgml%ﬁoogogyugi %e?iceréee?éztl ({lgéé rﬁlfnﬁﬁ% ﬁﬁn 4; Lund c/at
(1996) .1 Infriifbl 18HRIEZED Lﬁﬁjtﬁﬁtn@?e?%ﬂl@”%‘)op%ﬁmﬂﬁfﬂfwéﬂﬂo‘8é‘ﬁ fé@ﬂsw)l@z $1980-84;
Jefferis c/ati(k995) MomBnabten: 4. dkibolites h;h@d;@(@ﬂ&fhﬁ%}aﬁﬂ@éBuﬁ&dyhﬁnlxﬁesﬁlﬁggehet al. (1994)

Tra“Sp'a”t%%%&%’e%zné\?ﬂ B %N(?}M;l%g &%@%ﬂz’@@ Rkt (L9RT) dhojmmunol

147:2657-62; Duncan et at ature 332:563-64; US Patent Nos. 5,624,821; 5,885,573;
6,194,551; ?}2‘7@}@8‘@}%& BE’?a’E?Qlf YleF‘ETPTWﬁ‘BHE%WGHWO@m%’??%ﬁHW W(jh99/58572
[00131]Prefpuadimarigpsyicchati enabetios maeresrpdifidationsiatrany-nhpesitienss 328 22304231, 232,

233, 234, 233, @é%a:&ﬂ&’ze%%@68%10%%1%5&%%&1 8@&%@%@&%&%@ zﬁé@m%%m%%b%? Rx281, 284,

291, 296, 297, 298, 299, 30 323, 325, 326, 328, 3 -Al: A. B. C.
D. E. Parti ﬁi‘éﬁ‘?y%r@%?%cf’%fﬁﬁaﬁ?%t?né‘ﬁfﬁe%’ﬁ% Hnene ﬁ?&lf’fﬁ@éﬁoﬁ@séf@ét@bo?%*m Gratips 228E,
228K, 228 Yiom228@i<2BoskoRB0E; 88DYdox 2800;i231iH PBAK R34 pPBE Rron2BIGHRB2E, 232K,
232Y, 2320;

[60162] Bispecific antibodies may also be made , for example through the co-expression of two
imoumoglobulin heavy chain-light chain pairs, where the two chains have different specificitics,
followed by purification of the destred molecule using affinity chromatography, as described by
Milstein ef al. (1983) Nature 305:537-39, WO 93/08829, Traunecker er ol (1991) EMBO I
10:3655-59. In a different approach, antibody variable domains with the desired binding
specificities (antibody-antigen combining sites) are fused to immunoglobulin constant domain
sequences, for example to a heavy chain constant domain, comprising at least part of the hinge,
Cipp, and Cys regions. The nueleic acids encoding these fusions may be inserted into the same or

different expression vectors, and are expressed in a suitable host organism,

[60163]) Fully human antibodies (also referred to as completely human antibodies) may be
produced using transgenic mice that are incapable of expressing endogenous immunoglobulin
heavy and light chains genes, but which can express human heavy and light chain genes. The
transgenic mice are immmunized in the normal fashion with a selected antigen, e.g., all or a portion
of a polypeptide of the invention. The human immunoglobulin transgenes harbored by the

transgenic mice rearrange during B cell differentiation, and subsequently undergo class switching
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2330; F. 2341 or 234F; G. 2350, 235Q, 235P, 2351 or 235V; H. 2390, 239E, 239N or 239Q; |.
240A, 2401, 240M or 240T; J. 243R, 243, 243Y, 243L, 243Q, 243W, 243H or 2431; K. 244H; L.

245A; M. 2470, 247V or 247E; N. 262A, 262E, 2621, 262T, 262E or 262F; O.
WO 2009/123894 POT/US2009/038201

and somatic mutation. Thus, using such a technique, it is possible to produce therapeutically
useful IgC, IgA, IgM and IgE antibodies. An overview of this technology for producing human
antibodies is described in, for example, Lonberg and Huszar (1995) Int. Rev. Immunol. 13:65-93,
and U.S. Patent No. 5,633,425, Fully human antibodies can also be produced using other
techmiques known in the art, including phage display libraries, as described by Hoogenboom and
Winter (1991) J. Mol. Biol. 227:381 and Marks er al. {1991) J. Mol. Biol. 222:581. Fully human
antibodies may also be obtained commercially from, for example, Abgenix, Inc. (Freemont, Calif.)
and Genpharm {San Jose, Calif.). Fully human antibodies that recognize a selected epitope may be
generated using a technique referred to as “gunided selection.™ In this approach a selected non-
homan monoclonal antibody, e.g., a mouse antibody, is used to guide the selection of a completely
haman antibody recognizing the same epitope, as described by, c.g., Jespers ef al (1994)
Biotechnology 12:899-603.

[60164] The present invention also includes polynucleotides that encode the molecules of the
invention, including the polypeptides and antibodies, as well as vectors comprising the
polynucleotides, and host cells comprising the vectors. The nolynucleotides encoding the
molecules of the invention may be obtained, and the nucleotide sequence of the polynucleotides
determined, by any method known in the art, for example, recombinant DNA techniques, site
directed mutagenesis, PCR, e¢tc. In one embodiment, human libraries or any other libraries
available in the art, can be screened by standard techniques known in the art, to clone the nucleic

acids encoding the molecules of the invention,
Bg. Characterization of Antibodies

[00163]  The antibodies of the present inveniion may be characterized in a variety of ways. In
particular, antibodies of the invention may be assayed for the ability to immunospecifically bind
to an antigen, e.g., HER2/neu, or, where the molecule comprises an Fc domain (or portion thereof)
for 'the ability to exhibit Fe-FeyR interactions, i.c. specific binding of an Fc domain (or portion
thereof) to an FcyR. Such an assay may be performed in solution (e.g., Houghten (1992)
Bio/Techniques 13:412-421), on beads (Lam (1991) Nature 354:82-84), on chips (Fodor (1993)
Nature 364:555-556), on bacterta (U.S. Patent No. 5,223,409), on spores (U.S. Patent Nos.
5,571,698; 5,403,484; and 5,223,409), on plasmids (Cull er al {1992) Proc. Natl. Acad. Sci
(U.8.A) 89:1865-1869) or on phage (Scott and Smith (1990} Science 249:386-390; Devlin (1990)
Science 249:404-406; Cwirla er af (1990) Proc. Natl. Acad. Sci. (U.5.A)) 87:6378-6382; and
Felici (1991} J. Mol Biol. 222:301-310).  Molecules that have been identified to
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263A, 2631, 263M or 263T; P. 264F, 264E, 264R, 2641, 264A, 264T or 264W; Q. 265F, 265Y,
265H, 2651, 265L, 265T, 265V, 265N or 265Q; R. 266A, 2661, 266M or 266T; S. 2710, 271E,

271N, 271Q, 271K, 27IR, 271S, 271T, 271H, 271A, 271V, 271L, 2711, 271F, 27AM, 271Y, 271W or
2710; T. 27892018 o 275w V. 281D, 281K, 281Y or 281P: W CESEEN883DeaT 2841,
284Y or284M;

immunospecifically bind to an antigen can then be assayed for their specificity and affinity for the

antigen.

[00166] Immunoassays which can be used to analyze immunospecific binding, cross-reactivity,
and Fc-chfR interactions include, but are not limited fo, competitive and non-competitive assay
systems Using techniques such as western blots, radioimmunoassays, ELISA (enzyme linked
immunosorbent assay), “sandwich” immunoassays, immunoprecipitation assays, precipitin
reactions, gel diffusion precipitin reactions, immunochromatographic assays, immunodiffusion
assays, agglutination assays, complement-fixation assays, immunoradiometric assays, fluorescent
immunoassays, and protein A immunoassays, efc. (see, e.g., Ausubel ef al, 2008, Current

Protocols in Molecular Biology).

[00167] Binding affinity for a target antigen is typically measured or determined by standard
antibody-antigen assays, such as Biacore competitive assays, saturation assays, or inununoassays

such as ELISA or RTIA.

[00168]  Preferably, fluorescence activated cell sorting (FACS), using any of the techniques
known to those skilled in the art, is used for immunological or functional based assays to
characterize molecules of the invention. Flow sorters are capable of rapidly examining a large
number of individual cells that have been bound, e.g., opsonized, by molecules of the invention
(e.g., 10-100 million cells per hour). Additionally, specific parameters used for optimization of
antibody behavior, include but are not limited to, antigen concentration, kinetic comypetition time,
or FACS stringency, each of which may be varied in order to select for antibody moelecules which
exhibit specific binding properties. Flow cytometers for sorting and examining biological cells are
well known in the art. Known flow cytometers are described, for example, in U.S. Patent Nos.
4,347,935; 5,464,581; 5,483,469; 5,602,039; 5,643,796; and 6,211,477. Other known flow
cytometers are the FACS Vantage™ system sold by Becton Dickinson and Company, and the
COPAS™ gystem sold by Union Biometrica.

[00169] Surface plasmon resonance-based assays may be used to characterize the kinetic
parameters of an antigen-binding domain or Fc-FeyR binding. Any method known to those skilled
in the art may be used, for example the tectmology described in, ¢.g., Dong ef al. {2002) Review in
Mol. Biotech, 82:303-323; Mullet er al. (2000) Methods 22:77-91; Rich er al. (2000) Corrent
Opinion in Biotechnology 11:34-61; Fivash er af. (1998) Current Opinion in Biotechnology 9:97-
101; and U.S. Patent Nos. 6,373,577, 6,289,286; 5,322,798, 5,341,215; and 6,268,125, The data is
used 1o plot binding curves and determine rate constants, for example, K., Ko, and the apparent

equilibrium binding constant Ky, for example as described in, e.g., Myszka (1997) Current Opinion

S50



X. 2910, 291E, 291Q, 291T, 291H, 2911 or 2910; Y. 299A, 2990, 299E, 299F, 2990, 299H, 2991,
290K, 299L, 299M, 299N, 299P, 299Q, 299R, 299S, 299V, 299W or 299Y: Z. 3021: AA. 3040,
304N, 304T, 304H or 304L AB. 3051; AC.313F: AD.3231; WO

2009/123894% F9851586/038201 AR325A, 3250, 325E, 325G, 325H, 32T EOHHR 038K 305R.
3255, 325F, 325M, 325T, 325V, 325Y, 325W or 325P; AF.3280, 328Q, 328K, 328R, 3285, 328T,

328V, 3281, 328Y, 328W, 328P, 328G, 328A,
in Biotechnology 8:50-57; O’Shannessy ef af (1996} Analytical Biochemistry 236:275-283;

Morton ef al. (1995) Analytical Biochemistry 227:176-185; Fisher et al. (1994) Current Opinion in
Biotechnology 5:389-95; (O’Shannessy {1994) Current Opinion in Biotechnology 5:65-71; and
Chatken er al. (1992) Analytical Bicchemistry 201:197-210, In preferred embodiments, the
kinetic parameters determined using an SPR analysis may be used as a predictive measure of how

a molecule will function in a functional assay, e.g., ADCC.

[06178] Characterization of binding to FeyR by molecules comprising an Fe domain (or portion
thereof) and/or comprising epitope binding domain specific for an FeyR may be performed
according to the methods described in the Antibody Engineering Technology Art. Assays for
effector cell functions are well-known, for example as described in Abdul-Majid er al. (2002)
Scand. J. Immunol. 55:70-81; Perussia ef «/. (2000) Methods Mol. Biol. 121:179-192; Lehmann ef
al. (2000) J. Immunol. Methods 243(1-2)%:229-242; Ding er gl (1998) Immunity 8:403.411;
Baggiolini et al. (1998) Experientia 44(10):841-848; Brown {1994} Methods Cell Biol. 45:147-
164; and Munn e? of. (1990) J. Exp. Med. 172:231-237,

[60171] For example, assays for FoyR-mediated phagocytosis may be conducted using human
monocytes, by measuring the ability of THP-1 cells to phagocytose fiuoresceinated 1gG-opsonized
sheep red blood cells (SRBC) by methods previously described in Tridandapani er aof. (2000) I.
Bicl. Chem. 275:20480-20487, or using an antibody-dependent opsonophagocviosis assay (ADCP)
as described by Bedzyk et al. (1989) 1. Biol. Chem. 264(3):1565-1569. Standard methods known
to those skilled in the art may be used to characterize the binding of Clq and mediation of
complement dependent cytotoxicity (CDC) by molecules of the invention comprising Fc domains
(or portions thereof). For example, to determine Clq binding, a Clq binding ELISA may be
performed, and to assess complement activation, a complement dependent cytotoxicity (CDC)
assay may be performed, e.g., as described in Gazzano-Santoro ef ¢l (1996) J. Immunol. Methods

202:163.

[00172] In another embodiment, the molecules of the invention can be assayed for FeyR-
mediated ADCC activity in effector cells, e.g., natoral killer cells, using any of the standard
methods known to those skilled in the art and described in, e.g., Weng ef al. (2003) J. Clin. Oncol.
21:3940-3947; Perussia et al {2000) Methods Mol Biol. 121:179-192; Ding et al (1998)
Immunity 8:403-411. In a specific preferred embodiment, a time resolved fluorimetric assay is
used for measuring ADCC activity against fluorescently-labeled target cells, as described in, e.g.,
Blomberg et al. (1996) Journal of Immunological Methods 193:199-206. Target cells used in the

ADCC assays of the invention include, but are not limited to, breast cancer cell lines, ¢.g., SK-BR-
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328E, 328F, 328H, 328M or 328N; AG.330L, 330Y, 3301 or 330V; AU.332A, 3320, 332E, 332H, 332N,
332Q, 332T, 332K, 332R, 332S, 332V, 332L, 33213, 332M, 332W, 332P, 332G or 332Y; and Al.336E,
336K or 336Y. 1001331Still more particularly preferred variants include one or more modifications
selected front' & /9BHEHY05: Group Variant Group Variant A330L /1332EP64"8288HPHES65L / N297D /
1332E 2 D265F / N297E / 1332E 55 5239D / D265T / N297D / 1332E 3 D265Y / N297D / 133213 56
S239D / D265V / N2971) / 133213 4 D265Y / N297D / T299L / 133213 57 S239D / D265Y / N297D /
133213 5 F2411th/ £P4SQreoeerTgbe4 H BR-2 85738286 (241 ECresn o5/ I262F Br264E
/1332E 59 $239bt{h33cHHs Adrizdd FrohFR4d8ins/Mafdhmd, V268K :i60ls with ATCC accession number

CCL-B6 (Epstein ef al. (1965) J. Natl. Cancer Inst. 34:231-240), and Daudi cells with ATCC
accession number CCL-213 (Klein ez al. {1968) Cancer Res. 28:1300-1310). The target cells must
be recognized by the antigen binding site of the molecule to be assayed. Preferably, the effector
cells used in the ADCC assays of the invention are peripheral blood mononuclear cells (PBMC)
that are preferably purified from normal human blood, using standard methods known to one

skilled in the art, e.g., using Ficoli-Paque density gradient centrifugation,

C. Methods Of Treatment & Pharmaceutical Compositions

[00173] The administration of the compositions (e.g., antibodies and polypeptides) of the
present invention may be for a “prophylactic” or “therapeutic™ purpose, or alternatively can be
used for diagnostic purposes. The compositions of the present invention are said to be
administered for a “therapeutic” purpose if the amount administered is physiologically significant
to provide a therapy for an actual manifestation of the disease. When provided therapeutically, the
compound is preferably provided at (or shortly after) the identification of a symptom of actual
disease. The therapeutic administration of the compound serves to attenuate the severity of such
disease or to reverse its progress. The compaositions of the present invention are said to be
administered for a “prophylactic” purpose if the amount administered is physiolegically significant
to provide a therapy for a potential discase or condition. When provided prophylactically, the
compound is preferably provided in advance of any symptom thereof. The prophylactic
administration of the compound serves to prevent or attenuate any subsequent advance ar

recurrence of the disease.

[66174] Providing a therapy or “treating™ refers to any indicia of success in the treatment or
amelioration of an injury, pathology or condition, including any objective or subjective parameter
such as abatement, remission, diminishing of symptoms or making the injury, pathology or
condition more tolerable to the patient, slowing in the rate of degeneration or decline, making the
final point of degeneration less debilitating, or improving a patient’s physical or mental well-
being. The treatment or amelioration of symptoms can be based on objective or subjective
parameters, inchiding the results of a physical examination, neuropsychiatric exams, and/or a

psychiatric evaluation.

[60175] Preferred subjects for treatment include amimals, most preferably mammalian species

such as humans or other primates, and domestic animals such as dogs, cats and the like, subject to
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S239D / 1332E / A3301 8 13241E / F243R / V262E / V264R / 1332E 61 52390 / 1332N 9 13241E /
F243Y / V262T / V264R 62 52390 / 1332Q 10 F241E / F243Y / V262T / V264R / |1 133213 63 5239D /
N297D / 1332E 11 F241L / F243L / V2621 / V2641 64 S239D / N297D / 1332E / A330Y 12 F'241L /
V2621 65 SMEFIRBFIYS | 1332 / A330Y / F241S / 1,2431-1 1 V262T | VEEFFPEBIHR | F243Q /
V262T / V264R 66 52390 / N2970 /1332E / K326E 14 F241R | F243Q / V262T / V264R / 1332E 67
52390 / N297D / 133213 / L235D 15 F'241W / 13243W / V262A / V264A 68 52390 / 5298A / 133213
16 13241Y fiFpaang ye rrthojossaTegnitono B Vaeal /1alRrs ) &/ sp3iRgty preferably mammalian

(including human).

[00176] Certain embodiments of the present invention relate to pharmaceutical compositions
comprising one or more therapeutic agents, and methods of administering a therapeutically
effective amount of one or more therapeutic agents, which are capable of prophylactic and/or
therapeutic treatment of disorders. The ferm “therapeutic agent” refers to any agent having a
therapeutic effect to prophylactically or therapeutically treat a disorder. Exemplary therapeutic
agents inchude the antibodies and polypeptides of the present invention, as well as other
therapeutic agents that may be administered in combination with, or conjugated to, an antibody or
polypeptide. In a preferred embodiment, the therapeutic agent is an antibody of the present

invention, and preferably is an antibody fragment, a diabody, an Ig-like DART, or a fusion protein.

[00177] The. molecules of the invention are particularly useful for the treatment and/or
prevention of a disease, disorder or infection where an effector cell function (e.g.. ADCC)
mediated by FeyR is desired {e.g., cancer, infectious disease}. For example, molecules of the
invention may bind a cell surface antigen and an FovR (e.g., FoyRIIIA) on an immune effector cell
(e.g., NK cell}, stimulating an effector function (e.g., ADCC, CDC, phagocytosis, opscnization,
eic.) against said cell. In some embodiments, the antibodies and polypeptides of the invention are
especially suited for the treatment of cancers. The efficacy of standard monoclonal antibody
therapy depends on the FoyR polymorphism of the subject. Carton ef al. (2002) Blood 99:754-
758; Weng ef al. {2003) J Clin Oncol. 21(21):3940-3947. These receptors are expressed on the
surface of the effector cells and mediate ADCC. High affinity alleles improve the effector cells'
ability to mediate ADCC. The antibodies and polypeptides of the Invention may comprise a
variant Fc domain that exhibits enhanced affinity to FeyR (relative to a wild type Tc domain) on
effector cells, thus providing better immunotherapy reagents for patients regardless of their FeyR

polymorphism.

[084178] For diagnostic purposes, the antibodies or polypeptides may be coupled to a detectable
substance, so that they can be used, for example, to monitor the development or progression of a
disease, disorder or infection. Examples of detectable substances inclode various enzymes (e.g.,
horseradish peroxidase, beta-galactosidase, etc.), prosthetic groups (e.g., avidin/biotin), fluorescent
materials {e.g., umbelliferone, fluorescein, or phycoerythrin), luminescent materials (e.g.,
Iuminol), bioluminescent materials {e.g., Iuciferase or aequorin), radioactive materials (e.g.,
carbon-14, manganese-54, strontium-85 or zinc-63), positron emitting metals, and nonradioactive

paramagnetic metal ions, The detectable substance may be coupled or conjugated either directly to
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17 F241Y [ F243Y / V262T / V264T / N297D / 1332E 70 52390 / V2641 / 133213 18 F243L / V2621 /
V264W 71 52390 / V2641 [ 5298A / 1332E 19 P243L / V2641 72 5239E / D265N 20 L328D / 1332E 73
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the molecules of the invention or indirectly through an intermediate (e.g., a linker), using

techniques known in the art.
Ck. Treatable Disorders

{00179] Exempléry disorders that may be treated by various embodiments of the present
invention include, but are not limited to, proliferative disorders, cell proliferative disorders, and
cancer, auytoimmune diseases, mflammatory disorders, and infectious diseases. In various
embodiments, the invention encompasses methods and compositions for treatment, prevention or
management of a disease or disorder in a subject, comprising administering to the subject a
therapeutically effective amount of one or more molecales (antibodies or polypeptides) which bind
to a disease antigen. For example, molecules of the invention are particularly useful for the
prevention, inhibition, reduction of growth or regression of primary fumors, metastasis of cancer
cells, and mfectious diseases, Although not intending to be bound by a particular mechanism of
action, molecules of the invention mediate effector function resulting in tumor clearance, tumor
reduction or a combination thereof. In alternate embodiments, diabodies of the invention mediate
therapeutic activity by cross-linking of cell surface antigens and/or receptors and enhanced

apoptosis or negative growth regulatory signaling.

[60180] Antibodies with a decreased -affinity for FoyRIIB and an increased affinity for
FoyRIMIA and/or FeyRIIA may lead to an enhanced activating response upon FeyR binding and
thus have therapeutic efficacy for treating and/or preventing cancer. Non-iimiting examples of
cancers treatable by the methods herein inchude acute myeloid lymphoma, adrenal carcmoma,
adenocarcinoma, basal cancer, bladder cancer, bone cancer, bone and connective tissue sarcoma,
brain cancer, breast cancer, bronchial cancer, cervical cancer, choriocarcinoma, chronic
lymphocytic leukemia, chronic myelogenous leukemia, colon cancer, colorectal cancer,
endometrial cancer, esophageal cancer, eye cancer, {allopian tube cancer, gall bladder cancer,
gastrointestinal cancer, glioma, hairy cell leukemia, hepatoma, Hodgkin's disease, intrahepatic bile
duct cancer, jomnt cancer, Kapost’s sarcoma, kidney cancer, larynx cancer, hiver cancer, lenkenua,
lung cancer, lymphoblastic leukemia, lymphoma, malignant mesothelioma, medullobastoma,
melanoma, mesothelioma, middle ear cancer, multiple myeloma, myeloma, myxosarcoma, nasal
cavity cancer, nasopharynx cancer, ncuroblastoma, Non;Hodgkin‘s lymphoma, non-small cell lung
cancer, nose cancer, oral cavily cancer, ovarian cancer, pancrealic cancer, penal cancer,
peritoneum cancer, pharynx cancer, pitnitary gland cancer, prestate cancer, rectal cancet, renal

cancer, salivary gland cancer, skin cancer, soft tissue sarcoma, squamous cell carcinoma, stomach
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cancer, testicular cancer, thyreid cancer, urinary cancer, utering cancer, vaginal cancer, vesticular

cancer, vulval cancer, and Wilm's tomor.

[00181] In some embodiments, the cancer is a hematopoictic cancer or blood-related cancer,
such as lymphoma, leukemia, myeloma, lymphoid malignancy, cancer of the spleen, and cancer of
the lymph nedes. In a preferred embodiment, the cancer is a B-¢ell associated cancer, such as, for
example, high, intermediate or low grade lymphoma (including B cell Jymphoma such as, for
example, Burkitt's lymphoma, diffuse large cell lymphoma, follicular Iymphoma, Hodgkin's
lvmphoma, mantle cell lymphoma, marginal zone lymphoma, mucosa-associated-lymphoid tissue.
B cell lymphoma, non-Hodgkin's lymphoma, small lymphocytic lymphoma, and T cell
Iymphomas) and Ieukemias (including chronic lymphocytic leukemia, such as B cell lenkemia
(CD5+ B lymphocytes), chronic myeloid leukemia, lymphoid leukemia, such as acute
lymphoblastic leukemia, myelodysplasia, myeloid leukemia, such as acute myeloid leukemia, and
secondary leukemia), multiple myeloma, such as plasma cell malignancy, and other hematological
and/or B cell- or T-cell-associated cancers. Other exemplary cancers are cancers of additional
hematopoietic cells, including polymorphonuclear leukocytes, such as basophils, eosinophils,

neutrophils and monocytes, dendritic cells, platelets, erythrocytes and natural killer cells.

[00182] In some embodiments, the cancer to be treated is breast cancer, prostate cancer, utering
cancer, ovarian cancer, colon cancer, endometrial cancer, adrenal carcinoma, or non-small cell
lung cancer, In some embodiments, the cancer is breast cancer or prostate cancer. In some
embodiments, the cancer is a cancer in which HER2/meu is ‘ovcrcxpressed. In a specific
embodiment, an antibody or polypepiide of the invention inhibits or reduces the growth of cancer
cells by at least 99%, at least 95%, at least 90%, at teast 85%, at least 80%, at least 75%, at least
70%, at least 60%, at least 50%, at least 45%, at least 40%, at lcast 45%, at least 35%, at lcast
30%, at least 25%. at least 20%, or at least 10% relative to the growth of cancer cells in the

absence of the antibody or polypeptide of the invention.

[00183] Antibodies with an increased affinity for FeyRIB and a decreased affinity for
FeyRITIA and/or FeyRITA may lead to a diminished activating response upon FeyR binding and
thus have therapeutic efficacy for treating and/or preventing inflammmation and autoimmune
disease. Examples of antoimmune disorders that may be treated by the methods herein include,
but are not lmited to, alopecia areata, ankylosing spondylitis, antiphospholipid syndrome,
autoimmune Addison’s disease, autoimmune diseases of the adrenal gland, autoimmune hemolytic
anemia, autolmmune  hepatitis, autoimmume  oophoritis  and  orchitis,  apteinmmung

thrombocytopenia, Behcet's disease, bullous pemphigoid, cardiomyopathy, celiac sprue-dermatitis,
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chronic fatigue immune dysfunction syndrome (CFIDS), chromic inflammatory demyelinating
polyneuropathy, Churg-Strauss syndrome, cicatrical pemphigoid, CREST syndrome, cold
agglutinin  disease, Crohn's disease, discoid lupus, essential mixed cryoglobulinemia,
fibromyzlgia-fibromyositis, glomerulonephritis, Graves’ disease, Guillain-Barre, Hashimoto’s
thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia purpura (ITP), IgA
neuropathy, juvenile arfhritis, lichen planus, lupus erythematosus, Ménidre’s disease, mixed
connective tissue disease, multiple sclerosis, myasthenia gravis, pemphigus vulgaris, pernicious
anemia, polyarteritis nodosa, polychrondritis, polyglandular syndromes, polymyalgia rheumatica,
polymyositis and dermatomyositis, primary agammaglobulinemia, primary biliary cirrhosis,
psoriasis, psoriatic arthritis, Raynauld’s phenomenon, Reiter’s syndrome, Rheumatoid arthritis,
sarcoidosis, scleroderma, Sjbgren’s syndromc, stiff-man syndrome, systemic lupus erythematosus,
takayasu arteritis, temporal arteristis/ giant cell arteritis, type 1 or immune-mediated diabetes
mellitus, ulcerative colitis, uveitis, vasculitides such as dermatitis herpetiformis vasculitis, vitiligo,

and Wegener's granulomatosis.

[00184] Non-limiting examples of inflammatory disorders treatable by the methods herein
include immume-mediated inflammatory disorders (IMIDs), which are inflammatory conditions
caused and sustained by an antigen-specific, pathological immune rtesponse, Among these
disorders are various types of allergic diseases, such as asthima, bay fever, and urticaria, arthritis,
such as ostecarthritis and theumatoid arthritis, chronic inflammation, chronic obstructive
pulmonary disease (COPD), connective tissue disorders, fibrosis, graft rejection and graft-versus
host-disease, inflammatory bowel disease (e.g., Crobm's disease and ulcerative colitis),
nflammatory osteolysis, insulin-dependent diabetes, pulmonary fibrosis, retinitis, undifferentiated
arthropathy, undifferentitated spondyloarthropathy, and uveitis. Molecules of the invention
comprising at Ieast one epitope binding domain specific for FeyRIIB and/or a variant Fc domain
with an enhanced affinity for FeyRIIB and a decreased affinity for FoyRIIA can also be used to

prevent the rejection of transplants.

[40185] The anti-inflammatory polypeptides of the present invention will preferably reduce
inflammation in an animal by at least 99%, at least 95%, at feagt 90%, at least 85%, at least 80%,
at least 75%, at least 70%, at least 6{0%, at least 50%, at lcast 45%, at least 40%, at least 45%, at
least 35%, at least 30%, at least 25%, at least 20%, or at least 10% relative to the inflammation in

an animal that does not receive such polypeptides.

[00186] In certain embodiments, the polypeptides of the invention are toxic to an infectious

agent, enhance bmmune response against said agent or enhance effector function against said
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45 S239D / A330Y / 1332E / K326T 98 V2641 / 332E 46 S239D / A330Y / 1332E / L2341 99 V264l /
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1332E. 53 S239D / D2651 / N297D / 1332E  100134] Effector function can be modified by techniques
such as tho#sHestHbedoifh tHERAHDEHPERAgInte A Teehrdlogy srico o e dirregshtor example,
cysteine resigus{s)emay heinttaducescin thadlasegion theseby altowingdntershaindisylide bond
formation in this,regijon, resulting in the generation of a homodimeric angibogdy that may have improved
ormalmati B L G e e
al. (1992) Jbsigsiidiscascraneinge thesgsaund 1. nilye anfrou b rnhitielia by pionfgiigype
Homodimerdaantibadiasiayifh-apianced-antittiat; BoiilEmRay:alcn BrdpeasRebustngylor,

hetembif“”%H%%Ei%rgﬁédﬂﬁﬁﬁés %Eigx?efffifi%%?Jay}é%'&fn?tnycéffﬁ&ﬁé, CRNGERRGRAAISD PRig00-2565.

Alternatively, an antibody can be engineered which has dual Fe reglons and may thereby have
enhanced cOmpfem&HERsisEREMNEE Aipantits. Stevarssket SHPPIBE) AHBPEIEETDrug Design

3:219-230. streptococcus, and tetanus.  Non-limiting protozoal discases include those caused by kokzidioa,

leishmania, malaria, or trypanosoma.

[66187] Non-limiting examples of viral diseases include those caused by adenovirus, arbovirus,
coronavirus, coxsackie virus, cytomegalovirus, ebola, echinovirus, echovirus, endotoxin {LPS),
enterovirus, Epstein Barr virus, hepatitis virus (e.g., hepatitis type A, hepatitis type B, hepatitis
type C, murine hepatitis), herpes virus (e.g., herpes simplex type 1 (HSV-I), herpes simplex type 11
(HSV-II}, murine gamma herpes virts), human immunodeficiency virus type I (HIV-I), human
mmmuneodeficiency viros type I (HIV-II), huntavirus, influenza, leukemia virus (e.g., murine
leukemia, feline leukemia, etc.); measles virus, mumps virus, papilioma virus, papova virus, polio
virus, respiratory syncytial virus, retrovirus, thinovirus, rinderpest, rotavirus, rubella virus, small
pox, T-cell lymphotropic virus 1, vaccinia, varicella, and agents of viral diseases such as viral

meningitis, encephalitis, or dengue.
C2. Formulations

{00188] The pharmaceutical compositions can be formulated according to known methods for
preparing pharmaceutically usefiil compositions, and may include a pharmaceutically acceptable
carrier and/or an excipient. The compositions can be in any suitable form, for example tablets,
pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups,
acrosols (as a solid or in a liquid medium), cintments containing, for example, up to 10% by
weight of the active compound, soft and hard gelatin capsules, suppositorics, sterile injectable
solations, and sterile packaged powders, to name just a few non-limiting alternatives. Such
compositions may be prepared by any known method, for example by admixing the active

ingredient with the carrier(s) or excipient(s) under sterile conditions.

[66189] The active ingredients can also be formulated so as to provide quick, sustained or
delayed release of the active ingredient after administration to the patient by employing procedures
lmown in the art. The physical and chemical characteristics of the compositions of the mvention

may be maodified or optimized according to the skill in the art, depending on the mode of
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B2.Sequence Modifications [00135]Generally, sequence modifications may be the substitution,
deletion, or addition of one or more residues in the antibody or polypeptide that results in a change in
the amino acid sequence as compared to the native sequence. Guidance in determining which amino
acid residue ?%83?@8’ }ﬁgse(’r"ted, substituted or deleted without adversely affé’&%%’@%’é@%’éd activity
may be found by comparing the sequence of the antibody or polypeptide with that of homologous
known protein molecules and mini.mizing. the number of amino acid sequence changes made in
regions of MW RBIHBRIGEPITHE Reifistiendimeived AisyipeBdteifitdd Dy gt PHidRing
insertions, gleletiana esisdlsitdsions ehRIVEOACIHS1Asthet3equeneBanthiestingdhemasiuiting variants
for activity %NEQ%BYJBM!RJ%P&}R &%E{?g}&g&native sequence. [00136]Amino acid substitutions may
involve the conservative or non-conservative substitution of one or more residues. Such substitutions
are well-known g%the[ art, for example.a conservatjve substitution entails reIPIacin%I n.amino acid with
another amino acid hgv%&g Similaf strictira anSI/orcclz’?Pémm]féa?ﬁPospéﬁ?es,csﬂcﬁ? dthe rglp?agement of a
leucine withcergeritet,NOn-ton serviatiau bstintiomssgeneamiicktaimiephapiilyancasmibivaatid with
another amipnsacishhid\ingxgitigrant:stiiGbdts! /NS Chomical-BrRperim far-adample aseacidic amino

acid (e.g., Glu ar,As a replaced with,a.basj ino acid (e.q.,.Lys or.Asn). [00137] A
paticuinry et e Ve b b R S R e
region residig8evdra Parat aptitfodir(e . 2aofsmamiEs B orRiaAnthsollyusHbrdeets dbtain a
variant antiRgshiifteainglinpeaued biglegieal fropertiesdelatisatacthe pareathantibeady Aganvenient
way for gengraling syhsubsiiianabyarianis dnvalues alinitmalyRianLsna RGeS display. Briefly
several hypervaria Fe region sites are mutated to generate all possfgi% mino substitutions at each
site, the anti9BHRSFARRINSAHEcHenerated are displayed on phage, and the phage-displayed variants
are then screened for their biological activity (e.g., binding affinity). In order to identify candidate
hypervariablé8idgion Hitéesahdy. riho diicaxioi; adentirressprireding amintagetedisiddirdseppedarmed to identify
_hypervgriibﬁ%rﬁ]g‘@_iqimﬁ&i@?%@&ﬁﬁwiw:m %&agéqa;mr?ea@t@nﬂg%m%éég%wtﬁr}ea&m?@ra;%dditionalIy,
it may be beneficjal to ana a crystal structure of the antigen-antipbody complex to identify contact
points betw(?ee’én’nt Ffima%h?fb%a yZza(:;;nlagftg/t Sla?laﬁtggegnr.n%uaéﬁe%%n a‘c’:’t‘gf'gtaln lfteébazﬁ ﬂléiaé H%g;? r%gmt%s? Ues are
candidates forbilissdtntivacackordifg frtbd tebhiigties embbiatidiepaiind pedanrydiknts are

generated, thelRanehfuuasianis e subiaaipeio-acrerniny Reesadhed hereis aosantiedies with

superior properties jn,ore,or. mote,relevant assays may, be selected for further development. [00138]
The modificatior may also involve the mcorporatloﬁ e.g., by substitution or addition) of unnatural
amino acidshfEwesinigretby manites subirsimese adsempidlin sealyd walngestiadicpoEChem.
Comm. 1:1-qubniflang ebai-(206kh) Seirntapoaid A8m0Opranehmanidasivedabia0o Iy phem. eomm.
19:1897-1904. Alternative strategies focus qn the enzymes responsible farthe hiosynihesis of amino
oy HRA, B T e D BB T 00 e Kok et at
(2001) FEBBY8tt 25l55¢3) 185 {60130 hmeprbferias dribebimtbipsht iaag, 2 lastfangmg 8 9 10,
11, 12, 13, 3dieddH | 20m2mi 30,135, 40 BmbhaSCaarninomatit dbdtduelsdaaye been modified. Additionally
or alternatively, such modifications may be characterized as having no more than I, 2, 3, 4, 5, 6, 7, 8,
9, 10, 11, 12313, 14, i 20, 25, 30, 35, 40, 45, or 50 modified amino acid residues. In a particularly
preferred embodiment, at least 1 but no more than 10 residues have been modified. Additionally or

alternativelyogtich medificationsmayhe.chaasiansed,as Having B8 MOtethan i Suldnid 2. 11, 10,

9,8,7,6,5, 4, 3 0r 2 modified amino acid residues. The modifications may be all substitutions, all
deletions, alBERiitichsP B a5 L6 biIEEGHEP s THRRHRSN < JBRSIRSHYS ofe5BitBHETIOL4B] Nucleic
acid moleculésientetilingadninotbgidseguenise Variarisrmd\ebeoprepasethbyka vaniatylofanethods

known in the at oéﬁ@&??@éﬁ?tﬁ)?daﬁﬂ%gﬁﬁo@m@ﬁa@%}éi%ﬁtﬁg E@psi%%aﬂafaﬁiéoéf‘b_@tﬁ@tki{s%k%ﬂme (ir_1 the
case of naturall% occurring amino acid sequence variants) or %reparatlon by ollﬁonucleotlde-medlated

(or site-dire8fEISMPATEHOSNY: RIS ERBH UG SHAdE BB EGERRBICHnd Eassette
mutagenesiscofaanraarierlpie paicd waliant bra Abnwdriantoversiaricofahecantibody p83s@tiher
Modificationg {03417 heipolypeptigeiariants-(esnasially agtihedy yariertskoftheRiesenkinvention
include analogs and derivatives that are modified, e t%/ the covalent attachment of Zdné type of
molecule astOMY 58 <(iéh COVSHTARASKRERT NI e AntBOR TS Pasih s CHESHE Bikding
immunospeeifisityn Fereetamiple laud dembyr wary-ef linditaniohbktisenterivasirds edranalegs of the
antibodies include those that have been further modified, e.g., by glycosylation, acetylation, pegylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic cleavage,
linkage to a cellular antibody unit or other protein; éfc: Any of numerous chemical modifications can be
carried out by known techniques, including, but not limited to specific chemical cleavage, acetylation,
formylation, metabolic synthesis in the presence of tunicamycin, etc. Additionally, the analog or
derivative can contain one or more unnatural amino acids. [00142] The antibodies and polypeptides
may be modified by introducing one or more glycosylation sites into the antibodies, deleting one or

more glycosylation sites from the antibodies, or shifting an existing glycosylation site on the antibodies,
nrafarahivy withoirit altearina the decirad fiinectionalityy of the antibodiee a A hindina activity



least one cysteine residue on each chain, so that interchain disulfide bonds may be formed to stabilize
the diabody. [00151] Where the VL and VII domains are derived from the same antibody, the two
complementary polypeptide chains may be identical, resulting in a bivalent monospecific antibody, or
may be diffe?@ﬂt??gyﬁﬂﬁ?ﬁ in a bivalent bispecific antibody (e.g., one that lgﬁyﬁa‘?ﬁwmﬁerent
epitopes on the same antigen). Where the VL and VII domains are derived from antibodies specific for
different antigens, formation of a functional bispecific diabody requires the interaction of two different
polypeptide%??&ﬁ?s@ﬁéb?ﬁﬁ*ﬁ-ati]@ncé‘ﬁféﬂhwifhérl.dir\cﬁ’pi&?g/}éﬁlér wHse ditheftiapieia Bike epitope
binding site.gfihgisiabedydgrepacific:kaban antigen on a particular cell, such as a B-cell or T-cell, a
phagocytotic cell, a natural killer (NK) cell or a dendritic cell. [00152] In various embodiments, one or

more of the pplypeptida.chains ofibe diabady.comprses an ke aenain, fic.damaingfadhs, Polypeptide

chains of the diabody molecules preferentially dimerize, resulting.in the formation of a diabody
molecule (TIE GRS LR SRR B SHe AL o e RORGFE ATARR B i sing.
diabodies mdyiyeainvensrenyg: , wanipriseeraé v asoly péptidéschiths, reacht cormpiivinga ol domain, a
;/_L Socznain ﬁx@ﬁ;&na':&%ﬁl%@_ éﬁﬂdﬁq\gaﬂi@r:{_%ﬁmg&ﬁérﬁ?'&t&&ﬁ?@ﬁe‘fﬁa{ﬁ_f@; Uaﬁ]ﬂ@fugﬁlpiiges@aains of the

iabody comprises a hinge dpmain, which ma rived from any immu ulin isotype or
oyt il RT3 A Lo e A R L e B O v
from 1gG, whsneirrthe | gSHspty pe isRIGH, |O it Ig3be Ioldeizhvationyder thiepboing He Kihge domain
nLay be eg%’@@g&@aﬂm@ a&qlm%swa@ftﬁmrie@@wmmrﬁgﬁwg iﬁegm@a%@m@m@w@ﬂionﬁ of the
chain, and in certain cir tances e.engineered together with.an Fe domain such.that the
Cinborty moe e R Tl s SR S s
comprising PegeiRBINS By HE tetramBrstivhdthwiaycomprisBanseHeaEr pelyrfyttietthains (i.e. a
polypeptideschpinricomatsiaga¥ L, a VIl and an Fe domain), and two "lighter" polypeptide chains (i.e.,
a polypeptide chain comprising a VL and a VH). Such lighter and heavier chains may interact to form a
monomer, grg interaci yiadheidsnRaliashdagedomains to form an Ig-like molecule, which may be a
DART molecule. Such an Ig-like diabody is tetravalent and may be monospecific, bispecific or

tetraspecifia, {10 Ie.RART SRRSIRRNAR WURVSPIRPEUIGRRETaUFG S Aomainsmay e designed

to bind to the same epitope (so as to form a tetravalent, mono-epitope specific Ig-like DART capable of
binding fourtidépitieal Bhitgdrurordn aelcs wy firfepertt SYifopee SPahifTePrtied dRamBIECits domains
may be d_esﬁgaedeﬂe_c_tﬁmdymmmpiﬂ@mmﬁmés §am&mtigmn1@cais,ter ﬁmmtetfaisaé_entﬂae
mO”O'an“gi’&e%ﬂ?%ﬁ‘ﬁaebiﬁaﬂ&ﬁ%&BSF&%M&E{%C%EQI%@%d%cﬁla‘_- ipngsal dilierepkrnygeg.molecules

so as to form a tetravalent Ig-like DART having a pair of binding sites specific for a first antigen and a
second pairSF It g LSy SPeRimYdY PRELTHI SREGEN TR BH A tRBtEEaE Habisgreditbinations of
such attributes:wabidh enéqaijuprodticetts 3045 4if Altheuglz rotintenidimgitoubedosundimycaliparticular
mechanism,of actiop;.the,diabedy.melecules-of g dnvertion el eahancedithriarswip efficacy

relative to therapeutic antibodies known ir”he arr{, in part, due to the ability of diabody to
immunospeRHfiEAI5 B tPGRFEBH LK esits B Kk AT SHiYeRTEE YR HWeduced
levels, for examsiendby sibtuerofothe mbiitytotahediatodys toineamairde, thertateget cell lofugen due to an
improved avigity, fishesdiabedycptong Jataractiomay ksiciisytiabagdiasiafthe inventioadave
particular utility in treat Qr\?t,. reven ionlprtrr%gnagementdof %diseas_eth(l)r dis%rde . SU %a§ cancer, in a
sub-populaffSRPHHERSA (e ArGE RithyEN & Ara S B B I SR TRTRTSTHS T P& Popdiation.
[001551 Duextophepriherebiseayvdlbnigiidonodib sdiitio byraiedian @rbpiteets af an darfianinstié circulation
(for diabodiggpfsmallsizes hRubelompRKDR) dizhodymaeletulsa momatathe.artava also shown
particular use intthe file[\)d of turrqglg imaging. (Fitzgerald et at (1997) Protein Eng. 10:1221). Of particular
importance ?éa]t e cross iin ?h% 0 eﬁlsffering cells, for example the cross linking of cytotoxic T cells to
tumor cells, (Staerz et at (1985) Nature 314:628-631; Holliger et at (1996) Protein Eng 9-299-305).
Diabody epitBH&Windid i %V%s@ﬁ@&%@f@&f@%&%ﬁ&%ﬁé‘ﬁ@%iW&ﬁ‘Etﬂfa’a’Hﬁ‘/"?ﬁ%une

effector cellsuichcis:CD8p@H1 6 BOBRmorcGIDEA cwhjokitane @xpriwdebhon Tufiionphocyites, natural killer
(NK) cells oppthermonerrcleattels. 19.amamosthales.fizbodyhinding ipeifectorealldeterminants,
e.g., Fcy receptors (Fcy,Rg, was also f‘é)%nld to Cigcti\ﬁ;}tg the effector cell. H%Ililge_zr, et atlél%gGg Protein
Eng. 9:299- 308 el eFaE (1946 CRALT REE Y 5’@5’2@1365{?'&%‘? Taily: etfectsr et activation is
triggered byatkibdtineling tof aretrtiy evrioouinek distilso ¥ ton anréifié éton cedivikia ecihey/ Rentibeeiction; thus,
in this regargh.giabody melecras-afthadnyantigamsexbibit ignikefpnctionalivnbndependent of
whether they comprise an Fc domain. By cross-linldng tumor and effector cells, the diabody not only
brings the effector cell within the proximity of the turher cells but leads to effective tumor killing. Can
and Lam (2003) Adv. Drug. Deliv. Rev. 55:171-97. 1001561 The diabody molecules of the present
invention can be produced using a variety of methods, including de novo protein synthesis and
recombinant expression of nucleic acids encoding the binding proteins. The desired nucleic acid
sequences can be produced by recombinant methods (e.g., PCR mutagenesis of an earlier prepared

variant of the desired polynucleotide) or by solid-phase DNA synthesis. Preferably recombinant
oavnraccinn maethnde are 1iced In one acneact the invventinn nrovvidece a nolvvniiclantide that comnriceac a



[00172] In another embodiment, the molecules of the invention can be assayed for FcyRmediated
ADCC activity in effector cells, e.g., natural killer cells, using any of the standard methods known to
those skilled in the art and described in, e.g., Weng et at (2003) J. Clin. Oncol. 21:3940-3947;
Perussia et at 2H88) #M&thods Mol. Biol. 121:179-192; Ding et at (1998) IR B 4§3H11. In a
specific preferred embodiment, a time resolved fluorimetric assay is used for measuring ADCC activity
against fluorescently-labeled target cells, as described in, e.g., Blomberg et at (1996) Journal of
Immunologi€EPNiétHoWsYOBgRmOEIT af gt egils ireelipnthaped! asshy epsatinedption include,
but are not limited iambreastcansesiealblineg.8ydor SituBR:okmith ATCC accession number HTB-30
(Tremp et at (1976) Cancer Res. 33-41); B-lymphocytes; cells derived from Burkitts lymphoma, e.g.,

Raji cells wigfy 4§ CCARCRISIONAIRGLE iR @@éﬁ@érr&ttﬁ&%aé@aﬁd NP ERACEEINSE |
34:231-240), and Daudi cells with ATCC accession number CC

nd [ ; -213 (Klein et at (1968) Cancer Res.
28:1300-1316). PRE&EFEE R el KT8 BL PSL Sg e %@ﬁﬁ%‘“ﬁdﬁ‘é@ﬁ%#ﬁiﬁtﬁg&f’é é'f;tf]f@e??%%f)écule to be
assayed. Prefalitibly tihecaffértof telldwsadin-thdiDCR assaybsofithd ihveation'abeaplripheral blood
monhonduc:f@a&@#&z ﬁﬁ%%)ﬁtméag @c,%e Reeferakly wsﬁis&ﬁﬁ?sgmdah huRAR %QQ%H%H _fi%@n_dard
methods known to one skilled in the art, e.g., using Ficoll-Paque density gradient centrifugation.
Cvethods BRI Prom R RS Oa s Ser Sy ROsA Bt
compositiorss!{eWfuremneivtrdicknarieal polppeptidesyoiihepresantistiedsiondvieypéntof ' ghephylactic” or
"therapeuticlypuiResRuikaltemalive i can heHsed fRr dinghestcaRuIpRses. The campasitions of the
present inveniion are,saic {6 e Administered for aInerapeutie; urpesef hs.amoynt agiinistered is
physiologicgﬁy sngmficarﬁ {0 pro dé atherapy Tor an actual manitestation of the disease. When
provided thérapesitie ande e E8rpoimareesfar dblyirobicked Ao (dr shiviyoastarhihienkibighification of a
symptom ofiagiyalidisense arlthe-therapeaticadninisirationof daeueomppuidsaesdeatignuate the
severity of sy isease or.to reverse its prq ..The compositions. of the present invention are said
B b s R B o e
to provide aPfifEPARYT ISP JotentiaididedsdorEbHalton RV Eravdety prepRitkiedREIp zhe
compound igpeefarahlyhp vide thim aclypnes ehanyis\nhtgmithereafhd henpropbylastiaidministration
of the compound serves to prevent or attenuate any subsequent advance or recurrence of the disease.

[00174] Propighing a therawmey rieaatinglssaiass ianmindiciaef slecrstiRdhe, tieatnantar

amelioration of an injury, pathalogy or condition, {ncluding.any objective or subjective parameter such
25 abateme A oLigH ARG o SR BEon R A Rty HL eI, LamRarSob i ton more
tolerable to e patidhdatioviingorrtntoPale oftereeRiechaon e ldBelings: Alakihy thietireal 198Mit of
degeneratiomdass-Aediliating,: FotRRRPYIngsR Qatienisiphysisalkor raeRtal welheingaihestieatment or
ameloratlon ol SUMRISIR CA0.P Ansed ORONISHIN Rl SUbICEVA RAAIE(Pra, Nlding o result of

a physical examination, neuropsychiatric exams, and/or a psychiatric evaluation. ' referred
subjects forXtdatmentthsdrirseeminglis, mpEt pFafetaslyfhamhtlnam Bpedieds i herssonehs or other
primates, adesgiemestiearinats stahasidegsncaisrandiihadike .50 bjestdutisparpmpekether
pathological.conditions. A rpatient: refers to a subject, preferably mammalian (including human).
0Lra a8 B R o b
comprising %W%@@ﬁ@%@aﬁ‘eﬁ5%&5@%&&%%0@§W5mm§?&m@mmgﬁ§aﬁc% effective
amount of civeztsmodpeciiekape utic tagemnisicvwkicharevitbpableohprophyiacherniiahdhesapeutic
treatment of disardeassid De.iEMsoteIRRRUIE RORNLLLRIRTS 1R A0Y.A0RA% WAYDY BdberaRetic effect to

prophylactically or therapeutically treat a disorder. Exemplary therapeutic agents include the
antibodies aME PO PRPtRIed HRR HFatantiverriarady Welt 8 dtreriidfdptiiroagénts that may be
administeredrinyclomldinyatievenithy orebnjugated tiyxamanbiy obly: angolypeptide:. dgeat pnefebeed
embodimen, H)g.araReUHCALERIS 3 ARtibagdy.ehIbe MRseptivantion. anderelerabivis an
antibody fragment, a diabody, an Ig-like DART, or a fusion protein. [00177] The molecules of the
invention at‘éeibdﬁrticularly useful for the treatment and/or prevention of a disease, disorder or infection
where an effector cell function }52%3*@ ADCC) mediated by FcyR is desired (e.g., cancer, infectious
disease). F&?BBImpla arasistatedbeiiecinsatiirasaic s ta dehestratesntigenangehireyR (e.g.,
FcyRIIIA) omarviismtdeseifectonar|| {ener bl Koailostimuladingr areqftectamiuietion (@igeuADCC,
CDC. phagqeyiosipaPsaNIAatoneit) AgaRsk At el nsome empediments, e gigdies and
polypeptides of the invention are especially suited for the treatment of cancers. The efficacy of
standard monoclonal antibody therapy depends on the FcyR polymorphism of the subject. Carton et
al. (2002) Blood 99:754- 758; Weng et at (2003) J&lin Oncol. 21(21):3940-3947. These receptors are
expressed on the surface of the effector cells and mediate ADCC. High affinity alleles improve the
effector cells' ability to mediate ADCC. The antibodies and polypeptides of the invention may comprise
a variant Fc domain that exhibits enhanced affinity to FcyR (relative to a wild type Fe domain) on
effector cells, thus providing better immunotherapy reagents for patients regardless of their FcyR

polymorphism. [00178]For diagnostic purposes, the antibodies or polypeptides may be coupled to a
AdAetectahle ciithetanre <cn that thev can he 1iced for eavamnle to monitor the develonment Ar




preparing pharmaceutically useful compositions, and may include a pharmaceutically acceptable
carrier and/or an excipient. The compositions can be in any suitable Mini, for example tablets, pills,
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols (as
a solid or in Y& HBATM), ointments containing, for example, up to 109 BEHEMEEE0he active
compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions, and sterile
packaged powders, to name just a few non-limiting alternatives. Such compositions may be prepared
by any knowwitimettreichdardexdinpelbytadinmirgtihecastive mgredientwithitheadries(@edrexcipient(s)
under sterilg,candiianss JA0d A2, HhgAIE INEFedigRts: faR-Al5Q, ReSarnuliedisaAs 40 RIQVide quick,
sustained or, delayed releacfe ofépe ctive ingrgcdient after adini_nistratiorfl to the patient by employing
procedures KBTI HSRISS PTHR Spﬁ@élf&%l AR AR R A e R BT R L SHNBYRIGHS of the
invention mpsribéds nkcdified or @piinhiZedeaBeonatimg T ShéSkil merthie arodependihg thrrairetimode of

administratign. ape-dhgiRarlicwaidisrase-ab Jisprdaid@ heitiealad.dhe GRIMPAsIHoaS.FAkbe provided

in unit dosagbe form, a sca edic?ntalfgetr, raspart of a k!)t v%/lgich may i(rg)clut e insruct‘i%ns f20r use
and/or a pIuracfﬁy o) a’c‘f?iifod‘cl)soélge torms 1 B‘ig?o‘ff’ﬁ B’aﬁi%u dr embodimants, tHe” 1%?36 Phic agents can
be incorporaedlintty #inpaxition, Byaiwy. 4enezbsukaibin’liposbmes ahoidropastities, The
microcapsulgssdigsemhinanicelscanable vl HrpressnghaaBlibagdY.effusion protein,
receptor-mediated endocytosis (See, e.g., Wu and Wu (1987) J. Biol. Chem. 262:4429-4432),
construction g &sudSiC, Al s AL ahARMOIALRL AIDEN HEGlRks £ eI SBRINES PAMIGHIRS

embodiment, the theragpeutic agents are supplied as a dry sterilized lyophilized powder or water free

! P
concentrate TR G Re Lt e e et A gnedindt dht RalHe Redsnrkited Febailitntiaters? saline to
the approprisiteicgrcéntratiendoratirnmistfetion ok seljett. Q0L LIPfeferablyuihd thegdpeutic agent
is supplied 3@ doigaterile yanbilizedhpavaaring hermelicalh: Sealo ConRINGLALAMNE fpsage of at
least 5 mg, r%[e réaf&rabl at abst 10 E%] at least 15 m(g at least 2 mg, at least 35 mﬂ at least 45
mg, at least' %g; OF PSS gy ?;Pooﬁﬂn i b"ow%lse%ﬂ‘éuf’d@%} fotdd REtEERN 2 and 8C in
its original doritdireg/kind fifé moleodés, SHEUHORS parente bl tadnhimistdwee Withitich? Hwdrs, preferably
within 6 houys; ithir Jaouss M thikgu3 o Wisa @RiWithinod hRyrafienkeing recanstiutadhan
alternative em odi eﬂnt, the therta eL%titﬁ age ta_ar SUEQJ}[%dtjn li uil(]j form in a g)frrpeftécgllx sealed
container inléll)c%(ﬁna h(%s‘ae )erl?ﬁg/aéﬁldo concentration of the %lr%nﬁehl |caé‘1gge0rrlt(.3 i(: S’ra}BN‘,‘ the liquid form
is supplied it atserrvedeaily. seatiosrgo nfditemibidasrdmmnigiyrd taoreqpreferadly atmiesst 206 mg/ml, at
|ea7t tls mgl/fiihkg/@éﬂ,eﬁﬁén?mlg/ﬁﬁl|si§£1k€@§nﬂ-@1/€l‘?ém|E|[rﬁ¥u'1@@§¥ é&ﬂa;tg{;lfa;t ﬁté%ﬁ%&ﬁﬁmém&aue?st 50 |
mg/tnl, at least,100. mg/m|, at least 150 mg/ml, at.least ml of the.molecules. C3.Kits [00192
The compoo e A S e T e e MR R T i
pharmaceutit4tcHrpoasitical EsmlsFBm g thedapsutieskgrasatifsmattonsforckantirismatort and/or
other compemgaiss ipnraferesherobedinanisnibeiiteaninsiude Lieompgsitisniyaasyhiosne
administrain, Goniaipersof heis.pan nelide  hatls, dishenses package, compagment. or other
types of containers, into which a component may be placed. The container can incfude indicia on its
surface. ThESHFEACIBE ERANSRES AR DETaRtsTore P on abaytab ravfatiestsa picture, or a symbol.
The containers can dispense a pre-determined amount of the component (e.g. compositions of the
present invérition). THeoedmptisitibecariebe dispensed in a spray, an aerosol, or in a liquid form or

semi-solid form. The containers can have spray, pump, or squeeze mechanisms. In certain aspects,
the kit can imm a Wéimgenﬁmcrna‘dmh'risﬁeasmim @;ﬁﬁﬁﬁ@@iﬁ@ﬂﬁe@hthﬁ@ﬁ&ﬁpﬁnmmnﬁ@nf {ﬁhf_)193] _
Where thef%%ma{%ltbaﬁbﬂﬂﬁgﬁ%mﬁ%&%%@?ﬁ& kit sy #may RaipAckAgEH fQaRINEN e Jit also wil

generally contain a second, third or other additional containers into which the additional components
may be sepBiEEERP I B FHaRiRBIh dsres dRammatioBnoaiede it titrie DdBfitsBEr Mbusing the
componentsimitefose condinesmedit dorrdompagnsiabbalenSichysontainmersan deigdtudeishjgiction or

blow-molded, plagticieaniainersMawRich heHesirgd hotlesAiSRe B3R AL RAGKAGRS G retained. A
kit can also inclyde instructions for employing the kit components as well the use of anx other
ARBLRGE 45

compositions, & SRS AR RS i ra iR st ShReelRmde a8 st intructions
may includerxatigtiors!th atfocdivoerimpl efrentedndh g1instruiitiegwsis dnowt iwdecanséilistbimation of how to
apply, use, gaddnaiptaindhePiRgucis QLARMRPILRES folexamPpeit4-AdmRinisialianand Dosage
[00194] A variety of administration routes for the compositions of the present invention are available.
The particuI@F%%a&émSelected will depend, of course, upon the particular therapeutic agent selected,
whether the administration is for prevention, diagnosis, or treatment of disease, the severity of the
medical disorder being treated and dosage requires for therapeutic efficacy. The methods of this
invention may be practiced using any mode of administration that is medically acceptable, and
produces effective levels of the active compounds without causing clinically unacceptable adverse
effects. Such modes of administration include, but are not limited to, oral, buccal, sublingual,
inhalation, mucosal, rectal, intranasal, topical, ocular, periocular, intraocular, transdermal,

subcutaneous, intra-arterial, intravenous, intramuscular, parenteral, or infusion methodologies. In a
cnecific embhndiment it mav be decirable to adminictar the nharmaceritical comnaocitinne nf the



WO 2009/123894PCT/US2009/038201 [002041In an embodiment for the treatment of a cell
proliferative disorder, an antibody or polypeptide of the present invention is conjugated to, or
administered in combination with, another therapeutic agent, such as, but not limited to, an alkylating
agent (e.g., MEtHiB¥aE2thine or cisplatin), angiogenesis inhibitor, anthracyEffe&I?38201
daunorubicin/daunomycin or doxorubicin), antibiotic (e.g., dactinomycin, bleomycin, or anthramycin),
antibody (e.g., an anti-VEGF antibody such as bevacizumab (sold as AVASTINt?, by Genentech, Inc.),
an anti-EGH#0#H{ibody waeheagp dritarmuieie [wolenas PE CTIR DT PATwycAbayers theapesican
anti-integringaiibedy sY@h @6 RatalwpRi(s0ldasihY:SARRIg byiBiogeniddecapdddagents
Pharmaceug%agal&ﬁ nlxﬂ(s:tgx)ﬁ nan nggtt%qt%lg%iégfgétmethotrexate or. g-ttl!)g%rouracn)d 20 ant&mg{otlc agent

. . 1 NS ar 1
(e.g., vincristine or pacli axeal)s,ua] cytotoxin (e.g., a (():ry oStatic or cytomdd%%ﬁeﬁ), A hormone therapy

agent (e.q., 28It varEstray SH ratisp b s e Bes riey bedmaardrparids ok erisysdionatase
inhibitor, luteinizisgdaammanerisieasiagde mmenaldnaleguespragestationahagentyadenagarticosteroid,

estrogen, a%%@ﬁ%@d?@ﬁ}%ﬁ%@%%% PRRLQ04I908N E%F%a%%%{ep%ﬁiﬁ% &%gpsgr Iﬁat'(P%%J%‘é_%%tase

inhibitor, adrenal production inhibitor, etc.), a matrix metalloproteasc inhibitor, a radioactive element
(e.g., alphal@isiesdepedin b difitte rere tXyiseiRg hsariehe Mo tierdie fachdbanteuisozens1
Non-limiting exardpiesttd-gyitabkldangiogengsitunhihiDrédrphide ABle6i24; argipstatiny(lasminogen

fragment); anGiRzYNE:.CRIRNAIOHERIG QHIRMPIN AL B3y 12aR00: P@iﬂ%ﬂﬂ A AT
BMS-275291; bisphosphonates; cartilage-derivéd inhibitor (CDI); CAI; CD59 complement fragment;

CEP-7055; TbP ST el etabatithA B iy st RotBRIR oA 1 HEAEMEh e TaMéS tetisherase
inhibitors (Fkbyifibtienesiial itegrent; grodpsidachalkdfuginone thegartases; beparadhiexasatcharide
fragment; HMV83%; hman chonianicaanadey apiniiei M- 882; Jnierferon.alnhialosipigamma;
interferon inducible protein (P-10); interleukin-12, kringle 5 (plasminogen fragment); matimastat;
metalloprot@HEE& i hibitors (TIMPs); 2-methoxyestradiol; MMI 270 (CGS 27023A): MoAb IMC-1C11;
neovastat; NM-3; panzem, PI-88; placental ribonuclease inhibitor; plasminogen activator inhibitor;
platelet factthiEPF 4y, prinBhradetpitae disl BRDBCRH AN COprofifdhrerse arprdreir PRP); PTK
7871ZK 2225bMsetinaiais dimasiads, squalaneineh&S 3804, 3 Wobd 16 h&kio 668 us| HIRAS,

oy rocaiagl iSO P AR, (o WRasRoBANER (FRRe) TN 19
transforming growth factor-beta (TGF- ‘3 vasculostatin; vasostatin (caﬁeﬁcu_ in fragment); ZD6126; and
ZD 6474. 18@ZY?Glisl\]’Gf?-‘]‘?PnWﬁ@@%ﬁ%lé’é‘%@éﬁ?ﬂfﬁﬁﬁg}téﬁﬁb%%@W%é%r@éﬁ’ﬁé YREESH proliferative
disorder includeramniibodies, hbie] A hawf33, k), 1C B3 C XIS DRG10GE) 22 o336 Gdudd] CD52,

CEA, CTLAA. DNAasgocialed rolensak G (egeptorwECAM, SR 2:9an0lside, ap hp/lla, gp72,
HER2, HLA-DR 10 beta, HLA-DR antigen, IgE, ganglioside GD3, MUC-1, nuC242, PEM antigen, 5K-1
antigen, tunSPERTGENT CARE RIS A HFERRIUETITEE e dOVEERSE ciitdr digrésr  In
2009/1238H#HEEASROHOB8 204 &06E0 Atntaadifténent embedimetht, aimaptibedyicr, pohypeptide of
the present,ipyeption maybeA0ministeres i combipatiop with 2 therapgyllic Agent or agents for the

treatment of an inflammatory disorder, such as, but not limited to, antibodies, anticholingeric agents,
betaagonist hyl.xanthines, non-stergidal anti-inflammatory drugs (NSAIDs). (e.9, irin,
ummoton. d0EAS| i e R Bl R if*m?rasrﬁﬁ%3%8%;33&%%?5%?&&%%}%%%1ds,
dexametha$oftbnebriganazo sre divisoma s dien shadieisierhngamisda ammb sellesshly e any
suitable antiiaﬁﬁkusmmedf_aaﬁmem af4nflandraatory diggasge; sushias obuinrobdimitpeht@gantibodies to
alphadbetat, hgiogrniggiin.6RL GRR.GRA,C04 CRELA GRAANE, CPA4.GRIS, GR2s D25
CD40L, CD64 (FcR), CD80, CD147, Complement (C5), E-selectin, Fact VII, gplibllla, ICAIVI-3, IgE,
IL-4, IL-5, Im2grerkthedhstiaicanty s A-redyerobp sde ptlsds rhecdhBe dirmavirs saAM B8Ry Sifiolypeptide
of the presesrfﬁémsedsﬁibmrmm mimhplstﬁt@ddnawabbin@tt@mwmmebapeuﬁe agsniioiaggents for the
treatment of an.autahmune disalderaSueh as.utaahlimited o ranfiaadies, PIEAHINg ot

cyclophosphamide, cyclosporine A, cytokine receptor modulators, deoxyspergualin, leflunomidc,
macrolide ahtSStSSTh Al SHImiPRS AR sl dct™ Tatfsimmthiae), Thetraltelas svistRipiEthisolone,
mizoribine, mycophiamolhte atofietil rapamyeire (Siriokiyus)msteroids (et ¢eltydeeptol moeulators.
The additiongliamtibrdies mayvbsanx syliable antibody for the treatment of an autoimmune disorder,
and non-limiting examples include antibodies to a4b7 integrin receptor, CBL antigen, CD2, CD4,
CD23, CD40, CD80, Fern, Gamma Interferon, IL-8, inosine monophosphate dehydrogenase, ICE
interleukin-1 beta, P38MAP kinase, and TNT. [00209] In still another embodiment, an antibody or
polypeptide of the present invention may be administered in combination with a therapeutic agent or
agents for the treatment of an infectious disease,-Si4ch as, but not limited to, an antibiotic, anti-fungal,
or anti-viral agent. Antibiotics that can be used in combination with the molecules of the invention
include, but are not limited to, 2,4 diatninopyrimidines (e.g., brodimoprim), aminoglycosides (e.g.,
apramycin, neomycin, or spectinomycin), amphenicols (e.g., chloramphenicol), amphomycins,
ansamycins (e.g., rifamide and rifampin), bacitracins, carbacephems (e.g., loracarbef), carbapenems
(e.g., biapenem and imipenem), cephalosporins (e.g., cephalexin or cefadroxil), cephamycins (e.g.,
rafhiinerazone coefinetazole and cefminoy) clarithromyvieine arvithromyvieine lineceneamidec (e A




said promoter being inducible or constitutive, and, optionally, tissue-specific. In another particular
embodiment, nucleic acid molecules are used in which the antibody coding sequences and any other
desired sequences are flanked by regions that promote homologous recombination at a desired site in
the genome, HR&PIEHHiAg for intrachromosomal expression of the antibddy"8redHfS Hlicleic acids,
as described in Koller and Smithies (1989) Proc. Natl. Acad. Sci. (U.S.A.) 86:8932-35; and Zijlstra et at
(1989) Nature 342:435-38. 1002201Delivery of the nucleic acids into a subject may be either direct, in
which case {Hé%iibjdetas eireediypaxdesdy ttacauelacatir dtfadsidisiican ity ylctsrs, or
indirect, in whighytraser aellscaas: liratlionsfeamedsdh, the anealeisacidsimbiitathen, tiamsplanted into
the subject..These two approaches are In, respecti .as In vive or ex viyo gene therapy.
00221 m S e L o s
administerédsmavn)o9%19@?@6&1%%1%@@@1?@6%@6&%é-atHéUéﬁesﬂégépw%éﬁﬁ&é.dvmﬁl@aﬂ%e
accomplishagibyrny.of fdtmefsus beiinds, suchtasdcitieationlvsing mtianitai@r athierdyiral vectors
(a5 descriveg 1 ghudb 5, RUGILNAASBRASE Milehehat 0 pIMSIb RIS, 21 981500

Salmons and Gunzberg (199 uman Gene Therapy 4:1 1; Grossman and Wilson (1993) Curr.
Opin. in GePRXEESHEP DRI 23:YFE IR E K o2ardiipand iistn §83) EegHR A B3 i ¥sénitics and
Dev. 3:499463i\Walshsetdatagl IISHBRIE: $ecBkgpn Bisk Mel.[204:PBS:3060ytBdut &icap.(1:894) Human
Gene Ther%ﬂ%@é&ﬁfﬁ@g.@&@&&@%ﬂ Bintharary, 6:2%30%cGlowes &t at (199d)k Glin. Invest.
93:644-651; Klein et at (1994) Blood 83:1467- 1473; and U.S, Patent No. 5,4 6,1462, or by direct
injection of PR NS BIUESo it PSBEH RS BTN et PO GO JEm@yaR dfSodting with
lipids or celkderfacecsecgptors@idransfvition @gentaspentapsulationimndiposomess mibropartieles, or

microcapsulgs;£4:by ASMIRISIaERG themiinkagsste aReRlideWNIGHS KngwidgRatRkhe nucleus or
in linkage to an antigen subject to receptor-mediated endocytosis %as described in, e.g., Wu and Wu

(1987) J. Bt RLMP SRS haBE - GH 87 Gt o ATCESR TTTEREE. RS & s o s TR 481 864-1868;
WO 92/06180itiM0 822685 WIHB2IZ0BKE; VYO0 3/ 14188 MAIdi @B¢zaa2 inh{wkich cadidsetiused to target
cell types spggifigally expressing:ihe.reeeriam)s &l 190222k AdBbiclRicasidimay.he introduced into a

cell prior to administration in vivo of the resulting recombinant cell, for example as described in WO

94108595 Mgyl ChfRMe D fiplLBin: 2o pilleliauand Beal (haRal Maye gynic Proc.
61.771, Stemple and Andersoh (1992) Cell 7 1:973-985. The resulting recombinant cells can be
delivered to*3&RHELING TARSEHS MEtHoHs KR deasioratombiamPhidi tand @y
hematopoidtingienbongrogenitbMeelis)2ate prefesablyadminiSterattintrhweniouslyCPhe @aiount of cells
envisioned E%éés@oﬁ?ggﬁﬁsfﬁgrﬁ@ﬁ; desired eftegts patientsiale, &ls; ARCGAR Redetermined by one
skilled in the art. Cells into which_a nucleic acid can be introduced for purpgses of gene therapy
encompass B HsirT s B EEEN BT Bn b JHEBE A& HOtfmieSy 1o Jitihareass,
endothelial belisinkerafinoeit ésxdibrdbladt SranuscleBEVS3 hépatoeyhespilogahebliosuch@s; T
|ymphOCyteﬁv/f%é!!@ﬂ@ﬂ&&ﬁﬁpl@/@%aﬂﬁ&@%@ﬂﬁéiﬂi@%@ﬁﬂ@ 1%%%&%&-@?&%@5y00yt651
granulocytes; various stejn or progenitor cells, n ?parttlcular, fLegpato gletic sfem or progenitor cells,
e.g., as obtaifa BB ﬁaéTPﬁgtr)r TR BT RO BB BT RSR Blod TREAMIVE A N a
preferred erbéditiieniC e el sk dMorheéGhérdpyni watwlotjdls: torthesudjess: DRcvntdcine
Therapy [00223hdRsoms:eRboginentstheaniibodias afthgdnyentionmayrbe.usarbigipgduce an

immune response agginst an antigenic or. immunogenic t, M [ limited tg cancer
antigens an ?F?%%’tic?@ég is%é(%‘s'méma{’nt‘i’é?ehf%:1 [ %;t\(fgc‘%%g%z%%%’si ionsdfcl)éﬁ#g%%%r%bﬁcggﬁﬁﬁse one or
more antigeNi@sptnmgHdgans a§ent&3wiieh ahl imnlisettespondéds dedirdudpgegiainsihe one or
more antigegie@liRyNbDAgenisiagants imeantagowith aneribodyt the inventiennd heowagcine
compositions,of. e, veplion arepaieulaty sfiaclive i licling an mmune [esponse. preferably a
protective immune responsé against the antigenic or Immunogenic’ agent, Whic may be a virus
against which an immune, response is desired, or an antigen, derived from other viral gr non-viral
pathogens. {954 1A SebBtiies Wﬁﬁﬁ?e?‘ﬁe@,ﬁ?ﬁ@ VRATIEH ¥R B HEEL S DAERD JEHIERENS or viruses,
preferably attendatedvirustbodidsichl@Xgres$therantiBadions theiRGUaceCPR% rivehtiditurther
_encompas;@m@tbpﬂ&,t@mﬁgeégd&r@miadg g@é@%wyr@m?@ﬁmgaagﬁgﬂmpgtmgfaghe o
invention. Prefer a compasition s or inducing tolerance in a.s ct, compri n antigenic
or immunogit: A CUAB A AHE e R B gt A 2 other
Microcarriernaga. NEnowigiersrjo0aRiEp ni4d Adetenbertiase ME GhevaRih ertfl o6 thrsapfoention can be
used to prepare targeted liposomes for delivery of a desired therapeutic composition (e.g., anti-cancer
agents) to a target cell (e.g., a prostate cancer celltér-other HER2/neu expressing cell). The
preparation and use of immunoliposomes for targeted delivery of antitumor drugs is reviewed in
Mastrobattista et at (1999) Advanced Drug Delivery Reviews 40:103-127. Liposomes are vesicular
structures based on lipid bilayers. They can be as small as 20 nm and as large as 10 um in diameter.
They can be unilamellar (only one bilayer surrounds an aqueous core) or multilamellar (two or more

bilayers concentrically oriented around an aqueous core). Targeting of liposomes using a variety of
tarnatinA anente (e o antihndieacec of the invventinn) ic wall known in the art [ee A |1 QR Pateant Nlne



1.7 x 105 -3.2 x 10-7 (est.) -- ch4D5 1.1 x 105 -6.3 x 10-6 (est.) -- trastuzumab 1.6 x 1 01 .3 x 104 0.8
EXAMPLE 2 Apoptosis [00233] Various cell lines were incubated overnight with ch4D5 and
ch4D5-FcMT1. Apoptosis was assayed by FACS analysis, and results are shown in Table 6. Table 6
Experiment F@ﬁ@ﬁﬁ?@?&“z Cell Lines ch4D5 ch4D5 FcMT1 ch4D5 chaD® FEMPPERERY 0 3(1(1/0
156/0 107'11 FT 100/0 12-30% 103000 BT474000

[66207] In a different embodiment, an antibody or polypeptide of the present invention may be
administered in combination with a therapeutic agent or agents for the treatment of am
inflammatory disorder, such as, but not limited to, antibodies, anticholingeric agents, beta-
agonists, methyl xanthines, non-steroidal anti-inflammatory drugs (NSAIDs) {e.g., aspirin,
ibuprofen, celecoxib or diclofenac), and steroidal anti-inflammatory drugs (e.g., ghacocorticoids,
deéxamethasone, cortisones, prednisone or eicosanoids). The additional antibodies may be any
suitable antibody for the treatment of inflanumatory disease, such as, but not limited to antihodies
to alphadbeta7, betaZ-integrin, CBL, CD2, CD3, CD4, CDila, CD11/18, CD14, CD18§, CD23,
CD235, CD40L, CD64 (FcR), CD80, CD147, Complement (C35), E-selectin, Fact VII, gpllbliia,
ICAM-3, 1gE, 1L-4, IL-5, I1.-8, TNF-alpha, and VL.A-4,

{00208] In a further embodiment, an antibody or polypeptide of the present invention may be
administered in combination with a therapeutic agent or agents for the treatment of an autolmmune
disorder, such as, but not limited to, antibodies, brequinar, cyclophosphamide, cyclosporine A,
cvtokine receptor  modulators, deoxyspérgualin, leflunomide, macrolide antibiotics,
malononitriloamindes (e.g., leflunamide), methothrexate, methylprednisolone, mizoribine,
mycophenolate mofetil, rapamycin (sirolimus), steroids, and T cell receptor modulators.  The
additional antibodies may be any suitable antibody for the treatment of an autoimmnmne disorder,
and non-limiting examples include antibodies to ad4b7 integrin receptor, CBL antigen, CD2, CD4,
CD23, CD40, CDRO, FcRl, Gamma Interferon, IL-8, inosine monophosphate dehydrogenase, ICE
interteukin-1 beta, P3XMAP kinase, and TNF.

[00209] In still another embodiment, an antibody or polypeptide of the present invention may
be administered in combination with a therapeutic agent or agents for the freatment of an
infectious disease, such as, but not hmited to, an antibiotic, anti-fungal, or anti-viral agent.
Amntibiotics that can be used in combination with the molecules of the invention inclhude, but are
not limited to, 2,4 diaminopyrimidines {e.g., brodimoprim), aminoglycosides (e.g., apramycin,
neomycin, or spectinomycin), amphenicols (e.g., chloramphenicol), amphomycins, ansamycins
(e.g., rifamide and rifampin), bacitracins, carbacephems (e.g., loracarbef), carbapenems (e.g,
biapenem and imipenem), cephalosporins (e.g., cephalexin or cefadroxil), cephamycins (e.g.,
cefbuperazone, cefmetazole, and cefminox), clarithromycins, erythromycins, hncosamides (e.g.,
clin.damycin and lincomycin), macrolides (e.g., tobramycin), monobactams (¢.g., cartmonanm),
nitrofurans (e.g., furaltadone, and furazolium chloride), oxacephems (c.g., flomoxef and
moxalactam), peniciilins, quinolones (e.g., ofloxacin or ciprofloxacin), sulfonamides (e.g.,
benzylsulfamide, and sulfecytine), sulfones (e.g., diathymosulfone, glucosulfone sodium, and

solasulfone), and tetracyclines (e.g., apicychng and chlortetracychine).
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[00218]  Antifungal agents that can be used in combination with the molecules of the invention
include, but are not limited to, amphotericin B, butoconazole, ciclopirox, clotrimazole, econazole,
fluconazole, flucylosine, griscofuldin, haloprogrin, intrathecal, itraconazole, ketoconazole,
miconazole, naftifine, nystatin, terbinafine, terconazole, tioconazolc,_ and umdecylenate, Useful
anti-viral agents that can be used in combination with the molecules of the invention include, but
are not limited to, non-nucleoside reverse transcriptase inhibitors, nucleoside analogs, micleoside
reverse transcriptase inhibitors, and protease inhibitors. Non-limiting examples of such agents are
acyclovir, adefovir, alpha interferons, amantadine, amprenavir, clevadine, entecavir, foscarnet,
gangeyclovir, idoxuridine, indinavir, lopinavir, pleconaril, ribavirin, rimantadine, ritonavir,

saquinavir, trifluridine, vidarabine, and zidovudine.
Cé. Demonstration of Therapeatic Utility

[00211] The pharmaceutical compositions, prophylactic, or therapeutic agents of the invention
are preferably tested in vitro, in a cell cuiture system, and in an animal model organism, such as a
rodent animal model system, for the desired therapeutic activity prior to use in humans. For
example, assays which can be used to determine whether administration of a specific
pharmaceutical composition is desired, include cell culture assays in which a patient tissue sample
is grown in culture, and ¢xposed 1o or otherwise contacted with a pharmaceutical composition of
the invention, and the effect of such composition upon the tissue sample is observed. The tissue
sample can be obtained by biopsy from the patient. This test allows the identification of the
therapeutically most effective prophylactic or therapeutic molecule(s) for cach individual patient,
In various specific embodiments, in vitro assays can be carried out with representative cells of cell
types involved in an autoimmune or inflammatory disorder (e.g., T cells), to determine if a

pharmaceutical composition of the invention has a desired ¢ffect upon such cell types.

[06212]  Suitable animal model systems include, bul are not lmited to, rats, mice, chicken,
cows, monkeys, pigs, dogs, rabbits, etc. Any animal system well-known in the art may be used.
In a specific embodiment of the invention, combinations of prophylactic and/or therapeutic agents
are tested in a mouse model system. Preferred animal models for use in the methods of the
invention are, for example, transgenic mice expressing human FovRs on mouse effector cells, e.g.,

any mouse model described in U.S. 5,877,396 can be used in the present invention.

[60213] Anti inflammatory activity can be determined by using various experimental and
spontaneous animal models of inflammatory arthritis known in the art and described in Crofford
L.J. and Wilder R.L., “Arthritis and Autoimmunity in Animals”, in Arthritis and Allied
Conditions: A Textbook of Rheumatology, MeCarty er al.{eds.), Chapter 30 (Lee and Febiger,
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0O0O0SKOV30000HT-290000vc. AR OVCAR-80000 EXAMPLE 3 Proliferation
100234][31-1]Thymidine (CH1TdR) incorporation into DNA was used as a biochemical index of
SKBR3 cell proliferation, to compare the effects of various chimeric 4D5 antibodies of the present
embodiments S AP¥IEE b chaD5-Ag, chaD5, and Ch4D-FeMT1 on CD1BSTASRYYR#ED16.- 158+
cells were studied and compared to controls. Results are depicted in Figure 4. EXAMPLE 4
Anti-Tumor Activity in Mice (Breast Cancer Model) 1002351 Anti-tumor activity of various antibodies
was studied 113 brédse¥arRier uwttiRiHes hoRINERSHlte ahdh tharfsgReERt BC DIBATMIcE. Fifty
Balb/c RAGMagaﬁnntr@esgﬂmﬁ;mmeaigoszﬁﬁQ@emmsd&g@e@ur}gg@plﬁwswmreulra.;e&;ﬁe@ su@i-at day O

e o AR GRS IS AR NI = LA TIGE SaPh:ld oo
intraperitoneously (1P week y for 8 wee SWIth ch4D5 N297Q, ch4D5- WI pe Fc, ch4D5-FcMT1,

ChaD5-FCMTY S esB oY flsyaiti & EERRENTY T HIGH AETRISNeNPrs ?H@n‘ﬁt&‘?%‘a gasdedveat, using
calipers, anththumeffivetghtlis estinate er-dhyctastialloving, formedar Wimoeyatght SodergihBovidth2)/2.

Results areghpwn 1”3@9‘7” e AYERYIICBRAPIERAGAn @%ﬁ%@i/ sNICRIGBAT Hansgeqic mice from

MacroGenies breedlng col ]né{ were injected s.c. at day 0 with breast cancer cells. Mice were

divided into BASS Yqtet Mtpasertdriastesy e riesriyorsrirs kg ih BB 5 -wild-type
Fe (n=8), clﬁdrBSaﬁpMM mﬁa) derdFBS inegativecontbel) mxg)DEUPD eV Slapmert {5 nomitored twice

per week, uging @@b%ﬁéﬁ@nﬁj BUHALARION 5 estmated by ﬁl&ﬁaﬁ?'@%ﬂ%@éﬂaﬂ{é Smoreight =
(length x width2)12. Results are shown in Figure 6. EXAMPLE 5 Anti-Tumor Activity in Mice (Ovarian

Cancer Mod&f§2106%387 RMEH MoF 4RSIy oF Dot OURISREB B SV RO IR o SSHER cancer
model usinguliets-tramsganlcranditransgenic (hCD16A) mice. 22 R3-/- N/N non-transgenic mice from
MacroGenics breeding colony were injected s.c. at day 0 with SKOV-3 ovarian cancer cells. Mice were
divided into [fmu:gromﬁpmydﬁreat@q;imfﬁpﬁfﬁmawakys(iﬁ»weakiysi@d Ssiveaksnalithodbd & N297Q

(nv=5). chaDRWikiyRe Fe (0 RS BELY T {IE:b). OGBS (1RGNS, fonolfisd) s umor

development is monitored twice per weekK, using calipers, and tumor weight is estlmate the
following foffHEPHATST wé.gﬁﬁm%wgwﬂl&tw.é%ﬂﬁnr%gm@%%%ﬂmqﬁ Bighnerpangl A. 32 R3-/-
N/N hCD16A%treasgeniamniicesftsma acrabenits istsedioghtoloty veres ifjected %¢) inday 0 with
SKOV-3 OV%&'{}&&WP! gglé% Mice were divided into four groups, and treated intraperitoneously (IP)
weekly for 8 weeks with ch4D5 N297Q (n=8), ch4D5-wild-type Fc (n=8), ch4D5-FcMT1 (n=8), or PBS

(negative c or develo t.is monitored twice per we in ipers,. and tumor
weight is es?t%g%éd by ang{;?ﬁ)\?\ﬁlnéc 6;;{“ ?t Umor’ Wg?ch?g’g %en hcil(nmdt%%r{% % s’ﬁl‘tls Hre shown in
Figure 7, PaARENB. TG baniRgCIyIsA ﬁvbﬁmswdehafrﬁ&}l%ﬁg@eﬁicﬂiﬁuég%mma@e@bmcs

breeding colamy:weraifyectad s icabkaah fiRealgis3avaniancanceiaelsubliee weredivided into
six groups of o) m| e each, .and tr ate intr I’It ousI ee r eks with.ch4D5-FcMT3,
ch4D5- Fch‘I'_b:LIb csﬁﬁf) klIli"ml(ﬂ/lTnrHje chal aé)g % n(oe%%;}[?\lloer légén‘%?lol? umor eevtesjrg ment is
monitored t\WF‘é’éifiéF“We@I?%sﬁ‘i‘g anﬁsé@da%wg%&wg@ﬁ% dstivRstiod by tHS BRESRAg FSrmula:

tumor weightddIefgth xWidth Y2 . fReswdhs{ siel shawm iehighdevnograd); and Anticancer Drug
Development Guide (1997 ed. Teicher). Preferred animal models are mouse xenograft models.
Tumor cell lines that can be used as a source for xenograft tumors include but are not limited to,
SKBR3 and MCF7 cells, which can be derived from patients with breast adenocarcinoma. These
cells have both erbB2 and prolactin receptors. SKBR3 cells have been used routinely in the art as
ADCC and xenograft tamor models. Alternatively, OVCARS cells derived from a human ovartan

adenocarcinoma can be used as a source for xenograft tumors.

[09216] The therapeutic agents of the invention are preferably tested in vitro, and then in vivo,
for the desired therapeutic or prophylactic activity, prior to use m humans. Therapeutic agents and
methods may be screened using cells of a tumor or malignant cell fine. Many assays standard in
the art can be used to assess such survival and/or growth; for example, cell proliferation can be

assayed by measuring *H-thymidine incorporation, by direct cell count, by detecting changes in
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EXAMPLE 6 ADCC Assays in Various Cancer Cell Lines [00237] Figure 9 illustrates representative
immunohistochemical staining of various cancer cell lines for HER2/neu. Cell lines were ranked
according to their HER2/neu staining intensity as - 75 - WO 2009/123894PCT/US2009/038201
specified in tREOHEIX37PR test kit sold as DAKO HerceptTestTm (DakoCyREMEESH &6 up,
Denmark): missing HER2ineu staining (DAKO score 0); weak HER2/neu staining (DAKO score 1+);
moderate HER2/neu staining (DAKO score 2+); and strong HER2/neu staining (DAKO score 3+). The
various paneiscaphesaritctholy 2 duevaeidine suds ashowerincTadks Te-Table TDAKOBteaining of

Various Can%ﬁeﬁelieluiﬂ/%imﬁgﬂr&%&%&%l Qﬂ%ﬁiﬁb@@&@ﬂmnd&i@&%&%ﬂgﬁmm -435
Breast carcmo 0 B MDA-MB- 231 (Freastdadew%c &{ r% x1040C A549 Lung
ecreas 0 ily

oot it o han e P A LSS Aashar YaRon 1 Sof g

adenocarc,ﬁéﬁqaular network formation in three-dimensional basement membrane or extracellular matrix

preparation, ete.

[60217] The data obtzined from the cell culture assays and amimal studies can be used in
formulating a range of dosage of the therapeutic agents for use in humans. The dosage of such
agents lies preferably within a range of circulating concentrations that include the EDs, with little
or no toxicity. The dosage may vary within this range depending upon the dosage form employed
and the route of administration utilized. For any agent used in the method of the invention, the
therapeutically effective dose can be estimated initially from cell culture agsays. A dose may be
formulated in animal models to achieve a circulating plasma concentration range that includes the
ICs (ie., the concentration of the test compound that achieves a halfmaximal inhibition of
symptoms) as determined in cell cuiture. Such imformation can be used to more accurately
determine useful doses in humans. Levels in plasma may be measured, for example, by high

performance liquid chromatography.

D. Other Methods
D1 Gene Therapy

[00218] In a specific embodiment, nucleic acids comprising sequences encoding molecules of
the invention, are administered to treat, prevent or ameliorate one or more symptoms associated
with a discase, disorder, or infection, by way of gene therapy. Gene therapy refers to therapy
performed by the administration to a subject of an expressed or expressible nucleic acid. In this
embodiment of the invention, the nucleic acids produce their encoded antibody or fusion protein
that mediates a therapeutic or prophylactic effect. Any methods for gene therapy available in the
art may be used, for example the methods described in, e.g., Goldspiel er al (1993) Clinical
Pharmacy 12:488-505; Wu and Wu (1991) Biotherapy 3:87-95; Tolstoshev (1993} Amn. Rev.
Pharmacol. Toxicol. 32:573-596; Mulligan (1993} Science 260:926-932; and Morgan and
Anderson (1993) Ann. Rev, Biochem. 62:191-217,

[00219] In a preferred aspect, a composition of the invention comprises nucleic acids encoding
an antibody, diabody, or fusion protein of the invention, said nucleic acids being part of an
expression vector that expresses the antibody in a suitable host. In particular, such nucleic acids

have promoters, preferably heterologous promoters, operably linked to the antibody coding region,
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4.5 x 104 H- E BT-20 Ductal carcinoma 6.9 x 104 1+ G Colon/Colorectal cancer 9.4 x 104 1+ HT-29
H ZR75-1 Ductal carcinoma h4 x 105 2+ JIMT-1 Breast carcinoma 2.0 x 105 2+ MDA-MB-453 Breast

carcinoma 2.8 x 105 3+ BT-474 Ductal carcinoma 2.0 x 106 3+
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said promoter being inducible or constitutive, and, optionally, tissue-specific. In another particular

embodiment, nucleic acid molecules are used in which the antibody coding sequences and any

other desired sequences are flanked by regions that promote homologous recombination at a

desired site in the genome, thus providing for mtrachromosomal expression of the antibody

encoding nucleic acids, as described in Koller and Smithies (1989) Proc. Natl. Acad. Sci. {U.S.A)
- 86:8932-35; and Zijlstra et al. (1989) Nature 342:435-38.

[68220]  Delivery of the nucleic acids into a subject may be either direct, in which case the
subject is directly exposed to the nucleic acid or mucleic acid-carrying vectors, or indirect, in which
case, cells are first transformed with the mucleic acids in vitro, then transplanted into the subject.

These two approaches are known, respectively, as in vive or ex vivo gene therapy.

[06221] In a specific embodiment, a polynucleotide encoding a polypeptide of the present
invention is administered in vivo, where it is expressed to produce the encoded polypeptide. This
can be accomplished by any of numerous methods, such as by infection using retroviral or other
viral vectors (as described in, e.g., U.S. Patent No. 4,980,286; Miller e al. (1993) Meth, Enzymol,
217:581-5399; Salmons and Gunzberg (1993) Human Gene Therapy 4:129-141; Grossman and
Wilson (1993) Cuorr. Opin. in Genetics and Devel. 3:i10-114; Kozarsky and Wilson (1993)
Current Op. in Genetics and Dev. 3:499-503; Walsh ef al. (1993) Proc. Soc. Exp. Biol. Med.
204:289-300; Bout et al. (1994) Human Gene Therapy 5:3-10; Boesen et al. (1994) Biotherapy
6:291-302; Clowes et al. (19943 J. Clin. Invest. 93:644-651; Klein er al. (1994) Blood 83:1467-
1473; and U.S. Patent No. 5,436,146), or by direct injection of naked DNA, or by use of
microparticle bombardment (e.g., 2 gene gun), or coating with lipids or cell-surface receptors or
transfecting  agents, encapsulation in liposomes, microparticles, or microcapsules, or by
administering them in linkage to a peptide which is known to enter the miucleus or in linkage to an
antigen subject to receptor-mediated endocytosis (as described in, e.g., Wu and Wu (1987) 1. Biol.
Chem. 262:4429.4432; Joliot er al. (1991) Proc. Natl. Acad. Sci. (U.S.A.) §8:1864-1868; WO
92/06180; WO 92/22635; W092/20316; W093/14188; WO 93/20221) (which can be used to target

cell types specifically expressing the receptors), ete.

{60222] A nucleic acid may be introduced into a cell prior to administration in vivo of the
resulting recombinant cell, for example as described in WO 94/08598; Rheinwald (198() Meth,
Cell Bio. 21A:229; Pittelkow and Scott (1986 Mayo Clinic Proc, 61:771; Stemple and Anderson
(1992) Cell 7 1:973-985. The resulting recombinant cells can be delivered to a subject by various
methods known in the art. Recombinant blood cells (e.g., hematopoietic stem or progenitor cells)

are preferably administered intravenously. The amount of cells envisioned for use depends on the
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SKBR-3 Breast carcinoma 3.0 x 106 3+ mSKOV-3 Ovarian cancer 4.0 x 106 1002381Several ch4D5
antibodies including ch4D5 antibodies having Fc variant domains were tested for the ability to mediate
ADCC in the_cancer cell lines, including ch4D5-FcMT1, ch4D5- FcMT2, ch4D5-FcMT3, ch4D5-FcWT
(wild-type Fe‘}f%ﬁ%ﬁzf{?ﬁ@YQ and trastuzumab (as a control). Data from \%%H%%ZSS%SF%?% 20% MR,
MCC 50% MR) is reported in Table 8, where ECto estimates were considered valid only if the model fit
a max lysis of >20%. Comparison of EC50 and max lysis parameters was performed by asking

whether theltsiét it naucsbiaiRetr rotttheres dpamped tsolibed el etadstisamPditistent from
those obtaineddeicthedrantittty pdchidbbpanitbady bynth@san-obeapates FdastdDatalabire also fitted

to Sigmoidaé&Oé@areaﬁom%w%%@'gf@%ah%&&ntgi FesAOdR: SMQnelial cells, keratinooytes,
2009/123894PCT/US2009/038201 Table 8: ADCC Assays in Various Cell Lines_Cell Line Antibody

EC50 (ng/mitJ i TV (6)P RserirevipabiyMeshs mish 285 THIPEecr N TP fgEeto (A)

ch4D5-FcMmghdéfres] racrophages, neutrophils, eosinophils, megakaryocytes, granulocytes; various stem or
progenitor cells, in particular hematopoietic stem or progenitor cells, e.g., as obtained from bone
marrow, umbilical cord bicod, peripheral blood, fetal liver, ete. In a preferred embodiment, the

cell used for gene therapy is autologous to the subject.
p2. Vaccine Therapy

[60223] In some embodiments, the antibodies of the invention may be used to induce an
immune response against an antigenic or immunogenic agent, including but rot limited o cancer
antigens and infectious disease antigens. The vaccine compositions of the invention comprise one
or more antigenic or immunogenic agents to which an immune response is desired, wherein the
one or more anfigenic or immunogenic agents is coated with an antibody of the invention. The
vaccine compositions of the nvention are particularly effective in eliciting an immune response,
preferably a protective immune response against the antigenic or immunogenic agent, which may
be a virus against which an tmmune response is desired, or an antigen derived from other viral or

non-viral pathogens,

[00224] In vet other embodiments, the invention encompasses pathogenic cells or viroses,
preferably attenuated viruses, which express the antibody on their surface. The invention fiurther
encompasses methods to induce tolerance in a subject by administering a composition of the
invention. Preferably a composition suitable for inducing tolerance in a subject, comprises an

antigenic or immunogenic agent coated with an antibody of the invention.
D3, Targeting Liposomes or Other Microcarriers and Nanocarriers

[00225] In some embodiments, the antibodies of the invention can be used to prepare targeted
liposomes for delivery of a desired therapeutic composition (e.g., anti-cancer agents) to a target
cell {e.g., a prostate cancer cell or other HER2/new expressing cell). The preparation and use of
inumunoliposomes for targeted delivery of antitumor drugs is reviewed in Mastrobattista ef al.
{1999 Advanced Drug Delivery Reviews 44:103-127. Lipdsomes are vesicular structures based
on lipid bilayers. They can be as small as 20 nm and as large as 10 pm in diameter. They can be
unitamellar {only one bilayer surrounds an agueous core) or multilamellar (two or more bilayers

concentrically oriented around an aqueous core). Targeting of liposomes using a variety of
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targeting agents {e.g., antibodies of the invention) is well known in the art. See, e.g., U.S. Patent
Nos. 4,957,773 and 4,603,044, Standard methods for coupling targeting agents to Hposomes can
be used. Antibody targeted liposomes can be constructed using, for instance, liposomes which
incorporate protein A. See Renmeisen ef af. (1990} J. Biol. Chem. 265:16337-16342; and Leonetti
et al. (1990) Proc. Natl. Acad. Sci. (U.S.A)) 87:2448-2451.

[06226] 1In a preferred embodiment, the liposomes are formed from standard vesicle-forming
lipids, which generally include neutral and negatively charged phospholipids and a sterol, such as
cholesterol. The selection of lipids is generally guided by consideration of, e.g., liposome size and
stability of the liposomes in the bloodstream, A variety of methods are available for preparing
liposomes, as described in, €.g., Szoka, er al. (1980) Ann. Rev. Biophys. Bioceng. 9:467; U.S.
Patent Nos. 4,235,871; 4,501,728; and 4,837,028, One method produces multilamellar vesicles of
heterogeneous sizes, In this method, the vesicle forming lipids are dissolved in a suitable organic
solvent or solvent system and dried under vacuom or an inert gas to form a thin lipid film. If
desired, the film may be redissolved in a suitable solvent, such as tertiary butanol, and then
lvophilized to form a more homogencous Hpid mixture which ts in a2 more easily hydrated powder-
like form. This film is covered with an agueous solution of the targeted drug and the targeting
component {antibody) and aliowed to hydrate, typically over a 15-60 minute period with agitation.
The size distribution of the resulting muliilamellar vesicles can be shified toward smaller sizes by
hydrating the lipids under more vigorous agitation conditions or by adding solubilizing detergents

such as deoxycholate.
D4, Immunoassays

[00227] The antibodies of the invention can be used to detect HER2/neu, or cells expressing
HER2/men. Any of a maumber of methods may be used to achieve such detection. For example,
immunological binding assays may be used (see, ¢.g., U.S. Patent Nos. 4,366,241; 4,376,110,
4,517,288; and 4,837,168}, For a review of the general immunoassays, see also Asai {ed. 1993)
Methods in Cell Biology Vol. 37, Academic Press, New York; Stites & Terr (eds. 1991) Basic and
Clinical Immunology 7th Ed.

[60228] Thus, the present invention provides methods of detecting cells that express HER2/neu.
In one method, a biopsy is performed on the subject and the collected tissue is tested in vitro. The
tissue or cells from the tissue is then contacted, with an anti-HER2/neu antibody of the invention,
Any immune complexes which result indicate the presence of @ HER2/neu protein in the biopsied
sample. To facilitate such detection, the antibody can be radiolabeled or coupled to an effector

molecule which is a detectable label, such as a radiclabel. In another method, the cells can be
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34 <0.01 11(A) ch4D5-FcMT2 21 - 24 <0.01 ch4D5-FcMT3 > 100 -
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detected in vivo using typical imaging systems. Then, the localization of the label is determined by
any of the known methods for detecting the label. A conventional method for visualizing
diagnostic imaging can be used. For example, paramagnetic isotopes can be used for MRL
Internalization of the antibody may be important to extend the life within the organism beyond that
provided by extracellular binding, which will be susceptible to clearance by the extracellular

enzymatic environment coupled with ¢irculatory clearance.

[06229] HER2/meu proteins can also be detected using standard immunoassay methods and the
antibodies of the invention. Standard methods include, for example, radioimmunoassay,
mmunochromatographic  methods,  sandwich  immunoassays  (including  ELISA),
immunofluorescence assays, Western blot, affinity chromatography (affinity ligand bound to a

solid phase), and in situ detection with labeled antibodies.

[86230] Having now generally described the imvention, the same will be more readily
understood through reference to the following examples, which are provided by way of illustration

and are not intended to be limiting of the present invention unless specified.

EXAMPLE 1
BIACore Affinity Determinations
[606231] The kinetic parameters of the binding of eluted and purified antibodies were analyzed
vsing a BlAcore assay (BIAcore instrument 1000, BlAcore Inc., Piscataway, N.1.) and associated
software. HER-2 was immobilized on one of the four flow cells (flow cell 2) of a sensor chip
surface through amine coupling chemistry (by modification of carboxymethyl groups with mixture
of NHS/EDC) such that about 1000 response units (RU) of receptor was immobilized on the
surface, Following this, the unreacted active esters were “capped off” with an injection of 1M Et-
NH2. Once a suitable surface was prepared, ch4D5-FcWT (wild-type Fc), ch4D3, and
trastuzumab (control) were injected at concentrations of 6.25 — 200 nM over the surface at a flow

rate of 70 mL/min for 180 sec.

100232]  Once an entire data set was collected, the resuiting binding curves were globally fitted
and the rate constants and apparent equilibrium binding constant were calculated using computer |
algorithms supplied by the manufacturer, as described in the BlAevaluation Software Handbook
available from BlAcore, Inc. Figure 3 shows the graphical resuits of the SPR analysis, and the

calculated constants are provided in Table 5.
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trastuzumab ND - 5 NS OVCAR-8 ch4D5-FcMT1 14 <0.01 43 <0.01
11 (13) ch4D5-FcMT2 21 <0.05 40 <0.01 ch4D5-FcMT3 26 NS 36 <0.01
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Tabie 5: Kinetic and Equilibriam Constants Calculated from BlAcore Data
Analyte Kal (1/mole*s) Kdl (1/s) Kp (nm)
ch4D5-wild-type Fe 1.7x 10° ~3.2x 107 (est.) -
ch4D5 1.1 x 10° ~6.3 x 107 (est) -
trastuzumab L6x 10° 1.3x 10" 0.8
EXAMPLE 2
Apoptosis
[60233] Various cell lines were incubated overnight with chdD3 and chdD5-FeMT 1. Apoptosis
was assayed by FACS analysis, and results are shown in Table €.
Table 6
Experiment 1 Experiment 2
Cell Lines ch4D5 ch4D35 FecMT1 ch4dD5 ch4D5 FeMTH
SKBR3 3 () -

BT474
MCF-7
MDA MB 435

MDA MB 231 0 0 0 0
ZR-75-1 0 0 0 0
A349 0 0 0 )
SKOV3 0 0 ) 0

0 0 £) 0

129

EXAMPLE 3 |
Proliferation

[00234] [*H]Thymidine ("H]TdR) incorporation into DNA was used as a biochemical index of
SKBR3 cell proliferation, to compare the effects of various chimeric 4D35 antibodies of the present
embodiments. The effect of chdD5-Ag, ¢hdD35, and Ch4D-FeMTI on CD16-158F+ and CD16-

158V+ cells were studied and compared 1o controls. Results are depicted in Figure 4.

EXAMPLE 4
Anti-Tumor Activity in Mice (Breast Cancer Model)

[662358)  Anti-tumor activity of various antibodics was studied in a breast cancer model using
non-transgenic and transgenic (hCD16A) mice. Fifty Balb/c RAG2-/- non-transgenic mice from

MacroGenics breeding colony were injected s.c. at day 0 with IMT-1 breast cancer cells. Mice
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were divided into five groups of 10 mice each, and treated intraperitoneously (IP) weekly for 8
weeks with ch4D3 N297Q, chd4D3-wild-type Fc, ch4D5-FcMT1, ch4D5-FcMT2, or PBS (negative
control). Tumor development is monitored twice per week, using calipers, and tamor weight is
estimated by the following formula: tumor weight = (length x width®)/2. Results are shown in
Figure 5. Twenty-three Balb/c RAG2-/- mCD16-/- hCD16A+ transgenic mice from MacroGenics
breeding colony wers injected s.c. at day O with JIMT-1 breast cancer cells. Mice were divided
into three groups, and treated intraperitoneously (IP) weekly for 8 weeks with ¢ch4D5-wild-type Fe
(n=8), chdD5-FcMT! (1=8), or PBS (negative control; n=7). Tumor development is monitored
twice per week, using calipers, and tumor weight is estimated by the following formula: tumor

weight = (length x width®y/2. Results are shown in Figure 6.

EXAMPLE S
Anéi-Tumor Activity in Mice (Ovarian Cancer Model)
[60236]  Anti-tumor activity of various antibodies was studied in an ovarian cancer model using
non-transgenic and transgenic (hCD16A) mice. 22 R3-/- N/N non-transgenic mice from
MacroGenics breeding colony were injected s.c. at day 0 with SKOV-3 ovarian cancer cells. Mice
were divided into four groups, and treated intraperitoneousty (IP) weekly for 8 weeks with ch4D5
N297Q (n=3), chdDX5-wild-type Fe (n=6), chdD5-FcMT1 (n=6), or PBS (negative contral; n=5),
Tumor devciopmcnt'is monitored twice per week, using calipers, and tumor weight is estimated by
the following formula: tumor weight = (length x width)/2. Results are shown in Figure 7, Panel
A, 32 R3-/- N/N hCD16A+ transgenic mice from MacroGenics breeding colony were injected s.c.
at day 0 with SKOV-3 ovarian cancer cells, Mice were divided into four groups, and treated
intraperitoneously (IP) weekly for 8 weeks with ch4D5 N2970Q (n=8), ch4D5-wild-type Fc {n=8),
ch4D35-FcMT1 (n=8), or PBS (negative control; n=8). Tumor development is monitored twice per
weck, using calipers, and tumor weight is estimated by the following formmla: tumor weight =
(length x width®)/2. Results are shown in Figure 7, Panel B. 96 mCD16-/- huCD16A FoxN1-/-
(nwnu) transgenic mice from MacroGenics breeding colony were injected s.c. at day 0 with
SKOV-3 ovartan cancer cells. Mice were divided into six groups of 16 mice sach, and treated
intraperitoneously (IP) weekly for 8 weeks with ch4D3-FeMT3, ch4D53-FeMT1, ch4DS5-FeMT4,
ch4D5, chdD5Ag, or PBS (negative control). Tumor development is monitored twice per week,
using calipers, and tumor weight is estimated by the following formula: tumor weight = (length x

width®y2, Results are shown in Figure 8.

EXAMPLE 6
ADCC Assays in Various Cancer Cell Lines
[00237] Figure 9 illustrates representative immmunohistochemical staining of various cancer cell
lines for HER2/meu. Cell lines were ranked according to their HER2/neu staining intensity as
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ch4D5-FcMTI 42 <0.01 66 <0.01 11 (D)
WO 2009/123894

trastuzumab 9 21 NS WO 20091123R94PCMS2009/038201 Table 8: ADCC Assays in

Lysis (%) BT-20
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specified in the HER2/neu test kit sold as DAKO HerceptTest™ {DakoCytomation, Glostrup,

Denmark): missing HER?2/neu staining (DAKO score 0); weak HER2/neu staming (DAKO score
1+); moderate HER2/neu staining {DAKO score 2+4); and strong HER2/neu staining (DAK.Q score

3+). The various panels represent the various cell Bnes, as shown in Table 7.

Table 7: DAKO Staining of Various Cancer Cell Lines in Figure 9

Panel | Cell Line Description Sites/Cell’ Score

A MDA-MB-435 Breast carcinoma 4.7 % 10° 0

B MDA-MB-231 | Breast adenocarcinoma 1.6x 10° 0

C AS549 Lung adenocarcinoma 3.4x 10" 1+

D OVCAR-8 Ovarian carcinoma 4.4 x 10° 1+

E MCE-7 Breast adenocarcinoma 4.5%10° 1+

F BT-20 Ductal carcinoma 6.9 x 10 1+

G HT-29 Colon/Colorectal cancer 9.4 x10° 1+

H ZR75-1 Ductal carcinoma 1.4 x 10° 2+

| JIMT-1 Breast carcinoma 2.0 x 10° 2+

J MDA-MB-453 Breast carcinoma 2.8 % 10° 3+

K BT-474 Ductal carcinoma 2.0x 10° 3+

L SKBR-3 Breast carcinoma 3.0 x 10° 3+

M mSKOV-3 Ovarian cancer 4.0 % 10° 3+
[60238]  Several ¢h4D5 antibodies including ¢h4D35 antibodics having Fe variant domains were

tested for the ability to mediate ADCC in the cancer cell lines, including chdD3-FeMT1, chdD5-
FeMT2, ch4D3-FcMT3, ch4D3-FcWT (wild-type Fe), ch4D5 N297Q and trastuzumab (as a

control}, Data from valid assays (SR < 20% MR, AICC £ 50% MR) is reported in Table 8, where

ECsq estimates were considered valid only if the model fit a max lysis of »20%. Comparison of

ECs and max lysis parameters was performed by asking whether the best fit values obtained for

the Fo-optimized antibodies were statistically different from those obtained for the Fc wild-type

chdD5 antibody by the sum-of-squares F test. Data were also fitted to sigmoidal dose-response

models as shown in Figures 18-13.
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ch4D5-FcMT2 78 <0.01 62 .,<0.01 ch4D5-FcMT3 67 <0.01 55 <0.01 ch4D5-FcWT >100
trastuzumab >100 NS 25 NS HT-29 ch4D5-FcMT1 0.4 43 <0.01 11(E) ch4D5-FcMT2 0.5

WO 2009/123894 PCT/NIS2009/038261
Table 8;: ADCC Assays in Various Cell Lines
Celi Line Antibedy EC50 p Max p Figure
(ng/mL) Igg;z‘)s (Panel)
MDA-MB- | ch4D3-FcMT]1 ND - 5 NS 10 (A)
435 ch4D5-FcMT2 ND . 13 | NS
ch4D3-FcMT3 ND - 7 NS
ch4D5-FcWT ND - 7 -
trastuzumab ND - 7 NS
MDA-MB- | ch4D3-FeMT1 4 NS 27 NS 10 (B)
231 ch4D3-FeMT2 12 NS 29 NS
ch4D5-FcMT3 ? ? 24 NS
ch4D5-FcWT 9 - 27 -
trastuzumab 7 NS 22 NS
A549 ch4D5-FeMT] 14 : 34 <0.01 | 11(A)
ch4D5-FeMT2 21 - 24 <(.01
ch4D35-FecMT3 > 100 - 23 <0.01
chdDS FeWT ND : 6 -
trastuzumab ND - 5 NS
OVCAR-8 | ch4D5-FcMT1 14 <0.01 43 <0.01 | 11(B)
ch4D3-FcMT2 21 <().05 40) <0.01
ch4D5-FcMT3 26 NS 36 <{).01
ch4D5-FcWT 57 - 16 -
trastuzumab 37 NS 13 NS
MCF-7 ch4D5-FeMT1 4 <0.05 35 <(0.01 11 ()
ch4D5-FcMT?2 9 NS 51 <(.01
ch4D5-FcMT3 NS 48 <0.01
chd4D5-FcWT 23 NS 32 -
trastuzumab 9 - 21 NS
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44 <0.01 ch4D5-FcMT3 1 - 38 <0.01 ch4D5-FcWT ND - 13 - ZR75-1 ch4D5-FcMT1 14 <0.01 78
<0.01 12 (A) ch4D5-FcMT2 20 NS 67 <0.01 ch4D5-FcMT3 26 <0.01 63 <0.01
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Table 8: ADCC Assays in Various Cell Lines
Cell Line Antibody ECS50 p Max p Figure
(ng/mL) Izgf)s (Panel)
BT20 ch4D5-FeMTi 42 <0.01 66 <001 | 11(D)
, ch4D5-FeMT2 .78 <001 | . 62 . <001
ch4D5-FeMT3 67| <001 55| <001
ch4D5-FcWT >100 - 33 -
trastuzumab >100 NS 25 NS

HT-29 chdD5-FcMT1 0.4 - 43 <0.01 11 (E)
ch4D5-FeMT?2 0.5 - 44 <().01
ch4D5-FcMT3 1 - 38 <0.01
ch4D5-FcWT ND - 13 -

ZR75-1 ch4D5—FCMT"] 14 <(.01 78 <(.01 12 (A)
ch4D5-FcMT2 20 NS 67 <0.01 |
ch4D3-FcMT3 26 <0.01 63 <(0.01
chd4D5-FcWT 38 - 38 -
trasfuzumab ND - 23 <0.01

JIMT-1 ch4D35-FcMT1 8 NS 73 <(.01 12 (B)
ch4D3-FcMT2 7 <(.05 70 <(.01
¢h4D3-FcMT3 10 NS 65 <0.01
chdD5-FeWT 22 - 43 -
trastuzumab 10 NS 34 NS

VDAMB. |Lch4D5-FeMT1 3 <0.05 59 <001 4304

453 ch4D35-FcMT?2 4 <().05 58 <0.01
ch4D3-FcMT3 6 NS 57 <0.01
ch4D35-FcWT 11 - 45 -
trastuzumab 3 <0.05 31 <0.01

BT.474 ch4D5-FcMT1 3 <0.01 73 <0.01 13 (B)
ch4D5-FcMT2 3 <0.05 58 NS
ch4D5-FcMT3 4 <0.05 71 NS
ch4D5-FcWT 11 - 64 -
trastuzumab 7 NS 60 NS
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ch4D5-FcWT 38 38 - trastuzumab ND - 23 <0.01 JIMT-1 ch4D5-FcMT | 8 NS 73 <0.01 12 (B)
ch4D5-FcMT2 7 <0.05 70 <0.01 ch4D5-FcMT3 10 NS 65 <0.01 ch4D5-FcWT
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Table 8: ADCC Assavs in Various Cell Lines
Cell Line Antibody EC58 p Max p Figure
(ng/mL) Lysis
%) {Panel)
ch4D5-FeMT3 0.8 <0.01 61 NS
ch4D3-FcWT 6 - 62 -

MmSKOV-3 ch4DS;FcMTI 1.2 NS 71 <0.01 13 (D)
chdD3-FcMT?2 7 ‘ <(.05 43 <0.05
chdD35-FcMT3 0.9 <0.05 56 NS
¢h4D5-FcWT 3 - 58 -

f00239]  All publications and patents mentioned in this specification are herein incorporated by
reference to the same extent as if each individual publication or patent application was specifically
and individually indicated fo be incorporated by reference in its entirety. While the invention has
been described in connection with specific embodiments thereof, it will be understood that it s
capable of further modifications and this application is mtended to cover any variations, uses, or
adaptations of the imvention following, in general, the principles of the invention and including
such departures from the present disciosure as come within known or customary practice within
the art to which the invention pertains and as may be applied to the essential features hereinbefore

set forth.
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22 43 trastuzumab 10 NS 34 NS MDA MB 453 ch4D5-FcMTI 3 <0.05 59 <0.01 13(A)
ch4D5-FcMT2 4 <0.05 58 <0.01 ch4D5-FcMT3 6 NS 57 <0.01 ch4D5-FcWT 11 - 45

- What Is Claimed Is:

Claim 1.

Claim 2.

Claim 3.

Claim 4.

Claim 5.

An immunoglobulin comprising:
(A) a polypeptide comprising a chimeric 4D5 itmmunoglobulin light chain
variable domain comprising an N65S substitution; and
(B) a polypeptide comprising a variant 4D5 immunoglobulin heavy chain
variable domain, CH2 domain and CH3 domain; '
wherein: (1) said light chain variable domain and said heavy chain variable
domain form an epitope binding site that immunospecifically
binds to an epitope of HER2/neu; and
(2) said CH2 and CH3 domains form an Fc region having at least
one amino acid modification relative to the amino acid
sequence of a wild-type Fc region.

The immunoglobulin of claim I, wherein said polypeptide comprising said light
chain variable domain has the amino acid sequence of SEQ ID NO: 4.

The immunoglobulin of claim 2, wherein said polypeptide comprising said lght
chain variable domain has the amino acid sequence of SEQ ID NO: 2.

The immunoglobulin of any one of claims 1-3, wherein said Fc region modification
comprises at least one substitution selected from the group consisting of 1.235V,
F243L, R292P, Y300L, V3051, and P396L.

The immunoglobulin of claim 4, wherein said modification comprises:
{A) at least one substitution selected from the group consisting of F243L, D270E,
R292P, S298N, Y300L, V3051, A330V, and P396L;
(B)  atleast two substitutions selected from the group consisting of:
(1)  F243L and P396L;
(2) F243L and R292P; and
2) R292P and V3051,
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trastuzumab 3 <0.05 31 <0.01 BT-474 ch4D5-FcMT1 3 <0.01 73 <0.01 13(B) ch4D5-FcMT2 3 <0.05
58 NS ch4D5-FcMT3 4 <0.05 71 NS ch4D5-FcWT 11 64

Claim 6

()

D)

or

E)

at least three substitutions selected from the group consisting of:
(1)  F2431, R292P and Y300L;

(2)  F2431, R292P and V303];

(3)  F243L, R292P and P396L; and

(4)  R292P, V3057 and P396L;

at least four substitutions selected from the group consisting of:
(1) F243L, R292P, Y300L and P396L; and

(2)  F243L, R292P, V3051 and P396L:

at least the five substitutions selected from the group consisting of’
(1)  F243L, R292P, Y300L, V3051 and P396L; and
(2)  L235V, F243L, R292P, Y300L and P396L..

The immunoglobulin of claim 5, wherein said antibody comprises substitutions of:

&)
®)
©

F243L, R292P, and Y300L;
L.235V, F243L, R292P, Y300L, and P396L; or
F243L, R292P, Y300L, V3051, and P396L.
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trastuzumab 7 NS 60 NS WO 2009/113894PCT/US2009/038201 Table 8: ADCC Assays in Various
Cell Lines Cell Line Antibody EC50 (ng/mL) p Max Lysis (%) P Figure (Panel) SKBR-3 ch4D5-FcMT1
0.4 <0.01 64 NS 13 (C) ch4D5-FcMT3 0.8 <0.01 61 NS ch4D5-FcWT 6

Claim 7. The immunoglobulin of any of claims 1-6, wherein said variant Fc domain exhibits,
as compared to a wild-type Fc domain:
{A)  enhanced antibody dependent cell mediated cytotoxicity (ADCC);
(B}  increased binding to FeyRILA or to FoyRIHA;
(C)  decreased binding to FcyRITB; or |
(D)  increased binding to FcyRIIB.

Claim 8. The immunoglobulin of any of claims 1-3, wherein said polypeptide
comprising said immunoglobulin heavy chain comprising a variable domain has an
amino acid sequence selected from the group consisting of SEQ ID NO: 9, SEQ ID
NO: 11, and SEQ 1D NO: 13. :

-81.



62 mMSKOV-3 ch4D5-FcMT | 1.2 NS 71 <0.01 13 (D) ch405-FcMT2 7 <0.05 43 <0.05 ch4D5-FcMT3
0.9 <0.0556 NS ch4D5-FcWT 3 _ 58 100239]All publications and patents mentioned in this
specification are herein incorporated by reference to the same extent as if each individual publication
or patent application was specifically:and individually indicated to be incorporated by reference in its
entirety. While the invention has been described in connection with specific embodiments thereof, it
will be understood that it is capable of further modifications and this application is intended to cover
any vanations, uses, or adaptations of the invention following, in general, the principles of the invention
and inciygiingysuch dﬁf@iﬂﬁ&ﬁﬁﬂ%—’l%ﬁﬁﬁ RIESEYLSHSAIRsire as comewitin "iﬂﬂ%ﬂ‘ﬂh&@&&iﬁﬁ”ﬂ?@ﬁ
practice within the agglgg,g@}l_ch the invention pertains and as may be applied to the ‘essential features
hereinbefore set forth. What Is Claimed Is: Claim 1.An immunoglobulin comprising: (A) a polypeptide
compriging2 &fimerig,¢ Qe pomH segiehlip light chaiyariahif.femain Somprising aRieRSor a

substitution; and  pyonoclonal antibody.

Claim 11. The antibody of any of claims 1-8, wherein said immunoglobulin is an
immunologically active epitope-binding fragment of an antibody.

Claim 12. The immunoglobulin of any of claims 1-8, wherein immunoglobulin is a diabody.
Claim 13. Use of the antibody of any one of claims 9-10, or the immunologically active

epitope-binding fragment of an antibody of claim 11, or the diabody of claim 12, in
the manufacture of a medicament for the treatment of cancer in a patient.
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(B) a polypeptide comprising a variant 4D5 immunoglobulin heavy chain variable domain, CH2 domain
and CH3 domain; wherein:(1)said light chain variable domain and said heavy chain variable domain
form an epitope binding site that immunospecifically binds to an epitope of HER2/neu; and (2)said
CH2 and CH3 domains‘form an Fe region having at least one amino acid modification relative to the
amino acid sequence of a wild-type Fc region. Claim 2.The immunoglobulin of claim 1, wherein said
polyper%ge coinprisi g said Iiﬁ;i}t chain variable domain has the amino acid sequence of SEQ ID NO:
4. Clain 3 PhirnmuriSgiSh ol 8t Ain e g S5aitRme stauieaisromg sttt arulic
variable domain has#gfatapsiaetetifeng tien czosp SEGIDINOD 2T anti-dTtiectmin wgoglobalimot any
one of claims 1-3, whespisssais:&e, re giematodification gemprisas aloleait anatsubstitution selected
from the group consisting of L235V, F243L, R292P, Y300L, V3051, and P396L. Claim 5.The
immunoglobulin of claim 4. wherein,said modification comprises;.(A) at least one supstitutiqn selected
from th%%%ﬂipg]bonsﬁrﬁg%r}aﬁ%%éﬁ [5%8(?1 BQCSEP §§1§§ : E, /3 %?Ly %3‘65\? ,gé]ﬁla é‘%ﬂj L (B) at
least two substitutioﬁieéﬁfﬁﬂfgﬂl?l%ﬁqqﬁéﬁ%%BPESHETEW?@”&W% gheppaybLolsiarn43L dnd
R292P; and (3) R298P éisblod30% tlaingd2. 4)arkasttsisishibatitepiohk sefdetad érompitne group
consisting of: (1) F243L, R292P and Y300L; (2) F243L, R292P and V3051; (3) F243L, R292P and
P396L; and (4) R292P, V3051 and P396L; (D)at least four substitutions selected from the group
consisting of: (1) F243L, R292P, Y300L and P396L; and (2) F243L, R292P, V3051 and P396L: or
(E)at least the five substitutions selected from the group consisting of: (1) F243L, R292P, Y300L,
V3051 and P396L; and (2) L235V, F243L, R292P, Y300L and P396L. Claim 6The immunoglobulin of
claim 5, wherein said antibody comprises substitutions of: (A) F243L, R292P, and Y300L; (B) L235V,
F243L, R292P, Y300L, and P396L; or (C) F243L, R292P, Y300L, V3051, and P396L. Claim 7.The
immunoglobulin of any of claims 1-6, wherein said variant Fe domain exhibits,
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as compared to a wild-type Pc domain: (A) enhanced antibody dependent cell mediated cytotoxicity
(ADCCQC); (B) increased binding to FcyRIIA or to FcyRIIIA; (C) decreased binding to FcyRIIB; or (D)
increased binding to FeyRIIB. Claim 8.The immunoglobulin of any of claims 1-3, wherein said
polypeptide comprising said immunoglobyjlinTheavy chain comprising a variable domain has an amino
acid sequence selected from the QETBHQNE%%% SEOIFNO: 9, SEQ ID NO: 11, and SEQ ID NO:
13. Claim 9.The immunoglobulin of any of claims 1-8, wherein said immunoglobulin is an antibody.
Clains i@ hevagtissdy ©f claim-9, wherein said antibody is a single chain antibody or a monoclonal
antibody. Clq]‘%lﬂrg%hgnl‘gﬁcfib%dy of any of claims 1-8, wherein said immunoglobulin is an
immunologicaﬂy*‘a’jdtd;\re epitdpe-binding fragment of an antibody. Claim 12.The immunoglobulin of any
of claims 1-8B34Yéfein iréifunoglobulin is a diabody. Claim 13.Use of the antibody of any one of claims
9-10.apthe immunaloaigaly active eninpe-dipdingdraganedrofangntibpdy of claim 11, or the diabody
of claim 12, in_the manufacture of a medicament for the treatment of cancer in a patient. Claim 14.The
use Sfai&m ié%\l%?&% said medicament additionally comprises a therapeutic agent selected from
the graap-consissm@of Axanti-angiogenic agent, an antineoplastic agent, a chemotherapeutic agent,
and &E3AotoXiBM®glAt€laim 15.A pharmaceutical composition comprising the antibody of any one of
claimg; 8610, @ the immunologically active epitope-binding fragment of an antibody of claim 11, or the
diabody of claim 12, and a pharmaceutically acceptable carrier or excipient. 130100211_ST25.txt
SEQUENCERISANG L815MacfoGenics, Inc. Johnson, Leslie Huang, Ling Tuaillon, Nadine
Bonwini gszio1<120> HER2/neu-specific Antibodies And methods of using Same <130> 1301.00211
<150§§ 619041,649 <151> 2008-04-02 <160> 13 <170> Patentin version 3.4 <210> 1 <211> 645
<212<?2 % 3 Atificial <220> <223> chimeric (murine-human) <400> 1 gacatcgtga tgacccagtc
ccacaagttc atgtccacct ctgtgggcga tagggtcagc60 atcacctgca aggccagcca ggatgtgaat actgctgtag

cctg$§ é 9@9%%@?86‘%0;"1' ne-human)

;ggg;cg%ga tgacccagte ccacaagttc atgtccacct ctgtgggcega tagggrcagce 60
atcacctgca aggcecagceca ggatgtgaat actgcetgtag cctggtatca gcagaaacca 120
ggacattctc ccaaactgct gatttactcc gcatccttcc ggtacactgg agtccctgat 180
cgcttcactyg gcagcagatc tgggacagat ttcactttca'ccatcagcag tgtgcaggcet 240
gaagacctgg cagtttatta ctgtcagcaa cattatacta cacctcccac cttcggaggg 300
ggtaccaagg tggagatcaa acgtacggtg gctgcaccat ctgtctteat cttcccgeca 360
tctgatgage agttgaaatc tggaactgoc tctgttgtgt goctgetgaa taacttctat 420
cccagagagg ccaaagtaca gtggaaggtg gataacgccc tccaatcggyg taactcccag 480
gagagtgtca cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacg 540
ctgagcaaag Cagactacga gaaacacaaa gtctacgcct gcgaagtcac ccatcagggce 600
ctgageteyge ccgtcacaaa gagcttcaac aggggagagt gitag 645
<210> 2

<211> 214

<212> PRT

<213> Artificial

<220>

<223> Chimeric (murine-human)

<400> 2

Asp Ile val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser val Gly
1 5 10

15

Asp Arg val ser Ile Thr Cys Lys Ala Ser GlIn Asp val Asn Thr Ala
30

20

25
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ggacattctc ccaaactgct gatttactcc gcatccttcc ggtacactgg agtccctgat180 cgcttcactg gcagcagatc
tgggacagat ttcactttca ccatcagcag tgtgcaggct240 gaagacctgg cagtttatta ctgtcagcaa cattatacta
cacctcccac cttcggaggg300 ggtaccaagg tggagatcaa acgtacggtg gctgcaccat ctgtcttcat cttcccgeca360
tctgatgagc agttgaaatc tggaactgcc tetgttgtgt gectgetgaa taacttctat420 cccagagagg ccaaagtaca
gtggaaggtg gataacgccc tccaatcggg taactéé€agdsbrgaftyt§ida cagagcagga cagcaaggac agcacctaca
gcctoggrag £aeaetgaroentd £igageaand, CanRGiaca.9aspcacAAa gictagggqlegcgaagicac
ccatcagggc6008ctgagctcgce ccgtcacadd@ gagcttcaac aggggagégt gttagb45 <210> 2 <211> 214 <212>
PRT <213> Artificial <220> <223> chimeric (murine-human) <400> 2 Asp lle val met Thr GIn Ser His
Lys Plye rget seTal Resepnéahdy Ae10hb Asp Ag viadSREHeaFlr mys toys Afayser GIn Asp val Asn Thr
Ala 20253® 130100211 _ST25.txtval Ala Trp Tyr Gin G Lys Pro Gly His Ser Pro Lys Leu Leu lle
354045 Tyr Ser Ala Ser Phe Arg Tyr Thr Gly val Pro Asp Arg Phe Thr Gly 505560 Ser Arg Ser Gly Thr
Asp Bhe Thy Pee Ty Tih SesBearhéal BinpAka 657 0712808l sé&spdewrAMaMal Tyr Tyr Cys Gin Gin His
Tyr Tht Thr Pro Pro 8590957Phr Phe Gly Gly Gly Tht Lys val Glu lle Lys A% Thr val Ala Ala
100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp G u Gin Leu Lys ser Gly 115120125 Thr Ala Ser
Val altCysit ded el AR ASTY PHQ!TWPr@Wrc%ﬁquHAIa H)BOEZBB‘lZIb)r’Lng/QIFGin Trp Lys Val Asp Asn
Ala Leu Gin Ser Gly AsR’Ser Gin 1451501551 >

Thr phe Gly Gly Gly Thr Lys val Glu Ile Lys Arg Thr val Ala Ala
100 105 110

Pro Ser val Phe Ile Phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly
115 120 125

Thr Ala ser val val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys val GIn Trp Lys val Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser val Thr Glu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
180 185 190

Ala Cys Glu val Thr Mis Gln Gly Leu Ser Ser Pro val Thr Lys Ser
195 - 200 ' 205

Phe Asn Arg Gly Glu Cys
210

<210> 3

<211> 109

<212> PRT

<213> Mus musculus

<400> 3

Asp Ile val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser val Gly
1 5 10 15

Asp Arg val Ser Ile Thr Cys Lys Ala Ser &'Tn Asp val asn Thr Ala
_ 20 30

val Ala Trp Tyr GIn GIn Lys Pro Gly His Ser Pro Lys Leu Leu Ile
35 40 45
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Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser 165170175 Ser Thr Leu Thr Leu
Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser
Pro Val Thr Lys Ser 195200205 Phe Asn Arg Gly Glu Cys 210 <210> 3 <211> 109 <212> PRT <213>
mus musculus <400> 3 Asp lle Val Met ThrBGin?Ser Hiqsq}Lys Phe Met Ser Thr Ser val Gly 151015 Asp
Arg Val Ser lle Thr Cys lFﬁés Ala Ser g'n Aﬁ’b Nfﬁs’f APE202530 alégle Trp Tyr Gin Gin Lys Pro
Gly qi\érsggrPer] ﬁy%eLeB ettt 954 Jfg bg%&z IFOS%%%, x?grérﬁ ej%&la er Phe Arg Tyr Thr Gly Val

Pro Asp Arg Phe Thr Gly 505560 Asn Arg Ser Gly Thr Asp Phe Thr Phe Thr lle Ser Ser Val Gin Ala
6570553?%{%@%?%@ 4] T THE CYRCin, Gipylis JyrsTr JHy Big 20, 859095 Thr Phe Gly Gly
Gly Tdw Lys™Leu Glu Tle Lys Ayg Ala 100105 <210>74 <211> 109 <212> PRIT <213> Atrtificial <220>
<223> Chimeric (murine-human) <400> 4 Asp lle Val Met Thr Gin Ser His Lys Phe Met Ser Thr Ser

Val Gly,151015.AsmArg MakSeriie TysComLys-Ala Sen/Girhsaval Asnsty Ala 202530 val Ala Trp
Tyr Gin Gin Lys Pro GlgHis Ser Pro Lys Leu Béu lle 95

Thr Phe Gly Gly Giy Thr Lys Leu Glu Ile Lys Arg Ala
100 105

<210> 4

<211> 109

<212> PRT

<213> Artificial

<220>
<223> Chimeric (murine-~human)

<400> -4

Asp Ile val Met Thr GIn Ser His Lys Phe Met Ser Thr Ser val Gly
1 5 10 15

Aspb Arg val ser Ile Thr Cys Lys Ala Ser Gln Asp val ggn Thr Ala
20 25

val Ala Trp Tyr GIn GIn Lys Pro Gly His Ser Pro Lys Leu Leu Ile
35 40 45

Tyr Ser Ala Ser Phe Arg Tyr Thr Gly val Pro Asp Arg Phe Thr Gly
50 55 60

Ser Arg Ser Gly Thr Asp Phe Thr Phe Thr Ile Ser Ser val GIn Ala
65 70 75 80

Glu Asp Leu Ala val Tyr Tyr Cys GIn GIn His Tyr Thr Thr SEO Pro
85 90

Thr Phe Gly Gly Gly Thr Lys val Glu Ite Lys Arg Thr
100 105

<210> 5

<211> 109

<212> PRT

<213> Artificial

<220>
<223> Humanized

<400> 5
Asp ITe GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val Gly
1 5 10 13
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354045 Tyr Ser Ala ser Phe Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly 505560 Ser Arg Ser Gly Thr
Asp Phe Thr Phe Thr lle Ser Ser Val Gin Ala 65707580 Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin His
Tyr Thr Thr Pro Pro 859095 Thr Phe Gly Gly Gly Thr Lys Val Glu lle Lys Arg Thr 100105 <210> 5
<211> 109 <212> PRT <213> Artificial <220> <223> Humanized <400> 5 Asp lle Gin Met Thr Gin Ser
Pro Ser Ser Leu Ser Ala_Ser Val 151@%“!’51093@1 Xt AS Val Thr lle Thr Cys Arg Ala

Ser Cﬁ\ﬁ'PAs'fJgVaEi1 El'ﬁﬂﬁlalyog oVl ?«Ja T T%/rrb s%;m Lygagro IyA%ys Ala Pro Lys Leu Leu lle
354045 Tyr Ser Ala Ser Phe Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Arg Ser Gly

Thr [f,h T rhlll %gr J,Be E 3707380 Ju Asp Ueﬁléa Thr Tyr Tyr Cys Gin Gin
His Tyﬁr arrtg'kgg roE859 R @@ Gin c?l Er Lya_gv 1CIufie Cys Arg Thr 100105 <210> 6
<211> 1353 <212> DNA <213> Mus musculus <400> 6 caggttcagc tgcagcagtc tggccctgag ctggtgaagce

caggggrcie AcG3agitaq icelglagng sHFGgCtlLaacalraqa gacpeHatadrcaniggat gaaacagagg120
cctgaacad@ gcctggaatg gattggaagqg atttatccta ccaatggcets tactagatat180

65

Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Glin His
85 g0

ser arg Ser Gly Thr Asp phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
70

80

Tyr Thr Thr Pro Pro

95

Thr phe Gly GIn Gly Thr tys val ¢lu 1le Lys Arg Thr

100 05
<210> 6
<211> 1353
<212> DNA
<213> Mus musculus
<400> ©
caggticagc tgcagcagtc tggccctgag ctggtgaage caggggectc actcaagitg 60
tcetgtacag cttctggott caacatcaaa gacacctata tccactgggt gaaacagagg 120
cctgaacagg gcctggaatyg gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagectac 240
ctgcaagtca geccgectgac atctgaggac actgecgtct attactgete ccggtgggoga 300
ggggacggcet tctatgetat ggactactgg ggtcagggag cctccgtgac cgtgagetcec 360
gectecacca agggeccarc ggrcttccce crggeaccct cctccaagag cacctcetggg 420
ggcacagcgg ccctgggetg cctggtcaag gactacttcc ccgaaccggt gacggrgtcg 480
tggaactcag gcgccoctgac cageggegtyg cacaccttoc cggctgtect acagtectca 540
ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagettggg cacccagace 600
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagag agttgagecc 660
aaatcttgtyg acaaaactca cacatgccca ccgtgeecag cacctgaact cctgggggga 720
ccgtcagtct TCCTCTTCCC €CCaaaacce aaggacacce tcatgatctc ccggaccect 780
gaggtcacat gcgtggtggt ggacgtgagce cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtyggacyg gogtggagot geataatygcc aagacaaagc cgcgggagga gcagracaac 900
agcacgtacc gtgtggtcag cgtcctcacc gtcctgcace aggactggct gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagec ctcccagece ccatcgagaa aaccatcetec 1020
aaagccaaag ggcagocccg agaaccacag gtgtacaccc tgcccccatc ccgggatgag 1080
ctgaccaaga accaggicag cctgacctge ctggtcaaag gettetatcee cagegacatce 1140
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gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagcctac240 ctgcaagtca gccgcectgac
atctgaggac actgccgtct attactgctc ccggtgggga300 ggggacggct tctatgctat ggactactgg ggtcagggag
cctcegtgac cgtgagcetcc360 gectccacca agggceccatc ggtcttccec ctggcaccct cctccaagag cacctetggg420
ggcacagcgg ccctgggctg cctggtcaag gactacttcc ccgaaccggt gacggtgtcg480 tggaactcag gecgcecctgac
cagc%gc tg cacaccttcc a%%ctg%cct %gag(t:cﬁ%égaﬁ@g%%’égéég‘gﬁ*'b(c:cg%a cag cgtagtgace, éqccctcca
gcag ﬁgbggg%c%%%?& %ac%?gtgc% a%g?g%a‘?é:a caagcccgaccaac ccagg t acaag g
agttgaggrota @ aatgiiotg@caaaactta Gar sgrooi tcgtgeotag cacciganaigunigy ggdgad 20 ccgtcagtct

tectet tcatgat t t t
C;CCS é% %ag%:g‘:gapgggé g;g&g%@ggfﬁ&&%@g %%%89%%8?08{@ dadgieacatgeglgatoghggacgigage

99840 tacgtggacg gcgtggadgt gcataatgcc aagacaaagc cgcgggagga
gcagtasaao900cagcheerast ytrggasigayttgecacc gtcctgcacc aggactggct gaatggcadgd60 gagtacaagt
gcaaggtctc caacaaagcc ctcccagcecc ccatcgagaa aaccatctcc1020 aaagccaaag ggcagcecccg agaaccacag
gtgtaeante tgeccccatc ccgggatgagl080 ctgaccaaga accaggtcag cctgacctge ctggtcaaag gcttctatce
cagcgéﬁiclgaﬁ Page 4 130100211 ST25.txt gccgtggagt gggagagcaa tgggcageeg gagaacaact
acaagageac geeteregigh200 ctggactccg acggctcectt cttcctctac agcaagctca ccgtggacaa gagcaggtggl260
cagcagggga acgtcttctc atgctcegtg atgcatgagg ctctgcacaa ccactacacgl320 cagaagagcc tctcectgtc
tccgg@%ﬁ a tgfa1353 <210> 7 <211> 450 <212> PRT <213> Mus musculus <400> 7 Gin Val Gin Leu
Gin GimSer1GH PnoeGlullreaMakkysdo By Al 16401 Bervkeprbysyeu1zer Cys Thr Ala Ser Gly
Phe Asn lle Lys Asp Thr 202530 Tyr tie HIS i'#¥Val Lys Gin Arg Pro &lu Gin Ely Leu Glu Trp lle
354045 Ely Arg lle Tyr Pro Thr Asn Ely Tyr Thr Arg Tyr Asp Pro Lys Phe 505560 Gin Asp Lys Ala Thr
lle TrieAladspyEhiSersser @sn THir AﬂatT?errGS'm?m Asu Gin Vak SemArgriieu Thr Ser Glu Asp Thr
Ala Val Tyr Tyr Cy§0 . 30

Tyr I1é His Trp val Lys G1n Arg Pro Glu G1n Gly Leu Glu Trp Ile
35 40 45

Gly Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Asp Pro Lys phe
50 55 60

GIn Asp Lys Ala Thr ITe Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu G1n val ser Arg Leu Thr Ser Glu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly GiIn
100 105 110

Gly Ala ser val Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val
165 170 175

Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro
180 185 190

Ser Ser Ser Leuw Gly Thr Gln Thr Tyr ITe Cys Asn val Asn His Lys
195 200 205
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859095 Ser Arg Trp Ely Ely Asp Ely Phe Tyr Ala Met Asp Tyr Trp Ely Gin 100105110 Gly Ala Ser Val
Thr Val Ser Ser Ala Ser Thr Lys Ely Pro Ser val 115120125 Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr
Ser Ely Ely Thr Ala Ala 130135140 Leu Ely Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
145150155160 Trp Asn Ser Ely Ala Leu Thr Ser Ely Val His Thr Phe Pro Ala Val 165170175 Leu Gin
Ser Ser Gly Leu T¥r Ser Leu Ser Ser VallvalG®1\Was Prp- 180185190 Ser Ser Ser Leu Ely Thr GIn Thr
Ty 1By RSV RS BidTy ATBER60208 Y3 0828 0SS S PRI AP Asn Thr Lys Val Asp Lys
Arg Val Glu Pro Lys Ser Cys Asp 210215220 Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
Leu G| 225230235240 Pro Ser Val Phe Leu Phe Pro Pro Lys Pra Lys. Asp Thr Leu Met lle
2452%?3( 'ée%r’ﬁraggjlrh?%?ozé& ﬁsféi 1¥ Fcys \?iﬁvgggxéi'i&swaﬁé%rﬂ%’s ‘Bg 260265270 Asp Pro Glu
Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu val His 275280285 Asn Ala Lys Thr Lys Pro Arg Glu Glu
Gln Tyt ASE SerTRRIW AGRIAZAINY Y3Vl Ser valdeuihr V@l haul His Gin Asp Trp Leu Asn Gly
Lys 305310315320 Glw4yr Lys Cys Lys Val SenAsn Lys Ala Leu Prasla Pro lle Glu 325330335 Lys
Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr 340345350 Thr Leu Pro Pro Ser Arg Asp

Glu Ly TAVdL s AsR S Yal3erhe 395360385 Thy Gyp Let Vel Lys GlyiRhe Tyr Pro Ser Asp lle Ala
Val Glu Trp 260 265 270

Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn Ser Thr Tyr Arg
290 295 300

val val Ser val Leu Thr val Leu His GIn Asp Trp Leu Asn Gly Lys
305 310 315 320

Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro Ite Glu
325 330 335

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln val Tyr
340 345 350

Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln val Ser Leu
355 360 365

Thr Cys Leu val Lys Gly Phe Tyr Pro Ser asp Ile Ala val Glu Trp
370 375 380

Glu Ser Asn Gly GIn Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val
385 390 395 400

Leu Asp Ser Asp Gly Ser pPhe Phe Leu Tyr Ser Lys Leu Tthr val Asp
405 410 415

Lys Ser Arg Trp Gin GIn Gly Asn val Phe Ser Cys Ser val Met His
420 425 430

Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro
435 440 445

450

<210> 8
<211> 1353
<212> DNA
<213> Artificial
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370375380 Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro val 385390395400 Leu Asp
Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp 405410415 Lys Ser Arg Trp Gin Gin Gly
Asn Val Phe Ser Cys Ser Val Met His 420425430 Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu
Ser Leu Ser Pro 435440445 Gly Lys 450 <210> 8 <211> 1353 <212> DNA <213> Atrtificial
130100211_ST25.txt <220> <223> Chimete {didnéTRanix¥) <400> 8 caggttcagc tcctgtacag
cctgaacadg gacccaaagt ctgcaagtca ggggacggct gectccacca ggcacagcegg tggaactcag NAgtctact
tacateigca aaatotigtfcccgtoagiet lgaggicacat tacgtggacg agcacgctcc gagtacaagt aaagccaaag
ctgac{ciﬂ}%ga %ccgtggagt ctggactccg cagcagggga cagaagagcc tgcagcagtc cttetggctt gecctggaatg
CCagGaeRa GrRIGHanR it U elricrd 0986 Cate fGRIB0 gy eeswat eesteregag acgtgaatca
acaaaactca tcctcttacc gcgtggtggt gcgtggaggt gtgtggtcag gcaaggtctc ggcagcecccg accaggtcag

Q00 I R A AL e AR R R Bt S AR 8288 g gotictate

atctgagofc: geaeactag gelcilanocgoigaig ang Cagoggreithagiggignas caagocoage CaRmigecca
gcataatgeg catcetcace caacaaagee a aaccaca% £elgacctgg, fgggeageeg

CCCaaaaccc cotgaqc
ctiooBRes e ord tdatas GRCCRCEArC aEagcagded et ee R e e i aoteauguag
ctggcaurtiagactacitcy CaussT iice Yigogettca bauantaagy tteggrocatr agigipasRcce cilyaagacc

<400> 9

GIn val Gin Leu GIn GIn Ser Gly Pro Glu Leu val Lys Pro Gly Ala
1 5 10 15

Ser Leu Lys Lgu Ser Cys Thr Ala Ser Gly Phe Ash Ile ggs Asp Thr
2

25
Page 7

aaga, 85&9;“?%%0% 8%%9:0&%8‘8%%% CBfSEEa%%‘?@@&Q&Q@?&%%@QE@@Qthaa%@‘:atgagg tga
<2105°9<211> 450 <212> PRT <213>"Artificial <220> <223> Chimeric (murine-human) <400> 9 Gin
Val GIfCLEIGHT GREGEICEYY FBIg- SItaces FAPRG3PRS GREAFAABED T8 SEFLAPLys el Ser Cys Thr
AkiSﬁﬂb@%ﬁ&ﬁ@%/E%Qﬂgbéé%bAé%EEQ{caag gactacttcc ccgaaccggt gacggtgtceg 480

tggaactcag gegecctgac cagegacgtg cacaccttcc cggetgtect acagtcctea 540

ggactctact ccctcageag cgtggtgace gtgeccteca gocagettggg cacccagace 600

tacatctgea acgtgaatca caagcccagc aacaccaagg tggacaagag agttgagecc 660

aaatctrtgtg acaaaactca cacatgeccca cogtgeccag cacctgaact cotgggggga 720

ccgtcagtet tectottace €Ccaaaaccc aaggacacce tcatgatcte ccggaccect 780

gaggtcacat gcgtggtggt ggacgtgagce cacgaagacc ctgaggtcaa gttcaactgg 840

tacgtggacg gcgtggaggt gcataatgec aagacaaagc cgccggagga gcagtacaac 900

agcacgctce gtgtggtcag catcctcacc gtcctgcace aggactggct gaatggcaag 960

gagtacaagt gcaaggtctc caacaaagcc ctcccagocc ccatcgagaa aaccatctcec 1020

aaagccaaag ggcagecccyg agaaccacag gtgtacaécc tgcccccatc ccgggatgag 1080

ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 1140

gcegtggagt gggagagcaa tgggcagccy gagaacaact acaagaccac gectctegtg 1200

ctggactccg acggetcctt cttectctac agcaagctca ccgtggacaa gagcaggtgg 1260

cagcagggga acgictictc atgctccgtyg atgcatgagg ctctgcacaa ccactacacyg 1320

cagaagagce tctccctgtc tccgggtaaa tga ' 1333

<210> 9

<211> 450

<212> PRT

<213> Artificial

<220>

<223> Chimeric (murine-human)



202530 Page 7 130100211_S125.txt Tyr lle His Trp Val Lys Gin Arg Pro Glu Gin Gly Leu Glu Trp lle
354045 Gly Arg lle Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Asp Pro Lys Phe 505560 Gin Asp Lys Ala Thr
lle Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 65707580 Leu Gin Val Ser Arg Leu Thr Ser Glu Asp Thr
Ala Val Tyr Tyr Cys 859095 Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala met Asp Tyr Trp Gly Gin
100105110 Gly Ala Ser val Thr Val Ser SeCAREE.Fht 1.y Gly Pro Ser Val 115120125 Phe Pro Leu
Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 130135140 Leu Gly Cys Leu Val Lys Asp Tyr Phe
Pro GlurProevadi Ehr MahGer 45 50 1551 60 d pt Askl 5ex 1@y Aladieutidar S&f Gly Val His Thr Phe Pro
Ala Val 165178175 Leu Gin Ser Ser #ly Leu Tyr Ser Leu SéP Ser Val Val Thr Val Pro 180185190 Ser
Ser Ser Leu Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 195200205 Pro Ser Asn Thr Lys Val Asp
Lys Arty Vat Gl Provicy 8 Qe By s s ¢ A0S ZRO Lys TivrHis T rCyisyPrétero Cys Pro Ala Pro Glu
Leu Leu éR/ Gly 225230235240 Pro Ser Val Phe Leu L&l Pro Pro Lys Pro Lys Asp Thr Leu Met lle
245250255 Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu 260265270 Asp Pro Glu
val L %”Ph@AbYFTPﬂaI')TrhVa%fsﬁf'GM\]/al & V&ITH%QWB&BSTA%AM&]O%% Thr Lys Pro Pro Glu Glu
GIn Tyr Asn Ser Thr Leu Arg 290295300

Let GIn val Ser Arg Leu Thr Ser Giu Asp Thr Ala val Tyr Tyr Cys
85 90 95

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly Gln
100 105 110

Gly Ala ser val Thr val Ser Ser aAla Ser Thr Lys Gly Pro Ser val
115 . 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr ser Gly val His Thr pPhe pPro Ala val
165 170 175

Leu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro
180 185 190

Ser Ser Ser Leu Gly Thr GIn Thr Tyr ITe Cys Asn val Asn His Lys
193 200 205

Pro ser Asn Thr Lys val Asp Lys Arg val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly
225 230 235 240

Pro Ser va'l Phe Leu Leu Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
245 250 255

Ser Arg Thr Pro Glu val Thr Cys val val val Asp val Ser His Glu
260 265 270

Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Pro Glu Glu GIn Tyr Asn Ser Thr Leu Arg
290 295 300
Page &



Page 8 130100211_ST25.txt val val Ser lle Leu Thr Val Leu His Gin Asp Trp Lau Asn Gly Lys
305310315320 Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro lle Glu 325330335 Lys Thr
lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr 340345350 Thr Leu Pro Pro Ser Arg Asp Glu
Leu Thr Lys Asn Gin val ser Leu 355360365 Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala val
Glu Trp 370375380 Glu Ser ASn Gly GinIB{G- BIRAAsHTASNTRYr Lys Thr Thr Pro Leu val 385390395400
Leu ASp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp 405410415 Lys Ser Arg Trp Gin
Gin Gly1Asa1VakPhe SereCymmberalalmetHis 420425430G el askiesh His yaSn His Tyr Thr Gin Lys
Ser L¥P Ser Leta Ser Pro 433840445 Gly Lys 450 ¥910> 10 <211> 1353 32812> DNA <213> Avrtificial
<220> <223> Chimeric (murine-human) <400> 10 caggttcagc tgcagcagtc tggccctgag tcctgtacag
cttctggbit Tracatsaamsc ardggacetgyaaty gattggaagggadecaaagl tecajgacaa ggccactatc
ctgcaagtca gccgcectgac atctgaggac ggggacgg 3t@tatgctat ggactactgg ytttccacca agggcccatc
ggtcttccce ggcacagcegg cecectgggctg cctggtcaag tggaactcag gegecctgac cageggegtg

13016p21Th. 5T§B%t>§§(ggtg@tg’a7& ngcé&chgﬁ[ %cﬁmtt‘g@g %Hag’@@%% a4dadesagg tggacaagag
cacatgccca ccgtgeccag cacctgaact cccaadatee aaggacaccc tcatgalctc ggacgtgagc cacgaagacc
ctgaggtcaa gcataatgcc aagacaaagc cgccggagga cgtcctcacc gtcctgcacc aggactggcet caacaaagcec
ctcccafecetegliydgiaigaiteatay § dedttctfydecedsie & f;;é’@étgieﬁtgtg%aaag gcttctatce
tgggcagccg gagaacaact acaagaccac cttcctctac agcaagctca ccgtggacaa atgctcegtg atgcatgagg

ctctgc%caa tccgglgta tga <%10> 11 <211> 450 <212> PRT _<213> Artificial
Thr gys val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp
70 375 ' 380

Glu Ser
385

Thr Thr Pro Leu val

400

Asn Gly GIn Pro Glu Asn
390

Asn Tyr

Leu Asp Leu Tyr Lys Leu Thr val Asp

Ser Asp Gly Ser Phe pPhe
405 415

val Phe

425

val Met His
430

Arg Trp Gln GIn Gly Asn
420

Lys Ser ser Cys SQF

Glu Ala Glin Ser Leu Ser

445

Leu His Asn His Tyr Thr Leu Ser Pro

435 440

Lys

Gly Lys
450

<210>
<211>
<212>
<213>

<220> .
<223> Chimeric (murine-human)

<400> 10

10

1353

DNA
Artificial

caggttcagc
tcctgtacag
cctgaacagg
gacccaaagt
ctgcaagtca
ggggacggcet

gectecacea

ggcacagcgyg
tggaactcag

tgcagcagtc
cttctggctt
gcctggaaty
tccaggacaa
gccgectgac
tctatgetat
agggeceecatc
ccctgggctyg

gcgceetgac

tggcectygag
caacatcaaa
gattggaagyg
ggccactatc
atctgaggac
ggactactgg
ggtcttcecc

cctggtcaag

cagcggegtyg

ctggtgaagc
gacacctata
atttatccta
acagcagaca
actgecgtet
ggtcagggag
ctggcaccct
gactacttcc

cacaccttcc

Page 9

caggggcecte
tcecactgggt
ccaatggcta
catcctcecaa
attactgctc
cctccgtgac
cctecaagag
ccgaaccggt

cggetgtect

actcaagttg
gaaacagagg
tactagatat
cacagectac
ccggtgggga
cgtgagctcce
cacctctggg
gacggtgteg
acagtcctca

60
120
180
240
300
360
420
480
540



<220> <223> Chimeric (murine-human) <400> 11 GIn Val GIn Leu GIn GIn Ser Gly Pro Glu Leu Val
Lys Pro Gly Ala 151015 Ser Leu Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn lle Lys Asp Thr 202530 Tyr
lle His Trp Val Lys GIn Arg Pro Glu GIn Gly Leu Glu Trp lle 354045 Gly Arg lle Tyr Pro Thr Asn Gly Tyr
Thr Arg Tyr Asp Pro Lys Phe 505560 GIn Asp Lys Ala Thr lle Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr
65707580 Leu Gin Val Ser Arg Leu Thr Seb@162A8pSTRP Alatval Tyr Tyr Cys 859095 Ser Arg Trp Gly

Gl ' %§ggé% 5.t Ala S I
Th% G%\%Sg;g%ltggf A-Igg EStaeér hr Les? %%E%—gese%r%a%‘ %'15%92 12 gﬁéélgrlo&l?g} %ﬂé%zro Sxtgﬁ%ﬁr L?/s gre\r/?hr

Ser GRCEH TR AT $1828 363 3TRA0 1G9 GRACTSCPREN APEYSIREPITWIPHE 856CGIu BRPVal Thr Val Ser
1451504654604 - Anih el £5ba MR dau T icges Gbay alHdis g i RhefREuddagea! 165170175 Leu Gin
Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro 180185190 ser Ser Ser Leu Gly Thr Gin Thr
Tyr IEEYSRET VA ASHARS LY 1887605268 1975 L&A FAR T VAEiREH 15E Arg VBT Glu Pro Lys Ser

Cys AapatQ2ab220 tyst it Higathtdays R Baagays RroAjgtia GlitteatWa Gly &g 225230235240
Pro Ser val Phe Leu Leu Pro Pro Lé? Pro L)és Asp Thr Leu Met lle 245250255 Ser %Thr Pro Glu Val

'ThrC§%Q%§F€§F9aﬁﬁgﬁggg?gﬁﬂg %§ TgCC aagacdaagc cgccggagga gcagtacaac

agcacgctece
gagtacaagt
aaagccaaag
ctgaccaaga
gccgtggagt
ctggactecy.

cagcagqgda

cagaagagcec

gtgtggtcag
gcaaggtcetce
ggcagceeecy
accaggtcag
gggagagcaa
acggctectt
acgrcttctc

tctecctgtce

cgtccteacc
caacaaagcc
agaaccacag
cctgacctge
tgggcagccg
cttecetetac
atgctcegty

tccgggtaaa

gtcctgeacc
ctceccageec
gtgtacaccc
ctggtcaaag
gagaacaact
agcaagctca
atgcatgagg
tga

aggactggct
ccatcgagaa
tgcceccatce
gcttctatec
acaagaccac
cegtggacaa

ctctgcacaa

gaatggcaag
daccatctcc
ccgggatgag
cagcgacatc
gcetetegtg
gagcaggtgg

ccactacacg

260
1020
1080
1140
1200
1260
1320
1353

<210>
<Z211>
<212>
<213>

<220>
<223>

<400>

11

450

PRT
Artificial

Chimeric (murine~human)

11

Glu val Ala

10

GIn val GIn Leu GIn GIn Ser Gly Pro Leu Lys Pro Gly
1 5

15

Ser Leu Leu Ser Thr Ala Phe Ile Thr

20

Lys Cys Ser Asn

25

Gly Asp

His val GIn Glu GIn Ile

35

Tyr Ile Trp LYS APrg

40

Pro Gly Leu

45

Trp

Gly Arg Ile Pro Thr Thr Phe

50

Asn
55

Tyr Gly Tyr Arg Tyr Asp Pro Lys

Ile Thr Ala Thr Thr Ala

70

GIn Thr

65

Asp Lys Ala Ser Ser

75

ASp Asnh Tyr

80

Leu G1n val Ser Arg Leu Thr Ser Glu Thr Ala val

85

Asp
90

Tyr Tyr

85

Cys

Ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Gln

105

Asp Tyr Trp

110

Gly

page 10



260265270 Asp Pro Glu Val Lys Phe Asn Trp Tyr val Asp Gly Val Glu Val His 275280285 Asn Ala Lys
Thr Lys Pro Pro Glu Glu Gin Tyr Asn Ser Thr Leu Arg 290295300 Val Val ser val Leu Thr Val Leu His
Gin Asp Trp Leu Asn Gly Lys 305310315320 Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro
lle Glu 325330335 Lys Thr lle Ser Lys Ala Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr 340345350 Thr
Leu Pro Pr Ser Ar GIu eu Thr Lys3Rs80GIH IS eFteu 355360365 Thr Cys Leu Val Lys Gly
Phe ? 3,% 1 Kia¥al il ﬁyg 6378380 158109241 "Lr 28 1 Blu Ser Asn Gly Gin Pro
Glu ASn ASn Tyr Lys Thr Thr Pro Leu Val 385390395400 Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr
Ser S, Leu T rV 40 41 415 r Gin G I Phe Ser Cys Ser Val Met
His 42042583 eél é 'F% 1'? [T rgG r‘?’i_%;? eérﬁ] eﬁf‘ ’{‘I_Xa"'\ Bor Pro 435440445 Gly Lys
450 <210> 12 <211> 1353 <212> DNA <213> Atrtificial <220> <223> Chimeric (murine-human) <400>
12 caqgiteanCdcaqrAgte ta9eCalng {CCHRCALCHELIPRE GRACHRAAA Pigaacagg geetggaatg
gattggémagg gacccaaagt tccaggacaa ggccactatc ctgéaagtca geecgectgac at@gaggac ggggacggct
tctatgctat ggactactgg gecctccacca agggceccatc ggtcttccce ggcacagegg ccctgggcetg cetggtcaag
tg0aa¢icas HCeEE I ACORA0CYICHEe JEaCHIact £E0lGa06A0 GHILEACC taGatrtgca acgtgaatca
caagcccagc aaatcttgtg gaaaactca cacatgccca/degtcagtct tectcttacc ¢ééaaaaccc gaggtcacat
gcgtggtggt ggacgtgagce tacgtggacg gcgtggaggt gcataatgcc agcacgctce gtgtggtcag cgtcctcacc
gagtacaagt gcaaggicic chataaagee aaagrencsy- gg@ag@acagagaacaaaag refgaccaaga accaggtcag
cctgacctge geegtgdd§t gggagagceaa tgggédgecg

ser Ser Ser Leu Gly Thr Gln Thr Tyr ITe Cys Asn val Asn His Lys
195 200 205

Pro ser Asn Thr Lys val Asp Lys Arg val Glu Pro Lys Ser Cys Asp
210 215 220

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu val Gly Gly
225 230 235 240

Pro Ser val phe Leu Leu Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
245 250 255

ser Arg Thr Pro Glu val Thr Cys val val val Asp val Ser His Glu
260 265 270

Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val Glu val His
275 280 285

Asn Ala Lys Thr Lys Pro Pro Glu Glu Gln Tyr Asn Ser Thr Leu Arg
290 295 300

val val ser val Leu Thr val Leu His GIn Asp Trp Leu Asn Gly Lys
305 310 315 320

Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu
325 330 335

Lys Thr Ile Ser tys Ala Lys Gly Gln Pro Arg Glu Pro GIn val Tyr
340 345 350

Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln val Ser Leu
355 360 365

Thr Cys Leu val Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp
370 375 380
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130100211_ST25.txt ctggactccg acggctcctt cttcctctac agcaagctca ccgtggacaa gagcaggtggl260
cagcagggga acgtcttctc atgctccgtg atgcatgagg ctctgcacaa ccactacacgl320 cagaagagcc tcteectgtc
tccgggtaaa tgal353 <210> 13 <211> 450 <212> PRT <213> Artificial <220> <223> Chimeric
(murine-human) <400> 13 Gin Val Gin Leo Gin Gin Ser Gly Pro Glu Leo Val Lys Pro Gly Ala 151015
Ser Leo é%/s Leo Se{ C%? Thr Ala1Ser Gly FREWIA TR YstAEp Thr 202530 j,'yr lle His Trp Val Lys Gin
“Arg @% ﬁrG’fﬁ'bR/ te &Igg'grﬁ‘;ll% %HO%SP‘CMFA@iIe g/r /o Tt ASH éB@Tyr Thr Arg Tyr Asp Pro
Lys Phe 505560 Gin Asp Lys Ala Thr lle Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 65707580 Leo Gin
Val Ser Arg Lea Thr Ser.Gly Asp, Thr Ala Val Tyr. Tyr Cys 859095 Ser Arg Trp Gly Gly Asp Gly Phe Tyr
N MOt A TS TS i SO TGS LA ARt A b s s ATH Sor Thr Lys Gy Pro Ser
Val 115120125 Phe Pro Leo Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 130135140 Leo Gly
Cys 50 gl LYSASPTYS Phs P GIN R MabTlr al 8ot 1AB15015346Qup Asn Ser Gly Ala Leo Thr
Ser Gly Val His h#zfghe Pro Ala val 1651425175 Leo GIn Ser Sen%ily Leo Tyr Ser Leo Ser Ser Val Val
Thr Val Pro 180185190 Ser Ser Ser Leo Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His Lys 195200205

Pagesig 413431&%932%&535%54%& PerSﬁ O.A@n N m&§y§e\fahé§pilz¥58 A9 Y& Ghg Pro Lys Ser cys Asp

Gly Lys

450
<210> 12
<211> 1353
<212> DNA
<213> Artificial
<220>
<223> Chimeric (murine-human)
<400> 12 :
caggttcagc tgcagcagtc tggccctgag ctggtgaage caggggectc actcaagttg 60
tcctgtacag cttcfggctt caacatcaaa gacacctata tccactgggt gaaacagagg 120
cctgaacagg gectggaatg gattggaagg atttatccta ccaatggeta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagectac 240
ctgcaagtca gccgectgac atcrgaggac actgeogtcet attactgeic ccggrgggga 300
ggggacggct tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagetce 360
gcctccacca agggoeccatc ggtettooee ctggeaccct cctecaagag cacctcetgayg 420
ggcacagcgg ccctgggetg cctggtcaag gactactitce ccgaaccggt gacggtgtcg 480
tggaactcag gcgecctgac cageggegty cacaccttce cggetgtcct acagtoctca 540
ggactctact cccicagcag cgtggtgacc gtgccctcca geagettggg cacccagacc 600
tacatctgca acgtgaatca caagcccage aacaccaagg tggacaagag agttgagecc 660
aaatcttgtyg acaaaactca cacatgccca ccgtgeccag cacctgaact cctgggggga 720
ccgtcagtct toctcttace ¢ccaaaacce aaggacaccc tcatgatcte ccggaccect 780
gaggtcacat gcgtggtggt ggacgtgage cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtggacy gcgtggaggt gcataatgec aagacaaagl cgccggagga gcagtacaac 900
agcacgctce gtgtggtcag cgtcctcacc gtcctgcace aggactggct gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagce ctcccagecc ccatcgagaa aaccatctce 1020
aaagccaaag ggcagecccg agaaccacag gtgtacacce tgeccccatc ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gctictatcc cagcgacatc 1140
gccgtygagt gggagagcaa tgggcagely gagaacaact acaagaccac goctccecgtg 1200
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210215220 Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly 225230235240 Pro Ser
val Phe Leu Leu Pro Pro Lys Pro Lys Asp Thr Leu met lle 245250255 Ser Arg Thr Pro Glu val Thr cys
val Val Val Asp val Ser His Glu 260265270 Asp Pro Glu val Lys Phe Asn Trp Tyr Val Asp Gly val Glu
val His 275280285 Asn Ala Lys Thr Lys Pro Pro Glu Glu GIn Tyr Asn Ser Thr Leu Arg 290295300 Val
Val Ser val Leu Thr val Leu His GIn Asp 38194 WsaGh- £y§ 305310315320 Glu Tyr Lys Cys Lys val
Ser Asdas: A3 LeuRie Ale Ria e GBIy 325330335 b YachRE eS8 SaicAlddgis GlyGi Pro Arg Glu
Pro GIn val Tyr 340345350 Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn GIn Val Ser Leu
355360BEY AFHRCYILELLFALL§EAShF FHE TR ISAS B AT BBV A BIIFATHE703737380 Glu Ser Asn
Gly GlagRsg{ale Asr Asrdod kysdderThy Rex Pro val 385390395400 Leu Asp Seryasp Gly ser Phe
Phe Leu Tyr Ser Lys Leu Thr val Asp 405410415 Lys Ser Arg Trp GIn GIn Gly Asn Val Phe Ser Cys
Ser vgJypet Hig 420425430 Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro

435440445 GlyoLys 450
<212> PRT
<213> Artificial

<220>
<223> cChimeric (murine-human)

<400> 13

Gln val GIn Leu GIn Gln ser Gly Pro Glu Leu val Lys Pro Gly Ala
1 5 10 15

Ser Leu Lys teu Ser Cys Thr Ala Ser Gly Phe Asn Ile Lys Asp Thr
20 25 30

Tyr Ile His Trp vVal Lys GIn Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45

Gly Arg ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr Asp Pro Lys Phe
50 55 60

Gin Asp Lys Ala Thr Ile Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr
65 70 75 80

Leu GIn val Ser Arg Leu Thr Ser Glu gsp Thr Ala val Tyr Tyr Cys
85 0 95

ser Arg Trp Gly Gly Asp Gly Phe Tyr Ala Met Asp Tyr Trp Gly GIn
100 105 110

Gly Ala ser val Thr val Ser Ser Ala Ser Thr Lys Gly Pro Ser val
115 120 125

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala
130 135 140

Leu Gly Cys Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser
145 150 155 160

Trp Asn Ser Gly Ala Leu Thr Ser Gly val His Thr phe pPro Ala val
165 170 175

lLeu GIn Ser Ser Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro
180 185 190

Ser Ser ser Leu Gly Thr GTn Thr Tyr Ile Cys Asn val Asn His Lys
195 200 205
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Pro

Ser

Asp

Asn

val

305

Glu

Lys

Thr

Thr

Glu

385

Leu

Lys

Glu

Gly

Ser
210
Thr
Ser
Arg
Pro
Ala
290
val
Tyr
Thr
Leu
Cys
370
ser
Asp
Ser

Ala

LYS

Asn

His

val

Thr

Glu

275

Lys

Ser

Lys

Pro

355

Leu

Asn

Ser

Arg

Leu
435

Thr
Thr
Phe
Pro
260
val
Thr
val
Cys
Ser
340
Pro
val
Gly
Asp

Trp

His

LYS

Cys

L.eu

245

Glu

Lys

LysS

Leu

Lys

Lys

ser

Lys

GIn

AsSn

val

Pro

230

L.eu

val

Phe

Pro

Thr

310

val

Ala

Arg

Gly

Pro

390

Ser

GIn

His

215

Pro

Pro

Thre

Asn

Pro

295

val

Ser

Lys

Asp

Phe

375

Glu

Phe

Gly

Tyr

LYS

cys

Pro

Cys

Trp

Glu

L.eu

Asnh

Gly

Glu

360

Tyr

Asn

Phe

Asn

Thr
440

130100211_ST25.tXxt

Arg val Glu Pro Lys

Pro

Lys

val

265

Tyr

Glu

His

Lys

Gin

345

Ley

Prro

AsSn

Leu

val

425

Gin

Ala

Pro

250

val

val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Tyr

410

Phe

Lys

Pro

235

Lys

val

Asp

Tyr

315

Leu

Arg

Lys

ASD

Ser

Ser

220

Glu
ASp
Asp
Gly
Asn
300
Trp
Pro
Glu
Asn
Ile
380
Thr
Lys

Cys

Leu
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l.eu

Thr

‘val

val

285

Ser

Leu

Ala

Pro

Glin

365

Ala

Thr

l.eu

Ser

Ser
445

Ser

Leu

Ley

ser

270

Glu

Thr

AsSn

Pro

val

val

Pro

Thr

val

430

Leu

Cys

Gly

Met

255

His

val

l.eu

Gly

Ile

335

val

Ser

Glu

Pro

val

415

Met

Ser

Asp

Gly

Ite

Giu

Arg

Lys

320

Tyr

Leu

Trp

val

400

ASp

Pro



