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the group consisting of: F243L, D270E, R292P, S298N,
Y300L, V3051, A330V and P396L; (B)at |east two
substitutions selected fromthe group consisting of:
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(E)at least F243L, R292P, Y300L, V3051 and P396
substitutions. 100331The i nvention further concerns
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are speaidizedeerl] urfaceHesepopngiy hesmtoppigic egllsp The dezdrmth p%@eélrlhawsponses
triggfred %9%dedtb§ rAR S Mknife @&ﬁrﬁéxe§ b kd ARG S i¥ucRial hetero eneity of Fc
sequéntially wth the anti wherei n t he secon§
recetpar afffe tRCEEOTA Ghde srrgct%rélheéftl@d! fligzndh pipdingydegpins which presumably
med@RNSt3L1MY s@halRP. aNnt i angi ogeni ¢ agent, an
anti - neopl asti c agent, a chenot herapeutic agent, and a
tot oxi ¢ agent. [0041] Addi ti onal advantages and
lﬂﬂlﬁﬁ at dhegc drcentpis. Hemeandf theyampnagipbifin gens sURgs3EELE 9f proteins, are
surfdcé QtdpRRcihOthh QW Hidd BRIFRiIpbAEn dERmuinBEILAMN 1l @MW 9Sac M mber of
exanples, which illustrate preferred enbodi nents_of
the faRidy TeqQeaves eﬁnunoekowfns PESRST 4T 509" HOgPes ThEUSy Btk pggyion domain on
[0042] Figure 1 depicts a sequence alignnment conpari ng
the sequences of the |ight _ghain variable region of a
chinmeric 4D5 anti body of a preferred enbodi nent (SEQ
IDNO 4) with nurine (SEQ ID NGO 3) and humani zed
(SEQ ID NO 5) 4D5 anti bodies. [0043]Figure 2 depicts
a conpari son between the sequences of the heavy chains
of ch4D5- mnld type Fc (" VW ) (SEQ ID NO' 7),
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[ 0045] Figure 4 depicts the effect of ch4D5 on the
proliferation of SKBR3 cells in vitro. [0046] Figure 5
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that are associated with sonme degree of abnormal cell
proliferation. In one enbodi nent, the cell

wpembitaseati ve di sorder is cancer. [0062] The tBCTUS2009/038201
“chimeric," when referring to antibodies, refers to an
anti body in which a portion of a heavy and/or Iight

Ll { h
spanf o g B R S R) SR Gl b e FAguT gt Ferks
desigheitad | Fagisl, ((Mbvi4),eFdyRE (CEY3R), MHCARITD OCD i6QnaridsFdyBENt i Thal re¢eptors are
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encefi TR Bt P St arebule B bATGLERREy Ry sueees
they a®sd fi@y a exdiinbi progdndrotiesiapekly nollgdicamh. acti vity
Chineric antibodies of interest herein include
ri ant i b S, comri si e.d
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differeaagicptnglainde rhiyiice do a]&sﬁléiﬁlctur@Dﬂiﬁtaan cﬂheCEImzme[ 6)10614]3&$R -mediated

sed her ei he. ter mﬁcydé aboqé/Xtel g?%ﬁlF%}a Ir%tz,}%{lf-‘AtPocryﬁIHA and

cellulljar reﬁponses I?{Al\/f contalmn o F o e L &

Fcymachhmm]bﬂivecm@uahg ¢oea:$dxeso(ney MbludmlobyﬁﬁB VH donai n or
fragment thereof, wherein both domains are conprised
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. I t
chaujf %Megét%ﬁ%{hnﬁ e%fﬁﬂlﬁ% %ﬁ@@&p@kﬁﬁs dfeﬁ%)éef eie ?e%‘{ﬁi)\%fl&&{an FcyRIT
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its dxtragednler ciginam, ist 96%t edenticahub oFevRliAe and deadseleG $0msbdes in an
ly with - 16- the term "autoi mune
lndlsdﬂélﬁghgﬂgﬂg?%pr efer to a condition in a subject

characterized by cellular, tissue and/or organ injury
[00268]aus Edbtibgt dfiferenepunidihio glieccyroehtemicohm@ms PhECYRIbA eed F¢Y&I-B create

IRy G8kdoBenchd $ Qe P TREEERIM isof
two .fl?n%?f'h gtle ogen Ihés eegg(gr?es?@ Sg‘%}f i %?tgoﬁhcha%geoa% 1so rm initiates
intragdhleslat eralwlmgnkh@nmm ofl adivgtier gpch tSOPhaef)eitOStSOaral resmratory burst,
helGQ 1) & roiPliftresC ALAGL S LB AETBLL P hotivation.
v elg%e@ er a@?l H?Ooﬁllidg lriﬁna#tharrmalt)t 8‘3 51 Aut oetgymrﬁlne) ' sor d1 rgtwamn
FeyRddy cl@iftermyvmmmmbe camplgtdsar edecqumlqumcm‘hnklwserves to aggregate
ITAlgfg £ &ith ﬂe&fpsogrqgg&htgﬁl glg%/es %thﬁ%al %1[1 o e?ﬂésﬁgor?%mﬂp ITAM
phosehaylafeqnesptvzse@ aaleclbnﬁ fite dent ok imasee aciiverionreff Whiehwgsoltsyin activation of
dowflrah Q88:Harel QO L lIMarSfcHi BELR 168 b ‘reiRe Yo
o er%irln ref tgrg ? 3|k?el? oflarg{?egdi%mm%ae stysr% em t h Om ammatory
medigtopy eWhes cohgatesh ornaoraggReatekelom vtk ap pekivatel Ewé,ishadme arITAM,
such'™® rF%}rl] €A %Q‘FQJRI]C HPGHIN TS Fe fI|IBe6:JCQI¥ICSC@OLI§IOW4dUQ1g B8bits the SH2

are 'imted to nonocytes, macrophage

neutrophils dendritic cells, eosinophils, mast cells,

platelets, B cells, |arge gi7anul ar | ynphocytes,

Langer hans' cells, natural killer (NK) cells, and nmay

be fromany organismincluding but not limted to

hurrans, mce, rats, rabbits, and nonkeys. [0067] The

term"effector cell"™ refers to biological activities

attributable to the interaction of an antibody Fc
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[0078] As used herein, the term"i munospecifically

binds," refers to the specific binding exhibited
wheziogezssoan anti body and the epitope that it PCT/US2009/038201

recogni zes. Such binding will typically exhibit a KD

of at least about 0.1 mM nore usually at |east about

pr efera t | east .abou LALLM ess,. ,and .
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sequences" include DNA nol ecules (e.g., cDNA or

[0029]?”%&6{93% % echﬁ&‘ﬂvgsre{]ybérl as o%ﬁlgﬁ)of tﬁeolﬂﬁi tnan@l?am for
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double stranded DNA [0083] Substantlal sequence
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ggacattctc ccaaactgct gatttactcc gcatccttcc ggtacactgg
agtccctgat 180 cgcttcactg gcagcagatc tgggacagat

W e@aaeIspLa ccatcagcag tgtgcaggct 240 gaagacctBOI/US2009/038201
cagtttatta ctgtcagcaa cattatacta cacctcccac cttcggaggg
300 ggtaccaagg tggagatcaa acgtacggtg gctgcaccat

tcttc t cttc a 360. tct tc :
pronioéeg é]&a&{Oé) %getn&e(dba?e(dglfclﬁgocgt@élts g]%rF% g?ng 1&1%?)6’32:6115, production of
proifféagagagdoldcaandthatac ghaggaagangug alll@@c gactiont ddigab eggg(2007)

Natutrea n%mﬁrcl:o oggr 8:762-771). FcyRIV is a recently identified receptor, conserved in all

mammalian species with intermediate affinity and restricted subclass specificity (Nimmerjahn et
al. (2005) Immunity 23:41-51; Mechetina et al. (2002) Immunogenetics 54:463-468; Davis et al.
(2002) Immunol Rev 190:23-36). FcRIII and FcRIV are physiologically important activation
FcRs for mediating inflammatory disease triggered by cytotoxic antibodies or pathogenic immune

complexes. FcRIV is found on dendritic cells, macrophages, monocytes and neutrophils.

[0024] Despite all such advances, a need remains for anti-HER2/neu antibodies that possess
therapeutic use in the treatment of autoimmunity, cancer, inflammatory disease, and/or
transplantation, and exhibit improved ability to mediate effector function from the Fc receptors.

The present invention is directed to this and other needs.

Summary of the Invention:

[0025] Embodiments of the invention provide various polypeptides, for example a polypeptide
comprising an immunoglobulin 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
sequence of SEQ ID NO: 2, and a polypeptide comprising a chimeric 4D5 immunoglobulin light
chain comprising an N65S substitution. Other embodiments provide a polypeptide comprising an
immunoglobulin heavy chain having the amino acid sequence of SEQ ID NO: 7, a polypeptide
comprising an immunoglobulin heavy chain having an amino acid sequence selected from the
group consisting of SEQ ID NO: 9, SEQ ID NO: 11, and SEQ ID NO: 13, and a polypeptide

comprising a 4D5 immunoglobulin heavy chain comprising various substitutions.

[0026] The polypeptides may be antibodies, and may specifically bind human HER2/neu. The
polypeptides and antibodies may comprise a variant Fc domain, which comprises one or more
modifications, which may confer a phenotype alteration on the polypeptide or antibody, including
altered effector function, increased or decreased binding to an FcyR, etc. The embodiments of the
invention also provide polynucleotides encoding the polypeptides and antibodies, vectors
comprising the polynucleotides, and host cells comprising the vectors. Methods of producing the
polypeptides and antibodies, as well as methods of treating various diseases and disorders, are also

provided.

[0027] In detail, the invention provides a polypeptide comprising a chimeric 4D5

immunoglobulin light chain comprising an N65S substitution, and particularly the embodiments of

_9.



480 gagagtgtca cagagcagga cagcaaggac agcacctaca
gcctcagcag caccctgacg 540 ctgagcaaag cagactacga
wQ@2amaazsana gt ctacgcct gcgaagtcac ccatcagggc 6BOI/US2009/038201
ct gagctcgc ccgtcacaaa gagcttcaac aggggagagt gttag 645
[0088] Chineric |ight chain am no acid sequence (SEQ ID

NO, 2): DI V HKE MSTSVGDRVS | T VN. TAVAWY QQKP .
sueh Ry ST R PGSR ST Sl omaning th

aminkaRtiAYaGiERdR oF SEQRP THEG SHKYEQHBRINOANPSVFI FPP 120
SDEQLKSGTA SVWCLLNNFY

[0028] The invention particularly concerns the embodiments of such polypeptides wherein the
polypeptide is an antibody, and more particularly, an antibody that comprises a variant Fc domain
having at least one modification in the Fc domain. The invention particularly concerns
embodiments wherein the modification comprises at least one substitution selected from the group

consisting of L235V, F243L, R292P, Y300L, V305I, and P396L.

[0029] The invention further concerns the embodiments of such antibodies wherein the
modification in the Fc domain comprises:
(A) at least one substitution selected from the group consisting of F243L, D270E,
R292P, S298N, Y300L, V3051, A330V, and P396L;
(B) at least two substitutions selected from the group consisting of F243L and P396L;
F243L and R292P; and R292P and V305I;
© at least three substitutions selected from the group consisting of F243L, R292P
and Y300L; F243L, R292P and V3051; F243L, R292P and P396L; and R292P,
V3051 and P396L; or
(D) at least four substitutions selected from the group consisting of F243L, R292P,
Y300L and P396L; and F243L, R292P, V3051 and P396L;
and more particularly concerns antibodies wherein the modification in the Fc domain comprises:
(1) F243L, R292P, and Y300L;
(2) L235V, F243L, R292P, Y300L, and P396L; or
(3) F243L, R292P, Y300L, V305, and P396L.

[0030] The invention further concerns the embodiments of such antibodies wherein the variant
Fc domain exhibits, as compared to a wild-type Fc domain:

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

(B) increased binding to FcyRIIA or to FcyRIIIA;

© decreased binding to FcyRIIB; or

(D) increased binding to FcyRIIB.

[0031] The invention further concerns a polypeptide comprising an immunoglobulin heavy
chain comprising a variable domain having an amino acid sequence selected from the group

consisting of SEQ ID NO: 9, SEQ ID NO: 11, and SEQ ID NO: 13.
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PREAKVQVKY DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVTKSFN RCGEC 214

WO 08913Bhese anti bodi es having a nodificati on BET/US2009/038201
positions 65 of the VL region |ack an N- |inked
gl ycosylation site found in the native nurine 4D5

ti d as can be seen i Figure 1..whi .depi ct n
10033 SRE Ry S G E e R T SR SRy R neavy
chaise@mupeiside:s of a chineric 4D5 anti body having an N65S

nodj ficatjon (SEQ |.D.NO .4),, and _the native.nuri
(SE 1 DN 89S S S P B Ry onddiggt P, pros
ant i bodiRe$2P, SeosanaBHEr, V30 &I a830atandPB0gli; ment , t he

ant i bodi es conpr | a N6bS nmpdification i.n the VL
Fedon. st pPareT RERy Ragel Bt SyrsRilrh et aci d
sequencelof SEQUARIREN6I4. These sequences are .

et d seflencE LA FNENS) © DI MTOSHKE MATSVCDRVS.
| TCKASQDWYN TRYSMRGIRBOSHSPKLLI YS ASFRYTGVPDG0

GriLE! KPATEG 006 T2 TS P USS000 U 3t

[ 0091] Chi)ner iFe43VL RPEXP aad Yandno aci d sequence (SEQ I D
NO 4): PV K TS S | TCKASQDVN TAVAWYQQKP
GHSPKLLFJ?S XE% E%/%Ga@ RSGID FTFTI SSVQA
EDLAVYYQG)Q HYTRPPREGB o0 RKYALKEKL09 [ 0092] Humani zed VL
regi on i N0 ' ue SEQ I D NO 5): DI QUIQsSPSS
LSASVGI)%@]T |%&%@ﬁ a‘?&%@@ GKAPKLLI YS

ASHDL ESGYRSE0foRRSGSRBGH s cFetied ISl R rpFATN Y GOQS:

HYTTPPTF, I 0 09 one, embodi ment, the

heavy cﬁé?n%@cﬁaﬁ%z}i’%é&@@ﬁﬁ%&?ﬁ%e Fc region,

preferall)y eme4sded2¢p, VB&SIautP3L; aci d sequence of SEQ

ID NO 6, or having the am no acid sequence of SEQ ID

NO”' 7. These sequences are presented bel ow

[ 0024 ] Hetlwast ERELNR29AR) YRPOW VEDST yijpieP3B6 subsgrutaonsnucl ei ¢

acid sequence (SEQ ID NGO 6): caggttcagc tgcagcagtc

gceet gag ct ggt.gaage . ca cet e act caagttgb : :

003307 It A R AR MM REEAE S SRR b 3B ensde gpein e
polyprpaidciagaggibady. cct gaacagg gcct ggaat g gatt ggaagg

atttatccta ccaatggcta tactagatat 180 gacccaaagt
[003&]Ccag’g9cf1§% t%%c fidr Ao ARAGE ae%%%?\m%ﬁ]tt gfc{hg C88Ve-described antibodies,

cacagcctacﬁ c gcaagfca gccgcctgac atctgaggac
whergint e egfitotly durthac tguirsec oy giggygeBdd byyy alegy cemprising a variable
a4 004 S AELSFLIRCONEAPAIN0 SCLERING, . 50 10 N 1o
SEQdiDgy@attct cct ccaagag cacctctggg420 ggcacagcgg

ccctgggetg cctggtcaag gactacttcc ccgaaccggt

[00392CIGhILEAHRD RALAATHERS BE 9:%8&9%& GPHE IGH Bscribed antibodics,

cacaccttcc cggctgtcct acagtcctcab40 ggactctact
whergindheangibady cogpiggs:gacc gt gccct cca gcagcettggg

caggrag a0 Gk t CARC
CopSp 0SSO0, ol S0 dnn L GOPREGCHRE o o

acaaaac Rl aeuhNy ¥Sed. 38t lga s pnd #88elgaact
c Ct(@)g 99909842 o substitutions selected from the group consisting of:

(1) F243L and P396L;
(2) F243L and R292P; and
3) R292P and V305I;

© at least three substitutions selected from the group consisting of:
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ccgtcagtct tcctcttccc cccaaaaccc aaggacaccc tcatgatctc
ccggacccct 780 gaggtcacat gcgtggt ggt ggacgt gagc
W@ amgazmsac ct gaggtcaa gttcaactgg acgt ggaceCT/US2009/038201

@ t t tt t9gg840 t t
gcgt ggaggt gcat aat gcc aagacaaagc cgcgggagga
gcagt acaac900 agcacgtacc gtgtggtcag cgtcctcacc
gtcctgcacc a t caag960 gagt acaagt
gcaaggt?ﬁc cggggagg%%”%?gﬁgggccc ccat cgagaa
ascgatC(Dc1?E®¢ﬁaagﬁﬁamaggggfagciggg a?aaccacag
gt gt acacgc c C ! ct gaccaaga
accaget (g cElRUeRitr TOUITAND gott ot at e
cagcgac&@c114@9@2G@Dggﬁ@P%@ggagagggg t?ggca?ccg

acaa o C ctc

acoatt ot b L PR PTGy P ey A e e oF

g?gca?g(gg126®¢ﬁagﬂﬁggggmnamgwemﬂgggiatgctccgtg
atgcatg g c a : cagaagagcc
tct ccct %gggg?ggg)9>§§§%gﬁ§%%95]kbavy chai n havi ng
mﬁbd-type Fc region am no acid sequence (SEQ I D NO

QVQL V GF, DTYI KR

EWF R VBN HveD. B DR TAD SNy
LQVSRLTSED TAVYYCSRWG GDGFYAMDYW GQGASVTVSS120
[0039]STK(EBSWI@ntMPJSSKc$Tc$®e@iEAAt@@bMﬁnWFBEM&b@vWE@MsM&@&bodies

N R T ST
sequiktiod L1 SERY PD EVDCH\arid\iBe HiDREOZKBN WDG\dEMInNAMprises an amino acid
KTKP A/ YKCKVSNKA
Seq“E%ﬂﬁ%ﬁM@%?%ﬁ% ETKNQ\/SLTC
LVKGFYPSDI  AVEVWESNGQP ENNYKTTPPV LDSDGSFFLY
[003FKL TVDK SRMARD QOBN\PSEBY hEMb by @(%&@W@B@ed antibodies
0936] her di [
WhCIICQI %gn%nﬂlafc{y £'a %%2 I@Iﬁ%ﬁm I %h‘gab) egt{; %aﬂrrl]élg' Bain antibody, a

nmn@ﬂ@ﬁbmabwywm@ﬁpboéang a variant Fc region, and nore
preferably conprising a variant Fc region such as

ML, F nd n e
oM e g, 5 MR MR8 587 NGRS PRUBFCRRDNAL n e
mangfheiin ohayedigenRaMpe thedieataent dfcancergn @ matipnt loed p,afmﬂadly, wherein the

canc&qg H ﬁﬁﬁ@/n&? rés@né\gnceg)and GR94h 'ﬂfé%g&botdg Bfﬁggl‘rﬂgﬁa‘r‘l HER2/neu.
ggccctgag ctggt gaagc caggggcctc actcaagttg

tcctgtacag cttctggctt caacatcaaa gacacctata tccactgggt

[0039ln a ad hgy lxyeptive Gurthex ¢paeapmeibed ¢fgepating cancer which comprises providing

to a patient in need thereof an effective amount of the above-described antibodies, and particularly,
wherein the cancer is a HER2/neu-expressing cancer and wherein the antibody binds human

HER2/neu.

[0040] The invention further concerns the use of such antibodies wherein the treatment further
comprises the step of administering a second therapeutic agent simultancously or sequentially with
the antibody, wherein the second therapeutic agent is selected from the group consisting of an anti-

angiogenic agent, an anti-neoplastic agent, a chemotherapeutic agent, and a cytotoxic agent.

[0041] Additional advantages and features of the present invention will be apparent from the
following detailed description, drawings and examples, which illustrate preferred embodiments of

the invention.
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gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa
weawaagzspec 240 ctgcaagtca gccgcctgac at ct gaggecr/us2009/038201

actgccgtct attactgctc ccggtgggga 300 ggggacggct
tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagctcc

o RBiGhiE O BT ggRRL5 201 Locee clomeccet
[004?];;2%@%%3 C%Si%%saacgé[qﬁgncg % g?n%ge(r:ltq %m;gazrai%g %egsteglgengessoof the light chain
variable region of a chimeric 4D5 antibody of a preferred embodiment (SEQ ID NO: 4) with
murine (SEQ ID NO: 3) and humanized (SEQ ID NO: 5) 4D5 antibodies.

[0043] Figure 2 depicts a comparison between the sequences of the heavy chains of ch4D5-
wild-type Fe (“WT”) (SEQ ID NO: 7), ch4D5-FcMTI1 (“MT1”) (SEQ ID NO: 9), ch4D5-FcMT2
(“MT2”) (SEQ ID NO: 11), and ch4D5-FcMT3 (“MT3”) (SEQ ID NO: 13). The CDRs arc

indicated with black bars shown underneath the pertinent residues.

[0044] Figure 3 depicts a BIACore analysis of ch4D5-wild-type Fc (panel A), ch4D5 (panel
B) and trastuzumab (panel C) binding.

[0045] Figure 4 depicts the effect of ch4D5 on the proliferation of SKBR3 cells in vitro.

[0046] 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.

[0048] Figure 7 depicts the role of mFcRIV and hCD16A in tumor growth inhibition by

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

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

embodiments in hCD16A transgenic mice.

[0050] Figure 9 illustrates representative immunohistochemical 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; Pancl B: MDA-MB-231; Pancl C: A549; Panel D: OVCAR-8; Panel E: MCF-7;
Panel F: BT-20; Panel G: HT-29; Panel H: ZR75-1; Panel I: JIMT-1; Panecl J: MDA-MB-453;
Panel K: BT-474; Panel L: SKBR-3; and Panel M: mSKOV-3.

[0051] Figure 10 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 (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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gcgccctgac cagcggcgtg cacaccttcc cggctgtcct acagtcctca
540 ggactctact ccctcagcag cgtggtgacc gtgccctcca
wW@emgariIsgyg cacccagacc 600 tacatctgca acgt gaatPer/UsS2009/038201
caagcccagc aacaccaagg tggacaagag agttgagccc 660
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacct gaact

ctg 720 ccgt cagt c tcttacc. cccaaaaccc ... .
00s§E . SRRRAT faert P (AR el e OGRS Saey abilty of various
chATc gitgodiggst g acgingagbodincgaagmediate LAAQQLC amegt dotldaret 04549 in
Pane?i?OVCAR—?S in Panel B; MCF-7 in Panel C; BT-20 in Panel D; HT-29 in Panel E) having
low HER2/neu expression levels (DAKO score of 1+).

[0053] 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+).

[0054] Figure 13 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 (MDA-MB-
453 in Panel A; BT-474 in Panel B; SKBR-3 in Panel C; mSKOV-3 in Panel D) having high
HER2/neu expression levels (DAKO score of 3+).

Detailed Description of the Invention:

[0055] The present invention provides novel antibodies and methods for treatment, diagnosis
and prognosis for certain cancers using antibodies against HER2/neu. In particular, the present
invention provides anti-HER2/neu antibodies that are particularly useful as selective cytotoxic
agents for HER2/neu overexpressing cells, for example chimeric 4D5 antibodies to HER2/neu,
which have reduced glycosylation and altered effector functions as compared to known 4D5
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.

[0056] 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 utilized, and that structural, biological, 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 commonly 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 techniques 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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tacgt ggacg gcgtggaggt gcat aat gcc aagacaaagc cgccggagga
gcagt acaac 900 agcacgctcc gtgtggtcag catcctcacc

w@rmenzpsatcc aggact ggct gaat ggcaag 960 gagt acaaRgT/US2009/038201
gcaaggtct c caacaaagcc ctcccagccc ccatcgagaa aaccatctcc
1020 aaagccaaag ggcagccccg agaaccacag gtgtacaccc

t. C t 080 ca accaggt
seniRigie e L geraany ev aPiP T SRyBERIR TR0 Acia chemisiry
(Beagmggbzggagts Gggavigcadoisgihgc 2Q0E J ugagdactacty in anmagaegyd Coligan
et alg %&t.’cﬁ)l%g{w%ey & Sons, N.Y., and supplements 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 et 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 & Wilkins, 21st edition
(2005), for example.

A. Definitions

[0057] As 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) recognize bound antibody on

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

[0058] As used herein, the term “antibody” refers to monoclonal antibodies, multispecific
antibodies, human antibodies, humanized 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, e.g., 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, etc.), 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 immunologically active fragments of immunoglobulin molecules, i.e., molecules that contain
an antigen binding site. Immunoglobulin molecules can be of any type (e.g., 1gG, IgE, IgM, IgD,
IgA and IgY), class (e.g., 1gGy, 1gGy, 1gGs, 1gGy, IgA| and IgA,) or subclass (see, ¢.g., United
States Patent Publication Nos.: 20040185045; 20050037000; 20050064514; 20050215767
20070004909; 20070036799; 20070077246; and 20070244303).

[0059] Reference to a “B cell antigen receptor” or “BCR” is intended to reference the B cell
antigen receptor, which includes 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 CD79a and CD79b components, or
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1200 ctggactccg acggctcctt cttcctctac agcaagctca

ccgtggacaa gagcaggtgg 1260 cagcagggga acgtcttctc
wat@enzisgt g at gcat gagg ctctgcacaa ccactacacg 1B20US2009/038201

cagaagagcc tctccctgtc tccgggtaaa tga 1353

[ 0098] Heavy chai n having FcMI1l variant Fc regi on am no

o SRR B BB 2 S R S5 i s

and/ ERKHQIKATs o AAE SHINBAEx kAN BRI TSk bTAMMEYOHRMIG GDGFYAMDYW
GQGASVTVSS 120 ASTKGPSVFP LAPS SKSTSG GTAALGCLVK

[0060] 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

associated with a specific cancer antigen.

[0061] 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 to 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.

[0063] 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 a 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 Fc 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 Vg domain. The
individual polypeptide chains comprising the multimeric proteins may be covalently joined to at

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

[0065] As used herein, the terms “disorder” and “disease” are used interchangeably to refer to
a condition in a subject. In particular, the term “autoimmune disease” is used interchangeably with
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DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180 GLYSLSSWT
VPSSSLGTQT Yl CNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG
WQ2IRE8s4 L PPKP KDTLM SRTP EVTCVVWWDVS HEDPEVKHMYY/US2009/038201
YVDGVEVHNA KTKPPEEQYN 300 STLRVWVSI LT VLHQDW.NGK
EYKCKVSNKA LPAPI EKTI S KAKGQPREPQ VYTLPPSRDE 360

LT SLTC ljlyg%YPSDIE AVM@%W%%%@QQ% Zﬂéb tissue

and/@O(ﬁ@'&] iy yausdibibyn ah axtintig | detdMiEactioardf ait subject @itsoswn cells, tissues
and/(r;]ruc(:)lrg%}lsc 'PI‘FI ?e Sequ nceatgr‘?fEleeaseN?s used interchangeably with the term
“inflammatory disorder” to refer to a condition in a subject characterized by inflammation,
preferably chronic inflammation. Autoimmune disorders may or may not be associated with
inflammation. Moreover, inflammation may or may not be caused by an autoimmune disorder.

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

[0066] The term “effector cell” as used herein refers to a cell of the immune system that
expresses one or more Fc 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 lymphocytes, Langerhans' cells, natural killer (NK)
cells, and may be from any organism including but not limited to humans, mice, rats, rabbits, and

monkeys.

[0067] The term “effector cell” refers to biological activities attributable to the interaction of
an antibody Fc region with an Fc 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 (e.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 response 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 “Fc receptor” or “FcR” are used herein to describe a receptor that binds to
the Fc 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,
FeyRII, FeyRII, and FeyRIV subclasses, including allelic variants and alternatively spliced forms
of these receptors, e.g., there are at least two known FcyRII receptors, FcyRIIA and FcyRIIB. The
term FcR also includes the neonatal receptor, FcRn, which is responsible for the transfer of

maternal IgGs to the fetus.
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10): caggttcagc tgcagcagtc tggccctgag ctggt gaagce
caggggcctc actcaagttg 60 tcctgtacag cttctggett

W@ ameAt8eha gacacctata tccact gggt gaaacagagg 1BOI/US2009/038201
cct gaacagg gcctggaatg gattggaagg atttatccta ccaatggcta
tact agatat 180 gacccaaagt tccaggacaa ggccact atc

cagcagac cat tccaa.cacaggct
007 RO e e R RCG BT B LA e B UB greggtfan 10
heavg Gﬁhug gadacegy alic Hodhdrigehat vaggdhig t}@gmggﬁ Cegagchain Fc region is
deﬁn%gtt(g: gt%tu%af%om Cys226 to the carboxy terminus. The Fc region of an IgG comprises two
constant domains, Cyy and Cys. The Cy, domain of a human IgG Fc region (also referred to as

“Cy2” domain) usually extends from amino acid 231 to amino acid 338, and the Cy; domain of a

human IgG Fc region usually extends from amino acids 342 to 447.

[0071] 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 Cy, domains, at the asparagine at position 297

(Asn 297).

[0072] 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 immune 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.

[0073] 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
immunoglobulins and the corresponding domains of synthetic (e.g., recombinant) binding proteins
(e.g., humanized antibodies). The basic structural unit of naturally occurring immunoglobulins
(e.g., IgQ) is a tetramer having two light chains and two heavy chains. Usually naturally occurring
immunoglobulin 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 chains of a naturally occurring 1gG molecule is
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cgtgagctcc 360 gcctccacca agggcccatc ggtcttcccce

ct ggcaccct cctccaagag cacctctggg 420 ggcacagcgg
w@embazesed g cct ggt caag gactacttcc ccgaaccggt gRChUSTHDYES8201

480 tggaactcag gcgccctgac cagcggcgtg cacaccttcc

cggctgtcct acagtcctca 540 ggactctact ccctcagcag

fatggt ctcccg caqgctt gacccagacc 600 .

NVERaPat0E Ruge S EED TR Ao IRERTARERE Thiga cutgal s e
hingagtgigagdbe abbblaaagicist gf gn aAg@aaattula wadai gcchia complementarity
detercr:ncil%%g cr:e%g:o%g (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-CDRI1-
FR2-CDR2-FR3-CDR3-FR4-C.

[0074] As used herein, the term “heterologous” nucleic acid denotes DNA, RNA, etc.that is
introduced 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.

[0075] The term “hinge region” is generally defined as stretching from Glu216 to Pro230 of
human IgG1. Hinge regions of other IgG 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 immunoglobulin 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 nonhuman 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 in combination as a basis for a

humanized antibody.

[0077] As used herein, the term “immunomodulatory agent” and variations thercof refer to an
agent that modulates a host’s immune system. In certain embodiments, an immunomodulatory
agent is an immunosuppressant agent. In certain other embodiments, an immunomodulatory 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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cacctgaact cgtgggggga 720 ccgtcagtct tcctcttacc
cccaaaaccc aaggacaccc tcatgatctc ccggacccct 780

wQ@amguzseat gcgtggt ggt ggacgt gagc cacgaagacc CRQEUSH00H@38201
gttcaactgg 840 tacgtggacg gcgtggaggt gcataatgcc
aagacaaagc cgccggagga gcagtacaac 900 agcacgctcc

f gt tcag, cgtcctcacc.gtcct gcacc..a Cl { at caag. ..
100780 GgPAEATED: Be g R HAAUGREE i g dfe HREIRe Binding
exhiGiedttegagaan aaitdy ahd eheldHAOpcathagic caagdzey g Sagic dadig will typically
exhil‘)alg a? %CD %?gtalgast about 0.1 mM, more usually at least about 1 uM, preferably at least about
0.1 uM or less, and most preferably, 0.01 uM or less. Preferably, the antibodies of the invention

immunospecifically bind to proteins with high affinity (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., immunoassays, 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

immunoassays, 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; US 20080044429; US 20080050371; 11/869,410; 11/952,568; U.S. 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/US07/86793

[0081] The term “monoclonal antibody” as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.c., 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 single epitope. 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.

[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
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gt gt acaccc tgcccccatc ccgggatgag 1080 ctgaccaaga
accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc
wd 1000/1238g cgt ggagt gggagagcaa tgggcagccg gagaarEEU$2009/038201
acaagaccac gcctctcgtg 1200 ctggactccg acggctcctt
cttcctctac agcaagctca ccgtggacaa gagcaggtgg 1260

cagca a, ac CttC% at tcecqt.g cat g C%Ct cacaa
comiRat TRdRg Pugo teadil dRe bt e PhREt  ER pPlEu ey B o
exandp®h Jwiclease resistance or an increased ability to cross cellular membranes. The nucleic
acids or nucleotide 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 herein, refers to 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, J. Mol. Biol. 48:443
[homology alignment algorithm], Pearson & Lipman, 1988, Proc. Natl. Acad. Sci. (U.S.A.)
85:2444 [search for similarity method], or Altschul ef al., 1990, J. Mol. Biol. 215:403-10 [BLAST
algorithm]. When using any of the aforementioned algorithms, the default parameters (for
Window length, gap penalty, ¢tc.) 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 least about 80%, or at least about 90%, or even at least about 95%, identical. A
nucleic acid sequence is said to be “substantially similar to” 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 also substantially similar.

[0084] When referring to antibodies, the assignment of amino acids to each domain is in
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 IgG1 EU antibody.
B. Antibodies

[0085] The present invention particularly encompasses chimeric antibodies and polypeptides
that specifically bind to HER2/neu, preferably human HER2/neu. 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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[ 00100] Heavy chain having FcMI2 variant Fc region
am no acid sequence (SEQ ID NO 11): QVQLQXSGPE

WO XKPESBLKL SCTASGFNI K DTYI HWKQR PEQGLEW GR | APITINE04A38201
60 DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG
GDGFYAMDYW GQGASVTVSS 120 ASTKGPSVFP LAPSSKSTSG

o TR 8 BT S M At
muriRCPBFP Ebisise 2 4ON RSV IstduiPiRI€Rt KE3Tihdwh BRTA8 dnlW BTV 1y the antibodies

have%wgvﬁ%%%%éggr%&%ﬁg S’rggra%gfl'tﬁeva\él%\é%&es have enhanced

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

[0086] 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 (Vy). 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 tgacccagtc ccacaagttc atgtccacct ctgtgggcga tagggtcagce 60
atcacctgca aggccagcca ggatgtgaat actgctgtag cctggtatca gcagaaacca 120
ggacattctc ccaaactgct gatttactcc gcatccttcecce ggtacactgg agtccctgat 180
cgcttcactg gcagcagatc tgggacagat ttcactttca ccatcagcag tgtgcaggct 240
gaagacctgg cagtttatta ctgtcagcaa cattatacta cacctcccac cttcggaggg 300
ggtaccaagg tggagatcaa acgtacggtg gctgcaccat ctgtcttcat cttcccgceca 360
tctgatgagc agttgaaatc tggaactgcc tctgttgtgt gcctgctgaa taacttctat 420
cccagagagg ccaaagtaca gtggaaggtg gataacgccc tccaatcggg taactcccag 480
gagagtgtca cagagcagga cagcaaggac agcacctaca gcctcagcag caccctgacg 540
ctgagcaaag cagactacga gaaacacaaa gtctacgcct gcgaagtcac ccatcagggc 600
ctgagctcgc ccgtcacaaa gagcttcaac aggggagagt gttag 645
[0088] Chimeric light chain amino acid sequence (SEQ ID NO: 2):

DIVMTQSHKE MSTSVGDRVS ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASEFRYTGVPD 60
REFTGSRSGTD FTEFTISSVQA EDLAVYYCQQ HYTTPPTFGG GTKVEIKRTV AAPSVFEIFPP 120
SDEQLKSGTA SVVCLLNNFEY PREAKVQWKV DNALQSGNSQ ESVTEQDSKD STYSLSSTLT 180
LSKADYEKHK VYACEVTHQG LSSPVTKSEFN RGEC 214

[0089]

These antibodies having a modification at positions 65 of the Vi region lack an N-

linked glycosylation site found in the native murine 4D5 antibody, as can be seen in Figure 1,
which depicts an exemplary comparison between the Vi region amino acid sequences of a
chimeric 4D5 antibody having an N65S modification (SEQ ID NO: 4), and the native murine
(SEQ ID NO: 3) and humanized (SEQ ID NO: 5) 4D5 antibodies. In another preferred
embodiment, the antibodies comprise a N65S modification in the Vi region, and preferably have a

V1 region amino acid sequence of SEQ ID NO: 4. These sequences are presented below:

[0090] Native murine V region amino acid sequence (SEQ ID NO: 3):
DIVMTQSHKF MSTSVGDRVS ITCKASQDVN TAVAWYQQKP GHSPKLLIYS ASFRYTGVPD 60
RFTGNRSGTD FTFTISSVQA EDLAVYYCQQ HYTTPPTFGG GTKLEIKRA 109
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KAKGQPREPQ VYTLPPSRDE 360 LTKNQVSLTC LVKGFYPSDI
AVEVESNGQP ENNYKTTPLV LDSDGSFFLY SKLTVDKSRW 420

WEXIBNVEBEEY MHEALHNHYT QKSLSLSPGK 450 [ 001B0i/usi®awy38201
chai n having FcMI3 variant Fc region nucleic acid
sequence (SEQ ID NO 12): caggttcagc tgcagcagtc

009p 007 GRUREE \Eretr it AR e SR 2 Coact ggot

DIVNJAS AR gage GDROS CIOTHEHDY grAye oY GFaatp Pyat 1gasRy TGVPD 60
RETGEHREEER ¢Et 8l Sraattggey & chactdgat atcc 180 vgaticaaagt 109
[0092] Humanized V region amino acid sequence (SEQ ID NO: 5):

DIQMTQSPSS LSASVGDRVT ITCRASQDVN TAVAWYQQKP GKAPKLLIYS ASFLESGVPS 60
RFSGSRSGTD FTLTISSLQP EDFATYYCQQ HYTTPPTFGQ GTKVEIKRT 109

[0093]

In one embodiment, the heavy chain has a murine 4D5 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):
caggttcagc tgcagcagtc tggccctgag ctggtgaagc caggggcctc actcaagttg 60
tcctgtacag cttcectggcett caacatcaaa gacacctata tccactgggt gaaacagagg 120
cctgaacagg gcctggaatg gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagcctac 240
ctgcaagtca gccgcctgac atctgaggac actgccgtct attactgctc ccggtgggga 300
ggggacggct tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagctcce 360
gcctccacca agggcccatce ggtcttccecce ctggcaccct cctceccaagag cacctcectggg 420
ggcacagcgg ccctgggcectg cctggtcaag gactacttcc ccgaaccggt gacggtgtceg 480
tggaactcag gcgccctgac cagcggcgtg cacaccttcce cggctgtccect acagtcectca 540
ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagcecttggg cacccagacce 600
tacatctgca acgtgaatca caagcccagc aacaccaagqg tggacaagag agttgagccc 660
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 720
ccgtcagtct tcctcecttcecee cccaaaaccc aaggacaccce tcatgatctc ccggacccect 780
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgcgggagga gcagtacaac 900
agcacgtacc gtgtggtcag cgtcctcacc gtcctgcacc aggactggct gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagcc ctcccagceccecce ccatcgagaa aaccatctcce 1020
aaagccaaag ggcagccccg agaaccacag gtgtacaccce tgcccccatc ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 1140
gccgtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac gcctcccecgtg 1200
ctggactccg acggctcctt cttcecctectac agcaagctca ccgtggacaa gagcaggtgg 1260
cagcagggga acgtcttctce atgctccgtg atgcatgagg ctctgcacaa ccactacacg 1320
cagaagagcc tctccctgtce tccgggtaaa tga 1353
[0095] Heavy chain having wild-type Fc region amino acid sequence (SEQ ID NO: 7):
QVQLQOQOSGPE LVKPGASLKL SCTASGENIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60
DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGEFYAMDYW GQGASVTIVSS 120
ASTKGPSVEFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 240
PSVEFLFPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKENW YVDGVEVHNA KTKPREEQYN 300
STYRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 420
QOGNVESCSV MHEALHNHYT QKSLSLSPGK 450
[0096] In other embodiments, the heavy chain is a variant of a murine 4D5 antibody heavy

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

region such as FCMT1, FcMT?2, or FcMT3. These sequences are presented below:
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f ccaggacaa ggccactatc acagcagaca catcctccaa cacagcctac

240 ctgcaagtca gccgcctgac atctgaggac actgccgtct
w@raoaa23ge4 ¢ ccggt gggga 300 ggggacggcet tctat gctBCT/US2009/038201
ggact act gg ggt cagggag cctccgtgac cgtgagctcc 360

gcct ccacca agggceccatc ggtcttcccc ctggcaccct cctccaagag

o 0 ST LA

cag@tgegc ttgasyeagc ggogt g seacarct g ccggrbgt ot aasagtcet ca

teccy@Ccag

cctgaacagg
gacccaaagt
ctgcaagtca
ggggacggcet
gcctccacca
ggcacagcgg
tggaactcag
ggactctact
tacatctgca
aaatcttgtg
ccgtcagtct
gaggtcacat
tacgtggacg
agcacgctcc
gagtacaagt
aaagccaaag
ctgaccaaga
gccgtggagt
ctggactccg

cagcagggga
cagaagagcc

[0098]

QVQLOQSGPE
DPKFQDKATI
ASTKGPSVEP
GLYSLSSVVT
PSVFLLPPKP
STLRVVSILT
LTKNQVSLTC
QOGNVESCSV

[0099]
10):

caggttcagc
tcctgtacag
cctgaacagg
gacccaaagt
ctgcaagtca
ggggacggcet
gcctccacca
ggcacagcgg
tggaactcag
ggactctact
tacatctgca
aaatcttgtg
ccgtcagtct
gaggtcacat
tacgtggacg
agcacgctcc
gagtacaagt
aaagccaaag
ctgaccaaga

cttctggcectt
gcctggaatg
tccaggacaa
gccgcectgac
tctatgctat
agggcccatc
ccctgggetg
gcgccecctgac
ccctcagcag
acgtgaatca
acaaaactca
tcctettace
gcgtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc
ggcagccccg
accaggtcag
gggagagcaa
acggctcctt
acgtcttctc
tctececectgte

LVKPGASLKL
TADTSSNTAY
LAPSSKSTSG
VPSSSLGTQT
KDTLMISRTP
VLHQDWLNGK
LVKGEFYPSDI
MHEALHNHYT

tgcagcagtc
cttctggcectt
gcctggaatg
tccaggacaa
gccgcectgac
tctatgctat
agggcccatc
ccctgggetg
gcgccecctgac
ccctcagcag
acgtgaatca
acaaaactca
tcctettace
gcgtggtggt
gcgtggaggt
gtgtggtcag
gcaaggtctc

ggcagccccg
accaggtcag

caacatcaaa
gattggaagg
ggccactatc
atctgaggac
ggactactgg
ggtcttcccce
cctggtcaag
cagcggegtg
cgtggtgacc
caagcccagce
cacatgccca
cccaaaaccce
ggacgtgagc
gcataatgcc
catcctcacc
caacaaagcc
agaaccacag
cctgacctgce
tgggcageccg
cttecctctac
atgctccgtg
tccgggtaaa

SCTASGENIK
LOVSRLTSED
GTAALGCLVK
YICNVNHKPS
EVTCVVVDVS
EYKCKVSNKA
AVEWESNGQP
QKSLSLSPGK

tggccctgag
caacatcaaa
gattggaagg
ggccactatc
atctgaggac
ggactactgg
ggtcttcccce
cctggtcaag
cagcggegtg
cgtggtgacc
caagcccagce
cacatgccca
cccaaaaccce
ggacgtgagc
gcataatgcc
cgtcctcacc
caacaaagcc
agaaccacag
cctgacctgce

gacacctata
atttatccta
acagcagaca
actgccgtcet
ggtcagggag
ctggcaccct
gactacttcc
cacaccttcc
gtgccctcca
aacaccaagg
ccgtgcccag
aaggacaccce
cacgaagacc
aagacaaagc
gtcctgcacc
ctcccagcecce
gtgtacaccc
ctggtcaaag
gagaacaact
agcaagctca
atgcatgagg

tccactgggt
ccaatggcta
catcctccaa
attactgctc
cctceccgtgac
cctccaagag
ccgaaccggt
cggctgtcect
gcagcttggg
tggacaagag
cacctgaact
tcatgatctc
ctgaggtcaa
cgccggagga
aggactggct
ccatcgagaa
tgccccecatce
gcttctatcc
acaagaccac
ccgtggacaa
ctctgcacaa

Sehgs

tga

DTYIHWVKQR PEQGLEWIGR
TAVYYCSRWG GDGEFYAMDYW
DYFPEPVTVS WNSGALTSGV
NTKVDKRVEP KSCDKTHTCP
HEDPEVKEFNW YVDGVEVHNA
LPAPIEKTIS KAKGQPREPQ
ENNYKTTPLV LDSDGSFFLY

ctggtgaagc caggggcctc
gacacctata tccactgggt
atttatccta ccaatggcta
acagcagaca catcctccaa
actgccgtct attactgctce
ggtcagggag cctccgtgac
ctggcaccct cctccaagag
gactacttcc ccgaaccggt
cacaccttcc cggctgtcect
gtgccctcca gcagettggg
aacaccaagg tggacaagag
ccgtgcccag cacctgaact
aaggacaccc tcatgatctc
cacgaagacc ctgaggtcaa
aagacaaadgc cgccggagga
gtcctgcacc aggactggcet
ctcccagcce ccatcgagaa
gtgtacaccc tgcccccatce
ctggtcaaag gcttctatcc

24

caa

gaaacagagg
tactagatat

cacagcctac
ccggtgggga
cgtgagctcc
cacctctggg
gacggtgtcg
acagtcctca
cacccagacc
agttgagccc
cctgggggga
ccggacccect
gttcaactgg
gcagtacaac
gaatggcaag
aaccatctcc
ccgggatgag
cagcgacatc
gcctctegtg
gagcaggtgg
ccactacacg

IYPTNGYTRY
GOGASVTVSS
HTEFPAVLQSS
PCPAPELLGG
KTKPPEEQYN
VYTLPPSRDE
SKLTVDKSRW

actcaagttg
gaaacagagg
tactagatat
cacagcctac
ccggtgggga
cgtgagctcc
cacctctggg
gacggtgtcg
acagtcctca
cacccagacc
agttgagccc
cgtgggggga
ccggacccect
gttcaactgg
gcagtacaac
gaatggcaag
aaccatctcc
ccgggatgag
cagcgacatc

%cggSEQ ID NO: 8):

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1353

Heavy chain having FcMT1 variant Fc region amino acid sequence (SEQ ID NO: 9):

60
120
180
240
300
360
420
450

Heavy chain having FeMT?2 variant Fc region nucleic acid sequence (SEQ ID NO:

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140



ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagcttggg

cacccagacc 600 tacatctgca acgtgaatca caagcccagc
w@amaazaaygg t ggacaagag agttgagccc 660 aaat ctt ge@r/us2009/038201

acaaaact ca cacatgccca ccgtgcccag cacctgaact cctgggggga

720 ccgtcagtct tcctcttacc cccaaaaccc aaggacaccc

tcat at CtC CcC

gage: ca

cccct 780 t cacat
s he RO i
cagd69LY %ggct%gé %&%Q%cg% a&@%&%@ga@t&%%@e?@a& c&agﬁc%%@;ggal 320

cag@CRPtAGRBECctgtc tcegggtaaa tga

a%gt g%q‘tcgtg
ggtgg

1200
1260

1353

[00100] Heavy chain having FcMT2 variant Fc region amino acid sequence (SEQ ID NO: 11):
QVQLQOQOSGPE LVKPGASLKL SCTASGENIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60
DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGEFYAMDYW GQGASVTIVSS 120
ASTKGPSVEFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELVGG 240
PSVFLLPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKENW YVDGVEVHNA KTKPPEEQYN 300
STLRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPLV LDSDGSFFLY SKLTVDKSRW 420
QOGNVESCSV MHEALHNHYT QKSLSLSPGK 450
[00101] Heavy chain having FcMT3 variant Fc region nucleic acid sequence (SEQ ID NO:
12):

caggttcagc tgcagcagtc tggccctgag ctggtgaagc caggggcctc actcaagttg 60
tcctgtacag cttcectggcett caacatcaaa gacacctata tccactgggt gaaacagagg 120
cctgaacagg gcctggaatg gattggaagg atttatccta ccaatggcta tactagatat 180
gacccaaagt tccaggacaa ggccactatc acagcagaca catcctccaa cacagcctac 240
ctgcaagtca gccgcctgac atctgaggac actgccgtct attactgctc ccggtgggga 300
ggggacggct tctatgctat ggactactgg ggtcagggag cctccgtgac cgtgagctcce 360
gcctccacca agggcccatce ggtcttccecce ctggcaccct cctceccaagag cacctcectggg 420
ggcacagcgg ccctgggcectg cctggtcaag gactacttcc ccgaaccggt gacggtgtceg 480
tggaactcag gcgccctgac cagcggcgtg cacaccttcce cggctgtccect acagtcectca 540
ggactctact ccctcagcag cgtggtgacc gtgccctcca gcagcecttggg cacccagacce 600
tacatctgca acgtgaatca caagcccagc aacaccaagqg tggacaagag agttgagccc 660
aaatcttgtg acaaaactca cacatgccca ccgtgcccag cacctgaact cctgggggga 720
ccgtcagtct tcctcecttacce cccaaaaccc aaggacaccce tcatgatctc ccggacccect 780
gaggtcacat gcgtggtggt ggacgtgagc cacgaagacc ctgaggtcaa gttcaactgg 840
tacgtggacg gcgtggaggt gcataatgcc aagacaaagc cgccggagga gcagtacaac 900
agcacgctcce gtgtggtcag cgtcctcacc gtcctgcacce aggactggcet gaatggcaag 960
gagtacaagt gcaaggtctc caacaaagcc ctcccagccecce ccatcgagaa aaccatctcce 1020
aaagccaaag ggcagccccg agaaccacag gtgtacaccce tgcccccatc ccgggatgag 1080
ctgaccaaga accaggtcag cctgacctgc ctggtcaaag gcttctatcc cagcgacatc 1140
gccgtggagt gggagagcaa tgggcagccg gagaacaact acaagaccac gcctcccecgtg 1200
ctggactccg acggctcctt cttcecctectac agcaagctca ccgtggacaa gagcaggtgg 1260
cagcagggga acgtcttctce atgctccgtg atgcatgagg ctctgcacaa ccactacacg 1320
cagaagagcc tctccctgtce tccgggtaaa tga 1353
[00102] Heavy chain having FcMT3 variant Fc region amino acid sequence (SEQ ID NO: 13):
QVQLQOQOSGPE LVKPGASLKL SCTASGENIK DTYIHWVKQR PEQGLEWIGR IYPTNGYTRY 60
DPKFQDKATI TADTSSNTAY LQVSRLTSED TAVYYCSRWG GDGEFYAMDYW GQGASVTIVSS 120
ASTKGPSVEFP LAPSSKSTSG GTAALGCLVK DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 180
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 240
PSVFLLPPKP KDTLMISRTP EVTCVVVDVS HEDPEVKENW YVDGVEVHNA KTKPPEEQYN 300
STLRVVSVLT VLHQDWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSRDE 360
LTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 420
QOGNVESCSV MHEALHNHYT QKSLSLSPGK 450
[00103] In one embodiment, a variant 4D5 heavy chain has a modification in the Fc region, and

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

of SEQ ID NO: 9, or is encoded by the nucleic acid sequence of SEQ ID NO: 10 or comprises the
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900 agcacgctcc gtgtggtcag cgtcctcacc gtcctgcacc
aggact ggct gaatggcaag 960 gagtacaagt gcaaggtctc

W@ 2R0AZB8YLC Ct cccagccc ccatcgagaa aaccat ctcc 1BR0US2009/038201
aaagccaaag ggcagccccg agaaccacag gtgtacaccc tgcccccatc
ccgggat gag 1080 ctgaccaaga accaggtcag cctgacctgc

amind 5285 ERe Foretans §ataRRRaie bonlic i as i po 0
NO: 11208 ingfjas tiecgniac g¢gd tseqitlice Gif tSECY T au) arpc aagfetadly, the antibodies
COIan’ng %gavy c%aln encoded by a nucleic acid sequence selected from the group consisting of
SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, and SEQ ID NO: 12, or comprising 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.

[00104] In one embodiment, an anti-HER2/neu antibody comprises an immunoglobulin light
chain having a N65S modification in the Vi, region, and an immunoglobulin heavy chain having a
modified Fc region. Preferably, an anti-HER2/neu antibody comprises a light chain having the
amino acid sequence of SEQ ID NO: 2, and a 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, a 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.

[00105] Chimeric 4D5 antibodies were constructed in accordance with the various
embodiments of the invention, to enhance binding to activating low-affinity Fc receptors, and to
not alter, or only minimally increase, binding to the low-affinity inhibitor receptor CD32B

(FcyRII-B). The antibodies include the following wild-type and Fc-optimized antibodies:

e ch4D5-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 has an N65S substitution on the light chain, which results in a de-glycosylated
light chain.

e ch4D5-FcMT1, 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: 9. ch4D5-FcMT]1 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-FcMT1 exhibits a 10-fold increase in binding to human
CD16A (FcyRIII-A), and binding to CD16-158™ is enhanced in a proportionally greater
fashion than binding to CD16-158"".

e ch4D5-FcMT2, 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: 11. ch4D5-FcMT?2 has
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gagcaggt gg 1260 cagcagggga acgtcttctc atgctccgtg
at gcat gagg ctctgcacaa ccactacacg 1320 cagaagagcc
WwWaQ eaoeazIsgt ¢ t ccgggt aaa tga 1353 [00102] HearyT/Ukmine038201
havi ng FcMI3 vari ant Fc regi on am no acid sequence
(SEQ ID NO 13): QVQLQRSGPE LVKPGASLKL SCTASGFNI K

T A SRR 7S S AP CLMAS LY ARV AL . nd
12 02897, KGPEYRPIIPARIBK S 1P 366 B ALK s DX FiRERMEMSBain (all numbered
\AN“?%}_JI%%/ ﬁé@aﬁ)?%%s%%bgtgf% a Jtﬁle_rsfg' 1nemer\1/th)§§1SeLcﬂ8;—FcMTl antibody,

and has similar CD16A binding properties, but also has a more favorable reduction in

binding to CD32B (FcyRII-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 results 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 ch4D5-FcMT1 antibody, and has
similar CD16A binding properties, but also has a more favorable reduction in binding to

CD32B (FcyRII-B).
e ch4D5-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).

[00106] A comparison of the heavy chain sequences of the ch4D5-wild-type Fc and the Fc-
optimized variants ch4D5-FcMT1, ch4D5-FcMT2, and ch4D5-FcMT3 is shown in Figure 2. The

CDRs 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 4D5 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 immunoglobulin 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: 2. In another embodiment, the
polypeptide comprises a variant Fc 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 4D5
immunoglobulin heavy chain comprising F243L, R292P, and Y300L substitutions.

[00108] 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
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YI CNVNHKPS NTKVDKRVEP KSCDKTHTCP PCPAPELLGG 240
PSVFLLPPKP KDTLM SRTP EVTCVWWDVS HEDPEVKFNW YVDGVEVHNA
WOEIHPRPERYN 300 STLRVWSVLT VLHQDW.NGK EYKCKVSNMAT/US2009/038201

LPAPI EKTI S KAKGQPREPQ VYTLPPSRDE 360 LTKNQVSLTC
LVKGFYPSDI AVE\/\ESNGQ:> ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW
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assays.

[00111]  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 (c) the bulk of

the side chain. Scanning amino acid analysis can also be employed to identify one or more amino
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ch4D5-wi | d-type Fc, which has a |ight chain having an

am no acid sequence of SEQ ID NO 2, and a heavy chain
whaobnggsan anmi no aci d sequence of SEQ I D NO 7PCT/US2009/038201

ch4D5-wi | dtype Fc has an N65S substitution on the
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[00121] Variant Fc domains are well known in the art,
and any known Fc variant nay be used in the present
wo pwen2isen to confer or nodify the effector fuPCL/isaw09/038201
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[00117] In a preferred embodiment, the alteration in affinity or effector function is at least 2-
fold, preferably at least 4-fold, at least 5-fold, at least 6-fold, at least 7-fold, at least 8-fold, at least
9-fold, at least 10-fold, at least 50-fold, or at least 100-fold, relative to a comparable molecule

comprising a wild-type Fc region. In other embodiments of the invention, the variant Fc region
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D270E & F243L, R292P & F243L, P247L, D270E & F243L,
R292P, V3051, Y300L P396L P396L N421K & P396L
WOoRBP2389F243L, Y300L & F243L, R255L, D270E & PCT/¥SI04/038201

P396L P396L R292P & P247L, D270E & F243L, D270E,

G316D V3051 N421K & R416G R292P & R255L, D270E &
immEnZolegeléiﬁca y719rI1£ds 0§e3 ng n-lq-ore FcRs with at least 65%, preferably at least 70%, 75%, 80%,
85%, 90%, 95%, 100%, 125%, 150%, 175%, 200%, 225%, or 250% greater affinity relative to a
molecule comprising a wild-type Fc region. Such measurements can be in vivo or in vitro assays,
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 variant Fc domain wherein said
variant agonizes at least one activity of an FcyR receptor, or antagonizes at least one activity of an
FcyR receptor. In a preferred embodiment, the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FeyRIIB, 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, FcyRIIB-mediated inhibition of FcgRI signaling, phosphorylation of
FeyRIIB, SHIP recruitment, SHIP phosphorylation and association with Shc, or activity of one or
more downstream molecules (e.g., MAP kinase, JNK, p38, or Akt) in the FcyRIIB signal
transduction pathway. In another embodiment, the molecules comprise a variant that agonizes (or
antagonizes) one or more activities of FceRI, for example, mast cell activation, calcium

mobilization, degranulation, cytokine production, or serotonin release.

[00119] In certain embodiments, the molecules comprise an Fc domain comprising domains or
regions from two or more IgG isotypes (e.g., IgGl, 1gG2, I1gG3 and 1gG4). The various IgG
isotypes exhibit differing physical and functional properties including serum half-life, complement
fixation, FcyR binding affinities and effector function activities (e.g. ADCC, CDC, etc.) due to
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 et al. (1993) J. Biol. Chem.
33:25124-25131; Chappel et 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 alone, or in combination with an amino acid modification, to affect Fc-mediated effector
function and/or binding activity. In combination, the amino acid modification and IgG hinge/Fc
region may display similar functionality (e.g., increased affinity for FcyRIIA) and may act
additively or, more preferably, synergistically to modify the effector functionality in the molecule
of the invention, relative to a molecule of the invention comprising a wild-type Fc region. In other
embodiments, the amino acid modification and IgG Fc region may display opposite functionality
(e.g., increased and decreased affinity for FcyRIIA, respectively) and may act to selectively temper
or reduce a specific functionality in the molecule of the invention, relative 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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[00120] In a preferred specific embodiment, the molecules comprise a variant Fc region,
wherein said variant Fc region comprises at least one amino acid modification relative to a wild-
type Fc region, such that said molecule has an altered affinity for an FcR, provided that said
variant Fc region does not have a substitution at positions that make a direct contact with FcyR
based on crystallographic and structural analysis of Fc-FcR interactions such as those disclosed by
Sondermann et al. (2000) Nature 406:267-273. Examples of positions within the Fc 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 Fc
regions comprise modification of at least one residue that does not make a direct contact with an

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

[00121] 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 example, 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.

[00122] 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 Fc region) the Ratio of Affinities of the variant Fc region to an activating FcyR (such as

FcyRIIA or FeyRIIIA) relative to an inhibiting FcyR (such as FcyRIIB):

Wild-Type to Variant Change in Affinity to FcyR

Activating

Ratio of Affinities =

Wild-Type to Variant Change in Affinity to FcyR Inhibiting
[00123] Where an Fc variant has a Ratio of Affinities greater than 1, 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 FcyR 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 FcyR 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 is greater
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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

Ratio | Single Double Triple Quadruple Quintuple
1 | r243L F243L & | F243L, P247L & L234F, F243L, R292P & | 1235V, F243L,
borop | R292P N421K Y300L 1;2}?32;2 EBOOL
RaonG | F2L& | F243L, R292P & L2351, F243L, R292P &
Y300L Y300L Y300L L235P, F243L,
R292P F243L & | F243L, R292P & 1235Q, F243L, R292P & 12521?32;) ég 300L
P396L V3051 Y300L
D270E & | F243L, R292P & F243L, P247L, D270E & 523%351; %géi’
P396L P396L N421K & PIOGL
R292P & | F243L, Y300L & F243L, R255L, D270E &
Y300L P396L P396L
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
D270E, P396L & F243L, R292P, V3051 &
Q419H P396L
V284M, R292L & P247L, D270E, Y300L
K370N & N421K
R292P, Y300L & R255L, D270E, R292G
P396L & P396L
R255L, D270E, Y300L
& P396L
D270E, G316D, P396L
& R416G

233




& R416G WD 2009/ 123894PCT/ US2009/ 038201 Tabl e 2:

Exenplary Single and Multiple Miutations Listed by
wOR10p023894 Af finities Rati o Single Double TriplBCT/US2009/038201

Quadrupl e Qui ntuple <1 Y300L P396L F243L & P396L P247L

& N421K R255L & P396L R292P & V3051 K392T & P396L

DQORI 9 f'VI’IOI_I 2421 R2Q2D 9 \IQ{'\E’I Tahla 2
moJ0L o =

T Z=7JL, I\ Ji TrMagyT ©

Tapled: |Eﬂ3nﬂilﬂ§' Sidh gl MRilltig1e M@ tioSTRt&l by Rativarf iAdfihities
Ec_seqguen 1RA \/158 CD16A _F158 CD32B Ratio of

Ratigf f&ﬂ}glq i egDouble oy EnWplen3oRB {3druple Quintuple

<1 Y300L F243L & F243L, R292P &
P396L P396L V3051

P247L &
N421K

R255L &
P396L

R292P &
V3051

K392T &
P396L

P396L &
Q419H

Table 3: Detailed Binding Information for Exemplary Fe¢ Variants

Ratio of Affinities
Fc sequence cpiea €D16A CD32B| CDI16A/CD32B
V158 F158
V158 F158
Ratio of Affinities > 1

Class I: Increased Binding to CD16; Decreased Binding to CD32B
F243L 4.79 3.44 0.84 5.70 4.10
F243L P247L D270F N421K 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 R416G 1.50 1.34 0.20 7.50 6.70
F243L D270E K392T P396L 3.16 244 0.44 7.18 5.55
F243L D270E P396L Q419H 1.46 1.15 0.26 5.62 4.42
F243L R292P 4.73 0.12 39.4
F243L R292P 4 1.67 0.16 25 10.44
F243L R292P P300L 6.69 23 0.32 20.9 7.19
F243L R292P V3051 2.56 1.43 ND >25 >25
F243L R292P V3051 P396L 5.37 2.53 0.40 13.43 6.33
P247L D270E N421K 1.89 2.46 0.58 3.26 4.24
R255L 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 2.00
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F158 Ratio of Affinities > 1 Cass |I: Increased

Bi nding to CD16; Decreased Binding to CD32B F243L 4.79
w®@2004/128884 5. 70 4. 10 F243L P247L D270E NA21K ZpGDUS204%038201

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

E24°21 N270E (R16Ph RA16CG- 1 EO 1 24 O 20 7 EO0 6 70 FE24°21
N T OO o1 OU 1 O U221~ OO0 —TuoT1T=Z55C

T T I DT Vi UL VUY)

D270E K39e}: Paaikid Bindigg nfavmgionfor7Exe@ngary 3 cFa4BntsD270E

P20/l OMI10H 1 46
OO T Ut 4o

Ratio of Affinities
CD16A CD16A
Fc sequence CD32B| CDI16A/CD32B
V158 F158
V158 F158
R255L D270E P396L 1.34 1.65 0.87 1.54 1.90
D270F 1.25 1.48 0.39 3.21 3.79
D270E G316D R416G 2.18 249 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 1.07 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 II: Decreased Binding to CD16; Greatly Decreased Binding to CD32B
R292P 0.64 0.25 2.56
R292P F243L 0.6 0.12 5.00
Class I1I: Increased Binding to CD16; Unchanged Binding to CD32B
F2431 R292P Y300L V3051 P396L 10.9 3.12 1.05 10.4 297
F243L R292P Y300L P396L 10.06 5.62 1.07 9.40 525
R292P V3051 P396L 1.85 1.90 0.92 2.01 2.07
Class IV: Greatly Increased Binding to CD16; Increased Binding to CD32B
F243L R292P Y300L V3051 P396L 10.06 8.25 1.38 7.29 598
D270E G316D 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 2.22 0.67 0.72
P247L N421K 1.29 1.73 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
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1.15 0.26 5.62 4.42 F243L R292P 4.73 0.12 39.4 F243L
R292P 4 1.67 0.16 25 10.44 F243L R292P P300L 6.69 2.3
WO@282128980 7.19 F243L R292P V3051 2. 56 1.43 NDPCRBES208%038201
F243L R292P V3051 P396L 5.37 2.53 0.40 13.43 6. 33
P247L D270E N421K 1.89 2.46 0.58 3.26 4.24 R255L D270E

R2Q2C PR0OA]
oo 1T95IJ0

Table 3: Detailed Binding Information for Exemplary Fc¢ Variants

Ratio of Affinities
CD16A CD16A
Fc sequence CD32B| CDI16A/CD32B
V158 F158

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 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 to an activating FcyR (such as FcyRIIA or
FcyRIITA) and/or reduce the binding to an inhibiting FcyR (such as FcyRIIB). Various Fc
mutations having one or more amino acid changes were engineered and analyzed by surface
plasmon resonance for kg, as shown in Table 4. Dissociation rate constants for binding the
various FcyR were determined by BIAcore analysis and directly compared with those for the wild-
type Fc, with the ratio (x = WT k,g/mutant k.g) indicated in the right-hand columns of Table 4

with respect to each FcyR tested.

Table 4. Comparison Of k. Of Fc Mutants to Wild-Type Fc¢

M Amino Acid Change(s) CD16AY | CD16AF | CD32A" | CD32B

One Amino Acid

1

F243L

4.8

34

0.6

0.8

Y300L

1.0

1.2

2.9

1.2

V3051

0.9

0.6

1.3

1.2

Two

Amino acids

F243L

P396L

2.2

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 Tabl e 3. Detail ed Bi nding

wo pdooneasp4 on for Exenplary Fc Variants Fc sequetiies2009/038201
CD16A V158 CD16A F158 CD32B Ratio of Affinities
CD16A/ CD32B V158 F158 R255L D270E P396L 1.34

1 5 A Q7 1 ECA
1. OO U O 1. 9%

Table 4. Comparison Of k. Of Fc Mutants to Wild-Type Fc

M Amino Acid Change(s) CD16AY | CD16AF | CD32AY | CD32B

Three Amino Acids

12

F243L

R292P

Y300L

74

4.6

1.0

0.6

14 |F243L R292P P396L 6.3 3.4 1.4 0.4
15 R292P V3051 P396L 1.9 1.9 1.5 0.9
Four Amino Acids

16 |F243L R292P Y300L P396L 10.1 5.6 1.7 1.1
17 |F243L R292P V3051 P396L 4.0 2.3 0.8 0.4
Five Amino Acids

18 |F243L R292P Y300L [V3051 P396L 10.1 8.3 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 Fc mutants

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

[00125] 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]
substitutions) at any of positions 235, 240, 241, 243, 244, 247, 262, 263, 269, 298, 328, or 330 and

In a specific embodiment, in variant Fc regions, any amino acid modifications (e.g.,

preferably one or more of the following residues: A240, 1240, 1241, 1L.243, H244, N298§, 1328 or
V330. In a different specific embodiment, in variant Fc regions, any amino acid modifications
(e.g., substitutions) 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,
(290, S290, T290, Y290, N294, K295, P296, D298, N29§, P298, V298, 1300 or L300.

[00127] In a preferred embodiment, in variant Fc regions that bind an FcyR with an altered

affinity, any amino acid modifications (e.g., substitutions) at any of positions 255, 256, 258, 267,
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1.90 D270E 1.25 1.48 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

W@2009123820 2. 89 D270E P396L 1.38 1.65 0.89 1.BGI/LSBE038201
D270E P396L G316D R416G 1.22 1.07 1.14 D270E P396L
Q419H 1.64 2.00 0. 68

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. Preferably, the variant Fc
region has any of the following residues: A256, N268, Q272, D286, Q286, S286, A290, S290,
A298, M301, A312, E320, M320, Q320, R320, E322, A326, D326, E326, N326, 5326, K330,
T339, A333, A334, E334, H334, L334, M334, Q334, V334, K335, Q335, A359, A360 or A430.

[00128] In a different embodiment, in variant Fc regions that bind an FcyR (via its Fc region)
with a reduced affinity, any amino acid modifications (e.g., substitutions) at any of positions 252,
254, 265, 268, 269, 270, 278, 289, 292, 293, 294, 295, 296, 298, 300, 301, 303, 322, 324, 327,
329, 333, 335, 338, 340, 373, 376, 382, 388, 389, 414, 416, 419, 434, 435, 437, 438 or 439.

[00129] In a different embodiment, in variant Fc regions that bind an FcyR (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 Fc regions that binds FcyRIIA
with an enhanced affinity, any of the following residues: A255, A256, A258, A267, A268, N268,
A272, Q272, A276, A280, A283, A285, A286, D286, Q286, S286, A290, S290, M301, E320,
M320, Q320, R320, E322, A326, D326, E326, S326, K330, A331, Q335, A337 or A430.

[00130] In other embodiments, the invention encompasses the use of any Fc variant known in
the art, such as those disclosed in Jefferis ef al. (2002) Immunol Lett 82:57-65; Presta et al. (2002)
Biochem Soc Trans 30:487-90; Idusogic ef al. (2001) J Immunol 166:2571-75; Shields et al.
(2001) J Biol Chem 276:6591-6604; Idusogic ef al. (2000) J Immunol 164:4178-84; Reddy et al.
(2000) J Immunol 164:1925-33; Xu et al. (2000) Cell Immunol 200:16-26; Armour et al. (1999)
Eur J Immunol 29:2613-24; Jefferis et al. (1996) Immunol Lett 54:101-04; Lund et al. (1996) J
Immunol 157:4963-69; Hutchins et 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 et al.
(1994) Transplantation 57:1537-43; Lund ef al. (1992) Mol Immunol 29:53-59; Lund et al. (1991)
J. Immunol 147:2657-62; Duncan et al. (1988) Nature 332:563-64; US Patent Nos. 5,624,821;
5,885,573; 6,194,551; 7,276,586; and 7,317,091; and PCT Publications WO 00/42072 and PCT
WO 99/58572.

[00131] Preferred variants include 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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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
wO/305123844 32 1.28 0.37 3.6 3.46 Cass |1: DecrpeBEs2009/038201

Binding to CD16; Geatly Decreased Binding to CD32B

R292P 0.64 0.25 2.56 R292P F243L

[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, 235Q, 235P, 2351 or 235V;

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

240A, 2401, 240M or 240T;

243R, 243, 243Y, 243L, 243Q, 243W, 243H or 243];

244H;

245A;

247G, 247V or 247L;

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

263A, 2631, 263M or 263T;

264F, 264E, 264R, 2641, 264 A, 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, 271H, 271A, 271V, 271L, 2711,
271F, 271M, 271Y, 271W or 271G;

2731,

275L or 275W;

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

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

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

299A, 299D, 299E, 299F, 299G, 299H, 2991, 299K, 299L, 299M, 299N, 299P, 299Q,
299R, 2998, 299V, 299W or 299Y;

3021,

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

3051;

313F;

3231;

“EOPWOZEZOASSIZO®DEUOWE R
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0.6 0.12 5.00 Cass Ill: Increased Binding to CD16;

Unchanged Bi nding to CD32B F2431 R292P Y300L V3051
wOeIHBM23840. 9 3.12 1.05 10.4 2. 97 F243L R292P YBOD1S2009/038201

P396L 10.06 5.62 1.07 9.40 5.25 R292P V3051 P396L

1.85 1.90 0.92 2.01 2.07 Cass IV: Geatly Increased

Bonc a6, e ogpsoset B ol n CORPRERL oo o

D270B2G8 1 8BYPIBL oRWEBG  1.22 1.07 1. 14

AF. 328D, 328Q, 328K, 328R, 3288, 32&T, 328V, 3281, 328Y, 328W, 328P, 328G, 328A,
328E, 328F, 328H, 328M or 328N;

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

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

Al 336E, 336K or 336Y.

[00133]  Still more particularly preferred variants include one or more modifications selected

from Groups 1-105:

Group | Variant Group | Variant
1 A330L /1332E 54 S239D / D265L / N297D /1332E
2 D265F / N297E /1332E 55 S239D/ D265T / N297D /1332E
3 D265Y /N297D /1332E 56 S239D/ D265V /N297D /1332E
4 D265Y /N297D / T299L /1332E 57 S239D/D265Y /N297D /1332E
5 F241E / F243Q / V262T / V264F 58 S239D/1332D
6 F241E / F243Q /V262T / V264E /1332E 59 S239D /1332E
7 F241E / F243R / V262E / V264R 60 S239D /1332E / A3301
8 F241E /F243R / V262E / V264R / 1332E 61 S239D /1332N
9 F241E / F243Y / V262T / V264R 62 S239D /1332Q
10 F241E / F243Y / V262T / V264R / 63 S239D /N297D /1332E
1332F
11 F241L /F243L / V2621 / V2641 64 S239D /N297D /1332E / A330Y
12 F241L/ V2621 65 S239D / N297D / 1332E / A330Y / F241S
/F243H/V262T / V264T
13 F241R /F243Q/V262T / V264R 66 S239D /N297D /1332E / K326E
14 F241R / F243Q / V262T / V264R / 67 S239D /N297D /1332E / L235D
1332F
15 F241W /F243W / V262A / V264A 68 S239D / S298A /1332E
16 F241Y / F243Y /V262T / V264T 69 S239D /V2641/ A330L /1332E
17 F241Y / F243Y / V262T / V264T / 70 S239D /V2641/1332E
N297D /1332E
18 F243L/ V2621 /V264W 71 S239D / V2641/ S298A /1332E
19 P243L/ V2641 72 S239E / D265N
20 L328D /1332E 73 S239E / D265Q
21 L328E /1332E 74 S239E /1332D
22 L328H /1332E 75 S239E /1332E
23 L3281/1332E 76 S239E /1332N
24 L328M /1332E 77 S239E /1332Q
25 L328N/1332E 78 S239E / N297D /1332E
26 L328Q /1332E 79 S239E / V2641 / A330Y /1332 E
27 L328T /1332E 80 S239E / V2641 /1332 E
28 L328V /1332E 81 S239E / V2641 / S298A / A330Y /1332E
29 N297D / A330Y /I332E 82 S239N/ A330L /I332E
30 N297D /1332E 83 S239N/ A330Y /I332E
31 N297D /1332E / S239D / A330L 84 S239N/1332D
32 N297D / S298A / A330Y /1 332E 85 S239N/1332E
33 N297D /T299L /1332E 86 S239N/1332N
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35 N297D/ T2991 /1332E 88 | S239N1S298A /I332E
36 N297D/ T299L / 1332E 89 | S239Q/1332D
37 N297D/ T299V / I332E 90 | S239Q/I1332E
38 N297E / 1332E 91 $239Q /332N
39 N297S / I332E 92 | 5239Q/1332Q
40 P230A / E233D / I332E 93 | $239Q/V2641/1332E
41 P244H / P245A / P247V 94 | S298A /1332E
42 S239D / A330L / 1332E 95 | V264E/N297D /I332E
43 S239D / A330Y /1332E 96 | V2641/A330L/I332E
44 S239D / A330Y / I332E / K326E 97 | v2641/A330Y /I332E
45 S239D / A330Y /I332E / K326T 98 | v2641/1332E
46 S239D / A330Y /1332E / L2341 99 | v2641/S298A /1332E
47 S239D / A330Y /I332E / L235D 100 | Y296D/N297D /1332E
48 S239D / A330Y / I332E / V2401 101 | Y296E/N297D /1332 E
49 S239D / A330Y /I332E / V264T 102 | Y296H/N297D /1332E
50 S239D / A330Y / I332E / V2661 103 | Y296N/N297D /1332E
51 S239D / D265F / N297D / I332E 104 | Y296Q/N2971/1332E
52 S239D / D265H / N297D / 1332E 105 | Y296T /N297D / I332E.
53 S239D / D2651 / N297D / 1332E

[00134] Effector function can be modified by techniques 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 improved internalization
capability and/or increased complement-mediated cell killing and ADCC. See Caron et al. (1992)
J. Exp Med. 176:1191-1195; and B. Shopes (1992) J. Immunol. 148:2918-2922. Homodimeric
antibodies with enhanced anti-tumor activity may also be prepared using heterobifunctional cross-
linkers as described in Wolff er al. (1993) Cancer Research 53:2560-2565. Alternatively, an
antibody can be engineered which has dual Fc regions and may thereby have enhanced
complement lysis and ADCC capabilities. Stevenson et al. (1989) Anti-Cancer Drug Design
3:219-230.

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 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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deletions or subsgtugons of ‘amino acids in sequence “and testing the resulting variants for

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

[00136] Amino acid substitutions may involve the conservative or non-conservative substitution
of one or more 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 chemical properties, for example an acidic amino acid (e.g., Glu or Asp) may be

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

[00137] A particularly preferred type of substitutional 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 maturation using
phage display. Briefly, several hypervariable region sites are mutated to generate all possible
amino substitutions at each site, the antibody variants thus generated 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 hypervariable region sites for modification, alanine scanning
mutagenesis can be performed to identify hypervariable region residues contributing significantly
to antigen 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.

[00138] 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 et al.
(2002) Chem. Comm. 1:1-11; Wang et al. (2001) Science 292:498-500; and van Hest et 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 et al. (2001) J. Am. Chem.
123(44):11089-11090; and Kiick et al. (2001) FEBS Lett. 505(3):465.

[00139] In a preferred embodiment, at least 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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mutagenesis, and cassette mutagenesis of an earlier 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 retain its epitope binding
immunospecificity. For example, but not by way of limitation, the derivatives and analogs 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, etc. 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, preferably without altering
the desired functionality of the antibodies, e.g., binding activity. Glycosylation sites may be
introduced into, or deleted from, the variable 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 glycosylation site may be shifted by modifying
position 296 in the Fc region, so that position 296 and not position 297 is glycosylated. Methods

_43 -



1.31.52.20.4rr, 122921) 2.41.6 0.7 0.3
S298N nd nd nt 0.2 5 Y300L
WO 2009/123894 PCT/US2009/038201

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; U.S. Patent Publication Nos.
20030115614 and 20020028486; EP 0359096 B1; and WO 03/035835.

[00143] In some embodiments, molecules of the invention are engineered to comprise an
altered glycosylation pattern or an altered glycoform. Engineered glycoforms may be useful for a
variety of purposes, including, but not limited to, enhancing effector function. Engineered
glycoforms 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-acetylglucosaminyltransferase 111 (GnT-III), 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 to those described in, e.g., Okazaki et al. (2004)
JMB 336:1239-1249; Shinkawa et al. (2003) J Biol Chem 278:3466-3473; Shields et al. (2002) J
Biol Chem 277:26733-26740; Davies et al. (2001) Biotechnol Bioeng 74:288-294; Umana et 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 01/292246;
WO 00/61739; Potillegent™ technology available from Biowa, Inc. (Princeton, NJ); and
GlycoMADb™ glycosylation engineering technology available from GLYCART biotechnology AG

(Zurich, 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
(especially 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 80, 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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[00145] The antibodies and polypeptides may be conjugated to a therapeutic agent in order to
modify a given biological response, affect (e.g., increase) the serum half-life of the therapeutic
agent, or target the therapeutic agent to a particular subset of cells. They may also 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 ef al., “Antibodies For Drug Delivery”, in Controlled Drug Delivery (2nd ed., Robinson
et al. (eds.), 1987, pp. 623-53, Marcel Dekker, Inc.).

[00146] Additional fusion proteins may be generated through the techniques of gene-shuffling,
motif-shuffling, exon-shuffling, and/or codon-shuffling (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 affinities and lower 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 components, motifs, sections, parts, domains, fragments, etc.

of one or more heterologous molecules.
BS. Fragments

[00147] The invention additionally provides antibody and other polypeptide fragments. Such
fragments may be truncated at the N-terminus or C-terminus, 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 a 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 involves generating antibody or polypeptide
fragments by enzymatic digestion, e.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). Oligonucleotides 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 disulfide bond and/or a single dimerization sequence may be present in the
dimerization domain to provide for bivalent display. In some embodiments, heavy chains of a
F(ab), will dimerize at a dimerization domain not including 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 amino 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 amino acid residues, at least 60
contiguous amino residues, at least 70 contiguous amino acid residues, at least contiguous 80
amino acid residues, at least contiguous 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.
B6. Diabodies and DARTS

[00150] Diabodies and dual affinity retargeting reagents (“DARTS”) are also provided by the
present invention. The diabodies and DARTS comprise antigen binding domains generally derived
from the antibodies and polypeptides of the invention. The design and construction of diabodies
and DARTS 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 et al. (2005) Acta Pharmacol. Sin. 26:649-658;
Olafsen ef al. (2004) Prot. Engr. Des. Sel. 17:21-27; Holliger et al. (1993) Proc. Natl. Acad. Sci.
(U.S.A.) 90:6444-6448. Each polypeptide chain of a diabody molecule comprises a Vi domain
and a Vg domain, from the same or different antibodies, which are covalently linked such that the
domains are constrained from self assembly. Interaction of two of the polypeptide chains will
produce two V| -Vy pairings, forming two epitope binding sites, i.e., a bivalent molecule. Neither
the Vy or Vi 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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least one cysteine residue on each chain, so that interchain disulfide bonds may be formed to

stabilize the diabody.

[00151] Where the V. and Vy domains 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 Vg domains are derived from
antibodies specific for different antigens, formation of a functional bispecific diabody requires the
interaction of two different polypeptide chains, i.e., 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.

[00152] In various embodiments, one or more of the polypeptide chains of the diabody
comprises an Fc domain. Fc domains in the polypeptide chains of the diabody molecules
preferentially dimerize, resulting in the formation of a diabody molecule that exhibits
immunoglobulin-like properties, e.g., Fc-FcyR interactions. Fc comprising diabodies may be
dimers, e.g., comprised of two polypeptide chains, each comprising a Vi domain, a Vi 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, IgG, IgE and IgM. In preferred embodiments, the hinge domain is derived
from IgG, wherein the IgG isotype is IgG1, I1gG2, IgG3 or IgG4, 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 Vi, a
Vg and an Fc domain), and two “lighter” polypeptide chains (i.e., a polypeptide chain comprising a
Vi and a Vy). Such lighter and heavier chains may interact to form a monomer, and interact via
their unpaired Fc domains 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 tetraspecific. The Ig-like
DART species has unique properties, because its domains may be designed to bind to the same
epitope (so 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.

[00154] 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., FcyR) at reduced levels, for example, by virtue of the
ability of the diabody to remain on the target cell longer due to an improved avidity of the
diabody-epitope interaction. Thus, the diabodies of the invention have particular utility 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 et 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 epitope binding domains may also be directed to 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, diabody 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 Fc-FcyR 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) Adv. Drug. Deliv. Rev. 55:171-97.

[00156] 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 expression methods are
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ant regi ons t an a
et alo2POMillpxpgs h@@) Ao Hageneyendi £/i @897 Gampin( Ehngmb. Hemost- 33(2):185-

195; %ﬁ%@ﬁéﬁ%ﬂjy Lg7%b0’gtB19tQéz'h§1glF L%@Z%d(éﬁ%%?%gé %asgellsgt al.2?2%o7)2]§i%technol.
Lett. 29(2) 201-212; Aubrey et al. (2006) J. Soc. Biol. 200(4):345-354; Laffly ef al. (2006) J. Soc.
Biol. 200(4):325-343; Jefferis (2005) Biotechnol Prog. 21(1):11-16; Smith et al. (2004) J. Clin.
Pathol. 57(9):912-917; Kipriyanov et al. (2004) Mol Biotechnol. 26(1):39-60; Fischer et al. (2003)
Vaccine 21(7-8):820-825; Maynard ef al. (2000) Ann. Rev. Biomed. Eng. 2:339-376; Young ef al.
(1998) Res. Immunol. 149(6):609-610; and Hudson (1998) Curr. Opin. Biotechnol. 9(4):395-402.

[00159] Production of antibodies via cell (e.g., hybridoma) culture has been described in, e.g.,
Laffly et al. (2006), supra; Aldington ef al. (2007) J. Chromatogr. B Analyt. Technol. Biomed.
Life Sci. 848(1):64-78; S.S. Farid (2006) J. Chromatogr. B Analyt. Technol. Biomed. Life Sci.
848(1):8-18; Birch et al. (2006) Adv. Drug Deliv. Rev. 58(5-6):671-685; Even ef al. (2006) Trends
Biotechnol. 24(3):105-108; Graumann ef al. (2006) Biotechnol. J. 1(2):164-86; U.S. Patent No.
7,112,439; and U.S. Patent Publications Nos. 20070037216 and 20040197866.

[00160] Antibodies may be produced via phage display methods, such as those disclosed in,
¢.g., Brinkman et a/. (1995) J. Immunol. Methods 182:41-50; Ames et al. (1995) J. Immunol.
Methods 184:177-86; Kettleborough et al. (1994) Eur. J. Immunol. 24:952-58; Persic et al. (1997)
Gene 187:9-18; Burton et al. (1994) Advances in Immunology 57:191-280; 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; 5,580,717; 5,427,908;
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283, 285, 286, 289, 290, 292, 293, 294, 295, 296, 298,
300, 301, 303, 305, 307, 309, 312, 320, 322, 326, 329,
wW@39/183824 331, 333, 334, 335, 337, 338, 339, BAOUSBHD(38201
360, 373, 376, 416, 419, 430, 434, 435, 437, 438 or

439.

5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780,225; 5,658,727; 5,733,743 and
5,969,108. Phage display technology can also be used to increase the affinity of an antibody for its
antigen. The technology, referred to as affinity maturation, employs mutagenesis or CDR walking
and re-selection using the cognate antigen to identify antibodies that bind with higher affinity to
the antigen when compared with the initial or parental antibody. See, e.g., Glaser et al. (1992) J.
Immunology 149:3903; Wu et al. (1998) Proc. Natl. Acad. Sci. (U.S.A.) 95:6037; Yelton et al.
(1995) J. Immunology 155:1994; Schier ef al. (1996) J. Mol. Bio. 263:551.

[00161] Monoclonal antibodies may be made by a variety of methods known to those skilled in
the art, for example, hybridoma methods as described in, ¢.g., Kohler et al. (1975) Nature 256:495,
Kozbor ef al. (1983) Immunology Today 4:72, or Cole et al. (1985) Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96, or recombinant DNA methods as described in, e.g.,
U.S. Pat. No. 4,816,567, or the antibodies may be isolated from phage antibody libraries using the
techniques described in Clackson et al. (1991) Nature 352:624-628 and Marks et al. (1991) J. Mol.
Biol. 222:581-597, for example. Various procedures well known in the art may be used for the
production of polyclonal antibodies to an antigen of interest. For example, various host animals
can be immunized by injection with an antigen of interest or derivative thereof, including but not
limited to rabbits, sheep, goats, dogs, mice, rats, and guinea pigs, and after allowing for an

immunological response, the antibodies can be identified from the sera of the immunized animals.

[00162] Bispecific antibodies may also be made , for example through the co-expression of two
immunoglobulin heavy chain-light chain pairs, where the two chains have different specificities,
followed by purification of the desired molecule using affinity chromatography, as described by
Milstein et al. (1983) Nature 305:537-39, WO 93/08829, Traunecker et al. (1991) EMBO J.
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,
Cm, and Cys regions. The nucleic acids encoding these fusions may be inserted into the same or

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

[00163] 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 immunized 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

-50 -



Preferably, the variant Fe region has any of the

follow ng residues: A256, N268, @72, D286, 86,
wW@EH2B6/1238200, S290, A298, MB01l, A312, E320, M3ZBCT/(R209/038201

R320, E322, A326, D326, E326, N326, S326, K330, T339,

A333, A334, E334 H334 L334 MB34, @34, V334, K335,

35, A359 or 0128].. In a.differ
and %ﬁ% i"ﬂg*}ﬂo,h' i u@’a?s n§nscuc 'él % giiBnat {Sh%OtSSII%F % P u‘ffct’%‘ﬁapeumauy
usefifl i@, TghsIighe alﬁ(E@EOJﬂ)lb(thsh A O’Ved/ll.ls@&edf tﬁfsftd:dhhdlygy fanyrodudinkohuman

oniiet R PSED, 1SRt 5o Bortse sherar S30S) aTie? Jhufinglgp 655

and 208, P29 Na2F»332498, EUG, hudab, anﬁlﬁb'l:hes?xﬁﬁ als32@s pdddced 3Rihg other

techrﬁ%%s kﬁ%\%i 1n?f§ éﬁ,i%gddh?égfag%%gﬂ@f?lﬁgﬁs82&6%%3 d lfynﬁgoger:}boom and
Windi fI0enenbok mhadi2Te81 and Matkalei @198 Jr M@l @&id. 20881 .bFmty human

antitdod S W o T el et fo” A mefABRG B R Rkl cai)

and @mphan (Sasiokd, 0CAKS )2 &Iy RBBin aABdicR 8faf re2@ize 2 9dectlIpitope may be

gene%%gi usgl%ga te 0l ,ue %gfgljredgtggas 0 Igula%se}efzhmlglg’rl fﬂ%g %%?acﬁ seI%ctbd non-

humﬁmlnﬁldjchiﬁdﬂtantﬂioﬂy,\beg [ aaﬂcﬁusFaltibeaw tnsed h@tudb itreckslediyt fAF b Aompletely

hum?(ne éuilta)a %Qcﬁg%%%g ga!m%xfé%ppe A%G gesc 81];yc,) ] ow']e%&gs] ft al. (1994)
BiotédRid@ogyA27409-98280, A283, A285, A286, D286, (QR86, S286,

A290, S290, MBO01, E320, MB20, @@B20, R320, E322, A326,
[001%(2)?%" le; glizege!nt ?}f\;lgn fon ﬁa‘% ﬁcltﬁ% (’)lylﬁi %gflde@%h Z er?crodéo‘ ﬁle molecules of the

er e i mvent i
inveﬁmonmmg theh @olwwtldés amy aﬁuaboal&sl antwdlin caerectnrst b@nprising the

polylilucﬁe’otlé S, an(fl Sho%tgoeé]g %):gic]’g)(r:llﬁ;?légge Vi t‘(])resf %Izl?%\% 1%(:)%18%1 éegrlr(](:)ozd}ng the

moleSales di ther $nvaiiod 8itaydd; obtmu:dp@deheenucklotlde( 2Q0hye df thenpolymicleotides
166:2571-75: Shiel ds.e 2001),.J_Bi

detm?]}%ed6§§ g %Jlod oL érll éheeatrt f{r GXE. %lﬁ,osec%tglima%l{] %ﬁqA techniques, site

direci@dmdthgBe84; PReddy db oat .cmb2d0ONt, Juthmmlibeties or any other libraries

avallgﬁe in t%g glit SC%P bg< UCfgetélg(;i {)3&5 d\%r(giqgchmr(i{o?s lﬁlgwnmﬁl gtggl 212 to cpone faie nucleic

ac1ds]®f:<ﬁ(hmgthemblealleso(fﬂﬁgﬁ)enﬂlmunol Lett 54:101-04; Lund et

al . (1996) J Inmmunol 157:4963-69; Hutchins et al.

g (199 ¢Sci. (U .S A) 92:11980- 84,

Jeffe%lllJs?aé(;[?lilzall\l%{’l 3‘3@@?&? nmmunol Lett. 44:111-17; Lund

et aL (1995) FASEB J 9:115-19; Alegre et al. (1994)
[001§Flandh¢ amtbadipoef By pre@B7IGtion marl be thagdcterigd@2) vanply of ways. In

1NO
parti Lg%u%%%%&zlgzgﬁﬂﬁg g%vg%t%gqnagftbeaa!(ssag%cﬂegi@e a'érrhé), ‘:121111%1 %sp%mﬁcally bind
to anly@tifent oat HEBg;/neUé 06 Mheg 2he m@e@BTcoBpgses @n ¥o dorg& (or portion thereof)
for the %ﬁﬁg??@xm g%%c%%tgega/%%%ng {19 egcl)}ifgﬁf?(ij ez%nrgcc‘dé%gun (or portion
therwﬁrﬁOam §ciRac ISude awresap rmam)bfe perbutingd elatsmgh@ &t .- aHyughfen (1992)
3
Blo/ﬁ&ﬁhlh%e%% 412%@1 &gr?ea 52§L]am é%gl)zlg%%'e gé%z %)4511 51%?9 (Fgdar (1993)
Natuze7164 257@5627@ bgtia (RB%, Papa N02§6223299’); OB%OTGQQQS ?@@nt Nos.
<3

557?’3%89/5%% 4?PCT/ u%“c@z 8@%%1 o%?‘%zﬁ”“?&.@\?@ oc. M gead- Sel
(U.S@.) 8%1865PE0%) ioe o plragy (&wéﬁ@r $Ie@|h &P0) Batencoi 34813&@%9% @@V]@r (1990)
scicffBI BoMBALA.CALYNS (BSLAA P hAM QLAURS. A285) BRBGS 6382 and

228Y or 228G 230A 3OE 230Y or 230G 231E,” 231K,
Felicp341991)231 PMok E®1322Q3Q1E310232@40129265 ﬂZ@Z@VGZ@Q@ ifentified to

2341 or 234F; G 235D, 235Q 235P, 2351 or 235V,

H 239D, 239E, 239N or 239Q . 240A, 2401, 240M

or 240T,; J.  243R, 243, 243Y, 243L, 243Q 243W 243H

or 2431, 251 -




K.~ 244H, L. 245A M 247G 247V or 247L; N.
262A, 262E, 2621, 262T, 262E or 262F; 0. 263A, 2631,
WQSBM1Z389L 63T, P. 264F, 264E, 264R, 2641, Z2BdRUS?69038201
or 264W Q 265F, 265Y, 265H, 2651, 265L, 265T,
265V, 265N or 265Q R 266A, 2661, 266M or 266T,;

5y 10 5 3 1 B oy g By 0 g or e

antigef. 271G T.

[00166] Immunoassays which can be used to analyze immunospecific binding, cross-reactivity,
and Fc-FcyR interactions include, but are not limited to, 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, etc. (see, ¢.g., Ausubel et 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 immunoassays

such as ELISA or RIA.

[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 competition time,
or FACS stringency, each of which may be varied in order to select for antibody molecules 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-FcyR binding. Any method known to those skilled
in the art may be used, for example the technology described in, e.g., Dong ef al. (2002) Review in
Mol. Biotech. 82:303-323; Mullet ef al. (2000) Methods 22:77-91; Rich et al. (2000) Current
Opinion in Biotechnology 11:54-61; Fivash et al. (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 to 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
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2731; U 275L or 275W V. 281D, 281K, 281Y or

281P; W  284E, 284N, 284T, 284L, 284Y or284M X.
WeADDNBIME, 291Q 291T, 291H, 2911 or 291G  PO1/US2009/038201

299A, 299D, 299E, 299F, 299G 299H, 2991, 299K, 299L,

299M 299N, 299P, 299Q 299R, 299S, 299V, 299W or

i B9 g0 30, 304D AN BOAT mi30RHRY A08s 2
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
Chaiken et al. (1992) Analytical Biochemistry 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, ¢.g., ADCC.

[00170] Characterization of binding to FcyR by molecules comprising an Fc domain (or portion
thereof) and/or comprising epitope binding domain specific for an FcyR 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 et al. (2002)
Scand. J. Immunol. 55:70-81; Perussia et al. (2000) Methods Mol. Biol. 121:179-192; Lehmann et
al. (2000) J. Immunol. Methods 243(1-2):229-242; Ding et al. (1998) Immunity 8:403-411;
Baggiolini ef al. (1998) Experientia 44(10):841-848; Brown (1994) Methods Cell Biol. 45:147-
164; and Munn ef al. (1990) J. Exp. Med. 172:231-237.

[00171] For example, assays for FcyR-mediated phagocytosis may be conducted using human
monocytes, by measuring the ability of THP-1 cells to phagocytose fluoresceinated IgG-opsonized
sheep red blood cells (SRBC) by methods previously described in Tridandapani ef al. (2000) J.
Biol. Chem. 275:20480-20487, or using an antibody-dependent opsonophagocytosis assay (ADCP)
as described by Bedzyk ef al. (1989) J. 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 al. (1996) J. Immunol. Methods

202:163.

[00172] In another embodiment, the molecules of the invention can be assayed for FcyR-
mediated 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, ¢.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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skilled in the art, e.g., using Ficoll-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 compositions of the present invention are said to be
administered for a “prophylactic” purpose if the amount administered is physiologically significant
to provide a therapy for a potential disease 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 or

recurrence of the disease.

[00174] 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, including the results of a physical examination, neuropsychiatric exams, and/or a

psychiatric evaluation.

[00175]  Preferred subjects for treatment include animals, most preferably mammalian species

such as humans or other primates, and domestic animals such as dogs, cats and the like, subject to

_54 -



S239D / 1332D 6 F241E / F243Q / V262T | V264E / |332E

59 S239D / 1332E 7 F241E /| F243R / V262E /| V264R 60
WEH2B9M23894332E / A3301 8 F241E / F243R /| V262B¢T/V28490038201

[ 1332E 61 S239D / 1332N 9 F241E /| F243Y |/ V262T |/

V264R 62 S239D / 1332Q 10 F241E / F243Y | V262T /

. /26 2F 6 9D / N297D./ L332E 11 F241L |/ .
dlse?‘éﬂ‘%f"tg‘er@ﬁéﬁlloglf%\?ﬁ%i {0184 AsP3BHT reh?b‘%ﬂ . %ﬁgzﬁe%raﬂk‘/s‘ﬁaymmha“
(incla@ngRddAn)./ V2621 65 S239D / N297D / 1332E / A330Y /

F241S / F243H/ V262T /| V264T 13 F241R / F243Q / V262T

V264R 66 9D/ 97D / 1332E K 6 4 F
1001726) 5 SR 2B AS shR PR SRR SRR, BT comppsitions
comprisiriz3&io %nﬁMﬂWabeLiﬁE AQWNth, AMA6DAhHdsVRI6 4dnib6BteS2B @ Dthérapeutically

298A / Jf

effec%ve amourt 3% one or more therapeutic agents, which are capable of prophylactic and/or
therapeutic treatment of disorders. The term “therapeutic agent” refers to any agent having a
therapeutic effect to prophylactically or therapeutically treat a disorder. Exemplary therapeutic
agents include 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 FcyR is desired (e.g., cancer, infectious disease). For example, molecules of the
invention may bind a cell surface antigen and an FcyR (e.g., FcyRIIIA) on an immune effector cell
(e.g., NK cell), stimulating an effector function (e.g., ADCC, CDC, phagocytosis, opsonization,
etc.) 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 FcyR polymorphism of the subject. Carton et al. (2002) Blood 99:754-
758; Weng et 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 FcyR (relative to a wild type Fc 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 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 include various enzymes (e.g.,
horseradish peroxidase, beta-galactosidase, etc.), prosthetic groups (¢.g., avidin/biotin), fluorescent
materials (e.g., umbelliferone, fluorescein, or phycoerythrin), luminescent materials (e.g.,
luminol), bioluminescent materials (e.g., luciferase or aequorin), radioactive materials (e.g.,
carbon-14, manganese-54, strontium-85 or zinc-65), positron emitting metals, and nonradioactive

paramagnetic metal ions. The detectable substance may be coupled or conjugated either directly to

-55-



16 F241Y /| F243Y | V262T /| V264T 69 S239D / V2641 /

A330L / 1332E 17 F241Y | F243Y [ V262T |/ V264T /| N297D
WO 2003328940 S239D / V2641 [1332E 18 F243L / V2B2I/U$2009/038201

V264W 71 S239D / V2641 /| S298A / 1332E 19 P243L /

V2641 72 S239E / D265N 20 L328D / I332E 73 S239E |/

D265Q 21, L328E /. | 332E, 74 S239E. / L328H
the ’Inﬁgi‘%S?%f éfs@‘ﬁel}mi‘ ﬁzlédlfﬁﬂlglf@fgh o ?Ele%l 65('32:59? finker), using
techig@2Rhdvh ih3R8M / | 332E 77 S239E / 1332Q 25 L328N /

| 332E 78 S239E / N297D / |332E 26

Cl1. Treatable Disorders

[00179] Exemplary 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, autoimmune diseases, inflammatory 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 molecules (antibodies or polypeptides) which bind
to a discase antigen. For example, molecules of the invention are particularly useful for the
prevention, inhibition, reduction of growth or regression of primary tumors, metastasis of cancer
cells, and infectious 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 thercof. 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.

[00180] Antibodies with a decreased affinity for FcyRIIB and an increased affinity for
FcyRIIIA and/or FcyRIIA may lead to an enhanced activating response upon FcyR binding and
thus have therapeutic efficacy for treating and/or preventing cancer. Non-limiting examples of
cancers treatable by the methods herein include acute myeloid lymphoma, adrenal carcinoma,
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, fallopian tube cancer, gall bladder cancer,
gastrointestinal cancer, glioma, hairy cell leukemia, hepatoma, Hodgkin's disease, intrahepatic bile
duct cancer, joint cancer, Kaposi's sarcoma, kidney cancer, larynx cancer, liver cancer, leukemia,
lung cancer, lymphoblastic leukemia, lymphoma, malignant mesothelioma, medullobastoma,
melanoma, mesothelioma, middle ear cancer, multiple myeloma, myeloma, myxosarcoma, nasal
cavity cancer, nasopharynx cancer, neuroblastoma, Non-Hodgkin's lymphoma, non-small cell lung
cancer, nose cancer, oral cavity cancer, ovarian cancer, pancreatic cancer, penal cancer,
peritoneum cancer, pharynx cancer, pituitary gland cancer, prostate cancer, rectal cancer, renal

cancer, salivary gland cancer, skin cancer, soft tissue sarcoma, squamous cell carcinoma, stomach
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such as lymphoma, leukemia, myeloma, lymphoid malignancy, cancer of the spleen, and cancer of
the lymph nodes. In a preferred embodiment, the cancer is a B-cell associated cancer, such as, for
example, high, intermediate or low grade lymphoma (including B cell lymphoma such as, for
example, Burkitt's lymphoma, diffuse large cell lymphoma, follicular lymphoma, Hodgkin's
lymphoma, mantle cell lymphoma, marginal zone lymphoma, mucosa-associated-lymphoid tissue
B cell lymphoma, non-Hodgkin's lymphoma, small lymphocytic lymphoma, and T cell
lymphomas) and leukemias (including chronic lymphocytic leukemia, such as B cell leukemia
(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, uterine
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/neu is overexpressed. In a specific
embodiment, an antibody or polypeptide of the invention inhibits or reduces the growth of cancer
cells by at least 99%, at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least
70%, at least 60%, at least 50%, at least 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 growth of cancer cells in the

absence of the antibody or polypeptide of the invention.

[00183] Antibodies with an increased affinity for FcyRIIB and a decreased affinity for
FcyRIITA and/or FcyRIIA may lead to a diminished activating response upon FcyR binding and
thus have therapeutic efficacy for treating and/or preventing inflammation and autoimmune
disecase. Examples of autoimmune disorders that may be treated by the methods herein include,
but are not limited to, alopecia areata, ankylosing spondylitis, antiphospholipid syndrome,
autoimmune Addison’s disease, autoimmune diseases of the adrenal gland, autoimmune hemolytic
anemia, autoimmune hepatitis, autoimmune oophoritis and orchitis, autoimmune

thrombocytopenia, Behcet’s disease, bullous pemphigoid, cardiomyopathy, celiac sprue-dermatitis,
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agglutinin disease, Crohn’s discase,

1scoid  lupus, “essential mixe é?oglobulinemia,
fibromyalgia-fibromyositis, glomerulonephritis, Graves’ disease, Guillain-Barre, Hashimoto’s
thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia purpura (ITP), IgA
neuropathy, juvenile arthritis, lichen planus, lupus erythematosus, Ménicre’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, Sjdgren’s syndrome, 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 immune-mediated inflammatory disorders (IMIDs), which are inflammatory conditions
caused and sustained by an antigen-specific, pathological immune response. Among these
disorders are various types of allergic diseases, such as asthma, hay fever, and urticaria, arthritis,
such as osteoarthritis and rheumatoid arthritis, chronic inflammation, chronic obstructive
pulmonary disease (COPD), connective tissue disorders, fibrosis, graft rejection and graft-versus
host-disease, inflammatory bowel discase (e.g., Crohn's disecase and ulcerative colitis),
inflammatory osteolysis, insulin-dependent diabetes, pulmonary fibrosis, retinitis, undifferentiated
arthropathy, undifferentitated spondyloarthropathy, and uveitis. Molecules of the invention
comprising at least one epitope binding domain specific for FcyRIIB and/or a variant F¢c domain
with an enhanced affinity for FcyRIIB and a decreased affinity for FcyRIIIA can also be used to

prevent the rejection of transplants.

[00185] The anti-inflammatory polypeptides of the present invention will preferably reduce
inflammation in an animal by at least 99%, at least 95%, at least 90%, at least 85%, at least 80%,
at least 75%, at least 70%, at least 60%, at least 50%, at least 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 immune response against said agent or enhance effector function against said
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of unnatural am no acids, for exanple by nethods such

as those described in, e.g., Wang et al. (2002) Chem
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and van Hest et al. (2001) Chem Comm 19:1897-1904.
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a subqﬁqu:e n plaegigcated,or sur((@n(gng\tlasu@ 5Wé;gtgaypphe,<b@t aéﬁn(ét’ld%l actlve 1ngredlent
admlgli]s%%ﬁ)alolte thERGLRY Yo IRPinkRAfknt AR &h& Ly ﬁled tb ]a%%ﬁl))lng‘mon the
. Bio. 263:551. [00161] Monocl onal ? bodi es nay
be made by a variety of netdods known to those skilled

in the art, for exanple, hybridoma nethods as
described in, e.g., Kohler et al. (1975) Nature

256: 495, Kozbor et al. (1983) | nmunol ogy Today 4:72,
or Cole et al. (1985) Monocl onal Anti bodi es and Cancer
Therapy, Alan R LISS Inp., pp. 77-96, or reconbi nant

o I L o - Tl o~ ~



[00178] For diagnostic purposes, the antibodies or
pol ypepti des may be coupled to a detectabl e substance,
wabhzs94 hey can be used, for exanple, to nonNPCDUS100E038201
devel opnent or progression of a disease, disorder or
i nfection. Exanpl es of detectable substances i ncl ude
ous e er adi. s erox

termbrgfe t@ o El’%g alalgéng g% hg Bvepvlgr&hﬁlgtf Et]l& éersg ﬁ(; theaapeutlc effect,
whet@br admitfiddéred inepmbihhtionr @EalBnNbr simbleneakls. (e. g. ,

unbel I'i f er one, fluorescein or phycoerythrln)
[001%@m E}%S oesgte s td%[e and al ()untsgeffeclﬂven%or 8161) ¢ %C a mon C?IC uses

teria ; ["UCi'Terase or aequor 3 aBi*Bacti'v

the “Wadiey negﬂmen( ewlkj; Jdcpendi (97111929 ety rf@me Sielbldng thds stagetdf ulny <B£ease or
condilonr b aRE (ERE AR GREAANRIEYFifAlRE megpraies et e
paueaubphmclestam;/a@and ohepliled Ttherap@m;: ug‘ah@chndnd)ﬂn@ty aditliee@inlpysitions
maytbﬁ dete mHnegﬁ)yI an|daer rrggarmt Chelelf(lcap Qr%nag %ﬁ(al 3519 %0X1cof0§1)éal procedures in
cell d:mbtcdm iogy e»qsnllnmw"amnmlst Her axatnplec:lnuﬁﬁerem raérthms[dfeaemmmg EDy, (the
dose tgerapeu'lécagx?{r% tlr\r]’ge % gb (Sg)?rrcgrh ot t}tleglgc}é)np?gna\k;agl% :Lir 6%Etﬁd (I)sgdethal of 50
perchutof aliee papotatibn)ndxised Tthe ,doger t:altlo fretvaen Vierahewer hdr oxic offebts is the
therag %gfg e%aatm!dvlf fagll bseoetr;(gr%gs%% Ias:' p(I)lF aagtr o &/LBSaOUtC? mé)tomp 10ns exhibiting high
theraﬂelseamcb@s atlerprof@reado Uige dmdaoidammhﬁm cdlltweltmmvssmsmocammal studies may
be usper eve als%tﬁnsgoaﬁgﬁ I%%qaosﬁ,geds £ rq}lni%%% 8}538 glglé éi]:)%[[ge %Irpgeor $¥ w’ithm 2 range
of cagwbijtretdns ticao imshudss thg EBeinwirhi kttle pt mgtotcxmty hed sup jthwrann thls range
depetpr% grp %gtdcl)s%igge ft gf %gl%getdbéle%m 1 gogtb}{e pa‘ue{ a\rll\??{he ﬁoube Sof &drtmmstra‘uon

disease antigen. For exanple nol ecul es of the
[001PTv efihé dpsage ecgpaant dlputales| igtoumediddratioo rpheimacgiestienpirangters well
knovéllmﬂl tRJ: 51"[ OI"]_: the Q%C(;fl a%gl)rlgtfong&g&habﬂﬁt rlﬁggli%ﬁgﬂl O(ﬁeag?]{nce and the like

pri (iror s tastasi’s of cancer ce
(see,i . ,efdtdaleurs\rmoseaé%) J A$teramlugiihcheat Mqht%nld P81 -6l 7o &roning (1996)

P&l i .
AR L A0 TESARBLET k080 R 5 S, s
84:1144-t1dopRohptaga (14K e hatmazisr SOréd 69d 35 Broplor (188D divni h&tlinoRharmacol.
f t [ j ' . Of . e .

24 16%\%82 &eé%&ﬁggrﬁ%ﬁﬁ tsﬁ r gg@% tsggenotaf?l%ei agﬂl a?l)?&g{)}l% %hl‘ﬂr:lalli f& determine the
dosagy ogimdni fok el iodivided! |pagent.f therepean¢ pgransndadisdagy or condition treated.

Sing¥e: glﬁ ﬁ%\?%pﬁg aiszilglélﬁﬁ Ql%eg 88 1%&%& ‘T’tm% gl%t b\ﬁ\é%ﬁg g%@on can be
admid'e?_r@abmd'a@ fon lﬂietdpsafgo and:&WMCB aawdulami arnr:h trl@asdbly the patient. The
dura@%h%f‘%lcr:&epéylfa&[c. aﬁg ﬁ&agélﬁc %Q{ngﬁt vﬁﬁ%?yg%]c&ﬁ%lg ng@ﬁ% dotaﬁlcglgr disease or

activating response upo
condithndengvmatth Sompdistdses kefid themepjvep or adutegapinmyt whad¢as others require

longﬁe’rrgl\étt%g%#)yé 9{)%915111‘3&%0{}'%‘ gj)t d h;ﬂﬁ/ bea)él‘gm}% %}‘?'a ut e%ﬁy&{oﬁs %re given

erein 1 nclude
every yevp deysa ¢vead fen alkeclsarc gwegmiew ademedhmcmn@niheramealagent may be
inclu%gd]ﬁlecra%h g)cln% qilgt?gtloﬁ aAlNGed: - dlal}gpll%%aé“éa(ﬂcﬂ%ra elp[qp Q(Eaﬂge to meet therapeutic
connective tissue sarcomd, brain carcer, breast
needsancer, bronchi al cancer, cervical cancer,
chori ocarci noma, chronic Iynphocytic | eukem a, chronic
[OOIBMel AOEPR He?reh @Mlémélt, tHOHS L &fﬁ@ ‘aggn’ts &Qﬂleoﬁl@é}ﬁlélll art Aafnlistered in
endonetrial cancer, esopha ncer, eye cancer,
metrprgnjie) ,gp@pg tegiyeeng sitberr by ggﬂtlpuqms afdsaen glaﬁgqgent administration without
exte&i@ﬁ trcrsphéanogy Slﬁb%l m&%ﬂgﬁ{c’adglllﬂlé?fmon Qa%' 15‘)/01\%e(!lolsmlrg ealr‘g&lgﬂaﬁ‘t’ intervals
hepat o kin's disease, intrahepatic bi
cancer, joint cancer Kaposi's sarcoma, ki dney cancer,
| arynx cancer, |iver cancergy | eukem a, lung cancer,
| ynphobl astic | eukem a, |ynphoma, malignant
nmesot hel i oma, nedul | obast oma, nel anonma, nesot hel i oma,
m ddl e ear cancer, multiple myel ona, nyel ona,
nmyxosar cona, nasal cavity cancer, nasopharynx cancer
neuroblastona Non- degkln s Iynphona non-snall cel




[00197] The dosage reginen al so takes into
consi derati on pharmacoki neti cs paraneters well known

wo moophzssswt, i.e., the rate of absorption, PCT/US2009/038201
bi oavai l ability, metabolism clearance, and the I|ike
(see e.g., Hidal go-Aragones (1996) J. Steroid

8.611-617. &
Wlth%’ﬁ é?sﬁﬁ%‘“t"gs iy%*%’”'}lyéllﬁ “ERT %Fl%ef}ts o% C“%B t(‘P(]‘?tg’é% B are used at
loweb 408 - Sith ddcihg sginend 8@bInpaks Rk dic <ﬁﬁ:1y adiBhistrideh-oF léﬁwely low
Rahat 199 h 50:610-613;. B
doseﬁg raex Id%ﬂ( PWOE%DREP%’(T% 1Jc ﬁn mmf@ép)’ﬂ{: ﬁrédo pg%é(été ang iminate rest

pendaenKﬁlgit@nal QU@T) &ancel Resesich b 22188 He cardin ﬁhﬂoﬂmﬁentshﬁe therapeutic
eterm ethe osa |nenf

asens &? 9@8&59 E’ES 8? °8‘ﬁt1°w R&ra S8t e St Rt | é’?a%’@“ ot hours to
aboucomdyst koabotir Bated to Sjongjz &veelts, WLHbbutH weckelnd atiost I aboh@ns about 2

SILt1on the reS nve on.can
monfly el o BR e Brie et BRTPRG %%@ﬁﬁﬂ&w%wm
schedginy iof @dh dsvd rdgirhens adretet d;)ymtzhebpalb klen¢d onEblegistur at i on of

prophyl actic and ther apeuti c treat ment will vary
pe d|n on the parti t.i.on.being. . .
[001 Noaf &4 cﬁe &e Ig% gseeg%Pf etﬁe dmtv?'lnelﬁs’ etF 8osa%e ad(rjrlm,?tgred l?o a pgtlent 18

typidahse@tmehtmg/u@roea@ oighkers thegaiieng's | bordyg -wtogghm tHnﬁ‘mapiy, thlefdosage
istra not ai | asi X
admmls{n rergi to & Stlean(r%e ff%\\&//eeerlil 06(8@} wg?ké%,\? aysltlg/lg%eé(;blb V%%(% ng 10 mg/kg,
0. OO@)lr mg)(kgrayd ﬁemg/krg;rﬂ:ﬂﬁ)@l atdh@ gt €. OK)QEmabi‘emtg'/kg agemnt mgty and 0.75
| uded i | StL at |
melep DG NGRS pidd SBER VI (RULEL PP mERe (TP K1Y e, 0 0001
to 0.hemgse, (. @0198) nhg?ik@ O{ﬁﬂ af A mg/kgmib()ﬁl meht() mphe of the patlent s body
e utic nts o he. ntion,are m
welgH1 ﬁ“ﬁl{) gosa%e an gﬁquenc& of pﬁlésrt]rg’ on m@ﬁ be T d}l/lce%o(ﬁ't altereg bg/ enhancmg
uptakeadndgisare ponctfatigqofetht alaﬂbmhm Isst madhﬁcmllow fuklp ag, f@xdxempie,dlpldatlon
In orqeees t‘q %eéggﬁend%g Cehocons n%%ocm:s z%da q{{]st?rleg t[ rat !htf)err]l} are r(1) 01 mg to 1000
mg/@ag,rwh’mis,tsed]' yspmmgld: Iagent lheraphe ﬂraplmnltqr @magrbmtng thg antlbodles are used in
com rala{t]tr(])lnggts I (r)]the ytﬁlgrgl?(?rél ﬁés: C(Z eorg}tl%gss %nd[e h Sd%%alggtnad%n er?cfj 0 a patlent are
lowea chin nish rsalﬂlrmﬂecufes raml labd vehymgbvugdoshaaa;fyo rlneaxprefaded:l example, a
iods of ti can d
subj e%?g treflw(rin wlt]tg tant%‘r?)glg b teer fafige 0 frgﬁweelit abou% 6) k& % %& %@g welsht one
time Reiseak dbr B7vEZBbda8]1 tOI " weks, aretﬁerﬁﬂbwwmr?tts 8 vtcalks, more preferably

betwtepnea{‘bot?t%l'tt I7C algen Sevgr{ nelorg:elrelfera%)r E Qlyoug Jﬂ T (g\ﬁ W- dose
or gy r out

cont’i nuous Tt nfusi on rang om ab durs to
about 2 days, to about 1 vveek to about 2 weeks, to
CS. about C@nkisetion Tlergheut 1 m)nth to about 2 nonths, to
about 3 nonths, to about 4 nonths, to about 5 nont hs,
[00266‘] aqﬂytnvgntfgﬁ %rﬁl%r en-wlﬁ a%%,'g%ﬁﬁ{ nhs%ngﬁqesaﬂg%dﬁeg%F olypeptides of the
regi nens can be opti m]% onco 89?3?.
invet®o 19 ojmtfention with ohdi feeralemlewwaee@dsebyﬂlp%el thegre forr thsrieatment or
160 PSA Mot 8% tu?ﬂ 5 &R k¥ ludi
p‘retf% . grcl) glé g& QQSﬂn u ‘ESS&?T( a 'g S)gtritﬂéczltotli Jﬁ%&%{? ﬁé‘udlng‘ but tlot
limitpgitgy murrellﬂr emimdbﬂtrgd emmern@t@ad a@emethmmmthemat hegppies, biological

thera?{%} 1%négﬁer%§$sv\?ﬁﬁt19n ﬁ)lg;g%t:elgrg{ %ﬂg Iét?sgmggéié&hmgﬂg YL ntibodies

or p@lm@pzdeﬁgﬁ Keg m@ﬁ@l@@lnaad?@ aﬂnwgwkr lrocmatlngmfé 9ath@lrageu?15ally or
propg‘ﬁééﬁgal gg% RO 3RGoOncte %Jggutlc(%ggsoﬂnow/ t glogeoskllled in the
. 25 g, 0.0001 to 0.15 001 to O.

art fongy /th@gt,reagne@]@ Bnd/or OreBentigi ko caeeQ lautapym@uirs diggpsk gn@pthy_s Qliscase or
intoxi@ti0y. 10 my/ kg of the patient's body weight. The dosage

and frequency of adm nistration may be reduced or

altered by enhanci ng uptake and tissue penetration of

the antibodi es by nodificatdpns such as, for exanple,

|'i pidation. In one enbodi nent, the dosage of the

anti bodies admnistered to a patient are 0.01 ng to

1000 ny/ day, when used as single agent therapy. In

anot her enbodi ment the anti bodies are used in

conblnatlon mnth other therapeutlc conp03|t|ons and

o - .




[00218] In a specific enbodi ment, nucleic acids
conpri sing sequences encodi ng nol ecul es of the
WO poven2isen, are administered to treat, preventP@I/US2009/038201
anel i orate one or nore synptons associated with a
di sease, disorder, or infection by way of gene

001 3B R oS P BB Perpic

ageneXPlicass iobthe tertc fceinbln&mjnd dodsl’hot ek tsictetid odicimanthichf th&rh[&utlc agents

i,nventi t he nu ei.c CIdS roduce i r encode
ore e o PR T SrER e AR G b T oeP RS S iinisered a
exacy tharsepd yimaCliut eatlesk fiteic tneaIAml}at e hrhibddy élmolmemele toh efeamentmn and
the oﬁlﬁelr ﬁ%%‘? arg é'llglglmtl hezeéda or'il m%rXIB eln g?cglgg(}fegqrnd &1‘[ g}l a tHPi gﬂgeé‘yal such that
the ﬁlbdﬂyﬁﬁlpoﬁb@tlﬂaﬁﬁlthﬂ: Zﬁ\éﬂt&nﬁﬁﬁ ;actViligealied with thel &Bdr)agent to provide an

. __Biather ol st os
R R ToPLbF e 43Sy 3eCake Y bbt FGANTp Fods) hespeuic agen
(egS@hﬁﬂﬁ&n&@Qr&ﬂﬁnﬁSﬂmn@mdthmganﬂ&nﬁyAmdenﬁgmm(lﬁﬁaw)1n%fbe

Bi ochem 62:191-217. [00219]. .In a

admlgggeée ta\{ thg sgrgﬁ_blglg ioF PegHe 11all§f ny %{fgh flti ciéﬁer %I?‘B{ﬁf glme lgowever if
rmtmMﬁmg@edanhdsmenﬁmﬂﬂmgsmntMimhﬁﬂymedmﬁﬁaamemmeEUSmem)%to
prov %?%eedggregﬁh%%gytlécn%E)g(%,]i)lhglgdtic g?fle%h {1(:% tﬁg%peggclz %Sé{nﬁcen BQ administered
sepasardy, oahy dpprogrigelifdralng b @asy suitible pand, ie@uloaé by seaifal route and one
are rJelc aci ds have pronoters, preferably heterol ogous

p %?8 ters, operably linked to the antibody coding

regi on, sald pronoter being inducible or
[00262]ns i tartoby enbainokntso ptfirw Makdpyytictages wen b@ahlhiﬁiisuered Iprior to (e.g., 5
mmue[les Hﬁ m1n g I‘3bl ql’lillllt asr 4 m1nu{je th%t L2 UC|S e4 hc(’)ursc(!i ﬁiours 1? ﬁou S, €94 hours,
Prowhi Ch” The ant ‘I'boay codin g seguen na”

48hany7@ﬂhem %@&mmedwsdqaemmb§3amﬁhiHamwedsbyd%e@ﬂ@ﬂs 8 weceks, or
12 wegiatbeﬁ)reg n?tzotngon%%rrm ﬁ,ﬁoﬁr’ glrlbesce:gurégthtg é !g]? mlnutes 956 Isnllnru%(sj, 30 minutes,
45nnmnﬁabhmmnbbnmanhemnﬂé&stmZb@niBéhansMBdﬂmsEﬁUnﬂmngihmHs1

weekcugl el lgspra_’agéve% Sw(eje SC I be%s I g(v[?e% Zg )wae é)§3 hl)g/ge s aft&r) the
admmls}rhtsmrﬁ ®becald (0¢ lsﬁlﬁgc)ueht)ttthﬂr@emeagé%toB:B sub[je@Oﬁfi’tﬁ]a disorder. In
preferrefi ﬁm%oél m?r]é[sc:twg of Ililq\c/:\i;]eeag%ntg%rled%% esteerI wfcf 1th}?eCs rpgtl?f visit, or no
moretkipoRewutsapirh @o mued tharc24gdoud apart, nuod more tlam |46 holas apartng

vectors, or indirect, in which case, cells are first

an .
[OOZBé]anzﬁ ? 1al gegl\{y:oﬁglgﬁt? QIéQ{é{gljb?éu%f Qge.?%sﬁré &cl\féahggdmﬁlg%ﬂed Sto a subject.
Cyclmgehekmmyol‘re@sﬂpe&tdtmmstawn aba first ygeviofoop petxodvqf\xmneg énlewed by the
] f e dj t

admltnnﬁgtnuc fe% SIQ%%& a 4n@ %/glp g‘ﬁlld %rﬁte%? O dg%? (%fhtgne rand reﬁ)ea‘ung this
Sequprmabmctmmlatrat@nadlwhm&thenamd camredluoadhe Whvelopment of ses1stance to one or

| . .
mor e&‘fﬂﬁeetﬁé n@rst 94 &%&Ee ttﬂ%es%d% ngaded Ho o}’ﬁ%g @Igga’%?e%u%ﬁﬂoglsnﬁ%@bes the

ed by nuner ous mnmet
efﬁcacrYfOé dtelt@ntnusu rfqemelmywclpsadre airoubtrige pvery wedk, stwot @rs eeaslo days,

abouqj 81§c% 'VQ? %%ggek%ba%ﬁ 'abogn ?@crergl éﬁ g&efl\lg%e]fs 5 agg éﬁ? cr:%lrl\]élé)hlhﬁ% at least

1\wﬁhn@b%r@k%$99@$k$MW®nacbm%3vhéﬁaﬁ$94TmQQmmM10f@rbsghmnmwmd

o oGSOSR gy, O L0 AR, s o

BmK@ﬁhémn@Qnaﬁd)@@Vﬁgﬁmh99 503; Walsh et al. (1993) Proc.
Soc. Exp. Biol. Med. 204:289-300; Bout et al. (1994)
Human Gene Therapy 5:3-10; Boesen et al. (1994)

Bi ot herapy 6:291-302; Cowes et al. (1994) J. din

I nvest. 93:644-651; Klein et al. (1994) Bl ood 83: 1467-
1473; and U. S. Patent No. 5436,146), or by direct

i njection of naked DNA, or by use of mcroparticle
bonmbardnent (e.g., a gene gun), or coating with |ipids
or cell-surface receptors or transfecting agents,
encapsul ation in |iposones, mcroparticles, or
nicrocapsules or by adn1n|ster|ng then1|n Ilnkage to

e



1.1 x 105 -6.3 x 10-6 (est.) -- trastuzumab 1.6 x 105

1.3 x 10-4 0.8 EXAWMPLE 2 Apoptosis [00233] Various
w@zdob/12ispes wer e i ncubat ed overni ght wi th ch4DBECENS2009/038201

ch4D5- FcMIl. Apoptosi s was assayed by FACS anal ysi s,

and results are shown in Table 6. Table 6 Experinent

LT e A ST A S s
polyﬂ@ﬁ&@&ﬁt&ﬁéﬁs@ntﬁn&nﬁor&s MhugateQ td) oDadhibMBrel/h ébadbination with, another
therapeutic agent, such as, but not limited to, an alkylating agent (e.g., mechlorethamine or
cisplatin), angiogenesis inhibitor, anthracycline (e.g., daunorubicin/daunomycin or doxorubicin),
antibiotic (e.g., dactinomycin, bleomycin, or anthramycin), antibody (e.g., an anti-VEGF antibody
such as bevacizumab (sold as AVASTIN® by Genentech, Inc.), an anti-EGFR antibody such as
panitumumab (sold as VECTIBIX™ by Amgen, Inc.), or an anti-integrin antibody such as
natalizumab (sold as TYSABRI® by Biogen Idec and Elan Pharmaceuticals, Inc.)), an
antimetabolite (e.g., methotrexate or S5-fluorouracil), an anti-mitotic agent (e.g., vincristine or
paclitaxel), a cytotoxin (e.g., a cytostatic or cytocidal agent), a hormone therapy agent (e.g., a
selective estrogen receptor modulator (e.g., tamoxifen or raloxifene), aromatase inhibitor,
luteinizing hormone-releasing hormone analogue, progestational agent, adrenocorticosteroid,
estrogen, androgen, anti-estrogen agent, androgen receptor blocking agent, 5-alpha reductase
inhibitor, adrenal production inhibitor, etc.), a matrix metalloprotease inhibitor, a radioactive

clement (e.g., alpha-emitters, gamma-emitters, etc.), or any other chemotherapeutic agent.

[00205] Non-limiting examples of suitable angiogenesis inhibitors include ABT-627;
angiostatin (plasminogen fragment); angiozyme; antiangiogenic antithrombin III; Bay 12-9566;
benefin; bevacizumab; BMS-275291; bisphosphonates; cartilage-derived inhibitor (CDI); CAI;
CD59 complement fragment; CEP-7055; Col 3; combretastatin A-4; endostatin (collagen XVIII
fragment); farnesyl transferase inhibitors (FTI); fibronectin fragment; gro-beta; halofuginone;
heparinases; heparin hexasaccharide fragment; HMVE33; human chorionic gonadotropin (hCG);
IM-862; interferon alpha/beta/gamma; interferon inducible protein (IP-10); interleukin-12; kringle
5 (plasminogen fragment); marimastat; metalloproteinase inhibitors (TIMPs); 2-methoxyestradiol;
MMI 270 (CGS 27023A); MoAb IMC-1C11; neovastat; NM-3; panzem; PI-88; placental
ribonuclease inhibitor; plasminogen activator inhibitor; platelet factor-4 (PF4); prinomastat;
prolactin 16kDa fragment; proliferin-related protein (PRP); PTK 787/ZK 222594; retinoids;
solimastat; squalamine; SS 3304; SU 5416; SU6668; SU11248; tetrahydrocortisol-S;
tetrathiomolybdate; thalidomide; thrombospondin-1 (TSP-1); TNP-470; transforming growth
factor-beta (TGF-b); vasculostatin; vasostatin (calreticulin fragment); ZD6126; and ZD 6474.

[00206] Non-limiting examples of additional antibodies for the treatment of a cell proliferative
disorder include antibodies to 17-1A, avf;, AFP, CD3, CD18, CD20, CD22, CD33, CD44, CD52,
CEA, CTLA-4, DNA-associated proteins, EGF receptor, Ep-CAM, GD2-ganglioside, gp 111b/111a,
gp72, HER2, HLA-DR 10 beta, HLA-DR antigen, IgE, ganglioside GD3, MUC-1, nuC242, PEM
antigen, SK-1 antigen, tumor antigen CA125, tumor antigen MUC1, VEGF, and VEGF-receptor.
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00O0O MDA MB 468 10% 10% .) O MDA MB 361. 0 O 12%
10% MDA MB 453 20% 20% 20" . N, 20% MDA MB 231 0 0 0 O
W@ 09323890 0 0 O AS49 0 0 O O SKOV3 0 0 O O HTP@BUS2009/038201

[00207] 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 an
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., glucocorticoids,
dexamethasone, cortisones, prednisone or eicosanoids). The additional antibodies may be any
suitable antibody for the treatment of inflammatory disease, such as, but not limited to antibodies
to alphadbeta’7, beta2-integrin, CBL, CD2, CD3, CD4, CD11a, CD11/18, CD14, CD18&, CD23,
CD25, CD40L, CD64 (FcR), CD80, CD147, Complement (C5), E-selectin, Fact VII, gplibllla,
ICAM-3, IgE, IL-4, IL-5, IL-8, TNF-alpha, and VLA-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 autoimmune
disorder, such as, but not limited to, antibodies, brequinar, cyclophosphamide, cyclosporine A,
cytokine receptor modulators, deoxyspergualin, 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 autoimmune disorder,
and non-limiting examples include antibodies to a4b7 integrin receptor, CBL antigen, CD2, CD4,
CD23, CD40, CD80, FcRI, Gamma Interferon, IL-8, inosine monophosphate dehydrogenase, ICE
interleukin-1 beta, P38MAP 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 treatment of an
infectious disease, such 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 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.,
cetbuperazone, cefmetazole, and cefminox), clarithromycins, erythromycins, lincosamides (e.g.,
clindamycin and lincomycin), macrolides (e.g., tobramycin), monobactams (e.g., carumonam),
nitrofurans (e.g., furaltadone, and furazolium chloride), oxacephems (e.g., flomoxef and
moxalactam), penicillins, quinolones (e.g., ofloxacin or ciprofloxacin), sulfonamides (e.g.,
benzylsulfamide, and sulfacytine), sulfones (e.g., diathymosulfone, glucosulfone sodium, and

solasulfone), and tetracyclines (e.g., apicycline and chlortetracycline).
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Panel Cell Line Description Sites/Cell Score A

MDA- MB- 435 Breast carcinoma 4.7 x 103 0 B MDA- MB- 231
w®emase3sadeno carcinoma 1.6 x 104 0 C A549 LunpCT/US2009/038201

adenocarci noma 3.4 x 104 1+ D OVCAR-8 Ovari an

carcinona 4.4 x 104 1+ E MCF-7 Breast adenocar ci noma

1991755 COPB el LRt CREET T g Fatageetan- Syosans or
collagen-induced arthritis in rats, hamsters, rabbits, dogs and pigs, are useful in studying anti-
inflammatory activity, and inhibition of carrageenan-induced paw edema in rats is a primary in
vivo screen for the anti inflammatory activity of most NSAIDs, and is considered predictive of
human efficacy. These models are described in, ¢.g., Winter et al. (1962) Proc. Soc. Exp. Biol
Med. 111:544-47; and Hansra et al. (2000) Inflammation 24(2):141-55. Animal models for
inflammatory bowel disease can also be used to assess the efficacy of therapies of the invention,
for example the models described in, e.g., Strober (1985) Dig. Dis. Sci. 30(12 Suppl):35-10S; Kim
et al. (1992) Scand. J. Gastroentrol. 27:529-37). In these models, ulcerative cholitis and Crohn’s
disease can be induced in animals by oral administration of sulfated polysaccharides, dextran

sulfate or chemical irritants.

[00214] Efficacy in treating autoimmune disorders may be assessed using animal models for
autoimmune disorders such as type 1 diabetes, thyroid autoimmunity, systemic lupus
eruthematosus, and glomerulonephritis, for example the models described in Flanders et al.
(1999) Autoimmunity 29:235-46; Krogh ef al. (1999) Biochimie 81:511-15; Foster (1999) Semin.
Nephrol. 19:12-24, etc.

[00215] The anti-cancer activity of the therapeutic agents also can be determined by using
various experimental animal models for the study of cancer such as the SCID mouse model,
transgenic mice or nude mice with human xenografts, and other animal models such as hamsters,
rabbits, etc. known in the art and described in Relevance of Tumor Models for Anticancer Drug
Development (1999, eds. Fiebig and Burger); Contributions to Oncology (1999, Karger); The
Nude Mouse in Oncology Research (1991, eds. Boven and Winograd); 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 tumor models. Alternatively, OVCAR3 cells derived from a human ovarian

adenocarcinoma can be used as a source for xenograft tumors.

[00216] 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 in humans. Therapeutic agents and
methods may be screened using cells of a tumor or malignant cell line. 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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thera'%g&ticgl?ydé/ffegtgfseodogen %nrgé)est?mé\(eaci( initially from cell culture assays. A dose may be
formulated in animal models to achieve a circulating plasma concentration range that includes the
ICsp (i.e., the concentration of the test compound that achieves a half-maximal inhibition of
symptoms) as determined in cell culture. Such information 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 disease, 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 et al. (1993) Clinical
Pharmacy 12:488-505; Wu and Wu (1991) Biotherapy 3:87-95; Tolstoshev (1993) Ann. 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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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 intrachromosomal 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.

[00220] 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 nucleic acid-carrying vectors, or indirect, in which
case, cells are first transformed with the nucleic acids in vitro, then transplanted into the subject.

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

[00221] 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 et al. (1993) Meth. Enzymol.
217:581-599; Salmons and Gunzberg (1993) Human Gene Therapy 4:129-141; Grossman and
Wilson (1993) Curr. Opin. in Genetics and Devel. 3:110-114; Kozarsky and Wilson (1993)
Current Op. in Genetics and Dev. 3:499-503; Walsh et al. (1993) Proc. Soc. Exp. Biol. Med.
204:289-300; Bout et al. (1994) Human Gene Therapy 5:3-10; Boesen ef al. (1994) Biotherapy
6:291-302; Clowes et al. (1994) J. Clin. Invest. 93:644-651; Klein ef 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., a 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 nucleus or in linkage to an
antigen subject to receptor-mediated endocytosis (as described in, ¢.g., Wu and Wu (1987) J. Biol.
Chem. 262:4429-4432; Joliot ef al. (1991) Proc. Natl. Acad. Sci. (U.S.A.) 88:1864-1868; 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), etc.

[00222] 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 (1980) 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., hematopoictic stem or progenitor cells)

are preferably administered intravenously. The amount of cells envisioned for use depends on the
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desired effect, patient state, etc., and can be determined by one skilled in the art. Cells into which
a nucleic acid can be introduced for purposes of gene therapy encompass any desired, available
cell type, and include but are not limited to epithelial cells, endothelial cells, keratinocytes,
fibroblasts, muscle cells, hepatocytes; blood cells such as T lymphocytes, B lymphocytes,
monocytes, macrophages, 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 blood, peripheral blood, fetal liver, etc. In a preferred embodiment, the

cell used for gene therapy is autologous to the subject.
D2. Vaccine Therapy

[00223] In some embodiments, the antibodies of the invention may be used to induce an
immune response against an antigenic or immunogenic agent, including but not limited to 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 antigenic or immunogenic agents is coated with an antibody of the invention. The
vaccine compositions of the invention 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 immune response is desired, or an antigen derived from other viral or

non-viral pathogens.

[00224] In yet other embodiments, the invention encompasses pathogenic cells or viruses,
preferably attenuated viruses, which express the antibody on their surface. The invention further
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/neu expressing cell). The preparation and use of
immunoliposomes for targeted delivery of antitumor drugs is reviewed in Mastrobattista et al.
(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 pm 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
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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 liposomes can
be used. Antibody targeted liposomes can be constructed using, for instance, liposomes which
incorporate protein A. See Renneisen et al. (1990) J. Biol. Chem. 265:16337-16342; and Leonetti
et al. (1990) Proc. Natl. Acad. Sci. (U.S.A.) 87:2448-2451.

[00226] In 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, e.g., Szoka, ef al. (1980) Ann. Rev. Biophys. Bioeng. 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 vacuum 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
lyophilized to form a more homogeneous lipid mixture which is in a more easily hydrated powder-
like form. This film is covered with an aqueous solution of the targeted drug and the targeting
component (antibody) and allowed to hydrate, typically over a 15-60 minute period with agitation.
The size distribution of the resulting multilamellar vesicles can be shifted 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/neu. Any of a number 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.

[00228] 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 a 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 radiolabel. In another method, the cells can be
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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 MRI.
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 circulatory clearance.

[00229] HER2/neu proteins can also be detected using standard immunoassay methods and the
antibodies of the invention. Standard methods include, for example, radioimmunoassay,
immunochromatographic ~ 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.

[00230] Having now generally described the invention, 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
[00231] The kinetic parameters of the binding of eluted and purified antibodies were analyzed
using a BlAcore assay (BIAcore instrument 1000, BIAcore Inc., Piscataway, N.J.) 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), ch4DS5, 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.

[00232] Once an entire data set was collected, the resulting 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 BIAevaluation Software Handbook
available from BlAcore, Inc. Figure 3 shows the graphical results of the SPR analysis, and the

calculated constants are provided in Table 5.
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Table S: Kinetic and Equilibrium Constants Calculated from BIAcore Data

Analyte Kal (1/mole*s) Kd1 (1/s) Kp (nm)
ch4D5-wild-type Fc 1.7x 10° ~3.2x 107 (est.) --
ch4D5 1.1x10° ~6.3 x 10 (est.) --
trastuzumab 1.6 x 10° 13x 10" 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 1 Experiment 2
Cell Lines ch4D5 ch4D5 FcMT1 ch4D5 ch4D5 FcMT1

BT474
MCF-7

MDA MB 231 0 0 0 0
ZR-75-1 0 0 0 0
A549 0 0 0 0
0 0 0 0
0 0 0 0

SKOV3
HT-29

OVCAR-8 0 0 0 0

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 4D5 antibodies of the present
embodiments. The effect of ch4D5-Ag, ch4D5, and Ch4D-FcMT1 on CD16-158F+ and CD16-
158V+ cells were studied and compared to controls. Results are depicted in Figure 4.
EXAMPLE 4
Anti-Tumor Activity in Mice (Breast Cancer Model)
[00235]

non-transgenic and transgenic (hCD16A) mice. Fifty Balb/c RAG2-/- non-transgenic mice from

Anti-tumor activity of various antibodies was studied in a breast cancer model using

MacroGenics breeding colony were injected s.c. at day 0 with JMT-1 breast cancer cells. Mice
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62 <0.01 ch4D5- FcMI3 67 <0.01 55 <0.01 ch4D5- FcWI
>100 - 33 - trastuzumab >100 NS 25 NS HT-29

w@bodDg238eMI1l 0.4 - 43 <0.01 11(E) ch4D5- FcMIr2r@r/6S20091638201
<0.01 ch4D5- FcMI3 1

were divided into five groups of 10 mice each, and treated intraperitoneously (IP) weekly for 8
weeks with ch4D5 N297Q), ch4D5-wild-type Fe, ch4D5-FcMT 1, ch4D5-FcMT2, 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?)/2. Results are shown in
Figure 5. Twenty-three Balb/c RAG2-/- mCD16-/- hCD16A+ transgenic mice from MacroGenics
breeding colony were injected s.c. at day 0 with JIMT-1 breast cancer cells. Mice were divided
into three groups, and treated intraperitoneously (IP) weekly for 8 weeks with ch4D5-wild-type Fc
(n=8), ch4D5-FcMT1 (n=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®)/2. Results are shown in Figure 6.

EXAMPLE 5§
Anti-Tumor Activity in Mice (Ovarian Cancer Model)
[00236] 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 intraperitoneously (IP) weekly for 8 weeks with ch4D5
N297Q (n=5), ch4D5-wild-type Fc (n=6), ch4D5-FcMT1 (n=6), or PBS (negative control; n=>5).
Tumor development 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 N297Q (n=8), ch4D5-wild-type Fc (n=8),
ch4D5-FecMT1 (n=8), or PBS (negative control; n=8). Tumor development 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 B. 96 mCD16-/- huCD16A FoxN1-/-
(nu/mu) transgenic mice from MacroGenics breeding colony were injected s.c. at day 0 with
SKOV-3 ovarian cancer cells. Mice were divided into six groups of 16 mice each, and treated
intraperitoneously (IP) weekly for 8 weeks with ch4D5-FcMT3, ch4D5-FcMT1, ch4D5-FcMT4,
ch4D5, ch4D5Ag, 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®)/2. Results are shown in Figure 8.

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
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ch4D5-FcWI ND - 13 - ZR75 -1 ch4D5-FcMIl1
ch4D5- FcMI2 20 NS 67 <0.01
ch4D5- FcWI' 38PCT/882009/038201

- 38 <0.01
14 <0.01 78 <0.01 12(A)

W@ bedDF2BedMT3 26 <0. 01 63 <0.01
trast uzumab

specified in the HER2/neu test kit sold as DAKO HerceptTest™ (DakoCytomation, Glostrup,
Denmark): missing HER2/neu 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 panels represent the various cell lines, 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 47x10° 0

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

C A549 Lung adenocarcinoma 3.4x10° 1+

D OVCAR-§ Ovarian carcinoma 44x10° 1+

E MCF-7 Breast adenocarcinoma 45x10° 1+

F BT-20 Ductal carcinoma 6.9 x 10* 1+

G HT-29 Colon/Colorectal cancer 9.4 x 10" 1+

H ZR75-1 Ductal carcinoma 1.4x 10° 2+

| JIMT-1 Breast carcinoma 2.0x 10° 2+

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

K BT-474 Ductal carcinoma 2.0x10° 3+

L SKBR-3 Breast carcinoma 3.0x 10° 3+

M mSKOV-3 Ovarian cancer 4.0 x 10° 3+
[00238]  Several 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 Fc), ch4D5 N297Q and trastuzumab (as a
control). Data from valid assays (SR < 20% MR, AICC < 50% MR) is reported in Table 8, where
EC; 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 Fc-optimized antibodies were statistically different from those obtained for the Fc wild-type
ch4D5 antibody by the sum-of-squares F test. Data were also fitted to sigmoidal dose-response

models as shown in Figures 10-13.
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ND -

ch4D5- FcMI2 7 <0.05 70 <0.01 ch4D5- FcMI3 10 NS 65

23 <0.01 JIMI-1 ch4D5-FcMI1 8 NS 73 <0.01 12 (B)

wx009123890£h4D5- FCWI 22 - 43 - trast uzumab 10PdNSUSHONBS201
MDA- MB- 453

Table 8: ADCC Assays in Various Cell Lines

Cell Line Antibody ECS0 p Max p Figure
(ng/mL) IE(})ZI)S (Panel)
MDA-MB- | ch4D5-FcMT 1 ND - 5 NS 10 (A)
435 ch4D5-FcMT2 | ND ! 13 NS
ch4D5-FcMT3 ND - 7 NS
ch4D5-FcWT ND - 7 -
trastuzumab ND - 7 NS
MDA-MB- | ch4D5-FcMT 1 4 NS 27 NS 10 (B)
231 ch4D5-FcMT?2 12 NS 29 NS
ch4D5-FcMT3 ? ? 24 NS
ch4D5-FcWT 9 - 27 i
trastuzumab 7 NS 22 NS
A549 ch4D5-FcMT1 14 - 34 <0.01 11 (A)
ch4D5-FcMT?2 21 - 24 <0.01
ch4D5-FcMT3 > 100 - 23 <0.01
ch4D5-FcWT ND - 6 -
trastuzumab ND - 5 NS
OVCAR-8 | ch4D5-FcMTI1 14 <0.01 43 <0.01 11 (B)
ch4D5-FcMT?2 21 <0.05 40 <0.01
ch4D5-FcMT3 26 NS 36 <0.01
ch4D5-FcWT 57 - 16 -
trastuzumab 37 NS 13 NS
MCEF-7 ch4D5-FcMT1 4 <0.05 55 <0.01 11 (C)
ch4D5-FcMT?2 9 NS 51 <0.01
ch4D5-FcMT3 8 NS 48 <0.01
ch4D5-FcWT 23 NS 32 -
trastuzumab 9 - 21 NS
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ch4D5- FcMI1l 3 <0.05 59 <0.01 13 (A) ch4D5-FcMr2 4
<0. 05 58 <0.01 ch4D5- FcMI3 6 NS 57 <0.01

W@ bedDF23BeAM 11 - 45 - trastuzumab 3 <0. 05 31PODUND09/038201
BT-474 ch4D5-FcMrl 3 <0.01 73 <0.01 13 (B)

Table 8: ADCC Assays in Various Cell Lines

Cell Line Antibody ECS0 p Max p Figure
(ng/mL) IE(})ZI)S (Panel)

BT-20 ch4D5-FcMTI1 42 <0.01 66 <0.01 11 (D)
ch4D5-FcMT?2 78 <0.01 62 <0.01
ch4D5-FcMT3 67 <0.01 55 <0.01
ch4D5-FcWT >100 - 33 -
trastuzumab >100 NS 25 NS

HT-29 ch4D5-FcMTI1 0.4 - 43 <0.01 11 (E)
ch4D5-FcMT?2 0.5 - 44 <0.01
ch4D5-FcMT3 1 - 38 <0.01
ch4D5-FcWT ND - 13 -

ZR75-1 ch4D5-FcMTI1 14 <0.01 78 <0.01 12 (A)
ch4D5-FcMT?2 20 NS 67 <0.01
ch4D5-FcMT3 26 <0.01 63 <0.01
ch4D5-FcWT 38 - 38 -
trastuzumab ND - 23 <0.01

JIMT-1 ch4D5-FcMTI1 8 NS 73 <0.01 12 (B)
ch4D5-FcMT?2 7 <0.05 70 <0.01
ch4D5-FcMT3 10 NS 65 <0.01
ch4D5-FcWT 22 - 43 -
trastuzumab 10 NS 34 NS

MDA-MB- | €h4D5-FcMT1 3 <0.05 59 <0.01 13 (A)

453 ch4D5-FcMT2 4 <0.05 58 <0.01
ch4D5-FcMT3 6 NS 57 <0.01
ch4D5-FcWT 11 - 45 -
trastuzumab 3 <0.05 31 <0.01

BT-474 ch4D5-FcMTI1 3 <0.01 73 <0.01 13 (B)
ch4D5-FcMT?2 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- FcMr2 3 <0.05 58 NS

ch4D5- FcW 11 -

64 -

trastuzunmab 7 NS 60 NS VWO

ch4D5- FcMI3 4 <0.05 71 NS

WQO19/11B3B94PCT/ US2009/ 038201 Tabl e 8: ADCC ASBEHESI019/038201

Vari ous Cel |

Li nes Cel |

Max Lysis 1% P Figure

Li ne Anti body EC50 (ng/nmL) P

Table 8: ADCC Assays in Various Cell Lines

Cell Line Antibody ECS0 p Max p Figure
(ng/mL) Lysis Panel
%) (Panel)
ch4D5-FcMT3 0.8 <0.01 61 NS
ch4D5-FcWT 6 - 62 -
mSKOV-3 ch4D5-FcMTI1 1.2 NS 71 <0.01 13 (D)
ch4D5-FcMT?2 7 <0.05 43 <0.05
ch4D5-FcMT3 0.9 <0.05 56 NS
ch4D5-FcWT 3 - 58 -
[00239]  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 variations, uses, or

adaptations of the invention following, in general, the principles of the invention and including

such departures from the present disclosure 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.

_79 -




(Panel) SKBR-3 ch4D5-FcMrl 0.4 <0.01 64 NS 13 (O

ch4D5- FcMI3 0.8 <0.01 61 NS  ch4D5-FcW 6 62
WOrBKOV289£h4D5- FcMI'l 1.2 NS 71 <0.01 13 (D PCT/US2009/038201

ch4D5- FcMr2 7 <0.05 43 <0.05 ch4D5- FcMr3 0.9 <0. 05

56

What Is Claimed Is:

Claim 1.

Claim 2.

Claim 3.

Claim 4.

Claim 5.

Claim 6.

Claim 7.

Claim 8.

A polypeptide comprising a chimeric 4D5 immunoglobulin light chain comprising

an N65S substitution.

The polypeptide of claim 1, wherein said polypeptide comprises a light chain

variable domain having the amino acid sequence of SEQ ID NO: 4.

The polypeptide of claim 2, wherein said polypeptide has the amino acid sequence

of SEQ ID NO: 2.

The polypeptide of any of claims 1-3, wherein said polypeptide is an antibody.

The antibody of claim 4, wherein said antibody comprises a variant Fc domain

having at least one modification in the Fc domain.

The antibody of claim 5, wherein said modification comprises at least one
substitution selected from the group consisting of L235V, F243L, R292P, Y300L,
V3051, and P396L.

The antibody of claim 6, 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) at least two substitutions selected from the group consisting of F243L and
P396L; F243L and R292P; and R292P and V305I;

© at least three substitutions selected from the group consisting of F243L,
R292P and Y300L; F243L, R292P and V305I; F243L, R292P and P396L,;
and R292P, V3051 and P396L; or

(D) at least four substitutions selected from the group consisting of F243L,
R292P, Y300L and P396L; and F243L, R292P, V3051 and P396L.

The antibody of claim 7, wherein said antibody comprises substitutions of’
(A) F243L, R292P, and Y300L;

(B) L1235V, F243L, R292P, Y300L, and P396L; or

(O F243L, R292P, Y300L, V3051, and P396L.
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NS ch4D5-FcW 3 - 58 - [00239] All publications

and patents nentioned in this specification are herein
wo piponpeseat ed by reference to the sanme extent BGSI/U$2009/038201

each individual publication or patent application was

specifically and individually indicated to be

Claipant i OR RAL et HBSCr D 1] WHGhECE TR THOHS. o Compared

speci fi awelﬂbgd:iﬂmlnmslnt hereof, it will be understood

t hat |t ca abl e of furthe |f|ct|on and thi
appl i caftbn” FRRRi afhed v Elso bRty St R Aeds
or adap(]a)tl 0ﬁtﬁ:rdaﬁedﬂ)hﬁhrign(vEﬂ/RIHWbrft@deR\MIAI,g, i n general,
the prin s of the |nv ntj and i ncl udi ng such
departur((g)s f 8%’3?#131 dl”@stg ]{‘iﬁyé)fosure as come within
known o(DpusﬁmmﬁeydbmdaxgttoE@/M\EBt hin the art to which
the invention pertains and as may be applied to the
Clai %6ent %I oleat‘[LlJ eec% hre Srll’? I nnbienInQ rng S ulnhea c'ham\{:w(ﬁ)mt rlslm a variable
T'a YA TP A oty pept gab conpr“ys Ag amPreme
chi msr I do#dddb ha\mrgmmghmtmlid S’@qﬂldngd'ﬂelecthdifrnmc]mmoumongstmg of SEQ
N65S su t tide of claim1,
wher ei nl‘?létyl(%lbpg 9 q%étdie? %néin‘%ii‘rq?ggy)gq ight chain
vari abl e domain haV| ng the am no acid sequence of SEQ
ClaithDING: 4 poGipaptivie Sonmprésinzol Aepiniudeslafulio hedvpnelin evmanising:

d I . S
S ai po &X)Oepta{ g%j f}ﬁé {J&ﬁtuﬂ?ﬂ aéfec I %%Iﬁ qlgeu ﬁlg F%lsﬁ&?’o}: Q243L,
vvher e| n said sz@(l)@g yBéBIR (Sé%Ns YéﬂOIaﬁ/BlObToﬂg‘/SO\OlﬂaliPrw& The

ant i bodyyof | S a
var i ant¥ c d%rrlg?llsn %as\l}%:igﬁl% e%gts?ﬁgﬁtéﬁer‘?g%%f Jrﬂl%%ﬁﬁi n
the Fc domai fl) C &48L6wdRe9@nt i body of claim 5,
wher ei n sai d di t ses at |east one
substituti on el e%tbzg% #@(‘i}mgﬁ‘i‘gﬁd group consi sting of
L235V, F243L(3)R29RR2@O0L305K3051, and P396L. C aim
7. The anty bo ' '
conpri sg‘g)l: ( ylea%hh égg{%l{&%ﬁ%ﬁ%gl ﬁ%?lkhgﬁ% glcréltl:s?s gﬁoé (?Fom
t he group cofbi st iFﬁ@LoRZSFQZ’deDEJOE R292P, S298N,
Y300L, V305I A33 a B) at least two
substituti on sel gg%%dﬂggr%ﬁm%?hgogglfoup consi sting of
F243L and P39bL; F243L RaAMWP RAG2WL; and R292P and V3051;
(C at |east thre selected fromthe
group consi s leng %ﬁ%bi@hﬁ%%g%%nd Y300L; F243L,
R292P aKid) V306tast feRpeRbstitRRAP Rlcared fio@9Bd groenanRa Bz Bf:
V3051 and P3 t f S titutions
sel ect ed fro?nﬁt he Er%%z%%hg?@%aﬁd% 6%5‘2&, R292P,
Y300L and P395L; ﬁﬁftBLFBZ%E VB@SQZMP%D51 and P396L.
G aim 8 The antibody of claim7, wherein said antibody
conprises substitutions of: (A) F243L, R292P, and
Y300L; (B) L28sast FAE2L3RI2RI0IPL, YIB0and R3A6 sup8d6tigns.or
(O F243L, R292P, Y300L, V3051, and P396L. WD
1iR499/ 123§ HE2000403820 % @ i of
Calc l'ai m 5, aﬁ(ﬁ&%n SaIQ% var ?gl%lrte 3 d?oﬁ%%{aeegh%g??ogxy
conpared to a wld-type Fc dorml n: (A) enhanced '
Claig$i bodhelepitndem! deim 4nedp.arberciaysaist axibeily yurthapcapprises an
(B) inc Eﬁﬁ&%lo@hlﬂgﬁﬁgy (EIQIHF&)MI_Bhél& Q(larfagle REMEh Ihlwl'\ng ﬁlg:)ammo acid

decr eased bi ndi n]% B; i ncreased bi ndi nﬂ)
t o Fc7Rp¢g@ence of SEQ ID NO 7 SEQ ID NO , SEQ ID NO: 11, or SEQ ID NO:

13.
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Cl ai m 10. A pol ypeptide conprising an i nmunogl obulin

heavy chain conprising a vari abl e donmai n havi ng an
w@pionm23ed d sequence sel ected fromthe group CRCEUS10091¢88201

of SEQID NG 9, SEQID NGO 11, and SEQ ID NO 13.

G aim 11. A pol ypepti de conprising a 4D5 i nmunogl obul i n

.heavy chain co east one substitution
Claiddfer, od T PURTTRE GiBan WokE e RGP SrT.  poroe

R292P, $H2PA8Nat ¥30DQhe sM3Omiion A330M &sa R3Q0lLy cfBjsaidg of: F243L,

consi sting o (1) 5 08§ boarh oy ot B

R292P; amd ( 3i)lcRR2ODRubstichtivVibIbcted Eomtthd gaptcohdivtiae of:
substitution sel d f t he group consisting of:
F243L. R292P(H %%‘81_ dégigh R292P and V3051; F243L,
R292P and PSQQL anBI R2ARP2P/3b61 and P396L; (D) at

| east four s stl cted fromthe group

consi sting o %ﬁggg?é\%EQEZP, Y300L and P396L; and
(2) F2430), RHQIBth thv3 Q@tktimrichsR38GEd fr@n the gyaap cbsagihg of:
F243L, R292P,.. Y30 @,E 96 substitutions.
Caim1l2. The(Bolygg%¥1g2é%? g a 11, wherein said
pFIypegtlde (3 anFaﬁﬂJBD%%?mﬂtagﬂhlifThfhantibOdy of
claim4 or %z£§V ﬁ % _g urther conprises
an |nnunoglogalln éﬁé a 0 ?S|ng a variabl e
domai n havi ng)t he Rapim ¥ 368liadd B&Egpllence of SEQ I D NO 7,
SEQ ID NO 9, SEQ.1D 11, or ID NO_ 13.... The
ot body bt - 8 BRI 1 TR B Bsse e

(A)at | east ohe sub4Al, RA9IPON3IGE! aad PBEHLE; bmdn t he gr oup

V3051, A330vAna BAGkt (R XN EALE P subst i Lut i ons

sel ectedrfromthe group consisting of: (1) F243L and

(9ot 1 8t oitresP LR Y BE: LB A

group consi sting of. F243L, R292P and Y300L; F243L,
Clailr192P afitlic ¥3Mbdy ofd4ifl 13, RAOZRA sadmiBfedlobudin diglRxD2iR, comprises a

;/2?2(1; t Zggr];ar%’gergng%r%alé EVI% hgca??]ntsu?ofs ?clil sesqglgnsctelotf ]%{gi@ NO: 4 and said

R292P, ¥800oghhdliPBa6} ¢chaanan(pZijes lﬁﬁdﬁlﬁno m&z@}enmﬂQ ID NO:

and P39gL, R292P, Y300L, V3051
and PSQSHgﬂgg?&F%qﬁgﬁgﬁafﬁg anklbody of claim 13,

wherei n said i munogl obulin |ight chain conprises a
Claimdpi abl 5 helaridy dfawy nfcleilve Safi7nd %d3.d 4seqienbaciofaiGrE@body is

I D NO ' i 0. ri
an o nd ‘G0 TRERehn CLPAY Bakhh KRS SR RS AfRcton
or SEQ m@ﬁmﬂymﬁuhﬂhéyantibody of any of clains 5, 6,
7, 8, 9, 13, 14, or 15, wherein said antibody is a
( b')2 r t
i3, ) 2168 GAELyr BaFl ALk 2GR lé‘J NG L i
17. The anti body of of any of clains 5, 6, 7, 8, 9, 13,
Claim48. 15 &k 6 thankreibednof @vaphrlamsises. of & Ke 1ant4 bddyr f in the
any of  ¢la iy of Smedicantnt Br thl Featrhnt of CanBlr 114-§pdtf3ntt he
manuf acture of a nedi canent for the treatnent of

.cancer in a pat i ent.
Claim 19. The use of claim 18, wherein the cancer is a HER2/neu- -expressing cancer and

wherein the antibody binds human HER2/neu.
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G aim19. The use of claim 18, wherein the cancer is a
HER2/ neu- expr essi ng cancer and wherein the anti body

wheovds23sgran HER2/ neu. WO 2009/ 123894PCT/ US20BOr/ 08889138201

Cl ai m 20. The use of any of clains 18 or 19, wherein
said t r eat ment further conprises the step of

ni stering nd t e
Claio' arBoUST Y 67 CCERE A1 Py TR T REAReR iy compriss h
mherelns@ﬁmﬁaﬁﬁmﬁnﬁnghem&méuMﬂQmagﬁn&nuﬁmﬁbﬁﬁﬂk@dnhé@nhmﬂw
t he grou nsi sti.ng of .an .anti - eni ¢ _agent
ant i oS ot FRTeiBrr el SHA R RE B R R R fgm he
cyt ot oxigmupg@mkisting of an anti-angiogenic agent, an anti-neoplastic agent, a

chemotherapeutic agent, and a cytotoxic agent.
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