5 COMPOSITION COMPRISING ANTIBODY THAT BINDS TO DOMAIN Il OF HER2 AND ACIDIC
VARIANTS THEREOF 10 Related Applications This application claims the benefit of U.S. Provisional
Patent Appli #\é 3%/024825 filed 30 January 2008, the disclosure %fcvlvr%}gyﬁ {l}sg/g]ereby
incorporate y reference in its entirety for all purposes. 15Field of the Invention e present
invention concerns a composition comprising a main species HER2 antibody that binds to domain Il of
HERZ? and acidic variants thereof The invention also relates to pharmaceutical formulations
comprising the composition, and therapeutic uses for the composition. 20 Background of the Invention
HER2 Antibodies The HER family of receptor tyrosme kinases are |mportant mediators of cell
growth, diffe enf gl including
epideimal g:?ﬁ%@%ﬁ&%ﬁg@éﬁ&% UD?IEE? (ErbB3) and
HER4 (ErbB4 or tyro2). EGERIIEREaded hﬁlﬁ@ﬁﬁkﬁﬁﬁ@smﬁms‘ausally |mpI|cated in human
malg@ancy In particular, increased expression of EGFR has been observed in breast, bladder, lung,
head, neck and stomach cancer as well as glioblastomas. Increased EGFR receptor expression is
often assdtfd Eleased productlon of the EGER ligand, 30 transfoiming growth factor alpha

(TGF-a), by the sgm gﬁ%g@'&a{% Aﬂﬁ@gﬁﬁgfﬁ%tvgég)ga B.an apiReLRg, sumuatory pathway.

Baselga and Mendelsohn Pharmac. T er. 64:127-154 (1994). Monoclonal anti odies directed against
the EGFRMNt-id Rg4Rds, fiaiFe kndeEGP)hdbe dednsovaliatbilas therbpauticragenidin the treatment
of such malignancies: S&en &0, BasRlaagrd Mendelsohn., supra; Masui et al. Cancer Research
44:1002-1007 35(1984); and Wu et al. J. Clin. Invest. 95:1897-1905 (1995). The second member of
the HER f&iglE.ohtieslngeisrginally identified as the product of the transfoiming gene from

neuroblastomas o cREIuEAIN HRAIE FRE DE MR 2RAUAPRARE C-HIHRRA0(3R30

antibody that binds to domain I of HER2, and acidic variants thereof. The invention also

Y
3 “uy.d' a!

relates to pharmaceutical formulations comprising the composition, and therapeutic uses for
the composition.

20  Backeoround of the Invention

HER2 Antibedies

The HER family of receptor tyrosine kinases arc important mediators of cell growth,
differentiation and survival, The receptor family includes four distinct members including
epidermal growth factor receptor (EGFR, ErbB1, or HER1), HER2 (ErbB2 or p185™),

25 IER3 (ErbB3) and HER4 (ErbB4 or tyro2).

EGFR, encoded by the erbB1 gene, has been causally implicated in human
malignancy. In particular, increased expression of EGFR has been observed in breast,
bladder, lung, head, neck and stomach cancer as well as glioblastomas. Increased EGFR
recepior expression 1s often associated with increased production of the EGFR ligand,

30 transforming growth factor alpha (TGF-a), by the same tumor celis resulting in receptor
activation by an autocrine stimulatory pathway. Baselga and Mendelsohn Pharmac. Ther.
64:127-154 (1994). Monoclonal antibodies directed against the EGFR or its ligands, TGF-c.
and BGF, have been evaluated as therapeutic agents in the freatment of such malignancies.
See, e.g., Baselga and Mendelsohn., supra; Masui er al. Cancer Research 44:1002-1007

35 (1984); and Wu ez @l J. Clin. Invest. 95:1897-1905 (19935).

The second member of the HER family, p185™*, was originaily identified as the

product of the transforming gene from neuroblastomas of chemically ireated rats. The
1



5activated form of the neu proto-oncogene results from a point mutation (valine to glutamic acid) in the
transmembrane reggion of the encoded protein Amplification of the human homolq&of neu is observed

in breast and 9% ¢&Aters and correlates with a poor prognosis (Slaﬁﬁgry%ztué}lg. czf’ence,

235:177-182 (1987); Slamon etal., Science, 244:707-712 (1989); and US Pat No. 4,968,603). To date,
no point mutation analogous to that in the neu 10 proto-oncogene has been reported for human

tumorss OvelexpieRRRb e flkeahishihe RULAORURITOMI Alie B:ac-amikligation) has aiso been

-observed in other carcinomas including carcinomas of the stomach, endometrium, salivary gland, lung,
kidney, coleridtin/tbidrasanenbanarmeiprrides codehpivipig-ofHBPS fiRatey sldbe Befsice, 229:974 (1985);
Y|0k8ta et %%@Bg%tfig&%@%ﬁ%@gg&%&%ygmg%q%abermhfégueﬁkgb ng%%é)go&% (1986); 1SGCl:Jerin et
al., Onco gene Res., 3:21-31(1988); Cohen et a cogene, 4:81-88 (1 ~ YO a et at, Cancer
e 511 0REOBT S BPaE btk S e Oncor. W8 (o003 el et 3 e, mea.,
50:421-4253890mKefrra alo, CAFHCEI3R eBo,dab51b8ubitk 900)tiParkadtaiug Camcer Reser49:6605 (1989);
Zhau et al., M t_Carcigo 3:254: 190); 4 LGANG8ERY RrE: (1988); Williams
et al. S%th%?ﬁo%nf%%:feg-%é% %g ??L%%%i §n %‘?@%ﬁ%ﬁ%eé%@& 65:88-9%3 ﬁ%%l%g ER2 may be

overexpressgdohypibstaledeacer G Fatunder tleeb oo 985roefio 98 TRESE @At Hum. Pathol.

(1993), A0S ok Aqnat 16 12t ALAGY A, e FEFe bt rosicis have 25be
. ANuDodies directed agalns eratp 'an uman | I | I 1S have een
i el

described. BYEBh BRGS0 ARSI avesT ATENE ST Sl SLindF e roduct, p185™

See, for exaniple ,eDrE,bnwkmﬂ,:@élﬁél(6%)7®6mm9&52rMyedsleﬁfaﬂf,,BMemQEﬁzfj&_'{J 998;277-290
(1991)anq WORY 22100 RISDR.E 84 LOCA9RNe GfAP:A4) BB eRATLIRRI gpgglures of antibodies
reactivé with two distihct regions of p185" result'in synergistic anti-tumor effects on neu-transfotined
N1H-3T3 c¥lsdmprasitat mocaulie. 3Dttt S8l aBem & pfrwms/sdncah Pisitied Bltober 20, 1998.
Hudziak et @l.iMpLGellcBiok- ¥3);34.651 Lib 52 1R8N Seserbe the generationwf agpanel of HER2
antibodies which were characterized using the hurqaart] breas(tr,ft#mor c;?‘lkgnez‘ds?@r%%B Relative cell
proliferatior %ﬂ‘ﬁfédSQ%ﬁ@%éﬂ%gfgﬁg%wgg L pB8LFEYs TR dritibEakes WA ddtbmined by crystal violet
staining of themanreoldyets/afterc-é25AaIrs343s(ngs8D hidlassay: maXimudrahigibiftoatwids obtained with
the antjbod lled 4 ich inhibited W ) P ) 2 llylar proliferation
by 56?"}()8.3 Otﬁgf‘l htf%iéjd%é&%%hg%i‘(n?f”féﬁﬂ%éﬁ?e%ﬁ%%dlifﬁg%%%i%ﬁﬁ‘%ﬁﬁn this assay.
The antibodeaBs sreesif(frh erdboGritcrs s StiZ8 HERDO bregs rdsity Brétwdt 1hirortell lines to the

- cytotoxic effeis) ok JNE-a. S8e.a30.H 3. Batent Nendsbdabithloissued Actolertd11997. The HER2

antibodies discussed in Hudziak et at are further characterized in Fendly et at Cancer Research
50:1550-15@%9(3%90); Kotts 10et at In Vitro 26(3):59A (1990); Sarup et at Growth Regulation 1:72-82
(1991); Shepard etnaibddiedidirdonmizgamkt 13 18512 {198 1k); KEiRigretatpktdt@elkBiol.

Oncogene STB0 T3S 100 Vi LAl anuar HOLLAIEh B B 050 Siukowsid et al
J. Biol. Cheredneor28) 14861 foneespiodugbigsor’efa 31 BiSHEhEMS); Myers ez al,
Meth. Enzym. 198:277-290 (1991); and WO94/22478. Drebin ef al. Oncogene 2:273-277
(198%) report that mixtures of antibodies reactive with two distinct regions of p185"* result
in synergistic anti-tumor effects on new-transformed NIH-3T3 cells implanted into nude
30 mice. Seealso LS. Patent 5,824,311 issued October 20, 1998,
Hudziak e al., Mol. Cell. Biol. 9(3):1165-1172 (1989} describe the generation of a
panel of HER2 antibodies which were characterized using the human breast tumor cell line
SK-BR-3. Relative cell profiferation of the SK-BR-3 celis following exposure to the
antibodies was determined by crystal violet staining of the monolayers after 72 hours. Using
35  this assay, maximum inhibition was obtained with the antibody calied 4D5 which inhibited

]
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15266:14300-5 (1991); D'souza et at Proc. Natl. Acad. Sc!. 91:7202-7206(1994); Lewis et at Cancer
Research 56:1457-1465 (1996); and Schaefer et at Oncogene 15:1385-1394 (1997). A
recombinant RUAA2Ed#Fersion of the murine HERZ antibody 4D5 (hul@lﬁ%ﬂﬁ%"—%? IVIAb HERZ2,
Trastuzumab or HERCEPTITh4(r); U.S. Patent No. 5,821,337) is clinically 20active in patients with
HER2-overexpressing metastatic breast cancers that have received extensive prior anti-cancer
therapy (Basclaa et at..J. ('tin, Ongol. 14:737-744 (1996 % Trastuzumahp received marketing approval
fom th Focil T ETE Ak hroh o e e A R o
metastatic br&ast cassemtineseaundesroveréx raswih A HERR2pbteisnaBOHERMER2 antibodies with

various propeeigs.haye,Been: dgscribadinshaglialuadsri AlablchGancer ¢4 8331937 (1991); McKenzie
et at Oncogene 4:543- 48%1@@;); Maier et al. Cancer Res. 51:5361-5369 (1991); Bacus et al.

Molecular CHEofenddis A9(0s StancoUekiEta PRk  FEAs S8 BEEHZEE05 (1991);
I3acus et al:GancefiReseanch b 225 80F2089 {1092)noéH Rtal. Al 50. IEENCEFR3H0 L K6E: (1993);

W094/00136; I tat r Research 52: =2776 (1992), ick.et at. Cancer Res.
51:45 45§6a?@%§%§§§§/v%¢§%%% eéaslgﬂcp:u r%égs(%%W?%%%ﬂ%%né%%%}@gggghgp fia'lrtd ét:ncer Res.
54:3758-3765 (1984 Yriurwe db( Bt BI7-) Bio1 P B hdimrRe7: 45 160- 18Y 671 992y 9S8P atent No.

5,783,186; ansh KlapRe! SLALNSRIBREbE 2R84 09 11997 b Fiqmpipgyiseseening has resulted in the
identification of two other HER receptor 35 family members; H Pat. Nos. 5,183,884 and

ER3 (US
5,480,968 aSMiAIFAE K5 8t Gl I PRIA S B IEHK) GB51 556467 f(ié(é%)%ﬂ%ﬁlﬁéﬂa (EP Pat Appin No
599,274; Plovnmavst al 5/PratioNatl A Cad( 29, 08 AL, 4805114%+ 1 Bobr( 328 3); And Rleswman etal.,
N 66; - . h of th isplay. i i |
ature, 3 z%Z?xﬁﬁﬁ?@ﬁ@gl%%m?e}aﬁ%%%%ﬁ%féﬁ' ﬁ!%%ﬁﬁg‘ &5&@‘?@%@ gn pat least some

breast cancer cell'linés: receptors are generally found in various combinations in cells and

10heterodinferizeitibride thogttoliHer €836 ivaddfrebesity afuéclutaz TespohBesltda WariBty of HER
ligands (Earp etal. Breast Cancer Research and Treatment 35: 115-132 (1995)). EGFR is bound by six
different ligands; epidermal growth factor (EGF), transforming growth factor alpha (TGF-a),
amphiregulin, heparFeBIIAG SHRETR A GRIR TRE ST HB EER) apdiatetBi i esitegulin (Groenen
et al. Growth, Hactoys AE235+28¢-(L294)y) HARGERTIN of keragulingratenssrasultingfiem alternative
splicin%)f a S@Rgll% ene are. i(_ﬁ:ﬂ%&_for HERS.and HER4. The here lSJI' anil incluges alpha, beta

' S etal %; 'S Pat

and gammaaﬁereg fﬁéertﬁb‘iﬁ&.le a(.),v ggfﬁ%élnggéEtfﬁg f{féefﬁt(ifgg ent No. 5,641,869; and
Schaefer et &t@ncopesantsc885haeuy (8075 pau diffelientlatdnfEciard4NDPs))- glial growth factors

(GGEs); acatylahaling recaPloninducing aciviaARIR )k @ad.Repsg \ andimaigmneuron 20 derived
factor (SMDF). For a review, see Gmenen et al. Growth Factors 11:235-257 (1994); Lemke, G. Molec.

& Cell. NeursS&mP347:38%° (06 56) KA LU RATPALR LV 49 BB AGOBTRCHEN three
additional HeR-#igandshwarRtertifled; neuregulin-2 (NRG-2) which is reported to bind either HER3 or
HERA4 %hang et %%@?%%87 1%2(0)315%“21 tﬁlv%%%\% and (Qzlarqr%\éva)ggt aéls\.l urﬂeﬁ??:gg}%?y (1997));
neuregulin-3 which binds 27 (Zhang etal: Eﬁ%g (OSAY 9401 35%60 7 (15 ‘f and neuregulin-4
which bindsd4BR4. (Far €12 SHEaHEHe: MeRegie809(1099)) BB R A5dig88 kUi epiregulin
also bind 0 JER Ay rMVAVISEGE N BHF B0 BRLONIFRZ HGR simulates EHER and HER2 to
form a heterodimer, which activates EGER and results in transghosphorylatlon of HERZ2 in the
(1990); Stancovski er al. PNAS (USA) 88:8691-8695 (1991); Bacus et al” Cancer Research
52:2580-2589 (1992); Xu et al. Int. J. Cancer 53:401-408 (1993); W094/00136; Kasprzyk
30 efal Cancer Research 52:2771-2776 (1992);Hancock ef al. Cancer Res. 51:4575-4580
(1991Y; Shawver et al. Cancer Res. 54:1367-1373 (1994); Arteaga ef al. Cancer Res.
54:3758-3765 (1994); Harwerth ef al. J. Biol. Chem. 267:15160-15167 (1992); U.S. Patent
No. 5,783,186; and Klapper et al. Oncogene 14:2099-2109 (1997).
Homology screening has resulted in the identification of two other HER receptor

35 family members; HER3 (US Pat. Nos. 5,183,884 and 5,480,968 as well as Kraus er al. PNAS
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30 heterodimer, Dimerization and/or transphosphmylation appears to activate the HER2 tyrosine
kinase. See Earp et al., supra. Likewise, when HERS3 is co-expressed with HER2, an active signaling
complex is for N8 E tibodies directed against HER2 are capable o?%TéVﬁﬁ]ﬂ?{&sfﬁfg complex
(Sliwkowski et al., I. Biol. Chem., 269(20):14661-14665 (1994)). Additionally, the affinity of HERS for
heregulin (HRG) is increased to a higher affinity state 35 when co-expressed with HER2. See also,

Levietal"Joualel NeyIoscisnse 4510910, 2005/ 89800 TA8R009/052290 51340 (1995)

Morrissey et at, Proc. Natl. Acad. Set U 143;£1 435 5); and Lewis et al., Cancer Res.,
56:1457-1488! (2996 )SwitH¥rbsiiebt4er tREHERD: IERB Broteif ebriyplese. MER431iKé HER3, forms an

active signalisg somMIExs Witk FER 2 LCRAWAN ANEE aiiedkidaelh 1888 LH9:sT Qtasget the HER

signaling pathway, rhuMAb 2C4 (Pertuzumab) was developed as 10 a humanized antibody that
inhibits the SiM&i%ation of HER2 with other HER receptors, thereby inhibiting ligand-driven
phosphorylation ahd HeRvatengane: dovenslydamdactivationcotdiesRASiandlAkE pathways. In a phase

1 trial of Periyzy i&?&%ﬂ%%%%%‘&?&%ﬁ%'Qﬂ\%}%ﬂg &%‘@Qﬁﬁaﬁee%fg’é?&t?o"é’@@ dvanced ovarian

cancer were treated with pertuzu One had a durable partia ponse, and an additional subject

had stable Higkdsantisr(Egn B\wédksan Guscerdzs rok #mSwerehn’dndét 22: 192 Abstract 771 (2003).
Antibody Vatigant CMROSIIQNSifrerehd B RMENNebB339wk1 2 deseribes @hiiRiantibody composition

comprising a mixture of anti-HER2 antibody and one or more acidic variants thereof, wherein the

amount of S8 4GiHET ARSI s dTRANCABGh BT FPaStE ST AR S 98 BRI HER2
20antibodyEGF)ReidcelhdtrPosteripiesert@dat Vel CharattBrized BidEchsPhEtpceauticals conference

(January, 2003) "Eff f Cell Culture.Process.Changes.on H nized Anti haracteristics"
e A G B e e t0

combinatiofis BERH®GIGRBf pdptidercnkarfemmby 2o yiestalrind capyroghatapisizibeid on the heavy

chain theregfdriactis, gt alcichhe tdgabthiomatogranhic Antikady Charastetzationdethod” talk
presented at the IBC Antibody Pro rence (Fepruary, 2002) VHS extension on

uction Conf eports
Ehe homy CHASRES 0 RTB G AR Ry PeSeCh Y Posar GRdB B WCBP Top
Down' Glyoujibigin:Efiaiaite rizapon BauointighRegdlutoniMassSpectirontetmeand Its Application to

Biophggmageutical Developmpe %Qar@%r'%@{ $26m04) e‘?%?.cﬂ?c%%ﬁ‘ﬂi%ﬁf%ﬁ”}%k%?bOdy composition
with N- terminal eterogeneity resulting p

rom 13AHS or 12115 signal peptide residues on the light
chain thereGf%4); Lipnkpreéstitatich G/iBGuwseting{Bapté Htlrazbon) erstrdvetiie Bee of Comparability
Studies and Assaysifei Vel Charasieriaes Bilnaiealsn il Boniendisc asadaallate-eluting form of
A e R B L e R L0 S ey here Y57 s09-512
(1997); and Carraway et al Nature 387:512-516 (1997)); neuregulin-3 which binds HER4
25  (Zhang et al. PNAS (USA) 94(18):9562-7 (1997)); and neuregulin-4 which binds HER4
{Harari et al. Oncogene 18:2681-89 (1999)) HB-EGF, betacellulin and epiregulin also bind
to HER4.
While EGF and TGFa do not bind HER2, EGF stimulates EGFR and HER2 to form
a heterodimer, which activates EGFR and results in transphosphorylation of HER?2 in the
30 heterodimer. Dimerization and/or transphosphorylation appears to activate the HER2
tyrosine kinase. See Earp er af., supra. Likewise, when HER3 is co-expressed with HERZ,
an active signaling complex is formed and antibodies directed against HER?2 are capable of
disrupting this complex (Stiwkowski et al., J. Biol. Chem., 269(20):14661-14665 (1994)).
Additionally, the affinity of HER3 for heregulin {HRG) is increascd fo a higher affinity state
35  when co-expressed with HER2. See aiso, Levi ef al., Jowrnal of Neuroscience 15: 1329-
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US200610018899 describes a compaosition comprising a main species pertuzumab , antibody and an
amino-terminal leader extension variant; as well as other variant forms of the pertuzumab antibody.
Summary Iﬁ@ﬁ?g"f’%ﬁ)}é’ct, there is provided a composition comprisind)%Tfﬁgl'?logs'lBSezélzgs HER2
antibody that binds to domain Il of HER2, and an acidic variant thereof comprising a disulfide reduced
variant, a non-reducible variant or both of the main species antibody. In a second aspect, there is
provided a Rggﬁ@%%&%%w!gﬂpﬂ&owmﬁ;&_@g&t’,&;cmnﬁslw@ﬁ%@@ﬂ;@pgx@wﬁga

pharmaceuti acceptable carrier. In a third aspect, there is Erovided the pharmaceutical

formulation gs:6efirser Rsovedfdt UskH treafihy HERZEH IRt HER #1piMRMmPexn a fourth
aspect, thergiig providecka method afimakingiag evauatesdipharmacestica) eanpasiion, comprising
(1) preparing,a composition comprising a main species HER2 antibody that binds to domain 11 of
BERZ2, and Elaié va igﬁ?@f‘of that main species HER2 antibody and (2) evaluating the acidic
variant(s) in the campositita FHER] stonfirminghthat theVikhQdiHt heneohisblessstianlalrduts 25% of the
total C%‘pog"ﬁ ﬁ%é%gt%%ga; tﬁ%}%ﬁ%ﬁg%@éﬁ}l&‘?%ﬂ%%ﬁﬁ_ﬁqjjﬂeo{ﬁémfﬁgr\é%f)@ﬁlv a non-reducible

variant or bot a fitth aspect, there Is provided a composition produced by the r.n\ét.hOd as defined
above.  Aweeidinglinefiienerdbo MhosphiiE et RS cBitBe RS P RBHTFHRINSH @8prising a main
species HERZantikedydhatbingsigdomaindiafkiE R2.a0e acidic yarignrtsthersof wherein the acidic

variants include. glycated variant, disulfide reduced variant, or non-reducible. variant. Pr%ferably, the
acidic variafE AN GcRtor N ARATC HR A HATE A AR E ERUITAC A0 LM VAT Bty ated
variant, and @entgdutibie aemiaaitrcDesiabhy theddimaouhtdfthehat idiblv disasstis léss than about 25%.
In another embpdiment, e,sisclosuie e viles S.compeslion somppising a main species HER2
antibody comprising variable [int'and variable heavy sequences in SEQ'ID Nos. 3 and 4, respectively,
and acidic variants of the main specitatiedsdRrianhEasRebEUsidic variants include glycated variant,
deamidated variantsdisyifide redused vaian.sialatesvasianbandnon-teskeiblg variant. The
disclosure also conce‘rn%ﬁa%rma%ehjtical formulationSﬁomgrisl:ngPthe ?org ositt'ons in a
pharmammaTfy s s AR Rt c ARHEPLY A0NNFFE RS AT il MBS UPE FRIaTEE A 10 8ISH of treating
HER2 positiveticanddt rdepédiaritscomprismg sdninstenngbtiselphlarmplceetid&@Rfdrmulation to the
patient2i6| ana%%g%nt effective to treat the cancer. With respect to such methods, as demonstrated in
the Example herein, preferably the main species antibody and acidic variants have essentially the

same pharmacokiRétftd. ah EasstisesenitsodiMeht htectidzrd StirkceoRrarreatisethod of making a

pharmaceuticakGanp QRIHQRC NPT IgiNg: ) PrRPaKINGraGePRASIARCONRESIAg:al Mmain species HERZ
antibody that binds tg domain Il of HER2, and acidic variants thereof including glycated variant,
Cisuii oA BEP A e B A AU RS I e B A T O

acl Varlar‘ﬁ}sthin the
compositionNaaehoaih ficraiogg dbiatthisamountiitheree bis/ldS sitmahpaiolst ¥5%tminabne embodiment, the

200510506200 NI S2 001G 350 LeEnCiin o o CATATSE hromatography wherein te
composition is tredte@indt!. “The Ideal Chromatographic Antibody Characterization Method” talk
presented at the IBC Antibody Production Conference (February, 2002) reports a VHS
extension on the heavy chain of E25, a humanized anti-IgE antibody.
Rouse ef al. Poster presented at WCBP “Top Down' Glycoprotein Characterization
30 by High Resolution Mass Spectrometry and Its Application to Biopharmaceutical
Development” {(January 6-9, 2004) describes a monoclonal antibody composition with N-

terminal heterogeneity resulting from AHS or “HS signal peptide residues on the light

chain thereof.



sialidase, reduced capilliary electrophoresis with sodium dodecy! sulfate (CE-SDS), non-reduced
CE-SDS, boronate chromatography, and peptide mapping. Brief Description of the Drawings Figure 1
provides a schematic of the HER2 protein structure, and amino acid 10 sequences for Domains I-TV
(SEQ ID Nos. 19-22, respectively) of the extracellular domain thereof. Figures 2A and 2B depict
alignments of the amino acid sequences of the variable light (VL) (Fig. 2A) and variable heavy (VH)
(Fig. 28) domains b aiaimaiaichSfotcans boareoa (S0 1Brmtegc Dsnof Loreppeiticely); VL and VH

domains of fumanized 24k Tnarsion.eid (SEQIR-Nos: $iapg4, sespectively). and.human VL and
VH consensus frameworks (hum id, light kappa Sugd%r@ I; humlE, heavg‘ subgroup IIT) (SEQ ID Nos.

5 and 6, res%@&tﬂfé}%%rls@&@ﬁﬁﬁmﬁ RE PR AFTES on 574 and murine
monoclonal antibagly:8%Amne iretieentiinaniseside 4oversian 2 tdanddhehumandigmework. -
Complementaé Det |m|n|ng Regio p%é% Rs) are in brackets. 20 Figures 3A and SB show the amino
acid sequerdfE8%Y g’ég@ﬁiﬁ NE 45 A NG SRR ERATFISEBYP No. 16). CDRs
are shown |mbpw&hmabadub$w’drate moiety is attached to Asn 299 of the heavy chain. Figures
4A and 48 show the amino acid sequences of Pertuzumab light chain (SEQ ID No. 17) and heavy
chain (SEQ 8), each including an intact amino terminal signal 25peptide sequence. Figure 5 -
depicts, SChem&t'@ﬂ%aE&iHﬂ'ﬂ@r@fs%ﬁﬂﬂﬂﬁd%lﬂﬁﬁ‘%ﬁﬁmﬁ&ﬁﬁaﬂm@@%%% HIERZR thereby, preventing
hcterodlmer ati n wijth acti ategﬁg HER3,.Fi ure 6 depicts coupllng of HER2/H 3 to the
MAPK and . ﬁf easnacﬁ%ﬁe IR EFaEB. 30Figures 8A
and 8B showmmmcghswa&mm&mﬁtuzmwgm@a@@ 5L N8l 3) and heavy chain
(SEQ ID No. 14). Figures 9A and 98 depict a variant Pertuzumab light chain sequence (SEQ ID
No. 23) and a variant Pertuzumab heavy chain sequence (SEQ ID No. 24). Figure 10 shows
experimental desight F&FT%EH&?R?H‘*&F?Q&BH%‘?%%@MWMH% IgmE O REVFiLAEIEic Variants), cell
culture, recoxesnyosiieh P¥-fpladnineeakineling)aME-200H0998RUGE/US2009/032220 Sevaluation and
analytical testing. Fresh media = standard media; spent media = standard media after 12 days of cell
culture, cells were removed by centrlfugatlon Dissolved oxygen, pH, and other parameters were not
controlled. ~ Figur® 1 FEhBRE ISP BISRIED. EXFRh fonmigANeR & ARGREECEERS BRromatogram
from ExamplediniteiggieER2 mowscan@dyms,oﬁmﬂuzumab starting material and CEX fractions. AV =
acidic variant; MP = main peak; and BV = basic variant. .

* in a fourth aspect, there 15 provided a method of making an evainated pharmacsuﬁcall
composition, comprising:
{1) preparing a composition cpmprising 2 main species HER?2 énﬁbody that binds
to domain I of HER?, and acidic variant(s) of that main species HER? antibody
~ and (2) evaluating the acidic variant(s) in the.comp.osition, and confirming that the
amount thereof is less than about 25% of the total composition, wherein the acidic

variant(s) comprise a disulfide reduce& variant, 2 non-reducible variant or both.

Ina fifth aspect, there is provided a composition produced by the method 28 defined

above.

* According to a first embodiment, the disclosure concerns a composition comprising & main
species HER2 antibody that binds 1o domain I of HER2, and acidic variants thereof wherein
the acidic variants include glycated vaxiémt, disulfide reduced variant, or non-reducible
variant. Preferably, the acidic variants include glycated variant, deamidated variant,
disulfide reduced variant, sialylated variant, and nor-reducible variant. Degirably, the

amount of the acidic variants is legs than abow 25%.



Figure 13 reveals CEX of main peak (MP) spiked into cell culture media and incubated for 12 days.
Figure 14 describes main peak incubation conditions. 15Figure 15 summarizes methods for
characterization of acidic variants.  Figure 16 shows pertuzumab concentration versus time in the
PK studies in Example 1.  Figure 17 provides the area under the curve (AUC) and geometric mean

ratios from the PK stu%in %xgmﬁple llé ODetailed Dgscription of the Preferred Embodiments
|. Definitions ~ TRETEHA © B ARBOE havEi rafees b BAtiEBEY BAiBeaEd sequence

structure in@ﬁ@mgaﬁmmgﬁgsfm@ogqggaﬂ@ﬂ%%t@ﬂ@{@i%&@@?ﬁ%@;%HA%in the
composition. Preferably, the main species antibody.is a HER2 antibody, such as an antibody 25 that
binds to Ddffain FISBTHERLHAOUYHAT AR B HE R eRHABRMER Hisreiks Rty than
Trastuzumahy; andienhain gpthethamhich-binds:o aheterodinmatebinding:sie ot HER2. The preferred
embOdimeQr%h%t?Qcozfnggé ugggl%,ecies antibody is one comprising the variable light and variable
heavy aminé acid sequences in E@ﬂltD Nos. 3 and 4, and most preferably comprising the light chain
and heavy chain diffsdeiarsaql e irisE i NbermaiEEoansorpiFatttirumab). An "amino acid
sequence varant:aptigodyrherein is.an, antiBod with an amino acid sequence which differs from a

main species antibody. Ordinarily, amirio acid sequence variants will possess at least about 70%
‘homology with theydiieubaciesdstisugyeaid Preterapiyotnesiing HEB apossse 5566 186%, and more
preferably atdeastaReui-0%ndshemologmis i the; Rai.seesigsianiibotyy The-amipo acid
sequence variants possess WO 2009/099829PCT/US2009/032220 5substitutions, deletions, and/or
additions af¢&FtAf g%ﬁigﬁﬂﬁﬁﬁin‘@ﬁ THREERE (B IR &SRS ARFReRTalEardP e RIS species
antibody. Examplesiefainihomdicspedisencbodgriante-lier et inalide: anacidic tariant (e.9. a deam
dated antibqgmcggn%a basic variant, the antibody with an amino-teii inal leader extension (e.g.
VHS-) on ohe or two Ig ¥ chains thereof, antibody with a C-terminal lysine residue on one or two

heavy chains therBdAerasmBtpsRite AU RO ERT 28er Rt Rk s afbrimacaticahnd includes
combinations-ofariatans1e.dbe Apine.cid seanensss Qfheawy and/orlightchains.  An "acidic

variant' is a variant of the main species antibody which is more acidic than the main species antibody.
An acidic VAR $2Pinde & Hagain g dhdrde Rird fesitnertrarreirniasstiEshain species
antibody. Sugtraciicvaciaaiscan-hadesabetising atnsepamtiosyaethadalogyisuch as ion
exchange chromatography, that separates proteins according to ch‘,sr e. Acidic variants of a main
species anﬁft%%%%/tselflu%hee SSier than %ecﬁ]nérr%onega ag f)%naglec’ a?t OR %&%i%ﬁne%%’&%%??&
chromatographey.cmblitaisy fidediéducednasiany Has ity morehdiSsuifideddondéad eysteine(s) chemically
reduced to the free thiol form. This variant can be monitored by hydrophobic interaction
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20 chromatography or by sizing methodology such as Capillary Electrophoresis with Sodium Dodecyl
Sulfate (CE-SQS%e. . as described in Example 1. Herein, a "non-reducible variant’ is a variant of the
main species‘gﬂt %%%W%gt cannot be chemically reduced to heavy andpli%%]scﬁg?ﬁ %‘flz?reatment with a-
reducing agent such as dithiothreitol. Such variants can be assessed by treating the compaosition with
a reducing agent and 25evaluating the resulting composition using a methodology that evaluates

protein size, sueh, a5 CaRIlany, FleciioRnoresis WL 2adim Dadagyl Ruliale,(G; SDS), for instance

using the techniques described in Example I below. A "glycosylation variant™ antibody herein is an
antibody withebaesoretes capbiimydieseophoeitioy ditrdied thdretbsWhieEiffélStkdwPone or more
carbohydate.mpigties. 30atiarhet- o2 main-snecies satirdyafpxamples of glycosylation variants
herein include antibody with a Gl or G2 oligosaccharide structure, instead a GO oligosaccharide
structure, att# S len of Inc rap bf, antibody with one or two carbohydrate moieties attached to
one or two light clims:theredficantiiedyivitif the aRibhydraterattached tondmeaciitwo heavy chains of
tne anypoc. auiioateicils PR IdBieth Rif: el gz eompiBptions.abaHl daglygosyiation
alterations. ere the antibody has an Fe region, an o]llg accharide structure such as that
shown in Fighe1@herein may be attached to one or two heavy chains of the antibody, e.g. at residue
299. For Pettuzumah, GOias theipeearpinantalidesasehaside stustuewith athee oligosaccharide
structures such as GO-F, 0-1, Man5, Man6, 01-1, 01(1-6), 01(1-3) and 02 being'found in lesser

amounts in HEPEHIE Y @%‘?ﬁﬁ%@kﬂfi}ﬁ’amﬁ]ﬁi‘l)e@é% AP RIEEE 962°EiRfbsaccharide

structure” hefebbirc0deSERI( ek anch 10-Ipstivctit s, and Faritheips hbsestieréd(4'sialylated
variant is a variant of in species,antibo mprising ore or more sialylated carbohydrate
oIt e £ o B e e L B e ontifed by

evaluating dreowpokitiGngot dehnipledspierrexbiangs. derorrabssraphl) (Wit Bt Washdut sialidasc
treatment, e,g4 as:£esGked in the example, Afabraled vrbanmsARantPdy;R which a sugar, such

as glucose, has been covalently attached. This addition can occur by reaction oftglucose with a lysine

residue on SBGHEPP6RATEY AL SUHTE BN AgiRstdd VarERPEad b uBhtified by mass

spectrometnyuanaljisisofdite ediptectantibmyevaliatneihe NORaSE:dhMmass6f heavy or light

chains Ob\glycate varlaklnstAcan a})lﬁtghb% %%ntlflegcpalsborgrpateagpggung%%% y,as exp ined in

raph
Examp%e 1 below. A%ff/geate%ilglanan?di &rs from a gﬁ%losgﬁ%tlon variant. ﬁ&cﬁeamrfgate "antibody is
one in whicAlbNe.df haoidizaspatati et siiiesttheleoRhars: 3B haeh oétiviizadbelydratan aspartic acid,
a succinimidg,iofantsR1R3RAIIG a6ic A G¥ARRIG;Rf a deamidated antibody is a pertuzumab variant,
wherein Asn-386 and/or Asn-391 on one or two heavy chains of pertuzumab are deamidated. A
"amino-terminal leBERIcatte AR APE e ARYBMAFdSraEPaeh A eEpaIeS Hetissatr (7 Rone or more
amino acid nesiduasahthieamueresning kaden, seduepiesat heaminomGdeiminusmal any one or
more hjesavy or é{ Qgecggérges of the main species antibody. An exemplary amino-teiminal leader
extension cgnﬁjprlsesqor consists of three amino acid residues, VHS, present on one or both light
chains of an antibdaiguatidaicts, schematically, binding of 2C4 at the heterodimeric binding site of

HER2, thereby preventing heterodimerization with activated EGFR or HER3.

Figure 6 depicts coupling of HER2/HERS3 to the MAPK and Akt pathways.

Figure 7 compares activities of Trastuzumab and Pertuzumab.

30 Figures 8A and 8B show the amino acid sequences of Trastuzumab light chain (SEQ

ID No. 13) and heavy chain (SEQ ID No. 14).

Figures 9A and 9B depict & variant Pertuzumab light chain sequence (SEQ 1D No.
23) and a variant Pertuzumab heavy chain sequence (SEQ ID No, 24).

Figure 10 shows experimental design for isolation of cation exchange MP (Main

35 Peak)and AV (Acidic Variants), cell culture, recovery, and PK (pharmacokinetics)
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"Homology" is defined as the percentage of residues in the amino acid sequence variant that are
identical after aligning the sequences and introducing gaps, if necessar, gg %ng yg the maximum
percent homc??c?g%’.omgeg?ﬁzogds and computer programs for the WO 2009%‘5@ 9§CT?U82009/032220 5
alignment are well known in the art. One such computer program is "Align 2", authored by Genentech,
Inc., which was filed with user documentation in the United States Copyright Office, Washington, DC

20559 ,s0n Regemben 19, AA9%h1 osR0r HigPMARSesS hRkeIN salignkhange@nalysis refers to any
method by which a corr;%osmon compnswii) two or more compounds, is separated based on charge

differences rdinafisg 1 Caiotf EXERUAGRCRSCKITE FeBRXAGRY SFYEREranT LMt e%Ualently bound,
negatively ghaigesighoupanieafarabhy thateatian exchanger herein is a weak cation-exchanger and/or

comprises acar%gx late functional gr S 2ROPAC \/\{1CX1(()ﬁ cation exchange column
sold by Dionex. "ﬁ?éelréf?:%“ﬁ) SEVPéggPrBeE::Oé\ip%c%r ﬁ%@gﬁ%gg.ﬁ’g inase whic )belongs to the HER 15
receptor farhityranginolirdestE@BR, IHER2, HER3 and HER4 receptors and other members of this

family fp be identﬁ%grérli@ﬁoﬁ%%‘fﬁ%ﬂ%ﬁ!%ﬁﬁﬁ@@@%&%@ eRsralyicompPrisgian exiracellular domain,
which may bind an'HER ligand; a lipophili

ind an’ ; ic transmembrane domain; a conserved intracellular tyrosine
kinase doni&ific ardrarHbE e n AN ATPRTESARAN harboring several tyrosine residues which
can be phosphorylated: Prefenabiythe dmaR.20 (RUSpiokds native! sefuenceliuman HER receptor.
The extracellular ofma}iyé)f FIER2 comprises four domains, Domain | (amino acid residues from about
1-195), DoMaIR {aMiro atid residues from about 196-319), Domain Il (amino acid residues from
about 320-488), &g drdiseiVetaminoatitvesiteresoidiratbout 489-630) (residue numbering without
signal,geptide). Seg, Gauelhahal,MalcGall i 128 495:805,(200%)  Shaet al. Nature 421: 756-760
(2003), Franklin et al. Cancer Cell 5:317- 328 (2004), or Plowman et at Proc. Natl. Acad. Sci.
90:1746-1750 (1988Y°38EANd HIF T4 ReruiFe R irat i iR P B DK il 40 e pidermal growth
factor receptam@nd "EGER" are used interchangeably herein and refer to EGER as disclosed, for
example, in Carpenter et al. 3Q Ann. Rev. Biochem. 56,881-914 (1987), includi rally occurring
mutant forms ther%‘%‘iuﬂfe?.rgg.p ?3%?&%@?%?3?? ﬁﬁvaesg?n H ?ﬁ%ﬂfﬁég?/wet{ %F%ﬁ%@%&g’%

87:4207-4214 PXO90§y. ieBBinp&fdrs to the gene encoding the EGFR protein product. The
expresgions, LB A.ah (i fidn aitdiaeti piGEAaRenably herein and refer to human HER2 protein
described, for example, in Semba et at, PNAS (USA) 82:6497-6501 35 (1985) and Yamamoto et aL
Nature 319'230-2341p198%) (Genebank accession number 5 X03363). The term "erbB2" refers to the
= gehe encoding humag-ErbRdnapecinentksieraiaihegene toeatbodyrahpddbieieRreferred HER2 is
native sequence human HER2. 'ErbB3" and."HER3" refer.to the receptor, po tide as disclosed,
for oxamplen T U PAENBR LS B4 A B ORD Beaigh e par e BTy
86:9193-91@M(b989). Todtheitarths HEnb Byt isrehtibiERY aHEFBIh atsteqdo 1hd gs c8 HBIOPBIypeptide as
disclosed, far axarnplasdhERPAHRRINNS RIAT b RIRVRRNSI A« FIomNalliAGady Sci. USA,
90:1746-1750 (1993); and Plowman et al., Nature, 366:473-475 (1993), including isoforms thereof,
e.g., as disHIsReaFFNTo0 THE SRR kR A DS B gdstEAmaERNiRARG S ?% a polypeptide
which binds1e-argtliaiastbatiaramahR1breceptarcihatibit ligand @bpaiticylat interest herein is a

native sequence human HER ligand such as epidermal growih factor (EGE) (Sayage.et at, J. Biol.
Chent. 247?’78?%#@%1dfi%%ﬁ;%rans%rmmg growfh Ei’%lcf%r gg%}aﬁf%&-aﬁﬁg/lérqu?%t et at, Science
223:1079- preferably comprising the light chain and heavy chain amino acid sequences in SEQ ID Nos.
30 15 and 16 (Pertuzumab).
An “amino acid sequence variant” antibody herein is an antibody with an amino acid
sequence which differs from a main species antibody. Ordinarily, amino acid sequence
variants will possess at least about 70% homology with the main species antibody, and
preferably, they will be at least about 80%, and more preferably at least about 90%
35 homologous with the main species antibody. The amino acid sequence variants possess
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1082 (1984)); amphiregulin also known as schwanoma or keratinocyte autocrine growth factor
(Shoyab et al. Science 243:1074-1076 (1989); Kimura et at Nature 348:257-260 20(1990); and Cook
et al. Mot Cel"BB*11%8847-2557 (1991)); betacellulin (Shing et at, SciEhtE258'4604-1607 (1993);
and Sasada et at Biochem. Biophys. Res. Commun. 190:11731(1993)); heparin-binding epidermal
growth factor (HB-EGF) (Higashiyama et al., Science 251:936-939 (1991)); cpircgulin (Toyoda et at, J.
Biol. Chem. Z/idd A0 MAIaRndKaryrasalih sbak Loagens 1i28l- B 997): a
heregulin (see below); 25ncuregulin-2 (NRG-2) (Caraway et al., Nature 387:512-516 (1997));
neuregulin-34NRBEI ¢ 2h S gretei PrSEnly A BN es. A0 2G5S RYIT9 THidiuregulin-4 (NRG-4)
(Harari et ah&uncogene 268 y82(1230) Rialinte (Rsdd(Kannan.ehat JoBifl, dhem.
272(6):333Q-3§%§ (1997)). HER ligands which bind EGFR E{glude EGF, TGiF-a, ?émé)hiregulin,
betacellulin EBEGE A0 BPPETHIHHER ToRATS WHiER bifd LEHESAENE 88 A8 ulins. HER
ligands capdaizkecdf dnitietitg vk R4 inchidg ystaceHidin oepiteguting HBEGRINRERINRG-3, NRG-4 and
heregufins. JHigkeauIn: (HREYWaeD useA erEIRTeleta a2 RolRSRIdE. csAMRRBY. e hereguln
gene product as disclosed in U.S. Patent No. 5,641,869 or Marchionni et at, Nature,
362:312-318{11998) Tiahiplae afihareipsontdtcepersdahihciieregulin-131, 35heregulin-(32 and
heregulin-133 (Hokpes: gl ataSsiense v o812 0R 22 40:61882)n @nd v RicMiGhore acidic
2009/099829PCT/US2009/032220 85Patem; No. 5,64 8%659 ; neu differentiation factor. Q'NDF) (Peles et

al. Cell 69: 2521 S {H0TS5i S ER AN TS ING B SBERHY) {ARIES QERRSPEE A Cell
72:801-815 {1093 tatliataiowthifataiss (GEHRS). (Matchidhnietaats, diabenes@6at 348318 (1993));
sensory.and motor ne riyed factor ( .(HQ LRi0% Ghem, 270:14523-14532 (1995));
y-heregalin ?é’c%sge?e%%ﬁﬁgﬁ g%ggglng ?5%%%# 3%%9(%3%%1)’])?%@ %et%%%l_c u%ést?é ?L%s biologically active
fragments affdftiagiheiaerd shetisresap i onanaaivesbalieriet FHRG thanibeptide, such as an

EGF-like dopaginfragmentithareef{enex R 3hbilnddddhy. A "HER dimer” herein is a noncovalently

associated dimer comprising at least two different HER_ receptors. Such complexes may foiut when a
E ?e ?IF&%& ] %W%alléyolated by

cell expressing twi oFHOKE FERSEERTr 298 BIBLs HERTLSRPRRY &
immunoprecidiiation tadrdbShrdlfred Dy SHSR AG BeascdéscriiachinShvwkoviskietiat, J. Biol. Chem.,

2692014061, 14005 (19940, oL e ample EAmpIes AU ER et IRUIRREFR-HER2

HER2- HERS3 an mers.”Moreove mer may comprise two or more

HER?2 receptoasaombitie CCORiH R diffe rericrE e de Ept s Uc K gsiM E RED#iEfEbE EGER . Other

proteins, sugh as@MORNe HRCSRIRK SHEMYAY (80 8Rk3R)maybe,associated 20 with the dimer. A
"hetcrodimeric binding site" on, HER?2, refers to a regjon-in the extracellglarlqd main of HER2 that

contacts, or EAAELEHRHRY FEEiSRAR e S eIt BOHEm 8P A5 ER4 upon
formation ofSadlimentharevbithssEkedbyiomisdoundimpBamainilh ofddkR2. dzearddin etal. Cancer Cell

5:317-328 (2 agfi 5"@ LA ivati "“r;; - tivation: IS, clivati oL horylation, of
1739 ot Rl SR sblgt e o o e

. s, orHERZ2 r : . HER activation results in signal
transductior @ ifathBiceapmsacty withivedicalDrbckihasbaronbin b a MEReseltdE Pliosphorylating
tyrosine residugsjindhe iR iee8Rtanof acgfibstrate polypeptide). HER activation may be mediated by
HER ligand binding to a HER.dimer comprjsing the HER 30 receptor of interest. HER ligand binding to
 HER dimer may ScAVSRS R RASE T RIRREY SR BRI et PO GE8tors i the dimer and
thereby resulisahyplos plonytationcbddyirasinevhasidiider ifrcomerovmose: ofithd fddRwreieeptors and/or

Pnrt‘f ascpe"ﬁ%rlg ?%%%gé éé{ IPSING HEIAUERIN ATGHINA SUPSHRLE RAVPERIIFES(S)i R Uchas Akt or MAPK
antibody with a G1 or G2 oligosaccharide structure, instead a GO oligosaccharide structure,
attached fo an Fc region thereof, antibody with one or two carbohydrate moieties attached to
one or two light chains thereof, antibody with no carbohydrate attached to one or two heavy
chains of the antibody, antibody which is syalidated, etc, as well as combinations of such

35  giycosylation alterations.



The term "antibody" herein is used in the broadest sense and specifically covers 35intact monoclonal
antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific WO
2009/099829FCTATE8HE8/032220 5antibodies) formed from at least tvv’c))cim&g@f“ﬁ)ﬁoﬁ%aies, and
antibody fragments, so long as they exhibit the desired biological activity. = The term "monoclonal
antibody" as used herein refers to an antibody obtained from a population of substantially

homaggneous anglodigs, jge InCiyiguaLantivadies,camprisig e eapuiation.ase identical andlor

bind the same epitope, except for possi variants'that may arise during production of the
monoclonairafigbbtiycrstichaadsseh it e ke HeairelihesHtbady o patyershial antibody

preparationssthatipigalivinglede diffssen anibedias.diissiadagainstdiferenhdeterminants
(epitopes), each monoclonal antibody is directed against a single determinant qQn the antigen. In
addition to TSR EFREHE e mSHEASHA D fé‘é&\%@d&gﬁ{a&%@ﬁﬁ thiat t1HBG Yre
uncontgminﬁteglfbyna&;omﬁ hmmmmdglmbm&ﬁszﬁm magifietidmonoclonal” !ndicates _the (;haracter of
the anfjpody as being oltained 558&%%&”9%&%2%&%%& ' %%%{}S&H%P&fféﬁﬂ%%[&%g@%’.% les, and is not

to be construed as requiring production of the y by any particular method. For example, the
monoclonak2hfibddfe strectectised in accordance with the present invention may be made by the
hybridoma method first described by Kohler et al., Nature, 256:495 (1975), or may be 20 made by

recombinant DNA methods (see, e.g., U.S. Patent No, 4,816,567). The "monoclonal antibodies" may

also be isolated fiofT PHAGPSHASEH itrh e VaHg HE e BRmG DR HREG IBEdTHAEI53%%on et al.,
Nature, 3526241628 (98 haneidjdrks etbdhiirMonBinles 222:b@ltb@é (1994 hefoy elkamaple. The
monoglonal antipodicsereln speeliealvnelids cenimeric aniiadiesdn ghubigha gertion of the
heavy and/or Tlg t chain Is identical with or omologous to corresponding sequences in antibodies
derived frontacpertiag dirspeissmybeignginatovasradnsalaranatods: efedsswibedibcléss, while the
remainder @f fhgehain(s) is identical with or homologous to corresponding sequences in antibodies
derived from another species or belonging to another antibody class or subclags, as well as fragments

of such antibodies, S SENGTREHEFRRBIEIHE HESHE TIBICHREAZX N {35 S*Patent No. 4,816,567;
and MorriseoveleatiyRtachddatthAcaditibeicas Sdy8ly 68516685 51(1@84))hG hyneriesahithadies of interest

herein,j clu[ e {im tized" aﬂtib dies col g{i rln&\égggﬂg dpl{'%%i %n.tljgg%- mgng sequences derived
from gzﬁon-ﬁaﬂw%ﬁlﬁﬁﬁait%cfe.&O (ﬁ{\?\?c%gg Mgﬁrkety, Apie ett‘c::‘i an(ﬁwtﬁwan cygnstént region sequences.

WO 2009/099800mE T AUSAG0Y/ 43 20208 1SS hakiire s INeBaTp A BB 8 kiiofran intact
antibody, prefarahiycomiyisiag theantigendirdingariaiabieragignthamefsxamples of antibody . -
fragments include Fab, Fab’, F(ab)2, and FA./ fragmené%s; diabodies; Iir;ﬂgg,r antibodies; single-chain
antibody mGTBEREL R FPRRIREBEEHC A a b LI hE O O B ESER U B RY).

A “deamidated”antibody is one in which one or more asparagine residues thereof has
25 been derivitized, e.g. to an aspartic acid, a succinimide, or an 1so-aspartic acid. An example
of a deamidated antibody is a pertuzumab variant, wherein Asn-386 and/or Asn-391 on one
or two heavy chains of pertuzumab are deamidated.
A “amino-terminal leader extension variant” herein refers to a main species antibody
with one or more amino acid residues of the amino-terminal leader sequence at the amino-
30  terminus of any one or more heavy or light chaing of the main species antibody. An
exemplary amino-terminal leader extension comprises or consists of three amino acid
residues, VHS, present on one or both light chains of an antibody variant.
“Homology” is defined as the percentage of residues in the amino acid sequence
variant that arc identical after aligning the sequences and introducing gaps, if necessary, to
35  achieve the maximum percent homology. Methods and computer programs for the
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An "intact antibody is one which comprises an antigen-binding variable region as 10 well as a light
chain constant domain §CO and heavy chain constant domains, CH1, %'gl%,gg}%g%%zgfhe constant
domains may%%%’?gﬁﬁl??é? g%quence constant domains (e.g. human native Sequence constant domains)
or amino acid sequence variants thereof Preferably, the intact antibody has one or more effector
functions, and comprises an oligosaccharide structure attached to one or two heavy chains thereof.
LoAntbody effseiarluneiansuieiptiphoseiolpaical aciviigs Attinighle s figregion (a natve
sequence Fc fegion or amino acid sequence variant Fc region) of an antibody. Examples of antibody

effector funéifaraiselsllise Thich Wisdilsg: vadhpte ArsHpaRpaTHa e ltekiRitrs Sereddbtor binding;

antibody-depgndent.galizmne dirted cytiorsitmiAPGQpghagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor; BCR), 20etc. The te m.f"ﬁ%fre ion"” her%i(r)]di% usg%}]t% define a

), 20e .,
C-terminal region OF AFFiRKFRORTS BIEB it ER K LA ,aflr?[ Gaing natveE8usncd Fe fedions and variant
Fe regions. Alihyosighntberpoising axie srofithecko regidn ofcaarimdiumoiglobblinddaweatsain might vary,

the huppan (G heayysehaln, £ egion s usvallvdefineta stistch, tom an ping acid 28 residue at

position CysZ226, om Pro230, to the carboxyl-teiminus thereof The C-terminal ’Iysine (residue 447
according toreeeEly pearpd aivyrsy Sttt bibcratisgivih FRess bevadsoveerker®Rample, during

production Qk puarficatianofcthsrantibedye.onday Aneasnbinanily aogineesPrOhanweteic acid encoding a
h-avy chain of the antibody. AccordingJﬁl,]?? éom osition of intact antibodies may comprise antibody
0

populations With“AilC8G A ES SRS &8 Antibody populations with no K447 residues removed,
and antibody populatititisrhaying & mistemergframntivydiescwitrandhwithoot¢h & Kk TERR sidue.

Jniess ndigaied ohRRYsRNREL BeumbRINGR A ARRVES IBaN Imaurealahulie heavy chain is

that of the Et ex as’n Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public

Health Servigahingtilyap prsifenieledinshe Sams; BaeHESHacvnty{ oY £ TREY IR X as in Kabat"
refers to thegtgsidug pumbaringhohthewrian [RLiE aatibegiic rabepending Wmthe amino acid

sequence of the constantﬁﬁo‘ ain of their heﬁl\%lchaings, intgct :;}ptibodi(?s, can. bedgss;%;]ed to different
"classes”. THERSHFE S 31@?%8%@8 BRSNS diSEPRGX B EETS &HE M, and several of
these may hesfunthesdividegdrite 0Tdubclasdesth (isptypes)reatd. SkripE2hdgEB, IgG4, IgA, and
IgAZ2. '%e h%%‘e’%(t‘&ﬂ@ﬂtﬁ%@%%@ﬁ% Lrasﬂtgﬁtrg&gt%pond to the different classes of antibodies arc

e

called a, 8, ¢, y, and it, respectively. The subunit structures and three-dimensional configurations of
different classes of ineritirrst b uiams iy e \WER R SOHRT IS SIS tEp dFert E&mRe drifed cytotoxicity”

and "ADCC'ygleedadncalbul bmediaisadieactianHn abichiaansneecilie eytotoxio)calisthat express Pc
receptors (FeRs) (e.g. Natural Kjller (NK) ¢ells, neutrophils, macrophages) recognize bound
antibody on & {47ga? ¢t %ﬁ%ﬁé@é‘b%’%ﬁg@/‘?@éﬁ S ’I?f/nsc{osIB)antﬁxé a@%%%%ﬁg%h%lg%%g?ﬁ cells for
mediating ARGE 4 8Koa@lissedpressecyR Hitboly sigihé reasdrioecyieseexprés¥#cyRl, FtyRIl and
FOYRIL R S RiRSSIRR o empaRaIelie eeladn AR el A blech AN RaQRs4Rd.of 20 Ravetch

and Kinet, Annu. Rev. Immunol 9:45/-92 (1991). To assess ADCC activity of a molecule of interest, an
in vitro ADCE W) sudloasniat abdenpeiih 49apite At NG 05L 50 352 brs 824238 % thay be

perfooned. Ysefyl effector cells for such assays include peripheral blood mononuclear cells (PBMC)
b e i es ek P ATE M. oL RSBV ARG ALY ShViglgRAe of Interest
used interchangeably herein and refer to EGFR as disclosed, for example, in Carpenter ef al.
30  Ann. Rev. Biochem. 56:881-914 (1087), including naturally occurring mutant forms thercof
(e.g. a deletion mutant EGFR as in Humphrey ef al. PNAS (USA) 87:4207-4211 (1990)).
erbB1 refers to the gene encoding the EGFR protein product.
The expressions “FrbB2" and “HER2" are used interchangeably herein and refer to
human HER?2 protein described, for example, in Semba et al., PNAS (US4) 82:6497-6501
35 (1985) and Yamamoto er al. Nature 319:230-234 (1986) (Genebank accession number
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25 animal model such as that disclosed in Clyncs et aL PNAS (USA) 95:652-656 (1998). "Human
effector cells" are leukocytes which express one or more FcRs and perform effector functions.
Preferably, thggéﬂ?@% 8ss at least FcyRIll and perform ADCC effecto?%ﬁjéﬁ{c')or?{olzzz%ﬂmples of human
leukocytes which mediate ADCC include peripheral blood mononuclear cells (PBMC), natural killer
(NK) cells, monocytes, cytotoxic T cells and 30 neutrophils; with PBMCs and NK cells being preferred.

The effectogeells may. be (solated from & nallyG sowree. heleal &g dram hlood.prRBMCS as

described herein. The terms "Fe receptor” or "FeR"are used to describe a receptor that binds to

the Pc regispPof2aedngiroays fhelprefeedERars rReavhatsssdueied ihan FcR. Moreover, a

preferred FcR is epguahigh binds:anlaGoantibedyda gampepadesentonsenddnsludes receptors 350f the

FcyRI, FeyRIl, and Fey Rh subclasses; in¢luding allelic vari d alterpatiyely. WO

200910908 X5 A N5 2008/ 5% ééf’&?cégaa%c‘ﬁ R @féﬁ%@ﬁ@&@@%%rs include

FcyRIIA (an%aegivating receptor”) and FeyRIIB (an "inhibiting receptor”), which have similar amino acid
y ( g ptor”) y ( g ptor”)

sequeppes that difenaiaihsii e QYiaRIagtiG damane eeal @%&y@%ﬁg 1ERERIRLCYRILA

contains an immunoreceptor tyrosmey—l ased activation motif (I ) In'Its cytoplasmic domain.
Inhibiting réeeptopmEeyRER3PeoARsNa ifATdhBletaptel &ird3ite Wedett whisitiBh0omotif (ITIM) in its

cytoplasmigglommain4seedeyigw MyimRagan Mpny . Bey73mmunes 1520312 3441898¢)). FCRs are
reviewed in Ravetch and Kinet, Anpu. Rev. Immuno] 9:457-92 ( 1); Capel et al., Immunonzethods
P et

4:25-34 (1985955 o8 GEREssYdr W 5 995). Other FcRs, including those
to be identified inBhéHER I tepadtiemeampassedpbythéiMihidiscRirkéreatidEhes terfi@so includes the

tal , hich s, thle. ] | o the fetus (G
”eonaﬁ re%?%f%@ﬁ%%}%?%%ff%é%&%ﬁﬁk@l&f%!@ﬁ an, gf%gégdg&t&rﬂ%ﬁl%f? e fetus (Guyer

etat, J. Immu 1287 Kim etimmunol. 24:24 ) . 'Complement dependent
cytotoxicityligandemye ayepdems e sy tor EHio I cRunstslgse/aBiafoetitt tht pdseteé of complement
The complement activatiannpatowarisnifigiad yrthehndingsotibe frst.eompongnt of the
complement system (Clqg) to a molecule (e.g. an 20 antibody) complexed with a cognate antigen. To
assess comprerhent Aot RREFEATCHE ROSAF S VAR TR éﬁlﬂ‘?%ﬁ PIRREIE SO et al 0.
Inzmunol. Metho@sReR 1 68 §1:906)244dy Belpasfarhed KiMative antibodics St/ vsibally

hcterojetramegic gl [ tgaig t 350,00 | FINPOSE; identical light (L) chains
and t\?vg ide@%{’:@fgﬁ%{g@%& tcﬁaﬁéﬁl&%%%cg Eg}%%zglgr? ?s{ Iinkedott%‘?%%ﬁéfg{\}/{;/t gc%{i{%n(!“v(l:b%y!(’one covalent

disulfide bokengiiEdtHed i ABEF WP sudfidrsasiaicage S ivafiens Sy fre KeaWiehains of different
immunoglobsdin igotypes,. EachihemamandiliahLhainalsehagreguarhuspassdiatiaghain disulfide

bridges. Each h hain_h end iable d in (Vii) foll ber of
domains, ESEHTGPE SAAT RLL ST A 8 o o A A 2 et Himai a 3015 other

end. The corstantabMainefdiedighOehaimisalRfded Wik 190 firstheonstantsee below),

25  neuregulin-2 (NRG-2) (Carraway ef al., Nature 387:512-516 (1997)); neuregulin-3 (NRG-3)
(Zhang et al, Préc. Natl. Acad. Sci. 94:9562-9567 (1997)); neuregulin-4 (NRG-4) (Harari ez
al. Oncogene 18:2681-89 (1999)) or cripto (CR-1) (Kannan ef al. J. Biol. Chem.
272{(6):3330-3335 (1997)). HER ligands which bind EGFR include EGF, TGF-¢,
amphiregulin, betacellulin, HB-EGF and epiregulin. HER ligands which bind HER3 include

30  heregulins. HER ligands capable of binding FIER4 include betacellulin, epiregulin, HB-
EGF, NRG-2, NRG-3, NRG-4 and heregulins,

"Heregulin" (HRG) when used herein refers to a polypeptide encoded by the
hereguhin gene product as disclosed in U.S. Patent No. 5,641,869 or Marchionni et al.,
Nature, 362:312-318 (1993). Examples of heregulins include heregulin-g, heregulin-f1,

35 hereguiin-fi2 and hersgulin-f3 (Holmes et al., Science, 256:1205-1210 (1992); and U.S.
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domain of the heavy chain, and the light-chain variable domain is aligned with the variable domain of
the heavy chain. Particular amino acid residues are believed to form an interface between the light
chain and heal? #ait7*afiable domains. The term "variable" refeP§ 1§ 14¢t Hat certain
portions of the variable domains 35differ extensively in sequence among antibodies and are used in
the binding and specificity WO 2009/099829PCT/US2009/032220 5of each particular antibody for its
particular anfigen. Ho Pe variability. is n ve@% istributed th 0 %1 variable domains of
antibod?es. t%%toﬁl%e%%\g%%é hnt%uregfglggrﬁg%?aga?% gé)égr?/g?igbﬁé %g%}aﬁs&%% Ff?n the light chain and
the heavy chEiRVhreticbig maipsrTiendystesig iy domdénEdl s ortidriscBadaBléSdomains are called

the framewqikgegions: drifsin FReMatiRie damainaafrativensaviendlight Ghalys each comprise

four 10FRs, largely adopting a 13-sheet configuration, connected by three hype/variable regions, which
form loops CHRTEEARYG MR T E¥M s ELddetoriniMy PaEd e tHe/1814h el (&da? Th& Ry pervari able
regions in eaclEhairmatguneldsthgether 4n ClasgqpeoxmitssbpsheBRS)amds with ffivduaypervariable
regions from the other chain, contribute to the formation of the antigen- binding site tibodies (see
canat oh . P e e Y B B s evice
National Inspeliteer bid-lanhies Betidstike MDpaia eayenT hereo{startiehiainsare not involved directly in

binding an antibody 080 ARligan-utiexhibilvarioms eieeiardunctionsn Sughoas Ratlicipgtion of the
antibody in antibody dependent cellular cytotoxicity (ADCC). The term "hypervariable region" when

used hereinPERERB R SARITE: achi HSErARIEECH BIOF LB ATORe YRS BEp BHEDIR for
antigen-bindimy b oypie rsarisddle regiERRaetally conprisesdmnoacidiesiguasiram a

"complementarit terminj ion" or "CDR" (e.g. residyes, 24-34.(L 1), 50-56 ( nd 89-97 (L3) in
the Iighﬁgzha‘ma%xﬁgaﬁyeég‘c%}n%%%ﬁ §T%E§%ﬁﬂ)§lg£§(ggqﬁl‘£%h% %@%%éemgf%étﬁé]lﬁ%e%a%y chain variable
domain; KaB4f&t AP Sefpuetuarlof Protwias dsneinilifologival inviede SIOERER P IBIR2Health

25Service, Nationaldnstitutas Rf h@&ﬁmﬂ%@hgﬁ%dmhé%mﬁa%gm%@%@s from a
"hypervariable loop” (e.g. residues 26-32 (L1), 50-52 (L2) and 91-96 ( %%}ia%ithe light chain variable

domain and™®¥BERATERAE QM I8 & G HERHE ARSI W VRiadIE @b 5ain; Chothia and
Lesk .1. MoEGRe. {8:O003:Q19 (1984)) citdlamewnpoRagion'er. R iresituesaieiiese variable
domaigﬁ&si%gs{&t@g&han the hypervariable region residues as 30herein defined. Papain digestion of
antibodies produces two identical antigen-binding fragments, called "Fab" fragments, each with a
single antigen-bindirigesitediaed ebredinhsle’Pa Hidghefors whossinaimcheafigetsitdaability to crystallize

~ readily. Pepgiptraaimertyields,ands(@p e krament hakldastwe artigenibinding,sites and is still
capable of cross-linking antigen. WO 2009/099829PCT/US2009/032220 5"FVv" is the minimum

antibody fraffft REERiiTeR SymprerchAdyRr- hetdgfhitiShedrd AridbiRding site. This

region consistsramalcifEr R, dRenkeavy«hainandoehelighiashassariable domain in tight,

non-coyalent asso[%gﬁ#g' ion. It i in,thisfg_‘q{gi ration,that the three.hypervariable regions of each variable
domair‘?‘lﬁlteract to eln?éc%aé?ﬂr%igoén- in i%ég’]é}g#éo%nr eésgﬁratgéﬂb ﬁé?ﬁﬁoaﬁﬁﬁeﬁ’_%llectively, the
six hypervarabrasegions TR apfertemtijdh-Bihttienytopetitidtglo TR astibetpn eioliewer, even a single

variable dorgain(esRalaban EERRLIRIRYG ANHeRIYREIVAIGRIG Saiens:Seegifis for an antigen)
nas the abill o fecoqnize and g anigels ifiough a alowe! afinty an fhe eaire binding sie

phosphorylating tyr 8 pror or a su polypep

activation may be mediated by HER ligand binding to a HER dimer comprising the HER

30 receptor of inferest. HER ligand binding to a HER dimer may activate a kinase domain of

one or more of the HER receptors in the dimer and thereby results in phosphorylation of

tyrosine residues in one or more of the HER recepiors and/or phosphorylation of tyrosine

residues 1in additional substrate polypeptides(s), such as Akt or MAPK intracellular kinases.

The term "antibody” herein is used in the broadest sense and specifically covers

35  intact monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific
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The Fab fragment also contains the constant domain of the light chain and the first constant domain
(CHI) of the heavy chain. Fab' fragments differ from Fab fragments by t %ﬁg%l ig) gf a few residues
at the carboxglvt%ryr%}i%ﬁl?gs%% the heavy chain CH1 domain including one opkgmore cyﬁstgal%cs from the
antibody hinge region. Fab'-SH is the designation herein for Fab' in which the cysteine residue(s) of
the constant domains bear at least one free thiol group. Rat:02 antibody fragments originally were

produced aa%@?d&?e?}ffﬁ%%é RomeMswhichhave fipgescysteings Retwsemilemofither chemical

couplings of antibody fragments are 20 also known.  The "light chains" of antibodies from any
vertebrate Yj5e&neutih st HsdiBirkwita &Y two clearly distinct types, called kappa (K) and lambda
(X), based on theraming: agiehsegneRessH-0f theiledhstant domnains nBiogie-thaind Ashos "scFv"
antibody fragments comprise the VH and VL domains of 25antibody, whereip these domains are
present in Q%‘?H’@Té"bBfVB%ﬁTfH’émm@%mmﬁg?ﬁepﬁﬁggﬁﬁ%%ﬂé?(g%hprises a polypeptide
linker betwegntheny Hhanshihishichienablesribersekyte faim diesesiegstugisifor antigen binding.

For a {Eview of sckv see Pluckthun in Thﬁ.Ph&}rmaeoloo} of Mo O%Ional Ant{' odies V%L 113,
Rosen '

urgvgﬁﬁjf\sllglgtrén &gy’ purrllﬁlééjrr- er 5’6 ﬁ\lev%%?ﬁ %tffj ﬁ%té%fSQFfBﬁ)PﬁEﬁag ar;l}ntibody scFy
30fragmentearédtisorine dunowie9341818%mgl SitbatemriveaBiy higarniemly WBidPatent No.

5,587,458. 4i¢r L6, faihidiabodias, Laiera de-smalantibody drramentadith huqqanfigen-binding sites,
which fragments comprise a variableé heavy domain (Vu) connected to a variable light domain (VL) in
the same pETyPRAASTEILRH (AT VANEBY TSRy iRk RIS 0B eS8 How pairing between the
two domaingLIrithe, samechaintheisanaias arefeieedsto pair thQre uncontaminated by

2009/9 982 PCT/USZOPE/(P.SZ%%O 5V\Q§E trh,(;:'n goggfg}lgamen&%r g%rpcigl% qura Igﬁher t%l in and create two
antigeh-bindiiifg CHEY 51388 A8 Al LSBT S Ul For Gxample, £P 404 08%° WO 93/11161;
and Hollingertetral gbRrioed Natl aAdetr8ailyiSAq 806Uz Bl 48 (g 98Ybodics4pfianizéel” forms of

non-humary(e.gh. 0N ARediRs 216 cimEinAtbedias hatcanialtiniFaLseapence derived

from non-human immunoglobulin. For the most part, 10 humanized antibodies are human
immunoglofImeraeenslent BrtiBdayF it WHCH FERiFE B P Iy PSP B PEY RSB fhe recipient are
replaced byyesidyes fsam a-mueervanablsesiondia aan:human Speciesi(onet antibedy) such as

mouse, rat, rabhit or nonhum rimate having th ired specificity. affinity, and capacity. In some
instan%%s, ff‘ﬁ’%&%ﬁ%&%ﬁaﬁﬁ% rl"g%%] d‘ézs ) ’%ﬁ%’ﬁﬁ?ﬁ?ﬁ%ﬁﬁh‘éﬁé&?ﬁé glt%replaced by
correspondingmotpndSinitmdinst esig albs b inthertrfore, thaganiiedydftibodiesméie comprise residues

that are not faung 19 §0&BERILALAAIRAAY, ORviLNE donen aAKkash) Thest-madiications are made to
Mol Biol,, 222:581-397 (1991), for example.
The monoclonal antibodies herein specifically include “chimeric” antibodies in

25  which a portion of the heavy and/or light chain 18 identical with or homologous to
corresponding sequences in antibodies derived from a particular species or belonging to a
particular antibody class or subclass, while the remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, s0

30  long as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; and Morrison
et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). 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.
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further refine antibody performance. In general, the humanized antibody will comprise substantially all
of at least one, and typically two, variable domains, in which all or substantially all of the hypervariable
loops correspglﬁdz?ggé%?é’ of a non-human 20 immunoglobulin and all ofF <t %{’Rf?gﬁff%ll of the FRs
are those of a human immunoglobulin sequence. The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin constant region (Fc), typically that of a human

immuno§lobulin. F,%r f’ggge)ﬁ%%ﬁﬂ%"%SI%PJ@Q%%(%&% &J%uggtg&ggnggg&;é%%g& f); Riechmann et at,

Nature 332:323-32 _ Presta, Curr."Op. Struct. Biol. 2:593°5 6 (1992). 25Humanized HERZ
antibodies ifelRRiEREMABBE:-D NN ALFD S, PERIAB IS 3EFIRA 94 B he dh dveRIsa B 5-5,

huMAbAD5 G huMABARS: @, heMABARS ROl TaRZUMaR (HBERGERTINe)as described in Table
3 of U.S. Patent 5,821,337 gxpresslty incorporated hereingérefere[gae;gumani ed 520C9

(W093/21 378736 MAHStHT St B HRABH0REY Ay qe SumtsE d REiH SSOE SPSHE Bt poses herein,
"Trastuzumab," "HERGRE BN andhidwMdeDbeBEsrafentigmrh anilyodyi dompeising the light and

heavy chain amin ' uences, i . \ ) ] ively-Herein,  Bertuzumab”
and "rh?u MAgeg] Z(,g"ﬁr%}%%%%acr% %ﬁ%éﬁé%o %Eﬁgﬁ %T%g g%%a%%ﬁ%ﬁ%%%{ %‘ér%blﬁe ﬁ?eavtil amino acid
sequences ASETRI DoNGE! Joaiind Meshefiyc W o 2009709 98P BROTEBE220 5Where

Pertuzumahyg rRdNiasantiBedinsit Rrefela blyicemprisesthediaRtchainantbieasighan amino acid

sequences in SEQ ID Nos. 15 and 16, respectively. A "naked antibody" |s an antibody (as herein

defined) that 146 BBHIGATEEPID I FREEHITSHORS THOHSERES S FE RS EGHBIO R ity or radiolabel.
An "isolateddtariiodyis enewiicly biasndbaencidentified and separated and/or 10 recovered from a

compopent of its ”ii‘%%[)%he”%%%P&?%Qéﬁ&%@%i9&%&%&9QS&?‘%&’&E&%&H&E DyirgRpent are
materials which wou _|ntyer ere with diagnostic or therapeutic uses for the antibody, and may include
enzymes, h&EoreSaayRISBINEIC FStEIRiaeeb S P AERA SIGIENIacatS Soleees) if preferred

em bodimen&%ﬁﬁaﬁﬁrﬁmgﬁew&i heipaified LD o aieatahthar 859shyiveighipiantibody as determined
by the Lowry method, and most 15prefer3$ly,mqre %Elﬁ}\:r 99% hy Welght, 2) to a degree sufficient to
obtain at ledSPTH!RSTINEE 1K TE MR OP TR ARG RERS S GHEREE B UBE B Kinning cup
sequenator (D) tphgpeasieitywhyr-SDSAGEIURdSeettipng orn@vdtiucipgpocd@ditions using
Coomaz%sie et{!‘:ue or, preferably, silver stain. Isolated antibody includes the antibody in situ within
recombinant cells since at least one component of the antibody's natural environment will 20not be
present. Ordinarily! owevéi Tegruekpwhtit sesiwilieénp rdpdgerits aeilepgt @ne purification step. A
HER2 antibodywiighuinhiRitsHEm dietzationmerg.elfetivebidhan dvasizmab” is one which
reduces or eliminates HER dimcrs more ?ffectlvely (for_example , L

regions. Although the boundaries of the Fe region of an immunoglobulin heavy cham might

vary, the human IgG heavy-chain Fc region is usually defined to stretch from an amino acid

25 residuc at position Cys226, or from Pro230, to the carboxyl-terminus thereof. The C-

terminal lysine (residue 447 according to the EU numbering system) of the Fe region may be

removed, for example, during production or purification of the antibody, or by

recombinantly engineering the nucleic acid encoding a heavy chain of the antibody.

Accordingly, a composition of intact antibodies may comprise antibody populations with all

30 K447 residues removed, antibody populations with no K447 residues removed, and antibody
populations having a mixture of antibodies with and without the K447 residue.
Unless indicated otherwise herein, the numbering of the residues in an
immunoglobulin heavy chain is that of the EU index as in Kabat et al., Sequences of

Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
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at least about 2-fold more effectively) than Trastuzumab. Preferably, such an antibody 25inhibits HER2
dimerization at least about as effectively as an antibody selected from the group consisting of intact
murine monoé’i’é’r?éf?%?&‘fﬁ%?dy 2C4, a Fab fragment of murine monoclonaﬁ’%ﬁﬂ%’d{éyﬁﬁe%{ intact
Pertuzumab, and a Fab fragment of Pertuzumab. One can evaluate HER dimerization inhibition by
studying HER dimers directly, or by evaluating HER activation, or downstream signaling, which results
from HER djmerization, .a 0.gvaluating. t tibody- inding sj Assays for
screenglg Oreaaﬁr{lﬁ Sﬁeégao%%%ga%@%ggrﬁ%%%h %%griéezéﬁgn%r}eg% 50%?/%?&%%%n Tra,stuzumab
are describedhinhnges kfal. Bammededell 2: 127-137 (2002) and W001/00245 (Adams et al). By way of

example only, ongmayiassanfordnhibitiangh bR timesizationdy.assessing.ef @xamiple, inhibition
of HER dimer formation (see, e.g., Fig. 1A-B of Agus et at Cancer Cell 2: 127-137 (2002); 35 and
W001/0024B7 &8 LRAAbH ﬁ?‘#@ﬁsﬁéa?%t%éﬁffé%n%%%ﬁls WiTerTapreRa pIERsEMEra Ao
2009/099828RGHA) $20 0810322 2605 MMOQVIN0245and BighRABobAfuscetiaidGanger Cell 2; 127-137

(2002 for;eqx le), Lo kin QfUH; ligand pindi lls, yhickexpr E imers (W001/00245,
and F?éo 2E‘§E %gﬁ‘ége Lgtg g‘ﬁ’ce‘?t%ﬁ&? %?%?79(5%%%&?& l)g(hzla%%;]l|%le)g[?’geg?ﬁsag\;’_?;cl§::\/\1E1/{tdll?linhibition of cancer
cells (e.g. NORFIINIEIRIM [t 34T SRS, DB 1E PEisspsaf Bosbiidichviict Esqites$-HER dimers in the
presence (gh@Rsense)ffiH BR.igsnd: WRAHAAR4arNdkHAS B3 100 af-ARHS Slidkfeancer Cell 2:

127-137 (2002), for.instance); inhibition of downstream signaling (for instance, inhibition of

HRG-depefd&nt AT BHESHEHISAETE! fi¥fion of HRG- or TGFa- dependent MAPK
phosphorylation) (segbMOOL G245 - AnckFige PG tRoefchgusiét ADCENctr Gellci-127-137 (2002), for

example). One. also assess whether. the antibady, inhibits HER-dimerization by studying the
ety B S L, Sy

structure, oNefsehRabod) b, rewBErPy SedmisFakasplEcrgarRrIivedanidadcer Cell 5:317-328

(2004)).  dhie HERE antikpdymnay.(dniiRib HRGadenandeant phBhesrRhonadiemand/or inhibit
"TIRG- or TGFa—dgg%endent MAPK phosphorylation™ more effectively (for instance at least 2-fold more

effectively) A TPIS (oS G RTL S8t Y MBI RPN 218751 5726 (3U02)%hd W001/00245, by
way of exafmple)l. FcRIhigltsiR2 artithothpanay beionawhichigddes TididihibipddER2 eCtodomain

cleavage" (Molina et at Cancer Res. 61:4744<474¢ . A HI t] gyt t "binds to a
hetcr(%me]!ril/é:V %%?ﬁ%a{éll?gogp ﬁﬁigﬁ %ﬁﬁ«g%@%%;}%%@%%? o%)a?ﬁh?ig(gr%? gp%lagnh ly also binds to

residues inmelsplsiofiateierhanis oithd DEAERY.axaasehalcssieim SSdEatavmains 1 and 1), and

can stericallys hingerya3, teasttosare pugisdomationel e dER BsE&amRsbiE RendERS, or
HER2-HER4 heterodimer. Franklin et at Cancer Celqu:Sl?-Sé? EZO %2} har?cteri,ze the
otel Igsa

HER2-PertiZtRheh! OIyeidretrmelive GopBdGtand Hapte & BERK I Ehde 1578),

illustrating addexemplasyactioodyythahbindsdddhéinetertadinerieshindihg site, ofchimR2. 30An antibody
hat "bjods Lo dermaln.lL.oh HEe pindeto restdues 1) 9amsta {409 aptpnaiydgpidues in other
domain(s) SPHE .3, SUch as domains I and ifl.
“Human effector cells” are leukocytes which express one or more FcRs and perform
effector functions. Preferably, the cells express at least FeyRHI and perform ADCC effector
function. Examples of humean leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and
30 neutrophils; with PBMCs and NK cells being preferred. The effector cells may be isolated
from a native source thereof, e.g. from blood or PBMCs as described herein.
The terms "Fc receptor” or “FcR” are used to describe a receptor that binds to the Fe
region of an antibody. The preferred FcR is a native sequence human FcR. Moreover, a

preferred FcR is one which binds an IgG antibody (a gamma receptor) and includes receptors

35  ofthe FeyRI, FeyRII, and Fey RIII subclasses, including ailelic variants and alternatively
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A "growth inhibitory agent” when used herein refers to a compound or composition which inhibits

growth of a cell, es ecia%l% a HER expressing cancer cell either in vitro or in vivo. Thus, the growth

inhibitory ageWPrﬁ $8%6he which significantly reduces the 35 percentaﬁfg/&sﬁﬁ 3%%&gressing cells in

S phase. Examples of growth inhibitory agents WO 2009/099829PCT/US2009/032220 5include
agents that block cell cycle progression (at a place other than S phase), such as agents that induce 01

arrest and \:phase aresh Classical Mrehess, blagkers a1 Vngas (pgistine and vinblastine),

taxanes, anstftopo Inhibitors such as ‘doxorubicin, epirubicin, daunorubicin, etoposide, and
bleomycin. Fiseer agenstE i (raSTHbEIse SpmteverThtehdyyn sdel 4 i ReHpIeSDNA alkytating
agents suchigs4amoxifenipredrisonsi-dAdacarhazinacprechigrathamisgorispiatin, methotrexate,

5-fluorouracil, and ara-C. Further inform_atior)\cap be found in.The Nb;),lecular B?ésis of Cancer,
Mendelsoh i fsta M B e R BT PSRt U & B8 TR LIHO R BREEGRI¥Lnd antineoplastie
drugs" by Mitriakiaminditadh QN & HantideRSIERvaded phian 1996k cespe cialbjnp-bi@dmxabples of "growth
inhibitory" antibodj re thos ich bind. inhikit 15 th owth of er cells
overeﬁp@essﬁggﬁﬁé\éﬁ Brle?é}?’r%ﬁ%%\fv%&#} Qb?(%?gﬁ%@g%lu %a&)?élé%ﬁi&bf?%fﬁvﬁ?g{‘?SK-BR-s breast
tumor cells it§ @8R-edt (P BY- grefaserarrairpodsn BatkistefaddbReyridte AttafiBews (8:4 Hdm about 50%

to about 100969 3t @patibody.sansanation et aheus0; 210 R0date/mbk Whets the,gnawth inhibition is
determined six days after exposure of the SK-BR-3 cells t th@%‘ltibod{_ %s{ee U.S. Patent No.
B51% i

5,677,171 is<ied DHOLsBEr e edy) Hehiak e AHiBitOH A&y is described in more
detail in thatpatepisesichh éreinlbel®aR Thesjretar ethgabwihdnhisitergantibbdycasa, faRmnized variant
of murine monoglonal antipc D3, Jrastuzumab. . . An iady which Jinducas apoptosis” is
one wle})fh inc lﬂ%%g pr %I}%{%%rgée{ﬁ%%%ﬁ%%{ﬁ as deterntined E)y b?rq%: g of annéxin V. fragmentation of
DNA, cell sHAnR&GE Hitatohiorpgatdogiasie retiediin? dell fragmentation, and/or formation of

membrane vesicleg salled.arapistichediasyidhesethisustrivione whishpyerexprasses the HER2
receptor. Preferably the cell is a tumgr cell, e.q, a breast, ovarian, stomach, endometrial, salivary
B

gland, lung, KaAGKTEEaTOHE MIGIEHC PESTPBIES: B RBmLEth SR LB T BESSKBR-3]
811474, Caby diceihdMPA-MtBidb 3 MbAMB 3600 BKEY 8 ceth (Tanous methobid 30are available for

evaluating the .cellular events a gocigte V\éi a o%oag}i%,fgg ample, . phosphatighh serine (PS)
translo%gtioﬁnélgﬁég&e%meljé%sﬁ?%g%ydgn fexin é?r%d?hg; DNA&frag entatioﬁ can be evaluated through DNA
laddering; arfdasiucteas/dscohrdtin Cordensatior iotig-WithDrIA Hedads AtEHER caiYberadaluated by
any increasg ndpspaeiploid cells. Preferably, the antibody which induces apoptosis is one which

results in about 2 to 50 fold, 35preferably about 5 to 50 fold, and rtnost Er ferablg&out 10 to 50 fold,
induction of annexm WG 5816055E /‘Eﬁ%%ﬁ%‘é%“z%’@%mﬂaiﬂﬁ" ik 1 Utitreated cell in an
annexin bindingmassayposiigpBivdidecellis (Bhe(betbwrhs Bndamplesmoict BR2yaAtilbbdies that induce

apoptosis afg {CGe,angd, TF3+inked to a heavy chain by one covalent disulfide bond, while the number

of disulfide linkages varies among the heavy chains of different immunoglobulin isotypes.
Each heavy and light chain also has regularly spaced intrachain disuifide bridges. Each
heavy chain has at one end a variable domain (Vy) followed by a number of constant
‘domains. Bach light chain has a variable domain af one end (Vi) and a constant domain at

30 its 6ther end. The constant domain of the Hght chain is aligned with the first constant
domain of the heavy chain, and the light-chain variable dorain is aligned with the variable
domain of the heavy chain. Particular amino acid residues are believed to form an interface
between the Hght chain and heavy chain variable domans.

The term "variable" refers to the fact that certain portions of the variable domains
35  differ extensively in sequence among antibodics and are used in the binding and specificity
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The "epitope 2C4" is the region in the extracellular domain of HER2 to which the antibody 2C4 binds.
In order to screen for antibodies which bind to the 2C4 epitope, a routine cross-blocking assay such as
that describedif} ZftibGEés, A Laboratory Manual, 10 Cold Spring Haer&Tﬂ%ge}%{?WgEd Harlow and
David Lane (1988), can be perfonned. Alternatively, epitope mapping can be perfoimed to assess
whether the antibody binds to the 2C4 epitope of HER2 using methods known in the art and/or one
can study the antibodyHERZ2. structure (Franklin et.al. Cancer Cell 5:317-328 (2004)) to see what
Comain(e) O B o U R B MmN ECTD ot 11 i
the 15extradeltiiaedtmouihor HE RziaDle doarrdnp el iizbpdid- bind ontsateiataedistar domain of HER2 at
the junctionofdanainsd nihansibhe Frapklingt ol 1aneeriealhaidild 18328 (R0A4)%:Ehg "epitope 4D5" is
the region in the extracellular domain of HER2 to which the antlrbody 4D5 (ATCC CRL 10463) and
Trastuzum&B Y TAFESBisELcCeNER 16 RAL SRS AL LA SRR L TP EREEAEHithin Domain IV
of HER2. TegereeFrior antibotisle 2emahichl binddaatve 4a5igpitbpes aatbuting:trogsiblocking assay
such agg that.described in Antibodies, A Laboratory Manu Id. Spring Harbor Laboratory, Ed Harlow
and DL F TR L R R b B formod t0 aseoss
whether thevhistideny bine soeheng DBEpitops ofHERRI(E, paaply Baé-oeicravesiddés in the region
from about fgsidug 23R ARMLIGSIHNE B2 eIDHYSING i flG PR ARRNS, 1EPHRRGHICE{HF3" is the

region at the N terminus, within Domain I, of the extracellular domain of HERZ to which the 7C2 and/or

7F3 antibo IS SYBEEH ANH SRR WM thR APE B2 8o WU Bie frgeive ahthsPaBodies which bind
to the 7C2/¥mdinpitepst, sathodicss eroEstatackingsassay sugtrasdthabtesarbedirn Antibodies, A
Laboratory Manu I ing Harhor Laboratory,. Ed Harlow.a id Lan can be
ertorne A A e e S O e M P oy
binds to theThE 29RRB:bsitapas orF ME RY e ay. drrptbrie irdmerenghridsibiuie sirmthecrelion from about

residue 22 EQIQQ@%H&?J@H&@? REEBRZINIY pé}ic@pa{ia'ﬁeﬁm%ﬁﬁcﬁfﬂé Q:Bedh therapeutic treatment
and prophylactic or preventative measures. Those in need of treatment include those already with the

disease as WRIPEKeldaR R S8 66883dPCT1US20091032220 5in which the disease is to be
prevented. HenceTlihematisptiaha iteatzd heieinsmby-rayeheen diagnosedidschidussg the disease or
may he,pregisposethar SHSRERLBIC.I0 R diseasen e IRIMS cancar and, cancerous' refer fo or
describe the physiologica condition in mammals that 1s t)g’pica y{lharacterlze%imby unregulated cell
growth. Exampleldysbeamicer irnaladeidsatidwes Aortmiteunireateiip Ave iympaosiat btastoma (including
medulloblastgipa 1Q apd#elingblagiama). saicoma dnckiding;lirasarsoma2ndisyeovial cell sarcoma),
neuroendocrine tumors %‘i‘glccludin carcinoid tumofi%sg,(%astrinoma,and islet cell cancer), mesothelioma,

schwannoni§RfHeRiAG G@Qtiéaﬁ%%aéﬁdr%%ﬁ Ml HadaBEarMibE Heiba, and leukemia

or lymphoidatalignancies:dvese pariewan/dxamplesiol Suchcancers inchldaisstiamous cell cancer
(¢.0. epithelgl.squamons fell canceiiuneancel taineuding smallcel lung,capger, non small cell
lung cancer, adenocarcinoma of the ung and squamous carcinoma o fqheﬁsung, cancer of the

peritoneum; ppaEtsebifURIP Cag aEsustHé-oF Stdmathdaacendidhidide basholimidsthingl cancer,

pancreatic Gm’dgﬁﬁm%@f@%ﬂf—fﬂcﬂ-@@@Hﬁaﬁd’%@ﬁ]“@?@%tﬂé’%&%’lﬁ% Bladder cancer,
hepatoma, breast cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or uterine

carcinoma, C5HIE EeRd fsiomA o Fidan el S rdhat Canter TpBSHE- BaR%, Ul cancer, thyroid
cancer, hepafidueareinhesay aialcareiio e dpanilkecarginbmsapdasiiatlarQances@sophagacl cancer,
tumorg(pf t%e bili%r tract, as well as head and neck cancer.

hSrem defined.

Papain digestion of antibodies produces two identical antipen-binding fragments, called

"Fab" fragments, cach with a single antigen-binding site, and a residual "Fc" fragment,

whose name reflects its ability to crystallize readily. Pepsin treatment yields an F(ab™,

fragment that has two antigen-binding sites and is still capable of cross-linking antigen.
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The term "effective amount" refers to an amount of a drug effective to treat disease in the patient.
Where the disease is cancer, the effective amount of the drug may reduce the 25number of cancer
cells; reduce the {HE"%ze; inhibit (i.e., slow to some extent and prefer%%T{/Ug%g% ILer cell
infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor
metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one or more of the
symptogs associajgd wiih g Ganesld e SN the MABRYERLAguth andior kil existing
cancer cells, it may be cytostatic 30 and/or cytotoxic. The effective amount may extend progression
free survivalerestifton af sBietivatessEnse HnEgamyesistist %Wﬁ?ﬁiﬁ%la%‘?ﬁﬁgte respose,
CR), increagg.quarall Skindivalit mes A0 g 0N REAVE RNSQLHQRESY Mploms otsantesion A "HER2
positive cancer” is one comprising cells which have HERZ rotein presg&l at their. cell surface. WO

2009/099829BEF IS BITIEFS0 B B A IVHIER™ b Y LT FRSEES - HBRPEESESF is one which has
significantlytighersievelshofsarfadicR indeaiorn, sinchr. 43 HER2|yatithe Cietbsurfadéctivgresf, compared to a

noncangeroys, %unqrg%@o&%mgr;@r%aé#g%:e@;h%%&9&;r%m&%ﬂ%%m&%%&m@ Ry ggne amplification

or by increased transcription or t on. HER receptor overexpression may be determined in a
diagnostic oephatrbstiE aaxagrisipeonly HaprPimerEasl wEIssePREIHERM e BEstetpissent on the

surface of aspall(&deighaR INDIHAQRISIGchanisi. a8 faYsr i iesnatively: shaddisienally, one may
measure levels of HER-encoding nucleic acid in the ceLH, e.%.\ vr'%a flugprescent ingsggu Q}/bridization
P8 Blo erase

(FISH: see W098/48478 SUBRSACH OBEES 186858y Ring S8y B AR ¢hain reaction
(PCR) techrigises; soohia sl ditte pmaptitativerPCRaRERCRY)r Ooe RabyradsestUgyHdER receptor

overexpyession, by 181 Hng.s ' : I3 ! in).in.abinlogical fluid
such aspjr seru%tgée,ﬁeﬂgf?%?sc{]‘%a{%e%% %%%%;gé%ﬁi%gg&ﬁ%u%ﬁ %%%’g?&\#}\%&%%g& published

April 18, 1991¢ &) BoP s8It A0E6H8 488brdty MegeFrgen 1595 55hd Braseemion 16ieHui961. Methods
132: 73-80 @39QN.vivsidR framiibe-ahaye asaRYDnVARIMSINNIYe.ASSAYS are mvailafle to the skilled
practitioner. For example, one may expose cells within the body of the. patjent to an 20antibody which
s optionally TR L T B BBy FORSRATE RBESDET B G YD antiondy t
cells in the patiehinganybeimvdieaiead, . itiextarmmailcstampingfof radhodgtivigmendyranalyzing a
biopsyztélkegllgq{mn O%Qatient previously exposed to the antibody. Conversely, a cancer which

"does not overexpress HER2 receptor" is one which does 25 not express higher than normal levels of
HER2 receptor comfisatedtehansontatobersiea) o tre Sy psaedaecqigs. assigE i isravhich
"overexpressesiadiER figanghis, eneabish prpsucesisignificantly dighemeuslsiof that ligand
compared to a noncancerous cell of the same tissue type. Such overexpression may be caused by
gene ampliffSAHEH S RTRELEE $PEHE iption or 30 translation. Overexpression of the HER ligand

may be detefhigedidiadivdstitally bynavedyditagg desseisngiritetigEndnV ndeteimacid encoding it) in the
patient,e.9..in.at bi Or.by vari i sdt'@ S, - %ﬁfm.eﬂﬂ% FloH, southern
blottim;z,?PCI%thla%rlqlcr&lJ V?%%C%grg%ggcfegéﬁl eéggg%é\%gﬁg 'L ng&rr@%?#]& %ytéitoxic aggn_tgasbused herein
refers to a shibatayReatifRimibrBIISEE BYRRE AR e feR sf cbis arted 8y d8R18B8 destruction of

cells. The tepmds dntended IrWORROBRIBZARGHIKIZ0PA D22hincdvde-vadhiqactive isotopes
(e.. At211, s]é%g %éel%lzii% %%g EnRﬁ%%ag??a]&%?dg @j?\isoh%go]}zza’l Pi%% i)%gz%v, vol. 113, Rosenburg
and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994), HER2 antibody scFv
30 fragments are described in WO93/16185; U.S, Patent No. 5,571,894, and U.S. Patent No.
5,587,458.
The term "diabodies” refers to small antibody fragments with two antigen-binding
sites, which fragments comprise a variable heavy domain (Vi) connected to a variabie light
domain (V) in the same polypeptide chain (Vi - V). By using a linker that is too short to

35 allow pairing between the two domains on the same chain, the domains are forced to pair
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radioactive isotopes of Lu), chemotherapeutic agents, and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal, plant or animal origin, includin fra(%ments and/or
variants there%’ﬂ&m@f?g%ﬁ?&herapeutic agent" is a chemical compound WSSV IR FEatment of 10
cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
cyclosphosphamide (CYTOXANO); alkyl sulfonates such as busulfan, improsulfan and piposulfan;

azindings syeh é&ﬁ@fﬁﬁgﬁéﬁ GBHhRfBnE . MENRHARRANK WRdRRa-SliMARIIRes and

methylamelamines | tretamine, triethylenemelamine, trietylenephosphoramide,

triethiylenethirietiss gricessiirl amefithe iyl sniaibin i 445826 100e Ak {E3pedally bullatacin and
bullatacinopg)igglta: Atetrabydiacannabinal {dronabinal 4 MARBNOL(r)); beta-lapachone; lapachol
colchicines; betulinic acid; a camptathecin (including the synthetic analogue topatecan (HYCAMT1NO),
CPT-11 (irinotecaﬁ{“&‘ﬂ‘ﬁﬁi&ﬂ%ﬁ?ﬁ@g et g&t?n%/“%%%%feaéﬁﬁlt“gfhea“é?gt%f’n%%samptothecink
bryostatin; tatlystatin HGGa0&5uEna vdihgdtSad oaclpsinncannetegintahio. Hizetesmosymttietic
20analQgues); 0 in; vllinic acid teninoside:, Y G cficularly cryptophycin
Lty B R 2169 and
CB1-TM1);fsiealispeni abtaiersisthths, racsurebyic iyt csp b dreduss vt dgenchvestilds such as

chlorambugilyichlgraaphazing, shelanhesrhaniels) estransstine riosiamigecmneehiprethamine,
mechlorethamine oxide hy%ro,chloride 25melphalan, novembighin?ghenesteri&e, rednimustine,

trofosfamic PSRBT 4o PRI A QRR ATRARHE. BhiSPAS BEEaReSdTESiRe, lomustine,
nimustine, sxibraflnmsstire phthtibictios isucimeg dhdie nediymiaahtibiotiesp@dgg cadicheamicin,
especialy SHATIED sammal A callsheamiEamenal (368« 6.du AdAgy Shem Int. Ed. Endl.

33: 183-186 (1994)); dynemicin, including dymemicin A; an esperamicin; as well as 30

neocarzino§tetthie Hiorapltratberaatethe Arerapibidin Shediyind ERtIsHIotE BRFSHRophores),
aclacinomyginge2eHAOINEHy, thraNeiNAZASAYINR: RieRMYSINsEaGHRAMYaHkRarabicin,

: . carzinophilin, ch i in Jorubicin, d bicin.
o-cinzo. 5 R AL JEREPE N, HR A EADRAAR P THShGI-doxcrubicin,

cyanomorphokne:titixatiudidia h@pyaralitde@s doxapebiCin fldexofmbicmb@h liposome injection
(Doxab(f>@%@ﬁb@hﬂm%ﬁigﬂ%&&n@%ﬁ&@M&E@%PJ[@S@D&@M% HagsRgDRkdRorUbicin

(CABLYX(r)), coxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins
such as mitsawens G hnleaphenoiilbrds oRbednsaN BIFvBIPIAS ASLpE oM BBtfiromycin,

pu rotr)nycmaiﬁiﬁﬁlﬁé@bgﬂililiﬂ@étﬁﬁkakli?é@ioﬁt(rﬁi‘m@ﬁigﬂmy ﬁ{ée&t@zgﬁm(i Mhﬁﬁﬁi@i&%ﬁe@&fx zinostatin,
zombicin; anti-metabolites such as methotrexat ncitabine (GEMZAR(r)), tegafur 10
(UFTORAL{H)S éiﬁ@éiﬁa%ﬁw%é’?%ﬂ@ndx‘(?ﬁ?g%i%ﬁ%ﬁn%%ﬁg‘%ﬂ?&%‘%ﬁr‘a%n ?é‘fg’“ﬁ); folic acid
analogu_es SB&BBSBG@mmﬂ@rimdrﬁ@hgt@xat@gpmm@m,Zﬁﬁﬁeﬂﬁéﬂt@?purine analogs sqch as
f'udaracg'ne’ 6‘"‘eﬁ&%%%ﬁﬁé%%‘éﬁ%'&ﬂ&%&mghgﬁgl@&ﬁ%‘{‘ﬂk%‘&@ﬁ@@%%ﬁ%@“C'tab'”e’

azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyaridine, doxifluridine, enocitabine, floxuridine;

anti-adrenaié¥dér RS- Aimhbipdtthiniitd Arfitbran BuMitddiarre; aslibudEadE epfenisher such as frolinic
acid; aceglatanezaiderheseiamide glyeasiied ampleyulins asidnendurac amsagyinc; bestrabucil;

bisantrene; edatraxate; defofami demecolcine; djaziquone;. elfqrnithine; elliptinium tate; etoglucid,;
gatiom i S RSy T AT GBI i G e R and

ansamitociastitniieguadonshahiioxantrone; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin;
20 losgxantrone; %a?mw [azide . prasubazings P AHRRYYRsChRIidE GADRIRXEIHG Natural
Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid; triaziquone;
2,2' 2"-trichte ket Hethofvre g bedE rad Teupebuny TP ssidievenscurn A FBMiY A and
anguidine); urgthan; dacarkagine; mannomustine; mitobronitol; mitolactol; pipobrornan; gacytosine;
arabinoside ("Ara-C"); thiotepa; taxoid, e.g. Cdlzl xel (TAXOUD), 25 albumin-engineered nanoparticle
formulation of padiitas! (KERARENET T ”%% é%‘e?é?%@fﬁ' éﬁﬁ‘%@%ﬁ%ucil; 6-thioguanine;
mercaptopusiriehimathicire xate) plathvyraageats! seplerasscis PRI dxaliplating acrpacddigplatin; vincas,
which prevent tubulin polymerization from forming microtubules, including vinblastine (VELBAN9Y,
vincristine (ONCOVIN(r)), vindesine (ELDISINEG6, FILDESLNO), and vinorelbine (NAVELBINED);
30etoposide (VP-16); ifosfamide; mitoxantrone; l8ticovovin; novantrone; edatrexate;



daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RFS 2000; difluorometlhylomithine
(DMFO); retinoids such as retinoic acid, including bexarote e (TARGRETIN{%?' bisPhos honates such
as clodronate{foP U, BONEFOS(r) or OSTACO), etidronate (DIDEOERIS KES8005,
zoledronic acid/zoledronate (ZOMETA(r)), 35 alendronate (FOSAMAXQO0), pamidronate (AREDIA'(r)),
filudronate (SKELID3), or 28 WO 2009/099829PCT/US2009/032220 5risedronate (ACTONEL(r));

voxacitabine gt sARXAIRNR MuFlECeIdRCUPRR ARRIOALARIseARg ollagRicirelides, particularly

those that inhibit expression of genes In signaling pathways implicated in aberrant cell proliferation,
such as, foridgaErmpiec mrdcastiss RafER IRNes didebl8ereachrsWth factor receptor (EGF-R);

vaccines such as AHERATGBELY) Nascingand GengdherapydyacsiRas: lempxample ~.ALLOVECTINO
vaccine, LEUVECTIN9 10 vaccine, and VAXID(r) vaccine; topoisomerase 1 inhibitor (e.g,.,

LURTOTECKKEIP$RIRMYEHe: ABARE I BRKIB8006 t80kfenib; Bayer); SU-11248 (Pfizer);
perifosine, COX-2Aphibiter-fe S0alecdR-anigtanicoxik), iRtalerRsanIetphinEL (@ PS34l); bortezomib
(VELCADEP); CCI-779; tipifarnibA(Ré.],S‘?? ; O{afenib, ABtTS O%Bclr-Ztinhibitor such as oblimersen
sodium {GERREEN SR AHBmMEs &t AAIBITEP e e UEHRITEE BRIBRI 58 Esine kinase
inhibitors (seewefimitiooninetows}; mncrpharhidceuticalcdeceptabbe spakis; acitsapedarivatives of any of
the above; g5l g, camhinations.olug, onmore Alle aRPNG RN AR GHOR, an abbreviation for a

combined therapy of cydophosphamide, doxorubicin, vincristine, and prednisolone, and FOLFOX, an
abbreviatioﬁ‘%l’f’fa’i%%ft?ﬁé“‘n%%@ﬁnBWWfW%(%ﬁSWﬁ%E%@XW‘P@YCWE@WWM@-FDU and leucovovin.
20Also inclygeddtnithis sefinitiena erapibbonnana-rgentsithatiasiionegate omiihibit honnone action
on tumors such as anti-estrogens with mixed agonist/antagonist profile, including, tamoxifen
(NOLVRDE U R RS RSBy TP (BT ONLD) DRI Hi OGN raloxifene
(EVISTAY), dfidxiteniakeoxiteme saino seiéstiverestbygenofeceptongoduiatens(SERMsksuch as
SERMS; p“iﬁ@g 'é&é%%eéi%‘!{mé%@&??éﬁ&&%?!&?(ﬂgﬁ}j% _nﬁx‘é%rﬁﬁﬁ%’%ﬁgg%()%&&w'fx%’ and

EMB00 (suc nts may block estrogen receptor (ER) dimerization, inhibit DNA binding, increase ER

turnover, andSrosupprEse E RITeyERY: drometastbetiterdsitscatiedtésidarddmatase inhibitors
such as formgstane.and Bxemesians HROMARNE rnshnensteridal aromatases irnibitors such as

anastrazole (ARIMIDEXO9), letrozole (FEMARA(r)) and aminoglutethimjde, and other aromatase
Somniora TSI Vor QAT R0 B A S B ROELY, B Bole, midazole:
lutenizing hecmbaerelegseing hormone agonists, including leuprolide (LUPRON(r) and ELIGARDO),

goserelin, busereliﬂ,I_?é]gtg,%%r%!i@hggxiﬁ{leﬁggj;%glgl%g%t%r@gggi&@&%{;tg&megestrol acetate and
medroxyprogesterone acetate,

strogens such as WO 2009/099829PCT/US2009/032220

Trastuzumab” is one which reduces or climinates HER dimers more effectively (for exampie
at least about 2-fold more effectively) than Trastuzumab. Preferably, such an antibody

25  inhibits HER2 dimerization at teast about as cffectively as an antibody selected from the
group consisting of intact murine monoclonal antibody 2C4, a Fab fragment of murine
monoclonal antibody 2C4, intact Pertuzumab, and a Fab fragment of Pertuzumab. One can
evaluate HER dimerization inhibition by studying HER dimers directly, or by evaluating
HER activation, or downstream signaling, which results from HER dimerization, and/or by

30  evaluating the antibody-HER2 binding site, etc. Assays for screening for antibodies with the
ability to inhibit HER dimerization more effectively than Trastuzumab are described in Agus
et al, Cancer Cell 2: 127-137 (2002) and WO01/00245 (Adams et al). By way of example
only, one may assay for inhibition of HER dimerization by assessing, for example, inhibition
of HER dimer formation (see, e.g., Fig. 1A-B of Agus ez al. Cancer Cell 2: 127-137 (2002},

35 and WOO01/002435); reduction in HER ligand activation of cells which express HER dimers
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5diethylstilbestrol and premarin, and androgens/retinoids such as fluoxymesterone, all transretionic
acid and fenretinide; onapristone; anti-progesterones; estrogen receptor down-regulators (ERDS);
anti-androgen\g%ﬁ%ﬁ“ﬁs{%tamide, nilutamide and bicalutamide; testoIacl)t%@:sé%?f%ﬁﬁz&?maceuticalIy
acceptable salts, acids or derivatives of any of the above; as well as combinations of two or more of
the above. 10As used herein, the term "EGFR-targeted drug" refers to a therapeutic agent that binds

to EGFR a | inhibi GFR activation. Examplesof ' e antibodies and
el ol B B S e L AD 570

(ATCC CRbipiRISE08)ER Arab B himoccd R vHEss0mSVIAB s S8 160148508 RIADb 528 (ATCC

CRL 8509)fsgeAus RalentNe. 49431533 1bMendsisohneh aliand varianisdbereof, such as
chimerized 225 (C225 or Cetuximab; ERBUTIX(r)) and reshaped human 225 (H225) (see, WO

IX(r ]
06140210, LIS 6 oML He L ICLATS, S e E PR Q08 Moy (mdione);
antibodies thatairtby dandrmntanp kR (WS Ratend NEID | R2AJZFPO I medand shimeric
antibogies that bind EGER as d ibed, i e a1 891 ; § tibodies that bind
EG FR{,:HZO g%i%%%%%%&"ﬁ%ﬁ%%it%h@nﬂ%dé%*é%@és%&éﬁ%%&%%?ﬁ&%ﬁ%ﬁ . EMD 55900
(Swagliottosenaling (forfiGtnes iigptB3 6 B4 HoPe s MDY 2hostheatlsramabiEtfiitnanized EGFR
antibody difgetpdagainstiEGER.thak sepRaiesWithheth-E Groandob&alpha far BGFR binding
(EMD/Merck); human EGFR anti I?)/Iax-EGFR (GenMab); full?éhuman antjibodies known as

itibody, Hu
E1.1, E2.4 955! Hlee 4eES 147-E6. GURY BrEamning I8 dRacHELirR U CE55'833: MDX-447
(Medarex |abahchmibhsaGiRatintimanizes smAkiRa6 doling GIaER I BidinClienio279(29)30375-30384
(2004)). The anti-EGFR antibody. may be conj tdaV\gth cytotoxi t,&h1 enerating an
s o B e e amal

molecules $aetrde BERkpSGundsrdaseriselrmiis Patdmio$ 8/616, 58 8U57)105, 5,475,001,

5,654,307, 30 6,08, @0 anmtRdAt. A9 Bt velagferifol awing R hdpyblicationg:\W098114451,
W098/50038, W099/09016, and W099/24037. Particular small molecule 5G£R,antagonists include
q&fgg Y

081-774 (CPISES FRO HOtH FRRERNANS orIRePERIEss| Beafietively (for instance at

2009/0998 29RCHILISRA02HO3R2R( thizlhacertiaals)l-P Pel 8 28050EL (33 2-Iopehamide,
N44-[(3:chlgro-4- fl h inoJ-743-(4-morpholinyl)propoxy]-6-quinazolinylk, dihydrochloride,
Pfizer nc.)%%é’?g, ge |&§%§I%%S“§1K8ﬁf%§wlé loro-4'-fluoroanilino)-7-methoxy-6-(3-
motpholinopropoxtrdiifazeiifme dasta PericeiicoroBpgmrhibit HER2 ectodomain cieavage”
((6'amiHO'A(%'ﬁHQUMPE%WéﬂR}i}?%)‘:QMQMQW}%D?C?); B|F3X-138-_2 o o
(N8 (-chloro-4 Tt pheny Nz (1meyL 1 Opperan o yt) PYIigals d Ry pidne 28 damine
((R)-444-[(epldenyie oy anlinejdlddtoyridla[@ 3iadp yoiraidine Sy dthgploé neiofdd=6 44 the

hydroxyph =440 -phenylethyliaminol-7H-pyrral 3-d]pyrimidine);.CL-387785 (N-[4-
Cbroon e B e R B s
fluorophenyamintsh B feyaninT s thB R diRo FHRI-HHBinet B AMHS}hpgtedizieiide) 15 (Wyeth);

AG1478 (SpgarknAPISE1 (ol ok § 5 pusemiciyah R RRIEERRAROBIG Ainaser{phibitors such as
lapatinib (OW 572016 or. N-P-chloro

. : -4-[(3 . : :
fIuorophenﬁffﬁ?@tﬁe%ﬁﬂ?ﬂ?ﬂ’é}%’[ﬁ%Bﬁ@@fﬂ%ﬁf}@&ﬁ%QF%ﬁ%‘b‘fﬁf@ﬁ%}iIE%THF‘QF}?ITM- quinazolinamine;
Glaxo-Smithling)roaayianoguabidizecqhitazatigiemandityding simisitEgRinazolamine derivatives. 20A
"tyrosipe kinase inhibitor" i lecule which inhibi sine.kin ctivity of g tyrosine kinase such
asa H%?R receptci)%.n ﬁ&%gmoﬁe%%‘% slﬁ%%?n%\éfgltgr@iﬁ% u git%%%géoéﬁ%%t%a%%t\é%ﬁﬂglsxr{%ted in the
preceding patgrdlphicsinedirohst diepER2 VBB heudnaseomnibilcngdéh as TAK165 available from

Takeda; CP-724, 714, an:oralisalectiyainiRitoref the-EroB2 isGepipsdvigsingkinaspPfizer and 051);

dual-HER inhibitors_ such as EKB-569 25(available from Wyeth) which preferentially binds EGER but
inhibits botA' MgRshily growth of a cell, especially a HER expressing cancer cell either in vitro™or in

vivo. Thus, the growth inhibitory agent may be one which significantly reduces the
35 percentage of HER expressing cells in S phase. Examples of growth inhibitory agents
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EGFR-overexpressing cells; lapatinib (GW572016; available from Glaxo-SmithKline) an oral HER2
and EGFR tyrosine kinase inhibitor; PKI-166 (available from Novartis); pan-HER inhibitors such as
canertinib (Clﬂ%é@?’ﬁ??ﬁ??nacia); Raf-1 inhibitors such as antisense aggﬁT@%gg%%ﬁzﬁQ/ailable from
ISIS Pharmaceuticals which inhibits Raf-1 signaling; non-HER 30 targeted TK inhibitors such as
Imatinib mesylate (GLEEVACc) available from Glaxo; MAPK extracellular regulated kinase 1 inhibitor

C1-1040 (available from Phannacia); quinazolines, such,as PD 153035 4-(3-chloroanilino) quinazoline;
oyridop s sy S RS, AR S o S 08 B oven and
CGP 627062gsyrateiopinidinessiaup henlaniine)- 7Hapyerd 2 Bsgbpphienidisbige dbgcumin (diferuloyl

WO 2009/099829R el a2 Q32449 pragiRanss thaid 8 ihliueroanilinciptihalinyide); tyrphostines

containing nitrothjophene mojeties; PD-0183805 (Warner-Lamber); antjsense molecules (e.g. those
that bind to FEIERCOUAY TR B Rt (ih BRAITHER (J 8Bt NG 8551 S985° RiPhostins (US
Patent No. 5;80h@%6pnd addA, (frsirandinEna), Pdiey A idoyariisiScherngnAByipssmtb ER inhibitors
such a C1-1033 Pfizer). Affinitac.(IS1S 3521: Isis/Lilly):. Imatinib mesyl Gle .10 Novartis); PKI
166 (N?)O\/art(li ; é%%’f%gfﬁ gé%eizm rlrlslethﬁ EZ}R&%Q%%Z@;% E%Ei%%é égéh)%;%gg%laxinib (Sugcn);
ZD6474 (Astaresiesa)aPorKoray N by aftisiBhding HGprtacMaddspimershencyrieg-uanidinc

quinazoline @nghcyanoamidine ginrzolamipg, derivative s kamaprasibad jarapy of the following
patent publications: US Patent No. 5,804,396; W099/09016 (American Cyanamid); W098/43960

(American CYIRLIR 45N 1B8eE3 pdrRbia ABe AP sAIBoP06378 (Warner Lambert);
W099/06396 (Waherdpssnbiitjo WOREB3034 7atRbiadics e hWoOe6i339% 8 ((AerrR T ay \MBDBE/3397
(Zeneca); W096/33980 (Zeneca): and U52005(010161 7.  An “anti-angiogenic agent” refers to a
compcf}t?l)ﬂdv\\/{v}ﬁigﬁoﬁgcﬁigé%?efncteer%gfgéeﬁlfﬁb% ome di%‘?é%fct %%%@ﬁ%%ﬁﬁ% ood vessels. The
anti-angiogenitbédistoinhibiy sfor oInSkakde] biastdamadl Ambicaus srlamt By dycttrmtiindde a growth

factor or growih.facioriesenterinyaived in pramelinsangipgrnesiodhe Arefgsred anti-angiogenic
factor herein is an antibody that binds to Vascular Endothelial Growth Factor (VEGF), such as

BevacizumdB1&VRET M) OFHENRIRY otBking<is B R IB I 28 DS RRL L 5 48% by one cell
population 2Hehicioact onanbkharcelods tntes eetiblaly ediatoms::&xamFles of Hustueytokines are

ymphones, menolings,andraqitianal elypenids Aarmanes neludsdamend g pytokines are
growth hormone such as Human growth hormone, N-methionyt human growth hormone, and bovine

growth horntles@atsairant il beipivioAbe thigkasdaherandulmipiomasiirdieiaxmpretaxin; glycoprotein

hormones syghdﬁ%mgglge%@g@gmgalﬂg{,m@m@fg@l)qgﬁgtggmg stimulating hormone (TSH), and
luteinizing hormone (LH); hepatic growth factor, fibroblast ﬁ,rovvth factor; prolactin;}ﬁlac ntal lactogen;

tumor necrosis factOr2BRAEY BERRUNRHSH: ARG SOBSEREE; PBtRSEGeHENs sisthds&dociated
peptide; inhibit:tactivial Masadias endailalial grawtbnfadiorfiDiEgricsthiombepdietinf BP0); nerve
o e AR ST DA o (IR S s e
32 apoptotic bodies). The cell is usually one which overexpresses the HER2 receptor.

Preferably the cell is a tumor cell, e.g. a breast, ovarian, stomach, endometrial, salivary

gland, lung, kidney, colon, thyroid, pancreaﬁc or bladder cell. In vitro, the cell may be a SK-

BR-3, BT474, Calu 3 cell, MDA-MB-433, MDA-MB-361 or SKOV3 cell. Various methods

30 are available for evaluating the celiular events associated with apoptosis. For example,

phosphatidyl serine {PS) translocation can be measured by annexin binding; DNA

fragmentation can be evaluated through DNA laddering; and nuclear/chromatin condensation

along with DNA fragmentation can be evaluated by any increase in hypodiploid celis.

Preferably, the antibody which induces apoptosis is one which results in about 2 to 50 fold,

35 preferably about 5 to 50 fold, and most preferably about 10 to 50 fold, induction of annexin
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WO 2009/099829PCTLUS2009/032220 5interferons such as interferon-a,-13, and -7; colony
stimulating factors (CSFs) such as macrophage-CSF (M-CSF); granulocyte-macrophage-CSF
(GM-CSF); a4 ilits&ite-CSF (G-CSF); interleukins (ILs) such as ILPETUSE4RE220 -3 |L-4, IL-5,
IL-6, IL-7, IL-8, 1L-9, IL-10, IL-11, 1L-12; a tumor necrosis factor such as TNF-a or TNE-f3; and other
polypeptide factors including LW and kit ligand (KL). As used herein, the term cytokine includes 10
proteins from natural sources or.from.recombinant cell culture and hi ically activ uivalents of the
ative Seq S Tk b A L R P Be L W fon concems, a
least in partExenais FHERR antibotiys corhpdsiticneptPrieforalshy, ae’HER2 antibody (either or both of the

main species HERZagiipady anddhAphady Matankihersafdis.eng whichbindstg,Domain IT of

HER2, inhibits HER dim,crlzation. more effectively than Trastuzumab, and/or binds to a heterodimeric
binding sit&@f%%%ﬁr&é’ﬁf@ﬁ%ﬁ%‘ﬁai%%@ﬁ&?&%vﬁ?‘?ﬁé’%%t@ﬁ%%fe@’ﬁi’ﬁ?oédy is one
comprisingrthenariableilighih andyariable heedaaming acidrseguenteshaat @duMNos. 3 and 4, and
most preferably compyising. the light chain and heayy chain aming.acid sequences in SEQ ID 20 Nos.
15 it ne LR ot B e S S antbody thet
binds to dofd&iredtioflH BREpamdratidicwyariastddthefdofpshsretretive heidisbedriantdsinchsde one, two, or

three of glygatedivarantiisuifide redvsadyalipaturng nRYsRAKchleMar ARt Tingsacidic variants in

the composition may include one, two, three, four, or five of glycated variant, 25deamidated variant,

disulfide reﬁ@&’u“%%t@?&ﬁﬁ&t@d‘%g‘?ﬁ?ﬂf GHAT D a6 VA& BEERAABRY) e total amount of

all acidic varemtssiarteearbpasitontisie Sspihae abouiRh%esIrone embodimant! thehglycated variant,
deamidatcd variant, disulfide r d.yariant. sialylated variant, and ngn-reducible yariant constitute at

st Ao B S e TR B B R Rt mally concerns a

compositiohEBApriliriurationaid dpesisd. HERRDEHsolrcompfistng Variabie Tight &i4ariable heavy

sequences in SEQ,ID Ns,3BAdi¢ eresRRaNah: and.ecitic ¥arants aEesaisRecies antibody,

wherein the acidic variants include one, two, three, four, or five of glycated variant, deamidated variant,

disulfide reBRIRSENARRM 1G5 ile 05T SR HOMTR AR FRARRS (hdpse to the
2009/0998 29Rx 3520 Q8032 2PATRIN enihvedioNJpiavi Te s faTpRthot ef imakingnaipidarmaceutical

comp aitiogv ﬁgg\ggiﬁ%éébg%e%gg% acom ositi n onrggl&iysin&&m al?let?ed%s %HERZ antibody that

. . TOSS- 5 ESCriDed 1n,. .
binds to domain Il'o acidic variants thereof Iciu ng glyc variant, disulfide reduced

variant, or Aeribetiuciblerbarant, Hue: (2 e kpthdiateonbibiervariabsHartbie oshilsosition, and
confirming {hat mesamounthetselds 1a3sharab HE%@%&J&E@B&I@QQ%QQEHQ@J@L@%@S combining the

composition before, duri,ng or after after step (2) with a pharmaceutically acceptable carrier. In one
embodimerith eI BRI BIAIIRe4TH SPUBRRYGERRA (SaAnatE RICENT AtdistBIB Carrier.

region from about residue 529 to about residue 625, inclusive, in Fig. 1).

25 The "epitope 7C2/7F3" is the region at the N iermiﬁus, within Domain [, of the
extracellular domain of HER2 to which the 7C2 and/or 7F3 antibodies {each deposited with
the ATCC, see below) bind. To screen for antibodies which bind to the 7C2/7F3 epitope, a
routine cross-blocking assay such as that described in dntibodies, A Laboratory Manual,
Cold Spring Harbor Laboratory, Ed Harlow and David Lane (1988}, can be performed.

30  Alternatively, epitope mapping can be perfonﬁed to establish whether the antibody binds to
the 7C2/7F3 epitope on HER2 {e.g. any one or more of residues in the region from about
residue 22 to about residue 53 of HERZ2 in Fig. 1).

"Treatment” refers to both therapeutic treatment and prophylactic or preventative

measures. Those in need of treatment include those already with the discasc as well as those
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In one embodiment, at least about 75-80% of the acidic variants (constituting the less than about 25%
of the composition) are selected from: glycated variant, deamidated variant, 15disulfide reduced
variant, sialyl{FVE1aHE and non-reducible variant. The acidic variants fayBE*&7atdhted by a variety
of methods, but preferably such methods include one, two, three, four, or five of: ion exchange
chromatography (IEC) wherein the composition is treated with sialidase before, after, and/or during the
IEC (e.qg. to evaluate sialylated variant), reduced CE-SD 9.0 evaluate disulfide reduced variant),
20 non eclliel L oL Do e e By (.0, 0
evaluate glyesstediaganisdtys Andnsdptidecmapping (&.preibspossidentcudesntiiltdteltiodisiacd). In one

em bodiment, the_ %répnﬁo'géﬁc\é@'r@iﬁtﬁcﬁ{&x%\@l9&%@%*&‘ &&ﬁ%@h@%&ﬁmgm&gm , for example
using a weak cation exchanger and/or cation exchanger with carboxylate functional group (for
example, usthEaBIRENEX PGB RERIAUTER RS %E@Wﬁ%b%ﬁ%)/‘c@fﬁmﬁ f BH&%Embodiment of
such chromaiggtahy dhe:conditidns, lerdherchromsiegiopaydmsaiviel Buiian Agfc3mdhBisTris, pH 6.0;
Butier B.of 200 BiST, Z00mM NaG, phLS.0, gnd 5 gracient of 0.5% Buffer B at 1.0mLimin.

The composal%n optlohé]iﬂl/ lUdes an amino-terminal leader extension vatant. Preferably, the
amino-terminairfsadisriextensichislodiz kgtvshainnafthgagntibodyvbinehe30{@ie bn one or two light
chains of the,antibadyatathinihe MRREResieshEREAMIDALYALLE aRtiRodyyarant may be an

intact antibody or antibody fragment (e.g. Fab of F(ab' )2 fragments), but preferably both are intact

antibodies. THEMTHERY TRFRReREFERP RS dissngesan QR ST Re s &f & tnsion on any one
or more of thenbeaintlotdighi-ehainsthereef(Pyefgirably, iheaminalemmiad) leadanextension is on one
or two light chains of the 35antibody. The amino-terminal leader, extension prefergably comprises or
consstof TR S S B aR e A8 DB S 0 L EA SR eSS loacir
extension insgientomgiosiione cd ihb &1t tersten Hyhvarotesamalpeiesibteltbini garsstirasitidityg, but not limited
to, N-termingl seghence-analvsis Assandercharse Neisrrgapei-Lorinstange. cationexchange

chromatography or capillary zone electrophoresis), mass spectrometry, etc. The amount of the
antibody vaf&HETnot e BorisSEilis GE1eralyih GRS FrdtPAREMYGHT (HAFCorRtR i8S The lower
detection limitcaf dDany assay{preferablycation exchangeanalysisilises iaeteciihaayariant to an

amoung ess, than the. amount of the main spegies antibody. Gensrally, about 20% gt less (e.g. from
about % to about 159 for Instance from 5% 10 about 1596, an pre ’era%dly from apout 8% to about 12

%) of the antiisbehramotes wiesldrrarenoomiersitider corepiriseransashinoctermirm lkidblebiBsmension. Such

percentage amount:aig pigferably.detgrmined using cation exchange 15analysis.  Further amino
acid sequence alterations of the main species antibody and/or variant are contemplated, including but

not limited to an antiB& cEoFRG AT T - teERTaIPR SRR PE g ST 7R 6 B JEF1RSSVF dRains thereof
(such an antikqdy ararianizra sy deqre seainteamasioumnic mmuabeithd SoukonalatdiRe %), antibody with

one or more oxi izeg methione 0 residues (Stor_exlagnto e Pf]artu umab cgmtpri%ing oxidized
numoger o1 Cancer CCLs, requce C D]I’ fo’ I0IL {i. ., SIOW 10 SO&]’IS CXICH %P' . .
met-254)etc. oreover, aside from the sialylated variant discussed above, the main species

antibody or veikirigptempiselbigitiene giparsylaiomianstionbitton-fieitingeramples of which
include antite%xt%mmglﬁs%b%ﬁ&%@mgewﬂﬁ Fusiueatiaghed ia.the, Braregion thereof,

antibody comﬁgising a carbo'gdrate moiety attached to a light chain 25thereof e.gl. one or two
c

carbohydratEFigiétiedTE GRS Y GESEET i SRR ftseHa G e cancer. To

extent the drag may prevent growth and/or kill existing cancer cells, it may be cytostatic
30  and/or cyiotoxic. The effective amount may extend progression free survival, result in an
objective response (including a partial response, PR, or complete respose, CR), increase
overall survival time, and/or improve one or more symptoms of cancer.
A "HER2 positive cancer” is one comprising cells which have HER2 protein present

at their cel! surface.



or two light chains of the antibody, for instance attached to one or more lysine residues), antibody
comprising one or two non-glycosylated heavy chains, etc Optionally, t ' gl %@prising one or
two light chaiﬁg?\%vﬂﬁg f&8ither or both of the light chains comprise the%%wﬁjrg}g?g%igsgequence in SEQ
ID No. 23 (including variants 30 thereof such as those disclosed herein). The antibody further
comprises one or two heavy chains, wherein either or both of the heavy chains comprise the amino

acid sequence in SEQ. IDNG; 10903E QP NRra&HRGILING Varans Lﬁﬁ(ﬁ%&égﬁﬂ@%ﬁhose
disclosed herein).  The composmonér{ngagvﬁbe recovered from%a?ﬁ%enetlcaﬁfglglneered cell line, e.g. a

Chinese H¥dfeH @ VAR ooy et rés i gethw ey %Y be prepared 35by

peptide synihesise MO-A0891RIR2IRCTHAS 2009/032320:5: bk REgductiondbilelR2 Antibodies A
description follows as to ﬁ)femglar technjq[ues for thF tyi)rodﬁgﬁon of Qreoar}g)pc%dsi%snu%gd in accordance
with the pré&& ‘t}t\l’i??\t/‘é’ﬁt% YIRS IERFSRIGER 8 BEIEEd or production of artibodies may be, e.g., a
soluble formmtfethm'mxtmce_ﬂia@md@mammﬁﬁmsw byporiien theracfsabltainivighhElidRsired epitope.
Alterngively. celseumressin iR A el celildsyriaceds a1 cellstransformed to

overexprcss HE or a carcinoma cell line such as SK-BR-3 cells, see Stancovski et al. PA/AS (USA)

88:8691-860% 1100 tly earipEiensde R g BB ates G &S FEReretivs e ide 4R &M for generating
antibodies vl be apparentienthose.skilea iniheagHMenvoimnal antibasissd $Monaclonal antibodies
are obtained from a population of supstantially homogen ntibodies, i.e.. the,individual antibodies
comprising %B%pﬁ%‘ﬂ%ﬁﬁoaﬁ%%%ﬁ?cgp aRtlor %Fnﬁ%é’%@r?@e%#bﬂb ‘f"%’félégf’ ?5?d[i)§§’lse|ble variants that
may arise durngapredidtiohTePtike. lonwelorst sintihBaY, sugHes thosereaivams described herein.

Thus, the %%%%;%%ﬁ%é%aﬁl';.ig_sii%@f@é&hd%&mm&% the @ptikady Asnatbsinga.Mixture of

discrete 20antibodies. or example, the monoclonal antibodies may be made usi_né; the hybridoma
method firstsdesefived RrRERIar b-&.2 Mdttwe! 325'6:%?959@(5%99&% BECHAEE BT tdEombinant DNA
methods (Ui.& 1 PetentNe: 4481658674 thechylridemameatiaod, A mouseel aagoappropriate host
animal, such as a 25 ter, is immunized as hereinabov_e,.des}cribed to elicit, | hgcytes that
produce or er% Zﬁggggg@?)pr%ﬂg%%%ma% 5SS TR wifl Spedi izc‘glf‘ﬁsﬁ?frsic?rfcﬁﬁg%?%?%i%%sed for
immunizatiekillAdtpreativety, Ramphogjtesnmayyaimsamghizethin tierbo dyehplegeyitas tthen are fused with

myelogga c | i ingagenhsHehasRosthene: alyealiioiferp.aybridoma cell
(Codir?g, M%%%bgl%%\gf%g%t%%%eﬁg%ciplesﬁgn%&éz?actice, p.59-103 30(,&ca:jen61?glgress, 1986)).

The hybriddaiReashsaaibrizarss e Seadaerasitt §rvmiaes «HtaBIREIaI EAMERJRS that preferably
contains ong&%nRie sHbslances thatinpbibilihergrowpatRnspevival ofiivwoiusee, parental myeloma
cells. For example, if the parental myeloma cells lack the enzyme hypoxanthine guanine
phosphorib8%i4¥&nsferase (HGPRT or HPRT), the culture

Conversely, a cancer which “does not overexpress HER2 receptor” is one which does
25 not express higher than normal levels of HER2 receptor compared to & noncancerous cell of
the same tissue type.

A cancer which “overexpresses” a HER ligand is one which produces significantly
higher levels of that ligand compared to a noncancerous celi of the same tissue type. Such
overexpression may be caused by gene amplification or by increased transcription or

30  transiation. Overexpression of the HER ligand may be determined diagnostically by
evaluating levels of the ligand (or nucleic acid encoding it} in the patient, e.g. 1n a tumor
biopsy or by various diagnostic assays such as the [HC, FISH, southern blotting, PCR or in
vivo assays described above.

The term "cytotoxic agent” as used herein refers to a substance that inhibits or

35  prevents the function of cells and/or causes destruction of cells. The term is intended to
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5 medium for the hybridomas typically will include hypoxanthine, aminopterin, and th idine (HAT
medium), which substances prevent the growth of HGPRT-deficient cells. Preferred myeloma cells
are those thaﬂ&széwg[ff?g?é%tly, support stable high-level production of aﬁﬁggygg?’ﬁ%%%ﬁelected
antibody-producing cells, and are sensitive to a medium such as HAT medium. Among these,
preferred myeloma cell lines are murine 10 myeloma lines, such as those derived from MOPC-2I and

MPC-1X% m%ﬁ&é@%ﬁc@i‘é@%@éﬁ egﬁer_%_tﬁglse}lh Ipﬁaityie }Qeeéhsl%\igﬂsi’bé‘{gam &am}gs; »an Diego, California

USA, and SP-2 or X63-Ag8-653 cells available from thé American Type Culttre Collection, Rockuville,

Maryland USAOpENFFP PRSI & et RediisEpitiin agrHoted ylored ceiminb ey have been
described fapthg presyatian.of hidmamenecienalantibesias{ezhakal HBmURLLding
15133:3001(1984); and Brodeur et al., Monoclonal Antibody Production Techniques and Applications,
pp. 51-63 (MAFEKI S ERKEF, HERIEF9brk, 1987)).  Cultare medium in which hybridoma cells are
growing is assayed foigqorotierstioniobgachaclahahantibodiesdimmefed radainstitivataritigen. Preferably,
the bineina shedli et alaonadianALARltecies ARANGRd VMY IHamA Gala in BRIGRIned bY

immunoprecipitation 2 y an in vitro binding assay, such as radioimmunoassay (RIA) or

enzyme-linkeg aminsatabde oS4y krilg Ayl fonateh aupliridibigd i piomiEamatioclonal antibody

can, for exappisuihe; deteuninedibysthe 2estehardanahsiaaiMupsansatatopnal. Biochem., 107:220
(1980). After hybridama cells r% identified that prodyce antibodies of the desired specific 25affinity,
and/or activi§ THEBEHEL hIS BELtIFBBREE \ﬁi‘?ﬁif" oK YO EEEmAE ™Ay grown by standard

methods (Godnignidonpbionalddntibbdies:Rivnbipiesamd Prad titesthpl80:108tAcademic Press,

1986 itah ' this: ' 5, f -V PMI-1640 medium. |
aditon, e LB e e B e 30 he manocional

antibodies s@erateath MR RBEfOnastaterseivaplysatatatels fronshstelmareitiaédium, ascites fluid, or
rs1e(r]|um bly CQJ_AM@J&E]{H&% antibedy ﬁﬂwsilj‘zictlﬁm Hﬁﬁ%@@%ﬁ?eﬁﬂ&@&?&%w , r|]@j§mrptein Ah-SepharosbeNA
ydroxylapatite chrom Y..gel electrophoresis, dialysis, or affinity chromatography.
el el e A R A
procedures bexgstaby; usingankig Outiédiidelypinbes tlatdrercapatitaiohbindirgsW@nthetic
2009/099829P(:] 5 ifi (o R e[ odi : light chains of
murince)ﬂa}?ntik%%%%%ggég%%%(? ﬁ%’c%%@%ﬁ\%%g%ég&%ﬁgﬁgg s%g{?coit}g‘%%ieﬁéﬁal\g}%\a} nce isolated, the
DNA may b&prssdcintb dsrarsith e Stops lapieh Gletrarr i dnstadnrttintgHbicells such as E. colt
cells, simianfQ&:eeisvChinesq HRsten QramdeHio paalis: Munyelamaicsis that do not otherwise
produce antibody protein, to obtain the synthesis of mq oc}{;nal antibocge%in the 10 recombinant host
cells. RevieWﬁi’%&%@”oW%%Wﬁ%qfé 3%%%?{%%18&% BRI @S RHtfibody include

Skerra etal. e@anm@piniGnfimitentundloy 8t1256a2,62(h O3 mmdcRitickthyiho dhkmdnol. Revs.,

130:151-184(1 904 nov%@i&;\%? eﬁ%ﬁgé%?gém 8&&%%%&%%%9&?@% Qibpdy fragments can be

isolated from antibody phage libraries generated using the techniques described in 15McCafferty etal.,
Nature, 348BBRUE5H F1O08)CAOTRERBO 1 BeaZaRstnr £1aB9GT4 [6PBSIPO T #fii Mefts et al., J. Mol.

BioL, 222:58nath( A9 escibe- e inolatianof murine apdhumrnantibedigssaspectively, using
phage libraries. Subsequent p bliﬁatj rhsfdescribeuth » production of high affini %} range) human
antibodies B SHaPSHURREMARS DA BRIHENR0IGSY, 18,7873 f@dﬁ‘}i sWell-as

combinatoriah infSetivhn 59 in dsivenicin, including dynemicin A; an esperamicin; as well as
30 neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bieomycins,
cactinornyein, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin {inciuding
ADRIAMY CIN®, morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-
35 doxorubicin, doxorubicin HCI Hposome injection (DOXIL®), liposomal doxorabicin TLC
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20 recombination as a strategy for constructing very large phage libraries (Waterhouse et al., Nuc.
Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable alternatives to traditional
monoclonal aﬂifb%‘m/%%fﬁdoma techniques for isolation of monoclonal EhtBGAEL 38 DNA also may
be modified, for example, by substituting the coding sequence for 25 human heavy chain and light
chain constant domains in place of the homologous murine sequences (U.S. Patent No. 4,816,567;
and Marrisafogtalry BIfre MRl AGRT Imelold A BiBRR1 R8N By RYAIBIANG 1o the
immunoulobulin toding se U%r%Ce a part of the codﬁng sequen & for a hon-immunoglobulin
polypeptiderFypicallsssubirinoiddndrivim ogiebidimpolypéptidesareckabstiteredifof.the constant
30domains, of 3pAARCAY., AL IR AR HRSHINED f@@f&&ﬁ%ﬂ{)@@{ﬁﬂ&%ﬁ{%&ﬂwnvgen- combining
[

site of an antibody to create a chimeric bivalent antibody comprising one antigen-combining site
having spe8H4R)MoP-dAGHRGER gfﬁ%ﬁ’&ﬁbﬁ%‘?ﬁ‘i@@ﬁl’&dﬂ?ﬁfﬁﬂ%ﬂé‘i‘f@“ﬁé@’fﬂ@“gﬁg’éﬁﬁcity for a different
antigen. W4or2Q619/ Q8082061 4)55 20 0932 Al idEmanized Bt adgsdvigthods for humanizing

non-hyman,. an § ies have been (é r{)tBe in the art. Preferahly, a humani ntibody has one or
more ggmnin%af(;? g‘g’sﬁldbé;%p ﬁ}c?g) lc %EI% 0 ftg?%?ﬁl 3 (s)glﬁlf)cnee’wn%: _%u%lgﬁt Cﬂ%%% r?"eg% non-human
amino acidaedidueseresoften fefeptednionathdimport Prasidens, twhitivate typicalyetagen from an

"import" vagm'%%m%@i&%m%m@m@, sanas-esseiaperiormed ollonnasthe [ethod of

Winter and co-workers (Jones et al., Nature, 321:522-525 (1986); Riechmanti et cd., Nature,
332:323-32P{HOw), e R chrieruidine sre i svisdins shgeeroasing g sibEifiRing hypervariable
region sequengesier the carirspanding seguansas obaldmandaniibedy: Aceerginghlicsuch
"humalr%ized". nti odi%s are chig ric antébodie]s fent No. 4,816 5%@) wherein 15substantially

bodies (U.S. Pa : >
less than afi Ntae nﬂsrﬁéfq\u\(}%ﬁsa elﬁgﬁ%lhaﬁcésaﬁélghﬁs% sﬁfﬁ?ggﬁ% §6ébrrésponding sequence from
a non-humamisperidsii¢rqptactibeshimanized. dativddiek bisertypicatiiptrumeniehfibodies in which some

hypervariablé. fegiensenidies AndBessibly SAmRER Jasidues ARisubstiies Ay residues from

analogous sites in rodent antibodies. The choice of human variable domains, both light and heavy, to
be used in RYSRRG 7S tRIREMIOR ISR IBH MrotREIR e it BHEHRIB s etk B dRtitficity. According to
the so-callegdithgstdiic; mathetdhe segidenee ofithe-waripbledemainabadogentswiibody is screened

against the entire library of known human variablesdomain sequences. The Q\:?EI sequence which is
Closestlo (1 1 e A a8 e numanize

antibody (StmdstsaEpgdnanitiota45102206:¢1993yelhothjar@Senatingy MotBiolc, &86:901 (1987)).

Another m%Ha%ﬁ&%?@@ﬁﬂ%ﬂgwﬁ%wmhﬁam@&@x&d(H@eaig@g?%%év%%%me of al
human antibodies of a particular subgroup of fl‘%ht‘or heavy chains. The same framework may be used
for several ghfferidift fRtangadinmys s desarrarins Sepioruiiat:, siehenel; pipactd: 4285 (1992);
Presta et abipbblotianneikyldaii2e2dibed)) A0k 15 tuithenimpatant thatlantiporiesdiehumanized with

retentign of high affinity for the antigen and other favorable R&q%% rties. To achieve this goal,
ccordig e BT O A BOMEE AT B By oS85 Snalysis o the
parental se(ueRCdEREY) valiousvohdehinaldanimmanizedtproductaeisiigtitreelddimensional models of

agents such as cisplatin, oxaliplatin, and carboplatin; vincas, which prevent tubulin
polymerization from forming microtubules, including vinblastine (VELBAN®}, vincristine
(ONCOVIN®), vindesine (ELDISINE®, FILDESIN®), and vinorelbine (NAVELBINE®),

30 etoposide (VP-16); ifosfamide; mitoxantrone; leucovovin, novantrone; edatrexate;
daunomycin; aminopterin; ibandronate; topoisomerase inhibitor RFS 2000;
difluorometlhylomithine (DMFO); retinoids such as retinoic acid, including bexarotene
{(TARGRETIN®); bisphosphonates such as clodronate (for example, BONEFOS® or
OSTAC®), etidronate (DIDROCAL®), NE-58095, zoledronic acid/zoledronate (ZOMETA®),

35  alendronate (FOSAMAX®), pamidronate (AREDIA®), tiludronate (SKELID®}, or
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the parental and humanized sequences. Three-dimensional immunoglobulin models are 35commonly
available and are familiar to those skilled in the art. Computer programs are WO
2009/099829BE#11%¥€%589/032220 5available which illustrate and dispFa%;[ lgrsozgoa%qsez%ﬁoree-dimensional
conformational structures of selected candidate immunoglobulin sequences. Inspection of these
displays permits analysis of the likely role of the residues in the functioning of the candidate
mmunqglobuli seguenceokerdne ANaSOLresidies thatiniuenee e abiligef he candidate

immunoglobulin to bind its antigen. In this way, FR residues can be selected and combined 10 from
the recipientéisenimpiersisiotiprie BasirulahtHe Y bdbh BtiB P ErapASaRsic 8k Has increased
affinity for thediarget APHELA(H) Jsaahienpdoliasnarsicthe yperapiabik (eginn, rsiddes are directly
and most substantially involved in influencing antj binding. US, Pat 49,245 describes
production Sﬁé@mm%ﬁ%ﬁf%%%ﬁ%%‘ii@ﬁﬁ%’w’ﬁ&%%ﬁa“ﬁE@q ggg’g@oc ligand activation of
a HER receptafind e hamainized dbantih dayexfrpsrt dlBOVEEIEB{ rera@imh ey EGENTGF-a and/or
HRG mediated activati ssentl L iVely as intagtnyng wnagiopal antibody 2C4
(ora Ir:’% frga%llg%’t%ﬁ?&%ﬁ%ﬁ%&ﬁh%%Q&%%%ﬁgiféﬁ%}g\@%s ‘%Tfectively as_intac}:’t murine monoclonal
antibody 2G4 £or\& £RBEFEGMBAY #h8peo6fiorinitubrarized anBbbdRiksrehsayeféi&kadmple, comprise

nonhuman INBSIYETIPpIe sedlan esssincoRarBlenini AR VA abls savy domain and
may further comprise™a framework region (FR)

substitution at a position selected from the group

consisting of\BIMATIEP ake 737 uiititargh ttR i albstesfeimail HilfBskadnbipweniseforth in Kabat et
al. Sequenge. ol eﬁoﬁt%n@(Jdm@mgﬁn?buﬁsﬁrs&& BihrRd, Bulic Kralih Servisg.Mational Institutes

of Health, Bethesda 991). In one embodiment, the humanized antibody comprises FR
substitlfionsyaistwdiorallndi 28 pdsiticsnBoMbaiat armd PRMmaceupmlsdsrrpirty Blimeiiyed antibody of

interest herein,comprises varighle heavy.complemematiy, determining sesidues,GRI ELRYTMX, where
X is preferrably D or S (SEQ ID NO:7), DVNPNSGGSIYNQRFKG (SEQ ID NO:8); and/or

NLGPSFYFB ¢ SEQaD e diapionalipborphisirry ahvrirBetsbhwtifcdtsigtsfithose CDR residues,
e.g. where 30ihe. modifications gsseniiakymaintain orimateye affinialdhe.aptibody, For example,

the antibody variant'of interest may have from about one to about seven or about five amino acid
substitutionsviflitramboh/e XAFBHIE heabipd DRt sedlibpréesugieriantibody variants may be prepared by

affinityz@atufationA%Qm&ﬁ&&%ﬂl@@&ﬁﬁ%@ﬁ@%ﬁ@%&%W'{g% ihadyegmprises the
variable heavy amino acid sequence in SEQ ID NO :4, WO 2009/099829PCTTUS2009/032220 5The

humanized BeTEEyTHeR SOHTTE SR ARBIE REMEEBMPIR mERt ki reltues

KASQDV SIGVAKSEQRNONOISETEXXIX2X3 where-Xlls rrieferallyFARELTHRds preferably Y or
E, and X3 isCPreferably TorS (SE% ID NO:11); and/or QQYYIYPYT

oxifene, droloxifene, raloxifene (EVISTA®), trioxifene, keoxitene, and selective estrogen

receptor modulators (SERMs) such as SERM3; pure anti-estrogens without agonist

25  properties, such as fulvestrant (FASLODEX®), and EM800 (such agents may block estrogen
receptor (ER) dimerization, inhibit DNA binding, increase ER tarnover, and/or suppress
ER levels); aromatase inhibitors, including steroidal aromatase inhibitors such as formestane
and exemestane (AROMASIN®), and nonsteroidal aromatase inhibitors such as anastrazole
(ARIMIDEX®), letrozole (FEMARA®) and aminoghutethimide, and other aromatase

30 inhibitors including vorozole (RIVISOR®), megestrol acetate (MEGASE®), fadrozole,
imidazole; lutenizing hormone-releaseing hormone agonists, including leuprolide
(LUPRON® and ELIGARD®), goserelin, buserelin, and wipterelin; sex steroids, including

progestines such as megestrol acetate and medroxyprogesterone acetate, estrogens such as
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(SEQ 1D NO: 12), e.g. in addition to those variable heavy domain CDR residues in the preceding
paragraph. Such humanized antibodies optionally comprise amino acid 10 modifications of the above
CDR residues” & §*#t1éf&’ the modifications essentially maintain or improvE@fMty*ét%he antibody. For
example, the antibody variant of interest may have from about one to about seven or about five amino
acid substitutions in the above variable light CDR sequences. Such antibody variants may be prepared
by affinity maturation, e.d., as described bejow. The most preferred humanized antibody comprises the
variablé ligh B%E%@)ﬁ%lg%gﬁggﬁﬁgﬁ%é% 8 %1“81%?1655 Saﬁ%g plf;rr%eog nt %%Bﬁ%a%%n also contemplates
affinity maturesteaintibadié sngéoreiing; iER2and blogkdigarcactivatiganotapti Raeceptor. The parent
antibody may he a h n antibody or a humanjzed antib e.g., one comprising the variable light
ndlor var e e e D R R B ST f o 574y The ety
20 maturedantivody; prefehabiydoindsfotdEpR Ele edepordwithdanvaffisityl sopefide thohatasf intact murine
2C4 or intacteyaagiggglg%gﬁ %.Sgéff%%nc)%%)&teto or CR,%U'[ four fold, to about 100 fold or about 1000 fold
improved affinity, €.g. as assessed using a RY-extracellular domain (ECD) ELISA) . Exemplary
variablé heavy CBRuedidueis.fir sobstiaidntingitedeltd28 cHEB00 b BkrddSBicidGat A6, HO9, or
combinations, of QORI 8 HhaOn IBREEEOME LNEa X, 2205, 5RYENOHINESR RSidues). Examples
of variable light CDR residues for alteration include L28. L50, L53, L56, L91,192, L93, L94, L96, L97
or combinatishedestas! ommcreltaulys tvs bothreEGIBUr, Hivepeuyf todtodiss tehidf tindse residues).
various formsef fheaumanized anthedyerafinimatuied:antinedy e cantesmpigieg. For example,

the humanized antibody or affinity matured antibody may be an 30 antibody fragment, such as a Fab,

which is optignaliycokjiigatetbwtbidnedr imbie Ciitotthe) dorent(s) Fatavdee thYendsate an

immungconjigate Alternativaly. sHmanized, antbady onafiinieomatied antigody may be an intact
antibody, such as an intact IgG1 antibody. WO 2009/099829PCT/US2009/032220 5(iii) Human

antibodies ERBAS B akredrietivactb momiasizdibhShiseranVah B0 G6-S Jarrlbeegemierstéer. For example, it

's now possijle.{nBrodineansosaieANmAle f:chamigelhat 56 £ARRkLE: LRER Jfpunization, of

producing a full repertoiré of human antibodies in the absence of endogenous immunoglobulin

production. ot e x4mBleUi Reishden ke bd tattred roheimefguusuidetivhtvidhe antibody
heavy-chaigjgiRing J&gi8R4(HH) 9eneineNimenoand garm-IRe MEaR! FCEf§IHisIn complete

inhibition of endogenous antibody production. Transfer of the human germ-line immunoglobulin gene

array #such§ermneimiaidtamieaynnt ésg R RS ot utmshisFimasnfaMBbBES upon antigen
challenge. %‘%%51?09@ MOBBV%FSL%L%BE’AQ%MM{%% - BRID R0 (20 ZRnb Lok dBkgbovits et al.,

Nature, 15362:255-258 (1993); Bruggemaann eta?., Year in Immuno., 7:33 (1993); and U.S. Patent
Nos. 5,591 B8R 8180d360 wind a5 BOTR that pareppiatively bpthdifel dipEyfrebtadtgy (McCafferty et

art, Na;ture %ﬁ?ﬁ%?@% ﬁéﬂ%ﬁ)é&ﬁi@%ﬁ&ﬁ@ﬂé@l@ﬁ@ﬁb&&@;ﬁﬂ%%@ﬁ@(ﬂ%@é@; ;amgbgdy frag ;noents in
vitro, from immuno in variable main gene repertoires fram unimmunized donors.
According t0"thi§ %8%’&%%&&?&%668@ %%f*ngr?‘i%%‘ﬁ@séj g’&éﬁédﬁﬂ%ﬁ?ﬁ@?ﬂ%&eﬁ er a major or minor
coat pﬁdteimicgeﬂ&d)iraﬁﬂaiﬁéﬁ;ﬂmsmweﬂ%mmg.ar,estmh;asdwm%m&brmaiﬁptagﬁd) 89_6functiongl
antibody MRARRLAN SRR e Bhase MRIIUARRCasS e HANENIRS ARfide contalne a

single-stranded DNA copy of the phage genome, selections based on the functional properties of the
antibody al§erfustirdityidefettion ot thenhdihe eBercoditytHavantiboeRrekibitgy those properties. Thus,
the phage mimios somenttherprapesties ofibeBsaloRhaar disniayican Raipesiormed in a variety of
o o eSS, 385 s PR 1R S gl BYd s gyt Opimon in
30 5,679,683, 6,084,095, 6,265,410, 6,455,534, 6,521,620, 6,596,726, 6,713 484, 5,770,599,

6,140,332, 5,866,572, 6,399,602, 6,344,459, 6,602,863, 6,391,874, 6,344,455, 5,760,041,

6,002,008, and 5,747.498, as well as the following PCT publications: WO98/14451,

WQO98/50038, WO99/09016, and W099/24037. Particular small molecule EGFR

antagonists include OSI-774 (CP-358774, erlotinib, TARCEVA® Genentech/OSI

30



Biology 3:564-571 (1993). Several sources of V-gene segments can be used for phage display.
Clackson et at, Nature, 352:624-628 (1991) isolated a diverse array of anti- 30 oxazolone antibodies
from a small ‘gﬁ’d%?%’ 38?‘?190|natonal library of V genes derived from the sﬁegﬁszllmmunlzed mice. A
repertoire of V genes from unimmunized human donors can be constructed and antibodies to a
diverse array of antigens (including self-antigens) can be isolated essentially following the techniques

descrbed DY Mas 613 oL Bk 27591597 (1991 QLG 18 EMBOLL. 12:725-734 (1993)

See, also, U.S. Patent 35Nos. 5,565,332 and 5,5 09/099829PCT/US2009/032220
5Human anﬂba@@@w&fmg&ywdéﬁ@%&wmwm a@:ﬁvatwlaséénglbyé@@!@qﬁa?éﬁ% 5,567,610

and 5,229,2ig), 7p HumastilhiRkantheslies actm@amtﬂaad&a%ﬁ) Patenb N 53772,997 issued June
30, 1998 and WO 97/00271 published Januar 3 195%&\%)@@ f| a |ent JIOVar ous techniques

have been d&V/BIEHBLP PN PrBERTLRS S Sady s%h?ragments were
derived via pmhe@@lmad@ﬁsimmabnmmzﬁm@i@ﬂ%@:@@ﬂMFm@t}zj)dﬂa{1 sdethgiral of Biochemical

and BiaphySigalMeinads 2@ a5l 20d RIBRARNRL Al BFIRAGR.REIRE (1962)). However

these fragments can no be produced directly by recombinant host ce Is. For example, the antibody

fragments ceRbel$sidotbtad fohrnadndboayopnadelinramsindisdlssetplbdve-Hiternatively, FabLSH
(Cartor tal Blortothacincy 10. 165167 (1997 Accoraing (o abaiher sprregcn. H(aI2 ragment

arter etal., Bijo/Technology cCo roach, F(alf)2 fragments
can be isol [t@obm?ééWIW ARRGBRARY %i%céﬁt&ﬁ?ﬂ%y%g%&% E&S [é?lﬁ)@ Pifie production of
antibody fraﬂmmﬂs:will]ab&mﬂ}pamnbtbdthe@kﬂ@dﬁﬂlrpﬂ&émmemﬂmmﬂwaﬁémbwmdehts the antibody
of choige is 5{9 e ‘# §< (_I_ﬁgé ant 'i sehy); 398 !\6%83@&%1@5?&’/1%1?%%&%9@?&&71 894; and

U.S. Patent ody fragment may also be a "linear aritibody, e.g., as described in

u.S. Patentlﬂf@llpsmcfb%émﬁﬁ]é(@ﬁéﬁ%méaﬁ antibdesrdradments may be monospecific or bispec c.

(11l)&SDecmo%waaﬂyaatﬁéﬁlm@ﬁm@mmamgan@@m@h@q@aﬁb%awgpmm;weu mines for at
least two different epitopes, Exempl @%} peC|f|c am'gﬁgﬁ%ﬂﬁ%ﬁ?md two dlff rent epitopes of the

HER2 protef SRR Bf GG BBie4E \W f‘ﬂ“ﬁiﬁ g site(s) for EGER,
HER3 and/afudERdmiéeinativgly, a HER2 arm may be combined with an arm which binds to a

triggeri i molecule on a Jeukocyte such as a T- %? &gglecule 300&? CD2 or CD3) or Fe
receptats for 1gG (FCYRYSueHss! ’ﬁ?f((}f[ﬁéﬁ? g f‘t AHd EeyRi Ff&ﬂ%fso as to focus
cellular defepggimeahanisthsta HeMHERAwXpIessg 6fe£lacﬁlsibﬁ@tﬁ& antibbdiessmBy-also be used to
localize cytotoxm taents to cells which §ggress HER2. The antlﬁ%%ogs 0ssess a HER2-binding arm

and an aim WHEHBIHES 1HE %6@8)?5“:5 tHE%G *Bap o, Wviie c%{’afif(almd ricin A chain,
methourexatelmﬂwalamm@aazaam$3@094@&2229 Bma’maan\zeaismmmeehapmn) dBispecific

antibodies can be preparc as fulngth Aptbades o ARPOMATARMENS G & EaPygpspeciic

antlbodles)
25 {available from Wyeth) which preferentially binds EGFR but inhibits both FHER2 and

EGFR-overexpressing cells; lapatinib (GW572016; available from Glaxo-SmithKline) an oral
HER2 and EGFR tyrosine kinase inhibitor; PKI-166 (available from Novartis); pan-HER
inhibitors such as. canertinib (CI-1033; Pharmacia); Raf-1 inhibitors such as antisense agent
JS§18-5132 available from ISIS Pharmaceuticals which inhibits Raf-1 signaling; non-HER

30  targeted TK inhibitors such as Imatinib mesylate (GLEEVACC) availabie from Glaxo;
MAPK extracellular regulated kinase [ inhibitor CI-1040 (available from Pharmacia);
quinazolines, such as PD 153035 ,4-(3-chloroanilino) quinazoline; pyridopyrimidines;
pyrimidopyrimidines; pyrrolopyrimidines, such as CGP 59326, CGP 60261 and CGP 62706;
pyrazolopyrimidines, 4-(phenylamino)-7H-pyrrolo{2,3-d] pyrimidines; curcumin (diferuloyl

3L



WO 96/16673 describes a bispecific HER2/FcyRIll antibody and U.S. Patent No. 5,837,234 discloses
a bispecific HER2/EcyRI antibody IDM1 (Osidem). A bispecific HER2/F g@g%@x?@hown in
W098/02463 (P L'BEREAL No. 5,821,337 teaches a 10 bispecific HER2 antibody. MDX-210 is a
bispecific HER2-FcyRIll Ab.  Methods for making bispecific antibodies are known in the art.
Traditional production of full length bispecific antibodies is based on the coexpression of two

immuneglapuig heayy,halRlichb ShRRRlsWeke e e dhrinshavediiprent specifcities
(Millstein et al., Nature, 305:537-539 %ﬁ‘?@% Because of the random 15assaitment of immunoglobulin
u

heavy and WgistiendiRL 98 RYBHeH s YrotenE-& Prssihs ikiard® 10 different
antibody moleciieswekwhich.opiyonakas heaenset bspesifis; stplatuies RusifieatioNof the correct

molecule, which.is_usyall e by affinit r raphy. steps, js+ather rsome, and the
product yie?cgé) ‘&?8%%%%%&%%%%‘ ﬁ%@ﬁ?é%?ﬁ%%‘&%ﬁ%%%@s%} g%g’}r%& 1Ejragf?rg1ecker etal.,
EMBO J., 5:B65613659 20¢£094afinitacAdBE diid thisdifforémpapprocotitafiiibody: variable domains
with the degiied RINBIAG, sPBCIGHISS @mgyﬂgmmmﬁmmt@glﬁ'a@%m@?z@eg-s@dmmunoglobulin

constant domain sequences. The fusion preferably is with an irnmunoglobulin heavy chain constant
domain, corfyedihg arasadt @ﬁﬂcﬁ}étﬂé%%g@ism?%ﬁﬁ B R S hrere /897510 have the first
heavy-chaimneonstanixegion (Ghb:-cantaining:thelsiierbeassanidias ightahiaindinding, present in at
least one of the fusions. DNAs encoding the immunoglobulin eatvg/ c.hggﬁl)fl%sio&s and, if desired, the
immunoglotsilii i Vi arR S Se P it CUBIRd BT BEISH I tors 4hd are co-transfected into
a suitable hogiagrganismoThis pravidesifdr gneat dleXioifie/4pPadljustieirth€ yastwadproportions of the
three polyngpie, 30.ragments I embOrRiS RN GALIAIORSKIe; U R pplypeptde chains
used in the construction provi e the ptimum'yields. It is, howevwossible to insert the coding

sequenceskonbwd:oF e ard Pdfpsphde BIRIAS 1 Sréasps XA fieH:the expression of at

least two p@@,mpj@@g@@gi@am sauatFasiositasutts in high yields or when the ratios arc of no particular
significance.- WO 2009/099829PCT/US2009/032220 5In a Er%}‘%[reg emb(t)dlment (%f %his approach, the
bispecific antibodfds & EAEEEE A5 E HIHE hIRTRTSEIoBUIA RESYy THAIR Wit % first binding
specificity igoanrelaimn, andadiyhrichtmrblaodglsktitinTeawyi-ehgirpdightchaimpaib(providing a second
binding specfiity i the sther aum.Jt wasauad et s asvmmetie stisaagiiates the
separation ofgtt‘he desired ispecific compound from unwanted immunoglobulin chain 10 combinations,
as the presengsfameliveiiunwglobudanifeeesiin Thomiieie HElFoseEsBisBeeHeiiBlEcule provides
for a facile yway, 8f SERAIAIAN, [ERisBRRr eAGhHSIHISCIORROANWOVHO620. & Brfusthenaetails of
generating bispecific antibodies see, for example, Suresh et al., Methods in Enzymology, 121:210
(1986). Acdér %T@@nother approach described in U.S. Patent No. 5,731,168, the interface 15
between a pair of aiztibadyemaleelies garrbaendingesethtoaeaxiniizethechercahtage of hcterodimers
which are recexersd rmyecominant epl sultue. Hhe-piefned llerlogg arpprises at least a part of
the CTT3 domain of an antibo y constant domain. In this method, one or more small amino acid side
chains fronthehiskxiaceondlsinestipgd amdisony rebreetiidehemepracer Wit rpirgaE Ytle chains (e.g.

tyrosine or tryptoRbaR) . GoMBSASHONIcAMIaNn of R idlantical Rrsimitasizenta thenarge side

chain(s) are created on the interface of the second an%%)odﬁ mglecule b%ﬁ £&E"a°'”‘%s'ﬁ{ le amino acid

side chains'\RATPEPAIEPOESHR gD SRR JRIRTRT & BREOTIRS B EERLH

Vides dhecRanism for increasing the
yield of the hetarogdimer-avesl pibepuiviantedes aa:pes dhlGtdestichiasydmodinedFSH),

30  thyroid stimulating hormone (TSH), and luteinizing hormone (LH); hepatic growth factor;
fibroblast growth factor; prolactin; placental lactogen; tumor necrosis factor-v and -B3;
mullerian-inhibiting substance; mouse gonadotropin-associated peptide; inhibin; activin;
vascular endothelial growth factor; integrin; thrombopoietin (TPO); nerve growth factors
such as NGE-B; plaiclet-growth factor; transforming growth factors (TGFs) such as TGF-a

35 and TGF-B; insulin-like growth factor-I and -II; erythropoietin (EPO); osteoinductive factors;
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Bispecific antibodies include cross-linked or "heteroconjugate” antibodies. For 25example, one of the
antibodies in the heteroconjugatc can be coupled to avidin, the other to biotin. Such antibodies have,
for example, B"é%ﬁ“??r’&%gﬁqed to target immune system cells to unwanted Egﬂés%?ﬂ.gg”ﬁ%?tent No.
4,676,980), and for treatment of HIV infection (WO 91/00360, WO 92/200373, and EP 03089).
Heteroconjugate antibodies may be made using any convenient cross-linking methods. Suitable

cross-ligking,AORIR AienelhnRKNIN fhe. 300, RRY a6 ARRIoRSALIN ELPy Ratet No. 4,676,960,

along with a number of cross Ing techniques. Techniques for generating bispecific antibodies

from antibodp¢rapfitentsShaVe kb gautaguscreerires ffefabdreSEorekaniectispekific antibodies
can be preparessHsing.-shamicat inkages Brennanetiah, \5cience, 1229:18% (1985) degcrdbe a procedure
wherein 35intact antibodies are proteolytically cleayed to generate F(al)52 fragments. These
fragments WO 05 /00GRS eI TIRB000 095550 & [SH OB A AP tHE b ASEACETSPIRE clthio
complexing fagentisddiing Eifsenitieitbgtaliilize. vAcinsdddithidistantapreyvehktnnterimtecular disulfide

formatign. The Febyiaamenis.genaraled aredencanuariastio Lieniliabenzoale, (TNB) derivatives.

One o ) Ivatives is then reconvert e Fab'-thiol by reduction with
mercaptoetligiaraeiisan d esativetbdvithrasyedifitiolar amount of the other Fab'-TNB derivative to form

the bispecifig 10aniibee . «liBeddispesific eatiBedigmnproduced can be used as agents for the selective
immobilization of enzymes. . Recent progress has facilitated the ggrect reg)gvery of Fab'-SH

fragments from E. CSiPTRREH-ES B eRe e AR5 UhRat (5 T BiS s SEHR At BBEE “Bhalaby etal.,
Exp. Med., PPeic2bi225HERI 2)tiesiribehtherirat uftiemoiasfiatiehbERhipetobispelcific antibody

F(ab)2 L5molegule. £agh Fall AAMe L NES REPABIShL RSP Iegiom iy colkand sublected to directed

chemical coupling’in vitro to the bispecitic antibody. The bispecific antibocc;éthps formed was able
nRiék #&trigger the

to bind to celiswiastppressmigaheir il radeprantatadiorbinadsho megcr dans:
Iytifr:] aCtiViWg@&%@@@’ﬁ%&@ﬂ%dwmﬁeﬁéﬁﬁi%&g@ﬁ@&%%ﬁ@i?%%%ﬁﬁ&%ious leu
techniques for making and isolatj ispecific antibody fragments directly from recombinant cell culture
nave also b HECUHEH “POFERABR HRBBR TR BB 3 {orditiced ising leucine
zippers. Kosteknyrefeadbvl ompiiridg 148((5) Lhdiz-458R (109912)n Théendensdineippes pejiiplE3 from the Fos
and J pro,(?in gv,er&ellé %9 19 1he Fab' portions of two different antibodies by gene fusion. The
antibody hoim%dsi’img{rls Wg%e Z%Zlﬁe LRc:ed at the hinge region to form monomers and then re-oxidized to
form the antibody Resspotipdien e erthsece amaiserpagiizie feited Siedirdioh of antibody

homodimersioih mdiabedy, ieehmalogy-Hescrbes ndiolineareial«haciNate Aradvsc!. USA,
90:6444-6448 (1993) has provided %nmz%lternative mechanism for making bispecific an(tébody fragments.

The fragme Rt EERHASEL H BHAM AXM IS SBIEC A STHARY AL LRG58 3 0lightH in variable
domain (VL) yastdiinkée venphsisdomshoxltdealienwspaiting: betwee fitheftwerdodnaison the same

L and V1 o e er trteqy
for making Bispeeiis. ditiobéyrieagheé At B itheiles of SingRuppaiivry B iainre ka4 -also been
reported. Sag B RLRAR thd ol NBRURGE ark S%R388 dd 99bht, disulfide reduced variant,

sialylated variant, and non-reducible variant constitute at least about 75-80% of the acidic

variants in the composition.

30 The invention additionally concerns a composition comprising a main species HER2
antibody comprising variabie light and variable heavy sequences in SEQ ID Nos. 3 and 4,
respectively, and acidic variants of the main species antibody, wherein the acidic variants

include one, two, three, four, or five of glycated variant, deamidated variant, disulfide

reduced variant, sialylated variant, and non-reducible variant.
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WO 2009/099829PCT/US2009/032220 5Antibodies with more than two valencies are contemplated.
For example, trispecific antibodies can be prepared. Tutt et al. J. Immungt 7: 60 %991). (w)Other

amino acid séﬁﬂgﬁogggﬁa%iﬁcations Amino acid sequence modificatign{éf of the HER2 antibodies
described herein are contemplated. For example, it may be desirable to improve the binding affinity

and/or other 10 biological properties of the antibody. Amino acid sequence variants of the HER2

antibody are prepaed YOl RV, IRRBPHAIR ACPplle chanaesdalo e 1ER2 antibody nucleic

acid, or by peptide synthesis. Such modifications include, for exam%le, eletions from, and/or
insertions iPREGEIRTST SUPSHNINE IS GRPRSEAH CSWFHSIRth 8 dfntRer 58 id S eiveds 'Bfthe HERZ antibody.

Any combipatio R, QbaRIR DY, HISErtion, a1k Substitutionds mademio:Bive aidbithedinadconstruct,
provided that the final construct gosslesses the iredLCQara%eyichs. T.het ami[{o acid changes also
may alter JoStSFANGIEHbSE PrICRLLRE Biky ntsody, SUth as @hianging the number or position
of glycosylatiopcsites., and AouSefinniethibe foridetitficdtioloficerthimrésiductheomaiyidns of the HER2

antib that are preferred. ' L SIS | -Alaning. @)n%' 20 mutagenesis" as
desc;?b%)e/d 6%%&1%&[%?{‘?&? zlal?%?{ V@&Eﬁi%c%r%cﬁg&z%% J(.%{éﬁigigo%% (ﬁdggg}?gere, a r%sidue or group of

target residliesrarsuidkeHtmeerpEljc Aty Jd vasiaveslsin s spgirasionryaatcd it i) and replaced

by a neutrabosiegativeiehasagtaingiacigkimost preferably alanine or polyalanine) to affect the
interaction of the amino acids with HER2 ntig rgg T}%) tgeaarcr}mo acid locations derngrE\strating functional

sensitivity to the SUBSHTRRSHE BN &< P8Hnea G RIRE S Bther \Fanan

gy introducimg eror o rants at, or for, the
sites of subbtitution. JEhus twhiletheisite) for irtrosd ding: agivasiinvageid, Sequdnaicd variation is

predejgimingdh dRe AIE.af he MNRHAN BERSCASRM Rt bs pradgfermined. For example, (o analyze

the performance of a mutation at a given site, ala scanning or random mutagenesis is conducted at the

target codon or régiorridifd e RS HERD tIHEE) PAMSHRdar B S eFelHdY f3the 30desired
activity,  AGHAR aciH BeAUERLE HISEHIRRSITEINEE RMinEhaRdtarearbexyhigmminal fusions ranging in

length from one residue to polypeptides containing a hundred or more residue well as
intrasequerfCEHE fiSPFé‘pcS}IS‘é’i%}%PBﬁa% ?E)Qes arrihclif%ﬁé%g er”e%taru%%. SR tgeofiatgé?ﬁﬁhté’l insetdons
include a HizR@xanidigiely dvithizmn). Neoteomit-fizthiany !@sld@te ahsulfd@ﬁdmﬂdodyﬁfmed to a cytotoxic
polypagtide, lagl eepienalvanantyaliis HeRRItaogY SmalaculedRcligeda usion to the N or

C-terriinus of the HER?Z ant] y to an enzyme (e.g. for ADEPT) or a polypeptid ich increases the
serum h a|f1mévgfuﬁﬁ@%y¢ﬁ5§dvﬁam), and peptide mapping (e.g. to evaluate deamidated variant),

In one embodiment, the overall acidic variants are evaluated by ion exchange
chromatography, for example using a weak cation exchanger and/or cation exchanger with
carboxylate functional group (for example, using a DIONEX PROPAC™ WCX-10

25  chromatography column). In onc embodiment of such chromatography the conditions for
the chromatography involve Buffer A of 20mM BisTris, pH 6.0; Buffer B of 20mM BisTris,
200mM NaCl, pH 6.0; and a gradient of 0.5% Buffer B at 1.0mL/min.

The composition optionally includes an amino-terminal Jeader extension variant.
Preferably, the amino-terminal leader extension is on a light chain of the antibody variant

30 {(e.g. on one or two light chains of the antibody variant). The main species HER2 antibody or
the antibody variant may be an intact antibody or antibody fragment (e.g. Fab of F(ab’),
fragments), but preferably both are intact antibodies. The antibody variant herein may
comprise an amino-terminal leader extension on any one or more of the heavy or light chains
thereof. Preferably, the amino-terminal leader extension is on one or two light chains of the

35  antibody. The amino-terminal leader extension preferably comprises or consists of VHS-,
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Another type of variant is an amino acid substitution variant. These variants have at least one amino
acid residue in the HER2 antibody molecule replaced by a different residue, Thg ,)aiteﬁ of greatest
S,

interest for su‘ﬁgtﬁ?ﬁ’ﬁ@?lgglz?nutagenesis include the hypervariable regiong i but FR or Fe

region alterations are also contemplated. Conservative substitutions are shown in Table 1 under the
heading of "preferred substitutions”. If such substitutions result in a change in biological activity, then

more sybst é&%&é@&%@gm%%ﬂ%x%i'l%t%‘id@&{y&k%ﬂ/ﬁH{%%&E{UQ%SAQ&%'Qe@eo%%? further described

below in reference to amino acid classes, may be introduced and the products screened. 15 Table 1
Original Re&RTisa ERaYTisH i BBt infdHEre Bré A d s lips iR S RE TPSsF 18 5He Val Arg (R) Lys,
Gin; Asn Lyss&$ Mot hdtisn syl iM B A (R} 1alde AsBriatbeepts, (aparirla

zone electrophoresis), mass spectrometry, etc. The amount of the antibody variant in the
composition generally ranges from an amount that constitutes the lower detection limit of

10 any assay (preferably cation exchange analysis) used to detect the variant to an amount less
than the amount of the main species antibody. Generalty, about 20% or less (e.g. from about
1% to about 13%, for instance from 5% to about 15%, and preferably from about 8% o
about 12 %) of the antibody molecules in the composition comprise an amino-terminal
leader extension. Such percentage amounts are preferably determined using cation exchange

15 analysis.

Further amino acid sequence alterations of the main species antibody and/or variant
are contemplated, including but not limited to an antibody comprising a C-terminal lysine
residue on one or both heavy chains thereof (such an antibody variant may be present in an
amount from about 1% to about 20%), antibody with one or more oxidized methionine

20  residues (for example, Pertuzumab comprising oxidized met-234)etc.

Moreover, aside from the sialylated variant discussed above, the main species
antibody or variant may comprise additional glycosylation variations, non-limiting examples
of which include antibody comprising & G1 or G2 oligosaccharide structure attached to the
Fc region thereof, antibody comprising a carbohydrate moiety attached to a light chain

25  thereof {e.g. one or two carbohydrate moietics, such as glucose or galactose, attached to one
or two light chains of the antibody, for instance attached to one or more lysine residues),
antibody comprising one or two non-glycosylated heavy chains, etc.

Optionally, the antibody comprising one or two light chains, wherein either or both of
the light chains comprise the amino acid sequence in SEQ 1D No. 23 (including variants

30  thereof such as those disclosed herein). The antibody further comprises one or two heavy
chains, wherein either or both of the heavy chains comprise the amino acid sequence in SEQ
ID NO. 16 or SEQ ID NO. 24 (including variants thereof such as those disclosed herein).

The composition may be recovered from a genetically engineered cell ine, e.g. a

Chinese Hamster Ovary (CHO) cell line expressing the HER2 antibody, or may be prepared
35 by peptide synthesis.
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Ser Gin (Q) Asn, Glu Asn Gin (E) Asp, Gin Asp Gly (G) Ala Ala His (H) Asn, Gin; Lys; Arg Mg lle (1)

Leu, Val; Met; Ala, Phe, Norleucine Leu Leu (L) Norleucine, lle, Val; Met; Ala, Phe lle L
Asn Mg Met (m) 2069/099829 PCT/U82089/032220

10

15
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25
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I3 Production of HER2 Antibodies

ys (K) Arg, Gin;

A description follows as to exemplary techniques for the production of the antibodies

used in accordance with the present invention. The HER? antigen to be used for production

of antibodies may be, e.g., a soluble form of the extracellular domain of HER2 or a portion

thereof, containing the desired epitope. Alternatively, cells expressing HER2 at their cell

surface (e.g. NIH-3T3 cells transformed to overexpress HER?2; or a carcinoma cell line such

as SK-BR-3 cells, see Stancovski ef al. PNAS (U/54) 88:8691-8695 (1991)) can be used to

generate antibodies. Other forms of HER?2 useful for generating antibodies will be apparent

to those skilled m the art.

(%) Monoclonal antibodies

Monoclonal antibodies are obtained from a population of substantially homogeneous

antibodies, i.e., the individual antibodies comprising the population are identical and/or bind

the same epitope, except for possible variants that may arise during production of the
monoctonal antibody, such as those variants described herein. Thus, the modifier
"monoclonal” indicates the character of the antibody as not being & mixture of discrete
antibodies.

For example, the monoclonal antibodics may be made using the hybridoma method
first described by Kohler ef ¢f., Nature, 256:495 (1975}, or may be made by recombinant
DNA methods (U.S. Patent No. 4,816,567).

In the hybridoma method, 2 mouse or other appropriate host animal, such as a
hamster, 18 immumzed as hereinabove described to elicit lymphocytes that produce or are
capable of producing antibodies that will specifically bind to the protein used for
immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then

are fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to

form & hybridoma cell (Goding, Monoclonal Antibodies: Principles and Practice, pp.59-143

{Academic Press, 1986)).

The hybridoma cells thus prepared are seeded and grown 1n a suitable culture
medium that preferably contains one or more substances that inhibif the growth or survival
of the unfused, parental myeloma cells, For example, if the parental myeloma cells lack the

enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the culture
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Leu; Phe; lle Leu Phe (F) Trp; Leu, Val: lle; Ala; Tyr Tyr Pro (P) Ala Ala Ser (S) Thr Thr WO

2009/099829PCT/US2009/032220 Thr (T) Val; Ser Scr Trp (W) Tyr; Phe Tyr Tyr SY) Trp; Phe; Thr; Scr
Phe Val (V) WO 2009/699829 PCT/US2009/032220

5 medium for the hybridomas typically will include hypoxanthine, aminopterin, and thymidine
(HAT medium), which substances prevent the growth of HGPRT-deficient ceils.

Preferred myeloma cells are those that fuse efficiently, support stable high-level
production of antibody by the selected antibody-producing cells, and are sensitive to a
medium such as HAT medium. Among these, preferred myeloma cell lines are murine

1) myeloma lines, such as those derived from MOPC-21 and MPC-11 mouse tumors available
from the Salk Institute Celi Distribution Center, San Diego, California USA, and SP-2 or
X63-Ag8-653 cells available from the American Type Culture Collection, Rockville,
Maryland USA. Human myeloma and mouse-human heteromyeioma cell lines also have
been described for the production of human monoclonal antibodies (Kozbor, J. Immunol.,

15 133:3001 (1984), and Brodeur et al., Monoclonal Antibody Production Technigues and
Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1987)).

Culture medium in which hybridoma cells are growing is assayed for production of
monoclonal antibodies directed against the antigen. Preferably, the binding specificity of
monoclonal antibodies produced by hybridoma cells is determined by immunoprecipitation

20 or by an in vitro binding assay, such as radioimmunoassay (RIA) or enzyme-linked
immunoabsorbent assay (ELISA).

The binding affinity of the monoclonal antibody can, for exampie, be determined by
the Scatchard analysis of Munson ef al., Anal. Biachem., 107:220 (1980).

After hybridoma cells are identified that produce antibodies of the desired specificity,

25 affimity, and/or activity, the clones may be subcloned by limiting dilution procedures and
grown by standard methods (Goding, Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986)). Suitable culture media for this purpose include, for
example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown
ir vive as ascites tumors in an animal.

30 The monoclonal antibodies secreted by the subclones are suitably separated from the
culture medium, ascites fluid, or serum by conventional antibody purification procedures
such as, for example, protein A-Sepharose, hydroxylapatite chromatography, gel
clectrophoresis, dialysis, or affinity chromatography.

DNA encoding the monoclonal antibodies is readily isolated and sequenced using

35 conventional procedures (e.g., by using oligonucleotide probes that are capable of binding
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lle; Leu; Met; Phe; Ala; Norleucine Leu 5 Substantial modifications in the biological properties of
the antibody are accomglished by selecting substitutions that differ significantly in their effect on

maintaining (3 1HE"H 09

flre of the polypeptide backbone in the area of the Su sti?ﬂ’tlz(?i%, for example,
as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the target 10
site, or (c) the bulk of the side chain. Amino acids may be grouped according to similarities in the

properties of thelr si ins (A, k. ' 5 Iochemistr - d. . 73- 75, Worth
Pubihers. Ko Yo daony: it be ST e %%%%%%%ﬁg e, Pro (P). Phe (F),
Trp (W), Meindpma cells seryqatchiirgees betarochsued) Der (SeTie et GBS 9 1Y), Asn (N), Gin
(Q) 15(3) %i%&d iﬁﬁpeﬁa)gs@éﬁ (_rgc)ta(@ Qﬁﬁlﬁéﬂe%ﬁe@mﬁf&t@aﬁnﬁiﬁéﬁ)@zﬂs Aﬁ@ﬁ@@ti\éﬁﬂycdﬁ@lléﬁ)i“y
occurring residues may. be divided into groups common side-chain properties: (1
ycrophob oD AT B AT T SN TR0 N IO SH RS Ber T, Adn, G
(3) acid!c: AsiprGde produce ar,(ﬂl)dd@imtéﬂ_istouysamtgp synthesis (@) mesidises! mazfnmﬁmnw c_hain
orientation: Gy FrGi host cenl{CRAIOMANE LRy T¥EnfEEn2R pres NATRIAISERVALYS gubstitutions will

entail exchanging a member of one of these classes for another class. Anglc steine residue not
involved in srrsiitesi ha grieo i dpsdrdecrrarratbriat theriniqaER » Akt odi s Ria)Be substituted,
generally Wit sriir@utoimpiryerhe oxdgatye 80stability of the molecule and prevent aberrant
erosslinking. Conversely, cysteine bond(s) WO, 2009/099829PCT/US2009/032220 5may be added to
the antibody to intpfoVE §%‘E¥§8ﬂﬁ§}e&§aﬂ%ﬁf AR 8‘%5%05%%%%0&9%3 fonts can ¢

isolated from antibody phage librarics generated using the techniques described in
15 McCafferty et al., Nature, 348:552-554 (1990). Clackson et al., Nature, 352:624-628 (1991)
and Marks et al., J. Mol. Biol., 222:581-597 (1991) describe the isolation of murine and
human antibodies, respectively, using phage libraries. Subsequent publications describe the
production of high affinity (nM range) human antibodies by chain shuffling (Merks ez al.,
Bio/Technology, 10:779-783 (1992)), as well as combinatorial infection and in vivo
20  recombination as a strategy for constructing very targe phage libraries (Waterhouse et a/.,
Nuc. Acids. Res., 21:2265-2266 (1993)). Thus, these techniques are viable alternatives fo
traditional monoclonal antibody hybridoma techniques for isolation of monoclonal
antibodies.
The DNA also may be modified, for example, by substituting the coding sequence for
25 human heavy chain and light chain constant domains in place of the homologous murine
sequences (U.S. Patent No. 4,816,567; and Morrison, et al., Proc. Natl Acad. Sci. USA,
81:6851 (1984)), or by covalently joining to the immunoglobulin coding sequence all or part
of the coding sequence for 2 non-immunoglobulin polypeptide.
Typically such non-irnmunoglobulin polypeptides are substituted for the constant
30  domains of an antibody, or they are substituted for the variable domains of one antigen-
combining site of an antibody to create a chimeric bivalent antibody comprising one antigen-
combining site having specificity for an antigen and another antigen-combining site having

specificity for a different antigen.
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antibody fragment such as an Fv fragment). 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 anti‘ﬂ&ﬁ} .’@%ﬁérally, the resulting variant(s) selected for furth%qrd%??@%ﬁi’r’); t will have 10
improved biological properties relative to the parent antibody from which they are generated. A
convenient way for generating such substitutional variants involves affinity maturation using phage
display.SBriefIy, se&/gral %%%%i‘ I%!gbge‘ ign sites (e.g. 6-7 sites) are mutated to generate all possible
amino substitutions at each site. The anti%ody variants thus generated are displayed in a monovalent
fashion from filamblstbeds phidyenparindesraburBiygichediesthergesra fesprbefuatiof 13 packaged within
each particleFhe,Rhagesdisplavedumrianisarerthen saiesned fandhainhiokpgiealactivity (e.g. binding
affinity) as herein disclosed. In order to identify candidate hypervariable region sites_for modification,

alanine scafig AtHGEHELS RPBEHe OF A TS RRAGRAY AR bR FeqbrrreSEELs contributing
significantlyttatitigen hinding, Altrtinatvalicaby ailditferally, thipay' ker20lbenedigial to analyze a crystal
structure of the antigen-antibody complex to identify contact point en the antibody and huma
i B o B B Y g to

the techniquésedabetabedverdih S Bnced SLLHH w Rirshmaaregéndidied, Xhb3ganel ¢f Yaiants is subjected

to screening,agslescribed hiersin and prlibcdies yeith HIRAHARIPPEIHSS JRBReLiJnore relevant
assays may be selected 25for further development. Anaother type of amino acid variant of the

antibody alt&& 168 FRYiHSI QR BS o Fr BARETh O HE AR AR IR VB Y H1RSPAg Yo H8ant deleting one or
more carbohygratézsddietiesdionnd thitheraatitiady:satidioP aeldiNg. drta Qs dnoka«giycosylation sites that

are ot presetin the atihedh, SRE RasYiation af anibadies s bpically gliiep\-linked or O-linked.
N-linked refers to 'Ehe' attachment of the caﬂao‘hygrat_‘e moiety to the side ¢ al%'oef‘ an asparagine
residue. Thearipeprdatsequ@RedoBITEbmeDcREH e Antelisaraginazxd tnewdiceawhere X is any

amino acid gxget Riline. AR . eCARIoNS8pHeRsas fersnznatis @{Betgdgm t@hihe
Ithe

carbohydrate moiety to the as aragincqside chain. Thus, the presence of either of these 35tripeptide
sequences fid PEIYBEptite YA Pt RS S HRhRED NS
2009/099829P CT NS 2009 08 2226h ghytosy tatiminke fers hgihadttashment ofdne oilthe sugars
N-aceyjgalactosamine, galactose, or xylose to a.hydroxyaming acid, most commonly serine or
treonii, aOLER & TyIOESBAING o L ORy e Ny G5 £ Leaie © A dKition o

glycosylatiopeliShestthe asthoddipis emanesnie Huy sretdniolistie disyaitatimibaéyamino acid sequence

such that it cqeiains ORRQLMARafithe abevR-HesRIiRed LI liReRide.sraNaNcas (onl linked
glycosylation sites). The alteration rgh%){ also be made by the addition of, or substitution by, one or

more serineSSIEOTIE FeERiiddadhahaldby e P the SRy ARt BEBPEBTsiiked glycosylation
sites). Whese {he)dntthody-compiisethady Friragian, dnyreligosacozidd 1SgBictUietattached thereto
may b% Iter?dl EPE,F}(%,WGE" ,9%1%9 % S it amatur rboh drgtelstr cture tgat 15 lacks fucose
ttached to S Ee TEbon o e AtBONy Ae dOLEHBea s UG PRE ARANG DS 30050157108 Al
Presta, L. Ses1sdd S 200NS09862uAIca) el AurakiatiRedypoCopariaylanstissvipsiwith a bisecting
N-acetylgluggsaming (EIRNACIHR: e oligesassharide SitugireAtachetiaanfs ggion of the
antibody are referenced in W003/011878, JeanMairet et al. and US Patent No. 6,602,684, Umana et
al Antibodié‘gwﬂﬁlfgt(@é@ Sﬁ‘é{" Proc. Natl! Acad. Sci. USA, 89:4285 (1992); Presta et ai., J.

Immunol., 151:2623 (1993)).

30 It is further important that antibodies be humanized with retention of high affinity for

the antigen and other favorable biological properties. To achieve this goal, according to a

preferred method, humanized antibodies are prepared by a process of analysis of the parental

sequences and various conceptual humanized products using three-dimensional models of

the parentat and humanized sequences. Three-dimensional immunoglobulin models are

35 commonly available and are familiar to those skilied in the art, Computer programs are
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20 galactose residue in an oligosaccharide structure attached to an Fe region of the antibody are
reported in W097/30087, Patel et al. See, also, W098/58964 (Raju, S.) and W099/22764 (Raju, S.)
concerning antiBoHEERith altered carbohydrate attached to the Fe regi%%}"fﬁgreé%/f} ﬁﬁ’t(l'body
compositions comprising main species antibody with such carbohydrate structures attached to one or
two heavy chains of the Fe region are contemplated herein. 25Nucleic acid molecules encoding amino

acid seguence yariants, of e, HER% AIbady Are. RERAFRA RY.R.Yarlat, ol meshas kpgwn in the art.

9
These methods mcﬁ%e, _éut are not limited to, isolation from a natural source (in the case of naturally
occurring agfifdcaericaediiin depariegpSybr présarationhysoh thasctisnameamiéd (or site-directed)

mutagenesig, &R Mtagenesissand:-cassatts muiagenasisotian-aanlier prepaiadovasiant or a 30
non-variant version of the HER?2 antibody. %aié)gfsﬂcreening fo,r,an?tli}eatgdies Cﬁ{i{th the desired properties

TechniqueST8FBEnafatitfg AN Al S HETY HESE P REO Ve OREHIAY further select antibodies
with certairriolagitsludhasdactdristicsicas. desiiedzy, FR residuidentibye arlcattibodyonihichdblocks ligand

activain gf & HER Ie5ER Rl %%&P&Q%&%QJ ibeantbadyle Mgk loand blaging to cells

expressing t ceptor (e.g. in WO 2009/099829PCT/US2009/032220 Sconjugation with
another HERTSehtoi it IRRCH e sPIRRBc BRI Ot B 88RTBne L MER RS s L omer) may be
deterr;ine%ﬁlaﬁe%m&@a%@ﬂa fﬁa%ugawa%@n%mgﬁegﬁgaanag%mamige%%a&gﬂERI rgceptorls of t(;le
HER hetero-oligomer may be incubated with the antibody and then expose eled HER ligand.
he abity of the HEFEPA AN o AR TUERBHENG 0o T FIER TARGREF Hhe HER
hetero-oliggmtiénct‘rmyvﬂixﬂrbbe! mmwd:kﬁ@am(mméoﬂmibﬁﬁﬁ ok biRG Emdmgm:MCFY_ bre_ast
tumor ell ings iy LPRA AANRadie may Be perfermedusing:monplavel M Z puliures.on ice in a

24-we1 -plate format essentially as described in W001/00245. HER2 monoclonal antibodies may be
added to ed&hRKetbuntalhcisratec Yo 30 intisLrasro Bratene tPHARG G P! 2520 (25 pm) may 15 then

be added, gnditbs tncebgtinndraniacentinuadifor 4 9rdbihous RS ESRARSR Csves may be

prepared and_.an 1050 value may be calculated for the antibody of interest. In pne embodiment, the
Btiocy wARITECRS {52 RN 57 R PEERBGF APV SR ICHE OF ibiting HRG

bin_ding to M@Eﬁlgeﬁsn’;mthBoahﬁayxﬂf}@bﬂuﬁﬁﬂmfdgmnl&sﬁimdreqnpefawdbiyd@_rhl_m_nan less. V\(he_re the
antibogly is g aplibody JE%%E%%QE %%%%ﬁueé} E@H;@%“&%ﬁﬁ&%&*}%&?&@ [RQIRIEE ARG binding to

MCF7 cells in this assay may, for example, b ut 100nM or less, more preferably 50n1M or less.
Alternativejossicadglaeebiipmiee guiincordsan HRtANBbwy (6 Blvtkame R9ibERES ‘mutated tyrosine
phosphorylasiam.ehadiiRoresepieeiipsentdawn BER hejerp-aligamar.may heassessed. For example,
cells endogenously expressing the HER receptors or 25 transfected to expye dlggem may be
incubated Wit fite Hhf o@5?1le?ﬁghsﬁg‘g&?é\t?%?%@ﬂlﬁ\’é‘ésﬁ(?-ig‘éaﬂ@hggﬁf%%ﬁﬁé Rosphorylation
activity usirig @re antieghasphbtyrasinézodentcionabfwhsch i eptonalhrcarjugated ofith a detectable
Iabel).2 he kin e [egepion g&gi\@' n assay described in U.S. Patent No. 5,766,863 is also available
for detémiﬁ%@%égﬁ%ceptor act%%tion and blocking of that activity by an antibody. 30In one
embodiment, one/fh&ycsEraBH FERar SR OhIBK T ISTE IR RHITAEIA 5RP180 tyrosine
phosghorlyle&(?pléﬂlé\ﬂ%;” @&&%I %ﬁﬁg%&@dh@ﬁ@fﬂmbl i t;eﬂm WRALONAG i esampls Ethe r':/ICFn? ceéls
may be plated in 24-well plates and monoclonal antibodies to H | g o each well an
ncubated 100 30 Ao Ao LR R -G 3 b S t ach wel (0 2
final concemtafipneiodlynivinarddhendhoincd batibhicanayshe bomtiD8d dod@minutdsrMedia may be
asplra{;'%d fr{?]%nn?oac‘icfgcgyl%lrlls ggggnt’i alty maintain or improve affinity of the antibody. For exampie, the

antibody variant of interest may have from about one to about seven or about five amino acid

substitutions in the above variable heavy CDR sequences. Such antibody variants may be

prepared by affinity maturation, e.g., as described below. The most preferred humanized

antibody comprises the variabie heavy amino acid sequence in SEQ ID NO:4.
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WO 2009/099829PCT/US2009/032220 5 reactions may be stopped by the addition of 100 pA of SDS
sample buffer (5% SDS, 25 mM DTT, and 25 mM Tris-HCI, pH 6.8). Each sample (25 pl) may be
electrophores®& ¥ #*¥¥ 94 gradient gel (Novex) and then electrophorétit &g tPal&tétred to
polyvinylidene difluoride membrane. Antiphosphotyrosine (at | pg/m1) immunoblots may be developed,
and the intensity of the predominant reactive band at Mr -180,000 may be quantified by 10reflectance
densitometry. The antibody.selected will preferably significantly inhibit HRG stimulation of p180
tyrosine?phospho(?:'31/%?(?tt|k3)r¥|]f1 ?g{lg%oﬁ%%%g‘%%f 8%,2{}3%’}% t k?lse a%%%ﬁ%k (I)nscélJ-[:é\r:%-‘:‘E p‘(g)ertl%réméﬁ?%e for inhibition

of HRG stinfesitienfobPRBY HFosiné BRIBIHIMRASIX Jet&Tmihed By ipanielerablzd s hsitometry may

be preparediand.an.|tir0far the anibadyef interest may.bamsaleriaieshdo-angermpediment, the
antibody whicr?sclcgploc?(sgﬁandr a'ctivationc?gofra I?iER recep‘t%r wiII_havSe an ,IE:SO for inhibiting FIRG

stimulation 6¥p28B Nfokine BB ARERN AR B19sh el b v ANBYGESThRisE RS Bore preferably |
OnM or lessrWhig fhesaaitb oyt $anaantib acybldignapnésiusivaspaifcamfragment, the 1C50 for

inhibiting HRG stimulatiopn. of p180 tyrosine phospharylation in this assay may,.far example, be about
0O e T b Ry O St e A AR R B cfecte of
the antibodyormmAAUBLL 75 e lstibogy eBeertiaiyaddexidhivedinSepibefarsiay Oncogene

15:1385-1394£ 1334 oMCRAIHMALOHS AR3eMMMMB (B caliomay Heatsdwith.aHER2
monoclonal antibodéé (lopg/mlr#i{or 4 days and stained with crystal violet. Incubation with a HER2

antibody majEEHORR S GHSRAR BB R TR AR RFFEEHh I A B P IsHRR 8%y monoclonal
25antibody 2C#sdrivadueiber ambhacimesftnexogenousdHitBodiltaapsignificantlybrevghise this inhibition.

Prefer Ely, the antibgd%éwill be gg%? I c,;?it cell proliferation of MDA-MB- 175 cells to a greater
amino actd sCuence 1n N . .
extent than Monociona antlcbody 4 and optionally to a greater extent than monoclonal antibody

7F3), both in the pFésermsenbindizssenebofaiagbrous Gt THePbeNkeh ke HER2 antibody
of interest mayrlogk hisseaulit: depsnds ot SR ERsocatiomet HER2 Mk RS # PRtkMCF7 and

SK-BR-3 cells as determined in a coimmunoprecipitation experiment such as that described in

W001/00248"E5BLY A7 6 DNPARAE SRERDeRSh ST OSSR A B 8B 84t Bratitably substantially
more effectiyelysthansmenotin@imniotiynd E3ref st esitify. grawtatambitan: HERZ antibodies, one

sl SR R e el MShAYB i 12 one

murine 2C4 or intact variant 574 (e.g. from about two or about four fold, to about 100 fold
or about 1000 fold improved affinity, e.g. as assessed using a HERZ2-extracellular domain
(ECD) ELISA) . Exempiary variable heavy CDR residues for substitution include H28, H30,
H34, H35, H64, H96, H99, or combinations of two or more {e.g. two, three, four, five, six,

25  or seven of thess residues). Examples of variable light CDR residues for alteration include
L28, 150, .33, L36, L91, 192, 1.93, L94, 196, L.97 or combinations of two or more (e.g. two
to three, four, five or up to about ten of these residues).

Various forms of the humanized antibody or affinity matured antibody are

conterplated. For example, the humanized antibody or affinity matured antibody may be an

30 antibody fragment, such as a Fab, which is optionally conjugated with one or more cytotoxic
agent(s) in order to generate an immunoconjugate. Alfernatively, the humanized antibody or

affinity matured antibody may be an intact antibody, such as an intact IgG1i antibody.
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5growth inhibitory antibody of choice is able to inhibit growth of SK-BR-3 cells in cell culture by about
20-100% and preferably by about 50-100% at an antibody concentration of about 0.5 to 30 jig/ml. To
identify such zi?fﬁﬁ?)oa{%%?t%e SK-BR-3 assay described in U.S. Patent NB?%’WTWZ@% be perfooned.
According to this assay, SK-BR-3 cells are grown in a 1:1 mixture of F12 and DMEM medium
supplemented with 10% fetal bovine serum, 10glutamine and penicillin streptomycin. The SK-BR-3
cells arg plated athI.s),O cells | g},)g;Smm cell culture dish (2m1s/35mm dish). 0.5 to 30 pg/ml of the

HER2 antibody is adde 16’3?” ish. After six days, the number of cells, compared to untreated cells are

counted using an‘sieatibfieCOYILTRRTies| es AT PSS AfssarsEsAh e FEBMGrowth of the

SK- BR-3 cglis iy, abQuit12Qs 1% or Aot SQnkO0% Mayibe aglected asigreyh inhibitory
15antibodies. Sec US Pat No. 5,677,171 for assays for screening for growth igﬁibitory antibodies, such

as 4D5 and BB ROSRRG FSP ARRERIES AR S BtE A8 B alinexin binding assay
using BT47zhéeiisdssavatabigoflia Brbdudiael|Sare supiar &t aridsetdadbid dishies as discussed in the
preceding araroh\ ; eim,iih emoved and.repl H't resh lum alone or
mediu(iirrl%r| CO%%%I’]II%J ﬁ)gg?mg% S?t eedxr%c%{ﬁ%%}%n?gﬁtl %)%%EE%% oﬁlﬁ%\% ?é?e% %ﬁé%l%?]%%gggon period,
monolayersere-Wrsshedniviti PBS! ke WetplsHaahs tpppdipndagoe L ealiDegs rifsHcEentrifuged,
resuspendeginfadthbinging Luffamnand-alissiatedintedubes, as discusseshabavaforitae cell death

assay. Tubes then receive labeled aimexin (ei_g. annexin V-FTIC) agpg/ml . Samples may be analyzed

using a FAGSCRRITI HioR B LN SER T PRES EIR VERRIFPERIRSuSSE sbRware (Becton
Dickinson).Jihbseianrtibodies:whichdngduse: statistioally sigpificankibvels ef d@nnexinebinding relative to

contro re selecieda9 ARGMIGSISNAAINY ANIDes | SN 05 e ing assay. a DNA

staining assay using 1 celis’is availablé. In order to pérfomi this’assay, BT474 cells which have
been treatetlawifitHetahtibtdy 6 mtbPestd¥ described in the preceding two 30 paragraphs are

incubated with StiginghHOEE BS T 333421 A At Ght-then Analyes:an. e EPICS ELITE."™ flow
cytometer (Coulter Corporation) using MODFIT LTrm softwarﬁ (Verity Software House). Antibodies

which indud&3eheig tRIhE BERKEA IR DAt Gt CEME W& 151 SP 5t (and preferably 3
fold or greatemthancbntieatsshealisy (o it :00tcapapiatitonelisinmayibel selected as pro-apoptotic
antiboglies using this, assay. ee V\{l n 0 9 2 P &/,r g 03: W0 797 for assays for
screer?iélg f%?cg(%fjitglg ?e%l\slv%f?ﬁ ﬂ%‘&u& %{5%%@%@%%%% asy?(%lg) %#&%F?ﬁg %y\'?%%gé%gen for antibodies
which bind Tgiph @pitopecet HERR 586 ababyiarcartibbicopmaerestchadfiAecibsstblocking assay

such as thagidaseribadinAntibadissiyAlaharatahnMantal o Geld BRERaHkiarbged.akoratory, Ed Harlow
and David Lane (1988), can be 10 performed to assess whethghr_c;the antibody cross-blocks binding of

an antibody ™ &TER'AE PEUCK PUATS AN T HER D W SPREAYELS PBFSEIRRRay S pe mapping can
be performedstyyameth tasticnevyopritiie afttenaditoon eleanrssttalysthetantiffaddyskER 2 structure (Franklin

etal. Ganoey Gelh ot it 20RAI0 dge whapldemalniolel HER i Aoupdy the antibody.
15Immunocon|ug§tes '? e Invention afs pertains to Immuhoconjugates comprising an antibody

conjugated RERECRDROKIE Bryetht Bliedy disrdessaristhetapecdia ayammokfarmesty: Bl molecule toxin
or an enzymatically.agtivedigxith ot basteriak fungal pantor animak erigininelidingfragments and/or

variants thereaf), or a radioactive isotope (i.e., a radioconjugate). 20Chemotherapeutic agents useful
in the genefHISAof SUER ThiHHNbCSTIGAA b -gehe scemeni cin b used for phiie

display. Clackson ef af., Nature, 352:624-628 (1991) isolated a diverse array of anti-

30  oxazolone antibodies from a small random combinatorial library of V genes derived from the
spieens of immunized mice. A repertoire of V genes from unimmunized human donors can
be constructed and antibodies to a diverse array of antigens (including self-antigens) can be
isolated essentially following the techniques described by Marks et af., J. Mol. Biol.
222:581-597 (1991}, or Griffith ef al., EMBO J. 12:725-734 (1993). Sce, also, U.S. Patent

35 Nos. 5,565,332 and 5,573,905.
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been described above. Conjugates of an antibody and one or more small molecule toxins, such as a
calicheamicin, a maytansine (U.S. Patent No. 5,208,020), a trichothene, and CC1065 are also
contemplated%@@ﬁ%?“ﬁ%sa%e preferred embodiment of the invention, the%ﬂ%ﬁ?’f?%ﬁjugated to one
or 25 more maytansine molecules (e.g. about 1 to about 10 maytansinc molecules per antibody
molecule). Maytansine may, for example, be converted to May-SS-Me which may be reduced to

May SHS and reagied wilasifed anUbed.(chey eio) Cancer fessad) i, 127131 (1992) t0
generaté a maytansinoid-antibody Immunoconjugate. Another immunoconjugate of interest comprises
a HER2 antitsehyscotiigalendd.64b236br more calicheamicin molecules. The calicheamicin family of

antibiotics are capghie.phesluginssdauilestranded DNARLgaks atsubpicamalaicaacentrations.
Structural analogues of calicheamicin which may be used include, but are not limited to, yll, a23, a31,

Nacetyl-y11! BEAE MY BLGI MR regy el Résearch 53: 3336-3342 (1993) and Lode et al.
Cancer Research 53: 2925:2928(1828})). See, also, US Patent Nos. 5,714,586, 355,712,374;

5.264,586; and 5,773,00 ressly incorparated herein by referenc @] ‘
2000100b820P T U0 D0 A eay e i S i can be
used includd dipheheltia theshahgmspibiatgideractves rmjrnetissdafcdiohwlanadominbasietoxin A chain

(from PseudoumaonasagiHginesa). lisinAchainaAbikAsh ain, medacainhshaing alpha-sarcin,
Aleurites fordiiéjroteins, dianthinlproteins, Phytolaca americana proteins (PAPI, PAPII, and PAP-S),

momordica EHArATMY HNIBRBE dirdretotm. Sapadhatid SHeTsabeiHBERIF RN “mitogellin,
restrictocin, pberetieint enoryeibiand ihe thitotiFecenasSele; dotilexds e MiR:83/21232 published

Octobe, 28,1993, ¢ The prasent invenfon furher sonimplates nmmunaagiugate formed
between an anti odry an a_comﬁé’un%lewn nucleolytic activity (e.g a ribohuclease or a DNA
endonucleadesutsasibd dosghibernrcieaseoDR ané)akbhapaily ofvpldibactiveniEeiipes are available

for the produgtion.f regieronivgsied kR nibrdies; ExanplesBriude AmBmd319 /1259 y909
Rel869 R&88, sm1539 Bi2129 p32 and radioactive isotopes of Lu Conjugates of the antibody and

cytotox ¢ agBRE Yy B AHETBRING 4 Daraly 6f SiftreHBHarRORBO BpIG EYLHIS such as
N-succinimidyisS(2mytisiisithighqarenendte 20 (S Bhitjssu edintmigdybén( - rhalkitiid omethyl)
et T et i e pae i s R L PR SR e e dimethy
glutareldehyd&)v biSca2do Compbunds. ek ds-15is (pR2idobéns KaecheXanddfdrmitc) ts-diazonium
derivatives (gl GSRisniidias QR mhenzoy LigibylensdianinglLgiisacyanaigs,(such as tolyene 2,6-
5,641,870 for example. Such linear antibody fragments may be monospecific or bispecific.
(v) RBispecific antibodies
25 Bispecific antibodies are antibodics that have binding specificities for at ieast two
different epitopes. Exemplary bispecific antibodies may bind to two different epitopes of
the HER?2 protein. Other such antibodics may combine a HER2 binding site with binding
site(s) for EGFR, HER3 and/or HER4. Alternatively, a HER2 arm may be combined with an
arm which binds to a triggering molecule on a leukocyte such as a T-cell receptor molecule
30 (e.g. CD2 or CD3), or Fe receptors for IgG (FeyR), such as FeyRI (CDé64), FeyRIT(CD32)
and FeyRII (CD16) so as to focus celluiar defense mechanisms to the HER 2-expressing cell.
Bispecific antibodies may also be used to localize cytotoxic agents to cells which express
HERZ2. These antibodies possess a HER2-binding arm and an arm which binds the cytotoxic

agent (e.g. saporin, anti-interferon-a, vinca alkaloid, ricin A chain, methotrexate or
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25diisocyanate), and his-active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For
example, a ricin immunotoxin can be prepared as described in Vitetta et al. Science 238: 1098 (1987).
Carbon-14-1aB&e1%88%iocyanatobenzy1-3-methyldiethylene triamindpentaaceticatid (MX-DTPA) is
an exemplary chelating agent for conjugation of radionucleotide to the antibody. See W094/11026.
The linker may be a "cleavable linker" 30facilitating release of the cytotoxic drug in the cell. For
example, an acid-labile linker, peptidase-sensitive link ' | linker or disulfide-containing linker
(Chari %ae:[ al’ 3%%1&!? ﬁ%tg gk;g; t%gf 593(‘115% ﬁ%%gggér%%%%g%%ﬁ%ﬂ dg%%ﬁtg%nati%%%ggal%gon protein
comprisingathid¢dE Rezmanils dely: A byrspesiccagehedisaly be made, e.g. by recombinant techniques or
peptide synthesisy g, 2009/008QR I LES2008(0322 3Mblnvstpnrthes embadigent, the antibody
may be conjugated to a "receptor” (such streptavidin) for utilizztion in,tumrg‘l%%%?}argeting wherein the
antibody-re%%%%&%&?ﬁﬂ@%é"i@%ﬂ iiStehad o thd Bl Aty v f unbound conjugate
from the cigplatibr:usingd® teasng iagedbanzktierUa] Manisthasidnsdf a3 ligactd? ¢e.g. avidin) which is
conjugated. to a cyt [ nt (e.q. a radi leqti F ihady modifications Other
modif?ceati(()]Hr%isSpc?iP %ﬁce%%ntl /O(%? g?égczogﬁte@g&%&l rﬁ%e?elt)?r%%or%@g%éﬁ?ﬁg %%tibody may be linked to one
of a variety of nofdrinBeidnp bigpaefs, agopehsthyiere Giesrt pbriprepsliene glycol,
polyoxyalkyleRgs: A £IR0¥mel sigfealysthviona alyslandipalypreerne aiyesol. The antibody also

may be entrapped in microcapsules prepared, for 15example, by co cer\é lon techniques or by
interfacial PBNHHOE LR v et Oar R T NT S SF laY Bt apsules and
poly-(methyhuetharylats) srieracapsules;, BASHECHIENY), 9B DolRicakednfithe elhdery systems (for example,
liposomes, albumin microsphe microemulsions, nangzparticles and nanacapsules), or in
macroft[:‘gmufissls'oorr%sn.1 %bgﬁrtré% ni Eﬁgghgrlkéwd\irgé odssré nfr‘ii hF?eFﬁing%%n%'s Pﬁrrr@c?éutical%ciences, 2016th

edition, OslofuccEchoiho8Dnixtura phifyiifiraesipabhe tonmieaiks taevdntberly Gt thoention with

respect to effector finGHeR: 8. HrSOrsiie.a0NaNee antidgenmdenandenticelvnediaigd syotoxicity (ADCC)
and/or complement dependent c%tothicity (CDC) of the antibody., This Z\Qﬁa%/ﬁp acz%eﬂ\‘/fd by
tihody’.

introducing®SHE S FHSPAIATHIRY SERT <8 BEIRUSERRICEN FE4EY P B1thee &natively or
additionallyyeysteiaecare sigtieds) imasobs irosluced T thedokeragidn AErey @ldYiHgoFerchain
disulfigﬁ bo(gggf%rmation in this region. The homodimeric antibody thus generated may have improved
internalization” capability and/or increased complement-mediated cell killing and antibody-dependent
cellular cytotoxicityaDBLY SéifTaicnrseat; MpggyMeRrémiy: wibdg 159 and Shopes, B.

Imtnunol. 143:R21 829221994 0-Henadimsaricanikodiesinidie thanesdBatintumor activity may
also be prepare using,heterobifunctional__cross-linkefrs as described in Wcﬁff et al. Cancer Research
53:2560- 2585 UG ARSFARGEy, LA WHNOB UG ERRIBE SAGinR SPEH ORI R HA LM ¥ regions and
may therebyohawe enhancednpashplement pysisfahd iDE CHapabiliiéscPes Stevendsancdt al.

el B L L8 0 OB T A w0020

chain binding, present in at least one of the fusions. DNAs encoding the immunoglobulin
heavy chain fusions and, if desired, the immunoglobulin fight chain, are inserted into
separate expression vectors, and are co-transfected into a suitable host organism. This
provides for great flexibility in adjusting the mutual proportions of the three polypeptide

30 fragments in embodiments when unequal ratios of the three polypeptide chains used in the
construction provide the optimum yields. It is, however, possible to insert the coding
sequences for two or all three polypeptide chains in one expression vector when the
expression of at least two polypeptide chains in equal ratios results in high yields or when

the ratios are of no particular significance.
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presence of human effector cells, where the antibodies comprise amino acid substitutions in the Fc
region thereof Preferably, the antibody with improved ADCC comprises substitutions at positions 298,
333, and/or 3@’@3??W89§é9region. Preferably the altered Fc region is a hﬂ?ﬁﬁmﬂ)@?ﬁé‘)region
comprising or consisting of substitutions at one, two or 10three of these positions. Antibodies with
altered Clq binding and/or complement dependent cytotoxicity (CDC) are described in W099/51642,

US Patent No. 6,194,551.13 ,U%‘ Pate t%l ) 242a 9§[§ US ﬁe@te%N{p 6&%% t%%‘@dl and US Patent
No. 6.598,124 (4t e e e o B G B e R o more of
amino acid pbshidnd 18Ry staliziea3thapp it #IrgIzndnd/GPBIL- B e rdgidf thereof. To

increase the, serum-halbligefithe,antikasy. e May R erRANaIga salvansd@geptor binding epitope
into the antibody_(especially an antibody fragment) as described in US Patent 5,739,277, for example.

As used her@Ff HHE e AL BEIP BIf AL D ADFER R PE 1S SR '8BH% BFthe Fe region of an
lgG moleculerfediod 9Ghd g&2:d @R ot 20 gab)tidatds: esponsibiefordgotedsicigihe in vivo serum

half-life of the 19G molecule. Antibodies with substitutions in.ap Fe regjon the nd increased serum
Pl ived ar e B A 0 T R SO 8L At thres or more

(preferably fosny<idiacronalantiytdeoieidiftysite gy bsarstieontd mp et S AppscN .
U52002/0004087: Ahclilletehatnk: dodkiteHERZ.antibrdiesdisalos@d:Rarain mawalso be foimulated as

immunoliposomes. Liposomes containing the antibody are prepared by methods known in the art,

such as destHBSdA e eI BIEENRE A EY. UsA, 82:3688 (1985): Hwang et al., Proc.
Nail Acad. Sci. US¥cddidQ B300b880 yphtdBciRakchlng. i4 U85 R4oand 4,544,621 5handW¥Q97/38731

p“b”sgx‘%d Ogt%?%% %3a'%%?Zﬂt{‘bi?c?sgmgz%l\é\gtgag%Q%}Qg%ggegé%glat'ig{%ngzrg %@%&%i clgsed in U.S. Patent
No. 5,013,556, Particularly useful liposomes can be generated by the reverse phase evaporation

method witHeidipiieamposhion icompriimpplreaphiatehteh siiecchbtastérotdiir PEG derivatized
phosphatidylgthanelaming (REGsPE) d-iPesamesraremibdded tuaughhfiters afidefingd pore size to

yield liposomes with the desired diameter, Fab' fragments of the WO

2009/0998 2B ETRIEIFHY 859758 S 5B Uy e 5o Rt SR e e 85y 4ted to the
liposomes asdestribedi Mastinidt dhids Bigl ry@hemo2bdit 286388 (h98Rpvig & disiidd interchange
reactiop, A chemthera%

) utic_ agent is optiona IX.C, tained w'thiqk;[he li SOm . See Gabizon et
Nation ) G L) A0 LN e e ovmutations
of the compasitiofisrotitselpbesemeding ko rrame prsbade drorsioageay Piiig gheladmposition with

optional phagmaceuticallyaceerialle satrieisnasciriantieQ  siahilizers (Remingiens/Eharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the faint of lyophilized formulations or aqueous

solutions. ACHEpEABIERESf ?f%@lﬁtﬁi%{’s?%’rogﬂﬁmf@rs are nontoxic to recipients at the dosages and
concentrations 15&mpdoyiedsansinciudelbuerdistdvathplaosphate;itratydnd Biher organic acids;

25 example, one of the antibodies in the heteroconjugate can be coupled to avidin, the other to
biotin. Such antibodies have, for example, been proposed to target immune system cells to
unwanted cells (U.S. Patent No. 4,676,980), and for treatment of HIV infection (WO
91/00360, WO 92/200373, and EP 03089). Heteroconjugate antibodies may be made using
any convenient cross-linking methods, Suitable cross-linking agents are well known in the

30  art, and are disclosed in U.S. Patent No. 4,676,980, along with a number of cross-linking
techmgues.

Techniques for generating bispecific antibodies from antibody fragments have also
been described in the literature. For example, bispecific antibodies can be prepared using
chemical linkage. Brennan ef al., Science, 229: 81 (1985) describe a procedure wherein

35  intact antibodies are proteoiytically cleaved to generate F(ab’); fragments. These fragments

45



antioxidants including ascorbic acid and methionine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol,
butyl or benz;W {ae afs]d gﬁ'(yl parabens such as methyl or propyl parabeﬁ%ﬁ%@%?%gorcinol;
cyclohexanol; 3-pentanol; and m-cresol); low 20 molecular weight (less than about 10 residues)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such
as polyyinylpyirgldane; aming.acide:eLai s glvsiaendtamine, Asparadine. sidinc, arginine, or
lysine; monosaccharides, disaccharidcs, and other ca ydrates including glucose, mannose, or
dextrins; chétinihditipntsderskcasiEpmacadyatsudiidhfegnstierostierhanfitemaréhalose or 25sorbitol;

salt-forming GRUME LHOMSSHER A& SRAIEN HBSIRLERAMPIaXP&-LR-41 - PrRtsImeamplexes); and/or
non-ionic surfactants such as TWEENTmM, PLURONICSTM or polyethylene glycol (PEG). Lyophilized

HER2 antifisay#51minerscars gl &itfed 1 Wie' 8776 ARTGTSRIBIRFEPLS fShiulations for the
present compaesitidn areq@eschbeddmuUS 200060885 TBIE3E:Hvetfarmitatiahe tésgiciimay also contain

more than %‘:‘ﬁogi%“V?h%%ﬁ}‘ﬁ%‘fﬁl:‘?'a&%‘%%?ﬁ%%@éé@E&E%&%&t&%‘é’%%ei&g igation. heipg. treated, preferably

those with comple :me.nta activities that do not adversely affect each other. For example, it may be
desirable tofarehBizpiovidfermuodies which bind to EGFR, HER2 (e.g. an antibody which binds a

different epitopc e dd&BaL-HERS aldEREd HvasculatRpdathelialdactas MEGRhin:theone

35formulation, Alternatively, qr additionally, the composition may further comprise a

5chemothel AP i 3@%&9&&8&&@%&&%}&?&%%,Ig?amﬁdfﬁ%ib%’f&&%}?%ﬁfe%,-éﬁﬁfh%%m agent,
EGFR-targetsddmizp sanfisandiegdnitagertctinosindgitinhsadnhikiidspantiéan gasdydiadbectant Such
molecyles are syliably present, . cambinalign n amennta har s <flecliveox ihg pumose intended.
The active ingredients may also be entrap ed in microcapsules prepared, for 18examp e, by
coacervaticheeethigueiansibyimerfasialsdlipnretizanohodor Examplecihyarbhydmiétay| cellulose or

gelatin-micigeRRSHIR ARG BQMT@Q@Q@Y&@E@&QF@&@@@XH@i@m@q@%éﬁlﬁfna&%ﬁﬂﬁﬁﬁvﬁlﬂmdﬂ tolloidal drug
delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-particles and

nanocapsufS8s-@F I MEdFFETIISIORS 28TER fRREuBLoAra'y SRR T BEMHYBAs Pharmaceutical
Sciences 1bikathneddiaagédsol, A. Ed. (1980). Sustained-release preparations may be prepared.

el e R e Gl S G T
hydrophobic polymers contalr%ng the antibo , W ich matrices are in the form of shaped articles, e.g.

films, or miioeapsuibsamathpiberobsustiinkdy Sfeadeddnicesnntiubiersefestabedisydrogels (for

20exampley, pRly(2shyskpaetivlk methachylaie) ryskalyornylalophnhh polylactides (44.5. Pat. No.
3,773,919), c%glolymers of L-glutamic acid and y ethyl-L -glutamate, non-degradable ethylene-vinyl

acetate, defradable AR SRR RIS BIPolyhEs M PR THETUBRONHEASTTm (injectable
microsphergsréamposedidfdectienadisiighisolimatideo pilymeibadd lewpridhides acetate), and

poly- DZ‘EF‘:’."P@%QEQ&‘ bytyie acid, %E%T%;e formuiations fg e ussd o1 4, vive, admipistigtion must be
sterile. This Is reaglly accgmp(ﬁj’s%eg ﬁltratlon tﬁrougth sterile filtration membranes.
heterodimers. This method can aiso be utilized for the production of antibody homodimers.
The "diabody" icchnology described by Hollinger ef al., Proc. Natl. Acad. Sci. USA,
90:6444-6448 (1993} has provided an alternative mechanism for making bispecific antibody
fragments. The fragments comprise a heavy-chain variable domain (Vy) connected to a
30  light-chain variable domain (V1) by a linker which is too short to allow pairing between the
two domains on the same chain. Accordingly, the Vy and V1 domains of one fragment are
forced to pair with the complementary V; and Vy domains of another fragment, thereby
forming two antigen-binding sites. Another strategy for making bispecific antibody
fragments by the use of single-chain Fv (sFv) dimers has also been reported. See Gruber ef
35 al, J. Immunol., 152:5368 (1994).
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V.Treatment with the HER2 Antibody Composition It is contemplated that, according to the present
invention, the HER2 antibody may be used to treat cancer. The cancer will generally be HER2
positive, suchZ I HER2 30antibody herein is able to bind to the caﬁ%@’gééq?gfﬁi’ Bhe embodiment,
the cancer expresses low FfER3 (e.g. ovarian cancer) or has elevated HERITIERS3 ratio (e.g. ovarian
cancer). Various cancers that can be treated with the composition are listed in the definitions section
above. Preferred cancers to he treated herein | , ekl ' E1C Rositive WO
2009/099829PCT/US ‘6%@5’3%%%%&5‘3‘?&%@ﬁ?g&*ﬁﬁﬁ%ﬁ’ ignﬂgbr%l ?r%%%ﬁ%vﬁﬂ%@[%zumab and a
taxoid such s ergéssteseehe ararveludineneoddjuvarttnérapy @PHreast cancer; ovarian cancer
(including both platipumggsistantandRlatinyrmsengitiveRvarian cancer) (see US2006/0013819, for
example); lung cancer (including non small cell lung cancer, NSCLC), option (ljl\y in combination with an
EGER inhibitor (s@én@%%gﬁbﬁ?%idfg?aéyﬁ%?%%&%}?g&%b@ o 81&2.6? ¥ #"dfSo contemplated
that the HERAamihbody Fuayepiseddatieatcrations hoprovahghantdiséasesiod/disoireers, such as
autolrpung dsesiSa.ReoriRsial: endonsiiionlal aelRiadema R0 AR RANRSUCh as colon

polyps, nasal polyps or gastrointestinal polyps; fibroadenoma; respiratory disease; cholecystitis;
neurofibronratosipepsE yetrdkidrespaiceride nrdladirs stongdisuases HiT arsdrdsryiiefuding psoriasis

and dermatifigy viassulaskedisaase; coprlitionsrinyehdngabnasmakpraliferatinnsafomscular epithelial
cells; gastrointestinal ulcers; Menetrier's disease, secreting adenomas or protein loss syndrome; renal

disorders; affiiGGERRE BRI PALSE TR SRS O s TS N PP AOSETHAF G &tion, presumed
ocular histopiBRmasisegyndigmemtetinmhnd dvason) drsizaivonddro sutproliferativeadéabeticveatinopathy,

retinal yascylarization, diabelic eUonalive.of agedrlaled 20 macklardegeneralian bone associated
_ «Jlapstis ethonal CRRIAed 2 cgeneralan:

pathologies such as osteoarthritis, rickets and osteoporosis; damage % owing a cerebral ischemic
event; fibrotichepatherpisl dhoagesedssuety akchepaticuslehosisoieasesipbie Hedké smbed): throiditis,

hyperviscos;%§){pg{%ggsﬁq§tﬁm;g@rg§%§ﬁ%gg@@Mﬂﬁ@i@g@ge, chronic occlusive pulmonary
disease, or edema following bums, traurﬁa, radiation, stroke, hypoxja ozﬁi%lf{[é%? hypersensitivity
tt iltain:

reaction of the skif: PEHHBEHRT Mg HUHSLACA RBRHE HLBI P TR E re syndrome; graft
versus host diseasetbr transplanidrejeciian f&? agetistise asejlbo rd-oinosotrinitgmmation; photoaging
(e.g. caysed by UV radiation of humap. skin). beni static h tr; neertajpsmicrobial infections
includi%J milélr%%‘i’glll%gth%épé??]cs%{éﬁéﬁ@ed%%%gﬁeﬁ%@/i‘?{%@? gr%!g\%%%ég,}%ggr?%é%a?gggrgdorferi, Yersinia
spp. and BorHeteliEpérnsssisuthed rlsas edise drbyipafee{ag grbyatbrrssore prddtictive conditions
such as endag@ikiosiSRVAHRMYRRISIMY AR SYRHOMR R ERsIRMPSIA: tysiwstional uterine

bleeding, or menometrorrhagia; synovitis; agleroma; acute and chronic nephrop thiﬁ%(including

proliferative RO SHRBHIRRS HATUSH A f’lﬁdﬁ.}}gélaeféﬁﬁi“o‘?éde%%&ﬁ‘?l%%ﬁa% pefraphic scar
formation; eaditaxidisioackanddidigalinie diannfaniliafadeneinatesisifyotyihosidstietirosedenerative

diseases (€.g. Azheimer 5 3RARGRRE RSP ILAIS dementa: RRHISR 3iRRaARRAMYOtrophic
lateral sclerosis, retinitis
Thus, while the site for introducing an amino acid sequence variation is predetermined, the
nature of the mutation per se need not be predetermined. For cxample, to analyze the
performance of a mutation at a given site, ala scanming or random mutagenesis is conducted
at the target codon or region and the expressed HERZ antibody variants are screened for the
30 desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
ranging in length from one residue to polypeptides containing a hundred or more residues, as
well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include a HER2 antibody with an N-terminal methionyl residue or the

35  antibody fused to a cytotoxic polypeptide. Other insertional variants of the HER2 antibody
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WO 2009/099829PCT/US2009/032220 5pigmentosa, spinal muscular atrophy and cerebellar
degeneration); myelodysplastic syndromes; aplastic anemia; ischemic injury; fibrosis of the lung,
kidney or liver¥?-t&¥tiéthated hypersensitivity disease; infantile hypertféghic 36 enosis; urinary
obstructive syndrome; psoriatic arthritis; and Hasimoto's thyroiditis. Preferred non-malignant
indications for therapy herein include psoriasis, endometriosis, scleroderma, vascular disease (e.g.
L0restenosts, Ao 0 CIe RSIs. Com %é&‘?‘ﬁf&tg's‘?%%%g% (enSiomsolon polyps, fibroadenoma
or respiratory diseass (6 g. asthma, chronic bronchits, bronchieactasis rcysﬁc ﬁg‘ross).

Treatment with theARER2 enttibdehyemidieresish incarrienprosemehtlinithe Sirsbbaiymptoms of disease.
For instance, whetg {he: disease.heing freated ik raneelinsieh grapy Lanayrestitin,an improvement

in survival (overall sur_viv%?and[or progression free survival) and/or may result in an objective clinical
response (é%ﬁ’iﬁ%?”@%b‘?é’té sidue iptherbiER Ao YRt FGRPIA thé EoFiputRfradministered is
a naked antihogysdpweresr, treckl EiR 2uantthoshs pdmipisterednonai: e eonjtgatet vwithhas cytotoxic
agen, Preferabiy. e ipmupoconiugats andior HERZ protain ip which s boynd xiare 20 internalized
by the cell, Tesu ing in increased. erapeutic eﬁicacy of the |mmunoconjugatse i Kil Ing the cancer cell
to which it bindkodm & Fiebterreddentivotisdegto fHiproytotdxidsigamntirdetscrsitgifidres with nucleic acid
in the cancer el EXmRlGSAfiseh Aol A0rnisndude eavaRsinRis. alicheamicins.

ribonucleascs and DNA endonucleascs. The HERZ2 antibody is administered to a human patient in
accord with RESWHDSHsHGS0ES stichrble ihgaieiiphe darmbrteaoon RreferaeaBamEodr by continuous
infusion ovetia pewed efiraestyibipmd seuesdibtyapesianeal, intracerobrospinal, subcutaneous,
intraarticular, intrasynovial, intrathecal, oral, topical, or inhalation routes. Intravenous administration of
antibody composition is prefered. For the prevention or treatment of disease, the appropriate dosage
of HER2 antibody 30will depend on the type of dligase to be treated, as defined above, the severity
and course of \jl”@lggmse, whether the HER2 antikadiis,administered fqr prevegive or| therapeutic
purposes, previgusidirerapy, the patient's clinicahhyséoisi@ird response to theybiiirgiastibody, and the

discretion of thegitending physigigay, The ER2 antibody is suitably admimisgered to the;patient at one
time or over a seriesoftreatme el mehingon-thetypeand-severity © edisease, about 1
pg/kg to 50 mg nS\ of E ?3?7 antibody is an initial \WO ys

2009/099829P 495 Eimdidatéodage for administratior| #8the patient,|whether, for
example, by oneg mere separafemedministrations, or by continuous infugign: In one enfbodiment, the

initial infusion t lﬁcgf theHER2 cgltij.) ﬁily may betongertham bubbuqut‘lM‘, for instance
approximately 8 'yr‘n'nPn‘pq far the nitia infusion and approximately 30 mi ¢ pquent
infusions (if thq f@iiERinfusion is Wintéf&rated). The preferred dosage of {H&10 HER2 antibody will be
in the range frgraialpeut 0.05mg/kg ¢e. awout 10mg/kg. Thus, one or more |deges of about 0.5mg/kg,

2.0mg/kg, 4.0m%§&;l_.1;§1 omyrky qr.any combiratiomthereof)y may be-adr I_iAlf.,biEIUd tothe patient. Such
doses may be administered ir'm:\rmliL ently e g every week or every three.weeks (e g.sijch that the

patient receivesHiofihbout two {cAaBdalsaRtire.g. about six doses of thABER? antibpdy). An initial

higher loading pese) Leu; Val; Met: Ala; Leu

Phe; Norleucine

Leu (L) Norleucine; e, Val; Ile
Met; Ala; Phe

Lys (K) Arg; Gln; Asn Arg

Met (M) Leu; Phe; Hle Leu

Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr

Pro (P) Ala Ala

Ser (8) Thr Thr
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15 followed by one or more lower doses may be administered. In one embodiment, the HER2 antibody
is administered as a Loading dose of approximately 840 mg followed by approximately 420 mg
administered gﬁ)p%%?(ﬁﬁ%y every 3 weeks. In another embodiment, the? Fl%pﬁgf"&?{?ﬁ% is
administered as a loading dose of approximately 1050mg followed by approximately 525mg
administered approximately every 3 weeks. 200ther therapeutic agents may be combined with the
HER2 antibody :l;ﬁxr\., combitred Qlfcli ||ggltl atton-ncludes—coadministratiorno é_;_Ul rettrent administration,
using separate farm gltions or a single pharmaceutical formulation, and consecutive administration in
either order, whefaitreferably thdie:iBha time period while both (or all) adthse agents simultaneously
exert their biolopicalggtivities. Thusythe,Qther: figrapeutic agent may be Z5agministerediprior to, or
following, administratior-of-the+ :r:hz nt_i" o hl_ﬂ‘iia embodimentthe-timingbetweer4t least one
administration cf?ﬁg(\c))éher therap v@?icfglé‘g(g?tg%eat least one administratior%eo the HERZ antibody is
preferably approximately | month ckllesérendmost preferably approximately 2 weeks or Jess.
Alternatively, the-other-therapeutic-agent-and-the HER2-antibody-are-administered-concdrrently to the

patient,in a Singleﬁ%&'ﬂ@ﬂ'@@é@&%ﬁ?@?ﬁ?&? ff%ﬁgé%g\t'q?fe rl%ggagp&lse?p%é %gl[etherapeutic agents that

o!
can be combined with the HERZ2 antibody include any one or more of: C emotherapeutic agent, such
as an anti-nitapolitded by, gEridizaphienagscbididremmi i ndbtibeiie (oY examipies a growth

inhibitory HEER2:aptiReey SUGE RsyhERsldH4mBEL Ok IEERSARLRECY Mg hinduses apoptosis of a
ITER2- 350verexpressing cell, such ag 7C2, 7E3 orghﬁi%%n'zed variants thereof); a second antibody 5

directed agAftist Sl tORSPELen Rt 8%5%?{ CEGER NG BRISHERYS Siffoimonal
compolihd, &1g. pa et adtrogenstmipound sichasstamoxifgonpriancardmatiaserihilitor; a
cardioprote reyve / Ce ocaydial.dysf ] Ssnciat I e therapy); a
cytokine; anq @ggé%{%%étgg%%%%u%%%%ﬁtgniil%lﬁé!g%ﬁh?ﬁ%?%%ﬁﬁfﬁgét?)%gvr{:g;’rgha?giogenic agent
(especially Bév&cizhmishisdsis By GerEridéhlinder the 10 trademark AVASTIN(r)); a tyrosine kinase

inhibitor; a COX inhifiter (6pr ingtangevaiCOXERQLE @X12 inbiiork-nen-sierordalantidnflammatory
drug, Celccoxib (CELEBREX(r)); famesyl tranzggra%e r{ir}hibitor or examegle, Tipifarnib/ZARNESTRA(r)
r

f
R115777 availablé SR S5HdH A SoRMS Zaﬁ%%scﬁ%é%% SATAsE A3
Schering-Plough);(anilididyAkyatihiréls Giicofetal protein CA 125 such as Oregovomab (MoAb B43.1.3);
HER2 15 vaccine .as t .yaecine from Pharmexia, or APC8024 protein vaccine from
Dendreon, or HER@?%%&%%%%@%@Q éy /Corixa); another HER targeting therapy (e.g.
trastuzumab, cetuRilisastigeifitnibr d R ERITISE s CWIn1BvEted IR emHprdrteddhhibitor (see, for
example, W 200@3/868464)n BextiiEepetecan; taxane; GW572016; TLK286; EMD-7200; a medicament
that treats nausea such as a serofonin antagonist, 20steroid, or benzodiazepine; a medicament that
prevents or treats |2iW%@P%?%igﬁﬂﬁ?ﬁ%cﬁ%e%ﬂ%égs?ﬁ%ﬁ%ing topical or oral antibiotic; a body
temperture-redudiigumedicaimeniisuClyasS@actigmismoplen, diphenhydramine, or meperidine;
hematopoietic gro%ﬁg?zﬁé‘?/&sﬁt%m Suitable dosages for any of the above coadministered agents are
those presently used and may be lowered due to the combined action (synergy) of the agent and
HER2 antibodly. (4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;

{6) aromatic: Trp, Tvr, Phe.

25
Non-conservative substitutions will entail cxchanging a member of one of these classes

for another class.
Any cysteine residue not involved in maintaining the proper conformation of the
HER?2 antibody alsc may be substituted, generally with serine, fo improve the oxidative

30 stability of the molecule and prevent aberrant crosshinking. Conversely, cysteine bond(s)
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25 Treatment with the combination of the HER2 antibody composition and other therapeutic agent may

result in a synergistic, or greater than additive, therapeutic benefit to th% g%tiggltégmni; a
chemotherap&ﬂi%‘}%@ﬂﬁ administered, it is usually administered at dosag[és nown ?herefor, or

optionally lowered due to combined action of the drugs or negative side effects albibutable to
administration of the chemotherapeutic agent. Preparation and dosing 30 schedules for such

chemotherapeutic nts;may.be used accarding {. ufactietsy InsiUGHaRs:0t as determined
empiricgallyrE?lyY '[Lﬁeeasﬁ%?etasglreaﬁlt?gﬁ}é?? I%Ir1 %gc&fziltil'gn gnl 0S sche(?ules for such ch%r%otherapy are also
described indivemitaerapyuseryiod Ed2gmed) Perry, Williams & Wilkins, Baltimore, MD (1992).

In addition to the ahoue-theraperticd agimessihepasiant iy he.svbiecteddasusgical 35removal of
cancer cells and/or radiation therapy. WO 2009/099%%63(5 T/IU 2009/0?3;?’{ 0 5VII. Deposit of

Materials T oFRERNHRI 5B AUGHAEER RS RLYL YeSositeE it the Afherican Type Culture
Collection, d80dy) nivessitlyy Bouleuia MeanassasicMAl 20182209 ldBAATC G)vAntibody

DesignationATCC No.Deposit Date 7C2ATCS - 7o S [ESATCC
HB-12 160005 ‘éﬁ%‘f’?ﬁ&%&%ﬁ’gﬁ%d%@g i%o?g?%@gg %ggg%%ﬁ@g%%éﬁ 2697April 8, 1999
Further detailssfahelrmoantibenareifesteanedting fefomRsiAELRE ARG PREPBIEY  The disclosures

of all citationg, iR, the §Bﬁ%¥i&%@%ﬂ&?. pesSiwineapReratedinerginbyioeieensesE XAMPLE 1 This
example describes the characterizatign of a compasition com%rtis,ingﬂémai%s ecies HER2 antibody
Ytherdof Pt

that binds & CBHIR PSCPRERE (ORUYE ATABS AP HBRRS FAFfs s

2Utabis a recombinant
humanizedimepecional astibpiycgrnerateddasdeomZtohuiivancigGi(nhefrapaeisioskes It comprises two

heavy.chains (448 r s_iduesg nd.two light.chains (214 residyes).. The-fyo.heavy hgi;as arc linked by
two ingrchgf%&dllbsﬁf%ce eg%”%é%%l fgot#t C t3a nis attached o a(?%ea{vy'chai%jth‘"‘r’ougb one interchain

disulfide. Thetenis zin fRefinkisereyfeo ditadirositalinctiare e §ibAer PErGIF IR Asn-299 of the two

heavy chaipg.Retiuzisnab differs fremdikR CHBTING (Tasiuzuiebhinthaepitereiainding 25
regions of the light chain (12 amino acid differe, ce%ggg the_hltieavg/ chain (30 amino acid differences).
As a result W?ﬁg’gélﬂiﬁg?@??@eﬁfnﬁéﬁﬁ%mﬁt&ﬁ&t BrHBIRREI ) EIRLFER S Bitope on the HER?2

receptor. Bindiriguoihpeiguifismab tothed] BR3Axecaptonon dumanidpitiliakoeiis lgrevents it from
formi%co@%eeﬁ(celgl \{(\gi%%é%zgg A QP)%EQPS L% u];é[ %? th'eEaﬁt{gecg—ea%tt%ody compiex to identify contact

points between the antibody and huma HER2. Such contact residues and neighboring

residues are candidates for substitution according to the techniques elaborated herein. Once

such variants are gencrated, 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

25 for further development.

Another type of amino acid variant of the antibody alters the original glycosylation
pattern of the antibody. By altering is meant deleting one or more carbohydrate moictics
found in the antibody, and/or adding one or more glycosylation sites that are not present in
the antibody.

30 Glycosylation of antibodies is typically either N-linked or O-linked. N-linked refers
to the attachment of the carbohydrate moiety fo the side chain of an asparagine residue. The
tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X 18 any amino
acid except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these

35  tripeptide sequences in a polypeptide creates a potentiat glycosylation site. O-linked
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family (Agus et aL, Cancer Cell 2:127-137 (2002)). By blocking complex foimation, 30 pertuzumab
prevents the growth-stimulatory effects of ligands for the complexes (e.q., EGF and heregulin). In vitro
experiments FrafEeratél that both pertuzumab and pertuzumab-Fab 'ﬁiﬁﬂ}g%m?ng of heregulin
(HRG) to MCF7 cells, and that the HRG-stimulated phosphorylation of the HER2-HER3 complex can
be inhibited by both pertuzumab and pertuzumab-Fab (Agus et al., Cancer Cell 2:127-137 (2002)). 35

Furthermore, in viyo. inhibition of tumar arowth by pertuzumab and a,palyethvlene alycol 5 derivatized
Fab of p:))ertLin{lcr%Fg)tl)ag\}\?grléquﬁ{r%dﬂ}[g%%%g%hnpgrgg%()ﬁl a Lréﬁl nhe ﬁrg‘ét%te cafncér%’(gnograﬁ model (Agus

et at, Cancer &gfisp:27hiBraoim) reihawet darmsugossrtat o recéiivndf the antibody is not

necessary fgydhe phikitiop ﬁﬁ}g{@g}f]}g;ﬁyﬁ{gﬁ@g meQregver, bivalency and Fe-mediated effector
functions are not required for in vivo or in vitro biological activity. 10In this example, the main peak of

pertuzumab was cOFEEREP TR ISR g TSt BREHEIBREGT A Lhiture media or
processed usifithgtandaitoaniibhedy-pey ificatinn opearatisnacAcidicadiibnibdorad-bpon incubation of

main peak with cell culture media components. Acidic variants of lbadies are modified
folins oii“‘(ithet(rj%e |Pefl§ £|’oerc3311 uctt 3&%?&%'%% gr)%lé%% ﬁ%ﬁ?&iEﬂggg)ﬁrg%%gngggr%%%%%%p@g lc@:%a?tion exchange
15chromatodjreagkifios gbtis sitfstanieesyirrireannran AoPEistb midtof addiecuarignts are often

observed pr&ptg@&@g%g{gg&gﬁg}g@jgg@@@%@@g&@m@u@nge to demonstrating product
comparability. Purification operations had little effect on formation of acidic variants. Variants identified

in the acidic variant RACHSFRIERIESAEIEET SN Varaine 4Ry e inda T aiG it etiuced variant,
sialylated variaet, andnraidedutilevanrninColiestively: 20the acldic dariantscveréfully potent.
Amonggt other tings, Ihe pUrRose:of 1his Study was 1o, Deder updersiang,ihe impagtof cell culture.
and recovery processes on pertuzuma% acidic variant ¥ormat|on, characterize the predominant acidic

variants of p@fPupials addPesrdubtethelimpaciotAeidicariatsos Pakmiesriietics (PK). 25Rat
pharmacokipgfic resuliaishew.thektbgmareanndanibeatvesiontns Aaidiciwaianhiragtion and main

peak fraction were equivalent to pertuzumab starting material (geometric mean ratios 0.96 and 0.95,

respectivelyjridiasatediifoqehbrene ihseaitrighedaienngatimntO e A iidaiRy different from the
main peak theyrfiave!eqidiva eatephssntaeiokis eliCs: avethad satisbResults 80:kiguire 10 depicts the

expenptal desir for soleon ot calon eXGnaNge MR (Naln,Peak) S0 AY. (Al Yariant). cel
culture, recg\/ery, and Re(phann&co inetics) evaluation and analytical testing. Fresh media =

standard meeiartapentARHRE stBpdbrtimSdiasdfee MO BAFRSH Bailchitane WO M removed by

centrifugatiqp aB,i@p&%ﬁ%ﬁfﬁyg@;ﬂi%M«:@QQMR@E@@J@B&%@&& Wekaaah eRNtollethn WRor
2009/099829PCT/US2009/032220 5 A. Isolation of Main Peak and Acidic @riants Charge variants of

pertuzumabWEPE SEPERAHBN LA LSRR BIONERBREB AC WERTHFRT 6 Echange (CEX)
column usingtibie:-falawing saniitiondiains of the Fe region are contemplated herein.

25 Nucleic acid molecules encoding amino acid sequence variants of the HER2 antibody
are prepared by a variety of methods known in the art. These methods include, but are not
limited to, isolation from a natural source (in the case of naturally occurring amino acid
sequence variants) or preparation by oligonucleotide-mediated (or site-directed)
mutagenesis, PCR mutagenesis, and cassette mutagenesis of an earlier prepared variant or a

30 non-variant version of the FIER2 antibody.

fvii)  Screening for antibodies with the desired properties

Technigues for generating antibodies have been described above. One may further
select antibodies with certain biological characteristics, as desired.

To identify an antibody which blocks ligand activation of a HER receptor, the ability

35  of the antibody to block HER lgand binding to cells expressing the HER receptor (e.g. in
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Buffer A: 20mM BisTris, pH 6.0 Buffer B: 20mM BisTris, 200mM NacCl, pH 6.0 10 Gradient: 0.5%
Buffer B delivered at 1.0 mL/min Column Temperature: 35C Detection: 280 run A typical
chromatograr?iV R R Figure 11. AV (acidic variant) and MP (maianCeTéﬁzﬁ'g@%%% were collected.
15Potency and monomer content were similar among the pertuzmab starting material, main peak, and
acidic variants (Figure 12). Purity of the main peak and acidic variant CEX fractions was acceptable for
pharmacokpgls: i difeReseran e PR ROTRYID. B SRXFIHEE a8y Main Peak
Spiking Exper} ents 20Pertuzumab main peak isolated by CEX was spiked into either fresh or spent
cell culture W&dhattrrotiens)arisanee brcaarer. 1508 axanat 3 vl o birlin SEPHSSERUAS 10. Samples at

va_rli(OL(JjS_ rimﬁa@%&&%dﬁ@é@@%?ﬁﬁ%@éﬁsﬂ &MQE%;oh&&%ﬂd?glﬁ{@mnb%@rgtﬁmédlwﬁgdpeak was also )
~spiked into media +7- various media components such as glucose eptone, In addition, main pea
s proce BE N LR EL R ShHE b LHA (1o 8 RSB ARe FBHE Braphy (Prom)
low pH trediindnigand iSHisephasdieRRraspkioiv {5 PER) Hacmultiphe < yole shanticanalyzed by CEX.

CEX plré)file&églggam peak incubated for 12 days in fresh or spent media were similar (Figures 13 and
14). Main peak decreased more after incubation in fresh media than in spent media. Removal of
various media coRfp&rERt dithBffert thERfe biadise IR Peak irercedt IBoshaRifeak in incubated
samples wagdhsisams, With-aBenadthamt RIINL isolatintacabaten dnmedia huffer alone caused a

loss of main peak. Protein A isolation, of mai%)geak from_media did not,ggfé:%%lﬁ?dgﬁx profile
or elution. Recovery

demonstratg &GRS Bl g Yl DR aon dB-RGraTRest ey

operations #ntidd sittéechrwed eﬁtéﬁtmhuﬁéﬁqn@@:&ﬁﬁxiﬁaibqb@aﬁwwgg (25 pm) may N
2009/Q998290¢. T éyd%gqi 3/19%%%:%9&?{%1 SRAsag ﬁﬁ%@%r%ftﬁ‘q!éjh%x\a@r@&?resgi(giﬁét mab acidic

variants were Isolated by CEX from pertuzumab starting material or main peak incubated in cell culture

media The Rdl&tadReiicIa i s Kere BrahpAsdryyted donfetoisaitetinerigureons. Acidic variants

comprise 21%pofiioial prakaas. hateioreiRirrmBRW (Ao livn fbasidic yaiaptmwere identified.

Deamidated for Id not be 10quantified.,
iCsy &?ﬁ%?blft%g HRG b%nd?ng to .M%P’/’ cells in this assay of about 50nM or less, more

preferably 10nM or less. Where the antibody is an antibody fragment such as a Fab

20 fragment, the ICs, for inhibiting HRG binding to MCF7 cells in this assay may, for example,
be about 100nM or less, more preferably 50nM or less.

Alternatively, or additionally, the ability of the HERZ antibody to block HER ligand-
stimulated tyrosine phosphorylation of a HER receptor present in a HER hetero-oligomer
may be assessed. For example, cells endogenously expressing the HER receptors or

25  tramsfected to expressed them may be incubated with the antibody and then assayed for HER
ligand-dependent tyrosine phosphorylation activity using an anti-phosphotyrosine
monoclonal (which is optionally conjugated with a detectable label). The kinase receptor
activation assay described in U.S. Patent No. 3,766,863 is also availabie for determining
HER receptor activation and blocking of that activity by an antibody.

30 In one embodiment, one may screen for an antibody which inhibits HRG stimulation
of p180 tyrosine phosphorylation in MCF7 cells essentially as described in W0O01/00245.
For example, the MCF7 cells may be plated in 24-well plates and monoclonal antibodies to
HER2 may be added to cack well and incubated for 30 minutes at room temperature; then
THRGPB1 177.24¢ may be added to cach well to a final concentration of 0.2 nM, and the

35 incubation may be continued for & minutes. Media may be aspirated from cach well, and
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Forms identified in acidic variants generated by main peak incubated with media were the same as
those identified in pertuzumab starting material. The following forms were detected: sialylated variant,
disulfide redu&?ﬁlz\%ﬂ’fgﬁ?gglycated variant, non-reducible variant, and d&aMiGAEL A Ant. Higher order
glycated forms were identified by electrospray 15 ionization-mass spectrometry (BSI-MS) after
reduction and PNGase treatment. D. Pharmacokinetics (PK) Study A single intravenous (IV) dose of

10 mg/kg, 12 rats per.arm, 3 aims (acidic, varia mal Kk tuzur S ing.material).
Extensive PR D e o B B S e By 0.2

between aclaic! -l pedk Tamd 00 pé fudrukiah sstapting matarial bOdemeathic e an Ratio = GM

Sample/GMlg6d3tating @4@-&@{%&&@9@1@&1@&5&%@@@&&%@&%§Ji%§w€e were similar for the
pertuzumab starting material, acidic variant, and main peak (Figures 16 and 17). No significant

difference it EXSELRR MRS SN RRP BERVERTS ST HRAM RrTemiTgRl 9hemRY SR depEARumab starting
material. ThaxGivRnwasyOivwithc-80%mai beiweebaBd80 M. 2 B RH0 oncl bsiprstifiecdMyltiple cell culture
factors,contribute to acidic variantformation, but recoyery was. not shown. to effe idic variant
formati, DA s o S B e e e R e were
identified in theudelidicofr attiotyrottid i hrmbiotaisol snedobPripiraizantebistirsiatian aterial and those
generated by,lncubatianof,CRXimain APeRGCaNANRH e Samedon Asigicivariants, main peak,
and pertuzurﬁab s,gt%a?rting material had th((a) same pharmacgﬁaetics. CL%I\%Q{?:%W 1.A composition

comprising 45AEMPEH K s 899Eeo ISR R RIS RTI0 ardi AT 1 or FPERS 24y GrPhcidic variant
thereof compisingnandisudiidel seduaeshvandndacng meedtbileweatianbokddatin Ohdiheativain species
antibody. Claim 2.The composition of claim 1. wherein cidic varian rises a disulfide reduced
Cariant o e e S St A e B ) SR i 2. wherein the
acidic variambesrprisgsramibir-retiticibibovhfimd of thes. main siséeibly HERDoaibolheGlaim 4.The

compositionyef glaimy OLF1aM 2y Wherein {he compesitienfurthenegmirisesiagiueated variant, a

deamidated variant or a sialylated variant. Claim 5.The composition of claim 1 or claim 2, wherein the

compositiontBIHEREY BIGH GErs RS RRsPROY AR R RtE RS TAT, Tr dretmitfe bt d variant, a

sialylated variasnit] anidsa, rom:rediseible Manantiddaim 6.The composition of claim 1 or claim 2, wherein

the amoy nt of the One may also assess the growth inhibitory effects of the antibody on MDA-MB-173
cells, e.g, essentially as described in Schaefer er al. Oncogene 15:1385-1394 (1997).
According to this assay, MDA-MB-175 cells may treated with a HER2 monoclonal antibody
(10pg/mL) for 4 days and stained with crystal violet. Incubation with a HER2 antibody may
show a growth inhibitory effect on this cell line similar to that displayed by monoclonal

25  antibody 2C4. In a further embodiment, exogenous HRG will not significantly reverse this
inhibition. Preferably, the antibody will be able to inhibit cell proliferation of MDA-MB-
175 cells to a greater extent than monoclonal antibody 4D5 (and optionally to a greater
extent than monocional antibody 7F3}, both in the presence and absence of exogenous HRG.

In one embodiment, the HERZ2 antibody of interest may block heregulin dependent

30  association of HER2 with HER3 in both MCF7 and SK-BR-3 cells as determined in a co-
immunoprecipitation experiment such as that described in WO01/00245 substantially more
effectively than monoclonal antibody 4D5, and preferably substantially more effectively than
monoclonal antibody 7F3.

To identify growth inhibitory HER2 antibodies, one may screen for antibodies

which inhibit the growth of cancer cells which overexpress HER2, In one embodiment, the

L
Ly
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acidic variant(s) is less than about 25% of the total composition. Claim 7.The composition of claim 1 or
claim 2, wherein the main species HER2 antibody and the acidic variant(s) are all intact antibodies.
Claim 8.The cBMPUEItIBREDS claim 1 or claim 2, wherein the main specie$ HERP A3y comprises
the variable light and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively.
Claim 9.The composition of claim 8, wherein the main species HER2 antibody comprises the light
chain and h?%‘v’éfﬁ&%”téma'”&% 4 seauencesin SEMIR lﬁ%%?.ﬁk‘%&% ée‘i?ﬁﬁ%te'ﬁe'yz Claim 10.The
composmoﬁ of claim 1 of clain , comprising an amino-terminal leader extension variant of the main
species HERRuznbihaidyt it Brihectontboitibnuo 150740, a kb thensgniridice phinal leader

extension cagpises Yitemtlaim d2qdihe.aomeesiianef slaisk Bl whersinibeiamigo-terminal leader
extension consists of VHS-. Claim 13.The composition of claim 1 or claim 2, comprising an amino acid

sequence VARG Y Mdih@pREBTRERS ANGBUHRE S BL8HF oM-tHE greitld F68%8fhg of an
antibody camprising=afe-d€RTIRAL IPSIEM agidiue e piom@rdothhesfehainsihereaf, and an antibody

with oq or fere exdied methionine fesidues (I 4.4 phaymaceulicalorulation comprising the
compositiofi of claim L OF claim 2 In @ pharmaceutically acceptable carfier. Claim 15. The

pharmaceudicahfesrhentiticrioh Clams unfordube id treang/HER 2y iR ashbrbriirddphtient. Claim
16.The phasmagcgutigal-iormamiation.Ahmlaior dms s dRe FRACRH IS feleCtadHamshe group

consisting of breast cancer ova{&an cancer, lung cancer, and colorectal cancer. Claim 17.The
pharmace AtSFFORREISHEH-BF BiRireH £ Rrelatitpiagies which imhibit growth of the SK-
BR-3 cells by about 20-100% or about 50-100% may be selected as growth inhibitory

15 antibodies. See US Pat No. 5,677,171 for assays for screening for growth inhibitory
antibodies, such as 4D35 and 3ES.

In order to select for antibodies which induce apoptosis, an annexin binding assay
using BT474 cells is available. The BT474 cells are cultured and seeded in dishes as
discussed in the preceding paragraph. The medium is then removed and replaced with fresh

20 medium alone or medium containing 10pg/ml of the monoclonal antibody. Following a
three day incubation period, monolayers are washed with PBS and detached by
trypsinization. Cells are then centrifuged, resuspended in Ca™' binding buffer and aliquoted
into tubes as discussed above for the cell death assay. Tubes then receive labeled annexin
(e.g. annexin V-FTIC) (1ug/ml). Samples may be analyzed using a FACSCAN™ flow

25 cytometer and FACSCONVERT™ CellQuest software (Becton Dickinson). Those
antibodies which induce statistically significant levels of annexin binding relative to control
are selected as apoptosis-inducing antibodies. In addition to the annexin binding assay, a
DNA staining assay using BT474 cells is available. In order to perform this assay, BT474
cells which have been treated with the antibody of interest as described in the preceding two

30  paragraphs are incubated with 9ug/ml HOECHST 33342™ for 2 hr at 37°C, then analyzed
or an EPICS ELITE™ flow cytometer (Coulter Corporation) using MODFIT LT™ software
{(Verity Software House). Antibodies which induce a change in the percentage of apoptotic
cetlls which is 2 fold or greater (and preferably 3 fold or greater) than untreated cells (up to

100% apoptotic cells) may be selected as pro-apoptotic antibodies using this assay. See
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species HER2 antibody and acidic variant(s) have essentially the same pharmacokinetics. Claim 18.A
method of making an evaluated pharmaceutical composition, comprisir&%l}éﬁre arin% a composition
comprising a F’ﬁgi%o%%)gi‘é% HER2 antibody that binds to domain Il of H / af'g&i‘a% variant(s) of
that main species HER2 antibody and (2) evaluating the acidic variant(s) in the composition, and
confilining that the amount thereof is less than about 25% of the total composition, wherein the acidic
variant(g) CW&%’?‘W‘} isulfide reduced vari%\tm%i on-re u%ble variant or both Cla}' 19.The method

. Or 48848V8 101 SCiecnin T €8 W, nduce apopiosis, such a8 . . .
of claim 18, wherein the comp}é5|t|on comprises a glycated variant, a deamidate variant, a disulfide

reduced vari@ft! B sialylated variant, and a non-reducible variant. Claim 20.The method of claim 18 or

claim 19, wherein $teR,{2) f3RRfzaREVAIHAIRG Heagidip VA BRES)BY:@ W%mgﬁmcf%ted from the
group consisting of ion exchange chromatography wherein the composition is treated with sialidase,

reduced capi&R e ldCpHBPasT iR SBHRIRT thtdty Sufabed BrEBs) ehdrfeaiidd CE-SDS,
boronate chsamatograplsyrian e peaticemanying. IGkdnm Al The-mbithodi of Blaim 48 or claim 19,
wherein. ste comprises evalyating the acidic variant(s). by ion exch chromatography. Claim
2 The et e e o  tion
exchanger witReatearbex et Rih ciidisaiagistip oCiadm 28liTherietioeb pheledmb2 2¢iidnerdin the

conditions f%r‘i'ﬂ@t&%qm@x%gFQHE‘XH%Q,}M%}@%Q@Etﬁﬂ?ﬁk%%ﬁﬂ%@@ﬂﬁi@z BR B0 @%ﬁfiﬁepf 20 mM
BisTris, 200 mM NaC1, : and a gradient of 0.5% Buffer B at 1.0 mL/min. Claim 24.The method

of claim 18 8f &&fF19%/ glﬁ%ggﬁézgg iniG e Compst It Efer i&p iRk Bpharmaceutically
acceptable eafitiedy Claim 25.The method of claim 18 or claim 19, wherein the composition evaluated in
step (2} f1)'5 ina ph%%?ggzl#g{%%ggn?%:ﬁgtable carrier.

The invention also pertains to immunoconjugates comprising an antibody conjugated
to a cytotoxic agent such as a chemotherapeutic agent, toxin {e.g. a small molecule toxin or
an enzymatically active toxin of bacterial, fungal, plant or animal origin, including fragments
and/or vartants thereof), or a radioactive isotope (i.¢., a radioconjugate).

20 Chemotherapeutic agents useful in the generation of such immunoconjugates have
been described above. Conjugates of an antibody and one or more small moiecule toxins,
such as a calicheamicin, a maytansine (U.S. Patent No. 5,208,020), a trichothene, and
CC1065 are also contemplated herein.

In one preferred embodiment of the invention, the antibody is conjugated to one or

25 more maytansine molecules (e.g. about I fo about 10 maytansine molecules per antibody
molecule). Maytansine may, for example, be converted to May-SS-Me which may be
reduced to May-SH3 and reacted with modified antiboéy (Chari et al. Cancer Research 52:
127-131 (1992)) to generate a maytansinoid-antibody immunoconjugate.

Another immunoconjugate of interest comprises a HERZ antibody conjugated o one

30 or more calicheamicin molecules. The calicheamicin family of antibiotics are capable of
producing double-stranded DNA breaks at sub-picomolar concentrations. Structural
analogues of calicheamicin which may be used include, but are not limited to, 711, a;fﬂ af, N-
acetyl-y,’, PSAG and 0'; (Hinman e al. Cancer Research 53: 3336-3342 (1993) and Lode et
al. Cancer Research 58; 2925-2928 (1998)). Sce, also, US Patent Nos. 5,714,586;

35 3,712,374; 5.264,586; and 3,773,001 expressiy incorporated herein by reference.
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Claim 26.A composition produced by the method of claim 18 or claim 19.  P4169R1WOSEOLIST
Sequence Listing <110> GENENTECH, INC. HARRIS, REED J. MOTCHNIK, PAUL A. <120>
compPOsITICK EEBRISING ANTIBODY THAT BINDS TO DOMAIN%B@ﬁ@??ﬁlD ACIDIC
VARIANTS THEREOF <130> P4169R1 WO <141> 2009-01-28 <150> US 61/024,825 <151>
2008-01-30 <160> 24 <210> 1 <211> 107 <212> PRT <213> Mus musculus <400> 1 Asp Thr Val Met
o o Ser T AR MElSELTDRRL YAl TeAR GIR8P ARMALBELLS FRRGYS Lys Ala Ser Gn
Asp Val Ser 202530°1le Gly Val Ala Trp Tyr Gin Gin Arg Pro Gly Gin Ser Pro Lys 354045 Leu Leu lle
Tyr Ser Al#BBIhTs A@Wrwl@wgﬁéﬁp?&%@%@%%’m@%@hF@f}‘?@éiﬁ@l‘?’%@%’ly Thr Asp Phe
Thr Phe Thedle 85204eruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin,

Aleurites fordil proteins, dianthin proteins, Phytolaca americana proteins (PAPL, PAPIL, and
PAP-S), momordica charantia inhibifor, curcin, crotin, sapaonaria officinalis inhibitor,

10 gelonin, mitogeliin, restrictocin, phenomycin, enomycin and the tricothecenes. See, for
example, WO 93/21232 published October 28, 1993.

The present invention further contempiates an immunoconjugate formed between an
antibody and a compound with nucleolytic activity {e.g. a ribonuclease or a DNA
endonuclease such as a deoxyribonuclease; DNase).

15 A variety of radioactive isotopes are available for the production of radioconjugated
HER? antibodies. Examples include At?'!, 1™, I, Y%, Re'™, Re'™, Sm'”, B*", P* and
radioactive isotopes of Lu.

Conjugates of the antibody and cytotoxic agent may be made using a variety of
bifunctional protein coupling agents such as N-succinimidy!-3-(2-pyridyldithiol} proptonate

20 {SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate, iminothiolane
(IT), bifunctional derivatives of imidocsters (such as dimethy! adipimidate HCL), active
esters (such as disuccinimidy] suberate), aldehydes (such as glutareldehyde), bis-azido
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazontum derivatives (such
as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6~

25  diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene).
For example, a ricin immunotoxin can be prepared as described in Vitetta ef al. Science 238:
1098 (1987). Carbon-14-labeied !-isothiocyanatobenzyl-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide to the antibody. See W094/11026. The linker may be a “cleavable linker”

30 facilitating release of the cytotoxic drug in the cell. For example, an acid-labiie linker,
peptidase-sensitive lnker, dimethyl linker or disulfide-containing linker (Chari et al. Cancer
Research 52: 127-131 (1992)) may be used.

Alternatively, a fusion protein comprising the HER2 antibody and cytotoxic agent

may be made, e.g. by recombinant techniques or peptide synthesis.

56



Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin 808590 Tyr Tyr lle Tyr Pro Tyr Thr Phe
Gly Gly Gly Thr Lys Leu Glu 95100105 lle Lys <210> 2 <211> 119 <212> PRT <213> Mus musculus
<400> 2 Glu V& éﬁ%/?_%ﬁzt‘in Gin Ser Gly Pro Glu Leu Val Lys Pro Gly TE10E8" P88t val Lys lle Ser
Cys Lys Ala Ser Gly Phe Thr Phe Thr 202530 Asp Tyr Thr Met Asp Trp Val Lys Gin Ser His Gly Lys
Ser Leu 354045 P4169R1WOSEOLIST Glu Trp lle Gly Asp val Asn Pro Asn Ser Gly Gly Ser lle Tyr

5 n O A8 GLLAANSSHGUTIY 0000 SR St v e vy e
Phe Tyr  streptavidin) for utilization in tumor pretargeting wherein the antibody-receptor conjugate is

administered to the patient, followed by removal of unbound conjugate from the circuiation

using a clearing agent and then administration of a "ligand” (e.g. avidin) which 1s conjugated

to a cytotoxic agent (e.g. a radionucleotide).

10 (ix) Other antibody modifications

Other modifications of the antibody are contemplated herein. For example, the
antibody may be linked to one of a variety of nonproteinaceous polymers, e.g., polyethylene
glycol, polypropylene glycol, polyoxyalkylenes, or copolymers of polyethylene glycol and
polypropylene glycol. The antibody also may be entrapped in microcapsules prepared, for

15 example, by coacervation techniques or by interfacial polymerization (for example,
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively), in colloidal drug delivery systems (for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules), or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences,

20 16th edition, Oslo, A., Ed., (1980).

It may be desirable to modify the antibody of the invention with respect to effector
function, e.g. so as to enhance antigen-dependent cell-mediated cyotoxicity (ADCC) and/or
complement dependent cytotoxicity (CDC) of the antibody. This may be achieved by
introducing one or more amine acid substitutions m an Fe region of the antibody.

25  Alternatively or additionally, cysteine residue(s) may be introduced in the Fe region, therchy
allowing interchain disulfide bond formation in this region. The homodimeric antibody thus
generated may have improved internalization capability and/or increased complement-
mediated cell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron et
al., J. Exp Med. 176:1191-1195 (1992) and Shopes, B. J. Immunol. 148:2918-2922 {1992).

30 Homodimeric antibodies with enhanced anti-tumor activity may also be prepared using
heterobifunctional cross-tinkers as described in Wolff ef al. Cancer Research 53:2560-2565
(1993). Alternatively, an antibody can be engineered which has dual Fc regions and may
thereby have enhanced complement lysis and ADCC capabilities. See Stevenson ef al. Anti-

Cancer Drug Design 3:219-230 {1989).
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95100105 Phe Asp Tyr Trp Gly Gin Gly Thr Thr Leu Thr val Ser Ser 110115 <210> 3 <211> 107
<212> PRT <213> Atrtificial Sequence <220> <223> sequence is synthesized <400> 3 Asp lle Gin Met
Thr Gin Ser PYS’2&PE8Peu Ser Ala Ser val 151015 Gly Asp Arg Val Tﬁﬁfgs"f(ﬁ’?@%zﬁys Ala Ser Gin
Asp val Ser 202530 lle Gly Val Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle
Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser 505560 Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

Th Loy Thr e 537085 Ser 96 L6l GBI A E0E AR T TIUBE OB GiR 09590 Tyr Ty

lle Tyr Pro Tyr Thr Phe Gly Thr Lys val Glu 9510010

presence of human effector cells, where the antibodies compiise amuno acid substitutions in
the Fe region thereof. Preferably, the anubody with improved ADCC comprises
substitutions at positions 298, 333, and/or 334 of the Fc region. Preferably the altered Fc
region is a human IgGl Fe region comprising or consisting of substitutions at one, two or
10 three of these positions.
Antibodies with altered Clq hinding and/or complement dependent cytotoxicity
(CDC; are deseribed in W(099/51642, US Patent No. 6,194,551B1, US Patent No.
6,242,195B1, US Patent No. 6,528,624B1 and US Patent No. 6,538,124 (Idusogie er af).
The antibodies comprise an amino acid substitution at one or more of amino acid positions
15 270,322, 326, 327, 329, 313, 333 and/or 334 of the Fc region thereof,
To increase the serum half life of the antibody, one may incorporate a salvage
receptor binding epitope into the antibody (especially an antibody fragment) as described in
US Patent 5,739,277, for example. As used herein, the term "salvage receptor binding
epitope” refers to an epitope of the Fe region of an IgG molecule (e.g., 1gGy, 1gGa, IgGs, or
20 IgG,) that is responsible for increasing the in vivo serum half-life of the IgG molecule.
Antibodies with substitutions in an Fc region thereof and increased serum half-lives are also
described in WO00/42072 {Presta, 1..).
Engineered antibodies with three or more (preferably four) functional antigen binding
sites are also contemplated (US Appin No. US2002/0004587 Al, Miller et al.).
25 The HERZ antibodies disclosed herein may aiso be formulated as inmunoliposomes.
Liposomes containing the antibody are prepared by methods known in the art, such as
described in Epstein ef al., Proc. Natl. Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc.
Natl Acad. Sci. US4, 77:4030 (1980); U.S. Pat. Nos. 4,485,045 and 4,544,545; and
WO97/38731 published October 23, 1997. Liposomes with enhanced circulation time are
30 disclosed in U.S. Patent No. 5,013,556.
Particularly useful liposomes can be generated by the reverse phase evaporation
method with a lipid composition comprising phosphatidylcholine, cholesterol and PEG-
derivatized phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of

defined pore size to yield liposomes with the desired diameter. Fab' fragments of the
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<210> 4 <211> 119 <212> PRT <213> Artificial Sequence <220> <223> sequence is synthesized
G% Ser Leu Arg Leu

<400> 4 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu val Gin Pro Gly 151015
Ser Cys Ala AYR E8¥R7Bhe Thr Phe Thr 202530 P4169R1WOSEQLIBTASS

mfgyr

P met Asp Trp val

Arg Gin Ala Pro Gly Lys Gly Leu 354045 Glu Trp Val Ala Asp Val Asn Pro ASn Ser Gly Gly Ser lle Tyr
505560 Asn Gin Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 657075 Lys Asn Thr Leu Tyr

cou SnmeL AR SE AERABARSILNR RORAYTI BMAL LN Ga3iAtey i siaa Leu Gly Pro

Ser Phe Tyr
et al. J. Biol. Chen. 257 286-288 (1982) via a disulfide interchange reaction. A

e Asp Tyr Trp Gly Gin'Gly Thr Leu Val Thr Val Ser Ser 110115

chemotherapeutic agent is optionally contained within the liposome. See Gabizon ef al. J.

National Cancer Inst.81{19)1484 (1989).

Iv. Pharmaceutical Formulations

10 Therapeutic formulations of the compositions of the present invention are prepared

for storage by mixing the composition with optional pharmaceutically acceptable carriers,

excipients or stabilizers (Remington's Pharmaceutical Sciences 16th edition, Osol, A. Ed.

(1980)), in the form of lyophilized formulations or agueous solutions. Acceptable carriers,

excipients, or stabilizers are nontoxic to recipients at the dosages and concentrations

15 employed, and include buffers such as phosphate, citrate, and other organic acids;

antioxidants including ascorbic acid and methionine; preservatives (such as

octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium

chloride, benzethonium chioride; phenol, butyl or benzyl alcohol; alkyl parabens such as

methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low

20 molecular weight (less than about 10 residues) polypeptides; proteins, such as serum

albumin, gelatin, or immunoglobulins; hydrophilic polymers such as potyvinylpyrrolidone;

amine acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;

monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or

dextrins; chelating agents such as EDTA, sugars such as sucrose, mannitol, trehalose or

25 sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein

complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or

polyethylene giycot (PEG). Lyophilized HER2 antibody formulations are described in WO

07/04801. Particularly preferred formulations for the present composition are described in

US20006/088523.

30 The formulation herein may also contain more than one active compound as

necessary for the particular indication being treated, preferably those with complementary

activities that do not adversely affect each other, For example, it may be desirable to further
provide antibodies which bind to EGFR, HERZ {e.g. an antibody which binds a different
epitope on HER2), HER3, HER4, or vascular endothelial factor (VEGF) in the one

35  formulation. Alternatively, or additionally, the composition may further comprise a
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<210> 5 <211> 107 <212> PRT <213> Artificial Sequence <220> <223> sequence is synthesized
<400> 5 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val 151015 Gly Asp Arg Val Thr lle
Thr Cys Arg AYS 818 er 1le Ser 202530 Asn Tyr Leu Ala Trp Tyr Giﬁcaﬁﬁi%9§¥‘3F ?Bly Lys Ala Pro
Lys 354045 Leu Leu lle Tyr Ala Ala ser Ser Leu Glu Ser Gly val Pro ser 505560 Arg Phe Ser Gly Ser
Gly Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr

Cys Gin Gin, B9800, TYE AT DR PURTIRTBERDG Gt IR GAAT chya Vo Gt 5100105 e Lys
agent, EGFR-targeted drug, anti-angiogenic agent, tyrosine kinase inhibifor, and/or

cardioprotectant. Such molecules are suitably present in combination in amounts that are
effective for the purpose intended.

The active ingredients may also be entrapped in microcapsules prepared, for

10 exampie, by coacervation techniques or by interfacial polymerization, for example,
hydroxymethyleellulose or gelatin-microcapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systems (for example, Hposomes,
albumin microspheres, microemulsions, nano-particies and nanocapsules) or in
macroemulsions. Such techniques are disclosed in Remington's Pharmaceutical Sciences

15 16th edition, Osol, A. Ed. (1980).

Sustained-relcase preparations may be prepared. Suitable examples of sustained-
release preparations inciude semipermeable matrices of solid hydrophobic polymers
containing the antibody, which matrices are in the form of shaped articles, e.g. films, or
microcapsules. Examples of sustained-release matrices include polyesters, hydrogels (for

20 example, poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides {U.S. Pat.
No. 3,773,919), copolymers of L-glutamic acid and y ethyl-L-glutamate, non-degradable
ethylene-viny! acetate, degradable lactic acid-glyeolic acid copolymers such as the LUPRON
DEPOT™ (injectable microspheres composed of lactic acid-glycolic acid copolymer and
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric acid.

25 The formulations to be used for in vivo administration must be sterife. This is readily
accompliished by filtration through sterile filiratior membranes.

V. Treatment with the HER2 Antibedy Composition

It is contemplated that, according to the present invention, the HER2 antibody may
be used to treat cancer. The cancer will generally be HERZ positive, such that the HERZ

30  antibody herein is able to bind to the cancer cells. In one embodiment, the cancer expresses
low HER3 (e.g. ovarian cancer) or has elevated HERZ:HERS3 ratio {e.g. ovarian cancer).
Various cancers that can be treated with the composition are listed in the definitions section
abhove.

Preferred cancers to be treated herein inciude: breast cancer, including HER2 positive
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<211> 119 <212> PRT <213> Artificial Sequence <220> <223> sequence is synthesized <400> 6 Glu
val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro Gly 151015 P4169R1wWOSEQLIST Gly Ser Leu
Arg Leu Ser c‘%’ﬁﬂ%"ﬁ?@er Gly Phe Thr Phe Ser 202530 Ser Tyr Ala MSF@@F“PF@ é?ﬂArg GIn Ala Pro
Gly Lys Gly Leu 354045 Glu Trp val Ala Val lle Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 505560 Ala Asp
Ser val Lys Gly Arg Phe Thr lle Ser Arg Asp ASn Ser 657075 Lys Asn Thr Leu Tyr Leu GIn met Asn

Ser LeuArg Ala Q Thr A | T Arg Val r.Ser Leu
95100105 %}? apsé%in 0(5?3? Gln' Ty %%ﬁle“g{\}}afé% T Va VA{%:F{’ get%%i i a&sz%g{‘a gl

and mcludmg neoadjuvant therapy of breast cancer; ovarian cancer (including both platimum-
resistant and platinum-sensitive ovarian cancer) (see US2006/0013819, for example); fung
cancer {including non small cell lung cancer, NSCLC), opticnally in combination with an
EGFR mhibitor (see US 2007/0020261 for example); colorectal cancer, etc.

10 It is also contemplated that the HER?2 antibody may be used to freat various non-
malignant discases or disorders, such as anfoimmune disease (e.g. psoriasis); endometriosis;
scieroderma; restenosis; polyps such as colon polyps, nasal polyps or gastrointestinal polyps;
fibroadenoma; respiratory disease; cholecystitis; neurofibromatosis; polycystic kidney
discase; inflammatory diseases; skin disorders including psoriasis and dermatitis; vascular

15 disease; conditions involving abnormal proliferation of vascular epithelial cells;
gastrointestinal ulcers; Menetrier’s disease, seereting adenomas or protein loss syndrome;
renal disorders; angiogenic disorders; ocular disease such as age related macular
degeneration, presumed ocular histoplasmosis syndrome, retinal neovascularization from
proiiferative diabetic retinopathy, retinal vascularization, diabetic retinopathy, or age related

20 macular degeneration; bone associated pathologies such as osteoarthritis, rickets and
osteoporosis; damage following a cerebral 1schemic event; fibrotic or edemia discases such
as hepatic cirrhosis, lung fibrosis, carcoidosis, throiditis, hyperviscosity syndrome systemic,
Osler Weber-Rendu disease, chronic occlusive pulmonary disease, or cdema following
bums, trauma, radiation, stroke, hypoxia or ischemia; hypersensitivity reaction of the skin;

25 diabetic retinopathy and diabetic nephropathy; Guillain-Barre syndrome; graft versus host
disease or transplant rejection; Paget’s discase; bone or joint inflammation; photoaging (e.g.
caused by UV radiation of human skin); benign prostatic hypertrophy; certain microbial
infections including microbial pathogens selected from adenovirus, hantaviruses, Borrelia
burgdorferi, Yersinia spp. and Bordetelia pertussis; thrombus caused by platelet aggregation;

30 reproductive conditions such as endometriosis, ovarian hyperstimulation syndrome,
preeclampsia, dysfunctional uterine bleeding, or menometrorrhagia; synovitis; atheroma;
acute and chronic nephropathies (including proliferative glomerulonephritis and diabetes-
induced renal disease); eczema; hypertrophic scar formation; endotoxic shock and fungal
infection; familial adenomatosis polyposis; neurodedenerative diseasss (e.g. Alzheimer's

35  disease, AlDS-related dementia, Parkinson's disease, amyotrophic lateral sclerosis, retinitis
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<211> 10 <212> PRT <213> Artificial sequence <220> <223> Sequence is synthesized. <220> <221>
Xaa <222> 10 <223> Xaa is preferrably D or S <400> 7 Gly Phe Thr P%g/{?éz'gb%%&%mr Met Xaa
> Seq

510 <210> 8 ¥2ALTT%2125> PRT <213> Artificial sequence <220> <

uence is synthesized.

<400> 8 Asp Val Asn Pro Asn Ser Gly Gly Ser lle Tyr Asn GIn Arg Phe 151015 Lys Gly <210> 9

10

I3

20

25

30

35

pigmentosa, spinal muscular atrophy and cerebellar degeneration); myelodysplastic
syndromes; aplastic anemia; ischemic injury; fibrosis of the lung, kidney or liver; T-cell
mediated hypersensitivity discase; infantile hypertrophic pyloric stenosis; urinary obstructive
syndrome; psoriatic arthritis; and Hasimoto's thyroiditis. Preferred non-malignant indications
for therapy herein include psoriasis, endometriosis, scleroderma, vascular discase (e.g.
restenosis, artheroscierosis, coronary artery disease, or hypertension), colon polyps,
fibroadenoma or respiratory discase (e.g. asthma, chronic bronchitis, bronchieactasis or
cystic fibrosis).

Treatment with the HER2 antibody will result in an improvement in the signs or
symptoms of disease. For instance, where the disease being treated is cancer, such therapy
may result in an improvement in survival (overall survival and/or progression free survival)
and/or may resulf in an objective clinical response (partial or complete).

Preferably, the HERZ antibody in the composition administered is a naked antibody.
However, the HER2 antibody administered may be conjugated with a cytotoxic agent.
Preferably, the immunoconjugate and/or HER2 protein to which 1t is bound is/are
internalized by the cell, resulting in increased therapeutic efficacy of the immunoconjugate
in killing the cancer cell to which it binds. In a preferred embodiment, the cytotoxic agent
targets or interferes with nucleic acid in the cancer cell. Examples of such cytotoxic agents
include maytansineids, calicheamicins, ribonucieases and DNA endonucleases.

The HER2 antibody s administered to a human patient in accord with known
methods, such as intravenous administration, e.g., as a bolus or by continuouns infusion over
a period of time, by intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intra-
articular, infrasynovial, intrathecal, oral, topical, or inhalation routes. Intravenous
administration of antibody composition is prefered.

For the prevention or treatment of disease, the appropriate dosage of HER2 antibody
will depend on the type of disease to be treated, as defined above, the severity and course of
the disease, whether the HERZ antibody is administered for preventive or therapeutic
purposcs, previous therapy, the patient's clinical history and response to the HER2 antibody,
and the discretion of the attending physician. The HER2 antibody is suitably administered to
the patient at one time or over a series of treatments. Depending on the type and severity of
the disease, about 1 pg/kg to 30 mg/kg (e.g. 0.1-20mg/kg) of HER2 antibody is an initial
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<211> 10 <212> PRT <213> Atrtificial sequence <220> <223> Sequence is synthesized. <400> 9 Asn
Leu Gly Pro Ser Phe Tyr Phe Asp Tyr Page 4 P4169R1WOSEQLIST 510 <210> 10 <211>
11 <212> PRV Kifricial sequence <220> <223> Sequence is syﬁ U288 2b> 10 Lys Ala
Ser GIn Asp Val Ser lle Gly Val Ala 510 <210> 11 <211> 7 <212> PRT <213> Atrtificial sequence
<220> <223> sequence is synthesized <220>

5
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15
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candidate dosage for administration to the patient, whether, for example, by one or more
separate administrations, or by continuous infusion. In one embodiment, the mnitial infusion
time for the HER?2 antibody may be longer than subsequent infusion times, for instance
approximately 90 minutes for the initial infusion, and approximately 30 minutes for
subsequent infusions (if the initial infusion is well tolerated). The preferred dosage of the
HER2Z antibody will be in the range from about 0.05mg/kg to about }0mg/kg. Thus, one or
more doses of about 0.5mg/kg, 2.0mg/kg, 4.0mg/kg or 10mg/kg (or any combination
thereof) may be administered to the patient. Such doses may be administered intermittently,
e.g. every week or every three weeks (e.g. such that the patient receives from about two to
about twenty, e.g. about six doses of the HER2 antibody). An initial higher loading dose,
followed by one or more lower doses may be administered. In one embodiment, the HERZ
antibody is administered as a loading dose of approximately 840 mg followed by
approximately 420 mg administered approximately every 3 weeks. In another embodiment,
the HER2 antibody is administered as a loading dose of approximately 1050mg followed by
approximately 525myg administered approximately every 3 weeks.

Other therapeutic agents may be combined with the HER?2 antibody. Such combined
administration includes coadministration or concurrent admimistration, using separate
formuiations or a single pharmaceutical formulation, and consecutive administration in
cither ﬁrder, wherein preferably there is a time period while both (or all) active agents
simultaneously exert their biological activities, Thus, the other therapeutic agent may be
administered prior to, or foliowing, administration of the HER2 antibody. In this
embodiment, the timing between at least one administration of the other therapeutic agent
and at least one administration of the HER2 antibody is preferably approximately 1 month or
less, and most preferably approximately 2 weeks or less, Alternatively, the other therapeutic
agent and the HER?2 antibody are administered concurrently to the patient, in a single
formulation or separate formulations.

Examples of other therapeutic agents that can be combined with the HER2 antibody
include any one or more of: a chemotherapeutic agent, such as an anti-metabolite, e.g.
gemcitabine; a second, different HER2 antibody (for example, a growth inhibitory HER2
antibody such as Trastuzumab, or a HER?2 antibody which induces apoptosis of a HER2-

overexpressing cell, such as 7C2, 7F3 or humanized variants thereof); a second antibody
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<221> Xaa <222> 5 <223> Xaa is preferably R or L <220> <221> Xaa <222> 6 <223> Xaa is
preferably Y or E <220> <221> Xaa <222> 7 <223> xaa is preferably T or S <400> 11 Ser Ala Ser Tyr
Xaa Xaa xaa B ML %<211> 9 <212> PRT <213> Artificial sequencggé‘é‘ffg{’%%?%@9 Sequence is
synthesized. <400> 12 GIn GIn Tyr Tyr lle Tyr Pro Tyr Thr 5

5 directed against apother tumor associated antigen, such as EGFR, HER3, HER4; anti-
hormonal compound, ¢.g., an anti-estrogen compound such as tamoxifen, or an aromatase
inthibitor; a cardioprotectant (to prevent or reduce any myocardial dysfunction associated
with the therapy), a cytokine; an EGFR-targeted drug (such as Erlitonib, Gefitinib, or
Cetuximab); an anti-angiogenic agent {especially Bevacizumab sold by Genentech under the

10 trademark AVASTIN®); a tyrosine kinase inhibitor; a COX inhibitor (for instance a COX-1
or COX-2 inhibitor); non-sicroidal anti-inflammatory drug, Celecoxib (CELEBREX®);
farnesyl transferase inhibitor (for example, Tipifarnib/ZARNESTRA® R115777 available
from Johnson and Johnsor or Lonafarnib SCH66336 available from Schering-Plough);
antibody that binds oncofetal protein CA 125 such as Oregovomab (MoAb B43.13); HER2

15 wvaccine (such ag HER2 AutoVac vaccine from Pharmexia, or APC8024 protein vaccine from
Dendreon, or HER2 peptide vacoine from GSK/Corixa); another HER targeting therapy
{eg tastuzumab, cemximah, gefitinib, erlotinib, CI1033, GW2016 etc); Raf and/or ras
inhibitor {see, for example, WO 2003/86467); Doxil; Topetecan; taxane; GW572016;
TLK286; EMD-7200; a medicament that treats nausea such as a serotonin antagonist,

20 steroid, or benzodiazepine; a medicament that prevents or treats skin rash or standard acne
therapies, including topical or oral antibiotic; a body temperature-reducing medicament such

© as acetarminophen, diphenhydramine, or meperidine; hematopoietic growth factor, etc.
Suitable dosages for any of the above coadministered agents are those presently used
and may be lowered due to the combined action (synergy) of the agent and HER2 antibody.

25  Treatment with the combination of the HER2 antibody composition and other therapeutic
agent may result in a synergistic, or greater than additive, therapeutic benefit to the patient,

If a chemotherapeutic agent is administered, it is usually administered at dosages
known therefor, or optionally lowered due to combined action of the drugs or negative side
effects attributable to administration of the chemotherapeutic agent. Preparation and dosing

30  schedules for such chemotherapeutic agents may be used according to manufacturers’
instructions or as determined empirically by the skilled practitioner. Preparation and dosing
schedules for such chemotherapy are also described in Chemotherapy Service Ed., M.C.
Perry, Williams & Wilkins, Baltimore, MD {1992).

In addition to the above therapeutic regimes, the patient may be subjected to surgical

35 removal of cancer cells and/or radiation therapy.
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<210> 13 <211> 214 <212> PRT <213> Artificial sequence <220> <223> Sequence is synthesized.

<400> 13 Asp lle GIn met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser Val Page 5 P4169R1WOSEQLIST

151015 Gly A@ﬁ’ K‘r‘ﬁ’?fqﬁﬁ"lghr lle Thr Cys Arg Ala Ser Gin Asp Val Asn 26%%&2%9/%%29/al Ala Trp Tyr

Gin Gin Lys Pro Gly Lys Ala Pro Lys 354045 Leu Leu lle Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro

Ser 505560 Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr lle 657075 Ser Ser Leu Gin

Pro GIuSAsp Phe %i%Thleygsil%rf %%er Gin 808590 His Tyr Thr Thr Pro Pro Thr Phe Gly Gin Gly Thr
Glu 95100

Lys Val 5 Ilefi_ys Arg Thr af Ala Ala Pro Ser Val Phe lle Phe Pro Pro 110115120
The following hybridoma cell lines have been deposited with the American Type

Cutture Collection, 10801 University Boulevard, Manassas, VA 20110-2209, USA (ATCC):

Antibody Designation ATCC No. Deposit Date
7C2 ATCC HB-12215 October 17, 1996
10 7F3 ATCC HB-~12216 October 17, 1996
4D5 ATCC CRL 10463 May 24, 1990
2C4 ATCC HB-12697 April 8, 1999

Further details of the invention are illustrated by the following non-limiting Example.
The disclosures of ali citations in the specification are expressly incorporated herein by
15 reference.
EXAMPLE 1
This example describes the characterization of a composition comprising a main species
HER?2 antibody that binds to domain I of HER2 (pertuzumab) and acidic variants thereof.
Pertuzumab is a recombinant bumanized monoclonal antibody, generated based on

20 human IgGi(x) framework. It comprises two heavy chains (448 residues) and two light
chains (214 residucs). The two heavy chains are linked by two interchain disulfides and cach
light chain is attached to a heavy chain through one interchain disulfide. There 1s an
N-linked glycosylation site in the Fe region of pertuzumab at Asn-299 of the two heavy
chains. Pertuzumab differs from HERCEPTIN® (Trastuzumab) in the epitope binding

25 regions of the light chain (12 amino acid differences) and the heavy chain (30 amino acid
differences). As a result of these differences, pertuzumab binds to & completely different
epitope on the HER2 receptor. Binding of pertuzumab to the HER2 receptor on human
epithelial cells prevents it from forming complexes with other members of the HER receptor
family (Agus et al., Cancer Cell 2:127-137 (2002)). By blocking complex formation,

30 pertuzumab prevents the growth-stimulatory effects of ligands for the complexes (e.g.. EGF
and heregulin). fr vitro experiments demonstrated that both pertuzumab and
pertuzumab-Fab inhibit the binding of heregulin (HRG) to MCF7 cells, and that the
HRG-stimulated phosphorylation of the HER2-HER3 complex can be inhsbited by both
pertuzumab and pertuzumab-Fab (Agus et al., Cancer Cell 2:127-137 (2002)).

35  Furthermore, in vive inhibition of tumor growth by pertuzumab and a polyethylene giyeol
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Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 125130135 Leu Asn Asn Phe Tyr Pro
Arg Glu Ala Lys Val Gin Trp Lys Val 140145150 Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu Ser val
Thr Glu 1551 @ge?ﬁsﬁsp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser eGP 6175180 Leu
Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 185190195 Val Thr His Gin Gly Leu Ser Ser
Pro val Thr Lys Ser Phe Asn 200205210 Arg Gly Glu Cys <210> 14 <211> 449 <212> PRT <213>

Artificial sequUenee. 32203 eataseIRERGS IS MEHARA SN0 4d Ry Yal G ey val Glu Ser Gly
Gly Gly Leu Val Gin Pro GFy 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn lle Lys

202530 AsperpEratymndais angetal Argaint dla Pré Gy Y81y bets d5agugest that the Fe

region of the antibody is not necessary for the inhibition of tumor growth, and moreover,
bivalency and Fe-mediated effector functions are not required for in vivo or in vitre
biological activity.

10 In this example, the main peak of pertuzumab was collected from a cation exchange
column and incubated in cell culture media or processed using standard antibody purification
operations. Acidic variants formed upon incubation of main peak with ceil culture media
components. Acidic variants of monoclonal antibodies are modified forms of the desired
product that elute earlier than the main peak upon separation by cation exchange

15 chromatography. Subtle differences in the amount and/or distribution of acidic variants are
often observed pre- and post-process changes and pose a challenge to demonstrating product
comparability. Purification operations had little effect on formation of acidic variants.
Variants identified in the acidic variant fraction included glycated variant, deamidated
variant, disulfide-reduced variant, sialylated variant, and non-reducibie variant. Coliectively,

20 the acidic variants were fully potent.

Amongst other things, the purpose of this study was to: better understand the impact
of cell culture and recovery processes on pertuzumab acidic variant formation, characterize
the predominant acidic variants of perfuzamab, and evaluate the impact of acidic variants on
pharmacokinetics (PK).

25 Rat pharmacokinctic results show that the area under the curve for the acidic variant
fraction and main peak fraction were equivalent to pertuzumab starting material (geometric
mean ratios 0.96 and 0.95, respectively). These results demonstrate that although acidic
variants are chemically different from the main peak they have equivalent pharmacokinetics.

Methods and Results

30 Figure 10 depicts the experimental design for isolation of cation exchange MP (Main Peak) and
AV (Acidic Variants), cell culture, recovery, and PK {pharmacokinetics) evaluation and
analytical testing. Fresh media = standard media; spent media = standard media after 12 days of
cell culture, cells were removed by centrifugation. Dissolved oxygen, pH, and other parameters

were not controlled.
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P4169R1WOSEQLIST 505560 Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 657075
Lys Asn Thr Ala Tyr Leu Gin Met Asn Ser Leu Arg Ala Glu Asp 808590 Thr Ala Val Tyr Tyr Cys Ser

Arg Trp Gly Gly-femdadysPhe Tyr 95100105 Ala Met Asp Tyr Trp Gly Gin @dyTisobeus3sab Thr Val ser
Ser 110115120 Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 125130135 Lys Ser Thr

Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 140145150 Asp Tyr Phe Pro Glu Pro Val Thr Val Ser
Trp Asn Ser Gly Ala 155160165 Leu Thr Ser Gly val His Thr Phe Pro Ala Val Leu Gin Ser Ser

170175189 Gly Ly, Tynnek ey ank aefialyalbar Val Pro Ser Ser Ser 185190195 Leu Gly Thr Gin
Thr Tyr lle Cys Asn Val Asn His Lys Pro Ser 200205210 -
Charge variants of pertuzumab were separated on a 4.0 x 250 mm DIONEX PROPAC WCX-

10™ cation exchange (CEX) column using the following conditions:
Buffer A: 20mM BisTris, pH 6.0 |
Buffer B: 20mM BisTris, 200mM NaCl, pH 6.0

10 Gradient: 0.5% Buffer B delivered at 1.0 mL/min
Column Temperature: 352C
Detection: 280 nm

A typical chromatogram is shown in Figure 11. AV (acidic variant) and MP (main peak)
fractions were coliected.

15 Potency and monomer content were similar among the pertuzmab starting material,
main peak, and acidic variants (Figure 12). Purity of the main peak and acidic variant CEX
fractions was acceptabie for pharmacokinetics studies based on the criteria of 90% purity by
CEX (Figure 12).

B. Main Peak Spiking Experiments

20 Pertuzumab main peak isolated by CEX was spiked into either fresh or spent cell
culture media (no cells) and incubated for 12 days at 370C as outlined in Figure 10. Sampies
at various time points were directly analyzed by CEX or after isolation by protein A. Main
peak was also sptked iﬁto media +/- various media components such as glucose and peptone.

in addifion, main peak was processed through standard recovery operations such as protein

25 A chromatorgraphy (ProA), low'pH treatment, and SP Sepharose Fast Flow (SPFF) for
multipie cyc-ieé and analyzed by CEX.

CEX profiles of main peak incubated for 12 days in fresh or spent media were similar
(Figures 13 and 14). Main peak decreased more after incubation in fresh media than in spent
media. Removal of various media‘components did affect the decrease of main peak. Percent

30  main peak in incubated samples was the same with and without protein A isolation.
Incubation in media buffer alone caused a loss of main peak.

Protein A isolation of main peak from media did not affect the CEX profile
demonstrating that modifications during incubation do not affect protein A binding or

elution. Recovery operations had little or no effect on the percent CEX main peak.
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Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 215220225 Thr His Thr Cys Pro Pro
Cys Pro Ala Pro Glu Leu Leu Gly Gly 230235240 Pro Ser Val Phe Leu s Pro Lys Asp
Thr Leu Met 45388858 e Ser Arg Thr Pro Glu Val Thr Cys Val Val Vaﬁ) sp {/% /é%#zgaozaszm His
Glu Asp Pro Glu V_al Lys Phe Asn Trp Tyr Val Asp Gly Val 275280285 Glu Val His Asn Ala Lys Thr Lys
Pro Arg Glu Glu Gin Tyr Asn 290295300 Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp

30531Q315-Tep Lel) é%%gz.gglgf%%glya}}x%ys Cys Lys Val Ser ASn Lys Ala 320325330 Leu Pro Ala
Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin 335340345 Pro Arg Glu Pro Gin Val Tyzr Thr Leu Pro

Pro Ser Arg Glu Biii35035536 YPARsoRT WO BRO ST3E8EAyE g mab starting materd

or main peak incubated in cell culture media The isolated acidic variants were analyzed by

the methods listed in Figure 15. Acidic variants comprise 21% of total peak area, therefore

about 80% (17% of 21%) of acidic variants were identified. Deamidated forms could not be
10 quantified.

Forms identified in acidic variants generated by main peak incubated with media
were the same as those identified in pertuzumab starting material. The foliowing forms were
detected: sialylated variant, disulfide reduced variant, glycated variant, non-reducible
variant, and deamidated variant. Higher order glycated forms were identified by electrospray
ionization-mass spectrometry (ESI-MS) after reduction and PNGase treatment.

D. Pharmacokinetics (PK) Study

A single intravenous (IV) dose of 10 mg/kg, 12 rats per arm, 3 arms (acidic variants,
main peak, pertuzumab starting material). Extensive PK sampling was conducted for 35
days. Geometric Mean Ratio of AUC (Day 0-14) between acidic, main peak, and
20 pertuzumab starting material. Geometric Mean Ratio = GM Sample/GM IgG1 Starting

Material, Pertuzumal concentration versus time curve were similar for the pertuzumab
starting material, acidic variant, and main peak (Figures 16 and 17). No significant
difference in exposure was observed between acidic variants, main peak, and pertuzumab
starting material. The GMR was ~1.0 with 90% CI between 0.80 - 1.25.
25 Conclusiens
Multiple celi culture factors contribute to acidic variant formation, but recovery was
not shown to effect acidic variant formation. Disulfide reduced, non-reducible, sialylated,
glycated, and deamidated variants were identified in the acidic fraction. Acidic fraction
isolated from pertuzumab starting material and those generated by incubation of CEX main
30  peak contained the same forms. Acidic variants, main peak, and pertuzumab starting material

had the same pharmacokinetics.
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Tyr Pro Ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro 380385390 Glu Asn Asn Tyr Lys Thr Thr
Pro Pro Val Leu Asp Ser Asp Gly 395400405 Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser
Arg Trp 410415420 Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 425430435 His Asn

His Tyr Thr Gim Leu Ser Leu Ser Pro Gly 440445 <210> 15 <211> 214 <212> PRT <213>
Artificial seque > <223> Sequence is synthesized. <400> 15 Asp lle Gin Met Thr Gin Ser Pro
Ser Ser Leu Ser Ala Ser Val 151015 Gly Asp Arg val Thr lle Thr Cys Lys Ala Ser Gin Asp Val Ser

202530 lle Gly Mal Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys 35§Z_l[% Leu.Leu lle Tyr Ser Ala
Ser Tyr Arg Tyré{ﬁlﬁncfly Val Pr&E&HS o] %?8 %gs%rneflﬁ?lsggrg %?3? er%ya#%b%\éé’p %ﬁ%’ Thr Leu
Thr lle binds to domain II of HER2, and an acidic variant thereof comprising a disulfide

reduced variant, a non-reducible variant or both of the main species antibody.

Claim 2. The composition of claim 1, wherein the acidic variant comprises a

disulfide reduced variant of the main species HER2 antibody.

Claim 3. The composition of claim 1 or claim 2, wherein the acidic variant

comprises a non-reducible variant of the main species HER2 antibody.

Claim 4. The composition of claim 1 or claim 2, wherein the composition

further comprises a glycated variant, a deamidated variant or a sialylated variant.

Claim 5. The composition of claim 1 or claim 2, wherein the composition
comprises a glycated variant, a deamidated variant, a disulfide reduced variant, a

sialylated variant, and a non-reducible variant.

Claim 6. The composition of claim 1 or claim 2, wherein the amount of the

acidic variant(s) is less than about 25% of the total composition.

Claim 7. The composition of claim 1 or claim 2, wherein the main species

HER2 antibody and the acidic variant(s) are all intaét antibodies.

Claim 8. The composition of claim 1 or claim 2, wherein the main species
HER2 antibody comprises the variable light and wvariable heavy amino acid

sequences in SEQ ID Nos. 3 and 4, respectively.
Claim 9. The composition of claim 8, wherein the main species HER2

antibody comprises the light chain and heavy chain amino acid sequences in SEQ

ID Nos 15 and 16, respectively.
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657075 Ser Ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin 808590 Tyr Tyr lle Tyr Pro Tyr
Thr Phe Gly Gin Gly Thr Lys Val Glu 95100105 lle Lys Arg Thr Val Ala Ala Pro Ser Val Phe lle Phe
Pro Pro 110115120 Ser Asp Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 125130135 Leu
Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val 140145150 Asp Asn Ala Leu Gin Ser Gly
Asn Ser Gin Gltlgg bl Thr B16 £951e81tEs G Aamskraryel Agp BeporhniFipsSen laawiSer Ser Thr

Leu Thr 1701 72d8n 144 BRRLWORES WaT:A G0 1 9m VLIS s oIN Gl hgu Ser Ser Pro Val Thr
Lys Ser Phe Asn 200205210 Arg Gly Glu Cys <210> 16 <211> 448 <212> PRT <213> Artificial

sequence <220>

Claim 11. The composition of claim 10, wherein the amino-terminal leader

extension comprises VHS-.

Claim 12. The composition of claim 11, wherein the amino-terminal leader

extension consists of VHS-,

Claim 13. The composition of claim 1 or claim 2, comprising an amino acid
sequence vartant of the main species HER2 antibody selected from the group
consisting of an antibody comprising a C-terminal lysine residue on one or both
heavy chains thereof, and an antibody with one or more oxidized methionine

residues.

Claim 14. A pharmaceutical formulation comprising the composition of claim

1 or claim 2 in a pharmaceutically acceptable carrier.

Claim 15. The pharmaceutical formulation of claim 14 for use in treating

HER?2 positive cancer in a patient.

Claim 16. The pharmaceutical formulation of claim 15, wherein the cancer is
selected from the group consisting of breast cancer, ovarian cancer, lung cancer,

and colorectal cancer.

Claim 17. The pharmaceutical formulation of claim 14, wherein the main

species HER2 antibody and acidic variant(s) have essentially the same

pharmacokinetics.
Claim 18. A method of making an evaluated pharmaceutical composition,
comprising:

(1) preparing a composition comprising a main species HER2 antibody that binds
to domain Il of HER2, and acidic variant(s) of that main species HER2 antibody
and (2) evaluating the acidic variant(s) in the composition, and confirming that the
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<223> Sequence is synthesized. <400> 16 Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Gin Pro
Gly 151015 Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr 202530 Asp Tyr Thr Met
Asp Trp val Arg GIn Ala Pro Gly Lys Gly Leu 354045 Glu Trp Val Ala AS Val Asn Pro Asn Ser Gly Gly

Ser lle Tyr 505560 Asn Gin Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 657075 Lys Asn
Thr Leu Tyr Le@@tHhteasd éé?%é%ﬁ%?&%l%@@cm s e tssboommesitiovar iereiy heysidia Arg Asn

Leu Gly Pro SeyRhafyy QruRbE AR AN PG CIL G IRIChSU YAl VRl ger Ser Ala
110115120 Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 12513%135 er Thr Ser Gly

Gly Thr Ala Ala Leu Gly Cys Leu val Lys Asp 140145150 Tyr Phe Pro Glu Pro val Thr Val Ser Trp Asn

Ser Gly Ala Lewaim 19, The method of claim 18, wherein the composition comprises a

glycated variant, a deamidated variant, a disulfide reduced variant, a sialylated

variant, and a non-reducible variant,

Claim 20. The method of claim 18 or claim 19, wherein step (2) comprises
evaluating the acidic variant(s) by a method selected from the group consisting of
lon exchange chromatography wherein the composition is treated with sialidase,
reduced capillary electrophoresis with sodium dodecyl sulfate (CE-SDS), non-
reduced CE-SDS, boronate chromatography, and peptide mapping,

Claim 21. The method of claim 18 or claim 19, wherein step (2) comprises

evaluating the acidic variant(s) by ion exchange chromatography.

Claim 22. The method of claim 21 which comprises cation exchange

chromatography using a cation exchanger with a carboxylate functional group.
Claim 23, The method of claim 22, wherein the conditions for the
chromatography involve: Buffer A of 20 mM BisTris, pH 6.0; Buffer B of 20 mM

BisTris, 200 mM NaCl, pH 6.0; and a gradient of 0.5% Buffer B at 1.0 mL/min.

Claim 24. The method of claim 18 or claim 19, comprising combining the

composition after step (2) with a pharmaceutically acceptable carrier.

Claim 25. The method of claim 18 or claim 19, wherein the composition

evaluated in step (2) is in a pharmaceutically acceptable carrier.

Claim 26. A composition produced by the method of claim 18 or claim 19,
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155160165 Thr Ser Gly Val His Thr Phe Pro Ala val Leu Gin Ser Ser Gly 170175180 Leu Tyr Ser Leu
Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 185190195 Gly Thr Gin Thr Tyr lle Cys Asn Val Asn His
Lys Pro Ser Asn 200205210 Thr Lys Val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr 215220225
P4169R1IWOSEQLIST 230235240 Ser Va4 Bite leisRe $ro Pro Lys Pro Lys Asp Thr Leu Met lle
245250255 Ser Arg Thr Pro Glu Val SEaveReeVial &gl Asp val Ser His 260265270 Glu Asp Pro Glu
val Ly PhsAsrdiip TxeVal Asp Gly val Glu 275280285 Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
Gin Tyr AsSRBSES ,2&B285300 Thr Tyr Arg Val Val ser val Leu Thr val Leu His Gin Asp Trp 305310315
Leu Asn BIYIPLIGIPAE 1As Cys Lys val Ser Asn Lys Ala Leu

<120> COMPOSITION COMPRISING ANTIBODY THAT BINDS TO DOMAIN
IT OF HERZ AND ACIDIC VARIANTS THEREOF

<130> P4169YR1 WO
<141> 2009-01-28

<150> UsS 61/024,825
<151> 2008-01-30

<160> 24
<210> 1
<211> 107
<212> PRT
<213> Mus musculus
<400> 1
Asp Thr val Met Thr Gln Ser His Lys Ile Met Ser Thr Ser val
1 5 10 - 15
GTy Asp Arg val Ser Ile Thr Cys Lys Ala Ser GIn Asp val Ser
20 25 30
1te Gly val Ala Trp Tyr GIn Gln Arg Pro Giy GIn Ser Pro Lys
35 40 45
Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly val Pro Asp
_ 50 55 60
Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr phe Thr Ile
65 70 75
ser ser val GIn Ala Glu Asp Leu Ala val Tyr Tyr Cys GIn Glin
80 85 90
Tyr Tyr Ile Tyr Pro Tyr Thr phe Gly Gly Gly Thr Lys Leu Glu
95 100 105
Iie Lys
<210> 2
<211> 119
<212> PRT
<213> Mus muscultus
<400> 2
Glu val GIn Leu Gln GlIn Ser Gly Pro Glu Leu val Lys Pro Gly
1 5 10 15

Thr ser val Lys Ile Ser Cys Lys Ala Ser Gly phe Thr Phe Thr
20 25 30

Asp Tyr Thr Met Asp Trp val Lys Gln Ser His Gly Lys Ser Leu
35 40 45
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320325330 Pro Ala Pro lle Glu Lys Thr lle Ser Lys Ala Lys Gly Gin Pro 335340345 Arg Glu Pro Gin val
Tyr Thr Leu Pro Pro Ser Arg Glu Glu met 350355360 Thr Lys Asn Gin Val ser Leu Thr Cys Leu val Lys
Gly Phe Tyr 365370375 Pro ser Asp lle Ala Val Glu Trp Glu Ser Asn Gly Gin Pro Glu 380385390 Asn
Asn Tyr Lys Thr Thr Pro Pro Val Leu Aspeagt#sinésivnbes 895400405 Phe Phe Leu Tyr Ser Lys Leu
Throjal Asp Lys Seéy AspTvp Gisd 10201 B4R0SEINEly Abn Yait FAe Sgr Cys Ser Val Met His Glu Ala
Leu His 425430435 AstHis Tyr Thr Gin Lys S&r Leu Ser Leu Ser PRYGly 440445 <210> 17 <211>
233asR12mPRy ?Bésaé,?rti;ﬁQiadyﬁsaquanseK2§g>r522\&ﬁ Snaquarﬂgesiggsynthesized.

Ser Arg Ile val Tyr Met Glu Leu Arg Ser Leu Thr Phe Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg Ash Leu Gly Pro Ser Phe Tyr
95

100 105
Phe Asp Tyr Trp %1% Gln Gly Thr Thr Leu Thr val Ser Ser

115
<210> 3
<211> 107
<212> PRT
<213> Artificial Sequence
<220> ) )
<223> sequence is synthesized
<400> 3
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15
Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser GIn Asp val Ser
20 25 30
ITe Gly val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys
35 40 45
Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly val Pro Ser
50 55 60
Arg Phe ser Gly Ser Gly Ser Gly Thr Asp Phe Thr teu Thr Ile
63 70 75

Ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GlIn

80 85 90

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gin Gly Thr Lys val Glu
95 100 105

Ile Lys

<210> 4

<211> 119

<212> PRT

<213> Artificial Sequence

<220>

«223> seguence is synthesized

<400> 4

Glu val GIn Leu val Glu ser Gly Gly Gly Leu val GlIn Pro G?%

1 5 10 1

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr
20 5 30
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<400> 17 Met Gly Trp Ser Cys lle lle Leu Phe Leu Val Ala Thr Ala Thr 151015 Gly Val His Ser Asp lle
Gin met Thr Gin Ser Pro Ser Ser Leu 202530 Ser Ala Ser val Gly Asp Arg Val Thr lle Thr Cys Lys Ala
Ser 354045 P4169R1IWOSEQLIST 505560 Lys Ala Pro Lys Leu Leu lle Tyr Ser Ala Ser Tyr Arg Tyr
Thr 657075 Gly Val Pro Ser Arg Phe SerggiySaiedyceesly Thr Asp Phe 808590 Thr Leu Thr lle Ser
serdsu Gin Pho Gax Phie Adal Thrdl 195400 F0'S ByyClyssGHYGIETyr Tyr lle Tyr Pro Tyr Thr Phe
Gly GIn Gly 110115128°Thr Lys val Glu lle Ly&%Arg Thr Val Ala Ala Prd ser val Phe 125130135 lle Phe
Prod?toser Asp @ld G%Lw LyereréSl@sWh$§45clangr dA0 k45150 T)ég

Asn GIn Arg Phe Lys Gly Arg Phe Thr Leu Ser val Asp Arg Ser
65 75

Lys Asn Thr Leu Tyr Leu Glin Met Asn Ser Leu Arg Ala Glu Asp
80 85 30

Thr Ala val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95

100 105
Phe Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val Ser Ser
110 115
<210> 5
<211> 107
<212> PRT
<213> Artificial Sequence
<220>
<223> sequence is synthesized
<400> 5
Asp Ile GIn Met Thr GlIn Ser Pro Ser Ser Leu $Ser Ala Ser val
1 5 10 15
Gly Asp arg val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser
20 25 30
Asn Tyr Leu Ala Trp Tyr GIn GlIn Lys Pro Gly Lys Ala Pro Lys
35 40 45

teu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly val Pro Ser
50 35 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile

65 70 75
ser ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn Gln
80 85 a0
Tyr Asn Ser Leu Pro Trp Thr Phe Gly GIn Gty Thr Lys val Glu
95 100 105
Ile Lys
<210> 6
<211> 119
<212> PRT
<213> Artificial Sequence
<220>
<223> sequence is synthesized
<400> 6

Glu val Gin Leu val Glu ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15
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Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val 155160165 Gin Trp Lys Val Asp Asn
Ala Leu GIn Ser Gly Asn Ser GIn Glu 170175180 Ser val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr ser
Leu Ser 185190195 Ser Thr Leu Thr Leu ser Lys Ala Asp Tyr Glu Lys His Lys Val 200205210 Tyr Ala

Cys Glu val Thr His Gin Gly Leu Ser Serf@nsMalwbae@alsA20225 Lys Ser Phe Asn Arg Gly Glu Cys
236Gk 1% 1L8fkt2¥m>i45617S@125$Rha<ﬁh%§mtﬁﬁaP§éqﬁ@ﬁd®%2§I> <223> Sequence is

synthesized. <400> 18 Ret Gly Trp ser Cys Ille Leu Phe Leu Val ?a Thr Ala Thr 151015 Gly Val His
Sesatuwal @Gl beit \&lrGle SeaGlyrGly:GlyAlaur2026B80 Vad GihyPrewGly Gly Ser Leu Arg Leu Ser Cys
Ala Ala Ser Gly 354043%he Thr Phe Thr Asg*®yr Thr met Asp Trp VA&t Arg Gin Ala Pro

Glu Trp val Ala val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr
50 55 60

Ala Asp ser val Lys Gly Arg Phe Thr I;S Ser Arg Asp Asn S;g
65

Lys Ash Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr Ala val Tyr Tyr Cys Ala Arg Gly Arg val Gly Tyr Ser Leu
95 100 105

Tyr Asp Tyr Trp Gly Gin Gly Thr Leu val Thr val ser ser
110 115

<210> 7

<211> 10

<212> PRT

<213> Artificial sequence

<220> )
<223> Sequence is synthesized.

<220>

<221> Xaa

<222> 10

<223> Xaa is preferrably D or S

<400> 7
Gly Phe Thr Phe Thr Asp Tyr Thr Met Xig
_ 5

<210> 8

<211> 17

<212> PRT

<213> Aartificial sequence

<Z220> _
<223> Sequence s synthesized.

<400> 3
Asp val Asn Pro Asn Ser Gly Gly Ser 118 Tyr Asn Gln Arg P?g
1 5

Lys Gly

<210 9

<211> 10

<212> PRT

<213> Artificial sequence

<220> _ '
<223> Sequence is synthesized.

<400> 9
Asn Leu Gly Pro Ser pPhe Tyr Phe Asp Tyr
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505560 Gly Lys Gly Leu Glu Trp Val Ala Asp Val ASCI Pro ASI1 ser Gly 657075
P4169121WOSEQLIST 808590 Val Asp Arg Ser Lys Asn Thr Leu Tyr Leu Gin Met Asn Ser Leu
95100105 Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly 110115120 Pro Ser Phe Tyr
Phe Asp Tyr Trp Gly GIn Gly Thr Leu Vabihsd29b384:35:Yal Ser Ser Ala Ser Thr Lys Gly Pro Ser Val
Phe Pro Leu Ala 140145150 Pro Ser Ser Lys®er Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys 155160165
Lew, Y&l Ligs Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn 170175180 Ser Gly Ala Leu Thr Ser Gly
vakHissThoPhe Pro Ala val Lev 185190195 Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr val
Pre2 626%72119 Ser.Ser Ser Leu Gly Thr GIn Thr Tyr lle Cys ASn Val Asn His

<213>"Artiticial sequence
<220>

<223> Sequence s synthesized.
<400> 10

Lys Ala Ser Gin Asp val Ser Ite Gly val ala
5 10

<210> 11

<21%> 7

<212> PRT

<213> Artificial sequence

<220>
<223> sequence is synthesized

<220>

<221> Xaa

<222> 5

<223> Xaa 1is preferably R or L

<220>

<221> Xaa

<222> 6

<223> Xaa is preferably Y or E

<220>

<221> Xaa

<222> 7

<223> Xaa is preferably T or s

<400> 11
Ser Ala Ser Tyr Xaa Xaa Xaa
5

<210> 12

<211> 9

<212> PRT

<213> Artificial seguence

<220> ) )
<223> Sequence is synthesized.

<400> 12
Gln Gin Tyr Tyr Ile Tyr Pro Tyr Thr
5

<210> 13

<211> 214

<212> PRT

<213> Artificial sequence

<220>
<223> Sequence s synthesized.

<400> 13
Asp Ile GIn Met Thr GIn Ser Pro Ser Ser teu Ser Ala Ser val
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215220225 Lys Pro Ser ASn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser 230235240 Cys Asp Lys
Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu 245250255 Leu Gly Gly Pro Ser Val Phe Leu Phe
Pro Pro Lys Pro Lys Asp 260265270 Thr Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys val Val Val
275280285 Asp Val Ser His Glu Asp Progghsdfaldogs@iigAsn Trp Tyr val 290295300 Asp Gly val Glu
Val His Asn Ala Lys Thrilys Pro Arg Glu Glu 305310315 GIn Tyr AsAXSer Thr Tyr Arg Val Val Ser Val

Ley.Thr A\l key 320325330 HisGlo ASR L UASIGY Ay Gl Typ Lys Cys Lys Val Ser 335340345
Asn Lys Ala Leu Pro AoPro lle Glu Lys Thr IE5Ser Lys Ala 350355380 Lys Gly GIn Pro Arg Glu Pro

GIn Val T. ry1 Leu Pro Pro Ser. 365370375 Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys
Leu-%%l%)éao §é3§ga il:rg q%r %ﬁn é?n Q_ys F‘i‘r;gqu vs M‘Fa Fl?"o Xﬁ?

Lteu Leuy Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Giy val Pro Ser
50

55 60

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

ser Ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn
80 85 90

His Tyr Thr Thr Pro Pro Thr pPhe Gly Gin Gly Thr Lys val Glu
95 100 105

Ile Lys Arg Thr val Ala Ala Pro Ser val Phe ITe Phe Pro Pro
110 115 120

Ser Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser val val Cys Leu
125 130 135

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val GlIn Trp Lys val
140 145 150

Asp Asn Ala Leu GIn Ser Gly Asn Ser GIn Glu Ser val Thr Glu
155 160 _ 165

GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
170 175 180

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu
185 190 195

val Thr #His GIn ¢ly Leu Ser Ser Pro val Thr Lys Ser Phe Asn

200 205 210
Arg Gly Glu Cys
<210> 14
<211> 449
<212> PRT
<213> Artificial sequence
<220>
<223> sequence is synthesized
<400> 14
Glu val GIn teu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly
1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys
20 25 30

Asp Thr Tyr Ile His Trp val Arg G1n Ala Pro Gly Lys Gly Leu
35 40 45

Gtu Trp val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr
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P4169R1WOSEOLIST 395400405 Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp
410415420 Ser Asp Gly Ser Phe Phe Leu Tyr ser Lys Leu Thr val Asp Lys 425430435 Ser Arg Trp Gin
Gin Gly Asn Val Phe Ser Cys Ser Val Met His 440445450 Glu Ala Leu His ASn His Tyr Thr Gin Lys ser
Leu Ser Leu Ser 455460465 Pro Gly <218 d$:sdddeqlBbr<212> PRT <213> Homo sapiens <400> 19
Thr Gin Val Cys Thr GI§0Thr Asp Met Lys LeusArg Leu Pro Ala 1510%8 Ser Pro Glu Thr His Leu Asp

met Lr‘&‘”x@‘ég dis gy Ty %WGA¥$%§39h?yf1§i’%é’rﬁ'AYQ' S3p Gly. Agn Leu Glu Leu Thr Tyr Leu Pro
Thr 35404 65 70 75

540

Lys Asn Thr Ala Tyr Leu G1n Met Asn Ser Leu Arg Ala Glu Asp
80 85 90

Thr ala val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly phe Tyr
85 100 105

Ala Met Asp Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ser
116 115 120

Ala ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser
125 130 135

Ltys ser Thr ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys
140 145 150

Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala
155 160 165

teu Thr Ser Gly val His Thr Phe Pro Ala val teu GIn Ser Ser
170 175 180

Gly Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser
185 190 195

teu Gly Thr Gin Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser
200 205 210

Asn Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys
215 220 225

Thr His Thr Cys Pro Pro Cys Pro Ala Pro GIu Leu Leu Gly Gly
230 235 240

Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met

245 250 255
ITe ser arg Thr pPro Glu val Thr Cys val val val Asp val Ser
260 265 270
His Glu Asp Pro Glu val Lys Phe Asn Trp Tyr val Asp Gly val
275 280 285
Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu GIn Tyr Asn
290 295 300
ser Thr Tyr Arg val val Ser val iteu Thr val Leu His Glin Asp
305 310 315

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala
320 325 330

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gin
335 340 345

Pro Arg Glu Pro GIn val Tyr Thr Leu Pro Pro Ser Arg Glu Glu
350 355 360

Met Thr Lys Asn Gln val Ser Leu Thr Cys Leu val Lys Gly Phe
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Asn Ala Ser Leu Ser Phe Leu Gin Asp lle Gin Glu Val Gin Gly 505560 Tyr Val Leu lle Ala His Asn Gin
Val Arg Gin Val Pro Leu Gin 657075 Arg Leu Arg lle val Arg Gly Thr Gin Leu Phe Glu Asp Asn Tyr
808590 Ala Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr 95100105 Pro val Thr Gly Ala
Ser Pro Gly Gly Leu Arg Glu Leu Gin Leyp4{85khR4280A8¢-Ser Leu Thr Glu lle Leu Lys Gly Gly Val Leu
lle Gin Arg 1251301358%&sn Pro Gin Leu CysS3TQr Gin Asp Thr lle Le¥¥Trp Lys Asp lle 140145150 Phe

HiSJrgrS AR &an 3D LU Al Lew Thy }%%'%ﬁP%JPfAéﬁnéc?%@Q%Afg Ser Arg Ala Cys His Pro

Cys Ser Pro Met Cys tgs Gly Ser 1701751888Arg Cys Trp Gly Glu 88y Ser Glu Asp Cys Gin Ser Leu
Thrﬁr&; 185190195 <210> 20 P4169R1WOSE‘QLIST
GIW Asn Asn 1yr Lys Thr Thr Pro Pro Val “Leu Asp Ser Asp Gly
395 400 405
Ser Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp
410 415 420
GIn GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala Leu
425 430 435
His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly
440 445
<210> 15
<211> 214
<212> PRT
<213> Artificial sequence
<220>
<223> Seqguence is synthesized.
<400> 15
Asp Ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser val
1 5 10 15

Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser GIn Asp val Ser
20 25 30

Ile Gly val Ala Trp Tyr Gin GIn Lys Pro Gly Lys Ala Pro Lys
35 40 45

Leu Leu ITe Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly val Pro Ser

50 55 60
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile
65 70 75

Ser ser Leu Gin Pro Glu Asp Phe Ala Thr Tyr Tyr Cys GIn GIn
80 85 90

Tyr Tyr Ile Tyr Bro Tyr Thr Phe Gly GIn Gly Thr Lys val Glu
95 100 105

Ile Lys Arg Thr val Ala Ala Pro Ser val Phe Ile Phe Pro Pro
110 115 120

Ser Asp Glu GlIn Leu Lys Ser Gly Thr Ala Ser val val Cys Leu
125 130 135

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val GIn Trp Lys val
140 145 150

Asp Asn Ala Leu GlIn Ser Gly Asn Ser Gin Glu Ser val Thr Glu
155 160 165

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr
170 175 180

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr Ala Cys Glu
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<211> 124 <212> PRT <213> Homo sapiens <400> 20 Thr Val Cys Ala Gly Gly Cys Ala Arg Cys Lys
Gly Pro Leu Pro 151015 Thr Asp Cys Cys His Glu GIn Cys Ala Ala Gly Cys Thr Gly Pro 202530 Lys
His Ser Asp Cys Leu Ala Cys Leu His Phe Asn His Ser Gly 354045 lle Cys Glu Leu His Cys Pro Ala
Leu val Thr Tyr Asn Thr Asp 505560 ThreRhesiudsetMetrPro Asn Pro Glu Gly Arg Tyr Thr Phe Gly
657075 Ala Ser Cys 8P Thr Ala Cys Pro TyEsn Tyr Leu Ser Thr A8p 808590 Val Gly Ser Cys Thr
Lew, YRHGYSiRI &84 s As G GlurVaL 9510405 The AlaGhuAspBly Thr GIn Arg Cys Glu Lys Cys
Ser Lys Pro 1101151200Cys Ala Arg Val <2205 21 <211> 169 <2122(PRT <213> Homo sapiens

<40Aq1>92(.’;l'ly Glu Cys

<210> 16
<211> 448
<Z212> PRT
<213> artificial sequence
<220>
<223> Sequence is synthesized.
<400> 16
Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val Gin Pro Gly
1 5 10 15
Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr
20 25 30
Asp Tyr Thr Met Asp Trp val Arg Gln Ala Pro Gly Lys Gly Leu
35 40 45
Glu Trp val Ala aAsp val Asn Pro Asn Ser Gly Gly Ser Ile Tyr
50 55 60
Asn GIn Arg Phe Lys Gly Arg Phe Thr Leu Ser val Asp Arg Ser
65 70 75
Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser Leu Arg Ala Glu Asp
80 85 90
Thr Ala val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95 100 105
Phe Asp Tyr Trp Gly GIn Gly Thr Leu val Thr val Ser Ser Ala
110 115 120

Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala Pro Ser Ser Lys
125 130 135

ser Thr ser Gly Gly Thr Ala Ala Leu Gly Cys Leu val Lys Asp
140 145 150

Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn Ser Gly Ala tLeu

155 160 165
Thr ser Gly val His Thr pPhe pPro Ala val Leu Gln Ser Ser Gly
170 175 180
Leu Tyr Ser Leu Ser Ser val val Thr val Pro Ser Ser Ser Leu
185 190 195
Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His Lys Pro Ser Asn
200 205 210

Thr Lys val Asp Lys Lys val Glu Pro Lys Ser Cys Asp Lys Thr
215 220 225

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro
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Cys Tyr Gly Leu Gly Met Glu His Leu Arg Glu Val Arg Ala Val 151015 Thr Ser Ala Asn lle GIn Glu Phe
Ala Gly Cys Lys Lys lle Phe 202530 Gly Ser Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala
354045 Ser Asn Thr Ala Pro Leu GIn Pro Glu GIn Leu GIn Val Phe Glu 505560 Thr Leu Glu Glu lle Thr
Gly Tyr Leu Tyr lle Ser Ala Trp Pro 65708518spisetdged$iro Asp Leu Ser val Phe GIn Asn Leu GIn Val
lle 808590 Arg Gly Ar¢pfle Leu His Asn Gly A3 Tyr Ser Leu Thr Led48In 95100105 Gly Leu Gly lle Ser
TrbdeRuGly Leu (LG SEE L ATGClYd @1 101124204PAGIRLWGSEQLIST 125130135 Val His Thr
val Pro Trp Asp Gin LetsPhe Arg Asn Pro His5Gin 140145150 Ala 1263 Leu His Thr Ala Asn Arg Pro
GluséﬁpA(;agI}u%ﬁFy% ?Jé)g 1\?511%}"653/5 val \zlg?s val Asp val Ser g;g

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

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

Thr Tyr Arg val val Ser val Leu Thr val Leu His Gin Asp Trp
305 310 315

Leu Asn Gly Lys Glu Tyr Lys Cys Lys val Ser Asn Lys Ala Leu
320 325 330

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro
335 340 345

Arg Glu Pro Gln val Tyr Thr Leu Pro Pro Ser Arg Giu Glu Met
350 355 360

Thr Lys Asn GlIn val Ser Leu Thr Cys Leu val Lys Gly Phe Tyr
365 370 375

Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn Gly Gin Pro Glu
380 385 390

Asn Asn Tyr Lys Thr Thr Pro Pro val Leu Asp Ser Asp Gly Ser
395 400 405

Phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Glin
410 415 420

Gln Gly Asn val Phe Ser Cys Ser val Met His Giu Ala Leu His
425 430 435

Asn His Tyr Thr 6In Lys Ser Leu Ser Leu Ser Pro Gly

440 445
<210> 17
<211> 233
<212> PRT
<213> artificial sequence
<220>
<223> sequence is synthesized.
<400> 17
Met Gly Trp Ser Cys Ile Ile Leu Phe Leu val Ala Thr Ala Thr
1 5 10 15
Gly val His Ser Asp Ile GIn Met Thr GlIn Ser Pro Ser Ser Leu
20 25 30

Ser Ala ser val Gly Asp Arg val Thr ITe Thr Cys Lys Ala Ser
35 40 45

Gin Asp val Ser ITe Gly val ala Trp Tyr GIn GIn Lys Pro Gly
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Glu Gly Leu Ala <210> 22 <211> 142 <212> PRT <213> Homo sapiens <400> 22 Cys His Gin Leu
Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro 151015 Thr Gin Cys Val Asn Cys Ser Gin Phe Leu Arg
Gly Gin Glu Cys 202530 val Glu Glu cys Arg Val Leu Gin Gly Leu Pro Arg Glu Tyr val 354045 Asn Ala
Arg His cys Leu Pro Cys His Pro Glu Cys&igdRidzin085p60 Asn Gly Ser Val Thr Cys Phe Gly Pro
Glu Ala Asp Gin Cys Va 657075 Ala Cys Ala#iis Tyr Lys Asp Pro P8 Phe cys val Ala Arg Cys 808590
Pro ser al Lys Pro Asp Leu Ser Tyr met Prolle Trp. Lys 951 5 Phe Pro Asp Glu Glu Gly Ala
Cys‘"ésln )F(o\%f/)s %yrso h%igAisﬁuc%HselTﬁiléépZé %‘nrsﬁ(i;s];s){jr (@\2/5% \?glpﬁ?ggqueu Asp Asp Lys Gly CysyPro

Ala Glu 125130135 Gin A%Ala Ser Pro Leu Thr 140
Gly val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe

80 85 90

Thr Leu Thr Ile Ser ser Leu GIn Pro Glu Asp Phe Ala Thr Tyr
95 100 105

Tyr Cys Gln Gln Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly GIn Gly
110 115 120

Thr Lys val Giu Ite Lys Arg Thr val Ala Ala Pro Ser val Phe
125 130 135

ile Phe Pro Pro Ser Asp Glu Gln teu Lys Ser Gly Thr ala Ser
140 145 150

val val Cys Leu Leu Ash Asn Phe Tyr Pro Arg Glu Ala Lys val
155 160 165

GIn Trp Lys val Asp Aasn Ala Leu GIn Ser Gly Asn Ser Gln Giu
170 175 180

ser val Thr ¢lu &¢In aAsp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
185 150 195

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val

200 205 210
Tyr Ala Cys Glu val Thr His GIn Gly Leu Ser Ser Pro val Thr
215 220 225
Lys Ser Phe Asn Arg Gly Glu Cys
230
<210> 18
<211l> 467
<212> PRT
<213> Artificial sequence
<220>
<223> Seguence 1s synthesized.
<400> 18
Met Gly Trp Ser Cys Ile tle Leu Phe Leu val Ala Thr Ala Thr
1 5 10 15

Gly val His ser GTu val GIn Leu val G;? Ser Gly Gly Gly ng
2

val Gin Pro Gly Gly Ser lLeu Arg Leu Ser Cys Ala Ala ser Gly

35 40 45
Phe Thr Phe Thr asp Tyr Thr Met Asp Trp val Arg Gin Ala Pro
50 55 60

Gly Lys Gly Leu Glu Trp val Ala Asp val Asn Pro Asn Ser Gly
65 70 75

Gly ser Ile Tyr Asn Gln Arg Phe Lys Gly Arg phe Thr Leu Ser
Page 11



<210> 23 <211> 217 <212> PRT <213> Artificial sequence <220> <223> Sequence is synthesized.
<400> 23 Val His Ser Asp lle Gin met Thr Gin Ser Pro Ser Ser Leu Ser 151015 Ala Ser Val Gly Asp
Arg Val Thr lle Thr Cys Lys Ala Ser Gin 202530 p4169R1wO05EOLisr 354045 Ala Pro Lys Leu Leu lle
Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly 505560 ¥al R 249 Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe
Thr 657075 Leu Thr llegSer Ser Leu GIn Pro Gk Asp Phe Ala Thr Tya0Tyr 808590 Cys GIn Gin Tyr Tyr
lle Tyr Pro Tyr Thr Phe Gly Gin Gly Thr 95100105-Lys val Glu lle Lys Arg Thr Val Ala Ala Pro Ser val
P/t 413118 36 Eﬁé?%&%‘“ée‘f%ﬁ%l%%néﬂé{ﬁ\f%%‘é’r Ty ISEAlga Ser Val 125130135

Arg Ala Glu Asp Thr ala val Tyr Tyr Cys Ala Arg Asn Leu Gly
110 115 120

Pro Ser Phe Tyr Phe Asp Tyr Trp Gly GIn Gly Thr Leu val Thr
125 130 135

val Ser Ser Ala Ser Thr Lys Gly Pro Ser val Phe Pro Leu Ala
140 145 150

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys
155 160 165

Leu val Lys Asp Tyr Phe Pro Glu Pro val Thr val Ser Trp Asn
170 175 180

ser Gly Ala Leu Thr Ser Gly val His Thr Phe Pro Ala val Leu
185 190 195

Gin Ser Ser Gly Ley Tyr Ser Leu Ser Ser val val Thr val Pro
200 205 210

ser ser Ser iteu Gly Thr GIn Thr Tyr Ile Cys Asn val Asn His
215 220 225

Lys Pro Ser Asn Thr iys val Asp Lys Lys val Glu Pro Lys Ser
230 235 240

Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
245 250 255

teu Gly Gly Pro Ser val Phe Leu Phe Pro Pro Lys Pro Lys Asp
260 265 270

Thr Ley Met Ile Ser Arg Thr pro Glu val Thr Cys val val val
275 280 285

Asp val Ser His Glu Asp Pro Giu val Lys Phe Asn Trp Tyr val
290 295 300

Asp Gly val Glu val His Asn Ala Lys Thr Lys Pro Arg Glu Glu
305 310 315

GIn Tyr Asn Ser Thr Tyr Arg val val Ser val Leu Thr val Leu
320 325 330

His Gln Asp Trp Leu Ashn Gly Lys Glu Tyr Lys Cys Lys val Ser
335 340 345

Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala
350 355 360

Lys Gly Gln pPro Arg Glu Pro Gin val Tyr Thr Leu Pro Pro Ser

AT
365 370 375

Arg Glu Glu Met Thr Lys Asn GIn val Ser Leu Thr Cys Leu Vval
380 385 390

Lys Gly Phe Tyr Pro Ser Asp Ile Ala val Glu Trp Glu Ser Asn
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Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gin 140145150 Trp Lys Val Asp Asn Ala
Leu Gin Ser Gly Asn Ser Gin Glu Ser 155160165 Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser
Leu Ser Ser 170175180 Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr 185190195 Ala
Cys Glu val Thr His Gin Gly Leu Ser ser Pfoawlihbs kysr290205210 Ser Phe Asn Arg Gly Glu Cys 215
<210> 24 <211> 449 ¥32> PRT <213> Artifiefal sequence <220> 4923> Sequence is synthesized.

<4Q0%, 24 Glugak Gindsguaal Bl e Gly-Gly Chv-bepryal3in Broagly 151015 Gly Ser Leu Arg Leu
Ser Cys Ala Ala Ser GlyoPhe Thr Phe Thr 202830 Asp Tyr Thr Met #3p Trp Val Arg Gin Ala Pro Gly

Lyssgjrl'y /Ifgpu g?)ﬁl OSAéSr Cé’l#eTiggeve!aél?‘ﬁﬂsgevr‘alté/gnlzﬂo ﬁ)sr‘n \%ﬁr g’sl,g (Elyysser lle Tyr

425 430 435
ser Arg Trp GIn GlIn Gly Asn val Phe Ser Cys Ser val Met His
440 445 450
Glu Ala Leu His Asn His Tyr Thr GIn Lys Ser Leu Ser Leu Ser
455 460 465
pro Gly
<210> 19
<21il> 195
<212> PRT
<213> Homo sapiens
<400> 19
Thr G1n val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala
1 5 10 15

Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gin Gly
20 25 30

Cys Gln val val ng Gly Asn Leu Glu Leu Thr Tyr Leu Pro TEE
5 40

Asn Ala Ser Leu Ser Phe Leu GlIn Asp Ile Gln Glu val Gln Gly

50 55 60
Tyr val Leu ITe Ala His Asn Gln val Arg GIn val Pro Leu Gln
65 70 75
Arg Leu Arg Ile val Arg Gly Thr GIn iteu Phe Glu Asp Asn Tyr
80 85 90
Ala Leu Ala val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr
95 100 105

pro val Thr Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gin Leu
110 115 120

Arg Ser Leu Thr Glu Ile Leu Lys Gly Gly val Leu Ile GIn Arg
125 130 135

Asn Pro GIn teu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile
140 145 150

Phe His Lys Asn Asn GIn Leu Ala Leu Thr Leu Ile Asp Thr Asn
155 160 165

Arg Ser Arg Ala Cys His Pro Cys Ser Pro Met Cys Lys Gly Ser
170 175 180

Arg Cys Trp Gly Glu Ser Ser Glu Asp Cys GIn Ser Leu Thr Arg
185 190 195

<210> 20
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505560 ASI1 Gin Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 657075
P4169R1WOSEOLIST 808590 Thr Ala val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr
95100105 Phe Asp Tyr Trp Gly GIn Gly Thr La Val Thr val Ser Ser Ala 110115120 Ser Thr Lys Gly Pro
ser val Phe Pro Leu Ala Pro Ser Ser Lys d2&h391,:35:9efshhr Ser Gly Gly Thr Ala Ala La Gly Cys Leu
A'slpfi140145150 Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu 155160165 Thr
Se? he Pro Ala Val La GIn Ser Ser Gly 170175180 Leu Tyr Ser Leu Ser ser val Val
Thr Va Pro r Ser Leu 185190195 Gly Thr GIn Thr Tyr lle cys Asn val Asn His Lys Pro ser Asn

2008 TJ;,@, LB RS Le B DRAR L™

Thr Asp Cys Cys His Glu Gln Cys Ala Ala Gly Cys Thr Gly Pro

20 25 30
Lys His Ser Asp Cys Leu Ala Cys Leu His Phe Asn His Ser Gly
35 40 45
¥le Cys Glu Leu His Cys Pro Ala Leu val Thr Tyr Asn Thr Asp
50 55 60
Thr phe Glu Ser Met Pro Asn Pro Glu Gly Arg Tyr Thr Phe Gly
65 70 75

Ala Ser Cys val Thr Ala Cys Pro Tyr Asn Tyr Leu Ser Thr Asp
80 85 90

val Gly Ser Cys Thr Leu val Cys Pro Leu His Asn GIn Glu val
95 100 105

Thr Ala Glu Asp Gly Thr GIn Arg Cys Glu Lys Cys Ser Lys Pro
110 115 120

Cys Ala Arg val

<210> 21
<211> 169
<212> PRT
<213> Homo sapiens

<400> 21
Cyi Tyr Gly Leu G?g Met Glu His Leu Agg Glu val Arg Ala V%%

Thr Ser Ala Asn Ile Gln Glu Phe Ala Gly Cys Lys Lys Ile Phe
20 25 30

Gly Ser teu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala
35 40 45

ser Asn Thr Ala Pro Leu GIn Pro Glu Gin Leu GIn val Phe Glu
50 55 60

Thr Leu Glu Glu Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro
65 70 75

Asp Ser Leu Pro Asp Leu Ser val Phe Gln Asn Leu Gln val Ile
80 85 90

Arg Gly Arg Ile Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gln
95 100 105

Gly teu Gly Ile Ser Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu
110 115 120

Gly Ser Gly Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe
pPage 14



215220225 His Thr Cys Pro Pro Cys Pro Ala Pro Glu La Leu Gly Gly Pro 230235240 Ser Val Phe Leu
Phe Pro Pro Lys Pro Lys Asp Thr Leu met lle 245250255 Ser Arg Thr Pro Glu val Thr Cys Val Val Val
Asp val Ser His 260265270 Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly val Glu 275280285
val His Asn Ala Lys Thr Lys Pro Arg Glu &{udetwWodesisser 290295300 Thr Tyr Arg Val Val Ser val
Leu Thr Val Leu His Gi#5Asp Trp 305310315-B@u Asn Gly Lys Glu Typ Lys Cys Lys val Ser Asn Lys

Ala,}.gu 320328330, P‘ggdbxl@grgsl e Gl Lys Fhe lle-perdysAlalys GQly Gin Pro 335340345 Arg Glu
Pro GIn Val Tyr Thr LeaoPro Pro Ser Arg Glu@lu Met 350355360 Tigd_ys Asn GIn Val Ser Leu Thr

Cyg% l&_%asljé ggl L'-é{f %IX E’r e D{g 3/?&3&9?57;??%%% ,S%)S%IIIE él)?svva&hGéq )‘/I'rp Glu Ser Asn Gly GIn Pro Glu
38 155 160 165

Glu Gly Leu Ala

<210> 22

<211> 142

<Z12> PRT

<213> Homo sapiens

<400> 22
Cys #is Gln Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro
1 5 10 i5

Thr GIn Cys val Asn Cys Ser GIn Phe Leu Arg Gly GIn Glu Cys
20 25 30

val Glu Glu Cys Arg val Lteu Gin Gly Leu Pro Arg Glu Tyr val
35 40 45

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gin Pro GlIn
50 55 60

Asn Gly Ser val Thr Cys Phe Gly Pro Glu Ala Asp GIn Cys val
65 70 75

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys val Ala Arg Cys
80 85 90

Pro Ser Gly val Lys Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys
95 100 105

Phe Pro Asp Glu Glu Gly Ala Cys GIn Pro Cys Pro Ile Asn Cys
1190 i1s 120

Thr His Ser Cys val Asp Leu Asp Asp Lys Gly Cys Pro Ala Glu

125 130 135
Gln Arg Ala Ser Pro Leu Thr
140
<210> 23
<211> 217
<212> PRT
<213> Artificial sequence
<220> .
<223> Sequence 1s synthesized.
<400> 23
vai His Ser Asp Ile GIn Met Thr Gin Ser Pro Ser Ser Leu Ser
1 5 10 15

Ala ser val Gly Asp Arg val Thr Ile Thr Cys Lys Ala Ser GIn
20 25 30

Asp val ser Ile Gly val Ala Trp Tyr GIn GIn Lys Pro Gly Lys
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P4169R1WOSEQLIST 400405 Val Asp Lys Ser Arg Trp Gin 415420 val met His Glu Ala Leu His
430435 Ser Leu Ser Pro Gly Lys 445

P41GORIWOSEQLIST
35 40 45
Ala Pro Lys Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly
50 55 60
val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr
65 70 75
Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr
80 85 90
cys GIn Gin Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gin Gly Thr
95 100 105

tys val Glu Ile Lys Arg Thr val Ala Ala Pro Ser val Phe Ile
110 115 120

phe Pro Pro Ser Asp Glu GIn Leu Lys Ser Gly Thr Ala Ser val

125 130 135

val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys val Gln
140 145 150

Trp Lys val Asp Ash Ala Leu GIn Ser Gly Asn Ser Gin Glu ser
155 160 165

val Thr 6Tu GIn Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
170 175 180

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys val Tyr
185 190 195

Ala Cys Glu val Thr His Gln Gly Leu Ser Ser Pro val Thr Lys
200 205 210

ser Phe asn Arg G¢ly Glu Cys
215

<210> 24

<211> 449

<212> PRT

<213> Artificial sequence

<220>

<223> Sequence s synthesized.

<4Q0> 24

Glu val GIn Leu val Glu Ser Gly Gly Gly Leu val GIn Pro Gly

1 5 10 15

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr
20 25 30

Asp Tyr Thr Met Agg Trp val Arg Gin Ala Pro Gly Lys Gly Leu
40 45

Glu Trp val Ala Asp val Asn Pro Asn Sgg Gly Gly ser Ile Tyr
50 60

Asn GIn Arg Phe Lys Gly Arg Phe Thr Leu Ser val Asp Arg Ser
65 70 75

Lys Asn Thr Leu Tyr Leu GIn Met Asn Ser teu Arg Ala Glu Asp
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Thr

Phe

Ser

Ser

TYF

Thr

Leu

Gly

Thr

His

Ser

Ser

Glu

val

Thr

Leu

Pro

Arg

Thr

Pro

Asn

Ala

ASD

Thr

Thr

Phe

sSer

Tyr

Thr

Lys

Thr

val

Arg

ASp

His

Tyr

Asn

Ala

Glu

Lys

Ser

Asn

val
Tyr
Lys
Ser
Pro
Gly
Ser
Gln
val
Cys
Phe
Thr
Pro
Asn
Arg
Gly
Pro
Pro
Ash
ASp

Tyr

TYr

Trp

Gly

Gly

Glu

val

Leu

Thr

AsSp

Pro

Leu

Pro

Glu

Ala

val

LysS

Ile

GIn

Gin

Ile

Lys

80

Tyr
95

Gly
110

Pro
125

Gly
140

Pro
155

His
170

ser
185

Tyr
200

Lys
215

Pro
230

Phe
245

Glu
260

val
275

LyS
290

va'l
305

Glu
320

Glu
335

val
350

val
365

Ala
380

Thr

Cys

Gln

Ser

Thr

va'

Thr

ser

Ile

ILys

Cys

Pro

val

Lys

Thr

Ser

Tyr

Lys

Tyr

Ser

va'l

Thr

Ala
Gly
val
Ala
Thr
Phe
val
Cys
val
Pro
Pro
Thr
Phe
LysS
val
Lys
Thr
Thr
Leu
Glu

Pro

Arg

Thr

Phe

Ala

val

Pro

val

Asn

Glu

Ala

Lys

cys

ASn

Pro

Leu

cys

Ile

Leu

Thr

Trp

Pro

P416ORIWOSEQLIST

Asn

Leu

Pro

Leu

Ser

Ala

Thr

val

Pro

Pro

Pro

val

Trp

Arg

Thr

LYS

Ser

Pro

Cys

Glu

val

85

Leu
100

val
115

Leu
130

Gly
145

Trp
160

val
175

val
190

Asn
205
Lys
220

Glu
235

LYS
250

val
265

Tyr
280

Glu
295

val
310

val
325

Lys
340

Pro
355

Leu
370

ser
385

Leu

Gly Pro Ser

Thr

Ala

Cys

Asn

Leu

Pro

His

Ser

Leu

Asp

val

val

Glu

Leu

Ser

Ala

ser

val

Asn

ASp

val

£ro

Leu

Ser

Gln

ser

Lys

Cys

Leu

Thr

ASp

ASp

GIn

His

ASn

LyS

Arg

Lys

Gly

Ser
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Ser
Ser
val
Gly
Ser
Ser
Pro
Asp
Gly
Leu
val
Gly
Tyr
Gln
Lys
Gly
Glu
Gly
GIn

Asp

Phe

Ser

ser

Lys

Ala

Ser

ser

ser

Lys

Gly

Met

Ser

val

Asn

Asp

Ala

GlIn

Glu

Phe

Pro

Gly

90

Tyr
105

Ala
120
Lys
135
Asp
150

Leu
165

Gly
180

Leu
195

Asn
210

Thr
225

Pro
240

Ile
255

His
270

Glu
285

Ser
300

Trp
315

Leu
330

PTro
345

Met
360

Tyr
375

Glu
390

Ser



PA169RIWCSEQLIST
395 400 405

phe Phe Leu Tyr Ser Lys Leu Thr val Asp Lys Ser Arg Trp Gln
410 415 420

GIn Gly Asn val Phe Ser Cys Ser val Met His Glu Ala Leu His
425 430 435

Asnt His Tyr Thr GIn Lys Ser Leu Ser Leu Ser Pro Gly Lys
440 445
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