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i ncorporated herein by reference in its entirety. FIELD OF THE | NVENTI ON
The present invention concerns anti-HER antibodies, including multispecific

anti- HER anti bodi es vmgPElq]pﬂi RS WN:TIBbﬂIES at least two different

HER receptors, and use o e antibodies to treat diseases or disorders.
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et al, Oncogesecdpession is often associated with increased product1on of the EGFR ligand,

transforming growth factor alpha (TGF-a), by the same tumor cells resulting in receptor

25  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-a
and EGF, have been evaluated as therapeutic agents in the treatment of such malignancies.
See, e.g., Baselga and Mendelsohn., supra; Masui et al. Cancer Research 44:1002-1007
(1984); and Wu et al. J. Clin. Invest. 95:1897-1905 (1995).

30 The second member of the HER family, HER2 ( p185™"), was originally identified as
the product of the transforming gene from neuroblastomas of chemically treated rats. The
activated form of the neu proto-oncogene results from a point mutation (valine to glutamic
acid) in the transmembrane region of the encoded protein. Amplification of the human
homolog of neu is observed in breast and ovarian cancers and correlates with a poor prognosis

35 (Slamon et al., Science, 235:177-182 (1987); Slamon et al., Science, 244:707-712 (1989); and
US Pat No. 4,968,603). Overexpression of HER2 (frequently but not uniformly due to gene
amplification) has also been observed in other carcinomas including carcinomas of the

stomach, endometrium, salivary gland, lung, kidney, colon, thyroid, pancreas and bladder.
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G owt h (Regul at Hodvidk o2+ 8%( xgglﬁéglz lShBtéa(ﬁfldl oL (29899 rgle;giﬂbd”lthe I(gEmSI:H‘ﬂlggl@h o{ 11(3): 1
17-127 (1 1 0 ew s et
S oo G A et e L ) S M ST S

9: 18290 18SRB-BRL994R¢latiict @it pro&feratibn GANGeSKRBRSacdtlh HUovndd kxp308 101H84) ;
Sl i wkowsKki

Bi ol - ChoM o248 Yisr 8 ST AR SR A1 BB Rl Ao, UsgE,
91: 7202- 72@GaskalIdyimubeinhibiteh wab oblamee witRelsearibdly>allddaTs Vkb ifhll9R6) ; and
pre D T TN O IR
t r ast uzuntbsed rextdRGERTESsay. U The Maibedyt 4D . wds, BRAsr3BdNd its salsiting &mmy active
25  overexpressing breast tumor cell lines to the cytotoxic effects of TNF-a. See also U.S. Patent
No. 5,677,171 issued October 14, 1997. The HER2 antibodies discussed in Hudziak et al. are
further characterized in Fendly et al. Cancer Research 50:1550-1558 (1990); Kotts et al. In
Vitro 26(3):59A (1990); Sarup et al. Growth Regulation 1:72-82 (1991); Shepard et al. J.
Clin. Immunol. 11(3):117-127 (1991); Kumar et al. Mol. Cell. Biol. 11(2):979-986 (1991);
30 Lewis et al. Cancer Immunol. Immunother. 37:255-263 (1993); Pictras et al. Oncogene
9:1829-1838 (1994); Vitetta et al. Cancer Research 54:5301-5309 (1994); Sliwkowski et al.
J. Biol. Chem. 269(20):14661-14665 (1994); Scott et al. J. Biol. Chem. 266:14300-5 (1991);
D'souza et al. Proc. Natl. Acad. Sci. 91:7202-7206 (1994); Lewis et al. Cancer Research
56:1457-1465 (1996); and Schaefer et al. Oncogene 15:1385-1394 (1997).
35 A recombinant humanized version of the murine HER2 antibody 4D5 (huMAb4D5-8§,
rhuMAb HER?2, trastuzumab or HERCEPTIN”; U.S. Patent No. 5,821,337) is clinically active

in patients with HER2-overexpressing metastatic breast cancers that have received extensive
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in patients with HER2- overexpressing netastatic breast cancers that have
recei ved extensiveprior anti-cancer therapy (Baselga et al, J. Cdin. Oncol.
14: 737- 740208983127 Trast uzumab recei ved marketi ng appr @¢aluskelomesode Food
and Drug Adm nistration Septenber 25, 1998 for the treatnent of patients
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| erease PREGIvEF Y arne e P It s ea t o o vart ety of HER |1 gands
(Earp et al BrHasbloganeehingeswhscin thidentifieatomiitwabtherHBR 1@2pt(1@RA8y) . EGFR
tr anahor nGOGrINE Faim Pt N s ot e 55 sV Banstt PRkt oh Sefla Rt dthai ng
MR ity il v N b Sk
resul ti ng %o téIAtC@‘%-r‘?é‘t ?]\‘fé 92%{7%332%3 gf 963&1 @@rﬁé%gnad]eﬁgl ]9 e %@n‘% 4 g HER3

and HER4. (iPb®).nBowagd klicse feeaptdry dikpia) iude$edib>@|ﬂ@$i01beﬂiatladsdsog&rﬂi‘&sh&h&gm i ns
(Hol mes et lrall Sci ence, 256:1205-1210 (1992); U.S. Patent No. 5,641, 869;
and Schaef@t"8% al Oncogene 15:1385-1394 (1997)): neu differentiation
fact 026 ( NDFs) ThglHEHR rgeprofshart agchenly (ffadsh; vaat Yombmhiidhe ihecptand

e A e RO P BB SR S50 sy
Lenke, G HEBlIgends&&E 4kl al. Blewt O8ier Rebeddil adBeihO88Y: dad 3L o). BGFRhar m
B e M SR, M
et al Nat uipra IFGFS09-adbRirdghB8) 7 hepasind bivding awsiyerdhl arowth factor (HB-EGF),
25  betacellulin and epiregulin (Groenen et al. Growth Factors 11:235-257 (1994)). A family of
heregulin proteins resulting from alternative splicing of a single gene are ligands for HER3
and HER4. The heregulin family includes alpha, beta and gamma heregulins (Holmes et al.,
Science, 256:1205-1210 (1992); U.S. Patent No. 5,641,869; and Schaefer et al. Oncogene
15:1385-1394 (1997)); neu differentiation factors (NDFs), glial growth factors (GGFs);
30 acetylcholine receptor inducing activity (ARIA); and sensory and motor neuron derived factor
(SMDF). For a review, see Groenen ef al. Growth Factors 11:235-257 (1994); Lemke, G.
Molec. & Cell. Neurosci. 7:247-262 (1996) and Lee et al. Pharm. Rev. 47:51-85 (1995).
Three additional HER ligands have been identified; neuregulin-2 (NRG-2) which is reported
to bind either HER3 or HER4 (Chang et al. Nature 387 509-512 (1997); and Carraway et al
35  Nature 387:512-516 (1997)); neuregulin-3 which binds HER4 (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.
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Nat ure 387:512-516 (1997)); neuregulin-3 which binds HER4 (Zhang et al PNAS
(USA) 94(18):9562-7 (1997)); and neuregulin-4 which binds HER4 (Harari et
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oho 31:1209-13 (2004); Viloria-Petit AM d rbel RS. Lnt .J Radiat
Chool Bi ol Py SasREEa s a0k AR bt wre PRy W Sirlicier et e Cancer
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undesira i effects, .s as . signific l.e f skin toxicity.
Robert, eEZ%gﬁf g]%?}ﬂcseft ﬁﬁc@ﬁ”géﬂ/[{%g%@ﬁ%}!%é 1(:%%5 3 (\éﬁ%ﬁb§ﬂ?rﬁ' g Agf’lr?ggdyexi sts
t o devel oReibopRIVEd/ RMI@@MBZ’@ZSP}%@88:?148:2@@[004)h83iHERRp,adt WS do SUMARRY OF
THE | NVENTI ON I i rovi de or | tispecific antjbodi
Compr | o1 G ARSI YEE BT ErRlTRR: T i PSR RF e Bl 0 PO eas
E\tI)\K)) Elg:RRI’ evepi DléFlgoliS&|%@I,%ﬁnﬂéf@%ﬁhﬁe@?lﬂﬂﬁa?ﬁ%(@:ﬂIEZQS Qf)}(()ﬁl)’oéﬁﬂ?ﬁ FRnd HER2,
an an c e antibo i nhibits a
bi ol ogi caf’ ek {gest g 1R R DR Eilzﬁal?l‘é‘ﬂaép%iia??““f’% L el ar
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receptors.

Accordingly, a need exists to develop improved therapeutics that target the HER
25  pathway.

SUMMARY OF THE INVENTION

The invention provides for multispecific antibodies comprising an antigen-binding
30  domain that specifically binds to at least two HER receptors selected from the group
consisting of (a) EGFR and HER2, (b) EGFR and HER3, and (c) EGFR and HER4. The
antibody inhibits a biological activity of at least one of the HER receptors. In particular
embodiments, the multispecific antibody specifically binds to its target HER receptors and
does not specifically bind to the non-target HER receptors. Accordingly, in one embodiment,
35  the antibody specifically binds to EGFR and HER3 but does not specifically bind to HER2 or
HER4. In another embodiment, the antibody specifically binds to EGFR and HER2 but does
not specifically bind to HER3 or HER4. In another embodiment, the antibody specifically
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the anti body specifically binds to EGFR and HER3 but does not specifically
bind to HER2 or HER4. In anot her enbodi nent, the anti body specifically

bi nds t o EOERisam0si2FHER2 but does not specifically bind t@CHER3010/0284ER4. | n
anot her enbodi nent, the antibody specificallybinds to EGFR and HER4 but

does not specificall I to HER2 or ...The jnv i,on, al so provides for
tonospeci PRE tarc Rt TRt et onedtnant il iy SR O b R Phcept or
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phosphoryl ation.. I n.sanme enbodi t he antibody iphjbits. tunor cell
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EGFR and hiafSpdoific adtitesly hnbibits p éidgicakbdctiyitynifadieiso oddREGOR abERZR3] m one
enbodi nent

That  spechts SR, BTt Ee RN FOP AR RS e Ra e L BEBRAn 0% ‘o

one enbodui®bdy inhieitdTTGF-bSRetd EGFRAIsHIReatba M ose $msdimbits, @en- bi ndi ng
domai n that_specjfijcall inds, EGFR with_a Kd. of |less than 10 6M and
speci fi caMiPoty Hebitsiemar ¢l ek wih-ip o8¢ cipkedimentdbe mptisngpifie AR erbodi ment ,

the my ti gReEikcfliy®imltd DOBY aG MK 15t 06s bt PEdifi@aNbial RAHPRY comers t hat
specifically binds to EGFR and HER3 conprises (a) HVR-H conprising the

am no aci d sequedieembbdinSEIN MuliSkQAfk PntNOdy déhiriséduh ahtydzniZhda@memaimi Ng t he
am no aci g sequence. of Vi AA SEQ | D.NO, 51); d (c R- H3
conpri si ng’aft Sﬂ?@‘“ﬁ‘f‘?ﬁ?ﬁBmﬁ%ﬁoﬁgﬁfmgdélaﬁgéﬁ\@ﬁ%%§@gﬁéq ﬁ}lﬁ’qgéme%) . and
E dg HVR- Lthe Guilfipécsfid@tibdily caiip s acintigSeih@Ene ontifin thatADEMRSallDEQIY KGO ) 55) ; .
e) HVR-L2 conprising the am no agi equ 0 SE (S ) 1 56); an
(1) v gt Bt NE dirdgedioth SR ERES vSh « SaSERTTESEE MO noy 57
I n ong, enbodi nent, the .nmultispecific antihody conprisin n .anti gen- bi ndi ng
ot 2 that  spBeE FElvipes; HRECE i etERT g FesReg therees SRRt uo gLy Chai n
vari abl e dan@pedifidadly bings @EdRRas SRR comftien  e) HdrRmtlicomptidnd theadibno aci d
sequence of. SEQ I D : i chaj ri abl e domai.n havi ng at
east osomd R R Vit (R ol bn i Rk bt e e D o “29: o
(c) a heawyuakabfvUBISAADEY TIDSHQIBEQUEN Cadas HVR-Ha )compitkim the amino
acid sequence of ARESRVSFEAAMDY (SEQ ID NO: 53); and (d) HVR-L1 comprising the
25  amino acid sequence of NIATDVA (SEQ ID NO: 55); (¢) HVR-L2 comprising the amino
acid sequence of SASF (SEQ ID NO: 56); and (f) HVR-L3 comprising the amino acid

sequence of SEPEPYT (SEQ ID NO: 57).

In one embodiment, the multispecific antibody comprising an antigen-binding
domain that specifically binds to EGFR and HER3 comprises (a) a heavy chain variable
30  domain having at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 30;
(b) a light chain variable domain having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 29; or (c¢) a heavy chain variable domain sequence as in (a) and a
light chain variable domain sequence as in (b). In one embodiment, the multispecific
antibody comprising an antigen-binding domain that specifically binds to EGFR and HER3

35  comprises a heavy chain variable domain sequence of SEQ ID NO: 30. In one embodiment,



| i ght chain variable domain sequence as in (b). In one enbodi nent, the

mul tispecific anti body conprising an anti gen-binding domai n that

speci fi cavbyotwmner7t 0 EGFR and HER3 conpri ses a heavy clrairuSe@oiozfoee domai n
sequence of SEQ ID NO 30. In one enbodiment,the nmultispecific antibody
conprising an anti d|n .domai n .t hat elfic | I i .to EGFR and
RS conpie Suu R GRS R Butud gtk CagbdfcststodtdiBae 20 In
anot her eRGBRiaARAER3 thtprived atln@pa&lﬂ\taﬁalﬁmdmmeqﬁ@wﬁﬂssj@g) HO0: 29. In

anti gen-bin domai n t hat .s ifica bi.nds to EGFR HER3 corrprl ses a
AR A S A S L e g v A
vari abl e qQaﬁbﬂlySﬁquwmcean@E@j daniNekes 2deavlythSi Rriab Ehio thaiiB Bdus nectolie

Cpeci 11 caPty R0 A e FERE o B ﬁ%c%ﬂ%@%ﬂé@ ant i body. One

aspect of the inventi rOV|des at ed .nucl e .encodi ng the
Tt speci {1 IR fﬂ?%dd%f the/xﬂ%{lws?f SuBR PR e A& ool |

conpr i si ndorhdie thatpbeficallabinds @B 4ng HERS inadullilspecichi enttlb®.ant | bodi es. Yet
anot her aspect provides for a nethod of producing a nultispecific HER

anti body conpr Dat magea af thelinvagioh peviios for aleisblate@ﬁtpﬂdi@icﬁrgenbdsréngmel eic acid

e aspect™BPPEiE THCEIPT SR V0 cler B 0R 1 aHNOB AT LT e SIS ng. &
mul ti $pechdid enchiliR ﬂlﬂﬁnuhﬂﬂgmfw’ﬁﬂimalﬂl)bbdlés))ﬁemalalgﬁ:ﬂﬁspeo%pﬂivhle{ foasperhbdpf ovi des a
phar maceu gty Bl ugr S PeR R O bR o ta T RVERIESR r ovi des
for a net hadeiodcid eneadingiye amluspumﬁe:lfﬂileinubam snglacﬂmaﬁrbodpmpmdscddg

adm nistering to the individual an effective anount of a nultispecific HER
anti body. | n ofec expbodf the ntventioh@ravidet fosmemhﬁdnocdﬁﬁjgamnbmﬂn@dhg aconprises an
antigen-bin t eci flca one
enbod menPutbpe Eaaet i Bl Sk R arfrie T AR R Ehnpr t ses
cell sl haformulpn@s@nﬁfﬂﬁﬁg amdlubﬁaﬁc HHER ombodyrind o pheembgeutidally e@poaile t r eat ed by
the nul ti sapem fic HER anti body is breast cancer, colorectal cancer,
pancreatlc cancer, head and neck cancer, nelanona ovari an cancer, prostate
g?g\(;leziesolt OPOQO?reenal l oyf;llgmc\:lglgt{gncra(‘)r\]lg s foB;A‘gq%%lol ca ea eca'{n 18(51V1duq§hévq?\iégt : g(r;ept or
in an i ndcanpdwainpnmgﬁdnmwtqlrgdmha|113h\eduahgl dfbcm\hemonniloﬁadmaispmﬁcdiﬁlécti ve
ﬁuﬁ})'l[.llnts ng:I 3%_5_:1132%1[1) e%nlll{g)ldl(%nelr_lqz ﬁleaflg]l}ltllsggcq%antﬁ antri)%d% g(pnﬁogfserge arr]%lgt igen E)n}:dhnét

speci 20 caﬂdnyaﬂnthlatwectlﬁcaﬁy}iﬁdmocEGHBR&d HBRS. msupecmb@ﬁmmaeha quentreaal pr ovi des
for a nmul HER for a nQt her aspect
provi des ihe%%?spruﬁlfgl Sp e%]I% f)(ciry ﬁ%émes r Sstg%} e’t% rstﬁ?}gkl an?I%TRg’t]fpl\ngé cancer, such
as br east coamiieent, thmdamee otatd llyahscleulpsmaiﬁc HERtantbwla mcleeast daecrd caloccaéc k
cancer,

cancer, pancreatic cancer, head and neck cancer, melanoma, ovarian cancer, prostate cancer,

or non-small lung cell cancer.

25 Another aspect of the invention provides for a method of inhibiting a biological
activity of a HER receptor in an individual comprising administering to the individual an
effective amount of a multispecific HER antibody. In one embodiment, the multispecific
HER antibody comprises an antigen-binding domain that specifically binds to EGFR and
HERS3.

30 One aspect of the invention provides for a multispecific HER antibody for use as a
medicament. Another aspect provides for a multispecific HER antibody for use in treating
cancer, such as breast cancer, colorectal cancer, pancreatic cancer, head and neck cancer,
melanoma, ovarian cancer, prostate cancer, or non-small lung cell cancer. Another aspect

provides for a multispecific HER antibody for use in inhibiting a biological activity of a HER



mel anonma, ovarian cancer, prostate cancer, or non-small lung cell cancer.
Anot her aspect provides for a nmultispecific HER anti body for use in
i nhi bi ti ngoaotwwBrgi cal activity of a HERreceptor. |n omeTarsbadiors®ns , t he
mul ti speci fic HER anti body conprises an anti gen-bi ndi ng domai n t hat

specifically binds to EGFR and H .. er. aspect .of the. invention
o tos TS Tt BB e Tl T o BEE PR AL SR S AP & of
medi canmentomakh thatgpeldif@lle bindCRIEGRR ang @IER3I N one enbodi nent, to treat cancer,

such as breast cancer, colorectal cancer, pancreatic cancer, head and neck
cancer, nel anoraoth@\usiccedt tizameation Fodddsdira matgetific HERadtibodmedrlusd iung cel |

cancer | By S5, SRR TS0l 00 TRGGRTEN chry Sl ST B bpteR Piced °2

anti bofly cao@rdusiess aeasanhdegenlobicattancer dJan@eadiic chatr, b and haecRkdngerbi nds to
EGFR and HER3. In one enbodi g{etnt t he nul tiﬁ@ﬁleci fl' c HER antibody is |ess
A PRETCEP ki e’

n
toxic t halEPYR: O BRAFECHROEAE S5 Lrgnse ° BRIEF

DESCRI PTI &b ddmehitjih  IRAMaMER i-fof inhébitingiltomsgi¢ah dtlty oONHBR rdcepi@t Igoewt h by
anti-EGFR antibody, D1.5 in_.an _A431 xenograft nodel . .Fi.gure 2 ows the

b1 ndi ng. < partdTe e By tergRe Re it BB rrrceve et ove. 1 e

i nhi bi ti ospeoifficaligfbials tEGER eh dHGEER . dh ospdnatioyingdnt, die nudtispeeiBeHER batbodnt | bodi es
havi ng, dual, specificit.y. i -EGFR/ HER3 and anti - EGFR/ HER2 anti bodi es).
Frour 20 0 HeR e e o R R I Fis0d SSPUPEek her sgul i bi ndi ng. 1o
HER3- ECD-Fc. Figure 5 shows the inhibition of HRG i nduced receptor
phosphorylation in MCF7 cells by anti-EGR HER3 bi specific anti bodi es.
Figure 6 shows the i nhiBREEFADESCRIPAION @F TRIFODRABIANGSON of MDA- 175 cel Il s by
anti- EGFR/ HER3 anti bodies. Figure 7 is an i mage showi ng the D1.5- 100 hot
spots mapped oRigdies-shywsinhitigibn vEumbt gruweh by aotHEGFRestilodg Drlatiegy AfDr affinity

mat ur\i,a\.t%i on, (())f aElnio 5l 1 00 EGFR-HER3 anti body using shotgun libraries. Figure
9 sho t RALS WS élgiected affinity matured anti bodies (DL7 and DLI 1) are

specific for bgth R and HER3. Fi.qur 0. Al Shows .t.he conparison of the
Phi bi tory T uncieise Brant PRTCy e ciedt e SRl R bO8ha o 1 and

parental antibqod 1.5 on EGFR. B ows .th rison of the inhibitory
Pahcti on of  af FEtecy e O Breaie haG demeter EGRBRM P afln hifios peci 1 ¢

ant i - HER3sagttdd laatbodiok BavingainaHpR3fidity #asisii i R/ HER® and=ing tHGFRUHRR 2 Pr ovi des
gr aphs shovm'bng t)he conparison of growh inhibitory function of DLI 1
conpar ed t8"°B&fYuzumab, an anti-EGFR antibody, and an anti-HER3 anti body,

or 20 Figure 4 shows that anti-EGFR/HER3 antibodies block heregulin binding to HER3-
ECD-Fe.

Figure 5 shows the inhibition of HRG-induced receptor phosphorylation in MCF7
cells by anti-EGFR/HER3 bispecific antibodies.

Figure 6 shows the inhibition of cellular proliferation of MDA-175 cells by anti-
25  EGFR/HER3 antibodies.

Figure 7 is an image showing the D1.5-100 hot spots mapped on 4D5-Fv structure.

Figure 8 outlines a strategy for affinity maturation of D1.5-100 EGFR-HER3

antibody using shotgun libraries.

Figure 9 shows that two selected affinity matured antibodies (DL7 and DL11) are
30  specific for both EGFR and HER3.

Figure 10: A) Shows the comparison of the inhibitory function of affinity matured
antibodies DL7 and DL 11 and parental antibody D1.5 on EGFR. B) Shows the comparison
of the inhibitory function of affinity matured antibodies DL7 and DL11, and monospecific
anti-HER3 antibody DL3.6 on HER3 transactivation.
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DL3.6, DI. 5, or the conbination of DL.5 plus DL3.6 on H1666 cells, aNSCLC
cell line that expresses HER2, HER3, EG-R and EGFR |igands, growth

sti nmul at esdowntooBiRG B) Provi des graphs showi ng the compamitseen0nRsogs owt h
inhibitory function of DLI 1 conpared to pertuzumab an anti-EGFR anti body

and an anti-HE or .the _.co | |on of . D. 5 plus
LS. o on HL666 PECLAAF Pkt Heynstls Srahrinon o i Gure 12A)
Provi des gfaphiscogipenail fugpeithintab  dn@nti-BGFRI@tIRIAQ) dnfl @f adti- HBR@ﬁmiH&Py ér cel I s, a

Compar ed Db B Eesnthhaisent DA 0. St TRt ot T N ERB gy Col |

gr owt h wasxpsdshayUHER2CHERS tHGHRRGA EE)FRRIg@Mdsﬂ@Sw@rsamh&tesmHml Bb1| bition of

HCA- 7 cel rowth . as in ure 12A except. el |. r was stinul at ed
o e ooy g b o nam T E R b3 Sl P Bpart o o
Cal u-3 CEbérﬁJzulﬁz{BSﬁﬂ_ﬁtlLECﬁlH{ wuhidb dyoane e xpi-BER & sntielR? oaDD3 . hasl. horthal | evel s of

HER3 and EGER. with HRG and anti ies were
ested | noargiean B s Bl BLAR Ao SORSHEE i i el Sl ERG R ot egy
for the affGFaity maturation of D . 5-201. Figure 15 shows inhibition of
IVDA- 175 cell proliferation by DLI 1, DLI Ib and DLIIf. Figure 16 shows t hat

DL i nhi bi tElghﬁrlenguomdemmedadv&E@nmhmsphnhcybrahfeﬁxnommftﬂdxﬁa:eHs aduced

5?551 5‘ et B e s PR B L B kR e s

a gr aph stWo ng antit BGBR tahtitod@fand umhtlg{ER&tahitlbomyaGelH@ﬁ&tH\ﬁ@Isfﬁnulamdgr aft nodel

by DLI hi, bi t f H d HER3. | ati
oy B 3 L b R BT oS T B SRR BRI 2 e
prol i feratioop thy cdll Godthlvas stDhidatbbwamdROLBusGl Gliogure 2 1 is a gr aph show ng

inhibition of tunor growth in FaDu cancer nodel by DLITf. Figure 22 is a
graph show ng FighteldBtshows 1rﬂf1b1tmmﬁrthgrr0hfeﬂaubmofEBaRGchII&nENSGLCd:inealatcer nodel

non- sibl | PG eaARLES Rl E STl s g R e ko ng

i nhi biti omthRtGmﬂramgfodm h’ellemesMIﬁrﬂ.a épe dq;reﬁ@lntmameer nodel by DLI If.

Figure 14 outlines a sorting strategy for the affinity maturation of D1.5-201.

Figure 15 shows inhibition of MDA-175 cell proliferation by DL11, DL11b and
DL11f.

20 Figure 16 shows that DL11f inhibits heregulin-induced HER3 phosphorylation and
TGFa -induced EGFR phosphorylation.

Figure 17 is a graph showing inhibition of tumor growth in an HCA-7 tumor
transplant model by DL11 and DL11f.

Figure 18 is a graph showing inhibition of tumor growth in an H358 NSCLC
25  xenograft model by DL11f.

Figure 19 shows inhibition of HRG induced HER3 phosphorylation by DL3-11b,
DL3.6b and DL3.6.

Figure 20: Inhibition of MDA-175 cell proliferation by DL3-11b, DL3.6b and
DL3.6

30 Figure 21 is a graph showing inhibition of tumor growth in FaDu cancer model by
DL11f.

Figure 22 is a graph showing inhibition of tumor growth in BxPC3 pancreatic cancer

model by DL11f,



Figure 25 is a graph showing inhibition of tunor growh in MAXF44 breast
cancer nodel by DLI If. Figure 26 is a graph show ng inhibition of tunor
growt h i rwDLRaBI0pr26st at e cancer nodel by DLI |f. Fi gureP2T/Usg01a/0gs02aph
showi ng inhibition of tunor growh in OVXF550 ovarian cancer nodel by DLI
If. Figure 28 shows .that | f induces ADCC in several cell lipes. Figure
29 shows that DEM 3%\1‘2@?1%4‘18‘81?%1 NETYRAT Bip W iD 15& A5-E nhi bi ti on
of tunor gmewWinded modeB2DINSELC cancer nodel by DLI | f and DLIIf-N297A.
Figure 31A-Cis a table providing information on observed non-clinical and
clinical toxicFrigue4fios grigfRowing adpittitiditof tunet gpinelsin A43Q upiderdidl dasiced t abl e
provi di ng inflgr Mﬁn on grading for rash/desquamati on and acne/ acneiform
rash. Fi gl %EE /i des an amino acid alignment of the heavy chain

vari abl e domai p. and_l.i ght .chain variabl e domai n of | anti-HER

ot | bt es i t hiERBaE PG ge R R SR B AN RN v § abi o
domai n of mbhd by DILlidofM Nng anti bodies: DI (SEQ ID NO 58); D. 5 (SEQ ID NO
24); D. 5-100 (SEQ ID NO 40); DLII (SEQID NG 27); DLIIb (SEQ ID NG
29); DLI | f (B@ecl2biNGragShowing glibeticd3B o wewitlha e pratas danocar i abl e
domai n of thfgbféél tx[/vl ng antibodies: D (SEQ ID NGO 25); D1.5 (SEQ I D NG
25); DI .5™09 % b? DNO 25); DLI 1 (SEQID NO 28); DLI Ib (SEQ ID NO
28); DLI I f ( I,D.NO._30). DETALLED DESCRI PTI.ON | NVENTI ON 1.
et ni t1 ons UnT B2 200 er SbouTE s e i SR RS ot her
sci ent@ fi motddbpDhdlfogy used herein are intended to have the neani ngs
commonl y under stood by those of skill in the art to which this invention
pertains. |n sbigere@dsksys that Dig 1fvndurecdiom sevemldel $heod nmeani ngs are
defined herein for clarity and/or for ready reference, and the inclusion of
suchdef i ni t i onEigher28ishovestileal IDd. 1 hioh247écledks avDl(Gachgitconst rued to represent a
substantial difference over what is generally understood in the art. The

t echni ques andFigrsdédurvesihdatgori bewr growileihdt?0A Mo Lhereicnmadab by Bhélfal | y wel |
under stoogn(ﬁﬁgng;_w&ly enpl oyed usi ng conventi onal nethodol ogy by those
skilled in the art, such as, for exanple, the widely utilized nol ecul ar

cl oni nmet hod 8% j i) § M ing: A
Labor g?or y mngﬁ&;ﬁ%@ggﬁﬁ%ﬁ (1%%9; Cgﬁﬂ&élg&rbfﬁgedﬁg?/g%lr%%g%{ﬁlgcg?y Pr ess,
Col d Spr i regickigs froEGER. atagggst ghepapspr i at e, procedures invol ving the use of

commercially available kits and reagents are
Figure 32 is a table providing information on grading for rash/desquamation and

acne/acneiform rash.

Figure 33 provides an amino acid alignment of the heavy chain variable domain and
20  light chain variable domain of several anti-HER antibodies with Kabat numbering. Figure
33A shows the light chain variable domain of the following antibodies: D1 (SEQ ID NO:
58); D1.5 (SEQ ID NO: 24); D1.5-100 (SEQ ID NO: 40); DL11 (SEQ ID NO: 27); DL11b
(SEQ ID NO: 29); DL11f (SEQ ID NO: 29). Figure 33B shows the heavy chain variable
domain of the following antibodies: D1 (SEQ ID NO: 25); D1.5 (SEQ ID NO: 25); D1.5-100
25 (SEQIDNO: 25); DL11 (SEQ ID NO: 28); DL11b (SEQ ID NO: 28); DL11f(SEQ ID NO:
30).

DETAILED DESCRIPTION OF THE INVENTION
I. Definitions
30 Unless otherwise defined, all terms of art, notations and other scientific terminology
used herein are intended to have the meanings commonly understood by those of skill in the
art to which this invention pertains. In some cases, terms with commonly understood

meanings are defined herein for clarity and/or for ready reference, and the inclusion of such



generally carried out in accordance wi th manufacturer defined protocols
and/ or paraneters unless otherw se noted. Before the present nethods, kits
and uses whergfwse7are described, it is to be under st oo@#Crhsomipsn23
invention is not limted to the particul ar nethodol ogy, protocols, cell

| i nes, aninmal . speci.es o ener a, nstructs, and re nt s CI’I bed as such
myof - cBapuisnO GG Shla RERGE Sy B BahiRads wPBtal PRiret AL ol o0y uesd
herein i S0%@Whhthﬁgdhﬂﬁappﬁlﬁleﬁfoodﬁﬁtﬁé Wi Tig t@hhiqicuhdproesined daented oonl y, and i s
not |ntend imt the ‘%ﬁof the resent invention which will be

limted oFﬂ %761’8 He" 2&3&8 APfigstoqd ﬂﬁ%‘{‘m%‘&y RSP IS IUTAE CYYO8Y herei n
and in t heappangaes tikdsaslitied it the ag] sngiudsafor Exaidpte, tha W delymmzed @éldculdrhe”

i ncl udg plur.al rents, un s the cont ext a tat es ot herw se.
e S S R A %e%\”ﬁlsctﬁ%ﬁéfxﬂ o RuahgaoR Or

vari at i on®asust bndsditicOTpsd) SRRI'Spding Hemmrabsrar@y Prew, CbldIspringidebsi wad to inply
the inclusion of. a stat.ed i nt.e: oup of .integers. but, not .the

el ot onRbPhhaiaB Rufougs wausag freghe thsS ek Bgbe Rt aftn it poay-

her ei n i sgasady cariedheit br Radesitce eNsendEntursfR hdd pe@bdofs MdvepBansdtoc| onal
antlbodles Spog%clonal anti bodies, nultispecific antibodies, and anti body

fragment s" V589 %ey exhibit the desired biological activity. The term
"mul tiGpeci f i cBafote thoghysent Bethigie kits And d3es Mheroheest dSaitee, gl th &peci fically

tib b t hat
ol yepi ¢ offtEusati Ry an e R A BT S A0l ng (o o,
or m)][e ﬁldcsfﬁlﬁrﬁ@ﬂtspﬁﬁb bopasa,aondiets kindagintalesdibtEsslich By, bﬁctg)ﬁﬁf;abl e ;)f
t
ot ccul ooy ot Ssatpt FuEBloat B Eee P unl o TR bbb A 78 i

uni t COWpﬂ¢s§1€ldng)[5arta:uhﬁambfod¢rhait§’bn%aﬁm(ﬂbha intedied o 1(MvHhe advgle af the glagenchai n
vari aE%e domai n t s eci fldgg nti bodi es include, but are not

limt tBWGITUl?PI ﬁ”djlghe gl?ﬂt?% eﬂ’rﬁ’f“i‘ &% having two or nore VL and VH
donmi ns, anti deIyllsif b‘e&@fﬁlﬁl’iaﬂiaﬁl&l@&heﬁiﬁn E{&hn t}E\AppdﬂlSEqulaiﬁq§ Feve sniguatbﬁiﬂlines,

bsecf ¢ .diahodi es and. tri dies 0 a have been
l oked cosa it e atidspRra s sy Feshert B b ighe P E e

nul tispecific a%u@mdmhs@mrﬂcsﬁdﬂgmaalamttlhgarﬁrdb'bds‘rdprmg,” dommfsblamahs capabl e
of specifjcall

ol oul e PPES AR BTI A ST P RGPS PO GRS di 11 er ent
bi ol oz Cagroﬁpbﬁﬁmg@§buﬂib‘t&hdﬂ¢>®m§@n bf ailyaPiet mggf ofr groaﬂ) snmregefrer red to herein as
embodt ment o akvatt el s s oo doHsd S Coie e Bonst ant (ko)
of | nmM m‘éndcﬂlﬁlal‘d\ihb(ﬁhékg)dll}h’lonﬂ ahtitddies, fanllispadvlic sntiBodds, il anﬁlﬁod? 0. 001 nM
13 W 1 or TR g i e e eorslbiBared s R i bR ¢ s o
het er ot et alaﬂsediy”ds @h(ﬂ/ﬁﬁh}d‘ beicst saﬁmﬁmeblﬁﬁallp \M)/etsdlﬁ Ahiitody cdmgiting (ah.) c hai ns
and t ﬁ\g) I gr%{s]gterll 1nd1ng e}{n hl_Q has pgllygp?tolglg' Igpelc c1ty teI %%glﬁlabfe or%%]gl)e%ltfl%algf
binding to two, or more, different epitopes on one biological molecule or is capable of
specifically binding to epitopes on two, or more, different biological molecules). One specific
example of an antigen-binding domain is a Vg V1, unit comprised of a heavy chain variable
domain (V) and a light chain variable domain (V). Such multispecific antibodies include,
30  but are not limited to, full length antibodies, antibodies having two or more V; and Vy
domains, antibody fragments such as Fab, Fv, dsFv, scFv, diabodies, bispecific diabodies and
triabodies, antibody fragments that have been linked covalently or non-covalently. A
“bispecific antibody” is a multispecific antibody comprising an antigen-binding domain that
is capable of specifically binding to two different epitopes on one biological molecule or is
35  capable of specifically binding to epitopes on two different biological molecules. The
bispecific antibody is also referred to herein as having “dual specificity” or as being “dual

specific”.
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the basic heterotetraner units along with an additional polypeptide called
J chain, and therefore contains 10 antigen-binding sites, while secreted

| gA ant i bwoizery/ware7pol yneri ze to form pol yval ent assenblPagas2@oopsnesi ng 2-5
of the basic 4-chain units al ong mﬁth J chain). In the case of 1gGs, the
4-chain unit i ener al | ut 1 dal t ans L chain is nked to
an H chain by ﬁh‘g“&ll}\?%?})‘é‘ﬁ?m&? -8l i‘“?ti %tolh IVERAPT é‘ast"h SSP%“’H CRpHn h@gd&

| i nked t ookagiMot hﬁ)rnl\h)g lﬂi)riﬁ/[ Gl m;eo dinsykfiodenhonds.odepaneingon of he H

Gi'cul 11 dooby Fages Tt 19 chGRa- @ PaM e WY f i S PR UL TS o n

(V3J3) foll OV\ledTbeybdsiOm&ﬂiaﬁQﬂﬁiodﬁtmldl@ﬁ’ﬂibtﬁﬁ)teﬁﬁi&dﬂc dlaopeatthcotdpoicddefaand g

N ter i nuden i BTG Pt Ot G D SUBE ) (5 Tede iy SHORR Ao CEL) at

i ts ot her themaksic Adi@otbfkanhed usitsi agpme ehithiah bddlﬂitﬁlahf)o@tpdpﬁdla @alleld JicBaidlahgned wi th the

first constant domai of .t he. heavy chain cul ar .am no aci d

ber duce BN e s Oanid R SR et Erieu et Rt G bR b
heavy Chafdﬂm\paryivﬂh{tessémmagdgﬁomﬂ'ﬂib&lgﬁai 61 thgbaic 4achMid dnddonglwithdgabiler forns a
si ngl e anti.gen-bi ndin For. the tr ct s of the

o1 er ont e LRl Eh 0t i il s et Aog i 3hFaf B, WREE FeBSr K] ol ogy
8t hI etlh t i tiked Raam 1@ khath bﬁﬂe&&@lenﬂ«ﬂlbﬂﬁdaboﬁar\ﬁhﬂ?ﬂd tigb H&ﬂlmamr@hnll%aﬁ(séaﬁhv f} eds.),

et on n a and Cha chain

A any Sbprars oo e hont B uul g e n R et Mk o Lo af et net

types, cahlh@nhsk@upayamded iaritisin dsalsidebiodyet. (fach Al chain Ay, ot theuanmas, 20f t heir

constant do S he a o aci d ence t he, const ant
dormi nof VEREEromERT S RUPRE Dby <R hAGBEIS K HemER et ASL ABA "t o
different i d&ﬁalhssfgltly RES: isotRECERLE. dhhi¥ Bal hARSRSerRinuk 4ARAL Obul i ns:

I gA, 1gD, |gE, G and 1gM having heavy chains desi gnat ed a, d, g, e, and

m r espectondeh WL)'maw@da;ad caslaaskanim(Ce) ftutstobter erdi Theleg id :nigﬁemlﬂcﬂhasses on
the basis of relatively mnor differences in CJJ sequence and functi on,
e.g., hunﬂmfsanék}ﬁr(éls@ aligned pigh Flﬁmrﬁgowwl%@ge@ thq lga’y chpig @i Jagiculpg,
lgAl, and_| erm “.var,ia ct that. certain

sgnent s SPAORE FARRGrEb R Or G i RESh e UG o afSE B g

ant i bodi esariabkeloMaido rHicpainagd ofid ¥g aad Vi gegeitor fmdnsrugs1ﬁagmarni1gén -hiedinggeci ficity
of a particular antibody for its particular anti However, the

vari abi | i Fﬂ)fthesSt%‘PreéWéH’IOQGI’HFSS‘{W}P%@E@%}“8’@?569595 apfiRo m@eeamgné_%m span of the

vari aph e @aRBiMSmuhd1Sded cditibe D\{mrerelgls&m ARRSITREr 28l THAHAT & MRkYowt Nvar i ant
stretches call ed franmework regll ons g of 15-30 am no acids separ ated by
t

shorter r&gh-ongrisiondtangeaNapypkdpy:|! ?"yp%gélméﬁldﬁwgféarl abl eregi ons" or HVR
The variabl e dop®i BiPhro aty ¥ech8R\YecRDEanl Ue@ligned R A8 oPRGRIGAYRLIRE four
FRs, largely adoptl ng a beta-sheet confjguration, connected by three

hyper var i §BFecaled kama anddambdr. basedion BepEINg aif eisises of A copstand lemaiis es
form ng pattending of R aRGloBicRANERIn@oF Hie obiisBint JIARiTWIRERIMRE ARG (§YI ONS i N
each chain are ﬁe | d together in close proximty by the FRs and, with the
hyper ¥ar i alnhenogletnlonsarf recimsigiied todifferntchaicn or iswyytes.i Bhereart Gvd dessdsof mat i on of
t he

immunoglobulins: IgA, IgD, IgE, 1gG, and IgM, having heavy chains designated o, 0, v, €,
and 1, respectively. The v and o classes are further divided into subclasses on the basis of
relatively minor differences in Cpg sequence and function, e.g., humans express the following
subclasses: 1gG1, 1gG2, 1gG3, 1gG4, IgAl, and IgA2.

30 The term "variable" refers to the fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen-binding
and defines specificity of a particular antibody for its particular antigen. However, the
variability is not evenly distributed across the 110-amino acid span of the variable domains.
Instead, the V regions consist of relatively invariant stretches called framework regions (FRs)

35  of 15-30 amino acids separated by shorter regions of extreme variability called hypervariable
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antigen-binding site of antibodies (see Kabat et al., Sequences of Proteins
of I munol ogical Interest, 5th Ed. Public Health Service, National

I nstitut esoabioHesl2rh, Bet hesda, MD. (1991)). The const aRCTASP®00280a3 € not
involved directly in binding an antibody to an antigen but exhibit various
ef fector functlo cha rticipatio of t tj body i n antibody
Gependent LB U Ay o B B pReBR e e R Ry ek ebBiTe g on,
"HVR, " or FRH%rgelymptingsﬁmaI:@ea|c6nﬂgafaam§ cblﬁle&tbtebytﬁg:b ansrafiatdaregivhd, body

vari abl e dg |ch are. hy %grvarlable in se ue Ge andflor form

structural” ?1‘&’8"?‘818?}51& AETOR1eISeS KIS 88 8 <5’Fr‘6rS CESBPRIHVRs; three
in the Vl-frﬁé'l\&lﬁbﬂvandﬂlﬁeglﬁns itribdsh klgin ara held tdem@er ih BlobdBoity biviRe ERs adyR- L2,

i ks, AR Rkt o BB et Bl w e Fel o 1n

conferri n@ntfgbﬂn&nallﬁgﬁtef dfahtiby dicO(se K ataoe iab Seqi@ess OEPﬂl)te;ms)étﬂhﬁlhulﬁ)ﬂog;ca] muni ty

(Lo, ed. ., e SO0 p i Nisb e sttt R YR B F ng

camel id amhé mamesiomaﬂ§arshmngvom‘ed alrehﬂwyblﬁdiﬁg'ahanﬁquyamanfnugm b@nal and
stable in t eabsen ht chain. . n et al.
Nat ure 363M 44@“&% C%@%‘? TSREF Par%‘ilpaglf’n Oftﬁ%?‘ﬁﬂbg%s{lraﬁ%btcﬂy %‘?PSP lent3."733- 736
(1996)0 HiRsilageneabvatiyADI@ri se am no acid residues fromthe hypervariabl e

| oops and/or fromthe "conplenentarity determ ning regions”" (CDRs), the

| atter being Ohe thhlgﬁ@@érvﬁemueegi@l vatvRbbt THY,” aheld wed haniokafadto the ant | gen

t d d
ner en. | TRERAHIN TCTtHY AP Ty BRr R el ST eaRLS G "Dhced on
sequence warkctediyldefiycddogs.aGenctdlig, amibddies oommite yixH\ERb; (katiatheatH @lVR-

Sequences e nol o 5 ubl.ic Health
Se(r:]vi ce, Nitﬁlgﬁg*z Pg@tﬁ)ﬁ%ﬁ ﬁﬁj?@’%@ﬁ @?ﬁ L2 b&R 9511}a)t © Chot hi a

r ef er 85 i nsitidadict, Bi3tah&L} digEby ﬂmmait dﬁ\hm@bfuhetm HMRsJ odps iq ehdtdiaras and Lesk J.
Mol . Bi ol 196 901-917. nt a co om . se between
the Kabat PTIGHE'BREY &BE fi%??esl%‘ ?le‘t‘rﬂP% " 588%§S“Yé?1§“1§?(§“u§§86 8rd

Mol ecul arImw&aibmalmbmomnﬂhﬁidnmgdwmvm:mdsmolemm&m ZHM:RSZS&LQ based on

an anal ysi i | ab st ruct ur . residues from
ench ot ¢ Fbs S Bl NG BRI e beShe TR ea eliet ace L
L24- L34 L2éhsisBdl deﬂieds@ZhdJBGnlyaﬁ fluittibiB0 ad5Gble5) tHe Absch &b Ligi ch#in.68de55 L3

(Rabat NahBelFHg) P RER SV ibs 186 RS EECT D VB R Nator el B2

3:733-736 (1996)

HVRs generally comprise amino acid residues from the hypervariable loops and/or
from the “complementarity determining regions” (CDRs), the latter being of highest sequence
variability and/or involved in antigen recognition. A number of HVR delineations are in use

25  and are encompassed herein. The Kabat Complementarity Determining Regions (CDRs) are
based on sequence variability and are the most commonly used (Kabat ef al., Sequences of
Proteins of Immunological Interest, Sth Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). Chothia refers instead to the location of the structural loops
(Chothia and Lesk J. Mol. Biol. 196:901-917 (1987)). The AbM HVRs represent a

30  compromise between the Kabat HVRs and Chothia structural loops, and are used by Oxford
Molecular's AbM antibody modeling software. The “contact” HVRs are based on an analysis
of the available complex crystal structures. The residues from each of these HVRs are noted

below.
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(Chot hia Nunbering) H2 H50-H65 H50- H58 H53- H55 H47- H58 H3 H95- H102 H95- H102
H96- H101 H93-H101 HVRs may conprise "extended HVRs" as follows: 24-36 or
24- 34 (LIwo 248y/1H8120r 50- 56 (L2) and 89-97 or 89-96 (L3pcCirmstére/oxgo2and
26-35 (H'), 50-65 or 47-65 (H2) and 93-102, 94-102, or 95-102 (H3) in the
VH. The varia Ie n re5| S are n red according . to Kabat et al.
supra, for each“df #&se def ™t ti ons. &?’—?iﬁﬁvwrk" (Jé) ‘31% resi dues are

t hose vari abl e-domai+-r esi dues- ot her than-the HVR fesi-dues as herein

defined. The ter mL2v4_ar| gbl e dom 3q restgéJ%3r}unberlﬁ% aL% |n Kabat" or "am no
acid position nunberlng as in and variations thereof, refers to the

nunberi ng system usdd1Her heIaSerélﬁal n Varilaldl e doned yd50r | ght chain
variabd e domaigs of;4 he-conpidatign of]r nt;ijgodi es {4y Kahat et al., supra.

Usi ng th| S nu ering system the actu inear am no acid sequence may
contain fewerHér atditi3dRal %%530 d2 ¢or3espondiHy H36Ba shorteni ng of,
or insertion into, ;a1 ER g{lmﬂ)—g@ the variabl e domain. For exanple, a heavy
chain vari abl e domaln may inclu e a single amno acid insert (residue 52a
accordi ng to Kabati3lafitér re&&aieS52 of24H2%8nd i nsetded or esi dues (e. g.

resi dues 82a, 82b, @ndndicnumlLinag¢cording to Kabat) after heavy chain FR
resi dge 82. The Kabat nunberl%cﬁéﬁéfrea dues may be determ ned for a given

anti b&ly by affgnrett 4P redt hofrol gy of t W& sdgdence of the

anti body wi thna "stendand” Kadmtninunberegdmequencesosime okabat nunberi ng
systemis generally used when referring to a residue in the variable donmain
(approxi mately residues 1-107 of the light chain and residues 1-1 13 of the
heavy chai n) H&Rgmatﬁaaapﬁset‘emndedﬁeqwrse*amef%mmlmgiga% jodrepest . 5th

(1091)).  hees e Secisest i (Ehet Brd Lopt 2ot Hhiesets & Tadiarry VS8R when
refertj ng94 00 of 955101L(H3) 1Iﬂ tl&nv}H mm@ghmbucbmann fesiaias a@}@hﬂe@@a@bﬂm{g t6 egi on
(e.qg., %@EU i ndex r hat et al., supra). The "EU index as in

Kabat " hal et al;, stuﬁlg1 %alc d thﬁﬁ?ﬁjﬁg YRS of the human 1gd EU anti body.
Unl ess st at ed "mlharzm 5@ "RRT kibycs heftRise Rgeslcldombh@tstives GthdFhien $hd HIVR he

vari abl e do Qt%{bﬁdl es neansresi due nunbering by the Kabat nunbering
system UHP %9 a§ ‘3?18 erwi se herein, references to residue nunbers in
t he const ant (ﬂﬁé’lﬁmlﬂ“\&ﬁalﬁﬂHérﬁlﬁﬂfe&ﬂud’ﬁﬁﬁibﬁr11ﬁ§e&iudﬂ€oalﬂtbfﬁﬁﬁinﬂ geibyodithm EU
nunbeg i ng Y, stem (. WD .2006/ 073941). "Aff] mt refe t he
St enti h_BIEEHGE B DB P RGBT e P 2 AEpbeaig Ypptseh s kgl e
bi ndi ng S tliatn ikialle t@haar dightehgn Varallbleallahthlﬁgdﬁlt)le amﬁ)ﬂhﬂi(ﬁl df laiibotigs par t ner
(e.g., aléa}i % m ss,.i ndi cat ed 0 heiﬁrwis i8S erein, "binding
affini ty" <P A e BURSTEE N BT P AT AT 8P 8P GEEES "1
i nt eract i eshthefowees adgirbet smab addddoneipofdifatora sh@te@ing of, or insertion into, a
FR or HVR of the variable domain. For example, a heavy chain variable domain may include
25  asingle amino acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy chain FR
residue 82. The Kabat numbering of residues may be determined for a given antibody by
alignment at regions of homology of the sequence of the antibody with a “standard” Kabat
numbered sequence.
30 The Kabat numbering system is generally used when referring to a residue in the
variable domain (approximately residues 1-107 of the light chain and residues 1-113 of the
heavy chain) (e.g, Kabat ef al., Sequences of Immunological Interest. 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)). The “EU numbering system”
or “EU index” is generally used when referring to a residue in an immunoglobulin heavy
35  chain constant region (e.g., the EU index reported in Kabat et al., supra). The “EU index as
in Kabat” refers to the residue numbering of the human IgG1 EU antibody. Unless stated

otherwise herein, references to residue numbers in the variable domain of antibodies means
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anti body and antigen). The affinity of a nolecule X for its partner Y can
generally be represented by the dissociation constant (Kd). Affinity can be
nmeasur ed memmmnmet hods known in the art, including Phogs2desesizbed
herein. An "affinity matured" antibody is one with one or nore alterations

in one or i on thereo uII|n an

| or ovenefitasnsnas by i RS RS he B0 d ot hguRe Peetpar ed to a
parent antdfadys tohdstie daBiSriatheposses orhdiDsfandbddesks atch@tsduc nbifbahg

enbodi neng, .a ffl ni. t red a nanonol ar or even piconol ar
affiniti eféy’fh&% ety ¥ftelﬁz‘i$g§§ﬁwq\?(?q%ﬁ7%ﬁ frat ured anti bodi es may be

pr oduced usi Ng“Afmitdi lfeprto drdttémsh dMipMImi total dT@o@blaledt dter@tiangetyechhr ks et

al . /Tech 0 10: 779- 783 (11992) des |bes affinity pmaturation by VH
S VLS doRarAC Lier R o el i At bS] BGR LRSI Rrevor k

resi dues hgigeh®s Unlebselddlbated (ftIiH’rwBX,atﬁmdee heBal bﬁh’ﬁhr%tafﬁiﬂny Rifa@c NahtrinAec ad. ScL USA
91: 3809-3

9 i.et 147- 1995 Xonet al . .
| munol . %%gmééfg&l éﬁbﬁﬁ(%‘%?ﬁ IJ%{EYR%%’H%&WG%H“’GIBW ?ﬁ?l(l’ “g)Pf%“Z‘(gr) 3310- 9
(1995); andibbliydadnstieh). aihe aﬂinﬂ%fameﬂileXZ&ﬁfS&&gﬁeB%aﬁg&ﬁ&)lyba_he ‘class" of
an anti body refers to,.the type S t. do n or constant on
s o assod By oy abeiBeiaion Xoarfhan B0 Ay SR e ey LSRR ERER meiBib o es:
| gA, 1@D, klhdg\li,mﬂg@rt ﬁﬂddmg%sea;resbnsed/l&&ﬁh of these may be further divided
i nto subcl asses (.i Sot Al and | gA2
e heans ahar AnchRetLRE k& 3 vl Feoh ol Rebfie Hptelarior ol hoeas
of I mmunogiveh bt frinBevarrieregdh ltleskofwhidh regult G, anarnpiovemdneﬁpIMﬁM@onxheThe term
"monocl onal ant{?bodé as used herein refer }Chga nt| bo t(ljlg/stefroma

popul at i oAMBPOSIOETERY CHPPACHE ABFEHEBIY déﬁv?‘ IR P‘isseés he i ndi vi dual
ant i bodi esltceaizpe). Shidge ¢t dpopy |aﬁ.hff®i1ly mbt@red ubstiodn hasalahgmaaror bah and bi nd t he
sanme ito] OSSI ariants.that .m rise durin
RS e S Bt SR e e P T R e S R
present i Osiid ddethin @Rt knSUe i thaao HopexaimpanMabie dyalt Bpi Takdoygh ncl udes an
anti bod i Si ar,i abl.e. region th bi a tar erein the
o body TR aRag Bt Mgl SRRt O ke PR EE PriRelfhioe! REER", ho
ant i body muommsipbilieR hhd/ordfananbikediesis dE@ﬁbﬁNﬁznﬁ)Irexaniplmeleehmm on process
can be th ecti 0 i I rom a r ch a
S hoor of PrT diid Ser e RS LORR S e Pl T BufieRbnes. I oS
shoul 20 beYdinger st adsknuhdt 155610962008t Bd); ankidaady!l, Jamrbeof WANSE1@bt ered, for
Crorove i {0 TPERITREn s L alf et BB b 0kuce i | mmunogent orty in
vVivo, to crealke aslamlcﬁ‘aﬁmﬁtbbcﬁyrefe&nb tHaagh¢ of einStant dafdintdd adnsant ragibn body
conpri sing the tered v € regi on.sequence |i. | sp .a al
oo boay BBy is heRy EBin e A B R S Bt Bedrd D M1
tnronocl onahndaghi, hmbl;yvq@xl@p&e@tmaynﬁ fatter dichdadinagabdssdsiiisdtyeds), tlaeye@r e

ic n ul i.ns
o ol A B Yo T B b R B D B TR P B i nea v om

a different classes of immunoglobulins are called a., 8, €, v, and p, respectively.

The term "monoclonal antibody"” as used herein refers to an antibody from a
population of substantially homogeneous antibodies, i.c., the individual antibodies comprising
the population are substantially similar and bind the same epitope(s), except for possible

30  variants that may arise during production of the monoclonal antibody, such variants generally
being present in minor amounts. Such monoclonal antibody typically includes an antibody
comprising a variable region that binds a target, wherein the antibody was obtained by a
process that includes the selection of the antibody from a plurality of antibodies. For
example, the selection process can be the selection of a unique clone from a plurality of

35  clones, such as a pool of hybridoma clones, phage clones or recombinant DNA clones. It

should be understood that the selected antibody can be further altered, for example, to
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substantial |l y honogeneous popul ati on of anti bodies, and is not to be
construed as requiring production of the anti body by any particul ar nethod.
For exanpwe,2otomesrzonocl onal anti bodies to be used i n acecrdsace/opdoeh t he
present invention nay be nade by a variety of techniques, including the
hybri doma, Koh| er, et , tyre,. 256: 495 (.1975 ri ow et
al., Anti B%?Veefgﬁfgtylfg‘tﬂﬁ?t&fg&f}%ﬁﬂﬁ? the G%Ogy’%ﬁpﬁ@eﬁé?ﬁ’ PCtlli’a%ib“reEa tory Press,
2nd ed. 1886y, toHadare ith infeurekenddity in it td\auded Doldkpebific iafitﬂjdﬂﬁ%tcalaﬁld thatCel |
FNbrIdOﬁBS 56. El sev Y., 1981 r econbi nant od (see
e.g., USs™ %lg%ffﬁc"ml(mﬁg i%“%%‘jarlabdﬁ%’é’na‘% Bpiay %‘S«?&Hﬂ%’l"f}ﬁ?aégm %‘/é fs

d ackson eiis iaventioNath Udi(ﬁt,lorﬁ5ﬂmeﬁ%ﬁecﬁﬁ&y,(tﬂ@@dﬁoplohﬂl’akﬁ)oﬂy p@baratiodhs are MOI . BI ol . :

222: 58 59 1991) - S dhu_et 338 0 (2004); Lee
et al. 51 taﬁ%%m 3}*‘?@‘?’?2‘%%0’(‘%@@3‘)6‘1 158 Ny "%‘P 6‘? i‘é‘? (Acad? Sci .

USA 101( 341))d113214&70n06181{h7'2n((1é’aﬁ£41)e, ch@ﬂadeﬂ.(ﬂ“ehe&lhtllﬁidy aslbeing dbmditied lfromMet hods
284(1-2): 132 2004 and ech ies f roducin man or human-|ike
ont\ bod: e SUFRBHTIGAV AR SR AT TR0 G R, s RS B RN HovooT obul | 1

| oci or gpneasctienchie mglbhdmmny p‘ﬁﬁiﬂﬂ@rﬁﬂﬂtﬂdl RoiSaipiB RS mOseBnalentbodics

W98/ 24893, b WO 963409 h thgtg and WO'91 10741, Jakobtowhts et al.

Proc. Nat [ CARHD 2&efeanqg ‘bpr%%flmfef@@?}lay BEAREIGBY o/ &Gy O pChniaNgsy i o

362: 255- 2b8Iu(lihg %3)hybiidouggedtiedic.gt Kalhler,ct ¥ &Naturd) 25drmasn 9757, HB3lo¢1083) ; U. S.

e o 0oRi % D% 05008880 S0 Bl IR i 525807
5,183(23, 425Haandrling 66al., ﬂlﬁfpn(ﬁiﬂtﬂla]\@l%ibﬁdl@% aSng|T CelHHﬂfrfﬂ&lﬁMB(ﬁ@}/ (EL&ier/ 79- 783368
- : .Nat , :
élzbs)ls ( 4§9%1)zregﬁwlr1ﬁ§?i&$ét}w oo Bf g%@iﬁfﬁﬁ g?@?%?': g . 4 (1096)
Neuber ger techialdgies (8¢,@tge chavicagyal., Murd28: 24926 ) 199antakiorbar, g Meid Huszar,
T e e g iy
const ant ddrBBIRE340GH)j 1073-GE32200en 0 laldd ProEhEatc Aasit S0itUSIO N34S 12467- be nati ve
oo aci LR BB e VAR 3 TR LR G AR BBy hos
an intact pﬁ’ﬂﬁﬁ‘é‘%m%“m‘myfﬁ?“’“ﬁ??g"é‘ﬁﬁﬁ?ﬁ“‘?‘g&‘ﬁ b e T bai o of
b P ioe Hebh s Setes St oligey i s 5. o
};? 52;-;(%:;?‘7_\&1!98%288‘93 %i@/bﬁﬁzlﬁogﬁs W(l)/l9633|&55 and m?mgﬂlﬂng%SManSm zFPaP?atllx(I)délgb 1;22
si ngl e- chéf%gsgpggﬁémﬁéggﬁbﬁg ab@*ﬁﬁ% mﬁﬁuBgZ?ﬁﬁiﬂiqﬁigg ( )):
defpgggggemu gﬂeufMﬂmm@hmes(wD@ Eﬁeem&mmakuums80@Bﬁ%eﬁm35591ma?@gﬁ?e <o
B S REAR 1OL AR VL SRy Shagheure o o

The expr essnsgr%‘ b proeaxs; ﬁfdltSl,dM),@ll@&nd parke kedl] BiorBktotogy 010t E-Z83t(i199adi es

descri ?ed SFFpeEi"aﬂts’z\IaglE% ?8 c%ég)%gg 8'95'4)'51{)[91*1‘15%8{\1%912‘6 }géglllggz(lé&l?ga These

ant i bodi e&°
Fishwild et al., Nature Biotechnology, 14: 845-851 (1996); Neuberger, Nature Biotechnology,

14: 826 (1996); and Lonberg and Huszar, Intern. Rev. Immunol., 13: 65-93 (1995).

An "intact" antibody is one which comprises an antigen-binding site as well as a Cp
and at least heavy chain constant domains, Cyyl, Cgy2, and Cg3. The constant domains can

30  be native sequence constant domains (e.g., human native sequence constant domains) or
amino acid sequence variant thereof. Preferably, the intact antibody has one or more effector
functions.

"Antibody fragments" comprise a portion of an intact antibody, preferably the
antigen-binding or variable region of the intact antibody. Examples of antibody fragments

35  include Fv, Fab, Fab', F(ab')y, Fab’-SH; diabodies; linear antibodies (see U.S. Patent No.

5,641,870, Example 2; Zapata et al., Protein Eng. 8(10): 1057-1062 (1995)); single-chain
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tandem Fd segnments (VHCH -VHCH ) which, together with conpl enentary
|l i ght chain pol ypeptides, forma pair of antigen-binding regions. In a
pr ef er r edwornztboxdiosent , the fragment is "functional," i.ePCHuskéimacsoes! y
retains the ability of the correspondi ng intact antibody to bind to the

target HER re tor i nt act ant body al so i nhj s HER

L e oS B RrS A e gt | Wit G e B Rabeb o WHLEPRLIS b operty as
wel | Quakgetiditition, efteadd i ﬁﬂdmaﬂﬁooﬂhaanddaﬁo@qfrdpéhbyoﬂamukddmé thSsan@t ai ned,

i gest 1 ondafa A nonnEs o utsed ety Mook UieBubHAPRY £ - gnent s,
cal |l ed "Fab" flTH@eﬁ@f’eEﬁon 'Ehlﬁdarant[beaieﬂ'lgaheralﬁfﬁefefsI’t@.@lﬁﬁﬁibodﬁs desitgaat i on
reflecting the b|||t h Fabfra ment. consi sts of
o ot + o2l ol g, SRR AP BE Tt om o isn e ot CPREH cnad
(VJ3J), anéntidneFrd sergﬁakntcmﬁclamvH donmaitichofogah@ witawyplehanttry(ight dhyin Pepsi n
treat nent i

|bo e ds .a single | e F(ab; fra nt which
oughty. cBIRSBAdem S e e ke I PSRV ng i val ent
ant i gen- biraghdngis&ainttvinkly” iaenghaligitisdly fekan&&l}ibaibllﬁy of thetomsspohdinkinngt ant i gen.
Fab' fragnents differ from nme havi addi t ew residues
at the ca?rﬁlé’)‘?@ytf’é’i%t?lﬁﬁta&?“?ﬁgr@em% ?ﬂ?irrélt Ny iptgt t&%ﬁ gﬁ%lélhlgpallﬂ’ﬁée cyst ei nes
from the anivathady filhcfigequatigitiodly rckads’ sucgi'in]hlBltdﬁjlﬁroﬂﬁﬁildgmﬂl Qualhe&tvei n for Fab’'
in which the.c ste| esi f t he con i ns ar a . free thiol
oroup. S B DS R AERER s AR e’ SRR Ry BUbt < ot Fab
frangentSadﬂvitjzhngha&iéfehl nge cysteines between them Oher chem cal couplings
of antibody fragnents are known. The .Fc .fra |se t he
ar boxy- vy i nERRBOp B BB e e e S BgRb HEPE B Rl 1 des. The
ef fector tapdtidngaghenaniidaatii@al '%'Efr@ﬁeﬁt‘ mdésﬁzghabgn sRgenteshility tb he Fc
region; this i 0 t he part n|z Fc r trs, (FcR) found
on ool ai forgledeahv, Infel tpen i 6t SrE G oty I ERKERD. and one
l'i ght - chaidgionalbinailo€the @gdhein (Upahdithe first t@Rtant ddeRMCOA] IRaty @amaChaLi on. From

the folding of these two domai ns emanate si x hypervariable | oops (3 | oops
each fronPem tqataeat qf a@ﬁﬁlhqﬂyylhld%a@@ﬁ@ kardsi(@")p Hegagnt whicheéqughlyesi dues for

ant i gen- bi ndi n bi ndi CIfICII 0.the anti body.
oneser . EUBPReety ARyl LR, BRI SiletebSbai il ng oni v
t hree HVRsn@paal dapabld @:ﬂcrcanhﬂlﬁﬁg gepgn. [Tk’ frdgmead ilifict ftorh Galy ﬁztg?n@mszb@ and bi nd
antig wer, affin

| t hough of t bi
art e 2 Bt T e s ar B 0By b o b PG g g RS oy
fragment Sn{o&%fyst&%ﬁn%n?ﬁe Tmh}ﬁ)o&@ hindNdgivhk BRLSHadN. &E%%Eddaﬁ h&eR§at.8dni Nto a
single polwaipe ptide chain. Preferably, the sFv polypeptide further conprises

a pol ypepthigh thejchigteipe lﬁétiwé%ﬁffthhéor@taamnwsaﬁrraﬁ% Iw%lg@Hp ef@hl2es the sFv to
formthe d

LA T A e N
cysteines between them. Other chemical couplings of ant1body fragments are also known.

25 The Fc fragment comprises the carboxy-terminal portions of both H chains held
together by disulfides. The effector functions of antibodies are determined by sequences in
the Fc region; this region is also the part recognized by Fc receptors (FcR) found on certain
types of cells.

"Fv" consists of a dimer of one heavy- and one light-chain variable region domain in

30  tight, non-covalent association. From the folding of these two domains emanate six
hypervariable loops (3 loops each from the H and L chain) that contribute the amino acid
residues for antigen-binding and confer antigen-binding specificity to the antibody. However,
even a single variable domain (or half of an Fv comprising only three HVRs specific for an

antigen) has the ability to recognize and bind antigen, although often at a lower affinity than
35  the entire binding site.
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Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994);
Borrebaeck 1995. The term "di abodi es" refers to small anti body fragnments

pr epar ed W9 20m®8120Ct i Ng sFv fragnments (see precedi ng pacagrsapl)2sems h short
l'inkers (about 5-10 resi dues) bet ween the VJJ and VL domai ns such that

i nter-chain bug ing. f 1 V do S i eved,
resulting in a %?%3%? lg‘f ragﬁ%lﬁ?‘pat?d’aé. 9va Pé@?@mﬂeﬁé\}”ﬁ%@sﬁ?% @ Mgen- bi ndi ng
sites. Di akbgdisetcarparmdescCirntibed) dvatams totnksted into of sifglegyotppptiic clfth. 404, 097; WO
93/1 1161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448
(1993) . ARrefesgbly. Bisdyv pelarertiderfaghor gomitisessappbypepiidedipker baavegn tﬁlef\’elraé\ﬁc e

anti body refers. to.an antihod t bl qcks bi ndi of. t grence

ot body Ve aing SpRhafble 18 Yy )3t Bt S5 Rl B BuietTndiit TR
conver§el Yeme(vhﬁ‘sF@E&rI@ﬁlﬁcﬁmﬁlﬁiT&%Xn&k&&&%f%&@bl@&l S&Bnﬁ&&%s%i '1@90'3/ toits
antigen in a corrpetl tion assay DXI 50% or nmore. Ihe term "chinmeric" anti body

refers toRawenking psdgore ﬁdsﬁﬁp@%e& g Newi York pheohd byl 9dhdPerebrdchht chain is

derived fieywn a particular source or species, while the remainder of the
heavy and/of light chain is derived froma different source or species. A
"human ant i bodyhe fegn ghabodjes" o pfers se yedleagbagy fiaaerss pepacddwgaesieeingsFeh

cor r espongge Qs (atprE didfpRaddpR LY H{oﬁ%ﬂE&Q(aQ%té 10YR R be@ et cel | or

derived froma non-hunman source that utilizes human anti body repert0| res or

ot her 1hunmaml Gntiorhooksuentbaditagelampuens @sra-chiih paided ofithd Vdomaifis i@ human

anti body specifically excludes a humanized antibody conprising non-human

ant i gen- bRRVed TsBling inecbivalent firgment. & e nlrgmsashaying fquyyigen-bigdigg filcanewor k

whi ch rephepedtsud MEcdRE o l fbr%ﬁiﬁ[erEP@O@@?7“W@@3/Q16?%h@UGS ina
sel ection of human i munogl obul in VL or VH framework sequences. Generally,

t he sel ectibinesr! HuRieh: N%’rﬁﬁ%’gﬁ‘éb‘ﬁ% r?@?ﬂ“%?““\?@%%huences is froma subgroup

of variable d@mﬂﬁbggquﬁmﬁ&o eBRlaphope” hNErcRIA ABoRfrcfRAVANCES 1S a
subgroup as_in Kabat al ., Sequences of Proteins of I'nmmunol ogi cal

| nt er &%t , armbpéshthﬂdil%hmndlw of thwferf‘éla% pgiRodyto 3?2112%618’@@??@@6@“%35(5&39@1) vol s.
1-3. In 0@@%%%@1@' dRRbavefsely, t@l@%few:nce L@ oHNBERYRINS o BB SRRy aRPa | as in
Kabat et al., supra. In oné enbodi nent, for the VH the subgroup is

subgr oup Pﬂqgela@alcﬁml(féfﬁléé?ﬁa@?}’@[w%@UB‘PTQ "Humani zed" forms of non-hunan
(e.g., rodent) antibodies are chineric antibodies that contain mnimal
sequence der i VBYCTR shiRHE" HERORURER ‘Rt MoBed. in poichemertiop st hh 478 hurmani zed

ant i bodi egn@dr@ighttRRA id RUIOBINOR PAriidiSar CEBE! Risfidtes, aitilk BRAYhaihder Whheh 1 esi dues
froma hypervarijable region of the recipient are replaced by residues from

a hypetva ?%P@qré@htcfﬁalafs derifgh R BICEpECIEs O(WeHBr ant i body) such as
nouse, rat, rabbit or non-human prinmate having the desired anti body
specificity, AfPPRM3ntibedyd 186&5%}6#@9@7688?5&%6}&?@ eHSEHREYgy apewor k regi on

(FR) resi guspdlis fohiut brempumntibyyRagtabykinimad & I 1RRphkAsaloriea fogsoondi ng

non-human source that utilizes human antibody repertoires or other human antibody-encoding

sequences. This definition of a human antibody specifically excludes a humanized antibody

25  comprising non-human antigen-binding residues.

A “human consensus framework” is a framework which represents the most commonly
occurring amino acid residues in a selection of human immunoglobulin VL or VH framework
sequences. Generally, the selection of human immunoglobulin VL or VH sequences is from a
subgroup of variable domain sequences. Generally, the subgroup of sequences is a subgroup

30 asin Kabat et al., Sequences of Proteins of Immunological Interest, Fifth Edition, NTH
Publication 91-3242, Bethesda MD (1991), vols. 1-3. In one embodiment, for the VL, the
subgroup is subgroup kappa I as in Kabat et al., supra. In one embodiment, for the VH, the
subgroup is subgroup III as in Kabat et al., supra.

"Humanized" forms of non-human (e.g., rodent) antibodies are chimeric antibodies

35  that contain minimal sequence derived from the non-human antibody. For the most part,
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non- human resi dues. Furthernore, humani zed anti bodi es can conprise residues
that are not found in the recipient antibody or in the donor anti body.
These nodwbizesiosr?s are made to further refine anti bodyPpenfSesmomesves | n
general , the humani zed anti body will conprise substantially all of at |east

one, and ically. two, variahle domains, in.which all oy. substantially all
of 1 he hy P atitatPsp BBl pEuBSHE IS istue aioad gheehim e

i munog! obumiamypdithrable ra@fonsiflistredsifié bieyteptdckd B rebibiges filds atfypertyirasr of a human
i mmunogl obul i n _sequence. Theéciwrraniiﬁ%&han\tli body o tiglfnal Iny | so will

conpri se ST EAL POPRSPIIFS Stongnf BGP BUUPTF "EoRBVENPEEPEh (Fc),

typi cal | yptifat hofingahhdosred dnfivadyapdoirivity | affinifypandfcugabitiey. 1deémd instancege Jones et
al ., ture 321:522- 1986) ;. R echmann et al.., Nature 332:323-329
(1988)" aﬁ&l‘nﬁ?{%f%}"%ﬁg}é“ >Opy frepan lﬁf"c‘}fl‘.’gtl‘ﬁ’:u @%r-eéﬁ’g‘”’cf(i@g‘?)“.“pﬂﬂd%ti body
of this inseNiniadiResidild. Curthérmds, hainddd tgdodief cah 06BFres kesidiesah@ atchat  bi nds
the antig

n wth sufficient affini suc h t he tibody i useful as a
i agnost - Sy Bs Sihisp ity 2t B dohe S bdsodheg Mo BPetedr b aPoaltoe || of
ti ssue expisistfig dntigodgpeifg@ennce\it Fenéral) ke Guianitddantiboddmilgcoadprise ant i body to
a target | ecul e, the term "specific binding" or. "specifically binds to"
or is "spg@)?t??tballly(glll Opaéleﬁ%frofl?’@ﬂ‘?gplc Vﬁeﬁflﬁlggd%?a“gnme e on” a particul ar
pol ypept i sidstmiafie till oR@nByfaivadibiglobfsabrrespotaa siokadt aynodihfifhver ent from a
non-specific interaction. Specifjc bindi can be asur.ed, fqr, exanple, by
ot or mi i HiyvwioRHG o SDorsPaeply ubimti 86 £ Per Rer AR Pipopslen i
nmol ecul e. sdqa¢ncexaigutmanisgmiibidy opficieilnglscwill dogpetaefeadt agdrtiby otanpet i ti on
with a control lecule that is sinmlar to.the target, for a e, an
oxcose of Mol R feton' T g Bt 8 SRR Gl 7 SRt St e
i f the bi odhiRgseoforehe al. Alealire d21: 502955 (19368 Richingnn s alc vaped 33213281399 1 nhi bi t ed
by excgss -l abel ed target. |n,.one i r enbodi ment, "specifically
bi ndsfgrepgg@’ ?@%ﬁ?sﬁd?%- %H'HCth?ﬁO]i gé%gééoﬁﬁz specified target HER
receptors and Aatntiioldebf thip@sikiiticdadwhieh binds"gatintideRof @Eept 9 bse thitdindexanpl e,
t he anti bgdy specificall inds to EGFR and HER3. but does .not specifically
bind to HERZ"GF" M ﬁ?f%SlFXtta%@“é{ﬁ?‘ithﬁ%a&ge%@?g? ?Sé‘e%‘fff‘(/)asﬁidf?égosfl‘ba@é‘fR and HER2
but does fwiapapieagdnt marsytingiapebtéin oHERR obtisstiERpresanig thb entitd. Vit gard
speci ficall inds to EGFR and HER4 but does nhot.specifjcally.bind to HER2
oF “RiERa. R e BRRE P £ oL DU TG el PaSiae Sk PR IE B i
bel ong® t bintide" HIER'shedpionra fagitulaypaypdptidel udgstofGER fadidaBl polifielije, HER2
(ErbB2), HE Er bB3) and. HER4 r receptors. .The HER receptor w ||
Gonor al |y EEBNBETS B dire B b e L TSHA: £ A B oty B SROGER 1| gand
and/ or di biding eantictnicagnat, fe exdiipR, be d@pindingiih&agid fe; m@edul popipared ©
transmenb{)ag.e dﬁmai g'l a coR;s%rved ilnt racgl l.ul.ar tg}r gsti ne gi nase domai n; and
acar boxyl PPEPRPHAFOEPIgRUF Ty FHoRRIRISHEFBES YRGS ETEF PP ne resi dues
whi ch cancéspeptiaspiiod ytnabladoleclivahdRimhida epthe rargen Yordzearaple natkotss gequence”

PR r et oL Ry T B B SR BOHE IR Rl AT ud BSGSRr nPTLEGEr 201 Y Che

target to a probe is competitively inhibited by excess non-labeled target. In one particular

embodiment, “specifically binds” refers to binding of an antibody to its specified target HER
receptors and not other specified non-target HER receptors. For example, the antibody
specifically binds to EGFR and HER3 but does not specifically bind to HER2 or HER4, or the
30  antibody specifically binds to EGFR and HER2 but does not specifically bind to HER3 or
HERA4, or the antibody specifically binds to EGFR and HER4 but does not specifically bind to
HER?2 or HER3.
A “HER receptor” is a receptor protein tyrosine kinase which belongs to the HER
receptor family and includes EGFR (ErbB1, HER1), HER2 (ErbB2), HER3 (ErbB3) and
35  HER4 (ErbB4) receptors. The HER receptor will generally comprise an extracellular domain,
which may bind an HER ligand and/or dimerize with another HER receptor molecule; a

lipophilic transmembrane domain; a conserved intracellular tyrosine kinase domain; and a
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receptor. The "HER pat hway" refers to the signaling network nediated by the
HER receptor famly. The terns "ErbBl", "HER ", "epidermal growth factor
recept or "warnd10/B€ER" are used i nterchangeably herei n an@#CrafSes10te8iEGFR as
di scl osed, for exarrple in Carpenter et al Ann. Rev. Bi ochem 56: 881-914
(1987), inc] udjng occurri nt forns there e.g. a deletion
ttant " ECHPAIHH s Direlp P Mekubth v S G Oa i BHBB UG Paurmhr oy et
al . PNAS bEM)orﬁZtecﬂZﬂlE HERlredep(ct 220 b3 a Mlvw\&hhenw NER teafitt@ of meragofo such as

EGFRvI | | ri ants of R al so.i ncl el etianal,. substitutio and
Cnser | ond VBT Gk atrprEO G B e Rt P e LReise B TR
Engl and Jewenal of Medici ne 2004, 350: 2129) Paez et al (Science 2004,

oxt 1 acbl | ul ar - BB P e b e S o pdiPh BRI Rat | s

out si de ofandlycel |, either anchored to a cell nmenbrane, or in circulation,
i ncluding frag nt S t, Qf‘, ,Lane. .enb the extrag | ar donmai n of
EGFR may conpri % » BHEH P%”W??ﬁt?{&ecﬁ@ioﬁ arng ﬁé%[gsar? rom about

1- 153 " Dﬁmmﬂerbl{ange(aalmhﬁﬁma{ﬁﬂ defdfr&&EdBR&s &59053@6&,6){5%}61&&11 Qardptdter eé&llmwl:llo acig
resi dues 337-47 " no _ ac resi dues 645 ere the
ORI B e B L SR PUMERT R L B g

ﬁx pres®i %2 . % Eélbtﬁﬁf'mmﬂd EGHRRRT mf Iallhﬁ:hld:SzﬂﬂN atine eroshpsigeia ki ah@H&mphSra;nf}JS'rA\ )ef er to
uman HE , exa I e

82: 6497- 6%6?&%%§§§?§225ﬁ92ﬁ3&3?§5é?“ﬁ hﬁ?%?ﬁ§§%§f§§6“%gﬁmﬁ 86) ( GenBank
accessi 3 N Vataneast EX@R&&B)inchiﬂla delbtona, 's'LQ)SthttionBB?fne fiSeitional haiagenfer e?mpm gg HEE{Z man
HER? "neu, " erstot e, encodi rag .pi " referr

S o vetCa ! RRan erbre e e o i e dRe el o rere
ECD' ref e($1etnfbH)Od,CBI(MJImpfanHERQetth@NASSZOOMUQi amoej a cell, either anchored
to a |1 n.circ on, I, tst f. In one
erbodlSent L SRR T Pured Sl iR EERE I R R, i ns:

" Do_rrgi n | t'ha(lamltﬁlde attadéllmgﬁierdluﬂﬁ)rédrt@arbahﬁuﬁbranel&ﬁn citdodimien, I’indh:jdlng( am no act:) id
resi dues f.rom 1 residues from a out
oo, 465 . TAfRRRar Ty e SPhdmen it romisilgt SO oStk B SR (1 ol due
nunber i n(gngztlﬁwlilIDOIﬁzhgn’é(hmmepélddﬁ)dxlessﬁﬁnl £Bi)[11% Bl11s, EIIO)OOIﬁzim MmindCedid . 11I .
495- 505 re . ra n.et a ncer
Cell 5: 31&65@5% 1(5%33@) D"&??&PI\@IL Z%mlaﬁa%@re U%ngf‘%ﬁ'ﬁ Dﬂ%a% Y. 1746- 1750

(199320 " EadiBxsidasad 7 T-HIER3WVhdrethe boundaricd @rcrappeiimre, pdlnygyeptyibgabas 1d scl osed,
for exanple, in US Pat. Nos. 5,183,884 and 5, 480,968 as well as Kraus et
al . PNAS {UEAT“'8%: 9193-9197 (1989).

The expressions “ErbB2” and “HER2” are used interchangeably herein and refer to
human HER?2 protein described, for example, in Semba et al., PNAS (USA) 82:6497-6501
(1985) and Yamamoto et al. Nature 319:230-234 (1986) (GenBank accession number
25  X03363). The term “erbB2” refers to the gene encoding human HER2 and “neu " refers to

the gene encoding rat p185
Herein, “HER2 extracellular domain™ or “HER2 ECD” refers to a domain of HER2

. Preferred HER?2 is native sequence human HER2.

that is outside of a cell, either anchored to a cell membrane, or in circulation, including

fragments thereof. In one embodiment, the extracellular domain of HER2 may comprise four
30  domains: “Domain I’ (amino acid residues from about 1-195, “Domain II” (amino acid

residues from about 196-319), “Domain III” (amino acid residues from about 320-488), and

“Domain [V (amino acid residues from about 489-630) (residue numbering without signal

peptide). See Garrett ef al. Mol. Cell.. 11: 495-505 (2003), Cho ef al. Nature 421: 756-760

(2003), Franklin et al. Cancer Cell 5:317-328 (2004), and Plowman et al. Proc. Natl. Acad.
35  Sci. 90:1746-1750 (1993).
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Herein, "HER3 extracellular domain" or "HER3 ECD' refers to a donmi n of

HER3 that is outside of a cell, either anchored to a cell nenbrane, or in
ci rcul at iwo,20icmeB12di ng fragnents thereof. I n one enbodi FEMUS2410828023
extracel lul ar domain of HER3 may conprise four donmains: Domain |, Domain

1, Domain II1, , Donai n_one enbo ECD. conpri ses
bt no-aci ds. 1. 83850 riMBERIGe e e rergnam HepraBye fr EBqEri ses
HER3 donmaius Phi. Nog GIM8B,8SEmdBMIN06 @ vis] a3 R8s 324/ ( Pranersiangs: 9 1veloudi ng si gnal
pepti de. glgg terms "ErbB4" and "HER4" herein refer to the receptor

pol ypepti ¥s di scl osed, for exanple, in EP Pat Appln No 599, 274; Pl owran
et al, Pr oc. Natiein, ACERE extadellaAdonRhk lof 48ERY BOD( H&B)oac&ndlﬂf@wmn et al,
Nature 6;473-

75, (1993), including jsoforns there as di scl osed
e oob 106 UL A e o o § SR g g aite i o
pol ypepti ﬁeganmh\eraifn tonk @maatimet, taeépimaeﬂla&r aodxﬁ%ﬂfmamhﬁy comphiee IR | i gand
of parti cy | ar. ﬁtereﬁt he | S.a e se epnce hu F\’h hgggd such as
epi der mal %}’P’%’i}& Fae 0[?‘“‘(‘ ‘("é"é’?/ S °‘8‘l“n nBi“SFm 7 2-7621
(1972)); ECcBrsmprists mging ot h6368(€1t11ﬁberfmg ﬁl{bald(n-g@'_gnﬂ)pelﬁt%)’. quaﬁedt et al, Science
223: 1079- 10 ul.in al so schwanona .0 atlnocyte
At ot i et BB Dl OB D AP ar b S R OTRI T 98] - 1t
et al INat pepaid@48: 257- 260 (1990); and Cook et al Ml Cell Biol. 11:2547-2557
Sasada et al o Beam TerapAys gt nediRhES dogd pravpbu g inbied
hepari n- bfdﬂdkaﬁi@l@ﬁn ]Elemmlpplgm)\/\i% 20 &P @FmAnHdBa EGrc. (V. gﬁehmyamet al ,
Sci ence 2 I i n i Chem
270: 7495- g@b%%qf§@é§9§)aﬂﬁ%% éﬁﬁ appeg %g%%f%% @%93?5@%“ %‘39@15( 1997)); a
her egul i ntl(e&eee@eh@&iéc,losétemwegm/l%sa pubRGeRApr{lCar 19aay et al, Nature
387:5 516 (1997 ulin-3 Proc tl. Acad.
Sl okt 9559- 5By (B bl TR T Pttt MERcogene
18: 2681- 8&cép1&9 9h¢ HERNiGaR¥ dfphuticfl&Rattgest(hik@iivn edtat seqhencBhohan Kb m
272(6): 3330- I ch bi TG a,
anphi r eguﬁ?*’r’i‘ﬁ gt g gfff%}% W‘E@"E‘gﬁ&gﬁé %Vﬁg?@d Pﬁl gﬁ@ﬁ"%“&&%ﬁ%%ﬁ ch bind
HER3 i ncl m@ez)b;efaeguhnlﬂigSgramm fNRGaHJha [—’JEFF b) (@&Iﬁ{iﬁrd@éfpﬁb&@en@é 223t 10d9-mes2HER4
include b | ulin requlin
ner equl | no DT B B B ah o B draPBI e e PaPEITE SR T UFYPapt i de
encod2@ bysShbh dner sgence DA3YEITE-1pTOMORD; Kiguei 3 ol Vaek 348:287-360 Aa9@®NEndNo.
5,641, 869 i 1 8 (199 Exanpl es of
heregul i n5° @hecfwﬁé@? ﬁ%r}e}aﬁf hg‘léfw Z.Eg'? Q&g %etafﬁ% fii %i‘}né%fﬁ‘li’ ﬁgle’ﬁﬁ and
her egul i Nn25%R0¢-i60ME S99} @l Sasadi @t BiocBbh:Bladbs: R&l@o:@n&%ﬂ)}@ lmdlﬁl@sﬁ Pat ent
No. 5, 641, 869 eu dlffe ent t|o Pel e
205- 216 (1995 IR el e B GBIy RR e Sy EARAFD Fal s et
al. Cell 92080418 4arcedlaOIpygdagl dlal] Biol. Chem. 270:7495-7500 (1995); and
25  Komurasaki et al. Oncogene 15:2841-2848 (1997)); a heregulin (see below); neuregulin-2
(NRG-2) (Carraway et al., Nature 387:512-516 (1997)); neuregulin-3 (NRG-3) (Zhang ef al.,
Proc. Natl. Acad. Sci. 94:9562-9567 (1997)); neuregulin-4 (NRG-4) (Harari et al. Oncogene
18:2681-89 (1999)); and cripto (CR-1) (Kannan et al. J. Biol. Chem. 272(6):3330-3335
(1997)). HER ligands which bind EGFR include EGF, TGF-q, amphiregulin, betacellulin,
30  HB-EGF and epiregulin. HER ligands which bind HER3 include heregulins and NRG-2.
HER ligands capable of binding HER4 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
heregulin gene product as disclosed in U.S. Patent No. 5,641,869, or Marchionni ef al.,
35  Nature,362:312-318 (1993). Examples of heregulins include heregulin-a, heregulin-p1,
heregulin-B2 and heregulin-B3 (Holmes et al., Science, 256:1205-1210 (1992); and U.S.
Patent No. 5,641,869); neu differentiation factor (NDF) (Peles et al. Cell 69: 205-216 (1992));
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grow h factors (GGFs) (Marchionni et al., Nature, 362:312-318 (1993));
sensory and notor neuron derived factor (SMDF) (Ho et al. J. Biol. Chem
270: 14523W0488210812995) ) ; g- heregulin (Schaefer et al. ©@QTAFR016/028023

15: 1385-1394 (1997)). A "HER dinmer"” herein is a noncoval ently associ at ed

el expr Beba e tir B RUPE iAo & ob R E T T AER gand and
can be i sglatiefctby (GORY NMprcROhict &, U\Qﬁtr@ﬂdZ -8l 197 e 3 hyseloS: MAGt &S

described in 14665 (1994),
for exanpfl%{ro‘deﬂﬁ?do%\g%rt@ﬁ@ﬁ (Ig‘h%tﬂl? gl €gh %%Ré%ggcég 20(3[9955 tini t (e.g.
gpl 30) rfayerb@hﬁ$$dh€df&'feedl Viddgerte8: 1857394 (FO97HER het erodi mer” herein is a
noncoval ently as het er odi me rising.at |east. t di fferent HER
ocentoren such MERERE nen S oot pee) Pees iy coRbRond 1l b | eRo- HeRe
het er odi MHER.recdptoERu¢hiddnipick emayi f‘émﬁﬂhﬁgﬁmll ex\ﬁressingnm aerth@e 8ERW t h HER
activation or functi%g. Eﬁ%@ es.of H QL] &) tors include HER anti bodi es
(e.g. EGFRENPERS X o 28 N R gpigdPEiouPtys; smal |
nol ecul e HERzahbegHPAGE;as HEalﬁexdﬁlosmlesklrbasle;ﬂ Bibi. bhémar B9 AdERBbeand EGFR

ni b/ G\b 16; antisense

dual t hi b h
ng?ecu%l;g?{éggéﬁ%q)g 5 sy SRRt a%%sl yt%%ﬂlae/r(%?e%?@é“r?w PP Eero. or

i nt er f@r ema bhaskatiedd vaith toé dindownst r eam si gnal i ng nol ecul es, such as MAPK or

Akt . Preferabl bi t or an t bo bi nd to a HER
Ceceptor A TS OB Hipaialcl sspdrae il Bforedh
inhibits fe@S’tlﬁm ditfareod HER HE@tdmrmdn WEGFRrHHEREGER RN, BerR-HRERf, &1ERhl y, t he
HER di mer | ioH hgﬁ?%lé or Jis.an anti body. However, HER di meri zati on

i nhi bitor F LhB BEE and non- pepti de smal | nol ecul es, and ot her

chem cal enti tAeﬂBmhmhltdmfslablagent Wik oitdTRtds oiith OfE RHERvAiomor fusdtiohet er odi mer s.
An anti bo ich "i E ri.zati on" .S a

Ay b1 o Bt PR BB TR THE T bt - Bpir ARl MRS AR Y o (e
under | yi ngntitedibaEGHR -tak detcdrieugesand ntobdatile }mmdmta@mlaamﬂm@mshb Rasset 0 HER2 at
t he heterodineri S t her eof arti f a

e oot Mot RHERE P Bl e R PR ot i EEXRGT. “ ot her
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fl))eﬁ)y I—?owever HER dimerization inhibitors also include peptide and non-peptide small
molecules, and other chemical entities which inhibit the formation of HER homo- or
25  heterodimers.

An antibody which “inhibits HER dimerization” is an antibody which inhibits, or
interferes with, formation of a HER dimer, regardless of the underlying mechanism. In one
embodiment, such an antibody binds to HER2 at the heterodimeric binding site thereof. One
particular example of a dimerization inhibiting antibody is pertuzumab (Pmab), or MAb 2C4.

30  Other examples of HER dimerization inhibitors include antibodies which bind to EGFR and
inhibit dimerization thereof with one or more other HER receptors (for example EGFR
monoclonal antibody 806, MAb 806, which binds to activated or “untethered” EGFR; see
Johns et al., J. Biol. Chem. 279(29):30375-30384 (2004)); antibodies which bind to HER3
and inhibit dimerization thereof with one or more other HER receptors; antibodies which bind

35  to HER4 and inhibit dimerization thereof with one or more other HER receptors; peptide

dimerization inhibitors (US Patent No. 6,417,168); antisense dimerization inhibitors; etc.
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Inc.); ZD1839, gefitinib (IRESSA®) 4-(3’-Chloro-4’-fluoroanilino)-7-methoxy-6-(3-
morpholinopropoxy)quinazoline, AstraZeneca); ZM 105180 ((6-amino-4-(3-methylphenyl-

30  amino)-quinazoline, Zeneca); BIBX-1382 (N8-(3-chloro-4-fluoro-phenyl)-N2-(1-methyl-
piperidin-4-yl)-pyrimido[ 5,4-d]pyrimidine-2,8-diamine, Boehringer Ingelheim); PKI-166
((R)-4-[4-[(1-phenylethyl)amino]-1H-pyrrolo[2,3-d]pyrimidin-6-yl]-phenol); (R)-6-(4-
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35  fluorophenyl)amino]-3-cyano-7-ethoxy-6-quinolinyl]-4-(dimethylamino)-2-butenamide)
(Wyeth); AG1478 (Sugen); and AG1571 (SU 5271; Sugen).
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exemplary antibody that binds to the heterodimeric binding site of HER2.

25 An antibody that “binds to domain II” of HER2 binds to residues in domain II and
optionally residues in other domain(s) of HER2, such as domains 1 and IIL.

"Isolated," when used to describe the various antibodies disclosed herein, means an
antibody that has been identified and separated and/or recovered from a cell or cell culture
from which it was expressed. Contaminant components of its natural environment are

30  materials that would typically interfere with diagnostic or therapeutic uses for the
polypeptide, and can include enzymes, hormones, and other proteinaceous or non-
proteinaceous solutes. In preferred embodiments, the antibody will be purified (1) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use
of a spinning cup sequenator, or (2) to homogeneity by SDS-PAGE under non-reducing or

35  reducing conditions using Coomassie blue or, preferably, silver stain. Isolated antibody
includes antibodies in situ within recombinant cells, because at least one component of the

polypeptide natural environment will not be present. Ordinarily, however, isolated
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computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.

Those skilled in the art can determine appropriate parameters for aligning sequences,

including any algorithms needed to achieve maximal alignment over the full length of the

sequences being compared. For purposes herein, however, % amino acid sequence identity

30  values are generated using the sequence comparison computer program ALIGN-2. The

ALIGN-2 sequence comparison computer program was authored by Genentech, Inc., and the

source code has been filed with user documentation in the U.S. Copyright Office, Washington

D.C., 20559, where it is registered under U.S. Copyright Registration No. TXU510087. The

ALIGN-2 program is publicly available from Genentech, Inc., South San Francisco,

35  California, or may be compiled from the source code. The ALIGN-2 program should be
compiled for use on a UNIX operating system, including digital UNIX V4.0D. All sequence

comparison parameters are set by the ALIGN-2 program and do not vary.
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temperatures would tend to make the reaction conditions more stringent, while lower
temperatures less so. For additional details and explanation of stringency of hybridization
25  reactions, see Ausubel et al., Current Protocols in Molecular Biology, Wiley Interscience

Publishers, (1995).

"Stringent conditions" or "high stringency conditions", as defined herein, can be
identified by those that: (1) employ low ionic strength and high temperature for washing, for
example 0.015 M sodium chloride/0.0015 M sodium citrate/0.1% sodium dodecyl sulfate at

30  50C; (2) employ during hybridization a denaturing agent, such as formamide, for example,
50% (v/v) formamide with 0.1% bovine serum albumin/0.1% Ficoll/0.1%
polyvinylpyrrolidone/S0mM sodium phosphate buffer at pH 6.5 with 750 mM sodium
chloride, 75 mM sodium citrate at 42°C; or (3) overnight hybridization in a solution that
employs 50% formamide, 5 x SSC (0.75 M NacCl, 0.075 M sodium citrate), S0 mM sodium

35  phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon
sperm DNA (50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with a 10 minute wash
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t r t r r
Fecopt or ) St Car ol O BEcSroniareTinls Gepaiomic LatPeclatBrog

cyt ot oxi c(dg,'B edll réAPCE; andef @tlsictivation.f orm of cytotoxicity in which secreted
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Natural 11 or s EBPn el PR kel bkl Rartiis et hese
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primary ceffdcsortdrs toreidd aiebuﬁgau&m aﬂﬁgerclﬁlahﬁg ta@epu"eﬁaﬁd ﬁtbgﬂhénltly atlthe wher eas
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ol ec% € Ofly, q}e(raelese %E)ﬁoc?ftre]s express lt:cyﬁl FeyRIL and FeyRIIL. FcR expression on

hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and Kinet, Annu. Rev.
Immunol. 9:457-92 (1991). To assess ADCC activity of a molecule of interest, an in vitro
ADCC assay, such as that described in US Patent No. 5,500,362 or 5,821,337 can be
performed. Useful effector cells for such assays include peripheral blood mononuclear cells
30  (PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC activity of the
molecule of interest can be assessed in vivo, .g., in a animal model such as that disclosed in
Clynes et al. (Proc. Natl. Acad. Sci. USA) 95:652-656 (1998).
"Fc receptor” or "FcR" describes a receptor that binds to the Fc region of an antibody.
The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one which
35  binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRIL, and
FcyRIII subclasses, including allelic variants and alternatively spliced forms of these

receptors. FcyRII receptors include FeyRIIA (an "activating receptor”) and FeyRIIB (an
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| mrunol . 99 ), can be perforned. As used her ein,

"treat man%aZt @gﬁgqé?éi etfie 8i"%Variations thereof such as "treat" or

"treating") rehensdtherctl firea@@ht”i(nidefrarendticolnvatiaticanthalcb gl ast“acat brer t he

natur % ¢ Qtlr’lera’[smg’’S)Iefetrsh t% clinical intervention in an attempt to alter the natural course of the
individual being treated, and can be performed either for prophylaxis or during the course of
clinical pathology. Desirable effects of treatment include, but are not limited to, preventing
occurrence or recurrence of disease, alleviation of symptoms, diminishment of any direct or
indirect pathological consequences of the disease, preventing metastasis, decreasing the rate

30  of disease progression, amelioration or palliation of the disease state, and remission or
improved prognosis. In some embodiments, antibodies of the invention are used to delay
development of a disease or to slow the progression of a discase.

The term "therapeutically effective amount” refers to an amount of an antibody or

antibody fragment to treat a disease or disorder in a subject. In the case of tumor (e.g., a

35  cancerous tumor), the therapeutically effective amount of the antibody or antibody fragment
may reduce the number of cancer cells; reduce the primary tumor size; inhibit (i.c., slow to

some extent and preferably stop) cancer cell infiltration into peripheral organs; inhibit (i.c.,
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The term “anti-cancer therapy” refers to a therapy useful in treating cancer. Examples
of anti-cancer therapeutic agents include, but are limited to, ¢.g., chemotherapeutic agents,
growth inhibitory agents, cytotoxic agents, agents used in radiation therapy, anti-angiogenesis
agents, apoptotic agents, anti-tubulin agents, and other agents to treat cancer, anti-CD20

30  antibodies, platelet derived growth factor inhibitors (e.g., Gleevec™ (Imatinib Mesylate)), a
COX-2 inhibitor (e.g., celecoxib), interferons, cytokines, antagonists (e.g., neutralizing
antibodies) that bind to one or more of the following targets EGFR, ErbB2, ErbB3, ErbB4,
PDGFR-beta, BlyS, APRIL, BCMA or VEGF receptor(s), TRAIL/Apo2, and other bioactive

and organic chemical agents, etc. Combinations thereof are also included in the invention.

35 A "chemotherapeutic agent” is a chemical compound useful in the treatment of cancer.

Examples of chemotherapeutic agents include alkylating agents such as thiotepa and
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liposomal doxorubicin TLC D-99 (MYOCET®), peglylated liposomal doxorubicin
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30  tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate,
gemcitabine (GEMZAR®), tegafur (UFTORAL®), capecitabine (XELODA®), an
epothilone, and 5-fluorouracil (5-FU); folic acid analogues such as denopterin, methotrexate,
pteropterin, trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine,
thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur,
35  cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as
calusterone, dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals

such as aminoglutethimide, mitotane, trilostane; folic acid replenisher such as frolinic acid;
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30  or etoricoxib), proteosome inhibitor (e.g. PS341); bortezomib (VELCADE®); CCI-779;
tipifarnib (R11577); orafenib, ABT510; Bcl-2 inhibitor such as oblimersen sodium
(GENASENSE®); pixantrone; EGFR inhibitors (see definition below); tyrosine kinase
inhibitors (see definition below); serine-threonine kinase inhibitors such as rapamycin
(sirolimus, RAPAMUNE®); farnesyltransferase inhibitors such as lonafarnib (SCH 6636,
35 SARASAR™); and pharmaceutically acceptable salts, acids or derivatives of any of the

above; as well as combinations of two or more of the above such as CHOP, an abbreviation

for a combined therapy of cyclophosphamide, doxorubicin, vincristine, and prednisolone; and
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animals (such as cows), sport animals, pets (such as cats, dogs and horses), and laboratory

animals (such as mice and rats).

I1. Detailed Description
30 The present invention provides antibodies, and functional antibody fragments,
comprising at least one antigen-binding domain that has binding specificity for at least two
different HER receptors, in particular EGFR and HER2, EGFR and HER3, or EGFR and
HER4. These multispecific antibodies are distinct from traditional multispecific antibodies
which have antigen-binding domains (usually two) with different binding specificities. In
35  certain embodiments, the multispecific antibodies described herein have the molecular
structure of an IgG (or Fab) and thus retain favorable attributes of an IgG for therapeutic

development, such as predictable pharmacokinetic properties, well established manufacturing
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25 EGFR and HER3 but does not specifically bind to HER2 or HER4. In another embodiment,

the multispecific antibody specifically binds to EGFR and HER2 but does not specifically
bind to HER3 or HER4. In another embodiment, the multispecific antibody specifically binds
to EGFR and HER4 but does not specifically bind to HER2 or HER3.
In certain embodiments, each antigen-binding domain comprises a heavy chain

30  variable domain (Vy) and a light chain variable domain (V). In one embodiment, the ViV
unit specifically binds to two different HER receptors. In one particular embodiment, the
Vu V1 unit specifically binds to EGFR and HER3. In another embodiment, the VgV unit
specifically binds to EGFR and HER2. In another embodiment, the ViV unit specifically
binds to EGFR and HER4.

35 In particular embodiments, the affinity of the multispecific antibody for its target

HER receptor or receptors is indicated by a Kd of less than 10-5 M, less than 1070 M, less
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some embodlments the multispecific antibodies of the present invention inhibit a biological
25  activity of both of the HER receptors to which specifically they bind. Thus, for example, a
multispecific antibody of the invention inhibits a biological activity of an EGFR and/or HER2
and/or HER3 and/or HER4 receptor.
In one embodiment, the multispecific antibody specifically binds human EGFR and
human HER3, and inhibits a biological activity of at least the EGFR. In another embodiment,
30  the multispecific antibody specifically binds human EGFR and human HER3 and inhibits at
least a biological activity of HER3. In another embodiment, the multispecific antibody
specifically binds human EGFR and human HER3 and inhibits a biological activity of both
EGFR and HER3.
In another embodiment, the multispecific antibody specifically binds human EGFR
35  and human HER?2 and inhibits at least a biological activity of EGFR. In yet another
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25  including c-met and FGFR. The ability of an antibody herein to inhibit the biological activity

of a HER receptor can be measured by assessing whether it can block the activation of these
pathways.
One aspect of invention provides for multispecific antibodies that are generated by
diversifying an antibody with specificity for one HER receptor such that it develops
30  specificity for a second HER receptor while retaining specificity for the first HER receptor.
In generic terms, this method comprises the steps of (1) diversifying the amino acid sequence
of a light chain variable domain (V1) of an antibody, wherein prior to the diversification, the
antibody comprised a V|, and a heavy chain variable domain (Vg) capable of binding to an
epitope on a first HER receptor and (2) selecting a diversified antibody capable of binding to
35  the epitope on the first HER receptor and an epitope on a second HER receptor. These steps
can be repeated in order to generate multi-specific antibodies. A detailed description of this

method is provided in United States Patent Publication No. 20080069820, the entire
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25  and pulmonary embolus. See, Biologics License Agreement (BLA) for cetuximab

(Application No.: 125084) (incorporated by reference herein). Similar toxicity issues are
observed for panitumumab (VECTIBIX® Amgen) where dermatologic toxicity occurred in
89% of patients administered this antibody. These toxicities were severe, CTC grade 3 and
higher. (VECTIBIX® FDA label.)

30 The anti-EGFR chemotherapeutic agent erlotinib has been reported to cause, in some
instances, acute renal failure or renal insufficiency, hepatic failure and/or hepatorenal
syndrome, gastrointestinal perforations, bullous and exfoliative skin disorders, and corneal
ulceration and perforation. See, FDA Warnings and Precautions safety labeling for erlotinib
(TARCEVA®, Genentech, OSI Pharmaceuticals) (2009).

35 "Toxic", or “toxicity”, refers to any adverse effect caused by an agent when
administered to a subject. Measures of toxicity include, but are not limited to, mortality, loss

of body weight, organ failure, altered organ function, central nervous system toxicity,
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25 but not limited to, in vitro cell-based models and in vivo non-human animal models. Toxicity
is also monitored in human subjects in clinical trial studies.

In one particular embodiment, toxicity is measured in cynomolgus monkeys. The
toxic effect of EGFR antagonists in cynomolgus monkeys is well documented. As set forth in
the Biologics License Agreement (BLA) for cetuximab (Application No.: 125084)

30  (incorporated by reference herein), all monkeys receiving cetuximab exhibited mild to severe
lesions on the skin, consisting of scale formation, reddening, erythema, dermatitis, fissures,
wounds, and exanthema, and/or hair thinning or loss. The dermatologic toxicity was dose-
dependent in both severity and time of onset, where severity for high, mid and low doses were
severe, moderate and mild and time of onset occurred on Study Days 15, 22 and 64,

35  respectively. Secondary complications of severe skin lesions were bacterial infection or
sepsis with subsequent mortality or euthanasia of 50% of the animals in the high dose group.

Other dose-related toxicities included changes in certain clinical pathology parameters
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It is desirable to provide a less toxic antibody that targets the EGFR pathway. Dosing

of EGFR antagonists such as cetuximab is limited by toxicity (primarily dermatologic toxicity

and infusion reactions). A less toxic antibody could be administered at a higher dose than a

more toxic EGFR antagonist which may result in increased antitumor effects. Accordingly,

30  one aspect of the invention provides a multispecific antibody that specifically binds to EGFR

and at least one other HER receptor, (HER2, HER3, and/or HER4), where the antibody is less

toxic than an EGFR antagonist when the antibody and EGFR antagonist are administered at

equivalent doses. In one embodiment, the antibody specifically binds to EGFR and HER3. In

another embodiment, the antibody specifically binds to EGFR and HER2. In yet another

35  embodiment, the antibody specifically binds to EGFR and HER4.

In some embodiments the multispecific antibody induces a lower incidence of

toxicities, less severe toxicities, or delayed onset of toxicities in an in vivo model compared to
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25  antibody induces fewer grade 3 or higher toxicity incidents in subjects administered the

antibody as compared to grade 3 or higher toxicity incidents in subjects administered the
EGFR antagonist. In particular embodiments, the number of grade 3 or higher toxicity
incidents in subjects administered the antibody is at least 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, or 90% less than the number of grade 3 or higher toxicity incidents in subjects
30  administered an EGFR antagonist.
In other embodiments, the rate of grade 3 or higher toxicity incidents in subjects
administered the multispecific antibody is less than 70%, 60%, 50%, 40%, 30%, 20%, 15%,
12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1%.
In particular embodiments, the multispecific antibody induces fewer grade 3 or higher
35  dermatologic toxicity incidents in subjects administered the bispecific antibody as compared
to grade 3 or higher dermatologic toxicity incidents in subjects administered an EGFR

antagonist. In particular embodiments, the number of grade 3 or higher dermatologic toxicity
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11% 109 "Ee4rodgqs 278Rmkgsuains a fRomobgus synk it RS b(lﬁé?f” Eibodi nent s,
t he mul ti sypediifdamant i body i nduces fewer grade 3 or higher dernatol ogic
toxicity incidents in subjects adm nistered the bispecific antibody as

conpared to .grade or .higher dermatologic toxicity incidents in subjects
adm ni steflﬁﬁgogﬁa’é‘éﬁ’bgﬁ)ﬁg Mt . In particular enbodinents, the nunber of
grade 3 or hi ghafoomdembeadinbogitle: ihaxiial fryvidsiadantspedific Sitibydcbmpadng 4 st er ed

t he tispecific antibo i s .at | east % _ 2Q9% 0% 40% .50% 60% 70%
505 "8 " ondiirubinind IR ke PR iR BRI AR BB e s o or ty
i nci dent sthicAntid¢bjbading dasinbstrer @dcifitnlEGHR tasthagapts tinclddingotfte HER

enbodi ment S, the rate of grade 3 or higher dermatologic toxicity incidents
in subj ect’§*P4Yii ni stered the nultispecific antibody is |ess than 70% 60%

S o SOy SOt Sk S A S T e St 2 o
or gan that specifically binds to EGFR and HER3 where the antibody comprises a Vg (heavy chain
25  variable domain) comprising the amino acid sequence of SEQ ID NO: 25. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi (light chain
variable domain) comprising the amino acid sequence of SEQ ID NO: 40. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
30  specifically binds to EGFR and HER3 where the antibody comprises a Vy comprising the
amino acid sequence of SEQ ID NO: 25 and a Vi comprising the amino acid sequence of SEQ

1D NO: 40.

In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising
35 ong, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 25. In one

embodiment, the multispecific antibody comprises an antigen-binding domain that
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function in an in vivo nodel conpared to an EGFR antagonist. In other
enbodi nents, the antibody induces fewer, or |ess severe, gastrointestinal
t oxi ci ti esoi2n10am08i2n vi vo nodel conpared to an EGFR ant a@Cmitsko10i02803dne
enbodi ment, the EGFR antagonist is an anti -EGFR anti body. In one

enmbodi nent on s ce u | n anot her enhodi ment, the
EGPR ant agv&ﬁ'? D A il S R S G, PRV B ant agon st
i s a smal twoyehdauhree oflthe BVIRs efthOshine idid sehh@cEM@lmagom ghohs erlotinib.

I n one enbodi nent, the.in . i.s a nonke s a cynonol gus
ey TR st PR Ses p e B OmER AR Ane body and
Anlt i body yf?bnﬁamysmsiﬁ gsmm IOk NehdrS the biteh ot aRipris &ra \Of @wipeisisig ane,

mul tispecific 0 C ri Ln an anti en-btiﬁﬂ%lii ﬁp i at

Cpeci 11 carms, oo g e R ke BBl ol SrihtRufl Band g

ant : gg n- bboartabmglgﬁﬁga\ivm ad@?ﬁhﬂ&@bftﬁ@H@/iRﬁ bt ngbiafld séqri]lelﬁé lalesEQ 3 1) gIeI s,

I nCl udl ng rece or 0 nmen e

Lt body a8 B Ehe SRt R et A abrar Tt “eePribe PTG o
EGFR and kERSicmiyaigls theGREmhindIOER3 hdipiht sesbody ddrhpriseawy, @h@hﬂngatl abl e
domain) c risin theamn acid Q NO. .25. 1 n one
oot ron ek ke e ke S TBD BTy Cumps g e ne. domai n
t hat specitkitatsl of teianfis dotdl skfeicanEQERNOOr & dohie cabbdibetty, tiopRi ses a VL

(l'ight chain v e domai n) conprising the am no acid sequence of SEQ ID
NO  40. |ﬁr68ﬁ§nf{§ﬂg§) ment, the multispecific antibody conprises an

anti gen-bi ndi ng do cificall R3Wnerethe
AR R A R R R RN Sl ke R AL
and a VLcﬂﬂpspeaﬁ@gy binés @AGRR @d HERSequenteaniboGEQmp EseN@V y40mptidingxhe

enbodi nent .. the nultis LE ntj body co ises.an anti di ng domai n
Chat  spechPingarisepisgr S Honh bl aes RGBT nE MR Rr S EE G [ oes a Wi
conpr isi ngomyiBes atnwmlgearbdidﬁfg dolmeh fpecifieal NIRels of EGRR 2@hHER3 @bdrelthsequence of
SEQ I D the multis rises an

t [ b
2t gen- bI TRl AR RATRBRR e el J GRS o R RGeS Sher o the
anti body emmniﬁmamsheamﬁlhsmaﬁpantﬂmm;gcompﬁsestamm@mﬂindfng'rdhﬂnae tlaf the HVRs of

th d nb
it SpechR ECURETHoA EONBRSS SR e Pk L RIS aoHaTR R
speci f i cahhino beiddsutmee EGHED) NN OHERSdher @niphiging ik khadycideepreices a VH

conpr i NQ;QEQE%{%} , and/or three of the HVRs of the am no acid sequence of
conprising one, two, and/or t ree of the of the
SEQ I d"a VL i si d/ h f the HVRs of th

g.nmt Pgog;:/l go?r]e)ﬁlluglg%%g c{lmﬁt%l%iqldee Iﬁlu@{%eaf%ﬁ ‘antl oﬁggoem;{er{%rgsoa% antlgen ’blndpn% domlaI I specific

that specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising
one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 64. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that

25  specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising one,
two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 26. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising one,
two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 64 and a V.

30  comprising one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO:
26. In one embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising all
three HVRs of the amino acid sequence of SEQ ID NO: 64 and a V|, comprising all three of
the HVRs of the amino acid sequence of SEQ ID NO: 26. In some embodiments, the HVRs

35  are extended HVRs.
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specifically binds to EGFR and HER3 where the anti body conprises a VH
conprising all three HVRs of the am no acid sequence of SEQ ID NO 25 and a
VL conpriwonglealoB12rhree of the HVRs of the ami no acid sequarse@ontsoSEQ | D
NO 40. In sone enbodi ments, the HVRs are extended HVRs. I n one enbodi nent,

the nultispecific a body mpri St en- b|nd|n domai n t hat

Speci i car 'y b et PoliBetng RiThRER aithed torl B e O Gty i
COerpri Si nglfat ép&lﬁdﬂllgbmamo(t(mmem30%e$Q irﬁgbd@dcoﬁlﬂnsehﬁ\gl&emﬁﬂh idacherent , the
mul tispecific anti n .anti gen-bi ndi.ng domai.p t hat

epect 11 caPPyoBramrst eERRS h§OteRs Aty ETeEr At U TRy & Wi
conpri si ngorhiBesdi angcaditdiaiamcRat OfcciBicANyl Hihd\es EGRR athd’lHE)IRleEeﬁ‘bﬂﬁi ment, the
mul tispecific, antibody ri.ses.an anti.gen- b|nd

Cpec 11 oaPPob ShIeEs MeGERR R S g e SHeA st HHR 05 Bompr 1868 2 v
conpri si ngmbdiemani thomaldspdcisie gutidodyecodfpriSis@n bidighdbinGihg dtudlaia thdt corrprl sing the
am no acid s. ce, of Q1 6. .In gne enbodi ne the i specific
ot i body TrPHEAE b BRI uRy M BHERRY FITAT b PRI T st o
EGFR and HERBambeer@eﬁcbefmttb)otdy2&ampr‘if§®mpasivgﬂeonmfolasidngqueﬁte oft wo, and/or

t hree of %ES mof the am no acid sequence of SEQID NGO 64. In one
enbodi nment’, { I'ti specific antibody conprises an anti gen bi ndi ng donmai n

t hat eci ficall blns and. HE where.the anti rises a VL
oo TEC S o g o e o PhiodRes itk et RS oo e e o
SEQ I D NQhaQsifpemﬁct‘allgDhﬁd@t@iﬂﬁmmtﬂERBhﬁlem,thé arsipedyi domprigen b iVhedyipampr i ses an
ant i gen- bi ndi ecificall i nds to R3 where the
ant1 body Bt abCIrdr BT RS Gee i amard fy R0 5 s TvRe. o
the am noeciabidinaeghendlespeéiiSEEbLE doipricet aanatigan Vindmgrdpmmﬁlth?ag one, two,
and/ or three .of the HV no.,aci DNO 26. In
oo ombodrmgea{Es T iR AR R S o ABRRES i SR N1 i ng
domai 5 t hato, siplaithirecal the/HOR Hol&hé mmE&iﬁﬁH &lqdenlclEEBSE@mteotm Iaohd body
conpri ses VH ¢ ri i.ng .all three HVRs of the am ng aci equence of SEQ
"D RG GO R B  a  RREa S e e PR P AT A i o aci d
sequence qfecﬁEfgylbDldNQ EQER aldHBRIeheaiho dmtitedy Somprike aFXRonprigingxicen ded
HVRs. I n o speci.fc antib
antigen-b Odtrggor%%ﬁ%?fﬁh%‘tﬁgﬁ SHhE R &1 SoBhuetith ERR A5HRas where the
anti body canpising@ese, avd/nd omngpiree sftthNlRe ofuht Aina@cid sepepee 0ESEQID SEQ | D NO
odi nent eC| anti.bod 0 es .an

o o DR et M P et Re b RS EEERROTRE AR b o ¢ ne
antl body q&nﬂﬁbalmdatmmmmmlsmmhdrbﬁe anribody emiptlissedtenagrichg SEQ | D NO

I n on i nt, .t he t r| ses
2ri i gons bR T b i e PP SRR DAY BRI E e ther o e
anti body @eipPrRssdEsheamiftd acalnspiuesdendg SEQED NO: 27. In some embodlments, the HVRs

are extended HVRs. In one specific embodiment, HVR-H1 comprises the amino acid

25  sequence LSGDWIH (SEQ ID NO: 48), HVR-H2 comprises the amino acid sequence

LGEISAAGGYTD (SEQ ID NO: 50), HVR-H3 comprises the amino acid sequence
ARESRVSFEAAMDY (SEQ ID NO: 53), HVR-L1 comprises the amino acid sequence
DLATDVA (SEQ ID NO: 54), HVR-L2 comprises the amino acid sequence SASF (SEQ
ID NO: 56), and HVR-L3 comprises the amino acid sequence SEPEPYT (SEQ ID NO: 57).

30 In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising the
amino acid sequence of SEQ ID NO: 29. In one embodiment, the multispecific antibody
comprises an antigen-binding domain that specifically binds to EGFR and HER3 where the
antibody comprises a Vyz comprising the amino acid sequence of SEQ ID NO: 28 and a V.

35  comprising the amino acid sequence of SEQ ID NO: 29.
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am no acid sequence of SEQ ID NO 28 and a VL conprising the amno acid
sequence of SEQ ID NO 27. In one enbodinent, the nultispecific antibody
conpr i seswaroavtosen- bi ndi ng domai n that specifically biPpegaSb@omgoRs and
HER3 where the antibody conprises a VH conprising one, two, and/or three of
the HVRs of the am no.acid seguencs n.one enbodi nent,
the mul ti Spechrine SRty Baty e TS PO pe S AR 95 S e R

speci f i cathayspbdifichly bindESGHRTRNGhd HER3 Wit tie ddiiGo@dompaicly a CQRPnpSas a Vi

conprising one, two, and/or ree of the Rs of o,aci d sequence of
SEQ T b NS et R i gt 11 SE QU Vo) T Bir ' seo. an
ant i gen- bemshdigentlahehnti§gaéific spdody ¢odglrikas ablamq;snbmdﬁ@ﬁanandaaHERS where the

oL DO0Y COTRELES RSP TRLSIA QTR Ry ARGLL S8 L VS o

and/ or t htvag amforttlirec H\YRSHORS bth&e afith & Gcid g tens € GLEHT D WO: BEQILINO. 27. In
one enbodi nent, the nulti i b conpr.i.ses an bi ndi ng
Gomai n_ ¢ had iR oo b B RGE of e BlRRSOMRRat Rar e r LSS Rty

conpri ses2@ Mkn€ afpidirsénnghcahditiipacifieattiyRy @ptike aAbitizon-bmdidg seqaierlﬁe of SEQ
ID NO 28 an e of the HVRs heam acid
sequence. SroBedRE PG SR whelh B8 afthaiy SRS oAl ended HVRs.
| N oné) speeicfHCResthiadiniinicid ddyikntd of SBQPIDI /6@S28tdne a AMico@pravdigthlisegeiehce
LSGDW H ( SE 48 R- H2 cQ no d se

L G SAAGCPT BB TR 5 o nig? SB OB 0o e Sl igeder i Kefuence
ARESRVSFEASMAYndeBEQRsD ™N@ne S}ific kiiBodiieetp YR-H e SorfiBesaiit Mvinaedid sequence
DLATDVA ( SEQ | HVR- ri se the anj no aci d,sequence SASF ( SEQ
| D NO 56§equ‘§ﬁ8L§8Q\§§% éﬁ%@@“gﬂg‘ GO sep ¢ ‘eﬂﬁlé?l&“é @Eg%’ﬁeﬁ (SEQ I D
NQ 57). LGE@S‘EA@(’P@T'DQEEQDWS@SUHWSI@?&@&%%HJ ARRdYCi® tSes an

antigen-binding domain that specifically binds to EGFR and HER3 where the
ant| bbdly AKHHR\SHELAMDY 03782 IBNAgSIhigV Btilromadicd treagqirericel sofueBEQ | D NO

ant| ggnogﬁﬁgﬁrﬁy}ggﬁﬁép E\’R)alsgsu b&g CEOIE{PF‘;%GS eta:]}g&? %%nﬁ%ggﬁﬁ&y%}?ere t he

ant i body sOTRé) SRHVR-VEIcEapmE! i AGinb A6id adfube SEPEPYEY8EQAE Nij: s3EQ | D NO 28
and a VL conprising the amno acid sequence of SEQ ID NO 29.1n one

enbodi nment, tﬂﬁbn%hlbbcﬁﬂ@&'tﬁ&maﬁkﬁeéﬁféﬁntﬂﬁﬁpédnﬁﬁﬁe@dﬂ aatrgehgbeﬂn@d@%mg domai n
that speci fi cally binds to EGFR and HER3 where the anti body conprises a VL
conpri si n&abwelﬁ%%bmém/ﬁﬁm e sERGrWherrdhe-ppRgodyrcopREses A VinsOmeiidnsBguence of

SEQ | £) NOym#8 acill BBt e 8MOIQOIIIROL 30.t R@nEtthbdd$RGE ithd Gul b1h95'1¥1b6R%”p“ ses an
ant i gen- bi ndi ng domai n that specifical Ify 1b| nds to EGFR and HER3 where the
1cg

anti body EURPIF S Beyhitiggsiomainibt sireifictiydindi AP GFR entideRbrherhdeHVRs of
the ami nOaﬁ%b@&ﬁ%ﬁ%%@ﬁon@E&é@e NGino 28 d 8Rtflete VESEQ MPNOS BOGh L, t WO,

and/or three of the HVRs of the am no acid sequence of SEQ I D NO
comprising the amino acid sequence of SEQ ID NO: 29.

In one embodiment, the multispecific antibody comprises an antigen-binding domain

25  that specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising
ong, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 30. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising one,
two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 30 and a V.

30  comprising one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO:
29. In one embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi comprising all
three HVRs of the amino acid sequence of SEQ ID NO: 30 and a V;, comprising all three of
the HVRs of the amino acid sequence of SEQ ID NO: 29. In some embodiments, the HVRs

35  are extended HVRs. In one specific embodiment, HVR-H1 comprises the amino acid
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29. In one enbodi nent, the nultispecific antibody conprises an

anti gen-bi ndi ng domain that specifically binds to EGFR and HER3 where the
ant i body wonpriymge7a VH conprising all three HVRs of thecCaniSeaoacsods
sequence of SEQ ID NO 28 and a VL conprising all three of the HVRs of the
am no acid sequm&m Sggpl D NO. 29. In some enbodi ment the HVRs are
ext ended HgESCC #PN%%H.VM%COWWe PR A1 ¥9UE5e ani no aci d

sequence {BSEMAH N(SE)E%@D N‘@)SR) AR HZ c GRIRE tﬁ@a?mﬁl%mé@% QPcaci d sequence
LCElI SAAGGYTD (SEQ I D H3 conprises the am no aC| d sequence

ARESRVSFEARMSR Y SEQAMDQO(SEB)D NEWVR)LHVBdripoinggss ﬂh@mam aql se@icdeesequence

NI ATDVA ( ri ses the.amnp acid SASF ( SEQ
D NO 56 ELRY ANREG I Nt s BSeCE RS e & Bt BRI IEEG | b
NO 573 . NO: 86)caRMPOEiLIRAhpristdie a&unblaaae&tgéﬂc@ SEPEPRIUEEQAPING:3€5 an

anti gen- bi ndi ng domain that specifically binds to EGFR and HER3 where the

anti body conpfy &%%mﬁo&(ﬂe&qw&hmhﬁwlfk Bﬁub‘éﬁy BnkésdnSREKaBERIHRIoRER | D NO
30. In one enbodi nent, the nul t|%$e0| i c_antibody conprises an

anti gen- bfh%ﬁpﬁ@ﬁ%mnﬁs &t Rsgd TERS cderahpintiedy ometiieRe IndoPERDSher e t he

ant i body gQBLES SSuencYbl SR N&sN®), 1he2 afl R 418G do. SRAUEBRSdRfientlR | D NG 30
and a VL conprising the amno acid sequence of SEQ ID NO 29. |n one

enbodi menttEpRsifieanthodp eemiTises Arfnliggdyn Ersrsrendbat arpciisebguris? REFRg domai n
that spechid @kl ¥ndd M andRaFFRR RO \l"}l!—:éﬁlpmﬁﬁ fhe tafﬁ%o@@ﬁi's&ﬁl@ﬂce%@ RpOHi ses a VH

conprising one, two, and/or three of the of the am no acid sequence of
SEQ I D BE: 2§ #ndgng @W@Hﬂ%@ﬁ@mmm%ldﬁiﬂw@ﬁééﬁ@ﬂ% Nekt 4 bty 2 cbnpti ses an

anti gen- bu@@ym(g domai n that specifically binds to EG-R and HER3 where the
anti body conprises a VH conprising one, two, and/or three of the HVRs of

the am no aci ﬁl(ﬁl@@hﬁﬁ&ﬁﬁerﬁfth@ﬁ@tlk@ciﬂ@antﬂ%dﬁ&ﬂnﬁséél-an% hlbﬁidﬂ@ domgin two,
and/or three of .th he am no acid sequence .0 QID NO 29. In

one errbodfhlarbsrﬁfmﬁ‘{all\‘éb‘r‘i‘ﬂ? ft°|F&&@&%&“&ﬁ!ﬁ@ﬁd&?ﬁ%ﬁ%ﬁ@%&ﬂ%ﬁ Vaﬁ?lfl@éﬁlf@m ndi ng

domai 15 t hahe, sREGhTdre@bd ¥ thi IdRs bfand S adsdgdRde yWhrEID Nes:ant41bedy
conprises a VH corg)rl sing all three HVRs of the am no acid sequence of SEQ

ID NO 3028 & N40c I9RT Enbpgingnf. theqpeidspegifi¢ fiibpfyreomprisces AR 2iigFho aci d

sequence BhdiRE@hdh ek spe@ficallp b @m FRTAROGI MR Syhet B AiVBSdyompaKkended HVRs.
I n one specific_ enbodi nent, é{{})l‘l ses the am no aci dsequence LSGDW H

(SEQ | D N&x CHByrisina\gRe. o @6%’f‘ih§e€§f th EVERTOA e aR1NY 261dGerRiTRE oY §AAGGYTD ( SEQ

I D NO 51Np: WBle_ala\’L%%Flhlﬁg%et% AW P OraCd A SHEURESIR: MRERVET Y (SEQ I D
NO 53), HVR-LI caonpri no aci d sequence NI ATDVA (SEQ | D. NO. 55),

HVR- L coﬂ{ﬁﬁ%B%NPﬁé‘Oaﬁ ﬁ% 4éc44d4%@aﬂﬁede@n dpegnty thepypliispedBg antibpdy HVR- L3
conpr i SescJﬂi}ﬂw@Jﬂn@ﬁh@‘ﬁ%%d&%%ﬁﬁﬁﬁh@ﬁ%@?@ly(@ﬁ@td EGINOandHBER3 Wher® 8
C

enbodi nent, the nultispec ant i bod onprises an,antigen-hinding domain
t hat speci“?qu%}f Wlpﬁﬁeﬁa Vi gmpigpe AhiGrepiERAR s \wh B amineacidiiequs gyt eBRPPi ses a WL

conpri si NGOt B€and a V; comprising all three of the HVRs of the amino acid sequence of SEQ ID
NOs: 40, 41,42, 43, 44, 45, or 46. In some embodiments, the HVRs are extended HVRs.

25 In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER2 where the antibody comprises a light chain
variable domain comprising the amino acid sequence of SEQ ID NOs: 36, 37, or 38. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER2 where the antibody comprises a heavy chain variable

30  domain comprising the amino acid sequence of SEQ ID NO: 25 and a light chain variable
domain comprising the amino acid sequence of SEQ ID NOs: 36, 37, or 38.

In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER2 where the antibody comprises a Vi comprising
one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 25. In one

35  embodiment, the multispecific antibody comprises an antigen-binding domain that
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am no acid sequence of SEQ ID NGs: 40, 41, 42, 43, 44, 45, or 46. In one

enbodi nent, the nmultispecif c anti body conprises an anti gen-bi ndi ng donmain
t hat specwbi2esliog12bi nds t o EG-FR and HER3 where the anti lpctguscanpesoges a VH
conprising the am no aci d sequence of SEQ ID NO 25 and a VL conprising the

am no acid s ce Q1 - 40, 41, 42, 43, 4 .ar 46. In one

ebodi montheS TR TR PR AT by BB ou s i <°GEHSES Y ng doma n
t hat spectwd, al/dryhrbd srdse HOREGHR: anido deRaeqmlef f SHEIANOk:Bedy7, cosgprinses a V0L
conprisin ne%g) two, and/or three of the of e d sequence of

t he,.am no. ag i
SEQ ID odippnt, ths mujispecifyc a“H%"dYSPmB,%SCS ?‘ha“&ﬁ? HRgiB n%’ tt he
mul t i speckfetificalytbidaie tyECHRIPid ISERS @eratht agmby Mmm@esdmgadomphhag 01‘£epeCi fically

D, 10° 56 BB PULETE 5! L, 001 SOTRSER, 8oV GO, o1 10, one,

and a VL eanfisingiong toneand/bivbisee antlé BVRE bf e alﬁfnofahﬂ s¢dBgc of SE(DB) awisno aci d
sequence E D NOs: 40, 41, 42 .45, or 46. nbodi nent ,
the nulti g%)é?i '35 e 5B R Hbs %‘Bléls%?ﬁlﬁéﬁ?tfbﬁg%‘-’%]??ﬁ‘&?sr?a aateﬁ?ﬁ H‘%{“ﬁat

speci fi cachryaﬂi)ihlad@edlﬁcaEﬁEBdﬁmcEGﬂE%d\Mmevﬁthaﬂmbhty@n@ﬁﬁpaIvsqes a VH

conprising al l the am.no acid IDNO 25 and a
UL Cormr § SRl TRELY B S e R ORIES S St LBlddhce of SEQ 1D
NGCs: 1@, é(imprﬁiﬁlg an&ree4c#‘th%VRmft%mlhmamu@mmwos Bhe37HMRS. ar e

ont ?Sgﬁdbmwﬁamﬁgﬁﬁlﬁw{%?v@e F%t?"?s& MR PBeCtt Ein ana LR oher ¢t h

anti body conprti ses omai n conpri si the amno acid
Sequence of B BrRpd e B3l lﬁﬁ%bﬁ B S R e e BRI | opect f 1 c
anti body dengpedisedy aindantH@RendiHERANhectah@antibbdyadonppes b Mycampysily thels t o

EG-R and HER2 t h le d

compr | ot nf "R AroRs e 2l SheE BRr SR B RGP O R Crai

vari abj e denmises m@ﬂﬁgein?dlrmglgtd’()ﬁlaﬁlﬁilaﬁ@peﬁfﬁcdlyﬂﬁﬂlﬂ&ﬂE@Fl@ﬁncﬂE@4 WhddOge 36, 37,
38. | nbodi e t f t '

ant  gen- bPRRTAG M A LiraPPSYBEDY FRRS Ry BHRE® P RAEENER e TERB her e t he

anti body emmniﬁmamsheamﬁlhhmaﬁpantﬂmm;gcompﬁsestamm@mﬂindfng'rdhﬂna'e tlaf the HVRs of

the am no aci.d one enbaqdi nent., th

18 poo PR oS A o iR R R PR R SRR A Seci £ cal 1y

bi nds to Hhdth esithbrisibRZhendneniceacidyeqientd dIGHY 1DAN@rAsaasd a lighflchdonprabki ng one,

vvo, d/or three of the HVRs.of the 1 i d.sequence of SEQ ID NGs: 36,
02(5]3880111;3@ oHE e llf’aﬁ%?ﬂamfsﬁ%ueﬁfﬂ %gggg@ﬁﬂ)%%nti body corrpri ses an

ant| gen- bi ndi Ci fl al Ly .bi nds. R2 where the

anti body corrp?gos NE ‘{])ﬁenqath ‘rnuPlgu PG an“%f%"mp“ﬁ%f/an a%: Pg’én%l PRE"HVRs of

t he am notImcspelcﬁ@qumdetocﬁGFﬂ?E@dIHEHMI@/he%hmnﬁb@dy\donmmmaNslcmgpmmg t wo,

and/ or three, of t e HVRs Q_aci. ue NOs: 36, 37,

or 38 1 noBne e BT, M HERReiTE Bel e T e TR o

ant i gen- bembhdigent, the multispecific antibody comprises an antigen-binding domain that

25  specifically binds to EGFR and HER4 where the antibody comprises a Vi comprising one,
two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 25 anda V.
comprising one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO:
39. In one embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER4 where the antibody comprises a Vi comprising all

30  three HVRs of the amino acid sequence of SEQ ID NO: 25 and a V| comprising all three of
the HVRs of the amino acid sequence of SEQ ID NO: 39. In some embodiments, the HVRs
are extended HVRs.

In one embodiment, the invention provides for a monospecific antibody comprising an
antigen-binding domain that specifically binds to EGFR where the antibody comprises a Vg
35  comprising the amino acid sequence of SEQ ID NO: 25. In one embodiment, the

monospecific antibody comprises an antigen-binding domain that specifically binds to EGFR

45



domain that specifically binds to EGFR and HER2 where the anti body
conprises a VH conprising all three HVRs of the am no acid sequence of SEQ
| D NO 25wendiczo’i27conprising all three of the HVRs of wrhe/usrémo2ses d
sequence of SEQ ID NGs: 36, 37, or 38. In sonme enbodi nents, the HVRs are
ext ended HYRs. |In_one enbodi

nt, the nultispecific anti )Ipri ses an
ot & gen bRHIE i BT FOPRAE © el Ay sprmme o EelRr ShE Toaks Ribr ot he
anti body sBQPDNE24a IVbheCitpdinght) ghohddpecilit an€ib@yicompegtanaeigaibimfe | D NO
25. In one enbqdinment, .the nmultispecific antibody .co i ses .an
aniti gen bIEMRE ARt REE DR s 1 RS PSRN 1AV R iher o ¢ he
ant i body ea@iiphtis eSuencyYbf SR NS DFatdieV advnipaisiag thd amaueidcequeliceSEQ | D NO
39. In_on { ent JLtispecific anti body conprises an
anti geh- bﬁﬁﬁﬁ’ﬁéﬁ%gﬁwﬁﬂ@@é cifically binds to EGFR and HER4 where the
anti body conpri ses eavy, chain variable domain ¢ Jsing the am no acid
Sequency of B SRR ER e Bk ARG R R Pest R UGB s i g ¢ he
am no aci dntigegbiatiag dahaibH dpErifikally Bids lorEGHRewlemdbihe hribodly conipeisaxal ty speci fi c
ant i body conprises an antidgen-bj ndi d i n. that specif] inds to
RGFR and FERegars e ALE BYR: PEBE gl sl ek SN 0ot o
three. of Bﬁelﬂ-ﬁﬂaanbmimbﬁ, @mnnmsp@ﬂt ma‘bm@mmﬁplm‘es SEQripd-Bkdingddhmaim one .
that - Mool Laf i bRRES S e R e e B S oG aRPT UG oipr | ces a. Wi
conpr i Si ngnddsrehred sfahe IAVIRY affthd dnie@acdd setjiancdMREQID WOe24amh nee adboding@guence of
SEQ ID NO, 25 and.a VL. cC ri sing one, two. nd/.o hr e f the HVRs of the
S aon e SRRt Re e e S8 e ki Gne RStttk bt tor t spec 11 ¢

ant i body EGRRmhseshedmtibmlyicg@prdas o kgmelisir die.ttivatandpetbiet iof ik Hy RBiofids t o
EGFR and

ER4 . wher.e t he ant,] rises a VH conprisin | three HVRs
o the. sk g i Gahiies TS EATENG BERS O ehnthing TR N o T ST, T o
of t h&S HVRYRebf thhemaiiacid samkitte EHE@ Mo &0 4. SH@nt EmDEIim3N,. thd Mowepeeific
enmbodi nent s he HVRs are. extended HVRS. . I n .on odi t he invention
et e PR S e e Aoy Diet e ey B e T i ng. domat
t hat spechitibody doynpbibes dSV i compfHhhy shidree HURS odithk labixdyacideaquchees SBQ VDI
conpri sing mmno aci.d s ence .o D NO 25. In on di mrent, the
o epect ok 2 nR oy RSt PR R A b R o R e o T I8 ey T bl 'y
binds to EGFMW\I@Q lrsgnf\lgﬁbcglﬁsménm)gy mmml - d s@adal AR dnphd edific éﬂfi?)dam'nno aci plf_
sequence i or i nmonospeci fic
ant i b‘g@y g‘&r@ﬁ SEYPTER th%%ﬁ*l@%ﬁ‘il%f%ia‘fnﬁg%ﬁﬁé’}’# Rﬁlg‘s?%ﬁg% %@2 bi nds to
EGFR wher gy di8eant 4RiA6Yci€ QaRédcs ¥ ESMG Y i sH® tberamive.paci d sequence
of SEQID NO 25 and a VL conprising the am no acid sequence of SEQ I D NO

58 or SEQJ(?TED’TTS@ t.hQalT.linb ﬂCid)m.u@.?bé&' SYEAAMIDY ¢BEQ & NoY: 6V H¥R-Elor a
ronospeci ]::(I)n(lzpnas'gsttheb a?nqi 0 gcg(riTPerqluesnlcQ BRtava (SEQ ID NO: 78), HVR-L2 comprises the
amino acid sequence SASF (SEQ ID NO: 56), and HVR-L3 comprises the amino acid

25  sequence SYPTPYT (SEQ ID NO: 79).

In one embodiment, the invention provides for a monospecific antibody comprising an
antigen-binding domain that specifically binds to HER3 where the antibody comprises a Vg
comprising the amino acid sequence of SEQ ID NO: 29. In one embodiment, the
monospecific antibody comprises an antigen-binding domain that specifically binds to HER3

30  where the antibody comprises a Vi comprising the amino acid sequence of SEQ ID NOs: 33,
34, or 35. In one embodiment, monospecific antibody comprises an antigen-binding domain
that specifically binds to HER3 where the antibody comprises a Vy comprising the amino
acid sequence of SEQ ID NO: 29 and a V. comprising the amino acid sequence of SEQ ID
NOs: 33, 34, or 35.
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ant i gen-bi ndi ng domain that specifically binds to EGFR where the anti body
conprises a VH conprising one, twd, and/or three of the HVRs of the am no
aci d seque0ce1dfisSBEQ | D NO 25. In one enbodi nent, the mromamsp@Eoiotsoes

anti body conpri ses an ant i gen bi ndi ng domai n that speci fically binds to

EGFR where th ant é rlses a 11?%‘% rls ; two, and/or three of
the HVRs of t Eftto‘ E‘Ejt]’élﬂ%“’éi %P z?nﬂt‘t‘ﬂ-‘/Sﬁ‘E "BHESYi nent

t he nmonos mmgisﬁ bmdlag tidnbzﬁﬁl yhaCPBgfitasle BlnaQtO&{HRWMdJﬂhﬂ alitibgdyoevipiises tahat

speci fi caI binds to E r bo ri ses rising
one. Lo LR ohhy B 157 o5 G P TSRS H S B G AT R e & BT SEQ 1B Na
25 and a ¥ Mmrehﬁbdi@lelﬁﬂlﬁe mt)m;)eoafmaoh‘nﬁlsodtyhbmalsat art dv@igddMIRadind ddnfaén am no aci d
sequei qjg SE EIO 31 n one enb% (ltinent ) m)no eci fi c ant i body
conpr i ses ™HPY ?aé g 19 Er#&‘&*&ﬁ%?lﬁatt 8Y‘§’B]é’8?eﬂa HPYPBIHRCL GOEGFR wher e
the anti badyoralﬁamﬂtsﬁsvas Mtnhe:mitm hd feguankt ot BRI KYRS30f4, bites. ambieo aci d
sequence of L conprising all three of the HVRs of the
Senee iRt d enogRete SR oG Rn Sonte Bt ERE Mne Hvhs o e

ext ended kpéRsicallymviae Hp&@Wﬁér@t}ﬁﬁb{ﬂﬂnﬁwﬁpmsM}t—tom@mg bsesvd, bel/am no acid
sequence ET H NO; 47 HVR- an no.aci d sequence
VG SPSCGPTE Y e TB SE8° B et s DB R and i S R Db uence
ARESRMSYEM;/EM/(&SHE@ HBhNOVR S the diMbo hdid equgact SESEQ IDENagidap34aci 35. Sequence
DVSTAVA ( SE rises the am np. glcﬁt% Oseq#ence SASF ( SEQ

I D !

ID NO 56§"° él??&dlﬁ%/‘?t %‘ﬁ 8&15’??1}5%%“%33 RRPHES AL pyiegs (SEQ ID
NG 79). pecidioglyeiroci HERS whérb eheianitead t SV gl@snplrising all psRESIRCAHT |
antibozjy 5 r.|5| an an H - ! ' 'nyb(gmnrgfn thgtmp @12%:Ifl nijg to
ERS whor Be PR pBay A sE oo b B £ BBk g y BN o el quence
of SEQ | Dab a2 sequénco 0SB NIONEIS, 34, bh®S. na Ra@spant ddingenanthi: BIVIRE agonpr i ses an

ti bi nd t hat I bj nds_t R3 wh t h ti bod
conpr T Ses RGBS AT rdimh e ine CRhe ety hf e Beu &l FTqaihed3. 2. or

35. In oneTathttr(smg;[Dmagpamﬁmcamﬂsmﬁymﬁamlh§sa1ﬁer@a anti gen- bi ndi ng
domai n t hat sgeci fical I%/ bi nds to HER3 where the anti body conprises a VH
conprisi ny QEA Péﬁii%ﬂaé B Ha §{e AVeHYR-SEmppseythe angngieid $avnc onpr i si ng t he

am no aci g éﬁ?\d@?ﬁ?ﬁ%sﬂcﬁo éﬁiH\% Lb%émg’ ol {Ee%ﬁlo%&*&?gdugi’?dét the

i nvention prOV|des pecifi ¢ anti nprising
ant i gen- bNRATDY Ad g8 ID Neats)s H&’(RI—IU @)aiphyesb]nd‘miﬁnd md—tEﬁi&nvm&ASF tSEQ ENt | body

conprises a VH co sing one, and/or three of the HVRs of the am no
aci d %qugﬁ’cé@o?ndg%@ H?)CN@P“SQ@he anaﬁ@dé?ﬁﬂa&r: rent! YHEERORAEpedi fi ¢

anti body conprises an_anti gen-bi ndi ng. domai n t hat speC| fically binds to
HER3 wher e t h& difemBespert dhpinyesion grovadesionpmprgspgsifisiatibadysompiinesy t hr ee of

the HVRs gftigthBindiNl BOmAL trdt s%@é]ﬁ&'ﬂg%m@; toPER 3 heN e antBody3bmpBiles 3y, | N one
enbodi ment, the nonospecific antibody conprises an antigen-bindi ng donain
t hat comprising the amino acid sequence of SEQ ID NO: 32. In one embodiment, the
monospecific antibody comprises an antigen-binding domain that specifically binds to HER3
25  where the antibody comprises a Vi comprising the amino acid sequence of SEQ ID NO: 31.
In one embodiment, monospecific antibody comprises an antigen-binding domain that
specifically binds to HER3 where the antibody comprises a Vg comprising the amino acid

sequence of SEQ ID NO: 32 and a V| comprising the amino acid sequence of SEQ ID NO:
31.

30 In one embodiment, the invention provides for a monospecific antibody comprising an
antigen-binding domain that specifically binds to HER3 where the antibody comprises a Vg
comprising one, two, and/or three of the HVRs of the amino acid sequence of SEQ ID NO:
32. In one embodiment, the monospecific antibody comprises an antigen-binding domain
that specifically binds to HER3 where the antibody comprises a Vi, comprising one, two,

35  and/or three of the HVRs of the amino acid sequence of SEQ ID NO: 31. In one embodiment,

the monospecific antibody comprises an antigen-binding domain that specifically binds to
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specifically binds to HER3 where the anti body conprises a VH conpri sing

one, two, and/or three of the HVRs of the am no acid sequence of SEQ I D NO
29 and a WD 20mE8i23i ng one, two, and/or three of the HVReTafS2a410m2823 no aci d
sequence of SEQ ID NGs: 33, 34, or 35. In one enbodinent, the nonospecific

anti bod ri.ses an.antigen-bi ndi ng domai n that eci fical bipds to
e onor B e B s e U O R e < g P ek EC S OB b
an no ?ci dle&ﬁmm%mee@fgncSEQSE@lwo:ZQ aﬁndvgcdﬂhprﬁ%gpﬁé,$\izd)gncadéﬂthﬁe&wﬁﬁe of the
HVRs of t am.no aci d sequence I : 4. 0 5. In.sone
enbod) menr SRR a4 SUEREREHQ IVRY: 5} mingine ot dhBisar R ™ HvR. H
LA pl e ap ks balpis oS bdu i sl e
i o o B QR S AR B AR PRSER 0" Nen gy s bie LS es & he
ami 30 aci drosemue]rhc\eISF dédhlﬁﬂilagg\a[\ll(oﬁﬁ@offﬁemﬁs%)hﬁ atrliffe-acidl sequiat: eItOSHSEQUDe am _ng

aci d sequenc . an - 1.3 conpri ses m no aci
sequence g@P&b\Sﬁ‘A S?‘@%@% RIS, %17?’?)%5&”0%&6;%%%3}19@ PRefs ﬁgléoﬁinileélﬁ provi des
for a nmonasperi Edmdpradthbadiio GaMYGL&cOHBSEDVAIH i(grnibiNodsmgHea n t hat

specifically binds to HER3 where the antibody coggri ses a VH conprising the
ani no aci eonawtierdheenias actaap@menBGESPAGA Yol (FHdHNRe ), HYRdlhonospeci fi ¢
ant i body LS, - ' - biyRdi [ a L& gal binds to
ERe. er S e B g SR s A A R S equence
of SEQ | Dcdpris&lihe driino aed edqbhade DEATD VANGEREDI NO -S4V Ibod yorgarixps thses an
anti gen-bi ndi ng _domai n_t hat sgeci fically binds to HER3 where the anti body
conpr i sesalamv/ﬁfleé?ﬁﬁ?ncgﬁégFt@% ARG Sak pol DuRdSfemrtes Beemmy akld 32 and a WL

conpri si ng. Lhe. AFPRPYRGEEQ 38MEReE of SEQ ID NG 31. In one embodi ment, the
i nvention provides for a nonospecific antibody conprising an

ant i gen- bi ndi I i fi I . Igﬁg% \ .anti body
conprises a vﬂ%gg%?{’ds}?“%‘gﬂg%%?ﬁ%%{ﬁ%?ﬁﬁ/Sfbt res‘gesoatl)lf t S\Mﬂ@% dt(()) gltnhe am no
aci d SequintecaficaFOnlpoNGFRImd HER3orhsreethbandibedsrromptisee afremyo shadei f i ¢

ant i body i i - bi.ndi i t4S LT : phds to
HER3 Wnerg t glngﬁlfei a%gndosd{l Edoﬁggpgéggggggﬁﬁgﬁbgilg’lnﬁéé"oglg%Ie%/l\g(?dl%%né’;j{%? three of
t he HVRs obltispreifigrintiydaconiprsecpnemigendfindSE@ominN@t sigtifically tomds teFEBRI nent |

t he nDnosF,F;ﬁJI' i i j i = bi nei ng: i

specifically %]$§I’;1\g§é?% %la%%%{)o\?\ﬁégr?ﬁéd n?ﬁ% %ﬁ%%Eoégﬁg%ﬁ%ér}?%s%gmg%\;ﬁg%gﬁggﬁ| ng one,
two, and/ SFQURMNEE: Hf5, 6.He 8 VRS 1df ortlAe Insavie nmbediingnt sthemukisrecidit aBEQdY D NO 32

and ayyL LS) .one. r i.no acid
e e S L S L S S
conpr i sesafthodeanpeipes gibaeliyrelain oeraprisinghle angpeesid seqednpaoiHERUID NQ: HER3 wher e
the antib i : ”g]&rgg | S I ) f 1 acid
seqguence g? g%%%@%!%ﬁmgé%an a {(/fLS% d()%?}%e?(%fsslla?gbg\lﬁ?uyﬁf%lg eg#)&tﬁﬁgﬁpﬁg/gl?s of the
ani no aci glugi@pﬂgéﬁ@gtihpﬁiy SErispy an antigen-binding domain that specifically binds to EGFR

and HER3 where the antibody comprises a heavy chain comprising the amino acid sequence

25  of SEQ ID NO: 12 and a light chain comprising the amino acid sequence of SEQ ID NO: 11.
In one embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a heavy chain
comprising the amino acid sequence of SEQ ID NO: 12 and a light chain comprising the
amino acid sequence of SEQ ID NO: 13. In one embodiment, the multispecific antibody

30  comprises an antigen-binding domain that specifically binds to EGFR and HER3 where the
antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 14

and a light chain comprising the amino acid sequence of SEQ ID NO: 13.

In some embodiments, the invention provides a multispecific antibody comprising an
antigen-binding domain that specifically binds to EGFR and HER2. In some embodiments,
35  the antigen-binding domain does not specifically bind to other targets, including other HER
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NGO 31. In sone enbodi nents, the HVRs are extended HVRs. In one specific
enbodi nent, HVR-H conprises the am no acid sequence FSGDWH (SEQ | D NO
59), HVR-WD 20mmps8i2ges t he am no aci d sequence VGElI SPAGAPCDUSSHQ02402NO. 60) ,
HVR-H3 conprises the ami no aci d sequence AREAKVSFEAAI\/DY (SEQ I D NO 61),
HVR- LI cor rises the a,?m Nno acj @LATDVA NEJ HVR- L2
conpr i ses CHEENP8° FBPYIEF enlB “ oesty ¢ es%%)an“gﬁ’i‘u ﬁ L3
C(r)rb rrp&i ses d(ﬁﬂ%?] i d@lemﬁ&llyl bﬁlf&ﬂ‘ddEBﬁfRR abSEIPERﬁ wHefREkg dbNG complises b Iﬁea@'ge .
enbodi nent,, .the nul tispeci anti bo e nt | i ndi ng donain
Chat  specHFIARIE HSTIY el Rttt SLorN TS & BreC S BEE) Borpr § es a
heavy c haimltiseeafiiciagtibody bdﬁﬁprﬁﬁg Mnﬁg‘dndnl&ﬁiy.tfbﬁﬁﬁﬁhzﬂfspmlly[blﬁ\d@o E@GFR12, or

I n on?ﬁgﬁgéjgethﬁ F}Pe rrultls‘%)eg%ﬁ1 antlbod rlse an
antl geh- b YRR SRRy S5REes T@‘a‘&cﬂlﬁ‘gn? 2 AdY piEEGREr e the

anti body spopbiNs®BS282bicghs. chain conprising the am no acid sequence of SEQ
ID NCs: 4, 5, 6, 7, 8, 9, 10, 11, or 13. In one enbodi nent, the

mul tispecifc Bfﬂoinb@ﬂhyodimﬂi’pf, itiseciveaioraytbVidrs p-nhiltixgedific ﬁmhaiymoﬁqbﬁm@@eci fically
binds to E

HERS . t. tib h
compr i si i EREC ARG RH oCRRUBHEC B CEGTORAS: et s Pt Ehai
conpri si ngleTah@eﬁMﬂdmgalﬁindlnﬁeﬂUﬁﬂ@ﬁcﬁéall$|ﬁ@d|t(D)th@taréets lielualive oﬂfébHHRrTE nt, the
| ti i f b d bi ndi d t

pect T calE5 T naene SHeCeR i TR oGP AP HE AR FBd0g EEREPICEs a heavy
chai n conperhasin thgt dpbefially bindawi BGFReqd eTER xﬂfereSE@ﬂt&d‘;l@omﬂaﬂseandeaezyl i ght chain

i si t h d nmbodi t, th
i T1 speolFEoaREr B ShUarT et s SAEr RN g bR
speci fi Cahiuylslbncﬂ“danﬁlﬁbdﬁ%ﬂ)r&mhnfdﬁi@nmmi@ dohﬂlnahﬁtlslhsoﬂiﬁalqmimi’slt(sEGFR heavy
hai j S| d d i ght chai
Comri ot ni e O rRaM e MR G et S e kB iont | the

mul t i pecBEQ Iami0:hedy conpri ses an antl gen- bi ndi ng domai n that specifically
binds to EGFR and HER3 where the anti body conprises a heavy chain

conpri sing t hin @liembodimi, tﬁeﬁwﬁmieﬁpmfvidSEanlfdslNGﬁcihﬂtilﬂ)ﬂyltIat dpeghitallghai n

?ﬁgp:’ Imslleﬂ n%%t%pEﬁ?\l}lnP g)'t%lg%lmls) psgg}e]?afntlgselr:_l tm n inaln rﬁgﬁ nrz)t Fpég%ﬁaﬁmm% j ments,
anti gen- btmﬂl]nangargb@rrmcmdmgaﬂaels@mm‘cemaklIylolne Bldbodﬁrﬁelﬁ(ﬂi_d:inaﬂ)dpdcm In sone
enbodi ment <

e antigen-bindi does.not . s {% ind to other
targets, @P%P’d‘fomﬁnéﬁshn PO mré]gﬁt mamrl] SpSﬂﬁca?le‘Bd@ g(%ﬁ?‘fv e° tlr%lul tispecific
ant i ba@ly etmmpdy ampneem a&maﬁuy@hmn bomphsng thhnmnmachdmtlu@paemf SfElQCI@I N@: himds to
EGFR and vvg he antib 0 ses a chal rjsing the
amno aci §" e Y:ls lrllné%t C%]fe eGP %P?\%H%%égpﬁompmeé R %l ﬁly%%lflg %n rru{ tispecific
ant i body nnﬁcallsfemdam E\(BIER gbere Hicndiitogy dmnfmse\s 4 lh‘@t c}&pﬁmnfprmag thy atpinnds t o
EGFR and '#f go ri a_l t chai rising the
am no aci 8c1§§ e&ﬂeenﬁc%f § jé%%b ‘ﬁésl% ogg em 1ment té%monospemf@ anthnB

comprises an antigen-binding domain that spec1ﬁcally blnds to EGFR where the antibody

25  comprises a heavy chain comprising the amino acid sequence of SEQ ID NO: 2 and a light
chain comprising the amino acid sequence of SEQ ID NO: 1. In one embodiment, the
monospecific antibody comprises an antigen-binding domain that specifically binds to EGFR
where the antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID

NO: 2 and a light chain comprising the amino acid sequence of SEQ ID NO: 3.

30 In one embodiment, the invention provides a monospecific antibody that specifically
binds to HER3. In some embodiments, the antigen-binding domain does not specifically bind
to other targets, including other HER receptors. In one embodiment, the monospecific
antibody comprises an antigen-binding domain that specifically binds to HER3 where the
antibody comprises a heavy chain comprising the amino acid sequence of SEQ ID NOs: 16,

35 17,19, or 20. In one embodiment, the monospecific antibody comprises an antigen-binding

domain that specifically binds to HER3 where the antibody comprises a light chain
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In sone enbodi nents, the invention provides a nultispecific antibody
conprising an antigen-binding domain that specifically binds to EG-R and
HER4. | n woreloemwdrdi nents, the antigen-bi ndi ng domai n dees/usetiodpsses fical |y
bind to other targets, includi ng other HER receptors. In one enbodinent,
the multispecific antibod n e i ndi ng donai n that
Speci 11 cabrpiside it Eeree i e Ry 8o 8 i et Bes ' heavy
chai n conphbh&pargfid Mebaiyicoapiaes th Segeelitdn®donBRQhhtlpddicaly blhtﬂ]s tO RER3

enbodi nent ti s ecific antibod ses. an nt| g domain
Chat - specthirt AgHish SET b ortiem i R R ST SR by OB Ses

| i ght chaN@OsCI@pT,ils, g0 kit ladhit ﬂﬁlrﬁmmﬂnﬁﬁg]lheﬁmﬁloaéldgﬁﬁeﬂogof\l@iQ I8NOsn one
errbodi%nsn t]ge i nvention provides a nonospecific antibody that

speci f1ca %S)f inds to EGFR. I n sonme enbodi nents, the antigen-binding domain
does not spec i ca bi d to other.ta |ncI udi n t.h ER. r ecept ors.
' one_enbod ietE it bt BelhprincaRifEh Gy i lendingla S8 bf ndi ng
domai n t haiat @)Bﬁﬁctaﬂlybﬁlﬂily)HHHBdSheTrd)thEMoW‘k&)ﬁ@rltd’sa hamylcbmdyompmp]rgltl&es a heavy
chain co risin the a ue

crbodi rmenpminp R sistersp BER BN TERUGHESH Shineato i pdisn oBr SEEHSC dorai

t hat specbf $HAID ¥Obi Hda ohOec{sdhanh @eandrbgpeaifit hintbdyty comippisésa@antézechi ght chai n
conprising. the am.n cid.s e SEQ | -1 or 3. In one.

crbbal Fenfintf SRR Db DerpR RS Balr SR P bTbin swfbrisa BrSafiy dormi n
that spectdém@BingyhebinfitsactdsefEhi om;EQeIDtN@ lanind btigy caginpsmgBigaheheavy chain
conprising the mnoac I D NO. 2 and a.light .chain
conpr i o1 ngrpRacdmgas SFEEINERIE BonSagaimripmdmditipSits Bbehi ment . ¢ he
nonospeci tompraed dnlhadyendaniprg deeainahet gpecifigahy-tindsch AGRYohat thetahidodgpeci fical |y

bi nds to EGER where the. anti bod co rises a hea LA ri.sing the
oo ao PRGBS SRt SR PG SO TRAE D' i no
acid $fequemmecoa{pn§EchleanN®aciﬂsequendméSEQtDDdiomat In dnbembsdr@edtjther provi des a

nonospeci fic ant speci fi.cal ds.to HER3 n_Somne odi nent s,
The. antt geiwPreg iehaPrEBEE Eters fsi Gubpa b uiRas Ehsget o
i ncl udi ngwhérhéte ahERdyemﬁmises"zshea{mcmme:ompﬁmg tive ahino bikieé sepaes pesE@ ile ant i body
conpri ses. an,antige i ndin nIhat speci fi to HER3 where
Cheant 1 oda 2 B8R R By R i FRE g R IRED et & Coquence. of
SEQ ID NGs: 1 elflc antlbody
conprises an gn%’ma5m%%‘}lmamﬁamd18n&dﬁe%u}%n IRl e B Ee G ieis  her o
t he abl i bddycicanpoitagdatal. |Hogbtanpleait magabpdesﬁalﬂgtotﬂmproamhabmamgdffmﬁguence of
conor  ses i ebnfir oA SR Ao hdt ARDe PR CSRE et YRR wher e
the anti bmﬁyb@iynmylm@&paedlbﬁm;tomhmgmpmoprmd &an@s mhethamcmtldaacxemea&quence. of
?EC?UIeECECﬁ nc%%é %bar'\]&dy, 1‘3by doept?_‘(g: syr?thems uch m(?‘(ilp BRI e,n & éxgr%pﬁe,m no acid
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid

25 sequences of the antibody. Any combination of deletion, insertion, and substitution can be
made to arrive at the final construct, provided that the final construct possesses the desired
characteristics. The amino acid alterations may be introduced in the subject antibody amino
acid sequence at the time that sequence is made.

In some embodiments, an amino acid sequence having at least 80%, 85%, 90%, 91%,
30 92%, 93%, 94%, 95%, 96%, 97%, 98%., or 99% sequence identity contains substitutions,
insertions, or deletions relative to the reference sequence, but an antibody comprising that
amino acid sequence retains the ability to bind to the original target or targets of the reference
sequence. In some embodiments, an amino acid sequence having at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity contains

35 substitutions, insertions, or deletions relative to the reference sequence, but an antibody

comprising that amino acid sequence retains the ability to bind to the original target or target
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I n one enbodi ment, the nonospecific antibody conprises an anti gen-bi ndi ng

domain that specifically binds to HER3 where the anti body conprises a heavy
chai n compoi2ginigst2he am no aci d sequence of SEQ I D NO P6TArsdoia/oksoght chain
conprising the amno acid sequence of SEQ ID NG 15. In one enbodinent, the

nmonospeci fic anti bod es an antigenbj ndi n domai n t hat eC|f|caIIy
b1 nds to Pl PE HEaR By Snir SRR SR o &g t he

am no aci HEReempme hoionSEbe&niéBs akdtalotd t& 10 agib aahsahane senpitissiuieg, t he ami no
aci d sequence .0 I n oneagwf)edl ment , glprmnospem fic

anti body GBSt °§é1§ e’gﬂmath‘f ?‘518?13‘8?1 Prarg© ﬁe“f%%?ﬂueélﬁee fPal Iy binds to

HER3 wher &nlb(hﬁnﬁiﬂi tha QabstiOERI inSeebond, df @élvtibne bauNinG Qg osiksidg the IMBVRaM no aci d
sequence af SE *:% NO 19 and a light chain conprising the amno acid
sequence gE'%e INO 13. In one embodi ment, the m)nospeci fic anti body

[ t th f.icall HER3 wh
the ant ?EodS Broar PR ek s B oS g R i ok Bo B cence. of
SEQ | D NOthalfedfichlig bindglotEGHRadnd HER3pilicsd thgaritibedyassinpaiseaa iV hsaqgianest of SEQ

0 kOB SPR LD 0 00 L oo RUSIE B e AD(S) O e

desi r abl etheaminvpeosequehe o SRQIIDNGREI ni ty and/ or ot her bi ol ogi cal
properties of the antibody. Am no acid sequence variants of the antibody
may b&0 pr epar stbnbymbadtimedube mgltmpiﬁopnmlﬁ)tiﬁc@ﬁmmgsem ahtiden-birhiengniomhmot | de

sequence ncodl ant. d nthe5|s uch difications
el ude. sy BfedBina Ry s mheBTRS BIEhSPPREAT v RGP Ty
substi t ut 8(0%585% 90%£31%6 9%, 9d%6, 1%, DHve, b, %%a&&%j oswueaqoﬁ&e ﬁfentﬂthm ant i body.

Any conbi atl on of, del etl Qs de to

t1,0 nd.s bst utl
arrive at UPRET; AT SRRSO uc?lﬂg\ﬁ%épdg%o? nfbobj ?HSBGC CraﬁlgPOranssesses

t he desi rendnmhasrmcahegemsumdug dothaid tm[lfwlﬁaﬂl}d)l]ﬁist@E@.FR amﬂsHmlywhx&e that r oduced

inth sub antlbod a no C b t,.se nce is
mde. 1 n QR eny PR Ak SRt hlec T TR MRR 452 500 8506
90% 91% 9'9’2%8‘783?/99"/9%16&5%)3nt9f5%th@51%10 8895cqaencO LS RIUSOCES anderM;i t y
cont ai ns ubstl utions...d n n tions, 4 € the reference
sequence, MU bl arBleEEy L ettt Pl it P O o b SheHOLt et ai ne. ¢ he
ability tanbemdldemltyhﬁhmmlgb add sdqacngedf SEQ IaNGeds of the reference

sequence. In sonme enbodi nents, an am no acid sequence having at | east 80%
85% 90% 91%n m%nb&ﬁﬁz@ntgh%nuﬁiﬁﬁdpif@ﬁ%bogy %mp@ﬁ%an@hti@ﬁ%rslﬁrgubm'm identity
cont ains St i. i ons. rel.ati to t r.ef erence
conuonds AR P BP0 Ter R SRS e DBt
ability t80%i 85%,190%1ﬁ%,@@%g%%,l%%a@@ét%m 9T%r et of 9St%leequafcer(bmugtasequence

and does pat ecifically.bi ny. ot her. t necl udi.n er HER
receptorsHl OaCIdse%nC(? Ofgﬁﬁ%tl\g) {% 6t Iﬁonefmkofmgﬁt)th%?ﬁuﬁop eCIﬁ 2R ?ﬁf/e been
substi t ut e@lnpnsessamrahegtp bardigeloetimdhat specifieal yrhimis t@EGER smhﬂﬁmtwhaé tha reference

sequence. .| R SOTE, URQT) RN 5., (L SHRSH 30480900201, 1561 bR, Ghn,del et ons
occur in feg &
25 97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID NO: 26. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER3 where the antibody comprises a Vi having at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to
the amino acid sequence of SEQ ID NO: 64 and a V| having at least 80%, 85%, 90%, 91%,
30 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence

of SEQ ID NO: 26.

In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER3 where the antibody comprises a Vi, having the
amino acid sequence of at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

35 98%, or 99% sequence identity to SEQ ID NO: 29. In one embodiment, the multispecific
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(i.e., in the FRs). In one enbodinent, the nultispecific antibody conprises
an antigen-bi nding domain that specifically binds to EGFR and HER3 where
the anti twdwonmmpnﬂses a VH having at |east 80% 85% 90ua/U32040/0202 93%
949% 95% 96% 97% 98% or 99% sequence identity to the amno acid
sequence 0

f.S i nent he. eci fi anti bod
BRIt AT A PRl B A e e E g
HERS V\Qer e/h&rhaaeanﬁbdapdmnmemme?sn@ aVlead’ﬁ@l)P/d’@S%I%P/@ag%, Wq%%%% 90% 91%
% % % VA % uenc | entl e am no
Sorh oo en? S SR rshine MR ba T rod et pt YRS TR NDE

ant i body COIIrd Baaviap aslodst §e%i; @m@om%term%l%%;m‘y@pem $6o6,3l7voyoddo,nds to
EGFR H wher e t he. ant bod ses at | east 80% 85%
500 oLy, V5 ShEe i Bbe Sabe s SR et T B e e tenti vy La
the am no aci of . S VL hayv | east 80% 85%
005 o166 asodh TeBEETgaS R sms e ?wzboéwmpnsewc%%aﬁaﬁ% B ity to
the am nOt}ﬁCsipdcﬁ@lquBi’mdﬁto(EfGMd|I-IERN@Ihe£EQhe dntibadyecoaphiad b Vg taying Aelcast

rrultlspec o )4 o, aRant b gen; bindi ng donmai n t
speci fica @{9 83/' EQJ/) / E‘gggpégré%aé@&ﬁéﬁeg%eé%tof %&gﬁe%gﬁﬁ}@%ya VHhavi ng
at | east 80UmiB5¥d s&ﬁl%lceg)I%QQE%O 88%n cﬁlé%/mb&ﬁ%nt,gtﬁeymu&ﬁ%mfe8%body 99%
sequence identit o ac e EQ‘ one
orhoaent e it P Rl s MRl TRk bt A M hire i e Gomai n
t hat spechdtibody doynplﬁBd’SdWHt}QVEgEtReﬁﬂdO‘}ﬂ%,\Eﬁ%[ 21%,9e %@ ni% sady 9sxnprs,ses a VL
havi ng at J/eag% {&/ 85fV 90‘Vt }19%% 92‘V % 94% SQE@ H%% 97fV 98% or
005 S oquedts s it 11 SRutren BeRiy oo agd adifincties bestRd Yo I n one
te[]rb;)dl rrenh?wﬁghalelleamlaor’/mssn); Sf(]IOE/Q Gg%%t 9230,(953%94%@5?/@96%;\97&?!9&@5@ 9191V<nd| ng dorraiva
at specifica an e anti body conprises a
havi ng at S{984%t ! %’6‘6%3/ posﬁg%ﬁm%%ld%&?mc@gﬁsﬁcgﬁfﬁsg 95% 96% 97% 98% or
99% seguen dent i to t uence of SE 64 and a VL
vt i ealf B B nR MRS G SR e SR B o 85 o
99% sequeﬂraespedﬁmwbmdstm ROTR adiER 3adieck themmemye:ombnﬁli@wlﬂaxh@ at?@ast | n one
enbodi nent,,, the &8 )t } [ es a ntige dlng domai n
t hat spec% A”c%ﬁ ?/bu{? (fg%?é” %%“—’%QA’ 2§% M%T%/’?ﬁr%%ﬁqﬂ%ﬁ c?mﬁfﬁrl ses a VL
havi ng thmya}mnﬁthaamdloaeiqumuem:emfm IDerad4: 48001 4889444908 pr 4951% 0®2% 93%

949% 95% dent to SE IDN029I
enb(z)dl me(nf (%menz etm@{geogflgf amlréf)?%&)ug’%g%r%{ﬁﬁ%n Ig%ﬁmgrq?l ggn *bi ndi ng dozmoze

t hat %ecsp‘emﬁazil]ywl% ItdBGEmalEKHHR{hthré-ERantwoéy eniphigesari;j Hagidy adespri ses a VH
having at 6?68%% @ 18/5§%°{ %&%/%5(9%‘% 2%/9 SR ?&éﬁ% ?91%3 97(y 98% or

99% seque quen and a VL
havi ng at thleeaam{o aﬁﬂ%qusﬁ%of 9DQHID N2 5 9296 VOBSGIngM Mast HHY, 8%%0"/8'9%/0, 98%
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence

of SEQ ID NOs: 40, 41, 42, 43, 44, 45, or 46.

25 In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER2 where the antibody comprises a Vg having at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to
the amino acid sequence of SEQ ID NO: 25. In one embodiment, the multispecific antibody
comprises an antigen-binding domain that specifically binds to EGFR and HER2 where the

30  antibody comprises a Vi having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID NO: 36. In one
embodiment, the multispecific antibody comprises an antigen-binding domain that
specifically binds to EGFR and HER2 where the antibody comprises a Vi having at least
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to

35  the amino acid sequence of SEQ ID NO: 25 and a Vi having at least 80%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence

52



or 99% sequence identity to the am no acid sequence of SEQID NO 29. In
one enbodi nent, the nultispecific antibody conprises an anti gen-bi ndi ng
dormai n t O 28pei@Bf27cal |y binds to EGFR and HER3 wher e t IreTAISRé008023
conprises a VH having at |east 80% 85% 90% 91% 92% 93% 94% 95% 96%

97% 98% % nce i t|t to the apino, acid sequence. of SEQ I D NO
30, 1 ong GRRUREM TR HIRTEh depi Bl DO DR S 88 g

anti gen- bbmdlm@gordﬁﬂaiamp%&iﬂéau§pem fol BGHR andbiBRASyHeer tlGmiibadyct hiER@eswhere t he
ant i body r| se a 0% 09 %, 93% 94%
95% 96% Sté?{ g@%@@%ﬁéﬁ@eﬁ@éﬁ? 1 A”ggﬁt%e/?’ %8/%’1 é%’equence of
SEQ ID N@eqﬁ&c@.ﬂﬂnt&y \él_thdﬂﬂmlnﬂg(:lateqhﬁﬁsbf SHIY4D 86967. 90 Une dBGin®AYahe93% 94%
95% 95% 97% % 9%se ence identi tothe i .aci d uence of
220 1 & NorBspecitls B RBRT R g e e S L BRER Soean
anti gen- bamtHERp ehdi@ihe ahtibatly sqmqﬂséslaoajdomabihadﬁghﬂem a0, HERD1where the
ant i body gy o1 \Y; iy 80% 85% 90% 91‘V 2% 93% 94%
550 065 TOTaPYe i 685 L8 Bl Bibsntie £RhNG hanet MBS, act o
sequences ONE@EQ\IDDZSNQﬂ a ‘AL(havrﬁg thedihinodidid séduendtf SBO IBNO:131. Ianae enbodi nment ,
the nmultispec ntlbod rlses an anti en bi ndi.n in that

speci fi caFIg?/OdIHFﬂ’gé IBuIE@?éﬁ P@F&"%@?ém?ﬂ eﬁhﬁdﬂggﬁlg%%ﬁ%ﬁ ses a VHhavi ng
at | ed®t &Q%icaﬁfy%ncﬁﬂ%Gm%dIQMw%%he %%dﬁ&ﬁﬁpn@&%VL%%g a8%mir 99%
sequence identit aci d uenc S 25 and a VL

ot ng. at “EHdpsSHD R RBb0E B508 cSSGRS She TS A e e B 5836 or
99% s equem[c&ngdemlmhgddmmﬂ her spedifivall@abinds ts@qiﬂ'ﬁmﬂ& HER2 SEQclth? INGBody40, 41, 42,
43, 44, 45, or 4 one, e [ o, the mult] L ti hody conpri ses
an’ anti geRCH e 6\5“ W&iaﬁle'{‘%g&gs e/‘gitg?‘("t:é':lll/l”;;E r%ﬁd}g%tﬁé’ %%5]?1@90 R2 where

t he anti bogby, @@Q%rsbcﬁﬁﬁceade\dhhamhagnﬁ{o acidasqueB%r SBOYD NN %P oA, 92% 93%

cequehte B GROoKE * 36 01T Dha Ch B Hene- it dodia PERBE PP ant | body

conpri Sessealﬁerﬁéltdegﬁi]ltdlh@dhllﬂgacdd)ﬁﬁaluefhcé BESEGPENDf 3&al |y binds to EGFR and
HER2 where the anti body conprises a VL having at |east 80% 85% 90% 91%
92% 93% 94%n @E%mb&ﬁ%nt,gtﬁé’/mumsﬁémfm fantSfdy S(ﬁﬁ.lﬂﬂdfm ahtkenibiddihgtdombine am no

aci d sequ nce oé E ngﬁ t.he Itls ific
Bt body BERpP Sl D i i R PR e e PN T Sfasbis 1 o
EGFR and BIERZ5%)00%, 1196 9a%it YIadMYC o5trdede 87%, o&bh, Ioam"/ﬂgsqaéncb &Bﬁtity&{)% 85%
90% % .,92% 93% 94% 7% 98Y% 0 seguen tity to
Che. afd noSamodE e s SERAPNG: RS s aihodhe He R arT rhlSE 5ove - 8506
90% 91% cQaMs e&'ﬂ%m@:ﬂ%ndﬂﬁ%onﬂﬁ%at eificA B indsto BOBR SﬁﬂﬂEM@herdmﬁt ity to
t he am no_ uenceo f SE 0 n %3}) | tispecif
c anti bo n 0 ’ C Inas to
o LS AT E N S Ao tiBr i et P F iy S5 na
EGFR and HEIRE&MQef 9% krguanat 1dbn1dytoabamnms asd seqidnch afS BQYICaN Ol Eéaslh ol0% 85%
90% 91% englgg{ﬁmegn% e mﬁ/@pemg ntl%Gc()9 comZo% es an a%t1g%£ b19 %mg domain that
25  specifically binds to EGFR and HER4 where the antibody comprises a Vi having at least

80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to

the amino acid sequence of SEQ ID NO: 25 and a V| having at least 80%, 85%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence

of SEQ ID NO: 39.

30 In one embodiment, the invention provides for a monospecific antibody comprising an
antigen-binding domain that specifically binds to EGFR where the antibody comprises a Vg
having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity the amino acid sequence of SEQ ID NO: 25. In one embodiment, the
monospecific antibody comprises an antigen-binding domain that specifically binds to EGFR

35  where the antibody comprises a Vi having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID NO:
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sequence identity to the am no acid sequence of SEQ ID NGO 37. In one
enbodi nent, the nmultispecif c anti body conprises an anti gen-bi ndi ng donmain
t hat specwbizesliog12bi nds to EGFR and HER2 where the anti potiyuSecanpesoses a
VHdomai n having at |east 80% 85% 90% 91% 92% 93% 94% 95% 96% 97%

98% or 99% sequenc |det|t no acid sequence of SEQ ID NO 25
o a VLRt i ek et bR BENGPmaEks’ pom i SRding B e

enbodi mentpecitibalyridd i ncslp@m fviicra miciabatabyly e@ﬁmfsi:ssee‘sH rmln@nat icg@BO%) §5di,ng donai n
that specjfic d re the antibod corr]ori ses a VL
ot ng st 21 78 ek S Sy T R S0 DR TSI -t ho

mul t i specadlaseaméncmmm:mmm sEmdarny, anting erledt §096, 89%000vRiM %L &k, speci fical Iy
bi nds pe ant i bqdy. conprises a, VH havi | east
20 8bos Tohoy 060 Dan N Gad S oS T s e kLo Renco
identity No:2he ami no acid sequence of SEQ ID NGO 25 and a VL having at

| east 80% 85% 90% 91% 92% 93% 94% 95% 96% 97% 98% or 99%
sequence i dentd dny etbodifentaitt Oerdioh grosileUfens MoadspGHIQ anfibd¥dcoBfiisingrmnone

enbodi nent .. th Itlse c apt d S en- hi ndi gdomain
That spechiizesing e aEs il edhtl BRITPES: AL AR hiSa RS R sea a W
hgg/) ng at hixa@&ndle%%)%sﬁ% t9g%%)1°)9m, 92 9493 %67 295%, f99%%8°/96ﬁ’%ﬁ7%/c;5 9|8% or

o sequence ide e am ho_aci c n one
enbodl renteepe iy feseurir edlierugay Laihr ROCR oh oBrtsdinl 4 ng' donai n
t hat specihbh@pedific Dtibaly conpiEki andent-Ringdhataén thixepatifidabpbiydsao M@ER3ses a VL
havi ng at t 8 9% . 90‘V % ) 9%,,96%,, 97% 98% or
665 SaqueCEC RNy SBPrisRer GhieAL o SEAvene &b TP e R e v one
enbodi menb35%19eeo, ottt 988pec H9% seqaxict bivayty aothparmise acid Beqaerice géﬁ@imﬁbng domai n
h Lficall EGFR al h
Vinavi g &t Tahs B mtoon S8 ooy AAGiGe B oo BB T °300 or
99% sefjueneificadBitiids yo HBR2 Waerathe antitady dorﬁlﬁqemleh@fngSE@aslt m)‘ﬂ’&CSS%ZS and a VL
havi ng at t o % % 0} 94Y% 9 9. 970 98% or
99% seque%@ﬁaﬁa‘éﬁg /f'3§4{ 9&,[%%%0@%/91295/% #gﬁﬁﬁ"@u ?{H % In one
enbodi nmentgid telqeencmit-ﬂﬁQ NPt marﬂwahamngatrtmo&pecss%; @()O/a,r@tl%bm wonpri si ng
an anti gep:.bingi d i0,,t hat , specifi.call i nds to.EGFR wh
ot Fhody vt e ThioRuy g SPSFat iubte i Bl o o S50 B0, 0o
95% 96% N®7%. 98% or 99% sequence identity the am no acid sequence of SEQ

ID NO 25. In one enbodi nent, the nonospecific antibody conprises an
ant i ggh- bi ndi hgond enmbodimthahe spsspdcifeaintiyodypicodsriseOarEGRRnietiee ddrairant i body

i VL i st. 80 90%. 919 92‘V 3‘V 95% 96%
conpri Ses,a spgc‘ég/caglggﬁgs p Eﬁ% n}%erettﬁ% %rg% con ?‘1568 §9 h&v atq8ar§ ()Q/%ngé 9 9

97% 98% EQ ID
NG 24. | n9(0m,6916/n’ﬁwj 9BEH 194%t %é/o,r%%osve(%% m%ﬂ% sdqcnsdlye ﬁienrrpy fogBsangino

ot 961 DL A0 SoTRUS, R, SPRESBLII RCRoh 2y EERBEL bt 000y

an antigen- b1nd1ng domain that specifically binds to HER3 where the antibody comprises a

25 Vi having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to the amino acid sequence of SEQ ID NO: 29. In one embodiment, the
monospecific antibody comprises an antigen-binding domain that specifically binds to HER3
where the antibody comprises a Vy having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID NO:

30 33 and a V; having at least 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% sequence identity to the amino acid sequence of SEQ ID NO: 29. In one embodiment,
the monospecific antibody comprises an antigen-binding domain that specifically binds to
HER3 where the antibody comprises a Vi having at least 80%, 85%, 90%, 91%, 92%, 93%,
94%, 95%., 96%, 97%, 98%, or 99% sequence identity to the amino acid sequence of SEQ ID

35  NO: 34. In one embodiment, the monospecific antibody comprises an antigen-binding

domain that specifically binds to HER3 where the antibody comprises a Vy having at least
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90% 91% 92% 93% 94% 95% 96% 97% 98% or 99% sequence identity to
the am no acid sequence of SEQ ID NO 25 and a VL having at |east 80% 85%
90% 91%wW02%40/108y 94% 95% 96% 97% 98% or 99% seqBemas201d828023 Y t O
the ami no acid sequence of SEQID NO 24. In one enbodinent, the invention

provides for a, specifjc.agntibody copprisi an_anti gen-bj ndi ng donmain
t hat spec%&f”c@l@&%i ﬁcfg 9%6” %@Rﬁ“ﬁ’lg&é’ 9t6ﬁ‘ér9gr§‘it%%?38§/9c/(‘5ﬁeﬁﬁ?l§8 WY havi ng at
| east 80%he8miro 810%equRdl4h0f SRQGID 9394634 AdPa VORKing6 Unst T% 8 08 %H2:09199,9%
sequence | ity .to ] cid sequence of SEQ ID NO 32. In one
ontodi mentEotie Shoehb SPGB S S O I Bhe s dora n
t hat specof $SE@lD XOb2h dis ote@ntcRhe e erohbpedfid Anbibclyy compiides aemtigeVL havi ng at
0 0 0 0 0 0 0 0 0 0 0 0
oo PR e Sl ol R
enbodi menteast 8098, SO O8ELI%, 9RYaNE% By 9SRNIE%, 9%, WYo,RDIGYesubicadi ng domai n
that specifically binds.to HER3 e ti bod onprises a VH having at
| ast " BosiccReo Bouie o Sesoncs aioke BT el oBeob SRR S50 or 0006
sequence mdedpidifyc dndbddyeompiiseoataitidersigadiendenadf thosRdcifidalNDbind2o aamtk3a VL
havi ng at | east 80%, 85% .90% 91% 92% %.,94%, 95%,..96%, 97% 98% or
665 SaquelbiE. THAR Iy CopRe Shnieat e S8 0k P4y "V one
enbodimenbs%t doe., ITROIPE o $99¢ sanbich aidytitg e LBASs add s@nédcgenSH) miNng domai n
t hat speciLfically binds to HER3, re the, antihbady ris VYH havi ng at
| ast *Boo> B0k ke atisas yhe ybis Saty SuBol e ST0bkein s oen,
sequence baberiquence identitheo hehmimoacid dequeguensie ad NOEY.| D NGO 33. I n one

enbodi ment, the nonospecific antibody conprises an anti gen-bi ndi ng donai n
t hat speci f i cahleyenlplardsligneme HER3wing @teeK abitenumbéridgdehythClosapy ciaasvadablk. havi ng at

| east 80%, 85% 90% .91% .92% 93%. 94% 95% 96% .97% .98% or 99%
sequence. Toibmb oo ot 3 S0 anEEER Aol bRy BE T one
enbodj ment, the nospeci fi.c antibod onpri.ses .an t i gen-bi.ndi ng domai n
that Speci 1 cAPMYCBIRECTYhS HeRAon pdvdes fi e P PR B B OTRE A WY havi ng. at
| east 80O/quat&a%in@iag/qjorﬁérliﬁ/(;haes_@%iﬁ&ﬂ%inagmzf;Ecm’o%nd?m xﬁalzﬁé;ﬂ&l%ﬁﬁﬂ)o@r 99% "
sequence identity. to the amino.acid sequen ] a

ot o at CTIREE Hgeseriisind Bsam Gt SO SOt oS Ve I Br o
99% sequeledOL: Aariniirigestan atrive aaidi snigstiatiool atFROBN S 00f:), B VD, WB(VR9. I n one
enbodi nen AN i.\bo ri ses_an antigen-hi ndi ng domain
t hat spec%?zlagt\sz% %}8&9 ‘ﬁ’glgsg %H)F%%&%%%Oﬁwgﬁ?ﬁ% (g%fc%r lr?ﬁrg(i t@%ga%aqVH havi ng at
| east 2@0%puBtEding H688m. 91 Ohe IRUAlin@BEL/Ghe A4S0 dD B rBESMmord Mam oBBEfthede 99%
sequence identity to th m nop .aci equence of SEQ | 34. In one
oo ment st Ih But A AME s SRR Ao R ) Thoni halhg dorma n

t hat specthbainhdny, thd mdssited fithRD odh@nerisdsen anigehdthding dopainges a VH havi ng at

| east 80% 5t 9%, B2br@ZERYn2e SRy .10, QiR 29% seauence

amino acid sequence of SEQ ID NO: 25 where the Vy of SEQ ID NO: 25 comprises one or

25  more amino acid substitutions selected from the group consisting of F29(Vy)L; T30(Vy)S;
N32(Vy)D, V48(Vy)L, P52a(Vy)A, S53(Vr)A, T57(Vh)S, S96(Vi)A, and Y100(Vy)F,
numbered according to the Kabat numbering system. In one embodiment, the multispecific
antibody comprises an antigen-binding domain that specifically binds to EGFR and HER3
where the antibody comprises a Vi comprising the amino acid sequence of SEQ ID NO: 25

30  where the Vyof SEQ ID NO: 25 comprises the amino acid substitutions F29(Vy)L,
T30(Vg)S, N32(Vy)D, P52a(Vy)A, and S53(Vy)A, and Y100(Vy)F, numbered according to

the Kabat numbering system.

Another aspect of the invention provides for a multispecific antibody comprising an
antigen-binding domain that specifically binds to EGFR and HER3 where the antibody
35  comprises a Vi comprising the amino acid sequence of SEQ ID NO: 58 where the Vi of SEQ
ID NO: 58 comprises an amino acid substitution at D28(Vy), V29(Vy), S30(VL), T31(Vy),

55



the am no acid sequence of SEQ ID NO 34 and a VL having at |east 80% 85%
90% 91% 92% 93% 94% 95% 96% 97% 98% or 99% sequence identity to

t he am nowacot/wergaence of SEQ ID NO 29. In one enbodi memtus2410928023
nonospeci fi c anti body conprises an antigenbi nding domain that specifically

00% 919% "Sa3) 930 bAo Ta5ey bve o Srsk SERY WP ol et B Bt 1 1y 1o

t he am noragvg), setheaidaecoddindiothd KRbhGundBring systerie st @ahbsdment, thhie

nmonospeci f i nti body conprises _.an anti gen-bi ndi ng. damai n tha ecifically
i nds co PP ae Wiy eepi SEema MK AU PG TR PEALLoB0o, 850¢
90% 91% cQAfises A6 11R4Q4ubQmon AonOcifibodR8H, tiRranPUy seapBaCanihdand ity to

t he anino. aci.d sequence. of 3 ID NO 35 and a VL having at |east 80% 85%
90% %“@“Z‘%méﬁ 06“9%%“09“5/5%@%“% ¥8% or 99% sequence identity to
the am no acid sequence of SEQ.ID NO 29. An exenpl ar Lignnment. show ng
the Kabat nanbePT AGoRgredHAS LR AL s e Honten SR EHE” chal n
vari abl e dangedifi@ily s@detod GRrRdnid HHER véietd thoditibsdyl dompriawa Vi) Bodpripitieah3 3.

Anot her aspect .ﬁf t he IF%%‘S R@) E%Oﬁi dﬁ% or1 @ﬂ)ji\]ﬁ ecif?c ant i body
compr 1 si ngoh sineTyie Bl Y o Ro R R e - ob PYCRPRES 6 *EGPR and
HER3 wher eotchenid@ndcidnbyinaonpseicses framvid grouppdonsidting of h%(&'ﬂ)ﬁ\n UZQ(ML}i, sequence
subst 1% ut Yo Va S30EUR) A o ton Tn (ny as ST wBE s SSa(vhy
T57(V H), noiied aardiag toYAOR{bdHumbatindesen. acaersdibodmen, thheukKapaifichnunberi ng
system In _one enbadi nent, the antibad 0 i Ses. n of these
Subst it ut PURES RGNS T Abtsat BEARE bREn el TEBEy TS B S R R P hese

substi t ut whas thelantit@ide canfosel anépdomptikieg thd hinimepeidiséquencant SBQAY NedISPr i ses an
ant i gen- bi ndi ongj i ecifically. binds . to EG- re the
ot body EBARESTSEGD B 5B BERry ot Reminf BT S b BeARE S R o o s
wher el3 heSXMof) ASER(VDIND92R5) I A9V, e TOHNE) EQsindMI6EV s mentaeiddcuding | t ut i ons

selected fr t.h roup consi sting of F29(VH L; T30(VH'S; N32(VH)D,

VA8( VH) L,[Oﬁggié?‘\?iﬂ‘%?be g%WﬁfjnA, T57(VH) S, S96(VH)A, and Y100(VH)F, nunbered
according to the Kabat. n eri syst e I n_one enbodi nent,, the .

ol 41 speci {1 c "AE BRaymEtng LB iTogh iR g s el ain

speci f i cathayspbéifichdly bind HGHRFRnhd HEER3 witeertBe drtibodnioinpacty a Sarpmpises the VH

conprising the .am no acj n of SEQ 1D .NO., 25.wher.e the VHof SEQ I D
Mo 55 o e RSl Sl BN Eontla VbR Nebs et e e e nso(vi b
P52a( XH) ASEQrid N&b 38 el thaWd o FSIEIDIDVMDE?5 cumpbisssed amboardisaigtitudon ite Kabat
nunberi ng te 0 t L ng i j f
iR R b T AT RN A RS T R 4
speci fi cahidwligiraitis Vi of SHEGHR HOd5HoRPrivdsen eminbecid stlishodyn a®@BVises a VL
compr i ST ngobe) 9, 361 ¢, SRS 9, SERAD NGI B reltgre the VLof SEQ
SO1(VL),Y92(VL), T93(VL), T94(VL), or P96(V), numbered according to the Kabat
25 numbering system. In one embodiment, the antibody comprises more than one of these

substitutions. In one embodiment, the antibody comprises all of these substitutions.

In one embodiment, the multispecific antibody comprises an antigen-binding domain
that specifically binds to EGFR and HER3 where the antibody comprises a Vg comprising the
amino acid sequence of SEQ ID NO: 25 and a V. comprising the amino acid sequence of

30  SEQ ID NO: 58, where the Vi of SEQ ID NO: 25 comprises one or more amino acid
substitutions selected from the group consisting of F29(Vy)L; T30(Vy)S; N32(Vy)D,
V48(Vy)L, P52a(Vy)A, S53(Vm)A, T57(Vh)S, S96(Vi)A, and Y100(Vy)F, the Vi of SEQ ID
NO: 58 comprises one or more amino acid substitutions selected from the group consisting of
D28(VLN, V29(VL)L, V29(V)L, S30(VL)A, A32(VL)D, Y92(VL)E, T93(VL)P, T94(VL)E,

35  and P96(Vy0)Y, numbered according to the Kabat numbering system.
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ID NO 58 conprises an am no acid substitution at D28(VL), V29(VL),

S30(WL), T31(VL), A32(VL), V33(WL), S50(WL), A51(VL), F53(VL), S91(VL), Y92(V
L), T93(Wup,202gilz), or P96( VL), numbered accordi ng toPChaSKabasasinberi ng
system In one enbodi nent, the antibody conprises nore than one of these

substitutions Inoeenbo t he tlbod conpri.se of these

SUbeti tut1 onein gl <BRGHENIRT MERtrectandnty Bou-E Pt oo e S maty g

Irrunlste{; :Oggﬁab%%mma tl%aﬂiﬂm EGHRGLNG %l?nglgﬁmﬂﬁmaﬁdycboﬁﬁnseh ?ravgﬁe?@mmh 5 herent, the

Spect 11 caPTipoBrnapst LR I SOreRin e neh S o AR “eukiH Bbs a WL

corrprl Si ngmmhac1amb’s@tua@1sdzs(e/q)1gnmmj)s SEQ(E]BMZ&BH)MﬁfdGSSBM)NLan@f SEQ | D
co e nmor.e ami no. aci.d substi sel e t he

roun S ondRdFRE. SRGopise ToRee P aniop fid soson 10 BIRCSs REedsobel b voz( v

et LA TS om0 suebenn, secomsingatie Ol

an anti geﬁ%&hﬁ#& E@dﬁﬂ&ﬁ%{ﬁﬁ? ITQ%&@EEP ?@%92'&@(’&2‘?%?8‘1 EAITRERS wher e

t he anti badyat aaniing estetn. VLconpri sing the ami no aci d sequence of SEQ | D NO

58 where the VLof SEQ ID NO 58 conprises the am no acid substitutions
D28( VL) N, V29AVis¢fhil metm0pMdgrdificABA (O Vedrihid, res¥Bi2¢ o rkdidms o hd @Miﬂo)iﬂhaﬂ'eﬁ)él( V L)E,

d P rTb d Kabat nb
enbodl tron Pt iR op BEre e AR Sy S b Baraiy SiSEsabh domai n
t hat specChmrd@dhhiyi ahd Wﬂ:ﬂs ¢1989§GFzE&acamﬂ4HER81(\)ﬁ5eleret hesidnd orippaly of angzr i ses a VH
I Si th f S | D NO, .2 V| i th
oo aci G BTERERE ot FRERE A R w2 b el t5eggs ° "9 "
corrpr I Sesbpfnanming nagaltldelﬁ dhsgedtaminocmmdaé g FAS(INH)r pollBBfive) ) offBRE YV H) , VA8(V
where the VL of

, P52a(V S53 . T57
SEQ ID arxllg} I{%%c“ tP?Fgéﬂélg" %‘H‘q 11{%1 ﬁ%ﬁ?ﬁ%‘t“?“taﬁ{di lg‘i%lglis dﬁ?@?%ﬁ‘)mg V29( VL),
S30 Tuddtiorhl) sensAB 2ty Wb thy subMaB1(dAs aBTOfinéd by intudBu her b63KeY L

912&3 Y92§/ LI)S:e %9%%%}1 9b4£1(h%)|ﬂ)en %mﬁlg}l{g: %{egyg% acco?dl nél to the
Kabat nurB8FIHE: 8L00 MR TP SRR ‘Bdﬁ%ﬁ”f &t%lfﬂr ISEF s Y or e t han
one of th%l&er&blbaﬁaﬁbruisipﬂ:lﬂStertﬂﬂibdQﬁh@nﬁﬂi’ﬁ@ﬁthmta,tloﬁ b santddmoche corrprl ses all

of these suﬁ§t| t uti ri rrg ? Llalt[l teC|f c.an i body
conpri sesPah" gAY °ge "“‘f‘?%a]i’ ﬁg ?“‘%’b"éc f APy B8 "t *BGFR and
HER3 wher ecahitigg aﬁﬁndoadyutmgnmrsl 1saﬁld1a:tédhlt dengsdt sodog ot freioamhdihe agirdsalequence

5, wbr o DGRBSl B KOs ORGP SAE ong or more amno acid o
IR T ARG N I TG ST
t he VL of raSE@ iDeid@ fru8 on@mldmesesol@mumfs Cmalﬁlngla'ﬂlnmirﬁborﬁh(ﬁmﬁﬂmds,l.ﬂsl ons
sel ect ed fr n@ oup & 1r(1)5| S UQZ%( VL% 1dVr2e§1£h}és I.Qxam le291(V L)L, S30(V
L) A, A32( VLD "V@‘%’(e?f L)E 1 (S{?g °|5 MY E P
terminal insertions 1nc1ude an antibody with an N- termmal methionyl residue. Other
25  insertional variants of the antibody molecule include the fusion to the N- or C-terminus of the
antibody to an enzyme (e.g. for ADEPT) or a polypeptide which increases the serum half-life
of the antibody.
Glycosylation variants
In certain embodiments, an antibody of the invention is altered to increase or decrease
30  the extent to which the antibody is glycosylated. Glycosylation of polypeptides is typically
either N-linked or O-linked. N-linked refers to the attachment of a carbohydrate moiety to the
side chain of an asparagine residue. The tripeptide sequences asparagine-X-serine and
asparagine-X-threonine, where X is any amino acid except proline, are the recognition
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain.
35  Thus, the presence of either of these tripeptide sequences in a polypeptide creates a potential

glycosylation site. O-linked glycosylation refers to the attachment of one of the sugars N-
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and P96( VL)Y, nunbered according to the Kabat nunbering systemlIn one
enbodi nent, the nmultispecifc antibody conprises an anti gen-binding domai n
t hat specwbi2esliog12bi nds t o EG-FR and HER3 where the anti lpctguscanpesoges a VH
conprising the am no acid sequence of SEQ ID NO 25 where the VHof SEQ I D

NO 25 conprjses the am no acid substjtutions F29(VHY L, T30(VH) S, N32(VH)D,
P52a( VH) Af%ﬁﬂ%ﬁla"é%%ﬁﬂ% m,lack?ﬁ%l "WYI%SGC"\P %dﬁXYQHHO QCI%(LTE%TI%(?"%Q%F% Tam n(() ;?:i d
squencg hircoBmQ dltE)dngS—lﬁarov&ﬂﬁﬁlglgetohG—hyd:r@Jfg:?%E@nh@aNQé);ﬁ&dconpriggg,‘s ';he am no
aci d substitutions VL V29( VL) I. VLA, A32(VL)D, Y VL) E,

TO3(VL) P, Toa(dfjen "raf’%%tl?’%a%L(g%?W?atlﬁﬁﬁﬁéF"etg %@Bﬁiw ﬁ‘ij“(VFlB Y¥e Kabat numbering

system Aadts@plishediit 410elnd B¢ amihe atit béq@adce othaiiat &y draiofc ¢fekd #bo@s or regi ons
of the anéib dy that, K are Erefgerri.d | o atiins for nuta ﬁnesis i all ed
.orgq g

S
" al anihe %98%‘?% fdpeRideag Rt YOOBEOB L HiCA 8rrﬁelgﬂ¥f’dv@ﬁ‘f s (1989)
Sci ence, ZUA4tibA&hy 208 be mhiRI 8, theadiRi®h,dlBRtiOH, ofubitiutdh of aege inciestidki@s are

identified (e.qg.,.charged residyes such a r is, lys, and glu) and
ool meed Mytofirfiidhato B SrbRient BR g P e itk tor 8 Bke b frangtton 7GR, 26 by
pol yal ani ne) theaftheatibédyeompties acFd @pionfthd daebolyirite a@chdishatttd hag bt i gen.
Those am cid .locatipns denonstrating f tiopal sensitivity to the
Toheti ot e b b PSRBT D bt G I bt by ot ancs at,
or fotQ tbientsidaBsolighsasihbsdd thattid @Acrallfatbchedbiy hieNtihRagitd asd207 of the COlduci ng an
am no aci q sequence variation is predet ] . re of the nutation
per se negﬂnar’llbf’fetgﬁﬁbliﬁﬁlaﬁ't ?ﬁn?'%e@“glil‘oe?gleﬁg%ngrqéﬁ ﬁ%gﬁal%e he perfor mance
of a nut abligpBacaliaride ghay &dlugd tRioubdadbobgdnmtd, 8g., Gianiods) MIBeyLElagRNBBES | S
conduct ed, at e target cadon or region_.and th Xpr d.i nogl obul i ns
R ol A A G PR Rt s R A e LLGRARE 4 TToRsd oo

i ncl ude auoi thobiamtxdhagoligadatubxiyde-stredtitic N &l sofnd SMbOEmMERS Godificktivnk efxggé h from one
resid to,. pol ypeptides contalLning a. hundred or. nore resi dues,, as well as

| nt r abbquabaeseeBREk n 4 aaibey of R eion fb b PREF 0 AR5 OSERY PR e

Exanpl es odriahgmihradtain mgesvied propertiie| ude an anti body with an N-term nal

met hi onyl res]:}}due. C%é}iﬁlg?r{]é’i nsertional varian

el ude” the. F HGPORMEHTTHE RECHY “EHEb A TRG S T R * BT B8) 1R By e
(e.g. forl.8BHROe atacked@diteepepitindiesciy)iteinm Faregieases ckdnels afeumotnalof - | i f e of
A IR T T M I R A T
ant i ba@ly 2@o@l 4000s Thaiment & fieesi datingfiedHy cploblyfpenhd demge andunpofcal |y eit her
¥ LTK LR S S5, WS R N R Syl o 2t
aspar agi nasXwae.i g eoniiek, Bgtpiaraadhigk m¥nids¢ @niune) aswhasieeddyi MARDY-TAR no aci d
OB oy e SRR LR SEOMSRGRS, Lo eBEHIRL G, e ent. o
asparagine residue located at about position 297 in the F¢ region (Eu numbering of Fc region
25 residues); however, Asn297 may also be located about + 3 amino acids upstream or
downstream of position 297, i.e., between positions 294 and 300, due to minor sequence
variations in antibodies. Such fucosylation variants may have improved ADCC function. See,
¢.g., US Patent Publication Nos. US 2003/0157108 (Presta, L.); US 2004/0093621 (Kyowa
Hakko Kogyo Co., Ltd). Examples of publications related to “defucosylated” or “fucose-
30  deficient” antibody variants include: US 2003/0157108; WO 2000/61739; WO 2001/29246;
US 2003/0115614; US 2002/0164328; US 2004/0093621; US 2004/0132140; US
2004/0110704; US 2004/0110282; US 2004/0109865; WO 2003/085119; WO 2003/084570;
WO 2005/035586; WO 2005/035778; W02005/053742; W02002/031140; Okazaki et al. J.
Mol. Biol. 336:1239-1249 (2004); Yamane-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004).
35  Examples of cell lines capable of producing defucosylated antibodies include Lec13 CHO
cells deficient in protein fucosylation (Ripka et al. Arch. Biochem. Biophys. 249:533-545
(1986); US Pat Appl No US 2003/0157108 A1, Presta, L.; and WO 2004/056312 A1, Adams
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Thus, the presence of either of these tripeptide sequences in a pol ypeptide
creates a potential glycosylation site. Olinked glycosylation refers to

t he attacwoento/w812one of the sugars Naceyl gal act osam ne pCgaiSacio28923 or

xyl ose to a hydroxyam no acid, nost comonly serine or threonine, although

5- hydr oxyprol i ne 5- hydr oxyl ysi ne l so be us Addi ti.on or del etion
of gl ycos¥i%t by

I XY Bl tspe il bR 1 ARy o DB stk b1 6 it Bt
altering the, m&ﬁncﬁk&d CHIELER G€e, 8 4G Vainh@t ONIRi @Bl BRI/ HiodiPEST: 614 _
s P RSP AR T
del eti on, tltuth ne or erl e or t ni ne. re ues to
t he sequence %PP‘E"I%“ SHiegr r‘i‘%ﬂf 1?1??%’88&9 (Vft% 564 OHE%SaCCE?@F@wﬁ é‘HV 8ites).
Wher e 3 hebambmﬂaqdylgc@mn&mmamd Fecthé E@ﬂe@ﬂﬁn ofﬂheammb&mbydec&tde)yallémhed

t hereto be .al tered, Nati nt i uced lian cells
Lo ear S S it e R R PR SR RIS Rk R
generalIyEﬁmmﬂ@hédmhymﬂmdywhhnkagﬁhkmbﬁsegQﬁlWﬁﬂﬂbb@ﬁﬂ28denBMan@Etthe Fc

gF?bggaccﬂgkpgﬁgﬁgﬁyvﬁgp%@&(5§PP%%§? %B§ﬁ§§5§r§%a6ig mm‘ﬁﬁahose N-acet yl

gl ucosam Aﬁtﬂ(o@y eNAD)s w@aalt Radt osegalaande ®hidid i6 t}&cuhgosaaﬁaml attachsd @ thaxose

attached to. of the biantenna sac ride

ot ruct G erctich G et e BhS afterdte e PR AR BIIE R e n an
ant i body aﬁmbmewnmmem%MQmHNEWeQemnmde99nymsﬂaﬁumaw¢ye@®e9%Mﬁ®b©dymyariants
wth cert i ert I n one enbodi nent, antibody variants are
provi ded ﬂgag?&gﬁggéﬁﬁ?%¥g?structure that | acks fucose attached
(directIythgumdun@aily) to an Fc region. For exanple, the anount of fucose
in such antibody may be.fr nlﬂ%to 80% fr. 5% fron15Vto 65% or
ffom 2006 1 0 ABERENBFEITE b o hRsea e LTRSS B tedPBRSHING ¢ he

aver age at‘l‘BlFI'fregﬂfn df e asBod firbvidediHeeins Ugseby gehﬁtaﬁn@zﬁn mgeﬂyarfaﬁd ghtev¥e to the

sum of al | costructures a d to Asn 297 brid and
R e Rt S et Bl (N R W it MG e
describedkxMJHMk@@ﬁaﬁﬁﬁﬁﬁﬁﬁmaﬁﬂﬁnﬁkﬁﬂmmmmnﬁﬂjg9§abﬁmﬂma)MQnehan@sparagine
resi due | ocated  at about position 297 in the Fc region (Eu nunbering of Fc
regi on re??ﬁu@?fpo%Bﬁﬁver Asn297 may al so be |ocated about 3 amino acids
upstream or m of positi 297 ons 294 and
300, due to ningrsganea®y B heRsRe el woRiEes B LB s on
vari abd s sy tuav@ all lafﬁ‘ecmtédacﬁﬁ@ﬁvmuhnmhkmna dSesble @ndjidate BB apfaicativins Fubl i cat i on
Nos. US 20 1 Us 2004/ 0093621 Kogyo Co.
Lt d). Exarr% C{elgl %ﬁ&?? the %1b ﬁig \21?0 A en(])potrtant.yat (‘Teu%lg gff% (%/ q@cn%rl;slisuch
"fucosedeémmﬂemﬁdmﬁh&E@@ﬂyeummumnmﬁmuhbhuda bUBnﬁ@ﬂﬂmOﬂﬁﬁdaﬁquMMy

2000/ 61739; V\D 2001/ 2003/ 0115614, .US [ Q16 ; US.

3004/ 00938 SURFIRRE JoBr O8 FSBOHPOT bR TR S0 O LirsEd s
2004/O109Bﬁﬁmmﬂth@@&kﬁﬂﬂ$&&ﬂnmﬁm2ﬁaﬁﬁaﬁﬁﬁzﬁmhwfnﬂﬂﬁﬁﬁeﬂﬁﬁﬂﬁmnwmmy

2005/ 953 57?&1%1’(5 ﬁé\%ggﬁfng 3ezélezhkely ac%ng/A% act1V1ty auzt Eriel%allinse[gcRglbindi]rig ability.

The primary cells for mediating ADCC, NK cells, express FcyRIII only, whereas monocytes

express FcyRI, FcyRIl and FcyRIIL. FcR expression on hematopoictic cells is summarized in
Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. Immunol. 9:457-492 (1991). Non-
limiting examples of in vitro assays to assess ADCC activity of a molecule of interest is

30  described in U.S. Patent No. 5,500,362 (see, ¢.g. Hellstrom, 1. et al. Proc. Nat’l Acad. Sci.
USA 83:7059-7063 (1986)) and Hellstrom, I et al., Proc. Nat’l Acad. Sci. USA 82:1499-1502
(1985); 5,821,337 (see Bruggemann, M. et al., J. Exp. Med. 166:1351-1361 (1987)).
Alternatively, non-radioactive assays methods may be employed (see, for example, ACTI™
non-radioactive cytotoxicity assay for flow cytometry (CellTechnology, Inc. Mountain View,

35  CA; and CytoTox 96" non-radioactive cytotoxicity assay (Promega, Madison, WI). Useful

effector cells for such assays include peripheral blood mononuclear cells (PBMC) and Natural
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MoL Biol. 336:1239-1249 (2004); Yamane-Ohnuki et al. Biotech. Bioeng. 87:
614 (2004). Exanples of cell lines capable of producing defucosyl ated

ant i bodi esoizonlwer27Lecl 3 CHO cel | s deficient in protei nPCuassylacsoen (R pka
et al. Arch. Biochem Biophys. 249:533-545 (1986); US Pat Appl No US

2,? O:éﬁ(g#grég%i@\l,ﬂ{)&?hse %}%ngmlgg)gfl 1trq%%l§§?&%§82§ar]fft21 ﬁ\yl of tl'ﬁc\dn?'(qgc%ie 0 liriter(easstpecI ally
al pha- | , 6nhybOsydstddansh & leas én gatival fddEBuclkisabd dlstloHd Cehdsst {iIskec. €. g. ,

Yamane- Chnukj et al i Ot . Bi gen 7:..614 (2004): Kanda, Y. et al.,
o aennrar Gt usd R wae B8 faa B by ata e obe B eBTEY tat | hod! es
://\Eri ﬁnt Sb&fr&irﬂlhﬂai fmeantlpfo@yisdeﬂale\/\ﬂou)hldhﬂlslaﬁdi Ii:aillc@)lablgaiz:m@:ax:hﬁaﬁ{y.o&s,,e.@,}.c (gl.q,h in

iC i ennar. ,gosacchari tt e c region,of the
A R Rl e S AR Wi UM R L S S
fucos yIt at h@ﬁatgmdi ODCiasqay axgde ﬁ@ﬁﬁ%d{&% go}a B}iantfﬂ?@a@(ﬁ%]zeﬁo—slefnt(ﬁuétmlﬁ{]t [ Ib§)dy "
varil ants re rrpe | - | e a ;
Pat ent - NoT g0 I TR0 Sroee Miacial Dbty IR R s A1 ).
Aln_tl body tzarg_g,gmssmmmﬂ. Cglh;ﬂi@?ﬁfodgﬂ:ﬁZU@_lQa@} QSM)F.leEﬂRdllbﬁldlﬂ_gghﬂﬁz vévo ] i bod
ol i gosacchari de .ached to.the egi on are.al so provided, Such anti body
var Pant s nageiesbat S iun e afie bt Brrtorag e gesis Bt et o
describede.geP@kqva) IBWDallL 987/ BoRG4. (Rar)el75et 7@l 200D 1998/ 58964 (Raju, S.);

and WO 1999/ 22764 (Raju, S.). Fc region variants In certain enbodi nents,
one or nore aAhtiwdias with neideddicffadtordhsctiomincinde thodervadisobdititioh of ddeer FC r egi on

of an anti bod rovi ded, herei e r at,i Fc reaqi ri ant.
She Fo relPB P eRr RIS e RS B LA do P RO ke KRR 08 20
human | g&SychlRg@atanksgaBudarFelngGhtsHeith @gitbnjonCamps disherg ofumiasradidp@iiods

nodi fi cati S i.tytjon) at aqne. e am na.acjd positions. In
Tort i e etbbatSaf 287 R iRl Sntah e et Eb TR At Mo
possessesrsan® 2ositnd 7 t@hlhnigd fUSdaaht Nolrvc3e6RE), which make it a desirable
candi date for applications in which the half |ife of the antibody in vivo
IS inportant Yetaicanibadywvaghdteeitioimpfremadbr dinsnifhsdibindias tockeiRp heresetibaind ADCC)

are unnecessar | et eri | I [Of.J-n,Vvivo cyt Xi city assays
can be coﬁ%ﬁ’cet%&??oﬁ%gn ‘i)'r6r771%y %367 9%@@4:’/@3? {}gﬁl?dé%leg?‘f Sl Ogm?”ér ADCC
activitiesQ):mksov1-estanpiog).) Fc receptor (FcR) bindi ng assays can be conducted

to ensure that the antibody |acks FcgR binding (hence |ikely |acking ADCC
activity), buinacatiaicmbodanins, bn adibndy @lbihticompristhen Furiegian with ehd @ nfooe

medi atd ng_ ADCC,. NK cel.l s, .express R | er eas tes express
fog R0 "RelRra M RRLGS RS e SB8C] R lon b SBE 2P S e s T S
sunmar i zednd/ar 3¥4bf the Be ogiop dénvifittriog oRasidtesh and Ki net, Annu. Rev. | nmmunol.
9:457-492 (1991). Nonlimting exanples of in vitro assays to assess ADCC

activity of almphecuwbealiofnts, ptte@ntess aic snadesidhd Feegipmthil iSultRablendd (No.
5, 500, 362 (s Q.. Hel | I .et al Proc. "I, _Agad . USA
55° 050- 7605" Ppoges pr ARTED Dl i enBpr iAol Btorf o R S0
82: 1499- 1BU2C), e.g., as described in US Patent No. 6,194,551, WO 99/51642, and Idusogie ¢t al. J.

25 Immunol. 164: 4178-4184 (2000).

Antibodies with increased half lives and improved binding to the neonatal Fc receptor

(FcRn), which is responsible for the transfer of maternal IgGs to the fetus (Guyer et al., J.
Immunol. 117:587 (1976) and Kim et al., J. Immunol. 24:249 (1994)), are described in
US2005/0014934A1 (Hinton et al.). Those antibodies comprise an Fc region with one or

30  more substitutions therein which improve binding of the Fc region to FcRn. Such F¢ variants
include those with substitutions at one or more of Fc region residues: 238, 256, 265, 272, 286,
303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 413, 424 or 434, c.g.,
substitution of Fc region residue 434 (US Patent No. 7,371,826).
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(1985); 5,821,337 (see Bruggemann, M et al., J. Exp. Med. 166:1351-1361
(1987)). Alternatively, non-radi oactive assays net hods nmay be enpl oyed
(see, forwexarmplog27ACTI (tm) non-radi oactive cytotoxi cit pCaasayiofoeso2s | ow
cytonetry (Cell Technol ogy, Inc. Muuntain View, CA; and CytoTox

96(r) non-radi oactve cytaotgxicCi as P : di son, Usef ul
effector cell sgq’ecﬁl,sog)ﬂﬁ né&%’?}g’ &%@Teéég)éﬁ)%?é @ﬁgggvsb %%%nﬁn%w&?%ar cells
(PBMC)  and.S\ahtuiitaNokp b 4e$2 1 M)W oek 12935 1Avh@Ftiad it leyampdds oilldlickioanal | y, ADCC
activity of .the nolecule of interest may be assessed in vivo, e.g., in a
ani mal nod8*™Such as that disclosed in Clynes et al. Proc. Nat'lAcad. ScL
USA 95: 652- 656 1998r) Clg bi ndi ng assays nmay al so be carried out to
confirm t FEYHAHESLRT THEE) P {ifi4bi e to bind C q and hence | acks CDC
activity. See, e.a., Clg and.C3c bi.ndi ELI SA in. WO 2006/,029879 and WD
2005) 100402 s erEt el it e UETRDR O Bt RS REPES per f of rred
(see, forcexahjpheybsGaz whiabeBan nororesitiucabf gn ahtibddyraxsobstitdet widoss2b2: 163

(1996); Cr S..et al .Bl ood 101:. 5-1052 (2003); d.Cr ., MS. and
(00 ity o el Bouansbie he S aunid Rk R e GG,

cl ear anceamibbdy. | Byf sabdmit@p mhosatesidmns withoyadisg rdaetivp eliiblQironpsl ard shengdpy met hods
known in the. ar see,, .e..d. et kov .B..et al., Int'lL. lmynol.

18015, 1768 Bkl baeT Sl ar hERBAE it pEbsRticonrBise s RER on i el ude
t hosel@ t bthstuhsttich siicloas dofg mridies br linkeedrog mbtitse @i ctdateraasimouas o@8hte, 265, 269,
270, 297, 327 and.329 (U.S. Patent . 6, 737,056). Su nut ants i ncl ude
Fc nut ant & WY efgﬁlﬁézl rih%{ffl}‘ 3?1%“%%11 etmbNglc‘}}enfﬁnarné 0% Or)e{nrﬁr%‘eﬁg%lf"g"%’éi tions 265,
269, 270, reRiddesamy b3 2ubstitured wiitlicpgeihd1 eV 26K atlat mdnbeBDANAT thedighnchaint A 1St h

substitutj of, r.esi dues 265. and t | ani ne at ent . No. 7,332,581).
Cor vai - alty By ORI U PR TR AR g kG AR LR AT el redodcRs ar b
descri bedCy{tSaeegngmegred adtib&licsRatydrtgeivatedys A8s€1iB&Ge. g WD (20 Rhtcdb8812, and

Shi el 953 e% 9{541 J. Biol. Chem 9(2): 6591-6604 (2001).) In certain

enbodi ren é an”anti body variant conprises an Fc region with one or nore
am no aci gﬁfsugsy t.v%tﬁive%ns whi ch i nprove ADCC, e.g., substitutions at

posi tions é@,y 8348 Rd/ or 334 of the Fc regi on (EU nunbering of residues).
In some enbodinent.s, alterations.are made . in.the EC ion..that result in
atered (1o bR epBdBhRtuf MpSh I RAE el BB BB RENRERL Gl enen
Dependent c&@ydinadixiopaltngni{r@EiGheoes. myoigtica shadas kmawnad therartldfd Radibntvailbdle.

6, 194, 551, WD 99/ 51 , lL.dusoai et..al,. .J, .l ol ...164;. 4178-4184
05500) - ALt Bl b o AR A SR AU fheBhifRoy indpual PITHASHoy ipliia kP 108

neonaf@l kdubhiegdphos. NécRnling whinpkes ofwaterspbihBipblyemefsonclidecbut pamsf er  of
et a1 bRl Ued SRR oy Rersar e BB Lo isdB B 001hosant
(Hi nt on etarbdxyinethfladBdosaniextbodpodsiybatpstios olaninfAgyrrelgdona puiythh3one or nore
|S:g b\S/ta:‘ ;[ gl[’] i{h‘é%a&ef‘ﬁ&ﬁﬁ ,@,6‘-’%@2»%%)e%fe%&%af%lc%gﬁy%%dé) I:optofgf%lef %olgf%gljnga{(]:ic{s ?eih:lgan . Such
homopolymers or random copolymers), and dextran or poly(n-vinyl pyrrolidone)polyethylene
25 glycol, propropylene glycol homopolymers, prolypropylene oxide/ethylene oxide co-
polymers, polyoxyethylated polyols (e.g., glycerol), polyvinyl alcohol, and mixtures thereof.
Polyethylene glycol propionaldehyde may have advantages in manufacturing due to its
stability in water. The polymer may be of any molecular weight, and may be branched or
unbranched. The number of polymers attached to the antibody may vary, and if more than
30  one polymer are attached, they can be the same or different molecules. In general, the
number and/or type of polymers used for derivatization can be determined based on
considerations including, but not limited to, the particular properties or functions of the
antibody to be improved, whether the antibody derivative will be used in a therapy under

defined conditions, etc.

61



i nclude those with substitutions at one or nore of Fc region residues: 238,
256, 265, 272, 286, 303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 376,
378, 380,wB2810/W8R;7 424 or 434, e.g., substitution of Fecraszaooesess due 434
(US Patent No. 7,371,826).See al so Duncan & Wnter, Nature 322:738-40
(1988); U.S. Patent hqﬁ 5,648,260; U 'S Patent. No. 5,624,821 and WO

94/ 29351 concBrHPRg BRbrdinicak sipifealss granpptibody prdpapatofcipeeots @9’&-‘@\9 e

engi neer ethaabd semothyelyvissaica By Sxpokure errhdtivnardyeehidsn lisoneicinbbdiynetretheesi rabl e to

create cysteine engineered anti bodies,, e.qg.,, "1hi ,todn ich one or
o6 1 oo IBLIOFCRS ARTE0 A e -CHHR: (EULE i E bt e Fadi Hlea 1
parti cul ani@ohoeisneniss), Thhedaubsinky by &dny @svclings, darsiudad, badcrsasi bl e sites

of the_ant.i body. By substituti t hose resi dues .with steine, reactive
Ot o e olitEeE v kispB byt b B R B B! el B P e bods and
may be usedictyoo @ hhpegdireattwitchasdlild frodnal 10 tietaRetodpobiroteiaacesSusahoiag a@r ug

oscr i bod HHTEr OHOPETR eyt - Eifanren: LT SERsBR: £ or e

foll owi ng resjgdues . be subpstituted with. cysteine: V205 (Kabat nunbering)
of the 1 ght RS SR BT ia e mgs Ry By ERR AR 400 ( EU
nunber i ngpitafof inkeeshiawybsiith@inal hotagedghistncludeytbd Igipaeatibi ragiedsesht &Rt | bodi es may
be generated as descri bed . 0.~ 1n U'S  Patent . 71,5 541. Anti body

Dor VT VBT i SRRl aps e Sy TGRSR el e By be
further nbeidfnged"pfreferegintibstiutiackdi Moenabstamdinjthoiges, dacadnsedokaipleg t hat are

known in the.art and readil vai | abl.e. The noieties suitable for
deri vat i zsr iRy heShe] BB e ottt R it e er sol ubl e
pol yner s. adibaladsesm Amingack anpitetono maywbd mrodotdintoanpotibode bBinicresl andehe but ar e

not limted.t ol yet hyl en | ycal. (PEG), . copol.yners. of. et hyl en

o ycol | pr OBoNSiaREriCt e o ER ol feling MEPs DFGRa: SRRt P Bm BBy Sy |

al cohtd , pohynoemiditypiipi®ledl ADTE, ord(y e, 3- di oxol ane, poly-1, 3, 6-trioxane,
et hyl ene/ mal ei ¢ anhydri de copol yner, polyam noacids (either honopol ynmers or
random copol yners), and dextran or poly(n-vinyl pyrrolidone)polyethylene

gl ycol, propropyl ene glycol honopol yaBLE prol ypropyl ene oxi de/ et hyl ene

oxi de co polyners, pol yoxyethylated polyols (e.g., glycerol), polyvinyl

al cohol, apnd mxtures thereof. Polyethylene glycol propional dehyde nmay have
advant ages| Pmiginghuf act uri ng due to i tisxegtpdsyl ity in pat erPreftmeedpol yner may
be of any nBesdud ar weight, and nay Bebshitwisnhed or upbr SSubé@tioMhe nunber
of pol yner sAkt(®ached to the aNelbodylermy vary, and ifVaore than one [pol yner
ar e attacheg—they—ean—be—the—sarr—or—dt-iferent—rolegpes—tra—genergl, the
nunber and é#“?ﬁpe of polynergy%géﬁA?Br derivatizati pr’can be det er rfi ned
based on cpasd @grattons 1 ncl UdMGss; AU, (R9TakI M ted Tpgit he partrcurdr
propertiesfor functions of the

Asp (D) Glu; Asn Glu

Cys (C) Ser; Ala Ser

Gln (Q) Asn; Glu Asn

Glu (E) Asp; Gln Asp

Gly (G) Ala Ala

His (H) Asn; Gln; Lys; Arg Arg

Tle (I) Leu; Val; Met; Ala; Leu

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

Lys (K) Arg; Gln; Asn Arg

Met (M) Leu; Phe; Ile Leu

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

Pro (P) Ala Ala
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anti body to be inproved, whether the antibody derivative will be used in a
t herapy under defined conditions, etc.In another enbodi nent, conjugates of
an ant i bod9 2arvdiosenpr ot ei naceous noi ety that nay be sel @crivsedip/obswas ed by
exposure to radiation are provided. In one enbodi nent, the nonprotei naceous

rm| et y | S a—catrb hnn pnanot ||hn 14 I(::m at ::I Pr oc- I\Iaf | _ 'A‘Carl Qt"l _ I IQA 102
11600- 1 16)9r@2665)) The radgi ation “ﬂ@"ﬁf any mavelen%ﬁ*ﬁ*%hd i ncl udes,
but i s not qenrl to wavel anat he t ﬁ tlleOFISw harm br rhSlﬂ (}tuﬂggﬂ S but

whi ch heat ?ﬂéshonprotelnaceoﬁgrnnlety to a tenperatu?@'at mhlch ceIIs
proxi mal t mqg)antlooay MOTTPRAL QL Taceous nof ety ar e[ kii1ed See, fqr
bt K

exanpl e, P a, S.B. et all, Intl. Inmunol. 18(12)}{1759-1769 (2004)).
O her antlamﬂMVMarlants haV|nqwoﬁm:or nore am no aci gTwubstitutions |are
pr OVi ded | tes nf | pterest 1N cuhet i t 1t | nnal ruta an nlesi S ! nc! ude the

hypervariaJF@(Y%glons but FRT§1F@%§PT§WE are al so chFenplated.
Conservati V¢, 3t|tut|ons Al QeI cl: Phol @01 € 1 unde[p I f1e neading of
"preferred|substitutions. N@Aﬁlgghakggtlal changes denom nated "exXenpl ary
substituti ONMs*—are provided 1 Tabte 4, or as further descripbed befow in
reference to amno acid classes. Amno acid substitutions nmay be introduced

[ nto an ant i badiRlid0kEHERbloBRA Pl AdChS AL HRERCRuoRpled o7 2 desi red

acti vi ty, such as | mpr oved I gen- bi ndi ng, ecreased | munogeni Ci ty,
i mproved AbBTEngsubgidaiongthet affpEp)ithe Neveliure of dicipolyseritide paskbasic i bgpicabf

proper ti egeQfbsafhid R 18Y a Eﬂ%etaoq' ‘38{531' doﬁﬁﬁga‘[g}{ BPhEChh G SUbsti tutions

that affect (a) the structure of Pe pti de backbone in the area of
C

t he subst hydienhebicityf efithcanelpgilceat ﬂ@éaraet §m et (cothe helk oEp sidogifaby: Awtincon, (b) the
charge or J}quﬁ%mé%ﬁduﬁé& %c@rth %k@snﬁﬁérﬁ&y n(‘:theaﬁroﬁel?@est()?'{h%?g1d§&ﬁaﬁl’s (19rA tc) the

bul k of the si ain aci d grouped accord
simlarit-emingar, !H@O@W@pﬁémﬂie@sld@ﬁ mméﬁﬂisW@I@l Pﬂbélﬁh%ﬁ, Nﬁ\ﬁYArk (1_975|Dehn| nger, in

Bi ochem stry, Aﬁpma@ma&m vg% EéI(L ret(ﬁ IPHEJ)' ﬁﬁgﬁfﬁdgw M%{('M)( 1975)) :

(1) non-pol ar: F), Trp
Ser @),yT @j); Ced

(W, Mt (M (2 yn@ﬂtgh@m@@dG}yd )(TSS) (Y)Then QM)Gln@)s (O, Tyr
(), fgn (N, fﬁag}dl@g\sp((g; @gldic: Asp (D, Gu (B (4) basic: Lys (K, Arg

(R, Hs(H Aternatively, naturally occurring residues may be divided into
groups based b bestarbsn(ko; Ae-(BhalistHpr operti es: (1) hydrophobic: Norl euci ne,

Met, Ala, Val Alt&‘ﬁ&hvet’enau(rgﬂy &%ﬁﬁesﬁé{é%%%b Wiviied Q@groéﬁ%aseﬁ%ﬁ Asn, Gn;

(3) acidic: Asp, basi c: Lys, Arg; (5) Tesidues that |nfluence
chain orlﬁmmwﬂﬂﬁﬁdﬁﬁyﬂqﬁﬁﬁs (6) aromatic: Trp, Tyr, Phe.

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, Il¢;

15 (2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

(3) acidic: Asp, Glu;

(4) basic: His, Lys, Arg;

(5) residues that influence chain orientation: Gly, Pro;
(6) aromatic: Trp, Tyr, Phe.

20 Non-conservative substitutions will entail exchanging a member of one of these classes
for another class. Such substituted residues also may be introduced into the conservative
substitution sites or, into the remaining (non-conserved) sites.

One type of substitutional variant involves substituting one or more hypervariable
region residues of a parent antibody (e.g. a humanized or human antibody). Generally, the

25  resulting variant(s) selected for further development will have modified (e.g., improved)
biological properties relative to the parent antibody from which they are generated. An
exemplary substitutional variant is an affinity matured antibody, which may be conveniently
generated using phage display-based affinity maturation techniques. Briefly, several

hypervariable region sites (e.g. 6-7 sites) are mutated to generate all possible amino acid
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Non- conservative substitutions will entail exchanging a nenber of one of
these cl asses for another class. Such substituted residues al so may be

i nt r oducewoi2ntoolo812¢ conservative substitution sites or, PCmus2ela®280e3ai ni ng
(non-conserved) si tes 01e type of substitutional variant involves

substltutl one or le re nre S arent anti bod
(e.. R s R e Vb it s el Bty B e TR ma e R var  amt (o5
sel ect ed f)lm’ge partit1beds ﬁ@hametmmmpamfdpﬁage/@anmduefm(eg (he.ggle,llllpl’dhl[lﬁ\(ﬁd)

bi ol ogi ca operties. rel t|ve t nt .anti body from t.hey are
gener at ea ARG AP SedhoatiFleudi el TS Mt T HeEy TG ot

ant i body, bishigizhl amyitylie. qmmmgrufﬁrmyb YIn@edee foaitl @l fiuSindigatp hggsraditsgilegiyn based

affi m%y mat ratl t echni ques. Briefly, Izeveral %pervarlﬁabl e region sites
{e.g Sléef’ E&yodgje 8“%%"3‘? PYGBRLY §Ee 2R ALY FE bfcpgrmed to

aci dsubst ld‘ehﬂfyQy’{ﬁer@ha‘tﬂaﬁ:@loﬁIrés&iuesTd‘(b&tnBﬂlﬁﬂgQngleSntthblSnt@ellﬂﬁihaingd are displ ayed

fromfil anent ous ti.cles as fusions to at ast of a phage
coat . pr ot TApEel. o b O bl SR S SRt i n Sach
parti cl e. anfizen-phibgéy cbinfpixay Ridntifgcomatt oifts Bettvhﬁnhesmnemadd fudigeit. hich

bi ol ogi cal act i vit ndi ng affini order to identify candi date
hypervari 8‘81“’@ gy yﬁl(‘(g?e?%@(’rfl&re f?re(‘f%ﬁdfdél? f°§ élg)ﬁmuﬂ‘é‘l fefrdigeiesi s (e. g.

al ani e s eamfijuegknovarin e aﬁﬁh&l@dlﬂ@ﬂioste&labdﬁmﬂﬂaérymhmeer duali vaatahe areegi on

resi dues contrlbtln nifi.cantl 0 ant.i en bi Al ter atlvely, or
a ¢ 1 onapigrady i g8 Bitneris Bt b e S RPighe bt FLParh of 't e
anti gen- ani:iubmgyhoe@dla@&r&md hﬁelhCb&lﬂtvhﬁayltscﬁfhtsapdnoppﬂomrﬁesbﬁbﬂmliho'fré’lleleaﬁftI body
and anti gen. Such ceg ﬁ% g and nei ghboring residues are candi dates
for subst OIS P&ET oY Plrg‘{’ 7 %Vc? RGles known in the art, including those
el abor at ed heNetleic a6 @wlcsuledenvalingdiifo aficscgemed ailiafls oﬂtheamlaﬁtgd ar©f variants

IS su ected tp screeni Si techni qu kno jn e art |ncI udi ng

| hosar b oo bErBREbErEEN o BeliSadokR e Y SR b e o frbadl’s o o
nore rel edmntd @sisaytionyh Hengalseatedn fhotast uf tanedllydeveliopaging aciucl ei ¢ aci d
nmol ecul es encodi n m no aci.d se uenc r| ants. of .the an are

R e St il R R Rk A
but are nBCR|m11fﬁgE1&idlSIaﬁid cassaieaﬁutz(gend‘srs@ﬁaraeaﬂ&tr pifcpdre S aidibet@r @ hon-tdi@nccase of

natural ly occur no aci d sequence variants) or preparation by
ol i gonucl @?fflf’lb%{thﬁ’%ﬁggayed (or site-directed) nutagenesis, PCR nutagenesis,

and c2&serhmunatoaigenesi s of an earlier prepared variant or a non-vari ant

version of the antibody. I|Imrunoconjugates The invention al so provides

i mmunoconj ugaﬁmln(zénmbealcm;aagéabinmuﬁ@bﬁugm (Ineréangealily rdderckyl-t@lisug

conj ugat es, ; an anti bod onj uga to one or nore

oyt bt oxi ¢ bRk E A D EPaBatA PO ERE Rl % §ese

i nhi bi t or yytaigeinhgena, duolk ash dhemgtherageufic afeet, mdﬂug)a growinnigivynakntcatokin active
t oxi n of Eact eri al

al | a or . ani nal r fra ts thereof),
or ar adi Baeriivetriprbge eyt o et Pyl Ay S LSRR 86 "Re o6,
25  origin, or fragments thereof), or a radioactive isotope, such as At211 B 1125 Y90 Re'® Re'™®

2

Sm'”, Bi*"?, P**, Pb*!* and radioactive isotopes of Lu (i.c., a radioconjugate).

Immunoconjugates have been used for the local delivery of cytotoxic agents, i.c., drugs

that kill or inhibit the growth or proliferation of cells, in the treatment of cancer (Lambert, J.
(2005) Curr. Opinion in Pharmacology 5:543-549; Wu et al (2005) Nature Biotechnology

30  23(9):1137-1146; Payne, G. (2003) i 3:207-212; Syrigos and Epenetos (1999) Anticancer
Research 19:605-614; Niculescu-Duvaz and Springer (1997) Adv. Drug Deliv. Rev. 26:151-
172; U.S. Pat. No. 4,975,278). Immunoconjugates allow for the targeted delivery of a drug
moiety to a tumor, and intracellular accumulation therein, where systemic administration of
unconjugated drugs may result in unacceptable levels of toxicity to normal cells as well as the

35  tumor cells sought to be climinated (Baldwin et al., Lancet (Mar. 15, 1986) pp. 603-05;
Thorpe (1985) "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review," in
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Sm, Bi , P, Pb and radi oactive isotopes of Lu (i.e., a radioconjugate).
| mmunoconj ugat es have been used for the |local delivery of cytotoxic agents,
i.e., druyetvatskel | or inhibit the growth or proliferaCirars2ab/oesekd s, in
the treatnent of cancer (Lambert, J . (2005) Curr. Opinion in Pharnacol ogy

(
5:543-549;, Wi et al (20035) Nature Biotechnol - 23(9).:1 137-1 146; Payne,
G (2003) 7‘4"”%“/%53’%7%,16% % i‘%%@gl%fﬁé”%%éﬁé%}&gpl?%%)%A%Pé}@?ﬁé%lr e%@%‘ar ch
19: 605- 61475-N6c Boasmlycluvantitits SRt ihogelond] hAEbolieAwve bE¥nugpoed hs\/usefRB\é.
26:151- 172;: U. S. Pat .. 4,97 78). | noconj ugat e or the
targeted He§y&F3eess (%O‘g?‘i}f’getﬂﬁi(i%%%) g%f“ﬁr %ﬁ?lc P”H’f’fﬂz%?‘ﬁ? ?ﬁggﬁ puss
accunul alt U0 id thege @refhodWnelnge &yisdeyTit dadribitis inegitrenatefinduneiesiheigat ed dr ugs
may resu as

i nacc ble | evels of toxicity to normal. ce]ls as well
The tuor (et EaoEREE Dyt KRR R b &R frrpoBRedR ndfle e v 32,
1986) pp.htoﬁﬁﬁsﬁ:ﬁ;as dipbh@e 1040 $Tant {b&alﬂb isd&?dyﬁ@ﬁ;rsfriaﬂhﬁ)leeﬁle Oxim whiac Algegtz I n
Cancer Ther A view, " i n ona ti [ ' . Bi o] ogi ga n
G cal R ST RRE el RE o oP e Mo G 3375 B Heah R i
pol %/c: onatZOﬁmtBi@ﬁgurﬂs&M. mo@b&malo:msilbmzv%dlhmgla (DG(@I)BEO@@@ﬁga[&d as
useful 1n e egi es (R .o (1 ncer ol .
Innunothefiwﬁigf§%5§§7.m§?ﬁlgﬁﬁbgﬁgPﬁhgﬁégg“ﬂﬁﬁﬁgég%?ﬁ@ﬁﬁd%%ggghonycin,
doxor ubi cis4 9Beb Isotare) atdxalichieemi¢inded anel (Q@B?f\/Cgﬁth3 Ris. ﬁ:29,2|8;(11i98161) etalipr ﬁ) .
Toxi ns us i.n,antibody- in.,conjugates inc e bacterj.al .toxins such as
di pht heri gg?@xq ,cerd#ﬁ%sggé#ﬂg)gﬂ%ﬁ Wﬁyfﬁﬂ?%glﬁﬁq?toﬁﬁfﬁ%cﬁﬁbé/ t oxi ns such as
gel danar’rygiiedfhaﬁikhﬂﬂl:cﬁﬂingtu(l))f]inBlﬁiﬁ&]QQDI\ﬂA bigﬁih%, OegqpﬁmdeMthi@&g_nl S?%l;SJ.i(?)gé
1581; Mandl er .et, a i. oor gani . e tter : - X
Vondi er - eEaPie SoBoh ERaR SRl BN 1ok co SRt il iD s de (e
1391213; hioteireiecaplor Jiginl996) Proc. Natl. Acad. ScL USA 93: 8618-8623), and
cal i cheam cin_(Lode et cer Res. 58:2928: H nman et al (1993)
cancols os. | o3tasEng a8l CaRBX I FREh A B RS0k HYPURBLRE of f oot s by
@ﬁhgpi S MEenkiti¢d ajﬁitﬂaguztuﬂbyliﬁsgnslitivﬁ @Hoﬂg(sj oﬂi@%bb@déxp@_ssh&grcah@laodmrrer ase "
I nhiblitlon e t Ic.drugs, tend to be 1 nactive or |ess active en
conjugateampgﬂpazgéAghﬁﬁ6@8W@§gﬁ?“ﬁ?ﬁ? ]ﬁg?QQ%EP@PaFWﬁﬂﬁH@#“*F@%tuzunab
-DM  (or ot BABosBE M HMMNeE Dkdpa BibAdcCAEI AtISodl QirkdtiSlcbizd MRAIENSI ti ve
and trastuzunmab-insensitive nodel s of HER2- over expr essi )rll%Pcancer. (Us

- f ot
7097840) . 2EGAOPRY ¢1 the fustart of o 2pd Bxlena B lmplpeniet sech! Tinor 3y

ant i bpaly - raisdiopObQRE bG @ AjisGatIRkEUNPRG OV REm I R0W®) EgT ok anpa manocl onal
anti body directed against the %quanti g;en fQupnd on the sur[@ce of nor mal
and nal i ghdrt’8 17y WATERY el G Blaady 66080 HaliBisshtidp¥2bb 4Hd: by a

t hi our ea bhahenohedBtar Witieseamapoes J allin( GRG0 LoES)326360Y. . AllNdGdh.  Med.
21(1):166-11; Wseman et al (2002) Bl ggci(sw,%(l ):4336-42; Wtzig et al
(2002) J. ZBVPEIN bss@gtivity s P-osh 5en-Eedelyy s Lygphioma sNHED ggpinisiatiody j n oncol .

20( 15) : 3262018% sevie bhOMORn&a¥Moh iR aS md& phivntsy MERHTISR GB-&hlizunalp- Hodgki n' s
Lynphoma (NHL), adm nistration results in severe and prol on%egD%yt openi as
U

in nodt patogeRcy, MynthShameaequiiyaly garniibagdinslrg conjugate composed of a

antibody linked to calicheamicin, was approved in 2000 for the treatment of acute myeloid
leukemia by injection (Drugs of the Future (2000) 25(7):686; US Patent Nos. 4970198;
5079233; 5585089; 5606040; 5693762; 5739116; 5767285; 5773001). Cantuzumab
mertansine (Immunogen, Inc.), an antibody-drug conjugate composed of the huC242 antibody

30  linked via the disulfide linker SPP to the maytansinoid drug moiety, DM1, is advancing into
Phase I1 trials for the treatment of cancers that express CanAg, such as colon, pancreatic,
gastric, and other cancers. MLN-2704 (Millennium Pharm., BZL Biologics, Immunogen
Inc.), an antibody-drug conjugate composed of the anti-prostate specific membrane antigen
(PSMA) monoclonal antibody linked to the maytansinoid drug moiety, DM1, is under

35  development for the potential treatment of prostate tumors. The auristatin peptides, auristatin

E (AE) and monomethylauristatin (MMAE), synthetic analogs of dolastatin, were conjugated
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, 5-diflu i ni trobenzene). For exanple, a ricin inmmunotoxin can be
prepa ged gy&é%s}ﬁ%qdbed in Vitetta et al., Science, 238 1098 (1987).

Car bon- 14- 1 abel ed i yanat obenz i.et hyl ene
triam nepent agglg{lga s gt?raanfl y[ﬁxg,%le qr mog%sma:%l r‘n'alecu e toxms Sl}dl sa
calicheamicin, maytansinoids, dolastatins, aurostatins, a trichothecene, and CC1065, and the

derivatives of these toxins that have toxin activity, are also contemplated herein.
Maytansine and maytansinoids

30 In some embodiments, the immunoconjugate comprises an antibody (full length or

fragments) conjugated to one or more maytansinoid molecules.

Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Maytenus serrata (U.S. Patent No.
3,896,111). Subsequently, it was discovered that certain microbes also produce

35 maytansinoids, such as maytansinol and C-3 maytansinol esters (U.S. Patent No. 4,151,042).
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25 A7-maytansinoid conjugate showed low systemic cytotoxicity in mice.
Antibody-maytansinoid conjugates are prepared by chemically linking an antibody to a
maytansinoid molecule without significantly diminishing the biological activity of either the
antibody or the maytansinoid molecule. See, ¢.g., U.S. Patent No. 5,208,020 (the disclosure
of which is hereby expressly incorporated by reference). An average of 3-4 maytansinoid
30 molecules conjugated per antibody molecule has shown efficacy in enhancing cytotoxicity of
target cells without negatively affecting the function or solubility of the antibody, although
even one molecule of toxin/antibody would be expected to enhance cytotoxicity over the use
of naked antibody. Maytansinoids are well known in the art and can be synthesized by
known techniques or isolated from natural sources. Suitable maytansinoids are disclosed, for
35 example, in U.S. Patent No. 5,208,020 and in the other patents and nonpatent publications

referred to hereinabove. Preferred maytansinoids are maytansinol and maytansinol
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with a hydroxyl group using conventlonal coupling techniques. The reaction may occur at

the C-3 position having a hydroxyl group, the C-14 position modified with hydroxymethyl,

the C-15 position modified with a hydroxyl group, and the C-20 position having a hydroxyl

group. In a preferred embodiment, the linkage is formed at the C-3 position of maytansinol

30 or a maytansinol analogue.

Auvristatins and dolastatins

In some embodiments, the immunoconjugate comprises an antibody conjugated to
dolastatins or dolostatin peptidic analogs and derivatives, the auristatins (US Patent Nos.
5635483; 5780588). Dolastatins and auristatins have been shown to interfere with

35  microtubule dynamics, GTP hydrolysis, and nuclear and cellular division (Woyke et al (2001)
Antimicrob. Agents and Chemother. 45(12):3580-3584) and have anticancer (US 5663149)

68



4- (2-pyridylthio)pentanoate (SPP) to provide for a disulfide |linkage. The
| i nker may be attached to the nmaytansinoid nol ecule at various positions,
dependi ngwonrotohestzype of the |ink. For exanple, an estePCriusk@agm2svmy be
formed by reaction with a hydroxyl group using conventional coupling

t echni que

o1 oup, &P L TGO 11 GO IRy B iy e PPt RV T8 n el L1 o

nmodi fi ed Whé dolataky dr @xlytlamgcﬂrﬁglﬁmleeyrtdaytﬁwnﬁz:hz&)top@esirﬂlbw th@wginge & hydr oxyl
group. Ina referred kage.is forne 3p05|t|on
of mayt anéFg) TP e el G ror) E?HBIHBb?fJéQ RIS e mée:%ﬁg@iaé/@g%lt dins ir
sone embodi mept s e i munogo i ses an i body conjugated to
dol astatins of “GHIBEFEEEND 52 ?C{%fng ﬁ&% tgg&e{ﬂamalétl ives, the auristatins
(US Pai enmomﬁethﬁﬁﬁsﬁéﬁadru@ﬁﬂﬁﬁ&am arlddb @ slisalbsadSn awdnoamhysffaaﬁei ns have been

h t terf b d LGS, I
and cel | uFBPFard: Crbh oy RESLIT I S0 00 it N DBt G = thenot her
45(12) : 35800-d3bi84xe amdm’ﬂavexpadssﬂyma@efateﬁuﬁr&&&&}%i)mdre@nt i fungal activity

Pettit et al.. (1998 ntimcr ent s Chenot 42: 2961 The
ot ast at i - or THUFTESP T R aR sl e TateH B Fetitied FeRAEIARY body
t hr ough t bawBén(tatron@retagring aoids ami’/ortphlﬁldQﬁ(aglﬁdSIb@)Sﬂbl) petpedmdmd§camfbet he peptidic
d i et 02/ 088172 l.ar t I th
N or Pt Pl 58 SO Gt Ry I QYA o TG (o s g el osed
i n " Mononetibkel ‘Viak Paeideomadunnds pLapakd, e 96, A&danmg&twspmattmwﬂl gandsn, US Ser.

d Nov. 5, 200: ISC expressly

 ncor por alI5are By PEY R SR TPt S SR BRJAT Ry BT MbEpb RS based dr ug
rmI eti es mmdh%/t@t}em&ﬂ@ds &y UR 6631463 S 78nidsdrettianal (I)%y\eem tGemOoSocnor e "
e C repare
For oxanpt b R ea s PRE SO AT B AR SRR E € hae b T eg P ET
gfggg;jﬁg haynihdﬁs 1919Ix,e719 “TThen®Prptii ot els'1996y oldhom. Soc. Pypkid GrahS6, 5:8596%3. Academ c

t t
purt ot at | RbredEban S0Py b BeaL il A PEr MyaFutRaRE Ve « ne
met hods ofapabls @%ﬁé@ﬁpn’d&l@a]ﬁﬁ’;—)gs ScPaibt (1988 134@filM9BOY, 2004, héwby Chem  Soc.
111: 5463- 5465 tit. et Anti.- Ca 13.243-277;
Pottre . amomEo by e il BRIt RS ke i s PO sl A s 10065 o
Chem SocmoRendthyivalinacsnpoinds 5&51915 863AE SaeMM Stocdiprzetad ndinka903) Nat
Bi ot G%anlgﬁlz%’g?%‘i:cﬁs- 784; "Mononet hyl val i ne Conpounds Capabl e of

Conj u Jands", US Ser. No. 10/983,340, filed Nov. 5, 2004, hereby
i ncor por at ed hyot]ﬁ@faﬁb@ﬁhﬁelté, Itheiimﬁqumhjugttg/coﬁlﬁirmslaﬁshtmay eonfpgatell todeer s and

e o ol By R AR LR SRR S R M
i mMrunoconpedatie; dabipsiradsd BN Adntakdadyb- plommlglaioﬁ&ntrmom €For the preparation
of conjugates of the calicheamicin family, see U.S. patents 5,712,374, 5,714,586, 5,739,116,
25 5,767,285, 5,770,701, 5,770,710, 5,773,001, 5,877,296 (all to American Cyanamid
Company). Structural analogues of calicheamicin which may be used include, but are not
limited to, v11, 21, a31, N-acetyl-y11, PSAG and 011 (Hinman et al., Cancer Research
53:3336-3342 (1993), Lode et al., Cancer Research 58:2925-2928 (1998) and the
aforementioned U.S. patents to American Cyanamid). Another anti-tumor drug that the
30  antibody can be conjugated is QFA which is an antifolate. Both calicheamicin and QFA have
intracellular sites of action and do not readily cross the plasma membrane. Therefore, cellular
uptake of these agents through antibody mediated internalization greatly enhances their
cytotoxic effects.
Other cytotoxic agents
35 Other antitumor agents that can be conjugated to the antibodies include BCNU,

streptozoicin, vincristine and 5-fluorouracil, the family of agents known collectively LL-
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of hydrogen. Labels such as tc*m or I'”*, Re'*®, Re'*® and In""" can be attached via a
25 cysteine residue in the peptide. Yttrium-90 can be attached via a lysine residue. The
IODOGEN method (Fraker et al (1978) Biochem. Biophys. Res. Commun. 80: 49-57) can be
used to incorporate iodine-123. "Monoclonal Antibodies in Immunoscintigraphy"
(Chatal,CRC Press 1989) describes other methods in detail.
Conjugates of the antibody and cytotoxic agent may be made using a variety of
30 bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate
HCI), active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde),
bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium
35 derivatives (such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as
toluene 2,6-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
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The radi o- or other |abels may be incorporated in the conjugate in known
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"cl eavabl erdpumakien oftfrmbbdylafrﬁgd?omgtgﬁﬁb ease of the cytotoxic drug in the cell.
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conpounds | at e t ar e not ted to epared W th
oronat niEs RO e e Disphad Beasii Bigvrse el et oh, SBAP.
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(succi ni n?a‘ilﬁleo?la IWWW 8{ﬁnfa ﬁléc)%ﬁ 8%"3!%11%8%6%6@’ O R) avail abl e
(e.g.20fr GcmaEhteh’oﬁ&, fRilicd dh mbﬁl@ymﬂﬂ aug mRewks; andl(2) tdactionldf Sndleopéie pages

467-498, 2003- 2 Ag é} Hﬁ dbook nd Cak 1% (ion of
ant 1 body BPU° o EARERCTT CTHe kD Bay A e oy oG BETERBEY "an ant i body
(Ab) is cﬁmkwg@bﬁﬂwﬁmnameﬂmmumaﬁaﬂd@ugpwﬁmehmbam(B&MH@ngnm&baubrl to about
20 drug noi eti es 3 %&% t hrough a linker (L). The ADC of Fornula I
may be prgﬁgFQQAﬁg??E 8?%%3 '$f%s, enpl oyi ng organi c chenistry reactions,
conditions, and reageis-(knoyn to thoserskilled in the art, including: (1)
reactjon of
&? The linker may be composed of one or more linker components. Exemplary linker
components include 6-maleimidocaproyl (“MC”’), maleimidopropanoyl (“MP”), valine-
citrulline (“val-cit”), alanine-phenylalanine (“ala-phe”), p-aminobenzyloxycarbonyl (“PAB”),
N-Succinimidyl 4-(2-pyridylthio) pentanoate (“SPP”’), N-Succinimidyl 4-(N-
maleimidomethyl) cyclohexane-1 carboxylate (“SMCC”), and N-Succinimidyl (4-iodo-acetyl)
30  aminobenzoate (“SIAB”). Additional linker components are known in the art and some are
described herein. See also “Monomethylvaline Compounds Capable of Conjugation to
Ligands”, US Ser. No. 10/983,340, filed Nov. 5, 2004, the contents of which are hereby
incorporated by reference in its entirety.
In some embodiments, the linker may comprise amino acid residues. Exemplary amino
35  acid linker components include a dipeptide, a tripeptide, a tetrapeptide or a pentapeptide.
Exemplary dipeptides include: valine-citrulline (ve or val-cit), alanine-phenylalanine (af or

ala-phe). Exemplary tripeptides include: glycine-valine-citrulline (gly-val-cit) and glycine-
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a nucl eophilic group of an antibody with a bivalent |inker reagent, to form
Ab-L, via a covalent bond, followed by reaction with a drug noiety D; and
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linkage, or may be reduced, e.g. by borohydride reagents to form stable amine linkages. In
one embodiment, reaction of the carbohydrate portion of a glycosylated antibody with either
glactose oxidase or sodium meta-periodate may yield carbonyl (aldehyde and ketone) groups
in the protein that can react with appropriate groups on the drug (Hermanson, Bioconjugate
30  Techniques). In another embodiment, proteins containing N-terminal serine or threonine
residues can react with sodium meta-periodate, resulting in production of an aldehyde in place
of the first amino acid (Geoghegan & Stroh, (1992) Bioconjugate Chem. 3:138-146; US
5362852). Such aldehyde can be reacted with a drug moiety or linker nucleophile.
Likewise, nucleophilic groups on a drug moiety include, but are not limited to: amine,
35  thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on

linker moieties and linker reagents including: (i) active esters such as NHS esters, HOBt
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conversion of an amne into a thiol. Reactive thiol groups may be
i nt roducewoizntonostze anti body (or fragment thereof) by i rCTadaeiongsehe, two,
three, four, or nore cysteine residues (e. g , preparing mutant antibodies

i no aci i dues Ant i body

conprisin nmore non tel i

dr g conj Bt Seoleey ub i BPs U B RS S ot FIME Rk ody to

i nt r oduce(ig) @ddhy@pictones, cab@dyl, @6d mutbintde g@@msreact wi th nucl eoph| lic
substituents the |inker reagent or. dru S s . of | at ed

o bod ee. rag gt Gebut et PR griking b Skt A B i e R O < To form

al dehyde @kdkek0beregsmibipat wohitquesrBypepRaaintidsish ThRnghoNBNgrRyp of | nker
reagen%s or druge noj.eti es. The re ul ting. Ig Schi f f ﬁgse agrou s may form
a stable PYTREGESPSHVGHESOBS ruliigd eo‘w"é""gl"n Vn ForPBIg Y FHsT 3 'S to form
st abl e anhughek mndepegﬁs(i byl diregibe cxsabiiag b ik peptida e hich Ao ot d’éﬁr@&hé&&bﬁlﬁﬂ' ate
portion of a yl ated anti body with either glactose oxidase or sodi um
met a- peri 8188?‘@ ré&eﬁ”é'}l%?ecar bonyl (al dehyde and ketone) groups in the
protein that ﬁay’a:t aRaet ciibddindp piceptiball éag bo b@jugard tdre" redeprgr (fleh nenson,

Bi oconj ateT I'n anot her enbodi nent, teins containin

N Lo o s G AT e s B SR s ep Py FreBar B

][ret a- peer i @(ﬂﬁhheteéeﬂ%thb patiegt, fdhlgwesdml;u&mow ogﬁnbaﬁndaﬂoﬂageydﬁom mephramaloaf 3% hi46
irst am no aci n tr con

Us 5362858 SIURNEraangaa s AT Be P e Tt o g AV BB hker

nucl eophi teea cytdtdsargser, (e.pue tadiptdldotide)gr oups on a drug noi ety include, but
are not limted to: am ne, thiol, hydroxyl, hydrazide, oxine, hydrazine,

t hi osem car bazone, hydrazi ne carboxyl ate, and aryl hydrazi de groups capabl e
of reacti Rgcmlﬁmmamlaﬁmtob@ﬂdﬁow th electrophilic groups on I|inker

noi et | ;s and lin rea nts i ncl udi n sters .such as NHS

ester t esfef Odleﬁ éﬂa %Prr?ﬁlfcé usuég'lragoé?h(‘?f)“h F‘%fjéém (9PSIEPRY T2 aRd benzyl
hal i des S H@bﬂl&s ihalSoraeatt awi d@BS 56¢] In gne@blehiyelasisolited @Rk ackizhbaky , and

mal ei m de grou t ati.v fusio tein coppri si t he antlbody
and eyt of BLFE" BEBAC Ay pe el BETB) ReRb N PRLTRALAIAT D pept | de
synt hesi sacid fegudnea ginlipriding BNA I/ o¢ aifhing acid egpact cotgprisagiti™sH entedi ng t he
two portion f th onj ugat e either nhr‘@o ther ar separated by a
Fogi on enBBRPRG S T ROr D -G AT ShTH AT L LR Pty PAGPEST T a
prope2q i eﬁqoﬂsfve‘étbﬁ (€0 mxtpgaamﬁa vebmrsy edim[ﬁimtg lhedh rﬁﬁlbﬁdtlﬂﬁﬂ:tp,rovﬁdbﬁ. antd i body may be
conj ugate rece g Gg .Stre av din), for él%zati OF in tunor pre
CUar get n e RERES By OGP r SRt SR P HiaPie T i€ er o to 1 he
patient, élﬁﬂ)ddﬁmaﬂi abiﬁstl‘celmﬁotﬁﬂrlsé)sf(e gnbaeech eonforiamitvathr(oya tdaer cinfipgidingt i on
using a cleari.n hen adm ni stratian Oﬁ; "l anﬁég&e. ., avidin)
wni o s 8o o A GO e TR R afisie? CaiogonS e TRt Ry
Reconbi namhinhatih @dlsema dorfjerispshd Vio mSthAraﬁtlHa@ﬂ oeQ) Whyst betgp cadprisat ausi ng
' eco"?é nanuclelc ac1 %gt e?ig %es an ?r?ol gcll seqlience <%mprlsmg the VL of the antibody and a

second vector comprising a nucleic acid that encodes an amino acid sequence comprising the

VH of the antibody. In one embodiment, the host cell is eukaryotic, e.g. a Chinese Hamster

Ovary (CHO) cell or lymphoid cell (e.g., YO, NSO, Sp20 cell). In one embodiment, a method

of making an anti-HER antibody is provided, wherein the method comprises culturing a host

30  cell comprising a nucleic acid encoding the antibody, as provided above, under conditions

suitable for expression of the antibody, and optionally recovering the antibody from the host

cell (or host cell culture medium).

For recombinant production of an anti-HER antibody, nucleic acid encoding an antibody, e.g.,

as described above, is isolated and inserted into one or more vectors for further cloning and/or

35  expression in a host cell. Such nucleic acid may be readily isolated and sequenced using
conventional procedures (¢.g., by using oligonucleotide probes that are capable of binding

specifically to genes encoding the heavy and light chains of the antibody).
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described in U S. Patent No. 4,816,567. In one enbodi nent, isolated nucleic
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squencsﬂ gsingmm@mmgn&u@gagh@g@&stHeﬁgﬁﬁggmmi@Mbm@mngmmkkgmﬂuﬂMe?Lidﬁ
pr obe at ar abl e i .ndi n enes. encodi ng t he heavy
P Tt MG R SRS Gty PesPigme” dpeelsp R F B Bich ng. or
eprESSIOﬂmmﬂeﬂaﬁmﬂ@ﬂMxEQm@dNﬂgaU@ﬂ&@Mﬁmeﬁhﬂﬁﬁm&ﬁ@&ﬁﬂyﬂﬁk@whkhﬁﬂkaryOtiC
cell s desgri bed herein. . exa i odle
bact or | . B e APTEGH AR NIREKY FY BoG A AT e rebok praelisiet GRERBh are not
needed. Fedllsexpr ession of anti body fragnents and polypeptldes in bacteria,
see, e.g., US Pat nt. Nos 789, 199, See al so
Char | ton, " Net hBES Gl RigrS e 3 1ok lfaews b Sos g (B e N ”5%%177(’ Humana
Press20 Tob ovm498N6 42025)4(837 125178, 245425429 (deseﬁlsm@PngN@mmmrme@ﬁmlag;t i body
fragnents. i % é Af.t er exglﬁ §|on the anti body may be isolated from
the bact efy' V’B%Wimﬁg‘?ﬁl?ﬂmgg?lq #% fraction and can be further purified.
I n addition tOV@ﬂ@k@f&ﬂmﬁﬁyakmkﬁmW@mMQMEﬂmrabﬁ@kﬁmmmnﬁﬁmmkﬂaﬂQWMEus fung
or yeast are

or Ye2 S, SiLAS8LE £Lonnd,or, ERLAISL AL ASELR, O, A0 Les aged o
have_beencaHUﬂambnmmmykmﬁswbumm@eummﬁhﬁmnnaﬂumacos70ﬂmaﬂnammmhmdy with a
o Bl T A ACRE L0, PO Ry B SRAAES 35050801
(2006) .  baby hamster kidney cells (BHK); mouse sertoli cells (TM4 cells as described, e.g., in
Mather, Biol. Reprod. 23:243-251 (1980)); monkey kidney cells (CV1); African green
monkey kidney cells (VERO-76); human cervical carcinoma cells (HELA); canine kidney
cells (MDCK; buffalo rat liver cells (BRL 3A); human lung cells (W138); human liver cells
30  (Hep G2); mouse mammary tumor (MMT 060562); TRI cells, as described, e.g., in Mather et
al., Annals N.Y. Acad. Sci. 383:44-68 (1982); MRC 5 cells; and FS4 cells. Other useful
mammalian host cell lines include Chinese hamster ovary (CHO) cells, including DHFR-
CHO cells (Urlaub et al., Proc. Natl. Acad. Sci. USA 77:4216 (1980)); and myeloma cell lines
such as Y0, NSO and Sp2/0. For a review of certain mammalian host cell lines suitable for
35  antibody production, see, e.g., Yazaki and Wu, Methods in Molecular Biology, Vol. 248
(B.K.C. Lo, ed., Humana Press, Totowa, NJ), pp. 255-268 (2003).
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Sui tabl e host cells for the expression of glycosylated antibody are al so
derived frommulticellular organisns (invertebrates and vertebrates).
Exanpl es wb 20rivimst2ebrat e cel |l s i nclude plant and i nsect PCENUS2010/8e8923 OUS
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Wth i nsegj1| cel | sU%arti cularly for transfection of Spodoptera frugi perda
cells. freaedit Y8l tures can also be utilized as hosts. See, e.g., US
Pat ent Nos. 5, 9b9snliBddics@ind4idibdPBiragmedid UeodBed hésein’dan 8¢ &ed@d&dhe&reﬁ&%nﬁw
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(293 or Z%Vﬁﬁhérsmalsoraﬁit&ﬁs&ﬁ.debedzh a@n@rodegﬁleﬁlﬁdﬂ(ﬂmr&rs pbychiatdic disG&lBrs \Grr ol .
36: 59 (1977@%%&? hanst er kidney cells (BHK); nouse Sertoli cells (TM4
cell's as B84 aées , in Mather, Biol. Reprod. 23:243-251 (1980));
nonkey ki dney (EE& ﬂeﬁn éaﬁb’ér)emb%ésia(b@ﬂe@bﬁ&ﬁprﬁﬂﬁﬂh&% d(sioehmymelahlhgblﬁt\ﬂERO 76) ;
human cer}u caci carcinoma cells HELE]\L cani n ki dne ey ﬁﬁlﬂ QIIVDCK; buffal o
: o TruftEHet §

rat |iver R8P4 Q PFERICERS SrR{ibiabC Ialn%hn('i nagiim V&P cell's (Hep
) ; ] n(i)useen{mrm&nl 1¥edtdﬂfmr51tc(d}ﬂ‘dﬁgf3&ﬁgﬁahot hdfdl the@bhsty tmﬁ%mwggh?mr IeI g., | 3
Mat her et a a i . cells; an
FS4 cel | sMC@ptge tﬁgéﬁa’&ti Slt?‘ﬁa ]IgPadlﬁt“Fﬂ%stwﬁélF‘i é‘f ?‘%éémf‘g?c#ﬂﬁfﬁgss&?ﬁ HAd hanmst er
Xv a(r]I y (S CHﬂa)endgﬁlhd;&alz 1;51%%1?%2 g;ﬂﬁlyim aefrbis w@kjé Itl&y btagtd ald. sprezfd’t6©$g\|a'|[\l lSO g
ca ci nes.s an
Sp21 0. Fobui o 8 b bR b e b HoeE e o PR bSO PReF e ¢ o

ant i body pxeducidrote lyﬁiﬁﬂh,no&s gre locﬁa:ﬁaﬂ’ﬂmﬂﬁdmw ardMbRGidS by the Mpk eCtidsar
Bi ol o Tot o p. 255-268

C2003]3 ThiPsui b s Fensa EPpsarudoated B oy Py aimetel Boscr i bed

her ei n catanbé culfedle dodived. DR eit tirda therells h nedipear umbiigcordé MGrepbeormancer ous,
non- net ast stati cancer.oys tunors (.e.q. ar | t age
cancer) - ot whsr Rt aimierE B GhEGUR te bbb Sl alOR el M cancer
for exarrphmor bragasid cﬁﬁt:l@f:&llls ar_ﬂdescﬁliﬁdiabBdh@@elaﬂﬁfe&ﬂﬁdtéﬂ)dlysdefrﬁtalgnent s can al so
be used tq. treat ey ant

mour odegeriseitet i B R R BRSSP LR BRCL i mratie i seases.
The t20 m aanabippeiis acEssenbiohd mmallgﬁommichﬁlemhgmaed|tsldifﬁ&hﬁated ncl udi ng
but not I ted ncer ou n tunprs, .and | i gnant
Durore BETG iR LSRR worufigb i peahe b BR Srritindhy Jo not
have the Gﬁgiﬁﬁfmycem@ infiltrate, invade, or netastasize to distant sites.
Mal i gnant tuno

ML gt L, whb < BYGdS, O00 SSTOE QLA LSsHER, PEOIRG e They can
ot her tissue tumors include leukemia (e.g., chronic myelogenous leukemia, acute myelogenous
25  leukemia, adult acute lymphoblastic leukemia, acute myelogenous leukemia, mature B-cell
acute lymphoblastic leukemia, chronic lymphocytic leukemia, polymphocytic leukemia, or
hairy cell leukemia), or lymphoma (e.g., non-Hodgkin's lymphoma, cutancous T-cell
lymphoma, or Hodgkin's disease). A solid tumor includes any cancer of body tissues other
than blood, bone marrow, or the lymphatic system. Solid tumors can be further separated into
30  those of epithelial cell origin and those of non-epithelial cell origin. Examples of epithelial
cell solid tumors include tumors of the gastrointestinal tract, colon, breast, prostate, lung,
kidney, liver, pancreas, ovary, head and neck, oral cavity, stomach, duodenum, small
intestine, large intestine, anus, gall bladder, labium, nasopharynx, skin, uterus, male genital
organ, urinary organs, bladder, and skin (including melanoma). Solid tumors of non-epithelial

35  origin include sarcomas, brain tumors, and bone tumors.
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parts of the body (netastasize), usually through the bl oodstream or through
the | ynphatic system where the | ynph nodes are |ocated. Prinmary tunors are
cl assi fi edolrg1vtog12rype of tissue from which they ari se; POEIS341a0028923 UNDr S
are classified by the tissue type fromwhich the cancer cells are derived.
Over tinme, the_c e@hsl |${na t {u ﬁ? hecome nore .abnormal and appear

| ess |ike norn&l" tlcgnceFFﬁF%mé ANYE° T A R PRSF RACE R GRS CBel | s i s
cal | ed t heartitiord ingind@de a&Mgﬁ@MG@berQeﬂanShaalpaled@tﬁ@ﬂiebMHﬁﬁ nx@ibghe and

wel | -differentiated, ratel ydifferentiated, poorly-differentiated, or
undi f f er EH]tVPC%Fé}H: subpithe F?‘ﬁf ¥PBentiated cells are quite normal appearing and
resenbl e the nﬁi’(ﬁﬁ|embﬁdﬂn8ntfthé)ﬂihlmﬁpe@fﬁcfahtﬂy)dﬁﬁ s;@mﬂ&tlle@;mdtﬂnﬁlﬁ drdraelohst at ed

cells are ceIIs at have i.s.no | onger possible
S0 det oy PR R R PRt orchn SERa T SERTRLNERAcihe Bk s W Bep P oy or &
non- sol i dalﬂﬂorﬁlfeﬁttneﬁtl o SalR thrdérorin paEﬁamﬂcelsrthfal amf (suth m&-sﬁqulrlrwlslum@cl ude

| eukem a , ,chronic el.o s | euk nous | eukem a,
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B- cel | actin®rd. ynphobl astic | eukem a, chr oni ¢ | ynphocytic | eukem a,

pol yrrphocytl C ukem a,..or | eukem

hon” Fodgk n' < TMERBHELTE R BT ST ndant M SRR e RDAgRIIE © o Sease) . A
sol i d1@ unBERipativd g esecadd Yreat@idate A KEnifxadylinbitatistRusog I&ezttmbmamahhngadhe bone
marrow, o heI hati c stem SO|dturmr arated into
Those. o CHERMALIAP BT EE GRR s onisab TQroi D Brepit Sesd for gi n.
Exanpl es eéanamtt B@he @lnce ehtiens@hm@lnd 1eHhS: tb RERYAtway mdgcsedafeatilesr.

gastroi ntesti nal trac breast, prostate, |ung, Kkidne | iver,

Doncr ans. Ohrpeer sk hOLkn MRbRoad ) e ispaat fiatgf IR i

i nt esti neA dasdegB resmaﬁﬁﬁ)lanl&atnﬂﬂujﬁthe galctr Had prdgessed Whilld racgivimahe phuahgtax, sSkin,
uteru enit urinary ar s, bl adder, and skin ncl udi ng
el anbiva) PGS ¢ Ol S M re el e soeniae SFBtHs . brai
tunors, ardindaneldpsgyors. Epithelial cancers generally evolve from a beni gn
tunor to a preinvasive stage (e.g., carcinoma in situ), to a malignant
cancer, which hﬁSnep&rﬂfBﬂiﬁr&hedleﬂ-ﬁﬂ{ [aseredtcteErmeneconipisds meadest withe

e, b B O PR TSt BB RS S B Sy o

HER3 or HER&Z3 amitddics, laﬁid/utHHiM e)ntlbasﬂletsb\elnph@hamhi)aﬁmamdnlmHERrpeﬂnmnt of solid
t unor i rtlcul col.or ect al as.non-small cell |ung cancer
and s%%angaﬂge 4 dieptmey C8tn%7?ﬁ reatihalt y “ﬁﬁgh%ielc{%mp&}té 45 skin, pancreatic,

and/ or reast tu ?}; l € srrul tispecifc antibodies also find use in reducing
or pr even PHE € sot"gﬁé'é o HER pathway targeted treatnent. A significant

| m tation in Ubé¢ mgbdsdyemhmﬁmtleﬁ@m@t ¢(m1pgsiti0rtsfherehﬁﬁllﬁ)ademlﬁteH,sd0Ed‘de
{rez;tsf,rg‘gfgn 1;%111&%{ Clélra %Eo:ngzﬁés%steex\mt %oodrnéesdlca racter %‘%Eﬁts If(g:r cﬁnsuf%ra’t;usrgfet tege

t r eat nment in this context include the particular disorder being treated the partlcular mammal being

25  treated, the clinical condition of the individual patient, the cause of the disorder, the site of
delivery of the agent, the method of administration, the scheduling of administration, and
other factors known to medical practitioners. The "therapeutically effective amount” of the
antibody or antibody fragment to be administered will be governed by such considerations,
and is the minimum amount necessary to prevent, ameliorate, or treat a cancer. The antibody

30  orantibody fragment need not be, but is optionally formulated with one or more agents
currently used to prevent or treat cancer or a risk of developing a cancer. The effective
amount of such other agents depends on the amount of antibody or antibody fragment present
in the formulation, the type of disorder or treatment, and other factors discussed above. These
are generally used in the same dosages and with administration routes as used hereinbefore or

35  about from 1 to 99% of the heretofore employed dosages. Generally, alleviation or treatment

of'a cancer involves the lessening of one or more symptoms or medical problems associated
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O her cancer patients may show an initial response but then becone
resistant to the treatnent. A cancer is resistant to a treatnent if the
cancer hasoppogreesed whil e receiving the treatnent (refPcaatseogp2soe3if the
cancer has progressed within 12 nonths after conpleting a treatment reginmen

(rel apse) i ment,, the HER pat ar get ed tre t ment conpri ses
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e G TE Mo b ors i R Y cab Bk ek G BB e SR R ET bocy or
anti body fuh@gb@iién; GOIBIAEE. tb dBSckenabme witbdt alkteorfsmpnwnaetredl infseeh ineNd

adm nistered.in a fashi onhcon5| st ent Wlh ag nmedi cal ractlﬁ Factors
for cohsi BEPRETFLIEI TPHCE PUBRPE RITSIRR FUASCPHA! AEamedpdiFe ¥ d5pei ng
treated, tdhiditp@hdn reatdsakis;redudabr ibgbin gintor g@hﬂdand/&eelmlvems@mb eﬁt@rﬂdhé oron of the
i ndi vi dual %gtle nt, the cause of}il%lhe di rder I|very of the
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her ei g?efore or about from1l to.99% of .t he herlg oforf nP (P)?y%d dosages.
Gener &1 | y MCHPICR IR GHICR @ B1ouR PHEHAN Bpticqs SU RIS I O R RET 288N ng of
one or nowao 5136 mpitedwitld varivadintiadander tlotapids ReRs®OG rat @disfihdd & fie peabagde. The
t her apeut i effective anpunt_ of the drug can cconp lish one or a
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ze or tunor i nhi b e to sone

|nh|b|tthetun€ %}Il ) ﬁ Tﬁ: Ein gdre
ext et ant B STy ERRE AU TP PO B BhEPK 6P gans, r educe
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enbodi ment s, t hédidoial hodyremientant thoatyti¢ effigp it the geditad of @npireasrent t he
occurrenc r.eocquprencge of .c Eﬂ”ﬁ) % I n one enbodi ment, the
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surviyal is das he time fromfirst adm.nistra of. the drug to
deat hygjl Flgil]il%t IV% Hﬂg{ﬁd{;gﬁ haxlgig‘ the desired degree (ﬁ" purity w1tth 0p¥10na physiologically

acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical Sciences (20.sup.th

edition), ed. A. Gennaro, 2000, Lippincott, Williams & Wilkins, Philadelphia, Pa.).

Acceptable carriers, include saline, or buffers such as phosphate, citrate and other organic

acids; antioxidants including ascorbic acid; low molecular weight (less than about 10

30 residues) polypeptides; proteins, such as serum albumin, gelatin or immunoglobulins;

hydrophilic polymers such as polyvinylpyrrolidone, amino acids such as glycine, glutamine,

asparagines, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates

including glucose, mannose, or dextrins; chelating agents such as EDTA; sugar alcohols such

as mannitol or sorbitol; salt-forming counterions such as sodium; and/or nonionic surfactants

35  such as TWEEN™, PLURONICS™, or PEG.

Optionally, but preferably, the formulation contains a pharmaceutically acceptable

salt, preferably sodium chloride, and preferably at about physiological concentrations.
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al so be neasured by stratified hazard ratio (HR) of the treatnent group
versus control group, which represents the risk of death for a patient
during t hwotomatwsent. | n yet another enbodi nent, the trearmsea100soehe
present invention significantly increases response rate in a group of human

patients susceptible to or diagnosed with a cancer who are treated with
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such as ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for

over 100 days, certain hydrogels release proteins for shorter time periods. When encapsulated

antibodies remain in the body for a long time, they may denature or aggregate as a result of

exposure to moisture at 37 °C., resulting in a loss of biological activity and possible changes

30 in immunogenicity. Rational strategies can be devised for stabilization depending on the

mechanism involved. For example, if the aggregation mechanism is discovered to be

intermolecular S--S bond formation through thio-disulfide interchange, stabilization may be

achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, controlling

moisture content, using appropriate additives, and developing specific polymer matrix

35  compositions.

The antibodies and antibody fragments described herein are administered to a human

subject, in accord with known methods, such as intravenous administration as a bolus or by
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conmbi nation in amounts that are effective for the purpose intended. The
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from about 1 pg/kg to 100 mg/kg or more, depending on the factors mentioned above. For

repeated administrations over several days or longer, depending on the condition, the
treatment would generally be sustained until a desired suppression of disease symptoms
occurs. One exemplary dosage of the antibody would be in the range from about 0.05 mg/kg
30  toabout 20 mg/kg. Thus, one or more doses of about 0.5 mg/kg, 2.0 mg/kg, 4.0 mg/kg, 10
mg/kg, 12 mg/kg, 15 mg/kg, or 20 mg/kg (or any combination thereof) may be administered
to the patient. Such doses may be administered intermittently, ¢.g. every week, every two
weeks, or every three weeks (e.g. such that the patient receives from about two to about
twenty, or ¢.g. about six doses of the antibody). An initial higher loading dose, followed by
35  one or more lower doses may be administered. An exemplary dosing regimen comprises

administering an initial loading dose of about 4 mg/kg, followed by a weekly maintenance
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subject. The cells can be any of a w de range of types including, wthout
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agents such as erlotinib (TARCEVA®, Genentech/OSI Pharm.), bortezomib (VELCADE®,

Millenium Pharm.), fulvestrant (FASLODEX®), AstraZeneca), sutent (SU11248, Pfizer),

letrozole (FEMARA®), Novartis), imatinib mesylate (GLEEVEC®, Novartis), PTK787/ZK

222584 (Novartis), oxaliplatin (Eloxatin®, Sanofi), 5-FU (5-fluorouracil), leucovorin,

30  Rapamycin (Sirolimus, RAPAMUNE®, Wyeth), lapatinib (TYKERB®, GSK572016,
GlaxoSmithKline), lonafarnib (SCH 66336), sorafenib (BAY43-9006, Bayer Labs.), and
gefitinib (IRESSA®, AstraZeneca), AG1478, AG1571 (SU 5271; Sugen), alkylating agents

such as thiotepa and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan,
improsulfan and piposulfan; antifolate antineoplastic such as pemetrexed (ALIMTA® Eli

35  Lilly), aziridines such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines
and methylamelamines including altretamine, triethylenemelamine,

triethylenephosphoramide, triethylenethiophosphoramide and trimethylomelamine;

80



dosing regi men may have conplenentary activities to the anti body of the
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tnlostane folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium
nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
30  ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet;
pirarubicin; losoxantrone; podophyllinic acid; 2- ethylhydrazide; procarbazine; PSK®
polysaccharide complex (JHS Natural Products, Eugene, OR); razoxane; rhizoxin; sizofiran;
spirogermanium; tenuazonic acid; triaziquone; 2,2’,2”-trichlorotriecthylamine; trichothecenes
(especially T-2 toxin, verracurin A, roridin A and anguidine); urethan; vindesine;
35 dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside
(“Ara-C”); cyclophosphamide; thiotepa; taxoids, e.g., paclitaxel (TAXOL®, Bristol- Myers
Squibb Oncology, Princeton, N.J.), ABRAXANE™ Cremophor-free, albumin, nanoparticle
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Preparation and dosing schedules for such chemotherapeutic agents may be used

according to manufacturer’s instructions or as determined empirically by the skilled
30  practitioner. Preparation and dosing schedules for such chemotherapy are also described in
Chemotherapy Service, (1992) Ed., M.C. Perry, Williams & Wilkins, Baltimore, Md.

The combination therapy may provide “synergy” and prove “synergistic”, i.e. the
effect achieved when the active ingredients used together is greater than the sum of the effects
that results from using the compounds separately. A synergistic effect may be attained when

35  the active ingredients are: (1) co-formulated and administered or delivered simultaneously in
a combined, unit dosage formulation; (2) delivered by alternation or in parallel as separate

formulations; or (3) by some other regimen. When delivered in alternation therapy, a
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(BWFI), phosphate-buffered saline, Ringer's solution and dextrose solution. It may further
include other materials desirable from a commercial and user standpoint, including other
buffers, diluents, filters, needles, and syringes.
30 Kits are also provided that are useful for various purposes, e.g., for purification or
immunoprecipitation of HER receptors from cells. For isolation and purification of EGFR
and/or HER2 and/or HER3 and/or HER4, the kit can contain an EGFR/HER?2 and/or
EGFR/HER3 and/or EGFR/HER4 antibody coupled to beads (e.g., SEPHAROSE® beads).
Kits can be provided which contain the antibodies for detection and quantitation of the desired
35  HER receptor in vitro, e.g., in an ELISA or a Western blot. As with the article of

manufacture, the kit comprises a container and a label or package insert on or associated with

the container. The container holds a composition comprising at least one multispecific
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formul ations; or (3) by sone other regi nen. Wien delivered in alternation
t herapy, asynergistic effect nay be attai ned when the conpounds are

adm ni st ewecowv108E2li vered sequentially, e.g. by differerCTiusp@opsons i n
separate syringes. In general, during alternation ther apy, an effective
dosage of .8 ch actlv i.ngr edi i s adm nist red sequen

ceriarl v, adiaeS e GREPHS o Bk FDhy G Seutges HOR ALREU Bl or mor e
active i ngsnedhi,nt, slilane aadamﬂfar§<$r&bﬁeblmg>eﬂlla£rrhe Yébélloﬁbz&ﬁag@ﬁnshﬁﬂui/ad ure and
Kits Anot her eg‘godl nment the inventi e of ,manufacture

i s a
cont ai ni nGONEE ?Sﬁ?@108§§ FOIII%‘IS“I"%S ‘f"?lgaastl’ﬁférﬁ’f“"Sf {;"63}?&18?1516‘1 He"aticle of

manuf act udiegmeniqust ses a container and a | abel or package insert on or

associ ted Wi t cont ai ne Sui tabl e taj ners.i ncI u f or. exanpl e,
hortren Cu ot & Mg BreefRRL A escriptt RhtRard bt s otk Ty Tt y
of mat er| al the ﬁ"umlj)rz&ﬁceghﬁﬁsﬁermbn pitha $dlioring h@mpleniraioffatd hﬂﬁldﬁtraﬂlVEOWpOSI tion
which is effecti r treatllhdég t he ﬁagnditiﬁtﬁ}?and nmay have a sterile access

port (for PEREHY f“ﬂ g BR e tQnlIanI“ SERC PIF BYEHOTEYET ¥ *Bag or a
?/i al havi ngeal, Sdrmppﬁbdlﬁtﬁbﬁﬁﬁbﬁeﬁn\l&yltl@l ihypdider oitlesé ﬂjo@ﬁhh@(}l}bsdﬁ%dﬂ e). dAt
east one activ ent in the co tiion i.s a ti specific an o}
e boay. Peah bR byt B TR e PR R R S B B 0 ot
i ndi cél eswithiatthd soepeaBmeappcni@itidiss.used for treatl ng the particular
condition. The I abel . i nse rt h r co ise i nst ructi ons
Cor Ly st or et APRESRT e ek b wh B ARl St he o
manuf IaCt ufrﬁm&"ﬁ’tﬁhrklfstlﬁsgﬁﬁfl:?ﬁﬁ g és8 gtheowidal indidatddi dhe §dmweaftm&taﬂ§ﬂéntm?1mer e: n
are al so e aC ers ructil ons, cus mar |
TR A AR i A e e o SR S
i nf or nat I amcabmUItypt OeltireiGoltatior) ManassksAgR, UdkRsadgkcrwielnoted, gierpadseran,
contraj ndi cati ons and war.ni n concer use of s ch therapeutic
et & e B ses SRk el e RTINS s PRI "t S 42D
conposi t i bercinsbousad ih aic félfopaid tagb@ks Gambrobkiami., supric huabel d of, @xenpl e,

I t I / Addi t I t f
ranut act ubsuisdy B BEn g R e R Bt A e R RGN

phar maceut 9&9allhrys act eptrabloecbiufA Snide sudabthad abdiﬁbﬁtdat@(ﬁk @A dadentiatPedss,f or
injection (B hat e- buf f.er ed ol.ution and dextrose
sol uti on. h‘lg 1%@??%@?“’%@1 fyubodios /s Laboraiony Mar ég‘?slflgBmég ¥R a

conme2i aPre@dfoldﬁﬁn§Hﬂﬁdpmgﬁb,,Gahtj‘l@hs;tbdhd’]ébtldé batthdsid { Rermsessddifent s, filters,

needl es, e e a I‘OVI de at seful for various
pur poses, mbﬂ“#‘%ﬁg’ %%‘Hﬂ—#@a@?l% i??g(% é\%‘ﬁﬁéﬁ—&ﬁﬂé% HER receptors
from cel | sEnmiwiogys®oat i on and purificati on of EGFR and/ or HER2 and/or HER3
and/or HER4, the kit can contain an EGFR/ HER2 and/or EGFR/ HER3 and/ or

EGFR/ HER4 anti body coupled to beads (e.g., SEPHARCSE(r) beads). Kits can be
provi ded which contain the anti bodixsMPwESdet ecti on and quantitation of the

desi rzs

Example 1

Isolation and Characterization of Antibodies Binding Human EGFR

Materials

30 Enzymes and M13-KO7 helper phage were purchased from New England Biolabs. £.
coli XL1-Blue was from Stratagene. Bovine serum albumin (BSA), ovalbumin, and Tween
20 were purchased from Sigma. Neutravidin, casein and Superblock were purchased from
Pierce. anti-M 13 conjugated horse-radish peroxidase (HRP) was purchased from Amersham
Pharmacia. Maxisorp immunoplates were purchased from NUNC (Roskilde, Denmark).

35  Tetramethylbenzidine (TMB) substrate was purchased from Kirkegaard and Perry
Laboratories (Gaithersburg, MD).

Library construction
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HER receptor in vitro, e.g., in an ELISA or a Wstern blot. As with the
article of manufacture, the kit conprises a container and a | abel or
package iweento/ws8120r associ ated with the container. ThePconiSaimeesotdl ds a
conposition corrpri sing at |east one multispecificanti body or anti body
fragment of th nve i gnal cont aj cI uded t hat
contarn o o Puer (R AP PERS s EDRIE PSAOT Bt eeioorkia | aber or
package i ﬁsmé\tzoﬂmysmpmmumdﬁi 4D 5da403, tpitiAmabf whére sidoapasint lapthasvenal | as
instructions.for the intended.in vitro or diagnhostic u or egoi ng
witten d¥SEITHIMOBICY R0 b gaé SR BETHUS ing’r%tre%l%“iﬁ%l’g@%é% skilled in
the art tGDBB)iﬁitthd)f&sttlfbeary (i@ adyi 10,and Tehdhof éh@w TR =2na mphtesaia CORAfiA er ed f or
illust atlve 0 are not intended to limt .the sc of the
b esert 1 By SroropoTR Ly et Ve TG ne? eSS RET

i nventi On(HeEI cedd (1. M@ BibIp 34(h 08B - HﬂQ@W’OO@)Uliﬂd@ﬁ@Weﬁﬁd)nhﬁk&ﬂ Bs Wdséribedhecome

appar ent o th omthe foregoin escription and
FoPE 't it CoaBebint Mk kol ok Plfehndfo R R PR S PRIt o
reagents n@ﬁ&refeadocﬁﬁbdmibdteh@ Exanpl es were used according to manufacturer's
instructions unless otherw se indicated. The source of those cells

identified in the foll owi ng Exanpl es, and throughout the specification, by
ATCC cesatiphofhensrdrgs.t he Arreri can Type Culture Collection, Manassas,

of 1t Sconnt nant IS § aRHEREG S BT S Rl RER RS R et
}3 he fol : gﬂf}ﬁg ﬁ/i?&éblﬂlﬂﬂlﬂﬁgﬁf&lﬁ’d@dﬁdﬁfg?@dn of?:ll;fgiiri]rlﬁligGA)JﬁidlﬂgFal?III ab)blﬁm\;\;l% :nt
oer oot et eGSRt i FC Rt B MR B 3058, et hods

and Appl i ¢adtinehslingAcadkenal epiicSBsed tdan Fe hzidh of HIGO0)Sce Kand, QAT &t algl ,

Ant i bodi L Spr.i Har bor Sprin
A0t L DpSl eBiaokelanal gy, Maupl 00l SPLUDG HRrLOL BLeast GOl SPTINg
Freshney, s¢i(n®lo). GelwellGuint Ma@worﬂ;%&?esw@ﬁ’]do&a@wﬁhlﬁﬂu,l/wallbft@i@'&:t daigocol s in
| munol og 1991. EXAMPLE sol ati on and Characterization of
Ant i bodi eé‘E@Fﬁdﬁ%Fﬂtﬁ%ﬁR@@EF@ (%g/@.l)i laPES Eh93Mreedigh Gapnatixeyiferdliy phage
vere pur chagedcfd %N@%@Mﬂeﬁﬂﬂeﬂ@h&% Tik: pla%lwere@;bcke@wﬁamtmgom

Strat agene Bovi ne serum al bum n A), oval bumin, and Tween 20 were

pur chasedbiPelgng @e@tﬁfd’hagqéeblfwwéﬂ%g phege/all (-5 AR ) perHrabKedusiiateur chased

from £ er eQicddffidenMb’d 1690 tHQﬁﬁ%uﬁlpcfﬁaeJtﬁg'ﬁQg&ﬁﬁ&Wagéé?eaée'dRP%acws
purchased from Anersham Phar naci a. Maxi sorp i munopl at es, were urchased

f r om NUNCruR eficelegtion apéieriey 1 rpwid DAY Be rindp QeDmivB)rowidh@priat e was
pur chasedofpindd 4 keaRan Mt 80, POIBHI. The diluted phage was incubated for 30 minutes

on ice. 1 uM of an Fc-Fusion protein was added to the blocked phage from 3™ round to

remove Fc binders. Following incubation of the phage solutions (100ul/well to 8§ target

25  antigen-coated wells and 2 uncoated wells) on the immunoplates to allow binding to the
immobilized antigen (overnight for 1% round, 2 hours for remaining rounds), immunoplates
were washed at least ten times continuously with PBS and 0.05% Tween 20. Bound phage
was eluted with 100ul/well of 100mM HCI at room temperature for 20 minutes. The eluted
phage (from coated wells) and background phage (from uncoated wells) were neutralized by

30  adding 1/10 volume 1M Tris pH 11.0 and BSA to final 0.1%. The recovery of phage per
antigen-coated immunoplate well was calculated and compared to that of a blocked well
without coated antigen to study the enrichment of phage clones displaying Fabs that
specifically bound the target antigen. Eluted phage were amplified in E. coli and used for
further rounds of selection.

35
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Laboratories (Gaithersburg, MD). Library constructionPhage di spl ayed

anti body libraries were generated based on human anti body franmework from

humani zedawoDB10(10423, trastuzumab), where side chai n andPCeruskétomdeses sity

were incorporated into heavy chain conplenmentarity determ ning regions

(CDRI, CDR2, CDR3) in the.first. library.(Library 1), and into heavy chain
YR R A ERSIAH e e Cet 15Dty (Library 2) still focusing

on the diver st Rindoatdl@es from h@aw  wehadckctas foil egesningadd k8ed atingphage J . Mol .

Li braries were c d as described (Lee

Bi ol , 340:; 073-1093.(2004)) . nstr.uct
ot Oht > SeL R it i e b g B o o D B o S B S agenr at 6
ol i gonucl potdideBS NSEERY@H entiPAFE heibodp degtiduyhab)Sorti ng of the two libraries.

Library 1 and Ljbr 2 were directly subjected to_ target. (hEGFR- ECD- Fc
(hurmar® EGFR ex %4283[ %&Pﬁﬂmﬁl&wﬂ%ewg%@a&egkvgﬁl%nﬁ igrsA- Yr-fupdiorga ) and
EGFRvI |1 - i%%vhm?m@lhm 4SO RELFH Br: robitdriyletabur for DhOUE bill Hisckad Mawiant, of EGFR
m ssing nost of daomain |1 (El- P353é<é‘not i ncl udi ng the si%al Fepti de))
fused to ERAREPRRJihasenud clamsydy £ cosdd 1 klumwerggrpwndy 139 ul of BRBBOM ne- Rel at ed
Cane. 8. 8G3pREchtPRk) carBin@NBH andMIB-KeX hdlper phéah 88 culR@&e i ELown 0h 8017-
8022 (1990).. 96-wel | Nunc Maxisorp. pl atﬁ were coated wth | OO /well of
target antiegeR oyriehint £S5 B dopstrgimef Gultyre supegrints coHaPBE PR 950 Sodi um

Car bopgt e iy d ®Ve. folRHOPEIT @RSAGHY/SP AT G 20fand 0.9 (fwm@@p@tsugeofmgml% hours.
The plates were blocked wth alternati ng@bl ocki ng agents. Phage sol utions
te8

of 10 13 phaerdio cpdgadprtef §84nsrlboorise nlyitaad insitafediahwordemrerwafirdens for
18 h in thgufidcplard VHNGhsRId Wi 18Tt (pBR -wifdaGe, T@&thg\ﬁa% 86 &AsLsh | N each
round of selection as follow ng: 1st round 3-50. m, 2nd round 3 O D/'m,
3rd r oundmdnuses Wity apgi- 13aab ogy Rorpoiadigh peipiflase canjggats danter FP00-flddo dinMut ed

phage wasij Mb@ﬁ@ﬁatfe@\fzerg’glameﬂll&@é%ﬁ@WjitﬁQME]-sdBMa@gfo pfoihia} @ protein was
added to the bl ocked pha rom 3rd round to renove FC binders. Foll ow ng

: hage f .
i ncubhl i ofinyfest qyenghpdyyih 2-8MuHisPdhsalﬂ!r@@wq%@whotqn@tr@aklh?tdé@ "&nt i gen- coat ed
vell's and 2 ungpaligts Wel bovhd B8 ahdl8D LARBIAP Bl AkEs: buPnRkHeQ¥h Biddicng to the
i mmobi i zed anti gen (overnight for 1st round, 2 hours for renaining
rounds), PietrioYSTetoas deird wedBsprsivey Viidbsary ewabled thedsolatignef wedfisl y with PBS
and 0. 05%:fueen: RoOnh eBernd mhaggel pesremuted with 1 OQul /wel |l of 100nM HC  at
roomtenperature for 20 mnutes. The eluted phage (from coated wells) and
backgr ound predgerdvigcapeiiessted wel | s) were neutralized by adding 1/10
vol ungy | M Tri sTREbiddinQar@Ridy 338 §ihdR c16hed Yas IREMIEE BY BitioAbindk@ge per
anti gen-coat ed i nmunopl ate well was cal cul ated and conpared to that of a
bl ocked wePeiifiethiglfPAc oat ed antigen to study the enrichment of phage clones
di spl ayi ng Fabsecithatprapaai bloslhid ¥, BOX1d-BikewtR LR/ iRMHhIAgRyTELE ed phage
were anplified in E. coli and used for further rounds of
sel ect i onsuHPl§ACRtR Witk rpbrniciiafagrpyaiyadiNd -9 7 Rt Rhigenie AYUEss 15es

grown with shaking overnight at 30°C. Supernatant of phage was purified by double

25  precipitation in 20%PEG/2.5M NaCl, resuspended in PBS, and read spectrophotometrically at
268 nM for concentration determination (in OD/ml).
Purified phage was titered on immunoplates coated with 1pg/ml of hREGFR-ECD-Fc
to determine optimal concentration for solution competition ELISA.
The dilution that gave a 1 OD/ml signal at 450 nM was used in the solution binding
30  assay in which phage were first incubated with increasing concentration of antigen (hREGFR-
ECD) for one hour and then transferred to antigen-coated immunoplates for 15 minutes to
capture unbound phage. ICs, was calculated as the concentration of antigen in solution-
binding stage that inhibited 50% of the phage from binding to immobilized antigen. The
solution binding competition ELISA was performed at room temperature. . The 1C5y values
35  forselected clones ranged from 36.2 nM to > 1000nM.

Conversion of Phage displaving F(ab)zip to human IeG
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Random cl ones fromround 4 were selected for screening and assayed using
phage ELI SA in which binding to target and anti-gD was conpared to binding
of non-r evevarw10pr20t ei ns (BSA, HER2, an anti- EGFR anti b@edy/ustoiasesezzimab) .
384-wel | format imunoplates were coated with | ng/m of target, anti-gD

and nonr el evantfwgrot ei n%éeat 4C er ni ﬁomt enper turelfor 2 hours
and bl ocked | hT&ATH™IE% BEATIS SBEEY- P &é%aﬂd‘&t TRE IS EClod i Gongt | - Bl ue wer e
grown in #5€ epretd R ¥ike rgat h suppl emented with car benl cillin and ML3- KO7
hel per phage; e cultyres o] haki n rn| ht at 37 0OCin a
56 e 11 od mat The el BBt i s el Ao SragRetih S e oq 11 ve
fold i n PESHo(RB&sihédfolirdbiat iveean [gZexpredsiéh 15%a(ﬂMa‘V1)n B8A)(LecBOrdl., bf m xture
was added C 4-wel | coated plate and incubated at room
t enper Mé)?de‘?l %ﬂ‘mﬂ%‘%ﬁ%@ Ye was washed with PBT (PBS with 0.05% Tween
20) and i ncubatreev{ ﬁgloﬁefpsﬂaguﬁlﬂ)m ik digdsicd MitB ratiictibochyyhier sRich adi sh
per oxi dase con | ut ed, 5000- f ol T, The ates were
Rashed. - dESErOBBINA s tpseraeeorior hublon (herlr )i §8nRrRoLs
quenched wictrdgich dcdditdIBCEDR andkpand spectrophotorretrl cally at 450 nm The
cl ones that bo t he. an and target.hut not th on-specific
ot ei ns wer o Bng reaar Lpdar D aeY ¢ td S HRRHEPAFYS BraBTish t he
i sol at® onclefves ﬂﬁGjNA apshtail ef the fegi’on badolinE G RTEOD Egadyrndd i tdnt offthc
Sol ution bindin g%e@ﬁgg? SA The binding affinity of selected binding
By

cl ones wagegﬁ’gteg ’n bi ndi ng conpetition ELISA. Sel ected
phagem d cl oneSedréledrecagdi welfuriBtdieitn@bRingk offmity chraarbgrafhy 2Xd tekre@inh

suppl ement.ed W eni i Kana and ML3- KO7 hel per phage; the
cul tures a}é%bla 18%\%% eﬂ%‘ﬁ’@teg OBI"’R at 300C. Supernatant of phage
was purified by double precipitation in 204EGE 2. 5M NaCl, resuspended in
PBS, ﬁ]d read spectro netrically at 268 nMfor concentration

deter %ﬁr@—%ﬁ%@%ed phage was titered on inmunopl ates coated
with | ng/nm ofrh&MRoEﬁDrsEl@teﬂ anttlBGER ahtite diopiol combet€ Gith emitiied b tDhE G R
solution co tition EL i on that ga oD m 5| naI at 450
M s uERTOPE kR de it R inghGCEe Sy PR Brdramigine sy

i ncubat edrdébgnlﬂzedhjzf}ﬁaﬁmhﬂGElbﬁﬂfbﬂﬂlbsatI on of antigen (hEG-RECD) for one hour
and then trans rred to n- coated | opl ateg for tes to

ot ur o unboundiiege Y aBtY UdsoBRTHar B am T D6 SCBRTA PO of anti gen
in sopwti EGBRrB?l]D”lgc G'Esalgﬁhdbhﬁéd o Wibidre inrb@fdpafes hitpe gphRgeixkd om bi nding to

i mmobi li zed anti.g The solutlon bi ndi ng cqnpetition | SA was perfornmed
at room t%?Pﬁ%‘F%P?Pr‘e“ c TR (ph ighec G PRLPRCEH o BE FHRGEYS r om 36. 2

NMto > 108€IAMGFR-ECD-Fc and the purified selected anti-EGFR phage-Fabs were added, and
detected with o-M13-conjugated HRP. Antibodies that were blocked from binding EGFR-
ECD-Fc coated plates are likely to share over-lapping epitopes.
25 For the TGF-a competitive ELISA, EGFR-ECD-Fc was captured first by coated anti-
human Fc antibody, then a fixed concentration of TGF-a was captured by EGFR-ECD-Fc.
The purified phage- Fabs were added, and detected with a-M13-conjugated HRP.
Finally, the binding of selected clones to constructs with exposed and deleted

domains of EGFR was assessed to confirm previous competitive ELISA. Clone designated

30 D1 competes with the anti-EGFR antibody and is likely to bind EGFR at domain I11.

Example 2

Characterization of antibodies against human Epidermal Growth Factor Receptor

35  Inhibition of ligand binding
order to determine if selected anti-EGFR antibody D1 inhibits '*’I-EGF binding to
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Conversi on of Phase displaying Ffab)zip to human I sGlTo accurately determ ne
affinity, specificity and other properties, selected clones were expressed
as free hWwQQ@oiomtegi2vari abl e domai ns of |ight chain and heavysSedaiozsner e
cloned into vectors previously designed for transient human |1 gG expression

n manmal i an ce| | Bi ol.. 23:340:1073-1093 (2004
'The VL rel 1030 ol éﬁﬂéf‘gfléﬁ%gt W M@amaﬁéé‘étbwe@flﬁedﬁé@f Yareien %frple‘ﬁ*?yrreg Wm)Z:h
cl eaved tt&@tem 14Rsd big@ne Abaytleo1loeg] H%&%MQ%MH I@Rvé;ipu(té%c@@/) and

downst ream of the region encoding for CDR L3 he VH reglon of
phageni d DRAIREOYhGEduEaw ittt YA 8bq ¢edlp Vets p&wﬁ%‘glm%@ﬁfé\ﬁa@}b@% 82t he DNA

upstream Qfy.d Q%Jn?ﬁ*l’OQO%@WBMdlf)BBeHQ@BGleag ARRA JusBBShc ARSIk 6Am0f the
regi on_encodin H3 (Bsiw ) . Secreted free 1gG were purified with

prot eih Aligg#i M@W@WM%@@@F@WIO&M howws pegompergicradiere. BelliavergvEbedSA on
hEGFR- coatyafl biniiy BORk: 3h &SP Hah 3G dha Sbies REFBuAR §:0R8s isthsaabi 1 ity of
the isolated anti-EGR antibodi'es to conpete w th anot her anti-hEGFR

ant i body knowtertignldbichal EQF desnmpdasialdoldsompit®R. Wessresllts direahsirate hatdl t o

det er m ne; eqi he anti-hEGFR anti bodi es. The assays
wer e donel%ﬂﬁ% g&%%@%%nﬁgﬁgggtéig?§¥%%t For the conpetitive ELI SA

EGFR- ECD- Fc was |nnnb|I|zed on Maxi sor p i munopl at es at 2 mg/nm. A fixed
conceqpt rat i, on.. of > R al . body control)
Was Cgé’)t US zztono i d (?Zd_ EGER
phage- Fabs merEOaddaﬁmlamdlE@E&emﬁd¢mbthmﬁﬁhﬂﬁbma@nmge&eﬁmHRELEAnt|bodles

that were Dl d fro bi nd c coated pl a i kely to
Shar e ovePRSEYHiS GBS e FOT R Pl o gt FEn o 2T SRUIEEER, ECD. Fo
was capt upedndubitsd whlyvaidad @dcanbiidns 6B fe 2 &bk, bOdLé wekdihudatddiwiend
concentratjon of TGF-a was captured by EGER-ECD-Fc. The purified phage-
Fabs wer e™¥dddae Whefe adh kseafes gvetsi SPWGQG(KWSSDSM% Yaig Jrenminqblaty Yere t he

bi ndi ng ofros&l Wittt 8- Jﬁb@ﬁ@@mfsﬁe GRS BEHRSs WIS iR 6pasedAbdmdrlay ed donai ns
of EGFR was assessed to confirm previous conpetitive ELISA. d one

desi gnat ed2Prble HHPEY IR 2qtibedy Varaisesia PR RE91H GBS/ dathdrmosstataddha Dl o pi nd
EGFR at  damRild ThFlo: infRIBEER ShéPRI-AGHGET ih 2 &1l RR.Lssagnt | bodi es agai nst human
Epi dermal Growt h Factor Receptor Inhibition ofligand binding order to
determne if selected anti-EG-R anti body D inhibits 1251 -EGF bi ndi ng

t oH1666 cells (ATCC CRL-5885, Manassas, Va.), the purified 1gGs version of
D was tested in a ligand binding assay as follows. H1666 cells were plated
in 122Qel | plates. The Example 3

Affinity maturation of D1

Library construction

Two phage-displayed libraries (L3/H3 and L3/H1H?2 libraries) were created using

oligonucelotide-directed mutagenesis as described (Lee et al., Blood, 108, 3103-3111, 2006).

25  The library template vectors contained a stop codon (TAA) embedded in CDR-L3, which was
repaired during the mutagenesis reaction using degenerate oligonucleotides that annealed over
the sequences encoding CDR-L3 (all libraries), CDR-H3 (L3/H3 library), CDR-H2 and CDR
H1 (L3/H1H2 library). The library mutagenesis reactions were performed according to the
method of Kunkel et al (Methods Enzymol. 1987;154:367-82). The oligonucleotides were

30  combined in different ratios to fine-tune the diversity to reflect the amino acid frequency in
natural repertoire at selected positions. The mutagenesis products were pooled into one
reaction per library and electroporated in to E. coli SS320 cells and grown supplemented with

KO7 helper phage as described (Lee et al., 2004, supra).

35  Library sorting and screening
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next day growt h nedi um was renoved and cells were pretreated with 200 ti M
anti body for 2 hours at roomRT. 20 m/well of radiol abel ed EGF was added
(use conewbebowogr7of cell |ine) and cells were treat edPCoOruSanoackd2s i onal 2
hour s at roomterrperature Cells were washed with binding buffer and

sol ubilized, t erred and sanpl.es caunt ed ng an iso.Data

oo count er - Uni BTSN Beke HeT HURHO e e aRHe St eI O ' TG UG £
denonstr ah@iﬂshliﬂGHﬂ ECDHichibr the ﬂ;rzﬁbmﬁﬁ%ubwgca@dhﬂb Rdindgo s Blutibn Hfithgcel | s.

I nhi bition of duced. EGFR hosph n in stahl sfected
EGRRNR6.cel | 5 TG b e o e o e POy B S AR y b ocks
TGF-a i ndm&dorECEERummh&wdoaﬁeﬂ ofith 56g/1a1bNyutfamﬁﬁfvemtgadatE€E:&dmR&kael s were

serum staryv for 2- ou in at ed h vari ous rati ons
o B § o h o et Gl BB P DL et ot b e S |
| ysat es M(ﬁmofbbleﬁﬁwdedthEﬁ%mﬂﬂdcysﬂﬁn dimrd 100wdwbddad sloassde pr obed

with anti- sine and | - EGF d|n control,. A
s o1 amgap A s el e ROERBR W o Mt JECHPEe 8ok b&tnde control
The data ph@ma&tilfcatned rbundtof §Jlution Rodihg, Sleckédsing phad ikpad OBEIRnpmdphor yl at i on

in a cell based.ass f|n|t turation of D Library

const r uct FEITEHRBC ?@é” mgqé@g%%}(ﬁ V‘éPrtO L3/ H3 and L3/ HLH2 |ibraries)
wer e tleated using oligonucel otide-direct ed mut agenesi s as descri bed (Lee
et al., B}Jogld enpl ate vectors

cont ai ned &< #hi ch was repaired during

t he nut agenesi Raﬂ@&ﬁﬂdrﬁ@ﬁblﬁlldﬂgrod&ﬁfﬂﬁ&lﬁﬁdr&oﬁingg@f’ﬁ{ﬁ&ked)fdr@ﬁ&nﬁﬂgahd anneal ed

over the sequences encodln r 3/H3 library),
CDR, Ho S CISRUERE {10 TG TSP HP 0% R A P e L PPt | ong.widt &
perfor rreds@em@traﬁhpmgmbmbateheornﬁt)mmhEGFKLE(t@is ceinpatd. (Met hods Enzynol . 1987;

154: 3 82). The ol igonucl re conbi ne ratios to
fine-bine the Breptigperi® ool et ERkGSiRet fash ot agaahed i n nasur
repertoir @p@lenﬁﬁlb@@ttﬁﬁhrmﬁﬂﬂhh ﬁ)r[tBMlﬁFKe)miHltpalgﬂiI@StIﬁ cpliwe Ut Sgroet empool ed into

one reacti,o r nd troporated in to ells and
oo o e PR el 1 WP B B DRSS GE shbmbPrB sa P ios PRe 2% boos
supra). Ldintar fyvesoldtin hlgSia(rP(ﬂ;SSﬁﬂﬂmﬂO/m@Eedh 2afahd 05Ty wWivNBSAY @itk 0i whleduect i on,

phage |i bt ubjected to ai.nst hEGFR- ECD- Fc f or
the first 1?\45%%1{"?@ F@%\Qfa r‘ffﬁ?‘c?%r(é% ffﬁcdlza?egftbyglgel ﬁﬁ‘?"@ﬂg BP9 g. Three rounds
of soRWtion soradD.mpg, marcﬁorpes)fﬂromgnmvmfmus With easictior)s {tObpgentyelbfitsel ect i on.
| munopl at es we ted with 5ug/m Neutravidin overnight at 40C and

bl ocked w't H"&ly té’F)b?(g)ck (Pierce) and PBST. 3-5 OO'nl of propagated phage
was pr e- i ncubatesieswitthODho&ubliafgrdaked than3ydoatved sEefdt lColition Bugep bl ock, t hen
di luted 10« aggona]gjﬂgg to bl ocked

compe

25 Solution binding competition ELISA

The binding affinity of selected binding clones by single spot ELISA was determined
by solution binding competition ELISA as described above.
The phage IC50s of one clone selected from D1 parent clone affinity maturation
(D1.5) was determined as described above. The IC50 for D1.5 was 0.39 nM. D1.5 was
30  reformatted into mIgG2A for further characterization, using same restriction site described

above and vectors designed for transient murine IgG expression in mammalian cells.

Example 4

Characterization of anti-EGFR improved antibodies as free mIeG

35

BlAcore measurement
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i mmunopl ates for 5-10 m nutes. Plates were washed 8 tines, the phage were
el uted and propagated for next round of solution sorting, decreasing phage
i nput (0. \80@omo¥12and concentration of biotinyl ated EG-RCECS2a0me802d | nM
H gh t hroughput affinity screening ELISA (Single spot conpetition) Random
clones from |l ast .round of solution sortjng wer i cked for screening and
assayed using. DHESEDEIHG) ERPUI e RoRBaEIarSh. EOPORE fog el BIRang ¢ o

t ar get gf affinag ef aslgmrfmahl @[EQAprnandblﬂlw&baﬂ%ﬁ“lD(j .l(St’)n ODIS)chiph ﬁﬂllhﬁ@[&nﬁfﬁit}s s f
conpar ed. agem d cl on in E. coli XLI -Blue.were i of 2YT
b oF ' SunfT anEst bt f Pno T Bt ST Bh e RSO e e PV M ohe

cul tures WEFR-EIIOWEre'Mjédiedshadilmgn st BiRdin@tespbhsdd Geldtoed&tyel | f or mat .
Cul ture supernatants containi ng phage were diluted five fold in PBST (PBS
with 0 05980FRS Rébfr%abbms%‘wlﬁfor ieygnphysigl W aRYLIOSHR EGFR- EC) . The
CD reduct kignitdfdusienClks Uhd@k §&abysct Nthe kad dmini@d 86 that h@Rsd 1608 5OwAs
reduction (%9 = (0OD450 n of wells with conpetitor) / (OD450 n of well with
no corrpeti1 6{%/5 *100 Clones with OD reduction greater that 25% were sel ected
for solution binding conpetition ELISA. Sol ution binding conpetition ELISA
The binding affinity of selected binding clones by single spot ELISA was
det er ni neB2Y¥RPELZHPRIES on bi ndi ng conpetition ELISA as described above. The
phage1d C50s of TRNEInGihoscBabEabRd td doafubls widle@ftseLdnanelc@ll tibmaihy/ofmat ur ati on
(DI. 5) was_determ ned as descri,begiﬁbove. The 1C50 for D. 5 was 0.39 ti M
D . 5 was PERSENESESH P AetfirmigfediRd pying GPTaRe froRpareate ¥ 2ty 8, using sane
restricti offinfy in$rélR8 ClohdQIcRIGVE FINGrURClinsECesitanagdnfior transi ent nurine
| gG expression in mammal i an cells. Exanple 4 Characterization of anti-EGR
i nproved anti bodies as free nml gG Bl Acore neasur enent Surface pl asnon

r esonapcelrﬁl%ﬁyﬁ)é Q0F %, zﬁ&lﬁ@@E@ﬁTR%ha%ﬂ%@a%ﬁmm-N% determne the affinity
of anti-E ? . ImmobiI'1zed m gG D1. 5on C chips at -150 response
uni t s RU) wer Plased tasted frdeteBning dfribinhigdedykGF -p induecddi IR Ropdertatiani on from
12.5 nM t g; - 1] : ] Bi ndi n
Qith Q%h%géloféﬁ?{;cggﬁg@m tﬁféa@etﬁﬁu‘?)ﬁé. e%e%hhb%ﬁ%%"w@?e%s@d ot POFR g

responses wer rre y subtracting RU froma blank flow cell. For
ki netics &R&lcgltsiand the:agsay wagperformaside desgfibadiahenetin Feavapde 2.i Acpmgersiallkon and

kof f was useac. Jhee S higvdmhhqd for D1.5 was 1.2 nM
Epi t ope napp?bn% %e‘l%%gfbnﬂ% see@eégiped Clones to constructs with exposed
and del et ed dohg 1gsplieflemonstrate that D1.5 showed a greater inhibition of ligand induced

20  EGFR phosphorylation when compared with parent clone D1.

Inhibition of cell proliferation in H1666 cells

An assay was performed to determine whether D1.5 inhibits cell proliferation of a
NSCLC cancer cell line, H1666, that expresses EGFR, HER2 and HER3 at moderate levels.
25  HI1666 cells (ATCC CRL-5885, Manassas, Va.) were seeded in 96 well plates at a density
of 5000 cells. The following day cells were simultancously treated with various
concentrations of antibody (up to 50 ug/ml) in 1% serum containing medium. After 3 days
Alamar Blue was added and fluorescence was detected using a fluorometer. The results were
expressed in RFUs.
30 The results demonstrate that D1.5 showed a greater inhibition of cell growth than D1.

A431 Xenograft study

An A431 xenograft model was used to validate the in-vivo efficacy of affinity
matured anti-EGFR antibody D1.5. A431 cells are EGFR amplified and respond very well to
35  anti-EGFR agents. The study was conducted in nu/nu mice and a commercially available anti-

EGFR antibody was used as a reference.
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EGFR was assessed to confirminherited binding epitope from parent clones.
D1.5, the affinity inproved clone selected fromD sorting, binds EGR at
domai n | IWO 2bmhioki2zi on of TGF-a i nduced EGFR phosphoryl Cirars2610/0E88ER- NR6
cells D1.5 was tested to determine if it inhibited TG--a induced EGFR

phosphoryl ati o Lth hi gher poten ared t.o arental .cl one. The
PNt bodi o6 wer B btk B Slenp Rty GG S BAS DA ST br mod ac
descr i bedcahyavd FLIEX aifph@oplateAwer0 Bvasdovied HNBGFRRvB(C D ak) SeriandilutilsbR ant i body
was used a (tive con e results. de ate that DIL.5 showed a
O eater i AR T M e GRRtIe] WL R B RO SR bs A cul STt ormar od

W t h par ept.sct@neatidd withiubnd EGFR.0To ©6dsé thp dading E&dif@nhd i vilo eB@acycel | s An
assay rmed to.determne whether D1.5 inhibits cell proliferation
oo N B R S e o | e ek i ebing e geRer B Vs Hers at
noder at e hesseated bylﬁlmﬁ e s c(e%@&o%pﬁ&&ﬁd dlht(ﬁmaﬁﬁg%‘oncéd&at)onméﬁ seeded in
96 well plates at a densi

ty of e s were
o murt anotab Rl BhaRabs Mnimeap 0 e Rshity (RBbRno B! Mol Bhagiey i 1o 8o
ug/ m) i nDl%lﬂetsltemuﬁmtgamh agngmdytm 5 whd BreffectidaysthdhanBGEBhntbotvas added

and fl uor etected using .a fluor The results were
expressedg %:%ére gPPtSE‘iWPéhez%‘?‘f%Hgter%t“B (?ﬂé@&@lwas W&ﬁ% S great er

i nhi bi@ i otlc@fnce ef the giitibotih (Kipav 1P . A431Xenograft study An A43 1 xenograft
nodel was used to validate the in-vivo efficacy of affinity matured
anti-EGFR antibody DI .5. A43 1 cells are EGFR anplified and respond very
well to anti-EG-R agents. The studyExsagleconducted in nu/nu mce and a
comrercial l'y avail ah .a.reference.ln a
first step, the cros L BB T FR%as assessed in a
conpetitive ELISA | rrrrunopl at es were coat ed W t h hEGFR— ECD- Fc. Seri al

di | utgns f nEGFR- EC? Fc were incubated with fixed concentration of D . 5.
The r ulé@%%ﬁ%ﬁf—@w oss reacted with nurine EGFR To assess the
dosi ng needed r ud Dl.. was first jected at a
T oule Doeoet sbtricn skl LD s e e S o e B e Al iy Lt s
D1.5 was cdnqa)smdn amir(eDR &mgtﬂiloyambddydlgm chaﬁthrsgbsemﬂ:lerﬂmdatmzamposwﬁmeWsleen
after sev S _post The efflcac tud aft nodel )
P venl oq. ERlaE s e PR e e s el e e RO

ef f ect i vethaserhdigingsites wE@IﬁE&damtzedbmdychate aBQogituglly bctcﬁnfngdmtmdthdmtlency in the
Iower%(gose rou

o b S Pud s T ARGt St il s o AR R e esni ng

for bis peci‘ the¢ @mphitd Heoaisethis CDR is considered important for the binding of D1.5. For CDR L1,

each length was a mix of three oligonucleotides containing codons for positions 28-33. For

longer L1, NNK was inserted in between position 30 and 31.

25  Positions 28 29 30 31 32 33
CDR-L1 Gr0A70Cro RTT NNK NNK TAC STA
Gr0A70Cro RTT NNK NNK DGG STA

Gr0A70Cro RTT NNK NNK NMT STA

30  For CDR L2, four oligonucleotides were mixed 1:1:2:10.
50 51 52 53
CDR-L2 NKK GST TCC NNK

TGG GST TCC NNK
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Li brari es design and construction Libraries based on a DI. 5 tenplate were
designed for diversifying the am no acid conposition and CDR | ength of

ant i body woghto/wBern. A subset of the random zed positi @03/Useo16/02823 ored to
represent am no acids which are part of the natural repertoire at these

sites, whereas the i ni.ng sites e random zed to include all 20
natural ly occurri ngkg"giia g; i Ei: E}O@{jdi tion, random zed positions in CDR
L3 were tailored an i native sequence of the tenplate
ecause this is re ant for the binding o . 5. For

b his CDR i g 3 f he bi ndi f D. 5. For CDR

LI, each length was a mx of thr ee oI i gonucl eoti des cont ai ni ng codons for
positions 28-33. For longer LI , NNK was inserted in between position 30

oo L R A S e KRR L er T,

four olig mj%Teot es were mixed 1:1:2: 10. 50 5 1 52 53 CDR-L2 NKK GST TCC

VI O G BeCl O POV TRaa 1 U il e b sy

0o oo g o et ani v,
0 0

tUS Pat ent ﬁnﬁfgﬁag@gg&g Strf@%é(?ﬁ%ls? ?‘6“"5323 %sotltﬁéﬁﬁtzg®) et al., Science

323:1 01614( 0 L3 is_.derived fromthe m xture
of th foI | owi ﬁB %?’?ragﬁﬁrc‘?%%ﬁﬁdse@ ‘tﬁfrr%m rgref ﬂ*ﬁéﬂi@é"i“égotu des F693
ACTTATTAColgohudTAGd&EAB1 8 THRNNK oBgdnuB&iideCT TAC ACG TTC GGA (SEQ I D: 70) F694
ACTTATTAC TGT CAG CAA 878 TAC 776 RST CCT TAC ACG TTC GGA (SEQ ID: 71) F695
ACTTATTACF#BTACHEG TAXC DGE MMMKCAAR 78 NNKCCH6 RACCATGATTA GRAC(BEQ(SH) 72) F696
ACTTATTACCI[%%) CAG CAA KMI' NNK 776 577 CCT TAC ACG TTC GGA (SEQ ID: 73) F697
ACTTATTA CAG CAA 878 NNK 776 NNK CCT TAC ACG TTC GGA ( SEQ

F694 ACTTATTAC TGT CAG CAA 878 TAC 776 RST CCT TAC ACG TTC GGA (SEQ ID:
15 71)

F695 ACTTATTAC TGT CAG CAA DGG NNK 776 577 CCT TAC ACG TTC GGA (SEQ
ID: 72)

F696 ACTTATTAC TGT CAG CAA KMT NNK 776 577 CCT TAC ACG TTC GGA (SEQ
1D: 73)

20  F697 ACTTATTAC TGT CAG CAA 878 NNK 776 NNK CCT TAC ACG TTC GGA (SEQ
ID: 74)

F698 ACTTATTAC TGT CAG CAA DGG NNK NNK RST CCT TAC ACG TTC GGA
(SEQ ID: 75)
F699 ACTTATTAC TGT CAG CAA KMT NNK NNK RST CCT TAC ACG TTC GGA
25 (SEQID: 76)
5=70%A, 6=70%G, 7=70%C, 8=70%T (10% for the rest of three nucleotides)
In all of the libraries the heavy chain was held constant with the parent clone

sequence. All library templates contained a stop codon embedded in CDR L1 preventing the
presence of template light chain among the phage-displayed antibody library members.

30 Libraries were constructed by mutagenesis method (Kunkel mutagenesis) using the
single strand DNA template containing stop codon to anneal with the sets of oligocleotides
for three CDR L1, L2 and L3 simultancously. Library DNA from mutagenesis were

transformed into bacterial cell strain SS320 by electroporation and grown up with helper
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| D: 74) F698 ACTTATTAC TGT CAG CAA DGG NNK NNK RST CCT TAC ACG TTC GGA ( SEQ
I D: 75) F699 ACTTATTAC TGI CAG CAA KMI' NNK NNK RST CCT TAC ACG TTC GGA ( SEQ
I D: 76) Sw0Q0%/108R270%G, 7=70%C, 8=70% (10% for the resPCofUS2I10H28023

nucl eotides) In all of the i braries the heavy chain was held constant with

t he parent cl € | i br ar | ates co [ S codon
enbedded. PiFeeBRTL SPES B Tty PHE B LB BT LU et SRR - anong
t he phagetididspttay ed gla rrag mldsyc -letolihgy of ligkrehain and fof e adtdn€in wEHIRIIGODSt r uct ed by

mut agenesi s _net ho el nutagen ). using the si t and, DNA

i at e BOHURIRIETD (SAp T BUBHE ST Shisaciet i i eSS i S ESk  eot i des
f or t hr eesi@fRcdlbpieslizon@D 5 LiBrasitdTsHoinedigghisl el of dibdayednyl rddiided HGHR bindiagenesi s
were transfornmed into bacterial cell strain SS320 by el ectroporation and
grown Up WPHhel per phage KO7. Single col onies fromconstructed |ibraries
were evaluated for display levels by the detection of gD Tag at the
c-termnus of light chain and for the retention of binding for primry
anti gen (E in singl e SpoL.. L aver age of 35% of

eval uat ed=SFhgHé™¢ 'a'* I o g VCSHSW a high |evel of

di spl ay and reti ped EGER bi e&'tn&IBItI ety ofbltadbraﬁxcu%g(v&thn& ggd screeni ng
for the isolationh of 3 al dem e cfones PRY af I ed et e® Subj ect to an
initial ramlbddms thd aa;inuregargalteelimimte wiohds i@which g@Famgenbmatybeas dtléred @apt ur e

target,to_elimnate on del d or were
ot “olr exisa®! ARl ol BRSO e R LR BT 4 BT oy o
rounds of plpieaaﬂtgemmlecgem(}ﬁﬁ&elmm GHER2HERD - FE[EERHERBF&HE—HBG:ECIHIERZ I-111-Fc,
HER3- ECD- ch.case the F usi.on constructs is
the conpl glﬁent |nd{meacﬁ?:%aseﬂrr1§%?1?tr Sm R ey qﬂsﬁeercﬁ VEly t% ey wer e
directly ﬁa@pmfreld hlgﬁ}lt) aﬁrlgetauiznlyydhemgvewlectﬂy sobjewted hovgetpmelmged:lemonon W th
anti-gD and%0 o Sﬁle(gl%nwﬁxannﬁﬁ angﬂggglgé_o ate sel ection was perforned as

previ ously m c(i ones from round 3 and 4 were

sel eC!SEd for SEI‘ %%Qﬁn'&%f lng se e%s g&%ogge ahsa?eVlous escrl ed 1n %iam ?dl ng to

target” and anti On-Tel evan ei n (BSA)
for checklegionmhorspﬁmnfrmmdandjﬂ wgre sélbmreﬁsr $cmmngamMSayb¢usargtphagD ant i body
and targe t. the.n n:targe roteln controls ucha Vi ne serum
al bumi n, E{_,%lA nw &shblndm QO tar e gler iy Swaes é:?llnPare(p t8é)imtd1n§g) anqlhreﬁvanqh t chain
vari abl e porei (rBSIAegurohmkmg nolh@epuﬁs btndmg Cdbm&stt bwnétlanrpﬂl ngaenbokiyaIRCR and

sequenced,_ T DI\[AI yence, an i ositive eC|f é% ders
reveal ed ’Eflr%fp gut not t 61’1031 arg%:ted prgfge%n?fI ESB._I%Q suc E C B}ma faeé F
36)), 20 uwmwenslulemdep@lﬁoqmmbmsh

The light chain variable domain regions of the positive clones were amplified by PCR

and sequenced. The DNA sequence analysis of the positive specific binders revealed 1 unique
binder for both EGFR and HER2 (D1.5-201 (SEQ ID NO: 36)), 7 unique binders for both
EGFR and HER3 (D1.5-100 (SEQ ID NO: 40), D1.5-103 (SEQ ID NO: 41), D1.5-113 (SEQ
25 IDNO:42),D1.5-115 (SEQ ID NO: 43), D1.5-116 (SEQ ID NO: 44), D1.5-121 (SEQ ID
NO: 45), D1.5-122 (SEQ ID NO: 46)), 1 unique binder for both EGFR and HER4 (D1.5-400,
(SEQ ID NO: 39)).
Eight out of the nine bispecific clones retained the proline at position 93 in HVR L3,
Since the adoption of proline at this position (with tyrosine at position 96) dramatically
30  increased D1.5 affinity for EGFR compared to its parent clone D1, it is likely that it is a
contributor in retention of binding for EGFR.

Evaluation of bispecific hLEGFR/HER2, hEGFR/HER3, hEGFR/HER4 phage clones
specificity.
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EGFR and HER3 (D .5-100 (SEQ ID NGO 40), D .5-103 (SEQ ID NO 41), D . 5-1
13 (SEQ ID NO 42), D .5-115 (SEQ ID NO 43), D .5-116 (SEQ ID NG 44),

Dl .5-121 W6EQO08MO:. 45), D . 5-122 (SEQ ID NGO 46)), lramiusa@olpseder for
both EGFR and HER4 (DI . 5-400, (SEQ ID NO 39)). Eight out of the nine

bi specific clopes retai.ned the proline at .position 93 in HVR L3, Since the
ndopt i on of _pr of AHETEE i it ang SloRes i AR tser el ot bR o6)
dramat i catakgetsi meir BagRg tdd pandl odbiltigandiy a lidéct FelRLcMpamedyds@viligedpar ent ¢l one

D, it islikely that it is a contributor in retentiaon of hjndi for EGFR.
Eval uation of %@fggﬁﬂé SFY 8! RECSERY WREREP A O R R o ﬁﬁéﬂﬁ&ﬁtﬁéﬁﬁp%@rﬂ%&% ones
speci fi i tyre Bc&L Wik N 8Shfin PBST Rhd@ dkktRA 88 phdsé-Rattiupdrasit ioiowlni €S wer e

speci L{:c to their_cognate targets, their binding to a panel of antigens in
a direvt prgibedin Peabiol warerpbed elhsplitn fe0 il of several proteins were

coated on i munRPhiabeserdwashdl gt bilingdDals Therdell alEmaMRIdas Béseste@dn Wi th 1%
BSA in PBST, and a dilution of Q{fage- Fab supernatant grown as described in

Exanpl e 1E3E@1Gh e guifsohew thapplgiencs yith depl prerificidies werp epepifiga@eier e washed
and bi ndi Bgsnsi @Redh.16:R6 ON dethndPereAttdny DAt e GRE64 doagdl. (Fgukxanpl e 1. The
results show that all clones with dual specificities were specific to their
cognate target. Clones DI. 5-4 and parent clone DI. 5 were used as control.
(Figur@ 2.) Exanple 6 Characterizatgk@plet antibodies with dual specificity
as free mMmgG All clones with dual specificity were reformatted into m g&A
for further characterization, using same restriction site described above,
and vect OCHarit@h@sSIf ¥nthRic WSl ddaPEpctifiginsds @Rt niid | Ne 1 gG expression in
manmal i an cells. Inhibjtion of TGF-a | induced EGFR phosphorylation in
EGFR. NR6. col | 5 AH6IHE BT REPS igiey Setramat it BleGad IBSUMES it h dual

speci fi ci tparRtepgdion @smd shrdidanetiorGriRODsP Iy | al kefors SibAbhsyy dekiahsf ect ed
EGFR-E{QG cells were treated as described in Exanple 2. The data in Figure 3
denon&t r af® TRREANT B RERP I EERRMIERY 8t | bodi es i nhi bited TGF-a i nduced
EGFR phosphoryl ati on at high concentration. A commercially avail able

anti - EGFR ant i positive control. A dose response on

cl ones DI hditioy@l {6H-oir 5L R peasplprylpiion g EGRR-NHO cells 100 | ost its parent
clone’s (DI . Sk, QighiRat §RSKch Qid %'aﬁﬁﬁodfegiﬁhBmw%w%%mﬂ- 5-1 03,
however, had a simlar potency to DI. 5 i1n this assay.” Inhibition

of her egul indu¢sid FGFR hosphpizRE ot ytabl tianECrRYHAERSN RO £4lls gigicetpatPd agidesesibad ne

whet heg  t 8 SEhROL Gfle A4t | lﬁéﬂ-"é R 4L | Q%ﬁ@HER%QdE@ﬁ%( gRoheregul in
binding to HER%- ECD- Fc prnot |rn, pur |S?zlﬁeé1 lgGs were teste H?En a radi ol abel ed
antibodies inhibited TGF-a induced EGFR phosphorylation at high concentration. A

commercially available anti-EGFR antibody was used as a positive control.
A dose response on clones D1.5-100 and D1.5-103 showed that clone D1.5-100 lost
its parent clone’s (D1.5) high potency to inhibit EGFR phosphorylation. D1.5-103, however,
25 had a similar potency to D1.5 in this assay.

Inhibition of heregulin binding to HER3 by anti-EGFR/HER3 antibodies
To determine whether the selected anti-EGFR/HER3 antibodies could inhibit

heregulin binding to HER3-ECD-Fc protein, purified IgGs were tested in a radiolabeled
30  ligand binding assay.
Binding assays were performed in Nunc break-apart strip wells. Plates were coated at
4°C overnight with 100 pl of 5 mg/mL goat anti-human Ab in 50 mM carbonate buffer (pH
9.6). Plates were rinsed twice with wash buffer (PBS/0.005% Tween20) and blocked with 100
ul 1%BSA/PBS for 30 min. Buffer was removed and each well was incubated with 200 ng of
35  HER3-ECD-Fc in 1% BSA/PBS for 1.5h. Plates were rinsed three times with wash buffer and
antibodies in 1%BSA/PBS were pre-bound to HER3-IgG at 4°C overnight. '*I-HRG was
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| i gand bi ndi ng assay. Binding assays were perfornmed in Nunc break-apart

strip wells. Plates were coated at 4C overnight with 100 m of 5 ng/nL goat
ant i - humrewoAb10/18®d nmM car bonate buffer (pH 9.6). Pl at epCharseowiozsesl t wi ce
wi th wash buffer (PBS/O0. 005@6Tmeen20) and bl ocked mﬁth 100 m 1%BSA/ PBS f or

30 mn. %& S rermvedt}a Bcti was inc prﬂ‘ g%? ng of

HER3- ECD- AR BT PSP 1Y, “rslﬁf %‘Bf”élée‘WeeFaé“rF ded ??1?%98 f¥%fes with
wash buf f gmeadid 1mlh&odb1@swr@coll%8$ééﬂ?§$1owcﬁesq&&ﬂa@wmﬁ@ tﬂE@%&gG at 4C
overni ght, 125]-HRG wasadded and pl ates were incubated f hours at room

t enper at uf B° Tepylts derrongiste thaj llssypnyanibadics itk dual seecifigdy {pr &GER %HFB ver e

count ed ughn@nglﬁgg?ﬁgbhg§ghﬁ@EﬁpE@Dg%counter (Figure 4.) The results
denonstrate that all seven antibodies with dual specificity for EGFR and
HER3 n inhibit heregulin binding to HER3-ECD-Fc. Inhibition of heregulin

bi ndi ng t gutdERA obyer@élllz%-b%ﬁlt&!ﬁﬁm amﬂnb@@lma/mmlahzafom ne whether the
sel ected antl-EGFR/HER4 ant 1 body 0 could i nhibit heregulin binding

t o HER4- ECD- Fc T8 ?tFlgal?fdvltﬁﬂwaihﬁ@e %Cé%ié‘gﬁl 5&%@%‘%@4 pehotdOVe*Woularibt ned. 25

ng HER4- Efdedrtin 6agind SEHERNETOAE OfgahlbRBdiEChsdyCas ddfefbddebiidvwasdenonst r at e
that DI. 5-400 inhibited heregulin binding to HER4. Inhibition of heregulin

i nduced HEROIPER3S B HERAGIA-BE VesrPsrhingipad Pt EERPECDrEe. dBedsstithe whet her t he
seven]gel egh@dranihkiods-es) Whibleddidddousiaadind ©iHBR4f or EGFR and HER3 coul d
i nhibit heregulin induced HER2/ HER3 phosphorylation in MCF7 cells, they
were tested in a receptor phosphoryl ation assay: MCF-7 cells (ATCC HTB 22,

Manassas, ¥abidoneh&-eplliatiRelcddHER/MERS p@kzﬁbﬁfﬁanoh:@l M@W agzss erum starvati on,
cells were incubated with indicated antibodies or 150 ug/m) for

2 hours. Cel | sTQEFtermins Whethst B sqict pelgsted aﬂfﬁhOﬁR@WﬁBéﬂ%SﬂW&%‘lﬁ%@rgﬁé total cell

| ysat es wWekEHERIcSN DD RACGRAMIudMESIEROMIR Do spefyRatioh @PACFMEdIR, they
anti - phospho- HERS anti-pTyr or_ anti-tubulin as |oadin g control. (Figure

5.) The r&&giteste d%?rf?ﬁ%PE‘Fé’P%SPP‘H&]P“% gssayin MCHEGRR (ERSC BHB Bodireassasnhi bi t ed

her egul i nvhpdeeethiddaR2? H@Rﬁlaﬁb%ﬂ&lﬁhgkeﬁm Ofarvation) b weRNE@PAtERH PN,
Pertuzumab (Pmab) was used itive control. Inhibition of MDA-1 75

cel | prol indigpisd ?18}1?04*65 GéP%/Fﬁlw?rn]esot énlb%%mrf Gillores syaedatth & i

ant i - EGFRHRERSr @idubo dhE®ta0stHRG s vk @ih &EIDS- EAQEﬁahd WRAmbTRs wakl s (ATCC
HTB 25, Manassas, 20000 cells/ well) were plated in 96 well plates.

The f ol | ofichg g Qth’q’ngéBs?%H tyaﬂreaalaéwhtl F‘%‘Qt‘@é’éﬁ ot Faguous

concepng ralrh@ﬂaw@herﬁmstrmdm AURGIEGFROHERE Mtbodiss idMbiSRAMIRL@hdiced ng medi um
After either 4 days or 5 days,. A anmar Bl ue was added and fl yorescence was
det ect ed HERAGIERS fﬂ%&@%‘?@{l@} at highopoguiAie. [RguEapdF waars PidEls. MDA- 175
cells mergmﬁh@@@mnﬁlnce their growth is the result of an autocrine
stinmulation by HRG The anti-EG-R HER3 anti body Dl1.5- 100, and

Inhibition of MDA-175 cell proliferation
25 To determine the growth inhibitory potential of anti-EGFR/HER3 antibodies on HRG
driven cell growth, MDA-175 cells (ATCC HTB 25, Manassas, Va.) (20000 cells/ well) were

plated in 96 well plates. The following day cells were simultaneously treated with various
concentrations of antibody (up to 50 ug/ml) in 1% serum containing medium. After either 4
days or 5 days, Alamar Blue was added and fluorescence was detected using a fluorometer.
30  The results were expressed in RFUs. MDA-175 cells were chosen since their growth is the
result of an autocrine stimulation by HRG. The anti-EGFR/HER3 antibody D1.5-100, and
clone D1.5-122 showed inhibition of MDA-175 cell growth. Pertuzumab (Pmab) was used as

a positive control. (Figure 6.)

35 Example 7
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clone D1.5- 122 showed inhibition of MDA-175 cell growth. Pertuzumab (Pnab)
was used as a positive control. (Figure 6.) Exanple 7Mitagenesi s mappi ng

st udy of WD.2810110812and Dl . 5- 103. anti - hEGFR/ HER3 bi speci PCt/tsraioloesdzes An

al ani ne and honol og shot gun scanni ng anal ysis was performed using

conbi natorial phage displayed |ih ' (Vaj do al, Bi.ol . Biol.
320: 415- 28 ( 208 F SN YAt et et it eract o Hetwee # ant i body
with its gweifieaitibgeies, EGFR and HER3. Binding sel ections on the antigens
(hEGFR and HE 0. isolate functional .cl ones foll owed by. DNA sequenci ng
enabl ed cal cuﬁg%‘ia[ﬁ‘ﬁ]é‘e ot Woﬁo-gtsgﬁglf“rﬁﬁ?%g af“aﬁl%%’asﬁerf%%‘&eﬂ 8%i ed position.

These r at t@sbinvesral plagadisgadd librat &t (@ajibne at. eBO midsl 31201411 008 @foodaeh scanned

side-chain to EGR.and HE bi ndi hg.., The results enab mappi of the
FUnct I Dan et Bo e oE b e Eee AR TR ap el 5B R TP BERE 004
shot gun Li br ar Baslingesle@ionSel e imtigens PhBEIR sRISTERE $o isslatt RecddBclves e scanned

usi ng phage-di spl d libraries in i.ch the wild type residyes were

o7 oved '« Bgsird B & Semertis b UG e RS st SBreEs

honol og r pssitthueTiRke tatidsdvdry hen (dek Fde@gmine @R )contlib@ionat euck s@hnddRilegh4iet i ¢ code
required s t bstitutions to be included in the library in addition
to W/A af??%%%?n%ﬁ?%o%’ﬂ%ﬁg'resi dues. Separate heavy chain and Iight chain
al ani h@ and homhd @gulis eaddivd mghppind b Bthe ABctivRLIaePs torbiided EGHReand €R3er acy
ranged from 1.3x1 05 to 7.5x1 07. Construction of shotgun scanning

| ibraries Libraries were constructed as previously described except that a
si ngl e Fab/waloexpDessed sk liehretdsiracen of bact eri ophage fused to

C-term nal domgin of the ML ene- i nor coat, protein, . after.renoval of
euci ne. i pper SPVBRPEPTG FAIeD At BNy R e Re AP Y FREES Fozo: TeT
TGT GAC AAAWIAECITthEATd Apd rdIdiesGiote ABowed GIvatyGE kithdr Sfiné B WA tygQAlde | i ght
chai n, al api ne and.honpl og. scanni | i bra ha top codgns in HVR-LI,

R L5 anQERREE S MOk FeidFe gy e (P Lt S 2t HeY 08 et Sheces

cont ai nedregtiagal some othsr substiAahs 10®an¢ludbbinmhdWRsy infddgitibh r &/ ARsinwer e

338; 200- 300/ 0B ety R iR AgRRETM SRS oy i cupr

on the refipatdsiwe: ShapctedMicabgherad)l anded roscladxd g 7/5kb’ar i es ar e phage

di splayed libraries that allow sel ected side chains to vary as wild-type or
al ani ne. Honol og scan neans that the phage displayed libraries allow

sel ec2®d svaeuchaidisoidan yatmyinaEbrtried-type or simlar amno acids. Library
Sel ection

Libraries were constructed as previously described except that a single Fab was
expressed on the surface of bacteriophage fused to C-terminal domain of the M13 gene-3
minor coat protein, after removal of leucine zipper from original plasmid by kunkel
mutagenesis (Oligo F220: TCT TGT GAC AAA ACT CAC AGT GGC GGT GGC TCT

25  GGT). (SEQ ID NO: 77)

The light chain alanine and homolog scanning library had stop codons in HVR-L1,
HVR-L2 and HVR-L3 and the heavy chain alanine and homolog libraries contained stop
codons in each heavy chain HVRs. The libraries were constructed by previously described
methods (Sidhu et al., J. Mol. Biol. 338:299-310 (2004)), using Kunkel mutagenesis (Kunkel

30  etal., 1987, supra) on the respective stop templates. Alanine scanning libraries are phage
displayed libraries that allow selected side chains to vary as wild-type or alanine. Homolog
scan means that the phage displayed libraries allow selected side chains to vary as wild-type

or similar amino acids.

35  Library Selection

NUNC 96-well Maxisorp immunoplates were coated with 5 ng/ml capture target
(EGFR-ECD-Fc , HER3-ECD-Fc or Protein-L) and blocked with 1 % BSA (w/v) in PBS.
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NUNC 96-wel | Maxi sorp i munopl ates were coated with 5 ng/ml capture target
(EGFR-ECD-Fc , HER3-ECD-Fc or Protein-L) and bl ocked with 1% BSA (W v) in
PBS. PhagewbnrormvtoBe7above- descri bed | i brari es were propagaras2ewioksoxors
hel per phage (NEB) as described (Lee et al., 2004, supra) The Iibrary

phage sol ytions re added.tq .the coated plates ent ion of 10 13
Dhage par [T Gomire Sate Tcisatba rorrat v v RorhebetbesNieh & washed 8
times Wt BesBBRA (Bdedkt ﬁlqlzb@m\aqlmbynel ulbtairppha(gé sdmmmmdwahag(&d\m thbcéutcd M HO  for
30 min. Enrichnent

Goser i bean Bl o iriith oE P Dot Bt s g Bt el T BT e AR of

random cl %esVafsme@mtmhmhlPBsarayd b eedBl daioadf baind pegaemaionov arCidaescri bed

( Si dhu, et Th se ces .of binding cl ones were used
Lo detbr i AR pcH R FhB 1T e OB dho BLEm Gt S HBERT B The 1 at 1 0s
wer e usedAtﬁer Bﬁ)ﬁﬁﬁ&fﬁkg&dse&gmﬁgIhllimﬂmﬂbfﬁﬂd(iﬁ)claﬂﬁs irgRreac likag vekakleated si de
chai n. r.at.i I selection by wt/nmut ratio from
di spl ay sgq %Eﬁlgﬁf vegd (%ﬂ% gl%bh g“@@tl mate of each mutation's effect
on anti genbl ndirhgDBAfstquichges (Fhindiid @onek atde@sdd tp detbimitidmeild- '@fbci:/ﬁhuiaﬁorgr eat er
than 1, n | s del eterious rati.o.i s

nut ati on f IO%aéﬁ%#hlVéF% POS‘%%OJHZ?F tﬁ’éé”e\rﬁe”ﬁ%& té’élaﬁﬁ%gd’é‘é%“g %5%@‘6‘“’6‘60 ?Iﬁlée‘él am ne
and hoool ofxasic&iectee Sidt tlgin. h]))hdﬁ]@@&tt/ﬁinwfatlb vemantigdagelyctioh by S/kOrafior t he

bi nding of. E and HER3 th ructure known anti - HER2
ot bogy e egted Aot o Tk R B sl R M sher M A Re T o Eerm
bi ndi ng, binginhetivity Fhactiondain Mat,esif tengioiegieyteahsh 1, t}ghﬁmﬂhahms wor k

ole in biEPH R0 R US| ok B iy T

mat ur at i oreqhérged.e 8 illustrates affinity maturation of D1.5- 100, using the
shot g |'i braries de cr bed apove n thi finity matuyrati rat egy,
- 21800 heavieeHar enlsnbr o8 bl Jpt i sbog patod bry Hbeor boa.
After twofdr ﬂwrbﬁiﬁmgfofﬁbakans OIERB RGronaspppes ¢ sirduedo RERS: HGHIER2 coat ed

pl ates, and.thr oupd lutign alternatin orted

CEcrR: Eco iRt geb wein ivdeit B Bsih g e My e R T8 ones wer e
pi cked anﬂeaaﬁsmsdiﬁinhﬂesaarﬂlh&gly&nﬁﬁg{t cididsSArk Dgetial fattie whdinest HERR r et ai ned
dual bi ndi n t t he cI es.asses 9 4 show bi ndi ng for
both BGERAPEIGE: Gheridien 85 SEinecaRer o o e <o s o8 ndi ng. o
HER3. 20 sokstdialy HERX| ones by single spot conpetition Single colonies from
the |l ast round of sort were picked and phage were grown as described in
Exanple 1. 384 wells were coated with EGFR-ECD-Fc at 1 m/m . For each

col ony gr gy dburdiiodnf phage supernatant or ELI SA buffer were incubated

with 25 m of Figure 8 illustrates affinity maturation of D1.5-100, using the shotgun libraries

described above. In this affinity maturation strategy, D1.5-100 heavy chain homolog library
25  was sorted as previously described. After two rounds of plate sorting was performed on
HER3-ECD-Fc coated plates, and three rounds of solution alternating targets were sorted
(EGFR-ECD and HER3-ECD-Fc¢) under increasing stringency. Single clones were picked
and assessed in a single spot ELISA to isolate clones that retained dual binding activity.
Among the clones assessed, 79 of 94 show binding for both EGFR/HER3, while 11 lost
30  EGFR binding and show specific binding for HER3.

Isolation of clones by single spot competition

Single colonies from the last round of sort were picked and phage were grown as
described in Example 1. 384 wells were coated with EGFR-ECD-Fc at 1 pul/ml. For each
35  colony grown, 25 ul of phage supernatant or ELISA buffer were incubated with 25 ul of
EGFR-ECD (50 nM) and HER3-ECD-Fc (10 nM). 4 ul of incubation was added to EGFR-
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EGFR-ECD (50 nM and HER3-ECD-Fc (10 nM. 4 ml of incubation was added to
EG-FRECD- Fc coated plate, and the plate was washed eight tinmes. 60 m of
1/ 5000 arwO-2MiB08RP conj ugat es anti body was added, the prCatts2ews283hed
ei ght tinmes and devel oped with TMB + H3PO4. Ei ght uni que cl ones were

sel ected that show greater inhibition than DI. 5-100 for EG-R_and HER3,
usi ng t heEFBrﬁcc?\Rﬁ“ﬁ%lg"s“ier?@‘ﬁéhe%‘f W?:So‘ﬁaﬁg"cdi cigh imsy S’Sé‘i@%/ S0p0 arfi-NHPE R oni es
from | ast carpads &ftibs @ WasWaA, Mt flRMvARNAsHRD R BRI dASIopEEVIHONMBY-
described; 2. 384 wells plate was coated with EGFR-ECD-Fc at 1 ng/m; 3.
For each H@ﬁ%ny grown, 25 m of phage supernatant or ELISA buffer were

i ncubat ed W t hEght WHiquefcloRéaitrELR cfea than o wanehtdritRibitalhdnd 1(sLOoo) ; 4. 4 i
of incubation was added to EGFR-ECD-Fc coated plate; 5. Plate was washed 8

de
ti mes;> 6. ERAGERT BERMusBe he/feluonatgle Wt PMIRBICHH gkt es antibody; 7. Plate
was washed 8 tiines; sBgleRbBhigs MGAE 1AEVERITEEH Wi pickdBand phiBRGowtBadini que
clones were sel ected that show greater inhibition than D1.5- 100 for both
EGFR and PERSUOO{SCb8E0 | D NO 63 ; DL7, SEQ ID NO 64; DL8, SEQ ID NO 65;
DL9, SEQ ID NGy 66; 384 @s pheQudsoMed whif EGERIECH FSRQ@ dohiNG. 28; DL12, SEQ ID
NGO 68; DLI 3, SEQID NO 69). For anti-HER3 antibodies, 7 unique clones
were sel ected Bhat Eérowchygobaay grownnhi i af plage stngrmapnt @ ELIR0byfer weeR3.

Char agt er | [ .of, af f j nity pat ' i £ .1 -HER3 anti bodi es
Speci ?I ci %I%Q%#e%&l%cﬁs%gﬁﬁﬁsﬁ/eFg?t(g%%g[? ?I}dﬁlﬁj@? f?rgl?tfr%gg) %\?épeci fic antibodies
was assessed by dir eqt ofihcutlativg vae addep anEGFROECDaRd cosrsd plaet ei ns as descri bed
in Exanple 5. As sh in Figyre 9 the selected antibodi es showed
specificity of bi ndP%WaSPVaF}%Hﬁ%%R and HER3. 1C50 val ues were cal cul at ed
for two selected bi spegidigoansiooadi-&sl 3(HRY caapdatd dntibdyas described in
Exanmple 1 and conpared to D.. g-,loq parent clone. Both selected bispecific
anti bodi es show si m v M SYI¥Yr  HER3- ECD- Fc and i ncreased affinity for
EGFR 1DLI . 5- 800 hadtcamsi&rbped wik T £ arpdzGFR- ECD, 0.1 nM for HER3- FC
DL7 had an 1C50 of 6.1 nMfor EGFR-ECD, 0.25 nM for HER3-FC, DLl 1 had an

| C50 of 5.7 nM PRiflustenss e selectolshaphh grepiprahipidon DLy foropthy of

bi ndi ng of:GsrheeHER3 amtd, SHERB namtdshodizesEvas Nas seaadshy molincees; digydi ng to
a panel of vyarious proteins as previously described. The selected

ant i bodi oSEQEP 3G 06rpialoSERE Nef 621yt QAR pRdT 2eh £ T 5O RS onl .
Phage | C50LvalsEesipwene9s.ak&uh@ted3hetiboaRh,gahefe avhdshRd RS thdemewi bed

above, and
2(§l greater inhibition than D1.5-100 for HER3.

Characterization of affinity-matured bispecific and anti-HER3 antibodies

Specificity of binding of selected affinity matured bispecific antibodies was assessed

by direct binding to a panel of various proteins as described in Example 5. As shown in
25  Figure 9, the selected antibodies showed specificity of binding for both EGFR and HER3.

IC50 values were calculated for two selected bispecific antibodies (DL7 and DL11)
as described in Example 1 and compared to D1.5-100 parent clone. Both selected bispecific
antibodies show similar affinity for HER3-ECD-Fc and increased affinity for EGFR. DL1.5-
100 had an IC50 of 44 nM for EGFR-ECD, 0.1 nM for HER3-FC; DL7 had an IC50 of 6.1

30  nM for EGFR-ECD, 0.25 nM for HER3-FC; DL11 had an IC50 of 5.7 nM for EGFR-ECD,
0.43 nM for HER3-FC.

The specificity of binding of selected anti-HER3 antibodies was assessed by direct
binding to a panel of various proteins as previously described. The selected antibodies
(DL3.5, DL3.6, DL3.7) show binding specificity for HER3 only.

35 Phage IC50 values were calculated for selected antibodies as described above and

compared to the D1.5-100 parent clone. All antibodies (DL3.1-3.7) show increased affinity
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conpared to the D. 5-100 parent clone. Al antibodies (DL3. 1-3.7) show
i ncreased affinityfor HER3-ECD-Fc with 1 C50s of between 1 and 3.8 nM The
parent DWOZR0MOst2ad an 1 C50 of 4.6 nM . Bindi ng of sel eeCedskispesoesi c
anti bodi es and anti-HER3 antibodi es was conpared to the binding of HER3

domain |1 i co ti LIS scri bed
Shove. e TERd i R SReT e At Pieb e PERE 4 PGS
affinitiesf{®MHER3 ECD- Fc and HER3 domain 111 constructs (Phage | C50).
Sel ected affinity. matured |f| nt| nd. anti - HER3 anf.i bodi es
mer o e ot ¢ Bk W DB Pl A el TR B T prr "o
descri bedthabomMing oﬂH@@Zﬁorbiuﬁ plepﬂofdnc@aﬁhn H@da@slsﬁ@ﬂwwrn@maﬁedlsaf finity for
bot h R- -10Q ent cl one.

E red
ot ng B AlSre 0B oro T B Aad hhn SR e s kR ades e R ARy Hem
ant i bod| e for DIER 3T - B dnd HERBdbnafi 1ill- obilﬂﬂactsgﬂﬁga‘]icemantl bodi es DL3.6 and

DL3.7, purifie each .ant.i.bod DL DLI 1, DL3. 6,
DL3.7) was coug le‘d%oca%ﬁdtyénﬁlﬁ&&lﬁﬁeﬁlﬁ"%ﬁ’ élé%@de?fm g%Rdtafl%l??éheﬁ?V °Bnti gen

( EGFR- ECDyefdrnb8e ddatomilpG2 A andHR3at&Gh compeitibh BIESH, av@scribbéatwoat ed chi p under
the conditi descr.i be he rated between
each inj eB’hgc%rS? ldfpeﬁlﬁfialag’ﬁdle %ﬁ%(ni?‘i}m‘i@f({%@/ f%&f%‘ﬂ%%@sﬁnﬁﬁgl 1 binding
anal ys s wérhdin MASSnpared s the D.1.5T106 paifchi ainky mat ur ed EGFR/ HER3 ant i bodi es DL7
and DLI 1 have, . ved f.or. both.t assess the

i nhibitory fungf?qghg%@rea@iféﬁ%?klﬂe&icﬁ?aéﬁl %ﬁ%ﬁ%ﬁf“@@ﬁ%&ﬁi and parent al
anti body BtiboSieODL EAHRL IBGHA--MNREIERS Ish&ifichatib wlids DL Xpine §6.3 EGhiifieer e
pretreated h vario f i i es o 20 one hour
. " subsBifE vty RIBL TaRnd ot bkt DRl Sucrong Heide ¥

| nhi bi ti oehipfand meqat djruupmﬁpxlittgeytEaGHR)EbeHEIhZedmﬁItIpHEE$E@@$ wdet ect ed usi ng
an ant} - Phos osi n nti body. | nhibitians .of MAPK ian was al so
Seen 1 alOBSH B R R e R EE G B 1 Ey i Ehes EHE Phan DL7 i n
i nhi biti ng:gE%daﬂdveER&{chﬁrZeolﬁb@&piﬂﬁg@il &inady) KI{ Whgdeteemib@Pusinglkhie1 i nhi bi tory
function

f DL |cant|- i bady. 6 on HER3
{7 ansact | DROPERIANEE "Uhis Ea Al e canyed Eerty B g ier Dl s tere
HER3 and Eﬁ%mﬁlﬁpr’pv@tma\ﬂeﬂr \Mth hlrgensdl cated anmounts of antibody (up to 50
ug/m) for one r, and activatio H dtr gﬁw i on of
HERG was | nduc B e PR PG P O BRO Y PAT O e det ect ed
usi ng2@n armﬂafqataosrpmedyl-]EFBoﬁBGFbomFR Nﬂhlcaistth@nnlgfexpiessms}FRem& si gnal i ng
nmol ecul es as wel a. dose dependent manner. DLI
T agai n ol T BoPanE i B P Gl ne A PRy Pnct on of DL 1
was COWpaEL&)deqhaltth[ﬁfosIﬂlfory&htlﬁﬁ) OTEGER arhd iyldla?ddibﬂl abFe(sam). -Id@ERRoasitredepidy ,
pertuzu mghosghoryla?hon%y the an FbR%les was Qe?éched using an antlhﬁlosp%otyrosme %ﬁ‘ubody
Inhibitions of MAPK activation was also seen in a dose dependent manner. Antibody DL11
25  was more potent than DL7 in inhibiting EGFR and ERK1/2 phosphorylation. (Figure 10A.)
The inhibitory function of DL7, DL11 and monospecific anti-HER3 antibody DL3.6
on HER3 transactivation was compared. (Figure 10B.) MCF-7 cells that express HER2,

HER3 and EGFR were pretreated with indicated amounts of antibody (up to 50 ug/ml) for one
hour, and activation of HER3 and transphosphorylation of HER3 was induced by HRG.

30  Inhibition of HER3 phosphorylation was detected using an anti-phospho HER3 antibody.
Inhibition of downstream signaling molecules, ERK1/2 as well as Akt, was seen in a dose
dependent manner. DL11 again was more potent than DL7.

The growth inhibitory function of DL11 was compared to that of a commercially
available anti-EGFR antibody, pertuzumab, and an anti-HER3 antibody, or to that of DL3.6,

35  DI.5, or the combination of D1.5 plus DL3.6. H1666 cells (ATCC CRL-5885, Manassas,
Va.) (an NSCLC cell line that expresses HER2, HER3, EGFR and EGFR ligands) (6000
cells/well) were growth stimulated with HRG (3 nM). The antibodies were tested in a dose
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D1.5, or the conbination of DI. 5 plus DL3.6. H1666 cells (ATCC CRL-5885,
Manassas, Va.) (an NSCLC cell line that expresses HER2, HER3, EG-R and EG-R
| i gands) woeQ0D/wel2’s/ wel |) were growt h stinulated with PR&US30100P8023he

anti bodi es were tested in a dosedependent manner and growth inhibitory
characterlstl S CO dto all.oth nonospeci fi tibodi es shown in
i qure. o1 dcbepgen STRGg sy Bhiitoy Bl Rs g ogp st A SUELR RS o
nonospeci futiboditd. i PUh@E in GigueOITal, DAt | Dikibitthetledwth &l grbadr ck@sithdnghaver e

obt ai ned when t te a?a?ﬁoidtl was r eat e{ippus ng H 666 cells growh stinulated
with HRG [P8"%WRy CET RO ?tlf’lnﬁ ¥°11B). The growth inhibitory function
of DLI 1 was Cgﬂi’ﬁa‘r’ £Qulis Ovepribldiied Rithbn thalassafltvhs-lﬁﬁﬁ{r?gaﬁhg H@@Bﬁ,c}el@dgioxﬂﬂh I
anti-HER3 anti 3 r to the conbination o 5 us
DL3. GF%E afe(tg@?II'I‘EIRGI-Q%\M? @&‘(éc‘}t\ﬁr@:gtuéq UBY'| Tine that expr esseg HER2,
HER3 and EGFR T@érbwﬂhﬁﬁl&’iﬁltbry\'ﬂﬁctﬁiﬂomtm ezds d&rtparehﬁci)ehamm% dnfhnfi BGHRT esence

of 1% serum The anti bodi es were dose dependent manner and cel |

vi abi | i t y2Redyarkiasl- %&%\ntﬂ?dﬁa‘i}?mtﬁs Pﬁﬁ OAF"&H%{?OI‘@W@O? giHgenPIUs As shown in

Fi gure 12813Blih HE ASh@NedHENPEE b 8610 @O lihdWRhtRlhi0dsYs BPRY, MHRBIMG!t | CS
conmpared to_all @t her treatnents. Inhibition of HCA-7, cell growm h was
i nvest i gab&ERaS e gouih wisatimlard aid HR G WA teipgrspree 95 R0 sey@edbe gr owt h was

sti nmul@t eahtinbdibs WRSek3d ¥ doidd @spendeiandnferdM) celASabsiROWas ddteckidgttéres 12B, DLI 1
showed superi or %}rowth i nhibitory characterjsti cs corrpﬁred to al] other

t r eat ment S2YS1 B EHTAS Blygrreaggity As Shpvvip figyle By DT hshowgdympdyy spyvtiyn

ant i -EGFRumttbmﬂMactmatmm d to2MG iR rédhémdIER3 antl body was investigated
The NSCLC cell |ine Cal u- ATCC HTB- 55, Manassas, ) over-ex resses HER2
and has nor mal Ihijgneot BIFAHE?@ Fpifh peE RV osagtipd tjrdstﬁehed(lteoeeeloeetl s/wel 1) was
sti mul at egdigwictibAHRG 3roiM wasrtutdﬂemdarxemme (pltM)lpF(el s And Anhdkpdi es were

tested in a dose dependent manner. shown in 3, DLI 1 showed

super {dr  BdiigwF {38, élii‘é@dts‘épeﬂﬁ‘egr%tﬁé@b‘e‘tﬁw qleraatﬁettﬁeeﬂ%red&ﬁhﬁhe 8
Mit agenesi s BRpi ng study of DI .5-201 and Dl .5-201-2, anti-hEGFR/ HER2
bi specific antibodies For affinity maturation of D . 5- 201, a light chain

sof t / honol og | bibation af&alucespyhds Do | sesamred (o W6 BEHiRmtibalne  sof t

residues wehgus tndamttemg«t@,qnuwa?ms Wvésqgété/(p?hé'ﬁ§CE'@'€elf 1t1eq3tﬁﬁ§y was 50%
Some residues were random zed usi hg codons encoding for wl REGzzpe resi due

or honol o TesHdBeS. Marassaofivl wgr-%ﬁ-‘atiﬁrﬁﬁ&%a%haélnpm%lezelt)?ffiE da resi dues

besi deg WeLER! YRR g@0Eh (1008 Qas/wEINRsIsimueRI®ith BREFUeS R e pHiGRapged.
Figure 14 ill ustrates anot her sorting strategy for the affl nity maturation

of DI . 5- 2&% semp, il agtikqdies twspestqd)in 5 doxg fependanf memgr nASHPYN HORBM®E3:1 i brary
was sort eghy a5 sHWRY sipeSdacEles €hiPSEl to the monospecific antibodies.

Example 8
25
Mutagenesis mapping study of D1.5-201 and D1.5-201-2. anti-hEGFR/HER?2 bi-

specific antibodies

For affinity maturation of D1.5-201, a light chain soft/homolog library was designed
on selected amino acids. Some soft residues were soft randomized, where wild-type residue
30  frequency was 50%. Some residues were randomized using codons encoding for wild-type
residue or homolog residue. Some homolog randomization allows 1 or 2 extra residues
besides wild-type and homolog. Finally, some residues were unchanged.
Figure 14 illustrates another sorting strategy for the affinity maturation of D1.5-201.
In this strategy, D1.5-201 light chain soft/homolog library was sorted as previously described.
35  After three rounds of alternating plate/solution sorting was performed on HER2/ECD under

increasing stringency, single clones were picked and assessed in a single spot ELISA to
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After three rounds of alternating plate/solution sorting was perfornmed on
HER2/ ECD under i ncreasing stringency, single clones were picked and
assessed w0 2a108i0827e spot ELI SA toi sol ate cl ones that recaiusedodessk3 bi ndi ng
activity for EGFR and HER2. Anong the cl ones assessed, 77/192 show bi ndi ng
for both EG-R and HER2.. T equences. o 1.ght i ariable region for
the sol ocEOASA PRIy AT Rath R crgroopPaEs e FERS AdsifeSotse e
det er m neeakséskdd, 57/ PRIshHGERUND fNGothFHGFRANdHER1-2 (SEQ ID NO. 37, DI . 5-201-3
SEQ I D NO 38).. Phage | were cal cul ated. for two selected affinity
matured bi speci P Sc?q‘ger‘i‘ffisggg%§{“’(‘ﬂ?“§glﬁé¥l"é‘, © ?Seﬁa‘i"%f&]@‘}tya’?‘l{) evi ousl y
descr i bedEaRR/HERIIAdped i¢ mtibbdis&-wOd dgpamaft (ol.e0el (SBotlm ¥dfisndDt y-208ur ed
bi specifi i badi [ d,affini for HER?- and ECGFR- ECD.
Bt e ot NG 4 E B At LB st bl e TR POyt or od as
descr i bedafiaty Matied bishtdifiy dnfibddie (BOC201-2mad.5-D) 5PpEs ipfdvivudntiésboistidasd Wi t h
specificity for, E d HE | . Ih and DLI Lf) .and . ant i bodi es
sheci 1o bt sl kg e et pperesbrhaBoobilaia 1 gnt chai n
am no aci thefeeguaffngy afr HBIR2-HAD addeEGHOBADI N SEQ | D NGs: 12 and 13,
respectively. The heavy chain and |light chain am no acid sequence of DLI |
f are shown in SEQ ID NOs: 14 and 13, respectively. The heavy chain and
| i ght i€¢hai n am no acid sequence of Mhidypko b are shown in SEQ ID NGs: 19 and
13, respeg i}/g .anc; t he heavy chain and |ight chain am no acid sequence of
f

DL3-1 | MU0 D NOs: 20 and 13, respectively. Biacore
Affinity AssayDLhewhd facthdigfabt imatuiddes désoribddlaboveliesanitg BLiwoladditibdaei r EGFR and

HER3 targets re.determned..in th | | ow i acor .,.Both DLI Ib
oL P Bhhagiehs bTbE Sy o kR nd HERY oL AR BE AP en (o oLp 1.
Measur enemitiboiiey pedfinfor HERAGDSIH ffaasd PL&S MD.NTHedsanahaia andlight Blahcor e(t m
2000 instrunent. . (GE Hea re, .Bl Aco i i ences, Piscataway, NJ).
CDRas | Brctirgei fes pLRLr Bremoup s it MRt B8 T E et BORR Kt no- aei ds
1- 637) anteany tiain HdRZht(chtih AMindGLdSeduedOf DveTfarcdhone th SAY D HOosarAmad | an
expressi o ector .containing se es.encodi ng the Fc.region of human | gQd
to gonor at MRITANCIEC B SPB B DL I CRECEREY PR RO
(2. 65mg/ mkhownhit FBQ IHERRS: 1994ad 16 IePoeTyelapd ke heavp chdi eeidighychhihansicent | y
transfecting Chines ter ovar ells a uri.fied via protein A
T b e PR T R R NS 2 b LE RIS Sormrn ot - human
EGFR 2@&m no acids 1- 637) was cloned into a manmal i an expressi on vector
cont ai ni ng a N-term nal flag sequence. The binding affinities for DLI | f

as both a C4HE“-gE%nt i body were determned. For the Fab assay, the DLI
| f Fab was t hehabiadiyg &fiairics foBBLf ibaine DLOVRheIEECND a PR MAekR wehe

determined in the following Biocore assay. Both DL11b and DL11f showed improved
affinity for their targets as compared to DL11.

25 Measurements were done using surface plasmon resonance on a BIAcore™ 2000
instrument (GE Healthcare, BIAcore Life Sciences, Piscataway, NJ). cDNAs encoding the
extracellular domains (ECDs) of human EGFR (amino acids 1-637) and human HER3 (amino
acids 1-640) were cloned into a mammalian expression vector containing sequences encoding
the Fc region of human IgG1 to generate human Fc fusion protein. Recombinant human

30 EGFR-IgGl (2.65mg/ml), human HER3-IgG1 (3.35mg/ml) were produced by transiently
transfecting Chinese hamster ovary cells and were purified via protein A affinity
chromatography. ¢cDNA encoding the extracellular domain of human EGFR (amino acids 1-

637) was cloned into a mammalian expression vector containing a N-terminal flag sequence.

The binding affinities for DL11f as both a Fab and IgG antibody were determined.
35  For the Fab assay, the DL11f Fab was the analyte and was flowed over a CMS5 chip where the
different ligands - human EGFR-Fc and human HER3-Fc- were first captured using the
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different ligands - human EGFR-Fc and human HER3- Fc- were first captured
usi ng theBl Acore human Anti body Capture Kit (BR-1008-39, Lot 1002061 1). A
2-fold diwotzoomoseri es of DLI | f Fab was injected in aPcangeo1of2£92244- 250
nM in PBS, 0 05% Tween20 at a flow rate of 30m /m nute at 25C. Between each
i njection f usi.on nds yte esiu ari de was used
to regene}3 é’et agér?§39dy PRyre (@fr&ié?&é 3:9| %%%wggﬁfil @ﬂc‘ﬂ’fﬂnse"?

det er m neot 1h1e1 1afFhb whdiyjeatoiataanies 006.242-250InM B S, 0.0h4 Mael2GhR: ﬂml rdidaiman HER3
Fc fusion el ns he signal fromthe reference cell S subtracted from
the obser biy/EuY %%&d%ﬂ oh RgeH VTR B oL Ggedend AP Abdl by

non- | i neaMa{;@&fuﬁﬁcﬂ&'&e fvhd bk r@%en&rgﬁ tl&i:%ﬁo@&ﬁ&(sﬂl 04 o r§te Lo ll-/i%iﬂﬂ”“' r
bi ndi ng nodel using Bl Acore eval uati on software (GE Heal thcare versi on

4.1, suppltp defensyng healfainfoastety iDL Hibabrie e QR oid yme FIEBI &Rt at i ve

Concent r akisRA pﬁ)fteng-{he Elgflal Rk thl RRAM:c &@W@asKﬁﬁ%ct@d fﬂ)ﬂlﬁ{e dbidrtdingt and Ki netics
constants for al fusi ons proteins. bound to human EGFR- Fc

with a KD%@?@ﬂrgrémoszﬂcg@nﬁmtww p@cw%w quﬂw@qIéeg}‘\ﬁselﬁn Attirpof/he dda of 0. 39 nM

A second ge&%ﬁﬂgrf@mallmﬁg}&qmmﬁ% Mo sgipg B HrcteQalRbR ki @ifg ki neti cs
fromDLI | f I human 1g@ was i mmbilized on the sensor

chi p CVB, Halthcaronumeen 4 Lisupriid EJGbRﬂ@é‘éfa%tWGT Aurase iFERMf e sprepeidivased as t he
anal y{@. &edilich &hdmﬁr%@ nwgséa&fvemﬁar%% -88 SindRd (H4PRA rHER3- ecd was

injected in a range of 244-2 nMin PBS, 0.05% Tween20 at a flow rate of

30m / mi nufefugionpmeteing; Iablllrféahkb%ti fclunyie ESTRtcorif el valse plok 9% Md ambp. DLI |

f bound tg,ﬁﬁm@mlﬁ@lﬁgv@ggwngu@mﬂﬁlﬁm Fc with KDval ues of 19.9 nM and
2.63 nMrespectively. In both experinents, we observed that DLI | f

anti body has aAdewsil strsrmesalgopdition wasghleredfa obiin hindipe kipgtrs from-lbr EGFR

The weakep, g6t Ha{etm@ﬁfﬁ%@geﬂ w%mﬁﬁdbmea or2thf Qernsé:}%%ﬂ dl\%? &RI AbSordAEN
corrpar ed to exgerl ment coul d be due to a difference between havi ng EGFR

ecd of> HElg™ Eisecdrafl Wé@ R Sendutaroprcdpdhe telvie deplobt digorerienefi on

I mobi | 1 ZgehMEdHeedd AWhGEEd HIERE-Bod Wb irlj&1daqS 8 tabEotld k- 25hGHEn PBK! | - domai n
receptors as free ECD may encounter nore entroprc penalty for bi ndi ng

ener gy whe8ASTerTvsendital o Aow Fisofri@glininiisgt 21 Cualdens kafefipsivery detgminelps showed
simlar bipengp, afﬂLl'i'fﬁduﬁ&tofh%an%BR%@&j aﬁ!ﬁﬁﬁnaﬁ’ﬁ%{ﬂ%ﬂ' Fd w1fct}1 ngafﬂles I%f ?34 ar

conditions in a separate Biacore analysis. : | ost the
ability toMgpdadiop mMaszcttyue}ydlntb@thEe@@lmmtﬂ we p@?lapﬁihnfgﬂplﬁéalmbpd}i hag at o

speci é(b c al:(LIl\éIfSthg Fod llﬁigg? Ffﬁln F—I‘E‘R@ @haﬂffoﬂw ﬁe %@Aklelp;{fﬁllu 1@5%@(1 i

Inhibition o ration by DLI
i nvesti ga@mrlmsntdégrcwlﬁ@@bp@bwl@n cmpﬁemlexpebm@nul ®uld biefdu¢ tors %ffqre@e

rolifera 19favi a " " ti body.
B gure 155&%%%; &Q¥%ﬁ3%ﬁgc‘?fijﬁ@§&d%ﬁ H}ztaérsmgllfsu_ gﬁ%v}g?e&%ﬁf %ir:%ﬂuﬁ o8 1.0

ug/ m . | nhinphetiliaed o thedlowpall elriD. heﬁme&zblﬁmh@hwﬁh@mumemwm # f\MCF7 cell s.

ECD may encounter more entropic penalty for binding energy when in solution thus resulting

25  in weaker affinity.

DL11b showed similar binding affinities for EGFR and HER3 as DL11f under similar

conditions in a separate Biacore analysis.

DL3-11b and DL3-11f lost the ability to specifically bind to EGFR while retaining
the ability to specifically bind to HER3.

30
Inhibition of MDA-175 cell proliferation
Inhibition of MDA-175 cell proliferation by DL11b and DL11f was investigated as
described above. Both DL11b and DL11f inhibited proliferation of MDA-175 cells to a
similar degree as the DL11 antibody. Figure 15. The IC50s of DL11, DL11f, and DL11b

35  were all around 0.8 — 1.0 ug/ml.
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To determ ne whether DLI | f could inhibit heregulin induced HER3
phosphorylation in MCF7 cells, a receptor phosphoryl ati on assay was

per f or redwa0tewsr2rbed Exanpl e 6. The resul ts denonstraPeTiusat10opg023 f

i nhi bited heregulin induced HER3 phosphorylation in a dose dependent

manner. Figure 16. Inhibition of TGF-a induced EGFR phosphorylation in
stably transfected EGFR-NR6 cells To determne if DLI | f selectively

bl ocks TCEhabididndi 6&de Bt QoS gbhdiion & MEEREYRr phosphoryl ation assay

was perforned s descr The dat e 16 denonstrate
that "oU 111 i dreaecgher R TRk sutior read 1R i erge e aependent
manner i NidkMCB7 eglk)a bapedpassyylatidnlabsagivas feforrhdd as dédchibdd Bxemple 6gmast h i n an

he efT ectd bt BEF 1 3R e o 3 Bes oG oo e bl b

per f or medd@sndeal hans:. Fekdidei ge mice (Charles River Laboratories, San

Di ego, CA were transpl anted subcutaneously with HCA-7 tunor pieces. Wen
tunors reached a nean volune of 100 to 250 mB, mice with simlarly sized
tunmors wepgisimndy rzrbmdmmtemcm @h&s@mwza@&mh t@bz(v Iﬁu%‘@ft@ﬂﬂ@ﬂ@ﬁmﬁ ik ows:

Vehi cl e (PBS), Pertuzumab i ]‘gvz D1. 5+DL3 6 (25

my/ kg each), DLP dgterpus ifpL bf)sele%VVGIBMOCkS FGR- 2511%7[%@ PBHIE Aer e

adm ni@t efe%giot(‘)rgﬂmf)@ﬂ@r&laﬁ%%ylvyas pa%ghl@@asrbgseﬁbwm@xaﬁsplle@a%@&hwﬁ%@o or 50
nmg/ kg) on random zation and continuing weekly for a total of

three tredt ﬁ@mnstratermtd?lsllﬁ@h@ﬂﬁﬁ@gmle@cm EGFR ahaspeargatiopiiea deseweek for the
durati on 85 B&‘ﬁnﬁ&ﬂﬁ?yntﬂ%&ﬂb‘é& 6 used i n standard rodent nicroisol ator
cages. Envi ronrrenta control ‘he animal roons were set to maintain a
tenperature of approximtely 700F a relative humdity of approxi mtely 40%

- 60% and an %Pl%ﬂ@ﬁl?zn%ir%@%%m%h/a% z;(?vzb((?;l')l[)déjark cycle. Mce were

mai nt ai ned accordi ng or re and Use of Laboratory
Ani mals, and t AdlGAddymevsnypéant @ma&a%dwapmdivéaemnqmeeﬁfmvﬂ Rlutliapdal

Ani mal P?l?f%‘ihﬁﬁo%%ow ”l(ﬂea u?r%#ervo urhts‘f’(ﬁfawsu-l 1 and DLI I f were

equal ly effective in redlci ng nean ' me In this xenograft nodel.
Fi gure 17. DLI SEID bdige mice {GherlgsRizer habpratomds| Saniggoc €A weeaimnsplaigsdel The

anti bodi e omthe
uman. NS b FER AR TG Mo Sk R G LR B R T 1
wer e i noc&ianed, migbpyith simslailssigediimers waternglemizedhinCBIASAf haitte. Ani nal s

th A6} YouS| efic t hor t
Chegy 38 0 Lfoldoup) GIHIGHTYCR .%’ﬁéﬁ?‘iﬁf’%@ﬁ%%l g} PIREERRAELTOL Se 05
mg/ kg), DD3.51RB3.02% mefkkepeh). DLIT £25naokaiyy Rg) | @F npksbwDE8merHWERS ny/ kg
each) . Trealnenlg i g&té‘&gﬁlgnb§é1ﬁﬁ§gﬂm'ﬂmafﬂgﬁﬁﬁé(R)rs]@@blo}'SO B%Q% I Rgaali th a 2x

| oadi ng dose (50 or 60 ng/ random zati o nd conti nui ng
weekly foef ran(ioml@,tlo@qmdfcgmnumg weekly for atotal of three treatments. Tumors were

measured with calipers twice a week for the duration of the study. Mice were housed in
25  standard rodent microisolator cages. Environmental controls for the animal rooms were set to
maintain a temperature of approximately 70°F, a relative humidity of approximately 40% -
60%, and an approximate 14-hour light/10-hour dark cycle. Mice were maintained according
to the ILAR Guide for the Care and Use of Laboratory Animals, and the study was reviewed
and approved by the Institutional Animal Care and Use Committee (IACUC) at Genentech.
30 DL11 and DL11f were equally effective in reducing mean tumor volume in this

xenograft model. Figure 17.

DL1Ifis active in a non-small lung cell cancer model

The antibodies were tested in mice with established tumors derived from the human
35 NSCLC line H358 (ATCC CRL-5807, Manassas, Va.). 5x10° H358 cells were inoculated

subcutaneously with matrigel in CB17 SCID mice. Animals with similarly sized tumors were

103



treat nent
dur ati on

f is actiwe 20r/108i23 NSCLC nodel

growth th
specific
DL3.6 was"

for its t
chain am

S. Tunors were neasured with calipers twice a week for the

of the study. As shown in Figure 18, the bispecific antibody DLI |

an a conbi nation of an anti -EGFR specific and an anti-HER3

and is nore effective i RCITUs2EI0ORIOY3 t uNOr
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FEBENT or oS WE© geet
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BRSPEVICER Jiegl BT e dprguig) FFtedidyy ty in
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Animals with simlarly sized tunors were random zed into

treatnent cohorts (n=9/group) as follows: Vehicle (DLI If formulation

buf f et() anti - EGFR anti body (25 ngkkample amti - HER3 anti body (50 ng/kg), and
DLI | % Tr eat ments were administered intraperitoneally,

beglnnlng ng dose (50 or 100 ng/ kg respectively) on the day

of random zat i Dn3ams Gathti dfﬂhlfygnameckhsydeﬁ(ﬁlﬂ)e(aaﬁoﬁé @bulrig ih additidnaleatinent s.
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study. As

Uvo bbby A eRRe ARy at PrteY, 5 FERS. orven pancreat) ¢ model

dur at.ion of the

HERTEATARE A &SP RE e B SaRt et B eB ST ond' neck

cancer rmﬁzﬁbntamdaody:Dmﬁe Eid ety ané light chaih hlainb iacig séquemes GTStdd drdhan ei t her

If, an anti - EG@RSI&WnIleQW;eS ﬂ)@ﬁﬂd@pﬂﬁ@lllﬁm3ﬁnaﬁrﬂﬂ}dfﬁl&bam HRady were
m.ce W st shed f.romthe pancr at| cel |
Bl B3R fEOT g MR s G B b e T feBibe fas el at e
aesslibediaboveBl7 SCl D m ce. An| rral s wth simlarly sized tum)rs wer e

d into treatnent cohorts ﬁn:8/lgégup) as follows: Vehicle (DLI

testedin

BxPC3 (AT

subcut ane
randomn ze
formul ati
anti - HER3

25

30

35

on buffer), anti-EGFR anti
Latd ooy it 5Oduhéay /i madd dlebhd 3td Hedbsq@hdQ el carcinoma model

DL11f, a commercially available anti-EGFR antibody, and an anti-HER3 antibody

were tested in mice with established tumors derived from Fadu cells (ATCC HTB-43,
Manassas, Va.) 5x10° FaDu cells were inoculated subcutancously in CB17 SCID mice.
Animals with similarly sized tumors were randomized into treatment cohorts (n=9/group) as
follows: Vehicle (DL11f formulation buffer), anti-EGFR antibody (25 mg/kg), anti-HER3
antibody (50 mg/kg), and DL11f (25 mg/kg). Treatments were administered intraperitoneally,
beginning with a 2x loading dose (50 or 100 mg/kg respectively) on the day of randomization
and continuing weekly for a total of four treatments. Tumors were measured with calipers
twice a week for the duration of the study.

As shown in Figure 21, DL11f is active in the FaDu head and neck cancer model and
is more effective in inhibiting tumor growth than either an anti-EGFR specific or an anti-

HERS3 specific antibody.

Example 12

In vivo activity in BxPC3 xenograft model, a HER3 driven pancreatic model

DL11f, an anti-EGFR antibody, pertuzumab, and an anti-HER3 antibody were tested
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Treatnments were adm nistered intraperitoneally, beginning wwth a 2x | oadi ng
dose (50 or 100 ng/kg) on the day of random zation and conti nui ng weekly
for a totwb20ofo/fos1zr treatments. Tunors were measured w POTABRIPOLH2I W ce a
week for the duration of the study. DLI | f is active in the BxPC3

ancreatic cance | .and is no effective in del ayi rowt h than
e - aner S et Sied fitct dorVal Fork e Phpdegrte PR A PR OO0
22.) Exanmpéss, M3ndssns Wan0 1@a i BHRCGB cells WSELnGoTatdsuBewt@neglydh CBrpdeip DLI If, a
comer ci al |. v.ai lsabl e. agj}ﬂi -EGFR anti bodﬁ ang.an anti - H@B anti body were
tested i n"HCcRMIRERRSINETY SKEHUPGToYLe RRiomizd it SRTPHYE CRESC | i ne cal u- 3
(ATCC HTB(BESB/grdpnassisys: Vahikle (DK L1 f@6rnfuakibn Bufte), [agti WESIFR anfiltuely k2 ed

subcut aneously in SCI.D.Beige.mc Ani mal.s wit im.|lar i zed tunors were
o D eRuaY ptR s et art S Red (M B gal Yufidre 1oL 1

f or mul at i Oreataiehis @fcye adaitisterGnRafitanBORybedRing/ith@)2x I@idinig-dbkeRS0 antonbody (25
ng/ kg), and I f (25 /[ kqg), Treat.nents re admnistered

o Pk e b o e SRR Rt R R LR PSR day of
random zatiufors antk maniredwithgilipaeidiye { eedkifortiRBirbioneetk yhdf.or a total of
four (eight) t nts.. T rs.were neasured wth.cali S. twice a week
for he o het BT w R R e e 2 o L i e R B oot

cel I 1@ungdaayigemmobgtewthana citberab aei-BGF R gfdcifie or in aheiliayR Ngetitemitibgdyowt h t han
either an anti-EG-R specific or an anti-HER3 specific antibody. (Figure
23.) Exanpl®™4a4n vivo activity in epidernmal A431 xenograft nodel DLl If,
a commercially available anti-EG-R anti body, and an anti-HER3 anti body were
tested in mce with established tunors d §ived fromthe epidernmoid cell
line A43 1 (ATCC CRL- 2592, NﬁnassaM 5x1 06 A431 cells were

i nocul at et swhetHtiane oSSLy Culv- SehbdrBeingée/m ce. Animals with simlarly sized
tumors_were ra 1zed into. tre nt. ort. n=8/ gr ou s foll ows:

Ven oTs"Thur 1 £ BEa M Gt PR b A ok fl R Sty o h ey

ant i - HER3wgkQestad/ik hjce wamm@stbhlishdd thmdrd derbred fidm2me NYLIKQ Jine Jal@at(@WHACS wer e

adm ni ste n i ntraperiteneally on the day, of random.zation.. Tunors
ror b mac R s TErs 0P RRY ik Moefit Shal R aoR A SEIP Bl oy S bue
to the fasiierAshaBmamcanitily BDizéd imbrseaipan®ehited ifth @camtitc&@HR anti body in

ant | body. (ToGrRItgaeh  svesBRparaprEnet Bttt Bt evat S 18ER t oget her.
DLI 120 i nhighkg}, anti-HARB agribodd (25inty/kheanddB11Eps thekaplreanesrwaddel as wel | as

the anti- allz mir%staepegilirgt%ggﬁtoéegfl)g, %égemn%rﬂg' \)/ithEa{(?xnlEa!lcﬁnglcﬁ)se (50) on the day of

randomization and continuing weekly (anti-HER3 biweekly) for a total of four (eight)
treatments. Tumors were measured with calipers twice a week for the duration of the study.
DL11fis active in the Calu-3 non-small cell lung cancer model and is more effective
25  in delaying tumor growth than either an anti-EGFR specific or an anti-HER3 specific
antibody. (Figure 23.)

Example 14

In vivo activity in epidermal A431 xenograft model

30 DL11f, a commercially available anti-EGFR antibody, and an anti-HER3 antibody
were tested in mice with established tumors derived from the epidermoid cell line A431
(ATCC CRL-2592, Manassas, Va.). 5x10® A431 cells were inoculated subcutancously in
SCID Beige mice. Animals with similarly sized tumors were randomized into treatment
cohorts (n=8/group) as follows: Vehicle (DL11f formulation buffer), an anti-EGFR antibody

35  (12.5 mg/kg), anti-HER3 (50 mg/kg), and DL11f (12.5 and 25 mg/kg), Treatments were
administered once intraperitoneally on the day of randomization. Tumors were measured with

calipers twice a week for the duration of the study.
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In vivo activity in nude mce bearing xenografts of the patient-derived
breast cancer MAXF449. DLI If, a comrercially available anti-EG-R anti body,
and an anwD-2biBR®sEMt | body were tested at Oncotest GrbH, PEraiskano®280er many.
Oncot est passages patient tunors, |ike the nannary cancer MAXF 449, as

subcut aneous x S i n nude trans Iantatron of
P ior s e on o Bs AR bt oS i bl s PR aft-ECER atBRgT Bt et o wi t h
srnrIarIstnmedmﬁuﬁﬁasmmeﬁ&mﬁanﬂeampﬁdhbmkﬂmﬁmmﬁmnmﬁbmpemaﬁhsoéﬂmﬂ@/group)

ma/ ko) | antovRbl PphE e Fh T o B Begs ot ettt e o

adm ni st eggdermal dagqeetbded Beatll 44, thdgi FUHRGhtivd dyh(Faguze24.)oadi ng dose (60 or 120
ng/ kg %espectively) on the day of random zation and continuing weekly for a
total of four treatnments. DLI | f and anti-HER3 inhibits tunor growth in
the MAXF44 breast cancer nodel whegeasplth® anti-EG-R antibody has no effect
(Figure 22)“ Exa. I.n vivo actlv t n orostatg DU145 xenograft node
DLI |1f, alCligdst gupexepag uiisabihe palenderiied bigds cncen o i HERS
antrbody mememt%sted at Prednnnt Research Cent er, Norrisville according to

Pi ed t d d
ot r eat mont DEERGR oSy Al ST dnfingh @ﬂran‘ﬁ%? HRY R R
anti botly (2% tagdlkgPncotst GmbERIcibn, Gaghlog) Oadftdestvf&\@agés@atﬁeDLﬂmersf likk@rerrul at i on

buf f T t t t d t t th
2 | oadi ni 6048 o SR AB0m MRt FieEat iR ) MRy ERF oo zat | on

and contrnumﬂ@mm&ﬁbfymhﬂﬁhﬁt@mahmﬁ&miaumnm@gatman@Ssmﬁbhﬂtamﬁmaehmwe in
DU145 prost at cer nd.i nor e ef Y i nhi bj in t unor

o owe -1 DS Han rorane Rl ot i e | Drih "R ¢ Cant i body.
(Fi gur e ZBL)HEXC&E’@) | antl-EGFR amlboﬂyaxc)tmg/kg),;anumamcda) mg/k@ ahezarelmag (Dl[en(ﬁgr afts of

the p i ve ri.an cancer canmer

vai | Cbi o mpiatonepted TRy SR aam e sl OE T ORPEY b Gbt 2 at
Cncotest Gﬁmmgmﬁéeﬂhmngom@&gﬂapymvanqmnﬁshypa&ﬁagﬁsmmahmenmummqprs, li ke

t heovari an ﬁ? @ QZXE g? Eubcutaneous xenografts in nude mce,
fol I owi ngV8F YR 2 {9 PLEREPSn of tumors from donor patients. According
to Oncotest' s ptmnbm@mmlHBRm&m&nmhmmngmetanhmwakredmeunameaWﬁmelrandonized
into treat ohar roup),..as foll . DLIIf (30 ng), anti-EGR
anti body " ﬁ%ﬁ‘? YEGhy t““é%{ﬂé‘a%tﬂ‘?%fﬁ‘/8£%t? /kg) and Vehicle (DLl 1f

f or muk@ti on buffer) Treatments were adm ni stered intraperitoneally,

begi nning with a 2x | oadi ng dose (%p or go ng/ kg respectively) on the day

of random zation and conti nui ng
In vivo activity in prostate DUI45 xenograft model

DL11f, a commercially available anti-EGFR antibody, and an anti-HER3 antibody
were tested at Piedmont Research Center, Morrisville according to Piedmont’s protocols.

25  Animals with similarly sized tumors were randomized into treatment cohorts (n=10/group) as
follows: DL11f (25 mg), anti-EGFR antibody (25 mg/kg), anti-HER3 (50 mg/kg) and Vehicle
(DL11f formulation buffer). Treatments were administered intraperitoneally, beginning with a
2x loading dose (50 or 100 mg/kg respectively) on the day of randomization and continuing
weekly for a total of four treatments. DL11f is active in DU145 prostate cancer model and is

30  more effective in inhibiting tumor growth than cither an anti-EGFR specific or an anti-HER3
specific antibody. (Figure 26.)

Example 17

In vivo activity in nude mice bearing xenografts of the patient-derived ovarian cancer
35 OVXF550.
DL11f, a commercially available anti-EGFR antibody, and an anti-HER3 antibody

were tested at Oncotest GmbH, Freiburg, Germany. Oncotest passages patient tumors, like the
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weekly for a total of five treatnents. DLI | f is active in the OVFX550
ovarian cancer nodel. (Figure 27.) Exanple 18 DLIIf medi ates anti body
dependentwoebioosr27cyt ot oxicity (ADCC) in vitro and in eCraiS20blo2d023

medi ates ADCC in vitro. A431, H292 (ATCC CRL-1 848. Manassas, Va.), FaDu,
BxPC3 and MDA 468 B-1 32, Manassas, Va.).cells .(all from ATCC) were
plated i nO%a%@“?er&ﬂ%é&gﬁs“%ﬂﬁanﬁ?‘%gP?@@ ot ﬁuﬁ%%%&ff@hwaéﬁq%@ﬂt rations of

ant i bodi egansgthiit@on Pr &mofydtdRsdonoipafiéits. BCcordinpth EBcadst’ SprofdCols sdhalt @tth

peri pheral. bl ood nonucl ear cells. (PBMC) were add and t i ncubati on

P ont FnucdsiPgp A FOTE O S Moo ! SRS U B Bt Bt wer o

cent ri f uged1 BMeh hheasipEFRattdodys 3Maizke)) alitVBEER 8 shtibddeo (bl kgahd Vetigle i N t he
super nat a s determ accordin o. t he Pronmega Cyt oTax-.One.
onmoeneold HEREPUREST TG ey e Dbl an g TRt G B s cent age
cel I nedi at pddiay i@t 60 g i1 2ymE/Re rapRiadd oalisatp anGedongistios adddehwdued and t he
backgr ound S, subt rlaﬂ.ed. As shown in Figure 28, DLI | f mtigates ADCC in
EGFR exprggf\é\%%hgr?:@tal F V&MY dose dependent manner. An amino acid
substi t uti on ODLNZAY#tiwas tha O VDR sEDad atiditcanddk model f(Figoredgl)et e t he ef f ect or
function. N297 is required for FcRg and/or conpl enment binding. DLI 1f-N297A
exhibits a lack of ADCC in vitro. As expected, the growh inhibitory
functi®n of DLI | f in vitro is not affected by the nutation. (Figure 29.)
DLI I f and DLI |f-N297A were tested ir] ice with established tunors
derived fromthe NSCLC cell line H CRL- 1848, Manassas, Va.). 5xl 6
A431 cel | LYW IR diae akiitatiedepsiiesiiicBuNgobislioriditd (AD BT inSGFdnnal i€ @vo. Ani mal s wi th

os ol ows: vonEL IR B ATGC PO PATT 4Ph A CE P REER s SR M ey and o
as follows: Ve 0 ’ X ’ 'ngrkg) an
| f-N297A Fapg/BkpJ3 anMBAMBR{ ATOE HEBab2] Masdsek ach. )ocule (dlinftanapecCi vaeal | y on
the d of, random zation. .Tunors re. neasured with_calipers._ tw ce a week
H Gt A e TR DA (S M el R R R R SN I A
iBnPi bi tgdiri:ulﬁigpn i Mhlél&gm Mfﬂc?mm%q ﬂgyiphdghibbiotl hmgoﬂddEBar?:ande(siv@trbal i tng.

ut as dos i m ni she ) exhibite § n nti-tunor activity
Compar ed bR b B Endomtitet 45 bt B0 R s B B TREESS Bl o
19 DLI | tenirfugcdinad thoxiperiahan weet axicsed The LOYinonwlygu the ApitkeyuatsAvast udy was
O o e LB el YR TS b SRS e
DLI 120 oproceftex immbt_eﬁﬁaepihb gérf:e\ﬂltugb eaahmidﬁdmot@ﬁﬂiymm@-ab_smhme weekl y fo_r
StX Weekswg'rse cnglllllath\grid ﬂ% l?a%l?grg'ﬁndc\:veats léll)li)ltrac Qd. %55 sﬁr(gx//nlgg Fig%e%?DEll’f m[l)&éaltestS Mg/ kg;

ADCC in EGFR expressing cell lines in a dose dependent manner.

An amino acid substitution of N297A was introduced into DL11f to delete the
effector function. N297 is required for FcRy and/or complement binding. DL11{-N297A
25  exhibits a lack of ADCC in vitro. As expected, the growth inhibitory function of DL11fin
vitro is not affected by the mutation. (Figure 29.)

DL11fand DL11{-N297A were tested in mice with established tumors derived from
the NSCLC cell line H292 (ATCC CRL-1848, Manassas, Va.). 5x10° A431 cells were
inoculated subcutaneously in C.B17-SCID mice. Animals with similarly sized tumors were

30  randomized into treatment cohorts (n=10/group) as follows: Vehicle (DL11f formulation
buffer), DL11f (6 mg/kg) and DL11{-N297A (6mg/kg). Treatments were administered once
intraperitoneally on the day of randomization. Tumors were measured with calipers twice a
week for the duration of the study. Initially, DL11fand DL11f N297A inhibited tumor
growth equivalently by inhibiting HER pathway signaling. But as doses diminished DL11f

35  exhibited prolonged anti-tumor activity compared to DL11fN297A due to its ADCC
capability. (Figure 30.)
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Goup 3: DLl I f 12.5 ng/kg. Al 3 cetuxi mab dosed ani mal s devel oped skin

| esi ons between the 3rd and 4th dose, indicating toxicity. This result was
expect ed wa=en/ws12pri or Cynonol gus studi es conduct ed duPCmgiSEDA/029p3 oval of
cetuxi mab. None of the DLI | f dosed aninmals showed signs of toxicity at
this point in the study. One of thg ani n?:s receiving the 25 ng/ kg dose of
DLI | f devel oped a skin |esion on ollowing the 6th dose. This

| esi on rT'eB)&lllIfﬁdle@@[l@ilﬁﬁiaﬂeéﬁuﬁdu’ﬁalﬂmI‘Uv)iorﬁag‘i_lsa;ﬁdlkv\ﬁs very mild and limted to a
smal | er area when co esi ons_ obser ved. xi mab treated
oS, - BagedAGRY RAv sl PR e BR et e B LT <

t oxi col og¢ysdnudiyus n@XRGS uer agfignee intxihfe Graupd ahd dostéd Fithwgther BLMifbar in the

ani mal s dosed f each test ound. A secon scal e
Study was SIEvPar can R R R PO BB CBHE o 65 At B Ronkeys ver o
assigned into S}roup@roumamamds ae&ed, by intravenous administration, with

ei ther DLI 1f E ﬁJ&S ntrol once weekly for twelve weeks as foll ows:
Goup 1: 10 np ]? é‘? $emale) - Vehicle Control Group 2 : 10
nonkeys (5 nal G&cﬁlpBeDalH‘)lszhﬂlg/ltgf 5 ng/ kg G oup 3: 10 nonkeys (5 rral el 5

o/ ko G oup 5 M HeRayS I3 HEindl st By bontdel e e o e Bl o

nmonkeys ( ﬂldfmﬁ@taxlélaimhle)esﬂL%asﬁld‘xpéﬁbdﬂﬂéehgn DaseCyabmblaes ﬂ[ﬂlmblﬁiuetxdill bI t ed any

appar ent kl n Xiciti es dur.i during .t covery period
FoF Fow ng Ot HE FE el g NireR Tate it T T gt sndfie 5uRESpeh
adm ni st rai:dcﬁ;naﬂ:ﬂﬁs@bludyith/«afamdm so conducted in cynonol gus nonkeys. In this

of "Dl Tt TheOmregbe i G Ee PSS S ATt e Hohed A HaTPonQBha st ent

W th a satvaglabll@vied danbanioe:. athidiasoeasurs®@gproxirhhclptidiek 7&0kk} arget | ng
anti bodies. Al |l patents, t ent | i cati,ons ent .applicatign
Sl DL B e R G B s PR B PR bRt B R RhR e SR TR o

speci f i catrtaddd aatrealdrer el n i ncor porat ed by ref erence in their entirety to the
sane extent as_if ea nden at ent applicatj at ent

2ppl i cat on puBMeta MAg TR B oLPPa s Spba ek e S TineRei dual 1y

i ndi cat edof @tindbrad DpOTfateedsibiiariethe eines.dChoflaMs md/kg 6 ol feitspeci fi ¢

anti body co rlcahng an antigen-bi ndi ng donai n t hat speC| fically binds to

EGFR and erein the toxicity of the antibody is | ess than the
20 A second, larger scale study was performed under the following conditions.

Cynomolgus monkeys were assigned into six Groups and dosed, by intravenous

administration, with either DL11f or a vehicle control once weekly for twelve weeks as

follows:
25 Group 1: 10 monkeys (5 male/5 female) - Vehicle Control
Group 2: 10 monkeys (5 male/5 female) DL11f 5 mg/kg
Group 3: 10 monkeys (5 male/5 female) DL11f 15 mg/kg
Group 4: 10 monkeys (5 male/5 female) DL11f 30 mg/kg
Group 5: 4 monkeys (2 male/2 female) Vehicle Control
30 Group 6: 4 monkeys (2 male/2 female) DL11f 30 mg/kg

None of the animals exhibited any apparent skin toxicities during the study or during
the recovery period following the final dosing with the DL11f.
A single dose, IV administration PK study was also conducted in cynomolgus
35  monkeys. In this study, 3 monkeys per group were dosed intravenously with 1, 10, or 30
mg/kg of DL11f. The PK over the dose range explored were non-linear, consistent with a

saturable clearance as has been seen with other EGFR-targeting antibodies.
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toxicity of an EGFR antagonist. 2. The anti body of claim11, wherein the
toxicity is dermatol ogical toxicity. 3. The anti body of claim1l, wherein

t he EGFRwoORagomsrRy i s cetuxi mab. 4. The anti body of cl &cmus2omieesoes n t he
anti body inhibits a biological activity of at |east one of EGFR and HER3 5.
The anti body of claim2, wherein the antibody inhibits EG binding to EGFR
6. The anti body of claim2, wherein the antibody inhibits TG-a i nduced
EGFR phosphoryl ation. 7. The antibody of clain11 wherein the anti body

inhibits tunDrAﬁeII %@' 1 The anti b?%%» laimi1l, m@erein t he

anti body bi nds”t'#*§b] aﬁnﬁﬂml?ﬁMQ%ﬁﬁﬁntgm o BYRCH9EY 284 OBai m 1, wher ei n
the anti bptdﬂwhiolﬂd&teﬂ@r E@nid anid tHiEfR3cifibdibn are Kerefindog@satédBiteftn&lh 10. The
ant i body cla m9, wherein th nti body binds to EGFR th a Kd of |ess
than 10~6" He%t‘h‘i‘i‘% Y qg@%as\f “ta?}’ dgpgnast sk P’i‘tﬁ%{ﬁpﬁﬁat?"nh}i’at?i The

ant i body qulleitﬁh Ifmlill],cam&ﬁ publichthe vas tpcodidyllycadpidisaally afiickyRotle conpri si ng
the amno.acid s ce of LSGODWH (SEQ ID NO 48); (b) HVR-H2 conprising
t he ani no“ﬁ%‘?&ra?ga ENEE6f VGEI'S AAGGYTD (SEQ ID NO 51); and (c) HVR- H3
conprising the am no aci d sequence of ARESRVSFEAAMDY (SEQ ID NO 53); and
(d) HVR-LI conprising the am no acid sequence of N ATDVA (SEQ ID NO 55);
(e) HVR- L2 conprising the am no acid sequence of SASF (SEQ ID NO 56); and
(f) HVR-L3 conprising the am no acid sequence of SEPEPYT (SEQ ID NO 57).
12. The anti body of claim 1, conprising(a) a heavy chain variabl e donain
having at | east 95% sequence identity to the am no acid sequence of SEQ ID
NGO 30; (b) a light chain variable domain having at |east 95% sequence
identity to the am no acid sequence of SEQ ID NGO 29; or (c) a heavy chain
vari able domain as in (a) and a light chain variable domain as in (b). 13.
The anti body of claim 12, conprising a heavy chain variable domain of SEQ
I D NO 30. 14. The anti body of claim 12, conprising a |light chain variable
domai n sequence of SEQ ID NO 29. 15. A nultispecific antibody conprising a
heavy chain vari abl e domai n sequence
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of SEQID NO 30 and a light chain variable domain sequence of SEQ I D NO
29. 16. The antibody of claim1l, wherein the antibody is a full length Igd
ant i body.wo20o®si2at ed nucl ei c acid encodi ng the anti bosgTafS2alomapsei. 18. A
host cell conprising the nucleic acid of claim17. 19. A nultispecific

ant i body corrprica'iﬁﬁﬁ an antigen-bindi ng domain that specifically binds to
EGFR and HERS, 8in the anti body conprises (a) HVR-H conprising the

am no acid sequence of LSGODWH (SEQ ID NO 48); (b) HVR-H2 conprising the

am no acid sequence ,of VCGELS AAGGYTD (SEQ I D NO 51).; and. HVR- H3
conpri si ng thglll'am' nd %‘Hﬁﬂ’“%gﬁ%}’é‘ﬁg@ CSFI&’KMW&‘( I1('T%‘)’tNO 53); and

(d) HVR- Lkpec@iogilyibside ¢ EGER @it MER B oiheremangiexicey afthdNinABddvAs IeSERAnlthe NO  55) ;
(e) HVR-L2 co ‘fln?r t he amino acid sequence of SASF (SEQ ID NO 56); and
(f) -L?le&% i '(ﬂfg{?lﬁaegmélﬁti no aci d sequence of SEPEPYT (SEQ ID NO 57).

T | oPeE TR b ST E FES  BORT, Tl
heavy chai n vari abl g, donmi avin t lLeas % sequence identity to the
ﬁrri no acit dI seqa‘eggg/%%? an%log_cﬁ@ géﬁiefe?ﬁ t%%ﬁp?gﬁ_{“a%ﬂ%&?ﬁ;{?tgiﬂfn&g| e domaiSEQ -
aving at |eas e nce . denti 0 .am np. aci eqyence 0

No 29: “or (o) Fa nedby R SERT kot el PRofe) CuREH I charn
vari abl e edemi snca$EGHR @fs) HER1. The anti body of claim 20 conprising a heavy
chain variable domain of SEQ ID NO 30. 22. The anti body of claim 20,
conpriGing a | bght Thaanibadrdfabine2 ddreimths egibedcighibfts BHQinDn)O. 29. 23. A

nmet hod of E{,ﬁduci ng an anti body conprising culturing the host cell of claim
18 so tha{5 e anti body is produced. 24. An inmunoconjugate conprising the

anti body of claim 1 _and.. t.0f oxi c_.agent . . A Fr eutjca é mul at i on
corpr st ng t hetant | SO Br ST SN s SuRATs alPraCaBPRLERF S hbEd natl o
carrier. gesplArytidnod of treating an individual having cancer conpri sing
adm nistering to the individual an effective anount of the antibody of
claim1l. 27. The antThbodipodyfofclami invdereimthe m@ibndyt inkibtatomer ceti@nprth.ses cel | s
t hat express EGFR and HERS.

15 8. The antibody of claim 1, wherein the antibody binds to domain III of EGFR.

9. The antibody of claim 1, wherein the antibody binds to EGFR and HER3
with a Kd of less than 10° M.

10. The antibody of claim 9, wherein the antibody binds to EGFR with a Kd of
less than 10 M and binds to HER3 with a Kd of less than 107 M.

20 11. The antibody of claim 1, wherein the antibody comprises
(a) HVR-H1 comprising the amino acid sequence of LSGDWIH (SEQ ID NO: 48);

(b) HVR-H2 comprising the amino acid sequence of VGEISAAGGYTD (SEQ ID
NO: 51); and

(c) HVR-H3 comprising the amino acid sequence of ARESRVSFEAAMDY (SEQ
25 IDNO: 53); and

(d) HVR-L1 comprising the amino acid sequence of NIATDVA (SEQ ID NO: 55);
(e) HVR-L2 comprising the amino acid sequence of SASF (SEQ ID NO: 56); and

(f) HVR-L3 comprising the amino acid sequence of SEPEPYT (SEQ ID NO: 57).

30 12. The antibody of claim 1, comprising
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28. The anti body of claim 26, wherein the cancer is selected fromthe group
consi sting of breast cancer, colorectal cancer, pancreatic cancer, head and
neck cancwo,201pel08120Ma, ovari an cancer, prostate cancer, pamwSaan/gsvad | | ung
cell cancer. 29. A nethod of inhibiting a biological activity of a HER
receptor in an, individual conprisi.ng adm nistering to.the individual an
ot i ve amouf ABFvY BB RRBAY P Tema TS 4 RIHeBR SR B e S of ogi cal
activity adid eeqtinke 6£SEPIONO: 8). The anti body of claim1l for use as a

medi canent. 31. The antibody of claim1l for use in treating cancer. 32. The
ant i body of cl &)mlighs,chaihes@blk dohleindarnieedt ¢St IBrergiencaideeity todkd afiect al
cancer, pan&reati C fc%ﬁ{ hﬁgad and neck cancer, nel anoma, ovarian cancer,
prostate E3HEEF"BP NG Plng cel | cancer. 33. The antibody of claim 1

for usg in inhibitin .bi ol pgi.cal. activit f.a HER r tor. 3 Use of
the anti body ol st et i pRE ilnASh b s Pl BB iR ee of
a3 v Bl AR R EATR o HEE) TR ShaRlfShPRp e o
pancreat i dOcamcer, head and neck cancer, nelanoma, ovarian cancer, prostate
cancer, or nonsmall lung cell cancer. 37. The use of claim 34, wherein the

medi canment i s fér i fhd ditibodypfthen bl, obrogistmla lagbt ¢haintviridile dontdiEReq@oept or .
of SEQ ID NO: 29.

10 15. A multispecific antibody comprising a heavy chain variable domain sequence

of SEQ ID NO: 30 and a light chain variable domain sequence of SEQ ID NO: 29.

16. The antibody of claim 1, wherein the antibody is a full length IgG1 antibody.

17. Isolated nucleic acid encoding the antibody of claim 1.
18. A host cell comprising the nucleic acid of claim 17.
15 19. A multispecific antibody comprising an antigen-binding domain that

specifically binds to EGFR and HER3, wherein the antibody comprises
(a) HVR-H1 comprising the amino acid sequence of LSGDWIH (SEQ ID NO: 48);

(b) HVR-H2 comprising the amino acid sequence of VGEISAAGGYTD (SEQ ID
NO: 51); and

20 (¢) HVR-H3 comprising the amino acid sequence of ARESRVSFEAAMDY (SEQ
ID NO: 53); and

(d) HVR-L1 comprising the amino acid sequence of NIATDVA (SEQ ID NO: 55);

(e) HVR-L2 comprising the amino acid sequence of SASF (SEQ ID NO: 56); and

(f) HVR-L3 comprising the amino acid sequence of SEPEPYT (SEQ ID NO: 57).
25

20. A multispecific antibody comprising an antigen-binding domain that

specifically binds to EGFR and HER3, wherein the antibody comprises

(a) a heavy chain variable domain having at least 95% sequence identity to the amino

acid sequence of SEQ ID NO: 30;
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(b) a light chain variable domain having at least 95% sequence identity to the amino

acid sequence of SEQ ID NO: 29; or
(c) a heavy chain variable domain as in (a) and a light chain variable domain as in (b).

21. The antibody of claim 20 comprising a heavy chain variable domain of SEQ ID
NO: 30.

22. The antibody of claim 20, comprising a light chain variable domain sequence

of SEQ ID NO: 29.

23. A method of producing an antibody comprising culturing the host cell of
claim 18 so that the antibody is produced.

24. An immunoconjugate comprising the antibody of claim 1 and a cytotoxic

agent.

25. A pharmaceutical formulation comprising the antibody of claim 1 and a

pharmaceutically acceptable carrier.

26. A method of treating an individual having cancer comprising administering to

the individual an effective amount of the antibody of claim 1.

27. The antibody of claim 26, wherein the cancer comprises cells that express

EGFR and HER3.

28. The antibody of claim 26, wherein the cancer is selected from the group
consisting of breast cancer, colorectal cancer, pancreatic cancer, head and neck cancer,

melanoma, ovarian cancer, prostate cancer, and non-small lung cell cancer.

29. A method of inhibiting a biological activity of a HER receptor in an
individual comprising administering to the individual an effective amount of the antibody of

claim 1 to inhibit inhibit a biological activity of a HER receptor.

30. The antibody of claim 1 for use as a medicament.
31. The antibody of claim 1 for use in treating cancer.
32. The antibody of claim 31, wherein the cancer is breast cancer, colorectal

cancer, pancreatic cancer, head and neck cancer, melanoma, ovarian cancer, prostate cancer,

or non-small lung cell cancer.

33. The antibody of claim 1 for use in inhibiting a biological activity of a HER

receptor.
34, Use of the antibody of claim 1 in the manufacture of a medicament.

35. The use of claim 34, wherein the medicament is for treatment of cancer.
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36. The use of claim 35, wherein the cancer is breast cancer, colorectal cancer,
pancreatic cancer, head and neck cancer, melanoma, ovarian cancer, prostate cancer, or non-

small lung cell cancer.

37. The use of claim 34, wherein the medicament is for inhibiting the biological

5  activity of a HER receptor.
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