WD 2012/ 058588PCT/ US2011/ 058378 NOVEL EGFR- Bl NDI NG MOLECULES AND

| MMUNOCONJUGATES THERECF Field of the Invention [0001] The present

i nvent i orwvQenermEkisg rel ates to anti bodi es, anti gen- bi ndiPog/UdSe@gosssrs

t hereof, pol ypepti des, and i nmunoconjugates that bind to EGFR The present
invention also relates to nmethods of using such EGFR- bi ndi ng nol ecul es for

di agnosi ng a I i | i i r of the
[ mvent  on' [ o0u2y FrREFRA BETSENGH BGHRPs AT ERERtaT o B BifdRy or
HER1) is a transnmenbrane gl ycoprotein of 170 kDa that is encoded by the
c-erbBl proto-oncogene |ocated in the 7922 chronosone. EGFR is a nenber of
the human epidermal growth factor receptor (HER) famly of receptor

t yrosi ne ki nEisidof (ilkyenstonch i ncl udes HER2 (ErbB2), HER3 (ErbB3) and HER4
(Ei bB4). These RTKs share a honol ogous structure that consists of a

| i gand-[0DOHi Hlge presermd atentibaigenkyally rel{tECio) antﬁaodiea,getreigsm@mdﬁngﬁsgmeths #reeeof,

domai n and an.intracellular .domain that c atal i.c-Kinase domai n and
2 G-t eriREPRd nd R R RS oAl PRY ety L FaPeest ErSited By (Haes ©
bi ndi ngneho@xbf 868k |sHélﬁEdP‘RQ%EIQmE%blebﬁ!@y‘f&sdtﬁgxfd%l}%oén@f?é@ﬂlgr@%aé&t SG@dh &
het erodi meri zati on with ot her HER ki nase nenber an transphosphoryfatl on of
t he i ntmalégiaheieair regi ons. These events generate the initial signal |eading
to activation of nunerous downstream signaling pathways that are critical

for cell ival. 100031 EG-R i s over-expressed in many
mal i gnant tgérréocﬁ(g{()%h%pth?qgve%uh}él ial cell origin such as head and neck,

col ore i r r eL s S
COL ot el KIS ARNAL A0 AR RORSTEIE: 2R BRI Rl mTRLS
of t unotly@pootkin @ﬁwdal70nkDasﬂhatsesencﬁaeIfd by tEé%Férb\ngmtotcﬁn‘cg@neflocatédJm)lthet Ag12apy
(Basel ga Oncol o 7:2-8 (20 2), Yarden and Sliwkowski, Nat Rev I\%I&',Oell
Bi ol , Xhiomospme. FEgT js)a membs F@ dist human epigesl grpvghincier tegenies (HER) fenilyg

two s A t 0 HEqvA
from @g{erﬁ?%tﬁn%%%&ﬁl%%r mac ti}tg ?lg}él S h(!iefr?dlq EE% I(([EI n%’ I rIé ez’sgﬂarggt?)o%tﬂ_@

Ast r aZdigladd )andl H’@vaRIPKar pleace Ui ltmhcﬂégotmnstntotme ntke dcomsise c bH realligand-bbodige s
cet uxi mab nCl one and BMS anj t ununa Vectihix from
oo Biaballules it T S 1 Giap T OB Gl Ao ah dBracel iee (B ReIn,
cancer , thiye@fhtAh dadREK-IGRIE flomadD dnd' @ 1C- S inal G&il. |HERr19n&@r§?g?fahﬁ@|§gh@a Jhese

anti - EGFR agents strongly inhibit EGFR activati on and downstream si gnal i ng.
The TKI lgltmtﬂdpbtf ethw ItlhdlAg Poff extrisieHdliandigand tthet BEEERs réogpioa deintadimerikativaser

ootol " SRR v FIR RS SR Rl RR bt eciont B8 PRl e

with th@%ﬁﬁ:ﬂ"ﬂehgé s bOertk MBH NHtiAl BidddP 1d28RBPHoOdctiVARd ofhurférous doWhstteam
Chem 259:7755-7760 (1984), CGoldstein et al., Cin Cancer Res, 1:1311-1318

(1995) ,signading petheeysthat argicrificatdprestl mrekiferatiopgnd spybal( 1998) ) . [ 0004]

Anti - i r r |

A RS S D FLASES el DL OB FEETRB SN i Sorl
ant i bodiead ahd netlgiofdreas Ihmgt ed d rémal qsahareetkt aktrcmaherpaﬂidemhﬁ)erGFR-
KRAS, BRAF, PIK3CA and PTEN nut at| ons (De Roock et al., Lancet Oncol

11: 753-mefiated Gignplingpatieyays piw asiigifigant yolg onthenprgeressign of gmon ggovth and
(2010)) i f i

| el ity fBhe EORIRS, AR MY £ nuRRP horiy BBy GRyIOA, TR TR0,
Nat ReszGHem aﬁlh(S(bewko&zskBBQat%ﬁ/ VR0 Bralz 24r28s1 38t (2@[)1)) At (f:ed:slenﬂ\/tfbuﬂVEGFRl4
51- 69 (200 et Di scov, Med, 8 227-231 (2009 e

ol a0 r deigetng Atews v ging; e speHRmalesPles dymmenkings ﬂw&&aﬂ%ﬁﬂ%}t {25
celI's qfraide, ﬁ’éhﬁG@ﬁé}N&:haan@U@'@t ﬂtarﬁl%&ttlbﬂsﬁa{d@ﬁtﬂl@y At QRAROM ﬁétﬁaztémlét £1dogy
of epiderms, inhibition of EGFR signaling causes various skin

t oxi ci tTevs Hhauhmutt@lsa):mml oy mk@bllmprxoablnal gitibadids yetesisabdEdrituxusgm ImClone

par onychi bnor.mal it 0Si t.i S eased growt h .0f the

eyel ast®d a%p@f) aP Iﬂtﬂfnrm?%(’ewm%‘&kgiﬂ‘ rﬁ’ml_?‘ 5BPE‘?'V@Z &5 @ pro‘ﬁ'ﬁlré) rdfragpent of
4:107- 1cbredN08nker, PanbRUGH chided! Yedd bt hBEIE bRk NEnd 1bBE-sHKil NcllONing! ddnBsr
cause significant phySI cal and psycho soci al disconfort that decrease the

pat i entMGhG)eTh@salantlyEGEBdig@m@ ﬁtq@rtaly lﬁhiblaﬁéifrlfdaclw%l@f apshdoventrgamt signabiRg.n
t.OX' cit u'glg S%R%fp%gt [lf‘a[tPtl rPtr:ll% t:t)?ﬁe {}% pracellu e'kg%g%?dgnq?ll%gBPsel%a and

di scont npai r ni ca it Cones ¢
[ 0005] Accordingly, the need exists for lnproved anti-EGFR therapy which is
harm ess to normal tissues but still very effective in treating EGFR

overexpressing malignant tunors, in particular, tunors that are resistant

to the current EGFR therapies. To address this particular need, the present
i nvention focuses on a uni que novel class of EGFR anti bodies that are very
potent | n k| I I | ng EGFR expre55| ng turmr ceI I S but have ‘no or I |tt| e | rrpact

o .



[ 0009] In one enbodi nent, the invention provides an antibody or antigen

bi ndi ng fragnment thereof which conprises (a) a VH sequence sel ected from

t he groupwoaneyssisag of SEQ | D NGs: 19-23 and 69-73; andPp(h)usaoiviossseguence
selected fromthe group consisting of SEQ I D NGs: 24-30 and 70. In another
enbodi nent, the antibody or antigen binding fragnent thereof conprises SEQ

I D NO 19 and SEQ I D NO 24. I n_ another enbodi nent, the anti body or antigen
bi ndi ng\Fieagdmb It Presob B3 - 24P 430U, Mergas Sk ByRimareslors! ppjiboslies) gpmpete
anot her_ : PET AL - di t e 9a%) r
At gon” i EUAE0 HEARATIoF el 46 e alptor dGpy REARY T50L, CHERE 250 R 1P
| n anot (1884 totdbtair et al..t Glén &atcdodtbys, drl3aMH B g Ol WiShdiragett cagine@lin Clascee &es,

conpris 1 and SEQ I D NO 27. In anot her enbodi nent, the

ant i bod‘gi%ﬁ?ﬁ%{ﬁdg%)gi ndi ng fragment thereof conprises SEQ ID NGO 22 and SEQ
I D NG 28004]"A AP ﬂ%‘%ﬁé’é R Yot peltectaMHibaEY ITEGINR isgaliR RAbRY difeBGren

t hereof conprises SEQ ID NO 23 and SEQ I D NO 29. | n anot her enb0di nent, the
ant i bodsertein tamior gpne. bomekanpld, txgefinacyt dfemtief GEBraptibedies SE@ni fixandy 28luaedinSEQ

| D NG 30, | not her enpodi t nt,| or. igen bi nding, fragnment

{ her corcclhitil SRSt i Batas el PHERC 86 PN A Rl AR Rde By 2l ne
anti bodyarRst @ntdgen:783.7dbnaofradarRlli bheSe@inal P 68801SER 13342611 2amnd)) SEQ
I D NO 26. | n another enbodi ment, the antibody or antigen binding fragnment

t her eof Additiprallye thesreivitp oNemat naglecubEBGEB. bibitprs isdiraiest teedNSehbauitingatvith he
ant i body._.or.. ant hggn._hi ndi ng.fr h . i i SEQ
"D o O RREG PRI BRI A UL SAPREDGyS TIRELE 35500 g r-(@iEst

t her eofalcgnpeli 986l BRQ 1D MNOI212000), SRR tDaNDREov Med Bt129r23an20d9 e RGERL he
anti body or_  antigen_ binding fragnent thereof conprises SEQ | D NO 73 and. SEQ
| D NO 2Berapigs alseresuit B shiadPriery- EGHR expresiomin prmahbasgbepitichdi aels of Higrki

t her eof I S: PP ﬁgg I . { t,
the i n\Pel%%ir?(;énﬂu%?E{ﬂ%gsﬂ an a(ril‘f]\% y ng E%ahﬁsg@r)ég?fn%qq%g r gg%eﬂglt?blﬁ E?g?gg@ R

pr oduc ediigriaying ydansed ormgioge Iskint @atiditiesnintludingr aunpifomn skt tasly kfin AFGEsDeposius,

Desi gnati on PTA-11331, deposited with the ATCC on Ccfqber 6, 2010, ATCC,
Deposi tpmcgﬁaﬁ% r?%pmaﬁ_@s@}l%%m RFTERSE _gf%thAfr%%eowe&b%g? fogal %fo,
and_ATe 0PIt iRE PARALNG, Ty bt d:109eR0T00GH). MtHbubh farbl] Hfo Bitebehinb !

6, 2010. In another enbodi nent, the I nvention pr n anti body or

ant i gerthbisho mgiditiesgrast digefieot phiysicalspet pfycbatsbyiabidisdemtat tiwe dareesEGRR

epi tope as an.anti body lected fromthe oup consi stin f . ATCC Deposi.t
Pesi ona gh PR i3 AR EisaEly.an atatpH DR Shepin SoPectiouarioR 506V TR
Deposi trefigadsaf@ihen Rfrubliddd: FiRBAGH Ja8En Whithinidaes ACHiMBal Biftehses 6 EEPRO,
and ATCC Deposit Designation PTA-11333, deposited with the ATCC on Cctober
6, 2010nhibfoset anot her enbodi ment, the invention provides an antibody or

i i ndj . h ha iti i nhi bi ts_ bindi f
ot e? o BehBOTTR  EEBl M ERE M R AR Wi Db e o
sel ect afbrintDsJubE bef ol veon effsétivedinOfreaANhES(: GER OGS cirexpesskiag ahhldthabil Amidd 3ih,

deposited with the ATCC on October 6, 2010, ATCC Deposit Designation
PTA- 113Bsticwspssnersdhati arh resistamriochsreugient FEH Rs thepapiey, Tonerldagsochpepsatieylar

Desi gnat.i - ited wth. e

20127 0akERHBE P EEAD TFRLEEBRbsR F@@?ﬁﬁ%@ﬁ?gﬁ%ﬁ?\n@nﬁbdﬁg Yot ard Oery
provi dastan iakillibg BGRR egirtssintubion deig bt legewiot ort livde émpadt vat nemat egithedhll vy
binds to the same EGFR epitope as an anti body selected fro he grqup .
consi stGeHcgerawth. (Fé‘}TESWl%ﬁst w%@a@ecm%aélpﬂ g)t%tth"e B R aniyhadissi qrinéh%ﬂn\@eeyrr Bio
19 and P ' ]! b ToTe; aAvA i S e
VH pol ycggg?)l}%e&% %SE%&?%ﬁﬁ%ﬁgegggﬁé%ﬁga\g/ﬁw%R/fplgg%e?g%ﬁ of SEc(iQp IH%EAN?{)OE%? Eg(éc)
an ant isdddionelotopicity itmgoried epithelipbtelsept i de of SEQ I D NO 21 and the VL

pol ypeptide of SEQ ID NG 26; (d) an anti body conprising the VH pol ypepti de
of SEQ ID NO 21 and the VL pol ypeptide of SEQ ID NO 27; (e) an anti body
conprising the VH pol ypept BREFFUMEARYDORNOCHEINMENTION VL pol ypepti de of SEQ
| D NO 28; (f) an antibody conprising the VH pol ypeptide of SEQ ID NO 23 and

the VL tide of | D.NO,29: an_.anti body. conprii si H

ool yper DA e iy BN Bhis Y ooy BElieR oigF PR R R 38 Ykt
anti bOCb()lj?éﬁﬁdésQaﬂ@ imAfRnytbrpedaygedbi Bigdad FREHR | Thd\preséhtandentiog Ao relates to

pol ypeptide of SEQ ID NG 70; (i) an antibody conprising the VH pol ypepti de
of SEQ ID NO 71 and the VL pol ypeptide of SEQ ID NO 26; (j) an anti body
conprising the VH pol ypeptide of SEQ ID NGO 71 and the VL pol ypepti de of SEQ
I D NO 27; (k) an antibody conprising the VH pol ypeptide of SEQ ID NGO 72 and
the VL pol ypeptide of SEQ ID NGO 26; (1) an anti body conprising the VII

pol ypeptide of SEQ ID NG 72 and the VI, polypeptide of SEQ ID NG 27; (m) an
anti body conprising the VU pol ypeptide of SEQ ID NGO 73 and the VL

o Y NI~ 1




[0016] In one enbodi nent, the antibody or antigen binding fragnment of the

i nvention is nurine, non-human, humani zed, chineric, resurfaced, or hunman.

| n anot hewoentradsssent, the anti body or WD 2012/ 058588PETTuS201105€3538378 - 8
- antigen binding fragment thereof is a3full length antibody. In another
enbodi nent, the antibody or antigen binding fragnment thereof is an antigen
bi ndi ng fragnment. I n another enbodi nent, the antibody or antigen binding

f r agmenietbpdy abpsipg speh E6dRgbindme malsculesfopdingnosmg, ang ﬁ@at@gcqg%ﬁaﬁeswu%lr as
scFv, gjﬁﬁg?f h%@ | i nked Fv, V-NAR domain, IgNar, intrabody, |gGACH2,

m ni body, (aa 33 tetrabody, triabody, diabody, single-domain antibody,
DVD- | g, [08@FbT husAim2one(csehod)identahe swEnthan pro®liey hn dtwébady\oe ahiigen Eihdiag fragwmicdie s

| ti i Si the VH and VI d i hed. h in.. [0018
" ot GHBEAIHEnTCeL el VB | Brirey 4B an AT 5Bl 20ROB Fhot ] Bt
bi nds RehLAWRRO sA0GedREAANE oFTbRoMiktho2ofS SR &' 1bakt 809 drabidehsll f#ewth

affinity. I'n one enbodi nent, "the anti body or pol ypeptide binds to human and
mac aqueaBiGFREWIR) harad Kohnsformingugrawtd  fastasbalpha 10'GiW) bindimgotchek43dnbeth ntnt |

t he anti bod r p tide of .hinds to h and .;mca GFR Wi Kd of
wbout  oBosmpegpn BB BRE b BEnh sPoaublsrionve TR ar Hers i YCCE A ubir oo
by fl oweRyiroiRtdtion & ACAVEer Rightdh@i(BTHARAST AMhiblt GRIR] thhm 209ep RISt JHEs |

t he invention provides an isolated cell éi%r oduci ng an anti body or antigen

bi ndi ngkeratingretas and dMebfl0Aoepigeliglpetlsi a d0ulcen loawr.he fre proth¢rognipgdimanto e

enbodi ne the inventio rovides tho f i.ng.. fi.body, .or

ot gernrod 6 4 RESH A CheRlsRSHES ool 088 8 T L0% b G BRHiRat eas
conpr i s§096 of BGFGUTGH NEindingab A 48N @t lex @B8&8ratibe 0N ndDayhigher, (b) causes at
anti gen-bi ndi ng fragment thereof, or pol ype]pti de, and (bé isolating said
ant i bodgast A4 waihitehal HZo? pad M8 hamescell prolfsraype gt PaaM ophighsr gnd (¢)
culture o d I i § 116 ACE]: . 1

one. omiog ponpitf A0S (B A, HRliebiih 6Pl cral Bod K MO @A G tlidl e &
for mul aaMAYr lowel.) In apGhher whdbdinent,(tAy antibady antntigedybiadingrfrdggemt Ibhaneb frdyat
fragnment thereof, or pol ypeptide described herein;. (. is a ljnker: d (O
is a cyPst sally bigdnto Bt FhiReheselh daid aﬁl&lg?ds( (3 qﬂinhfz% ay %&ystt%?){ ef EGHpnd

h . Li . i i 0
anot er@f{ﬂ%ﬂ}(@;ﬁo Ang Le;llg'ka@ra +021c algohest ¢ am bh%_l%qieﬂwlm CRReh sk g%bgz 80,2

cl eavab , a non-cl eavab I nker, a hydrophiTic linker, a
di car barlibitonaafi 292 sedl HGCR2ST tumlon cah girleferagioh ad i3femi  ortthghdr) aridetc) ideesanot

-cl abl e |inpk I th nbodi t, [ .1S.sel ect f
'he or Ju oEaRerbrhe0Nre R ity ot Benged Nt OA oy arbateol P
N-succiipivgs dyl 4-(2-pyridyl dithio)butanoate (SPDB) or N succini m dyl

4- (2-pyri ds):il di t hi 0) -2- sul fobut anoate (sul fo-SPDB); N-succinim dyl
4- ( mal d0098&]dneetey kinbodisienhethaniaentivnx proaidss (Bivaajbody whichosmwisas dyl VH

4- leimd hyl | oh b | fgS : . .
Neuce AR et onet et E) R TR Sor @R Ethon eo s msandsine o1
WO 201 XKD IHAROSTHUS281d058 A8 (b) & VL sequence at least 90% identical to a reference VL

mal ei m dopr opi onam do) -t etraet hyl enegl ycol ]S ester (NHS-PEAA-nmaleimde).ln a
f ar t herscewaneeli setasted fram [theyigequp; gonsisting of SEQ ID NOs:24-30 and 70. In another

N- succi pi - [ (Nl eind ' ' £ ;

(s PRt R Y0 R RRLATRR o Rt ok REERAGH, HeBlcho R fling w1
conpr i seguenceyt bt Mmoitieer ageioidinsait et a0H fand W1t kejughia pre anlshs 90NRgidehtianl to the
mayt ansi noi d, _nayt ansi noi d anal og, doxorubicin, a nodified doxorubicin,
benzodisEEsmchd H prg 8il Fea¥sncepe5, CC- 1065 anal og, duocar nycin, duocar mycin
anal og,y i hﬁm AR Wope tial i I [My'H cin
deri vgt{io\ﬁl(zd,] Ign I e%%) gdr%yn%%atgéﬁlﬁ{\]/%%lﬁggérgﬁhgg S?O%ng&)}g]p rt {e@%‘gﬁéﬁn‘{a‘nﬁt n ng%t{t her
enbodi rthm:of_ Mﬂnﬁ:hcyd:mpni;se’s oapgevitl ssjuenceaydlansi froid thel proapfeomsiveng eftsed) dbnt |
N2 ) dO0EEbsHp SRS T b 0 dp bt SoRERse IS By aisiSreun EREg of SEQ ID
N(2' ) - deB§0480-dNA- 1 MR LRARECerfibsihBY e %m%gptoy ]a}mti%é'fﬁﬁﬁﬁﬁ@ PerhdMibereof

[ 0023] In one enbodi nent, the invention provides a pharnaceuti cal

conposidimpmiscoHpRI 1B N§: Hhash$EQdByNOr24anini apetheb embpdigneht, dhgrantibodiner entfigenor
| tide descri her.ei j | ugat i her.ei q
Dby hadutie e TSRt QST SRR el T ARG Hs S5 N0 e 18 BndlRd 2

pharmaceutical conposition conprises a second anti-cancer agent. [0024] In
one enbodi ment, the invention provides a diagnostic reagent conprising an

anti body or antigen binding fragnent thereof, polypeptide, or

i nmunoconj ugate of the invention which is |abeled. In one enbodi nent, the

| abel is selected fromthe group consisting of a radiolabel, a fluorophore,
a chronmophore, an imgi ng agent and a netal ion. [0025] In one enbodi nent,

the invention provides a kit conprising an anti body or antigen binding

- " " o Y o .



[0026] In one enbodinent, the invention provides a nethod for inhibiting
the gromh of a cell expressing EG-R conprising contacting the cell with an
i Mmunocomnyogat2?sessst he phar maceuti cal conpositi on descr iPheadshen®ss37s | n

anot her enbodi ment, the cell is a tunor4cell. [0027] In one enbodi nent, the
invention provides a nethod for treating a patient having a neoplasm
conprising adm nisteri to said Eatlent a therapeutically effective anpunt

n
of an | ARAfbEER; G@ea@@ih?%y s AnHEeE bindag Iraghpisthercah coariEsss b ABr PR 1 apd
anot her hNEBE, ] 3 c | St :
s s T T e e
adr enal conpyisas BEQOIINQp2 T und SEQ, ID B§Y:2 | Bsanodheareynbotihyent,sthe tahtybsaiychr amtigen

head k | . I Ph | | [
Cyet om DipGRgi BagaRin Mests SeiBs, SEp) dBn N o i SHbelbrOM. WrodREl
syst em o, GiRokiet: SRRl T huiokGindHD RAIRLASRERBPETHHSRAKHGIBHE 2 40 -

nmet hod conprises admnistering a sec -cancer agent to the subject.
In a fuSEQeD &Nddi nntnothéreersbabmentarthé aotbabr ongetigeni bindinghragndéng rthgreof i ¢

t. [0028 di o the i tiof id t hod, for .
fPeat i rgmprigt SEG A NEEPSan BEL b0 i sl Rib B Ry’ o amtigen
adni ni sgigihdIrhOmeRi thepdti 8fthpascshsEapept Nabb yarRf forad i ve ROt B adéther

i mmunoconj ugat e or pharmaceutical conposition described herein. In another
enbodi nembodimpet, dsl antihody ior eansiger bindingofragmentstherep e eeraprises oYHQ B NPollpand

cont 1488 Bl a%6 ALy ghun BAFGALIH Sob RG] BERSE e BRREEIAR

breast dupeises 8EQAID NU:71mahd REQETPNas2 A, If awdher @Ribolihdndl thb vipetidalyagiatigen
(Heck's di sease), sebaceous hyperpl asia congensator | i ver hyperpl asi a"
and anybigingr fragmentp thsreate pampases dSEQadl, NEL? dand |I£%iI&Q=21%oozgq apethgie

enbodi . Lhventi IOV . j [ L5 a
Sequencantosibl, LB EUILAP FRtRir Bty REEHASHIRMSHFPER TR PO AR
sel ect SEQrioMNM27 gr hupnahdrseémbodigent, tE@IIBDINCst atiBzeh3binding8agraeid tB&te8 .
I n anot her enbodinment, the sequence is at |east 95%jdentical a sequence
Sl act s DRE F D4 6HLSE0! I NGFSEy #ISIRBSmbSGUuegT. the 3iPock il S50edy

I n anot : di ! hoentical to a sequence
sl ot g e S R PR IR0 1 50, “and 62- 54

[0030] [0A1@jnkr embedibodintent,t the inmereioni provides\andesibady ios cinsigen bpaliymn diokment de

whi ch ¢ ri.,ses a sequence that is_.at | east 90% | dent| [Q S D NGs:

24 £0. B PORHCCA IS, HEPRBGRERER Sort 16 SR RGeS UBE P DS ripFes EDeg enion
sequencer ANassi sqbsitBwith IRSATREN bhABtobS Q10 PANCE: DRfosODAENARibn PTA-
anot her enbodi ment, the pol ynucl eotide conprises a sequence that is at

| east 9bg3Rddenasted with BEGATOCNGs Octobes 0. AH0,8nd ARCENDepesit Patiguiition 1A+ he

i nventi rqvi des, an,i sol 0 cl eot onpri si ng, a,.sequence .
el ect et PRonptted M TR GALES D Bpes R F B MBuhE, A i SSHaaR fiyention
anot herpgiies afBmtibodiner kAN bidding! RYHHER tBeré6C AL spmmdnai bigdd Rethe same
pol ynucl eoti des described herein. I'n another enbodinment, the invention

pr ovi deBGERepitppe ad an erfifndy selsgted Heony s goyp gerdistingef AEEeiPepogRiDesignation

DESCRI R THE W | [ i -GYRE Ak i g
the bi n%#% 3 Ar?’ipf’%f L rend WHORE Pal Ot € DA pRpb APhEaRAh A

( huEGFR)133nd depwskey wiGHRe (ADECGRR) Crrstieg &0 20 QO3] AFCGUDepdsit Besignidion e TA -
bl ot data depicting the effect of the indicated anti-EG-R anti bodies in

| i gand- 1 13ddcéapo phéasph bR et PetebrnoMIA v g8 nefhes epipdimegt.ithe HyRRfPn

rimar q . . A bi

A e e Sl S e R U U
ant i - EGeRrantiandtods tooimimz@-RGPRo syhkity katl irefiarenne MfboiB46 8cleattd sroimthalgsance

bi nal n-BPIBRGD! iy GE aPRetb ke Eort 1) feporiel MR ThenCs: phCbeEfce

of the 3n@ aaiEd m@bgibmkﬁﬁam{noﬁ@ﬁh16@9,ua@po§ité§wﬁhlt?@%m@ah O&pb&td, ny1dhe

growt h of human prinary kératinocytes in presence of the indicated

ant i bodinglsA BE C\Raposit Designatemt R BA 110833, dep036]l vRihgthe ATE"C en Ochder Gr230.
depicting the growth of MCF10A cells in the presence of 10 pg/nil of the

i ndi cated anti bodies. [0037] Figure 7 is a |line graph depicting the growh
of HCC827 cells (A) and NC-H292 cells (B) in the presence of the indicated
ant i bodi es.



[0038] Figure 8 is a line graph depicting the binding of biotinylated 528
anti body (A), biotinylated cetuximb (B), and biotinylated EGFR-7 anti body
(O to thwolD/dsees88 cells in presence of the indicatedpPcorgsetliings37s

anti bodi es at the indicated concentrati-en. [0039] Figure 9 is the alignnent
of the murine EGFR-7 variant |ight and heavy chain variable region
sequences. [0040] Figure 10 is tables depicting specific franmewgrk surface

r esi duel®®hHneans gmbadimanhcibgginyentionrpoyidgs anagntibedy \ay qnggen boeding fraggisk

resur t abiea SRRy DRRE e SRETRUERer R B M ARy S ERRRA UD grour

t he reswnkdtieg of.e@lancmsibadd comptisiag ¢lou MEE pphpestidel ofEEEQ-ID ‘ND:Q,SA)an? E-RLY
VH (B), EGFR-12 C -12 VH, . [ 0043] Fi 3is,

depi( c% i Ygﬁﬁélé? fq\f%éQ QPZ%EE@) faé‘c%m?b(é’gg’ wg’%ﬁg{%g@%g‘?heeéw@?% ?‘1t%r1§€(éfID
EGFR- 7 Yb. 4] Ki bs. ali : d
sequenclg?égr?én?@emg %Igpécpggﬁt $efr p%gj ggof%1® E%%R?é')l %rg(%lg?ogmcb[ég:ﬁR- ?/‘ang

L 0045] Iﬁﬂ%wpﬁda@fﬂmdnbmz braagibe délpip@i)imgtiaéeh ef BEADIIANOGHpEL) e amtibody
EarR 6 Pt be o Bt gaasid B SEeF SaEBRTE rr P RENE G ST R 30 he
abi | i t ya0dntibo8y RbmbASing Akd V‘Pﬂfd(flggﬂ)%id'&: SFSHJ 85 PROIDNEd TSI BRdpapiite BOSEQ N

inhibiting tunor cell growth. [0047] Figure 17 shows a line 8raph depi cting
NK cel | IDvép:38e ) Ancantzody viomyprisingn ihea Ntz edlyparRlesoh A QEEFRN YR oandagis VL

cells 2012/ Q P 52011/.058378 - 12 - 1004 ' epi e
b1 noi ngPCUFVEAC OF TR TP At ol it RS SRR B LR Gpchol O s 107
ant i bodyeormmsy hadshaovd pelppepgiat eoff SEQEEPRN®:§) (19nahn EGEBody (Bnpris@@4@E VH
Figure 19 shows |ine graphs depicting the cytotoxic activit

f th

i ndi catRUYReRtide GdySERJID: MNO:69randsthen rf{j’liéﬁ?ﬂi%@f/-%t@ngpd%q;&ibélhjeaﬂah‘?‘é’ in
FaDu . L ) I 2 | i e
dopt ot 1 yTREHE SEERoEBL kT REQ PR B HE R 12Bo S hetiig o SRCAIPROR 26: )

c olr Ir els pﬁn@tibgg% ggiinblrz_siyig mm/g?ﬁ?]lypé;ﬂﬁde Ica)!ﬁjSEg}aI]B 1\4;](}):7&42@6 theAV 1 taptdyﬁﬁﬁdé of BEQ

i nes. i gure shows in aph.de in ro 0
ﬁggz tJllﬁ)NQ(:%ﬁbQ?)aﬁ aﬁﬁbqﬁyc@mprg%% GVt pg[ygg%feegfj@@@ gIP @ﬁég% ﬁ%(vf 5}% &&
C bodi y ] A . ' .

e o R R o B el Aot 1 P e G
wi th a SO endlabe \df pohweptidi oitHd) aht NKAT e s (rah dnaattibodd ycompyitsangs theoV Hl

Che. | naebRieation Al PEOUIERCiAS BA bk RSy RSt nf SR fio N b 26 anlbtin
pri mar Yedkgdratd E)Vt}?ﬁol?ﬁéptﬁ@ Of SEQ2RPNOMEnCHEN, C&g{%{t@%?{kw OUN©: 2A

shows bar gr ap%}g depi cfing the anount of CXCLS8, ! CL5 produced by
t he hunl@A12r innemey etoboditient ctht dgvéniiopr proeidee aof antibedy rdi antigewl banving dugwentand

ant i bodyna nsi noi d-.conj.ugat es. 00 i qure ho a | raph. .
depi ct itﬁﬁreﬁ@‘a‘é?(’dw mé’gl?’l 13 %Wingx(g@orﬁf% Ceiaﬁﬁﬁ?(iyetot ugéatne%&s\n&?wﬁéa)relgis g e
3 | Karefo&Re AhtiBbdhRI selddfed Tudedtit ZiRugibhll 6f: (H)hm dntip inpivEiRe DMLY HoT
huEgGZRggR- PECe_-} I\/ltﬁl\L- glclll Sgnti body- ma gar?gi noi gﬂt:gonj lg )at es. nggEG] Fi gure 26
shows edI¥Ieetide RBSTHAPLNONL 1he (e Otk IPOBPCPIBI20E 6 TRENGFALD) P afibedy

D, N e

conj ugadresntibody comprising the VH polypeptide of SEQ ID NO:21 and the VL polypeptide of SEQ
ID NO:26; (d) an antibody comprising the VH polypeptide of SEQ ID NO:21 and the VL
polypeptide of SEQ ID NO:27; (e) an antibody comprising the VH polypeptide of SEQ ID
NO:22 and the VL polypeptide of SEQ ID NO:28; (f) an antibody comprising the VH
polypeptide of SEQ ID NO:23 and the VL polypeptide of SEQ ID NO:29; (g) an antibody
comprising the VH polypeptide of SEQ ID NO:23 and the VL polypeptide of SEQ ID NO:30; (h)
an antibody comprising the VH polypeptide of SEQ ID NO:69 and the VL polypeptide of SEQ
ID NO:70; (i) an antibody comprising the VH polypeptide of SEQ ID NO:71 and the VL



[ 0057] Figure 27 shows a |line graph depicting the growth of FaDu tunor
xenograft in mce treated with a single 5 ng/ kg dose of either the

huEGFR- 7Rvanvidnsssgsor t he huEGFR- 7TRSMCC- DML, or huEGFR- PRTREGH 1IVES3DVL

ant i body- mayt ansi noi d conj ugates. [0058f-Figure 28 shows alignnent of human
and nurine EGFR extracel lul ar domain (ECD) sequences. [0059] Figure 29
shows alignment of sequences of huEGFRAI I, nmuEGFRdIII and chEGFERdI 1] .
[0060] wgpapddgof SROVD NOMIG &) gnaptibasiysosmrisge: the VI pelyprptide oh SEGHR HR:71

P gure 5t SroE pAbREREe SR TE MO TR it BT G R 1 ek BB of
t he huESHE®R, IDNBEEPA A theWNEGHIBpe pti danelf SEQGIERNU 26; (l)VMﬁ ant1body comprlsmg the VH

2012/ 058588PCT/ US2011/ 058378 - 13 - [00621 Figure 32 shows a |i g
depi ct i PRIYRIRE %.qﬁoﬁ% 1By NilyErrd the il pelapentyicr ple SRQEGFRIO %E@:}aamnﬂ Ody

he o reirimsaye B Sl kpigp8h S PG 78 el IR R el R e SR SEERING 28,

chEGFRddndI (n) {nﬁ)&ﬁﬂjodﬁlcgmpesﬁg tixhUispadypeptide gf abBQ IH)eI}éDcH ang thé &Upcn\ybepgd@bf
MUEGFR- 12 (3 c;y to the huEGFR, huEGFRdII'l, muEGFRdI Il and chEG-RdI I .
[ 0065] ﬁ@ B/shows a |ine graph depicti ng t he bi ndi ng of mUEGFR-13

anti bod 019] fnhgn@'éh:q%améﬂ%' E@%Rﬁ%ﬂtron%%@lahl arﬁﬂ!)@d? EGRREA Ibmc{n%)%%ment

Fi gure hows a |ine graph depicting the binding of cetuximab to
huEGFR, thmsﬂ%admemﬁcarufaﬁad td hurasrd EGHRGRReein] the BEfﬂmdyE(D aDESTRYIRtin@NragmeTHE

| NVENTI 067] .Th d i i
ol eul GETh RS AL I e P o fee B e DBl CORY M

EGFR- pogidt CHRINGHIR, vaRi tHeeddcaptiGiebt $, 2,1 fich Wdhf@vAive ko keidadubB@ahb@s ardut
are highly cyt otoxi ¢ to EGFR- over expr essi ng tunor cells. Further

i rrrrunocr@si?qggaetlwdemlcahtt@ tHeRRfesgnce Hisal e chaiir MR hsequenes RtSEQ URbNQidt itha ty
of the a L b° hamDéij&' %Tﬂggn%egt)?g%@sﬂ_ Rd.acyl §tat g ap g@ﬁ?%%?%fi{:%@a\%f

t he pre rli?n and ph’rdses ar e

[ 0069] &1@@@@3%@&1@6 of S}E]QjHD ): YooY dndf @ b imhReeglobiilin ollightHal vartibey s
to the mature, tyrosine kinase cell surface receptor. The term "sol uble
EGFR' oegosEerRrismgi(dpR 1 +GDR2pandk ¢8R 3 owh E@Pathgmeachtw e 2ext3 coseMrlivear ,

| d- t

ot ds. 1150 5P ERRLA0R R Tjep R SRRENNS BfrhrerBERER A CDRY PHAC: of
c DNQ SeSEKg e doAtﬁeg ?a,qlm,t thExNgf:amsé hghtaﬂlainmeqédfmm(lfz[glé%i ESSSE@ INNG: 1;138 find rt]he
Epi der noi rci noma S ure

pﬁlr ase refrenee gt shatp (LIRS Sqquepes %frgé/é(maﬁga%%e n %P%{&rg?({d)f@ﬂl 8‘ almb CFY
epi t hel éo%ll r¥s@ ?ah RenfhtnG BB R nkay 9{ VRlidtYe Rk BbRfridifg |CGD’[@1 SCIORSAARS

than in n correspong1 ng epithelial tissue.” These great er l'evel s™ of
EGFR ac@DRBt whphmn@t@pmma}y 1gcm1wtahtq the mefiayenty pery yothaimaloBi se@eobe caBEQrld

i nclud but . are. not Limt n-snal | cance re cancer,
col or egrt‘IQI L, dhn afprenpg ﬁaVéYné‘ &p@ﬁ%"éﬁegce q shb @3&? ?cé é @b l\%’?{ F‘Wgnh
act i vatjefieRle HEFRRCHANCARSR qhERMP KEENPRNES S @15 @hd th)anifGRRogTobule Agight
anplification, activating nutations, overexpression of receptor |igands,

and/ or ¢l@gsvaﬁab|leeg:gim mprwﬁng;@ﬁﬁla@[ﬁm tapd CI)RPB, which are respectively identical to
2012/ 05%6 re8fP rencep§ 519[1 :l'lam gﬁﬁq sequence of SEQ ID NO: 10, 13, or 14, the reference light chain

sequence CDR2 of SEQ ID NO:11, and the reference light chain CDR3 sequence of SEQ ID NO:
12.

[0014] In one embodiment, the invention provides an antibody or antigen binding fragment
thereof that specifically binds to human EGFR, wherein the antibody or antigen binding
fragment thereof comprises: (a) an immunoglobulin heavy chain variable region comprising
CDRI1, CDR2, and CDR3, which, with the exception of 1, 2, or 3 conservative amino acid
substitutions, are respectively identical to the reference heavy chain CDR1 sequence of SEQ ID

NO:1, the reference heavy chain CDR2 sequence of SEQ ID NO: 7, 8, or 9, and the reference



- 14 - [0071] The term "anti body" neans an i nmmunogl obulin nol ecul e t hat
recogni zes and specifically binds to a target, such as a protein,

pol ypept iwe,20papsisde, carbohydrate, polynucl eotide, |ipipdT/useolaosdsrhat i ons
of the foregoing through at | east one antigen recognition site within the
vari abl e region of the immnogl obulin nolecule. As used herein, the term
"anti body" enconpasses int actSSEp cl onal antibodies, intact nonocl onal

ol
ant i bodieasy chmn sefqpepeed 55 Q By NP a3 apg ) qnéglrr}urpg}gbuyrz a lightctin variable

fragnents).. single i scRy, tant s, i | fi G .anpt] i s
as bi sprg%gopicgmgﬁflingmg (g]é%%’r%{’tded]) grgl’o‘?ﬁﬁﬁﬁﬁ’ \iv‘eqj‘!gg{e e?(%‘ﬁ #Orrlltogfclf Eh%ﬁgdgg?rggw
chi mer i gmiaphtidadbaButidisnme répdctarly fdedii@s 1o the Teferanot lipdiheth CDRS isequence of
proteins conprising an antigen determ nati on portion of an anti body, é;\nd
By ot heEQABHNGY 6@ Pihenbe IreRTIEs lighl EEun & 1R AFIUsPHy ORSTAR P Qi1 7 and the

r ecpgrlille%e? c@iht t gl?a' @fﬁ{?geqﬁlgr?ceaﬁ}{éé{g%%Oﬂ(@i i Imc;tﬁé?' e%%dftﬁgxtp{hglaﬂﬂi)&@l
activity. An antibody can be of any the five major classes o

i LmunO?misws(a)eh?mﬁ@%bb?ﬁéé@? cImhdwlugM"A\ 1le oafgcii@u b(/obx\zhp:ésiﬁg CIDdet(y]})RE,) and

t her eo e.g. | ) AC T ) ) an aseda on

i dent i &158% s sangTe Rl lﬁgrwﬁlsioglﬁd r#&%ﬁﬁéﬁ%@fégﬁn@?g Ss%ue&Ff‘pﬂégﬁ‘aéPt a,
epsi | OWOQI?Wrefﬂ‘ggc%a%/? Pcﬁgﬁc(tlbl@ls\éque;m@ oBISHEIENO LY 38569, @hd the reference

i munogl obul'i ns have erent and well known subunit structures and
t hr ee- diegenshan IDRDsequguoeatfiSEieE 1D Nfd:iheod €y andmnpmoghibelin edigbbetjairgearisdle o

th | ecul h t oxins, iLQi tc...[0072]..A,"Dbl ocki.ng"
ant | bod§Egh SPaie-gms LD rE GRS BRE hr ERESTEDICLIGH 17 4B Elnee
bi ol ogigak cREh COR Y sheAR& AN B8NO:t1 5RirNdStheSbfefenas li%ﬂﬁiain' ODRQREquence of

enbodi ments, bl ocking antibodi es or antagoni st antibodi es substantially or
conpl et ¥EQ IDANPBi7t ardribe bifeteoes bght chainiGPRY sesfuenteeofayiiQ §aNO:Tie bi ol ogi cal

tivit be reduced by 10% 20% 30%: 50%. 70% 80% .90%, . 950
Toovs (1BEorins SPEERRL S Tyt mRYIeY decanfbaly 20 S it kB

to an aRédlebPUlt Pecifissily biddstdhurhsh EGFRNGHEEeiOthe @hbody@rantigat bibdidy faposest
binding to EGFR results in inhibition of human EGFR activatjon and the

bi ol ogithereoteamprises: (8 amimpwn etz linhgevioehain ¥aripbémregion;cogprisingdtDR hd-DR2,
recept Und &'ﬁﬁ%u@s}hﬂg}t M Bl Jg@%ﬁidnn& ?’aﬁ’o >3 %an%ﬁ%'ﬁvp 'a?rli&g 'aE;ial su@gtﬁthﬂbﬁs}' aft>
determ ned usihg either a ce prolif’eration assay, an apoptosis assay, a
r ecept aesgecticiindgdagiay to ah¢ eckepinoe hehog phainy CAIR loseqeaay of HE@ IDo0NR 1} theor

rose (e Earml S can eseat o falbasis ap 1y do om b e
to EGF%'hafne(flggéI r?E ¢Abe gﬂgﬁﬁqwﬂhﬁtaﬂdﬁbf%pﬁﬁhﬁncgglowliﬂdd 156t BERVMidHIe region

sufficient a Ity su at the antibody is useful as a diagnostic and/or
t her apeawnpeisage®DRil N"CDR2getd GHRBGHFRichSeitbitlxd exaapliorEGHR 2ant 3 boukicesitisie emindD

2012/ 058588PCT/ US2011/ 058378 - .15 - kno in the.art. Fo ampl e,

cet uxi it TS0 BBET AF D NG dferisab i ip st CrehCO s R SRuchis of SER) o
i's her gDN@8RABaHR G RYercETighesash sd@OHRICR® ofeNtD &f0:pi nednge Riferdfce
anti-EGFR antibody to an unrelated, non-EG-R protein can be |ess than about
10% of ligh¢ chaindilRP sfquehe fritE® da W@ : ol 2EGRRngtherembediognt, shapntibpgy gomprises:

r adi oi noassa | A) ., I n cer.tain,.embodi nents, .an t th j-nds.- 0
Corr hd) 8RR o e E64H ol PRI M i ALC B PR, BSOS
<0. 1 nMre [r&Pé6lvel\s idimaealner @t Refekdite hedvi Cleh IATHR 1 dbquieaxd 6f SEQ IBfeD4, tie an
abnormality or dysfunction of the e itheli&ra and can be nmanifested in a

pat i entrefsaineg hepwachain (PR seausnchr SHRY I NQ:a83. &8 oF 6&nEddhR reisFnse hevYoy
s sal o T .

one o TR AT POLSAOTHNGES, SRUBF Lt AIKIR {988 pnh A ereson

degener@inm@i3ingn€ORISIGDRE, andf CRRBtwideh arntspéaivelycidenticadpo dbe meference light

hyperplasia, or a failure to heal or a delayed healing after injury, .amnmng
ot her sypapt GRR! seanepseobWB@IPGL 68 o E3. i tekapncs lighhghain ﬁ%ﬂ%ﬁ%ﬁéﬁﬁ@égg& as

a skin et - EOr .[®077] The term
"antibgggﬁngbﬁgﬁpﬁnfgigggm@%ggﬂgggPFg%%§$ﬁgﬁHf%FggFﬂggf?'ody and refers to
t he ant[00es]i In deteatbviditherg, tharantibbdy eoreqitigers boidirenfragweant of dhet inbodion iExampkes
of antibody fragnents include, but . are not limted.to Fab,. Fab',6 F(ab')2
ond” FI TR g ASmaD b AP TR of e AR S pTBOMER: e Artbody St
mul ti specific antibodies formed fromanti body fragnments. [0078] A

"monocl onal anti body" refers to a honbgeneous anti body popul ati on invol ved
in the highly specific recognition and binding of a single antigenic
determ nant, or epitope. This is in contrast to polyclonal antibodies that
typically include different antibodies directed against different antigenic
determ nants. The term "nonocl onal anti body" enconpasses both intact and
full-1ength nonocl onal anti bodies as well as antibody fragnments (such as

—l L1 \ ~ e e o, =



[ 0081] The Kabat nunbering systemis generally used when referring to a
residue in the variable domain (approximately residues 1-107 of the |ight
chai n andwoesizsemsl- 113 of the heavy chain) (e.g, KabatrcetusadiijossS8eguences
of I nmmunol ogical Interest. 5th Ed. PublLgc Health Service, National
Institutes of Health, Bethesda, Md. (1991)). [0082] The am no acid position

nunbering as in Kabat refers to the nunbering systemused for heavy chain
vari abl @t@mﬁinﬁmgoﬁragmgﬁ ttheeefiip aviall |lq1gﬂea1@tdwdyn§n arotherecralndpmpntt theringpody

it or oct i (A, Flarflop eGSR 53y dh REEhERARB PR Bpblimey, e

Bet hes dawibbllly of d23kh bindihd) Gafhibm thetobeednigisey atkab) FAMer (a2 ald, sidle chain Fv
2012/ 058588PCT/ US2011/ 058378 - 17 - linear am no acid seguence can cont a| n
fewer off whYi diseliide likedd vadi-id e dpmeisp deliit intrasoay sigbryert-rgingodyo  (ab

| nser 1 @l pOwiBaliR B EHR. Bl NALhARLE, IATBID. FERY nBABIRLC eg%dd&ZS%E%-a

chain varia can-i e a single“amno
accordilig to Kabat) after reS|due 52 of H2 and inserted residues (e.qg.

resi due 82b, and et.c according to Kabat) aft cha| n FR
ol dudOBDN ko SRBADT rMDEFTIGEOR POSPATISE RPBMR g Nar SR
anti bodysQy,@lH.gppent at regions of honol ogy of the sequence of the

anti body wth a "standard" Kabat nunbered sequence. Chothia refers instead
to the [Dﬁb&]tlinomneoémbchhmsmr tlt invahtidropeyideChaot diitihodn dr IpebipedtideMbht bidds lboth

196: 90 of th t hi . - H1 d [
the. KalHAER I BBt A yaua e P haioe a1 §8s SHBrAEoh he-
I engt h zﬁltlbtdrseoﬂ I_g&?pe(ﬂtllab Dinds tHAGAHAA Y Meac GRRNbDigK hal SCARIE1 Pl t8@BSutt e
i nsertions at 5A H35B; if neither 35A nor 35B is present, the Ioog

ends atnM2In afother e;nlsmn?@, heastibedy ermolypsppidenfisinds todzimanfanggnaragBnE G

- cpr oo ok e PO Ry SRR, ot ke EpfBmbiR ik 2Bl EhPer s,

and ar eﬂdweﬁométr@(ﬁsgb@tel\@l @@ieiramusodtdy. ant i body nodel i ng software
LoopKabat AbMChot hi a Li L24-L34L24-134L24-1.34 L2L50-L56L50-L56L50-L56

L3L89- U891Hdn g gobedimeph e iny3nhep ere3des Mpasolmed calh proditsing: anantadyngy)
H H31- B RbleOriiaRgafichiRar iRt PoNIBEEd Qi8lribddA Rt HESHSO- H58H52- H56

[0020] In one embodiment, the invention provides a method of making an antibody or antigen
binding fragment thereof, or polypeptide described herein comprising (a) culturing a cell that
expresses the antibody, antigen-binding fragment thereof, or polypeptide, and (b) isolating said
antibody, antigen-binding fragment thereof, or polypeptide from said cultured cell. In one
embodiment the cell is a eukaryotic cell.

[0021] In one embodiment, the invention provides an immunoconjugate having the formula (A) -
(L) - (C), wherein: (A) is an antibody or antigen binding fragment thereof, or polypeptide
described herein; (L) is a linker; and (C) is a cytotoxic agent; and wherein said linker (L) links
(A) to (C). In another embodiment, the linker is selected from the group consisting of a
cleavable linker, a non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based
linker. In another embodiment, the linker is a non-cleavable linker. In another embodiment, the
linker is selected from the group consisting: N-succinimidyl 4-(2-pyridyldithio)pentanoate (SPP);
N-succinimidyl ‘4-(2-pyridyldithio)butanoate (SPDB) or N-succinimidyl 4-(2-pyridyldithio)-2-
sulfobutanoate (sulfo-SPDB); N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate
(SMCC); N-sulfosuccinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (sulfoSMCC); N-
succinimidyl-4-(iodoacetyl)-aminobenzoate (SIAB); and N-succinimidyl-[(N-



H3H95- H102H95- H102H95- H102 [ 0083] The term "human anti body" neans an
anti body produced by a human or an anti body having an am no acid sequence
correspornaiongizss®a anti body produced by a human nmade ugcmgisany/osssehni que
known in the art. This definition of a-human anti body i ncludes intact or
full-length anti bodi es, fragrrent s thereof, and/or antibodies conprising at

| east one hunman heavy and/or ght chain polr{gpﬂﬁtj)tl de such g , for ex | e,
an ant |rsélaymé@wﬁmoslangdq}ﬁnmmlqr@atycelﬂaPﬁera RERHBRG gl n[n @ further

pol ypep 00841 teh 1 a 6#4}1%'215 fefradBiichOM &t
wher ei n%lﬂ)gﬁ%?nhhgtﬁécp sequcgfrlr(g:%&kcﬂrl ﬁ#ﬁ rr?rjiudn%g p ' no e)ctj3 g@tlﬁg ed'{;egrjillvejd
from t vt (NHISFREG pandleimidelypi cal | y, the vari abI e regl on of both |ight and
heavy chains corresponds. to %He vari abl e regi on of antjbodi es der.ive

WO
20121 0588EHIernOdsE yIPOdRSPS the RBMUNGGADiHEHCCOTHE B A CEIOl ARTS SYIECtE from
mouse, at groﬁ?bp(')ﬁs stﬁ%c))f W tHadehRidRS) Ih%’tﬁﬁﬁl%i(f ihfoy, Rfxbhibidiy, aarﬂl‘ijodlﬁed
capabi l 1ty wh h onstant Tegions aré honol ogous to t he sequences in
ant i boddeesrubdciny benZodoaepingt taseid( (Xird06Y GGHES amlagy alugcatiyein. i dwgearmycin

t.hat 3) t It t
ot or m HARE: rEhEU ARLR G Ry apane SGePET LhR R R g G nuE
an ant il@ﬁt@nﬁl@ﬁ?@rﬁlame Sl PRIFRCHARE §8cht 2Nl aIRG dnitfodithaht DY RYtoRki@agent is a

particular anti body. When the antigen is a pol ypeptide, epitopes can be
f or med maytansinad bomfmrgtwoambammmt abe egotnis agsAtisAY YwiseestdiV(RO-@dnersapto-

Lont SR el ST Ptk WP 2 B BB SRS LR

wher easmephdaRe@NIgy.med by tertiary folding are typically lost upon protein
denaturin An epitope typically includes at least 3, and npre usually, at

| east H0BZIanimnesambimenddhei AveRtioR RIS RPhATI 6B I SR DB

S ndi NGBbdy Nod Yo BN YiRlhY  FEERER [ferble & %rr%tegneé dBEFATHERNR! offan
noncoval ent i n erac I ons ween a si ng e’ bl ndi ecu ‘e (e. g

an ant iiaoaiyjocamdgate sddscﬂbbdngemm tanéra (;magnaceancalryt agepbableummss |hd|anethexd

ot herwi se, as used herein, . ?lndln af finit refers to intrinsic binding
af fini t?nm@ﬁmr@lep@ét‘%acémica COHPRYLRR FBRPY §ﬁé%‘??nﬂ€%§ﬁ’%ce6flgeé’tbl ndi ng pair
(e.g. clele N e f | RESNE cEmbASink R RBHS

Y can nera fj(%/hebe r@ﬁ@%‘geﬁteeﬁ% rgrbﬂ:dgi’%gaé;??%% co%gsnt gnti) d . AT ndl(}tey
can be mﬂgereulnkimgcﬁnatglmnt mteetrmfdpolbzmpmet or inimeurENchRjuRate |0tﬁdlmlgV€Im§)$1€Wh1Ch is

d b h ffini b || bi nd t d
Lond' t JabrieCods Gt SBagment B dREAL HIEHEL APMIEErdy PGIANES Bahan ity ot nd
anti genﬂti(ﬁ'&glﬁfre aarhqlr(grﬁ!?ﬂqotr@ aﬁ‘?ﬂiﬁ%ﬂglagémth%qﬁﬁﬁl jofp variety Of met hods of

measuring binding affinity are known in the art, any of which can be used
for pur(§82&sinobnd kebpdissasiht the ninsentioanprogjsiss i ki qaniuisingaan \atibodsodr manhgen

are descri.be 0087 ysed herein to
refer tY"HPR aﬁﬁleﬁ{]&imﬁ’f’% )POW@F@F%J Bméllﬂg‘??cé)nﬁlgageb({e%%r%g bg&TNieen a mol ecul e
and it sjob26)din"éheP@nbdtBient, He &R prokices U seahfie (@i ifhibRIngr the tgﬁ)vathsdfra)mler
bi nding, represented by a smaller numerical Kd value. For exanple, an
ant i bodgxputshinl BCHR apmprifing pwaqtmg thircedhwith @p immungeayyaator! the phamaceytical
oM Ie? 8dé/°“§p°%}ctf°lnrae%éhbe bekef hlg‘nndItnl 4@? ‘Fgl‘fgé] Celu ‘gﬁé‘%‘?ﬁcgm y0b|5§d2 X |0t >
IS gene[mett]ylnrre@mtenﬂobatm@n thotinbadionbprodiies a mmhem foopeeating ai pzmeanthagegl a
bi ndi ng domai n, and that the hinding entails sone cqQ ‘I[ nt.arloatég bet
the ant7e9ERSHI FRMPISIBG AAMVINIARENE He S@m PR NEREIRFHE oS HFRIY e SRR g
a2 SR D DAREH P B Bk v e QREnAERh bRt i
bi nd t onemplaamdis nseleuted er@h bl gmupapmswfﬁl@ot elabdd‘rslpeblbbnclhryast i dgestiwe syerai n
to WO 2012/ 058588PCT/ US2011/ 0 8378h (? qua ify the rel agl ve %ffl@ eﬁ%
whi ch ol YErRAFTASRET Y™, Adraaal BAra ey AR f5Pdes eype e YIdi Wouy
TAT mayhdig deenkd, E&ltﬂﬁi\{ﬁr\%ug'sgﬁgﬁl %@ﬁﬁlﬁefralchéryods%ys%nglly&libh@tﬂi %@@@1 }:Z@ﬁc

anti body "B," or anti body be said bind to epito
hi gher e cioff tssuy, mieam |thorh<as réglon,r mdaumempal tsciﬁiem Dl alﬁ(ﬂg@gqm'&ﬂlmem the
"preferentially binds,” it is neant that the anti body specifically binds to

an epitope nore readily than it would bind to a related, simlar,

honol ogous, or anal ogous epitope. Thus, an anti body which "preferentially
bi nds” to a given epitope would nore likely bind to that epitope than to a
rel ated epitope, even though such an anti body may cross-react with the

rel ated epitope. [0090] An antibody is said to "conpetitively inhibit"

bi nding of a reference antibody to a given epitope if it preferentially
binds to that epitope to the extent that it bl ocks, to sonme degree, binding
of the reference antlbody to the epltope Cbnpetltlve |nh|b|t|on may be

N T - o, o o . A



[ 0092] "Ligand-independent binding" as used herein denotes the ability of
the EGFR bi nding agents to bind an epitope on human EGFR in the absence of
| i gand i 'wenrartdsessswi t h EGFR. [ 0093] A pol ypepti de, ant iPbhoa)s2011/058378

pol ynucl eoti de, vector, cell, or conposjgti on which is "isolated” is a

pol ypepti de, antibody, polynucleotide, vector, cell, or conposition which
isinaformnot found in nature. |solated polypeptides, antibodies,

pol ynuohetbed cdsprises tagministeeing aseendparii-cansas dgael tridhe obisciahilaha Hagker
been purified to,a degree.that they.are n nger.: i formin which they
are fot qdﬁnﬁgt%Wng%ﬁaggﬁ%ngﬁﬁgelﬁ%%?g?gghggﬁﬁFﬁél%@‘polynucleotide,
vect or ,[0028]/ In &c 6@BPdiSichi, e Whvdhioh Sprbsidbatedeihsd Sfobsieatitgd al dejl profiferativaO
2012/ 058588PCT/ US2011/ 058378 -20- 100941 As used herein, "substantially
pure" rdisasdey ing paileat fANPRTRE Adminigeringsigstaidpagent p dhqrapeatically, efgectiye gount
cont am g.bslmm%hoé 90 gfﬂ%ﬁnac ﬁéa?aé(;m@(%%l&m&wr%ed,l, %@&En.ge’%}ngﬁ@theIﬂr
at | eas % pure. h erm "1 mrunoconj ugate”™ or "conjugate" as used
her ei n eéngfodigento tle cahpeulifetadve disdeder iatstleetetl iesracthe tghautp condistinkedt: tadreaal

cell binding agent. (i.e., an anti-EG-R antibody or fragment thereof) and is
def i nedfoB§X gly@@ﬁ@ﬁiadcﬂléhlﬁﬁ Sediseasq). %an\%’éag éﬁW“@yh’yF@\‘]RIW%ﬁ“ﬂ?mﬁ“@q ﬁ?’?&%‘??la’and
A = cel MgToTNaTa R ﬁ&%? ¥ ' A kR Ofheaf th lasi

I rn’runocﬂ(;:rrllj@lﬂ1 a%) £elgt1éé‘g a lg%d’gégk%%g Fﬁée}?gﬁg{? ?ﬁgyaéggge}?%gl? b%ll %ﬁ?xﬁﬁéﬁle\ygﬁr&ama
order: (Bletk'®. difda096kebctdusnkgretplasa,asnmpusneatdyaliverohgteyplaiat and apppuhdrecadlf

i nkin .conpound, usually a dr.ug, such as a maytansinoid, to a
ceII-b%ﬁgbﬁﬁnﬁﬂgW?a§hBﬁ“ fﬁﬂp%ﬂ?i-EGFR antibody or a fragment thereof in a
stabl e,[0gpahesie BRMBOGInent MEehSemh PRVEIS CAPIdRIAI polydlclbsidubsthpndihald ¥

resistant to acid-induced cleavage, |ight-induced cleavage,
pept i daseudnae thae dnesides e agbypeptideatt desst Y@ udendicell teanssgecnca seleetpd fom e grvind

cl eavage, .at congdit.i u I t qund..qr the,. i bod I

et vo o e TR RIS OYARER S abl R G S G, BB p R
exanpl geasdbsul itiemtRaDi Sdfusncet RicReIdedm WeogdEp camsiding AISEE) D DRSS 39-43, 77-80,
photolablugbgroups, pepti dase | abile groups and esterase | abi | e groups.

Li nker sind189c84. nkel angthes pabgédisnant. ik pesiucngeds BYAE I identical e a semicRest selpsted
descri i . K [ t ” enns "cancer" and

" canceﬁgﬁg%{%ﬂe}? @(E\%l%@ggggﬁ @%Q%&%ﬁ%&%éﬁ%ﬁ?‘ondi tion in manmmls in
whi ch g003(]uhaine @mbptinait) the afventiba pasidesiandsblityd polyagelbatidedvitieh kogpasdsa
Exanpl es of cancer includg Jbut are not limted to, carcinomg, |y onm,

bl st orfRaLRIF dnivat At T satical T 3o 1D M Hexnde - “lrotunier iR Tesm
mor € Cet%nl: golé/ﬁﬁéle(ft?d% 0¥né) irs%”a[ %ﬁm'tgﬁ iS 81 1lea9 98 eRicaPloXED SHANHLU4- K drdaer
beni gn (‘nbncancer ous r mal i gnant (cancerous) I ncludli ng pre-cancerous

| esi onK1. EXanpbter @inbodaney theopolytumentidgestingprisds sess@snaghthah i< ah ldast 99%

t t ed d/ i d ft .abd ., _bon b t,
i gast 1geniepbio SEQY i of0s 6 50 afa Wi ok R e BRIBERS 5 Jranug! PTG
par at hygQhdd goiyrtcicdlide ch@ptisifl @Sseq@¥tkYseldcRMMSm thE @i donsRYiflg JFesrt) and

neck, nervous system (central and peripheral), |ynphatic system pelvic,
skin, S90s:39i58sand, 77s$t.e &nanathor achalimerfi the, inserdionrpgeidis alveeps camprifing 98]

The ter "cancer cell." Ytunor cell,” an ra i cal uival.ents.refer. to
{he t oURITBERAraEs Srenbed bR ouf Fptier PR SPRITaRe S eall PYQURELT shf &0

| esi on, confieisiid the vaRdM dequibedBedegeni ¢ cel I's, which conprise the bulk of the
tumor cell popul ation, and tunorigenic stemcells (cancer stemcells). As
used herein, the term”tunor cell” will be nodified by the term

"non-tunorigeni c" wherBRIBF ®BESCRIPEONEDY THE BRXOSENGS/IPRTURES | s | acki ng the
capacity to renew and differentiate to distinguish those tunor cells from

cancer emcells., 2012/ 058588PCT/ US2Q11/ 058378..-21- 10 The. .term

" aub; edDOSTIoHigis T e ihJe ArCHRIMECRS BEFIE AT 1o P HE- AR SUPSHER e
to humBafs,anGFR ARG P mtrﬁ§mke&mﬁ?_moEG@R;) Qﬁti%énke: which is to be the
reci pient of a particular treatiment. Typically, the terns "subject" and

" pat i en0032irdgusedisianVesteimarigeddsd depieting the ieffectaffeheindicated antiHifoER agiilhjdaest .

[ 00100].Admi ni.strati “iLn_conbi nat.i on w th" or . further therapeutic
agents‘Pg%%ﬁﬂég&g?ﬁaﬂ§ghd@5§pvg¥ﬁ%ﬁ?Hgﬁv§ﬂﬁﬁ®§§g%gggﬁigbgn%dﬂﬁﬁwgprQ?'@W in
any orqgﬁmhbgﬁgg yThe term "pharmaceutical fornmulation"” refers to a
preparation ich’is in such formas to permit the biological activity of
the active ingredient to be effective, and which contains no additional
conponents which are unacceptably toxic to a subject to which the
formul ati on woul d be adm ni stered. The fornul ati on can be sterile.

[ 00102] An "effective anobunt” of an anti body as disclosed herein is an
anount sufficient to carry out a specifically stated purpose. An "effective
anount” can be determned enpirically and in a routine manner, in relation

M . o NN A N NT -l . T B Y T o



other drug effective to "treat" a disease or disorder in a subject or
manmmal . I n the case of cancer, the therapeutically effective anount of the
drug can wedurssgsse nunber of cancer cells; reduce the traomus26i1ns8378 nhi bi t
(i.e., slowto sone extent or stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slowto sone extent or stop) tunor
metastasis; inhibit, to sone extent, tunmor growth; and/or relieve tq sone

ext ent 9B83IoFightsr biser Wenlernshlapdansenisangihgt Cﬁ/\ﬁ’ftthe inscasegdansir EGER aanipedies
definitj Oﬁppﬁzﬁfotsli; orylaﬁ&?ﬁ{[l{/l% }\/Iﬂ_&StJ%ﬂs?ﬁ( l?s@ﬁcetcﬁeegca%élf%ugﬁgiﬁﬁ; ﬁ%%ﬁt growth

and/ or i cancer can cyt os ytotoxic. A
" pr Ophyﬂoesﬂl Eiglitey4 esfzt ffd pPhaplethg thebiadmgted baal@rmemtmem @Ot dndeEGRI(B) to

dosages and for periods of time necessary, to achieve the desired

pr ophylthetA%lrceBmmprespym @%ﬂlﬁwdﬁwedﬂtlbﬁ@@éssarl ly, since a prophylactic

or ophy! WRTCEEfy S ReEfi RO fenik e o AU FpahaE R E R ari R

ef f ect i yhéAdivated dn@iB3H4] Ftherions conckadgionswhen used herein refers to a
det ect abl e conpound or conposition which is Corﬁj ated directly or

i ndi rec[t0ll§6}t61gtlt¢e6 rithap ophslspisting hegupwtaelMb lpg [l Hrthg praseisgyp! 19ve/ml
| abel cafn[ ddca% alg.g (gl by itself (e.g. radioisotope |abels or fluorescent
| abel s) Pelqﬁ TE8LECHf an enzymatic | abel, can catal yze chem cal

al t er at j00B7[OFigareSTRSA liak @raphngepioiitigQhe gﬁvﬁ&ﬁsdﬂH(OGS}Imbab (A5 ahetCI-BRDR cells

[ 00105] A "chenot her apeutic agent” is a chem cal conmpound useful in the

t r eat nedd) I@fhed&ﬁiﬁé?e offtéga?dd angibogh&hani sm of action. Chenot her apeutic

agents U 7
ant agorl DE8l B R G AR e oSt a8, Ay )
Vi ncr i shibtieylated eeluumrﬁzcm«B) fndibiatiaplated, EGFR{Yoaitibedy (€} toothe ddBNeMB468 cells in

| enal i dom de, chi or bent a i ne and/ or dified.versions of such
chenot %F%Fﬁ‘é%?f% 1n 9"5 W‘r’i’g aé‘ﬂ%‘?ﬁ‘%ﬁsat the e go copgenitglint nent " or "t o

treat” @bs%lah%ﬁx\é' @t n,lg gmehpo@{ﬂe%ﬁﬁeelacﬂ:ﬁf%aﬁﬁnhfgm add htRS" @REHVASable
measures t cure, | essen synptons of, and/or halt progression
of a diragimnseqhqnawnol ogl c condition or disorder and 2) prophyl actic or

pr event e_.reasur.es revent / or slow he deyve nent_ of .

Par got eluti HgRmottES deeh dopti i bis BE gl wopaietads rsH i RRRES P Srvdacias pone
i ncl UdeEGPRSﬁV\EkA)?QrQNV B the di sorder; those prone to have the disorder;
and those in omthe sorder is to be prevented. In certain enbodi nents,
a subj el®@041]sFigurscldsis ftahl¢s)deptqtlelgtse@mﬁ¢ Grmewatesurtice easiilug gharges e rasatiaes obf

t he pr e he patient shows one or nore of the follow ng: a
reduct ?%ﬁﬁk lﬁ‘e@%\mpgie g%) or conplete absence of cancer cells; a reduction
in the [r(mmrﬁguzeelz 1sr&nglﬂhfehpaf e @ﬁurﬁi@e@b&ﬁl@ﬁ&s%dﬁﬁﬁm&f C(ﬁmtdrpartsfcbﬂ EGBRi7ON
i nto peripheral %é{ns I ncl ud |n t he spread of cancer into

soft ti¥s(), mﬂ%a (B)nﬁGBRtl?o @)ﬁ’fd%@ggﬂge\ﬁ@@)bf tunor metastasis;
hi bi
nesoot ol BT RS TEE FpicddhTbedio Mool hilach hesfllR RindF CTHTBLA:

| Mpr ovesERGERT YUEA ) etad‘o,ﬁ(]];) fe; reductl on in tunorigenicity, tunorigenic
or. tunpri genic cap C|ty of a_ tunor; reduction in the nunber fgr

frequen

fr equen@ A Figuisc &4 ispligpreant|af tha GPR grafied sioupnres Andahe JRUGte SQHRTPYENP
cells t G or sone conbl nati on of effects.
[00107]Ego}{nﬁgékégﬁddg,e?kozgh%%& eic acid," as used interchangeably herein,
refer tO0d) Vigeres 1Hfshows| leawt gohphs aepatipg Itbﬂgﬁmdingwdmpnﬁﬂimdéemalhd RApe

Aol et B bAMbELGuTeSRiEY PRRRFAaPRL GOty 1868t FATR-7FBE can be
i ncor pojyledri ]gﬁf:eo 18 SRWEMBhe RfafNAIYictRVAIROLINRY aFCthe AmBEthy NHAGbE®! iade iean

conprise nodified nucl eotides, such as methyl ated nucl eotides and their
anal ogscortefsp@de@hmmanmh #ntibedy orinhibitingsumet bedbgrionsh.st r uct ur e can be

et oot AT Barol? i ¢ Bt ateay ARk RO ot e kAR LERR 8 humanized

pol ynucE@pRLgiglcp@@FpaﬁgﬁtAhg[ comgi fied after polynerization, such as by
conjugation with a | abeling conponent. O her types of nodifications

i nclude, for exanple, "caps", substitution of one or nore of the naturally
occurring nucleotides with an anal og, internucleotide nodifications such
as, for exanple, those with uncharged |inkages (e.g., nethyl phosphonates,
phosphotri esters, phosphoam dates, cabamates, etc.) and with charged

| i nkages (e.g., phosphorothi oates, phosphorodithioates, etc.), those
cont ai ni ng pendant noieties, such as, W) 2012/058588PCT/ US2011/058378 - 23
- for exanple, proteins (e.g., nucl eases, toxins, antibodies, signal
peptldes pIy L Iy5|ne etc. ) those mnth |nterca|ators (e g., acrldlne

o o o o T ] o o, o . o -



[ 00: 101The ternms "poly-peptide,"” "peptide,” and "protein"” are used

i nterchangeably herein to refer to polyners of am no acids of any | ength.
The pol yrwo 20esk®8l| i near or branched, it can conprise mwogiUsz@d/ 08857810
acids, and it can be interrupted by nontmam no acids. 'The terns al so
enconpass an anino acid polymer that has been nodified. naturally or by

intervention; for exanple, disulfide bond fortnation, glycos I ation,

| i pi dat0848] Bigwteyl Sudepists, thgHurgig oprves i drthe drdigggd apjipody and the corresponding
2012/ 058 0 HP?G on or nodification,
such as g?’ﬁ?ﬂ{ cr)lgl%\g/s\nd?cf?%ﬁ]‘(”l%tebfo?éGFRéﬁp onen P%I'P%B)I ncl uded within the

def i ni t[0039]aF1gurefms}ﬁmﬂmle%,ram@dypﬁﬁhg descycaotiaiadiviy efitke ardicagdeanzibadyogsl of
an amino acid (including, for exanple, unnatural am ng am(t%é, efﬁc ), as

wel | asheEAEesPRBRINE ABURGUSTBAARYRPLH GORHEE R Falpy (A angIdar e ss gt

because f

cor 1 o rl00S0 PRLEANHoARTirG ord s Uch CUAR e A6 RFAE, HARE RO By b
associ athedogtsponding hﬁ@ﬁok@}rﬁhﬁammmd cOnjdgate icHL26 OK) 4]@1‘3@@{4 (B delhtingsy” i n

t he cont nor e. nucl ej ¢, aci.d refer t two.or
nor e se'&ﬁéhcg@u@rmﬁ)k 6{5% %]Gelﬂf&f’ggraf’ é%ep‘éflpgg ttﬁ% gEOa‘ﬁ%p‘?}phhgfzmﬁ rsﬁ@’cﬂgf g muce
per cent @gee Ol HSIngRt ddie of Be iAMcAOd aftisbdi&%ind laﬁﬁbctdmay%@slﬁdl@ cS@Bateshen

conpared and aligned (introducing gaps, if necessary) Tor nmaxi num
corres p[@ﬂﬂb]nﬁgurenbl shows iadre glgphrdpp@tmg dhe grawth einfaldu doher semmaft ut nmﬁs

iei ho et & SHEESs " Bn e SR RBSTN ahSEh-bp ORIl FRERNST on

Var i ous|ophk3oFiiztiRiB3 ahdws qmev\@fa@h@rcepiéﬂﬁg\nhe tapfgtyadt thatdicudet Betibises e
obtain aI ignments of amino acid or nucleotide sequences. One such

non- | i néamjuggtes iarphibitiog the geepidrefcamangpivBaty rggrdcytem(ng and i 2domor [els
describ in Karlin et al, 1990, Proc. Natl. Acad. Sci., 87:2264-2268, as
nodified’in Karlin et al., 1993, Proc. Natl. Acad. Sci., 90:5873-5877, and
i ncor pojpesdFighite24 §td>wWBlahSFapht depiBtiASThepurog nd e CCACLE CXICLEQ, (atLS piddRded
Nucl ei c Aci ds Res., 25:3389-3402)..  In certain_enbodi nents, ga BLAST can
be usedashaibyrpn paimany heredeaqyicsdin piesence gyf7theniadicied aptibg eﬁés‘nd antibody-
25: 33895 BLAST-2 (Altschul et al., 1996, Methods in
Enzynol ogég&é%(g&§§§ g%%%m ALI GN, ALIGN-2 (Genentech, South San Francisco,
Cal i f orj0083] Biguide@lshgns @DNASTAR) depretiagdhd igooveth @UHRYZ tymarv a¢rdoghdfein mice

f b d | I
ebod TR Wihes Sutee i mEthen ey O et NS (U Il deT B eds O Jhp CBECFR-TR-
det er m @GSN of BﬁE@ﬁ\R PEPBAMAT. ﬂﬁ%@aﬁeﬁa&mgﬁa&@ld cHi§LfHed

NWsgapdna. CVP matri x and a gap wei ght of 40, "50," 60, or 90 and a length
wei ght [8056], Figpre326 4hovws adinebyraph depietingitle aitoveh méthIS/@2 urbod kenmgrafl it MECEGAP

Reod ontitiehd i ainels 5 RkefGe o st 458 MBS HREE GiiBedh Spand Ut - At
det er m EIANBME0s BREGERETE JPEG- Nﬁmlhﬂ%@ﬁrﬁﬁyt%1&1§@&kjﬁg&@§ (e.g.,

using either a Blossum 62 matrix or a PAMP50 matrix, and a gap wei ght of
10, 14, [0927] Higureg27 ehfaws 4 laredgraph ed@gtchngvéh@g grovgh of, FaDu gumey, xepografi in mice

Al ternatiy in ce dlrre

nucl eot‘ir %’“gn‘? ROEak CI d §g<(§u hced |1§he(§ F erm n E‘%. %&%?Pe%r%%\r@ﬁ FR0¥R
Mers asudld@ DiveT, ok GABGER - 7R-PELG- MAILm%htlbdaytmeytamM&d cbﬁ]&ge@@’ cent

i dentity can be deter ni ned using the ALIGN program (version 2.0) and using
a PAML %om highees?28 Qbo‘f*’&@ilénmﬁntg‘éfbh‘ﬂféﬁ‘@taﬁd psewwet FGHR gstragaifular &aemnv@CD)
2012/ 05&%3%{3%[/ US2011/058378 - 25 - penalty of 4. Appropriate parameters
for maxi i gnment by particular alignnment software can be determ ned by
one ski J0089 Figuied shiotvs ahgnmenittcﬁlseqmmmchf teAGFR I hemdeGRRUH] pat ehfitERHIlof
the ali nrrent soffware are_ used certain enbodi per.cent a

i dent i t PO6Y Figpre, 3¢ jshews ipg %ﬂug%ea%é@ Ppdines g gHEGggqﬁg kb b e g
s cal culbRE AEGHAQN LYEORRIISHE EGERkNe number of amino acid resi dues
scored as identical natches in the alignnent of the first and second
sequenc@ésipBigald dhedichy i smagraphswewmgnthorbladlpgrcbﬁ buk@FRsequibedly to the

2eauoncie G ErRlh kb el i SRR 't onger than the second

sequence, the percent identity of the first sequence to the second sequence
will be longer than the percent identity of the second sequence to the
first sequence. [00111]As a non-limting exanple, whether any particular

pol ynucl eoti de has a certain percentage sequence identity (e.g., iIs at

| east 80% i dentical, at |east 85%identical, at |east 90%identical, and in
sone enbodi nents, at |east 95% 96% 97% 98% or 99%identical) to a
reference ‘sequence can, |n certaln enbodlnents be deternlned usi ng the

Y L o o o —~ - ~



[ 00113] A "conservative am no acid substitution” is one in which one am no
acid residue is replaced with another am no acid residue having a simlar
si de chaiwo 2bemisBises of ami no aci d resi dues havi ng sinm lpam/ustaa/osdsas ns have

been defined in the art, including basigside chains (e.g., lysine,

argi nine, histidine), acidic side chains (e g., aspartic acid, glutamc
acid), uncharged g)ol ar side chains (e.qg yci ne, asparagi ne, gl utam ne,
seri ne, [0062]cloginee32 tshpwsiandine ogrspleldﬁ@)ttm&d (bllfaim%locﬁemléﬁﬁgﬁﬁ @alipedy to the

?Ir %It ggﬂggﬁlﬁ %g?dﬁcgﬁtwggb%ﬁgﬁ?%ﬂé'ghE@%ﬁhﬁpe phenyl al ani ne, met hi oni ne,

al ns g., threonine, valine,

I sol eucipoe)d] Eiddrea8DAbIVE Siligie g}b@ ralspleang the thyidisg o€, mphEeRRH@laatibous; to the
trypt ophan, h| stidi ne For ex substitution of a phenylal anine for a

tyrosi NeBGER huGed&d) tinVEGﬂiH&Iﬂ?B@JPIF%(ﬁFR@H -some enbodi nents, conservative
b
Chvent  R6AFTELE SPRhIEH IR Bilth B HRCBRURE o CRALRITL RS odhR, o) 1 e
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receptor ligands, and/or loss of regulators of EGFR activity.
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[0073] The phrase "ability to inhibit EGFR activation" with respect to an antibody as used

herein, is intended to refer to an antibody whose binding to EGFR results in inhibition of human
EGFR activation and the biological activity of human EGFR that occurs upon activation of the
receptor. Measuring one or more indicators of EGFR biological activity as determined using
either a cell proliferation assay, an apoptosis assay, a receptor binding assay, a receptor
phosphorylation assay, or a mouse tumor model (see Examples) can assess an antibody's ability
to inhibit EGFR activation.

[0074] The term "anti-EGFR antibody" or "an antibody that binds to EGFR" refers to an
antibody that is capable of binding EGFR with sufficient affinity such that the antibody is useful

as a diagnostic and/or therapeutic agent in targeting EGFR. Several anti-EGFR antibodies are
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known in the art. For example, cetuximab (Ab 225) and 528 Ab are described in US Pat. No.
4,943,533, which is herein incorporated by reference.

[0075] The extent of binding of an anti-EGFR antibody to an unrelated, non-EGFR protein can be less
than about 10% of the binding of the antibody to EGFR as measured, e.g., by a radioimmunoassay
(RIA). In certain embodiments, an antibody that binds to EGFR has a dissociation constant (Kd)
of <1 uM, <100 nM, <10 nM, <1 nM, or <0.1 nM.

[0076] As used herein, the term "epithelial toxicity" refers to an abnormality or dysfunction of
the epithelium, and can be manifested in a patient being treated for cancer by administration of
an EGFR inhibitor by one or more symptoms or conditions selected from skin rash, diarrhea,
corneal thinning, hair atrophy or loss, hair follicle dysplasia, degeneration, necrosis or
inflammation, interfollicular epidermal hyperplasia, or a failure to heal or a delayed healing after
injury, among other symptoms. In one embodiment, the epithelial toxicity is manifested as a skin
toxicity such as acneform or macro-papular rash.

[0077] The term "antibody fragment" refers to a portion of an intact antibody and refers to the
antigenic determining variable regions of an intact antibody. Examples of antibody fragments
include, but are not limited to Fab, Fab', F(ab')2, and Fv fragments, linear antibodies, single chain
antibodies, and multispecific antibodies formed from antibody fragments.

[0078] A "monoclonal antibody" refers to a homogeneous antibody population involved in the
highly specific recognition and binding of a single antigenic determinant, or epitope. This is in
contrast to polyclonal antibodies that typically include different antibodies directed against
different antigenic determinants. The term “monoclonal antibody” encompasses both intact and
full-length monoclonal antibodies as well as antibody fragments (such as Fab, Fab', F(ab')2, Fv),
single chain (scFv) mutants, fusion proteins comprising an antibody portion, and any other
modified immunoglobulin molecule comprising an antigen recognition site. Furthermore,
“monoclonal antibody” refers to such antibodies made in any number of manners including but
not limited to by hybridoma, phage selection, recombinant expression, and transgenic animals.
[0079] The term "humanized antibody" refers to forms of non-human (e.g. murine) antibodies
that are specific immunoglobulin chains, chimeric immunoglobulins, or fragments thereof that
contain minimal non-human (e.g., murine) sequences. Typically, humanized antibodies are
human immunoglobulins in which residues from the complementary determining region (CDR)
are replaced by residues from the CDR of a non-human species (e.g. mouse, rat, rabbit, hamster)
that have the desired specificity, affinity, and capability (Jones et al., 1986, Nature, 321:522-525;
Riechmann et al., 1988, Nature, 332:323-327; Verhoeyen et al., 1988, Science, 239:1534-1536).
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In some instances, the Fv framework region (FR) residues of a human immunoglobulin are
replaced with the corresponding residues in an antibody from a non-human species that has the
desired specificity, affinity, and capability. The humanized antibody can be further modified by
the substitution of additional residues either in the Fv framework region and/or within the
replaced non-human residues to refine and optimize antibody specificity, affinity, and/or
capability. In general, the humanized antibody will comprise substantially all of at least one, and
typically two or three, variable domains containing all or substantially all of the CDR regions that
correspond to the non-human immunoglobulin whereas all or substantially all of the FR regions
are those of a humar. immunoglobulin consensus sequence. The humanized antibody can also
comprise at least a portion of an immunoglobulin constant region or domain (Fc), typically that
of a human immunoglobulin. Examples of methods used to generate humanized antibodies are
described in U.S. Pat. 5,225,539.

[0080] A "variable region" of an antibody refers to the variable region of the antibody light chain
or the variable region of the antibody heavy chain, either alone or in combination. The variable
regions of the heavy and light chain each consist of four framework regions (FR) connected by
three complementarity determining regions (CDRs) also known as hypervariable regions. The
CDRs in each chain are held together in close proximity by the FRs and, with the CDRs from the
other chain, contribute to the formation of the antigen-binding site of antibodies. There are at
least two techniques for determining CDRs: (1) an approach based on cross-species sequence
variability (i.e., Kabat et al. Sequences of Proteins of Immunological Interest, (5th ed., 1991,
National Institutes of Health, Bethesda Md.)); and (2) an approach based on crystallographic
studies of antigen-antibody complexes (Al-lazikani et al (1997) J. Molec. Biol. 273:927-948)). In
addition, combinations of these two approaches are sometimes used in the art to determine
CDRs.

[0081] 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 et al., Sequences of Immunological Interest. Sth Ed. Public Health Service, National
Institutes of Health, Bethesda, Md. (1991)).

[0082] The amino acid position numbering as in Kabat, refers to the numbering system used for
heavy chain variable domains or light chain variable domains of the compilation of antibodies in
Kabat et al, Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,

National Institutes of Health, Bethesda, Md. (1991). Using this numbering system, the actual
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linear amino acid sequence can contain fewer or additional amino acids corresponding to a
shortening of, or insertion into, a FR or CDR of the variable domain. For example, a heavy chain
variable domain can include a single amino acid insert (residue 52a according to Kabat) after
residue 52 of H2 and inserted residues (e.g. residues 82a, 82b, and 82c, etc according to Kabat)
after heavy chain FR residue 82. The Kabat numbering of residues can be determined for a given
antibody by alignment at regions of homology of the sequence of the antibody with a "standard"
Kabat numbered sequence. Chothia refers instead to the location of the structural loops (Chothia
and Lesk J. Mol. Biol. 196:901-917 (1987)). The end of the Chothia CDR-HI loop when
numbered using the Kabat numbering convention varies between H32 and H34 depending on the
length of the loop (this is because the Kabat numbering scheme places the insertions at H35A and
H35B; if neither 35A nor 35B is present, the loop ends at 32; if only 35A is present, the loop
ends at 33; if both 35A and 35B are present, the loop ends at 34). The AbM hypervariable
regions represent a compromise between the Kabat CDRs and Chothia structural loops, and are

used by Oxford Molecular's AbM antibody modeling software.

Loop Kabat AbM Chothia

L1 1.24-1.34 1.24-1.34 1.24-1.34

L2 L50-L56 L3G-1L56 L50-L56

L3 1.89-1.97 1.89-197 1.89-1L.97

H1 H31-H35B H26-H35B  H26-H32.34

(Kabat Numbering)
H1 H31-H35 H26-H35 H26-H32
(Chothia Numbering)
H2 H50-H65 H50-H58 H52-H56

H3 H95-H102 H95-H102 H95-H102

[0083] The term "human antibody" means an antibody produced by a human or an antibody
having an amino acid sequence corresponding to an antibody produced by a human made using
any technique known in the art. This definition of a human antibody includes intact or full-
length antibodies, fragments thereof, and/or antibodies comprising at least one human heavy
and/or light chain polypeptide such as, for example, an antibody comprising murine light chain
and human heavy chain polypeptides.

[0084] The term "chimeric antibodies" refers to antibodies wherein the amino acid sequence of
the immunoglobulin molecule is derived from two or more species. Typically, the variable

region of both light and heavy chains corresponds to the variable region of antibodies derived
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from one species of mammals (e.g. mouse, rat, rabbit, etc) with the desired specificity, affinity,
and capability while the constant regions are homologous to the sequences in antibodies derived
from another (usually human) to avoid eliciting an immune response in that species.

[0085] The term "epitope” or "antigenic determinant” are used interchangeably herein and refer
to that portion of an antigen capable of being recognized and specifically bound by a particular
antibody. When the antigen is a polypeptide, epitopes can be formed both from contiguous
amino acids and noncontiguous amino acids juxtaposed by tertiary folding of a protein. Epitopes
formed from contiguous amino acids are typically retained upon protein denaturing, whereas
epitopes formed by tertiary folding are typically lost upon protein denaturing. An epitope
typically includes at least 3, and more usually, at least 5 or 8-10 amino acids in a unique spatial
conformation.

[0086] "Binding affinity" generally refers to the strength of the sum total of noncovalent
interactions between a single binding site of a molecule (e.g., an antibody) and its binding partner
(e.g., an antigen). Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic
binding affinity which reflects a 1:1 interaction between members of a binding pair (e.g.,
antibody and antigen). The affinity of a molecule X for its partner Y can generally be represented
by the dissociation constant (Kd). Affinity can be measured by common methods known in the
art, including those described herein. Low-affinity antibodies generally bind antigen slowly and
tend to dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend
to remain bound longer. A variety of methods of measuring binding affinity are known in the art,
any of which can be used for purposes of the present invention. Specific illustrative embodiments
are described in the following.

[0087] "Or better" when used herein to refer to binding affinity refers to a stronger binding
between a molecule and its binding partner. "Or better" when used herein refers to a stronger
binding, represented by a smaller numerical Kd value. For example, an antibody which has an
affinity for an antigen of "0.6 nM or better", the antibody's affinity for the antigen is <0.6 nM, i.e.
0.59 nM, 0.58 nM, 0.57 nM etc. or any value less than 0.6 nM.

[0088] By "specifically binds," it is generally meant that an antibody binds to an epitope via its
antigen binding domain, and that the binding entails some complementarity between the antigen
binding domain and the epitope. According to this definition, an antibody is said to "specifically
bind" to an epitope when it binds to that epitope, via its antigen binding domain more readily

than it would bind to a random, unrelated epitope. The term "specificity” is used herein to
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qualify the relative affinity by which a certain antibody binds to a certain epitope. For example,
antibody "A" may be deemed to have a higher specificity for a given epitope than antibody "B,"
or antibody "A" may be said to bind to epitope "C" with a higher specificity than it has for related
epitope "D."

[0089] By "preferentially binds," it is meant that the antibody specifically binds to an epitope
more readily than it would bind to a related, similar, homologous, or analogous epitope. Thus, an
antibody which "preferentially binds" to a given epitope would more likely bind to that epitope
than to a related epitope, even though such an antibody may cross-react with the related epitope.
[0090] An antibody is said to "competitively inhibit" binding of a reference antibody to a given
epitope if it preferentially binds to that epitope to the extent that it blocks, to some degree,
binding of the reference antibody to the epitope. Competitive inhibition may be determined by
any method known in the art, for example, competition ELISA assays. An antibody may be said
to competitively inhibit binding of the reference antibody to a given epitope by at least 90%, at
least 80%, at least 70%, at least 60%, or at least 50%.

[0091] The phrase "substantially similar," or "substantially the same", as used herein, denotes a
sufficiently high degree of similarity between two numeric values (generally one associated with
an antibody of the invention and the other associated with a reference/comparator antibody) such
that one of skill in the art would consider the difference between the two values to be of little or
no biological and/or statistical significance within the context of the biological characteristic
measured by said values (e.g., Kd values). The difference between said two values can be less
than about 50%, less than about 40%, less than about 30%, less than about 20%, or less than
about 10% as a function of the value for the reference/comparator antibody. The difference
between two "substantially similar binding affinities" is generally less than about 10% as a
function of the value for the reference/comparator antibody.

[0092] "Ligand-independent binding" as used herein denotes the ability of the EGFR binding
agents to bind an epitope on human EGFR in the absence of ligand interaction with EGFR.

[0093] A polypeptide, antibody, polynucleotide, vector, cell, or composition which is "isolated"
is a polypeptide, antibody, polynucleotide, vector, cell, or composition which is in a form not
found in nature. Isolated polypeptides, antibodies, polynucleotides, vectors, cell or compositions
include those which have been purified to a degree that they are no longer in a form in which
they are found in nature. In some embodiments, an antibody, polynucleotide, vector, cell, or

composition which is isolated is substantially pure.
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[0094] As used herein, "substantially pure" refers to material which is at least 50% pure (i.e., free
from contaminants), at least 90% pure, at least 95% pure, at least 98% pure, or at least 99% pure.
[0095] The term "immunoconjugate” or "conjugate” as used herein refers to a compound or a
derivative thereof that is linked to a cell binding agent (i.e., an anti-EGFR antibody or fragment
thereof) and is defined by a generic formula: C-L-A, wherein C = cytotoxin, L = linker, and A =
cell binding agent or anti-EGFR antibody or antibody fragment. Immunoconjugates can also be
defined by the generic formula in reverse order: A-L-C.

[0096] A "linker" is any chemical moiety that is capable of linking a compound, usually a drug,
such as a maytansinoid, to a cell-binding agent such as an anti-EGFR antibody or a fragment
thereof in a stable, covalent manner. Linkers can be susceptible to or be substantially resistant to
acid-induced cleavage, light-induced cleavage, peptidase-induced cleavage, esterase-induced
cleavage, and disulfide bond cleavage, at conditions under which the compound or the antibody
remains active. Suitable linkers are well known in the art and include, for example, disulfide
groups, thioether groups, acid labile groups, photolabile groups, peptidase labile groups and
esterase labile groups. Linkers also include charged linkers, and hydrophilic forms thereof as
described herein and know in the art.

[0097] The terms "cancer" and "cancerous" refer to or describe the physiological condition in
mammals in which a population of cells are characterized by unregulated cell growth. Examples
of cancer include, but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and
leukemia. "Tumor" and "neoplasm" refer to one or more cells that result from excessive cell
growth or proliferation, either benign (noncancerous) or malignant (cancerous) including pre-
cancerous lesions. Examples of "cancer" or "tumorigenic" diseases which can be treated and/or
prevented include neoplasms of the abdomen, bone, breast, digestive system, liver, pancreas,
peritoneum, endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary, thymus, thyroid),
eye, head and neck, nervous system (central and peripheral), lymphatic system, pelvic, skin, soft
tissue, spleen, thoracic region, and urogenital system.

[0098] The terms "cancer cell," "tumor cell," and grammatical equivalents refer to the total
population of cells derived from a tumor or a pre-cancerous lesion, including both non-
tumorigenic cells, which comprise the bulk of the tumor cell population, and tumorigenic stem
cells (cancer stem cells). As used herein, the term “tumor cell” will be modified by the term
“non-tumorigenic” when referring solely to those tumor cells lacking the capacity to renew and

differentiate to distinguish those tumor cells from cancer stem cells.
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[0099] The term "subject” refers to any animal (e.g., a mammal), including, but not limited to
humans, non-human primates, rodents, and the like, which is to be the recipient of a particular
treatment. Typically, the terms "subject" and "patient" are used interchangeably herein in
reference to a human subject.

[00100] Administration "in combination with" one or more further therapeutic agents
includes simultaneous (concurrent) and consecutive administration in any order.

[00101] The term "pharmaceutical formulation” refers to a preparation which is in such
form as to permit the biological activity of the active ingredient to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered. The formulation can be sterile.

[00102] An "effective amount” of an antibody as disclosed herein is an amount sufficient
to carry out a specifically stated purpose. An "effective amount” can be determined empirically
and in a routine manner, in relation to the stated purpose.

[00103] The term "therapeutically effective amount" refers to an amount of an antibody or
other drug effective to "treat" a disease or disorder in a subject or mammal. In the case of cancer,
the therapeutically effective amount of the drug can reduce the number of cancer cells; reduce the
tumor size; inhibit (i.e., slow to some extent or stop) cancer cell infiltration into peripheral
organs; inhibit (i.e., slow to some extent or stop) tumor metastasis; inhibit, to some extent, tumor
growth; and/or relieve to some extent one or more of the symptoms associated with the cancer.
See the definition herein of "treating". To the extent the drug can prevent growth and/or kill
existing cancer cells, it can be cytostatic and/or cytotoxic. A "prophylactically effective amount"
refers to an amount effective, at dosages and for periods of time necessary, to achieve the desired
prophylactic result. Typically but not necessarily, since a prophylactic dose is used in subjects
prior to or at an earlier stage of disease, the prophylactically effective amount will be less than
the therapeutically effective amount.

[00104] The word "label" when used herein refers to a detectable compound or
composition which is conjugated directly or indirectly to the antibody so as to generate a
"labeled" antibody. The label can be detectable by itself (e.g. radioisotope labels or fluorescent
labels) or, in the case of an enzymatic label, can catalyze chemical alteration of a substrate
compound or composition which is detectable.

[00105] A "chemotherapeutic agent" is a chemical compound useful in the treatment of

cancer, regardless of mechanism of action. Chemotherapeutic agents include, for example,
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antagonists of CD20 such as Rituximab and cyclophosphamide, doxorubicin, vincristine,
predinisone, fludarabine, etoposide, methotrexate, lenalidomide, chlorambucil, bentamustine
and/or modified versions of such chemotherapeutics.

[00106] Terms such as "treating" or "treatment" or "to treat" or "alleviating" or “to
alleviate” refer to both 1) therapeutic measures that cure, slow down, lessen symptoms of, and/or
halt progression of a diagnosed pathologic condition or disorder and 2) prophylactic or
preventative measures that prevent and/or slow the development of a targeted pathologic
condition or disorder. Thus, those in need of treatment include those already with the disorder;
those prone to have the disorder; and those in whom the disorder is to be prevented. In certain
embodiments, a subject is successfully "treated" for cancer according to the methods of the
present invention if the patient shows one or more of the following: a reduction in the number of
or complete absence of cancer cells; a reduction in the tumor size; inhibition of or an absence of
cancer cell infiltration into peripheral organs including, for example, the spread of cancer into
soft tissue and bone; inhibition of or an absence of tumor metastasis; inhibition or an absence of
tumor growth; relief of one or more symptoms associated with the specific cancer; reduced
morbidity and mortality; improvement in quality of life; reduction in tumorigenicity, tumorigenic
frequency, or tumorigenic capacity, of a tumor; reduction in the number or frequency of cancer
stem cells in a tumor; differentiation of tumorigenic cells to a non-tumorigenic state; or some
combination of effects.

[00107] "Polynucleotide,” or "nucleic acid,” as used interchangeably herein, refer to
polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be
deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or
any substrate that can be incorporated into a polymer by DNA or RNA polymerase. A
polynucleotide can comprise modified nucleotides, such as methylated nucleotides and their
analogs. If present, modification to the nucleotide structure can be imparted before or after
assembly of the polymer. The sequence of nucleotides can be interrupted by non-nucleotide
components. A polynucleotide can be further modified after polymerization, such as by
conjugation with a labeling component. Other types of modifications include, for example,
"caps", substitution of one or more of the naturally occurring nucleotides with an analog,
internucleotide modifications such as, for example, those with uncharged linkages (e.g., methyl
phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.) and with charged linkages

(e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant moieties, such as,
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for example, proteins {e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysine, ete.),
those with intercalators {e.g., acridine, psoralen, etc.}, those containing chelators {e.g., metals,
radicactive metals, boron, oxidative metals, etc.), those containing alkylators, those with
modified linkages (c.g., alpha anomeric nucleic acids, ete.), as well as unmeodified forms of the
polvnucleotide(s). Farther, any of the hydroxyl groups ordinarily present in the sugars can be
replaced, for example, by phosphonate groups, phosphate groups, protected by standard
protecting groups, or activated to prepare additional Hokages to additional nucleotides, or can be
conjugated to solid supports. The 5" and 3" terminal OH can be phosphorylated or substituted with
amines or organic capping group moieties of from 1 to 20 carbou atows. Other hydroxyls can
also be derivaiized to standard protecting groups. Polynucleotides can also contain analogous
forms of ribose or deoxyribose sugars that are generally known in the art, including, for exarmple,
2-O-methyl-, 2-0-allyl, 2-fluoro- or 2-azido-ribose, carbocyclic sugar analogs, .alpha.-
anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars,
furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs such as methyl
riboside. One or more phosphodiester linkages can be replaced by alternative linking groups.
These alternative linking groups include, but are not limtted to, embodiments wherein phosphate
is replaced by P{O}S ("thicate™), P(8)S ("dithioate"), "(O)NR, ("amidate”), PIOR, PUHOR, CO
or (H, (Mormacetal”), in which each R or R' is independently H or substituted or ansubstituted
alkvl (1-20 C) optionally containing an ecther (~-0O--) linkage, aryl, alkenyl, cyeloalkyl,
cycloalkenyt or araldyl. Not all linkages in a polynucleotide need be identical. The preceding
description applies to all polynuclectides referred to herein, including RNA and DNA.

{G0108] The term "vector” means a construct, which is capable of delivering, and
optionally expressing, one or more gene(s) or sequence(s) of interest in a host cell. Examples of
vectors include, but are not limited to, viral vectors, naked DNA or RNA expression vectors,
plasmid, cosmid or phage vectors, DNA or RNA expression vectors associated with cationic
condensing agents, DNA or RNA expression vectors encapsulated in liposomes, and certain
eukaryotic cells, such as producer cells..

{06109} The termas "polypeptide,” "peptide,” and "protein” are used interchangeably herein
to refer to polymers of amine acids of any length, The polymer can be linear or branched, it can
comprise modified amine acids, and it can be interrupted by non-amino acids. The terms also
encompass an amino acid polymer that has been modified naturally or by intervention; for

example, disulfide bond formation, glycosylation, lipidation, acetylation, phosphorylation, or any
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[00110] The terms "identical" or percent "identity" in the context of two or more nucleic

acids or polypeptides, refer to two or more sequences or subsequences that are the same or have a
specified percentage of nucleotides or amino acid residues that are the same, when compared and
aligned (introducing gaps, if necessary) for maximum correspondence, not considering any
conservative amino acid substitutions as part of the sequence identity. The percent identity can
be measured using sequence comparison software or algorithms or by visual inspection. Various
algorithms and software are known in the art that can be used to obtain alignments of amino acid
or nucleotide sequences. One such non-limiting example of a sequence alignment algorithm is
the algorithm described in Karlin et al, 1990, Proc. Natl. Acad. Sci., 87:2264-2268, as modified
in Karlin et al., 1993, Proc. Natl. Acad. Sci., 90:5873-5877, and incorporated into the NBLAST
and XBLAST programs (Altschul et al., 1991, Nucleic Acids Res., 25:3389-3402). In certain
embodiments, Gapped BLAST can be used as described in Altschul et al., 1997, Nucleic Acids
Res. 25:3389-3402. BLAST-2, WU-BLAST-2 (Altschul et al., 1996, Methods in Enzymology,
266:460-480), ALIGN, ALIGN-2 (Genentech, South San Francisco, California) or Megalign
(DNASTAR) are additional publicly available software programs that can be used to align
sequences. In certain embodiments, the percent identity between two nucleotide sequences is
determined using the GAP program in GCG software (e.g., using a NWSgapdna. CMP matrix and
a gap weight of 40, 50, 60, 70, or 90 and a length weight of 1, 2, 3, 4, 5, or 6). In certain
alternative embodiments, the GAP program in the GCG software package, which incorporates
the algorithm of Needleman and Wunsch (J. Mol. Biol. (48):444-453 (1970)) can be used to
determine the percent identity between two amino acid sequences (e.g., using either a Blossum
62 matrix or a PAM2350 matrix, and a gap weight of 16, 14, 12, 10, &8, 6, or 4 and a length weight
of 1,2, 3, 4, 5). Alternatively, in certain embodiments, the percent identity between nucleotide
or aming acid sequences is determined using the algorithm of Myers and Miiler (CABIOS, 4:11-
17 (19893, For example, the percent identity can be determuned using the ALIGN program

version 2.0} and using a PAMI20 with residue table, a gap length penalty of 12 and a gap
/ = E y
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penalty of 4. Appropriate parameters for maximal alignment by particular alignment software
can be determined by one skilled in the art. In certain embodiments, the default parameters of
the alignment software are used. In certain embodiments, the percentage identity “X” of a first
amino acid sequence to a second sequence amino acid is calculated as 100 x (Y/Z), where Y is
the number of amino acid residues scored as identical matches in the alignment of the first and
second sequences (as aligned by visual inspection or a particular sequence alignment program)
and Z is the total number of residues in the second sequence. If the length of a first sequence is
longer than the second sequence, the percent identity of the first sequence to the second sequence
will be longer than the percent identity of the second sequence to the first sequence.

[00111] As a non-limiting example, whether any particular polynucleotide has a certain
percentage sequence identity (e.g., is at least 80% identical, at least 85% identical, at least 90%
identical, and in some embodiments, at least 95%, 96%, 97%, 98%, or 99% identical) to a
reference sequence can, in certain embodiments, be determined using the Bestfit program
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, 575 Science Drive, Madison, WI 53711). Bestfit uses the local
homology algorithm of Smith and Waterman, Advances in Applied Mathematics 2: 482 489
(1981), to find the best segment of homology between two sequences. When using Bestfit or any
other sequence alignment program to determine whether a particular sequence is, for instance,
95% identical to a reference sequence according to the present invention, the parameters are set
such that the percentage of identity is calculated over the full length of the reference nucleotide
sequence and that gaps in homology of up to 5% of the total number of nucleotides in the
reference sequence are allowed.

[00112] In some embodiments, two nucleic acids or polypeptides of the invention are
substantially identical, meaning they have at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, and in some embodiments at least 95%, 96%, 97%, 98%, 99% nucleotide or amino
acid residue identity, when compared and aligned for maximum correspondence, as measured
using a sequence comparison algorithm or by visual inspection. Identity can exist over a region
of the sequences that is at least about 10, about 20, about 40-60 residues in length or any integral
value therebetween, and can be over a longer region than 60-80 residues, for example, at least
about 90-100 residues, and in some embodiments, the sequences are substantially identical over
the full length of the sequences being compared, such as the coding region of a nucleotide

sequence for example.
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[00113] A "conservative amino acid substitution" is one in which one amino acid residue
is replaced with another amino acid residue having a similar side chain. Families of amino acid
residues having similar side chains have been defined in the art, including basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar
side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). For example, substitution of a
phenylalanine for a tyrosine is a conservative substitution. In some embodiments, conservative
substitutions in the sequences of the polypeptides and antibodies of the invention do not abrogate
the binding of the polypeptide or antibody containing the amino acid sequence, to the antigen(s),
i.e., the EGFR to which the polypeptide or antibody binds. Methods of identifying nucleotide
and amino acid conservative substitutions which do not eliminate antigen binding are well-
known in the art (see, e.g., Brummell et al., Biochem. 32: 1180-1 187 (1993); Kobayashi et al.
Protein Eng. 12(10):879-884 (1999); and Burks et al. Proc. Natl. Acad. Sci. USA 94:412-417

(1997)).

[00114] As used in the present disclosure and claims, the singular forms "a," "an," and
"the" include plural forms unless the context clearly dictates otherwise.

[00115] It is understood that wherever embodiments are described herein with the

language "comprising," otherwise analogous embodiments described in terms of "consisting of™
and/or "consisting essentially of" are also provided.

[00116] The term "and/or" as used in a phrase such as "A and/or B" herein is intended to
include both "A and B.," "A or B," "A," and "B." Likewise, the term "and/or" as used in a phrase
such as "A, B, and/or C" is intended to encompass each of the following embodiments: A, B,
and C; A,B,orC;AorC; AorB; BorC; A and C; A and B; B and C; A (alone); B (alone);
and C (alone).

IL. EGFR binding agents

[00117] Tumors often overexpress growth factor receptors that bind various ligands ligand
and facilitate unrestricted tumor growth. One example of such growth factor receptors are the
receptors of the Epidermal Growth Factor Receptor (EGFR) protein family.

[00118] Signal transduction through members of the Epidermal Growth Factor Receptor

(EGFR) protein family is dependent upoz: the formation of homodimers or heterodimers triggered
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by the binding of ligand. This receptor family is comprised of four membrane-bound proteins:
EGFR, HER2/neu, HER3 and HER4. Overexpression of these proteins has been correlated with
a poor prognosis in a number of types of cancer, including, but not limited to, breast, colon,
ovarian, endometrial, gastric, pancreatic, prostate and salivary gland cancers. While a number of
groups have developed strategies to target individual members of the EGFR protein family (e.g.,
HER2/neu or EGFR) to inhibit tumor growth, none of the treatments has been proven to
ultimately cure these forms of cancer.

[00119] In accordance with this invention novel agents (e.g. antibodies) are provided that
specifically bind to human EGFR. These novel agents partially inhibit EGFR signaling and have
no effect on EGFR-positive normal epithelial cells, including primary keratinocytes. However,
these agents are highly cytotoxic to EGFR-overexpressing tumor cells.

[00120] Thus, present invention provides agents that specifically bind human EGFR.
These agents are referred to herein as "EGFR binding agents." In certain embodiments, the
EGFR binding agents are antibodies, immunoconjugates or polypeptides. In some embodiments,
the EGFR binding agents are humanized antibodies.

[0100] In certain embodiments, the EGFR -binding agents have one or more of the following
effects: inhibit proliferation of tumor cells, reduce the tumorigenicity of a tumor by reducing the
frequency of cancer stem cells in the tumor, inhibit tumor growth, increase survival, trigger cell
death of tumor cells, differentiate tumorigenic cells to a non-tumorigenic state, or prevent
metastasis of tumor cells.

[0101] In some embodiments, the EGFR-binding agents are capable of reducing tumor volume.
The ability of a EGFR-binding agent to reduce tumor volume can be assessed, for example, by
measuring a %T/C value, which is the median tumor volume of treated subjects divided by the
median tumor volume of the control subjects. In some embodiments, treatment with a EGFR-
binding agent results in a %T/C value that is less than about 55%, less than about 50%, less than
about 45%, less than about 40%, less than about 35%, less than about 30%, less than about 25%,
less than about 20%, less than about 15%, less than about 10%, or less than about 5%.

[0102] In certain embodiments, immunoconjugates or other agents that specifically bind human
EGFR trigger cell death via a cytotoxic agent. For example, in certain embodiments, an antibody
to a human EGFR antibody is conjugated to a maytansinoid that is activated in tumor cells
expressing the EGFR by protein internalization. In certain alternative embodiments, the agent or

antibody is not conjugated.
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[0103] In certain embodiments, the EGFR-binding agents are capable of inhibiting tumor
growth. In certain embodiments, the EGFR-binding agents are capable of inhibiting tumor
growth in vivo (e.g., in a xenograft mouse model and/or in a human having cancer).

[0104] The EGIR-binding agents include EGFR antibodies EGFR-6, EGFR-7, and EGFR-12
and fragments, variants and derivatives thereof. The EGFR-binding agents also include EGFx-
binding agents that specifically bind to the same EGFR epitope as the antibodies EGFR-6,
EGFR-7, and EGFR-12. The EGFR-binding agents also include EGFR-binding agents that
competitively inhibit the antibodies EGFR-6, EGFR-7, and EGFR-12.

[0105] The EGFR-binding agents also include EGFR-binding agents that comprise the heavy and
light chain CDR sequences of EGFR-6, EGFR-7, and EGFR-12. The CDR sequences of EGFR-
7 and EGFR-12, both murine and humanized are described in Tables 1 and 2 below.

Table 1: Variable heavy chain CDR amino acid sequences

Antibody VH-CDR1 VH-CDR2 VH-CDR3
EGFR-7 TSYWMQ TIYPGDGDTT (SEQ ID NO:2) . YDAPGYAMDY
(SEQIDNO:1) ¢+ - (SEQ ID NO:3) i
EGFR-7 TSYWMQ Xaa; Xaa, YPGDGDXaaz;Xaay; YDAPGY Xaa,MDY
variant (SEQID Xaa; =Tor A Xaa; =AorT
composite | NO:1) Xaa;=1lorL (SEQ ID NO:5)
sequences Xaa;=TorA
Xaa,=T,R,orS
(SEQ ID NO:4)
EGFR-7 Xaa; Xaa, YPGDGDXaa;Xaa, XaasQKFXaasG
Kabat HC Xaa;=TorA
CDR2 Xaa,=lorL
Xaaz;=Tor A
Xaa;=T,R,or S
Xaas=Y, T,orl
Xaag = Qor K
{SEQ ID NO:6)
EGFR-12 TSYWMQ TIYPGDGDYR YDAPGYAMDY
(SEQ IDNO:1) i (SEQ ID NO:7) . (SEQ ID NO:3)
Kabat HC TIYPGDGDTRYIQKFKG |
(murine) | (SEQIDNO:®)
Kabat HC TIYPGDGDTRYIQKFQG
(resurfaced) | (SEQ ID NO:9) i
EGFR-6 TSYWMQ ALYPGDGDAR (SEQ ID NO:65) { YDAPGYAMDY
(SEQID (SEQ ID NO:3)
777777 NO:1)
Kabat HC ALYPGDGDARYTQKFKG (SEQ ID NO:66)
(murine) ) o 7 R
Kabat HC ALYPGDGDARYTQKFQG (SEQ ID NO:67)
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(resurfdééd) R
Table 2: Variable light chain CDR amino acid sequences
Antibody VL-CDRI VL-CDR2 VL-CDR3
EGFR-7 KASQDINNYLA YTSTLHP LQYDNLLYT

(murine and resurfaced v1.01)
(SEQ ID NO:10)

(SEQ ID NO:11)

(SEQ ID NO:12)

RASQDINNYLA
(resurfaced v1.0 and CDR
grafted)

(SEQ ID NO:13)

EGFR-7 variant

Xaa;ASQDINNY Xaa;A

YTSTLHP

LQYDNLLYT

coruposite Xaa, = K orR (SEQ ID NO:11) (SEQIDNO:12)
SEqUENCEs Xaa; =L or |

e (SEQID NO:14)
EGFR-12 RASKSISKYLA

(murine and resurfaced v1.01)
{SEQ ID NO:15)

RASQSISRYLA
(resurfaced v1.0)
(SEQ ID NO:16)

SGSTLQS
(SEQ ID NO:17)

QOHNEYPWT
(BEQ 1D NO:18)

EGFR-6 (murine) | KASQDINNYIA (SEQ ID YTSTLHP LOYDNLLYT
o NO: 68) (SEQ ID NO:11} (SEQ D NO:I2)
(resurfaced) RASQDINNYLA

(SEQ ID NO:13)

[0106] The EGFR binding molecules can be antibodies or antigen binding fragments that
specifically bind to EGFR that comprise the CDRs of EGFR-6, EGFR-7, and EGFR-12 with up

to four (i.e. 0, 1, 2, 3, or 4) conservative amino acid substitutions per CDR.

[0107} Polypeptides can comprise one of the individual variable light chains or variable heavy

chains described herein. Antibodies and polypeptides can also comprise both a variable light

chain and a variable heavy chain. The variable light chain and variable heavy chain sequences of

murine and humanized EGFR-7 and EGFR-12 antibodies are provided in Tables 3 and 4 below.

Table 3: Variable heavy chain amino acid sequences

Antibody ¢ VH Amino Acid Seguence )
muEGFR-7 | QVQLQQSGAELARPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGTIYPG
Vu DGDTTYTQKFKGKATLTADKSSSTAYMQLSSLASEDSAVYYCARYDAPGYAMD

YWGQGTSVTVSS

muEGER-12
Vi

DGDTRYIQKFKGKATLTADKSSSTAYMQLSSLASEDSAVYYCARYDAPGYAMD
YWGQGTSVTVSS
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Antibody VH Amino Acid Sequence
(SEQ ID NO:20) e
huEGFR-7 QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGTIYP
Vi GDGDTTYTQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAM
DYWGQGTLVTVSS
7 (SEQID NO:213%
huBEGFR-7 QVQLVQSGAEVKKPGASVKVSCKASGYTFTSY WMQWVRQAPGQGLEWMGHTY
Yy CDR PGDGDTTYTQKFKGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARYDAPGYA
grafted MDYWGQGTLVTVSS
7777777 (SEQ ID NO:22)
huEGFR-12 QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGTIYP
Vi GDGDTRYIQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAM
DYWGQGTLVTVSS
(SEQIDNO:23)
muEGFR-6 | QVQLQQSGAELARPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGALYP
¢ Vy GDGDARYTQKFKGKATLTADRSSSTAYMQLSSLASEDSAVYYCARYDAPGYAM
. DYWGQGTSVTVAS (SEQIDNO:69)
huEGFR-6 | QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGALYP
Vuvl.0 . GDGDARYTQKFQGKATLTADTSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAM
DYWGQGTLVTVSS (SEQ IDNO:71)
huEGFR-6 | QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLEWIGALY
Vyvl.ll - PGDGDARYTQKFQGKATLTADTSSSTAYMQLSSLRSEDSAVYYCARYDAPGYA
MDYWGQGTLVTVSS (SEQ IDNO:72)
huEGFR-7 QVQLVQSGAEVAKPGASVKLSCKASGYTFITSYWMQWVKQRPGQGLEWIGTIYP
Vg vl GDGDTTYTQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAM

DYWGQGTLVTVSS (SEQ ID NO:73)

12 Vi,

Antibody VL Amino Acid Sequence
muEGFR- DIQMTQSPSSLSASLGGKVTITCKASQDINNYLAWYQHKPGKGPRLLIHYTSTLHP
7VL GIPSRFSGSGSGRDYSFSISNLEPEDIATYYCLQYDNLLYTFGGGTKLEIKR

(SEQ ID NO:24)
muEGFR- DVQITQSPSYLAASPGETITINCRASKSISKYLAWYQEKPGKTNKLLIYSGSTLQSGI
12V, PSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPWTFGGGTKLEIKR

L(SEQIDNO:2S)
huEGFR-7 DIQMTQSPSSLSASVGDRVTITCRASQDINNYLAWYQHKPGKGPKLLIHYTSTLHP
Vovl1.0 GIPSRFSGSGSGRDY SFSISSLEPEDIATYYCLQYDNLLYTFGQGTKLEIKR
(SEQIDNO26) N
: huEGFR-7 | DIQMTQSPSSLSASVGDRVTITCKASQDINNYLAWYQHKPGKGPKLLIHYTSTLHP
Vivl.01 GIPSRFSGSGSGRDYSFSISSLEPEDIATYYCLQYDNLLYTFGQGTKLEIKR
o (SEQIDNO27)
huEGFR-7 | DIQMTQSPSSLSASVGDRVTITCRASQDINNYLAWYQQKPGKAPKLLIYYTSTLHP
V. CDR GVPSRFSGSGSGTDFTFTISSLQPEDIATYYCLQYDNLLYTFGQGTKVEIKR
yrafted (SEQIDNO:28y
huEGFR- DVQITQSPSSLAASVGERITINCRASQSISRYLAWYQEKPGKTNKLLIYSGSTLQSG
12 Vo v1.0 | IPSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPWTFGQGTKLEIKR

(SEQ ID NO:29)

huEGFR- DVQITQSPSSLAASVGERITINCRASKSISKYLAWYQEKPGKTNKLLIYSGSTLQSG

IPSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPWTFGQGTKLEIKR




QVQL VQSGAEVAKPGASVKL SCKASGYTFTSYWQW/KQRPGQGLECI GTI YP
GDGDTTYTQKFQGKATL TADKSSSTAYMQL SSLRSEDSAVYYCARYDAPGYAM DYWGQGTLVTVSS (SEQ | D
NO 21)  QVQLRVDBGEAERYKKPGASVKVSCKASGYTFTSYWQW/L QAPGQGL EVWIBTIVE 2 REDERTE Y TQKF
KGRVTMIRDTSTSTVYMELS SLRSEDTAVYYCARYDAPGYA MDYWGQGTLVT VSS (SEQ | D NO. 22)
QVQL VQSGAEVAKPGASVKL SCKASGYTFTSYWQW/KQRPGQGLECI GTI YP

GDGDTRY|. QKFQGEKATL TADKSSSTAYMI. SSLRSEDSAVYYCARYDAPGYAM. DYWGQGTL VIVSS. (SEQ.I D
NO: 23) | ADUERIRQSGAEL ARPGASVKL SCRASEYTE ASARIMIRORPGQGLECL GALYP__
GDGDARWIQKFKGKATSHADRSSEINYMOL SSLASEDSAVYYCARYDAPGYAM DYWGQGTSVTVAS _( SEQ

I D NQ 6EHGFRIVOADIQSTABPAKPEAMKE B ASBAF IS WA CRECOGKECRGM VBT STLHP
GDGDARYWIQKF QGKATH TSRS BSTORITY 5 SSORSERISIUY Y CARYDARGYANT YV GEQSTENR/SS ( SSEQ
ID NO71) QVQL VEBGAENEKRBASVKL SCKASGYTFTSYWWWKORPGOGLEW GALY

PCDCDARYTQKFQGKATLTADTSSSTAYM QLS SLRSEDSAVYYCARYDAPGYA MDYWGQGTLVTVSS

coaDT TR TR PR Gat B RERU CHVASH DR S5 | o

NG 73) sequence identity to SWB’PZOMI?@3P@9,9&&@WIE¢6, and/or (b) a polypeptide having at least
about 90% sequence identity to SEQ ID NOs:24-30 and 70. In certain embodiments, the

polypeptide comprises a polypeptide having at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NOs:19-30 and 69-
76. Thus, in certain embodiments, the polypeptide comprises (a) a polypeptide having at least
about 95% sequence identity to SEQ ID NOs: 19-23, 69, and 71-76, and/or (b) a polypeptide
having at least about 95% sequence identity to SEQ ID NOs:24-30 and 70. In certain
embodiments, the polypeptide comprises (a) a polypeptide having the amino acid sequence of
SEQ ID NOs: 19-23, 69, and 71-76; and/or (b) a polypeptide having the amino acid sequence of
SEQ ID NOs:24-30 and 70. In certain embodiments, the polypeptide is an antibody and/or the
polypeptide specifically binds EGFR. In certain embodiments, the polypeptide is a murine,
chimeric, or humanized antibody that specifically binds EGFR. In certain embodiments, the
polypeptide having a certain percentage of sequence identity to SEQ ID NOs: 19-30 and 69-76
differs from SEQ ID NOs: 19-30 and 69-76 by conservative amino acid substitutions only.

Table 5: Full-length heavy chain and light chain amino acid sequences

Antibody " VH Amino Acid Seguence
“huEGFR-7 QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGTIYPGD
HC GDTTYTQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAMDYW

GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCD
KTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY
VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIE
KTISKAKGQPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG
(SEQ ID NO:31)

hEGFR7 1 QVQLVOSGAEVKKPGASVKVSCKASGYTFTSYWMQWVRQAPGQGLEWMGTIYPG
HC_CDR DGDTTYTQKFKGRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARYDAPGYAMDYW
grafted GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALT
SGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS
KAKGQPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG

- (SEQ ID NO:32)

huEGFR-7 | DIQMTQSPSSLSASVGDRVTITCRASQDINNYLAWYQHKPGKGPKLLIHY TSTLHPGI
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LCvI.0 PSRFSGSGSGRDYSFSISSLEPEDIATYYCLQYDNLLY TFGQGTKLEIKRTVAAPSVFIF

PPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSL
SSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC
(SEC IDNO:33)

huEGFR-7
LCv1.01

DIOMTQSPSSLSASVGDRVTITCKASQDINNYLAWYQHKPGKGPKLLIHY TSTLHPGI
PSRFSGSGSGRDY SFSISSLEPEDIATYYCLQYDNLLY TFGQGTKLEIKRTVAAPSVFIF
PPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYS
LSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO:34)

huEGFR-7
LC_CDR
grafted

DIOMTQSPSSLSASVGDRVTITCRASQDINNYLAWYQQKPGKAPKLLIYYTSTLHPG
VPSRFSGSGSGTDFTETISSLQPEDIATYYCLQYDNLLYTFGQGTKVEIKRTVAAPSV
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
TYSLSSTLTLSKAUGYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO:35)

huEGFR-12
HC

QVOLVQSGAEVAKPGASVKLSCKASGYTFTSY WMQW VKQRPGQGLECIGTIYPGD
GDTRYIQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAMDYW
GQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGAL
TSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSC
DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSL
SPG(SEQIDNO:36)

heEGER-12
ECv, 1.0

DVQITQSPSSLAASVGERITINCRASQSISRYLAWYQEKPGKTNKLLIYSGSTLQSGI

- PSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPWTFGQGTKLEIKRTVAAPSV
. FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDS
- TYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

. (SEQ ID NO:37)

huBEGFR-12
LCv. 101

DVQITQSPSSLAASVGERITINCRASKSISKYLAWYQEKPGKTNKLLIYSGSTLQSGI
PSRFSGSGSGTDFTLTISSLEPEDFAMYYCQQHNEYPWTFGQGTKLEIKRTVAAPSV
FIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD
STYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

(SEQ ID NO:38)

huEGFR-6
HCv1.0

QVQLVQSGAEVAKPGASVKLSCKASGYTFTSYWMQWVKQRPGQGLECIGALYPG
DGDARYTQKFQGKATLTADTSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAMDY
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP
APIEKTISKAKGQPREPQVY TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSL
SLSPG (SEQ ID NO:74)

huEGFR-6
HCv1.11

QVQLVQSGAEVAKPGASVKLSCKASGYTFTSY WMQWVKQRPGQGLEWIGALYP
GDGDARYTQKFQGKATLTADTSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAMD
YWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSG
ALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPK
SCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEK TISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSL
SLSPG (SEQ ID NO:75}

“huEGFR-7
HCv1.11

QVQLVQSGAEVAKPGASVKLSCKASGYTFTSY WMQWVKQRPGQGLEWIGTIYPG
DGDTTYTQKFQGKATLTADKSSSTAYMQLSSLRSEDSAVYYCARYDAPGYAMDY
WGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKS
CDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN

7 WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALP |
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.~ Antibody ~VH Amino Acid Sequence

APIEKTISKAKGQPREPQV Y TLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL
| SLSPG (SEQ ID NO:76)

[0109] Also provided are polypeptides that comprise: (a) a polypeptide having at least about 90%
sequence identity to SEQ ID NOs:31, 32, and 36; and/or (b) a polypeptide having at least about
90% sequence identity to SEQ ID NOs:33-35, 37, and 38. In certain embodiments, the
polypeptide comprises a polypeptide having at least about 95%, at least about 96%, at least about
97%, at least about 98%, or at least about 99% sequence identity to SEQ ID NOs:31-38. Thus, in
certain embodiments, the polypeptide comprises (a) a polypeptide having at least about 95%
sequence identity to SEQ ID NOs: 31, 32, and 36, and/or (b) a polypeptide having at least about
95% sequence identity to SEQ ID NOs: 33-35, 37, and 38. In certain embodiments, the
polypeptide comprises (a) a polypeptide having the amino acid sequence of SEQ ID NOs: 31,
32, and 36; and/or (b) a polypeptide having the amino acid sequence of SEQ ID NOs: 33-35, 37,
and 38. In certain embodiments, the polypeptide is an antibody and/or the polypeptide
specifically binds EGFR. In certain embodiments, the polypeptide is a humanized antibody that
specifically binds EGFR In certain embodiments, the polypeptide having a certain percentage of
sequence identity to SEQ ID NOs:31-38 differs from SEQ ID NOs:31-38 by conservative amino
acid substitutions only.

[0110] In certain embodiments, the EGFR antibody is the antibody produced from a hybridoma
selected from the group consisting of ATCC Deposit Designation PTA-11331 (EGFR-6),
deposited with the ATCC on October 6, 2010, ATCC Deposit Designation PTA-11332 (EGFR-
7), deposited with the ATCC on October 6, 2010, and ATCC Deposit Designation PTA-11333
(EGFR-12), deposited with the ATCC on October 6, 2010. In certain embodiments, the antibody
comprises the VH-CDRs and the VL-CDRS of the antibody produced from a hybridoma selected
from the group consisting of PTA-11331, PTA-11332, and PTA-11333.

[0111] Monoclonal antibodies can be prepared using hybridoma methods, such as those
described by Kohler and Milstein (1975) Nature 256:495. Using the hybridoma method, a
mouse, hamster, or other appropriate host animal, is immunized as described above to elicit the
production by lymphocytes of antibodies that will specifically bind to an immunizing antigen.
Lymphocytes can also be immunized in vitro. Following immunization, the lymphocytes are
isolated and fused with a suitable myeloma cell line using, for example, polyethylene glycol, to

form hybridoma cells that can then be selected away from unfused lymphocytes and myeloma
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cells. Hybridomas that produce monoclonal antibodies directed specifically against a chosen
antigen as determined by immunoprecipitation, immunoblotting, or by an in vifro binding assay
(e.g. radioimmunoassay (RIA); enzyme-linked immunosorbent assay (ELISA)) can then be
propagated either in vitro culture using standard methods (Goding, Monoclonal Antibodies:
Principles and Practice, Academic Press, 1986) or in vivo as ascites tumors in an animal. The
monoclonal antibodies can then be purified from the culture medium or ascites fluid as described
for polyclonal antibodies above.

[0112] Alternatively monoclonal antibodies can also be made using recombinant DNA methods
as described in U.S. Patent 4,816,567. The polynucleotides encoding a monoclonal antibody are
isolated from mature B-cells or hybridoma cell, such as by RT-PCR using oligonucleotide
primers that specifically amplify the genes encoding the heavy and light chains of the antibody,
and their sequence is determined using conventional procedures. The isolated polynucleotides
encoding the heavy and light chains are then cloned into suitable expression vectors, which when
transfected into host cells such as E. coli cells, simian COS cells, Chinese hamster ovary (CHO)
cells, or myeloma cells that do not otherwise produce immunoglobulin protein, monoclonal
antibodies are generated by the host cells. Also, recombinant monoclonal antibodies or
fragments thereof of the desired species can be isolated from phage display libraries expressing
CDRs of the desired species as described (McCafferty et al., 1990, Nature, 348:552-554;
Clackson et al., 1991, Nature, 352:624-628; and Marks et al., 1991, J. Mol. Biol., 222:581-597).
[0113] The polynucleotide(s) encoding a monoclonal antibody can further be modified in a
number of different manners using recombinant DNA technology to generate alternative
antibodies. In some embodiments, the constant domains of the light and heavy chains of, for
example, a mouse monoclonal antibody can be substituted 1) for those regions of, for example, a
human antibody to generate a chimeric antibody or 2) for a non-immunoglobulin polypeptide to
generate a fusion antibody. In some embodiments, the constant regions are truncated or removed
to generate the desired antibody fragment of a monoclonal antibody. Site-directed or high-
density mutagenesis of the variable region can be used to optimize specificity, affinity, etc. of a
monoclonal antibody.

[0114] In some embodiments, the monoclonal antibody against the human EGFR is a humanized
antibody. In certain embodiments, such antibodies are used therapeutically to reduce antigenicity

and HAMA (human anti-mouse antibody) responses when administered to a human subject.



WO 2012/058588 PCT/US2011/058378
-35-

Humanized antibodies can be produced using various techniques known in the art. In certain
alternative embodiments, the antibody to EGFR is a human antibody.

[0115] Human antibodies can be directly prepared using various techniques known in the art.
Immortalized human B lymphocytes immunized in vitro or isolated from an immunized
individual that produce an antibody directed against a target antigen can be generated (See, €.g.,
Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77 (1985); Boemer et
al., 1991, J. Immunol., 147 (1):86-95; and U.S. Patent 5,750,373). Also, the human antibody can
be selected from a phage library, where that phage library expresses human antibodies, as
described, for example, in Vaughan et al., 1996, Nat. Biotech., 14:309-314, Sheets et al., 1998,
Proc. Nat’l. Acad. Sci., 95:6157-6162, Hoogenboom and Winter, 1991, J. Mol. Biol., 227:381,
and Marks et al., 1991, J. Mol. Biol., 222:581). Techniques for the generation and use of
antibody phage libraries are also described in U.S. Patent Nos. 5,969,108, 6,172,197, 5,885,793,
6,521,404; 6,544,731; 6,555,313; 6,582,915; 6,593,081; 6,300,064; 6,653,068; 6,706,484; and
7,264,963; and Rothe et al., 2007, J. Mol. Bio., doi:10.1016/j.jmb.2007.12.018 (each of which is
incorporated by reference in its entirety).  Affinity maturation strategies and chain shuffling
strategies (Marks et al., 1992, Bio/Technology 10:779-783, incorporated by reference in its
entirety) are known in the art and can be employed to generate high affinity human antibodies.
[0116] Humanized antibodies can also be made in transgenic mice containing human
immunoglobulin loci that are capable upon immunization of producing the full repertoire of
human antibodies in the absence of endogenous immunoglobulin production. This approach is
described in U.S. Patents 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5,661,016.
[0117] This invention also encompasses bispecific antibodies that specifically recognize a
EGFR. Bispecific antibodies are antibodies that are capable of specifically recognizing and
binding at least two different epitopes. The different epitopes can either be within the same
molecule (e.g. the same EGFR) or on different molecules such that both, for example, the
antibodies can specifically recognize and bind a EGFR as well as, for example, 1) an effector
molecule on a leukocyte such as a T-cell receptor (e.g. CD3) or Fe receptor (e.g. CD64, CD32, or
CD16) or 2) a cytotoxic agent as described in detail below.

[0118] Exemplary bispecific antibodies can bind to two different epitopes, at least one of which
originates in a polypeptide of the invention. Alternatively, an anti-antigenic arm of an
immunoglobulin molecule can be combined with an arm which binds to a triggering molecule on

a leukocyte such as a T cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for
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IgG so as to focus cellular defense mechanisms to the cell expressing the particular antigen.
Bispecific antibodies can also be used to direct cytotoxic agents to cells which express a
particular antigen. These antibodies possess an antigen-binding arm and an arm which binds a
cytotoxic agent or a radionuclide chelator, such as EOTUBE, DPTA, DOTA, or TETA.
Techniques for making bispecific antibodies are common in the art (Millstein et al., 1983, Nature
305:537-539; Brennan et al., 1985, Science 229:81; Suresh et al, 1986, Methods in Enzymol.
121:120; Traunecker et al., 1991, EMBO J. 10:3655-3659; Shalaby et al., 1992, J. Exp. Med.
175:217-225; Kostelny et al., 1992, J. Immunol. 148:1547-1553; Gruber et al., 1994, J. Immunol.
152:5368; and U.S. Patent 5,731,168). Antibodies with more than two valencies are also
contemplated. For example, trispecific antibodies can be prepared (Tutt et al., J. Immunol.
147:60 (1991)). Thus, in certain embodiments the antibodies to EGFR are multispecific.

[0119] In certain embodiments are provided an antibody fragment to, for example, increase
tumor penetration. Various techniques are known for the production of antibody fragments.
Traditionally, these fragments are derived via proteolytic digestion of intact antibodies (for
example Morimoto et al., 1993, Journal of Biochemical and Biophysical Methods 24:107-117;
Brennan et al., 1985, Science, 229:81). In certain embodiments, antibody fragments are
produced recombinantly. Fab, Fv, and scFv antibody fragments can all be expressed in and
secreted from E. coli or other host cells, thus allowing the production of large amounts of these
fragments. Such antibody fragments can also be isolated from the antibody phage libraries
discussed above. The antibody fragment can also be linear antibodies as described in U.S. Patent
5,641,870, for example, and can be monospecific or bispecific. Other techniques for the
production of antibody fragments will be apparent to the skilled practitioner.

[0120] According to the present invention, techniques can be adapted for the production of
single-chain antibodies specific to EGFR (see U.S. Pat. No. 4,946,778). In addition, methods can
be adapted for the construction of Fab expression libraries (Huse, et al., Science 246:1275-1281
(1989)) to allow rapid and effective identification of monoclonal Fab fragments with the desired
specificity for EGFR, or derivatives, fragments, analogs or homologs thereof. Antibody
fragments can be produced by techniques in the art including, but not limited to: (a) a F(ab")2
fragment produced by pepsin digestion of an antibody molecule; (b) a Fab fragment generated by
reducing the disulfide bridges of an F(ab')2 fragment, (c) a Fab fragment generated by the

treatment of the antibody molecule with papain and a reducing agent, and (d) Fv fragments.
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DI QUTQSPSSL SASL GEKVTI TCKASQDI NNYLAWQHKPGKGPRLLI HYTSTLFI P

G PSRFSGSE8GRRBHS8E SNLEPED! ATYYCLQYDNLLYTFGGGTKLE! KR ( SEQTIUS204@0885)'8

DVQ TQSPSYLAASPGETI Tl NCRASKSI SKYLAWQEKPGKTNKLLI YSGSTLQSG

PSRFSGSGSGTDFTLTI SSLEPEDFAMYYCQQHNEYPWIFGGGTKLEI KR ( SEQ | D NO 25) DI QUTQ SP
S SLSASVGDRVTI TCRASQDI NNYLAWYQHKPGKGPKLLI HYTSTLHP _

G PSRFI8EHARDYsHtiss| Erdmialivy etrovpll Ly thraostreiEnkiRody Spgmeptsnty apdify an

e ey e i sk .
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primate (e.g. cynomolgus monkeys, macaques, etc.) or lupine origin. In some embodiments both

the variable and constant regions of the modified immunoglobulins are human. In other
embodiments the variable regions of compatible antibodies (usually derived from a non-human
source) can be engineered or specifically tailored to improve the binding properties or reduce the
immunogenicity of the molecule. In this respect, variable regions useful in the present invention
can be humanized or otherwise altered through the inclusion of imported amino acid sequences.

[0124] In certain embodiments, the variable domains in both the heavy and light chains are
altered by at least partial replacement of one or more CDRs and, if necessary, by partial
framework region replacement and sequence changing. Although the CDRs can be derived from
an antibody of the same class or even subclass as the antibody from which the framework regions
are derived, it is envisaged that the CDRs will be derived from an antibody of different class and

possibly from an antibody from a different species. It is not always necessary to replace all of the
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QVQLVQSGAEVAKPGASVKL SCKASGYTFTSYWRQWKQRPGQGLEC! GTI YPGD
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KAKGQPREP LPPSRDELTKNQ\/SLTCLVKGFYPSU AVEWE. SNGQPEN
PPVL Dscﬁ},%& BRI ORKORADTRNA RS S HEAMLR ﬁi@@@&gbsr,i@ﬁkélf(ds@@h? prtNg!lpppreciate

2015 002B4RC DI01 1 L0a7D O 38 G A s At Sontiecles (¢ fulllength

PSRFSGHHHBRI¢SIBS 1SﬁhEREEchAVé(‘ﬁ@g@‘dﬁ]SII1héﬂ'ﬁ$®GV\IhIL&i KATAMARBWED of one or more of

g?ﬁ%ﬁ%swqmw WE@ %SgDSe-[iY%' as to provide desired

DI QMTI QShscttenfiod GRRM He iSHASGEL MM%%@&EEMM&FQWC@H serum half-life when
PSRFSGSGSGRDYSFSI SSLEPEDI ATYYCLQYDNL LYTFG@T KLEI KRTVAAPSVFI

PPSDEQ.«W&&M@I;L&N amtﬂéwREAI&mvam& ME\QDBMDSWY@mprlsmg a native or
VPSRFS%@S@_ rldeld Bt ERhAdnt Y @(Mbﬁ%ﬁ@ﬁh&%&%ﬁS&glon compatible with
FI FPPSDEQLKS ASWCLLNNFYPREAKV QESVTEQI)SKDS

TYSL SS'I'lIhll’SLlBKﬂWEKHMA th@ ofjope ROMD5) amino acids in one or

e T L

CQGTL VTSGRV ARSEKRTAGHE Al cCHMMD YR RVAMEMNSBAins (CH1, CH2 or CH3)
TSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYI CN\/NHKPSI\FI'KVDKKVEPKSC
DKTHT CRPdinpetheanpsghpinmpreres lomagrieey osampvshesbpreyisrngdified constant regions

NS/ REEDYSURYE N ERIE SEOSA Y GERLANG 1 som

NNYKT T Rizvbhdasesk EkES KloBUIS BWNQGMY FSTE dvhipAkd-NNBK Ske Bte ASBG strSEQ drDvNGINB6)

DVQ TQSPSSLAASVGERI TE SQSI RYLAW QEKPGKTN | YSGSTL
PSRFSGSERRHHFRE FREKS) £ M@W@ﬁ@&% SS n some embodiments,

FI FPPSORQL LA WQEH\NZ TR REASYRNHPNALG @&%g 591%10 acid spacer (e.g. 10
TYSLSSTLTLSKADYEKHKVYACI%VT HQGEL SSPVTKSFNR! SEQ I D NG

DVQ TQSEﬁSuMMR}VTddﬁGMSI@k%b]ﬁW@EK@@ﬁﬁNKW@ﬁSﬂﬁTm@@d by the absent constant
PSRFSGSGSGTDFTLTI SSLEPEDFAMYYCQOHNEYPWIFGQGTKLEI KRTVAAPSV
FI FPPSOEEIPRSGTASVVCL L NNEYPREAKVOQAKVDNAL QSGNSQESVTEQDSKD

STYSL SS{BH?&W@EW&%&T@;—@W INRGEGrt (R doBstB? r8@ibn mediates several

effector functions. For example, binding of the C1 component of complement to antibodies

activates the complement system. Activation of complement is important in the opsonisation and
lysis of cell pathogens. The activation of complement also stimulates the inflammatory response
and can also be involved in autoimmune hypersensitivity. Further, antibodies bind to cells via
the Fe region, with a Fc receptor site on the antibody Fc region binding to a Fc receptor (FcR) on
a cell. There are a number of Fc receptors which are specific for different classes of antibody,

including IgG (gamma receptors), IgE (eta receptors), IgA (alpha receptors) and IgM (mu



QVQL VQSGAEVAKPGASVKL SCKASGYTFTSYWVQW/KQRPGQGLECI GALYPG
DGDARYTQKFQGKATL TADTSSSTAYMQL SSLRSEDSAVYYCARYDAPGYANDY

WEQGT L VT U8B ABBHGRSYFPL APSSKST SGGTAAL GCL VKDYFPEPVTVSVWNSGRCT/US2011/058378

L TSGVHTFPAVL QSSGL YSLSSVWTVPSSSLGTQTYI CNNHKPSNTKVDKKVEPKS

CDKTHT CPPCPAPEL L GGPSVFLFPPKPKDTLM SRTPEVTCVWWDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNST YRVVSVL TVL HQDW. NGKEYKCKVSNKAL P

AP| EKTI Seehik@ P RBRQINET QWD&T«R@@EWMK@MPMWEM@ number of important

NG 74 aLﬁEE%%%D%F%ﬁ@LTV%R%?&V A A A T
HCV1. 116 R)ChE e AM TN T é{ Lﬁsﬁ@@ﬁ MY ECARY DABEYAMD by killer cells

YWGQGTL VSSASTKGPSVFPLAPSSKSTS VKDYFPEPYTVSWNSG
AL TSGVHT#ERAy pudsdy xBpesisut el ssdaitest \CJY@WNFKPSRFI'IW@AEPR%% of inflammatory

NWAVDGUEVEHAR T RBEEEMNET PRV OF PN R RV ENEAL ™

PAPI EKT0$AKEQRRERVATbIMBRIE] THNQSIR-GIndiki(g- MR GEY YRS for altered effector
PENNYKTTPPVLDSDGSFFLYSKLTVDKSE&%EGNVFSCSVNHEALHRHYTCKSL SLSP é%EQ I D
NO 75) fupetaspbat, ovarvasesEhskpeargior] Bokis Wﬁmﬁ&g{

oy S IO 38 RPN RN on i

LTSG\/HTdEBA’dﬂ@% YSk RS BINRGESE GﬁE@iWMﬂgFM@ﬁrﬂ‘éK\alﬁﬁK@ﬂsPtﬁéreby increasing tumor

CDKTHTCPP APELL \VFLFPPKPKDTLM RTPEVTCVVVDVSHE : KEN . . .
WYVDGV PRI/ B\ g catlof consistent with this

2012/ 05858RfGT %@&%@é&ﬁﬁ%ﬁ%m bidlirig L&ilaﬁﬂs Iédi&% 1AE Qe haBTIfe RAH HRARSdcHRS
that conprise: (a) a polypeptide haV| ng at | east about 90% sequence
i dent i tqssdzcmat%@fla[aonmm?d cy@ZQXlanél’eBGthelamddI@ﬁatqm Oétlpmoylp@m tegionteay bagsesk

| b 90% d
cor tai HOGHRIRFRIR ISR igs6t 9 abreaEehan, PSS A0 pe Kt calihstiTng  gton
| east ahRUly BRWas@l ahB@st splatity96 an@odyenstibidpoutSihidely ainoklﬁﬁﬁho@sbﬁwthe

98% or at |east about Qg‘fgequence identity to SEQID NCs: 31- 38. Thus in
cert ai ncosstoodiregion gn merqgmq/p‘éﬁt ithis isveRsonsean easilya bpongdse psingewpkhineyat

| east bot 95% se Y (b)
2 pol yrEftiemil el FRISDDS cheMdriatelRudiESulel M ipurpier A dtis AL
33-35, [@128jaAced8in érﬁb&em&@tsna Emmdbmmtg&geﬁmamlayimpbo@edmm hsesorfa)r a

pol ypept i de havi ng the am ng acid sequence of  SE 1 32, an

and/ or pte ef mryg@stlwe Hieavnyignacndn aAMA o rakqdims a’ugﬁc@t@fﬂ e 1o N&g’f’gy-
33- 35, | ?5@??3 y
and/ or %%gn%% ﬁ%@b?{ gsggt?[%ec IAlr1Aca h%ﬁﬂérgn&é%o%é\xﬂ@é@%%t?ﬁep‘gﬁ%&@ Cﬁ@ncixgag'
pol ypeptde) aaivityhulieserizadeabbdibeds, theadntbpéy idbecadt hinbitnds HeGreTeptbmand/or
certain enmbodi rrents t he on g%l de h VI n a certai E)ﬁﬁigéa e of
sequenc¥MRIgRER FPIS- §E€? Jegks, %delfaar%%Ef@B 1- 38 by
ConserGF[gltg\]“ 34 e n%@dc{h&qgééﬂtélﬂfeweéln%ksv thel Bdi8Ld bﬁh&ﬁ'iésfé'aﬂ be %l@léé}‘é‘dlios

the E y is the antibody produced froma hybridona sel ec from
t he gr ofupe ther(SH3 tlomginodiredTO® Degusgd rePesi giibe faspedaVANOHEEM qEBpRes) In other

d ted th.th T t b 6, 20 ATCC t
PTh 11388 o0 HE SESTHRLE R 4 IRPEEL SRAGE (S hene JOTt5 Bl e
Deposi t i, Reigied @l afd/BT AHI 38alns CHidrlekamplte Q@ﬁiphﬁﬂlemohgtrﬁd% cé\ﬂ[@ﬁéeoﬁpﬁ&hﬁb er

6, 2010. In certain enbodi ments, the antibody conprises the VH CDRs and the
VL- CDRSwhbéreinh éleaﬁﬂ%ddmam bau cb@@n fdetateda ang Hhe demainieg &éi?ediwna@m(mﬁélﬁjﬁo@rp

consi stin TA-113 A 11 T 3

ant i bodlluglg Cﬁéﬁﬁﬁéj%%%éd thg NSNS r Oyr/lb‘?lltdg fﬁ&%‘%’% Cl(ﬁ Q%ajc%ll (Jt?lhgs&ira %Jecsaélr?ebed
by Kohl gideandr Mstant&itd en’lsh&)e?ﬁn)at ﬂi%trbg’tﬂataﬁﬁelékﬁélts Usthe@ohhmtmbrandmmlmﬁedmdi a
mouse, hanster, or ot her appropriate host animal, is i ni zed as descr|dbed

above tascessitle or thaths hangsaegion reainy Aswibley tlaveer.dhthoyltperotedhat gnjno aci
speci fi

mini 7057 O S e i 1R AR Ehic oHTRIAEH SRR A ng S psponsy
and f usggdinst the @nsttidtabAeondirglonm cetalin bmbediusnisg any epacex addeketp the construct
pol yet hyl ene glycol, to form hybridoma cells that can then be sel ected away
fromunfused | ynphocytes and nyel oma WO 2012/ 058588PCT/ US2011/ 058378 - 34
- cells. Hybridonmas that produce nonocl onal antibodi es directed
specifically against a chosen antigen as determ ned by inmunoprecipitation,
i mmunobl otting, or by an in vitro binding assay (e.g. radi oi nmunoassay
(RIA); enzyne-linked i nmunosorbent assay (ELISA)) can then be propagated
either in vitro culture using standard nethods (Godi ng, Monocl onal

Anti bodi es: Principles and Practice, Academ c Press, 1986) or in vivo as
ascites tunors in an animal. The nDnocIonaI anti bodi es can then be purified

o e r 1 I D Y




WO 2012/ 058588PCT/ US2011/ 058378 - 35 - Hunmani zed anti bodi es can be produced
usi ng various techniques known in the art. In certain alternative

enbodi nenwe,20tdvsssat i body to EGFR i s a hunan anti body. [PQIASpo1HoOsSSMAS

anti bodi es can be directly prepared usifig various techni ques known in the
art. Immortalized human B | ynphocytes i mmuni zed in vitro or isolated from
an inmmuni zed individual that produce an antibody directed against a target
ant i gerwitlabe b@atgmlue nan-éumuSegsnia. 4. sveTointted akpgethavbsweb snarainaini the diesisedand
Cancer Th 1985); Boener et al., 1991, J.

| munol P10 Ei’fffg&klﬂ}‘a@besé’gmeamadlg%%an% &%t 5, 750, 373). Also, the human

anti bodm $HB&edS ahe deRdoh [NV RB8Radt! BERRYdonhieY, Qt Whiidtbe pippERidtddDHAL Yhe
expresses human anti bodi es, as described, for exarTB@31 i n Vaughan et al.
9 c

1996, Naattlbo@psw*é@h preseu: igpgLigRAan B pevidegtbyzthe party timrges, SURGHUON Qe
Sci., 95:6157-6162. Hoogenb
R e I e M L

gener atdfahe @m dlﬁﬁal@f:arabé e tp balgseadnlaby a¢dues Fabindihs andlbsebiy bmleasa twh&:

Patent Nos. 5,969,108, 6,172,197, 5,885, 793 6, 521, 404; 6 544, 73
6, 555, Jealizgtioyg Symarlys it gan bBﬁeSI@biﬂ)EP sy delstthagart of g 048&0rea99&5tant

7, 264, afsh, 0

doi : 9@%%/ Iy %)15 qﬁ?ﬁ%a@&%lg’% géc?: ff J}4\tl/)J§7r1llogh i f%né re I;I)lgrrltatceL bbin(rhrel%)ertoenlbee
ini t s raodulated.y PuchApdriial dejetivat uf ttei cmnstamrragmgs ean amptoedhsilevtahetfafdcianigtics of
strategies rks et al Bi o/ T 7.79- 783, ar.por at ed by
refere %amﬁlbw%ﬂ’s(sﬁﬁﬁ hadk- %e}é{‘g’il e UHE ? g%{ﬂ ]f‘:ﬁ‘ﬁﬁloeﬁﬁssﬁéla@prﬂ’t’ H{;% E‘
generatgn Jﬂ Bbi¥inHIRR, Aok RRE:, 68 ali&ﬂ»a% dovBnteeshbBihi ROFbRS of alk

al so be ma transgenl c mice containing human i munogl obul'in Toci t hat
are Caphiiﬂl@ed ;aonbmdchmnzlm modified timooghutiengutatien bu Bubstl@plentoé ione ob fnokeI ARMO

ti bodi t b l ti
ppr oach s SURMGRAoF rrefls o MY Erpa ng, SoTag7: Inanis 8BGe i Ghgpasile’t
5, 625, 18&u t5th@3a%u4ﬁ§ ;préNdePbP Bledib&ved Bhnkillg JiRd Ee.&.NME Bindaig) a»uﬁre fbcaARASSes
bi specific antibodies that specifically recognize a EGFR Bispecific
ant | bodheistaitring dhe icondgwrstieh and a}rrén@mgamlcepr@gl% pbdhy ineedifigd pabghi ziGegaiind
bi ndi t ST di f.f f. t
pewi ¢ R aoHEOTS, s Raeties R kiR REGE: of MEaEalrl s P RS A BB 0.

such t hathametdesirdidé clradipliics bivh Rrdetieadhgesr trreasipg eftbétonfunytisrecogoiide f@md
bind a EGFR as well as, for exanple, 1) an effector nolecule on a | eukocyte

such asN@reEyEEPYinogcabpbydrpis afactonmt. & syeh nehadiments fteap be degmb ftbegserb?f CD
16) or [0118] Exenpl ary
bi spem%%hcaate %b%g%gﬁg@e@g@%qﬁgd?@f% dﬁ'q}fdf g?tgﬁlil% 18?‘9?%% at | east one of
whi ch ol 3 ]riBtieepresant an\rmhymeﬁmm@lenﬂiradebezanme ahd equivAlehts rwldth ael gubstantially

anti-antigenic ar of an J nol ecul e,.can be.co ned w
ar m whi RFIHPERYS t? %cmﬁ‘@@e @9 ?&CF é‘&‘LBEma‘ﬁ agtihodizso O £ léqﬁgytﬁfr%%n%ﬂ%tlmo
recept oL FRHLR @héke GZeontdR; fe@@%gnépfér cBfskrvale Eﬁbsrtﬁﬁﬁﬂt ﬁbt%ubﬁ’i i.eVle

2012/ 058588PCT U82011/ 058378 - so as to focus cellular defense
mechani sibstitigort k€ ooeldr IB&XI[DHEB@DFEQ:IdShb}’ pemildrcamiap aidsi gBor. exBingpe cédnservative

ant i bodi can al.so b tod ect .cytot.oxi.c nts. .to .ce

expr ess’V ESt Hpen g Lo g‘ﬁtsflggﬁutlgﬂw 2 %151?4 Boid; vah %ﬂgﬁeés‘?ﬂ% t}é?ns[afnﬁe%?nbﬁapﬁlﬁ?g
ar m andyygh 2 215 Mhile, BB dSidR 4mYihe oM witlRgRiherQbidde 4RI bhéBasi@hiabakid
such as EOTUBE, DPTA,’ DOTA, or TETA. Techni ques for mnaki ng1 bi speci fic

ant i bod¥igls angthercansiecaminn amdeorame nenirill niap meigh byapnother ggatralgnine @Cld What is

305: 537 Brennan e n et al, 1986,
Vet hods™® eﬁgﬁ%%‘?nseﬁv Vi%imﬁ PR s LRBE R W%MQ}&%%E?}% 10: 3655- 3659;
Shal abyjoes2]jathe pdBPeptides diXthe PRsbnt likbendibhi- &aSbe Keﬁirﬁdlﬁahteﬁolﬁiepndéﬁ%turdl
| munol . 148: 1547-1553; G uber et al., 1994, J. Ilpmmunol. 152:5368; and U.S.
Pat ent MIBPiidegPr syphetinBPWBCRIdeh CABPESIDE AR ANGOdn| Wrisagmeny theregfs against a
conte r el C

SECRGFR [ERERe FoosbblSR Fie e AR LIRPLEMERT SRMERERRFFEL nllhdontt
ant i bodja@shet varldFRithse sigificsipeciett of thl@eOslﬂx@t]urd or d@ictian rof ehd petiterant Bhuay ehe
provi ded an, anti body fragnent to, for exa ease tunor penetrati
Var i ousinytionitHiRe 1a51udes YarAtensofthePoly Rl n@?ﬁi Y{hlcgﬁg%‘ﬁtsplb%ﬁlag? Y HEAF ¥ic
Traditionally, these fragnments are derived via proteolytic digestion of
intact antibodies (for exanple Mdrrinoto et al, 1993, Journal of Biochemni cal
and Bi ophysi cal Methods 24:107-117; Brennan et al., 1985, Science, 229:81).
In certain enbodi nents, antibody fragnents are produced reconbi nantly. Fab,
Fv, and scFv antibody fragnents can all be expressed in and secreted from
E. coli or other host cells, thus allow ng the production of |arge anounts
of these fragrrents Such ant| body fragrrents can aI so be |sol at ed fromthe

o o e o —— o, o o o



- 38 - CDRs wth the conplete CDRs from The donor variable region to
transfer the antigen binding capacity of one variable domain to another.
Rat her, iwoxommsemses it is only necessary to transfer trhoams20iessssoes t hat
are necessary to maintain the activity.gf. the antigen binding site. Gven
t he explanations set forth in U S Pat. Nos. 5,585,089, 5,693,761 and
5,693,762, it will be well within the conpetence of those skilled in the
art, eiintede mgiawofyi agtitady, pofiagment shaseafi saainsa EGIR protey  Swdhanutang iglydsy
testing,to. obtain.a functional antib wifh. redyced i mmunogenicity. [0125]
Al ter at eﬁ)%‘ém?’dnﬁeﬁtéog?a’rnivgﬁfoéls’rrga‘?a h arﬁ(g?%etsﬁég%tgqnﬁg, those skilled in the
art wilo133priechallBepttrt dhieanaRg; fdag beafiirihbodiisfial td bomainnadelividran chéthical
conprise antibodies (e.g., full-length antibodies or inmuporeactive .
f r agmenmeictipeRaafoympkly piiit ©f thetprpieis tThase debraiised BRisE c@t iImpgpEe the sphbility,
consta egi on ' -\ t :
o ovi daraERaE BRERIES WP FEh ChedhIBil &R Mo EAR of Jifia Cany
| ocal i zadskirghle eide lefdets ed tiegirorimiaint thd file:. Wherveedewdoretiovd mbictes camt hekfodyd of
approximatel y the sane_immnogenicity conpri.sing natjve. or al tered
const anREMiﬁ\éJﬁ).N PP W%@H%I%ht ,IEN@[?S@ 3§§‘t eéintaM?aig#‘(gﬂlsg‘fngt , %ﬁﬂnﬁ Péy
ant i bOd(izﬁéo‘M |1 conprise a human constant region. Mdifications to the

nt r

consta gion conpatible with this invention conprise additions,
del et i oj0$34)r Tlsubslatédipblypsptafes atescritrednikreinacannbe geodised royomsy onitahbe enethod

domains. That (s, th di fied antibodi.es discl osed herei an conprise
a1 T or atHIGRG! Brihhrse el Pemed: BOGhAG: doHrr RETi dac b ERETIFIRE o
const a%Ngoﬁueﬁce( gﬂ%diéig'ggolgfed%}pe@ﬂgé QbqdeRcdshgnd &gfibsshidaihBs< SRpkmdts in a

domain (CL) n sone e di ment's,” nodi fied constant regi ons wherein one or
nore domiibls marsfparedi bosty &r semei embgdithentst ed DAYA sednensapisac@strugtad susie

enbodi nents,. t he di.fi ed antibodies wll. .co j domai e .

constr J(‘?’f%m]glpa‘\t‘}a?ef QYRS AT, 8T é?ﬂl\i{@?sem&ﬁ? ygfn‘gisﬁqlheaggt?glgénﬁrrl%%o‘\ylelgﬂ(%&Q
const r Ugbteln of MtF&IE OptbASIyTRIY Sequédte canibetedagaiet Bt sitagbdfic dammicnesi td

be replaced by a short am no acid spacer (e.g. 10 residues) that provides

some ofprovide fancsiontlanalogeersati Sge.teyhiZeglienet iahplios ebiatlly Acpe Seh 8¢ o8t ant
regi on. i ir iguration, it is known in the art that the
const an%&gié%ﬁ%ﬁégﬁgts%agqg%féra’ 865]9f ector functions. For exanple, binding
of the [@135cRNREe BinbOdinGmePh ENEAL sdqoesuet édvodingsa polyipeptidesof heeresinwbeldett
system Activation of_ conplenent is i rrBortaR%;t9 an thg opsonj sat L,lon apd A %/si S
of cel | copalrpehy chamisahaynthests wingoan eBayIusliporde syuhesider mpugh Qigenpsteotides
infla v i) ' L bQbEFHRGNd selecting th
hyper ;n;%glie[{ei d\?%%ép@ﬁésr%? ?\’g?{l&%ﬁ%@b%gjl gebgu%@ré?f;ﬂg@%égpfsﬂv% t he IIZlc S? Séﬁ%gn., O%/a th
a Fc r eaephothas ateefaoored e theertidsb ol inFehick ghorechmboiangpalppeptide of @epswllktﬁvc R)

1. T f Fc.. t .Whi ch i f
Gt e cRfpede ausrd Trtiasayn Henpliny iy S Ho Pt g ooty Bequepse
recept Oén%))din%%ﬁ il @hid ?Sng RIcO8SthteRdel F&%iamble,momcﬁlete amino acid sequence can

2012/ 058588PCT/ US2011 8 - 39 - receptors). Binding of antibody to Fc
r ecept obssused toaohstsuet advek-ttanjlgigdresna Furthens adPNAngligomencontathing ¢ apsleotide

ant i bocFALEHEE GaopaET (F Eehee s HLP Y MRHE S Botpl BRuar. PysFsengple several
ant i bodym £ P&l Bfhut RHEES c68ink Fobporkbhd &Tthe Bbdied peRIpkpiicadahibe Gdlithektprinidnhen
cell-nedi ated cytotoxicity, or ADCC), release of inflammatory nediators,

pl acent ligated: ahkf idividuenl ofgenrusicotitles iyipinabyicopain h grloavrhangs. for eoppipmepfary
certain enbﬁldi ments, the EGFR-binding anti bodi es provide for altered

ef f ect o fURACti ons that, in turn, affect the biol ogical profile of the
admi ni sfoaBedoasy idambledqby exaniyse, dikealiteledt mimagenesinact iwahdéromettidal),o vgh
poi nt mnutations _or other neans) of a constant reI'gi on dogai n can. lrceduce F
r ecept oPOlBRYsROtge SPaueRecscenceding a pRjtican FriatedRalyRsBHge oharesst Witk Pe mset

tunor | i J.QF r i , : i :

o 1 O B L oy i, et b e R brponriate
and t hufr egpiigsstort beths rotainhialof ddsiréd hasid Pnapres peseirfol c caslsoaindirined by fnualeotide
conj ugated cytotoxin, Yet other nodifications, of the constant .region. be
used t 0SCMFTFMA FESUAGIOM MARPENG. 2RE SYRIESHHGN %th 6‘8%@“3@?@1@ pfgy}éetgtlgg%{ ?ué‘t“gaipel ow
for enhanced | ocalization due to increased antigen specificity or antibody
flexibility. Simlarly, nodifications to the constant region in accordance
with this invention can easily be made using well known biochem cal or

nmol ecul ar engi neering techniques well within the purview of the skilled
artisan. [0128] In certain enbodi nents, a EG-R-binding agent that is an
anti body does not have one or nore effector functions. For instance, in
sone enbodi nents, the antibody has no anti body-dependent cell ul ar

.. LR TN NN = o o N o T L L




- 41 - include regions of an antibody, or fragnment thereof, against EGR
protein. Such nmutants include deletions, insertions, inversions, repeats,
and type wobstadassgssons. [ 0133] The pol ypepti des and analpogarse@n/obss7$ urt her
modi fied to contain additional chem calyhoieties not normally part of the
protein. Those derivatized noieties can inprove the solubility, the

bi ol ogical half-life or absorption of the protein. The npieties can al so
reduce lorst. eAs i well &nawy inlg®iaral erdsi theolghindugls exyfressinn lovdls of agransfdctedgene

i ke. An oyerview for those noieties.can be found. in REM N | S .
PHARNACBUT P H8CeeRcEsSt BopRRa IS ViRl oSl o i BASI ORI RRrSiS)
[0134] ;ThAgol sqldicedHaphyreRticdasindRseidsOeekdigdsRinhosan be produced by any
sui tabl e net hod known in the art. Such nmethods range fromdirect protein
synt het [0#3 Helntsdsint ambasiments.oet embiaamiAperssior veelowsmee dpadgto) asenlfy @nd express
pol ypepti.de _seguenc nd expressi t hose.s en i e .
Franor O NBEROPE arioaBhe oL hBBEr ReARs AR BUFRERDL ReSH AR Penressionng
r econbiviadis hRCRPEBEY DA csedtaitisnghioh haystiebitiai argcPNBNArised DNA €ranead Ng
a wld-type protein of interest. Optionally, the sequence can be, )

mut agerfngedingy palxneptdeehain of A epgEER antRody, ox fregmens tharpeinaperativgly faked

t her eof L. | | ar et . Pro o | 8liantods:
5066 (fﬁsgﬁa%ed s b ﬁg.tr%*,%%‘z?ﬁ@sg?g%grgs]eleﬁ}niéﬂgsoﬁ%ﬁ{é?ﬂ)ggﬁnnenta 25 BhA
sequenagicestigidiving @ ipekcy part. detradsciipti@rad shit wondrelly eoropries anckettdy of (1) a
chem cal synthesis using an qligonucl eotide synthesizer. Sucg

uch
ol i gonUHENEWt | URTBETE AP [SACTRRILS JHYHNEH A BREUGHOTY h B8 nilin §°05c iCPEaYoien &Y GXRiplg:
desire | 9SG SE! j : 66 id RadsBehdyost
ol R oy BP RO, [ e RPN ol Rl R URLEE i\ fuk e
St andaridtonmaRhNdsndmmstetedaimpd prottin,and At dmpsopratatmanssoptaereghdooing latioh aotiatem

sequence encodi hg an isol ate | ypeptid f interest. For exanple, .a
conpl etaéldéﬁ‘i'ni‘fBaté% qugg%ﬁgé,nq’secgeégrﬁb _ntf_teg’dlel?ego‘@o %&Cﬁﬁﬁgulﬁoﬁfa@ﬁw&gﬁﬁ dicdyfle
gene. Firdfieiior @qidie ¥ L& &raﬁﬁlﬂ%ﬁbﬂ.‘ Nge abilibelteplice FRANGNGRUABH: Jifertddr
the particular isolated polypeptide can be synthesized. For exanple,
sever al bysmmbtiginl plymplicitnt: hé sstasting geoe (g dacilitaigsreedgnitien gl yppdermants can

pol ypeptj.de can,be synt hesiz and.t hen |igat.ed. i ndi vj, .

b1 Son A GrRBE e RBARY! RS Rk Gs dialfy 1SS P bl e funcrignyy
assenbl yatddOb3Ghh QL. s RBAR, OWA Fyink RRskBperkidt €sdtirdte6t eddatuisagrrasely or
anot her net hod), the pol ynucl eoti de sequences encoding a particul ar

i sol at dinksé| topabey &u aolypentidssif itiis|expeessadsey #aTessR WHICR Qs iedRdten iy 8t or
and oper.atj.vel i Q. i f q : j
expr oo uF of ' Sl SfealiGe o HRLE ofaBONS tkeT REWEARE, AREAR trH o B
conf i r niae thysdripeibe aifi the sepen airngribeseater biatlingrsitesp pipagtiveln dindsd e asiodingof
a biologically active polypeptide in a suitable WO ) .
2012/ 05ESEBPCTH U302 Hionwhyeas togpermitganslatian. | iruggirl qlemes inended fgr pse iny
order t LRI i ; i t he
nﬁééta&%k@mgh g?s\’/tglfﬁg 'ilf‘cﬁﬁl X eWNeh&4 &L Guedte @n&kﬂﬁ%%&ﬁﬁéeﬁlﬂlag QB&ctidh & R fated

gene be oper at ed to transcriptional an i

transl ati onal

expr esgprowircont host ceiqudtecegivelyatvharceretambinagrabteimistelpressed swthoak pledst em
host. [0137] In certain enmhodi nents, .reconbi nant expression.yectors .ar
Used t SRARTT PSR AP SRS IR NreHnAg TR B SaLe o R PTG 0 PHEPES
agai nstpyBaR B elcRRATHM BRMUExpRARIIGESIRFnYR TrOEH t@;p?oﬁ@epé Hif@preduoNA
constructs which "have synthetic or cDNA-derived DNA fragments encoding a
pol ypepl0il38] Eheaihvics ofexraessionE@RRoAredusBety andoexfresapmeyactar eitledspend upon the
operatiyely linked to,suitable transcriptional ar.translatio ( ry
el errentc\sflobcy AhneE ¢ &ﬁ?%?ﬁ?g Pgﬁ)fpr?ﬁsboflo}bdlggﬁa% N a“}bl%ar“"fl%%ae“c © %ﬁ#}lé)g&gxb &

t ranscréxptdseinal vedidird f@ep@aydtl KR rihdase, aor assaph] yeabrs(domprishanekpression
el ement or elements having a regulatory role in gene expression,, for

exanpl econtrphipsenqss ifiomaS VAP obties Banshoran Nk adenoviny agd sytomegap¥inior Vsl ng

sequence L.ch it N I
(3 apprBprral lefioky R HALERE A R AR dhERRR! P i Bl AR
sequencEsherdchidl @8l idvbeling) pdR di [pBRI20WwpMBE fand efjeilr adepivytiwdse neddrshasaimange

i ncl ude an operator_ sequence to control transcripLion. The ability to

repl i catlasmigs.guplhats M1dsad fiametouseringlersiandsd YA PPagsst replication, and a
selection gene to facilitate recognition of transformants can additionally
be incorporated. DNA regions are operatively |linked when they are
functionally related to each other. For exanple, DNA for a signal peptide
(secretory leader) is operatively linked to DNA for a polypeptide if it is
expressed as a precursor which participates in the secretion of the

pol ypeptide; a pronoter is operatively linked to a coding sequence if it
controls the transcription of the sequence; or a ribosone binding site is

. v o ) o o v "



- 44 - physically characterized using such techni ques as proteolysis,

nucl ear magneti c resonance and x-ray crystall ography. [0142] For exanple,
super nat amp0fw38s88yst ens whi ch secrete reconbi nant proteirustoitioss3a08 t ur e
medi a can be first concentrated using aggomrercially available protein
concentration filter, for exanple, an Amcon or MIIlipore Pellicon
ultrafiltration unit. Follow ng the concentration step, the concentrate can
be appl [0439} Suitabbuhasabéles fpmex;frc&sm ora HEFRibinding pelrynmtld@é#r@ntlmdydm akGFR

h b
géﬁdgzg grafezlfl npcan%gg?ﬂa%n?&i% Pﬁ?%ﬂﬁ%@ﬁﬁ’gﬁhﬁ{sﬁt Sk rer seufg rggt?c elps dglg

agar oseghe AMtOADL dpPtdprialS Brodiotérs N e PrdkyBPRtesC MFTHIR| Fra@iTht 1@6 drngrﬂfrﬂbﬁﬂﬁve
purification. Alternatively, a cation exchange step can

Sui t abl @rg@@sm@,rfoewcﬂmg Er 601} prchagell. VHehaswykarnelit eablsanchuda @S&@@S@rﬁs}l ligen gf
| f opt box
ni'ah peP R HUTR PRI B MO PR RS TR Sy BT RO L B ke tihiyeas

hydr ophappropfite lclddifg ﬂf&ﬁé)épreﬁlog vecwid fot ais@elithitavierigl, [ﬁ.ﬁtgdary'&:astrﬁtddyhammabamer
al i phatic groups, can he enployed to further purify a EG-Rbi ndlnah}(qent

Sonme orcedjufar é‘PStﬁ jgee deseabst ngﬁ'th‘fv‘?lﬁ et ak (g omnAAOPEIY CORBIhat PO,

can als e e aTeTepely %Pel n

Reconbi ﬁaflt l%gét g%énl%%)etrvg tﬂgcizlg%lbgﬁe %gct eri gslnl‘l;lé;l th(r%g carg&gggl |r§%%1§ éed A({dggéh%i
exanpl el,nfcbmmnn tregdrdimgt mambdmrof fprotaine ptodugtidn, eéhelpding| dntihvedly Ipyodsgomr camobpe

concent atlon sal ou ueous Si | usi

chr omat Q‘P‘é’pﬁﬁ S‘Pe{flssn gll)-‘T}T ‘I‘CB?%llu\kf’e%q%gfﬂqgl?%%m f@f@gﬁ\? %74(%?{1%(3
enpl Oye@',di@s?f | gl [r@éfﬁétidn%ﬁtl"af?:ﬁt PLERS oV 1¢6.00iR 04069423, @7 8y %ldhms hereby
expressi’on of ‘a recombi nant protein can be disrupted by any convenient

met hod, inconpbratiidny feferene-heamircyoentingy. soni cati on, nechani cal di sr uption,

014 hods k
o Vo e bR RRRTE kL SR L IF B OB Y
U.S. Patgidss Re@irhiadrt ol %QQI%@Q@&MQ&;OH@Q%& GkatéRd8n rﬁmﬁmaﬁﬂi?/c&ﬂs&%ﬁmﬁe

each of which is hereby incorporated by reference herein in its entirety
[ 0145] pqrfcmedquqa@emmhmtesns aifeeEERIybPeTacHy fldad: aPBfoﬁrlb’@byE@ﬁiﬁed]emﬂqat

is not an b riet 0 t

non- ant FBBAS pol i t-o E5Bhks O TR MRmiliah AR colbP RAEC EER-Plhnee,
are kno&\mmbﬁlké Nadiddyt celiSedasciebad by Skeiniaa, ((EUQB 173pil 981) Bt @thénelll. lines capable
18: 295- 304 (2(§07) Hosse et al., Prqotein Science, 15:14-27 0 6), Il et
al ., cuefrexpeysping aela@p@@nﬁtﬂ vectoy nebeting 5gr examerly L kgt 6427, inese hamster
275: 266 k E I 0 a h
s nootabt ACa byneEf pd B ol R .Mé@%%?ﬁﬁﬁ?@ﬁ%ﬁ’%?%?%ﬁ% ebmphle
enbodi nesttSmsqpivad eldihalpd @yh Taealh] papiagyf rglgcabiesrn wdteble tpoomatenand gnhpneed licked he

EG:R-blndlng pol y eptlde ertalne diments, the | ypepti de gonpri,ses
a pr ot efonthe g&ps & ge SIS} pén \?@eﬁélg‘] gb ﬁ@é%w%%ﬂ%s%%m 4'?'5‘8 Sor 3
sel ect egoﬁtfaﬁﬁbﬁeﬁ%e(ﬂfeﬂg& SISl 89a9T rits e 'b'fhd‘ﬂa% Stels] @B&%bdéﬁyla@iofl 'shé %@ﬁ@é in
domai n, an an n consénsus repeat “domai n, and thi oredoxin. [O sone
enbodi ndotos anﬂmecagemsltass aacl nmansqmerDmlrtenmllnemn eequbrnce@erlB@uffpVewbcwstmﬁtfgr
the agent |is. a nbi nat o chem

t echni qRfeducHOLs ﬁ{?‘FTﬁr‘i ﬂ%ouisd%rﬂ i H’afr?SS‘ﬁt %efnan%?ﬁ rﬁVISngfiybyE&ﬂ(%vY Aiel a%“%%rﬁt s
are knopgn/tQhhbRee 654 (;lbg%ol n the art. See, e.g., Kennedy et al., J.

Chem 10: 345-354 (2008 Ile et al, J. Conb. Chem , 9: 855-902 (2007) and
Bhat t aciddyly&he Qtﬂ’f¢1ns weaiucghbina, trgsi@sed 4wat ¢arobe puried accordipgite ANy guitable

i ncor pora e n

enbodi n@ﬁ{hé’g ?%Cé] g d;?f({] thO%c At %41 %mt)r?lat% ‘Iapfﬁy%s a(ﬁl‘l %%%%aafﬂﬁqt&m%ﬁ sizing
gl ycopr gilginA, cl@bnﬁtd@&a}ﬂ@pgbmﬁmgaﬁ&i,Miffelréht@ers‘oalbﬁlht@nbmdbyrmﬁys othehestagland
is a nucleic acid aptanmer, Aptaners are polynucl eoti de nol ecul es thecalt have

been selcglniage {os pyoteinf pusHicatipRo M BRIt {AEs §ush askexahistidine.gnaliess bindipg depain,
their a i I r
compr i skl R dRhlRlopE Bt ace (lp B ARy AT TR Sin b dRo RS
apt aner p@oigatios s pﬁss@%opa% yimn wppeptindeaftinity ceddran.n Bohedi pendisy cathalso be
aptanmer conprises one or nore nodified nucleic acid residues. Methods of
generating and screening nucleic acid aptaners for binding to proteins are
well known in the art. See, e.g., U S Patent No. 5,270,163, U S. Patent
No. 5,683,867, U. S. Patent No. 5,763,595, U S. Patent No. 6,344,321, U S
Patent No. 7,368,236, U S. Patent No. 5,582,981, U S Patent No. 5,756, 291,
U. S. Patent No. 5,840,867, U S. Patent No. 7,312,325, U S. Patent No.
7,329,742, International Patent Publication No. WO 02/077262, |nternational
Pat ent Publication No. WO 03/070984, U.S. Patent Application Publication
No 2005/ 0239134 U S Patent Appl | catl on Publication No 2005/0124565 and
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[0151] In another aspect of the present invention, the anti-EG-R anti body
is linked to cytotoxic drugs via disulfide bonds and a pol yet hyl ene gl ycol
spacer i nwenhenssssg t he potency, solubility or the effi eaTyusediinbss7s

i mrunoconj ugate. Such cl eavabl e hydrophidic |inkers are described in
W)2009/ 0134976. The additional benefit of this Iinker design is the desired
hi gh nononmer ratio and the m nimal aggregation of the antibody-drug

conj ugaphysicShechdracteridey usingtselp leshaiguesastpiptsolysiseruclenr anagopli¢igaerancopand x-
cel | - bi ndi n ents and drugs linked via disulfide group (-S-S-) bearing
pol yet W&ﬁgm@ %‘@Bﬁy'spacers ((CH2CH20) n=1_14) with a narrow range of drug
| oad of[0248) Rérexd@pHd, ishganithat (00w diehaiihve sechitgecoaibanint broatingnoadulture
activity toward cancer cells and have the WO 2012/ 058588PCT/ US2011/ 058378
- 47 - Toedipcan bpifusthesriceniratest uying gicesmareia]ly mvelabla groteia sopseatrgtion HItes Jor
nmononer _rath o Wt h. mni fgk.. or I i : . i fi .
cont er 2 b e A jcBh Bk R b ElRaR BB A i SR RE R cohCliaon s,

f or mul ahé tpncehtrate campelgppliedad afsaitahle pufificagtion@htrix| AltefnaGiiPly ChiPdhiymechiigde)

[ D- Y- (- CH2- CH20- ) n- X11, , CB(F) wherein;, [0153]%f CBre resep({}es gn anti-E ﬁ
ant i bodysiBreanr bggRwRloyeq.ofps Axamplee 3 maliv er subsirals: havengs Bendant disthydaningethy

al i phat tf f L1h & dani t I I ReNg
Bgent VA B e b A SR P i B
bond; [@b&E6nlY emgpoeskm praminapuphction, Abtcratvely) ¢ aitioa d¢xehangscyiep icenurs t

attached to the, dr vi.a a disulfid ond; [0157].1 is O or 1..]01 mis
an int e%’élﬂ??r’?ﬂﬁlﬁtﬂgg glion B&%@}ncﬁlﬁsvagﬂu% H’ts‘glblgﬁ I?‘?‘tgﬁ‘?slcofrborifﬁ{g S[ug%é]@})yll n
some enhodi BB Rethi lgfouds. | 'F‘ir?aﬂ?,r OnEOM ndre Rvels@lLPhidse! Righop@famanel NRulds,
mis an integer from3 to 5 [0162] In sone enbodinents, n Is an integer

f or m 2 dhoorBatogiapby (RPHNBLY) steps dineplbyisedhydmophobic BRAAPLE, medig, epat ehea el
6,441, 163. and 7, 368, 565, the dr.ug .can be first mdifi Q.4

eact | Vi Benda FRVE of 5 e dUPHIRT RrolBy e Xs; TRPRYE R holeRelEf S r-
these obiHGisg G@EEMtAISOhRGradll Gthé Yat@sing biKBEationiseipy, iwiviatioas ehbiniticid] @ agent
provi des anot her nethod of producing a cell-binding agent drug conjugate.
Mayt ansherrmpleyeshia papeide bhomogiisgus (scambinapiaERiciht i body or fragnent using

PEG | i nfi ' : o
These PELMAGREEHE B Peh skl hE b ATE ik S b o FRE M Bl R i
non- aqus@stiGolivantsl] pahels chiiobed Useond or jnirél coneenantiomraltmgt@tt oxqueoay ént s
to a cell binding agent. Exenplar groups inclu

PEG | i nki d
het er obFXCh#REei o alze FﬂE@WOﬁk@Fgm@Wé{apEwépgﬁﬁﬁ ogtigtaace 1&@%@5?%&?@?@
bi ndi t i | » .
I ndl n%}%@r&aﬁéuﬁ%ﬁ?%d for ﬁggl;q&fﬁcﬁﬁ& %}b&( eFerbBEOUGR ¢ é)flé’ﬂﬁ ih @Rf¥ession of

sul f hy grou one end,” and an active est'er at the other
end. Asamcgabimnal precanpincbeafistupied dymnhesnenant methodoinolidingclorezergizvecysdingg a
PEG | i nki pg .grou reference i s agai de to U S. Patent 6,716,821 which

i s i ncolopREPRdn f‘?‘F%‘IC{}S’f PUQTL PE 1 éeﬂghfsé%%ge%ﬁ?nt hesis begins with the

reacti o1 9] PRAAS KIBHA iEXhOLAXf pREBAIAS aRERIdidi0ard SBACHIoVEnLES MRiledey fyi th
In

a cell-binding agent, resulting
example, those described in U.S. Patent Publication No. 2008/0312425, 2008/0177048, and

2009/01870035, each of which is hereby incorporated by reference herein in its entirety.

[0145] In certain embodiments, the EGFR-binding agent is a polypeptide that is not an antibody.
A variety of methods for identifying and producing non-antibody polypeptides that bind with
high affinity to a protein target are known in the art. See, e.g., Skerra, Curr. Opin. Biotechnol.,
18:295-304 (2007), Hosse et al., Protein Science, 15:14-27 (2006), Gill et al., Curr. Opin.
Biotechnol., 17:653-658 (2006), Nygren, FEBS ., 275:2668-76 (2008), and Skerra, FEBS J.,
275:2677-83 (2008), each of which is incorporated by reference herein in its entirety. In certain
embodiments, phage display technology has been used to identify/produce the EGFR-binding
polypeptide. In certain embodiments, the polypeptide comprises a protein scaffold of a type



WO 2012/ 058588PCT/ US2011/ 058378 - 48 - displacenent of the term nal active
ester of each reactive PEG noiety by an am no acid residue of the cell

bi ndi ng agernni2/sessgi el d a cyt ot oxi c conjugate conpri Si NGCOIES2@I1/08337€
cytotoxic agents coval ently bonded to gscell binding agent through a PEG

i nking group. Alternatively, the cell binding can be nodified with the

bi functional PEG crosslinker to introduce a reactive disulfide noiety (such
as a pyslaidddireml the gedup edrisisting afi préteim Ae atlippatled anfiblonectivhid@hainoan ankyiring
mayt ansi noid to provide a cqgnjugat.e. In another nethod, the cell binding
can be %a?ﬁp%@pgﬁttdﬁmtaﬂb aBgf%Hhr@g?’Sﬂal PEG crosslinker to introduce a thiol

moi ety [0RiGNInCRhe 8FodERBREHE rageﬁteig aMdnlprotel e afoldcvR:. Gh Setkdin Afrbeaimickd) iRy
mayt ansi noi'd (such as a pyridyldisulfide), to provide a conjugate. [0163]
Ant i bodagentys ansialbineblecis. udaanelsingiorial algmistredibatries ndhkeshagresnsduban the

pr epar ed. ch crosslinkers described in the art ,(see RPubl i-catin
Ro. 20085 HaT LR FoECEREREL mafty ofy bAGTS! olSESuliRa Ty iR '
4- (mal ed @i Hepmidyydt hl. Cl Coalte XmaRE 2013033152 200EFNI e trhl S0 MR b8 55-902he
ant i bogé Is nodified with crosslinking reagents such as succinimdyl 4-

(N- mal €29 Bonrd Bhatjachyryyafasradded. Chear-pbxi¥ated 280Erachsef vhickipncorporated
mal ei m |- deci Riond , L O= .

sucei iy SO B A EAEE, Th B B cplBmerd OAMRPL corbomarate 1
react i vay@sampbglyéashi dladepreteinabr a proteoglycalli ochem , 101: 395-399 (1979);
Hashida et_al, J. Applied Biochem,h  56-63.(1984); and Liu et al, Bi ochec[n,
18: 690- 188471 lncrgyin emboditenis.thepecahis i¢ acil gRYAME A APRENSH 1R PPR@ucleotide

t hi ol - M) 1WA i Q] i i : ' Pbadi ;
conj ugar Secuibt 1 RRAERTLAPLE KREL HPk RIGR o pREHERI2d GAORLATIR LaINE T e
or by dibdlitystosbiod td angthet nadledullow 1n komatdntrwdiiérgs, nthdiaptamekr aavnmipsseld esDNAe
treated with the thiol-containing.mytansjnoid (1 to 2 nolar .

equi val r}‘%‘h]sﬁo@ﬁ‘?n: dog 6 &ﬁﬁ“’gﬂ‘fﬁ' bdh Wlétﬁ’sitﬁ%i BPETR PRy RNA
puri fieghncaelidd. Ith catdifentBdIRHENs ahSAPRARE XoftpRSesCileUdMmo e o i@ Glus Rty
on a ceram c hydroxyapatite colum, dialysis or tangential flow filtration
or a caavil reaiduen Metheds hbgmetdiogeos sTiypriognigieicanidapssragrs fgfbindingto proteins

mayt ansi _noi er .antibody are | IS ot 8. mdi-fy. j | €S
W T h SUBERRTTBYT ettt Ryier Ny Sr s kans: PR R PR &y
to i nt rpgugeNssd 26359 W80vRGEnT Nbl 6\vad 3by, Uenaatitan Nd. 7,568 10%dilf § eHatamt Nbody
with a thiol-containing ma%/t ansinoid to give a thioether-I|inked cor13i ugate.
Agai n coh§lidll d&SwPetentINpo3.766.dP gl o Patent 9. 8408671 BodyPaisit &l &.31 ésab+ .
Mayt ansji.ROi ju f anti ' [ fRgKENT .

pr ot ei iﬂg'%arpgte%ggjé) ' ?7?? heﬁé ér?rtgltn\?gggdl ?%i?i]rﬁ“:bﬁgg}r?gt Iﬁg'r @p@gﬁ%@z,ﬁ%‘?ﬁmmnal

i nvent i Rylent tFd]i&EoR Mot Wiapdy/076994i, nkedPdtentt Aygplidatign PulslicationNoc Re@s/adod 3bond
t hrough the internediacy of a PEG spacer, Suitable crosslinking reat\) ents
conpr i sV g PRigat Oppliqatien l‘é%’é’l'ﬂri\éoﬂ%gé/ Ol 430 prk ErS Hsdanhen satin g O3 e
anti-E [ [ AGEAL; I Iafh : or are
conmer ﬁgﬁ'@k@?g%asgﬁ%&(for g‘éﬁ%foéﬁl’ Ia%d\%f%egé%‘g%g%ﬂﬁﬁéf}n B%f%ﬁ‘ﬁ%%?,?g - 49 -
from Quanta Bi odesi gn, Powell, Chio). Suitable PEG containing crosslinkers
can al so be Blnt heshzegefimgmeconmerci al |y avail abl e PEGs t hensel ves usi ng
standard synthetic chem stry techni ques known to one skilled in the art.
The dr u§348jaRhderesenictieendipn hisbiafsandirgaerh to PR egitesai(@lbn gretartsds tq jhekain sas o
gi ve conpounds .of the follow ng for Z -X1-(-CH2-. - Q. --)nyp-D, .
met hods"HRSEFPHEEFYH FOMHTS e, aBEle%(ﬁlfR Pf]rbtfglogéetsi 5‘3“%9%%39‘? 1y i i%lnelr
V02009/ A3ASHAS equitidiehts GaRidelterd heid, linkéd of Benjcglitd b Adingoagetiugt oSultbl de
a conjugate. Alternatively, the cell binding can be nodified with the

bi f unctdregapr PrAregscye knawarintthe prit rdeudiags ot Rrasirugseent ha evtefesisprgerschlits a
mal ei m d r. hal ' i n i

hi ol - conraris Rs TS IR by RS o B B uREENREni Bl any compaupd

t he cel thatdefidisng tiadeatieofadilf bethdwidsirell deathj drinsdme painn&dscrnas kil niability,0

i ntroduce a thiol noiety which ¢can then be treated with 8 t hi ol -[Efgacti ve
mayt ansioingludeu dhr sxenaplrelprrARTIRIAY %arma@sgom@“%sae B Aufabie eYIaiNie) |
to provyj ] Lngl e 1 t RESR Gy

i nvent i%%%ﬁtlsgar%g&aér%tg ?1&)%&4&9%%? %??%;%’O{?gﬁ‘gg’c%% lggg:aggg‘@? gdr%cn%riag;g(s ] 1Iﬂ)?ocor of

f or mul aan(dl duokarnG o péleds, Chidi Ghd?; BuchnasYgrlich&nmicing,| d9lastatin and dolastatin analogs

[ D-Yp-(-CH2-CH2- 04, - X1],n-CB(11") wherein, CB represents an anti-EG-R

anti body or fragnent; [0166] D represents a drug; [0167] X represents an
aliphatic, an aromatic or a heterocyclic unit bonded to the cell-binding
agent via a thioether bond, an am de bond, a carbamate bond, or an ether
bond; [0168] Y represents an aliphatic, an aromatic, or a heterocyclic unit
bonded to the drug via a coval ent bond selected fromthe group consisting

o, - - T



[0172] nis an integer from1l to 2000. [0173] In sone enbodi nents, mis an
integer from2 to 8; and [0174] In sone enbodinents, n is an integer from1l
to 24. [ OWG3p1dessmene enbodi nents, mis an integer fromP2TiUs2@.1/0F831¥6] I n
sone enbodi nents, mis an integer fromgto 5 WO

2012/ 058588PCT/ US2011/ 058378 - 50 - [0177] In some enbodiments, n is an
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2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 3.0, 3.1, 3.2, 3.3, 3.4,
sulfosuccinimidyl esters. Additionally the linker molecule comprises a reactive chemical group,
which can be a dithiopyridyl group that can react with the drug to form a disulfide bond. Linker
molecules include, for example, N-succinimidyl 3-(2-pyridyldithio) propionate (SPDP) (see, €.g.,
Carlsson et al., Biochem. J., 173: 723-737 (1978)), N-succinimidyl 4-(2-pyridyldithio)butanoate
(SPDB) (see, e.g., U.S. Patent No. 4,563,304), N-succinimidyl 4-(2-pyridyldithio)2-
sulfobutanoate (sulfo-SPDB) (see US Publication No. 20090274713) , N-succinimidyl 4-(2-
pyridyldithio) pentanoate (SPP) (see, e.g., CAS Registry number 341498-08-6), 2-iminothiolane,
or acetylsuccinic anhydride. For example, the antibody or cell binding agent can be modified
with crosslinking reagents and the antibody or cell binding agent containing free or protected
thiol groups thus derived is then reacted with a disulfide- or thiol-containing maytansinoid to
produce conjugates. The conjugates can be purified by chromatography, including but not limited
to HPLC, size-exclusion, adsorption, ion exchange and affinity capture, dialysis or tangential
flow filtration.
[0151] In another aspect of the present invention, the anti-EGFR antibody is linked to cytotoxic
drugs via disulfide bonds and a polyethylene glycol spacer in enhancing the potency, solubility or
the efficacy of the immunoconjugate. Such cleavable hydrophilic linkers are described in
W02009/0134976. The additional benefit of this linker design is the desired high monomer ratio
and the minimal aggregation of the antibody-drug conjugate. Specifically contemplated in this
aspect are conjugates of cell-binding agents and drugs linked via disulfide group (-S-S-) bearing
polyethylene glycol spacers ((CH2CH;O)n=1-14) with a narrow range of drug load of 2-8 are

described that show relatively high potent biological activity toward cancer cells and have the
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desired biochemical properties of high conjugation yield and high monomer ratio with minimal
protein aggregation.
[0152] Specifically contemplated in this aspect is an anti-EGFR antibody drug conjugate of
formula (I) or a conjugate of formula (I'):

CB-~[X~(-CH,~CH;0-),~Y-Dj]n (D
[D-Y~(~CH,~CH,0-),—Xi]-CB 1)

wherein:

[0153] CB represents an anti-EGFR antibody or fragment;

[0154] D represents a drug;

[0155] X represents an aliphatic, an aromatic or a heterocyclic unit attached to the cell-binding
agent via a thioether bond, an amide bond, a carbamate bond, or an ether bond;

[0156] Y represents an aliphatic, an aromatic or a heterocyclic unit attached to the drug via a
disulfide bond;

[0157] lisOor 1;

[0158] m is an integer from 2 to §; and

[0159] n is an integer from 1 to 24.

[0160] In some embodiments, m is an integer from 2 to 6.

[0161] In some embodiments, m is an integer from 3 to 5.

[0162] In some embodiments, n is an integer form 2 to 8. Alternatively, as disclosed in, for
example, U.S. Patent No. 6,441,163 and 7,368,565, the drug can be first modified to introduce a
reactive ester suitable to react with a cell-binding agent. Reaction of these drugs containing an
activated linker moiety with a cell-binding agent provides another method of producing a cell-
binding agent drug conjugate. Maytansinoids can also be linked to anti-EGFR antibody or
fragment using PEG linking groups, as set forth for example in U.S. Patent 6,716,821. These
PEG non-cleavable linking groups are soluble both in water and in non-aqueous solvents, and
can be used to join one or more cytotoxic agents to a cell binding agent. Exemplary PEG linking
groups include heterobifunctional PEG linkers that react with cytotoxic agents and cell binding
agents at opposite ends of the linkers through a functional sulfhydryl or disulfide group at one
end, and an active ester at the other end. As a general example of the synthesis of a cytotoxic
conjugate using a PEG linking group, reference is again made to U.S. Patent 6,716,821 which is
incorporated entirely by reference herein. Synthesis begins with the reaction of one or more

cytotoxic agents bearing a reactive PEG moiety with a cell-binding agent, resulting in
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displacement of the terminal active ester of each reactive PEG moiety by an amino acid residue
of the cell binding agent, to yield a cytotoxic conjugate comprising one or more cytotoxic agents
covalently bonded to a cell binding agent through a PEG linking group. Alternatively, the cell
binding can be modified with the bifunctional PEG crosslinker to introduce a reactive disulfide
moiety (such as a pyridyldisulfide), which can then be treated with a thiol-containing
maytansinoid to provide a conjugate. In another method, the cell binding can be modified with
the bifunctional PEG crosslinker to introduce a thiol moiety which can then can be treated with a
reactive disulfide-containing maytansinoid (such as a pyridyldisulfide), to provide a conjugate.
[0163] Antibody-maytansinoid conjugates with non-cleavable links can also be prepared. Such
crosslinkers are described in the art (see US Publication No. 20050169933) and include but are
not limited to, N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC). In
some embodiments, the antibody is modified with crosslinking reagents such as succinimidyl 4-
(N-maleimidomethyl)-cyclohexane-1-carboxylate (SMCC), sulfo-SMCC, maleimidobenzoyl-N-
hydroxysuccinimide ester (MBS), sulfo-MBS or succinimidyl-iodoacetate, as described in the
literature, to introduce 1-10 reactive groups (Yoshitake et al, Eur. J. Biochem., 101:395-399
(1979); Hashida et al, J. Applied Biochem., 56-63 (1984); and Liu et al, Biochem., 18:690-697
(1979)). The modified antibody is then reacted with the thiol-containing maytansinoid derivative
to produce a conjugate. The conjugate can be purified by gel filtration through a Sephadex G25
column or by dialysis or tangential flow filtration. The modified antibodies are treated with the
thiol-containing maytansinoid (1 to 2 molar equivalent/maleimido group) and antibody-
maytansinoid conjugates are purified by gel filtration through a Sephadex G-25 column,
chromatography on a ceramic hydroxyapatite column, dialysis or tangential flow filtration or a
combination of methods thereof. Typically, an average of 1-10 maytansinoids per antibody are
linked. One method is to modify antibodies with succinimidyl 4-(N-maleimidomethyl)-
cyclohexane-1-carboxylate (SMCC) to introduce maleimido groups followed by reaction of the
modified antibody with a thiol-containing maytansinoid to give a thioether-linked conjugate.
Again conjugates with 1 to 10 drug molecules per antibody molecule result. Maytansinoid
conjugates of antibodies, antibody fragments, and other proteins are made in the same way.
[0164] In another aspect of the invention, the EGFR antibody is linked to the drug via a non-
cleavable bond through the intermediacy of a PEG spacer. Suitable crosslinking reagents
comprising hydrophilic PEG chains that form linkers between a drug and the anti-EGFR

antibody or fragment are also well known in the art, or are commercially available (for example
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4. 361, 69rein, Ciyepeeats an aggECEBantibndysoframuent 4’ 302 348: 4. 371, 533"
5,208, 020; 5, 416,064; 5,475,092; 5, 585,499; 5, 846, 545; 6, 333,410; 7,276, 497
and 7, 4[?36@]916%1{@@5]3@#% certain embodi ment, the i mrunoconj ugates of the
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0d 1(())12/5] 2( rgprleseljlltso an aliphatic, an I\e{?omatlc or a heterocyclic unit bonded to the drug via a
covalent bond selected from the group consisting of a thioether bond, an amide bond, a
carbamate bond, an ether bond, an amine bond, a carbon-carbon bond and a hydrazone bond;
[0169] 1is O or 1;

[0170] pisOor 1;

[0171] m is an integer from 2 to 15; and

[0172] n is an integer from 1 to 2000.

{0173] In some embodiments, m is an integer from 2 to 8; and
[0174] In some embodiments, n is an integer from | to 24.

[0175] In some embodiments, m is an integer from 2 to 6.

[0176] In some embodiments, m is an integer from 3 to 5.
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anti-tumor effect of the conjugate is much more efficacious as compared to a drug load of a
lesser or higher number of drugs linked to the same cell binding agent. "Drug load", as used
herein, refers to the number of drug molecules (e.g., a maytansinoid) that can be attached to a cell
binding agent (e.g., an anti-EGFR antibody or fragment thereof). In one aspect the number of
drug molecules that can be attached to a cell binding agent can average from about 2 to about 8
(e.g,19,2.0,2.1,22,2.3,24,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,3.4,3.5,3.6,3.7,3.8, 3.9,
4.0,4.1,42,43,4.4,45,46,4.7,4.8,49,5.0,5.1,5.2,53,54,5.5,5.6,5.7,5.8,5.9, 6.0, 6.1,
6.2,6.3, 64,65, 6.6,6.7,68,69,7.0,7.1,72,73,74,75,76,7.7,7.8,7.9, 8.0, 8.1). N*-
deacetyl-Nza-(3-mercapto-l-oxopropyl)-maytansine (DM1) and N -deacetyl-N? -(4-mercapto-4-
methyl-1-oxopentyl) maytansine (DM4) can be used.
[0180] The anti-EGFR antibody or fragment thereof can be modified by reacting a bifunctional
crosslinking reagent with the anti-EGFR antibody or fragment thereof, thereby resulting in the
covalent attachment of a linker molecule to the anti-EGFR antibody or fragment thereof. As
used herein, a "bifunctional crosslinking reagent" is any chemical moiety that covalently links a
cell-binding agent to a drug, such as the drugs described herein. In another method, a portion of
the linking moiety is provided by the drug. In this respect, the drug comprises a linking moiety
" that is part of a larger linker molecule that is used to join the cell-binding agent to the drug. For
example, to form the maytansinoid DM1, the side chain at the C-3 hydroxyl group of maytansine
is modified to have a free sulthydryl group (SH). This thiolated form of maytansine can react
with a modified cell-binding agent to form a conjugate. Therefore, the final linker is assembled
from two components, one of which is provided by the crosslinking reagent, while the other is

provided by the side chain from DM1.
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[0181] The drug molecules can also be linked to the antibody molecules through an intermediary
carrier molecule such as serum albumin.

[0182] As used herein, the expression "linked to a cell-binding agent” or "linked to an anti-EGFR
antibody or fragment” refers to the conjugate molecule comprising at least one drug derivative
bound to a cell-binding agent anti-EGFR antibody or fragment via a suitable linking group, or a
precursor thereof. One linking group is SMCC.

[0183] In certain embodiments, cytotoxic agents useful in the present invention are
maytansinoids and maytansinoid analogs. Examples of suitable maytansinoids include esters of
maytansinol and maytansinol analogs. Included are any drugs that inhibit microtubule formation
and that are highly toxic to mammalian cells, as are maytansinol and maytansinol analogs.

[0184] Examples of suitable maytansinol esters include those having a modified aromatic ring
and those having modifications at other positions. Such suitable maytansinoids are disclosed in
U.S. Patent Nos. 4,424,219; 4,256,746, 4,294,757, 4,307,016; 4,313,946; 4,315,929; 4,331,598;
4,361,650; 4,362,663; 4,364,866; 4,450,254; 4,322,348; 4,371,533; 5,208,020; 5,416,064;
5,475,092; 5,585,499; 5,846,545, 6,333,410; 7,276,497 and 7,473,796.

[0185] In a certain embodiment, the immunoconjugates of the invention utilize the thiol-
containing maytansinoid (DM1), formally termed N*-deacetyl-N* -(3-mercapto-1- oxopropyl)-

maytansine, as the cytotoxic agent. DM1 is represented by the following structural formula (I1I):
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[0186] In another embodiment, the conjugates of the present invention utilize the thiol-

containing maytansinoid N -deacetyl-N* (4-methy1-4-mercapto-1- oxopentyl)-maytansine (e.g.,

DM4) as the cytotoxic agent. DM4 is represented by the following structural formula (IV):
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[0187] Another maytansinoid comprising a side chain that contains a sterically hindered thiol

bond is N* -deacetyl-N-* (4-mercapto-1-oxopentyl)-maytansine (termed DM3), represented by the

- following structural formula (V):
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{3188} Fach of the mayvtansinoids taught in US Patent No. 5,208,020 and 7,276,497, can also be
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used in the conjugate of the present invention. In this regard, the entive disclosure of 5,208,020
and 7,276,697 is incorporated herein by reference.

[0189] Many positions on maytansinoids can serve as the position to chemically link the linking
moiety. For example, the C-3 position having a hydroxyl group, the C-14 position modified with
hydroxymethyl, the C-15 position modified with hydroxy and the C-20 position having a
hydroxy group are all expected to be useful. In some embodiments, the C-3 position serves as
the position to chemically link the linking moiety, and in some particular embodiments, the C-3
position of maytansinol serves as the position to chemically link the linking moiety.

[0190] Structural representations of some conjugates are shown below:
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\--0 101951 wherein Rl is a hydrogen atom hydroxy or mnethoxy group and R2
is a Cl-Cs al koxy group, or a pharnmaceutically acceptable salt thereof,
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assays. [0197] The |nnunOCQmjugate can, acc hg\to,so e odi nents
descri bed herein, be i%h | i % e oi nto cells. The i munog¢onj ugate,
therefore, can g &Na&Lh Ry a ef&ect when it is taken up by or
internalized, b? a EﬁFR—expresang qe In sonme particukar embodi nents,

t he i nmunoconj ugate rlses an an kpody anti body fragpent, or

cytotoxic agent i s clea ed fo 4 body, antlbody ffagnent, or

pol ypeptide, wherein it ‘is i medT HoalH ze by a EGFR-expressi ng cel
[00121] I n sone ebodi nents, the |nnunoconjugates are capahke of reducing
tunor vol uine. For exanple, inAYcMCERBHdI ments, treatnent witHRDgn

i munoconj ugat e res%+ts in a OAT/c value that is |ess than about 50% |ess

t han about 45% |es$ than about 4096;4e t han about hS@b | ess than about
25% | ess ghan@abo 20%_ | .ess tﬂéﬂxﬂ@out 15% | ess

pol ypeptide, |inked t o Xi aﬂ?nt bwpa Lligayabl ej | i nker, and the

30% | ess than abou
t han about 10% or Eess t han abo SOM [0T98] “Fh amgiher aspect of the

i nvention si RNA nol ecul es can ge blnk d to the anti odles of the present
invention instead of a dréig.\ siiRNAs gan be linked to the anti bodi es of the

present invention yMﬁth sNCo s d for the nodjfication of

ol i gonucl eotides (see, flor exanple atent Publlca i ons 20050107325 and
20070213292). Thus the T inits 3 r 5'-

2012/058588PCT/U82011/058 /8 - 57 - p osdhoronldlte forn1can be reacted
with one end of the|crossITiKer<beari$ dr oxyl functlonallty to give an

ester bond between the si R andudcheiriwssl i nker . S|n1larly reacti on of the
si RNA phosphorami dite with a crosslinker beapi- U&ﬁgernlnal am no group
results in |inkage of the crosslinker to the si RNA tfirkdugh an am ne.
Alternatively, the si RNA can benlds€aid™ti zed by standard che al nethods to
introduce a thiol _group. This thiol-containing si RNA can be reacted with an
ant i body t hat haf been nodifi ed te [ roduce an activedisul fide or
mal ei m de noiety; to produce® e nen- cLeavab e conj ugate.

Between 1 - 20 si RNA nol ecul es can’be Ilnkéd/io an'éﬁtfﬁpdy¢®y t hi s net hod.
L1l Polynucleotl es [O 991 In @Brtaln enbodi mentis, the jnvention
enconpasses pon M eo |d#ﬁﬁponp‘ ng polynucleotldes t hat encode a

pol ypepti de th | y~'bi E@FR or a fragment éf such a

pol ypepti de. For exa the in ntlon provi des a polymucleotlde
conprising a nuclelc a d seqguence Lha encodes an antibody to a hunman EGFR
or encodes a fragnent @Ln)ggh/ap antlb dy. The= pmhumycleotldes of the

i nvention can be{in the forni‘of *%WQ\Q & the formof DNA. DNA includes
cDNA, genom c DN% and syntheMﬁE BNAH and can be double‘stranded or

si ngl e- st randed, \and i f singl e stranded can be the codi'mg strand or

non- codi ng (antl-sense) strand. ApSPBOMII n certai n enbodi nents, (x¢he

pol ynucl eoti des are isolated. In certain enbodi ments, the polynucleotides
are substantially pure. [0201] The invention provides a pol ynucl eoti de
conprising a polynucl eotide encodi ng a pol ypeptide conprising a seguence
selected fromthe group consisting of SEQ I D NGs: 1-38 and 69-76. [0202] The
invention further provides a polynucl eotide conprising a sequence sel ected
fromthose shown in Fables 7-9 below. Table 7: Variabl e heavy chain

pol ynucl eoti de sequences WD 2012/ 058588PCT/ US2011/ 058378 - 58 -



VH Pol ynucl eoti de Sequence

act gcagat aaat eck, cagcacagcct acat gcaact cagcaget t ggcat ct gaggact ct geggt ct
at t act gt gveagetmEssat gcccccggcet at get at ggact act ggggt caaggaataisc@giossses gt
ctcct ca (SEQ I D NO 40) -55-
aagettgccaccatgggctggtcatgtatcattctgttcct ggt ggccaccgcaaccggtgtccattccca
ggt gcaget cgt gcagageggggct gaagt ggccaageccaggt gctt ct gt caaat t gt ctt gt aaggcece
agt gggt acacct t gacaagct aLt ggat gcagt g ttaagcaacgcccaggccagggactggagtgc
at cggcaccattta ccaggggatggagataccacttatacacaaaagtttcaaggqaaagccaccctgac
cgccgacaaat ccagcagcacagcat ac tsta §agg#ngaa i€ cgt gt act
attgtgcccgct ac acgcccccgg at caatggatta gggccagggta ct ggt cacagt gt ect
ccgcctctacaaagggccc (SE

aaget t gccaccat gg gg ecNg tgtttctggtggccactgccacaggagtccacagccaag
tgcagctggtgcagég ggﬁg&ﬁ?aggtcaa aa %tggggcatccgtcaaggttfcttgtaaggcatctgg
atataccttcacttectatt gcagt gggt gagacaggcaccaggacagggacit ggagt ggat gggcact
atttatccaggtgaéggtgacgctacttatactqégaaattcaqgg 8;}&gtgaccatgactcgtgatactagc
act agt accgt gt at at ggagat *&@fégggg\cc agga 8 8 t actiact gt gct agat at gacg
cacccggat at gccat ggact at ggq@&ggggcﬁccé1ggtcaccgtgagttccgccagcactaagggcce
(SEQ I D NG 42) .. s

aagat gccaccat gggct ggt ect gratt at ect eut aggt ggccact get accggegt acacagt caggt gc
agaggt gcagt ccggggct gaagi ggcaddgeegdygcct ecgt aaaget ct et t gcaaggdXRcgget
acact macf t ect act ggat geagt gggt caaacagcgcccaggaca ﬁruggaatgrataggtacaatct

at cceggegat ggtigacacacgat at at ecagaag t ccagggcaagge a%caga@tgccgacaaatatcta
gcaccgettatatqcagagtcatctet a t'gt attactytydecgat at gacgcacc
C ggttacgccatggattactggggtca ggakcft ggt cegtateaagegkcagtaceaagggcec ( SEQ
| D NO 43) caqgttcagetha ca aqgggctgagaggcaagacctggggettcagtgaag
ttgtectgcaaggguek ge&gcacc ﬂbggggactggatgcagtgggtaaaacagaggcctggac

agggt aggaat gt att gg dbﬁuatectg agat ggt gat get aggt acact cagaaat t caaggg
caaggccacattgactgggggkagatectccagcdbggcctacatgeaacteagcagettggcatetgag

gact ageggt et atit act gt gcaagat at gat gec eggctatgctat%gactactggggtcaaggaa
ectcagtcaccgtcgcctca'(SEC%LEF*%JQﬂ?)
aagettgccaccatggggtggagttgtﬁ(§ap‘Emptc@ttgtcgctaccgccactggagtgcattcccaggtg
cagttggtgcaatdtggcgccgaggtgg&caagcccggtgcctccgtaaaattgag&%g _aaagcctctggcta

tacatttacatcttattggat gcagt agcgccct ggt caaggcect ggagt gcat cggaget ct gt a
t cct ggce gacggggacgcccgttacgggﬂgﬁgggfﬁygagggcaaagctaccctcaccgcagéﬂﬁbatccagc

agcact dat %]t] ﬁegelahdescatgtiamﬁlr qrodBgrysghanthodcony nsicoidctoyiupatsa et atayadedccc
caggt | at op !l foact act aqaet oARPORISE T ARG TN 91SE295E LRI ARARAPIGRER REC

|DN07%)
aagettgﬁ&ﬁﬁ&@k@gﬁgﬁgg@@ggﬁg&gatcctettccttgtcgctaccgccactggagtgcattcccaggtgc
VH

v1 11gt[0 4R Jo asgeneral o sivtde of gy cotbecingeiugoes belderacmaba Gugbatethsagct molaget

at aca

1t acatBPTE Y JPAY IR BT aR AT IR RYER (RAL BT §53THG A RRad S T S ect

g9 mixture can be quenched by addition of excess amine (such as ethanolamine, taurine, etc.). The

cgacggggacgcccgttacactcagaaatttcagg aagct accct caccgcagat acat ccagcagcact g
ﬂﬁ@g

ct t at atTi@aensinoadrenihady ceprasie gay §¢ §v gek faléeloyccagat at gacgccccaggt t

at | 9ot G0 PoHRCHARKS P AREARARR! HOILARETHAIFARIRABLATRRIRAARIAA MR Ul FRRLD

aaget t ggcaessatiog gptaaiphatogicaicaily tthe giticcof gt dpgabavegaicyytagd 88t nec cldggt g
g? ggi gcAYEEge gunbet ghagrigginaiddrdsgtesiatibody canks fernelealdd X ayit yggt acacct

t 0194] Anthracycline compounds, as well as derivatives, intermediates and modified versions
cacaagc actggatgcagtgggttaageaacgcccaggecagggactggagtggateggcaccatttatccagg

ggat ggabataef; cac bisatteoscd s@ agipatecadighCaRagunasconjgaates c Egneowantle chyonpiaragc
atacatg ttctalsctcaz t ct gaagact cc t gt act a ccget ac
e gec BREISHE dETV NS Dot Ba B GRETT sty rrgamagad ESHBIA can be used in

anti-EGFR conjugates. Exemplary compounds are described in WO 2010/009124, which is




VFI Pol ynucl eoti de Sequence

aat uattacti anccaggat act ct Wacagt gt cct ccgcct ct acaaagggccc (SEQ | D NO 80)
Tabl e 8: wenbehlsess8i ght chai n pol ynucl eoti de sequences WrUEGSRG 1058378
gacat ccagat gacacagt ct ccat cct cact gt ct gcagect ct gggaggcaaagt caccat c

actt gcaaggcaagccaagacatt aacaact at at aget t ggt accaacacaagcct ggaaaaggt ect a
ggctgctcattcattacacat ctacattacat ecaggcat cccat caaggtt cagt ggaagt gggt ct gg
gagagatheaein ciocomarptest &xgiciarenrcegadie cenjisiyat ately camporads atflcb%ét Qra §Xapple,

W0 2012 UL BEEE SR TIR ARAOE TG0 9RETC ST a1 engt h hoavy and

| i ght chai n pol ynucl eocpi doksequerces Pol ynucl eoti de Sequence

{8195] wherein Ry is a hydrogen atom, hydroxy or methoxy group and Ry is a €-C alkoxy
group, or a pharmaceutically acceptable salt thereofl

{8196} Conjugates of antibodies with maytansinoid or other drugs can be evaluated for theiwr
ability to suppress proliferation of various unwanted cell lines in vifro. For example, cell lines
such NCI-FH226, NCI-H292, and NCIL-H322M, can easily be used for the assessment of
eytatoxicity of these compounds. Cells to be evaluated can be exposed to the compounds for 4 to
5 days and the surviving fractions of cells measured in direct assays by known methods. ICs
values can then be calculated from the results of the assays.

[8197] The immunoconjugates can, according to some embodiments described herein, be
internalized into cells. The immunoconjugate, therefore, can exert a therapeutic effect when it is
takent up by, or internalized, by a EGFR-cxpressing cell. In some particular embodiments, the
immunoconjugate comprises an antibody, antibody fragment, or polypeptide, linked to a
cytotoxic agent by a cleavable Hanker, and the cytotoxic agent is cleaved from the antibody,
antibody fragment, or polypeptide, wherein it is inlernalized by a EGFR-expressing cell.

{60123} In some embodiments, the immunoconjugates arc capable of reducing tumor
volume. For example, in some embodiments, freatment with an immunoconjugate resulis in a
24 T/C value that is less than about 50%, less than about 45%, less than about 40%, less than
about 35%, less than about 30%, less than about 25%, less than about 20%, less than about 15%,
less than about 10%, or less than about 5%.

1#198] In another aspect of the invention siRNA molecules can be linked to the antibodies of the
present invention instead of a drug. siRNAs can be linked to the antibodies of the present
invention by methods commonly used for the modification of oligonucleotides (see, for example,

US Patent Publications 20050107325 and 20070213292). Thus the siRNA in its 3° or 5°-



aaget t gceaccat gggc
i ggt cat gt at cattct gt t ect ggt ggccaccgcaaccggt gt ccat t eccaggt g
cagct cgt gvegapagssgct gaagt ggccaagecaggt get t ct gt caaat t gt eCrgisaagmsssagt gggt
acacct t cacaaget act ggat gcagt gggt t aagcaacgcccaggccagggact ggagt gcat cggcacca
tttat ccaggggat ggagat accact t at acacaaaagi f i caaggcaaagccaccct gaccgccgacaaat cc
agcagcacagcat acat gcagct Uct agect caggt ct gaagact ccgecgt gt act at t gt gcccget acga
cgccecqygspharopishiegfpamt ean §gggecied grttacnet ayt ehdhgycrrsslinkes drearipg Hc 5@@@30
ccatcagttftccecttgact ccaagtt caget geac cat faaa
gat t ot PR b G e B B S L AR Ok SR LR 0
t gt t gcapé SIRNA PHbSHhotatitachiftLaagligkadicadag gitendhilehdge ggriptrogdade tiakgrc ct
a catc%g;aacgtcaaccataaaccatccaacacaaaggtg at aa aaggttgaaccaaaggg%%gt at aag
3t ctea

acacat st gheessinker it BerstRNAChEIgh BB iag 1‘@6@%&?1@& BeteRNGt ¢an &dcca
aggacad) Sl AR LALALASHBALEC ROAAANGACE \MbOEIAb! IfRIRGOL ARAAAAE ARATA! &R ARACO
tt aaat t caact ggt acgt ggat'ggagt cgaggtt cacaat gtcaagaccaagcccagggaggagcaat at aa

t t ct acatattehgithagt gadedy tedtdas bty etcdifiicmanpabtiggedrc agtvgghaddmgt anéagidgcaa
ggt gt ccaacaaggct et t eccgct eccat t gagaaaact at et ccaaagccaaggggcag: gggaacce
caggt gtBPEFat? Grdet ardsayghlg e d@&&?%gbléﬁﬁﬁ'ﬁé@agg?tﬁ’ﬁﬁ‘ggt'cg(ggm‘gtm JteE&g9g
accat ctgagatihgct O ALAEHLIGYRPI ARGBAaCagccagaaaacaact acaagacaact ccce

cagt gct ggacagegacgggagat at cct ct act ccaagt t gact gt agacaagt ct agat ggcagcaaggaa
acgttttctectgctcagtaat gcat gagget ct gcacaat cact at acccagaaat cact gt ecctt agcccag
gg tgactc; 4dll.. ; Rady@@gcleptidgs; 51)

gaat t cgccaccat gggaggagct gcat cat ctt gt t et t ggt cgccact gccacaggagt gcat agcgat attc
agat gad8t¥tlac cergint smhogiurgst e gnygiogatcaeypaaes aquﬁwiegegget FORMBEHEg

Pacact CRMIEIg N LE e P PR e B ARG Pa IR o c IR RRRLAT PR,

o=

ctg polypeptide. For example, the invention provides a polynucleotide comprising a nucleic acid
agcccgaggat at aget acat att att gt et ccagt acgat aatctettgtacacattt ca acaaa
g J gsecglgence that encodes an antibody to a hurgnan FRor encodesga ?ragment ofgsgﬁl angagrgl%o y. g

{ ggagal FRARAAl RRAEHETSH BE3RRANGH b bl GRUR! AR LIGERA G 4R RABFATIRARLSIATAA

t gcct ctigélu@ésgtONeY, arhgmad A} etdsgatheaiafaiyc axhagt deadiupirasiggtigd atr asaregdecct
c caat egggt aact eccaggagagt gt cacagagcaggacagcaaggacageacct acagcct cagcagcacc
ctgac gcs?r@%@aé%fgecéﬁﬁgq 3@&&%%%%3%&@%@% el qrg%ﬁéfgg{n(ga@%tbﬁ?‘%ﬁ)gﬁﬁﬁ‘gt gagct
cll chtg[ggg@‘?ﬁg&gﬁfnt &ﬁﬁ&ﬁnﬁﬂ@gﬁ&a&;l?ﬁ&%tiﬁgﬁgel Soldked: SK) certain embodiments, the

gaattc cat gggat ggt ect gcattat'cattt cct ggt cgccaccgccacaggegt ccact ct gacat ac
aaat gagetagiclroadest at swstangialde paret ccgt t ggggat agagt t acaat cact t gt aaaget agccagg

a : : . : L . :
cat caadfA¥tathe: dyeptighyt HeXss ot ROPHESGHAS FIRUE g e PRV YRS 225108 & ac
ct polypeptide comprising a sequence selected from the group consisting of SEQ ID NOs:1-38 and

t gcacccaggcat accaagccgct t t ageggt agt ggcagt ggccgcgatt act catt accat cagttecttgg
aaccagd®y#h.at agccacct att att gt accagt at gat aattt gct ct acactttt ggccagggcaccaaact

tg : . : . .
agat cadJFSlabis;inygeoeL Suther drovides & fobmuglegide comprising a sequence selected o gc
ct ct gt tigb @ BeGhae tigsat aackdiel at cccagagaggccaaagt acagt ggaaggt ggat aacgccct cca
at egggt aact cccaggagagt gt cacagagcaggacagcaaggacagcacct acagcet cagcagcacc

ct gacgct gagcaaageagact acgagaaacacaaagt et acgcct gegaagt cacccat cagggcct gagct
CgCCCOtRaRIaygaMICRACASRATHRGnudEagidé Sgencetd NO 53)

aagettgccaccat ggggt ggt ect gt at aat act gttt ct ggt ggccact gccacaggagt ccacagccaag

. t . + .t .t aanneat-eot-o
t gcagaggt-geagagt-ggeget-gaggt-caagaagest QC%LtC Eﬂcaa"Eg_aL ctogtaaggcatctg
1 ] Y ¢ ﬁ <
gat at ac st-tectattggatgcagtgggt peleade SSRICHSE 0 aet qgagt ggat-ggge

act at t tBEECEByt Garetth eagrALinlaeRas ?é[’té&?gﬁg 3?%%%@%&"51@* “agt 52 gact cgt gatac
t agcact AYtiaccgt LAty satirebrestiade mﬁ@g‘?ﬁﬁ&é Geast act gt get agat a
t gacgcacccggat afAfeesf Fige C?gg pAYEhcuteet gﬁ“ﬂ”@c”gggﬁyﬁ £cgccagcact aa
gggcccat cagi f i § AC8EEY }598?9%9‘? SUFCLACEgE ‘fa EREAGEE St gggat gect ¢
tt aaagat t at f t ec AT ETGREALE ?%ﬁ%ﬁ%%&éf&gf% %aﬁ%fé‘ggﬁ {§8t gt gcacact it
cgct gtigt.t.gcagt rFﬁcW@gﬁ@ﬁégécfgf ecagt-gt-cgt-aaccgt-ecctt-ct-agecaget-t-gggaae
gacct acarkEgRaas %&@%%&é&%ﬁ%@é%&f%‘&g@“ L %"gﬁﬁ"mf%c ccaaagagct g
t gat aagBc¥sat acStGEERCHCTRY Rt ,'Egé?:t&‘ééfég PRATEL g@ggnta&gggtg&g Ytcctrtccece
WO 2012/ 058538 PEHERBr s Eea AR el Rgaeasgi G nE R CaAT SRR LRSI G @ e
aaacccaaggacact et t at gat ct acgt act ccagaggt cacct gt gt t grt gt egacgt gagccat gaagat
cccgaggt t aaat t caact ggt acgt ggat ggagt egaggt t cacaat gccaagaccaagcccagggagga
gcaat at aat t ct acat at egggt agt gagcgt t ct gaccgt gaccaccaagat t ggct caat ggaaaagag

t acaagt gcaaggt gt ccaacaaggct et t eccgct eccat t gagaaaact at ct ccaaagccaaggggcea
gccacgggaaccccaggt gt at acat t gcccccat ct agagacgagagaccaagaaccaggt gagt ct ¢
acttgtctggt caaggggt tttacccttct gacatt gct gt agagt gggagt ct aacggacagccagaaaac

oy o e o o - - b . g v o
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huEG-

R-

aagctt gccaccat ggggt ggagtt gt at cat cctcttcctt gt cgct accgccact ggagt gcattcccaggtg
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cagt t ggt gcaat ct ggcgccgaggt ggccaagcccggt ggct ccgt aaaat t gagt t gt aaagect ct gget a
tacatttacatcttattggat gcagt gggt caagcagcgcect ggt caaggcct ggagt gcat eggaget ct gt a

tcct gg
agcact g
gt gt ac
ccaggt
agtttt
tt
tccctg
a
gtectc
ta
acgtca
at gccc
t
cttatg
aa
ctggt a
gggt agt
aaggcte
attgcc
tg -

gacgagaa

2("(1("("("(11' t.acact (‘2(‘]9221’ it (‘ﬂﬂﬂ

Anihedyt

~

G (‘aa(‘t t an'r a

gcaaagctaccctcaccgcagatacatcca
gccet. (‘r‘nr‘ar}/rl‘([‘lg‘?b‘—

gcC

t act gt gcc
t at get at g
CCCttOO

cagcagcttggcatctgaggactctgcggtct

) GHEALGEq apreRsereates tipgeGrtmrgtigrreagdgetcaehcaaagggeccay

ceesisagt Net4Oracaageggt ggaacaget geact gggat gect cgt t aaaga

B ¥ld¢r§equence
K@agcacagcctacatgcaac

AGALIRRIGIG

i C
ta

huEGFR-
ag&eit gt ge

cggt ct gt 3

aagcttgccaccatgggctggtcatgtatcattctgttcctggtggccaccgcaaccggtgtccattccca

| caigragaiyetizepgazneagacgRaigeataageresatecigigtcaragstadaiengesct cccgcet gt gt
agtgggtacaccttcacaagctactggatgcagtgggttaagcaacgeccaggecagggactggagtoc

| atcegrat ittiatraprgEatesagmacetlialgeacratgiiqaagssiangrraa@ec agacct acat

cgeegacaaatccagceageacageatacatgeagctttctagectcaggtctgaagactecgecgtgtact

accat aaac eHglecaaiweraerseregefaiceratraaitigieegraease sladicjagiedcagtgiattaagacacat a
I cctt gt creegsaiceagagetesctSEgydfyPddnt ct gt gt t cct gt t t ccccccaaacccaagga

tgc

7
CYl, JOBRYC

gradey! (¢
t eccgct
cccat ct a¢

adiGERgt agdcteagaggiepgadcgigitgigigtagcgt geagcrpatgaagat@es gaggt t aaa

| tgcagetggtocagagtgacgetgaggtcaagaagectggggceatccgtcaaggtttcttgtaaggeatctgg

Jaglacgragiccat@atzgrpiRagagcargocRgGgsggageaah@aatt ct acat at
mgmmw@g@amg@wagmac@ggamaggmgagatg@ma@awg gtgtccaa
actegthdegiatrnt stact@egiredacyggregigedant g gyaatitaecaggt gt at a

la@&m@@cg@@a@tgggm%ta}agggtmwggaggd:qgtcgg%camggt tttaccc
(SEQ ID NO:42)

cgacgg
ctc ag
(SEQ |
aagct t
ca 6

HCgt t g

acattgbmglamagt
gEge tot

t aat gcat gaggagdcgoaaaahigplabeaacagaadisgacagiogitanilagasmagggt gact eg

D NO 82)
gccaccat(

gt gcaat ct

gagagicai-ariguatRttagacRagagetacRaAlRLaasherregagt gct ggaca
agdigi@alcanagilaagigiaoReandiciagalautagaaragagacyt tttct c

|élt¢E@&atggtgacacacgatatatccagaagttccagggcaaggctaccctgactgccgacaaatcttcta
| goatguaglhtgiatanicnciaiingidgiagehactgiaagiggagloaat t cccag
ggttacgecatggattactggggtcaggggaccttggtaaccgtatcaagegecagtaccaagggece
gg@gqggﬁgg:t},ggccaagcceggt gcct ccgt aaaat t gagtt gt aaagcct aggct

gtg

ata

cat

vl1. 11t
tcctgg
gacggg
t at at ¢

gc

t at ggact act ggggw@@ﬁ@ﬁm

muEGFR-

t@gatctt e
C

igacgcccgtt,
caact t agt

caggttcagetccageagtetgggactgagetggcaagacctgggecticagtgaag

akbideatAcautggal-aantedgeatdaldgtsaraueshgagiadgat cggagcet ct

agggtct gaatgtattgggeoctctttatcctggagatggtgatgctagetacactcagaaattcaaggg
a&hCAdadahld£H3000G3aR0tAGEIhARAEIEAGRlAREaLCCagcagcact

gg&&g&ggg&a%gg&gga&@@&@e&gg@&@g&a@ggw aesaeabadgacgccccaggt

i cectcagtecaccgtegectca

t ggt gacagt gt caagcgct agcacaaagggcccat Cagt atccce

gt a

gct
t at

ttg

gt oA AL E RS A A A SRR AL LGB L anaaL L T ceeTga

gtg
acagtg
tac
t cact g
ccatc
cctgca

g v1.0
agctggaat

t ccagt gt 6
caacacaas
iCC

cagttggtocaatctgg gotgoccaageccggtgectecgtaaaattgagttotaaagectetggcta
RGHURAGS A dodkaClol P0G A RE b e bt AlclbdeticRE! CCt cogt

tcctggcgac 2o0aCceCCC acactcagaaatttcagggcaaagctaccctcaccgcagalacatccagc

1%y Gacks hdc foy8 cgt caaccat
R L R T L e

(SEQ ID NO:78)

agagct
agagg
t cacct
ttca
caat gc
cca
agattg

C&ﬁ&ﬁﬁﬁg
Vuvl.11

1.1
gtgttgtte
caagaccaas

get caat g¢

Ta&é&ﬁg&E&E@Eég@é‘g*a%gﬁ&t&?&%@@@éﬁ&ﬁ@@%&@%@é&@Sagggc%rﬁ cgrac

gotocaatctggegecgaggtggccaageccggtgectcegtaaaattgagtigiaaagectetggctataca
GACEgaRs Sk

cgacgggoacgcccgttacactcagaaatttca ggcaaagctaccctcacc agatacatccagcagcactg

Ok R RUA0R g AIR AL AL AR ARl AR LIS AL BAIR AL Gdac c ot got

)

HRa0aheGedRRAL ARALIGRRLL AUl AGHhAgsE 992t cg

cct
ctg

aaa

tcc

agg
cca

t at

etc

caaagc @

aggt ga
caga
aaacaa;
caa '

huEGFR-7
JggcC:
gt'ttcact t

ct acaagac

ctat, actactggggtcaaggaaccctggtgacagtgtcaagcgclagcacaaagggccc
J g
aagctt ccal

ag gcaaggt gt ccaacaaggct ett cccgct eccatt gagaaaac
cctg
ig{é /IFIDILLIULd
é:gtgaacggac

ccat ctg catgtatcattctgttcetggtgeccaccgea gca,
e

cCaagaa

cc
agc

aga

acccgcaaccg %c(:é%%cgc%%a&ﬁ
R B lE

atctagatggcagcaaggaaacgttttctcctgctcagtaatgcatgaggctctgcacaatcactatacccagaa

atca ctgtccettae.

,-cccaka.V gadc.b__,as_i_'SEQ ID NO 83) huEGFR-

aagctt gccaccat gggct ggt cat gt at catt ct gt t cct ggt ggccaccgcaaccggt gt ccatt cccaggt g
cagct 7 HCcgt gcagageggggct gaagt gi caagccaggt gett ct gcaaatt gt cqt aagk. :, cc;

, - gtacaccttcaca WD 2012/ 058588PCT/ US2011/ 058378 -

63 - Antibody. v1.11

Pol ynucl eoti de Sequence



aget act ggat gcagt gggt t aagcaacgcccaggccagggact ggagt ggat eggcaccattt at ccaggggat

cta

gg

agat accacwoabeoEsmaaagt t t caaggcaaagccaccct gaccgccgacaaarcragpeagosssagcat acat
gcag -59 .

ctttctagcct caggt ct gaagact ccgecgt gt act att gt gcccgcet acgacgecccccggcet at gcaat ggat
A O —————————— e

gccagggratibedyggt cacagt gt.cct ccgeet. cﬁ’atb%&d&@@@@@@é@&%ﬁﬂim%gatncaagt t
aat ccaca aatggattactygepccaggetactetygicacagtytectecgectctacaaaggecce (SEQ ID NO: 803

ageggt ggaacagct gcact gggat gcct cgt t aaagatt attt ecct gagect gt gacagt gaget ggaat age

ggagca

Table 8: Variable light chain polynucleotide sequences
ttgacttcaggtgtgcacactttteccgctgtgtt gcagt ect ccggt ct gt act cact gt ccagt gt egt aacc

gtccettcta |
cagat ggg‘@av%agacct acat.ct.gtaacgteaddch p @ifBefcaaaggt.ggat.aagaaggt t gaa
ccaa | muEGFR- gacatccagatgacacagtctccatcctcactgtctgcatctctgggaggcaaagtcaccatcacttgca j
agag agﬁt ¥t aagac agserasceragiseitaciriaidieautizglecreecacragrolsseraegitetfgedigdt ct gt gt t ect gt t
t cecce catacattacacatctacattacatccaggcatcccatcaaggttcagtggaagtggotctgggagagat i
caaaccicaaggac ac tafceftcagratspgraapriersselaiagaiiscartie taeactagtaiagiec gt gagccat gaagat ¢
ccga ttctgtacacgttcgyagggeooaccaagctygaaataaaacgy (SEQIDNO44) ~
ggttaa antEGaRE ¢ gtlacgizgigarcepgirticeigéaiyictigentdertggegrasiyalbbctgitiestagggaggagcaat at aa
ttcta | 12V, gggcaagtaagagcattagcaaatatttagectggtatcaagagaaacctgggaaaactaataagetict
cat at egggt agt gatpgactadigrcsltagetdgasiraioresitrgeisgragiogpirisddagsait acaagt gcaaggt gt
ccaac ttcactctcaccatcagtagcctggagcctgaagattttgcaatgtattactgtcaacagcataatgaat
aaggctict t cccgct ecwglictagatrpamargeaacctigdaziagicraceggd§RdbPNAdongaaccccaggt gt at aca
ttgcc | huEGFR- gaattcgccaccatgggctggagctgcatcatcttgttcttggtcgccactgccacaggagtgcatagcgata
cccat ct ayagasgagcig@RecamdactR it Pagcerctget gl g gictdaggggtdcaicaccet t ct gacat
tgctgtia ccaggatatcaacaactacttggectggtaccagcacaageccggeaaaggeccaaagetgetgatceact
gagt gggagt ct aac ggerggocrgascagdacticegsiigme smtregiamtazapegatagodiciyegacgggaget t e
ttc tctcttccctggageccgaggatatagetacatattattgtctccagtacgataatetettgiacacatttggacag
ct et act ccaagt t gaedagiagdgaaytetatrat J§EQd0ady¢@aacgt ttt acct get cagt aat gcat gagg
ct ct gc EGHRA¢ pattagreagagstgzactggitotatttgecagagogacizeghgadtSEQathaD NO: 84)
7VL caaatgacccagtceccttcttcactgagegecteegttggggatagagttacaatcacttgtaaagetagecag
v1.01 gacatcaacaactatctggcettggtatcageataaacctgggaagggacccaagetcttgaticattacacctcta
cettgecacccaggeataccaagecegctttageggtagtggcagtggecgegattacteattetecatcagttect:
ggaaccagaagatatagccacctattattgtctccagtatgataatttgetctacacttttggecagggeaccaaac
ttgagatcaagegtacg (SEQIDNO:4A7) o
huEGFR- | gaattc gccaccatgg gatggagttgcattattttgtttctggtagetaccgctacaggegttcatagegacatica
7 gatgacacagagcccctectetttgtecgecteegtgggegatagagtcacaatcacetgecgegeaageeag
V. CDR gatatcaacaactaccttgecatggtaccagecagaagectggaaaagececcaaagetgetcatatactacacete
gra?ted cacccttcacccaggagttccatcecaggttetctgggtetggaagtggaacagattttaccttcacaatcagetcat
tgcaacccgaggacatagctacatattactgectgeagtatgacaatctgetgtacacatttggacagggaacca
,,,,,, aagtigaaatcaagegtacg (SEQ ID NO:48)
huEGFR- gaattcgccaccatgggctggagttgcatcatcctgttcttggttgctaccgcaaccggagtacactccgacgt
12V, gcagatcacccaatcetecatcatcectegecgecagtgtgggagaacgaattactatcaactgecgagcaage
v1.0 cagagtatcagccgttatctggeatggtaccaggagaaacccggtaagactaacaaactgttgatttactcagg
cagtacactgcaatctggiatccctageegetttageggetccggeagtggeaccgatttcaccctgacaattte
ctecctggagecagaggatttcgeaatgtattatigtcagcaacacaacgagtacccatggacatttggecagg
ycacaaagctggagattaagcgtacg (SEQIDNO:49y
huEGFR- gaattcgccaccatgggatggtcctgcattatectgticctegtggcaacagctacaggggtgcatagegatgtg
12V, cagatcacccagtcecccaageteccttgeagetteegttggtgagegeattaccatcaactgtcgagctagtaag
v1.01 tctatttccaagtacctggcettggtatcaagagaagccaggaaagacaaacaagctgctcatttacagtggcteta
cecttcagtecggtattecctetagatttagtggcagtggtagtggaaccgattttacccttacaattagetetetgg
aaccagaagacttcgcaatgtactactgccagcaacacaatgagtacccatggacttttggccagggaacaaag
ctggaaattaaacgtacg (SEQ ID NO:50) B
muEGFR- | gacatccagatgacacagtctccatectcactgtetgeatetetgggaggeaaagtcaccate
6V, acttgcaaggcaagccaagacattaacaactatatagcttggtaccaacacaagectggaaaaggtccta
ggctgcteattcattacacatctacattacatccaggeatcccatcaaggttcagtggaagtgggtctgg
gagagattattccttcageatcagcaacctggagectgaagatattgcaacttattattgtctacagtat
gataatcttctytacacgifcggageugggaccaagctygaaataaaacgg (SEQ ID NO:81)




[0203] Al so provided is a polynucl eoti de having at
| east about 96%

| east about 95% at

at | east about 97% at | east about 98% or at

99% sequewoeaoixissdssty to SEQ | D NOs: 39-58, 77-84. Thus, PCH/USRN11A58378

enbodi nent s,

th

e pol ypeptide conprises.-¢@) a pol ypeptide having at | east

| east about

about 95% sequence identity to SEQ I D NOs: 39-43, 51, 54, 56, 77-80 or 82-84

and/or (b) a
| D NGs.: i ﬂe; Ha

ol ypeptide havin

at
,,,,,, t.he

| east .about 95% sequence identity to SEQ
Hdengthdheagymand dight chgin palynucjeqtideseguengese nhodi.nent.s,

pol ypenﬁnﬁbodcm

nprises (a)..a.pal vnpntpo&eﬂuﬂﬁﬂﬂdﬁﬁe\fuﬁﬁceam no_acid sequence..o

SEQ | D MadsGFR9:
havi ng: 7 REC ani
81. [0204] In

sequence for t
pol ynucl eoti de
pol ypeptide fr
secretory sequ
cell).i{ The pol

have the | eade
of thei pol ypep
which is the m
mat urei protein
of the; protein
remai ns. 10205
codi ngi sequenc
to a marker se
encoded pol ype
hexahi sti di ne

the mature po

mar ker: in_the

FBCtTacca/geec Betcatmtcst@vt@‘fcctsggmaccawavcagtg(%eﬁcgpag@g ypepti de
nergaicgtacageasagsse@aasteeSRapqcEpggo cligganaligictigiangoagagtegp 57, 58,
cerateiicaraggetiodRHeqe e egtitasopeegiragacelse sastasagi entyeecsecat he codi n
htaivereaeeatasatajaseastiitaaCcARREEaR aECAARECCAMABAGCEREIARITr ame to a
giehgoacagialRcatetagetiieiRgiefrregictgaaceciqseesslasiatigiaefcedaceet i on of a
peacecchgastatgsadtggalteciggeeiragesideiessacga@ire e cashic@prapiget i ons as
perateagtiiccosigactcadagiivignaicearpzgsagtecaadaceispreicgprgseicgat r om t he
protatticerseapenidiengagiedsaigenatasesqfaneasi¢agSigieprceptise@rd and can
e arjaerieetelgiariraeisiosastergtapersicediclapcageftgeatassapeciiat ure f or
| fafidgtaarhisagsenidpacraicengtacamsstegatnaglageitsapreatigadetaicaiagr opr ot ei n
pRageatachizeAcECietprigraccaghdr icriegratsteratciygtisersbiescaccprssdues. A
reRotanigtiziegiete sERplreARAE S icar CRIGR P SIE ERIBCetRpagasCoagRgE nact i ve f
tapptaaqteriacaice sepg s aratipasasticazAgarsargACc gt sagaRgsatlalie pr ot ei n
1tqtaraRicR e A At AEPANG LR FPEIBE IS CacPRaSH SRS PAFEASRAGALAISBSA2EBAH | se t he
eggtgiecaptnagaeieticcactprs g eqspdctécticazpgerapgeggtagccdegegaacetadi ng fra
(trgaigrtacHgecoapdigiygs gacracteascargInasdigretcirartifqtesiaepssd of t he
pgtrt@e@cﬁﬁém@g@égmaetgggaﬁ@taﬁ%k@gccgwwh@éﬁcwﬁpabﬁccac

| eAgtesigpdrhgceacasyagatiOFiccloqaagippctglagasrasirlatalesedecapeseprf i cat i on
 FFEPHI R ORI R S SR AP AL R EAD BRGFECCItagr4caged used t o
céﬁéqﬁi(éEﬁéEﬂﬁiﬁ@LmeﬂﬁmimehewnaLkeLAsequence can.be.a.

=

hemagg] HEGHRA

when a hhfvdloi
i nventjon furt
pol ynucl eoti de
[ 0207]} The pol
regi ons, non-c
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activi
vari an

tuti ons,
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cl eoti de

( $HAltcgeeagcalegecizeaicizedentqligictizatcisasizcradnagrptaghtagostiptc protein
argalzaercagteicayacOBBagegstiet S¥e g gptagg atdacttooislsterascee esent
heatatgaataattecitepertagtncianicgagsfceetiaagdgescaiagelbggaccddaiascndped
staeastaogticeiggtatteptictagatingacegetdcegiegigniceggatasiadtiglyictaiisertgler i vat i v

odergicragtaresiseaecasatdigicticatcenggccalntgaidigregiizaaatdggaac
\gegtitatigt g gestasteaitpmctiftatescagigagescashdiedagtpgaodgisgntagrdcesie
 cdtiRgdtonsscaggageigtedchgngeigetragcadggarngracglacagecieageaspicoperti es
! ¢teacgeteapdendgpetojaseqppiadecaadetriasgentecerngivaicaaienzsgecigagdt eot | de

chub§dd-
s7L€. g.,
Yindit he
[ 0208]
are als
The EGF
ptides)

geneti
reason
codons
coli).
her ei n
[ 0209]
pol ype
i ncl ud
treatn
i nhi bi

ent of c
ting tum

ng, but:

Poiattepgcicensgdedggivetpiagabdtticepetigscase gdaroagbefcorctctgagatad ety of
 iptgeprigiiczdtctodigngcgxqivegsdzoriagapitacantpratgtiaapitzgccdgest  ( chang
heataacandRNAggattetthioageatpraefteggaegdainy cagdietteitaitadactt@act such as
Veecicoraggatideas glcbgtiapopgirgtagcagizdchessptlcigaftetdcalotgitddigg descr i bed
pagoraguigdthgccatitavistiftcdscafgausiiedeiaapitperraggegadcarabttc onposi t
Radoicagpicgige aatperiesaclataigititrdictiercgavhictgatdigsagtichanmigeoatds) ugat es,
oftetgtigigtrpigstgaiteavitainigcaagasp giccdangtacagigedaggtggatfacgoptdac at i ons

- modgglanctiacaggagagigtdabapngqaegicigradgeaagqaetitcagetcngrdgsacsuch as th
arig@ectgdgame grapaitatsazrtroaiapagtrtas gcctdegaagiyeqeraicagegecigaget ul  f or

y gagedcaetepid@gatznaiatinitetctesagiacaiatteicitetafacatiiggidagggatadagche codi ng

r edenvendcdogeagiticerrpeasgmapictiag [HUSIRING: X0 t he degeneracy. of .t

(e}

m

orm

e

of
t he

[TT @

ons
and

g thdi- n
ex Vvivo
i HGi @QRa
ngreft¢dc o
FGFR ant
ing the

and/ or
vitro,
EGFR-b
ant ago
anti -

det ect
as use
certai
In one

n enbodi
aspect,
EG-FR in a bi ol
contacting the

d herein

tgoageigptevigagiggretigagitraadangocgpgsratac aapgatifatetanggcattth e
ggatitacottcaaitdciaiggiyecagte g gtgrgampdraragipaigggactgeagiedaygrept i de is no
f atdtigatdvagggncEitidRadtartahitcigadaticdapgpdsgag{e@@a@petdégteabae aspect ,
bodicegaagtitatagpaporgijiugaiessagdacidageaginipetnttgtgriagtae usef ul f
precemcezgafhtob@riRadtatazeducad gycriccaggtcrndagticcEtregdaetam " det ect |
gixconpagtescygmitiagudtiaaecopagiegigdab@pitg@cigedatgettcon. 1 n
menbgtatcdinlogigaisisanpietagapgcat@stiaggelgbacantitit ssue. [ 02
 tdoetdtiguagnicicogetqigtaniades cagtgtedtdnocktatttathpt aacttgaggactdne presence
ogicctatatgaobteaactatnag@ntccrarncamrpggiae piaggtignimeaarpddagd conpri se
tgabadlgaga,calad;atgacrrmtt@cmd:dqc@agcthgg@Rthtgﬂtdgtgdgpc@nd er

DegegrEbatdaagageittasang sdiatfere (EQUD NA:53) educi.ng. tunor.. vol une,
gadghtezctacnmggdegepiccligttpatétgéctgggercactFioacagmigitortsgcodaguse can be; i

or
ngll

11]
of

(92)

condi tions per
det ecti ng whet
EGFR [0212] |
di sorder assoc
enmbodi nents, t

m ssive for binding of the anti-EG-R antibody to EGFR and
her a conplex is fornmed between the anti-EG-R anti body and
n one aspect, the invention provides a nethod of diagnosin
iated with increased expression of EGFR In certain

he nmet hod conprises contacting a test

g a



WD 2012/ 058588PCT/ US2011/ 058378 - 65 - cell with an anti-EGFR anti body;
determ ning the level of expression (either quantitatively or

qual i t at iwel29)2/6858EGFR by the test cell by detecting bi mdirnug2afi/os$3es
anti-EGFR anti body to EGFR, and conparigqig the | evel of expression of EGFR
by the test cell wth the | evel of expression of EGFR by a control cell
(e.qg.,.anormal cell of the same. tissue origin as the test.cell..or. a.cel]
that ex prekodss FGER at | evel s connarpﬁbpkéclﬁtoﬁd%melﬁe nor.nal..cell),. wherein
hi gher! | evel ofaaeﬁcmaésf@ﬁﬁwatgatcmmwgﬁgﬁcaﬁégtgﬁwqga%aé@ﬁﬁgéﬁgé@ to the
contraol cell i ndrgragitagatichectgpiaceiggrtieapteageiiiastitaterastrsansecatesersdi th i ncr eased
expressi on of HGCARatadtigtagaztegRighigandratitigaspgigcicep¢raagatiggeicagibgaaiagagpbt ai ned friom
an i ndi vi dual Staepgetaegiigfcapeeggstytiecceitecsattiagaapacitri¢catageragderieai ncr eased
expressi on of BGFRggdaacceeaseiglafacalidsendfateirpagacrdstzaeiaaggpefagstiasicts cel |
proliflerative (dicgrigeicaagggatifiacestichigacaitecgraganteggagtetpansgncpgyeagdlaatn certai n
enbodiinent s, a aeRdregacedcicdicaggigridegcageadencagdiicigneictasisedrebzacigiigs e descri bed
above,| conpri se@a&i@@mgpmadggfmai‘«gﬁﬁcmtgfmﬁg&lﬁﬂgwmtw%%@?m@o EG-R
expressed._on_t hessmaichgeccifgcecasgsigacisray SEQ «
f r om a loElGFRe xipgaetaicrageaE@ER gngttgatiattigitictpgagctiqrggenaggrigitcaagbgaditire nt s,
met hod tonpri sexgsugreagidcagtcatettigickgagict ¢tegpagargagic FEERRCcelatqzbryass under
condi tii ldn$IPer ndceggatateadcpactdsiitgtntggfacrhgdapaagenttdhad@@cRragsecighieaiytatto EGFR, and
det ectii sigftedhet hasacciecanostphekaggagticorteragitiststageiciggtdgtegaasagattE@e®aant i body and
EG-R aon t he celdatoggntdafigeaaccignggacetapltamiptizptecatgcdgtatgagatatgstdtaracabigndi ng of an
anti - EGFR ant i hxadaggpocaaiRzenpprasgecgtascietnecatyigittrabtiglcg@ateighteaj s a " FACS'
assay.: [ 0214] (Geegitzasntatgdaastzasistatiodiscetasigdatnagitctatbceagagigeesetagaraedi ng of

anti - EGFR ant i idegheggeganaicFReca8ogdstaneiedsagtggdgtatdanaiageapgacagepasetot | imted
ant i gen- bi ndi ngpeasstayagctitratagaacectgarittgdenanapcapartachagagactcaaagiatdess west ern
bl ots,{ radi oi mmem@s@y@cag&dcaagﬁwmcamgw@waacngggmgeggmt assay),
"sandwi ch” | nMmUsBRIBAYES:55) nmur t opr.eci pi.t.ation. assays.. . fluorescent

i MUuNOdBE&YS; prettermedtigTagiodgsiae|citigdtsprrauigudviadcgotrengicigey (1 HO) .

[ 0215]; 12riCer t AengegiocigvegrsstsamptogcaEdeR cagicriocglicegctdstigcdagbet ed. Label s
i ncl ude, but areggrtdcadtittacticetdctg@techeiberii@aagngoguricedshegggdiggaatptata det ect ed
directly (such sacideigreggenigisahcapiphioraggtitedaggecragpctaieeige]e

a

the

t 0,

chem [ium nesc e=mogacamtucag@ag@cttatatecalgetgtedttst)vttcgagtg&egdctc@agmmimge S,

such as

enzyme
enzyme
anti-E
ent ai l
in sol
t he an
wat er -
3,720,
CroSss-
i nsol u
t he an
of the
an i nm
anti-E
t he EC

canceri.
expres

a furt
treati
partic

i ncl ud
br east),

apeut i cal dagtt@hiteggdavteccangigrgtecofectamtamnttdtateCkgRgdpigodhagtpeagygnt of t he

a ther
presen
t he an
can be
i ncl ud

br east ,

(adren

sorlig
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GFR anti
S separa
ution. T
ti- EGFR
i nsol ubl
760), or

WO 201
bilizing
ti- EGFR
above e

GFR anti
R- bi ndi
In cer

unocon;j u

aagdcs?gatamagcm@gdaigwt%dtactgeggt@ggggyccttengaccgtauqaaeugh an
t gcoaptagraaggdcecuragitticiqrtiggcarstagtirtaaaf@@bedcestpgaeengtigéan enbodi men;
bogligetgcarattadagrtabiickétgagdetgipacagigagapghapcgeagwattgackteagl rmobi | i zat
t dtgrgcabimtttioneitet BGRtaritdgtotdiacicantgivcaggtc @Rt dvitttar emai ns fre
hicsgottggananttiganddchiytgiasc giceonphicstiedadospaadgtdzataagamsol ubi | i zi n
aguiteibochpadueftgesadchacasappcqetgtedgnaccagagstchigegadgor pti on to a
enterEiticigtioccE carh@cmggdBacictiatghtcetcgrbtegaghg eBacaptigtiNo .
diyzacoyaterdragtepdaggitpagticasctasicagtpgatg gagisgaggtiagtaateas al dehyde
2@k 8518 81eaTEe0 32 Chita QBB B Batcgibrgteapdatkipmygtectoracday
dghitecatchdtgdatiapagathaghasdaggtefdeaacadegetatecegotecattgagag@npl ex bet we
antdictbaeheceragedeGER acggggacccdayet gtatacatigprenicpigigatdagn. [ 0217] An
nigodaayestt aghgtdicayfgoRigape sditheactitgrrattgmiztdgegtegr ri ed out usi ng
gatotnacdgatdgecagmasnbitonagacnaptaceggbtgeacagagacegaiecitan t o an
brodytact{cddi@ictdtreacapictipric@apoaigengidictccizetcaitagase treated with
nggagegiacarcactabagmarddacieeglagecarpsatgtdicgBGER ant i body) is a
t @EQ IBiadbent s, the cancer i s _characterized by EGFF

ts,
i on

SiuRGF8el
higrL@spe

ng.cel |

i ng canc
ovary,

t i nvent
tibody i

ul arly whegeignci@eRiciggtabamgnatiitygoexprassetz(aecyiticaarexpr essed) ,

| sattqpcwadatdzgtib g gigaRatoctptiitiggttgpergcampggatachyiccdatnds. [ 0219]: In
Ctecaghtheccaateendttadirctcgecgicagigticeghgtasgattadtaipracye@dagret hod f or

pecodgagtetcade gratotigsaggaraggatrenergptdaGicRat@aegpnigssed,

eqagtcotcctdpegdohgmdghentcgcdargitiattgtbrpadhcanab gngtokcatggacntitggas, | ung,
@aggpracapeagga@bitiagkicgetggpdadehtdigeytcataorqgrdagitgatgagdm ni st eriing
| @dpgtgatacdtacranatsghafapctcchgpagmetyicat dppg@edacadcmaggmagdaer enbodi nent

sctévagoatrhgoaghacdexmogelgpscaodgcagabhcgagamhiat @ngtttaguctgigeay der s t hat

treat ed
e,

tbapcmmagggcbtg@%&dogmaj:iaarugaggeaataggggagmgtpg es e nt invention
abdonen, bone,

dlgest

al, para

head and neck,

pel vi c,
[0220] Similarly,
the anti-EGFR binding agents of the pr esent | nvent| on.

skin,

peritoneum endocri ne gl ands

t hyroi d, pltuitary, testicles, ovary, thynus, thyroid), eye,
ti ervous system (central and peripheral), |ynphatic system
soft tissue, spleen, thoracic region, and urogenital system
other cell proliferation disorders can also be treated by
Exanples of such

L 1

ive system l'iver, pancreas,

L,



[0222] In sone enbodi nents, the nmethod of inhibiting tunor growth conprises
contacting the tunor or tunor cells with the EGFR-bi ndi ng agent (e.g.,

ant i body)wonowosgsssl n certai n enbodi nents, contacting apcwmaseoionsg3asor cel |
wi th a EGFR-bi ndi ng agent is undertakergi-n an ani mal nodel. For exanpl e,
EGFR- bi ndi ng agents can be admi nistered to xenografts expressing one or
nore EGERs_that have been.grown. in imunoconprom.sed.m.ce. (e _g. NOD.SCI
m ce) |tAnthedy bt tumor..gr.owth. ln.sB8aknuslhotids $aspense cancer stem cells. are
i sol at|duEGFBmM aapitisr@ntategastpdtectaratdicciasicctt gigecascagqicageeateedtagseatethbi opsy, |
pl eur al12dfd usi @eagatpacdshgiedcaarpicugcagaitcégtigaigrgsacattpeatciagisirgagetasisr om sed mice
t hat and.ttlhen iadgtviatitosiagtaedsgttEGRRagi gt cneggataaraagcengeighicaiitacagiggeor cel | i
growt h. | n sonegctesrbita@ivegtattcectdngaB@RRchtagirgigeaagranititacertiagdpiageist ered at tihe
sanme tii me or shtggaiogagbgacticgcertgtanthistectagpaagfcastgagaciagtegnattttegdchgggint o the |
ani mal| to pr eVientagtigamatiagacgiechetedctgcswatetgteitbridicoasntatetgatdaecal@RRatbi ndi ng agent
i s admi ni st er ecdtgesactectlotpttaigtenttpdgaafapdictatcaengagagenchageiaragtagadgeetiave grown it o
a spedified siizegecptoaRpedtaacicenaggigretgdsagiceraiogcanseacageachigengedtc i nhi biti ng
tunor {gr owt h cogpreraessadetorrcsragqagantpcragazacabysttaceertachmgiepesaatéacal | y :
ef f ectli ve anourdggotgagctECrftdacmdiageficagraategagdagtetieg t ai n enbodi nents, the |
subj ect__i.s_a_ hufBQIDIND:e®r t ai_ n_enbodi nents, the.subject has_a_tunor_or. has
had a {thubfG6FRf emag@dcca[:@%ggtggagttgtemMentqttcettmmammast,ggztmamwmgtgexpr esses it he
EG-R ti MivER tdagitds@eRidiggrdiogaectapecragaregtgrcictrtanatigagititaaagcOR®Bita | n addi tiion,
t he inventi on |prattiacectatiggatgchgigestrhagcaghgeictagtchdpgcdigarpicteshgeictgta of a t unor
in a subject, congecpmiggpacmrigir@tiergamitiagidreragpeyticaragdagatehicengti ve anount
of a EGFR- bi ndiaggctagtaistgtaactiapegetrogaagtgagdameteesgtgaqtactgtdsodiatmmacssc t he t unor
conpriijses cancercagpttatgrtatggdchctgigpt@egdiaichigggibogigiveasraciagrdveadgegeqestncy of
cancer; st em celdgtiscocttghecdangistaaitecacaagiggipdadoyectadaitggggtigecdtaitaragdfatit he agent:.
[ 0226]; The i nviemdcigagecfatgatdpteagpipgnaiadesgagratidaotiegitgchchdtiticergttzigtigaag
tunoriigeni ¢ celdtstdcgdtggdrdctgmngtgeginaccgeicitgagragniegnirgageaiacatetgiang t he
tunoriigeni ¢ celdcgtcauctdtnaaccEGRRedsraagit peptoaagrapttgafmpaagagaiptda@agdogcaidm ni st eriing
t he EGFR- bi ndiimgecagentigtetigeacagaitetgdghrtattiggtieatgtitnepccaaaspraggicasy t he
tunorijgeni ¢ celdistgartctchiattcdagazgivacttegitgteagdcatzpgeeatgampatentgagg@afjaa The use o
t he EGFR- bi ndiinegteagetgtagzapobaggt@piciatisjagacaagntcrngdigagcadieattdtdsatdicherein t o
i nduce the dififezeepiigtitogacodtga@hdcgagaitgacicadzgagiaghgiacargtgcabdgtgitacesd t o t unori
cells,| i s al sa pgewitdedctcdeaitzagaanmpdtaccametdroghpgaieciapgigaicnggagatdtitac t o

di f f erlenti at e |ctgprisicmgagrogazetgidcangadchazgtpabttsactiiccizgmegybttacectictg

2012/ 058588 PCT/ dc820E 188§ ctaacgBacageiidaemtiavgcapmarrtcecofcagig®@Rebi ndi ng
agent {(e.g., arrganegacEiGRERctattitdaaglighctgemcraghvedathgngiangganagititvidctacioned.
Met hods of i ndugiaagcatgigkdcteracatdacnpeccagagcasighjicagtiecocaegdighdtegagnt i at e
conpriisi ng _adnm(SEQIBNME2)a t herapeutically effective amunt_of _a

=

EGFR- hitndGh- agepdtigcquodayupegtt saiegtanatcaettct thadakytatqpetahigemtdvptectaggizea al SO

provi deddCI n cestfegligtraerdgoghicgreptzsceatdrecgiignuccgiagaatigpitgonapadtctggctataval . | n
certaiinvlidtther embadiaregtgagttdptcabgraprecictegaggzbageagignorggagactganeg@nbodi ment s,
t he trieat nent nmtépdsscopirchsagaddticadggtangdcrgecicatdzeagapeattdag@bdaygteef f ecti ve
amount: of t he HGkRdantighacagenizecgapgitagtepdtitdagactggccagatdtinoghpcdagettatgs subj ect!.
[ 0228]: The pr esempaciangegdt¢aagpah@rigtescapeovdgdadagoitaraypgrecitidagitticcattigposi t i ons
conpriisi ng one wtccaptigadafccidasecEfiEdlabngridiangegmntegitadesitatittretagreteed n. | n

certai:n enbodimeadtsagctizatygbanpasguticaggictecanptscderigizggdagictthepgtctatarpr i se a
phar meceut i cal il tyacagtcegtaghecstehitahgagciibgmaccpipacaimateigtancgdaacataposi t i ons fii nd
use in inhibi tiitogatacamaggtgratagdaggpdaccispgigriggatagacentatatgcheindtgtcptgtdcent s.
[ 0229]: | n cer tiaigngoarirogizperitggteft@rgithcattianscaggacpteprpedtcipricegaggage and
use by conbi niingacatepupitdtigadeteartiamaatrgaggmniticadctgzlregtpgatepagttgagetoant i on Wi t h
a pharimaceut i calahtgccagmeqhadot@ggappigchatat{aficigcata@ggiagpagcgintdapigigetcractikem ngtion,
The Sci ence ancghitgectchagzaafagidrmnagicyag@Qtceadeahgpctativcddatrkealedghaagttatalg, 2000)..
Sui t abl e phar naeeagtiaagdgoyagecacephableggtghhcliescimatiagamcgapettacaragaasot | i mi tied
t o, nantoxi c bufgbeagctsacaficastcpizgsyitadcetictgacitieatemgaggpiagitthaegasagyeapac aci ds;
salts isuch as smekdautnncaiidacaacideccagtciggataga@ntgggagetétiedictagcasgitgnddgtegaaea d and
met hi ani ne; pr eaﬁagaaggbage&ggaa@ttttaccttgd@ggahtgéamggqtdtgxamyhctammumachI ori de;
hexamet honi um chidtarcitgeccabenzetckanSuMIDMN@BI)de; benzet honi um chl ori de;

phenol , hddGFRI Ofaghebcytat@lecgftcdigtatadticipttcpagtgdoensgcasughigtasttoetdpydcaget  pr opyll
par abern; HCat ech@igcaga@spadtgmbtr@ygbalgxernaitcaadtspaphagrodazisaneeanstecaasol ) ; || ow
nol ecul ar wei ght pol ypeptides (e.g. |ess than about 10 am no acid

resi dues); proteins such as serum al bum n, gelatin, or immunoglobulins;

hydr ophi I i ¢ pol ynmers such as pol yvinyl pyrrolidone; am no acids such as

gl yci ne, glutam ne, asparagine, histidine, arginine, or |ysine;

car bohydrates such as nonosacchari des, disaccharides, glucose, nannose, or
dextr| ns; chel at| ng agents such as EDTA sugars such ‘as sucrose, manni t ol ,

o I e .




[ 0233] The conbi nati on therapy can provide "synergy" and prove
"synergistic", i.e. the effect achieved when the active ingredients used

t oget her we 2grx&8®8 t han the sum of the effects that regualrtus26ino883usi ng t he
conpounds separately. A synergistic effggct can be attained when the active
ingredients are: (1) co-fornulated and adm ni stered or delivered

si mul t anequsl.y in_a conbined,. .unit dosage. fornulation; (2). delivered by-
al t er nafn@edpr! i n_parall.el as separ &plnycgotift Saquense; or..(.3)..by..some. ot her
regi mervl.Mhen destlaciegatgtagtagetihagepasatceangceagganisgagtaatsggraecgitigicragegdaigdct can be
WO 2012/ 05858 8REIaLIBAGUTA@BRSTBaaggcABAECCagedigiiceasERaphnatscaZhasceoapItaresgar e
adni niist er ed ofrctitiedgestenseidteaemcterect gigthypattetgcececiagragdchfcsgastrtechipaatiadigrds i n
separ at e syri nigssaggptactefegteacagtgtedcngeetefacahagaerraivaghittechesizggigcaagiistaagi¢caed i ve
dosage of each acggtsgeadapge@dicegtecrisgtipdrgatiiticcaizegtcigitgergigaigdagiagdegasca
serialily, wherdtctionggtgetricarittiasectgthtgcagyciccagitigtacicactsterostaigeigacssiceoiieradr nor e
acti ve i ngredi engdtgagacadgacetpatcigtaadgttagrataaeqcatcogncagiapgeteasippgdasstisgacF@rR
bi ndi ng agent s {geRBAatagecagatagigedcticritgientdcaeragagriouratagetichicetgtiqeletttessapri se t he
anti badi es, i nmamcongagrtctisicgriciopthciscagapgivacstgigiopeicensaigrgsraigaacaerdsa hat can
be used to perfgstipatitractgendntaietedesteengdiicerapiaecaigaccapgreesgegagrisceaiitséitthent s, | a
kit conprises afatalogagtgteagestisteacdeiasticarnagitagyicanieninggacPCRRIECIHEBISECHE nor e
cont aiiners. | n xpgrictierrgoidioatigrgaaaadidieicdapagscasggpgedacagtdeasstecppigiaiaendesrent s
necessary and/orccaeiidagarigegrtsat@agiacchggtgngictadettgidigdicrngargtitapccticigadatietgly al |
contral s, dir ecdeggeggfotracgrasdzoragiaagrazetasasgacaagipeicergigcigaacagesadegeapliidti@ar e fior
anal ysi s and predeaticatgiterrtgifgagaagiglagaigecayraaggriacteigicrigciedgtaatpetgagiettriee eadi |
recogni ze t hat; achatcadiatic¢cagraatcatatéchitagcersgeeigptagidconj ugat es or ot her agent
of the present: (SEQdPtN@B4)can be readily incorporated. into.one of the
established kit formats which are well known in the art. [0235] Further
pr ovi def6283]eAlsb tpsovddetpisi sspaigniecl BGERhBYingiah tpastgpbotit 9¥ogat, lezst BEBRR-I60n dit tagst

ti body), || d ti- 0 t. | t ai Ln ,
the sociomi 3 Selsndapdug e s dees ARBREYE ielienes ety § 2 ONOTR RRD)
Exanpl eg7 §0230L ihlceltginWndRuthans tﬁé‘ﬁélyﬁé}ﬂid@’é@ﬂﬂﬂh?el% (ﬁ);ﬁ g@lyéélﬁidéﬁﬂﬁlﬁlg at least

descri bed herein are for illustrative purposes on hat vari ous
nodi f i cavoitbAS%osequerangidentity th iKY IPhEPeP-44, 1511, Bé Suglesld ed SS4pardend) a

skilled in t rt. and. are . to i ncl uded, wi.t hj n A pLy Vdcews of
Shi s aosiThebliie Rivied BhiRh PR S5 PRighoE fadtihl s e R sl A Sa PR s 0
producesgngni Ng Rfthin-daddiabits 006 ipeBpepraidecnittisee ¢ Splapaptide tGaviak Neramanl |
| i nes such as CA922 ]gJa anese Colplagygtl on of Research Bi oresources fJCRB

Shi nj ukasid Jegvgnde ehd NOs G843, SHi $uR, 778 %) 82084 caidfjr &) e Polypeptide
subcut aneous i nto Bal b femsd } ( Cha! | Yerz-L nat ory,

W I m ngia(‘)[Hl,gt fmzli O%Cﬁcgseé@g%ceo%%g%msl'Igg%géff’r%?hgﬁ ngzérj’g‘ 12 weeks for 5
tinmes. [DRofeindryainbehrdembet fg sAgiicldotides Einpriyghhé calimg gemenat foothe thitere

i mmuni zed mce WD 2012/ 058588PCT/ US2011/ 058378 -71. - giie ei. eg_ .

i nt r apealyrsneds fossiantthesame raaing dlamsotoea GelyaHeleefids Whis as‘%ﬁ Bh SX4RIF e
muse | oy i LR o ANOIIRF YlgBeRRAVIIER QU
bet ween a%%gbgaﬁ{lg%r f(ﬁlogsfiye‘gﬁ’yﬁée?}%é%g%%g???ﬂgg%o %Hg?alggr? g single cell

sus pensdsansecretdrPMqubadO foredntuet in@irtespotthd arpedly febtdafroml the celbr 8heyebgeptideh
ACK lysing butfer, the spleen cells re then mxed with nurine nyelo
P3X63AJHVEIE3a &f‘@ﬁ?_%se(qpéncée‘ﬁ Ayreproteiandcan havs e legder i%?ceJCIF?ﬁ?ﬂrr\%l the s
1548- 1539 to@form@thk n@lirel fd2d §€HeSpolFpepBlEEMHeEpdI$nuclddBded a0 Rhcsd! R
cells and P3 cells was washed and treated with pronase in fusion nedia

(0. 3M nEopiotah Mbidoisbhe olafur® plotdin QAG] &lditorah) avice 2cisligsidagy. rd TRBEIAP preteinoom
tenperature for 3 mTm The reaction was.stopped.by .addi t.i on of FBS t

Bovi ne S&1E? PHOTEFBYer) 2 B@pf(ge\ﬂe?%dst%éqﬁ ﬁ}ggthve% o us%ee 2t n?n éﬁcreﬁ ﬁ%:eol d
fusi on pegiqedidds EuaRA M ddivBIstEEMAOA TerBhiast r of usi on machi ne (Harvard
Apparatus). The fused cells were added ig\gntly to RPM -1640 sel ecti on nmedi um
cont ai nf0ABSIhkpesxtain ¢nbedimants dha RelyrRclejideHipoTRPTaAY c@ding peguancs fog Hye mature

i ncubated for.,2Q m,n_at 3 n see i 6

ol at ca. B EBHAE iy Meriife sole BN BEFEH: Bdhehedhal AGRATGH RS, for
at 37C pupfidatiby fitHe Bacsdeangsypptide.r atlyexhoiplanhé hedyerseyeanengn X hdrexa-

t echni qﬁes of imunization and hybridoma production can al so be usg{d, )

i ncl udi hgtidinp &g wwplied BE PRESP, VEciergonaonidg In Pyiicakios of g matye PRE@SPYds
Enzynol ogy, Vol . 121, "l nmmunochem cal Techni ques, Part |"; Academ c Press,
Florida) and E. Harlow and D. Lane ("Antibodies: A Laboratory Mnual"; 1988;
Col d Spring Harbor Laboratory Press, New York, NY). Mirine hybridoma
screenirm and sel ection [0238] Hybri dona screeni ng was done using fl ow
cytonetric binding assay with imuni zing cells that are either untreated or
treated with EGF (R&D Systens). Because incubation wth EG- downregul ates

[P —— N~ o o e

n<<




WO 2012/ 058588PCT/ US2011/ 058378 - 72 - carcinoma cell line (ATCC) and
nonkey EGFR-expressing Veto cell line (an African green nonkey ki dney
epi t hel i avoceldostisae) (ATCC). In brief, the hybridoma swepenusatianssimas

i ncubated with A431 cells and DDAO- | ahejqed Vero cells on ice for 1 hour.
The cells were washed twi ce and incubated w th PE-conjugated goat

anti-nouse |1gG antibody (Jackson I nmunoresearch) for 1 hour on ice. The
cel |'s Vesed tp hl@mmwdcsrhmhwcm afadscisuink kost, orithecmaiker sespprdei gan P @ hermapgiuEain

nybr  agheoar et e P LS Rl R ERELTE SRR p o M (P COYE, o

for theefigdaatddy to inhi b| t basal proli feratl on of EGFR- over expressi ng
HCC827 cells (ATCCO). In brjef, exponentl ally grow ng HCC827. cel | s re
| dxe\gcnbed

pl at ed [820610B® msesesy vievention derthgs) relprat s Vagantgo of | theo ereinabovie
t ded to th I
ond t it BeniC e S My Sl MO AR HRRE AN BT ACDE Dbator for 5

days. Le2el] Tfe p@lb/huqméaﬂdlef‘emahtsocranmamtajmteﬂatemtmﬁsj mjst]nengodmg oegioesn' noo- dAB‘ﬁg8

assay (Dojindo Ml ecul ar Technol ogi e ockvi | W5T- 8@{1}8 reduc

dehydr d§8ARS Y Bath. e somg; sibedumpts the gn YBP%lﬁ%t e%‘éaﬂ?a&*a‘ff’n&l% taUP‘PFatV

sol ubl [ BT W P AEBHed SF
directl %;b%l}cgsgt?%{fsgﬁ%}tﬁ%rﬁ ﬁéttﬁr?bgf(q%?tmﬁw ng (rzﬁeoltgft?lfﬂia%m of ﬂtaﬁeo? final ©

vol une tbé eiBiied Imﬂspe@dded Itnosoaemﬁ: mvedimeatsd nptlavede wetiants acubrdecedaby 371@1tf or

ddit | . 2-4h. | t.h
2t 250 b {aesh i fo FhedlegBuetin sl SRBpIcHE PONRRCG SR AFeiEes prog e
Sunnyvahes vidbty oBR&EKEH:OM B tgmin2P SeddAaGRession Wi 4 Sartitdlhr KBRE{chAaiicbobHs B

only was subtract ed fromall values. The surviving fraction was cal cul ated
by di vithée hgmemoiRN A ¢athose prefigsted bz bestasipl hess sesheasageolinl ue of wells with

AR T e R e S T L IS GHES S

normal i zed so that surviving fraction O indicated the value of wells

wi t hout cel I®. andvidthoddéfaré axll plivemiacauticaiabmpeditionsr ol i feration in the serum
contai ning nedia w thout any EGFR anti body. Hybridoma cl ones that inhibited
at | eaq026) WHdUBPR-Hwdihg gaditd (inobeding smtﬁﬁjdmsemmyndcbmugatag add Iputyipqvtide@nf
subcl one from each hybrj doms, Whl(g‘h showed t ane react %Gag i nst EGFR

as t he (BaBYeREPn Gt BeTH i P ot eyt e vaﬂwasmelﬁaglgn bp ol e gererpeutc
anal ys't?eatn?érﬁ%eﬁhédébgdcﬂrag?hé"ﬁ’éa%n@htl éﬂéﬁﬁ&r Ancethia AtaRachis \tﬁéagea%tay@a&ful
using commercial | sotypi ng reagents (Roche). Antiboduffification [0240]
Ant i bodbe snhilitieg punof gmdzvth,r mduhygrdlﬂl‘cmntwwmc rasineing Uperon abhames aué/iongeducmg
st andar 1cil('bmat hods t. G chromat ogr.a

r ot ei
CH T aphergae Gt Gor e AR A D Re A A 5 YBPr B o0 Méthods.
super nahapttARSeMbsNM8d, fRE EGFR@B@EQa t byr taagbaddidri Qﬂmuﬂ&on jugate, or
2012/ 058588PCT/ US2011/ 058378 - 73 - of O volune of 1M Tris/ HCl buffer,
pH 8. 0.polireppée Bdiotisttegorssijvertibe hlmlam\E§PthDtV\§n‘édltbmd®ugh a 0.221.imfilter

7oy, et SeeNaERP AT ntiitien A bR b oS hn T et

obt ai nefy %t%&lﬂ@th@@ﬁéb@ﬁ@@ﬁE@FRaﬁQ%Iblo@ibhl hothle ViBtse @ihit"detewirigh 49 .uidd Bﬂeitnl c

acid buffer containing 0.15M NaCl, pH 2.8, using a flow rate of %5

Fract | ciSompassppAeHtivgive| g Qaisgye \ﬁtéteén%llnec@ft@a ERPAHBERtE-oF PRARBIER) SAEB '

additio of IMTris/HCl, pH 8.0. The peak fraction(s) was

d| aI yze"g’ng)vlesgrgn%g ¥81!ttv&gg§ee against |Ix PBS and sterilized by filtering through
2 poeii] nesnerapbdtate. inRetiohi pedvided & hedyodrasdaeraingithe ecesbycealfSliibance at

A280 02411 Prot f t furth ol i shed
bl obelen i s s B e, RRhs e Pl

for muf i I FR
bt 1 o CuIERLARUESECPR, fhibky BRI ERIHIORTBIRALSE (o Willihe LE Blc At be P

8. 0) anahtibbdy er BGFRN ammgétecmngzmgatha‘nal cmmplél'mes fpna@hbﬁwe@aﬁplaetlv%FR fgtibo

| oaded ont Qfast flowresin (CE Lifesciences) that was equilibrated
with bi#di uffer at a flowrate of 120cm | m Col um size was chosen to
have suipbis) RNineCRPAG] thY ihRenibR prédlilicst Dmetida dfMHiddHdsina MdiSorddi s SRAtEdyitiasS
t hen washed with binding buffer until a stable baseline was obtained wth
no absocinbmawd expreagonmi FAHR.Hodyrieiasneiadinentiythe methagh ¢omeprisey pemipating & fegim
10nmM t o 500nmM sodi um chloride in 20 colum volunme (CV). Peak fractions were
col | ected based on absorbance neasurenent at 280nm (A280). The percent age
of nononer was assessed with size exclusion chromatography (SEC) on a TSK
gel G3000SWKL, 7.8 x 300 nmwith a SWKL guard colum, 6.0 x 40 mm ( Tosoh
Bi osci ence, Mntgoneryville, PA) using an Agilent HPLC 1100 system

(Agl I ent, Santa CI ara, CA) Fr actl ons W|th nmononer cont ent above 95% were

o o _..:.:_,_ v NN B L ee——pe—— o,



I nhibition of |ioand-induced EGFR activation [0243] EGFR |igand binding

i nduces EGFR phosphoryl ation foll owed by activation of downstream signaling
pat hways.wbaoixsessi gate the effect of anti-EGFR anti boaCeas2en1/058378

| i gandi nduced EGFR activation, Wstern-4d-ot analysis was performnmed using
VDA- MB468 tunor cell line and human primary adult keratinocytes. In brief,
cells were seeded at 1e6 cells/well in a 6 well plate and cultured jn

nor mal eHavith fasrangiVBGRR @tibods| deterppiniag i fag! ahaxrressiore trithar geantitativelyeor

medi a cQnt:-akQi L1 i ] i ed
[0t e SBHPLOLRoPREHRTN: A Sl B8 BlneHiflin i tiCU PR BBk B GRS
(R&D Sysidesterpaviag theltiedl ddexphessivndEG@FRIMY thadesdatle avithothe 1&veliofiat@sssain &7C.
Cells were then washed with ice- olﬂ PBS and | ysed.in Rl gA buf f er

cont ai nEEER W endie!l sell(tod aﬁramjscs iof ke $amsy UssuerRELig A5tas 1eSt GRllarescafiethat
separ at I I L&ho !
oty ar brasSes HOTIRALTer B0 CoRpAGERABLEh 4 Rorfhal L 0B AL el ORERETTRI B Exprisifon
ant i bodyf EGFBrey #4E1@st ¢dlll &9 ponpdred WOLROISH RS 86 S RUTAISAG 1 &58S D8 a- diFdder

for overnight at 4C. The nenbr.ane shed,. i ncuhat e j t RP conj ugat ed
ot s P et S BT oA LR, IR eRstip sTopamcis. dbé b 15 GBS
t enper afh &n iANHidVRISTISkcRAA Thavilid® EsEB&! asvRTatbe(vahlifFedstd Bpra&ida@s EGFR.

(enhanced chem | um nescene) system (GE Heal thcare). To ensure equal anount
of pr otlvicegaineathediments theadirordemie a ceh @rotifetotisn disorsier, steh greeingerdradpmebed

wth antiz13-tubulin_antibo (Si rich). 2441 As_ sho i I.gu 2,
ea ¢ QI G B0, el b et Aot Seil RA B P <
and hunaveldofirige K @stedting Aedifs of i 8al-FEMR &ftibee) ke EGFRexpadstixi srbthe 80dace
pani tamumab strongly inhibited the EGF-induced EGFR phosphoryl ation while
t he EGTHE aerll ool @B1cabrangereppyein Jriaiard fret 2 sellpreresing EﬁﬁRb(PTt itggyrface. In
activat j.on. i ( i 1) tn. Labl b 1 - r
nybr i dosocs il S M (ot LARMILRY de AR 36k HRIIE DAL Al
Agoni stdondaehs peimissite EEHmding ob ddi asi-EGDR4m}ibddy tonR@ER| gad detedimgeflietiotr aof
t he EGFR anti hodi es of the invention on E si gnal | in absepnce of EGFR
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anti bo ours at 3 As” positive control, untreated cells were
i ncubatsadfave dfa &0l wg/"MHAMSGasfagr 15 minutes at 37C. The protein |ysates were

d | yzed usjing Vst bl qt_as_.d i.bed mle 5. T
et as a2 bl Gattn b miedhd s beciond Gultied biRRE of aRb R SRRt iR
strong &ERRnahosPerMb alut Ak hét 1%&@4@&_1@%%@&%&5@& eyt EFRe@RhbRQGh @ Of

the invention did not affect EGFR signaling in absence of the |igand.
Exanpl ear6 sutlyas avelsiend blots, cedipaunuianssdys2BbIS A0t zyme Hinkied nmofunpeyrensi agseidi ng

i nhi bitjon i.s blockade of Lligand bi.nding. To exam ne if. the EGER antibodi es
i bi t SRV E ARG By SR pf RS e AR

l'i gand jfnidRsHds hng ehhsinvEstobRasiere HY). f | ow cytonetry in the presence of
anti - EGFR anti bodies. Biotinylation of TGFa was done using EZ-link Mcro

Sul f o- N@2l13]dnhsestaimgmbedisents; antiB(dik antilrsligs) aipdabalad) Labels ripglnde. thyt @frenot
manuf a 'S rycti | ot1ny t.ai m ' n.
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was estaddtionhdise, hemilngireectne indatdionagiveflalid)] aE@EIR aanididied] @chwe razymes
pre-m xed with WD 2012/ 058588PCT/ US2011/.058378 - 76 - biotinpylated |igands
at EC50°TcHewskst thati ¥R detediehnndifrstlyo crg-vihrpugh parengmatieyrgactiads Béd{lﬁ)l&@ﬁ% ,
and the, '%ttild[le was incubated with the cells for 30 mn on ice. Cells were
t hen washed tw ce with FACS buffer and incubated w th streptavidin-APC
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shown in Figure 4, the negative control antibody, anti-KTl antibody does
not af flEferetthe ajsaganetebimedany whsdrptical to @ materfigeRbdg mapodpresiremiBemietnet

|1 gand aH.i, Q,génlgat%toh 3,998,7%6’)', lo? Wy rc]:gvzﬁg%lqocoglgﬁr?gl Fforl Q}Eamp-{abds?nglgutaraldehyde Cross-




Ligand Cetuximab -E-GFR-6 EGFR-12 EGFR13 [0247] The EGFR anti bodi es of
the invention conpletely bl ocked the TGFa and EGF binding wwth simlar EC50
as cet uxiwabho(isgisse 4 and Table 10). This result cannotcefsb@ilnsishe
differential effect of cetuximb and thg EG-R anti bodi es of the invention
on ligand induced EGFR signaling (Exanple 3) and growth of nornal

epithelial cell lines including human primary keratinocytes (Exanple 6).
Exanpl elikig@)oox hy il ubilizing the ssiyE GF R rniberdypafterdpymatonali snesumples betayegn the

nor mal et | t 0248 asal epithelial cells in
skin, ook ﬁ@k EE?#?’aTndﬁ@F{( dl)%f[ﬁm n@}@&gﬁ (ﬂlysi ol ogical |y express EGFR
The EG:['@ZFV]QAQ& iofighé RbsVEesRbbdifRUBSOfl Giagtidsis GIaHetEﬁtont b Bpichirielli @it usilgl an

grow h. Disruption of EGFR sjgnaling gat hvvag cet uxi mab._and panl t umumab
as vel |ma@uwmmg@typémeriévwlﬁas@plaﬁﬁp o1 igagddisigr o ar art-EGERANIbAY gefitini b

causes @b%;lp o, %@I{A ?&b&?lf&—:ﬁfsc 't}{eydl Qe Wegﬂ-eg &1%t@%@pk'@%dlﬁr§)é§&ht0¥ a_'n{bgé&'stn

and oth broll eration assays uslng n-primary

ker at i n@aqy}t athSaIﬁll-mFRraﬁgBdsﬂy) anal cancan Nt certami epenidimbnte abe capet heharadtensdd by

line, MCF10A (ATCCO), were est bl j [n this ass l.ls, were plated at
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t he ker ocytes assay (Figure 5), cells were grown in presence
2012/ oma&mmwz@ﬂwsoﬁﬂam EGFR is axprebedd, BaRiomarky wlamymn@GEBntseerhnpanalbh

of antibodies, While in MCE10A . c assa 6 rown |
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Level Olfun%gérl:asp rRlabyf %BR‘)tn' SRS sKigt XdTkiagel, wehiptisig!adfiifelefih€ aVﬁTa&uﬁSﬁﬁyy
(Doj i ndo l'ecul ar “Technol o Rockvi | | €. MD) as described in exarrpl e
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cell proliferation in absence of EG-F and 1 indicated the |evel of cel]
prol i f earatnosimitedyte seordesnas lqsated it thsy abdamens hone Eotepsta AZeHEEy SYSEERt et .

cozact el b, LRSI A0k 1Mol oD, REGIRL Yvary, thymus,

prol i fetlh§tid1@)[l efs $ayd and heckp aefvousretitenf\(ceapalearinpaiphuel ) E}smpltatlofsysttm pelvic,
kerati nocyt es proliferation assay is,shown in Fllgure 5. As expected from
the toxiked:tsgftpisgic: p@eerbgtqggglq@gl%anq)gqquy%%e trongly inhibited the
keratin rSRSE ht REH TR Bindi
i nhi bi t@%é]e$ Hg%& fé@%ﬁlfd@dﬁb anddlg%&)&?g:r%%ggﬁgﬁﬁﬁﬁ EﬂSur ptrll si ngl yn, H% e
EGF R anddebsdyf thxf pItebelt inveation. (frx,anmlem dfauclaselt prolifeegtami disordem imabiides hutrase mt
ant j. bod little or, no he,.ker tlnoc Thi s resu
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cell | |§yg§3n{ 5Pibole. determ ne t he capaC| ty of anti-EGFR anti bodies in
i nhibiti ng t he basal proliferation of tunor ceI | s, proliferation assay
with ECOR2bkphe peaser impesmn {uthercproyifes Nagthegdsofor (inlidrting (wpr taspwth E%m the

i nes V\Iaeﬂt g%& %P t)fhérh %ntsqgag} ?—[ﬁ e?e ! ﬁ}@e(?taﬂf rgl%%ﬁ?leﬁt@ lthé n{%@[{od\’@lnllhlbf?mg%eg?l

grow h rre contar ni ‘grown at 5 days i n presence
varyi ngtue@n (gﬁmfﬂh&bh@rmsw‘ co@fﬁctmﬁ(ﬁ%&eﬁmmlbde% R—llue&mg agéntcekl, aptitmldiyf érdtrpon
was det erm ned using CO|£I‘I rretrl c WST-8 assa aD resulmere .
nor mal | PEEBDIG &0 BuRarfalizes celf HB¢ ObA Cﬂ“@éﬁ?ﬁé‘é‘ﬁt At CEPTeSSGr ihCHBrehin
grow h E i of alye

wel |'s V\ngtgﬁiout céﬁ%ﬁ @%‘ezdogﬂz%@sgé’ 8%?%%2% /%58%@%7%-8 78&-éIFgI%1]IHF?(gI§JreS
7A and dBbsdimentshamapcaisent dsolated pirarhi patant campss suchr as Ubt sxamplh, HAGS®7
and NCI -H292 cells, respectively. In HCC827 cell line (Figure 7A),
cetuximab strongly inhibited the tunor cell growth in dose dependent
manner. Despite being harm ess to EGFR expressing nornal epithelial cells,
anti - EGFR anti bodies of the invention showed simlar or better inhibitory
activity than cetuxi mab. Table 11 descri bes the EC50 and % maxi nal
inhibition of each anti body. Table 11. Anti-proliferative activity of
anti-EGFR anti bodi es in HCC827 cells



[0252] In NCI-H292 cell line (Figure 7B), cetuxinmb and panitunumab
strongly inhibited the basal cell proliferation in dose dependent manner.
The EGFR wotirds®s of the invention were al so significaorlus2@atsssesin this
cell line with the maximal proliferatiogydinhibition was simlar to

cetuxi mb and pani tunmumab. Table 12 descri bes the EC50 and % maxi nal
inhibition of each anti bodg/. Anti body EC50 (nlY1l) '0.039 0.035 1.3

Pani t unhinpsy. peatalxffysibn, orsbload yampleqing cuitgredgnnadiumgo whigh is glded an EGFR-

binding agent to inhibit tumor growth.

[0222] In some embodiments, the method of inhibiting tumor growth comprises contacting the
tumor or tumor cells with the EGFR-binding agent (e.g., antibody) in vivo. In certain
embodiments, contacting a tumor or tumor cell with a EGFR-binding agent is undertaken in an
animal model. For example, EGFR-binding agents can be administered to xenografts expressing
one or more EGFRs that have been grown in immunocompromised mice (e.g. NOD/SCID mice)
to inhibit tumor growth. In some embodiments, cancer stem cells are isolated from a patient
sample such as, for example, a tissue biopsy, pleural effusion, or blood sample and injected into
immunocompromised mice that are then administered a EGFR-binding agent to inhibit tumor cell
growth. In some embodiments, the EGFR-binding agent is administered at the same time or
shortly after introduction of tumorigenic cells into the animal to prevent tumor growth. In some
embodiments, the EGFR-binding agent is administered as a therapeutic after the tumorigenic
cells have grown to a specified size.

[0223] In certain embodiments, the method of inhibiting tumor growth comprises administering
to a subject a therapeutically effective amount of a EGFR-binding agent. In certain
embodiments, the subject is a human. In certain embodiments, the subject has a tumor or has had
a tumor removed.

[0224] In certain embodiments, the tumor expresses the EGFR to which the EGFR-binding agent
or antibody binds.

[0225] In addition, the invention provides a method of reducing the tumorigenicity of a tumor in
a subject, comprising administering a therapeutically effective amount of a EGFR-binding agent
to the subject. In certain embodiments, the tumor comprises cancer stem cells. In certain
embodiments, the frequency of cancer stem cells in the tumor is reduced by administration of the
agent.

[0226] The invention further provides methods of differentiating tumorigenic cells into non-
tumorigenic cells comprising contacting the tumorigenic cells with a EGFR-binding agent (for
example, by administering the EGFR-binding agent to a subject that has a tumor comprising the
tumorigenic cells or that has had such a tumor removed.

[0227] The use of the EGFR-binding agents, polypeptides, or antibodies described herein to
induce the differentiation of cells, including, but not limited to tumor cells, is also provided. For

example, methods of inducing cells to differentiate comprising contacting the cells with an



[ 0253] These data strongly argue that the EGFR anti bodi es of the invention
are as active as cetuximab and panitunmumab in EGFR overexpressing cells

whi | e t heyodoi12nssssaf f ect the normal epithelial cell groRCHUS20D058378

2012/ 058588PCT/ US2011/ 058378 - 79 - Exaggel e 8 Anti - EGFR anti body bindins,"’
conpetition [0254] To distinguish binding epitopes of anti-EG-R anti bodi es,
ant i body bi ndi ng co%aeti ti on assays were done usi n}g flow cytonetry. In this

. . Btry. |
exper i ndfectivhamdimigofod EGIFR-hindbigoadeny (&g-e8n 5p8-H@E Iy gntbaly) degeribed fgerein are

bi oti nyl at ed get yxi igure 8B), and 0.2 nM bi otl. nyl.at R-7. i.hady
(Fi gur eené{t?)‘orieg' t%ttﬁ%%-%ﬂ’ggmgélﬁ%lsmlﬁsa rrlérggrurl%% ?&r]ljj%\r(etge(ﬁgfgéo IBSaCrO;?rﬂ%ﬁ ¥
concentdaatihRierial a @ tiodlly afftétb@dh@sunt! 8f r E6FR-bihéinpi fleht)ypody@Ptide, or
anti body was pre-m xed with varying concentration_ of 'conpeting' )
ant i bodindbodyrke thensubired pravipbee urevided dmeartainppRadaneRts. the dBPE iop PREFCEUS
2h. Th I e ' it i di ns b

conj uga ity Ir S5y ARG P G0 Toabh iindy B fuf SiBoBltn, e
i N FACSegkhéntr methbds gonipebe iadmirsarifig wothesapentielly néférsive yanwamt pif ah¢ dGEFR-
agai nst__anti body concentration in sem-|og plot and normalized so that 100%
r epr esehipding Hée%ﬂlwtlﬁ?:r%iaﬂﬁb%g’ 1P WOBEEnyl at ed anti body in absence of
ot her ' 9 ; b kid Hhe
bi ot 1 gl &SP FEad IV GROETEIS, OIS PRATRIAH ! BuTbARIR PRI e &
conpet emuidetdf tba &G FR-biadingCak uts idesdribad derpami In weriamEndwdpetrds) thdghBagceutical

ant i body bindin s, strong.as the naked 528 anti.body, while,the EGFR .

20t | bodCeTPOSRIopR dar b ef g i REP GRS TY ceoRaRcrpE o o RbEmF et g
ant i body,n{Jols@iehe fifidNise #Y ihhibERR tanbi BRIE ine 0EMBlREnddi e Rimsh paticats. cet uxi mab
and EGFR-7 biotinylated antibodies I'n simlar manner (Figure 8B and 8C).
Exanpl d0229 londentginaendbedimgetsc farmulasions gee pepasd WHstoege ng use by heonEaErg a

i bodi I ] ul d f . | Sy.-
The. o ibgs Ctefiny St telel IR R hER R Mund sty Aoyl antle

manuf ackW Qhrrier, xeipd&®) (RekibtonaThs Seracemt Pyactiynbhebarardy ROMEitoal MRNA
using the SuperScript |11 cDNA synthesis kit fl nvitrogen). [0256] The
pr ocedufublishing: HW0).i Suitable pharmesgrtisatlnaecepiaRler whialesdnclyte.thvb aterieh limiterd e

[ BB 545, ARSAED FEACOHR HORFTyRigs el osChaA0

148: 114 éride; Vntiseiduencdacluding anpdrbic edcidy and methionine; preservatives  (e.g.
PC-I?UCCGGQSI ngtmhe%%}d\mj ooty wnlg@gydeggg%%h%%t@g&%;ﬁ%g%@gyiu%mj@; benzalkonium chloride;
T
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anpl i f iedatey; PGRchodj rgotche!:f olcladhekalddgennalt @engrmiceassl); Bec InvReculyd weight
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R=AG, ) - e PCR reaction mxtures were then run on a 1%/ ow nelt
agar osesugklas glyeing80glutamine0aiparagined hisvsline, exginged or Pusing | easbalyidrageszsueh BNA

m ni colums, .and sent to .Agengourt Bioscienges.for,seguencing, JTh X
respectmimacerdie s e RREStE, na RS SLESIuh ek RFRNE Rt B DA
gener at@ohReuMasd akt®e! R8I GEINARSE HOEOrBRS1N sdi-foringoitanteHighsatngs Sdlivin;
sequences of VH and VL regions were predicted fromthe DNA sequencin
resul t smetabeempleseh gt he-paigianermplexqs): #rsk Borriudc serfaqtae sidhe as/ T WREN VY
cDNA se a 5' end sequences, additional sequencing efforts
were n g‘%ﬁ%@%“%@&?@??ﬁz conpl ete sequences. Tne prelimnary cDNA
sequenc@g3oETie phathateutRencempdditonNGEl thegBbsat irsichion can be administered in any
(http://ww. ncbi . nl. mni h.g}ovli blast/) for the nurine Igg?;n{)i ne.seguences

g
f r om whitERDer 196 Was P sarer Baler SygemiGIeitmele A APERUINPREIL b Iapical (Rugh as to
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[ 0258] The cDNA sequence information for the variable regi on was conbi ned
with the gernmline constant regi on sequence to obtain full |ength anti body
cDNA sequwocer/0533%8 nol ecul ar wei ghts of the heavy chai mrcanm$201i1@bd37g€hai n
were then cal cul ated and conpared w th gohe nol ecul ar wei ghts obt ai ned by
LC/ M5 anal yses of the nmurine EGFR anti bodi es. The nol ecul ar wei ght
measurenents are consistent with the cDNA sequences for both the EG-R-7 and
EGFR- 12nirangisal, apidetvealvandcatisdermatly rasals ior eacmierale ipgbidinss intfayenaupe intiapterzal,
variants 259] A.nunber of nur.ine anti-EGER. .hybr | S_were. e nd
B e e TR R A g T RS

sequenGggatieal byinkdetttiGdhr) b@mbHtftion. but with some CDR amino acid
substitutions, particularly in heavy chain CDR2 (Figure 9). Since these CDR
var i antl823¥] A entiodearrmmygecenipein @f thy HaeRtipngandIsagombinein g phgrmaggptigal

provi de ] r [ i NSy j t i Qi R-7
R
i dent i qalvirigh asdehnaet prlopervias.i dht sseabind ecompoiungd | ef rties i phaemarbsdal t etmtonativas

found at a | ow frequency, in light chain CDRL and.heavy chain . As VO
2012/ 0585BWMEa O3 INg rss@seﬁscangﬂfve- C%ﬂ&@éﬂtafyoacﬁlﬁétleélﬁh}i? l{ﬁ?wfé% chmpRipain v

tight ssﬁgym@ %he@owgat\sfﬁfgkga{y dthet YAkl ARLS BiarkFRidall doRpasHbhy coapliahdar as

8
many as am no “aci stitutions i n heavy chain CDR2. These seguence
var i antBGBR-bafdtie dgentiggbte sedvatl antieabedriagértiage dempovided. COR s may provi de

the str ral pasis for R.bi ndi , while h i h

sequen cléi'l?ﬁel%rﬁg? Hegument @ Fl%z% 615%’%6’;&’8 &Pﬁf(ipélgﬁug%ﬁ% ﬁP ﬁllﬁ t%%%? gyd?f?"ilsgﬁé? oF the

af fi ni tyteduBt #HAhHAD defedBS BndhP P S 8isdase WNRShdaedCAIR SQRHBNER boitd BOthe
based on EG-FR-7 vari ants to?et her with the CDR vari ants descri bed above for

humani ztisdasn . th¢duespoisiseheanvf iesd dissasde whotder theomtibeds eor cagepoisi admiaptered $sul d

b ted t he fu I | i .25, 0f;. e 1o
T VYN T T
| D NG thé Hiseidn oﬂl&kaﬂﬁnigggl@sib%NQHbﬁntimbr he MDA T ad D3t Nk 1i)e or

Heavy Chain CDR1: TSYWWMQ —Q D NO 1) CDR2: . X .
[ Tor A] [avsT & pymesDEb{erbnea)ts Pstiphap seoud days r{@_sqp)erq{amthmr_ltﬂ a cure is effected

o AR R T B O QAL SR B0 i
schedules can be calculated from measurements of drug accumulation in the body of the patient
and will vary depending on the relative potency of an individual antibody or agent. The
administering physician can easily determine optimum dosagés, dosing methodologies and
repetition rates. In certain embodiments, dosage is from 0.01 pg to 100 mg per kg of body
weight, and can be given once or more daily, weekly, monthly or yearly. In certain
embodiments, the antibody or other EGFR-binding agent is given once every two weeks or once
every three weeks. In certain embodiments, the dosage of the antibody or other EGFR-binding
agent is from about 0.1 mg to about 20 mg per kg of body weight. The treating physician can
estimate repetition rates for dosing based on measured residence times and concentrations of the
drug in bodily fluids or tissues.

[0233] The combination therapy can 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 can be attained when 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 synergistic effect can be



[ 0260] The EGFR-7 and EGFR-12 anti bodi es were humani zed fol | ow ng

resurfaci ng nethods previously described, such as, for exanple in Roguska
et al., Rwvoeoi2dEsiss Acad. Sci., USA, 91(3):969-973 (199#rTarsdoiRosssska et
al., Protein Eng. 9(10):895-904 (1996),70Mi ch are incorporated in their
entirety herein by reference. Resurfacing generally involves identification
of the variable region framework surface residues in both the |ight and
heavy ciitgined when rtgwcampﬁgndmm adminiviensd nore delixezde sequentidly. - hie dofbreest

2 P SRR SR AP O A ST s

concer n&tiabdbgretiieat igvpadiniaéred orjjuigaiallngi.by sdriadly, wwhateak dhl contbifdtiensthetaps) ne
24 in nmurine EGFR-7 antibody |ight chajn CDRL was replaced with arginine
for WoHsEYs dsBEEBHETOUSIErS AetbwIngrediegts are Wt%@tqgsﬂ@r-on 1.0 (shown in
italic), so both versions of the LC CDR1 are given. Simlarly, lysine 27
and lysine 3¥gin g Ld?@p:%ﬁzﬁéﬁil%ﬂ{di@%%nisi ght chain CDRl were replaced

wi th glutam ne and arginine, respectively, for humani zed version 1.0 (shown
initaljog34] TREplSRltAERIBOh RbvilidSkiRethar c¥hbAscihdlAaRbOGEed, MR adcajughd & ne
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Example 1

Production of murine EGFR antibodies

[0237] To produce murine anti-EGFR antibodies, head and neck squamous carcinoma cell lines
such as CA922 (Japanese Collection of Research Bioresources (JCRB), Shinjuku, Japan) and
HSC4 (JCRB, Shinjuku, Japan) were injected subcutaneously into Balb/c female mice (Charles
River Laboratory, Wilmington, MA) at the dose of 5x10° cells per mouse every 2 weeks for 5

times. Three days before being sacrificed for hybridoma generation, the immunized mice
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received intraperitoneal injection of another dose of antigen. The spleen from the mouse was
collected according to standard animal protocdls and was ground between two sterile, frosted
microscopic slides to obtain a single cell suspension in RPMI-1640 medium. After the red blood
cells were lysed with ACK lysing bufter, the spleen cells were then mixed with murine myeloma
P3X63Ag8.653 cells (P3 cells) (J. F. Kearney et al. 1979, J Immunol, 123: 1548-1550) at ratio of
1 P3 cells: 3 spleen cells. The mixture of spleen cells and P3 cells was washed and treated with
pronase in fusion media (0.3M mannitol/D-sorbitol, 0.1mM CaCl2, 0.5mM MgCI2 and 1mg/ml
BSA) at room temperature for 3 min. The reaction was stopped by addition of FBS (Fetal Bovine
Serum, Invitrogen); cells were then washed, resuspended in 2 ml cold fusion media and fused
with BTX ECM 2001 electrofusion machine (Harvard Apparatus). The fused cells were added
gently to RPMI-1640 selection medium containing hypoxanthine-aminopterin-thymidine (HAT)
(Sigma Aldrich), incubated for 20 min at 37°C, and then seeded into flat bottom 96-well plates at
200 ul/well. The plates were then incubated in 5% CO, incubator at 37°C until hybridoma clones
were ready for antibody screening. Other techniques of immunization and hybridoma production
can also be used, including those described in J. Langone and H. Vunakis (Eds., Methods in
Enzymology, Vol. 121, "Immunochemical Techniques, Part I"; Academic Press, Florida) and E.
Harlow and D. Lane ("Antibodies: A Laboratory Manual";1988; Cold Spring Harbor Laboratory
Press, New York, NY).

Murine hybridoma screening and selection

[0238] Hybridoma screening was done using flow cytometric binding assay with immunizing
cells that are either untreated or treated with EGF (R&D Systems). Because incubation with
EGF downregulates EGFR level on the cell surface, EGFR specific hybridoma supernatant
would only react to the untreated cells and not to the EGF-treated cells. Cells for screening were
first cultured in serum free media for overnight and separated into two parts. One part of the cells
was left untreatéd and the other part was treated with EGF for 3 hours at 37°C. The EGF treated
cells were labeled with CellTrace™ far red DDAO-SE (Invitrogen), mixed with untreated cells at
1:1 ratio and incubated with the hybridoma supernatant for 2 hours on ice. Cells were then
washed, incubated with FITC-labeled anti-mouse IgG (Jackson Immunoresearch), washed, fixed
with formalin and analyzed using FACScalibur (BD ®ioscience). The EGFR specific hybridomas
were expanded and the supernatants were rescreened by ELISA using soluble recombinant
human EGFR extracellular domain (RELIATech) as antigen. The positive hybridomas were

rescreened using flow cytometric binding assay with human EGFR-expressing A431 epidermal
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carcinoma cell line (ATCC) and monkey EGFR-expressing Vero cell line (an African green
monkey kidney epithelial cell line) (ATCC). In brief, the hybridoma supernatant was incubated
with A431 cells and DDAO-labeled Vero cells on ice for 1 hour. The cells were washed twice
and incubated with PE-conjugated goat anti-mouse IgG antibody (Jackson Immunoresearch) for
1 hour on ice. The cells were then washed with FACS buffer, fixed in formalin and analyzed
using a FACSCalibur flow cytometer (BD Biosciences).

[0239] The positive hybridoma clones that reacted to both human and monkey antigens were
tested for the capacity to inhibit basal proliferation of EGFR-overexpressing HCC827 cells
(ATCC). In brief, exponentially growing HCC827 cells were plated at 2000 cells/well in 96 well
plates in 100 pl complete media containing 10% FBS. 100 ul of hybridoma supernatant was
added to the cells and the mixture was incubated at 37°C in a humidified 5% CO; incubator for 5
days. Level of cell proliferation was determined using colorimetric WST-8 assay (Dojindo
Molecular Technologies, Rockville, MD). WST-8 is reduced by dehydrogenases in the living
cells to an orange formazan product that is soluble in tissue culture medium, and the amount of
formazan produced is directly proportional to the number of living cells. 10% of the final volume
of WST-8 was added to each well and plates were incubated at 37°C for an additional 2-4h.
Plates were then analyzed by measuring the absorbance at 450 nm (A450) in the Spectra Max M2
plate reader (Molecular Devices, Sunnyvale, CA). Background A450 absorbance of wells with
media and WST-8 only was subtracted from all values. The surviving fraction was calculated by
dividing each treated sample value by the average value of wells with untreated cell (surviving
fraction = (A450 treated sample — A450 background)/ (A450 untreated sample — A450
background)). The results were normalized so that surviving fraction 0 indicated the value of
wells without cells and 1 indicated the level of cell proliferation in the serum containing media
without any EGFR antibody. Hybridoma clones that inhibited at least 50% HCC827 cell growth
were subcloned by limiting dilution. One subclone from each hybridoma, which showed the
same reactivity against EGFR as the parental cells by flow cytometry, was chosen for subsequent
analysis. Stable subclones were cultured and the antibody was isotyped using commercial

isotyping reagents (Roche).

Antibody purification

[0240] Antibodies were purified from hybridoma subclone supernatants using standard methods,
such as, for example Protein A or G chromatography (HiTrap Protein A or G HP, 1 mlL,

Amersham Biosciences). Briefly. supernatant was prepared for chromatography by the addition
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of 1/10 volume of 1M Tris/HCI buffer, pH 8.0. The pH-adjusted supernatant was filtered
through a 0.22pm filter membrane and loaded onto column equilibrated with binding buffer
(PBS, pH 7.3). The column was washed with binding buffer until a stable baseline was obtained
with no absorbance at 280nm. Antibody was eluted with 0.IM acetic acid buffer containing
0.15M NaCl, pH 2.8, using a flow rate of 0.5Sml/min. Fractions of approximately 0.25mL were
collected and neutralized by the addition of 1/10 volume of 1M Tris/HCI, pH 8.0. The peak
fraction(s) was dialyzed overnight twice against 1x PBS and sterilized by filtering through a 0.2
um filter membrane. Purified antibody was quantified by absorbance at A280.

[0241] Protein A purified fractions were further polished using ion exchange chromatography
(IEX) with quaternary ammonium (Q) chromatography for murine antibodies. Briefly, samples
from protein A purification were buffer exchanged into binding buffer (10mM Tris, 10mM
sodium chloride, pH 8.0) and filtered through 0.22 um filer. The prepared sample was then
loaded onto a Q fast flow resin (GE Lifesciences) that was equilibrated with binding bufter at a
flow rate of 120cm/hr. Column size was chosen to have sufficient capacity to bind all the MAb
in the sample. The column was then washed with binding buffer until a stable baseline was
obtained with no absorbance at 280nm. Antibody was eluted by initiating a gradient from 10mM
to 500mM sodium chloride in 20 column volume (CV). Peak fractions were collected based on
absorbance measurement at 280nm (A280). The percentage of monomer was assessed with size
exclusion chromatography (SEC) on a TSK gel G3000SWXL, 7.8 x 300 mm with a SWXL
guard column, 6.0 x 40 mm (Tosoh Bioscience, Montgomeryville, PA) using an Agilent HPLC
1100 system (Agilent, Santa Clara, CA ). Fractions with monomer content above 95% were
pooled, buffer exchanged to PBS (pH 7.4) using a TFF system, and sterilized by filtering through
a 0.2um filter membrane. The IgG concentration of purified antibody was determined by A280
using an extinction coefficient of 1.47. Alternative methods such as ceramic hydroxyapatite
(CHT) were also used to polish antibodies with good selectivity. Type II CHT resin with 40pm
particle size (Bio-Rad Laboratories) were used with a similar protocol as described for IEX
chromatography. The binding buffer for CHT corresponds to 20mM sodium phosphate, pH 7.0
and antibody was eluted with a gradient of 20-160mM sodium phosphate over 20 CV.
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Example 2

Binding affinity to human and monkey EGFR antizen

[0242] To determine the binding affinity of the EGFR antibodies to the human and monkey
antigens, EGFR expressing human tumor cell lines such as MDA-MB468 (ATCC) and A431
(ATCC), and Vero monkey kidney cell line (ATCC) were used in a flow cytometric binding
assay. In brief, the cells were incubated with various concentration of EGFR antibody for 1h at
4°C. The cells were washed and incubated with PE-conjugated secondary antibody (Jackson
Immunoresearch) for 1h at 4°C. The cells were then washed, fixed in formalin and analyzed in
FACSarray (BD Bioscience). To determine the binding affinity of these antibodies, geometric
mean fluorescence intensity was plotted against the antibody concentration in a semi-log plot. A
dose-response curve was generated by non-linear regression and the EC50 value of the curve,
which corresponds to the apparent dissociation constant (Kd) of each antibody, was calculated
using GraphPad Prism v4 (GraphPad software). The EGFR antibodies of the invention as well as
positive control antibodies, cetuximab and panitumumab, showed strong specific binding to both
human tumor cells and monkey Vero cells. A table shown in Figure 1 lists the Kd of each
antibody to the human and monkey EGFR. The EGFR antibodies of the invention exhibited

similarly strong binding affinity to both human and monkey antigens.

Example 3

[0243] EGFR ligand binding induces EGFR phosphorylation followed by activation of
downstream signaling pathways. To investigate the effect of anti-EGFR antibodies in ligand-
induced EGFR activation, Western blot analysis was performed using MDA-MB468 tumor cell
line and human primary adult keratinocytes. In brief, cells were seeded at le6 cells/well in a 6
well plate and cultured in normal media for overnight. Cells were washed and starved in serum
free media containing 0.1% BSA for 2 hours at 37°C. 10pg/mli antibody was added to the cells
and the mixture was incubated for 3 hours at 37°C. 50 ng/ml EGF (R&D Systems) was added to
the mixture and incubated for 15 minutes at 37°C. Cells were then washed with ice-cold PBS and
lysed in RIPA buffer containing protease and phosphatase inhibitors. The protein lysates were
separated in SDS-PAGE and transferred to a nitrocellulose membrane. The membrane was

blocked with 5% BSA and incubated with anti-phosphotyrosine antibody (clone 4G10, Millipore)
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for overnight at 4°C. The membrane was washed, incubated with HRP conjugated anti-mouse
antibody (Jackson Immunoresearch) for 1 hour at room temperature, and washed again. The
signal was detected using an ECL (enhanced chemiluminescene) system (GE Healthcare). To
ensure equal amount of proteins loaded into each lane, the membrane was stripped and reprobed
with anti-B-tubulin antibody (Sigma Aldrich).

[0244] As shown in Figure 2, EGF stimulation led to strong EGFR phosphorylation in both
MDA-MB468 cells and human primary keratinocytes. Treatment of cells with cetuximab and
panitumumab strongly inhibited the EGF-induced EGFR phosphorylation while the EGFR
antibodies of the invention did not completely inhibit EGFR activation. Anti-KTI (Kunitz
Trypsin inhibitor) antibody (produced from hybridoma obtained from ATCC) was used as

negative control.

Example 4

Agonistic activity of EGFR antibodies

[0245] To investigate the effect of the EGFR antibodies of the invention on EGFR signaling in
absence of EGFR ligands, MDA-MB468 tumor cells were starved in serum free media as
described in Example 5. The cells were then incubated with 10pug/ml EGFR antibodies for 3
hours at 37°C. As positive control, untreated cells were incubated with 50 ng/ml EGF for 15
minutes at 37°C. The protein lysates were prepared and analyzed using Western blot as described
in Example 5. The representative result is shown in Figure 3. EGF treatment clearly induced a
strong EGFR phosphorylation in MDA-MB468 cells while the EGFR antibodies of the invention
did not affect EGFR signaling in absence of the ligand.

Example 5

Ligand binding competition

[0246] One mechanism of EGFR signaling inhibition is blockade of ligand binding. To examine
if the EGFR antibodies inhibit the ligand binding to the EGFR, the binding of biotinylated EGFR
ligand to the A431 cells was measured by flow cytometry in the presence of anti-EGFR
antibodies. Biotinylation of TGFa was done using EZ-link Micro Sulfo-NHS-LC-biotinylation
kit (Pierce, Rockland, IL) according to the manufacturer’s instruction. Biotinylated EGF was
obtained from Invitrogen. Prior to competition assay, the binding curve of the biotinylated

ligands was established. Varying concentrations of anti-EGFR antibodies were pre-mixed with
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biotinylated ligands at EC50 concentration (1.8 nM and 10 nM for EGF and TGFa, respectively),
and the mixture was incubated with the cells for 30 min on ice. Cells were then washed twice
with FACS buffer and incubated with streptavidin-APC conjugate (Jackson Immunoresearch) for
15 min on ice. Cells were washed twice with FACS buffer and analyzed in FACS Calibur (BD
Bioscience) using FlowJo program (Tree Star). The geometric mean fluorescence intensities were
plotted against the antibody concentration in a semi-log plot. As shown in Figure 4, the negative
control antibody, anti-KTI antibody does not affect the ligand binding while all anti-EGFR
antibodies compete the ligand binding with the following EC50 (Table 10).

Table 10 e
""" EC50 of TGFa binding EC50 of EGF binding
77777777 competition (nM) competition (nM)

Ligand 1.336 i 2.097

Cetuximab &+ 0.769 1.226

EGFR6 1.181 2552

EGFR-12 1.341 2927

EGFR13 ' 1.321 1957

[0247] The EGFR antibodies of the invention completely blocked the TGFa and EGF binding
with similar EC50 as cetuximab (Figure 4 and Table 10). This result cannot explain the
differential effect of cetuximab and the EGFR antibodies of the invention on ligand induced
EGEFR signaling (Example 3) and growth of normal epithelial cell lines including human primary
keratinocytes (Example 6).

Example 6

Growth inhibition assay of human primary keratinocytes and normal epithelial cell line

,,,,,,,,,,,,, S AN T e R X o S A edeb e P S b ke

[0248] Human normal basal epithelial cells in skin, gastrointestinal tract and other organs
physiologically express EGFR. The EGFR signaling in these tissues is critical for the epithelial
cell growth. Disruption of EGFR signaling pathway by cetuximab and panitumumab as well as
small tyrosine kinase inhibitors such as erlotinib and gefitinib causes significant skin toxicity. To
mimic the potential toxicity in skin and other epithelial cells, proliferation assays using human
primary Keratinocytes (Invitrogen) and a non-tumorigenic breast epithelial cell line, MCF10A
(ATCC), were established. In this assay, cells were plated at 1,500-2,000 cells per well in EGFR
ligand-containing media suggested by the manufacturers and incubated with anti-EGFR

antibodies at 37°C for 5 days. In the keratinocytes assay (Figure 5), cells were grown in presence
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of 1nM EGF with varying concentration of antibodies. While in MCF10A cell assay (Figure 6),
cells were grown in presence of 10nM EGF with a fixed concentration (10pg/ml) of antibodies.
Level of cell proliferation was determined using colorimetric WST-8 assay (Dojindo Molecular
Technologies, Rockville, MD) as described in example 1. The surviving fraction was calculated
by dividing each treated sample value by the average value of wells with untreated cell
(surviving fraction = (A450 treated sample — A450 background)/ (A450 untreated sample — A450
background)). The results were normalized so that 0 indicated the level of cell proliferation in
absence of EGF and 1 indicated the level of cell proliferation in presence of EGF without any
anti-EGFR antibody treatment.

[0249] The binding of the anti-EGFR antibodies to human primary keratinocytes as well as
MCF10A cells was confirmed before the proliferation assays were performed. A representative
result of the keratinocytes proliferation assay is shown in Figure 5. As expected from the toxicity
profile, cetuximab and panitumumab strongly inhibited the keratinocytes proliferation in dose
dependent manner with the maximal inhibition of 40% for cetuximab and 78% for panitumumab.
Surprisingly, the EGFR antibody of the invention, similar as the negative control chimeric KTI
antibody, had little or no effect on the keratinocytes. This result was confirmed in the MCF10A
proliferation assay (Figure 6). The cetuximab and panitumumab strongly inhibited MCF10A cell
proliferation while the EGFR antibodies of the invention had little or no effect on MCF10A cell
growth. These data suggest that the EGFR antibodies of the invention are less toxic than

cetuximab and panitumumab on normal epithelial cells that express EGFR.

Fxample 7

[0250] To determine the capacity of anti-EGFR antibodies in inhibiting the basal proliferation of
tumor cells, proliferation assays with EGFR-expressing HCC827 (ATCC) and NCI-H292
(ATCC) lung tumor cell lines were established. Cells were plated at 2,000 cells per well in
normal growth media containing 10% FBS and grown at 37°C for 5 days in presence of varying
concentration of anti-EGFR antibodies. Level of cell proliferation was determined using
colorimetric WST-8 assay. The OD results were normalized so that surviving fraction 1
represents cells grown in normal growth media without anti-EGFR antibodies, and 0 represents

the value of wells without cells.
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[0251] Figures 7A and 7B show the representative proliferation assay results with HCC827 and
NCI-H292 cells, respectively. In HCC827 cell line (Figure 7A), cetuximab strongly inhibited the
tumor cell growth in dose dependent manner. Despite being harmless to EGFR expressing
normal epithelial cells, anti-EGFR antibodies of the invention showed similar or better inhibitory

activity than cetuximab. Table 11 describes the EC50 and % maximal inhibition of each

antibody.

Table 11. Anti-proliferative activity of anti-EGFR antibodies in HCC827 cells

Antibody EC50 (nM) Maximal inhibition {%)
Cetuximab | 013 i 65
2 0.32 70
,,,,,,,,, 3 1.3 , 72
& 03 72
7 0.03 72
12 0.7 63
13 0.03 69
15 0.7 67
17 0.06 64

[0252] In NCI-H292 cell line (Figure 7B), cetuximab and panitumumab strongly inhibited the
basal cell proliferation in dose dependent manner. The EGFR antibodies of the invention were
also significantly active in this cell line with the maximal proliferation inhibition was similar to

cetuximab and panitumumab. Table 12 describes the EC50 and % maximal inhibition of each

antibody.

Table 12. Anti-proliferative activity of anti-EGFR antibodies in NCI-H292 cells

Antibody EC50 (nM) Maximal inhibition (%)
Panitunumab | 0.039 76
Cetuximab | 0035 74
2 13 75
5 4.7 ] 60
6 56 65
7 0.4 ) 77
13 0.4 78
15 47 75
17 15 67

[0253] These data strongly argue that the EGFR antibodies of the invention are as active as
cetuximab and panitumumab in EGFR overexpressing cells while they do not affect the normal

epithelial cell growth.
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Example 8

[0254] To distinguish binding epitopes of anti-EGFR antibodies, antibody binding competition
assays were done using flow cytometry. In this experiment, binding of 0.3 nM biotinylated 528
(Figure 8A), 0.2 nM biotinylated cetuximab (Figure 8B) and 0.2 nM biotinylated EGFR-7
antibody (Figure 8C) to the MDA-MB468 cells was measured in presence of varying
concentration of ‘competing’ antibodies. In brief, the biotinylated antibody was pre-mixed with
varying concentration of ‘competing’ antibodies. The antibody mixture was then incubated with
cells on ice for 2h. The cells were washed and incubated with streptavidin-alexa 488 conjugate
on ice for 1h. After washing, the cells were fixed and analyzed in FACScalibur. The geometric
mean fluorescence intensity was plotted against antibody concentration in semi-log plot and
normalized so that 100% represents the maximal binding of the biotinylated antibody in absence
of other antibody and 0% represents the background staining in absence of the biotinylated
antibody. As shown in Figure 8, all the EGFR antibodies compete with each other. Cetuximab
and panitumumab competed the 528 antibody binding as strong as the naked 528 antibody while
the EGFR antibodies of the invention had slightly less capacity to compete with 528 antibody
(Figure 8A). All EGFR antibodies competed the binding of cetuximab and EGFR-7 biotinylated

antibodies in similar manner (Figure 8B and 8C).

Example 9

[0255] Total cellular RNA was prepared from 5 x 10° cells of the EGFR hybridomas using an
RNeasy kit (QIAgen) according to fhe manufacturer’s protocol. cDNA was subsequently
synthesized from total RNA using the SuperScript Il ¢iXNA synthesis kit (Invitrogen).

[0256] The procedure for the first round degenerate PCR reaction on the cDNA derived from
hybridoma cells was based on methods described in Wang et al. ((2000) J Immunol Methods.
233:167-77) and Co et al. ( (1992) J Immunol. 148:1149-54). VH sequences were amplified by
PCR using the following degenerate primers: EcoMH1
CTTCCGGAATTCSARGTNMAGCTGSAGSAGTC (SEQ ID NO:59), EcoMH2
CTTCCGGAATTCSARGTNMAGCTGSAGSAGTCWGG (SEQ ID NO:60) and BamlgGl
GGAGGATCCATAGACAGATGGGGGTGTCGTTTTGGC (SEQ ID NO:61). VL sequences
were amplified by PCR using the following degenerate primers: SacIMK
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GGAGCTCGAYATTGTGMTSACMCARWCTMCA (SEQ ID NO:62) and Hind&L
TATAGAGCTCAAGCTTGGATGGTGGGAAGATGGATACAGTTGGTGC (SEQ ID NO:85).
(Mixed bases are defined as follows: N=G+A+T+C, S=G+C, Y=C+T, M=A+C, R=A+G,
W=A+T). The PCR reaction mixtures were then run on a 1% low melt agarose gel, the 300 to
400 bp bands were excised, purified using Zymo DNA mini columns, and sent to Agencourt
Biosciences for sequencing. The respective 5° and 3° PCR primers were used as sequencing
primers to generate the variable region cDNAs from both directions. The amino acid sequences
of VH and VL regions were predicted from the DNA sequencing results.

[0257] Since the degenerate primers used to clone the VL and VH ¢cDNA sequences alters the 5
end sequences, additional sequencing efforts were needed to verify the complete sequences. The
preliminary c¢DNA  sequences were used to search the NCBI IgBlast site
(http://www.ncbi.nlm.nih.gov/igblast/) for the murine germline sequences from which the
antibody sequences are derived. PCR primers were then designed to anneal to the germline
linked leader sequence of the murine antibody so that this new PCR reaction would yield a
complete variable region cDNA sequence, unaltered by the PCR primers. The PCR reactions,

band purifications, and sequencing were performed as described above.

[0258] The cDNA sequence information for the variable region was combined with the germline
constant region sequence to obtain full length antibody cDNA sequences. The molecular weights
of the heavy chain and light chain were then calculated and compared with the molecular weights
obtained by LC/MS analyses of the murine EGFR antibodies. The molecular weight
measurements are consistent with the cDNA sequences for both the EGFR-7 and EGFR-12 light

and heavy chains.

[0259] A number of murine anti-EGFR hybridomas were sequenced and found to express
antibodies with light and heavy chain variable region sequences nearly identical to EGFR-7, but
with some CDR amino acid substitutions, particularly in heavy chain CDR2 (Figure 9). Since
these CDR variants of murine EGFR-7 were found to be functionally identical, they provide
some structural insight into the sequence flexibility of the EGFR-7 CDR’s. Light chain CDR’s 2
and 3 as well as heavy chain CDR 1 were identical in each of the variants while a single residue

substitution was found at a low frequency in light chain CDR1 and heavy chain CDR3. As
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opposed to the CDR’s with an apparently tight sequence conservation, the variants of EGFR-7
frequently contained as many as 4 amino acid substitutions in heavy chain CDR2. These
sequence variants of EGFR-7 suggest that the 5 tightly conserved CDR’s may provide the
structural basis for EGFR binding, while heavy chain CDR2 has some sequence flexibility
resulting in a somatic mutation hotspot during affinity maturation. Table 4 provides a composite
CDR sequence listing based on EGFR-7 variants together with the CDR variants described above
for humanization. Humanized antibodies derived from these composite CDR’s would be

expected to preserve the functional attributes of EGFR-7.

Tablel3

EGFR-7 variant composite CDR’s

Light Chain

CDRI1: [KorRIASQDINNY|[Lorl[A (SEQ ID NO:14)
CDR2: YTSTLHP (SEQ IDNO:11)
CDR3: LQYDNLLYT (SEQ ID NO:12)

Heavy Chain
CDR1: TSYWMQ (SEQ ID NO:1)

Example 10

Antibody humanization

[0260] The EGFR-7 and EGFR-12 antibodies were humanized following resurfacing methods

previously described, such as, for example in Roguska et al., Proc. Natl. Acad. Sci., USA,
91(3):969-973 (1994) and Roguska et al., Protein Eng. 9(10):895-904 (1996), which are
incorporated in their entirety herein by reference. Resurfacing generally involves identification
of the variable region framework surface residues in both the light and heavy chains and
replacing them with human equivalents. The murine CDR’s are preserved in the resurfaced
antibody. Exemplary CDRs of EGFR-7 and EGFR-12 antibodies are defined as indicated in
Table 13. To minimize concerns about the impact of conjugating lysines that fall in CDR’s,

lysine 24 in murine EGFR-7 antibody light chain CDR1 was replaced with arginine for
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humanized version 1.0 (shown in italic), so both versions of the LC CDRI1 are given. Similarly,
lysine 27 and lysine 31 in murine EGFR-12 antibody light chain CDR1 were replaced with
glutamine and arginine, respectively, for humanized version 1.0 (shown in italic). The
replacement of lysine 27 with glutamine instead of arginine was because glutamine is reserved in
human germline sequences at this position. In addition to the AbM heavy chain CDR2 definition
employed for resurfacing, the table provides exemplary Kabat defined heavy chain CDR2’s for
both the murine and human versions of EGFR-7 and EGFR-12 antibodies. The underlined
sequence marks the portion of the Kabat heavy chain CDR2 that was not considered a CDR for
resurfacing.

[0261] Surface residue positions were defined as any position with a relative accessibility of 30%
or greater (Pedersen J.T. et. Al, J. Mol. Biol. 1994; 235: 959-973). The calculated surface
residues were then aligned with human germline surface sequences to identify the most
homologous human surface sequence. The human germline sequence used as the replacement
surface for the light chain variable domains of EGFR-7 antibody was IGKV1-12*01 while
IGKV1-16*01 was used as the replacement surface for EGFR-12 antibody VL. The human
germline sequences used as the replacement surfaces for the heavy chain variable domains of
EGFR-7 and EGFR-12 antibodies were IGHV1-69*02 and IGHV1-69*08, respectively. The
specific framework surface residue changes for EGFR-7 and EGFR-12 antibodies are given in
Figures 10 and 11, respectively. Since the resurfaced light chain of both antibodies included the
CDRI1 lysine substitution(s) for preferred version, a resurfaced version (v1.01) was also
generated with murine lysine(s) retained in CDR-L1. Finally, heavy chain framework 2 for
murine EGFR-7 and its variants, contained a somatic W47C mutation resulting in an unpaired
cysteine residue. For this reason, EGFR-7 heavy chain W47 germline revertant versions (v1.11)
were also tested. Figure 12 shows the alignment of the resurfaced sequences for EGFR-7 and

EGFR-12 antibodies variable domain of both light and heavy chain with their murine

counterparts.

Al 1A e ——
EGFR-7 CDR’s (Resurfacing) EGFR-12CDR’S e
Light Chain , | Light Chain o
Murine and resurfaced v1.01 CDR1: Murine and resurfaced v1.01 CDRI1:
KASQDINNYLA (SEQ ID NO:10) RASKSISKYLA (SEQ ID NO:15)

Resurfaced v1.0 CDR1: Resurfaced v1.0 CDR1:
RASQDINNYLA (SEQ ID NO:13) RASQSISRYLA {SEQ {D NO:16)
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CDR2: YTSTLHP (SEQ ID NO:11) CDR2: SGSTLQS (SEQ ID NO:17)
CDR3: LQYDNLLYT (SEQ ID NO: 12) CDR3: QQHNEYPWT (SEQ ID NO:18)
Heavy Chain | Heawy Chain -
7 CDRl:WTSYWMQ (SEQ ID NO:1) CDR1: TSYWMQ (SEQ IDNOI)
CDR2: TIYPGDGDTT (SEQ ID”NO:Z) CDR2: TIYPGDGDTR (SEQ ID NO:7)
CDR3: YDAPGYAMDY (SEQ ID NO:3) CDR3: YDAPGYAMDY (SEQ ID NO:3)
Kabat EGFR-7 HC CDR2 Kabat EGFR-12HCCDR2
Murine HC CDR2: Murine HC CDR2:
TIYPGDGDTTYTQKFKG (SEQ ID NO:63) | TIYPGDGDTRYIQKFKG (SEQ ID NO:8)
Humanized HC CDR2: Humanized HC CDR2:
TIYPGDGDTTYTOKFQG (SEQ ID NG:64) | TIYPGDGDTRYIQKFQG (SEQ ID NO:9)

[0262] In addition to humanization by variable domain resurfacing, EGFR-7 antibody was also
humanized following complementary determining region (CDR) grafting technology described,
such as for example in Jones et al., Nature 321: 604-608 (1986) and Verhoeyen et al., Science
239: 1534-1536 (1988). CDR grafting method consists of grafting the CDRs from a naturally
evolved murine antibody onto the Fv framework regions (FRs) of a human antibody. The main
step of the process was to choose the appropriate human acceptor frameworks. Kabat numbering
scheme and Kabat CDR definition were used for CDR grafting of EGFR-7 antibody. Exemplary
CDRs of EGFR-7 antibody for CDR grafting are defined as indicated in Table 15. Human
immunoglobulin germline sequence with the highest homology with the murine EGFR-7
antibody was identified through the interactive tool, V-QUEST, of the International
ImMunoGeneTics information system® (IMGT (http://imgt.cines.ft/) as described in Lefranc,
Nucleic Acids Res. 29: 207-209 (2001). The human germline sequences used as the acceptor
frameworks for the VL and VH domains of EGFR-7 antibody were IGKV1-33*01 and IGHV1-
46*03, respectively. To minimize concerns about the impact of conjugating lysines that fall in
CDR’s, lysine 24 in murine EGFR-7 antibody light chain CDR1 was replaced with arginine in
CDR grafting (Table 6). The specific framework residue changes as well as the substitution in
CDR-L1 in CDR-grafting of EGFR-7 antibody are given in Figure 13, and the alignments of the
CDR-grafted sequences for EGFR-7 antibody variable domains with its murine counterparts is

illustrated in Figure 14.

Table 15

Light Chain
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Heavy Chain
CDR1: TSYWMQ (SEQ ID NO:1)
CDR2: TIYPGDGDTTYTQKFKG (SEQ ID NO:63)

[0263] The variable region sequences for huEGFR-7 and huEGFR-12 were codon-optimized and
synthesized by Blue Heron Biotechnology. The sequences were flanked by restriction enzyme
sites for cloning in-frame with the respective constant sequences in single chain mammalian
expression plasmids. The light chain variable region was cloned into EcoRI and BsiWI sites in
the pAbKZeo plasmid. The heavy chain variable region was cloned into the HindIII and Apal
sites in the pAbGI1Neo plasmid. These plasmids were used to express the recombinant
antibodies in either transient or stable mammalian cell transfections. Transient transfections to
express recombinant antibodies in HEK 293T cells were performed using a modified PEI
procedure (Durocher, Y. et al., Nucleic Acids Res. 30:E9 (2002)). Supernatant was purified by
Protein A and polishing chromatography steps using standard procedures as described above for

murine antibodies.

Example 11

Binding comgpetition between murine and humanized anti-EGFR antibodies

To examine the binding of humanized anti-EGFR antibodies, antibody competition assays were
performed as described in Example 8. Because muEGFR-6 and muEGFR-7 antibodies cross-compete
with one another (Figure 8C), this experiment examines the ability of murine or humanized antibodies of
EGFR-6 (Figure 15A) or EGFR-7 (Figure 15B) to compete with the binding of biotinylated muEGFR-7
antibody to the MDA-MBA468 cells. In brief, 1 nM of biotinylated muEGFR-7 antibody was pre-mixed
with various concentration of ‘competing’ antibody. The antibody mixture was then incubated with target
cells on ice for 1 hour, washed, incubated with streptavidin-APC conjugate on ice for another hour,
washed, fixed and analyzed using flow cytometer. The geometric mean fluorescence intensity was plotted
against antibody concentration in semi-log plot and normalized so that 100% represents the maximal

binding of the biotinylated antibody in absence of other antibody and 0% represents the background
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Table 16. Anti-proliferative activity of anti-EGFR antibodies in NCI-£{292 cells

Antibody EC50 (nM)
muEGFR-6 2.59
huEGFR-6 1.61
muEGFR-7 0.21
huEGFR-7 0.17
huEGFR-7R 0.11

Example 12

[0265] A lactate dehydrogenase (LDH) release assay was used to measure antibody-dependent
cell mediated cytotoxicity (ADCC) of tumor cells lines using freshly isolated human natural
killer (NK) cells as effector cells (Shields RL, J Biol Chem. 2001 276(9):6591-604). The NK
cells were first isolated from human peripheral blood from a normal donor (Research Blood
Components, Inc., Brighton, MA) using a modified protocol for the NK cell Isolation Kit II
(#130-091-152; Miltenyi Biotec, Auburn, CA). Peripheral blood was diluted 2-fold with 1x PBS.
25 mL of diluted blood was carefully layered over 25 mL of Ficoll Paque in a 50 mL conical tube
and centrifuged at 400 g for 45 min at RT. The peripheral blood mononuclear cells (PBMC) were

collected from the interface, transferred into a new conical 50 mL tube, and washed once with 1x
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PBS. The PBMC were counted and resuspended at concentration of 2.5x10"cells/100ul with
MACS buffer (1x PBS, 0.5% BSA, 2mM EDTA), and then 1/4x volume of NK cell Biotin-
Antibody Cocktail were added to the cell suspension. The NK cell Biotin-Antibody Cocktail
contains biotinylated antibodies that bind to the lymphocytes, except for NK cells, resulting in a
negative selection of NK cells. The mixture was incubated at 4°C for 10 min, and then 3/5x
volume of MACS buffer and 2/5x volume of NK cell MicroBead cocktail that would bind to the
biotinylated antibodies were added. The cell-antibody mixture was incubated for another 15 min
at 4°C. Next, cells were washed once with 50 mL of MACS buffer and resuspended in 3 mL of
MACS buffer. NK cells were separated as negative fraction using autoMACS separator (Miltenyi
Biotec). The resulting NK cells were plated into 30 mL of complete RPMI media (RPMI-1640
supplemented with 5% fetal bovine serum, 1% penicillin-streptomycin, 1 mM HEPES, 1 mM
Sodium Pyruvate, 1% 100X MEM non-essential Amino Acid Solution) overnight. The
subsequent assay and all dilutions were carried out in RHBP medium (RPMI-1640 medium
supplemented with 20 mM HEPES, pH 7.4, 0.1% BSA and 1% penicillin-streptomycin).

[0266] Various concentrations of antibodies in RHBP medium were aliquoted in duplicate at 50
pL/well into a round bottom 96-well plate. The target cells (in this experiment A431 cell line)
were resuspended at 10° cells/mL in RHBP medium and added at 100 uL/well to each well
containing antibody dilutions. The plate containing target cells and antibody dilutions was
incubated for 30 min at RT. NK cells were then added to the wells containing the target cells at
50 uL/well. The typical ratio was 1 target cell to 3-4 NK cells. The following controls were set
up for each experiment: NK cells alone, target cells alone (spontaneous LDH release), target cells
with NK cells (antibody independent LDH release), target cells with 10% Triton X-100
(maximum LDH release). The mixtures were incubated at 37°C for 4 h to allow for cell lysis.
Plates were centrifuged for 10 min at 1200 rpm, and 100 pL of the supernatant was carefully
transferred to a new flat-bottom 96-well plate. LDH reaction mixture (100 pL/well) from the
Cytotoxicity Detection Kit (Roche 1 644 793) was added to each well and incubated at room
temperature for 5 to 30 min. The optical density (OD) of samples was measured at 490 nm
(OD490). The percent specific lysis of each sample was determined using the following formula:
percent specific lysis = (sample value - spontaneous release)/ (maximum release - spontaneous
release) *100.

[0267] Figure 17 shows a representative ADCC activity of huEGFR-6 and huEGFR-7R
antibodies in comparison to that of chKTI antibody. The huEGFR-6 and huEGFR-7R antibodies
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and identified by comparison of elution time with known standards) was measured using an
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bound maytansinoid (eluted in the conjugate peak in the column flow-through fractions) to
calculate the percentage of total free maytansinoid species. Conjugates with 3.5-4 DMI

molecules per huEGFR antibody were obtained with <1% present as unconjugated maytansinoid.
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curves of the huEGFR- 7R ant i body and conjugates (Figure 18 B) were 0.67 nM
for naked huEGFR- 7R anti body and 0.83 nM for huEGFR- 7R- SMCC- DML conj ugat e.
This data denonstrates that DM conjugati on does not notably alter the

bi nding affinity of the huEGFR-6 and huEGFR- 7R anti body to the huEGFR
antigen. WD 2012/ 058588PCT/ US2011/ 058378 - 89 - Exanple 15




In vitro ¢' totoxic assax, on tunor cells [0272] The ability of EGFR
anti body maytansi noid conjugates to inhibit the tunor cell growth was
measur ed Wei2n/isesssi tro cytotoxicity assays. Briefly, tacgas2aelossser e
plated at 1,500 to 3,000 cells per wellggh 100 jiL conplete RPM nedia
contai ning 10% FBS. Conjugates were diluted into conplete RPIVII nedia
using 5-fold dilution series and 100 [it were added per well. The final
concent TRitniabed apyihasiadsl 35 walhgedhé cbikilBxootrgl antibodBshnd-modani-podiferativgeneivity.
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EC50 of cels 2Butniiithnd ©0uds lower E6iYe .62 nM). TABogashery dhese hi<TultsSMBGy Dbat the
conjugate also .killed the,target, cells b wi.th much. .l ower .E T
(o o8 nfinsigeyd apiSeioh Pt et dbe e bt oL e BORR cotibpies
mayt ansympé thvepibdigat es of the invention was tested in H292 cell line. The
huEGFR- 6 and huEGFR- 7R naked anti bodi es inhi bited 60-70% H292 cell growth
whil e the chKTl antibody had no activity. Maytansinoid conjugation further
enhances the activity of the EGFR antidagiyieof the invention. Both huEGFR-6
and huEGFR- 7R- SMCC- DML conj ugates conpl etely abolished the target cells

with EC50 of 0.16 nM and 0.03 re ively. .The control chKTI-SMCOC- DML
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Ab and conjugate huEGFR-6 Ab 10 ng/ kg huEGFR- 6- SMCC- DML 3 ng7kg

WO 2012/058588 PCT/US2011/058378
-9] -

(Figures 21 and 22). In H292 tumor xenograft study (Figure 21 and Table 17), all mice treated
with the huEGFR-6-SMCC-DM1 and huEGFR-7R-SMCC-DMI1 conjugates as low as 3 mg/kg
exhibited a complete response. Even the huEGFR-6 and huEGFR-7R antibodies at 10 mg/kg
were highly active. In FaDu tumor xenograft study (Figure 22 and Table 18), the huEGFR-6 and
the huEGFR-7R antibodies at 10 mg/kg were active and the antibody-maytansinoid conjugates

were even more active with complete response in some mice.

Ab and conjugate %TIC { CR
huEGFR-6 Ab 10 mg/kg 3.1 1/6
huEGFR-6-SMCC-DM1 3 mg’kg 0.0 6/6
huEGFR-6-SMCC-DM1 10 mg/kg 0.0 6/6
huEGFR-7R Ab 10 mg/kg 22 4/6
huEGFR-7R-SMCC-DMI1 3 mgtkg 1.2 6/6
huEGFR-7R-SMCC-DM1 10 mg/kg 06 | 6/6

Table 18. Activity of EGFR Ab and maytansinoid conjugates in FaDu tumor xenograft

Ab and conjugate % T/C CR
. huEGFR-6 Ab 10mg/kg 175 0/6
huEGFR-6-SMCC-DM1 10mg/ke | 5.8 2/6
huEGFR-7R Ab 10mg/kg 13.4 0/6
huEGFR-7R-SMCC-DM1 10mgiky 55 1/6

[0279] The activity of naked antibody, the huEGFR-7R-SMCC-DM1 and the huEGFR-7R-PEG-
MAL-DMI1 conjugates was compared in EGFR expressing H292 NSCLC (non-small cell lung
cancer) (Figure 25), HSC2 SCCHN (squamous cell carcinoma of head and neck) (Figure 26) and
FaDu SCCHN (Figure 27) tumor xenograft models. The experiment and data analysis were done

as described above.



huEGFR- 6- SMCC- DML 10 m kg
huEGFR- 7TR- SMCC- DM 3 ng/ kg

huEGFR- 7R Ab 10 ng/ kg
huEGFR- 7R- SMCC- DML 10 m

WO 2012/058588 PCT/US2011/058378

-92.

[0280] In H292 NSCLC tumor xenograft study (Figure 25 and Table 19), all of the test articles
were highly active at 3 mg/kg single dose. All mice treated with both the huEGFR-7R-SMCC-
DM!1 and the huEGFR-7R-PEG-MAL-DMI1 conjugates showed a complete response, while none of the
mice treated with the huEGFR-7R antibody had a complete response. In HSC2 SCCHN tumor xenograft
study (Figure 26 and Table 20), both the huEGFR-7R-SMCC-DM1 and the huEGFR-7R-PEG-MAL-
DM1 conjugates were highly active with T/C of 8%, while the huEGFR-7R antibody was barely active at
5 mg/kg single dose. In FaDu SCCHN tumor xenograft study (Figure 27 and Table 21), both the
huEGFR-7R-SMCC-DM1 and the huEGFR-7R-PEG-MAL-DM1 conjugates were active with T/C of
15% and 28%, respectively. The huEGFR-7R antibody treatment showed some tumor growth inhibition
but it was not significantly active. In conclusion, these results show that the naked antibodies of the
invention are potent in inhibiting the growth of NSCLC and SCCHN tumors, and the conjugation

with maytansinoid further enhances the anti-tumor activity.

Aband conjugate 4 % T/C CR
huEGFR-7R Ab 3 mg/kg 10 0/6
huEGFR-7R-SMCC-DM1 3 mgks <1 6/6
huEGFR-7TR-PEG-MAL-DM13 mg/kg | <1 6/6

Table 20. Activity of huEGFR-7R Ab and maytansinoid conjugates in HSC2 tumor xenograft

. Aband conjugate % T/C CR
huEGFR-7R Ab 5 mg'kg 41 0/6
huEGFR-7R-SMCC-DM1 5 migkg 8 0/6
huEGFR-7R-PEG-MAL-DM1 5 r'ng/k;;?> 8 0/6

Aband conjugate % T/C { CR
huEGFR-7R Ab 5 mg'kg i 45 0/6
huEGFR-7R-SMCC-DMI 5 mg/kg 15 0/6
huEGFR-7R-PEG-MAL-DMI 5 mg'kg 28 0/6
Example 17

In vitro cyiotoxicity assay on human primary keratinocyies

[0281] EGFR signaling plays a key role in human primary keratinocyte proliferation. Inhibition
of EGFR signaling by small molecule tyrosine kinase inhibitors or antagonistic anti-EGFR

antibodies such as cetuximab leads to growth arrest and apoptosis in keratinocyte culture (Stoll et



Tabl e 18. Activity of EGFR Ab and maytansi noid conjugates in FaDu tunor
xenogr af t In vivo efficacy studs, conparing huEGFR- 7R- SMCC- DML and
huEGFR- 7TRVBEG@2MMARssSBML 102791 The activity of naked ant iPbwds2o1tijoss37s
huEGFR- 7TR- SMCC- DML and t he huEGFR- 7R- PRZVAL- DML conj ugat es was conpared in
EGFR expressi ng H292 NSCLC (non-small cell lung cancer) (Figure 25), HSC2
SCCHN (squanous cell carcinonma of head and neck) (Figure 26) and FaDu SCCHN
( Fi gur eal2 ndogemr 16erid§3-d#99 ndees)s . KTratinexye rapaptesis aisdthdaglt @nhe yanesoivdice
done asmgc %ﬁ{shbggde?l?f%\éedermatologic toxicities caused by the anti-EGFR therapies in the clinic.
To examine the potential of skin toxicity, the EGFR antibodies and antibody-maytansinoid
conjugates of the invention was tested in an in vitro cytotoxicity assay using human primary
keratinocytes. Briefly, human primary keratinocytes (Invitrogen) were plated at 1,500 to 3,000
cells per well in 100 uL EGF containing media suggested by the manufacturer. Test articles were
diluted in EGF containing media using 5-fold dilution series and 100 uL were added per well.
The final concentration typically ranged from 3x10® M to 8x10™* M. Cells were incubated at
37°C in a humidified 5% CO2 incubator for 5 days. Viability of the remaining cells was
determined by colorimetric WST-8 assay and the absorbance at 450 nm (A450) was measured in
a multiwell plate reader. The surviving fraction was calculated by dividing each treated sample
value by the average value of untreated controls. The surviving fraction value was plotted against
the antibody-conjugate concentration in a semi-log plot for each treatment.
[0282] The in vitro cytotoxicity of huEGFR-7R naked antibodies and huEGFR-7R-SMCC-DM1
conjugate was compared to the activity of a non-specific antibody (chKTI), chKTI-SMCC-DM1
conjugate, a non antagonistic antibody (huML66) and its corresponding maytansinoid conjugate
on the human primary keratinocytes (Figure 23A) as well as H292 tumor cells (Figure 23B) in
the same experiment. In H292 cell line (Figure 23B), huML66 antibody had no activity, while the
huEGFR-7R antibody inhibited cell growth up to 55%. The maytansinoid conjugates of huML66
and huEGFR-7R had the best activity; they were able to completely inhibit tumor cell growth
with EC50 between 0.05 and 0.07 nM. In human primary keratinocytes (Figure 23A), chKTI and
huML66 antibodies had no effect on keratinocyte proliferation. However, the huML66-SMCC-
DM1 was very potent in killing the keratindcytes with 0.55 nM EC50. The huEGFR-7R naked
antibody had very little effect on keratinocytes. Surprisingly, the huEGFR-7R-SMCC-DMI1
conjugate was much less toxic to the keratinocytes as compared to the huML66-SMCC-DM1
conjugate. At the concentration of 3.3 nM, the huEGFR-7R naked antibody and its corresponding
conjugate only inhibited less than 40% of the keratinocyte growth. In summary, antibody and

antibody-maytansinoid conjugate of the invention has little effect on the human primary

keratinocyte cell growth while they are very potent in eliminating tumor cells.



WO 2012/ 058588PCT/ US2011/ 058378 - 92 - [0280] In 1-1292 NSCLC tunor
xenograft study (Figure 25 and Table 19), all of the test articles were
hi ghl y acwowei2aisss3snyg/ kg singl e dose. Al mce treated wcrlushat sgshe
huEGFR- 7R- SMCCDML and t he huEGFR- 7R- PEG4MAL- DML conj ugat es showed a

conpl ete response, while none of the mce treated with the huEGFR- 7R

anti body had a conplete response. In HSC2 SCCHN tunor xenogi aft study
(Figure 26 and Table 20), both the héR@PRIBR- SMCC-DML and t he
huEGFR- 7R- PEG MALDM | conj ugates were highly active with TIC of 8% while

t he huESRER{RANbLROSYdWAS) PalBlN rAffakMRraho&:1d0/ Kg singl e dose. In FaDu

SCCHN tunor xenograft study (Figure 27 and Table 21), both the )
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Table 20. Activity of huEGFR-7R Ab and nmaytansinoi d conjugates in HSC2
tunor XeXehl ek Ny-agdugibis-protein 10 and CXCL8/IL-8. CCLS attracts T cells, monocytes as well

as neturophils. CXCL10 induces migration of type 1 T cells. CXCLS8 is a chemoattractants active
in neutrophil recruitment as well as in epithelial and endothelial cell proliferation.

[0284] EGFR signaling governs the homeostatic maintenance and repair of epithelial tissue.
EGFR activation leads to keratinocyte proliferation, migration and controlled differentiation. In
response to TNFa., keratinocytes produce EGFR ligands which activate EGFR signaling. The
enhanced EGFR activation in keratinocytes increases CXCLS8 expression and reduces CCL5 and
CXCL10 expression. In contrast, impairment of EGFR signaling led to an opposite pattern. Skin
application of a selective EGFR tyrosine kinase inhibitor led to more severe contact
hypersensitivity responses, with increased epidermal levels of CCLS5 and CXCL10, and a higher
number of monocytes/macrophages and T cells in the skin. These findings suggested that EGFR
signaling modulates skin inflammation by affecting chemokine expression in keratinocytes
(Pastore, J. Immunol., 174: 5047-5056 (2005)). It is now believed that skin toxicity manifested in
the clinic upon EGFR therapies are caused by apoptosis and sustained inflammation in the skin.
[0285] The effect of antibodies and antibody-maytansindid conjugates of the invention in
modulating chemokine/cytokine production by human primary keratinocytes was tested in the
following in vitro assay. 1x10° human primary keratinocytes/well (Invitrogen) were first seeded
in 6 well plate. The cells were starved overnight and then cultured with 100 ng/ml TNFo and 10
ug/ml test antibodies in the EGF containing media for 14 hours. The amount of CCL5, CXCL10
and CXCLS8 in the culture supernatant was measured using ELISA kits from R&D systems
according to the manufacturer’s protocol. As shown in Figure 24, cetuximab reduced the
expression of CXCL8 and increased the production of CXCL10 and CCLS5. In contrast, the naked
antibodies of the invention had no or little effect on the expression of these chemokines/cytokines

when compared to the chKTI control. Surprisingly, the maytansinoid conjugates of the EGFR



CR 41 0/6 8 0/6 8 0/6, Table 21. Activity of huEGFR-7R Ab and

mayt ansi noi d conjugates in FaDu tunor xenograft Ab and conjuate % T/C CR
huEGFR- 7RvA'20R/058388/ kg 45 0/ 6 huEGFR- 7R- SMCC- DI ?41 Pcwgisker1/038379/ 6
huEGFR- 7R- PEG MAL-DML 5 nmg /kg 280/6.95.

antibodies of the invention also had no or little effect on the keratinocytes. Altogether, the results
shown in Examples 17 and 18 strongly suggest that both the antibodies and antibody
maytansinoid conjugates of the invention had minimal effect on the human primary keratinocytes
in vitro, therefore are likely to be less toxic to the skin in humans. In contrast to the effect on
keratinocytes, the antibodies and antibody maytansinoid conjugates of the invention are very
potent in killing the EGFR positive tumor cells in vitro and in vivo as shown in Examples 7, 12,
15 and 16. In summary, the antibodies and antibody cytotoxic agent conjugates of the invention

are unique class of anti-EGFR molecules that have distinct effect on normal vs. tumor cells.

Example 19

Epitope mapping

[0286] The human EGFR is a large (1186 residues), monomeric glycoprotein with an
extracellular ligand binding region, a single transmembrane region and a cytoplasmic tyrosine
kinase domain flanked by noncatalytic regulatory regions. The extracellular domain (ECD) of
human EGFR (residues 1-618) contains four subdomains (Figure 28), here termed domain I
(amino acids 1-165), domain Il (amino acids 166-309), domain III (amino acids 310-481), and
domain IV (amino acids 482-618). These domains are also referred to as L1, CR1, L2, and CR2,
where L and CR are acronyms for large and Cys-rich, respectively. The epitope of the huEGFR-
7R of the invention were mapped mainly to the defined region containing amino acids 460-480 in
the human EGFR ECD domain III by engineering truncated and chimeric human/murine EGFR

molecules.

EGER variants cloning and expression

[0287] The entire human EGFR ECD (amino acids 1-618) was expressed as an Fc fusion protein
(huEGFR-Fc). The protein sequence was codon optimized, synthesized, and cloned in frame
with a murine IgG2A hinge, CH2, and CH3 region in the pmuFc2ANL mammalian expression
vector by Blue Heron Biotechnologies. As antibodies of the invention compete with cetuximab
binding to EGFR (Figure 8B), and cetuximab binds exclusively to domain III, the epitope of the
antibodies of the invention may also be located in domain III and might overlap with that of
cetuximab. To further identify the epitope, an Fc fusion of the truncated human EGFR
(huEGFRJIII-Fc), containing entire domain III (amino acids 310-481) plus 20 extra residues

from domain IV (amino acids 482-501), which was suggested to be required for binding of



Exanple 17 In vitro c,,totoxicity assas.,. on humanpri marv kerati nocvtes
[0281] EGFR signaling plays a key role in human prinmary keratinocyte
proliferavoani2/adssdssbi ti on of EGFR signaling by small nolpetaiseottipss3ss ne

ki nase inhibitors or antagonistic anti-&&R antibodies such as cetuxi mab

| eads to grom h arrest and apoptosis in keratinocyte culture (Stoll et WO
2012/ 058588PCT/ US2011/ 058378 - 93 - al., Oncogene 16, 1493-1499 (1998)).
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eytotoxicity assay using hunman primary keratinocytes. Briefly, human
pri mar y460e4$it being yirdased byvthe comenyndieg seqiencetromt humBOBGEB, 3vaoelsesimiarher

well in 100 cont ai ni.n a_suggest b Te
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from3x10-8 Mto 8x10-14 M Cells were incubated at 37C in a humdified 5%
CC2 i nc#Bat4$8, Hdl. §7Had . apdahid-#3¢ o foras rdBPRRNECPeFF sta%%?g ProtedRsNEEd
by col oL

measur eg p”&%é'd %a\t\ﬁﬁ\?\%{afé%fsﬁcg@gggzgarlflﬁgﬁgggﬂf%&j e e?i %c(]:ﬂlljt %%g%s ca 3Iﬂaet ed
by di Vlmﬂ%&c&ﬂ&i&llﬁ udiag pebtsianphffinitglchonbyodrhghyaver age val ue of untreated .
controls. The surviving fraction value was plotted agai nst the

anti body-conjugate concentration in a sem -log plot for each treatnent.

[ 0282] R naked anti bodi es and
huEGFR-" Mﬁv{f?t&yatr%wﬁ@ﬁ&;%%g%%% the activity of a non-specific

ant i bodmzsﬁ]hmd huEGHKRFTR SMCtdsMll soRjLISat frmat fonbadinggtonilet variaust EGEBytc

kor At nRTDIas HRCORFE5BR) Archus nacygas: pinorRER Rulttey Hind G R, 2
same eXE@FRQﬁHEGFRW&;‘%ﬁ@ hG@bh FOFREd&rhid W18 heiBBF R ANEVE PR R SinhiRe difitigdFd@re

activity, while the huEG-R- 7R antibody inhibited cell growth up to 55% The
mayt ans3halsa demnpuigisabatdluERER-88 aatibodyurariRaltR dhesinathecagaize taftmur/m@ EGHRhey

Wereabeto vvthW|thE0 ween

and - OB 17 ORIk ekl R G ssa ol s S o P R R MR rentBis o
ant i bodigg Meﬁ@e Rich@§t indBok§ihalll) NosdigoRaIB), ltﬁehaEGeRJmnamry, binklie to the
huM_66- was very potent in Killing the keratinocytes with 0.55 nM

EC50. Thisnanmcrme ’ﬁ@}“rl?al@bmn%t(pltﬁfa@wéhm)e containing @agrly dewrinsnERERadomya s

Surprlsm huE R7R t l,88S i

kerat i nogy‘t%cg %gﬁé%nrrﬁar ed'a“f1 t\/ﬁg %%g%sn%g %ﬁaggﬁ?ﬁgm“? ?préﬁﬁ RGP
concent matatedntoaheid hdmaMcotmerpattE@FRuréR 0) aKiede alatal indidyteaha Huls KRGT7Remfibodli ng
conj ugat e onl% i, nhl bi ted | ess_t han 40% of the kerati nocyte

. In
sunmar ybindnexdiesdyeln i theriomseu U iva praaa iRtdiR 2ed Hiedyadiag Gf’lt‘tﬂ?els(f%g‘%t‘i"t%ﬁn%s
little C. | ABRr r
very pof thiihm8 EREHUTRS 4BOLIEBY WiHERIAL bR ATRRIck 18 HRN Mkl sl ©
94 - ExefipiBGHR a@h@m;imatleltayapparm thab tlede ob am approkinmeely pwo ffieltl dscrease in the

Kk t 1 0283 i i d
or at | noByvacinn b g SuECRRAC sttty el ey 8 BRpaed Ry Roone
! yﬁphocyﬁe@Fm @ngtgtfﬁgaat ife Biaipk Yor HRIIHR- 2R atngbbas EorfdRtLHS Rddifthas bo

chem cal, or 1 nmun ecific insults rapidly evoke an epidermal response
char act sid zesldiss bd:sedasndlloefase thx moeemer%@f%@herﬁm ataamds cspnéikherd syittwithe h

attract _a I. SI.1 nct | e subpopul ati ons to i nduce
inflamwlﬁtlgmz 39?3@ TSR é% %E@an keratinocytes to express numerous
chenoki PQRI?/PW &M‘l& Koth@SartPEGHHI ﬁﬁlb@@b5bmﬁ$ﬁn‘uon such as huEGFR-6 (Figure 31),

CXCL10/ i nduci bl e-protein 10 and CXCL8/1L-8, CCL5 attracts T cell S,
nonocyt @QE@fR\r@ (Figaee Ht orgisHiR-42 (Bigore1 8 amiu@eEGﬁRglr%tEleWe&S)ta»ybendles‘rthat

cells. GXCLS. attract |1
as in e af%lérflﬂ%ﬁ gigf: En &Vm Slvgglrgﬁ ﬁleﬁéli)ggll fltegélﬁt)gﬂ @Eﬁ%ﬁr&i&&&l gna %g
gover nstht G IRITeARibaly . CT eyl bihé mh@ma@@d}mﬂamamoﬁn QmIEGRRldIIHJFcD ibas hiet. mnGkR
activation |leads to keratinocyte proliferation, ration and controlled

di f f er eREFBt dspain |IH (nadiidiidl 'EF)TNFhlmR‘é?a&flVﬂ@éiytagg" 6# ERth?eC et
whi ch activate EGFR signaling. The enhanced EGFR activation in

kerati nocytes increases CXCL8 expression and reduces CCL5 and CXCL10
expression. In contrast, inpairnment of EGFR signaling led to an opposite
pattern. Skin application of a selective EGFR tyrosine kinase inhibitor |ed
to nore severe contact hypersensitivity responses, with increased epidernal
| evel s of CCL5 and CXCL10, and a hi gher nunber of nonocytes/ macrophages and
T ceI I s | n the Skl n. These fi nd| ngs suggested that EGFR Si gnal | ng nodul at es

T B Y Y T o . .



WO 2012/ 058588PCT/ US2011/ 058378 - 95 - anti bodies of the invention also had
no or little effect on the keratinocytes. Altogether, the results shown in
Exanpl es W6 2ands¢Bsst rongl y suggest that both the anti bedras2andssng i body
mayt ansi noi d conjugates of the inventiogy had m nimal effect on the human
primary keratinocytes in vitro, therefore are likely to be less toxic to

the skin in humans. In contrast to the effect on keratinocytes, the
ant i bodbwsr affichitsithirbiode haEGERIdicdThesajdatfatuagesh that e ¢mivpn¢coanized by ghe |

potent in, Kki.lli t.he EGFR itive tunor cells i.nW.tr 0 v .
Chown. i pEthe i erioh FoRSle) ¥fhel HERck Bt g meif aH b B0 AR 0 Mo i oBeig o
Cyt ot OXie§idagEintposRiohy 960-280.01n thRrast) ¢efikinddb bihgs WEHRGFRAIASS Wwéll antvild B
nol ecul es that have distinct effect on _nornmal vs. tunor cells. Exanple 19

Epi t opehureampERG R oxBBpEGHRIHL b sinElgrrRifigity (Figugre 301 po82sstng dhatshe caiynbmdy i c
gl ycopr,ot ei ! a cel r L i ndi . o in

trans rrebr%%rlg ee\%té ?6% cg?rf]%ﬂeg f:%)y %E) ag%ﬁ%@%ﬁ glrl%js @ng{)‘%?é‘rgsgg@(gg%@i zlhf ﬁ)gﬁrﬁ%r&/, tt)}3l/e
noncat eyAGER 7ROIBOOY Rlohg gvitnstherTiei-E&EFRaaeibbdieavf denientiohGhdsodxchuivaly
EGFR (residues 1-618) contains four subdomains (Figure 28), here terned.
domai 1 oA ch U PSS, SxarsRlilar Apmpim Nreese e 5907 rcdokar T
(am no @8k[S; ' ] 3L ) ' '
el SorRr LR on i RIUR gbe RRYRR! 67,0 fnbisley LIRE B N e
for | ardisplared tGyward thehC-terespecof el GFR Tdwenapililopel lafgedheveénldpGFRTR ot is het

inventign were ed.mainly. to.the defined regi on_.cqnt.ainin m no aci. ds
260~ 4300 GEhd ek R R BB d A T IS Y SR ReL Ao SHESE AR aics
chi meric humani muri ne EGFR nol ecul es. EGFR variants cl oni nzLand expressi on

[0287] The entire human EGFR ECD (ami no acids 1-618) was expressed as an Fc
fusion protein (huEGFR-Fc). The proteifi**§equence was codon opti ni zed,

R L R R A R

Bi ot echp@ke @ 8% indentnt thadh&@s caf, ByhdplyiveRhdwiad goWiBinethwikill sfehdlxit,vakidily
bi nding to EGFR (Fig;;e 8B), . and cetuxi mab bi nds_exclusively to domain I1I
the epimoediéy mdiareadant i foodyasipusf anphieationsepidhosPasiljc smmhydiaerty cyitgut gndue

domain ||l .an ] . over - Wi [ . [ '

the. epi MR igREE R O BE ey Ehieth O oF et b o) BBt
cont ai nfubll RApiatiensd @i Molliflcati@i e anérmdied 3tb0bd 8djthipl tie RABasixgrandr esigduesS
fromdomain IV (amno acids 482-501), which was suggegted to be required

for bi rsiupglests oty serelnsed emBeadnenisshesed rpghe teaching gnd guidancg pragsnisgReren.
simlar r s | i .
o RS 1 B SRS M T R i
chi mer i mdviert 9if dimitatioh aduch it i tenairelieR amplnascalbigd ©f preteht wpedificatioh eoto de

sequence codi ng .for_ amni.po, aci ds. 460- 4 bei ng rep| aced by the correspondi ng
sequenc® IPPeS?FF‘!g?E}r?é(ﬁhﬁg’—‘ _,d Hr Qﬁgggt %E Iteé‘tcﬁ‘\?‘gﬁ %‘Pg%"tcgd to be expressed
as Fc Tso ARy ResdiRand Sdperes ﬁl?f:%resheﬁhﬁw@ﬁ'tﬁﬁ: Ll ndtGe HANRUBYGIG oFASibRVE- Of

10 am no acids nutations to their human counterparts, including residues
460, 46descrilfd, exdfPlary Bhbodingntsd Pyt shanbil te7dela®d.only In fogerdenesf wiHGHR '

t agged ﬁnoteggi mere.gg ressed via transient transfection of HEK 293T cells
and pur{#ed %ﬁH?QHQ"gﬁ%rnatant of the transfected cells using protein A
affinity chromatography. Antibody binding to vari ous EGFR ECD-Fc constructs
[ 0288] The huEGFR- 7R was tested in ELISA format for binding to the various
EGFR- Fc constructs descri bed above. As shown in Figure 30, huEGFR-7R

anti body binds to both human EGFR (huEGFR- Fc) and human EGFR domain |1
(huEGFRdI 11 -Fc) with simlar affinity. Figure 30 al so denonstrates that
haEGFR- 7R anti body practically does not recognize the murine EG-R donai n
1l (nmuEGFRdII1-Fc), despite the high sequence honology with the human
receptor (88% sequence identity in domain Il11). Additionally, the huEGFR- 7R
anti body binds to the human/ murine EGFR chinmera (chEGFRAII1-Fc), containing
mai nly nmurine EGFR domain |11 sequence with ten am no acids at positions
460, 461, 467, 468, 471, 473, 474, and 478-480 nutated to their human
counterparts (Figure 30). These data indicate that huEGFR- 7R anti body bi nds
exclusively to the domain Il of human EGFR and the binding epitope is

| argely confined within am no acid positions 460-480. Wen the binding
affinities to different truncated formats of huEGFR are conpared, it is
apparent that there was an approximately two fold decrease in the binding
affinity of the huEGFR-7R anti body to chEGFRdI I | -Fc as conpared to huEGFR
and huEGFRdI |1, suggesting that the epitope of huEGFR-7R anti body consists
of additional am no acid residues besides those in the positions 460-480.
This data was confirnmed with the muEGFR-7 anti body binding results (Figure

F AT " e - N\~ 3 " o



[0291] The breadth and scope of the present invention should not be Iimted
by any of the above-described exenplary enbodi nents, but should be defined
only in awoantkzsssswi th the follow ng clainms and their egquivsadienssss WO
2012/ 058588PCT/ US2011/ 058378 - 98 - WHARIS CLAIMED IS: 1. An anti body or
antigen binding fragment thereof that specifically binds to human EGFR
wherein said anti body has at | east one characteristic selected fromthe
group cWHEAEIS @GAIMER &: i nhibits at | east 80% of epidermal growth factor
(EGF) and transformng growmh factor al pha (TGFa) binding to A431 cells at
a conceht r at Anmtidbdyl@ antgeorbitdingtfeagmeritisheref s speificilbydsndss@bymanHi R, b erety
H292 ansqgiqt%o%; h;a%]%qgastzogl kha?&c?ér%glcege?eEfeQ @ro?-ttkeggro{?;%ogglsﬁﬂgg)@e&) mﬁlBﬁ's :e(t @E)ast%@%s

not i nhi roliteration o t1nocytes and

epi t hel dfgbidersial growth iﬁ@onﬂ?/ﬁﬁ ) arldgweesforming grpweh fagter Mﬂﬁfa)mdﬂ@én Al‘j? h%ﬁ"ngt a
fragmen onéerﬂﬁgt%%foquo A Bt H‘gﬁ mp%ﬁ@s'epatsl@ésg SMtlhlggq}{n BﬁﬁZ@é arldeﬁééﬁ?\’\ﬂmor cell
characteristics selected mthe group consisting of: (a) inhibits at

| east 8@06kfodatiEGRE 3AnM df@@erbamﬁch@es ootAutghit mete|thanX0%eprelifeation ofetagpocytes a6 nM
or hig ) 0% i nhi bition of H292 and HCC827 tunor cell
prol i fglrﬁgfll()‘gl egii&ggle(:%}\ﬁ% <%1r {and (c) does not inhibit nore than 20%
proliferation of kerati nocyt es and MCF- 10A epithelial cells at 60 nM or

| ower. 2.3. Abheantibdstydy atigearvindierfragmaei theedfrof ghaimil, Whespia sid ppiody has at least
speci fig th?raE §s (e c@Ha’Wﬁ? ﬁﬁouﬁ"%@l@ﬁ @ta'(sg iAHIbitsPR d¥ast 80% loRlRR 4nd REFa

| east 80% o to A43 I's at a concentration of 10 nM
or hi ghkinding @)A@éwg@eatatcon@agwoeo%lpﬁm B hlglzm (b causs 2t lead SPRodshibitioy apH2Ye| |
prolifesat0pgAt tuﬁl r M Fohtlae!rzgmﬁrat ﬁnﬁd(&)hlgfe?sada B Rt inHIBE Srokd1@an 209
proliferation of kerati ocytes and A epi t he | al cells at 60 nM or

| ower . prdliferifien effkefaboedytes panddyiCFdeA ebith?ﬂﬁlﬁglliﬁégﬁ%@ﬂf le¥esr eof of any of
clainms 1-3, wherein the anti body conprises (a) a VH sequence at |east 90%

i denti cal toA@ar{tﬁ)t)%r &J’hﬁﬁge\{%uﬁ%@a@ nﬁﬁér@(ﬁ{tﬂﬂ spec BHAAY A tO HnONSH RS tWhe@inOf
SEQ I D NGs: 19- 23 9, and 71 and a VL seguence at | east 90%

i dent i ciald angbedyr(a) ishibitcet least 80% aBREE a§@| g bndmedonthk el stip consperagen oyl lof

SEQ I'D g5, I%g &Qb%qsezgt 1eas§50%nﬁlb?tmn'o@my2 $Md MSﬁQﬁn&'c@@Fﬁgf&z{tl@ﬁlmth or

t hereof of clfaim4, wherein the VH and VL sequences_are at | east 95%
i dent i ceigher.cinge) dass @?telﬁhléﬂmr%ﬁ@ \29%5@3%%9% of kegatinppdesy3id MeHy 08 repibrliplgen
bi ndi ng. fit AGFRM oligLeof of claimb5, wherein the V1-1 and VL sequences are
at least 99% identical to the reference VH and VL sequences 7. The

ant i boij/z| or antigen binding fragnent thereof of claim6, which conprl g{g
(a) a seqUienpéibedy| ercangigery ?l@ﬁiwg WSy e1t (rread o jaay Pﬁ@'ams BEQVhariNGRE A

69, andco?njprlze% (WH(S@ ueﬁce\g’c IQDINRE R 18 Glr8drehEOVH tsbRic e QbR 6P S Shd GHoupOf
SEQ I D NGs: 24 The anti body or antigen bindj n% f r agnment

t her eofcopfistmg T HER [W%wc?@nﬁpi ads7IsBoapd (NG ¥V sereenaEey lepst 98y oplenticgigio 2

2012/ 05{%@?&Eﬂtls§%%/59§§gd7&m th%%roup cShsistiEoHQ IoNps:04-3@mtd @en bi ndi ng
fragnent thereof of claim7, which conprises SEQ ID NO 20 and SEQ I D N025

10. The anti body or antigen binding fragnment thereof of a
conpri sks SEthe dtikgdy o anfiggn Smyng fragiee s ghiereof pf clgipyd aYY‘]Ff%‘b@? d&m@n\f}r @eélHenceS

bi ndi nQarf hAHTEIHY, {dBRIERD tRfrefeleAld WH andWIL 6oyueePT i ses SEQ I D NO 21 and SEQ
ID NO 27. 12. The antibody or anti gen b| ndi ng fragnent thereof of claim?7,
whi ch corrprl ses SE(?1 | D NO. Z%m%nd SEQ

The antibody or antigen ing fragment thereof o§cla1m 5, wherein the VH and VL sequences

are at least 99% identical to the reference VH and VL sequences.

7. The antibody or antigen binding fragment thereof of claim 6, which comprises (a) a VH sequence
selected from the group consisting of SEQ ID NOs:19-23, 69, and 71-73; and (b) a VL sequence selected
from the group consisting of SEQ ID NOs:24-30 and 70.

8. The antibody or antigen binding fragment thereof of claim 7, which comprises SEQ ID NO:19
and SEQ ID NO:24.



13. The anti body or antigen binding fragnent thereof of claim7, which
conprises SEQ ID NO 23 and SEQ ID NO 29. 14. The anti body or antigen

bi ndi ng fwagremissisier eof of claim 7, which conprises SE®cCrshidiasssand SEQ

I D NG 30. 15. The antibody or antigendai_nding fragnment thereof of claim?7,
whi ch conprises SEQ ID NO 69 and SEQ ID NO 70. 16. The anti body or antigen
bi ndi ng fragnment thereof of claim7, which conprises SEQ ID NO 71 and SEQ

| D NO. 6. Tfhe aml@damammsr bindingrirdgment theraef; of ldim alg whivh comeriees SESF NG 24, 7,
whi ch Caﬂ{i’?ﬁ ID NO 71 and SEQ ID NO 27. 18. The anti body or antigen
bi ndi ng 8rrent thereof of claim?7, which conprises SEQ ID NO 72 and SEQ

I D NO 26. 19. The antibody or antigen binding fragnent thereof of claim?7,
whi ch dénpr i Gegndrdy lopanEer dinding feEEenDhaiepfof claim, whitd camprisss ¢f QolD NRtAlgen
bi ndi ng,§ gg% E(lper eof of claim7, which conprises SEQ ID NO 73 and SEQ

| D NO 26. e anti body or anti gen b| ndi ng fragment t hereof of claim7,
whi ch conpri ses SE I D NO 73 and SEQ |

2012/ 058588 FtF/ Y PF @EE3T emdmgd"mgmemztizeresafrpfémlmH@mlﬂlcarcoalﬁtlfeg SEDIPH]
fragrre%dgjéjglgqfo_mat conpetitively inhibits binding of a second anti body
to human R, wherein said second anti body conprises the heavy chain
variable region of SEQ ID NO 21 and the light chain variable region of

| D NOs:1226 olhe zptibogly @r \mfegeélbﬁﬂdmefrwgnegtttheﬁ?f HSpmde WA SGRRIIS ﬁgpn@ Ro23"
fragmenhd sE@)piNtib®i ts at | east 80% of epidermal growth factor (EGF) and
transform ng growm h factor al pha (TGFa) binding to A431 cells at a
concentration of 10 nM or gher use I eas 0%| nhi

H292 arld- HCCd 2ntibagyor @gffgen &rrtslngffé%atevtotﬁera?fs oA ﬁ@?rlsear%'ﬁ%?cb% Hg’e?é
not i nhhdktonpme:bhan 20% proliferation of kerati nocyt es and MCF- 10A
epithelial cells at 60 nMor lower. 23. An anti body or antigen binding

fragnment thereof produced b bri doma eI e t ro g
of - ATCLDepolF A GR AR R HPPRE EETER GEBOel CAm g, P DRETRTCE S5 bt B5ar

6, 201Qnd SEQ@DPePo®it Designation PTA- 11332, dep05| ted with the ATCC on

COct ober 6, 2010, and ATCC Deposit Desi gnati on PTA-11333, deposited with the
ATCC o e 2010. nt| bo ndi ng fr.

t her eof >t ha’?lq@ 688‘?‘1‘1?'(9&31")56& H’&é“gt GeMmgRt ¢ géﬁ%{ (Eaéil—aﬁf"epl thbclrt} coglg £ SE%F‘?’B%’%”
sel ect edd SEQIDIN®7@r oup consi sting of ATCC Deposit Designation PTA-11331,
deposited with the ATCC on Cctober 6, 2010, ATCC Deposit Designation

Desi gnabl on BFAMIHS “WESDATEAN PR HEATEAHA o PishaPRB s EE R SEl 1

ant i bodyd SEQaDtN@e& bi ndi ng fragnent thereof that conpetitively inhibits
bi nding of a reference antibody to human EGFR wherein said reference

anti body is .se d fromthe LSt T posi ' ti,on
ST 11951, dapdarad et nr LR RN uth Jo bt s5RRRL SEETIREL
Desi gnaihdSEQHﬂSN(ll‘BBZ, deposited with the ATCC on Cctober 6, 2010, and ATCC
Deposit Designation PTA-11333, deposited with the ATCC on Cctober 6, 2010,

and wh Rein he tib ?gge;n ast
80% of elepl deﬁma fa%dgvf %thg%ﬁ bﬂ{aﬁ%@fﬁgﬁgé@%a%i ornv tr‘lvéucéf%v\k ﬂ@fs acP(S)IrDa gppﬁ
(TGFa) ahdﬁEQri@NQJZéMBl cells at a concentration of 10 nM or higher, (b)
causes at |east 50%inhibition of H292 and 11CC827 tunor cell proliferation

at 30 ni or [2m U Rich LAMBHQL ISk I@Nervzof
kerat i noMcyt e@egﬂgﬂﬁ%ﬁqfé%e F}t%?% agfd w%&aﬁo nM or | v\g1 ?

ant i bodyd SEQARN@@h bi ndi ng fragrrent t hereof that specifically bi nds to t he
sanme EGFR epitope as an antibody selected fromthe group consisting of:

a) an a%' b Od%ecagﬁwdy%r Qgtlézen%m\iﬂgp[?dgm%btggf &'fclacﬁgq lvs@lcmom?)gse@@@d meNyly3
pol ypepti de of

and SEQ ID NO: 26

21. The antibody or antigen binding fragment thereof of claim 7, which comprises SEQ ID NO:73
and SEQ ID NO:27.



WO 2012/ 058588PCT/ US2011/ 058378 - 101 - c) an antibody conprising the VH
pol ypeptide of SEQ ID NGO 21 and the VL pol ypeptide of SEQ ID NGO 26; d) an
ant i body wonpramssssg t he VH pol ypepti de of SEQ I D NO 21 aou/ushe 10Es378

pol ypeptide of SEQ ID NO 27; e) an antijpedy conprising the VH pol ypepti de
of SEQ I'D NO 22 and the VL polypeptide of SEQ ID NO 28; Oan anti body
conprising the VH pol ypeptide of SEQ ID NO 23 and the VL Bpl peptide of SEQ
| D NO 2% g)Ampntdady poanjigenobipding fragiaenk thesgpf that sppwgtitively ighi qime NG sesonghd

the VL f E >
pol YDEpétﬁ?{é%d9§? hluﬁégn @bF%%éQg%d%@gon@{anﬁﬁbd@'Uofn?ﬁgzx tl?eoﬁgﬁg §Haﬂgvz{rﬂ§le Y@é o of

P! Do EQ Sar-al e thediet chsgt yasebkireomst SEe IPONND, 10md T, Samhggen the frst

| | n S r
p? éEer‘T”B% O(];rfég%n %(N%/gﬁgmdn) @F}t f}fgﬁe& gpréyt%@%paﬂ ,\%magnatl @)?ovgﬁf%gdt pr@py hfde

conpr i srangforniag mwﬁoﬁaytp@qiphadEG @) tmting 1 A4O! Pellsaahal consentigtionef] Wdher *dé’ebf(b)SEQ

| D NO f
the V zcggﬁeg;%fglg%s?@6%Q%Bﬁtl&pgpﬁt§% 44 Irtlé'@&\ﬂ_t'urg&] %Hep%lifgﬁn& at 56% & of zorq&d

NG 27; an anti body conprisin
of SEQ dops neintdbitimerretthan 2006 prolifpasipn plikerainos ank MicY- 2@‘9 e@}ﬁ@haﬁe@%ﬁtﬁga&/or
conpri si,Rg the VH pol ypeptide of SEQ ID NGO 73 and the VL pol ypeptide of SEQ
ID NGO 27. WD 2012/ 058588PCT/ US2011/ 058378 - 102 - an anti body conpri sing

t he VH:Ponpeptlde of SEQID NO 19 and the VL pol ypeptide of SEQ I D NO 24;
3. An antibody or antigen binding fragment thereof produced by hybridoma selected from the group

consisting of ATCC Deposit Designation PTA-11331, deposited with the ATCC on October 6, 2010,
ATCC Deposit Designation PTA-11332, deposited with the ATCC on October 6, 2010, and ATCC
Deposit Designation PTA-11333, deposited with the ATCC on October 6, 2010.

24. An antibody or antigen binding fragment thereof that specifically binds to the same EGFR epitope
as an antibody selected from the group consisting of ATCC Deposit Designation PTA-11331, deposited
with the ATCC on October 6, 2010, ATCC Deposit Designation PTA-11332, deposited with the ATCC
on October 6, 2010, and ATCC Deposit Designation PTA-11333, deposited with the ATCC on October 6,
2010.

25. An antibody or antigen binding fragment thereof that competitively inhibits binding of a reference
antibody to human EGFR, wherein said reference antibody is selected from the group consisting of
ATCC Deposit Designation PTA-11331, deposited with the ATCC on October 6, 2010, ATCC Deposit
Designation PTA-11332, deposited with the ATCC on October 6, 2010, and ATCC Deposit Designation
PTA-11333, deposited with the ATCC on October 6, 2010, and wherein the antibody or antigen binding
fragment: (a) inhibits at least 80% of epidermal growth factor (EGF) and transforming growth factor alpha
(TGFa) binding to A431 cells at a concentration of 10 nM or higher, (b) causes at least 50% inhibition of
H292 and HCC827 tumor cell proliferation at 30 nM or higher, or (c) does not inhibit more than 20%
proliferation of keratinocytes and MCF-10A epithelial cells at 60 nM or lower.

26. An antibody or antigen binding fragment thereof that specifically binds to the same EGFR epitope

as an antibody selected from the group consisting of:

a) an antibody comprising the VH polypeptide of SEQ ID NO:19 and the VL polypeptide of
SEQ ID NO:24;

b) an antibody comprising the VH polypeptide of SEQ ID NO:20 and the VL polypeptide of
SEQ ID NO:25;



an anti body conprising the VH pol ypeptide of SEQ ID NO 20 and the VL

pol ypeptide of SEQ ID NGO 25; c)an anti body conprising the VH pol ypepti de of
SEQ | D NQwdkomnmdsiske VL pol ypeptide of SEQ I D NO 26; anpamttusbadyss3aspri si ng
t he VH pol ypeptide of SEQ ID NO 21 andphe VL pol ypeptide of SEQ I D NO 27;
e)an anti body conprising the VH pol ypeptide of SEQ ID NO 22 and the VL

pol ypeptide of SEQ ID NO 28; |)an antibody conpri si r;\? t he VH pol ypepti de of
SEQ | D NO 23)and antpatihady semnprieqst thel ¥ Hafolypertide pf Q% bandghe fl)b@afy)peptlde of

conprising the V"%lﬂ%iﬂﬂ@%i de of SEQ I D NO 23 and the VL pol ypepti de of SEQ
| D NO 30; an antibody conpfising the VH pol ypeptide of SEQ ID NO 69 and the

VL pol ypeptide of SEQ ID NO 70; i) an antibody conprising the VH )

pol ypept i de ®f SEO anfbadoeymprisies thﬁéffl\mlmwtgﬂs@fy)ﬁﬁ EBMO:%E@dlthy Xorggpentifie ey
anti body conpri si ihRoW. pol ypeptide of SEQ ID NO 71 and the VL

pol ypeptide of SEQ ID NG 27; an antibody conprising the VH pol ypeptide of
SEQ I D NO 72 and the VL polypeptide of SEQ |ID NGO 26; 1)an anti bod .

conpri sing tde VHNEBIYqEsemerasing theakd nobyprebidy of SEQ DAY arﬁdh%x}%@?%@tléﬁ ofsEQ
D NG 27; WO 201/ ®RBRESRCT/ US2011/ 058378 - 103 - n)an anti body conprising
the VH pol ypeptide of SEQ iD NO 73 and the VL pol ypeptide of

f) an antibody comprising the VH polypeptide of SEQ ID NO:23 and the VL polypeptide of
SEQ ID NO:29;

2) an antibody comprising the VH polypeptide of SEQ ID NO:23 and the VL polypeptide of
SEQ ID NO:30,

h) an antibody comprising the VH polypeptide of SEQ ID NO:69 and the VL polypeptide of
SEQ ID NO:70;

i) an antibody comprising the VH polypeptide of SEQ ID NO:71 and the VL polypeptide of
SEQ ID NO:26;

i) an antibody comprising the VH polypeptide of SEQ ID NO:71 and the VL polypeptide of
SEQ ID NO:27;

k) an antibody comprising the VH polypeptide of SEQ ID NO:72 and the VL polypeptide of
SEQ ID NO:26;

3] an antibody comprising the VH polypeptide of SEQ ID NO:72 and the VL polypeptide of
SEQ ID NO:27;

m) an antibody comprising the VH polypeptide of SEQ ID NO:73 and the VL polypeptide of
SEQ ID NO:26; and

n) an antibody comprising the VH polypeptide of SEQ ID NO:73 and the VL polypeptide of
SEQ ID NO:27.

27. An antibody or antigen binding fragment thereof that competitively inhibits binding of a reference

antibody to human EGFR, wherein said reference antibody is selected from the group consisting of:



SEQ I D NO 27. 28. An anti body or antigen binding fragnment thereof that
specifically binds to human EGER, wherein the antibody or antigen binding
fragment wbepneafssssenpri ses: a) an i munogl obul i n heavy ehaius2mansssis e

regi on conprising CDRl, CDR2, and CDR3,jgphi ch, with the exception of 1, 2,
or 3 conservative amno acid substitutions, are respectively identical to
the reference heavy chain CDRL sequence of SEQ ID NO 1, the reference
heavy chai n QDR? wemtibetyeonprismohe BHNIyrRptids, of SEQIR, N9 g the Né pohygeptide of
reference heavy c@g%ﬁ) efB,. sequence of SEQ ID NO 3 or 5; and b) an

i mmunogl obulin a { chain variabl e regi on conprising CDR1, CDR2, and
CDR3, which, with the exception of 1, 2, or 3 conservative am no aC|d
substitution®, ara andbeiycompesiye thedit pabvreptids of SEQIBING:8hard the Yhtrolyhentide eDR1
sequence of SEQ I & Ne%s.13, or 14, the reference light chain sequence
CDR2 of SEQ ID NO 1 and the reference light chain CDR3 sequence of SEQ ID
NGO 12. 29. The anti body or antigen binding fragnent thereof of claim27,

whi ch conpri®es: &)antibgdysampritingibe Vobralynspidsof pyEGHRIND ¢ hpidihe ¥Lefypentide of
conpri sing CDRL, % Nedk: CDR3, which are respectively identical to the
reference heavy charn CDR1 sequence of SEQ I D NGO 1, the reference heavy
chai n CDR2 sequence of SEQ I D NO or 64 and the_ reference
heavy chain %eacﬁ'ﬂb?ijé’éo@f’“ﬂ‘_@htz I‘.’SH\EIYPSPW of SEQH NY:2hand theri haglvamntids Af a
l'ight chain variabt@mb &g.on conprising CDOR1, CDR2, and CDR3, which are
respectively |dent| cal to the reference light cha| n CDR1l sequence of SEQ | D
NGO 10, 13, or the reference |ight chaln ence CDR2 of SEQ | f1
and the ref eer)encea“l angprdy cREPTSIREIRG Eéie QPIIE) Rpndyt ev%(?oh(ﬁep“deo
anti body or anti gerg b Nd.7gg fragment thereof that specifically binds to
human EGFR, wherein the antibody or antigen binding fragrrent t her eof

COR>, and oG, v MBI Y SELONBRPF o1 £ DS BBERTVar Mo et ho'

acid substitutionsgQay®o:-Bspectively identical to the reference heavy chain
CDR1 sequence of SEQ ID NO 1, the reference heavy chain CDR2 sequence of

SEQID NO 7, 8, or nd t he heav q S
DO 3 arl Wb sasaame e srengs b LTI R R Bt
a light chain varsebieNOeygi;on conprising CDRL, CDR2, and CDR3, which, wth
t he exception of 1, 2, or 3 conservative amno acid substitutions, are

respectlvelyldentlc o the.r t g uence of EQ I D
NO 15 or thea"raé'\’?g?dté’r’f((’,glptl?’éﬁté1 %Oﬁ'pfﬁ% °£§ @el I\gpg?a@%% 9% 3 qand
the refer ence | i gbQ abaio70CDR3 sequence of SEQ ID NO 18. 31. The ant i body
or antigen binding fragnent thereof of claim 30, which conpri ses a) an

i rnmunogl obuli n heav al n variab i on i f:DIﬁJ1
CDR3, which gre respét(’:‘f PV W”S"(‘)@et% k]%aﬁo%g)epttdﬁeo?rqgéeﬁeﬁntge ea\}}eil ch Hep&%%ﬁf
sequence of SEQ I8N NU:2& he reference heavy chain CDR2 sequence of SEQ ID

NGO 7, 8, or 9, and the reference heavy chain CDR3 sequence of SEQ ID NO

3 and b) an |m"runo I| i : ,
Core, and ook, il BHRD soPabk i Ve SPOTRNR P IRTRL LS Pt

chai n CDR1 sequen%mmNSEQ ID NO 15 or 16, the ref erence | i ght chain CDR2

sequence of SEQ ID NO 17, and the reference |light chain CDR3 sequence of

SEQ ID NQ 118 an antibody comprising the VH polypeptide of SEQ ID NO:72 and the VL polypeptide of
SEQ ID NO:26;

1) an antibody comprising the VH polypeptide of SEQ ID NO:72 and the VL polypeptide of
SEQ ID NO:27;

m) an antibody comprising the VH polypeptide of SEQ [D NO:73 and the VL polypeptide of
SEQ ID NO:26; and



32. An anti body or antigen binding fragnment thereof that specifically binds
to human EGFR, wherein the antibody or antigen binding fragnent thereof
conpr i seswoan12osgasaogl obul i n heavy chain vari abl e regi orcrarspoil®s83gs CDR1,
CDR2, and CDR3, which, with the exceptijgp.of 1, 2, or 3 conservative am no
acid substitutions, are respectively identical to the ref erence heavy chain
CDR1 sequence of SEQ ID NO 1, the reference heav&lchal n sequence of

SEQ ID NO 68, 660 aotbaly comprisingbe VEknohwaptide 96 85Q [OMNG:A3 wﬂheé’bd?ebfh%dwf

SEQ I D NO 3; andsg ﬁleerjunogl obulin a light chain variable region
conpri sing CDR1, CDR3, which, with the exception of 1, 2, or 3

conservative am no acid substitutions, are respectively identi cal to t he

refereride | @mentzbh@i @T agfigen binsinscrrementhaed thabsaeeiicaly bids ghumandEGER. avheistie

|ight CtH@Ar%bé&%‘% q;aﬁlﬁggtﬂegomnlﬂnse@nd the reference |ight chain
CDR3 sequence “of 2. 33.The anti body or antigen binding fragnent

thereof of claim 32 V\/m ch conprises; WO 2012/058588PCT/ US2011/ 058378 -
105 - NO 1,9t he ¥efupwaglebriadiegvycehainmvarnhle recion eampsisige GG, (BRAoandsEDREe

or 67, and the refQLEnceh RRAVHA! &F CDR30S 8 UbpaeaRii0E a§ﬁ@ h&h N@m&m@nqm
b) an i munogl obulin a Iight chain vari ‘abl e re%l on_conpris

and CDR3, which aewestispadentia |t the defprencedicatyrhpid Rk SriRER Ol $Fgﬂ1{D Dkl ﬁhe

CDR1 sequence of SffnkDn Jﬁ&nommi@,sec}u@ﬁ'cer&f %@ngerl ahts, 6had, NorSaYURNGR
CDR2 of SEQ ID NG 11, and the reference fg%ch ain sequence of SEQ ID

NO 12. 34. The rﬁf‘?ﬁ“%‘éﬁ%‘fhaﬁ%ﬁ@%—’ei’?qﬁ“ﬁﬁw Ir%ﬁ@aﬁf’ﬂﬁ%‘i‘ eof of any one of
clains 1-33, wherein said antibody or antigen binding fragnent thereof is

murine, non-gyumaran {HMERBEIZRMin LCIHhIERHiIE varlaBR UGt 8SlaprRing UIRIN CDRYS andOBR3,
anti body or antigen binding fragtrrent t her eof of an¥ one of c¢lains 1-34
101N 1

which is a full 'sHgthEhtioswsPtionsy, [TheomAtOBSENALY 2B gt SBysHufipRy> are

fragment thereof @ipe@cnmyqa&m@aﬁ t&ihalra&eﬂcea@m dNQﬂanDRlsseQﬁbn@é’léﬂ PENIPNOE 0193,
fragment. 37. The antibody or antigen bind H&g fra nent t ergﬁﬁﬁof any. one

of clains 1-36, Whdfahnredagnge gt chrigiyeasenes D 4 SER ARy L 1 ead e sefererrs gl

corrprl ses a Fab, Jﬁaﬁacpﬂ@@e}l&of@(}mmgl@ chain Fv or scFv, disulfide
| i nked Fv, V-NAR domain, |gNar, i nt rabody | gGACH2, m ni body F(ab') 3,

tetrabody, triabody, di abod antibody, DVD-lg, Fcab, mAb2,
(scFv) 2% or Hepjubedy Or%‘ge%gllb‘ﬂ g ‘?“H@e‘é%‘nrf)&c agp 2'8 ‘%‘I‘Fé‘ ORPAFE VL sequences
of any of cI ainms 1-37. 39. The anti body or pol ypeptide of any of clains
1- 38, whereid) t heapahiibatlyio@sbudint ieg@n chiim dafddld FqgieaimirRag eObR hi OORDOu

human and rmacaqu Rw.th a substanti al m | ar bi ndi
The anti body or goPSbetbite Srper R asaicali Bh Rt TEOo IR HHisy o
EGFR with a Kd OfSE&PQDINOll Qhd @fe@éﬁ%heaﬂ@clﬁﬂiﬂ CDA2 seqlbcc @ SERADYWNOT2, 4, 6, 63, or

gggﬁfegt bdﬁMOI)r Clb ge re%én%ghetzilv}r/]c ain 8DE§J g%ﬁen%ggf%ﬁgﬁ%: ?o a\rll\'idt h a Kd of

b) an immunoglobulin a light chain variable region comprising CDR1, CDR2, and CDR3,
which are respectively identical to the reference light chain CDR1 sequence of SEQ ID
NO: 10, 13, or 14, the reference light chain sequence CDR2 of SEQ ID NO:11, and the
reference light chain CDR3 sequence of SEQ ID NO: 12.

30. An antibody or antigen binding fragment thereof that specifically binds to human EGFR, wherein

the antibody or antigen binding fragment thereof comprises:

a) an immunoglobulin heavy chain variable region comprising CDR1, CDR2, and CDR3,
which, with the exception of 1, 2, or 3 conservative amino acid substitutions, are
respectively identical to the reference heavy chain CDR1 sequence of SEQ ID NO:1, the
reference heavy chain CDR2 sequence of SEQ ID NO: 7, 8, or 9, and the reference heavy
chain CDR3 sequence of SEQ ID NO: 3; and



42. The anti body or pol ypeptide of any of clainms 39-41, wherein the binding
affinity is neasured by flow eytonptry, Biacore, or radi oi munoassa.y% 43.
An i sol atwd 20eldssgsoduci ng t he anti body or antigen bi ndipog/Usc@gnessrs

t hereof, or pol ypeptide of any one of .qhainms 1-42, WO

2012/ 058588PCT/ US2011/ 058378 - 106 - 44. A nethod of making the antibody
or antigen-binding fragnent thereof, or polypeptide of a one of clains
1-42, conpri®i ng graimmugpglabuling lighe cledn var@bledpapmvmrlswﬁdﬂ%lbl), GI¥) and KBR3ai d
anti body, anti gengLndi,Ag s BQERRh §fh@r§0&p 3 QonRAYPE R fCad Qibshhibhs, are

cultured cell. 45. The ne of clai’'m44, wherein sald 'S
eukaryotic cell. re%ﬁlVAh’ ldmﬁd@mjra@ml@ Mpfrﬁgﬂ €981fsequﬁmea>f(sﬂp ID 1(‘1@) 13 or

(O). wherein: (A)4 %hee}gfe ll?%%‘fl)fha% CPRbIs %@n&' &@E&glﬂ Néw?eg&d e f&@ﬁce 112ht

pol ypepti de of any one o Is a |linker
cyt ot oxi ¢ agent; @nm%@ﬂwnmfém Wé &) links (A to (C) 47. The
i nmunoconj ugate of claim46, wherein said linker is selected fromthe group

consi styjng the%n%o%g\éﬁQIt@el Bxﬂ&ﬂlég frag?ne'ﬂpﬂﬂex%ﬁﬁf\él%m ?0 |v&h%%m fAsebydrophilic
l'inker, and a dicarboxylic acid based |inker. . The |nnunoconjugate of

claim 47 wherein said |linker is a non-cl eavabl e I i nker 49. The
i munoconj ugdt e o EIHRAglaBlinRYETRinsYg I irgiqay camyrisiap SORel CﬂRénﬁ%GDBFoup‘

consi sting: Nsuccavmmr@yéspécuca R¢hii@yiodhd lfyfé;éﬂe@ﬂéaapeaguecbﬁﬁ’%quence of SEQ ID
N-succi ni m dyl 4- 2 pyr| %l 0) but anocate (S

or N- succi ni m dyl Iieégﬂneﬁ bffms)c Zin Qﬂl’t?oiﬁ’ﬂt‘eélﬁ%af SEQUIP YOsppR) or 9, and the

N-succi ni m dyl 4- r(efzpeln@é ﬁsa%oaﬁ_tnfty[bﬁs QYednebepanreaanboxhat e (SMCO) ;
N sul fosucci ni mi dyl 4-(rmal’ei m dormet hyl ) cycl ohexanecar boxyl ate (sul foSMCO);

N-succi ni m dyl-4- (iodoacetyl)-am nobenzoate (SI AB); and
Nsucci ni ni dﬁ [ ( Mﬂﬁmnémﬁglalaw&dr%ﬁa}fﬁﬂuwlaP'@trF%t fﬂm%ﬁ@§|%%| [FORS apd CDR3,
( NHS- PEA- mal ei m iadh are5&£ecﬂ@@ li AP EPMRE lﬂﬁ?ﬂé@cleghC&H&[nn@]éﬁl sé’&fﬂ@fc@'oﬂ SE@IID

| i nker is N-succinimdy ( ei m dopr opi_.onani do) -t et raet | en%g 7y
st 6r | (NHS. PG P! HoHaS. he 5aerntse AN CON L AEEH o1 SHyY BhaChr” eihihts

46-50, wherein sabflreayd BI0Hath QIRNEequdcS 6f SIS ASINDE 0gn t he group consi sting
of a maytansi noid, nmayt anS| noi d anal og, doxorubicin, a nodified

doxor ubj ci n, benzodi aze t axoi d, CC-1065, CC-.1065 anal og, dugQcarnycjn,
duocar mfci n Aa‘h%ﬂt‘é@éj Y anfes avhfhg.ffiigma'&ﬂ%ﬁ‘gfﬂétﬂraﬁwea@%lbftbgﬂn S Bifnand TR, wherein

ar i st atthdlantibOdyay AHigdeR b@hk YRabMeE thePddbcdngPiséyryci n derivative or a prodrug of
the agent. 52. The inmmunoconjugate of claim51, wherein said cytotoxic

agent is a m;‘yt anSI 1nm?r|1u910globulm heavy chain variable region comprising CDR1, CDR2, and CDR3,
which, with the exception of 1, 2, or 3 conservative amino acid substitutions, are
respectively identical to the reference heavy chain CDR1 sequence of SEQ ID NO:1, the
reference heavy chain CDR2 sequence of SEQ ID NO: 65, 66, or 67, and the reference

heavy chain CDR3 sequence of SEQ ID NO: 3; and

b) an immunoglobulin a light chain variable region comprising CDR1, CDR2, and CDR3,
which, with the exception of 1, 2, or 3 conservative amino acid substitutions, are
respectively identical to the reference light chain CDR1 sequence of SEQ ID NO: 68 or
13, the reference light chain sequence CDR2 of SEQ ID NO:11, and the reference light
chain CDR3 sequence of SEQ ID NO: 12.

33. The antibody or antigen binding fragment thereof of claim 32, which comprises:

a) an immunoglobulin heavy chain variable region comprising CDR1, CDR2, and CDR3,

which are respectively identical to the reference heavy chain CDR1 sequence of SEQ ID



WO 2012/ 058588PCT/ US2011/ 058378 - 107 - 53. The inmunoconjugate of claim
52, wherein said cytotoxic agent is N(2')-deacetyl-N(2")-(3-

mer capt o-woaxsprsegsg 1) - mayt ansi ne (DML) or PCT/US2011/058378
N(2')-deacetyl - N2- (4- mer capt o- 4- et hyl.-jps oxopentyl ) - maytansine (DW4). 54.
A pharmaceutical conposition conprising the antibody or antigen binding
fragnent thereof, or poly peptide of any one of clains 1-42, or the

i mmunoconj ugat e oXOdniheapferepse hepwy %mzségséseeﬂwca op ABR Rt §5¢ 86.1a5 67, and the
accept abl € carri fferenedheady'ehaRAPRREH U E 8 SIXPIPRS)! 8ipR of clai m 54,
further conprising a second anti-cancer agent. A di agnhostic reagent
conprising the anti body or antigen binding fragnent thereof, or pol ypeptide
of any one dP cl ainigmungglobudin a light chain, MaiRglsj regjon ecrarrisingy Yk C&RZQPJ ﬁ? 3,
46-53 whi ch is | abglieske respectively TaticH 0B $trbendeaRBeMaitPEDRE 3bMeRE of WA N
said |label is selected fromthe group consisting of a radio |a

bel, a
f1uorophore, a em@ndbRbre, thadelerags et shaihsearpreaCRRE &F SEGHID Nehi1, ang e
conprising the antfRAey1igf i CORD Lo BESED agr@Nt2t hereof , or pol ypeptide
of any one of clains 1-42, or the imunoconjugate of any one of clains
46-53. 59. A method for inhibiting the growh of a cell expressing EGFR
conpri s¥ng cOWt 2kibpdygon paige bindige; fragmsat gﬁf%@ay%ronaﬁf iR bidAdiMAgein said
f r agmenfatibd¥§roR QhtigeR bind Rl YRSRALAt ARt i QMM BorPhuntenahiBanized Zhintdie, resurfaced, or
i mmunoconj ugate of any one of clainms 46-53, or the pharnaceuti cal
conposiMMBh of claim 54 or 55 to the subject. 60. The nethod of claim 59,
wherein said cell is a tunor cell. 61. A nethod for treating a patient
havi ng 3zancerheGamudy 5t aigigadbthdlh frafmdagtht@osdiaty PRtdfenimsal-34)mhaneid ful adngth
effective amount of the antibody or antigen binding fragnent thereof, or
pol ype;f"f‘f‘hﬂélyof any one of clainms 1-42, the i munoconjugate of any one of
clains 46-53, or the pharnaceutical conposition of claim54 or 55 to the
subj ect36. 62rhe Bagbdiohadiged bialiag Madrhent therdol of any@ip bf sSlhift@ 1a3Bvhich iedn aaggen
second afgérif&-fcancer agent to the subject 63. The nethod of claim 62,
wher ei 1! T@BEBNd anti-cancer agent is a chenotherapeutic agent. 64. A
nmethod for treating a cell proliferative disorder conprising adm ni stering
t 0 sai B7pat i Hiet andibdbdyesrapeigen dalding dgheat theeofinDunt ooé of kit 3bodlerein said

antigen bj nding fragnent .thereof, ar polypeptide, y.pne of clains 1-42,
the P riabeBi dyiee OBRg Ryemhe ool Rt e Pty F B B AP WG i P b
conposididutfidedinkel B, M-SAR@Iomam, Igdlat, kerabodyj BEIACHARinibody, F(ab')3, tetrabody, triabody,
2012/ 058588PCT/ US2011/ 058378 - 108 - 65.. T t had of claim 64, wherein
said c ‘aﬁ’o&’81“!‘5]?'3%5‘?1“\?8“%%%g'?ﬁgglgﬁ?a%érf%bgt @g[?‘ﬁ‘)%ﬁf%ﬁﬁgr oup consisting of:
adrenal cortex hyperplasia (Cushing' s disease), congenital adrenal

hyper pl38si a, A polgmpada coalprikiyip eie pHasidaV L gnénges @hraossfatdias hgper pl asi a, br east
hyperpl asia, intimal hyperplasia, focal epithelial hyperplasia (Heck's

di sease), sepaceous, hyperpl asj.a.. conpen ry I_'é/Nr hyperpl.asia,..and. any,
Cher ok, Sﬁi& PRy YRRy SPTRAE i Y BRRLASH 2 BN R
pol ynudtsgottidecred irpelibsibrigman sejuence HHAT welne odessalipelnypeptdideatfitinl. east
90% i dentical to a sequence selected fromthe group consisting of SEQ ID

NOs: 39,43, #7- - i I Sl i f .el ai 6,
S, RIS TS SR oAU ShEB SRl e

wher ei n sai d sequen east
t he gr cbputddnisiabaut hgnlf SEQ | D NOs: 39-43, 77-80, and 82-84.

41. The antibody or polypeptide of claim 40, which binds to human and macaque EGFR with a Kd of
about 1.0 nM or better.

42, The antibody or polypeptide of any of claims 39-41, wherein the binding affinity is measured by

flow cytometry, Biacore, or radictmmunoassay.

43. An isolated cell producing the antibody or antigen binding fragment thereof, or polypeptide of

any one of claims 1-42,



68. The isol ated pol ynucl eotide of claim67, wherein said sequence is at

| east 99% i dentical to a sequence selected fromthe group consisting of SEQ
| D NGCs: 3904812/0685880, and 82-84. 69. The isol ated pol yraTlusediiidsssahi ch
conprises a sequence that is at |east 9@8aidentical to SEQ ID NGs: 44-50
and 81. 70. The isol ated pol ynucl eozi de of claim69, wherein the

pol ynucl eoti de conprises a sequence that is at |east 95%identical to SEQ

| D NOs:4444- 50 metpd®f making thepnisbdds oF antigen-pioilipa fregment theecobfor pplapaptideoof apk enei n
t he pol > t4-d [ : kS, At : 04 | j N o}
SEQ | b NOLFE T 0 TRy GFoUrE RIS Er KM dpJnf p) ST RIE Bl aRtech
sequencindied Geamedt thereeh @r‘rmlygpmisipfr@mrsgidwltwgf esfl. SEQ | D NGs: 39-58 and 77- 84.
73. A vector conprising the polynucl eotide of any one of clainms 66-72. 74.

A host gel | BIRLAGI Flaf 84, \Y@CHRT saRii celt is® dikdrotic €.  The i mmunoconj ugat e of
cl aim 46, wherein said i munoconjugate can elimnate EG-R positive tunor

cells, but only inhibit 40%or less the growh of human primary

ker at i eyt edn EpmEwaBHRteryigs theforgul (Anr (L)760). Aheirunoconj ugat e havi ng
the formula (A) - (L) - (©, wherein: (A) is an antibody or antigen binding
fragnment th & £0 Jodd SN [ ' e [ oPERY! r 21
and the |i gﬁ{@gﬁa@nm\}g’ro ia%bl eénﬁigal?on ofg;%%%&fz%a%&z%{ g(fgyg%b;ﬁ%m ! et
2012/ 058588 PRAIMII242:1/ 058378 - 109 - (L) is a N-succinim dyl

4- (mal ei m do thﬂ.@( cycl ohexanecar boxylate (SMCC) linker; and (C) is the
cyt ot oxi c ag@ﬁt‘s 9L Peacet yl - N(2' ) - ( 3- ner capt o- 1- oxopr opy1) - mayt ansi ne
(DVL) . (C) is a cytotoxic agent; and

wherein said linker (1) links (A) to (C).

47. The immunoconjugate of claim 46, wherein said linker is selected from the group consisting of a

cleavable linker, a non-cleavable linker, a hydrophilic linker, and a dicarboxylic acid based linker.
48. The immunoconjugate of claim 47, wherein said linker is a non-cleavable linker.

49. The immunoconjugate of claim 48, wherein said linker is selected from the group consisting: N-
succinimidyl 4-(2-pyridyldithio)pentanoate (SPP); N-succinimidyl 4-(2-pyridyldithio)butanoate (SPDB)
or  N-succinimidyl  4-(2-pyridyldithio)-2-sulfobutanoate  (sulfo-SP{}B); = N-succinimidyl  4-
(maleimidomethyl) cyclohexanecarboxylate (SMCC); N-sulfosuccinimidyl 4-(maleimidomethyl)
cyclohexanecarboxylate (sulfoSMCC); N-succinimidyl-4-(iodoacetyl)-aminobenzoate (SIAB); and N-
succinimidyl-[(N-maleimidopropionamido)-tetraethyleneglycol] ester (NHS-PEG4-maleimide).

50. The immunoconjugate of claim 49, wherein said linker is N-succinimidyl-[(N-

maleimidopropionamido)-tetracthyleneglycol] ester (NHS-PEG4-maleimide).

51. The immunoconjugate of any one of claims 46-50, wherein said cytotoxic agent is selected from
the group consisting of a maytansinoid, maytansinoid analog, doxorubicin, a modified doxorubicin,
benzodiazepine, taxoid, CC-1065, CC-1065 analog, duocarmycin, duocarmycin analog, calicheamicin,
dolastatin, dolastatin analog, aristatin, tomaymycin derivative, and leptomycin derivative or a prodrug of

the agent.

52. The immunoconjugate of claim 51, wherein said cytotoxic agent is a maytansinoid.
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53. The immunoconjugate of claim 52, wherein said cytotoxic agent is N(2")-deacetyl-N(2')-(3-
mercapto-1-oxopropyl)-maytansine (DM1) or N(2')-deacetyl-N2-(4-mercapto-4-methyl-1-oxopentyl)-
maytansine (DM4).

54. A pharmaceutical composition comprising the antibody or antigen binding fragment thereof, or
polypeptide of any one of claims 1-42, or the immunoconjugate of any one of claims 46-53 and a

pharmaceutically acceptable carrier.
55. The pharmaceutical composition of claim 54, further comprising a second anti-cancer agent.

56. A diagnostic reagent comprising the antibody or antigen binding fragment thereof, or polypeptide

of any one of claims 1-42, or the inununoconjugate of any one of claims 46-53 which is labeled.

57. The diagnostic reagent of claim 56, wherein said label is selected front the group consisting of a

radiolabel, a fluorophore, a chromophore, an imaging agent and a metal ion.

58. A kit comprising the antibody or antigen binding fragment thereof, or polypeptide of any one of

claims 1-42, or the immunoconjugate of any one of claims 46-53.

59. A method for inhibiting the growth of a cell expressing EGFR comprising contacting the cell with
the antibody or antigen binding fragment thereof, or polypeptide of any one of claims 1-42, the

immunoconjugate of any one of claims 46-53, or the pharmaceutical composition of claim 54 or 55 to the

subject.
60. The method of claim 59, wherein said cell is a tumor cell.
61. A method for treating a patient having cancer comprising administering to said patient a

therapeutically effective amount of the antibody or antigen binding fragment thereof, or polypeptide of
any one of claims 1-42, the immunoconjugate of any one of claims 46-53, or the pharmaceutical

composition of claim 54 or 55 to the subject.

62. The method of claim 61, further comprising administering a second anti-cancer agent to the
subject

63. The method of claim 62, wherein said second anti-cancer agent is a chemotherapeutic agent.

64. A method for treating a cell proliferative disorder comprising administering to said patient a

therapeutically effective amount of the antibody or antigen binding fragment thereof, or polypeptide of
any one of claims 1-42, the immunoconjugate of any one of claims 46-53, or the pharmaceutical

composition of claim 54 or 55 to the subject.
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65. The method of claim 64, wherein said cell proliferative disorder is selected from the group
consisting of: adrenal cortex hyperplasia (Cushing’s disease), congenital adrenal hyperplasia, endometrial
hyperplasia, benign prostatic hyperplasia, breast hyperplasia, intimal hyperplasia, focal epithelial
hyperplasia (Heck’s disease), sebaceous hyperplasia, compensatory liver hyperplasia, and any other cell

proliferation disease, besides neoplasia.

66. An isolated polynucleotide comprising a sequence that encodes a polypeptide at least 90%

identical to a sequence selected from the group consisting of SEQ ID NOs: 39-43, 77-80, and 82-84.

67. The isolated polynucleotide of claim 66, wherein said sequence is at least 95% identical a

sequence selected from the group consisting of SEQ ID NOs: 39-43, 77-80, and 82-84.

68. The isolated polynucleotide of claim 67, wherein said sequence is at least 99% identical to a

sequence selected from the group consisting of SEQ ID NOs: 39-43, 77-80, and 82-84.

69. The isolated polynucleotide which comprises a sequence that is at least 90% identical to SEQ ID
NOs: 44-50 and 81.

70. The isolated polynucleotide of claim 69, wherein the polynucleotide comprises a sequence that is

at least 95% identical to SEQ ID NOs: 44-50 and 81.

71. The isolated polynucleotide of claim 70, wherein the polynucleotide comprises a sequence that is

at least 99% identical to SEQ ID NOs: 44-50 and 81.

72. An isolated polynucleotide comprising a sequence selected from the group consisting of SEQ ID

NOs:39-58 and 77-84.

73. A vector comprising the polynucleotide of any one of claims 66-72.
74. A host cell comprising the vector of claim 73.
75. The immunoconjugate of claim 46, wherein said immunoconjugate can eliminate EGFR positive

tumor cells, but only inhibit 40% or less the growth of human primary keratinocytes at concentration of

3.3 nM.
76. An immunoconjugate having the formula (A) - (L) - (C), wherein:

(A) is an antibody or antigen binding fragment thereof comprising the heavy chain
variable region of SEQ ID NO:21 and the light chain variable region of SEQ ID NOs: 26
or27;
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(L) is a N-succinimidyl 4-(maleimidomethyl) cyclohexanecarboxylate (SMCC) linker;
and

(C) is the cytotoxic agent N(2')-deacetyl-N(2")-(3-mercapto-1-oxopropyl)-maytansine
(DM1).



