HEPARIN-BINDING EPIDERMAL GROWTH FACTOR-LIKE GROWTH FACTOR ANTIGEN BINDING
PROTEINS BACKGROUND [0001] The human epidermal growth factor receptor }l@ R) family
comprises fou‘?iar’s(’[?ﬁ’gf%éeptor tyrosine kinases referred to as HER1 ( g’f? v (or erbB2),

- HERS3 (or erbB3), and HER4 (or erbB4). HER1 is also commonly referred to as epidermal growth
factor receptor (EGFR). With the exception of HER3, these receptors have phospho-acceptor target
specific intrinsic protein tyrosine kinase activities. Members of the HER family are expressed in most
epithelial cells as well as in a number of different tumor cell types. For example, receptors of the HER
farmity are expro EERTH N E LB e SR R T A RN SaBreover, HER
receptor tyrosine kinases are involved in c@MYRERRBNENd angiogenesis, which are associated with
diseases such as cancer. For example, EGFR is frequently over-expressed or aberrantly activated in
breast cancers, liver cancers, kidney cancers, leukemia, bronchial cancers, pancreatic cancers and
gastrointestinal cancers such as colon rectal or stomach cancers. High levels of the EGF receptor also
correlate with FfStH&RRESIS and response to treatment (Wright et at, 1992, Br. J. Cancer
65:118-121). THM&IHsiprorrisktaigupwhfesitucdenciiolRaaitocemesekinasEing owbhave an
anti-proliferativersine ki sssicligrtbrieregsetRiV effetBupoRR puanii®e), bEBaeertBhlduingReell types.
[00021The enzyraiba)actirtyscGisoeapioimlyastiedds asaseirdensitpuledgtbhE GRmr-expression and/or
by ligand-mediggnrdigayizatioméRte flike £99R-Ciol SRoddd-223 P elhatinarritgsaptor homodimers
and hetemd'm%F&éﬁﬁkﬂ&?nérka%‘é%&m%%H%Qﬁswmékﬁﬁqrﬁ%@%?ée?&e@%@drﬁﬁ%@%ﬁhéf@'Ch In turn

phosphorylate ne, othermole u rac broteins(Ullrich etal., 1990,
Cell 61:203- 21?[9%@:2?%95@2& I.@b 'JL{?;[ ml(?lt % %gﬂ %L %}%J%}%Q % 59 %ﬁ&‘)}\évk%Rs such as those

tivatio |ntr
involving the mito eaﬁeaeé ?ecf ro er %e SOF e;FII hase ?1enlco ricogene 26:
3279-3290) an8TREFRISPrSRayIRESSRP S“"RI °ﬁ£W“ﬁﬁ%’@ﬂﬁ/ﬁﬂ@ﬁﬂﬁ?ﬁtlﬁﬂ%ﬁﬁese pathways has
been shown to AFCrEsseveRssrerterstiBheatErinRBTteapBp 6L’ S RMRATENCHT SreatAY “ediated by HER
family membersbeyeelreivatet brrokbetiiecinfivsitenrs ot Kidvaoedoresd. ntircalibrorishisl been shown to inhibit
cell proliferationaass prownate epoptosisgRreneeiretainc2e6lshizncier. rikelat.sCanger 8: 11-31)
[0003]Heparin-kingingHapidesaligrontih-tagto ek eograwthitfacto hikdRdEGr)ris@nd2tkDa, 0-
glycosylated prigifetHigainivama &3ala- 1982hcck dBiolGBeMRAY 1i620Bne2 diga ikismaature form,

HB-EGF binds {g.and @m@m;mﬁ%m%w (RN An (B AERIASYGT Bleu IR Lot FMBO
16:1268-1278), H%begfcé% r%}%gﬁ}ggsof G-protein coupled receptor (GPCR) induced cell

proliferation vi cess called e-membrane passin nalin gPrenzeI et at, 1999,
Nature402: 882t H% revieq i ?s?tc %Of i cef)t%\ff%s’g%nﬁegca oc Pran [a(t Jf §) It has been

shown that'HB P84 P IRRBTRR RIS AEPTRORRHEEN 185w 8%%1&6?8@&%& ENSUSHPY al., 1997, Int J
Cancer 73:91779P%imgs5t AR GotEcITRearestyos Premayaine e rsve4asidue? PrHBIERSRRko0 has been
demonstrated te"stey Ekehpseiienfatatnernbesidfesaheleesmplecuirshiadudiee intfaskibtbtoresiaaggressive
behavior of ovdtiaiahtetrmo 0T &aekibaedd-a12). 2005; ClmweCarioepdRetorld iMir88hiaf 3R haMoreover, HB-EGF
is essential for peag: aitiuatasstormatiohbyiaganianasdeatackdine g uereymessien of HB-EGF
(wild type or a secipicd iR 26Celrsates) HATRE fRsEpRliaMIB:RKOM B el R M veriks. Knockdown of
endogenous HB:EGE, baiagSiRMA: Metahelished ﬂérga%l@éé@‘ilr&h'fe?ﬁkﬁ%{@%ﬂﬂﬂJﬂ¥p§s§9V3 and RMG-1
colls. Miyamolq, e3¢ SAiA! Reu it gp@faémma%tgﬁ Q&@R%&@Ym{é&gwnh'bmon o

HB-EGF exprecaion of oy ot e e o o o
poor prognosis in some nc aamag n Tadder cancers o e s KAt at, 2001, Cancer

Res. 61:6227- é%fﬁeiﬁtﬂtl%o%}ﬂﬁ‘? rﬁﬂé&féa?ﬁ‘gléhﬁrﬁan al bladder cells that were engineered to
express 1-13-EHEIRS{Umar/pedinorpipremst FronRireiavis e pekiaprr S1PiREfe fse?kBroWth, anchorage
independent graiveeny HertPisteinl (résrhyasta\e = P 92 d vl lkarre @BLMARG PO R, Whenathedem.
HF3-EGF-expreBging tingshiacid estigails thedi@rtresesiptantatEf#t(Elncideehaicay¥inEMBEaSE in tumor
formation, size @ndsdapmily «H-blad vesselsdnas © bsessectdopthnsespinors {Qiageisatlm, 2004, Cancer
Res. M:5283-52804:-84 MIMARY sexase pbiaveRtiRnd s-difarigrkinganiselated antikpdy or fragment s
HB-EGF, comprising: of SEQ ID NO: 207, a CDRL2 of SEQ ID NO: 225, a CDRL3 of of SEQ ID NO:
292, a CDRH2 of SEQ ID NO: 323 and a CDRI-13.0f SEQ ID NO: 210, a CDRL2 of SEQ ID NO: 221,
a CDRL3 of of SEQ ID NO: 292, a CDRH2 of SEQ ID NO: 320 and a CDRH3 of of SEQ ID NO: 213, a
CDRL2 of SEQ ID NO: 230, a CDRL3 of of SEQ ID NO: 293, a CDRI-12 of SEQ ID NO: 324 and a
CDRH3 of 10004133 In a second aspect the present invention is directed to a nucleic acid molecule
encoding the antibody or antibody fragment according to the present invention, preferably wherein said
nucleic acid molecule is operably linked to a control sequence. [00041 In a third aspect the present
invention is directed to a vector comprising a nucleic acid molecule according to the present invention.
[0004d] In a fourth aspect the present invention is directed to an isolated host cell comprising the
nucleic acid molecule according to the present invention or the vector according to the present
invention.



[0004¢] In a fifth aspect the present invention is directed to an in vitro method of making the antibody
or antibody fragment according to the present invention, comprising the step of preparing said
antibody or antibody fragment from a host cell that secretes said antibody or antibody fragment.
[0004f] In a sixth aspect the present invention is directed to a pharmaceutical composition comprising
at least one antibody or antibody fragment.according to the present invention and pharmaceutically
acceptable carriers, diluents and/or adjuvants, preferably further comprising an additional active agent.
[00044] In a seventh aspect the present invention is directed to a pharmaceuytical . position
according to thegmeﬁdw?iﬂa@ﬁrﬁé?ﬁﬂﬁ”ﬁ%’éniﬁ‘%’&%ﬁgﬁs@ﬁ%ﬂ\%ngﬁgigg? _ 'rg%%ng%h%%gia _
hyperproliferatiyesdiseassyin thaftiBaRr eameies. JHoBUTA2a at HEh 25 SPERRTAE BIeSE T invention is
directed to the ysagf aklgastermantitmdyomentivod y-TegmERROPIHE FettnmihvERtion for the
manufacture of g.pharmaceiicahsemmpesiting forthadiagnosis, Praverion brtregthent of a
hyperproliferatiye disease, preferably whesinsaisbyresielfemtives (iseaseds &dsyperproliferative
disease defined | e present Inventions [OD0A L - Rial-ASaRs! ihsshsespoidmveatian is directed (o
a kit comprisingan antlbohy o tch,e prese Epvqg |ogbragr;g&|§ég %gag&g[ggggq@fothe present invention
or a vector accd'ﬁ‘.ﬁl?Wﬁstooﬂ’?{éeﬁi‘r&%%'}cl’fnve'rgtloéwbréyﬁarab;y comprising atleast. one further active agent.
[0005] Describdarsiin 882 FnsBY S Fg%n @?ﬁ%ow;b?o?é?ﬁ S that bl_n%HB- F.Some of these
antigen bindingapritesAerderypise A BRI BT R A RATH GBI obRIEh Ry detarmining regions
(CDRLs) consistingsef7t). axCHREeded dleibreabdve fYSHE: I ROL° g)@fﬁf’v‘ﬁﬁsé'?fﬁﬁﬁtﬂ”gelected from
from Sal ID NOg: 248838 e&ERL3 selected from SEQ ID NO:234-274; or (iv) a CDRL of (i), (ii) or
(iii) that containg,gesREAP IS ABINS ARikeLibstibu iop®st ¢letivnsaormdettiding M more than four
amino acids. Aligrpatively. the H3-EGkF Antigencoias rgsRrosein szasy. comprisgitShdireor more heavy
chain complement%%rgﬂ;g%%{AQJ%JEQ!&%&%Q%L@Q%HQQ@E@ @igDRRdsalected from SEQ ID
NO:275-299; Oothaa selected fram % ;Q:Agggggégggér@g)ﬁp%b}gﬁalmd from SEO ID
NO:332-372; or'fﬁ?)"%?@ﬁﬁ‘ﬁt%? l('ff:eﬁl ?(‘)t}ga’—ll that copt ins one or rgpgguzagpi&qsq‘gq substitutions,
deletions or insefEBhSBFREPRET BRI ol P ARG ACIaS. [( 1I?1 gne example, the isolated antigen
binding protein rreagrEorpRSEUR B SRS P TIRE A e &Rtioned lic ?%Eogin DRLs and one, two *
or more of the afessimentiondubirdenycHARPEHR AL EHE 5%%&%%ﬁ%?%‘olated antigen binding
protein comprises CDRH1, CDRH2, CDRH3, CDRL1, CDRL2 and CDRL3. In another example, the
isolated antigen BWAGYprotein of A), supra, is selected from the group consisting of: a CDRL1 from
SEQ ID NOs199: 24,7 ﬂﬁ%&%&%&%@ EQul: NRsRA 180283 AICDRLBIORTBES IDRAED34474; and
a CDRL of the a[ny o? e aforementi‘one %ng) orn(FiJi}sgl;]&t contains one or more amino acid

= ,tﬁo 3 .

substitutions, delBRSASH EEHBNS SRS more than two amina.acids. | itjign, sai V- eha

CDRH of B), supra, is g;lgﬁﬁeﬁelaﬁ&ﬁ% obRH2 RS |DN%§%€%%{;§Q§A@>§I§% %%fﬁaés(EQ |DG o

NOs:300-331; aSEORRS'EF acid seque ] D 3372- 8 CDRH3
L RGeS s e

aforementioned that contains @n@%pr‘kﬁ?o? ns, deletions or insertions of no more

than two amino QE@%%HMQE%E%”E}F isqlatgd antigen binding pEgteinmamOCAMRGRER0N DBECDRBIef
light chain CDRLs_of ﬁ?) p %’ dR ne or more%eav'y' chain CDRHSs of B), supra [0007] In another
example, the antigeh ’E#‘é rolsi COMRISESR GERLSalectsrHm T SECIGoMMN $20 6BRLERHBHP of
SEQ ID NOs:18 gleaI\EngZz fom SEQAD NOs:218-233; and a CDRL3 from SEQ ID NOs234-274,
The antigen bindfig protein Maycalea eampisg aOMRHs8leat@DROM a8k the NAowHly: . Cte £f
from SEC ID NOgg&E":%gg:@@DRHZ from SEQ ID NOs:300-331; and a CDRH3 selected from ﬁ‘? ¢
ID NOs:332-372. Alternatively stupisatateGEnige N binzdidy poRRTh el FemRidCoRs bR & > ©
chain CDRLs listeetdn8)wen@s4.and one or more heavy chain CDRHs of B), supra. In particular, the
isolated antigen binding protein may comprise a CDRL1 of SEQ ID NOs:189-217, a CORI P of SEQ ID
NOs:218-233, and a CDRL3 of SEO ID NOs:234-274 and/or a CDRH1 of %I%% 1D NOSR tazdd8s &
CDRH2 of SEQ |[I0M@k} 308331 At O RRES B o33t 932137 5  550%] In one example. the
isolated antigen binging egteinapmpisementightoctiadriotas atteers fcmtiaD: REIFRP X 1BYENSH%%, 90% or
100% sequence ideptity with.3R pieeReH IsesIienca selecteehirore SEQ ID Nos:94-141. In another
example, the isolated antigen binding protein comprises a heavy chain variable region ()/9) having at
least 80%, 90% or 100% sequence identity with an amino acid. segue, r : Nf@s d42-186.
[0009] In another &8HRIE &Y FsRARI SRS LN iﬁcénﬁsrc%reelﬁeﬁ)%éf%%??j %@gﬁg%%é% at least an
IHGE containing epitiepeesasiotimntEGrrieed divelirdf HB-EGF. :



[00010]Provided herein, in addition, is an isolated antigen binding protein that competes for binding
with the isolated antigen binding protein that binds HB-EGF, as described above. [00011] Also
described herein is an isolated antigen binding protein which binds HB-EGF and comprises A) one or
more light chain CDRs (CDRLSs) from the group consisting of' (i) a CDRL1 with at least 80%, or at least

90% seque%gdﬂﬁ

Os: 18 -217 W|th tIe st 80k, or at least 90%
sequence identity g“séléggr%:a%&g §r§§§' ana b‘—)ﬁ) &‘?SIS with eas?séﬁ‘%%c%?%ﬁsl'@%g}e%%

sequence id&1ff 'S EeeRYINRTSing. e R’ﬁé?ﬁfdﬂ\’/%'lilortﬁéti‘s%‘ﬁf@d AL Birtkrrgepeotein which

binds KB-EGFerfismprises B) one or more heavy chain CDRs (CDRHSs) from the group consisting of (i)
a CDRH1 with at least 80%, or at least 90% sequence identity to SEQ ID N0s:275-299; (H) a CDRH2

i oo Rt sl SNSRIV RS BB g e CORS i

at least 80%, Q8 é}beas sequence identity to SEQ ID NOs: 34 ola ea antigen binding
protein may A B BRe e TEARSE FRETEIGRT DS A Y e Br A TArRIERR B? FfBre’ heavy chain
CDRHs of B)ﬁ%@ﬂ??%%?kﬂ%é@@%ﬁ?ﬁ@é{%%faﬁed tenstiRintairseimetesr el mrtinels #1B-EGF and
comprises: Ajigdighitginaint.complementary determining region (CORL) selected from: (i) a CDRL3
selected from the group consisting of SEQ ID NOs:234-274; (ii) a CDRL3 that differs in amino acid
sequence fr 3 of (i an ami no a cid a dltlon deletion or substltutlon of not more than
two amino a%%bsg}gln(f (i) l a?ﬁ%ﬁg mino acd g’é‘d%%e’ﬁec%esé SREATETRVHGE FOmRRRLG™
Qx2x3x4x‘i§r5>?§5'?§E‘d??5 RO 20, A RETERNEE PERRFORPISORMEP S IrieentmBAX4 is H or Q,
X5 is F, L origrmeeridi@ih abtebtarersaxtis Shom; @WNRWX@f@r&SW@rM&M@awhereln X, is
| or S, X2 is &idtiokalsdtis BgdnS Or Y, X4 iISA, SorT, X5is P or S; XIX2X3X4X5X0(7X8T (SEQ ID
NO:1048), wherein X1is L or Q,

f0004g] in a seventh aspect the present invention is directed o a pharmaceutical composifion
according to the present invention for use in the diagnosis, prevention or treatment of a

hyperproliferative disease, in particuiar cancer,

[0004h] In an eighth aspect the present invention is directed to the use of at least one antibody or
antibody fragment of the present invention for the manufacture of a pharmaceutical composition
for the diagnosis, preventioh or treatment of a hyperproliferative disease, preferably wherein said

nhyperproliferative disease is a hyperproliferative disease defined in the present invention.

[00D4i] In & ninth aspect the present invention is directed to a kit comprising an antibody of the
present invention, a nucleic acid molecuie of the present invention or a vecior according fo the

present invention, preferably comprising at least one further active agent.

[0005] Described herein are isolated antigen binding proteins that bind HB-EGF. Some of these
antigen binding proteins comprise A) one or morg light chain complementary determining

regions (CDRLS) consisting of (i a CORL1 seiscted from SEQ ID NOs:189-217; (il} a CDRL2

selected from from SEQ ID NOs:218-233; (i) @ CDRLS selected from SEQ 1D NC:234-274; or

{iv) & CDRL of (i), (ii) or (ill) that contains one or more amino acid substiiutions, delefions or

insertions of no more than four amine acids, Alternatively, the HB-EGF anfigen binding ;Srotein

may comprise B) one or more heavy chain complementary determining regions (CDRHs)

consisting of: {i) 8 CORH1 selected from SEQ D ND:275-29%9; (i) & CORHZ selected from SEQ

1D NO:300-331; (ili) 2 CDRH3 selected from SEQ 1D NC:332-372; or {iv) 2 CORH of (i), {ii) or (i)

that contains one or mare amino acid substitutions, deletions or insertions of no more than four

amino ackis.

[0006] In one example, the isolated antigen binding protein may comprise one, two or more

of the aforementioned light chain CDRLs and one, two or more of the aforementioned heavy

chain CDRHMs. In one example, the isolated antigen binding protein comprises CDRH1, CDRH2,
CDRH3, CDRL1, CDRL2 and CDRL3. In ancther example, the isolated antigen binding protein of
A), supra, is selected from the group consisting of: a CDRL1 from SEQ 1D NOs:188.217; 2

CDRLZ from SEQ 1D NOs:218-233; 2 CDRL3 from SEQ 1D NOs:234-274; and 2 CORL of the

2a



X2isK,NorQ, X3isA,H,SorY,X4isH,NorY,X5isN,SorT, XeisA, F, I, T,VorY, X7isPor
no amino a--id, ; is F, L or P; QX,X2DX3LPX4X5 (SEQ ID NO:1049), wherein ;isH or ID, X2isCor Y,
X3isD,I,N,SorY,X4isF,lorL, XsisA, SorT; QQX1X2X3X4PX5X6X7 (SEQ ID NO:1050),
wherein X1isHorY, X2isGorN, X3isNorS, X4is'S orW, Xsis P or no amino acid,

'

any of the aforementioned (i), (it) or {ii) that contains one or more amino acid substitutions,
deletions or insertions af no more than two amino acids. In addition, said heavy chain CDRH of
B), supra, is selected from a2 CDRH1 from SEQ 1D NOs:275-298; a CDRH2 from SEQ iD
NOs:300-331; 2 CORH3 amino acid sequence from SEQ 1D NOs:332-372 and a CORH of the
aforementioned that contains one or more amino acid subsitutions, deletions or insertions of no
rore than two amino acids, Furthermore, the isolated antigen binding protein may comprise or
one or more light chain CDRLs of A), supra; and one or more heavy chain CDRHs of B), supra.
[0007] In ancther example, the antigen binding protein comprises a CDRL selected from the
following: a CDRL1 from SEQ ID NOs:188-217; a CDRL2 from SEQID NO5:21B-233, and a
CDRLS from SEQ iD NOs:234-274. The antigen binding protein may also comprise 2 CDRH
selected from one of the foliowing: 2 CORM1 from SEQ 1D NOs:275-288; a CDRH2 from SEQ 1D
NOs:300-331; and a CDRH3 selected from SEQ ID NOs:332-372, Alternatively, the isolated
antigen binding protein may comprise one or more fight chain CORLs lisied in A}, supra, and one
or more heavy chain CDRHs of B), supra. In particular, the isolated anfigen binding proiein may
comprise 2 CDRL1 of SEQ 1D NOs:189-217, a CDRL2 of SEQ ID NOs:29B-233, and 3 CDRL3
of SEQ 1D NOs:234-274 andfor a CDRH1T of SEQ ID NOS:Z?S_-ZQQ, a CDRH2 of SECQ I
NOs:300-331, and a CDRH3 of SEQ 1D NO:332-372. '

" [0008] In one example, the isolated antigen binding protein comprises a light chain variable region -
(V) having at least BD%, 80% or 100% ssequence ideniily with an amine acid seguence selected
from SEQ 1D Nos:94-141. In another exampie, the isolated antigen binding protein comprises a
heavy chain variable region (V) having at izast 80%, 80% or 100% sequence identity with an
arnino acid sequence from SEQ 1D NOs:142-186.

[0009] in another example, the isolated antigen binding protein specifically recognizes at
least an [HEE containing epliope andior an EGF-ike domain of HB-EGF.

[00010]Provided herein, in addifion, is an isolated antigen binding protein that competes for
binding with the isclated antigen binding protein that binds HB-EGF, as desoribed above,
[00011] Also described herein is an isolated antigen binding protein which binds HB-EGF and
comprises A) one or more light chain CDRs (CDRLs) from the group consisting of: {i) a CDORL1
with at least B0%, or at least 80% sequence identity to SEQ 1D NOs:188-217; (ii) a CDRL2 with
at least B0%, or at least 50% sequence identity to SEQ 1D NOs:218-233; and (iil) 2 CDRL3 with
at least BO%, or at ieast 80% sequence identify to SEQ ID NOs:234-274. Alternatively, the
isolated anfigen binding protein which binds HB-EGF, comprises B) one or more heavy chain
CDRs {CDRMs) from the group consisting of (i) 8 CORMH1 with at least B0%, or at least 80%
sequence identity 1o SEQ 1D NOs:275-28%; (if) a CORMZ with at-least BD%, or at least 80%
saquence identity to SEQ ID NDs:300-331; and {iit) 2 CDRH3 with at lsast 80%, or at least 90%



X8 is R orW, X7 is S or T; or X/IQYX2X3X4X5X6X7F (SEQ ID NO:1051), wherein X1 is H or 0, X2 is F
orV,X3isG,lor5, X4isF,lorT,X5isM,P,SorT, X6isF, L, RorW, X7is S orT.[00013]The
isolated antigen binding protein may also comprise B) a heavy chain complementary determining
region (CDRH) selected from the group consisting of: (i) a CDRH3 selected from the group consisting
of SEQ ID NOs:332-372; (ii).a CDRH3 that differs in amino acid sequence from the CDRH3 of (i) by an
amino acid addition, deletion or substitution of not more than two amino acids; and iii) a CDRH3 amino

id lected fr. fallgwing, XLXLX3 QRKIORGK SEQ ID NO:1065),
heron X1 1 B B e e 4 )

or no.ami cid, X3 js 10 r.nQ amino.acl 4.1s G or no amino
acid, X5 is G JPRB S SEiFoREY Wﬁ%oﬁnsooghrﬁﬁé N Weigelavf(lcgarmg%éﬁq?séédr Y, X8is G, V or
Y, X10is A, F @p@;?} in another example, the isolated antigen binding proiein binds HB- and
comprises: A) a fight chain complementary determining region (CDRL) selected from: (i} a
CDRLS selecied from the group consisting of SEQ 1D NOs:234-274; (i} & CDRL:_% that differs in
amino acid sequence from the CDRL3 of (i) by an aminc acid addition, deletion or substitufion of
not more than two amino acids; and (i) a CDRL3 amino acid sequence selected from the
foliowing: .
X QXX aXaksP XXy (SEQ 1D NO:1046), wherein
 XyslorM,
Xl A, Gor§,
XaisltorT,
¥ HorQ,
Xzi5 F, LorW,
- Xis C, E,_H. LorT, _
X;is8orT,; o -
QAOX XX Xe X5l T (SEQ ID NO:1047), wherein '
Xyislors,
Xzis ForY,
Xsis F, LLSorY,
Xeis A, SorT,
¥sis PorS;
X XoXeXeXsXeXo XeT (SEQ ID NO:1048), wherein
XilstorQ,
Xois K, NorQq,
Xsis A, H, Sor,
XsisH, NorY,
XisN,SorT,
Xeis A, F [, T,VorY,
¥y is P or no amino acid,
XgisFoLor P
QX XKLL PXX; (SEQ 1D NO:1048), wherein
XiisHorQ,
- XisCor Y,'
Xsis D, LN, SorY,
XqisF, lorl,



Xl,isF,Lor M, Xi2iS V or Y; QX1X2X3X4X5X8X7X0X9X10X1lYX12Xi3X14DX10 (SEQ ID NO:
1066), wherein Xl is G or no amino acid, X2isK,LorY, X3isA,Gor S, X4isS.VorY, X5is Aor G,
X6 is G or no AMHEAEU3%X7 is T or no amino acid, Xs is S or no amino BdHEFEBRBB? no amino acid,
X10isWorY, X11isG,SorY, X12isForY, X13is G or no amino add, X14 is M or no amino add,
Xis is V or Y; XIX2X3X4X0X6X7X8X0XIAIX12X13X14 (SEQ ID NO:1067), wherein X1is D, G, L, S or
no amino add, X2 is G, H, W, Y or no amino add,

XsisA SorT,
QXXX X 4P XsXeX7 (SEQ ID NG:1650), wherein
XiyisHorY,
Xais G or N,
XsisNorS,
X is SorWw,
X5 is P or no amino acid,
XeisRorW,
XrisSorTor
| X,QYXoXsXeX:XXoF (SEQ 1D NO:1051), wherein
- XyisHorQ,
Xzis ForY,
Xais G, lor 5,
XisF dorT,
Xsis M, P, SorT,
XsisF, L, RorW,
Xyis8o0rT.

[00013]The isolated antigen binding protein may also comprise B) a heavy chain complementary
determining region (CDRH) selected from the group consisting of: (i} a CDRH3 selected from the
group consisting of SEQ 1D NOs;332-372; (i} a CDRH3 that differs in amino acid sequence from
the CDRH3 of (i} by an amino acid addifion, deletion or substitution of not more than two amino
acids; and i} a CDRH3 amino acid sequence selected from the foliowing:
Ky KoK gHa XX e Xy Xg¥oX 10X 110X 12 (BEQ ID NO: 1065}, wherein
XiisEorS,
Xz is D, G or no amino acid,
Xais D, N or no amino acid,
X, s G of no amine acid,
Xs is G or no amino acid,
Xs s W, Y or no amino acid,
Xyisl, NorY,
XgisAorY,
Xels G, Vory,
Xugis A, For G,
Xipis B, Lor M,
XppisVor;
QXXX g XX e Xe X X XoX 10X e 1Y X 12X 12K 140X s (SEQ 1D NO:10686), wherein



X3is A, F, W, Y or no amino add, X4 is D, G, Q, T or no amino acid, X5 is G, I, Q, S or no amino add,
X6is A, D, N, S or no amino add, X7 is G, Y or no amino acid, Xs is D, Y or no amino acid, X9is 'Y
or no amino add R¥PEE £ Norv, Xllis G, P, T, Vor Y, X12 is F or FSHEPRBGE x14is C, H, V
or Y; XiX2X3X4X0X6X7X6X0X1oXI,X12X13X14X10X16X17DX18 (SEQ ID N0:1066), wherein X1 is E,:
D or no amino add, X2 is G, R or no amino add, X3 is I, V, Y or no amino add, X4 is A, G, Lor N, X5 is
A 0,VorW, X6isA,N,RorT, X7is G, N, P or no amino acid, X6 is G, T or no amino acid,

X4 is G or no amino acid,
XpisK,LorY,
Xzis A, GorS,

. Xis S, VorY,
Xsis A or G,
X is G or no aming acid,
X7is T or no amino acid,
Xgis S or no aming acid,
Xg 18 Y or noc amino acid,
XpisWor,
Xy isG SorY,
XpisForY,
¥43 is G or no aminc acid,
X4 is M or no amino acid,
XisisVorY,;

XXX X XsX e X7 XpXeX 10X 11 X12X13X 14 {SEQ 1D NO:1067), wherein
Xiis D, G, L, S or no amino acid,
Xz is G, H, W, Y or no amino acid,
Xais A, F, W, Y or no amino acid,
X4 i8 B, G, Q, T or ho amino acid,
Xsis G, [, Q, S or no amino acid,
Xsis A, B, N, Q, S or no amino acid,
X7 is G, Y or no armino acid,

Xgis D, Y or no amino acid,
Xg is Y or no amino acid,
¥ipis A E NorY,
XnisG,P. T, Vory,

Xyzis Forl,

Xuais Dor Q,

XiwgisC, H, Vory,;

Ky XX g XX s Ko XrXgXaX oK1 1 X 12X 13X 14X 15K 16X 47D X4 (SEQ 1D NO:1068), wherein
Xy is E, D or no amino acid, :
Xz is G, R or no amino acid;

Xsis |, V, Y or npo amino acid,
Xsis A, G, LorN,
Xsis A, G, VorW,



X9 is A or no amino acid, Xi0 is D, E or no amino acid, X11is S, Y or no amino acid, X72 is G, Y or no

amino acid, X13is N, Y or no amino acid, X14 is Y or no amino acid, X15 is D, Y or no amino acid,

X16is A, G or FOARIMEEEId. X17 is F or M, X10is I, V or Y; PCT/EP2008/008233
XiX2X3XiX5X6X7X8X9XioXI1X12X13X14X15X10,X17XieXisX20X21X22X23 (SEQ ID NO:1069),
wherein X1isA,D,G,SorT, X2isA,E,G,L,N, R, Yornoamino acid, X3isA,G,L,N,R, T, Y orno
amino acid, X4is D, G, S. S, V, Y or no amino acid, X5IS A, G, I, S, V. Y or no amino acid, X6 IS F,

G, L,R,Vornoamino acid, X7 is L, T, Y or no amino acid, X6 is Y or no amino acid, X9 is Y or no

amino acid, X10 is D or no ﬁﬁ‘ﬁﬁ‘oNaglﬂr %11 is S or no amino acid, X12 IS S or no amino acid, X13 is G
or no amino aCId, X7is G, N, P or no amino acid,

Xz is G, T or no amino acid,
Xp is A or no amino acid,
X4 is D, E or no amino acid,
X118 S, Y or no amino acid,
X421 G, Y or no amino acid,
X3 is N, Y or no amino acid,
Xi4 is Y or no amino acid,
X4sis D, Y or no amino acid,
Xig is A, G or no amino acid,
Xuris F or M,
Xl Vory;
KK XaX g X s XX XXX oK1 1K 12X 43X10a X5 Xa Xy X 1 XoXonXo1 Xo¥as (SEQ 1D NO:10€8),
wherein
XiisA, D, G SorT,
Xzis A E G L N, R, Y or no amino acid,
Xzis A G, LN, R, T, Y orno amino acid,
_X4 isD, G, R, S, V., Y or no amino acid,
Xsis A, G, I, 8 V, Y or no amino acid,
Xsis F, G, L, R, V or no amino acid,
Xzis L, T,Y or no amino acid,
Xg is Y or no-amino acid,
Xg is Y or no amino acid,
Xip is D or no amino acid,
X4y is S or no amino acid,
Xz Is 8 or no amino acid,
X435 is G or no aming acid,
X is D, L, M, 8, Y or no amino acid,
Xasis H, |, P, V, W or no amino acid,
Xuis F, G, L R, 8, Y or noamino acid,
X718 D, F, V, W, Y or no amino acid,
XugisC,F,LLP, SorY,
XupisD, F,GorY,
Xais A, C,G P RVoOY,
Xo4 i F, L, M, S or no amino acid,



X14is D, L, M, 5, Y or no amino acid, X15is H, I, P, V, W or no amino acid, X16is F, G,L, R, 5, Y or
no amino acid, X17is D, F, V, W, Y or no amino acid, X18isC, F,L,P,SorY, X19isD, F,GorY,
X20isA,C,G,P,R,VorY, X21isF, L, M, Sor no amino acid X22 is A, D or no amino acid, X22 is
1: L, V, Y or no amino acid; XIYSSGWX2X3YGX4X5DXe (SEQ ID NO:1070), wherein Xiis M or V, ,
X2 is S or no amino acid, X3.is F or no amino acid, X4 is V or no amino acid, X5 is F or M, Xs is V or
Y; or RX1X2X3PFX4Y (SKI ID NO:1071), wherein Xiis G,L, Nor R, X2isE, T or W,

Xoo 15 A, O or no amino acid,
X3 is 1, L, V, Y or no amino acid;
X, Y SSGWX XY GXeXeDXe (SEQ 1D NOH070), wherein
XyisMorV,
. Xzis S or no amino acid,
X5 is F or no amino acid,
X 18 V or no amino acid,
X5 s For M,
XsisVorY; or
RY XoaXaPFX,Y (SEQ 1D NO:1071), wherein
Xiis G, H, L NorR,
Xpis E, Tor W,
Xais LN, TorV,
XiizsDorkE ‘
{00014] In another example, the isolated antigen binding protein may further comprise A) a CDRL
selected from: {i) 2 CDRL1 seiected fram SEQ 1D NOs;188-21T; (i) a CORL1 that differs in
aming acid sequence from the CDRH1 of {i} by an amino acid addition, deletion or substitution of
not mare than two amino acids; or (i) a CDRL1 amino acid sequence from the foliowing:
X1SSQSLX2X3SDGX4TYLX5 (SEQ 1D NO:10G35), wherein
XiisKorR,
XoisLorV,
XaisHor,
Xels Kor N,
Xsis N, Seory;
RASQYISXYLN {SEQ ID NO:1036), wherein
XiisR, SorT,
XpisRorS;
RASQX XXX L% (SEQ 1D 'NO:1037), wherain
XD, G 50T, '
Xzis A Ror 5,
Xais MW, LN,R SorT,
XisD Wory,
Xsis A, GorN;
QASQDIXXXLN (SEQ 1D NO:1038), wherein
XyisBorT,
XzisDorN,



X3isL,N, TorV, X4is D or E. [00014] In another example, the isolated antigen binding protein may
further comprise A) a CDRL selected from: (i) a CDRL1 selected from SEQ ID NDs:189-217; (H) a
CDRL1 that di¥f8r¥{¥4fiMo acid sequence from the CDRH1 of (i) by anP4&fH U #%étition, deletion
or substitution of not more than two amino acids; or (iii) a CDRL1 amino acid sequence from the
following: X1SSQSLX2X3SDGX4TYLX5 (SEQ ID NO:1035), wherein X, isKor R, X2isLor V, X;is H
orY,X4isKorN, X5is N, SorY; RASQX115X2YLN (SEC ID NO:1036), wherein X, is R, Sor T, X2
iIs R or S; RASQX11X2X0:4LX5 (EEO ID NO:1037), wherein Xiis D, G, Sort, X2is A, Ror S, X3is H,
I,N,R,SorT, X4is D, W of¥ 38 Ys A, G or N; OASODIXIX2X3LN (SEQ ID NO:1038), wherein Xi is
SorT, X2is Dor N, XSEXYEXNPEASBRIVIIXEIANBHANSEQ ID NO:1039), wherein

: X,isSorT,

Xolslor G,

XsisRorS,

X408 S, N or no amino acid,

Xs is Y or no amino acid; or
KSSQX XL XX SNNKNYLX; (SECQ ID NO:1040), wherein

XiisNorS,

XzislorV,

X3isDeory,

X4isN,Ror 5,

XsisAorV;

{iv} 2 CDRL2 from the group consisting of SEQ (D NOs:218-233; (v) a CDRL2 that
differs in amino acid sequence from the CDRL2 of {iv) by an amino acid addition, deletion or
subétitution of not more than two amino acids; or (vi) 8 CORL2 amino acid sequence from the
following:

HHSNX3X,S (SEQ ID NO:1D41), wherein
Xpis Eork,
XoislorV,
Xzis RorW,
XsisDorfF;
X XzSXaLQS (SEQ ID NO:1042), wherein
XiisAorT,
XoisA,Eorv,
Xzis8orT;
KIASX,LAS (SEQ 1D NO:1043), wherein
XiisAorV,
XoisSorT;
DASX;LET (SEQ ID NO:1044), wherein
XiislorN;
GASSRAT (SEQ 1D NC:223); or
WASXRES (SEQ ID NO:1045), wherein
XiisAorT.



X1lisSorT,X2ISlorS,X3isRor5,X41S S, N or no amino acid, X5 is Y or no amino acid; or
KSSQXlXZL)ég%é%I\AI\”&IYLXS (SEO ID NO:1040), wherein X1 is N or S X2 IS1orV, X3isID or V.
X4is N, R or V; (iv) a CDRL2 from the group con5|st|ng of*:}ggﬂaeﬂﬁ f\fOs.ZlS 233; (V)
a CDRL2 that differs in amino acid sequence from the CDRL?2 of (iv) by an amino acid addition,
deletion or substitution of not more than two amino acids; or (vi) a CDRL2 amino acid sequence from
the following: X1X2SNX3X4S (SEQ ID NO'1041) wherein X1is Eor K, X2 IS lor V. X3iS R or W, Xt

;?;ESO;ZFL(S(ISX(ZSX%@R' é)s ﬁl_%% Ingallrgbil mr? rc\:{z\g?n%rnqelag Tx ﬂjﬁérsc'g\m%l;isz’g(zé%é% F rg Iih\e/g?ét?pls SorT,
. conmstmg of: (iyaCD H1 from the group consisting of SEQ 1D NOs:275-299; (i a CDRH1 that
differs in amino acid sequence from the CDRH1 of {i) by an amino acid addition, deletion or
substitution of not more than two amino acids; (i) a CORH1 amino acid sequence selected
from:
GYTX THX X X5Xe {SEQ 1D NO:1052), wherein
XiisForl,
XisE GorS,
XzisH, Lery,
X l6 G, BorY,
Xsisior M,
XgisHorS;
GYX,FTSYWIG (SEQ 1D NO:1053), wherein
XiisRor5;
GFTFXSXoXaMH (SEQ ID NO:1054), wherein
X,isRorS,
XzisHorY,
Xqis DorG;
GFXFSXoY XaMX, (SEQ ID NO:1055), wherein
XiisPorT,
Xois A, Ror S,
X3isAorS,
XsisNorS;
GX8Xp8Xa X XXX WX, (SEQ 1D NO: 10586}, wherein
X lsDorG,
XzisF, lorV,
X1 is R, S or no amino acid,
X4 is G, Y or no amino acid,
Xsis [, G, S or no amino acid,
Xsis A, Sor,
XzisAory,
XeisNorS;
GFSLENARMGVS (SEQ ID NO:279); or
GFSLXGTGGVGEVG (SEQ ID NO:1057}, wherein
X;is SorN;
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X,isAorV, X2is S or T; DASX.ILET (SEQ ID NO:1044), wherein Xiis | or N; GASSRAT (SEQ ID
NO:223); or WASX1RES (SEQ ID NO:1045), wherein X1 is A or T. [00015]1-he isolated antigen
binding proteif&rH¥y/ ttiffer comprise B) a CDRH from the group consiS§ZEBIHM4EORH1 from the
group consisting of SEQ ID NOs:275-299; (ii) a CLDRHL1 that differs in amino add sequence from the
CDRH1 of (i) by an amino acid addition, deletion or substitution of not more than two amino acids; (iii)
a CDRH1 amino acid sequence selected from: GYTX1TX2X3X4X5X6 (SEQ ID NO:1052), wherein X1
iIsForL, X2isg,GorS, X3isH,LorY,X4isG,Sor1, X5islorM, X6isHor S; GYX,FTSYWIG
(SEQ ID NO: 16%81 Siinere RN sperted fram thrrorpur $RFRB/FFEE R 8O NEP 1094 CRHE ein X1 is R or

S. X2 is H or Ythat differs in amino acid sequence from the CDRH2 of (iv) by an amino acid addition, delefion or
substitution of not more than two amino acids; or {vi) a CDRH2 amino acid sequence from the
following: '

KX pX g KK eXeGXaTXgHgXap QKX 44 Xs2 (SEQ 1D NO:1058), wherein
XiisSarWw,
XoisForl,
Xzis D, Nor S,
XsisAorP,
XsisE,Nor§,
Xsis D, Nor S,
X7 E, GorN,
XgistorN,
Xgls C, HorYy,
XpisAorT,
XyisForl,
Xizis Dor G;
IYPX,DSDXGRYSPSFQG (SEQ ID NO:1059), wherein
XiisDorG,
Xois A lorT;
XX XaDGBX XX YX;DSVXG (SEQ 1D NO:1060), wherein
XyisForV,
XoisSorWw,
XzisD, Sor,
Xeish, NorT,
XsisKorQ,
Xsis N, RorY,
XrisA TorV,
Xpis KorR;
XASXo8XsXoXsXs Y YADSVKG (SEQ ID NO:1061), wherein
XsisA HoryY, )
Xl G, Ror 8,
Xais Gors,
Xsis G, Ror S,
Xsis S, Tory,
Xeislor T
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X3 is D or G; GFXIFSX2YX3MX4 (SEQ ID NO:1055), wherein Xlis P or T, X2is A, Ror S, X3 is A or
5, X4 is N or S; GX1SX2SX3X4AX5XE, X7WX6 (SEQ ID NO:1056), wherein X1isD or G, X2 is F, | or
V, X3is R, S or no amino acid, X4 is G, Y or no amino acid, Xs is D, G, S or no amino add, X6 is A, S
orY, X7isAorY, X5is N or S; GFSLSNARMGVS (SEQ ID NO:279); or GFSLXJGGVGVG (SEQ ID
NO:1057), wherein X1 is S or N; [00016](iv) a CDRH2 selected from the group consisting of SEQ ID
NOs:300-331; (v) a CDRH2 that differs in amino acid sequence from the CDRH2 of (iv) by an amino

acid addition, deletio% )925(3&;\) i ' ix&o M{rgogg( t%@%g%@ﬁi@ﬁé@{n(vi) a CDRH2 amino ac_id
sequence from the following” XIXIX3 IXAXeBEXTTX X9X100KX1IX,2 (SEQ ID NO:1058), wherein
XislorT,
"XyisH,NorY,

Xsis G H, 8, TorY,

XsisSorR, '

XgisGorS,

XisG, K SorT,

Xeis TorW,

XeisNorY,

10 i8 N or no amino acid,

Xa1 is D or no amino acid,

Xz is Aor N,

Xuzis Pory,

XuisborV;

XFSNDEKSYSTSLKS (SEQ 1D NC:1063), wherain
¥iis Horlhor
LIYWNX XKRYSPSLXS (SEQ 1D NO:1064), wherein

X/ isDorV,

XoisDorg

YaisKorR
[00017] in yet another example, the isolated antigen binding protein described hereinabove
comprises the first amino acid seguence and the second amino acid sequence, both sequences
of which are covaientiy bonded to each other. The first amino acid sequence also comprises
CDRL3 of SEQ ID NOs:234-274, CDRLZ of SEQ 1D NOs:218-233, end CDRLY of SEQ ID
NOs:189-217, and the second amino acid sequence comprises said CDRH3 of SEQ ID
NOs:332-372, CDRHM2 of SEQ ID NDs:200-331, and CORM1 of SEQ 1D NOs:275-208.
[00018] in one example, the isolated anfigen binding proteins can be a monoclonal antibody, a

" polyclonal antibody, a recombinant antibody, a human antibody, & humanized antibody, a

chimeric antibody, 2 muliispecific antibody, or an antibody fragpment thereof. The antibody
fragment may be & Fab fragment, a Fab' fragment, & F{ab"), fragment, a Fv fragment, a diabody,
or a single chain antibody moiecule. In one example, the isolated antigen binding protein of
the present invention is a human antibody. In another exampie, the isolated antigen binding
protein is & monosional antibody. _
[000418]The isoiated antigen binding preteins 2s described herein, may be of any of the following
types: ig(51-, IgG2- igG3- or gGa-type. In ohe example, the antigen binding protein is of
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Xi isSorW, X7isForl,X3isD,Nor5, XsisAorP, X5isE,Nor5, X6is D, Nor S, X7isE, GorN,
XgislorN, XgisC,HorY, X10isAorT, X1lisForL, X12is D or G; IYPX1DSDX2RYSPSFQG

(SEQ ID NO:1059), wherein X1 is D or G, X7 is A, | or T; X4I1X2X300SX4X0X6YX7DSVX0G (SEQ ID
NO: 1060), wherein X1isForV, X2ISSorW, X3isD,SorV.X.4isl,NorT, X5isKor Q,)Qis N,

R orY, X7isA, T or V, Xo is K or R; X1ISX2SX3X4X0X6YYADSVKG (SEQ ID NO:1061), wherein Xl
isSA,HorV, X2isG,RorS, X3isGorS,

the igG2- or IgG4- type. Furthermore, the antigen binding protein may be coupled to & labeling
group. These labeling groups may be, for example, a radioisotope, radionuclide, a fluorescemt
group, an enzymatic group, & chemiluminescent group, a biotiny! group, of a predetermined
polypeptide group. ' _

[00020] In another example, the isolated antigen binding protein is coupled to an effector
group such as, for example, a radioisotope, a radionuciide, a toxin, & therapeutic group, or &
chemotherapeutic group. The chemotherapeutic groups may be, for example, calicheamicin,
aunistatin-PE, geldanamycin, maytanasine, or derivatives thereof.

[00021] In yet another example, the isolated antigen binding protein competes for binding to
human HB-EGF with 2 antigen binding protein as described and claimed herein. This competing
antigen binding protein may be, for exampie, a monocional antibody, a polycional antibody, a
recombinant antibody, a8 human anfibody, a humanized aritibody, & chimeric antibody, a

muliispecific antibody, or an antibody fragment thereof, The anfibody fragment may be, for

example, a Fab fragment, a Fab' fragment, a F{ab'), fragment. & Fv fragment, & diabody, or a single
chain antibody molecule.  in one example, the isolated binding protein is a human antibody. In
another example, the isolated antigen binding protgin is & monoclonal antibody. In another
example, . this isolated antigen binding protein is of the lgG1- 1gG2- igB3- or igG4-type. Inone
example, the antigen binding protein is of the 1gG2- or IgG4- type. In another example, the
antigen binding proteins as described herein can be coupled to a labsling group. Examples of

{abeling groups are: & radio?satope‘ radionuclide, a fluorescent group, an enzymatic group, a
chemiluminescent group, & biotinyl group, or a predetermined polypeptide group. in another
example, the isolated antigen binding protein is coupled to an effector group such as, for
example, a radioisotope, a radionuclide, a toxin, a therapeutic group, or a chemotherapsutic

group. Examples of the therapsutic or chemotherapeutic groups inciude, for example,
caiicheamic'in,_ auristatin-PE, geldanamycin, maytanasine, or derivatives thereof.

[00022] In one example, an isolated anfigen binding protein is provided that reduces, at ieast
partialy, HB-EGF-mediated sigral fransduction.

[00023] Aiso described herein is a nucleic acid molecuie encoding the isolated antigen binding

protein previously described, wherein the nucleic acid moiecule is operably linked to & control
sequence. In one example, a vector comprising the aforementioned nucleic acid molecule is
provided. In another example, a host cell is provided that comprises the aforementioned nucieic
acid motecute and/or vector.

100024] in one example, a method for making the antigen binding protein is provided that

includes the step of preparing said antigen binding protein from a host cell that secraies said

antigen binding protein.
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X4isG,RorS, X5isS, TorY, X6islorT; XIX2X3X4X5XsX7;X9>C1oXilfX12X13SX14KS (SEQ ID
!\IO:1062), wherein X1isE,,RorY, X2islorT, X3isH,NorY,X4isC,H,5, TorY, X5IS SorR, X6
isGor5, X7isG,K,SorT,;isTorW, ;isNorY, X10is N or no amino acid ;1 is D or no amino acid,
X12is AorN, X13is P or V, X74 is L or V; X1IFSNDEKSYSTSLKS (SEQ ID NO:1063), wherein X1 is
H or LI; or LIYWNX1X2KRYSPSLX5S (SEQ ID NO:1064), wherein X1 is D or V, X2 is D or E,

[00025] in yet another example, a pharmaceutical composition is provided comprising at least
one of the aforementicned antigen binding proteins described herein and a

pharmaceutically acceptable carrier, diluent or adjuvant. In one example, the

pharmaceutical composition may comprise an additional active agent, such as an anti-neoplastic
agent. The anti-neopiastic agent may be, for example, an anti-tumor antibody. Examples of an
anti-tumor antibody may be, for example, antibodies directed against recepior fyrosine kinase or

EGFR.

100026] In one exampie, the pharmaceutical composition is used for diagnosis, prevention or
treatment of a hyperproliferative disease. Ina further example, the hyperproliferative disease is
associated with HB-EGF expression. In another example, the hyperproliferative disease is
associated with or accompanied by & disturbed, (e.g.pathologlcally enhanced), growth factor
receptor activation, wherein said pathologically enhanced growth factor receptor activation is
associated with of caused by a pathological increase in the-activity of a G protein and/or 2 G

protein coupied receptor.

[00027] In one example, the pharmaceutical composition comprises at least one antigen
binding protein and pharmaceutically acceptable carriet, diluents and/or adjuvants for the

diagnesis, prevention or treatment of cancer, such as, for exémpie, breast cancar,

gastraintestinal cancer, pancreas cancer, prostate cancer, pvarian cancer, stomach cancer,
endometrial cancer, safivary gland cancer, lung cancer, kidney cancer, colon cancer, colprectal
cancer, thyroié cancer, biadder cancer, glioma, melanoma, pther HB-EGF expressing or
overexpressing cancers, and formation of tumor mefastases.

[00028] In another example, antigen binding proteins as described herein are used for the
manufacture of & phannat-:eutical compaosition for the diagnosis, prevention or freaiment of a
hyperproliferative disease. In a further embodiment, the hyperpro!iferaﬁve disease is associated
with MB-EGF expression.

[0002910ne embodiment describes a method for diaghosing a condifion associated with the
expression of HB-EGF, thé methot cbmp:ising the step of contacting 2 sample an isolated

antigen binding proteins as described herein, and determining the presence of HB-EGF in said
sample. In a further example, the condition is a hyperproliferative disease associated with
HB-EG? expression, _ .

[00030] Another example describes a method for preventing or treating a condition associated with
fhe expression of HB-EGF in a patient, comprising administering to a pafient in need thereof an
effective amount of a antigen binding protein as described herein. In a further example, the
condition is a hyperprofiferative disease associated with HB-EGF expression. In yet another example,
the patient is 2 mammalian patient.
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X3 1S K or Ft [00017] In yet another example, the isolated antigen binding protein described
hereinabove comprises the first amino acid sequence and the second amino acid sequence, both
sequences of which are covalently bonded to each other. The first amino acid sequence also
comprises CDRL3 of SEQ ID NOs:234-274, CDRL2 of SEQ ID NOs:218-233, and CDRL1 of SEQ ID
NOs:189-217, and the second amino acid sequence comprises said CDRH3 of SEQ ID NOs:332-372,
CDRI-12 of SEQ ID NOs:300-331, and CDRH1 of SEQ ID NOs:275-299. [00018] In one example, the
isolated antiggodagging gy exeimsecanibe mavienDbraharnntdzody,tadrpotyibigmadtantipodyeia recombinant
antibody, a human antihogy, Ay mapizesdenikedy, 2 chimesisaniaeey: sompiiepecific antibody, or
an anibody fragment thereol, The anibodviagment ke ¢ Faliragmerta ab fragmen, a

ton ) .
F(abs)Zfragmé = ragment, a diabody, or a single chain antibody molecule. In one examsple, the
isolated antigel$ORRINE T SHsiAtA REPrESHY ﬁﬁ@?ﬁ%???s‘%gﬁ?ﬁﬁéﬁeﬁqﬂ%ed@/. RAndHePBSMple, the
isolated antigetebinicknggpenten es@mronoeiones sxditidey . [C00eS TIRebiRated BAtiRRSR Biding proteins
as described hgrgipnavde@banididhaielavingdypessitgBis, dgG2-ngGiR« or da3detypeldn one
example, the oleend inding pratein,is.0fthe.4 692,05 1904 1Y Be T tAsEmeEs vhadBligen binding

protein may be coupled to a labeling group. These labeling groups may be, for example, a
radioisotope, rggiruehan, & fHemsoans group, an enzymatic group, a chemiluminescent group, a
biotinyl group, iR dpredsiesminedpalpeniidengeaipvdHR26jitnsanpthetigxemte, the isolated antigen
binding proteiryig GQuRieckisAsHEGIQLaraURRHE B-aRaiaia asBRle, a radioisotope, a radionuclide, a
toxin, a theranfyylic, (1RUR= 05 AANEHIRURLAPRUG S Bndlie SRR eLaRRH IR aHgUDS may be. for

example, calicheamicin, auristatin-PE namycin, maytangsine, or derivatives thereof. [00021] In
yet another exBRpIE; ﬁ’gaitgtﬁég%e ar?ﬁ&%%%%e fﬁng aF%{réC{'ﬁ%ec?rﬁa%fg% or binding to human HB-EGF with
a antigen bindMEPpTHIERTES HeCATRK 5?1%8\%%59%%3??%HlEQE%Fﬁp}é:ﬁﬁ‘asgn 1G8N Binding protein
may be, for exénsisizrrat#iidnoclonal antibody, a polycional antibody, a recombinant antibody, a human
antibody, a hupeersEtuRESady: Codehitries Rminatiod Gy PRIl BSYRERI BRMY BWHY, 61 an antibody fragment
thereof. The artihpedyifmrgmerhmay be, for example a Fab fragment, a Fab' fragment a F(abl2
fragment, a FviRementra slakpey tRr=aningle shaincastbosynpetemmientn onetexample, the isolated
binding protein 5.4, BUmRan:aaN iRy JeaRother example, the isolated antigen binding protein is a

monoclonal an 10.an i inisolated antigen-binding pateindsehthe 19G1-, 19G2-
19G3- or 19G %X%%Flg%%i’egg%ﬁﬁg?%fgﬁ%en binding pro"[%;?ﬁgof tvr?e IgG2- or IgG4- type. In
th

another exampl® The BRATER Binding proteins as described hiérein can be coupled to a labeling group.

A Bin

Examples of Iaﬁ’gﬁ}ﬁ?fﬁ%ﬁ%s&ﬁ P EBYBY & SRR G N e VA Wi ores CAY §rotp, ah enzymatic
group, a chemitheifiMEEEEfeRBHH S BSAYIGIAR7 8PS predetermined polypepticie group. In another
example, the iOPAEEIFSHRGE i oTEARRFISIE FENTGS O ERNETINES B Varre PR Fersbiche A8 or

chain variable regions of the antigen binding proteins. )

[08041]FIGURES BA-8H depict the amino acid sequences for various FR regions of the light

chain variable regions of the antigen binding proteins.

' {DOMZIHGURES 9A-OF depict the amino acid sequences for various FR regions of the heavy ™

chain variable regions of the antigen binding proteins.

[0B043]FIGURES 104 and 108 depict an alignment of the amino acid sequences of the light

chain variable sequences of the antigen binding proteins. The CDR1, CDR2 and CDR3 regions

are shown in boxes.

[0DB44IFIGURES 41A and 118 depict an alignment of the amino acid sequences of the heavy

chain variable sequences of the anfigen binding proteins. The CDR1, CDRZ and CDR3 regions

are shown in boxes.
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example, a radioisotope, a radionuclide, a toxin, a therapeutic group, or a chemotherapeutic group.
Examples of the therapeutic or chemotherapeUtic groups include, for example, calicheamicin,
auristatin-PE, YRdHRAANAn, maYtanasine, or derivatives thereof. [00022 TFRHEEBHple, an isolated
antigen binding protein is provided that reduces, at least partially, HB-EGF-mediated signal
transduction. [00023] Also described herein is a nucleic acid molecule encoding the isolated antigen
binding protein previously described, wherein the nucleic acid molecule is operably linked to a control
sequence. In one exam%lgeF a vector comprising the aforementioned nucleic acid molecule is provided.

In another exarlfiSP85E REEE 12 fersid 6 Rl YREEOMTS -8 T8 810 PLIRITLTIEE YRiERSc acid molecule
and/or vector. [(f902%] fesieeEiripiPd9fethod for making the antigen binding protein is provided
that includes thi®WHSIr 614he hE irg'daidafrirenshindintigrrineineforhthe Fabsehesl GRBESecretes said
antigen bindingrgiote i th¢ @ORE6 pimiiyebatedther example, a pharmaceutical composition is provided
comprising at |eemkoReokthe @fesereatianeth antigenkirdidgrarichmaeserbeckhaein anda
pharmaceuticalyyasesntablegeabighdilient or adjuvant. In one example, the pharmaceutical

composition MayeapREiRa:27addiiana ReieRARLAUAR ARAILRCRRAslGR9eNt The
anti-neopiastic %%gnst mﬁé/a?%e‘;% %n%mr%ghsan anti-tumor antibody. Examples of an ant-tumor antibody
b

may be, for exag 3 ?ntl odies diretie : aﬂgainst receptor tbyrosine, kinase or EGFR. [00026] In one
example, the pﬁ%’rmé%ggﬁggl%ér#ﬁ AR T 0LERPYRr TaGRSE RIS e et of a
hyperproliferatif'aie8HEa 2 e RiTtHEPEEHiple, the hyperproliferative disease is associated with
HB-EGF expre£¥1eiPIilF dRetrat eXd iapie hpBuRGpEpRolferativehg sEaseishtasape e with or
accompanied bgrtpefisiegbepro@ngdoathologically enhanced), growth factor receptor activation, wherein
said pathologicHibgsalinswrEsl groithidactbe recepitr sagibrasion tis: astociated avithsor saused by a
pathological incregsetindthgaeindty of a G protein and/or a G protein coupled receptor. [00027] In one
example, the piiagsaaeuiea-aemRasiion&enpEsaRE I8 astigReran gkt region of the

antigen binding proteins. :

[00053]FIGURE 17B depicts the nucleotide séquence of the heavy chain constant region of the

antigen binding proteins,

[00054]FIGURES 18A-18F depict the nucleotide sequences for various CDR regions of the light

chain variable regions of the antigen binding proteins. .

[000555FIGURES 18A-19G depict the nucleotide sequences for various CDR regions of the

heavy chain variable regions of the antigen binding proteins.

{0D056]FIGURES 20A-20K depict the nuciectide sequences for various FR regions of the light

chain variabie regions of the antigen binding proteins.

[C0057IFIGURES 21A-21K depict the nuclectide sequences for various FR regions of the heavy

chain variable regions of the antigen hinding proteins,

[00058)FIGURE 22A graphically Hustrates the deéree to which different anti-HB-EGF IgG2

antibody preparations provided herein inhibit HB-EGF-induced epidermal growth {acior receptor

(EGFRY) tyrosine phosphorylation. The resulis for preparations of antibodies U2-1 to U2-68 are

provided. As iliustrated, monocional antibody preparations U2-18, U2-24, UU2-19 and U2-42

strongly inhiblt EGFR tyrosine phosphorylation.

{eDOSYIFIGURE 228 graphically illustrates the degree to which different anti-HB-EGF 1gG4

antibody preparations provided herein inhibit HB-EGF-induced epidermal growth factor receptor

{EGFR) tyrosine phosphorylation. The resulis for preparations of antibodies U2-2 to U2-66 are

provided. As illustrated, monocional antibody preparations U2-39, U2-34, U2-45 and U2-8

strongly inhibit EGFR fyrosine phosphorylation.
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binding protein and pharmaceutically acceptable carrier, diluents and/or adjuvants for the diagnosis,
prevention or treatment of cancer, such as, for example, breast cancer, gastrointestinal cancer,
pancreas canddt, E)%%"t%?é‘ cancer, ovarian cancer, stomach cancer, eno‘%ﬁ@ﬁ%ﬁ%‘g’ﬁ@e”r salivary gland
cancer, lung cancer, kidney cancer, colon cancer, colorectal cancer, thyroid cancer, bladder cancer,
glioma, melanoma, other H3-EGF expressing or overexpressing cancers, and formation of tumor
metastases. [00028] In another example, antigen binding proteins as described herein are used for the
manufacture of agharmaceutlcal comﬁ)osmon for the diagnosis, prevention or treatment of a

hyperproliferatiP*§RESYEE 2 A riRisa ratiisaaikeaist 't 08 Gl associated with
NS-EGF expreSSohieisropemenditidtifen o diidse LRI HBat Brhaesiig &Bdndition
associated witrateaxpredsionreédsB B ECheithretett e Fipsinesiteesitppoofatontacting a sample an
isolated antigembintiag peoipiasasidaseribedidescmicandde emiatingitherpresenae of HB-EGF in

said sample. Inyaatesthes gsainpavihacondiionisadyRriypiipsatinmcispase associated with
HB-EGF expreggiagnRea30i+aneiparexaniladesciivsemeiiad [k wasting & treating a
condition aSSOCd&E‘éPF Q%h&@%t%@é‘%%s'%‘aqiok!% EGEFR \Qé%tb%@c:&%%%m& fdmigiztering to a patient
in need thereof an effggtive gr% ‘{ nrigen & dlnan{lnlge%rgg sgo ?ﬁ%t}t‘g E,gréal Jna further

example, the COﬂ tIOn IS erafive disease assomate expressmn In yet

a
another examplg e’ ﬁ?létﬁ’["&ly gﬁﬁﬁ?ﬁgﬁﬁﬁe HERE E@r(’ﬁ?éafﬁh one example, a kit is provided that
comprises a arfiB! W‘pﬁ’@!&‘f@"&‘%Eﬁﬁ%&ﬁfﬁ?ﬁf R o8 FEEGCALBEEEFEd above. In a
further exampléeatrieiiresinnprisesnieliensy wmieuiatierdise iRty Sativh@Feiathe further active agent is
an anti-neoptastccageiirnd 608 nTitms & 2a31d Wit pekiddrp lodibndll irerdetwribyedkin greater detail herein.
Each of the aspegtsubieschibeesliEmrihcasentampaSSoasinusex amplasidtaia thesetare anticipated that
each of the exafier IRGNIRGRRSVRIRMERLRIcRMN Db atinAs:Alel MeniseARie included in each
example. Other{palies (PRIBEIRGRA. aBYAIRECRHAFMIARRAIRD LR IIRdRIR LR Agsaiiption that follows.
DESCRIPTIOI\E E IW@;IQ&AE&;@[&QQ%?@%?MB, S 1A-1P depict various light cham variable

regions of the g r}% rote ons are | ted in boxes.
[000343FIGUR gﬁ B Qgé) \c/)gcaoﬁ‘"lﬁtratg%g é’f’ﬁ&%ﬁé‘ é"tr}i(a{:o?oonso ean |gen inding proteins.

The CDR1, CD???%’??&"@W? TEER BB MRETL SEAY HPEREE 6’5@ ﬁ@i’fﬁﬁ’?SN% depict the
amino acid sedﬂ%??ﬂﬁ'*éf"@ﬁﬁ'@?ﬂga RIAERIFERAS T e AR Ai &ﬁ?@’ﬁﬂ?@lﬁ@”a’a"ms n

the presence of thrombin and the amount of EGFR tyrosine phosphoryiation was detected using
a procedure described in Example 6. As shown, antibodies U2-42 and U2-39 achieving 100%
inhibitior.

[00063)FIGURE 26 Hiustrates dose-dependent inhibition of LPA-induced EGFR tyrosine
phosphorylation via TMPS in PPC-1 cells by anti-HB-EGF antibody preparations. PPC-1 cells
were incubated with candidate U2-42, U2-39 and U2-45 antibody preparations and the amount
of EGFR tyrosine phosphorylation following LPA stimulation was detected using a procedure
described in Exampie 4. As shown, antibodies U2-42, U2-39 and U2-45 achieved 100%
inhibition.

[00064FFIGURE 27 illustrates that anti-HB-EGF antibody preparations inhibited by up to 100%
the induction of MDA-MB231 breast cancer celi migration by sphingosine-1-phosphate.
Candidate anti-HB-EGF antibody preparations U242, U2-38 and U2-45 were tested for cell
migration inhibition using of collagen l-coated transwells (BD Falcon, 8 pm pores). As shown,
anfi-HB-EGF antibody preparation U2-42 inhibited sphingosine-1-phosphate-induced MDA-
MB231 cell migration by about 70% while the U2-39 and U245 anti-HB-EGF antibody
preparations inhibited MDA-MB231 cell migration by about 100%. Thus, the anti-HB-EGF
anfibodies provided herein strongly inhibit MDA-MB231 cell migration.
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[00036FIGURES 4A-40 depict the amino acid sequences of various heavy chains of the antigen
binding proteins. ;{000379]]FIGURE 5A depicts the amino acid sequence of an exemplary light chain
constant regid'?ﬁoo ey 'ﬁ‘gen binding proteins. [00038]FIGURE 5B depf&yﬁ%"%?ﬁ@écid sequence
of an exemplary heavy chain constant region of the antigen binding proteins. [000391FIGURES 6A-6F
depict the amino acid sequences for various CDR regions of the light chain variable regions of the
antigen binding proteins. [00040]FIGURES 7A-7E depict the amino acid sequences for various CDR
regions of the heav¥ chain variable regions of the ant%%en binding proteins. [009413FIGURES BA-SH

depict the amirt8"a¢ E@@&E&?&??&F'W MR EGGRE BRRY MRSV GEA SR egions of the
antigen binding"BIGtemis setttiedhir s Rit-SBEED pyRictarer ity a iy édbretiédatbr various FR
regions of the HesaarGHednedarrAbitibpdy)rpsrasicttie antigen binding proteins. 100043)FIGURES 10A and
10B depict an dtepasiroatBE tealiannites tacitissegpededsnubitie dgiRt-EbRintvar alndgrsequences of the
antigen bindingspsgtainatdhe HERR, 6B 2 @nehitbiR srépginns ave-showindoxesHE00044) FIGURES
11A and 11B degici-aha/igementRibe amnsasicBeetiepers sitbeubeauelaim variable sequences
of the antigen QiRINGHRIAEHIS AR IP RurRRR AN 3 RHLRRHaRE HIGWEHRBR*eS. 15

was observed. Note that the amount of antibody shown on the x-axis decreases logarithmically.

{00087IFIGURE 30A shows that monocional antibody preparations cross-react with HB-EGF

from cyhomoigus monkeys as assessed by flow cytometry (FACS) usinngEKAZQQ» cells

transfected with a DNA vector expressing cynomolgus HB-EGF, As shown, very iow X-mean

values (1-2) are observed for HEK-293 control cells that were transfected with an empty vector

control. In contrast, X-mean values of 250 or more were observed when HEK-293 celis were

{ransfected with an expression cassetie encoding cynomolgus monkey HB-EGF,

.[OOGSB]FIGURE 308 shows that monoclonat antibody U2-45 preparation cross-reacts with HB-

EGF from mouse as assessed by flow cytometry (FACS) using HEK-293 cells fransfected with a

DNA vector expressing mouse HB-EGF. X-mean values of 33.7 were observed when HEK-283

cells were transfected with an expression cassette encoding mouse HB-EGF,

[00069]FIGURE 30C shows the degree of cross-reactivity of HB-EGF antibodies with

amphiregﬁiin.

[0007O0IFIGURE 31 shows that HB-EGF is expressed on human vascular endothelial cells

{(HUVECSs), as detecied by FACS analysis.

[000T1IFIGURES 32A - 32B show that while HB-EGF stimulates HUVEC celiular proliferation,

anti-HB-EGF antibody preparations inhibited basal proliferation by about 8% fo 14%. HB-EGF

stimulates HUVEC celiular profiferation by about 38% (FIGURE 32A). However, upon addition

of anti-HB-EGF antibody preparations U2-42, U2-39 or U245, basal cellular proliferation is

inhibited by about 8% to 14% (FIGURE 32B).

[00072]FIGURES 33A-33L illustrate that anti-MB-EGF antibodies accelerate HUVEC tube

regression. HUVEC tube formation is a model system for endothslial cell angiogenesis.

FIGURES 33A-33C provide control assays that were performed without anti-HB-EGF antibodies.

As shown, HUVEC cells join fo form many circular structures or "iubes.” FIGURES 33D-33F

illustrate the effects of adding the anti-HB-EGF U2-3% antibody preparaiion upon tube formation.

FIGURES 33(G-33! illustrate the effects of adding the anti-HB-EGF U242 antibody preparation

upon twbe formation. FIGURES 33J-33L illustrate the effects of adding the anti-HB-EGF U245

antibody preparation upon tube formation. As shown, fewer HUVEC tubes are visible and the

18



[00045]FIGURE 12A depicts a cladogram showing the relatedness of the light chain variable regions
of the antigen binding proteins. [00046]FIGURE 128 depicts a cladogram showing the relatedness of
the light chamWL%’%Eﬁons of the antigen binding proteins. [00047]FISUREWS ¥ &hicts a
cladogram showing the relatedness of the heavy chain variable regions of the antigen binding proteins.
(00048)FIGURES 13A-13V depict the nucleotide sequences of various light chain variable regions of
the antigen binding proteins. [00049]FIGURES 14A-14AC depict the nucleotide sequences of various
heavy chain variable regions of the antigen binding proteins. [00050]FIGURES 15A-15M depict the
nucleotide seq@é?feé‘ésﬁrfﬁ’@*i?&%ﬁ%q]@ ARSIt AR AgEH D AT TR BIFRE D8 T FIGURES
16A-16L depictrtegeMucleotide sequences of the various heavy chains of the antigen binding proteins.
[00052]FIGUR B af7atie pRit S araricidytitersies aevrrdtai ¢lredightrcdiaidMEdrstafrmation of the antigen
binding proteingft¢DHing e GAJRE-HEB depicipiperndacieatvdeSeqieropofiibed@ayyieiin constant
region of the athQQerﬁmnmgMﬂF|ﬁuUE&E&rl§Ab$85r cepictdhanpieleetide sequences for
various CDR regions of the; ightehainnwasiable segions s e-askieen iading.piieirs.

[00055>F'GUR§ s%own ol adpfs%&stgwﬁm&ﬁbéswsoesﬁe YOS, SBIS Riens of the heavy
chain variable re |onso t eantl rqy%rgﬂ{ggig\# [m 56 FIGURESZ A- 293',( %ﬁ |ct the nucleotide

sequences for SAMeLE AT rﬁg’e" ain veasrlaiﬁe fegion e oF thes AAf gg inding proteins.
iy

[00057]FIGURES YT R-F¥R Sﬁ:f"ﬂ‘f’é’dr’flﬁ’&?@?fﬁ't?@ R e tf(?r'\%f‘ﬁ%‘i‘fs"fli"?? PégioRd-BPthe heavy chain
variable region§¥F BHE S RFPAHIPTTAY PRStiRLY RSO ﬁﬁ@tl%@Edzi\’RﬁrﬁbH?cﬁ?IWrﬂgtrates the degree
to which differeFéamtitady-FGFaipGFaantised e rEfcvepreA g Metein inhibit HB-EGF-induced
epidermal growitfag et UBE SpraiuéEEE Rittymb BEQSrolipldesyatid mBH «sulkedoripreparations of
antibodies U2- ot diar6i@acapeavidias cahet iesdr ateghomOnBEon afiranitbodymepasaiions U2-18, U2-24,
U2-19 and U2-4-sirangivaihifidrtaaRctibigeineiRinaspiRooyelian. 408l GidfiE-82B graphically
illustrates the dg@&%@e\o@m@qlﬁ@éﬁmﬁ%ﬁg HBEGLd G antinedwprenaratisns.pravided herein inhibit
HB-EGF-induced] epi ¥”E‘E@EOW£QJ&%%IJ?&%&t%&%%%%&%m RNesRhONVAlian, The results for

preparations of ant % 5 % are prowded As lllustrated, monoclonal antibody
preparations Uz BT5aU2-6 strongly inhibit EGFR tyrosine phospho rylation.
[00060]FIGURE?YS ?Ffd‘éﬂ%?e%?h’%ﬂf‘fﬂ%sé?ﬁﬁB‘E)a“@seu %IPW?&.&W&%WE%&%’E?&“ A nduced EGFR
tyrosine phospfoRERichaN € grpieranerRinse peR Myt SEhvitee siEWss pathway,
resulting in relezpietoforB: EGHE withetgrsloters Fe bRy saslfM Y sphicHiasbMireO®7 cells were
pretreated with EGfibtnliesrashedibti8d @irdvstinmutaddvitiriehtiH B G UA-Seihtpodite ihere prepared and
lysate proteins ek sepatted, spalyacrylrmwideegebele atsapionesisthAftesgvelraration of the blot, an
anti-phosphotygsire-antiaasy Nuassusesdrr clectiplrosnioy latetok Gdntbodiss aseaungrol, total EGFR

was detected ag SRRt RABRIOMILIHIBE asWERNEEGRR Al A drsiialpd, anti-HB-EGF
antibody prepatations L4 ?ﬁsn}%g 19 and U2-42 strongly inhibit LPA-induced EGFR phosphorylation.

100061 FISUR s ERRINEL s Hale Coselenendent o RNon abHE Rkdnduced EGF receptor
ion e

i

tyrosine phosp oryI ﬁ/V&I’IOUS anti les grow %eénp ) e‘ntant concentrations of the
candidate U2-36™3%%% MR e 4% &7t ‘B?)'%C SraRens WEE SHE AL ARG HRRTRE-EGF prior to

stimulation of SETG ERfTATBHUETSAMEER CAMY éﬂi‘ﬁf S Ot Bf e RSN SR 88phorylation was
detected. As sHeiin HaneNsd Ay DA 28 ¢ Uves aitvied wth aitdP ECFH 3R mItedies @8R values
determined for treamrditfotHESveraOcdew sikd Yese@®09( b tivibfishling RirarigcPveVb( BIRIA5), respectively.
(00062)FIGURE=2ovytap R alby thustiates dose-dependent inhibition of thrombin-induced EGFR
phosphorylatiopyiaAMBSRiNMRNMB2R: sallsHyerntiskiaks Gfbapiiandry epariions. MDAM9231
cells were inculéRd; Wil 6R0HIFELL dhovdd Forrivls ddafn aiiBQdy: RERRBLRLIQRS the presence of
thrombin and th%%@?%e%ﬁa%&é%r%r&%@%%&@9 ¥ &M%ﬂ%%@s%mamm&edure
descrlbed In Eg@g ﬁu onwﬂ aﬁ}#brm E%r#:_]ﬁ;.lgl 2rs 0 OBKS”_] Igv\{al %%\}%mgltlon

[00063]FIGUR Strates dose- epen tion of uced tyrosine
phosphorylation via IMPS in PPC-1 cells by anti-HB-EGF antibody preparatlons. PPC-1 cells were
incubated with candidate U2-42, U2-39 and U245 antibody preparations and the amount of EGER
tyrosine phosphorylation following LPA stimulation was detected using a procedure described in
Example 4. As shown, antibodies U2-42, U2-39 an#l U2-45 achieved 100% inhibition. [00064]FIGURE
27 illustrates that anti-HB-EGF antibody preparations inhibited by up to 100% the induction of
MDA-MB231 breast cancer cell migration by sphingosine-1-phosphate. Candidate anti-HB-EGF
antibody preparations U2-42,1 12-39 and U2-45 were tested for cell migration inhibition using of
collagen I-coated transwells (BD Falcon, 8 pm pores). As shown, anti-HB-EGF antibody preparation
U2-42 inhibited sphingosine-1-phosphate-induced MDAM8231 cell migration by about 70% while the
U2-39 and U2-45 anti-HB-EGF antibody preparations inhibited MDA-M6231 cell migration by about
100%. Thus, the anti-HB-EGF antibodies provided herein strongly inhibit MDA-MB231 cell migration.



[00065FIGURE 28 graphically illustrates that HB-EGF-induced migration of MCF-7 breast cancer cells
is inhibited byvyi%r) I-HB-EGF antibody preparations (the U2-42, the U2-39 and the U2-45
monoclonal anti %‘%ﬁ/%géé%arations). [000661FIGURE 29 illustrates the d%%s%é/g’ é‘%’%’%&%ﬁ inhibition of
HB-EGF-induced tyrosine phosphorylation of HER4 by anti-H8-EGF antibody preparations. U242.1 or
112-39.1 anti-HBEGF antibody preparations were incubated with HB-EGF prior to stimulation and

detection of HER4 tyrosine phosphorylation. As shown, 100% inhibition of HER4 tyrosine

phosphorylation was gbserved. Note that the amo tihody shown on the x-axjs decreases
logarithmically. Eﬁf’o%é"?ﬁﬁ'liﬁﬁﬁ Eu%i? %%W@efﬁgf"%%%%%@r% (gl}’&l %é) Y %Pg Eg‘rgfﬁ O H@Lcefoss-react with
HB-EGF from <RPRBTJFS Frrorlerly geis&tessed by flow cytometry (FACS) using HEK-293 cells
transfected witHPROTSITIGVRE RIF diipiraiss ig eYHARAG aaidieE bt ResattgiRmY }YB18f98 W X-mean values
(1-2) are observeeVdHBIERCRIE Coriinldeiks thra SyeYe rransfaeteer vrthtansientastyithactor control. In
contrast, X-meaB-galuesredsdb 0o mora:wesestbhsemedevwinasidd EHE20GFCalkssivere dratrsfected with an
EXPression cassriieCocH by NOFBR| Giited ek ey BiGHefN 0aRHTGLRIESBOT3 sbows that

monoclonal antiedy,d 2243 iRRacating crRsanlaaeis- Wb BEGRIAIWNRYSS awassessed by flow
cytometry (FAGR) hﬁmcﬁrﬁlﬁéa@eﬁce”s transfected with a DNA vector expressing mouse HB-EGF.

X-mean values served when, -293 cells were transfected with an expression
cassette encodfﬁ%ﬁg&\gg %@éﬁ&iﬁfg%%@%%&éﬁ?@ CL‘sa g\?\@tﬁ)ﬁag%%&rfgegé ach%lsor:s-reactivity of
HB-EGF antibodteS kit iy ﬂ%ﬂf)‘i’ﬁ’é’ﬂ??Eag"i"'sf%vsvhso‘ﬂ%’aioﬁ@- EGFi€pressed on
human vasculaPBid S N4 een s’ (oA COvE dtt BBy ERKsS SRR BBAFIGURES 32A -
328 show that WRiRSHER-FORSHH antdbedias D WETeetIng I i5rEiffe tatipnmbene FRTeEEE antibody
preparations inHibitgidalhasddgeroliferation by about 8% to 14%. HB-EGF stimulates HUVEC cellular
proliferation by mtnmup B8 %E(3 GldRE3RA pniHosvayespitpdss addition tani-biBaEG Bf antibody
preparations UZ#2:A4i3-88raiideksd 5vdaas adreel kirropsrlifaraliomnisdohibites by abeut 86 to 14%
(FIGURE 32B).(000 (2GR ER:3 3RS imilisir e dbat aniieBakds Erpibgslias-accglerate HUVEC

tube regression, [\ VE G iRR JATRANRiRRR ek suSIaa,[ALcRdRthatARl e ARgigpenesis. FIGURES
33A-33C provide control assays EEhat were rQerformed wﬂpgn%antl- %E%:%ggt%% ; dlgs. As shown,
3D-3

HUVEC cells jo?ﬁiot%efoﬁ?ﬁ rrﬁgﬁflc?;l c 5?‘_35”[]8{3‘}‘(’395" B,Orm,'?ﬁ%és. EfeU _ llustrate the effects
of adding the aMiiB LT Saedh S PrRBSrNBR T HER T Rifition. FIGURES 33G-33l
illustrate the eff@R¥8EHEIRING thava Bt A-EREE LR ShinBbY YRGS 7drH B8BRPRGER Formation.
FIGURES 33J-981. flgisgelie teheaeffectston RadinestieEsmi v serwy - tePeptfd dts Jspeparation upon
tube formation. Jas:steolurenpfevbe pMRIECIUBAL dparnisiBiS.and the network is diminished when the
U2-42, U2-39 apobiifH4brmti- ByEiesFnaititinod yhp pepar atisnsiahedmeSenin(@0d i3] URE 33M
graphically illusisatgsensuantiatinaaaliratianiaizdb) VEC tube formation after adding the anti-HB-EGF
antibody prepaiggifans BIREE 8shRRECIRsSHPRALIRE NS YRy, of stBfkiad apgbodiesder inhibiting

e U338 o e e mately 10

-42, U2- - i-HB- | ations. wn, whi Xi y

HUVEC tubes 4 Siaik gernord oa e B ARRIRL A eheaniiBeiia s TOEh 1y
HUVEC tubes \ﬁ@%’%%é{éﬁ‘gﬁ“&g?ﬂ%8’?85588%?&0;@8"6%"8%"{\?8"{3éﬂ-%%"é‘?ﬁtﬁ‘ﬁ'ﬁ'ﬂéﬁﬁ antibody preparation
was added. In tHFREPREEEHCRE GAIRE TP P B ERSFIREH e arati 8P 4B AT 1 HUVEC tube
was observed. WieihereterdsBraplit PR R RIBOEF BrapdredienPHnesi B aMFINPS HUVEC tubes
were observed O ABFISURE. 34A illustrates that anti-HB-EGF antibodies inhibit HB-EGF-stimulated
colony formatiopwbHAGIARERS Sevandntances celks iasishovent-HBEEGHtbbiims| aket@NME AR-8 cells to
form a significaptlydatgen mern eeleny swautbasdcamial GVELAR Baells eyltured witheat HBEGF.
However, whenggay CAR-8 cells were cultured with anti-HB-EGF U2-39 antibodies in the presence of

HB-EGF, meangolany size wasadueed (0.6 BASEIRG.ing BRSRNNASH18r GRrkelelisavithout
HB-EGF treatment. nOQZS @%glﬁaﬁa348 illustrates thatg tI-HB-EGF antibodies inhibit

HB-EGF-stimngf%rat'co on§7 ormation lg’ﬁ%ﬂilgoczr%?gng?ac% gé“r?ge “cells in soft agar. As shown, HB-EGF
stimulated BM1604 cells to form a larger number of colonies per well than control 13M1604 cells
cultured without FIBEGF. However, when BM1604 cells were cultured with anti-HB-EGF U2-39
antibodies in the presence of HB-EGF, mean colo#¥ size was reduced to a size similar to that
observed for control cells without HB-EGF treatment. Anti-HB-EGF U2-45 and U2-42 antibodies
partially inhibited colony formation, while, in this assay, the U2-39 anti-HB-EGF antibody completely
inhibited colony formation. [00076]FIGURE 34C illustrates that anti-HB-EGF antibodies inhibit
HB-EGF-stimulated colony formation of NCI-H226 lung carcinoma cells. As shown, HB-EGF
stimulated NCI-H226 cells to form a significantly larger mean colony size than control NCI-H226 cells
cultured without HBEGF. However, when NCI-H226 cells were cultured with anti-HB-EGF U2-39
antibodies in the presence of HB-EGF, mean colony size was reduced to the baseline size observed
for control cells without HB-EGF treatment. [00077IFIGURE 34D illustrates that anti-HB-EGF
antibodies inhibit basal colony formation of SkOV-3 HB-EGF clone 71 cells, derived from Sk0OV-3

nvarian cancaer calle trancfected with an HR_-ECE avnraccinn vvector to cartice cancatitiitivie



[000833FIGURES 38A-380 illustrate inhibition of the growth of established EFO-27 HB-EGF clone 58
tumors in moygsg %gg)%ggit models by antibodies U2-42, U2-39 and U2- é%flé% ?ﬁ?} A). As shown
in FIGURE 38B, efticacy of inhibition of the xenograft tumor growth by anti and U2-39 was
shown to be dose dependent. Moreover, combination treatment with the anti-EGFR antibody Erbitux
leads to complete regression of tumor growth and shows the potent synergistic activity of the
anti-HB-EGF antibodies as agents for combination therapy (FIGURE 38C). [00084JFIGURES 39A-398

lllustrate the usgqk u%@%haxﬂ}hlzl@s'-:a%ré% adiesLoy delesH 'ﬂwQﬂlﬂ@hEﬁﬁ Iqpfpgpan tissue by

|mmunoh|stochem|sor mol&?mt%g ‘ﬂ%b'é' c%,g\ FI U E39 ). [000851FIGURE 40A illustrates a
scratch assay |n |cat|n e inhibition of 1 dst£n| ratlon of CL83545£|theI|aI squamous

carcinoma celld% REGHoBETRIE GREIBE bﬁ s‘{rgﬁe" ¥ 33%‘3"9@%?535 Idting the
inhibition of HB”E@?—%‘ET[YE@E THIYEAD APET et ot %?‘@Elthellal carcinoma cells (pharynx).
[00087IFIGURECHBEIMIGHRESS duspries diicirebistreeingr EiHgiotrnisstsugsayunelisenhdifthe inhibition of
VEGF-stimulatedreizs &thetisd belhsiptouting?00888IFRIGUR E 4@illustrates immunohistochemistry (NC)
analysis of humessdsimerreregraifamples indicatingdheetobilitioniaf ikidabstamsrgtiod tumor in vivo.
[00089IFIGUREshHhistiatesin\déamyanandtdmor xenograft model indicating combination treatment
of 1J2-39 with Cisplatin and Avastin. DETAILED DESCRIPTION [00090]The section headings used
herein are for o Rﬁﬁg ﬁgmes only and are not to be construed as limiting.the subject matter
described. [00091)Unless otherW|se defined herein, scientific and technical terms usebd in connection

DG 90 ‘The sectio ngs used herein are fof organ|zational purpgses on ac?
with the presen app ficSa8A LRy &fe meanings at are c@m?nonl didersto ciby those of

~ordinary skill in $HEHFE ?ﬁdﬂﬂ@r”ﬁﬁfﬁ’&%‘lﬁ@fﬁ%&”?’éﬁuwed by context, smgular terms shall include.
pluralities and paPaIteTRsSSieanshErierRs ISeisiApienglc ngm@ﬁﬁéﬁwdmﬁﬁlﬁiw@s used in
connection withihaprestatdenicpiien sl Cetedrdmnessings duktersesormohatyuksetsiotd gy thepmelinology,
microbiology, gedetigskilnttpreteifudtied mickithavigchpimisbycanekhsityhizetiorsa#scrioed herein are
those well knowtaRGiGamen el yiusests tha adudehie: Brgiwds and techniques of the present
application are gesejaly.RR/iRIMAdRFREAIAING terreRveniioaal methpesivell knowadn the art and as
described in vagiaus general ﬁﬂ%ﬁ%ﬁuﬁ&?&fl%év%ﬁ%@d}cé‘éxm%taﬁé%&%%m%ﬁ%ﬁsed throughout the

E;%Soigi:rge&lgﬁﬁgr(ﬁnﬁ%% ybn d( ascribel-g %t fein ar bse gle?I! r?c‘:r\pn gn et al‘ly MoJecglar Cloning: A

L Ol E)rln ﬁ orlLa oratc%lroy ress é ﬁ%rln Harbor, N.Y. (2001)
and Ausubel et aL Ef’u”r‘?eﬁ’?ﬁr"otﬁgo QHES Rl e@uﬁsenﬁ‘%ﬂm " he PUBT ing K&Z6Cthtes (1992), and
Harlow and LarRAHEEaERets 1S KaesR/ m’%ﬁ”éﬁﬁ&g%‘ﬁ'ﬁﬁ‘b"ﬁﬁ?ﬁﬁgf%ﬂ%W"P’ress Cold Spring
Harbor, N.Y. (1990f§c igferres Bahee At ahd ditrapesh Bueriditdee e 2ppatRiTeuieisns and purification
techniques are geafosaietibaietobeingstoSarirefactardidespedificatdohsatesisonviensalyprdccomplished in
the art or as destribedshaergtatbhiebersnimGtegy LratshbiinCdme CHIN200tH 2adtutivesiabaratory procedures
and techniquesmhbeatvabibicalic erusir By et Orgarith¢ Aesmistsy | Ao, Mrcheinalkand
pharmaceutical, ghemisbyed asciibed DersiaradBasg Melbknpwaans&eraamesinysed in the art.
Standard technjgyes gan, %dﬁ&#ﬁcnﬁ%&h@ﬂ}&%@u SeheImisal AnRhseRRhMaceutical

preparation, formtya l'grpt,ec 1 gg\r/eer treat n t| upet§5 %pecqgaj%ilﬂts sahsould bq understood that
this invention is not mlte to the JD tlcu ar rrph 80‘11 %/ rc1) ocols, and reag ent S, etg described
herein and as sUTCHTHEY AN FhE B ARTAOBAY G Sed "her oIt ro¥S 0 °°""e(%t§e BF4&%Cribing particular
embodiments o‘ﬁﬁ}abé’WI‘éﬂ’i?ﬁ’Fﬂ‘i{%Srﬁ%efB“fﬁ?ﬁf %é%%%?ﬁ%%ﬂi@é&’%ﬂ‘ﬁéﬁe@'%ﬁned solely by
the claims. [00Go4 YOt REthPITRRCBHE StpTE Ex dpapies hsrelrer Bttt Iidtcated, all numbers
expressing quastitiesipiipgiretitant sStanteddermivsn diida ssas &g dherdaisl shtvatdsberemiebrstood as
modified in all insignecshioyndbetatmeabot, fogatennantbdsduty wittreaise ot i ppoemtection with
percentages maysd¥sashol¥ee (08B AANGROBIBMVE REWIHIAD D pAIige mdsashiogyproteins that bind
HB-EGF protein,daBartichianiinad bR-emdih BRGHLEIAS DA erRiiidrsbBpieln. The antigen
binding proteins provided are polypeptides into which one or more complementary determining regions
(CDRs), as described herein, are embedded and/or joined. In some antigen binding proteins, the
CDRs are embedded into a "framework" region, which orients the CDR(s) such that the proper antigen
binding properties of the CDR(s) is achieved. In general, antigen binding proteins that are provided
can interfere with, block, reduce or modulate the igferaction between HB-EGF and its cognate
receptors, including EGF-R and HER4. [00097]Certain antigen binding proteins described herein are
antibodies or are derived from antibodies. In certain embodiments, the polypeptide structure of the
antigen binding proteins is based on antibodies, including, but not limited to, monoclonal antibodies,
bispecific antibodies, minibodies, domain antibodies, synthetic antibodies (sometimes referred to
herein as "antibody mimetics"), chimeric antibodies, humanized antibodies, human antibodies,
antibody fusions (sometimes referred to herein as "antibody conjugates”), and fragments thereof,
respectively. The various structures are further described herein below. [00098]1he antigen binding
proteins provided herein have been demonstrated to bind to several epitopes of HB-EGF, in particular
human HB-EGF. As demonstrated in the examples, the ability of H3-EGF to bind to its cognate

rarentore ic rediiced ar inhibited Ac a concedrience the antinen bindina nrotaine nrovided harein are



and/or treatment of disease, such as proliferative disorders. These include, but are not limited to,
various types 068 B . Heparin-Binding Epidermal Growth Factor- |Il§) h or (HB-EGF)
[0001001HB- I? é%is pro uced by various tumor cells and acts as an au ocﬁ#]% ém{)%%%rowth factor.
Davis-Fleischer et aL, 1998, Front Biosci. 3:288-299; Iwamoto & Mekada, 2000, Cytokine Growth
Factor Rev. 11:335-344. HB-EGF has a strong affinity for heparin which can increase the biological
activity of HB-EGF. HB-EGF is produced as a transmembrane protein which is proteolytically cleaved

by metalloproteAQases ield the alure. soluble foarm ‘:theisgarrﬁ’;)"’égdf@%?FﬁtLQQQd]tQHHB EGF was first

far the purpose o ng partictlar
identified from supernatant of cul tureérn ¢ an ma %Zfoha%es in a soluble, secreted form. On human

cells, the precuthsosrmd?e Eel‘-_jisfllf’sedct'ysh’ag' <2 Ed RN TR receptor Various cell types, including
epithelial cells, PEPRAIRE 28 i RBETEg, eﬁ‘i‘é@?ﬁdﬁa‘f@é‘ﬁ@“ﬁ%ﬁ?ﬁﬁﬁ*’@@ﬂ@" ARP¥Reletal muscle cells,
produce HB-EGReessoprnint phitegdieniaivareartion SeadiRoTacts MerehrHe haMeearsiofh s blasts, smooth
muscle cells anuodiisibosifnsimaascartieceoeksof00DK0R]T Rbarinsenepmb imersfettior oftHB-EGF is
synthesized by parasyagalkypesasi®d 208-amino acid transmembrane precursor (tm-HB-EGF)
containing EGFyghearin-binding, transmembrane, and cytoplasmic domains. The extracellular domain
can be released as a 2319.22¥Rasgqluble form of HB-EGF (so!-HB-EGF) through the action of
metalloproteinases, which is regulated by different G protein-coupled receptors (GPCRS) or tumor

promoters sucl‘t@gg@;[,a,ggml Phorbel-egeiaie £EP Ay RisatMia Sithstaptiadampunt of

transmembrane HB:EGE MSAMIRALRMAIAR y.qelaao eog;} GellauiacsdRplasiReth tm-HB-EGF
and sol-HB- EGF a e béolc')%call aé:',tlilve ng bio rg of botgeg(p‘l and Am- HB-EGF are

m: rego descri
mediated by the receptor 'é" Eg'b % Activati on of these types of these
receptors is belfSVEE T8 BEXPLE% '35’?1@35“ AL Hg: é"‘%&“n Ueed Yoreplor nomo- or

hetero- d|menzaffaﬂe@ﬁoﬁga’@tlva‘ﬁ’bwetﬁ%ﬂf—féP"r@k%ﬁt‘d’?alﬁﬁﬁ pEh B RRtReERT iR TR ase cell
growth, increas®&ecelRisbiiRepersdidn wpeptasiseiirdnsreasisscmaarirddei samataere with,
[000104]EGFRuttspestientsighddinthpatesiysbeiedndiBraRs activateehatperesirmunatidingof
Gprotein-couplegtreceptees{ GPCR). Ligand activation of heterotrimeric G proteins by interaction with
a GPCR resultggognoatsacalisdabinigiaatdhat ndues thaext antinaoasé\dbyiel atransmembrane
metalloproteinaggmbdgandschat AiRie i e GRERattwa-neHAShRALNMRERRASRNAtIIC acid),

thrombin, Carbab%@@tl’opgﬁm%@tn@i@gng%?BQQIW@@MCHOQE}QM% 'Qﬁ.é@&%%@;;@éﬁ%ﬁﬂé&@é processing of a
transmembrane rovgth f&%qg prs eﬁ ?rsor dr anegsoe s{ithe maturertg\dctor wh ch dlre%tly or through the

B8, 5yn 1o herelﬂ
proteoglycan ma rnx, in eracts WI e ecto omain o activates Itt rou yrosme

phosphorylatiorPB&Es bFamsa %’téﬁ"d’i@@@mi\'fﬁur%”%i’eééwr?é@"%’d‘gs ERYETEE component of a
triple membrané‘;%%giﬁg'%?ﬁ?fh?ﬁeﬂﬂ@@ ﬁ‘ﬂé‘?ﬂ‘f&ﬁ‘?%?%é’r@!ﬂf’ag@?ﬂ@ﬁea"iﬂfr\fatgps"%’(%embrane bound
metalloproteinabes \@ftie FEleee 8 piGINE dewibes R the soluble growth factor, which subsequently
activates the E@PopéBbptohistGRR rarisne tivratioh Hezed baerhdimidetasigieiDadicideseyeratates such as
cardiac hypertrephysg emigvied, in BhiakBdnSatBEEFT rendadifiaten a0bé SeimRe) Bdiayr4(5):239-244),
vascular remodel ge(e Wewed i &t iedptdss 2003 cBiee Raibre3.08s Branssq2eft3, Bec; 31 (Pt
6):1198-202.) apgl £aBRGH rRAiEW Bl RchR bR LAl OO nRHREA: KRR} OB earences for HB-EGF
proteins and nu%??'%l?rck‘?lﬁggﬁ"&%’r‘\ %E@%eb F\’J%‘iﬁﬁe%%pfﬂé@?c@tﬁw&%%ﬂg é?fn%l?éllﬂ%he art. For example,

SUCh HB E uencgtﬁ'ltct:an Oéjri]ne aha% E& au!o,:ﬁtosg onaigguc? P?nter for
Blotechnology In mration §@ égﬁ zﬁ% ne exam e of a sequence for

o HB-EGF s thECHHiAE A S R B AP RIUFBbTES A7 NP 001936
(9i:4503413). T%M@?ﬁ%*@%mﬁi@ad@él%%ﬁﬁ@d&ﬁﬁé@%ﬁ%é?éew'ﬂe NO:1072): [000106]
MKLLPSVVLKIIFqeaAe Siger FERspERIsHRGEARSTY RPHPP P STBON ViifsGarp
RKVRDLQEADGPurtigey FbBS KRedA L TRMKE Bl GHR K KK S1dBKRBPORPRKYKDFCIHGEC
KYVKELRAP S@iEiHRdb Y ERChiiatiSlaPhENBRE ¥nB YDt FiHg AMYAMNHBENG LIV G

LLMFRYHRRG £z6i3N¢ ENGkitfoM eh<aivbihba Bhild0 @hdidetanthaitbe st @k sambance shown above
(SEQ ID NO:1072) has the nineteen amino acid signal peptide (MKLLPSVVLK LFLAAVLSA, SEO ID
NO:1073). [000108]The soluble extracellular domain consists of amino acids 1-149 of the above
HB-EGF sequence. This sequence for the HB-EGF soluble extracellular domain is provided below as
SEO ID NO:1074: 22
[000109]MKLLPSVVLKLFLAAVLSALVTGESLERLRRGLAAGTSNPOPPTVSTDOLLPLGGGRD
RKVRDLQEADLDLLRVTLSSKPQALATPNKEEHGKRKKKGKGLGKKRDPCLR
KYKDFCIHGECKYVKELRAPSCICHPGYHGERCHGLSLP. [000110]Upon cleavage, a mature
HB-EGF is generated that consists of amino acids 63-149 (87 amino acids). This sequence for the
mature HB-EGF is provided below as SEQ ID NO: 1075:
[000111]DLOEADLDLLRVTLSSKPOALATPNKEEHGKRKKKGKGLGKKROPCLRKYKDFCING
ECKYVKELRAPSCICHPGYHGERCHGLSLP. [0001121HB-EGF interacts with and activates the.,
epidermal growth factor receptor (EGFR). EGFR is a 170 kDa transmembrane glycoprotein consisting

of an extracellular ligand-binding domain, a transmembrane region and an intracellular domain with
hrocine kinace artivvitvy Rindina of arowth factore tn the FCER raciilte in intarnalization of the




[000114]A variety of selective binding agents useful for regulating the activity of HB-EGF are provided.
These agents nc instance, antigen binding proteins that contai 2nd|ng domain
(e.g., single ﬁéﬂé%}%égéles domain antibodies, inmmunoadhesions, q)%pfﬁ%ﬁ%e?&g }és with an
antigen binding region) and specifically bind to a HB-EGF polypeptide, in particular human HB-EGF.
Some of the agents, for example, are useful in inhibiting the binding of HB-EGF to its receptors, and
can thus be used to inhibit, interfere with, or modulate one or more activities associated with

HB-EGF-mediaieg, Sgnalng, [R00L1SUN Sensial b Aptcr KR gleing dhgh s provided

typically comprise one or mofre as described hereln (e.g., 1, 2, 3, 4,5 or 6). In some instances,
the antigen blnﬁlng pro |?1580mpr|ses (a) a polypeptide structure and (b) one or more CDRs that are

inserted into and/or jgn(;gpté)nL@@ggegﬂgggﬁg}g,%r%g bg@@y&ﬁp@g&%@%g can take a variety of

different forms. For example, it can be, or comprise, the framework of a naturally occurring antibody, or

fragment or Vagb%m(faﬁéeé&:%rm%@%&m@ﬁﬁ%r%m%w&@a#g&ocﬁmm,egﬁo%vanous polypeptide
structures are Ehebgﬁéf@.@,?&%r%%P%JQ%&Q,O b dag&& Q%Q&emﬁaq@% %HQG structure of

the antlgen bln c%{FI’O eins’Is an antibod or IS erlve n antib O % Inc dln ut not limited to,

monoclonal anfif8dic& BT anthodies. mimBOdes. alnhe S ag' r?fﬁe? ic antibodies
(sometimes ref@?r’@ﬂ"ﬁﬁcﬁé‘f’g it 95H8Rtbody ﬁ(ﬁﬁi%ﬂé’g‘?eﬁﬁﬁﬂg?h‘?rﬁm?ﬁé’?tm\“ﬁ‘ﬁﬂfﬁed antibodies,
antibody fusiorfso{edyiretinsieavrd fyrimetpieraeinarrite et Bp Y dRPeYa IMpeHiB 9GP fragments of each,
respectively. Irfasme instances, the antigen binding protein is an immunological fragment of an
antibody (e.q., pdeady)BiEal' was Fifalo}ayfion Beschuppribhetyeitousestrurcturesapbahetiner described and
defined herein.s{ARR1deé)sariain ohthmantigembinsingopsaieirssasproiddrdiharein specifically bind to
human HB-EGR. ip& ShecicamRediampng heaniian)Rintingisy oieibphe Gisalbsiings to human
HBEGF protein, R%Néﬂ%&%ﬁ&'&%%@%%ﬁ%%&%”g&%%@éP NQJ;Q)?& Jr%&élea%ln embodiments

where the antigen b rotein r therapeutic applications, an antigen blndlng protein can
inhibit, mterfer%ﬁwnﬂag?cr?]ggpu%te 'Bﬁg%?%oréo Iiiigﬂ)glc a%%%ﬁltles of F é’arEm(%sF In this cz case an antigen
binding prote|n°ﬁ'fﬁds specifically to and/or substantially inhibits binding of human HB-EGF to its
receptor when BPASREEBIMBGAS PEROTES FE | ‘dﬁ 78t RUMRCEISRERR DAY its receptor, or
vice versa, by AfHERSEaHBItBEIuRCRIUMERE B0 BN ESF meniTiirdnealiapieePRNgasuring binding
in an in vitro compatrmaentiaidingns. alsayrabtBAEGHhia sambayielistitstabid] bieaPe Hiekdts, which can be
measured in many dHEREERasSaysH) ditigrent ealbiypestaimsanaplessoiiscich mgsatysgre provided
herein. 1. Natugauyes) CHARRAGAREDRELSY (ohares | 0014 Yonires efidhg atigeanbinding proteins that
are provided haygdhe-slaiqiss. tyRically Assosiateshwith Satuabnescnangapiibadies. The structural
units of these argmggguggeg(gbc@mec&mm one or more tetramers, each composed of two identical

couplets of polygigplige chains. oudh some species oLmammals, s prodheg antipodies having only

a single heavy thain nat pical a ength "light" chain (in

each pair o et Inc one
certain embodifRErL, a&ﬂé’ﬁ#5§%ﬁ% Qﬁ‘ﬂgé? REXNE A rtehce'i'ﬁ%% GF%ﬁéﬁﬁifan%gﬁgm en‘?@odlments about
50-70 kDa). ELHRIIRAGHEISHATRAE ?SB?ﬂ‘?ﬁt?fﬁ&iﬁaﬂs""’(’fafﬁﬁﬁ@éasﬁfggﬁféi‘ﬁﬁ?ﬁwﬂﬂﬁoglobulln domains",
each consistind"®{crg iRfERCOTPTS- P1IREIFiHiG e/ a HECR R BrEdin oL Eharerter e dT8ding pattern.
These domainsiawentireddasitceaitscefavibhireriibochl polipaptiderwiesicondosade The amino-terminal
portion of eachcehginrtypigakicmncludes a variable domain that is responsible for antigen recognition.
The carboxy-tejgiineal Rerteepis R s eARS pivRdye valut eamrlyanitor ametiens of the chain and is
referred to as the,.FQRSIRRIERINN (RS (REIANctiHRaNLIgR-FhaINS sapsialnarseassified as kappa
and lambda "Q“RIQQ%'&%{ ?e@&?ﬁ%ﬁ ifHIRRS & dgmﬁnaam&mg@mgca@mmmg gne constant domain.
Heavy chains e}rre tx.elcba ;{ o ats%fl'% n sem%ands%‘i gamma, a O aSI on gh@ans and these define
the antibody's |sor} e as f) e res ectlve T has ¢ several subtypes
including, but nBt ?ﬁgw(‘? f@@g th”@%ﬁ %@aﬁfh%lrf’(? 198 y"f)egu‘h AeR G and IgM2. 1gA
subtypes |nclud%"‘]ﬁ'ﬂ\%'%lﬁprﬁﬁﬁ?’%%ﬁﬁaﬁ%enfﬁ@’l@ﬁPM H@S’t‘ﬂ?ﬁé@‘%‘iﬁ%’iﬁ‘i‘d heavy chains and
four light chaingwafhre fRgtr aieh greqboy Hevechtamtendy e S e pFrsanthtioergireams; and the IgM
isotype contains five heavy chains and five light chains. The heavy chain C region typically comprises
one or more domains that may be responsible for effector function. The number of heavy chain
constant region domains will depend on the isoty@. IgG heavy chains, for example, contain three C
region domains known as OH1, OH2 and CH3. The antibodies that are provided can have any of these
isotypes and subtypes. In certain embodiments, the HB-EGF antibody is of the IgG1, 1g02, or IgG4
subtype. [000120]in full-length light and heavy chains, the variable and constant regions are joined by
a "J" region of about twelve or more amino acids, with the heavy chain also including a "D" region of
about ten more amino acids. See, e.g., Fundamental Immunology, 2nd ed., Ch. 7 (Paul, W., ed.) 1989,
New York: Raven Press (hereby incorporated by reference in its entirety for all purposes). The
variable regions of each light/heavy chain pair typically form the antigen binding site. [00012110ne
example of a kappa Light Constant domain of an exemplary HB-EGF monoclonal antibody has the

amino acid sequence:
INONT12ARTV/AADPSV/EIEPDSDENDI KSCTAS\/A/Cl | NNEVPREAKV/OWK\/DNAI OCCNSOESY/TEODS




UN-58; UL-2 combined with any of UN-1 through U58; or UL-3 combined with any of UN-1 through
UN-58, and S%Sr% Fmg e instances, the antibodies include at least onfcligiﬂ; Kﬁéﬂg d one heavy
chain from those 1:IGURES 343K and FIGURES 4A-40, respectively :1 €r Instances, the
antibodies contain two identical light chains and two identical heavy chains. As an example, an
antibody or immunologically functional fragment may include two UL-1 fight chains and two UN-1
heavy chains, or two U1-2 light chains and two UH-2 heavy chains or two UL-3 light chains and two

UN-3 heavy chgj an oth ilar combln s of pairs.of li ps1 d Irs of heavy chains as
listed in FIGU tw r& '}f %sﬁes eEc%::tlvzslr\’/}b athé?ré% ‘%% ies that are
provided are véﬁ%ﬁ?ﬁﬁgaﬁﬂbsoaﬁég%f?r?ecﬂnﬁﬂ?r@&ﬁ[) AR RORS %sas{/ 5'?1"3 alns shown in

FIGURES 3A-3C4Atm@oRES %%aedw&?ﬁé&ﬂr@gf"aﬁa%wrﬁ‘?w Pﬁsﬁ'rﬂﬁ)‘ 6t Fe8% chains that each
have at least 7085157595 SENsS S95oR0oH OB 4ot oshsh Wa‘éﬁfwtt@fﬁﬁé"aﬁﬁﬁo acid sequences of
these chains. Irsgpmne HEtBNeescBatin antirodibkemhiolvaievatisas: getes|igtit shvarmdiand one heavy chain,
whereas in otheyigistancesthenasant darms gomamdweicantisal iphtiehauns.zsskino identical heavy
chains. 2. Varighle RosainsRientinedies [000130lds epsmidad arapdigenrddnging proteins that
contain an antiogy lighy %g@g@p@@]mg{%&@}%@g@oﬁmgm group consisting of U4/11, U-VL2,
U413, U-vi4, %%%%&ﬁzces %B%G\él‘ roQélrg !T git}b‘le% a\éjdg‘ éncgdi}g‘nlrgsel&%{;l}é y 4418, U4/116,

U4417, U-VL1 25 U4426 U-/L27, UAIL2S,
U-VL29, UVLsﬁviﬁa?}‘T_%f’rﬁ"Wﬂé" ‘f?fii%§1°ij"2i§{%f’f E‘J‘ﬁﬁgg Eﬁ \7fq§%“°ﬁf ﬁ?l‘i“fb‘iﬂé\ﬂﬂ% U-VL309,
U-VL40. UVL4 feegepsmded by (et antsyion BobeRpplaey oA NGFA45% 49, U-VL50, UNL51,
UIIL52, U-VL54teiiywsschinimsib seyia57e exappse’ & paapesge QraddEer ¢ isaina Al U-vL64, and
U4465; and/or sawantihadEigeetsainnvabribvreih aul 888 e YidupTesnsisting of U- VN13,
U-VN14, U-VE sbbehdéd bavided/ b it Sedy RO:rbied ISR IDINGNOZ2):U-VN23, U- VN24, U-VN25,
U-1/4.126, U-ViyithosiL18ALNNRRANIMNEOES-HANBRG LAGN SEP A MSRAULWINGERDVN 35, UNE136,
U-VE437, UNNRR/HbNRSL DU 4Ok AN kAR R MR RABAA Akt B bWV 46, U-VN47,
UNN48, UNNAQy {eMEe 50 LINMISA drNG2e o VN bR AVURWSR S VES, UVp.57, and

U-VVN58, as shq_w %Ek%gg%ﬁ/é‘@é I@hFlSC;'URES 2A-20, respectlvely, and immunologically
functional fragments, derivatives, muteins an varlan % u%h'rog; nd h avy chain variable

regions. [OOOlﬁﬁgg N@ﬁcga *anmenfsse?ﬁq%e\?mwna heav haln \‘}5‘}‘,‘5 Sfe regions,
respectively, arfBIO¥WHEETH WR@‘%@E‘%@@W%WW% USE%TEJ[P‘%@ A and 118, respectively.
[000132]Antigei?9Sitoalfs 5?8%@ﬁétfaf*aéwigfﬂ?ﬁ@'ea?rﬁﬁﬁfém%@ﬂfe‘s?gﬁa&@a ﬁg?%ﬁréﬁﬁma VHx/ Vity,"
where "X" correspords tohtheesugnebésr e HEBREF ehicie oxiratildar Sisigsamyidge eeere®ponds to the
number of the lgftt ichedmwariable regions (in general, x and y are each 1 or 2). [000133]Each of the
light chain varighiertepiensbsteciin FAGISR ESCEA: R rray. AdesTerHprd svitoamry @bdre light chain
variable regiongshewRiAStELIRRS S Arrater aBRRigeRdaKirRgrIGtein. Examples of such
combinations inglge-Wrtck-Farmbingd it aayaiddrdttl pU-VH2, UVHS, U-V4, U-VHS, U-VHS,

U-v1.7, U- VHS g{)ﬁ/ ;ﬂ%%cl\éa!'_\!ra e, a m\;tH :% %B%G\é hgagﬁﬁb&s\éy%n%yﬂmﬁy 1¥S§(&§ U-VH17,

U-VH18, U-VH ) VH22. U }. e b %m :};ga g 2VH27, U-V428,
U-VH29, U-VH3B" 21" "tﬁs\?‘l‘%‘?ed hl—|§'§ 5. U’\/ ‘U"Vﬁ (RA VH38, U-VH39,
U-VH40, U-VHEPY %QEA‘E}%&@LEPV%&AI?%%?W%%GWW%C‘tﬁ\‘?‘ﬁi%“ ©GH4a9, U-VHSO,
U-VH51, U-VHESKEYBAPSEIGHRY HGRRAHE-S5PV 456, U-VH57, or U-VH58, or U-Vt,2 combined with
any of U-VH1, [B00HZHE-EA7 tesal i Bh ActiBates. e GPIERTTR| Towh 48! (9sePlg (BRRRN10, U-VH11,
U-VH12, U-VH EBFRAATE kb M Urrib B ohioNH o sitsing F BB eldragHa® libiotHR@ing -VH21, U-VH22,
U-VH23, U-VH2dmki\dht 25srieh iRt odibhdrtah ikiddkl:, dodiH 29, tiekiftd 80add e, U-VH32, U-VH33,
U-VH34, U- VH%%HQV@%@RM&:MA?@Ztl‘le"é@Fﬁ%SQSVMEQnMZMi@QeWE%&rM%H%VH43: U-VH44,

U-VH45, U-VHAG U4 0 1A HAB GLIEMHAS obleMIARE o el Jeddr bR 45153 U-VH54, U-VHSS,
U-VH56, U-VH57, or U-VH58, etc. [0001 3411n some instances, the antigen binding protein includes

at least one heavy chain variable region and/or one light chain variable region from those listed in
FIGURES 1A-1P, and FIGURES 2A-20, respectively. In some instances, the antigen binding protein
includes at least two different heavy chain variable regions and/or light chain variable regions from
those listed in FIGURES 1A-1P, and FIGURES 220, respectively. An example of such an antigen
binding protein comprises (a) one U-W1, and (b) one of U-W2,U-V14, U-V15,U-1/11, U- V18, U-VLSI
U-v1,10, U-VL11, U-W12, U-VL,13, U-VL14, U-W16, U-VL17, U-V118, U-VL19, U-W20, U-V121,
U-W22, U-V123, U-W24, U-VL25, U-VL26, U-V127, U-W28, U-VL29, U-VL30, UVL31, U-W32, U-W33,
U-V134, U-VL35, U-VL36, U-W37, U-V1_38, U-W39, U-V1,40, U- VL42, U-VL43, U-V144, U-V1_45,
U-W46, U-VL47,U-VL49, U-W50,U- VL54, U-VL55, U-V1_56, U-VL57, U-VL58, U-VL60, U-W61,
U-V1,62, U-W64, and U-VL65. Again another example of such an antigen binding protein comprises
(a) one U-VL2, and (b) one of U-VL1, U-V13, U-VL4, U-W5, U-VLSI U-W7, U-Vi8,114/1 9, U-VL10,
U-VL11, U-W12, U-V113, U-V1_14, U-W15, U-V116, U-VL17, U-V118, U-W19, U-W20, U-VL21,
U-VL22, U-W23, U-V124, U- V125, U-V126, U-V127, U-VL28, U-V129, U-W30,U-V132, U-W33,
1IN/1 4 LIV 2B Lo W2E IV 27 11IWR2 112171 20 1IN, A0 1IN A1 LIAMA2 LIN1AA LN+ AR



V17, UNA U-V19, U-VL10, U-W11, U-VL12, U-V113, U-W14, U-VL15, U-W16, U-VL17, U-V118,
U-VL19, U-VL_ éo V(%l U-VL22, U-W23, U-V124, U-VL25, U-V126, U-V127, U-V128, U-VL29, U-
v130, U-vLSIFOXP44 3 vr 33, U-v134,U-v136, U-v137, U-vL38, U-WSHECPAAHE - wa1,
U-V1.42, U-V143, UNL44, U-VO45, U-Vrd6; U-W47, U-V148, U-VF49, U-V150,U- W52, U-W54,
U-Vr.55, U-V156, U-W57, U-VL58, U-V159, U-V160, U-VL61, U-W62, U-V1.64, and U-VL65, etc.
[0001351Again another example of such an antigen binding protein comprises (a) one U-VH1, and (b)
one of U-VH2, U-VHS, U-V4, U-VHS, U-VH6 U-VH7 U-YH8, U-VHS, U-VH10, U-yHI11, UVHL,
U-VH13, U-VH ISR = 595 6T 1917 o9 Rt a e §, M%’“ﬁ' RATST2U-VH22, UVH23,
U-VH24, U-VHBSF (34l 8Y ESHIST end ATparegip s -vH30, U VH31 U-VH32, U-VH33, UVH34,
U-VH35, u-wmm%wwﬁm%ﬁh@fi@ﬁ%‘g,%W,@WWZ?UW%&S@W#@E;E&? VH45, U-VH46,
U-VH47, U-VFt8ythadield SutgestiHdime bi-5Usrinelgatins Zor (dehtiel R0royay FSpiay A/ PSS pa/ H56, U-VH57,
and U-VH58. Anmh%@xmp&tmpnise&wimuewma&nd i) rosvBaoibio) Y gL S, U-VHA4,
U-VHS5, U-VHS6 chils Vi Gsddol ibSnabidiifbdidaMisi@. U-VH11, U-VH12, U-VH13, U-VH14, U-VH15,
U-VH16, U-VH17, U-VH18, U-VH19, U-VH20, U-VH21, U-VH22, U-VH23, U-VH24, U-VH25, U-VH26,

U-VH27, U-VH28, U-VE129c UVHE0, LV HR M-HR2, U-VH33, U-VH34, U-VH35, U-VH36, U-VH37,
U-VH38, U-VH39, U-VH4G, UXVAA1, U/H42, UVHAS, U-VH44, U-VHA5, U-VH46, U-VH47, U-V48,

U-VH49, U- VH%B%1 II'A%X%&W H"\QE‘C%% Hné(rldgéer&! W Lég\e[k{ééthyaﬁﬁé@f b ¥Eh4eand UVHSS.

Again another gamRle ROIBISRS (RN bl to At (s AL W Lol yﬁ%n§8v14 UVHS,
U-VHS, UVH7 U 14, U-\VH15, U-VH16,

U-VH17, U- VH?@’“[? ﬁ'ﬂﬁ‘i@ i?\fh"%‘f)”ﬂi‘ W%“f U\?ﬁ"ﬁaﬂ“ alﬂ]r%?H‘i% %m”rfﬁ%eﬁc’\r‘fHaz“ U-VH26, U-VH27,
U-VH28, U-VH2e"eRifesth 2RAnten pindingLemien) 679 s8=cicqi PP o 7Er55T BoWRTR™ lvHa7, U-vH3s,
U-VH39, U-VHaertieylay humen HRAGH 2 Seme/elis SpnA-fazexeieie A% vepy i b g handns Hag, U-vH49,
U-VHSO, U-VHS HBEEGFETE resentpiS 3nd caniing be usgiigihibit\mipgere v 7odine Ons/p 58, etc.
[000136]The variptisctafeanaiiers witidav@cmheadiztvdsaigimgegions may be combined with any of the
various combingkiens)ef Jigbkc haimitrA ablenseoicens. 800 3Alkroipesinsiancesnthe antigen binding
protein containg,buqistanicabighl shainyariabie regions. andime tuardanticakirawahain variable
regions. As an 8?6%’??9&%&@@3 %%%ngmgé'}gﬂ@&%h BRROS AB-LBEROMM: arimaHaairgically functional
fragment that Incldes, G I el ariahie reRlons B updian diglbwaiphie regions in

combinations o Dairs 0 hain Yarla lons an airs of QVX ? ain variable regions as listed
in FIGURES 1A 5RE ‘Uﬁ‘@gp A6, reég pective 5“6"f§§ Domé}'arrﬂwcngndmg proteins that
are provided co?ﬂ‘ﬁﬂ%"ciff@‘ﬁeEH‘élY?Wf|055'I‘é°fd?)rrﬁ‘5?'r§’%g YR el e%xaﬁrpr?%%mds that differs
from the sequeMEEPANRTRIEITEHTYAT B R BIBTAIHRI8URY from U-W1, u W2 U-W4, U-VL5, U-V16,
U-V17, U-V18, 190WRs]irgexpin enitgdigients, torRelypoptidr gHuetgre gt (e 2atiopn {Apding rrplgips & a0-vL 17,

U-V1_ 18, U-V1d8iptdy\bFR2 0erlded/FeRiandntinotig elydidg 2@t bbt\irdid té)opaciong) aptitpgies)-\/27, U-W28,
U-VL29, U-V13@sddcid3aijbokivk] Siybobive] 0aBait bAfBdiet) sy B it bR Bies) (din8inds 88 -39, U-V140,
U-Vj41, U-WA2LisV 343 nkdodilidithelidsHy dimblic\edbolied/ AummddididBiidddMidshtibby 1adnt)-V151, U-V52,
U-V54, U-V55, LIYIBG, A B 7ol VA5 R6b N udedrdiB nd beMbrs b AdniOBIa4165 at only 1, 2, 3, 4, 5,
& [ 89 10, Listgnie 12 sg&é.%s%%&otﬁe%qn LS5 iy IR0 SAA-SHGLLPRAHRARS giference is

independently eltﬁ)e elet rtl stl ;IOH‘O ane 0 acid eght c ain variable
f
region in some &HH ééﬁeb?namg prog i:gﬁﬁpnses sequence o %Lrjﬁefsngreaglci'er that has at least 70%,

75%, 80%, 8598 0B EE58/5197% or 99% sequence identity to the amino acid sequences of the light
chain variable rE§R#HterR efthepRfigen indirp 3rojeingens ravise hesgy serelrd ™M P® ™90, u-vi112,
U-V113, U-'414HBEGE] 5 2 $perii6 etpdingnts/anigenbindiraceretriy rerifigrly rgs 1 hymentiBy\w23, U-v24,
U-V125, U-VL2&epEpidhaliny/the28,ind it 289ueg¢f30 SERVLBD; 10732, U-V133, U-V1,34, U-1/1_35,
U-V36, U-V37, tevihdfin bindbdihehls flerd thelddigdr bikding]drdteld /434 tdr Widrapdytld abdiidiiond-Vj46, U-V148,
U-V1,49, U-V15), a%@é}ﬁ%mdﬂg%gm hnVitdhnilnidaie iMoo Rioddtddhe dr WdR Bicldglda 28ivitedV 60, U-V1,61,
U-W62, U-Vj64, o D465, [0QQ1291Certain anliiadies srniRpss@lessmuehaisspasiaple domain
comprising a sequence of amino acids that differs from the sequence of a heavy chain variable domain
selected from UVH1, U-VH2, U-VH3, U-VH4, U-VHS, U-VH6, U-VH7, U-VHS, U-VH9, U-VH10,
U-VH11, U-VH12, UVH13, U-VH14, U-VH15, U-VRi6, U-VH17, U-VH18, U-VH19, U-VH20, U-VH21,
U-VH22, U-VH23 UVH24, U-VH25, U-VH26, U-VH27, U-VH28, U-VH29, U-VH30, LIL.VH31, U-VH32,
U-VH33, U-VH34, UVH35, U-VH36, U-VH37, U-VH38, U-VH39, U-VH40, U-VH41, U-VH42, U-VH43,
U-VH44, U-VH45, UVH46, U-VH47, U-VH48, U-VH49, U-VHSO, U-VH51, U-VH52, U-VH53, U-VH54,
U-VH55, U-VH56, UVH57, or U-VH58 atonly 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 13, 14 or 15 amino
acid residues, wherein each such sequence difference is independently either a deletion, insertion or
substitution of one amino acid. The heavy chain variable region in some antigen binding proteins
comprises a sequence of amino acids that has at least 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99%
sequence identity to the amino acid sequences of the heavy chain variable region of U-VH1, U-VH2,
U-VHS, U-VH4, U-VHS, U-VH6, U-VH7, U-VH8, U-VH9, U-VH10, U-VH11, UVH12, U-VH13, U-VH14,
TIVVHAIE TISVVHIAR TIV/HA7 1VHT12 11A/H10 TISVH20 TIVH21 TRVH22 1TIVHEHY2?2 1IVVH24 TILWVHOE



[0001441In one aspect, the CDRs provided are a (a) a CDRL selected from the group consisting of (i)
a CDRL1 selected from the group consisting of SEQ ID NOs:189-217, (P%a CDRLZ2 selected from the
group conS|st|ng oofog'llg83fb NO:218-233; (iii) a CDRL3 selected from the gTrjgﬂf)o%:gg}r{t}g%gflng of SEQ ID
NO:234-274; and (iv) a CDRL of (i), (ii) and (iii) that contains one or more amino acid substitutions,
deletions or insertions of no more than five, four, three, two, or one amino acids; (B) a CDRH selected
from the group consisting of (i) a CDRH1 selected from the group consisting of SEQ ID NO:275-299;

(fiy a CDRH2 selected from the ro conS|st|n ofSE ID NO: 3%)’0 || aC RH3 selected from
the group cons/&HRl BPERE " %[5%)55%75“ Nl é'bﬁ?.eﬁfo

Qa; nd (i) that contains one or
more amino acﬂﬂ’%UBﬂlfUﬂﬁﬁs*BoFétéﬁBt’f? t?r“ﬁ@é?ﬁ%hgrc‘f‘l‘:ﬁéefﬁ%f’é Th&FF “tf% b #ifse, two, or one
amino acids anfte 858510001 ]ir gearmirdtheraspEdindasinGn 16 11 Braset reidngre provided that
have at least 8@%47y3598;EHF%ae mBGHad bivkgeal et uch @DR meajuret teristctifarefIGURES 6A-6F
and FIGURES ZAayfn {Reh4e) Q6 44l ney et anpthevaspoetyithe@®iRs disclosed herein include
consensus sequences derived from groups of related monoclonal antibodies. As described herein, a

"consensus sequence” refegs t.amiRbacitisg AHENERShaing conserved amino acids common
among a number of sequences and variable amino acids that vary within a given amino acid

sequences. ThefiRsonsaRanRRIYRNRSRERYidad ekl GCRRGEarasRaliag to each of CDRLI,
CDRL2, CDRL3 GRRELGRE A00kRREL3L000d 4316 PSRRI S SRGHRAIIERS WiRkm determined
using a Standardﬁ ,g'ogefatcm%re AR AP RIOALH LIS GRS RITEIRORURAVRIAR Lk, and U-vH of
anti-HB-EGF anti les. First, n t I’Vﬁ sgcrddegglgn X '935 ih? r,ﬁes C grtees&g)rkdmg to the entire
variable domain® &f"&RR Ftﬁ?ﬁ_s were converied RSP R Pofmatting for ease in processing
comparative allﬁﬁ'ﬁlfé‘f’ﬂgt‘ﬁ?t’d |??f§¥?ﬁﬁ"g°'b‘?‘f§}?66§5‘ﬁif€§s ggg@h’%‘ﬁ“ﬁh ESRRIBANSS 'lgﬁ "bach the fight and
heavy chain vafbéTagfooutes sEBIAR P RE &k IRIEERTH ﬁmd@éﬁafb%{ﬂ?f’éﬁtﬁﬁda@f’ahps i.e., the light
chain variable réqiéi8alcrechlodidtivg imrouataiehdin prin sBoTroprd Bl saifier {¥REcsBIIRE 12A and 12B),
and the heavy cha#nvasiablerdégians wehy dilividédhinosevendgroepsnda BieGetBisE, F, and G (see,
FIGURE 12C). bty psiithinTeaghiohdinese geaups poempaiiseniobaacipesita she CDRL1, CDRL2,
CDRL3, CDRH{on{pR3EH2nZRRH3#a0IQBsN Bsctis I diatingisnnsenssrwolentinnmt [900149]Group
A of the Hight cfy &9&%8& éﬂ GHARSH %J[Q"ﬂw'&@oegnémﬁo%ue&m@%oee%DRLl of the generic

e XSO IO oA BN B e LB Lo X o
orY, X4is K orﬁ\lo neric fol for u@)i!f’)é%ﬁst 3X4S (; EQ ID NO:
1041), wherein "REOT '%““a'i‘ e\r}erigél rﬁc R?\/'eg%ﬁs or' a ofatnhe generic formula

X1Qx2x3x4x5‘rf>%‘>%?°(§ﬁb°rﬁ RIS E BT \ARGPRRFOSEL Pgpaly, Heavy cheins are typically

classified as mu, delta, gamma, alpha, or epsilon chams and these define the antibody's isotype
as IgM, igD, IgG, igA, and IgE, respectively. igG has several subtypes, including, but not limited
i, IgG1, 1gG2, 1pG3, and IgG4. IgM subtypes include IgM1, and IgM2. IgA subtypes include |
lgA1 and IgA2. In humans, the IgA and IgD isotypes contain four heavy chains and four light
chains; the IgG and IgE isotypes contain two heavy chains and two light chains; and the igM
isotype contains five heavy chains and five light chains. The heavy chain C region typically
comprises one or more domains that may be responsible for effector function. The number of
heavy chain constant region domains will depend on the isotype. 1gG heavy chains, for

" example, contain three C region domains known as Cu1, Cu2 and Cy3. The antibodies that are
provided can have any of these isotypes and subtypes. In certain embodiments, the HB-EGF
antibody is of the 1gG1, 1gG2, or igG4 subtype.
[000120}In full-length light and heavy chains, the variable and constant regions are joined by a
“J" region of about twelve or more amino acids, with the heavy chain also including g “D" region
of about ten more amino acids. See, e.g., Fundamental immunology, 2nd ed., Ch. 7 (Paul, W.,
ed.) 1988, New York: Raven Press (hereby incorporated by reference in its entirety for all
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X2isA,GorS, X3ISlorT,X4isHorQ, XsisF,LorW, X6isC,I,H,LorT,X7I1SSorT.
[000150]Group, B,of the light chain CDRs includes the following consen§g§/ 9&%%%:} a. a CDRL1 of
the generic formula RASQXIISX2YLN (SEQ ID NO:1036), wherein X, is IsSRorS.b.a
CDRL2 of the generic formula X1X2SX3LQS (SEQ ID NO:1042), wherein X,is Aor T, X2is A, Eor V,
X3 1S S orT. c. a CDRL3 of the generic formula QQX1X2X3X4X5IT (SEQ ID NO:1047), wherein X, is |
orS,X2isForY, X3isF,I,SorV.X4ISA,SorT, X5is P or S. [000151)Group C of the light chain

CDRs includes (e £9Ll,0%n9&9&@%@%}4&994&%% B AR ARl

RASQXlIXZXSﬁ)i(A: X2£ EQ ID NO:1037), Whereln isD, G , X2IsA, RorS,

[000421}One example of a kappa Light Constant domain of an exemplary HB-EGF monoclonal
antibody has the amino acid sequence:

[000122)RTVARPSVFIFPPSDEQLKSGTASVVCLLNNFY PREAKVOWKVDNALOSENSQESVTEQDSKDS
TYSLESTLTLSKADYERHKVYACEVTHQGLSSPVTKSFRRGEC. (SEQ ID NO:187).

{000123]One example of an 1gG2 heavy constant domain of an exempiary HE-EGF monoclonal
antibody has the amino acid seguence:

[B00124)ASTRGPSVFPLAPCSRSTSESTAALGCLVKDY FPEPVIVSWNSGALTSGVHTFPAVLSSGLYS
L8SVVIVPESNFGTOTY TCNVDHK PSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPPKPRKDTLMI SRT
PEVTCVVVDVSHEDPEVQFNWYVDGVEVENAKTKPREEQFNS TFRVVSVLTVVEQDWLNGKEYKCKVENKG
LPAPIEKTISKTRGQPREPQVYTLPPSREEMTKNOVSLTCLVKGFYPSDI AVEWESNGQPENNYKT TP PML
DSDESFFLYSKLTVDKSRWQQGNVFSCSVMHEALENHYTOKSLSLSPGK (SEQ ID NC:188) .
[p0D125]Variable regions of immunoglobulin chains generally exhibit the same overall struciure,
comprising relatively conserved framework reglons (FR) joined by three hypervariable regions,
more ofien called “complementarity determining regions” or CDRs. The CDRs from the two
chains of each heavy chainflight chain pair mentioned above typically are aligned by the
framework regions to form a structure that binds specifically to a specific epitope on the target
protein {e.g., HB-EGF). From N-terminal to C-terminal, naturafly-occurring light and heavy chain
variable regions both typically conform with the following order of these elements: FR1, CDR1,
FR2, CDR2, FR3, CDR3 and FR4. A numbering system has been devised for assigning
numbers to amino acids that occupy positions in each of these domains. This numbering
system is defined in Kabat Sequences of Proteins of immunological Interest (1987 and 1991,
NIH, Bethesda, MD), or Chothia & Lesk, 1987, J. Mol. Biol. 196:901-817; Chothia ef al., 1889,
Natfure 342:878-883.

[600126] The various light chain and heavy chain vatiable regions provided herein are depicted
in FIGURES 1A-1P, and FiGURES 2A-20, respectively. Each of these variable regions may be
atiached to the above heavy and light chain constant regions to form a complete antibody heavy
and light chain, respectively. Further, each of the so generated heavy and light chain sequences
may be combined to form a complete antibody structure.

10001 271Specific examples of some of the full length light and heavy chains of the antibodies
that are provided and their corresponding amino acld sequences are summarized in FIGURES
34-3K and FIGURES 4A-40, respectively.

[600€28]Again, each of the exemplary light chains (U1, U-2, Ur-3 elc.} listed in FIGURES 3A-
3K can be combined with any of the exemplary heavy chains shown in FIGURES 4A-40 to form
an antibody. Examples of such combinations include U -1 combined with any of Uy-1 through
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X3isH,I,N,R,SorT, X4is D, Wor?, X5is A, G or N. b. a CDRL2 of the generic formula
X1ASX2LQS %ﬁ% gléﬁmg:m%), wherein X, isAorV, X2I1SSorT.c. Wh%%%% generic formula
X1X2XsX4X5 %( SEQ ID NO: 1048), wherein X, is L or Q, X2 is K; N or Q, ISA,H SorY,
X4isH,NorY, X5isN,SorT, X6isA, F, I, T,VorY, X7is P or noamino acid X.8is F, L or P.
[000152]Group D of the light chain CDRs includes the following consensus collections: a. a CDRL1 of

the generic formula QASQDIX1X2X3LN (SEQ ID NO:1038), wherein X1is Sor T, X2is ID or N, X3 is

Sory. Un-58; UL -2 combined with any of Uy-1 through Uy-58; or U, -3 combined with any of Uy-1

through U~58, and so on. in some instances, the antibodies include at teast one light ¢chain and
one heavy chain from those listed in FIGURES 3A-3K and FIGURES 4A-40, respectively. in
other instances, the antibodies contain two identical fight chains and two identical heavy chains.
As an example, an antibody or immunologically functional fragment may include two U -1 light
chains and two Uy~1 heavy chains, or iwo U -2 light chains and two U-2 heavy chains, or two
U -3 light chiains and two U-3 heavy chains and other similar combinations of pairs of light
chains and pairs of heavy chains as lisied in FIGURES 3A-3K and FIGURES 4A-40,
respectively.

[oB01281Cther antibodies that are provided are variants of antibodies formed by combination of
the heavy and light chains shown in FIGURES 3A-3K and FIGURES 4A-40, respectively, and
comprise light andfor heavy chains that each have at teast 70%, 75%, 80%, 85%, 90%, 85%,
97% or 99% identity fo the amino acid sequences of these chains. In some instances, such
antibodies include at least one light chain and one heavy chain, whereas in other instances the
variant forms contain two identical light chains and two identical heavy chains.

2. Variable Domains of Antibodies

[000130)Also provided are antigen binding proteins that contain an antibody light chain variable
region selected from the group consisting of U-V, 1, U-V 2, UV 3, UV 4, UV 5, U-Vi6, UV 7,
U-V B, U-V 9, UVi10, U-Vi 11, U112, U-V13, U=V 4, U-V 15, UV 18, UV 17, U=V 18, U-
V18, U-VL20, U-vi21, U-Vi 22, U=V, 23, U-Vie2d, U-V 25, U-V, 26, U-V 27, U-V| 28,.U-V,.29, U-
V30, U=V 31, U-V 32, U-V_ 33, U-V 34, U-V 35, U-V, 38, U-V, 37, U-V| 38, U-V 39, U-V 40, U-
V41, UV 42, UV 43, UV, 44, UV 45, U-V 48, U-V 47, U-V 48, U-V|49, U-V 50, U-V, 51, U-
V52, U-V, 54, U-V 55, U-V 56, U~V 57, U-V 58, U-V 58, U-V, 60, U-V 61, U-V 62, U-V 64, and
U-V| 65, andfor an anfibody light chain variable region selected from the group consisting of U-
Vit, U2, U-Vg3, UV, U5, U-VLB, U-Viy7, U-VyB, U-V8, U-vi10, U-Vt1, U-Vu12, U-
V13, UVyid, U-Vyi5, U-VE16, U-vy17, U-Vyi8, U-Vip18, U-Ve20, U-V21, U-Vy22, U-Vy,23, U-
Vy24, U-V25, U-Vig26, U-Vi27, U-V28, U-Vi28, UV, 30, U-Vi31, U-V32, U-Vy33, U-V,34, U-
Vu35, U-V,36, U-Vy37, U-Vy38, U-Vu38, U-Vid0, U-Vidl, U-Vid2, U-vid3, U-Vyd4, U-V 45, U-
V6, U-V\d7, U-VdB, UV, 48, U-V,50, U-ViB1, U-V52, U-V 53, U-Vy54, U-Vy55, U-V,56, U-
V57, and U-Vy58, as shown in FIGURES 1A-1P, and FIGURES 2A-20, respectively, and
immunologically functional fragments, derivatives, muteins and variants of these light chain and
heavy chain variabie regions,

j000131]Sequence alignments of the various light and heavy chain variable regions,
respectively, are provided in FIGURES 10A and 108, and FIGURES 11 A and 11B, respectively.

28



b. a CDRL2 of the generic formula DASXILET (SEQ ID NO:1044), wherein Xl is | or N. c. a CDRL3 of

the generic fo%%@g%a(olf%DXSLPx4X6 (SEQ ID NO:1049), herein X1 i%%%%@gsﬁsc orY, X3is D,
isF, TorL, in

I, N,SorY, X X5is A, S or T. [000153]Group E of the light'cha s’includes the
following consensus collections: a. a CDRLL1 of the generic formula RASQX1VX2X3X4X61A (SEQ ID
NO:1039), wherein X1is Sor T, X2islor S, X3is R or S. X4 is 5, N or no amino acid, X5 is Y or no
amino acid. b. a CDRL2 of the generic formula GASSRAT (SEQ ID NO:223) c. a CDRL3 of the

glegregf SO QAR KAT SR STRPNQLAGBb MRS IR - YRS G Or N, X3 s

V.y." where "x* corresponds to the number of heavy chain variable regions and "y” corresponds
to the number of the light chain variable regions {in general, x and y are each 1 or 2).
[000133]Each of the light chain variable regions listed in FIGURES 1A-1P may be combined
with any of the light chain variable regions shown in FIGURES 2A-20 1o form an antigen binding
protein. Examples of such combinations include U-V, 1 combined with any of U-vg1, U-v2, U-
Vi3, UVid, U-V5, U-VB, U-V7, U-ViB, U-Viy8, U-Wp10, UV, Uvyl2, U-Vy13, U-viy14, U-
Vu15, U-Vy16, U-vyt7, U-vgt8, U-Vp19, UVy20, U-Vy21, U-V22, U-Vg23, U-V24, U-V,25, U-
Vi26, U-Vu27, U-Vy28, U529, U-Vy30, U-V31, U-V,32, U-Vy33, U-Vy34, U-V,35, U-V,36, U-
V37, U~VH38., U-vu39, U-VH4O, U-Vud1, UV 42, U3, U-Vidd, U-VAS, U-Vd8, U-Vud?, U-
V48, UVyud0, U-Vg50, U-V51, UV52, U-V83, UVB4, U-VB5, U-Vy5B8, U-Vy57, or U-Vy58,
or U-V, 2 combined with any of U-Vu1, U-Vi2, U-Vy3, U-Vid, U-Vs, U6, U7, U8, U-
V9, U-Vy10, U-Vg11, U-Vy12, U-V13, U-Vi14, U-Vgt5, U8, U-vip17, U-Vy18, U-vy19, U-
V20, U-Vp21, U-V22, U-VL23, UV 24, U-V25, U-Vy26, U-V27, U-V28, U-V,29, U-V,30, U-
Vi34, U-V32, U-V33, UWE34, U-Vy35, U-Vy36, U-V37, U-Vy38, -39, U-V40, U-Vid1, U-
Vid2, U-Vpd3, U-Vidd, UVids, U-VdB, U-Viud7, U-VidB, U-V49, UV 50, UV 51, UV 82, U-
V53, U-Vi54, U-Vy55, U-Vub8, U-Vy57, or U-V,58, etc,

fo00134]in some instances, the antigen binding protein includes at least one heavy chain
variable region and/or one light chain variable region from those listed in FIGURES 1A-1P, and
FIGURES 2A-20, respectively. in some instances, the antigen binding protein includes at least
two different heavy chain variable regions and/or light chain variable regions from those listed in
FIGURES 1A-1P, and FIGURES 2A-20, respectively. An example of such an antigen binding
protein comprises (a) one U-V 1, and (b) one of U~VL2, U-V 3, U-Vi4, UV, 5, U-V 6, U-V. 7, U-
V8, U-V(8, UVp10, LV, U-V12, U3, U-V 4, USVUS, USV I8, U7, U1, Uy 18,
UV 20, UV, UV 22 UV 23, UV, 24 U-V 25, U-V 26, U-V 27, U-V 28, U-V| 29, U-V 30, U-
V31, U-V,32, U-V, 33, U-V,34, U-V,35, U-V, 36, U-V,37, U-V,38, U-V,39, U-V,40, U-V 41, U-

Vi 42, U-Vi43, UVid4, UV 45, U-V 46 UV 47, U-V 4B, U-V 48, U-V 50, U-VL5,1, U-v 52, U-
V.54, UV 55, U-V 56, U-V 57, U-v 58, U-V 59, U-V,60, U-V 81, U-V B2, U-V 64, and U-V 65.
Again ancther example of such an anti-gen binding proteiﬁ comprises {a) one U-V 2, and {b) one
of UV 1, U-V 3, U-Vi4, UV B, U-VB, UV, T, U-V 8, UV 8, U~VL1OA, U-vi 11, UV 12, U-V 13, U-
V14, UV 15, U-V 16, UV 17, U-V 18, U-V 18, U—VLZU, U-v 21, UV 22, UV 23, U-v 24, U-
V025, UV 26, U-V 27, U-V, 28, U;V{ZQ, U~V 30, U-V 31, U-V 32, U-V| 33, U-V 34, U-V 35, U-
V36, U-VL 37, UV 38, LV 39, UVi40, UV 41, U-Vi42, UV 43, UV 44, U-V 45, U-V, 46, U-
V47, U-VeAB, U-Vi49, UV 8D, U-V 51, UV, 82, U-V 54, U-V 55, U-V, 56, U-V,57, U-V, 58, U-
V.58, U-V80, U-V 81, U-V|62, U-V 64, and U-V.85. Again another example of such an antigen
binding protein comprises {(a) one U-V.3, and (b) one of UV 1, U-V 2, UV 4, U-V,5, U-V 6, U-
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Xs is Porno amino acid, X6 is R or W, X7 is S or T. [000154)Group F of the light chain CDRs includes
the following 4pllectlons a. a CDRL1 of the generic formula
KSSQXlsz%Q?A@@I\%\WLXG (SEQ ID NO:1040), wherein X1 is N of & X2 118y, X3 is D or Y,
X4 1SN, Ror5, Xsis AorV.b.aCDRL2 of the generic formula WASX.IRES (SEQ ID NO:1045),

wherein X1 is A or T. c. a CDRL3 of the generic formula XIQYX2X3X4X5X6X7F (SEQ ID NO:1051), _
wherein X1isHor Q, X2isForY, X3ISG,lor5, X4disF,lorT,XsisM,P,SorT,X6isF, L, RorWw,

o SRR s e R b s colecions

a. a CDRH1 oft eneric formula

U-Vi 18, UV 26, U-v 21, UV 22, O 24>6 %@586% u?‘/]lpé% nge'LT

V30, U-V 31, U-v, 32, U-V 33, U-VL34. UuVL35. U-V, 36, U-v, 37, U-V 38, U-V, 39, U-v, 40, U-
Vid1, U-Vi42, U-Vi43, U-Vi 44, U-V 45, U-V 48, U-Vi47, U-V, 48, U-V 49, U-V, 50, U-V 51, U-
V52, U-V B4, UV, 55, U-V 56, U-V| 57, U-V 58, U-V, 58, U-V,60, U-V 61, U-V B2, U-V 64, and
U-V 85, sic.
[GGO1 35]Again' another example of such an antigen binding protein comprises (a} one U-Vt,
and (b) one of U-Vy2, U3, U-Vid, U5, U-V8, U-V7, UV, 8, U-Vi9, U-V,10, U-vu11, U-
Vu12, U-Vgi3, U-Vyi4, UVu15, U-Vi6, U-Vyu17, U-Vy18, U-Vu18, U-Vyu20, U241, U-V22, U-
Vy23, U-Vp24, U-V25, U-Vu26, U-Vu27, U-Vy28, U-v,28, UV 30, U-Vy31, U-V32, U-V33, U-
Vy34, V435, U-V36, U-Vy37, U-Vy38, U-V,38, U-Vi40, U-Vidi, U-Vigd2, U-Vd3, U-Vyd4, U-
Vad5, UV 46, U-Vd7, UV 48, U-V, 49, U-V50, U-Vy51, U-Vb2, U-Vvy53, U-V 54, U-V 85, U-
V456, U-Vy57, and U-V58. Ancther example comprises (a) one U-Vu2, and (b} one of U-Vyu1,
U-V3, U-Vid, U5, U-Vg, U-Vy7, U-VB, VL9, U108, UVt t, U-Vp12, U-Vyi3, U-Vy14,
U-VR15, U-V16, U-V17, U-Vui8, U-Vy18, U-Vy20, U-Vie21, U-Vy22, U-V,,23, U-Vu24, U-Vy,25,
U-V28, U-V27, U-V28, U-V,29, U-VR30, U-Vu31, U-Ve32, U-Vu33, U-Vy34, U35, U-V,38,
241 VE3T, DV38, U398, U-Vya0, U-Vid1, U-Vid2, U-Vid3, U-Vedd, U-Vid5, U-V48, U-V 47,
U-V, 48, U-Vi48, U-Vy50, U-Vy51, U582, U-Vvy583, U-V, 54, U-V5E5, U-V 56, U-V,,57, and U-
V58, Again another example comprises {a} one U-V,y3, and (b} one of U-Vy1, U-Vy2, U-V4, U-
Vi5, U-Vy8, U-V7, U-Vig8, U-Vy8, U-Vu10, U-Viyt1, U-Vi12, U-Vy13, U-Viu14, U-Vy15, U-Vy16,
U7, U-V18, U-viy18, U-Vy26, U-vi21, U-Vy22, U-Vyu23, U-v,24, U-V25, U-V,26, U-VE27,
U-V28, U-VR29, UVu30, U-Va31, U-VR32, U-V33, U-Vy34, U-Vy35, U-V,38, U-VL37, U-V38,
U-Vy39, U-ViA0, UVid 1, U-Via2, U-V,a3, U-Vidd4, U-V,d5, UV, a6, U-ViAT, U-V,48, U-V,49,
U-Vu50, U-ViB1, U-V52, U-V53, U-Vy54, U-V,55, U-VL586, U-V,57, and U-V,58, etc. -
[000136]The varicus combinations of heavy chain variable regions may be combined with any of
the various combinations of light chain variable regions. .
[000137]in other instances, the antigen binding protein contains two identical light chain variable
regions andlor two identical heavy chain variable regions. As an example, the antigen binding
protein may be an antibody or immunologically functional fragment that includes two light chain
variable regions and two heavy chain variable regions in combinations of pairs of light chain
variable regions and pairs of heavy chain variable regions as listed in FIGURES 1A-1P, and
FIGURES 2A-20, respectively.
[000138]Some antigen binding proteins that are provided comprise a light chain variable domain
comprising a sequence of amino acids that differs from the sequence of a light chain variable
domain selected from U-V 1, UV, 2, UV 3, U-Vi4, UV 5 UV B, U-V 7, UV 8, U-V| 8, U-V;10,
UV, UV12, U3, UV 14, U-V 15, U=V 16, U-V 17, UV 18, U-V 19, U-V 20, UV 21, U-
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XlisForL, X2isE,Gor5, X3isH,LorY, X4isG,SorY, XsislorM, X6isHorS. b.a

CDRH2 of the@%gﬁ 41:%5 ula X1X2X3X4X5XSGX7TX8X9X1OQKX11)&;@5@;&0&%@%1058), wherein
: iIsForl, , Norb,

X1is SorW 3isD,Nor5, X4isA, P, X5isE,Nor S, XsIS 7isE, GorN,
X8islorN, XgisC,HorY,KuisAorT, X.,lisForL, X12is D or G. c. a CDRHS3 of the generic
formula XiX2X3X4X5X6X7X8X9X10X110X12 (SEQ ID NO:1065), wherein Xiis E or S. X2 is D, G or
no amino acid,

V22, UV 23, UV 24, UV 25, UV 26, U-V 27, U-V, 28, U-v, 29, U-V 30, U-V 31, U-V, 32, U-
V.33, U-V 34, U-V 35, U-V 36, UV 37, UV 38, U-V 39, U-V, 40, U-V 41, U-V 42, U-V 43, U-
Vi 44, U-\MS, U-V 46, UV 47, UV 48, U-V 48, U-V 50, U-V 51, UV 82, U-V 54, U-V 55, U-
V.56, U-V| 57, U-V 58, U-V 59, U-V 60, U-V 61, UV 62, U-V 64, or U-Vi65atonly 1,2 3,4, 5,
8, 7, 8,9, 10, 11, 12, 13, 14 or 15 aming acid residues, wherein each such sequence difference
is independently either a deletion, insertion or substitution of one amino acid. The fight chain
variable region in some anfigen binding proteins comprises a sequence of amino acids that has
at least 70%, 75%, 80%, 85%, 90%, 95%, 97% or 99% sequence identity to the amine acid
sequences of the light chain variable region of -V 1, U-V 2, U-V 3, UVi4, UVS, UV B, UV T,
U-V 8, U-V 9, UV 10, U-Vo 11, U-V12, UV 13, U-VU 14, U=V 15, U186, U-VU17, UV 18, U-
V19, UV 20, UV 21, U-Ve22, UV, 23, U-V 24, U-V 25, UV 26, UV 27, U-V 28, U-V, 28, U-
V30, U-V 31, U-V 32, U-V,33, U-V; 34, U-V 35, U-V 36, U-V, 37, U-V 38, U-v 38, UV 40, U-
V41, U-Vi42, U-Vi 43, U-Vi44, U-Vi45, U-Vi46, U-Vid7, U-Vi48, U-Vi48, UV 50, UV 51, U-
V52, U-V, 54, U-v, 55, UV, 56, U-V| 57, U-v. 58, U-V 59, U-V, B0, U-V| 61, U-V, 62, U-V 84, or L
V\65.

[000439]Certain antibodies comprise a heavy chain variable domain comprising a sequence of
amino acids that differs from the sequence of a heavy chain variable domain selected from U-
Vil, U2, U3, U-Vid, U-V5, B8, U-vy7, U8, U8, U-vto, U-Vigtt, Uvyi2, U-
Vi3, U-Vu1d, U-Vyis, U-VR186, U-Vy17, U-Vy18, U-Vyi8, U-V,20, U-v21, UV 22, U-V,23, U-
V24, U-Vu25, U-V,26, U-V,27, U-Vy28, U-Vu29, U~VH3{}, U-Viy31, U-V32, U-Vy33, U-Vy34, U-
Vi35, U-V38, U-Vy37, U-V38, U-V39, U-Vi40, U-Vdt, U-Vi 42, U-Vi43, U-Vdd, U-V45, U-
Vid6, U-Vd7, U-Vd8, U-Vid8, U-Vu50, U-Viy51, U-Vy52, UV 53, U-V,54, U-V,85, U-V,,566, U-
V57, or UV S8 atonly 1, 2, 3,4, 5,6, 7,8, 8,10, 11, 12, 13, 14 or 15 amino acid residues,
wherein each such sequence difference is independently either a deletion, insertion or
substitution of one amino acid. The heavy chain variabie region in some antigen binding
proteins comprises a sequence of amino acids that has at least 70%, 75%, 80%, 85%, 90%,
95%, 97% or 88% sequence identity to the amino acid sequences of the heavy chain variable
region of U-Viy1, U-Vu2, U-V3, U-Vid, U-Va5, UWiB, U7, U-Vi8, U-V8, U-Vyi0, UV, U-
V12, U-V13, U-Viid, UVg15, U-Vy18, U-Vy17, U-Vy18, U-Vui1§, U-viu20, UV21, U-V,22, U-
Vu23, U224, U256, U-Vy26, U-V27, U-Vi28, U-Vy29, U-V,30, U-V31, U-vi32, U-V,33, U-
Vi34, U-Vu385, U-Va36, V37, U-VL38B, U-V38, UVas0, U-Vidt, UV42, UVA3, U-Vi44, U-
Vd5, U-VidB, UV 47, U-Vip48, U489, U-VB0, U-Vb1, U-V,82, U-V,,53, UV b4, U-V, 55, U-
V56, U-Vy57, or U-V,58.

1000140} St other antigen binding proteins, e.g., antibodies or immunologically functional
fragments include variant forms of a variant light chain and a variant heavy chain as just
described.
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X3 is D, N or no amino acid, X4 is G or no amino acid, X5 is G or no amino acid, X6 is W, Y or no

amino acid, X&](J)s l)g&l pA X9isAorY,X9isG,VorY, X10is A, For 85'!'! ' l‘f M, X12is V or
2 9 4 . ) ] .’ ]
Y. [000156]Group o?ctrhe heavy chain CDRs includes the following cor?scens%%%g)l g%{[:fons: a.a

CDRH1 of the generic formula GYX,FTSYVVIG (SEQ ID NO:1053), wherein X, is R or S. b. a CDRH2
of the generic formula IIlYPXIDSDX2RYSPSFQG (SEQ ID NO:1059), wherein X1 is D or G, X2 is A, |
orT. c. a CDRH3 of the generic formula OXIX2X3X4X6X6X7X6X0XioXilYXQX13X-14DX16 (SEG
ID NO:1066), wherein Xiis G or no amino acid, X2 is K, Lor V. X3isA,Gor 5, X4is 5, V or le,

3. CDRs

[000144] The antigen binding proteins disciosed herein are pa'ypeptides into which one or more
CDRs are grafied, inserted and/for joined. An antigenbinding protein can have 1, 2, 3, 4, 501 6
CDRs. An antigen binding protein thus can have, for example, one light chain CDR1 (“CDRL17),
and/or one fight chain CDR2 (“CDRLZ2%), and/or one light chain CDR3 (*CDRL3"}, andfor one
heavy chain CDR1 (*CDRH1"}, and/or one heavy chain CDR2 ("CDRHZ"}, and/or one heavy
thain CDR3 ("“CDRH3"). Some antigen binding proteins inicude both a CDRL3 and a CDRHS.
Specific CDRs are identified in FIGURES B8A-8F, and FIGURES TA-7E.
[006142]Complementarity determining regions (CDRs) and framework regions (FR) (examples
of light and heavy chain FR amino acid sequences are given in FIGURES 8A-8H and FIGURES
9A-9F, respectively) of a given antibody may be identified using the system described by Kabat
ef al. in Sequences of Proteins of Immunological Interest, 5th Ed., US Dept. of Health and
Human Services, PHS, NiH, NIH Publication No. 91-3242, 1991. Certain antibodies that are
disclosed herein comprise one dr more aming acid sequences that are identical or have
substantial sequence identity to the amino acid sequences of one or more of the CDRs
presented in FIGURES 6A-6F {(CDREs) and FIGURES 7A-TE (CDRHs).

[000143] The structure and properties of CDRs within a naturally occurring antibody has been '
described, supra. Briefly, in 2 fraditional antibody, the CDRs are embedded within a framework
in the heavy and light chain variable region where they constitute the regions responsible for
antigen binding and recognition. A variable region comprises at least three heavy or light chain
CDRs, see, supra (Kabat ef al., 1991, Sequences of Proteins of immunoiogical inferest, Public
Health Service N.LL.H., Bethesda, MD; see, also Chothia and Lesk, 1887, J. Mol. Biol, 136:901-
817 Chothia ef al., 1989, Nature 342: B77-883), within a framework region {designated
framewark regions 1-4, FR1, FR2, FR3, and FR4, by Kabat ef 2/., 18891, supra; see, also Chothia
and Lesk, 1987, supra). The CDRs provided herein, however, may not onfy be used to define
the antigen binding domain of a fraditional aritibody structure, but may be embedded in a variety
of other polypeptide structures, as described herein.

[000144]in one aspect, the CDRs provided are a (a) a CORL selected from the group consisting
of (i) a CORLY selected from the group consisting of SEQ 1D NOs:189-217, (i} a CDRL2
seiected from the group consisting of SEQ 1D NO:218-233; (iif) a CDRL3 selected from the
group consisting of SEQ ID NO:234-274; and (iv) a CDRL of (i), (i) and (iii} that contains one or
more amino acid substitutions, deletions of insertions of no more than five, four, thres, two, or
one amino acids; (B) a CORH selected from the group consisting of (i) a CORH1 selected from
the group consisting of SEQ ID NO:275-299; (i) a CDRH2 selected from the group consisting of
SEQ ID NO:300-331; (iii) a CDRH3 selected from the group consisting of SEQ 1D NO:332-372;
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Xs is A or G, X6 is G or no amino acid, X7 is T or no amino acid, X.8 is S or no amino acid, X9is 'Y or

no amino acid, X1 is MWQrV,is G, Sor Y, X12is For V. X13is G or ngc?rr%mgﬂ%m}ng(M is M or no
amino acid, X13 IS V or Y. [000157]Group C of the heavy chain CDRs includes the 10 i’owing

consensus collections: a. a CDRH1 of the generic formula GFTFXISX2X3MH (SEQ ID NO:1054),
wherein X1isRor S, X2isHor Y, X3 1S D or G. b a CDRH2 of the generic formula Xi
IX2X3DGSX4X5X6YX7DSVX,46 (SEQ ID NO:1060), wherein X, is For V. X2is Sor W, X3ISD, S or

Y, X41S1, N Ora d &S?al%sﬁmogn,)éﬁei%%l)E%a?'ée%tains one or more aming acid substitutions, deletions

ot insertions of no more than five, four, three, two, or one amino acids amino acids,
[0001453in yet another aspect, variant forms of the CDRs are provided that have at least 80%,
85%, 90% or 95% sequence identity to 8 CDR sequence listed in FIGURES 6A-6F and
FIGURES 7A-TE.
[oo0146}
[000147]In yet ancther aspect, the CDRs disclosed herein include consensus sequences
derived from groups of related monoclonal antibodies. As described herein, a “consensus
sequence” refers to amino acid sequences having conserved amino acids commaon among a
number of sequences and vanable amino acids that vary within a given amino acid sequences.
The CDR consensus sequences provided include CDRs corresponding to each of CDRL1,
CDRL2, CDRL3, CDRH1, CDRHZ and CDRH3.
[000148]Consensus sequence§ were determined using a standard phylogenic analysis
approach of the CDRs corresponding to the U~V and U-Vy, of antl-HB-EGF antibodies. First, in
this approach, amino acid sequences corresponding to the entire variable domains of either U-
vV or U-Vy were converted to FASTA formatting for ease in processing comparative alignments
and inferring phylogenies. Based on this comparison, each the light and heavy chain variable
regions, respectivey were divided in phylogenetically related groups, i.e., the light chain variable
regions were devided into six groups A, B, C, D, E, and F (see, FIGURE 12A and 12B}, and the
heavy chain variable regions were ddivided into seven groups A, B, C, D, E, F, and G (see,
FIGURE 12C). Then, within each of these groups, comparison of each of the the CDRL1,
CDRL2, CDRL3, CDRH1, CDRH2, CDRH3 regions was used to define consensus collections.
[000149]1Group A of the light chain CDRs includes the following consensus collections:
a. a CDRL1 of the generic formula X,SSQSLXXaSDGXTYLX; (SEQ ID NO:1035), .
wherein
XiisKorR,
XisLorV,
XzisHorY,
XyisKorN,
XsisN, SorY.
b. a CDRL2Z of the generic formula X X SNXX,S (SEQ ID NO:1041), whersin
X isEorkK,
XaislorV,
Xais R or W,
XsisDorF.
¢. a CDRL3 of the generic formula X, QXXX XsPXeXy (SEQ 1D NO:;10486), wherein
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X7is A, TorV, Xsis Kor R. c. a CDRH3 of the generic formula
X1X2X3X4X W@?ﬁlOXI,XlZXlSXM(SEQ ID NO:1067), whereir}%&‘&%ﬁ% f)h%§ or no amino
, W, id, IS D,

acid, X2 IS G, or no amino acid, X3 is A, F, W, Y or no amino ac , 0, Torno
amino acid, X9is G, I, Q, S or no amino acid, X6 is A, 0, N, Q, S or no amino acid, X7 is O, Y or no
amino acid, X8 is D, Y or no amino acid, X9 IS Y or no amino acid, XiDis A, E,NorY, X11isG, P, T,
VorY,X12I1SForl, X13isDor Q, X44is C, H, V or Y. [0001581Group D of the heavy chain CDRs
includes the following consgngﬁgr%glections: a. a CDRHL1 of the generic formula GFX1FSX2YX3MX4
(SEQ ID NO:1055), whereix;i5s<A SPorT,

XzistorT,
XaisHor@,
Xsis F, L orW,
XsisC, LH LorT,
KXrisSorT.
1000150]}Group B of the light chain CDRs includes the following consensus coliections:
a. a CDRL1 of the generic formula RASQXISX;YLN (SEQ 1D NO:1038), wherein
XiisR, Sor T,
X, is Ror 8.
b. a CDRL2 of the generic formula X X;3X,LQS {SEQ 1D NO:1042}, wherein
XeisAorT,
XoisA EorV,
XaisSorT.
¢. a CDRL3 of the generic formula QQX XXX XsIT (SEQ 1D NO:1047), wherein
XyislorS,
XaisForY,
X3isF,LSorY,
XyisA, S0,
XsisPorS.
[006151]}Group C of the light chain CDRs includes the following consensus collections:
a. a CDRL1 of the generic formula RASGX XXX L X5 (SEQ ID NO:1037), wherein
X80, G, 8or T,
XaisA RorS,
XzisH, LN, R SorT,
X.i5D,Wor,
Xsis A, GorN.
b. a CDRL2 of the generic formula X,ASX,LQS (SEQ 1D NO:1643}, wherein
XqiisAorV,
XisSorT.
¢. & CORL3 of the generic formula X XXX XsXeXoXeT (SEQ 1D NO:1048), wherein
XiisLorQ, :
X;is K, NorQ,
Xais A H Sory,
XsisH, Nory,
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X2isA,RorS, X3isAorS, X.4isNorS. b.aCDRH2 of the generic formula

XlISXZSXBX@é}%g%}%QSVKG (SEQ ID NO:1061), wherein X1 is A, I Ror5, X3is G
or5 X4isG,RorS, )?s ISS, TorY,X8islorT. c. a CDRH3 of ti%%’éﬁ%’@r%fma

X1IX2X3XAX5X6X7Xe)VioXilX12X13X14XisX,eX17DX18 (SEQ ID NO:1068), wherein X, is E, D or no
amino acid, X2 is G, R or no amino acid, X3 is I, V, Y or no amino acid, X4 is A, G, Lor N, X5is A, G,
VorW, X6isA,N,RorT, X7is G, N, P or no amino acid, X8 is G, T, no amino acid, X9 is A or no

amino acid, XsisN,SorT,

Xsis A F. LT, VorY,
X%; is P or no amine acid,
XgisF,LorP.
[000152]Group D of the light chain CDRs includes the following consensus collections:
a. a CDORL1 of the generic formula QASQDIX,XX:LN (SEQ ID NO:1038), wherein
X,is8orT,
Xzis DorN,
X,isSorY.
b. a CDRL2 of the generic formula DASX/LET (SEQ 1D NG:1044), wherein
Xeislor N
¢. a CDRL3 of the generic formuta QX XDXLPX X (SEQ 1D NO:1049), wherein
X;isHor Q,
XisCory,
X;is D, LN, SorV,
X4isF. lorl,
Xsis A, SorT.
[000153]Group E of the light chain CDRs includes the foliowing consensus collections:
a. a CDRL1 of the generic formula RASQX, VXXX XL A (SEQ 1D NO:1038), wherein
XiisSorT,
Xyislor S,
XsisRor§,
X, is 8, N or no amino acid,
Xz is Y or no amino acid.
b. a CDRL2 of the generic formula GASSRAT (SEQ 1D NO:223)
¢. 2 CDRL3 of the generis formula QOX, XXX PXsXeX; (SEQ D NO:1050), wherein
XyisHor,
Xz s G or N,
XiisNor§,
XisSorw,
Xs i3 P ar no amino acid,
Xgis RorW,
XrisSorT.
[000154)Group F of the fight chain CDRs includes the following consensus collections:
a. & CDRL1 of the generic formula KSSQXXOLXXSNNKNYLX; (SEQ 1D NO:1040),
wherein
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X10 is D, E or no amino acid, X11 is 5, Y or no amino acid, Xi2 is G, Y or no amino acid, X13is N, Y or

no amino aci%)%(lg% ']% X )y no amino acid, X18 is D, Y or no amino acidP P| 6% % [ NO amino acid,
X17is F or M, X1 3; I4 {?or Y. [0001591Group E of the heavy chain CDRs ?ngfudgszt%e following

consensus collections: a. a CDRHL1 of the generic formula GX1SX2SX3X4X5X6X7WX8 (55Q ID
NO:1056), wherein X,isD or G, X2 IS F, lorV, X3 IS R, S or no amino acid, X4 is G, Y or no amino
acid, X5is D, G, S or no amino acid, X6is A, SorY, X7isAorV, X8is N or S. b. a CDRH2 of
the generic formula XIX2X§&(§)§50>r(§’X7XaXeXioXiiYX12X138X14KS (SEQ ID NO:1062), wherein

Xislory,
XzisDor,
XaisN,Ror§,
XsisAorV.
b. a CORL2 of the generic formula WASX,RES (SEQ 1D NG:1045), wherein
XsisAorT.
c. a CDRL3 of the generic formula X,QYXpX X XeXeX:F (SEQ 1D NO:1081), wherein
X, is Hor Q, ‘
XzisFor,
Xzis G, lorS,
XsisF. lorT,
XsisM,P,SorT,
XgisF,L,Rorw,
XzisSorT
[000455]Group A of the heavy chain CDRs includes the following consensus collections:
a. a CDRH1 of the generic formula GYTX, TXXaXeXsXs (SEQ 1D NO:1052), wherein
XyisForl,
XisE, Gor§,
X;is M, LorY,
Xls G, BorY,
Xsis | or M,
XgisHor 8.
b. a CDRHZ of the generic formula X XeXaXeXsXsGX TXgXgX oKX X1z (SEQ 1D
NO:1058), wherein
XiisSorWw,
XzisForl,
X;isD, NorS,
X is AP,
Xsis E, Nor S,
Xgis D, Nor§,
X7is E, G orN,
Kaislorn,
XisC,Hory,
Xyglis AorT,
Xy isForlk,
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X1lisE,RorY, X2ISlorT,X3isH,NorY,X4isC,H,S, TorY,X5isSorR, X6isGorS, X7.is G,

K,SorT, X9 i% ;T ?é? is N orY, X10 is N or no amino acid, Xll is D ' cid, X12 IS A or
i 0 . i
N, X43is P or ,3@%[926\%3 or V. c. a CDRH3 of the generic formuIaPEpﬁr}ﬁgzg{g‘/%gz?3

XIX2X3X4X5X6X7XaX9XioX|,X12X1344X15XisX17XieXisX20X21X22X23 (SEQ ID NO:1069),
wherein X1isA,D, G,SorT, X2isA,E, G, L, N, R, Y or noamino acid, X3isA, G,L,N,R, T, Y or no
amino acid, X4is D, G, R, S, V, Y or no amino acid, X5is A, G, I, S, V. Y or no amino acid, X6 IS F, G,
L, R, V or no amino acid, X)7<12i§SID°TrGY or no amino acid,

c. a CORH3 of the generic formula X;XaXaXeXsXeXrXaXpX10X51DX 2 (SEQ 1D NO:1085),
wherein '
X;isEor$s,
X2 18 D, G or no amino acid,
X3 is D, N or no amino acid,
X4 is G or no amino acid,
Xs is G or no amine acid,
Xg is W, Y or no amino acid,
Xzisl, NorY,
XsisAory,
Xgis G, Vor,
Xwpis A, ForG,
XuisF, LorM,
XpisVory.
[000156}Group B of the heavy chain CDRs includes the following consensus collections:
a. a CDRH1 of the generic formula GYXFTSYWIG (SEQ-1D NO:1053), wherein
XiisRor 8.
b. a CDRH2 of the generic formuta HYPX,DSDXRYSPSFQG (SEQ ID NO:1058),
wherein
Xsis Dor G,
Xeis A lor T,
_ ¢. 2 CDRH3 of the generic formula QX XaXaXXsXeXrXeXoX10X11 YXi2X1aXeaDXq5 (BEQ
1D NO:1066), whersin
X4 is G or no amino acid,
YoisK Loy,
Xais A, Gors,
X;isS, Vory,
Xsis AorG,
X is G or no amino acid,
¥+ is T or no amino acid,
Xg is S or nc amino acid,
Xg 8 Y or ne amino acid,
- XeisWor,
Xuis G, Sory,
XpisForl,
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X5 is Y or no amino acid, X9 is Y or no amino acid, X.10 is D or no amino acid, X11 is S or no amino
acid, X12is r 10 acid, X13 is G or no amino acid, X14 is D, L amino acid, Xi5
isH, I, P,V, orﬁ%@@%o acid, X16isF, G, L, fk, S, Y or no amino aC| yr |sggd’ﬂ%%{/ W, Y or no
amino acid, X18iSC,F,L,P,SorY, X19isD,F,Gor Y, X20is A, C, G, P, R, VorY, X21lisF, L, M,
S or no amino acid, Xn is A, D or no amino acid, X23is I, L, V, Y or no amino acid. (000160)Group F
of the heavy chain CDRs includes the following consensus collections: a. a CDRH1 of the generic
formula GFSLSNARMGVS SEQ ID NO: 27%) b. a CDRH2 of the generic formula
XilFSNDEKSYSTSLKS (SEB 1D N&* S'é”si) Whereln XLlisHorL.

X is M of NC amino acid
XiisVory.
[000157]Group C of the heavy chain CDRs includes the following consensus collections:
a. a CORH1 of the generic formula GFTFX,SXXsMH (SEQ 1D NO:1054), wherein
XiisRor§,
XaisHory,
XsisDorG.
b. a CDRH2 of the generic formula X DGXDGSX XX YX;DSVXLG (SEQ 1D NO:1080),
wherein
XsisFory,
X,isSorWw,
X;isD, SorY,
Xelsl, NorT,
XisKorQ,
Xsis N, RorY,
X;is A, TarV,
Xpis KorR.
¢. a CORH3 of the generic formula X, XXX XsXeXXaXeX1pXK11 X 12X13%44 (SEQ 1D
NO:1087), wherein
X is D, G, L, S or no amino acid,
Xz is G, H, W, Y or no amino acid,
Xais A, F, W, Y or no amino acid,
X is D, G, Q, T or ne amino acid,
X5is G, 1, Q, S or no amino acid,
Xgis A. D, N, G, S or no amino acid,
X;is G, Y or nc amino acid,
Xgis D, Y or no amino acid,
Xsis Y or no amine acid,
Xyis A ENorY,
XyisG P, T,Vory,
X Forl,
XaisDorQ,
XusC H Vory.
[000158]Group D of the heavy chain CDRs includes the following consensus collections:
a. a CDRH1 of the genéric formula GFX,FSXYX;MX, (SEQ 1D NO:1055), wherein
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c. a CDRH3 of the generic formula X1YSSGWX2X3YGX4X5DX.6 (SEQ ID NO:1070), wherein X, is M

orV,X2is S InQ, acid, X3 is F or no amino acid, X4 is V or no aming.aci 5isForM, X5is
VorY. [OOOlgg{?é(r%%ﬁ)g%%f the heavy chain CDRs includes the foIIowﬁ%@@ﬁé@g@ﬁ%%ollections:

a. a CDRHL1 of the generic formula GFELXITGGVGVG (SEQ ID NO:1057), wherein X1 is S or N.
b. a CDRH2 of the generic formula LIYWNXIX2KRYSPSLX3S (SEQ ID NO:1064), wherein X1 is D or
V, X2is D or E, X3 is K or R. c a CDRH3 of the generic formula RX1X2X3PFX4Y (SEQ ID NO: 1071),
wherein X1is G, H, L, N or E,is)gzmi,sr‘E, TorWw, X$ iSL,N, T or V, X4isDorE. [9001621_1n.an0ther
approach, consensus sequences may be determined by keeping the CDRs contiguous within the
same sequence correspon&i‘h’é%Raor -VL or U-VH. Briefly, in this approach, amino acid sequences
corresponding to the entire ¥dfidBlédomains of either U-V1 or U-VH are converted to FASTA
formatting for ease in proce$sity¥Smparative alignments and inferring phylogenies. Next, framework
regions of these sequercéEREReitbplroe tnihia s SRSl HAEY ARy GEER I thatt @tamination of the
CDRs alone is pegfatimed without introducing any amino acid position weighting bias due to coincident
events (e.g., such as unrelated aniihadies that serendipitously share a common germline framework
heritage) whilst still keepingyGDR® gpgitiguous within the same sequence corresponding to a U-V, or
U-VH. U-V1 or U-VH sequepces gjghis format are then subjected to sequence similarity alignment
interrogation using a progr .ti“{}assqe loys a standard ClutalW-like algorithm (see, Thompson at at,
1994, Nucleic Acids Res. 283@456 -A?%):BPO). This program likewise generates phylograms (phylogenic
tree illustrations) based on ééﬁ&eﬁ(‘f’éysimilarity alignments using either UPGMA (unweighted pair
group method using arithmée%® &¥erages) or Neighbor-Joining methods (see, Saitou and Nei, 1987,
Molecular Biology and- EGORItib eageriZs mdeconstrtdraidiiasdatoSimtikrtidn@Pdistinction of
sequence groufE=Qiddhianesslevgttincomparison and grouping. Both methods produce similar results to
determine consensus sequenseE ambeatiansowiiiin the individual groups.

Xz is G, R or no amino acid,

Xais [, V, Y or no amino acid,

XsisA, G, LorN,

Xsis A, G, VorW,

Xels A, N, RorT,

Xz is G, N, P or no amino acid,

Xg is G, T, no amino acid,

Xp is A or no amino acid,

X8 D, E or no amino acid,

X1 8 8, Y or no amino acid,

X1 is G, Y or no amine acid,

Xqais N, Y or no amino acid,

X14 18 Y o1 no amino acid,

X4 is D, Y or no amino acid,

Xqg 18 A, G or no amino acid,

Xy is For M,

Xsgis l, Vory. .

[000158]Group E of the heavy chain CDRs includes the following consensus collections:
a. a CORHM1 of the generic formula GX SXSXaXaXeXe XWX (SEQ 1D NO:1056),
wherein
XiisDorG,
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[000163]In some cases the antigen binding protein comprises at least one CDRL1, CDRL2, or CDRL3
having one of the Ve consensus sequences. In some cases, the anti indi tein comprises
at least one C\géﬁﬁ%%é%l%HZ, or CDRH3 having one of the above cons&gﬂguﬂgggé%ges%%s. In other
cases, the antigen binding protein comprises at least two CDRLs according to the above consensus
sequences, and/or at least two CDRHs according to the above consensus sequences. In one aspect,
the CDRLs and/or CDRHs are derived from different groups. In other cases, the antigen binding
protein comprises at least t\ggsgqgrlvs from the same group A, B, C, D, E, or F and/or at least two
CDRHs from the same groyp A.B, C, D, E, F, or G. In other aspects, the antigen binding protein
comprises all three CDRL1, C'b%l?ff ne

‘ gndneb ' 3 sequences from the same of the above groups A, B,
C, D, E, or F, and/or all thre& BRI CHEES%and CDRH3 sequence from the same of the above
groups A, B, C, D, E, F, or &: f00&184] ™ 2pigestflary Antigen Binding Proteins 10001651 According to
one aspect, an isolated antienAetig protein is provided that binds HBEGF comprising (A) one or
more light chain complementasy determining regions (CDRLS) selected from the group consisting of:
(i) a CDRL1 selected from thgsgterp consisting of SEQ ID N0:189-217; (ii) a CDRL2 selected from the
group consisting of SEQ dBRNEARSsRA: kiithdt SCRRIKSIeRIRS ardle Bxou8 atesisting of SEQ ID
NO:234-274, a%;@é@z‘}! GREBL- of (i), (i) and (iii) that contains one or more amino acid substitutions,
deletions or insertions of no,mo eleg;\r(] five, four, three, four, two or one amino acids; (B) one Or more
heavy chain complementar td.e ermining regions (CDRHSs) selected from the group consisting of: (i) a
CDRH1 selected from the 6ﬁb°&§nsisting of SEQ ID NO:275-299; (i) a CDRH2 selected from the
group consisting of SEQ ID’R®BHN#331; (jii) a CDRH3 selected from the group consisting of SEQ ID
NO332-372; and (iv) a CDRM®DE({); §i)T@nd (iii) that contains one or more amino acid substitutions,
deletions or insertions of noXaieéetRan five, four, three, four, two or one amino acids; or (C) one or
more light chain CDRLs of ¢4)s aregD) one or more heavy chain CDRHSs of (B). [000186] in yet
another embodiment, the isglaeg@stigen binding protein may comprise (A) a CDRL selected from the
group consisting of (i) a CDRLlrsglgcted from the group consisting of SEQ ID NO:189-217; (ii) a
CDRL2 selected from the groyn copsisting of SEQ 1D NO:218-233; and (Hi) a CDRL3 selected from
the group consisting of SEC;:‘[?SNQ:%?’@IA"%Z?&; B) a CDRH selected from the group consisting of (i) a
CDRH1 selected from the gr8up conss’ﬂfng of SEQ ID NO:275-299; (ii) a CDRH2 selected from the
group consisting of SEQ 1D 190380 S¥1™ 445 (iii) a CDRH3 selected from the group consisting of SEQ
ID 140:332-372; or (C) one Be idPeNight chain CDRLs of (A); and (D) one or more heavy chain CDRLS
of (B). In one embodiment, thesi§dtaed antigen binding protein may include (A) a CDRL1 of SEQ ID
NO:189-217, a CDRL2 of SEQsIDeNO:218-233, and a CDRL3 of SEQ ID 140:234-274, and (B) a
CDRHL1 of SEQ ID N@:2Z5299ah&daitt2oofEHEQ ID NO:300-331, and a CDRH3 of SEQ ID

NO:332-372. [0R016XHpanatket rxbadinrnk, Mexantigex. findingHer aieio: as)isasa variable light
chain (VL) has at least 80%y 8o%0p38% £ 95% sequence identity with an amino acid sequence

selected from the group congigting of SEQIP 140:94:141, and/or the variable heavy chain (VH) has at
least 80%, 85%, 90% or 959 ;qua%nﬁe#df%wimi %rgc%nino acid sequence selected from the group
consisting of SEQ ID NO:1 -_i 6.'ln a further emi)oalmerit, the VL is selected from the group
consisting of SEQ ID 140:9355154[1',Gaﬁd?o}"tﬁgr\??ﬂg"soeﬁ%%ted from the group consisting of SEQ ID
NO0:142-186. [000168]In andtiefddett-d8b"BRVIl&dds an isolated antigen binding protein that
specifically binds to an epitdpé EdphthiRiYPLrledise 8¢ IHGE-containing epitope and/or EGF-like
epitope of HB-EGF. [000168}li ta Turtbrer asijgectithere is a provision of an isolated antigen binding
protein that binds HB-EGF, xh& antigemipinding protein including (A) a light chain complementary
determining region (CDRL) gglectedofsmb g group consisting of (i) a CDRL3 selected from the group
consisting of SEQ 1D 140:234-2 fh (b ik 2843 that differs in amino acid sequence from the CDRL3
of (i) by an amino acid additj&q$ deletian:Qr sypstitution of not more than two amino acids; (Hi) a
CDRL3 amino acid sequence selected from the group consisting of XIQX2X3X4X5PX6X7 (SEQ ID
NO:1046), wherein X1 is selected from the group consisting of | and M, X2 is selected from the group
consisting of A, G and S, X3 is selected from the group consisting of I and T, X4 is selected from the
group consisting of H and Q, X5 is selected from tA& group consisting of F, L and W, X6 is selected
from the group consisting of C, I, H, L and T, X7 is selected from the group consisting of S and T;
QQX1X2X3X4X5IT (SEQ ID NO: 1047), wherein Xi is selected from the group consisting of | and S,
X2 is selected from the group consisting of F and Y, X3 is selected from the group consisting of F, I, S
and Y, X4 is selected from the group consisting of A, S and T, X5 is selected from the group consisting
of P and S; XIX2X3X4X8X8X7X8T (SEQ ID NO:1048), wherein X1 is selected from the group
consisting of L and Q, X2 is selected from the group consisting of K, N and Q, X3 is selected from the
group consisting of A, H, S and Y, X4 is selected from the group consisting of H, N and Y, X5 is
selected from the group consisting of N, S and T, X6 is selected from the group consisting of A, F, I, T,

V and Y, X7 is selected from the group consisting of P and no amino acid, X5 is selected from the
arnitin concictina of E | and P OYXIXY2DY21I PYAYXYE (SEO ID NNO-1040Y wherain X¥X1 ic ecalarted from



the group consisting of A, R and S, X3 is selected from the group consisting of H, I, N, R, Sand T, X4
is selected from.t r consisting of D, W and Y, X5 is selected fro sisting of A, G
and N; QASW%@T_% (SEQ ID NO:1038), wherein X1 is selected r%%%ge%@g%%ﬁconsisting of S
and T, X2 is selected from the group consisting of D and N, X3 is selected from the group consisting of
S and Y; RASQX1VX2X3X4X5LA (SEQ ID NO:1039), wherein X1 is selected from the group
consisting of S and T, X2 is selected from the group consisting of | and S. X3 is selected from the
group consisting of R and %c@?s‘éié? §9L%9£§90H9m the group consisting of S, N and no amino acid, X5 is
selected from the group cor>1(5|sti8$ o? Y and np amino acid; and KSSQX3X2LX3X4SNNKNYLX5 (SEG
ID NO:1040), wherein X1 is §eﬁec eq-from the group consisting of N and S, 2 is selected from the
group consisting of | and V%% & bdle&dPi8AT2%G oup consisting of D and Y, X4 is selected from
the group consisting of N, Realid'd, FXK. 4 8eleémiep i the group consisting of A and V; or (iv) a
CDRL2 selected from the g¥elpFebnisistifd of SEROIEAE0:218-233; (v) a CDRH2 that differs in amino
acid sequence from the CDRLi2 mfF(iv)voyrannammivo agid addition, deletion or substitution of not more
than two amino acids; or (vi,aEDRI12 ame,acid sequence selected from the group consisting of
X1X2SNX3;S (SEQ ID NO:xQ4 b, pvherein X1 is selected from the group consisting of E and K, X2 is
selected from the group CO'&?J%QQ:FE,'@E@V% K3 is selected from the group consisting of R and W, ; is
selected from the group cor}ygipg (RI Q arrr\‘gaF'iné%é SX3LQS (SEQ ID NO;1042), wherein ; is selected
from the group consisting of A and'T, X2'is selected from the group consisting of A, E and V, X3 is
selected from the group coA&&tng 8t % AREPFIX1ASX2LQS (SEQ ID NO: 1043), wherein X1 is
selected from the group coRisting bf 2PHREV3E s selected from the group consisting of S and T;
DAS;LET (SEQ8TRAISpariE pf thh bramchalh SEIBTIENIES e O WG TpredisLssirF BPtand N; GASSRAT
(SEQ ID NO:223); arsd 8/ FRSRE $i¢ S466dd Prin: EOASNARHETEH(SER 18 §Bl8tikd from the group '
consisting of A and Tp.erd®@REZsDRd<pele ciedi# BT SNREFRMED LHSIRRM P olO(i)a3)CDEH. selected from
the group consisting of SEQ,IRHNP:275-299; (ii) a CDRHL1 that differs in amino acid sequence from the
CDRH1 of (i) by an agningsacisl-afd linmdsiatior 05 SERSISO-aH QL EROIENBABy fYO amino acids; (Hi)
a CDRH1 aming acid sequence selected from the group consisting of GYT;TX2X3X4X5; (SEQ ID
NO:1052), wherein X1 is s egtﬁ% f{pm the group consisting of F and L, X2 is selected from the group
consisting of E, G and S, X3'is selrec'ted, from the group consisting of H, L and V. X4 is selected from
the group consisting of G, §(za{?18 lir/f’3(%’“!‘%‘jsaéz]dected from the group consisting of | and M, X6 is selected
from the group consisting of¥F &/E"S *BPRETSYWIG (SEQ ID NO:1053), wherein X1 is selected from
the group consisting of R artelsS! GEHSXEER3MH (SEQ ID NO:1054), wherein X1 is selected from the
group consisting of R and S %Z s ¥elected from the group consisting of H and Y, X3 is selected from
the group consisting of D axglis®, d6F;FSX2YX3MX4 (SEQ ID NO:1055), wherein ; is selected from the
group consistingeoi §j8rdplc A hinelieaigddosithaigroupicansistingst AiRmngd S, X3 is selected
from the group consigting & skt genért ismalostetiremvheisup seasistndmidand S;
GXISX2SXOX4XSXEXTWXG (SELQND NO:1056), wherein X1 is selected from the group consisting of D

and G, X2 is selected fro up consistin i f the group consisting
of R, Sand no amingD a%%%gg F(i{g% eeg%gta??pg%agtlh%'%l% %g%%%%ﬁgg%% e\’(&%rql%b amino acid, X5 is
selected from thvéh%rre('?up consisting of D, G, S and no amino acid, X6 is selected from the group
consisting of A, Sand Y, x7i& Bfetted from the group consisting of A and V. X6 is selected from the
group consisting of N and SGPSLENARMGVS (SEQ ID NO:279); and GESLXiTGGVGVG (SEQ ID
NO:1057), wherein Xi is seRedsgdbfidm the group consisting of S and N; (iv) a CDRH2 selected from
the group consisting efeSERHIHNE 308133y RaCRIRBLY IS8Qdiffeds! i ambeeiacid sequence from the
CDRH2 of (iv) by an aminoxaeidsadditios, seletion or substitution of not-more than two amino acids; or
(vi) a CDRH2 amino acid seguenee,s¢lected from the group consisting of
X1X2X3X4X5XGGX7TX8XQ%§;Q%)§@,;L@§12 (SEQ ID NO:1058), wherein X1 is selected from the group
consisting of S and W, X2 is selected from the group consisting of F and |, X3 is selected from the
group consisting of D, N and S, X. is selected from the group consisting of A and P, X5 is selected
from the group consisting of E, N and S, X6 is selected from the group consisting of D, N and 5, X7 is
selected from the group consisting of E, G and N, %48 is selected from the group consisting of | and N,
X9 is selected from the group consisting of C, H and Y, X10 is selected from the group consisting of A
and T, X11 is selected from the group consisting of F and L, X12 is selected from the group consisting
of D and G; IIYPXIDSDX2RYSPSFQG (SEQ ID NO:1 059), wherein X1 is selected from the group
consisting of D and G, X2 is selected from the group consisting of A, land T;
X11X2X3DGSX4X5X6YX7DSVX0G (SEQ ID NO:1060), wherein X1 is selected from the group
consisting of F and V, X2 is selected from the group consisting of S and W, X3 is selected from the
group consisting of D, S and Y, X4 is selected from the group consisting of I, N and T, X5 is selected
from the group consisting of K and Q, X8 is selected from the group consisting of N, R and V. X7 is

selected from the group consisting of A, T and V, X is selected from the group consisting of K and R;
YIIQX¥O2QRY2AXYAXNYAVYVADS\V/KC (SEO ID NNO" 101 wherain Xi ic caleacted from the Aarorin concicetina



[000181]As demonstrated in Example 23, the antigen binding proteins provided herein are capable of
binding at lea contalnlng epitope and/or an EGF-like domain of HB-EGFE. 2. Competing
Antigen Blndl% Igh%"'}['gi"’r% 00018211n another aspect, antigen binding pé%ﬁ?%%?’é’%%%%ded that
compete with one of the exemplified antibodies or functional fragments binding to the epitope
described above for specific binding to HB-EGF. Such antigen binding proteins may also bind to the
same epitope as one of the herein exemplified antigen binding proteins, or an overlapping epitope.
Antigen binding proteins a nts that compete with or bind to the same epitope as the
exemplified antigen binding proteins are expected to show similar functional opertles The
exemplified ant 8?@6.‘#1arﬁghisF&?éﬁ%ghanawa?ﬁamefﬁ%maafeb%ﬁsifg"a"sgeeqBeeaﬁb B Eluding those
with the heavy SRS EHAHE SUARiSAIE PeSOTP BOPAAMS AN CORG et i RIBSIRES 1, 2, 3, 4, 6,
and 7. 3. Humaminmaitisbrtieusnapsichiiganamizatiohechianyisaelredo TN S3ihar ok erviyeditnent, the HB-EGF
antigen binding-preteins aseThudomaatioy otsaanizectasitipoaies atie afignmanttbatidsrayoid many of the
problems assogigiagrsihiaribatkiasthalipessres Bwico0isabyaikdabie: anstaciganstant regions. The
presence of sughy,iasidne 14: ek ARsivadiIHOBRS £:348 IAdImibiiRRithrleaianss ahithe antibodies or

can lead to theag%%g@&weem@ SRR E%B%?&&Q@(‘Q&t {h% atibasudvarueRt. In order to avoid
the utilization of murine or rﬁlt erived anti gmeef% “fg uman)%hlilpgqllegeglgv(eﬁgen generated through

ser?r% ous| re a com erifage iis
the mtroductlon 0 ctional human ant enetf! OCI Iﬂi? en ot %:gsfmmal or animal so

that the rodent,“d uf’uﬁg?ﬁ%ta St aniniar prod mdﬁ”an thodies” 8RERe method for
generating fullfﬂﬁ'ﬁf%(ﬁ‘%‘ﬁf?daﬁlégb@’ﬁf’rmﬁ‘ﬁ%e ﬁ%%?’?‘@ﬁ@ﬁﬁb’ﬂ?gﬁ%ag?%ﬂ%g81*’Fﬁ$5’é“that have been
engineered to deempipasat Sk iEnie BlorRE-Stre e SErEo R U eeifrAtiR BAts of the human
heavy chain lo@ds&Rda8ap Jaisigltendirisens Gies, Mikaguer BhdesayoieeipttréoSenetics 15:146-156,
and Green andvdsddohbeeiisnid98ialintipnidedusi8Si483/488A Tneatbrrd Maygsefrnstrans are available
from Abgenix, lipghg(frianaaiivécdds | 0OMRIPRIT mmpsostctio el HarXeroMouseavsisains of mice is
discussed and gglippate e il hdn2:408E08) LRRUFRHR PKiakNAT. R/ 4APEQ8: fiptkdapsary 12, 1990,

07/610,515, fileg g V%@Q%%n %Qmﬁa?é%%gnga%u& daldé%%ﬂaoés a0 (g Addfiled July 30, 1992,
08/031,801, filed March 1 93 08/234,145, filed April 28, 1994,

yst 27,
08/376,279, flle% 3aﬁ”§é’?’“$565“55§%’86° "‘2’&6“’5'55 (?Pl’ééeg“ s a‘ 9958 o%m 4584 filed June 5, 1995,
08/464,582, fildl L FRES T@@?eﬁg’&%ﬁ%R‘“‘Fu?@&rﬁtﬁﬁé: pi?éét 5eA55 W37 iR SE 5. 1995,
08/486.853, filPRHEE e8! HaRar BRersFRIAESs: Fuoaecarslisayos e 5 1995,
08/462,513, fileﬂwmmfefﬁzﬁiﬁ%!eeﬁ/w&%'ﬂsﬂ@ﬁ%&éﬁ@*’@ﬁi@%ﬂemmweﬁﬂ%%@ecember 3:1996,
U.S. Publicatione2808/0098820:ftadhklanisen bisdiBDproe tommdses. 8 lePsiten ORBs $061M963, 6,150,584,
6,114,598, 6,0 F5tkSbpant5:038,598and, Japancess PataIRND 8«cd-O6BABOBe3 068 506 82, and 3
068 507 32. Seanalsfuiopean RatentNa, iR iRIGHIE LBAHO R Merprtblishatednne 12, 1996,
International Ptk ARRIGAHARINR: MY MHEADdeiP eblisRed Fekuaty: 8r119%¢d thaternational Patent
Application No. saW%rQQJ%@Q,GDPéQJﬁ%Q;éP&tQQ&h%%nk‘ﬁ@%%%@ 25424893 iklished-June 11, 1998,

WO 00/76310, Q Sh%grg)segcgn ean genzbmdo irig pro?eﬂ@ I'Jl% sl'ele'ee e%%g %@POV{? -cited patents,
applications, and re erences are heret |ncor orate g/re erence in thelr entlreey [000186)In an

alternative appr%&‘ﬁ SBYHEFES (UG ° A aalgr‘ﬁ Ao Tar e haveeLliad a "minilocus”
approach. In th@%ﬁrlS@ﬁE%ﬁ?ﬂ&%ﬁ 5?%%?8‘@5%[?5 FYTSETE Fé’%ﬁﬁf?(’:‘l?éé -fhifodyfr th&inclusion of
pieces (individual genes) from the Ig locus. Thus, one or more VH genes, one or more DH genes, one
or more Mi geni#89#4inu constant region, and usually a second constant region (preferably a gamma
constant regiony.aEssophmgdhititpaBbofied®rotdos insertion into an animal. This approach is described in
U.S. Patent No. 5,545,807 to Surani et at and U.S. Patent Nos. 5,545,806, 5,625,825, 5,625,126,
5,633,425, 5,66400166] A:pr0e RPNE SEETEB0s TR 4088 PHBB PG ISPBTYeR 98 birts BB255,458 each to
Lonberg and K&gF oSpriRiagdnt dNaosnb@lightamabop28:8h0iteiinmpegkost (GNELBerns, U.S. Patent
Nos. 5,612,205shdctilis3h heanaidiQidd bt Beprs wlrtiandhins gRaiesidNmg /648,63 to Choi and
Dunn, and Genhagsi1tGaajinnakklS.flaie it Hoplicatipmepadabtonodiérts, (48, filed August 29,
1990, 07/575,962, filed August 31, 1990, 07/810,279, filed December 17, 1991, 07/853,408, filed
March 18, 1992, 07/904,068, filed June 23, 1992, 07/990,860, filed December 16, 1992, 08/053,131,
filed April 26, 1993, 08/096,762, filed July 22, 199% 08/155,301, filed November 18, 1993, 08/161,739,
filed December 3, 1993, 08/165,699, filed December 10, 1993, 08/209,741, filed March 9, 1994, the
disclosures of which are hereby incorporated by reference. See, also European Patent No. 0 546 073
61, International Patent Application Nos. WO 92/03918, WO 92/22645, WO 92/22647, WO 92/22670,
WO 93/12227, WO 94/00569, WO 94/25585, WO 96/14436, WO 97/13852, and WO 98/24884 and
U.S.. Patent No. 5,981,175, the disclosures of which are hereby incorporated by reference in their
entirety. [000187]Kirin has also demonstrated the generation of human antibodies from mice in which,
through microcell fusion, large pieces of chromosomes, or entire chromosomes, have been introduced.
See, European Patent Application Nos. 773 288 and 843 961, the disclosures of which are hereby

incorporated by reference. Additionally, KMTm mice, which are the result of cross-breeding of Kirin's
Te mice with Medarav'e minilociie (Hiimab) mice have heen nenarated Thece mire nnceccace the



[000192]As discussed supra, there are a number of isotypes of antibodies including without limitation
the foIIowing , 19G2, 1gG3 and 1904. It will be appreciated %{%@}H&%@ﬁ%thm are
generated nee not |n|t|al y possess such an isotype but, rather the antibody as generated can
possess any isotype and that the antibody can be isotype-switched by using the molecularly cloned V
region genes or cloned constant region genes or cONAs in appropriate expression vectors using
conventional molecular biological techniques that are well known in the art and then expressing the

e or SIS NS M SRR SIR003 R e b e pro e b

the fused hybridomas were eit umann% ab%ic ains or. hum an I%Gél ea\‘% chains with fully
human kappa @& ﬁﬁ%%cfé’gecoérr?%rso 8 el uman rRoRpes. heiding 1961 or IgG3. The
antibodies posd#8¥s R HEfifftie MAPpeairpd et finy'a KBt BWICQ%ﬁ?"ﬂ%'Befﬁ?Bugh about 102
M or below, whisteimieiag (reh i 3B piectas et BONAIGIFISFEEE 85 ChARIEY. BRRHBOIES possessing a
KD of at least 16=@riviparesisiedar Seltth iNQiis-898: L6 ABRUZ KRG Ferhtibodicanpedsedsing a KD of at
least 10M are adsa pretestedato (nhiloibihe soiivityoh MBeGFeorsdstibpadisspodEnssdng2a KD of at least
10'11M are alsg-grriareeatedmhibibihainstivibahd boe bilriord AA03 94)Acovvillibes arpresiated,
anti-HB-EGF agtifodies 688 he-exprassesineell inesotherdhandsrideranssellings. Sequences
encoding parthqug?%thﬂg_legf rgpue &Sbe,g &Pnﬁ&%@%%ﬁaﬁ%ﬁ@@ rmgs’nmallan host cell. During

constuction of pigpriic veelots ol fansieton.ang stbs A SRS oo e

antibody may e W rom one'isoty ?E)e 0a 4 antibo les mfa

class-switched t03G§5 65 TR A GULR RAMRNR (fhaecgrRul'Sgﬁ%Fecilﬁ CHCER B AR Known method for
introducing polyfadbRdE%IHd’ ‘é%‘@eﬁ?‘?ﬁﬁﬂmﬁﬁ‘ef@P‘é’%‘c?ﬁ?ﬁfé‘gp%(a@dP\ﬁ%ee 3fynucleotide in a
virus (or into a iralive St darecietiarubiraProsYEad W iBF THR VRiUd4ErvERPPBIHDby transfection
procedures knowecie frver vt gres reseasispitifiefdin/CORB 1 Peigeied foosthy RO corgstingf €310, 4,740,461, and
4,959,455 (whisly patendsineccberehy toro fporaiegdog remidivg ef e EENONO BB asidimation procedure
used depends gppnRiba-hestin be Fransersad JMethotsdarintroducingrbstersdagaus polynucleotides
into mammaliangallsare well, knaws) dhethe-ai aad belHderledran-meriatrshdraasiaetion, calcium.
phosphate precs%ﬂ?‘ﬁ%ﬁig@ﬁ’b( ?&c@ﬁm IGeRns el 1 BFARPIBNIYBIoNy, flaskionpration,
encapsulation of g, R né’?? ‘T(éb?i Qfmﬁoaﬂgﬁ ectdr{y%gg t'é?@e‘@f ffe DNA into nuclei.

[000195)Mammalian cel ines available as hosts for expression CS%P %1 v% n,in the art and include
ure Collec

many immortalP8d ceitinéd 5@5?5%'1:‘8”30'?{9&?8 RhaNcak ipe ion (ATCC), including
but not limited 8%YRBSaHEHERBRaR e Gnfinaawisl CRNE A BYHATRIEET ¥itihey (BHK) cells,
monkey kidney ¥ehss(@ &) 80ePieh epatBThaRPEa iR TTEIIRE G HHEH' TS, human epithelial
kidney 293 cellsgiantel aomimaberptotrinrd|PRALE NOEH-litie grafoptirticukbieprefe kbpedVare selected
through determiaing isukietucetblirnes hoams: Righeespessiontievelsiandipserece keght@mounts of
anti-H8-EGF antiandierf0Rhddad Atemaiivelysthesaaitiediesmamhearerapasaetfsom animals

genetically engingered Ry bRy SxmanaailkedigaanicomiaasasibegykligRigy library made in
bacteriophage, %gggﬁ.‘d'g;géer%e\,gr E. g:églt See e.g.,Clackson et al.,1991, Nature 352:624-628, Marks

etal.,1991, J. I\ﬂ maﬂﬂ@ﬁ qé%e 819 %so ﬁr%l Saglsl‘gla?%%%i §%”%9”4i” plrmgp]thgg Q@iegg@ds 290:69-80,

Groves and Osbourn EX er 0s d Dub 2005, Comb
Chem High Thr?iﬂfﬁﬁ?)fﬂ Bl ??“@'T?fi‘?? fﬁﬁﬁﬁﬁﬂm SPHes &t or%c 0 AN |soiated nucleic acid
molecule encodifF@h 1-1B-EGF antigen binding protein such as an antlbody. Within the context
herein, the tern{098tigited frthelaiwremtiderrdtectiryisioah fadtp'pel emiopR SaHEPBBIYHEEKBEde of genomic,
cDNA, or synthege¢6Fighe atigarhedzomblisiaticndtialrd efiohtisiein bympirmentsafvisteriying the “isolated
nucleic acid molegi o)) wiantcssotiaietpvitsaihgoidpatisnkebacpdlymutiegtee in which the
"isolated polynugleatices isfoanebinsnatdre; (2)oa1opexabiydinkeddadm: palyauetestide which it is not
linked to in natusBROJ di3) HARSARL A6EUEdRNIAAIHIERRS: BaliRfien aTaRFeRANANAEafiHsther, the term
"nucleic acid molecule”, as refefred 10 NQIGIN-MBAN% 3 ROIRRIE (oHAE gucleotides of at least 10

bases in length, either ribonucleotides or deoxynucleotides or a modified form of either type of
nucleotide, such as nucleotides with modified or substituted sugar groups and the like. The term also
includes single and double stranded forms of DNA. Exemplatory nucleic acids encoding antigen
binding proteins or portions thereof are described fif more detail, infra. 10001981In a one embodiment,
a nucleic acid molecule is operably linked to a control sequence. The term "control sequence”, as used
herein, refers to polynucleotide sequences that are necessary to effect the expression and processing
of coding sequences to which they are ligated. The nature of such control sequences differs
depending upon the host organism. In prokaryotes, such control sequences generally include
promoters, ribosomal binding sites, and transcription termination sequences. In eukaryotes, generally,
such control sequences include promoters and transcription termination sequences. The term "control
sequence" is intended to include, at a minimum, all components whose presence is essential for
expression and processing, and can also include additional components whose presence is

advantageous, for example, leader sequences and fusion partner sequences. Furthermore, the term
"~narablv linked" ac iiced hearain rafarce to nocitinne of comnonante en Aeceribed which are in a



deletions, insertions and/or replacements of at least one amino acid, occur near boundaries of
functional do '%Og%grol{%u.ral and functional domair)s can be i.dentified Pé%‘f;?@@?}ﬁi %gof the
nucleotide and/or amino acid sequence data to public or proprietary sequence databases.
Computerized comparison methods can be used to identify sequence motifs or predicted protein
conformation domains that occur in other antibodies of known structure and/or function. Methods to
identify protein sequences that fold into a known three-dimensional structure are known. See, e.g.,

Bowie et at, 19 ' o3 164, Proteins, Structures and Molecular Principles (Creighton, Ed., W.
H. Freeman ang*@%%gsvé Qﬁjrlgélg%%&ﬁﬁrﬁgg{féﬁ%%agéI}Iél?gﬁaﬁe gngrﬁctasrg &?ﬁ%&%den and J.
Tooze, eds., GHriHuBEBRE AT REWASIRETIN (16819)7and iegfﬁqgﬁmal{% %891, Nature 354:105,
which are all inESHsEPaRdRe ek ByFetierdmastn FoY PSEEEPERIATT AN St E¥BdiRize sequence
motifs and strugtenmeinforefAtibasdtiakitep!ertet Sed e gemeirtietsr& hidtiamction® domains.
[000207]E speciakiytgrefertechiasiatistnmofi fnaiMRs X SOGTISEEI BNOIAH T @BEMR NOs:1- 517 and
1035-1071 are thesedhasieasdosp iadisearbsusaepiibiityisaqarpieahysiswrcondtdation Falter glycosylation
patterns or altepRinding affinitiesakeies ahmadt oihearhySicecermicabatfigstional properties of
the antibody. Inparicliak CANSSYRINVGAIINAAGH (eRlAcRmERS Bseantemplated. Conservative

replacements %??%%fﬁﬁ%%W%ﬂ iRy oLamio.arids dhob Blisiglgd in their side

chains. Preferréd am es are the following: aci i ;gmlbézta;part%te lutamate; basic
family = Iysine,aé’rdg?hf(ﬁés, ”‘I%?ttﬁ?lﬁ%?ﬁ%erﬁrﬁﬁa{? ?g?ﬁ?@/o: alanine, yé'ﬁnee‘feeuc'i?lné, %grllg‘ﬁcine, praline,
phenylalanine, ?ﬁ'@fﬁiﬁﬂﬁﬁ%,*'fr?p"&?p‘ﬁéﬁﬁfséﬁﬁﬁqéﬁﬁ’rﬁéarﬁ’Blﬁ?r‘FéﬁWEHQWﬁg; *dparagine, glutamine,
cysteine, serinécgstedimdhagrasifesivaeicientt Xaihrestag&ors MR AERY ¥mily = serine and
threonine; amide!coitaidingfianiyctedipn terdrrernrosigiotahiised adiphintiedantily selatadine, valine,
leucine and isotexcirerandassiaticanily = @hasiakdeS By RoshiMeantksindsine. For example, it
is reasonable tesmxpeabINAL s alatalnplacente R} obacleschan ivthran dsaleirgisecanyafine an
aspartate with & glitarales A EROHINE WHik$6THE NDE 8nsimbaIsiepiasenataf<up amino acid with a
structurally relajed.aminp-acidwik not hays; amaiorsliechofe: Rirdipgror properties of the resulting
antibody, especia L RHSpRIEEpOSRAL B AL ARIRAGY sl A lpmaork site.
However, all other@éssl [e”amino acid re ace_mentsear% i encompass d. Whether an amino acid
change results %3 f0RETBRAFAIRBEG 7 SIS Sheibody t 2% Binds to %F@ﬁ:b&%mépnd reduces,
neutralizes or sHBEEERRRIINAMHTbts e TURLEIR BT EreeeesEsiea s ik Ke HEErH T8 by assaying the
specific activity!esf aroerreassiting AR AY ITELITA oS PACS R DRFRIRYEPRHSES Y BAMA vitro or in vivo
functional assay. X066268tArvedhectionn, reaeitiali 2h% or Or YRS HbTtIEROIPHB-EGF mediated
signal transductoriosywbeaaxse selyafuvencitpue gnsddareasand @rinkHeitivied e Hading of
HB-EGF to its rgeapiefsigig. oft0 shevEs R epoktER4 1m{QR0R 08 dliagtera) "antiadly sasctanti-H8-EGF
antibody", as usggl REtRit, RAIRRIRARAGIOREIABHRMLRIROKIO AL RIHIP Ry P Asr@@OMbINant
‘,;‘,”tt'bOd’égZ ggg?%%gses%@cﬁumqyﬂ(é %ig%k@éﬂa&gf%?tﬂm%éﬁr@l@%Jé@ggcl@@#énﬁlﬁca?w ann att_t?tal%&
ature :323-329: and_Presta r. Op, Struct Biol.. 2: - -y antibody
(Morrison at at,cf?asggn%og)sgﬁaﬂéréga ._) §;ﬁealjy§hﬁngoﬁkgggit%%%%%%%r%auﬁ%é%pé%}%%glﬂg)ody (e.g.,a
bispecific antibSEff/T?gﬁ?{%mr%ﬁ‘ipa“topggg?%ﬁé‘)aﬁﬁgg o8 O AR ANtboAY fFAGGAT t%ereof. The term
"antibody fragm¥i83ati ke LaRYAIB TR B AR AR SHERHSES dhtibBEEL fHBtéfably at least one
of their antigen #¥diery efditariatsiatpagicnsstitliehrpiednsredrribue grhamien it ad@R4b fragments,
Fab' fragments aRfakta fraepmrersedediog frem trearesp diatissidiey XPloflicgetetalx’409®XRroc. Natl. Acad.
ScL U.S.A. 90: G440t B)s5ingecthain anttbadymisigoules (Bi@gkittandrs, XHesPlagenacology of
Monoclonal AntigadiegrddloRasaniiwgsand MW aere o85S, iSqrisgeiriteragdy Yankk®4y, 269- 315) and
other fragments,ag Janghasiex@Xibidba.dasiad sRRMINNLIAE BirdiRgtPakiRs B&x,[8002:10)In
addition, the term, anthody, gfo;'@mkééﬁé;c%_aa@upm&a@&u@%@é@&&@&%max Jpgjide antibody-like
molecules that contain, engigected suib:domains of.anfihadise or.palual. orchiIig antibody variants,
These antibodyeﬂi'(e molectles may be smgle-7 omain antibodies such as%/anIy or VL-only domains
derived either from natural sources such as camelids (Muyldermans at al., 2001, Reviews in Molecular -
Biotechnology 74, 277-302 ) or through in vitro display of libraries from humans, camelids or other
species (Holt et al., 2003, Trends BiotechnoL 21:484- 90). [000211IA "Fv fragment" is the minimum
antibody fragment that contains a complete antigen-recognition and -binding site. This region consists
of a dimer of one heavy- and one light-chain variable domain in tight, non-covalent association. It is in
this configuration that the three CDR's of each variable domain interact to define an antigen-binding
site on the surface of the VH-VL dimer. Collectively, the six CDR's confer antigen binding specificity to
the antibody. However, even a single variable domain (or half of an Fv comprising only three CDR's
specific for an antigen) has the ability to recognize and bind the antigen, although usually at a lower
affinity than the entire binding site. The "Fab fragment" also contains the constant domain Of the light
chain and the first constant domain (CH1) of the heavy chain. The "Fab fragment" differs from the

"Fab' fragment" by the addition of a few residues at the carboxy terminus of the heavy chain CH1
domain inchiidina one or more cveteineace from the antibodyy hinae reacinn The "E(ah1)2 franmanit"



respects, it may be desirable that the labelling groups are attached by spacer arms of various lengths
to reduce pot%](t)i%lmstgﬂcsgindrance. [000218IAJternatively, an HB-EGF antigen bindin% protein
provided herein, SNET4LAn antibody, may be coupled to an effector groPLﬁ{/ deR M Bfrector-modified
antigen binding protein is especially suitable for therapeutic applications. As used herein, the term
"effector group" refers to a cytotoxic group such as a radioisotope or radionuclide, a toxin, a
therapeutic group or other effector group known in the art. Examples for suitable effector groups are
radioisotopes of (EioMYEARS 6.8 3G Aoy D25 AT b Binddihy ofd GAlICheamicin
dolastatin analo ych as au dsgatms, an cherr}oth?gafeufflg gx(gents_sg%?} as gerI anamycin and
maytansine derivates, Sncitdin BW/IT? CERFEANT respetts It may'be desitaple Ta"tHR effector groups
are attached by"¥P5E% % <28 Valie BStERGHHO T U HtEA] ¥ B8R hindrance. [000219]Also as
described herei¥rhéryefdhdalanfy sefulk MBE SRR IR IPHnaNREiprotisiseiasted amibsdy
preparations provitednHeinnf @ et 2eiepidah &s ibtret fok Bistike dosisting diHBEGEH, which
includes residugsid £&d«49-af thegpipteinsifbrgexanspiel svithidhedadioiinthsegueaseising

[0002201 P CL R ¥ KRG HGEL KN b IRAR 461k ¥ I Grla B G 1id kB (R @d N ©:1076). In
some embomm&%&%@%%@%&%&%&wm iﬁ%%‘@&m&mﬁe@{ﬂ%%%@ _ )gfthgnanygﬁxm)inding prote_ins
provided herein.includes amine acid seguenselHEE.Accaraingly, anibedy prepaiations are provided
that bind to and recct)_gngéi 1)—%%5-0911 %ml@géegltggeetgmt{or@n rggtakggigoomlgn%HB-EGF, for
example, SEQ PB‘ﬁ 3] .%OO ﬁ)&‘n‘ﬁﬁ 'EGF antigen _|n§iP1 %ﬁrotelns re useful in the detection
of HB-EGF in pAfi&it SIS U8 U CoPamghy 275 o8 s S AEES RS Fooide 88 ites as
described hereif{ Fifradditidhs e Fon R aiPasmtyToSg RifchMmRMAhSIE B E8re%Ad/or EGF receptor
activity (as denfsrshiagednsosstiExelipiisnb efing)294 BLE S Rigretieamibin ding peotising Hidve therapeutic
effects in treatingdsyiiptoXexand:-Xoek oM sXeXuliitg flowe HB7E GErex gidssiortciag/oneB-EGF
activity. In specifizerahetdhnens;, the antigesmbingingxpeaiasasdane me gagsdexain sefate to the
treatment of sympiomadasuHingatiem, HB:kézt rRrspeipted disrasps AER4vapgoeiaing diseases or
EGF receptor-aggogiateddiseaseiiaies RABRICcCANCEIPHSAARALENE if2uthes embodiments
involve using the,aql9en, Dnding pretelns enelads esciieiaein io. eg) undesired

angiogenesis, neopiastic digeases, stich asmejanoma, non;small ¢oll lung cancer, glioma,
MBS ( tomach trate cancer, breast

hepatocellular (Tlvers)i%?cihom ',St??yrol. umor, gastric (St h) cancer, pros
cancer, ovariansﬁigﬁﬁ%ff?’ﬂItgaargi‘pcﬁ’ﬁﬁ‘étl"_f’qﬁhﬁaé'ggﬁ%l’,’"@ﬁ)abqa’é‘fd?ﬁﬁ'?‘éﬁ%‘mé?ﬁ%%&ncer, kidney cancer,
colon cancer, affsFarRtehtic RAKCEr [GORFEs ST Mauisre R cRIs S Girfy T8 866 Raifigen Binding
Proteins [000228 3N iscieltstedids thragrerrcredisios ehe. Entigehvbinding proteins described herein, or
portions thereok.¥re alssssraid el el uixegXuientd 8 i 1B NCotiRy ehectrbdtkellains of an antibody,
or a fragment, gierivativep droising or B/aran hthereokaoly Rueleadidesenapoip goheavy ghain variable
regions or only & RBss mMmg@lﬁQﬁg%Mﬁ@m é@rgp@g @ﬁﬁybgia_iz,a;ieazgnmsmﬁggg ;grimers or
sequencing DV'VE%@J@E #Qﬁﬂﬁ%ﬁ&% &Jﬂébﬁﬁéﬁg AT‘_@&!J@HBQJ.%%@&M% ﬂQ'@/rGéb?éGE&%ﬁge”COd'ng a
polypeptide, anfygensg, ANGISIC aclls JOrINURUAG, SXRISRSINT! % BAMYCIOl e, ) complementary
sequences of th foreé;om%.,T %(glg{%gl%fm%s can bedeny Ifen%%}r. Thesy can be, for ex mple, 5, 10, 15,
20, 25, 30, 35, 16 SREPEY SRS PRl M 552 58 2 T98 296 556°4 0056 6° B Fo°ES5" 50, 1,000,
1,500, 3,000, 5,006 & FBPEHh b TR HPEHY R URAPF LA LOABHELBHE B s additional
sequences, for BeSIRFHTEMEy BTN SEE eHE 5 28R BPG B Frihrof B RirEes IS ERER, for example, a
vector. The nucieisistiedds Sarpiesamnite asifalidsddrcke ibretstemdeensritcadcomprise RNA and/or
DNA nucleotides;iangiartifiGiativetetins tirareod ¢engstimapdtide axdclesmaciets). i G HREIS 15A - 15V
depict the nuclaetideesaay eaeRsHts thew asiavsdight xhainswnlteanigesnpiasingpoteins. FIGURES
16A - 16AC deptisg tbemhicieatitdeisamniraaes i dhe ariausReAVY smans-althesartigen binding
proteins. FIGURE S 134 dabbaeRinidhg fuclantide sequenaespinaripysdighdghainvariable regions
of the antigen bégrgw%gzr)g W&x&&%%%ﬁn)&é& Sg%ggbg%gyfc&%gs REQYERSES of various heavy

chain variable regions of the antigen binding proteins. - 18F depict the nucleotide
sequences for various CDR regions of the fight chain variable regions of the antigen binding proteins.
FIGURES 19A-19G depict the nucleotide sequences for various CDR regions of the heavy chain
variable regions of the antigen binding proteins. FREURES 20A - 20K depict the nucleotide sequences
for various FR regions of the fight chain variable regions of the antigen binding proteins. FIGURES
21A - 21K depict the nucleotide sequences for various FR regions of the heavy chain, variable regions
of the antigen binding proteins. FIGURE 17A depicts the nucleotide sequence of the light chain
constant region of the antigen binding proteins. Finally, FIGURE 175 depicts the nucleotide sequence
of the heavy chain constant region of the antigen binding proteins. (000224]Nucleic acids encoding
certain antigen binding proteins, or portions thereof (e.g., full length antibody, heavy or light chain
variable domain or CDRH1, CDRH2, CDRH3, CORL1, CDRL2, or CDRL3) may be isolated from
B-cells of mice that have been immunized with HBEGF or an immunogenic fragment thereof. The

nucleic acid may be isolated by conventional procedures such as polymerase chain reaction (PCR).
Phane dienlav ic annthar avamnle of a known fechniniie wherahyv dearinvzativvee nf antibndiee and nther



[000229]Another aspect provides nucleic acid molecules that are suitable for use as primers or
hybridization Qvgbes;or the detection of nucleic acid sequences. A nuclelc acid molecule can
comprise only a por?lon of a nucleic acid sequence encoding a full- Ieng ?%)3%9%8 3¥or example, a
fragment that can be used as a probe or primer or a fragment encoding an active portion (e.g., a
1B-EGF binding portion) of a polypeptide. [000230]Probes based on the sequence of a nucleic acid
can be used to detect the nucleic acid or similar nucleic acids, for example, transcripts encoding a
polypeptide. The QE%b)E gan comy I’ISt% %J&bel group, ?Agtj ar d|0|§ oroeéla ?rres%ent compound, an
enzyme, or an enzyme co-factor. Suc 6’bes carr be USed 2 a ce ha{nexpresses the
polypeptide. [08B9BIRIBAE I AEpE Er&nrj@%d\?@@fﬁ‘f’g %%‘hffir'i%?ﬁ’ﬁcé? R 8¢ encoding a
polypeptide or &pwTingritheéidof & ., GeBRMBINC Aot &t i Bife HrmisrerepRys8ak or more
variable region Ri¢hfaifs). Bsampledobudetorstirctediorbbe aremeortistited fo SplaStids, viral vectors,
nonepisomal masatian 2eCtars sndtexpre ssigroyestaigintost Exarhpley redomdnitanatiéxpression
vectors. The regagRioaaliMRFRSFON VRHATS L BIT COBPHS BndnB UL I, AGidleadarmesuitable for
expression of thie, RUclRiGAFIVAR Astikelsd BE L .ERMBINGNTLE YRIRIHIRR NG srlhgdude one or more
requiatory SequeEesoieE el Al 1A% BRYRA e nsbas LR R IRHSER 2L @igssion, Which s

operably I|nked to tpe I‘rlé,LliC gclms%?n sF gquence nt“% baectggpr%sssé‘aecfegfe uhatorgu chsgp ?énclude those
that direct consfrfutlve expression of a nucleotide sequence i marrliy ﬁeso ost cells (e.g., SVv40

early gene enh&H RI8 8 LA bR S it PO AR R E R A ROV B dater, those that direct
expression of tHEeREEEGtHE KR e G i d’%r?anaﬁﬁg? agire f@‘dgxff@ﬁ@céeﬂér@m@?eguIatory
sequences, sedvpaaeting ol 596°TYeNdsBipenieprcd chels sogteNTaniRE SR SHE Science
236:1237, incofmGratelDy redarenderheelin tkiedted firatie sipuarrdntirtiseofiuf div#étMinducible
expression of aardcieaitdese quenetifed @sponsg do particntast TeRtmRIE skobRdition (e.g:, the
metallothionin RepmAQtesHHNgGRMRKaRcENIDaNGHR telgspersiverandio b piamgiBr responsive
promoter in both prekanolic AR gUKUNANE ARIRMRL(ReEndting Brwill Re fpRIRCiAlRg by those skilled in

the art that the dlesign, Jem&e%@mﬁéme!@&%ﬁa@fQe@m%mm.aa clors.as.dhgshoice of the host

cell to be transfﬁrm “th el gve f(? ee;p;es %nanq;‘ngg%tglg >%H |on vectors can be
introduced into NOSL C%TPSH?S ﬂ?ereb uce proteins or. peptl e’s inclu |n SIO roteins or
peptides, encod&d HPhseER édﬁ%e'ﬁgeé’é%} e T8 'SEBBB%QTAHOXFI %%%c? t{&%des host cells
into which a re SSPRIHRIG RYE AR RGP s BEEFFIFITAUIRR BrOX AYSEEIEAABE%ny prokaryotic
cell (for exampReif®, asisi Xop eletad Gt thefrerprcensing I Wardse Mseacdriaiarrirsigidieells (e.g., CHO
cells)). Vector Iid Arccgmobsistintrotfume dVintospetdcad/itic by eokarystitneslly oid Comventional
transformation ax{xaasfeoti@EtacNtgoes, Herstablestansieotian:gfananmsamnant GelsLit is known that,
depending upor the rxpressiandRe t-anil drnsipgion teehnirug ilsaskaniyrassgallfraction of cells
may integrate the fREsigh DNAJMS, tﬁqgrsg@agmgmlm@gg@ry donidentidyrpid select these integrants, a

gene that encog’a%m%@aﬁé&mkﬁre &gzng};t ﬁlﬁmg f@ea%mgﬁéswéeg?xy%reﬂwntroduced into
the host cells alqncgegvtj % ne of |n ere e se markers |pclup§EEP%se which confer

onsistin o see te conm
resistance to dru S su 21! § rh |n an met otrexate s stal (\ytrans ected with the

introduced nucldf A % éH B b )@(ﬁﬁ/ T R R R LR HRY REUSY RSB ated the
selectable marle&f geftenif'LigRAvR IR RIS S RRP Hand"di éﬁ’"ﬁﬁ%ﬁg"&ﬁ@%%ﬂ%"’w Use of
HB-EGF AntigesdBéneingerted feimdhor PRgpnesiis efiaSPREkpetfie’ PlrgoseEUIPINgit®ibns [000233r-he
HB-EGF antigewbiewlds prioteintoasdasaritzecsbaeehcad Reiuseteded Btecthegrgat a number of
diseases and diseselerssiinetdding Hheretdnvolvinggexpessisangelltlarprotiferationd emdesirable cellular
migration and/araberFamsRigepeReais xFiokaxampbe thesidtbrdEh amigendinding proteins can
inhibit HB- EGFdﬂ%ﬁ@&E@ﬁB&@ﬂQé@ﬁ ER4ARrasieRBesehlaigRip GRassER eells (FIGURES
22-29). Such Inbipon Ca UL AL %sem%&tm%a@nﬁ,&'gnax%aw%@&n@s cell proliferation
and migration, & dh&'%g QRS LI IR IRE ChAmIaes ainding proteins, Gan,nterfere with the

transactivation o on, t €36 ntlgen |ng protelns inRiDit asal HOVEC cell
proliferation (FIGURE 32B), endothelial cell tube formatlon (FIGURE 33) and HB-EGF-induced vessel
formation in a matrigel plug assay in vivo (FIGURE 36). These results indicate that the HB-EGF
antigen binding proteins as described herein inhib#angiogenesis in vitro and in vivo. Moreover, these
antigen binding proteins also inhibit anchorage independent cell growth (FIGURE 34 and FIGURE 35)
and xenograft tumor growth in mice (FIGURE 37 and FIGURE 38). Significantly, the HB-EGF antigen
binding proteins also inhibit migration of MCF-7 and MDA-MB231 cancer cells (see, FIGURES 27 and
27). Thus, the HB-EGF antigen binding proteins as described herein attack several steps in the
development of tumors and other cancerous conditions, including signaling events that control cell
proliferation, angiogenesis and cell migration associated with the spread and development of
metastatic cancer. Such multi-faceted intervention is highly beneficial for controlling and inhibiting the
process by which cancer develops. Furthermore, cancers at any stage of progression (e.g., primary,

metastatic and recurrent cancers) can be treated. [000234]In addition to the HB-EGF antigen binding
nrotaine' rice iNn detectina and treatinA cancare 1N vvarintie otaneac 0f nroareaccinn thece antinen hindina



[000243]Besides its role as an important regulator of angiogenic processes in cancer, various
non-cancer indications with activated angiogenic pathways and the requwement of collateral blood flow
are putative dISSASE Areas for HB-EGF antigen binding protein therapy. [ﬁﬁﬁﬁ%ﬂf%omc inflammatory
diseases (e.g.,nephritis, COPD, inflammatory bowel disease) including immune system mediated
"inflammatory reactions" (e.g.,graft versus host disease, transplant rejection, restenosis), metabolic
diseases (e.g.,diabetes), or chronic hypoxic conditions are often characterized by hyper- and/or

neo-vascularizat |ogn &eg Sllgrirr(})nl&ugerg)s Iﬂs‘?s%%%%ﬁt?m B DEU%EO%QS &anq\lnfg QI’OEFIHS may at least
partially inhibit the essen ial process or ang ene5|s ecrU| men of vascular smooth muscle

cells by endoth&IfIEEEHIRELESP 2 Wa”ddug(écf By ATHIRMAESH Cells or upregulated by
hypoxia - and rejifisdett thét ar9rs ﬁ%‘?ﬂéﬁ%ﬂr% 1B NPTRRRR MREIT Rt i A5 a5t from the
excessive/pathgregiesas v iractidAxblion S SazdSnm b asersibisttg ofttiablet levdstiet HB-EGF
derived from thizadeuyrutatedistnanticirCOrRABLISVIOIXXEHIg KRECU N I@ne® ovvasioar disease in
obesity, can besaaistalizetdydthedlBig b antigexbindiagepreteins gescrbedidwemeimdA therapeutic
intervention wit§, /i4Be6a ANHISBB INGrRIa IR ihdRaY, RAltheseiorelReihcasisthg
anti-adipocytokipg %&KH%MH@&M %QQ&@@Q&#&R%@E&Q%&?H&%&%@% HB-EF significantly

downregulatesggagq( l@q?&"’@%%%c?ﬁ’@ rmal growth, %8%% ,regggtggr This effect provides an
avenue of mterventlon np Pe'eg of Itghﬁg rcmrc{):sxljem D an eover b H -EG?E is a mitogen of
keratinocytes ifoBved eness Of inflaminator a? Seasss. [T adaitio |on expression of

HB-EGF and 08r76%3?f?5fl%°{/\ﬁtﬂ‘? @é?ﬁ%%{f"ﬁlé@f’éﬁﬂﬁfﬁaﬁ‘fﬁ?ﬂ YleFithE e(éﬁy pathogenesis of
psoriasis whicH#g&drerybrarmtia carerisetif @ Wikdb WA Hrelfeaiariehtdt BadP®ous inflammatory
diseases and speagificali/SEQHENSER Y- HBalieRP B petiifiss wanthect atmvecrahtigés binding proteins.
[0002481 Targetiv)- HBnGFenathirthesid estitibedbaivige subititdingoproteins thaaywalgoinesult in a treatment
option for patieatasnithvprotierativew itrcegtinepathyéPiR ns e tissgavaiopment.sfVR is
accompanied hyfosiondieanT, WRERGUAHEQBRIERF (i gHBuR MR BN @ S: 4Rk R0l RBE GF expression
in fibroproliferagiye HsgHe %Qs.%gummwr% cftectonliahegllprolisipiioprehgmoiaxis, and VEGF
secretion suggest g ;,orﬁhe GhmaRs AL mediinag @é&f‘d‘ﬁ&%@ﬁm dyiing PVR. These

principles can aso Be al pea i cons‘s%l’ a IO e SlgS e tggl en[l'lgg eou |§xe”§t58(§§ S 1h as age-related
and non age- reﬁa?e& macurla?raep enera on &Iéjbé no afﬂ 0;{ sl 3oma interstitial

kerafitis, retlno6%Nf%fspsfé?ﬁ5‘ldﬁﬁ/"§rﬂﬁ°86Fﬁ'é%ﬁ“&?&ftsfﬁ”ﬁﬁ ﬁ%%'ﬁ%‘)%ﬁtgﬁﬁo \9%¢#as adrenoceptors
and anglotensm*}%?,‘éﬁté“rgel‘?a\?é W@Eﬁelﬁﬁ%@&%ﬁsmégﬁéﬂﬁ?ﬁé’n&%*@??%%ﬂ%%waue to their
vasoconstrictivecegirng e\ FoPioting B 8 NSihed). WBBIGH: iisselesi¢t damirediater of these
pathways, neutralssitng efntiger BrRHRGTIECRIRNGE Huatalila s8RES geRadam@engasion in hypertensive
disorders suchaseandiachypeartophy ang congesive hearidaiuepkidaaydaifie s stroke.
[000250]HB-EGlupcheiant Bingenranckobasaastiias tab iRhameaiisa sl 0edsdShCs), was
detected in athgrasle atiGRLANN g LraRaL aHEHS= wikingiml shickenipg.anddaipduced by SMCs
and macrophagge S emaNincplaiains tvm Rtb%?n'é@% ;faaaue?émeaﬁ%r;l.%%d%é@ut&%gosclero&s were
furthermore shown t%rE Lhe rou co 5%31 eg I—(IT%JEE)? e | e FR transactlvatlon
Therefore, the B Nt en e|n ereln re TesenP Sal&ctive and efficient
agents targetmﬁ"iﬁfﬁgmle"r%ﬁ‘é" 58)“8?8‘&%5 %i’?théF SRS ffﬂ%@%gf?é'ﬁ FORRAIBRE nCaddition
restenosis aftePetclrineietied SorRABPHRERATITO Witk 1§ ChiaPaterss/&m By pidfferation of smooth
muscle cells mightigitseld pradéinted byespetificirreartrlzasigingt HBIIGEs fuaststitsd 000251 |Thus, the
HB-EGF antigehelsmclingnpstigins asi GeSEHIFEE WERIBECHD Be: 1iselwietemat & vasitdy of diseases,
including non-reatignagibypralifsial verise asesTsNEX ASBeHAIT RDgBgeResis giemyoma (uterine
fibrosis), benigg.RRQOtbMisais ceHsmiR glegsuaselarosin thypeipaliietatienqhmesangial cells),
smooth musclecgllivperpiasiagg &I&éﬁ@éﬁ?@%x‘@X&%P@W%&f%@n@wﬁé%@ié%%th muscle cells),
rubeosis; neovasellar glaco AmAaesls elnanatys diahekolndhsss, magiar degeneration

rheumatoid arthritis, cardiac ypertrophy, psoriasis, and the Iﬁ<e [000252]In a fur%her aspect, these
HB-EGF antigen binding proteins can be used to treat disorders associated with or accompanied by a
disturbed, e.g., pathologically enhanced growth factor receptor activation. [000253] in another aspect,
this enhanced growth factor receptor activation mé¥ be associated with or caused by a pathological
increase in the activity of a G protein and/or a G protein coupled receptor. It should be noted that
disorders that are associated with or accompanied by a disturbed, e.g.,pathologically enhanced growth
factor receptor activation and which are may be associated with or caused by a pathological increase
in the activity of a G protein and/or a G protein coupled receptor, can be delimited from other disorders
characterized by an enhanced activity of growth factor receptor activation in that a transactivation of
the growth factor receptor via G protein coupled receptor takes place. 2. Diagnostic Methods
[000254)The HB-EGF antigen binding molecules as described herein may be used in a method for
detecting cancer cells in a test sample that includes contacting the test sample with the antigen
binding molecule and detecting whether the antibody binds to a cell expressing proHBEGF or HB-EGF

moleciilee in the eambpnle The denree to which bindina neciire can he accacead hyv rice nf 2 contrnl




[000258)Anti-cancer activity can be evaluated against varieties of cancers or cancer cells using
methods available to one of skill in the art. Anti-cancer activity, for example, can be determined by
identifying the' L DAY EDso of a preparation of the antigen binding pr gﬂﬁ@’ﬁ%‘&‘ﬁ%@d herein that
prevents the growth of a cancer. In one embodiment, ant-cancer activity is the amount of antibody that
kills 50% or 100% of the cancer cells when measured using standard dose response methods.
[000259]-he HE3-EGF antigen binding proteins as described herein can be administered alone, or in
combination with antibodies, chemotherapeutic drugs or radiation thera%y Pharmaceutical

compositions afeBRIMLLE: t%é”ﬁw%r@fﬁtfoﬁ?i%ﬁtﬁgfft?@’ D PR RPEF A 8 tRtapS B T E8thbination with
another pharma&tgitigesiipoitied ﬁr@f&%ﬁ%ﬁﬁfﬂﬁ@‘%tﬁé‘l"aﬁ?ﬁﬁhéﬁﬂ%%&‘%gent, in particular
Cisplantin or Avaisfirnd Fem Braresl eontitingesBriboe § MBs B et fyethesivdirrgnpirdtgirls dan be
co-administerecwithxaitsdiaco fram theanibes c{esigting i S isndweraainizatt O Frusstatedmiitumor antibodies),
with antibodies #hatspesiisatlycbd)d tad\wktrintaudidrthey dabihid fombe glRgRgMIMaSHS of @/ith antibodies
that specificallyhingriPamike GERIRI iiRsiBeiinarasushoask g R A, 5ERE, & EekR-anshiherefore further
inhibit tumor Cettt)gettem% &EL&EMRE ééesttaedsym.%twétﬁ&te ;entt -EGFR antibody and
antiHB-EGF anfi Ri'{? pgm{; HE@: @dles )t(ested Further,

n

the HB-EGF antl en bi rotelns escrl dNere cn%%z !co a mlnlstere Wlth ot er anti-tumor
agents. Specifié S5 ?e"s mﬁf’ RSy e Wi S e R i SR PR AR e antibodies
provided herein®iiERdeNBPBEAMBIE %%ﬂfglzn ! Al EiR TRt R e RB PBEG S imab,
cetuximab, imafthp atriestesd pAdlsrefentien 20 a0 RhFRABCRIBRTHNY, BEPRAFSTR B the like. Any
other anti-canc&Pateatnor drd gethataanidripddicredrecmseuoconsistingcg|l proliferation can also be used in
the compositionsxas:descabetkaxedclamed SEramnE orsex aneple Xheselaimsgdrdmpositions can include
chemotherapeUiiasrga dessaieivas, @ajereika binehe gdRotoising sfxumemycisetastimenmycin, doxorubicin,
epirubicin, idaryRigiguSsRLigin.oNe an ¥ci) i Ralestamide. ERsiuldang viasirerasghinoside,
bis-chloroethylrjglgh RUSHIBR ALY e GnAS VBN R R EN csRis B One

hydroxyprogeStﬁrog % )t(essstge egtr%rpromtt%mng?{gﬂpecghmsqca Pe@en’dwgg?sr eﬁ lea fr %ﬁethylmelamme
pentamethylmelamine, mitoxantrone, a orambum met C COISSY |trosurea nitrogen

mustards, melp??ﬁfg‘ﬂngc%ﬁ)'ﬁ%gbﬁﬁ?ﬁeﬁ%d o e gy SRTHE Ehiv Jaanivie’s &EsIEhiRg (ca),
5-azacytidine, HSRIPEXPGPEsS B EHGESFdrfyEiTrior &’B%?B&W@‘&B%Eﬁ%lrtémﬁe 5-fluorouracil
(5-FU), 5-fluorothiesieg e Y5UF CRIFSING &R 6TrEXdtE tivPPRY ROIERIRTSEX B NAi1eR¥fine, vinblastine,
etoposide, trimetrexats, iteaiptsiften tis ptetiroavetstinf drhdie thyisHbestfol{DESPuSee, generally, The
Merck Manual ebisiqignosis! anir TherXmc DeKXEN, 19846 1A P0gc1228. Berkowkat at, eds., Rahway,
N.J. When usedanibdherdrsgohesisBirg G antigenibisding pratengosiichsaemothempeutic agents
may be used ingivdidallid8sGrorriield-ARAABBRRO ¥aRet we Rl de8m B dhb@nd an antibody for a
period of time folloygd By, M%d@tnst ranihadn s %EQSHQ&L%“&?'R .viwttbo)@es%itees%rether such

chemotherapeutic agents ﬁN FLJ tlb%dey % iJ(the Ry nd an antibody).
[000260jAlso er%de%(ﬁ IS ast('srir’l tfw ?eva?’a’%rs'\eiecte eraé)eu Z}S gn%o do%%ge or treatlng a

cancer with an Ao rorﬁaw 5 r?°§?h5f’r?8 amansequenc?e eremst a mcludes determining
the LDIDO or Elﬁ%@?ff)tﬁeel% 9E(’% ﬁeﬁﬁﬁﬁﬁ?ﬁ“ﬁ'ﬁ&fﬁﬁ)ﬁ?BT@Tﬁgp‘?fébgr%ﬁ?om YR RSB0, Such a
method permitstteEyRERsFBIARECaR P8 RiMsiics APAST B INaSTRY ABHTHME G Sr8té  feeded per volume
to inhibit cancerdetledfomtthaarmretersistbsoh§. ArodSLBYS telt80¥erohaour 094t ¢60%, or about
25% to 100%, or aabeuX:386 g4 60¥ihogralpeuts#Dho 40 @00, or about 50% to 100%. In some
embodiments, |gsgxiand 0% bt e carcseel growth) ameiatastasifitohsanied. For example,
cancer cell grovth, anshsuingetastasis ysinbiRited oAU SR %n 80 of P POYts Qiceld¥0. Percentage

inhibition can bg %F%@HE!?%@QE%WW%M zottryat%ttmm @t U?&asmg@w&aslmg@totem preparation
to SCID or nu/nu nyc)e R atede ttpe art ave gem |itroduced and/or by

r
standard methods usi cancer cell nsfs%ngo én Jas% % met hods are described in
the Examples. [ff@ﬂ%'i% V& mtﬁ]d"es i sft%"?l e shaf rﬁ%‘égﬂ ormt?lna%(jn BF e TIB-EGF antigen
binding proteins as described herein that are useful as treatments for diseases including, for example,
cancer and/or aberrant angiogenesis. Such formulations would inhibit the binding of HB-EGF to its
receptor, e.g.,EGFR or to HERA4, thereby effectivetg treating pathological conditions where, for
example, serum, cellular or tissue HB-EGF is abnormally elevated or where its receptors, e.g.,EGFR
or HER4, are abnormally active. As illustrated herein the HB-EGF antigen binding proteins possess
adequate affinity to potently neutralize HB-EGF and to modulate the signaling events associated with
the HB-EGF receptors. [000262]The H8-EGF antigen binding proteins as described herein are
preferably humanized antigen binding proteins. Administration of these humanized antigen binding
proteins reduce the probability of a negative side effect. Moreover, these antigen binding proteins are
stable in vivo, for example, because they are recognized as normal human products, thereby
minimizing the risk of immune system responses. Moreover, these antigen binding proteins are not

prone to proteolytic destruction, improving their circulating half-lives. Hence, the HB-EGF preparations
ac Aeaceribed hearain have an aveelleant half-life in vivvo 0 that adminicetration in hiimanec ic



1980, Proc. Natl. Acad. Sc!. USA 77:4030-4034; EP 52,322; EP 36,676; EP 88,046; ER143,949;
142,641, Japq/ application 83-118008; U.S. Pat. Nos. 4,485,045 and 4.544 545; and EP
102,324. [Oowaﬁlﬁg@géage of the antigen binding protein formuIatior?FoTr/Ea?ngéhr}ls‘E)sgtient will be
determined by the attending physician taking into consideration various factors known to modify the
action of drugs including severity and type of disease, body weight, sex, diet, time and route of
administration, other medications and other relevant clinical factors. Therapeutically effective dosages .
may be determined by either in vitrg or in vivo methods. [000271]An effective a t.of the antigen
binding protein‘:éc,”%ltehéa BEIREFE éi?)o f)ng \éyr‘n 6 sg i%ge%%%gﬁt?é% %y‘:%‘ﬁ\géf‘é Ogﬁ ?%g?ésmple, upon the
therapeutic objRRERES RA TSR SPEHAALHA ?ﬂ%’ﬁ‘&?ﬁf@@ﬁh’aﬁ?&%tﬁffﬂ'ﬁ P&k, Accordingly, it is
preferred for thetHgigAs? f9dite P aebaesHREHHbERRT fseruRESEEifRtratidr Ss required to
obtain the optirsedctbherapduimaaffeetsining pfiEand il de seledef Tghtiramger fiensisiseit 8001 mg/kg to up
to 100 mg/kg ot raceaDEEPesTENGSEEED e faCtmes mentdriad abexel fiiypieadtyyloenghimeian will
administer the tharageytsantiger hikringsproteitq nie dosagadsiroqcheddaatatitieves the desired
effect. The prograssakiliis theravixsasiicmprnitoiadRi-cervantenskassaysseuassdescribed herein.
(000272)1t will he ap ;gl%%ggsmgtoﬁgggg&stratlon of therapeutic entities in accordance with the

composiions 3y mgihocs hereln wil.D adminisiered with subable cairiets, exgipjents, and other
agents that are Incorporated into formulations to provide im roved transier, delivery, folerance, and the
like. These forfiHSISHIRERTNE TP ERSRTSIE R WEers pastes  Stmants. jallies, waxes, oils, lipids,
lipid (cationic oft&RSTE) EahtHRTiA SR SO TR AE TR feeHTT T RINE SRt § 588 anhy drous
absorption pas&apPdilBnEnaterFaAtPw atelhares e RS R U] SRS LA 4581258 BFRethylene glycols
of various molezeltairegerghsihe®mi-solid gels, and semi-solid mixtures containing carbowax. Any of
the foregoing nirbaresnyaynb@appLopnaie tie taatmenisranditiyerapiedermiay hegiiaed+B-EGF antigen
binding proteinaswiescribead: boin acpreyiced shakhtheasiivribgredientite!barfesguation is not
inactivated by g}%ggmlggjggrﬂpgomgdﬁgmlaﬂgn ,Lsaqmygfpggggaﬁ.l,gﬁggmqm%@@g tolerable with the
oute of s SHBRA i A sy SlBMBGSUEA B b vloanan e e o

ini ui ical. 210-218: izati
development o §§hé °§§)E?%i"r? p'\)%%}rj’rt?%%%ﬁ’t‘fjca S E‘rzrcg%gglﬁalgzhgggrr%]?ggg%G%heéﬁggrg%n WN "Lipids,
lipophilic drugs®%AY 8?5'?“’0‘?’?}%58%"[W@?ﬁfélgﬁ?gaé?ﬁf@ﬁn PEGE BIE PRSP N° SCI 89°067-978; Powell et
al., 1998, "ConEBINRISF S SRIR HFSS APPSR SRS NSHEFTES . Technot 52:236-
311 and the citi98H3inere refent AerdsaGied pIRSHRRHOMPrefRte Br oy RS ASIFAGYHRE ®xcipients and carriers
well known to prransraebertioedych eribtsa! [OOORY.3] Teerfetinanipelraniptess amthiding the experiments
conducted andtesuiteastiteved enepiovithedyfo milltigisctvaoposes otitydafrdgaratnot to be construed
as limiting upomntiteachings herein. EXAMPLES K. Example 1. Generation Of Immunogen .
[000274]-1B-EGrpinedidingrRGR1il-8amaimiaanlridOnasannifiedarning RNA3-VSV-1-113-
EGF expressiop consiueh Brenzel.gta m;g%%agqg@geg{jgnggggzq{é%@g@mgﬂg{)avector that
provides an m-(@ggp{ley G(Jﬁé%ita%%t the ar o%(}(éatgélmmus (pcDNA 3.1 myc-his, InVitrogen). This HB-EGF
immunogen with C- e’rmlnagmyc ﬁ?g th was expressed in HEK293 cells and,é)urified by a two step
purification on RPRTALRBAAFGIRA g’i‘él%a'?ﬁiaf}?ﬁaarn S RS AN CEPREI0EE (Sigma).
[000275]The HBEES EOPRSATGRSRRRS AR R gdePRdathe f8f6ihRTy sequence (SEQ ID NO:1077). 1
MKLLPSVVLK [P 26N/ yeSampther B (e ReFe R gpiAtnring RIemPRSEMIES T B0 PP G GRDRK
VRDLCIEADL Dolali4R¥/iHq @S PRu8H ardifisPRIMKEE 1 RIIKKEH G I GK KREFPCHRIRYWKDFCIHGE 121
CKYVKELRAPStetibHits o GG hldus. dex amjplenZndpvividtat grufoXengimmause Mice And
Titers Observed:{QQd-reiMonnionmd, anihodies apainst HBakduic yeke developed by sequentially
immunizing XegQMOHSSEELM iFs.LXensalise salRsiotMahdnmaniaiésproducing) and XM3C-1
(human IgGA-praeucing), ARgEALRE! _J;a;gman,tmgjma;hnmmgﬁvmpm%?ﬂ7]>_<en0Mouse animals
were immunized via the footpad for all injections. The total volume of each injection was 50 pi per
mouse, 25 pl per footpad. [0002781For both cohort 1 (10 XMG2 mice) and Cohort 2 (10 XM3C-1), the
initial immunization was with 10 pg of HB-EGF protein admixed 1:1 (v/v) with TITERMAX GOLD@
(Sigma, Oakville, ON) per mouse. The subsequent four boosts were made with 10.pg of HB-EGF
protein admixed 1:1 (v/v) with 100 pg alum gel (Si¢¥na, Oakville, ON) in pyrogen-free D-PBS. The fifth
boost consisted of 10 pg of HB-EGF protein admixed 1:1 (v/v) with TITERMAX GOLD(r). The sixth and
seventh injection consisted of 10 pg of HB-EGF protein admixed 1:1 v/v with 100 pg alum gel. A final
boost was made with 10 pg of HB-EGF protein in pyrogen-free DPBS, without adjuvant. The
XenoMouse mice were immunized on days 0, 4, 8, 14, 18, 21, 25, and 28 for this protocol and fusions
were performed on day 32. The two bleeds were made through Retro-Orbital Bleed procedure on day
16 after the fourth boost, on day 23 after the sixth boost. 2. Selection Of Animals For Harvest By Titer
[0002791Anti-HB-EGF antibody titers in the serum from immunized XenoMouse mice were determined
by ELISA. Briefly, the HB-EGF protein ( 2 pg/ml) was coated onto Costar Labcoat Universal Binding

Polystyrene 96-well plates (Coming, Acton, MA) overnight at 4C in Antigen Coating Buffer (0.1 M
Carbonate Riiffar nH O & NIaHCO?R2 (M\N QA Q A4 N/l The nevt davy the nlatece ware wached nne time



[0002801 C. Example 3: Hybridoma Generation And Primary Screen For Binders

(00028311m I mice were sacrificed and the lymph nodes were h n? ooled from each
cohort. The |;?¢n%1|%%§|%%é% gwere dissociated by grinding in DMEM to relegg\sf?ﬁ@sc%q sz'%rom the tissues,

and the cells were suspended in DMEM. The cells were counted, and 0.9 ml DMEM per 100 million
lymphocytes was added to the cell pellet to resuspend the cells gently but completely. Using 100 pl of
CD90+ magnetic beads per 100 million cells, the cells were labeled by incubating the cells with the
magnetic bead for 15 minutes. The magnetically-labeled, cell suspension cantaining up to 108
postive cells (LRI BRIt E§sufs;gwtf@|%aaé@%n%“§%e gL SRR AY L ashed wih
DMEM. The totaI'GHibRYACHES ELASER P EL R REEBYONegative fraction (most of these cells were
expected to be RPRERS YHO SR BT RE DI BB ARe A BYPRHRATY RS ERMBhed B cells from
above and non#eerstdFy hipel 1m BePSHEBRMG B:65 3n eHsbinalen aSeoR ek TETY 8gRICRL 1580
(Kearney et al, flc@18¢ derlintenh sruokniR3s L6e8- TTH5C) praiiven tatitno brbtdind it owl| wixtuee. ivas gently
centrifuged at 8RO gsiAftatuemmplaicssrona\cirf dicvsypersnataribvibecel luissepplietwes treated with 2-4
ml of Pronase spitian.(eaiRioshinnnintifiRs 46 Ay aumeishihRBR)febromaase dban 2 minutes.
Then, 3-5 ml of ERR Was adied, ihSiante.e AphithaRdReseReRSIgRWaR adjusted to 40 ml

total volgme “Siﬁﬁﬁ%é@e%ﬂ g%ﬂ%‘n%@&'{%‘&ﬂbt@ SF%\ggeé aM (§5%9£8§a%h %@&%{a%‘i#w.smo& 0.1 mM
Magnesium Acetate, Sigma, Cat# M2545, 0.1 mM Calcium Acetate, Sigma, Cat# C4705). The

supematant was removed after centrifugation and the cells were resuspended in 40 ml ECFS. This
wash step was repeated and thBH88NEGHRe L% ALY EREEPIREEFS to a concentration of 2x106
cells/ml. 1000285jElectro-cell fusion was performed using a fusion generator, model ECM2001,
Genettonic, Ind kAN REES, CH T ARy AR e LR Faros B lowing
instrument settmRYPRIISRMEAER SRTENVBRAGE: WG TR SrLER SHIFE" RISINLTSIE breaking at:
voltage: 3000 \FPeRfied Bungs e pry@entins sPHBiea Rt fPRECEed detiivas (§800 2B RA &P tro-cell fusion,
the cell suspensitisEGerSedrafalijore estinscbirsimttbiesfudtenncheantbe prenderdtertéitdhditions and
transferred intoesstetededsapsitgin g teis surtitviphuendsefidd ywihid 6ABGE Udture Medium (DMEM (JRH
Biosciences), 1&fadshfr ddysiones-supplerasnigdigitbhtphtansineqaeisiregiondP| (oxaloacetate,
pyruvate, bovingdasilin) L@l ramuRigiy abrRd 56 JBSRRENGLEMBNRSIN DR RS GRHSIWEre incubated

for 15-30 minutgs, a3 (GoaRebLie CoRMIHIRS ALARQ Sefatdlve InUE SN EEUS MR gently
resuspended ina small vo g%nl Q)ét%lgilgma Selectio Mpdlunﬂ ’(anybrl ma CugU{e Medium
|

supplemented wﬁﬁea‘f%&‘:iﬁ a, cat. #e,ré,\ngé%%; ?Fgeﬁ‘ ,tohgsv% u ebv‘c\"/_{aosf_“a’tﬂ Eﬁ%ﬁ d ae'r?ﬁropriately with
more Hybridom3 S&fREt8R Me i iasad SR s tina Vﬁ‘a{ﬁﬁhﬁ o "3)2%66‘ 'BoEENSWtal per 96-well plate
and 200 pL per' WP Ha"@ROWERE T RETPHRIRHP SRt P ted el ctiriraele 4iPliiowed to grow.
On day 7 or 108t PETSTRSERIfA RS 2hie IRETEne WM EThPR/bridoma
Selection Mediinmefc828Frerte weldanmobeglelreTiwybrid divaiserses frateantdyiromdhe cohort #1 and
cohort #2 were setisensideforkBs b@ErspOoificalincnoditios akativkb oelibs ivyuBdd SAerinrtiiegsPrimary screen,
the ELISA plates{Fislesr SHato By does: 13k)pieracnated withidtnmd eellspédiBettigerr protein (2
pg/ml) in Coatingdgfiridfs loMiSrarkenaiaBulierdr & Suihiea3 Sdrlblntheniigeriated at 4C
overnight. After,incrbation, e Q@é&éﬂ@&yﬂﬁéﬁﬁ&%ﬂé@éﬁ%%‘%%‘dﬁ%&g(@e@?%a@%ﬁ@ 20 in PBS)

one time. 200 HQ&Q’%&@QS&QQ nBvL\!'lft erég.r%g/& B3ALO.LYe T\Q/leecngOanéOailr%i;mégqe‘r”%%@ in Ix PBS) were

ha acids th
added and the Plates were Incubated at room ?eﬁr‘n%\gcr'asturae or 1”ﬁour. AF%r Incu aFon, the plates were

washed with WQ%ﬁﬂ%&e%ﬂ?ﬁénrgﬁﬁoéeﬁrﬁheo.wﬁ\ﬁﬁeﬁbﬁfsb'{g SO S SR T8RS Ants and positive
and negative cORtrEB3EREPRRIBEE T8 THePTae< were incubated at room temperature for 2 h. The
positive control [BXE e dergerstieiars Bempn okt AIEore RN AFAREsER VSRSt ATunized XenoMouse
mouse and the et iv&iotint rd lepm sreeriGichraanizsi<biepfrardionirdf rdkeviamaiteiid ¢BXenoMouse
mouse. After incubation, the plates were washed three times with Washing Buffer. 100 p./well of
detection antibody goat anti-hulgGFcHRP (Caltag Inc., Cat. No. H10507, using concentration was
1:2000 dilution) was added and the plates were incubated at room temperature for 1 hour. After
incubation, the plates were washed three times with Washing Buffer and 100 pl/well of TMB (BioFX
Lab. Cat. No. TMSK0100-01) was added. Plates were then allowed to develop for about 10 minutes
(until negative control wells barely started to show®€olor). 50 p1./well stop solution (TMB Stop Solution
(BioFX Lab. Cat. No. STPR-0100-01) was then added and the plates were read on an ELISA plate
reader at a wavelength of 450 nm. [000288]The old culture supematants from the positive hybridoma
cells growth wells based on primary screen were removed and the HB-EGF positive hybridorna cells
were suspended with fresh hybridoma culture medium and were transferred to 24-well plates. After 2

. days in culture, these supernatants were ready for a secondary confirmation screen. In the secondary
confirmation screen, the positives in the first screening were screened by ELISA (described as above)
with two sets of detective antibodies: goat anti-hulgGFc-HRP (Caltag Inc., Cat. No. H10507, using
concentration was 1:2000 dilution) for human gamma chain detection and goat anti-hlg kappa-HRP
(Southern Biotechnology, Cat, No. 2060-05) for human kappa light chain detection in order to

Ademonctrate that the antibodyy nrenaratinn wac HR_-ECE-cneacific and fiillky hitman in ite eomnoccitinon



[000292]1-1B-EGF expression on cell-lines was determined by FACS analysis. To perform this

analysis 2X10§v select(?‘dlsHB-EGF-expressing cells were harvested with %gTangs%Tési:;n PBS,
resuspended MERES Y ter (PBS, 3% FCS, 0.4% azide) and seeded on LN ¥5dnd bottom

plate. After centrifugation for 3 minutes at 1000 rpm to remove supernatant, the cells were

resuspended in hybridoma-derived anti-HB-EGF antibody dilution (100 p1/well) and incubated at 4C

for 45 Mn. The cells were washed twice with FAGS buffer and resuspended with secondary antibody

(100 pl/well) donkey-anti-hymgnéPl% J %léﬁor%%i “teﬁréfe%oso in FACS-buffer. The cell suspensions
mi

were incubated at 4 C in thé dark for , was ed twice with FAGS buffer and analyzed (FACS,

Beckman Coultggh, 9002931 he. Les iR Al RG e ARSAYS AR RIQMEREL LSRG & @igd 3 below, which
provide the fluoegesc ce Q&)%%stgl#ﬁ&io% Féal%he I%%%g &%_s‘ggn\é.e,b}% I||lé§tr% egl J ;I;@OI?LES 3 and 4,
substantially no HEe Ef expression was ofe?ec ed in CHO control cells that do not express HB-EGF.

However, wherP BB PR m By B R SRBERLEE TR LR L RNE Bk &¥AF fRSASclonal antibody
preparations extiBi Sidiffiesinaiimifec e iRt restne Rp7R SETtPBaNEPISARd MY I MDA-MB231,
SCC-9 and COSsdngetiieiasnddrsewhathoknoaiphie it aibiastiodeisepecsieegieritheersiind to one
HB-EGF-expressiigg: beHity petbjsiced sxizoted tb hardtiiariuiAdichipmaerties ABE Ex@niseral antibody
preparations, ingi@igdes @xaniple thgriehis 2d1ubkAnbsd 42sdBed kbaRd, ikdRdbp Bied WR-42 antibody
preparations extihiasistineRiHABILOdIB: BSHErRRERSHB S i ellsuGimilarly, astibody
preparations UZ-39, U2-26, U2-44, U2-45 and U2-48 also exhibited good binding to
HB-EGF-expressing CHO cells. (000294) [000295) TABLE 2 FACS Analysis Of Anti-HB-EGF

Antibody Supernatants (Cobortidgaf Kadveail eh& alimmaatRn BGahtgxmeassing CHO cells Cell Lines

Endogenously Expressing H8-EGF Antibody CHO-K1 CHO-HB- EGF MOA-MB231 SCC-9 COS-7
KLH [000183]In one embodiment, the HB-EGF antigen binding proteins are human or humanized

antibodies. Human antibodies avoid many of the problems associated with anfibodies that
possess murine of rat variable and/or constant regions. The presence of such murine or rat
derived proteins can lead o the rapid clearance of the antibodies or can lead to the generation
of an immune response against the antibody by a patient. In order to avoid the utilization of
murine or rat derived antibodies, fully human antibodies have been generated through the
introduction of functional human antibody genetic loci into a rodent, other marmmal or animal so
that the rodent, other mammal or animai produces fully human anfibodies. _
[00018410ne method for generating fully human antibodies is through the use of XenoMouse®
strains of mica that have been engineered to contain up to but less than 1000 kb-sized Qe:‘mline
configured fragments of the human heavy chainlocus and kappa light chain locus. See,
Mendez ef al., 1897, Nature Genetics 15:146-156, and Green and Jakobovits, 1998, J. Exp.
Med. 188:483-495. The XenoMouse@ strains are available from Abgenix, inc. (Fremont, CA}.
[008485]The production of the XenoMouse® strains of mice is discussed and delineated in U.S.
Patent Application Serial Nos. 07/466,008, filed January 12, 1990, 07/610,515, filed November
8, 1980, 07/919,297, filed July 24, 1882, 07/922,649, filed July 30, 1882, 08/031,801, filed March
15, 1993, 08/112,848, filed August 27, 1983, 08/234,145, filed April 28, 1894, 08/375,279, filed
January 20, 1995, 08/430, 938, filed April 27, 1985, 08/464,584, filed June 5, 1985, 08/464,582,
filed June 5, 1985, 08/453,191, filed June 5, 1985, 08/462,837, filed June 5, 1995, 08/486,853,
filed June 5, 1295, DB/486,857, filed June 5, 1995, 08/486,859, filed June 5, 1885, 08/482,513,
filed June 5, 1095, 08/724,752, filed October 2, 1896, 0B/759,620, filed December 3, 19886, U.S.
Publication 2003/0093820, filed November 30, 2001 and U.5. Pateni Nos. 6,162,863,
6,150,584, 6,114,598, 6,075,181, and 5,839,508 and Japanese Patent Nos, 3 068 180 B2, 3
068 506 B2, and 3 088 507 B2, See, also European Patent No., EP 0 463 151 B1, grant
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WO 2009/040134 PCT/EP2G08/008233

published June 12, 1896, International Patent Application No., WO 94/02602, published
February 3, 1894, International Patent Application No., WO 96/340986, published October 31,
1896, WO 98/24893, published June 11, 1988, WO 00/763190, published December 21, 2000.
The disclosures of each of the above-cited patents, applications, and references are hereby
incorporated by reference in their entirety,
{000186)in an aliernative approach, others, including GenPharm International, Inc., have utilized
- a “mintiocus” approach. In the minilocus approach, an exogenous ig locus is mimicked through
the inclusion of pieces (individual genes) from the Ig locus. Thus, one or more Vi, genes, one or
more Dy; genes, one or more Jy genes, a mu constant region, and usually a second constant
region (preferably a gamma constant region} are formed inlo a construct for insertion into an
animal. This approach is described in U.S. Patent No. 5,545,807 to Surani et al. and U.8.
Patent Nos. 5,545,808, 5,625,825, 5,625,126, 5,633,425, 5,661.016, 5,770,429, 5,789,650,
5.814,318, 5,877,397, 5,874,299, and 6,255,458 each to Lonberg and Kay, U.S. Patent No.
5,591,668 and 6,023.010 to Krimpenfort and Berns, U.S. Patent Nos. 5,612,205, 5,721,367, and
5,789,215 to Bemns et af., and U.8. Patent No. 5,643,763 to Choi and Dunn, and GenPharm
international LL.S. Patent Application Serial Nos. 07/574,748, filed August 29, 1950, 07/575,862,
filed August 31, 1990, 07/810,279, filed December 17, 1891, 07/853,408, filed March 18, 1882,
07/904,068, filed June 23, 1992, 07/990,860, filed December 16, 1992, 08/053,131, filed Aprit
26, 1993, 08/086,762, filed July 22, 1883, 08/155,301, filed Novernber 18, 1993, 08/161,738,
filed December 3, 1593, 08/165,699, filed December 10, 1923, 08/208,741, filed March 8, 1954,
the disclosures of which are hereby incorporated by reference. See, also European Patent No.
0 546 073 BY, international Patent Application Nos. WO 82/03918, WO $2/22645, WO
92/22647, WO 92/22670, WO 83712227, WO 94/00563, WO 94/25585, WO 96/14436, WO
97/13852, and WQ 88/24884 and U.S._ Patent No. 5,881,175, the disclosures of which are
hereby incorporated by reference in their entirety.
[000187]Kirin has also demonstrated the generation of human antibodies from mice in which,
through microcell fusion, large pieces of chromosomes, or entire chromosomes, have been
introduced. See, Eurcpean Patent Application Nos. 773 288 and 843 961, the disclosures of
which are hereby incorporated by reference. Additionally, KM™ mice, which are the result of
cross-breeding of Kirn's Tc mice with Medarex’s minilocus {Humab) mice have been generated.
These mice possess the human IgH transchromosome of the Kirin mice and the kappa chain
transgene of the Genpharm mice {Ishida et al., 2002, Cloning Stam Cells 4:91-102).
[000188]Human antibodies can also be derived by in vitro methods. Suitable examples include
but are nat limited to phage display (CAT, Morphosys, Dyax, Biosite/Medarex, Xoma,
Symphogen, Alexion {formerly Proliferon), Affimed) ribosome display (CAT), yeast display, and
the like.
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E. Preparation of Antibodies

[000188)Antibodies, as described herein, were prepared through the utitization of the
Xenolouse® technology, as described herein. Such mice are capable of producing human
immunoglobuiin molecutes and antibodies and are substantially deficient in the production of
murine immunogiobulin molecules and antibodies. Technologies utifized for achieving
production of human antibodies are disclosed in the patents, applications, and references
disclosed herein. in some embodiments, fransgenic production of mice and human antibodies is
performed as disclosed in .S, Patent Application Serial No. 08/759,620, filed December 3,
1996 and International Patent Application Nos. WO 88/24893, published June 11, 1898 and WO
00776310, published December 21, 2000, the disctoﬁures of which are hereby incorporated by
reference. See, alsc Mendez et al., 1997, Nature éenet:‘cs 18:146-158, the disclosure of which
is hereby incorporated by reference.

[000180] Through the use of such technology, fully human monoclonal antibodies to a variety of
antigens have heen produced. Essentially, XenoMouse® lines of mice are immunized with an
antigen of interest (e.g.,HB-EGF), lymphatic celis (such as B-cells) are recovered from the
hyper-immunized mice, and the recovered lymphacyltes are fused with a myeloid-type cell line fo
prepare immortal hybridoma cell ines. These hybridoma cell lines are screened and selected to
identify hybridoma cell lines that produced antibodies specific to the antigen of interest. The
supernatants might atso be screened for immunoreactivity against fragments of HB-EGF to
further map the different antibodies for binding o domains of functionai interest on HB-EGF.
The antibodies may also be screened for binding to ofher ligand of EGFR or its family members,
other refated human chemokines and against the rat, the mouse, and non-human primate, such
as cynomolgus monkey, orthoiogues of HB-EGF, the last to determine species cross-reactivity.
Provided herein are methods for the production of multiple hybridoma cell lines that produce
antibodies specific to HB-EGF. Further, provided herein are characterization of the antibodies
produced by such cell lines, inciuding nucleotide and amine acid sequence analyses of the
heavy and light chains of such antibodies. ’

{000191]Alkematively, instead of being fused to mysloma cells to ganeréte hybridomas, B celis
can be directly assayed. For exampie, B cells can be isclated from hyperimmune XenoMouse®
mice and allowed to proliferate and differentiate into antibody-secreting plasma celis. Antibodies
from the cell supernatants are then screened by ELISA for reactivity against the HB-EGF
immunogen. The supernatants might also be screened for immunoreactivity against fragments
of HB-EGF 1o further map the different antibodies for binding to domains of functional interest on
HB-EGF. The antibodies may also be screenad for binding to other figands of EGF receptor, or
its family members, other related human chemokines and against the rat, the mouse, and non-
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human primate, such as cynomolgus monkey, orthologues of HB-EGF, the last to determine
species cross-reactivity. B cells from wells containing antibodies of interest may be immortalized
by various methods including fusion to make hybridomas either from individual or from pooled
welis, or by infection with EBV or fransfection by known immortalizing genes and then plating in
suitable medium. Alternatively, single plasma cells secreting antibodies with the desired
specificities are then isolated using an HB-EGF-specific hemolytic plague assay (Babcook ef al.,
1996, Proc. Natl. Acad. Sci. USA 93:7843-48). Cells targeted for lysis are preferably sheep red
biood cells (SRBCs) coated with the HB-EGF antigen.

[600192]As discussed, supra, there are a number of isotypes of antibodies including without l
limitation the following: human IgG1, IgG2, igG3 and IgG4. 1t will be appreciated that antibodies
that are generated need not initially possess such an isotype but, rather the antibody as
generated can possess any isotype and that the antibody can be isotype-switched by using the
molecularly cloned V region genes or cloned constant fe‘gi@:p,ggne§ or cDNAs in-appropriate
expression vectors using conventional motecular biological tecﬁrﬁques that are well known in the
art and then expressing the antibedies in host cells using techniques known in the art
f000193]In general, antibodies produced by the fused hybridomas were either human IgG2
heavy chaing or human igG4 heavy chains with fully human kappa chains. Antibodies can also
be of other human isotypes, including 1g9G1 or IgG3. The antibodies possessed high affinities,
typically possessing a Kp of from about 10°® through about 10”2 M or below, when measured by
sofid phase and solution phase techniques. Antibodies possessing a Kp of at feast 10° M are
preferred to inhibit the activity of HB-EGF. Antibodies possessing a Kp of at least 100 M are
also preferred to inhibit the activity of HB-EGF. Antibodies possessing a Kp of at least 107" M
are also preferred to inhibit the activity of HB-EGF.

[000194]As will be appreciated, anfi-HB-EGF antibodies can be expressed in cell lines other
than.hybriddma cell iines. Sequences encoding particular antibodies can be used to fransfect a
suitable mammalian host cell, During construction of appropriate vectors for transfection and
subsequent expression of antibody, the antibody may be class-switched from one isotype to
another, e.g., 1gG4 antibodies may be class-switched to 1gG2, by technigues known in the ari.
Transfection can be by any known method for introducing polynuclectides info a host cel,
including, for example packaging the polynucleotids in a virus {or into a viral vector} and
transducing a host cell with the virus {or vector) or by transfection procedures known in the art,
as exemplified by U.S. Patent Nos. 4,399,216, 4,812,040, 4,740,461, and 4,959,455 (which
patents are hereby incorporated herein by reference). The transformation procedure used
depends upon the host to be transformed. Metheds for introducing heterclogous
polynucleotides into mammalian celis are well known in the art and include dextran-mediated
transfection, calcium phosphate precipitation, polybrene mediated transfection, protoplast fusion,
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electraporation, encapsulation of the polynucleotide(s) in liposomes, and direct microlnjection of
the DNA info nuclel.
[e00i95ammatian cell lines available as hosts for expression are well known in the art and
include many immortalized ceil lines available from the American Type Culture Collection
{ATCC), including but not limited to Chinese hamster avary (CHO) cells, Hel.a cells, baby
hamster kidney (BHK) cells, monkey kidney cells (COS), human hepatoceliular carcinoma cells
{e.g., Hep G2}, human epithelial kidney 283 celis, and a number of other cell fines. Cell lines of
. particular preference are selected through determining which cell lines have high expresslon
levels and produce high amounts of anti-HB-EGF antibodies.
[000196]JAlternatively, these antibodies may be prepared from animals genetically engineered to
make fully human antibodies or from an antibody display library made in bacteriophage, yeast,
ribosome or E. coli. See, e.g.,Clackson ef al.,1991, Nafure 352:624-628, Marks ef a/.,1991, J.
Mol. Biol. 222: 581-597, Feldhaus and Siegel, 2004, J. Immunol. Methods. 230:69-B0, Groves
and Osbourn, 2005, Expert Opin Biol Ther. 5:125-135 and Jostock and Dubel, 2005, Comb
Chem High Throughput Screen. 8:127-133.
[0008197]Another aspect relates to an isolated nucleic acid molecule encoding an HB-EGF
antigen binding protein such as an antibody. Within the context herein, the term "isolated
nucleic acid molecule”, as used herein, means a polynucleotide of genomic, cDNA, or synthetic
origin or some combination thereof, which by virtue of its origin, the "isofated nucleic acid
molecule" (1) is not assoclated with all or a portion of a po!ynuciéotide in which the "isolated
polynucteotide” is found in nature, (2) is operably linked to a polynucleotide which it is not linked
to in nature, or (3) does ﬁot occur in nature as part of a Jarger sequence. Further, the term
"nucieic acid molecule”, as referred to herein, means a polymeric form of nucleotides of at least
10 bases in length, either ribonuclectides or deoxynucleotides or a modified form of either type
of nucleotide, such as nucleotides with modified or substituted sugar groups and the like. The
term also includes single and double stranded forms of DNA. Exemplatory nucleic acids
encoding antigen binding proteins or portions thereof are described in more detall, infra.
{000198]tn a one embodiment, a nucieic acid molecule is operably linked to a control sequence.
The term "control sequence”, as used herein, refers to polynucieotide sequences that are
necessary to effect the expression and processing of coding sequences to which they are
ligated. The nature of such control sequences differs depending upon the host organism. In
prokaryotes, such control sequences generally inciude promoters, ribosomat binding sites, and
transcription termination sequences. In eukaryotes, generally, such contral sequences include
promoters and transcription termination sequences. The term "control sequence” is intended to
include, at @ minimum, all components whose presence is essential for expression and
processing, and can also include additional components whose presence is advantageous, for

55



0.23443.93.42.1U2-150.237030.60.9U2-16 0.2 197 1.5 0.4 0.9 U2-30 0.3 273 3.5

WO 2005/040134 PCT/EP2G08/008233

example, leader sequences and fusion partner sequences. Furthermore, the term "operably
iinked", as used herein, refers to positions of components so described which are in a
relationship permitting them o function in their intended manner. Moreover, as provided herein,
an expression control sequence operably linked o a coding sequence is ligated in such & way
that expression of the coding sequence is achieved under conditions compatible with the
expression conirol sequence.

[000199]A further aspect is a vector comprising a nucleic acid molecule that encodes an HB-
EGF antigen binding protein provided hersin. The nucleic acid molecule can be operably linked
to a control sequence. Furthermore, the vector may additionally contain a replication origin or a
selection marker gene. Examples of vectors that may be used are e.g.,plasmids, cosmids, _

phages, viruses, efc.

F. Antigen Binding Proteins Based On Basic Antibody Structure

[0002001As discussed, supra, the basic antibody structural unit is known to comprise a teframer.
Each teframer Is composed of two identical pairs of polypeptide chains, each pair having cne
“fight" (about 25 kDa) and one "heavy” chain {about 50-70 kDa). The amino-terminat portion of
each chain includes a variable region of about 100 to 110 or more armino acids primarily
responsible for antigen recognition. The carboxy-terminal portion of each chain defines a
constant region responsible for dimerization effector function, circulating half-life and other
functions. Human light chains are classified as kappa and lambda light chains. Heavy chains
are classified as mu, delfta, gamma, aipha, or epsilon, and define the antibody's isotype as Igh),
gD, 1gG, IgA, and IgE, respectively. ‘Within light and heavy chains, the variable and constant
regions are joined by a "J" region of about 12 or more amino acids, with the heavy chain also
including a "D" region of about 10 more amino acids. See, generally, Fundamental Immunology
Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1889)) (incorporated by reference in its
entirety for all purposes), The variable regions of each light/heavy chain pair form the éntigen
binding site of the antibody. )

[0008201]Thus, an intact 1gG antibody has two binding sites. Except in bifunctional or bispecific
antibodies, the two binding sites are the same.

[006202] The variable regions of the chains all exhibit the same general structure of relativety
sonserved framework regions {FR) joined by three hyper variable regions, also calied
complementarity determining regions or CORs. The CDRs from the two variable regions of each
pair are aligned by the framework regions, enabling binding to a specific epitope on the antigen.
From N-terminal to C-terminal, the variable regions of both light and heavy chains comprise the
domains FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The assignment of aminc acids to
each domain is in accordance with the definitions of Kabat Sequences of Proteins of
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immunological interest (National institutes of Health, Bethesda, hMd. (1987 and 1981)), or
Chothia & Lesk, 1897, J. Mol Biol. 196:201-917; Chothia et al., 1989, Nature 342:878-883.
[060203] Thus, the antibodies provided herein may include at least one variable region
polypaptide chain of the formula: FR‘E-GDR1-FR2-CDR2;FR3—CDR3—FR4, wherein FR1 is a first
human framework region, CDR1 is a first complementarity determining region, FR2 Is a second
human framework region, CDR2 is a second complementarity determining region, FR3 is a third
human framewaork regicn, CDR3 is a third complementarity determining region, and FR4 is a
fourth hurnan framework region. The CDR3 is generally the most diverse region of the antibody
variable region. A
[006204}in some embodiments, the FR1 region includes but is not limited to any one of amino
acid sequences SEQ 1D NOs:373-393 and/or 453-469; the COR 1 region includes but is not
limited to any one of amino acid sequences SEQ 1D NOs:188-217 and/or 275-289; the FR2
region includes but is not limited to any one of amine acid sequences SEQ 1D NO5:384-414
andfor 470-481; the CDR2 region includes but is not limited to any one of amino acid sequences
SEQ 1D NOs:218-233 and/or 300-331; the FR3 region includes but is not limited to any one of
amino acid sequences SEQ D NOs:415-440 and/or 482-511; the CDR3 region includes but is
not limited to any one of amino acid sequences SEQ 1D NOs:234-274 and/or 332-372; and the
FR4 region includes but is not limited to any one of amino acid sequences SEQ 1D NOs:441-452
and/or 512-517. Thus, in some embodiments, the human antibodies provided herein have one
or more of the amino acid sequences provided herein.
[000205}H! is to be understood, that the amino acid sequence of the antibodies provided herein is
not limited o the twenly conventional amino acids (See, Immunology - A Synthesis (2™ Edition,
E.S. Golub and D.R. Gren, Eds., Sinauer Associates, Sunderland, Mass. (1891)), which is
incorporated herein by reference). For example, the amino acids may include siereoisomers
(e.g.,D-amino acids) of the twenty conventional amino acids, unnatural amino acids such as a-
;u-disubstituieci amino acids, N-alkyl amino acids, laclic acid, and other unconventional amino
acids. Examples of unconventional amino acids, which may also be suitable components for the
antibody provided, include: 4-hydroxyproline, y-carboxyglutamate, £-N,N,N-timethyllysine, &-N-
acetyliysine, O-phosphoserine, N-acetyiserine, N-formylmethionine, 3-methylhistidine, 5-
hydroxylysine, o-N-methyiarginine, and other similar amino acids and imin¢ acids, e.g.,4-
hydroxyproline. ‘
[h00206}Furihermore, minor variations in the amino acld sequences shown In SEQ 1D NOs:1-
517 and 1035-1071 are contemplated as being encompassed, providing that the variations in the
amino acid sequence maintain at least 75%, more preferably at least 80%, 90%, 85%, and most
' preferably 39% of the sequences shown in SEQ D NOs:1-517 and 1035-1071. Preferred
variations in the amino acid sequences shown in SEQ 1D Nos:1-517 and 1035-1071, ie.,
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deletions, insertions and/or replacements of at ieast one amino acid, ococur near boundaries of
functional domains. Siructural and functional domains can be identified by comparison of fhe
nuclectide and/or amino acid sequence data to public or proprietary sequence databases.
Computerized comparison methods can be used to identify sequence mofifs or predicted protein
conformation domains that occur in other antibodies of known structure and/or function,
Methods to identify protein sequences that fold into a known three-dimensionat structure are
known. See, e.g., Bowie ef al,,1981, Scieﬁce 253:164; Proteins, Structures and Molecular
Principles (Creighton, Ed., W. H. Freeman and Company, New York (1884)); Infroduction to
Protsin Structure (C. Branden and J. Tooze, eds., Garland Publishing, New York, N.Y. (1821)});
and Thornton ef al., 1891, Nature 354;105, which are all incorporated herein by reference.

Thus, those of skill in the art can recognize sequence mofifs and structural.conformations that
may be used fo define structural and functional domains.

[000207]Especially preferred variations in the amino acid sequences shown in SEQ 1D NOs:1-
517 and 1035-1071 are those that lead to a reduced susceptibifity to proteoiyéis or oxidation,
alter giycosylation patierns or alter binding affinities or confer or modify other physicochemical or
functional properties of the antibody. In pariicular, conservative amino acid replacements are
contemplated. Conservative replacements are those that take place within a family of amino
acids that are related in their side chains. Preferred amino acid families are the folioWing: acidic
family = aspartate, glutamate; basic family = lysine, arginina, histdine; non-polar family =
alanine, valine, leucine, isoleucine, proling, phenylalanine, methionine, tryptophan; and
uncharged polar family = glycine, asparaging, glutamine, cysteine, serine, threcnine, tyrosine.
More preferred families are: aliphatic-hydroxy family = serine and threonine; amide-containing
family = asparagine and ghutamine; aliphatic family = alanine, valine, leucing and isoleucine; and
aromatic famity = phenyialanine, tryptophan, and tyrosine. For example, it is reasonable to
expect that an isolated replacement of a jeucine with an isoleucine or valine, an aspartate with a
glutamate, a threoning with a serine, or a similar replacement of an amino acid with a structurally
related amino acid will not have a major. effect on the binding or properties of the resulting
antibody, especially if the replacement does not involve an amine acid within a framework site.
However, all other possible amino acid replécements are also encompassed. Whether an amino
acid change resulis in a functidnai antibody, i.e., in a antibody that binds {o HB-EGF and
reduces, neutralizes or substantially inhibits the function of HB-EGF, can readily be determined
by assaying the specific activity of the resulting antibody in ELISA or FACS for binding to HB-
EGF or in vitro or in vivo functional assay. '

[00DZ0BJA reduction, neutralization or substantially inhit;ition of HB-EGF mediated signal
transduction may be caused by influencing, e.g., decraasing or inhibiting, the binding of HB-EGF
to its receptor, €.g., fo the EGFR or HER4,
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3 [000296] [000297] TABLE 3 FACS Analysis Of Anti-HB-EGF Antibody Supernatants (Cohort 2)
CHO control cells vs.HB- EGF-expressing CHO cells Cell Lines Endogenously Expressing HB-EGF
Antibody CHO' R &8 #B- EGF MDA-MB231 SCC-9 CO5-7 U2-63 0.3CT/EP2008/008233

[000209] The term “antibody” or “anti-HB-EGF antibody”, as used herein, means a monoclonal
antibody, a polyclonal antibody, a recombinant antibody, a humanized antibody (Jones et af,,
19886, Nafure 321:522.525; Riechmann et al., 1988, Nature 332:323-329; and Presta, 1982,
Curr. Op. Skruet, Biol. 2: 593-596), a chimeric antibody {Morrison ef a., 1984, Proc. Nall.
Acad. Sci. U.8.A. 81: 6851-6855), a multispecific antibody (e.g.,a bispecific antibody) formed
from at least two antibodies, or an antibody fragment thereof. The term “antibody fragment”
comprises any poriion of the afore-mentioned antibedies, preferably at least one of their antigen
binding or variable regions. Examples of antibody fragments include Fab fragments, Fab’
fragments, F(ab"); fragments, Fv fragments, diabodies (Holiinger ef al., 1993, Proc. Nafl. Acad.
Sci. U.S.A. B0: 8444-6448), single chain antibody molecules (Plickthun in: The Pharmacology of
Monocional Antibodies 113, Rosenburg and Moore, EDS, Springer Verlag, N.Y. {1894}, 269-
315) and other fragments as long as they exhibit the desired capability of binding to HB-EGF.
[000240}!n addition, the term “antibody” or “anti-HB-EGF antibody”, as used herein, may include
antibody-like molecules that coniain engineered sub-domains of antibodies or naturally occurring
antibody variants. These antibody-like molecules may be single-domain antibodies such as VH-
only or V0L-only domains derived either from natural sources such as camelids (Muyldermans et
al., 2001, Reviews in Molecular Bictechnology T4, 277-302 } or through in vitro display of
libraries from humans, camefids or other species (Holt et al., 2003, Trends Biotechnol, 21:484-
a0).

[0002141A "Fv fragment” is the minimum antibody fragment that contains a complete antigen-
recognition and -binding site. This region consists of a dimer of one heavy- and one light-chain
variable domain in tight, non-covalent association. ltis in this conﬁguration that the three CDR's
of each variable domain interact o define an antigen-binding site on the surface of the V-V,
dimer. Collectively, the six CDR’s confer antigen binding specificity to the anfibody. However,
even a single variable domain (or half of an Fv comprising only three CDR’s sbeciﬁc for an
antigen) has the ability to recognize and bind the antigen, although usually at a lower affinity
than the entire binding site. The *Fab fragment” also cortains the constant domain of the light
chain and the first constant domain {C41) of the heavy chain. The “Fab fragment” differs from
the “Fab’ fragment” by the addition of a few residues at the carboxy terminus of the heavy chain
Cy1 domain including one or more cysteines from the antibody hinge region. The *Flab'),;
fragment” originally is produced as a pair of “Fab’ fragments” which have hinge cysteines
between them. Methods of preparing such antibody fragments, such as papain or pepsin
digestion, are known to those skilled in the art.

[000242}An antibody provided herein may fix complement (CDC) or activate antibody-dependent
cellular cylotoxicity (ADCC), especiaily an [gG1 antibody, 1gG1 variant cless-switched from 19G2
or igG4 or another isotype of human or mammalian origin, by molecular biology or generated de
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novo from human igG1 producing mice. Other methods may also be used. An antibody
provided herein may sometimes be coupled to a labelling group or an effector group, e.g.,3
toxin, chemotherapeutic agent, reporter molecule or imaging agent.

G. Further types of HB-EGF Binding Proteins

[000213}in another aspect, the HB-EGF antigen binding protein as provided herein is a scaffold
protein having an antibody like binding activity, i.e., binds to HB-EGF. ‘
[080214]Within the context of the present invention, the term “scaffold protein®, as used herein,
means a polypeptidic framework with a high talerance of its fold for modifications such as
multiple insertions, deletions or substitutions. This intrinsic conformational stability enables the
directed randomization and drastic changes within a defined region of the protein. Thus, it
acquifes certain novel properties, whereas its overall structural integrity and original '
physicochemical behaviour remains conserved. This de novo adopted property mostly, but not
exclusively, comprises the binding specificity for a pre-defined target molecule.
[000215]Gurrently, 2 broad variety of scaffold proteins are in use that imitate the binding
principle of a conventional antibedy to different degrees (Hey et al., 2005, Trends in Bictechnol.
23:514-22). Examples of scaffoid proteins that can be used in accordance with the present
invention can be subdivided into different groups. Antibody related scaffolds, which are defined
as derivatives of antibodies that are either naturally smaller in size and simpler in structure, or
have been engineered in this way. This group includes for example so called Nanobodies
{reviewed in Hey et al., Trends in Biotechnol. 20085; 23 (10}, 514-522), domain antibodies (MHoit
et at., 2003, Trends in Biotechnol. 21:484-489) or shark antigen reactive proteins {Hok et

al.,, Trends in Biotechnol. 2003; 21; 484-488). A second group of scaffold proteins are rigid
protein folds which tolerate the insertion or randomization of single loop peptides like the Kunitz-
type domain (Dennis et al., 1995; J. Biol. Cell. 270:25411-25417), huma transferrin (Ali et al.,
1999; J. Biol. Cefl. 274:24066-24074) or cystein-knot structural motives (Christmann et al., 1999,
Protein Eng. 12:797-8B08). Proteins that share the principle of multipié hypervariable loops on a
rigid conserved framework in analogy to antibodies are represented by human CTLA% {Mufton
et al., 2000 FEBS Leitt. 475;225-231), human fibroneciin type il domains (Koide ef af., 1998; J.
Mol. Biol. 284:1141-1151}, C-type lectin like domains or lipocalins {Skerra, 2001, J. Biofechnol,
74:257-275). Scaffoids with the binding specificity accomplished through aminoacid residues
which are positioned partially or completely within the rigid secondary structure of the protein are
for example ankyrin repeat proteins (Binz, 2003, J. Mol. Biol. 332:489-503), the Z domain of
proteinA {Nord et al., 1995, Profein Eng. 8:601-608) or y-crystalline {Fiedier and Rudolph, 2001,
International Patent Application WO 01/04144). Scaffold proteins and peptides and applications
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thereof are reviewed in Hey ef al., 2005, Trends in Biotechnol. 23:514-522; Binz et al., 2005,
Nature Biotechnol. 23:1257-1268) and Holliger et al., 2005, Nature Biotechnol 2311261136,
[000216]Engineering of a scaffoid protein can be regarded as grafting or integrating an affinity
function onto or into the structural framework of a polypeptidic framework with a high tolerance
of its fold for modifications. Affinity function means a protein binding affinity according to the
present invention. A scaffold can be structurally separable from the amino acid sequencés
conferring binding specificity. in general, proteins appearing suitable for the development of
such artificial affinity reagents may be obtained by rationa!,-or moest commonly, combinatorial
protein engineering technigues such as panning against an antigen, e.g , HB-EGF, sither
purified protein or protein displayed on the cell surface, for binding agents in an artificial scaffold
library displayed in vitro, using skills which are known in the art (Skerra, 2000, J. Mol. Recog.
Jul-Aug;13(4):167-87; Binz and Plickthun, 2005, Aug;16(4).459-69). in addition, a scaffold
protein having an antibody like binding activity can be derived from an acceptor polypeptide, e.g
one of the foregoing proteins, cbntaining the scaffold domain, which can be grafted with bintding
domains of a donor polypeptide to confer the binding specificity of the donor polypeptide onto
the scaffold domain containing the acceptor polypeptide. Said inserted binding domains may be,
for example, one or more of the complementarity determining region {CDR) of an antibody, in
particular an HB-EGF antibody. Preferably the CDR is a CDR3, Insertion can be accomplished
by various methods known to those skilled in the art including, for example, polypeptide
synthesis, nucleic acid synthesis of an encoding amino acid as well by various forms of
recombinant methods well known to those skilled in the arl.

H. HB-EGF Antigen Binding Protein Conjugates

[0006217]in ancther embodiment, an HB-EGF antigen binding protein, e.g..an antibody provided
herein is coupled to a labelling group. Such a labelied antigen binding protein is particularly
suitable for diagnostic applications. As used herein, the term "labelling grbup” refers to a
detectable marker, e.g.,a radiolabelled amino acid or biotinyl moiety that can be detected by
marked avidin (e.g.,streptavidin bound to a fluorescent marker or enzymatic activity that can be
detected by optical or colorimetric methods). Various methods for labelling poiypeptides and
glycoproteins, such as antibodies, are known in the art and may be used. Examples of suitable
iabelling groups inciude, but are not iimited fo, the following: radicisotopes or radionuclides
(e.g.3H, C, N, 5, Py, ®1c, "in, 31, M), fluorescent groups (e.g.,FITC, rhodamine,
lanthanide phosphors), enzymatic groups {e.g., horseradish peroxidase, B-galactosidase,
luciferase, alkafine phosphatase), chemiluminescent groups, biotinyl groups, or predetermined
polypeptide epitopes recognized by a secondary reporter (e.¢g.,leucine zipper pair sequences,
binding sites for secondary antibodies, metal binding domains, epitope tags). In certain
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respects, it may be desirable that the labelling groups are attached by spacer arms of various
lengths to reduce potential steric hindrance.
[G00218]Alternatively, an HB-EGF antigen binding protein provided herein, such as an antibody,
may be coupled to an effector group. Such an effector-modified antigen binding protein is
especially suitable for therapeutic applications. As used herein, the term "sffector group” refers
to a cytotoxic group such as a radioisotope or radionuclide, a toxin, a therapeutic group or other
‘effector group known in the art. Exampies for suitable effector groups are radicisotopes or
radionuciides (e.g.,*H, "C, N, ¥3, %y, ®1¢, "in, B}, 'Y, calicheamicin, dofastatin analogs
such as auristatins, and chemotherapeutic agents such as geldanamycin and maytansine
derivates, inciuding DM1. In cerlain respects, it may be desirable that the effecior groups are
attached by specer arms of various lengths o reduce potential steric hindrance.
{000219}Also as described herein, many of the highly usefut HB-EGF antigen binding protein,
e.g.,antibody preparations provided herein recognize epitopes within the EGF-like domain of HB-
EGF, which includes residues 108-148 of the protein, for example, with the following sequence:
[000220]PCLRKYKDFCIHGECKYVKELRAPSCICHPGY HGERCHGLSLP (SEQ ID NO:1076).
in some embodiments, the epidermal pgrowth factor epitope recognized by the antigen binding
proteins provided herein includes amino acid sequence IMGE. Accordingly, antibody
preparations are provided that bind to and recognize an [HGE-containing epitope and/or an
EGF-like domain of HB-EGF, for example, SEQ ID NQ:1076.
[000221]Anti-HB-EGF antigen binding proteins are useful in the detection of HB-EGF in patient
samples and accordingly are useful as diagnostics for disease states as described herein. In
addition, based on their ability to significantly inhibit HB-EGF and/or EGF receptor activify (as
dernonstrated in the Examples below), HB-EGF antigen binding proteins have therapeutic
effects in treating symptoms and conditions resulting from HB-EGF expression andfor HB-EGF
activity. |n specific embodiments, the antigen binding proteins and methods herein relate to the
treaiment of symptoms resulting from HB-EGF-associated diseases, HER4-associated diseases
or EGF receptor-associated disease states, for example, cancerous conditions. Further
embediments involve using the antigen binding proteins and methods described herein to treat
undesired angiogenesis, neoplastic diseases, such as, melanoma, non-small cell fung cancer,
glioma, hepatocellular (liver) carcinoma, thyroid tumor, gasiric (stomach) cancer, prostrate
cancer, breast cancer, ovarian cancer, bladder cancer, iung cancer, glioblastoma, endometrial
cancer, kidney cancer, colon cancer, and pancreatic cancer,
foo0222}

I.  Nucleic Acids Encoding HB-EGF Antigen Binding Proteins

[000223]Nuckeic acids that encode for the antigen binding proteins described herein, or portions
thereof, are also provided, inciuding nucleic acids encoding one or both chains of an antibody, or
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a fragment, derivative, mutein, or variant thereof, polynucleotides enceding heavy chain variable
regions or only CORs, polynucleotides sufficient for use as hybridization probes, PCR primers or
sequencing primers for identifying, analyzing, mutating or amplifying 2 polynuclectide encoding a
polypeptide, anti-sense nucleic acids for inhibiting expression of a polynucleotide, and
complementary seguences of the foregoing. The nucleic acids can be any length. They can be,
for example, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350,
400, 450, 500, 750, 1,000, 1,500, 3,000, 5,000 or more nuclectides in length, andfor can
comprise one or more additional sequences, for example, regulatory sequences and/or be part
of a larger nucleic acid, for example, a vecior. The nucleic acids can be single-stranded or
doubie-stranded and can comprise RNA and/or DNA nuclectides, and artificial variants thereof
(e.g., peptide nucleic acids). FIGURES 15A - 15V depict the nucleotide sequences for the
various light chains of the antigen binding proteins. FIGURES 16A — 18AC deptice the
nuclectide sequences for the various heavy chains of {He antigen binding proteins. FIGURES
13A - 13M depict the nucleotide sequences of various light chain varable regions of the antigen
binding proteins. FIGURES 14A - 14L depict the nucleotide sequences of various heavy chain
variable regions of the antigen binding proteins. FIGURES 18A - 18F depict the nucleotide
sequences for various CDR regions of the light chain variable regions of the antigen binding
profeins. FIGURES 19A-18G depict the nucleotide sequences for various COR regions of the
heavy chain variable regions of the antigen binding proteins. FIGURES 20A -~ 20K depict the
nucleotide sequences for various FR regions of the light chain variable regions of the antigen
binding proteins. FIGURES 21A — 21K depict the nucleotide sequences for various FR regions
of the heavy chain, variable regions of the antigen binding proteins. FIGURE 17A depicts the
nucleotide sequence of the light chain constant region of the antigen binding proteins, Finally,
‘ FIGURE 17B depicts the nucleotide sequence of the heavy chain constant region of the antigen
binding proteins. ' )

[000224]Nucleic acids encoding certain antigen binding proteins, or portions thereof (e.g., full
tength antibody, heavy or light chain variable domain or CDRH1, CORH2, CDRH3, CDRL1,
CDRL2, or CDRL3) may be isolated from B-cells of mice that have been immunized with HB-
EGF or an immunogenic fragment thereof. The nucleic acid may be isclated by conventional
procedures such as polymerase chain reaction (PCR). Phage display is another example of a
known fechnique whereby derivatives of antibodies and other antigen binding proteins may be
prepared. |n one approach, polypeptides that are components of an antigen binding protein of
interest are expressed in any suitable recombinant expression system, and the expressed
polypeplides are aflowed to assemble to form antigen binding protein molecuies.

{000225}An aspect further provides nuclelc acids that hybridize to other nucleic acids {(e.g.,
nucteic acids comprising a nucleotide sequence depicted in FIGURES 13 through 21} under
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particular hybridization conditions. Methads for hybridizing nucleic acids are well-known in the
arl. See, e.g., Current Protocols in Molecular Biology, John Wiley & Sons, N.Y. (1988), 6.3.1-
6.3.6. As defined herein, a moderately stringent hybridization condition uses a prewashing
solution containing 5x sodium chioride/sodium citrate (SSC), 0.5% SDS, 1.0 mM EDTA (pH 8.0),
hybridization buffer of about 50% formamide, 6x SSC, and a hybridization temperature of 55°C
{or other similar hybridization solutions, such as one containing about 50% formamide, with a
hybridization temperature of 42°C), and washing conditions of 60°C, in 0.5x 85C, 0.1% SDS. A
stringent hybridization condition hybridizes in 6x SSC at 45°C, followed by one or more washes
in 0.1 x 88C, 0.2% SDS at 68°C. Furthermore, one of skill in the art can manipulate the
hybridization and/or washing conditions to increase or decrease the stringency of hybridization
such that nucleic acids comprising nucieotide sequences that are at least 65%, 70%, 75%, 80%,
85%, 90%, 95%, 98% or 99% identical to each other typically rernain hybridized to each other.
{000226] The basic parameters affecting the choice of hybridization conditions and guidance for
" devising suitable conditions are set forth by, for example, Sambrook, Fritsch, and Maniatis
{2001, Molecuiar Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y., supra and Current Protocols in Molecular Biology, 1995, Ausubel ef al.,
eds., John Wiley & Sons, Inc., sections 2.10 and 6.3-6.4), and can be readily determined by
those having ordinary skill in the art based on, e.g., the length and/or base composition of the
nucleic acid. '
[000227]Changes can be introduced by mutation into a nucleic acid, thereby leading to changes
in the amino acid sequence of a polypeptide (e.g., an antibody or antibody derivative) that it
encodes. Mutations can be infroduced using any techniqué known in the art. inone
embodiment, one or more particular amino acid residues are changed using, for example, a site-
directed mutagenesis protocol. In another embodiment, one or more randomily selected
residues is changed using, for example, a random mutagenesis protocol. However it is made, a
mutant polypeptide can be expressed and screened for a desired property.
[000228]Mutations can be introduced into a nucleic dcid without significantly altering the
biclogica! activity of a polypeptide that it encodes. For example, one can make nucieotide
substitutions leading to amino acid substitutions at non-essential amino acid residues.
Alternatively, one or more mutations can be introduced into a nucleic acid that selectively
changes the biclogical activity of a polypeptide that it encodes. For example, the mutation can
quantitatively or qualitatively change the biclogical activity. Examples of quantitative changes
include increasing, reducing or eliminating the activity. Examples of qualitative changes include
changing the anfigen specificity of an antibody.
[00022%]Ancther aspect provides nucleic acid motecuies that are suitable for use as primers or
hybridization probes for tha detection of nucleic acid sequences. A nucieic acid molecule can
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comprise only a porticn of a nucleic acid sequence encoding a fuli-length polypeptide, for
example, a fragment that can be used as a probe or primer or a fragment encoding an active
portion (e.g., a HB-EGF binding portion) of a polypeptide.

{000230]Probes based on the sequence of a nucleic acid can be used to detect the nucieic acid
or similar nucleic acids, for example, transcripts encoding a polypeptide. The probe can
comprise a label group, e.¢., a radicisotope, a flucrescent compound, an enzyme, or an enzyme
co-factor. Such probes can be used to identify a cell that expresses the polypeptide.
[000231]Ancther aspect provides vectors comprising a nucleic acid encoding a polypeptide or a
portion thereof (e.g., a fragment containing one or more CDRs or one or more variabie region
domains). Examples of vectors inciude, but are not limited to, plasmids, viral vectors, non-
episomal marmmalian vectors and expression vectors, for exampie, recombinant expression
vectors. The recombinant expression vectors can comprise a nucleic acid in a form suitable for
expression of the nucleic acid in a host cell. The recombinant expression vectors include one or
more regulatory sequences, selected on the basis of the host cells to be used for expression,
which is operably linked to the nucleic acid sequence o be expressed. Requiatory sequences
inciude those that direct constitutive expression of a nucleotide sequence in many types of host
cells {e.g., SV40 early gene enhancer. Rous sarcoma virus promoter and cytomegalovirus
promoter}, those that direct expression of the nuclectide sequence only in certain host cells
(e.g., tissue-specific regulatory sequences, see, Voss ef al., 1986 Trends Biochem. Sci. 11:287,
Maniatis et al., 1987, Science 236:1237, incorporated by reference herein in their entireties), and
those that direct inducible expression of a nucieotide sequence in response to particular
treatrment or condition {e.g., t_he metallothionin promoter in mamma!ian cells and the tet-
responsive andfor streptomycin responsive promoter in both prokaryﬁ;tic and eukaryotic systems
{see, id.). It will be appreciated by those skilled in the art that the design of the expression .
vector can depend on such factors as the choice of the host cell fo be transformed, the level of
expression of protein desired, etc. The expression vectors can be introduced into host cells to
thereby produce proteins or peptides, including fusion proteins or peptides, encoded by nucleic
aclds as described herein.

[600232]Another aspect provides host celis into which a recombinant expression vector has
been introduced. A host cell can be any prokaryotic cell {for example, E. coff) or eukaryotic cell
(for example, yeast, insect, or mammaiian cells {e.g., CHO cells)). Vector DNA can be
introduced into prokaryotic or eukaryolic vells via conventional transformation or transfection
techniques. For stabie transfection of mammalian cells, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of celis may integrate
the foreign DNA into their genome. in order to identify and select these integrants, a gene that
encodes a selectable marker (e.g., for resistance to antibiotics) is generally introduced into the
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host cells along with the gene of interest. Preferred selectable markers include those which
confer resistance to drugs, such as. G418, hygromycin and methotrexate. Cells stably
fransfected with the introduced nucleic acid can be identifted by drug selection {e.g., cells that
have incorporated the selactable marker gene will survive, while the other cells die), among
other methods.

J. Use of HB-EGF Antigen Binding Proteins for Diagnostic and Therapeutic
Purposes

1. Indications

{006233]The HB-EGF antigen binding proteins as described herein can be used to detect or
treat a number of diseases and disorders, including those involving excessive cellular
praliferation, undesirable cellular migration andfor aberrant angiogenesis. For example, these
HB-EGF antigen binding proteins can inhibit HB-EGF-induced EGFR and/or HER4 tyrosine
phosphorylation in cancerous cells (FIGURES 22-29). Such inhibition can interrupt the cascade
of the signaling events that drives cell proliferation and migration, and angiogenesis. Further,
ihe HB-EGF antigen binding proteins can interfere with the transactivation of the EGFR. [n
addition, these antigen binding proteins inhibit basal HUVEC celf proliferation (FIGURE 32B),
endothelial cell tube formation (FIGURE 33) and HB-EGF-induced vesse! formation in a matrigel
plug assay in vive (FIGURE 36). These resuits indicate that the HB-EGF antigen binding '
proteins as described herein inhibit angiogenesis in vifro and in vivo. Moreover, these antigen
vinding proteins also inhibit anchorage independent cell growth (FIGURE 34 and FIGURE 35)
and xenograft tumor growth in mice (FIGURE 37 and FIGURE 38). Significantly, the HB-EGF
antigen binding proteins also inhibit migration of MCF-7 and MDA-MB231 cancer cells (see,
FIGURES 27 and 27). Thus, the HB-EGF antigen binding proteins as described herein attack
several steps in the development of tumors and other cancerous conditions, including signaling
events that control cell profiferation, angiogenesis and cell migration associated with the spread
and development of metastatic cancer. Such muiti-faceted intervention is highly beneficial for
controling and inhibiting the process by which cancer develops. Furthermore, cancers at any
stage of progression (g.g., primary, metastatic and recurrent cancers) can be treated.
[o00234]in addition to the HB-EGF antigen binding proteins’ use in detecting and treating
cancets in various stages of progression, these antigen binding proteins may also be useful for
detecting a number of different types of cancer. For example, HB-EGF Is expressed at very low
levels in normal breast and pancreatic tissues. However, HB-EGF is expressed at high levels in
about 55% pancreatic cancer cells and about 70% of breast cancer celis. Furthermore, as
described in the Examples, HB-EGF expression was detected in various cancer cell lines,
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indicating that the HB-EGF antigen binding proteins described herein can be used for detection
ofa \;rarie'ty of cancer types. ' ,
[0006235]For example, cancers that can be detected or treated by the claimed antigen binding
proteins include sofid mammalian tumors as well as hematological malignancies. Sofid
mammalian tumors include cancers in chiidren such as, for example, germ cell tumors, soft
fissue sarcomas, primary brain tumors, neuroblastoma, nephroblastoma and carcinoma, in
particular squamous carcinoma and epithelial carcinoma. Solid mammalian fumors may also
inciude adult cancers such as, for example, tumors of unknown origin, primary brain cancer in
adulis, tumors of the pituitary gland, lip, oral cavity, Nasopharynx, larynx, maxillary sinus,
Ethmoid sinus, salivary glands, thyroid gland {including para thyroid glands and carcinold),
esophagus, stomach, pancreas, small intestine, colon, rectum, anal canal, fiver, galtbladder,
extra hepatic bile ducts, ampulia of vater, carcinoid, endocrine tumors of gastro-entero-hepatic
system, pheochromocytoma and pareganglioma, adrenal glands, lung, pleura, mediastinum,
_thymus, tumors of bone and soft tissue, skin fumors of lip, eyelid, external ear, other unspecified
parts of the face, scalp and neck, trunk, upper limpb and shoulder, lower limb and hip, vuiva,
penis, scrotum, breast tumors, gynecological tumors of vulva, vagina, cervix uterl, corpus uteri,
ovary, fallopian fube, gestational and trophoblastic tumors, penis, prostate, testis, kidney, renal
pelvis and ureter, urinary bladder, ureihra, ophthalfnic tumars of eyetlid, conjunctiva, uvea, retina,
orbit and lacrimal gland, Hermatological malignancies includs childhood, for example, leukemia
and lymphomas, acute and chronic leukemia (AML, ANLL, ALL, CML, MDS), Hodgkin's disease,
B-Cell, T-Cell, large cell, follicular, indolentlow grade, aggressive/high grade lymphomas of
lymphocytic and cutaneous origin, plasma cell neoplasm and cancers associated with AIDS.
[000236]in addition, the HB-EGF antigen binding proteins described herein may also be used to
detect or treat cancerous conditions or neoplasia disorders, which include, for example,
adenoma, tubulovillous adenoma, villous adenoma, angiofibroma, afypical proliferating
mucinous neoplasias, Brenner tumer, carcinoid, cavernous hemangioma, cellular leiomyoma,
chorangioma, congenital mesoblastic nephroma, mucinous cystadenoma, serous cystadenoma,
dermoid, desmoid, fibroadenoma, fibroma, fibrothecoma, follicular adenoma, ganglioneuroma,
giant cell tumeor, granuiar cell tumor, granulosa cell tumor, hemangioma, intraductal papilloma,
islet cell tumor, leiomyoma, lipoma, luteoma, meningioma, mole, myslolipoma, myxoma,
neurofibroma, nevus, osteochondroma, pheochromocytoma, polyposis, schwannoma, serous
cystadenoma, siruma ovarii, synovial chirondromatosis, benign thymoma.,
[060237]Further examples of the types of cancers that can be detected or treated with the HB-
EGF proteins as described herein may be found, for example, from the American Cancer
" .. Society (www.cancer.org), or from Wilson ef af. (1391) Harrison's Principles of Internat Medicine,
12" Edition, McGraw-Hil, Inc.
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0.2803 2. Inhibition of 1413-EGE-Induced EGER tyrosine phosphorylation [0002981The following
protocol was used to identify which anti-NB-EGF antibody preparations inhibit HB-EGF-induced
epidermal gronh f’g(ff'é?]l:’éceptor tyrosine phosphorylation. Such experlr%%ﬂ&l’%u?wg?zéﬁaractenze the
antibodies and help identify which hybridoma cell lines produce antibody that inhibit HB-EGF activity
and then should be cloned and expanded. N00299140000 SCC9 human squamous cancer cells were
seeded on a 96-well plate in 100 pl medium CeIIs were starved in 60 pl serum free medium for 24 hr.
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E' Ofttrt‘ggﬁt'l!f t o‘éé%ﬁéE%&@E&@Q@g@WJ%Eﬂ&M%&@;M@%bﬁ%&ﬁ.@{% ﬂ@&ig(';@r% atii r?‘i%rg'glht at4
wi i W
4G10-biotin (U ;‘é ute O%gbm fﬂj?l%nhﬁqﬁ fﬁ&gﬂ %%%getm%gfog %7-'; V\%erq QBés mM EDTA)
was added to e5eh Weil'&A 3 R0 ?88?“”‘” HORE a oA TeIpaTA it BIAEVES washed 6 times
with PBS + 0.049# ‘Fﬁ/@%‘ﬁ’ﬂ?‘hﬂd”‘fﬁ@ BITRE %ﬁiﬁ@’ﬁ‘f@ﬁp@t’?@ﬁfé\?\’ﬂiﬁ'ﬁ%’l)’ dfERRFEFED0000 in dilution
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the dark and thedexgleRing fitarescenss wWasgendesad @it randah 80 rumrieiiagion: 430 nm,
emission: 580 n).dA0R30IT GRE eaRLIRP il B-E GRdnserrbRGRR Liosine phosphorylation

was calculated by, ggguction in the amount of phosphorylation observed with IgG2-control (Sigma) by
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induced by the BSPER Mg PAIGGETIT Bere ‘aﬁgfﬁﬁh@‘ﬁﬁwihé‘ﬁf&f@aar'”é‘f*feboso4]250 000
COS-7 cells weredigsgsdedTdindr e Far B rerrsaiveiinm anr@ivnri-eattiuesruirien L Cr Fight. ADells were
starved in 1 ml 8évemfreiaivrididmio A2UiocTsaTEstemRRjpeHicE®Rterwith mmikodies (37C, 1h),
cells were stimutatedewitte dQipehik RAB FTEBANIMEatdiisesl.oicewi the-4001p VEAEOAEX-100-based
lysis buffer contgsriRGuleiaMtAMSbitkBapaidiabé pitniRysl M Naterand, 3oandhiNa-Orthovanadate.
Following immusgpresiniiation af ihe-EHER-RAQ RlKsale RARHENTG 30 BREL. A Sepharose,

1.5p1 aEGFR (%rggu A Prenzelet %tm&@ﬁ%@?&%@ for 4, hojrs.in the coldroom precipitates were
washed 3 times with 500 pl HNTG buffer and run on a 7.5% SDS PAGE. Following transfer on a

nitrocellulose membrane (Schleicher & Sainte) the blot was probed with an antibody recognizing
phosphotyrosine residues (primary ab 4G10 (1:2000, Upstate biotechnology); secondary anti-mouse
Ab 1:10000, Jackson laboratories). Reblot with sheep anti EGFR (Upstate technology) after stripping
showed that equal amounts of the receptor were pré&cipitated in each lane. [0003051FIGURE 24
provides a western blot illustrating which anti-HB-EGF antibody preparations inhibit LPA-induced
EGFR tyrosine phosphorylation. As shown in FIGURE 24, the U2-19 and U2-42 anti-HB-EGF antibody
preparations strongly inhibited LPA-induced EGFR phosphorylation. The U2-24 anti-HB-EGF antibody
preparation inhibited LPA-induced EGFR phosphorylation to a somewhat lesser extent. E. Example 5:
Hybridoma Cloning To Generate Monoclonal Antibodies [000306]Based on the test results observed
from experiments described in the preceding Examples, of the 49 original isolates, 43 hybridoma cell
lines were selected for cloning by limiting dilution and further characterization of their monoclonal
antibody. The lines selected for cloning bound to HB-EGF-expressing cell lines as exhibited by FAGS

analysis and inhibited HBEGF-stimulation of EGF receptor tyrosine phosphorylation. For some
hvvhddnomacec incirifficient antihndy wace aanarated to riin all the nrimaryv cereaninA acceave Thice criheet



F. Example 6: Further Characterization Of Antibody-Related Inhibition Of GPCR Induced Tyrosine
Phosphorylati f R 10003073This Example provides further data showing that several
anti-HB-EGF %fé}g@% [';):jr%‘parations provided herein exhibit dose-depenﬁg}r{tgﬁﬁ(ﬁ)l G of
GPCR-induced EGF receptor tyrosine phosphorylation. [000308]Inhibition by candidate antibody
preparations U2-42, U2-39 and U2-45 was examined using different concentrations of these antibody
preparations and the following procedure. 10003091150,000 cells (MDA-MB231, PPC1) were seeded
on a 12-well plate | L medium. Cells were starved in 500 pl serum fr ium for 24 hr. A black
Maxisorp 96-Wi§ﬁ%%?]§%g§%%§g§ Wﬂﬁm ?)%I%I%ﬁ{?-%(%gl.:an tg%%ﬁcéjé% (%%ges %%Jl%gsg%ﬁiﬁ%t at 4C. The
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30 minutes at IPOAGFITais HeaweloNitrerreGrTreAinh G TP RierTray PP $5%8/#%) or Thrombin
(1U/ml, MDA-MBR8haieisirécryBem medistsddinBam@at@ly cepiaii (n gvarsiresmsovendtdiseeeslls were lysed on
ice with 200p1 it 4&febasechdysisratHieiccixrtamirg. Himbe MShpdidtpgixl Aprotinin, 10 mM NaF
and 2 mM Na-Qgthevanadate, Haediackad Hylaxisater platoswasamshed Gx it vBds + 0.05%
Tween-20. Ce"ﬂé(é‘jé’éé‘phﬂééﬁé@é&f%ﬁ%gn‘ﬂﬁ%g)é:%ﬁs%QﬁQaMM&mﬁﬁeﬁgﬁﬂmbmecj overnight at
4 C with gentle aqitatign, [900310L the Rlalewas washed-Colmesw il Fh & & Ada I ween-20, then
100 pl 4GLO-biotp (BN ULAEd 14000, In dluion Byer ( E40.5BSAQ.03% Tyveen-20+5mi
EDTA) was addedts &ac Welfeandplncucba &f‘,or 'fahg%rs at room temp rg?ure._‘?ﬁe plate was washed
6 times with PE& 80884 PR &L Al HE oo M R LI ERRY L PERTa VIR ATE ' diluted 1:20000 in
dilution buffer (FBSPFIPI-BSA+0,05% Tween-20+5mM EDTA) was added to each well for 30'
minutes at rooniPf82ARisrelierestbiseispiptreaird deviish 88-BAhreysiithrrB= e ongged frlwdish-20 and 100 pl
Attophos substrativizscetbeisgheoimaichcovd Nasthier gledesaim ebasty ivandd fert3litrgumsttat HBom temperature
in the dark and #be slayeloping fuaiestebtestasimaniiompe. bt idevedandtlB0HmEEEEXC itation: 430 nm,
emission: 580 nRRyeHINAFE HASSHAWE iRkleléd Hrdzti? 6s snhinitiopoafitdrArndsagthE &R tyrosine
phosphorylationdyas.dase.dependent - greater inhibition of EGFR tyrosine phosphoryiation was

observed as the,amaunt ol ANt HB-EEE Anbadywasnareased JARRSAZIELRIRE 25 illustrates that
candidate antlbodiy Fﬂrag?Ei);'slr‘liat]l:g)nisrLrJ2.43'l L‘;ﬁ-s?%e%quol\gge-é%%@g gfgﬁg}%el i gpmlglé thrombin-induced
EGFR phosphoeljille? ionin ?&-?\/I@fﬂf cells. Ssage ependent Innibition 1s observed, with
increased inhibfSH AL MG BHRPHS-EGF antibody is added. FIGURE 26 illustrates that inhibition of
LPA-induced EBPRToEsmE piRo=thbA/migest i ‘opredierioprntisraheeteshtibody preparations
provided hereirinéeriosierddipranere it 2Adiah ovpresgpe aidBiRRbNE AP EIGER WioSme3hRosphorylation
was detected asdhgamoantrehomeHBGF pattisesived sirersaded. cBrrExartsptal 7: Inhibition Of
GPCR-InducediédbrutidS2adwCrelhd\hgratian: BydristnamAmiebtBdaseLunti bpditally in the

[000313] Transraigyatigmex Py s efe:pavée unpeh Bramla-driavestigate whether the antibodies
provided hereindyipakeslmnigratian Rgucsshyihe.wRs BrliggBderiagasinesdtphosphate.

[000314]Serumzstayed hUManRLRAsEARFELMPAMERS a&?gﬁmﬁ?%@ﬁ@&é@%ﬁgn‘%h the indicated
antibody to theﬁg\%!il suspension 1gor 45 min at 37 Thgfrﬁg uspension (50,000 cells)
e

” : |.cell
was placed in t 6Spa% °5‘H?B%r 0 %8 ré'cgﬂtf-pé%%’ aeta) ?ransw§%§’§%é{P€8'n, g pm pores). 750 ml
medium (MEM,5h B ey RO Eohe M et 8 1Y BE R %%ﬁ%‘,&?tf%rﬁ{) fhing the GPCR
ligand Sphingo&iis@etafhdapUEEE Breaetysiarerh e\ fiEEGE SR HBHBTHEARHIER! After migration for
8 hours at 37C reepnsperurifig EYR e arifeDRP riambr aetieriektisepadisaenrriairorsietstical
evaluation. [00@34 S}¢dvesrastits dor-tmstai D-MB2BE¢C ohaiigrativarddsaimbelsing candidate
anti-HB-EGF amnéthegihprepaitatytinsotis dersid 2-Qaatndrdiidbebnastoproatidedin dottst RER 27. As shown,
anti-HBEGF angiagely preparation U2-42 inhibited MDA-M6231 cell migration by about 70%;

anti-HBEGF anjiiapsly aienaiakio i Y2:AR b IarMRAMB2 35 cellmigiatiarbs akout 100%; and
antiHB-EGF anfiaody brenaralion Ue-33 iphied MRAMB 231 cel migration hy.abei,100%. Hence,

the ability of these anti-HB-EGF antibodies to inhibit MDA-M8231 cell migration is substantial.

[000316] H. Example 8: Inhibition Of HB-EGF-Induced Migration Of MCF-7 Cells By Human
Anti-HB-EGF Antibodies [000317]Transmigration experiments were performed in order to investigate
whether the antibodies provided herein block cell §figration that would otherwise be directly induced by
HBEGF. The results of these tests highlight which antibody preparations may be use for development
as anti-metastatic cancer agents. [0003181A 500 ml cell suspension of serum-starved human breast
cancer MCF7 cells (50,000 cells) was placed in the top chamber of collagen I-coated transwelis (BD
Falcon, 8 pm pores). Aliquots of 750 ml medium (MEM, amino acids, Na-pyruvate, Pen.-Strept., 0,1%
BSA) alone or containing 20 ng/ml HB-EGF (R&D Systems) in the presence or absence of 10 pg/ml
KB-EGF antibodies were placed in the bottom chamber. After incubation and migration for 8 hours at
37C, cells were fixed, stained with DAPI and cell nuclei were counted for statistical evaluation.
[000319]The results for these migration assays using candidate anti-HB-EGF antibody preparations

U2-42, U2-39 and U2-45 are provided in FIGURE 28. As shown, anti-HB-EGF antibody preparation
112-A2 inhibited MCE-7 call miaration by ahniit BR0A4: antic-HQ-EFECE antibodyy nrenaration | 12-A8 inhibhited



[000321] TABLE 4 Percent Inhibition of TMPS Transactivation Signal TMPS Migration Ab SCC9.3
MDA-MB231 Wﬁa%&%} SkoV-8 SkoV-8 MDA-MB231 U2-39 56.9 129&&%{“}8/&&%; 65.5 115
U2-45 '

HB-EGF is a critical mediator of these pathways, neutralizing antigen binding proteins are
suitable for targeted intervention in hypertensive disorders such as cardiac hypertrophy and
congestive heart failure, kidney failure or stroke.

[600250]HB-EGF, a potent mitogen and chemoatiractant for smooth muscle cells (SMCs), was
detected in atherosclerotic plagues of coronary arteries with intimat thickening and produced by
SMCs and macrophages. Remnant lipoproteins which are known causative agents of
atherosclerosis were furthermore shown to induce SMC proliferation via HB-EGF mediated
EGFR transactivation. Therefore, the HB-EGF antigen binding proteins as described herein
represent selective and efficient agenis targeting atherosclerosis by blocking critical smooth
muscle cell functions. In addition restenosis after percutaneous coronary intervention which is
characterized by proliferation of smoocth muscle celis might alse be prevented by specific
neutrafization of HB-EGF function.

{000251]Thus, the HB-EGF antigen binding profeins as described herein can be used to treat a
variety of diseases, including non-mafignant proliferative diseases such as aberrant
angiogenesis, leiomyoma {(uterine fibrosis), benign smooth muscle cell tumors,
giomerulosclerosis {hyperproliferation of mesangial cells), smooth muscie cell hyperplasia,
atherosclerosis (hyperproliferation of vascular smooth muscle celis), rubeosis; neovascular
glaucoma, diabetic retinopathy, diabetic biindness, macular degeneration, rheumatoid arthritis,
cardiac hypertrophy, psoriasis, and the like.

[000252)in a further aspect, these MB-EGF antigen binding proteins can be used to freat
disorders associaied with or accompanied by a disturbed, e.g. pathologically enhanced growth
factor receptor activation.

[000253])in another aspect, this enhanced growth factor receptor activation may be associated
with or caused by a pathological increase in the aclivity of a G protein and/or a G protein
coupted receptor. 1t should be noted that disorders that are associated with or accompanied by
a disturbed, e.g.,pathologically enhanced growth factor receptor activation and which are may be
associated with or caused by a patho!ogica! increase in the activily of a G protein and/or a G
protein coupled receptor, can be delimited from other disorders characterized by an enhanced
activity of growth factor receptor activation in that a transactivation of the growth factor receptor
via G protein coupled receptor takes place.

2. Diagnostic Methods

[000254] The HB-EGF antigen binding melecules as described herein may be used in & method
jor detecting cancer celis in a test sample that includes contacting the test sample with the
antigen hinding molecule and detecting whether the antibody binds to a cell expressing proHB-
EGF or HB-EGF molecules in the sample. The degree to which binding ocours can be assessed
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by use of a control sample. The test and control samples can, for example, be blood, serum,
ascites, pleural effusion, cerebro-gpinal fluid, tissue, cell, urine, lymph, saliva, mitk or other
samples. Such g control sample can be a non-cancerous sampie of the fluid or tissue or cell
type. In some embodiments, the control sample is a non-cancerous sampie obtained from the
same subject as the test sample, "Subject” or "patient” refers fo a mammal, preferably 2 human,
in need of treatment for or detection of a condition, disorder or disease.

[000255)The binding of antibody to components of the test sample can be detected by detecting
a reporting molecule, imaging agent or label that is bound or can be selectively bound fo a
antigen binding protein as described herein. These HB-EGF antigen binding proteins can have
one or more reporter molecules, labels or imaging agents. A reporter moleculs is defined as any
motety that may be detected using an assay. Non-limifing examples of reporter molecuies that
have been conjugated {o antibodies include enzymes, radiolabels, haptens, fluorescent labels,
phosphorescent molecules, chemiluminescent molecules, chromophores, lurinescent
molecules, photoaffinity molecules, colored particles or ligands, such as biotin. The reporting
moiecule can provide a detectable signal. For example, the detectable signal can be a
flucrescent, phosphorescent, chemiluminescent, electrochemiluminescent, electrochemical,
color change or enzymatic signal. Anii-HB-EGF antibodies provided herein can be used as
capturing antibodies for ELISA-based detection of the growth factor or immunohistochemical
analysis of tissue samples as shown in FIGURE 39.

[000256)!In some embodiments, the reporting molecuie is covalently bound to a antigen binding
protein as described herein. In other embodiments, the reporting mofecule can be selectively
bound fo the HB-EGF antigen binding protein as described herein. Such selective binding of &
reporting molecule to the described antigen binding protein can be accomplished by a secondary
antibody with the label covalently bound thereto, where the secondary antibody selectively binds
o an HB-EGRB antigen binding protein as described herein,

3. Methods Of Treatment: Pharmaceutical Formulations, Routes Of
Administration :

[000257) Treatment of, or treating, cancer is intended to include the alleviation of or
diminishment of at least one sympiom typically associated with the disease. The treatment also
includes alteviation or diminishment of more than one of the associated symptoms, The
treatment may cure the cancer, e.g., it may substantially sliminate the cancer celis and/for arrest
the growth of the cancerous fumor. Alieratively, treatment may slow the progression of the
cancer.
[ooG258]Anti-cancer activity can be evaluated against varieties of cancers or cancer celis using
methods available 1o one of skill in the art. Anti-cancer activity, for exampie, can be de’cer'mined
by identifying the LDygp or EDsg of a preparation of the antigen binding proteins described herein
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that prevents the growth of a cancer. in one embodiment, anti-cancer activity is the amount of
antibody that kills 50% or 100% of the cancer ceils when measured using standard dose
response methods.
[000259]The HB-EGF antigen binding proteins as described herein can be administered alone,
or in combination with antibodies, chemotherapeutic drugs or radiation therapy. Pharmaceutical
compositions according to the invention may be administered as monotherapy or in combination
with ancther pharmaceutical composition, preferably comprising another anti-neoplastic agent, in
particular Cisplantin or Avastin. For example, the described HB-EGF antigen binding proteins
can be co-administered with anti-tumor antibodies, (e.g.,chimeric, humanized or human anti-
tumor antibodies), with antibodies that specifically bind to VEGF to further inhibit tumor
angiogenesis, or with antibodies that specifically bind to a receptor tyrosine kinase such as
HER2, HER4 or EGFR and therefore further inhibit tumor cell proliferation. In FIGURE 38, the

. synergistic effect of an anti-EGFR antibody and antiHB-EGF antibodies could be shown for both
therapeutic antiMB-EGF antibodies tested. Furiher, the HB-EGF antigen binding proteins
described herein may be co-administered with other anti-tumor agents. Specific examples of
anti-tumor agents which can be co-administered with the anfibodies provided hersin include, for
example, gefitinib, lapatinib, sunitinib, pemetrexed, bevacisumab, cetuximab, imatinib,
trastuzumab, alemtuzumab, rituximab, erfotinib, bortezomib and the fike. Any other anti-cancer
agent or drug that can inhibit cancer or tumor call proliferation can also be used in the
compasitions as described and claimed herein. For example, the claimed compositions can
include chemotherapeutic agents such as capecitabine, daunorubicin, daunomycin,
dactinomyein, doxorubicin, epirubicin, idarubicin, esorubicin, bleomycin, mafosfamide,
ffosfamide, cytosine arabinoside, bis-chioroethylnitrosurea, busuifan, mitomycin C, actinomycin
D, mithramycin, prednisdne, hydroxyprogesterone, testosterone, tamoxifen, dacarbazine,
procarbazine, hexamethylmelamine, pentamethyimelamine, mitoxantrone, amsacrine,
chiorambucil, methyleyclohexyinitrosurea, nitrogen mustards, melphalan, cyclophosphamide, 6-
mercaptopurine, 6-thioguanine, cytarabine (CA), S5-azacytidine, hydroxyurea, deoxycoformycin,
4-hydroxyperoxycyclophosphor-amide, S-fluorouracil {6-FU), S-fluorodeoxyuridine (5-FUdR),
methotrexate {MTX), colchicine, taxol, vincristine, vinblastine, etoposide, trimetrexate,
teniposide, cisplatin, avastin and diethylstilbestrol (DES}). See, generally, The Merck Manual of
Diagnosis and Therapy, 15th £d. 1887, pp. 1206-1228, Berkow ef &l., eds., Rahway, N.J.
When used with the described HB-EGF antigen binding proteins, such chemotherapeutic agents
may be used individually {e.g., 5-FU and an antibody)}, sequentially (e.g., 5-FU and an antibody
for a period of time followed by MTX and an antibody}, or in combination with one or more other
such chemotherapeutic agents {e.g., 5-FU, MTX and an antibody, or 5-FU, radiotherapy and an
antibody).
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{000260]Also provided is a method of evaluating a therapeutically effective dosage for treating a
cancer with an antibody having an amino acid sequence disclosed herein, that includes
determining the LD, or EDg of the HB-EGF antigen binding protein preparation in vive or in
vitro. Such a method permits calculation of the approximate amount of antigen binding protein
needed per volume to inhibit cancer cell growth or metastasis by about 10% to 100%, or about
20% to 100%, or about 25% to 100%, or about 30% to 100%, or about 40% to 100%, or abaut
50% to 100%. In some embodiments, less than 100% inhibition of cancer cell growth or
metastasis is observed. For example, cancer cell growth and/or metastasis is inhibited by about
80%, 80%, 70%, 60%, or 50%. Percentage inhibition can be determined, for example, by
adminisiration of the antigen binding protein preparation to 8CID or nu/nu mice available in the
art wherein tumor cells have been infroduced andfor by standard methods using cultured cancer
cells (see, FIGURE 38B). Several methods are described in the Examples,

[p00261]Also included are sterile pharmaceutical formulations of the HB-EGF antigen binding
proteins as described herein that are useful as treatments for diseases including, for example,
cancer and/or aberrant angiogenesis. Such formulations would inhibit the binding of HB-EGF to
its receptor, e.g.,EGFR or to HER4, thereby effectively treating pathological conditions where,
for example, serum, cellular or tissue MB-EGF is abnormally elevated or where its receptors,
e.g.,EGFR or HER4, are abnormally active. As lllustrated herein the HB-EGF antigen binding
proteins possess adequate affinity to potently neutralize HB-EGF and to modulate the signaling
events associated with the HB-EGF receptors.

[000262] The HB-EGF antigen binding proteins as described herein are preferably humanized
antigen binding proteins. Administration of these humanized antigen binding proteins reduce the
probabifity of a negative side effect. Moreover, these antigen binding profeins are stabie in vivo,
for example, because they are recognized as normal human products, thereby minimizing the
risk of immune system responses. Moreover, these antigen binding proteins are not prone to
proteolytic destruction, improving their circulating half-lives. Hence, the HB-EGF preparations as
described herein have an excelient half-ife in vivo so that administration in humans is
comparatively infrequent. Such a prolonged duration of action may allow for jess frequent and
more convenient dosing schedules by alternate parenteral routes such as subcutaneous or
intramusctdar injection.

[000263]Sterile formulations can be created, for example, by filtration through sterile filtration
membranes, prior to or following lvophilization and reconstitution of the antibody. The antigen
binding proieins as described herein are ordinarily stored in lyophilized form or in solution.
Therapeutic antibody compositions generzally are placed into a container having a sterlle access
port, for example, an intravenous solution bag or vial having an adapter that allows retrieval of
the formuiation, such as a stopper pierceable by a hypodermic injection nsedle.
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J. Example 10: Inhibition Of HB-EGF-Induced HER4 Tyrosine Phosphorylationby Human Anti-HB-EGF
Antibodies W%%%%J,EQ‘%EXWP'G shows that anti-HB-EGF antibody prgg%rggizgns%@hsjgit HB-EGF
induced tyrosine p‘hosp(horylation of HER4. The following procedures were emp?oye o assess the
effects of anti-HB-EGF antibodies on HER4 tyrosine phosphorylation. [000323]125,000 cells T47D
human breast cancer cells were seeded on a 24-well plate in 500 pl medium. Cells were starved in

200 pl serum free medium for 24 hr. An R&D Systems Human Phospho-ErbE34 ELISA-Kit was used

for detection of rosine sphorylation. A Viaxisorn. Q6 well ated with 100 pi
mouse anti-hunﬁaal\)ﬁ%ﬁrﬁxeiog%tﬂ)%%ggbwrtégi% ﬁg?gfwgyﬁ%g%%%yﬁ;%?%%@@nﬂperature. The
coated Maxisorif)“%”fﬁtr_ge\:/v%dss_‘v?/ﬁ'sﬁé X ,t‘l’rﬁ’é%sx’/?/ﬁﬁyﬁﬁﬁéﬁ’?gsﬁo W?é‘g?ﬁ %:t éa,r\r/r’v%\'shjng solution was
replaced by 300" HR5IBRRR G EBIEHEA" (PBS S 8 %00 BEAT Rt HE b LG S Aolife 5P 8om temperature.
50 pl serum-fre BtRreRRIPAUYITRRIBON ERIPRPAAITAUSE £ BYISIENGHSRBE CYOET AfIPARSs incubated with
5x-concentratiorelbiB - &R« 20adjimi)sidre30haim bt dT Sotrerratidettabhesetewell (in duplicate). The
medium was remeinktban charisusiebeitjietd arvicelwithe@06. pl Triton-X-100-based lysis buffer
containing 1 migdadd&imeHkpomhdyprotiiny Jownblblafcand Zemchiexé pidpananaglate. The blocked
Maxisorp plate wasashes3-inesuibRBsE SAs%TeassaR. Grlldyiaieavas transferred directly

to a washed Megsai RIAIGARING ARSI Qe B ke Suil asatie,aciiation, Toe.plate was
washed 6 times 9 een- en, 100 pl anti-P RP (Detection

with PBS+0.05% 1 , then, 1( nti-Phospho-tyrosine-
Anthody GoongJeT AT IR Ay Roras Bk be Bl AR SR, (e o
added to each WallEnd e AL E P TS SIOU R Ml Yo O R STt e AR BBk Wis washed 6 times with
PBS + 0.05% TRWRBHFSFY TGP P et X AtethiAteriting IR HEHBA FRas added to each well
for 20 minutes atyeRrpicirRseTRitbRR NI YR SetRFiF Wag‘Nepive d bFaerIfiRoF SO Pt H2S04 and
the absorbancetwssskiatingb=l80 BrefifTdvrernadolratinBpsté rrscplae résatter)Lf0088241F he results are
shown in FIGUREpa8d Assititastratedhinzetaastygnon tentrapons elibtPhdddrar dd@e39f1 anti-HB-EGF
antibody preparatignaesiainceapseeriahinitiaaDtHB-mGhindined HizBRdnpbesphondation. K.
Example 11: Mgpelonat Ao CI0s3ReACIMIAIRRDS Srbihis, Bxampie Bravides-uther data
showing cross regetivity,of anil-HB:f GE. ARURO I N ERARAIANSHO LG EHROLLR 5 GEoiouse HB-EGF
and the related Egli)-llgn%&rqwth,fﬂcl:jﬁjog %‘rg]rpahlgaqullrr&ﬁ%ng|n cIonAn of the monkey and mouse form

W I I ﬁgg%gsgc ohar ining,

; X :
of HB-EGF, eadh é,xpressm‘frﬁlrc‘:wéai sf ct was transfecte cells and ant-HB-EGF antibodies

were tested on B&TIMESHIR A BHRAPRILS: BYBYRIRL T A PR B PG RRBRIE G lin cross reactivity
was tested by FLYSAYRIFANENSEs3DINe 26ie AifAY A YK R BYEBERTBGORTH) AT the pidddnt study, cyno
HB-EGF plasmitinesesaneep siedcPries pro die-romhekningadre lsiderp 9 JoiFeidse chain reaction
(PCR) from cynuivkéde eyamiodd Aniittiripyi eheidinsesedsondirs EBHense afobynousBE@Mitf000327]The
primers used fotrihesiamplificateeh ey aaibB G rorenecastoliowsufBOBABENorward primer: 5'-000
TTA ACG CCA eGotichuAsifatiyieteghe) COT CG-3' (SEQ ID NO:1078) [000329]Reverse primer:
5-CCG CTC GRS ARSAR 1 ATREGibs kB LRG0 296093301 The PCR product
was digested Wb%ﬂ@&&a@éﬂE%&%%mgch%ﬁ%%i%g?&%&c@Qﬁéﬁ?ﬁt)%tbf Bing3,After purification,
cyno HB-EGF p%%@dgﬁ W&Eﬁ}%ﬁﬂ%@o %‘ﬁ%%@%&ber%g@e%ﬁ?}%'r galls %”SSQAHEHR'L‘?O' under ampicilin
selection. The 6asm|’_ Was 1 en highly expressed in mglc':i in selectibn me Jia using a single
transformed cofRP ALY BEARISSTRE HrcbrRse IS A0k She BRCBUTRRSEBITRR, cyno HB-EGF
plasmids were FA&HHY B8R CISAtRTIaCS 677 IR ZBTifrd B S B8 - £ 82160033 1]in the
present study, revedpsBE Beigagitielyetepiesarsdnd e e eaipepetics PARECRESs cloned by
polymerase chaneremttichafP@Riidebrrestiteuse lung cDNA with primers based on the sequence of
mouse HB-EGHojaB032diheprieesssusedstortheagmnplititat oniefspusendBiEGliwere as follows:
[000333]Forward Ritm@io deiéaMyivert GrtfrifgAte foRrbdide AvRE haGT &GGhedm &-3' (SEQ ID
NO:1080) (000330 RSN BES RSBl Gie CHEnPAG GREBRAQGEAGGARE CAC GCC-3' (SEC)
D NO:1081) [098%%%95%@&B@&%ﬁ%@ﬂﬁ%ﬁ?mééh;c%%%sfa&éwx@gg diggsieg,with EcoR1 and

Xhol and ligated. After purification, mouse CgF plasmids were transformed into DH5a bacterial
cells and multiplied under ampicillin selection. The plasmid was then highly expressed in ampicillin
selection media using a single transformed colony. After purifying using a commercially available
DNA-purification kit, mouse HB-EGF plasmids weré transiently transfected in HEK293T cells. 3.
Transfection And Expression Of Cyno And Mouse HB-EGF [0003361To screen for cross-reactivity of
antibodies provided herein HEK293T cells were transiently transfected with either cyno or mouse
HB-EGF plasmids using a Ca-phosphate method and subsequently analysed by FACS analysis.
[000337)Therefore, 30 hours before transfection, 3x106 HEK293T-cells were seeded in 16ml on a
15cm- cell culture plate and incubated at 7% CO2 and 37C. 32 pg DNA of either cyno or mouse
HB-EGF DNA or empty vector in 720 pi ddH20 were mixed with 2.5 M CaCl2 and 2 x BBS (pH6.96)
and incubated at room temperature for 10 minutes. After incubation, the solution was added drop wise
onto the cells and incubated at 3% CO2 and 37C for 8 hours. After soaking the media, the cells were
incubated with fresh growing media at 7% CO2 and 37C for 24 hours.



4. FAGS Analysis Was Performed To Screen For Cross-Reactivity Of The Antibodies
[000338]Thergfaqr. 0% 4]) transfected cells were harvested with 10 mMPg:[g ‘% resuspended in
FAGS-buffer %g’ S, 0.4% azide) and seeded on a 96-well roun gt%l'r%g}: %3 After
centrifugation for 3 mm at 1000 rpm to remove supematant, the cells were resuspended in
anti-HB-EGF antibody dilution (100 p1/well) and incubated at 4C for 45 min. The cells were washed
twice with FAGS buffer and resuspended with secondary antibody (100 p1/well)

donkey-anti- hu%%? 7 %:é#ié%%?é?) Qé's”t%dlélr 39040 EAGS fpbies I e.cell Shspansions were incubated

at4 Cinthe dar Joh I a g ah A e aI d (FAGS, Beckman Coulter).
[000339]F|GUF5E A? q?égv%% E’r?gf re\ele{“nC]ée iééfpﬁguﬂgc?f%dﬁgﬁct w?(t?ﬁ éro ﬁ‘B EGF from

Cynomolgus m8ni<e Vs 5?5’3%5‘& ey OWS ?nat’t}w9 P Q%y%ﬁfb—ﬁreﬁ aration cross-reacts
with mouse 1- lﬁ’rl':c@qﬁ Betataen By PRESIAIER SIS rrtfer WAt Steetder'aAtibodies U2-46
and U2-51 wer&caroeieroeniaytinbuRRON Bept T (nrstves avcrasehelatismipseronic ags only very weakly
(5-10%) neutrabiyieir Al meckB G Hmideat¢laios amd phosihdiylatebubfitkedEFR. 5. Protocol For
Amphiregulin CresssBeactivity ELISA Assay [000341]Different concentrations of Amphiregulin (R & D
systems, conc. obgiapkHRNgRmMbrsleiNg/enidneRBR homeleroAtasavaigbtak dtadis a 96-well plate
(Nunc, Maxisorp)efs0lipndRaRlatenrshy Giimeslvithwas hieg bufiend RBsdhd a0 Tween 20; 150 pl
per well), the p'Qéﬁoélxa%ﬂaﬁ%P&E%S\ﬂﬁ%&@%ﬂ'&gammé R RE Bn%"(ﬁnﬁ% AQPGQM(}’E'& for 4 hours at

room temperature The Ia’}[,e was Wasurg 1 6-tir washin ffe mo, Al BY antibody 5 pg/ml
purified human 1 =) =% éﬁsan 1500185 in :R% cﬂutlon butfer (Ig%gcon 5 B9t gSA 0.05% Tween
20, 5 mM EDTE)’W@?@%?S%‘G“%‘FWﬁ‘&fﬁ‘ﬁ'ﬁ?@ﬂ"f& 55*'%%5?@5%?%81%F@H?B%F%{t‘ﬂff’ée'ﬁ'he plate was washed
6-times with wagFifirisnfereatios s <be BATARF BTN G AR PO D dfeeareiap sEf i added (1:10
000 in PBS, 0.586iB9Arct 0 Betmmeeni20-8 e T DAMN) hivdoirtsiidedueforapge mipkiizadant room
temperature. 08034 2{Theqiatecvizsowebiry G<ifvessynntiizvashmeriiaffentand dbrrditB substrate
(Merck Bioscieneas)r\astat deohfantbbranndiasal saDi teapetatifiechfiersigpping the development
of the blue cologdmpaaeheg 100 pl of 250 mM HCI the absorbance was measured at 450nm with a

plate reader (ThaymaaRavsieniokNQN34AIEIGHRE 305 shows-hatantibadkeUzs and weakly

antibody U2- 4%@%&%@{3@@5 SoHln g Rem ﬁq@%p%&%%tz%r@%&agéw The U2-45 mAb binds
Amphiregulin but the o}\ og: Am |re Wé;lston thverséus 043 nl\ﬂfor HB-EGF). The
1)2-45.1 mAb was also nonesr?é)u??arlaz?ﬁa rF%L{L xé‘#ﬁ“ e 12- Kingtic Exc t’iscl""é1 ,&ssay Analysis Of Ic,
Values For AntE RS FEHARBE G- 457, E’j’ﬁ‘@é’*f“b??fﬁrﬁ “3359%’28")6\?{6(???@%2“1%344]The Kos of
mAbs U2-42.2, 49953089 cqioinng 8.caAef9des 6o p?ﬁﬂ%’)%@@@ﬂﬁﬁ&?ﬂ@%?ﬁjh‘ﬁﬂﬁﬁB N°GF, were
determined usify KHEI: terstinotbrly 1986 el Platp 4t SKiBAAZ30BERIStwaRNe!Was utilized. For all
mMADb titrafions, 38inéref dztlactshechead Zwese-sBdpie G2tk FIBEGR. E296pg:iaF50heg;sodium
carbonate bufferszuh Qshavesnight atpdcalicdter icorgugation nbdiBi564 tadhsdagadsinthe beads were
centrifuged andewaghed. once with blocking buffer (1 M Tris buffer, pH 8.3, 10 mg/ml BSA) and

centrifuged agajghofghriRens43e YALSHiR iReknG RULTRHOERARAR N RRlks/ALs23 C in order to block

any remaining %%%‘FH‘A%&%‘f%‘été%{%ﬁd%opﬂl?&cﬁﬁ‘?éﬁw %‘ J&%&H’H %‘E@aﬁ’éu‘sr}sc!%%%éwﬁﬁer Blgcking, the
beads were trart]jsferred a sta vial an C{)ace on Fe trument 4000345]MAb
elv

02-42.2: A dual curv'émaonal |Eana§§osgP'or and Becfef’gf’r%ﬁ%e & SO AR containing a
nominal mAb b 8T SR Th ABETERBIP 518% %erﬁgfénﬁﬁhﬁ'@kﬁﬁﬂﬁ ﬂE?@ﬁ%‘l’H@a'&ﬁﬁE@Hﬁatlons of
HB-EGF for the'FOeRDRBAIRSAFHTFERTEAY SHE" #1110 SV BitfdNiESite was trtrated in the mAb-controlled
titration curve. P48 SN aitsrterthertoealoatinge WO prit¢ike. denstitsiddienr 12 imkfmiadeccontrolled) and
was allowed to teeaitbiice #ird80s856 fbroves K (:peodim todtecku B Bidvtvess thavAliecdntrolled) at -23 C. All
solutions for theditradtanoware ipsepanad ofshagareht metbiaigiasswretandotie B4R concentrations
varied from 10.5dMect@o235 i mbhg instsuee simahashus e iatbemaysip@iihese solutions

consisted of a head.nackiag, skepiia which e RrRAdSHErS-RackerbintaAgiassGapillary, and the
equilibrated solutions were flowed through the bead column at 0.25 ml/min for 10 min (2.5 ml,
KO-controlled) or 1 min (0.25 ml, mAb-controlled) in triplicate. Subsequently, a fluorescently labeled
cy-5 goat anti-human (Fc specific) polyclonal antibody at 3.4 ntA(KD-controlled) or 1.1 nM
(mAb-controlled) was flowed through the bead pacR for 2 min at 0.5 mi/min to label the free mAb
binding site captured on the beads. The fluorescence emission from the bead pack was measured at
670 nm with excitation at 620 nm. [000346]The resulting fluorescence measurements were converted
into %-free mAD binding site versus total antigen concentration as standardly done with the
accompanying KinExA software package (version 1.0.3). The dual titration curves were fit with the
KinEXA software to a 1:1 equilibrium isotherm with drift correction factors included. (000347)The value
of the KO that fit the data optimally was 53 pM with low and high 95% confidence limits at 34 pM and
81 pM, respectively. [0003413)NA61.12-39.1: AKD-controlled titration curve was performed to
determine the Kn. Twelve solutions containing a nominal mAb binding site concentration of 55 pM

were titrated with increasing concentrations of HB-EGF. Each solution had a total volume of 10 ml and
wace allowead to aariilibrate for R0-2A hoirire at -22 C All ealiitinne far the titration weaere nreanarad 1ieina



through the bead pack for 2 min at 0.5 ml/min to label the free mAb binding site captured on the
beads. The f'%%ﬁﬁ%‘%? gmlssmn from the bead pack was measured 31;66178 % (ééh gxcnatlon at 620
nm. The resulti uorescence measurements were converted into %free m,K INding site versus
total antigen concentration as standardly done with the accompanying KinExA software package
(version 1.0.3). The dual titration curves were fit with the KinExA software to a 1:1 equilibrium isotherm
with drift correction factors included. [000351iThe value of the KD that fit the data optimally was 43 pM
with low and high 95§{O ) €O ngdp%g e Ilmghg é&grz :QM}?%Q ?o%\BMTlﬁ%ﬁ’fﬂéVc‘ﬁ%zIQ Q3521MAb U2-26.2: A

dual curve ana315|s Wasthg%r orme to. ett(ter mine t (3 S cogtaml a nominal mAb

binding site concentr ation o rﬂﬂ.emﬁlam’gen AW ?Ecarggssﬁ S dSnCantrations o -EGF for the
Ke-controlled tli’Fél'ﬁhefﬁﬁdeﬁ@C?%ﬁSlﬁ’fﬁ'a?ﬁ'E?ﬁé ?/\?5§‘5¥|f?3?gﬂ%%fé”}¥?ﬂ&9’}?bﬁﬁ?}ﬁé’a Fitration curve.

Each solution H&eFaPestR"¥Blume of 10 ml (KO - controlled) or 2 ml (mAb-controlled) and was allowed
to equilibrate fdPBE73B Wit bes ik iatestited Hemisr Bon olirsareids-editierdt eebpaiengBwth (gl solutions for the
titration were prepasstbusingnvaitics 6érit Gliss wawgigwrek thigh sl BablErens esmtemtioasivaried from 2.63
nM-51.4 M (KQqsaniseile thhangioiad-hR3cIMuimnbrcasiinl ieglvEheatsinuenam, method used for the
analysis of thesg.sQlioRsIGORSISied O @R RREKINESIeM Ik Wbtk tha:haadswaie packed into a

glass capillary, and () ol *RB%E%%%%%%N&%% gyt oughdhechead cglug at 0.25 miimin for

10 min (2.5 ml, contr b-controlled) in.triplicate. Subsequently, a
fluorescently Iaéizl% éu esoaa% érrf? albs f;% as segl i?:walg agcgné rztirﬁtl 0 Q/; at 3.4 nM (K,3-controlled)
or 1.1 nM (mAb”B?)ﬁ?rQ?IF@ Wéépﬂémﬁ%? hoinaRsa eac?ﬂ" PISh S A0S SR to label the free

mAb binding sitEBaRtH FEY T tREFEEFE DR fIﬁTYr@éE"eﬁE@%@éﬁ‘ﬁﬁsff@mﬁépﬁé’aﬂed%ck was
measured at 6783 ReFisREkeReitAvaY BRO - ERferEsn By aties ée AeErirrddsiiements were
converted into ®téviedrthAtinb avtia s itdevtndusitotaleteniy ert vetivdedtationfapusttondaddhy done with the
accompanying iniixanso fhwaregiaiikagea(versiomizhs wihhe dugl ditratiostretimveSswere fit with the
KIinEXA softwarngsigick &. kragilibium isathersavabibndrtfreotsactiopdastargdnsiosiesbof000353] The value
of the KD that fisdhe dataoptimally was:83BNWEHIphandidiah: 98ipeantidense Jisits at 37 pM and
100 pM, fespe%kxmciaﬁgﬁédgm 9%@%@%@9&9@&5@1%@ wa;'qapowgy&)@@%w@rmed to

determine the Welve solutlons contalnln nom\% EF 'Q.%; fe c%gentratlon of 40 pM

elivery-some eme conce
were titrated W?hu?ncrea 9 conc atlo s o) SO utlon ha a total volume of 10 ml and

was allowed to 8&'3!1?6?5‘{3 o‘?‘xgﬂeé% fﬁﬁ?r%“hfalé%iamr Somlonshf%r the- S8 3%&Te prepared using
volumetric glasdiare BAG AR HEEIER RUHERHIFRTORL VAT RS PATE 2B TR ™ he instrument
method used faetirssaeikpsre &f ehresecsdidigirensisted of a bead packing step in which the beads
were packed inlepeR s oligvittarraaniestine digailisratedrsols torolve rpodlewickediredgrethe bead
column at 0.25 grMarinféonbOantinuiress¢2 doinahdi aréniplioatecdSattose epuianithy, uaci tierescemisy labeled cy-5
goat anti-humapefére specific) polyclonal antibody at 5.1 nM was flowed through the bead pack for 2
minutes at 0.5 ml/min to label the free mADb binding site captured on the beads. The fluorescence
emission from texal@asspack was measured at 670 nm .with excitation at 620 nm. The resulting
fluorescence measurements were converted into %free mAb binding site versus total antigen
concentration as stanafRibHe GRpriHer KEBMERI Mg KinExA software package (version 1.0.3).
Owing to Ilgand nonspecific binding to the bead pack, the titration curve w s f|t WI qt e KinExA
software to a 118§ 45 HTith '"%‘fﬂ(é%r%G\FNll’ﬁ% TP ARG jéfeecﬁ% ?)?ﬁ Ny included. [000355]The
value of the KDF{Hat et ers BtRTEIRy /- 399&\?\”90?9??"8\%"5%%65 YRGELVNEHEHER limits at 32 pM
and 87 pM, respevce) vk aiiine st eouhsmtiamtion CONBTmF KRt weatchdd Analysis
[000356]AffinityHFE@E imermegts viih &tttrowiewygHitikied yrsreipresssdanpiifé?prets bydimdifett FACS
Scatchard analygistwé etqerdoreatithisn sy sispBxb O Sedstafn Aterestayeréhaganrestgdrogth 10 mM EDTA
in PBS, resuspeigles).in FACS-buffer (PBS, 3% FCS, 0.4% azide) and seeded on a 96- well round

bottom plate. AfigsEeftiifugatiandrbsmie AhlRRRTRINER MARRYeSURRENsERND Kieieets were
resuspended in q%(tugsgﬁﬁ aikodydilyten €08 %L\Ngg)(%rtmg with 20 pg/ml, diluted in 1:2

dilution steps. Celt suspensions were incubated at 4 C for 45 min, washed twice with FACS buffer and
resuspended with secondary antibody (100 pi/well) donkey-anti-human-PE (Jackson) diluted 1:100 in
FACS buffer. The cell suspensions were incubdfed at 4 C in the dark for 30 min, washed twice with
FACS buffer and analyzed (FACS, Beckman Coulter). [000357]According to the FACS Scatchard
analysis, the fluorescence mean was calculated for each measurement. Background fluorescence of
cells without HB-EGF antibodies was subtracted from each fluorescence mean. Scatchard plot with
x-value = fluorescence mean and y-value = fluorescence mean/concentration of mAb (nM) was
generated. The KD was taken as the absolute value of 1/m of linear equation. TABLE 5 FACS
Scatchard Determined Affinities Of Antibodies 1J2 42 And U2-39 On Three Different Human Cancer
Cell Lines ..,. ell line



Antjtiiiiti DLD-1 NCI-ADR MDA-MB231 U2-42 4,88 5,98 0,41 U2-39 9,05 7,63 6,21 N. Example 14:

Kinetic Exclu%%%%ﬁé%%ﬁnalysis Of Kd Values For Anti-HB-EGF Mab l%%’ré}épg’e@fﬁ&% To

Arnphiregulin KO-controlled titration curve was performed to determine the KD. Twelve
solutions containing a nominal mAb binding site concentration of 4.4 nM were titrated with increasing
concentrations of Amphiregulin. Each solution had a total volume of 10 ml and was allowed to
equilibrate for 30-36 hours at -23 C. All solutions for the titration were prepared using volumetric

glassware and tﬂ%ﬁgﬁﬂ%M;ége%ﬁggggpé%\%g%qgégﬂ%%g pM to 24 pM. The instrument method

used for the anal¥3| ese solutions consiste Iéing step in which the beads were

packed into a gl%s%%é ﬁ?‘aﬁ%ﬁ RN B solutions were flowed through the bead column at
0.25 ml/min for ' W’ﬁﬂi@%&%%i‘f‘iﬁ’?ﬁ fidteHSutEequently, a fluorescently labeled cy-5 goat

anti-human (Fc specific) polydonal antibody at 684 pM was flowed through the bead pack for 2
minutes at 0.5 ml/mirtcEkpaii¢ticifreenintibnindmgruits ciprutad Tlerefebbarsets. The fluorescence

emission from H head Rack.uas measyted,at 640 A WD GXEALAN.ALG20 A The resulting
fluorescence nieasurements were converted Intg %tree mAD bi 1in

] led nding site versus total antigen
concentration A8 SAREA BSOS ARS8 S CBmpany hoPRIME sgqff’v?/%%(éﬁ DackatElversion 1.0.3).
Owing to ligandPAtASPEAE AT o TRIBEdd back, only one replicate out of the three collected at
each concentration (the higéhe!st three 2-fold Amphiregulin concentrations were excluded from the
analysis) could be analyze and RS the KinExA software to a 1:1 equilibrium isotherm.
[000359]The vadoeoftheMd)dhatfiiiherd atanoptoneal awassadloni imdthiclewTaadtigh 95% confidence
limits at 3.1 NM,@nk 65 é0MniaRROGH B I o8 Foxadn e & rSlection Criterion For Top Antibody
Preparations 1_5;9%&%% fQllgvdng iites iRiwals YsRok o idsait e dorantiRkgreparations:
potency in inhiing, [ MF., peteacx ditaal kNG HEloecdnsaruled Bygpserving the
degree to which the anti%o‘gies Inhi iteoft%r%sme phosphor é,hagi n OL&GEE;EeCQ§t0%anddHER4, the
affinity of the anhbBH LYy ﬁ]@%@fu?ﬁg O PIAC i\”/%yeo”%{ e antibodies for other molecules and the

characteristics bf (8 WEH{GB &8 asmEs/$ifgTe: QBVMH PN RGTRHTROERE INFIBFILBEGE Stimulation Of

Huvec CellularPrtifse1B HyRAHETRRSP IS ASRiSAY 11 () with TITERMAX GOLD®. The sixth and
seventh injection consisted of 10 pg of HB-EGF protein admixed 1:1 v/v with 100 ug alum gel. A

final boost was made with 10 ug of HB-EGF protein in pyrogen-free DPBS, without adjuvant,
The XenoMouse mice were immunized on days 0, 4, 8, 14, 18, 21, 25, and 28 for this protocol
and fusions were performed on day 32. The two bleeds were made through Retro-Orbital Bleed
procedure on day 16 after the fourth boost, on day 23 after the sixth boost.

2. Selection Of Animals For Harvest By Titer

{000279]Anti-HB-EGF antibody titers in the serum from immunized XenoMouse mice were
determined by ELISA. Briefly, the HB-EGF protsin { 2 pg/ml) was coated onto Costar Labcoat
Universal Binding Polystyrene 86-wall plates {Corning, Acton, MA) overnight at 4°C in Antigen
Coating Buffer (0.1 M Carbonate Buffer, pH 9.6 NaMCO; (MW 84} 8.4 g/L). The next day, the
plates were washed one time with washing buffer (0.05% Tween 20 in 1x PBS) using a Biotek
plate washer. The plates were then blocked with 200 plfwell-blocking buffer (0.5% BSA, 0.1%
Tween 20, 0.01% Thimerosal in 1x PBS) and incubated at room temperature for 1 hour, After
the one-hour blocking, the plates were washed one fime with washing buffer using a Biotek plate
washer. Sera from either the HB-EGF protein immunized XenoMouse mice or naive
XenoMouse animals were titrated in 0.5% BSA/PBS buiffer at 1:3 dilutions in duplicate from a
1:100 initiat dilution, The last well was left blank. These plates were incubated at room
temperature for 2 hours, and the plates were then washed three times with washing buffer using
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[000361D-his Example illustrates that while HB-EGF stimulates human vascular endothelial cell
(HUVEC) proliferati i-HB-EGF antibodies provided herein inhibit cell proliferation.
Also, as shown%%}@%@?(%mple, anti-HB-EGF antibodies inhibit HUVE%%%%%@%%%, which is an in
vitro model for neo-angiogenesis. Antibody preparations that inhibit HUVEC proliferation and/or
angiogenesis are useful not only for treating cancer but also for treating non-cancerous conditions
involving undesired angiogenesis (e.g.,diabetic retinopathy). 1. Procedures: Determination of HB-EGF
Expression on HUVEC Cells by Flow Cytometr 03641-03-EGE expressio uman endothelial
cells was deterfrfined By HAc ',aph ?t's?s% “éar%%)éroe%ﬂ%@l r%?é Fsr%ﬁrﬁ%%é‘g?%éeré Qg%yested with 10 mM
EDTA in PBS, FESNSpRHBAT finkiarss athedy (REEess) 1158 cona ondy 2R MARE SN a 96-well
round bottom phfie” meBreaetiRidAaurriserD ireUD0be piiestperatahtveadtentdled, the cells
were resuspendeshing butlé- HBWECGHEntie dpsdfiu théiar (80Nl elticECveig fristantd ME-BESF antibody) and
incubated at 4Gdsitod bf mvB.chbbeets swienew Exife tTRad otith) FeA OS2 Guffessamdnte suspended with
secondary antibggwélaRpidue Baanfshweas: RRehlackaen)\dil vie@e R kit dagfer. The cell
sUspensions wegigsincakatadab fLdn thewnisdor s sroasheshiwiea Withdoarsduffer and
analyzed (FAGS, Regkman Coulier). [0003831TR lesL ink s SRR & AREHBSEG antibodies on
HUVEC prolifetafion .aaroimaiely 2000 HIIVEG, 6ella ire. seeded 10,6851 148 wells containing
media with EG f’é,’hy, rocortisone, ascorbic acid, ge’ntam cin-a othericin an(fZ% FCS containing
bFGF, VEGF, EEFH et 7@ MBS . RAaP ix( ldat{iarlltggf/ t%ae‘"‘kgem%do‘v@reﬁ?&ﬁ -LESP the cells were
washed twice WIETPBY- G55/ Y 0 Bob4Ree AR e & fifsiStarved 8h in EGM-2, 0.5% FCS
without suppleri#@#?@fion of growth factors. HB-EGF or anti-HB-EGF antibody preparations were added
in 500 pl starvation media. [000364]Cells were then cultured for an additional 60 hours, trypsinized and
counted. [000365]To test for the effects of anti-HB-EGF antibodies on HUVEC tube formation, 200 pl
growth factor reduced matrigel (BD biosciences) was plated on 48 wells. 250 pl HUVEC medium was
added per 48 well (EBM-2 + hydrocortisone + ascorbic acid gentamycinamphotheficin + 0,25% FCS
from Cambrex). Following preincubation for 20 min, 20,000 HUVEC cells in SO p1 medium + 0.25%
FCS containing HB-EGF (10 ng/ml) or U2-42, U2-39 or U2-45 anti-HB-EGF antibodies (10 pg/ml) were
added. Tube formation was monitored by obtaining photomicrographs of representative areas of the
culture wells. For a quantitative analysis closed areas of HUVEC tubes were counted. 2. Results
f000366plks shown by the FACS analysis in FIGURE 30, HB-EGF is expressed on HUVECs. The
results of the cellular proliferation tests are provided in FIGURES 32A-B. As shown in FIGURE 32A,
HB-EGF stimulates HUVEC cellular proliferation by about 38%. However, upon addition of
anti-HB-EGF antibody preparations U2-42, U2-39 or U2-45, such stimulation of cellular proliferation is
inhibited by about 8% to 14% (FIGURE 315). In this assay, the U2-39 anti-HB-EGF antibody
preparation provided the highest level of inhibition. [000367]The results of the tube formation tests are
provided in FIGURES 33A-M. Control assays, without anti-HB-EGF antibodies shown in FIGURES
34A-C, show that HUVEC cells join to form circular structures or "tubes." However, upon addition of
anti-HB-EGF antibody preparations U2-42, U2-39 or U2-45, such tube formation is inhibited. A
summary of the number of tubes observed is provided in FIGURE 33M. As shown in FIGURE 33M, the
U2-42 anti-HBEGF antibody preparation provided the highest acceleration of tube regression, followed
by the U2-39 anti-HB-EGF antibody preparation. Q. Example 17: Anti-HB-EGF Antibodies Inhibit
HB-EGF-Stimulated And Basal Colony Formation [000368]Soft agar assays were conducted in order
to investigate the ability of the antibodies provided herein to inhibit anchorage independent cell growth.
The soft agar colony formation assay is a standard in vitro assay to test for transformed cells, as only
such transformed cells can grow in soft agar. [000369110 perform this assay OVCAR-8, BM-1640 and
NCI-H226 cells were incubated with 10 ng/ml HB-EGF and with anti-HB-EGF antibodies or IgG2
(SIGMA) as negative control, at 20 pg/ml in IMDM medium (Gibco) and resuspended in 0.2% Difco
noble agar. The cell suspension was plated on a 0.4% agar-underlayer in quadruplicate in a 96-well
plate and overlaid with NOM medium. Colonies were allowed to form for approximately 14 days and
were then stained with 40pIMTT (Sigma, 1 mg/ml in PBS) for 4 hours. Stimulation of HB-EGF and
inhibitory effects of anti-HB-EGF antibodies were @@antified by HTSBonit (LemnaTec) colony formation
-software. [000370]In another assay, 750 or 1000 cells (depending on SkOV-3 clone 71 or 74, FIGURE
34D and E) were preincubated with anti-NB-EGF antibodies or IgG2 (SIGMA) as negative control, at
20 pg/ml in IMOM medium (Gibco) for 30 min at 37 C and resuspended in 0.4% Difco noble agar (or
0.2% for clone 74). The cell suspension was plated on a 0.75% agar-underlayer (0.4% for clone 74) in
guadruplicate in a 96-well plate and overlaid with IMOM medium. In a similar assay, 2000 BxPC-3
cells (FIGURE 34F) were preincubated with 20 pg/ml anti-HB-EGF antibodies or 20 pg/ml 1IgG2
(SIGMA) as negative control, in IMDM medium (Gibco) containing 20% FCS for 30 min at 37 C. Cells
were resuspended in 0.4% Difco noble agar and the cell suspension was plated on a 0.75%

agar-underlayer in quadruplicate in a 96-well plate. The wells were overlaid with IMOM medium. Both
lavvare contained 2004 EC< TNNONR711Cnlnoniac weare allowed to form for annrovimatelvy 14 dave and



[0003751FIGURES 37 illustrates the mean volume of pancreatic BxPC3 tumors formed in xenograft
experiments BE) (? jce. As shown, established tumor growth was % inhibited in the
presence of Z;Qlﬁl;tl %?ﬂ ;h%?ggarations U2-42 and/or U2-39 when compared {0 t e(i %%%gée}“"control. In
FIGURE 38A it is shown that anti-HB-EGF antibadies U2-42, U2-39 and U2- 45 inhibit the established
growth of EF0-27 HB-EGF clone 58 cells in vivo. The effect of tumor growth inhibition could be shown
to be dose-dependent, with 25 mg/kg as a highly effective treatment while lower doses such as 1 or 5

mg/kg were le
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C. Example 3: Hybridoma Generation And Primary Screen For Binders

[000283}immunized mice were sacrificed and the lymph nodes were harvesied and pooled from

sach cohort. The lymphoid cells were dissociated by grinding in DMEM 1o release the cells from

the tissues, and the cells were suspended in DMEM. The cells were counted, and 0.9 mi DMEM

per 100 million iymphocytes was added to the cell peliet to resuspend the cells gently but

completely.- Using 100 pl of CDSC+ magnetic beads per 100 million cells, the cells were labeled

by incubating the cells with the magnetic beads at 4°C for 15 minutes: The magnetically-labeled

cell suspension containing up fo 10® positive cells {or up to 2x1 0° total cells) was loaded onto a
LS+ column and the column washed with DMEM. The total effluent was collected as the CD80-
negative fraction {most of these cells were expected o be B cells).

[000284] The fusion was performed by mixing washed enriched B celis from above and
nonsecretory myeloma P3X83AgB.653 celis purchased from ATCC, cat.# CRL 1580 (Keamey et
al, 1979, J. immunol. 123:1548-1550) at a ratio of 1:1. The cell mixture was gently centrifuged
at 800 g. After complete removal of the supernatant, the cellular pellet was treated with 2.4 ml

of Pronase solution (CalBiochem, cat. # 53702; 0.5 mg/ml in PBS) for no more than 2 minutes.

Then, 3-5 mi of FBS was added to stop the enzyme activity and the suspension was adjusted to
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Breast -/+ MKN-1 Gastric MKN-28 Gastric +++ PPC1 PC3 Prostate Prostate ++ ++ HT144 Melanoma

_1+ Menedao@M%}'&%%mﬁ +++ |GROV-1 Oval’lan POT/EP2008/008233

47 mi total volume using electro cell fusion solution, ECFS {0.3 M Sucrose, Sigma, Cat# $7503,
0.1 mM Magnesium Acetate, Sigma, Cat¥# M2545, 0.1 miM Calcium Acetate, Sigma, Cat#
C4705). The supernatant was removed after centrifugation and the cells were resuspended in
40 ml ECFS. This wash step was repeated and the cells again were resuspended in ECFStoa
concentration of 2x10° cells/mi.
[000285]Eleciro-cell fusion was performed using a fusion generator, model ECM2001,
Ganetronic, inc., San Diego. CA. The fusion chamber size used was 2.0 mi, using the following
insti"ument settings: Alignment condition: voltage: 50 V, ime: 50 seconds; membrane breaking
at: voltage: 3000 V, time: 30 usec; post-fusion holding ime: 3 seconds.
[oo0286)After electro-celi fusion, the cell suspensions were carefully removed from the fusion
chamber under sterile conditions and transferred into a sterile tube corfaining the same volume
of Hybridoma Cuiture Medium {DMEM (JRH Biosciences), 15% FBS (Hyclone), supplemented
with L-glutamine, pen/fstrep, OP! (oxaloacetate, pyruvate, bovine insulin) {all from Sigma} and IL-
6 {Boehringer Mannheim)). The cells were incubaled for 15-30 minutes at 37°C, and then
cenfrifuged at 400 g for five minutes. The ceils were gently resuspended in a small volume of
Hybridoma Selection Medium {Hybridoma Cutture Medium supplemented with 0.5x HA (Sigma,
cat. # ABB66)), and the volume was adjusied appropriately with more Hybridoma Selection
Medium, based on a final piating of 5x1 0° B cells total per 96-well plate and 200 pL per well,
The cells were mixed gently and pipetted into 86-well plates and allowed to grow. Onday 7 or
10, one-hatf the medium was removed, and the cells were re-fed with Hybridoma Selection

- Medium.
[000287}After 14 days of culiure, hybridoma supernatants from the cohort #1 and cohort #2
were screened for HB-EGF-spegific monocional antibodies by ELISA, in the Primary screen, the
ELISA plates (Fisher, Cat. No. 12-565-136) were coated with 50 plfwell of HB-EGF protein {2
ug/mi) in Coating Buffer (0.1 M Carbonate Bufter, pH 8.6, NaHCO; 8.4 g/l}, then incubated at
4°C overnight. After incubation, the plates wers washed with Washing Buffer (0.05% Tween 20
in PBS) one time. 200 gyl /well Blocking Buffer (0.5% BSA, 0.1% Tween 20, 0.01% Thimerosal in
1x PBS) were added and the plates were incubated at room temperature for 1 hour. After
incubation, the plates were washed with Washing Buffer one time. Aliquots (50 pl/well) of
hybridoma supernatants and positive and negative controls were added, and the plates were
incubated at room temperature for 2 h. The positive control used throughout was serum from
the relevant HB-EGF protein-immunized XenoMouse mouse and the negative control was serum
from a KLH-immunized relevant strain of XenoMouse mouse. After incubation, the plates were
washed three times with Washing Buffer, 100 pl/well of dejection antibody goat anti-hulgGFEe-
HRP (Caltag Inc., Cat. No. H10507, using conceniration was 1:2000 dilution) was added and
the plates were incubated at rcom temperature for 1 hour. After incubation, the plates were
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washed three times with Washing Buffer and 100 pliwell of TMB (BioFX Lab. Cat. No. TMSK-
0100-01) was added. Plates were then allowed to develop for about 10 minutes (until negative
conirol wells barely started to show color). 50 pliwell stop solution {TMB Stop Solution {BioFX
Lab. Cat. No. STPR-0100-01) was then added and the plates were read on an ELISA plate
reader at a wavelength of 450 nm.

[000288] The old culture supernatants from the positive hybridoma cells growth wells based on
primary screen were removed and the HB-EGF positive hybridoma celis were suspended with
fresh hybridoma culture medium and were transferred to 24-well plates. After 2 days in culture,
these supernatants were ready for a secondary confirmation screen. In the secondary
canfirmation screen, the positives in the first screening were screened by ELISA (described as
above) with two sets of detective antibodies; goat anti-hulgGFe-HRP (Caltag Inc., Cat. No.
H10507, using concentrafion was 1:2000 dilution) for human gamma chain detection and goat
anti-hlg kappa-HRP (Southern Biotechnology, Cat, No, 2080-05) for human kappa light chain
detection in order fo demonstrate that the antibody preparation was HB-EGF-specific and fully
human in its composition. The two sets of ELISA procedures were identical to the descriptions
above except the two different detection antibodies were used separately.

[000288]in parallel with the secondary confirmation screen, the counter ELISA screen was
performed to exciude those antibodies that respond to myc(his)s tag. The ELISA procedures
were identical to the descriptions above except the coated with imelevant myc(his)6 tag protein
(ML-mye(his)6 protein} instead of coating with HB-EGF myc(his)6 protein.

[000290]After the secondary confirmation and the counter ELISA scréen, 49 fulty human
igGlkappa HB-EGF specific monocional antibodies were ideniified from coboris 1 and 2.

D. Example 4: Scale-Up And Testing Of Antibodies In Functional Assays

[0002941This Example describes the identification of hybridoma cell lines that produce anti-HB-
EGF antibodies with affinity for HB-EGF.

1. FACS Detection Of Hybridoma-Produced Anti-HB-EGF Antibodies
Bound To HB-EGF Expressing Cell-Lines

[600292]HB-EGF expression on cell-lines was determined by FACS analysis. To perform this
analysis 2x10° selected HB-EGF-expressing cells were harvested with 10 mM EDTA in PBS,
resuspended in FACS-buffer (PBS, 3% FCS, 0.49% szide) and seeded on a 96-well round bottom
plate. After centrifugation for 3 minutes at 1000 rpm to remove supernatant, the celis were
resuspendéd in hybridoma-derived anti-HB-EGF antibody dilution (100 pi/well) and incubated at
4°C for 45 min. The cells were washed twice with FACS buffer and resuspended with secondary
antibody (100 pl/well) donkey-anti-human-PE (Jackson) diluted 1:100 in FACS buffer, The cell
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suspensions were incubated at 4 °C in the dark for 30 min, washed twice with FACS buffer and
analyzed (FACS, Beckman Coulter).

[000293]The results of these assays are provided in TABLES 2 and 3 below, which provide the
fluorescence mean values for each FACS assay. As ilfustrated in TABLES 3 and 4, substantiaily
no HB-EGF expression was detected in CHO control celis that do not express HB-EGF.
However, when HB-EGF is recombinantly overexpressed in CHO cells, several monocional
antibody preparations exhibit significant binding to those HB-EGF-expressing cells. Binding to
MDA-MB231, SCC-8 and COS-7 cells was somewhat variable but an antibody preparation that
bound to one HB-EGF-expressing cell type typically bound fo another. As shown in TABLE 2,
several antibody preparations, including, for example, the U2-24, U2-5, U2-18, U2-21, U2-15
and U2-42 antibody preparations exhibited strong binding to MB-EGF-expressing CHO cells.
Similarly, antibody preparations U2-38, U2-26, U2-44, U245 and U2-48 aiso exhibited good
hinding to HB-EGF-expressing CHO cells.

1000284}

[000255]
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: TABLE 3
FACS Analysis Of Anti-HB-EGF Antibody Supernatants {Cohort 2)

CHO control cells vs. HB- | Cell Lines Endogendusly

EGF-expressing CHO cells Expressing HB-EGF
Antibody CHO-KA CHO-HB- MDA-MB231 8CC-9 COs-7

EGF

U2-63 02 36(0.4) 0.5 0.2 0.6
U2-54 0.3 49 0.6 0.2 24
U2-65 0.2 1.9 0.4 0.2 0.3
Uu2-10 0.2 23 0.5 0.2 1.2
U2-53 0.2 144 0.5 0.2 0.6
U2-66 0.2 148 (.5 0.2 0.5
U2-61 0.4 28 0.4 02 1.4
Uuz-67 0.2 82 0.8 6.2 08
U2-28 0.3 198 1 0.2 3.2
uz2.2 0.2 127 0.5 0.2 0.5
U2-62 0.2 47 0.5 0.2 0.6
u2-39 0.2 205 26 ‘ 0.6 8.3
Uz2-3 0.2 168 0.9 0.2 25
U243 04 185 0.8 062 1.7
U2-34 07 125 1.2 0.3 6.4
Uz-26 0.2 242 1.5 0.3 47
U241 03 186 1.2 0.2 3.3
U2-44 0.4 ‘248 t.2 0.2 2.2
U2-45 0.6 248 1.4 0.2 6.4
uz2-57 0.2 201 0.7 0.2 0.5
uz2-12 0.8 1.2 1.2- 0.5 1.6
Uz-46 04 129 1 0.2 25
Uz2-48 0.4 273 1.3 0.3 2.1
y2-6 0.5 108 38 1.5 5.9
U2-58 0.2 277 0.9 0.2 0.4
uz-51 0.5 178 1.1 0.2 36
UZ60 0.2 36 04 0.2 0.3
Neg 0.2 02 0.3
Pos (goat | 0.2 80 3
aHB)
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2. inhibition of HB-EGF-Induced EGFR tyrosine phosphorylation

1000298] The foilowing protocol was used to identify which anti-HB-EGF antibody preparations
inhibit HB-EGF-induced epidermal growth factor receptor tyrosine phospho‘ryiétion‘ Such
experiments further characterize the antibodies and help identify which hybridoma cell lines
produce antibody that inhibit HB-EGF activity and then should be cloned and expanded.
[000299]40000 SCC8 human squamous cancer celis were seeded on a 86-well plate in 100 pl
medium. Cells were starved in 60 gl serum free medium for 24 hr. A black Maxisorp 96-well
plate was coated with 100 pl anti-EGFR antibody (2 ugiml) overnight at 4°C. The coating
solution was replaced by 300 pi blocking solution (PBS + 0.5% BSA) without washing and left to
incubate 2 hours at room temperature. 10 pg/mi of IgG2-control (Sigma) or anti-HB-EGF
hybridoma-derived antibodies were added to 20 ng/ml HB-EGF (R&D Systems) and
preincubated for 30 minutes at 37 °C (volume: 40 pi}. Celis were treated with medium alone or
with the antibody/ligand solution for 3 minutes at 37°C. The medium was removed and cells
were fysed on ice with 100 l Triton-X-100-based lysis buffer containing 1 mi PMSF, 10 pg/ml
Aprotinin, 10 mM NaF and 2 mM Ne-Orthovanadate. The blocked Maxisorp plate was washed &
fimes with PBS + 0.05% Tween-20. 80 yl of the cell lysate was transferred directly to the
washed Maxisorp -piate and incubated overnight at 4 °C with gentle agitation. The plate was
washed 6 times with PBS + 0.05% Tween-20, then 100 pi 4G10-biotin {UB!} diluted 1:4000 in
dilution buffer (PBS+0.5% BSA+0,05% Tween-20+5 mM EDTA) was added to each weli and
incubated for 2 hours at room {emperature. The plate was washed 6 times with PBS + 0.05%
Tween20 and 100 pl AP-conjugated streptavidin (UBI) diluted 1:20000 in dilution buffer
{(PBS+0.5% BSA+D,05% Tweenz20+5 mM EDTA) was added to each well for 30 minutes at room
temperature. The plate was washed & times with PBS + 0.05% Tween-20 and 100 yl AttoPhos
substrate was added to each well. The plate was incubated for up 1o 3 hours at room
temperature in the dark and the developing fluorescence was monitored at 30, 80 and 180 min
{(Excitation: 430 nm, emission: 580 nm).

[000300] The percent inhibifion of HB-EGF-induced EGFR tyrosing phosphorylation was
calculated by reduction in the amount of phosphorylation observed with 1gG2-control {Sigma) by
each hybridoma-derived anti-HB-EGF antibody preparation.

[000301]Results for the different anti-HB-EGF antibody preparations are provided in FIGURES
23A and 23B. As illustrated, monoclonal antibody preparations U2-18, U2.24, U218, U2-42,
U2-39, U2-34, Li2-45 and UJ2-6 strongly inhibit EGFR tyrosine phosphoryiation.

3. Anti-HB-EGF Antibody Preparations Inhibit LPA-Induced EGFR
Phosphorylation

a5



1-3-4-1-1 14 U2-1.1 1-3-4-1-1 5 U2-32.1 1-1-3-1-1 15 U2-40.1 1-3-2-1-3 8 U2-5.1 1-3-4-1-1 6 U2-8.1
3-1-4-1-117 %%{%9]70}6 3 -1-16U2-3.1 PCT/EP2008/008233

[000302]EGFR~-dependent signaling pathways can be activated upon stimulation of G-protein-
coupled receptors (GPCR). Ligand activation of heterotrimeric G proteins by interaction with a
GPCR resuits in an intraceliular signal that induces the extracellular activity of a transmembrane
metalloproteinase. Ligands that can activate the GPCR pathway include LPA (lysophosphatidic
acid}, thrombin, carbachol, bombesin, and endothelin, Such activation leads {6 extracellular
processing of a iransmembrane growth factor precursor and release of the mature factor which,
directly or through the proteoglycan matrix, interacts with the ectodomain of EGFR and activates
it through phosphorylation. See, Prenzel ef al,,198%, Nature 402:884-888.

{000303]The anti-HB-EGF antibody preparations provided herein were tested to ascertzin
whether they could inhibit EGFR tyrosine phosphorylation induced by the GPCR ligand LPA in
COS-7 cells, using the following procedure.

[000304]250.000 COS-7 cells were seeded on a 8-well plate, in 2 ml medium and cultured over
right. Cells were starved in 1 mi serurn free medium for 24 hours. Following preincubation with
antibodies (37°C, 1h), cells were stimulated with 10 pM LPA (37°C, 3 min} and lysed on ice with
400 il Triton-X-100-based lysis buffer containing 1 mM PMSF, 10 pg/ml Apratinin, 10 mM NaF
and 2 mM Na-Orthovanadate. Following immunoprecipitation of the EGFR (340 ! lysate, 340 pi
HNTG, 30 yi Prot. A Sepharose, 1.5 aEGFR {108.1, Prenzel et /., 1899, supra)) for 4 hours
in the coldroom precipiiates were washed 3 times with 500 pl HNTG buffer and runon & 7.5%
SDS PAGE. Following transfer on a nitrocellulose membrane (Schieicher & Schuel!) the blot
was probed with an antibody recognizing phosphotyrosine residues (primary ab 4G10 (1:2000,
Upstate biotechnology); secondary anti-mouse Ab 1:10000, Jackson laboratories). Reblot with
sheep anti EGFR {Upstate technology} afier stripping showed that equal amounts of the receptor
were precipitated in each lane. '
[000305]FIGURE 24 provides a western blot iflustrating which anii-HB-EGF antibody
preparations inhibit LPA-induced EGFR tyrosine phosphorylation. As shown in FIGURE 24, the
U2-18 and U2-42 anti-HB-EGF antibody preparations strongly inhibited |.PA-induced EGFR .
phosphorylation. The U2-24 anii-HB-EGF antibody preparation inhibited LPA-induced EGFR
phosphorylation to a somewhat iesser exient.

E. Example 5: Hybridoma Cloning To Generate Monoclonal Antibodies

[000306]Based on the test resulis cbserved from experiments described in the preceding
Exampies, of the 49 original isolates, 43 hybridoma cell lines were selecied for cloning by
limiting dilution and further characterization of their monoclonal antibody. The lines selected for
cloning bound to HB-EGF-expressing cell lines as exhibited by FACS analysis and inhibited HB-
EGF-stimulation of EGF recepior tyrosine phosphorylation. For some hybridomas, insufficient
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anfibody was generated to run all the primary screening assays. This subset of hybridomas was
advanced to hybridomna cioning as well,

F. Exampie 8: Further Characterization Of Antibody-Related Inhibition Of GPCR
induced Tyrosine Phosphorylation Of EGFR
{000367] This Example provides further data showing that several anti-HB-EGF antibody
preparations provided herein exhibit dose-dependent inhibition of GPCR-induced EGF receptor
tyrosine phosphorylation. )
[000208}Inhibition by candidate antibody preparations LJ2-42, U2-39 and U2-45 was examined
using different concentrations of these antibody preparations and the following procedure. -
[0003091150,000 cells (MDA-MB231, PPC1) were seeded on a 12-well plate in 1 ml medium,
Cells were starved in 500 pf serum free medium for 24 hr. A black Maxisorp 86-well plate was
coated with 100 yl anti-EGFR antibody {2 pg/mi) overnight at 4°C. The coating solution was
replaced by 300 ul blocking solution (PBS + 0.5% BSA) without washing and left to incubate 2
hours at room temperature.Cells were pre-incubated with 10 pg/ml anti-HB-EGF Abs for 30
minutes at 37°C and then treated with the GPCR ligands LPA (10 uM, PPC1 cells) or Thrombin
" (1Uiml, MDA-MB231 celis) for 3 minutes at 37 °C. The medium was removed'and cells were

lysed on ice with 200ul Triton-X-100-based lysis buffer containing 1 mM PMSF, 10 pg/m!
Aprofinin, 10 mM NaF and 2 miM Na-Orthovanadate. The blocked Maxisorp plate was washed
Bx with PBS + 0.05% Tween-20. Cell lysate was transferred directly to a washed Maxisorp plate
and incubated overnight at 4 °C with gentle agitation.
[000310]The plate was washed 6 times with PBS + 0.05% Tween-20, then 100 ul 4G10-biotin
{UB]) dituted 1:4000 in dilution buffer (PBS+0.5%BSA+0.05% Tween-20+5mM EDTA) was
added to each well and incubated for 2 hours at room temperature. The plate was washed 6
times with PBS + 0.05% Tween-20 and 100ut AP-conjugated sireptavidin (UB1) diluted 1:20000 .
in dilution buffer {(PBS+0.5% BSA+0,05% Tween-20+5mM EDTA) was added to each well for 30
minutes at room temperature. The plate was washed B times with PBS + 0,05% Tween-20 and
100 ul Attophos substrate was added to each well. The plate was incubated for 3 hours at room
temperature in the dark and the developing fluorescence was monitored at 30, 20 and 180 min
{Excitation: 430 nm, emission: 580 nm).
{000314]As shown in FIGURE 26, inhibition of LPA-induced EGFR tyrosine phosphorylation was
dose dependent ~ greater inhibition of EGFR fyrosine phosphoryiation was observed as the
amount of anti-HB-EGF antibody was increased.
[000312]FIGURE 25 illustrates that candidate antibody preparations U2-42, U2-38 and U2-45
also effectively inhiblt thrombin-induced EGFR phosphorylation in MDA-MB231 celis. A dosage
dependent inhibition is observed, with increased inhibition as more anti-HB-EGF antibody is
added. FIGURE 26 iflustrates that inhibition of LPA-induced EGFR tyrosine phosphorylation in
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PPC-1 cells by anti-HB-EGF antibody preparations provided herein is dose dependent. As
shown, greater inhibition of EGFR tyrosine phosphorylation was detected as the amount of anti-
HB-EGF aniibody was increased.

G. Example 7: Inhibition Of GPCR-Induced MDA-MB231 Cell Migration By Human
Anti-HB-EGF Antibodies
. [000313}Transmigration experiments were performed in order to investigate whether the

antibodies provided herein block cell migration fnduced by the GPCR ligand Sphingosine-1-
phosphate.
‘{600314}Serum-stazveci human breast cancer MDA-MB231 cells were preincubated with the
indicated antibody to the cell suspension for 45 min at 37°C. Thereafter, 500 ml cell suspension
(50,000 cells) was placed in the top chamber of collagen |-coated transweils (BD Falcon, 8 pm
pores). 750 ml medium (MEM, amino acids, Na-Pyruvate, Pen.-StrépE., 0.1% BSA) alone or
containing the GPCR ligand Sphingosine-1-phosphate (R&D Systems} was used in the bottom
chamber. After migration for B hours at 37°C cells were fixed, stained with DAPI and cell nuciei
were counted for statistical evaluation,
{0B0315]The results for these MDA-MB231 celi migration assays using candidate anti-HB-EGF
antibody preparations U2-42, U2-39 and U2-45 are provided in FIGURE 27, As shown, anti-HB-
EGF antibody preparation 1U2-42 inhibited MDA-MB231 cell migration by about 70%; anti-HB-
EGF antibo&y preparation U2-45 inhibited MDA-MB231 cell migration by about 100%; and anti-
HB-EGF antibody preparation U2-39 inhibited MDA-MB231 cell migration by about 100%.
Hence, the ability of these anti-HB-EGF antibodies to inhibit MDA-MB231 cell migration is
substantial.
[0003186)

H. Example 8: Inhibition Of HB-EGF-Induced Migeation Of MCF-T Cells By Human

Anti-HB-EGF Antibodies

[000317] Transmigration experiments were performed in order to investigate whether the
antibodies provided herein block cell migration that would otherwise be directly induced by HB-
EGF. The resulis of these tests highlight which antibody preparations may be use for
development as anti-mefastatic cancer agents.
[000318)A 500 mil cell suspension of serum-starved human breast cancer MCFT cells (50,000
cells) was placed in the top chamber of collagen i-coated fransweils (BD Falcon, 8 ym pores).
Aliquots of 750 ml medium {MEM, amino acids, Na-pyruvate, Pen.-Strept., 0,1% BSA) alone or
containing 20 ng/ml HB-EGF {R&D Systems) in the presence or absence of 10 pg/mi HB-EGF
antibodies were piaced in the bottom chamber. After incubation and migration for 8 hours at
37°C, cells were fixed, stained with DAPI and cell nuclei were counted for statisticéi evaluation.
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[000318}The results for these migration assays using candidate anti-HB-EGF antibody
preparations U2-42, U2-39 and U2-45 are provided in FIGURE 28. As shown, anti-HB-EGF
antibody preparation 12-42 inhibited MCF-7 cell migration by about 55%; anti-HB-EGF antibody
preparation U2-45 inhibited MCF-7 cell migration by about 93%; and anti-HB-EGF antibody
preparafion U2-39 inhibited MCF-7 cell migration by about 98%. Hence, the ability of these anti-
HB-EGF antibodies to inhibit MCF-7 cell migration is substantial.

I. Example 9: Characteristics Of Top 10 Anti-HB-EGF Antibodies

[0003201A summary of results is provided in TABLE 4, infra, for top 10 hybridoma-derived
antibody preparations in GPCR-induced triple membrane-passing signal (TMPS) experiments.
The TMPS experiments involved LPA-stimutation in SCC2 ceits, thrombin stimulation in MDA-
MB231 celis, LPA stimulation of SkOV-B celis and Sphingosine-1-phosphate migration of MDA-
MB231 cells. The data provided represent the percent inhibition of the TMPS transactivation
signal that was observed when antibody preparations were used in the assays compared fo the
same assay when no antibody was present. The top three antibodies of each experiment are
highlighted in bold letters.

[000321]
TABLE 4
Percent Inhibition of TMPS$ Transactivation Signal
TMPS Migration
Ab SCC9.3 | MDA-MB231 MDA-MB231 SkoV-8 SkoV.B MDA-MB231
U2-38 | 56.9 126.6 131.14 130.7 65.5 115
Uz-45 | 58.5 136.8 95.7 894 75.1 104
U242 | 62.8 123.2 125.8 110.7 731 69.9
Uz-34 | 50.6 108.5 8386 85.1 73 98.6
Uuz2-46 | 356 88.1 77.5 80.5 76.1 nd.
Uz-19 | nd. n.d. n.d. 1 n.d. n.d. 85
uz2-26 | n.d. 143 91.8 106.1 314 559
Uz2-561 | nd. n.d. n.d. n.d. n.d. 85.3
Uz2-15 | nd. 121.7 92.6 87 17.6 45.5
Uz-22 | nd. 74.2 84.3 64.4 18.2 nd.

J. Example 10: Inhibition Of HB-EGF-induced HER4 Tyrosine Phosphoryiatlonby
Human Anti-HB-EGF Antibodies
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TABLE 8 H1-H2-L1-L2-L3 (sorted) H3 Length U2-43.1 1-1-2-1-1 12 U2-48.2 1-1-2-1-1 12 U2-53.1

1-1-2-1-1 12 Y2-32.1 1-1-3-1-1 15 U2-30.1 1-2-3-1-1 13 U2-161 1-2-8-1-1 11
WO 2009/040134 PCT/EP2008/008233

[008322]This Example shows that anti-HB-EGF antibody preparations inhibit MB-EGF induced
tyrosine phosphorylation of HER4. The foliowing procedures were employed to assess the
effects of anti-HB-EGF antibodies on HER4 tyrosine phosphorylation.

{000323]125,000 cells T47D human breast cancer celis were seeded on a 24-well plate in 500 pl
medium. Celis were starved in 200 yl serum free medium for 24 hr, An R&D Systems Human
Phospho-ErbB4 ELISA-Kit was used for detection of HER4 tyrosine phosphorylation. A clear
Maxisorp 96-well plate was coated with 100 s mouse anti-human-ErbB4 antibody (Capture
Anfibody 1 pgfml) overnight at room temperature. The coated Maxisorp plate was washed 6 °
times with PBS+0.05%Twesen-20, the washing solution was replaced by 300 pi blocking solution
(PBS + 0.5% BSA) and incubated 2 hours at room temperature. 50 pl serum-free medium with
Sx-concentration of anti-HB-EGF Abs {10 yg/ml) was incubated with 5x-conceniration MB-EGF
{20 ng/m) for 30min at 37 °C, then added to each well (in duplicate}, The medium was removed
and cells were lysed on ice with 200 yt Triton-X-100-based lysis buffer containing 1 mM PMSF,
10 pg/mi Aprotinin, 10 mM NaF and 2 mM Na-Orthovanadate. The blocked Maxisorp plate was
washed 3 times with PBS + 0.05% Tween-20. Celi lysate was transferred directly to a washed
Maxisorp plate and incubated overnight at 4 °C with gentle agitation. The plate was washed 6
times with PBES+0.05% Tween-20, then 100 pl anti-Phospho-tyrosine-HRF {Detection Antibody
600ng/m1) diluted in dilution buffer (PBS+0.5%BSA+0,05% Tween-20+5 mM EDTA) was added
to each well and incubated for 2 hours-at room temperature. The plate was washed 6 times with
PBS + 0.05% Tween20 and 100 pl Tetramethylbenzidine {TMB, Calbiochem) was added to sach
well for 20 minutes af room temperature. The reaction was stopped by addition of 50 pl 1 M
H,S04 and the absorbance was read at 450 nm (Thermo Lab Systems plate reader).
[000324) The results are shown in FIGURE 28. As illustrated, increasing concentrations of U2-
42.1 or U2-39.1 anfi-HB-EGF antibody preparations led to increased inhibition of HB-EGF-
induced HER4 phosphorylation, '

K. Example 11: Monoclonal Antibody Cross-Reactivity

[000325] This Example provides further data showing cross reactivity of anti-HB-EGF antibody
preparations for the cyno HB-EGF, mouse HB-EGF and the related EGF-like growth factor
Amphiregulin. Following cloning of the monkey and mouse form of HB-EGF, each expression
construct was transfected in HEK283 cells and anti-HB-EGF anfibodies were tested on their
ability to bind these proteins in a FACS experiment. Amphireguiin cross reactivity was tested by

ELISA format assay.

4. Cioning Cyno HB-EGF
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[000326]In the present study, cyno HB-EGF plasmids were prepared; The cyno HB-EGF ¢cDNA
was cioned by polymerase chain reaction (PCR} from cyno kidney cDNA with primers based on
the sequence of cyno HB-EGF.

[000327]The primers used for the amplification of cyno HB-EGF were as follows:
[000328]Forward primer; 5'-GGG TTA ACG CCA CCA TGA AGC TGC TGC CGT CG-3' (SEQ
1D NO:1078) .

[000328]Reverse primer: 5'-CCG CTC GAG GTG GGA ATT AGT CAT GCC C -3 (SEQ ID
NG:1079)

{000330] The PCR product was digested with Hpa1 and Xho1 and ligated into pCDNA3.1
digested with Hind3. After purification, cyno HB-EGF plasmids were fransformed into DH5a
bacterial cells and multiplied under ampicilin selection. The plasmid was then highly expressed
in ampicilin selection media using a single transformed colony. After purifying using a
commercially available DNA-purification ‘kit, cyno HB-EGF plasmids were transiently transfected
in HEK293T cells.

2. Cloning Mouse HB-EGF

[600331]In the present siudy, mouse HB-EGF plasmids were prepared. The mouse HB-EGF
cDNA was cloned by polymerase chain reaction (PCR) from mouse lung cDNA with primers
based on the sequence of mouse HB-EGF.

[000332}The primers used for the amplification of mouse HB-EGF were as follows:
[000333)Forward primer: 5'-GGA ATT CGC CAC CAT GAA GCT GCT GCC GTC G-3' (SEQID
NO: 1080}

[000334]Reverse primer: 5'-CCG CTC GAG GTG GGA GCT AGC AGC CAC GCC-3' (SEQ 1D
NO:1081) :

[000335]The PCR product and pCDNA3.1 vector DNA were digested with EcoR1 and Xho1 and
figated, Afier purification, mouse HB-EGF plasmids were transformed into DH5a bacterial éeiis
and multiplied under ampiciltin selection. The plasmid was then highly expressed in ampicillin
selection media using a single transformed colony. After purifying using a commercialiy
avallable DNA—p'uriﬂcation kit, mouse HB-EGF plasmids were transiently transfected in
HEK?293T cells.

3. Transfection And Expression Of Cyno And Mouse HB-EGF

EBGUSI&B]TO screen for cross-reactivity of antibodies provided herein HEK283T celis were
transiently transfected with either cyno or mouse HB-EGF plasmids using a Ca-phosphate
method and subsequently analysed by FACS analysis.
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(008337 Therefore, 30 hours before transfection, 3x106 HEK293T<ells were seeded in 16mi on
a 15cm- cell culture plate and incubated at 7% CO; and 37°C. 32 pg DNA of eithercyno or
mouse HB-EGF DNA or empty vector in 720 pl ddH,0 were mixed with 2.5 M CaCl, and 2 x
BBS (pH6.96) and incubated at room temperature for 10 minutes. After incubation, the solution
was added drop wise onto the cells and incubated at 3% CO, and 37°C for 8 hours. After
soaking the media, the cells were incubated with fresh growing media at 7% CO, and 37°C for
24 hours.

4. FACS Analysis Was Performed To Screen For Cross-Reactivity Of The
Antibodies

{000338] Therefore, 2x10° transfected celis were harvested with 10 mM EDTA in PBS,
resuspended in FACS-buffer {PBS, 3% FCS, 0.4% azide) and seeded on a 96-well round bottom
piate. After centrifugation for 3 min at 1000 rpm io remove supernatant, the celis were
resuspended in anti-HB-EGF antibody dilution (100 pl/well) and incubated at 4°C for 45 min.
The cells were washed twice with FACS buffer and resuspended with secondary antibody (100
ytiwell) donkey-anti-human-PE (Jackson) diluted 1:100 in FACS buffer. The cell suspensions
were incubated at 4 °C in the dark for 30 min, washed twice with FACS buffer and analyzed
{FACS, Beckman Coulter).
[000339IFIGURE 30A shows that three mAb preparations cross-react with pro-HB-EGF from
Cynomolgus monkeys.
{000340]FIGURE 30B shows that the U2-45 mAb preparation cross-reacts with mouse HB-EGF
as detected by FACS analysis. Further testing showed that antibodies U246 and U2-51 were
aiso detecting mouse HB-EGF. However, the antibody U2-45.1 was only very weakly {5-10%)
neutralizing mouse HB-EGF induced tyrosine phosphorylation of the EGFR.

5. Protocol For Amphiragulin Cross Reactivity ELISA Assay

{00034 1) Different concentrations of Afnphiregulin {R & D systems, conc. 1 ng/ml, 10ng/ml,
100ng/ml in PBS) were coated overnight at 4°C in a B6-well plate (Nunc, Maxisorp). Following
plate wash (B-times) with washing buffer (PBS + 0,05% Tween 20; 150 pi par well}, the plate
was incubated with biocking buffer (PBS + 0,5% BSA, 100 pl 7 weli) for 4 hours al room
temperature. The plate was washed &-times with washing buffer.” As primary antibody 5 pg/mi
purified human anti-HB-EGF antibodies in Ab dilution buffer {PBS containing 0.5% BSA, 0.05%
Tween 20, 5 mM EDTA) were used and incubated for 90 minuies at room temperature, The
plate was washed 6-times with washing buffer and a secondary anti human-POD (Dianova)
antibody was added (1:10 000 in PBS, 0.5% BSA, 0.05% Tween 20, 5§ mM EDTA) and
incubated for 60 minutes at room temperature.
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[660342]The plate was washed 6-times with washing buffer and the TMB substrate (Merck
Biosciences) was added for 15 minutes at room temperature. After stopping the development of
the blue color by adding 100 il of 250 mM HCl the absorbance was measured at 450nm with a
plate reader (Thermo labsystems).

[00063431FIGURE 30C shows that antibody U245 and weakly antibody U2-46 bind to
Amphiregulin as determined by an ELISA format assay. The U245 mAb binds Amphiregutin but
the LI2-45.1 Ky for Amphiregulin was only B niM (versus 0.043 nM for HB-EGF). The J2-45.1
mAb was also non-neutralizing for AR,

L. Example 12: Kinetic Exclusion Assay Analysis Of K, Values For Anti-HB-EGF
Mabs U2-42.2,U2-39.1, U2-45.3, U2-28.2, And U2-34.1

[000344] The Kps of mAbs U2-42.2, U2-39.1, U2-45.3, and U2-26.2, and UJ2-34.1 binding to
kuman HB-EGF, were determined using KinExA technology. For this purpose, a KinExA 3000
instrument was utilized. For all mAbD titrations, 50 mg of azlactone beads were coupled with HB-
EGF (~28 [g) in 50 mM sodium carbonate buffer, piH 9.0 overnight at 4 °C. After conjugation of
HB-EGF o the beads, the beads were centrifuged and washed once with biacking buffer (1 M
Tris buffer, pH 8.3, 10 mg/ml BSA) and centrifuged again, and then incubated in blocking buffer
for one to two hours at ~23 °C in order to block any remaining reactive azlactone groups present
on the surface of the beads. After biocking, the beads were transferred to a standard KinExA
bead vial and placed on the instrument.
[000345]MAR U2-42.2: A dual curve analysis was performed fo determine the K. Twelve
solutions containing a nominal mAb binding site concentration of 37 pM were titrated with
increasing concentrations of HB-EGF for the Kp-controlied titration, and 1110 pM binding site
was titrated in the mAb-controfled titration curve. Each solution had a total volume of 10 mi (Kp-
controlied) or 2 mi {(mAb-controlled) and was allowed o equiiibrate for 30-36 howrs (Kgp-
controfled} or 6 hours (mAb-controiled) at 23 °C. Al solutions for the titration were prepared
using volumetric glassware and the HB-EGF concentrations varied from 10.5 nM to 205 M. The
instrument method used for the analysis of these solutions consisted of a bead packing step in
which the heads were packed into a glass capiflary, and the equilibrated solutions were flowed
through the bead column at 0.25 m¥min for 10 min (2.5 mi, Kp-controlted) or 1 min (0.25 mi,
mAb-controlled) in triplicate. Subsequently, a fluorescently labeled cy-5 goat anti-human (F¢
specific) polyclonal antibody at 3.4 nM (Kp-controlied) or 1.1 nM {(mAb-controlied) was flowed
through the bead pack for 2 min at 0.5 mi/min to iabel the free mAb binding site captured on the
beads. The fiuorescance emission from the bead pack was measured at 670 nm with excitation
at 620 nm.
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[000345] The resulting fluorescence measurements were converted into %-free mAb binding site
versus total antigen concentration as standardly done with the accompanying KinExA software
package (version 1.0.3). The dual fitration curves were it with the KinExA software to a 1.1
equilibrium isotherm with drift correction factors included.

[000347]The vaive of the K that fit the data optimally was 53 pM with low and high 85%
cenfidence limits at 34 pM and 81 pM, respectively.

[000348]MAD 1J2-39.1: A Kp-controlled titration curve was performed to determine the K.
Twelve solutions containing a nominal mAb binding site concentration of 55 pM wers titrated
with increasing concentrations of HB-EGF. Each solufion had a total volume of 10 ml and was
allowed to equilibrate for 30-36 hours at ~23 °C. All solutions for the fitration were prepared
using volumetric glassware and the HB-EGF concentrations varied from 10.5 nM {0 205 fM. The
instrument method used for the analysis of these solutions consisted of a bead packing step in
which the beads were packed into a glass capillary, and ihe equilibrated solutions were flowed
through the bead column at 0.25 mi/min for 10 min (2.5 ml) in tripiicate. Subsequently, a
flusrescently labeled cy-5 goat anti-human (Fc specific) polyclonal antibody at 3.4 nM was
flowed through the bead pack for 2 min at 0.5 ml/min to label the free mAb binding site captured
on the beads. The flucrescence emission from the bead pack was measured at 670 nm with
excitation at 620 nm. The resulting fluorescence measurements were converted intc %free mAb
binding site versus total antigen concentration using the accompanying KinExA software
package {version 1.0.3). Owing to ligand nonspecific binding tc the bead pack, the fitration
curve was fif with the KinExA software to a 1:1 eguilibrium isotherm with a term for ligand
nonspecific binding included.

[000345] The value of the ¥p that fit the data optimally was 7.8 pM with low and high 95%
confidence fimits at 5.6 pM and 11 pM, respectively.

[p00350]MAL U2-45.3: A dual curve analysis was performed to determine the K. Twelve
solutions containing a nominal mAb binding site concentration of 40 pM were titrated with
increasing concentrations of HB-EGF for the Kp-controlled fitration, and 1060 pM binding was
fitrated in the mAb-controlied titration curve. Each solution bad a total volume of 10 ml (Kp-
controlled) or 2 mi (mAb-controlled) and was aliowed to equilibrate for 30-36 hours (Kp-
controlled) or 6 hours (mAb-controlled) at ~23 °C. Al solutions for the titration were prepared
using volumetric glassware and the HB-EGF concentrations varied from 5.25 nM to 102 fM. The
insirurment method used for the analysis of these solutions consisted of a bead packing step in
which the beads were packed into a glass capillary, and the equilibrated solutions were flowed
through the bead column at 0.25 mifmin for 10 min (2.5 mi, Kp-controlied) or 1 min (0.25 ml,
mAb-controlled) in triplicate. Subsequently, a fluorescently labeled cy-5 goat anti-human (Fe
specific) polyclonal antibody at 3.4 nM {Kp-conirolled} or 1.1 nM (mAb-contralled) was flowed
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through the bead pack for 2 min at (.5 mi/min {o label the free mAb binding siie captured on the
beads. The fluorescence emission from the bead pack was measured at 670 nm with excitation
at 620 nm. The resulting fluorescence measurements were converted into %free mAb binding
site versus total antigen concentration as standardly done with the accompanying KinExA
software package (version 1.0.3). The dual titration curves were fit with the KinExA software to
a 1:1 equilibsium isotherm with drift correction factors included.

[0B0351]The value of the Kp that fit the data optimally was 43 pM with low and high 95%
confidence limits at 27 pM and 65 pM, respectively.

[000352IMAD U2-26.2: A dual curve analysis was performed to determine the Kp. Twelve
solutions containing a nominal mAb binding site concentration: of 41 pM were litrated with
increasing concentrations of HB-EGF for the Kg-controlled titration, and 1060 pM binding site
was fitrated in the mAb-controlled titration curve. Each solution had a total volume of 10 ml (Kp-
conirolled) or 2 mi {mAb-controlied) and was allowed to equilibrate for 30-36 hours (Kp-
confrolled) or 6 hours (mAb-controlled) at ~23 °C. Al solutions for the titration were prepared
using volumetric glassware and the HB-EGF concentrations varied from 2.63 nM-51.4 fM (Kp-
conirolled) and 5.26 nM-103 fM (mAb-controlied). The instrurment method used for the analysis
of these solutions consisted of a bead packing step in which the beads were packed info a glass
capillary, and the equiibrated solutions were flowed through the bead column at 0.25 m¥/min for
10 min (2.5 mi, Kp-controlled) or 1 min {0.25 ml, mAb-controlled) in triplicate. Subsequently, a
fluorescently labeled cy-5 goat anti-human (Fc specific) polyclonal antibody at 3.4 nM (Kp-
controlled) or 1.1 nM (mAb-cortrolied) was flowed through the bead pack for 2 min at 0.5 mifmin
io labe! the free mAD binding site captured on the beads. The fluorescence emission from the
bead pack was measured at 67ﬁ nm with excitation at 620 nm. The resulting flucrescence
measurements were converted into %free mAb binding site versus total antigen concentration as
standardly done with the accompanying KIRExA software package {version 1.0.3). The dual
titration curves were fit with the KinExA software to a 1:1 equilibrium isotherm with drift
correction factors included. '

[000353] The vaiue of the K, that fit the data optimally was 61 pM with low and high 95% .
confidence limits at 37 pM and 100 pM, respectively. ’

[000354]MAD U2-34.1: A Kp-controlled titration curve was performed to determine thé Kp.
Twelve solutions containing a nominal mAb binding site concentration of 40 pM were fitrated
with increasing concentrations of HB-EGF. Each solution had a total voiume of 10 mi and was
allowed to equilibrate for 30-36 hours at ~23 °C. All solutions for the titration were prepared
using volumetric glassware and the HB-EGF concentrations varied from 5.26 nM-103 M. The
instrument method used for the analysis of these solutions consisted of a bead packing step in
which the beads were packed into a glass capiltary, and the equilibrated solutions were flowed
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23 [000387]TABLE 9 is an analysis of the number of antibodies per class. The number of antibodies
having the particular canonical class designated in the left column is shown in the right column.
[000388IThe f?}igs%eg%%ﬁr%\sgnly seen structure is 1-3-2-1-1. Eight out of a Pt ForE" s had this
combination. [000389] TABLE 9 Number of Anti-HB-EGF Antibodies in Each Canonical Class
Combination H1-H2-L1-L2-L3Count 1-1-2-1-1 3 1-1-3-1-1 1 1-2-3-1-1 1 1-2-8-1-1 1 1-3-2-1-1 a
1-3-2-1-3

through the bead coiumn at 0.25 mifmin for 10 minutes (2.5 mi} in triplicate. Subsequently, a
fluorescently labeled cy-5 goat anti-human {Fc specific) polyclonal antibody at 5.1 nM was
flowed through the bead pack for 2 minutes at 0.5 ml/min to label the free mADb binding site
captured on the beads. The fluorescence emission from the bead pack was measured at 670
rm with excitation at 620 nm. The resulting flucrescence measuremenis were converted into
Sfree mAb binding site versus total antigen concentration as standardly done with the
accompanying KinExA soﬂwére package {version 1.0.3). Owing to ligand nonspecific binding to
the bead pack, the titration curve was fit with the KinExA software 1o a 1:1 equilibrium isotherm
with a term for ligand nonspecific binding included. ‘
[000355]The value of the Ky that fit the data optimally was 52 pM with low and high 85%
confidence limits at 32 pM and 87 pM, respectively.

M. Example 13: Determination Of Antibody Affinity Scatchard Analysis

[000356)Affinity measurements of antibodies provided herein were performed by indirect FACS
Scatchard analysis. To perform this analysis 2x16° cells of interest were harvested with 10 mM
EDTA in PBS, resuspended in FACS-buffer (PBS, 3% FCS, 0.4% azide) and seeded on a 86-
well round bottorn plate. After centrifugation for 3 min at 1000 rpm to remove supernatant, the
cells were resuspended in anti-HB-EGF antibody dilution (100 pliwell) starting with 20 pg/mi,
diluted in 1:2 dijution steps. Cell suspensions were incubated at 4 °C for 45 min, washed twice
with FACS buffer and resuspended with secondary aniibody (100 pi/well) donkey-anti-human-PE
(Jackson) diluted 1:100 in FACS buffer. The cell suspensions were incubated at 4 °C in the dark
for 30 min, washed twice with FACS buffer and analyzed (FACS, Beckman Coulter).

008357 According to the FACS Scatchard analysis, the fluorescance mean was calculated for
each measurement. Background fluorescence of cells without HB-EGF antibodies was .
subtracted from each fluorescence mean. Scatchard plot with x-value = fluorescence mean and
y-value = fluorescence mean/concentration of mAb (nv) was generated. The Kp was taken as
the absolute value of 1/m of linear equation,

TABLE 5
FACS Scatchard Determined Affinities Of Antibodies U2-42 And U2-39 On Three Different
Human Cancer Cell Lines

DLD-1 NCI-ADR | MDA-MB231
4,88 5,88 0,41
9,05 7,63 6,21
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N. Example 14: Kinetic Exciusion Assay Analysis Of Ky Values For Antl-HB-EGF
Mab U2-45.3 Binding To Amphiregulin

[000358]A Kp-controlied titration curve was performed to determine the Kp. Twelve solutions
containing a nominal mAb binding site concentration of 4.4 nM were titrated with increasing
concentrations of Amphireguiin. Each solution had a total volume of 10 ml and was aliowed to
equllibrate for 30-36 hours at ~23 °C. Al solutions for the titration were prepared using
volumetric glassware and the Amphiregulin concentrations varied from 1.23 pM to 24 pM. The
instrument method used for the analysis of these solutions consisted of a bead packing step in
which the beads were packed into a glass capillary, and the eguiibrated solutions were flowed
through the bead cofumn at 0.25 miimin for 1 minute {0.25 ml) in friplicate. Subsequently, a
fluorescently labeled cy-5 goat anti-human (Fc specific} polycional antibody at 684 pM was
flowed through the bead pack for 2 minutes at 0.5 mi/imin to label the free mAb binding site
captured on the beads. The fluorescence emission from the bead pack was measured at 670
nm with excitation at 620 nm. The resulting fluorescence measurements were converted inte
Y%free mAb binding site versus total antigen concentration as standardly done with the
accompanying KinExA software package (version 1.0.3). Owing to igand nonspecific binding to
the bead pack, only one replicate out of the three collected at each concentration (the highest
three 2-fold Amphiregulin concentrations were excluded from the analysis) could be analyzed
and fit with the KinExA software io a 1:1 equilibrium isofherm.
{000359] The value of the Kp that fit the data optimally was 5.0 nM with low and high 85%
confidence fimiis at 3.1 nM and 7.7 nM, respectively.

0. Example 15: Selection Criterion For Top Antibody Preparations

[006360] The following criteria were used to identify the top antbody preparations: potency in
inhibiting TMPS, potency in directly inhibiting HB-EGF as measured by observing the degree to
which the antibodies inhibited tyrosine phosphorylation of EGF receptor and HERA4, the affinity of
the antibodies for HB-EGF, the cross-reactivity of the antibodies for other molecules and the

characteristics of the epitopes.

P. Example 16: Anti-Hb-Egf Antibodies inhibit HB-EGF Stimulation Of Huvec
Cellular Proliferation And Tube Formation :
[000364] This Example illustrates that while HB-EGF stimulates human vascular endothelial cell
(HUVEC) profiferation, anti-HB-EGF antibodies provided herein inhibit basal HUVEC cell
profiferation. Also, as shown by this Example, anti-HB-EGF antibodies inhibit HUVEC tube
formaticn, which is an in vitro model for neo-angiogenesis. Antibody preparations that inhibit
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3-1-2-1-11 W. Example 23: Epitope Mapping Of Anti HB-EGF Antibodies [000390]This Example.
describes the ing. of epitopes recognized by antibody preparation ‘é? %9 odies tested:
Five XenoMourg%%D rfgecf%uman monoclonal antibody preparations capS)Pa %9 n%eJﬁ%\ l'T?zmg the activity
of HB-EGF were analyzed: U2-39; U2-42; U2-45; U2-26 and U2-19. Four of these monoclonal
antibody preparations were shown to be specific for human HB-EGF while antibody preparation U2-45
exhibited some cross-reactivity with mouse HB-EGF and human Amphiregulin. All of these neutralizing

antibody prepam!%’s CmAB Bins7&8 se }) i aplto M%E)tplin(g%OOOBQZ]The human
HB-EGF cDNA Was 1<t ma%%é rom ﬁa"g'?%??ﬁfﬂf éafﬁoFCg nd the mature HB-EGF
rote

sequence was SFEHEIIRG KPR PRI IRV Y r%sy'/rg éP e DFSEIR R HREYy kappa signal

peptide sequence. The matur lypeptide ssed.in 2 b I ith secretion into
the media. [000393]The dlpﬁtkﬁgﬁdaﬁﬁe C}Q’ﬁ]]ép téll?g% HEBEéEPC? Wgsé'or'ﬁﬁtgaategé?séw\glléas the EGF
receptor binding site by site-directed mutagenesis. [000394]The short form of HB-EGF (Loukianov
etal; Gene 195‘8@@6;“%@&%”??@%%%@?%@3 FRisorRtEC TR RY FSM AT YSas also cloned.
[000395]The EGR:tikes dstainlof MR EER O bYsst Rt 10 NCERTSD B GhRpevdemin
FCIHGECKYVKEIRARSECES HRGYHGERGH R EhRe) waslesiodumtbop@eraagidad expressed and
secreted as a My@rtdigtieision proieinnipiR esplis|00039GhaAlkafithecld2a0 bddubded 2-45; U2-26 and
U2-19 antibody peepatataris@caoni7 e @ diseontindeus-epitons: Neneywiiheantibosies recognize the
Short form of the HB-EGF. 1R003 (LTh6.Binding.sit Facalbfive ARHRoguRESRARAIONSS Within the
EGF-like domaln gg %VJ gjr%ﬁkqalfl%%%ﬁ %&8“&!&&!?%&% pletein:having the following sequence:
%

DPCLRKYKDFSCI:JIHen e in Qéd%& tnt e 1%%5 in, wa #’5{# WE%E O 108 ) The third
disulfide bond in %SFWF’[( domain is reqwre or bindirig o uUei vk ; U2- 45; U2-26

and U2-19 antﬁB‘iﬂV?ﬁ’rgﬁgﬁaﬁSH‘g‘aﬁC@Wﬁ&ture Function Analysis of Antibody Binding Site by Site
Directed MutagEAt$E Tosedud)rofieniri Atbpenas sotrristiohd ereeliEait-in HB-EGF by replacing
one to four residrressinitainsiae HUSFC Hets weinsdedet higersh PAS-4is-EEaanpitvedia wirresponding amino
acid residue noe®mity Hpirdrisctacsmovis acidroehBrFEGEN 0308 [BiSh ihdtmiainpof the present
antibody preparatisngeaeresnecies-setaetive), Siteditesied mutagenesigiferdhe, peese of identifying
HB-EGF epitoppsavashd@nfatAneundifarmrosdeyens dhe huwmn HB-Ghpreien and related

proteins from diffararisspRGiesdi-Raristlar Jheamine asitaiieensrsaetipgauman and mouse
HB-EGF are as, foIIo SielL22RaY 124k 1|§9agaggan]r&é%$al< and H135L. [0004001A complete list of

a onsw

HB-EGF mutan}. uences for e It is provided in TABLE 10. Mutant HB-EGF
nucleic acids erlucbz) N “’8“3%‘%“& T wﬂfg !D pr f’é)tr% w@%ﬁﬁu{sgthJJ s an; gcou '%ln 293T cells, and

monoclonal anﬂ%’a?ﬁ |?15ﬁjl&%§7ﬁ‘§%§ﬂ?§(§‘%&%Lﬁgbﬂd'ﬁﬁdﬁwx%ﬁﬁ’sa ﬁ'@aff’élg Ritltant polypeptides
were made witlFHEsEIRURMET<aHerLGEP RitiEarspERy pEfiFa4aete U EScertain if the present
antibody preparagitisvwsiipésisdine 16 vab(FRSEG Pyiiereiopehgseptidaciefasoentiéh the mutated amino
acid was likely mporttentidorteastiosd flomtngrexhd Hieroe feimédtieminBorm A8 pRrt of an epitope.
[000402]-1-ABlHE@Cssmmerizesdoe binzing cssutisok aimedr whegenvess-uadicatesrthat binding took
place despite the indisaied-muiationes NO L dnslicatesdhat bindiognavaswidbssantially eliminated by the
indicated mutatigp;-adnReducsslwicaias iakreducrthbindingaccusredwhgmibe mutation was

present.

analysis closed areas of HUVEC tubes were counted.

2. Resuits

{000366]As shown by the FACS analysis in FIGURE 30, HB-EGF is expressed on HUVECs.
The {esults‘of the celiular proliferation tests are provided in FIGURES 32A-B. As shown in
FIGURE 32A, HB-EGF stimuiates HUVEC cellular proliferation by about 38%. However, upon
addition of anti-HB-EGF antibody preparations U2-42, U2-39 or U245, such stimulation of
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[000403] [00040411-ABLE 10 Wild type LGKKRDPCLRKYKDFCIHGE-

CKYVKELRAPSCICHPGYHGERCHGLSLP SEQ ID NO:
WO 2009/040134 QIDNO:F115Y ¥ 1%%%!EP2088/068233

cellular proliferation is inhibited by about 8% to 14% (FIGURE 31B). Inthis assay, the U2-39
anti-HB-EGF antibody preparation provided the highest level of inhibition.

[DBO3E7] The results of the tube formation tests are provided in FIGURES 33A-M. Control
assays, without anti-HB-EGF antibodies shown in FIGURES 34A-C, show that HUVEC cells join
to form circular structures or “tubes.” However, upon addition of anti-HB-EGF antibody
preparations U2-42, U2-38 or U2-45, such fube formation is inhibited. A summary of the number
of ubes observed is provided in FIGURE 33M. As shown in FIGURE 33M, the U2-42 anti-HB-
EGF antibody preparation provided the highest acceleration of tube regression, followed by the
U2-38 anti-HB-EGF antibody preparation,

Q. Example 17: Anti-HB-EGF Antibodies iﬁhibit HB-EGF-Stimulated And Basal
Colony Formation ‘

[000368]Soft agar assays were conducted in order to investigate the ability of the antibodies
provided herein to inhibit anchorage independant cell growih, The soft agar colony formation
assay is a standard in vitro assay to test for transformed cells, as only such fransformed cells
can grow in soft agar.
[000368] 7o perform this assay, OVCAR-B, BM-1840 and NCI-H226 cells were incubated with 10
ng/ml HB-EGF and with anti-HB-EGF antibodies or IgG2 (SIGMA} as negative control, at 20
ygiml in IMDM medium (Gibco) and resuspended in 0.2% Difco noble agar. The cell suspension
was plated on a 0.4% agar-underlayer in quadrupiicate in a 96-well plate and overlaid with IMDM
medium. Colonies were allowed to form for approximately 14 days and were then stained with
40pt MTT (Sigma, 1 mg/m! in PBS) for 4 hours. Stimulation of HB-EGF and inhibitory effects of
anti-HB-EGF antibodies were gquantified by HTSBonit (LemnaTec} colony formation software.
[000370]in another assay, 750 or 1000 cells (depending on SkOV-3 clone 71 or 74, FIGURE
34D and E) were preincubated with anti-HB-EGF antibodies or igG2 (SIGMA) as negative
control, at 20 pa/mi in IMDM medium {Gibco) for 30 min at 37 °C and resuspended’in 0.4% Difco
noble agar (or 0.2% for clone 74). The cell suspension was plated on a 0.75% agar-underiayer
{0.4% for clone 74) in quadruplicate in a 96-well plate and overlaid with IMDM medium. Ina
similar assay, 2000 BxPC-3 cells (FIGURE 34F)} were preincubated with 20 pg/mi anti-HB-EGF
antibodies or 20 pg/mi 1gG2 (SIGMA) as negative contral, in IMDM medium (Gibco) containing
20% FECS for 30 min at 37 °C. Cells were resuspended in 0.4% Difco noble agar and the cell
suspension was plated on a 0.75% agar-underlayer in quadruplicate in a 96-weli piate. The
wells were overlaid with IMDM medium. Both iayers contained 20% FCS.
[080371]Colonies were allowed to form for approximately 14 days and were then stained with
40p MTT (Sigma, 1 mg/m! in PBS) for 4 hours. Results are shown in FIGURES 34A-F, which
Hustrate that HB-EGF stimulated colony formation (FIGURE 34A-C) and basal colony formation
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(FIGURES 34D-F) is significantly reduced by the anti-HB-EGF anfibodies. As shown, for
exampie, in FIGURE 34A, HB-EGF stimulated OVCAR-B celis fo form a significantly larger mean
colony size than control OVCER-8 cells cultured without HB-EGF. However, when OVCAR-8
cells were cultured with anti-HB-EGF U2-32 antibodies in the presence of HB-EGF, mean colony
size was reduced to a size similar o that observed for control cells without HB-EGF treatment
{FIGURE 34A). Similar results were observed for BM1604 celis (derived from prostate cancer
tissue) (see, FIGURE 34B). Anti-HB-EGF U2-45 and U2-42 antibodies also inhibited BM1604
colony formation.

[000372] Anti-HB-EGF antibodies also inhibit HB-EGF-stimulated colony formation of NCI-H226
fung carcinoma cells (FIGURE 34C). As shown in FIGURE 36C, when NCI-H226 celis were
cultured with anti-HB-EGF U2-39 antibodies in the presence of HB—EG-F, mean colony size was
reduced 1o a size simitar to that observed for controt cells without HB-EGF {freatment.
[000373] The numbers of colonies, as well as the colony size, are reduced by the treatment with
the present anti-HB-EGF antibodies (FIGURES 34D-F}. Thus, FIGURE 34D ilustrates that anti-
HB-EGF antibodies reduce the number of basal colonies formed by SkOV-3 HB-EGF cione 71
celfs (derived from SkOV-3 ovarian cancer cells stably transfected with a proHB-EGF expression
construct). As shown, control SkOV-3 cells overexpressing HB-EGF formed large numbers of
colonies. However, whan SkOV.3 HB-EGF cl. 71 celis were cultured with either anti-HB-EGF
U2-42 or Li2-39 antibodies in the presence of HB-EGF, the number of colonies was dramatically
reduced. Similarty, ant-HB-EGF antibodies inhibit colony formation of SkOV-3 {clone 74) cells,
derived from ovarian cancer tissue, and BxPC3 cells, derived from pancrealic adenocarcinoma
tissue (FIGURES 34E-F).

[000374] These data indicate that colony formation and tumors by a large variety of cancer celf
types can be inhibited by the present anti-HB-EGF antibodies, including the U2-42, U2-38 and
U2-45 antibody preparations provided herein.

R. Example 18: Anti HB-EGF Antibodies Inhibit Tumor Growth /n Vivo

[000375]FIGURES 37 illustrates the mean volume of pancreatic BxPC3 tumors formed in
xenograft experimenis with SCID mice. As shown, established tumor growth was significantly
inhibited in the presence of antibody preparations U2-42 andfor U2-39 when compared to the
vehicle control. In FIGURE 38A it is shown that anti-HB-EGF antibodies U2-42, U2-39 and U2-
45 inhibit the established growth of EF0-27 HB-EGF clone 58 cells in vivo. The effect of tumor
growth inhibition could be shown to be dose-dependent, with 25 mg/kg as a highly effective
treatment while lower doses such as 1 or 5 mgfkg were less efficient (FIGURE 38B).
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8. Example 19: Anti-HB-EGF Antibodies In Combination Therapy With The
Antiegfr Antibody Erbitux

[000376IFIGURE 35 shows that single agent inhibition of EFO-27 HB-EGF cl. 58 cells with anti-
HB-EGF antibodies is moderate to sirong. However, in a dose-controlled combination of anti-
HB-EGF and anfi-EGFR antibodies the inhibition of colony formation is extremety effective.
Moreover, in vivo xenograft growth is strongly inhibited by the anti-HB-EGF and anti-EGFR
antibody combination leading to 2 complete regression of ovarian cancer tumor growth (FIGURE
38C).

T. Example 20: HB-EGF Expression On A Variety Of Cancer Cell Types

[000377}MB-EGF expression on human cancer celldines was determined by FACS analysis. To
perform this analysis 2x10° cells were harvested with 10 mM EDTA in PBS, resuspended in
FACS-buffer {PBS, 3% FCS, 0.4% azide) and transferred to a 96-well round bottom plate. After
centrifugation for 3 min at 1000 rpm to remove supernatant, the cells were resuspended in anti-
HB-EGE antibody dilution (100 pliwell) and incubated at 4°C for 45 min. The cells were washed
twice with FACS buffer and resuspended with secondary antibody {100 pl/weil) donkey-anti-
human-PE (Jackson) diluted 1:100 in FACS buffer. The cell suspensions were incubated at 4 °C
in the dark for 30 minutes, washed twice with FACS buffer and analyzed (FACS, Beckman
Coulter),

{000378] The results of these assays are shown in TABLE 6, below.

[060378]
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TABLE 6
HB-EGF Expression in Cancer Cells

Cell line Tissue Expression Level
MDA-MB231 Breast ++
NCI-ADR Breast +44
ZR75-1 Breast -+
WIKN-1 Gastric *
MKN-28 Gastric -
PPC1 ' Prostate +
PC3 Prostate +
HT144 _ Melanoma -+
MelGerlach Melanoma +t4
IGROV-1 Ovarian +

ESZ2 Qvarian +4
SkOV-3 Ovarian

SkOV-8 Ovarian +
TOV21G Ovarian ++
OVCAR-8 Ovarian 3
Calu-6 Lung +
NCI-H460 Lung ++
MS-751 Cervix ++
SiHA Cervix

HelaS3 Cervix +

266 Myeloma -
SCABER A Bladder ++
HCT-118 Colon ++
HCT-15 Colon +
SWE20 Colon ++

U. Example 21: Anti-HB-EGF Antibodies For The Detection Of HB-EGF In Tissue
And Body Fluids By Immunchistochemistry And Elisa
[G00380)Anti-HB-EGF antibodies U2-42 and U2-39 were tested for their ability to stain HB-EGF
expressed in human fixed samples. As shown in FIGURE 38A both antibodies show a
prominent membrane and cytoplasmic staining of human kidney tubular celis while the controf
does-not show any staining. In addition to the immunohistochemical detection of HB-EGF in
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patient tissue samples HB-EGF is released as a growth factor into various body flulds. Based
on human anti-HB-EGF antibodies as coating reagents an ELISA was established which detects
HB-EGF in liquid samples down to levels below 40 pg/ml (FIGURE 38B).

V. Example 22: Canonical Classes Of Antibodies

[000381]The genes encoding top antibodies were sequenced as described in the last Example.
This sequence data was used fo assign the antibodies 1o canonical classes.

[000382]Chothia ef &l have described antibody structure in terms of “canonical classes” for the
hypervariable regions of each immunoglobulin chain (Chothia, ef al., 1987, J. Mol. Bia/,, 186(4)
:901-17}). The atomic structures of the Fab and VL fragments of a variety of immunoglobulins
were analyzed to determine the relationship between their amino acid sequences and the three-
dimensional structures of their antigen binding sites. Chothia ef al. found that there were
relatively few residues that, through their packing, hydrogen bonding or the ability to assume
unusual phi, psi or omega conformations, were primarily responsible for the main-chain
conformations of the hypervariable regions. These residues were found to occur at sites within
the hypervariable regions and in the conserved a-sheet framework. By examining sequences of.
immunoglobulins having unknown structure, Chothia, ef al. show that many immunoglobulins
have hypervariable regions that are similar in size to one of the known stfuctures and
additionally contained identical residues at the sites responsible for the observed conformation.
[000383] Their discovery indicated that these hypervariable regions have conformations close o
those in the known structures. For five of the hypervariable regions, the repertoire of
conformations appeared to be limited to a relatively small number of discrete structural classes.
These commonly cccurring main-chain conformations of the hypervariable regions were termed
“canonical sfructures.” Further work by Chothia, et al,, 1989, Naturs 342:877-83) and others
{Martin et al., 1996; J. Mol. Biol. 263:800-15) confirmed that there is a small repertoire of main-
chain conformations for at least five of the six hypervariable regions of antibodies.

[000384] The complementarity determining regions {CDRs) of sach antibody preparation were
anaiyzed to determine their canonical class. As is known, canonical classes have only been
assigned for CDR1 and CDR2 of the antibody heavy chain, along with CDR1, CDR2 and CDR3
of the antibody light chain. The TABLES below summarize the results of the analysis, The
Canonical Class data is in the form of HCDR1-HCDR2-L.CDR1-LCDR2-LCDR3 (H1-H2-L1-L2-
L.3), wherein “HCDR?” refers to the heavy chain CDR and *LLCDR" refers to the light chain CDR.
Thus, for exampie, a canonical class of 1-3-2-1-1 refers to an antibody that has a HCDR that
falis into canonical class 1, a HCDRZ that falls into canonical class 3, a LCDR1 that falls into
canonical class 2, a LCDR2 that falls into cananical class 1, and a LCDR3 that falls info

canonical class 1.
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[600385)Assignments were made {o a particular canonical class where the amino acids in the

antibody match with the amino acids defined for each canonical class. The amino acids defined

for each canonical class can be found, for example, in the arficles by Chothia, ef al. referred fo
above. TABLE 7 and TABLE 8 report the canonical class assignments for each of the HB-EGF
antibodies. Where there was no matching canonical class, the canonical class assignment is

marked with a letter s and a number, such as “s18°, meaning the CDR is of size 18.

[000386]

Antibody (sorted)
uz2-18.1
u2-13.1
U2-19.1
U2-38.1
U2.21.1
uz-15.1
y2-16.1
{J2-30.1
U2-42.1
U2-36.1
Uz-221
U2-56.1
U2-24.1
U2-24.2.1
u2-14.1
Uz-1.1
U2-321
U2-40.1
Uz-5.1
U2-8.1
U2-39.1
U2-3.1
y2-43.1
U2-34.1
Uz2-26.1

TABLE7

H1-H2-L1-L2-L3

3-1-2-1-1
1-3-4-1-1
3-1-3-1-1
3-1-2-1-1
3-1-3-1-s9
1-3-4-1-1
1-2-8-1-1
1-2-3-1-1
1-3-2-1-59
3-518-2-1-810
1-3-3-1-1
3-1-2-1-1
3-516-3-1-59
3-516-3-1-89
1-3-4-1-1
1-3-4-1-1
1-1-8-1-1
1-3-21-3
1-3-4-1-1
3-1-4-1-1
1-3-2-1-1
3-1-4-1-1
1-1-2-11
1-3-2-1-1
3-1-3-1-59
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H3length
17
14
13
23
8
14
11
13
8
13
11
8
12
12
14
5
15

17

16

12
16
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Uz-41.1
U2-45.1
U2-54.1
u2.57.1
uz2-12.1
U2-46.1
L2-48.2
uz2-6.1.1
uz26.1.2
U2-58.1
Uz2-51.1
uz265.2
U2-53.1
Uz2-61.1
uz-28.1

1-3-2-1-4
1-3-2-1-1
3.1.2-1-1
3-1-2-1-1
1-3-2-1-s9
1-3-2-1-1
1-1-2-11
1-3-4-1-1
1-3-2-1-1
3-516-2-1-1
1-3-2-1-1
3-1.2-1-1
1-4-2-1-1
1-3-2-19-1
3-1-3-1-9
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WO 2009/040134PCT/EP2008/008233 TABLE 11 Binding Results Construct/ Mab U2-42.3 U2-39.1

U2-19.3 U2-26.1 U2-45 1 Human proHB-EGF (WT) Yes Yes Yes Yes Yes
WO 2009/040134 PCT/EP2008/008233

TABLE 8

Hi-H2-L1-12.13

Antibody (sorted) H3 Length
UZ2-43.1 1-1-2-1-1 12
1J2-48.2 1ete2efet 12
y2-53.1 1-1-2-1-1 12
U2-32.1 1-1-3-1-1 15
Uz2-30.1 1-2-3-1-1 13
U2-16.1 1-2-8-1-1 11
U2-39.1 1-3-2-1-1 6
Uz-61.1 1-3-2-1-1 9
Uz-41.1 1-3-2-1-1 12
U2-34.1 1-3-2-1-1 16
U2-46.1 1-3-2-1-1 16
U2-6.1.2 1-3-2-1-1 16
U2-51.1 1.3-2-1-1 16
U2-45.1 1-3-2-1-1 19
U2-40.1 1-3-2-1-3 8
u2-42.1 1-3-2-1-s8 8
uz-12.1 1-3-2-1-89 9
Uy2-22.1 1-3-3-1-1 11
U2-1.1 1-3-4-1-1 5
uU2-5.1 1-3-4-1-1 8
U2-8.1.1 1-3-4-1-1 11
U2-13.1 1-3-4-1-1 14
u2-15.1 1-3-4-1-1 14
Uz-14.1 1-3-4-1-1 14
U2-56.1 3-1-2-1-1

U2-57.1 3-1-2.91

U2.65.2 3-1-2-1-1

U2-54.1 3-1-2-1-1 15
U2-18.1 3-1-2-1-1 17
u2-19.1 3-1-3-1-1 13
U2-21.1 3-1-3-1-s9 B
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U2-26.1 3-1-3-1-89 9

uz2-28.1 3-1-3-1-s8 12
Uz2-3.1 3-1-4-1-1 18
Uz2-8.1 3-1-4-1-1 17
U2-58.1 3-516-2-1-1 B

U2-24.1 3-516-3-1-59 12
Uz-24.2.1 3-516-3-1-89 12
U2-36.1 3-518-2-1-510 13
12-38.1 3-1-2-141 23

{000387ITABLE 9 is an analysis of the number of antibodies per class. The number of
antibodies having the particuiar canonical class designated in the left column is shown in the
right column.

[000388]The most commonly seen structure is 1-3-2-1-1. Eight out of a total of 40 mAbs had
this cbmbination. '
{000389]
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TABLE S
Mumber of Anti-HB-EGF Antibodies in Each Canonical Class Combination

H1-H2L1-42:03 Count
1.1.2-1-1
1-1-3-1-1
1.2-3-1-1
1-2-8-1-1
1-3-2-1-1
1-3-2-1-3
1-3-2-1-59
1.3.3.1-1
1-3-4-1-1
3-1-2-1-1
3-1-3-1-1
3-1-3-1-59
3-1-4-1-1
3-516-2-1-1
3-516-3-1-59
3-518-2-1-510
3.1-2.1-1
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W. Example 23: Epitope Mapping Of Anti HB-EGF Antibodies

[000390] This Example describes the mapping of epitopes recognized by antibody preparations.
[oo039f]Antibodies tested: Five XenoMouse derived human monoclonal antibody preparations
capable of neutralizing the acivity of HB-EGF were analyzed: U2-38; U2-42; U2-45; U2-26 and
U2z-19. Four of these monocional antibody preparations were shown to be specific for hurman
HB-EGF while antibody preparation U2-45 exhibited some cross-reactivity with mouse HB-EGF
and human Amphiregulin. All of these neutralizing antibody preparations map to MCAB Bins 7 &

8 (see, below).

1. Epitope Mapping

[000392] The human HMB-EGF cDNA was isolated from HelLa mRNA by PCR ampiification and
the mature HB-EGF sequence was cloned into a pSecTAg vecior as a mye-His fusion protein,
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using the Ig kappa signal peptide sequence. The mature HB-EGF polypeptide was expressed in
2837 cells, with secretion into the media.

[000393] The diphtheria toxin binding site of HB-EGF was mutated as well as the EGF receptor
binding site by site-directed mutagenesis. '
[000394]The short form of HB-EGF {Loukianov ef al, Gene 195:81-86), missing the third
disulphide bond of the EGF-like domain, was also cloned. ‘

[060385] The EGF-like domain of HB-EGF having SEQ 1D NO:1082 (DPCLRKYKD
FCIHGECKYVKELRAPSCICHPGYHGERCHGLSLP ) was cloned into pSecTag and expressed
and secreted as a Myc-His fusion protein. '

2. Results

[000396]Al of the U2-39; U2-42; U2-45; U2-26 and UZ-19 antibody preparations recognize a
discontinuous epitope, None of the antibodies recognize the Short form of the HB-EGF.
{000387]The binding site for all five antibody preparations is within the EGF-ike domain, which
included residues 44-86 of the mature protein having the foliowing sequence:
DPCLRKYKDFCIHGECKYVKELRAPSCICHPGYHGER CHGLSLP (SEQ ID NO:1082). The
third disulfide bond in the EGF-like domain is required for binding of all of the U2-38; U2-42; U2-
45; U2-26 and U2-19 antibody preparations.

3. Structure-Function Analysis of Antibody Binding Site by Siie Directed
Mutagenesis

[000398] Twelve independent mutations were created in HB-EGF by replacing one to four
residues within the EGF-like domain of human pro-HB-EGF with the corresponding amino acid
residue normally found in the mouse pro-HB-EGF.
[00D3991Given that many of the present antibody preparations were specles selective, site-
directed mutagenesis for the purpose of identifying HB-EGF epitopes was done at known
difference between the human HB-EGF protein and related proteins from different species. In
particular, the amino acid differences between human and mouse MB-EGF are as follows:
K122R; V124L; K125Q; [133K; and H135L.
[0004D0)A complete list of HB-EGF mutant polypeptide sequences for epitope mapping is
provided in TABLE 10. Mutant HB-EGF nucleic acids encoding the desired mutant protein were
transiently expressed in 2837 cells, and monocional antibody binding was measured by ELISA,
[000401] Thus, HB-EGF mutant polypeptides were made with these mutations and such mutant
palypeptides were tested to ascertain if the present antibody preparations still bound to the HB-
EGF mutant polypeptide. If not, then the mutated amino acid was likely important for antibody
binding, and hence formed an important part of an epitope.
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Yes 11 5147T Yes Yes Yes Yes Yes 12 E141H, S147T No YesYes Yes Yes 13 IHGE (117-120) to

LHDGYV Yes YesNo No No
WO 2009/040134 PCT/EP2008/608233

[000402]TABLE 11 summarizes the binding results obtained, where "Yes" indicates that binding
took place despite the indicated mutation, “No” indicates that binding was substantially '
eliminated by the indicated mutation, and “Reduced" indicates that reduced binding occurred
when the mutation was present.’

[060403]
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Gilboa' residues F115 & E141 F115811330r1133 L127H135 or 11135 F115? [000405]These binding
studies indicate that the U2-42 and U2-39 antibody preparations recognize the diphtheria toxin binding
domain and t%%ﬁ%?"ﬂﬁ? and E141 residues are important for diphthgﬁﬁ%ﬁ?ﬂsﬁfﬁ@ﬁg.
1000406)Furthermore, when the F115Y or E141H mutations are present in HB-EGF, binding is
substantially eliminated for the U2-42 antibody preparations. Thus, Phe-115 and Glu-141 are important
for U2-42 antibody binding. The U2-45 antibody preparation also appears to require Phe-115 because
binding by this antibody preparation is reduced when Phe-115 is mutated. [000407]The U2-39
antibody prepaf8tRA4ERfHFES Phe-115 and Leu-127 for binding HB-EGF because mutation of either of

those residues substantially eliminates antibody binding. [0004081The U2-19, U2-26 and U2-45

antibody prepaméiions: bingLKBORSER e EDbetween residues 117-120 (IN&R).IAs shown in
TABLE 11, anfibody prepacatiors BRr$8icmribdRczeeHsngaeognize an epitope jatdle-133 and/or
His-135, becausgigg feastane of these residues IS crhticat for their binding. {00116899)Based on their
binding properties, of the antibodies were placed in the relationship "bins" listed in TABLE 12.
[000410]Binnin”1i°Fa method-to-group anti.@cdics based-en-thei-competition-forhinding to the antigen
(see, Jia at al. 5364 J. Immunot. Methods 288:91-98). 10004111The assignment of b|ns depended
on how different the obsefved binding patterns for all the antibodies tested are! Therefore, bins do not
always correlatE\iith epitbpes determined by othiel ifieans and can be used tol 3R ro ghly define
epitopes. [000UEZEFABLE -t2-AntibodyfR&etationshipBims Bin#l Bin#2 Bin#3 Bin%e? .

v124L;

K125Q

F115Y; Y——R-LQ 1087

K122R;

V124L;

K1250Q

K122R; R-LQ H 1088

V124L,;

K125Q;

E141H

1133K; K-L 1089

H135L

F115Y; Y K-L 1080

1133K;

H135L

L127F; L — 1091

1133K;

H135L

L.148T T- 1092

E14tH [ T— 1093

L1487

117-120 ——— ] HDGV 40094

IHGE

changed to

LHDGV
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Bin#5 Bin#6 Bin#7 Bin#8 U2-24.2 112-32.3 U2-5.3 U2-17.1 U2-56.3 | U2-1.3 U2-15.3 U2-30.2 U2-13.3
U2-14.3 U2-2.1 U2-57.1 U2-58.3 U2-61.1 U2-16.3 U2-18.3 U2-38.1 1.19.2 U2-36.3 U2-40.3 U2-8.3
U2-22.3 U2-399 Y84 3%2.19.2 U2-21.3 U2-34.1 U2-26.2 U2-41.3 USRS UEH U2- 48.2.1
U2-6.1 U2-3.2 U2-51.2 U2-53.3 U2-28.2 [000413]In general the epitope mapping of U2-45 antibody
preparation indicates that the Bin 7 antibody preparations cross-react with mouse HB-EGF and human
Amphiregulin. [000414)Mutations of F115 to Ala or Tyr affect the binding affinity of U2-45 antibodies.
However, U2-45 antibody binding was not affected by mutations of 1133 and H135, which did affect
some other Bin 7 antibody preparations. When the IHGE human HB-EGF sequence was changed to
LHDGV, which is present in mouse HB-EGF and human Aphiregulin, all Bin7 antibody preparations
failed to bind. Therefore, the IHGE residues RELEIZ0) likely form the epitope for bin 7 antibody
preparations. [000415)Further site-directe'din@§estdisis studies involving binding of HB-EGF mutants

to EGFRﬁﬁﬁHﬁ&ﬁE‘;%"‘j;%&F@g"bima etucing/4sp-106anp B30T sreTipts vepessary foroptimat-binding
of I—I_E21-Ef= E to-th ?_1 Emcéﬁp;gﬁae_%teo;.(&/{?reo "gg, Leu-148; \),géh.:ch S-Recegsary {6 (re!;! B-EGF
2 F1158Y No No Yes Yes Reduced
3 L127F Yes No Yes Yes Yes
4 E141H - No Yes Yes Yes Yes
5 K122R, V124L, K125Q es Yes Yes Yes Yes
5 F115Y.K122R, V124L, K125QNo No Yes Yes Reduced
K122R, V124L, K125Q,
7 E141H No Yes Yes Yes Yes
133K, H135L Yes Yes No No Yes
F115Y, 1133K, H135L No Mo No No Reduced
10 L127F 133K, H135L, Yes No No No Yes
11 S147T Yes Yes Yes Yes Yes
12 £141H, S147T No Yes Yes Yes Yes
13 IHGE (117-120) to LHDGYV  |Yes Yes No Mo No
©F115  &|M33  oni133  on
Critical residues 115 & £141 L127 H135 H135  |F11567

[000405] These binding studies indicate that the U2-42 and U2-39 antibody preparations
recognize the diphtheria toxin binding domain and the F115, L127 and E141 residues are
important for diphtheria toxin binding.

[000406]Furthermore, when the F115Y or E141H mutations are present in HB-EGF, binding is
substantially efiminated for the U2-42 antibody preparations. Thus, Phe-115 and Glu-141 are
important for U2-42 antibody binding., The U2-45 antibody preparation also appears to require
Phé—1 15 because binding by this aﬂtibady preparation is reduced when Phe-115 is mutated.
{000407] The U2-39 antibody preparation requires Phe-115 and Leu-127 for binding HB-EGF
because mutation of sither of those residues substantially eliminates antibody binding.

§000408] The U2-19, U2-26 and U2-45 antibody preparations bind the conserved region between
residues 117-120 {IHGE). As shown in TABLE 11, antibody preparations U2-19 and U2-26 also
recognize an epitope at lle-133 and/or His-135, because at least one of these residues is critical
for their binding.
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binding to the EGF receptor, did not appear to be involved in the binding of any of the anti-HBEGF
antibody preparations. [000416] HH.Example 24: Sequences Of Key Elements Of Anti HB-EGF
Antibodies [O(Wﬂ_’t ?‘Example provides the sequences of antibody B?g&fr?éfﬁ%%%ﬁ Figures 1 - 21.
[000418]Example 25A: Scratch assay - Inhibition of HB-EGF-induced migration of CL5354 epithelial
squamous carcinoma cells (mouth) Scratch experiments were performed in order to investigate
whether the antibodies of the invention block cell migration that would otherwise be directly induced by
'HB-EGF. [00041931 x 106 CLS354 cells were seeded in medium (RPM' medium with 10% FCS) in 1
ml on a 12-wellPEERFS S NIFF SitR A RAEE AR R AR Rt e PR Ry REIRTEP cells have reached
a confluent layéfnt ‘§&atti s Berformed in the middle of the well using a sterile plasic tip; - Cells
were washed v$F E8raind iserattie tb GH3IBibettsbaseretibeitceinating tr Bofitainitg 20 ng/ml
HB-EGF in the piigsegee 01 absci0e of Howg/nMildgRd328EB#IX or human IgG. The experiment was
stopped after 1@doata Theshatinnntd BikCadviackiuion wasimatbd iy edsGellsunang pashedraith PBS and
fixed with 100%,iceseaifdRatbpnel ab-06 vataipast withamavintetonpshareanddkied over night.
Photographes yygre taken for dacymentat 80%999@%%5@&%? 40A shows that HB-EGF treatment

stimulates the é It of the scratch and that the antibody of invention, U2-39, inhibits .
HB-EGF-mediated migration of CLS354 epitheljal guamous carcinoma cells into the scratch.
[000421]Example 25B: Transmigration %ﬁ%dyTﬁAﬁ ip&Hﬁ-EGF-induced migration of Detroit 562
epithelial carcinoma cells (pharynx) [000422]Transmigration experiments were performed in order to
investigate wheffie¥'thd BittiBodiB&Ht theBintbnt Sinifock BaemibRititn thBfifould otherwise be directly
induced by HBE@E'M[qOOM%] BB0s M| ceH 8dspehscn|afs@rdirigteregdBtian epithelial carcinoma
cells (50,000 celke)swas placed intheddgehamber of figromegfin-opated|transwells (BD Falcon, 8 pm
pores). Aliquotsgf 50 ml medium (Minigasn essential medipm|(agig) in Earle's BSS with
nonessential amipq-acids, sodium pyruvgtesfl mM) and lactalbunmngydrolysate (01%), 90%; fetal
bovine serumj(&‘ggs&e -Strept., 0,1% BSA) glone or coptaiping 20,ng/ml HB-EGF (R&D Systems) in
the presence or absence of 10 jpg/ml h an I19 , U2-39 or Erbi inodies were placed in the
bottom chamber after 30 min pre-incubation at 37C. After incubation and migration for 6hours at 37C,
cells were fixed, stained with DAPI and;transwaells were bﬁ&’o@; a%?h@oa for evaluation. [000424]The
result demonstrates that-HB-EGF antibody U2-B9 effectively inhit#ts HB-EGFinduced Detroit 562
epithelial carcinoma cell migratjon comparable to the inh##fén of#BLEGFmediated cell migration by
Erbitux treatment. (000425)Example 26: Spheréoid-basedeéhzlar@giogenesis assay - Inhibition of
VEGFstimulated endothelial cell sprouting [000426]Spheroid-basescellular angiogenesis assays were
performed in order to investigate whether the antibodies of the inyegiion are able to inhibit
VEGF-induced endothelial cell (EC) sprouting in a collagen matrix, Bynary human umbilical veint
endothelial cells (HUVEC) were seeded out at 500 cells in a hanging drop on plastic dishes to allow
overnight spheroid aggregation. 50 EC s heroiiJ were seeded in 0.9 ml of collagen solution (2
mgm) and pit A T R e e ME BT S S N BB aaases BB le antbody of
invention U2-39 Ry RraetRiIm eSS IR Euma e & Giatiare Bergrd BoK Mgl ation (different
concentrations Jo&ftf thégieved Fatidr Areci AfesShg e Eetaelded afPatriin by pipetfing 100p1
of a 10-fold corrissereatber4gerkiady dindito wasmataiiestathey pulgtiensis E@3gal P yWrdidincubated at 37C
for 24 hours andfiéixediroytaelding dibqoaredemaiatde Wyde the proEitimgamitSHSHy sofile@espieroids was
quantitated by akxigeaga RpalysisaysiaRedeiermiaMgHER SdmiHatinesrantdenigth per spheroid using
an inverted micsassapsangdithe digitalinagisafinaitsA nalysis 121 100Rd2 rdRieidre 41A depicts the

mean of the cuga;tgggi%@ﬁp}cg”gg&ggpgbgfagoqsrandomIy selected spheroids per data point. Figure 41B

shows the relajisdibilon AL YRYlBl saral tﬁé&t@g 940, AR SElREld spheroids per

The fittin 50 curves and calculation of 1C50 values was performed with
Oraphpad brisk Do S B Gt e B AT e o T T B lbody of the
invention U2-3§ MRS ERReASHRUREBE h AIATEN TrhBiriéds WUh BRSNS ¢ <Brouting in a
dose-dependent manner in the spheroid-based assay using a collagen matrix. HUVEC sprouting was
inhibited with an 1C50 value of 5.2 x 10 - 8 Molar. [000429)Example 27: Immunohistochemistry (IHC)
analysis of human tumor xenograft samples - Inhib##on of CD31 staining of tumor in vivo.




[0004301In order to investigate the efficacy of the antibody of invention, U2-39, on inhibition of
angiogenesis in vivo, human tumor xenografts treated with U2-39 or ErbituX were analyzed by
immunohistoc:‘ﬁgﬁi}l%qtjfveéﬁ“alysis. (000431)The human ovarian adenocartiriohA e EF027 was
genetically engineered to overexpress HB-EGF and the clone EF027-C158 was chosen for xenograft
studies in SCID mice. 3 x 106 EF027-C158 cells in 100p1 PBS/Matrigel (1:1) were injected
subcutaneously into the left flank of 7 week old female C.B-17 SCID mice. Tumor-bearing mice with
mean tumor volumes of 250 mmswere randomized into groups containing 10 animals. Animals were
treated intraperitovealytivititireeddiprddses oh2s miy kg BotebREnng/Ag B 8r control vehicle,
PBS, for 3 weekssAdtesadBrkppsatoree were sacrificed, primary tumor tissues were collected and one
half of the tumogdsmgesnap-frozen in liquid nitrogen and stored at -80C. [000432)5 to 8 pm sections of
the tumor prepared on.glasspiesba,sices wels ixadie HA% aseienades.dRdnin at 4C and dried
completely. To block unspecific binding sites slides with fixed tumor sections were treated with Avidin
D block (15 miniPR84)7 Bittimaplaeasieh it tedieansa A ar s g, Aesaeisitifidi{Ehbuf): Between each
treatment step slides were washed twice with PBS. For immunohistochemical examination of the
tumor vasculatuiedt#rslexpneksisn: Strteh classicahbiidobi¢iRFCEHnmhaddon @BR1 BB RFown as
PECAM-1 (PlateletEndeibetiadcalknehesinn (Malegule-1) was analyzed by treatment of the slides with
2pg/mlanti-CD 33 antihasikdiuingdnkictnde Bod e nionandriassiaatesdifasicibatsoom temperature in
a humidified chq,m%)‘.bﬁgg@ggm@rw@.ﬁﬂpﬁgmm@%mm@%@&gwlﬁ@&gpm ant-rat 19G antibody
(30 min at roomy{epaperatiye) and, AlRXp.RAS.SUEPIAYAIN &bR MR, N dara-8RS washing steps

were performed betugen, each eatmen iep, 2eqliong pere mounief it YEE IASEIELD mounting
medium with DKF] in tHe Saik piiotograp e fi’uores’c,é’nce micro c_c')pee) or documentation and stored
at 4C. [000433) BGOSR A SHETAIEE MR AthIARe TS kLRGP AL PR EBRIRR B2-39 show a '
reduced endothEfis ¥R 1Y SaRTALe CBFES i rt LNt RIDRURNAERPor control treated
tumor xenograftedTHi§-RESuUN e rrsARE alesstecahilapgidtetficafieacariiecambody of invention in
vivo. [000434]Exersppien28asl propinag afiteaiahetuitrobstemadgiaft Metiel waoritisirationirestment of L12-39
with Cisplatin angsAaasiinPE3004 35dd rio rder.toeeval natertbietaztictumiosdaificagybfidlae antibody of
invention adminisiekRdaSif-MmOaoibRr apycgihaarabipriian vdathreismtatin or Avasfin, an ovarian
cancer xenograhsisdy-yias Landseied: HOEEA364hhe Mnas axaranas resaisiammacell line EF027

was genetically gngingered;io.QuareXREeARliEES6r IaploReREDG Cleing wasghosen for xenograft
studies in SCID mice, 3 x 106 EFQ27-C158 cells in 100p1PBS/Matrigel (1:1) were injected

subcutaneouslysﬁntao the Teft flank of 7 week old female C.B-17 SCID mice. Tumor-bearing mice with
mean tumor volumes between 75 and 175 .mm3 were randomized into groups containing 10 animals.
Animals were tr 3044 IRTATRLt 8 R AT WIBE PSR G o SE e el RigHeg 'Ug‘fﬁ ' BBRIGIY Avastin or 5
mg/kg Cisplatin Bt FRERIEE ST EIIRIERON of U2-39 with Avasfin was given at 12.5 mg/kg
each and combi8RfGRI TR DB iR0itHrETiBpRiIF R ASGIVERReds MigrRYIRiEPWIth 5 mg/kg Cisplatin.
Primary tumor sizéigdise e Hetermirnedb & tieh esatine it Woolowangsedl geacin sdeierdmBRt, tumor size was
calculated accorting to the formula W2xU2 with L=length and W= the perpendicular width of the
tumor. Kaplan-Meier log-rank method was used to define time to progression to 500 mm3 (defined as
"event" for statistical reasons) [000437]Figure 43A demonstrates that combination of U2-39 with
Cisplatin led to a stronger tumor reduction during the administration period than treatment with
Cisplatin alone. In addition, a combination of U2-39 and Cisplafin delayed the time to progression of
the median tumor size to 500 mm3 compared to U2-39 monotherapy. [000438]The result in Figure 438
shows that combination of U2-39 with Avastin significantly delayed the time to progression to 500 mm3
tumor volumes compared to the treatment with Avastin as monotherapy although only half of the single
agent dose was administered. [000439]All patents and publications referenced or mentioned herein
are indicative of the levels of skill of those skilled in the art to which the invention pertains, and each
such referenced patent or publication is hereby incorporated by reference to the same extent as if it
had been incorporated by reference in its entirety individually or set forth herein in its entirety.
Applicants reserve the right to physically incorporate into this specification any and all materials and
information from any such cited patents or publi¢&tions. (0004401The specific methods and
compositions described herein are representative of preferred embodiments and are exemplary and
not intended as limitations on the scope of the invention. Other objects, aspects, and embodiments will
occur to those skilled in the art upon consideration of this specification, and are encompassed within
the spirit of the invention as defined by the scope of the claims. It will be readily apparent to one skilled
in the art that varying substitutions and modifications may be made to the invention disclosed herein
without departing from the scope and spirit of the invention. The invention illustratively described
herein suitably may be practiced in the absence of any element or elements, or limitation or limitations,
which is not specifically disclosed herein as essential. The methods and processes illustratively

described herein suitably may be practiced in differing orders of steps, and they are not necessarily
ractricted to the orderce nf etence indicated hareain or in the claime Ac 1icad herain and in the annendad



a) a CDRL1 of SEQ ID NO: 207, a CDRL2 of SEQ ID NO: 225, a CDRL3 of SEQ ID NO: 257
a CDRHL1 of SE%@iNO: 292, a CDRH2 of SEQ ID NO: 323 and a CDRH3 of SEQ ID NO: 361 or

b) a CDRL1 ol SEWt5°6: 210, a CDRL2 of SEQ ID NO: 221, a CDRL% GFEES 1 RD: 260 a
CDRH1 of SEQ ID NO: 292, a CDRH2 of SEQ ID NO: 320 and a CDRH3 of SEQ ID NO: 362 or )
a CDRL1 of SEQ ID NO: 213, a CDRL2 of SEQ ID NO: 230, a CDRL3 of SEQ ID NO: 263 a

CDRH1 of SEQ ID NO: 293, a CDRH2 of SEQ ID NO: 324 and a CDRHS3 of SEQ ID NO: 364. 2.The
antibody or fragment of Claim 1, comprising a) a VL of SEQ ID NO: 121 and a VH of SEQ ID NO: 172,
or b) a VL of SEB4SIA0 Theplbyigrantie gt Ry R mErsPliels £GrogrSE 1BPRo: 127 and a VH
of SEQ ID NO<diFBva3 fiened dphas eiFivedy Broasriboerier Agimuie RTINS BBPYeNherein said
antibody or antbmdip ffaghwe nteiuar (Mamooicasdnta titvddy, (Bagislye faies 8RESEYoR recombinant
antibody, a humagainiibiesysia hemangedantboyynachimerichantipaty0d saustispeelfic antibody, or
an antibody fragmankiherieal Hretbly whesrinisaidrasiibady 46 /meleftagrrent, a Fab' fragment, a
F(ab’)2 fragmegfy;a. ey fAIME . 2ABRRAEY «0b SR alm S gH) BAEPadMRIReREOfpLeferably wherein
said antibody i, 2 AN ANIBAd.QRIPIE AR MBI, 37 NP ks dmppocional antibody.
4.The isolated antibody or antip g fra%mentfo dCIgumg 1“9 %mWhﬁ%nw%P'd antibody or antibody
fragment is of tﬂ'@r?&%%r,sf;d)&if% éBEeor‘raréﬁ?y’psea}"ﬁre ('araEi) y wherein said antibody is of the 1gG2- or
lgG4-type. 5. TRERGTREEY %frﬁfﬂ&???’br antibody fragment of Claims 1 or 2, wherein said antibody or
antibody fragmi@PReRaTBRIsRY 8Tt EPYB RS Frrdherabe Wrdseirr i eis &g gioup is a
radioisotope, réadioetitich sGXRpshelsteanipor el srpEhzyrraae afiolgedrbiEmiri tréEcent group or a
biotinyl. 6.The isatatettgintiivetly: by Ebtibodytfrmyment of Claims 1 or 2, wherein said antibody or
antibody fragment is coupled to an effector group, wherein said effector group is radioisotope, a
radionuclide, ajtexins)aHraliRREEKhGENMIPasE Sthieraniitaepayticsgyoumidtibhersatred antibody or
antibody fragmgpt i aimbReael el sairtdherapeutic group or chemotherapeutic group is a
calicheamicin, AyfiSigUEE, GeldanamaR. oL mRYARASIAR Afuiselatedaniagior andbody
fragment of Cl v\!ftl;gf'cr’aer tgg an’ti\é\égi%g%ﬂhg%%geratigg agadz-}élg {o inhibit VEGF-induced endothefial cell (EC)

sprouting in a collagen matrix. Primary human umbilical vein endothelial celis (HUVEC) were

seeded out at 500 cells in a hanging drop on plastic dishes to allow overnight spheroid

aggregation. 50 EC spheroids were seeded in 0.9 ml of coflagen solution (2 mg/mi) and pipetted

into individual wells of a 24 well ptate to allow polymerization The antibody of invention U2-39

was directly mixed in the collagen solution before polymerization {different concentrations} and

the growth factor VEGF-A (25ng/ml) was added after 30 min by pipetting 1004t of a 10-fold

concentrated working dilution on top of the polymerized gel. Plates were Incubated at 37°C for

24 hours and fixed by adding 4% paraformaldehyde. Sprouting intensity of EC spheroids was

guantitated by an image analysis system determining the cumuiative sprout length per spheroid -

using an inverted microscope and the digital imaging software Analysis 3.2.

[000427)Figure 41A depicts the mean of the cumulative sprout length of 10 randomly selected

spheroids per data point. Figure 41B shows the relative inhibition of the cumulative sprout length

of 10 randomly selected spheroids per data point by U2-38. The fitting of IC50 curves and

calcutation of IC50 values was performed with GraphPad Prism 4.03.

[60042BIThe results of Example 26 demonstrate that the antibody of the invention U2-3 inhibits

VEGF-A-stimulated human umbilical vein endothelial cell sprouting in a dose-dependent manner

in the spheroid-based assay using a collagen matrix. HUVEC sprouting was inhibited with an

IC50 value of 5.2 x 10 * Molar. -
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antibody fragment reduces HB-EGF-mediated signal transduction. 9.A nucleic acid molecule encoding
the antibody or antibody fragment according to Claims 1 or 2, preferably wherein said nucleic acid
molecule is opEPAB itk to a control sequence. 10.A vector comprisiRG AR 2 d molecule
according to Claim 9. 11. An isolated host cell comprising the nucleic acid molecule according to
Claim 9 or the vector according to Claim 10. 12. An in vitro method of making the antibody or antibody
fragment according to Claims 1 or 2, comprising the step of preparing said antibody or antibody
fragment from a host cell that secretes said antibody or antibody fragment. 13. A pharmaceutical
composition colf{&geRAE 2t BrrvesitsethrBisth{iBoRr fEHrE At BRI JA ER-ims 1 or 2, and
pharmaceuticaliyrerieepieititéion pfi €31 ¢iRivneccbive®riadi®yants, preferably further comprising an
additional activeperganin oidér b reephmbeacdimcabiComapivsiion iacotmd ing3® 6@lmhhitkd ofvherein the at
least one furthemasibresrgenidhansailinfroepiasticrgentyipneiand lxmberein dhaaatiyneoplastic agent
is an anti-tumokantibady.M-Wheksm e anti-neoplastic agent is Cisplatin or Avastin. 15. The
pharmaceutical gampesition of Slaim.ddouhersin e -ssmpraptibedy lanagigody directed
against a receploy [Igsine Kass, o aBANSIRRER A0-ABNBIAGEHIGah caagsition according (o
any of Claims 1:¥>,-_IL or yse in the lagnosis, Br%v,&ntion or treatment of a Xpeuarqliferative disease, in
particular canc&F°e17* Tha PRATMACETtcaT Composion of Claim 16 Wharein saia hyperproliferative
disease is assofrHE AN Hsek ek emgs &sid i SP e S e ARG & E Wisease is
associated withVe/HERSHRTP APy ARdaTe RS Adeia S s A B dRaiRdEnAdReE Y YPSRAEGactor receptor
activation, prefévedpbyitoriaeiheMinozdekiy atiaed otpéatiy/ke HE 28 cedf mavuthriletor aedepm¥ckctivation is
associated withPes gatsesgisyAiiep athioye gicalwne atiestn rtireaaCtiviytichasGepr otientairdfor a G protein
coupled receptene Kl ofthenphiamnagaptical-Ge rpo sty raf bdry 26.8uvberein said cancer is selected
from the group gaRgigHRE LS, CARCEImEaRIHRIRISAIRAL CRRRRS RROGERABEAAGBIPIOState cancer,
ovarian cancer .siomach CARGe- CRAAMSIIN SADE S, SlHBIRhGRIGRE g ancer, kidney
cancer, colon CGRISARIEcance, INIRIG OBE8 R AIGEL SBRGrh A T A MEjanema, |
carcinoma, in particular epit ellafor sguamous carcinoma, otlﬁer HBEGF ex ressm}g or overexpressing
cancers, and fotiAtOR O fUTTOr MetdsTaeas. 8" FeL Y Al feast one antibody of antibody fragment of
Claims 1 or 2 fSrEthEFARMIUHTEETR SRR e EOnYPBLItILT R APEetidyAd%s, prevention or
treatment of a IAs&EpSRRSTEIRLee TeERE S DptTep BNV TN AIT Ay sERpTERiFEYE disease is a
hyperproliferativerdisnaiiecisfitieds argiannky 2eagpepiof DOslidekivitogiTising @3 antibsdy of Claims 1 or
2, a nucleic acictielecubs®BSAairintBroma ivedttvddechrdingnic-Ghaist@) prefeddibdy comprising at least
one further activesagenbetddiod e kikoielaim iy hexaiyithe fustheraciveragentisan anti-neoplastic
agent. 22. The PhBHMaGRHIFE) £RMPLLEOSREEAHNG Knamndddlaims Ja3agkdwhish is to be
administered a3a:MARQLARARM AR binatonnith.a Hsthen Rhavmaceyiioal fempgsition. 23. The
pharmaceutical compositon aerRURCIR GBI i REL LD e JUIDEL ROAIMARRYGR! composition

comprises an antl-neopgstlc agent suc |splat|n or Avastin.
stored at 4°C.

[000433}Figure 42 demonstrates that human tuﬁbr xenografts treated with U2-39 show a
reduced endothelial cell marker staining (CD31 staining) compared to Erbitux-treated or control
treated tumor xenografis. This result demonstrates the anfi-angiogenic efficacy of the antibody of

invention in viva.

[000434}Example 28: in vive ovarian tumor xenograft model ~ combination treatment of
U2-39 with Cisplatin and Avastin

[000435]in order to evaluate the anti-tumor efficacy of the antibody of invention administered as
a monotherapy or in combination with Cisplatin or Avastin, an ovarian cancer xenograft study
was conducted.
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[000436] The: human ovarian aderiocarcinoma cell line EFO27 was genefically engineered fo
overexpress HB-EGF. The clone EFO27-CI58 was chosen for xenograft studies in SCID mice. 3
x 10% EF027-CI58 cells in 100t PBS/Matrigel (1:1) were injected subcutaneously into the left
fiank of 7 week old female C.B-17 SCID mice. Tumor-bearing mice with mean tumor volumes '
between 75 and 175 mm® were randomized into groups containing 10 animals. Animals were
treated intraperitoneally with weekly doses of 25 mgfkg U2-39, 25 mgfkg Avastin or 5 mg/kg
Cisplatin or control vehicle, PBS. Combination of U2-38 with Avastin was given at 12.5 mg/kg
each and combination of U2-39 with Cisplatin was givén at 25 mg/kg antibody with & mgfkg
Cisplatin. Primary tumor sizes were determined 3 times & week. Following calfiper

measurement, fumor éize was calculated according to the formuia W2xL}2 with L=length and W=
the perpendicular width of the tumor. Kaplan-Meier log-rank method was used to define time to
progression to 500 mm?® {defined as “event” for statistical reasons).

[00043T Figure 43A demonstrates that combination of U2-38 with Cisplatin led to a stronger
tumeor reduction during the administration period than treatment with Cisplatin alone. In addition,
a combination of UJ2-38 and Cisplatin delayed the time to progression of the median tumor size
to 500 mm® compared to U2-38 monotherapy.

[000438] The result in Figure 43B shows that combination of U2-39 with Avastin significantly -
delayed the time to progression to 500 mm° tumor volumes compared to the trealment with
Avastin as monotherapy although only half of the single agent dose was administered.

[000439]All patents and publications referenced or mentioned herein are indicative of the levels
of skill of those skitied in the art to which the invention pertains, and each such referenced patent
or publkication is hereby incorporated by reference to the same extent as if it had been
incorporated by reference in its entirety individually or set forth herein in its entirety. Applicants
reserva the right to physically incorporate inte this specification any and all materials and
information from any such cited patents or publications. -

[000440]The specific methods and compositions described herein are representative of
preferred embodiments and are exemplary and not intended as fimitations on the scope of the
invention. Other objects, aspects, and embodiments will occur to those skilled in the art upon
consideration of this specification, and are encompassed within the spirit of the invention as
defined by the scope of the claims. It will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without departing
from the scope and spirit of the invention. The invention illustratively described hergin suitably
may be practiced in the absence of any element or elements, or imitation or fimitations, which is
not specifically disclosed herein as essential. The methods and processes Hlustratively
described herein suitably may be practiced in differing orders of steps, and they are not

117



WO 2009/040134 PCT/EP2008/008233

necessarily restricted to the orders of steps indicated herein or in the claims. As used herein

a_ nm@o

and in the appended claims, the singular forms “a,” "an,” and “the” inciude plural reference
uniess the context clearly dictates otherwise. Thus, for example, a reference to “an antibody”
includes a plurality {for example, & solution of antibodies or a series of antibody preparations) of
such.aniibodies, and so forth. Under no circumstances may the patent be iﬁterpreted to be

. limited to the specific examples or embodiments or methods specifically disclosed hereln. Under
no circumstances may the patent be interpreted fo be limiled by any statement made by any
Examiner or any other official or employee of the Patent and Trademark Office unless such
statement is specifically and without guaiification or reservation expressly adopted in a
responsive writing by Appiicants. ‘
[000441]The terms and expressions that have been employed are used as terms of description
and not of limitation, and there is no intent in the use of such terms and expressions to exclude
any equivalent of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the invention as claimed. Thus, it will be
understood that although the present invention has been specifically disclosed by preferred
embodiments and optional features, modification and variation of the concepts herein disclosed
may be resorted to by those skilled in the arl, and such modifications and variations are
considered to be within the scope of this invention as defined by the appended claims.
[000442]The invention has been described broadly and generically herein. Each of the narrower

| species and subgeneric groupings falling within the generic disclosure also form part of the
invention. This includes the generic description of the invention with a proviso or negative
limitation removing any subject matter from the genus, regardiess of whether or not the excised
material is specifically recited herein.
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Claims

1. An isolated antibody or fragment thereof that specifically binds HB-EGF, comprising:
a) a CDRL1 of SEQ ID NO: 207, a CDRL2 of SEQ ID NO: 225, a CDRL3 of
SEQ ID NO: 257
a CDRH1 of SEQ ID NO: 292, 2 CORHZ of SEQ ID NO 323 and a CDRH3
of SEQ ID NO: 361 or
b) a CDRL1 of SEQ ID NO: 210, a CDRL2 of SEQ ID NO: 221, a CDRL3 of
SEQ ID NO: 260
a CDRH1 of SEQ ID NO: 292, a CDRH2 of SEQ ID NO: 320 and a CDRH3 of
SEQ ID NO: 362 or
c) a CDRL1 of SEQ ID NO: 213, a CDRL2 of SEQ ID NO: 230, a CDRL3 of
SEQ ID NO: 263
a CDRH1 of SEQ ID NO: 293, a CDRH2 of SEQ ID NO: 324 and a CDRH3 of
SEQ ID NO: 364.

2. The antibody or fragment of Claim 1, comprising
a) aV, of SEQ ID NO: 121 and a Vi of SEQ ID NO: 172, or
b) a V_ of SEQ ID NO: 124 and a Vy of SEQ ID NO: 175, or
c) a V, of SEQ ID NO: 127 and a V of SEQ ID NO: 178.

3. The isolated antibody or antibody fragment of Claims 1 or 2, wherein said antibody or
antibody fragment is a monoclonal antibody, a polyclonal antibody, a recombinant antibody,
a human antibody, a humanized antibody, a chimeric antibody, a multispecific antibody, or
an antibody fragment thereof, preferably wherein said antibody is a Fab fragment, a Fab’
fragment, a F(ab’), fragment, a Fy fragment, a diabody, or a single chain antibody molecule,
or preferably wherein said antibody is a human antibody, or preferably wherein said antibody
is & monoclonal antibody.

4. The isolated antibody or antibody fragment of Claims 1 or 2, wherein said antibody or
antibody fragment is of the IgG1-, 1gG2-, igG3- or lgG4-type, preferably wherein said
antibody is of the IgG2- or IgG4-type.

5. The isolated antibody or antibody fragment of Claims 1 or 2, wherein said antibody
or antibody fragment is coupled to a labeling group, preferably wherein the labeling group is
a radioisotope, radionuclide, a fluorescent group, an enzymatic group, a chemiluminescent
group or a biotinyl.

6. The isolated antibody or antibody fragment of Claims 1 or 2, wherein said antibedy or
antibody fragment is coupled to an effector group, wherein said effector group is
radioisotope, a radionuciide, a toxin, a therapeutic group, or a chemotherapeutic group.

7. The isolated antibody or antibody fragment of Claim 6, wherein said therapeutic
group or chemotherapeutic group is a calicheamicin, auristatin-PE, geldanamycin or
mayianasine.

8. The isolated antibody or antibody fragment of Claims 1 or 2, wherein said antibody or
antibody fragment reduces HB-EGF-mediated signal transduction.

9. A nucleic acid molecule encoding the antibody or antibody fragment according to
Claims 1 or 2, preferably wherein said nucieic acid molecule is operably linked to a control
sequence.

10. A vector comprising a nucleic acid molecule according to Claim 8.
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11. An isolated host cell comprising the nucleic acid molecule according o Claim 9 or the
vector according to Claim 10.

12. An in vitro method of making the antibody or antibody fragment according to Claims 1
or 2, comprising the step of preparing said antibody or antibody fragment from a host cell
that secretes said antibody or antibody fragment.

13. A pharmaceutical composition comprising at least one aniibody or antibody fragment
according to Claims 1 or 2, and pharmaceutically acceptable carriers, diluents and/or
adjuvants, preferably further comprising an additional active agent.

14. The pharmaceutical composition according to Claim 13, wherein the at least one
further active agent is an anti-neoplastic agent, preferably wherein the anti-neoplastic agent
is an anti-tumor antibody or wherein the anti-neoplastic agent is Cisplatin or Avastin.

15. The pharmaceutical composition of Claim 14, wherein the anti-tumor antibody is an
antibody directed against a receptor tyrosine kinase or against EGFR.

16. A pharmaceutical composition according to any of Claims 13-15 for use in the
diagnosis, prevention or treatment of a hyperproliferative disease, in particuiar cancer.

17.  The pharmaceutical composition of Claim 16, wherein said hyperproliferative disease
is associated with HB-EGF expression or wherein said hyperproliferative disease is
associated with or accompanied by a disturbed, e.g., pathologically enhanced growth factor
receptor activation, preferably wherein said pathologically enhanced growth factor receptor
activation is associated with or caused by a pathological increase in the activity of 2 G
protein and/or a G protein coupled receptor.

18. The pharmaceutical composition of Claim 16, wherein said cancer is selected from
the group consisting of breast cancer, gastrointestinal cancer, pancreas cancer, prostate
cancer, ovarian cancer, stomach cancer, endometrial cancer, salivary gland cancer, lung
cancer, kidney cancer, colon cancer, colorectal cancer, thyroid cancer, bladder cancer,
‘glioma, melanoma, carcinoma, in particular epithelial or squamous carcinoma, other HB-
EGF expressing or overexpressing cancers, and formation of tumor metastases.

19. Use of at least one antibody or antibody fragment of Claims 1 or 2 for the
manufacture of a pharmaceutical composition for the diagnosis, prevention or treatment of a
hyperproiiferative disease, preferably wherein said hyperproliferative disease is a
hyperproiiferative disease defined in Claims 21 or 22.

20. A kit comprising an antibody of Claims 1 or 2, a nucleic acid molecule of Claim 9 or a
vector according to Claim 10, preferably comprising at least one further active agent.

21.  The kit of Claim 20, wherein the further active agent is an anti-neoplastic agent.

22.  The pharmaceutical composition according to any of Claims 13 to 18 which is to be
administered as a monotherapy or in combination with a further pharmaceutical composition.

23. The pharmaceutical composition according to Claim 22, wherein the further
pharmaceutical composition comprises an anti-neoplastic agent such as Cisplatin or Avastin.
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