1 DI AGNOCSI'S AND TREATMENT OF CANCER USI NG ANTI - EREG ANTI BODY Techni cal

Field . The present invention relates to nmethods for diagnosing
and treating cancer, cell 5proliferati op i nhibitors, and anticancer
agents. Background Art A nmenber® of the epidermal growth factor
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arteries and balloon-injured rat arteries. From these results, Takahashi and others speculated

30 that EREG might be involved in the progression of vascular remodeling such as atherosclerosis
(Non-Patent Document 3).
Minn et al. identified several gene clusters related to lung metastasis of breast cancer
' " based on in vivo selection, transcriptome analysis, functional analysis, and clinical research, and
showed that EREG is one of the genes (Non-Patent Document 4).
35 Furthermore, Shirasawa ef al. showed that EREG is expressed not only in keratinocytes

but also in tissue macrophages, and that EREG-knockout mice develop chronic dermatitis.
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Summary In a first aspect, there is provided a use of an anti body
that binds to an EREG protein, and which has cell proliferation inhibitory
activity against cells expressing the EREG protein for the preparation of
a conposition for the treatnment of cancer. In a second aspect, there
is provided a use of a m ni body produced fromthe antibody set forth as
defi ned above for the preparation of a conposition for the treatnent of
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i nvention. Mire specifically, the present inventors conpleted the present

i nvention by discovering that EREG is useful as a tool for treating or

di agnosi ng cancers in which the EREG expression is enhanced, including

col on cancer, |ung adenocarci noma, pancreatic cancer, stomach cancer, and
ki dney cancer. The present invention provides pharnaceutica
conpositions conprising an anti body that binds to an EREG protein as an
active ingredient. The present invention also provides cell proliferation
i nhi bitors conprising an anti body that binds to an EREG protein as an
active ingredient. The present invention further provides anticancer
agents conprising an antibody 3 that binds to an EREG protein as an
active ingredient. Preferably, the antibody that binds to an EREG protein
has cytotoxic activity. Mre preferably, the antibody al so has
neutralizing activity. In a preferred enbodi nent of the present invention,
the cancers that can be targeted for treatnent are col on cancer, |ung
adenocar ci noma, pancreatic cancer, stomach cancer, and 5 kidney cancer.
Anti cancer agents conprising an anti-EREG anti body of the present
invention are useful for treatnment of these cancers which are primry or
net astati c cancers and have el evated expression of EREG Particularly
preferred targets for treatnent of the present invention are prinmary col on
cancer, netastatic colon cancer, and pancreatic cancer. Furthernore, the
present invention provides pharnmaceutical conpositions conprising an 10
anti body that binds to an EREG protein and a pharnaceutically acceptable
carrier. Pharmaceutical conpositions of the present invention are usefu
for treating and/or preventing cancers that have el evated expression of
EREG That is, the present invention relates to the use of an anti body
that binds to an EREG protein for the manufacturing of pharnmaceuti cal
conpositions for treating and/or preventing cancer. 15In another

enbodi ment, the present invention provides nethods for inducing cell
injury in cells that express an EREG protein by contacti ng EREG expressing
cells with an antibody that binds to an EREG protein. The present

i nvention al so provides nmethods for suppressing proliferation of cells

t hat express an EREG protein by contacting EREG protein-expressing cells
with an anti body that binds to an EREG protein. The anti body that binds to
an EREG protein 20preferably has cytotoxic activity. Cells that express an
EREG protein are preferably cancer cells. Furthernore, in another
enbodi ment, the present invention provides antibodies that bind to an EREG
protein and have cytotoxic activity in cells that express the EREG
protein. Preferably, the cytotoxic activity is ADCC activity Preferably,
the cytotoxic activity is CDC 25activity. The present invention also

provi des anti bodies to which a cytotoxic substance is



bi nding. In the present invention, the cytotoxic substances that may be

bi nding to the antibody include chenot herapeutic agents, radioi sotopes,
and toxic peptides. Preferably, in the present invention, antibody itself
has cytotoxic activity The present invention further provides
anti bodies that bind to an EREG pro®ein, and 30whi ch have cytotoxic
activity and neutralizing activity agai nst EREG protein-expressing cells.
| n anot jer enbodi ment, the present invention provides the use of an EREG
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adenocarcinoma, pancreatic cancer, stomach cancer, and kidney cancer.

The present invention provides pharmaceutical compositions comprising an antibody
that binds to an EREG protein as an active ingredient. The present invention also provides cell
proliferation inhibitors comprising an antibody that binds to an EREG protein as an active

ingredient. The present invention further provides anticancer agents comprising an antibody



30and kits to be used in the nethods for diagnosis of the present

i nvention. In addition, the present invention provides nethods of
screening for candi date conpounds as cagcer t herapeutic agents. In the
present invention, conpounds can be selected as a candi date cancer

t herapeuti c agent by using, for exanple, the EREG expression | evel as an
i ndex. Alternatively, conmpound can be sel ected as a candi date cancer
therapeutic agent by 35using the neutralizing effect against cel
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activity. The present invention also provides antibodies to which a cytotoxic substance is

binding. In the present invention, the cytotoxic substances that may be binding to the antibody
include chemotherapeutic agents, radioisotopes, and toxic peptides.  Preferably, in the present
invention, antibody itself has cytotoxic activity.
The present invention further provides antibodies that bind to an EREG protein, and
30 which have cytotoxic activity and neutralizing activity against EREG protein-expressing cells.
In another embodiment, the present invention provides the use of an EREG protein as a
cancer diagnostic marker.
Furthermore, in another embodiment, the present invention provides methods for
diagnosing cancer, which comprises detecting an EREG protein using an antibody that binds to
35  the EREG protein. In the methods of the present mvention, preferably, the extracellular region

of the EREG protein is detected.  Preferably, the methods of the present invention are carried



(13) an anti body conmprising an L chain having the am no acid sequence of
SEQID NO 55 as 6 CDR1, the am no acid sequence of SEQ ID NO 57 as
CDR2, and the ami no acid sequence of SEQ ID NGO 59 as CDR3; (14) an

anti body conprising the L chain of (13)7 wherein the L chain has CL _
derived fromthe nmouse Ic chain; 5(15) an antibody conprising the L chain
of (13), wherein the L chain has the anmi no acid sequence of positions 107
to 213 in the am no acid sequence of SEQ ID NO 20 as CL; (16) an anti body
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CDR1, the am no acid sequence of SEQ ID NO 63 as CDR2, and the am no acid
sequence of HE@qihprNebogBnes, thpResent(imepntian peavides sapyhasis fpr diggnegingtrendsr
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SEQ | D¢ and the am no acid sequence of SEQ ID NO 71 as
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sequenﬁ&dof ppmfdmermcmznm A 1fe pResédienRtif0isaehth S THUBHEEr ShbRERAD NO

2025 il ] SO AT Btf, e ot of (R0 opd TR chai
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aci d s&qUEH é%s‘ %‘?ﬁé@é’t e Eff%fﬁiﬂﬁge B dnGHERR #CsPlogEansen NO
75%s mﬁgﬁdelamdrchﬂtﬁneammmdn&ecm@m@ﬂl @hcSHd NG cadder. aSBQﬁR@m thé 29) an
I TG TN R TN A N
(28), thatareipartichiariy pa:ebfalrred h@aprinvey aclon@and dnamaxﬁ:l’tﬁbrﬂfancer and pancreatic
cancer. _
In the present invention, the step of collecting a sample from a subject can also be
20 expressed as the step of providing a sample collected from a subject.
Furthermore, in another embodiment, the present invention provides methods for
diagnosing cancer, which comprise the steps of; .( 1) administering to a subject a
radioisotope-labeled antibody that binds to an EREG protéin; and (2) detecting accumulation of
the radioisotope. In a certain embodiment, the radioisotope is a positron-emitting nuclide. A
25  preferred positron-emitting nuclide of the present invention can be selected, for example, from
| the group consisting of ''C, °N, %0, ISF., T3, 3Co, ¥y, 66_Ga, 8Ga, "Br, 897t and 12,
Furthermore, in another embodiment, the present invention provides methods for
diagnosing cancer, in which the expression of a gene encoding the EREG protein is detected.
Furthermore, in another embodiment, the present invention provides diagnostic agents
30 and kits to be used in the methods for diagnosis of the present invention.
In addition, the present invention provides methods of screening for candidate
compounds as cancer therapeutic agents. In the present invention, compounds can be selected
as a candidate cancer therapeutic agent by using, for example, the EREG expression level as an
index.  Alternatively, compound can be selected as a candidate cancer therapeutic agent by
35  using the neutralizing effect against cell proliferation stimulating activity of EREG as an

indicator.



positions 117 to 446 in the am no acid sequence of SEQ ID NO 10 as CH,
(31) an antibody conprising an L chain having the am no acid sequence of
SEQ ID NO 79 as CDR1, the anmi no aci dssequence of SEQID NO 81 as CDR2, -
and the am no acid sequence of SEQID NO 83 as CDR3; 7 (32) an anti body
conprising the L chain of (31), wherein the L chain has CL derived from
the nouse I c chain; (33) an anti body conprising the L chain of (31),
wherein the L chain has the am no acid sequence of positions 107 to 213 in

the am no apioft HEAHANSG EheiresDRGveltiProdesalse Bligwibg:34) an anti body
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corrpr cha| havi ng .t.he am no aci d.sequ e.0 EQ | D 5 as
SLAPHEES DR feRREEE ~SRe T e g PG RO B 148 o aci d
seﬂueﬂ@&mf SEQ ID NO 89 as 10 CDR3 (38) an antibody conpri si ng the H
chai n has,. der.iv f (39)
- BT B ke et 1 ERAN sty B b B Rk { e
am no[4adiednt@qeee gt of 3 osereinansantibddyttioat $#8s ioran tHREGantain isan altissliyulsnbe of
SEQ | D 0) an anti body conprising an L chain having the
anmi no® a f‘élf'%l‘”é‘%%ne‘%’]@t%?a“éﬁ 1D NO 91 as CDR1, the 15 am no-acid seguence
of SER] B ahi@an&3B agemit GIIRYgr [4lnethérbie timnfipodythat bisdraan EBEGfpr@EDis 4D aNdod95 as
(E?S; 41 i Jy conprising the L chain of (40), wherein the L
chai no%aégogﬁ{c})e(?%%eg) ‘rom the nmouse x chain; (42) an anti body conpri sing
the L(Ighaamibody ¢ot@risinpheHehsin bindnd the brainn abid sequiree ghPlQ TARNOY 2 segUBACEe of

20 a;
(43 " mhinEafa Kl ofito IONCP 1BUDRE, @6k SRRLERF Saline SHSEENR OF Ca0)
(44) @PRRanti body conprising the Hchain of (38) and the L chain of (41);
(45) m‘?‘ﬁftﬂbﬁ%ﬂy n@%mg HRiENGhalet (1, $REER aRfer (3N a8 0 allR a'cld%@q’ﬂeﬁbe%ff (42);

(46) ant 1 I'sing an H'chain having the am no acid sequence of
s\':fQ | Psions b7 ta§5 ewma%seamn%ofaiﬁwﬂ%ﬁeu%%@of SEQ ID NO 99 as

'€5s Q{galﬁ*ﬂgdﬂgnﬂﬁsﬁ% b Hsﬁﬁﬂled?@ﬂ RheraE Dl PN hal Bt aftho@NdRequet b 6F an
antl body conpri sin H chain of (46), wherein the H chain has CH

der i vwltfoﬂﬁ)%m@ﬂ%lnlt@@mmo acid gegpynogpf Seﬁﬂ Ihbey ¢t sing the H chain of

(46) (4%?£rﬁfbﬂd§%ﬂﬂsﬁhﬁlﬁﬂcﬁ@l§he{ tﬂé@nﬁlﬁo AGd & ﬁ&ﬁ&smﬁmmgom dsicamst, &k7 to
in the amno aci.d sequenc D NO. 10 as CH § hﬁ%ﬁ@%n“ body

conpr wrainp acid reapencr AF AEREY NGy 1{* ﬁ?eC]aﬁ% r?Bd sheieginagifereens o 2403 as
CR1, cbRe, am no acid sequence of SEQ ID NO 105 as CDR2, and the am no

o e B O 5 e (0l ST e o SOMBEL LS . &
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 18 as CL;
(6} an antibody comprising the L chain of (4), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;

25  (7) an antibody comprising the H chain of (1) and the L chain of (4);
(8) an antibody comprising the H chain of (2) and the L chain of (5);
(9) an antibody comprising the H chain of (3) and the L chain of (6);
(10) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 49 as CDRI, the
amino acid sequence of SEQ ID NO: 51 as CDR2, énd the amino acid sequence of SEQ ID NO: 53 as

3¢ CDR3; _
(11) an antibody comprising the H chain of (10), wherein the H chain has CH derived from mouse IgG1;
(12) an antibody comprising the H chain of (10), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ 1D NO: 10 as CH;
(13) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 55 as



8 (51) an antibody conprising the L chain of (49), wherein the L chain
has the am no acid sequence of positions 107 to 213 in the amno acid
sequence of SEQ ID NO 20 as CL; (52), an antibody conprising the H chain
of (46) and the L chain of (49); (653) an anti body conprising the H
chain of (47) and the L chain of (50); 5(54) an antibody conprising the H
chain of (48) and the L chain of (51); (55) an antibody conprising one or
nore am no acid substitutions, deletions, additions, and/or insertions in
t he aGDinO@ly affnoaby s@fuekcd bf 5BQ (BA0: sWai ChRbasd €guiniial eiitse@ehdewif SEQED t he
ant i bo?)y gn of (1) to (54); (56) an antibody that binds to the sane
EREG Profefh B%?”t ope as the antibody of any of (1) to 10(55); and (57) a
m ni boidy aintibbéy @iipribiaghte Ofchain v @B), (Whpreinahd BE)ain a6 CLIdegvediivircha aeuscagent

of anﬁ?one of [3] to [5], wherein the antibody that binds to EREG protein
recoghikbs Ala at position 29 to Ser at position 69, or Val at position 63
t 05 Leylsakn pododyl @lﬁlpﬂlﬂﬁg the I chie oB(1B ) ovhaeindhske chueniee tiefamBicQcidBeEnce2t; 15[ 7]

the antican V\/r@fel n the cancer is any
cancePOStﬁnéiﬁt(ﬁ??W?% g%gﬁqueélﬁggjg% (%g)g?’l” on’cancer, |ung
adeno(:mﬁziammdqumpﬂme@ﬂxeﬁcdmammé(l,O)sztdcthabhhanaofc(ﬁ), and ki plney cancer;
Lo D AR BARE GRS e B crtiblor (ARSI LG GRDOET | 5 PT) TATY cancer

[9] t lCaANcer ragen rern t is metastatic cancer;
20[ 10]18;13111mmbocba@mptlhagthbﬂmh@nt@(@ma@mmm@i(ﬂﬁ) and whi ch has cell

P{Q! | {1% 0@t It Q.Fic@[ynh %ﬁnglggﬁxn @%@A@(hﬁ;ﬁ,{g@gfm 5 aasgéﬁamﬁ friot ibfas%ﬁﬁé the

prote erei pro[ eration
i nhl bihiop ycid sequuicepf SBQ 8 N6 6% neCRBE] anil thy; alr{ﬂlQﬂ]Cl&ﬂqqzlleanftSE@@d“fo [6PFp
wher elppthe cytotoxic activity is ADCC activity; [ 13] the antibody of
[ 11], etein the cytotoxic activity is CDC activit 25[ 14] the anti body
of an@(}bweal@boqyl@}nptl@ng thg 1 chajniof b 9Adrdiereitote Hl opain fas ééd%rw&d frompaeeusekeGyi ty

agai n?‘zﬁ L&bRERQ Hgn‘% me H Jh;é]ofmy vé}BPe'uPtQQH Ahin hiQhe «ihS L8k Ee[qtlaﬁe el |

prol i atlonlnh |to activity is neutralizing activity;

niﬁu bpditiops bifiie &6 fnrtbﬂm%a%%%quailo%%q HONO: 3d#s1GA; t he anti body of any

one ofof A01ntib Ol b nmwﬁf@blﬁllﬁm@ﬁg@MﬁEﬁm&q&nmw ROt @XdsCTRaPiHe de
is bound to thé an %@h@{,@g an_anti body .t hat binds to an EREG protein,
&

wher eppingagid @%ewpé‘é%(;l ahPB2saf é*@taéﬂwr estetiracq ol 1PONE St ng of
a chegpgherapeutic agent, a toxic peptide, and a rad| oi sot ope is bound to
t he antl body 35[19]. the anti bodé of any one of tQ [ whi ch is an

ant i b@ayanitihedy f@fnp(lalyc e L oh@Pbwherely e ot lfaa ‘ihﬁama%‘?KH
ch@i ncaayi ng the amino acid sequence of SEQ ID NGO 2 as

(24} an antibody comprising the T. chain of (22), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;
(25) an antibody comprising the H chain of (19) and the L chain of (22);
(26) an antibody comprising the H chain of (20) and the L chain of (23);
25  (27) an antibody comprising the H chain of (21) and the L chamn of (24);
(28) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 73 as CDR1, the
-amino acid sequence of SEQ ID NO: 75 as CDRZ, and the amino acid sequence of SEQ ID NO: 77 as
CDR3; _
(29) an antibody comprising the H chain of (28), wherein the H chain has CH derived from mouse [gG1;
30  (30) an antibody comprising the H chain of (28), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH; '
(31) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 79 as CDRI1, the
amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of SEQ ID NO: 83 as
CDR3;



9 CDR1, the am no acid sequence of SEQID NO 4 as CDR2, and the am no
acid sequence of SEQID NO 6 as CDR3; (2) an antibody conprising the H
chain of (1), wherein the H chain has7t he am no aci d sequence of positions
117 to 452 in the am no acid sequence of SEQID NGO 8 as CH, 5(3) an

anti body conprising the H chain of (1), wherein the H chain has the am no
aci d sequence of positions 117 to 446 in the am no acid sequence of SEQ ID
NO 10 as CH, (4) an antibody conprising an L chain having the am no acid

Seque(yé%mpinﬁ%g boBRpAGhe 421.38i1CBRE1), W&cRARIIOcHAGI s GEGaRE ErodfthSnstR NO
14 as , and the amno acid sequence of SEQ ID NO 16 as CDR3; 10(5) an

ant i b@H@mcorrpri sing the L chain of (4), wherein the L chain has the am no
aci d %@ﬁlﬂﬁﬁﬁﬁoﬁffm%ﬁ!ﬂﬁg @88, A ot @12 *Berkit tﬁefIGCh%ﬁiIHRcha@lmdloSleﬂuaﬁEﬁbe@ff SEQ I D

n antibo ain of (4), wherein the
L chaP‘i’FltF?éél‘?W@gé%*“ﬁ]éFaé‘Ep%la%‘g%ﬂ ng %oiécg]g%ﬁ{} %dr;?? 7 to 213 in the am no
aﬁﬂ' d @Q}gjlb&%ﬁlﬁ@o Bfcod 1ﬁg3h&|@ch&ﬁoa§28ﬁndﬂae(l?):haafbfa:mt); Eogy conpri si ng tﬂe E
chain o | ody conprising the
chai nGo? a‘tsﬁ‘)t‘b%c[;(cfofnﬁ’és‘?_gtgﬁg:%maf’fé iﬁnd]‘gbl?z t¥body conprising the H
chai n¢3sh ar(zalhb@d'j/d:oinbﬁsmgﬁEIBIIdhalﬁfof(i’v@) and t(iél.l)khaarbfm); body conpri si ng an H
ngahnggz ‘g'fm%g@q%ﬁlc\%gha%ﬁ ggnrl ,moagl ?eﬂléengen?f;g%@g sequenceao ngEQ
| D NQimB3 aéi s@&&p oKL 1) Nein $21m¢ CHB2ynd drpmirei anig stdvendd of REQADANO: (3263 ,
m@ﬁ;e*:@ﬁhhe H chain has CH derived frommouse 1gd; (12) an anti body

g the Hchain of (10), wherein the H chain has the amno acid
sequ e(‘B(sgeaménubmg»i comprisingdl b7 Htobaid 46(37)) whiewiretht Hohzie hat (Fedarved Bowfme@R(eHD NO

10 sl RpALLd REWCAERIPLTS)! Erehah RV bAe:apiza00act d
sequefﬁ’ a‘bffngl PHPRE B8 .acg al%%ﬁgﬁt reg{r]ﬁhno a%il1 Bass equen%e o?ea ol
57 asp@GbiRas 11dnd 44hie thendnmnoo aad @qmqmefrﬁﬁﬁ BINGED 4sOHNO. 59 as 25 CDR3 ( 14)
an antfobody. SRRl HirGlA%H deid WARKE & SERADINGTAT R drag, &b
deri vgg?%r%{"rtﬁ%%pco}#@hg %“ ¢ m nd }%5 an Céngté@%od cotr?;nr):{gl ng the L chain
of5 ( 1@)1mowhé sejuence heSEQ Bhb}icn 9h aSsCDRé aadihs e aa1d§e<m§mwé SER Ihd¥¥ % éhs 107
to 213 the am no acid sequence of SEQ ID NO 20 as CL; 30( 16) an
anti bogy tonprising the H chain of (10) and the L chain of (13) (17) an
ant i bdyarcoibedysiomgrisipthilchain af @F). phapingbril ehedn has QHéiPlﬁ"eéfffo(nlthﬁ moyspe) " an
antib Yo: corrprl sing the Hchain of (12) and the L chain of (15); (19) an
anti body conprising an H chain havi g/% the am no acid sequence of SEQ ID
NO  6(2asn @oRady comerising tie Labiie oS @Hueneeindhe s s No2mgy 2K sepce AAnd t he
a1 nop&@tloﬂs $EAHENE R (A stk hdidPsedncO8f FRY ID NO: 20 as CL;

(43) an antibody comprising the H chain of (37) and the L chain of (40);

(44) an antibody comprising the H chain of (38) and the L chain of (41);

(45) an antibody comprising the H chain of (39) and the L chain of (42);

(46) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 97 as CDRI, the

25  amino acid sequence of SEQ ID NO: 99 as CDR2, and the amino acid sequence of SEQ ID NO: 101 as

CDR3; ' '

(47) an antibody comprising the H chain of (46), wherein the H chain has CH derived from mouse IgG1;

(48) an antibody comprising the H chain of (46), wherein the H chain has the amino acid sequence of

positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;

30 (49) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 103 as CDRI,

the amino acid sequence of SEQ ID NO: 105 as CDR2, and the amino acid sequence of SEQ ID NO: 107

as CDR3:; '

(50) an antibody comprising the L. chain of (49), wherein the L chain has CL derived from the mouse k

chain;



35 CDR3; 10 (20) an antibody conprising the Hchain of (19), wherein the
H chain has CH derived fromnmuse Igd@; (21) an anti body conprising the H
chain of (19), wherein the H chain has the am no acid sequence of
positions 117 to 446 in the am no aci dgsequence of SEQID NO 10 as CH;
(22) an anti body conmprising an L chain having the am no acid sequence of
SEQ ID NO 67 as CDR1, the 5 am no acid sequence of SEQ ID NO 69 as CDR2,
and the am no aci d sequence of SEQID NO 71 as CDR3; (23) an anti body
conpri g4 th ) riyed from
he. notud dpe B catefisfi e Penp MU whifinns T bR 1AS aitar G p85 )

wher ei secmhm:el_ofqﬂ@axmnhbw torﬁ3amhmmodcsleaqqmmceoﬁ$EQODd§Ot 20asCLO7 to 213

inth 5 ti bod
::grrprle %ﬁﬁgw g’ﬁ’ﬁﬁ%%qﬁg)c anadt?ﬁ@%nd%ﬁ%?‘%ho 3 ) ?SG?naln gn%/i body
conpr i éi3|)gntahebddycmaqmsmg theB)chaimch fi(#&) dndghalchain o@ 23)) (27) an anti body
COMY | B4}l e, Rk Bl AR doaSRL Ml F2A). (26) an

ant’| body“conpri srng al n e amno aci equence of SEQ ID
NO  73(5%% mlbocimeﬂmsmmqmo oamode s@qmmabsmt@&@ﬂ felpi@nsy slditdorGDRRl orand

th

compr 1 et f A IS Fapg b1 1 (), iR o i alent iAo F By of

nouse ilﬂgGlf(l)(QS@)‘i),an antl body conprising the H chain of (28), wherein the
H ch i

el o soel e bR AIARIRR @ IREAHE TR pRCRl PO e mibor Ry SOEBT N0,
chdl n WgQ/EWé the anmino acid sequence of SEQ 1D NO 79 as CDRL, the anino

acid s g%ﬁbgﬁ §§@ Rid¥dy FhndorEDRE(s@pd the am no acid sequence of SEQ
I D Noéqg ( ea 1an antln ody cor(rp®|5| ng the L chain ofﬁBl -
pagien

wher ei 9] tﬂlt?eamlcwr ﬁgq%e oy aerafiabfoslp bvhersn theppbedy dptbinds tp
-anti bogly, Qﬁf@%wﬁ hPSodidim 1o IR B Rsitlodlao, omra% pBsitif¥e63- 1PN 41 passioh N6s Al nO

acid sequence of positions 107 to 213 in the amno acid sequence of SEQ I
NO.  20thggmipo a@é&ﬂjqusnceﬁtﬁ%é@%n?dm sing the H chain of (28) and the L

chgi n p:J tﬁ&alﬁm{c%a gl o Pyl RN [mm{s iHRecih IR dainEhd dhyQfandet Spleated filohe L

chain nti body ri'sing the H chaj n of (30) and the L
chain ‘g‘F g(‘ﬂ%’)coné’ét f?"o ‘é"ﬁl?fv"?fb g”@ Cg‘imr’i’&» &ﬁ“%aéﬁéﬁweﬁasmrﬁf& 3B no

aC| d seuedes @hc®EQ | D NO 85 as CDR1, the amino acid sequence of SEQ ID
CDR2 and the 0 aci uence of SEQ 1D NO 89 as CDR3; (38)
A antiFh DARCGHSET SIHOE G e rai e SO PITRRSFEEHS (he H chai n has OH
deri ve@) tHeamtiomesLadedChE [ 7], wherein the cancer is metastatic cancer;
20 [10] an antibody that binds to an EREG protein, and which has cell proliferation inhibitory

activity against cells expressing the EREG protein;
[11] the antibody of [10], wherein the cell proliferation inhibitory activity is cytotoxic activity;
[12] the antibody of [11], wherein the cytotoxic activity is ADCC activity;
[13] the antibody of [11], wherein the cytotoxic activity is CDC activity; .
25  [14] the antibody of any one of {10] to [13], which additionally has neutralizing activity against
the EREG protein;
[15] The antibody of [10], wherein the cell proliferation mhjbltory activity is neutralizing
activity; '
[16] a minibody produced from the antibody of [10];
30 [17] the antibody of any one of [10] to [16], wherein a chemotherapeutic agent or a toxic peptide
is bound to the antibody;
[18] an antibody that binds to an EREG protein, wherein any one cytotoxic substance selected
from the group consisting of a chemotherapeutic agent, a toxic peptide, and a radioisotope is
bound to the antibody;
35  [19] the antibody of any one of [10] to [18], which is an antibody of any of (1) to (57) below:
(1) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 2 as



11 (39) an antibody conprising the H chain of (37), wherein the H chain
has the am no acid sequence of positions 117 to 446 in the amno acid
sequence of SEQ ID NO 10 as CH, (40) an antibody conprising an L chain
havi ng the am no acid sequence of SEQID NGO 91 as CDR1l, the amno acid
sequence of SEQ ID NO 93 as CDR2, and the am no acid sequence of SEQ ID
NGO 95 as 5 CDR3; (41) an antibody conprising the L chain of (40),
wherein the L chain has CL derived fromthe nouse x chain; (42) an

ant i bogy 1 CRERAINS bAG sdgignck oEHRD D BD: ¢ 40y DRONBE Sielantifteacid sed;\&na df8EQtIaN@M no
acid sequence of positions 107 to 213 in the am no acid sequence of SEQ ID
NO. 20286P8E: 10(43) an antibody conprising the H chain of (37) and the L

chai n(9tn 4:tdbdy compkididy thaM ehatn dTODYwisssip thie cﬁgmtliaethlel ach@ianideéqued8)f and t he

L chai n_ of an ant bod chain of (39) and the L

chai np‘b“ftlo(lﬂgl)%%“z(‘(%%e)a%o% 8y Ce%% ﬁgzE ﬁ: chai n having the anino

aCii d @Qwﬁnﬁed}donﬁﬁ@ng EeHH11aﬁl7ofaS hiRdin tﬂer}ec}ammethaejndlo%insmeme@f SEQ ID
ID NO 101 as 15 CDRS;

(47) B‘?ﬁﬁ’ﬁ?ﬁ%ﬁﬁ @ﬁ?)eral“g??q]@cq‘?ﬁguﬂc %W?ﬂ%% ierein the H chain has
CH detd) weshtfbbdneompuisiag higlachain fad@) tiranandt adibsbyuaponpi SEE) MYNOE ad (W4, theof

e R e e e b L s S R S

ant i bGDREJ.:corrprl sing an L chain having the ami no acid sequence of SEQ ID

af R cont ﬁggﬁhgwg;@h Q@f%%ﬁ%w{@gi%hgﬁ it Ax@nmgzld élqu?enééotCDRz and

t he a No~ acl an ant | body
conpr psitivgs tWGOIzlfthuahermmflo éd@}eqﬂwqep%ﬁ@ﬂh@ou%ﬁe@[ﬂ has CL derived from

t he o ©of (49),
wher g&ﬁ%ﬁﬁﬁhbﬁﬁlﬁig}pﬁm ﬁghe e am aC|%PQXL%E%%%@%?EQ%%?EI@§37 to 213

i n t hpositivnn 070 28 Bdbp rerioeacd SGSE@W o $5& Oa%o ®CL: (52) an anti body

f o f (49 53
ant | bpdy el SRR RUCH AR} JE IRl Shan of (50):  (54)

al® ant® b@eylbe@hwnp@slngﬂwecmlﬂmfﬁ)ﬂﬂ thedabyinght he L chain of (51);

(55) a@&hib@ n{b?igﬂﬁ’tll%'}ﬂ&]aﬁflﬁ‘(ﬂranmwg AfhRe(@CI d substitutions,
del et| ons, itions, and/or insertions 30in t e ant | bomof any_of 1) to

(54), (l\ﬂfhmmh@ehf cowaTivag wnt chan hayng heamipg, eidrargsay B Gh ot® TPt 1?(654)

(5 6_) ind kil Q&]qe(ncte RESEDIMH ). 159 of HORS 2B tHsREfndchl s@d;d&n&ﬂjf sepgpag:tshes
‘anti body of any of (1) to (55); and (57) a mnibody of the antibody of

any ofPR3) to (56); [20] the antibody of any one of [10] to [19], wherein
tie ant MMb&@%&Bﬁﬁ@théHachaﬁx oppmy twheRind8e HkBaih RasIEH d@tve @Sintricase I§G1; o

\8/ng ?é Szln%lﬁggdl} C%ISII]JIt“ISOmg the o Hachagl ?(105 \Hler]é9n8the hr};hztmrl] ?lasatmc anrr?mg gc!A seque%%g ch e of

positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;
(13) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 55 as CDR1, the
amino acid sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of SEQ ID NO: 59 as

25 CDR3;

(14) an antibody comprising the I chain of (13), wherein the L chain has CL derived from the mouse

chain;
(15) an antibody comprising the I. chain of (13), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;
30  (16) an antibody comprising the H chain of (10} and the L chain of (13);
(17) an antibody comprising the H chain of (11) and the L chain of (14);
(18) an antibody comprising the H chain of (12) and the L chain of (15);
(19) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 61 as CDR1, the
amino acid sequence of SEQ ID NO: 63 as CDR2, and the amino acid sequence of SEQ ID NO: 65 as

35 CDR3;



[21] use of an EREG prot'e«i n or an EREG nRNA, or both, as a cancer

- di agnosti ¢ marker; [ 22] a nmethod for diagnosis of cancer, conprising
conmbi ning an EREG protein with an antjpody 5 that binds to the EREG
pr ot ein; [ 23] a nethod for diagnosis of cancer, conprising the steps

of: (a) collecting a sanple froma subject; and (b) detecting an EREG
protein contained in the collected sanple using an anti body that binds to
the EREG protein; 10[24] a method for diagnosis of cancer, conprising the

Sth eps l()ﬂ)f) n ﬂ%o@%’%ﬂ%&%ﬁ@ﬂqb POchh®@ oft (B, bmfetén e Hadhip hsalio aafdeaheﬂne@t%uaﬂtgcbpdy
t hat 1 NAS n el n; el e umul at1.on o

Fadi of oo el el HUAn G (el € e A B HEparse genes S

radi 0ps@RPE11 (B 436 PAB dokifF a@dbdqléndg o SEY IDHEO: 10as CH:26] the net hod of

di agn s of 5], wherein the positron-eni t|n

nuol T 02 rSubb et G hehagt it ea P st SEER O N R e,
Ss£0; ai#o4cit 6éucnce®BERQ ID KB 69 as CORSNAL theamthola2 4 sequeBdd] of SEQEDO0E Tl

di agna; ?1) of cancer, conprising detecting the expression of a gene

encodi @an EREG pr ot ei n; [ 28] the nethod of diagnosis of any one of

[ 22] (23) hRakibodyhen@tising the Lahsia of (225 whngingbnk erairstel €ttdedvedGrohr thermbhre xgr oup
consi stl ng of colon cancer, |ung adenocarci nonma, pancreatic cancer,

st oma&H"tancer, and ki dney cancer; [29] the nmethod of diagnosis of [28],
wher e(24) h.lhﬁmbeci}mmp'risingmlb evhyin o878 whefeBGhe & Heimbes Hedmdado adidagmeaief of

[?@] V\éfﬁlons ll&to@? AN S é%cagge ﬁéncggfﬁ(fﬂ?ﬁ%rZOasCL [31] a di agnostic
agent use i a method dh agnosi §*of cancer, “which conprises an

ant i b(ﬁﬁ})afizaltfbbxbztcompndsgﬂl@th!naEREG%mmtéwhché{HB@(Z%) kit for use in a nethod
for d ody that binds to an EREG
pr ot e|2%glglp &%OCWCO%I%%?%% thﬁloqi?j@%ft%%gﬁhugﬁﬁ% G protein; [33] a

met ho27pfn @Itlbetémomgﬂﬁngthafbéﬁnmwﬁé&léamh@bew ed2®Pancer therapeutl c agent,
whi Ch £5P£ﬂn§§ éoﬁl?nfxﬁgﬁeaseﬁam ﬁ&%&e SRR5 854 geagenEBE@mmﬁésvm @sitd, shewi th

a tes orrpoun urin REG expression level in

EREG emippesid iseyensefof SEQ FAHO: (73)15 SBR3canfl thg aanWéemn%@rf&tSEQdM% e EREG
expreggRgn | evel conpared to a control as a candi date therapeutic agent
for cancer; [ 34] the nethod of [33], wherein the EREG expression |evel

is evEUan abely coneriviey/&p Hohainid (83 YERIE 1B Brobiin badcH derdigd framgnaastielt ur e
super pyah ﬁ{l&mm&@ﬁlorr@nﬂﬁg ﬂﬁ@@h BhinSB (RSN BF HRhGANLH Hak®inG 0P M4nshcast cancer
ther agc?sliltgolng 118‘79[3 QEIG n the ammo acid sequence of SEQ ID NO: 10 as CH;
20 (31) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 79 as CDR1, the
~ amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of SEQ ID NO: 83 as
-CDR3;
(32) an antibody comprising the L chain of (31), wherein the L chain has CL derived from the mouse k

chain;

25 (33) an antibody comprising the L chain of (31), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20-as CL;
(34) an antibody comprising the H chain of (28) and the L chain of (31};
(35) an antibody comprising the H chain of (29) and the L chain of (32);
(36) an antibody comprising the H chain of (30) and the L chain of (33);

30 (37) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 85 as CDRI, the
amino acid sequence of SEQ ID N(O: 87 as CDR2, and the amino acid sequence of SEQ ID NO: 89 as
CDR3;

(38) an antibody comprising the H chain of (37), wherein the H chain has CH derived from mouse IgG1;



13 conprises the steps of: (1) culturing cells that proliferate in an
EREG dependent nanner, in the presence of EREG and a test conpound; (2)
neasuring the cell proliferation level; and 5(3) selecting a test conpound
t hat suppresses cell proliferation conpared to a control as a candi date

t herapeutic agent for cancer. [Effects of the Invention] The EREG gene
expression was confirnmed to be significantly elevated in cancer cells 10
based on gene expression anal ysis of various cancer tissues and cancer

Ce: : 395{[%5311t1f@5ﬂyt<§8§1 ﬁ&*&?ﬂr mpdhgl%n ()F (), BREGirek PHeE SR Bk ﬂléarf];ﬁﬁdi yeid @ghdnie SO mal
cells. erefore is usefu c er for cancer

det ecPysgipns 117 to 446 inythe Wfl‘bf‘% TavEre %&Escgﬁ) ght fo %@é anti bodi es agai nst
EREg ENPLESSbOG BRIHSNY@SL cln havigthe amnmlh@lcpsremm oflsm‘,QaﬂIIN(Oml avxmnm thhe
EREG expression iIs n it.15is ancer
cel | samipRREd SHNESE ngﬁéﬂ’ 3&3 ? B ﬁ%@ af‘ﬁ ﬁp PRSI SRBIPES 03\84@5 3? oxi ¢

eff ectpraul d be obtained in vrvo for exanple by adnlnrsterrng an

anti - G an the r i it was

confi Eﬁgﬂn thfb?@éﬁé@ iR &@H?m & t@ﬁ{ g"?%rfa }rlabnnkpaf’ giﬁie 1 a glgﬁe]%glgﬂse ¥

anti - BRe(; anti bodi es. Therefore in a preferred enbodinent in addrtron to

the c t oxi ffect odreﬁ qﬂ% l%%ﬂﬁ&f %%Ehw<m ,

prol i %%?2{{"]“’8 fo%ﬂ%{’ﬁ a Oféﬁ)te "o i3 fhe SRy spdusheedbe g

Bri ef p&#ies i (i Q3 mfthetdlﬁndDmad\Bﬂqgslce ofSEQIDNDg.ZO&S@hOWS the |l evel s of EREG

nscr. n_nor nal u . tdgsues. The vertical axis
Esdr REGEL t‘*’%ﬁ“&’f“‘“%e% R 02? @%@bﬁgpgﬁa‘%%@%? at HG UL33A. The

Eﬁlntehgad@ﬁ$@hﬂmm@nmmembbl@h&lﬁé&hwuhhﬂbeﬁi@Héﬂexpressiog_sco;eshof a{L
e g S on Was, ig. shows e

| evel ?gg ﬁi&@ hﬁn%ﬂg%ﬁh&m?@%ancgﬁgﬁf fj(% The vertical axis

i ndi céfopan antibodyi ogrmatlsmgmrelﬁshaw hayingPheyiyeing ppid zergsep@ezofaiEm@ W3%jras Cipfel, the

| Nt enghhY abif sddl t&m%%gw JBBAADKA! M8 t&fmﬂﬁ&c@%@%&ﬁc% AREBADNES: 10f gl |

t he genes on whi ch was set 30to Fig. 3 shows
tHe bCR8Bng of antr-EREG monocl onal anti bodies to EREG DG cells by flow

cyto t7 ¥n %‘E—Qﬁdy c%ﬁlhhﬁﬂé th@’ﬁ Sl [ﬁ?tvﬁr%rehhﬁe Ei@hhin RAHE Hertveh HOMOSMENMG1;

count hofizontal axis Indicates the fluorescence I nt ensi tfy

val ue(48) 2 antibody comprjsingths Foshgintoh E46hiviwreythe H e hasthining AdE peghgee ©

ant i boditess {0 b s RekdlantiRb A 206 6F SEREIT NDE n@adayf | ow cyt onet ry The
vertical axis indicates the cell nunber (fluorescent co%ﬂéé % h@e
103 as C

hor i z 6430 & anaikedy coprameng Est Pen havingteEun iq HERST ¢y ROl
20  the amino acid sequence of SEQ ID NO: 105 as CDR2, and the amino acid sequence of SEQ ID NO: 107

as CDR3;
(50) an antibody comprising the L chain of (49), wherein the L chain has CL derived from the mouse x

.-

chain;

(51) an antibody comprising the L chain of (49), wherein the L chain has the amino acid sequence of
25  positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;

(52) an antibody comprising the H chain of (46} and the L chain of (49);

(53) an antibody comprising the H chain of (47} and the L chain of (50);

(54) an antibody comprising the H chain of (48) and the L chain of (51);

(55) an antibody comprising one or more amino acid substitutions, deletions, additions, and/or insertions
30  in the antibody of any of (1) to (54), which has equivalent activity as the antibody of any of (1) to (54);

(56) an antibody that binds to the same EREG protein epitope as the antibody of any of (1) to (55); and

(57) a minibody of the antibody of any of (1) to (56);

[20] the antibody of any one of [10] to [19], wherein the antibody recognizes Ala at position 29



14 Fig. 5 shows the CDC activity of anti-EREG nonocl onal anti bodies
agai nst ‘the DLD1 col on cancer cell line. The vertical axis indicates the
chromumrel ease rate (%, and the horizontal axis indicates the nane of
ant i body. Fig. 6 shows the A activity of anti-EREG nonocl ona
anti bodi es agai nst the DLD1 5col on cancer cell line. The vertical axis

i ndicates the chromumrel ease rate (%, and the horizontal axis indicates
t he nane of anti body. Fig. 7 shows the dependence of proliferation

of EGFR: | G T, t] . -axk s i-ndi cat.es_t.he absor bance

2t 450 ek {pLPoRg, SR B S odgs!d pai L B ip BBl i Br R

i ndi cat¥i tA&NEREG concentration (ng/nl). 10Fig. 8 shows the dependence of

proli T g pfdserah IR ARRE oPAIEREA hRNGANG ShaC T 4 el DEIOD,MIBAAERES  The
s the a t

vertical ‘axis 1ndlcat 1 sorbance d urn (reference vef’ength of
655 nml22laactbrd feradiagnenis Sif cances comiiisiag esmbén EREEREGrpetetn with om agtitgydyl )
Fi g5 9 & OWRIskb ehede@eAGRRER; Of proliferation of the DLDl colon cancer cell
line on_human EREG The vertical axis indicates the absorbance at 450 nm
(r ef er éhtle Mgthed &ighaenesis phcaws:, sagnprising thensensofi zont al axi s i ndicates the

EREG conc@nbét 'Mn(ﬂ@ﬁﬁh)asdﬁ%&t- 249 shows the neutralizing activity of
i Bodi es in EGFR-BAF cells. The vertical axis

anti-hw EREG nonocl onal, anti | ] : I

i ndi cat®Letgeling an ERSGproten sentamed it the callesdedsmpée eringaicintivndy Buedhinds to

concentisl RBG/éeay; bance of the control x 1009, and the horizontal axis
i nﬂé caif@ the antibody concentration (itg/nm). 20Fig. 11 shows the

nelll r al7%iafgcthed faridiagngsis gheancel, RAIAPEIIEG lo6r{&) administesigds aisnbictten
ASPCL RANGE@BHE-BbER GBAbSRY that i to TAERIRS bidtah, A%i(3) aé%él!tﬁgfas?%r@hsﬁcg%f‘
proliferation rate (absorbance at each anti body concentration/ absorbance
of thesad‘gﬁff‘ﬁ%'ﬁowp%oo%, and the horizontal axis indicates the antibody

concen[25theomethpd @f Bagnosis of [22], whereifr tH radidiss VS 4 AitRiMEehdGnLhuctkmeri ¢
ant i bo[,:ge(ﬁ?lge wh CQ ﬁgre reco Hlt li)tged y 25 identifying the sequence of
Vo § ab/ 497 P PiiSd of Gagats ol 2 3 et miie i iiancasil IRAUU g 8 eny ane Juciil
chiver sdecant frbmdhe groagabnsstingaric &, '&e) POl PRESTI *Co, Chi ¥Ga, G s Nays®zhe

bi ndi ng. 1f24It he chineric antibodies to EREG ort hol ogues. Fig. 15 shows the

result oOf conparing the activation of the EGFR receptor by 30 reconbi nant

sol ubl E7ERm@thntifolEGlagnosis of canbérgeonifrisiipiaedting iRCEdpratiofds afschdehB@hng an
receptngg;y rg%%y_l turing cells forcedly expressing EREG This activation is
suppr esse %y arnti - EREG anti bodi es. . Fig. 17 shows the EGF receptor
act i valiZ8pthelryetbod of diagiasis feny sné of (220 ky [ 25} priesan nig: ERES;is ARtcsUENeRSRHON

0fyt hi ' ' . i - EREG anti bodi,es. 35Fi g. 18 shows the actjvation
oS neltpfiiht YRbABai R e AR P BB bl priCd it el Sis7gehy o &
act i vataneer, ind kidoéyt ¢amnerpf anti - EREG anti bodi es. 15 Fig. 19 shows
the debheciy Of €i .sandw ch ELI SA using
anti - E:?E& g%%tg%%lgg{gééﬁ Sﬁmﬁzﬁg‘:{gﬁe‘%& @gg\g\ns‘g?hséﬁ%asrﬁf?’mgﬁ i munost ai ni ng.
wi t h dA0hieimathEt fdiagwsised §28 lowhereamthi beuber (SERETtatic cancer;
{31] a diagnostic agent for use in a method for diagnosis of cancer, which comprises an antibody
25 that binds to an EREG protein;

[32} a kit for use in a method for diagnosis of cancer, which comprises an antibody that binds to

an EREG protein, and a biological sample comprising an EREG protein;
[33] a method of screening for a candidate compound as cancer therapeutic agent, which
comprises the steps of:
30 (1) contacting EREG-expressing cells with a test compound;
(2) measuring the EREG expression level in the EREG-expressing cells; and
(3) selecting a compound that lowers the EREG expression level compared to a control as a
candidate therapeutic agent for cancer;
[34] the method of [33], wherein the EREG expression level is evaluated by the level of the
35  EREG protein secreted into a culture supernatant;

[35] a method of screening for a candidate compound as cancer therapeutic agent, which



5Fig. 21-1 shows the results of sandwi ch ELI SA for antigenic proteins
usi ng nouse anti-EREG anti bodi es and human chineric anti-EREG anti bodi es.
Fig. 21-2 is the continuation of Fig. 22-1. Fig. 21-3 is the continuation

of Fig. 22-2. Fig. 22 showd3the result which was derived from
t he sandwi ch ELI SA data, by 10 clustering analysis of the antibody binding
fingerprints. Mdde for Carrying Qut the Invention EREG is a

menbr ane- bound epi dermal growth factor protein. Its am no acid sequence
and it [ .sequence are disclosed in GenBank Accessi on Nunber
NP_OOIEB%EE%CSH%%&E%% 22) and NM 001432 (SEQ I D NO 21), respectively.
I n t he (prastening celsshati mahfemh@HEtWEGﬂieeemﬂenEﬁertm thmpﬂasetnbeof BREG adgi h
protei R.ppGdLbdAgENt S thereof. "Fragnments"” refers to pol ypeptides

conprising any région of the EREG protein, and may not have the function
of t he (Pamnensurihg thewelprolifgrabdREGvpL enéi n. Wt hout bei ng linmted thereto, an

exagpl e3okidhhss §iap Y racel |.ul ar region
of 1 he (LRE et LARURR Al 1nf b IR Lot et oo hr 0 53R b Bonce o
SEQ | Deadidate thempentipegent fog catmsr.ext racel | ul ar regi on of the EREG protein.
Positions 123 to 140 in the am no acid sequence of SEQ ID NO 22

correspond to the transmenbrane region. In the present invention,
it wasUEfRapolishe nantieds of clinical sanples and cancer cell lines that

the EREG genghsERiEg she %Qﬂregsrl@lg Wﬁ@&éf)ﬁrﬁféﬁ & Be ﬁgnf‘f @alﬁyeé@ﬂetflﬁ | QRcE ‘3& er,

et ast atl ¢ 25col on cancer, ung adenocar ci nonw, anc I C cancer, OITB. ch
caHtert a%ﬂ@n@e%@wr@%wabfﬁg arioys RapeRs tissies and eangeicedl 1mssh6mhet¢ta¢r

EREG phaiceiin E!@G@xﬁféhéio&i&pk%?ﬁﬁﬂm' orfAlGA C?hérefok@%Ed- ﬁa&seﬁﬁa jhe EREG
protein is useful as a di agnostl c marker for cancer tection EREG

gene e%ﬁﬁ%’?gpﬁkeg@rﬁaﬂq% HPE¥ENt i nvention, nethods for di agn05| ng ¢cancer
conpri se thersd %ﬂo@fﬂcc&ﬂ‘e@ﬁﬂ dnfi- EI@EGE&BES%(H@S”%&%PERE@ res%ﬂ&%@ﬁ‘s wgbodi ment

of the ho s t he present invention he expressio REG protein is
det ect ERpLIm eIHIieSFWemﬁ‘i"fé?é‘nt Whilrehe .158@ BPrRSSIONdh Ve do W dleBoTgd pelist Bt i ve

ants quileldvatedve cﬁefeeeénsonThﬁ@@mI@ﬁth@boésmlnwﬁéﬂchﬁéér‘é@n dedeind dyadtokcl ude
t he fo%é ¥VI lﬁ :bre Euregents 5 rreasurerre t.only for them%gesence or
abs encel Tt co i PERBEIGH GY ¥k, TR eXuR e dRHIT SR AREOHUR IS aWdtodhe EREG
protein i ShﬂFL&ﬂﬁﬁiloﬁb?Mﬁe prdé@itt@dﬁtlaﬁqu%s C(ﬁﬂﬁlﬁléd&lﬂf@ mh¥ Eé&ﬂaexft Q@ﬂ(f
conpares ampunt, of with that of other sarrp es (for
exanpl & 'ieaﬁmlﬁg?utgai%qig amtR BRI a@“@ﬁé O?h@? Oyl @ PEStEIRssl @rbastiment, m
quant i addfitionetodbe exdiorie dﬂ’eei ol BREC wiitiielitvss igibit bencERESE ioRteitidn by

opcentr and nmount of the EREG protein. 5Test
sarrpl enseugflil%lﬂ%t%r g@ﬁ&#ﬁ%@ﬂt hBﬁt aﬁ'ﬁ&@t particularly linited as |ong as
they are

Brief Description of the Drawings

Fig. 1 shows the levels of EREG mRNA transcript in normal tissues and cancer tissues.

The vertical axis indicates the signal intensity of Probe ID: 205767 at HG-U133A. The
25  intensity is relative to the mean value of the expression scores of all the genes on GeneChip
U133A, which was set to 100.

Fig. 2 shows the levels of EREG mRNA transcript in cancer cell lines. The vertical
axis indicates the signal intensity of Probe ID: 205767 _at HG-U133A. The intensity is relative
to the mean value of the expression scores of all the genes on GeneChip U133 A, which was set

30 to 100.

Fig. 3 shows the binding of anti-EREG monoclonal antibodies to EREG-DG cells by
tflow cytometry. The vertical axis indicates the cell number (fluorescent count), and the
horizontal axis indicates the fluorescence intensity value.

Fig. 4 shows the binding of anti-EREG monoclonal antibodies to the DLDI1 colon

35 cancer cell line by flow cytometry. The vertical axis indicates the cell number (fluorescent

count), and the horizontal axis indicates the fluorescence intensity value.



sanpl es that may contain an EREG protein. Specifically, sanples collected
fromthe body of organisnms such as mammals are preferred. Sanples

coll ected from humans are nore preferred. Specific exanples of the test
sanpl es include blood, interstitial fld#td, plasm, extravascular fl uid,
cerebrospinal fluid, synovial fluid, pleural fluid, serum |ynphatic
fluid, saliva, and urine. 10 Preferred sanples are bl ood sanples. Bl ood
sanpl es include serum plasnma, and whole blood. O these bl ood sanpl es,

Speci mens of I Sdevd FRGE RS SR ARRCI R BIT TRpSiE feiR L ETgEbY 2
cel | cubtlbocensokell lion dte vaitical amsinddmbsnhe thvemiws trelsasapite %0 fant ke pr esent
i nvent h{? n];[]%lxgnq{} Iggtgs%]g%%mgroaa‘gﬁ osed by the present i nventi on are not

particu cancer. Specific exanpl es include
coI on cancer Fl@é&hswathem@ntlmwmn-lﬂ&ﬁﬁ eoeebeal witivodes agramst teadd LD 1

canger colaﬁ gm%g hmnlfafa@ﬁy RS he éﬁo%gﬁ% PUERE Dlie g%g%ﬁgiﬂ?em bot h

primar By ese cancers c I"-agno rimary
col on ‘anm@talamnaiwaicsf@emﬂne@f@atﬂwy and pancreatic cancer are

Pvent Lon. Lo 258 EPUE defddifi ¥Rttt N ST ECRR pAD Ayt DENRRGTERBG.
sanpl eThWrélcﬁrﬁééﬁ hiligaties the absorbai@eahﬁﬁﬁ]@mdrcf@meceemcglmm«eﬁdﬁdmn)e@mbﬂm n a
test Smoﬁtdlﬁx s%cﬂ@iteéﬂﬂ@@lﬁf@ﬁoﬂc@n é{&gxgg%‘n%ﬁ control or a heal thy

i ndi vidual, 1t determ ne ect’” has cancer or is at high

ri Bk of bei nkjgad seavededependensecdiproliferabien pfitherAsPCTancreatic qaneermell disaton
i nventhﬁﬂaﬁ ERBEES The vERIAOHSs ﬁlafcaféeft&qusmaﬁ&%%o%i @ el%ﬂ hvse‘?erfgjlﬂ?oﬁt eps

of : 25 det ectl ng the EREG expression in a biologica e collected

from a bapd thenhprizontal grds indigagasiibe EREEG ¢anecnitasion éng/ w&% cancer if the

EREG expr essfj ?ng dR5ECthe @eﬁéﬁd@ﬁ&ﬂ)f(pﬁhfbﬁtlﬂh Qhﬁfe DA chbakaRfer G1CR &:P! -
In the presen i nvention, the contral | udes a negative control and a

bi ol ogimn BREG e The aﬁﬁtlaawéaﬁ ipdigatep, &ie\ﬂbaw&pnce@t A&l am (efersaem W@Yel@aﬁl pk

obtsi nesh ﬂihvi) %ﬁ&l kRChdrREnii QhQBidﬁﬁEes&HéTEREE} @cédiRBbRe@d/miny. | ndi vi dual s, and
m xi ng the llf)‘ g(gl calségéi%1 as necessary The EREG expref5| on jin a

control can thosy 08 GV ¢ Uikyregnek REGuonsglonal antibodies in
E' 0: OQFGHR- Bmlle@s ofﬁ@ \Szﬁmaﬁﬁilfs uﬂléa@é’sgﬁé teapbz?ohfetrmmﬁaé@ad %waagaamclé n .

i ol ogi ¢ es o ea i ndi vi s can be.detecte adyance,
ona o kifngs g‘PCERB?té‘E%%%gWXﬂH’é‘%Fe‘P*I e lﬁﬁg%mtﬁﬁﬁfr@e a5js i PRed
st at i sdntibally YorMeheatipe@ighhrnl |y, for exanple, the nean value 2 x standard
3hdeviation (.S.Q. ), or. nean value .3 X dard Lation .D,) may. be

G5 ae' e R Aoy HatlRE R PR OB TPt o dRYim) <
are vmﬂhlaAmPCB panst@idancerdelliliati ofibd Griicgl axikindicaes theeclrprilifatatidieratand 90%
of the ndi VI als are vvlth X _St.andar on SD) from
Che. neanofiing at S b PeoBnbilPocf e RERRGDRIRLEIORE) 8O0t
contr diormantabeu@laichrammb@lamﬂjodg camnceREZi@LfgémLA recei ver oper at| ng
characteri st r det gct.i on _sensi ti VI on 5t he
verti cal am% %gﬁgé mdm tﬁ\?@mﬁ{g Wﬂfgdles W l%hp‘é’%ﬁefrfi%oln?hm (?& t he
ha¥bi zadtraifymgnhe sdqmemdee)fryassldnteglmamER@G an ROC curve can be obtai ned by

plotting thgy %ar $H5%s the AF tan&dﬁ%&é %t?VII £2hir) a3 édtiﬁ%dfeé‘%ﬁi%s?éﬂ%&rr gapl e of

conti nuously yIngt et ermnrn
expreslm'e@n | evel in a biological sanple. The standard vaI ue" used for

obtaining a for
statisti cal %ﬁ&%\é%é%&@%ﬂé&%%@%ﬁ Otd% ues ?o‘?n%ogct@sgl ng an ROC
curve are ccﬁlgllrﬁﬂ’mwsﬁhﬁ/@wl‘eﬂfwmwmgah& @Qﬁg’eﬂfvmeﬁh@@@&reaﬁmtmﬂm ect abl e
5t3§nd%&3dﬂ%é&ﬁ§olu'ﬁﬁrEﬁE@%P% Ifhe standard val ues can be vari ed between

he m nimum and nmaxi mum val ues of EREG neasured in the popul ation
anal yzed.  Fig. 16 shows the activation of the EGF receptor by coculturing cells forcedly

expressing EREG.  This activation is suppressed by anti-EREG antibodies.
Fig. 17 shows the EGF receptor activation by coculturing cells forcedly expressing
EREG, and suppression of this activation by anti-EREG antibodies.
35 Fig. 18 shows the activation of the EGFR receptor by coculturing DI.D-1 cells, and
suppression of this activation by addition of anti-EREG antibodies.



Based on the ROC curve obtained, standard values that are expected to
yield the desired 15detection sensitivity and accuracy can be sel ected.
Standard values that are statistically determ ned by an ROC curve or such
are also called "cut-off values”. In sﬂép (2) of the above nethods of
cancer detection based on cut-off values, the EREG expression detected in
step (1) is conpared to the cut-off val ue. Detection of a higher EREG
expression in step (1) than the cut-off value neans detection of cancer in

the subject. 1 n Si can be
det erm ned b ny S?]re!;\%ﬁ &ﬁ%zhoﬁ ¥e0| ?@lﬁ}% tpﬁo E&E%aﬂi‘ﬁﬁpggéilgﬁ'ﬁsgl\gel can
be det @:rl’m b;ltﬂmﬁ&ﬁSuatl ng the amount of EREG mRNA, the anmount of EREG

protein, and The amount . of . EREG
i and EReCbegrer” SR eni bl g Vb B A KRR HBu BBl el o
Al t er napiivasyy(EP3Ak can eval uate the cell proliferation-inducing activity

as & biol ogi el »act il ¥h FRER I eration is
i nduced in an?éE ependéejl%gﬁfréan vlr'iﬁh%iﬁﬁf@%&?@ppo 9‘%’%1&31“&1@88%

i nvent pefirERRG B@tl@ﬁi}esamﬁrhumaspbmee@ mheERE(ﬁmneb@l@w EREG protein. For
exanpl e, Many;NeN- MR ABIRR s; honkeys, cattle, sheep, mce,

dogs, cats, alng; hansters are {?Eloo?m% ()ﬁexpress EREG protein. Therefore,
these ani mal Kigapd-3 héhasgatinvaiionied FigiBRekt s of the present invention.

Subj ect s t hagigbe shakd ih%'i'ég%!t'\ryhﬂ{ efag,eaér%da}fcﬁn Bié%lcﬁ%}%%éaéféaﬁer of
course, when a non-human animal 1 s used as a subject, t otein for
t h&0 anflivaieriag ap3lyss pEthg aniabadybinding fingerpriatser r ed enbodi ments of t he

di agnostic nmethods of the present invention include methods of cancer

di agno stha corrprl se the step of detecting an EREG protein on a section

of i daryg (it fhe Ipgentiongpht aj ned from a patient affected with an
af or ement | oneﬂﬁm@ @eﬁem&éné:%ﬁﬂaeéprﬂyrﬁal gbbek fa%m??%teﬁnt $is Q{mrgJ Weidbdgneite
i nventiopn. incl %%g di agnostic conpri sing etecti n%

cel | - rBRbLLgRo E°PF SRATFRFE Aie ﬁ@omddéd}enﬁﬁmbéﬁﬁ‘?séﬁpé\mmh%pr@%(s B

| nent IDNOG:L2pead BMTOY 430 (@ G oo nqne%ecﬁvagn%l tﬁe pReadnt %%Hﬁb& §ge t he
step ﬁ%{gﬁ %a_fr ﬁglg& S|n extracel | ul ar domain of the
EREG p fﬁ“é it ‘? "E‘J‘ th protéin g/é”‘i"’%’angft efet ebREmgnshecfeREG
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the EREG protein. Positions 123 to 140 in the amino acid sequence of SEQ ID NO: 22
correspond to the transmembrane region.
In the present invention, it was shown by analyses of clinical samples and cancer cell
lines that the EREG geneis highly and frequently expressed in primary colon cancer, metastatic
25  colon cancer, lung adenocarcinoma, pancreatic cancer, stomach cancer, and kidney cancer tissues.
Furthermore, it was also shown that EREG protein was highly expressed in cancer cell lines.

That is, the EREG protein is useful as a diagnostic marker for cancer.

Detection of EREG gene expression

30 In the present invention, methods for diagnosing cancer comprise the step of detecting
the EREG gene expression.  In one embodiment of the methods of the present invention, the
expression of EREG protein is detected.

In the present invention, detection includes quantitative and qualitative detection.
Examples of the qualitative detection include the following measurements:
35  measurement only for the presence or absence of the EREG protein;

measurement o see whether or not the EREG protein is present above a certain amount; and
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to an
or 1$ at high risk of being affected with cancer in the future. That is, the present invention

relates to methods for detecting cancer which comprise the steps of:

25 (1) detecting the EREG expression in a biological sample collected from a subject; and
(2) determining that the subject has cancer if the EREG expression detected in step (1) is higher
than that of a control

In the present invention, the control includes a negative control and a biological sample

from a healthy individual. A negative control can be obtained by collecting biological samples

30 from healthy individuals, and mixing the biological samples as necessary. The EREG
expression in a control can be detected together with the EREG expression in the biological
sample of a subject. Alternatively, the EREG expression in biological samples of many healthy
individuals can be detected in advance, and a standard expression level in healthy individuals can
be determined statistically. More specifically, for example, the mean value + 2 X standard

35  deviation (S.D.), or mean value + 3 x standard deviation (S.D.) may be used as the standard
value. Statistically, 80% of the healthy individuals are within + 2 x standard deviation (S.D.)
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immobilized tissue or cells obtained from a patient affected with an aforementioned cancer.
35  Furthermore, other embodiments of the present invention include diagnostic methods comprising

the step of detecting cell-released EREG protein in the blood.  In particular, the present



25 can be traced by an absorption photoneter. Wen the substrate is a

fluorescence emtting substance, enzynatic change of the substrate can be
detected by a spectrofluoroneter. In thg present invention, a particularly
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In the present invention, another embodiment of the methods for detecting the EREG

protein mcludes a method that uses one or more types of primary antibodies that specifically
recognize the EREG protein, and one or more types of secondary antibodies that specifically
35  recognize the primary antibodies.

When using a secondary antibody, an anti-EREG antibody derived from a species
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35 detected. Specifically, a test sample is contacted with a sensor chip onto which an anti-EREG
antibody is immobilized, and the EREG protein that binds to the anti-EREG antibody can be
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The use of a medical cyclotron for production of short-lived nuclides using the

above-mentioned nuclides, techniques for producing short-lived radiolabeled compounds, and
such, are currently under research and development.  Anti-EREG antibodies can be labeled with
35 various radioisotopes using such techniques. Anti-EREG antibodies administered to patients

gather at primary foci and metastatic foci according to the specificity of the anti-EREG
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are deficient in these enzynes can_survive in the selection medium
cats, and hamsters are known fo express EREG.  Particularly suitable subjects are humans.

When a non-human animal species is used as a subject, the EREG mRNA of the animal species
is detected.
Specific embodiments of the detection method are described below.  First, a sample is
35  prepared from a subject. Then, EREG mRNAs included in the sample are detected. In the
present invention, it is also possible to detect cDNAs synthesized from mRNAs. In the present



since they cannot incorporate these pyrimdine anal ogs. Alternatively, a
sel ection marker referred to as (418 resi stance provides resistance to
2- deoxystreptam ne-type antibiotics (gggtanycin anal ogs) fromthe
neonyci n-resi stance gene. Various type$STof nyeloma cells thata 15re
suitable for cell fusion are known. For exanple, myeloma cells including
the following cells can be used to produce the nonocl onal anti bodi es of
the present invention: P3 (P3x63Ag8.653) (J. Immunol. (1979) 123,
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with nyeloma cells i s essentially perforned according to a known net hod,
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ef fi ci efgdined at a time.The ratio of i munocytes to nyeloma cells used can be
established at. one's. di.scretion. Far exanple, the nunber, of immunocytes is
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above,” renovin € superna an; after centri tf'ga 1 on, repea g
st eps.and a control sample comprising a biological sample containing EREG:  The kits of the present

invention may additionally comprise a reagent for immunoassay of EREG.  For example, as
25  regents for ELISA, chromogenic substrates for detecting enzymatic labels or washing solutions
for washing the solid phase can be combined. In addition, instructions that describe the
measurement operation can be attached to the kits.
Furthermore, the present invention provides diagnostic agents or kits for cancer
diagnosis which comprise a reagent for detecting EREG mRNA or EREG-encoding cDNA in a
30  test sample. The diagnostic agents of the present invention contain at least an EREG-encoding
DNA (SEQ ID NO: 21; a DNA consisting of the nucleotide sequence of NM_001423) or an
oligonmucleotide comprising at least 15 nucleotides complementary to the complementary strand
of the DNA.
Herein, the term “complementary strand” refers to the other strand with respect to one
35  ofthe strands of a double-stranded nucleic acid consisting of A:T (U in the case of RNA) and

G:C base pairs.  In addition, “complementary” refers not only to cases of completely



Hybri domas obtained in this manner can be sel ected using a selection

medi um appropriate for the selection markers carried by nmyel omas used for
cell fusion. For exanple, cells that have HGPRT and TK defi ci enci es can be
selected by culturing themin a HAT nedrum 15 (a nmedi um cont ai ni ng
hypoxant hi ne, am nopterin, and thym dine). Mre specifically, when
HAT-sensitive nyeloma cells are used for cell fusion, cells that
successfully fuse with normal cells can be selectlvely grown in the HAT
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In the present invention, an antibody encoded by an anti body gene cl oned
from 30 anti body-producing cells can be used. The cloned anti body gene can
be incorporated into a suitable vector .and then introduced into a host to
- express the anti body. Methods for isolgging an anti body gene, introducing
the gene into a vector, and transform ng host cells have been established
(see for exanple, Vandame, AL M et al., Eur. J. Biochem (1990) 192,
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nserting the fused genes into an expression vector as described above. Methods for producing
fused proteins are described in Molecular Cloning 2nd ed. (Sambrook, J. et al, Molecular
Cloning 2nd ed., 9.47-9.58, Cold Spring Harbor Lab. press, 1989).
35 The EREG protein purified in this manner can be used as a sensitizing antigen for

tmmunization of mammals. A partial peptide of EREG can also be used as a sensitizing antigen.



32 the disclosure of an article (J. MIl. Biol. (1991) 222, 581-597) and
the li ke. The nucl eoti de sequences of these priners vary depending on the
subcl ass of i munogl obul in. Therefore, ﬁhen a cDNA library of an unknown
subclass is used as the tenpl ate, varig S possibilities need to be
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cgopl ement amnNiamnARE£¢ himahized ag €gcabed, GRiR) fi@fandRcranikiih adyanMineopdefred abl y,

an anti hody . . : .
antlgoa/y in the serum is confirmed, immunocytes are collected from the mammals and subjected

to cell fusion. A particularly preferred immunocyte is a splenocyte.
A mammalian myeloma cell is used as a cell to be fused with the above-mentioned
immunocyte. The myeloma cells preferably comprise a suitable selection marker for screening.
35 A selection marker confers characteristics to cells for their survival (or failure to survive) under a

specific culturing condition. Hypoxanthine-guanine phosphoribosyltransferase deficiency



fragment of the present invention conprises all of the three CDRs that
constitute a variable 10region. Once a cDNA encoding the V region of an
anti - EREG anti body of interest is obtai,ged, this cDNA is digested with
restriction enzynes that recognize the“restriction enzynme sites inserted
to both ends of the cDNA. A preferred restriction enzyne recogni zes and
di gests a nucl eotide sequence that is less |likely to appear in the

nucl eoti de sequence constituting the 15anti body gene. Furthernore, to

i nsert (BersinAfbeabbRIVYat&f astlli@mhrgﬁﬁkfeﬁcj)r AW diRe Binfse REERRcY e} flepr rect

a restriction enzyme that provides sticky ends Is eferred. A

di rect
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t he an:! Eody expression vector. In this ste Imeric anti body_ can be

obt ai nétAb§FrsNRy é{@%ﬁ@séﬁ’@c?ailmﬂfmﬁéc%Q%Wf&ﬁﬁkﬁsﬁw arlA4T seleqtionr egi on)
Wit 2Gnddien,adna\e: fiREkilRES d HooROee Reed tRGell fre Yudc@S it ndrthal éaﬁﬁtheyieér?' n,
"chinmeric.anti bodé %ﬁd—]to g aintl body whose constant and variabl e

r egi onSOBHRMCAR syRibgsize s %ﬁ%"%ﬁqﬁjﬁ Y of g g labcelspangd therefasn ﬂ%eﬁ

i Nt er SR RS ﬁhh@ﬁrmcsemﬁb@ﬁ%m such as nouse- human chi meric anti bodi es,
human- human | |es ant i bodi lso |ncluded in the
chimeric ant k@;ﬁg enfﬁ’é E\Egé“éﬁ’rc’ﬁ‘enitﬁ?}g’rﬂapgﬁs e‘E,IFl et edip cogRiping

e]>c< pr es$ithio g\lﬁﬁﬁ@d&r gamgahsife (erdbaft@ndblouiiteiths BAG)NsRT S’Llﬂﬁnfoﬁﬁ%xyuﬂdme

a errentl [ e 0. an_expressi on vector ipto ich a

P+ aferrdy 36 a{@ﬁ@ it BRI, P B e O porRE viges BVapiling yrednes o tlsin
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enzyne 1 hg di sis t he Qa}fgj%errentl 0 V- reglgg 13’8 e can Ef‘é Iac at the
5 end*BF 5 SYRRASP BT QT Pk RBLT S ooelRtPR BEYHHt 1 body
const arﬂ;ferrre}guoma (1418rr&gstm)e praﬁdistuesnhncmﬂol z;dmystt@ehmme(wmhbmnwct or is

Feorri LEPEmEnJREES I heBronlTomaR T asep e, i Epg® B it b gafls that
antd - ERE®itabit iftyochjl fhgion awekriowt hé& op eeseaplt, myslemt cdm mtlluémgrthe Tadidwiigededls can
be i ncgg I?Sléggo #)%Eiﬁceatlﬂe gl%?l!iloﬂlt]tﬁggl%g{)f&lgg}eg I]It mven IS EX pr essed under

the regulation o ressi & BPFessi on regul atory
r egi onPﬁéﬁ’3)@ﬁﬁigB@d9) (dxbnmsmbﬁ%ﬂ}:liﬁdéé% 355&); exanpl e, an enhancer or a

pr onot gt 53 WY u&ern@ﬁfﬁéle ﬂamcrawoio 'gﬁmalpss' @g&g;m%o dg expr essi on

vector, rec nbl n cel t expre encodi ng DNA
can beNSsu(ksthlesi Geand Milstein, CTEueﬂplm@sgﬂ(dr(la?ﬁ)lﬂoédJyS@%)ne a DNA encodi ng

t hgy angﬂi@p M)%%’d)iesc NeAd7- eRAl( pg(?a}rgdws .encodi ng the antibody |ight

can i ncor por at e aj)ara fy into expression vectors. An

chai n
ant i boé@y%ﬁg}@é@lﬂé Mo#m‘lbélaﬁget(wgl)izé‘ﬁ 68-24A% L chain can be expressed by
5 si ”UF@%H@QP@TMthi sanst gcty. RAnkihor M@mﬁi‘swsoggz fbﬁ H-chai n and

L- chai n-i ncorpora vectors into sane Alternatively, DNAs

encodi %b"“tﬂé"‘f‘bfé‘ffgﬁl h SatcEAD- Mied- AU 168 31AS3Pberdt ed into a single

expr esgd (VRS Q. o 81 tmﬁﬁr%f(qm)am%m @ﬁg with the vector (see
| nternational Patent Publication 4/ 11523). Many conbi nations of

hdSts and exXpflelisione @@c&h@ﬁ?m@ﬂop%mww&ma vaith mpRlenya gelheis gasentigly hen

i nt r odptgioRghed a@tog@mg td A kBo A nRBRIAO RIH RhBpROBE rdthdd SSiferdt 48 MNdcb Ry, ar e
known. X@ﬁf V@ HE\Q? expresag scé(sterri can be applied to the present

i nvent {giilen/a Hsteinetui MsrBedsEnzymod (32813 TRod 0} ani mal cel l's, pl ant
cells, and fMBﬂ@dﬁe@lﬁbélgf gRMbaoc WsRdonddeed BHEE chid E@#}éﬁomﬁﬂiuﬁ@htaﬁ@irhs t hat
may be used esent invention. are, for exall e, the fol | ow ng

cel | s;utntion i‘}lﬂ}‘fﬁ fumm theipresencrfs Iy cgapplecreell-fsopseeeleBBy Aanst er
kizgneyceflBikibn atielaatoafdy bo Vi ex&fpleSpolyethylene glycol (PEG), Sendai virus (HVY), or

the like. If desired, an auxiliary agent such as dimethylsulfoxide can be added to further

enhance fusion efficiency.
The ratio of immunocytes to myeloma cells used can be established at one’s discretion.
For example, the number of immunocytes is preferably set to one to ten times of that of myeloma
35 cells. Asamedium to be used for the above-mentioned cell fusion, for example, RPMI1640

medium and MEM medium, which are appropriate for the growth of the above-mentioned



(2) anphi bian cells such as Xenopus oocytes; and (3) insect cells
such as sf9, sf2l1, Tn5. In addition, as a plant cell system an
anti body gene expression system using |1s derived fromthe N cotiana
genus such as Nicotiana tabacumis known. Callus-cultured cells 20can be
used to transform plant cells. Furthernore, the follow ng cells can
be used as fungal cells; yeasts: the Saccharonmyces genus, for exanple,
Saccharonyces cerevisirae, and the Pichia genus, for exanple, Pichia

pastor h?yvel(ﬁﬁkgcéll 1'1&”8%%85%&3&1 medil $hA3RERGH |fé)ﬂ{ﬁlsg§ﬂ:qﬁ cell ‘aﬁmﬁ)é%%’ b€ used.
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cell's, pledijscoi| cells, Bacillus subtilis cells, and such may be used in the
present inventian. fﬁheSSIOH vectors conpr|S|ng t he antlbody genes
of interest &fbfisian segefamsdinothoruehlycapgng prpdeteraraedamernioef they
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pr oducgd/vy nh@ireqdently, rthéragdﬁt ot ceR Msdidr6it the likel S@ethds ifavizasle 161 m@}i@wn
ﬁﬁ’ used, . for eeang as the @mpteln secreted.in mlk 35DNA
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l nJ ect sibve/VetnoRingahé s@mﬁaym aﬁadce&lhﬁagatmn,saﬁ%pwmg&hesetgfegﬂuced into a
femal e goat‘@§§? red S can be obt ai ned %fro ein fused

with the nil ‘Fh 1&“&?8%‘&?8&’3&?1‘3{"}‘?@ U ASEERT ¥ GEH ™or n from
t he goqipnbﬂsrmte for alad semhbh] enaeldvs yoricd by mﬁgﬂﬁas dsbefoe@bll fusko. | FoF easRplthe

v ure . 6 TR O e o S A AT

M1%t @l medlﬂm@:bﬁmuhmg)hma(lthﬁwamﬁﬂpteﬁﬁ%@mm&mjl rrmorelepecmu@,nvhdmdy C

regi o he used for of a nblnant n ody of
o S onATAG ¢ RSt bR cal (e sk P D0 aBinr? PSR R hR O P}
and Cccedlawabbe sdedivergrowe umﬁlwsléA’ﬁnmdlunnly Elultllrrmgms(ﬁgrthg abw,eqaﬂdm@ed I—hﬁﬂd C%
;ﬁ? i ggﬂ?‘ggg&; gérrl]tlur?rlgfi Iforcahﬁqﬂ?mgnt p%?i'o8 %ftn%% tﬁ% {h'e%?lls &Hgﬂﬁar?thg %F b&) dr'g% §f
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t hat I
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xenoanti genicity agal nst umans, “or t | 1 ke’ can es o

genet i lBamejhogizleserisdtin huipmnational BagneBublisetiemNocWihe¥ i1 @4453t | bodi es and
hurmani zed ang; Qﬂ%ﬁio%§ of HP&e& c@H@h ChigbRRrbhRdl E& sﬁﬁ%ﬂc@&eﬁ bgrda nlh%'
ody“whose v egi ons

known met hods. A chineric antibody Is an anti
ard cdﬁ%th%baaeé@wﬁgwara@timn antibedy eepction. gierexample, Branpgen is @ﬁu@dﬂq Hody

conpr igiRg shiifad\saviyehdbshdand tﬂel mt DPE' BbRMEATAIRRIRIIIREDE! %lﬂh&otﬂ&;@l&e

antlbodﬁ@and t he heavy-chain and -chain constant regions of

hunman fafewerbby reastion wghdhkse ﬂutr\%squr@ﬁ%e‘éihéé%ﬁdmﬁ c Than.i aisnihe carrier is

reco rrhtagﬁéu iV fiféé&edeé&i@ﬁ &8s §ﬁﬂ%eala6élb@’§édoﬁdﬁ‘9tahﬁl§lﬂf}ry &R &, PIPEHGRHbRY of
Ilgatln a nmpuse anti body variablé region to a DNA encodlng

a hu rréﬁt %Fﬁ‘t § bU‘?CTE B‘H@ttgﬁ pensSUNgANUZRY IStC}?@F?”i‘eﬁisl@rt G ufec supgingtagh thscpr essi on

V80t Ofsecobidgry £ERERY RaAbindab s danddr iauR DEBHd I ANGHaNE theMtRntdIsr thect or
are cultg and the |ncorporated DNA i s exp resggd to obtain the chineric
ant i bé8y %fydai}egzaesi B the guiture supernatant can be determined by detecting secondary

antibodies bound to the carrier. Hybridomas producing desired antibodies that can bind to the

antigen can be cloned by the limiting dilution method or the like. Antigens used for

immunization as well as an operably equivalent EREG protein can be suitably used in this case.
35  For example, the extracellular domain of EREG or an oligopeptide comprising a partial amino

acid sequence composing this region may be used as the antigen.



25 culture. Human C regions are used for the C regions of chineric

anti bodi es and humani zed anti bodi es. For exanple, Cyl, Cy2, 0y3,
Oy4, CR CS, Cal, Ca2, and CE can be u§$d as an Hchain Cregion. Cc and
Ck can be used as an L-chain C region. "The am no acid sequences of these C
regi ons and the nucl eoti de sequences encodi ng them are known. Furthernore,
the human 30anti body C region can be nodified to inprove the stability of
an antibody or its production. Generally, a chineric antibody consists of

the V regi onphddifoR R thd asbvedBEdiREd kB PwhRRE h At Btamédgya C
region . derived froma hunman anti body, On the_other, hand, a humani zed

ant i bodPTHEHIRERE-Bymamhanigg sy iEghamigen,anpatibpdy of wiprest saobe ¢itoryd BY an
ant i bodytigler deM @t zftiondraunani yRAI MBore §diflchBy, fi- @ MBRWRLKIYERBbOR{ )

and C regi.on de,rl%gd froma 35 human_antibody Since the antigenicCity of a

humani SE81EE MgHURe ERBG Rt 8uyors  Theh dRgnuingsqsitasd awhasyifie fused with
used ul aagitabile AfidnVRirinBd 6dir exXdmp18) hinker Bl inSycRERNEdlls Phat bR RFARE Alvisidd

i nvention. . For exanp) e, nouse- human chi nerj¢..anti ies _that can be
obt ai n8atBYal AR H5ed #e ﬂgwﬁaaﬁeqrdsgegéa@}?&%ga %tn%fb.hfﬁnqnﬁgﬂwie PNB 1on
const aMo. (JPYBPHS | H9G78 (iamiield adppeovedJupifesOpatait :pplidatiERpbliEe® edronal

anti bod B3#18) pre bas on th resent. invention are preferred 5
ronoo SHETSTR) b ERIERS PO SBne Y SRe povhooE Buadaaniod s o have
pr esenbindingestivion tparoERBSsproRis - human chi meri ¢ nonocl onal anti bodi es
coppri sing H,and hai n iing the,.fol.low n m .acj.d sequences. H
R AR A 1 Rt el i A Tty S R B et S
sequenEREGT piSkdh tHat Movesl3 aplahdgsi nadarsgenie avigmadhayigsa tompisteik@hdno -1 is

renoved)..10 L chain;, the i.nqa. aci d sequence..of. positi,ons to,213 in the
Lo ahingdy et Rkt SRk ST BT R PR AR A RBE 1 s+ 30
to -1 immosgatiredd)y cell fusion withtatvaitahde dysicot peatnepoebe treatheak aurhlae Epsikint Rerr

hi . : ) £ the o HSHET PR hol he f.ol T oni
ant | bosr bR ®yBn b Sl R BRAG Pro e G BRBUTRRIC s n i ch
t hES si gmabrtslempd enleotitbingd fothisomariier (res ligeentiomhBetedt PubdicatidneNasiWio aci d

g . - . Ceh
The ot AP S IR o0 AR R ke UG BRN O hier R SOl b 8

sequenveadfbodFEQayibg K readion specificity bbigicres npx bsélngeddry Howhaithe inemdntgizete
sequen in capn%lg : =19: e - he Y
fromt ‘gels'am' no acl gee%‘lﬂgﬂglg I %ﬁﬂ %E @Baﬁﬁalﬁ%ﬁ‘? %%Hn%%d’ L c‘ﬁlgjﬁ&z%ﬁ %g-{/ﬁg

t he sedifcremal reeodtiieds human HRJHaPs & &agignsebgtanes. t dhergfort dwmas entibatiesy ed
fram thg 'ﬁllgagg'ﬁ@@ UeNesiRf obbied D NO. 135. An anti body
H chai [

conprising an c n having the sequence in which the signal sequence
(-19 to -1) hempaesionadawikadymreduainghvbridesos eraiusedindhis anapnerSEQbED NO
137, apdsaed lan@ batuked 3V RendHE nR@AMENCRILMaMUIE id B rBbIHabaSIRol6RE Gol 1 19
to -1), has heen renoved fromthe am no 25 aci d sequence .of SEQ ID NO 139.
An ant'PB8#§IebHpiquWd AEO8RN-H chai n havi ng the sequence in which the signal

sequence (- Ithd Rbrilbrd@ alPREQBIPHRErdR LD 4 f5hdafl MEthBE) SIIRIMBAGEoRE SEQ
I D NO 141, and an L chain having the sequence in which the signal

sequeréibpdy of igerestcam bg obfalgd fiofy the SUtRISAUPFHBAtAREn o Adeimatddyibhice of SEQ
| D NO hyb#dlomad 8in B EioRkedyy £@MRHsteing Ghé tda chadpatidiaiafthdl NAd SREGSREI i N
whi ch th.% aj gnal sel%%%n(ie (t-19_to -]J}%?ﬁhas beeB em)y%g fromthe am. no acid
sequerffibgfieseny pephigined asityasgitesy (1 Herfgrmenagt ?é;lséug & fp cbtayng Righily t he

si gnal ms#dentBodiest9 to -1) has been renoved fromthe am no acid sequence

of SEQID th ﬂl’é1 IZr'esent mvention, an antibody encoded by an antibody gene cloned from
30  antibody-producing cells can be used. The cloned antibody gene can be incorporated into a
suitable vector and then introduced into a host to express the antibody. Methods for isolating an
antibody gene, introducing the gene into a vector, and transforming host cells have been
established (see for example, Vandamme, A. M. ef al., Eur. J. Biochem. (1990) 192, 767-775).
For example, a cDNA encoding the variable region (V region) of an anti-EREG
35  antibody can be obtained from hybridoma cells producing the anti-EREG antibody. Usually, in
order to accomplish this, first, total RNA is extracted from the hybridoma. For example, the



The anti body vari abl e region generally conprises three

conpl ement arity-determ ning 35regions (CDRs) separated by four f r amewor k
regions (FRs). CDR is a region that sugftantlally determ nes the binding
specificity of an anti body The am no acid sequences of CDRs are 37 highly
di verse. On the other hand, the FR-constituting am no acid sequences are
of ten highly honol ogous even anong anti bodies with different binding
specificities. Therefore, generally, the binding specificity of a certain

ant i bO%’lkﬁzﬁH% %tﬁdd@@ﬁ@éﬁé’eﬂ &%&ﬁﬁs%{cﬁﬂbﬂuﬁMﬂ% geafting. SA

humani zed an is also called a resha uman_ant 1 body. Specifically,
hunmani e %ﬁﬂ%é@éﬂnmféww@?@é (%hl{gmga * e ecpiR %lpclapnmtﬁy 1&ni mal

ant i bogyosyséniag@ nouse antibody to a human antibody and such are known
Common genetic engl neering techni ques for obtaini n;géhurranl zed anti bodi es

are al 85 A4Binetkpb(Ghomegynski, B gt aloXapb Biochemef1987) &84 d86i16H)-PCR i s known
as a net hod frﬁé eﬁfa%fefdlxﬁENAéa@mﬂﬁeaﬂ&mgaﬂmmphﬁﬁ@atmﬁmd?ﬁeél&c%erI ap

extensb nucl eot i dff sequ rcig encq%@g mouse antibody CDR to be
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Pri nmer §uoehre@ thé ORRKR&p fn‘iRNAGIG.Hlﬂ@:EtuBIhKth(QFEH&HﬂJ@are IHIO-’S%ICQ@&%? raad hi¥o consi der ed

t hat en graf mo to man FR, sel ect.i ng a’human FR that is
hi ghl y© %fawg %@diy@fgﬂ%lﬁ ﬁ@%@‘ﬁé qag%a&gz%meégf@aﬁghef@ﬁnﬁamm.uﬁmﬁéu%lhléﬂscm
functi arDNA@bcdding tht-ahSh@Re &@gléwca}l%emyﬁﬂxeg@éd RorhGhdISitaied H{RA iin
conpri sing an ami no a e nce ho to the am no aC|gd
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obt ai n e,sequ n [ u of each product e

oL Al N8 JSLERI! RS ROLTPGES s aRL e Hlis RIS RLoach, Broduet,

r el onsuchfcDINVe syrtloadisc disprepuidth esstdctidn eazyige sitelwhinh avillibb descriped éatascdnlbe

tenpl a n ed for..co mentary strand synthesis reaction. By this

reactlftl)lﬁm&% edaiﬂt hendgo tharmggt hrough the nouse CDR sequences. 25The

full length T)lﬁe tIPEAVEagegnoof i g&m&x i purified dfont theedt(OiEsP @GR grdduat, aidRthear e

uI ti I ted, a r. I h annee 5' . and
enci St o RIERIONE. e Lo BB ldB) Ditedtst BRb At SRR ebS it oButidncos.
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obt.a ribed at ody C
ro or el SRATCR PR A fedionidls! VRS BF uft BUIRBLARELPZEY |
i nser tyastpr3os the§DI‘M aueleatidersequanico of interestain g@ t:ortfmétbal@l Kkmowvoreesbodisneint

cel I's, 5stihediae bfggme agkd & t18ﬁ'h{e¥:}{ gd, and the DNA encoding the
humani zed anti body 1S expresse B% uce the humani zed anti body in the
B

‘cell cultur eln(ogéeé to phfpimReans ﬂaodmgt riablg regipnpcdhe PERasethad that nsed
| nt er N§{h QL ®r e8P AV drEdid RBioNLen MR B Ve WY 6)First, a cDNA hbrfﬁy is obtained

qual itatively or antl tatively neasuring and evaludting t

arPi gdi- PPHYFHEE Nz% w§ing thegiirppied RS z%@nwﬂﬁtﬁ:s@odylsm@wee@a togese a
geDsécs: r '&%ﬁn&@ﬁ‘l’l? avﬁﬁ%leclﬁf‘fo?lé!ﬂm 1Bra§}?§?§ﬁesﬁu M pallidd 08lYe RS IntRAE o AR RV

to forma favaorabl e _anti gen-bin site when Ilgated t hrough the

CDRs. Obignablg frapeidy a sipall aymbsr abgedls duey linﬁwafh theyigldofisachmbdtA framed

so t hatirebhguri#dRsioR1s 18wl e ThaReske WiTER 28 IsRREM Iy RERYRB] ARE' QRN @rrier

anti ggﬁﬂghﬂgkg’g site. For ex%ﬁ ({’230 acj d sequence nutations _can be

intro LioBs RRSOBMELIRF ngytgﬁ%ﬁ PERISTRAYSLY: WEeya Fetap aePhg of khbisen cor

wisph a)em;tﬁﬁaeEFéﬂié\zaﬁ%xﬁa@@dﬂ¢a@aiela)tcora@ﬁ§hb@b nsiak aat iR gAG@ence nut ations

can be |g oduced 5 |ntoFor| rrers th an he FR sequence,

Nucl eGPHERISBHIEAHEE Coll alios FEamRlE: ikt ca 1@%@\@4% DRRRC BRI b whetkd

usi ng FSHs @fttatRidSrolVinaitmdn, S@Qt-lﬁﬁfeesr preRidtgy sher fesd ﬁlﬁgﬂaoah%fmbm@l stics
t

can be Jzel ected by neasuring and eval uat | ng the activity of e ani no
aci d- $6ibStituted nutant antibody to bind to the antigen by the

above-ment | mdinﬁmdyo@néﬁwethmﬁﬁﬁeaﬁayahe PCRan&Bksd Resa thtD&inddI DA 11131%555)

1 t hods fo ob ni.n anti bodi es are al.so, known, For

i 3 SBHOET o< D PERE e gL BHiOR o et Bo e ahy D e regtodaer | s
expr ekabwg. aFdesxahqﬂle, Pifiniege for hllhen antio dyugind gmblificgRsdah ibz desibiydhesyses
wi th human nyel oma cells, desired human anti bodi es having the
antigen-binding activity can be obtained (see JP-B HO1-59878). U266 or
such can be used as the fusion partner human nyel oma cell.

15Al ternatively, a desired human anti body can be obtained by using a
desired antigen to



i mmuni ze a transgeni c ani mal that conprises the entire repertoire of human
anti body genes (see International Patent Publication Nos. WO 93/12227, WD
92/ 03918, WD 94/02602, WD 94/ 25585, V\O#?G/ 34096, and WD 96/ 33735) .
Furthernore, techniques to obtain human™antibodies by panning a human
antibody library are al so known. For exanple, the V region of 20 a hunman
anti body is expressed as a single chain antibody (scFv) on the phage
surface using a phage display nmethod, and phages that bind to the antigen

can be geli@Gdaek ofB%h ML YZIMGL. BRE, (99@982291‘5965@9%&%1{&%&68 ThE Bﬁcl%e

sequences encodl ng the Vregions of human_anti bodies that _bind to the
ant i gefCIVEPCesE H@F%PW%G’WA@%P@PCI‘@&PB@{% wbﬁljswfénw glpybinc eEhegefoze Fy s

that biyngn heDNEIBAE SRk udkBEwY siBdiehs $RAUS E}fé%eﬂnﬁlafél 9850uspobdiBilBeMhdel t he
desi red human, ant i body C 25reg%| on sequence and this'is inserted into a

sui t abfebesgysidssd grheppstiprming thy BeBdBethef-expr essi on vector. This

expg essi on V%tr@ﬁpe@ﬁi&aﬂ)ﬁ WH&hﬁHé%!ﬁ@&Ne% b $Ytdih 3bhR eﬁ&l%ﬁ‘g B9 B4 bae flAgh as
t hose descri bed above the human anti body-encodi ng gene can be

expr es YEPTHBETS 5ARsdl waelmmg gapisi weadag v1 uPHORReHSHYY , iBf BeRes own

(Inter &%ﬂ%&he Rah&Rbn®ahhmatbt 2 YOS chaiD gﬂf&%{gff}: seN¥3 F2h2Paria¥e
93/ 06213 93/ 1236 93/ 19172, V\D 95/ 0143 5388). 30The

ot | Dot GETHI, ABTEE BEhEneAB AR LhegtPrian FSteopontice b PR St is weed

ant i boghi ®s 3r-efd ps@bi eMawigles a Piinet EsrtadpOR iR SubclaB3OEiNIRAILS a8 iR
nullé)tivgJ e% ant 1 bodi es represented by 1gM as long as it binds to the EREG
in’ % ti val ent antibody of the present invention includes a

rm: ti va:' ent mmphaﬂwstdwmdme@h ﬂmhqbrmfoalgém@eﬁplfﬂdﬁdbmgf&??ne&y @ath @d

mul tiv nt .a hat .ha ete i fferent ant,i.

i v e St i Hagh agro hileedieny RO 1l (Y dtrss sEheded i o ¢ o

to Ej hethvﬂmhhmlee,nmﬂhf mdglomllmdn?ngSMgE) a wmltmai:zﬁl dflé]r;iéme 'delfglmnhhmmmheed A
ts thereof,.was l.ong as.thne | 0 roteln

R bt RS iRt fPReAS hiRGes: Bubbe J el TS iy oL o) o

antsi bod:yor(st@tecbmnm’ncgjobnﬂmkmlbm@to EREG oy adexi t has the abil | ty to bind

the EREG antﬁ(%e?algggy%bgﬂ th% fch%? & tﬁfobf%'ﬂl sﬁﬂltbl 9%9 Yod st%(g i 1S Hio

perm ssi bl e resent L1 on ef eratr)ffy
cont ai preferddatbpt thhéxmdm@mf thblaetlbcemsdn E(R\]HG Js samjﬁor ]?9011 m:ghrloe;:inaﬂ possibleitabl e

reg O%cﬁééh)fo%a}tféﬁ&eé‘ma '?%&%R%@H{&&&@J@é‘ﬂk r VL may have substitutions,
deletio , or “1Tnsertions urthernore, as long as it has

t he abild p@lgtaqtmgtﬁl%&ﬁ wvhih BREGbady Foreprising theahtigom eupodmlrbyGecleAtqbaaqu
delnet | e region may be chinerized or humani zed. Specific
e?a} Iegosmgpﬁ] ﬁe ]!alﬁjtjl body fragnents include Fab, Fab', F(ab')2, and Fv.
Speci fGZ(},detﬁetmgltbsbmﬂm&bﬁ\b@ﬁhE&EGm@ﬂ@b@Mbdy,raad F(ab' )2, Fv, scFv

(singl@) gg]@dtﬁé aﬁ)amlgg(gbtggtybmm BeEY) 2 (single 10 chain (Fv) 2) Mul timers

of these anti bodi es (for exang diners, triners, tetraners, and

pol ymers) ardethpdyior d@qe@medhr: inding bRtWERRRN wkibady anbEREGswnknewment i on.
Frag rresizteafeml@@tteé@eﬂmeosiyqafba%d%tamgé 1%61{11%1&'0% @QJ@B&' BRayeMHidisan

enzyme to duce anti ragments. Known enzg produce ant | body
f ag rrerﬁ@%ecg gh aflahel@@alﬁabpéf ﬂ}@hfﬁ&penzeébs fest anibadyp| é§ fheriabwk Atihady g thg,
genes @ﬁmdmwt&mea%smﬁgwnfsr@mmﬁaﬁ tHOe&MnEBo OIS MAtIeEG | Fiastuagd

into expression vectors, and thén expressed in appropriate host cells
(see, %Ymé&faﬂﬂwaeﬂvmotqms ssch as pefpxidase qrfirgplagtosidase.our)flupsesceri gulai g s
Bet t ersucivhs FINQE &40 sgd. An dider tM%RrEll@d@ thdbikhizy Feliagyo £thd 8bol{Spediffend 96;

Pl ueckt hun, erra, A ds in Enzynol ogy (1989) 178, 476-496;
Laroyi®f @mObMa%&@%ﬁX@ﬁ%‘F g 121, 652-663; Rousseaux, J. et

agp Met hods Alfbrﬁi!ﬁf)‘é foR Q) ahliGE8) sci&hmg@ﬁ&h&ﬁﬂm aded 112 Hlﬁldmgactﬁmy% aglal,
TI BTECH 199%%@ éﬁé % g (gﬁg %tlve e ave specific sites
of an'H e Yeslpmbate g TaetHod ARy BE 4y ¢ %ﬁ‘ﬁh@’% Oﬁiyta? C¥BF 1 owi ng

speci fabgaisddr 440 ibir@s .of WishtaggrBiih ené ighneteid MCIa%‘el@ i QereBibad $bovegshags such
enzymat i caIbI obt ai .ned antj body, fragnents portl on .qf. the ant.ibody can
o Hor B OT D SRS Geids A KanRaonr: pistotsRathE e R S ) 2 r
Fab Rlegana 1@@;@ eﬁztm@%hndﬂ_ea;?bde into a sm{g"l&&i&leﬁld%e(sclm) ichOBY tiskiak tlieh@nesf ﬁﬁe nt
enti e anti bo ragnents, | ac |on on st ey
o BRI oo bt SRR oRaE A d ot B o atan DR ebRREd DR
[ nventmsmmgtmgamrehc@hﬂg te sdBsiintahlphagavartal nDNFetdcodinbeatsoFv Hﬁmg/tﬁey,

particularly in.the treatnent of 30cell proliferative diseases such as
cancer. Mre specifically, preferred m nibodies of the present



i nvention have both binding affinity to EREG and effector function. The
anti body effector function includes ADCC activity and CDC activity.
Particularly preferably, therapeutic ag%ibodies of the present invention
have ADCC activity and/or CDC activity-as effector function. A diabody
refers to a bivalent antibody fragnent constructed by gene fusion
(Holl'inger 35P. et alL, Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993); EP
404, 097; WD 93/11161; and such). A diabody is a diner conposed of two
pol ype r, ting
POLY BBl 1910508 b o |9ATA Lon LAEERSALS i BRI
| i nker anchfhgn P Hasting anag@ebmmdlphyg% hoekv barong thetbindimgaasivity oif mdénast da:ebween
VL and MdenPRESHT E&y sidues constituting the l|inker
are, fgr gxanp? § %ﬁ ﬂﬁ S@@bggsgg&g$hgrefore VL and VH that are
encoded by tha aﬁﬁh@Yp@Wé@ﬁwb@U@h@ﬁﬂﬁ ofthapresens inveatiGsinay acaskal falllengitiabl e
" 0 ONadeRATRAL poARA Ji PRI RibBFTC! - AtbiioR BPLNGH ROt fur BAMIY phitibRBE

es.

regi on ment resu di abodi es have two antigen I Ng Si

scFv c%mlb@gy @ml%ﬁ%d Hﬁremﬁ%%rt tha derpheantibedimfragmente giap e anel to-refenima portiegi on
of an &fdd HRMYdy.! nA §ﬁ§'é&‘recf ﬁﬁbbﬁfﬁ@grﬂeﬂf Jf?ﬁﬁ IISl@se%Pglv tﬁ?lado%p\[ljéfgx'eon ar e

| i gat ed V|a a l1nker, preferab ﬁ? ptid i nker (Hust
Proc. femplemaptagty @é?nnmﬂsn,&egwagé@ ) gban arulbséyg Mggyreiemhly; m@nalpqdyv

regi onfrgfiflert of BRI presénf BERDNADnGRYs AMYL B et Cred tMtQBhﬁﬁlYte AfvatiBSle

antlbodles descri'bed herein. Thé peptide linker for ligating the V regions
ot™B&Micularly limted. For exanple, any single-chain peptide

conSI sting abnek 4 DRA dnesdifkl 8% Vicoiéh §8dh 18- BREG aﬁﬁbéd}eofimﬂa&%f is oMRliffed,
speci f | &% ‘E heg@g tide Ilnégrs descri bed bel ow or such cah be
used. ﬁéﬁfﬁféﬁ geted With redricingsaz BT thabieao S ke FesHichian §5BHng BiS| i gat i ng
t he V m%‘[eﬁﬁs boftoendk bPeeicON Of A@ﬁef&ré&ﬂdsﬁ[&&oﬂ)ﬁnﬂ@ﬁ 1RBS SHRAES and WigBhts a2

DNﬁ gr a DNAeﬁ%%gS%gghg desired Bh tial, amjno acid seguence, sel ected
f r om » eRisepde RN &Y IR 8Pzt Inythe ahelpetide: sequepRpcsitngdhencodi ng
t Hes H [ﬁmo@y pnet he?ufﬂhaiétwra Y u{segiaCyri]hglé cdﬂjﬁ)f&b@f@esﬁaﬁﬁ-h@ﬂ&d i@btal @f@@yﬁa @ed

a sequence encodj.n chai n ,or e chai e t

2 bove -ttt HERSE A TesRali et e iR R ik grdsie piaterteed A TaN Lt
r egi onbe amt@ FRELG unmhmabzwyregrqm whichthab ped2CRpeRé e seribed @béve) & ms@fedpﬁﬂorﬁer S
t hat hav 18 %gences c esBEIE&ndln%8 ﬁﬁ{he sequences of hoth ends.of .t he DNA

to be “AHPTT FREGSThER Ora{ hihe NRETBELL HET i AR EPS 603 yimerdc

pre par&dbod')hmméotﬂmmﬁbyl fsiniger paptenceling thieantiealy ehstentbegisy 1C h@bﬂ)&dﬁh
u%’.'{)ng t] %OVE {Iﬁ%l’lgd Il%f i h?hezé I'Q L hlgﬁ lglg ﬁ t %Ig#]; le Ollt%}lelglfg a}?tgt%)%e re I'S

can be ated &Ml vt
anpl i fto @atanT@bDber\@hQsctcenmré aadldauhbla' t@mns@fﬁerefadiﬁionndmremaongmd out using

the " j "L regi on
B SN e 501 O AR O A i 20 0"
consu gntibpdiedy éunv@nihun:anllmmslg@cms qinmmaq: amthmdleamﬁe@lkcsmtzluded]m tBO CBimeemd of
the d d of the
L o BB OF 8 Bl BT R RhSFCark B4y BUPERIOR Vool Bladso L0 | v
séb t waﬂstwtﬁdgmplmstfryn&t@rﬂior@m@mmwg Y- mmrugeneu@ngmxp@spummtmfm@cﬂmh ® be

synt heshd8d re H%Q§3Q%hggnggg,uagpcleotlde sequences that can be ligated
to each V-rgg@o are a to the "peptide |inker DNA'. Thus, these

DNAs are | i dheredpecifierllyhior pramplecihg restdeion eogyme recamnitioy sqyuotheciedaas an
anpl i fréﬁﬁéﬁdﬂrbn%%&x@ KA Widestd ?ﬁélﬁofeﬁk?en%hm%%% gé}?e%%mkgﬂap%at 2 %e%ﬁ%

scFv-encodin IS constructed, expressio ctors c

ntalnin
and réE@?%‘ieﬁ%‘Pﬂ Vet @W%@Hmowg@r@é@e@mxb@%p@wtmmgemdémgxmn be

obp ai Mad ARERICHRBOIP GRBURAILRRLS SRERRdSd bf&fg%&ﬁ{ ”fHé Bvo bdies RSiEY¥ snecan be
obtained by culturing the resulting reconbi nant”_cells and expressing the

scFv- 648% gplﬁbmgp@p of restriction enzymes, and fusing them in frame.
To produce an anti-EREG antibody for use in the present invention, the antibody gene

can be incorporated into an expression vector so that it is expressed under the regulation of an
expression control region.  The expression regulatory region for antibody expression includes,
35  for example, an enhancer or a promoter.  Then, by transforming suitable host cells with this

expression vector, recombinant cells that express the anti-EREG antibody-encoding DNA can be



sc(Fv)2 is a mnibody prepared by ligating two VHs and two VLs with

| i nkers or such to forma single chain (Hudson et al., J. Inmmunol. Methods
1999; 231: 177-189). sc(Fv)2 can be prg%uced, for exanple, by joining
scEvs with a linker. Mor eover, ti bodies in which two VHs and two

VLs are arranged in the order of VH, VL, VH and VL

([VH -linker1V1l,]-linker-[V11]-1inker-[VL]), starting fromthe N-term nal
side of a single chain polypeptide, are preferred. The order of the two

VI -1s ampgitdge two VLs is not particularly limted to the 10

above-nenti oned arrangenent, and they nmay be placed in any order. Exanples
i ncl ude the flBIexBIESHE aitibady emene PNA encoding the antibody heavy chain (H-chain) and a

[ VL] - lipk&endodid) ﬁlb%ﬁﬁﬁoc{\'f it &hadd BF-chh) can be incorporated separately into e

[ VHL- Ilnker-[o\/ ° |1 nk er-lyn I nk er-?IE HL VH| ¢ Incorp parately xpression
-1i nkeVeSARESt i ,ﬂg@mﬁmﬁg qw@,c@mppsmg chain and L chain can be expressed by

15[ ¥ Asnnilie@ediély dadsiarkia (cfovﬂnskécﬁﬁ t‘h[: yﬂ:ham and L—cham—mcorporated vectors i to
[V1_,]-1inker-[VHEli nk er | i nker - Any ar |trari; pept |
e

i nker Wn}?élqsh‘%q“od@é?@%ve &NA@%@@F&@&H ghain ahdiLehringan mcpm@éatgd

(see, ﬁlﬁé A BB res‘%‘,ﬁ‘ﬁ%ct@k SRS Dhd¥H @élﬁwqth@weeﬁﬁr(ée@qnte%{aabnal%%%nﬁ%
1996) SUCh i\?%ﬁéé’ﬁf s linkers for linking the antibody variable

regi on ]F‘ﬁ‘ R enti on, 20peptide |linkers are preferable. The

| engt h of t hMﬁﬁ?l@bh@ﬁxahbﬂﬂ(@ﬂﬁ)stssanﬂQkpﬂé@diéﬂ Gett@s ot ibd1atirdgath anBiB8dF Séheh@d
the art according to the purpose.

0 ¥ oHbpR e DY RO TR ISl RS RS R bRy AedfaonaL g et | y
1 to 18R sastpressRe .«g@tcm@ e BE appliedJo tie (28scafinventasl dthﬁQIsﬁlgFHuﬁﬁl@bﬁQ kvisS to
30 ani no CIdS artlcu arI er.abl 12 to am no_aci ds . (for
xanpl 852 BEcqvimal cedP oy S5l ffedl o oo bt o S Shes iy mipeicsts
| :c nkerﬂaacmaybe uuaieﬁfthaprels@ngmaubﬂngm fv® ergrtplieNndhi lﬁmo“txhgcénsndl ng aﬁt ivity
(0] scF t (0] | S es, us l. n ers
O or oot naS TR s st B, b PaR e idhe 1B el
NG5 23yVerSarell€l y-Ay-Ay (SEQ ID NO 24) 7 Gly Gy-dy-dy- Ser (SEQID
NO_ 253075l ol Gk & XaBpls bSERY R¥ 26) @y-Gy-Gy-Qy-Gy-Ser

(SEQ |
(3) insect cells such as sf9, sf21, Tn5.

In addition, as a plant cell system, an antibody gene expression system using cells

derived from the Nicotiana genus such as Nicotiana tabacum is known. Callus-cultured cells

20 can be used to transform plant cells. ‘

Furthermore, the following cells can be used as fungal cells; yeasts: the Saccharomyces
genus, for example, Saccharomyces cerevisiae, and the Pichia genus, for example, Pichia
pastoris; and filamentous fungi: the Aspergillus genus, for example, Aspergillus niger.

Antibody gene expression systems that utilize prokaryotic cells are also known. For

25  example, when using bacterial cells, E. coli cells, Bacillus subtilis cells, and such may be used in
the present invention.

Expression vectors comprising the antibody genes of interest are introduced into these
cells by transformation. By culturing the transformed cells in vifro, the desired antibodies can
be obtained from the transformed cell culture.

30 In addition to the above host cells, transgenic animals can also be used to produce a
recombinant antibody. That is, the antibody can be obtained from an animal into which the
gene encoding the antibody of interest is introduced. For example, the antibody gene can be
inserted in frame into a gene that encodes a protein produced inherently in milk to construct a
fused gene. Goat B-casein or such can be used, for example, as the protein secreted in milk. A

35  DNA fragment containing the fused gene inserted with the antibody gene is injected into a goat

embryo, and then this embryo is introduced into a female goat. Desired antibodies can be



42 Ser-Ay-dy-dy-Ady-Gy (SEQID NO 28) Ady-Gy-dy-dy-dy-Ady-Ser
(SEQ ID NGO 29) Ser-Gy-dy-dy-Ay-Gy-Ay (SEQ ID NGO 30)
(dy-Ady-dy-@y-Ser (SEQID NO 31))n § (Ser-Ay-Ay-Ady-dy (SEQ I D NG
32))n in which nis an integer of 1 or | arger. The ami no acid sequences
of the peptide linkers can be selected appropriately by those skilled in
the art according to the purpose. For exanple, n, which determ nes the

|l ength of the peptide linkers, is generally 1 to 5, preferably 1 to 3,

mor e Propifhalsh pkoRin Rsed R %Ee%ﬂk &m&%&ﬁ b g%ddéecﬂ’ﬁghﬁtrtfﬁg e?ﬁéo BB

of sc(Fv )2 in the present invention is, for
sc( Fv) Zromp mq]go,ab%@f 196y chibig cTbIE @HDFRECAY rhfsf)oi)[ vﬂio ingpescdbe V@lnwéro ek
ani no aeh@fling Méﬂdeﬁfeetahﬁsodiy ﬁlsaﬁcédlb@ tﬁmr&esgaﬁb %62&‘ LMlnlon%é LS BBided 8hYhe

synthetic chem cal Iinkers (chem cal” crosslinkin ents) can be used to

151 i nk 'TaReEopic gogt shrecesspysdiber) B %eh@eﬁxwﬁfeﬁmm&( 99 dd, 8%9-U2ss! i nk

pepsi de CoNPAAS- R e HEIIERT pe%zdﬁ%%ﬂn b@u§é€!€fopfh€$33f§g1dn§%?eré&[hbzﬂzaﬁf
exanpl e, the follow ng. chem cal_crosslinki n%j agents are
i

* cross| ARty ofgbspreseat inveptitrer dictiergmalpatyabivéa, Why@v?eﬂyl §l§c€am G@caeand
(NHS) ; dicaH®e Iu@écmroid We BoRe raﬁhsoc()m%am@kaég%ﬁ Yhd ERUSAICH Sindél dsed HhGRAT ©

BS3); .dithi t
fn t h.) b '& ggffﬁ amdagﬂn r%{i%%ghlgkla e%néféépslws et sRimalisugh gcists, rabbits,
b| s( sucgﬁatngt[@eplydan@;gcgmdlﬁlbﬁke)(s@be u&tdmélaaﬂ@alghmlesbl IheitlsEQRUES ¢ M dy

g@: p %g%%re( S IIF#}%%I%SS a]‘,h[ez(g?e[g?(%rgm r%m beé %rltmrp%v% tgle sta?)l’hty of the antibodies or
b| s[ 2- (isigabdictiodoxycar bonyl oxy) et hyI ] sul fone (BSOCCES); and :
Bisﬁglzl-(sul fog_éﬁ]gl ni m dox ar boB$/I 0 r%ﬁ n?fgﬁélone suI f o- BS{C S).

v, t hr R prieEEop g i adrmbtarhaen bhodiesiiihhpny Erariicaly o
r egi OhSecoﬂfﬂbﬁlaIﬁUhﬂtiprES ik hmeb&nhﬁifﬁlﬁall}slﬁddﬂfﬁﬁ&’ falthe p@pose dthedwaipe type or
A gQI%O ; aht| E ehicity ar}]galtnrs]tehLPn[laensse(r)]} the ke @ztu; Beused. Examples of the genetically
15  recombinant antibodies include chimeric antibodies and humanized antibodies. These modified
antibodies can be produced using known methods. '
A chimeric antibody is an antibody whose variable regions and constant regions are of
different origi_hs. For example, an antibody comprising the heavy-chain and light-chain
variable regions of a mouse antibody and the heavy-chain and light-chain constant regions of a
20 human antibody is a mouse-human interspecies chimeric antibody. A recombinant vector
expressing a chimeric antibody can be produced by ligating a DNA encoding a mouse antibody
variable region to a DNA encoding a human antibody constant region, and then inserting it into
an expression vector. The recombinant cells that have been transformed with the vector are
cultured, and the incorporated DNA is expressed to obtain the chimeric antibody produced in the
25  culture. Human C regions are used for the C regions of chimeric antibodies and humanized
antibodics. |
For example, Cyl, Cy2, Cy3, Cy4, Cp, Cd, Cal, Co2, and Ce can be used as an H-chain
Cregion. Cxand CA can be used as an L-chain C region. The amino acid sequences of these
C regions and the nucleotide sequences encoding them are known.  Furthermore, the human
30  antibody C region can be modified to improve the stability of an antibody or its production.
Generally, a chimeric antibody consists of the V region of an antibody derived from a
non-human animal, and a C region derived from a human antibody. On the other hand, a
humanized antibody consists of the complementarity determining region (CDR) of an antibody
derived from a non-human animal, and the framework region (FR) and C region derived from a
35  buman antibody. Since the antigenicity of a humanized antibody in human body is reduced, a

humanized antibody is useful as an active ingredient for therapeutic agents of the present



preferred mnibody is a diabody or an sc(Fv)2. Such m ni body can be

obtai ned by treating an anti body with an enzyne, such as papain or pepsin,
to generate anti body fragments, or by ggnstructing DNAs t hat encode these
anti body fragnents, introducing theminto expression vectors, and then
expressing themin appropriate host cells (see, for exanple, Co, M S. et
at, J. 35l munol. (1994) 152, 2968-2976; Better, M and Horwitz, A H.

Met hods Enzynol . (1989) 178, 476-496; Pluckthun,- AL and Skerra, A.,

Met hodsg,fagypol - (1989) 178, 497-515; Lanoyi, E., 43 Methods Enzynol.
(1986) 121, ©652-663; Rousseaux, J. et al., Methods Enzynol. (1986) 121,
663-669: and PRI pampte, rEousgrhymaalckisrerigntippdieTihehenn tRj abtaindsiyl linkinoge) 9,

132- 13 %hind¥i%d %&é&%@%it&ﬁﬂé&h@?&&h%ﬂ@&ns@aﬁﬁ f%%elﬂt%ﬁé tl?esvatrlgﬁlgf}g%bﬁ?gfy Of the

present invention. Preferred ant ies inc e anti

(57) berewREGawmogianslsatibedy Haf1Bkprepyed baarpndhe mreant inventdararg m&f@wi es

m n§ boghdRcloBsl diBibodiBd mqﬁgpfe%emqméﬁ%hc Rfdkd Qﬁ@ﬁ%&u plepe vexmdnbod' es,
or human anti bodies: (1) an anti @a{ conpri si ng al n having

am no REyAdesapRsAiRMen chrrsTiconNmCl e@&@éw@eowrlmefeemlsclaamﬁ h@aagg the

H-chai fofdithg amnd Al seqhbfeegm N0 aci d. sequence of SEQ ID NGO 4 (sequence
of the_ B3#18 anti body IS—chal n CDF\’Z%¥O and the am no acid_seguence

of SEQH ghamgyth %ﬂl{lee&eléirﬁéeuqslpe P6PPH feslﬁw%mlﬁmnweﬁémems% TBDR3;

(2) anwtuot(qséymg;ﬁ cgrueﬁd@g;ftﬂa@mblngh@lm -Pls tbibvedpherein the H chain has the
0 05|t|ons 117 to 452.in the am no aci d sequence of

sEB? Dicrﬁ'eg ﬁ%ﬁ‘gﬁe s uep%oeeﬁsmaﬁtt? Bi%lyl thppmino agig sgquennsiof S%&H? ant

regi oNNO: 20 ((hd)sighal SdqhbmRbf poSiiBhs 016 -1 Reekosdtpi N of (1) wherein the H
chain has th m no aci,d sequence of . 15 05|thllons 11@G ﬁﬁl n the am no
r2]( diepa

aci d sequencEUEeraers. pPHeRprelarged Safinlisod ey chimencgnt PEEERuman
chi rrerhﬁ;eﬁ)lfd;ﬁﬂ;cmﬂeu{aﬁdmwﬁ@ dadbodied) an anti body conprising an L chain

having e O RCLREONEIES S50, R N 2 (asouette o L1e 315,
(sEquefde t@f-l)ﬂihﬁb&ii#&ﬁoam frbmdhe hmirivadcid @%)ceaﬁ's N&ﬁd29 h@d&MMaﬁﬁi d
2 CorAvifl U SRR el (B RL R oDraL 10 Bhid? Reogreet Bl Fpeamgng
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261, eauonc gl 50 B SRR O BB AT 0B S
(4), wadda {i)mbdgncbmomdlﬁemttheammomlcbquemeqﬁSEQeID)N(ﬁ?obmmﬁ ianlschhfy7 to
258, O AL OOl 35 D A0SO Sl
the H Mswugnce(oﬁ)sma)m 1135c hain of (4); (8) an antibody conprising the
H chain of (g) aﬁﬂ%d&%@tﬂprﬁﬁ@'aﬂ P Endin )ﬂavmg the sequence in which the signal sequence
(-19 to -1) has been removed from the amino acid sequence of SEQ ID NO: 137, and an L chain
having the sequence in which the signal sequence (-19 to -1) has been removed from the amino
25  acid sequence of SEQ ID NO: 139.
An antibody comprising an H chain having the sequence in which the signal sequence
(-19 to -1) has been removed from the amino acid sequence of SEQ ID NO: 141, and an L chain
having the sequence in which the signal sequence (-19 to -1) has been removed from the amino
acid sequence of SEQ ID NO: 143.
30 An antibody comprising an H chain having the sequence in which the signal sequence
(-19 to -1) has been removed from the amino acid sequence of SEQ ID NO: 145 and an L chain
having a sequence in which the signal sequence (-19 to -1) has been removed from the amino
acid sequence of SEQ ID NO: 147.

The antibody variable region generally comprises three complementarity-determining

35 regions (CDRs) separated by four framework regions (FRs). CDR is a region that substantially

determines the binding specificity of an antibody. The amino acid sequences of CDRs are



(9) an antibody conprising the Hchain of (3) and the L chain of (6); 30
(10) an anti body conprising an H chain having the am no acid sequence of
SEQ ID NO 49 as CDR1, the amino acid ?{xléquence of SEQID NO 51 as CDR2,
and the am no acid sequence of SEQ ID 53 as CDRS; (11) an

anti body conprising the H chain of (10), wherein the H chain has CH
derived from nouse 19d ; (12) an anti body conprising the H chain of
(10), wherein the H chain has the am no acid sequence of 35positions 117
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am no acli ence O
product are designed so that they overlap with each other. Then, overlapping CDR regions of

the products synthesized using a human antibody gene as the template are annealed for
complementary strand synthesis reaction. By this reaction, human FRs are ligated through the
mouse CDR sequences.

25 The full length of the V-region gene, in which three CDRs and four FRs are ultimately
ligated, is amplified vsing primers that anneal to its 5” and 3’ ends and which have suitable
restriction enzyme recognition sequences. A vector for human antibody expression can be
produced by inserting the DNA obtained as described above and a DNA that encodes a human
antibody C region into an expression vector so that they will ligate in frame.  After inserting

30  this integration vector into a host to establish recombinant cells, the recombinant cells are
cultured, and the DNA encoding the humanized antibody is expressed to produce the humanized
antibody in the cell culture (see, European Patent Publication No. EP 239,400, and International
Patent Publication No. WO 96/02576).

By qualitatively or quantitatively measuring and evaluating the antigen-binding activity

35  of the humanized antibody produced as described above, one can suitably select human antibody
FRs that allow CDRs to form a favorable antigen-binding site when ligated through the CDRs.



(29) an antibody conprising the H chain of (28), wherein the H chain has
CH derived from nouse 1gd; 30(30) an antibody conprising the H chain of
(28), wherein the H chain has the am nqi,aci d sequence of positions 117 to
446 in the am no acid sequence of SEQ % NO 10 as CH, (31) an anti body
conprising an L chain having the am no acid sequence of SEQ ID NO 79 as
CDR1, the am no acid sequence of SEQ ID NO 81 as CDR2, and the am no acid
sequence of 45 SEQ 1D NO 83 as CDR3; (32) an antibody conprising the L

chain ofs rfe@és)sary“ﬂﬁﬁ%'a@idtt@ﬁdués i BAIFR ﬂ@?b@hﬂ@ﬁfu‘té@é@ thi1m Cb@s%‘?'&?gsh%&ﬂa' n;
33) an anti body nprising the L .ch a|n of é wherein the L ch
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of (29 ithuopan FR ¢ hMoge 81”60(@993@ pagtagpucleotiderseqisage BYREPNS Fargbe HEOdRGERai n
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havi ng .sequ ce of the 10 am no acid

sequent %eﬁlﬁe FIng i SDEHEP”E ﬁgcs)ﬁ‘ﬂﬁeﬁ[%esé@lvﬂlgst@aﬁ%ﬁ‘f@@ of SEQ 1D
NO 89 ckadtbiBics cAB8) seldttcdl By Ilae@!;mﬁ ﬁﬂdbﬁdhﬁtﬂm%h@e HiehfopuRfantidd) . wherein

Compr | SRR ENSAT B dqd%%? il S e OB o RSO AN (S

sequenefr/QiCahbyr®Redst 1993553, 8611856446 in the ami no acid sequence of SEQ ID
010,25 eyl b RSORS00 o SR ST ™0 |
NO 93lyagp HoDR2s alarlﬁnshtﬁl&dam\zﬂ@ with d desispdentige0br SHQekReNDg DBesasd Ghdifen.
T T N T N T
of (40jntibedies daving lie dntighabmdiasadtivey am b@ommdd GeqURBCHODIS9RT®)I t UZAE oit0(7j
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CDR1, Inbaynational Patent Pubhcatlon Nos. WO 93/ 12227 WO 92/03918 WO 94/02602, WO
94/25585, WO 96/34096, and WO 96/33735).  Furthermore, techniques to bbtahl human
antibodies by panning a human antibody library are also known. For example, the V region of
20 ahuman antibody is expressed as a single chain antibody (scFv) on the phage surface using a
phage display method, and phages that bind to the antigen can be selected. By analyzing the
genes of selected phages, the DNA sequences encoding the V regions of human antibodics that
bind to the antigen can be determined. After determining the DNA sequences of scFvs that
bind to the antigen, the V region sequence is fused in frame with the desired human antibody C
25 region sequence, and this is inserted into a suitable expression vector to produce an expression
vector. This expression vector can be introduced into suitable expression cells such as those
described above, and the human antibody-encoding gene can be expressed to obtain the human
antibodies. Such methods are well known (International Patent Publication Nos. WO 92/01047,
WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and WO 95/15388).
30 The antibody used in the present invention is not limited to bivalent antibodies
represented by IgG, but includes monovalent antibodies and multivalent antibodies represented
by IgM, as long as it binds to the EREG protein. The multivalent antibody of the present
invention includes a multivalent antibody that has the same antigen binding sites, and a
multivalent antibody that has partially or completely different antigen binding sites. The
35  antibody used in the present invention is not limited to the whole antibody molecule, but
includes minibodies and modified products thereof, as long as they bind to the EREG protein.



am no acid sequence of SEQ ID NO 99 as CDR2, and the amino acid sequence
of SEQID NGO 101 as CDR3; (47) an antibody conprising the H chain of

(46), wherein the H chain has CH deriv 9 frommouse 1gG1I; (48) an _
anti body conprising the H chain of (46), wherein the H chain has the am no
aci d sequence of 30positions 117 to 446 in the am no acid sequence of SEQ
ID NO 10 as CH (49) an anti body conprising an L chain having the am no
acid sequence of SEQ ID NO 103 as CDRl t he am no acid sequence of SEQ 1D
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(s equeloﬁéﬁlo% it ﬁr?zy%#&‘g%; 61653)“7 Ef‘ Q%%—qggyLalfﬁocyQ,?é.p M%%%g in ﬁlqzdymolo ey (1989) 121,
652-663; Rousseaux, J. ef al., Mecthods in Enzymology (1989) 121, 663-669; and Bird, R. E. et

20 al, TIBTECH (1991) 9, 132-137).

Digestive enzymes cleave specific sites of an antibody fragment, and vield antibody
fragments with the following specific structures. When genetic engineering techniques are used
on such enzymatically obtained antibody fragments, any portion of the antibody can be deleted.
Papain digestion: F(ab)2 or Fab

25  Pepsin digestion: F(ab’)2 or Fab’
Plasmin digestion: Fach

Therefore, minibodies of the present invention may be antibody fragments lacking any
region, as long as they have binding affinity to EREG.  Furthermore, according to the present
invention, the antibodies desirably maintain their effector activity, particularly in the treatment of

30 cell proliferative diseases such as cancer. More specifically, preferred minibodies of the present
invention have both binding affinity to EREG and effector function. The antibody effector
function includes ADCC activity and CDC activity. Particularly preferably, therapéutic
antibodies of the present invention have ADCC activity and/or CDC activity as effector function.

A diabody refers to a bivalent antibody fragment constructed by gene fusion (Hollinger

35 P etal,Proc. Natl Acad. Sci. USA 90: 6444-6448 (1993); EP 404,097; WO 93/11161; and

such). A diabody is a dimer composed of two polypeptide chains. Generally, in each



CDR3: the am no acid sequence of SEQ ID NO 16 (sequence of the B3#18
(EP27) antibody 30 L-chain CDR3). An exanple of VHin the
above-nentioned H chain of (10), which gas the CDRs |isted bel ow, includes
a VH having the am no acid sequence of 4 EQ ID NO 109 (sequence of the C7
(EPO3) VH): CDR1: the am no acid sequence of SEQ ID NO 49 (sequence
of the C7 (EP03) antibody 35 H chain CDR1); CDR2: the amno acid
sequence of SEQ | D NO 51 (sequence of the C7 (EP03) antibody 47 H-chain
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bel ow, ‘F:'r'mé? ude¥ C&WE %haly ?f&glﬁ a%ﬁ%@%&%@%@&ag%&%fe@w women bﬂleed

( sequeacthe Gibkéh e Midrd spdcilB)ly 2@t ekatiyle leptide BnkdpRdésctibal Buldvwer dsdhdafdguence
of SESI‘%?B NO 67 (seguence of the #15 (EPO8) antibody L-chain CDR1l); CDR2:

the a acid sequence of SEQ ID NO 69 (sequence of the #15 (EPO08)
ant§ body L- ch@RmehiRR)suckangthose desclbd3ibolyb €arelbe Wied &6 1kaSEE HRNE egddnsSEQ | D

NO 71 ence of.,the # 08 nt i body .3 hai An exanp| e
of vt For T BE R st b3 g G R st ayhote S 0 Al o e
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(seque he B2#3 VH) . @R}: t he 1 no aci d sequence of
SEO |1 O KOA Legh s“gqe&é%‘geé B ks 5 HEBBY SRl 48 ErpHgoRetoRT)
CDR2: am@oeynamd aci d sequence of SEQ ID NO 75 (sequence of the 82#30
(Ef20) , BRIA &quéfnce encoding the L chain or the L-chain V region of the above-mentioned antibody.

DNAs encoding the H-chain and L-chain V regions are individually amplified by PCR

methods using a pair of primers that have sequences corresponding to the sequences of both ends
of the DNA to be amplified. Then, a DNA encoding the peptide linker portion is prepared.
The DNA encoding the peptide linker can also be synthesized using PCR.  To the 5” end of the
25  primers used, nucleotide sequences that can be ligated to each of the individually synthesized
V-region amplification products are added. Then, PCR reaction is carried out using the
“H-chain V region DNA”, “peptide linker DNA”, and “L-chain V region DNA”, and the primers
for assembly PCR.
The primers for assembly PCR consist of the combination of a primer that anneals to the
30 5’ end of the “H-chain V region DNA” and a primer that anneals to the 3’ end of the “I.-chain V
region DNA”.  That is, the primers for assembly PCR are a primer set that can amplify a DNA
encoding the full-length sequence of scFv to be synthesized. On the other hand, nucleotide
sequences that can be ligated to each V-region DNA are added to the “peptide linker DNA™.
Thus, these DNAs are ligated, and the full-length scFv is ultimately produced as an amplification
35 product using the primers for assembly PCR. Once the scFv-encoding DNA is constructed,

expression vectors containing the DNA, and recombinant cells transformed by these expression



48 11-chain CDR2); and CDR3: the am no acid sequence of SEQ ID NO 77
(sequence of the B2#30 (EP20) antibody Hchain CDR3). An exanpl e
of VL in the above-nentioned L chain of,(31), which has the CDRs |isted 5
bel ow, includes a VL having the am no él:l d sequence of SEQ ID NGO 119
(sequence of the B2#30 (EP20) antibody VL): CDR1l: the am no acid sequence
of SEQID NGO 79 (sequence of the B2#30 (EP20) anti body L-chain CDR1);
CDR2: the am no acid sequence of SEQ ID NO 81 (sequence of the B2#30
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ant i body
can be used as linkers for linking the antibody variable regions. In the present invention,

20 peptide linkers are preferable.  The length of the peptide linkers is not particularly limited, and
can be suitably selected by those skilled in the art according to the purpose. The length of
amino acid residues composing a peptide linker is generally 1 to 100 amino acids, preferably 3 to
50 amino acids, more preferably 5 to 30 amino acids, and particularly preferably 12 to 18 amino
acids (for example, 15 amino acids).

25 Any amino acid sequences composing peptide linkers can be used, as long as they do
not inhibit the binding activity of scFv.  Examples of the amino acid sequences used in peptide
linkers include:

Ser
Gly-Ser

30  Gly-Gly-Ser
Ser-Gly-Gly
Gly-Gly-Gly-Ser (SEQ ID NO: 23)

Ser-Gly-Gly-Gly (SEQ 1D NO: 24)
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 25)

35  Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 26)

Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 27)



CDR1: the am no acid sequence of SEQ ID NO 103 (sequence of the B3#41
(EP29) antibody L-chain CDR1); CDR2: the am no acid sequence of SEQ
I D NO 105 (sequence of the B3#41l (EP2 anti body 10 L-chain CDR2); and
CDR3: the am no acid sequence of SEQ ID"NO 107 (sequence of the B3#41
(EP29) antibody L-chain CDR3). The above-nentioned antibodies of (1) to
(57) include not only nonoval ent anti bodi es but al so nmultival ent
antibodies with two or nore valencies. Miltival ent antibodies of the 15

presentg.f. @Yaﬁe@tlf{'% %@gﬁsﬂuﬂﬁgl t anti bodi es whose antigen bindi ng

sites are iva nt ant i bodi es whose anti gen bi ndi ng

sites &lEGmG4iyyClarGlyormsi(SEQI MOt £¥r ent . A preferred enbodi ment
of theg @P@YfG’E?QH¥~W¢1§@1&?@%9fN©5@ is an antibody in which the CDR

has not been anong the above-nenti oned anti bodi es

of (55(ClaGhreheflhederSEEIIYAL 33D0" an ant i body havi ng one or nore amno

aci4 S@%}IGIB,LGI LG%QSﬁ@mN@Q%Z))ﬁddI tions, and/or insertions in the
ant i body of 3)’ havi ng an activity. equi valent to that of the anti body

of (1 )mwblchansa%mtmy h&y lasgeran The apinorapidipapensr et the peptidelinkersiqa be
anti bog’ére&éd kol %yltme@ﬁme@&n FRTaf RBSAMAE KL FHPS! T !be @&%ﬂple

del eti ons, it ons, inserti.ons i.n the anti body of and al so

conpr i ¥hih d&FFfHﬂ%ﬂ% élilf'nleﬁabrqf ghet PrPtide iR TR df gensEdiydntoe, erefeebjyr lrfor’a’enoze as
CDRL, phgerablyNQraci d sequence of SEQID NGO 4 as CDR2, and the am no acid
25 sequence of SEQ ID Preferr er ments of ot her,

e
antd bodi es i hBFTEEE amﬂr%@ra’m@ @ﬁmbeﬁe&fnaﬁ 05‘%‘5? gy the pgespniRKensien is,
expres&e@xm 1, ﬁfel‘fb]](ﬁﬁmg‘@alf]w ] OIA rre]t Ihod of introduci ngkn}r]t ati ons ]
into S. IS [ ods wn, to | I e nte
art fng%fega D M W e s Siing Seia0t 0N Bheptelg

certalﬂm@aaﬂg)d?/L]For exanpl e, those skilled in the art can prepare an
anti body fu qui val ent ant.i ention

f .th
ot r i SRR s re ) ke LeREtiea S Bkige Seebly oot bt FBe o
mJISag eligsite \( f@ﬁiﬁs%%@llﬂﬂg agéntseltouﬁhel{r 1985 cteskinldeptid2 édmpaimds4ad | er

and n 500:, Kramer .et at
108 e B u hIRCaE M STV G0k " P R xand e KRG b £ s el
Met hodsgenﬁnazy kmdwn. 1 5Bhesd bfbsSkindapekitslare ddmb2 @86y dndable:Nat | . Acad. Sci .
USA. 81%\ 88-4 2(’: Ku ﬁhﬁg}988) Met hods 35Enzynol . 85, 2763-2766) and
ARy Gy -

such. 'may al so occur naturally. In this way, the
ant i bodisesimhidheulpras€nbS);nventi on al so conprise antibodi es conprising

argono BE ‘glf S%QCBE&H@%?@?#G (BS??e or nore am no acid nut at i ons in the

m no ac sequence ’bodi es of the present invention, and which
are fudl&nwlmdaﬁdqmml\pmmmat@)dnﬂi’é anti bodi es of the present invention.

The nughg ted in such mutants is generally

consi dere g%uigé%@%%ﬁh%%r%@%? }2 preferably 30 am no acids or

| ess, ﬁhﬂemgwcwms(mmlmldb@smm@)ﬁﬁ& or |ess (for exanple, 5 amino

aci ds e amno acid residues are
e@ﬁﬁleﬁé@ col bis(sulfo géﬁlﬁﬁ\%ﬂ%bé@%&ﬁsﬁwbﬁ(}% ( ( ,

mut at nt o~ am no aC| opertiés of the amino acid side
chai nsdisrcsingwidyétargate (PSil);exanpl e, the fol | owing categories have been

est ab|d1§hﬁgug§ﬂﬁﬁg§,m&1ﬁ{h (gﬁrgo ajgﬂo acid side chain properties: 10
hydr ophobi ¢ am no “aci d WY, and V); hydrophilic am no

aci ds Wir2- (Blcclﬂllm@oxﬁcaf@m}ﬂpxﬁethg} Sg/{f@iﬂel@BS KS):aed ds having al i phati ¢
si de CﬁlﬁQf@ulﬁfs;iccﬁnny@}glearﬂonyﬁ%j)eﬁiyllrﬁl’ﬂoH@ (ﬁ?ﬁ)q?Sd?@@!E@;g

hydr oxyl - cont ai ni n chai ns
Y Y Usually, three linkers are requlred to link four antibody variable regions. The multiple

30  linkers to be used may all be of the same type or different types. In the present invention, a
preferred minibody is a diabody or an sc{(Fv)2. Such minibody can be obtained by treating an
antibody with an enzyme, such as papain or pepsin, to generate antibody fragments, or by
constructing DNAs that encode these antibody fragments, introducing them into expression
vectors, and then expressing them in appropriate host cells (see, for example, Co, M. S. et al., J.

35 Immunol. (1994) 152, 2968-2976; Better, M. and Horwitz, A. H., Methods Enzymol. (1989) 178,
476-496; Pluckthun, A. and Skerra, A., Methods Enzymol. (1989) 178, 497-515; Lamoyi, E.,



am no -aci ds having sul fur-containing side chains (C and M; 15am no acids
havi ng carboxylic acid- and am de-containing side chains (D, N, E, and Q;
am no aci ds having basic side chains % , K, and H); and am no aci ds havi ng
aromati c ring-containing side chains , F, Y, and W (am no acids are _
represented by one-letter codes in parentheses). Pol ypeptides conprising a
nodi fi ed am no acid sequence, in which one or nore am no 20aci d residues
in a certain am no acid sequence is del eted, added, and/or substituted
Wwith Mdﬂ@ﬂs Bitiy R01. aBisaS12 1 86 2-d6aPRWusteaux, Bteaih) Mdieids Eatyngi. nslsepi 1l egiana)

acti v o ci . USA (1984) 81,

5662- %‘ONE %‘F‘VP%“? % QFHdF%‘O‘Rﬁm%a@%’%]PE’ 122 i'dd Research (1982) 10,

6t487L65(F)>0 WA BREBre@kbniging aBibody cn h22ded ai&i&laﬂﬂhbajspgfagﬁesaﬂt mvc?ﬂmﬁmrl and, G

et a r o

gener R A h REie F g e hiPy et B doF oampl g,

t he aﬁil]—lvngttyam%odlbaammﬁﬂmdmmm antgboldieg) lehignetic kralbydito hipeaniaid mmﬂ:noded onhen

am noh%ﬁzlmdstlgodasm fied into the same group are nmutually substituted. In

t he presen M PHVEnti on, the above-nentioned substitution between anino

aci ds (I\Ma:n hnnttboﬂ)hwnmnng amﬁ{r«xbaiabh‘dngﬂl@ arpino gcid efggence df $60 43 NEbAsernueatd ofabe

subst i t LY t he
535 8 Afbod g@fﬁl‘ﬂ{n;(g ?ﬁ'{) as Eé%g ﬂlg Qmﬁ; I1d(;J el%@rof g@ghﬁﬁd Df‘"i‘ge péngéjofttf?e

sanme ep ope a anti . |sclo in the present
appl i Bé#iScﬁmlbdw&bcl@pae@ﬁ)M)@aﬂl%Ril whighpresentd jeavant PICHEQ &) MPes (seapence of

ap{gl b%@'}ﬁﬁlé&%od Méﬁﬁgﬁéﬁﬁe epi tope as the -anti body of any of (1)

ment1 one bove uses 't hereof Such anti bodi es can be obtai ned,
for ek?dﬁ@hlélbo‘ﬂ)ycmlsmgme@\nﬁh&g] qfé i hwberein the H chain has thpgeaingeeidgequerge oAnt | body

share osﬁtkb ePl f, 9P G AL Ruait btgsriﬁ%/ﬂfﬁb PRGRAL JriRbB]Ys ARBHECAINY

whet h e two anti bodi es conpete f he sanme epitope. Conpetition
bet vveé‘?ncﬂﬂthcb@@i?@!‘éta@fa?@@é det ect ed by cross-bl ocking assay and such. For

ex arm*ﬁ an SRFB&! éorrﬂp\{@ingﬁlle %%mﬁ%ﬂ 5), @«hé}élﬁfﬂ%rﬁ ﬁﬂuﬂﬁ@ﬁé 2RRKIINGRERAY -
Sfem icall cross- bl ocki ng assay, the wel of a mcrotiter plate

Besttions i/»ﬁ’fttﬁ 4 tEREE Haod ﬁqﬁeww QD NRel (ﬁ%@elﬂ%@ﬁ@a% W h or

wi t hoptwR-Hardf bid b oPMMehiifgydtdipody, and an anti-EREG antibody of the
present invention is then added. The anount of the anti-EREG 5 anti b%)dy of

the pHdanartibpdomprigng sbliAbein brvingd ey pridearsros of SHLINPY & (sergepcse
corr eh@mmmﬂhﬁodymdﬁim&pmg} DR 1t the@fmdomejd@eqadmdé@r SEQ ODPE}: llﬂlgseq:mhtehﬁ‘dy

(test antibod et es bi n he sa
speci fe&4rl Syanl%’(l’i% Ig?lﬁ"&‘t R%)H’écﬁ?fzr 1‘1 80 ?Cé feq‘é‘?’?{;?%%%ﬁ%\ggf b&?%&n‘fane
epi t opfthe Bha 8laoiRIdy LB CIDRA) tay CDR3{ he anti - EREG anti body of the present
i nven ont ind to the EREG tein-c ed .wel | I.n other word t he
o oat & 3 pisDadh tiner iog 18 il Sy Bistt 76 Lt s s waPe S HopPBERE ¢ ne
hi ghepositioas B07t1b 211 b thf anih@adi@sdquaiat bORILY I NObl i@eduendeloé the REE 8 amt1b0dy CL)
pr ot ei n%[; at.ed \Aeslgflal? L The anmount of anti body bound to the wells
can b¥ OB B§9BY | abel i ng the antibodies in advance. For exanpl e,
a bi otd) ar hmibedl;ecdm@nmh@ﬁﬂl chain olﬁefl)nselmaim thel Lubainasahe avind 'acnd penoxe dase

j ugat.e bl e sub trate u Cr 0SS N9 assays
kil S TR R e e R O R A
assaymouswnemamthﬂnemhEs#léamlﬂaﬁy]alﬁﬁl ed with other detect abI e or neasurable

| abel } 72%1 gnl,eilgg&ya& %%En%%'ﬁ% &B%Cdff(v%aﬂhh%éLcrh?lqiofh bel s and fluorescent | abels
es Nt i i

are er nor e nti body conprises a
const@blan agiypdyrcodwprisivg the it daineof Pewi de Ldibhhef &t from t hat of the

anti - BREG, ARLPAGYGhe b% BLESET) hBUST hR o RASUr ement can be done

2

30 (10) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 49 as CDR1, the
amino acid sequence of SEQ 1D NO: 51 as CDR2, and the amino acid sequence of SEQ ID NO: 53 as
CDR3: )

(11) an antibody comprising the H chain of (10), wherein the H chain has CH derived from mouse IgG1;

(12) an antibody comprising the H chain of (10), wherein the H chain bas the amino acid sequence of

35  positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;



20 for either one of the antibodies bound to the wells using a | abel ed
anti body that recognizes its constant region. If the antibodies are
derived fromthe sane species but belgng to different classes, the

anti bodi es bound to the wells can be neasured using anti bodi es that

di stinctively recogni ze individual classes. If a candidate conpeting
anti body can bl ock binding of the EREG anti body by at |east 25 20% .
_preferably by at |east 20%to 50% and even nore preferably, by at |east

50‘%13 ) g@_ﬁmm%%h%riyhgmbL fepuirﬂmwafgttﬂ;eyeiéﬁiyo o RijRate HISED IOONOT 53 as@TL theent
perrtorne In the a n t he | te co etln anti _e
candi a8 a&‘Sﬁ’iﬁ%‘F‘?‘%‘?Q% §%§&%§H§/ 5/ @s §5§ﬁéﬂ3§ﬁ g %@ﬁgﬂeﬂ%ﬁof%r%%? NS0 as

subst amrizal |y to the sanme epitope or one that conpetes for binding to the

same itope._as an anti-EREG antj hody of rese invention. Antibodies

That Ernes RobiRe hamahe i opunasUphebagmhe T OB Lo de Bt tor Pabthee f o

exanpkein;t he above-nentioned anti body of (57), but are not limted

t here . As .descri bed a t he ve- nent.i oned antibodi es of (1)

o° (ST ety SORISRE GO0 AT Gt Aoy S v B A LSl

ant i beghitgsis 10 Ril ¥ &l tehdmian il edinase of SEHMEY POed3@m Cli;nvent i on i ncl ude

mul ti ent anti bodi.es antl.gen hindi sites are all the sane and

35nu|Y&@%T%ﬁ%WQHPF388P%§@3i%%%‘%ﬁ@ﬁﬁ%ﬁh%lﬁ%ﬁh@*@f%es are partially or

conpl ét7ehyardibddyeroeptisinguht iFbaeines (13 pamidhe¢ b chear ofdld: t ypes of nol ecul es such

ag, POl LIl £ns Al Yool (LR 630 1255, AhsR s, aes @5 modified antibodi es.
reover, cC enpt he ape% IC agentg, oXl C pegtl e fdﬁ%ﬂiggggggtiv%ygpﬁﬁical

subst 69 esantibodytremiposinglart 13 chhie havmg thodiies acidsrghenyodi $H bedildsl, the

(hereinafter rr ) I i {

Sub] ot g A o B B B e B PN oS or

nmodi f YPRG: ant i bodi es are al ready established 5in this field. Furthernore,

as de j . i I : ! @y ! ' cul ar

Form o) g eng S lhe %E%ﬁ@ﬁ’ﬁ&@»ﬁ%%&aﬁ‘?“ﬁgééﬁ%%?{Eﬁf&eﬁggﬁﬁﬁgsmm

t Exhn{Zjuesantibodveomgrisizetha bt cheil of (EREdepritie Fridain bag thearsigo et rraveies Bbeut i ¢

agent Sucid AXi €7 (D8R IndBSamihARL@AGhikE LLNRMISRL: $PaR@Ends, or such. These

anti bodies are included in the "antibodies” of the present invention.

10Chef?8t trestipeditcoprgientnsl e hasingdhaasiamiid EREocaitSERRA NS ¢/es dRlethehe

Cyt Ot 96 &8 %éql\ﬁéﬂc)é of 5 I &7 188 af ODROWND Bic BART dch RGuen@NASEADN®, 71 as

azacyti di ne, bl eonycin, bortezom b, bryostatin-1, busulfan, canptothecin,

10- hy&P8Rycanpt ot heci n, carnustine, celebrex, chloranmbucil, cisplatin,

| 20 NO{B§ ANantibelyRORIpALIhdlhe €] ABA Di2NE whek sl thPh eisRhEN HelRed B alicdRbuseK chain;

dacar bazi ne, docet axel, dac%Lnon¥ﬁ|n d%%£0£¥Cth15 | ucur onj de,

daunofdbFtHHPORSRIRE PSS frerhaig PEPRY MOETITERS t PRI hag S 2519290488 ubi cin

glt UCUﬁ@gioﬂé?llOﬁtQiMﬂﬂdtﬁé zﬂ]];clilnﬁﬁthﬂ segbe@sbgﬂi%m Né)_esm ﬁs&?ﬂ]l,gst i n_e,OI et ](c)lposi de, |

et oposi_de gl.ucuroni de, ridi.n rabin fl utam de, uor our aci

quox?ﬁ%@%%?% COBRHENg BB %@m(ﬁ§§$ﬁ%b§?§§@§TQﬁ8%% caproate, hydroxyurea,

i dar ulpieyimantibédyshaptisieg the ELhaM@f (20) adddieiB chakeof @BChl or et hanmi ne, _

gggro¢%gr98§§&§rone.aceﬁg&g, neggﬁkro aﬁeﬁate el phal an, mer capt opuri ne,
metHoT BYRPY ORPHINATE Forha™ {1 X %'ﬁaﬁﬁq%%gcin,rﬁtotane,

pheny@(z!smryatrﬂb@jytopmgdﬁhgmnﬁ chain ?@a'@hfzimiao aqﬂdtt@dqhéraxm: SE(%;BMN@s 344 CDR I, the

senustine streptozo xi.f e axanes, .t axo es r _

o opi BHAL &5 BT ShPHR 1 AT S5 aahPRe S R ssl BEL e B s,

uraci CORastard, vinblastine, vinorelbine, and vincristine. In the present
i nventi,on eferred.ch ra [ ent. ¢ e |0 . r - Wel . 25
chenn?%g?g%@E?PEmg'3%?§$QE%%§W6F§%%ﬂ§F%%%@%ﬁ¥%% éﬁﬁﬁﬁggéﬁgﬁ%?%nﬁgi é’are
uMl i Eélc(i)ym antibotyermerigngvht Bl chatnidb 618y, Wh@émi:lt ih;g' qlawi;ag hasthe gninﬁ peid baqgerco of

anti Les. 1-n.the. present I ' . - wei ght
chenD(ﬁggéigg??%miﬁg%%égﬂéﬁ%?¥§ﬁ%%§§f%fgg?ecu?gr(agight of 100 to 2000,

pr ef e@3abinanAb@lytcompOgiag arbx almpl eyingfthe dyeine dradistiraeapldRQ 1 Mgett as CDRI, the

demnﬁﬁiﬁ@ﬁﬁg?{lﬁg&ﬁ%Bfé"‘é(glﬁll\"ozlsg\é’%E‘gh?%’ih%{e‘éﬁﬁﬁcgmds% Jierapeutic agents.

The chenot eutic agents o present 301 nvention 1 nclude prodrugs
that are converted to active chenot herapeutic agents in vivo.

35



Prodrug activation nmay be enzymatic conversion or non-enzymatic
conversion. Furthernore, the antibodies can be nodified using toxic
peptides such as ricin, abrin, ribonuglkease, onconase, DNase I,

St aphyl ococcal enterotoxin-A, pokeweed antiviral protein, gelonin,

di pht heria toxin, Pseudononas exotoxin, Pseudononas endot oxin,

L- aspar agi nase, and 35 PEG L- Asparagi nase. |In another enbodi nent, one or
two or nore of the | ow nol ecul ar-wei ght chenot herapeutic agents and toxic
pept i ganNobgs gamdrned and used for antibody nodification. 53 The

bondi n et ween an anti-EREG antibody and.t e abov

o BT R M TERa Lo bt LG B OB Bsde or

non- cayahent bonding. Methods for producing antibodies bound to these
O e g A SR T BT B ShIPE B R gopes
redonﬁmm&&mam7hezhﬁnqmamnmSpﬂ@mﬁwmﬁkﬁﬁEQﬂbmﬂbﬂampCE it is possible to
constr are i nant v tor odi ng the

above (E@ﬁl{llaﬁ bé’gyfwffrgmﬁé’b b(t(%g) Lecgllac%afﬁéfan anti - EREG anti body in

Ham8@Mmﬂ%ﬁmm@@mHmmamﬁwmmﬁmm%&mr'mm\mMW is

intro ed i t9 sui t abl St Q transforned cells are
cultu%g@anantl he"hEo) %Eggf%‘ @k&@aﬂ&gglfgégedég% an anti - EREG

ant|bda@ab@mmwdygxmhsm@@xﬁbmpeﬁmwd@ﬁ@amnmawﬁémb@wapﬁﬁﬂQé@?E)ﬁ@§$6HR1'he
PG Clufhin HRILARNE! {1 PINGIA BRBRoAmMANE MO ReiPLRLELLor SHRPIPRO! 8 paCEOUS
pharmaceut’i cal "agent or toxin is genérally positioned at the C term nus of

t he arilPibbdy. A peptide |inker can be positioned between the anti body and

the p ERherh QX iHin Hab CHIRRVERIRom hbgoadat | body
used ggbﬁhgagfggggﬁﬂﬁf enﬁ?gﬁ&ﬁgygge éﬂ |spe0|f¥%aant|b5dy 15A bFspeC|f|c

antlbd§9hrefers to an anti body that carries variable regions that

r ecogrfki)edn %tmo@%@&ﬂpr%mgmghaw 1N, ‘&rh@eiﬁm St ROHY alfloteid|sequedde@df

bi speci fiic anti have anti gen- bi ndi sites that recognize
ﬂﬁfeﬁ@ﬁ?médﬂfﬁb%@‘%ﬁw&W“EREéS%WFﬁﬁﬁfé Rﬁﬂ%ﬁpéﬁﬁﬂes of such a bispecific

ant i bqay) a6 @it BorhRisABan MRhAE a8 Dthe 5ﬁeﬁ&mmeqaedcesﬂ$m IS NOOAP ey CO L, @lie0Xi C
action can be expected. 20Alternativel

he. bi fi b
At | DO RO R erd o At gt e pe b senet e RGO FEH or

anti gemy;nding site recognlzes a cytotoxic substance. Specifically,

P e e e e L e

EREG gxpra@astitagdy Gﬁhﬂrﬁmgaiﬁd; étaint AT @405 anteerdin the L cbaip hasrtbsangiyio adidsequence of
subst ances es. t he..cyt ot oxi 0 25directly act on
EREG-@§8§Q§§BEG)%§F? © ARINQAE oﬁ%wm§|£%g§%ﬁ%&§gﬁg? %ﬂles that recogni ze
cy}Ftan?n?mMﬁﬁﬁnmmﬁmmg@&HﬂnhaiMy3ﬁmmdﬂelnmmumfG@DIs and suppress tunor
ce I.Teratlon n sent invention,
bispeg'ﬁ R R R LS, dmgﬁ"ﬁﬁg?ﬂf%%%qﬁggg gg?ﬁﬁghg%g&'ér than EREG may be
conbi r{é®.an Batibodx evrpprisingittie 5l shqnogﬁi'p’%laed thy Ic@mmoﬁwm speci fic anti bodies
t Lihe
Bat NCE Q{ngbr%dg%c& gaﬁ@f B ﬁfhgb&gﬁ{? i} a%a%gqa‘eh&%k bm%g\r@?g ggcgm &

sur r ce r _produci ng
bi s pecanﬁucmcameqmm ESEEY 1 WAoWns GEIR2. el%hthﬁmemo 50 sqapense b EQHY NBo 4 leas
recogm ;gg different antigens nmay be |linked to prepare a bispecific
antlbo he anti bodies to be Iinked may be half nol ecul es each having an

H chai (1417)@r1 aptiboly e¢raprisingdire Fraheibel (darherpin s b ehsindigs E6klerivad fipgn BpussdeGlan H
chain fé&taﬁ Loy %ﬁfp Fi smgﬁll%eﬁ 'clflduﬁ:oﬂ%)' Qﬁgh'm l@ﬁeqql MGG drfasRtcrekRnsan be

prepared by fusing hy omas producin ferent nonocl onal anti bodi es.

Bﬁ@pedpﬂﬂ@méﬁ?ﬁbﬁ@ﬂ%ﬁwé@ﬁwéF§émb@mﬁﬁ$§gQéQ?39]Qéﬁgﬁfc engi neering
tech n'(%edﬁ antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 103 as CDRI,

the amino acid sequence of SEQ ID NO: 105 as CDR2, and the amino acid sequence of SEQ ID NO: 107
as CDR3;

(50) an antibody comprising the L chain of (49), wherein the L chain has

35



54 Anti body genes constructed as descri bed above can be obtained through
expression by known nethods. In the case of mammalian cells, the anti body
genes can be expressed by operably Iim&ing t he anti body gene -to be
expressed with an effective commonly used pronoter, and a pol yA signal on
the 3' downstream side of the antibody gene. An exanple of the 5
pronot er/ enhancer is human cytoi negal ovirus imedi ate early

pr onot er / enhancer. Q her pronoters/enhancers that can be used for

ant i bodydee i 858 B8 nioa6d Kekaind ral pronot ers/ enhancers, or mamalian

cel |l -deri ved pronoters/enhancers as hunmpn_el ongati.on factar, | a

CPEF 1) 238N COBPERBEALe bERUR AL RATED BF bibeerer BHEer et my be

?Z \e/gogdaﬁ%movv] ﬂp@t;ﬂﬁ@ié{/ a(grsm mgliﬂﬂ@mﬂ/ fin WSid sagh meybg SBQ Iarrdos%mzm%y:vlrjluls_ 40
en an 0. pronpter/e cer, j s, used, ~method o i gan

bt aLlAGR dnEdGoopron b Bisfeier) BR Gt b 1 SRS s Wi o

pL@m(ﬁgbgﬁh?mQ@rcoﬁ%ﬁshg theHhhih ofY&T) zfrﬂl’thgkmhﬁﬁsif(@)a ?ene of in';erest by

t he od of zushi.na t  (Nu LC i es. 90) 18, 5322).

In t he* 3@@n@?"'\éﬁ.cowpﬁ]ﬁlgt%ﬁ%ﬁacﬁf(’ﬁnb%égé)fé@éh?fjcg%mé’;éi@ssed i s operably

| i nke@b 5 an antitsidyeokiprieing @maoh nore s@éhopreahoibstitutionks, delsiigsahddgenseankorf or

anti body_ secretion.to expres he n Examnl e f -1

el SRS by iR SRS RS, RE e R GRRST a8 S L BB of

used, aiiyhef (hetd¥od);of Ward et at, (Nature (1989) 341, 544-546; FASEB J.

(1992 2422- 7)...my he used: ternat | , [ an be

RS oy mn RS Rl byt B HRRCERI (O RR oo as hO SRR SPRATBLE) o

(Sci efddg 4nd988) 240, 1041-1043). Wth regard to the signal sequence for

tib ' t ' Lei, 20S. P. et at, J.
ggcle@ﬁ%P%ﬁﬁ%ﬁﬁg?PQ%ﬁgﬁ?gggﬁkﬁggggg“ﬁge ?Pgs.érghuctyon in tehea eriplasm
of E. coli.Anfkanplketeé Vahin tho dyoysroduicawdithchaieobdy. whigk had the disgsel t he

tib Do e ! ; .
ant i b, XW?]%I%@%E&%?H lﬁlafl;l‘%f AL dBGhPYcidS dz;htgmf%hde}f %ﬁ?lgé\ggm\% (ancﬁi@ﬁcé dekRe

guani di ne” hydrochl oride "or urea so t have the desired
bisndi Bg# Heartibotly ViHDhe replication origin inserted into the expression

vect oppiRiC 'tl’régar%%go Lak s@%%g?% ﬁfo sﬁdqueNg.S;(z g%@%l&%lé of R BY4QEPPD BBV I US,

adenovi rus, oVl ne ma viru n order to anplify t'he gene
copy Hoibeey CDRIdhe host cell system a selection marker can be inserted

i nto EhRCXR £9i8b A8d\LE5TAEe oSPROITDI 98! I YseqhdiRe P HeovdNg (BRL BGOSR ker s
can be used: the am nogl ycosi de transferase (APH) gene; the thym dine

ki nasE-qmrdyDEehend30t he” E. coi | xant hi ne guani ne

PIPS POPIRP asVdhiha ASHRERRBcd FLIBQUD NONE (sehhihcdiohndrefakate2readusbdse
(dhfré: ene, etc. Any expression system for exanple, a eukaryotic
cel l Vgﬁéwprgé prokaryotic cell system can be used to produce anti bodies

used in theaRkeR&ARk df WERth®boveXasmi@ed ofcheiskdn ¥ tdhichaek kise CDRE ligedani nal
col e amtaees StLe et el L Soll. Systony Leerl oLl SsaisLem,
~incl ugdgibeagtvant al cells such as E co/i cells. Antibodies used in the
ije Seabf{ilr:“[/h%nz}nili%g agiﬁ%e Je%!:g (r)f%llliés ID NO: 12 (sequence of the B3#18 (EP27) antibody
L-chain CDR1); , '
CDR2: the amino acid sequence of SEQ ID NO: 14 (sequence of the B3#18 (EP27) antibody
L-chain CDR2); and
CDR3: the amino acid sequence of SEQ ID NO: 16 (sequence of the B3#18 (EP27) antibody
30  L-chain CDR3).

An example of VH in the above-mentioned II chain of (10), which has the CDRs listed
below, includes a VH having the amino acid sequence of SEQ ID NO: 109 (sequence of the C7
(EPO3) VH):

CDRI1: the amino actd sequence of SEQ ID NO: 49 (sequence of the C7 (EP03) antibody
35  H-chain CDR1); -

CDR2: the amino acid sequence of SEQ ID NO: 51 (sequence of the C7 (EP03) antibody



55 expressed in manmalian cells. For exanple, mammalian cells such as CHO
CCs, nyeloma, BHK, Vero, or HelLa cells can be used. Then, the transforned
host cell is then cultured in vitro or .in vivo to induce production of an
anti body of interest. The host cells afé cul tured according to known

nmet hods. For 5 exanple, DVEM MEM RPM 1640, or |NMDM can be used as the
culture nmedium A serum suppl enent solution such as fetal calf serum (FCS)
can al so be used in conbi nation. Ant i bodi es expressed and produced

as desegf ] E@ﬁ@e n be purified by using a single known nethod or a
sui tab eu%g]g |na\t‘ji %ngljaof known mnet hods generally used for purifying

pr ot ei AHRAMk¢ podbasidcggudnse 98 PEQHENOAAY (segnénce of theyC7 (RRHO3p matiply,

appr opij_at-sl ¥prEdhecting and conmbining 10 affmty colums such as protein A
colum, ¢ ronato&?a hy colum, filtration, ultrafiltration, salt

preci pi tatioAn @dﬁlap@sﬁfﬁia arilie sbwie-ogutiand di chginmfI( Ao whichrhas Ner(UiaRs listdd

Hard o Vi b L g an
be. Useds e EELUERE VIR et oo RPN aubRSUTRERS 10 MEE A1, (RAGe BR AR

( Ant i b6 aptibastyoYlak ory Manual . Ed Harl ow, David Lane, Cold Spring Harbor

Labor apgypy - 4 938 hcidRe ue%@epsxf(:%%Negégg@gq&énegsﬁtﬂewgﬁm fBhdgssay

(ELI SA), an enzyne | mrunoassay "0l NMmmunoassa or-a
f 1 uor olrialdakBay can be used. The anti bodi es used in the present

| nvent CORIRYE HEindALHIREGISS ¥E §BoaDmdL b %@gééﬁe%fﬁl'a@mypbg%gﬁb%& wn that

the cytotoxic activity Of an antibody can bée I ncrease yinhg its
su]dlolr Etehaim GAABGH 28ét i bodi es havi ng nodi fi ed sugar chains include the

fol | onepms: 8 Amhb hoidiseguents b SBAITH 10Q: 9 yegsnkabr 8 dF @posyambey WO
99/ 54342) ;. anti bodi es Sg%‘ei Ci engpign fucoseyattached to s%ar?(chaibﬁ% (for
exanpl E°h¢® ©@OREL 739 and WO 02/31140); antibodi es having a sugar chain

Wi th bisectiAge@AENAGT VDI B abPlcCme MR e 17 G2BDY £ (19% Grhid st CPRAIIBRRgUsed
in the present invention are pr,ef%eﬁgf?bly ant i bodi es_havi n% cytotoxic
) iy

25act i WY PAfgRA FiE TR 9BYAQ 250 sqdnenceyf SES R Nektlil g Tieusnse oy thes?1 5t or
exiempl ggpoanithody - dependent cel | -nmedi ated cytotoxicity (ADCC) activity and

et ¢ DAL BRAmER Py SuRBrer s TRON! Shbrmess L A arBR ) seesbio o
acti viHyhA@DRE);i vity refers to the activity of injuring a target cell
SOuhen BuShc o S0 LA AHLGENGS 8. K Beesll stls0e AMaEn, o Py
t he antichein GDR2};lhedFey receptor and the target cell is damaged. © An
ook S R SRR Rl R BTSSRI ol AR BGhL ©
| mundiebyin @PRPLer 7. 351 munol ogi ¢ studies in humans, Editor, John E
Coligan et aky ega%e W‘{fiym ﬁlesé?)%%e-nllé}'l?ibned(ﬂ%g;i)) 0%%)} wh]%cf'l .ﬁ‘llése&é CDRs listed
below, includes a VL having the amino acid sequence of SEQ ID NO: 115 (sequence of the #15
(EP08) antibody VL):
25  CDRI: the amino acid sequence of SEQ ID NO: 67 (sequence of the #15 (EP08) antibody
L-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 69 (sequence of the #15 (EP08) antibody
I.-chain CDR2); and
CDR3: the amino acid sequence of SEQ ID NO: 71 (sequence of the #15 (EP08) antibody
30 L-chain CDR3).
An example of VH in the above-mentioned H chain of (28), which has the CDRs listed
below, includes a VH having the amino acid sequence of SEQ ID NO: 117 (sequence of the
B2#30 (EP20) VH):
CDRI1: the amino acid seqﬁence of SEQ ID NO: 73 (sequence of the B2#30 (EP20) antibody
35  H-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 75 (sequence of the B2#30 (EP20) antibody




56 First, specifically, effector cells, conplenent solution, and target
cells are prepared. (1) Preparation of effector cells Spleen is
renoved froma CBA/ N nouse or the Ii ke,4 and spleen cells are isolated in
RPM 1640 nedi um (manuf actured by I nvi tr%gen). After washing in the sane
medium 5 containing 10% fetal bovine serum (FBS, manufactured by Hyd one),
the cell concentration is adjusted to 5 x 106 /nlL to prepare the effector
~cells. (2) Preparation of conplenent solution Baby Rabbi t

Conpl erplai PR agiqr ed by CEDARLANE) is diluted 10-fold in a culture
medi umﬁ;%?rﬁanuf actured by Invi trogﬁe}g}%q contai ning 10% FBS to Br gpare a

conpl efdHt3: thsynine;asid scguyneppé§ DR 37 (seapepse of ge| B2#30 (EP20) ankibodar get
cells c;pghalggcb@)pacti vely | abel ed by incubating cells expressing the EREG
protein with 0.2 " nC of sodiumchromate-"Cr (nmanufactured by GE Heal thcare
Bi 0- Sci encesy\niexampvEN nithe abevsrnentinngg Lihesnrg$3 o whishdaptherClaRs 8sted  For
ERES phatb®l BroRMBS 8341 inkdhé Bl ackd SeqUBYcc TS EREI N: 39 $deBidRE oMile 2
gene e%giggd]égptge EREG protein, primary colon cancer, netastatic colon
cancer, 288 Aviakadyi Horra, pancreatic cancer, stomach cancer, ki dney

cancer PR 1: $he £RIOACRIARERINCE BF KEQ IESRON 29 eRbuSRE G heGRIhE (Eﬁi(g%ﬁtb@ancer
er radioactive labeling, “cells

cells, , pancr Lc cancer cells, or such Aft

are vva_g‘ffg'ﬁmtqeﬁé@;ti mes in RPM 1640 nedi um containing 10% FBS, and the

tar get CORY: theCitink cillsep@nes oPIE@UDUSO! B (dehiforke bl (16 WSO EPI()RRLEM2 20 X
activity or CDC activity can be neasured’by the

105. /L. . .
nef%ogtﬁ:@g@rqggaﬁgggow In the case of ADCC activity neasurenent, the
t ar get COR3t ttnghias bidEBRenadbf SRQID(I0: 8- (Raedhke 8f Sie BIed (L9 aﬁﬁb&%l :

U bot t | nuf actured by Becton Di ckinson), and reacted for
m nut eg%ﬁmia@gl.{gﬂﬁer eafter, 100 ill, of effector cells are added and

i ncubat ed i nAReganplenf ¥ i 1 ableve-mentivaicaH Efin 5081), ReHidlShas TReCDIBlisted

trati. f t ti body i djusted t / Af t
ol tur 1 Skt 3 Ut BRDCBE bina S SbSist tablp Noni% Toahepieoses vi «y
i slSmeaBikSeERM) NHY: ganma count er ( COBRAI I AUTO GAMVA, MODEL D5005,
: f ed by .Packard | nst . Th t i tiwvit 0
can be PRI heil® SORniehE? S0 veaRIE R b aueagp i ofs (ErBhantbadbon: (A
- O [/IdBain @PRX);100, wherein A represents the 30 radioactivity (cpm in
h ) , h i i ¥ i 1%
NP 40 DRz e BntiFEAST SO Rale S SAGUERG" ¥ Il BRM L e B REPAS iR o
t he rddicbaistGNREY apdpn) of a sanple containing the target cells only.
' 4 f M kY. tar |
50 DR 8 alife A3 Reien XL R0 1Y N EFRENIFEPLY e Bl Ip R 0 o e
. pl at e Hwhwiofd2R3)xed by Becton 35Di cki nson), and reacted for 15 minutes on
i ce. Thi f Ut 1 St j 4 ted
°a carbon Al kA8 oPlyLh thcboSORENABRAL 1 SEUitl b Bty ShpA Efine TR MGHPC: ©
57 t hébelpyimdudesiasVhdpvisg S aming aeid sgquagiernf SBOHBNOn E2b@edqunce diBe BBES of

super napaf .idogPhiget ed, and the radioactivity is measured with a gamm
counter. The cytotoxXic aCtiVifto%- can be calculated in the sane way as in

-t He ABdIRhcihe pinigp arad sqavenee fEQ B3 NOidd lotseaentrapicthe BA#E HEPa satitwidy
nMeasurpi-Bkhih OBEHL ot oxi ¢ activity of an antibody

CDR2: the amino acid sequence of SEQ ID NO: 93 (sequernce of the B3#8 (EP24) antibody

L-chain CDR2); and

CDR3: the amino acid sequence of SEQ ID NO: 95 (sequence of the B3#8 (EP24) antibody
30  L-chain CDR3). '

An example of VH in the above-mentioned H chain of (46), which has the CDRs listed |
below, includes a VH having the amino acid sequence of SEQ ID NO: 125 (sequence of the
B3#41 (EP29) VH):

CDRI: the amino acid sequence of SEQ ID NO: 97 (sequence of the B3#41 (EP29) antibody
35  H-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 99 (sequence of the B3#41 (EP29) antibody



5 conjugate, 50 jtL of target cell and 50 RI, of an anti-EREG anti body
conjugate are added to a 96-well flat-bottonmed plate (manufactured by
Becton Di ckinson), and reacted for 15 minutes on ice. This is then

i ncubated in a carbon dioxide incubator”for one to four hours. The final
concentration of the antibody is adjusted to 0 or 3 p.g/nL. After
culturing, 100 lit of supernatant is collected, and the radioactivity is
measur ed mnth a gamma counter. The 10 cytotoxic activity can be cal cul at ed

in thes Sadgn the ADCC activity determination. . An anti body
of the resent i nvention havi ng cytotoxic activity is nore Er ef er agbl(i/ an
ant i bo&;}i)%ahe #mgorieigk segrenee g SEEX D/ NOy 10 Gissavenice 9f the Sl 4EP29)regtibody

acti vi fychdieb@p®)to the activity to inhibit the biological activity of a
Ilgand such as viruses or toxins towards cells. Mre specifically

'subst ances Aavixagpleeft¥lain the o wcmentiangd Lrchpiared (49), siliinbthen (f,l@sCDRaﬂlstbd nd
to ShebEFoGJaHﬂmHéé’é vtLq]aen{ eRkRo Alid . the
bi nd mgr fween the ar‘?’eﬁand tohc{e&rgécept%sjftsmmgﬁﬁeqlzﬁgg%gbﬁg Oz:ﬂ%g of a
recept f‘%(@?é’dﬁéféb LF\‘eljt ralizing activity, the receptor-nmediated
bi ol ogicp 1 @Kéélﬂinb)écﬁ%@&@éncg%f SEQ" ERO: A (R8s of lrlﬁétBﬁ@Y‘?Eng@nubody
neutralizing act|V|ty are generally referred'to as neutralizi
ant i bobr@eGRhB ket ral i zi ng activity can be measured by conparing the
bl ol ogomdz A dritinb 12688 skiudnlo€ oPSEOEMCROANGS e@ms%%&%@ﬂmﬁ;%%
20neu raI|Z|ng activity is to be evaluated, in the presencé of
g }é‘i“ st. In the present invention, |igand binding of
t he EGEmecemzﬁmno WhidGBqiencs BRSEQADEROE PRGBSI the e%e@pmmg;fanﬁﬁ%@
result np% izatl on of the receptor, and activation of the
intrac hﬁ Hﬁé osi ne ki nase domain of the receptor. The activated

tyrosi ne ki Haﬁeaﬁo&elﬁeﬂ&hﬁ&pﬁlﬁ[%ﬁiﬁs Of (I))tb @m)riﬁrlmoabmynﬁomldnﬂ&m&mes

aut oph hor on, d the ti des associ.ate gnal
Fr anodnig kel bt SRR STy S SretE nr b RbeBRorThice o)
Shics, qjﬂeﬁe;nt anténamc hchidé nﬁdiﬂﬁzﬂerﬁ@@ﬂb@hésywmﬂeeﬁﬁg@ﬁbmdmg strey dreall meCsaﬁfede

Si gnai P RAAEALRT BB AR AE g e e Bl o oMo G HRIEY T whi ch

phosphor yl atAtpmf'BlS'ed erabedimenith the biveveaneteioned afiibody Gf (65) iSasantfBady in
Raf / MAP P _kipase. [t hernore n_alterna ath y
%0 1 r ot G B L P Ter Gl o ignel o Aone bl Aoy EuR R PantiBodics or

i nt r acel),w mefesied radbodimsna dESneat podehenol oo @mmdreambed heid yyistitigions,abl e

f int t nd the t t
et b f B8 a8 sl o URAEbRERH Pl P o RS oGk °
avai | atbhteoiithe sntihmldylmé(ab)u ns Tegr anbibedy bavingymepdctixdy ewqayalont toahet o tlmannhcbﬂw
d t
used (1) SHPHRAR ol AL SRR @Gl SRS By
be dettbepeibagdyiaigl agndialse n@eﬁrlsm@en I"B@lamlmvmgrnhptanmmqnﬂmungpeeffﬁ&l Ibn a
tar getngengs PRSE e &M%&fd%@ga e bPRENDYNYO4 9 BER, Ul RIGAAS aciGhanges

in the transcrlgéona acti vi can tecte he principle of

r €dor tefuenss &y SKEY 1 Npkbiasi(d2R1y, Piclerpdembedigents of wther astibpdéssrincluded in
f1 uor &se RGR-MERIRIA ah Gy J1(55) L&lhfb%reﬂ?%rs]éeg fuPQ%inEﬂa‘i’ Redndownstream of the

transcriptional factor or “pronoter reg the target 5gene, and the

reporter acthethpd of ipedigmegnutrtenscintorpdynentidesdn see piibe m'i‘é'lllOda@quMmOWnc an
be meagyrsd sféﬂl%@% Ha aH}%r FdBQf]ﬁ fiol?ﬁ jt¥ikd that re ﬁmctmh:z#ﬂg}é]{% VR to £ b&Ekn t he
EGF receptor. usual 'y unc i Ons | o pr note cell proli lon, in Vivo

si gnalRohpeatids- va'qu(?ﬁa@aﬁ thesedhdilethingde py Cﬁ%ﬁ@ﬁ@rﬁr@g aptleodyr fyneticaeltly i on

agpi VIerquetent & ALintbelY 6F thleﬁbrés’@ﬁt ﬁf;@lﬁeﬁtbyl Y¢S Pp tRiaReMhfa8bAZthShe
act i Vla’%ﬂéBOf a. neutralizing antib éﬂ of, the present 10invention IS

eval u O%Wusa%eeg%ﬁhff‘gtqdweueemesiﬁr( afiEoR- ﬁewha&qrw t@/%&)\ﬁée\nerwz,t%?é -275;

pr esemolich\WeNtah@ S rith, Mgibsmxtieﬂoa@eﬁiynﬁ)lrmh@@ 5@ KrhRer, W LA (919"84?
cdan be assesse sui t abl ﬁ@%{lﬁlﬁjthe af or emént i one hods

acti w% %y
to selAdgAcklsdis berdl-9456; Kffmeb (%67 M@g}?SFeEnWOHéééurl ng
the b@|5QV$GTEKhhl@é]eﬂA@F98|5) PESY. NaarﬁéacplscﬁmAVISQyztsstm mkaa{lwgs)rmetﬁsaé vi ty
n% nti - F%SG F%}’eé%%g an_be eval uated or. neasured. For exanple

Shod KR! a2 d Ry pOYRIP SRIdgRUREEIS IO LHE aerur H%‘ﬁ%}iynehh@éﬁed to
t he medisurhelyitibbViber 1€ blesedSnamtibAARY cohpBht adt@Rlics 8bmPAsiAPhiddadi® used.
As a nore conveni ent nethod, a dye exclusion nmethod that neasures under a
m croscope the ability of a cell to release a dye such as trypan blue to

the outside of the cell, or the MIT nethod is used. The |atter nmkes use
of the ability of living cells to convert




203- (4, 5-di met hyl t hi azol - 2-y1) -2, 5-di phenyl tetrazoliumbromde (MT),
which is a tetrazoliumsalt, to a blue fornmazan product. Mre
specifically, a test antibody is added_o the culture solution of a test

cell, and after a certain period of timg, the MIT solution is added to the
culture solution, and this is left to stand for a certain time for MIT to
be incorporated into the cell. As aresult, MT which is a yell ow conpound

is converted to a blue conpound by the action of 25succi nate dehythogenase
i n the sahieaediapml bt A mdrdGnfifd heid Mhudt&iond i dRlaWifgadid 's&;cughc':b% o? rtl%daﬁﬁiboéigg

col orati gon, absorbance Is nmeasured and used as an 1 ndicator for the nunber
of vi alf thegupseat invention, angbwhigh arodpmetionally eavizalenidn thsanubsdiexvftheysBent, and
W5T- 8 afwenfiesmerci al ly avail abl e (Nacal ai Tesque, and such) and can be

sui tably used, Furtherpnore, nethods that evaluate cell proliferation
activity usi ngeBembenofaminpagids fighagaracdm wshimusants israsnereliy gonsidtireshiioor

30 8ir e bk BOWRind-RidAGLIka] Préfd¥RsS B0 ARRRY SoidPolb RO IrbRAYIY PR mIRScIde
sane !so{ yg& as ﬂi}glifa%ntl'- ERE anI| hody but does not have the neutralizing
act i vi Py eRHObE FEN180 @¢JAE PHIESHUNt | body in the sane manner as the

anti - EREG anttiib@shirablekht ithe £ifhobRidietighds 408 thut @ intd A6 tabids iy whit hRE&S ent
when the anti-EREG antih d%‘gh%s. a stronger_neutralizing activity than the

g r

cont r oPTORGECH ShiPe smapagd p BT f0BReTYt athios Axa1apls. ibp flleswing Bategasies
Enti - EREG I@Bﬁb%@lﬂfiﬁ;h@d eepmai;%{fntth@uhﬁ_dacid éiﬁb&m% pb@ﬁgf as they Iexlor ess an

protein. .Preferre S cells are, for exanple, cancer
ceRﬁGs. L@%@B}i‘?ql%m,a"@gl(gg ﬁ‘ﬁ&e%%g’gﬁ@&’bn cancer, |ung adenocar ci nons,
pancr ehydropltiio agino &id3RS D, DA &, Q, & HKKdBexndcpacer are suitable as the
EREG expr essi cel | f.th resent .ipvention, According to the present
i nvent 'O a@f‘#%@f’%é‘ IB@WC Sﬂ)‘%o‘ﬁ’rafr?igit‘ixo g piﬂ’d@si ng effect can be obt ai ned
forfbog;{ﬁnpraichhmwmgdhlydmgbt@ﬁﬁi??fg@ﬁﬂe dhhinis {8 SE aﬁiﬁaﬁ),cers. The rr;)ret y
pref er er. cell.s are.cells of primar ol on cancer, netastatic
colld(r)]n caﬁlgél%@ﬁjﬂﬁlﬂggﬁﬂ 6@ﬁﬁﬁgﬁﬁecéﬁﬁﬁﬁ§§?¥yﬁcancer, st omach cancer, and
ki ldneyasneerds hitieg efrborylid dved-camili anbfRECortainingodde damsib, NsEdaddn);t he
purpos&nﬁ{) aEfd?%Ebiﬁgb%ic 'ﬁg\éﬁgﬁlgﬁg Iﬁgalnld r_gllldferati on-i nduced di seases such

ng o v P

as colon cancer, adenocarc nCreatic cancer, stomach cancer,
and ki ainiay acals beving Tresaicaageensainiy siile chaing € sF, foend W9 treat ment or 10

prevent.i I € [ riery foci or netastatic foci.
Mor e 343 gﬁlgbr%‘gﬁgﬁrgfﬁ%ésgn{eflW%&E%qétﬁ{r!}%é@ng’g%nglgg Wéed for the pur pose of
treating andlaypoptidesereminnying d madified alom ecid sepenerpimwhizhione cohore wainoer
okhgpangs i C - Fyrs ; rs..that

e Rl B b0 R e e DRI E 300 FEBRENS o AR Vil O

t r eat FERRO ARGA.CIC Rawieiet et Bieintdriginnl bidegicdl pvtevitiesoiMarkSIPhE eprbskime. Natl

| nventAgi. sLSOS Quban. BREXA6G. SRhikASE 1eRCaiR A NEBRUSAMRES.RH (119)

present invention ynucl eoti des t hat I ze under ‘stringent

it
Sondi t HoEST 500 Skewepb! Grike Sewnsaetd. dA81-Shtt dblimdis MoadsndaGveing. roc.
act i Vit a0 R O ATRIDNTY, Gloot 86 AN TRAGL SRS BEERS i HRRL O

The present .invention al sogﬁgr ovi des’ vectors contdi nin

p&Py n FOPEEHiRES cortn polypaTtsienthsastiyibne] the palypentads biggbfdil@é{ todhe cont ai ni ng

such \pgh@ifed wiEhheniROhyAsEL et dRK OF shile sRIupSEMnut AN _@ﬁﬁs@iﬂxt?ﬂ.? 1AQhy Mer S
conprising nultjpl ﬁ)@r;gcl eoti des or_ base pairs of deoxyribonucleic acids

( DNA) RE75eRi Basiiore eycgepixpper subgifutignebsiwecnyapinp @gidamithin theisame ami

| ong asid fieyp eneReRd thes alsbRadiesubsfitutibg pPresent invention. The
pol ynucl eotides of the present .invention mag_ al so contain non-patural
&

nuci eot i des. TPFREESHRY PRt HP des Biiibpgigs tatbiad to thesame icpioReats the used to
e3pr esatiHRE® afiibsditssdiftgo 2B e aetpreseangiplie@idnN g M&eRpéanasty, fdhidiesdmor e,
they can he used as .og.es in the screeni n% of antjbodjes that are

f unct OFREPY FetGs PAnliRpdiey thep rreqapize Bigisawe spilqnseas sheativody Al amt ¢idd) to

(57) mentioned above, and uses thereof.  Such antibodies can be obtained, for example, by the

following method.
Whether a test antibody shares the epitope of a certain antibody can be confirmed by
35  checking whether the two antibodies compete for the same epitope. Competition between

antibodies can be detected by cross-blocking assay and such. For example, competitive ELISA



Specifically, a DNA that hybridizes under stringent conditions to the

pol ynucl eoti de encodi ng an anti body of the present invention, and encodes
an anti body having an activity equivalgnt to that of the antlbody of the
present invention, can be obtained by echnlques such as hybri di zati on and
30 gene anplification techniques (for exanple, PCR), using the

pol ynucl eoti de encoding an antibody of the present invention, or a portion
thereof, as a probe. Such DNAs are included in the polynucl eotides of the

presen on techni ques are well known to those
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present i nvention, the p rase "conprising an antibody
as an %‘fqd\ﬁbelieF?gr edi ent” means conprising an anti-EREG anti body as the

mai N acti ve AsuRSéHd@bod) dhe above-mentioned antibodies of (1) to (57) include not only
monovalent antibodies but also multivalent antibodies. Multivalent antibodies of the present
mnvention include multivalent antibodies whose antigen binding sites are all the same and
35  multivalent antibodies whose antigen binding sites are partially or completely different.

Antibodies bound to various types of molecules such as polyethylene glycol (PEG) can



61 does not limt the content percentage of the anti-EREG anti body.

The anti body included in the pharmaceutical conposition of the present
invention (for exanple, cell prolifera%#on i nhi bitor and anti cancer agent;
sane hereinafter) is not particularly mted as long as it binds to an
EREG protein, and exanpl es include antibodi es descri bed 5herein.
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for inducing cell 1nj ury in EREG expressing célls, whi conprises t
st ep df*ﬂ@?t@@n‘t’%@ﬁeﬂ% ©Aé VERERINS ot ei n- expressing cell's with an EREG
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EREG expressing cells, which conprises the step of contacting t
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low-molecular-weight chemotherapeutic agents. The chemotherapeutic agents of the present
30  invention include prodrugs that are converted to active chemotherapeutic agents in vivo.
Prodrug activation may be enzymatic conversion or non-enzymatic conversion.

Furthermore, the antibodies can be modified using toxic peptides such as ricin, abrin,
ribonuclease, onconase, DNase I, Staphylococcal enterotoxin-A, pokeweed antiviral protein,
gelonin, diphtheria toxin, Psendomonas exotoxin, Pseudomonas endotoxin, L-asparaginase, and

35  PEG L-Asparaginase. Inanother embodiment, one or two or more of the low-molecular-weight

chemotherapeutic agents and toxic peptides can be combined and used for antibody modification.



5(1) to (57) below. (1) an antibody conprising an H chain having the

am no acid sequence of SEQID NO 2 as CDRI, the am no acid sequence of
SEQ ID NO 4 as CDR2, and the ami no aci_.d sequence of SEQ ID NO 6 as CDR3;
(2) an antibody conprising the H chai n”of (1), wherein the H chain has the
am no acid sequence of 10 positions 117 to 452 in the am no acid sequence
of SEQID NGO 8 as CH, (3) an antibody conprising the Hchain of (1),
wherein the H chain has the ami no acid sequence of positions 117 to 446 in

t he am i

Lhe 2TTHE 1RRATl, BEENGF 208 19600 LRI, o G menabile B ADELAReigy:
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chain of (5)5. (9) an antibo conprisin chain o t he

chai n ¥fctprst intro ueetbl}lthwﬂahh hostselleohe Pg‘@lnﬁ@ trgpstprnagegolls ﬁ@\ﬁ“#@fqdh’encb'ihﬁno
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446 i nditRed¥ni AdeRY fEEhREDH Degpiherntibe 1d the profeipaceAUEnt i body

corrprlphaaglaa@tigalcdgamrbrh@mnng the am no aC| d sequence of SEQ ID NO 55 as
the a aC| d e%é‘eg of SE o acid

as
s eq ue nce of @reséﬁt lgﬁ?r}tPBd’S}ayc ]P’iS%‘?Chtg: Et‘ﬁ’é’o Y-chai n
of 15 13}, bls{deeﬂfﬂantlbds‘dgr fefeei@i an diﬁlbo@tlﬁemrﬂﬁﬁvafrfabm re @enmﬁﬁcdfgrﬁi'@dlﬁ'erenﬁ?)

15 b h h h h
the anfigPatr A Bdit e g rirae 10 atat apleanahels eiei LB tence
of SEQHeBtMrecZ)@nﬁsdﬁerent epitoffek@n aﬁI‘EIaT[’GInhﬂﬁt‘yab leconiwd mblgulchef ddcihai n of f

10 3); 5(17 i _

(11) Aol toend fobhing 1apte RpEEh IR rRNG PURn GTR sHEheg cvblon Slmn of
_( 12) acwh tiehexpectehai n of (15); (19) an anti body conprising an H chain
Dy 0 L1, SRu08 AR g ASHURISE BLuRERLD RN o i B PR
NO 65sitege@pREes mmm@memharmdgemblnﬂmugﬂtngecogmzﬁ caotxofsubdce. vx/ner ein
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the H ‘equence of
posi t i Tediwaqtive ahemicpbsibstanhes. arfivgb aéxmpdmﬁequebuﬂe’ hfds3EGRAG-RipredsingacslIER:

23, R GRSyl e N GRS
t hrestiy aet cm;EE{EG@m@qs@:@g eEUSEQ e g, bipgecass antibodies that recognize
cytotoxic substances specifically injure tumor cells and suppress tumor cell proliferation.
Furthermore, in the present invention, bispecific antibodies that recognize antigens other
than EREG may be combined. For example, it is possible to combine bispecific antibodies that
recognize non-EREG antigens that are specifically expressed on the surface of target cancer cells
30  like EREG
- Methods for producing bispecific antibodies are known. For example, two types of
antibodies recognizing different antigens may be linked to prepare a bispecific antibody. The
antibodies to be linked may be half molecules each having an H chain or an L chain, or may be
guarter molecules consisting of only an H chain.  Alternatively, bispecific antibody-producing
35 fused cells can be prepared by fusing hybridomas producing different monoclonal antibodies.

Baispecific antibodies can also be prepared by genetic engineering techniques.



15CDR3; (23) an antibody conprising the L chain of (22), wherein the L
chain has CL derived fromthe nouse K chain; (24) an anti body
conprising the L chain of (22), mhereig4the L chain has the am no acid
sequence of positions 107 to 213 in the'am no acid sequence of SEQ I D NO
20 as CL; 20(25) an antibody conprising the Hchain of 0 9) and the L
chain of (22); (26) an anti body conprising the H chain of (20) and the L
chain of (23); (27) an antibody conprising the H chain of (21) and the L

chai n of (24)An1:1b§%8E%:n%§‘c@rMﬂu9@Q)és aegs%&mwe ) bt sa%ed Bﬁ&ﬁc@?&?ﬁg@% D
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(33) a Céﬂm%%%l? leanprpesifieiamyles hdiusesorhqss promeiprsfeahpnoerienty bweﬁeﬁ has
t he anm&mc];ﬁ%t@b\ﬁﬁﬂLﬁﬂﬁﬁn@@u@@l@@éﬂdﬂrﬁ@%&@ﬂqgﬁ@vﬁ&@ﬂ Vd amno acid he H
se ence o : y conprising e

n of (28 H&nlsﬁ%wrelwateﬁgélraneerﬁ usqugye ﬂ%&ﬂ?’at Maﬁygaeg (Nathg @REH

Chal n 077,(129 m@jﬂﬂe uhBzed. Cha }F.[EPi élgﬁﬁhotef/é’tﬁlhn@i‘ cabd Q@Qﬂy M6} Siphésipa H

chan BlasleRa e b hetind s et R &%%b&?%?i' 5 an no

aci d sequencki thé cBEQf IEDcMchcBZnt&@d@@Eﬁe to&j&daxﬁ;ﬁ:@seam ﬂl&rﬂﬁly%ﬁﬁaqmce 0; SEQ
ID NO _89 as CDR3; 38 n chal 7),
wher o1 FORHRE pemaply el PRInGE: FibasteRt sFhEheBr GlitolS sy Sdhtosprast il
cotfpri gémeg TEhemples bhihe ppdmRY JncludeehelanZ tphﬁndfle::ehﬂl dralh @Rorhdter. arvhen thei d
sequen 03|t|on 117 0.4 in e m no i e > _Of i
10 e Er BioyBal3) SROE e hetiia 8 e el oty AR RS oS HESER Tl 9
seque n6,624@f2-282@ iy Né).lsﬁl a?dteﬁmizﬁlyt the azaB promatirdas be umdctér e;tprSE(@gl adreiNe)
93 as h n I CDR3; (41) an
antlbdggﬁ%gﬁgp g%ﬁ%ﬁﬁﬁa ﬁBg% et%ﬁgg?%ﬁg(ﬂ%ﬁigé?ﬁ&%aﬁh4 Chaln has CL
derived fr orNVnthgegMQethb signhldenpence for antibody secretion, the pelB signal sequence (Lei,
20 S.P etal,]. Bacteriol. (1987) 169, 4379) may be used for production in the periplasm of E. coli.

After the antibody produced in the periplasm is isolated, the antibody structure is refolded by
using a protein denaturant like guanidine hydrochloride or urea so that the antibody will have the
desired binding activity.

The replication origin inserted into the expression vector includes, for example, those

25 derived from SV40, polyoma virus, adenovirus, or bovine papilloma virus (BPV). In order to
amplify the gene copy number in the host cell system, a selection marker can be inserted into the
expression vector. Specifically, the following selection markers can be used:
the aminoglycoside transferase (APH) gene;
the thymidine kinase (TK) gene;

30 the £. coli xanthine guanine phosphoribosyltransferase (Ecogpt) gene;
the dihydrofolate reductase (dhfr) gene, etc.

Any expression system, for example, a eukaryotic cell system or a prokaryotic cell
system can be used to produce antibodies used in the present invention. Examples of
eukaryotic cells include animal cells such as established mammalian cell system, insect cell

35  system, and filamentous fimgns cells and yeast cells. Examples of prokaryotic cells include

bacterial cells such as £. coli cells.  Antibodies used in the present invention are preferably



15(42) an antibody conprising the L chain of (40), wherein the L chain has
the am no acid sequence of positions 107 to 213 in the amno acid sequence
of SEQID NO 20 as CL; (43) an anti bo% conprising the H chain of (37)
and the L chain of (40); (44) an antibody conprising the H chain of (38)
and the L chain of (41); (45) an anti body conprising the H chain of (39)
and the L chain of (42); 20 (46) an anti body conprising an H chai n having
the am no acid sequence of SEQID NO 97 as CDRl, the am no acid sequence
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am no aci d sequence of SEQ NO~ 10 as CH;

25 05|t|ons 17 tq9.446 in-th

(48) aff ahent M 036%&6?%. ﬂ@eE‘HStEeB%ﬂieﬁuHWﬁﬁgcqfﬁ@géfhk%“h@ieﬂlogéqlﬁfﬁce of
SE((stI Eek@l 1&091\/&@.&%.4 RPOII 26400 @ r AUIDM 86 %gg@ﬁ a@fthesﬁa%lr@g)%@umw@} &Eu&DRZd
and the am no ac se an anti body
conpr i SYRSCPFY SEiuélﬂﬁﬁgF fEt&gﬁaﬁsﬁﬁﬁ‘é‘?‘gF ﬁg%q_so sgd Hh‘é"“&mﬁ% ved from
the nouse x ABiBediBs expr&tod &l @pbHhdeady d@%éd Shave chiBe pushiad By @Jm% é’gl}l-gl-
wherein the L. c 0xlnha the amno acjid se e of Slt ns 107 31in

the. antROE EEHAERs fTliablg Fombrpioh fickioseh methegs eenerlly tsed RRPRBHAYE proteins.
Corrpr i &lnﬂbodhh:ﬁcdﬂ tahweparacd ahé@)mﬁétﬁbjz Hfer éxaﬁﬂﬁd Iﬁp}ﬁf)pﬁﬂ@])y, selef:ﬁ@ arﬁlbo@t'ﬂiﬂn'ﬁgdy
ris H ch nof%ﬁ? ndteLchalncgir&ﬁé% lg,éa?t)
R st RSty S Rlurt Jlatian, plpittat syl
ant i boﬂlseclpﬂm’pdjm Silﬂ%lﬂmﬁd@ﬁch(ﬂﬁﬁbaﬁ%@ﬂ labothtery Dsdnub W BdFNGTowl :91d 04, Cold

ddi t in the antibody of any of (1) to (54), which
ﬁasle::]uP gﬁ]f% 2'143 f Ia@ggjh:anantibodyl of any of (1) to (54); 5 (56) an

anti body t haKnbwnahmaans)cztﬂim wade hRGrotetatigerebihtiinpacaatyt dfahaaititodity of

any of : 7 ni.bo of .t he body..of a 1) to
(Adlogh s (P Edor PSS DA Loe R GionT Dot g

celﬂ s M9%)c aﬁcmxaumlld sn ewmmhm{adbmmmmcthyaEbmmem ant i bod| es

of (1) f.Q vI t antibadi es but

mul ti vmf'ﬁeqnlé a#(%fjér%q‘a@mgrﬁ&w\}%%a& (ﬁ O\%gl enci es RATEY vanlu‘% "fseéntl bodi es

of the pres e'ﬁltte amibedics used indhaptesamt irtviewdremiy hmantldmdnesgvmltmmedﬂieﬂlsg@t

bi ndi n t |4t S ant i.gen

b1 i et ab iAo et p0BBRic ANGITHE b WItBR oATRE RORS BYIRSAAANE 8
sugar chain.  Known antibodies having modified sugar chains include the following:

20  antibodies with modified glycosylation (for example, WO 99/54342),

antibodies deficient in fucose attached to sugar chains (for example, WO 00/61739 and WO
02/31140); |
antibodies having a sugar chain with bisecting GlcNAc (for example, WO 02/79255), etc.

The antibodies used in the present invention are preferably antibodies having cytotoxic

25  activity.

In the present invention, the cytotoxic activity includes, for example,
antibody-dependent cell-mediated cytotoxicity (ADCC) activity and complement-dependent
cytotoxicity (CDC) activity.  In the present invention, CDC activity refers to complement-
system-mediated cytotoxic activity. ADCC activity refers to the activity of injuring a target cell

30  when a specific antibody attaches to its cell surface antigen. An Fey receptor-carrying cell
(immune cell, or such) binds to the Fc portion of the antigen via the Fey receptor and the target
cell is damaged.

An anti-EREG antibody can be tested to see whether it has ADCC activity or CDC
activity using known methods (for example, Current Protocols in Immunology, Chapter 7.

35  Immunologic studies in humans, Editor, John E. Coligan ef al., John Wiley & Sons, Inc., (1993)
and the like). :
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30 by class swtching that arises fromgenetic reconbinations in
chronosones whi ch occur during maturation of antibody-producing B-cells.
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candi dat e conpounds as cancer, therapeutic agent conprlse the steps
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EREG expr essi n Specifically, for exanple, any cancer cell |ine
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met gocﬁorﬁzthd BeFREQpRIMis tHé\{:ﬁlﬂfjWa’%ﬂn vaﬁbfbﬁm)sf@mgﬂahbﬁ & %rmlsdﬁ&hlziﬁ t%élﬁ?ﬁmme
use 0 e present inventjon inc e e
follo & Q% Ras. W%ﬁ%%%ﬁﬁ’t Kigasgy aﬁlbﬁlgmelre an plrematigpalimaynish fSow
can beroAPLohtaiprEdisicopiMiaeg e bxikank. Cul turing conditions for these cel
l i nes are al ead establ hed eci ficall lls can

cul tured, f racalhﬁarrﬁ% Cﬁsﬁﬁgqpt‘ia@h ep§ﬂ%'§ﬁ OPE“QT‘%PEH R Su‘I'i@’g‘:phageal

cancermelebiled d:zﬁlﬂ)e-lfﬁ%eted in the target cell of interest, and the target molecules are not limited to

the above-mentioned factors. Cormmercially available kits for measuring in vive signal
activation can be suitably used (for example, the protein kinase C activity assay system (GE
35  Healthcare Bio-Sciences)).

Furthermore, in vivo signaling activation can be detected using as an index, the



St omach cancer cell |ines: GI3 5MKNA5 2M 2MD3 Col on cancer cell 1ines: CACO2
DLD1 10hCT116 LOVO Liver cancer cell line: Al exander Pancreatic cancer cell
| i nes: Capanl Paca2 15PK-1 Ki dney cance5 cell lines:Cakil Caki?2 Lung cancer
cel | |ines: A549 H157 20H1648 H2009 H23°F2347 H522 25These cel |l |ines are
cultured in the presence of a test conpound, and the EREG expression |evel
in the cell lines is neasured. The EREG expression | evel can be eval uated
by neasuring the anount of intracellular nmRNA, or the amobunt of EREG
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as ant igzfARGE Ehe%ﬁdﬁe? actifiyl nta8fed NeTRITHARSe A trBXdriA oAl 44 d;@ﬁg;] reted

EREG as an i ndex. the present invention, a test conpoun vvers
t he ERE@aéB(B‘i’b%%iiQﬁﬂéf‘oW’B‘élﬁ@’cﬁct%ﬂBSa control is selected as the cand| dat e

conpound of FRRERRte, shite HREBGP REdeBlor ubuall) SuREBRER promote cell proliferation, in
vivo signaling activation can be evaluated by measuring the proliferation activity of target cells.
In the present invention, the neutralizing activity of a neutralizing antibody of the present
10 invention is evaluated by assessing the cell proliferation activity. However, the present
invention is not limited to this method, and the neutralizing activity can be assessed by suitably
applying the aforementioned methods to selected target cells.
Specifically, for example, by measuring the below-mentioned cell proliferation activity,
the neutralizing activity of an anti-EREG antibody can be evaluated or measured. For example,
15 a method that measures the incorporation of [*H]-labeled thymidine added to the medium by
living cells as an index of DNA replication ability is used.
As a more convenient method, a dye exclusion method that measures under a
microscope the ability of a cell to release a dye such as trypan blue to the outside of the cell, or
the MTT method is used. The latter makes use of the ability of living cells to convert B
20 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), which is a tetrazolium
salt, to a blue formazan product. More specifically, a test antibody is added to the culture
solution of a test cell, and after a certain period of time, the MTT solution is added to the culture
solution, and this is left to stand for a certain time for MTT to be incorporated into the cell.  As
a result, MTT which is a yellow compound is converted to a blue compound by the action of
25  succinate dehydrogenase in the mitochondria of the cell.  After dissolving this blue product for
coloration, absorbance is measured and used as an indicator for the number of viable cells.
Besides MTT, reagents such as MTS, XTT, WST-1, and WST-8 are commercially
available (Nacalai Tesque, and such) and can be suitably used. Furthermore, methods that
evaluate cell proliferation activity using cellular ATP or impedance of cell culture as an indicator
30 are known. For activity measurements, a binding antibody that has the same isotype as the
anti-EREG antibody but does not have the neutralizing activity can be used as a control antibody
mn the same manner as the anti-EREG antibody, and it can be determined that the activity is
present when the anti-EREG antibody has a stronger neutralizing activity than the control
antibody. |
35 The cells whose proliferation is suppressed by the anti-EREG antibody are not
particularly Iimited as long as they express an EREG protein.  Preferred EREG-expressing cells



invention, for exanple, the sane cell line cultured in the absence of the
test conmpound nay be. 69 used. Alternatively, for a control, one nmay use a
cell Iine cultured in the presence of 3 conpound whose effect on the EREG
expression is already known. By using dch a control, a compound having a
greater effect than a certain conpound can be selected. In the present

i nvention, one can screen for cancer therapeutic agents using the 5
neutralizing effect of a test conmpound agai nst EREG as an index. More
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t he EREG functi qn. present invention, ncer therapeutic effect

of antjregifiealy ﬁtl?lﬁédhféélmﬁéle%wﬂer ﬁ@agenrwgrl@ﬂ@m@o tb@mimmh@tlde lenestdants 4y
the sGhEBsy G HEpRAEE iRfentibf HHRBESeslal WRAbdd having an activity equivalent to that

of the antibody of the present invention, can be obtained by techniques such as hybridization and

30 gene amplification techniques (for example, PCR), using the polynucleotide encoding an
antibody of the present invention, or a portion thereof, as a probe. Such DNAs are iﬁcluded n
the polynucleotides of the present invention. Hybridization technigues are well known to those
skilled in the art (Sambrook, 1. ef al., Molecular Cloning 2nd ed., 9.47-9.58, Cold Spring Harbor
Lab. press, 1989).

- 35 Conditions for hybridization include, for example, those with low stringency.

Examples of conditions of low stringency include post-hybridization washing under conditions
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30 Furthermore, in the present invention, an anticancer agent comprising as an active
ingredient an antibody that binds to an EREG protein can also be described as a method for
preventing or treating cancer which comprises the step of administering an antibody that binds to
an EREG protein to a subject, or as use of an antibody that binds to an EREG protem in the
production of an anticancer agent.
35 In the present invention, the phrase “comprising an antibody that binds to EREG as an

active ingredient” means comprising an anti-EREG antibody as the main active substance, and



Ti ssue Source Whol e brain O ontech 64020-1 Lung dinical sanple, 1 case
Trachea C ontech 64091-1 Heart Anbi on 7966 Ki dney Anbion 7976 Liver
Clinical sanple (Surgery) Pancreas Anbipn 7954 Stomach Cinical sanple
(Surgery) Small intestine Anbion 7984 E rge intestine Anbion 7986 Bone
marrow Cl ontech 64106-1 Peripheral bl ood nononucl ear cell

does not limit the content percentage of the anti-EREG antibody.

The antibody included in the pharmaceutical composition of the present invention (for
example, cell proliferation inhibitor aﬁd anticancer agent; same hereinafter) is not particularly
limited as long as it binds to an EREG protein, and examples include antibodies described

5  herein.

The pharmaceutical compositions of the present invention can be administered orally or
parenterally to a patient. Preferably, the administration is parenteral administration.
Specifically, the method of administration is, for example, administration by injection, transnasal
administration, transpulmonary administration, or transdermal administration. Examples of

10 admimistration by injection include systemic and local administrations of a pharmaceutical
composition of the present invention by intravenous injection, intramuscular injection,
intraperitoneal injection, subcutaneous injection, or such. A suitable administration method

- may be selected according to the age of the patient and symptoms. The dosage may be selected,
for example, within the range of 0.0001 mg to 1000 mg per kg body weight in each

15 administration. Alternatively, for example, the dosage for each patient may be selected within
the range of 0.001 to 100,000 mg/body. However, the pharmaceutical composition of the
present invention is not limited to these doses. |

The pharmaceutical compositions of the present invention can be formulated according
to conventional methods (for example, Remington’s Pharmaceutical Science, latest edition, Mark

20  Publishing Company, Easton, U.S.A), and may also contain pharmaceutically acceptable carriers
and additives. Examples include, but are not limited to, surfactants, excipients, coloring agents,
perfumes, preservatives, stabilizers, buffers, suspending agents, isotonization agents, binders,
disintegrants, lubricants, fluidity promoting agents, and flavoring agents; and other commonly
used carriers can be suitably used.  Specific examples of the carriers include light anhydrous

25  sihicic acid, lactose, crystalline cellulose, mannitol, starch, carmellose calcium, carmellose
sodium, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyvinylacetal
diethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid triglyceride,
polyoxyethylene hardened castor oil 60, saccharose, carboxymethyl cellulose, com starch,
inorganic salt, and such.

30 The present invention also provides methods for inducing damages in EREG-expressing
cells and methods for suppressing cell proliferation by contacting EREG-expressing cells with
antibodies that bind to the EREG protein.

More specifically, the present invention includes the following embodiments.

— A method for inducing cell injury in EREG-expressing cells, which comprises the step of

35  contacting the EREG protein-expressing cells with an EREG protein-binding antibody.

— A method for suppressing the proliferation of EREG-expressing cells, which comprises the step
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of contacting the EREG protein-expressing cells with an EREG protein-binding antibody.

— The aforementioned method, wherein the EREG protein-binding antibody has cytotoxic activity.

— The aforementioned method, wherein the EREG protein-binding antibody has neutralizing activity.
— The aforementioned method, wherein the EREG protein-binding antibody is an antibody of any of
(1) to (57) below:

(1) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 2 as CDRI,
the amino acid sequence of SEQ ID NO: 4 as CDR2, and the amino acid sequence of SEQ ID NO: 6
as CDR3; | | |

(2) an antibody comprising the H chain of (1), wherein the H chain has the amino acid sequence of
positions 117 to 452 in the amino acid sequence of SEQ ID NO: 8 as CH;

(3) an antibody comprising the H chain of (1), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;

(4) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 12 as CDR],
the amino acid sequence of SEQ 1D NO: 14 as CDR2, and the amino acid sequence of SEQ ID NO:
16 as CDR3;

(5) an antibody comprising the L chain of (4), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequénoe of SEQ ID NO: 18 as CL;

(6) an antibody comprising the L chain of (4), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ D NO: 20 as CL;

(7) an antibody comprising the H chain of (1) and the L chain of (4);

(8) an antibody comprising the H chain of (2) and the L chain of (5);

(9) an antibody comprising the H chain of (3) and the L chain of (6);

(1 O) an antibody comprising an H chain havmg the amino acid sequence of SEQ ID NQO: 49 as CDR1,
the amino acid sequence of SEQ ID NO 51 as CDR2, and the amino acid sequence of SEQ ID NO:
53 as CDR3;

(11) an antibody comprising the H chain of (10), wherein the H chain has CH derived from mouse
IoG1: | |

(12) an antibody comprising the I chain of (10), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ 1D NO: 10 as CH;

(13) an antibody comprising an L. chain having the amino acid sequence of SEQ 1D NO: 55 as CDR1,
the amino acid sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of SEQ ID NO:
59 as CDR3;

(14) an antibody comprising the 1. chain of (13), wherein the L chain has CL derived from the -

mouse K chain;

sanpl e,

1



Primary colon cancer 3 dinical sanple, 1 case Prinmary colon cancer 4
Clinical sanple, 1 case Metastatic colon cancer 1 dinical sanple, 1 case
Met astatic col on cancer 2 Cinical safpl e, 1 case Metastatic col on cancer
3 Cinical sanple, 1 case Metastatic colon cancer 4 dinical sample, 1
case Metastatic colon cancer 5 Cinical sanple, 1 case Metastatic col on
cancer 6 Clinical sanple, 1 case Metastatic colon cancer 7 dinica
sanple, 1 case Pancreatic cancer 1 Cinical sanple, 1 case Pancreatic
cancer 2 Clinical sanple, 1 case Pancreatic cancer 3 Cinical sanple, 1
case Pp9ah edibb®; @anighig the 1 chain of (13), wherein the L chain has the amine acid sequence of

positions 107 to 213 in the amino acid sequence of SEQ IDNO: 20 as CL;
(16) an antibody comprising the H chain of (10) and the L chain of (13);

5 (17) an antibody comprising the H chain of (11) and the L chain of (14);
(18) an antibody comprising the H chain of (12) and the L chain of (15);
(19) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 61 as CDRI, the
amino acid sequence of SEQ ID NO: 63 as CDR2, and the amino acid sequence 6f SEQ ID NO: 65 as
CDR3;

10 (20) an antibody comprising the H chain of (19), wherein the H chain has CH derived from mouse IgGl;
(21) an antibody comprising the H chain of (19), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ 1D NO: 10 as CH
(22) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 67 as CDRI, the
amino acid sequence of SEQ ID NO: 69 as CDR2, and the amino acid sequence of SEQ ID NO: 71 as

15 CDR3; '

(23) an antibody comprising the L chain of (22), wherein the L chain has CL derived from the mouse K
chain; '

(24) an antibody comprising the L chain of (22), wherein the L chain bas the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ 1D NO: 20 as CL;

20 (25)an antibody comprising the H chain of (19) and the L chain of (22};

(26) an antibody comprising the H chain of (20} and the L chain of (23);

(27) an antibody comprising the H chain of (21) and the L chain of (24);

(28) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 73 as CDR1, the
amino acid sequence of SEQ ID NO: 75 as CDR2, and the amino acid sequence of SEQ ID NO: 77 as

25  CDR3;

(29) an antibody comprising the H chain of (28), wherein the H chain has CH derived from mouse 1gGi;
(30) an antibody comprising the H chain of (28), wherein the H chain has the amina acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO:; 10 as CH;

{31) an antibody comprising an L chain having the amino acid sequence of SEQ 1D NO: 79 as CDRI, the

30 amino acid sequence of SEQ 1D NO: 81 as CDR2, and the amino acid sequence of SEQ ID NO: 83 as
CDR3;

(32) an antibody comprising the L chain of (31), wherein the L chain has CL derived from the mouse x
chain;
(33) an antibody comprising the L chain of (31}, wherein the L chain has the amino acid sequence of

35  positions 107 to 213 in the amino acid sequence of SEQ 1D NO: 20 as CL;



Clinical sanple, 1 case 73 [Table 2] Cell lines and culture conditions
used for the EREG gene expression analysis Type of cancer Cell |ine
Medi um Serum (% Brain tunmor U251 10 Breast cancer MCF7 RPM 640 10
Esophageal cancer 1E2 RPM 1640 10 Storrach cancer AGS RPM 1640

(34) an antibody comprising the H chain of (28) and the L chain of (31);

(35) an antibody comprising the H chain of (29) and the L chain of (32);

(36) an antibody comprising the H chain of (30) and the L chain of (33);

(37) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 85 as CDR1, the
5 amino acid sequence of SEQ ID NO: 87 as CDR2, and the amino acid sequence of SEQ ID NO: 89 as

CDR3;

(38) an antibody comprising the H chain of (37), wherein the H chain has CH derived from mouse I1gG1;

(39) an antibody comprising the H chain of (37), wherein the H chain has the amino acid sequence of

positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;

10~ (40) an antibody comprising an I. chain having the amino acid sequence of SEQ ID NO: 91 as CDR1, the
amino acid sequence of SEQ ID NO: 93 as CDR2, and the amino acid sequence of SEQ ID NO: 95 as
CDR3; _

(41) an antibody comprising the L chain of (40), wherein the L chain has CL derived from the mouse k
chain; |

15  (42) an antibody comprising the L chain of (40), wherein the L chain bas the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;

(43) an antibody comprising the H chain of (37) and the L chain of (40);
(44) an antibody comprising the H chain of (38) and the L chain of (41);
(45) an antibody comprising the H chain of (39) and the L chain of (42};

20  (46) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 97 as CDR1, the
amino acid sequence of SEQ ID NO: 99 as CDR2, and the amino acid sequence of SEQ ID NO: 101 as
CDR3; '

-(47) an antibody comprising the H chain of (46), wherein the H chain has CH derived from mouse 1gGl;
(48) an antibody comprising the H chain of (46), wherein the H chain has the amino acid sequence of

25  positions 117 to 446 in the amino acid sequence of SEQ 1D NO: 10 as CH;

(49) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 103 as CDR1,
the amino acid sequence of SEQ 1D NO: 105 as CDR2, and the amino acid sequence of SEQ ID NO: 107
as CDR3; ' '

(50) an antibody comprising the L chain of (49), wherein the L chain has CL derived from the mouse ¥

30 chain;

(51) an antibody comprising the L chain of (49), wherein the L chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;

(52) an antibody comprising the H chain of (46) and the L chain of (49);

(53) an antibody comprising the H chain of (47) and the L chain of (50);
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(54) an antibody comprising the H chain of (48) and the L chain of (51);

(55) an antibody comprising one or more amino acid substitutions, deletions, additions, and/or
insertions in the antibody of any of (1) to (54), which has equivalent activity as the antibody of
any of (1) to (54);

{56) an antibody that binds to the same EREG protein epitope as the antibody of any of (1) to
(55); and .

{57} a minibody of the antibody of any of (1) to (56).

— The aforementioned method, wherein the EREG protein-cxpressing cells are cancer cells.

As described above, the above-mentioned antibodies of (1) to (57) include not only
monovalent antibodies but also multivalent antibodies with two or more valencies. Multivalent
antibodies of the present invention include multivalent antibodies whose antigen binding sites
are all the same, and multivalent antibodies whose antigen binding sites are partially or
completely different.

- The EREG protein-binding antibodies are described above as EREG protein-binding
antibodies included in the cell proliferation inhibitors of the present invention. Cells that are
bound by the anti-EREG antibodies are not particularly limited as long as the cells are
EREG-expressing cells. Preferred EREG-expressing cells of the present invention are cancer
cells. More preferably, the cells are colon cancer, lung adenocarcinoma, pancreatic cancer,
stomach cancer, and kidney cancer cells. Methods of the present invention can be applied to.
both primary and metastatic foci of these cancers. More preferred cancer cells are primary
colon cancer, metastatic colon cancer, and pancreatic cancer cells.

7 In the present invention “contacting” is accomplished, for example, by adding an
antibody to a culture solution of EREG-expressing cells cultured in a test tube.  In this case, the
antibody can be added in the form of, for example, a solution or a solid obtained by
freeze-drying or the like. When adding the antibody as an aqueous solution, the aqueous
solution used may purely contain only the antibody, or the solution may include, for example, the
above-mentioned surfactants, excipients, coloring agents, perfiumes, preservatives, stabilizers,
buffers, suspending agents, isotonization agents, binders, disintegrants, lubricants, fluidity
promoting agents, or flavoring agents. The concentration for addition is not particularly limited,
but the final concentration in the culture that méy be suitably used is preferably in the range of 1
pg/mL to 1 g/mL, more preferably 1 ng/mL to 1 mg/mL, and even more preferably 1 pg/mL to 1
mg/mL.

Furthermore, in another embodiment, “contacting” in the present invention is carried out
by administration to a non-human animal to which an EREG-expressing cell has been
transplanted into the body, or to an animal carrying cancer cells endogenously expressing EREG.

The method of administration may be oral or parenteral administration. The method of
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administration is partibularly preferably parenteral administration, and specifically, the method
of administration is, for example, administration by injéction, transnasal administration,
transpulmonary administration, or transdermal administration. Examples of administration by
injection include systemic and local administrations of pharmaceutical compositions, cell

5 proliferation inhibitors and anticancer agents of the present invention by intravenous injection,
intramuscular injection, intraperitoneal injection, subcutaneous injection, or such. A suitable
administration method may be selected according to the age of the test animal and symptoms.
When adminiétering as an aqueous solution, the aqueous solution used may purely contain only
the antibody, or the solution may include, for example, the above-mentioned surfactants,

- 10 excipients, coloring agents, perfumes, preservatives, stabilizers, bﬁffers, suspending agents, '
isotonization agents, binders, disintegrants, lubricants, fluidity promoting agents, or flavoring
agents. The dosage may be selected, for example, within the range of 0.0001 mg to 1000 mg
per kg body weight in each administration. Alternatively, for example, the dosage for each
patient may be selected within the range of 0.001 to 100,000 mg/ﬁody. However, the antibody

15 dose of the present invention is not limited to these doses. :

The following method is suitably used as a method for evalﬁating or measuring cell

damage induced by contacting EREG-expressing cells with an anti-EREG antibody. Examples
of a method for evaluating or measuring the cytotoxic activity in a test tube include methods for
measuring the above-mentioned antibody-dependent cell-mediated cytotoxicity (ADCC) activity,

20~ complement-dependent cytotoxicity (CDC) activity, and such. Whether or not an anti-EREG
antibody has ADCC activity or CDC activity can be measured by known methods (for example,
Current protocols in Immunology, Chapter 7. Immunologic studies in humans, Editor, John E.
Coligan et al., John Wiley & Sons, Inc., (1993) and the like). For activity measurements, a
binding antibody having the same isotype as anti-EREG antibody but not having any

25  cell-damaging activity can be used as a control antibody in the same manner as the anti-EREG
antibody, and it can be determined that the activity is present when the anti-EREG antibody
shows a stronger cytotoxic activity than the control antibody.

The isotype of an antibody is defined by the sequence of its H chain constant region in

the antibody amino acid sequence. The isotype of an antibody is ultimately determined in vivo

30 by class switching that arises from genetic recombinations in chromosomes which occur during
maturation of antibody-producing B-cells. Difference in isotype is reflected in the difference of
physiological and pathological functions of antibodies.  Specifically, for example, the strength
of cytotoxic activity is known to be influenced by antibody isotype in addition to the expression
level of the antigen. Therefore, when measuring the above-described cell damaging activity, an

35  antibody of the same isotype as the test antibody is preferably used as the control.

To evaluate or measure cell damaging activity in vivo, for example, EREG-expressing
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cancer cells are intradermally or subcutaneously transplanted to a non-human test animal, and
then a test antibody is intravenously or intraperitoneally administered daily or at the interval of
few days, starting from the day of transplantation or the following day. Cytotoxicity can be
defined by daily measurement of tumor size. In a similar manner to the evaluation in a test tube,
cytotoxicity can be determined by administering a control antibody having the same isotype, and
obser{rmg that the tumor size in the anti-EREG antibody-administered group is significantly
smaller than the tumor size in the control antibody-administered group. When using a mouse as
the non-human test animal, it is suitable to use a nude (nu/nu} mouse whose thymus has been
made genetically defective so that its T lymphocyte function is lost. The use of such a mouse
can eliminate the participation of T lymphocytes in the test animals when evaluating or
nieasuring the cytotoxicity of the administered antibody.

The same method used for measuring neutralizing activity mentioned above can be
suitably applied as a method for evaluating or measuring the contact-mediated inhibitory effect
of'an anti-EREG antibody on the proliferation of EREG-expressing cells.

As a method for evaluating or measuring cell proliferation-inhibiting activity in vive, the

same method described above for evaluating or measuring cytotoxicity in vive can be suitably

used.,

Screening methods 7
The present inventors showed that EREG secreted by cells induces the proliferation of

cells growing in an EREG-dependent manner. Furthérmore, it was also confirmed that the
EREG expression is specifically enhanced in cancer cells. Therefore, cancer treatment can be
accomplished by suppressing the EREG expression in EREG-expressing cells. More
specifically, in the present invention, it is shown that compounds that suppress the EREG
expression in cancer cells are useful as candidate compounds as cancer therapeutic agents.
Based on these findings, the present invention provides methods of screening for candidate
compounds as cancer therapeutic agents, which comprise the steps of:

(1) contacting EREG-expressing cells with a test compound;

(2) measuring the EREG expression level in the EREG-expressing cells; and

(3) selecting a compound that lowers the EREG expression compared to a control as a candidate
therapeutic agent for cancer.

In the present invention, for example, EREG-expressing cancer cells may be used as the
EREG-expressing cells.  Specifically, for example, any cancer cell line showing enhanced
EREG expression in Fig. 2 can be used for the screening methods of the present inventiorn.
More specifically, cells that may be used for the screening methods of the present invention

include the following cancer cell lines.  All the examples of cell lines listed below can be
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obtained from a cell bank. Cultﬁring conditions for these cell lines are already established.
More specifically, the cells can be cultured, for example, under the conditions shown in Table 2.
Esophageal cancer cell line: TE2
Stomach cancer cell lines: GT3

MKN45

2M

2MD3

Colon cancer cell lines: CACO2

DLD1
hCTI116
LOVO
Liver cancer cell line: Alexander
Pancreatic cancer cell lines: Capan!
Paca2
PK-1
Kidney cancer cell lines: Cakil
Caki2

- Lung cancer cell lines: A549

H157
H1648
H2009
H23
H2347
: H522
These cell lines are cultured in the presence of a test compound, and the EREG
expression level in the cell lines is measured. The EREG expression level can be evaluated by
measuring the amount of intracellular mRNA, or the amount of EREG protein secreted inside the
cell, on the cell surface, or to the outside of the cell.  Any metbod described herein may be used
as a method for measuring EREG mRNA or EREG protein. The present inventors confirmed
the cell proliferation-inducing effect of secreted EREG in cells that proliferate in an
EREG-dependent manner. Therefore, a preferred embodiment of the present invention is a
method of screening for candidate compounds as anti-cancer agents, which uses the amount of
extracellularly secreted EREG as an index. '
In the present invention, a test compound that lowers the EREG expression compared to
a control is selected as the candidate compound of interest.  As the control in the present

mvention, for example, the same cell line cultured in the absence of the test compound may be
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used. Alternatively, for a control, one may use a cell line cultured in the presence of a
compound whose effect on the EREG expression is already known. By using such a coritrol, a
compound having a greater effect than a certain compound can be selected.
In the present invention, one can screen for cancer therapeutic agents using the

5 neutralizing effect of a test compound against EREG as an index. More specifically, the present
mvention relates to methods of screening for candidate compounds as cancer therapeutic agents,
which comprise the steps of:
(1) culturing cells that proliferate in an EREG-dependent manner, in the presence of EREG and a
test compound;

10 (2) measuring the cell proliferation level; and

(3) selecting a test compound that suppresses cell proliferation compared to a control as a

candidate therapeutic agent for cancer.
In the present invention, “cells that proliferate in an EREG-dependent manner” refers to

cells showing dose-dependent cell proliferation mediated by EREG.  For example, in the

15  Examples described below, the AsPC1 pancreatic cancer cell line shows dose-dependent cell
proliferation mediated by EREG:  Furthermore, according to findings by the present inventors,
the EREG dependency can be conferred by expressing an EGF receptor/G-CSF receptor
chimeric receptor. More specifically, mouse cells transformed with DNA encoding a chimeric
receptor comprising the extracellular domain of EGF receptor and the intracellular domain of

20 G-CSF receptor exhibit dose-dependent cell proliferation to human EREG.  Therefore, cells in
which the EGFR dependency has been artificially induced in this way can also be used for the
screening methods of the present invention,

The proliferation level of cells proliferating in an EREG-dependent manner cultured in

the presence of EREG and a test compound is then measured.  Cell proliferation can be

25  measured by any method. For example, the number of viable cells can be compared using a
commercially available reagent for counting viable célls, as described in the Examples.
Alternatively, systems for efficient, larger-scale screening are also commercially available. For
example, a system that can evaluate the number of viable cells in each well using a multi-well
plate is in practical use. Based on the result of comparing the viable cell number, test

30  compounds that suppress the increase in cell number compared to a control can be selected as
candidate compounds for cancer therapeutic agents.

In the screening methods of the present invention, for example, the same cell line

cultured in the absence of a test compound can be used as a control.  Alternatively, one can use
a cell line cultured in the presence ot a compound that has clear effect on the cell

35  proliferation-inducing action depending on the EREG secretion as a control. By using such a

control, one can select a compound that has greater effect than a certain compound.
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Herein below, the present invention will be specifically described with reference to the

20 Examples, but it is not to be construed as being limited thereto.

[Example 1] Analysis of the human EREG gene expression in various types of cancers
I-1.  GeneChip analysis of the human EREG gene expression
To search for a gene of which expression is enhanced specifically in cancer tissues such
25  as colon cancer and pancreatic cancer tissues, comprehensive gene expression analysis was
carried out for normal tissues, cancer tissues, and cancer cell lines using GeneChip U-133A
(manufactured by Affymetrix).
Total RNAs were prepared from normal tissues, cancer tissues, and cancer cell lines
shown in Tables 1 and 2 by conventional methods using ISOGEN (manufactured by Nippon
30 Gene). Gene expression analysis was carried out using 10 pg each of these total RNAs, and
subjecting them to transcript analysis on GeneChip U-133A (manufactured by Affymetrix).
This method was carried out according to the Expression Analysis Technical Manual
(manufactured by Affymetrix). For searching genes of which expression is enhanced in cancer
tissues or cancer cells, the mean value of the expression scores of all the genes was normalized
35  to 100.
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76 quantified using DC protein assay (BIO-RAD), in which the protein
concentration was cal cul ated using the included bovine 1gG as a standard.

As a result, clones B2#30 (1gd,
(1gd@, Kappa), and such, which are sho

Kappa

B3#18 (| g&b, Kappa),
in Table 3, were successfully

B3#41

I solated. 5 [Table 3] The anti body subtypes and cross-species reactivity
of the isolated anti-EREG nouse nonocl onal anti bodi es, and the epitope

sites recogni zed by them

Anti body 1D Anti body nane Antibody subtype EDI

-1 Pe \m%d%Q%EMO%C§ ivity Sim ar
1 I OT g e <

| RSP ACH kY EPO2 O

gQ&al/ic ereg

+++

Lung adenocarcinoma 4

Clinical sample, 1 case

Lung adenocarcinoma 5

Clinical sample, 1 case

Primary colon cancer 1

Clinical sample, 1 case

Primary colon cancer 2

Clinical sample, 1 case

Primary colon cancer 3

Clinical sample, 1 case

Primary colon cancer 4

Clinical sample, 1 case

Metastatic colon cancer 1

Clinical sample, 1 case

Metastatic colon cancer 2

Clinical sample, 1 case

Metastatic colon cancer 3

Clinical sample, 1 case

Metastatic colon cancer 4

- Clinical sample, 1 case

Metastatic colon cancer 5

Clinical sample, I case

Metastatic colon cancer 6

Clinical sample, 1 case

‘Metastatic colon cancer 7

Clinical sample, 1 case

Pancreatic cancer. 1

Clinical sample, I case

Pancreatic cancer 2

Clinical sample, 1 case

Pancreatic cancer 3

Clinical sample, 1 case

Pancreatic cancer 4

Clinical sample, 1 case
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[Table 2]
Cell lines and culture conditions used for the EREG gene expression analysis

Type of cancer | Celiline |  Medium [serum (%4
Brain tumor U251 ‘DMEM 10
Breast cancer MCF7 RPMi1640 10
Esophageal cancer] TE2 RPMI1640 10
Stomach cancer AGS RPMI1640 10
GT3 DMEM 10
Katelll | RPMI1640-DMEM=1:1 10
MKN45 RPMI1640 1Q
MKN74 RPMI1640 10
2M DMEM 10
2MD3 DMEM 10
Colon cancer | CACO?2 DMEM I 20
DLD1 RPMI1640 10
hCT116 - McCoysA 10
LOVO HamF12:DMEM=1:1 10
SW480 RPMI1640 10
Liver cancer | Alexander DMEM 10
Hep(G2 DMEM 10
HLE DMEM 10
HuH6 DMEM 10
-HuH7 DMEM 10
Pancreatic cancer| Capanl DMEM 20
KLM1 RPMI1640 10
Panci RPMI1640 10
Paca? RPMI1640 10
PK-1 RPMI1640 10
Kidney cancer | -Cakii RPMI1640 10
Caki2 RPMI1640 10
Lung cancer A549 DMEM 10
Lul30 RPMI1640 10
H1359 RPMI1640 10
H157 RPMI1640 10
H1648 HamF12:DMEM=1:1 10
H2009 HamF12:DMEM=1:1 10
H23 RPMI1640 10 -
H2347 RPMI1640 10
H522 RPMI1640 10
Cervical cancer Hela DMEM 10

[Example 2] Preparation of anti-EREG monoclonal antibody
2-1. Establishment of cells expressing the full-length human EREG

The full-length human EREG ¢cDNA (NM_001432) comprising the sequence shown in
SEQ ID NO: 21 was isolated by conventional methods. The gene fragment was cloned into an
expression vector (pMCN) for mammalian cells, and the resulting vector was named

hEREG/pMCN. pMCN enables induced expression of a foreign gene under the control of a
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mouse CMV promoter (ACCESSION No. U68299), and is a vector into which a neomycin

_ resistance gene has been incorporated. A CHO cell line that stably expresses full-length human

EREG was established by introducing hEREG/pMCN into the CHO DG44 cell line (Invitrogen)
by electroporation, and selecting the cells in the presence of 500 ug/mL of Geneticin. The cell
line established was named EREG_ DG

2-2.  Preparation of soluble human EREG/mouse IgG2a Fc-fusion protein (sEREG mFc)

Soluble human EREG/mouse 1gG2a Fe-fusion protein (hereinafter, sEREG_;mF c) was
prepared as an immunizing antigen for anti-EREG antibody production.

sEREG_mFc was constructed by fusion of the extracellular domain of human EREG
(amino acids 7 to 122) to the mouse IgG2a constant region via the Cpol recognition sequence in
the hinge region, and cloning into the pMCDN vector, which was prepared by inserting the
'DHFR gene into the pMCN expression vector. The vector constructed was named _
sEREG-mFc/pMCDN. The sequence represented by SEQ ID NO: 33 shows the nucleotide
sequence of the sEREG-mFc gene, and the sequence reliresented by SEQ ID NO: 34 shows the
amino acid sequence of SEREG-mFc. An SEREG-mFc-expressing CHO cell line was
established by introducing SEREG-mFc/pMCDN into the CHO DG44 cell line (Invitrogen) by
electroporation, and selecting the cells in the presence of 500 ug/mL of Geneticin.

Then, SEREG-mFc was purified from the culture supernatant. The culture supernatant
was applied onto a HiTrap Protein G HP (Amersham, CAT# 17-0404-01) column, unbound
materials were washed out with a binding buffer (20 mM sodium phosphate (pH 7.0)), and
SEREG-mPFc of interest was eluted with an elution buffer (0.1 M glycine-HC1 (pH 2.7)). The
eluate was immediately neutralized by collection into a tube containing 2 neutralization buffer (1
M Tris-HCI (pH 9.0)). Then, the cluted SEREG-mFc was separated by gel filtration using
Superdex 200 HR 10/30 (Amersham) so that the solvent of this solution was replaced with PBS.
The purified protein was quantified using DC protein assay (BIO-RAD), in which the protein

concentration was converted using the included bovine IgG as a standard.

2-3. Preparation of anti- EREG monoclonal antibody

Balb/c mice and MRL/MpJ-Tnfrsf6<Ipr>/Crlj mice (Charles River Japan) were used as
the animals for immmmnization. Immunization was initiated at the 5% to 8 week. For the first
immunization, sSEREG-mFc was emulsified using Freund’s complete adjuvant (FCA, Beckton
Dickison), and administered subcutaneously (100 pg/head). Two weeks later, SEREG-mFc
was emulsified using Freund’s incomplete adjuvant (FIA, Beckton Dickinson), and administered

subcutaneously (50 pg/head).  Subsequently, boosting immunization was performed at
one-week intervals for two to three times, and for the final immunization, SEREG-mFc was
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diluted with PBS, and then administered to the tail vein (50 pg/head). _

At four days after the final immunization, spleen cells were extirpated and mixed with
mouse myeloma cells P3-X63Ag8U1 (P3U1, purchased from ATCC) at 2:1 ratio, and cell fusion
was carried out by gradual addition of PEG 1500 (Roche Diagnostics). RPMI1640 medium
(GIBCO BRL) was added carefully to dilute PEG 1500, and then PEG 1500 was removed by
centrifugation. Then, the cells were resuspended in RPMI1640 containing 10% FBS, 1x AT
media supplement (SIGMA), and 0.5x BM-Condimed H1 Hybridoma cloning supplement

- (Roche Diagnostics) (hereinafter referred to as HAT medium), and seeded into a 96-well culture

plate at 200 pL/well. The screening was performed by evaluating the binding activity to human
EREG_DG using a flow cytometer. Clones showing a positive binding activity obtained by this
analysis were monocloned by the limiting dilution method.

- Furthermore, monoclonal antibodies were obtained by immunizing the mice by the
DNA inoculation method using the Helios gene gun systém (Bio-Rad). The cartridge tubing
was coated with gold-DNA (full-length hnman EREG expression vector) particles according to
the Helios gene gun operation manaal. 50 mg of 1.0-um gold particles were weighed out,
suspended and mixed in 0.1 mL of 0.05 M spermidine solution. 0.1 mL of 1 mg/mL plasmid
solution was added to this and then vortexed. Subsequently, 0.1 mL of 1 M CaCl, was added,
and this was left to stand for'ten minutes. ~After brief centrifugation, the supernatant was
removed. The pellet was suspended in ethanol, and then centrifuged. ~ After repeating the
ethanol dehydration step three times, the pellet was ultimately suspended in 6 mL of 0.05 mg/mL
polyvinylpyrollidone-ethanol solution.  The solution was drawn into the tubing for coating, and
the tubing was coated, dried, and cut into 0.5-inch-long segments using a tube cutter.

DNA immunization was performed on four- to five-week-old
MRL/MpJ-Tafrsf6<lpr>/Crlj mice (approximately 200 psi helium pressure) at an interval of one
to three times a week, and the anti-EREG antibody titer in the serum was monitored
intermittently during this period. A cell line forcedly expressing EREG (5 x 10° cells/head) was
administered intraperitoneally or to the tail vein of individuals that were confirmed to have an
increased serum antibody titer.  After rearing for two to three days, the spleen was extirpated,
and mononuclear cells containing antibody-producing cells were isolated. Cell fusion and
cloning was performed by the same method as in the case of immunization with SEREG-mFec.

The antibodies were purified from the culture supernatant of hybridomas cultured in a
HAT medium supplemented with serum.  The serum added to the medium was FBS (Ultra low
I1gG) (GIBCO BRL). The antibodies were purified from the culture supernatant using HiTrap
Protein G HP by the same method as the sSEREG_mFc purification method described in Example
2-2.  The HiTrap Protein G HP eluate fractions were subjected to solvent substitution with PBS

using a PD-10 column (Amersham), and then stored at 4°C. The purified antibodies were
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calculated using the included bovine IgG as a standard.

As a result, clones B2#30 (IgG1, Kappa), B3#18 (IgG2b, Kappa), B3#41 (IgGl,'Kappa),

NA EP19 B2#15 1qgd bc ereq ++

and such, which are shown in Table 3, were successfully isolated.

[Table 3]

The antibody subtypes and cro ss-species reactivity of the isolated anti-EREG mouse menoclonal

antibodies, and the epitope sites recognized by them.

NA: Not analyzed

2-4.  Evaluation of binding activity by flow cytometry

Flow cytometry was used to evaluate the binding of the antibodies obtained by the
above-mentioned methods to EREG DG Anti-EREG antibodies diluted to a suitable

Antibody [Antibody  |Antibody Epitope [Mouse ~ [simian
1D - |name subtype cross-reactivitylcross-reactivity
EPO2  IC1 19G2a/x ereg +++ NA
EPO3  |C7 IgGlx ereg +++ +++
EPO4  |#6 IaG2b/x ereg + NA
EPO5 #9 IgGl/¢ ereg ++ NA
EPD6 #11 TaG1/x ereg + NA
EPO7 #13 IgG1/x ered - NA
EPOS #15 1gG1l/x ereg - +++
EPOS #19 I9G1/x ereg + NA
EP10 #20 IgG2b/x ereg ++ NA
EPil #24 TaGl/x ereg + NA
EP12 #26 IgG1/x ereg - NA
EP14  |#31 19G1/x ereg ++ NA
EP15  [#32 IgG2by/x (ereq) - NA
EP16 #33 IgGifx ereg +4 NA
EP17 #34 IgGlfx ereg - NA
EP18 #35 IgG2b/x ereg - NA
EP19 B2#15 IgG1/k ereg ++ NA
EP20 B2#30 IgG1/x ereg +++ +4+4
EPZ2 B3#2 IgG1/x ereg - NA
EP23 B3#7 1gG1/x ereg - NA
EP24 B3#8 IgG1/x ereg +4-+ +++
EP25  |B3#10 _ [IgGl/x Nterm +++ NA
EP26 B3#13 1gGi/x ereg - NA
EP27 B3#18 IgG2b/x ereg ++ +++
EP29 B3#41 IgGl/x (ereg) +++ +++
EP30__ |B3#44  [1gGl/cA ereg - NA
EP31 B3#52 IaG1/x ereg +++ NA
EP32 B3#61 IgGl/k Nterm +++ NA
EP33 B3#62 1IgG1/x ereg +++ NA
*Note (ereq): Binds, but with low reactivity
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concentration were added to EREG_ DG suspended in an FACS Buffer (1% FBS/PBS) at a
density of 1 x 10° cells/mL, and this was then allowed to react on ice for 60 minutes. After
washing the cells once with the FACS Buffer, an FITC-labeled anti-mouse IgG antibody was
added, and this was allowed to react on ice for 30 minutes. After the reaction was completed,
the supernatant was removed by centrifugation. The cells were then resuspended m 150 pL of
FACS Buffer, and then subjected to flow cytometric analysis.

FACS Calibur (Becton Dickinson) was used as the flow cytometer.  The living cell
population was selected by gating a histogram of forward scatter and side scatter. In addition to
the binding activity to EREG DG the binding activity to the DLLD1 human colon cancer cell line
was also evaluated. As confirmed by the result shown in Fig. 2, the human EREG gene '

expression was similarly enhanced in the DLD1 human colon cancer cell line as in EREG_DG

cells.
As shown in Fig. 3, anti-EREG monoclonal antibodies (B2#30, B3#18, and B3#41)

produced by hybridomas bound strongly to EREG_DG, but not to the parental DG44 cells. 7
These results revealed that these monoclonal antibodies specifically bind to EREG present on the

- cell membrane.

Furthermore, the above-described anti-EREG monoclonal antibodies of the present
invention were confirmed to bind specifically to DLD1 which has enhanced human EREG gene
expression (Fig. 4), as well as to EREG DG

Enhanced himan EREG gene expression in bladder cancer (Thogersen, V. ef al., Cancer
Res. 61:6227-6233, 2001), pancreatic cancer (Zhu. Z., et al , Biochem. Biophys. Res. Commun.
273: 1019-1024, 2000), prostate cancer (Torring, N., et al., Anticancer Res. 20: 91-95, 2000),
colon cancer (Baba, 1, ef al., Cancer Res. 60: 6886-6889, 2000), and such, has been reported.
However, the present inventors showed for the first time that the enhanced human EREG gene

expression correlates with the enhanced human EREG protein expression.

fExample 3] Measurement of complement-dependent cytotoxicity (CDC) activity and
antibody-dependent cellular cytotoxicity (ADCC) activity induced by the anti-EREG monoclonal
antibodies ‘
3-1. Measurement for CDC activity by the anti-EREG monoclonal antibodies

The DLD1 human colon cancer cell line was used as the target cell. RPMI1640
medium (GIBCO BRL) containing 10% FBS was used to maintain DLD1 cells. 5 x 10° DLD1
cells were collected by centrifugation (1000 rpm, five minutes, 4°C). The cell pellet was

- suspended in approximately 200 pL of medium containing 3.7 MBq of Chromium-51 (Code No.

CJS4, Amersham Pharmacia Biotech), and then cultured in a 5% carbon dioxide incubator for

one hour at 37°C. These cells were washed three times with the medium, then adjusted to a cell
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density of 1 x 10* cells/mL in the medium; and then dispensed into a 96-well flat-bottomed plate
at 100 pL/well. ‘
Then, an anti-EREG monoclonal antibody (B3#18 Ig(G2b) and a control mouse IgG2a
antibody (Cat. No. 553453, BD Biosciences Pharmingen) diluted info the medium were added at
5 50 pLper well. The final concentration of the antibody was adjusted to 10 ug/mlL. Then,
baby rabbit complement (Cat. No. CL3441, Cederlane) diluted 5-fold in the medium was added
at 50 pul/well, and then the plate was left to stand in a 5% carbon dioxide incubator for 1.5 hours
at 37°C.  Thereafter, this plate was centrifuged (1000 rpm for five minutes at 4°C), 100 pL of
the supernatant was collected from each well of the plate, and the radioactivity of the collected
10 supernatant was measured using a gamma counter (1480 WIZARD 3”7, Wallac). The specific
chromium release rate was determined based on the following equation:
Specific chromium release rate (%) = (A - C) x 100/(B - C)
where '
A represents the radioactivity (cpm) in each well;
15 B represents the mean value of radioactivity (cpm) in wells where 100 pL of 2% NP-40 solution
(Nonidet P-40, Code No. 252-23, Nacalai Tesque) was added to 100 ul. of the cells; and
C represents the mean value of radioactivity (cpm) in wells where 100 pL of the medium has
been added to 100 pl of the cells. The measurements were conducted in duplicate, and the
mean value and standard deviation were calculated for the specific chromium release rate of the
20  supernatant derived from each well. _
The anti-EREG monoclonal antibodies used in the experiment were confirmed to have

CDC activity, as shown in Fig. 5. On the other hand, the control mouse IgG2a antibody did not

show CDC activity at the same concentration.

25  3-2. Measurement for ADCC activity by the anti-EREG monoclonal antibodies
As in the case of CDC activity measurement, the DLD1 human colon cancer cell line

wasused for ADCC activity measurement. Specifically, the cells were cultured in a 96-well
flat-bottomed plate, and then incubated with Chromium-51. Each well was washed with
RPMI1640 medium (Invitrogen) containing 10% FBS, and then 100 pL of the medium was

30  added. Then, 50 pL each of an anti-EREG monoclonal antibody (B2#30, B3#18, and B3#41)
diluted into the medium was added to the wells of the plate.  The antibody was added at a final
concentration of 1 pg/mL. Then, 50 pL of an effector cell solution (1 x 107 cells/mL) was
added to each well, then the plate was left to stand in a 5% carbon dioxide incubator for four
hours at 37°C, and then the specific chromium release rate was determined.  Effector cells were

35  obtained by culturing the spleen cells of a Balb/c mouse (Charles River Japan) in a medium
containing 50 ng/mL of recombinant human interleukin-2 (Cat. No. 200-02, Peprotech) for five
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Eval uati on of binding activity by flow_cytonmetry Fl ow cytonetry was
used to evaluate the binding of the ant’Pbodi es obt ai ned by the

above-nenti oned nethods to EREG DG Anti-EREG anti bodies diluted to a
suitable 77 concentration were added to EREG DG suspended in an FACS

Buf fer (1% FBS/ PBS) at a density of 1 x 105 cells/nL, and this was then
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cel | | iR@ample 4] Mecasurement for neutralizing activity of the anti-EREG monoclonal antibodies on
cell proliferation enhanced by human EREG
4-1.  Establishment of a Ba/F3 cell line that expresses EGFR-mG-CSF chimeric receptor
10 (EGFR BAF)
Using standard methods, the human EGF receptor comprising the sequence shown in
SEQ ID NO: 35 (GenBank Acc. No. NM_005228) (hereinafter referred to as “EGFR”) was
isolated, and then a vector that can express a chimeric receptor of human EGF receptor fused
with mG-CSFR was prepared. In bﬁef, the vector (pCV_hEGFR/mG-CSFR) expresses a
15 chimeric receptor (HEGFR/mG-CSFR) comprising the extracellular domain (Met7 - Ser645) of
human EGFR and the intracellular domain of mouse G-CSFR (NM_007782). The nucleotide
sequence and amino acid sequence of the hEGFR/mG-CSFR chimeric receptor are shown in
SEQ ID NOs: 39 and 40, respectively.
Fifteen pg of the linearized chimeric receptor (hREGFR/mG-CSFR) expression vector
20 (pCV_hEGFR/mG-CSFR) obtained by digestion with Pvul was transfected into Ba/F3 cells by
electroporation (Gene Pulser; BioRad) at a setting of 0.33 kV and 950 uFD. Transfected cells
were selected in RPMI11640 medium containing 10% FBS (GIBCO), 200 pg/mL Geneticin, and
recombinant human EREG (R&D Systems, Cat: 1195-EP/CF, 200 ng/mL) and EGFR_BAF cell
line was isolated.
25
4-2. Evaluation of EREG-dependency of EGFR_BAF
7 An experiment was carried out to measure the human EREG concentration-dependent
cell proliferation of EGFR. BAF isolated by the method described in 4-1.  To remove human
EREG from the culture, the cells were centrifuged and resuspended in RPMI1640 + 10% FBS
30 medium, and then the cells were seeded into each well of a 96-well plate at a density of 2 x 10*
cells/100 pL.  Human EREG (R&D Systems) difuted into the medium was added to the cells at
various concentrations (7.8 to 250 ng/mlL), and then the cells were incubated under 5% CO; at
37°C.  After incubation for three days, the Cell Count Reagent SF reagent (Nacalai Tesque) was
added and coloring was developed for two hours according to the instructions, and the
35  absorbance (450/655 nm) of the reaction solution was measured using Benchmark Plus
(Bio-Rad).
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document does not describe any information regarding the proliferation-suppressing effect in
cancer cell lines.
Furthermore, neutralizing activity of the anti-EREG monoclonal antibodies in AsPC1 as
the target cell was measured by the same method as described above, and the measurement was
30 carried out under the following three antibody concentration conditions: 25, 2.5, and 0.25
ng/ml.
The resulis are shown in Figures 10 and 11 respectively.
In both of the EGFR_BAF and AsPC1, B2#30 and B3#18 showed neutralizing activity,
and B3#4] showed a very weak neutralizing activity. Furthermore, the neutralizing activity of
35  the known anti-hEREG goat polyclonal antibody was found to be very weak, as compared to
B2#30 and B3#18.
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Furthernore, neutralizing activity of the anti-EREG nonocl onal anti bodies
in AsSPC | as the target cell was neasured by the sanme nethod as descri bed
above, and the neasurenment was 30carried out under the follow ng three
anti body concentration conditions: 25, 2.5, and 0.25 Rg/nL. The results
are shown in Figures 10 and 11 respectively. In both of the EGFR BAF and
AsPCl, B2#30 and B3#18 showed neutralizing activity, and B3#41 showed
a very weak neutralizing activity. Furthernore, the neutralizing activity
of 35 the known anti-hEREG goat pol yclonal anti body was found to be very

weak, as conpared to B2#30 and B3418. 81 Accordingly, B2#30 and
B3#18 were found to have neutralizing activity for EREQ and to suppress
proliferation of the AsSPC | pancreatic cancer cell |ine. The present study

denonstrates that the anti-EREG nonocl onal antibodi es (B2#30 and



B3#18) isolated in this study have cell-killing effect nedi ated by ADCC
activity and CDC Sactivity, as well as suppressing effect on human

EREG dependent cell proliferation (neu% alizing activity), and that the
anti bodi es can be used as anti body pharmaceuticals with a novel mechani sm
agai nst cancer cells that have enhanced expression of the human EREG gene.
[ Exanpl e 5] Nucl eoti de sequence determ nation for the anti-EREG nonocl onal
anti body 10vari abl e regions Nucl eoti de sequences of the anti body
vari abl[ganieg] ons were determnined for hybridoma antibody B3#18 (EP27) which
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L-chain variable region are shown in SEQ ID NO 45 and SEQ ID NO 46,
respectively. The vari abl e regi on sequences of C7 (EP03), #15
(EPO8), B2#30 (EP20), B3#8 (EP24), and §3#41 (EP29) were determ ned by
sanme net hods. Synthetic oligonucleotid§ 1\411C-1gGl (SEQ I D NO 47,

5' -ccatggagttagi figggcagcagatcc-3") which is conplenentary to the nouse 10
| gGL constant region sequence was used to anplify the heavy-chain variable
regions. The determ ned vari abl e-regi on nucl eoti de sequences are shown in
SEQ I D NGs: 108 (EPO3, heavy chain), 110 (EP03, light chain), 112 (EPOS8,
heavy chain), 114 (EPO8, |ight chain), 116 (EP20, heavy chain), 118 (EP20,
"Tant DR 6} Sonmmsien of dikARERHMine a2 bl reporghihagk iyt TbogER20.
heavy chai n) it vdoaRBEnddERROthe kécafibishptilinerid BilddaRTLlpeding8RURPRRY Of the
vari abl e 15r e Loqs ar.e sh%%n in SEQ.ID NGs: 109 (EPO3, heavy cha%g% 111

( EPO3, tibpey Varallp yeeion and thphyman delj|/Tak, gonsyant egipn sepbences pigds tcRREG)as 117
(EPRO, fhiraxy dhaiséquendelS¥ dabiPBOavyldtahi vaeiabiettgion ¥hs GiEBRfled BERYR. ahBIHAY, 123
(EP24, .1igh .ch&%n , 12&;.( P29, heav% chai a)é and é?zﬂﬁl (EP29,. Iight chain).
The. | DISFRBLIG 05064 WaTRin £ GBINg sie §) H Uy Erimers antiadvieRBreasing YetpR2,  and
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li
83 [Tabl e The anti. nocl onal ti body. COR sequences and their
oo quenter A pERS St B the abovegmgniongd Ruma Hirmeric gReibhy cxpresiph HBRPAPLD 1.
(0 NI OwhicE the heavy c3in éequenc@hds et itthoduoatla 16 Oazmamanhiad 3l @xpression
7000000000000 0] 0 a.ca %ci a, 0 oc!h a mac LLILLLIJIL L1LL 11 CLLC
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The sequence ID numbers of the

ed b

OCOOECBEEBEANEECD
transcribed under the control of mouse CMV promoters.

111 gencs are aesign

nucleotide sequences and translated sequences for each human chimeric antibody are

summarized in Table 5.

15 [Table 5]

Sequence 1D numbers of the human chimeric antibodies

Nucleotide Seq'uence -Aminci acid sequence

D number D number
Chimeric EPO3 ooy SEQ ID NO:128 SEQ ID NO:129
Lant SEQ ID NO:130 SEQ ID NO:131
. Heavy SEQ ID NO:132 SEQ ID NO:133
hiain .
Chimeric EPOS D™ SFQ 1D NO: 134 SEQ ID NO:135
. Hoavy SEQ ID NO:136 SEQ ID NO:137
chain
Chimeric EP20 <on——oF N 1D ND:138  SEQ ID NO:139
. Heavy SEQ ID NO:140 SEQ ID NO:141
h : cl:laln
Chimeric EP24 -t P qIDNO142 SEQID NO:143
i Heavy SEQ.ID NO:9 SEQ ID NO:10
- chain = ch
Chimerie EP27 T ——Eq 1D NO: 19 SEQ ID NO:20
Heavy : " NIy - N -
. : SEQ ID NO:144 SEQ ID NO:145
Ch ~ghain
'meric EP29 ~het ™ SEQ ID NO:146 ____SEQID NO:147

DG44 cells were transformed by the electroporation method with 2 human chimeric
20  antibody expression vector. Recombinant cell clones were selected on geneticin resistance,
which is conferred by a selection marker in the human chimeric antibody expression vector.
The antibody in the culture supernatant of the recombinant clones was quantified by sandwich
ELISA using anti-human antibodies, and recombinant antibody-expressing cells were sclected.
Human chimeric antibodies were purified from the culture supernatant of the selected
25 recombinant cells using a HiTrap Protein A column (Amersham Bioscience) according to the

attached manual.
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Nunc-Immuno plates, which was coated with sSEREG-mFc and then blocked with a
solution containing BSA, was used to analyze the binding of the purified chimeric antibodies to
EREG.  After the chimeric antibodies were added to bind, the plates were incubated for one
hour, and then washed.  Subsequently, an alkaline phosphatase-labeled anti-human IgG

5  antibody (BIOSOURCE, AHI0305) was added and allowed to react. After washing, the bound
chimeric antibody was quantified by adding a chromogenic reagent, Sigma 104. As shown in
Fig. 12, the chimeric antibodies bound to EREG in a dose-dependent manner. From the
above-mentioned results, the isolated antibody variable region sequences were confirmed to be
truly those of the anti-EREG antibodies.
10 '
[Example 7] In vitro ADCC activity by chimeric anti-EREG antibodies

Fig. 13 shows in vitro ADCC activity by anti-EREG chimeric antibodies and human
PBMC. Using a syringe injected with 200 pL of 1000 units/mL heparin solution (Novo
Heparin for injection, 5000 units, Novo Nordisk), 50 mL of peripheral blood was collected from

15 each healthy individual. This peripheral blood was diluted two-fold with PBS(-) and divided
into four aliquots. For lymphocyte separation, they were added to Leucosep tubes (Cat. No.
227290, Greiner Bio-One) into which 15 mL of Ficoll-Paque PLUS (GE Healthcare) had been
added in advance, and subjected to centrifugation. After centrifugation at 2150 rpm, room
temperature for ten minutes, the monocyte fraction was collected. The cells were washed once

20 . with Dulbecco’s Modified Eagle’s Medium {manufactured by SIGMA) containing 10% FBS
(hereinafter referred to as 10% FBS/D-MEM), and then the cell density was adjusted to 5 x
10°mL in 10% FBS/D-MEM to prepare a human PBMC solution.

DLD-1 and MIA-PaCa? cells were Chromium-51-labeled by a method similar to that of
Example 3. An antibody solution adjusted to each concentration was added to the target cells,

25  and allowed to bind at room temperature for 15 minutes. Then, the human PBMC solution (5 x
10° cells/well) was added, and the cells were incubated in a 5% carbon dioxide incubator for
approximately four hours. The radioactivity in the supernatant after incubation was measured
using a gamma counter, and the chromium release rate was calculated by the method described
in Example 3. ADCC activity was induced by all of the chimeric antibodies, and the EP20,

30  EP27, and EP08 chimeric antibodics had particularly strong activity. The strengthness of
ADCC induction by each of the antibodies showed a similar tendency in the MIA-PaCa2

pancreatic cancer cell line and the DLD-1 colon cancer cell line.

[Example 8] Binding to EREG orthologues and epitope analysis of anti-EREG antibodies
35 The binding of isolated antibodies to mouse EREG and simian EREG was analyzed.
Full-length mouse EREG ¢cDNA (NM_007950) and simian EREG ¢cDNA (XM_001102069) were



0-Cd _ LuULIJ 84 [ Exanpl-e 6] Confirmation of the EREG binding activity
of the reconbinant chineric antibodies It was confirned that the
reconbi nant chineric antibodies conmprgsing the isolated antibody variable
region and the human 1gd/1gkK constan? regi on sequences binds to EREG as 5
foll ows. The sequence of each heavy-chain variable region was anplified by
PCR, and then inserted into the heavy-chain cloning site in a human
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react. After washing, the bound chimeric antibody was quantified by adding a chromogemc reagent,
Sigma 104 (Fig. 14). Differences at the degree of saturation in antibody binding to EREG at the
same antibody concentration were demonstrated by plotting the reactivity towards various types of
EREG at the same antibody concentration as “human EREG-mFc” on the horizontal axis against
15  “mouse EREG-mFc¢” on the vertical axis, or “human EREG-mFc” on the horizontal axis against
“simian EREG-mFc” on the vertical axis. The plot along the horizontal axis indicates the binding
selectivity towards human EREG, and this shows that EP08 binds to human EREQG but it does not
bind to mouse EREG.  The parabolic plot for EP27 indicates that EP27 binds to the mouse molecule,
but a higher concentration of the antibody is required for the binding saturation. In other words,
20  EP27 has a lower binding affinity for mouse EREG than for human EREG  An antibody that
produces a diagonal plot means that the antibody has an equivalent affinity for EREG of non-human
 species as for human EREG.  The result obtained by above analysis for hybridoma-producing
mouse antibodies is summarized in Table 3. The result is represented by four levels of reactivity
relative to the human molecule: no reactivity (-); very low reactivity (+); slightly lower reactivity
25  (++); and equivalent reactivity (+++).
The binding towards partial fragments of the extracellular domain of human EREG was
analyzed to determine antibody epitope. The N-terminal partial sequence fragment of #Ala to “Ser
of human EREG of SEQ ID NO: 21 was expressed as a GST fusion protein and purified to
homogeneity. The sequence of the obtained recombinant protein is shown in SEQ 1D NO: 152. A
30  soluble human EREG fragment (EGF domain; corresponding to val to '®Leu of SEQ ID NO: 21)
comprising a mature structure was purchased from R&D Systems (cat. no. 1195-EP/CF).
Fragments of the EREG protein were immobilized onto an immuno plate, and the binding of the
antibodies was examined by ELISA. The result is summarized in Table 3.  Most of the antibodies
bound to the soluble EREG fragment that comprises the EGF domain (indicated as “ereg” in Table 3).
35  EP25 and EP32 bound to the N-terminal fragment (“Nterm™). All of the
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IO NER R B e PR R
038_ 0310 B24R) kT8 mRN A expression was also enbanced in the DLD-1 colon cancer cells. In
~ EGF receptor signaling, there is a redundancy among the ligand family molecules that activate
the receptor, and thus theoretically, inhibition of one of the lipands is not equivalent to the
receptor signaling inhibition. It was shown that by coculturing with DLD-1, proliferation of
EGFR BaF was remarkably enhanced as com pared to that of Ba/F3, and that this enhanced
35  proliferation was cancelled by addition of the EP20 or EP27 anti-EREG neutralizing antibody
(Fig. 18).
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primary colon cancer (Fig. 20). Meanwhile, the EREG protein was not detected at all in
non-cancerous tissues under the same staining conditions. Detection of the EREG protein and

35  localization of the protein on the membrane in cancer tissues were shown for the first time in the

present invention.



10 Wil e increased EREG gene expression has been reported during malignant
_ transformation, no reports show that the EREG protein was detected at a
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in order, ghe detection of solublTe EREG proteins using a sta dard

in Fi gantl 8%€Fhe concentration of EREG in the culture supernatant was Iower
than the detection limt (1 ng/nL) The A4051655 detection values are 0.157
%ré E DO and 0 184 for DLD-1. The 10 above-nentioned result shows that
t vati on of EGF receptor signaling occurs between
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cytotoxic agents or cell proliferation inhibitors for various types of cancer cells such as cells of




25Pat hol . 125, 431-5). A 1.5-nmmdianeter cancer tissue was excised from
this block, transferred to a new bl ock of approximately 2.5 x 3.0 cm and
different tissues were placed in an arigy to prepare a ti ssue array. The
tissue array was sliced and deparaffm Zed, and the sections were stained
i mrunohi stochem cal ly using the Ventana HX Di scovery System (Ventana

Medi cal Systens, Inc.). Fifty tig/nmL of an anti-EREG nouse nonocl onal

anti body (EP27) was added to 30 the sliced tissues and then allowed to

react . cAlopehfedrdane alendeAeRomal ?mﬁ%&ﬁ@ chriter, aidiideR ‘éé(l%d_é?,%r uRRdy @&%CEH %red
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EREG MI°E 6859?? %Ily, anti body epitopes were classified by identifying
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cabt ur &g sersenige matlsls gf s presestiinyyntaddistdonpoufdsahataifpressBREG-dependent

phosphgh -kﬁp nt j- I 'Q@%y . J: hr Q eni c
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cl ust esqmppuada for sivaluaidnaige nHBLYR Ionticinser agentsdyaissesien off safaryeangdRhcer
http:/%%MMh ,project.org.), and the dendrogramis shown in Fig. 22. In
Fig. 22, the farther the distance to the branching point on the horizontal
axis is, the nore different the reaction patterns in the sandwi ch ELI SA
systemare, and the nore different the nodes of antigen recognition are.
EP20 can bind to EREG sinultaneously with many 20 anti bodi es i ncl uding
EP27, and it turns out that the EP20 epitope is characteristic. Antibodies
bel onging to the cluster fromEP29 to EP25 in Fig. 22 hardly all ow

si mul t aneous EREG bi nding with other antibodies, and thus the antigen

nol ecul e is speculated to be deeply captured by these anti bodi es.

251 ndustrial Applicability The EREG protein-specific antibodi es of
the present invention can be used as diagnhostic agents for col on cancer,

| ung adenocarci noma, pancreatic cancer, stomach cancer, kidney cancer, or
such. The di agnostic agents of the present invention are useful for

di agnosing primary or nmetastatic cancers. Mrre specifically, cancers can
be detected by detecting the EREG protein 30 or EREG encodi ng nRNA
contained in a biological sanple collected froma patient. Alternatively,
the presence of primary colon cancer, netastatic col on cancer, |ung
adenocar ci noma, pancreatic cancer, stomach cancer, or kidney cancer can be
detected in vivo by detecting the |ocalization of EREG expressing cells in
Vi vo. Furthernore, anti-EREG anti bodi es havi ng cytotoxic
activity in the present invention 35are useful for treating or preventing
cancers that express an EREG protein. Mre specifically, cytotoxic agents
or cell proliferation inhibitors for various types of cancer cells such as
cells of 90 colon cancer, |ung adenocarci noma, pancreatic cancer, stomach
cancer, or kidney cancer, are provided by the present invention. Cytotoxic
agents or cell proliferation inhibitors for cancer cells in the present
invention may be applied to both primary and netastatic cancers.




Furthernore, according to the present invention, anti-EREG anti bodies
havi ng cytotoxic 5 activity can be used as therapeutic agents agai nst
various types of cancers such as colan cancer, |ung adenocarci nona,
pancreatic cancer, stomach cancer, or kidney cancer. In the present
invention, the anti-EREG anti bodi es are useful as therapeutic agents for
both primary and netastatic cancers. Additionally, genes encoding the
anti bodi es of the present invention and reconbi nant 10 cells transforned
with these genes can be used to prépayI®Sr econbi nant anti bodi es t hat

exhi bit the above-nentioned effects or nore preferable effects.

Furt hernore, based on the findings of the present invention, candidate
conpounds can be screened to find useful cancer therapeutic agents The

pr eseyt Us@\%ténﬂ&@%%ﬂ EPEREReRGEn! anlo ahfhgg @eh f%hf&fituﬁe}ﬁlﬁﬁf ory activity

Therefore, one consi der conpounds sel ect ed he screeni'ng net hods
ofd tmawt@slésmmemﬁhq BREG eT thedpserangtien @@p‘p@é@ﬂ@l%m@ﬁwm@
prolifgtation of cancer. Conpounds selected by the present invention are
useful as candi date conpounds for evaluating the utility of anticancer
agents by assessnent of safety and cancer specificity. 91 CLAI M 1.
Use of ameaddtdrbRAY 1 WiRkeibihBds jrolRRi&ERERLRG baivity isafythtodl Lhviias cel |
proliferation inhibitory activity 5agai nst cells expressing the EREG
protein for the preparation of a conmposition for the treatnent of cancer.
2. The use of claim1l, wherein the cell proliferation inhibitory activity
is cytotoxic activity. 92 3. The use of claim2, wherein the cytotoxic
activity is ADCC activity. 4. The use of claim2, wherein the cytotoxic
activity is CDC activity. 55. The use of any one of clains 1 to 4, which
additionally has neutralizing activity agai nst the EREG protein. 6. The
use of claiml, wherein the cell proliferation inhibitory activity is
neutralizing activity. 107. Use of a m nibody produced fromthe anti body
set forth in any one of clains 1 to 6 for the preparation of a conposition
for the treatnment of cancer. 8. The use of any one of clains 1 to 7,
wherein a chenot herapeutic agent or a toxic peptide is bound to the

anti body set forth in any one of clainms 1 to 6, or the m nibody set forth
inclaim7. 15 9. The use of any one of clains 1 to 8, wherein the
antibody is an antibody of any of (1) to (32) below. (1) an anti body
conprising (i) an H chain having the am no acid sequence of SEQ ID NO 2
as CDR I, the amino acid sequence of SEQID NO 4 as CDR2, and the am no
acid sequence of SEQID NO 6 as CDR3, and (ii) an L chain having the

am no acid sequence of SEQ ID NO 12 as CDR1, the am no acid



20 sequence of SEQ ID NO 14 as CDR2, and the am no acid sequence of SEQ
ID NO 16 as CDR3; (2) an antibody conprising the Hchain of (1), wherein
the H chain has the am no acid sequenge of positions 117 to 452 in the
am no acid sequence of SEQID NO 8 as CH, (3) an antibody conprising the
H chain of (1), wherein the H chain has the am no acid sequence of
positions 117 to 446 in the am no acid sequence of SEQ ID NO 10 as CH;
25(4) an antibody conprising the L chain of (1) or (2), wherein the L
chai n3.hahetubeofainim 0, wieirdn the guenee acivipasADCOR&IVIIQ7 to 213 in the am no
acid sequence of SEQID NGO 18 as CL; (5) an antibody comprising the L
chain of (1) or (3), wherein the L chain has the am no acid sequence of
posi t4.ordhe 1 of el 23vhereit the catmiorio asbiitgl iss@gd eatddtyof SEQ | D NO 20 as CL;
93 (6) an antibody conprising (i) an H chain having the am no acid
sequence of SEQ ID NO 49 as CDR1, the am no acid sequence of SEQ I D NG
5P ass. Cﬂh@usea)fdnxmomlam lato|4dwmeh1a;blnmaalb/fha8mhhﬁzmgacnﬁ@ asin@IREREGRD (i)
an Lolgr Bai,n having the amino acid sequence of SEQ ID NO 55 as CDR1, the
am nd acid sequence of SEQ ID NO 57 as CDR2, and the am no acid sequence
of SEQ ID NO 59 as CDR3; 5(7) an antibody conprising the H chain of (6),
whereg n i body
Compr o1 g e oy i o G bRl RS ey s net e P20 o
sequence of positions 117 to 446 in the am no acid sequence of SEQ I D NO
1@ asy Chise ofgﬂln%dﬁmgﬁgﬁoﬁmﬁdtﬁbd%eﬁﬁﬂh hléﬁl %h@of%iaﬂ%@i oY fokthd, Wherein
the L chain has CL derived fromthe “nouse x chal n; an anti body
conprﬁrgiaf?@"‘l‘ﬁ%a@n@ﬁﬁiﬂ?ﬂ%fthee)?atﬁlﬁﬂt(oﬁ‘}am%here| n the L chain has the am no
aci d sequence of positions 107 to 213 in the amino acid sequence of SEQ ID
NO 20 as CL; . (11) an antibody caonprising (i). an H chain having the am no
aci d Sedlieho! 8y wreof tlpmd to gavheseirmrhemoflisepaiic/deeTh 67 2oyl aeriide i gr@ﬂncsEQ | D
NO GBe ABibEEIR: foAR th 4nbh Bnddh IEmAE kb, SEMY BMGBRodfsetIHE hldlP7. 65 as CDR3, and
(i) an L chain having the am no acid sequence of SEQ ID NO 67 as CDRI,
ﬁe am no acid 15 sequence of SEQ ID NGO 69 as CDR2, and the am no acid

S ﬁqueanﬂ“ h@ﬁse%@vﬁ@emmﬁ 126 8GMR3¢in the iﬂt}qb_loﬁf(; 1s%ﬁtaht|ﬂﬁﬂyd f oCRNBE {15 tm?étﬂéﬁ)“H )
chai erein as erive r om nous
O P s e S b R AR Sy o S0 B i 28 R e
ani nanfed aiceguaccd SED PasO! 4 SMEDRY, ind Be ddibioiabid sbpedonsra@gh s ggsience of
SEQ I an _.anti bod L chai.n of, (11)
(O dCuiir B pvineshtind Sed e SRR Do it 6 i 1
QﬂlS) sedueaset df SBQYDAUDIF 28 ONR2Y &l the aiiad sridfeqhehty of SEQ IBNO: WaIGDRB;t he L
chai as an no.ac ue o) ns,. 107 to 213.in the am no
acid rts)gq ¥ e%ﬁléogy SPRESE tbedﬂﬁﬁqﬁ BPQE "%freﬁl tfiel%ﬂfﬁ% has s 880 AAHIPTST Mg (i) an
H chaositibe\il hg 458én hrammoaciddepeneafiSEQAID NEEQ & DINO. 73 as 94 CDRl t he
amn of ho aci d sequence
of Sggaaﬁﬁﬂ}@% k}%mé?sméﬂggjﬁ Qhaua w%%re%l_the am as\C/{Penam1 am ] seaqiichice %tls d
sequengtonsfll BE@4H i WOt aansl_smce othEQaIBIN(b la(as OHs equence of SEQ I D NO
§§r a%4)%b0%9 go&&%n@&@ﬂ ol 8?‘ (?)eé}‘d%[‘%ﬁer% th%"iQ:hlelB hIE\nghe §1:131m%‘sac:1§ secc:l[thséme of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 18 as CL;
(5) an antibody comprising the L chain of (1) or (3), wherein the L. chain has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;



(17) an anti body comprising the H chain of (16), wherein the H chain has
CH derived fromnouse Igd; (18) an anti body conprising the H chain of
(16), wherein the H chain has the ama3o acid sequence of positions 117 to
446 in the amno acid sequence of SEQ ID NO 10 as CH, (19) an

anti body conprising the L chain of (16) or (17), wherein the L chain has
CL derived fromthe 10nouse |c chain; (20) an antibody conprising the L
chain of (16) or (18), wherein the L chain has the am no acid sequence of
posi t (6bmsantibddytcompdgng () ainfbchaimi hawing diecmérecpeelrregrende BERID ND4920 CARILL ;

of e 1R R ERRE0 RONG 1) BEOREIR Be AR AR ReBD T RQED N5 SgHenee

CDR2 CRR3 ané él)antmbamhavmgébﬂusm ecid feqBEQe BESIDID BO: a5asiBUORBe amb 4eid ) an

L ch Sps. the am no
aci da‘gs(,3 qeaaé(’:freﬁo ﬂ@g\%r@%g@i&g % a(% egﬁgh %o am%gsequeﬁce of SEQ
| B NA7) 9tangibodspR@prising e}l chgin aﬁ&ﬁb Udﬁgpucfbﬁﬁrqh@n hep GHhderiyed frainmaghe IgB1) |

wher ody

Compr o o ol ApRNARe e F0F 67 e PR hthe il Mol b2 o
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10 aso{ anrdBéRAbhmprisifithe Rethin 6QBPS (3), Werbi8hdL Qﬁﬁﬂlﬁs oL dél‘%;l‘.“)l ﬁ%fn tﬁc,zl%)mse
wherein the L chain has CL derived ffomthe nouse |c chain;

anti Hi)%]’g?mcorrprl sing the L chain of (21) or (23), wherein t he L chal n has
tiige gmlm BRI %@rﬁﬂ%ﬂ{g@h& clﬁﬁﬁdft(G)Qi?%S)leﬂer&ﬁ th%lﬁ:hhlﬂ hhd¥Be ARInD AcidSddezeaEIENCE

of S | D NO. as an anti b co ISI ng (i) an H chain having
t he d??FWB“Sa]c97d° %@q&éﬁegﬂr@r%lﬂé@w §CLo5 the anino acid
sNg quen g)%n%ub%ﬁsacduﬁ}a H%n ﬁ&hgﬁmhvm@mﬁ ainh@ a&?‘ﬁ&fﬁe;ﬁﬁ odsEE AU SIE 81 of cﬁﬁQf I [S)EQ
as chal n_nhavi e no aCI ce_o
e o 464 piopence mﬁ%ﬁ AT N SE R0 o e stho BT BoRGO! T8 THSKEHRS: and
t he aTIDRY) 286 (if) a6 EGHANE il theSlkdnd R idNCquddé oﬁ&(ﬁmﬁo 6’95 CIHRI thealimigteidoody

soegigare or o of @3@&@&&%&@% A FRERF B RO 365 ClEer i n 1t he

H cha&ilz) daastibdide canpridingalid M clh o te whdreip dsd H tianshal CH defivelidion ﬁloﬁdﬂ egca]m no

[ chdih e 9ey o en e kLo phsberipgs 1 i RRp Rl FRERace
SnougesitionscH dita446 1ﬁﬂﬁ)a1anaaﬁtsbcbmd:;e(ﬁ'(SEQrIDSN®tgﬂtah€HL chai n of (26) or (28),
rher 51 o ORI SR DR8] ) SAUSIGE PRSI ARt 8 212 1
é.’@rrprmcmsmgchnme or rmre am no acid substituti ons del eti ons, additions,

d/
Zgw Iea%ts'jﬁ {)l%oﬁig @§m réc i Vi l?gﬁaéng&gﬁlg%gﬁt% ?%glgieﬂtﬂxé %%@a%?a@}%aﬂ?ﬁ J%Bﬂg@feme (32)
an amfﬂbbsat!k;HStlﬁ’éto 208 mrokbe amlnbhedschlaE@@rﬂaﬁ\@ a0 eptlope as the antibody of
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tho ShOIdanbShdl Ehorising ) MR A3 G0 BRI e A BB DB H ¥ oer 1 on

69, or Val at position 63 to Leu at position 108, in the amno acid
sequence of SEQ I D




15NO 21. 96 ABSTRACT Methods that entail detection of an epiregulin
(EREG protein for cancer diagnosis are disclosed. In colon cancer, |ung
adenocar ci noma, pancreatic cancer, stemach cancer, and 5 ki dney cancer,
t he gene and protein expressions of EREG were frequently found to be

el evated. Antibodies that recogni ze an EREG protein are used for

di agnosing or treating cancer in the present invention. Pharmaceuti cal
conpositions, cell proliferation inhibitors, and anticancer agents

cont ai ni ng an EREG bi ndi ng anti body as an active ingredient are also

G el BB ol ARS8,y R RITRH AR Loy EEEGSeSE g FELb Ry
cont abtk AgastCR EREGii@apk elsi Meyingeahd Snind dcitl EiRemedd 18BN W01 TdediD®s, dee al so
di sCl 9568 ucid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of SEQ ID NO: 83 as
5 CDR3; *
{17) an antibody comprising the H chain of (16), wherein the H chain has CH derived from mouse IgG1;
(18) an antibody comprising the H chain of (16), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NQ: 10 as CH;
(19) an antibody comprising the L chain of (16) or (17), wherein the L chain has CL derived from the
10 mouse x chain;
(20) an antibody comprising fhe L chain of (16) or (18), wherein the L. chain has the amino acid sequence
of positions 107 to 213 in the amino acid sequence of SEQ 1D NO: 20 as CL;
(21) an antibody comprising (i) an H chain having the amino acid sequence of SEQ ID NO: 85 as CDR1,
the amino acid sequence of SEQ ID NO: 87 as CDR2, and the amino acid sequence of SEQ ID NO: 89 as
15  CDR3, and (ii) an L chain having the amino acid sequence of SEQ ID NO: 91 as CDRI1, the amino acid
sequence of SEQ ID NO: 93 as CDR2, and the amino acid sequence of SEQ ID NO: 95 as CDR3;
(22) an antibody comprising the H chain of (21), wherein the H chain has CH derived from mouse IgG1;
(23) an antibody comprising the H chain of (21), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;
20 (24) an antibody comprising the L chain of (21) or (22), wherein the L chain has CL derived from the
mouse K chain;
(25) an antibody comprising the L chain of (21) or (23), wherein the L chain has the amino acid sequence
of positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;
(26) an antibody comprising (i) an H chain having the amino acid sequence of SEQ ID NO: 97 as CDR1,
25  the amino acid sequence of SEQ ID NO: 99 as CDR2, and the amino acid sequence of SEQ ID NO: 101
as CDR3, and (ii) an L chain having the amino acid sequence of SEQ ID NO: 103 as CDR1, the amino
acid sequence of SEQ ID NO: 105 as CDR2, and the amino acid sequence of SEQ ID NO: 107 as CDR3;
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15

95

(27) an antibody comprising the H chain of (26), wherein the H chain has CH derived from mouse 1gG1;
(28) an antibody comprising the H chain of (26), wherein the H chain has the amino acid sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as CH;

(29) an antibody comprising the L chain of (26) or (27), wherein the L. chain has CL derived from the
mouse K chain;

(30) an antibody comprising the L chain of (26) or (28), wherein the L. chain has the amino acid sequence
of positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;

(31) an antibody comprising one or more amino acid substitutions, deletions, additions, and/or insertions
in the antibody of any of (1) to (30), which has equivalent binding activity as the antibody of any of (1) to
(30);

(32) an antibody that binds to the same EREG protein epitope as the antibody of any of (1) to (30).

10.  The use of any one of claims 1 to 9, wherein the antibody or minibody recognizes Ala at position 29
to Ser at position 69, or Val at position 63 to Leu at position 108, in the amino acid sequence of SEQ ID

NO: 21.



