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1 DIAGNOSIS AND TREATMENT OF CANCER USING ANTI-EREG

ANTIBODY Technical Field The present invention relates to methods for

diagnosing and treating cancer, cell 5 proliferation inhibitors, and

anticancer agents. Background Art A member of the epidermal growth

factor (hereinafter referred to as EGF) family purified by Toyoda et al.

was named "epiregulin (EREG)". EREG is known to function as a 10

CACEG YO ANTHTREAIMENC e TINRIHegicahetanggs. eitel aceliBopy

(Non-Patent Document 1). The amino acid sequence of mouse-derived

EREG (mature protein) purified by Toyoda et al. consists of 46 amino
Techyical Big; es, and shares a sequence identity of about 24% to 50 % with

othem@gfemwamoﬁ%a{@m&xné&%&%ﬁ% pwaddowafinty{o.the.

1 receptor on A431 ceIIs éa human epithelial carcinoma cell line). The
pIo 1%?6%#1)6 ano egf)r’eassmarﬁl AWAISEE'Sf the human EREG gene by Toyoda

et at showed that, while other members of the EGF family are expressed
Bacikghirtadously in human tissues, the EREG expression is detectable in

macyo es, placent varlo s.types,of cancer cells (Non-Patent

Doc‘érlr%ien 85 &R ﬁm"tﬂ @%MWW@W@@H&W%@‘H&@MY
puﬂfﬁﬁ@%ﬁéﬂ}@d@ﬂpﬁr@wmmﬁéﬁtwmgeh&@iﬁﬁﬁﬁ of ERBCeisdalisyn to function as a
cancéMQﬁ%%ﬁ@)t&QhE@@iﬁ%@h%@hcﬁgg’%ﬁ%mﬂ%@%?ﬁ%l%th%qso rg}l\%n Patent

erial vascular s

38 (MAPK14) in differentiated ar
Doc‘iﬁﬁé’&@ cenﬂ“%r?é?é?ﬁaaﬁé‘? SERRRSS B ROV Ok HEE Matisagrotein) purified by
Toycdediffefextisiiorodfithenciabsadidirthahmarendt sias:de sronstiatest iy GRIBGut 24% to

50 %%%}?Eﬁﬁe%e\éﬁ%:&%%mﬂ %PC 2%@%%’%@% g ffereﬁ%%\,ﬁ]o the EGF

factor. Unsaturated lysophosphatidi omodimer

lecemyaé} 2 GRSTENTATGR FRERsebr s masmtcethlifgly uFeglantegiandexpression
analyniRMAlexpnessi®R BIERE inTayddikeatidsp3& cWIARK vlgRendentembers of the

EGRTAMER ARSI SARGIRASS BPMEISRE shelns hereinafter

; an BrPeRTanS Pression is detectable in
referred to as

IS, an |mmuno IS OC mlca%

maorﬁ‘ﬁh‘?&%iﬂ@l‘&'&ﬁ%ﬁé’cr‘ﬁa%ﬁéﬁébﬁ?ﬂ@f FERSREE é&@n@@nh@g@m@aﬂkd In addition,

the stdaialkiziean RER BRpressinown ﬁihﬁﬁ@%ﬁiﬁﬁ&f@u@ﬂ%ﬂ?ﬁr@i&@%‘i&%@ggléﬁ@é}al types of
se results, Takahashi and others speculate that
cancéﬁ&é}ﬁ%"n\!ﬁgéﬁtﬁ {)%é?r%\?cﬁved in the progression of vascular remodeling such

as diERssdiciodsshnuriphitehepdiévrtieno s EmidRIE 2 aribpdfiéN APK 14) in
differseviarad gaaﬁamwmas&f@katﬁﬂﬂmlm m@gﬁa&&@ﬁ&r@@@m@%% a8ed) from rats

induddd &fé&é%f?ré%%ﬁg%é{ﬁé‘ 2 P to 1§ SEIDSIS unCtI%eg%'gggg l rggg{%ﬁ?creted by

clinical research, and showedt at Fid ona’d
VSMS RS AReS g iRt dreaSeal diwentio tes e tﬁmssmceds

lysopbisppbssad aoldonly POKEFatRaeytes BULRISe ﬂ?a&"sa%ﬂ%srﬁﬁ%%ﬁggﬁ BW¥rs of
PRSP BES SRR SRS s 2 Cisatine i
MAPK-dependent manner. Reverse transcriptase polymerase chain reactlon (hereinafter
referred to as RT-PCR) analysis, and immunohistochemical or immunohistochemistry
(hereinafter referred to as IHC) analysis revealed localized EREG expression in atherosclerotic
arteries and balloon-injured rat arteries. From these results, Takahashi and others speculated
that EREG might be involved in the progression of vascular remodeling such as atherosclerosis
(Non-Patent Document 3).

Minn ez ol. identified several gene clusters related to lung metastasis of breast cancer
based on in vive selection, transcriptome analysis, functional analysis, and clinical research, and
showed that EREG is one of the genes (Non-Patent Document 4).

Furthermore, Shirasawa ez 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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immunity- and inflammatory-related responses of keratinocytes and

macrophages at the boundary with the external environment (Non-Patent

Document 5). As described above, the éonnection between EREG and

dermatitis, cancer metastasis, 5 and atherosclerosis has been indicated.

However, there are still no specific descriptions on the effect of

EREG-binding antibodies that have neutralizing activity and cytotoxic
Examutvionoim GREGHsipraating sancaneslis (NOERBERIHOGH %ﬁmﬁdlﬁ role in
immBRy-GRaM 94, ?f_—? 9 Non-Patent Document 2] Bigchem. J
1mm326|5:/ 69-75, 1997 1% ggﬁaqggﬁgﬁﬁ%&égﬁgq %‘B%ﬁﬁaﬁ%nlﬁ Dphages at the
boungdary vty the pimmpl erpenarmnbGtomBaed] Regureen3s). 518-524, 2005

[I\_Ioi:d’@etmtﬂaﬁaam@nt@ tﬁﬁﬁﬁicﬁlﬂg-lb%ﬁ@ébniﬁh Sﬁ-@l Jéna%%%&ﬁa%?%?@a&@%%&msmgg,

d JHSEIQSHp Invention Prgblems to. be Solved by the Invention] An

R ?ec(%l%%{go ?gh%%?gg%ﬁ?%%e%%iongg %e\ﬁer%\?lbe SHE-ERES Sélr‘?ﬁl?lfdﬁj@é‘:&ﬁ&ons on the
effect gt ERKErdwdme ratbedisic iy, hanobjettilieiog tipitesert érientiomisitity on
EREprevidesspyealaneiheds for diagnosing and treating cancer using

apti-EREG antibodies, nqvel cell proliferation inhibitors and anticancer
or e D PR LR B Bud s/ Not e ant EREG
[NongPafisaileeczoeqiidhRithe Solvibdithe i ReTs] The present inventors
[NondiseaverndhahER EGdaiNahly Gxpressed g canger cells such as colon

cancer cells. Furt ore, when complement-dependent cytotoxicity
{Non(g%@){ éscf @eghgjeggﬁ%ﬁ%ejpléﬁa%%tzgglimediated cytotoxicity (ADCC)
[ Nongtargiy BpantieBRY GrantiSadidsadeei. riHasiied] -t 26 (REREG

antibodies were found to have CDC activity and ADCC activity in 25

Di ](I%REG- pressing cells. The present inventors also showed that the
hﬂ%@fé@&ﬁﬁ&%‘“ = A s have proliferation-suppressing effect on cancer cell
[Prolipes tiebaairatiZatiore. Fuetihigrnjore, from the above-mentioned findings,

the Rﬁ%@&t@‘é%ﬁ@f&ﬁ@%ﬁyg{@&{w gﬁﬁeﬁp&r?ﬂgg%ﬁggd é%ﬁ%’g{ S and uses

h eHectl e for diagnosis, prevention, and tr atmentc;‘ various types of
CreBimary i retabadt CBIREENS, ridanereny dvivpiert topwedenpvel methods for
diagripviegtiod. tMaiegspecificaliygthet pPRRIEG ERVIeRIRsS 3ve0tepIgied h8tion inhibitors
and aBfREROLIAYERNQR Y AISCONSIRRINALEREG 1S Useiul ag a to reating..
or dia no_gin canc%rsﬁi]%owhich the E&E%%ﬁ%iﬁr%}s%s%ﬁ/ %aelﬁhcgnced,amhogdies‘
[Meags Jpiiith] ‘ot cRmiFMshg adenocarcinoma, pancreatic cancer,

Zg:fﬁax:hrm;ﬁvaﬂdrkidhm@m&ﬂﬁﬂﬁl@%%@ﬁ%ﬂ?@ﬂi@@f&%ﬂi@§1§cer cells such as
1 argaceutical camposiiions comprising an ant that binds t o
“TPEREG protein as an aé%vé{%%%e%]lgnrﬁe?%g{;cr% eh el%v(éﬁ%oﬁi & @&b@%ﬁmy and

antibodyr dSB s stiorerABRGMABKIHRSAPSI At bty efanbifdis amtibodies were
measERE GiprateiBRaamadivecingeedisahdibepresantinvarion furiherc activity in
e PRGSO SR SRS TR v
proliffgationspypnressisetiitris pystesic dbiviy vidoreupréferably, tRertimtibody, from the
abovealsenndsdielitidligighe present inventors discovered that the anti-EREG antibodies were
effective for diagnosis, prevention, and treatment of variouns types of primary and metastatic
cancers, and thereby completed the present invention. More specifically, the present inventors
completed the present invention by discovering that EREG is useful as a tool for treating or
diagnosing cancers in which the EREG expression is enhanced, including colon cancer, lung
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
profiferation inhibitors comprising an antibody that binds to an EREG protem as an active

mgredient.  The present invention further provides anticancer agents comprising an antibody
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activity. In a preferred embodiment of the present invention, the cancers

that can be targeted for treatment are colon cancer, lung '

adenocarcinoma, pancreatic cancer, stomach cancer, and 5 kidney

cancer. Anticancer agents comprising an anti-EREG antibody of the

present invention are useful for treatment of these cancers which are

primary or metastatic cancers and have elevated expression of EREG
that Paticulad\Epefepieciaegets 5@fiﬂ@a|¢g?&ﬂbﬂf. th?r’@(lj@t%@[!}, 1RV RAIBRISBhat binds to an

i . ncer, stati¢,colon cancer, an ncreatic cancer. .. .

R A S a0 bh Ao b (o ignizine
actidgim pF&ﬁw@%ﬁ?n’fép enbpdacHatbhede tecahiEREG proteirmsgstsghat can be targeted

for tRhaarmacediically aseenRRle LRINRA RN 3SR COMRISHIONS A e er, and
ki dnﬁ)rf%%%@t llnv%r%it{%gn%%? gsggt%l for trealn%gaandlo r éenth??? car}cErs that ,
hve elevated expresaion of EREG Thalid th BRI IR BrgeRt nvention
are yefhblosrcamanarfttbewycivactsindsdh am BREGYprotetmititiheancers and have
elevitnsilpetesing AfEanm a?%%rﬁpé?ﬁ%ﬁiy@ S-SR UEAHBS AP QF the present

ventingicancer 15 In another em odi{nent, the present invention
m

. re
Ve RS L B RGBS ML 7 CEN AR CRBRESS U e RET
protEintbyrosntathingr SRE Graxpies piny ideli pvitmareantibodynthattibind®mprising an

antiHORNERERPIOBITRING @@é%ﬁﬁﬁ@pﬁ%@&%@éﬁ}@i@%ﬁ %ﬁ@@g&%
y

suppressing proliferation of cells that express an E protein _
Phar Ebaﬁ%&ﬁ?& %F&@%P&Pe‘?ﬁ PYESETHgEnE oRitFear ARtiB dieaagsipdfg tgreventing
cancery BREGprotoisted hepamﬁfaﬁyﬁﬁﬁtﬂﬁ‘ldﬁ mm,%@&@mt&imﬁﬁop relates to the use
ofaﬁaiﬁf@a%wﬂa@%mmwﬁ@ﬁ@h%r&@&hsfw%@Mﬁ?ﬁ&&%ﬁ%ﬁgﬁ&%&s{&i

referably cancer cells. Furthermore, in another embo , the present
Coml%\i?'g?ﬂfﬁn%/?frg\?fﬂ@@ ARHIS5 AFSYIRUPLHARCES an EREG protein and have
cytotoximdutivitytindbetiatihht expressihenERESopigteime Reafetatihdibag cell injury
in celt j ivity | =1ivi X ic activity.is CDC ..
o A A R S S SN P Sy
bmd%%%%ﬁ%%ﬁ% is TBFrRAFRG hritHenprEseie pRaidrsrmetodtitoswepressing
pro liﬁm’aétam’é&_aﬂfﬁhm ayesh delgHG @h@taﬁiﬂbpdyniﬁlﬁlﬂﬂg@mgﬁ%ﬁﬁ%smg cells
with 3SR BYIRISIORES, ARG IXIS §%%'ﬂ?5-ﬁ%ef6§]%bdxy'&§? BiRiSIS A EREG protein
invention, ‘antibody itself has cytotoxic act|V|ty.aIF € present invention
prefeiahhiehan BYiES 5 R tes thellbike eraiss REBRSOBIRanareaprofiehly cancer

cellshave cytotoxic activity and neutralizing activity against EREG

protginsexpressi ' nother embodiment, the present inventign ..
~ provides thegfes?e?g?%gr%%h%éopgrg%fﬁge%%p rggﬁ%tei%‘fgé) H%&I‘lgvrhdaeﬁ(aél}t.%omes that
bind e, i EFFST Ricin SR IR8 ABGaIATdh actid hrissesitsi s maorepr8wdeREG protein.

Prefonélbods tarotiagnesingycangoc whiel e Mrises Aeeaing AER BGivity is CDC

- teip using an antibody that binds to the EREG .protein. In the _
e A R sy Bl o ance
bindige EREGS pisteH BIgatinedemdnseaisyitreanistibasnafitive predgtto the antibody
incluli/ERa01BEFaITIe At nBU FAMEHIGaTHa Hhady that dRGRaNiZeSRR IR EGhe present

nve roteir}itg}re gri%ké the Rtlggcprotem in blooq, serum, or plasma, or
Red protein |so>f{a1%6elsd(3 o caliEtE détected in the methods of the present

The present mvention further provides antibodies that bind to an EREG protein, and
which have cytotoxic activity and neutralizing activity against EREG protem-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
the EREG protein.  In the methods of the present invention, preferably, the extracellular region

of the EREG protein is detected.  Preferably, the methods of the present invention are carried
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invention. In another embodiment, the present invention provides methods
for diagnosing cancer 5 which comprise the following steps of: (a)
collecting a sample from a subject; and {b) using an antibody that binds to
EREG protein to detect the EREG protein contained in the collected
sample. In the present invention, any sample can be used as the
above-mentioned sample as long as it can 10 be collected from the

out stibieai. ditibo6yameeinenieOIne  RITHECAlECIefEmIR BUPISEES protein in blood,

s fer %%E od sampl in%ﬁ resent.inyention js serum. In
,Semar’]%?t})ef?%n%bg}c’hmen PSARp esgs%% ejcre:rfjg %‘ﬁ%i‘@agfﬁ;e(%egy‘b%ﬁwsé’ﬂhe present
mvesfigfect maybe used. The methods of diagnosis can be used for any

CanQﬁhﬁ@tm@@ﬁd&iﬁ@lﬁ@ﬂ@%iﬂé‘é‘eﬁﬁmmﬁﬁ%%ﬁ&%@fh%%@sfo?)&?{gﬁésmg cancer
whicdh (I)EII;QEI_% epélouiml. Cancers thzg_t are preferred in the present inventior are

colon ancer? %1 PJW@%&‘SR% [rcinoma, pancreatic cancer, stomach
(a) celpeiargaraniladipvamnsebj®ysed on the present invention, both primary
(b) i melaeialiey gl elierriganerss fan Redlinnasah L@NESS DAAIRA in the
coll e@%ﬁlggllgr preferred are primary colon cancer, metastatic colon cancer,

an panB &atic cancer. In the present invention, the step of collecting a
In thgmﬁeﬁﬁomxgigub@egtsamp&lsgrb& 2eréxprdnsed as thetsiapdofapio dinBng as it can
be cAISAMPIRHONRCIRH HOM &SRR EHHRGIMONS 4 a09ihen £Mbo Iﬁggf}? Qtéubject is

the present inyention provides methods for diagnosing cancer, w
cormdpsEed QF@B@ BEpledainiterng iy snbgpjécieum.  In another embodiment,
samprledioidiste pé salpalelyantiyotipthathinds sohenr EREGDISEIN; BRERYhods of

diaeSIRIECHAG aceMylat] (o] Ina certain,embpdiment, the
 radioisotope is a pogﬁrgaﬁgﬁﬁt{@ %ucgigggsei%gcﬁe’?e‘ﬁ%ﬁrﬂ_qge target cancer cells
eXprﬁ&s%ﬂMiﬁTﬁﬁlﬁucl%@ﬁfﬁfé‘% rsaelRvEdtiBileanasens dleemsibrfare colon cancer,
lung edancplefroma,thengreije consistingrofchlGnkal dR0«d8y dhtbr55G8sed on the
preséﬂ’%@%@i@&% 68 %rﬂﬁ %%grm%&%t%%" %{idi ('):iu trﬁ[c‘lerr(')ncl)}gefslré alpgéhcgigﬁaosed. Cancers

embodiment, the present invention provides methods for diagno
that ug hashciapirelfs e grarREiBRr B LA lgakans At st il EREG protsinnid pancreatic
canceletected. Furthermore, in another embodiment, the present invention

proyjdgs, dia ' ts, 30 and.kits to, be used in the methods for

d:%%nosisgofgf%gﬁ%sﬁgr%ﬂfr?\l}gr?%%)n?{r? g&f&ﬁ% At} Br%sé)ﬁ?i%\sfé%\lﬁfihcan also be
CXPressPiae dme sradipgaifgplecigiiedeiennapohivds as cancer

themmﬁ%'_ g@mdm&ied&m@ﬁﬁ@av,emH%eg@m 'B?ékﬂ%%@?h@eﬁ%%@lzgé for
diacBS.A gancer therapeutic ager byy sing, for example, the ER

lagleéprggé}ongﬁ?e@gf %lscgﬁlﬁﬁaﬁe%e&l%épr%a%c{all ?@%ﬁlﬂ%éﬂﬂ&%éaﬁ B‘é%éeéi%%ted as

radiogsetongicrhelchredrarie thpdundsdgem BREE puitgrhed étddizingefeatmulation of
the rapainsiopell protifesatipnosipulaiing adivMatGRER %%@Q;Ml%ﬁm{ng nuclide. A
prefeMrgcgepgg)}g"%lrfll—%?n"%fizgrg]engéﬁgg g%ltrgl\éepr}tég&{) ﬂgxyégggéggrj eos\éviler:]c%éd, for example, from
the group consisting of ''C, I3N, B0, ''E, 7y, 3 Co, *'Cu, 66Ga, %Ga, 76Br, 71, and 'L

Furthermore, in another embodiment, the present invention provides methods for

used

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
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 fevel as an
index.  Alternatively, compound can be selected as a candidate cancer therapeutic agent by
using the neutralizing effect against cell proliferation stimulating activity of EREG as an

indicator,
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[11 a pharmaceutical composition comprising as an active ingredient an
antibody that binds to an EREG protein; [2] a cell proliferation inhibitor
comprising as an active ingredient an aftibody that binds to an 5 EREG
protein; [3] an anticancer agent comprising as an active ingredient an
antibody that binds to an EREG protein; [4] the anticancer agent of [3],
wherein the antibody that binds to an EREG protein is an antibody that
has eitpsplitefiatiny inbibitesyiaativitiod 9dStithe artiganearagent of [3] or
[ \M? ' i hat binds to an EREG protein is an antibody, of . .
L e S e e A P g e nds o
F3%@id sequence of SEQ ID NO: 2 as CDRI, the amino acid
[2] aSeUUeRtERl BRI NG c4as SRR ANSLIRG MPIRAIANYSERURSARS binds to an
E Q.ID NO: 6 as CDR3; 15 (2) an antibody comprising the H chain of (1),
WHerein the H chain has the amino acid sequence of positions 117 to 452
[3] am anidcansine it seopivioe B SRGID Noedias @Har@)aly smiodys to an EREG
prot&@mprising the 11 chain of (1), wherein the H chain has the amino acid

equence of positi 117 t0.446 in the amipo acid sequence of SEQ 1D
4 RGPl M IS8y TG A k18 B 1 an
antibgeiy Setjbehedloh SHYABNOhb2 @y ROGBRI, the amino acid sequence

B SR HNGD: ing.aci f y .
T L T T
antibdy|ob Ry Ph AL e ﬁ °3tid sequence of positions 107 to 213 in the

(1) aarmmbmawqcﬁemwoﬂs&@nmN@gxmm {6)danqntivody SBQPISNG: 2 as
CDKP&E&%%QJC(&)% H&T@é%ﬁﬁ%b %W@%ﬁ“@lﬁ‘ﬁﬂ”&ﬁ‘i}% ARAHS %%%age%ft{nce of

positions 107 to 213 in the amino acid sequence of SEQ ID NO:
SEQIHY APkl Bdmprising the H chain of (1) and the L chain of (4): (8) an
(2) aaribibdycomprising the H diainod{ {2) aind dhethedhaimpf §59;tHO)@Mo acid sequence

of pRAHRRAY: ?qml@ﬁ?f%qﬁ%rﬁi@@ﬂi%&&md@ﬁh@é%qﬁ@@ {6); £39) an

antibody comprising an H chain having the amino acid sequence of SEQ :
(3) apRjEsodhs sempissp R theharminb deidBetire M brhnh Roasinagcid sequence
of pSHIRR, Hrdtehe! arnirie: agithsegiknemaicSHF HO)NONES as GRRB; (11) an
' 1S ' : ein.the H chain _
O et e e R D NG 120
CDRYs die@minarsicspignesof $ESY HA Mitidddis Somiprising deamispaipidsequence of
SEQ(ID)N@hésein CERH; chain has the amino acid 35 sequence of positions

O BRI RIS SO B S0 e
of papitiey: 55 43 4 DRE WS weaesey0EAEQIEND I RGXI57 as

(6) a BRBoanddhpdiipehadic BEEUATAs, Qfherein 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;

(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 1D NO: 51 as CDR2, and the amino acid sequence of
SEQ ID NO: 53 as CDR3;

(I1) an antibody comprising the H chain of (10}, wherein the H chain has the amino acid
sequence of positions 118 to 441 in the amino acid sequence of SEQ 1D NO: 149 as CH;

(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
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SEQ ID NO: 59 as CDRS; (14) an antibody comprising the L chain of (13),
-wherein the L chain has the amino acid sequence of positions 108 to 214
in the amino acid sequence of SEQ ID MO: 151 as CL; 5 (15) an antibody
comprising the L 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; (16) an antibody comprising the H chain of (10) and the L

CDroh QH& erﬂa@)ad}l@eﬁﬁe%@&' bedycomnusingsthe thehain.af (L ]a)gﬂﬂg C#Eh% E’equence of

SE Q § (I(é%an antibody comprising the H chain of (12
a|n of 9) an antibody comprising an H chain having the amino

(14) a@@néléqdmc@pflsE@thmaiﬁbﬁ(sl IEDRﬂertéie aminotagichseduentmeheid
sequee@JEhDRIPS AREPRZ 19@93@&13@&% %ggéjgflgﬁggiﬁa IBNQ

15 65 as CDR3; (20). an antibody comprising the H chain o erein e L
(13) Bp ATLiROAX S NP H RS iy G AL o Beisitibths Laebai das therpiaino acid
sequemningf poit BetUdTce of SEGhND. 163 as(Gblicd5r@RNam antibeglys C1

(16) SATRNRIAY IBabEiha B e 1Rk WOEr gl Zemg flehain has.the tg amino acid

seque of positions 117 to 446 in'the amino acid sequ c)é of SEQ ID
(17) g@'éﬁ“@‘ﬁ% henlisbain @iidnamd the L %h%h%é@/ﬂig the amino
(18) amasqugmompﬁsﬁggﬂaw\l@aﬁ?oam@aﬁa tHe Ao Agitkgequence of
ming acid se u nce of SE
() R TR S5 B0 o1
CDRhdhe e ﬁ&@ﬁ?@‘éﬁﬂ%}%@‘%&é@hﬁ&wé@ (613 @Q%@Q@&M@ dnidhrequence of

SEQdmiN@acidasejoRAce of SEQ ID NO: 155 as CL,; (24) an antibody
the ami o acid

| L chaj
0 S T S8 e PR B
sequeges Ppgsidans (3 g)tgﬁ%%my@mﬁmqgﬂmgmeﬂqedfaﬁﬂi@fm%@ntﬁﬂm CH;
(21) mamlbmgz)naﬁr@ﬁg @Iib&Dﬂhkﬁﬂ)éPQIDPrwﬂﬁeﬁhﬁiﬁhﬁr@iﬁiﬁﬁﬁg%@a%ﬂxﬁ%%hd
I comprisli e C n e
Sequ %Iﬁ §§7’ f( 2!3 )ia%rc]) antibo ¥ ody génﬁlprls?ﬁ%%gﬂlﬁ%ﬁﬁﬁgéé ){111(3 ‘A iCH
@bmﬂé ﬁ@@l@ﬂi@wm Noew7gas eCBRintine amrwcammcs@eimem\lo 67 as

CDRS R DO a7l a@qgéaeez@ heauingecid ssavence Rl JERQ L@I&\'s%qnumce of
SEQL}?) %CIPB 9) an antibody comprising the H chain of (28), whereli
H ¢hain h é amino acid sequence of positions 119 to 442 in the

(23) @hﬁw@aéw@é@m@m@ BeSRRIDN (2157 essB thd 30) lmndntihbelymino acid
sequ@@mmmmm rhshainiaf i28) wheeiitheHLehain Papdhmaning ?5%‘1DCL
(24) qieigl 05|t|onstf}1r‘7I %446 %f amino acid sequence of S

3 l’@i‘}lgn St Sigrar therarhHRViAY %wmmamd
Sequwﬁewém PR ID w@eﬁm 35 CDRIcthe @ BIPQ HOINSLQUERTE ;
(25) @f é:}ﬁ@)u% B ﬂsﬁg fﬁpﬁ%hmdom AnipaACc a%%?%&gf SEQID

).an antibody comprising the L chaif of (31),

) BRSBTS g the 1 of (53
(27} an anubody comprising the I 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
CDRI, the amino acid sequence of SEQ 1D NO: 75 as CDR2, 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 the amino acid

sequence of positions 119 to 442 in the amino acid sequence of SEQ ID NO: 157 as CH;

(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 1D NO: 79 as
CDRI, the amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of
SEQ ID NO: 83 as CDR3;
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sequence of positions 109 to 215 in the amino acid sequence of SEQ ID
NO: 159 as CL; (33) an antibody comprising the L chain of (31), wherein
the L chain has the amino acid sequente of positions 107 to 213 in the
amino acid sequence of SEQ ID NO: 20 as CL; 5 (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

(32) GAMRIisIAY dheptishaimem (30 and the) Lahaln o383 )%?ggjg?ﬁ%é{ agid

comprisin the aming acid sequence 0
; BhdaneLs

sequ ec%g g.an H@%alréglavln _

S CHRE BN adit Bif REBCAKERS disRO 08T ER

(33) aminttaciy segpesiog dfe 1EBEQ MNOwE8ram GRRIHEShas BOHRASY acid
sequERBRISNG: e HoehRin Of (36, WhES g&ﬁ@e%%%%é”o?%%@ ?ij;‘gl]#? ; C%I%j Gl

sequence of positions 117 to 440 in the amino acid sequénce o
(34) Rrgniigedycespprisaes the dhebiny EGhbidigeHecrinai{ 637), wherein
(35) tenhtibhdjnchamptixingnia ol atidn s€qoeneeiahposiianssfi 31 446 in the

' i f ID NO, 10 as CH; 15 (40 ntibody
0 B e R S R i BRI o o
(37) 88 aphRdy arenariing ABil sbaliehednsr BEQIDINOISE RS ICORES ERRNO: 85 as
CDRAiRoaagith %ﬂﬂmﬁef%%?i@f}ﬁ @?@@}]ﬁﬁf(ﬁgﬁ_@,@ ﬁa@ Qimﬁlpgﬂddsequence of
SRS )ain o , wherein the L chain has the amino aci

SEQgequehgégggEoﬂS%ns 108 to 214 in the amino acid sequence of SEQ ID
(38) nontibadycemprpingithy 4h aiibo b3 Edrivbstin e dadirhaf (403 mino acid
sequmhemi@dgie;dnmdamaamhﬁ ﬂaf@sﬂil\zﬂﬁﬁﬂé&lﬁ%g%@ﬁ&g 4‘ i)ﬂﬁ%\@ﬁblang}@}l;

' -Amino acid. sequen 120 a ; n antibody .
0 D SRR B Dl s o o
sequeisn pFiBig s ! éHaifdsriede andnh edidcteaincot ¢41)S QI BN @ntibas H;
(40) @@%@;@d@@ﬁiﬁhhgi@??i Q%%irﬁmH@tkﬁ%ﬁ&éé@é&;ﬁé%g%ﬂ%ﬁoggﬁ: 91 as

pcomprising an.H chain hav, 0.aci ence Q _ \NO:

Co g e e Y e b ence o
SEQ ARiND aticeséd@hice of SEQ ID NO: 101 as CDR3; (47) an antibody
(41) sommpiismgdhadhiGhain ot (¢oinwresein (hebdishain has the.aming asid . i

sequ ce.%)f o?ggns %3 t0,436 in the amino acid sequence of SEQ ID
woau 5 0T S0 Y ESh PRI Eah DR{ags, o CL
(42) gorrevidhndbieHnphisinghds thehamind(4¢)dweieguente &f positionsilind46id
sequdchBryRinR ACih $69989GE AL IFRAIDNQI0as S hﬁwt%%%{cu

comprising an L chain having the amino acid sequence of SEQ 1D
(43) Fp RO L PR IR HeI0 BAH LB S BER I e 495 as CDR2
(44) amentiie dyninmacidhgatiaéhckaof of Q) IBdNOe 105hais GORB; 35 (50) an
(45) AniResAGQEIRPRACR bi<ial Of (49) ADAIEN Ihe F (haiy has the
08 to 214 in the amino

b

aminQ acid sequence of positions 1 . cid sequence
(46) 51 SEEPHY RO TESELL Wa(s E S0 O RETE e Af SRAIIBNO: 97 as
CDR {49); whereirn thedqehain dfERQdRNDO%CIH 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 the amino acid
sequence of positions 113 1o 436 in the amino acid sequence of SEQ 1D NO: 165 as CH;
{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;
(49) an antibody comprising an L chain having the amino acid sequence of SEQ 1D NO: 103 as
CDRI, 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 the amino acid
sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 167 as CL;
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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 comprisi@g the H chain of (47) and the L
chain of (50); 5 (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

(51)93@%59)@%%1& Qﬁeeguiya%e@f@%&%ﬁg@&@?}&%%&% .9 fu(xltﬁe

an antibody that binds to same E rotein e ope as
Se@“%’?ﬁ?o%%%wﬁ;% W (19 £d 318 (B 7aRg tsid S&%ﬁ%@%ﬁ%&%ﬁﬁba@w@a
(52) amylmfh(dd:ytm(ﬁﬁ}ls[ﬁhtﬁez ahticaineef (agpmofiany anenaff{gldgy [5], wherein

o S U SRR TR .

Ser at po at positio oslItuon in the

(54) ﬁﬁﬁﬁﬁbgéﬂ %@Féﬂ%é @Fét@al@ %4&)13@5{T¢]1th@%ﬁ@cfdﬁbbr agent of
(55) anyoitedf {3hipr{ohydiereinibe: caee i RBYSANERMS SRS Hi8ns, and/or

inserEANRRASISHRGATSOI0 SFISHE I aﬁmﬁ%fggg@gg%é?a”ggﬁ%gﬁp%?mlbody of

cancer, stomach cancer, ‘cancer,
any C[‘?IIM%(@P] the cancer is primary cancer; [9] the anticancer agent of [7],

(56) wherglivdheteanaelsisoIRlasktiC REAEBFo R L0k 4R 2BTROSY PRSI £ (1) 1o

(55 )an REG protein, and which has cell proliferation inhibitory activity
agamst cells expressing the EREG protein; [11] the antibody of [10],
(57) wherdindne fddl probfedrvdrtinhibitbriod6ivity is cytotoxic activity; [12] the

[6] tirdiRnedyet Bg%htwbﬁﬁ@ B4be QuiPlexXin %Hé/f%ﬁ}é%%@&'m Uik YEEREG protein
antibo gy ¥g11]f elnéhe cytotoxm tivity is CDC activity; 25 [14] the

reco AN B B S FLOT e LT Rl G AL @ Rt Posiion 108, i

the amvw@gammqhef&ﬁ@@mﬁ@u@q 15] The antibody of [ 10], wherein the

[7] ticeAhprahierationiniribitony, I
it roduced fro%ﬁ% %ﬁnt%%odé?/gg ﬂ}/tb'i @o%ﬁ&qgﬁﬁ%}é%& oSf]a ng){ac g@%@gg&ied from

the o 5 N QR BB ARG P B A S B GFAED cancer
and kissentivwdy; [18] an antibody that binds to an EREG protein, wherein any

8]t %ﬁ%ﬁ&%ﬂ&g@ﬁ@éﬁﬁ?%@l@%ﬂe EAmINE SroRceARIsting of a

chemothera eutlcgﬁqt a toxic peptide, and a radioisotdpe is bound to

(9] thi, ankisapesiyresht ygﬁ%‘b&i‘ﬁ&f‘ﬁ?ﬁf SR RIS which is an
[10] amtihiddydpftbatyoofdEl jotor{ FRHIG lowteif] Jead auhiidiotlys cemprigingaiinhibitory

activiD L PRVINGLRS ARRY, %anﬁ@iﬁﬁﬂ@e;é}‘é‘? off. SEQ IDNO: 2as 9 CDRI, the
ing_acid se uence 0 4 as CDR2, and the amino acid
[11] %&f&@ﬁe g3t [10], wherein the cell proliferation mhlbﬂ:ory activity is cytotoxic activity;

[12] the antibody of [1 1] wherein the cytotoxic activity is ADCC activity;

[13] the antibody of [11], wherein the cytotoxic activity is CDC activity;

[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 inhibitory activity is neutralizing
activity;

[16] a minibody produced from the antibody of [10];

[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;

[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
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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 ®O: 8 as CH; 5 (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

CDI@CIfjl@%HHﬁpQﬁ(pgﬁ%g&de}d@E BNEDRL, (El]!ﬁ@nﬂﬁ‘@tﬂg'gn?ﬁg%%ﬂ?g gIlence of
S %5%&8 8? s CDR2, and the amino acid sequence of SE
EQ & %) an antibody comprising the L chain of (4), Whereln the
(2) ah ehtaindhas theraminhakidsequdiics whpogitibasi khiaitoldd Sindinanmiitdsequence
of pc%%é?g#ﬁ{&css@féﬁ&?éaﬁb@a&&% %hé@%%%g’lﬂpﬂ%’ %C’mﬁﬁ'”g the L

chain of (4), wherein the L chain has the amino acid sequence

(3) ap suiipty 197RS19408 Therhbchaitholdbld Ehegunts & ‘é’é@ psNio: azwsaez@ sequence
of piams drhffhodyi€omprisinmshe:id shaienod 61)SEW theNoOchaiaaf g); 15 (8)

4) aﬁ%&(ﬁb@ﬁ%ﬁ g%? IEE[%A; Cﬁ‘é”{z” i Z)aé?{*ﬁ‘?e”éc‘?(}t chain, of Sfﬁj;)@lﬁ'}\xo 12 as
C

antibody com riSin ain of A
nifotRES RPASHE A HOERER A t%%ﬁﬁ@%ﬁ@%m@@ et BE@juence of
SEQIDN@:4% as CORR1, the amino acid sequence of SEQ ID NO: 51 as

t a of SE 53,as DR3 20
(%) agﬁ%aahgtbb%l yI(t:B n?gégl %g Chsﬁl%hm%f%%ml erelr?} He pii%h firt Iﬁ]ﬁlg geq-ueme
of positifis dRittosliliride empwsishscnrenes o4 BHQRP AltinBasi@Eequence
(6) 20fBEHAIPDEY 18 O ni iR AU ARG GREDERING fhe ik Ghalh Ok id sequence

10), w in haln has the amino ac ons 117
of pe e A S PR I RIS 2
(7) aaﬁﬂbb@?ymﬁgmg d H chain ebtiingndhramisioisoid @@quence of SEQ
(8) alNBo SpRsptRiaPR Hheamiiq BcidsegueneaPh 8BS ID NO: 57 as

CDR?2, and the amin eque of NO: 59 as CDR3; (14) an
©) agdp 1&)3 com }iiéq'llﬁ e%d% eilgl‘n é?((%‘ié %%%?eﬁ%%% é)aln has the
(10) amﬁnbb@dwe@@wemgeaaffbohmnrhsxmg tloe 204inin toel angmenaciof SENENAE0: 49 as
CDRQf 8 ehildVeidkehradelor §12) 8D ANy CORIRIISIAG MEAmGRRAR 8 sequence of

SEQ}]% h§ eln(%#gila{ chain has the amino acid 30 sequence of positions
2 mino acid sequence of SEQ ID NO: 20 as CL; (16) an

(11) antiboeydeomprsingettiz H chain of (10) ahd:the thaeHathaof (&3)thelaharn acid
sequ@RiRady SemRrising.the HLhain il 1and &&%ﬁ%@f 1340 (Jr%b Al cH;

antibody comprisin chajn of (12) and the L chain of (15); (19
(12) G bR e Hgﬁ%’g%ﬂﬁﬁ if@twé%m@%a&%a&éﬁé’éem id
sequéBeNG H3iten35l TR the émmmm:mbsbmmmeeafﬁlﬂ) ID NO: 63 @sCH;

(13) Qﬁ%@b@d}%ﬂ?@ﬁﬁﬂ&%ﬁ%%ﬁ%% QhenntPaNPsd ﬁﬁ@ﬁc 5%%1%9} NO: 55 as

20) an antib com rlsmfgsthe H cham of (1 Where
CD d rﬁm@%e sequence o R2 and the amino acid sequence of

SEQ 1D NO: 59 as CDR3;

(14} an antibody comprising the L chain of (13), wherein the L chain has the amino acid
sequencle of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 151 as CL;

(15) an antibody comprising the L chain of (13), 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;

(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 1D NO: 61 as
CDRI, the amino acid sequence of SEQ ID NO: 63 as CDR2, and the amino acid sequence of
SEQ ID NO: 65 as CDR3; |



10

15

20

25

30

sequence of positions 116 to 439 in the amino acid sequence of SEQ ID
NO: 153 as CH; (21) an antibody comprising the H chain of (19), wherein
the H chain has the amino acid sequen8e of positions 117 to 446 in the
amino acid sequence of SEQ ID NO: 10 as CH; 5 (22) an antibody
comprising an L chain having the amino acid sequence of SEQ ID NO: 67
as CDR1, the amino acid sequence of SEQ ID NO: 69 as CDR2, and the

(20) aRuRAREY saapasee ofe ﬁ'%@ﬂl?&ﬁ@ of Las LR (23)AR ﬁé&t@ﬂg%ﬁm acid

sequEQmRN sm the é; w%éq%)fwherelnt e L chain has the amino aci
AR PR A AR TN IS
(21) WM@Q@S@@?H@@@&& @natip odly 160 mpinisirig teH dadirhaf (R2kmino acid

f 1
Seq”?ﬁ%ﬁ%ig‘%?&%ﬁ%*?&ﬁ?ﬁﬁ?ﬁ M PO s

(22) BB AHIRSHY SRBRIEREIAoF E18) LR ihe t@%ﬁ%ﬁ*‘bfﬂ%’z‘&ﬁe@@)%ﬁéﬁﬁ& NO: 67 as
CDRdothprisiiy thed-ahminco bR @D (RO Leehai DIR2.3ud(@i0) amantibiadyquence of

SEQWSWa@@[ﬁk@a'” of (21) and the L chain of (24); 15 (28) an antibody
compr;s ng an H chain having the amino acid sequence of SEQ ID NO: 73

(23) 30 2p9RdY HranRRsRE thad-<bqienteel steren Mo Lrbais b, apidakeid
sequamména poidt segUuéfae Df4SEDd BNE: ATdas GRIR3; (29FanBNIDodys as CL;

(24) &R %}R{E%JHQ é@ﬁﬂl& r?”{hg fL@f?x) i’%@ﬁ(ﬁg eremqgenLh%Sa]IJ? Ea%mlnégaac{%md

sequence of posmo 119 to amino acid sequence o
sequeges Q50s8iens ;| B0te3b)ydn Bistisniy esith ﬁﬁ@ﬂ?@%é%@@aﬁﬁ o289, as CL;
(25) wherdin dye thphaindas telaming @@ﬂaaequemgfnnqsay s 117 to 446

(26) %ﬁ]ﬁ@gg@g g%gliﬁ%l{ﬁgl&ecngE NO: 10 as CH: Sﬁ]ﬁ n antibody

comprlsmg an avin o acl sequence o) Q ID NO: 79

7) a3 apthRevtherar i BbRIE am’é(%ﬂeedgtm N1 dBDR2, and the
(28) aﬁruﬂ@badlﬂcsﬁqt u@al_ hﬁgzﬁf?&%ﬁ&%g&ﬁe%ﬁ%d&&ﬁ@ﬁ&%@@@@% NO: 73 as
ompr chain o amino ac
CDRY, gfe%%g% f)lgssiﬁ ““%8%5% amlnc??aé% al}%ﬁég%’l”é‘ﬁé jpsuence of
SEQ NON{BEG A8tPR33) an antibody comprising the L chain of (31), wherein

29 &h%ﬁx@bamdaaﬁatm:@%@Q{Q@i&in&ﬁt{%m%h%mﬁ%ﬁ@ﬁ%ﬁ% 248 RS acid
min amdtseq 5"%5"&?1[23 D NO: 20 s CL;

>eduCo ompri mglt(ﬁns chain 6f {285 Shdthé cﬁaﬁﬂe&gfﬁ) %@ %%3\@; LnliBdbaY:
(30) eamb@mg%emmnamﬁ(zbaram (A& LvdivairirothsH) ¢ hé36 hanthatibodly acid

sequERABFISING iR Hl@'i@'«m@flﬁa@: AR e hachRiRAEEIs £37 i tiRoen:
aci seguence of SEQ ID NO: 85

com an H chaln amln
) R A SO o St DA BT B RO 79 s
CDRérﬁhﬁ’(ﬁm %Gi@ﬂ@émfb @E@@N@%@ lassCIIR3;, 36d(88) aniantibddyquence of
SEQ ¢grmisgggagl'@mk§hain of (37) Wherein the H chain has the amino acid
(32) Eelé sttlons 11)€7ir(f in_the amino acid sequence of SEQ ID

fff’%é%fj |8 &y doRiisHEingn L F\lé‘ﬁal?ﬁsdflﬁﬁ?m acid
sequanheﬁémqhemw rohaSthetiaanimanacidid sequence of SEQ ID NO: 159 as CL;

(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);

(37) an antibody comprising an H chain having the amino acid sequence of SEQ ID NQ: 85 as
CDRI, the 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 the amino acid

sequence of positions 117 to 440 in the amino acid sequence of SEQ ID NO: 161 as CH:
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sequence of positions 117 to 446 in the amino acid sequence of SEQ ID
NO: 10 as CH; (40) an antibody comprising an L chain having the amino
acid sequence of SEQ ID NO: 91 as COR1, the amino acid sequence of
SEQ ID NO: 93 as CDR2, and the amino acid sequence of 5 SEQ ID NO:
95 as CDR3; (41) an antibody comprising the L chain of (40), wherein the
L chain has the amino acid sequence of positions 108 to 214 in the amino

(39) asiehsRaUonCeBlSELIP ING 163:35 G Lu HAL ARAALRRGY ERMRNSINGG acid
the L ?ham of (gfpé),iw ﬁgln tﬁe L chain has the amino acid s%cll)Jence of
SeqUSI 1078 P13 e b BTRRS FeE  S B DN 28k €
(40) 20 @uBhedy antitpdjneom pridiag ther i chirinwid3 ) idnddhetedTIRQNE®)O: 91 as
rf4)ha ' isi i hain.of (41);
e oo B0 20 MR e
SEQ( }Eﬁ? t%ogé%éinprising an H chain having the amino acid sequence
(41) of SEOJDyNOnETsas; GORthtte aniiy, adidisagiienceaiSEQu NuaPid
, i i .of 15 SE dQ-as GDR3,
oS SR BRI BRI
(42) fier g RSB PEBGe e GHRBSIdAS N Thescisthmltkbaiminvtheiinino acid
sequesgUeiees DicGE (D TRoND3 k6hesHih; aéérl]sxa@aﬂ@@@_gsmmm&m%m dL;
: in the in the ami cid s nce o
> S PR R P DA Sa ST
(44) npndibedy ameiitipe dedd sipirini( 3 rrshiin habmy ehéldinino acid
(45) sequebeayafoBipRsiBNQ 1108850 COR aHegmingAsidrsagyence of SEQ

' DR2, and the.amino acid sequence, of SEQ ID - 107
0 4 M 0, AT S SRS Sl o: o7 s
CDRAp s frastheacithirioensiel 058§ HoN8d 5sitidnB ROl 2icteimithvesaithiswauence of
SEQatidNsequEnge@bBEQ ID NO: 167 as CL; 25 (51) an antibody comprising

hain of (49), in the L chain has th ' id  of |
o USRS i o0 s e et
sequeney abpaptisedy Ebphsiny theermiohairibi¢daraad 1HED ¢RaNoflE)s CH;
(48) £53napARtRaL RABRASNG AR Httq?@bp Whétkih adrng 4 LRANR A2 acid
sequ {5@% 8 %Qt{%%d% pomprisin: “he H.chain lafkjof (48%{;ndﬁ}he¢ cha!n Qfl 51);030.
B5) G antibody comprising ond BB SrHERaL stiddidniRs 10 as CH:
(49) gersideslyadioissamuloehiisdwicng ihethenantibodyeghanye aff (@IGHO: 103 as
CDRWhish haseatiyalentActivity B ﬂ?ﬁ@@t'@@gﬁgtﬁﬁﬁ,%fn@?h@a@ﬂ)?b%%jg g(?luence of

tibody that bi to the same EREG protein epitope as the ant
SEQ Zﬁyﬁo%)(f)b?oas(ég%?énd 35 (57) a minibody of the antibody of any of (1) to

(50) y8@ntibolye mptisodytisf hojome HEE0ec|20], tivhErdinitheamibotiio acid
sequéREOBNIZRTHIA %Q%ﬁmg%%n{%%ﬁ%@ﬂﬁ@iﬁ@ Q?sﬁfb\fﬂ RP9EHA0 or,

63 to Len at position 108, in the aming acid sequence of
(51) an antibody comprising the L cham 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 1. 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 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) aminibody of the antibody of any of (1) to (56);

[20] the antibody of any one of [10] to [20], wherein the antibody recognizes Ala at position 29
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SEQ ID NO: 21; [21 ] use of an EREG protein or an EREG mRNA, or

both, as a cancer diagnostic marker; [22] a method for diagnosis of

cancer, comprising combining an EREG2protein with an antibody 5 that

binds to the EREG protein; [23] a method for diagnosis of cancer,

comprising the steps of. (a) collecting a sample from a subject; and (b)

detecting an EREG protein contained in the collected sample using an
to SRR A RIBASIL.BEFRE G RGN L0 kel 2 mg,tmgl%%mgaalgequeme of
SE oi C‘%@% comprising thg steps of. (_1) administering to a su ject a

Qr ‘8. (o] 'pe-labeled antibody that binds to an EREG protein; and (2)

[21] aetedtmgBEREGnputation oindeRE (adidisotopebi2b] ibe matbodigidiagnesiser:

f ' P pOsit ittin ide: [26] th :
2B R 88 R T SRy n oy
that Wgﬁﬁﬂﬁ’c‘imem_?t%%é’l%ﬁ?é‘ﬂ from the group consisting of 11C, 13 N, 150,

(23] 18 tH6T fobAGANGACH] Gfica, ERGRITABIEHEps end 7241; [27] a
(a) cmﬁﬂlﬁ,e%%m ar?r%@hgéég%%graggmpnsmg detecting the expression of a

gene encod ‘ rotein; [28] the method of diagnosis of any one
() dstqzinagn2 rerEained st bihgdlented sendtas oefrontitively that binds to

the HR®ppeotisisting of colon cancer, lung adenocarcinoma, pancreatic

r ] cancer, and kidney. cancer; [29] the method of diagnosis | .
4 Y Ry o AR 1 8 Subject o
radiggsaipnpssiabstqd sptipéraimthindaiven ERfsiaveocant ) Bidang accumulation of
said eid@iagtigagent for use in a method for diagnosis of cancer, which

mprises ap antibod at pinds tp an EREG protein; [32] a kit for use

25 R R o BB R e S g e pocice;
[26] Bigasetbodn EREBED protéi?, Shnehatsiol Jui calssaemptersnyprisitigeain EREGe nuclide
selecp@teinn 3] @insthedighscgening foraandidate Compagndas,ceneersy, Y71,
and mlgrapeutic agent, which comprises the steps of: 30 (15 contacting

EREG-expressing cells with a test compound; (2) measuring the EREG
[27] exprdusidardiagripsihe IRRES erpredsing Guksiiagth3petssiingfia gene encoding an
ERECPPORUNd that lowers the EREG expression level compared to a control

s a_candidate therapeutic agent ancer;.[34] the method of [33],
28] s RS S G i Ot R G SF gy selcted
frompERE@ proteirsissogeté colvocarsuituke gadennatacitid85] pamethtd @ficer, stomach

cancSCTERNIGLIQr @ sapdidate compound as cancer therapeutic agent, which

3 comprises, the steps.of: ,
[29] ghe me‘mgé o? dxagnoszespof ?58], wherein the cancer is primary cancer;

[30] the method of diagnosis of [28], wherein the cancer is metastatic cancer;

[31] a diagnostic agent for use in a method for diagnosis of cancer, which comprises an antibody
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:

(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
EREG protein secreted into-a culture supernatant;

[35] a method of screening for a candidate compound as cancer therapeutic agent, which
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(1) culturing cells that proliferate in an EREG-dependent manner, in the
presence of EREG and a test compound; (2) measuring the cell
proliferation level; and 5 (3) selecting aiest compound that suppresses
cell proliferation compared to a control as a candidate therapeutic agent
for cancer. [Effects of the Invention] The EREG gene expression was
confirmed to be significantly elevated in cancer cells 10 based on gene

Comwéag%cfl{g{@)yss of various cancer tissues and cancer cell lines. On the

other hand, the EREG expression is very low in normal cells. Therefore,
(1) ez elisd il REATRpEC e mERET 1oFRcarER! BeRsthol. thhereyeaes,aé EREG and a
test effigeiioidanti-EREG antibodies against EREG-expressing cells was
) Ig&gﬁ{mg%@cm%%@ﬁgﬁym%% ,rﬁn\@/hile the EREG expression is very low

[ I cells, i ’

in normal cells, it 15 Is elevated'in cancer cells. This supports the
(3) splseunsinye soEmBId dBAL SyBBRESES s tbRIe iffsetien GRipersBta Asgnirol as a
candidutz, flosrgxaniplexddy fadministering an anti-EREG antibody. Furthermore,

in the present invention, it was confirmed that EREG-dependent cell

proliferation is neutralized by anti-EREG antibodies. Therefore, in a
[Effesterd erilargBEamhent, in addition to the cytotoxic effect, anti-EREG

antiipgelieR Brhildh e RERSSRH W@Jit%ﬁﬂii@fﬁb@)(ozge?%ﬁﬁﬂéjﬂg/@%?éh in cancer cells

t

roliferation effect of EFEG. Brief Description of the Drawin

ig. 1
s eIt o L BRI AR RG] SRLTbE R Eancg the ot

- handyjday BB EGramssion disindivate sohaadigridd.intEhsitfort PrBibeS Bruseful as a

spec#RIMOK @t ddd a3t dda RS intensity is relative to the mean value of the .
expression scores.of all the. on GeneChip. U1l hich was sef to
1oo’.ieﬁﬂ.géygo§ A e R Gl e A

confmped /e thsapresdstiitlieatios.thébighabint@idiyespRrsbe IDv@§IF67inatormal cells, it

is eldvirel i3SI IRtensit i@[@&qy%é%i%ﬁlﬁ}ﬁﬁ%ﬁ%&gﬁg@gﬁ%ﬁ%ﬁ%toxic

cores.of all the genes on.GeneChi (

et T R SRR S AR B AR SREN & ABSHIERES anibods:

EREGtb®wals inythfouesytbmetnyioTihié wertical s ddindiREhelgadhdent cell
proliftHPBA{HarescRalKPMIN ERIGIRNANZON P RXISIRAIGAES MR8 red embodiment, in

dd.tf.luorescence mten%sj#ge/ value._% sh'%wg‘the, binding of gntll-ERE_G .

additiRB 1O S AT Ao BES 't BT HUIBATSS tiliis - Riehise!byrabiration by
neutieyingetny Fhepvelifesit mxis ifedicat€R i@ cell number (fluorescent count),

and the horizontal axis indicates the fluorescence intensity value. 14 Fig.

Bri shows the CDC activity of anti-EREG monoclonal antibodies against the
—fé%%%%%%ﬂe K . The vertical axis indicates the chromium

releBige rate 6 rhad theo hBREGhtaRdvdstiadicaigsthe naanewtaniitbeincer tissues.
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 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
to 100,

Fig. 3 shows the binding of anti-EREG monoclonal antibodies to EREG-DG cells by
flow 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 DLD1 colon
cancer cell line by flow cytometry.  The vertical axis indicates the cell number (fluorescent

count), and the horizontal axis indicates the fluorescence intensity value.
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Fig. 6 shows the ADCC activity of anti-EREG monoclonal antibodies
against the DLD 1 5 colon cancer cell line. The vertical axis indicates the
chromium release rate (%), and the hd#dzontal axis indicates the name of
antibody. Fig. 7 shows the dependence of proliferation of EGFR-BAF cells
on human EREG. The vertical axis indicates the absorbance at 450 nm
(reference wavelength of 655 nm), and the horizontal axis indicates the

ER'%?g.cf@El?&%ra{éf’@ﬁﬂ%m!vkt}%a%w%ﬁﬁ@”&x&%ﬁc‘?&&?%ﬂ]ﬁﬁg&&gﬁa@éz the DLD1

proliferation of the AsSPCL1. pancreatic cancer cell line on human
colonfancet ekl intis indicArEEIMe B BAkRS At S5ty M arsescdate (%), and the
horiavaraélengthdofa @5 Bhemynansk tigibatizontal axis indicates the EREG
congentealian MM G A5 X%Saﬁ%%g%’ ndence ofprouteration ofe e bLb1
DLDI ¢olon cancer cell line on human e vertical axis indicates

cologtangse spildinG atldsyaicplerschdicnay diesbmsimg gssamie &d gnsl the
horiAeriderisalakisisditatemibe £REL Goncentration (ng/mL). Fig. 10 shows

the peutyalizin tiyity of anti-human.EREG opal.antibodies in
e e A e e e e GV by iaien EREG
The yaBsaisaicindicaisehanbisbyneent ditratpivefosoraneadtitaid ofhfrdim), and the
horiZb@RYex BnedibefonzaRa @xisningicaies the/anyibody cohncentration
(o/ml). 20.Fig. 11 shows.the neutralizing.activity of apfi-human EREG ,
ot th el SRS Kepa g AR R ner cell Tine on
humare kB axid mdiedied thdsdalliprsiifdratibrorhtactaistibancéefteach wavelength of

655 @nfikedweonsanialioN absabARC e o tRE G RNAL YL PR AR the

horizontal axis indicates the antjbody concentration_(g/mL). Fig."12 shows
the%}i%‘ ng %‘?’%Qi‘r%%e% cﬁ%ﬁ?fﬁg&égf&ﬁ%ﬂm&fa}ﬁsg?ﬁﬁﬂuf@&oﬁfaggef cell line on
humigdiftiifing e sediteherinindhicibiahegionrierERE G Wignl Gehews:thavelength of
655 lﬁ«g@%d@Q@ﬁ&}&@%}?l&)@i@ﬁ%@@@%@!@!@@i%@@&i@%&?g@rﬁﬁ" lines.
FlgF14 LE}OS}‘VS th&?lndl? of the chimeric antibodies to EREG o
ot Lo LR SHEE e FLUHY 51 EBHTQAIHG Ik uateri gpfiatibodics in
EGIEGPR relleptorlisyv@0aacombinbirdtsottible: B REoGfanddmGhte Fifjsdibance at each

anti i SultHy I indi
S S R

A E%é@@ﬁ“?eceptor activation by coculturing cells forcedly
expressinghEREG: andrslipipession vt fhist ablivetioA y@nibiRbGal antibodies in

the ARPHROHIRS 3R Figh LS é&lpmﬁh%eti}é?ﬂ&ﬂ gi(ébﬁigxgaﬁg [RE g&ﬁ%rcﬁ%{geﬁagpn rate

c_ﬁcul uring DLD-1 cells, and suppression of this activation b){ a
(absos R S AHNIREY cBCHIaHencHs R the RheRtiBrnEPine | 48Riniand the
horizBRE G ditdinabys shndiibh Iyl dSBcusingatisAREG antibodies. Fig. 20

showys the deswlt b ITmANeSIRAG IR AN AN SRES Mmovse.menasional

identifying the sequence of variable region, to EREG.

Fig. 13 shows the ADCC-inducing activity of chimeric antibodies against cancer cell
lines.

Fig. 14 shows the binding of the chimeric antibodies to EREG orthologues.

Fig. 15 shows the result of comparing the activation of the EGFR receptor by
recombinant soluble EREG and EGE

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.

Fig. 18 shows the activation of the EGFR receptor by coculturing DLD-1 cells, and
suppression of this activation by addition of anti-EREG antibodies.
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antibody (EP27). 5 Fig. 21-1 shows the results of sandwich ELISA for

antigenic proteins using mouse anti-EREG antibodies and human

chimeric anti-EREG antibodies. Fig. 2143 is the continuation of Fig. 22-1.

Fig. 21-3 is the continuation of Fig. 22-2. Fig. 22 shows the result which

was derived from the sandwich ELISA data, by 10 clustering analysis of

the antibody binding fingerprints. Mode for Carrying Out the Invention
—REG9 MERIRNRROHDA SRR @RI BERE R dIR A5 A using
. %%éequ_ nce and its encoding gene sequence are disclosed In

antl, R %‘%8§sion Number NP_001423 (SEQ 15 ID NO: 22) and NM

001432 [SER B MexeRll), ¢éapantivelyimihe fresentimrpioRotRe monoclonal
antifoRFEPEgiein refers to both the full-length protein and fragments thereof.
"Fragments’ refers to polypeptides comprising any region of the EREG
protgiﬁ; ahid ey hotesalthetrandivi bl ha A i palgste paHIE REG mouse
anti-pivEGanflidbed beingtimitedithetetaraneramplenefifhe fragmentsis a

frag ( Ising the extracellular region of the EREG protein.

Posﬁ%gi?g g%r%%ﬂt%c%%ﬁﬁ%ge“a"rﬁ{# s sequence of SEQ ID NO: 22

corrBiparlPié the earaeenome fdiorR b the EREG protein. Positions 123

to 18@inthe:emite Q@d}ﬁ&%&kﬁﬂ%m@ﬁ@l @o'ﬂ@h@?arfé@ﬁ{&%ﬂ%@mﬁi‘ﬂ& by

embrane.region. In the present invention, it was shown by analyses
Cius%f}ggr%gﬁﬁggsrﬁpfég%%%} 8§Hcemr ceft ?I]in e@ﬁ%ﬁhe EREG geneis highly and
frequently expressed in primary colon cancer, metastatic 25 colon cancer,

Modiifg adergearringi@ i Ranereatic cancer, stomach cancer, and kidney

cang Esllsjgsmgugtherr%ore,dit Was alglP shovsi? that EREG protein was
highly expressed in cancer cell TS (e 18! 1 EREE HPotetfF iiarafid sequence
and iseaciidgaie sedrcaciarcditcdos@idteCioB oilEREGIemdlexpressiom (023 (SEQ

ID NO1he)pres’M inveatons Methedgyor diaggasing.FANCh ¢RPRNSE NS5, the
ERE d% %Ctlp% tp%%g“%%‘l% gé(gtress(l)(%n. In one embadiment of tpe .

MEtods Of the prasen (SR HREC U PRSI B R B roteir! Tagments” refers
to podereptisds et isieseny ivgantioh|uf@diGpinctigesdumytiatiievantt function of
the n@H@litBfivedatastionr G xamples Q{/mﬁﬂ%ﬁ@'ﬂﬁl%?ﬁ&%‘@%ﬁ%ﬁ%ﬁg% of the

f foll ,winggeasurements:.BS easurement only for the presence or N

AETIREALE O R R R BRI S HatrER e Lt ek G PHYeime Positions 29
to 1ERE@@mmiemaréd)sesmwbd\féi@d@tﬁm:@mqunm@ndm teaastiemeiat region of
the HRBEPIRATES FagiameYnL qh they %B@ﬁéﬁaﬁ{&@'&m'ga({@a&%f?qtgﬁpsmEﬁ?zz

xample, a control sample). On the other hand, examples o

(for
Coméa%lﬁ itRHH0E TR IARR /& Mieasurement of the EREG protein
conbetitegtiosgnamd enciasuremeantoftheamatyit ob il RE G apdéeiadbeancer cell

iinesgﬁatgs'gif@ efibg Hfgﬁ%@%ﬁﬁ%ﬂtﬁ g}@%&%ﬁ“&%{?ﬁgﬂw J:toqgnacsalloc%g metastatic
colon cancet, 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 1s, the EREG protein is useful as a diagnostic marker for cancer.

Detection of EREG gene expression

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;
measurement only for the presence or absence of the EREG protein;

measurement to see whether or not the EREG protein is present above a certain amount; and
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samples that may contain an EREG protein. Specifically, samples

collected from the body of organisms such as mammals are preferred.

Samples collected from humans are maéfe preferred. Specific examples of

the test samples include blood, interstitial fluid, plasma, extravascular

fluid, cerebrospinal fluid, synovial fluid, pleural fluid, serum, lymphatic

fluid, saliva, and urine. 10 Preferred samples are blood samples. Blood
mea SATHNAS telbaamesy Me PRSMA, MG Yaadn Rithese 8180t samples (for
exan%ﬁg]%%s er um| referred. Test samples obtained from samples such

immo Pzedng) cimens of tissue or cells collected from the body of an

orgdisiie aﬁh@rd”@ﬁl@mw@pktsl afianaatétztiso dettatie i théctestsamples of the
ERECf feiaresaiveinvaiionnd %&ﬁﬂ@ﬁ{é}ﬁeﬁkﬁéeﬁ{?ﬂ'&ﬂﬁmﬂe@ﬁ% Qé%%&ﬂt
p

inv n arelnot fO%rtICU|aI’|¥ limited and 15 m ny cancer. Specific

exameﬁ?essaﬁn Clids E5iEREEn ’@Weﬁfé%ﬁsf’t'ﬁt?&%&@?{'%ﬁ?a%m@ as long as they are
sampigieiiet apeinomajpembiRBlicpeatder, Speatatbgreenaaddidoey tanceic body of
orgatisihe sﬂﬁ%sﬁ%a'ﬂ%\ﬁ%? QFy BRI PEMary, AR MEIASLAtE 485 %Bmgl’?'seare more preferred.

SpecSANCErS nosed. Primary colon cancer, metastatic colon

D ERT TS LA L RIS o o e SRR o e ascular fuid
Cerebnwnmirﬂuz@ lsytheiprfsahtptaeatitnidancen, |$5dgtbmedlmhel§‘aﬁmaEBEGrme
Pref&f@&%@n’ﬁl‘é?tﬁgtﬁﬂdﬁ ?a{f?ﬁfesganﬁ?&%d\é Eﬂ%qﬁgfﬁ e Mgngino 4 le blood.

protein detected in a test samp I larger tha ina negat

O“h&ﬁﬁ %Oé’r SR RHPTHEN RIS d ST Wﬁa‘f‘?ﬁé@dtﬁ‘@@? AeSan e as
immobpiiszad kighinskhob Hedng affectocwikiv cantem thheotitv@anThabkissthend cell culture

soluRIRSROLY ENIANEIAIRS 8 UaihRdy E%@'g SRIDg:RRRgSh which comprise

the steps of: 25 (1) detecting t ression in a |olog|cal sample
collddeePRei &‘%ﬁ%}j%é‘fa&%e‘% Yadherminsig iRstHensuBjBet hasedadalimited and
may ﬁma&ﬁ@@cwprsgmmﬁ;ﬂe@msm(aamm@mf thanstha eb _comitRl lung

aden&mgm% \4@9@%&%@ 589}58!1' des anegalve controlanda

. iological sample from a indivi ué’l R nega?X/e CShtrol cafn
mvel%%&%émléﬁl’fé@ﬁﬁ‘g“tﬁﬁﬁ@i& aga iblaeseITRESH praeihgifmivsddalsP emdry colon
cancenixpgiheibieitgicahsample s At RAGEI[AT TREpERERA¥HRISIMINAthe present
invefi9prol can be detected together with the EREG expression in the

biological sample of a subject. Alternatively, the EREG expression in

biol By B8 SaTAE| &5 BRtAANSAREATSy St oty AN CanEBE Gepeeteid i detected in a test

sampa@ivam,easpebﬁisaa@tﬂmm@xﬂr@ﬁ@d@? ﬂ@/ﬁh}ﬂ@%ﬁﬂ%‘ &@tg&é@lﬁ Q%blt lg@mple is Iarger
er tistica eCl r.exa et ean va
e e Al 2 SR ol v RS SR R o oo

oris %Méiﬁ%@é %%éf&awdﬂ@m@wrmhgt@m 80Bkabfshidchprsitbyt invention

relatd@%Wﬁ%iﬁlﬁiﬁf@ﬂ&ﬂf@ﬁ;r?géﬁ@&d@fﬂcﬁ%ﬁ%@ﬂéﬁlpﬁéz offom the mean
f the health mdn{lduaIIT are |th e3 xdls_:’%%ndard

(1} de eé{mt%trﬁe O%]etsﬁion 117 a bl Qi tsgm B é&%}ﬁggsf’gﬂ

€ meanva
2) dm@mdbmﬁbp cabitss Berepmiped dmmm@@ssméemmdmmp (1) is higher
than aRettingrgharacteristic (ROC) curve is a graph with detection sensitivity

on l5 Tttﬂte v%gté%?l aX|st anoMaIse ositiv C[ate (i.e., "1.-specificity") on the
horigoh (T ¥Raton, the control meludes a negative control and'a biological sample

from a healthy u%)l(xlidual A negative control can be obtained by collecting biological samples
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
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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present invention, an ROC curve can be obtained by plotting the changes
of sensitivity to false positive rate, as a result of continuously varying the
standard values for determining the EREG expression level in a biological
sample. The "standard value" used for obtaining an ROC curve is a
numerical value temporarily 10 used for statistical analysis. In general,
"standard values" for obtaining an ROC curve are continuously varied

fromWiiRea 2RGR thad 00vers all selggiahiasiandard.values: Fenexampls. d&ation

g D3 %ndar values can be varied between the minimum and maximum
( GBL1F EREE Wi¥asured in the population analyzed. Based on the
ROG ltunaéiotitaithe d; REdhdapkveituek thhihoae @xpelated o déedehibed using an ROC

curvélesigd.diod %ﬁ&ﬁ%ﬁﬂ%@é}ka@%@@@r&ﬁ%& ?snatéq‘ ?}V %Eﬁqie%t&%%ag nsitivity on

values that ar f determined by an ROC Curve or such are a
the veriead axis, %ﬁrff\fa EFeBOSiHVgtéaﬁff(@) of tﬂle@%ﬁ%ﬁe%émb@@ Betaprial axis. To the
presaéteetionobase ® 64 @uhcaa‘fcvalbmebtm&%ﬁ61@%@{@5&@&@@@&5@@3&&3&1&% to false

posngé ﬁté:%@zp?erﬁgt@f%%% WQ&# ﬁ%cg%c%rg glf(l% r%E rminin ‘{he EREG

expression.in step (1) than the” cut 2l mhaass dotechion of taimia
e"pl‘?ﬁ%oé’tﬂﬁ‘@ét%blﬁlﬂﬁcﬁ}éém%vennon the EREG expression level can

be déierminddriy dny metdek dﬂk@[&ﬁ@@mm&hﬁ% BEREGRIGSIHAR temporarily

I ine uag ount.of EREG mR
ot BSOS UGS S SRR .
Comlaws}alm%ﬂﬁeﬁze@mﬁm@%ﬁw@eRe@pa&éﬁk@meé@ed@rmmé@by ter example, the

standardtholdssdeadsioed bé it Alteip ativabuana L an evaluata the 6?|EREG measured m

i He tiQ dﬁ,1 cing activity as a biological activity of 25 EREG, using
© pggﬁ %oslgli roliferation is induced in an EREG-dependent manner.

Subjeeed inthe BraSentriviveliasiednaynstdnyelisinibispeciesctiied expigdshe desired
deteo@ﬁ&é@ﬁﬁn@t@ﬁ@!@ aﬁﬁfrﬁ?ﬂ%ﬁﬁ@e %%&Yeﬂonﬁ‘dﬁaﬁi’dmﬁm gt SHER ASstically

mon sheep mic and hamsters are known
deten&lﬁ?e Il}egé bro et ue:re oFé, 1 é’sﬁe iR e S e th fﬁeﬂwéc))()fthe above

methgdpidansetidetpetion hersdention: - bjdets, mmgaam@nmm@@mn step (1) is
com;ﬁﬁ@mrﬂﬁf‘@ﬁqm&é“ att ey Qi RUIS L WRBBFRIGNUMALINRALLS Y$Ehan the

gs a,subject, the E roteln for the |maI species is detected.
cut-o r ré

e eur?e eemrﬁbdg dimients Cgrdf%é}ﬁ%?f d%ethods of the present invention

inclhuélﬁmwgwmw@;éh@l B Ros i tetstonipride thd stépcoiieté bynmy method.
Mor %&Bﬁﬁi?rﬂi@@l@f@eﬁﬁgﬁfbﬁﬁe%mgﬁ zed HssueQ %9@@@9%%@%%%%{ of

ffected wit remention ncer..35 Furthermore, othe

EREG R B L o S R oA T IR 6L MG RBBELG protein. The
amOlE@l‘ﬁpElBﬂ@ e shepdi-ddtectingate bae maderhBREGH dteimérhthis bisodbed herein,
AlterHM?@er ficular cgﬁeepﬁﬁl%%@mtcﬁ%égé?ﬁg%%ﬁg%;%{%@tﬁéé%%?((?:1% r% %?g?ngg act:vﬁy of

n05|s comprises

o el et e s A A

for Hebeatingnthe EREG preteimoansaibedrin antiestispoyite dre agiress an EREG

proteﬁ?rt'% %%&?@%ﬂa&ﬂnm”ﬂuﬂ%)%ﬁﬂlﬁ&%@%@ﬁ@@‘iﬁ&ﬁé@ é?ﬁ 55% mice, dogs,

anti ody for detection is preferred. 5 The immunologica
cats, hprsters f1R kgen to express EREG protein.  Therefore, these ammals are included

in the subjects of the present invention.  Subjects that are particularly preferred are humans.
As a matter of course, when a non-human animal is used as a subject, the EREG protein for the
animal species is detected.

Preferred embodiments of the diagnostic methods of the present invention include
methods of cancer diagnosis that comprise the step of detecting an EREG protein on a section of
immobilized tissue or cells obtained from a patient affected with an aforementioned cancer.
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
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radioimmunoassay (RIA); enzyme immunoassay (EIA); fluorescence
immunoassay (FIA); luminescence immunoassay (LIA); 10
immunoprecipitation (IP); turbidimetriciinmunoassay (TIA); Western
blotting (WB); immunohistochemical staining (IHC); and single radial
immunodiffusion (SRID). 15 Of the above techniques, enzyme
immunoassay is a preferred immunological assay. More specifically,

inverftidgy @ETBlﬁlﬁglwﬂ'ﬂ}éﬂﬂﬁp@@%&?ﬁ&%’s’??@f%@;ﬁﬁ%@grﬁg %@\émgetect' ga

immunoassay. An embodiment of EL s, fore e, sandwich ELISA
fragmgl CoBU L e R oRERS AIHAR BRSEEA LB MBEESLRY s ¢t gpethe blood.
methetisokndwnitethinge eiilREMptiveiatoRthihbe folawingmethod istfedrticularly
limit%anﬂqmggga? E{J@t‘fl&%ﬁ@e@@ daﬁ]ﬁgﬁj—m afls EI}R % pd%{gc'ggg){s preferred.
tibody ilize t

After an antl-EREG an IS Immob onto a support, the support IS
The piguiasicilonshorsdpacIYIAdISE 153¥6Rsins to the support. For

radiogxamplaskovirésserum albumin (BSA), gelatin, or albumin is used for
enzy @%&%hg?%@%bﬁ thods for binding antibodies to a support are known.
or example, thetic resins such as polystyrene resins 25 physically
fluorgseenps ERTHEERSS2A(IdMktively, antibodies may be chemically bound to a
lumiseHepatt imiewmbighaRuctional groups are introduced. Bifunctional linkers
—ly %%juﬁ%g(}oéfy}d antibodies chemically. Then, a test sample is added
10 the sBpporFf i incubation. During the incubation, the anti-EREG
turbidinrbieisB GRS S/ thd Alipport bind with the EREG protein in the test
Westsapie:is0 (Suwgequently, EREG bound to the support via the anti-EREG

.___antibody,is detected.. Pri _detection of EREG bound to the support, the
lmm%boglﬁ%tﬁxr%%ny}l o %ggh%aégﬁé“&und to the support may be detected,

singl¢opdivd mmpieinesi i sisrecORdPantibody that recognizes EREG. The second
antinpehe G RertReigebyY @Hz?ﬂ@%ﬂﬂu%ﬁ%%%nﬁea piemnalivelutfogical assay.
Mor sSece%rilg gﬁﬁt’lb‘%%% can he 4abe ed mdlls[)ectly bgglé@ggé%rjrd ant%qug
SBEGHGAN SAHEE T FELBY SR HhE 438 bRy REed enzyme
immuyesstiied doosebidenEREGIPrdleinsinfer testrspimpiendavichEHieSacted by
abovOiatvelar-auaiatiyely Gelacling Re:EREG RIS BOVAIA ID%hose skilled in

h anti-EREG antibody on 19 the support. Several specific examples are
© 2)rther described below. In the present invention, the following materials
mayl be folilized @seisuppofoteximmiobiizeram@ntickREG aetiaabyiat uses an

anti- SRR RO SACERBF e S AGHPEEA CEINSSE AR BHER RSN .?)011, the support

. resins: silicon resin, polystyrene resin, polyacrylamide resin, nylon'resin,
15 blo&ed to avo1dn n0n~spe€1ﬁ¥ b%{admg of pmtg}nsyto the support. For f):/xampie, bovine serum

albumin (BSA), gelatin, or albumin is used for blocking.  Various methods for binding
antibodies to a support are known. For example, synthetic resins such as polystyrene resins
physically adsorb antibodies. ~Alternatively, antibodies may be chemically bound to a support
into which functional groups are introduced.  Bifunctional linkers can be used to bind
antibodies chemically.

Then, a test sample is added to the support for incubation. During the incubation, the
anti-EREG antibodies bound to the support bind with the EREG protein in the test sample.
Subsequently, EREG bound to the support via the anti-EREG antibody is detected.  Prior to
detection of EREG bound to the support, the support may be washed. EREG bound to the
support may be detected, for example, using a second antibody that recognizes EREG.  The
second antibody can be labeled with a labeling substance.  Alternatively, the second antibody
can be labeled indirectly by using a third antibody (secondary antibody) that recognizes the
second antibody.  As described above, the EREG protein in a test sample can be detected by
qualitatively or quantitatively detecting the EREG protein bound to the anti-EREG antibody on
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polycarbonate resin, and such; and insoluble support such as glass. Such
a support is used in the form of beads or plates. In the case of beads, a
column or the like filled with beads carl e used. In the case of a plate, a
multi-well plate (96-well 10 multi-well plate, or such), or a biosensor chip
can be used. For binding an anti-EREG antibody to a support, an
anti-EREG antibody can be bound to a support by commonly used
the sTRRAS SUch PR ENBENSALDAACIRG faF ALY gical Bd3emsign. Commercially
available supports can be suitably used. Bindjng of an anti-EREG
anti bH}?ﬂ&f%ﬁﬁwﬁ%ﬁm@“ﬁ @%%%%Wﬁéff&m@a W7 AL ARt Spport to
immekdmphe, phbEptiHbe:bubiety Tris buffer, citric acid buffer, borate buffer,
insol%fpggﬁ@acgﬂlg‘?ﬁegra%‘d%& éé%%?é gﬁ% Iggéi@r Furthermore, incubation

can be Suitably carried out using commonly used conditions, such as
SynthREE BEtBh SR AT et RS BETREEN R ARATOMH IS et RTIeN&F e to
polv&dthouts rSinland ascthekinding between the EREG protein and

insold f&-gﬁcﬁ%%gggg%}i% ot interrupted, anything can be used for washing
~ after incubation, and 20 for example, a buffer containing a surfactant such '

as TWeRA sBeithsedinsaesitanty hewds 4 Mrtchetho thorawmeéhsadana column or
the HEREE drottibdadhepigsendinvantiancacony glaanpiicanne suaywell

) in_ addition to_the test sample in,which.th EG, protein co :
o R Ca S o i PR BRRRED anivoay

to 2 BHREE sampletdbrtaminerdy CEREG Pradn & mepaosblitiventontis| wehplethods such

as cleatitanbogdhe EREG RIS casenByréh CPmPANRE HBFesYlsn be suitably
obtained from a negative control sample containing no EREG protein with

the results obtained from a positive control sample containing the EREG

protéinding PresenbiE Kt abserod ofatie EREG prjedindreeherdstsafpieed in a
buffegan Ihiﬁf @Q&ﬁ?@@hﬁ&ﬁﬂﬂ&r Bigrey, afeRreRatng. @c\?&dﬂﬁf;f&‘: BORIObuffer, carbonate

samples with stepwise changes in concentratign, and obtaining detectio :
oA ke Aof i Chehoid M R A8, 4 SR ALY e vt using
comipanl e ssiotaimed baseudnasdnthbaizdned ofthe EREG imistetn 4°C and room
tempeRAGRNMEALRR @ﬂfz_ﬂh@iﬁgorrﬁﬁﬁﬁ@%%ﬁ@ﬁ%@%&%ﬁ@@g EB %%teiﬁ and

. n contgined in a test sample can be quantitatively determined. _

anti ARG T e St P LCE R P AU PcE Retgation, and
for eprotein edmiimeditn thisgeststaviple. sech prdfened 8 mbediment tef suitably used.

detagtine phhsdERERAEIR PRy gé&;?c@ﬁ’%@ yiasah AMEEREScontrol sample

antlbo%¥, a m%ggfid th&(i,uses an anti- RE(j antlbo_dégbeled with a . i
can §e SRIiAG S B SRSt LA IR 6! e AATIS e RIRE 8 DRREN Brigie content will be
detedede ctétchypotniastimgeaiiebsaniplexwithithe argrEREGantiboodlyle containing no

ERERRORIZEH a0 :5URBAH MashiRG I RsiReeassann g Hen 20nAddlingse by
a labeled antibody that sggmﬂcalyr,ecogmzes the EREG protein.

compRein e FESIH OB LA Be? BRI HEREF AP ISR BB ERE G protein with
the réabldingtsuib famoe osindodhiosksskil@ddontihhmag suchREBG perescehe presence or

absex%ée_@f BRAYRES LB YMES 4@%&5‘1‘%5&?5%%%&‘%%” C?ﬁrtﬁ&gnore, after preparing

radioactive substances can be used as the labeling substance. 5 _
a serigpatiffediy! tRERSHLRANGIEDEING iR eesratiinfenhpdiyng detection

resulanfibedigscontrol sample as a numerical value, a standard curve can be obtained based on
the values of the EREG protein concentration and their corresponding measured values. The
EREG protemn contained in a test sample can be quantitatively determined according to the
standard curve, and the result of measuring the EREG protein contained in the test sample.

In a preferred embodiment of detection of the EREG proteiﬁ bound to a support via an

anti-EREG antibody, a method that uses an anti-EREG antibody labeled with a labeling

substance is used. For example, the EREG protein can be detected by contacting a test sample

with the anti-EREG antibody immobilized onto a support, washing it as necessary, and then
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radioisotopes: 32P, 14C, 125I, 3H, 1311, and such; fluorescent dyes:
fluorescein, rhodamine, dansyl chloride, umbelliferone, and such;
enzymes: luciferase, peroxidase, alkalid@ phosphatase, (3-galactosidase,
(3-glucosidase, horseradish peroxidase, glucoamylase, lysozyme,
saccharide oxidase, micro peroxidase, and 10 such; and binding affinity
substances: biotin, and such. When using biotin as a labeling substance,

addibiolindabeles aniaries saivie Helacied Lo KEdhRNnd to an

enzyme s alkaline phasphatase. For binding a labeling substance

to aﬁ%"ﬁ@?@’é %&W%%%}%ﬁﬂsﬂi%g%w&waum dehyddabeling
substaiethboows mabeismige!l imbinak paridlyh distliicle sreethéybsperpgriadic aeiddymes,
Chenmﬁmf?igs%@ﬂt gﬁb‘éﬁﬁ‘ées, 3 W%@fﬁ:ﬂgtﬁ%@zgnlc%g%l %%é ﬂl@g&agigigé% %%Osubstance.

kpown. For example, when detecting an anti-EREG antibody [ab h
SPB%%&%%&BW@%H%F@?%S}%?W& Bafrder bereamibadietiid
radicseindifiesiorPcGntet], A, aft; EREGcantibody labeled with an enzyme can

tected | te beled anti-EREG antibody, and
o s e 2D L B e oYl
enzygiesy e at o delysea sorkrtine wba ohaassintsekistesidasetiBralvithsadase,
horssabisligieisidagsyauSpesifia Rxampesn of acHasiatex B PamXiddstoxidase, and
hd%gction include 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
_ diammonium salt (ABTS), 1,2-phenylenediamine (ortho-phenylenediami
bindipgya it ysubsiancestibintathgidesizitine (TMB). When these coloring

Substiaieswang Eﬁﬁﬁi}hﬁl@ Igﬁﬁﬂ%\g@sﬁﬁ@e@gﬁfﬁﬁﬂgb@é@@xﬁﬁﬁ%@g@% be detected

- ter. When the substrate is a fluorescence emitting, supstance,
wsin O R s oy o b & Hoeling
subsigiee o SPEMEIEIC FniFe dresenyinwethivls, aigant ckaglyprafingde method,
maleam@@dliaﬂmﬁ,qfﬁm%yrrﬁﬁ!abmfﬁreég@@slﬁEeﬁmgigﬁ_ﬁﬁn@EREEé&%ﬂ@e{%bfa@ﬁsedd

exa ethod that uses a biotin-labeled anti- ntibody an

ayk%% ép%c%rcgﬁzfcg{}' if‘f%‘%éarﬁ gﬁéﬁ%ﬁ%ﬂﬂ?ﬁﬁﬁ%%@ﬂ%z;ﬁ% X IRle, When
deteqig@chtoag0-HEEEt ahtsidyite hebaloditarti-EREG mntibodyndyidinradidactivity can be
dete&H&B{@é’Kﬂﬂi@%‘kﬂ@H@tﬁffl %&ﬁﬂf&‘? SM%@@?@@_ i 'ﬁiﬂ?ﬁ@ﬁ@xgég @qthtanfenzymc can

eroxidase are known. In the present inventign, anothef embodiment of
SRR R R R e S i
subsigrie’ pemAprEtigpdsiadprifianEntitiodigs: thatspec ficalytalgeagniie thection or
lumifRER PreteibPRIPN B MAeRER:Of serondark antibadies hatiate for

s%eme:all .35.re&oﬁg%n zg the rlr’?gry arﬁlbodles. When using a secondary )
POy hibody At At %aﬁ%mgw a0 s Peplefes-s4 fifere kD rgHImonium
salt (thBH 67.the-abihpltypdbamhto ardwpplom (kokdipmass, amidbody) is used as
3,37, $he-davidephiasenantibo e ligyig:phase ' i
can ‘%rotein acplpigséﬁ by the Sgﬁ/(ijﬁ-%hase arlﬁi%%% @éﬁ%@e%%%i%%%%% reaction

iHASSH HhaiaRiarpHAR @ HABKERF ThY hea (R duPS B RR SR g mitting
substtingdjquitiphts e lmntioadythb wticsinno t it tdetherablid phaserbrniibedier.

T neRIRLS: Lo AIROURI A, RS RERRAY Y ARSI RN P M ethods for
detectmgp’){he EREG protein is, for example, a method that uses a biotin-labeled anti-EREG

antibody and avidin.  Specifically, avidin or streptavidin bound to an enzyme can be used to

suc

detect the biotin-labeled anti-EREG antibody.  Avidin and streptavidin bound to an enzyme
such as alkaline phosphatase or peroxidase are known.

In the present invention, another embodiment of the methods for detecting the EREG
protein includes 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
recognize the primary antibodies.

When using a secondary antibody, an anti-EREG antibody derived from a species
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on the amount of the liquid-phase antibody bound to the support via the
EREG protein. As a result of the above-mentioned operation, the EREG
protein in a test sample can be detectetl by qualitatively or quantitatively
detecting the secondary antibodies bound. In this case, the secondary
antibody can be suitably labeled with a labeling substance. 10 In the
present invention, another embodiment of the methods for detecting the

diffefeREte nPIRIEHY tﬁef&{tw BlSurd APLeGHAR MEIN R SR USBRAGI RIRHA s the

| ction. | sm h? REG proteln can be detected using a

Ui SF SHSBTER v S RS 0N 19 8 HEF Ay aepret by the
solidegpisorbinghindy antibtdyscastidny astibisijrisaliste drdigtdatphardeidesinot The
secoﬁ@é%?%ﬁ%@?@ﬂf iGi9a6UReS: 'Lzlﬁf mygﬁ‘:ﬁb@ RAUGIES: Q%Bt%ntlﬁ 'solid-phase

collodion, kaolin, or 15 immabilized heep erythrocytes can

antibpdy EH?ﬁ%f%’seh‘&\?ea’é%@ﬂ@ﬁf%%ﬁ%g@ﬁ@(t%mdé&mwaa@w@ speport depends
on t}prefmmeﬂocfamermquhmpaﬂtﬁiﬁﬂﬁl’hﬁhﬁamdlemgﬁﬁbafeﬁ@El@)@ﬁﬂﬂﬁplotem Asa

resuiPBMﬁtélgl%Qgel%@fﬁ %@H: (ﬁ’él? QEFW%]@)’ at Ol%rrt]%rlcl% exn gr\;[vllih ¢ de?ected by

O yvmy toluene atex artl ternativ ex par
qua %H&ﬁ%&l YIRS I cehnsoy seronrishavidbpdias nvaducéed @emthe
secoMBWﬁatEﬁMd@Xamb_lﬁslﬁ@W%Béﬁed&ﬁ&h pastielassanehd@meeeterred latex
partllﬁlﬁ%% O%Ielgglﬁ E]]a%%% llth anFantlb(g(%%éit%? teg( cﬁa fxtécilgf% tggl ¢ JP <§?te the EREG

hydro c surface phy S|ca eantlbo erna|
protedsy 4 ﬁ?@@@ﬁa@é’ﬁﬁ%m%}%ﬁlﬁt s aaﬁrﬂg@yx@amwélb@una] th1s method the
ERecmmalban%tmwmmgwﬂﬁheis a@r@m&e@mmﬁ@m@c%@gb@ IS Any
cami I dggr a g%r ) erlaq’o%%m&%h ce th ee of Iitlﬂe aégcg tlond P

ecomes larger as 2b ther concentration o pro FRESRipe and does not
causGrKrEARed fithe TRES. prBtelﬁX@QWl@elél@PeB@eﬁCtb@B Aestusingctib diegrdedin, or

lmm@ﬂgﬁéﬂ%H@ép\@ﬂhﬂﬂﬁﬁékﬁﬁ‘lﬁi@uﬁﬁrth%ﬁﬁ@rﬁaﬁﬁ@lég REG Pié’éﬁghpﬁ&n@é%ﬁeny and

ted b suring the |ncr ase in turbidity or sc ttere
Stablpti’ %usaagré 16(-:‘talo%d lCJ%SIIng 4 splctropibi ?ﬁé% F&% %HS? ?ﬁ‘é ghpPle,

pofyaﬁvemm&ﬂﬁemméﬁemmm@na@ﬁmmethm foed ptetiitg, thepB REGy!30luene

iatexﬁﬁ}tﬂ&énC|H@%ﬁaﬁﬁ(fﬁ?am@!?p;ﬁi%%w&%tu@ﬁéﬁ%@t@ﬁ ALY EIZNG: Bhoxy1
rousuﬂe%ce Ondurges nang ngenome on. The B“&: i0 sensor 1
EOUR ioN re&ohAnce  bHeH éﬂﬁﬂgs}aﬂgémﬁf@ €s are

1zing & Qilfacs p
prefepisddrieriptrafipsotein-protein interactions as surface plasmon resonance

Slgnﬁﬁaﬁvfm%ﬂ Wﬂlﬂﬁ@ﬁ t%’fb ing-HanaxaRle @Qé)%?é@% RQurface

h ors ch a aco ﬁjqegggébetween t rotein
oSSR L 5?1&88 Hediber Epdtediy catagtonal groups,the
antlbsémpﬂe he bgnmlcxth@kmmﬂa sefstbatiphomd whictiamnentidk®EGth a sample, and this

is stifBd l?&dé’Eéﬁfgﬂ maRjlizad;apd t@%@%ﬁ&i@é@@ I&Mip Qgﬁgtx%égﬁon becomes larger as

b anti-ER antlbod()l(ngan be 22 detected as a change Iin resonance
the C%ﬁ’g&ﬁ%‘i@“@ﬁ%@ BB R SRBIR LG MG stp B SIS BrelpaRedn be detected by
assesspedificdiyrive cdngerapiion Fhidgrdforekedryer célistheganceisSEREXCADIeIN can

also g@(ﬁ%&%@ﬁ’)’%&%‘l EE e ApLbed kﬁ%uﬁ)%}tm@e!%e%%ﬁﬁg eall.ll%ed ayba;/g%regation

. contained in cells or tisSsues collected from a livi etecte
using 3, SREHEMLI ST sdlysis using anti-EREG antibodies. Alternatively,
cancethtigsuesinmvention, another embodiment of the methods for detecting the EREG

protein includes, for example, a method that uses a biosensor utilizing the surface plasmon
resonance phenomenon.  The use of a biosensor utilizing the surface plasmon resonance
phenomenon enables real-time observation of protein-protein interactions as surface plasmon
resonance signals without the need of protein labeling.  For example, by using a biosensor such
as BlAcore (Biacore), binding between the EREG protein and an anti-EREG antibody can be
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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living body can be detected with anti-EREG antibodies. More specifically,
the present invention relates to methods of cancer detection which
comprise the steps of. (1) administering@2to a subject a
radioisotope-labeled antibody that binds to an EREG protein; and (2)
detecting accumulation of the radioisotope. In order to trace the antibody
administered into a living body, 10 the antibody may be labeled for

dete@[ggegig)ehfr%re%@gg@llﬁnggesi%gg@yior of antibodies labeled with a
quotﬁgE??/t substance, luminescent substance, or radioisotope can be

trac 158, ARG AR R R S RRe £ XPiERS IR 8 flevabst snewilially in cancer cells.
Therefminesveet silbstanae catisbecobse heedetasiad) anetidoRECpendbadies.  For

exanPRATORLAPEWRERHRAG A /Al %&Sﬁgg)@e%, IbRqealization iﬂéu?g Pr?gg%uegl%da/etected by

.___can he imaged by tracing the radioactivity of the radioisotope: . )
mmBPoBISe TGRS S A RELGBR oF AR tabRHIER E & hemmBbuylyn Gavest tissues in a
livindémbnstrabesithe presahemGiERACRinGBYSIA. pasitiensgmitiagnudiggsent
: iQi ti -labeling for the detectionof . . .
mvelgg%é%l%t%g??ﬁﬁ%%ﬂ% 3@%&%}%@%&?&%&%& | é)g%’l nng ettllpg t%teﬁ%sdo\(;fw@ administering
toa i}ﬁ’é?ﬁbﬁféﬁﬁﬁﬁﬁﬁ)ﬂ‘a&%é%%}&%g&@ﬁt béds toc, BEa praainy emt (27 detecting
accum@ﬁ@ﬂbﬂbﬁlﬁﬁﬁﬁg@@ntibﬂﬁi@& G@&aﬁ% é@@%ﬁ%ﬂﬁ@\a@}ﬂ%ﬁ;tgcﬁd igtooa living body,
-em nuglides nown methods a Oncol. -830, :
e R S B P R0 R i it
a flupksspeahsabsianss, dusrrsten hirhgrreer arrditéatanintionberieed byvihe
Antibadieatibitenuciide BuneasiHiemikemeusidrthacRedy #88d:REdan be observed

: sitron emission tomography sganner), and then converted intg an
usu.l r%%géé% 75 COmpt gbgtoﬁ%graﬁf Iﬁnuestzﬁxgéls%algﬁ's{i)swgﬁ’i%etjﬁ?ﬁlgﬁ?tf% ofan
antibadii Gavasivaresbliriligiaathcondivachiviivo bidhavibrisfonmys dnthspotent
inveiddiationopBnabneanPauaritatively convered HI9AR:MAGRA esence of cancer
cellsSignal intensity using PET. By using PET as described above, antigenic
molecules that are highly expressed in a particular cancer can be
deteetsivithcmitolRot abidsamp esufrehes patremssoiepatitiont o thelabeling for the
dete@tgt%v&ﬁm??&%dﬁﬂm?%%ayantbd%Fét'f‘a%@e}iaﬁgﬁ%%i%?%ﬁeoé%?@é@"ﬁg@ed
. with short-lived.nuclides usig itron-emittingnucliges such as J,C, .
pos}ti%h?%@&%ggfhé%%wfﬁ e%gg’s a diéﬁ’cy%i%tro‘?ﬂr’f%rﬁaﬂc%ién opnti-EREG
antibeHis tae Henlabliddsnisinbetive aiiove-améittignad: hdelite &ntechmigtiestfdricta Oncol.
32, sprmgugingshort-lived radiolabeled compounds, and such, are currently

under.research and develo t, Anti-EREG, antibodies can be labeled )
it S A BT SRS Ot B TG SR T dAPRIRSL R AP Ry it muclide to
humastipodissadsl mitiierechtotpatisrite gdibart ateprimiady fooianoeddiastatiaside the

bodyfQ6HRAELHPLsIRINE SReRIfiGY.S f'Qﬁh@%éﬁ&Eﬁa%ﬁ A @Qg&%ﬁﬁjﬁgg%ﬁtﬁage by

site of the pathological tissue. If the anti-EREG antibodies are d.
Comp e S RRINGTURRE s, tHe! PRt RsE BnBRhiapI8cRaRR Reabiat s data on the
in vivahebevilste€tbu fsomd tnellocRmbticonafitbesitsadio detiyinnisdeiBeting erted into an
: - ivi ' di ' r ISSI Ctivi ues
iy e R CI L L

that g, hielin BRI SHSFDEUR BHERIS RGP here DSedeisg By witltirig Yestinalstanples from

patientsclide addition to the above-mentioned nuclides, anti-EREG antibodies can be
radiolabeled with short-lived nuclides using positron-emitting nuclides such as ''C, °N, '°0, '*F,
and *Ti,

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
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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administering it in large quantities. To obtain anticancer effect by radiation,
nuclides that provide emission values of 70-700 keV gamma particles or
positrons can be used. In another emb@diment of the methods of the
present invention, the expression of EREG mRNA is detected. In the
present invention, detection includes quantitative and qualitative 1.0
detection. Examples of qualitative detection include the following

antifp@RsUemanite chmaywasoRITIPIE fRARSUreneN {r R BreseNeE @ are labeled with
.{abs_enc tOf EREI% mk NA;erpeeasurfment to see whether or.nqgt the EIFjQEC(IBt od f
PO RN A s PreSEnt Shiove A CERai ARIGURY AR IR BReA gfan be detected from
the leehipaies tHalginohooft EREG diddAnpthbioaftotiner sémplesifferch diagnostic
purp@¥@NeRIfsAnCRANAL SAMPIR)F 1554@60%\@&&%9?%91«ﬁ%’lﬂ%‘é&@&é%ﬂ% suitably

[ des, f le, ment of the EREG mRNA concentration,
s o ok Mo e ad
admugsteaingER BGrpRNAhixs be Tisebtas atestizamiffecobihepieaientuclides that
prodﬁ%%@@o%@%@é@%%%@qgwgh%?g&%&%@grﬁ IS SHUGL e,

mammal are preferred, and samples collected from humans are more

prefEtity 'SP SEO Sinamind s itthnsdt AbihpRigs Bt it BidbRicxpression of EREG
mRNmiesstittatfidid, blabeaeedravastiday durigicer atvogpinplfividrisynoviabalitative
detedliid: pﬁ&érlﬂbigé'gf iﬁéﬁ%ib@ﬂ@&%%%ﬁ'ﬂ&gi %I%“ﬁ% f%dﬂg#iﬂnem%%%g%%%%t t%chniques:

. samples are blood samples. Bloo samp]les include serdm, plasma, an
SIMPIGHBRABIEIRERE det Lsmpiscnes tHepianerRiRREORRAIYs include samples
meaobtairattiromn tdsitbaroples, the RAXCLIRCUNULG RRHHIABS\RNOSPRGIMERSH; and

- il] ' rcel ‘ fr he body of an organism, 25
s GO e O Sl NS AL P
contifERzg¥dlon cancer, lung adenocarcinoma, pancreatic cancer, stomach

cancer tandtkid ey anastiditbdepi@seNnEvastignr BethPEMARYafnent of the
qé{egi 1. 0f these cancers can be diagnosed. Prj co ancer,

EREQ g%astatl g{%gléjnﬁ%ﬁ%% earl,1 ant [ %Sgﬁ%%eélt%qég%cae@%?gt p? %%%%W%&é%e rable.

SubfeRYsSHniHe thed sent seniritdiiayRNhyanihralsdasieddbiaample of the present
inveﬁX@ﬁeS%ﬁbﬁsEﬁﬁae&(ﬁ'ﬁfﬁ)ﬁ‘ﬁ@?&w XA RAWOORHHINARa] are preferred, and

| h as monkeys, cattle, sheep, e, dogs, cats, a

s S 0 L, o i i el
includgralens, ersitialfbridaninancaniiiarsisabledlisdisetbe spsuthBuidtignovial fluid,
plenfaREG m%ﬁ,q&rﬁﬁdﬁmmglcﬁ@ﬁ%@ﬁ a@Qﬁﬁge?P@%H%ﬁﬂ%@&dA_ 3 E@%E%@C%amples.

the detection method are descri elow, First, a sample.is prepared ,
B0 S AR B Tt 10 D6 4 Hoaegedt ivention
also jpcihee sraudas iveingdiiatisaslseppbsibiaci detdt oA dythe sizbspecimens of
immSHRBANRNAS o418 FYBSERY briNYRHIRE, @ﬁﬁ%@g&%ﬁhe EREG mRNA

or EG-encoding cDNA in a test sample means detection of cancer in

the AUEAL Fol ESAMIS P ) AR L SR ECPTRRRBRTICS mlude colon
cancEdméﬁ@mwghmmamld@mmedﬂmthaaammmemaam kidagyegative In the
prese@ﬁ@H@:ﬁfeﬁ,WBYH}&Q@‘Q%‘%e%%ﬂ@%&%?Eﬁy&e&ﬁgétstpﬁl%bﬁacé%%éd. Primary

cancer or is at hJCgh risk of being affected hy 5 cancer in the future.
colon cancer, and pancreatic cancer are particularly preferable.

colon cancer, metastati

Subjects in the present invention may be any animal species that expresses the EREG
protein. For example, many non-human niammais such as monkeys, cattle, sheep, mice, dogs,
cats, and hamsters are known to express EREG.  Particularly suitable subjects are humans.
When a non-buman 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
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
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Methods of mMRNA detection are known. Specifically, for example, the
Northern blotting method, RT-PCR method, DNA array method, and such
may be used in the present invention. e detection methods of the
present invention described above can be automated using 10 various
automatic testing devices. Through automation, large quantities of sample
can be examined at a time. A further objective of the present invention is

invef@iRION e HiRONOSHERIRN 1B RNHISTOR EaNGR ARG eV £ R-COmPHREmeans

reagents for detecting the EREG protein ip a test sample. T iagnastic
et e R o SHPIEe b et BT A ARy o
ER E{yisapoghia g gy roktiecagbmtshert kitsofiie thrasent iegetitioncateobasediealthy
ndivadudl £meibed suieh ek e fuifeSATReEIREMIPRbIIZRG he @?Hpﬁogy%ffected by
ed.

cancHd Ble L[L{]l%luded. Alternatively, a carrier-bound antibody may be provi
ff the cﬁagnuorgtic agents or kits of the present invention are based on an
agghgddn efatRdttdateuses arcanievisuchpasitateily, theyermayplaciid®lanhern

blotipRRexsackeRe RIRIET, BRKIS G CRRCA! HRONRRS GORLELIAHYRE R esent

: bty combining the diagnostic agents for cancer of the present invention

Vet another element used for detecting EREG More specifically, the

presBnt detenivonmaluids 46 tkitpfoscoancandiagdesisbetishocory i€ Aomated using

varidaREEsRingl Qgsﬁﬂé' hady..an dﬁﬁﬂ[&ﬁ%ﬁ@%ﬁ%ﬁﬁﬁ% ﬁ&%t?n@%‘%%%% le can be

sample containing EREG. The kits of the present i tion m
exanypegisiPEomprise a reagent for immunoassay of EREG For example,

as 25 fiegentsifer fld SAthelresaganiesishsy ates dofddelREHG RNDEMANS kits for
canc!z"i‘ ﬁsﬂ%ﬁ@%ﬁ%ﬁ%@?@%@éﬁy : J}' 9{%@&113%041% %@ Cxaor%el?e.h%%nt]ebsl %gﬁple. The

. In addition, instructions that describe the measurement operation can Y

diagngshicieans et seRtHeYRIGR tREprssahisAviertion igrdifeantibody.  When the
diaguliaignesticagekits of #itpieseancesmdingio Hssaish-LO0MANSEIR BAIANS ELISA, a

for, I G-encoding eDNA in.a .30 test sample., .
car g o o Y B R oot S RPBRRG anibody
may E?a@@\iéﬁéodi’rfd RIS AN 02 kit NS sorsitingofidrean bisetde an
aggraegisencetbbdivhr (1 423hesraikcaliganeslaatidecomrIigiegRbRMebd adsorbed
fucleotides complementary to the complementary strand of the DNA.
Herein, the term "complementary strand" refers to the other strand with
respett forsaecasipEmsisrands progemddn-ewahéeeribeléiezacidic agents for cancer

ofthf@rﬁds?mmtﬁbﬁ M]Ema&htmias,?e%{dﬁi\lﬁwﬂ? &%ﬁ&ltkl?flgiggas- INiaAdifien fically, the
0} ementary I L Ol oNnly 10,cases.or campiletely. C g .

P R SeQuecid A, S TBORGH 1 APIBAGFT 5 chERIERianding antibody
and ggpadsfigesphut s it cadeelotiatisaspkosenimiofoglbRE4L le 33808001 the present

invermiofeneRIAILIIY aoRRs gy BRI RIEfRIRRING 2336 HPAIoegY FLb m%ple, as

ol TSNS L0 b I SIS,y i
for W@ﬁ@%tb@ priidavenfercdetectinninednplifymiglition, instructions that describe the

measurement operation can be attached fo the kits.

carri

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
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
oligonucleotide 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
of the 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
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EREG-encoding DNA, and probes or primers for detecting the expression
of these DNAs. Furthermore, the probes can be used in the form of a
DNA array substrate. When such oligo@é@cleotides are used as primers,
their lengths are normally 15 bp to 100 bp. The preferred lengths of the
primers are 17 bp to 30 bp. Any primer that can amplify at 10 least a
portion of the EREG-encoding DNA or a complementary strand thereof

comﬁl@ﬁd@@aﬂﬁ@@q@&ﬁ@r{m@g EH@@% HoPLR . 1ike E‘Sﬂagﬂs@f@t%%@i%cﬁtf#é'%@n also to
egions.can be e com n or the
Cases%%cll%tglrggsr}rlc |6ghperﬁfze§/erlr[1} r%@%@%? QQXJ S@&ﬂ%ﬂggglg%%ag§ ?‘Pﬂfgvﬁlﬂé‘éﬁ ¢ preferably
95%#@%&%%,%5@%9 eotidestiymehybridiesspesificalyddatiegstdusing an

algoRtion:oftbed Ae-&EREG-encoding DNA, or to a complementary strand

thergof.can be u robe. The nucleotide sequence of the probe for
mRI %\Cget‘;%? 8@%0@1%%? 4 Fo‘l‘ﬁeﬁ@sWﬁﬁ‘?&f&é)g@?fﬁ%ﬁﬂfe‘?te“mg or amplifying

ERE¢omsiaimeniiAtetdg sanse strandreffEREG et bk aipiength of dige DNAs.
FurtiR4QRSHiS ﬂﬁ%%ﬂ%&%&%& dePR PEdDEET Y BHR R ﬁ&ﬂ%ﬁg?ﬁ lon,
olig fgﬁ% 1can be made into probes by suitable la
Wo%g‘ BERABUSTIUIGE RS &% KA U ?‘érlf’é%éhﬁiﬁlf@ normaliy 15 bp to 100
bp. o’ﬁ@@ nucheotidiEsigdn béthabslaeckbyrp hdimmf)alahpg th!elﬁ ehas @ﬁa’fh@an amphfy at
}east%l'MHE@?EW@ER‘Wgn-gd'dﬁﬁgmﬂ%?tﬁdgomrﬁ?ei §1 REICAATD BS ced as a
et e ds arY1af3

. a Substrate. Alternatively, examples of the metho

'P“mﬁﬁcor%ﬁf Fé%orﬁo@feﬁ%&‘ﬁ%%a%ﬁ*a@us.ﬂﬁlabﬂmdgw@é@@ebamaée to be

compémaonathexadnier thigorudicetittoon s wehyasar giipetitiaRdRrhBEBING s can be
addefpethods, etc.). In random priming 25 methods, Klenow enzyme or such is
used as a DNA polymerase. Furthermore, nucleotides can be labeled

withF AT AERBISER P Ui s 8o B theiohelridinted yes ot g oxinasrathertion of the
ERElikendduingigdimicie otides obtbedriase i ivemien £aimbe piedusadrag. The

rCi ble. ol onucle nthesizer., Th
nud‘{)gr{(l)&%%%?}cbeog@g% %%;lﬁ,@ eAstran ec}slf C?Fgg%?/nen t orb%%%%giﬁﬁequcnces
COMPERRG B %%@%ﬁfﬁ@rﬂﬁlﬁﬁ@nk& Igocir thécagaly nb shicragbnis wiukily at least
15 bpnerteged above, sterilized water, physiological saline, vegetable oil,

surf Cltﬁ‘é]rg‘ ng gs soI b|I|z ers bu ers rotelr%stab lizers (B elatin, or ,
S
52 servatill\i/\tf-:tesﬂ bloc |1rc?r8ns% L?t(l)ggss rfeaction s%ffu]ﬁg) robes gy Sutable labeling.

rﬁbﬁd@@ niEoElsAlidsagEnkadom treBitng samsiesligmu dactidvrgan be
Iabelaehgﬁﬁmlmﬁﬁaﬂﬁg&%%%d@s diioniR HheehgenuesaidesRtucleotide kinase

die ich are.the activ edle ts. 35 Production of anfl-EREG
R e AL B o D e R KTaSit e e methods
that Iﬁ@ym%mﬁé@%ﬁvhﬁw@r@ﬁleahdaﬁaym bibhyejpecard imdaydodom hexamer
ohgoﬂﬁdl&ﬂﬁMﬁ)ﬁﬁ@@@ﬁ!ﬁﬁHHrQiﬁﬁd%ﬁﬁrﬁrﬁ %’r@l@i@@ e§gec'ﬂ?%&¥dm%\ﬁﬂnng

les § such as non- h man es ( for exam le, mouse
et A i B hAhel DD ARLESCHofart ARABEERES, mciotides can

be labﬁ#ﬁemhamtmb@ﬁ@goanausm%&@dwmm@ﬁepbmm disectinndhthe like.
PregeatdRYSAIIBe HaeHIROHRSHPGH A% PEan be produced using, for example, a

commercially available oligonucleotide synthesizer. The probes may be produced as
double-stranded DNA fragments obtained by restriction enzyme treatment or the like.

In the diagnostic agents or kits mentioned above, sterilized water, physiclogical saline,
vegetable o1l, surfactants, lipids, solubilizers, buffers, protein stabilizers (BSA, gelatin, or such),
preservatives, blocking solutions, reaction solution, reaction-stopping solution, reagents for
treating samples, and such may be combined as necessary, in addition to the oligonucleotides and

antibodies, which are the active ingredients.

Production of anti-EREG antibodies
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monoclonal antibodies or polyclonal antibodies. Monoclonal antibodies are
preferred. Anti-EREG antibodies to be used in the present invention can
be obtained as polyclonal or monoclonabantibodies using known
techniques. In particular, monoclonal antibodies derived from a mammal
are preferable as the anti-EREG antibodies for use in the present 10
invention. The monoclonal antibodies derived from a mammal include

antinedigs BIREUCERt BY YR MAnNF-AHHBAES AQANCBH BY-A108bm any origin,

d tran%for ed by genetic engineering techniques with an expression.vector .

o G PP GBFAC R e S BB R bR protein

Specferbie fsneparedissintialbh by usirguthen foliavingikbedics @ehaiquel Eitstuse

antibbaBYNZAAlIRM RETIRIMat Msinadb&ER M@Lﬁ%&ﬁi@s ]c%iﬁ%@%t%a?odies, and
antigen according to a general immunization method. Immunacytes that

hum g TR O PN PRI e aietnid Rt RsphEAYy be

monodiisdiyathedesabcptiitision ameihdidsto obtaindnykridamasliduiterefaied.
hybﬂﬂﬁﬂ%@%ﬁ%&%&%@ ea\ggéﬁ '%h% tg)@@ é%?ggvgggo%ecgg Sy a%}éd as lpolyclonal

screening for cells that produce the antibodies of interest using a generalr’
or mapoglandrRtbees veSdanEIRThiBHClofBIPARIBEMicseeckrer atébadies
deriviallfws: Firsinine] BREBGBentcanhbeRKPRESE e elia T BEGRHRSBsent
. se itizing -anti or antibody production., The nycleotide
e B o D Yl R SRR R ducea by
bybrigenus endseipadintoradncad bsubasSpasioany] hePREGegicoing techniques
with geReBesiencecidinsarteaintthankibown gxpression vector, and it is used

to tr r roptiate host cell. Then, the human 25 EREG pratejn

ot 1 B Ry SO By usng the
follo wigng kaosupisishatane. AlErfativanizginifisdneiurty-deny e EREG protein as a
sensipbo@ ﬂﬂﬂx@e}ﬂ?@c&ﬁ?ﬁﬁﬂ@tm@%&azﬁm Eiﬁﬁgiiﬂf%&icﬁ§ zﬁgﬁﬂ @dthﬁﬂ?ﬁﬁﬁ%@&l es Ci:hat fare

_.Inveption, a fusion protein produc usj esired partial peptide o

obta e R SR S T o L i e BESis B55 Eencratcen
fusiofipsthnstjornbrér bybidpraare fragheemeroftaitibludies theptidéuags enti-EREG

antibUghGapheIssRd By RERIMGE, FIHSIOR BRINRIBIRIANLISH BERE; of interest using a

immunqglen. A Y]egtor that expresses the fusion protein can be produced
genclgl Cree }%ma‘t Gd, ) .
y tusing the desiréd genes encoding two or more types of polypeptide

fragraenitsciiftansaoalidainsdingaherfugedagehes fniowan eXjirgssioEREG gene can
be expeaiidas deashpgd:abengeMethads fomerodiging, f ‘dﬁﬁgeﬂrﬁ}gmﬁ%ﬁy production.

described in Molecular ing 2nd.ed. (Sambrook, J. et at., Molecular
e e oA 1116 B O g s AP Wt BBk FSsB mmorARM_001432
(SECHRE pAdteimpouified Tpthidicalinnbe ddtFte usediag acsensijizing:dantigerted into a
knowREXPIERMDIZHAROhammals & parialRerideak fﬁaﬁ&smaﬁ?‘? I?‘?uen, the human

ensitizin tigen, 27 For example, the following peptides can

sed as a n _
ERE P 25 B SERL RN B TRSHY A v et culture
supersetjgencé bf arhaly EREGsy chemiteldynthd $BEGgptidss obtabrathbyarly used.

Funﬂél%%@%@ige&tiﬁgk@fﬁ%égﬁﬁ%ﬁ%? ér%%igﬂ Eﬁgﬁéﬁ'ﬁﬁg% %W‘E‘Sn g a desired
partiﬁ,ﬁ%@? Igy L %?QE?} I;Da?(?ttel:me\ii?h g%g]t%er p%ly%%{%dlg ?nayebe used ars) ra?;[?mmuno gen.
For example, Fe fragments of antibodies, peptide tags, or such can be used to produce a fusion
protein for use as an immunogen. A vector that expresses the fusion protein can be produced
by fusing the desired genes encoding two or more types of polypeptide fragments in frame, and
nserting the fused genes into an expression vector as described above. Methods for producing
fused proteins are described in Molecular Cloning 2nd ed. (Sambrook, . ef al, Molecular
Cloning 2nd ed., 9.47-9.58, Cold Spring Harbor Lab. press, 1989).

The EREG protein purified in this manner can be used as a sensitizing antigen for

immunization of mammals. A partial peptide of EREG can also be used as a sensitizing antigen.
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There are no limitations on the region or size of the partial EREG peptides
used. The preferred region can be selected from the amino acid
sequence composing the extracellular Zfomain of EREG (positions 29 to
122 in the amino acid sequence of SEQ ID NO: 22). The number of
amino acids constituting a peptide to be used as the sensitizing antigen is
preferably at 10 least three or more, for example, five or more, or six or

For sx@ipIMOrersSnesifipaly, dipepiidse ceenrsingRiie.RQ resisues, or
ept S o B T e R A N SRS pihesis:

PP ammal to be immunizad With TR SRrsiiZNG 4R XSOPEHGRLEX AL esis:
peptigiefiteliainedontaiserioroeiorabantbbdieB B hare éldusiemmmatind yther and
expréimadta,pe immunized is preferably selected in consideration of the

.compatibility with the parent cells to be used for cell 15 fusion. Generally,
pepuﬁ&ééﬁ?@“ﬁ?é@éi%ﬁ%%%%tﬁ?&%ﬁ#fﬁﬁ%%%hﬁH??é%ﬁsgpecifically, mice,

rats] hermsters, bmrsibhits canhbeaged asthedhinaktoddE RbGyRizédksinsed. The

prefe%%gi?%oﬂ%@%%@@%%%&%ﬂ%@d@%@&@i%%égsg% MNURIZED) 1ar
b d with a

The /le-described animals can be immuniz ensitizing antigen
domﬂdﬁ@&?ﬁf?ﬂéﬁ%@%&%&% e Saipis b seqare Al ﬁ&ﬂgﬁm 22). The
numbmmiimzaboridandejierfogmedhid2fibjectinysa thammalzing antigen is preferably at

least YHHAPSIRREANY BLSHBRURIEGUBN I 8,58PSIEINO RRIAN.SReaiealiy ia.
the sensitizing antigen is administered. to mammals severaﬁ times e\yer : _

compysingSIP AP IS SE RS AME deAGa eniduss eandie aispi G rctensitizing antigen.
dilutibe matih 8 $(BhosphaiecBufferes Seling)inphysiotagicab spdinRu By limited.

To oﬁliﬁpm%ﬂgc%ﬁgl Haﬁgof(?{e%g]%iég ch}S-Furg]he i rt%’ethe Sgptscj .Ze?r%%;ém%ﬂiezed 18

: 0
antigen maybe administered together With an & ijanaIEI.l or examp

prefegablxinsiericaringensdrraionels Bipkitxinativitis asreauerlls to be used for cell

fusiosompleterAtjuvaishta ok therf-aaalusifling ndt ustbe imeiighi s apBIRRIE Ly, mice,

. ier of | nization using the sensitizing antigen.,.

s, B L B PSR FRRAEP i fggogronkeys and

such gaay, Rt A Hasnges, tae $BRYHIARG antigen peptide is desirably
bounit:tehaveadees il eifsuR 28 hHmitmordeyhale sERRelReMPE¥aNifording to

s SRR 5o o Immypiaton, 30 Mamals are mmunzed g2

* described, and after an mcrease A AROS, AP RLE NS Fhd ed&fi}]iﬂlm‘%i Y

mnjecydpg vtaspkinHeaciHmerbgtesagansivstsdvitbrm thoitzingatizand Specifically,

the s@i&hjﬁﬁi@dni%@@Hsf&@iﬁ?ﬁ;is%w%%ﬂ%ﬁ@m@ﬁli'ﬁl@i&%@z‘ﬁ&%@m 21 days. The
o LSRR A TR oS Cal Sl A SO S
physighrajsabeatinguieasiceladtibermsstdpfonsoreeniin. 35vtbelectiontmarksitizing
antigéQRieysheharapiRiistiesJecorlisHan hiekuaunival (OF fallire 10 SHMEI I i ntigen
can bgseecgé EUI%J”E}? corigltgn. Hypoxant |[£1e-%uan|ne o

SROR GBS AR sra A &d TRRK e pde v bkamte P bt rapalpifying it
Fuﬂhﬁl@pmwa@-@f@@@rm'w?mdiﬁmmﬁmdefseidaﬁu'm’a@o@hemiga]fxesensitizmg antigen.
Parti@h@ﬁ?%fﬁ%%fﬂﬁ%’éﬁ@& QHIPAEKAAWR ﬁ%ﬁ%ﬁ%%ﬁ@&@&%sg%%ﬁsitizing antigen,

having HGPRT defici ) . )
the S“ﬁ%m %%H%@ar%r?m% f’elﬁe #ﬁ%ﬁ{%ﬁ a:haa@éﬁgiﬁ\ﬁﬁﬁeﬁ@é%gﬁép%sﬁm or keyhole

limpeadiepady seinsitivityeHiFdsensitivensgtisimannot carry out DNA synthesis
in el SRIGRIN mURe D 4RR;ALR, TS HHIed  Hiwever Wien 08 68 esired

.. are fused with normal cells, they can
antibody in the serum 1s 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.
A selection marker confers characteristics to cells for their survival (or failure to survive) under a

specific culturing condition.  Hypoxanthine-guanine phosphoribosyltransferase deficiency
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continue to synthesize DNA using the salvage pathway of the normal
cells, and therefore they can grow in the HAT selection medium.
HGPRT-deficient and TK-deficient cell$&an be selected in a medium
containing 6-thioguanine or 8-azaguanine (hereinafter abbreviated as
8AG), and 5'-bromodeoxyuridine, 10 respectively. Normal cells are killed
since they incorporate these pyrimidine analogs into their DNA. However,

(hergialfdhabiate deficie M@Pﬂhﬁﬂ%m@f{@?%ﬁ@m@ﬁm% éﬁxﬁﬁ?e%@ﬁ@fé%y (hereinafter
nnot incorpara ese p rimidin
b e RS S R SRR, (oD oty or T
defiGiggrstdaze w@wm@pmﬁmmmdmmsﬁ@eﬂmmmamgsyxated as

HA’lflé@ﬁilthﬂtf}}Eo Wﬁlnséﬁ?iﬁ@ '@@IQ@kﬁlﬁm\{@ﬁI&:@}"&W @ﬁﬁ&&%ﬂ%ﬁ@ﬁ seliathaietion

15 re suita el] fusion are known, For exam yeloma ce
medmmlu%l#g t égoﬂ%\ﬁvég c?e!‘[osv‘,Jv s Catr Be ﬁ%gﬁ: {5 ﬁf‘&ﬁ% ?H]Wﬂﬁ%HBE‘F&LEFHS they can
contighgtio dieshes drelPreserinmtentidve RP{PSxB3MB6ER(EL dotlsyundltherefore they
can g 4231 AP48rd3RPnRaxR3Ag8U.1 (Current Topics in Microbiology

and 1978) ; N (Kohler. G. and Milstein, C. Eur.

J. IrmnunoLg‘a% gl‘éif]évc ﬁ/ﬁglﬁ: 1 ?ﬁﬂ%ﬁ irésines predium qepipining
6-thigra7ainge M@W@ﬁl)anﬁ@ﬂ’ﬁr@tuﬂmabbmlet@i,abd&ﬁﬁé (élrﬁi?ﬁ)‘iﬂ*?)ﬁlodeoxyurldme

: 0 t | 0
SR i SONS 5  THR N  oe

DN Ay FE TS Btk R A FE Pl W?"%@T%ﬂ S Gl SRSt then medium,
sinceaiboysameritionsgdrata thoeyigswidinmye bws ceﬁklﬁdmeﬂsemlaltwemon marker

referR&l EQ%Q%@@?Q&{QQC@&M&%Q@%%Q 1805 %@?ﬁ%?eq‘\%ﬁhmee thad antibl?tics

Kohler and Milstein et al. (Kohler. G, and Milstein nzymo

(gentaBya 74528 SR RCEETHCNY AR FENhe nYorRes ceRcrloRyelgma cells thata
re suiiebpefformiduinica staridarenn uiﬁfmoeﬁalnqﬂktyfﬁymeﬁﬂw B2iR Ihﬁlﬂfﬁ%&ﬁ@@(ﬂfowmg cells

can g@ﬁ?é@f@@k%dﬁc%et%glﬂﬁé%@ﬁﬁgf [ Bgdes 3% ? Ssloﬁ accekeégtf’f may be,

for examp egﬁo lyethylen ai virus ( , Or "the like. If

P3 Ussbréwtir Qil%’%@@ﬁt&ézw 31r¥ﬁm§éﬁbmde can be added to
P3x 6tk eobanes Migiis effidiensyiokhs mtiaehinmpleayesisgmyeloma
NS- 10855}}1'89@}‘35{?1 Reisaigpished. %ﬂ‘i;%ﬁ&%?%@% 6 oSxpgpple, the

number of immunocytes is prefe set to one’to’ ten tlme§ of that of

MPGrleistrrgubescBiE. K54/ m@@%ﬂ?ﬂﬁb@ d8édHohthe above-mentioned cell
SP2/fusihniian x@mnpie, RBMH@@OS}IQG&JQEMMEM medium, which are

FO (&P @;@}9 @@t%t;cgroyvi he aho) 1‘%?? 1Y t@pe g? 2ql?{eloma cell line,

or other standard metia that are use ulture can be

S194 (daavivigdrsobet; & Bsrumedgp et &alldor dlicmas fetal calf serum

R21(FGEJrean beaddegiie me’imadra 1@e1ht43§lon is performed by thoroughly

mix edeter, amoun s of the 5 above- men joned.immungocytes
and@r%/%gh%%%%s inthe - ott/g) PRentioned redidr 1&%%“3&9? S escentially
performed according to a known method for example, the method of Kohler and Milstein et al.

(Kohler. G and Milstein, C., Methods Enzymol. (1981) 73, 3-46).

More specifically, the above-mentioned cell fusion can be performed in a standard
nutritional culture medium in the presence of, for example, a cell-fusion accelerator. A
cell-fusion accelerator may be, for example, polyethylene glycol (PEG), Sendai virus (HVD), 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
cells.  Asa medium 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
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mixing with a PEG solution pre-heated to approximately 37C, so as to
form the desired fused cells (hybridomas). In the cell fusion method, for
example, PEG with an average molecWér weight of approximately 1000
to 6000 can generally be added at a concentration of 30 to 60% (w/v).
Subsequently, the agent for cell fusion or the like which is unfavorable for
the growth of 10-hybridomas can be removed by successively adding an

myel@ﬂﬂf@@ﬂ?‘ﬁ?e MmN SUGHAS HQES dsled. 300Y ot RO &P@ell cp lture can be used.

ernatant after ntrlfug tlQn ang re eatln these Ste omas
Morger & STHL bR et B 5%@&&8&%@% added to the

mediappropriate for the selectlon markers carried by myelomas used for cell

fUSI@aﬁggl@ﬁ%};@ﬁorﬁ%ﬁ}pm@ﬁ%ﬁgg%ﬁfgﬁﬂ%@%&Sﬁlﬁ?'&fqﬁe

‘selected by culturing them in a HA lum containin

a °Vﬁjﬁ%&%ﬂ?ﬁ%&lﬂ&ﬂﬂﬂ%ﬁérﬁ%ﬁa@éﬁmﬁﬁ%wM}fré@ﬁé@ﬁl@&rwwn@%ﬁmm adding and
mix itpWithenBifiGesohyslama: delisedre uppeh fomeail fussion, ﬁ£‘|51§ thadrm the desired fused

fu cell n )% |n the HAT
sl USSR WL B SR U B
welgfsiod SRR SERGEaMAERIb dam geacEeils berrsidada mwmqﬁw to 60%
(wivinteSesténaenflisest @gHﬁ) ftare Spsioifioatie th mlefféybrdaqmﬁlfafvmﬁ%gaﬁb growth of

e ulturing for.several da several we

hybr% %ci%tgﬁt R&B 8{% rﬁasteg el lﬁgién (aal%l?ﬁfg(}éyr}ag?m arest E%ﬁqﬁé those listed
abovecreBAE akke mwma&ﬁ} @@ﬁyﬁ@@aﬁm@mm@@wmnmg glitpsion

memwrﬁmm@yecamﬁaﬁﬁaﬁgepmmegam@@%ﬁ n REJRERPRR D um
et o descrl edin Inte atlon PatentP |ca

g No. W
appnéj%ﬂ%a% AR 8% ofintetes ca% %lg %%Slysgcreoerncg ﬁ%ﬂ&ngﬁ})’r example,
cells éh@hé%ﬂ@?&@éﬁ%%ﬁmn@@m@@nlknt@d/hsamiggmgmhmag a HAT medium

(a mé&ﬁ@ﬂ@ﬁnﬁ(ﬁﬁﬁgﬂmﬂﬁaﬂﬂﬁtﬁnﬂﬁﬁrﬁbt&éiﬁﬂ @Qd@t}@n@@ﬁﬂ sueh, I%Sslfemﬂcally, when
HATDOR’St rene t eads o the Ilke r a ca merciall ailable 96
Sit sed for ce

eSS SR AT By reattion with the ettt Eﬁﬁé’?ﬁf&i\lﬁﬁ{%ﬁﬁ’éﬂ’ normal
cells ﬁ?ﬁIbﬁ@ﬁi%ivﬁlﬁeﬁrﬁaﬂ@mm@déﬁﬁém@lwash@l}lmlmam@thﬁttbam mentioned HAT

med@fﬂﬁ@@n@%@f&%@ﬁﬁ@{%@ﬁ@ﬁ@@%ﬂ‘irm:eccg'lﬁli lfh?@e?ﬁ%lﬂ%;tm%fn {AeESEtidoma of
t reacts wit sensiizin en,isc ne e Cultu

ot SRR (AL Lo 0By Ao PGS ShaReHbE Y ected
typicaliy Mdaniwmmdfelwwh@memtmmmmiew@mbocﬂpbiaqmemm ythelcubisthat
prodﬁé{p@{é‘@ﬁﬁ%@?@mgt%rmsg%m%ﬂﬂmﬁdl t%at can% %8P0 ndard

tot carrler ridgmas ucm sired antibodies ind to
it awsm cgtﬁ?&fad%y o Fhh e e AR B B prepared using
the ﬂﬁﬁligbd@%b@ﬁfmrlmmm&maﬂﬁntas Mlmatmndﬁxerm(ﬁqm&ht EREG

prog@j{‘aﬁi@ﬂﬁ ?'ﬁ@t@]&és‘t‘%ﬁg #a Eﬂ'ﬁaﬁ?ﬁ?crgén%@raﬁé%mgﬁ’cﬁgﬁe@ﬂ%?y{lggﬁmg

ain of G or an oligopeptide comprising a partial'amino a
methggg'

ST BOSY RIS TEGIBM R B sd P hEHER A8 RNEeR s bound to a
carrltacmirtimﬂﬂpdwtmvmunﬁmdlmmmﬁerbmﬂ@maﬁ)wé&bﬁiﬂlﬁﬁd:rotlter plate,

folloR¥dBIWRIZIRG @EH TRETANLANIDAIS WL PR0 fﬁ% th'b?gé/ oéﬁé i arrier is

can.be obtained by antigen sensitization of hu ocytes.
WaSh%Se‘&ch%ﬂi&?t?ﬂé‘(“ﬁ%SWW%%S%é%@%H%%@WRH ek RE G the antibody of
intergatateinrinaitreiti ensdmitizing seniitiz édclymaphed yesaca lfusedpithapmat, the

seco R BIE RIONARANG B SARUPIR ALY o ASIRRR R R Bk of e
have
antibody of interest in the culture 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.
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.
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potential can be used as a fusion partner (see Japanese Patent
Publication Kokoku Publication No. (JP-B) H01-59878 (examined,
approved Japanese patent application pliblished for opposition)).
Anti-EREG antibodies obtained by this method are human antibodies that
have binding activity to an EREG protein. 10 Alternatively, anti-EREG
human antibodies can also be obtained by administering an EREG

prOtgﬁrhﬁmaemﬁe%@%@ﬂém&a %@ea%ﬂé@ IRl ARG btained by
complete hyman antlb ne repertoire. An roducing cells of

tj
o BT AN AT 5 o FGRER BB BB G SR e apleined by
antigigrsnparaion of hyntredymehtsycl. asNkpstsjredrallyjrfisinfeationlymphocytes are

senstri4EAARBNHRGE iRgt ek BECE[H&H%'H&Q%Q&&%%@?%&QKMP&&QQ fused with
a S“’%I‘!i.ééﬁhzed cells ohtained in thlgvmanner see International P

18R NIERS O BAPoBs: Weydeniesys? nelameeds iashavpafinite division
pOteMOQﬁ@E§ tﬁadthearﬁmienq.mﬁmﬂna‘sq@r é@msaﬂ?aﬁaﬁﬂh&iﬁbﬁﬂﬂ@(ﬁﬁ&:ku Publication

No. (ﬁﬂ@mfﬁp%gﬁ%%ﬁﬁﬁ%ﬁe%ﬁ%@& J%%ﬂgéﬁ%%t%ﬁ Fﬁ&ﬂ% el g%r

\ﬁhen a trans enlc anlmal is used a anim munize
OPPOtﬂ QPA GrthRdigsinbiptabBnidus %&%W@W&%@é@ﬁ that have
bmdmgmanag 1d hefeRdi6, frareian antibodies 20 agalnst human EREG can be

rea%f&%‘&lﬁ aﬁﬁeﬁrﬁﬁm%ﬁ?fl %ﬂ'@&cﬂg mge bridoma taX &draunstermg an

riPlO duced in this manner can passage Ultdred in a s

ERE( agqipn m%éﬁﬁafﬁﬁayaﬂ@ma.abm@éa%e@@mﬂwra forgpiete duman
antiblighigeritregenciibe hybridamas caichy cellrdirceardingde :ﬁaﬁiﬁ@@@ﬁ%e

11’111’1’18?&1@%]% gei?ﬁ;%%&ﬁﬁg\ltelga%% ks)%dﬁ/g%ﬁ%%:?eo C% eat%e 9 tgadc 1 as E)ystem—Barr

he cult supernatants rnative as can e grow

virusigdatietering memars ihosdr pasisi aﬁaﬁ%ﬁi aﬁuerma@éremiam&oméhe
immeealbedbiflinad-asitsrageitesnhbe feameemethediis suiicbis fexebiaiginayo

I a ibod encq
S YO S
an anjdedl iRy iaR %{:ﬁﬁ@@@q&@ﬁ@t@r&ﬁ ggqm@qg@rbqedpm@ by sloitaindethe immortalized

cells VeGAQ{eaﬂadtlf&@gdﬂIé%lﬂﬁﬁﬂiérﬁQeé hogtdampnassstheantibady thMethedse system of
for is Iatln ntlbo e, introducin the ene 0 a.vector, an

i e L, K i o SN KA b0 oS ol ncibodics

agam&ha@mh%?ﬁ(}w@eame@dmbtam@%em (1990) 192, 767- 775) For

examnﬁenax@abb%m@f?@mgﬁf]gﬁmaﬂ@m %hé\ﬁ{&ﬂl@&) gf tﬁt& AWERER be
0 can pe optained 1ro. ma cell pro
PasSEaSt dfjlﬁrl'fgl':': ?(l)od'i/stjmua TR Siler t’g s I d]%y ﬁ’%? TS ENR sLored for a

long @)‘%fﬂaétéﬁlﬁéiﬁ lﬁﬁ@lgybndoma For example, the 31 followmg methods can
be mﬁdﬁﬁrmgmg@éﬂ[ﬁﬁgag%}ﬂ frem Gellg e ou8RI NS the monoclonal

an tlbg érac ntrlfugg\%i!j}c;1 éi(r:‘r{] V\iag (é]ﬂ%lﬁ‘?sst)ﬁ%é %oﬁ&hgngt% H}%?JZJEPy,l?he
hybrBiyehe mn(ll@azmslzy a@x@m&gansgmemmramwpmﬁummm pudfiechoclonal
antibdiB8 @R RNARIIC AU CErReR)IBEa Bethod is suitable for obtaining highly
purified antibodies.

In the present invention, an antibody encoded by an antibody gene cloned from
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 /., Eur. 1. Biochem. (1990) 192, 767-775).

For example, a cDNA encoding the variable region {V region) of an anti-EREG
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
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Bio-Sciences) or the like. Alternatively, kits for directly extracting total
MRNA from cells, such as the QuickPrep mRNA Purification Kit (GE
Healthcare Bio-Sciences), are also cofimercially available. Total RNA
can be obtained from the hybridoma by using such kits. A cDNA encoding
the antibody V region can be synthesized from the obtained mRNA using
10 reverse transcriptase. cDNA can be synthesized using the AMV

fozlogg\gegghls@rlbgﬁget%% ﬁ?ﬁ&@%@@%ﬁ @ﬂé&m@gﬂﬁ@@@o&%ﬁ@ﬁ?w

rtne like. _10.S esize _and amplity.C , the

the SRR BN RIS bR ISR BTG 15,
5294p2R0Faotiman, M. A. et at, Proc. Natl. Acad. Sci. USA (1988) 85,

the A3NB-RALAREHAUS YA, Bt Al NUGRICACIHS RES06988) 15 150 |

2919-2932) can be used. Furthermore, in the process of 15 such |

synthEsT AR5t et RerI ERgyBSRBD B N Wil e ki (5 Healtheare
Bio-$atencegimbediireducetbintandthiendsotiteetiDNAacting aldNmRBGOTRITH cells,
such @k H.'H@E@EU& e fhop, e QRIRHAG d?]gﬁe%ﬁ?a%%?é’ri‘@?s%@g&e'é aled 19,2

vector DNA. The recombinant vector is prepared In this manner ha

commreiallxdyaikleiEscHuathiAsabbabiweechamites bymidemnhy using such kits.
A cDdeleetedd hettesitabbicumitantaresias dthedncigrpre pas o8 Red th K A using
' dt lanie, ther or not the r inant vector has

ooty St g S AL e AR e
Firstapd 4 DR yashgis ddf Sutiadiidé CRRBR aiiadoromisedes In To synthesize
and mﬁﬁf}t@:mblai@weﬁfﬁpﬂiﬁl‘gﬂmmﬁb@ﬁﬁgl@ﬂ&cm%@ﬁ% mrethed thakthod

. Imers puIyl the [ er n e . t',
i e e R S PR ot
A. etrpiRIinslais sl dess (K989 dnivaftieh2 6 Usenn bomaderclulyhavaitablénitise process of
such DRBNArasy pynthesie. Mpiadicensiceshe amauntal BRNA ribed later, can be

.. obtainable from anly,a.sm umber of cells is extremely minute, the yield
mnO%fl%eégwg%eﬁ?\tl?ﬁﬁ%%&gﬂ%S?ﬁ}‘riﬁcaﬁon is low. Therefore, purification is

usually platiorieginehe p A bicamdicdiNaniat dremabP EGntainiaet, and then
ligat@Nido® d&cﬂﬂ?NN.temﬁgY@M%hﬁ%@vﬁ@ﬁﬂ@ ) d@(ﬁ of Bﬂ%ﬁﬁﬂeiglﬁ%ﬁxoduced
. xtracted, efficient extractio n be accomplished hy using just the
Y et ling o ER ko %ﬁ- Fice? L e g veetor
can bg@rrepprirédrovhéle BNA/ishektraoted thorrptenier. mYbgBerar marthearecombinant

vectPNRiSEAB IR OnBRIR AIRALYRIedUG NG GEllSHd NeARtRe QXI 988 dA Bethod, such
thar(PBhfled Plr\lqthe#DC method using the optained cDNA library 35 as a
A STt HEC B e L S BV R pRFICSEon of the antibody genes by the
PCRrowttidd abtailkizenas. dBopdixgrtipleapainhe rsdonbuirnaPCih tisoblydgdneuses

primamﬁﬁ%gﬁ%;g@@@%@@@9%%@5&19953% sogdisclasue oLARANEIR Wis obtained
MoL Biol. %?9 ) 222, 581-597) and the like. The nucleotide sequences o?
by SRS

R ARG e R B AS< SRR nogst@mYenient to use a
commi¢rerefigrayaldhén lat sDNR Ny dity ofvarynthksiewnls phaldss, ismsatiasthent of mRNA

obtail BRI G R YS ReRSRHITES 10l 19 Qﬁl%ﬁ@&gﬂﬁgt&’ '?ﬁé‘;geﬁﬁ%%ﬂl% BNA from

. PCR method. 5 More specifically, when the objective is to dbtain genes
dlrecbﬂ’c’:ﬂ&ﬁ?él?fhfﬁ MIQGT’Q%%f%%}purlﬁcatlon is usually performed after adding a carrier

RNA that does not contain an antibody gene.  Alternatively, when a certain amount of RNA can
be extracted, efficient extraction can be accomplished by using just the RNA of
antibody-producing cells. For example, addition of carrier RNA may not be required when
RNA is extracted from ten or more, 30 or more, or preferably 50 or more antibody-producing
cells.

The antibody genes are amplified by the PCR method using the obtained ¢cDNA library
as a template. The primers used for amplification of the antibody genes by the PCR method are

known. For example, primers for human antibody gene amplification can be designed based on



10

15

20

25

30

35

use primers capable of amplifying genes encoding yl to y5 for the heavy
chain, and genes encoding the x chain and k chain for the light chain. To
amplify genes of the 1gG variable regid@, generally, a primer that anneals
to the portion corresponding to the hinge region is used as the 3'-end
primer. Meanwhile, a primer corresponding to each subclass can be used
as the 10 5'-end primer. PCR products obtained by the primers for gene

the daPikCAtION AkRe: Q?MFW angh fightchain. suPCIagses At Made MiQeotide

indepe tnt(gent libraries. Us’:{] Ilbrarl s synthesized in this manner,

Sequer%cr%unog%ﬁmf%eggr‘ﬁ%y At SPGITRE WHI}%‘P@H&MS Lhprefore,
wherpeckBédnistinned! ﬂ'merﬁnnbmohelxbfsmuesd carhbacsopbeacdbywssiogibigitics need

to beRHNIRERLIRSdPIEEMSHIY IR FRRYNegIbulins to bind to EREG as an
|nd . For exaﬁmpﬂ g{%uen the objective is to obtain antibodies against
Fé

Pt R°H aiiE ﬂJi’é‘iCtH‘éeBFrF&HB%P%HE“SF.@BB?J@@&BWE@% one may
use psmmsflca}ﬁxbﬂﬂmmmfwig possibiectelisgreen oy dntikoHRs Hhahhintghigenes

encoERER-a5465c1bed belavs, (1 glgg%}yﬁfgﬁggN A OG Wit éa%g@“b?% IgG variable

comprising the V regjon enco tal

regmﬁy&?ﬁfé% Iy et dhvgrnebinailtG Betinesorrapending théhsrhinerijeeion is used

as thaftlefd)psatecting/earaviing dypthatbinds dobRECMeathodbitrsdetaatingsed as the
50 enﬁ‘ﬁr inding between an antibody and EREG are known. Specifically, a
test antibody is reacted with EREG immobilized onto a support, and then

thishisTotreaueteatiined Ryddrear ipensday serg rearlifinationiod tesheavy chain and
light ahiincdyclidhe labeladeaintibadysundbs: siwm&b is dniactac aienwashitesized in

this &g%gfoﬁﬁ\ﬁggélt&% SlSSt ntlbr(i)sd bEItnCdO%l 1nati n 0 h%%)\l%t;aler{%] [%%ht chaing can be

enz rﬁatlca ctive I’Otel SSU as peroxiaase or a dase
recowa&@s’ce rﬁ&%ﬁﬁaﬁé@g ofueterest ARG T agT dsaeskby umn@rﬁmmwwuétbe

1ecoﬂh&@mmmﬁﬁ@gl%@fnﬁbQeﬂﬂﬁb@@)ﬁl&)@cdm&déﬁ(|mm0b|||Zed

REG-ex sin use 3 AIter tiv for.an
sclreggnlfﬁxéllo ﬁﬁvgl ﬁ Egeéefh ? ng8 tac it y%és(?aér% a%%le%t gﬁp%(gzdés more
prefeiabledhwabe dpditerey %m@bqﬁ@y tocbldéd ivvherifike aftibodipgenésapessible to
screeﬁb‘&@lﬁhﬂ%@ﬁilﬂ@fﬁétﬂﬁlﬁf the Reavyschalmgnodighiy,chain subclasses as

scribe ve, phage tor-based scree methods, a
(1 e G G B TR 15 TGP i Ch b obtained
ﬁoméﬂmh@dgaﬂabe made into a single-chain Fv (scFv) gene by linking the
(2) dgenas iR %&am@b&%@@@wgm@ Rhagas. exaressing an scFv on

F
3) Sé:fgci] suglaag:n 8@5@&% g)g# erting a gene encoding the scFv into

e VELLOr cFv having the 33 binding activity of
mteh@gh@éhfbedf@ﬂ@medwm&mmm phaggebudith zend ﬁtﬁiﬂiﬁ{éramfknown
Specifi&ﬁﬂ%ﬁh t%%ﬁhﬁ@ﬂé@%ﬁ%@%ﬁ@%@@yﬂgrﬁgﬁﬁﬁe&% b P Cand then this is

oI Stetes o b onspnteted BLspeqti LS P, o
suppémvienisdre iechyfemovddiaguibiepgthe S lmtibo thstoaraipodtidinds theb®RRodFor labeling,
enzyrf RATPRQLABBRHROY. H §I6YS §Qi85M RO Bidase, or fluorescent substances
such as FITC can be used. In order to evaluate the binding activity of the antibody, specimens
of immobilized EREG-expressing cells can be used.

Alternatively, for an antibody screening method that uses the binding activity as an
index, a phage vector-based panning method may be used. When the antibody genes are
obtained as libraries of the heavy-chain and light-chain subclasses as described above, phage
vector-based screening methods are advantageous.  Genes encoding variable regions of the
heavy and light chains can be made into a single-chain Fv (scFv) gene by linking the genes via
suitable linker sequences. Phages expressing an scFv on their surface can be obtained by

inserting a gene encoding the scFv into a phage vector.  DNA encoding an scFv having the
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antibody molecule. Hereinafter, the term "antibody fragment" maybe used
to refer to a portion of an antibody. A preferred antibody fragment of the
present invention comprises the comp¥émentarity determination region
(CDR) of an antibody. More preferably, an antibody fragment of the
present invention comprises all of the three CDRs that constitute a
variable 10 region. Once a cDNA encoding the V region of an anti-EREG

blndﬁ@t&@@ﬁﬁﬁfqmé@@t'§aﬁ%@ﬁ?ﬁfé?&ﬁ!{§3¢%ﬁé§u¢é§%§%ﬁ@t%lfgsf&tﬁ'%Hfg en of interest,

nzymes that recognjze the restriction enzyme sites inserted to both ends

oo RIS 3 i e sy s T T

COﬂCWiﬁE@qﬁé@@thapmlé@sémmappear in the nucleotide
sequangeicansintiashths.knantbagy aens pﬁéﬁéﬂfﬁwgﬁﬁoﬁ%%?%ﬁc%de a full-length

t'bSié:)gle cop%.o th r‘Ig(lsge:};"g‘gd fragment into a vector In the correct direction,
entiog L (LR RRSUHRE (ILOBRSided BOEHYaHAU ST ietdl ot o RpY porion of an
antibedﬁmdﬂ}uﬂhe ditrEREE ahtibady Wndgidy, fugickhambees aigestiadfasto a portion
of andAalRG aboyerisdpssiioshinin auSHgPIRENPIETION YecLIg oblain,,

the antibody expression vector. 111 this step, a chimeric antlgogy Eai Be .
Co M G By RIS A iR ERE St tré aramiderdyontiene ragferlits, an antibody
fragmengfiof  withrGerthie avive-coentitee dpens e naedian thadit egiontinmBable
}.egioﬁ!erein, "chimeric antibody" refers to an antibody whose constant and

variable regions are derived from different origins. Therefore, in addition

to iﬁ@?@ﬁéﬁ?&%ﬁﬂ%ﬂ%&bﬁb\ﬁ@%&ow@%wﬁo@g@ﬁ i dnindénerest is obtained,
this cBiAGs tﬁggmamanmwmﬁmi@ﬂaﬁmﬁ@sgﬂaimas‘gi@r;atm@@é;@ﬁiaf@@;]ls&yme sites
nserifl$ ' imeriq ;antibpdies of the present invention. A chimeric ..
e ant%%%%gﬂgi{gr%%ﬁgg%%%r cﬁpéfsfg%eé 5%%5‘ ST Sy TiieERiF fd digests a
nuclegfileRaneRsiseday iy dgohkgbne impeaniasprassitne tidetoniot adinktituting the
antibedngtawt regiohgened)as heand fgduessl U%_Q'Iﬁ: W&ﬂ?ﬂ%gﬁ%ﬁmﬁl%ctor in the

- ti me recognition sequence. for a_restriction enzyme that _
corre R R L R R e, @by encoding
the angi ERBfé saidbpducloreaimyvibieh Drsdencdiginged dedirsdibetibiotye, is inserted into a
suitalle ras;&eisﬁagio%& ES_QJEH@)F? %Eﬁﬁkﬂaiﬁ@{ﬂ?é@ﬁ)lﬂq%t%}ﬂp r?ﬁstbiﬁgl s‘(_&ﬁtg;cﬁmeric
- consiructe igesting the two genes.using the. same combination o , .

A IR G S DAL AR A BN sion) with
the abyyghBay foRasecht erepiseheiNsaiionintfieaetibdiiygenahiarreantibody” refers

to an WIGHROFAHEESNR BABXRFESAIARYERIRIHSQ QP@HEI&%&XE%WBW%{I@ES.

The}_@r%gglﬁyggdﬁfl an, expression c« ntrol.re |t0n. he expression regulatory .
TTegion for antibody EXpression IREHEEL S8 T8 SRR U S RIEAR ShBReTic

antibgshsi dtEpaTHemdy irarsforsingisuitable fosticelsewito thiduéxpiessiothimeric

antib GBSt fﬁ@gf@é&ﬁ@ﬁﬁ;@ﬁ{tﬁﬂhat@&&?ﬁé’%é@&%ﬁ&%&%@%%?@&?Qg}g be

co tDN[Ad an.be 34 qbtained. To express an antibody gene, a DNA encoding _
A S5 HB R SEERAR SACEAP DIPACOHEL RS HABBE T o which a
COHStW@@%EGMih)mahlﬂnediumﬁtpora_te_d separately into expression

veqipss: 4RARUNPCYIPElasHR comRiisinghe B qhain é§§ﬁ§é§u%§@eb%1- a

ssed b%‘S Séi'multa eously transfecting (co-fransfectin ain
inco

restri%@%p&g{g}ﬁ_ Egﬁéﬁé VaiBrepiigned V-region gene can bé placed at the 5° end of

an expression vector carrying a DNA encoding a desired antibody constant region {C region).
The chimeric antibody expression vector is constructed by digesting the two genes using the
same combination 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 exp.ression includes,
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
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the same host cell. Alternatively, DNAs encoding the H chain and L chain
can be incorporated into a single expression vector to transform a host
cell with the vector (see International Pa#ent Publication No. WO
94/11523). Many combinations of hosts and expression vectors for
isolating an antibody gene and 10 then introducing the gene into an
appropriate host to produce the antibody are known. Any of these
obtaiégression systems can be applied to the present invention. When using

k ti Il t, IIs, pl and fungal cells.can
Do (LB 35 L L e o LD S B SLH NEAPE GFUGa chain) an o
DNArrpsation e afmbesdarhglé civenfOllenkiny) cetisbd H)amgpowatallanpeelisistials expression
vect@S. C'ﬁ@’a%dg’l% slesd baByrhamsier didney BHKLHEgLaand: :éb‘rfeh[s%rcpby
Ian

ells; lls s g_lﬁpus oocytes; and (3) insect cells

sim RS RS TR & AR Hrshe B ghpitarsmsilgd vectors ino
the Sg@ﬁél@stmtéhs|oh1fsy&5mkysmyﬁelt$xcdénn\geuﬂlérﬁmﬁzhﬁ ﬁﬂddtlanargmuse incorporated
into §4 ﬁ%%ﬁ%@%%%@éﬁ%ﬁwg HG@Is Eﬁg&e% Sr é%gan atlonciﬁ Patent

use tr orm plant cells. Furthermore, the tollowing cel
P “bl%;?&tfﬁﬁg‘é‘r é YJeHsté e Saccharomyces genus, for example,

SackharoryusssenevidihostandthefPichimoeantss o example afl? Kﬁﬂl@ody gene and
then Bﬁ%ﬁ%m%qgef%@fﬁeﬂ 8%‘?1 gﬂi}% GARREIIIY r‘u SREOHS: 1% ?ﬁ%/ L — Any of

Aspergillus niger. Antibo ressior systems thatu
ep%@&%?&ﬁbséf %Fé%%ﬁ&l%% 48%%% thb‘?e P SRA I iRRen Yirk usirganipryotic cells
as a belispmnsokdélplBackils subiiisoeisilaogsbehsomy Beouseselifitady, animal cells

that ﬁ%%@ﬁé@éﬁﬁ‘ﬂ?ééa@ F?ﬁ)%] YRS Gompt ”?'s% S aﬁﬂ'bo );gy 9 nes of

intérest are introduced into these Cé lls by rmation. Cu urlng the
1) mpaepdisnaalisetie havifr bl On e Qe siras lamib balushemsttrekisineiBdionite, and

Verotealisformed cell culture. 30 In addition to the above host cells, transgenic

(2) aﬁl’%ﬁaﬂ%}‘%@n ﬁgh gtgs%r&d cea Jecomblnant antibody That is, the

can be obtalne rom a arilmal into which the gene encoding
3) ings il sugtorst8re&t s Taffoduced. For example, the antibody gene can

be Insddeibi) fsanpeinted Q,%Elﬁﬂhzﬂ{ &ﬁﬂﬁﬂﬂsg%ﬁ elgqiefycadn usm ce]is

m|I to construct.a ene oat 0-casein or ﬂ;"l‘
-def‘“f%edoq}%“rysi‘faffﬁp e R AT O B NS tired cell

b@dﬁ%‘ﬁﬁﬁ%ﬁﬁé&ﬁ@b?@%serted with the antibody gene is injected into

a goattIRmbeYe, tﬁ@%‘lﬁlﬁﬁlﬁ@%&m%M%%W%%ﬁgémgiﬁ female Hﬁag’accharomyces
@S| ired an can be 35 obtained a otein fused |th the milk
e LB A ST e ddsti i sroffete Bk it

piroten milk produ & Sbcyetﬁw NSy

pastygseid dimacssbnger progenyiidre ginTo fncreasehelvphugid ofgitk
COnﬁ@iﬁ!ﬁtﬁi%ﬁ!@@ﬁﬁ@@[@ﬂb@@%ﬁf@%@%ﬁl@é%Eﬁfi‘ RG99t 50 known For

nes can pe use t as necessary (Ebert, K
exam ? all” ot agﬂféé Ei a&ﬁ T A PR A ﬁiféy@y e used in
the pr@@v@mmﬁim used for the C regions of a recomblnant
Expression vectors comprising the antibody genes of interest are introduced into these

cells by transformation. By culturing the transformed cells in vitro, the desired antibodies can
be obtained from the transformed cell culture.

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
nserted in frame into a gene that encodes a protein produced inherently in milk to construct a
fused gene.  Goat f-casein or such can be used, for example, as the protein secreted in milk. A
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
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antibody of the present invention. For example, Cyl, Cy2a, Cy2b, 013, C,
CS, Cal, Ca2, and Cs can be used for the mouse antibody H-chain
C-region, and Cx and CX can be used fdr the L-chain C-region. In
addition to mouse antibodies, antibodies of animals such as rats, rabbits,
goat, sheep, camels, and monkeys can be used as animal antibodies.
Their sequences are 10 known. Furthermore, the C region can be

obtam@&iﬁmli@!@ﬂpf@é&l herstabiihiopibe AnRadiSxk O MMRIEPIRAME PR Rnic goat bom
fromt tﬁe ozﬁeiﬂt |nvent|odﬁf when ad |n|ster|n |bo msiﬂt 0 humans,
i

geneticaly” recom IHARCAIHBOAR spfﬁﬁ‘f {?8 h arBIi TR SRfeduge of milk
conteingipodesbedaatibing mﬁd@e’ﬁimtymgmt Bomnansnemthctikdecared on the

ra l§ 5 i i
B et e L S e

antibSaTe §H‘b J%%% SisoE the ChhsrieRS AHidorsagmbinant
antital@nfi ﬂmjsrwhusammhle regiensapid, ristanapgions are, dudifierest!, Ca?2, and
Ce cQH%ﬁsmoﬁm%s@%@l@HB?% EPPJHPES%'Q%& aﬂﬁ YA ?ﬂla@k%arhg? used for the

chain varjable regions of'a mouse anti and the heavy-c
L“Chﬁ f%c'f?ﬁr‘ﬁ’bon]slﬁ {té‘g‘?éﬁs’&%ez@’%?ﬂéﬁ% é}ﬂ‘i}g@éiﬁﬁs‘i’é Hbe mh@mrats rabbits,
goatjniergpeciesichinderiordribody Be necdmbimantxyestivo dxpregdied &quences are
knowRimeqeanibodvicap beRieducsd Byl Hnt% w%ﬁe%ﬂg%%ﬂﬁn ”}OEHS ntibodies or
antibody variable regionto a DNA enco Ing a human antibody constant
thelrr@@éﬁ“&f‘i’d then inserting it into an expression vector. The recombinant
celldithbgt bmsenbmmtaﬂﬁfwi’fa@ddmihzﬁm;ﬂgfﬂﬂtﬁiﬁf@w%th&ﬁh@n Qe&ﬂ@xcaiiy

recomsmrafsgoewﬁt%%e@ésda%ﬁ%g %"1 “Cﬁe“t'Pod 9d%mg

in the 25 culture. Human ions are regions o chlmerlc
XCNOZRBERIFEY AgapH B OéFgﬁab%ﬁé‘@“#ﬁrleﬁdmdféa@yiescpizh@@ze@ww
recofdbSit Galibcdias andude damdite UsEitabea A 6hainiCeegiaBe &Xsand KeXe modified

amb%%pepgagqge ﬁ@e’d S%]ﬂo% g% glon tae amino acid sequences of these

C regions a e nucle sequences encoding them are known.
Furt ?eCtﬁélhaﬁiﬁfazﬁ Bpaatipeyyvaoregiariabinrogiens difibeous tanprogiens are of

diffetont stabiity OF@@W%@%H&W@%&@&SIW@M &ﬁ'ﬁi‘@ﬁ'@ light-chain
varidB! pﬁ Y EASISR Osfetgzzt%o(? on of & ea%%%d% é\f}% %ﬁ]t?b% dg;ta@‘hregions ofa

non-numan anima reglon eriv rom a
humipie giber & Hme UREETTZCkNSrRTiS6 iy constsis Bftibedyornbiementarityt vector

exp;éiﬁlﬁ@"@@lﬁ@d’ﬂg @ﬂlﬁ@@%ﬁﬁﬁ)@@ﬁ!ﬁ@@ﬂ%ﬂ%&&% HQ%UQ @ngf@ﬁ@@rheuse antibody
nimal, and t mework region region derived fr

vari %lljerﬁg%i rt ar?Nr'gl%né:e feedn |gen|catr) of &hitit ﬁﬁ%&%‘?{hﬁ&dﬁ}?ﬁ%@ﬁ?&% it into

an emaw@%m}@éd Bhterinhisarantboty idaseheadrans utive ingtetientcror are

cultu%t%m@%ﬁ%m%mﬁ Er@}?}ﬂ@gs%@ YRR I i X ATRIBbody produced in the
mou uman chlmerlc anti d|e t can be ohtained by linking the
culture,; %?u g f

& ey (N IR CEPISHEFIE GBS AP amanized

armino acid' seq nces %gﬁ%
antibgglisble regions of an anti- EREG monoclonal antibody (B3#18) prepared

bas?@r%i%lgr@%ﬂnU&’W?We@ue@'r%gf poRoglanaL 20HRRGISSIN: an H-chain

the present ntio specifically, the présent ‘invention
C regxonp 81( ancp (\ﬁ can De use asp an L- cha%ln C 1epg10n The amino acid sequences of these

C regions and the nucleotide sequences encoding them are known.  Furthermore, the human
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
human 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
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provides mouse-human chimeric monoclonal antibodies comprising H and
L chains having the following amino acid sequences. H chain: the amino
acid sequence of positions 1 to 446 in th@ amino acid sequence of SEQ ID
NO: 10 (the signal sequence of positions -19 to -l is removed) 10 L chain:
the amino acid sequence of positions 1 to 213 in the amino acid sequence
of SEQ ID NO: 20 (the signal sequence of positions -20 to -1 is removed)
invefmdsthermore, other preferred examples of the chimeric antibodies of the

preslgor}te}i{n\r/}[?r]tion include the following ar,Eib dies. An antibody

comphising an 4 ERATH ARy THE'SBG FBHRRIIF WRRIF RO S Rfptalsdquetdsng the
aminpBA¢iiGequa)hasdseshiemtedd: romahesaming aciskeadbienasMSEGIR of an

anti@@E@?r%o%lg(ﬁﬁllaﬂﬂ%Byrﬂﬁg%s%&ﬁm&%ﬁ'mgg)}@s%g{ WA sti0n are preferred

segue ceé—l ) to -1) has been removed from the amind acid sequence of’
mon: Ba’&f 0984 NG RERSER CEHBPRIn MR RiSBREHFC ARV Ml this ssainsfsation
providaymiokshésigmat lseguienoenédSitd ah)ibadibeamtamoned HaLtbigins having the
folloAPAARE §@1’9%§5‘&&19és,8EQ ID NO: 133, and an L chain 20 having the

sequence in which the signal sequence (-19 to -1) has been removed from
H chgp. éﬁﬁiﬁ@’%&ﬂf@eﬁ%m@&ﬁ BEGHHSNGP 138 e ATBRIGCRRgHSTfg ahSEQ ID
NO: Hlchhérs izaving dthense qiiencieidnsvhcio theisignalwaguence (-19 to -1) has
e r i id seque of SEQ ID NQ;, 137, and
L e e din IR SRS AHEPES B s e
NO: gldthretiggaberaectel armitions 52400 deguenes s SEQ ID NO: 139. An
antibedyiccarplisihgranditabaishayiRg dtensadieBee Muwoieh e $igpalsent

in.vex?t?&’r’ﬁ{&%?de(ﬁg ﬁglmﬁﬁfa% eond{gsmoved from the amino acid sequence of
SEQ | 41, andan L ¢

D NO: 141, ain having the sequence in which the signal
seq ipady oy argoeet rhaipvedinetheseqmino imvibidefuengenbfcquence
(-19 BEQ) E@&&@Erﬂzﬁ@;ﬁ%&ﬂ@ﬁﬁ?@ﬁmﬁ@fﬁ@ﬂ%@&?ﬁcﬁ shaimhay ) mih@,dand an L chain
: e whic ignal sequence (-19 to -1) has been remove
b B T W0 B ) B i oimghe emino
acid geqggRAES VR IhE3dignal sequence (-19 to -1) has been removed
from\ihendiBting cafifrBequenee PhPERURNGY stidelie ARIRANNY ARG e quence

i o] nerally comprises three complementarity- rmjning 35 regions )
(19 B P e G SRR SRS kb g on L chain

having heseaianpedatetivhsbethigtihetingespe Cifiity of Amahtibotyndive dminche amino
acid 8aidsRgWEIees Of KBRpgre 37 highly diverse. On the other hand, the

o THEBAS CC U S SOE A S GRLCSTh SYBFeh ey peauence
(-19 the Bihaihgspeeikcieyd doadérainianiibotiegaemdse fAR§dad@o Eotheran L chain
havi@m}zjm&tﬂfewgfﬁmﬁg s%&ﬂéﬂ@?ﬂ@@g @IHPQSWH% 8l ¢8R from the amino
acid SESIGRSLPUME H5 GOy, Spectfically

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 I chain
having the sequence in which the signal sequence (-19 to -1) has been removed from the amino
acid sequence of SEQ 1D NO: 143,

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-determinin g
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
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humanized antibodies prepared by grafting the CDR of a non-human
animal antibody such as a mouse antibody to a human antibody and such
are known. Common genetic engineerih§y techniques for obtaining
humanized antibodies are also known. Specifically, for example, overlap
extension PCR is known as a method for' grafting a 10 mouse antibody
CDR to a human FR. In overlap extension PCR, a nucleotide sequence

highlgntioeing a Oioteeaiinagly, @@I?Rocﬁﬁsﬁfaﬁﬁg é%a@ﬁﬂﬁgdt@é&l%ﬁwﬂééﬁ%n highly
hOms%ntohes‘i:%irilgaa Qil_limaann aﬁyekg%v frPn]{r}rti are pr ed for the 1

U FRE. THid ge y con3|dered Ei ggrefﬁe §! Hidus {& CneTaly;
the bmfiwarﬁmifgétwfwgcarn@mnmymv |Bem@hiisf€ilmd®¢cﬁg®mlset@rmbnduw CDR
graftinR is advantageous for maintaining the CDR function. That is, it is

generall to a an FER comprising ming acid
squeﬁic?{é é%i{/a %r?(%f) t8a@1€ég]%ﬁ§ﬁ}i‘8 é‘%’@ﬁﬂ@ﬁ@% gﬁ’thesﬁﬁ?lﬁcany’
humagdiademt foothes WW@MIMQM@BMMWM gotthedy such as a

moudigRigd e designed %MB@&}I*&%M wilhps conngsteddn gach g%m:‘%{c'@ngmeermg
frame. Huiéian FRs are in a%idually synthe5|zed using the respective

tec}]%?i‘ilﬁ%fgr tainiag AEmANEeR AP ER @ Bt DR-encoding DNA is
attaBpedftceihe fodbrahupl20 FeRaproneing DNAR Brenobtainedmdiholé dsidgrafiing a

moué%ﬂ%wqg'yﬂmﬁdﬁ%se& PR% eé?é%n%%%h% LHeRigned fsgiucme

that they overlap with each other. Then, overa ping CDR regions of t

encoging it SIS ARKRHSL I Rhariridnatdes @éh@ YRR foRymifeesigng a human
antibadné&Red Fomeonapignpatadyistrant syritbesis lgaction. @gethi&ﬂ@&ﬁiﬁmemd that

I thr, t e
ol YIRRER A BRI IR TSR EERASHIBEER R0 Whoicgos
a mOHiﬁ%&éiﬂY&Qfé&%Sa%fpiﬁﬁé&%%ﬁ@tﬁ}ﬁﬁ%&% flyaedemeal ftits. 5t rgpmerally
prefeertds mnn:i;mdulﬂhﬂaa\ié&uta@ianigaﬁmaﬂﬁnceitzi)am@;ﬁeﬁe@mgﬁnz $RYUROAESSs to the
A\ " ressi uced.by inserting the

amin) C?gt% f%ire@c? g?gescr%%%égg%%oe%%%q SS{IQS at enc %gdgsé human

antibiaa&?féﬂiégﬁﬂiriﬁf@san B e arba ¢ desisnsd toahrhdleitilgbeeomnected to each
otherfiamemAfte Hmﬁﬁﬁiﬂgswdhiﬁiiﬂ@waﬁ @ﬁi‘t’ﬁé‘éﬁrei:ﬂt@;ﬁgfmétr&g%ﬂ@@ iSAmers. Asa
resulf, erﬁ?i%ﬁlpé%aigt\ﬁﬁﬂ%t %@i}gg 0 a'isl\%”turﬁaé qge Il’li\(lif‘\\/iduai

codin ehumanized antibody is exp ssed o pro lice the humani

FR-epehsa AN e tentiamgre (é\é@@}r%é%wmﬁma@mﬁ@mms@@m of each
prodZ3%:4Q sindd Rternatinpalb Rapnk ki BHeReRNO . R Qﬁ/&%ﬁi}g BYOR regions of

the p%%ctt%“sve] %esm%ﬂar%}ﬁ%guv I r?ﬁ:n%%m n%zgggeva#éo o %nggaied for

antigen- ing act aite
Comni%@@ﬂ%m am@wﬂ@@amegaﬁmiy &iébtsn@manrarinmmnmﬁaam@mough the
mous@@ﬁgtgb@gﬂcagfavorable antigen- binding S|te when ligated through the

S amlno acid resi S in a
L A s R A i BTt R Bpare wlimtely
1igateéipgﬁ@pwéiﬁeémﬁgmwpbm@mgfai@wl éxamplendminodsciddbedjindrivere suitable

restrﬂi&bﬁ@@ﬁ@ﬁﬁ@f&&ﬁgfﬁﬂ&%&ﬁ@ﬂ@&@ FRS Ry.@PROANGLRG E&&)H}?&QQ&W can be
rOdforg% amo éﬁéﬂ% §/th adhu an ER. More speC|f|caII%1€Dartia

prodyie B LR, RERE R TRTHRSA 87 o DNenAFd s a buman
antibadin EatagicharfRasarpensenNgcieotiddiseiwonedimgattionSane.  After inserting
this iHEQIHERABES: 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 m 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
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.
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the FRs synthesized using such primers. Mutant FR sequences having
the desired characteristics can be selected by measuring and evaluating
the activity of the amino acid-substitutéd mutant antibody to bind to the
antigen by the above-mentioned method (Sato, K. et all, Cancer Res.
1993, 53, 851-856). 10 Methods for obtaining human antibodies are also
known. For example, human lymphocytes are sensitized in vitro with a

As ndesised;antigenodcelisleqiessiP heesiadiRntgen so e Y- BRIDYMSeshaped

hocyt it ma cells, desired human
e B TR AR i 158 AT, (g scquence
mutqmgmltm%r%@m&éﬁ ipplised ke feRusitinpariad fdrnfosarg a mouse CDR
wﬂh@lﬂﬁlﬁﬁ]ﬁ@‘@” b Altgmatvaly, ﬁaﬁ@ﬁ'?ﬁl@l@%@%@gggﬁlﬁ%ﬁ%%Qﬁ%@qgtroduced

e B R b Rakghons are o
the I|Rsethgﬁa¢cbmm f{oblication. NOduMO 9B/42227¢ AR 824038 1Bs WO
char%@@ﬁ@@céﬁ/& &4@@@%@ Qs %@ﬁ%@%&é&ﬁé@%ﬂﬁ@om amino

rthermﬁre techm% 6f bt in human, antibodies by panning a human

acid- SRS EH P ARG X HORIAY b s atitinte, kiéhe Fhesmsnbionshaded (Sato, K.
et al, aﬁtmwdyﬂsseiﬁﬁésﬁd%déﬁﬁ)gle chain antibody (scFv) on the phage

SUrfRR&HIING, Ao RAREE %%ﬁmax mﬁﬂ&%sﬁﬁg QQ@%%§\{J%at bind amgp e, human

ntigen can be selected. By analyzing the genes of selected pha

lymP%R?XtE%ai?e%?Eé%%ﬁw &%thxaréa%ﬁﬁé BrhgFRAn eslsoRrsssiRa Brsired antigen.
Thenttey dinsigenicase et dedelyninkst yidtew tietermining theraNdIsesigagen hn

mb%e@g%mgqmlgaﬁ BIIgS, gés@%igrc%%'%n gﬁa%wﬁ%esf@?ﬁm M%) U266 or

with the desired human antibo ?lon seguence; an iS'is

suchignn e sht L% fpe E%’ﬁ?@l&@i‘é‘ﬁ%’é’cﬁ fsrerllice an expression _
vectbltefhisvekpredsiard/eotoncan bedptiad @@Qﬁtﬁﬁ%@@t}ﬂﬁlﬁﬁ%%ﬁ@@ Antigen to

immGHS §Q%§g%ﬁtft0§f?z %ﬁﬁ'ﬁbc%%?p(%/s? haene%ttlr}ee Itéum &4 g‘u Eﬁe/me Qlcob%%?r genes (see

gene can be expresse to obta uman antl

me“é?@%%ﬁ Flaterih thitertianiorns BAerY BLlcatén 9%%3 %WQ@&WOWWO
94/2 SFR2ORT1 9@@%05@@@\9@/93/1&)23@%&&%3@l@&%{@@?%ﬁ%@ human
The.,an sed | present.inventio

e mten e T BT SRS o
a hurpggibedy Srtmseead ana sl ahein antibedidsolapresshmethaby sgNhcasising a
phagéodigpdsyitiings, t@ﬁ@@lﬁgﬁ@)&rﬁﬁﬁﬂﬁ?ﬂh@ dﬂﬁg&\‘?&ﬁﬂ%?ﬁgt&%ﬁéﬂ of B analyzing the

I a multivalent anti at has sam
genegé?%%e%t%@/ §kr)1 I%r‘%fé%c g%s ase u ?\98 T co c%cgg \ 5%%323633%%W%Pm1b0d1es that

bind g Hp RIERFY #ﬁéréﬁtdsrﬂﬁ‘gwéind&iéesdé@rM%thmmawmqmméscFvs that

bind preseRipantiotis émﬂm@gﬂ&tﬁaawéwlﬁ ﬁ@ﬁ@@}tﬁﬂﬁé&%@h‘%@@%mn  antibody C
includes mini gles and rp% |tgd ro}#gts theﬁreof as I?nqﬁast ey bind to
regiof SERS pr(k)atéln B R MhIBOGS RS RASHOR 0G5 g rREMST Rihg tRression

vectoportidoP@ ikt sptioodyn(hsriakadisie] inhokeilgsy. oxpriony msdtlhascthes those
descrakilityiovbinddhneEREG aﬁugsawﬁéﬁeh%eg%&%mea&ﬁ@gw% mlﬁﬁtﬂfe human

ible,. Antibod ments of the present invention prefe
et L N AR Bag P 0GP R R UaABIA O 92101047

WO 92gierofv Yy (BB AN @G/ $bie e SRV BRYWMAY Hawss, and WO 95/15388).
substiiutiane HaleiPnsIRIFIRRS i RRARN is not timited to bivalent antibodies
represented by 1gG, but includes menovalent 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
antibody used in the present invention is not limited to the whole antibody molecule, but

includes minibodies and modified products therect, as long as they bind to the EREG protein.
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insertions. Furthermore, as long as it has the ability to bind the EREG
antigen, VH and/or VL can be partially deleted. The variable region may
be chimerized or humanized. Specific #kamples of the antibody
fragments include Fab, Fab', F(ab")2, and Fv. Specific examples of
minibodies include Fab, Fab', F(ab")2, Fv, scFv (single chain Fv), diabody,
and se(Fv)2 (single 10 chain (Fv)2). Multimers of these antibodies (for

exampheniding Erifineih J8HBOA9 e SN LAV S) HRASH NEHIRS Ribody (for
exant;h? %Hblqo?le(‘%of mselg{lesesnt %\;(\-:'RH#]OE. Fra‘l%r&%réts of antibodies can be 1 delets

dbtained bytreating’ an artigo PRH Bregrdthiie oy tial deletions
of at?r%:@ib@iﬁ@%ﬁ@vlmaeﬁpgmssthm prédibedanfibodyfragheats arey favention
pref@XBR IR NARAI SIS ARARIRRRIN, AUENAVEDY, ¢ H@%hg_ﬂ%cg’glﬂgle region (VL).

these antjbody fra 15 can be constructed, introduced into
The g G S BE  Ch THo bBFRLEEt O RE BB A b ees. o
inseréieasnplEpCiervoS, et Biiglad i husribe. (4094 d bRI286F:RITHaBigHEl VWA and/or VL

| H., i ; 17 (6-496; .

L S R ﬁ%@hﬁé%%%’%%?%?%1%zy3€5§rs§%%_ Specific
examples 4684 B REEREE T Sy (35BY. 124 F 6575988ific examples of
miniRmiim'Rmh)deJFﬁ,éﬂthW dthddR jIF & nzymEeiagye (@Fﬁgﬁﬁﬁfeﬁ@%&a@m (single
chaiBi = LSS - Digestjve enzymes
e e e e L e STl B s ane
po}YWﬁ’&?r?éﬁl%‘%ifﬂctWé%I166ﬁﬁ§‘§ﬁ@%i¥€s§t%dbﬁﬁé%s. HEYEBfetic engineering

techinguesiarefliseihodivsuah enayaintitaliv @ataiped antbedyWwiagmentsyme to
proa@SY BRAI0N ghiEAIIDAd canbe dslelee; anall digesion BIEIZ Of. ¢

Fab 25 PepsinTdigestion: F(ab )eg smin digesti

cxamplife RABHEY RFANIBHIES BRfRIDre kTN RsoReney e uling depdraiyinedysragments

can Hl;acbil‘f@rﬁt’[yd}’ @gi@ﬂ;a@&ll(ﬂﬂgh&@i’ﬂﬁsydﬁ&@tbﬁ@m atfin '&Xﬁ%%@fﬁﬁd approti)airiate host
I [ carai t e.pr ent Inve N a | C S|ra.
e e T, e R

Horvtgjife bt effedssasiammals gant2¥OMadfe 4pedificaliuqiataned. and Skerra, A.,
o allociar fnchon. e antibochy ofma o eyt ACRe2y (1959) 121,
| effector function. ntibody, effector “fu udes ,
652@6;#&0“5%%%% ét?c‘%{\‘iity.eﬁ\aor(ilfcu aﬁr’l]i%\{)nr}é) 8@6{;,5%?&%%&@' isodiBrgs R. E. et
al., T PivehticiIiave ADCC activity and/or CDC activity as effector
fungligasiAv eliahodi sefersdapaivalent ArtRoYiHAMRI CORSIIEIRA PYntibody

ene_fusi llinger 35 P. et all, Proc. Natl. Acad. Sci. USA 90: .
e LD S50 Ry D ErRFL, g AR g igpes ar used
on sugihtazreRipesed bfawers sokiprgitifemshetits aGeperadly dfitbacht#0dy can be deleted.
papappdywﬁgq%qlggjg Epp§gt;tinlg tkhe dime(:jr, \éLdand VH are |||ink?1d by a Iinkher

within the s .&hain. The linker iii a diabody is generally short enoug
Peps%gpggg\s/tté%?'b?iﬁ%gﬂg Béﬁﬁgen VL and VH. Speé/ificegly, the Zmino acid
Plaspgsidigess iebnEtiehting the linker are, for example, five residues or so.

Thergiose ¥ LnaRbIdEINAL RS RREACRIRYiTESAME Bﬁ%gﬁ@%ﬂ%ﬁ#ﬁ[@ lacking any
. cannpt form a 5 single-chain variable region fragment, and form a dimer
region.as gﬁlgtﬁ%};%ﬂ gﬁv%ﬁm%rﬁ%mty to EIgEG. Iguﬁhermore, according to the present
mvention, the antibodies desirably maintain their effector activity, particularly in the treatment of
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

P. et al, 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
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region fragment. As a result, diabodies have two antigen binding sites.

scFv can be obtained by ligating the 1-1-chain V region and L-chain V

region of an antibody. In scFv, the H-ch@in V region and L-chain V region

are ligated via a linker, preferably a peptide linker (Huston, J. S. et al.,

Proc. Natl. Acad. Sci. U.S.A., 1988, 85, 10 5879-5883). The H-chain V

region and L-chain V region of scFv may be derived from any of the
polﬁ%k@&éﬂ%@ﬁ@ﬁﬁﬁu@fﬁwlmﬁ Wpéfgﬁ\}ﬁkﬁr fﬁ’ﬁﬂ@?ﬂ?% ! RIS Ssame

not particularl I|m1t d For example, an smg chain pe ide consisting
chaity; %ﬁzll Lir(esﬁé]ues apdy Ige%agrﬁ@ga %rg/ the' E‘?pﬁ(‘f?@ s%Béiﬂéémwﬁﬁn VL and

VH. ex‘émplﬁcadépmeammgqﬂ@m@w belstinoisytie dakdereased et PERfive residues
or 5@3M§@#@W@%ﬂmﬁﬁqgﬁcﬂg%ﬁ&l&%’ % ﬁgbtggﬂféﬁgii% rggﬁé'@ga eceymg\t form a

S 1r %ons Forclgatlon ogthev reg |on CR methods t, a whole
ing {STRTN RIRR diedCR dasmsgt ﬁ’ﬁq rgf"rﬁﬁlér%‘?;rdv thes selerekprorariable
regichdrigiioming BNAswah Bebméebém‘&ﬂmnphazt%sa B)hﬂ&ngaﬁm&ence encodlng

the E&F@@e‘ﬁ 8k %!ﬁ%&é‘@%éiﬁ%%&fﬂl?ﬁaﬁ?%’%% gu?d;am el gﬁio? of an

A ence encoding the L chain or
a““‘}%riyab&éc ﬁgﬁ%eﬂ‘am.}{aagwwﬂém@aMg%@%wtaﬁa%ﬁaw
prefevabdyiopspaide ickeid(Flly@mpliied by, POR Methedsiusigiapair 0683, 85,
5879REEREYS th%h@\é%eﬁﬁ%?%g | Iegrfsc%gnld\/gﬁétg%% er?ﬁg glzi?g\tfed from any of

ends 'of the DNA to be a hen, a encod Ing

the agtiafliss SR st ot . 1%19@ DRdehabamip tligpénithe Wridsieaiass particn larly
limitbé sylfthesizmgla)sing sFﬂ(gR: dkaiihpeﬁhﬁﬁddﬁsﬁ@ﬁngﬁm irers s@des or so can be used

as th@qﬁh?é}t'd%% ﬁ@&?ﬁatﬁ p|l atlo r}I& ?;[%%C 4 61 §éﬁr}ﬁl\g%§&\ﬁor such can be

synthesized V-region a Sare a
Us€dreaction is carried out using the "H-chain V region DNA", "peptide linker
DNARCRme:thedbairVaregior BNALanshthe @é@l%%s@@ﬁ@ﬁ%@ﬁﬂ@z] BER. regmns
For | i bl Rc¢ fthe C on of Imer t
o SR TP oy AL RNl FoB O TR N B A IgE @ desired
partighfipiaR 16 deicasy ﬁl@ﬁ@dLﬁ@ﬁaihe\foﬂeglmgmms mb@mapmlate

a DNArsaqsaﬁﬂb bnBédhgate aipimebseidhatram amplifyRPNASNHIRG R4
antibh %learﬁgth sequence of scFv to be synthesized. On the other hand,

leotide sequences that can be ligated to each V-region DNA are
a D%M%%W@égﬂw&m{k@w theTingbath SéecpiNms ke liatednamibtivd antibody,

full-lERgth @ﬁEHllﬁgUHH’f}ﬁi@Mﬁ) rducedas ‘ar}@gn%fhﬁ%tiﬁ&@éﬁmd LEHEIBY by PCR
meth haes Brh%egs f?rr 0 Sﬁn@ery tﬁc%? v%rs]g e the sctv: enCOdcin g BN fb
Ors CERTSIiRG P TR HRdG &%?ﬁ%‘l’ﬁﬂﬁets of both ends

constructe expression vec
of the i 4y &h@foﬁfm@éﬁw théddwaprasdioncedingthorsptidedmbbtaioredn is prepared.

The Bm@@ﬂmt@gm%@ﬁeahmﬁib&%lsﬁl&@@?ﬂm%é@ﬁs%ff Y& gan bg the 5" end of the

btain cuII ring the res It|n b|n nt cells and expressin
prlmers &ee I’ICO < zg &%g%?ﬁ% r@p%b%ﬁ?g‘&ﬁﬁ@%?ﬁmthesmed
V—f@&ﬁ@l mtalxﬂgstwmmn@ﬂkm @resm;h:do thﬂm,aPﬁrigtearcltnamléHaldmfbat akingd.the

“H-cHVnekbetnods 1‘%%@1@@%@%3}@@) SCEFV2.620 Qerégﬂ{&%ﬁd 108 1 rimers
for asqem@gz%cqi’ joining scFvs with a linker

The primers for assembly PCR consist of the combination of a primer that anneals to the
5" end of the “H-chain V region DNA” and a primer that anneals to the 3’ end of the “L-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
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
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Moreover, antibodies in which two VHs and two VLs are arranged in the
order of VH, VL, VH, and VL ([VH]-linker-[VL]-linker-[VH]-linker-[VL]),
starting from the N-terminal side of a sthgle chain polypeptide, are
preferred. The order of the two VHs and the two VLs is not particularly
limited to the 10 above-mentioned arrangement, and they may be placed
in any order. Examples include the following arrangements: [VL]-linker-

vectd¥tdhnl iiﬁhk@bte{MEﬂ aﬁ%ﬁ!’mé\/tb] c&ﬁbﬂnﬁﬂﬁ@!ﬁ&mwer?ﬁvﬂ%ﬂﬂgﬂ'@él YeFvs can be

obtai%g]ﬁ%%%ﬁs[{f)@{@&gsﬁgﬁé Iﬁ\éﬁi_er-%i%ﬁ?{ Eél}é Iﬁlx&%xpressing the scFv-encoding DNA.
[VL4iARe?- [vmHintke Sp\nrniake bpv/iigatingyt wib i sape peideinkertbdinkbes or such to

formintRGUCERhBY (HRASSE &NYINEeHR ANUNNGlIEJUKers| (See. f@gfxaggﬁig)z can be

those.disclosed in Pratein Engineering, 9(3), 299-305, 1996) or such can
: ; e S0

u’s%)a %Xsaﬁl&érs%?%ﬁﬁrfé & WK riable regions. In the present

invévities V20 peiptidbelinkersiahetprei8iabiel The Vangitealthezpéptide order of VH,

VL, mgear@is/nqtmﬁﬁméﬂxvmlﬁgkmﬁ?ﬁﬁ&ﬁ?ﬁiﬁ’iys%ﬁﬁﬁgﬂo% #OREterminal side
fa Sslggi&ed mithe rt ac%?rdlng t_oéhg purpose. The'length of a 1ino aqd
© G rReIR ReNBERIES BERIGESKer is generally Ito 100 amino acids,

re
prefEhaloiyd wf 156 wmiNdiaecitshmone prefaraidy frta@baminaiadds tland

abovORHEHIRM Q@%&Q%ﬂ;%ﬁﬁ %?%Wyoo?gfg&g Qf SXGIRG: 1%%@'61 s 'gglude the

foll acids). 25 Any amino acid sequences composing peptide linkers
OLO R A8NBHE A they do not inhibit the binding activity of scFv. Examples
[ VL ]efrtherdMiblolmbict-$&dlichdes-{is@d in peptide linkers include: Ser Gly-Ser

VPR G SEiSE PG GGl Gl-Ser (SEQ 1D NO: 23
__Ser-Gl -GI)-{-GI ( I‘Eé ID NO: 24)" Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 25)

[Vf{]s"sﬂé%fr’%c‘!ﬁi é‘l@‘}zé'nﬂ- Vi8S IBNO: 26) Gly-Gly-Gly-Gly-Gly-Ser (SEQ

[VLHDnNG:[ RT)] 42 kGeNGIY-BilveayB]y-Gly (SEQ ID NO: 28)

(VL] %@X@Xﬁ%&@ﬂ%@%ﬁ&k@%@ ID NO: 29)

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

ID K@Y gﬁ_l:ﬂﬁagy(ge@rt_@ 1@9};@@_@9&1@@@:@ Ricesgimengineering, and synthetic
linkers (see, for example, those disclosed in Protein Engineering, 9(3), 299-305, 1996} or such
can be used as linkers for linking the antibody variable regions. In the present invention,
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).

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

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 1D NO: 25)
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 26)
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 27)



10

15

20

25

30

35

in which n is an integer of 1 or larger. The amino acid sequences of the
peptide linkers can be selected appropriately by those skilled in the art
according to the purpose. For example4f, which determines the length of
the peptide linkers, is generally 1 to 5, preferably 1 to 3, more preferably
1 or 2. 10 Therefore, a particularly preferred embodiment of sc(Fv)2 in the
present invention is, for example, the following sc(Fv)2: [VH]-peptide

Ser-leILERMINCEGI8):Y HyREBLigE linker (15 amino acids)-[VH]-peptide
Gl linke §1§ amjno acids)-[VL] Alternatively, synthetic chemical linkers
y"@}’éﬁ’%i z }é’&&ﬁ Yﬁ%eé F RN Betdded to 15 link the V regions.
Ser-GhroéBirkihg(Hydnts (dutifElQ ibeN o 2dpsslink peptide compounds and
(GlySHE GANEEYRe g’g@meﬂ)i)rﬁvention. For example, the following

chemical crosslin Iﬁé agents aré known. These crosslinking agents are
(Ser &bt brGEly HVANE NN 815 succinimide (NFIS); disuccinimidy!
in whidherate{DE&)k20 bis{sulfesuctininidid) suhratRdBSSHf the peptide linkers can be

ithigbi iimi ian DSP);  dithiobi [fosuccinimidy|

sl R e e oot
whichydgieraingydbs lnethipd i ammttieyinksstiazenesilioleGS)profrably | io 3, more
preftiguedininidyl tartrate (DST); disulfosuccinimidyl tartrate (sulfo-DST);

bis[ inimidoxycarbonyloxy)ethyl] sulfone (BS ES); and ) .

bis[ililgﬁgg%dg r%lr?rlﬁ %%?}’c ¥%#y oxXy ié?#f/ %Iﬁrlfgf?nsé: St oqh)[éb‘ﬁfﬁgg)lmenmn 15,
for expgnaly therkdlomiess«Fe Fequired to link four antibody variable regions.
[ VHFhepridtipire:3Q Sinkens tefe)Lsed Paytiall heiet the same he Rl viffereplide linker

types. In the sent invention, a preferred minibody is a diabody or an
(15 as%épfll—ovff.ldéﬁﬁffjlinibody can be obtained by treating an antibody with an
enzyiernstisklaspapeiiv shpspsinlingaye chensanhtibodificagrents) ortpe used to
link ﬂwh TSUHEHING. DN&%M@@%@Q@B@%@@W hogly #agmanR JaRRAUSIRG ounds and
them into expression vectors,.and then expressin m in appropriate . .
st el AR5 . KT A e KO oG Azosslnking

host cells

agenposs e Beliwasavransinkomvitgents #e, ddethods iy zaumidlb(d.989) 178,

N-hif6x40c Bligktiynfsyand Skena, A., Methods Enzymol. (1989) 178,
di 497-515; Lamoyi, E.,.43 Methods Enzymol. (1986) 121, 652-663;
isucg U 3ra§§ 5)3&)

OUSEeRUX ethods Enzymol. (1986) 121, 663-669; and Bird,

bis(sRif@uanid WdiKe suBsrale TB&A3ds Biotechnol. (1991) 9, 132-137). Any
dithi&ﬁ@@ﬁﬁgﬁﬂiﬁe%ﬁmﬁw m)be used as the antibody of the present
ditl i veé;ti%n. Preterr%cilantibo ie% i@ilud the antibodies of (1) to (57) below.
G S RS S R A BRI} Qﬁw‘ﬁ’lé, full-length antibodies,

ethylmrinipydid i s(nimah amidyb dies iehingiiédAntibodies, humanized
ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS);
disuccinimidyl tartrate (DST);
disulfosuccinimidy! tartrate (sulfo-DST);
bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES); and
bis[2-(sulfo s_uccinimidoxycarbononxy)ethyi] sulfone (sulfo-BSOCOES).

Usually, three linkers are required to link four antibody variable regions. The multiple
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. e al , J.
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.,

2
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antibodies, or human antibodies: (1) an antibody comprising an H chain
having the amino acid sequence of SEQ ID NO: 2 (sequence of the
B3#18 antibody H-chain CDRI) as CDR#; the amino acid sequence of
SEQ ID NO: 4 (sequence of the B3#18 antibody H-chain CDR2) as
CDR2, and the amino acid sequence 10 of SEQ ID NO: 6 (sequence of
the B3#18 antibody H-chain CDR3) as CDR3; (2) an antibody comprising

Metﬁbesﬁzﬁmr;f((@)a@gm@remh%U mwﬁ%tbe@mms}z@&i@cﬁmﬁﬁﬁ Qloge) 121,
itio | am C nce
s B I e e ) B

(3) aurkibbthyreoraprigigguibibad whairbofugt)] whbeamtbmiﬁ ahhinphes:thénvention.
me‘%ﬁ"%%mg’?%@&%?a%%@%%‘gﬁé‘ﬁéﬁf o o e s may b, for
exangpl BHE ‘flsaf%mfbsw eﬂeiaﬁrawaﬁﬂﬁ@a%&ﬁb&%% A PQHgin humanized
antibeshémgothiaiamminmaisidisequence of SEQ ID NO: 12 (sequence of the
M aﬁ%ﬁ&ﬁo é% oAl CRRY AR Rl HI&BB‘HQ% ,?%‘38%%‘5?5% fﬁ@ 2

sequence of the B3#18 antibody L-chal
<Seq1éw&ﬁtﬁé l(%%*l% iersbauhtaEindrRRY i® MOk kéheamRmepbstrrence of SEQ ID

NO: Bsmammﬁy%maﬁmy&smﬁammmmmmmwmﬂ@t&tﬁd sequence
of SR K- HBGIRID R p3BAY RS gﬁ%{n gggg(’%eg‘g%

positions 107 to 213 in the amino acli uence o

(2) apsanfifenies ot B8 hed &hﬁ@o@v@m@re@ bed s obastabe aegmmd sequence
of pd&jiems dntibodis Zampeisinintherid cbqiamek (@) SEerRINtESL Whalhfasiihe B34#18

sitions,107 to 213 in the amino acid
a”“bgeﬁgm%g ?ﬁfyfg%gﬂ%%%%%ﬂ Ilé gée of the CL of the mouse-human.
(3) apriptbALEPPS dRE bl fé@le@fm arhsrripsby domkpndingthsemiopairid sequence
of pc&it(dz)uﬁhﬁ?tﬂﬁﬁﬂd@hﬁﬂﬁeciﬁlﬁﬂ)o e(&)daec@ieﬂb@dy SBOPNSNY; the (kkghaiBeaf @k CH of

C prising the H chain of (3) and
the D@g Jgﬁ%ﬁ:@l‘ g?eé%)?fgg)géﬁnant f/}/ c%qn?prlsmg an H chain having the
aa&nﬂb%&@@an@ﬁé@@wé@m baweg 15 aRiBDRId tirauaniaeBERQ 1D NO: 12
(seqma@m&@ﬁﬂ@dx&m 5&@5&@8&6 aRddirRamino.asich SRAHENER f&i‘e of SEQ ID
ID NO; 5 S 1 tibo pr ain o
NO: §E§ elths Lch al%gr%a% %%@r(r? rr:lé adid* seque ce%;) posﬁ“lt_)é sg;ii%“ﬂbgfﬁ sequence

of SEQtHR Mfin® sssausagriehtie GISEQrinedy Ladhais CAR3:¢1CPRA;
(5) aﬁ@ﬂh@@'&’y@lfﬂ@ﬁ*ﬁlﬁg the Heahain of4L Onevbereip thadchaimRasthe acid sequence

f iti 117 to 4 id sequen
o T B P L S R T o
aﬁﬁbﬁéﬁilﬁé&ﬁé Ghnlhocheid sumieticedBEQ ID NO: 55 as CDR1, the amino
(6) aﬁ%&@h@@ﬂ&'%ﬁﬁﬁ;ﬁ@;ﬁ@@e‘ P M@t ap GRR2ia0e ﬁb@kﬁﬁﬁ'ﬂ@s@ﬁ@aﬁﬁ%‘%@ﬁ%equeﬂce

RACK SR TR It e T
mouge- Paman chanermirdlat HasebadmressfISEQ ID NO: 151 as CL;

(7) an antibody comprising the i 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 1D 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 the amino acid
sequence of positions 118 to 441 in the amino acid sequence of SEQ ID NO: 149 as CH;

{(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;
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(15) an antibody comprising the L 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; (18} 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); 10 (18) an antibody comprising the
H chain of (12) and the L chain of (15); (19) an antibody comprising an H

(I3)@h@ﬂ1h@ﬁ?%ﬁ9r@dﬂ@@%l@h§%@ﬂﬁg @E%ﬁc&élad}@g i Biefise CEIRD gﬁﬁNO 55 as
0.acid seguence o and the amino aci
o e RSB Re el BN Sy e gneauence of
SEQdhainf 129y, GIPBRin the H chain has the amino acid 15 sequence of
(14) @ﬁ%‘ﬁlﬂﬁlﬁi}%@ MR INMEE aminQ acid seaennaiy SERIN (316%11%:‘ acid

é (]212)& O%ntﬁgt pr| ing the Hgam of (19), wherein the H chain
Sequﬁm {(hePamine 5 e%ﬁij lﬁé HPOSIHS Sfﬂ?%ﬁﬂgﬁﬁ%@am&%ﬁ CL;
(15) seguehedyof SRQSIDNE: [10ham GH: 1@ Whnrantithedy daiprisittg amino acid
scqueRAB RGN BmINe Ak SSRGS Ol SERIRND'SEHAP GBRY o

aminqg acjd se uence ID NO: 69 as and the amino acl
(16) %&HBH‘&@%‘E‘) ?’ailf at(¢prad (lé‘g)léfh%?ﬁtﬂf(f@ eomprising
(17) tmeahituain @ﬁ@ﬂ)s,mghéﬂeﬁhdihmd_ocfmalr) habtthel arhine @itk )sequence of

(18) eﬁ%ﬁm}%ﬁpﬁ&ﬂgqﬁ@ﬁ%ﬁg&%@@ﬁ%m oﬁ%ﬁ?@ (RJNO: 195 as

24) an an the L chain

19 %1 ibody codépnsm%
(19) fia anHROSn AR RER B &Y am&*%%m%a@lmﬁwmﬁ SEQJR NO: 61 as
CDRIethuenomofSHQeipeN@: 2B BQ T NZb (35)sariatinadyicongrsingdheddence of

ShQQTﬁWG)f@%} @Eﬁ{tﬁe L chain of (22); (26) an antibody comprising the H
chain of éZO) and the L chain of (23); é 7) an antibody comprising the H

(20) apaniibpdy Coamiising thedAirhan o4s ! ey hereindbedy dsingrisity amio acid
sequaiaio haoangthd Bmineadidisequanseod &El@e@d\@szé ap ﬁ@ﬂ I53he CH;

CD the o acid
o IR SFRULES 0D MR T AR Rl
sequAecIqigpRsitiony 24y, Rﬂ/ﬁéﬁéﬁ‘hfﬁeﬂﬂ%ﬁaﬁﬁ%mmﬁﬁ%@ SMQuihee CF;
(22) posititns f t8ripddAdnihecaninmasid sRuisRereliSERIR NG SERY BSNO: 67 as

CDR@Hhe@ 91 g L Ip gglgn%%rglp §§ @% pOSI(IR_IO am(‘;]%gfﬂ%nm eealg}%:%e 8‘3 fi%?ﬁllgence of

he amino acid' sequence
SEQé@hﬁ@h@é 8f SEBID NO: 10 as CH; 35 (31) an antibody comprising an L

(23) shaiftibeying the BMINOACISRSeOveNss, AfIREGh BN 88 @B%mﬁdm

ID NO 81 as CDR?2,
oSS OO, (RGN AV A o
(24) m@@@ﬁém@msm;mgﬁb@éwm@ pf:h%ﬁh wherttie tninohatichasabeienieoctcid
qequmam@msm&mai%aIB%ﬁ%%@%@@ﬁ%ﬁﬂ@ﬁc@fégﬁjfﬂj\t@biﬁ?a%%L

o5 S EA AR Berpreng ab ol ot wisen e L chan

(26) @M@p@@;@m@ Thoham@f(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
CDRI, the amino acid sequence of SEQ ID NO: 75 as CDR2, 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 the amino acid
sequence of positions 119 to 442 in the amino acid sequence of SEQ ID NO: 157 as CH:

{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
CDR1, the amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of
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(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 chaii%f (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 10 CDRI, the amino acid sequence of SEQ ID NO:
87 as CDR2, and the amino acid sequence of SEQ ID NO: 89 as CDR3;
SEQ(3B)NO: atikodpramprising the H chain of (37), wherein the H chain has

the nQ.acid sequenc ositi 117 to 44Q in th Cld
) Al P o ol
Sequén@mv&pqsrraowﬂ&%m Hé timm@samé semicocci S_B@éaa@@cwf as CL;
(33)@%11@%1%6 ﬁéﬁg&ﬁ@%m&%e@ﬁ )S%ﬂ{é@@ﬁet@ 1’9’@@&%&4%&%&&0 acid

an L chain having the amino_acid

se égﬁ‘o q antl?ﬁfg pl’lsg %
IEEY ue SOI°8E 1 ﬁﬁﬂf‘ SRS EY AL PGl
(34) @ N@b@@a@@mm@m thelaminb(28j)chséqbehchah GHE JD NO: 95 as

(35) SRR BBRURRACATIRAISIOD i b O L4 wggein the L

ch aln &a the amino acid 20 sequence of positions 108 to 214 in the

(36) FhREaT SHRRENCE BedEEID NG, Abw el 9y SHGnlibody
(37) cormprisidy therprifiairmot 40)ivirerein tieainehain b asthe aminOEGItD NO: 85 as

f S D)
CDRSEHERHTY &%%2@@&9%#@%%@% aMINQ-AGid Seal (%%?;i) 51% geauence of

NO: 20 as C Jéé} an antibody comprising the H chain o
SEQC%N%T%&@)&((: n antibody comprising the H chain of (38) and the L

(38) ehaintibb /1o nAT A tie Bntthady faGmprisiag: thehEIChainnof{3-andibacid
sequaleaeﬁp%fé&ls %é)tam;@@m@ya&%pé@g%%eﬁcg%%%ggﬁ%“% AminQ-py.

acid sequence of SE € amino acid sequence O
(39) ay FW%W&@W%&%@%&%G@@P@%&@%%&@T heEheipN:acid
sequdDd: as @aae;s(zm amémmlaad@' aampesidgdhechcshaiomd @OoNwheraCH;

ence. of |t|ons 113
(40) %nle g'trlnﬁ%%%g equ nce 063%%5331%%%% 18558 as S?ﬁ‘é‘i an &Q%%édﬁg NO: 91 as
CDRAo 5 rigiirp e dreansncs sy QURthé Bicar CRER Had ﬁihfeaanﬁn@tadlsbquence of
SEQQ@N@@W%Q&@BR@% 117 to 446 in the amlno aC|d sequence of SEQ ID

d chain having the amino
41 gléld seq %glen é?@%}%nfhfg ]}é(&g @B fe{ﬂe ar]glrr}éagl\cll % t[(flfé’?féS agid
sequEgER P RIEIO19S Aiste DN ahtiemina eaithsaeie seuEhES 6P BOSEQ IDCL;
(42) MQinlibd Aot 3idBOhan antibodyscomarising thellehaihaf d4Amino acid

Lc has the amino. acid 46 se uenc 8t
o 0 % 1 R B TS R B
(43) aﬁﬁ%@%’cﬁﬁmmggﬁbe%ﬁmw of (43), amﬁéhe.h theit eh@®has the
(44) allifuﬂﬁb@@?J coepRnEeRE POSIHENSF19T) tﬁx&kﬁe"ﬁ@]ﬁzﬁ@ﬂ@ jgcid sequence

T e e L el MR

(46) g@gqﬁ@@)@p@ﬁp@ﬁ(@@;m H chain having the amino acid sequence of SEQ ID NO: 97 as
CDRI, 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 the amino acid
sequence of positions 113 to 436 in the amino acid sequence of SEQ ID NO: 165 as CH:

(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 1D NO: 10 as CH:

(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: 167 as CDR3;

(50) an antibody comprising the L chain of (49), wherein the L chain has the amino acid
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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 #bthe antibody of any of (1) to (54),
which has equivalent activity as the antibody of any of (1) to (54); 10 (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

sequéb}. ﬁ@@iﬁmﬂlﬂﬂtb’lﬂ Jim ﬁb%a@ﬁﬁﬁﬁo@@jﬁ%‘é&%@n’éb%@@ﬁﬁ)ﬂ% ﬁ é@r?cgé‘gL

Rs listed belo es 0 a

61)&@ b""iﬂp (€9 e%%qeso Eiﬁeafg/% Y@?Ig:rﬁlﬁlﬁb%%rbﬂ GREHR R

SeqUERES géa@}@ﬁ@@sdﬂ)@wlﬁ m@@a@mmmme@@%ﬂm@zé@?mm

s R Pl cov

(53)t e aminG aciaagied %f gbol% W@&fu%}?ﬂl@ of thB3#18

(54) geraghediticodyribnghdin IC DRB) o Ad &xaniple: &f Mbiindhe 1),

t t low,
}(j :6) %%?&ﬁg%n\gﬁiiﬁ}ém%@ a&f &43!%’%%9&%@%1&%%}?@@&? Q8 Sﬂ% additions, and/or

10“&&8 69195% @It%?ﬁ?q‘ﬂh .ﬁ%ﬂaémas the antibody of
any gduénc&dif SEQ ID NO: 12 (sequence of the B3#18 (EP27) antibody

(56) brchAIREPRA GRRE, 1he amineass g%%?e%?&%g%}% BF%%S: ant g%ﬂg ﬁgalm of (1) to

(sequence of the B3#18 (EP27) antib
(53); dfiino acid sequence of SEQ ID NO: 16 (sequence of the B3#18 (EP27)

(57) amtipdhyl Y30 thehatibG RS i BKampleaf VH in the above-mentioned H
Cha&noéxgrgglé’\’(ﬁjWﬂlstltl@eal%@gﬁlg%%gggﬂovﬁalnCI S YR E%\ggg) s listed

amino acid sequence of SE sequence
belowyclegsep Hid hine ’é?&a@é&?éﬁééeﬁPSEQngﬁQ iEd\{@eé}ﬁiésm@fqmefthe
B3#1IGafERE3) \@dibody 35 H-chain CDRI); CDR2: the amino acid sequence

CDRquD%%ZQn{%A}%S%éﬁg%%emﬁ@ %eseq uﬁ?o%%%% gé#ﬂ ]583@37) antibody

H-chagp bk of the C7 (EPO3) antibody H-chain CDR3). An example of VL

CDRit the ahpwestite stipreddogisaio 0b(18); whichbas bk IS8 B) antibody
H- clﬁf?x‘%l@‘}]‘éﬂﬁs a VL having the amino acid sequence of SEQ ID NO: 111

gsequence of the C7
CDR3: the amino acid sequence of SEQ ID NO: 6 (sequence of the B3#18 (EP27) antibody

H-chain CDR3).

An example of VL in the above-mentioned L chain of'(4), which has the CDRs listed
below, includes a VL having the amino acid sequence of SEQ 1D NO: 46 (sequence of the B3#18
antibody VL):

CDRI: the amino acid sequence of SEQ 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 1D NO: 16 (sequence of the B3#18 (EP27) antibody
L-chain CDR3).

An example of VH in the above-mentioned H 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
(EP03) VH):

CDRI1: the amino acid sequence of SEQ 1D NO: 49 (sequence of the C7 (EP03) antibody
H-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 51 (sequence of the C7 (EP0O3) antibody
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(EPO3) antibody VL): CDRI : the amino acid sequence of SEQ ID NO: 55
(sequence of the C7 (EP03) antibody L-chain CDRI); CDR2: the amino
acid sequence of SEQ ID NO: 57 (seguénce of the C7 (EP03) antibody
10 L-chain CDR2); and CDR3: the amino acid sequence of SEQ ID NO:
59 (sequence of the C7 (EP03) antibody L-chain CDR3). An example of
VH in the above-mentioned H chain of (19), which has the CDRs listed
H-clelannoluges a VH having the amino acid sequence of SEQ ID NO: 113

uence oft #15 15 CDRI: the aming acid sequence of
CD@E%GIW 1 @%ﬁ&ﬁ%ﬁg@ﬂé@ CEPDECIRERSRY thedhatEPBRtibody
H-cleDRDREE amino acid sequence of SEQ ID NO: 63 (sequence of the #15

(EPQ@@@ gy s W@&ﬁe%@%n@l@&%&]?ﬁ%gﬁﬁ%@ ”%ﬁ%‘ﬁ’ l%%g%%@g@ls listed

bel 0O: 65 (sequence of the #15 EPOI%)
¢ % Bﬂﬁﬁe%kw"mﬁ&%aw AGahBRATERE @ éﬁ%ﬁ@gpwmr@ﬁaw of the C7
(EPIGPRsHisied’ below, includes a VL having the amino acid sequence of

CDI@E&:IM %@s@%@ﬂggg?ﬁé%ﬁﬁéogé %?LL%%Q 89¥h? ?7 @P&%Eggody

the amlno acid sequence of S guence 0
L-chaiinb&/ )i -chain CDRI): CDR2: the amino acid sequence of SEQ ID NO:

CDRE9 flsequénce: of tbgué#ice (HRR) dnttody7 (sehancBRE: endrPoRInthrdy

L-chaRipp Rsid seduence of SEQ ID NO: 71 (sequence of the #15 (EP08)
antibody 30 L-chain CDR3). An example of VH in the above-mentioned H

CDR: 45 apipaycihieausasané LHERDINES h&ewmanrs wddbeaCTHER M hentimdy

L- ch&ﬂﬂ[ﬁﬁﬁ&}d sequence of SEQ ID NO: 117 (sequence of the B2#30 (EP20)

VH) d ence of S NO:.73 (sequ t )
BZ#B% % antlbo a|n ﬁE%B%? e %ﬁn H%“&ej&r%a {16}&) Rs listed
belo ey E@\img\re% %i{@e@ﬂx@ﬁ@@@r@w@mal@eﬁ@o) EnliequgndBof the #15
(EPOIgychiain CDR2) and CDR3: the amino acid sequence of SEQ ID NO: 77

coSISTRR U B0 CRe ped, e SORR) ARl
H-chgadvPidediudes a VL having the amino acid sequence of SEQ ID NO: 119
CDR(zagpaRi800{dBequence of SEQ ID NO: 63 (sequence of the #15 (EP0S) antibody
H-chain CDR2); and

CDR3: the amino acid sequence of SEQ ID NO: 65 (sequence of the #15 (EP08) antibody
H-chain CDR3).

An example of VL in the above-mentioned L chain of (22), which has the CDRs listed
below, includes a VL having the amino acid sequence of SEQ 1D NO: 115 (sequence of the #15
(EP08) antibody VL):

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 (EP0S) antibody
L~chain CDR2); and

CDR3: the amino acid sequence of SEQ ID NO: 71 (sequence of the #15 (EP08) antibody
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 1D NO: 117 (sequence of the
B2#30 (EP20) VH):

CDRI: the amino acid seqﬁence of SEQ ID NO: 73 (sequence of the B2#30 (EP20) antibody
H-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 75 (sequence of the B2#30 (EP20) antibody
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B2#30 (EP20) antibody VL): CDRI: the amino acid sequence of SEQ ID
NO: 79 (sequence of the B2#30 (EP20) antibody L-chain CDRI); CDR2:
the amino acid sequence of SEQ ID N®881 (sequence of the B2#30
(EP20) antibody 10 L-chain CDR2); and CDR3: the amino acid sequence
of SEQ ID NO: 83 (sequence of the B2#30 (EP20) antibody L-chain
CDR3). An example of VH in the above-mentioned H chain of (37), which
H-cthasUmBRCDR&dlisted below, includes a VH having the amino acid

DR e S T T RSB end iy i 20 agibod
H-chegupoDlahitibody H-chain CDRI); CDR2: the amino acid sequence of SEQ

ID NQ: ShgravenseintiheRes(ERadantiaasty ohgh?@;&%%gé (RO DRS listed
f SEQ ID_NO: 89 (Sequence of the

20.CDR3: t i id
wofORBE TS e R e Y S0 DA G e
B2#HhavB2emtibndd Vichain of (40), which has the CDRs listed below,
CDRDCHESS &Y heRRMIRGLRS 6@@@%@%&%&%@@&5& R ﬁ%ﬂi@fg’ﬁpz@ antibody

L hése e of the B3#8 (EP24) antibody VL): 25 CDRI : the amino aci
© @q 'of SEQ ID NO: 91 (sequence of the B3#8 (EP24) antibody
CDRZ-chaianGDRYGEREnthe BRHADIBACKI B eusngecat SEEBREBIBP20) antibody
L-chiSeaysrse gfthe B3#8 (EP24) antibody L-chain CDR?2); and CDR3: the
amino acid sequence of SE% ID NO: 95 (sequence of the B3#8 (EP24)

CDRAn o8 0 CICREH GBI AR ERaNpIE bfsorrinene be e8RS aatibody
L-cheleiDd(316), which has the CDRs listed below, includes a VH having the

ami ' Of NOQ: _ C e 1 (EP29)., ..

e AR R MR U R e e
belowgdpahidessoyiieaiiomnine ksl corncCrREQHD Arind2ddisbquence of the
B3#&sdepahcélof. SEQ ID NO: 99 (sequence of the B3#41 (EP29) antibody 49

cont RRERTR AT R e SRR D
H'ChWE(ﬁ:u[?ﬁébbove-mentioned L chain of (49), which has the CDRs listed 5
CDRhelbwaintivdeis acvhehayingsihe Mo arid sepesnceehSER DI 2 ibody
H-chiSRA4SRSS: ghghe

CDR3: the amino acid sequence of SEQ ID NO: 89 (sequence of the B3#8 (EP24) antibody
H-chain CDR3),

An example of VL in the above-mentioned L chain of (40), which has the CDRs listed
below, includes a VL having the amino acid sequence of SEQ IID NO: 123 (sequence of the B3#8
(EP24) antibody VL):

CDRI: the amino acid sequence of SEQ I NO: 91 (sequence of the B3#8 (EP24) antibody
L-chain CDR1);

CDRZ2: the amino acid sequence of SEQ ID NO: 93 (sequence 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
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
H-chain CDR1);
CDR2: the amino acid sequence of SEQ ID NO: 99 (sequence of the B3#41 (EP29) antibody
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B3#41 (EP29) antibody VL). CDRI : the amino acid sequence of SEQ ID

NO: 103 (sequence of the B3#41 (EP29) antibody L-chain CDRI); CDR2:

the amino acid sequence of SEQ ID N@9105 (sequence of the B3#41

(EP29) antibody 10 L-chain CDR2); and CDR3: the amino acid sequence

of SEQ ID NO: 107 (sequence of the B3#41 (EP29) antibody L-chain

CDR3). The above-mentioned antibodies of (1) to (57) include not only
Cmr@mﬁgpta@atibodies but also multivalent antibodies with two or more

vj'alﬁ]naes Multl alent antlbéogl]geﬁ g%ﬁg)lgqﬁ sent invention include )

VAR A 08 SWRE t n g((a NG04 1 B SR Rep) antibody
H-chaiglaRehit antibodies whose antigen binding sites are partially or

com f t t
SR A e D TR

bel antlb(i&iar/?1 gg IS an
oW PERK T Vﬁggt ¥ 3HH0R ARk rIHERCa oI S bN a7 T pretenrscp! the
B3#ehibddimentioftanvditibody having one or more amino acid substitutions,

CDRO %'QH@H@@ME@E&@%@@E biid MS} tl%%: )91%8%\1‘81% I%&@d (:f% Wannbody

an activity equivalent to that of the antibo IS "an ant ving
L-ch Zg{) i 5 *equivalent to that of the antibody of (1) and having one or more
CDRamiho asitosutid ttugions; deRFIQNE) autitiosssendiarcnserti BN He29) antibody
L-chahtibesy, fa(ﬂa and also comprising an H chain having the amino acid

sequence of SEQ ID NO: 2 as CDRI, the amino acid sequence of SEQ ID

CDR5ha aRineidll SAbcs AfmhQaEdNE 07 sPrecereSEQIBAG] §ERY) antibody
L-ch&iDRBRPreferred embodiments of other antibodies included it the

O R e B I S Bl ntbodies

of intro ucing mutatlons es IS ohe

but afsa|rRHENHER ardaedtiga et hutﬁéuawﬂﬁ ml@aamag peiybiaptivesntibodies of the
presdbineiendty eam%a@mmmﬁﬁ‘!fboﬂ‘iﬂygﬂﬂiﬁé%nﬁgéﬁﬁmlﬁ si2998:SKlled same and

repare an antl unc |onal 30 e uivalent
B i SR R SR c R i R
the %ﬁf&f@ﬂﬂ@m@éﬁéﬁmr‘é&tb@l %h@‘f&g@ﬁ@mtél astihodieLE680hs I et@body in
whlcﬂ%@lﬁemgslﬁz b@gﬂrﬁgcﬁﬁe@o"%ow&a;gesmﬂéhﬂhga%%% Methedsd antibodies of

59 R S T AP b S oo ions,

deletimy, ad7iticupkaid/ PA ifro8B)Pid chivant bhdach fE), a6 ha 8y 488e4BRy cquivalent to

that &uni@hffb%@dﬂ@ﬂ"qgS%E{Wcﬁﬁqaﬁég%ﬁ%ﬁ%@m%ﬂﬁ% ﬁ@f%@th@ antlbody
of(lg%% r](?utatlonser(r;ral)%l also occur n turall}c/E In this, way, the aﬁ%?‘iﬂtlbomes of
QE A SRR S B IpERTS: %0881@%01" Insertions in

fesent invention a
the agtibodneé§lwithdnlscorampres mimolacit: imbtatiog shn tinaminbsagicnce of SEQ ID

NO: 9eQUENRES tﬂgtﬁ}ﬁlﬁ@ﬁbﬂdd é?fc@@f@ﬁ@efﬁ N@%'mmwﬂﬁ%@rﬁnmo acid

funct ntt antipo fthe present invéntion. T
e R e g Ayl ncludd i
the abersitersined itd&lyarhifd) avilboripssspiefesatily B0 amine. acids or

lessy andBets prsdatRRY ARAMAL BEAS Iypeptides is one of the methods well known

to those skilled in the art for preparing polypeptides that are functionally equivalent to a certain
polypeptide. For example, those skilled in the art can prepare an antibody functionally
equivalent to an antibody of the present invention by introducing appropriate mutations into the
antibody using site-directed mutagenesis (Hashimoto-Gotoh, T. et al. (1995) Gene 152, 271-275;
Zoller, MJ, and Smith, M. (1983) Methods Enzymol. 100, 468-500; Kramer, W. et al. (1984)
Nucleic Acids Res. 12, 9441-9456; Kramer W, and Fritz HJ (1987) Methods. Enzymol. 154,
350-367; Kunkel, TA (1985) Proc. Natl. Acad. Sci. USA. 82, 488-492: Kunkel (1988} Methods
Enzymol. 85, 2763-2766) and such.  Amino acid mutations may also occur naturaily. In this

way, the antibodies of the present invention also comprise antibodies comprising amino acid
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or less (for example, 5 amino acids or less). It is desirable that the amino
acid residues are mutated into amino acids in which the properties of the
amino acid side chains are conserved. $br example, the following
categories have been established depending on the amino acid side
chain properties: 10 hydrophobic amino acids (A, I, L, M, F, P, W, Y, and
V); hydrophilic amino acids (R, D, N, C, E, Q, Q H, K, S, and T); amino
sequaﬁci:ds W@W?ﬁeaﬂlﬂﬂﬁﬂ@ Sielgock @did- ‘ﬁlrfl@tl&zsvm lehé, eﬁﬂgﬁ) %1@@%’(5{%%%%?f the antibodies
roxyl-containing, side chains a ino gcids having
Ofthe% g%ggg)[‘}alrri’?r{]g side ¢ d lla?rl?“s aﬁ%e%%eg&ﬂ) W@%Pﬁ&&ﬁ@ present
NveRlggd- and amide-containing S|de chalns (D, N, E, and Q); amino acids
having:hagih&ide shalbedRs ket Huand m&‘&%{ﬁ%&% e RIMANS s dered to
he Sq)n contalcmré lS|de chai F’i’r&#éf Y, and W) (amino acids are represented1
one-fetter Cod ?ﬁeﬁ & W)‘ﬁ}ﬂeﬁf S8 COMPIRER & iy amino acids
or 16%%%@?«51@5@1@1’»]@@ aeMhichlasae or more amino 20 acid residues in a

certgig @@%@QDMH&@?&E@H% ixdelelashadded, ARYOLSYBSHIAGA IR o 1ioh the

other ?rﬂlno aC|ds (rnown to retain their or| inal biological activities
P"OP?KPESFkO b= MRERINARIGEssT TR (ToBayamPiSete Bl ing categories
haVBE@ﬁerf;SMbUSI&ch@ﬂhndihg\hmlhmAnmaE:dM(ﬁMikB&Z)}peiﬂe@%? 6500;

hydrYMBSc AnBh& 2 adie-McFarland, G. et al.,
e ro CNatl Aédgdﬁ gsl(%? i3 %iég%]\%@&(%%gm That is, generally in an

hydrophig %’&%@&‘Géﬁ%e%‘i%&gs%t@n@ H cBrtairrpd beptlde the activity of
ammthg:ptslypemgid:@hmgmwhmmm(l@Hn‘&jﬁla}neﬁkl\mhen amino acids :
amin§ 3SRUEVDIO A0S-SANS SHAHR:F s %&%‘Hﬁlé( bﬁ“t“&%gz In the present

_invention, thé dbove-mentione stitutio etwee mino acids within
am”’f’n%c%l?é"é’i‘ﬁlﬁ‘(’)‘f%{cﬂ?@?é’ﬂj‘ﬁﬂsg@@?@G%&%@%&@ervaﬂve substitution.
amin heis ésentdrraentionipnoiddesdatinadies fiaidy Reito-thesameepitopg Q);

amm@%&'h’[ﬁ; ﬁQ b@ﬁggdgqﬂggg ﬁé%{?glf?(ﬁgtm the present application. More

. specifically, the present inve §'Antibodies that recognize the
aming 4¢idsiERe UL TREGHABwa B B¢ EhtdnysH) Mmahaoadd)above, and
(amlrusasldlbare@ﬁpﬁisehltahb?@d@&ﬁ@ﬂcﬁ@e@bﬁﬁﬂé@&tf@%@?jamp|e by the

foll rate tibod sh ares the ep ito a certain
y ant?é%gg g;%%%%é%? dabny}oiéaagc 1’innxg Whether e ’twoevz]ﬁ(f 8ffey more amino
acid gesidpestdng cesB Bamdneitih sequsnspatitoleisdnadde, andisodigrsdanetevith other
ammd@tﬁﬁiﬁ&bkmm@@ﬁﬁﬂ&@ﬁ%@ﬁgﬁﬁﬂbﬁb‘%ﬁ&ra@?i@m MERRIRSTEVS 4/ Proc. Natl.

adE rer C king, assay, ina
Ac dc%fs%% |ng sgsaysfgﬁze v@gﬁs o(?% rh%:lrojstlfE rsprfepgcédegg/%lf’éﬁﬁﬁfﬂstﬁ@%mh (1982)
10, 6ERESWkotERsviich # tisiepre JAdubildd dith BalbittisuMa Banidate e ol , Proc.

Natl. @mmesmwml@mm A0RpL1EREGARD M&&Wéﬁ%&@!@ﬂt%mce
REG the resent

nlR IR0, T Rl e ERCS s e Heset
maintained when amino acids ciass:ﬁed into the same oroup are mutually substztuted In the
present invention, the above-mentioned substitution between amino acids within the same amino
acid group is referred to as conservative substitution.

The present invention provides antibodies that bind to the same epitope as the
anti-EREG antibodies disclosed in the present application. More specifically, the present
invention relates to antibodies that recognize the same epitope as the antibody of any of (1) 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
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
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with the binding ability of the candidate competing antibody (test antibody)
that competes for binding to the same epitope. More specifically, the
greater the affinity the test antibody ha$for the same epitope, the lower
the activity of the anti-EREG antibody of the present invention to bind to
the EREG protein-coated wells. In other words, the greater the affinity the
test antibody 10 has for the same epitope, the higher the activity of the

is a fegtasikeshsadinm jothg, EREG protein-coated wells. The amount of
antigogé/i 1Coalllfmd.to the ngl?é %an be easi me@%ur d by labeling the _
antiBBdies h adVahee SESIEXARAEE histHeibRI SR BeRFiath Bg coated with the
EREf gaeigradvbisihgsehenyiginperaid asthconjudmte: andral daitakiensetisrateibody, and

A-BRECHALKISS te] s e lahel :
A R

Apelad Witk SRS FHEHaa AR shRbld RiBtiRgsthsstaedadigrstly correlates
with shebifidally abaldiv kefxbis c amtiditoce sgeninabatihads krevant bodthermai@npetes for
: 4 ] n ' Il f a .
e it o (o T L IB LA EENEE (B0 B anibody has for
the S RGP ibisdavish it 2 be W he anid- FIR Efervir bReop e amensatiiasention to
bind bothed B lepnedsusingdalieledmothod tda ﬂ@@@ﬁi@ﬁﬁlﬁ%ﬁfﬁ;@@% test antibody
dies: i ame species but belgn

s e o e e A PP IR TR RERS Rilf iR
proteepptedielifes that distinctively recognize individual classes. If a

canmkmamommopéanglﬁratym @&E;tbmkg%iﬂdfn@efgam@?ﬁﬁ@@gp%éMg the

; b, least 20% to 50%, and even more , .
o o O o U e P BT S lae an
avidips perQsidise Sxpet g fovinbly fbrEdpsehtpfitnéisanaisthlecking assays using
enzymﬂuheimgiahﬂﬁ@@émﬁiﬂﬁ@iaﬁ?'m” Q@th @J@@Hﬂgeamtimﬂﬁs@%t.htﬁf?@ antibodies can be
ubstantially to the same epitope or.gne that . ,

label%g)]%%q%ts g?%{l?] fsir?gé té)rtﬁlgagglff%{éf%%ﬁ g%)ué R aﬁn?ﬁ'EFi\%?f%?ﬂ?ﬁ&fﬁ%’ radiolabels
and fljarpesddbsleidmoamibodies that bind to the same epitope as the 30

antiFeRiEE RO B BG4I enlob 8% 3HRIRIHIC, RBAVRITRIIANEL-RBHRRMY a species
diffel%%ggc}mbt%ie E%tqlotarlf{‘]g%% g“?&o':iﬁ Seg Scribed ?bove’ the

above-mentioned antibodies of (1) 10 (b7) IHERIB HBY GHIY LRIt can be done
for eithitisied thataderdianherehtadibydllssingtivaleiecdmitionigstot theognizes its
constpfesegibrinventioninaidde Mmuwtivalent M@%%M@Qﬁ&@@tﬂ'ﬁ?ge@d‘)ﬂ%iw&fferem

sites are inding

classSHER ant%%%?f? ame an g%} nﬁLSJItiva ent antibodies whose antigen Binding .
Sites are partially of completery different™ ANMSEdEL S BUNPHVARH distinctively
recogpigadnshividlatelesseuch as polyethylene glycol (PEG) can 52 also be

used asamadified anphodies: Mareexehishe mANEIARSHIGRIRNISIONG by at least
20% per?ﬁegasl qr raa%iéoatc%%{g ch%:(%:a ?bvstances can be bound to the ]

"dNtio 08 PE L e CaiBoidS HERSFaRE ErRhreR ! dsintiBaags compared
to thﬁtbﬁféﬁgﬁt@@‘d&hd@é_ammwbmw bjetingthepcbiaimed martibaidiestoof the
candi@ﬁ%lﬁﬁb@ﬂ@@ﬁﬁﬁ@@ﬂy,%'@%Jﬂer@&gw{g%%ﬁ}%{}gfﬁ e %%%qp{ibody that binds

established 5 in this field. Furthermore, as described below, su
substg?]te IR Ne SRR SO R pL ek rampetes for binding to the same epitope as an

anti-EREG antibody of the present invention.  Antibodies that bind to the same epitope as the
ant-EREG antibodies include, for example, the above-mentioned antibody of {57), but are not
limited thereto.

As described above, the above-mentioned antibodies of (1) to (57) include not only
monovalent antibodies but also multivalent antibodies. Multivalent antibodies of the present
mvention include multivalent antibodies whose antigen binding sites are all the same and
multivalent antibodies whose antigen binding sites are partially or completely different.

Antibodies bound to various types of molecules such as polyethylene glycol (PEG) can
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molecular form of a bispecific antibody designed using genetic
engineering techniques to recognize not only EREG proteins, but also
chemotherapeutic agents, toxic peptidég, radioactive chemical
compounds, or such. These antibodies are included in the "antibodies" of
the present invention. 10 Chemotherapeutic agents that bind to
anti-EREG antibodies to drive the cytotoxic activity include the following:

also BZasiking Mﬁ@@é@t@a&ﬁ@&ytmﬁe&@@x%tm HgaRm! eﬁw%‘;a%épndes or

busulf thecin, 10- tothecin, carmustine, celebrex,
e T SBRAT P ERbAr CArBob g Bibirgich mod ed anbodics
(herewdi@phdsphénmde Aoytardpine)daterbaxine, cuaestakel; sadtoamybhingbtained
antl’ogéiégmﬂnl;% liaosernide, daynapmien, de ré,ha?f%eale are a]rtﬁdﬁr ?stab ished

th Ist estrol, doxorublcm doxorubicin_glucuronide, e |ru ICin, e

in th léf{ |oI SRaLes daspibetibeletspuishianiedie iae: &I%ks@&ﬁ%@ed in the
molefiullnfabinef fitapeidéicfutaudaddsifuoxyniestesnats gammaitalipechniques to

reco %Brfﬁ %@ ?&@B@O%‘?’J%dgﬂé%ﬁ &N p Ia?'@ﬂtlgo J%rp i)de%’mdes radioactive

eucovorln omustine, mechlorethamine, me 12% t’gronea €
chemigal cosrap updshets SHsBIphATSHE AMSROsies pEriFeS ot thistksrarakadies” of the present

mvennﬁmxantrone mithramycin, mitomycin, mitotane, phenylbutyrate,

PregaiSante %ﬁﬁ@% RR-RAGIRNE) B '”g?&m S“E)e %5‘3 1238 o xic

tamox@f%n taxgnes t testosterone propiona
ac“"’(‘ﬁ’é}&}‘a‘?ﬁrf@etf@l%@é‘ﬁagtempoade topotecan, uracil mustard vmblastlne
azaribingQretaine,and vineyisdine,; &Rﬁi@@ﬁ@%d%ﬁf@%’l y@ﬁ&fﬁﬁm}dbusu}fan camptothecin,
10-I [ﬂ tic agents are Io mole ar-w emotherapeutlc

R S e CLalR, Sl PR, Sivoptatin

cladr ih%@@f@ﬂé‘/lﬂlﬁhosmﬂma%ﬁ#Qﬁ@@i&r@«éﬁoaﬂ@rzbiﬂdﬁ@gqta@in@@m@mmm@aunomycm
gluc@mmumﬁmammlmm&maﬁwmmmmﬁraﬁmﬁgﬁ@@Hﬁ&tﬁﬂﬁl

TucuDBVS amoIePcu!%r H%()torl Olto 000, refer{abg éoo to 100 ?ﬁ) d
& UIEO amplas tRerapautic é%nenﬁ e SRSt G RBPSIIE Floonide,
floxupding dlederabinfeifhtcndem diraeditifagunme Tt wharotiehapautic
hydrgQnés @t dhmprapesti: 3 hinvBRIGRANRIMES BIR OIS thakar&,coneH 80 Qst ine,

ct|¥h e chemotherapeutic a gents in vivo. Prodrugi activation may be-
d

mec}]zor{% A SRR O RBR B Sy Rl i BE R IR @nyffrcaptopurine,
m@th@%%mé@@aﬁlﬁ@modiﬁédiwmg toxiepeptidestste. aheigitiy@iprang, prednisone,

pmcaﬁibﬁ?h@'%%aﬁap ﬁ%tdﬁh‘%ﬁﬁs&@%@ el ST IRNINRanes, taxol,

keweed ant|V|ra tein, gelonin, diphtheria toxin, Pseydomonas’
st R PR oM BB TR Ao AP G AR A R oo, uracl mstar,

Vmbi@%@;mgm&see In@mﬂ%x%mbodlment one or two or more of the

lowrmolestiasweiahi GRS RIePRYHGRAS
mblneg andnused gr antlbody mod|f|cét|onB?éﬁer%%aggnagﬁ%ﬂgz&ﬁqﬁﬁ? weight
0

chemg AR S S boby AP e BBV S e B A eSSl i glkely to
interfehewithhertdpeiytitragent eney dfeecbinaliangt tbondibgddrsnohsabealentnt invention,

low- xﬁefa@{n&« N@Qﬁ@@ﬁé&%ﬁé&lﬂ%ﬁ%@@ﬁ&%@ﬁ@%@@ 10:4BR%G 1ar weight of 100 to 2000,

motherafeutlca ents are known. Furthefrmore, protelnaceous

P‘fefemi%%%é% 880 agdrrmnise Rt SAeH WSt YiaARBS SRR SPBf e erein are all
low-medembinatigrhtethnigiesafSpecidigally, foflexaimeplettitisppossibienda of the present

inverfRASHUELR prodrugs that are converted to active chemotherapeutic agents in vivo.
Prodrg 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 1, Staphylococcal enterotoxin-A, pokeweed antiviral protein,
gelonin, diphtheria toxin, Pseudomonas exotoxin, Pseudomonas endotoxin, 1-asparaginase, and
PEG L-Asparaginase. In another embodiment, one or two or more of the low-molecular-weight

chemotherapeutic agents and toxic peptides can be combined and used for antibody modification.
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recombinant vector by fusing a DNA encoding the above-mentioned toxic

peptide with a DNA encoding an anti-EREG antibody in frame, and

inserting this into an expression vector3¥his vector is introduced into

suitable host cells, the obtained transformed cells are cultured, and the

incorporated DNA is expressed. Thus, an anti-EREG antibody bound to

the toxic peptide can 10 be obtained as a fusion protein. When. obtaining
The BonantibBsly.asaiusianERete inthed PIARINAGEOUS PRAIIACAIMICE, A98NE: weight
chenddoxXin is, ean%{&ll dpogﬁllt!;cz?ne attt)he C terminus of the ﬁntl ody. A

peptidB hkerean Be posiich 8%&9\?@&1%8%%@%}% gngige.  Methods for
prodpesigisridusiics phadriacbaticehemeticoponin, dganthermioreythe antibody

usehiniBerBre SERIEYRRHAD MR RLARISPSLIIE AURAHY ¢ 402 RISRE ¢ Gntibodies
b antlbod% efers to an antibody that é‘??rtgles variable regions that recognize

Y eqifréreR %ﬁ%‘ﬁ%&e e AR U Y MBI FhaasHpEdpiconstruct a

recoghtibotlyaetay haleiagtigbivAintindirgitds thatwecngnizediffaie peppitopat a DNA
enco@MEAEREEHRIEEH]G. %&?@?%ﬁ?;ﬂéfzﬁﬁﬁ thii§RS &H'gx??é'sg%qu%%%r This

bind.to one malecule of EREG. As a result, stronger cytotoxic action ¢
VeClqfdSRHAGHES IS ARSIt BB ebREsAtERPRTEA e BrrEeBagd, and the
incotipowitedhBhe artigersdihdingnsiterantgiiies ERBGHandHde®thetoxic peptide can
be oAHRRTOINAIG IR IAROONARS BIRNIBIRE.SHERANCS, SREEtANuy he

cytotoxic substances include chemotherapeutic agents, toxic p p‘%lges
proteiineripRrTRAC eHERI G4raL RS AN ERS 2onRis e pitiomedan tho Sy temdtonf the
antibERE Gleppradsiiigeeitian Bongoaitibecgane tenaheaptiiesy ORI Groteinaceous

pharﬁlépéﬁﬁgézlea?ge-ﬁmf’r? les the cytotoxic substances to 25 directly act on
EREG-expressing cells. Therefore, bispecific antibodies that recognize

cytdtBitReEp R e dhedyriesar imfheeteser issnstinidauppradaispentiic antibody.
A bispellificolifieiatinne fetrtbaimatbomiiencasertinepliasgispasifitecognize different
ep itoggyggt%%sﬂﬁg %Eﬁ?echgt%%%f {ngtlcg??% el?]tgiilé%af&cﬁgc% 10?%1r§§33§t§1§3&n%%§g'ﬁl&'%en—bmding

or example, It IS POSSI ISpeCcTric an e

sites Hih TeroRza shtieres tenitapesspreER exoresslsd ofthesetadesoff such a
bispdargeiinesr@allsindddikadbREtuMethodsdor predusing higpREHIC viotoxic action
can b%%%&’é?& are known. For example, two types of antibodies recognizing
ifferent antigens may be linked to prepare a bispecific antibody. The
antibbaraatieebe thedeeparalicowibiidmoler bieerezmibhdvimgrdrich eieimtazen- binding
site raéb nGARIERFGNaWRE: Quaitahmelesuas sQnistRg o L0l 33 6halhstance.
spec{AISIRALYEl, Bisprelc antbady praducing 35 fused cells cah be prepareg
PRy ?ugindnehy HAomas producing oiterent MoRokisAGF ANtlsgdgptides, and
radiopgéive clieripibodisancan alSodbeaprieperiid bytderotivrelginE&iG-expressing cells,
and JEEBRIAHESnR4 cARtiRad arpes Gonsireeied asdesarRedRRIYSGRR A stances to
dilTacgbtﬁalp% ]I:Jf{gégh expression by @%%W% meé)hods.,ln the_case of k
mamnAliah calis e Aoy geMEEcE BaBRpIEs 8RRy IS japaBRyoenize
cytotiildisg rienaptibpuyyehs tojtre expoessdd aidrsarpefie ctive cortipriiferation.
userpliRmALes; 1A ek SRR BENRANIRE:2] HOWNTIAR fide L6 . antigens other
than g&%}ﬁd §ne. A%ﬂﬁ% mple of the 5 promoter/enhancer Is human™ o
ggaﬁ SifQa di greWB}%H{dfé}péﬁW%&Fpmbme bispecific antibodies that
recognize non-EREG antigens that are specifically expressed on the surface of target cancer cells
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
quarter molecules consisting of only an H chain.  Alternatively, bispecific antibody-producing
fused cells can be prepared by fusing hybridomas producing different monoclonal antibodies.

Bispecific antibodies can also be prepared by genetic engineering techniques.
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Other promoters/enhancers that can be used for antibody expression
include viral promoters/enhancers, or mammalian cell-derived
promoters/enhancers such as human eiéngation factor la (HEF1a).
Specific examples of viruses whose promoters/enhancers maybe used
include retrovirus, polyoma virus, adenovirus, and simian virus 40 (SV40).
10 When an SV40 promoter/enhancer is used, the method of Mulligan et

al. (Natibei (1849} cohsriOB) mayehabilizedyAbahl bE tained through expression by

can ereadll .used.fo ex ene f interest
knovgm‘%%gaeth nﬁqgg\)ﬁ%ﬁs iMa ot &l IZH{Iuc e1£h,§ rcllte%(&ggff"%ﬁf 1 g@‘f)ssed by
Operﬁblbhbrklséﬂ?setéf @@mdm%ﬁwﬁbwym%%é@mmﬂ@@www lisikeptomoter,
and a@@@Aﬁfg@mQﬁm@WﬁﬁeM%%@h@aﬂt%é@@#qmeﬁafﬂble of the

opdt 8rﬂysecre on to ex 5%%5;}1 he .15 gene. E>t<amgll§({es of the promoter
PromaSiy ﬂ1eelrac promc(): er an ?a%uﬁ P Hﬁ%‘?@?&?& ris

usetltgemivetatu sof ekt thht (Anberes¢d IBO B I545465 FABEBAE. viral
pronﬁ%%?én@ar%@%z%ZM@%E%&?%@H‘%%%%@&S/&%@{&% Q(ﬁ'ﬂ]ggq{uﬁ% elongation

P e?rﬁgélg xpreSS| a gene of interest by the method of Better et al.
a“f’(é@f U8 P56 T THOIR5 P AP g oA Sig PR GEB A be used
includatibiooyisecreliornihdape) Bdsignadlse guéntnifhein2i8 (BVéonl., J.

Ba |
e M

277, 11ibBHy Sertbitredis rifIdER sy Prrimeiex pHorenrouneke it ke gtshiameressing a
gene wmmmgemmﬁms@mmﬁmmﬂy(wmcmam Resifeddandsngi22).

actlm% éaegspﬁc%%ntﬂgqmmﬁrf&é%%w@ YPIRISION dg giﬂﬁlgéi?éan

for example, those 25 derived front'S ,po oma Vvirus, virus, or

cifecgeirampupy Hﬁ&fbmpgrzee\/andrﬁ@ra@ ﬁ?qaﬁ%rmr@@ 8B HeRiBanpress the
genein theahpdtcefltby stenmozes alehtianimarke peamderi ﬁﬁeretﬁﬂ?,lpt@ﬁ’fdﬂer When the
lacZ sm&&ﬁéf%&éﬁﬁt%e%%ﬁg%i’w&%JPHP"@({%&%‘%‘ ‘ilﬁ 3 E(%SEBJ (1992)
the aminoglycoside transferase (A gene; ymidine Kinase
6, 24¢PR3 GBI . coft %ﬁﬂﬁiﬁ%‘lgLﬁ%ﬁﬁ%ﬁ'@%ﬁ%@h%&?ﬁ@ﬁ?@f@é%ﬁesmﬂg a gene
of infifendpt)igenethiie fibydrofolate Seiductaso g ganea, eto4 Ay
ex [ tic cell system, or a,prokaryotic
O A LA 4 T L o L
S.P ﬁf\?@m}/oﬁaﬁi’é%rﬁé%ggﬁ Kk BlicresiBamenstie nptasbictionsis tehpesiplasm of E. coli.
Afteresiahtisbaty :cpﬂ@ﬂmal@:ntﬁe Ibeyplesm iﬂ&%@é’s@@”tﬁlé ﬁﬁfsﬁeﬂy @Rekture is refolded by
. i and yeast ce mples o otic :
o SIS R L AP RS PRI, v
des“ﬁﬁ*\}@ﬁ%’rﬁ aféptkferably 55 expressed in mammalian cells. For example,
marimeabplicealis stighhasseQ i£i0Se Bxyelanica BEK: MeriQr H?'eﬁample those
derwegl}eo%lg@gausg O'II;{laeVr} the t ans\f%rye(]j g}(g)si cell is.then cultur g%g} P g
o INVIVO 10 1hBUCS BroductiSHTaT Shi Sy S RARAPE S THEhEE Eails T order to
ampl gpetlog eme g asceainer e lth@hmtmélﬂrﬂyat@m:m Flegapmpieariv EN bkl ENrted into the

exprdSiMvEEA), OX VM AGRN (Re fHIRAES: NG-EHIHIR MNEFUMN AeSEIM

the aminoglycoside transferase (APH) gene;

3

the thymidine kinase (TK) gene:
the E. 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
system, and filamentous fungus cells and yeast cells.  Examples of prokaryotic cells include

bacterial cells such as £. coli cells.  Antibodies used in the present invention are preferably
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supplement solution such as fetal calf serum (FCS) can also be used in
combination. Antibodies expressed and produced as described above can
be purified by using a single known method or a suitable combination of
known methods generally used for purifying proteins. Antibodies can be
separated and purified by, for example, appropriately selecting and
combining 10 affinity columns such as protein A column, chromatography

expreSduini, lﬂﬁfﬁﬁiﬁﬁﬂﬁl Kegliltragion, RIeiRtate, dialysik rdssen cos, myeloma,
BHF}E_‘ |bod|e rator Manual. Ed Harlow, David Lane, Cold Spring

rﬁr ora f@%  ¥H8wn means can be used to measure the
anti@&mblﬁmt@lﬁﬁnm?ddidkfe:elhtﬂaﬂdlesummmbdmLﬂbﬂt&t&f}induce production

ked
oo SR ot wgre et e
sup}ﬂ@mmmmumrassdyasa"mﬁie:ﬂmdmﬁh@ﬁrﬂ)bﬁdlet‘swsedséﬁthed@&ﬁsﬁmmn

inveRtign HRxY b, Pégypcpgﬁ%%%bgﬁ%@aa%ndb?cnﬁggag qhain, gé‘?};(np A y usmg a single

the cy otoxm activity of an anti e Increased y mo

knowp mathad %ﬁ%&%ﬁ#ﬁ%ﬁ%&%ﬁﬂ@%ﬁﬁﬁél@d@tﬁ@mg proteins.
Antitgitbesing ze mpﬁbmeﬂeﬁ;ﬁvmrtﬁaﬁi lﬁtecfogwﬁytat@p&s@h@chgand combining

afﬁn?ﬁ?’@“féﬁas o é}gé? %ﬁ ﬁttach dggéﬁl arfcltraltrgosn( %lgraﬁltratmn salt

exampl e W ieS havin
Precyigiions i ing @F&M&@@m@%ﬁqb@m@@ﬂfm%ﬁ@ﬂdaw@, David Lane, Cold
Sprmﬁh@hhﬁimdtmy,hmaﬁesent invention are preferably antibodies having

cyt vity. o the resent inventio the & toxic activity,
wi?ﬁ?gv@?%(am elg an?%o%;r/n g esf)ue?tg‘enatq él‘té’rﬁ%{%%? tifip antibodies
M&hﬂtytaﬁdl\é@mpteﬁﬁeﬂﬂd@weﬁam L@yt@t@wﬂdt@m@&@admwltybdmatom
I98&he presenhiple Al GROAREY |Iﬁlfﬁfﬁ6§éﬁjﬁﬁmt@§§ LISA), an enzyme
axggggtyr?ﬁp ted Cﬁ/totomgna%té\slét C acti refers % the aCtIVIt)é g:f;ed
lmm|nJur|ng atargef'cell 30" Whens sg Gl ahtiB ﬁct RO TY &8t P
surfaBe athsskesanadap té@@p@mréanmm@o@eﬂnamhmme@é&s oviuem)odified sugar
chaublndﬁ 1@&%5&%&@%@ R abibeeRiBaR RS T Db E§ARBE MR RO8h difying its
|s da age EG antlg%d}g can beltested t %Be whether it
Suga’h 9V¥|V| ity or gﬁ%’awﬁ%@ G5y AR B OS hedodipine:
b@@%ﬁt@r@&fb@@@ﬁ?ﬂﬁﬂﬂbtﬁg@%h?%@ AAfISIngic studies in
antibodBansiEaion AR GAHIGRD &haln JRRN WH%MQW@%O%?‘?@ and WO

02,3 he like). 56 First, specifically, effector cells, complement solution,
Zg)iarget cells are prepared. (1) Preparation of effector cells Spleen is
%tibﬁéiﬁ@\lf@d iffpmsag@BinmotsEseting ke Nano(§pleemaslits Wie (SUEIRES I etc.
RPud hafsbumedimitraanyaeiir el Y IVIFOSRMAREL WASIING 1N RS cytotoxic

G s%ame me diurn 5 containing 10% fetal bovine serum (FBS, manutacture
act }f HyClone), the cell concentration is
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
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.
Immunologic studies in humans, Editor, John E. Coligan ez al., John Wiley & Sons, Inc., {1993)
and the like). :
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adjusted to 5 x 106 /mL to prepare the effector cells. (2) Preparation of
complement solution Baby Rabbit Complement (manufactured by
CEDARLANE) is diluted 10-fold in a cdfure medium (manufactured by
Invitrogen) containing 10% FBS to prepare a complement 10 solution. (3)
Preparation of target cells The target cells can be radioactively labeled by
incubating cells expressing the EREG protein with 0.2 mCi of sodium
chramateshdSidnanifasivired By ehprieadiicaiaRi0-SLIaRcRSLiMs@re prepared.

DM 1t;nedium containing 10% FBS for one hour at 37C. For EREG
reparation o %‘%é}gr cells .
protein-expressing 15 Cells, 6né may use cells transformed with a gene

encodingntirer@ERES! froteinCPinTanyeeion: chntke, metaskaticcetlioare isolated in
RPI&Q@@@M&&G@@%@%%QH}@&"% RANGIRALS. Canger SIomacth GRNGEE: WRARY:

cancer cells, colon cancer c esl(jp geal cancer cells, stomach cancer . .
cont e | {7 T RURE SF LRI S-SR ARUF O RO BT Ab I Ge befecgairation i
adjustesbteet] thires/ tirh és preRPMItechedialis. containing 10% FBS, and the

targenoslls Sande, ProRdRthbY: adiigHiRg the cell concentration to 2 20 x
i . _

activity or CDC activity can be measured by the method

105 /mL. C / the .
oo B T A B iy AR DAt fold in a
culture lred dianti-EREG tarsdtindin (5iddg @ clon tanei el deth 58 96 prglhtd-HotieiFlement

solutBlgte (manufactured by Becton Dickinson), and reacted for 15 minutes on
ice. Thereafter, 100 L of effector cells are added and incubated in a
carlioh DERiskRIR AR EEBE:SF 48r four hours. The final concentration of the

antibhdydspadiuBied tbOradibc el [Afterdctininga 00 RIUOEPRssing the EREG
is: 2 rach iVity. iS.. meas ith.a gamma, . N

e ce e L e R
a DMIEMcaief inarssait o HpgahPs fereoagibrekiataditity @ey EREGeprotein-expressing
cellscateubiedisistagsthenabiaise o ualueeRcentdinggleht ERIGU ORI pritakty colon
cancé?, m%%&%é%oco"i’&eé%%@ IS r%%l%%%trr‘ce %Qnr%dlg&%gggg égg g eagclh cancer, kidney

sample, B represents the ra%hoactlw?y cpm?n?a sample whete 5%
Camwsﬁ@aGﬁ&}ﬂﬁ&%@ﬁ?@é%y%&&lwaﬂ@aa@)%@ks@@'naaa@émc,qmlts,, pancreatic cancer

cellsrepregantsAier adibactivityaHepna) of18 samplgicentaty ngnthatatg’tGe® medium
only. ile, in the case of CDC activity measurement, 50 L of target .

con bt A SRR S LA s e B Ehurion 02

x 107 40sottomed plate (manufactured by Becton 35 Dickinson), and reacted

foc; Iououesen e doeeaisr400nhatthecamplanent salutigBedSelow. In

adde incubated in a carbon dioxide in %f.@or fo _(Fggr hours. The

e AR o 67 I A S AILAM 176 6% pARL ARG . cach
are afftlagbiativho-100! Udtaitpe rlata mmansbikieted baRdde fidloastivityid reacted for 15
minufe8asUERd With-A80 MeoGaU BRI N CARXIC AR FaN DS R IFUAE R on
dioxmetzheu me way as in the A;%C% a t|V|g/ determlnaél%n. Or%thﬁe other i

SAGCRANE CLS8B MG UG HHE SRBFSRIEUERAY BF ARG dgdusted to 0 or 10
ug/ndenjulylite cBOUriog tabGaticell dredESinahmn antilEREGaadtiboddioactivity is
measHREIUGAILAnadE el R (COBRAIL AUTO-GAMMA, MODEL D5005, manufactured
by Packard Instrument Company). The cytotoxic activity (%) can be calculated using the
obtained values according to the equation: (A - C)/ (B - C) x 100, wherein A represents the
radioactivity (cpm) in each sample, B represents the radioactivity (cpm) in a sample where 1%
NP-40 (manufactured by Nacalai Tesque) has been added, and C represents the radioactivity
(cpm) of a sample containing the target cells only.

Meanwhile, m the case of CDC activity measurement, 50 pl. of target cell and 50 pL of

an anti-EREG antibody are added to a 96-well flat-bottomed plate {manufactured by Becton
Dickinson), and reacted for 15 minutes on ice. Thereafter, 100 uL of the complement solution

1s added, and incubated in a carbon dioxide incubator for four hours.  The final concentration of
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- 96-well flat-bottomed plate (manufactured by Becton Dickinson), and
reacted for 15 minutes on ice. This is then incubated in a carbon dioxide
incubator for one to four hours. The final concentration of the antibody is
adjusted to O or 3g/nL. After culturing, 100 pL of supernatant is collected,
and the radioactivity is measured with a gamma counter. The 10 cytotoxic
activity can be calculated in the same way as in the ADCC activity

the aHGERUDIRANGstARANHPA ) RhINE IRSLRICVARIOT GANING FRAMAMGNt is collected,

ctivity is_ mare.preferably an, antibody that has tralizing .activity.

o e Y RS FATGI Sty 6 PR Ry can be

calcubastd e dicagstivityvey adigaihd I asctiviisels riorm®owards cells. More
spe@ﬁqa@yytﬁéyeﬁapﬁpﬁl@ea@%me&@%&g%%%%{ﬁfsémﬁ YPSaNREERdy
.that bind %I%e IlgandHlS r to a receptor binding to the ligand, and inhibit

COHJ%%%‘%#QML@ et é‘P@éHd‘%ﬁé TH&MECE P ANRAYR YRS BiRdrld to a

96~W©ﬁd1ﬁ$_¢“@@tﬂn_@ lplbtrkédalayfaenmibmﬁmﬂn@icﬂhﬁsmr)emdmelﬁthfed 15 minutes on

ice. PialRgicalACtivity SaRROL Q%@&ﬁ?ﬁ)‘}}&%gggﬁ&%?tﬂgﬁg i%lﬁ‘fr}lours The final

neutralizing activity are_generally referred to as neutralizing antibodies.
concapREiHaR G BTG ARI e hie Astiad BYmbombERHEHHE BbIbAH]. of
supeiotiviti essualllah&emesé rnbe mddahsencs .ﬁfeam&ﬁsubﬁtagmmﬁ\w&@keﬁle 28
cytot_@?iétré%lﬂﬁﬂg @aq'gg¥é§:£?ape% %”r’?}l%! %E%Qe C&Ug}hgs%eé%&eg(gg &iugﬁrb%tgﬁmmation.

interest. In the present invention, ligand binding of t GF receptor,

whiidiebreyefdbeBrasniHBvisRiAT des M CototRic@e a8 fpre preferably an
antibditpehizatismefithtziegeptonrandastivalion eéibalintpsetiular teRsine the activity to
1K - ' The acti ine kinase for.
iSRSNI SPERT TR AU AP, oy
speciffigalbi niRjbeHKss atd pnsni R as gnaresrseuriviaresabgbhjnd to the ligand
or to Melegpi@shinbidy arehnaipydP ki iphosphRalipase: bayvoeheadIrBa el the receptor.
Wheﬁ%pii%‘nwgﬁledd%gﬁg Qééérqgil’ei(s:% 52 gaebf(.)ﬁ@%aq{\é?narec{w’i&he{he receptor-mediated

~phospnRorylate the EGF receptor tyrosine kinase.”The main S|gnz§1p

biologicakaciétitn atBS ctemsdhe Atibadics phet ko vasyshtnowielivingietiivity are
genelféﬂ‘%iﬁﬂﬁfylﬁipﬁb iﬁﬁi%ﬁ%yg%ﬂi%dhﬁ;}@rd%@“n@ﬁ‘@#i@f@%ﬁ@ﬁy%ﬁ be n?]f_:asured by

Raf/MAPK. kinase .KInase, Furthermore, an alternative pathway which, .
com B e e DN T TR Fhicn e
neutrgliyiag GaETEH S todiy deperieling dhethe s eypithsdigapibofrintersstes can

be mygeipeirihaiargphcalaliniamst anddhadangel meleekiasiate MQlered to be
e o110, e abee mefonef elors, Commerdall aualable i fo

Fheasurng in vivo stghal Scivatsh Eaoe SRS RS S 0 A esHpkO e
intrageibrbin tamase Kizstvinrads ey dpsterep(GE 3Bhdesliradd BiviStiohessHrms

pho s;ﬁwltp@zea%@oml\éelﬁma@r}ﬂad@q@wwa&ag%ﬁ%ﬁ%@%%&Qgtﬁé fMptides associate
ith index, the 52? 'grargcrtl&tlon-ln ucing effect on aﬁlrget gene present .
with EHSEEI SPREIRT DS SRam P Usstidte. CRRhGES RN PLCY (phospholipase

Cy), Hamserigtiondlsachivityd¢aieseadetectadivaseulen thefprinciplecafra Gpohter

phosASsiYatMOre SRECHICAUYeRICRPEEAIBNSSUCITAS BEBR Y INATESEENRSion pathway

protein (GFP) or .luciferase is positioned downstream of the transcriptional
Romh et BHHOISP JOBRNBT GRS HEREORHE  FeBUREP R g eorder of She
Grb2piess Bresd REASIATER deninvafsifsR lptional dictivityrcanchen alternative pathway which is

from PLCy to PKC is considered to exist.

Since such mntracellular signal cascades vary depending on the cell type, suitable
molecules can be targeted in the target cell of interest, and the target molecules are not limited to
the above-mentioned factors. Commercially available kits for measuring in vivo signal
activation can be suitably used (for example, the protein kinase C activity assay system (GE
Healthcare Bio-Sciences)). '

Furthermore, in vivo signaling activation can be detected using as an index, the
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measured based on the reporter activity. Furthermore, since the EGF

receptor usually functions to promote cell proliferation, in vivo signaling

activation can be evaluated by measurify 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
iranmiﬁi}i@ﬂlﬁh&ﬁﬁgdwﬁaﬂzdm&@&tgﬁﬁg ﬁ?é&é?ﬂl é§§@rd§§€§in@é ﬁ%ﬁ@@’? Wivo Ezgnalm

y mentione thods to selected ta ce ecificall

case or exlgf%é% y ﬁfleaf}sa&rﬁ%l %u nele 8\}\}’ Rertions o%r)leg ce f%%f’?s ?fbﬁ‘%&l\lﬂf le of
TepOFHE %ﬁé@fralMﬁgeas@mi@c@Hm a@nﬂEﬂE@l@mﬁD@ngmﬁbiemhmmwem (GFP) or

lucifep@Rsy iedithafeaXRMalRredn & '@P}@tﬁ%@%hﬂlﬁﬁ%'éﬁﬁ H19,106RRP F@gﬁ'ﬂ 8F the target

beled h m|d|ne added to the mediym by living cells as ex of
geneDa]\rti replical (53?1{ Ui (e g mg‘?é%?ﬁ%eﬁéﬁf}ﬁ%ﬁ%ﬁla 8§ty can be
measgxefzion wethodaprtenaetsitss under a microscope the ability of a cell
{0 releaRe AHKE U RS KYPRR-BlS: IR 108 PHIRISR o {@ﬁiﬁﬁ{btlgs o glM}grailon in

thod is sed The I%tter make% use of the ability of living. cel nvert

Vv %r?hl A R 1 3 B T hE  BAIAS (T tarectcells
In thoupriesein mtention|tmnsdit liviagbicaviormiz anpradtict, Mabe dpetifiealtysent

inverRilpskantiRpdiis added o the EH!I‘;BE%h%&J&E'@H Q4R §St ??AIWQ\FQ' Btggx%sent

certamg[aerlod of fime, the MTT solution is added to the culture solufi
invenfioR 5896 YBHIES Lo BFAQL ARt Brme WNPE I SarbbR atseshebby suitably
applihig thdl 2 hsemaesoltdMTThotkich islacyallameeomilound is converted to a

blugganpaundy %ﬁﬁ'&l%%&élﬁ'ﬂ%l{ 9 ilj% Xgég 86 ?&:{roeh eration activity,

mitochondria’of the cell. After dissolvin e pro uct oration
the g 1RERL R R CLePH m@&m@rﬁfﬁé SR BN viabRs cxample.
a megeitbthBesides d4 T, teagpntsisuc BSIMES: (XTI Thy W, ddMSTictaEum by

hvmgemg%@%@mﬂ@}@,a('\'&% 5&8&&&;& mﬂsﬁych) and can be suitably

used. Furthermore, methods that evaluate cell proliferation activity using

cell(iBR RPE SPIVFEERNEE br bt biaerdusoa s tied hat 3o-arerkhouder a
micrdsoopetivitybiheastteral mt&@dmadmgmﬂb@ﬁmtﬁﬁﬂﬁaéh@ t%@'@@céﬁﬁt)é@@he cell, or

the N?Pf@ﬁeﬁ{%t&rﬁ%ge% a”’fﬁé"ija)f gﬁ*ﬁﬁ? S 0Lhave henel ahzm %é{ e

be used as a control antibo In t e same manne as ]he gntl

3-(4. 3wty kg E%WBezdiéfEP pedfsHatatieradionyids (M@é%)nﬁ%ﬁénSthéBtrazolium
salt, @ntibER EGranibasy has. a snrmgpeaﬁbﬁ[gllanesm@%ﬁ&mﬁﬁ@lcunme

soiut%%tg)inad%sgéeqhﬁlﬁeaﬁe 85 %a rolfl)l;eég haed F\%%%e he %ﬁ%&*@ C?ae culfure

antibody are not partlcu a imite as long dS ey express a

solutigiytad. thireelefd ERES J@Rﬁr‘éﬁ‘éﬁﬁgtmi%g\ﬁf@ tddreanepnpheiedinerthe cell.  As
a reemellsmp@@mmuxa geflsviesivpe fRas colAR €8N ESh MNIcAHRNARRISIARMAtion of

cancer .St mac nc r or idney, ca |tab| the
Sucmﬁ% (é expr grsllaﬁa Cells of'the B}Fle%e wﬁ%/eec Kl)n %%%6?8 §’}§Elé‘§d1mdmt for
COIOFM%%WféﬁWan@éWéIMaﬁéﬁ@W@bﬁigréﬁedummﬁmo@ﬁambm cells.
for Bethupsimary, angmatasiatic fatiohhese/s eancaEWRRMAR ommercially
availiBl ﬁ(]aca?a?%gglgecealill %&gh(ieflllll%{ (C)];IE) E)tren s%r1¥a% j!foz?sec ncl%{lr{rl gtr?lggtlglgt%lggs that

evaluate cell proliferation activity using cellular ATP or impedance of cell culture as an indicator

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
in 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.

The cells whose proliferation is suppressed by the anti-EREG antibody are not
particularly limited as long as they express an EREG protein.  Preferred EREG-expressing cells
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cancer, lung adenocarcinoma, pancreatic cancer, stomach cancer, and

kidney cancer. Therefore, the anti-EREG antibody can be used for the

purpose of treating or preventing cell p¥dliferation-induced diseases such

as colon cancer, lung adenocarcinoma, pancreatic cancer, stomach

cancer, and kidney cancer. These cancers may be targets for the

treatment or 10 prevention regardless of whether they are primary foci or
are, foetastapie, fo@imMchﬂlpref%%anﬁcgn? QIM-ERE mifa@gmﬁ%@&@ru%% for

e of freating and/or. preventing primary colon cancer

e el e g s
ERELhpupiessipg eHpofiie pisHeatsre Rt am EREGoddiparideht priegene maration, effective

cell prigfeiracRsggiedanipe HFRAReRE SRINIFSVEIONAIHRERIESEM K atic foci of these

venton. 15 The nt |nvent| n also provjdes polynucleotides
Cancérncog? I%horea%liabE %Fg Gtire Cgré SEht efﬂ?e‘ﬁ%%ﬂmﬁ% %%W%%tlﬁ@?%fc colon

Cmcﬁy@?@f@%ﬁ@é’fcﬁmﬁ@e peseditiormitertisespagohmmacteatitiéslandoencade Therefore,

the a8ftiREESNMAIAG &hARtvib: equiNalanbiRdhatRbibe antibodiesof the
ent [ fyenH]é%%The present invention aI%prowdes vectors contalnlng

ProlRE 0 B S5 SR AR AR (HEIB PR pRREp i cancer,

CSe PO
stomgelheairiag authidecrorsn@ THEgolymceatidedetiheprisent inenianor

prev@fﬁoﬂqgfgﬁ%{ﬁ&q{?ﬂﬂ%@glw iple ﬁﬂﬁé@?%o?%&a@@%& More Preferably, the

. ggﬁégnbonu leic CIdS NA). or ribonucleic acids (RNA), and are
anti- ﬁ%‘a 5&?8 Jﬂég%eyleﬂ%f‘o%fet&ﬁ@aﬁﬁﬁsmwswﬁw@g@ﬁry colon
canc¢nventictatitlvelpolynoeteotipesshthapresent favertion i aysalsotbertaimcers,

cancéiQ @h@@%ﬂk&%%%%@%@@&g%gﬁ epides %é&?&éﬁ%ﬁ%ﬁ YERLion Can, - ent

be used to express antibodies using 25 genetic engineering echnlques

and/qx IHESHHEP tHS PRSP BB probes in the screening of antibodies
thafldrepiwsctionatiytegquasignb talthe algtibotiiesdet e IRget IRVERIHIBS of the

prese%pﬁi@éﬁ%lﬁf AP oy g%/;bq rm%msﬁro d%|t08051160 ilt(%)es to these

ceoflde encodln an_ anti e presentl entlon an
POIY’&H%HH@%?PQ%BG@ H %hﬁ@l%ﬁ#é&ﬁk&t@z@@awmemww {sr s e senibodics of
the pofstine ipresanhinvEhtipreseanibe:abitainkd pyctaabniaues: §U@ﬁta’4ﬁmg these
poiwﬁ%@é&lé@é'gﬁhﬁ%ﬁ%&%‘?sa(cm%ﬂ{&ﬁ ?1@111 hmy O(% lylgsjcon kuc vgctozs

uswg_cr;rt he olynucleotlde en n anti presen frven ion; or
tideg ﬁ&tﬁ‘epwé% IPYgAdoRr eTMBRIMBEIheaRwTising multiple

nuaeput;ermeam@mfdh ddoseseitnimientions M@@H@%Iﬁ&kﬁi@é&&%@%\%} and are
not pELRAY T EACEE Ry B B R0 B ST ion.  The

Clonin d ed pring ab pre s

polyrglsgf sOfdPﬁwr&&ta%ﬁnmméyﬁiﬁ%@@hﬁmnﬂm@twm@ﬁhw}@oudes

stringenoyyixdeoples of eanglitiens lﬁffé@WO'ﬁtréﬁﬁ%%éﬁqw@ ress antibodies using
genetg@éé |d|z t|o Washln under condjtions 60,_of 0.1x SSC and 0.1%
Berably URaar UShdiEs TEPD SN EEE R 1T Spseening of

aﬂ‘ﬂ‘ﬁ%@%ﬁ)@am@ f@f@ﬂné%ybvni%ﬁ@ﬁhe@nah@ﬁgm@ﬁwmm ofvhiglon.

specﬁtﬁmgeequgﬁtﬁﬂ@%@@yxﬁm@tﬂﬂgémitﬁerl@@m@i%%mgéﬁ% fcoding an
at 65 er these.c lons,

e o B TR YA DB AR B sssyalent o ha
of thwgﬁb%m@fd@y mw@veweg@oeraam@@@ued b terhpgraturecand Belitidization and
gene GONCEREALPRERMques (for example, PCR), using the polynucleotide encoding an

antibody of the present invention, or a portion thereof, as a probe.  Such DNAs are included in
the polynucleotides of the present invention. Hybridization techniques are well known to those
skilled in the art (Sambrook, J. et al., Molecular Cloning 2nd ed., 9.47-9.58, Cold Spring Harbor
Lab. press, 1989).

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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influence hybridization stringency, and those skilled in the art can suitably
select these factors to achieve similar stringencies. A functionally
equivalent antibody encoded by a polyflcleotide obtained by these
hybridization and gene amplification techniques in the present invention
usually has a high 10 homology to the amino acid sequences of the
antibodies of the present invention. The antibodies of the present

of 0.NVERtMAISQ ineipde.amtiodies ﬁ?@&ﬁﬁj%&?%ﬂﬁﬁ%w{%&@é‘%m 0.1% SDS

at Sdgéve rr1 aml ragfe%{%g ence hcom &%}étoﬁy bod s.of the present
invention, The term ARSI ral ‘1%% st% 88 %{E‘I‘égency‘ High

%trmﬁﬁ@ﬁm@onﬁmoh@samcﬁa% mmp,lgreﬁemsmcﬁmﬂﬂm%’éDS at 65°C.

Und@l’f ﬁf@i@@ﬁﬁ@f@&l@ HGRE e S 1'5’[9{&@ Pt el G4 LEMGRER ey]%%eld B ﬁrnuc}eotides

1 [ﬁ?ptl e hom; logy can i{ermlned by the algorithm destribe
wi lll} re Wb, ?]V‘egr?a‘fffﬁ HLOFs S\}IC}%%e%ﬂraﬂgg&ngépIUgAcentratlon can

uxﬂu@lgsgywzzzﬁeﬂmghmmﬂtmls@ﬂ)lmbmthemﬁ kenanoiaBhastestifia factors to

achidVesaidPveniiQpprovides pharmaceutical compositions 20 comprising an
y that binds to an EREG protein as an active ingredient. In

antipo
add%é%i‘%“fﬂ%&@m ﬂ&@hﬁ%‘ﬁb@a@mé%‘ &uliapeliravationidsmbregredby these
hybrmhzanuiamﬁfga]ma&rpdéic&g@ﬂﬁ;e@i@ﬂhpﬂ&ﬁgfﬁﬂp@é%hﬂdﬁﬂﬁ&bbIﬁﬁﬁﬂ? @hs a high

homd o Rtgf&%ﬂ:ndaﬁé@ﬁ%d@&r 89%% an%(!d[i)éom t;hatlon mh{lbltors 1%9 d }"he

antiCancer agents of the present invention are pre erglg?y admlnls ere

antibadinhpiohamEeed By saivkrlwr Ry ldumpibodiss thatien fiodsoatibeesdivglont to and
havedaghermb Hmth&@iieﬁe&‘lhdﬂﬂ@mg@rto atﬁedhﬁﬁatfwmmérﬁmeﬁf BRBMIING The term

c t binds to.a rot in.can

A S R D SRR
wishekdnwre stefEbhaRiinstehisganstiiupoty sy 18r BREG

Polypaspmianmmgyeﬁh BE a&mﬁm&n@@@»(m bindsrQian &BESre (Wilbur, W. J.

and L &in 5] tp%%rg%attllo&ogas § @kg%@tj% %g Iﬂr 30 Furthermore, in

e présent invention, an Hnticanc comprising 35 an active
mgredlent an antibody that binds to an EREG protein can also be

Pharslaseiithed %@@mﬁh@@ for preventing or treating cancer which comprises

the st adm|n| fin ntlbo that b| an rotein to. a
subféc%gfggl Bs s ? a\ngalmﬁ%1 iy that BiRds” eﬁﬁ%ﬁﬁ% b‘i%fﬁ%ﬂ?émﬂs
Commmaa@ﬁwab@mh@rdanééﬂag@ﬁﬁl@@ l@f(ttferp@egamcm]mmmme pHresddition, the

plese1ﬁQm@ﬂﬁ'(5\9r@-ﬂt@m@@@%lmﬁéﬁf@ﬁ%&% Eﬁ%ﬁ)@%@ﬁa@ﬁﬂ‘{ﬁ InoRRAIBREe: agent,
means COIIR ap a
t

comeTeans ¢ n& %ﬁ%ﬁ,’b as the main active substance
Pnd 61 daoes T B%aéfafﬁgcgﬁﬁ pEederhinbal).
pmhfpﬁélaﬁtm@byqrﬁ:me@ﬁmh@ephgmﬁcéumalmm;nwnommrmpl piesbhyt administered

to a gmyj@sﬂ@ﬂw@a sxamele, 5191!)I%f%'ﬁﬁ‘é@ttl&aﬂd@l%w@%ﬁ?&%&%&@%&
r&btherelnafte]ra1 IS not partlclwfi} limited as long as it binds to an

BB R0 YR8 TR 2B ORI R SPmSEr S et ot ingredient
an arpwgdmlggm topmpoBitions @t theaprelseritc nivention can beddmibisteppetssing cell

proliRE@H¥©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 protein in the production of a
cell proliferation inhibitor.

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 protein in the
production of an anticancer agent.

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
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parenterally to a patient. Preferably, the administration is parenteral
administration. Specifically, the method of administration is, for example,
administration by injection, transnasal @dministration, transpulmonary
administration, or transdermal administration. Examples of 10
administration by injection include systemic and local administrations of a
pharmaceutical composition of the present invention by intravenous
doesinjediion, thummaﬁcpé&fdﬂj@géioﬂthM[ﬁpER@(ﬁﬂiﬂBJﬁsﬂon subcutaneous
'njeqtl%nan?ﬁ)gﬁﬁl?nﬁﬁ f&f?}mﬁl@gm@n%t It?@a eth(g)g?ﬂ] 3 dp??hs resen mventlon (for

according to the age of the patient an symp om osag

examplfe SEHPTRAHRIREMIRIIRAPS R bR T TR0 $2mg h@rw@ﬁqﬂg}mtl{gﬁmaulm ly
limitbddy oeightiirberichclmadRE i pration D snatvRY iHon 8xampied theiescribed
hereﬂosage for each patient may be selected within the range of 0.001 to
100,000 mg/body. However, the pharmaceutical composition of the
preé’gﬁ’tﬁh@'@mmﬁ@ﬂ@@ﬁﬁ@éﬂlwﬁﬁéﬁwgwtm@mmb@ﬁdalmstered orally or

parezﬁ@fﬂﬂ?wl@ﬂﬁt@ﬁih e mr%ﬁﬂﬁjn‘ﬂ%&'&ﬂ}ﬁ%%@ H%}%’}?r% é@fg&mgréﬂon
u

e R SR W Pt A o
adm13!§6%mémr}§naimmm@d@}ﬂylau@@ptalmletm@mahaﬁadmsmmn Examples of
admzﬁ%ﬁ%@ﬁ%ﬁﬂﬁ@ﬁ@@%@%@é@k%ﬁ@%@ IS AR R SRS PR Butical

O% ] rfumes preseryatlves stabilizers, buffers, suspendlng agents,
compiFioR b s BGERIS iR YGRS S HE AT Ry BFORERHRY-
intrapgyéansabdefitivoringagentsy angeotier, commionyA sseabtasdars santhe: method

may §H'§§Q’é’tét§§&o§ﬁ§§'f@tﬁé%@@%l@#%eﬁ@%%@e}ﬁﬁ%% I'gmh%mgé%%ﬁa%aoe selected,

silicic acid, lac crystalline cellulose, mannitol, starch, carme
E54

for BRI GEBEE AR %m%%P@ByP@enﬁﬂé%&dea@iﬁfabwh
admzmetmyb@ellu@d@equo}yiynﬁdaeeﬁahpﬂiethylﬁmﬂgeabet’atm patient may be selected within

the ré}fglé’\()'f‘@’ |9MrRJ'@W@O@%ﬁ%@edﬁg%r%@qlﬁ@%ﬁ%‘!é&ﬂ%ﬁg%&% osjtion of the

oxyethylene hardened castor oil 60, saccharose, carboxyme

presc@él’lwgggoﬁd?ﬁ%ttgfﬁﬁedlﬁ%?@%ﬁﬁ@%ﬁl? and such. 30 The present |nvent|on
alsd peqpligiesanethod sdopirdticing ddmagss:in LEREﬁinewﬁQ&SfBﬁnﬁﬁH@d accozdmg

cal |
e

& gﬁ@@ﬁﬂ&ll};aﬁ?éhppegeﬁ ﬁ%%ﬁi%%@@%ﬂ@ﬁﬁﬁ@caﬂy acceptable carriers
and addibeeimefitamplkniethold, fond rad&mmgmﬁibmtbmul‘feﬁaﬁt@ exFfREsII&oloring agents,

perituﬁ?élss’p%&ba?m%%ﬁi%?ssﬁ&@{s s%%%qgﬁ% %en S 150%%2281011 %ems binders,

protein- expressm cells with-an EREG protel ng an
dlsmfﬁﬁ’éﬁ%a o &Pﬁﬁi‘éﬁﬁ%ﬁé"ﬁ?@?ﬁ@r&ﬂ%‘ﬁ%ﬂ!@ﬁ@-ﬂ@(}ﬁégglﬁg aaflthgiepmmonly

used camiprises thessiapl§2ised CoSaelifg é@@ﬁ%ﬁ@ﬂﬁ@@ﬂl@@fﬁﬁﬁﬂ&l@lﬂ%ﬂlydl ous
gvAg]Oanagtlgsl;G b n antibody he aforem ntioned.metho
e e the ﬁ“é%‘?&éﬁ‘@g S R by N SBAIARC SEH-fetioe

sodiugofriantisraedl rRinbgewhsksrymerr RECyowinlpiadiedyaimibedytas
diethyletiializiogtd wwlﬂiyﬂpiﬁhﬁiﬁ@iﬁeng@@%nﬁ%m&&h@ﬁb]ﬂ’ hereintheEREGide,

polyo%?et& 91?4%'991 9.0 'casggr o %(? r]sggada¥o%];ac rboxymethy! cellulose, com starch,
morganic salt, and such.

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 mducing cell injury in EREG-expressing cells, which comprises the step of
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 (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, &3d the amino acid sequence of 10
SEQ ID NO: 6 as CDRS; (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
of coFRABRASHM ICHT haiaRb(bleVibgrelimingith %W@%%GMQ%EEQnﬁbody
_Thse uencet.oglggl&u ns 1%%9 44671n. the amino, a_ch sequence of SEQID ~
RO RRH SRR I U BB PR S PIEN HA RS astpig
activatgid sequence of SEQ ID NO: 12 as CDR1, the amino acid sequence of
. ' [ ' : - NO: .. .
1) oy et e e Sl e iing
ACVEXain has the amino acid sequence of positions 107 to 213 in the amino
~ ThecitseguenceohShQl | BN has REGH d fiabiattipadyisomuEsigntibody of any
of(i% _ _?5‘@&’1‘0%(4)’ wh_erem the_L chal_n has the amino acid sequence of
positions 107 to 213 in the amino acid sequence of SEQ ID NO: 20 as CL;
(1) apAnthodhisrayrisnspisthsme bermanhsrminmir it scausmsmasias) UBNG: 2 as
CDRantinosiyieormyidsingitheckd LHBO 1 RDanddenirehaia ef(2hnind)adid sequence of

SEOSMReSY ising the H chain of (3) and the L chain of (6); 25 (10) an
Qanti@?&ll 62‘%2@;%?19 an H chain having the amino acid sequence of SEQ

(2) appgbe dpocaenieivrg thndlabinpaddib) selersir chefrSeE@inhay Gresamdrp acid sequence
of poSiB&RR, ANddhes 2ming agithsequenerafcSERQ HY NONGS 83 GBR3; (11) an

i iSi H chai 0), wherej H. ' th :
R  —

of pasitopel 5 A4 49the THRO3T I GasatESHY L HMPIELIng té H;chain of
(4) ablkivaereimPre gchaindnam theyammine asithsaaERER RIS IBLKED 12 as

' CDR;*I4 an tl}neoaar&@ ge%%%é egy gﬁ eIBf I%S%éD%Sm(%o&gc%ﬁgcégﬁé%??ég c%:gléaquence of

h eoay comprising an L chainhaving t
SEQ BN 9% as COBR1, the amino acid sequence of SEQ ID NO: 57 as

(5) afrBiRBo@PEoRBramIpehadid BaAANSGE hRER 1R NErPiAS HPRAH i Mequence
of O%Qigggl?89¥oc?f§pgl%n%the L ch??ln of (13), f\ﬁ%&e@ﬁﬁ_ %halg:has the
P amino acid seqp%ncg 0?]61(5)5?'[% 81986 2 nleic sl I:,“equence
(6) appgEQdDeNaprigizaddl cB8n @S armdsitiodicbriprisihes the inchaincaf sequence
of posi@nwhereinihe ik chaimnasthe @WQ&@@?SE@?@@@@:@W@“S 107
7 to Zlg in the amino aﬁdﬁeg#_encg fsﬁa%éD NO: 20 as CL; (16j an
=2 AP CSMBRSHRG THe G bf (LEYLTE e emdiidr (13); (17) an
(8) amatibbelyycurmprising the HHobhain 61 4)dihd thehziohditSaf (14); 5 (18) an
(9) aRAtRes, cRRrising the i ehain pi {12 aad hedhanainsef (15); (19) an
antibody comprising an H chain having the amino acid séquence of SE%
(10) B w&b £QMprising an H chain having the amino acid sequence of SEQ ID NO: 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 the amino acid
sequence of positions 118 to 441 in the amino acid sequence of SEQ ID NO: 149 as CH:
(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 1D NO: 55 as
CDRI, 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 L chain of {13}, wherein the L chain has the amino acid

sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 151 as CL;
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CDRI, the amino acid sequence of SEQ ID NO: 63 as CDR2, and the
amino acid sequence of SEQ ID NO: 65 as CDR3; (20) an antibody
comprising the H chain of (19), whereirbthe H chain has the amino acid
10 sequence of positions 116 to 439 in the amino acid sequence of SEQ
ID NO: 153 as CH; (21) an antibody comprising the H chain of (19),
wherein the H chain has the amino acid sequence of positions 117 to 446

(15) EhtheBBuDR AaltSRRUAR §S-AA R B R IBYNGel :ptC H e hd ) IR BRUBAMY acid

comprising an L cdkalnglggvm the amino acid sequence of SE%QI)[_) NO: 67'
sequ g SRR TG BB B RS P NES: B EOCDRE) ANFtHeL:
(16) amimttzlyt segpesing dfe 16c8EQAD NDartl ths CERDB; {28)3an antibody

(17) SAMRAIRIRY tenbrEhaies (PAh RIS the _ﬁ%@%ﬁgéﬂizgmmo acid

sequence of positions 108 to 214 in thé amino acid s é of SEQ ID
(18) W%@%%é%mpf&%dhe&ﬁﬁ%wééﬁ%m&% ¢haieid di022), wherein
(19) theahtdhain traspthisaminsl abidn $egignte @ﬁmsm?sé;@zm %ibagn_tmg NO: 61 as

' ' 420 ; 25) an antibody.
R e e o [19) AT O erit DR TUAL) S A cshgeavence of
SEQM@él ahePRchain of (20) and the L chain of (23); (27) an antibody
(20) aompitsitg thenptichai mh@ﬁ{%h)aﬂnffme)l,_\ﬁb@g&@fﬁaﬂi) ,c(%%i R4k DR acid

S| in ing the amino acid sequence. D, NO: 7
e L S PO RO e T R ad B
1) apanbbady sogprsiee dr Phebrnol 190 Wi mincbHB ctag) kas thetdody acid
sequenrepiipingttbesH Ichai mlzaf mﬁmﬂi mm@a&ha%bh@wﬁﬁmq @%@gﬁ;
of positions t in the,amino acid sequence q

(22) rﬁ\ﬁ%ﬁf@%gg&éﬁg (305 4n aﬁﬁ%lg V' COl %}?s?rﬁl?ﬁeaﬂcf: %‘%68?‘*(%1)?%@?&5&%01 67 as
CDRthehg eridig Beid t568unine Bt $BqUen6d af pedtibrsd I tondasscidrequence of
SEQaminoagidsseqornee of SEQ ID NO: 10 as CH; 30 (31) an antibody

comprising an L chain haying the amino acid sequence of SEQ ID NO: 79,
) e A S s o b B amenec
sequegieRrf aerdtsagUéRde 3F4SE D PND: R3las @RRS; (BSFAN AntiDodyS as CL;
(24) eRmRTHAg b rhainRl(3Rhiherein hekchaie hasdheamine.agit acid
sequgquence f osilé ns %9' toh215 in the gmino acid sequence of SEQ ID
RS o ST THE 133) S0 LRBBIRP S HORAPEP R TR (330 5 CL
(25) giherahedhiec praprasimnbakethechaming 6t sebtlenicelufipositidns 107 to 213
(26) ih hRBEINOAGIHiSAIURNEERERERID) NG AR as:Gla 64 éﬁf}) an antibody
27) comprisin thg1 Hicha!ﬂjo&_ézg%.an {E L gcﬂg%_g of (31); % 2).an ant!body
( comprising Hhe X SHEH'BHZ95 4R Ph&H b5R2).°t467)an antibody
(28) aoasidsidy cheptisingiandfl G@)rahavihg tbehaimof(38 fe(@EhancdSipdp NO: 73 as
CDREOMPHSING 30:k ehaln LayiRg themmino,ag :
SE 3%3 g @?ﬁl t%lﬁ% |El.ino {agp?él seé%eng@)?gggél%%%%&a{%%g@é%%%eg&eme of
QXS & rgluence of SEQ ID NO: 89 as CDR3;
(29) an antibody comprising the H chain of (28), wherein the H chain has the amino acid

sequence of positions 119 to 442 in the amino acid sequence of SEQ ID NO: 157 as CH;

(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
CDRI, 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 the amino acid
sequence of positions 109 to 215 in the amino acid sequence of SEQ ID NO: 159 as CL;

(33) an antibody comprising the L chain of (31), wherein the L chain has the amino acid

sequence of positions 107 to 213 m the amino acid sequence of SEQ 1D NO: 20 as CL.
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(38) an antibody comprising the H chain of (37), wherein the H chain has
the amino acid sequence of positions 117 to 440 in the amino acid
sequence of SEQ ID NO: 161 as CH; (39) an antibody comprising the H
chain of (37), wherein the H chain has the amino acid 10 sequence of
positions 117 to 446 in the amino acid sequence of SEQ ID NO: 10 as
CH; (40) an antibody comprising an L chain having the amino acid

(34) 88QHEREEIoRRIRNEL Tt HRRY) the a@inqma%?vfnce of SEQ

ID NO; 93 as CDR2, and amin id sequence of S ID NO: 95 as
35) B SRR Cor VAL Ll £OCH A o1 85 Wt th L
(36) ehaihedytherapnisiogdicl HlShsimqia3oe ofdidsifiordst0& 3 P14 in the

(37) BRURAREY Saapaee Af BERIPINGL6R 355 26470 ARIRIDEQ 1D NO: 85 as
CDRgoElnltFrlsmg the (?halr{ of (ég})é(i/vhereln_ the L chain has the amino acid ¢
eHRER ASESTHENEEH P 1o 3L ShiRd Rhd-sodbRcaBrogr sesuence o

SEQNIDNZD 88 BLCI¥R3) an antibody comprising the H chain of (37) and the L
B 3‘93%4 A A B SRR Y D i
SCQUEBERSHPEFLAZ)S (46) 2 UhiIBaYREIABRYG BFRICARRERLUMY e AhARGH:
(39) acighsbade nompfi SEQHDING2 95 A6 GDRIchia aminekdidisequensanalacid
: I 3 i . A | N . )
e B e L o e NG e

(40) grepiibpdyrrrEDtisiasidoein msinadhearins podimsns e IS ESBIRA NO: 91 as
CDRthelzminm@aidSegence fFSPEQ IDNUO91 66 @b CH arldHheaimaitiBod\sequence of

SEQ?W?Wa?‘@[’)’i{%ham of (46), Wherein the‘H chqin has the amino acid
sequence of positions 117 to 446 in the amino acid sequence of SEQ ID

(41) Monibosy eprrasingrihsipbry ebprisimgsintthenarhriaving dvcaanminacid
sequagicl ssenees ADSRQR 1D N % as &ORG b3 B¥IEadD seguencesaf] .

0O; 105.as CDR?2, and th ing acid sequence of 30 SEQ ID .
S S N
sequighe RGIRAHEMEREIhinAS THe ey idsguiemse of PEQIEhYR080XeTk;

(43) i theissaineoasieiseguenpe:pi e B 1D) Mer 81 an st (&) an antibody
comprising the L chain of]#4 %vh iN the | chain has E mino acid

) B S T L0 o T B e of o0y 10

(45) pponpbogy cymmsiEpthadlatboel/(8Bhpdsihg thddinsHai#of (46) and the

(46) &ﬁd@ﬁi@@@%&&)&&%@f@@ﬁthm%@mgrﬂwn% %@%ﬂ&h&fé%@w@%m: 97 as

‘ in of (50); an P mg@ C|0I%éante i

DR S e S R e o A AD S seabence of

SEQJUSufiBhes dditibns, additions, and/or insertions in the antibody of any

(47) (Rt 454 Mittichpas-agvivalent @elvinas the.anibedy ofsany 2L 10ia
%’%42; I?tégﬁg.an 1?] body that binds.to thedsame EREG protein epitope as

sequepee ol Bos §P8§ t8féé Bt %%}?E’ﬁoﬁm sequence of SEQ 1D NO: 165 as CH;

(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:

(49) an antibody comprising an L chain having the amino acid sequence of SEQ 1D 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 the amino acid

sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 167 as CL;

(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 1. chain of (49);

{53) an antibody comprising the H chain of (47) and the L chain of {50);
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(57) a minibody of the antibody of any of (1) to (56). - The aforementioned
method, wherein the EREG protein-expressing cells are cancer cells. As
described above, the above-mentioned>antibodies of (1) to (57) include
not only 10 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
(54) e diivialery estibadies whesenantiorndinding.sites:ale daiilly or
(55)com %te%dlfferent The EREG rotein- bl%&g antibodies are described
7 bdVe AS EREE HroeiTb Y f?g’ﬁtﬂf hRiEe iffelrtdonsyadditions, and/or
inseipipliarabioanibisiiors afthé (dlesd it InwdintlohaGefisilahesetibiound:by antibody of
any eI ai(EREG antibodies are not particularly limited as long as the cells
cells. Preferred EREG-expressing cells of the

are ER pres
(56) 6%%511?9?690@}% P Do RTS8 raRariey Ahiveanshpdcisny of (1) o

(55);candcer, lung adenocarcinoma, pancreatic cancer, stomach cancer, and

[ t invention can be applied to 20
(57) K ﬁ{m&gns@afeeimwstm ; fc.tﬂrq bl

Th primary and metas ancers. More preferred cancer
.

Sreithelyretnd cdiveen e EREMETRR exiearing e Pusieresnrer cells.
canéardestisbéd tive wrebenbinuenitarissaniactingids araomplishassiRle not only

mon@&%ﬁéﬂ%%n}%ﬁg?m Qﬁ@o %ﬂfiﬁ%ﬁ&?a‘%&%‘ ¢ re So%tHbon 8]; E}R %%a%d%reSSI ultivalent

- cells cultured in a test tube. In this case e anti can
antibagics of thsy RIgsTAbIBYEREBRS SR algbw@maanaao@gpwh@sMym@mhng sites

are athehdikemy hed mdtingi¢heantboidy Ah@e ANHEALSISOLIoNINR-3HHEANSor
Cemﬁgl%o&fyaggtmay purely contain only the antibody, or the solution may
include, for example, the above-mentioned surfactants, excipients,

color R ropernding rasibadtien ais, dnatriibedrsbobafieERES peridingrinding
antibad@niacladianiz dio cedgrolFeRINGSIEh MBI MY HridBRICRRE M ¢ 1s that are

I r av r| a ents. .Th cent tion for addi
bou R R T R i e
EREQT&?%@%‘BE&H?I%USé)dqﬁﬁﬁ’@f@r%b@ﬁﬁmh@w@g@kb? Q.f ﬁg/mtstmilng/mbpn are cancer
cells. MoV far ?_fegﬁﬁb&hﬁ fg/palidard éﬂr?fﬁfﬂan%&d IQMQngaﬁ’Eﬁf@ﬁ?&b %h@&/mk Qncer,
g/m rthermore, in angther o) nt, "contacting” in the
S0 pr@enﬁ%\%ﬁ&ﬁl CATNSS B o& byl\g&%?h ff %@ES%%W%%H%H%%&?PM to
both psigpxRth EREBLEp R edifig ssethhesrheevi@% prarfisptantedtimtoetheare primary

colmb@dﬁteﬂrrﬁ@t@gﬁa@am%@@a%@g SRICAISE] %%@l@aeg@}gsly expressing

ER The method af adminjstration may be arenteral
T Rt AR TE b PR e an

antibpdydperal aonsivlistetiohE BRI spaxifisally cehle enéthed inh aekninkstrationhis case, the
ant;béﬁiyf@é@ﬁélmgd administrationbynisglion: LanaRASR! AURINSEALaN Ly

froezd gns uIm ad%ﬁ]stra% n, or transdermal administration. Examples

NS rat Py HIEeAdA TR & AT SRRy Hiforrupus
solutigharporuticalcto rypositiont; telkbtirafiferatiba sohititorani dodieadeekample, the
abov@GRAISAEINGAECEEN IBYSPIAR PYLIBHAY SREHS INGFIRR: m?éﬂgﬁ%%\ga stabilizers,

|nject|on dntr ff)erltoneal |nject|on subcutaneous |nject|on
buffels% supp&nding dgents, 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 may be suitably used is preferably in the range of 1
pg/ml to 1 g/mL, more preferably I ng/mL to 1 mg/mL, and even more preferably 1 pg/mL to 1
mg/mi..

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 method may be selected according to the age of the test
animal and symptoms. When administering as an. aqueous solution, the
aqueous solution used may purely contdin only the antibody, or the
solution may include, for example, the above-mentioned surfactants, 10
excipients, coloring agents, perfumes, preservatives, stabilizers, buffers,
suspending agents, isotonization agents, binders, disintegrants,

dmitRtiaanisisTHadIR REPMRINRGAALHISe REARYGHNG: S
z fZEe.se{ectéSd%o exagfn’%lj%, Wiah%’le he range of Ooé%glﬁséﬁba%@%%%ﬁﬁ%ﬁ% method

4B Waight Th BAEP St R ARe PSRN, ToP BasRh A thigtration,
trangpugageafredathispatient omasatel sehettethwitbindoe. rafigernp @sQF hdoninistration by

injecHOR. ARy Havayer hmantibadnds ?&Jé&ﬁi@fé@%&%ﬁ@ﬁ%ﬁ’%n
I ly used as a

Hﬁ? not Iir%ﬁd, to these doses. The following method is suitably | o
prolicraHaR FUM R AR U AT SE ARFRS QIha ReaeR! indeiendy detiiaenaps injection,
intraBREGepEssingioelsewitnan mttEREGHtibedys Dyacple0fdh. A suitable

d d.for, aleNoly i e cytotoxic activity in a test tub
o o L S o o
Whepafinaifigiite ettty thdeayadhvinueoussRiblithaedapertenly contain only
the aoylatidyicity (DT iactivity igsiddey b dMepherthe AedanmaettiERE Qurfactants,

-aptitho Iyity or tivity can.pe measured by kngwn :
O g e ol At A Iogy B IO agets
isotopTifTASERESsRiBesSrfiRaTaIEdibr caim Buidlsliyametiag agents, or flavoring
agenWileYi& Senge iy bk%ﬁacmﬂ theckken1Eok ativibe mgéufﬁgrtgms e to 1000 mg

indi ibody having the e isotype as anti-EREG anti ut no

per R L e o S AR sty o cech
paticfdnayrhe siasiseuthindhemmer el YHtitsot§0.808 ghndie dBiemeinedhe antibody
doscthaghthgractivityisnprasanioviiantaaaiisk BEGsantibody shows a stronger

cytotoxic activity than the control antinody. The is e of an antibody is .

def(i_)rflie%% %@?Wénge%lt%er?ce}%ﬁntsa % %ﬁ% TohisH Ofgégl/g ‘iﬁluﬁ"gl%ﬂfi%eﬁumg cell
damage induserbbserpusrrieraTRB ESotypuassing entibeih it BRECdstsboiyed Examples
of a Hicviva {30 IGIAEE IV kRS TAHRNSeS QMO8 DRIIGT S GO RIBAHRNS I methods for
meascl’r]}rlgn%ggo es Whl%h oceur tdgn(?g ﬁ{natUéatlon %ﬂf arg}bo%g-gf;oducmg o

BLE8Is Difference h 150ty pe 1o refieRIBHGR! (He difaraE SO eI GORGT) activity,
complpagithatsateal funetioneiof@iBpaitsitg petifivally, fiftetbenpleydhen anti- EREG

antibSWGMAN DUCYIRIONS AsVIl igdnawRio e iRfUgRGeR Ry ARTRAGY Jg0 HP€example,
in add{tlo to the exg(r) ssm%vel f the anft#;en. Therefore, when
r

e Bt HBOY e i BR Ee - dTRRABRMGHE TR R BeaRitnSdyiet John E.
Colighe &athel dotypdeasitHo teslamtit 68y isngrdierkty. uséd astihieyanadsateTents, a

bind BYAHEES &F KReRBUIR ceihdamaging %ﬁﬁ\!ﬁkﬁt}/ Ei\fﬁibf&&)pﬁ(@trﬂm%avmg any
Ceﬂ_(%EREG-exquevssmc%{% cancer cells are mtt,radermally or subcutaneously”
PRSI HEE T S HOREATRET R SPUFR ALY iRdRCA18% BanBERpihe anti-EREG

antibiriyacen dusty or dstapentdnbalthadetiisteredeaaitywdreat Hoerintet RA@bntibody
sho“zf@{vs%}iée;ls@{gﬂﬁiﬁ%imﬁ/%Qfxér%ﬁm‘?gfﬁ%%@)? r the following day.

Cytgtoxicity can be defined by daily measuremerit of tumor size. In a o

similar ARRE IRt BYahaRdTF e s the seaucagicrb ity Cuinsenstant region in
the adébedmimija@ycadlmﬂmmmng ﬁl@n@r@bamﬁ bgchnhaydﬁgilmﬁimmﬁyiﬂ@tyﬁﬁined in vivo
by ckﬂ?s%ﬂ%ﬁ%‘%{%%&%{mgé@é@ ﬂ&&%ﬁiﬁtﬁ% B G hromosomes which oceur during

antibodiy- Iministered group Is significantly
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
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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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 ha§been made genetically defective

so that its T lymphocyte function is lost. The use of such a mouse 10 can

eliminate the participation of T lymphocytes in the test animals when

evaluating or measuring the cytotoxicity of the administered antibody. The
cancsapedsnedtindadsadalty opeabeuiageoasly atizisglagtivity ﬂlﬁﬂﬂﬁﬂ@ﬁrﬁ&@b’ﬁnmal and

then %%SP Qnt?ﬁ‘&%b Y gﬁ%&%}oﬁﬁ %]ilt} O?efrcl)tro%g é'%}ggmls{%eg%élu I}(qh %the mterval of

contact-mediate ito an an

few dputirstartiog & pmmﬁé@wm@oqgmbeafmm flayevalbatiogicty can be
defineebgriilg ﬁ%ﬁ@ﬁ@kﬁ@fﬁ%@%lﬁbi@tﬂég agtly 'ﬁiﬁ’iﬂlé&"fﬁ’aﬁﬂ@r RAMENEAGN in a test tube
c Og%q r?aa f%r LV {)uatlcli}% easurln Otmri]a é % VIVO n be . . d
oA y use eéry"eenlng methoas eﬂﬁ’ﬁe presen Vert ?§1§ﬁ6 ed tHatsotype, an
Obse%@léb@%té@@wg@”@ imduoestRE Gronfibeadiondofimelsagging insigmificantly

smalRE&r depensaniannes chuihermnesay Lgﬁlﬁﬁ@ﬁqeg dm{rﬁgmg ” mouse as
the non“gé?- expression is :%pemflca%%]enhanced in can r ceIIs

eref
est animal, 1 15 suig Eﬂlgﬁeea WEJ Srlmi)](buﬁeie g yrnus has been

Ed

cancert ea ment can be “Ace
madegpredeidiy WEQE@S@ﬁb&é@glﬁdmﬂbom@mfmﬂyt in The psesértch a mouse

can dnmmnhgp@@ia@yﬂot@@fqqgvmmemttﬁmggﬁéams%ﬁ%&mm% or

ression In cancer cells aye useful as candidate compounds as canc
measid r%éé%f LAGERLY (ﬁgﬁﬂg&%&ﬂlﬁ%g’? iABiRg&hthe present invention
proviie samethotie dfuscdconimgaion tandidaté zoormpoungsmastéanderbove can be
sultaﬂl‘? ﬁ@ %@9%{%0\5"?%%% %%Mﬁﬁpﬁgfthgé&ﬁﬁﬁﬁg@ated 1nh(13bzt0ry effect
st com

ceIISW|thate ound: (2) measuring the

of an tﬂ%%‘ﬁ@% 15ipHoss) 5‘%&@ FRESBFYsecting a

con:ﬂgbm m;ttthat fomw@uhmERE@eempmegﬁen patifesedridniboniobasay in vivo, the
sameCARGIaE shaaPraidic E{QIGEGJQ, GARSE, n!eﬁggﬁ %r gjﬁ)%g Oa’vgogan be suitably
example, EREG-expressing cancer cells may EJ as t

‘EREG-expressing cells. Specifically, for example, any cancer cell line

showing enhanced EREG expression in Fig. 2 can be used for the

used,

%ﬁg@@thods of the present invention. 35 More specifically, cells

that may be used for the screening methods of the present invention
inclGde RRE Bl oW ca ke et i ER B ireresedip kel o fubirtnths psadiferation of
cells gadovingan e H8E Ghlajreddiiomaasell bRnkh&ultudng canditioosinrRaestat the

ERE@%L{E?@S%}%%@AE%@%% lﬂﬁ%gd Mggg(:%p%%?cawh%rh:ﬁ alls Carérbteeatmelit can be

cultured, for example, under the conditions shown In sophagea

accoraplished by FRPITED SIBHEREE sHeesssiom nﬁe%R@Gr@@MfemszeﬂM m@

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 invention.
More specifically, cells that may be used for the screening methods of the present invention

inciude the following cancer cell lines.  All the examples of cell lines listed below can be
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Colon cancer cell lines: CACO2 DLD1 10 hCTI16 LOVO Liver cancer
cell line: Alexander Pancreatic cancer cell lines: Capanl Paca2 15 PK-1
Kidney cancer cell lines: Cakil Caki2 L6#g cancer cell lines: A549 H157
20 H1648 H2009 H23 H2347 H522 25 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

obtafi@BfierNg ¢BR RARUNCafiRmceitaicRRNAREdReI By BtOS IFREG stablished.
Mor rSote(%i1 geﬁ:rettﬁd ir‘lfide t%e c?tll ocri1 e cell syrface, or.to the outside of .
ﬁu? cerﬁ. Ay metifod G& Ty Bheit Femacy SRt dbechndivog spown in Table 2.

escri
Esophegesd fiter EREIGIRRNA orHREG protein. The present inventors

StonGRftmes: 3q1the.gell proliferation-inducing effect of secreted EREG in
cells that proliferate in an Emg pendent manner. Therefore, a

preferred embodiment of th nt invention is a method of screening
for candidate compounds agMnti-cancer agents, which uses the amount
of extracellularly secreted BERfp{z as an index. In the present invention, a
test com d that lowers the EREG expression compared to 35 a
CO]O@OWSWSQ‘QEI%&?% as the cantidate compound of interest. As the control
in the present invention, fol@¥aimple, the same cell line cultured in the
absence of the test compo be 69 used. Alternatively, for a
control, one may use a cell line cultured in the presence of a compound
whose effect on the EREG %Y(%sion is already known. By using such a
Livecoatrel; aclthmepound having egredder effect than a certain compound can

pampgdﬁglgaq{gé}.A&ltngegrgsent '@%%Qltion, one can screen for cancer

therapeutic agents using the 5 neutralizing effect of a test compound
against EREG as an index. f&#é specifically, the present invention
relates to methods of screepig for candidate compounds as cancer

Kid n%’&%@ﬂ@é%t-k%ﬁ%ggs’ which (E)arPHrise the steps of:
' 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 method 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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(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 té& 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

usedproAfiesaion¢nediate o Riae iaf mRig 1 tPRIdREXAMP S sence of a

described bel the As ncreatic cancer cgll line shoyws .
o O B e vipg soch a comrol
comppustdingns figeiatgs efietidhores enttriventapstieBRE & dewdndency

can b IOMeIERtiRY: RIPRESAIN ARG ARG Gl eJRCERANs using the

tctiu'meriCée(;[e or. More specifically, E?}ﬁcellsl’t}g@gs ormed with DN
neutHENSIIGERTAGHE FABRBYEP CBRIPHSL th & L8 R8Tl R AR Gt the presen
invenpdiopptdatant thethndacdlalardomain @b diGeCoRpmoestas enduibittherapeutic agents,

Whic@%gg@@g}ggegéﬁ@gfproliferaﬁon to human EREG Therefore, cells in
which. the E%g dependency has been artificially induced in this way can

(1) c4iogpg erlbsat i %&?@e’l’i‘iﬁ@ i dersperatohagssy ik agRserhe of EREG and a

test @roffaradpn level of cells proliferating in an EREG-dependent manner
2) rﬁéﬁlgﬂfﬁ% @)etp@ﬂri;ﬁ,qg&%@i&{ EREG,and a test compound is then

measured. Cell proliteration can be 25 measured by any method. For

(3) selesiiga, HResmRDb R plabiRreais tarl mEldRparaFemmged to a control asa
candebmenienciatiytavaitablie reagent for counting viable cells, as described in

the FAnBleSAeLRALK L AYHIEMS RFGITC By IO SRR SEIROMING.  refers to
are also commercially avalla% e. For example, a system that can evaltate

celisgho Wipgslsrsrospdcatnslimekéerstion msdip e iR EP. pl&rs rxmople, in the
ExarppéstidaicubedBaked dr e Esplinofeompaiing (R NiriBoea] | dudmB&aiendent cell

: mg!? up increase.in cell.number compared to
pmhggi%%'??o?ﬁ Eé:g{r%?be se%@éﬁ asp{fé&ﬁé él %%%g gg%)f)olﬁ'ﬁgcs) 17—%)nr(l'1I (lzna%?ib& &%E&%Seeu |c1:nvemors’

the EiHeidemsndrer reBhp gmbired s oe meepvagan VB neraptosiekihpleeptor

chimidrée sacepteell Mereypusiadanthacsesne O d esheOMPRWNIACERB8ing a chimeric
: JAlternatively, one ¢ a cell line,cultured in.the .

eoSE AR ARG RO, A ST RS oo

G-Coformeiias fshidiidrsctansndsap eplipng Heaio E REGRuTIRBA asBherefore, cells in

whicBQRE BIGBR dsi@duiely BarBarlrona 48N S&IRel 3ceMRAHNAINAtH8S used for the
reater. ﬁ%%:totp% a certgin co%)ound. 70 Candidate compounds

SCre metno Fescll Vi . .
selécte y screenPng methods of the present invention are useful as

candifarsddpRpiunsy ol vabantel retmgdotin R tdapsdekitonanner cultured in
the pBeRRESS RIRES aftiRctionplNHIa MRSERLIVER!ONC IR, G8IMER tion can be

therapeutic effect of anti-EREG antibodies was confirmed. Therefore, .
mea g e Bt By LS IR G AT G B PT R using o
comipgry e erpultbly teagavkieimianiéfferisbés thlisamibedidsedfindoeEsarnyples.
Alterisandidate,sempasnesicraleaiednydhe SRanngMetiPdsLIeRIESSMable.  For

ini/ention are further evqluate for their effect .on cfg;_er cancer cell lines or_
CXAME Ay Cultu A EENR CARY A T ST maT Srd st Pathyaldifige @ multi-well

plate is in practical use. Based on the result of comparing the viable cell number, test
compounds that suppress the increase in cell number compared to a contro] 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 of a compound that has clear effect on the cell
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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normal cells. Compounds that are useful as cancer therapeutic agents can

be selected through such evaluation. A series of evaluation methods for

cancer therapeutic agents are already ¥0 established. In the screening

methods of the present invention, various naturally-occurring and

artificially-synthesized compounds can be used as test compounds. For

example, protein libraries and antibody libraries are preferred as the test

co n’@a%mdahbﬁ?fmgﬁm&idéé@dﬁﬁfﬂy |§B‘f@élﬁﬁ§1’i§é§ﬁ5?§tb\ﬁ5h? ﬁ?@&ﬁ HW&HE}?} are useful

r | r s.er antibodies may be used as the est compqunds.

o o B TS TR 5 Bl e aee Lo
functigpnbikaibaarieraiiasenEdgnbthe seetesttiveamsst soripourfimtABREG aattbo dies was

conflRHREENCEResERASHIR AIRINGIEPRIALS A Y st fRIRNC S INIR 40 i%ﬁé?[j&gﬂpm%ntion

Exampl 0.Herein below, the present ijnvention will be specifical
can B A Sr ML S5 TS ABIeRS et 1 4 Rove b congfaisceagpounds

seleatedrty ihsitsdesenatordiisdnmfitid presely sis oftthe serathEREGugeddor their effect

on oBXPIABSIANHN YALOWS IYReS-PEORNERIS sl Ahd GRS PIRANaRis.Qlihe toxicity against
hlIImé?{; EREG gene eggres_smr%céﬁ To search for agg%ne of which

norimgy SeliSsiot PABRHAAS Hi SHE IR 55 05SE LhaTaREacqRants anchiilected through

suchgyabmtiand parcréaatic’ eanlvetitissughp dofopreheasiiergeneicxpressienalready

estalfIBdysis was carried out for normal tissues, cancer tissues, and cancer

celliin s using GeneChip U-133A (manufactured by Affymetrix). Total

RN %%ﬁe?&rﬁﬁ?@ﬁ’&r&f%ﬁﬁ AbhRArGesntdayentin rasise gl baneersag and

artififilidly-3pnshovved r diaplesids ama 12 bycdonvestionap methodFusinaAPRGEMein

: - ' ressi nalysis was carried

T O o P

mVeRtRscri %Slﬁ’éi KidYoR G USRS ULEsaning RFRiRiBRreenbY osliRreyiR): used as the

test chhipanedhod Watheanties bhitaiesoittingigdite SxphesstalcAMasigs such as

cgmmﬁig}qk@p%@%%&f&g%?ﬂ Ry Affymetrix) For searching genes of

which expression is’enhanced in cancer fissties or cancer cells, the
meadH\RIGE Bt IREBRsRs i hsesi arefiaapime Tgtaddeywelsrape mialio dbis @description.
100. 71 We found that the expression of human EREG mRNA (probe ID:
2/ 67_ at HG-U133A) was enhanced in primary colon cancer,

metastatic colon cancer, lung adenocarcinoma, and pancreatic cancer
tissHEES BT ediothe BFssRcBY iy (cillbo spwifivallHexrbed anith reference to the
ExankO¥ D) tstomachicavcenaelicingsHéa apttMBIhdiver cancer cell line 5

(Alexander), pancreatic cancer cell lines (Capanl and Paca?2), kidney

cancer cell lines (Cakil and Caki2), and primary colon cancer, metastatic
[Exagpign EAmebrs iRuphtheiBroen e om acpararest o rcanoeto ssdmrasty Camers
1-1. atdikidngy caneas eethinesdl BTEH1BA8 k2084123, and H2347),

Whllleono remarkable ex%r\%lscl}(l)n of human EREG néRNA.%_ould be

f )
observed In the normal tisstes. Sanminad E1ganged fpesjtically in cancer tissues such

as colon cancer and pancreatic cancer tissues, comprehensive gene expression analysis was

Exa

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
Gene). Gene expression analysis was carried out using 10 ug 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 enbanced in cancer

tissues or cancer cells, the mean value of the expression scores of ail the genes was normalized
to 100,
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10 From the above finding, it became apparent that, while expression of
the human EREG gene (probe ID: 205767_ at HG-U133A) is very low in
normal tissues, expression of the humall EREG gene is enhanced in a
wide variety of cancers including primary colon cancer, metastatic colon
cancer, lung adenocarcinoma, pancreatic cancer, stomach cancer, kidney
cancer, colon cancer, pancreatic cancer, stomach cancer and kidney

cante. f&ﬁﬂaﬂﬂﬂbe&&§H@ﬁxuﬁ%$ﬁﬁﬁﬁBE§m%§{W SIRNBNASIS7 at

le brain Clon ech 64020-1 Lun ical sample, T
ECRUR e S T e e
adenyomgingyas. alidipanesaijsicasargsmpsPantrods Aot 710 5deS IEM&, DLDI,
HC"I@&IGI%BW@) (Strasry karealldntestn 16{%&9@1\7@%‘} %@E@%AH&%PEQE line

n 7986 Bone marro Clo ch 64106-1 Peripheral b
(Aie)rcﬁ%no% uiesicesh Prﬁ%ra a@ggé 4 e%?f?@igﬂfié‘éﬁ W?OEH lines (Cakil

and @b%@ﬂm%ﬂ%@@aaw%mﬂ:ﬁwmﬁ@@dloﬁhm&raba@mﬂm&ioma pancreatic
caincéiuﬁﬂ)ﬁ&g@ﬁ‘@%&n&m%ﬂ& &@éé%&@ﬁaés FS”}'%%@gleﬁ pl,l?jngn% H2347),

1 72 Lun adenocarcmoma3 Clinica sam
whilg R eewfz%%%bﬁw%mw@aw B UaiNg < 1 the normal issues
exanad@hﬁﬁgmlhanm Clinical sample, 1 case Primary colon cancer 1

Cl'“f‘f@h?%@ﬁ%v% N Y zﬁ%ﬂf;%a% GHRiC %S %(fai oF ﬁqesiilman EREG

ncancer3 linical sample, 1 case’ Primary colon can
ge“@&i’ﬁ% ?f 467 AdGrhbkadiis ¥eiBiPBatear Il iisRIcsapressiogaabthe human

EREM gtastatientolordangerideGlinias] camplerslitaadiny gtastatic SRIO0LRBEShetastatic
coIor?cgf&ﬁailuﬁg@@éﬁoéafaﬁgma, pancreatic cancer, stormach cancer, kidney cancer, colon

cancer, pancreatic cancer, stomach cancer and kidney cancer.

[Table 1]Tissues used for EREG gene expression analysis

Tissue Source

Whole brain Clontech 64020-1

Lung Clinical sample, 1 case
Trachea Clontech 64091-1

Heart Ambion 7966

Kidney Ambion 7976

Liver Clinical sample (Surgery)
Pancreas Ambion 7954

Stomach Clinical sample (Surgery)
Small intestine Ambion 7984

Large intestine Ambion 7986

Bone marrow Clontech 64106-1

Peripheral blood mononuclear cell Clinical sample, 1 case

Testis Clontech 64027-1
Prostate Ambion 7988
Ovary Ambion 7974
Skin Stratagene 735031

Lung adenocarcinoma |

Clinical sample, 1 case

Lung adenocarcinoma 2

Clinical sample, 1 case




Metastatic colon cancer 4 Clinical

sample, 1 case Metastatic colon cancer

5 Clinical sample, 1 case Metastatic colon cancer 6 Clinical sample, 1
case Metastatic colon cancer 7 Clinical3ample, 1 case Pancreatic

cancer 1 Clinical sample, 1 case

Pancreatic cancer 2 Clinical sample, 1

case Pancreatic cancer 3 Clinical sample, 1 case Pancreatic cancer 4

Clinical sample, 1 case 73 [Table

2] Cell lines and culture conditions used

LunfOktfio &REGEse expression an

Wﬁ%aﬂ@ﬁlﬂfec?'&%@é Cell line Medium

L J. L)IVII:IVI J
un«%:%ﬁn SgSHIBhCer TE2 RPMI164

)

O Breastcancer-MCFRPM}1640-1f
10

Lungl@ii@l'ﬁBMMalﬂ) Katoill RPMI1{

diigicatsainpls-cafissr AGS RPMI164
10

pnm;g[ MN ¢4 RPM11640 10 2M DN

O DMNMEN2O. Dl D 1 DD'\ |’|(

b A0 Eleribid, 10 dWKN45 RPM 1164
er

%ﬁAﬂ}k%Léé\ﬂW?%D’i\/ltM 10 Colon can

?’Sn\/f\A 10 LOMVO

CACUZ DIVIEIvVIT U T IviTL

Primpp AEeD ¢IMAEME=1:1 10 SWA480 |

QISWPF%WWIEWEFJ@ncer Alexander

PrimRMENbAQaldep&2 DMEM 10 HL

Prim;

DVIE
el

Metastatic colon cancer 1

=B ShdhuH @ RMEM 10 HuH7
[0 PancEeatic cancerCaz ?éi{%\gi SaEPIE, SR 640 10

- Clinical sample, 1 case

Metastatic colon cancer 2

Clinical sample, 1 case

Metastatic colon cancer 3

Clinical sample, 1 case

Metastaiic colon cancer 4

Clinical sample, 1 case

Metastatic colon cancer 5

Clinical sample, 1 case

Metastatic colon cancer 6

Clinical sample, 1 case

Metastatic colon cancer 7

Clinical sample, 1 case

Pancreatic cancer. 1

Clinical sample, 1 case

Pancreatic cancer 2

Clinical sample, 1 case

Pancreatic cancer 3

Clinical sample, 1 case

Pancreatic cancer 4

Chinical sample, 1 case




Kidney cancer Cakil RPMI1640 10 Caki2 RPM11640 10 -Lung cancer
A549 DMEM 10 Lul30 RPM11640 10 H1359 RPM] 1640 10 H157
RPM11640 10 H1648 HamF12:DMEM#L:1 10 H2009
HamF12:DMEM=1:1 10 H23 RPMI1640 10 H2347 RPMI1640 10 H522
RPM11640 10 Cervical cancer Hela DMEM 10 5 [Example 2] Preparation
of anti-EREG monoclonal antibody 2-1. Establishment of cells expressing
[Tab%ez]‘ull length human EREG The full- Iength human EREG cDNA (NM

01432) c rising,the se ce sh SEQ ID NOQ: 21 was isolated
Cell e R SR SIS S BT RE U RIS AR A

=

| Dyerpresmiosr ve@ell inkICN) for Medimalian leﬂéﬁu%,,%‘le resulting vector
Rramanted 10 WBREGLpMCNDEN enables igitced expression of a

Bfeesigranreme| urideF the|contrakioMel 40 mouge CA\V pfomoter
Esoph@EiH SBION NOERJ68299), RFMK &0ector intoWhich a neomycin

10

StomaphsaoeegeneARS been inddAptiiagi. A GHO tll lipe that stably
expresses fijll-ldagéh himan EREEbMwas establi$hed py introducing
hl:DF(‘/nl\/I(' I\I}ﬁﬁﬁQth ﬂHMIm&EMEMﬁhé Invittbgeh) by

--elecu:eporau f b of 500 pg/mL of
Genetici—Hhe-Gell'S = 0 FG DG. 2-2.
Preparation-pt szﬂw‘!e AR -IgGA%_Ec-fusion protein
(SEREG-mF¢) plerhtman Fredse-lgt2a-He-fusion protein

ngg?cﬁ?&??é. DrC‘A\db‘é_llll—b) WQgM E%I‘ed—& nizing antigen for
- s REGHFe RS onstructed by fusion
of the extraceiiyiglgoma] Gitar ETo cids 7to 122) to the
mouse 10GZa GRsgant reglorpmlqr@qé,pm TECOggition sequence in the
Livagesreaion] ARcLAIHNG N0 THhBTCDN VECTOgWhich was prepared by
inserting the] DB 0€6Nne Into thmWICN expresgion Yector. The vector
constructed Wwad#h&imed sSEREGANC/PMCDN. 1dhe Sequence
represented bytSH® 1D NO: 3PsiEMvs the nuclemideil5 sequence of the
sEREG-mFq gdhéd and the sed@idiide representeti by SEQ ID NO: 34

Pangrpale sereepmiraparid|sequenBMENEERE GimF@0AN
SEREG-mFEd-eXi¥dsidg CHARMIBAB was jestdBlishpd by introducing

. SEREG mg:n/nf"nﬁﬂﬁkl ihto fhéRP oA 44 cblllid8 (Inpitrogen) by

-——e+eet~|=eﬁefatic. .;?KGSZW!SM:.*};' U%é%, in-th pr%gence of 500 4g/mL of

Kiﬂim‘é‘fdé‘ﬁébr e ?ﬁ""‘? "FRF% P Hred ﬁmmi%e-edlture supernatant.
rmecurnure >up€ [rgtant RPMI1640 10
Lung cancer AS498 DMEM 10

Lul30 RPMi1640 10

H135% 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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20 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 7/8)), and sEREG-mFc 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 a
neutralization buffer (1 M Tris-HC1 (pH 9.0)). Then, the eluted

mou&E&ﬂ@-ﬁﬂE@dﬂ@ﬂ?ﬁ}ﬂﬁ{hg?@W|lﬂﬂﬂ§?t9ﬁ Hsing g@e%%b‘?%g@l)&g%? yﬁéomycm

. mgrsham).so that the so o) s replace

et SN e R SRRt PSR Milemetn s

ERE(@ nsroaphlivhedherintiedueingimERIHGaMETD mlwaéﬁc@ﬁi@ Mﬁ‘%éaﬂ@ lihe (Invitrogen)

by eleglepeshhoyingd 9G-eaf siRNdadd3- ré?iﬂﬁ@g?g(ﬂf #?é}%ln | qutmm The cell
rSfe<lpr>/Cr

line ?é)g?c}]o vlvgsn;[iqutige @ﬁgf‘édlce and MRL/MpJ -Tn | mice

ar es River apan as the animals for immunization.
Immunization was initiated at the 5th to 8th week. For the first

2.2 iw%@%@%ﬁé@ﬂﬁ&w@&@ﬁ%@ﬂ% rﬁ%%%:%?@ﬁ? E%FG mFe)

adj B Dickinsaon), and administered subcutan

(10%3%20 %Ws%mawg@ REGHRE %@%Hﬁ@ﬁ@&%m@lﬁyﬁ mFc) was
preprsiasdis incomptete adjgeaiv B, BREK antRickinsaidudiod.administered

35 suhauanepuslohaead) vP URSEAUERIY . ROSHNG.Im og*ﬁj‘?%ggv{asme

.performed at _one-week intervals for two to three times, an e

ARITTZAto SRR B IRAEE IS 25 AR R PES hrfepmleiscognition sequence in
the hatgnmm;eahtbcﬂheﬁ@ linveei m%ﬁmgmﬁaﬂkmfmﬁd&ayésqﬁﬁ;ﬁdm BRahserting the

i rpa ouse
DHFRGIHRIZRYR. ﬁw}wﬁ'}ég\éﬁ evgﬁ(tt%lp t?f?ﬁ@e%gé‘ ons 8&%1 WESnpmed

eloma cells P3-X63Ag8U1 (P3U1, purchased from
SEREGH RGN wod s i KspigraHed SR BAREG 3 guovRbrhecleotide

sequiienbétics) RRBMIF6 40 mmedid mhlésé@d:B@@xBﬁbéeN@& addgncareldly o shows the

[ enPEG ove b
aminf] L%tlr? %)ﬁggéﬁgo(evfe%%%%u ended in Iﬁ gnffaln| %%/%SE%] s
estabfopl s R R ECATRR Mo . ARt el g Eoriengen) by
electﬁipﬂtﬂgoﬁﬂ,lﬁﬁdﬂﬁlemu@thﬁ}@|§Q@@§$@§élﬁ@@5@@ﬁ@f§f§ﬂ?@éﬁe§éﬂAT
meqlﬂéﬂ)’s@ﬁ@e ?‘%%Qé%bl%l va ua %ture tp lat%uategog)a{l{ o h%;?:&eﬁﬂiﬁ supernatant

screenlng was ormed Inding activi

was gpRERS 5 Gl réPﬂ%Wtéyft P&A@Wﬁb@rsr@ﬁ?fﬁglé @é@ﬂt@é)kﬂahﬁm unbound
mategiglivityrehiained byt thish analisig weremNAAPRsEhY 1R éﬁnétﬂagp@ﬂmv and

sEREREP  FHthermore Efnﬁ% OCbtf{I‘a' Qf‘%%%e?f Z@h@}]{% glﬁ]eﬂﬂ2 7)). The

Immunizing the mice RiRGCTAGoH m

eluat@é‘ﬁ’é W@i}%ﬁ@bﬁr{ﬂﬁﬂhé@ byive estadgeteudbinge Wagzm)a@d withralization buffer (1
M TrpoltcDA Gublengtivh um@%@@@r@%%ﬁ%m@afwﬁé ﬁ%’{ﬁlmsm

ne gu erat .0-m gold particles
S“perﬁéi‘?&gvb;’lﬁe %l%?%ugbsgﬁ Ased Vﬁﬁtfﬁﬁjs FHETMYEp &R evith PBS.
w&%mrgtqwaémaﬂ@ﬁmtpmgrﬁi@ molativasswas BHIRIAD this whik bran protein

concééﬂfﬁ@?é@ﬂv%ﬁ@ﬁ@ﬂtﬁ%ﬂ% ROkl 6RGH Vs Addgd, 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.

2-3. Aﬁ@@?éﬁémiﬁ@amé%%ﬁhanobdbhybmaﬁMep three times, the pellet was
ultimaely SusPRCeR IV ARRBIMINY mice (Charles River J apan) were used as

the animals for immunization. Immunization was initiated at the 5™ to 8" week. For the first
immunization, SEREG-mFc was emulsified using Freund’s complete adjuvant (FCA, Beckton
Dickinson), and administered subcutaneously (100 pg/head). Two weeks later, sSEREG-mFe
was emulsified using Freund’s incomplete adjuvant (F1A, Beckton Dickinson), and administered
subcutaneously (50 ug/bead).  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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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 cutfer. DNA immunization was
performed on four- to five-week-old MRL/MpJ-Tnfrsf6<lpr>/Crlj mice
(approximately 200 psi helium pressure) at an interval of one 25 to three
times a week, and the anti-EREG antibody titer in the serum was _
diluteiDwitereB $ntaianitentbrakiing.this BRYiQd - Rinekling igueadly expressing

ER lIsthead) was _administered intraperitoneally or tg the . )
il T R e o NG 1 PRV I S SSE 60 g mixed wih
moughEREiRSe! AkSr Fodre o @ o thiebadegdrane R NS ratio, and cell fusion
was extifpatad b%@fb&ﬁﬁ@ﬂ&ﬂﬁﬁ!ﬁ?ﬁ?ﬂ@lwmﬂ9&'1?}%%&%&8%99%%%%@0 medium

I ted. usiop an cloning. was pe
O R e P A e D e e b kPG Sl oenenoved by
centijfsgatsurifielhonththes Boame stapepradartio B HEH as walhingd! 0VAFBS, 1x HAT
medilzi%m&ﬁ&m(gmpmpj%ﬁm Wiherumtha %ﬁ“iilgb?%%% t&&ﬁ&%%%#@mem

dies were puri om

e inleio CBCO SR e b fecsbnellit

plateas #9 sEREBM Fhpurifieationwae foth tesdriiyas iubxamplerdhi A adthgty to human
EREt}iTIﬁﬁplﬁf&EeJ GRSl fraglions s\ﬂgﬁﬂn?%?& ER?IEE% %llx{é%né[ctﬁ;éi[;‘y obtained by this

substitution witEP S using a PD-10 colum mersham),
analy SIS TS FIRROFHIES i SRHbBEIdEuere s hadiantified using DC protein

assayithdaGeRADPircwhidlattibodieteir eostoantication wasnealo! t@&eﬁ%ce by the

usj | [ r sul, clones B2# .
D O B AR R AP e o
was GORier %(fé%ﬁ?z&%ﬁ-' AidwnielenathohansgadeR Efdig isaien Ve paknerst iEeccording to
the Haniibauiysubtypes:aid arasedspesiesgeddiviyikile jeliated @&%‘@t@igﬁ%d out,
: Tolols] the epitope,sites recqgnize em. .
S A o, Ao, Chi o M G BEER Yo plasmia

solutigp dasaddedify thsiddhenvieyiard. Subrapgitiedd mhoRAMERE3.Ovas added,
and thiSiteekeftte stand-for R #eutds 2b/ksiere g fe B3 A9, Gid S8 atant was

. #1511 Gl
e 70 (363 AN, SERL LGRS SRl SOl
ethanol deliydration 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-Tnfrsté<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
IgG) (GIBCO BRL).  The antibodies were purified from the culture superatant using Hilrap
Protein G HP by the same method as the sEREG_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



10

EP11 #24 1 G1 Kereg + NA EP12 #26 |1 Gl K ereg - NA EP14 #31 1 GI K
ereg ++ NA EP15 #32 1 G2b K (ereci) - NA EP16 #33 | Gl K ereg ++ NA
EP17 #34 1 G1 K ere - NA EP18 #35 I 82b K ere - NA EP19 B2#15 | GI
K ereg ++ NA EP20 B2#30 | GS K ere +++ +++ EP22 B3#2 | Gi K ereqg -
NA EP23 B3#7 1 Gi K ereg - NA EP24 B3#8 | Gl K ereg +++ +++ EP25
B3#10 | Gl K Nterm +++ NA EP26 B3#13 | Gi/K ereg - NA EP27 B3#18 |

quanﬁﬁm&ﬁme%dwhﬂgézﬁ%l ?ﬂmﬂ,@@ﬁgg}iﬁggggiﬁ éﬁ%ﬁéﬂoﬁ s

- ere +++ | erm

Calcuifﬁ?j‘&”%ﬁ%%‘%‘g‘g%ﬁb&ﬂﬂ% éK%ga%riit?\? iote (ereq): Binds, but with
low/¥eadasty: Rianesd? 2l yre@! 18 apun) ER 3 iRidn@? hikding adivAd 1 byeG 1, Kappa),

and JiRW SR GYtRIPRIEY Was wseddtayalvgiadhe binding of the
antibodies obtained by the above-mentioned methods to EREG DG.

Anti-EREG antibodies diluted to a suitable 77 concentration were added
[Table BREG DG suspended in an FACS Buffer (1% FBS/PBS) at a density of

he dn¥PRR : ' ice; | a
i A 1320 0 v
antin T LTsEy Y hitPthis was allowed to react on ice

Antitard3()Animatss. pitansae reacéio.p wapeogapleted, |hithg.supernatant was
'D_remonediby censifeigegion. [T B8 weerthetvitgisuspeastadity) 150 L of
EPOEACH Buffer, ald®an subjecerddgo flow eyiemetric anaiysis. FACS
EPOZalihi7(BectonlgEkinson) Wwagreged as the-flow ¢ytomster. THe living cell
EPORopulifon was [$a@kvsd hylgatiieg a histogtam of forwake scatter and side
EPO 9 il efaciivity ttEREG DG Nfe binding activity
EPOG, theBilD 1 h MG 88 cdll line 110 wak alsd¥valuated. As
EPOZ,-..,-.F; £13 thie H y P i0 _%M_hwmaﬁé_geﬂ_:
EPO8 1#15 °  HgGljx ereq - Z e
EP09 #19 IoG1/x ereg + NA
EP10 #20 IaG2b/x ereqg ++ NA
EP11 #24 IgG1/x ereg + NA
EP12 #26 1gG1/x ereg - NA
EP14 #31 I9Gl/x ereg ++ NA
EP1L5 #32 10GZb/x (ereg) - NA
EP16 #33 19G1/x ereg ++ NA
EPL7 #34 IgGi/fx ereg - NA
EP18 #35 1aG2b/x ereg - NA
EF19 B2#15 19G1/x ereg +4 NA
EP20 B2#30 IgGi/x ereg + 4+ +++
EP22 B3#2 I6G1/x ereg - NA
EP23 B3#7 IgG1/x ereg - NA
EP24 B3#8 1gG1/x ereg +++ +++
EP25 B3#10 1gGi/x Nterm +++ NA
EP26 B3#13 IgGl1/x ereg - NA
EP27 B3#18 IgG2b/x ereg ++ +++
EP29 B3#41 IgGik {ereg) +++ 44
EP30 B3#44 IgGlix,A ereg - NA
EP31 B3#52 IgGi/k ereg +++ NA
EP32 B3#61 IaGl/x Nterm + 4+ NA
EP33 B3#62 IgGl/x ereg +++ NA
*Note (ereq): Binds, but with low reactivity

NA: Not analyzed

2-4.  Evaluation of binding activity by flow cytometry
Flow cytometry was used 1o evaluate the binding of the antibodies obtained by the
above-mentioned methods to EREG _DG.  Anti-EREG antibodies diluted to a suitable



10

15

20

25

30

35

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. 15 These

results revealed that these monoclonal antibodies specifically bind to

EREG present on the cell membrane. Furthermore, the above-described
conc@ﬁﬁl?ﬁm tf@gﬂ@@‘%ﬁﬂtfﬁ:lﬂ@gl@?@gl éf&ﬁﬁﬁﬁﬂ%@éﬁﬁﬂ%r #E B Séi;{BES at a

onfirmed to ecific 0 which has enhanced human

del’sg&ﬁg {Zxxg?eés.igsg 5 T VIR ) R0 PR AR Gl Afer
washaRE® gelleoespiedbite iIMISddelfoaned [Thidgelsd npi-ahae, [GEnoeibody was

addeR a6 hiO A (0733 RROLLPBRGLERIC SRARGRR LU e LRI e BIQSHEMS completed,
Bioph n. 273:1019-1024, 2000), prostate cancer (Toning,

. s. Res. Comm _ ) é |
the Sype P A SEREAF S B S SHEORO OB EBIBrSAR B BaBRERed 41150 L of

FACE 8nteer,Red thth ﬁﬂﬁﬁgﬁ:ﬁ&i@,fb@@@ﬁcﬁﬁﬁkﬁuahah@s.b_een reported.
Howyves, dhgresanri iaveiar iawed.fer e frsi e o tetﬁ?g he living cell

u%hanced human EREG gene 25 expression correlates‘with the en
pop

I ereelec Isrb b s i aduitpe ok AoV aTd reatiei éndesidscatter.  In addition to
the boshmgemertyde fERBEn Dy ttio kiaityn (CRG)ECtH/ile 0D | humandcoion cancer cell line
. ARt -depen 1yl 0XICl C) activity. induce
s oo ot e R R SRR e
SXPIESSIpRe At B AbRberdHaItBp il daledmee prlon rurseinceliincasniodt REG_DG
cellscell line was used as the target cell. RPMI1640 medium (GIBCO BRL)

containi 0%, F o _maintain, DLDI cells 1c
wer;e?gc%}?%g@eléog? é?htrl u"gatlon ?1(55)(?1 Pﬁlrarlli , %@%ﬁt@%ﬁ%ﬁ%ﬁmﬁ?&% #41)
prodycafbiadridiapanbenth sHopeixin BE 2000, bitmetiamcomeitihhG4a cells.

ThesdBenbi ehtateimabihésiodeneioBhl ertibiNgFebiarRh PBHRAASIER EG present on the
cell rgég}g%@%and then cultured in a 5% carbon dioxide incubator for one hour
at 37C. These cells were washed three times with the medium, then

adjdisfsbetaareethy sbeendrgeobadentERdHs/mprinchaatredibedjand thepresent
invergispenseddntaadbaveihdagkotiamedntate 126 hRA RhiwWeHadl8M@hn EREG gene

nti-EREG ,manoclgnal antj #18 1gG2b) and a control mouse
eXprel%gséﬁla 5%tﬁg)(e’:1§/?8%taslﬁ%@é%%%y5]é D Biosciences Pharmingen) diluted
intoftheansedibima EREGt eenae-®Besiopan WelldThefinal ((dweenteativneot:/, Cancer
Res. H1esantitgady vwas Bdjyisiaddq HaRaikag en. Labysia PRILCBRRIENEREs. Commun.

i . Na. 1, Cederlane) diluted 5-fold in the medium was added at
275 e N e SRS L e S A SRR Rrs il 95> 2000)
colorganpritoR4be.11.5 HicthrCacBT ResTIE rédfiers #58, pRA8)was! cedlirifgdden reported.

How&80hesrefenfivR ertoriQBo A HOH R HANS AMPS AR WAR FRIRHREG gene
m each well of hgégla , and the radigactivity of the collected 10

exp“egé)’ﬁé’r%%‘ifgéﬁ‘%sa‘? GPEEGETY g frivia CBUNES PXBEENRTZARD 3,

Wallac). The specific chromium release rate was determined based on
[ExathRdalondng, pauatiosy: 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 DLDI1 cells. 5 x 10° DLDI
cells were collected by centrifugation (1000 rpm, five minutes, 4°C). The cell pellet was
suspended in approximately 200 uL of medium containing 3.7 MBq of Chromium-51 (Code No.
CJ54, Amersham Pharmacia Biotech), and then cultured in a 5% carbon dioxide incubator forl

one hour at 37°C.  These cells were washed three times with the medium, then adjusted to a cell
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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 whéfe 1.00 L of 2% NP-40 solution
(Nonidet P-40, Code No. 252-23, Nacalai Tesque) was added to 100 pL of
the cells; and C represents the mean value of radioactivity (cpm) in wells
where 100 L of the medium has been added to 100 pL of the cells. The

densimesSusencRtslwele GoReweiarhin ShpiRaiigRchibe iMeaoyale Mithottomed plate
; IO%t?L ard, deviation were calculated for the specific chromium release rate
at oot tE‘eWE | supernatant derived from each well. The anti-EREG monoclonal

antibbeie sruzeid IiEE expredinedtavabedofBismict teGivend C‘D&Uﬁﬂ/iﬂyt)use IeG2a
antib@%yst‘@wﬂﬁm. 633%Qf%_lﬂ?tgi@%ﬁ;ﬁh&@%aﬁlﬁ%@éﬁtﬁqg%ﬁHﬁtﬁgﬂ]@(ﬂﬂgp'gf%re added at
' t ctivity at the same concentration. 25 3-2.
0 1R e n P RO SR L e AMPERETSH RO htigbthes Then,
babyagbipitthersplseof 0T A6V b dUedeniont thSuDidsL fhldnathe ahedium was added
at S0GANGEHCEN MRS HRRAHQE AR GG @iV, @%?%%@8%%?&%&%%% for 1.5 hours

Itured in a 96-well flat-bottomed plate, anc
ot 37 A BRI S1HE 56l 0 ABHRE WRPRERRGHES). 100 L of
the swpettiatantinvitray o) edointainingh 30% HBE: pladehed LQ0ddofthi nedivm collected
supeMABRGAd %?é&-sﬂ?ﬁrhsﬁ%la %Qﬁgﬁgfc@ﬂr@épmﬁl%g %lgna{g%gg%(?dy"fhe specific
3741 Into t edtot

B2#30, B3#18, and B diluted e medium was ad he
chroyui TSR GiiteY e ierminsd, Pasd apdesifalla g cgBRideRitration of 1
po/Siectierhshpinofdemefiectdtoel Golutipr (D7 Cells/mL) was .
whergdded to each well, then the plate was left to stand in a 5% carbon dioxide
incubator for four hours at 37C, and then the specific chromium release
A reprerentsthe sidivamiBabEfeRbnserk Welle 35 obtained by culturing the
B respieen dellsefrevBhibiss maliset(GhatemRivardapan)ia 1@201@13 I&m% NP(S%O solution
caNtaing ‘ f inant human interlepkin- t. No. -02,
o 10 55 A2yt By A M B Aok Lo fih and
C repgpscsinibeAase #us phaaiinacstittalaniy 50 wrjlithefed §6rubinéthchmedbimm has
been intéetetkiro® @nd ng/mL @h@@@éﬁﬂf@ﬂ%ﬁ@ﬁ%%%%&&%lfﬂﬁfﬁupﬂ@ae, and the
- i s. The results showed that all of the
e A o8 S e o st rave ofche
superAgRaE destia g RipRDY D (Fig. 6). [Example 4] Measurement for
neultalizingRREHGhohtae antineREGneeacional @lblﬁébh Qﬁié%t% \ﬁ&'e‘%%}}g’gmeclil to have
roli | hanced hy h EREG 4-1. Establishment of a ce )
D UL . Bl P EoRi e T oot did o
show\§digastaritand thicthBgSomRs Huatiam EGF receptor comprising the
' sequence shown in SEQ ID NO: 35 (GenBank Ace. No. NM_005228)

T e e
As in the case of CDC activity measurement, the DLD1 human colon cancer cell line
was used  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 uL of the medium was
added. Then, 50 uL 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
obtained by culturing the spleen cells of a Balb/c mouse (Charles River J apan) in a medium

containing 30 ng/mlL of recombinant human interleukin-2 (Cat. No. 200-02, Peprotech) for five
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with mG-CSFR was prepared. In brief, the vector (pCV
hEGFR/mG-CSFR) expresses a 15 chimeric receptor (nEGFR/mG-CSFR)
comprising the extracellular domain (Métz - 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

daydhe byealiceR CHIgSIC ReaRW s GER M L mR) RERIESIPMYEUBhtAling 50
g/ H&QCO QEGlgl%/rHtCi.l-u%Slrle‘? o%ag(r&%%b éjrl*%e%fn with Pvul was transfected
¥ linte BaTFS Cofte by BB haH fé OBEISEORBEIY Tty BY-CSF (Cat.
No. 31330 enth88b)j kD sikrdmefected cells were selected in RPMI1640
mediy, eanidiHBE MBS (GIBHIE RO UBLAERAUEIL ARG vsed in t)he
recombi ant&gﬂéﬁ:EREG (R&D SﬁLtems Cat: 11 95-EP/CF, 200 ng/mL
PN E@gﬁcﬁ AR gsaBstad- Bk UFig. Byaluation of
EREG-dependency of EGFR_BAF An experiment was carried out to

[Exa‘éﬁg;ﬁw RISITAETY EBE&%’E@Q&%E@EW& ﬂ?ﬁ’ﬁé‘%ﬁ{l‘aﬁoﬁﬁ}%?}ggéﬂ}h% Qliibodies on

described In remove human

BAF isplated by the metho
cell @ﬁ‘é‘%ﬂ?ﬂw ReAELPY, iheefilEEre centrifuged and resuspended in
4-1. REMdbBeOnerl 0fn FBS 3@aiiéhiei tha o thapd i ERllsnvars Beadaeifieceptor
(EGFR‘CB | of a 96-well plate at a density of 2 x 104 cells/100l_. Human
EREG (R&D Systems) diluted into the medium was added to the cells at

varibiggoikiihisiiods dhe pamdial yeapptonsprmeitagdhverguence shown in
SEQimbukatett yGdeBath €626, BRC.0dEer tncubaiiomnioriireeiays thedel) was

- u T ai Tesque) was  added and ring
o e e R e SRR PR Meptor fusca
with DEerSARe & 1 Be7BEs hm i btisd tbacksP MG REE RioksG8HR singresses a
chimBeochragude EHEﬁF(BJﬁ:@&IBFB@ cSipHRHY; ﬂw&wmmﬁ%?%%@@g@ﬂlt Ser645) of
ifarati th RC,1 human pancreati r ' ,

P e D G R USRI A e ot
sequeReschbeEpo veIdCrRIescs PR BIBER pwas SE8chimbrcrmadivior. aFshown in
SEQrEsmicshoweddhat RGReBRiBAY: (Fig. 7) and AsPC 1 (Fig. 8) proliferated in

ah n5E oncentration-dependent . However, DLD1 was

ot A A i B G By NSt vector
(PCVohREdRamsng JchviepisineblandiR e WidnBeld e samibdclias! onthiBarEA cells by

clectliphGigepeBaentcelt mRleRaten 4000 ihe EGERBAGBIRIferaton \crocted cells
of the antl-EREG

dependent EREG, neutralizing activit o
werd N T A e Lt HAE VB S Al Fencticn, and
recorRPRAERIMOBE CH 8 f Sivvie wontainih AvbRACFE KBQ@g(fink) and EGFR_BAF cell
line waneRMration of 125 ng/mL), and the cells were seeded into a 96-well

plate at a density of 2 x 104 cells per well. An anti-EREG monoclonal

antibody diluted into the medium was added to the cells at various
4-2.  Evaluation of EREG-dependency of EGFR_BAF

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 RPM11640 + 10% FBS
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) diluted into the medium was added to the cells at
various concentrations (7.8 to 250 ng/mL), 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

absorbance (450/655 nm) of the reaction solution was measured using Benchmark Plus
(Bio-Rad).
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15 concentrations (0.008 to 25 pg/mL), and then the cells were cultured in
a 5% CO2 incubator for three days at 37C. After culturing, the Cell Count
Reagent SF reagent (Nacalai Tesque) Was added and coloring was
developed for two hours. Then, the absorbance of the reaction solution at
450 nm was measured using Benchmark Plus (Bio-Rad) by setting the
reference wavelength at 655 nm. 20 The cell proliferation rate was

calcalmtgarhy wsingnihe MeesuIsgyalie ﬁ%ﬁﬁhﬂhn%ﬁ@@q%f;@q Wﬁ'ﬂﬂlcreatm
as the referen value at each antib concentration/OD value of
ﬁ {me a dﬁ%g%% %é

A R Fetarante X S AR RRARCERSE Aol HERERRRY Ehtsogyne manner as
desqzl’qml/ﬁh@Vhav@HﬁhﬁﬁﬁMﬂct(\ﬁ@QR&WaSys&dms;i@aﬁe&iﬁm%) was used

as aﬂ@%‘@éﬁﬁt%‘ﬁ@%ﬁ Jﬁ?@@ﬁﬁh%}d&% nﬁ%ﬂ%@ﬁ'@ﬁg%&%ﬂ g‘éted in a human
EREE;dlcateS |tst1n(§ f{ @%{19 activity against he human 25 epen
fershsAet B T RBTObI 45 EEFnE L dwee ik WA Aye numan EREG

demlildcm}'drﬁ:ligl(%s not describe any information regarding the
proliferation-suppressing effect in cancer cell lines. Furthermore,
neutralizing act|V|ty of the anti-EREG monoclonal antibodies in AsPC1 as

-3 th ERYEE RIS RCRLHRE 5l At FREHFEFSseaeslpet] apdedies on human
EREhdd¢hendeaaseiigmeéiferdsn 30 carried out under the following three

anti t d 0. 25 The results ar
e ek A B P M o
the 3REHEREG mpne clppebaihy disswas %ﬁl@émg%lﬁ%@%n‘d@smnded in

RPMHoGWed 4076 ryﬁmakm@tmmﬂumm?m cm@mm{@hlzfmg 23 ng/mL),
t R t ody was foun
and ﬂ]%“é’é%%ei?é égﬁeﬁﬂ%%% kxé};'flo %%ﬁf adg <9 2 cg}g KR (‘ﬁ H

to be VEry weak, as compare ACCO )

anti-ERE4H mapeglenalrpiihedtodiuted Hﬁvéfﬁémﬁbnﬂngaaa@ﬂw fort RREW, andrious
condmaufipiess. pogliteratiosyaf th %&B&lm@%ﬁe@ﬁ&é&% 4iRe; T0F incubator for

y d onst tes that the t| EREG m Ional a
thfeeo&% %%C]){ §ﬁ§u %? ) 150 a]imﬁ i %stu J' tav(faa E%%ﬁﬁ]%ft@dque) was
é%]ﬁ\ﬁf?sé?’?d’@wg‘ﬁm%@aﬁWeﬁ@sﬂpm@sgh‘@l@mﬁﬁ?@neactzon solution
at 4ﬁwﬁﬁﬁﬂrz§ Ristndepasaenaalhpraif ?‘1@5‘@Bl&ﬂﬁﬂgﬁ%'@tlﬁgtﬂ{gﬁfeﬂf@gcmgvelen gth at

655 H}g antibodies can be used as antibody pharmaceuticals with a novel
mechanism against cancer cells that have enhanced expression of the
humblit EREG §éet iofEsedenipis 53Nustedtise: segubnoeaeterninatian qre/ml

antlmma@aﬁ@omgy%@e@k@m Hariableragieng Nucleolid®ion/oD value of

uence anti arla ions were determj for
the rﬁ gen oma an &)@ RN 5—:‘ Q&%d‘ﬁ‘&i’i’\ﬁt@? fegve
mh1@RE’@C%@Wéﬁ&@ﬁm@@ﬂacﬁvttyﬂkﬁth@D@sacmdtysaquNhedﬁtr@l 1 &k attached

docuifént DTeraniinadn %M@fﬁﬁgié’ﬂéﬂmﬁ1 &l fA diy the human
I e
docummg@epmﬁmmme 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
carried out under the following three antibody concentration conditions: 25, 2.5, and 0.25
ug/mi.

The results 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#41 showed a very weak neutralizing activity. Furthermore, the neutralizing activity of

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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Kit (QIAGEN). A RACE library was constructed from 1 tg of total RNA
using the SMART RACE cDNAAmplification Kit (CLONTECH). The
reverse transcription reaction was perfdrined for one hour and thirty
minutes at 42C. The 5-end cDNA sequence was amplified with synthetic
20 oligonucleotide MHC-IgG2b (SEQ ID NO: 41) which is complementary
to the mouse IgG2b constant region sequence, or synthetic

oligonwcienigle, kP (E QI NPeA2buA isveaRiamentain iadN® r EREG, and

K in.constant regjon nucleotide sequence. The components of
fo S%%%E%b%%ﬂn(ﬁ? ﬁggg@ ¢ xfgr%ltv\}g:cgn ch% o ersl}@???ﬂ\dvantage 2 PCR
Bufféhe P&t sludAamiverstisrhishBreamixE RESmMndNTRs (dAtRlies (32430 and
B3# ) T3 1A6ITR candeddyT Ravel ceipk Advaeinge R Lol epa M LheAbavecpe

. were manufactured hy CLONTECH); 2 reverse transcription o
et BT MR o AHERE G GRIRERD i ez galiving
activiggppand 30aTHe RORodimditiohs asedas folldwdApliaitizlderrpesatie ofiovel
mec @A 08 S0iRecands. dllowschRy.f Mﬁﬁ&ﬂ%%}%ﬁ&oﬁ?& MR SeaongRaed gene.

72C for three minutes; Five cycles of 94C for five seconds, 7/0C for ten

seconds, and 72C for three minutes; and 35 25 cycles of 94C for five
[Exagederid 3V 88@ fide e secentissandarRE for threatiiRESsmbinalbnathartibody
varidGiacligRoduct was elongated at 72C for seven minutes. Each PCR 82

proquct separated by an agarose gel was purified using the QlAquick Gel

SN i‘?ﬂﬁ?f&%%?ﬁr%‘& B RAGCERYLIEP iR clstredeirtanprd for hybridoma
antihoGERBA1 E 4BY VBotdri(insdonfed redahyiiBracteg )il BRBGleolidi as ADCC activity
and @W%%t?fagﬁn%qﬂg J0) i) ijéﬂrle.edTEQ %_Et?ﬁ&% \Fglelar%lj Cleotde o quences were

sequence and amino acid sequence of the H-chain variable _rgglon are
amp g e R TR sk R S I\ ante BBdia vetjbedidnrmaucing
hybriieciestidd sehRdhceranckanmind foith $Sequeheeholithea Lethaip tariaki@sy Plant Mini
Kit (ggg{ R shown in SEQ ID NO: 45 and SEQ ID NO: 46, respectively.

he variable region sequences of C7 (EP03), #15 (EP08), B2#30 (EP20),

B3#8(BPSA ibReyBasristprydiire dawerafitdal RN rsnedih SHBART RACE

cDNByhtietioatigailiclentioa WHIEH g G S+ N&isdption reaction was performed for

- atcgr 3"k whigh mplementary to the.mous .
o e L e e R R T sttt
oligapys siddrediblis 1 atiéd (R HMBEVAlplicde dienmnldastits stgiientesse [gG2b
consare _ﬁmmlln B?L%%%,I E} M@ﬁﬁﬂ%@%ﬁ%gg%%mmhw@?ﬁﬁé%%\gmch is
eavy.chain), . 203, light chain),
comI o R e it el AR kg 1
the P(Etbsalufignt(énathyld24e s EEBwrsavy chain), and 126 (EP29, light chain).
Thestiansiated seauaenses ptqlaqg\iﬁggble 15‘regions‘are shown in SEQ ID
NO§: &Bgf(ll?&%hg%%\é){}QI[}%QI)A%X(’EPOB, light chain), 113 (EPO08,
0.2 mM dNTPs (dATP, dGTP, dCTP, and dTTP);
1 uL of Advantage 2 Polymerase Mix (the above were manufactured by CLONTECH);

2.5 pL of reverse transcription reaction product; and

]
components of

10 pmole of synthetic oligonucleotide MHC-IgG2b or kappa.

The PCR conditions are as follow.

An initial temperature of 94°C for 30 seconds, followed by five cycles of 94°C for five
seconds and 72°C for three minutes;

Five cycles of 94°C for five seconds, 70°C for ten seconds, and 72°C for three minutes;
and

25 cycles of 94°C for five seconds, 68°C for ten seconds, and 72°C for three minutes.

Finally, the reaction product was elongated at 72°C for seven minutes. Each PCR
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heavy chain), 115 (EPO08, light chain), 117 (EP20, heavy chain), 119
(EP20, light chain), 121 (EP24, heavy chain), 123 (EP24, light chain), 125
(EP29, heavy chain), and 127 (EP29, I#fht chain). The ID numbers for the
variable-region sequences, and the CDR], CDR2, and CDR3 amino acid
sequences of each antibody are summarized in Table 4. 20 83 [Table 4]
The anti-EREG monoclonal antibody CDR sequences and their sequence

prodiot Rupabeed Uy ante sz)sd’ ek %ﬁpﬁmﬁ%cﬁ‘h@lg @MA@;@C@ (&% ]@xga?a_lg_rg(it
(man%)fg(’:tﬁigdzbz aéa d%hen cloned mto tgwg%%”r ERFNVRPN%BIW\(&VUWCI by

Prorr;ng)N Nf hsmlcleoude sequenpmqﬁtlfe Mone Wa®ddtxi @) OFdk RILRNHY Eicleotide
sequédde LAk G LPHEL of-’t%ezﬂéhéxﬁ %aﬁ%}ﬁezrggﬁﬁ QR % mOSE% IDNO: 43
aaaa aaa Oaa wwWwwwto Coymto

and 30 U5 WD DE ERERRE 8 46 Greloniie TeRbrpee sipine osacapee of the
L-cham gaoable @g@@fe@f@w@m SEQ ID NO 45 and SEQ ID NO: 46, respectively.

The variable region sequences of C7 (EP03), #15 (EP08), B2#30 (EP20), B3#8 (EP24)
and B3#41 (EP29) were determined by same methods. Synthetic oligonucleotide MHC-1gG1
(SEQ ID NO: 47, 5’-ccatggagttagtttgggcagcagatee-3’) which is complementary to the mouse

4

IgG1 constant region sequence was used to amplify the heavy-chain variable regions. The
determined variable-region nucleotide sequences are shown in SEQ ID NOs: 108 (EP03, heavy
cham), 110 (EP03, light chain), 112 (EP08, heavy chain), 114 (EP08, light chain), 116 (EP20,
heavy chain), 118 (EP20, light chain}, 120 (EP24, heavy chain), 122 (EP24, light chain), 124
(EP29, heavy chain), and 126 (EP29, light chain). The translated sequences of the variable
regions are shown in SEQ ID NOs: 109 (EP03, heavy chain), 111 (EP03, light chain), 113 (EPOS,
heavy chain), 115 (EP08, light chain), 117 (EP20, heavy chain), 119 (EP20, light chain), 121
(EP24, heavy chain), 123 (EP24, light chain), 125 (EP29, heavy chain), and 127 (EP29, light
chain). The ID numbers for the variable-region sequences, and the CDR1, CDR2, and CDR3

amino acid sequences of each antibody are summarized in Table 4.
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OONNNN WWWWW W 84 [Example 6] Confirmation of the

EREG-binding activity of the recombinant chimeric antibodies It was

confirmed that the recombinant chimeri¢ antibodies comprising the

isolated antibody variable region and the human IgGl/IgK constant region

sequences binds to EREG as 5 follows. The sequence of each

heavy-chain variable region was amplified by PCR, and then inserted into

the heavy-chain cloning site in a human chimeric antibody expression

ight-ehaj bl iQn, sequence was amplified by . W

B A R T R QIR i anbocics

abolie¥AfeimbiEh thnahecrisnaminantipbiaesigrisadicy cetoprintos Wisidtn lated

antibtuy hessylchaiv seqdane tnasnigen MFodssadnt Redlenaaemalianisel o EREG as
foﬂoﬁgﬁtrc 01 %Xceecg%res B ﬂgéwcmt%%inb%pig{}% %‘é@%%g&aﬁv &%Qrﬁlr%fagﬁk, and then

aln genes are designed to be transcr

mserfpe e hrNeprsistiarslonie siqusadaummahibericoitie dyclpridion vector.
ThenSaqigncasiANMiANSRIBOSRAUSREER {9 H AR BV MAPARIME G ANIRRAY into the
Lont 8,54 Or?r?rig ed.in Talc)jf}e S, 151[;I'.ablg gll Sequence ID nu%ﬁers of the ,

g' R ChiSe I the APV misitiongd BB O R RS L SERREREa R Fpctor mto
which gheep 1y ¢hambearense SEOI NOARREE QUDIN GasaihimelicpRBSon

vectd?BathaRainS BN ARUPEQIP N LY § mﬁﬁlﬁggr%%%%ﬁg% Rto be

ID,NO:132 SEQ ID NO:133 19hj SEQ ID NO:134 S
transy T R T RTEPALRY Bt N £57 R CHiFEHEBERE TR e
nucleg @Yy INDISS BEOQIBIANG!: $3D ddem i SECH RN O: tUBSHEQ DN G, héd.
sumifenipagrg ER24schain Ughi SEQ ID NO:142 SEQ ID NO:143 chain chant'
SEQ ID NO:9 SEQ ID N0:10 Chimeric EP27 Light SEQ ID N0:19 SEQ ID

NO:20 chain Heavy SEQ ID NO: 144 SEQ ID NO:145
[Table 5]

Sequence DD numbers of the human chimeric antibodies

Nucleotide sequence Aminog acid sequence

Chimeric EPQ3 i SE(B%;ZB SESIBGES?ZQ

A TNO T StaibNoid)
Chimeric EPO8 .EZ%:E SEQID NO;134 sgg D NO?“%SS
oo S Seelloln oo

— Foavy SEQ 1 : :

Chimeric EP24 E_g% igg :g ggijg ggg ;E Sggé
o —stabuols — scannon
Chimeric EP29 ::_égé‘.:“z SEQ ID NO;MG SEQID N05147

DGA44 cells were transformed by the electroporation method with a human chimeric
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 selected.
Human chimeric antibodies were purified from the culture supernatant of the selected
recombinant cells using a HiTrap Protein A column (Amersham Bioscience) according to the

atiached manual.
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ChimericEP29 ingii main SEQ ID NO: 146 SEQ ID NO:147 DG44 cells
were transformed by the electroporation method with a human chimeric
20 antibody expression vector. RecomBiant 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

usinyuaetidnumaan Eatdodies hand waeminANERIOOHY CXRIeRSINAREL with a

r ; u imeric antibadies were ified from the culture . .
o e S e R T e Pl g hbodies o
ERELp | umBamthserammarriaipsbrdies atcatdndgading, dinatties weaniaiuigsed for one
hourNusdaHeamusieplatenbakijthns s aiashw i Rp R e 18N RS Riman 1¢G

bl I ugi aining BS as,used to analyze the binding
AL S L5 R SRS b G s e bound
chimgd¢aaidhnely tapinerHagsidesddorednbubatatior wagettofiigmad Bien As shown in
Fig. Washeehiubisasipoiyam allkelineohasrhaiasedebsiadantiinandla e
ab0v5~a%%%8g%d(1%lspﬁso BR% .y AHI03._ 5) was.ag ed and allowed to react.

A HHE BRI ART RO B AR a1 HHERCES Woh fgrdirmed to be

er washing; ooun
trulydhpspridgbpimnte BHdiE Sighedit04. As shown in Fig. 12, the chimeric
antibodies bound to EREG in a dose-dependent manner. From the

above-mention ults, the isojated antibody variable region sequences
xRS OB Sty e BT e SR EREG 28A s, 10

[Ex&igple Fhonvwitno 4D GO ECtisityvity bhimerE Rib6- BRI G iantitiboitss kgl human
pBMES S TARY! - IV ti- imeric,antibodies and
i B e R B Gl AR ovovo

DA iSSP BV e i KPS U U ERRETRbbis g lected from
cach ﬁae_iﬁﬁtyda_ﬁrﬂieiibhéral’lfiimqnbﬂi;_ﬁsemlte@mddﬁmqmiisfeea@b~hielalmyﬂﬂlﬂ\8'_€iw ahd divided
into fUiR@AGeralhloadae ARd ol vl ERR() 809 dVAEd IR (cat. No.
ur_aliguots. Far [ymphocyte separation, they were added to P8 CcOSep

2272{93%&?%@%%%@57%:” Firer BlorOey thRpomsiEl-US (EE dtealtheare) had been
addeficoliiRagueRL LB (GEHealthe@htias beeeadaedinadance] SM&hm, room

temp%&?@tﬁg @%ﬂm@@%@&o ) r%%ﬁ&%gﬂ{&gwé%%gﬁ%%gg P9 L5 were washed once

, temperat,ure fO[ ten mlnu'ges, t C monocyte action was collecte _
with Duyjasgsrg s Madifaef SingderoNrtHupLimessés ivsdits S KR scvmseiing 10% FBS
(herefmadtaufatitredd dysIGVIB SontEiBvIY 1Q96HEB $he(benaipaliar walermesions 5 x

10%/030% W@@Mﬁmﬁﬁ)ﬂ%ﬁﬁg&?& h%%r%i Cssg pdiusted to 5 x 106/mL

in 10% FBS/D-MEM to prepare a human F olution. DLD-1 and
MIA PR3 i AvBrE Ehestitier s peidby la abetd & smilathrsithatibt to that of

Exanipkafple\s aAsibadiibotysaludjrtadivsias @asahaaps MR WS he target cells,
ot 061 0B RSO AL SRR o5
10° celijualthnasrddsensndeahs prélsseeaing tavsionr st diokide divcuaiorfbator for
approximately four hours. The radioactivity in the supernatant afier 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,
EP27, and EPOS chimeric antibodies had particularly strong activity. The strengthness of
ADCC induction by each of the antibodies showed a similar tendency in the MIA-PaCa?2

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
The binding of isolated antibodies to mouse EREG and simian EREG was analyzed.
Full-length mouse EREG cDNA (NM_007950) and simian FREG cDNA (XM 001102069) were
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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 metffod described in Example 3.
ADCC activity was induced by all of the chimeric antibodies, and the
EP20, 30 EP27, and EPO8 chimeric antibodies had particularly strong
activity. The strengthness of ADCC induction by each of the antibodies

ampshiesdrCsifitai tdandrindhaddl Adiada2 TrRaneRaliceansfies sl wn in SEQ

d -1, col ancer cell.line. [Exa Bindin EG . X
L N e T el e RO Briop pyotein
(hereipqfsratBaandibiddicsts hiodse EREGinY EiarimREG stis dodlysedproten
(heremilfttenghimAREERES GRNAIM-00Y 980 Rt dnianFRECSRNA 2. The

X 102069) were plified by PCR from cDNA lihraries %[%‘iﬁ
mougg e R e Sl A Sk D ML B s 26 2nd 171,
respegdissettivelyrsdiublena plresPREG micd seitly BeadmdREGMFoteinuse EREG-mFc,

and stheseinates. Movse RRECHI ARd meluble simnan R G NUsE/98E] .
Fc fu lan EREG-mFc) were prepared by the

on.protein (hereinafter, simia ..
Subs T JBE RO VRIS 5 THES DL RSN BAf i ddiio of
the cERzE@m@éqmehcwmmmmwhmc@ommuiﬁacmﬂmmshed. Subsequently,
an alk8RREGHY aHQ@@éH&W&Qi%ﬁ%ﬁ%wg@aﬁ%@&&wmwyﬁﬁgg@ 65:) was added

q rﬁ}ggs E EG-mdF}%f[?and simian EREG-mFc respectivel ] ‘
and ARRREWIRG sotiforBoHEanthg e chimede aaibydHEap iRy fiste adding 2
chrompagifisd chignetiSamibbtiad igatianap e Adtaradalitiget tiehimeridn antibody

indiABYH g ! 8d ; ing the
° d%%%iﬁ‘ﬁﬂgﬁ?fo%%%ﬁ%?%g%ﬁé%%%{sﬁﬂﬁ’é%%%%E%i“@?g'ﬂ@qf L

react O BT EOUREES AHIBEO55 i amserntding nrorsaitsticnas. Aneen
ERE@fasﬁﬁﬁg),rtlti@ MdeNMsiaMhdﬂmthMG”M&ﬁd Wgteal axis, or “human
EREGWQ’QQE% %‘?%MaﬁigmQg%Qfét(‘l‘:égl‘ligiﬁ)Egeg@[%%eSoﬁ)ttéxgevgr? 5?%}8;. The plot

saturation in antibody binding to EREG at the same ant y _
along i utrAREN Wétddisendirbanl by srdtary MéosardniymonERIEGandubis shows
that RYp8s oidk REGradtHERIAMBuaittthed nconadnationkas RRMa Ad parabolic plot for

EP2TEREGIB G %EEW%H{EQ%B%%'&% 2ganelimuse ERECMEC onihe ¢,

.. vertical axis, or "human EREG-mFc" on the horizontal axis against -
antibogiy fireapdon o kinding veriat axislmibes st rigPtehas pdonky binding
affiniaxib indieateB RiFehing rﬁ?rsﬁ@ﬁﬂml’i@/\gmg mgtﬁaaayﬁl?e&tgbm%agew&ﬁagonal plot

: a es not bind to mouse
e e ot Db ISR A0 el 9 b o 3 or human
ERBého e ﬁﬁf@l!f’tﬁ‘%%@fﬁ %W@ﬁéﬁ apricsistfaribrbsidemporaduisgyrieusscirdgdies is
sumnﬁ@f?zbe i]iajndm $.atUI‘RﬁH®é’B1r1|]1ﬁ -iﬂﬁk@ﬁéféﬁf@tsbg RAf Rasia %@\N?Ht}rlf%? RBative to the
ity for mouse E an for human . An antibo at ..

e e th P ) WAL Sy € ond
equUIVAHIRINEASFEREG 8P non-human species as for human EREG. The result

obtainesiiabeveARAISIR oA PRACIP 81P OGHRING MOYSES AN RAAIBSISREG was

o TSR T, T G Y P
Ser dutivry ERESTighthEWerYeadtvitys(exprcasal! e vaBMtseagtivityif-and purified to

homobBchiNdingdqumicspattiak Eaemet ol HgBXI BRaLHaL ImaIH%EQ 1D NO: 172.

Aso i{%ﬁ@ Qm%lr:\; Eﬁg@%‘agmem (EGF domain; corresponding to ©Val to '®Leu of SEQID

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” i Table 3).  EP25 and EP32 bound to the N-terminal fragment (“Nterm”). Al of the
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analyzed to determine antibody epitope. The N-terminal partial sequence

fragment of 29Ala to 69Ser of human EREG of SEQ ID NO: 21 was

expressed as a GST fusion protein and8purified to 30 homogeneity. The

sequence of the obtained recombinant protein is shown in SEQ ID NO:

172. A soluble human EREG fragment (EGF domain; corresponding to

63Val to 108Leu of SEQ ID NO: 21) comprising a mature structure was
1solaﬁﬂ@hﬁ5@diééqfﬂtﬁ&@ SYSenR @ﬂ‘hé‘ﬁeﬂiﬁ@%@%&@ ahdagmentsif Mehodies

roteln were immobiliz 0 an immuno plate, and the binding of

recogqe an S user\ll(\:/%tse félmfr%éﬁb IgélSA The result is summarized in

Table 3. Most of the 35 antibodies bound to the soluble EREG fragment
[Examgmm&ﬁ@ﬁdﬁ%ﬁme&&eﬁt@g@ﬁ@ﬁ@% %ﬁ@d%&fﬁﬁ%@}ﬁg Eled

and P % % g” e N- termln | fragment tenn | of the 87

isolal AR iBod BB RTRa Ii‘g)8fﬁ’? POASSY Hé@nﬁiafﬁﬁfeﬁfsre&ﬁﬁmls (reference
docupmésoftisd netio (1898 yd cBariizEheiine 2580 61 86-Beyahdaesiduie 19%) FEBS Lett

le I

447 [@samg %fng E@&%@fﬁ%ﬁ%@ﬁ?ﬁ%ﬂ% %E@ﬁ@éﬁ? ‘iﬁ%?l_ﬁ‘ﬂ}z(} has a
low %&%&’o@ﬁm}m&w&d&ﬁﬁw@ﬁtgﬂéﬂa@%@lgfl elecs ﬂan%ﬁ%ﬂmféh? affigity or less of
EGF101496-505; BRF6sietet A(1980)FE B tetitinidie, Ba7d3bdBy bevionagisetonditions.
Whll@f%?egéﬁﬁ%%%%&%s BW&?S%@W%%E%%EE‘%E%&%@ L ?f(ﬁmat]on no

activity afflnlty) towards the EGF receptor, w

reportgrilyay JhRt R RESPIRIN 15)5 Extgstsd@hbtugh sBosfamUSRiBiterbined of cancer
patichteod Tinderephy siolegical lognditiensd 1B:VWhile bneseaspe IHREGegiREsed on the cell

memsm{gst%&@ﬂﬂ%%%fg%‘ﬁ?ﬁ' Sﬂ{éﬂﬁé&aﬁ d%gt%;%{gﬁh} f%ﬁat%on 0F. ar?fe%%med the

show'that the EREG protein Was detecte oncentration’in

hypotisea Grbadeer! FeatiaHm mReharésR AR R RSRS Y pbfdsIYad thliey examined
whetire mioisiextiyme EREIR eRpressed onlineieallamesiysinsly E@E@B@ﬂby co-culturing

0 E tor and n
o R T PO e
SRgETHECOBReYRE? presiedrbtion 8¢mﬁmlgamué ﬁd@oﬁBﬂS/Wen and
mcu@ﬂﬁﬂM@t’Eeﬁr&mgﬁl%@ EBE@L@UEW&@}QQ'F@E‘Q B i ﬁﬂEVWHE &8lls x 107

eGEiorasdly 8x5P REG-ex essm %Fce S an g .
Egg XCT Féﬁgﬁle contro av%/'\(feergosnee ihto a‘%g efllp AtdT5E'% Tige inoubated

for *ftféﬂéiWéll a(hﬁs’? Biatbie fdéoﬂ@rﬁrghfwtma ﬁf&ﬁﬁﬁ&@ﬁ&i\fﬁﬁg@ﬁ%a@n enhanced
by cdhﬁlm@ult)ﬁgmgmi@y{m ]b%“cﬁlﬁﬁﬁaﬁ@'ﬁzﬁ%”ﬁ)ﬁeﬁ%ip%@%ﬁ% g@@@ However

fro I and the ce ncu e
P o T8 S i S S B B hdn R SR wnien
not emﬁgﬁﬁ@y Cﬁ@mﬁjm@mm@t@@wﬁcﬁ(ﬁm fovomdled by addition of

the B?&D@%@REGEB%&S}Q‘I\@M Vnﬂpl'quﬁé'E@PhEﬁﬁf%ﬁﬁng\{%rQB&n was quantified
imu Itu?‘? lﬁh DG44 cell%whlch 0 not express
ati

by addyge eT 8 stlmu%/%‘fed pioli Yﬁséﬁcﬁ@ & Rilieraion) 3 cells was not
stimygggribn of- qnbmw&hﬁm@@mibdm@agtm)ﬂhmmﬁmaaﬁroeimed by

co- mﬂf@ﬂlf%’ iR KHaRtfedrdac P e dingithe WY p%?e@séﬁ%ﬂﬁ?léfégr By dllition of the
ann-ﬁ\feg \%8 at proliferation of Ba/F3 cells was not stimulated by
co-C

ith EREG DG cells, and that the cell proliferation promoted
by Gsmﬂmnmgaéymwmmmm EREGDGIREE beshipprdssédmember of the

EGF $RaRigiehiby ARNHOR QLR ARYERE G ARG 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 ligands 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
proliferation was cancelled by addition of the EP20 or EP27 anti-EREG neutralizing antibody
(Fig. 18).
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GeneChip analysis showed that in addition to EREG, amphiregulin (a
member of the 30 EGF ligand family) mRNA expression was also
enhanced in the DLD-1 colon cancer célfs. 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 ligands is not
equivalent to the receptor signaling inhibition. It was shown that by
cocl]llwmguMéhEEEﬁ-@rc@éﬁii?rﬂﬁ?gﬁfﬁﬁﬁrﬁ%ﬁ@ﬁﬂﬁmm%@gnd DLD-1 cells
I that,Q and that this e e
e LR B St S L Pt O P Ui 30 and

Sublff?éﬁfﬂrmﬂﬁ@l%ﬁubo@yemglum re® rbiaass bibmaB RRECD(BEM Fystans) used as a

standilt ﬁu&ﬁmimﬁ&ﬁf&%d@@l @ﬁﬁu%ﬂeﬁﬁ“&ﬂv@f@eg Hﬁ@&' f('ﬁ?stB'f culturing was
adde% ogvél %p EL SA. An mmun late (é;oated with ous
s B THRHO AR R PR of the

ec e Pocklng eIthen o) u]b’le rec
chmsygf‘é#@éwsmwa asthanlafiniine plhodptetesndehtiationidndcel lgGitawebody in order.

The ae@@fmtam(ﬂtt@retm@cﬂﬁb&&wu&ﬂ %Wﬁ@a?dqggﬁwﬁru‘?wwt'oﬁhe

M T e R
The éﬁﬂﬂﬁ@ﬁémqrg@omﬂ@wm OrbiEt foTtiRitéteBtiGaraf 6o mbferHHEBi The

abovBI1EHIR MRIREsRISLRPHRNE S BB - Fithi 12 d TRECORGEH (% nF!RlEs?gnaimg

in he culture ernatant was lower than the detection limit
osely 5, U sl s lpwer i e dete e ) b e

in th©aqoivitibhe 10 above-mentioned result shows that the EREG-mediated

aCt"ﬁfé%s‘ﬂﬁtEﬁ%Ftﬁ%@%@Eé signaling E‘Eﬁﬁ‘ﬂéﬁ %%V% M%%'é%emgﬁﬁ%'%my through

at membrane-type EREG is highl e Invo
mte‘% R}ﬁfb?%CWE%gﬁﬁ REOREE R Eh féﬁé%e bEheerere aravtaan The finding
that decaes efficiecttylihsopplesiatebyaliulanimBiaCtionival discaverdiséordhal for the first
time first time by the present invention. The finding 15 that this activation can
be suppressed by an anti-EREG antibody was also discovered for the first
time. [Example 10] Detection of EREG protein in colon tumors by
[Exaimheumrimetm@i@atfmmgr&mressmmhth@rER;Eﬁmmiﬂhrhimagm@r&aimng

andﬂQﬁ%&%@Mélﬁ{@@éﬁf&gﬁ S GR08S 4n n&EEH membtane ﬁie(d{]elrl]l on the cancer

evidenced by immunohistological staining. Immuno |sfoPog|(:a‘3

cel m%%ww&gﬁ&%dt%ue@mhmmé@lﬁ*@w@amcammmgm@ai staining
was prtbtissdersipgeimiens aneiepipnatesas fahews cJﬁ@@ﬂﬁ%ﬁ@@“@M@@z@de specimens

were HRASRUNETR fied oV AU I At A SIo R ARl o fhen washed fof

two hours with phateb en em

parafggparkisiyien @Wl%fﬁbawe‘f@%w@aQ&hMmhcgat@t@tbanffexgsﬁl)tlAm and then

embelid28 Elqm?lﬁflx(z@ ﬂfi%]}%&e}{ ﬂn&mmcﬁg@m&@rma%aswg wag exoedam. J.
(6] transferreq. to a new blo roxima
P e TN WA Ao R DEPE R ARy, ansered

toa ﬂpﬁébf gk PR WA BlEeSand. depariidriféu cands shesseotiopisasérie an array to
prepatainechimmpRohisieans v eally WsiR Q&I Mantanmk A RSOV RYSIER ns were

¢ entana_ ed| aI S ems In%b}: ift f an anti-EREG mouse
8 amm Jmmyiol %(r)] exr(;f the Ver &%é)at 1scovery System (Ventana Medical
Systems, Inc.). Fifty gg/mL of an anti-EREG mouse monoclonal antibody (EP27) was added to
the sliced tissues and then allowed to react. A peroxidase-labeled anti-mouse [gG antibody was
used as the secondary antibody, and then color development reaction was performed using DAB.
Expression of the EREG protein and its localization to the cell membrane were detected in the
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
localization of the protein on the membrane in cancer tissues were shown for the first time in the

present invention.
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30 the sliced tissues and then allowed to react. A peroxidase-labeled
anti-mouse IgG antibody was used as the secondary antibody, and then
color development reaction was performigd using DAB. Expression of the
EREG protein and its localization to the cell membrane were detected in
the 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

[ rtlssu hown for the first time in
e g R R R R e i P
reco gt IBrraranitbBldS According to epitope recognltlon in sandW|ch
EL|$19\Eﬁalﬁifﬂg’@|€t Qiald Ryasd M%ﬁﬂ@é} F&Q@ﬁﬁ%@ sespgqu?%ﬂ?r%cated n
in 5 ture EGF o EREG. More specific
the nﬁ%}% eygy epitopes 9vfte%r§c aSSI &4y e‘aéﬁ?%’ EBH‘% RRIBRE grere Tasified by
lden@f}tm&e@ghmﬁ@ﬁl@amam@ndmwémlvewlgl. mocteE#ivme phtigeto the same antigen

mo ld@[ﬂlﬁﬁyﬂl@sé{ﬁ(ﬁﬁ@ﬁ‘ gigh EAIRA R MeusR It RES artibedywas ¢ Ll‘é‘?ﬁﬂ and was
immo |zedmNunc Immuno plates After

lmmg%éjg%ng xlél}&ing?‘é{lgd? & h e el B hipwdiideuman EREG
ﬂagrnmmmmmqm dorﬂa@&(éh/m}fzﬁé@ﬂﬁ NCREQ YONOOD Mok 0f0 pg/ml. of

hum&@}kwﬂ@f}rﬁ@?s%@ﬁ@%%%%% Y %%@%i?@»él‘f 1089 {Hw. n@é’r@ﬂ% antigen

molecule was_captured he mouse ant

f h
| m‘)le rfwv%rai*’rtﬁﬁ%%g&%e%@ Bt aﬁﬁﬁ&&&ﬁ%aﬂ@é&trgﬁ%g imeric

antiteohycemtratitnd: (anGtB8yQdrieotrBDa7 Ig/rd3, and, thettinding/efi.fhend the binding of
the cﬁmﬁeﬁ[&'ﬁxﬁ%&gﬁ% @éQQp%@WE%ﬂ@W\Q@qWQﬁt%@b éﬂ&@aﬂﬁﬁ%ﬁ%&%ﬁ‘

ha ine 'oq{o hatase-labeled anti-human g antibody an igma
Phosplpiiis &gﬁé anfermendetsahboduaniaaiens? 294 chomgeoninsoagse.  The
obtainatljdate Fig. Alisterifead b9 s arsing fhadd aiaﬁsilﬁ&h@ﬁl@i}/ﬁd& a@fﬂgahe R statistical

anal}(H&oR%@/J‘QM&T%‘?)%@@%Y@Q& th%% f %QM% Qg is ghorlzontafg 22, In

In Fig. 22, the farther the distance to ranc ng p0|n on the
Fig. %@aéhl% Toridehdiedisgares the beuchorepateras thale saniienEsl g more
diffesystém aretiangihermaneldiffendntitheE ITOdes wEanitigemieceghiied i@@ent the

modé%%qlﬁ?gamgotgnﬁﬁﬁ%'mﬁii%gg% HENMDERERY ShAtROtEe DA

udmg/
and it turns out that the E epitope is ¢ aracterl odies

antibgdigh fing 48 e ddster fiomrsppb e boERR Erpitepaiscigradisuistic.  Antibodies
belmsgmg|tama@umﬁaﬁﬁ€anbmovmmmhem@mmghesf aaWBuﬁmmggEREG -binding

with mﬂ@%ﬁﬂéﬁ@se%%@ E\%%Q@ﬂ?@ég%o Qu"llé%g stﬁé Ol & nblbgdle% captured by these

Industrial Applicability Th protein-specific anf% €S OF 1
anti BFjé"“’s%nt invention can be used as diagnostic agents for colon cancer, lung
adenocarcinoma, pancreatic cancer, stomach cancer, kidney cancer, or

Indu y%? AR08 C(g@gpostlc agents of the present invention are useful for
ry or metastatic cancers. More specifically, cancers can
be 2%&% Gy wdearaperifie IRECiproihcav seERBEAENcdinbemRN As diagnostic

agenGODIEIORG: itk AcBIOlOGICAl SRINRBrERANE GIes Famt 2 AR Nko AMEr Q@Hﬁ’ﬁjykldney cancer,

the sence of primary colon cancer, metastatic colo ncer, iun
or sube PR c%agnosp ic agents otl?hc present’ invention are usefnuf%r &agnos%lg primary or

metastatic cancers. More specifically, cancers can be detected by detecting the EREG protein
or EREG-encoding mRNA contained in a biological sample collected from a patient.
Alternatively, the presence of primary colon cancer, metastatic colon cancer, lung
adenocarcinoma, pancreatic cancer, stomach cancer, or kidney cancer can be detected in vivo by
detecting the localization of EREG-expressing cells in vivo.

Furthermore, anti-EREG antibodies having cytotoxic activity in the present invention
are useful for treating or preventing cancers that express an EREG protein. More specifically,

cytotoxic agents or cell proliferation inhibitors for various types of cancer cells such as cells of
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adenocarcinoma, pancreatic cancer, stomach cancer, or kidney cancer
can be detected in vivo by detecting the localization of EREG-expressing
cells in vivo. Furthermore, anti-EREG aftibodies having cytotoxic activity
in the present invention 35 are useful for treating or preventing cancers
that express an EREG protein. More specifically, cytotoxic agents or cell
proliferation inhibitors for various types of cancer cells such as cells of 90

coloﬁ@k;ﬂ@ﬁﬁﬁ%’alﬂﬂ@@ﬂ@iﬂ@ﬁ@é%ﬁﬁlﬂ%@ﬁi@%@ﬁé@ﬁ,@(ﬁﬁé&?&&ﬁé@fﬁ@x@&%}ﬁ@iﬁceﬂ are
i C are _provi the present inventior; totoxic.agent
o S0 SLCHRSES SR TR BRI, CHEISG R o
cellsjp s resrts Boanpemmry hhanpicd seabiete aniversy Eudtinetastrtés cancers.

acCEnchmg tadhe Rresand iy eigRs ik Rl A HRONES AR SIS cytotoxic
active actlv@é candbe ﬂlsed as therageutlc.a ents against various types_ of

cancers sﬁ%ﬁw 48 CRSR USSR ﬁ%%i%ﬁ%%&%%?%%@%ﬁﬁ%ﬁééﬂm cancet,
IUBQW%WF,%PNWWaWeSNMhQ mnbrihm&manthe _In the present
invedhEREA@NIDadign Msiseld a3 fherapridic-ade k400 ReYLAI Dy and

¢ apg metastatic cancers. Additionally, genes encoding the antibodies of
metagd ]f)r%aspé:ﬁ{smvention and recombinant 10 cells transformed with these
genddditmizdlysuuts prepbng thcamibinding afitizogiesihatexhibit e recombinant
ceils3RANEMRANPNEARTCEIQr PR Q§§é%@ﬁ§8%g§%§m§%98{ Qﬁ%tﬁ%sse 8¢ exhibit the

on the findi ?gﬁ of the present jnvention, candidate compounds can

abovementionst FiRF S BEREeFtRRIGHIERIE agents. The present invention
ShoWa‘(ﬂndfﬁiEt@,-Umdrtdsﬁn’e profiferatibrhobeence inThefefiptandidet@npounds can
be scFOARIAEE EAMRMLNOSSelecierPMu L JDERS r%ﬁ‘gg%@gm%eg{iﬂﬁes%\ev%%fm

invention as compounds that suppress ERE ndent proliferation o
ERE(, %%?1@8%‘88% OR O E9ST thd hsrsders: ipRemiorTans daeiomagunds selected by
the Scmadidghaedmnpofltiﬁtqum@va’nuaﬁiﬁ@}tb{ﬁ_d@ﬁiﬂ@bﬁﬁ@ﬂiﬁ@@@ﬁﬁr@@ﬁ@depemem
prolif’e?%éﬁ@Fﬁ&%ﬁaf%}ﬂiﬁgguﬁﬂpga{%c%&? 5 ;ﬁég£1%%e& Iﬁ}'Ai!IeVIntQ'foéil' 51%? lé%eful as candidate

pharmaceutical composition comprisin n active ingre
compaads d9TiRst B (de AR HieRBRsT sZenis byippsnreratiohshibiend cancer
specfmfmprising as an active ingredient an antibody that binds to an EREG

protein. 3. An anticancer agent comprising as an active ingredient an

antibody that binds to an EREG 10 protein. 4. The anticancer agent of

claim 3, wherein the antibody that binds to an EREG protein is an

antibody that has cell proliferation inhibitory activity. 15 5. The anticancer

agent of claim 3 or 4, wherein the antibody that binds to an EREG protein

is an antibody of any of (1) to (57) below:
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(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 ISEQ ID NO: 6 as CDR3; 20 (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 agid geguence 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
1. aAsplpsrepeuiceheammest acidespusnga oS EQOINGdicham@RRBdanbht binds to
an Eiie@mineiacid 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 sequence of SEQ ID
2. No:liprakighti¢e)inhilsnibadypcsmprising dbievk ahaidieh{4) mheoein dhe binds to an
EREeNBIBbaS the amino acid sequence 30 of positions 107 to 213 in the

amino acid sequence of SEQ ID 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
3. dmaintich@pangbthedophaingiy( o) a(@)amantibiogy-acmpsisingiier mdehaim EREG
pmt‘gjl(S) and the L chain of (6); (10) an antibody comprising an H chain

having the amino acid sequence of SEQ ID NO: 49 as 35 CDRI, the

amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid
4. Sheueticenofr SEQX bDcNG: S3vanCRRE: ARiKddy) anastboty LOPNESIBE tein is an

antit8, thEAI 951%931i¥%?§§18§{‘:;ﬁﬂ%%9§‘§'ft‘i\t‘l‘?s the amino acid sequence of

positions 118 to 441 in the amino aci seqa"ence of SEQ ID NO: 149 as
CH; (12) an antibody comprising the H chain of (10), wherein the H chain

5. hbsdhecantiragaid osenuercerof, RAsEINht LADAAGRAIBRAMNSHANTG protein is
lﬁ%l’]ﬁe I .10 as CH; 5 (13) an antibody comprising an L

o alcﬁ%in hav?%?ki&%rﬁr% élle 0své'que.nce of SEQ ID NO: 55 as CDRI, the

(1) 28 gitiBossigueptisnese i btgn havne Y arBDRoIdeduReanfiS5QdR NO: 2 as

CDReehenomofaERJRNOLBIRS CPR3; {14) @y @ntibrdyncompysing HESJCnce of

SEOSRIQf ]f%)g rein the L chain has the amino acid sequence of
onsﬁflg%sé 1‘% 14 in the amino acid sequence of SEQ ID NO: 151 as

(2) apputibody 59 mATAED Hefy I shapriald kelierchraiheok! (¢B)inviiae thinathind acid sequence
of poditainshey thesamineracithseauaNse RERESHXISLAT tark3:the amino -
3) ach gequence gg.SEgellﬁ '\'1%1128 féc ; (1% %lrﬁn%lbodi%co prising the

HChain of (10) andhé L chain 8t ? ) 1 Srai0al BB Smyhacky sequence
of paskiainsof (119 4ol ithig cehiain asid BayueI®) el SEQIBOdY@olpsgitt the H

(4) a6haibed lAhandihe ds chaimiehil B %{%@%M@%&tﬁéaq&ﬁgf@%iﬁ@l%ﬁﬁhﬁ: 12 as
CDR?h?l'qQ Q;%ﬁ{ngdéﬁ? amino asggj eéﬁg@(zof SEQID NO: 61 as CDR1, the

amino acm?sequ%r%‘grbcfe §1 g3'4aE Byaﬂajtﬁ@ Ao sepequence of
SEQdJéhiietideé ¢f 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 sequence of SEQ ID NO: 18 as CL;
{6) an antibody comprising the 1. 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;
(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
CDR1, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of
SEQ ID NO: 53 as CDR3;
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SEQ ID NO: 65 as CDRS; (20) an antibody comprising the H chain of (19),
wherein the H chain has the amino acid sequence of positions 116 to 439
in the amino acid sequence of SEQ ID ffO: 153 as CH; 20 (21) an
antibody comprising the H chain of (19), wherein the H chain has the
amino acid sequence of positions 117 to 446 nl the amino acid sequence
of SEQ ID NO: 10 as CH; (22) an antibody comprising an L chain having

(11)meagws@y&?§1§ﬁgﬁgmﬁ@ chﬁﬁ%;léthZﬂb@ “ﬁé%%-%l %@Irfﬁolmg gge'ggnécgﬂéo acid
ue a e am

seq B SERSiont i DO Aol o Foras o CI
(12) @egniifediene nipgisiah din Haghtire cfrtifn abichcse thedd adaih positlens g acid
sequbQu %bg"@oﬁmi@@ acid seauence:of %@s&ﬁ&e%@%ﬁ@% N@A'i(ﬁgs CH;

tib sing the ain of (22), wherein the L chain has the
(13) Zhidd aogggﬁage?&%f%pagmmw%fw 855 SRUMENSERE SERUERAIO: 55 as

CDRJf, 8EQDNDI R qsitic; of 25 @AM cobipRis) ngdhicHahaingl (KQ)ence of

SEQq@NI@f: W#Z) 30 (26) an antibody comprising the H chain of (20)
and tﬂg@b chain of (23); (27) an antlbody compr|5| the H chain of (21)

(14) aRatHROC L romPEs e Shedashainphi G ggaﬁhwéraﬁuﬁiﬁamﬁw@d
sequamainof gokitReqUueBae 01 SEEhDANDo z&ame@lam dheRONImoN©Id 51 as CL;

(15) aﬁ%ﬁtasgﬁ ?@ (ﬁ;&% ﬂaqa(ﬁqu@ and.the amipoacid, s Se?#enl%% acid

htibody comprising the

SeqUEsEs, %H%?é H%é‘lﬁ ondld HaderenipineherguseemiehSE QripodHoRE 2961,
(16)mmaahmmeoaﬁpmmnbsequeﬁmf@ftsaﬁaImd\&hkﬁioamw 93 (30) an

(17) 3RURAEYLOBRIF Cg‘ Hichain Ofﬁg} & ﬁtq{;e H g@ﬂ jn has the

amino acid se uen e amln QCId sequence

ositions
(18) gr aptyody Reyreeriag &l E(@b?’é‘r?ﬁhl@d@? sberiptising i 155hain having
(19) mmaﬁmmwd};ﬁegngm@amﬁmdmg%emﬁﬁoQQ@%@%MFQ@@@D NO: 61 as

R o e e SN S S R AR o epnce o

SEQRdréthahas CaMad has the amino acid sequence of positions 109 to 215
(20) im heibedineoagidisiag wearecah BERID)NDi15] ar %h&%ﬁh@%l@&%ﬂﬁymd

th 3 whereln the L chain
Sequégéqyu%erflsclgsq(t) p()aosflbgﬁ)s ﬁé Lo $R98 R gi%#éﬁﬁ rpgfj)sé% 4pCH;
(21) jonpbosky @memmgharﬁaﬁmaﬂdabn pilisiregntHe H chain lofs(28) amdaheid
sequén€hainpekith (35%@@%@%@%%Fﬁ@ﬁi%dﬂ&%%ﬁ?ﬁ@@@%t&e@

cha| 2 6).an a he H chain of (30) and the L
) 5 A RS M A RS e K NO: 67 s
CDReid %é@ﬂ%@é@@@@qw@ﬂ@ﬂﬁﬁ@mRms 1P Rinel abicksegoenckesefuence of
SEQIBEREP NQ; 8DHas.CDR2, and the amino acid sequence of 15 SEQ ID

(23) al}wael?’?—:-lgn chrllqgﬁlgﬁq )g’fngh %gi@%ﬂ%&%@%}t?}?@ E[ glt;]a?&? h%fs (t:}g)z:)ammo acid
sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 155 as CL;

(24) an antibody comprising the L 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);

(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
CDRI, the amine acid sequence of SEQ ID NO: 75 as CDR2, 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 the amino acid

sequence of positions 119 to 442 in the amino acid sequence of SEQ ID NO: 157 as CH;
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sequence of positions 117 to 440 in the amino acid sequence of SEQ ID
NO: 161 as CH; (39) an antibody comprising the H chain of (37), wherein
the H chain has the amino acid sequefide of positions 117 to 446 in the
amino acid sequence of SEQ ID NO: 10 as CH; 20 (40) an antibody
comprising an L 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

(30) amineiiaglg ﬁﬁiﬂpﬁ@ﬁg dfe %@a@ rc}h‘i@@?vﬂﬁﬁ%&ﬁe rﬁﬂéhzﬂﬁ Hﬁﬁ'ﬁ@%zdno acid
risi in,of (4Q), wherein the L chain e 0 aci
sea R e R SRR B
(31) proant b discomprisng 2y At hainduainecherising thi isachiairco AR 1D NO:-79 as
CDRYhgHelning beghaigleasdae amnNmacis: 83Q4aneR of RRSIHEAR M a190% L duence of

[ mino acid.sequence of SEQ ID NO: 20 as CL; (43) an antibody
SEQc?cl)irr}ﬁ(r?é;gngat%e éhain of (37) and the L chain of (40); (44) an antibody

(32) eorapilsidy chapsishgithofl 3By iand (Aé)Lvdrairinotheill khédbhaniantibddyacid
sequERFBRIpIRG: (hes Hoghain o§ @%ﬂ@é}ﬁlﬁ'&e&&&g%ﬂé?fc@g@ 'S%Q%(@m: 38HBQY .
(33)%gm tg%lgg an H chain ha]\gn the n%w)lo acid sequence of SEQ ID NO: 97
as RATRHBENG LEHHE Pt JoghaindipRbe aHnhacid
sequeminet goritsegudde 81 39k QudRMNDY 404 esGDER3 (Y E ADaNGhadys CL;

(34) SARIRIAY Beichaimel48knbersd 1he ehaim hasshg gmino acid
sequence of positions 113 to 436 in the amino acid sequencé of SEQ ID
(5) RntBs e ERPrs AR ThebAibob bbb shemdKam of (46),

(36) whershw tyebhghaimh de tHe hanind’ @ty segtericehafiposiions 117 to 446

(37) %%ﬁﬁ&&%ﬁ%‘?;ﬁﬁg%ﬁ%@i& EQ’IH% Mg)aéﬂ?n Sa&t'f'S@%%}g%&éé?}%ﬁ@rg@ %: 85 as

comprising an L chain having the amino acid sequence 0 ) .
CDR:Ee?s&%&&z%&q&mw&?&@é%ﬁk&aﬁs E@q% R thosranemsisequence of
SEQdﬁb_lNﬁ)e &%ﬁmﬁ:ﬁ_&ﬁi;sequence _of SEQ ID NO: _107 as CDR_S; (50) an
(38) BRURRANADRARIOA IR LORIN o (49). WRIBIP NS SRR DR NS ino acia

amino acid 5 sequence of positions 108 to 14'in the @mino acid .
sequeRch RIRSHPBED P NEP ethaanere 154 saausnep oy EamBi¥Py! fleas CH;

(39) aha;qib@@&bwm@ttmmmmh%z)hwwmafkd &@guﬁﬁscglgﬁmm acid
Q acid sequence o .20 as Cl_
e S ORSeR oo Ry gy
(40) pnnRosdHRIERT e pHiskngh e I dRaithorinp anil teaueoprmit SEGAR NO: 91 as
CDR%OI(B@]&B@&{EQWWWWB N@h%@@ﬁﬂﬁ);%&%ﬂﬂﬁ; LiabRIRGH Rdkence of
)mprising one or more amino acid substitutions,
SEQdﬁé%\tiﬁoslhg,ggg |t|cl)§% and/or insertions in the antibody of any of (1) to (54),

(41) pihiek ey squimsrang Seailishais wid Hhtibdayedt thay ehl) toy 5 aEB) anid
sequéntishiftho thasRinds {e the same akGhiieineRicRS SIS RTINAAY,OT

(42) ?gr%n?{bg&ytgo r%%r@@g %’Hc‘edL(?lQu? o I{H&?%g;é&ethaenﬂ%%g%%agt e(gr%zotgcid
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 1. chain of (42);

(46) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 97 as
CDRI, the amino acid sequence of SEQ ID NO: 99 as CDR?2, 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 the amino acid
sequence of positions 113 to 436 in the amino acid sequence of SEQ ID NO: 165 as CH;

{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 1D NO: 10 as CH;
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6. The anticancer agent of any one of claims 3 to 5, wherein the antibody

that binds to EREG protein recognizes Ala at position 29 to Ser at

position 69, or Val at position 63 to Leu%t position 20 108, in the amino

acid sequence of SEQ ID NO: 21. 7. The anticancer agent of any one of

claims 3 to 6, wherein the cancer is any cancer selected from the group

consisting of colon cancer, lung adenocarcinoma, pancreatic cancer,
(49)§@mmqgaﬂmri§m@ .Kfﬂnéhéiﬁmﬁ@mg@l@-aﬁ_ﬁf@ﬁﬁi&%@&@&ﬁg%ﬁﬁgﬁlmo: 103 as
CDRY \%%e in the caneer is pri r. ticancer agent of claim

B R DN TN S o aguence of
SEQLANEREE sr68ik3:and which has cell proliferation inhibitory activity

(50)againsbeeysAxprRssINgdN FREG profsihddn Tl antibodyqhelaimhdQeid

wherein the .cell liferatjon inhibitory activity is cytotoxic activity. 35 12.
scquits® hARSHO T [UE R 11 AAFATIRG b GRS TCRi oS OB adfie?: CL
(51) 98 angbyhe comipyasiyeotheldinhin, ot pimiheety thokichautility i GBGo acid
sequetvitY phdibhe ANtiRosly;qh WME&Q&@Q@@%Q@&%E@%@@%@%‘%‘F;

has neutralizing activity 5 against the EREG protein, 1.5."The anti
(52) AR ,C‘S(/ﬁ%?g‘?ﬁl% g&il%l‘%ﬁf‘é‘rgﬁ6?‘pmgi{5%ﬁﬂh9g@ﬂtralizing
(53) aotivitihotly temprminibbeypredu céd4ipmidhantivadyodfsmim 10. IT The
(54) aRtbedy &f &Hﬁﬁ%ﬁfﬁl%ftﬁmgig i @:@)\Myf Eﬁ@ﬁ&ﬁg{%@%ﬁéapeutic agent

oratcl)géc peptide is bound to the antibody. 15 18. An antibody that binds
(35) £ RERBCS PIBERPGIHE B TEH BREIR b SilbSanicddeionteadtisions. and/or
insertfengioupeconiisting ofiey offiéMotherpediichagrnipaiania pepligeaatit antibody of
any 62@9iRPIGRE is bound to the antibody. 19. The antibody of any one of

claims 10 to 18, which is an antibody of any of (1) to (57) 20 below: (1) an
(56) ARaBHRGBoTRIamy Bhthe spamFHREIA G ivis Ao R SEcrsihed pp BE@Of (1) to
(55);1EnfllO: 2 as CDRI, the amino acid sequence of SEQ ID NO: 4 as CDR2,

(57) 9%&%_@%@%@%&%%89??%ﬁﬁ%ﬁé%{@e O: 6 as CDR3; (2) an antibody

comprising the H chain © e 1 chain has the amino acid
sequence 25 of positions 117 to 452 in the amino acid sequence of SEQ
6. ﬁmi&mﬂgeﬁsbﬁmgrﬁmgwmsiw fkbﬁelf_é:ﬁhﬁmaﬁfiwdi\;\fgg{ 8ids to EREG
e n equence.. of pasiti 117 to t .
Do s b DB SRR LA ROl i At o210 Feuat posiion
108, & theasmiry 56 saierra0ingERd AmMide Heid sequence of SEQ ID NO: 12
as

7. The anticancer agent of any one of claims 3 to 6, wherein the cancer is any cancer selected
from the group consisting of colon cancer, lung adenocarcinoma, pancreatic cancer, stomach
cancer, and kidney cancer.

8. The anticancer agent of claim 7, wherein the cancer is primary cancer.

9. The anticancer agent of claim 7, wherein the cancer is metastatic cancer,

0. 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 claim 10, wherein the cell proliferation inhibitory activity is cytotoxie

activity.

12. The antibody of claim 11, wherein the cytotoxic activity is ADCC activity.
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CDRI, the amino acid sequence of SEQ ID NO: 14 as CDR2, and the
amino acid sequence of 30 SEQ ID NO: 16 as CDR3; (5) an antibody
comprising the L chain of (4), wherein th& L chain has the amino acid
sequence of 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; 35 (7) an antibody comprising

A b Tt sk B e 1

chain of (3) and the L chain of (6); (10) an antibody comprising an H chain
14. harnenthnapunendadessniisnsce 10f 85R NP dd 4P Rl RERMAR, activity

a ;iﬁaii%s E)fceo(%.SEQ ID NO: 51 as CDR2, and the amirio acid sequence
£ E%%E »558%as CDR3; 5 (11) an antibody comprising the H chain of

(10), wherein the H chain has the amino acid sequence of positions 118

15. ITAHIRYOS, ARG SARHERGROLPEO PN L R ARG écg\g%yq@ neutralizing

activ?tntibOdy comprising the H chain of (10), wherein the H chain has the
arino acid sequence 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
16. eARRAGRsrALents ARRIANG:ARA110 CDRI. the amino acid

sequence of SEQ ID NO: 57 as CDR2, and the amino acid sequence of
SEQ ID NO: 59 as CDRS; (14) an antibody comprising the L chain of (13),
17. wereimitiod L cdhainces theaamind acith, segirence difepesliensc108 48¢214r a toxic

peptf&btﬂ%éﬂﬂﬁ‘?o%@aﬁ‘ﬁﬂ!é&ﬁce of SEQ ID NO: 151 as CL; (15) an antibody
comprising the L chain of (13), wherein the L chain has the amino acid 15

sequence of positions 107 to 213 in the amino acid sequence of SEQ ID
18. NO: 20ibsd@ tha( bEdancentiBBAGCpmpiisingdherthehain of {AQkandithehce sclected
fromGRRIR- Ol L3k <idefd A ans! isin H.chain of (11) and the. L .
Omchai%rof %1,4);5 (18yan anti%%%%%%ﬁ%%ir%%?é ﬂoc ain o i23n§n%lﬁwgéoﬂ50t0pe '8
boundgithg APt BP9) an antibody comprising an H chain having the amino
acid sequence of SEQ ID NO: 61 as 20 CDRI, the amino acid sequence

: : e aming acid sequence of .SEC
. N R R R RIS AR g 0 o o0
belofiherein the H chain has the amino acid sequence of positions 116 to 439

(1) ainatitehadyi Bemdiﬁgmﬂsﬂ@ﬁ SiGh DM Sﬁﬁ&?’a@ﬁ@ﬁuéﬁé@ SN @Egﬁ;& 2 as
coRREHIRAI CIAREL S Gl Ve eIt R SROATS2
SEQ I{I%qNﬁ) SSTH 3232) an antibody comprising an L chain having the amino

(2) anaigtisedyenag et Qd B MAikyras), GREbHHBANNRANDSEIUENRE 2lid sequence
orpeSRIE N0 8378 (PR e TIRR AP S ERES €1, 550 10 NO

(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
CDR1, the amino acid sequence of SEQ ID 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 sequence of SEQ 1D 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;

(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);
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(23) an antibody comprising the L chain of (22), wherein the L chain has
the amino acid 30 sequence of positions 108 to 214 in the amino acid
sequence of SEQ ID NO: 155 as CL; (#&) an antibody comprising the L
chain of (22), whereas 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);

(9) atP@) D antibagyaempdsngiiedt Ghainiahé20)r rid $redy; chain of (23);

7 antibody compyising.the H ct aln of 21 nd the L ch
(lo)ﬁég%%&%%ra ré%rﬁprls%;h aﬁl clﬂ§| il ot?me ammo a6id Pée%@eé? Lgo 49 as
CDRdt Sepepnoidsascore iR He Mid a@valé&au@nbéa@fas@@ abid\iequence of
SEQDas(:BR4 epkthe amino acid sequence of SEQ ID NO: 77 as CDR3;

29 tlbod comp 'SI he H n ejnt hain has
(1) g %ne?)felfg‘rrll]:!i{r)?(“{1 oad §Iesé|n rE’ceﬁo 68%?@:@ %1 5eﬁ§¥ﬁgﬁé’%ﬁﬁ Yj’(‘?ammo acid
sequertpueiives BIoSE D doNG! TshasnGid, 2513 amantid SBOCHIISAsigPthe CH;
(12) QH%%QBQ%%W@ Mﬁm@m@m@%@qw &ﬁ%&lﬁ%%famm acid

ositigns 117 to 410%6 In % ino acid sequence of SE%
Sequ%ﬁe PP ARiboaly i FHEIRGERT AR SEAURRAG the Hhl %%Qrdw 2 CH;
(13) sequshcéyt}f@Eﬁ@SngMﬁ)Lmeas lﬁﬁﬁgltkmemumﬂmehaemmsm SEQO: 55 as

d 0
R e A oo
a

0 acid sequence of positions 109 to 215 in the amino
(14) asighsbqdgnoepfiSEQHDINGuih D @S T vhd33) dre dAntinod hecomphising acid
[ [
sequmeelo%amﬁlﬁjds herein e hLaha Qctha:e‘e%e . fﬁ}fégf?%ligb‘z i %EL

positigns_ 107 to 213 in the amino acid seque

(15) eaapahosfiirsatrspheihg e pf chalndiees) divd hRAn draifhopmny, asd
sequéB8) afpantibodyl ¢Omopising tkeabhiobaitid £33t IRED ChaimiAB23;CL;

(16) g%%mfg} ANANPACIG Ua1o gk kAR ing L crjan of (39)

(37) an antibody comprising an aving the amino acid sequence

(17) gr GOy KoL g bk sharpodtihbaagithsdgeihaiee 6 4EQ ID NO: 87
(18) as LBk yandkiies g the Hmdasleqtl{ém tSEQd&ﬁi@f@%)ﬁlS CDR3; 20

(19) Sﬁ@nﬁﬁo%ﬁ%qgﬁfrﬁ?@%ﬂsﬂ?% \%Ea' ?ﬁ re@u%%%e'% %(3 3%0: 61 as

he aming acid seguence o@Eosmon h the' amino ad
CDRde HieteinorSE crimeres:of @sI@m%O(éﬁ) ?eer%%o@,débwmm@qmesmueme of
SEQAmamfd343, (wbief,eln the H chain has the amino acid sequence of
(20) %9 %ﬁ}?{%sdgfn an%g%g Cd n hﬁamlzﬁoo?fﬁ PEOES Of }nDhlglsothéL Ommo acid

chom rsing an aln avmg e amino ac

sequegUERsBPSED qioMeP @ﬁ%ﬁ@@@msqﬁéeaﬁﬁuﬁﬁmlﬁh@nbﬁas CH;
(21) &E@ﬂ&&g&%&s@&@ﬂmﬂﬂh@mwp%@t@ﬁg@ﬁmﬁ had @R\ BhN@-acid

s R YR s Sie Tbsko T ID A

(22) %ﬂlgéq@gﬁ@@mgmm KN Ey ae dle; amino acid sequence of SEQ ID NO: 6’7 as
CDRI, the amino acid sequence of SEQ ID NO: 69 as CDR2, and the amino acid sequence of
SEQ ID NO: 71 as CDR3;

(23) an antibody comprising the L chain of (22), wherein the L chain has the amino acid
sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 155 as CL;
(24) an antibody comprising the L 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);

(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
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(42) an antibody comprising the L chain of (40), wherein the L chain has
the amino acid 30 sequence of positions 107 to 213 in the amino acid
sequence of SEQ ID NO: 20 as CL; (48) 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

CDReh&ip fauipadipsamine askksesuenes.0fsSk @R N Qndhaandro @B R dequence of
SEQ tﬂgﬁmmﬁ ac uence of SEQ ID NO: 99 as CDR2, and the amino aC|d

sequence &t 1D NO: 101 as CDR3; 98 (47) an antibody comprising
(29) thepiibpdirrom@ding e &b Hfda&)nmmthﬂhmm@eq@emmd

sequﬁ@%%%%@sltl&x&otlﬁ@@dMBW'&%%%&%% uegcgfg% @d\&% elfilﬁzch% o ,
an antinog aln o er N

(0) e R i B B o a8 A ARG i g i
Se(l“muﬁ"mmﬁb@f@ﬂ@h@@ aﬂmmmpwag;@mmmm&m@mﬁpmgmmﬂ

C I ;
o) b s S SR o -
CDRieHH?

e%@%ﬁ F@%ﬁ?l}&@o LENRB1 88 R tBd dhecmippianiy sermence of
SEQ L2 8% ¢49)DRBerein the L chain has the amino acid sequence of

(32) B‘P%’H%ﬁ 9&%8351@@11@9 éHQi!H%P(%' S\%ﬂyﬁﬁﬁh fS Qlll%alglglet]%%ﬂ% acid

CL; 10 (51) an antlbodi/écomprlsmgt e L chaino wherein

SSQU%WS.Hf%W@M%O géﬁﬁé%@%ﬁﬁésﬁ%ﬁ@%?f BQIThNRs bifiavCL;
(33) acichskodieocmnf SEEQHOING:I20 BS Dl-wr(&%)laﬂlamtmgﬁy mrﬁw@mgdheld

sequé;{c%f@fw&éﬁ; @@%9@%@ %&093(%@%%@5; &9“ %‘ﬁkﬂﬁ' gﬂ

c ain of (47) and the L chain of ntibo y co prlsmg
%‘Qﬁ‘%ﬁgy’éﬁaﬁtﬁ’é L@%W@W(Sﬁ@@?(@é}‘ﬁ#&hﬁ%dﬁéb}nprlsmg one
(3 5) at mnbe@rmmmdlgubsnmmﬂnsoﬂ(ﬂep@mtla@idlﬂam, &mndr insertions in

ivalent ty as the

(36) %ﬁ%@ﬁ%ﬁ%&%ﬂé@ﬁ%ﬁ % to ﬁ?ﬁ@@g/ 62%?%)%}& hafi itl)ln(?ﬁtoj the same
odyermapitBscadirbagnhtivoay 6?38@\4’916@ epjidsegsycand SHQIP NO: 85 as
CDRmumbadmfsthﬂ anfikedy of 8By ob()30s(b8Y. CORThenantibaghref /7Y RQ8ence of

cﬂﬂﬂﬁn O @g wherein the antibody recognizes Ala at position 29 to
SEQZbr at p%%];tlog or Val at position 63 to Len at position 108, in the

(38) ghwmidpadiicemgtisiedes BERIORGT 2 winsein edd ohain EREG prineincid
sequ@rcaaﬁﬁﬁ&ﬁmmoo;mm@sﬁahma dizgenstic Mukah RD:A6!1 as CH;

(39) an. i If'%n 3{1 c{%ﬂ%?}%ﬁ%%ecgs %‘%{fﬁc?@%@é pr(():?arlrr]l gg-i%ﬁamEhast epe{r%g?lltl)q acid
sequence of positions 117 to 446 m the amino acid sequence of SEQ ID NO: 10 as CH;

(40) an antibody comprising an L 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 the amino acid
sequence of positions 108 to 214 in the amino acid sequence of SEQ ID NO: 163 as CL:

(42) an antibody comprising the L chain of (40), 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;

(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 amino acid sequence of SEQ ID NO: 99 as CDR2, and the amino acid sequence of
SEQ IDNO: 101 as CDR3;
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23. A method for diagnosis of cancer, comprising the steps of (a)
collecting a sample from a subject; and (b) detecting an EREG protein
contained in the collected sample usind&n antibody that binds to the
EREG protein. 35 24. A method of cancer diagnosis, comprising the steps
of (1) administering to a subject a 99 radioisotope-labeled antibody that
binds to an EREG protein; and (2) detecting accumulation of said

(47) ﬁﬁﬁﬁ@ﬁﬂi@p@gﬁérﬁﬂgtm@@%?f @g@@m&g&fezﬁé%% H%h\éﬁﬂ%@%@ﬁ@%m acid
radioisotope is itron-emitting .5 nuclide. 26. e 0
Seq“%‘?gar%’z |%£c§110§%16i&mp% ,‘%%&%’%%%ﬁ%%%&ﬂér??é%‘?&ﬁ?gf’eﬁgl‘-\éfﬁ?sl\é‘éy1&?@8 CH;
(48) Anendibasblscmririrg the Jrdwned(gistingofan eli3Nhaibdhad 8k, 4bifi acid
sequoRe rPAGH RO G2 8848 irf BRamAb A8 d2tindO AG TSRS 10f 45 Ch:

diagngsis of cancer, comprising detecting the expression of a gene
(49) LR 50 PR B2 PRI RS SALORISE Ay ERABINO: 103 s
CDRdlaihesazgntn 21 veheesire eSEahEBr an) can CAIRDS selebtetifiremdiisequence of

SEQIIeeansigtirgypd£olon cancer, lung adenocarcinoma, pancreatic
tomach, cancer, and kidney cancer. 29. The method of diagnosis

cancey, ¥ . )
(50) gp 8&?@? BCQmBrsmabedanbanietdianhessindbe bohpntag hietrppogtcid
sequeliagnbpissdiaiailiRs, NHdreiicthminancet isqeiastafis BANCENGL1 €Y as CL;
i i i f i i ic ) )
(51) SPERATHG SORR IBh U B R0 SRR RS e arping i

sequEnce ARATHUIUHCKY Hiddh oS iprribrapHeR &% SRELBAY PatbindsL:
(52) tm antiE R G prateing alnel i Biologitaleyamptacbragisiog@mnEREG

(53) RIS OuPENIAd AL PSRG9 aﬁar%ﬂédqug%%&‘go d as cancer

therapeutic agent, w comprises the steps o , acting
(54) prapehedprodamBe b Al ata o ¢4 sadribe Ry bainalifilgi the EREG
(55) expresei 'dmdemiri@iﬂgeaﬁ&ﬁ@mpfmﬁmi@em@i?@tﬁis%a@m ,aadditiolns, and/or
: : he G ressign, level co red.to a control .
s e Lom oty S T AEIARE &7 i foooay of
any @i}%ﬁeﬁ%ﬁﬁ the EREG expression level is evaluated by the level of the

(56) RRRGPItEiAsecIeted It ACHIRIEG Sunern @&ﬁ%@@@ﬁ%_@ﬁﬁﬁ@%@ﬁ of (1) to
(55),%9{§ening for a candidate compound as cancer therapeutic agent, whic

comprises the steps of:
(57) a minibody of the antibody of any of (1) to (56).

20.  The antibody of any one of claims 10 to 20, wherein the antibody 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,

21. Use of an EREG protein or an EREG mRNA, or both, as a cancer diagnostic marker.

22. A method for diagnosis of cancer, comprising combining an EREG protein with an
antibody that binds to the EREG protein.

23. A method for diagnosis of cancer, comprising the steps of:

{a) collecting a sample from a subject; and |

(b} detecting an EREG protein contained in the collected sample using an antibody that binds to
the EREG protein.

24. A method of cancer diagnosis, comprising the steps of: (1) administering to a subject a



10

15

20

25

30

35

(1) culturing cells that proliferate in an EREG-dependent manner, in the
presence of EREG and a 5 test compound; (2) measuring the cell
proliferation level; and (3) selecting a té¥t compound that suppresses cell
proliferation compared to a control as a candidate therapeutic agent for
cancer.

radioisotope-labeled antibody that binds to an EREG protein; and (2) detecting accumulation of

said radioisotope.

25.  The method for diagnosis of claim 22, wherein the radioisotope is a positron-emitting

nuclide.

26.  The method for diagnosis of claim 25, wherein the positron-emitting nuclide is any one
nuclide selected from the group consisting of ''C, "N, %0, '*F, **Ti, **Co, *Cu, **Ga, %Ga, *Br,

124
¥7r, and "L

27. A method for diagnosis of cancer, comprising detecting the expression of a gene encoding
an EREG protein.

28.  The method for diagnosis of any one of claims 22 to 27, wherein the cancer is any cancer
selected from the group consisting of colon cancer, lung adenocarcinoma, pancreatic cancer,

stomach cancer, and kidney cancer.
29.  The method of diagnosis of claim 28, wherein the cancer is primary cancer.
30. The method of diagnosis of claim 28, wherein the cancer is metastatic cancer.

31.  Adiagnostic agent for use in a method of cancer diagnosis, which comprises an antibody
that binds to an EREG protein.

32. Akit for use in a method of cancer diagnosis, 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:

(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 claim 33, wherein the EREG expression level is evaluated by the level of

the EREG protein secreted into a culture supernatant.
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35. A method of screening for a candidate compound as cancer therapeutic agent, which
comprises the steps of:

(1) culturing cells that proliferate in an EREG-dependent manner, in the presence of EREG and a
test compound;

(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.



