1 DESCRI PTI ON ANTI - EPHA2 ANTI BODY Technical Field The present

i nvention relates to an antibody having an inhibitory activity agai nst cel
mal i gnant transformation and/or tunor cell growth. Mre specifically, the
present invention relates to an anti body agai nst EPHA2 and a pharnmaceuti cal
conposi tion conprising the antibody. Background Art EPHA2 is. a
receptor tyrosine kinaSe that has a nol ecul ar weight of 130 kDa and has a

si ngl e transnenbrane donain (Nbleggg@gI9@90§bllular Bi ol ogy, 1990, vol. 10,
p. 6316-6324). EPHA2 has a |igand- ing domain and two fibronectin type 3
domai ns present in the N-term nal extracellular region and a tyrosine

ki nase donmain and a sterile-a-notif (SAM domain present in the Ctermnal

i ntracel lul-ar region. GRLranghof edxphasasymenbr ane proteins ephrin-Al
to ephrin-A5 are known as EPHA2 |igands (Annual Revi ew of Neuroscience,
1998, vol. 21, p. 309-345). The ligand binding to EPHA2 activates the
tyrosi ne ki nase domai n and phosphoryl ates tyrosi ne residues present in the
EPHA2 i nt racehhidcal Fegidn, resulting in signal transduction within the
cell. It has also been reported that EPHA2
The present invention relates to an antibody having

an inhibitory activity against cell malignant

transformation and/or tumor cell growth. More

specifically, the present invention relates to an

antibody against EPHA2Z and a pharmaceutical composition

comprising the antibody.

Background Art

EPHAZ 1s a receptor tyrosine kinase that has a
molecular weight of 130 kDa and has a single
transmembrane domain (Molecular and Cellular Biology,
1880, vol. 10, p. 6316-6324). EPHAZ has a ligand-binding
domain and two fibronectin type 3 domains present in the
N-terminal extraceliular region and a tyrosine kinase
domain and a sterile-c-motif (SAM) domain present in the
C-terminal intracellular region.

GPI-anchored plasma membrane proteins ephrin-Al to
ephrin-AS5 are known as EPHAZ ligands (Annual Review of
Neuroscience, 1998, vol. 21, p. 309-345). The ligand
binding to EPHAZ activates the tyrosine kinase domain and
phosphorylates tyrosine residues present in the EPHAZ
intracellular region, resulting in signal transduction

within the cell. t has also been reported that EPHAZ



2 bound with the ligand is internalized into the cell through endocytosis
and i's.eventual |y degraded by a proteasone (Ml ecular Cancer Research
2002, vol. 1, p. 79-87). High expression of EPHA2 has been reported
clinically in many cancers, particularly, breast cancer, esophagus cancer,
prostate cancer, gastric cancer, non-shall cell lung cancer, colon cancer,
and gl i obl ast ona nultiforne (Cancer Research 2001, vol. 61, p. 2301-2306;
Internatlonalcgour al ncer,. 2003 03,4 . 657- 663; The Prostate,
1999, vol .°%Y" %%d NSt i jc%nl‘h%‘?ﬁlhaajrl%‘r Pa‘gT'r‘dlB@?/ 2083, vol . 163,

p. 2271-2 ce ni cal Cancer
Resear ch, %%g6§1 ()gd §y§8§%ig%§$§5 %%ﬁ%ﬁ%igﬁ %eggadgézgy Vol . 11, p.
605-611; §%%%5¥M e, R gﬁ R@QQ§E¢¥O|%&§2 pvof41 551). It has
al so been reported that: for esop agus cancer, EP expressibnTpositive
patients tend-io have a high frequency of regional |ynph node netastasis, a

| ar ge nunber of |ynph node netastases, and a poor degree of tunor

differentiati omiand sadrew Siore-oearsy Hallsdat e-{dtesrnati onal Journal of
Cancer, 2003, vol. 103, p. 657-663); for non-small cell lung cancer,

pati ents hilghlyc£Xpy essimgy EFRHAZ-4end torthpyvel arl ow disgasecineersurvi val
rate and to have recurrence, particularly of brain nmetastasis (dinical
Cancer Researwlgo200fzxnvet, poxtlaBlIHi8)ry, andsfoiccobovrecancen; EPHA2
expression-positive patients tend to have liver netastasis, |ynphatic
vessel | nvaEilon,cand 1ymphcaeer, Fretastaster, apdd nahyopatéents with high
clinical sta e are EPHA2 expression- posrtrve patients (Oncol ogy Reports,
2004, vol M iiprgpsiEanger Reseafdieot/drl s | Tohastbeen: r%%%ltgdaﬁhat by
the introduction of EPHA2 genes into cells, non-cancer ceIIs acqurre cancer

phenot ypes %ﬁﬁﬁ?%%%?ﬁ%bhdﬁﬁg%“?ﬂd%béﬁﬁ@ﬁ?rgr%%@ﬁfaﬁ?rrt% t ubul &
hol abilit t | ul d t
ot n abi 111y {Carier™ Flear b 2001 vt 61, 2 o080 28085 - aha cancer
cells have(ﬁﬂgﬁg@%d. éﬁ%v ss,ddy o the.e xtracg&%yb%%7gatrrx
ons

(Bi ochem cal an ysrca esearch nnunrcét? Vol . 320, p.

1096-1102;c.ac: Cncogens, 2008 val 2% 7 14481451 10 addition. it has

been reported that: the invasiveness or’ anchorage- |ndepen enf  gfowt h of

cancer celdgsand-Hn My, twor @rwmﬁﬁ%lglh'@h&@go? kaockdown of EPHAZ
expr essi on using si RNA (Cncogene 2004, vol 448-71456; and Cancer

Research, 2002, wal. B2, p. 28406284 7nd @Mlédﬂ@laflv@ém(\j@ﬁ%ésearch,
anchorage-independent growt h, and tubul ar norphol ogy-formng ability of
cancer celd®areranhidbi ted byl-aciivat ing "ERHAZ usitegf usiranrtprddt ei ns of its
| i gand ephrin-Al and a human 1gG Fc region and induci ng EPHA2 degradati on

t hrough erfdotyt dsis (CanceruResearch, RO0AT sobresdiop-p@301+2806;

Mol ecul ar Cancer Research, 2005, vol. 3, p. 541-551; and Bi ochem cal and

Bi ophysi cdl® Rexest GIEChnvRINiEat | dris. I00ZeIyoNcy 320, r¢0ia096- 1000) . On t he

ot her hand EPHA2 has been reported tao be
ode metastasis, a large number cf lymph node metastases,

and a poor degree of tumor differentiation and a low
five~year survival rate (International Journal of Cancer,
2003, wvol. 103, p. 657-663); for non-small cell lung
cancer, patients highly expressing EPHA? tend to have a
low disease-free survival rate and to have recurrence,
particularly of brain metastasis (Clinical Cancer
Research, 2003, vol. 9, p. 613-618); and for cclon cancer,
EPHAZ expressicn-~positive patients tend to have liver

metastasis, lymphatic vessel invasion, and lymph node



expressed not only in cancer cells but also within tunors 4 or in their
surroundi ng bl ood vessel s (Oncogene, 2000, vol. 19, p. 6043-6052). It has
been réported that in mce, EPHA2 signals are involved in angi ogenesis

i nduced by ephrin-Al, and particularly, EPHA2 expressed in vascul ar
endothelial cells is required for the Bube formation or survival of the
vascul ar endothelial cells (Journal of Cell Science, 2004, vol. 117, p.

2037-2049). |t has, al so been reported that fusion proteins of an EPHA2
ext r acel | dF&r® $'edff ot dﬁﬂjam?ﬂﬁmééqtﬁgﬂF% Yeg ot FAhrbi B aRgi BgdHESI s in vivo

and exhibit_a itunor effect (Oncogene, 200 |. 21, p, 7011-7026).
anoclonaf“§%9$%%%%é%x%f%S%%%RLﬁé%% + %|Eé%%eagégX§EFPiOﬁ¥u8§PBEFSa|so as
t her apeuti u Monocl onal,antj bodies are actively used particularly in
the field %ﬁgéh%%%¥'t£gfa y,é%%déﬁgﬁbclonal anti bodi es agai nst receptor

[ Ki HE [ - |1 ul
tyrosi ne Ki nasg,%z%%%ﬂs H E%@%&GE?%%%?%&P gafcdgéxt racel | ul ar

regi ons are us i n cancer erapy a t exc ent effects (The New
Engl and Jowrnalqof Medi 6F neppRO07en vl ing‘é?@eﬁ?ﬂ.s§9ﬁ§11f;c99899e8§%1§007’ vol .
26, p. 3661-3678; and Oncogene, 2007, vol. 26, p. 3603-3613). The

mechani snea @fu aed | @ O r L hige APNES ON@hcang b b@ﬁ‘@:ﬁ@ré'ﬁ@diﬁcﬁ'e angeh+t her apy

i ncl ude apoptosis induction and inhibition of growh signals. In addition,
thei r i munoresposise: hed) at edubet i onrsuchoag-ADSE: o &PCL i syabsotgensi dered
to play a very inportant role. In actuality, it has been reported that

ant i - HER2 =aritddbodl ssl {1t rast uzaned)d ornant ve CD20canyrbetdhesb (B it uxi mab)

exhi bit a nuch weaker antitunor effect in 5 xenografts of nude m ce
defici ent {¥RTRSRFneeessar y23oF: ADTC | Aducki oA3Phan3Ph) nudedni ce that are
not deficient in Fg%gs, when these antibodies are adm nistered thereto

(Nat ure MEHHETHe, C20b9, "¥%F . B eA4BDAAB} VereSha8hBPYG bR reported that
anti-0D20 antibodies, (rituximab)_exhibit a weaker antitunor effect in mce
opl ot od_ G COHIT-LhLht HEE et ot AT AEPAEEbreof EbBPAY bbiom than i n i ce
that are not_depl.eted of conpl enent en_the i body. | s adm ni stered

her eto. (BBt 22000 ™0or 05 g 56 o7y 228 "B LS ERmbe {t “has been
reported t Aagoni stic i EP ocl on nt j bodi es. havi n. n.activity
of induci n%ﬂ% he pzﬂq'{)le% br%?g%’l oﬁ? % tj;/dé %gi Irllég?fej’si d”unegadadr}g:lgonn’acti vity

of i nduci ng- ERHAZ, degr adat i ony as,f prtﬁ@eiﬂfgéﬁgémﬁ%gh&)g tnthe,

. e—-
anchor age-i ndependent growth of a breast cancer ce |7 he and the tubul ar

nor phol ogy: fspmtd o theseeh on the-exteacek! yharipatriX (&Gapeer Research,
2002, vol. 62, p. 2840-2847). It has al so been reported that agonistic

ant i - EPHAZyrmonac| onal 1 gt b bodi esy whi shkdeeogaf ZzerRR2 epkb 69€s 08n EPHA2

di spl ayed on cancer cells rather than non-cancer cells and have an activity
of i nduci ngsirhe phoshhotytageon, ol 0EPHAZCL yr B8 ne. resigluessandaad activity
of inducing EPHA2 degradation exhibit an antitunor effect in vivo (Cancer
Resear ch, CZ003r vittsead3chp. 20907-7912; 6Andpt hed panpht et ; ofina\r 098/ 094859) .
On the other hand, Kiewlich et al. have reported that their anti-EPHA2
nonocl onal T8I H6tl %5 hatl @PC BRI Vit§e P induct hgwihe phesphbryRation of

EPHA2 - . Ly . o
morphology-forming ablility of cancer cells are inhibited

by activating EPHAZ using fusion proteins of its ligand
ephrin-Al and a human IgG Fc¢ region and inducing EPHA2
degradation through endocytosis (Cancer Research, 2001,
vol. ©l, p. 2301-2306; Molecular Cancer Research, 2005,
vol. 3, p. 541-551; and Biochemical and Biophysical
Research Communications, 2004, wvol. 32C, p. 10%6-1102).
O the other hand, EPHAZ has been reported to be

expressaed not only in cancer cells but also within tumors



6 tyrosine residues and an activity of inducing EPHA2 degradation but did
not exhibit an antitunor effect in vivo (Neoplasia, 2006, vol. 8, p.
18-30) . Mor eover, the panphl et of NO 2006/ 084226 di scl oses anti - EPHA2
nmonocl onal anti bodi es LUCA19, 305, LUCA40, and SPL1 obtai ned by i nmmunizing
mce with cancer cells and discloses that, anong these antibodies: LUCA19
and 305 do not influence the phosphoryl ation of EPHA2 tyrosine residues;
LUCA40 i nhi bits cancer_cel ! ,_rg%owt_ hin vyitro; and éUCAlQ 3% and LUCA40
are interndl iZed 1Tto CHICEH el LTWT hE Presentd ot S ahti - nduse anti body
| abel ed w toxi n (sapord.l The dacynmen s al sq.reparted that LUCA40
and SPLI e‘i |'biJ%g’an 'aralét%lfktéurrm%oﬁze)f‘feét“ :Plﬁ%vfo\?%% H%\ﬁé)\%e“refcpt 16 présence or
absence of,,1 i-Std: td vl i i i be

ol arified O A e P g G os. "o e Tope T & an ant S Ere

anti body thateaxhibids amdantd tumor ef fectopmn ¥ive i ss stk 1, unknown. No
previ ous docunent has reported that a particular am no acid sequence in an

EPHA2 ext raceldiuare Ry isl usefd as annepidope-f orna appecl onal

anti body i ntended for cancer therapy. Even anti bodi es agai nst the sane
anti gen diffferatinod hei rsupropert i€ depersiagl on chdderences ¢4 epitopes or
their sequences. Furthernore, due to this difference in their properties,
t he anti bodies;nasherf ddniini$tierrete t ¢ Hidmnsyl wolul d, cpi nkear+304espond in
different a manner with respect to drug effectiveness, the frequency of 7
t her apeut i ' reshorss bsiade Fectsd tne fretjuehayroteoeeurt elice of drug
resi stance,_etc. Thus, a drug having clinically the best properties
may al so didFer deFETRlAg G (HRE A i .2 I Tahyl €asBs, T SUEM” proper ti es
are unknown until the drug is actually adm nistered. Thus, it has been
Strongly radiiTed 6 EERIEY B O UG- AV TG FHovet HRcHaRISHST action. It

has Bl 50 BSENL L1 G Lol o0 L fovel ob an L) bR egal st EPHAD i ng

the Invention Monccleonal antibodies are useful not only as
diagnostic drugs but also as therapeutic drugs.
Monoclonal antibodies are actively used particularly in
the field cf cancer therapy, and moncclonal antibodies
agalnst recepteor tyrosine kinases such as HER2 and EGFR
or against CD20 extracellular regicns are used in cancer
therapy and exhibit excellent effects {(The New England
Journal of Medicine, 2007, vol. 337, p. 39-51; Oncogene,
2007, wol. 26, p. 3661-3678; and Oncogene, 2007, vol. 286,
p. 3603-3613}). The mechanisms of action of the
mecnoclenal antibodies used in cancer therapy include
apoptosis induction and inhibition of growth signals. In
addition, their immuncoresponss-mediated action such as
ADCC or CDC i1s alsc considered to play a very important
role. In actuality, it has been reported that anti-HER2
antibodies (trastuzumab) or anti-CD20 antibodies

(rituximab) exhibkit a2 much weaker antitumor effect in



Probl ens to be Sol ved by the Invention An object of the present

i nvention is to provide an anti body agai nst EPHA2. A further object of
the present invention is to provide a pharnmaceutical conposition and the

| i ke conprising an anti-EPHA2 anti body having a therapeutic effect on
cancer. A further object of the present invention is to provide a

nmet hod for producing the anti body. A further object of the present
invention is to provide a nethod for inhibiting tunor growth using the

anti body, ¥te0INEENE FornSet vithget el Probhensn FoyRTheepresam fowentors
have condqg 8% diligent studies to attajn the objects and consequently 8
successf ul @ bt AT He o & noVel aht PEEPHAX frohBeFoRAF Afti BEAYCWATEh has no

activity of igd cing.the. hqﬁghor l.atjon of EPHA2 tyrosine residues and has
ADCC and CDE Befifvi tiiEd: é%aﬁ t3 HSrdssi MG Lant eF TRl TRETERG t her nor e,

Lhe preseniuiavestors, hate, exarhneden gpl4opgor Ll s mntibody gnd

consequent |y foun the fir tine t an anti

region compiisi Agyo0fedWonti bronecthnotype: 3,donai N present,in EPHA2, the

c-termnal domain, has an excellent antitunor activity in vivo. Based on

these findingss:t he W esentahavenht on:hascbeen £orpl 8hedeteq orf
complement by the administration of cobra venom than in
mice that are not depleted of complement, when the
antibedy is administered thereto (Blood, 2004, vol. 103,
p. 2738-2743) .

For EPHAZ, 1t has been reported that agonistic anti-

EPHAZ monoclonal antibodies having an activity of
inducing the pheosphorylation of EPHAZ tyrosine residues
and an activity of inducing EPHAZ degradation, as for the
ligands, inhibit the ancherage-independent growth of a
breast cancer cell line and the tubular morphology
formation thereof on the extracellular matrix (Cancer
Research, 200Z, vol. 62, p. 2840-2847). Tt has alsc been
reported that agonistic anti-EPHAZ monoclonal antibodies
which recognize an epitope on EPHAZ displavyed on cancer
cells rather than non-cancer cells and have an activity
of inducing the phosphorylation of EPHAZ tyrosine
residues and an activity of inducing EPHAZ degradation
exhibit an antitumor effect in vivo (Cancer Ressarch,
2003, wvol. 63, p. 7907-7912; and the pamphlet of WO
03/094859). On the other hand, Kiewlich et al. have
reported that their anti-~EPHAZ monoclonal antibodies had

an activity of inducing the phosphorylation of EPHAZ



Specifically, the present invention conprises: (1) An antibody which
recogni.zes an epitope recogni zed by an antibody produced by the hybridoma
SH348-1 (FERM BP-10836); (2) The antibody according to (1), wherein the
anti body has the foll ow ng properties a) to d): a) having no ability
to phosphoryl ate EPHA2 tyrosine residuegs; b) having an ADCC activity
agai nst EPHA2- expressing cells; c) having a CDC activity against
EPHA2- expressing cells; and d) having an antitunor activity in vivo;
(3) The an?Yb@ﬁ?ﬁ@cééﬁéﬂH@St@DQ)anmﬁ@ﬁéwmtvh@Iamndbgdyghﬁ§ﬂaﬁe foll ow ng

properties a) to e): a) aV|ng no ability to phosphorylate EPHA2
tyrosi ne r 68 H%ggtlon but did not éxhibit an antitumor effect in

vive (Neoplasia, 2006, vol. 8, p. 18-30).

Moreover, the pamphlet of WO 2006/084226 discloses
anti-EPHAZ monoclonal antibodies LUCAL19, SG5, LUCA4G, and
SPLL obtained by immunizing mice with cancer cells and
discloses that, among these antibodies: LUCALY and SG5 do
not influence the phosphorylation of EPHAZ tyrosine
residues; LUCA4(0 inhibits cancer cell growth in vitro;
and LUCAL9, 3G5, and LUCA40 are internalized into cancer
cells in the presence of anti-mouse antibedy labeled with
toxin {(saporin). The document has also reportad that
LUCA40 and SPLI exhibit an antitumor effect in vivo.
However, the presence or absence of the agonistic
activities of these antibodies remains to be clarified.

Despite these studies, an epitope for an anti-EPHA?
antibody that exhibits an antitumor effect in vivo is
still unknown. WNo previocus document has reported that a
particular amino acid segquence in an EPHA? extracellular
region is useful as an epitope fer a monoclonal antibody
intended for cancer therapy.

Even antibodies against the same antigen differ in
their properties depending on differences in epitopes or
thelr sequences. Furthermore, due to this difference in
thelr properties, the antibodies, when administered to
humans, would clinically respond in different a manner

with respect to drug effectiveness, the frequency of



9 b) exhibiting an effect of decreasing an EPHA2 protein |evel;

c) having an ADOC activity agai nst EPHA2-expressing cells; d) having
a CDC activity agai nst EPHA2-expressing cells; and e) having an
antitunor activity in vivo; (4) An antibody which specifically binds to a
pol ypeptide consisting of an am no aci ¢ sequence represented by am no acid
Nos. 426 to 534 of SEQID NO 8 in the sequence listing; (5) An anti body
whi ch specifically binds to a pol ypeptide consisting of an am no acid
sequence rebgeseatedcbyeandnos ack dddosf426st 0t584FokgSEQCDoRO. 8 in the
sequence listing and has the follow ng properties a) to d): a)
havi ng no @BFFFrE§ee phodphor ytat et EPFRA2 €yEosi ne resi dues;

Thus, a drug having clinically the best properties
may also differ depending on the patient. In many cases,
such properties are unknown until the drug is actually
administered. Thus, it has been strongly required to
develop a drug having a novel mechanism of action. It
has also been strongly required to develop an antibody
against EPHAZ having properties different from those of

conventional antibodies.

Disclosure of the Invention
Problems to be Solved by the Invention

An object of the present invention is to provide an
antibody against EPHAZ.

A further cbiect of the present invention is to
provide a pharmaceutical composition and the like
comprising an anti-EPHAZ antibody having a therapeutic
effect on cancer.

A further object of the present invention ig to
provide a method for producing the antibody.

A further object of the present invention is to
provide a method for inhibiting tumor growth using the

antibody, etc.

Means for Solving the Problems
The present inventors have conducted diligent

studies to attain the objects and consequently



b) having an ADDS activity agai nst EPHA2-express ng cells; c) having
a CDC.activity agai nst EPHA2-expressing cells; and d) having an
antitunor activity in vivo; (6) An antibody which specifically binds to a
pepti de consisting of an am no acid sequence represented by am no acid Nos.
426 to 534 of SEQID NGO 8 in the sequgnce |listing and has the foll ow ng

properties a) to e): 10 a) having no ability to phosphoryl ate EPHA2
tyrosi ne residues; b) exhibiting an effect of decreasing an EPHA2
protein | evefgessiully ogbhavipg anmADEC activEP{AAgaibnst 1ERHA2- exor ess ng
cells; d) having a CDC activity agai nst EPHA2-expressing cells; and

antibody which has ne activity of inducing the
- phosphorylation of EPHA2 tyrosine residues and has ADCC

and CDC activities against EPHAZ-expressing cancer cells.
Furthermeore, the present inventors have examined an
epitope for this antibody and consequently found for the
first time that an antibody that binds to a region
comprising, of two fibronectin type 3 domains present in
EPHAZ, the c~terminal domain, has an excellent antitumor
activity in vivo. Based on these findings, the present
invention has been completed.

Specifically, the present invention comprises:
(1) An antibody which recognizes an epitope recognized
by an antibody produced by the hybridoma SH348-1 (FERM
BP-10836);
(2} The antibody according to (1), wherein the antibody
nhas the following properties a) to d):

a) having ne ability to phosphorylate EPHA2 tyrosine
residues;

b) having an ADCC activity against EPHAZ-expressing
cells;

c) having a CDC activity against EPHAZ-expressing
cells; and

d) having an antitumor activity in vivo;
(3) The antibody according to (1), wherein the antibody
has the following properties a) to e):

a) having no ability to phosphorylate EPHAZ tyrosine

residues;



e) having an antitunor activity in vivo; (7) The antibody according to any
one of (1) to (6), wherein the antibody specifically binds to a peptide
consisting of an am no acid sequence represented by am no acid Nos. 439 to
534 of SEQID NO 8 in the sequence listing; (8) The antibody according to
any one of (1) to (7), wherein the antd body inhibits the phosphoryl ation of
EPHA2 tytosine residues induced by an EPHA2 |igand; (9) The anti body
according to any one of (1) to (1), wherein the anti body does not inhibit
EPHA2 |i gand bp%dﬁﬁélpétEPHA@%@t«fieﬁﬁi it Seche gshashhior yiFafiZon of EPHA2
tyrosine residues induced by the ligand; (10) An antibody which
speci fi calA4P Bihds- S & pol ypepti de consisting of the am no acid sequence
represented by SEQ I D NO_ 8 in the sequence l.isti erein the antibody
e the am o’ G1 0 4ehteRted TopPetanted By SE ' b NAL B6 6P Tund 63 1 b
t he seququgjkisting, or am no acid sequences having del eti on,
substitution,” dr addition of one or nmore amno acids in 11 the amno acid
sequences, as phe; |.e ri det. sl i 5 : vy chain
vari abl e regio%)a% gggg Eﬁgﬁghfﬁﬁlggrgrg@gﬁgﬁﬁégﬂ¥g%féi ﬁ%%%l%%aSEQ | D NGs:
65, 67, and.169 . nfhe sequence listing, or am no acid sequences having
del etion, substitution, or addition of one or nore amno acids in the am no
aci d sequencesgz)asa&enpl erertanithicdetermnitRg ireghans, in the light chain
variable region; (11) An anti body which specifically binds to a pol ypeptide
consi sting of Rhezamibodaciwthisequerce frieprdsentiatiLyrSEQ ID NO 8 in the
sequence listing, characterized by the following 1) and 2): 1) having
a heavy chailyppepticde conprd Simy @nh aam o raci Ic sequencencepr esent ed by the
general formula (I):

represented by amince acid Nos. 426 to 534 of SEQ ID NO: 8

in the sequence listing;
(5) An antibody which specifically binds to a
polypeptide consisting of an amino acid seguence
represented by amino acid Nos. 420 to 534 of SEQ ID NC: 8
in the seguence listing and has the following properties
a) to dj:

a) having no ability to phosphorylate EPHAZ tyrosine
residues;

b) having an ADCC activity against EPHAZ-expressing
cells;

¢} having a CDC activity agailnst EPHAZ-expressing
cells; and

d) having an antitumecr activity in vive;
{(6) An antibody which specifically binds to a peptide
consisting of an amino acid sequence represented by amino
acid Nos. 426 to 234 of S5EQ ID NO: 8 in the seguence

listing and has the following properties a) te e):



- FRRI - CDRHI - FRH2- CDRH2- FRH3- CDRH3- FRH4- (1) wherein FRHL represents an
arbitrary am no acid sequence consisting of 18 to 30 am no aci ds; CDRHL
represents the am no acid sequence represented by SEQ ID NO 59 in the
sequence listing or an am no acid sequence having del etion, substitution,
or addition of one or nore am no acidggin the amno acid sequence; FRH2
represents an arbitrary am no acid sequence consisting of 14 am no aci ds;
CDRH2 represents the am no acid sequence represented by SEQ 1D NO 61 in
the sequence | BSt PRF 16X &9 afide tacit® Feqrdice hatim@E il etliomsine
substitution, or addition of one or nore amno acids in the amno acid
sequence; rﬁﬁl@q@@dr esents an arbitrary am no acid sequence consisting of 32
am no aci ds; H3 represents 12 the amno acid sequence represented by
SEQ 1D NO. 63 Ph EREIDequHcE™ Fatrng ot Ao kit Seduence havi ng
del eti on, sw%bﬁst.iqtgtio ,.or addition of one or nore amno acids in the am no
T T

. [ . . .
aci d sequence; "an  represents an arbitrary amino acid sequence

consi sting of i i.ds, rei:n .t m no i,ds are linked to each
ot her through %ip?%gggg%&%D%%&l%i %?\?ﬁ‘nrgg&a E?Eﬂg%ts ¢ aﬁenss"ploq%/pepti de
conpri si ng..an .am no aci d sequence represented by the general formula (11):

-FRs1-CDRI | - FRL2- CDR142- FRL3- CDR143-FRL4-(11) wherein FRL4 represents an
arbitrary anming)aghediS@UUence GORSHS kNG R 23 @ﬁ@@%@éﬁ%ssﬁi@g4
represents the am no acid sequence represented by SEQ ID NGO 65 in the
sequence ldeStiisng s01d an am no aci d sequence havi ng del etion, substitution,
or addition of one or nore amno acids in the am no acid sequence; FRL2
represents an afbhtrang am motdciudogeqguence tgonsi stiveg of 15 am no aci ds;
CDRL2 represents the am no acid sequence represented by SEQID NO 67 in
t he sequende | Fsei agLiFREY reprasents tan sanbidrreaf afiinacacid sequence
consisting of 32 amino acjds; ODRL3 represents the am no acid sequence

r epr esent & SHE ISEGND NG LBTY PRl Sepiehic €0 113% i iy Dro@mt a8 no aci d
sequence having deletion, substitution, or addition of one or nore am no
aci ds i n R SdmNd%dd Feqierte;2Fmt FRINH FRpFesent s &F drbi #18ry am no

acid sequence ¢onsi stg Of: 40 AMNY 13 4o: 5 in the sequence

listing;

(8) The antibody according to any one of (1) to (7},
wherein the antibody inhibits the phosphorylation of
EPHAZ tyrosine residues induced by an EPHAZ ligand;
(9) The antibody according to any one of (1) to (7),
wherein the antibody does not inhibit EPHAZ ligand
binding te EPHAZ but inhibits the phosphorylation of
EPHAZ tyrosine residues induced by the ligand;

(10} An antibody which specifically binds to a
polypeptide consisting of the amino acid sequence
represented by SEQ ID NO: 8 in the seguence listing,
wherein the antibody has the amino acid sequences
represented by SEQ ID NCs: 59, 61, and 63 in the sequence
listing, or amince acid seguences having deletion,

substitution, or addition of one or more amino acids in



acids, wherein these amno acids are |linked to each other through peptide
bonds;. (12) An anti body which recogni zes an epitope recogni zed by an

anti body produced by the hybridoma 51-1357-1 ( BP-10837); (13) The

anti body according to (12), wherein the anti body has the foll ow ng
properties a) to d): a) havingiio ability to phosphoryl ate EPHA2
tyrosi ne residues; b) having an ADCC activity agai nst EPHA2- express
ng cells; ,g% having a CDC activity agai nst EPHA2-expressing cells;
and LY Wabih@ et ant ¥ EeRe?S actf vity TR vBenteI4FvAn anti body which
specifically binds to a peptide consisting of an ami no acid sequence

repr esent € %@I%&ﬁﬁﬁgaiﬁikﬁgg_lﬁz%h?oﬂ%% of&ED THFNEP -8 FRIEHR sequence

L1119 g o Lo B OB LR, 88 Slincoa my BGIBLIE TS

effect of &@@?e@§jW97?Qﬁﬁfk@§ Pﬂo{ﬁénséfggﬁée iilsting, or aminc
acid sequences having deletion, substitution, or addition
of one or mere amino acids in the amino acid sequences,
as complementarity determining regions in the light chain
variable region;
(11) An antibody which specifically binds to a
polypeptide consisting of the aminoc acid sequence
represented by SEQ ID NO: 8 in the sequence listing,
characterized by the following 1) and 2):

1) having a heavy chain peptide comprising an aminoc
acid sequence represented by the general formula (I):
-FRH;—CDRE;-FRH;~CDRH;-FRH;-CDRH3~FRH,— (1)

wherein FRH; represents an arbitrary amino acid sequence
consisting of 18 to 30 amino acids; CDRH, represents the
amino acld sequence represented by SEQ ID NO: 59 in the
sequence listing or an amino acid segquence having
deletion, substitution, or addition of ons or more amino
acids in the aminc acid seguence; FRH; represents an
arbitrary amino acid seguence consisting of 14 amino
acids; CDRH; represents the amino acid seguence
represented by SEQ ID NO: 61 in the seqguence listing or
an amino acid sequence having deletion, substitution, or
addition of one or more amino aclids in the amino acid
sequence; FRH; represents an arbiftrary amino acid

sequence consisting of 32 amino acids; CDRH; represents



c) having an ADCC activity agai nst EPHA2-expressing cells; d) having
a CDC-activity agai nst EPHA2-expressing cells; and e) having an
antitumor activity in vivo; 14 (15) The anti body according to any one of
(12) to (14), wherein the antibody specifically binds to a peptide

consi sting of an ami no acid sequence répresented by anmino acid Nos. 439 to
534 of SEQ ID NO 8 in the sequence listing; (16) The anti body according

t f (12) t th ti body | ibits th
phosphor y| 307 o o1 PR %@aa%%n%%'%‘%@f%a%i‘tef@?&&e By ArSEPRS i gand:
17) Th b (12) .t th
gantl)bods 3%%% %%)f(u %lo[)fj}t @Y%fgﬂ %{On g)d 3 (I%P?—&& bu%arsln?n bi '?s t he

. phosphor y}at i on, of %%y%%ne of eshdues, | ngycgﬁebgvtﬁagf%gw?h; 18) An

antl body whi ch speci inds to a polypeptide consis am no

acid sequengeis epﬁe@eé\t%rb& SEQ I B NQn&: r’avﬁ@evﬁﬁﬂuﬁé%ééﬁ& ng, wherein
the antibody has the am no acid sequences represented by SEQ I D NOs: 71,

73, and 75aiwmitherseauensesdist s@@uedte adﬂmg@mgwqugmcgrsm@w ng
del eti on, substitution, or addition of one or nore anmino acids in the am no

aci d sequencess, asn@mmt erted @ratyndeterdsd g regkonstbn=tbe beavy chain
vari abl e region and has the am no acid sequences represented by SEQ I D NGs:
77, 79, andh8dugnm pdret sEguemeestistdng, or am no aci d sequences having
del eti on, substi tution, or addition of one or nore amino acids in the am no
aci d sequences,?lasiacomsl eneritdr tyhadet eroniviviaRg- i ored ke tthe A1 ght chai n
vari abl e region;

aminoe acid sequence represented by the general formula

(II):

—~FRL1-CDRL;—FRL;—=CDRLy~EFRL3~CDRL3~FRLs~ (IT)

wherein FRIL; represents an arbitrary amino acid sequence

consisting of 23 amine acids; CDRL; represents fthe amino

acid sequence represented by SEQ ID NC: 65 in the

sequence listing or an amino acilid sequence having

deletion, substitution, or addition of ons or more amino

acids in the amino acid sequence; FRL; represents an

arbitrary amino acid sequence consisting of 15 amino

acids; CDRL, represents the amino acid sequence

represented by SEQ ID NO: €7 in the seguence listing;

FRL3 represents an arbitrary amino acid seguence

consisting of 32 amino acids; CDRLs; represents the amino

acid sequence represented by SEQ ID NC: 69 in the

sequence listing or an amino acid seguence having

deletion, substitution, or addition of one or more amino

acids in the amino acid sequence; and FRL; represents an

arbitrary amino acid sequence consisting of 10 amino



15 (19) An anti body which specifically binds to a ool ypeptide consisting of
the amino acid sequence represented by SEQID NO 8 in the sequence
listing, characterized by the following 1) and 2): 1) having a heavy
chai n peptide conprising an am no acid sequence represented by the general
formula (1): -FRH2- CORH2- FRH2- CDRH2- FRH2- CDRH2- FRH4- (1) wherein FRHL
represents an arbitrary am no acid sequence consisting of 18 to 30 am no
acids; CDRH2 represents the am no, acid sequence_represented by SEQ I D NO
71 in the SeguencE $TStT ng oF S HTHM nd° AT d*s8qlieRéadnkoi RgCHePERESN,
substitution or%additié)n of (gn,e or nore amno acids in the am no acid

sequence; u?‘ép?%%%jn S %(?‘P T bi trary am no acid sequence consisting of 14

am no aci ds; H2 r nt.s th i ci d. sequence represented by SEQ ID
NO 73 in f JF12e)C:E}?&e%q uzden r@g)r Ol%ls"’gt‘"%hﬁlgctho%e?ng%% eraléoé gacrf‘ deo%lequLPe%cre %an}?%zgecgel etion,
substituti n’a@raz@g_%cgcﬁfrbz%d@ 0L MDEE 2 Pgd&gédgl{ggﬂlfeéﬂaﬁgo acid
sequence; represents an arbitrary amnho acid sequence consisting of 32
am no aci dsy-GHRH3) yepresents the am no aci d sequence represented by SEO I D
NO 75 in the seduenee listing or an am no acid sequence having del etion,
substituti ong) ameaddittizenofacRe dhdgreie @mino acddsid nideammeyaci d
sequence; and FRH4 represents an arbitrary am no acid sequence consi sting
of 11 am neeaciids, fahereiny tiheseeam o acids are |inked to each ot her
t hrough pepti de bonds; and 16 2) haying a light chain pol ypeptide
conpri sing an am Mg vacicd rseqience v épr esentet byl athe Geirer al yfermd a (11):
- FRL1- CDRL1- FRL2- CDRL2- FRL3- CDRL3- FRL4-(11) wherein ERL1 represents an
arbi trary &#¥o'a¢i d sequence consisting of 23 amino aci ds; CDRL8
represents the amno acid se%nce represented by SE%@ID NGO 77 in the
sequence |istimy 6@YAA% MM Hd ¢ SSedudnic & Iy iy fdifet oM aibisty t uti on,
or addition f one or nore amno acids in the amno acid sequence; FRL2
repr esent sc%]g %’rbitrary am no aci d sequence consisting of 15 am no aci ds;
CDRL2 represents the .am no i d _sequence repres by SEQOID NO 79 in
the sequence | i tiﬂr‘f‘gjlgl:g gncgjgin nac():scé“gfil ségience e@ﬁ%%g“%ﬁlﬁ%wg
substitutiom,or addition of one or nore amno acids in the amno acid
sequence; FRL3 represents an arbitrary am no acid sequence consisting of 32
am no acids; CRRL3,Iepiesents diherm neacid- sequence, represented by SEQ ID
NO 81 in the sequence listing or an am no acid sequence having del etion,
substitutiom) om agdistier afhiene sQfe e AMm NG A ds: 4 n, theamno acid
sequence; and FRL4 represents an arbitrary am no acid sequence consi sting
of 10 am nooracidsinyhef eim dthiese amidosagiascar esproaket- 40 eachmother
t hrough pepti de bonds;

acid Nos. 426 to 534 of SEQ ID NO: 8 in the sequence

listing.and has the following properties a) to e):

aj having no ability to phosphorylate EPHAZ tyrosine
residues;

D) exhibiting no effect of decreasing an EPHAZ2
protein level;

c) having an ADCC activity against EPHAZ-expressing
cells;

d) having a CDC activity against EPHAZ-sxpressing
cellis; and

e) having an antitumor activity in wvivo;



(20) The antibody according to any one of (1) to (19), characterized in
that .the antibody is a humani zed anti body; 17 (21) The anti body according
to any one of (1) to (19), characterized in that the antibody is a human
antibody; (22) The antibody according to any one of (1) to (19),
characterized in that the antibody isian 1gG anti body; (23) The anti body
according to any one of (1) to (9) and (12) to (17), characterized in that
the anti body is any selected from Fab, F(abl)2, Fv, scFv, a di abody, a

li near antibody eardita badivt isspedicting diit 13560yong 224 AR lantd bok) pr oduced by
t he hybridoma SH348-1 (FERN BP- 1083% (25) An anti body produced by the
hybri dora "8HBE71 f(kﬁ:%w 29983y SC L 265 %%Ya}ﬁ%P%ﬁd9oc6n§?§Fﬂﬁ§ of the

fol |l ow ng ClgnSl 2

ting of an aminc aclid segquence represented by amino
acid Nos. 439 to 534 of SEQ ID NO: 8 in the sequence
listing:

(16) The antibody according to any one of {12} to ({15},
wherein the antibody inhibits the phosphorylation of
EPHAZ tyrosine residues induced by an EPHAZ ligand;

(17) The antibody according to any one of (12) to (15),
wherein tThe antibody does not inhibit EPHAZ ligand
binding to EPHAZ but inhibits the phosphorylation of
EPHAZ tyrosine residues induced by the ligand;

{18) An antibody which specifically binds tc a
polypeptide consisting of the amino acid sequence
represented by SEQ ID NC: 8 in the sequence listing,
wherein the antibody has the aminc acid segquences
represented by SEQ ID NOs: 71, 732, and 75 in the sequence
listing, or amino acid sequences having deletion,
substitution, or addition of one or more aminc acids in
the aminc acid sequences, as complementarity determining
regions in the heavy chain variable region and has the
amino acid sequences represented by SEQ ID NOs: 77, 79,
and 81 in the sequence listing, or amino acid sequences
having deletion, substitution, or addition of one or more
aminc acids in the amino acid seguences, as
complementarity determining regions in the light chain

variable regilon;



1) a heavy chain pol ypeptide conprising an am no aci d sequence represented
by am-no acid Nos. 1 to 119 of SEQID NO 35 in the sequence listing or a
heavy chai n pol ypeptide conprising an am no acid sequence represented by
amno acid Nos. 1 to 119 of SEQID NGO 39 in the sequence listing; and

2) a light chain polypeptide conprisirg an am no aci d sequence represented
by amno acid Nos. 1 to 112 of SEQ ID NO 37 in the sequence |isting or a
l'i ght chalnkggl peptlde conprising an am no aci d sequence represented by

am no aci d' %Qf%ﬁ%@XﬁW3§§§Iq§%@§ ¥ﬂ?¥%ﬁt¢%ﬁ%%qﬁ%n%e listing; (27) An

anti body consi sting. of the. fol . 2) _ a heavy chain
polypepgld% i%%%??g?%gcﬁﬂséﬁ¥h%ga3$ ﬁ@ﬁ%é F@bPe§@ﬁ%@8CBy aﬁlno acid

Nos. 1 to }égr n;§d§%§15| NQ, 33.18 Egetgeggggéggégsi and a light

chain poly: pep € co hg~an an o 4c| séfited by ami no

aci d Nos. 110,142. 0f . SEQ, B MG, 3740 ey sequence g and 0%

heavy chain po ypeptid nprising an a no acrd equence represented by

am no aci d Nos.p)1 10,119 0fh SEQ IR NG 3% 1d h@oﬁggygmg 1 sthng, and a

l'ight chain polypeptlde conprising an anino acid sequence represented by

am no aci dzMNog. sdqh®ndd2- b r SEQLEEING, 6AeI@ehB@a§6%%ﬂﬁeal iigting; (28) An
anti body consisting of the following 1) and 2): 1) a heavy chain

pol ypepti de comFEHISHIQRIRErA FIDBAGH-d RSeqUEREe-TRP/esented by SEQ ID NO 35
in the sequence listing or a heavy chain pol ypeptide conprising the am no
aci d sequencer¢epr ERéntredrbyo8EQ ED NOpi3%Fany the.rsequenceddusticrg; and
consisting of 18 to 30 amino acids; CDRH; represents the
amino aclid seguence represented by SEQ ID NO: 71 in the
sequence listing or an amino acid seguence having
deletion, substitution, or addition ¢f one or more amino
acids in the amino acid sequence; FRH; represents an
arbitrary amino acld sequence consisting of 14 amino
acids; CDRH; represents the amino acid seguence
represented by SEQ ID NO: 73 in the sequence listing or
an amino acid seguence having deletion, substitution, or
addition of one or meore amino acids in the amine acid
seqguence; FRH; represents an arbitrary aminc acid
sequence consisting of 32 amino acids; CDRH:; represents
the amino acid sequence represented by SEQ ID NO: 75 in
the sequence listing or an amino acid seguence having
deletion, substitution, or additicn of one or morse amino
acids in the amino acid sequence; and FRH; represents an
arbitrary amino acid sequence consisting of 11 amino
acids, wherein these aminc acids are linked to each other

through peptide bonds; and



2) a light chain polypeptide conprising the am no acid sequence represented
by SEQID NO 37 in the sequence listing or a light chain pol ypeptide
conpri.sing the am no acid sequence represented by SEQID NO 41 in the
sequence listing; (29) An antibody consisting of the followng 1) or 2):

1) a heavy chain pol ypeptide conprising the am no acid sequence represented
by SEQ ID NG 35 in the sequence listing and a |Iight chain pol ypeptide
conprising the am no acid sequence represented by SEQ 1D NO 37 in the
sequence |istirg; havdnag l‘ghuz)cheﬁlr@ewymw |apeptisdercarpri sing the
am no aci d sequence represented by SEQ ID NO 39 in the sequence |isting
and a IlgHWMS%aQ?ﬁﬁﬂiﬁﬁﬁﬁW?ﬁa%xﬁﬁﬁ%%ﬁ Lthe Bne ndcaRT Y sEetEntR
represente&jﬂy SEQ ID NO 41 in the sequence listing; (30) An antibody
obtained b umani zi ng an anti body according to any one of (24) to (29);

(31) An antlbOQXRionébﬁtlngaf (ﬁﬁ&J PﬁL dgg% égnd 2): 1) a heavy

chai n pol ypepti de CoRprisi ng an am-no ac dente represent ed by anm no

aci d Nos. 2010 #6801 .3 QDN lOéab&%@%ééedmw% iPing, ar. 2 heavy

chai n pol ypeptide conprising an am no aci Gence represemed by am no

acid Nos. 20,410:468; of s SEQ 4D NO 2 AR J mdhe sequence Jd stjng;,and

2) a light chain polypeptide conprising an ani no acid sequence represented

by amino agiih Nasjuedled or 239 081 SEQ I P ND B1 wm. the sequence listing or a

i ght chain pol ypeptide conprising an am no acid sequence represented by

am no aci seNpsencd 1101239 ofr SEQ 4i.NO a &9 | fe hen sSequentey | i sti ng;
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence; FRL, represents an
arbitrary amino acid sequence consisting of 1% amino
acids; CDRL, represents the amino acid seguence
represented by SEQ ID NO: 72 in the sequence listing or
an amino acid seguence having deletion, substitution, or
addition of one or more amino acids in the amino acid
sequence; FRLy represents an arbitrary amino acid
sequence consisting of 32 aminc acids; CDRL:; represents
the amino acid seguence represented by SEQ ID NC: 81 in
the sequence listing or an amino acid sequence having
deletion, substitution, or addition of one or more amino
acids in the amino acid sequence; and FRL, represents an
arbltrary amino acid sequence consisting of 10 aminc
acids, wherein these aminc acids are linked to each other
through peptide bonds;
(20) The antibody according to any one of (1) te (18),
characterized in that the antibody is a humanized

antibody;



(32) An antibody consisting of the followng 1) or 2): 1) a heavy
chai n..pol ypepti de conprising an am no acid sequence represented by am no
acid'Nos. 20 to 468 of SEQ ID NO 107 in the sequence listing and a |ight
chain pol ypeptide conprising an am no acid sequence represented by am no
acid Nos. 21 to 239 of SEQ ID NO 91 i the sequence listing; and 20

2) a heavy chain pol ypeptide conprising an am no acid sequence represented
by amino acid Nos. 20 to 468 of SEQID NO 115 in the sequence |isting and
a light chafh polsypeptitREtoprGedniy diP afihoPrei of séhueireel ¥epr esent ed by
amno acid Nos. 21 to 539 of SEQwIﬂD NO .99 . in. the sequence |isting, (33) An
anti body cGRITSEFPE 67t he FORFomng®iytandy2§s @ humanisngiRedyy chain

I tid i Si ng. ' id ted b ' id
Nos. 20 to 468 Of SE 1D N0 199 1% he Segucrice 11 stihg or & heavy chai n
s. 20 to S 13917 . ng-or ' heavy cha
Nos, 720 10 468" 6F  SERT RO 14701 The Sontentetlt serng. taka - 2) a

| i ght chai p2polypepti-de, &S1ng ' id sequence. represented by
am no aci dml\log. 21 to 23%@%7%{ SéEdQl_Qing @571142}% ?CEIAT h(zfs q}ugﬁ%eﬁﬂ S ri““li]ng or a

l'ight chai nippl ypeptide €0APLLSEAG, S0 @mﬁQaQCEQQSQHHEBSSyrEFrgﬁ nted by
amno acid Nos. 21 to 239 of SEQ ID NO 131 in the sequente listing; (34)

An anti bodyetensést ingnofabherfobl pw ngv 1) s0Fv2) & diabodyl)adlhgayy chain
pol ypepti de conprising an am no acid sequence represented by am no acid
Nos. 20 toxd68cofy SEQ:dD:Nenlt39-¢nifhe seqgieade;|listing and a |ight chain
pol ypepti de conprising an am no aci d sequence represented by am no acid
Nos. 21 to(28D fof SEQUMIIN@ ARG dch he Fsequenciaddrist $Hity 8 -aind( FERM

BP-10836) ;

(25) An antiboedy produced by the hybridoma SH357-1 (FERM

BP-10837) ;

(26} An antibody consisting of the following 1) and 2):
1} a heavy chain polypeptide comprising an aminoc

acid sequence represented by amino acid Nos. 1 to 1

[

9 of
SEQ ID NO: 35 in the sequence listing or a heavy chain
polypeptide comprising an amino acid seguence represented
by amino acid Nes. 1 to 119 of SEQ ID NO: 3% in the
seguence listing; and

2) a light chain polypeptide comprising an amino
acid sequence represented by amino acid Nos. 1 to 112 of
SEQ ID NO: 37 in the sequence listing or a light chain
polypeptide comprising an amino acid sequence represented
by amino acid Nos. 1 to 112 of SEQ ID NO: 41 in the
sequence listing;
{27} An antibody censisting of the fcllowing 1) or 2):

1) a heavy chain polypeptide comprising an amino

acid sequence represented by amine acid Nos. 1 to 119 of



2) a heavy chain pol ypeptide conprising an am no aci d sequence represented
by am-no acid Nos. 20 to 468 of 21 SEQ ID NGO 147 in the sequence |isting
and a |ight chain pol ypeptide conprising an am no acid sequence represented
by am no acid Nos. 21 to 239 of SEQID NO 131 in the sequence listing;
(35) A Fab, F(abl)2, Fv, scFv, a diabady, a |inear antibody, or a

mul tispecific anti body derived fromanti bodi es according to any of (24) to
(34); (36% Ang one pol ypeptide selected fromthe 8rou .consisting of the
fol | owi ng 35%t ol 2By: 3°71n thy BePorypeptideleonph sﬁngléﬁtaﬁbﬁénaci d
sequence re(g{esent eg bg am no,acid Nos, 1 to, 119 of SEQID NO 35 in the
sequence IFStYRGPTLICe CompyLalng| §Pheptide EohprPeRRGIaR ARPAESEEFE@9sequence

represent by am no acid Nos, 1 t 19 of . SEQ I D NO,_ 39 in the sequence
listing; Gy gml%? aacfoolg%seiot%d ch}r“r%r? i%@égﬁaﬁ?nosgc?a §8Guence

represent egeggegg%ngiggjﬁq ’Nogmél to 112 of SEQ ID NO 37 in the sequence
li sting; 4) a po y%epu e conprising an am no acid sequence

represented by amna,acid Nosin 30,002 ofe SEQAD N4l anine

acid ‘sequence represented by aminec acid Nos. 1 to 119 of
SEQ ID NO: 39 in the seqguence listing and a light chain
polypeptide comprising an aminc acid sequence represented
by amins acid Nos. 1 to 112 of SEQ ID NO: 41 in the
sequence listing;

(28) An antibody consisting of the following 1) and 2):

1} a heavy chain polypeptide comprising the amino
acid seguence represented by SEQ ID NO: 35 in the
sequence listing or a heavy chain polypeptide comprising
the aminc acid seguence represented by SEQ ID NO: 35 in
the sequence listing; and

2) a light chain polypeptide comprising the amino
acid seguence represented by SEQ ID NO: 37 in the
sequence listing or a light chain polypeptide comprising
the amino acid sequence represented by 3EQ ID NO: 41 in
the sequence listing;

{29) An antibody consisting of the following 1) or 2):

1) a heavy chain polypeptide comprising the amino
aclid sequence represented by SEQ ID NO: 35 in the
seguence listing and a light chain polypeptide comprising
the amino acid seguence represented by SEQ ID NO: 37 in

the seqguence listing:; and



in the sequence listing; 5) a pol ypeptide conprising an am no acid
sequence represented by am no acid Nos. 20 to 468 of SEQ ID NO 107 in the
sequence i sting; 6) a pol ypeptide conprising an am no acid sequence
represented by amno acid Nos. 20 to 468 of SEQ ID NO 115 in the sequence
listing; 22 7) a polypeptide cargprising an am no aci d sequence
represented by amno acid Nos. 20 to 138 of SEQ ID NGO 107 in the seguence
listing; 8) a pol ypeptide conprising an am no acid sequence

represent ed by AnindeEdivd Nesi! RP 138 & SEQI B NG 215 3hithe sequence
l'isting; . g%ﬁa ol ypeptide conprisin n am no_acid sequence

represent ed°hy & '%%P%%i%ﬁb@?e%iegbiﬁagff‘%E’@?fD%)Rlo.m%h?n t he sequence
li'sting; sequence listing and a light chain polypeptide comprising
the amino acid sequence represented by SEQ ID NO: 41 in
the sequence listing;

(30) An antibody obtained by humanizing an antibody
according to any one of (24) to (29);

(31} An antibody consisting of the following 1) and 2):

1} & heavy chain polypeptide comprising an amino
acid sequence represented by amino acid Nos. 20 to 468 of
SEQ ID NO: 107 in the seguence listing or a heavy chain
polypeptide comprising an amino acid segquence represented
by aminoc acid Nes. 20 to 468 of SEQ ID NO: 115 in the
sequence listing; and

2) a light chain polypeptide comprising an aminoc
aclid sequence represented by amine acid Nos. 21 to 239 of
SEQ ID NO: 91 in the sequence listing or a light chain
polypeptide comprising an amino acid sequence represented
by amino acid Nes. 21 to 239 of SEQ ID NO: 9% in the
sequence listing;

(32) An antibody consisting of the following 1) or 2):

1) & heavy chain polypeptide comprising an amino
acid seguence represented by amino acid Nos. 20 to 468 of
SEQ ID NO: 107 in the seguence listing and a light chain
polypeptide comprising an amino acid seguence represented

by aminc acid Nos. 21 f£to 2392 of SEQ ID NO: 91 in the

saquence listing; and



10) a pol ypeptide conprising an am no acid sequence represented by

aci d .Nos.
pol ypepti

21 to 239 of SEQID NO 99 in the sequence |isting;
de conprising an am no acid sequence represented by am no

Nos. 21 to 134 of SEQID NO 91 in the sequence listing; 12)

pol ypepti

de conprising an am no acid gequence represented by am no

Nos. 21 to 134 of SEQID NO 99 in the sequence |isting; 13)

pol ypepti

de conprising an am no aci d sequence represented by am no

Nos. 20 to 468 %0f SSESY NP UB3PGIVATRE IS6q et 15519 iy anine 14)

pol ypepti

Nos. 720 1 G168 BT SHY B NG Ta7 Th TR SeUueREotl fatr ngy 0 (o2 185
[SEOTD NG a7 T , ng. =

Nos. 720 10156 b1’ GEQ 1D Mo 136 TR TR SEalIGhGe. Tt Fg ot 33 s e
13977 S

Nos. 720 16 o8 61 SEQ T BING 147 T The SeUuBRea T St Thg: =reEth iy

pol ypepti
pol ypepti
pol ypepti

Nos. 21 to 239 of SEQ ID NO 123 in the sequéence

de, comyd sidgs an, am nip agi gh seguenss w%l@gte?%ggnbyh@m no

sequence listing;

yoand 2):

fod

(33} An antibody consisting of the following
1) a heavy chain polypeptide comprising an amino
acid sequence represented by amino acid Nos. 20 to 468 of

SEQ ID NC: 139 in the sequence listing or a heavy chain
polypeptide comprising an amino acid seqguence represented
by amino acid Nos. 20 to 468 of SEQ ID NO: 147 in the
sequence listing; and

2) a light chain polypeptide comprising an amino
aclid sequence represented by amino acid Nos. 21 to 239 of
SEQ ID NO: 123 in the seguence listing or a light chain
polypeptide comprising an amino acid sequence represented
by amino acid Nos. 21 to 239 of SEQ ID NQO: 131 in the
seguence Listing;

(34} An antibody consisting of the following 1) or 2):

1) & heavy chain polypeptide comprising an amino
acld sequence represented by aminoe acid Nos. 20 to 468 of
SEQ ID NO: 1392 in the sequence listing and a light chain
polypeptide comprising an amino acid sequence represented
by aminc acid Nos. 21 to 239 of SEQ ID NO: 123 in the
seguence listing; and

2) a heavy chain polypeptide comprising an amino

acid sequence represented by amino acid Nos. 20 to 468 of

am no
11) a
aci d
a
aci d
a
aci d
a
aci d
a
aci d
16) a
aci d
a
aci d



18) a pol ypeptide conprising an am no aci d sequence represented by am no

acid Nos. 21 to 239 of SEQ ID NO 131 in the sequence listing; 19) a
pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 21 to 134 of SEQID NO 123 in the sequence listing; and 20) a

pol ypeptide conprising an am no acid sequence represented by amno acid
Nos. 21 to 134 of SEQID NO 131 in the sequence listing; (37) The nouse
hybri doma SH348-1 (FERN 38-10836); (38) The nouse hybridoma 5H357-1 ( FERM
BP- 10837) ; ° =% 35y A phaf faceutieafcdorpesi ti6nEHarERt 8r 288 Tbyhédhpri si ng
at | east one, anti{)%g% sel ected fromthe antibodies according to (1) to
(36); (40§° A PHArnatentTear “toapvsi tToNCf oF *Eafeeretreat REAESERaFacCt eri zed

By ST 300l 2251 08e, 20k Do, sel et s priphe, ant | pod, o5 accoring
oot oo SEILILE SELB0, Y, ALY 55 Lo (hyy "5 ouP €O TR0 of
{35) A Fab, F(ab'}2, Fv, scFv, a diabody, a linear
antibody, or a multispecific antiboedy derived from
antibodies according to any of (24} to (34);
(36} Any one polypeptide selected from the group
consisting of the following 1) to 20):
1) a polypeptide comprising an amine acid seguence
represented by amino acid Nos. 1 to 118 of SEQ ID NO: 35
in the sequence listing;
2) a polypeptide comprising an amino acid seguence
represented by amino acid Nes. 1 to 119 of SEQ ID NO: 39
in the sequence listing;
3} & polypeptide comprising an aminc acid seguence
represented by amino acid Nos. 1 to 112 of SEQ ID NC: 37
in the seguence listing:
4) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 1 to 112 of SEQ ID NO: 41
in the sequence listing;

5) a polypeptide comprising an amino acid seguence
represented by amino acid Nos. 20 to 468 of SEQ IP NO:
107 in the seqguence listing;

6) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 20 to 468 of SEQ ID NO:

115 in the seguence listing;



(42) The nmethod for inhibiting tumor growth according to (41),
characterized in that the tunor is a tunor expressing EPHAZ; (43) A

pol ynucl eoti de encodi ng an anti body or a pol ypeptide according to any one
of (1) to (36); (44) A host cell transformed with a pol ynucl eoti de
according to (43); and (45) A nmethod:zfPor producing an antibody using a
host cell according to (44). Advantages of the Invention According to

the present invention, a novel anti EPHA2 nonocl onal anti body has been
successfully oﬁiaﬁhéﬂj YRR Sras e tacting & oFuiiiuesiny saretence

phosphorylatlon of EPqﬁg I osi ne, r |due and A and CDC activities
agai nst E %&%?b%%. %%h%%ra%E? hb?nggi %ﬁxﬁgsl%e%%'found t hat
the antib aé g%geé%ent Qtit act|V|ty in vivo. Furthernore, a

pharnaceutlcal conposi %%% or cancé% t r eat ment conpr|S|ng t he anti body has

been provi ded. Bri ezptaqﬁgocérﬂtgtc% O’Eo‘?rf Aihe | l%ad\@@ ngs .o a géj%@elhdgs a di agram

showi ng Wéstern blo esults s omnng he presence o nce of the

activity ofejnducing;the phosphoryd ation of @Hﬂetaffoigt@%e@dues by an
anti - EPHA2 anti body. Figure 1A) is a diagramshow ng the results obtained
in the absemce 0ftige C£O$SahdHKING:- a0dj body, wherein the upper bar shows the
9) a pelypeptide comprising an amino acid sequence
represented by amine acid Nos. 21 to 239 of SEQ ID NO: 91
in the sequence listing;
10} a polypeptide comprising an amino acld seguence
represented by aminc acid Nos. 21 to 239 of SEQ ID NC: 99
in the sequence listing;
11) a polypeptide comprising an amino acid seguence
represented by amino acid Nos. 21 to 134 of SEQ ID NO: 91
in the sequence listing;
12} a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 21 to 134 of SEQ ID NO: 99
in the seguence listing;
13) a polypeptide comprising an aminc acid segquence
represented by amino acid Nos. 20 to 468 of SEQ ID NO:
139 in the seguence listing:
14} a polypeptide comprising an amino acid sequence
represented by amino acild Nes. 20 to 468 of SEQ ID NO:
147 in the sequence listing;
15) a polypeptide comprising an amino acid segquence
represented by amino acld Nos. 20 to 138 of SEQ ID NO:

13

e

in the seguence listing;



25 results for a 4010 anti body, and the | ower bar shows the results for an
anti-EPHA2 antibody (D7). Figure 18) is a diagramshowing the results
obtained in the presence of a cross-|inking antibody, wherein the upper bar
shows the results of a 4010 anti body, “and the | ower bar shows the results
of an anti-EPHA2 anti body (07); Figure 2 is a diagram show ng Western
blotting resul tf&showi thet resence or, absence of the activity of

o%ﬁ—ﬁ& %F%t%%?q%g By VAN | EPHAS ShitGHaly. Figure

. . 4 .
i nduci ng a decrease i

2A) is a di i e tained i he .apsen a
ch)sls-sl i nklk%gfc%%%;ﬁggﬁ‘y??m%%?%% ngﬁ’l&esaﬁggé?& (gagolsﬂé\%vsof hggﬁegﬁl ﬁé for an
anti - EPHAZ: ant { hodye (D4} .and the hcj)%ver bar shows the results for an
anti-13-actin antibody. "Figure 28% i 8" a diagram showing the results

obtai ned in the presence,p@ &4 08Snd A inki Ny &ptgm,amrg%&ér{&\bupper bar
wer

shows the results for an anti-EPHA2 anti body (D7), and the | ar shows
the resul t sepossantantby 13magcdi Acantibodyz: o 2Fbgyresdoi spandi agram
showi ng the presence or absence of the ADCC activity of an anti-EPHA2

anti body aganst Viaeisagueeté lisesngln the diagram "**" represents
P<0.01, and "***" represents P<0.001. Figure 311) is a diagram show ng the
ADCC activity adai risttNDANE23%e ceinry:isFirgureen 38)irics aridi agramrshow ng t he
ADCC activity agai nst A549 cells. Figure 3C) is a diagram show ng the ADCC
activity ab@TRTeRed kel #8ing guke Woss Al diag?ai shoWE@gl P heO presence or
absence of %he_ 000 acti vi tg of an anti-EPHA2 antibody 26 against various
cells. In the df dgranfed%em@e  ehi'edht s PQD. 001. Figure 4A) is a di agram

showi ng t he ctivity of SH348-1 agai,nst NMDA-NMB-231 cells. Figure 42) is
a di agram sh(c):v[\)ngngg £hé CoE AW (" #31 ZGHINTS1* ASUF S Fi gure

Fiaur o 4D) T2 5 G a0t et STouing T he 'CDC HeC1 i Ly b SHaaT 1 dgai nst
MDAMB- 231 ¢el | 5, HIgwe 4R -d ?l?s@ir?% amshowi ng the CDC activity of
SH357-1 agai nst A549 cells. Figure 4F) 1s a diagram show ng the CDC
activity of 5H3%7%- % a@aiRslptRlre3 8lrSising an amino acid sequence
represented by amino acid Nos. 21 to 134 of SEQ ID NO:
131 in the sequence listing;
(37) The mouse hybridoma SH348-1 (FERM BP-10836);
{38) The mouse hybridoma SH357-1 (FERM BP-10837);
(39) A pharmaceutical composition characterized by
comprising at least one antibody selected from the
antibodies according to (1} to (36);
140} A pharmaceutical composition for cancer treatment
characterized by comprising at least one antibody
selected from the antibodies according to {1) to (36);
(41) A method for inhibiting tumor growth in a mammal,
comprising administering any antibody selected from the
group consisting of antibodies according to (1) to (36),

(39), and (40);



Fi gure 5A)
positions,

domai n,
showi ng th

ant i body fqr lgP

a di agram

Fi gure 7B)

is a diagram showi ng EPHA2 donmai n structure prediction and the
in EPHA2, of EPHA2-FCD, FNIII-NC, FNIII-N, and FNIII-C which are
peptides for epitope determnation. In the diagram Ligand-BD represents a
|'i gand- bi ndi ng domain, FN3 represents 2 fibronectin type 3 donain, T™

repr esents a transmenbrane region, Trk kinase repr esents a tyrosine kinase

(ha‘prets

shovm

is a

r epr e§e0%s a_SAM

e 52) is_a diagram

b%%ﬂcén%gbwen%. N A %gwwt@/%w%n%nw EPHA2

PR

Fi 6A) i
M%?Egggﬁgy%urmr acF:\I\glI S F%ggézglslll aggiﬂﬁgt NDAI- %r 331 ) e

cel | -transgkg%gglﬁbchHAQ mce. In the diagram the error bar represents
a standard error 9);

activity of 455—13;429

Figure 7A) is a diagram show ng the binding

cll Qudle PR extsacel | alnf g9iop pol ypeptide;
ag}iam snow ng the bjl;rﬁ%l ng arétl vfi% of SH357-1 to an EPHA2

extracel | upatypegt odepatypepthderc any Fhguse (9) ts azdiagram show ng the
binding activity of Ab96-1 to an EPHA2 extracellular region polypeptide;
Figure 8 id44) di adgram sho ngatdiec tngand thi ndi mgl i bédorye acti vi ti es of
SH348-1, SH357-1, and Ab96-1;

according to (43);,and
(45) A method for producing an antibody using a host cell

according to (44},

Advantages of the Invention

According to the present invention, a novel anti-
EPHAZ monoclonal antibody has been successfully obtained,
which has no activity of inducing the phosphorylation of
EPHAZ tyrosine residues and has ADCC and CDC activities
against EPHAZ-expressing cancer cells. Furthermore, it
has been found that the antibody has excellent antitumor
activity in vivo.

Furthermore, a pharmaceutical composition for cancer

treatment comprising the antibody has been provided.

Brief Description of the Drawings

Figure 1 is a diagram showing Western blotting
results showing the presence or absence of the activity
of inducing the phosphorylation of EPHA2 tyrosine
residues by an anti-EPHAZ2 antibody. Figure 1A) is a
diagram showing the results obtained in the absence of a

cross-linking antibody, wherein the upper bar shows the



Figure 9 is a diagramshow ng that SH348-1 and SH357-1 have an activity of
i nhibiting the ephrin-Al dependent phosbhoryl ati on of EFHA2 tyrosine

resi dues;

Figure 10 is a diagram showi ng the outline of deletion

mutants of EPHA2 for epitope identificaiion; Figure 11A) is a diagram

showi ng the reactivity of SH348-1 to deletion mutants of EPHAZ; G

11B) is a diagr hOMAn tection of the deletion nutants o on
AT B gtr 80k Tapic: bod A

a PVDF menbfa

B gtir © yFl@GPet

reactivity gf

11D
di agr am showi ng EES%O% %ec |Lﬁtofﬂﬁgg gﬁé? n%ﬁﬁfgntgl ?D%Pgﬁbeb%‘%)PbEFa
menbr ane 'Blﬁggéﬁesﬂéan the Eé%%;?slaﬁ%aiﬁF haQE%”‘%Qgé‘n% ?e b|nd|ng
h ul ar 8

activity of

H348- 1 T1 an E extrace regi on

Fi gure

£0) °F'& TaPdiragrancskhb®i ng t he

Fi gure 123krb§sa1@h@9ﬁ@%§hg%ag thgebindi pgeaghibuit %a‘ef s¥1§h‘§4§h% T3 tO a”
EPHA2 extracell ul ar regi on pol ypeptld

results of a 4G1l0 antibody, and the lower bar shows the
results of an anti-EPHAZ antibody (D7);

igure 2 is a diagram showing Western blotting
results showing the presence or absence of the activity
of inducing a decrease in EPHA2 protein level by an anti-
EPHAZ antibody. Figure Z2A) is a diagram showing the
results obtained in the absence of a cross-linking
antibody, wherein the upper bar shows the results for an
anti~EPHAZ antibody (D7), and the lower bar shows the
results for an anti-P-actin antibody. Figure 2B) is a
diagram showing the results obtained in the presence of a
cross-linking antibody, wherein the upper bar shows the
results for an anti-EPHA2 antibody (D7), and the lower
bar shows the results for an anti-f-actin antibody;

Figure 3 is a diagram showing the presence or
absence of the ADCC activity of an anti-EPHA2 antibody
against various cell lines. In the diagram, “***
represents P<0.01, and "***" represents P<0.001. Figure
3A) is a diagram showing the ADCC activity against MDA-
MB-231 cells. Figure 3B) is a diagram showing the ADCC
activity against A549 cells. Figure 3C) is a diagram
showing the ADCC activity against PC-3 cells;

Figure 4 is a diagram showing the presence or

absence of the CDC activity of an anti-EPHA2 antibody



Figure 120) is a diagram showi ng the binding activity of hSH357-1-T1 to an
EPHA2.-extracell ul ar regi on pol ypepti de; Figure 12D) is a diagram
showi ng the binding activity of hSH357-1-T3 to an EPHA2 extracell ul ar
regi on pol ypepti de; Figure 13A) is a diagram showi ng the conpetitive
inhibitory activities of hSH348-1-T1 gl hSH348- 1- T3 agai nst the antigen
bi ndi ng of SH348-1; Figure 13B) is a diagram showi ng the conpetitive
inhibitory activities of hSH357-1-T1 and hSH357-1-T3 against the antigen
bi ndi ng of *&H8BTL 1Various ppgur - 1418) 5 aligicpram Shot ngephesactd vity of
inhibitin E@gggﬁhrin-Al-dependent phosphoryl ati on of EPHA2 tyrosine

resi dues g@

348- ﬁlﬁfr& %!—I@fl%-ai-aliﬁg%ﬁpd.ShOWiW gure 43) is a diagram
of EPUAZ 137 08T he! r¥BTGibe by RSFBBY: TUE v PGHaST 1o Ta. P BBste Nt for
AR L AL ST T G LR el
A549 cells. Figure 4C) is a diagram showing the CDC
activity of SH348-1 against PC-3 cells. Figure 4D) is a
diagram showing the CDC activity of SH357-1 agalnst MDA~
MB-231 cells. Figure 4E) is a diagram showing the CDC
activity of SH357-1 against A549 cells. Figure 4F) is =a
diagram showing the CDC activity of SH357-1 against PC-3
cells;
Figure 5A) is a diagram showing EPHAZ domain
structure prediction and the positions, in EPHAZ, of
EPHAZ-ECD, FNIII-NC, FNIII-N, and FNIII-C which are
peptides for epitope determination. In the diagram,
Ligand-BD represents a ligand-binding domain, FN3
represents a fibronectin type 3 domain, TM represents a
transmembrane region, Trk kinase represents a tyrosine
kinase domain, and SAM represents a SAM domain:
Figure 5B) is a diagram showing the presence or
absence of the binding activity of an anti-EPHA2 antibody
for EPHAZ-ECD, ENIII-NC, FNIII-N, and FNITI-C;
Figure 6A) is a diagram showing the antitumor
activity of 3H348-1 against MDA-MR-231 cell-transplanted
mice;
Figure 6B) is a diagram showing the antitumor

activity of SH357-1 against MDA-MB~231 cell-transplanted



29 In the present specification, the term"gene" is neant to
enconpass not only DNA but also nRNA thereof, cDNA, and cRNA thereof. Thus,
the term"EPHA2 gene" in the present invention enconpasses EPHA2 DNA, nRNA,
cDNA, and cRNA. In the present specification, the term

"pol ynucl eotide" is used in the sane gegnse as a nucleic acid and al so
enconpasses DNA, RNA, probes, oligonucleotides, and priners. In the present
specification, the ternms "polypeptide" and "protein"” are used w thout being
di ff er ent "8t t RBr Eb6t WS XM, ThpnegReprédeersifedEfiscadti on, the term
"cell" al so enconpasses cells in individual animl and cultured cells.

In the pré%éﬁFkggB&qu§nf%ﬁT %Hé term"cell nalignant transformation"
means that cells exhigit abnor nal l.e,..l ose sensitivity to

| h, f.
Contact | nhi bi ERG0 6r EXhib & AHERAFAgS: FHAGe ent Grovich » Caf T ¥
exhi bi 1§ g, such abroraml arowy are seterred to.as seancer cell sl i

t he present” spécification, rotein having equiVv ions to the

cel | malignant -transf eyation agtivity o H%g/ﬁrg %@!él o] aa%i}ﬁf@ﬂz or the

Iike_of EPHAZ is“also referred to “as EP _ e presen
speci fi catdosyddhe it egdngrp@@mréﬁ@ammmw@é@ﬂ@n r;@él%’@é&'icﬁ@?”s t hat

tyrosi ne residues contained in the amno acid sequence of a peptide are
phosphoryl at edri\ether)ori snat divke@sN&howing the binding activity
of AbY96-1 to an EPHAZ extracellular region polypeptide;

Figure 8 is a diagram showing the ligand binding
inhibitory activities of SH348-1, SH357-1, and RAb9%26-1;

Figure 9 1s a diagram showing that SH348-1 and
SH357-1 have an activity of inhibiting the ephrin-Al-
dependent phosphorylation of EPHAZ tyrosine residuss;

Figure 10 i1s a diagram showing the outline of
deletion mutants of EPHAZ for epitope identification;

Figure 11A) is a diagram showing the reactivity of
SH346-1 tco deletion mutants of EPHAZ;

Figure 11B) is a diagram showing the detection of
the deletion mutants of EPHAZ on a PVDF membrane 1n
Figure 11R);

Figure 11C) is a diagram showing the reactivity of
SH35T7~1 to deletion mutants of EPHAZ;

Figure 11D) 1is a diagram showing the detection of
the deletion mutants of EPHAZ on a PVDF membrane in
Figure 11C);

Figure 12A) is a diagram showing the binding
activity of hSH348-1-T1 to an EPHAZ extracellular region

polypeptide;



30 residues are phosphoryl ated can be exam ned, for exanple, based on the
affinity of the peptide for an anti phosphotyrosine antibody (e.qg.,

Ant i - Phosphot yrosi ne, reconbi nant 4GL0 HRP-conjugate . (manufactured by
MI1lipore (Upstate), #16-184)). The tyrosine residues can be determined to
be phosphoryl ated, when the peptide bEAds to the anti body. In the
present specification, the term"ability to phosphoryl ate EPHA2 tyrosine

residues"” refers to an ability to phosphorylate tyrosine residues in the
am no aci d seqderite Sof- 2EPHAS. AWFetREPTOrP 7O Hn Wit iBSd Has the ability to

ncupat | n 16" ot B0y R EFAL Sndt Mt TG L e esenithor
absence of(gig& Jggfiy of the EPHA2 for an anti-phosphotyrosi ne anti body.
In the pré%e pecitication, the phrase "decreasing an EPHA2 protein
expression 'ev%ﬂéﬂﬂﬁﬁﬂ§cﬁhg%f%”dgg A2 proteiin,d evel E&&Hﬁﬁ{eased' Whet her

or not an antibody has an ect o ecreasi ng an E protein |l evel can
be exam negds: fof- exanpleisPy-ineubad ing dhe, antibody. and EPHAZ. apd then
guantifying the HA2 | evel . In the present specification; the term
"EPHAZ |i gandic4efeds; to a substance capabl e of serving as an EPHA2 |igand.
Speci fic exanpl es thereof can include GPl-anchored plasna nenbrane proteins
ephrin-A to ephrgur<AS20Annuala RewigewrofsHNeurros cireneae ndi9es, vol . 21, p
309345) In the present specification, the term"cytotoxicity" refers to
any pat holagiicv change i5Htelts-Tahd o efrersPhivol entyatol ditectreéepjouny but
also to any structural or functional danmage to cells such as DNA cl eavage,
di meri zat itonl Wiehaks®s, chronosonmal breakage, damage of mitotic apparatus,
and decrease inivarioqs enzynme activities. In the present
speci fi cation, & TFerm™ cytorfosiiédaetl WYL Tefdrs IFRATacti%vity that
causes the cyloloXl Clt¥eiyirios of HSH348-1-T1 and hSH348-1-T3
against the antigen binding of SH348-1;
Figure 13B) is a diagram showing the competitive
inhibitory activities of hSH257-1-T1 and hSH357-1-T3
against the antigen binding of SH357-1;
Figure 14A) 1s a diagram showing the activity of
inhibiting the ephrin-Al-dependent phosphorylation of
EPHAZ tyrosine residues by hSH348-1-T1 or nSH348-1-T3;
and
Figure 14B) is a diagram showing the activity of

inhibiting the ephrin-Al-dependent phosphorvlaticn of

EPHAZ tyrosine residues by hSH357-1-T1 or hSH357-1-T3.

Best Mode for Carrying Out the Invention
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In the present specification, the terms "cancer" and

"tumor" are used in the same sense.



In the present specification, A000 is synonynous with anti body-dependent
cel lular cytotoxicity and refers to a reaction through which Fcy
receptor-bearing cells adhere via the Foy receptors to the Fc portions of
anti bodi es bound with surface antigens in target cells and kill the target
cells. An ADCC activity is also refer£éd to as an anti body-dependent
cytotoxic activity and refers to an activity that causes the reaction. The

ADCC activity can ‘t;je measurecd t[))y g&t.hq@s usue}:glé%ldferfqr med by those skilled
in the art and ‘¢an'be HheasireFPFor *&xkamls, “ithg $9*% et hod

descri bed jn paragraph 3)-2 of Examl _i,.n_the pres peci fLcation.

In the pr e%“éan s“p%celE TCH ?Sosnzn?%eoq@eyr %Db%c&*tl%l aﬁgﬁ%oﬁgeﬁf?ﬂ’ .

conpl ementsgependant Gyl abx £idy. A CDC-aGl iVILy wgfers 19 an ot ivity

t hat causes conpl ement - dependent cyt ot dxicity. i'vVity can be
measur ed %@%é%ﬁsﬂ%éﬂtj%{fé{%ﬁsﬁ‘%@m%'ﬂnlugg mm%hec&ﬁz&, and can
be nmeasured, for exanple, according to a nethod 32 described 1n paragraph
3)-3 of Exatplendyin the present specification. In the present
specification, the phrase "having an antitunor activity in vivo" neans

havi ng the act il toheoforarhichi tdprg 101 d=eduei NG Haurayrngr owmt h i n tunor - bearing
ani mal individuals. Wether or not an anti-EPHA2 anti body "has an antitunor
activity i'mpodwolccart doke ' xas uedt byn nethodsrassahsy perdonnetkby t hose
skilled in the art and can al so be exam ned, for exanple, according to the
fol | owi ng afetthod:d anl Hpproprizt s dosdiof Rife, antdBEPHA2 anti body is
intraperitoneally adm nistered as a test substance to tunor cell (e.g.,
MDA- MB- 23 1° )] I Gk fscut Eeo sy RSPt ant ed nude nice (e.g.,

BALB/ cAJcl nu/ nuy; leﬁt ained from CLEA Japan, Inc.), and the tinme-dependent
change in t unorvolGnE 55 SOONPEFEd BErWeeR it e dde™ ce and anti - EPHA2

ant i body- unaOdLn‘i ni st .e(%e,d co%t,rol s. .The anti-EP q.%gt i body, as a test
subst ance dan be deter niHed to “have an anti T Undr AR T vty P n vivo", when

the tumor yolune i.s. significantly smaller in the mce than in the controls.

In the present specificaticon, the term "cell” also
encompasses cells in individual animal and cultured cells.

In the present specificaticn, the term "cell
malignant transformation"” means that cells exhibit
abnormal growth, for example, lose sensitivity to contact
inhibition or exhibit anchorage-independent growth.

Cells exhibiting such abnormal growth are referred to as
"cancer cells".

In the present specification, a protein having
equivalent functions to the cell malignant transformation
activity and/or cell growth activity or the like of EPHAZ
is also referred to as EPHAZ.

In the present specification, the term
"phosphorylation of tyrosine residuss"™ means that
tyrosine residues contained in the aminc acid sequence of

a peptide are phosphorylated. Whether or not tyrosine



Each of the heavy and |ight chains of an antibody nol ecule is known to have
t hree-conpl enentarity determ ning regions (CDRs). In the present
specification, the conplenentarity deternining regions of an anti body are
represented by CDRH1, CDRH2, and CDRR3 for the conplenentarity determning
regi ons of the heavy chain and by CDBEf, CDRL2, and CDRI,3 for the
conplenentarity determ ning regions of the |ight chain. 33 In the
present specifjcation, the term”" e+pi tope" neans an EPHA2 partial_ peptide
havi ng ai tfi G Lan @FOE B RRING oS apatfy Ben Sia0- 1151 am Gal e éter abl y,
manmal s, re preferably m ce or hunens. The epitope as an EPHA2 parti al
peptide h r‘?&Péjﬁjtiﬂgniac“iztlﬁucﬂn Ye dié?té)rerﬁ-l;ﬁ&? Tetthatds-Vel | known by

t hose skil i, art, .suc by, i noassay., and can be determ ned,
f or exarrplﬂeh,%dsggc%d i%r?g“nteo S‘rﬁ’eﬂ?ogq%l oﬁ'%!’m%&dﬁno%/ﬁﬁ%wli?asﬁpbem parti al
struct ures. of ERHAZ .are; pr epar ed., For, Lhe preparation, of, the jpard.ial
structures, ol 1 gopeptide synthesi sj t'echni gues known in the arlt “can be used.

For exanpl gip 8 -8/ es10f- 13equent irakl ¥ sharter -paliypeRt idesef appropriate
|l engths fromthe C or N-term nus of EPHAZ is prepared using a gene

reconbi natdeai: hgchil que paeldhderow o ddmserskd [ded ddbdhe afithqsThen, the
reactivity of the antibody to these polypeptides is studied. A recognition
site i s roughlhe detetxdyed, and shorter peptides are then synthesized. The
reactivity to these peptides can be studied to thereby determ ne the
epi tope. 1. Regar dhngrEPHA2( EpcERHAR2gene, the tEher Mucliédtiydecsequence of
the EPHA2 gene and the anmino acid sequence thereof are recorded as EPH
r ecept or JaphcanBatie EACEEs S0P NS INVM100¥4dT wnie NP 1004422,
respectively). Mreover, the nucleotide sequence of an open reading frame
(OFF) in tHhe EPHAZ Og&he SR Jes 1D ed 97 ‘SEQ AT NG ith e addifence
listing. The am no acid
9 2Ccid seguence of}%PHAZ. Whether or not an antibody has
the ability to phospheorylate EPHAZ tyrosine residues can
be determined, for example, by incubating the antibody
and EPHAZ and then examining the presence or absence of
the affinity of the EPHAZ for an anti-phosphotyrosine
antibody.
In the present specification, the phrase “"decreasing
an EPHAZ protein expression level" means that an EPHAZ
protein level 1s decreased. Whether or not an antibody
has an effect of decreasing an EPHAZ protein level can be
examinad, for example, by incubating the antibedy and
EPHAZ and then cguantifying the EFHAZ level,
In the present specification, the term "EPHA?
Ligand" refers to a substance capable of serving as an
EPHAZ ligand. Specific examples thereof can include GPI-~
anchored plasma membrane proteins ephrin~Al to ephrin-2A5

(Annual Review of Neuroscience, 1998, vol. 21, p. 309-

345) .



sequence thereof is described in SEQID NGO 2 in the sequence |isting.

In this context, EPHA2 al so enconpasses proteins which consist of an am no
aci d sequence derived fromthe EPHA2 am no aci d sequence by the
substitution, deletion, or addition of one or nore am no acids and have an
equi val ent biological activity to thatjof this enzynme. (2) Cancer
site-specific expression of EPHA2 gene The EPHA2 gene has been
reported to be highly expressed in nmany cancers, particularly, breast
cancer, esophagis té&ne&esprostratce idanddon gasta itewancer, non-smal | cel |

| ung cancer, colon cancer, and glioblastoma nultiforme. Specifically,
t he expressigrPievielof” EFHART$ n“eathy del tharmil b¢ @aehoti Ssuesean be
measured to thereby determne the state of nalignant transformation and/or
cancer celarm%rl%ﬁfvcteﬁst REtE ¢t et At Bt e 108 EPHAR dYET - X pidssion in test

subj ect s. i Mor.eover, . a substance that,_inhibjts the expression |evel
and/ or ac‘t?itvjﬁ(i;uol?alElf'i—*lAZf%%t]a%naa‘ct%\‘ﬁ‘?%{/e of i(ﬁ?\fjo? tThy cef | &ﬁzﬁl i gnant

transf or malion, A of: ancer. cel o notd, atty Lol ed, 10 FEHEG. Thus,

test substances ‘ar'e contac =" expr essing cel1$7"ahd a subst ance

that inhi biksdde expressi on.deyel. and/og aglivllye of , Eip,gan be sel ect ed

to thereby scrieen for an antitunor substance. context, siRNA
agai nst E {enhi bistvs tERHA2 expression and can be used as an antitunor
agent. The 5

In the present specification, the term "cytotoxic

activity" refers to an activity that causes the
cytotoxicity.

In the present specification, ADCC is synonymous
with antibody-dependent cellular cytotoxicity and refers
to a reaction through which Foy receptor-bearing cells
adhere via the Fcy receptors to the Fc pertions of
antibodies bound with surface antigens in target cells
and kill the target cells. An ADCC activity is also
referred to as an antibody-dependent cytotoxic activity
and refers to an activity that causes the reaction. The
ADCC activity can be measured by methods usually
performed by those skilled in the art and can be measured,
for example, according to a method described in paragraph
3)-2 of Example 3 in the present specification.

In the present specification, the term "CDC" is
synonymous with complement-dependent cytotoxicity. A CDC
activity refers to an activity that causes complement-
dependent cytotoxicity. The CDC activity can be measured
by methods usually performed by those skilled in the art

and can be measured, for example, according to a method



si RNA agai nst EPHA2 can be produced by: designing, based on the nucleotide
sequence of EPHA2 nRNA, RNA consisting of a partial sequence of EPHA2 nRNA
(sense RNA) and RNA consisting of a nucl eotide sequence conpl enentary to

t he nucl eoti de sequence of the RNA (antisense RNA); synthesizing the RNAs
by a chem cal synthesis method known per se in the art; and hybridi zing

both the ohtained As. Lt LS géeéﬁrﬁed tﬁat a sequence of one or nore
nucl eoti des cal 8§ an"oVeFRdhg 8edlencetshdaMi+Be-bétind EoPEREEEE- end of
each of thgpgg@§§cg@gogntisense RNAs constituting the si RNA. The over hang
sequence is not particularly limted as long as it protects the RNA from

nucl ease. Any seguensce.of - preferably. 0, r eferably 1 to 4, even
nore preferably 2 nucﬁ%ot?des %%n el%%%%?4?.t nt?%%%@eag%?%%?géﬁﬁAz (D)

Preparati oanef tanbi9entivityExanplesnof.anti geps,forobtaining the anti body
of the present inventionvégginst EPHA2 %an inclu% Eh?u%??FEEthQ%

pol ypepti denbibEPHAZ andrpactial pokhypepiodes thereqbrapd,cangnore
specifically include a full-length polypeptide of EPHA2 and preferably an

EPHA2 ext eacebluladivediehspolWpeptddesf consiat iavg: ofe@mram no aci d
sequence represented by amno acid Nos. 1 to 534 of SEQID NO 8 in the
sequence | #8tiRg)y Nore preferablyoan partvatypohypeptl deaof bkhe EPHA2
extracel lul ar region poigpeptide conprising an am no acid sequence

repr esent e8*BE By Ak Rotaeid Wosallipertbi 68 dfbBEQ OB NSKiBlen the
sequence I%sting even nore greferably,a parti al polypeptide of the EPHA2
extracel | ubaF 7EGi BT poRy bt des coRpFIRFhg BRT apk W0 Aei dasequehce

represented b ] acid Nos., 439 to 534 of SEQID NO 8 in the sequence
listing, and %%%?%g %%%%n%bT%F?%%'b@naﬁﬁ$ﬁ%95ha5?b@??%r?faﬁh%oa%%%d

sequence ofpfSaLl efoLo | hepe seguences. . Pt it exampl es thereof can

i ncl ude pol ypepti des consisting consecu no° ati d sequences

of at leas&e@tagﬁﬁgtéﬁégst@ngwﬂ§fiXQELV?Q.@géﬂ%ﬂ%g%Qyz§9dég?%ﬁﬁ arbitrary

am no acid sequence or a carrier to these . this context,

the EPHA2 fwhdutengtihs pol ypepihden 0fq thesparidal (ePP%YPe@AiQFéAEré‘fI eof used
as an antigen can be obtained by causing the EPHA2 gene or genes of the
partial pohyfrept icesaigeder expressedripahosin€el | sahy gepetigeengi neering.

dependent change in tumor volume is compared between the

nude mice and anti-EPHA2 antibody-unadministered controls.

The anti-~EPHAZ antibody as a test substance can be

determined to "have an antitumor activity in vive", when

the tumor volume is significantly smaller in the mice

than in the controls.

Each of the heavy and light chains of an antibody

molecule is known to have three compilementarity

cdetermining regions (CDRs). In the present specification,

the complementarity determining regions of an antibody

are represented by CDRH;, CDRH,, and CDRH; for the

complementarity determining regions of the heavy chain

and by CDRL;, CDRL;, and CDRL; for the complementarity

determining regions of the light chain.



EPHA2 can be directly purified, for use, fromhuman tunor tissues or tunor
cell s:. Moreover, the EPHA2 full-1length pol ypeptide or the parti al

pol ypepti des thereof can be synthesized in vitro or obtained by causing
host cells by genetic engineering to produce the pol ypepti de. In the
genetic engi neering, specifically, gedé&s encoding EPHA2 or parti al

pol ypepti des thereof are incorporated into vectors capabl e of expressing
the EPHA2 or partial polypeptides thereof, and the EPHA2 or parti al

pol ypept i des tﬁélréig‘ﬁ O&7 BReN SPE “dyAHdsiFed He &8 UtST E6ht ai ni ng
enzynes, substrat esq%%g%d; enerqy, 37 Substances necessar ) for trgnscri ption
and tr ansPatT6n = RIS T ST |2 U RET: B okar Yot oa 6
eukaryot es, £an r ansf or . 1 herewi t.h an sed _t.o express. the EPHA2 or
partial po y‘pep%)qeed%elsca]t%rler{gsgt‘%)yolb g%ﬂ%%esd’dg%aﬁlu@?%%r%m’eiWﬁm&fs’ cDNA of
the parti gl | y.pept i f. . é—l@%: e. obt-ai.ned,. .f I a

so-cal | ed%lpoo%r%r ase C aﬁfrﬁnlr eact i gﬂﬂ?ﬁtﬁ%f ei ﬁglfet %%,ltrog);ee%i%g%t gEPas "PCR")

met hod i n whichy PGR{see: Salking RiCigats @ey Svczir?r!:?e_? {d988) 1 239 v P-

487-489) i's perfornmed usi ng EPHA2- expressing cDNA |ibraries as tenplates
and pri ners=1spead fical | yhamldf yHg: ERHAZ 1GINA or IINA; encogdiag the parti al

pol ypepti de. Exanples of in vitro pol ypeptide synthesis include, but
are not |img teed tnogurtdees Rapi erlt ansl atd ofeSystiemnmd | G r newafecs ur ed by
Roche Di agnostics Corp. Exanpl es of the host prokaryotic cells include

Escheri chisceoidirand-Bavid |1l lsubtnd et Tod tirangform theseudhost cells with
the gene of interest, the host cells are transformed with plasm d vectors
conpri si nP& Tepl i Toniciures of ddpificaiormiajar. addra Shegul at ory
sequence derived froma_species conpatible with the hosts. Mreover, it is
pr ef er r ed RAFRE ETel Ve ctlor's S AU d-have- @ Setifshe & + et et depar t

phenot ypi c_character_ (cPhe,not selectivity to the transforned cells.

The host eUKAryotit cetts § cdt | S0t Vert®hridt 655 nsééts, yeast,
and ihe likgan 0l exampl £, ke, O £011 5 LB MRN8 23 b
appropriate lengths from the C- or N-terminus of EPHAZ2 is
prepared using a gene recombination technigue well known

by those skilled in the art. Then, the reactivity of the
antibody to these polypeptides is studied. A recognition

site is roughly determined, and shorter peptides are then
synthesized. The reactivity to these peptides can be

studied to thereby determine the epitope.

1. Regarding EPHAZ

(1) EPHAZ gene

The nuclectide seqguence of the EPHAZ gene and the
amino acid seguence therecof are recorded as EPH receptor
AZ in GenBank (Accession Nos: NM 004431 and NP 004422,
respectively). Morecver, the nucleotide sequence of an
open reading frame (ORF) in the EPHAZ gene is described

in SEQ ID NO: 1 in the sequence listing. The amino acid



38 ATCC CRL-1650), nouse fibroblasts NIH3T3 (ATCC No. CRT,- 1658), and

di hydr-of ol at e reduct ase-deficient strains (Ulaub, G and Chasin, L.A,
Proc. Natl. Acad. Sci. USA (1980) 77, p. 4126-4220) of Chinese hanster
ovarian cells (CRC cells, ATCC COL-61) are often used as the vertebrate
cells, though the vertebrate cells ar&4not limted thereto. The
transformants thus obtai ned can be cultured according to standard nethods
and are able within the culture to intraceLéula;ly or extracellularly
produce t RE-POTYReRtiTREe 1Rt STestiosd it Ahaar diiased i Ehe culture can
be sel ecte ppropriately according to the adopted host cells from anong
vari ous ne%?@?%%%%i%@?@l%%éd. For Escherichia coli, for exanple, an LB

T Pt MRPISIBALEE M A0 A Lo d e G AIRLEL LT o

wi
| PTG can be used. reconbi nant protein intrace

extracel | uparky pgoduced, by, t he tsansf of neat s i At @rwég%ﬁoﬁ%@e

separated and purified by various separation procedures known in the art

using the physe cahips operdi esguehesical « ps opertiesy: 0bnt hgal bke 0f the
pr ot ei n. The procedures can be exemulified specifically by treatnent

Wi th usualcprotel hidpt esf pprant s, matd rafihs ratiap, avarheuws Lhquid
chromat ogr aphy techni ques such as nol ecul ar si eve chromat ography (gel
filtrati ongguadsbept iohothy ormt ographytyion- exehangetchs oemtogeaphy, 39

{2) Cancer site-specific expression of EPHAZ gene

The EPHAZ gene has been reported to be highly
expressed in many cancers, particularly, breast cancer,
esophagus cancer, prostate cancer, gastric cancer, non-
small cell lung cancer, colon cancer, and gliocblastoma
multiforme.

Specifically, the expression level of EPHAZ in each
cell and/or each tissue can be measured to thereby
determine the state of malignant transformation and/or
cancer cell growth that can be attributed to EPHA2 over-
expression in test subjects.

Moreover, & substance that inhibits the expression
level and/or activity cof EPHA2 has an activity of
inhibiting cell malignant transformation and/or cancer
cell growth attributed to EPHAZ.

Thus, test substances are contacted with EPHAZ-
expressing cells, and a substance that inhibits the
expression level and/or activity of EPHAZ can be selected
t¢o thereby screen for an antitumor substance.

In this context, siRNA against EPHAZ inhibits EPHAZ

expression and can pe used as an antitumor agent. The



affinity chromatography, and hi gh-performance |iquid chromatography (HPLC),
di al ysi s, and conbi nati ons thereof. Mor eover, the reconbinant protein
to be expressed can be linked to 6 histidine residues to thereby
efficiently purify the resulting protein on a nickel affinity colum.

By conbi ni ng these nethods, the pol ypeptide of interest can be produced
easily in large amounts with high yields and high purity. The anti body

of the pres nventLou he obtalned nmuni zi ng aninmals with the
anti gen acc%&é RGEa Sandard meth&d &‘rﬂyéolqye'ctﬁi?%l%?ﬁq%od?ae%ecpr oduced

in vivo, OglkQ@e%UQMEQHIIfI%gkh%gcﬁpﬁAzEkgﬁspﬁgéﬂx Q{lbo éﬁg#§9u0|ng cells
Wi

t hat produce the antibody again are’f

accor di ng t=0 ;a he - ( St Nat ur e
(1975) 256 p D%gtg%%%%%ﬂ%ntﬁet m%[gpz %Egl%égc}lf onaﬁmﬁnt |Tboc§§\!&
365-367, Pbarum:Presss N Yu01980h: rs@qtu@%rc%bkcg@ aé}%érgg%w 49 OS, “from

whi ch nDnocIonaI antlbodles can al so be obtai f

ant i - EPHAZuroRe¢ligrals canteiredy £ the Bxamles ioferant ihpdi.es which
specifically bind to EPHA2 can i ncl ude nonocl onal ant i bodi es whi ch

speci f i caklythiend zt.o gEREA2 RNAsmetyhad chetiokiiaisimghddie antdrbedi es is as
descri bed bel ow. For nonocl onal anti body production, the follow ng
process i snhg@nepall yer equithedart40and hybridizing both the

obtained RNAs. It is preferred that a sequence of one or

more nucleotides called an overhang seguence should be

bound to the 3'-end of each of the sense and antisense

RNAs constituting the siRNA. The overhang sequence is

not particularly limited as long as it protects the RNA

from nuclease. Any sequence of preferably 1 to 10, more

preferably 1 to 4, even more preferably 2 nucleotides can

be used.

2. Antibody against EPHAZ

(1} Preparation of antigsen

Examples of antigens for cobtaining the antibody of
the present invention against EPHAZ can include a full-
length polypeptide of EPHAZ and partial polypeptides
thereof and can more specifically include a full-length
polypeptide of EPHAZ and preferably an EPHAZ
extracellular region polypeptide (consisting of an amino
acid sequence represented by aminc acid Nos. 1 to 534 of
SEQ ID NO: & in the sequence listing), more preferably a
partial polypeptide of the EPHAZ extracellular rsgion

polypeptide comprising an amino acid sequence represented



(a) the step of purifying biopolynmers used as anti gens, (b) the step
of immnizing animals with the antigens through injection, then collecting
bl ood fromthe aninmals, assaying the antibody titer thereof to determ ne
the timng of splenectony, and then preparing anti body-producing cells,

(c) the step of preparing nyeloma cel B§ (hereinafter, referred to as

"myel omas"), (d) the step of performng cell fusion between the

ant i body- producing cells and the nyeloma _ e) the step of selecting
a hybri dord Grodp ehac ?rogduéezis%e (b 2ot | ody of 1 Ater et end (f) the
step of diyvi di.ng At i.ngl | I, 0 Cl.Qni , : (g) the step of
cul turing S;éﬁgl”ﬁ%gr i %r@'sn ’or%\%?loé[}?%!en e%of(r??gl%d“r}gl@ St es in | ar ge

anount s OF. r~ai-Si Fd ~t anj ’ r.di
pol@r’p%p%gd@yl&(ﬂh%%{@ﬁ Fhans pl.ant.ed 1ani el ey éﬁ%%ﬁéﬁlde

circunstances, = e step of studying the bioa s and
bi ndi ng speeifiiGisticesroktihe mneclenalerant ilodias hus pfoduced or
assayi ng properties as | abeling reagents, etc. Hereinafter, the

met hod f orzcprepalsi.ng 3wonrecisonalo fartEchadi e :wid l1iberdesesdbed-d n detail in
line with these steps, though the nethod for preparing antibodies is not
limted theretog,Fandexanlve,: iarts ady-ipreadici ngicheld ssrotdheridhan, spl eni c
cells and nyel omas can al so be used. (a) Purification of antigens
amino acid seguence or a carrier to these seguences.
Further examples thereof can include polypeptides
censisting of consecutive partial amino acilid seguences of
at least 6 amino acids and derivatives obtained by adding
an arbitrary amino acid sequence or a carrier to these
seguences.
In this context, the EPHAZ full-~length polypeptide
or the partial polypeptides thereof used as an antigen
can be obtained by causing the EPHAZ gene or genes of the
partial polypeptides to be expressed in host cells by
genetic engineering.
EPHAZ can ke directly purified, for use, from human
tumor tissues or tumor cells. Moreover, the EPHAZ? full-
length polypeptide or the partial polypeptides thereof
can be synthesized in vitreo or obtained by causing host
cells by genetic engineering to produce the polypeptide.
In the genetic engineering, specifically, genes

enceding EPHAZ or partial polypeptides therecof are

+1

PHAZ

[

incorporated into vectors capable ¢f expressing the
or partial polypeptides thereof, and the EPHAZ or partial
pelypeptides thereof can then be synthesized in a

solution centaining enzymes, substrates, and energy



4] EPHA2 or partial polypeptides thereof prepared by the nmethod as
described above can be used as anti gens. Mor eover, partial peptides
of the protein of the present invention, which are chem cally synthesized
usi ng nmenbrane fractions prepared from EPHA2- expressi hg reconbi nant somati-c
cells or .the EPHA2-expressing reconbi ieéht somatic cells thensel ves
according to a nethod well known by those skilled in the art, can al so be

used as anti eﬁs. %b) Preparation ofwantibody:groducing cells, The
anti gens o%fg? BUCTR BTEp taf Y ar8E nx80® W tiA- A0} uvant STRBFE2kABHN by t hose

skilled i”Ai@?rﬁé%ivé?%,e%SQPl8%*ESUB%65 %%#négggggle e Freund' s adjuvants,

i .
or other auxiTraries suth as potassium a ¥Yate® 8hd experimental

ani mal s ar e, gEyBL Zed.uh L, Lhese, Lamoaoens, A0l ML s, used. LA hybri dom

preparation methods known in the art can be use he~experinment al
ani mal s “ﬂéﬁ@ﬁés@r@@éeﬁﬁﬂA§p§§'ﬁ&E@ﬁ%%’p$9§p§%?ﬂB£§’tﬂéggofrégs’ goat s,

sheep, cow, and horses can be used. wever ce or rats are preferably

used as thepanifetisst@=heréanynbzed, . fromthe viewpoint of the easy
availability or nmyeloma cells to be fused with the extracted

ant i body- producim@p cel lihe etamtial pdvbpRoMerde tde timeages, of-the nice and
rats actually used are not particularly limted. For exanple, nouse
| i neages suchaase@d, AKR eBihEle, EDP: 8AcLE «C3bh167BLasE57BRinC57L, DBA"
HTH, =1, LP, NZB, NZW RE, R IIIl, 42
. reaction (hereinafter, referred to as "PCR") methed in
which PCR ({see Saiki, R.K., et al. Science (1988) 239, p.
487-489) is performed using EPHAZ-~expressing cDNA
libraries as templates and primers specifically
amplifying EPHAZ cDNA or DNA encoding the partial
polypeptide.
Ezamples of in vitro pelypeptide synthesis include,
but are not limited to, the Rapid Translation System
(RTS) manufactured by Roche Diagnostics Corp.
Examples of the host prokaryetic cells include
Escherichia coli and Bacillus subtilis. To transform
these host cells with the gene of interest, the host
cells are transformed with plasmid vectors comprising a
replicon, i.e., a replication origin, and a regulatory
sequence derived from a species compatible with the hosts.
Moreover, it is preferred that the vectors should have a
sequence that can impart phenotypic character (phenotype)
selectivity to the transformed cells.
The host eukaryotic cells encompass cells of

vertebrates, insects, yeast, and the like. For example,

monkey COS cells (Gluzman, Y. Cell (1981) 23, p. 175-182,



SJL, SWR,

from for
Japan, In
| i neages,
pr ef er abl
conpat i bi
havi ng a
aut oi nmun
antigenic
preferabl

i muni

WB, and 129 and rat |ineages such as Low, Lew s, Sprague-Daw ey,
-Ad, BN, and Fi scher can be used. These mce and rats can be obtai ned
exanpl e, experinmental aninmal growers/distributors such as CLEA

c. and Charles River Laboratories Japan, Inc. O these

t he nouse BALB/c |ineage and&the rat Low |lineage are particularly
e as the animals to be inmmnized, in consideration of fusion

| it mnth nyelona cell's as described |ate Mor eover ,

|mﬁmﬁﬁh&ﬁ%ﬁ¥ﬁﬁ%ﬁ%ﬁﬂ$M%%@éﬁw£R~L

m ce

ease re.als o pre qLabI d in consideration of the
|bng£2§§§%§$ % ?ﬁ%ﬁ? ‘?Hﬁ%e Hiice''oF rats are

B o U

zat'ion & T Ui Zdt i on of

the time

or the

fﬁ“’?ﬁ'r Xl &, G E DM, antibook o EXperi tenial Tl 2%%%% it T'J‘"

0 U I I
and Mayer,

Springfielgs1ld) inalisgH 1964)vLateheusatdhils ardfndihessyd vamni zation

met hods,
illustrat

Blrackwel |5 Scicent idd e Publd.cations, Qdord (4987 ~and.

\V/\Y/ Experlnental | mmunochem stry, Charles C Thomas Pu |sher

a nethod preferable in the present invention is specifically

ethsas=tdescri bed bel ow. 43

The transformants thus obtained can be cultured
according to standard methods and are able within the
culture to intracellularly cr extracellularly produce the
polypeptide of interest.

A medium used in the culture can be selected
appropriately according to the adopted host cells from
among varicus media routinely used. For Escherichia coli,
for example, an LB medium opticnally supplemented with an
antibiotic (e.g., ampicillin} or IPTG can be used.

The recombinant protein intracellularly or
extracellularly produced by the transformants in the
culture can be separated and purified by various
separation procedures known in the art using the physical
properties, chemical properties, or the like of the
prcoctein.

The procedures can be exempiified specifically by
treatment with usual protein precipitants,
ultrafiltration, various liquid chromatography technigues
such as molecular sieve chromateography (gel filtration),

adscrption chromatography, ion-exchange chromatography,



Specifically, the nenbrane protein fractions used as antigens or
antigen-expressing cells are first admnistered intradermally or
intraperitoneally to the ani mals. However, the conbi ned use of both of
the adm nistration routes is preferable for enhancing inmunization

ef ficiency. Inmmunization efficiency c&8% be enhanced particularly by
performng intradermal adm nistration in early inmmunizations and perform ng
i muni zations or_only in the |ast

intraperit al. administration in |at

|rmun|zat|"adtﬂEe nity ﬁﬁﬁ?@ﬁﬁﬁ?ﬁ%ﬁq%ﬂﬁ%ﬁgé%%&ﬁﬁﬁ%r ?rm%%g%n%?%bﬁg differs
dependi ng Qn the type of nals 0 be lnnun t he individual
dlfferences"tn?aafféocglp é?% ﬂ?ﬂ“”dnulal NS are ¢ ge e?%??yn%ﬁﬁ?%? gg?eﬁogt 3to 6
doses preferabb&g@bé%xthg @%%%ﬁgqggg%mﬁ%oggyetﬁgg% {§(§ to 4 doses

at 2- to 4-wee ntervd reover, the dose an I'gens differs

dependi ng o, the 1ype.ofrani mls,; dhe '%MU@ LQIM&E%GS thereof, etc.
and is generally of the order of 0.05 5 ny, prefera Ty 0.1to 0.5 ny.

boost er i seperdoimed, Io40: 6, waeks-d @Jﬁhn@r@}@*@b&yo@ 4o f-yeeks later,
nore preferably 2 to 3 weeks later, fromsuch antigen adm nistration.

In this com®xiitt heodese. of the antlgens in the booster differs depending
on the type of animals, the size thereof, etc., and is generally of the
order of 0.05 B44 combEmpng prhefer alslty:c@isl t:hied. o lnmpepmorde preferably 0.1 to
0.2 ng, for exanple, for mce.
interest can be produced easily in large amounts with
high vields and high purity.
The antibody of the present invention can be
obtained by immunizing animals with the antigen according
to a standard method and collecting antibodies produced
in viveo, followed by purification.
Moreover, antibody-producing cells that produce the
antibody against EPHAZ are fused with myeloma cells
according to a methed known in the art (e.g., Kohler and
Milstein, Nature (19735) 256, p. 495-497; and Kennet, R.
ed., Monoclonal Antibedies, p. 365-3&67, Plenum Press, N.Y.
(1980)) to thereby establish hvbridomas, from which
monoclonal antibodies can alsc be obtained.
(2} Production of anti-EPHAZ monoclonal antibody
Examples of antibodies which specifically bind to
EPHAZ can include monoclonel antibodies which
specifically bind to EPHAZ. A method for obtaining the
antibodies 1s as described below.

For monoclonal antibedy producticn, the following

process 1s generally required:



1 to 10 days later, preferably 2 to 5 days later, nore preferably 2 to 3
days-l-ater, fromthe booster, splenic cells or |ynphocytes containing

ant i body-producing cells are aseptically extracted fromthe aninmals to be

i mmuni zed. In this procedure, their antibody titers are neasured, and
animals having a sufficiently increasdd anti body titer can be used as
sources of antibody-producing cells to thereby enhance the efficiency of

t he subsequent pr\ogq:jdures. _ Exanpl es of methods for neasuring the
antibody titers UsedthéEre &t A udd, Dt WL M5HT etF9h, 2RI A and El | SA
The anti bodr}/tjgi ter neasurenent according to the present invention can be
per f or med aby Otedures as described bel ow, for exanpl e, according to

ELI SA. First, .th rifd Rartiall. urif.i.ed antigens are

adsor bed onto ﬁ?@ i gsé:%%ofﬁa%g%q%ln&p%hnadsgans%% “as’ 96- ates ' ¥ or

ELI SA. Fur o i unagsor ' ase s Ce LS d wth
prot ei ns u%%%gl?%é‘gt %%g'ntl Qens,ﬁ%%%&%”é?g%oﬁ%@ ngé%uﬁﬁg%%%gm n
(her ei naf tarsa Faieraied 4:0- 85:dBSAJer Thes sak f aces ar g-ywashed, and then
contacted with serially diluted sanples (e.g., nobuse serum as primary

ant i bodi es:isuichy tdatsd hen edtddpdi 254 | théhe, sappt es; aie- bospd-to the
antigens. 45 Furt hernore, enzyne-| abel ed anti bodi es agai nst the nouse
ant i bodi essmarai@dded:-4her et o as secondary anti bodi es such that the
secondary anti bodies are bound to the nouse antibodies. After washing,
substrates forlchéhrenaee arfe radded trhereto, cramd;eIbs  Exanpl ez fthe, change

i n absorbance caused by col or devel opnment based on substrate degradation is
measur ed t5¢ Hersbyt cal culste @ms body titers. The anti body- produci ng
cells can be separated fromthese spleen cells or |ynphocytes according to
met hods known if't héCart-ePe O, PERSMEH ¢t ALl INetidre QEL975: 2868 p. 495;
Kohler et al., Fur. J. Inmmnol. (1977 , p. 511; MIstein et al., Nature
(1977), 2@6{“&0%5‘6?1?%%%‘1 sﬁﬁl%\%tiﬂgé,tq?%ﬁ%f%r p. 495). For

exanple, for t spleen. cells, a-.general thod can be adopted, which
i nvol ves cutti Rg)t ﬁg%cg’ltleg i%&%%ﬁ“&&? af”ﬁytbe‘r]icﬁjﬁlat Wéfﬁ”tpnr%‘@dth a stainless
nmesh, and ﬁﬂ?}%ﬁ(ﬁz%oa&?é ing. -tg@df@g hady: produci ng cell's therefrom by

Eagl e essent i

floating in s mnina ential medi Um ( MEN).
(f) the step of dividing intc single cell clones

(cloning),

(g) the step of culturing the hybridomas for
producing mencocleonal antibodies in large amounts or
raising hybridoma-transplanted animals, according to
circumstances,

(h) the step cf studying the bicactivities and
binding specificities of the monoclonal antibodies thus
produced or assaying properties as labeling reagents, etc.

Hereinafter, the method for preparing monoclcnal
antibodies will be described in detail in line with these
steps, though the method for preparing antibedies is not
limited thereto. For example, antibody-producing cells
octher than splenic cells and myelomas can also be used.

(a}) Purification of antigens



(0) Preparation of nyeloma cells (hereinafter, referred to as "nyel omas")
Myel oma cells used in cell fusion are not particularly limted and can be
sel ected appropriately, for use, fromcell strains known in the art.
However, HGPRI (hypoxant hi ne-guani ne phosphori bosyl transferase)- deficient
strains for which selection nethods hédve been established are preferably
used in consideration of convenient hybr donma selection fromfused cells.

46 Speci fi.c . exanmpl es _t hereof .i ncl ude; se-derived X63- Ag8 (X63),
NS1- ANS/ 1 (NSl??’ﬂ%% R UR ﬁ?&f}“,epgkéﬁ-e% SFEP N TR 50/ 0- Agla
(SP2/0), - '4“'?§§%f7‘44 114G, .. 5149/.5XX0 nd BU 1; rat-derived
210. RSY3. 2%%.]“‘?%0 : da“nsdg’%%r??%-acfgﬁ%“aarbf%%Aﬁ?%K%%oaf}?i%iﬁ%oo. GTG Al 2
(GML500) | U072058.0LLCR LONHM2 WAL and B226ARNRA-L (MRA1).

These HGPRT-dechanF ét?arné can ?e 0 Fa?ﬁeé§%$ m %%ﬂp'é%éﬁbee, Areri can
Type Cul t yre <Gold e¢hicon (ATCOhich ardhess.cell: stLains.are.subcyltured in
an appropriate nedium for exanple, an 8-azaguani ne nedi um | RPM - 1640

medi um suppherrented Addi G Utand ges « 2- e aptget hanels s gent ami ci n, and
fetal bovine serum (hereinafter, referred to as "FBS') and further

suppl ementred:omttim Brtazagusaninels 1 an discove' s ivoth & ede £31 becco’' s Medi um
(hereinafter, referred to as "IMDM'), or a Dul becco's Mdified Eagl e Medi um
(her ei naf trercomefrenyte & cnee taiss "GNEM' )t raamtb sslubeul dareddimg acaor mal  nmedi um

[e.g., an ASF104 nedi um (manufactured by Ajinomoto Co., Inc.) containing
10% FBS] a4l dgys bBefoore welihdamsionl g the oy oft f usioiml2x107 or
nore cells are secured. (d) Cell fusion Fusi on between the

ant i body- prodiF&ihg Sc &S ST t he nyel oma cel |'s can be perforned
appropriately reduce the cel

survi val rates?ng%ngggé%hggié%ﬂ%%@ggﬁ%%%ﬁ%gaﬁaidgﬂéa%iﬁy, Wir, D.M,
pandbook. of (ExPRL! TROLALLMINNGLoRh YRl cbp ) Ll nBlBPkHRL! Seientific
adjuvants well known by those skilled in the art, for
example, complete or incomplete Freund's adjuvants, or
other auxiliaries such as potassium aluminum sulfate, and
experimental animals are immunized with these immunogens.
Animals used in hybridoma preparation methods known in
the art can be used as the experimental animals without
problems. Specifically, for example, mice, rats, goats,
sheep, cow, and horses can be used. However, mice or
rats are preferably used as the animals to be immunized,
from the viewpecint of the easy availability of myeloma
cells to be fused with the extracted antibody-producing
cells, etc.
Morecover, the lineages of the mice and rats actually
used are not particularly limited. For example, mouse
lineages such as A, AKR, BALB/c, BDP, BA, CE, C3H, 57BIL,

CS57BR, C57L, DBA, FL, HTH, HT1, LP, NZB, NZW, RF, R III,



47 Oxford (1987); and Kabat, E. A and Mayer, N M, Experinental

| mmunochem stry, Charles C Thomas Publisher Springfield, Illinois (1964)).
For exanple, a chem cal nethod which involves nmixing the antibody-producing
cells and the myelonma cells in a high4€oncentrati on polymer (e.g.,

pol yet hyl ene glycol) solution and a physical nmethod which uses electric

stimulatio c e ed h t hods,. O _t hese t hod t chem cal
net hod is g%%ti |%h]$%’e§@%p??$i%n a5 des T hed” belo, > f(’)W'Sp citically,

when pone%ﬁyé&ggaf%yy I’iﬁcy§egﬂg§“%ﬂ%§§%§§%ig%%qgﬁhﬁggiconcentration

pol ymer solution, e anti body-producing c e nyéeloma cells are

m xed in a sol utican ofi Rolyet dene gl yeolophauing ami ecal.ar wei ght of
1500 to 6000, preferably 2000 to 4000, at a tenperature of 30 to 40C,

pref er abl ye3dnt e 38Gpd O/ mdnt £1 10, AUt ESowF &f &F Bt Yo b § 8s Ssdmutes. (e)
Sel ection of hybridoma group A nmet hod for selecting the hybridomas

obt ai ned byLEhelaedd, fust onans Ciodr peas thiowdarlaodiat ¢ etes angban HAT
(hypoxant hi ne-am nopterin-thym di ne) selection nethod (Kohler et al.,

Nat ure (197%). 256, p. 495; and MIstein et al., Nature (1977) 266, p. 550)
is usually used. This method is effective for obtaining hybridomas
usi ng HGPRT- defifcitémts amyéiremg asel 1Enst Paiuss BREE cannote agur vinde tine
anlnopterlggt Low lineage are particularly preferable as the

animals to be immunized, in consideration of fusion

compatibility with myeloma cells as described later.

Moreover, mice having a reduced bioclogical mechanism

for autoantibody removal, i.e., autoimmune disease mice,

are also preferably used in consideration of the

antigenic homology between humans and mice.

These mice or rats are preferably 5 to 12 weeks old,
more preferably 6 to 8 weeks old, at the time of
immunization.

For the immunization of the animals with EPHA2 or

the recompinant antigens thereof, methods known in the

art described in detail in, for example, Weir, D.M.,

Handbook of Experimental Immunology Vol. I. II. III.,
Blackwell Scientific Publications, Oxford (1987), and
Kapat, E.A. and Mayer, M.M., Experimental ITmmunochemistry,
Charles C Thomas Publisher Springfield, Illinois (1964)
can be used.

Cf these immunization methods, a method preferable

in the present invention is specifically illustrated as

described below.



48 Specifically, unfused cells and the hybridomas can be cultured in
a HAT nediumto thereby cause only am nopterin-resistant hybridomas to
remain and grow. (f) Dividing into single cell clones (cloning) For
exanpl e, methods known in the art, sucg as nethyl cel |l ul ose, soft agarose,
and imting dilution nethods can be dsed as methods for cloni ng the

hybri domas (see e.g., Barbara, B.M and Stanley, MS. Selected Methods in

Cel I ul ar | munelQgy,r {WeH.1 Fr %%@&e%@a@@%%ei%@%fé%ﬁ%p%%?%&%éi eCf

these nethods, the limting dilution nethdod is particular

In this metthodyedeeaders,sugdn-asgatsd sluscseri ved. fEbrobl ast strains or
normal nouse splenic, thynmus, or ascHtes cells are inoculated onto a

m cropl at eadminisQarddiel ot fiete hand, v tde hybrdderascaee1dil ubednhso 0.2 to
0.5 individuals/0.2 mM in advance in a nedium This solution containing the
di | ut ed hybrirdolmas floating therein is added at a concentration of 0.1
m/well, and the hybridonas can be continuously cultured for approxi mately
2 weeks whil e dpprodimatiéley coi®iocd hearedi bmtls afeptleced with a new one at
regular intervals (e.g., 3-day intervals), to ther ebx grow hybri donma
clones.  A9NPHrSTyEl 1 CThat et ant bbsed vabt el anf¢bodyheiicerg for exanpl e,
cloning by the limting diJution nethod is repeated 2 to 4 times, and

cl ones whosSE Hhtibod 151 et St ab Y ohserred e &t b SEiBetEd &8

anti - EPHAZ, ronocl onal  ant body; Rroduci g, hybr i doma stralps. 49

administration in early Immunizations and performing
intraperitoneal administraticn in later immunizations cr
only in the last immunization.

The administration schedule of the antigens differs
depending on the type of animals to be immunized, the’
individual differences thereof, etc. The antigens are
generally administered at 3 to 6 doses preferably at 2-
To b-week intervals, more preferably at 3 to 4 doses at
2- to 4-week intervals.

Moreover, the dose of the antigens differs depending
on the type of animals, the individual differences
therecf, etc., and is generally of the corder of 0.05 to 5
mg, preferably 0.1 to 0.5 mg.

A booster is performed 1 to 6 weeks later,
preferably 2 to 4 weeks later, more preferably 2 to 3
weeks later, from such antigen administration.

In this context, the dose of the antigens in the
booster differs depending on the type of animals, the

size thereof, etc., and is generally of the order of 0.05



Exanpl es of the hybridoma strains thus cloned can include hybridoma SH348-1
and hybri doma SH357-1. Hybridcma 5H348-1 and hybri doma SH357-1 have been
deposited on Jun. 8, 2007 with International Patent O gani sm Depositary,
National Institute of Advanced Industrial Science and Technol ogy, (address:
Tsukuba Central 6, Hi gashi 1-1-1, TsuKdba, |baraki, Japan). Hybridona
SH348-1 has been designated as 5H348-1 with Accession No. FERM BP- 10836,

and hybri 57- esi t s SH357-1 with Accession No.
FERN BP- 10%37’. Y Mﬁf}r%aft%hb?%ﬁbegleﬁﬁog?ée% giqca“%%en,p%%%% %’Q%dé; [far%%iuced by
hybri dona @@Bg@;l 45 referred tg as "SH348-1", and an antibody produced by

hybri doma SH3 17s referred to as "SH357-1". (g) Preparation of

monocl onal antijbedi es byyBybrirdema culdutel, 2 «oThe hwhridoms thus
sel ected can be cultured to thereby efficiently obtain " nonocl onal

anti bodi esnoRy itofe A0 16, Qulddre,dd s i sstpnef efred thatphybridomas produci ng
t he nonocl onal antibody of interest should be screened. For this

scr eeni ng,spietrhodsKnewe mparyrgehd gy itdre anttLan e adopb ey - The

anti body titer nmeasurenent according to the present invention can be

per f or med,prfasricexanpled,l shya L | Sk st deslor idvedrd ot par Ageraphhé b 50 The
hybri domas obtai ned by the nethod as described above can be cryopreserved
in |iquidailitdgen oy frEdyigesxer at - 80C or | ower. Mor eover, the
conpl etely cloned hybridomas can be passaged several tines in a HT nmedium
(HAT medi um exd@pt-bE6r PARTREPEEr (Y Sard a@%éﬁ@&:’l 2drted S % nor mal nedi um

changed therefro ) . . L ,
measured, and animals having a sufficiently increased

antibody titer can be used as sources of antibody-
producing cells to thereby enhance the efficiency of the
subsequent procedures.

Examples of methods for measuring the antibody
titers used here can inciude, pbut not limited to, RIA and
ELISA,

The antibody titer measurement according to the
present invention can be perfoimed by procedures as
described below, for example, according to ELISA.

First, the purified or partially purified antigens
are adsorbed onto the surface cf a solid phase such as
96~well plates for ELISA. Furthermore, antigen-
unadsorbed solid phase surface 1s covered with proteins
unrelated to the antigens, for example, bovine serum
albumin (hereinafter, referred to as "BSA"). The
surfaces are washed and then contacted with serially
diluted samples (e.g., mouse serum) as primary antibodies
such that the antibodies in the samples are bound to the

antigens.



Large-scale culture is perforned by rotational culture using large culture
bottles or spinner culture. A supernatant obtained in this |arge-scale
cul ture can be purified according to nethods well known by those skilled in
the art, such as gel filtration, to obtain nonoclonal antibodies which
specifically bind to the protein of tHé present invention. Mor eover ,
the hybridonmas can be intraperitoneally injected to mce of the sane

| i neage therea%ﬁ%%#kmm§%$8@§%3%%Jﬁ%ﬂ%ﬁé?(gﬁéygaéyégwaééééé?ﬁﬁﬂaaSCites

cont ai ni ng t he nmonoclonal "ant i body present i nvention rge

amount s wousFoln {6l apst i Jansal gL siralion,ggiperal ol such as

2,6,10, 14-tetranmet hyl pentadecane (pristane) 1Is adm ni red beforehand (3

to 7 days hefosesthe Adsm nisty atiONeOn0bAl 1 8S6oLESs i DL apger amount s.
For exanpl e, an i munosuppressive agent is intraperitoneally injected in

advance tocd hendrigeud dheiisane:4 | neage rasatshe dybrd dorms 0, imactivate the
T cells. 20 days later, 106 to 107 hybridoma clone cells are allowed to

float (0.5 )einyee seramdded mediamny, and!, S5dot hisasEl gl i ORei S
intraperitoneally adm nistered to the mce. Ascites are usually collected
from t he mifoeghem abvom balcai sientd ony cccurs dyvatcunuhat leds ascit es.

By this nmethod, nonoclonal antibodies are obtained with a concentration
appr oxi mat®HyE 10D ¢ | ST HGhe! thamehaereh thetloat ¢y ecsbtutaon.

antibedy titers.

The antibody-producing cells can be separated from
these spleen cells or lymphocytes according to methods
known in the art (e.g., Kohler et al., Nature (1975) 256,
p. 4%95; Kohler et al., Eur. J. Immuncl. (1977) 6, p. 511;
Milsteln et al., Nature (1877), 266, p. 550; and Walsh,
Nature, (1877) 266, p. 495).

For example, for the spleen cells, a general method
can be adopted, which involves cutting the cells into
strips, filtering them through a stainless mesh, and then
separating the antibody-producing cells therefrom by
flecating in Eagle's minimal essential medium (MEM).

{(C) Preparation of myeloma cells (hereinafter,
referred to as "myelomas")

Myelema cells used in cell fusion are not
particularly limited and can be selected appropriately,
for use, from cell strains known in the art. However,
HGPRT (hypoxanthine-guanine phosphoribosyl transferase)-
deficient strains for which selection methods have been
established are preferably used in consideration of

convenient hybridoma selsction from fused cells.



The nonocl onal anti bodi es obtained by the nethod can be purified by nethods
described in, for exanple, Wir, D.M Handbook of Experinental | munol ogy,
Vol. I, Il, Ill, Blackwell Scientific Publications, Oxford (1978).
Speci fic exanpl es thereof include ammorg um sul fate precipitation, gel
filtration, ion-exchange chromatography, and affinity chromatography.
For the purification, commercially avail abl e nonocl onal antibody
purification kidmeqilis emmTrep BIreat W%ctfﬂﬁ%%ﬁﬁe@h‘é?%m a Inc.)
anti bodi eskt ACAOBHLF Aea Haq,eﬂﬁégﬁ"gﬁf?a”biﬂéé%‘%é— T8 by (87 EPHBECh) Assay
of Tonoct onsl 28 boghoke 1y sIDSaEPEGPAdoTUDGLERE 0L Liey mnoclonal
oLt e oyt o b e SnterLon o, S
concentrathon presedyre Hog ayhow goncentratiep; obanmpeekanakxant i bodi es.
007), GM1500.GTG-Al2 (GM1500), UC729-6, LICR-LON-HMy2
(HMy2), and 8226AR/NIP4-1 (NP41).
These HGPRT-deficient strains can be obtained from,
for example, Bmerican Type Culture Collection (ATCC).
These cell strains are subcultured in an appropriate
medium, for example, an B8-azaguanine medium [RPMI-1640
medium supplemented with glutamine, Z2-mercaptoethanol,
gentamicin, and fetal bovine serum (hereinafter, referred
to as "FBS") and further supplemented with 8-~azaguaninel],
an Iscove's Modified Dulbecco's Medium (hereinafter,
referred to as "IMDM"), or a Dulbecco's Modified Eagle
Medium (hereinafter, referred to as "DMEM") and
subcultured in a normal medium [e.qg., an ASF104 medium
{(manufactured by Alinomoto Co., Inc.) containing 10% FBS]
3 to 4 days before cell fusion. On the day of fusion,
2x107 or more cells are secured.
(d) Cell fusion
Fusicn between the antibody-producing cells and the
nyeloma cells can be performed appropriately under
conditions that do not excessively reduce the cell
survival rates, according to methods known in the art

{e.g., Weir, D.M., Handbook of Experimental Immunclogy

Vol., I. II. IIT., Blackwell Scientific Publications,



52 On the other hand, when the ELISA or RIA is used, the culture
supernatant is directly reacted with an anti gen-adsorbed solid phase, and
further, antibodies conpatible with various inmmunogl obulin isotypes and
subcl asses can be used as secondary antibodies to thereby identify the

i sotype or subclass of the nonocl onal 4anti bodi es. Mor eover,
comercially available kits for identification (e.g., Muse Typer Kit;

manuf act ur ed_by Bi 0-Rad Laboratories, Inc.) and the like can al so be used
as nmore co %%%nff%é?hbd%?g E%‘L‘E‘b‘:’itFﬁt‘?f\er‘?‘r%‘fle]-\,/i’a}e’%'p‘\rjlo‘fqe'rns can be
gquantifie ccording to.a Folin-Lowy method,and_ a_cal cul ation t hod using
Aboor bancer S SHOT IR | 17 A POUBoT S 1Y o FaunoB SBGF I afet8f o ner

ant i bodi es . =Jdhe,ant| . of esent invention enconpasses the
nnnoclonals%%%? Bﬁ€f%baf%§$ﬂ%bgméiggq [I as genetic reconbinant antibodies

artificially maiflaklore the suRose lecfal SXAmpl & JolOING, g

xenoanti geni city agai nst humans, for exanp i meric, hunmani ze

human antibedi es:: Jhese, apbhHodh ese can beqprodugediacgording to known
met hods. Exanples of the chineric antibody include an anti body havi ng

vari abl e antyconstasttfeglonspaeyhyed &rom speciesndiffier gnyckrom each
ot her and specifically include a chineric anti body conprising nouse-derived
vari abl e raglonsoansnduman: gdet ¢yedneonst anticegheas eb3ctric
stimulations can be used as such methods.
Of these methods, the chemical method is
specifically exemplified as described below.
Specilfically, when polyethyliene glycol 1s used as a
polymer in the high-concentration polymer solution, the
antibody-producing cells and the myeloma cells are mixed
in a solution of polyethylene glycol having a molecular
welght of 1500 to 6000, preferably 2000 to 4000, at a
temperature of 30 to 40°C, preferably 35 to 38°C, for 1
to 10 minutes, preferably 5 to 8 minutes.
{(e) Belection of hybridoma group
A method for selecting the hybridomas obtained by
the cell fusion is not particularly limited, and a HAT
(hypoxanthine—-aminopterin-thymidine) selection method
(Kohler et al., Nature (1975) 256, p. 49%5; and Milstein
et al., Nature (1%77) 266, p. 550} is usually used.
This method is effective for obtaining hybridomas
using HGPRT-deficient myeloma cell strains that cannot

survive in aminopterin.



joined together (see Proc. Natl. Acad. Sci. U S. A, 81, 6851-6855, (1984)).
Exanpl.-es of the humani zed anti body can include an anti body conprising a
human- deri ved anti body with conplenentarity determining regions (CDRs)
replaced with those of another species (see Nature (1986) 321, p. 522- 525)
and an anti body conprising a human antfifbody wi th CDR sequences and sone
framewor k am no acid residues replaced with those of another species by CDR

grafting (see 90/.Q78 and 6972323).. Further exanples of the
anti body of th pﬁrcels’*elr?taqi]lﬁ/\/en%l%risec ﬁ:%?jn‘ﬁ (e aW%nQY-W@%%rﬁaifbody. The
ant i EPHA2 ibo ' having only the gene
sequence of a h%é%h%ﬁﬁ-@%$%&§$¢%%%y ?ﬁ%sgn?PiéPHAz human

ant i body  can log, abi al ned; hy. fiet hods: 4sdng: huren. aat | body- produci ng m ce

havi ng a human ‘chronosone fragnment contal ni ng genes o n anti body H and
L chains (see eg. pitamiziKands @taale odat we, Ganetics, {1997) 16, p.
133-143; Kuroiwa, Y. et al., Nucl. Acids Res. (1998) 26, p. 3447-3448;
Yoshi da, H. et mlr exARigTR), Galdnctechnologyin Basi cand Applied Aspects vol .
10, p. 69-73 (Kitagawa, Y., Matsuda, T. and iijima, S. eds.), Kl uwer
Acadeni ¢ PubiligherlslullQ99, antk Tomzuka, 4adetimltinfreciuNash. Acad. Sci .
USA (2000) 97, p. 722-727). For such transgenic animals, specifically,
geneti c racohbigmntaanisalsed eahhehhdoci fof ehdogenotsesi nyundgbedbal i n
heavy and |ight chains in non-human mammal s are broken and | oci of human

i munogl oblit$s hehvy BBdoaid | § ght i fisaakeyi irdductdlénst@ad via yeast
artificial chronosone (YAC) vectors or the |ike can be created by preparing
knockout afi TS aitl 4§ i TTRHE TP SY At r 055F PRt hese apmpals.

Mor eover, geukaryotic cel e tr formed with cDNA encoding each of such
human antisﬁ%ﬂ?#&w(ﬁhd)ﬁ%@t) t:h%%?l %eﬁr@ep‘éir%dysfvé&eorisl%ﬁt% ni ng the
cDNA, by gene .reconbi.nation_techni S,..and transformed cells producing
genetic rg%lo%ﬁi*hoann{@%%ﬁ%a% ”‘n%r%%'r%ﬁ%”lyf%%}f bodi 5" Tantal so be cultured to

t her eby obtain;th ant, j es: f.r t ul_ture .supernat ant.. In this
context, for ei"?rr%ﬁg,s g%ﬁ%?&dt i%geé}%mssg%ﬁ%efaésr al%\ty J“né‘aleeltr%lrrsalC}aéa{:nl"Tceéjl | s such as
CHO cel I s, ¢ dpymhqeyt es, - ands nyel ,0nms, caf, be: @cboé‘ﬁirf\us or Moreover,
met hods for obtaining phage-di spl ayed human anti bodi es sel ected from human
anti body lddariadd esccarne also knowm {isee @il .z WIaBLeNe; 1. M et al .,

| nvesti gati ve Ophthal nol ogy & Visual Science. (2002) 43 (7), p. 2301-2308;
Carnen, S. et ah. £hBrbehiengs$ami, Funet inghali dGehomcs and Jret eqmiocs (2002),
1 (2), p. 189- 203; and Siriwardena, D. et al., Ophthal nol ogy (2002) 109
(3), p. 4274481 .individuals/0.2 ml in advance in a medium. This

solution containing the diluted hybridomas floating
therein is added at a concentration of 0.1 ml/well, and
the hybridomas can be continuously cultured for
approximately 2 weeks while approximately 1/3 of the
medium is replaced with a new one at regular intervals
{e.g., 3-day intervals), to thereby grow hybridoma clones.
For wells having an ocobservable antibody titer, for
example, cloning by the limiting dilution method is
repeated 2 to 4 times, and clones whose antibody titer is
stably observed can be selected as anti-EPHA? monoclonal

antibody-producing hybridoma strains.



For exanple, a phage display method can be used, which involves causing
human anti body variable regions to be expressed as a single-chain antibody
(scFv) on phage surface and sel ecting phages binding to antigens (Nature
Bi ot echnol ogy (2005), 23, (9), p. 1105-1116). 55 Li kew se, anot her
phage di splay nethod can al so be usedi%which involves causi ng human

anti body Fab (antigen-binding fragnent) to be expressed on the surface of
phage and selectlng pha es bi ndi ng to antigens (WD 97/08320 and WO

01/ 05950) . Exagphes 6f (hE ﬁW Hges oFé é&*@&“ﬁaséﬂl%ﬁlémeicbé?r?rbl ndi ng can

oo £ S AR R SR et )
Zif\r/ag{ ed ’Atbkﬁer er}forr{llg stf%%ghel ant gens_i s cl asréi ied, s&ggences are

rom and expression vectors having e seqguences can be

repar ed t.r e t r ene expression
o obt ai n hivan ‘ant I bodi 65 (V0 597 o107 %%%782%%%9%8%?%6213 o "
93/ 11236, cy%aaa_/swwpom 01:438; .0 95/ 15388, c APAUz G REN -4 munol  (1994)
12, p. 433 5, and Nature |otechnology (2005) 23 (9) p. 1105-1116).

The ant | bodygenes: 1c at hen derped ard diynd solat eth @dget henrsntaegduced into
appropriate hosts to prepare antibodies. In such a case, appropriate hosts
and expr essiroiraled,onsl cath bel €onbj med:dsz USEoaraki, Wiesmmeukaryotic cells
are used as hosts, animal cells, plant cells, and eukaryotic m croorgani sns
can be usetibridoma BXamil-es lois tihecraniomlooeisd zansihédudew{d) nmamual i an
cells, for exanple, nonkey COS cells (G uzman, Y. Cell (1981) 23, p.

175- 182, ATCGECRIaM 650) ,Fmdiser- 10836, and hybridoma SHZ257~1 has

been designated as SH357-1 with Accession No. FERM RP-
10837.

In the present specification, an antibody produced
by hybridoma S8H348-1 1is referred to as "SH34£-1", and an
antibody produced by hybridoma SH337-1 is referred to as
"SH357-1".

{g) Preparation of monoclonal antibodies by
hybridoma culture

The hvybridomas thus selected can be cultured to
thereby efficiently obtain moncclonal antibodies. Prior
to the culture, it is preferred that hybridomas producing
the monoclonal antibody of interest should be screened.

For this screening, methods known per se in the art
can be adopted.

The antibody titer measurement according to the
present inventicn can ke performed, for example, by ELISA

as described in paragraph (b).



56 fibroblasts NIH3T3 (ATCC No. CRL-1658), and di hydrofol ate
reductase-deficient strains (U laub, G and Chasin, L.A Proc. Natl. Acad.
Sci.- U S A (1980) 77, p. 4126-4220) of Chinese hanster ovarian cells (CHO
cells, ATCC CCL-61). Mor eover, these hosts can al so be nodified, for
use, to express antibodies having a nedified sugar chain structure and an
enhanced ADCC activity (anti body-dependent cytotoxic activity) or CDC
activity. ExanEIes_of such hosts can include CHO cells conprising genes

i ncor por at ed t hBEeiHPRRAFER2EnEBEE ARl Bydy foreddicds apr 6@wcinigeant i body
conposi tions in which sugar chains having fucose-unbound

N acet yl gifcd&amidle Sft ThEFERIG YT efts 1 Heredi iy 20%®ra nore of
conplex-tgpe N- Iygosi?g | i nked sugar chains binding to anti body Fc regions
(see WO 02/8EF4G) & ~8Uhen pPBRaryotic cells are used, exanples t hereof

can i ncl ude Esphecioia coll andiBachl) us RU sy aonas TS i body gene

of interest is Introduced into esecellTs by tr i

transfor ned celd.s %re‘?fg%égf LE{%é n Vit ne 4o, phtai ﬂ{}?ﬁn%éﬁ%ﬁ%rﬁ?%?pt The

i sotype of the "antibo e present invention I's not and

exanpl es trher ef; icpeldide))l e 19dn JBGh-d9G3, 0 d GG nd @M | 9A (1 gA or
| gA2), 1gD, and IgE and can preferably include 1gG and | gM Mor eover,

t he anti betharefed hegr=esent. i nventi on may be an antibody fragnent having
the antigen-binding site of the antibody or a nodified formthereof. 57
Exanpl es of theaanti-bodyef cagnent: incbeddeokakd Elak)k2arEenasi ngl e-chain Fv
(scFv) conprising heavy and light chain Fvs linked via an appropriate
| i nker, acdilabody,1sdrid neargeantilbodyy, fand le st i gpecidi ccwahtidody for ned
by anti body fragnents. ‘ .
A supernatant obtalned in this large-scale culture
can be purified according to methods well known by those
skilled in the art, such as gel filtration, to obtain
monoclonal antibodies which specifically bind to the
protein of the present invention.
Moreover, the hybridomas can be intraperitoneally
injected to mice cof the same lineage thereas (e.qg.,
BALB/c} or Nu/Nu mice and grown to obtain ascites
containing the monoclonal antibody of the present
invention in large amounts.
For the intraperitoneal administration, mineral oil
such as 2,6,10,l4-tetramethyl pentadecane {pristane) is
administered beforehand (3 to 7 days before the
administration) to chbtain ascites in larger amounts.
For example, an immunesuppressive agent is
intraperitoneally injected in advance to the mice of the
same lineage as the hybridomas to inactivate the T cells.

20 days later, 10° to 107 hybridema clone cells are

allowed to float (0.5 ml) in a serum-free medium, and



Furthernore the anti body of the present invention may be a nultispecific
anti bady having specificity for at least two different antigens. Such
a nol ecul e usually binds two antigens (i.e., a bispecific antibody). The
"mul tispecific antibody” according to the present invention enconpasses
anti bodi es having specificity for noréi(e.g., three) antigens. The
mul tispecific anti body used as the anti body of the present invention nay be
a full-length antibody or a fragment of such an antibody (e.g., a F(ab)2

bi sbeci fi ctgfhﬂn?i%%%wﬁmes biTs Pt § 4 €~ At boty? ot b= pFepaFedt By bi ndi ng
heavy and |ight chai,ns (HL pairs) .of t anti bodi es or can al so be prepared
by f Usi ng BT i Ao Brodae! NG “Roreci A ARt Bodred i fTerert™dt om each

oL ot O EIERBE, DL oposl 1. AN b Lpdehig T sed selio (M 1] stetn e
nvention may be, & singlerchal nantihody Calsedalerred toas sofv). The
ned by lin d

si ngl e-chai n ant’i body i's obtai i ng anti body "heavy an i ght chain

V regions i@, a pobypeptide 44 rﬁ@%:&ﬁ%%ﬂm& hﬁirﬁ@érmﬁw%%

Monocl onal Anti bodies, 113 (Rosenberg and ore ed., Springer Verlag, New

York, 58 4152697 345 (4894)0s andidNadwre Bi ot echnol ogy (2005), 23, p.
1126-1136). Met hods for preparing the single-chain antibody are well

known in the arithe seecelonz1UaSt iRatents Nos.a i4:946,7 e a2BR203kn
5,091, 513, and 5,455,030). In this scFv, the heavy and light chain V
regi ons arkee |pukediad aa nhd tikets tdadcdoesd niot, formaxzonjagateirpreferably
a pol ypeotide linker (Huston, J.S. et al., Proc. Natl. Acad. Sci. U S A
(1988), 85)-Y.: 5879d5883)cE Hitehekg andl Iighitnehadn. Wekgi dbnsIin the scFv
may be derived fromthe sane antibodies or may be derived fromdifferent
anti bodi estIT, Blagfvekanpteenaht B bf 7 a2 S ¢yt e-Chap R pepPide- of 12 to 19
residues is used as the peptide linker for linking the V regions.
Specific examplas thereof 1nclude ammonium sulfate
precipitation, gel filtration, lon-sexchange
chromatography, and affinity chromatography.
For the purification, commercially available
monoclonal antibody purification kits (e.g., MAbTrap GII
Kit; manufactured by Pharmacia Inc.) and the like can
also be used as convenient methods.
The monoclonal antibodies thus obtained have high
antigen speclficity Tor EPHAZ.
(h) Assay of monoclonal antibodies
The isotype and subclass of the moncclonal
antibodies thus cobtained can be determined as described
below.
First, examples of icdentification methods include
the Ouchterlony method, ELISA, and RIA.
The Ouchterlony method is convenient but reguires a

concentration procedure for a low concentration of

monoclonal antibodies.



DNA encodi ng the scFv is obtained by: anmplifying, as tenplates, the

full -Length sequences or partial sequences (encoding the desired amno acid
sequences) of DNA encoding the heavy chain or heavy chain V region of the
anti body and DNA encoding the light chain or light chain V region thereof,
by a PCR nethod using priner pairs desipgned for both ends thereof; and
subsequently further anplifying DNA encodi ng the peptide |linker portion in
conbination with a primer pair designed to respectively |ink both ends of
the |inker seqincé e @le Ready andn itgiet Has seduences.used, Moreover
once the DNA encoding the scFv is prepared, expression vectors containing
the DNA andhoststUBD TRt OTREd W th- f9e" BxpFeasisn Veetofs can be

obt ai ned accordi ng to standard nmethods. Mreover, by use of the hosts, the
Sorv can B OH{HT TR HOOr o gt § S et HOHT! 31T 1DRGLCE hese

anti body f nt.s, their genes are obtained and expressed_in the same way
as above, %n ﬂ%gﬂ%s é?%xﬁ%?ﬁ?%ﬁI%ﬁ%ﬁp?%ﬁg%%ﬁ&%e*Fﬁgy%ﬁ?i%8ay fragments.

Th ib [ i I j . Whi ch
o e o & Or 5 Bl Do 1Ty ST ant 1 EENAD ot | Bai S o e{ 571 R8T R b no

aci d sequeness:: £neiexanple,0f 4hespolyclonat antipody ¢an.incl ude a

m xture of a plurality of antibodies differing in CDORs. A mxture of cells
produci ng antibedies. different fromeach other is cultured, and anti bodies
purified fromthe culture can be used as such polyclonal antibodies (see WO
2004/ 061104) . MoreocvAnt,i hatires cdltldivned oy Frilndiwnig ¢ hesant i body of the
present invention with various nol ecul es such as pol yet hyl ene gl ycol (PEGQ
can al so bedarsed. asa it e nodi d i edidworan Bfp¢hekant i badyfacturedRoyt her nor e,
the anti body of the present invention nay be a'conjugate of these
anti bodi es®¥orived Wiadrotheredr ulgse (I mrvhocon] Lgat eyanExaapl es ofesuch an
anti body can include conjugates obtained by binding these antibodies to
radi oact i V& et et | VY ¥onputfe havi ng a
Furthermore, the proteins can be guantified
according te a Folin~Lowry method and a calculation
method using absorbance at 280 nm [1.4 (0OD280) = 1 mg/ml
immunoglobulin].
(3) Other antibodies
The antibedy of the present invention encompasses
the monoclonal antibody against EPHAZ as well as genetic
recombinant antibodies artificially modified for the
purpose 0of, for example, reducing xenoantigenicity
against humans, for example, chimeric, humanized, and
human antibodies. These antibodies can be produced
according to known methods.
Examples of the chimeric antibody include an
antibody having variable and constant regions derived
from species different from each other and specifically

include a chimeric antiboedy comprising mouse-derived

variable regions and human-derived constant regilons



phar macol ogi cal effect (Nature Bi otechnol ogy (2005) 23, p. 1137-1146). 60
The obt ai ned anti bodies can be purified until honbgeneous. |In the antibody
separation and purification, any separation/purification nethod used for
usual proteins can be used. The anti bodi es can be separated and
purified by appropriately selecting and conbi ning, for exanple, using
chromat ography colums, filters, ultrafiltration, salting-out, dialysis,

pol yacryl am de gel electrophoresis f reparatiop,. and isoelegctric

Pocusi ng (SETacediose F6i° Protei o Bur M Cat o andt Charact o i zalton: A
LaboratoryE3 urse. ng?§84 niel R Marshak et al. eds., Cold Spring Harbor
Laborat ory Press (71996) gnd Anti bodi es: A Laboratory Manual. Ed Harl ow and

Davi d Lane, C%ga g&!ergg Jrhar lahoratar %m(t]iz)% ,cattfbolmut € an
111 t 0.

separati on/ pur cation nmethod i's not limte ere anpl es of

chr omat ography,daiclude, af fini ty &M&ﬂb&@@f@@@m%%ﬁh@% chr omat ogr aphy,

hydr ophobi ¢ chr ormat ography, gel filtration, reverse-phase chromatography,

and adsor pldr SHANBt 09F aphye rmin i nglhese: &hs opabegy aphy: dechnj, gues can be
per f or med u§?ﬁg quuid?%%ase chr omat ogr aphy such as ﬁ%%% or PPLC.

Exanpl es afheed wmssruseade i regdei af figvd ywohioeat oggaphyzincd udezprotein A

and protein G colums. Exanpl es of colums based on the protein A

col umm i ndaide Hypern Bin'PORGE; Sepharose; B FlrutPhasmachaly nei)h CDR
seguences and some framework amino acid residues replaced
with those of another species by CDR grafting (see WO
90/07861 and US6972323).

Further examples of the antibody of the present
invention can include an anti-human antibody. The anti-
EPHAZ human antibody means a2 human antibody having only
the gene sequence of a human chromosome-derived antibody.
The anti-EPHAZ human antibody can be obtained by methods
using human antibody-producing mice having a human
chromesome fragment containing genes of human antibody H
and L chains (see e.g., Tomizuka, K. et al., Nature
Genetics (1997) 16, p. 133-143; Kuroiwa, Y. et al., Nucl.
Acids Res. ({1998) 26, p. 3447-3448; Yoshida, H. et al.,
Animal Cell Technclogy: Basic and Applied Aspects vol. 10,
p. 69-73 (Kitagawa, Y., Matsuda, T. and Iijima, S. eds.},
Kluwer Academic Publishers, 19%29; and Tomizuka, X. et al.,
Proc. Natl. Acad. Sci. USA {(2000) 97, p. 722-727).
For such transgenic animals, specifically, genetic

recombinant animals in which loci of endogencus
immunoglobulin heavy and light chains in non-human

mammals are breken and locl of human immunoglcebulin heavy



Mor eover, the antibodies can also be purified through their affinity for
antigens using an antigen-imobilized carrier. 61 3. Properties of
anti‘body of the present invention The anti-EPHA2 anti body of the
present invention obtained by the nmethod has the foll ow ng properties:
(1) one antibody of the present inventsigon has the follow ng properties a)
to e): a) having no ability to phosphoryl ate EPHA2 tyrosine residues;
b) having an ADCC activity against EPHA2-expressing cells; c) having
a CDC act i34d yl &gyl nsh2 EPHAP e xpressinge el hgtead viadyehavi ng an antitunor
activity in vivo; and
artificial chromosome (YAC) vectors or the like can be
created by preparing knockout animals and transgenic
animals and crossing these animals.
Morescover, eukaryoetic cells are transformed with cDNA
encoding each of such human antibody heavy and light
chains, preferably vectors containing the ¢DNA, by gene
recombination techniques, and transformed cells producing
genetic recombinant human monoclonal antibodies can also
be cultured to thereby cbtain these antibodiss from the
culture supernatant.
In this context, for example, eukarvotic cells,
preferably mammalian cells such as CHO cells, lymphocytes,
and myelomas can be used as hosts.
Moreover, methods for obtaining phage-displayed
human antibodies selected from human antibody libraries
are also known (see e.g., Wormstone, I.M. et al.,
Investigative Ophthalmology & Visual Science. (2002) 43
(7}, p. 2301-2308; Carmen, 3. et al., Briefings in
Functional Genomics and Protecomics (2002), 1 (2), p. 188%-
203; and Siriwardena, D. et al., Ophthalmology (2002) 109
(3}, p. 427-431).
For example, a phage display method can ke used,
which involves causing human antibody variable regions to
be expressed as a single-chain antibody {scFv) on phage

surface and selecting phages binding to antigens (Nature

Biotechnology (2005), 23, (9), p. 1105-1116).



e) specifically binding to a pol ypeptide consisting of an am no acid
sequence represented by amno acid Nos. 426 to 534 of SEQID NO 8 in the

sequence |isting. Exanpl es of the anti body havi ng such properties can
i ncl ude any one anti body sel ected fromthe group consisting of the
followng 1) to 8): 1) SH348-1, 52) an anti body which recogni zes an
epi t ope recogni zed by an anti body produced by hybridoma 5H348-1 (FEW
BP-10836), 3) an anti body which has the am no acid sequences

represent ed bylSEGQWEBeNOsncSgie 6 Bhagivd B3 pilavt e tseglerce dlist itng as
conplenmentarity deternmning regions in the heavy chain variable region and
has the ami¥fs aditdedieites T eptesieit deiiby SEQ VPP NOsF285{ 2187 gand 69 in
62 the sequence listing as co Iernentarit% determn regions_in the |ight

chain vari Teditgie) lan- A bothr ehefiaderizeds byt he $bIPevitg i) and
and selecting phages binding to antigens (WO 97/08320 and
WO 01/05950) .

Genas of the phages selected based on antigen
pinding can be analyzed to thereby determine DNA
sequences encoding human antibody variable regions
binding to the antigens.

When the DNA sequence of scFv or Fab binding to the
antigens is clarified, CDR seguences are extracted
therefrom, and expression vectérs having the seguencas
can be prepared and intrcduced into appropriate hosts,
followed by gene expression to obtain human antibodies
(WO S82/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO
93/19172, WO 85/01438, WO 95/15388, Annu. Rev. Immunol
(1994} 12, p. 433-455, and Nature Biotechnoclogy (2005) 23
(9), p. 1105~1116).

The antibody genes can be temporarily isclated and
‘then introcduced into appropriate hosts to prepare
antipedies. TIn such a case, appropriate hosts and
expression vectors can be combined for use.

When eukaryotic cells are used as hosts, animal
cells, plant cells, and eukaryotic microorganisms can be
used.

Examples of the animal cells can include (1)
mammalian cells, for example, monkey C0OS cells (Gluzman,

Y. Cell (1981) 23, p. 175-182, ATCC CRIL-1650), mouss



ii): i) having a heavy chain peptide conprising an am no acid
sequence represented by the general forrmula (1):

- FRH4- CDRH4- FRH2- CDRE2- FRH3- CDRH3- FRH4- (1) wherein FRHL represents an
arbitrary am no acid sequence consisting of 18 to 30 am no acids; CDRH4
represents the am no acid sequence repeesented by SEQ ID NGO 59 in the
sequence listing; FRH2 represents an arbitrary am no acid sequence

Capr eaent it By SERID NG b1 (R Lhe Coquanch: 175t | gl FREEIFept oSent s an

arbitrary 1.nQaci d, sequence consi sti of .32 am no acids;, CDRH
represents %g%an%enodearc% Sequence rep Hi'ed [gy R No 83%in the

sequence |3:50d ndjxand FR. 1epr eSerlLs, an afqi [ 1afy am po, acj d sequence

consi sting of 11 am no acids, wherein these am no ati ds a to each

ot her t hr aygh, peptidie. hondsi and, co1 1 | iduhaving. a Lightcchain pol ypept de

conprising an am no acid sequence represented by the gener ormula (I1):

- FRI, 4- CDRL4- FRI2=CRRL7- kRlAZ- GRRI3- ERM44 (] o amberei i SR %gogﬁee’sent S an

arbitrary amno aci d sequence consisting of 23 am no aci ds;

repr esent std heqand 10 zaci b senencerrepresented by SEQ+D-NQ 65 in the
sequence listing; FRL2 represents an arbitrary amno acid 63 sequence
consi st i ngstofudBimmara aoi dsnhCDRIP ATERr esents! 4 he(am Noo@et d sequence
represented by SEQ ID NO 67 in the sequence listing; ERL2 represents an
arbi trary @bsoid dwaguehce onsiistiingofCB2 am nolac d€xa@DRlke,s2
represents the am no acid sequence represented by SEQID NO 69 in the
sequence |G5sti4y: Mt FRIE reptestntS Qe bi teamyr e md @eies sequence

consisting, of 10 anmino acids, wherein these anmino acids are |inked to each
ot her thrcﬁﬁﬁpﬁﬁﬁﬁﬁQﬁglﬁﬂﬁﬁﬁln which encede antibody molecules

producing antibody ccmpositions in which sugar chains
having fucose-unbound N-acetylglucosamine at the reducing
ends thereof occupy 20% or more of complex-type N-
glycoside linked sugar chains binding to antibedy Fc
regions (see WO 02/31140).

When prokaryotic cells are used, examples thereof
can include Escherichia coli and Bacillus subtilis.

The antibody gene of interest is introduced into
these cells by transformation, and the transformed cells
are cultured in vitro to obtaln antibodies.

The isotype of the antibody of the present invention
is not limited, and examples thereof include IgG (IgGl,
fgGe, IgG3, or IgG4), IgM, IgA (IgAl or IgaAZ), IgDh, and
1gE and can preferakly include IgG and TgM.

Moreover, the antibody of the present invention may
be an antibody fragment having the antigen-binding site

of the antibody or a modified form thereof.



5) SH3%57-1, 6) an anti body which recogni zes an epitope recogni zed by an

anti bedy produced by hybridoma SH357-1 (FERN BP-10E37), 7) an

antibody which has the amino acid sequences represented by SEQ ID NOs: 71,

73,. _a"r'iql_.,.-é'-/"‘S in the sequence listing as conplenentarity determ ning regions

in the heavy chain variable region and7has the amino aci d sequences

represented by SEQ ID NGs: 77, 79, and 81 in the sequence listing as

conpl enentarity determning regions in the light chain variable region,

8) an anti body "ACEB EN Gt o TEnPTONE Y (BRFE T )inehitactd?i zed by the

followng I) and ii): . 1), havi ng a_heavy_chain peptide conprising an

am no aci dﬂ%“é}ﬁﬂ)e%t Y’ep?@%‘%e]n?é‘?fl%gnt%‘é g%#e‘f)al C‘P%ﬁgﬁﬁséﬂ%’l peavy and

- FRH2- CDRH2- ERH2- .CDRH2- FRH2- CDRH2- FRH4- (1) _wherein FRH2 represents an
gert ZFV%HZ n(egn‘é]r%t?ghga%?rci%q%t%oi“éﬂ%{%’ ati ds sequences;

. L 1L Chal RSk,
arbitrary anino acid sequence

CORHL repressis, the AMAQ. acld sequence, renresented by, SEQ, L0, 64 Na 71

in the sequence 11 sting; represents an ar Fary am no acid $equence

consi sti ngs 0f, 4 am no- aci ds; - CORHZ. represents the am no acid sequence
represented by SEQ I D NG in the sequence listing; FRH3 represents an

arbitrary am noraGind SRAUENGR GONSISldNG of 132 am No,aci dss » CORH3

represents the amno acid sequence represented by SEQID NGO 75 in the

sequence lmsting; a and FRMe ¢ et @sent Soddy D if@ryp@binocity for at
least two different antigens.

Such a molecule usually binds two antigens {i.e., a
bispecific antibody). The "multispecific antibody"
according to the present invention encompasses antibodies
having specificity for more (e.g., three) antigens.

The multispecific antibody used as the antibody of
the present invention may be a full-length antibody or a
fragment of such an antibody (e.g., a F(ab')2 bispecific
antibody). The bispecific antibody can be prepared by
binding heavy and light chains {HL pairs) of two
antibodies cor can also be prepared by fusing hybridomas
producing menoclonal antibodies different from each other
to prepare bispecific antibody-producing fused cells
(Millstein et al., Nature (1883) 305, p. 537-539).

The antibody of the present invention may be a
single~chain antibody {(alsc referred to as scFv). The
single-chain antibody is obtained by linking antibody
heavy and light chain V regions via a polypeptide linker
(Bluckthun, The Pharmacclogy cof Monoclonal Antibodies,

113 (Rosenberg and Moore ed., Springer Verlag, New York,



aci d sequence consisting of 11 ami no acids, wherein these amno acids are
l'i nked, to each other through peptide bonds; and ) having a |ight
chai n pol ypeptide conprising an am no aci d sequence represented by the
general formula (I1): -ER144-CDRL4-FRL2-CDRL2-FRL3-CDRL3- T -(11) wherein
FRI 41 represents an arbitrary am no acisd sequence consisting of 23 am no
acids; CDRL4 represents the am no acid sequence represented by SEQ I D NO
77 in the sequence Iisting; FRL2 represents an arbitrary am no acid
sequence const&?ThY” of 113% ahi NN AcKUsR T EDRERE PEPRasaft's (ERESani A6 aci d
sequence reprfgfptf? ? SEQ ID NO 79 in the sequence listing; ERL3

repr esent sPan Brtra i'anino aci d sequence consisting of 32 am no acids;

CDR1, 3 represents .t he i no_aci d sequence represented by SEQ ID NO 81 in
the sequence IMEWhOQSqﬂ%:ﬁﬁﬁfﬁﬁiW%ggﬁ §Eg#%ffﬁ??%ﬁya F+ﬂ§é§c?ﬂesequence

ng;” a

Consi sting of, 1 1 no, aci ds, .. iwh Ln.these amn Lds,.are linked to each
ot her througﬁi‘pg%(?‘iwdeg%on%g.MBS%gé e'Q(Z)Ué%gt %?gggtﬁﬁgdy of the present

invention hassthe;fol bowsngopropertbessay tof)s 455, 0308) haying no
ability to phosp.orysa e HA2 tyrosin% res?auesf oo 30?5) %%h@%%%ing an

effect of decyeashagranvEPEA2 prgtei Bnherel; regions §rehavingqan; ADCC
activity agai nst EPHA2-expressing cells;
a linker that does not form a conjugate, preferably a
polypeptide linker (Huston, J.S. et al., Proc. Natl. Acad.
Sci., U.S.A. (1988), 85, p. 5879-5883). The heavy and
light chain V regions in the scFy may be derived from the
same antibodies or may be derived from different
antibodiss.

For example, an arbitrary single-chain peptide of 12
to 19 residues is used as the peptide linker for linking
the V regions.

DNA encoding the scEv is obtained by: amplifyving, as
templates, the full-length sequences or partial seguences
(encoding the desired amino acid seguences) of DNA
encoding the heavy chain or heavy chain V region of the
antibody and DNA encoding the light chain or light chain
V region therecf, by a PCR methed using primer pairs
designed for both ends thereof; and subsequently further
amplifying DNA enceding the peptide linker portion in
combination with a primer pair designed to respectively
iink both ends of the linker sequence to the heavy and
light chain sequences.

Moreover, once the DNA encoding the scfv is prepared,

expression vectors containing the DNA and hosts



d) having a CDC activity agai nst EPHA2- expressing cells; e) having
an antjtunor activity in vivo; and f) specifically binding to a

pol ypepti de consisting of an am no acid sequence represented by am no acid
Nos. 426 to 534 of SEQID NO 8 in the sequence listing. Exanpl es of
t he anti body having such properties cé&f include any one anti body sel ected
fromthe group consisting of the following 1) to 4): 1) 551348-1, 2)
an anti body which recogni zes an eeitope recogni zed by an anti body produced
by hybri domef 5534 L%Fﬁém%-elW%,loﬂ Vet ays o Ak boly2 WhEeh has t he
am no aci d sequences_represented by SEQ ID NOs: 59, 61, and 63.in the
sequence Iar%cf?% w5 T tfaé}%%cgrrﬁ%%g?'erﬁoﬁier?dfer%gihbynsuq% qﬁgg%avy chai n
vari abl e regi d h h 1 N0_.ac] | u .represented by SEQ | D NGs:

D, A A5 schgltthe! A&é@%@@&félm L& dﬁ’
6

65, 67, an e Sequence ing as conp eTent ari?g’/ape?re m ni ng
regions inthe dight chain variable region, 6

For these antibody fragments, their genes are
chtained and expressed In the same way as above, and the
hosts can be allowed to produce the antibody fragments.

The antibody of the present invention may be a
polyclonal antibody, which is a mixture of a plurality of
anti-EPHAZ antibodies differing in amino acid sequences.
One example of the polyclonal antibody can include a
mixture of a plurality of antibodies differing in CDRs.

A mixture of cells producing antibodies different from
each other is cultured, and antibodies purified from the
culture can be used as such polyclonal antibodies {zee WO
2004/061104) .

Antibodies obtained by binding the antibody of the
present invention with varicus meolecules such as
polyethylens glycol (PEG) can also be used as the
modified form of the antibody.

Furthermcre, the antibody of the present invention
may be a conjugate of these antibodies formed with other
drugs (immuncconijugate). Examples of such an antibody
can 1include conjugates cbtained by binding these
antibodies to radicactive materials or compounds having a
pharmacclogical effect (Nature Bictechnology (2005) 23, p.

1137-1146} .



4) an anti body characterized by the followwing i) and ii) : i) having a
heavy. chai n peptide conprising an am no acid sequence represented by the
general formula (1): -FRH2- CDR812- FRH2- CDRH2- FRH3- CDRH3- FRR4- (1) wherein
HRH represents an arbitrary am no acid sequence consisting of 18 to 30

am no acids; CDRH2 represents the am go acid sequence represented by SEQ I D
NGO 59 in the sequence listing; FRH2 represents an arbitrary am no acid
sequence consi sting of 14 ami no_acids; CDRH2 represents the ami no acid

sequence repr ed&ft €@THyY 'SEQANDINOCI6E R Ke Fefudncad [Undtiing; FRH3

represents an arbitrary am no acid sequence consisting of 32 am no acids;
CDRH3 reprsfe“éfé%ﬁ@glﬁ%% amiino A dISeqréTe e STk e@n%ym@emw\@nes in

the sequence |isting;. and ERH4 represents an arbitrary amno acid sequence
cons: Sti g IO SR O A e e ith T a0, Sef dSUt b | fked ta each
ot her thrgp%ht&efpé icddeh .bogéjqfs'ec?md ii) having a light chain pol ypeptide

conpri sing an amno acid sequence represented by the general formula (11):

FEL2TCORT - 52- REL2, CRRL 2 B 35COBLSERLA (L)) herei NTapresgnt s an

arbitrary am no acid sequence consi sti am no aci

repr esent s d-he, A Q. aci £ sequens e depresent 8d; by: SEQ I D.NQ  65:{n,the
sequence listing; FRLZ represents an arbitrary am no acli d seqguence

consi st i ngrofords A0 aci dsim CDRIEZ represantsr4 hel api vo,aci d sequence
represented by SEQ 1D NO 67 in 67
salting-out, dialysis, polyacrylamide gel electrophoresis
for preparation, and iscelectric focusing (Strategies for
Protein Purification and Characterization: A Laboratory
Course Manual, Daniel R. Marshak et al. eds., Cold Spring
Harbor Laboratory Press (1896); and Antibodies: A
Laboratory Manual. Ed Harlow and David Lane, Cold Spring
Harbor Laboratory (1%88)), though the
separation/purificatiocn method is not limited thereto,
Examples of chromatography include affinity
chromategraphy, ion-exchange chromatography, hydrophobic
chromatography, gel filtration, reverse-phase
chromatography, and adsorption chromatography.
These chromatography techniques can be performed
using liguid-phase chrematography such as HPLC or FPLC.
Examples of columns used in the affinity
chromatography ilnclude protein A and protein G columns.
Examples of columns based on the protein A column
include Hyper D, POROS, Sepharose F.F. {(Pharmacia Inc.).
Moreover, the antibodies can alsc be purified
through their affinity for antigens using an antigen-

immobilized carrier.



the sequence listing; FRL3 represents an arbitrary am no acid sequence
consisting of 32 am no acids; CDRL3 represents the am no acid sequence
represented by SEQ ID NO 69 in the sequence |isting; and FRL4 represents
an arbitrary am no acid sequence consi&ting of 10 am no acids, wherein
these amno acids are linked to each other through peptide bonds.

. . . . ti
e e e o e Shb £y bRt e
lvels o GETIRG e Ao ST 1 e S Ty Coc acti vi ty:

e ha@ing AL L L uRor t \i X0 VR, . ¢ifically binding
té a poIypggggg%é%oggiE??ngggkxgnqgﬁi%geag?glggéagnggépégﬁégghted by am no

acid Nos. 426 to 534,01 SEQIR NG &d e seaquence. | isting. e

Exanpl es of the anti body having such properties can 1 nclude any one
anti body setettednfrompbergeoup) coasksting of the following 1) to 4):
1) SH357-1,
a) having no ability to phosphorylate EPHAZ tyrosine
residues;
b) having an ADCC activity against EPHAZ-expressing
cells;
¢} having a CDC activity against EPHAZ-expressing
cells;
d) having an antitumor activity in vivo; and
e) specifically binding to a polypeptide consisting
of an amino acid sequence represented by amino acid Nos.
426 to 534 of SEQ ID NO; 8 in the sequence listing.
Examples of the antibody having such properties can
include any one antibedy selected from the group
consisting of the following 1) to 8):
1} SH348-1,
2} an antibody which recognizes an epitope
recognized by an antibody produced by hybridoma SH348-1
(FERM BP-108346),
3) an antibody which has the aminc acid sequences
represented by SEQ ID NOs: 59, 61, and 63 in the seguence
listing as complementarity determining regions in the

heavy chain variable region and has the amino acid

sequences represented by SEQ ID NOs: 65, 67, and 69 in



2) an anti body which recogni zes an ep tope recogni zed by an anti body
produced by hybridoma 55357-1 (PERM 38-10836), 3) an anti body which
has the am no acid sequences represented by SEQ ID NGs: 71, 73, and 75 in
the sequence 68 listing as conplenmentarity determning regions in the
heavy chain variable region and has thea am no acid sequences represented by
SEQ ID NGs: 77, 79, and 81 in the sequence listing as conplenentarity
determ ning regions in _the light chain variable region, , | 4) an

anti body A\ ii§ % 1HKE ol GWing priopefFHe&anagndy idetermininayi ng a heavy
chain peptide comprising.an _am no .acid sequence represented by the general
formul a (I929LBRHITCORY - -éfﬁ?ﬁlﬁﬁﬁﬁké§§%{¥ Y(i) wherein ERR

represents an arbitrary.am,no _aci ngce, consi sti of. 18 .to _30 am no
o o DR 2pr Bsenrt ERe T ar e ae A CBauERce  Fapracaitad By S0 1D o
71 in thejgﬁquence listing; FRH2 represents an arbitrary am no acid

sequence consisting of 14 am no acids; CDRH2 represents the am no acid

sequence represented; by SEQ-LD/NGH73 bBpthgeseguense ih-Stingy,:FRH3
represents an arbitrary am no acid sequence consisting of 32 am no aci ds;

CDRH3 r eprasentss: e @M a6 seauence o epresent ethhy: 1SEQ 1D NGO 75 in
the sequence listing; and FRH4 represents an arbitrary am no acid sequence
consi sting of 1fram oorRcdS,-vheHet NREhes®arrre,acids are |inked to each
ot her through peptide bonds; and ii) having a light chain pol ypeptide
conpri si ngitarrcam MRHacirdrseqeenceznepresented byitbe agenersalgukorcrul a (11):

consisting of 18 to 30 amino acids; CDRH; represents the

amince acid sequence represented by SEQ ID NO: 59 in ths

segquence listing; FRH; represents an arbitrary amino acid

seguence consisting of 14 amino acids; CDRHM; represents

the amino acid sequence represented by SEQ ID NO: 61 in

the seqguence listing; FRH; represents an arbitrary amino

acid segquence conslsting cf 32 amino acids; CDREs

represents the amino acid sequence represented by SEQ ID

NO: 63 in the sequence listing; and FRH; represents an

arbltrary amino acid seguence consisting of 11 amino

aclids, wherein these amino acids are linked to each other

through peptide bonds; and

1i) having a light chain polypeptide comprising an

aminc acid secuence represented by the general formula

-

(TI):

F

~FRIN-CDRLL-FRLy~CDRL;—FRL:-CDRLa-FRL,—- (I1)
wherein FRL; represents an arbitrary aminoc acid ssguence
consisting of 23 amino acids; CDRL; represents the amino
acld seqguence represented by BSEQ ID NO: 65 in the

seguence listing; FRIL; represents an arbitrary amino acid



-FRLI - CDRI, 2- ERL2- CDRI , 2- FRL3- CDRL3- FRL4-(11) 69 wherein FEL, represents
an arbitrary am no acid sequence consisting of 23 am no acids; CDRL1 '
represents the am no acid sequence represented by SEQ ID NO 77 in the
sequence listing; FRL2 represents an arbitrary am no acid sequence
consisting of 15 am no acids; CDRL2 reépresents the am no acid sequence
represented by SEQID NO 79 in the sequence listing; FRL3 represents an
arbitrary am no acid sequence consisting of 32 am no acids; CDRL3

repr esent S THEHRF fPTHTT HF SEguehce” raptEs et eds byC SR ITSNOSEES n the

sequence lji.sting; and FETA represents an arbitrar m.no_aci d_sequence
Tt n ot e 48 ?

consi sti ng ot {fri 70" Wher 6T T tHese antho®4ei ds Bre Pinked to each

ot her thraugh &%ﬁ%@l%%t Iblon éanf%%r) y%g:f%ts'e%%ls a ega':ﬁbcj]p% [ s!agﬂ ant i - EPHA2

ant i body _ _ the “pr _ ti%n i usef ul
as a pharmpceutdcal. agent,, parti eyl arl y, ﬁniﬂ?@‘éﬁ@f&é’ﬁ!@ﬁhpomos' tion
ody

i ntended for cancer treatnent, or as an anti or " i nmunol ogi cal

di agnosi s iy siedhdi seasemine acPleienable exanpl esnplscapcesytypes can
i nclude, but" not limted to, breast cancer, esophagus cancer, prostate

cancer, gasifigscancels fQnsied |1 celind unghcangel - LM 0nGanGer, and
glioblastoma nmultiforne. The present invention al so provides a

phar maceutd gal - compositiomncoips siag-a therapeutd cakl yoeifeesi ve anount of
the anti-EPHA2 anti body and a pharmaceutically 70

aclds, wherein these amino acids are linked to each cther

through peptide bends.

5) 8H357-1,

6} an antibody which recognizes an epitope
recognized by an antibody produced by hybridoma SH357-1
(FERM BP-10837),

7) an antibody which has the amino acid sequences
represented by SEQ ID NOs: 71, 73, and 75 in the ssquence
iisting as complementarity determining regions in the
heavy chain variable region and has the amino acid
sequences represented by SEQ ID NOs: 77, 79, and 81 in
the sequence listing as ceomplementarity determining
regions in the light chain wvariable region,

8} an antibody according to any one of (5) to (7)),
characterized by the following i) and ii):

1) having a heavy chain peptide comprising an amino
acid sequence represented by the general formula (I):

~FRH;-CDRH1-FRH;-CDRH;-FRH3-CDRHE4—-FRH4~ {I)
wherein FRH; represents an arbifrary amino acid sequence

consisting of 18 to 30 amino acids seguences; CDRH;

represents the amino acild sequence represented by SEQ ID



acceptabl e diluent, carrier, solubilizing agent, enulsifying agent,
preservative, and/or adjuvant. It is preferred that the substances
pharmaceutically used that are acceptable in the pharnmaceutical conposition
of the present invention should be nontoxic, at the dose or adm nistration
concentration used, to individuals that4 receive the pharmaceutica

conposi tion. The pharnmaceutical conposition of the present invention
can contain_a pharmaceutical substance for changi ng, maintaining, or
retai ni ng PE o5nbti ERpretdurece vi sTesR ey, FREanspererry; s cot or,
isotonicitg, Sterility, stabllitg, the rate of dissolution, the rate of
sust ai ned 7FEPEabRTY abEbT Pt FOFEYSCErePe? meabFEFEYNY °f lExaRpres of the
pharnaceutéggl sugéi nce can inplqﬁg, but not lénited to, the foll ow ng:
ami no aci ds-suth "gﬁfc‘%pﬁegseﬂ“asni > PHutaf e HspaFEGt ne, arginine, and
| ysine; antinm ' e ;-anttoxidapts_such _as_ascorbi¢c.acid, sodium
sul fate, a%é s%%?ﬁ%?%i%ﬁl?%?efSB% fe?g gﬁcﬁﬁgsSSHEEBﬁSt Scirt'Fate, and

borate bufbees. ydagen car bonale.. andlids 0l salytdons: fillers such as

manni tol and gl ycCine; chelating agent's such as et hyl enedi am netetraacetic
acid (EDTAyon€05Pli X Hg agenhsnsuehi@s; cabkel ne,polyvd oyl pyrrol i di ne,
P-cycl odextrin, and hydroxypropyl -cyclodextrin; extenders such as gl ucose,
mannose, andi dext i caonosaccharédesy gdigacchaoi des, 1gl ygese, nmannose, and
ot her hydrocarbons such as dextrin; coloring agents; flavoring agents;

di l uents; esauksifyihgsagegt sanfiybRophidpcepoltysrens steir rady asnpeot yvi nyl
pyrrolidine; |ow nolecular-weight polypeptides; salt-form ng counterions;
anti septi cacsuckeasehenzabkons uimeht dri deambenzectdaci dhesalhcyhieseaci d,

t hi merosal, phenethyl al cohol, nethyl paraben, propyl paraben, chl orhexidine,
sorbi ¢ aci @iy oyeh peroxides sdrtventsesuchrasoll yeeriAe propyl ene

gl ycol, angﬁgolyethylene gl ycol ; sugar al cohols such as mannitol and
sorbitol; %%hd?%% agents; surfactants such as PEG sorbitan ester,

pol ysorbates such as pol ysorbate 2Q and pol ysorbate 80, Triton,

t r omet hami ne, I@‘Di tabiﬁ‘}raf:n%r?d ]c]rﬂ)k}‘esctq?rjd} ;EP%T TE TS entancet <" Suth as
sucrose an bitol: LLci ens, su as sodi um.chl ori de,
potassiun1%%f%§i%é%én%n#?$%#§ %%%ggggﬁf?%l?ydgp?v%?9egﬁgigPﬁg?EaiIuents;

excipientsiz§p9/or phar maceuti cal adjuvants. The anmounts of these
pharmaceuti cal substances added are preferably 0.01 to 100 ti nes,

particul arly, O.gkitoct@rtings,gher sthanchhe, weight efy The anti - EPHA2
ant i body. Inthis context, the présent invention also enconpasses a

phar maceut iggte CONPOS] @GOl MG A 4 FERNCLH POS Qe CataidH g the
anti-EPHA2 antibody in a |iposone or the anti-EPHA2 anti body bound with a
| i posone (&biSsifatentoNoz36204888)cids; CDRL; represents the amino
acld sequence represented by SEQ ID NO: 77 in the
sequence listing; FRL; represents an arbitrary amino acid
sequence consisting of 15 amino acids; CDRL; represents
the aminc acid sequence represented by SEQ ID NC: 7¢ in
the sequence listing; FRL; represents an arbitrary amino
acid sequence consisting of 32 amino acids; CDRLs
represents the amino acid sequence represented by SEQ ID
NO: 81 in the seguence listing; and FRL; represents an
arbitrary amino acid sequence consiséinq of 10 amino
acids, wherein these amino aclids are linked to sach other

through peptide bonds.



The preferable conposition of the pharmaceutical conposition in a
preparation can be determ ned appropriately by those skilled in the art
according to applicable disease, an applicable administration route, etc.
72 The excipients or carriers in the pharmaceutical conposition nay be
liquid or solid. The appropriate excipicents or carriers nmay be injectable
wat er, saline, cerebrospinal fluids, or other substances usually used in
parenteral admnistration. . yg/ut ral_saline or serum al bum n-contai ni ng
saline can al so“Be WS&dEs B ERPAYePT THE pH&GRide "Gt 8hdost ti on can

al so contachneafTris bufferoéepH 7.0 to 8.5). or an acetate buffer (pH 4.0 to

5.5) as we asOlsloOr i'tolP o ot her” c rrp%%nﬂ)s‘. The pharnmaceutical conposition

of the present .in | IS R ed | fr - dr r, Liquid formas an
appropriate dr&é é%\%ﬁ%ntnﬁe a@éﬁggﬁeg% ﬁgggﬁ%ﬁﬁ*aa“ned%%e@é?ssﬂﬁé%ﬂﬁ ty.
The phar mageuty gad, conposition conprising the anti EPHA2 antibody can al so

be prepared in a freeze-dried formusing an appropri ate excipient such as

sucr ose. The chhaTaceut i:¢ak reemposi i afs 4:he; piresentad nvention can
be prepared for parenteral adm nistration or can al'so be prepared for

gastroi nt estdtzaln apsespiion. The conposition and concentration of the -
preparation can be determ ned dependi ng on an adm nistration nethod. Wen
the anti EPHA2cantisbddy: contaicdedatn wile phearimece AR - cqmposi irigon of t he
present invention has higher affinity for EPHA2, i.e., higher affinity

(I ower Kdogallse) for EPHA2 with respect to a dissociation constant (Kd

val ue), the dr ug containing this antibody can be efficacious at a | ower
dose in humans & B&S&drén & %@C activity against EPHAZ-expressing

cells;

e} having an antitumor activity in vive; and

f) specifically binding to a polypeptide consisting
of an anino acid segquence represented by aminc acid Nos.

426 to 534 of SEQ ID NC: 8 in the seguence listing.

Examples of the antibody having such properties can
include any one antibody selected from the group
consisting of the following 1) to 4):

1)y SH348-1,

Z2) an antibody which recognizes an epitope
recognized by an antibody produced by hybridoma SH348-1
(FERM BP-10836),

3} an antibody which has the amino acid seguences
represented by SEQ ID NOs: 58, 61, and 63 in the seguence
listing as complementarity determining regions in the
heavy chain variable region and has the amino acid
seguences represented by SEQ ID NOs: 65, 67, and 69 in

the sequence listing as complementarity determining

regions in the light chain variable region,



this result, the dose of the pharmaceutical conposition of the present

invention in human can al so be determ ned. The dose of the anti-EPHA2
antibody in humans nmay be usually be approximately 0.1 to 100 ng/ kg once
per 1 to 180 days. Exanpl es of dosage forns of the pharmaceutica

conposition of the present invention igglude injections including drip,
suppositories, nasal agents, sublingual agents, and transdermally

absor babl e agents. .. The admi nistration of the pharmaceuti cal

conposi tion of 4’héprégsemod Vet et 9 bithea Heo growto of) EPHA2-
expressing, tunors. Exanples Hereinafter, the present invention wll
be described nore specifically with reference to the Exanpl es. However, the
present inventi.gn.is not intended.to be Iink%gd to them In the

Exanpl es bel ow,> précedit és 1561 at ed 18 gaietit engitieetitg Merd et f or ned

di cth . I in" | ar ing’ mb k, J.,
Fritsch B ra ey st o CRUETY snod By Ghi 0 Spring HAfbor Labor at ory
Press, 1989) or_ 1h@g§ng§§ﬁ5Q§gUhnF@h@@éDﬁgggﬁgﬁgq&g! manual s used by

those skilled in the arc or accordi‘ng to instructi‘ons’included in the

commer ci al dye avah | 8k € L0agents O Kid:s, used,, unl6ss otherwise specified.

74 (Exanple 1) Preparation of p asmd
consisting of 18 to 30 amino acids; CDRH; represents the
amince acid sequence represented by SEQ ID NO: 5% in the
seguence listing; FRH; represents an arbitrary amino acid
seguence consisting of 14 amino acids; CDRB; represents
the amino acid sequence represented by SEQ ID NO: 61 in
the sequence listing; FRH; represents an arbitrary amino
acid seguence consisting ¢f 32 amino acids; CDRH;
represents the amino acid sequence represented by SEQ ID
NO: 63 in the seguence listing; and FRH; represents an
arbitrary amino acid sequence consisting of 11 amino
acids, wherein these amino acids are linked to each other
through peptide bonds; and

11} having a light chain polypeptide comprising an

amino acld seguence represented by the general formula

(

fd

I):

—FRL;-CDRL-FRLy~CDRL:—FRLs~CDRL3z-FRIs— (II}
wherein FRL) represents an arbitrary amino acid ssquence
consisting of 23 amino acids; CDRL: represents the amino
acld sequence represented by SEQ ID NO: 65 in the
sequence listing; FRL; represents an arbitrary amino acid
sequence consisting of 15 amino acids; CDRL, represents

the amino acid seqguence represented by SEQ ID NO: 67 in



1)-1 Preparation of vectors expressing human EPHA2 1)-1-1 Preparation

of a-wector expressing full-1ength human EPHA2 cDNA encodi ng human
EPHA2 was anplified by PCR reaction using cDNA synthesized from SK- Ov-3
cell-derived total RNA as the tenplate and a priner set: Primer 1. 57
ggggacaagt t t gt acaaaaaagcaggct t cggggat €§gaccgagagcgagaag3' (sequence |isting
sequence I D No. 3); and primer 2: 5'-

ggggaccacmgegtsae%afe%acaea%sg%%ﬂﬁ&% Qgggggéﬁﬁ%g%%gtagbti%%% Lhggtectt-3

(sequence Wlstlng sequenc No roduct "was “ifncorporated into

PDONR221  (yranufactured by, dwvidnoger Gor ppy)i Usi g BP, Ghgnase (manuf act ured

by invitrogen Corp.) to prepare an entry vector. e stop codon was renoved

from the RRHA2 ganes idhd henen rakmeclofuisidng - Genedaidof 1§ tezdirect ed
Mut agenesi s System (nmanuf actured by invitrogen Corp.) and a prinmer set:

Primer 3: 15l- dQtiggggas _Loocaiecgaciocagol t tord' risequsiee dhitst izrg sequence
ID No. 5); and Primer 4. 51-gatggggatccocacagtg tcacctggtc-3

(sequence d:ilsitti g s eqguenc ead R NeequEnceRecomi siatn@ro f eattdromdet ween t he
obtained entry vector and the pcDNA- DEST40 Gat eway Vector (manufactured by
| nvi t r ogere Cotxp. whwars iperifiornederusing iR Claormaseinked to each other
through peptide bonds.
(3) ancther antibody of the present inventicn has
the following properties a) to e):
a) having no ability to phosphorylate EPHAZ tyrosine
residues;
k) exhibiting no effect of decreasing an EPHAZ2
protein level;
¢) having an ADCC activity;
d) having a CDC activity;
e} having an antitumor activity in wvive; and
£) specifically binding to a polypeptide consisting
cf an amino acld sequence represented by amino acid Nos.
426 to 534 of SEQ ID NC: 8 in the seguence listing.
Examples of the antibody having such properties can
include any cne antibody selected from the group
consisting of the following 1) to 4):
1) 8H357-1,
2) an antibody which recognizes an epitope
recognized by an antibody produced by hybridoma SH357-1
(FERM BP-10836),
3} an antiboedy which has the aminc acid seguences

represented by SEQ ID NOs: 71, 73, and 75 in the seguence



75 (manufactured by Invitrogen Corp.) to prepare pcDNADEST40- EPHA2 (the
present vector has the nucl eotide sequence represented by SEQID NO 7 in

t he sequence |isting, between attBl and attB2 sequences). Moreover, the
sequence of the ORE portion of the EPHA2 gene cloned into the present
vector is represented by nucleotide Nas. 33 to 2960 of SEQID NO 7 in the
sequence listing. Moreover, the am no aci d sequence of EPHA2 is represented

by SEQID NO 8 in the sequence listin 1)-1-2 Preparatlon of EPHA2
extracel | Jaﬁt'.{'%%l%% %%%e@%ﬁa%a oﬁi@tefmmeDNAr@ﬁeeﬂﬁ nghathaman EPHA2
extracel | ul ar i on pos%fﬁg édee consi S%I n% of an am no acid sequence
represent e % a fo’ att 154" 537" of - Ed:ll‘?) Ker o8 #ritthe sequence
oo e palier,abpren oo, L, EBlve: ECT) v applfod By o

51- aaaaagotit at aggcageco ggge i sting sequence 1D No. 9);
and Prkltlé?re ggaagggglg(go?%ag ?%jts‘:cag ccojfgcaﬁp%rm%%eﬂﬁence listing

sequence | R 3101) dhe obtain eaved wi th H nd= an
Apal and cl o%ie}%lni nt% the Hi %d?l%?ﬁﬁ%?%g% %%%h%\%’l (hereinafter, the

resul ting vectar iz abbresdat ed£i0.q PONAS, k- EPHAZ-ECIY: .and. in the
description bel ow and the draw ngs, the reconbi nant” protein expressed by
"pcDNA3. 1-&RHA2L ECD" is referred to as "rEPHA2-ECD'). 76
i) having a heavy chain peptide comprising an amino
acid seguence represented by the general formula (I):
—FRH;-CDRH;-FRH;~CDRHy—-FRH3;-CDRH3;~FRHs— { 1)
wherein FRHl represents an arbitrary amino acid sequence
consisting of 18 to 30 amino acids; CDRH; reprasents the
amino acid sequence represented by SEQ ID NO: 71 in the
sequence listing; FRH; represents an arbitrary aminc acid
sequence consisting of 14 amino acids; CDRH, represents
the amino acild sequence represented by SEQ ID NO: 73 in
the seguence listing; FRH; represents an arbitrary amino
acid sequence consisting of 32 amino acids; CDRH;
represents the amino acid segquence represented by SEQ ID
NO: 75 in the sequence listing; and FRH; represents an
arbitrary amino acid sequence consisting of 11 amino
aclds, wherein these amino acids are linked to each other
through peptide bonds; and
i11) having a light chain polypeptide comprising an
amino aclid sequence represented by the general formula
(TT}):

—FRL;~CDRL;-FRL2~CDRL:-EFRL3;—-CDRL3~FRLs~ (IT)



1)-1-3 Preparation of expression vectors of truncated EPHA2 proteins
To construct vectors expressing a region consisting of an am no acid
sequence represented by anmno acid Nos. 315 to 540 of SEQID NO 8 in the

sequence listing of EPHA2 (hereinafter, referred to as "Fnll1-NC'), a
regi on consisting of an am no acid sequence represented by am no acid Nos.
315 to 430 thereof (hereinafter, referred to as "FnllI-N'), or a region

consi sting of an am no acid sequence represented by am no acid Nos. 426 to
540 t her eofn§hetei Akt efeP¥eferfedano a9 tFaKy -aoine PCR.¢eaedilensewi t h
pcDNA- DEST40- EPHA2 as the_tenpl ates Mere(gerforned usi ng each prinmer set:
Prinmer setS3ofEnttd-RE arpPifircatdomnts: CDRlprigghresents the amino

geaggo { eal egaaggt cpt gagcqdgeacel caggaceeagsd  (geayence |l sting, sequence
oo 12) PREART TSRt FOr B BN arp F Catl ot Preher= 7Y ahare SR rer o
P N5 0aRa00t 008h0TLRIAGAUAC09200h Uk s ( SEBHECE bLBLLAG, Sequence
the amino acid segquence represented by SEQ ID NO: 78 in
the sequence listing; FRL; represents an arbitrary amino
acid sequence consisting of 32 amino acids; CDRLs:
represents the amine acld sequence represented by SEQ ID
NO: 81 in the sequence listing; and FRL; represents an
arbitrary aminc acid sequence consisting of 10 amino

acids, wherein these amino acids are linked to each cther

through peptide bonds.

4. Pharmaceutical agent comprising anti-EPHAZ antibody

The anti-EPHAZ antibody of the present invention is
useful as a pharmaceutical agent, particularly, a
pharmaceutical composition intended for cancer treatment,
or as an antibody for immunological diagnosis of such
disease.

Preferable examples of cancer types can include, but
not limited to, breast cancer, esophagus cancer, prostate
cancer, gastric cancer, non-small cell lung cancer, coleon
cancer, and glioblastoma multiforme.

The present inventlon alsc provides a pharmaceutical
compesition comprising a therapeutically effective amount

of the anti-EPHAZ antibody and a pharmaceutically



Primer set for Fnlll-C anplification: 77 Primer 10: 5'-

gcaggat t oat cgaaggt egt gggagot t ccgt act gccagt g-3' (sequence |isting sequence
ID No. 14); and Priner 8. To add attEl and attB2 sites to both ends of the
obt ai ned PCR products, PCR reaction with each PCR product as a tenpl ate was

performed using a priner set: Priyoger 11: 5'-
ggagacaagttt gt acaaaaaagcaggct t cat coaaggt egt ggg-3' (sequence listing
sequence I D No. 15); and Primer 12:

5' ggggac@mqaﬁké@@éa@&rggﬁn@eqseﬁu@w;wwn@g@@quence | D No. 16).
The PCR products_obtained in thlsle cedure g@re i ncorporated into pDONR221

0
usi ng BP @8hase 143 pridfdie T3P VETt brs. i #at F6R F eact i ons bet ween

h ent d_a _dest t d. by cl t.ne Nd
and BS“nH{ys.vteéﬁ‘)éflagﬁ%gﬁ?%%%a& Fea by ovageny Rt on

enzynmes, gll of tgerecli}aa/et és%oeesma&g t eé‘vmé@ mg Readi ng Frane

Cassette it eway nver si onh ‘System nanu?actured by

I'nvi trogen. Lot ). 41 Q4 he, bl unted, sifes %w&p%ﬁ@%u 50001612 d onase

in order to prepare expression vectors erei nafter reconni nant pl’ ot ei ns

expressed Qy dhe d%@e”oﬂ“%dmfr{héﬂf&klo@%fdﬂﬂ&r& i&@%@@&at ed expression

vectors are referred to as rEnlI1-NC, rFnll1-N, and rFnll1-C,
respectivelndividuals Brak Rreparad ione ofnhdnidde BEPEB2) extrpaeel tubar regi on

expr essi on vector
The pharmaceutical compositicon of the present
invention can contain a pharmaceutical substance for
changing, maintaining, or retaining pH, csmotic pressure,
viscosity, transparency, color, isotcnicity, sSterility,
stability, the rate of dissoclution, the rate ¢f sustained
release, absorptivity, or permeability.

Examples of the pharmaceutical substance can include,
but not limited to, the following: amino acids such as
glycine, alanine, glutamine, asparagine, arginine, and
lysine; antimicrobial agents; antioxidants such as
ascorblc acid, sodium sulfate, and sodium bisulfite;
buffers such as phosphate, citrate, and borate buffers,
hydregen carbonate, and Tris-HCl solutions; fillers such
as mannitol and glycine; chelating agents such as
ethylenediaminetetraacetic acid (EDTA); complexing agents
such as caffeine, polyvinyl pyrrolidine, P-cyclodextrin,
and hydroxypropyl-p-cyclodextrin; extenders such as
glucose, mannose, and dextrin; monosaccharides,
disaccharides, glucose, mannose, and other hydrocarbons
such as dextrin; coloring agents; flavoring agents;

diluents; emulsifying agents; hydrophilic polymers such



78 cDNA encodi ng human EPHB2 was obt ai ned by PCR reaction usi ng cDNA
synt hesi zed from HOO70 cell-derived total RNA as the tenplate and a priner
set: Primer 13: 5'-

ggggacaagt tt gt acaaaaaagcaggctt cgoccogggaagegcagcc-3"' (sequence listing
sequence I D No. 17); and Prinmer 14: 71 5'- -

ggggaccact tt gt acaagaaagct gagt oct aaacct ccacagact gaatctgatt catctg-3
(sequence |isting sequence | D Np. 18). The_nucleotide sequence of human
EPHB2 ch\lAa?sp?JngJe%ght%}ﬂrB?/lS‘%@?D /-9l PRYLRE “¥BGHBACe |isting. The

am no acid_sequence thereof is rﬁgresenteg by SEQ ID NO. 20 in the sequence
listing. %%Y%%%SMagaégFf%F 9% usPhg ﬁréppﬁéraEEﬁSFBFlﬁﬁpﬁPngng cDNA

encoding 2. hugen, ERFER, extLacel L aryLeglon (regi on consh sting, of an anino

aci d sequence represen ami no’ aci SEG'FD“NO 20 in

the sequence histing) (Rereinaltel oabbs eeag%ﬁp%?a%@ﬁ'*w- ECD'):

Primer 15: 5" -aaaaagett at ggct tt goggaggct gagg- sequehnce |isting sequence

ID No. 21)pr@Pfiparaben, chlorhexidine, sorbic acid, and nhydrogen
peroxide; sclvents such as glycerin, propylene glycol,
and polyetnylene giliycol; sugar alcohols such as mannitol
and sorbitol; suspending agents; surfactants such as PEG,
sorbitan ester, pclyscrbates such as polysorbate 20 and
polysorbate 80, Triton, tromethamine, lecithin, and
cholestercl: stablility enhancers such as sucrose and
sorbitol; elasticity enhancers such as sodium chloride,
potassium chloride, mannitol, and sorbitol; delivery
vehicles; diluents; excipients; and/or pharmaceutical
adjuvants.

The amounts of these pharmaceutical substances added
are preferably 0.01 teo 100 times, particulariy, 0.1 fto 10
Times higher than the welght of the anti-EPHAZ antibody.

In this context, the present invention also
encompasses a pharmaceutical composition containing an
immunoliposome ceontaining the anti~EPHAZ antibody in a
liposome or the anti-~EPHAZ antibody bound with a liposome
(U.5. Patent No. ©214388).

The preferable composition of the pharmaceutical
composition in a preparation can be dstermined
appropriately by those skilled in the art according to
applicable disease, an applicable administration rcute,

atc.



Prinmer 16: 5'-aaagatatctcatggcaacttctectggat-3" (sequence listing sequence

| D No.. 22). The obtained PCR product was cleaved with Hindill and EcoRV and
cloned into the HndlI1/EcoBV site of pcDNA3.1 (hereinafter, the resulting
vector is abbreviated to "pcDNA3. 1- EPHB2- ECD'; and in the description bel ow
and 79 the draw ngs, the reconbi nant 7arotei n expressed by

"pcDNA3. 1- EPHB2- ECD"' is referred to as rEPHB2-ECD). 1)-3 Preparation of
human ERBB2 expressi on vector PCR reaction with Human cl one coll ection

(manuf act ur ed WGSWFWS #O3IBI0)- B the Henpraerarsiperdbrned using a

prinmer set: mer 17: 5! -caccat { ccttg-3'" (sequence listing
sequence Cﬁr%osjz%ﬁo“alﬁﬁy be Ly Jn‘i g gglgtc tPGoatytotayacce- 3'

(sequence14§§£§{§h quengg égégglmay)be injectable water, saline,

cerebrospinal fluids, or other substances usually used in
parenteral administration.

Neutral saline or serum albumin-containing saline
can also be used as a carrier. The pharmaceutical
composition can alsc contain a Tris buffer (pH 7.0 to
8.5) or an acetate buffer (pH 4.0 to 5.5) as well as
sorbitol or other compounds. The pharmaceutical
composition of the present invention is prepared in a
freeze~dried or liguid form as an appropriate drug having
the selected composition and necessary purity.

The pharmaceutical composition comprising the anti-
EPHAZ antiboedy can also be prepared in a freeze-dried
form using an appropriate excipilent such as sucrose.

The pharmaceutical compesition of the present
invention can be prepared for parenteral administration
or can also be prepared for gastrointestinal absorption.

The composition and concentration of the preparation
can be determined depending on an administration method.
When the'anti—EPHAE aﬁtibody contained in the
pharmaceutical compcesition of the present invention has
higher affinity for EPHAZ, i.e., higher affinity {(lower
Kd value) for EPHAZ with respect to a dissociation
constant (Kd value), the drug containing this antibody

can be efficacious at a lower dose in humans. Based on



The obt ai ned PCR product was incorporated i nto pENTR/ DTOPO ( manuf act ured by
i nvitrogen Corp.) using pENTR Directional TOPO C oning kit (manufactured by
I nvitrogen Corp.) to prepare an entry vector. To repair nutations caused by
am no acid substitution, the entry vector was digested with EcoRl, and a
fragment containing the pENTR/ D- TOPO deri ved sequence anong the obtai ned
fragnments was |igated wth the second | argest fragnent (approximtely 1.6
kbp) anmong fragnents obtained by di gested Hunan cl one col |l ection

( manuf act ufeds bye STRATACENE!C #014640) ¢ Wi FeoRit 1 ReéofbitRat i 6horeact i ons
bet ween the_obtained entry vector and the pcDNA- DEST40 Gateway vector were
per formed @Si hg® LR €F ®hhase T H bt der -1 o praparal pg DRA- PESTa0eERBR24( t he
vector has the nucl eotide. sequence represented by SEQ.ID NO 25 in the
sequence |isti r%fe Sfedit att B and 't 82 He esyT MEERDY 42 Prpar at i on

f ti - - , - F I 3-F cell fact d
by vt OSHT Db o5 BN &t TAmST L1 €l € h L DAG 1. EPFRRPRED USFng.

293fectin {gmnyfactured by Invitrogen Corp.) and cultured at 37C in 8% C2
for 5 days. After the culture, the culture supernatant was coll ected by
centrifugation angised &S & S 6. {ERHAZ-ECD. purd £ ion. The
obt ai ned cul ture s&:ger nat ant was di alnf/é;ec{:l agai nst legélém\hhl'%?ési HC1, pH 7.5,
using a diabysbsitube having arevbecul arecuiofif:0f1158000,thenfiltered
through a filter (0.45 pm PES), and then applied to H Prep 16/ 10 Q XL
( manuf act utedl byi G deab f heateo Bl 0o Scéencess £or poynegqui kibratedawi th 20 nM
Tris-HCL, pH 7.5. Elution was perfornmed with a |inear concentration
gradi ent ofgNaCh, (20 nMArsseHCL] LpHZs&rbdale MidaCiy. An aliquot of the
eluted fractions was separated by SDS-pol yacryl am de gel el ectrophoresis
(hereinafter, abbr edrdired 16 MSDS-FAGE PiFHem ca el gel wwsestEined with
Coomassie Brilliant Blue (hereinafter, abbreviated to "CBB-stained") to
confirm r EPHARZ ECDEDMR AT nt MGER FBeR i Ofs. 1 INeXe 1t t hlee r EPrS2E ECD- BBREAT ni ng
fractions were conpbined and applied to Hi Load 26/ 60 Superdex 200 pg
( manuf act ur&d" BY° € Hedl'thtar e Bi oSci ences Corp.) equilibrated with PBS.
After elution with PBS, an aliquot of the eluted fractions was separated by
SOS- PAGE. Then, the gel was CBB-stained to confirmrEPHA2- ECO- cont ai ni ng
fractions.. The yEPHA2- ECDcontai ning fractions were conbined and used as an
antigen 81 I mruni zati on and an antigen for epitope determ natio The
protei n concentyatd;on mas- mMeasurad Lsing BAFrot %ﬂﬁ%@yd%&% d
(manuf actured by PIERCE). 2)-2 I'mruni zation 4- to 6-week-0
BALB/ cANNGR £X | §paid &1 Lhay | @5t R vefe Ltaborat origs dapapi=Lnc.) were used.
On day 0, a mxture of 50 1_tg of rOEPHA2- ECD and Adjuvant Conplete
However, the present invention 1s not intended to be

limited to them.

In the Examples below, procedures related to genetic
engineering were performed according to the methods
described in "Molecular Cloning”, (Sambrook, J., Fritsch,
E.F., and Maniatis, T., published by Cold Spring Harbor
Labcratory Press, 1989) or methods described in cther
experimental manuals used by those skilled in the art or
according to instructions included in the commercially
available reagents or kits used, unless otherwise

specified.



Freund H37 Rv (manufactured by Wako Pure Chem cal Industries, Ltd.) (1:1 in
terns-of volume ratio) was subcutaneously adm nistered to the nouse dorsal
regi‘on. Likew se, a mxture of 50 4g of rEPHA2-ECD and TiterMax Gol d

Adj uvant (manufactured by Sigma-Aldrich, Inc.) (1:1 in ternms of volune

rati o) was subcutaneously adm nistereds4to the dorsal region of another

i ndi vidual. On days 22 and 36, a m xture of 50 p,g of rEPHA2-ECD and

Adj uvant | nconpl ete Freund (manufactured by Wako Pure Chemi cal |ndustries,
Ltd.) (1:1'Frterss! of PvaPahettati o) wedswibcut aneously adninistered to the
dorsal region of each nouse. On day 53, 50 1.1.g of rEPHA2-ECD was

y 1
i ntraperitoneallly ladhShasteridd! 1o S5 TrouSED 19e Hayd §6:mahE buse spl een
was col | ected and .u: e%J n _hybridome preparation. 2)-3 I—%briﬁdoma preparation
Cel | fusion between 7t hé Sf51°éen Celd’s Zand rods & iyt Tima ' P3X63A 80. 1 cel | s

was perfor [ (manufactured I BL (I muno- Bi ol ogi cal
R M ) e

Labor atori €s, 0 prepare hybridomas. A cul ture supernatant of

82 the obtai ned.hybr %Qﬂ%‘% I reening ant i - EPHAZ,

ant i body- pr oduci ng h)?bri or%gl_gr.ﬁ" %; %Pfg%% %%Sy%g{érhgleﬁlln%%ﬁ? TR 2)-4-1

Prepar at i o 0f+ &8l I&ﬁ?r@m Ngy@: gene. £ncodiNgs ANcADE | ng—d?ri@{él cells
ce as

were seeded at 5x104 | s/cn2 onto a collagen type |-coated fl
(manuf act uteck DRNAAE ) ciand- stbtalt @daovel i ghteat s 37C in 5% CA2 in DVEM
containing 10% FBS. On the next day, the 293T cells were transfected with
pc DNA- DEST40- EPHAZi=ar IpcBDNA- DES140- ERBB2 as a control using Lipofectam ne
2000 (manufactured by Invitrogen Corp.) and further incubated overni ght at
37C ggggacaagtitgtacaaaaaagcaggcticggggateggaccgagagegagaag-

3" {seguence listing sequence ID No. 3}; and

primer 2: 5'-

ggggaccactttgtacaagaaagctgggticctagatggggatccccacagtgttcac

{(sequence listing sequence ID No. 4).
The PCR product was incorporated intoc pDONR221
(manufactured by Invitrogen Corp.) using BP Clonase
(manufactured by Invitrogen Corp.) to prepare an entry
vector. The stop codon was removed from the EPHA2 gene
in the entry vector using GeneTailor Site-Directed
Mutagenesis System (manufactured by Invitrogen Corp.} and
a primer set:

Primer 3: 5'-ctgtggggatccccatcgacccagottte-3"
(sequence listing sequence ID No. Sf; and

Primer 4: 5'-gatggggatcccecacagtgttcacctggte-3"
{sequence listing sequence ID No. &).
Recombination reaction between the obtained entry vector
and the pchDNA-DEST40 Gateway Vector (manufactured by

Invitrogen Corp.) was performed using LR Clonase



in 5% CO2. On the next day, the transfected 2931 cells were treated with
trypsi-n, then washed w th DVEM contai ni ng 10% PBS, and then suspended in
PBS cont ai ni ng 5% PBS. The obtai ned cell suspension was used in Cel | ELI SA
and flow cytonetry analysis. 2)-4-2 Cell-ELISA The cell suspension
prepared in the paragraph 2)-4-1 was ¢éntrifuged, and the supernatant was
renoved. Then, the EPHA2-expressing 293T cells and the ERBB2-expressing

293T cell's were_separatel y suspended bézt he addition of the hybridoma
cul ture suf®imatantiafd PhctbateePat™ 4 ¥F0r) 1°RobFerThe 2ePY8~in the wells

wer e washe jce.wth PBS containing 5% PBS. Then, the cells were
suspended %%{g—%%\!’d??i Eﬁh%fp]@%?n’an‘??‘:%n Af gee Ijé‘r“ﬁﬁ‘?‘aas‘ée@nj ugat ed
(manuf acture |1ipore en c . 81P).diJuted 500 tinmes with PBS
3" Cont ai n TG SV FES . A Eh oAt o TACH or | T hoth s TRETCRFFa i n ¢ he

wel | s wer t\W.C i th P t.al nd 0 Then,  ( Col or

Devel opi ngj\é%?%ﬁgbn ‘b'g%%%ﬁy eh%gi %@n%%%%%g%gﬁg??ﬂé n%nu&a“c ‘ured by
Vako Pure Ghemicale)ndust ries, okt dodrang, H202: wer godissolyed-aty o4
concentrations of 0.4 ng/m and 0.6% (v/v), respectively, 1n an OPD

sol ution (0,05 Mdérpsogium cittat eis Ordp M diseds uyg)lugwg@ﬂi@@ow@at e
dodecahydrate, pH 4.5)) was added at 100 pi/well. | or reaction was
perforned ¥ ttostP67iag @nd 1ermdnal eth bynt hecaddhtéoniofidgM HCL at 100
pl/well. The cells were precipitated by centrifugation, and the supernatant
was then tMansferred-i® amirew 96ideddcfitate bof t DRIAL cioptapessdhesd
absorbance at 490 nm was neasured using a plate reader (AR TGO,

Per ki nEl me?y .SHD Belet thybridomaseprodeei hgsantgbodi es which specifically
bind to EPHA2 expressed on the surface of the cell nenbrane, hybridonas
produci ng a cullture % upéEEratsEntoText B tig Hilghete absbrbaicel ¢th t he EPHA2-
expressing 293T cells than in the ERBB2-expressing 293T cells (controls)
were sel ecte&d"To°be" posttive for production of anti-EPHA2 antibody. 2)-4-3

Fl i | ysis,.T | .al iti in Cell-ELISA,
7 ow cytoret v ¢ apalyt aule, o el Lol posltlves Ly el B
Cel | - ELI Sﬁg%%%?eréyﬂﬁ%gf%%ﬁ?{%@%%f% 1heid: pL ”%!:&9 spegLilgities for EPHAZ

by flow c uspensi on prepared ih paragraph 2)-4-1 was

centri f uged ande t hey supesnatanic wasysemoved, Then,cthey 1p wo: s

in the sequence listing; hereinafter, abbreviated to
"EPHAZ-ECD") was amplified by PCR reaction using a primer
set:

Primer 5: 5'-aaaaagcttatggagctccaggecageceege-3!
{segquence listing seqguence ID No. 9); and

Primer 6: 5'-aaagggccctcagtigceccagatccetecogg-3"
(sequence listing seguence Ib No. 10).
The cobtained PCR product was cleaved with HindIII and
Apal and cloned into the HindIII/Apal site of pcDNA3.1
(hereinafter, the resulting vector is abbreviated to
"pcDNA3.1-EPHAZ-ECD"; and in the description below and
the drawings, the recombinant protein expressed by

"pCDNAZLT-EPHAZ-ECD" 1s referred Lo as "rEPHAZ-ELCD").



84 EPHA2- expressing 293T cells and the ERBB2-expressing 293T cells were
separately suspended by the addition of the hybridoma cul ture supernatant
and incubated at 4C for 1 hour. The cells in the wells were washed tw ce

wi th PBS containing 5% FBS. Then, the cells were suspended by the addition
of "Fluorescei n-conjugated goat 1gG frraction to nouse 1gG" (Wol e Ml ecul e)
(manufactured by | CN Pharnmaceuticals, Inc., #55493) diluted 1000 tines with
PBS cont ai ni ng 5% FBS, and incubated at 4C for 1 hour. The cells were
washed twi ce Wit PBES *CEREEGATIRG 5% PBS&Fd ey a@suspended in PBS

contai ni ng. 5% FEZ Cm%%t her_ containing 2 pg/ml 7-am noactinomycin D
(manuf act ur'ed: By Thvi Trogen ‘Corp'® (Mol ecul ar Probes)), fol l owed by anal ysis
using a flow cytoneter (FC500, .Beckman Coul.ter, Inc.). The data was

anal yzed usi ng)ﬁﬁl (‘)rg\'/%‘i/jnot %‘rcggvgcwrsl NG HY.” 7= 4R fod i dmydi T 0 pd¥l ti ve dead

tar, |

cel1s wer e, £xgl uledi ISl ng; & Ol ceThﬁdéb%%ﬁfgéJ%&'é%ﬁ%%Pgé‘E& Lo ensity

hi stograns of [ive cells were plotte omas’ produci ng~ sa

provi ded sfrongers fd uor esgence \dut ensity.id & rescence Latensity
hi st ogram of the EPHA2- expressing 293T cells %ﬁéﬁ%dﬁ% ?ﬁ% ﬂlﬁgt%gr am of the

ERBB2- exprigsging 1293 cet s asrcontrol ssaes e obtai neg-as, ant j-5 EPHA2
ant i body- produci ng hybridomas. 2)-5 Separation of hybridoma into single

cl ones corfEhes @imd -EPHAR antidody-prosucs mge hyds i dosmms-were ghist ed with
Cl onaCel | - HY Sel ection Medium D (manufactured by StenCell Technol ogi es,
#03804) anrd-icultamedi]and the) forared ol loniesna®rer catd Betediasc 85 singl e
clones. The collected clones were separately cultured and exam ned for
t hei r bi ndiliy- J&lctN Vit a3 f ore BRHAZ Qs gt tthe el auransupeznatants in the
sane way as in paragraph 2)-4-3 to establish hybridomas producing
ant i - EPHAZ SiHEeI it PG bt 6% (3BHIAB-AS 1 SHEBY- 142 AbB7-540 Ab65- 1,
Ab96-1, Abl00-1, 105-1, Ab106-13, Ab136-1, Abl148-1, Abl51-4, Ab230-1,
Ab373- 1. antFApgsgoiigreinatter, referred to 'as "FnIIl-C™), PCR
reactions with pcDNA-DEST40-EPHAZ as the templates were
performed using each primer set:

Primer set for FnIII-NC amplificatiocn:

Primer 7: 5'-
gcaggcttcatcgaaggtegtgggcyggygcacctcaggaccecag-3' {sequence
listing seguence ID No. 11):; and

Primer 8: 5'~
gtaczagaaagctgggtgetagecgocaatcaccgecaag~3' {segquence
listing sequence ID No. 12);

Primer set for FnIII-N amplification:

Primer 7, and

Primer 9: 5'-
gracaagaaagctgggtgcectaggecagtacggaagetgegg-3' (seguence

listing seguence ID No. 13);

Primer set for FnlIII-C amplification:



2)-6 Confirmation of binding activity of nonoclonal antibody for cancer
cell -+ine Whet her or not the npnocl onal anti bodi es obtained in
paragraph 2)-5 bound to cancer cells highly expressing EPHA2 was studi ed by
the flow cytonetric nethod in the sane way as in paragraph 2)-4-3. A human
breast cancer cell line (NMDA-MB-231), 7@ human | ung cancer cell |ine (A549),
and a human prostate cancer cell line (PC3) were used instead of the
transfected 293T cells. As a result, all the established nonocl onal

ant i bodi es wer €X¢8i5 rFBd>t'd bind to these cancer cell lines. 2)-7 |sotype
determ nati on of nonocl onal, anti body . The i sotypes_of the nonocl ona
ant i bodi o< SRTL Hot BT e s il NoL s e HEROLT bl 29 SOt Jpi hgoKRERCe
(manuf act ured hy. AbD Ser ot ) ,fesult, the isotypes were 1gGL (Ab57-1
and Abzso-ﬁj)s,dmlw aeo{”é%%aﬁ@ %ﬁé#—ﬁ', 3 5-1, Ab96-1, Ab100-1, Ab136-1,
Ab148-1, and AQ%@%F%)Q_and | g&b (Ab105-1, Ab106-13, Ab373-1, and Ab382-1).
2)-8 Preparation of nonocl onal anti body The nonocl onal anti bodi es were

purified fromascitas of,hydbrdigdonn-tsansplantied. ice,or @, hé’l?ﬁ%f‘é?é@ culture
86 supernatant (hereinafter, referred to as a "source for anti body

purificatimm¥ )product sTheparouses @scht 69 Weres @F epat edrasuéol hows: first, 7-
to 8-week-old BALB/ cAlcl -nu/nu mce (CLEA Japan, Inc.)
template was performed using a primer set:

Primer 11: 5'-
ggggacaagtttgtacaaaaaagcaggettcatcgaaggtegtggg-3"
(sequence listing sequence ID No. 15); and

Primer 12: 5'-ggggaccacttigtacaagaaagctgggt-3'
(sequence listing seguence ID No. 16).

The PCR products cbtained in this procedure were
incorporated into pDONR221 using BP Clonase to prepare
entry vectors. Recombination reactions between each
entry vector and a destination vector prepared by
cleaving the Ndel and BamHI sites of pET15b (manufactured
by Novagen) with restricticn enzymes, blunting the
cleaved sites, and then ligating Reading Frame Cassette
C.1 of Gateway Vector Conversion System (manufactured by
Invitrogen Corp.) into the blunted sites were performed
using LR Clonase in order to prepare expression vectors
(hereinafter, recombinant proteins expressed by the
FnlIi-NC-, FnIII-N-, and FnIII-C-incorporated expression
vectors are referred to as rEnITI-NC, rFnIII-N, and
rEnIII-C, respectively).

1) -2 Preparation of human EPHBZ extracellular region

expressicn vector



were treated with pristane (manufactured by Sigma-Aldrich, Inc.).

Approxi mately 3 weeks |ater, the hybridomas washed wth saline were
intraperitoneally transplanted in an anount of 1x107 cells/nouse. 1 to 2
weeks | ater, ascites accunulated in the peritoneal cavity was coll ected,
then sterilized through a 0.22-pmfilt/&, and used as a source for antibody
purification. The hybridoma cul ture supernatant was prepared using
CELL. ine (manufactured by BD Biosciences). The hybridomas were cul tured

according to tHe Harfifat dter Eamstrtet i'6hs @xceptet Hat SonacCel | - HY

G owt h Medi um E ( manuf act by StenCell Techngl ggies, #03805) was used as
a medi um ﬁ%%pb%éTe%?%%gc%#@%r%y%iﬁ%?%%?%ngiﬁﬂsgggﬁbeF%H?fa?Bhgﬁda 0. 45- pm
filter an : o) e i rification. The anti bodi es
wer e puri??%%§g§$§%a%% %#%i?é@%;%%%d%%gg%ﬁ%¥%%?ﬁgSE%COnbinant Protein A

r PAS0 (manuf actured. by, Repl+i_Gen Corp.) inmmobilized on Fornyl Cellul ofine
(manuf actured by Sei kagaku Corp.) (hereinafter, abbreviated to

"Fornyl - Cebdath 0t i ne- Prot £ Al )a MabSelect SURe Lnmpyfactured by GE
Fbalthcare(%lo-SC|ences Corp.). @%%ﬁ%he Fornyl%éflu?o??ng Protein A the
source for(@idoey listing sequence ID No. 17); and
Primer 14:
5T
ggggaccactitgtacaagaaagcetgggtccectaaacectccacagactgaatetggtt
catctg-3° (sequence listing seguence ID No. 18}).
The nucleotide ssguence of human EPHB2 cDNA is
represented by SEQ ID NO: 19 in the seguence listing.
The amino acid sequence therecf is represented by SEQ ID
NO: Z0 in the sequence listing. PCR reaction was
performed using a primer set for amplifying cDNA encoding
a human EPHBZ extracellular region (region consisting of
an amino acild sequence represented by amine acid Nes. 1
to 542 of SEQ ID NO: 20 in the seguence listing)
(hereinafter, abbreviated to "EPHB2-ECD"):
Primer 15: b'-aaaasagcttatggctotycgoaggetgggg~3"
(sequence listing sequence ID No. 21); and
Primer 16: 5'-aaagatatctcatggcaacttctectggat-3"
(seguence listing sequence ID No. 22).
The obtained PCR product was cleaved with HindIII and
EcoRV and cloned into the HindIII/EcoRV site of pcDNA3.1
(hereinafter, the resulting vector is abbreviated to

"peDNAZ . 1-EPHBZ-ECD"; and in the description below and



purification was diluted three times with Binding Buffer 87 (3 MNaG,
1.5 M-glycine, pH 8.9) and applied to the colum, which was then washed
with Binding Buffer, followed by elution with 0.1 Mcitric acid, pH 4.0. On
the other hand, for the H Trap MabSel ect SuRe, the source for antibody
purification was added to the col um, "hi ch was then washed wi th PBS,
followed by elution with 2 M arginine-BClL, pH 4.0. The anti body el uate was
neutral i zeg and the buffer was then replaced with The anti body

concent r at I ohs- Wbt e Fet er it n%%c%@bjel??ﬁr n%r?ﬁ%l%n‘f’?q%ﬂ%%dbﬁﬁnd with PORCS G
20 1.5 COJr 100 p d
e AR A L CRd L e U SR e i el

nmeasuring t or bance™ ( fcally, the

anti body sanpl e, di-l C%Cﬁ

equilibrated w t h BEE]#:JTIE@?DI réat‘!tlld;ﬁ%%\?jf géf%émﬁ Sodi um dzhyd“r ogen phosphat e
dodecahydrat e, ok %éﬂ@ﬂ%}pw@ﬁm@rpmﬁaﬁ@t@@ﬂe .M NaCl, pH 7.0). The
col um was washed with Equilibrating Buffer, and the anti body bound to the

col um was (ddrens et -esk wh§ hs arpeitent (#tﬁ@@ﬁ@ VisHEle PedpiM BNaQl). The

peak area of t he absorbance (0.O. 280 nm of the eluate was neasured, and
t he concent«:atdonedass Cal cul at fdeaceor ding to the foll ow ng equati on:
Concentration of antibody sanple (ng/m) = (Peak area of anti body

sanpl e)/ (Peak areansof 1st:andara: (deuirmare dag@lds scCongeht r eddrerofe st andar d

(nmo/ mi) xDi [ ution factor.
listing sequence ID No. 23); and

Primer 18: 5'-tcccactggeacgtccagace~3' (sequence
listing sequence ID No. 24).
The cbtained PCR product was incorporated into pENTR/D-
TOPO (manufactured by Invitrogen Corp.) using pENTR
Directional TOPO Cloning kit (manufactured by Invitrogen
Corp.) to prepare an entry vector. To repair mutations
caused by aminc acid substitution, the entry vector was
digested with EccRI, and a fragment containing the
pPENTR/D-TOPO~derived seguence among the obtainad
fragments was ligated with the second largest fragment
{approximately 1.6 kbp) among fragments cbtained by
digested Human clone collection (manufactured by
STRATAGENE, #Cl1l4640) with EcoRI. Recombination reactiecns
between the obtained entry vector and the pcDNA-DEST40
Gateway vector were performed using LR Clonasze in order
to prepare pcDNA-DEST40-ERBBZ (the wvector has the
nucleotide seguence represented by SEQ ID NO: 25 in the

sequence listing, between attBl and attB2 seguences).

(Example 2) Preparation of moncclonal antibody



Mor eover, the concentration of endotoxin contained in The obtai ned

anti bodi es was nmeasured using Endospecy 88 ES-50M Set (Sei kagaku Corp.,
#020150) and Endot oxin Standard CSE-L Set (Sei kagaku Corp., #020055) and
was confirmed to be 1 EUng or lower. The resulting antibodies were used in
t he subsequent experinents. (Exanple 8) Properties of 5H348-1 and SH357-1
3)-1 Study of anti-EPHA2 antibody for its activity of inducing

phosphoryl ation of EPHA2 tyrosine residues and its activity of inducing
decrease i n EPHAZ lpF&esidFateys ©f antigem .1 Preparation of

anti body-stinulated cell |ysate NDA-MB-231 Eel |s suspended in RPM 1640
cont ai ni ng 10% PBSZ*PEE SEnirt sl "péni CHSSSTY 1énd 550 EpiSfinE st r ept onyci n
(hereinafter, abbreviated to "10% FRS-containing RPM 1640 (w th,

anti bi ot i c%%“%crteurseeée}e‘ﬁ %V%%?%erbecrccfrs}? \?\)el‘felg%tbr%n%ﬁ%‘f?dd‘?"sw and

cul tured qv ight_ G A 0 e next d t he , nmedi um was

di scar ded?‘)%\%%&M%&%%%ﬁa%enﬁge%%gahgm%% f%égééjf%df%zt her cul tured
over ni ght 37C | 9 %02 t J Y, 48-1,. 57- 1, -Mouse | g02A
| sotype Co%ﬁ%r%(%!% t%ﬁ{ge d'e)scégﬁ%t%lgln Ee %\?\%an?ﬂ t é“ndggéw%réss,%oﬁbgr eviated to

"mg&a"; qmnf agtruced by R&D-Syst enBe NG+ AMABOAI), AS, AN Jjsot ype control
anti body, Reconbi nant Mouse EphrinAl/Fc Chinera (in the description bel ow

and the draiiings,ecabbr exirat el it kphriam Aldée"ss rmnufactar gy by R&D
Systens, Inc., #602-Al-200) as a soluble EPHA2 |igand, and Reconbi nant
Hurman | gGrERciA@-Edrhewdestirdigtion behewcand ithke duawiuigs, abbreviated to
"hd Fc"; manufactured by :
supernatant was dialyzed against 20 mM Tris-HCl, pH 7.5,
using a dialysis tube having a molecular cutoff of 15000,
then filtered through a filter (0.45 um, PES), and then
applied teo HiPrep 16/10 Q XL (manufactured by GE
Healthcare Bico-Scilences Corp.) equilibrated with 20 mM
Tris-HCL, pH 7.5. Elution was perfermed with a linear
concentration gradient of NaCl (20 mM Tris~HC1, pH 7.5,
0-1 M NaCl). An aliquot cof the eluted fractions was
separated by SDS-polyacrylamide gel electrophoresis
(hereinafter, abbreviated to "SDS-PAGE"). Then, the gel
was stained with Ccomassie Brilliant Blue (hereinafter,
abbreviated tec "CBB-stained") to confirm rEPHAZ-ECD-
containing fractions., Next, the rEPHAZ-ECD-containing
fractions were combined and applied to Hiload 26/60
Superdex 200 pg (manufactured by GE Healthcare Bio-
Sciences Corp.) eguilibrated with PRS. After elution
with PBS, an aligquot of the eluted fractions was
separated by SDS-PAGE. Then, the gel was CRBB-stained to
confirm rEPHA2-ECD-containing fractions. The rEPHAZ-ECD-

containing fractions were combined and used as an antigen



89 R&D Systens, Inc., #110-HG 100) as a control protein for the soluble

| i gand were separately diluted at a concentration shown in Figure 1 or 2
(SH348-1, 53357-1, and m g&Ra: 10 yLg/mlL or 50 kg/ml in Figure 1A and 50
lig/ml in Figure 2A, Ephrin-Al/Fc and hAFc: 1 1.1.g/nml in Figures 1 and 2)
wi th RPM 1640. The resulting solutiongagwas added to the MDA-MR-231 cells
after discarding of the nmediumand incubated at 37Cin 5% CQ2 for the
predetermned tine in 5% 002. Mdyreover, in the experinents in the presence
or a crossi®¥nkithgrantt bodyang3dugantigdas7o1, ephtnbgGRatandiGeat.on.
anti-nmouse | gC, Foy fragnment specific (mn X Hu, Boy, H's Sr Prot)

(manuf act utedl By°Iacksor FRthoRESRaYeh Do Bedr H8sRg| RER, P#215i005- 071)
as a cross:-linki ant i bod re m xed at_each concentration of 10 fig/ml
or 50 pp/ n%siﬁglgg%g%% &Héﬁ%a?w?% RE GUFECB8) in RPM 1640. The

resul ting solug%qghg@sﬁadde to the NMDA-MB-231 cells after discarding of

t he medi um and “i'ncubat&d =t*'37¢ in 5% CO2 for the predeternined time. At
the predetermned .tine, . the su t noved, and the cells were

| ysed by the aggi t“lC!oaneo e%éT%%%%u#&Z%dﬁn%n%%%t uﬁg“e%lr V° Cel |

Si gnal i ng ‘ ). C L Ni 1 F n I b
Signa-Aldr%%ﬁ?gﬁaﬁg%rgﬁggééﬁtgg %%édfg%'hS ggfgﬁéggrq%?ﬁ$%%ﬁ33f¥The

super nat ang s, € e S@l eS¢ WeE §; S Ln.i precipitation
and Vst ort BT oLt ing. THE protorn SonseatT ot e erE ne Maner e her
measur ed usi&gndRGA Priot eimaAssayt Reagend aenubacturgdnby=Pl ERCE). 90
3)-1-2 Verification of activity of inducing phosphoryl ation of EPHA2
tyrosi ne resdduesies, Ltdo)inhuhopnecépit ab® EPHAR: Fktsb) 8akg of

ant i Eck/ EphA2, clone D7 (in the description below and the draw ngs,

abbr evi at etglrh o tant b EPHARdaRL | bodye¢ D7) "t hemnafaect doedabyrdykbhpor e
(Upstate), #05-480) was added to 25 kIl of a suspension of Protein G
magnet i ¢ blebigsv{franud actwtede byt NEW ENGLANE BibLabS) &nd. YiperMsanpl e, and
the mxture was inverted for mxing at 4C for 2 hours, Then, FBS was
added t her'&tt® at“ & fihal (BOREREF aF FON°0f S 199 ~Ahdri e, mi-Reut e (has furt her
inverted for mxing at 4C for 30 mnutes. The beads were washed three tines
with | xCel ¥ Lysie® i e a5 R HE PN BVBES 2 THReRS L 2089 Rg6F L E R el |

| ysat dj h 3)-1-1 ded thereto, and
L xt Urs s D P e A AT alEhe e et Cutay ¢ he
bead dth .t ~wWth 1 (o | S ffer nt ai ni 1 mM
over Ther Eote Sl Soat fer (50wt et et Ree Sl F 8RBl W) DS, 0%
gl ycerol, $hd@nMe2-e @f@@p&o%}a@@%@t&%%mmobﬁeggpbﬁQth%Ql ue) was

added to the beads, and the m xtures were heated at 98C for m nutes. The

proteins dissoctated from f helbeads weres separal gde by, SPS; PAGE. To
perform Western blotting, the proteins were transferred fromthe gels to
pol yvi nyl i dene: dirfd worides srenbt aneseq hes et maf defs=abbegvbated soca " PVDF
menbrane”; 0.45 kmin pore size; manufactured by MIIlipore). After
mouse. On day 53, 50 pg of rEPHAZ-ECD was
intraperitoneally administered to each mouse. On day 56,
the mouse spleen was collected and used in hybridoma
preparation.
2) -3 Hybridoma preparation
Cell fusion between the spleen cells and mouse
myeloma P3X63AgBU.1 cells was performed using PEG4000
(manufactured IBL (Immuno-Biological Laboratories, Co.

r

Ltd.)) to prepare hybridomas. A culture supernatant of



91 the transfer, the PVDF nenbranes were bl ocked by shaking in Bl ocking

Sol uti-on (one pouch of Bl ock Ace powder (manufactured by Daini ppon Sum tono
Pharma Co., Ltd. (Snow Brand M|k Products Co., Ltd.)) was dissolved in 100
m of ultrapure water, to which Tween 20 and sodi um azi de were then added
at final concentrations of 0.1% (v/v) gand 0.02% (W v), respectively).

First, to detect the immunoprecipitated EPHA2, the PVDF nenbranes thus

bl ocked were soaked in an anti-EPHA2 anti body (D7) solution diluted to 0.25
ctg/ ml wi t BBl ok hige Solh v T orcnandishakesd ator oenrtenpesatnrte-Epral hour.
The PVDF nmenbranes were washed for 10 mnutes three tinmes with TBST (50 nM
Tris-HC1, PH By 138cHF Na@ hvlpr 7eARKC1, 0. 1% (v/v) Tween 20). Then, the
PVDF menbranes were soaked in an Anti-Muse ig, HRP-Linked Whol e Ab Sheep
(manuf act ured By CE HFeaitbars B9 Sd ences Corp.) sol ution diluted 3000
times wth TES }—%n—ﬂx ?Ehaken at, roomtenperature for 30 m nutes. The PVDF
nenbr anes wer e Further WasHétr 0t %0 Ti-nut &sSHHr T 19 fesIS#¢ h TEST. Then,

t il mfor chem | um nescence using ECL Pl us
e .

signal s vveér@%g
(manuf act ured by are Bi o-Sciences Corp.). Next, to renobve

t he anti bodi es _hese PVDF nenbranes,. thae PVDE nenbranes were soaked in
Stripping Sol ut%%%m gﬁrﬁ\/lwﬁrles-Slffég,)eagﬁeﬁfi.%,f%%c(av?wﬁ\%/C@Ds?n’i‘éoan1\/| 2-

mer capt oethanol §- and shaken, at - 556 £0f @amﬁgégére%%?b;@%ﬁﬁgggﬁ_d menbr anes

wer e soaked in Quenching Solution (TEST contal ni ng and 0.1%
(W v) NaN3);14hess &Qe];srhf@e@ en a2t Tpemitenperalure Fos2 L0L and
further washed for 10 m nut esﬁt hjr ee tli ne@?evﬁzhl‘%EE fJMTgog\]étgg%"t%ﬁ?he
phosphor yl dted st at @noft HehencEPHAR 1ty mosi 118 3rresicdues wd:hese PWDF nmenbr anes
wer e bl ocked by shaking in sodium azi de-free Bl ocki ng Sol uti on (one pouch
of Bl ock Acerrpoirderedast i ssoPNedE I 40EMADf o bl p¢apir BE YR @FERED2 Whi ch
Tween 20 was then added at a final concentration of 0.1% (v/v)). Then, the
PVDF nenbrnes e Soaked g n-kve Mt aphos phod §r osimel acecoadi mant 4G10
HRP- conj ugate (in the figures, abbreviated to "4Gl0 anti body"; manufactured
by M| i pore {psisat €)0r16-a84) fwoiiat omndibated 0900 ¢hmest w19t sodi um
azi de-free Blocking Sgolutjon, and shaken at roomtenperature for 1 hour.
The PVDF rfenb%an (gé'we&é She@*fof®10 ni*fut B ERPEESEI AESTWFERLFEST and

then furt washed for m.onutes, three times wth H20. Signals were
det ect ed gﬁerrae 51 eoér) %Ste%qrdfrﬁsn{é’ce IS ECH B M As a result,

by the addi.i.on .of S I i g in-Al/Fc \2 tyrosine residues
wer e phosgh%r{ry aftpLené;}t ﬁﬁb 018&%%3%@3.“ %y _(%Hij)rea%c%efq rﬁen%%@’z%i?ﬁb]d?%s SH348- 1
and SH3ST-sk wete. added o8l aneoneentr alien-ah L0 g/ mhoof 150 igint, the

effect of inducing the phosphorylation
ELISA and flow cytometry analysis.

2)-4-2 Cell-ELISA

The cell suspension prepared in the paragraph 2)-4-1
waé centrifuged, and the supernatant was removed. Then,
the EPHAZ-expressing 2837 cells and the ERBBZ-expressing
2937 cells were separately suspended by the addition of
the hybridema culture supernatant and incubated at 4°C
for 1 hour. The cells in the wells were washed twice
with PBS containing 5% FBS. Then, the cells were
suspended by the addition of Goat anti-Mouse 1gG,
Peroxidase Conjugated {manufactured by Millipore

(Chemicon), #AP181P) diluted 500 times with PRS



EPHA2 tyrosine residues as seen by the ligand was not observed at all in
the predeterm ned tines (10 m nutes, 30 nminutes, and 60 m nutes) (Figure
1A). Likew se, even in the presence of the cross-linking antibody, the
effect of inducing the phosphorylation of EPHA2 tyrosine 93 residues as
seen in the ligand was not observed irg3he presence of antibodies SH348-1

and SH357-1 (Figure IB). 3)-1-3 Verification of activity of inducing
decrease in EPHA2 protein_|evel 10 ug of the cell |ysate supernatants
prepared i N"°paragraph-3)f3°1 4R e Lepararedaby ‘SOEPAGE. Aqken, T prot eins

in the gel . erred tqo PVDD ranes and subjected to \\stern

bl otting u%%ﬁ%ga%ggﬁﬁ%-ﬁﬁmgé g%%?b%%§§%g7?wéﬁ8 Wﬁﬁgcgg aFRhEF-2AEt i n cl one
AC-15 (in thesdescriptio I i es,.abbreviated to
"anti--actin gﬁ?l’ boﬂcﬁfg‘%’ %ﬁf%ﬁ?ﬁ@%%%%%%%ﬂ ‘%c., #A-5441) as a
control fopnthe: sAER! enprot gi RyhevehiSpegi figal kY rpphg.transfer, the
PVDF nenbrhnes§mere bI%cked byyshakina in Bﬁ%%&%néc g%%?i%% ﬁﬁ “then cut

With a razefirdntR=h¥OaPi €6€8s€ent € edrar pundaann®l eeylar weight. of 70 kDa.
The PVDE nenbranes containing 70 kDa or |arger proteins were soaked in an
anti - EPHAZaantbhodyt £07) osol ufi ons dvyuhedahe 0.2% ug/ol with Bl ocking

Sol ution, while the PVDF nenbranes containing 70 kDa or smaller proteins
wer e soakedesmeanianti; - actan @pbi bodytsohut Donsditl utedod@0R times with

Bl ocki ng Sol ution. Each PVDF nmenbrane was shaken at roomtenperature for 1
hour. EachcPVODF-@enbrané dhsodweshedyfdbrgd0 pinapestehdedethhpsrwicth TEST.
Then, each PVOF nenbrane was soaked in an Anti-Muse 1g, HRP-Li nked Wol e
Ab Sheep sof utioh didat2@i30908° t1 kst vhl TEST;clamd shakeiatwamom
tenperature for 30 m nutes. Each PVDE nenbrane was washed for 10 m nutes
three ti mesSi THGBST Canehl “6iyhat e weF e detbet edy usiiged9atEer Plus and

Ni ght OAL 983 th Tech i GmBH & Co. KG. Th i | int it
O;che bahﬁéﬁmﬁéﬁggt f&g ﬁf?wgfipg%%% cells were pgecipf%égéguayln enstty

centrifugation, and the supernatant was then transferred
to a new 9¢-well flat-bottom microplate. The absorbance
at 490 nm was measured using a plate reader (ARVO,
PerkinElmer). To select hybridomas producing antibodies
which specifically bind to EPHAZ expressed on the surface
cf the cell membrane, hybridomas producing a culture
supernatant exhikiting higher absorbance in the EPHAZ-
expressing 2937 cells than in the ERBBZ-expressing 293T
cells (controls) were selected to be positive for
production of anti-EPHAZ antibody.

2)~4-3 Flow cytometric analysis

To eliminate false positives in Cell-ELISA,
antibodies preoduced by the hybridoma determined to be
positive in Cell-ELISA were further examined for their
binding specificities for EPHAR2 by flow cytometry. The
cell suspension prepared in paragraph 2)-4-1 was

centrifuged, and the supernatant was removed. Then, the



gquantified using Cel-Pro Analyzer Version 4.5 for Wndows (registered
trademar k; Medi a Cybernetics, Inc.). As a result, by the addition of

t he sol uble ligand Ephr n-Al/Fc, a significant decrease in EPHA2 protein

| evel was observed (Figures 2A and 28). By the addition of the antibody
SH348-1, a decrease in EPHA2 protein |®&vel, albeit weaker than the activity
of the ligand, was observed both in the presence and absence of the

-1i nkij ti bod Fi 2 d 2B),. On_the Oh hand, in_th
anti body SIATES TESFLELt M Change Fn* BRHADSpF ORGP RoFBVEF o GB3Erved
regardl ess -Lh [ esence or. absen f ,the cross-lLinkin nti bod
(F?gures 2%?%%% g%?? S5 %%ﬁ%ﬁa$§§é§?§%dEEﬁAﬁﬁﬁr89g%h1%888? %h?ery24 hour s
of the 81 - it n r f (the.signal i,ntensity._of the EPHA2
band/ t he g?gn%%dgﬁ%e%%gg%r%fs?%%rﬁgg%gfn B%na?6§§§“83léa|§tiéi?¥o three
experi ment@buf esulds conrected i tha d imlmﬂ@@%f@@%%% epeat ed

sanmple. As a result, the value after 24 hours of the SH348-1 addition was
70% i n thecabsgncen®f 54 heser 095rdd nkimng @nti bogy-angd, 699% 44 tihe presence of

the cross-linking antibody, when the value after 24 hours of the nm gQ&Xa

addi tion isddefiaedoas 100%e3}e 2nADEE; achtyiit Yo3)- 244 Prepaiahi ep of

effector cells The spleen was aseptically collected from

CANN. CgFoxmd st CEQEY | [Winude Mo Cec@Ohar (esniRFyetukaborat ories 95
Pharmaceuticals, Inc., #55493) diluted 1000 times with
PBS containing 5% FBS, and incubated at 4°C for 1 hour.
The cells were washed twice with PBS containing 5% FBS
and then resuspended in PB3 containing 5% FBS and further
containing 2 pg/ml 7-aminoactinomycin D (manufactured by
Invitrogen Corp. (Molecular Probes)), followad by
analysis using a flow cytometer (FC500, Beckman Coulter,
Inc.}. The data was analyzed using Flowjo (Tree Star,
Inc.). 7-aminoactinomycin D-positive dead cells ware
excluded using a gate. Then, the FITC fluorescence
intensity histograms of live cells were plotted.
Hybridomas producing samples that provided stronger
fluorescence intensity in the flucrescence intensity
histogram of the EPHAZ-expressing 293T cells than in the
histogram of the ERBBZ-expressing 2937 cells as controls
were obtained as anti-EPHAZ antibody-producing hybridomas.

2)-5 Separation of hybridoma into single clones
The anti-EPHAZ antibody-producing hybridemas were

diluted with ClonaCell-HY Selection Medium D
(manufactured by StemCell Technologies, #03804) and

cultured, and the formed colonies were collscted as



Japan, Inc.). The collected spleen was honogenized with two slide gl asses
and henol yzed using BD Pharm Lyse (rmanufactured by BD Bi osci ences,

#555899). The obtai ned spleen cells were suspended in phenol red-free

RPM 1640 (manufactured by Invitrogen Corp.) containing 10% Fetal Bovine
Serum Utra-low I gG (manufactured bysglsnvitrogen Corp.) (hereinafter,
abbreviated to a "nediumfor ADCC') and passed through a cell strainer (40
pin in pore size; manufactured by BD Biosciences). Then, the nunber of live
cel | s was touhted bynes t r yisn ¥ lde®ad ysiar estre Thrpaplesry cel |
suspension was centrifuged, and the nedium was then renoved. The cells were
r esuspendediat 5T | R CRFRNHRRS] t 7 of AL 5xADTIERE| SFALVALAS nBEFum for ADCC
and used agpﬁé%ector qglls.!s%-Z-ZQPre aration of target cells

MDA- MB- 231> ° K549 519 PE!3 Tt S nef @Rt reat &6 wi th tR§pSERe ThE 28l1s were

hed wit 1640 . t ajni 10% EBS, t her d in RPM 1640
Cont ai ni ng 0% FHE “Ehcty ChT LaxT06 tetf ) VaS P Red W PHECHFGm um 51
5550 kB erh b = i d eled t ith at
478 n B BT (ot NS YR aRa S o T o it &% adeneh Chr e Thres wth a
medi um for; ADGGsand ressspendgd; at-a 03%19%1{12 ftti\g%@tlgxlgéﬁ@'-isf m in.a

medi um for ADCC to prepare target cells. 3 rel ease” assay The

target celdsi{2x105eedlsd m jonerer di spensed at§0athgpuell to a 96-wel |
U-bottom m croplate. 50 p,1 of 53348-1, SH357-1, or an isotype control

anti body (m gGza)6 9%rdiimiad do & Sirgliny @dcterep of wodfddainal
concentration after addition of the effector cells) with a nediumfor ADCC
was added aideretdy and: | ceubatedeatl UG:déor 1 hour. 100 p.1 of the effector
cell's (1.5x107 cells/ml) was added thereto and incubated overnight at 37C
in 5% CR. On tHetiext daylol he1s  peraratcaritl wast Bodd eet edbiatreed umaPl at e
(manufactured by PerkinEl nmer). The dose of rel eased gamma rays was neasured
usi ng a gatRred Tott er/.~ TheCeef | tPysisceatecht §ribabed €6PthesADCC activity
was cal cul at ed according to the follow ng equation: Cell lysis rate (% =
(A-B)/ (C was studied by the flow cytometric method in the
same way as in paragraph 2)-4-3. A human breast cancer
cell line (MDA-MB-231), a human lung cancer cell line
{A549), and a human prostate cancer cell line (PC-3) were
used instead of the transfected 2937 cells. As a result,
all the established monoclonal antibedies were confirmed
to bind to these cancer cell lines.
2}-7 Isotype determination of monoclonal antibedy
The isctypes of the monoclonal antibodiss were
determined using Mouse monoclonal isotyping kit
{manufactured by AbD Serotec). As a result, the isotypes
were IgGl (Ab57-1 and AbZ30~1), IgGla (SH348-1, SH357-1,
Abe5-1, Ab96-~1, Abl00-1, Apbl36-1, Abl48-1, and Abl51-4),
and IgGzb {(Abl05-1, Abl06-13, Ab373-1, and Rb382~1).
2)-8 Preparation of monoclonal antibody

The monocleonal antibodies were purified from ascites

of hybridoma-transplanted mice or a hybridoma culture



A: counts in sanple wells B: an average (n = 3) of counts in
spont aneous rel ease (anti body/effector cell-nonsupplenmented wells). |nstead

of the antibody and the effector cells, 50 p.1 and 100 il, respectively, of
a nmedium for ADCC were added. The other procedures were perfornmed in the
same way as in the sanmple wells. g C an average (n = 3) of counts in

the maxi mum release (wells containing the target cells dissolved in a

detergent). 50 il of a nmediumfor ADCC was added instead of the antibody,
and 100 pFwieraaredifumiore KBcE TontZ8 i fiER% ¢ viv)a TH§eorcX100r was added
instead of the effector_cells. The other procedures were performed in the
sane way a5 PA%e Rl et 1% - Figure 3 shows an average of three

experinents, erein the error bar represents a standard deviation, and the
P Val o was cal 661 SEUI by S 0ne ¢ 1 FCGer LAk % 07 TR L2 thie. ant | body

3H348- 1 i hited Il lysi Vit f 8.2% 9 d 4. 7% inst th

MDA- MB- Zgiﬂizel ?—(w %?@gku_roe%?&?‘z} f#&%ﬁgléf&s% el 't smj(%% gﬁ?%ﬁ/‘%@?gp Hhd rﬁg'g)gb? 2 ©
[ Fi 3 , i T i 7: i bi | 1ysi

cotiviti e A T O Y e S T P e

3A), the AR49 cel hgp%&gl%h%%ea%) 3 aaditkhe .PQ-3 qeld s, (Fiquie 30)

respectively. Thesé results denonstrated that both the anti bodi es have an

ADCC acti vidsgneagaiinst MDAMB-23de cald sap DA 6okl 5y anth 80y 3. cehl sy 3)-3
CDC activity "] DA- MB- 23|, A549, or PO-3 cells suspended in 10%

FES- cont aiani ngndR@ML 640 (Mt keanti/bbokiecs) 1 webersqpeded ah:8000 cells/wel |
onto a 96-well mcroplate and cultured overnight at 37C in 5% 002. On the
next day, SH34&s] acSHB357-dledriranlisgtypecodt otaantivbody (m g&a) dil uted
to 25 ig/m (in ternms of a final concentration after addition of
conpl enent®)l it d.0%FBS- ot Bl ety RPMUB4 0= (Wi £ h-ant f bltott csgnavas added
thereto and incubated at 4C for 1 hour. Rapbit conplenments (manufactured
by CEDARLANEC #GL305Di¢ ut@d 35 30% i th REMa640  wer e added thereto at a
final concentrag ioPl f 5% then incubated at 37Cin 5% CO2 for 1 hour, and
further |eft stafd ﬁfg’*éﬁdoﬁ@orﬁ%@;ﬁﬁ&w&wrﬁﬂ RNREE AT meadiite the
cell viability, CellTiter-do Lum nt_Cell Vi abiljt A%say .
(anuf act UFSbY ProTts Corpe] Was Addstr T HaR aburit- edual: L6 riat of the
culture solutt ony, and  he. M x{ue was. sl if160-at. [ oom fenperature for 10

instructions except that ClonaCell-HY Growth Medium E

{manufactured by StemCell Technologies, #03805) was used

as a medium. The collected culture supernatant was

filtered through a 0.45-um filter and used as a source

for antibody purification.

The antibodies were purified using an affinity

column comprising Recombinant Protein A rPASO

(manufactured by RepliGen Corp.) ilmmobilized on Formyl-

Cellulofine (manufactured by Seikagaku Corp.)

{hereinafter, abbkreviated o "Formyl-Cellulofine Protein

A"} or HiTrap MabSelect SuRe {manufactured by GE

Heaithcare Bio-Sciences Corp.;). For the Formyl-

Cellulofine Protein A, the source for antibody

purification was diluted three times with Binding Buffer



98 m nutes. Then, the amount of light emtted was nmeasured using a plate
reader., The cell viability was cal cul ated according to the foll ow ng
equation: Cell viability (%9 = (a-b)/(c-b)x100 - a: the anount of

light emtted fromsanple wells b: an average (n = 8) of the anount
of light emtted as a background (cel l{-anti body-nonsubbl enented wells). 10%
FES- contai ning RPM 1640 (with anti biotics) was added, instead of the seeded
cells, in an anount equal to that of the cell suspension, and 10%
FBS—contaith@ RPNV 1640- (Wi thvantebi pti 8s)) wasdadded;cinsbeadeof the

anti body, in an amount equal to that of the antibody dilution. The other
procedurescﬁbﬁ@npewhb@ﬁeﬁaﬁntbﬁ@ sappedayibs Banthegs&nplerwel | s. c:
an average_( 3). of the amount of light emtted from

ant i body- n%ﬂé%%ﬁ?%n%ﬁt ed hePT sV 1109 FESY cont &i Ai AGLRPMPEGA0 O¢ wi @
antlblotlcg%%mas added, |n%ﬂead of the antibody, in_an anmount equal to that

of the antibody" %rfu??%ﬂ e BPﬁeﬁlBFBEe%ﬁ?§§lﬁé?esﬁgﬁfoFﬁ@dSPHrFﬁe sane
way as in th Em% sque u N n ure g sh ogs ag average of three
experi nents; ereln ¥h% E%f%? bh? %?e@ Atd A°staRdard@8vi ¥Pi6R, and the
P val ue wag,¢ udept s esul t i body
5H348- 1 |nduc2%§%ﬁ?%§g?§% g%dp4gésde%?%g§%%df§ytﬁé iePF Vﬁéﬁl?i&y of the
MDA- 4E- 231; @l 4 S, Fi:guy ,4A) , oth®r®%%&qid @hgaw@ 3‘32 and the PC 3
cells (Figure 4C), respectively, in the presence o e conpl ements. The
anti body St397rdlabse, i aducede 66% 160%as99en repiaced with PBRS.
The antibedy concentrations were determined by

eluting the antibodies bound with POR0OS G 20 um Column,

PEEK, 4.6 mmx100 mm, 1.7 ml (Applied Biosystems) and

measuring the absorbance {(0.D. 280 nm} of tThe eluate.

Specifically, the antibody sample diluted with PBS was

ap

o
—
l_l

ed to POROS G 20 pm eguilibrated with Egquilibrating
Buffer (30.6 mM sodium dihydrogen phosphate dodecahydrate,
19.5 mM moncpotassium phosphate, 0.15 M NaCl, pH 7.0).
The column was washed with Equilibrating Buffer, and the
antibody bound to the column was then eluted with an
eluent (0.1% (v/v) HCL, 0.15 M NaCl). The peak area of
the absorbance (0.D. 280 nm) of the eluate was measured,
and the concentration was calculated according to the
following eguation:

Concentration of antibody sample (mg/ml) = (Peak
area of antibody sample)/{Peak area of standard (human

IgGl)) x Concentration of standard (mg/ml)xDilution

Moreover, the concentration of endetoxin contained

in the obtained antibodies was measured using Endospecy



and 65% decreases in the cell survival rates of the MDAMB-231 cells (Figure
4D), the A549 -ells (Figure 4E), and the PC-3 cells (Figure 4F),
respectively, in the presence of the-conplenments. These results
denonstrated that both the antibodi es have a CDC activity agai nst
VDA- MB- 231 cells, A549 cells, and PC-3 cells. 3)-4 Epitope determ nation
3)-4-2 Prep r%tion of{trumcated EPHA2 polépeptides (rFnl11-NC, rEnlll-N,
and an|||ﬁ%7 0N Segg dREAERFE Yc 6P PBL 2 T U8Rd DS c Red éidetedtin Ori gam  ( 0E3)

(manuf act ur,ed b en) re _separately transfornmed with the expression
pl asni d pré%gpgérgg%ggfgg§§§h(ff} 9§?&5nﬁoéﬁrvu#§&%%ﬁ5éna@@-W@&ium

suppl enent i 0.kg amoicillin.(manuf ured by Sigma-Aldrich

I nc.). Exp?ggﬁ%%ﬂegft?r%%%%tgg/EﬁHﬁf 6%W$6ép?f%%srﬁégi ﬁagced usi ng

Aut oi nduct i;9R ; Byst u ur,ed or | t he addition of
0.5 M | PTG ?3§$%ﬁ?§;ﬁ?§?oég%ﬁ o e el S g L O by

centrifugation at 6000 rpmfor 20 m nutes, then suspended in a honobgeni zi ng
buffer (50 MM Tris HCl, pH 7.5, 150 nM NaCl, 0.1% (v/v) Triton-X100, 10%
(v/v) glycerakjpland)t keppsonieat ed gr3ugel Zhe supernatant was col l ected
by centrifugation at 14000 rpmfor 15 mnutes and applied to 0.5 m of

Ni - NTA (manuf ach ur edsbydy nvit e 0gerEEORD. dnt Thed N £dDFA vasavashedyW th a
washi ng buffer (50 MM Trio-MZl, pH 7.5, 150 nM NaCl, 50 nMinidazole, 10%
(v/v) glycéfolindufdhbomredsboelleionnwot hEEHAEI tyirng ibaf fres 1E5@ sV
Tris-HC1, pH 7.5, 150 nM NaC, 100 400 nM i m dazole, 10% (v/v) glycerol).
The el ut ed?88nplésfet&1fiir Phet "PuFiihtedebyeger il EPERRopreskam
chronatogrzghéﬁ(Superdex 75 10/ 300; manufactured by GE Heal t hcare

Bi 0- Sci ences Borp.) using PBS as a solvent. The protein concentrations of

(manuf act ured by Bro FREETABOT At art Bt ™ reyo st it adoeel Loaras on of
CITE2 B ML oD RO ER R BP0 RS B eco
using 293f g6t i psandsgulur edat 3761 0,8% COBf 9 72/Mours. After the

streptomycin {(hereinafter, abbreviated to "10% FRBS-

containing RPMI1640 (with antibiotics)") were seeded at

6x10° cells/well onto a 6-well dish and cultured

overnight at 37°C in 5% CO;. On the next day, the medium

was discarded, and RPMI1640 was added thereto. The cells

were further cultured overnight at 37°C in 5% CO,. On the

next day, SH348-1, SH357-1, Mouse IgG.a Isotype Control

(in the description below and the drawings, abbreviated

to "mIgGZa"; manufactured by R&D Systems, Inc., #MABQO3)

as an isotype control antibody, Recombinant Mouse Ephrin-

Al/Fc Chimera (in the descripticn below and the drawings,

abbreviated to "Ephrin-Al/Fc"; manufactured by R&D

Systems, Inc., #602-A1-200) as a soluble EPHA2 ligand,

and Recombinant Human IgG, Fc (in the description below

and the drawings, abbreviated to "hG,Fc"; manufactured by



culture, the culture solution was collected by centrifugation and used as a
source for rEPHB2-ECD purification. The obtained cul ture supernatant was

di al yzed agai nst 20 mM Tris-HCl, pH 7.5, using a dialysis tube having a

nol ecul ar cutoff of 15000, then filtered through a filter (0.45 fim PES),
and then applied to H Prep 16/10 Q XL&&quilibrated with 20 nM Tri s-HCL, pH
7.5. Elution was perfornmed with a |inear concentration gradient of NaCl (20

nmM Tri s-H pH 7.5, 0-1 M ) iquot of the eluted fractions was
separ at ed%%)3 5&5%&&% l%*?w%h’, O@“@F‘%@ CBB- St S?HEHOJrop%%WW mthat there
wer e r EPHB2- cantaining fractions. Next, the,rEPHB2- ECD-cont ai ni ng
fracti ons%hegﬁ:b%“ne&%%ﬂdé avg% ?edeg%rﬁ?_%\édgﬁ%}‘lgﬁdsﬁbe?dex 200 pg

cti 0 ¢ pi T ect 43 H T0ad 26760 1200 pg -
ract| one. wak Sopa atdd by oot PAGE Then, "1 e G81 Uhe " 107 DRB &1 ai ned to

fracti ons was separat ed

confirm thatg tm&ezé,\{er% Q‘E{H@BOPW'}I@% %fﬁﬁgﬁkgnf e 5g

r EPHB2- ECD- cont ai ni ng i ons were CcoO ned and usSed as an antigen for
epitop- d A1 nat 1oy, e pr of gl conc rat ko . e d .ysi ng BOA
Protein Ag%s%{/ Reagen[? ' 3)%-3 Detggsﬁm%gdtji @%y\%? bi m“% slques in
antigens byidBl4e8A 1 and rEPHA2EGRMTRMAI ) - NGe riddileMNg rdolddi-G or a
control protein rEPHB2-ECD was diluted to 1 Ifg/nml with PBS, then dispensed
at 100 |i Fawelddamt aanchiemiivopiat e’ ] (vahuf act teeddbycNoncn o #442404), and

i ncubat ed overnight at 4C to thereby adsorb the protein to the plate. On

t he next degdiwhe:rsblivtdomiad tde WD s owa$ rEmoved, tasd a Bl ock Ace
solution (one pouch of Block Ace powder was dissolved in 100 m of

ul t r apur e RERETIE A I RB YUY | es® Wi $9r -PBECWAS VEirspéRsEdeat 200 ti /wel | and
i ncubated at roomtenperature for 1 hour. The solution in the wells was
removed, andSIEEAE 1L SHES RASS PP T sotTheSEont FbINant i bdaydY m g&Ra)

diluted to. 5 [l wit, i luting Buffer (PBS, 0.05% (v/v) Tween_20) was
t hen added%a‘jﬁiggtﬂfti%\l}ﬂv%ﬁf The: gf ?%{W netbat 2t at "¢ 6ot t€rpef @t ure for 1

h . Th luti on. i | F oo P
it SR 0 5l PR D Lt
Conj ugat ed@mﬂidﬁ%@kﬂlﬁé@%ﬁp | PS¢ hzrﬁﬂﬁ%zk@gegu%;éeéa. _added_ at 50 xI/wel |

and incubated at roomtenperature for 1 hour. T olution Th the wells was

renoved, and-the;wells verer washed dmice withi Dyl uting. Buffer. Then, a
color reaction was

mixed at each concentration of 10 upg/ml or 50 pg/ml
(Figure 1B} and 50 ﬁg/ml (Flgure 2B) in RPMI1640. The
resulting soluticon was added to the MDA-MB-231 cells
after discarding of the medium and incubated at 37°C in
5% CO; for the predetermined time. At the predetermined
time, the supernatant was removed, and the cells were
lysed by the addition of 1xCell Lysis Buffer
(manufactured by Cell Signaling Technology, Inc.)
containing 1 mM PMSEF (manufactured by Sigma-Aldrich,
Inc.) and centrifuged at 15000 rpm for 5 minutes. The
supernatants of cell lysates were used as samples in
immuncprecipitation and Western blotting. The protein
concentrations of the samples were measured using BCA

Protein Assay Reagent (manufactured by PIERCE).



102 performed with stirring by the addition of OPD Col or Devel opi ng
Solution at 100 pl/well. After col or devel opnent, the color reaction was
termnated by the addition of 1 MHCL at 100 W/well. The absorbance at 490
nm was neasured using a plate reader. Figure 5A shows the EPHA2 donain
structure prediction (NCB: CDD versiof02.11, CBS TMHW Server v.2.0) and
the positions of EPHA2-ECD, FnllI-NC, En:11-N, and Fnll1-C in EPHA2.

Li gand- BD reprgie té a I i.%andbi‘ndi ng domain, FN3 represents a fibronectin
type 3 domain, “TMTéprésentsa Cransmerbradnd i &di onSUEiR%i nase represents
a tyrosine Kinase domain, qu%ﬁ?égg represents_a SAM domai n.

Recombi naft Sroteins of° t he extracel T Ui Al $8gyi on ( EPHA2- ECD), the
regi on containjng.two _fibronectin_t .3 damains (Fnlll1-NC), .the region
cont ai ni ng the‘rﬁ- tlén?ﬂﬁﬁnr?glrefsilﬁr%ﬁégt i’lﬁ%‘?’rpépe Iérﬁo‘rhai(gn HOFAM P9 and the
regi on contai ping 4 he.Glergn nal, fidr gnectin. g gﬂgmé (FnL11-C) were
pr epar ed gtrﬁ/s@tﬁaugli%deﬁ‘l(%ﬁfhﬁ r(alt?i nhdkit%]g ac%fif\}flf?/%g k\::/)’\Q/?t rerg%e@?éto SH348- 1
and SH357-ik.a:A%: & F esdll dav e antd bodies SH348- 1, and, SH3EY7 1+ exhi bi ted

bi nding activities with respect to rEPHA2-ECD, rFnll1-NC, and rFnlll-C

(Fi gure 5BgrnuHaus;uddie @mntihodipes SH3ASstlawad, SHES74do were: shewnito bind to
a region fromamno acids 426 to 534 containing the Ctermnal fibronectin
type 3 dommi R ami o' acidissequence depresented: by: @B no- acddiNos. 426 to
534 of SEQID NO 8 in the sequence listing). 103 (Exanple 4) In vivo
antitunor (efkfaedtacturedvil: VMBRINCEANS Sverlealdd sshod at gokf roem@leul t ure
flask by trypsin treatnment and then suspended in 10% PBS-cont ai ni ng

RPM 1640 @mct I rentriidbitottics)as Afntver teaht ¥ f uygation, et ifCsdper @at ant was
renoved. The cells were washed twice with the sane nedi um as above, then
suspended R 7BD Matrigel Basenent Menbrane Matrix (nanufactured by BD

Bi osci ences), and su% t aneous| )é r.ansi’pl anted at_, oncentration of 5x106

t
cel I s/ mouse i nt6°ie "¥or §&° PEGTON “6F 6\ ék- &1 &%RL [CORFEM G P ( CLEA

Japan, Inc..) ., \hen the.day .of transhlantation is defined as day O, SH348-1
or SH357- Ewé‘sg}ci’ntarré%gcrrﬁ )c%nn%ﬂit*e ans et H7E dose Bf BO019-/ nouse on

y  adm ni stered
Y oty s 23c, 209 30, oPB3-RAY] 0,1 e 580, KOL UIESL 00 ATl o8 bhat O e
was neasurgdyon .gays 9,3 Bl\laf’fez._g’co%?qab%%;/nggo‘“ mafhs oo 3%h%§§5t§%%y the

ol
anti body was i ntraperitoneal admi ni stered” as”
antitunor effect attributed to the anti dmi ni strat’i on. result,
tumor groweh owas s gniffi cantdoe iniditad i the ﬁ%ﬂp W grapn
SH357- 1- adm ni stered groups conpared to in thg'gTee BS- adm ni’st erged ‘group (in
t he tunor 3vellwie wconparddon widdettche PRS- dohimi st ered Wgrhoup o days 37, P
val ues for 5H3481 and SH357-1 were both P<0.001; the P values were
cal cul at edcly rStuidentds=trritegst Jat MiCeovern, thhentunodagr ovkd bahibitory rate
(= 100- (average of tunor vol unes
were washed three times with 1xCell Lysis Buffer
containing 1 mM PMSE. Then, S$SDS-Sample Buffer (56.3 mM
Tris—-HCl, pH 6.8, 1.8% (w/v) SDS, 9% glycerol, 0.72 M 2Z-
mercaptoethancl, 0.045 mg/ml bromophencl blue) was added

te The beads, and the mixTures wers heated at 98°C for 3
minutes. The proteins dissocciated from the heads were
separated by SDS-PAGE.

To perform Western blotting, the proteins were
transferred from the gels to polyvinylidene difluoride
membranes {(hereinafter, abbreviated to a "PVDF membrane';

0.45 pm in pore size; manufactured by Millipore). After



of the antibody-adm ni stered group)/(average of tunor volunes of the

PBS- adm ni stered group)x100) on day 37 was 104 89.5% for 5H348-1 and 84. 1%
for 5H357-1. Their very strong antitunor effects were observed in vivo
(Figures 6A and 6D). O 14 anti-EPHA2 nonocl onal anti bodies studied
for their antitunor effects on the MDAIMB-231 cell-transplanted mce, only
the anti bodi es SH348-1 and SH357- 1 binding to Fnlll-C were shown to be
effective (Table 1) These results denonstrated that SH348-1 and
SH357-1 ar %h%?%%ﬂf%%rmk?%hPV%EO@ﬁmgéaTﬁé BEEYi BusFednbepsnesdnepi t ope
(am no acid sequence rfgiesenteg am no acid Nos. 426 to 534 of SEQ ID

NO 8 in the %@ﬁ%% ?T%@ﬁ WY XPBR t O AnBARE Kt BfBr PeFAeEt . Mor eover,

t he reglonFﬁo or SH357-1 bi nds shown to serve as a

proni si ng arggf u%% ¥ T hOnoe | oAt - %ﬂ? 4F83 t8rgeted-for EPHA2.
[ Tabl e 1] éﬁ%&1§¥%§HJMllk Products Co., Ltd.)) was dissoclved in

100 ml of ultrapure water, to which Tween 20 and sodium
azide were then added at final concentrations of 0.1%
(v/v) and 0.02% {(w/v), respectively). First, to detect
the immunoprecipitated EPHAZ, the PVDF membranes thus
bilocked were soaked in an anti-EPHAD antibody (D7}
solution diluted to 0.25 pg/ml with Blocking Solution,
and shaken at room temperature for 1 hour. The PVDF
membranes were washed for 10 minutes thres times with
IBST (50 mM Tris-HCl, pH 6.0, 138 mM NaCl, 2.7 mM KCI1,
0.1% (v/v) Tween 20). Then, the PVDF membranes were
scaked in an Anti-Mouse Ig, HRP~Linked Whole Ab Sheep
(manufactured by GE Healthcare Bio-Sciences Corp.)
solution diluted 3000 times with TBST, and shaken at room
temperature for 30 minutes. The PVDF membranes were
further washed for 10 minutes three times with TRST.
Then, signals weré detected on a film for
chemiluminescence using ECL Plus {(manufactured by GE
Healthcare Bilo~Sciences Corp.).

Next, to remove the antibodies from thease PVDE
membranes, the PVDE membranes were soaked in Stripping
Solution (50 mM Tris-HCL, pH 6.8, 2% (w/v) SDS, 100 mM 2-
mercaptoethanol) and shaken at 53°C for 30 minutes. Then,
the PVDEF membranes were scaked in Quenching Sclution

(TBST containing 1% (v/v) Hz0; and 0.1% {(w/v) NaN3), then
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shaken at room temperature for 20 minutes, and further
washed for 10 minutes three tTimes with TRST. To detect
the phosphorylated state of the EPHAZ? tyrosine residues,
these PVDF membranes were blocked by shaking in sodium
azide~free Blocking Solution (one pouch of Block Ace
powder was dissolved in 100 ml of ultrapure water, to
which Tween 20 was then added at a final concentration of
0.1% (v/v)}. Then, the PVDF membranes were socaked in an
Anti-Phosphotyrosine, recombinant 4G10 HRP-conjugate (in
the figures, abbreviated to "4Gl0 antibody"; manufactured
by Millipore (Upstate), #16-184) solution diluted 10000
times with sodium azide-free Blocking Solution, and
shaken at room temperature for 1 hour. The PVDFE
membranes were washed for 10 minutes three times with
IBST and then further washed for 5 minutes three times
with H;0. Signals were detected on a film for
chemiluminescence using ECL Plus.

As a result, by the addition of the soluble ligand
Fphrin-Al/Fc, EPHAZ tyrosine residues were phosphorylated
in 10 minutes. By contrast, when the antibodies SH348-1
and SH357-1 were added at a concentration of 10 ug/ml or
50 ug/ml, the effect of inducing the phosphorylation of
EPHAZ tyrosine residues as seen by the ligand was not
observed at all in the predetermined times (10 minutes,
30 minutes, and 60 minutes) (Figure 1A). Likewise, even
in the presence of the cross-linking antibody, the effect

of inducing the phosphorylation of EPHAZ tvyrcsine
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residues as seen in the ligand was not observed in the
presence of antibodies SH348-1 and SH357-1 (Figure 1B).
3)-1-3 Verification of activity of inducing decrease
in EPHAZ protein level
10 ug of the cell lysate supernatants prepared in

paragraph 3)-1-1 were separated by SDS-PAGE. Then, the

¢t

proteins in the gel were transferred to PVDF membranes
and subjected to Western blotting using an anti-EPHA2
antibody (D7) and Monoclonal Anti-f-Actin clone AC-15 (in
the description below and the figures, abbreviated to
"anti-f-actin antibody”; manufactured by Sigma-Aldrich,
Inc., #A-5441) as a centrol for the sample protein level.
Specifically, after the transfer, the PVDF membranes were
blocked by shaking in Blocking Solution and then cut with
a razor into two pleces centered around a meolecular
weight of 70 kDa. The PVDF membranes containing 70 kDa
or larger proteins were scaked in an anti~EPHAZ antibody
(D7) solution diluted te 0.25 pug/ml with Blocking
Solution, while the PVDF membranes containing 70 kDa or
smaller proteins were soaked in an anti-B-actin antibody
solution diluted 1000 times with Blocking Solution. FEach
PVDF membrane was shaken at room temperature for 1 hour.
Each PVDEF membrane was washed for 10 minutes three times
with TBST. Then, esach PFVDF membrane was soaked in an
Anti-Mouse Ig, HRP-Linked Whole Ab Sheep solution diluted
3000 times with TBST, and shaken at room temperature for
30 minutes. Each PVDF membrane was washed for 10 minutes

three times with TBST. Then, signals were detected using
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ECL Plus and NightOWL LBS883 (Berthold Technologies GmBH &
Co. KG). The signal intensity of the bands was
guantified using Gel-Pro Analyzer Version 4.5 for Windows
{(registered trademark; Media Cybernetics, Inc.).

As a result, by the addition of the soluble ligand
Ephrin-Al/Fc, a significant decrease in EPHAZ protein
level was observed (Figures ZA and 2ZB). By the addition
cf the antibody SH348-1, a decrease in EPHAZ2 protein
level, albeit weaker than the activity of the ligand, was
observed both in the presence and absence of the cross-
linking antibody (Figures ZA and 2B). On the other hand,
in the antibody SH3537-1, almost no change in EPHAZ2
protein level was observed regardless of the presence or
absence of the cross-linking antibody (Figures 22 and 2B).

To analyze the EPHAZ protein level after 24 hours of
the SH348-1 addition, an average of {(the signal intensity
of the EPHA2 band/the signal intensity of the P-actin
band} was calculated from three experimental results
corrected with a ligand/antibody-nonsupplemented sample.
As a resuit, the value after 24 hours of the SH348-1
addition was 70% in the absence of the cross-linking
antibody and 69% in the presence of the cross-linking
antibedy, when the wvalue after 24 hours of the mIgG2a
addition is defined as 100%.

3)-2 ADCC activity

3y~2~1 Preparation of effector cells

The spleen was aseptically ccllected from CAnN.Cg-

Foxnl™/CriCrli nude mice (Charles River Laboratories
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Japan, Inc.}. The ccllected spleen was homogenized with
two slide glasses and hemolyzed using BD Pharm Lyse
(manufactured by BD Bioscilences, #555899). The obtained
spleen cells were suspended in phenol red-free RPMI1E40
(manufactured by Invitrogen Corp.) containing 10% Fetal
Bovine Serum, Ultra-low IgG (manufactured by Invitrogen
Corp.) (hereinafter, abbreviated to a "medium for ADCCY)
and passed through a cell strainer (40 um in pore size;
manufactured by BD Bicsciences). Then, the number of
live cells was counted by a trypan blue exclusicn test.
The spleen cell suspension was centrifuged, and the
medium was then removed. The cells were resuspended at a
live cell density of 1.5x107 cells/ml in a medium for
ADCC and used as effector cells.

3}-2-2 Preparatiocn of target cells

MDA-MB-231, A549, or PC-3 cells were treated with
trypsin. The cells were washed with RPMI1640 containing
10% FBS and then resuspended in RPMI1640 containing 10%
FBS. Each cell (4x10° cells) was mixed with Chromium—51
(5550 kBqg) sterilized through a 0.22-um filter, and
labeled therewith at 37°C in 3% C0. for 1 hour. The
labeled cells were washed three times with a medium for
ADCC and resuspended at a concentration of 2x10° cells/ml
in a medium for ADCC to prepare target cells.

3)~2-3 °Cr release assay

The target cells (2x10° cells/ml) were dispensed at
50 pl/well to a 96-well U-bottom microplate. 50 ul of

SH348-1, SH357-1, or an isotype control antibody (mIgG2a)
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diluted to 2.5 pg/ml (in terms of a final concentration
after addition of the effector cells) with a medium for
ADCC was added thereto and incubated at 4°C for 1 hour.
100 ul of the effector cells (1.5x107 cells/ml) was added
thereto and incubated overnight at 37°C in 5% C0,. 0On the
next day, the supernatant was collected into LumaPlate
{manufactured by PerkinElmer). The dose of released
gamma rays was measured using a gamma counter. The cell
lysis rate attributed to the ADCC activity was calculated
according to the following eqguation:

Cell lysis rate (%) = (A-B)/(C-B)x100

A: counis in sample wells

B: an average (n = 3) of counts in spontaneocus
release {(antibody/effector cell-nonsupplemented wells).
Instead of the antibody and the effector cells, 50 pl and
100 pi, respectively, of a medium for ADCC were added.
The other procedures were performed in the same way as in
the sample wells.

C: an average (n = 3) of counts in the maximum
release (wells containing the target cells dissolved in a
detergent). 50 ul of a medium for ADCC was added instead
of the antibody, and 100 ul of a medium for ADCC
containing 2% (v/v) Triton-X100 was added instead of the
effector cells. The other procedures were performed in
the same way as in the sample wells.

Figure 3 shows an average of thres experiments,
wherein the errcor bar represents a standard deviation,

and the P value was calculated by Student's t-ftest. As a
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result, the antibody SH348-1 exhibited cell lysis
activities of 8.2%, 9.1%, and 4.7% against the MDA-MR-231
cells (Figure 3A), the A549 cells (Figure 3B}, and the
PC-3 cells (Figure 3C), respectively. The antibody
SH357-1 exhibited cell lysis activities of 8.8%, 13.0%,
and 9.0% against the MDA-MB-231 cells (Figure 3A}, the
2549 cells (Figure 3B), and the PC-3 cells (FPigure 3C),
respectively. These results demonstrated that both the
antibodies have an ADCC activity against MDA-MB-231 cells,
A549 cells, and PC-3 cells.

3)=3 CDC activity

MDA-ME-231, A549, or PC-3 cells suspended in 10%
FE2S-containing RPMI1640 (with antibioctics) were seeded at
5000 cells/well onto a 96-well microplate and cultured
overnight at 37°C in 5% CO,. On the next day, SH348-1,
SH357-1, or an lsotype control antibedy (mIgG2a) diluted
to 25 pg/ml (in terms of a final concentration after
addition of complements) with 10% EFBS-containing RPMI164(
(with antibiotics) was added thereto and incubated at 4°C
for 1 hour. Rabbit complements {manufactured by
CEDARLANE, #CL3051) diluted to 30% with RPMILA40 were
added thereto at a final concentration of 5%, then
incubated at 37°C in 5% CO, for 1 hour, and further lef:
standing at room temperature for 30 minutes. To measure
the cell viability, CellTiter-Glo Luminescent Cell
Viability Assay (manufactured by Promega Corp.) was added
in an amount equal te that of the culture soclution, and

the mixture was stirred at room temperature for 10
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minutes. Then, the amcunt of light emitted was measured
using a plate reader. The cell viability was calculated
according to the fellowing eguation:

Cell viability (%) = (a-b)/{c-b)x100

a: the amount of light emitted from sample wells
p: an average (n = 8} of the amount of light emitted
as a background {(cell/antibody-nonsupplemented wells).
10% FBS-containing RPMI1640 (with antibiotics) was added,
instead of the seeded cells, in an amount egqual to that
of the cell suspension, and 10% FBS~containing RPMI1640
(with antibiotics) was added, instead of the antiboedy, in
an amount egual te that of the antibody dilution. The
other procedures were performed in the same way as in the
sample wells.

c: an average (n = 3} of the amount of light emitted
from antibody-nonsupplemented wells. 10% FBS-containing
RPMI1640 {with antibiotics) was added, instead of the
antibedy, in an amount egual to that of the antibody
dilution. The other procedures were performed in the
same way as in the sample wells.

Figure 4 shows an average of three experiments,
wherein the error bar represents a standard deviation,
and the P value was calculated by Student's t-test. As a
result, the antibody SH348-1 induced 44%, 31%, and 41%
decreases in the cell viability of the MDA-MBR-231 cells
{(Figure 4A), the AS4Y9 cells (Figure 4B), and the PC-3
cells (Figure 4C), respectively, in the presence of the

complements. The antibody SH357-1 also induced 65%, 60%,



- /Lb 151-4 + - - Ab230- 1

and 65% decreases in the cell survival rates of the MDA-
MB-231 cells (Figure 4D), the AS4% cells (Figure 4B}, and
the PC-3 cells (Figure 4F), respectively, in the presence
of the complements. These results demonstrated that both
the antibodies have a CDC activity against MDA-MB-231
cells, AL4% cells, and PC-3 cells.

3)-4 Epitope determination

3)-d~1 Preparation of truncated EPHAZ polypeptides
{(rfnIII-NC, rFnIiIi-N, and rFrIII-C)

Escherichia coli BLZ1 and Escherichia coli Origami
(DE3} (manufactured by Novagen) were separately
transformed with the expression plasmid prepared in
paragraph 1}-1-3, and cultured in an LB medium
supplemented with 50 pg/ml ampicillin {(manufactured by
Sigma~Aldrich, Inc.). E=xpressicn of truncated EPHA2
polypeptides was induced using Autoinduction System
(manufactured by Novagen) for BLZ2I and the addition of
0.5 mM IPTG for Origami (DE3). The bacterial cells were
collected by centrifugation at €000 zrpm for 20 minutes,
then suspended in a homogenizing buffer (50 mM Tris HCIL,
pH 7.5, 150 mM NaCl, 0.1% (v/v) Triton-X100, 10% (v/v)
glycerol), and then sonicated on ice. The supernatant
was collected by centrifugation at 14000 rpm for 13
minutes and applied to 0.5 mli of Ni-NTA (manufactured by
Invitrogen Corp.). The Ni-NTA was washed with a washing
puffer {50 mM Tris-HCL, pH 7.5, 130 mM NaCi, 50 mM
imidazole, 10% (v/v) glycerol), followed by elution with

an eluting buffer (50 mM Tris-HCL, pH 7.5, 150 mM NaCi,
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400 mM imidazole, 10% (v/v) glycercl). The eluted
samples were further purified by gel filtration column
chromatography (Superdex 75 10/300; manufactured by GE
Healthcare Bio-Sciences Corp.) using PBS as a solvent.
The protein concentrations of the obtained recombinant
proteins were measured using Protein Assay (manufactured
by Bio-Rad Laboratories, Inc).

3)w4w2.Preparation of EPHBZ extracellular region
polypeptide (rEPHB2Z2-ECD)

To express EPHBZ-ECD, FreeStyle 293-F cells were
transfected with pcDNA3.1-EphA2-ECD using 293fectin and
cultured at 37°C in 8% CO; for 72 hours. After the
culture, the culture solution was collected by
centrifugation and used as a source for rEPHB2-ECD
purification. The obtained culture supernatant was
dialyzed against 20 mM Tris-HCl, pH 7.5, using a dialysis
tube having a molecular cutoff of 15000, then filtered
through a filter (0.45 pm, PES), and then applied to
HiPrep 16/10 Q XL equilibrated with 20 mM Tris-HCl, pH
7.5. Elution was performed with a linear concentration
gradient of NaCl (20 mM Tris-HCl, pH 7.5, 0-1 M NaCl).
An aliquot of the eluted fractions was separated by SDS-
PAGE. Then, the gel was CBB-stained to confirm that
there were rEPHBZ-ECD-containing fractions. Next, the
rEPHBZ-ECD~containing fractions were combined and applied
to Hiload 26/60 Superdex 200 pg equilibrated with PRS.
After elution with PBS, an aliquot of the elution

fractions was separated by SDS-PAGE. Then, the gel was



Ab 302-1 - (Exanple 5) ldentification of SH348-1 and 5H357-1 anti body
genes - To determ ne the heavy and light chain N-term nal am no acid
sequences of the nouse anti-human EPHA2 anti bodi es 5H348-1 and 5H357-1, an
aliquot of a solution containing the 511348-1 or 511357-1 purified in
paragraph 2)-8 was separated by SDS-PAGE. The proteins in the gel thus
separated were transferred fromthe gel to a PVDE menbrane (0.45 pmin pore -
size; manufactured by Invitrogen Corp.). The PVDF nenbrane was washed with
a washi ng b8#ferai{2sd niw Nacti1i10 miviksodhaneboeate rBGHBERECD-

containing fractions. The rEPHB2-ECD-containing
fractions were combined and used as an antigen for
epitope determination. The protein concentration was
measured using BCA Protein Assay Reagent.

3)-4-3 Determination of binding sites in antigens by
ELISA

rEPHAZ-ECD, rFnIII~NC, rFnITI-N, rFfnill-C, or a
control protein rEPHBZ-ECD was diluted to 1 pg/ml with
PBS, then dispensed at 100 pl/well onto an immunoplate
{(manufactured by Nunc, #442404}, and incubated overnight
at 4°C to thereby adsorb the protein to the plate. On
the next day, the sclution in the wells was removed, and
a Block Ace solution (one pouch of Block Ace powder was
dissolved in 100 ml of ultrapure water) diluted 4 times
with PBS was dispensed at 200 pl/well and incubated at
room temperature for 1 hour. The solution in the wells
was removed, and SH348-1, SH357-1, or an isotype control
antibody (mIgG2a) diluted to 5 ug/ml with Diluting Buffer
(PB3, 0.05% (v/v) Tween 20) was then added at 50 pl/well.
The plate was incubated at room temperature for 1 hour.
Then, the solution in the wells was removed, and the
wells were washed twice with a diluting buffer. Goat
anti-Mouse IgG, Peroxidase Conijugated, diluted 2000 times
with Diluting Buffer was added at 50 pl/well and
incubated at room temperature for 1 hour. The solution
in the wells was removed, and the wells were washed twice

with Diluting Buffer. Then, a color reaction was



106 pH 8.0), then stained by soaking in a staining solution (50% net hanol ,

20% acetic acid, 0.05% Coonassie Brilliant Blue) for 5 mnutes, and then
dest ai ned wi th 90% net hanol . Band portions corresponding to the heavy and
| i ght chains (heavy chain: the band with smaller nobility, [ight chain: the

band with larger nobility) visualizedion the PVDF nenbrane were excised,
and an attenpt was nade to identify their respective NNtermnal amno acid
sequences by an automatic Edman nethod (see Edman, P., et al. (1967) Fur.
J. Bi ochemR®ALoBOFUEt hy ProETseY (PeghBterddittademfir RFDcECIPEOL €i n
Sequencer Mdde| 492cLC £Applied Biosystensi. For the SH348-1 heavy chain,
the anino HRT¥SRgUEnte- Cotfd Fot-be iHEHEHEi ed1iet e ket hod. Therefore,

the N-term nal rogl utamc id was_renoved using, Pfu Pyrogl utamate
Aninopeptﬂ%é%%lgﬁﬁ%%¥ac€%?éﬁggﬁrTﬁ?ﬁ l%FCV?RKf?F%éﬂﬂtF ePZafeSprocedure as
above was then perforned,to.|denti an,amno i d sequence starting at the
second am?ﬁy%ﬁg%nf?bn+ﬂﬂeﬁgit%$n#%%s”l/wgl*ﬁs%ﬁm? TO3He® afi no aci d
sequence (s3@riingaatathe, second: am goactd fromtihe N-terninus) of the

band corresponding to the 5H348-1 heavy chain was -QL-V-QS-GP (SEQ
ID NO 26 in thegeguencesdd.st ing oo Nderim nal - am no. aci d sequence of

the band corresponding to the 5H348-1 |ight chain was

D-V-L-M T- 2 & P=t: S L (SEQ ¢ B0 N r 27chn2t he, segueneevili sti-ng)-.
v.2.0) and the positions of EPHAZ-ECD, FnIII-NC, FnIII-N,
and ¥nlIli-C in EPHAZ. Ligand-BD represents a ligand-
binding domain, FN3 represents a fibronectin type 3
domain, TM represents a transmembrane region, Trk kinase
represents a tyrosine kinase demain, and SAM repressnts a
SAM domain.

Recombinant proteins of the EPHAZ extracellular
region (EPHAZ-ECD}, the region containing two fibronectin
type 3 domains (FnIII-NC), the region containing the N-
terminal fibronectin type 3 domain (FnTII-N)}, and the
region containing the C-terminal fibronectin type 3
domain {FnIliI-C) were prepared and studied for their
binding activities with respect to SH348-1 and S$H357-1.
As a result, the antibodies SH348-1 and SHE357-1 exhibited
binding activities with respect to rEPHAZ-ECD, rFnIII-NC,
and rFnlIII-C (Figure 5B). Thus, the antibodies SH348-1
and SH357-1 were shown to bind to a region from amino
aclds 426 to 534 containing the C-terminal fibronectin
type 3 domain {amino acid sequence represented by amino
acid Nos. 426 to 534 of SEQ ID NO: 8 in the sequence

listing).



107 The N-term nal am no acid sequence of the band corresponding to the
5H357-1 heavy chain was QI-QL-V-QSGP (SEQID NO 28 in the
sequence listing). The N-terminal amino acid sequence of the band
corresponding to the 5H357-1 |ight chain was
DV-L-MT-QT-P-L-S-L-P-V-S-L-GDQAGSEQ ID NO 29 in the sequence
listing). These am no acid sequences were conpared with anti body am no acid
sequence dat abase prepared by Kabat et al. (see Kabat, E. A et al., (1991)
in Sequences of Proteins of Imunological Interest Vol. | and Il, U S

Depart nment, of alt d Human_ Services)..As a result, the subtype of the
SH348- 1 he%@?mﬁa nﬁp)( a chaf n‘:)m\/\]/atsumnglmsceeq‘tlea% ous, and the subtype of the

l'i ght chain wag; @&%@2?"%9@@]_'1'5' (%N@b:’ee%‘i%raocti @es&qryoqne aode}]tr](}e]ur%HBS?- 1 heavy

chain (72a chain) was determ ned to be m scellaneous, an € subtype of

the |ight chain %@%ﬂ%ﬂﬁﬁﬂ?@aﬁp&bﬁlﬁ &aPPddd 9l sbdngeq in THYS, mhhe
nuc V\?’II th

follow ng oligo | eot’i de prinmers were synthesi zed, respectively

hybri di zed-d:p-4:he .85 -dermaed  [£0110M:0f i @t & podys sgene codi ng regi on
bel ongi ng to these nouse subtypes and the 31-term nal region thereof

cont ai ni ngenist o godom ( see: Kabstrefralt ,widdi dendbddi Kard inan et al .
(1988) 25, 859-865; and Heinrich, G et al. (1984) J. Exp. Med. 159, p.
417-435) : were WEscajatwitagttygt gragt otrggaced + 31 £ POB3Fdve seguence |isting
sequence I D No. 30)
suspended in BD Matrigel Basement Membrane Matrix
{manufactured by BD Biosclences}, and subcutaneously
transplanted at a concentration of 5x10° cells/mouse into
the dorsal region of 6-week-old BALB/CAJclwnu/nu { (CLEA
Japan, Inc.). When the day cf transplantation is defined
as day 0, SH348-1 or SH3537-1 was intraperitonsally
administered at a dose of 500 ug/mouse on days %, 16, 23,
and 30. PBS having the same volume (500 pl) as that of
the antibody was intraperitoneally administered as a
control. The tumeor volume was measured on days 9, 13, 16,
20, 23, 28, 320, 34, and 37 to study the antitumor effect
attributed to the antibody administration. As a result,
ftumor growth was significantly inhibited in the SH348-1-
and SH3>7-l-administered groups compared to in the PBS~
administered group {in the tumocr volume comparison with
the PBS-administered group on day 37, P values for SH348-
1 and SH3537~1 were both P<0.001; the P values were
calculated by Student's t~test). Moreover, the tumor
growth inhibitory rate (= 100-{average of tumor velumes

of the antibody-administered group)/(average of tumor

velumes of the PBS-administered group)xl100) on day 37 was



108 5' -aagat at ct cattt acccggagt ccgggagaa-3' (M QRAEVR1: seguence
listing sequence I D No. 31) 5' - aagaattcatgaagttgcctgttagg-3'

(MK19El F1: sequence |isting sequence I D No. 32)

5' -aagat at ctt aacact cattcct gttgaagct- 304 KEVRL: sequence |isting sequence |ID
No. 33) To cl one cDNAs encoding the SH348-1 and SH357-1 heavy and

| i ght chai ns, nRNA was prepared fromthe SH348- 1- or SH357-1-produci ng
hybri domas_using Quick Prep nRNA Purification Kit (manufactured by GE

Heal t hcar & Bi TS ences Corlp. 80P 92541 )° - om eacRERNASHus obt ai ned,

cDNA encodi ng each anti body avy. or_light chain was anpljfied using TaKaRa
One Step RNA 5lfzif‘-tlnc(%ﬁﬁ e(%n% ac eurreeg)r?lbgye ﬁélﬁ;&l Qfﬁ?N@%g 4A) and
the pri mar6]§eﬁtn%{ Ypt he heavy chain (conbination of DB3F1 and M QAEVR1) or
the prinmer set for the light chain (conbination of MK19EIFl and KEVRL).
These cDNAs anpl fiized By RERAMELS rel-aned 1USIHRG W2RTiQ Bty FP@RCR C oni ng
Kit (manufactured by Invitrogen Corp.). Each of the cloned heavy and |i ght

chai n nuclgatide sequence s was: deter rinedimusivg- 23 genel. sequence anal yzer
("ABI PRI SM 3700 DNA Anal yzer; Applied Biosystens” or "Applied Biosystens
3730x1 AnalryezesslAppd ed Bi osystentls .arlii Hdvel esse (RIENES NIy aeAcTHET - GeneAnp
9700 (Applied Biosystens) was used. The determ ned nucl eoti de sequence
of the cDNA Enchiding ¢ HnSH348-vetreanowhdin bs ¢kpresem edf oyl SEQ 1 D NO.
34 in the sequence listing, and the amno acid 109 sequence thereof is
represented by T5EQ¢ DeNOL 35 deThe ShFeite6t itdé ts sglidifce oM FEI3CONA encodi ng

the 5H348-1 light chain is represented by SEQ ID NO 36 in the sequence
listing, ahf tHE EANE AN Sedished tferdbt Fs°FeprEsent'sd By SEQ I D NO
37 in the sequence, |listi n%.. Thsee nueclceeotiede seq? en{%} of tiﬁrgoc[%:hllAdencodi ng
the SH357-F*h scaﬁﬂafirhoi_ Yepredsnted By 'SEQ Y 38N the Sequence
listing, q\[ﬂods t h&@"im&%%'gf S%'eﬂ"?%\ﬁ hereqf 5. gsequence listing)

and exhibit an antitumor effect. Moreover, the region to

which SH248-1 or SH357-1 binds was shown to serve as a

promiging target of anti-tumor monoclonal antibodies

targeted for EPHAZ.

[Table 1]



represented by SEQ ID NO 39. The nucl eoti de sequence of the cDNA encodi ng
the 5H357-1 light chain is represented by SEQ ID NGO 40 in the sequence
listing, and the anino acid sequence thereof is represented by SEQ | D NO
41. Sequences represented by nucleotilde Nos. 1 to 27 and 1327 to 1350 of
SEQ I D NO 34, a sequence represented by nucleotide Nos. 637 to 660 of SEQ
I D NO 36, sequences represented by nucleotide Nos. 1 to 27 and 1327 to
1350 of SEQ ID NGO 38, and a sequence represented by nucleotide Nos. 637 to
660 of SEQ ID NO 40 are sequences derived fromthe pr ers. Mor eover ,
the ami no aci @' sggukeses]of these heavy and |ight chains were anal yzed by
conpari son with antibody am no aci d sequence database prepared by Rabat et
al. (see Kabat, E. A, et al. (1991) in "Sequence of Proteins of
| mmunol ogi cal| I nterest] Vol. | andndihg acldySy Departaent of Mealtthh and Human
Services). As antiesil t Ehg;SHE48- 1 heavy chain was shown 1§ °hale an anino
aci d sequence represert ededry am A6"AE d NGL"™ tlo TI¥Cof | SEQ.LDNO 35 in
t he sequence ||§htd4glg ds a yariablesregion 110 and have an am no f@acid
sequence represgent ed-hy—anino—aci-d-NosT-120 to 449t herepf—ag a ctonst ant
regi on. Moreovet **fhe |SH34B-1 Ili ght” chain-was-shown—to have an-anjno acid
sequence represedfed hy anf no aci d *Nos. td 112 of SEQ ED NGO 37/ in the
sequence |istlingsss a|variableiregion and have an amno acid -sequence
represented by gnino acid Nos TIT3 to 219 thereof as a constant region.
The SH357-1 heawy_chaiin-was—shown—to—have—an—amno aci- sequence
represent ed by AriPHb dcid Nos. (1 td 119 of SEQ ID N 39lin the sequence
listing as a vaasitabpl e region and have an antno dcid sequence - epriesented by
am no acid Nos Ah],gg)mto 449, therfeof .as a constant; regiLon. |Moreover| the
SH357-1 |i ght —¢chai s—shown—tro—haveanmamnmo gcird—sequgnce-represent ed by
amino acid Nos Re95 112 of SEQ- LD NO— 41 in-the sequence tisting as a
vari abl e regijombdn®l? have ah amijno aci d sequence [represented by am no acid
Nos. 113 to 21%uiBes eaf as+a const ant regi on. The nucl eoti de| sequence
encodi ng the 51;1348="Theayy chain variabl e, Tegijon i's represented by SEQ ID
NGO 42 in the~seguence-ti-stingi—and—the—am-no—actd-seguence—thereof is
represented by 1 DINO 43, The nucleptidé sequence encodirg.th
51-1348-1 heavyrhd@8&al n constant iregion.is represented-by $SEQ ID 44, and
the am no acid sequence thereof is represented by SEQ ID NO 45. The
nucl eoti de sequence encoding the S1-1348-1 light chain variable region is
represented by SEQ ID NO 46 in the sequence listing, and the am no acid
sequence thereof is represented by SEQ 111 1D NO 47. The nucl eoti de
sequence encodl the SH348-1 |i chain._co ant r S represented b
se% I D NO (BETRR T hel ot acd l%@géﬁgﬁ} et | §§ %E iasent gd by SEQ |>[/>
NO  49. Sequljentg:eg é)resent ed by nucl eoti de Nos.

antibody genesg

H

To determine the heavy and light chain N-terminal
amino acid seguences of the mouse anti-human EPHAZ
antibodies SH348-1 and SH357-1, an aliguot of a solution
containing the SH348-1 or SH357-1 purified in paragraph
2) -8 was separated by SDS-PAGE. The proteins in the gel
thus separated were transferred from the gel to a PVDF
membrane {(0.45 pm in pore size; manufactured by
Invitrogen Corp.). The PVDF membrane was washed with a

washing buffer (2% mM NaCl, 10 mM sodium borate buffer,



1 to 27 of SEQID NO 42, a sequence represented by nucl eotide Nos. 970 to
993 of SEQ ID NO 44, and sequences represented by nucl eotide Nos. 301 to
324 of SEQ I D NO 48, are sequences derived fromthe priners.

Mor eover, the nucl eoti de sequence encé@iibng the SH357-1 heavy chain vari abl e
region is represented by SEQID NO 50 in the sequence listing, and the

am no acid %egu§ncep here%f‘is rg resegted b% SE%LID NGO 51. The nucleotide
sequence eRcodi'ng’t hECSHE5 7T e AVy SCRAF A% consPant 2radién SPL U éfFesent ed by
SEQ I D NO e am,no acid.sequence.theceaf is represented by SEQ I D
NO. 53. ThégﬁﬁcﬁggF%gglégggénggegﬁgo ?ﬁéftﬁea ﬁ3§?9TaFFdﬁt 5ﬁ&ﬁﬁa§§riable
region is S e | D_NQ i . u l5i~st LN, t he

am no aci dﬁgggﬁeﬁg% t@hg‘%ggfggiss' Pgﬁgr Jec'sﬁéﬁt gﬁgt%%%% I%%%ﬁaglo%'.m%ﬁg%%gél eoti de
sequence eB@leﬂ@rtB@n§H3§zxésbbﬁﬂﬁn@h@bnﬁE@”§E§0? Ledl 97 ks LERFgSented by
SEQ I D NO. 56, and the am no acid sequence thereof is represented by SEQ I D
NO 57. Sequencgschepnesentedaby nueheetihdesNosonlitiey27:1e518EQ I D NO 50,
a sequence represented by nucleotide Nos. 970 to 993 of SEQ ID NO 52, and
sequences cbépiesehbedbbydnuckeoflrdgeNomob3Dittyp 824uafl iSEQ bR Nex 56 are
sequences derived fromthe priners. 112 Furthernore, the positions
and sequen&&8FofeCDRgnEnveaehesftichd, aphdoaacedtsepueneesmafiet he heavy and
~light chain variable regions were anal yzed and deterni ned by honol ogy
conpari son‘WrPhi &K BREiLBod§SEATRAVECIdTSEgbRALealARbaSédpreparadeby Kabat
et al. (seg Kabat, E.A , eh al %1991) i bid). According to the docunent,
even diffePéntlant'iBBAreS REAPETS "arefor kSERgFEHE"whi'ch Ravélan ani no acid

| engt h al ugl _to_each other and e obseryed to have am no acid
sequence gg;%%ﬁ I?F§'iﬁ‘t é“%g?ﬁab?e ?@Bi%ﬁ%?gi r?ﬁéﬁea?€egﬁsFﬁ§e§ane

subt ype. r n CDRRs . q fl.anked by these
franemorkc?ééggﬁg%g hﬁge ?ﬁg anlngéggéggggq%éﬁ%gsgg?gﬁﬁe(hgg §egnd | i ght

chai ns wer g;gagakyzged, by €oapasd i 1h thase {;he sane ype: thereas.
As a resul t? C%Rs in)the 5I—1348é- iﬁﬁge%gvy clial n \Atg{rae“get er rrianrg%p% oaoﬁla(%/e am no

aci d sequepegserepr esentiedobynam nenackdeNosy 26ctQ.88,8f SEQ ID NO 35 in
the sequence listing (CDRHL), am no acid Nos. 50 to 66 thereof (CDRH2), and

am no aci di'Nesef88ef ot 188Nthereoha{ CORH3Y 1 uCEIRs i Act hewiHB48mdvLight chain
were determ ned to have am no acid sequences represented by am no aci d Nos.

24 to 39 obsSEQ PDuNDyr@Flihanheeskgienceptidtiag ($EPREAYTuasiinpyaci d Nos.
55 to 61 thereof (CDRL2), and am no acid Nos. 94 to 102 thereof (CDRL2).
CDRs in t héABRBE7EI0hENYY) chald heeesdet epndpedute havebantneaaci d
sequences represented by amno acid Nos. 26 to 35 of SEQID NO 39 in the
sequence |8 ?n@efﬁfﬁ@ﬁ¥,t9niﬁ%nééﬁﬂ Npsamboot 8ch® sharenfe( CDRH2), and

am no acid @bs..99 to 108 theregf CDRH2), CDRs in the
starting at the second amino aCid from the N-terminus.

As a result, the amino acid sequence (starting at
the second amino acid from the N-terminus) of the band
corresponding to the SH348-1 heavy chain was

I-0-L-V-0-3-G~P (8EQ ID NO: 26 in the seguence
listing).

The N-terminal amino acid sequence of the band
corresponding to the SH348-1 light chain was

D-V-L-M-T-Q~S-P-1L-5-1L (SEQ ID NO: 27 in the sequence

listing).



113 SH357-1 light chain were determ ned to have am no acid sequences
represented by am no acid Nos. 24 to 39 of SEQID NGO 41 in the sequence
listing (CDRL1), anmino acid Nos. 55 to 61 thereof (CDRL2), and amino acid
Nos. 94 to 102 thereof (CDRL3). 1The nucl eoti de sequence encodi ng the
SH348-1 CDRHL is represented by SEQ ID NO 58 in the sequence listing, and
the am no aci d _sequence. thereof is represented by SEQ ID NO 59. The

nucl eot i de§8qliehEEmentbdifig e hat a8 eRet i ¢ dpiedent ed by SEQ ID NO

60, and the_anino a i

d sequence epf is represented by SEQ ID NO 61.
The nucl eof:?aée%auéﬁ%% Ehcod n%é%]ﬁz %_13394&8‘{31 %ﬁﬁ% T$°represented by SEQ ID

NO 62, and the,anhg agid .sequen f. ., r.epr.esent SEQ | D NG

63. The nucl eot?gl2 Sgﬂds]equenc%e g%cod(f%gd Pﬁj’e%@m}? f%Cﬁa%r%e%%e%gr esent ed by
SEQ ID NO 164¢iagd the am no acid sequence thereof is represented by SEQ ID
NGO 65. The nucl eoti de sequence encoding the SH348-1 CDRL2 is represented

by SEQ I D N&: B6teandns hesam doaald dsspopencest heteafad$ represented by SEQ
I D NO 67. The nucl eotide sequence encoding the SH348-1 CDRL3 is

r epr esent edobye SEQ:d DhdNG o 68 e aditl3 3 hel anigic: adialirseguence thereof is
represented by SEQ ID NO 69. Mireover, the nucl eotide sequence encodi ng

t he SH357-1 CDRHLils M-dprederit-éd Soy-SEG-FDING- D@ -Aan@ELhé DabiCno 2&ci d
sequence thereof is represented by SEQ ID NO 71. The nucl eoti de sequence
encodi ng the SrB57eTUYBRH2L {8t epresented by SEQ ID NO 72, and the amino
acid sequence thereof is, represented by SEQ ID NO, 73. The . 119 nucl eoti de
sequence eﬂ%%ﬁ?n%mjt%% %%iag@ﬂ‘iew%e rcgﬁ‘i‘%ﬂ U By SESAWPNO 74, and
t he am no jd_ s n ereof . epr t.ed I.D NO_.75. The

nucl eot i de&gle%%e%ggge%eg%&l néget aeﬂ%—%s%-p%s%eld %’ %%raetseen ea& ‘by SEQ I D NG

76, and th%@@l‘@@n@@j%%9@@%!?6(@@%%%&%&@%@& NG 77.

The nucl eoti de sequence encodi ng the SH357-1 I'sS represent ed by SEQ ID
NO 78, angsthenaidneyacid seguence tdier eofaris representmd, Ly eEQ | D NO

79. The nucl eoti de sequence encoding the SH357-1 CDRL3 is represented by
SEQ | D NO oB0xeahdh tdved aminem aod s isegpiencest herreefilks represeayed by SEQ I D
NGO 81. (Exanple 6) Binding activity of anti-EPHA2 anti body to EPHA2
extracel | warthegiiMs~1 heasplaitdion QRaanhEPHA2wext maeekllkakrotiegi on

pol ypepti de élmanuf actured by R& Systens, Inc., #3035-A2- 100) or bovine
serum al budih e THEC WS @F pthiont BEl oW Eid thie fHagiirtes,i@bridvi ated to
"BSA") as a control diluted to 1rﬁﬁg/m wi th PBS was di spensed at 100

gl /wel | orfer 877§ Fmurih| S BRfE adturdd oy INdFe vinadz404) (Y4Ad i ncubat ed
over ni ght Ma f’r% tosd hc?eg teeblymiandescP rtbo tbhee n&rsoc}eeiil% nte% utshe a%lda tt%‘e
subtype of the light chain was determined to be kappa
light II.
Thus, the following oligonucleotide primers were
synthesized, which respecitively hybridized to the 5'-
terminal region of an antibody gene coding region
belonging to these mouse subtypes and the 3'-terminal
region thereof contalning a stop codon (see Kabat et al.,
ibid; Matti Kartinen et al. (1988) 25, B5%-~8865; and
Heinrich, G. et al. (1984) J. Exp. Med. 159, p. 417-435):
5'-cagatccagttggtgcagtcectggacct-3' (DB3Fl: seguence

listing sequence ID No. 30)



On the next day, the solution in the wells was renoved, and a Bl ock Ace

sol uti.on (one pouch of Block Ace powder (manufactured by Daini ppon Sum tono
Pharma' Co., Ltd. (Show Brand M|k Products Co., Ltd.)) was dissolved in 100
m of ultrapure water) diluted 4 tingd8vth PBS 115 was di spensed at 200
pl/well and incubated at roomtenperature for 1 hour. The wells were washed

t wi ith Diluyt, Buf f PBS, 0.05% (v/ T 0 H348- 1,
SHBET- 1 | and ANUE P RIArE CCEpRE Ry PP L IR ERoPaS. LY TR 2RONELAtr ot i on of
1.25x104 2 -3 . -2 /m, 1.25x10-1 Rg/nm, 1.25
Rg/ mX, 12P%é%‘?zﬁ%e Igir%%%g %ﬂ?“}nﬁﬁo T e3sF'?t | ting sol )L(Iti on (gont ai ni ng
0.05% (v/v) (f 'EPaJaa“g%%ﬁ%gaﬁ:%ta'a%@)cgE‘A’%%@t%%—‘z%’as (@i@(‘%@ﬁl@tl 1§%qﬂ%ﬁ¥§@' .

The plate was incubate roomt émperaturé for 1 hour. Th e solution

in the \Aeli§smsgr§é@y@gbe@m1¢d1emlls were washed twice with Diluting
Buf fer. Goat anti-Muse | gG Peroxidase Conjugated (manufactured by

M1 1lipore (Cherfi'cer)gat#ARL8kRradickutedc1@@8gtbres-6i't hKBVRUti ng Buf fer was
added at 100 RI/well and incubated at roomtenperature for 1 hour. The

sol ution iseqienawllsstwasy raameedie aid Nche 3a8l | s were washed twice with
Diluting Buffer. Then, a color reaction was gerforrred with stirring by the
addi ti on of OPB<CslleneDevdPspeagosandt itor aH32601lpardeFH35AFEer col or
devel opnment, the color reaction was term nated by the addition of 1 M HCl

116 at 100737y v@td 1T B0 FandBMt Y450 BRRRRES hédStly &deusiing®a pl ate
o GE SOSTR K TARANE T RS TR P AN
'3;‘ egfroggggﬁfi&%%i@”&%ﬂu%é&q}&% ¢ ik TRaNstandar ¢ deviation (n =

Sciences Corp., #27-9254-01). From each mRNA thus

obtained, cDNA encoding each antibody heavy or light

chain was amplified using TaKaRa One Step RNA PCR Kit

{(BMV) (manufactured by TAKARA BIO INC., #RROZ4A) and the

primer set for the heavy chain (combination of DB3F1 and

MIGZAEVRL) or the primer set for the light chain

(combination of MKISEIF]l and KEVR1}). These cDNAs

amplified by PCR were cloned using Zerc Blunt TOPD PCR

Cloning Kit (manufactured by Invitrogen Corxp.). Each of

the cloned heavy and light chain nucleotide sequences was

determined using a gene sequence analyzer ("ABI PRISM

3700 DNA Analyzer; Applied Biosystems" or "Applied

Biosystems 3730x1 Analyzer; Applied Biosystems"). In the

sequencing reaction, GenelAmp 9700 (Applied Biosystems)

was used.

The determined nucleotide sequence of the cDNA

encoding the SH348-1 heavy chain 1s represented by SEQ ID

NC: 34 in the sequence listing, and the amino acid



absor bance represents stronger binding activity. As shown in the graphs,

all the anti bodies SH348-1, 5H357-1, and Ab96-1 exhibited no affinity for
BSA, ‘denonstrating that they specifically bind to the EPHA2 extracel | ul ar
region. (Exanple 7) Influence of antiefEPHA2 anti body on |Ii and binding

An EPHA2 extracel |l ul ar regi on pol ypepti de (manufactured by R&D Systens,

I nc., #3035-A2--100)-imobilized i munopl ate was reﬁared according to the
met hod des&FFBEA°Fn ERARD el%.r?ﬂ%®?%ﬁ5§%g¢%t§E@e£Ps Were° washéd twice with
Diluting Buffer,. Then, SH348-1, 5H357- Ab96- or,_Mu A | sotype
Contr o (1§ CRECHESer PETL G el bl anct VIR Tronrsas sbbrev7atel to ~n peoar:

manuf act ur . Syst.e 0 .1 sptype ntrol anti body
di | ut ed to§%89¥.'t8§%:ﬁ§ 2 ggop%%@ﬁnghQ%élﬁtﬁiﬁg'B%?f%? e added at 100

1. 11/ vel | - sThecpkat @m@%%ﬂcmt@% aim{ QO & CHPSEGLA & Ol JefOUry Then,
Reconbi nant Mouse Ephrin-Al/Fc Chinmera (in the deScription bel ow and the

figures, abbpevbaheddtby"Ephrip-wb{ Fe7;imerné agtyneceby: R&D Fystens, Inc.,
#602- 117 Al-200) as a soluble Iigand or Reconbi nant Human 1gG Fc (in the
descri pti ofihbehowl anditibeséqgemes, cAbbnevi@iRdetood hd Fole swdmif-act ur ed by
R&D Systens, Inc., #110-HG 100) as a negative control protein for the

sol ubl e | i BapdywaBaaddes aepreef¢madd dances rbBPidnm: 018 Limird and i ncubat ed
at roomtenperature_for 1 hour. Next, according to the method descri bed
i n Exanpl eS63UEheesof &t i 0% | 71 N et sn et enpv@enehd- e vkl is were

pashed W (0DHLuLng B, Porgxd dase ALLINLPYe, Gont i Humeg 19 For
1o poed LA ek Buishany " SREILON RS BE{erIRE 409 650 Qoo Dovel B o
(Figure 8)py sEp ID NO: 40 in the sequence listing, and the amino

acid segquence therecf is represented by SEQ ID NO: 41.

Sequences represented by nucleotide Nos. 1 to 27 and 1327

to 1350 of SEQ ID NO: 34, a sequence represented by

nucleotide Nos. 637 to 660 of SEQ ID NO: 36, seguences

represented by nuclecotide Nos. 1 to 27 and 1327 to 1350

of SEQ ID NO: 38, and a sequence represented by

nucleotide Nos. 637 to 660 of SEQ ID NO: 40 are sequences

derived from the primers.

Moreover, the amino acid sequences of these heavy

and light chains were analyzed by comparison with

antibody amino acid sequence database prepared by Kabat

et al. (see Kabat, E.A., et al. (1991) in "Sequence of

Proteins of Immunclogical Interest Vol. I and II"; U.S.

Department of Health and Human Services). As a result,

the SH2348-1 heavy chain was shown to have an amino acid

sequence represented by amino acid Nos. 1 to 119 of SEQ

ID NC: 35 in the sequence listing as a variable region



In Figure 8, the absorbance is indicated in neanstandard deviation (n = 3).
The anti body Ab96-1 even at a concentration of 10 .tg/nml strongly inhibited
t he binding of the EPHA2 |igand ephrin-Al to EPHA2. By contrast, the

anti bodi es 5H348-1 and 5H357-1, even whéen added at a concentration of 50
fig/m (five tines the concentration of Ab96-1), did not inhibit the

bi ndi ng of Ea‘ghi n-Al/Fc to EPHA2. These results denonstrated that the
anti bodi es®8E348YE dRd®BHBS72%1 Ao ROt Thi BEP e RN bEAIPNEBIEpHEih- Al / Fc
to EPHA2. Verification of,  inhibitor [

8 | 8 i t f
o EPre RS beT BORh e bRl S3  d ottt ol P Di . ldad sl cPive
t i Ld 1 i |1 - MB- 231
Y eenied CRERAD Dy TLERERALRLLON L SFOky (YOMED: on amMUNIEESL CCL0®

jig/m strephoeyebnrfpeceinaibiery abbreviaiedyte. "10% FBScOnt admi ng
RPM 1640 (wth antibiotics)") were seeded at 2.5x105 cells/well onto a

12-wel | di sb mod sul tur edeoveqné @bt BisBiAG i s 5% 9025 aNextred e medi umin
the wells was di scarded, and RPM 1640 was newl y added thereto. The cells
were furthendchhtvered avenni ghtd ate@7Cidéan 590 CRenNeXthy theinediata i n t he
wel I's was renoved, and only RPM 1640 or RPM 1640 contai ning the anti body
(m gQ&Ra, SH3a8-1l3oFoSH3S7tgrent sasohcemstmanonrefido. [1, g/ ml or 50 jig/ ml
was added to each well and preincubated at 37Cin 5% CO2 for 1 hour.
The SH357-1 heavy chain was shown to have an amino

acid sequence represented by amino acid Nos. 1 to 119 of

SEQ ID NO: 3% in the seguence listing as a variable

region and have an amino acid seguence represented by

amine acid Nos. 120 to 4498 therecf as a constant region.

Moreover, the SH357-1 light chain was shown to have an

amino acid sequence represented by amino acid Nos. 1 to

112 of SEQ ID NO: 41 in the sequence listing as a

variable region and have an amino acid sequence

represented by amino acid Nos. 113 to 219 thereof as a

constant region.

The nucleotide sequence enceding the SH348-1 heavy

chain variable region is represented by SEQ ID NO: 42 in

the sequence listing, and the amino acid sequence thereof

is represented by SEQ ID NO: 43. The nucleotide secuence

encoding the SH348-1 heavy chain constant region is

represented by SEQ ID NO: 44, and the amino acid seguence

thereof is represented by SEQ ID NO: 45. The nucleotide

sequence encoding the SH348-~1 light chain variable region

is represented by SEQ ID NO: 46 in the segquence listing,

and the amino acid seguence thereof is represented by SEQ



To the thus-preincubated wells supplenented with only RPM 1640, a 1/50
vol une. of Ephrin-Al/Fc or hd@ Fc (final concentration of 1 jig/ml) or
R2M 1640 with the sane volune thereas (in Figure 9, represented by (-))
wer e added. Moreover, to the wells suppl emented with m g&a, SH348-1, or
SH357-1, a 1/50 vol une of EphrinAl/Fc (final concentration of 1 1.1g/nl)

was added. The di shes re further incubated at 37C in 5% CO2 for 15
minutes. AFPENOHI &lar diliy MBI IS i SFREEARES CPBREINT (& STRAPTr

fact d Cell Si | Technol | nc. t ai ni PVSF
(manuf at UFea by 016 ST AP TAN T he S Hr ot Gl H b Cock ai
(manufact Ujge Da AR 01 £8: o | e ABIAM. deral nalt.alsc ARty gy ated to
ded t cells. T];he i

PPCLB) was ad ereto to lTyse t ysates were centrifuged at

15000 rpm o6 Bomymutes, anddhe-ebtained.super pat ants Werg.Uged . as
i rmunopr eci pitation sanples. The protein concentrations of the sanples were

measur ed using BCA-Prot@i 1D Assays Reageniqydranufaad i ech 4y BVERCE) .

8)-2 Detection of phosphorylated state of EPHA2 by i mrunoprecipitation
25 ul of ansubpensidomMiad. PPt ein O Iragheli@T eads: (4vnufratt ured by NEW
ENGLAND Bi oLabs, Inc.) and 4 ug of anti-EphA2 Antibody (manufactured by
Sant a Cr uzs8ioteehhofagyesemeed s o2eo vigle Ndded Pertsaid @f and t he
m xture was_inverted for mxing at 4C for 2 hours. Next, FES was added
thereto atB&2fiRalCcohtemFatTTH VICTORS ANES He it Xiltfr & 5Wee Fur t her
inverted for még}in at 4C for 3(1 m%tes. Next, the beads gere washed with
PPCLB. Next, 200°T0F VS 't REScOICIYEarE STHEFREEaftS0r-Edareéd i n par agr aph
8)-1 were |t he , the m.xtures were jnverted for, m xi

over ni ght %?g‘%{ méae&&c%g% n%xﬁlr%gl? Iteer?el\éﬁlegi sr}\l\eig)rrtees\%hns eedd btyhrsgg2 tinmes

wi th PPCLBrp Tien, 5 S0S; Sampl & Bulder (86,3 gMT1d S7HCLpH 6.8, 1. 8% (W V)
SDS, 9% gl ycerol, 0.72 M 2- nercaptoethanol, 0.045 ng/ m bronophenol bl ue)
was added togidiecdeadsre@nd 4 he-grodanes) W eleatredicat 98C fpe 5

nuclecotide sequence encoding the SH357-1 heavy chain

constant region is represented by 3EQ ID NO: 52, and the

amino acid seguence thereof is represented by SEQ ID NO:

53. The nucleoctide seguence enccding the SH357-1 light

chain variable region is represented by SEQ ID NC: 54 in

the seguence listing, and the amino acid sequence thereof

is represented by SEQ ID NO: 55. The nucleoctide sequence

encoding the SH357-1 light chain constant region is

represented by SEQ ID NO: 56, and the amino acid seguence

thereof is represented by SEQ ID NO: 57. Seguences

represented by nuclectide Nos. 1 to 27 of SEQ ID NO: 50,

a sequence represented by nucleotide Nos. 970 to 993 of

SEQ ID NO: 52, and sequences represented by nucleotide

Nos. 301 to 3Z4 of SEQ ID NO: 56 are sequences derived

from the primers.



m nutes. The proteins dissociated fromthe beads were separated by

SDS- PACE. 120 The proteins were transferred fromthe gel to a PVDF
menbrane (0.45 pmin pore size; manufactured by MIIlipore). The PVDF

menbr ane was bl ocked by shaking in sadizum azi de-free Bl ocking Sol ution (one
pouch of Bl ock Ace powder was dissolved in 100 mM of ultrapure water, to

whi ch Tween ZOpEy\as t hen added at a final concentration of 0.1% (v/v)).

To detect the pHESPHOTAed $t &°8 T OFfe 2B HFGEINE L EORGuds, the PVDF
menbr ane oaked in_a. solution of Anti-Phosphotyrosine, . rec i nant 4G10
RPeon] ugate  nahar AL TR by Ubot St HeD. T i A 2 b0 2 mes i t

sodi um azi des { eg, Bl 96K ng. p0oL 4 1,00, and, react ed, at1oom fenperature for 1
hour. The PV?Z)F maanglr ane vvasﬁwas ed f@or 10 'm nut es tciwee £ mes%vﬁth TBST (50

MM Tri s- Hlem®th @y Ceord@8r MM MNaGlsh 2 JF My Qudi%d Wok)q BaegR2Q) and then

further washed for 5 mnutes three tines with H20. Signals were detected on
a filmfordeherdamnescent eowsiaigpEG: Rus (semnuasiyr e by, G Heal t hcare
Bi o- Sci ences Corp.). Next, to detect the imunoprecipitated EPHA2
present on{ihds) PMDR nenthranedine tBVDRendpbuare taf eeent Hé fdeteati on of the
phosphoryl ated state of the EPHA2 tyrosine residues was soaked in Stripping
Sol ution (HOtHMd¥es-HOIE PHIBTR%AYAN): 3OS, chlde v msrigapt oet hanol )
and shaken at 55C for 30 m nutes. Then, the PVDF nenbrane was soaked in
Quenchi ng 3ottt O CTESTCONt S YR N g AL RBAY WENZ0 2 %hd 16 T9SERAEF NaN3) and

shaken at ’Er,g Ohrgxtfg rg)n?{ nacE ue{ cei Osr e qzuoe nrg en ucto%gnc}n% lri r{,rovien tt@lee a"{;frétrl i%% %a

regions, if they are in the same subtype. On the other
hand, CDRs are specific sequences flanked by these
framework regions. Thus, the amino acid sequences of the
heavy and light chains were analyzed by comparison with
those of the same subtype thereas. As a result, CDRs in
the SH348-1 heavy chain were determined to have amino
acid seguences represented by amino acid Nos. 26 to 35 of
SEQ ID NO: 35 in the sequence listing (CDRH;), amino acid
Nos. 50 to 66 thereof {(CDRH;), and amino acid Nos. 99 to
108 thereof (CDRH3). CDRs in the SH348-1 light chain
were determined to have amino acid segquences represented
by amino acid Nos. 24 to 39 of SEQ ID NO: 37 in the
sequence listing (CDRLy), amino acid Nos. 55 to 61
thereof {(CDRL,}, and amino acid Nos. 94 to 102 thereof
(CDRL3) . CDRs in the SH357-1 heavy chain were determined
to have amino acid sequences represented by amino acid
Nos. 26 to 35 of SEQ ID NO: 39 in the seguence listing
(CDRH:;), amino acid Neos. 50 to 66 thereof (CDRE,), and

amino acid Nos. 99 to 108 thereof (CDRHs). CDRs in the



121 on the PVDF nenbrane. The 1, VDF nenbrane was washed for 10 m nutes
three tinmes with TBST and bl ocked in Bl ocki ng Sol ution (one pouch of Bl ock
Ace powder was dissolved in 100 m of ultrapure water, to which Tween 20
and sodi um azi de were then added at fimal concentrations of 0.1% (v/v) and
0.02% (W v), respectively). Then, the PVDF nenbrane was soaked in a
solution of an_anti-EphA2 Anti bod <émanuf actured by Santa Cruz

Bi ot echnol 559571'%0119%%03@?%1} ROt LU AV GG NS R T %Fﬁ%:‘kl%ﬁgl%ol ution,

and reacted at roomtenperature for_1 hour ne. was washed
for 10 mi nPaRCPArber T REte bl h brﬁesafﬂl%e%mér M PVDE by are: v soaked | n
a sol ution-gf Aot = rapbii .1 (ngg ctur by Cell

Si gnal i ng :i'gc <I31\0| %jgy?gl lrclée g%ﬁ%ﬁ? Fg}?gﬁé %ng%}%’l ‘mes %C? acl'gg%\] %nd
reacted atskopm genperalsr e(d ok 30 @n@uta%anom%&d RS B%DEGW@.@EV ane was
washed for 10 m nutes three times with TBST. Then, signals were detected on
a filmforcebessfummesgence using ECL Pl us. The sol uble |igand
Ephrin- Al / Fc-i nduced phosphoryl ati on of EPHA2 tyrosine resi dues was nhot

i nhi bited by tHehd satoipe tiaht relguamdeb @ty onlli @2 a neuts HEs ~itnkickitt ed in a
dose- dependent manner by the addition of the antibodi es 5H348-1 and 5H357-1
(Figure 9)is reprapesecd dswl 30 dehoist ret edh tiet tdvercantd boditesigSH348-1 and

SH357-1 dc not inhibit the binding of the Iqﬁgand ephrin-A to EPHA2 but
i nhi bit t h@nfi Gaf T Herct: HRPHIFSR athoie J@FV@#%&%% rediEfues. 122

It ant s of RPIA Rons|GH G o JPEgR6A CERGAn oF HOFLGr 61 E0 SRR 8 Br opar ed,

and a regiBBRﬁﬁ'%@'%%ﬁf%é@i%@% %y SE%H§%7N%:W%%,dan%rnhnegmlno acid
seguence thereof is represented by SEQ ID NO: 61. The
nucleotide sequence encoding the SH348-1 CDRH; is
represented by SEQ ID NO: 62, and the aminc acid sequence
thereof is represented by SEQ ID NO: 62. The nuclectide
sequence encoding the SH348-1 CDRL; is represented by SEQ
ID NC: 64, and the amino aclid sequence thereof is
represented by SEQ ID NO: 65. The nucleotide seguence
encoding the SH348-1 CDRL; is represented by SEQ ID NO:
66, and the amino acid seguence thereof is represented by
SEQ ID NO: 67. The nucleotide sequence encoding the
5H348-1 CDRL; is represented by SEQ ID NO: 68, and the
amino acid sequence thereof is represented by SEQ ID NO:
69. Moreover, the nucleotide sequence encoding the
SH357-1 CDRH; is represented by SEQ ID NO: 70, and the
amino acid sequence thereof is represented by SEQ ID NO:
71. The nuclectide sequence encoding the SH357-1 CDRH;
is represented by SEQ ID NO: 72, and the amino acid

sequence therecf is represented by SEQ ID NO: 73. The



9)-1 Preparation of deletion nutants of EPHA2 To express del etion
nmut ant.s of EPHA2 as proteins having GST-Tag and Hi s-Tag added to the
N-term nus and S-Tag added to the C-termnus, the following prinmers were
synt hesi zed, and gene fragnents anplifiged by a nethod shown bel ow were
cloned into pET-49b (+) (manufactured by hbvagen)

5' -attaggat ccgagettccgtactgccagtgtc-3' (priner uence | D No. 82)
5'-attaggapéégéééé@%aﬁ%@%%%@@c@n%@d%%ﬁ|?%? $@65%@hu%%% i3 No. 83)

5'-atta atcc tcactt a ri.ner . se nce | D No. 84
A 2t M o ko c s CRIET LA UL PR ot gt SLLU B Uy
5'- tt i t : | D.No. 86
S L agchbgEsgCeanl CAracand Ly Srd PLY TS 1. S FHEHL R e 02

5'-aattaag%&ﬁéﬂgéagﬂwﬂi%CE}Q&%@%@I'cE@fELl s TPRNCE DI}%OS%?Q)

5' -aattaagottctcgtacttccacactcggc-3" (priner 4 quence
ID NO: 76, and the amino acid sequence thereof is

represented by SEQ ID NO: 77. The nuclectide sequence
encoding the SH357-1 CDRIL, is represented by SEQ ID NO:
78, and the amino acid seguence thereof is represented by
SEQ ID NO: f9. The nucleotide seguence encoding the
SH357-1 CDRL; is represented by SEQ ID NO: 80, and the
amino acid sequence thereof is represented by SEQ ID NO:

81.

(Example 6} Binding activity of anti-EPHAZ antiboedy to
EPHAZ extracellular region

A scolution of an EPHAZ extracellular region
polypeptide {(manufactured by R&D Systems, Inc., #3035-A2-~
100) or bovine serum albumin {in the description below
and the figures, abbreviated to "BSA") as a control
diluted to 1 pg/ml with PBS was dispensed at 100 pl/well
onto an immuncplate (manufactured by Nunc, #442404} and
incubated overnight at 4°C to thereby adsorb the protein
to the plate.

O the next day, the scluticn in the wells was
renoved, and a Block Ace solution (one pouch of Block Ace
powder (manufactured by Dainippon Sumitomo Pharma Co.,
Ltd. {&how Brand Milk Products Co., Ltd.)! was dissclved

in 100 ml of ultrapure water) diluted 4 times with PES



123 Each region was anplified by PCR reaction using

pcDNA-DEST40- EPHA2 as the tenplate and a priner set: the priners NN and C
for a region consisting of an am no acid sequence represented by am no acid
Nos. 426 to 540 of SEQID NO 8 in thelsequence |isting (hereinafter,
referred to as "nl"); the priners NI and 02 for a region consisting of an

am no acid sequence represented by amno acid Nos. 426 to 534 thereof
(her ei naf t 875 #efRpratd taf aslC mptAvwe th it RN A 03°%0r a region

consisti ”%8@8&9&@ 0 3¢ fl BoqQuUenc ! %:%rﬁfrsg?%e%% %sgl@d”%w%‘:ied wg,ﬁgr 0426 to
; |

504 thereo éreinafter, tfeferred to as the primers 4 for a

regi on conﬂ}ggwlg?o}%%@fle@rq%’acd G sequence jsﬁpéﬁs%;gd Y.,am no acid Nos.

426 to 470 thereo erelnafter, referred to as "m}" the priners N2 and

02 for a region-consisting, ofn@MmPIG-ND RAckd SQMIENCE § eprasen gy anino
acid Nos. 439 to 534 thereof (hereinafter, referred to as "nb"); the

primers N3pped:82af @bnacfeghONo£0BSI $LRY10T ary /&, na .achd csequence,
represented by am no acid Nos. 471 to 534 thereof (hereinafter, referred to
as "m6"); thesprimens/ne, and292160r ng/megi on26opsiati ny2ob ag/anj no acid
sequence represented by am no acid Nos. 505 to 534 thereof (hereinafter,
referred toras2dnggd)jmlt enprimerse N2 @iy 03 furien regproreiconsi sting of an
am no acid_sequence represented by am no acid Nos. 439 to 504 thereof

(her ei naf t &r9>% ef‘éf‘f)ed ok PRt Yhe TG afer<s® NFEh R BT Gt a regi on
consi sting @f an,am no acid sequence represented by amno acid Nos. 439 to
470 124 th Qe‘bjf/"(%]elr'ei nafter, referred to as "nB"). The obtai ned PCR
products were cleaved with BanH and H ndlIl and subcloned into the

BanHI /H ndl Il site of pET-49b (+). 9)-2 Expression of deletion nutants of
EPHA2

The plate was incubated at room temperature for 1
hour. Then, the solution in the wells was removed, and
the wells were washed twice with Diluting Buffer. Goat
anti-Mouse IgG, Peroxidase Conjugated (manufactured by
Millipore (Chemicon), #AP181P) diluted 1000 times with
Diluting Buffer was added at 100 pil/well and incubated at
room temperature for 1 hour. The solution in the wells
was removed, and the wells were washed twice with
Diluting Buffer. Then, a c¢olor reaction was performed
with stirring by the additicn of OPD Color Developing
Scolution at 100 ul/well. After color development, the

color reaction was terminated by the addition of 1 M HCL



Escherichia coli BL21 (DE3) was transformed with the plasm d DNA
constructed in paragraph 9)-1 or pET-49b (+) as a negative control. The
obt ai ned transformants were cultured in an LB nedi um suppl enented with 30
jig/lm  kananycin (manufactured by Invi¢érogen Corp.). Expression of the
del etion nmutants of EPHA2 was induced using Autoinduction System
(manuf act ured bé Novagen). The bacterial cells were coll ected by

n

cent rif ugatFohYand!l (EShed \f\‘i}]te’n FBSIOMES, Ahé Pacteriza m(?-‘é‘lsluéf@\ﬁere | ysed
wth a 2% §§)§n§055#>i(99e£§% pﬁg %ugé\/l fl\/SF and Protease |nhibitor Cocktail

(manuf act ur éd #28340). The super nat ant was

col I ected by C%gfdﬁélgﬂi' %cﬁ&d Aged dd 18Rl taped-dent fgﬁ C%
expression | evel of proteins (consisting of pET49b (+) rlved T-Ta

Hi s-Tag, apdows Tage apdshinkess portipns, forg connesd ing tdhems ivhd he
description below and the figures, ref erred to as " Vec") expressed in the
bacterial eeklltysafenp$sEscham chica ealaipht,r ansf eredvaintzle pET-49b (+) was
estimated by a nmethod described below. Dilution series of the

Vec- expr essnajjcbaet et h ahesetd tdrybate and adilatt | on se¥)i.es sefrobyeld s Protein
Ladder (manufactured by Q AGEN) were separately dissolved in SOS Sanpl e
Buf f er and@héarleanae O8Cr¢¥/RNGS n§hiRESS T Wﬂé?ﬁlft%eacﬁﬁﬂo‘tléi}hs Wer e separat ed

by SCS-PAGE, and the proteins 125 in the gel were transferred to a PVDF
menbr ane. THEVPVEE %ﬁb%%h%sa%% ot‘ckk%dapl‘tnl %o‘?ﬁ%’%%lng HopBSA. Then,

t he PVDF ne sso nas utlon i s HRP ugat e

( manuf act u?lgg %@gﬁ IH% Béil_énbo&ﬁtaﬁa%olﬁgg 5% BSA,
and reacte r T. \/ Mas washed
for 10 m ngktl%é ?ﬁ%g]eg %rpn%é%w ﬁ/%%éll& uf'rhe s%f%}éfseq\%e%% ec ed usi ng ECL
Plus. Signglqgiptensity was conpared between the dilution serl es of the

Vec- expr essi ng bacterial cell lysate and the dilution series of 6x H's
Protein Ladder, and the concentration of the Vec protein contained in the
Vec-expressing bacterial cell |ysate was estimated fromthe protein | evel

per band contahmeel Th Bxf Hisnd¥ aieian LadtsiA2 Delethaaly nut dntearaf EPHA2 wit h
an anmount that exhibited reactivity equivalent to that of 20 rig of Vec in
West ern bl}exl'é(ﬁhf@ﬁfusi ng S-Tag Monocl onal Anti body (Novagen) were used in the

subsequent epitope identification experinent. 9)-3) Epitope identification
The cel | Iysatel\‘sn CORtE Mg ATe TdeiPét iF6R At BOLYPSPTEPAA2 prepared in

ﬁ;’il’nﬁ.?;gph_r anu accteugeigs&lg VE?&% yys%%smssa} ne B,Uf f3ed’35a9& Q%aOt ed at 98C for 5

immobilized immunoplate was prepared according to the
method described in Example 6. The immunoplate wells
were washed twice with Diluting Buffer. Then, SH348-1%,
SH357-1, AbY96~1, or Mouse IgG:a Isotype Control (in the
description below and the figures, abbreviated to
"mIgGZa"; manufactured by R&D Systems, Inc., #MABOO3) as
an isotype control antibody diluted teo 10 pg/ml or 50
ug/ml with Diluting Buffer was added at 100 pil/well. The
plate was incubated at room temperature for 1 hour. Then,
Recombinant Mouse Ephrin-Al/Fc¢ Chimera (in the
description below and the figures, abbreviated to

"Ephrin~-Al/Fc%; manufactured by R&D Systems, Inc., #602-



resul ting sanples were separated by SDS-PAGE, and the proteins in the gels
were transferred to PVDF nenbranes. After the transfer, the PVDF nenbranes
wer e bl'ocked by shaking in Bl ocking Solution (one pouch of Block Ace powder
was dissolved in 100 m of ultrapure Mater, to which Tween 20 and sodi um

azide were then added at final 126 concentrations of 0.1% (v/v) and 0.02%

3C I n' Bl och T oIt 1 CoR T i T2 T/ e SRGAE L. O "SHBSAE. These PVDF.
menbranes wef e yashed- t11<9 r%éhgt%ﬁ‘ s 4drag th thabEBLSeEl%}de[J Ucl\%her

reacted at Toom errpera m nutes |1 n SO ‘ution of use | g,
HRP- Li nkech Yoo Al Shaei. i ed §Q00stiEsN th TBSE115ubzequent] y. the

PVDF menbr anes were washed for mnutés thrée times wWith TBST. Then,

signal s wese gdetegiedvOncantid mdaitchemdunineseanas 41si g kChd us.
Next, the PVDF nenbranes were soaked in Stripping Solution (50 mM Tris-HC1,

pH 6.8, 2%d{aéy)aShS, £ 1001 nbr2-errLapiroeihanqly /mt ket shakentatg 55C for 30
m nutes, and then washed for 10 minutes three tinmes with TBST. These PVDF
menbr anes #kerecdh ocdkaek Fat Biocki:ng. Solutdi on and then washed for 10 m nutes
three times with TBST. The PVDF nenbranes were soaked in a solution of
S-Tag Monocl oRE*tAntABEHA did (ted "EOOTO- Rl sl HPerBET, Fardrrleadted at
room tenperature for 30 m nutes. The PVDF nenbranes were washed for 10

M nut es t hrige T9PHES R tHP eﬁﬁﬁ]W%ﬁu¥9®@ﬁﬁ“ﬁeﬁﬁFﬁﬁ€§fWE#&*%&%%@H in a

sol ution of_ Ant s ed She d|| ted times
wi th TBST, a.'re%1 #eac afht I%é%%eraygréof #36 %E af'és?*Re ?a t he PVDF

mb h I
e anes yer s MASIES {91230 ML, Linge e JPRGCRRL plus o adE

result, botfihezautibadi s, SHIAE- L Figw ¢ J#lﬂgmwmas( Fi gure 110)
exhlblted bi ndi ng

added thereto. A color reaction was performed using OPD
Color Develping Scliuticn. The absorbance at 490 nm was
measured using a plate reader (Figure 8}.

In Figure 8, the absorbance is indicated in
meantstandard deviation (n = 3). The antibody Ab%6-1
even at a concentration of 10 pg/ml strongly inhibited
the binding of the EPHAZ ligand ephrin-Al to EPHA2. By
contrast, the antibodies SH348-1 and SH357-1, even when
added at a concentration of 50 pg/ml (five times the
concentraticn of Ab96-1), did not inhibit the binding of
Ephrin-Al/Fc to EPHAZ. These results demonstrated that
the antibedies SH348-1 and S5H357-1 do not inhibit the

binding of Ephrin-Al/Fc to EPHAZ.



127 activities only to m, nR2, and nb. Mreover, in this procedure, the

del eti-on nmutants of EPHA2 were present in an al nost constant anobunt on each
of the PVDF nenbranes (SH348-1: Figure 11B, SH357-1: Figure 11D). These
results denonstrated that the antibodilds SH348-1 and 51-1357-1 bind to a
regi on consisting of an am no acid sequence represented by am no acid Nos.

439 to 534 ,0f_ S I 1 _8.in the sequence .listing in the .am no acid

sequence. ( %mE]% @pr%teiﬁlg%a%lforhuorﬂrﬁrgqélgna%?ﬁ%o thlEYO)QI%J;%ﬁ"gn of

humani zed i bo H348- . ) Pl P Y/ e Y=Y ling of SH348-1

vari abl e r%%%%%sﬁt%o%eaﬁ%h%ﬂleﬁ%%o%% %g%ndé%gﬁ& 1 variable regions

was conductesls sesoy i ingsrd & hommizogy: lHeng- et s in Enzynol ogy, 203,
S

121- 153, (1991 he primary sequences (three-dinmensional structures
derived from X-ghay @rysisalatsidrueifuces langsavaisl abl e) of human

i mmunogl obul i n variable regions registered in Protein Data Bank (Nuc. Acid
Res. 35, D301- B303MEXAMED) )eaidrse sceppaced wnt REMIE €3lH348ntavarngbl e regi ons
determned in Exanple 5. As a result, 2JEL and 1A4J were respectively

sel ect ed as0%etRences davisngul heerhighdsim sequerce twtml ogy to the SH348-1
| i ght or heavy chain variable regions. The three-dinensional structures of

franewor k FegfoyEet preparef Based ey 29 tethdior'kl Grod&i® obt ai ned by

nbi ni th di 2JE d 1A4J c di 128 to th
S 1 i G SO ey LA s T ST AT O RS S GeeRES, | CORL2,
CDRHZ2, d i d.t t 6 7A,. 9A, 10A d 10A,
r espect ia\r/]e%y,}< cc\ggg‘iﬁﬁg%?gg?ﬁgtgfﬁgi?]‘gwgﬁi %ﬁégf 23#ofFHt GHT 8¢ :In. (J. Mol.

Bi ol ., 263@*\;@%%%%%5"%1{ 1906) égg@ﬁHﬁz\(A@g@%@S &%%di%ﬁi)(?g)thg according to

the H3-rul es ters 1 sequen , the typical

conf or mat i@ 0f wachi GRR Wasi | nger panatied d Rddhedramwids mdelero.
Finally, to obtain possible nolecular nodels of the SH348-1 vari abl e

regions i nTierddLof nes gur @ik enReng el Gleatiihiwas: gonduchegs f or
excl udi ng di sadvant ageous interatom c contact. These procedures were
per f or med ©&i-ngNaxtonhee ciratii ymavai tableel by ees i nensyonal apt atrelin
structure prediction program Prine and coordi nate search program Macr oModel
( Schr odi ngg?i‘,ﬂl@:g .or RPMIHL0 oprmdeding doft hagnisid 1deidy s@quérée of hunani zed
SH34g- 1 SH348~1, or SH357-1} at a concentration of 10 pg/mi or 50
pg/ml was added to each well and preincubated at 37°C in
5% 0, for 1 hour.
To the thus-preincubated wells supplemented with
only RPMI1640, a 1/50 volume of Ephrin-Al/Fc or hGiFg
{final concentration of 1 ug/ml} or RPMI1640 with the
same volume thereas (in Figure 9, represented by {-}))
were added. Morecver, tc the wells supplemented with
mIgG2a, SH348-1, or SH357-1, a 1/50 volume of Ephrin-
Al/Fc (final concentration of 1 pug/ml) was added.
The dishes were further incubated at 37°C in 5% CO.
for 15 minutes. After discarding of the supernatants,

1xCell Lysis Buffer (manufactured by Cell Signaling

Technolegy, Inc.) containing 1 mM PMSF {(manufactured by



Humani zed 5H348-1 anti bodi es were constructed according to CDR grafting
(Proc.-. Natl. Acad. Sci. USA 86, 10029-10033 (1989)). Acceptor antibodies
wer e sel ected based on ami no acid honology within the franmework regions.
The sequences of the 51-1348-1 franmework regions were conpared with those
of all human frameworks registered in the Kabat Database (Nuc. Acid Res.

29, 205-20§. (200 i | vi tibod i i.d. ., GSD2B5B10 CL
ant i body vALTERTALYEt e L Bl ot oF St EHGIH - Hot o e D20 the

hi ghest t i f i . Th i id
N ghest SCRMERSE.HOTPLOSY, beLIRET, LEl, [ ratorltpglons. The, art o act
the correspRoding. ardno Aol d. ¢ gsidues, ispSH348;:ls éaqj&éifnéﬂéxyetﬂpﬁéot I ons

where different am no aci ds therebetween were used. The positions of these
resi dues weyge anigd yZer 41si N et he sbheeewdiraenshenalrugedels +of s56848- 1 t hus
constructed. Then, donor residues to be grafted on the acceptor were

sel ect ed acgorfbngs troi e < i dred | chpramiadect dbys Pureernaing wddy oc. Natl.
Acad. Sci. USA 86, 10029- 10033 (1989)). Hunani zed SH348-1 sequences were
det er mi nedubydt & anblerrdme sanet stel ectedidenor  Tési guesetio t he accept or
anti body GSD2B5B10 CL. As a result, the humani zed sequences of two types of
| i ght chai A3N&HE ¥ Mo VP et ofhhetiP Iaiwes swake Bbtetd ned res Bfown bel ow.

Herei nafter, variable and constant regi ons and CDRs were cl assifi ed based
on the ant?B%W%rﬁ‘W%cﬁ%F%%h%e&W‘ﬂ%w phepardd Py Kabat et al .

10-1-3) H i ti f H348- | i ght hai 10-1-3-1 S -TL-t | i ght
i) U e Bt oF PEERPh R At aa: Sas el ey TEDR2ubEt | Pt n

i i d. i . | i , 14 i , 15 (I i , 17
o i F o RS e e ) e T i mne) 88" buci ne)

105 (gl yci ne), 409, (Leuel nehocand 414 <( skaskde) cohSH4S: dobight chain

vari abl e region shown in Sl 37 of the sequence [isting with .
i sol euci ne mmahfdesuddy eopings N@lANE B i@t e rachd,aff ol ke gl utam ne,

| ysine, valine, glutam ne, valine, and threonine, respectively, and was

desi gnat edamsi &EPHFSHIGE8=-THddt yperdugitucdead Yy Sak3& Cruz
Biotechnology, Inc., #sc-924}) were added per sample, and
the mixture was inverted for mixing at 4°C for 2 hours.
Next, ¥FBS was added thereto at a final concentration of
10%, and the mixture was further inverted for mixing at
4°C for 30 minutes. Next, the beads were washed with
PPCLB. Next, 200 pg of the cell lysate supernatants
prepared in paragraph 8)-1 were added thereto, and the
mixtures were inverted for mixing overnight at 4°C.

On the next day, the beads were washed three times

with PPCLB. Then, SDS-Sample Buffer (56.3 mM Tris-HCL,
pH 6.8, 1.8% (w/v) SDS, 9% glycerol, 0.72 M 2-
mercaptoethancl, 0.045 mg/ml bromophencl blue) was added
to the beads, and the mixtures were heated at 98°C for 5

minutes. The proteins dissociated from the beads were

separated by 3SDS-PAGE.



The nucl eoti de sequence encodi ng the hSH348-1-TiLtype light chain is
represented by SEQ ID NO 90 in the sequence listing, and the am no acid
sequence thereof is represented by SEQ ID NO 91. The nucl eoti de sequence
represented by nucleotide Nos. 1 to 6D20f SEQ ID NO 90 is a secretion

si gnal sequence. The nucl eoti de sequence represented by nucl eotide Nos. 61
to 402 thereof J vari.abl e regi.on. The nucl.eoti sequence r ented by
nucl eoti de Nos.hg%gb%ogcef%gs thereo ra}nss%rc%r?gt%rﬂm (rj%ge‘i g%Li e anEJ(Q:)I'Dgf)ti de

sequence [ RBLESENL oy by, el a0t i de. Nos,. 1301 0 477, Lhergof s CORLL. The

nucl eoti de sequence represen nucl eot'1 de S. 243 thereof is
CDRL2. Theyunuckgetide sequencs: HRPIASER Q6 sDY 1Mot deHNes ng348 to 363

t hereof is CDRL3. The ami no acid sequence represénted by "am no acid
Nos. 1 to 20d0tmSELQ 4H-Nexe Hlofkihe Seguense |dsd ihgudis & SECF&t i on si gnal
sequence. The am no acid sequence represented by amno acid Nos. 21 to 134
t her eof | sAaevarwabt ewzegiionsoThed atm ND0@Acild skeqguenceuepresent ed:dy am no
acid Nos. 135 to 239 thereof is a constant region. The ami no acid sequence
r epr esent edrbyh ahveon ath dvapst e 2D ather dofndls CBRemt el aiato aci d
sequence represented by amno acid Nos. 75 to 81 thereof is CDRL2. The

am no aci dOs%ﬁuéﬁé@ )repr esented by amno acid Nos. 114 to 121 thereof is

CDRL3. Mb th | eqtid ing t
NSHB4B- 1- TIL. (ylb 145" R TR E P 60 ceantod by ISEO BN 92 in the

sequence | LSt t i I ce ereof, is .represented b
37D R LO5 e RE IR 28 AR AT A2 S 40 y

SEQ I D NG quence I's Tepr esent ed by SEQ ID

NO. 94 in the.seguescendd stingpide, amne acid sequennse 4heregfpd s
represented by SEQ I D NGO 95, the nucl eotide sequence of CDRL3 is

represent edobyuped | iR £ 0600 ed hey sagencs 4141y and Jdhey amino aci d
sequence thereof is represented by SEQ ID NO 97. 10-1-3-2) hS1348-T3L-type
i ght chai h800C tirdedumbirii zesh ShiB48-1ldd - fighte dlaidkiwas ddsigred byd
substituting amno acid Nos. 14 (serine), 15 (leucine), 17 (aspartic acid),
18 (gl ut anfeeyteday | yeime)empdr {aryd niar)l 881y elben@&YPF105 (gl ycine),
109 (leucine), and 114 (al anine) of SH348-1 |ight chain variable region
shown in SEVPERNOYWEY Wshafe KEgudnde Nyt dd e i ittase ofithe T8570l i ne,

glutamc acid, proline  glutamne, |ysine, valine, glutamne, valine, and
t hr eoni ne, %(gs’bbgc TVEl ,l’arﬁf?\cga"s de's] it é‘](fcis' ;"'7h%%féml-'93|}-ﬁt ype |ight
chai n". n i d uenc codi ng.th SH348-.1- T3Ltype | i ght
chain is rgf)/rg)};?n %(%l ?;é)sé%cf%q% %@retlr}lne% ﬁqéa%glee(qoﬁef%ge i's r)iung‘ﬁ“},s and the

am no aci de sequente. & Nereoty bs repgesented - by SEQ 4Dy NG 994 jhhe nucl eoti de
sequence represented by nucleotide™Nos. 1 to 60 of SEQID NO 98 is a

secretion s@naheBEOURNGS:s chte: NUCl RptHde SeaUenGe JRpeSent _
nucl eotide Nos. 61 to 402 thereof is a variable region. The nucl eotide

sequence riepseserdsd hyo-aicleotddedNgs.) 403 to 717 thereof is a constant
regi on. The nucl eoti de sequence represented by nucl eoti de Nos.
Next, to detect the immuncoprecipitated EPHAZ present

on this PVDF membrane, the PVDF membrane after the

detection of the phosphorylated state of the EPHAZ

tyrosine residues was socaked in Stripping Soluticon (30 mM

Tris-HCl, pH 6.8, 2% (w/v) 3DS, 100 mM 2-mercaptoethanol)

and shaken at 55°C for 30 minutes. Then, the PVDF

membrane was soaked in Quenchinrg Solution (TBST

containing 1% (v/v) H,0, and C0.1% {(w/v) NaNiz) and shaken

at room temperature for 20 minutes to remove the antibody



132 130 to 177 thereof is CDRL1. The nucl eoti de sequence represented by
nucl eoti de Nos. 223 to 243 thereof is CDRL2. The nucl eoti de sequence
represented by nucl eotide Nos. 340 to 363 thereof is CDRL3. The am no
aci d sequence represented by am no aci4l Nos. 1 to 20 of SEQ ID NO. 99 of
the sequence listing is a secretion signal sequence. The am no acid

sequence 1 epr epent o DA N, ackd Nogoe2h kB ARE Lher ealiles oyari abl e

region. The am ho aci d Sequence represent acl °135 to 239

thereof is;@ gonstant geal on Jhe, M n@@ciﬁué%ﬂwﬂ@d represented, by am no
acid Nos. 44 to 59 thereof ismCDRLi. The am no aci seqluence relg%esent ed by

am no aci dsostid® tend8lpdhet eof iDL pheiani g aci & seauence
represented by amino acid Nos 114 to 121 thereof is CDR13. Mor eover ,

t he nucl eot b @lenkegiiencer sncodi wey: dhe thShada:H -Thalert yye drighiodzhai n CDRL1 is
represented by SEQ ID NO 100 in the sequence listing, and the am no acid
sequence theidofwese represetisat 4y SEQ I DNCGett itdres mucl®edtd de sequence
of CDRL2 is represented by SEQ ID NO 102 in the sequence listing, the

ani no aci d{$efquerice § Hetteof 18 r epfrastitied Iy) -SEBRED, NOne1B3DFt he

nucl eoti de sequence of CDRL3 is represented by SEQ ID NO 104 in the
sequence |TEERHRE aff tHEKGA nd fci%?%@dx%héﬁt%@éﬁ?ﬁ@%r esented by SEQ

ID NO 105, 10-1-4),H i zati f 48-1 heayy .chain .10-1-4-1

nSHa45- 1- TTRF YRS hER) s 135 S Pl e SR Wakly chai n
des; t ot : L . i <ol : , i ,

11 (euctne)e T T e e g ey e e 38

(lysine), A3:dly$ide)nodP ddhsing)u-bL&(phemyd.al anirpe) py69 (al anine), 70

(phenyl al anine), 71 (serine), 72 (leucine), 73 (glutamc acid), 76

(al ani ne) ,m&th{phenydalvanime) ,£82 (Qhut-araie)t.hB% Hislpusine)rsssd

(asparagi ne), (asparagine), (threonine),
Then, the PVDF membrane was scaked in a solution of Anti-
rabkit IgG, HRP-linked Antibody (manufactured by Cell
Signaling Technology, Inc., #7074) diluted 10000 times
with TBST, and reacted at room temperature for 30 minutes.
Then, this PVDF membrane was washed for 10 minutes three
times with TBST. Then, signals were detected on a film
for chemiluminescence using ECL Plus.

The scluble ligand Ephrin-Al/Fc-induced
phosphorylation of EPHAZ tyrosine residues was not
inhibited by the isotype control antibody mIgG2a but was
inhibited in a dose-dependent manner by the addition of
the antibodies SH348-1 and SH357-1 (Figure 9).

These results demonstrated that the antibodies
SH348~1 and SH357-1 do not inhibkit the binding of the

ligand ephrin-Al to EPHAZ but inhibit the ligand-induced

phosphorylation of EPHAZ tyrosine residues.



85 93 and (asparagi ne), (threonine), 115(I eucine) 87 95 of (lysine), 88
(phenyi.al ani ne), 114 51-1348- 1heavy chain

122

(Example 9) Epitope identification for anti-EPHA2
antibody

Deletion mutants of EPHAZ2 consisting of a region
shown in Figure 10 were prepared, and a region binding to
SH348-1 or SH357-1 was determined.

9)~1 Preparation of deletion mutants of EPHAZ2

To express deletion mutants of EPHA2 as proteins
having GST-Tag and His~Tag added to the N-terminus and S$-
Tag added to the C-terminus, the following primers were
synthesized, and gene fragments amplified by a method
shown below were cloned into pET-49b (+) {manufactured by
Novagen) :

5'-attaggatccgagettecgtactgecagtgte-3' {primer N1:
sequence ID No. 82)

5'-attaggatccgcceccccaaggtgagget~-3' (primer N2:
seguence ID No. 83)

5'-attaggatcecggtcacttaccgecaagaagggaga-3' (primer N3:
sequence ID No. §4)

S'-attaggatccggtceccaggtgcaggeactgacg-3' (primer N4:
sequence ID No. 85)

5'-aattaagcttgecegecaatcaccgecaagtt-3' (primer C1:
sequence ID No. 86)

S'-aattaagcttgttgccagatceccteceggggac-3' (primer C2:
sequence ID No. 87}

S'-aattaagcttcaggtaggtggtgtectggg-3' (primer C3:
segquence ID No. 88)

3'-aattaagcttctegtacttccacactcecgge-3' {(primer C4:

sequence ID No. §9)



vari abl e region shown in SEQ ID NO 43 of the sequence listing wth valine,
al ani-ne, valine, serine, serine, valine, arginine, glutamne, glutamc
acid, valine, threonine, isoleucine, threonine, alanine, aspartic acid,

t hreoni ne, tyrosine, glutamc acid, |¥itine, serine, serine, arginine,
serine, valine, tyrosine, |leucine and valine, respectively, and was

desi gnat ed as "hSH348- 1- T1H type Sheavy chain". . __The.nucl eoti de
sequence encod?ﬁﬁ: he hSHBAE-"1 lfﬁg%hé§V%%%h§Fﬁ%ggopeﬁféggnted by SEQ I D
NO 106 inothgsSeauensesbisl ing,  and.d | ng, &cl d, sgauence. thereof is
representg% @g SEQ I D NG 107. fhe nuc eé??%e sequence representéﬁ by

nucl eot i depNogerd 1D S7a b1 SEQ 1D NG s AD6drss By1S@%y @14 o Singhdl  sequence.
The nucl eoti de sequence represented by nucl eotide s. 58 to 414 thereof is

a vari abl eat egi sagqudhes nueh eoidde:Seguencend epriesaded 406 ruclseat | de Nos.
415 to 1404 thereof is a constant region. The nucl eoti de sequence

repr esent edf byE@Quth e i de Nosthe 1BAuA8:« 0 1162 rtdhefrenfeliirsa fCBRE . The

nucl eoti de sequence represented by nucl eotide Nos. 205 to 255 thereof is

CDRH2. Therdirteddilde aeqlehte ridpr esdmead By mudd €6t ifde Nosed3®2 to 381

thereof is CDRL3. The am no acid sequence represented by am no acid
Nos. 1 to 99 DFS'SERY ITF KR HOPOfE e SRS 1SRG 5% £Ysé8r e on

si gnal sequen The 1 no j d .sequence represented by am no acid Nos. 20

Po1as rreny et A o B S B R S A e bot od by
i i Chy .. t 8 f,i t . i.Qn.. J id

Sotuanee + b el B AL 1P G011 G0N LA e Lk ISR The

am no aci d; seghense, & aprasanted e AMNg. g & Nogy; L9 49 Bhdsheneef is
CDRH2. The am no acid sequence represented by "amno acid Nos. 118 to 127

ther eof i stLDRHB. thereoMOMROMEIMa e NUE ROtiLdL tSEQUENGS "enCcaedizng t he
hSH348- 1- TI1H-t ype heavy chain CDRHl is represented by SEQ ID NO 108 in the
sequence |psingnyy Nhearaii®b faci ¢ seguienceddrsading ©f epr eseniced by SEQ I D
NO 109, the nucl eotide sequence of CDRH2 is represented by SEQ ID NO 110
in the seqenteddstigry, radeemrittel dui drseguanca tNeer.edf26 $or dgfesent ed by
SEQ ID NO 111, the nuc| eotide sequence of CDRH3 is represented by SEQ I D
NO 112 i ntifedleqiente 13 Etshg,r 1 tanidfo & 'd iséfiGe REATEREr eof i S
represented b ID NO 113. 10-1-4-2) hSH348-1-T3Htype heavy chain:

A huant 263 ST Mo G G0 o et Iog"s AISE FELAG. ar no act d

Nos. 9 (préééﬁgac@jgééﬂéﬁgﬁégﬁ’by amino acid Nos. 439 to 534

thereof (hereinafter, referred to as "mb"); the primers
N3 and CZ2 for a regicn consisting of an amino acid
sequence represented by amino acid Nos. 471 to 534
thereof (hereinafter, referred to as "mé"); the primers
N4 and C2 for a region consisting of an amino acid
sequence represented by amino acid Nos. 505 to 534
thereof (hereinafter, referred to as "m7"); the primers
N2 and C3 for a region consisting of an aminoc acid
sequence represented by amino acid Nos. 439 to 504
thereof (hereinafter, referred to as "m8"); and the
primers NZ and C4 for a region consisting of an amino

acid sequence representsed by amino acid Nos. 439 to 470



135 16 (glutamc acid), 17 (threonine), 20 (isoleucine), 38 (lysine), 43
(lysine), 73 (glutamc acid), 76 (alanine), 80 (phenylal anine), 82
(glutam ne), 83 (isoleucine), 84 (asparagine), (asparagine), (threonine),
85(asparagi ne), 93(threonine), and 115{4 euci ne) 87 95 of (lysine), 88

thereof (hereinafter, referred to as "m%"). The cbtained
PCR products were cleaved with BamHI and HindIII and
subcloned into the BamHI/HindIII site of pET-49%b (+).

9)-2 Expressicn of deletion mutants of EPHAZ2

Escherichia coli BL21 (DE3) was transformed with the
plasmid DNA constructed in paragraph 9)-1 or pET~4%b (+)
as a negative control. The obtained transformants were
cuitured in an LB medium supplemented with 30 pg/ml
kanamycin (manufactured by Invitrogen Corp.). Expression
of the deletion mutants of EPHAZ was induced using
Autoinduction System (manufactured by Novagen). The
bacterial cells were collected by centrifugatiocn and
washed with PBS. Then, the bacterial cells were lysed
with a 2% SDS solution containing 1 mM PMSF and Protease
Inhibitor Cocktail (manufactured by Sigma-Aldrich, Inc.,
#PE340) . The supernatant was collected by centrifugation
and used in epitope identification.

The expression level of proteins (consisting of pET-
49b (+}-derived GS5T-Tag, His-Tag, and $-Tag and linker
portions for connecting them; in the description below
and the figures, referred to as "Vec") expressed in the
bacterial cell lysate of Escherichia coli transformed
with pET-49% (+) was estimated by a method described
below. Dilution series of the Vec-expressing bacterial
cell lysate and dilution series of 6x His Protein Ladder
(manufactured by QIAGEN) were separately dissclved in
SDS-Sample Buffer and heated at 98°C for 5 minutes. Then,

the proteins were separated by SDS-PAGE, and the proteins



(phenyl al ani ne), 114 SH348-1 heavy chain variabl e donmains shown in SEQ ID
NO 43 of the sequence listing with alanine, valine, serine, serine,
val i ne, arginine, glutamne, aspartic acid, threonine, tyrosine, glutamc
acid, leucine, serine, serine, arginil® serine, valine, tyrosine, |eucine
and valine, respectively, and was designated as a "hSH348-1- T3H type heavy
chai n". . The cleoti ) ce .encodi 48- 1;: T3 e heavy
chain is r%%r%%%n %%‘ﬁ?g%é%%rﬁf }Qfgix?ﬁighgg%é%%gﬁggériS%P%gg%égd t he

am no aci dyseguence,thereat, ds neprmsenied Hn:SEQ4D NG 14§, The
nucl eoti de sequence represented by nucleotide Nos. 1 to 57 of SEQ ID NO

114 is a segsebvoN HdgNadnS egUeNce kethe mucleotideseguencs J-epresent ed by
nucl eotide Nos. 58 to 414 thereof is a variable region. The nucl eotide
sequence rgpr esentethty nuohetidtder Moy 4M3ARN)1404 (thet €af00 s iae@onst ant
regi on. The nucl eoti de sequence represented by nucl eotide Nos. 148 to 162
t her eof i swCDRMXESTTheomurclregtd de&s S¥guercel reprasehtagd tpemnucl eoti de Nos.
205 to 255 thereof is CDRH2. The nucl eoti de sequence represented by

nucl eot i det ¥R r8BIre EBBL theteof Thd sCBRPZ. merBgane waFhwaghtfo acid
sequence represented by anmino acid Nos. 1 to 19 of SEQ I D NO. 115 of the
sequence | F<tiHy Hrutesacivts ot ghdll Leddietice. T7R8 afitAB2 48] YeE8quence

t b i i 20 tqQ.138.th f i i_abl ion. Th
e o DY T 85 e A0, SR OREeRh Bt bR ey
const ant re%#VQIesn -IC-%%—%E%&CA dses,g%%eg)qfe trheeor\,eesce_rgxgbq:e%ysiqlg;)dno acid Nos. 50

to 54 ther : e amno acid sequence represent by am no acid
Nos. 69 to,85-dhefeafeis | akle 318 ng 3@ idrseqyance Jrephesgnted by
am no acid Nos. 118 to 127 thereof is CDRH2. Mor eover, the nucl eoti de

sequence eneoth 1Y tdeidiSHIAST lenB3Rtdrpe theaviyerchal nHDRHEZ issJrephesent ed by
SEQ ID NO 116 in the sequence listing, the am no acid sequence thereof is
repr esent ecobyz SEQ | 1D NQle Tl - d{rer arucineptdade esaguienee 101 yEBRRM2 wias
represented by SEQ ID NO 118 in the sequence listing, the am no acid
sequence thereofted fapr esentied i rSEQVED NEr PEQd tdietiiclegbtindéxsequence
of CDRH3 is represented by SEQ ID NO 120 in the se%l}Jlence.Iisti ng, and the
anino aci dike It HETEHTT 1 s Dpéfi-esBnied2Byssed FBING wibi, an
amount that exhibited reactivity eguivalent to that of 20
ng of Vec in Western blotting using 3-Tag Monoclonal
Antibody (Novagen) were used in the subsequent epitope
identification experiment.
9)-3) Epitope identification
The cell lysates containing the deletion mutants of
EPHAZ prepared in paragraph 9)-2 were dissolved in SDS-
Sample Buffer and heated at 98°C for 5 minutes. The
resulting samples were separated by SDS-PAGE, and the
proteins in the gels were transferred to PVDF membranes.
After the transfer, the PVDF membranes were blocked by
shaking in Blocking Solution {one pouch of Block Ace

powder was disscolved in 100 ml of ultrapure water, to

which Tween 20 and sodium azide were then added at final



10) -2 Desi gn of humani zed anti body of SH357-1 10)-2-1 Ml ecul ar nodel i ng of
SH357-1 vari abl e region 2JEL and 1A4J were sel ected as sequences

havi ng 't he hi ghest sequence honol ogy to the SH357-1 |ight and heavy chain
vari abl e regi ons, respectively, in theZsane way as in paragraph 10)-1-1.
CDRD2, CDRL2, CDRL2, CDRH2, and 137 CDRH2 were assigned to clusters 16A,

7A, 9A, 10A . _a 10 respectively. (3DRH3 s, assjfied in e(9)D
10)- 2- 2 De%?%%&g?r%ﬁ%%s HEP sequencd oK Nophoe B /A S, A

GSD285B10" i was ec S Fa [N y as in
par agr aph %ﬁﬁ%&%@%%%) ih??élq'utet%%g%o hurrgl%lﬂgjg ngﬁBgYQQ% \%/%sg%&\éfﬁerm ned. As

a result, wgrmg@@lg@dme%e@%%kqfngt\%me%% Qorlclaght nchal Eia/fm,d t wo
types of heavy chains were obtained as shown bel ow. 10-2-3) Humani zati on of
SH357-1 | i ghg4ghai ¢ 19425 B-1) H8ERR7 PI0Tlhetpparkisghte rehaiaBhed forA

humani zed SH357-1 |ight chain designed by substituting amno acid Nos. 2
(valine), 30(tescise)ihied thireonine)h TEEN serd ne)rtHd: (teeudiare)at 17
(aspartic acid), 18 (glutamne), 50 (lysine), 88 (leucine), 105 (glycine),
109 (| euci heyn eerpandc e afivnedC ofir8H3SY - |4 ghtlwhaim shdwtin SEQ I D NO
41 of the sequence listing with_ isoleucine, valine, serine, threonine,

proline, of@tafi £ aditf, Tprotthe!n Yttt di e eI dmHecsval i ne, and
thr eoni ne, 1 esPROL vely, Was, desi gnated 352, (hSHEST 1, THL- L Ype L oht

for 10 minutes three times with TBST. Then, signals were
detected on a film for chemiluminescence using ECL Plus.

Next, the PVDF membranes were socaked in Stripping
Solution (50 mM Tris-HCl, pH 6.8, 2% (w/v) 8DS, 100 mM 2-
mercaptoethancl), then shaken at 55°C for 30 minutes, and
then washed for 10 minutes three times with TBST. These
PVDF membranes were blocked in Blocking Sclution and then
washed for 10 minutes three times with TBST. The PVDF
membranes were soaked in a socluticn of S-Tag Monoclonal
Antibody diluted 10000 times with TRBST, and reacted at
room temperature for 30 minutes. The PVDF membranes were
washed for 10 minutes three times with TBST. Then, the
PVDF membranes were soaked in a sclution of Anti-Mouse Ig,
HRP-Linked Whole Ab Sheep diluted 5000 times with TBST,
and reacted at room temperature for 30 minutes. Next,
the PVDF membranes were washed for 10 minutes three times
with TBST. Then, signals were detected on a film for
chemiluminescence using ECL Plus.

As a result, both the antibodies SH348-1 (Figure

11Aa) and SH357-1 (Figure 11C) exhibited binding



The nucl eoti de sequence encodi ng the h5H357-1-TiLtype light chain is
represented by SEQ ID NO 122 in the sequence listing, and the am no acid
sequence thereof is represented by SEQ ID NGO 123. The nucl eoti de sequence
represented by nucleotide Nos. 1 to 602bf SEQID NO 122 is a secretion

si gnal sequence. The nucl eoti de sequence represented by nucl eotide Nos. 61
to 402 the var i apl e The I de_s nce
representeéggi %ﬁ% ed%ég%vﬁé 48§£tg%g€fﬁ%hey@%%0?§&g ggnggg%t region. The
nucl eot i de, 36Q48NEE, I ERE e@@fﬁ@or@hd‘d&l@é)tdﬂ%m Wl 49 slh d hereof s
CDRLL. The nucl eoti de sequence represented by nucleotide Nos. 223 to 243

t her eof | safDRLAes T heomyied eotdiiousequencay epf esentietbbymdiicte0id de Nos.
340 to 363 thereof is CDRL2. The ami no acid sequence represented by
am no aci d(do34841t or29uod SEQ DINO -112Figfutdel Spquefiteski sting is a
secretion signal sequence. The am no acid sequence represented by am no
aci d Nos. 2dsubtd3demdreseoited whatartitsblantidgdims HE dhilharati d sequence
represented by am no acid Nos. 135 to 239 thereof is a constant region. The
am no aci dsgeéﬁe%clell?%pﬁﬂ%s%nlf%%y G oS i Nosi Aty 5Fdtchereof s
CDRLi . The am no acid sequen represente%fgy am na C|d%§% 75 to 81

t her eof |ss%ﬁﬁﬁﬁpe1?ﬁ9¥ﬁﬁ?ﬂ) i SEHuEhE ﬁFE%eﬁ% o é%%ﬁ Nos.
114 to 121 |de seque

encodi ng t%éhﬁ H3 7lq_é%??§eﬁyeql gh %ﬁ)%%f IS repf@%éﬁ eg: y SEQ | D
NGO 124 ingg %@ iiguence listing, the anlno aci d sequence thereof is
represented Q ID NO 125, the nucleotide sequence of CDRL2 is
represent ed by SEQ ID NO 126 in the sequence |listing, the amno acid
sequence thereof is represented by SEQ ID NGO 127, the nucl eoti de sequence
of CDRL3 i sExepsesent eddys HEQA DA k28 iandieBequence |isting, and the
am no aci d sequence thereof is represented by SEQ ID NO 129. 139
10- 2- 3- 2) hSH35D) EIT3lestiype dfi gltraghaient antibody of SH348-1

Nbreove

10)~1-1 Molecular modeling of SH348-1 variable
regions

The molecular modeling of SH348-1 variasble regions
wag conducted according to homology modeling {(Methods in
Enzymology, 203, 121-153, (199%1}). The primary sequencsas
(three-dimensicnal structures derived from X-ray crystal
structures are available} of human immunocglobulin
variable regions registered in Protein Data Bank (Nuc.
Acid Res. 35, D301-D303 (2007)) were compared with the
SHE348-1 variable regions determined in Example 5. As a
rasult, 2JEL and 1lA4J were respectively selected as
sequences having the highest sequence homology tc the
SH348-1 1ight or heavy chain variable regions. The
three~dimensional structures of framewcrk regions were
prepared based on a "framework model” cbtained by

combining the coordinates of 2JEL and 1A4J corresponding



A humani zed 51-1357-1 light chain designed by substituting am no acid Nos.
7 (threonine), 14 (serine), 15 (leucine), 17 (aspartic acid), 18
(glutamne), 50 (lysine), 88 (leucine), 105 (glycine), 109 (Ileucine), and
114 (al anine) of SH357-1 light chain shown in SEQ ID NO 41 with serine,
threonine, proline, glutamc acid, praline, glutamne, valine, glutamne,
val i ne, and_t oRJ _te [ Y, i gnhat a "h -1-
T3L-type I?ﬁh thgFﬁgé L fP&@%é¥ﬁ%c %%ﬁ? e %%%%én%gmé%§§&ﬁn§H§%§S’

hSH357- 1- T, e ddght kn i pr n y - 30.in the
sequence I?E%yﬁbfiéﬁF't%gﬁggiH%P%%Td%éghggﬁgg ?%gg;gggggk?ép?%sented by SEQ
I D NO 131lciAstuel evthdersequencens epiresented hysghued eptigde Nos. 1 to 60 of
SEQ ID NO 130 is a secretion signal sequence. A nucl eoti de sequence

repr esent edcbyraich eod i des Nosa s Gilf @ tdidh tdereofritsora atardlabl g7 region. A
nucl eoti de sequence represented by nucleotide Nos. 403 to 717 thereof is a
const ant r¥gion3iAl nuc?edt i ¥E) sEquence® Yepres€miéid bysnathest FdedNos. 130
to 177 thereof is CDRLi. A nucleotide sequence represented by nucl eotide
Nos. 223 t®12a43{PhePedfcoRdOpRIL Hadtieotidie ddqiencat vapr estht ed by

nucl eoti de h%s. %?% to 363 thereof is CDRL3. . The am ng acid sequence
repr esent et by {anT Ao’ acidt ueptly, o G0gr tERAED RONIPERasEofhelisequence
listing is a se tion signal sequence. .,The am no acid guence represented
by amino a2t dNGES BA° 1 S TIPVHETEI 1F T40 V4R MBI T egi on. The am no
aci d sequence neprasent ed by,aning acid N0g,,13%,40 Z38.Lhereol is a

n
const ant region.g#%e am no aci sghuence represented by ami no acrd Nos. 44

to 59 theregfsgs; Miabﬂmﬁ@%ﬂ&% acl d seguenceJapesen ed dy.ani no acid
Nos. 75 to 81 thereof is CDRL2. The ami no acid sequénce represented by

am no aci dedpsuldddon ovd?ledhbreafd im CRB.uding MyLeRveItaddisnucl eoti de
sequence encodi ng the hSH357-1-T3L-type light chain CORI,"' is represented
by SEQ | D N@eid32omiv tdmntsegquenCeekiestirngedtite sawene aerdoseqdence t her eof
is represented by SEQ ID NO 133, the nucl eotide sequence of CDRL2 is

repr esent &S byd SEG NG a3y jav ainesleyueree 1digtantg,onshe ranvited naci d
sequence thereof is represented by SEQID NO 135, the nucl eotide sequence
of CDRL2 i3 epresemetf i iSEQRISNG™ 3615 e SEqience 9 iss8irrg, and t he

i 20| T O SRS 7E T ey R 1024 1L SRS 7- 1- TLH { ype heavy
chai n: 10)-1-2 Design of amino acid sequence of humanized
SH348~-1

Humanized SH348-1 antibodies were constructed
according to CDR grafting (Proc. Natl. Acad. Sci. USA §6,
10029-10033 {(1989)). Acceptor antibodies were selected
based on amino acid homolegy within the framework regions.,
The sequences of the SH348-1 framework regions were
compared with theose of all human frameworks registered in
the Kabat Database (Nuc. Acid Res. 2%, 205-206 (2001))
involving antibody amino acid seguences. A GSD2B5B107CL
antibody was selected as an acceptor due to their having,

at 72%, the highest sequence homclogy between their

framework regions. The amino acid residues of the



A humani zed 5H357-1 heavy chain was desi gned by substituting am no acid
Nos. 2 (isoleucine), 9 (proline), 11 (leucine), 16 (glutamc acid), 17
(threonine), 20 (isoleucine), 38 (lysine), 43 (lysine), 46 (lysine), 68
(phenyl al ani ne), 69 (alanine), 70 (phémy al anine), 71 (serine), 72
(leucine), .7 | utam c_.aci d),, % I ing%: 82 (gl.utam ne), 83

(i sol euci néf)r%r%gro(%{sﬁéergééﬁnr‘?e)l,n égD I%x;;%iqﬁe L g8 Casgadagihe) thod heseri ne),
95 (phenyl al.ani : reoni.ne), _and 115 .(| ine) of 141 SH357-1
heavy chaineva?% pF€£%ég%3ﬁ“§h§ﬁﬁ%;%e§é D .%%%? e S$EGRCE i sting
Wi th valingcsakaniaewr\ald 8. ralaning $erLne,valine, arginine, gl utam ne,
glutam c acid, valine, threonine, isoleucine, threonine, alanineg aspartic

acid, threosene, ghutasberachd, ofeugtoe, r881LNEs ALOLNLNSG;  SELine, valine,
tyrosi ne, |eucine and valine, respectively, and was designated as a
"hSH357- 1- Tskinty pecheavyechaimrhsional mbAelnuel eptisde 1seguence encodi ng the
hSH357- 1- T1Ht ype heavy chain is represented by SEQID NGO 138 in the
sequence | cstehgucand -t hBham ndomer drsetuens et b hies egf a F sed epr esgat ed by SEQ
ID NO 139. The nucl eoti de sequence represented by nucleotide Nos. 1 to 57
of SEQ I D ROFeR88Ti yegeseereciton sigrabisequencés The trutkeptrbaedsequence
representeg by nucleotide Nos. 58 to 414 thereof is a variable region. The
nucl eot i de”¥eHHEREeSFeflesdRtef- bahlicl B6EHde SNbs. USA5860 14045thereof is a

constant regi.qgn. nucl eoti de, sequence represented by nucl eotide Nos. 145
to 162 the?ggggiéI%%%ﬁy: fﬁ%“%%%%% t 746t Sehueheecr ep? eseRt ed by nucl eoti de

Nos. 205 t . her.e IS CD%HZ..The nucl eoti de sequence represented by
nucIeotideaﬁégémgggdtggsgfap e?gg%n?ssﬁﬁﬁL§?EQCtEdT 875k hESaEi8Ssequence

represent ed,by,an,no.achd gp?igédggﬁéégg$ﬁ§thLp NO, %35%%f %het$equence

listing is a secretion signa q € arm no aci ce"Mepresent ed

by am no agihflaN@sed20ct0-438st her eQh %?p@své%i§§%§t[§gggﬂ Ihg @qLno acid

sequence represented by am no acid Nos. 139 to ereof I's a constant

region. 1é42pdbecanhsgvactdasequence kepresent ed by.ani neiggid Nos. 49 to
54 thereof is CDRHL. The am no acid sequence represented by am no acid Nos.

69 to 85 thereodfaiseCDRIARriThecaghaocackdasequencentepnasenked,by-am no
acid Nos. 118 to 127 thereof is CDRH3.
ciassified based on the antibody amino acid sequenca
database prepared by Kabat et al.
10~1-3) Humanization of SH348-] light chain
10-1-3-1) hSH348-T1L~type light chain:
A humanized SH348-1 light chain was designed by
substituting amino acid Nos. 2 (valine), 3 (leucine), 14
{serine), 15 (leucine), 17 (aspartic acid)y, 18
{glutamine), 50 (lysine), 79 (arginine), 88 (leucine),
165 {glycine), 109 (leucine), and 114 (alanine) of SH348-
1 light chain variable region shown in SEQ ID NO: 37 of
the sequence listing with isoleucine, valine, threonine,
proline, glutamic acid, proline, glutamine, lysine,
valine, glutamine, valine, and threonine, respectively,

and was designated as a "hSH348-TlL-type light chain".



Mor eover, the nucl eoti de sequence encodi ng the hSH357-1- T1H-t ype heavy
chai n~CDRH1 is represented by SEQ ID NO 140 in the sequence listing, the
am no acid sequence thereof is represented by SEQ ID NO 141, the

nucl eoti de sequence of CDRH2 is represdhted by SEQ ID NGO 142 in the
sequence listing, the am no acid sequence thereof is represented by SEQ ID

NO 143, the nugl eotide sequence of CDRH3 is repres b I D NO 144
in the sequence eisrfl}cglge,&alﬁdcj? e Ao SAci% l&é’q& cglré?ﬁ(e&rge%f'%ﬁg—represent ed
by SEQ ID 145.1,10:1254- 2 h%a_rg?) = 1-T e hajin:. A

humani zed %%7- lg%ea{\:/yajérﬁla%% S %Se%?%%gf%%@ub@ﬁﬁt ?énd; lfmtr{loe aci d Nos.

9 (prolineyeqddnédeucinglq, 16nd il ARG AEMd ddqfddveonide)or 2
(isoleucine), 38 (lysine), 43 (lysine), 73 (glutam c acid), 76 (al anine),
82 (gl ut ant@e}es&83céd SOy esh NEY ,NB5 {1aspanaginme) colf del ¥signeh 88
(asparagine), 93 (serine), 95 (phenylal anine), 114 (threonine), and 115

(1 euci ne) otpSHB&TE4d heavyucharnidmariabl € riegi @h shoW#o iTD SEQ 19D NO 51

wi th al ani ne, valine, alanine, serine, valine, arginine, glutam ne,
aspartic atfde tdeeonlor, siyiuwramesswias- | 8hei neclsertiide, saagencae, serine,
valine, tyrosine, 143 |eucine and valine, respectively, and was designated
as a "hSH3BYRAS ISR RS dov heavde s Nos. 61 fiR {icdriant seqience encodi ng

t he hSH357-1-T e heav ain is represented by SEQ ID NO. 146 in the
oo uonee | TRET o e Tt oo M 4o BB R B L ERE e CPOF SPBEFESBHt 00 by SEO

I D NO 147 u | de e represent.ed by nucleqtide.Nos. 1 to 57
%ﬁglgéﬁéﬁé%ﬁgiécﬁifqﬂanﬁ% éﬂ%reé¥]ls a né%an

of SEQ ID i on signal “sequence. € nuc é:oeﬁlé)él'sequence

represent egh, by, (ucl £of b des Nos.r 88 10,44 dhey gof 1§ a mard.ahfs region. The

nucl eoti de sequence represented by nucl eoti de s. 415 to 1404 thereof is a

constant regione THe fwet&ot i 08 SegUENcens eplesest £de by Huchgotide Nos. 145
to 162 thereof is CDRHL. The nucl eoti de sequence represented by nucl eoti de

Nos. 205 toeRbbsdhesr@ddy irsudDRH2. delThe snudsotide sequenee i apr esent ed by
nucl eoti de Nos. 352 to 381 thereof is CDRI 3. The ami no acid sequence
repr esent eédPhly: .anfhe asrdeMosde 1s¢quddcof r8SEGHENGE WA oflediel dequence
listing is a secretion signal sequence. The am no acid sequence represented
by ami no d¢d- N 20 19 B8 1978t é6f G Ig-variabl e region. The anmino acid
sequence represented by am.no acid Nos. 139 to 468 thereof is a constant

regi on. The ani’ é‘&lﬁlosé&&gnééngﬁngéﬁP§858§Ptﬁﬁi Ry 3@iiaol\l_6§€'~d-49_ to 54
rereol L sygPril ey U B0 BeuAnas oBrssenl S by aTigg ggld Mo 00
Nos. a secretion signal sequence. The amino acid sequence

represented by amino acid Nos. 21 to 134 thereof is a

variable region. The amino acid seguence represented by

amino acid Nos. 135 to 239 thereof is a constant region.

The amino acid sequence represented by amino acid Nos. 44

to 59 thereof is CDRL;. The amino acid seguence

represented by aminoc acid Nos. 75 to 81 thereof is CDRIL:.

The amino acid sequence represented by amino acid Nos.

114 to 121 thereof is CDRLs.

Moreover, the nucleotide sequence encoding the

hSH348-1-T1L-type 1ight chain CDRL; is represented by SEQ

ID NO: 92 in the sequence listing, the amino acid



118 to 127 thereof is CDRH3. 194 Mor eover, the nucl eoti de sequence
encodi-ng the hSH357-1-T3H-type heavy chain CDRHl is represented by SEQ ID
NO 148 in the sequence listing, the am no acid sequence thereof is
represented by SEQ ID NO 149, the nuclleoti de sequence of CDRH2 is
represented by SEQ ID NO 150 in the sequence listing, the am no acid

sequence thereof is_.represented by SEQ | D.NO the | eqt i de sequence
of CORHG | S TSRSt T Ty G D R oD T 56 Foqugnc 1 19K ng, and the

ani no_aci d, sequence. theredfcd s.# epsasented by SEQ-LR MY o1831p (Example 11)

Preparation o umani anti - EPHAZ anti bo S TO neasure fthe
activitiesgof;thendupdnized: SH3B8ly andd he iy zed SH35l, pl asm ds

havi ng the heavy and |ight chains of the humani zed anti-EPHA2 anti bodi es
obt ai ned | thé&x@dpl £5 1pwei = constyuaEd 1ds shows bellownucleotilil) - 1
Construction of humani zed anti - EPHA2 anti body expression vectors

11)-1-1 Preparatdi®onOfCHErsats rephesaniceddbanBERody Noghtechai hhexpr essi on
vect or (pEF6/ KCL) A gene encoding a human anti body |ight chain signal
sequence afekdzehisanl 9gind gt idin g nchaiod)d conmstenme rtégizewt described in
SEQ ID NO 154 in the sequence listing, was synthesized (Invitrogen Corp.;
artificial THRFSMhed SEeril A8 ahld cl eaved with restriction enzynes

Nhel and Pnel. .Th | eav r.agment s.inserted into the Nhel/Pnel
site of a vect &%"SLE%G?VS-%%«HBE%"Eﬁ“WPQ PEEnt2Ra1R:

A humanized SH348-1 light chain was designed by
substituting aminc acid Nos. 14 (serine), 15 (leucine},
17 {aspartic acid), 18 {(glutamine), 50 {lysine}, 79
farginine), 88 (leucine), 105 (glycine}, 109 (leucine),
and 114 (alanine) of SH348-1 light chain variable region
shown in SEQ ID NO: 37 of the sequence listing with
threonine, proline, glutamic acid, proline, glutamine,
lysine, wvaline, glutamine, valine, and threonine,
respectively, and was designated as a "hSH348-1-T3L-type
light chain".

The nuclectide sequence encoding the hSH348-1-T3L-
type light chain is represented by SEQ ID NO: 98 in the
seguence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 99. The nuclectide sequence
represented by nucleotide Nos. 1 to 60 of SEQ ID NO: 98
is a secretion signal sequence. The nucleotide seguence
represented by nucleotide Nos. €1 to 402 thereof is a
variable region. The nucleotide sequence represented by
nucleotide Nos. 403 to 717 thereof is a constant region.

The nuclectide sequence represented by nucleotide Nos.



145 (lnvitrogen Corp.) to construct a versatile humani zed anti body |i ght
chai n-expression vector (pEF6/KCL). 11)-1-2 Preparation of versatile
humani.zed anti body heavy chai n expressi on vector (pEFl/FCCU 1) A gene
encodi ng a human anti body heavy chai nl¥f gnal sequence and a human | gGl
constant region, described in SEQID NO 155 in the sequence listing, was

Synihesi o610yl L1o0eh Carp. o ackdl ol logene SYPESLs perL co) 200

cl eaved wi restricti on enzynes a ecle

was insertedolplonthe MElLEIEL. sid il & veclor ERUINESH 8B (1nvitrogen

F
Corp.) to construct a versatile humani zed anti y H chai n expression

vector (pEERRECCUTRE. nucleoltif=lsdqhShB48rdpddbeandahSiiB48-1ad8lyst ype

| i ght chain expression vectors Each DNA containing a gene encoding a
hSH348- 1- Tdbs . 034 M SHI4B: A -3t =doypei d igiRLchai n vari abl e regi on represented
by SEQ ID NO 156 and 157 of the sequence listing, fused with a secretion
si gnal was syntHesigedq lanid regerwnCer peprAsteinfiec aly GedeoSygntibesi s

Servi ce) and digested wWith restriction enzynmes Ndel and Bsi W. The

resul ti ng BNA- f ¥ agfrett soneTE2 sEp i@t 1Y dhsdra e durtrssi tiest i6f9 tise
versatile vector for humani zed anti body |ight chain expression (pEF6/KCL)
di gest ed i f 2WVERCEOW T HTESTTHGHIT en? Phed ™88l 28R4 BEFWETES t her eby

construct DELOIB AL Thla g OSSR LBl tae LAl sl exareosi o
LOTFS KO AR o pEERUA PRSI T SRRy
expressl ONa¥eet 04 Sid Nos. 135 to 239 thereof is a constant region.
The aminc acid sequence represented by amince acid Nos. 44
to 5% thereof is CDRL;. The amino acid segquence
represented by amino acld Nos. 75 to 81 thereof is CDRL..
The amino acld sequence represented by amino acid Nos.
114 to 121 thereof is CDRLs.
Moreover, the nucleotide sequence encoding the
hSH348-1-T3L-type light chain CDRL; is represented by SEQ
ID NO: 100 in the seguence listing, and the amino acid
seguence thereof is represented by SEQ ID NO: 101, the
nucleotide seguence of CDRL; 1s represented by SEQ ID NO:
102 in the seguence listing, the amino acid sequence
thereof is represented by SEQ ID NO: 103, the nucleotide
sequence of CDRL3 is represented by SEQ ID NO: 104 in the
sequence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 105.
10-1~4) Humanization of SH348-1 heavy chain

16~-1~4~1) hSH348-1-TlH-type hesavy chain:



Each DNA containing a gene encodi ng a hSH348-1-T1H or hSH348- 1- T3Ht ype
heavy chain variable region represented by SEQ ID NO 158 and 159,
respectively, of the sequence listing was synthesized (Invitrogen Corp.,
Artificial Gene Synthesis Service) and3digested with a restriction enzyne
Bl pl. The resulting DNA fragnents were separately inserted into sites of
the versatile vector for h i.zed anti body .H chai n._expression

( pEF1/ FCCU- 1) éﬁ &d- 457 %g@gr‘?c_g \}ﬁetaﬁ]yac%ééﬂ it &?Sm B pl to thereby
construct 48- 1-.T A48-. 1-T ype, heavy chajn, expressi on

vect ors. %ﬁa&n@@e%%ﬁé@%%ﬁv%% ’o?i: {/\%eslrooe:L é(gji %EF\)a’t Z%I éérﬁlr%) !

"pEFl/ F S =1 T1H £ "pEF1/ 5}(3;}/h 48-,1- 3 espectively.
11)-1-5080#& {%tﬁ%%e)o’f % 7-%%%1_ égn"a h’sangﬁﬁr%%g?%’e ‘ﬁ?ght chai n
expressi on( ¥estOkSine), Fach PNAcontad nj ngs & Henes encogh Nge 8 hSH357- 1- T1L
or hSH357-1-T3L-type light chain variable region represented by SEQ I D NO
160 or 161iprnespeciively),, odot helsequencerd | sthdgy 1 usedhai fh7a secretion
signal was synthesized (lnvitrogen Corp., Artificial Gene Synthesis

Servi ce) atekdirgest et witduaestri cti ofylenzymes ddel) antk Bsa Wn i e,
resulting DNA fragnents were separately inserted into sites of the

versati | e 8fectwreiora hunean zed antd bodyuinahai 9 ekpresbsioing pEFRB? KCL)
digested in 147 advance with restriction enzynes Ndel and BsiW to thereby
construct HSHESARILFIL dhd HSHBERILTIL- tiypel hightelchaith expression
vectors. The obtai ned expressi on vectors were desjgnated as

" pEF6/ KCL/ HSHEAAL R Snd! MpErer Ket) hSHsRemsia L andespect 1 Vbl y.

11)-1-6 Const ti f h -1-T1H d h -1-. T3Ht h hai

eX|)or essi Onﬂé&%‘%}%ﬁé J amggﬁﬁgDhAe%%Jﬁ?% n(?ﬁ?g;&g%ﬁe %%%%%Pﬁ@ag?\éél—lg;;l- 2 T1H
hSH357- 1- T3H-+ | n | i d by SEQ I D NO

062 or 1635 etk PRSI Gy SRS NP PR e g

(I'nvi trogem Qorp. . At i\;g%ﬁé’r en Synt gﬁgg%eﬁery&fﬂe’a@eﬂr@gst ed with a

restriction enzyne Bl pl. ting ragnment's were Sseparately

inserted iy &t easr%'fmtrt@ V&I@@érﬁi'@ey?ltt%arﬁﬂc‘ dwimni zed: ant i body H chain
expression (pEF1l/F 1) di gested in advance with a restriction enzyne Bl pl
to therebyticonstiuct hSHISTE ind 1H ranghiSHB5 721 4 T34 type: heayyaehai n

expression vectors. The obtai ned expression vectors were designated as
" pEF1/ FCCWhSH35iAe 1-Thidd's ian, "PERIEHCCUH hiSH35/ 1 I3H" , s¢espect i vel y. 11)-2
Production of humani zed anti body 1.2x109 cells of 293 FreeStyle cells
at the | ogyriowt h Pphase ver eeseigted ontiod,. X irofife esteFrioesStand 293
Expression Medium (Invitrogen Corp.) and shake

valine, respectively, and was designated as a "hSH348-1-

TlH-type heavy chain".

The nuclectide sequence encoding the hSH348-1-T1H-

type heavy chain is represented by SEG ID NO: 106 in the

sequence listing, and the amino acid sequence thereof is

represented by SEQ ID NO: 107. The nucleotide sequence

represented by nucleotide Nos. 1 to 57 of SEQ ID NO: 106

is a secretion signal sequence. The nucleotide sequence

represented by nucleotide Nos. 58 to 414 therecf is a

variable region. The nucleotide seguence represented by

nucleotide Nos. 415 to 1404 thereof is a constant region.

The nucleotide sequence represented by nuclectide Nos.



cultured (125 rpm) in an incubator at 37C in 8% CO2. 12 ny of

Pol yet hyl enei m ne (Pol ysci ence #24765) was dissolved in 40 nL of an
Opti'-Pro SFM nmedi um (manufactured by Invit ogen Corp.) and left at room
148 tenperature for 5 mnutes. An H chain expression plasmd (0.6 ng) and
an L chain expression plasmd (1.8 ng) prepared using a PureLink H Pure

moai um (1 v Er biehoGor T 20 B0l LBt o BRpf B5uren AFashPFCRE| Pro SEM

m xed sol utlon.pas. addsd Lo A0, ptagfyshe PolyeLhyleneloipel OptiPro SFM

m xed solu us e roomtenpérature mnut es” and further |eft

at room t e@pRLAL UnG f O, 3 WRUEeS e giRR e 8@ 0 S0 tLRe 1 i
Pol yet hyl enei mgne/ efpréissieon pl asreriqd/ Opfei Prg SEM m xegysgluﬁt FSﬁlﬁﬁs added

to the 293nEeeeStyl eocebt suspensi 08, cemd, shake-cul ture was continued.
After 7-day culture at 37Cin 8% CO2, the culture supernatant was

col l ected. 11)-BhPusmiicatdioh ofquianmmnized adnithatyby aminthegd ture
supernat ant obtained in paragraph 11)-2 was filtered through a Di sposabl e
Capsul e Fi Nver {AdvahPecf S| he. NO#CCE 045- Ei4) samdet denl puridg eics by
Protein A affinity colum chromatography. The culture supernatant was

appl i ed toa-NEBSé?ééPnSﬁF@nﬂ TPapuaned - (fasuffasng ¢ sy seavEsalet hcar e

Bi 0- sci ences Corgh%ﬁﬁqui librated with PBS, and washed with PBS. Next, a 2 M

ar gi ni ne soFBFFd BY 07" WRE 2phHi e t e et® 197 ottt 1s a
anti body-cggt %Qiggrf ract | ons.. The an was %cg usted to 7, an%[et h
ant i body- cORt afnrig" FFAct 1 ons weTl'e i & tol & i Prep TBesal idnglyCOI um
(20110, Sopido( SR pmml boese Bose) pers, Coip.) salirstanlth 70
were passednthrougl ac0d2;Epdidd efeto-propaia, g puidied saml e.5g
to 54 thereof is CDRH;. The amino acid sequence
represented by amino acid Nos. 6% to 85 thereof is CDRH,.
The amino acid sequence represented by amino acid Nos.
118 to 127 thereof is CDRHj.
Moreover, the nucleotide sequence encoding the
hSH348~1-T1H-type heavy chain CDRH; is represented by SEQ
ID NO: 108 in the sequence listing, the amino acid
sequence thereof is represented by SEQ ID NO: 109, the
nucleotide sequence of CDRH; is represented by SEQ ID NO:
110 in the sequence listing, the amino aéid sequence
thereof is represented by SEQ ID NO: 111, the nucleotide
sequence of CDRH; 1s represented by SEQ ID NO: 112 in the
seguence listing, and the aminc acid seguence thereof is
represented by SEQ ID NO: 113,
16-1-4-2}) hSH348-1-T3H-type heavy chain:
A humanized S$H348-1 heavy chain was designed by

substituting amino acid Nos. 9 (proline), 11 (leucine},



The anti body concentration was determ ned by eluting the anti bodi es bound
to a POROS G 20 pm Col unmm, PEEK, 4.6 mmx100 mm 1.7 m (manufactured by
Applied Biosystens) and neasuring the absorbance (0.D. 280 nm of the
eluate, followed by peak area conparigan with a standard (human 1gCl).

A humani zed anti body SH348-1 obtai ned by the conbi nati on between
pEF6/KCL/h$H3%8-1-T1L anq.ggFll§CCU/hSH348-1-T1H was desi gnated as
"hSH348- 1- T1" ;' SARG R fufaniz ed *ant i BoEG"SPBA8- £obt &PREE Bt he 38onbi nat i on

bet ween pEF L hSH348- 1- T3L _and_pEFl/F 'hSH348- 1- T3H was desi gnated as
" hSH348- 1- @5’5%@)'?/% ééyér‘*?e  hiran? 38630t BoA >SH§§7-<f18695?hed by the

oot gnat o0 as PRGBSI T T1" /" and JoRGNaR 260" ahti 06y SHASToL - obfai ned. b

desi gnat ed as 57-1-T1%; umani ze y ai ned by

t he conbi nakkenrhet n pEF -1:7F3 F1LECCU hSH357- 1- T3H
was designgteg ;sg"%%$857-1?é§§¥é?§§§§%feSIzklggg??Eha??on of bi ndi ng

activity oflabpmragzed)anbi- EPHAZoaRLEPQdYSt 0paBRLLA8Nnine The abI lities of
t he anti bodi es hSH348-1-T1, hSH348- 1-T3, hSH357-1-T1l, and hSH357-1-T3 to
bi nd to thétantbgéneiwpr endobfbr neduaceey dbngstiosthe pekhod-desgri bed in
Exanpl e 6 except that Peroxidase Affini Pure Goat Anti-Human |gG Fcy
Fragment Specifbte(danafact anednbynJatksdh NQ50431 mifunbReseatshce
Laboratories, Inc., #109-035-098) was used as a secondary antibody. In the
graphs of Fighies 1Pp) £6andmp, vhaeine, serine, serine, valine,

arginine, glutamine, aspartic acid, threonine, tyrosine,
glutamic acid, leucine, serine, serine, arginine, serine,
valine, tyrosine, leucine and valine, respectively, and
was designated as a "hSH348-1-T3H-type heavy chain".

The nucleotide sequence encoding the hSH348-1-T3H-
type heavy chain is represented by SEQ ID NO: 114 in the
sequence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 115, The nucleotide seguence
represented by nucleotide Nos. 1 to 57 of SEQ ID NO: 114
is a secretion signal seguence. The nuclectide seguence
represented by nucleotide Nos. 58 to 414 thereof is a
variable region. The nucleotide sequence represented by
nucleotide Nos. 415 to 1404 therecof is a constant region.
The nucleotide sequence represented by nucleotide Nos.
148 to 162 thereof is CDRH;. The nucleotide sequence
represented by nucleotide Nos. 205 to 255 thereof is
CDRHz. The nucleotide sequence represented by nucleotide

Nos. 352 to 381 thereof is CDRLs.



absorbance is indicated in neanstandard deviation (n = 3). As a result, all
t he humani zed anti - EPHA2 anti bodi es hSH348- 1- T1, hSH348-1-T3, hSH357-1-T1,
and 'hSH357-1-T3 were confirmed to have binding activity to the EPHA2
extracellular region. (Exanple 13) Me¥surenent of conpetitive inhibitory
activity against binding of SH348-1 or SH357-1 to EPHA2 The

conpetitive inhibitory activities of hSH348-1-T1 and hSH348-1-T3 agai nst
the binding of r@f%fg‘glﬁ oacéﬁiﬁqélse“v?/eel |re§§etsﬁ€t€§an€é& PNV PHCbi t ory
activitiesygf hsH357;4-J4 hgs./-ilrl 3, Agal hsle 4 N, b %%:& 9857~ 1
to EPHA2 were neasured %y ?Grre{!ﬁod descr i:z%eg?%el oevé en%t}?;s

nmonocl onal s agtiébedi es T 1s @b AHBS 7 TheWBka neepakat elkyuliheti nyl at ed
using EZ-Link Sulfo-NHS-LC Biotinylation Kit (manufactured by Therno Fi sher
Scientificr&Kese#2dd435) atios didigd tiond hee prod acd dmeddided 4 herein
(hereinafter, the biotinylated SH348-1 and SH357-1 were referred to as
"bSH348- 1" vandab bSH3&Tid, rléspeotinvelay)d Theuecorneemepatisenssdf bhSH348- 1,
bSH357-1, and unl abel ed anti bodi es (SH348-1, SH357-1, hSH348-1-T1,

hSH348- 1- TEMIRSHEEY INTH, hSHIBY - 4887 3; hearrp fADG -al )carsedh ritn nete cgonpet i ti ve
i nhi bition experinment were neasured using BOA Protein Assig/ Reagent

(manuf act uF 28 #F)LPP EREEY , Seqdance rePIGR P RKtaTHEE 1A d Nowgi oF
| tid fact db D t | ., #3035- A2-100 di |l uted
o 0 5 g0 m T BRet he i pented BRLA00S G ST RIBASS an | mmnopl at o
f act , 4 04 : i t.ed i t. at th b
(et eSPured by e J442400) v eupeted vt o 45,10 ey

once W th 44l ulhng, BUEfers {RRS 0. Q% dnbedTWRLNAQ)s sHeN A Bl ock Ace

solution (one pouch of Block Ace powder was dissolved in 100 m of
ultrapure weg efg ot utred-<btimesmd;h PBS was di spensed at 200 pl/well and
i ncubated at roomtenperature for 4 hours. The solution in the wells was
renoved. Then, Minxedesgl whiconscakotheebisetizrykat edcadthbodhes (5 gg/ n) and
various concentrations (0 gg/m, 1 gg/m, 5 gg/m, 25 gg/m, 50 gg/m, and
125 gg/ m )3 4hel uhitabelied raitibodizes: (SRent: tPBSegontaiinbngsSBR05% (v/ v)
(final concentration) Tween 20) were separately dispensed at 100 pl/well
and i ncubated'@t Foomn erffersft i Fort 1 e, TTive afEINCs agéfe washed twi ce
with Diluting Buffer (PBS, 0.05% (v/v

T 20) .. Then,
o T Oty O e o e S e SR AEE: dida BPece
Heal t h 1 0Sc.i , 1 Lluted 50 i i i | ut i
Bt o an I EIE SR SRR SRS LYE hbibedopad Ly TRRQM L N (b 19
hour. The sol utd ond nsdhewel 11S Mas d, e d;and e Weld; plier e washed

twice with Diluting Buffer. Then, acolor reaction was pertornmed with

stirring byhdferaddi tiiy Hfer@¥2 &3l Fedaveheni ng oS0kl encako108ep1/ el | .
After col or devel opnent, the
segquence of CDRH3 is represented by SEQ ID NC: 120 in the
sequence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 121.
10)~2 Design of humanized antibody of SH357-1
10} ~2-1 Molecular modeling of SH357-1 variable
region
2JEL and 1A4J were selected as sequences having the
highest sequence homolcocgy to the 3SH357-1 light and heavy

chain variable regions, respectively, in the same way as

in paragraph i0)-1-1. CDRL,, CDRL,;, CDRL:, CDRH;, and



152 color reaction was termnated by the addition of 1 MHCL at 100
t21/well. The absorbance at 490 nm was neasured using a plate reader.

As a result, the absorbance of the wells supplenented with only bSH348-1 or
bSH357-1 was 0. 7800.016 and 0.9780. 0037 neanst andard deviation (n = 3)),
respectively. In the graphs of Figures 13A) and 13B), the absorbance

i s indicat | t iat Z23) 4l N i ndy f 48-1
Sra57- 1 1o EPHAS e ot R bi o By CAB06 TR bl Frerg ThIep bl

therefrom.Qudhe iher bapd, Lhe binding of SH348s)lpt0 EPHA2 was shown to
be inhibited by the antibody SH348-1 itself or its humani zed anti bodi es

hSH348- 1- T1 and ohS3480ksEn( birgurend3Aridlskeweseet ierbhagdkng-08 SH357-1
to EPHA2 was shown to be inhibited by the antibody SH357-1 itself or its
humani zed @3 badi es hSH357-1- T1 and hSH357-1-T3 (Figure 135). (Exanple
14) Inhibitory effect of humani zed anti-EPHA2 anti body on

ephri n- Al- depeAd&SD2BIHEIPHELY leatibndyf wEPHAR 1 yfesi ne reskdoestor The
ability of the humani zed anti-EPHA2 anti body to inhibit ephrin-Al-dependent
phosphor yl &t i gt T3 EPHRY t3F 0d1 e 1eékicdhie s Mas examinfedhgc é6rdiernget o t he

retfod descy MG LD XIS 6. RS s (s ATl Lhe b ex heHRdG: 1T
activity Oﬁuﬁégggg igghégggégpof %%% types of light chains and two
types of heavy chains were obtained as shown below.

10-2-3} Humanization of SH357-1 light chain

10-2-3-1) hSH357-1-TlL-type light chain:

A humanized SH357-1 light chain designed by
substituting aminc acid Nos. 2 (valine}, 3 {leucine), 7
{threonine}, 14 (serine), 15 (leucine), 17 (aspartic
acid), 18 (glutamine), 50 {(lysine), 88 (leucine}, 105
{(glycine}, 109 (leucine), and 114 {alanine) of SH357-1
light chain shown in SEQ ID NO: 41 of the seguence
listing with isoleucine, valine, serine, threonine,
proline, glutamic acid, proline, glutamine, valine,
glutamine, valine, and threconine, respectively, was
designated as a "hS8H357-1-Tll-type light chain™.

The nucleotide seguence encoding the hSH357-1-T1L-
type light chain is represented by SEQ ID NO: 122 in the
sequence listing, and the amino acid seguence thereof is
represented by SEQ ID NO: 123. The nuclectide sequence
represented by nucleotide Nos. 1 to 60 of SEQ ID NO: 122
is a secretion signal sequence. The nucleoctide sequence

represented by nucleotide Nos. 61 to 402 thereof is a



Al / Fc-induced phosphoryl ati on of EPHA2 tyrosine residues (Figure 14).

I ndustrial Applicability An anti-EPHA2 antibody of the present

i nvention has an antitunor activity. A pharmaceutical conposition

conprising the anti-EPHA2 antibody cah3be used as an anticancer agent.

154MCSLLP CLAIMS 1. An isolated anti body whi ch recogni zes an epitope

recogni zed_b ant i bod uced t he hybridonma 5H348-1 (FERN

BP—10836)0F3¥H%B%§bFF86 #%5%&§§>%&ﬁ%ﬁ?cngeﬁ$@§%ﬁé‘%&H&

accordi ng , er e a |t t rnlnln regions in
Eﬁcﬁggkg&é Epg Ebﬂ EQ ?Eg£§g¥8% % 98 Lant %8 80

t he heavy chain varra region o ave he am id

sequences @f.ehLher SEQ: EggbgﬁceSQE @és@ﬂge§3b rn§E§%okE§%E§ sf1, 73 and

75 and the conplenentarity determ ninhg regions ain variable

region of the aptibodynbaverthg apkno. agihd $eQUENEEsiOfs éaJéH%% SEQ 1D NG5
65, 67 and 69 or SEQ ID NCS. 77, 79 and 81. 3.The anti body according to

claim1l, whereenmented by fiupltheiast ibedyzhasttheqantneraeirdisequence of
SEQ ID NOS. 109 as CDRH1, 111 as CDRH2 and 113 as CDRH3, and has the ani no
aci d sequeficBLpf IFEQ nubINOS.1d@3 sasuCbhREl re@%casenCBRl 2 vamthicA2cas deDRL3, or

Nos. 340 to 3632 thereof is CDRL;.

The amino acid sequence represented by amino acid

Nos. 1 to 20 of SEQ ID NO: 123 of the seguence listing is

a secretion signal sequence. The amino acid sequence

represented by amino acid Nos. 21 to 134 thereof is a

variable regicn. The amino acid sequence represented by

amino acid Nos. 135 to 239 thereof is a constant region.

The amino acid sequence represented by amino acid Nos. 44

tc 59 thereof is CDRL;. The amino acid sequence

represented by aminc acid Nos. 75 to 81 thereof is CDRL..

The aminc acld sequence represented by amino acid Nos.

114 to 121 thereof is CDRLj.

Moreover, the nucleotide seqguence encoding the

hSH357~1-T1lL-type light chain CDRL; is represented by $SEQ

ID NG: 124 in the sequence listing, the amince acid

sequence thereof is represented by SEQ ID NO: 125, the

nucleotide sequence of CDRL; is represented by SEQ ID NO:

126 in the sequence listing, the amino acid sequence

thereof is represented by SEQ ID NO: 127, the nucleotide

sequence of CDRL3 is represented by SEQ ID NO: 128 in the

sequence listing, and the amino acid seguence therecf is

represented by SEQ ID NO: 129.



(i1) the antibody has the am no acid sequence of SEQ ID NOS 141 as CDRH1,
143 .as CDRH2 and 145 as CDRH3 and has the am no acid sequence of SEQ ID
NCS, 125 and CDRL1, 127 as CDRL2 and 129 as CDRL2. 4. The anti body
according to any one of clains 1 to 3l%herein the antibody has the sequence
of an anti body obtai ned by humani zi ng an anti body consi sting of the

follow ng 1) E”EBQQJB—Qﬁiﬁéﬁ%éygi—T3L—g¥§éag§g%§a%%aﬁﬁﬁin pol ypepti de

conpri sing an am no aci'd sequence repr y amno acid Nos. 1 to 119

of SEQ ID NO 36 f hdhie eqyence 1l iiSiyig 9kid f&%%\%n%ai  pol ypept i de
conprising an am no acid sequence represented by amino acid Nos. 1 to 119

of SEQ I D Nebs89rhhididenseauencsi NS Ny, (@konine), 2)4 a(ddGHe)ichain

pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 1 to 112 (péuSER) D NO {&badrt tdheasietuence {disttiamgirod) ,a 30 ght chain
pol ypeptide conprising an am no acid sequence represented by amno acid
Nos. 1 to 1i1gsohe BEQYE DINDcUieli n e seguence | iK1 nglesinFie antd body to
claim4 wherein the antibody has the sequence of an anti body obtained by
humani zi nglafh aat bbby cohstdid iyl ofidiHe dholiroviimyn)imatEQ)LD NO: 1) a
heavy chai n_pol ypepti de conprising the ami no aci d sequence. represented by
SEQ I D NO 4%5""?%& g%r%?rue TS P G L e AN AHE S Boidrpept i de

conpri si ng thfianinqaﬁgid.sequque re%#g%ented by 39 in the

EQ ID
sequence 1TSTTHGS” afid 2™ ¢ %519 1g A1 pol Sdé " Conpri si ng the

am no acl d. Seayence. rapLesantad by SRR, A4 1 theaemienge 11sting or
a |light chain polypeptide conpri'sing the am no aci d sequence represented by
SEQ I D NO 74d-i{h4 hey pequencs, i sting.
The nucleotide seguence encoding the hSH357-1-T3L-

type light chain 1is represented by SEQ ID NO: 130 in the

sequence listing, and the aminc acid seguence thereof is

represented by SEQ ID NO: 131. A nuclectide seguence

represented by nucleotide Nos. 1 to 60 of SEQ ID NO: 130

is a secretion signal sequence. A nucleotide sequence

represented by nuclieotide Nos. 61 to 402 thereof is a

variable region. A nucleotide sequence represented by

nucleotide Nos. 403 to 717 thereof is a constant region.

A nucleotide sequence represented by nucleotide Nos. 130

te 177 thereof is CDRL;. A nucleotide sequence

represented by nucleotide Nos. 223 to 243 thereof is

CDRL,. A nucleotide seguence represented by nucleotide

Nos. 340 to 363 thereof is CDRLs.

The amino acid sequence represented by amino acid
Nos. 1 te 20 of SEQ ID NO: 131 of the seguence listing is
a secretion signal sequence. The amino acid seguence

represented by amino acid Nos. 21 to 134 thereof is a



6. The anti body according to claim 1, wherein the antibody has the

follow ng properties a) to d): MCSLLP 156 a) having no ability to
phosphoryl at e EPHA2 tyrosine residues; ~b) having an ADCC activity
agai nst EPHA2- expressing cells; 1@p having a CDC activity against

EPHA2- expr essi. cells; ng an antitunor activit%éin Vi vo.

essi.ng ; and d% havi ng ¢
7. The antibody accSfdiig t o oFaPMr S thef ef RILRBCEnt FBBAFSRASTt
fol | owi ng %ﬁﬁﬁ%r%kgé,%%spoi%%:to 239 %%eg%%%nQSn% %%%EE%%EP%E%Q%%Phorylate
EPHA2 tyrosine residues;
The amino acid sequence represented by amino acid Nos. 44
to 59 thereof i1s CDRL;. The amino acid sequence
represented by amino acid Nos. 75 to 81 thereof is CDRIio.
The amino acid sequence represented by amino acid Nos.
114 to 121 thereof is CDRLs.
Moreover, the nucleotide sequence encoding the
hSH357-1-T3L-type light chain CDPRL; is represented by SEQ
ID NO: 132 in the sequence listing, the amino acid
sequence thereof is represented by SEQ ID NO: 133, the
nucleotide sequence of CDRL; is represented by SEQ ID NO:
134 in the seguence listing, the amino acid sequence
thereof is represented by SEQ ID NO: 135, the nucleotide
sequence of CDRL; is represented by SEQ ID NO: 136 in the
seguence listing, and the amino acid seguence thereof is
represented by SEQ ID NO: 137.
10~2-4) Humanization of SH357-1 heavy chain
10-2-4-1) hSH357-1-TiH-type heavy chain:
A humanized SH357-1 heavy chain was designed by
substituting aminc acid Nos. 2 (isoleucine), 9 (proliney),
11 {leucine), 16 (glutamic acid), 17 (threonine), 20
(iscleucine), 38 (lysine), 43 (lysine), 46 {(lysine), 68

(phenylalanine), 69 (alanine), 70 (phenylalanine), 71

(serine), 72 (leucine), 73 (glutamic acid), 76 {alanine)},
82 (glutamine), 83 {isocleucine), 85 (asparagine), 87
(lysine), 88 (asparagine), 93 {(serine}, 95

(phenylalanine), 114 (threonine), and 115 {leucine) of



b) exhibiting an effect of decreasing an EPHA2 protein |evel; c)
havi ng an ADCC activity agai nst EPHA2-expressing cells; d) having a
CDC ‘activity agai nst EPHA2- expressing cells; and e) having an
antitunor activity in vivo. 8. An isolated anti body which specifically
binds to a pol ypeptide consisting of an am no acid sequence represented by
amno acid Nos. 426 to 534 of SEQID NO 8 in the sequence listing. 9. An
i sol ated antiPBddy WRPEK shedtifyealtylei FrEiend shpwr ybeptieel R o¥ai sting of

' ' n repr te MCSLLP 157
an amno agido%eggg ggqug cgs {Etfkg w1%h valine, alanine, valine,

alanine, serine, valine, arginine, glutamine, glutamic
acid, valine, threonine, isoleucine, threonine, alanine,
aspartic acid, threonine, glutamic acid, leucine, serine,
arginine, serine, valine, tyrosine, leucine and valine,
respectively, and was designated as a "hSH357-1-TlH-type
heavy chain".

The nucleotide sequence encoding the hSH357-1-T1H~
type heavy chain 1s represented by SEQ ID NO: 138 in the
sequence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 139. The nuclectide sequence
represented by nucleotide Nos. 1 to 57 of SEQ ID NO: 138
is a secretion signal sequence. The nucleotide sequence
represented by nucleotide Nos. 58 tc 414 thereof is a
variable region. The nucleotide sequence represented by
nucleotide Nos. 415 to 1404 thereof is a constant region.
The nucleotide sequence represented by nuclectide Nos.
145 to 162 thereof 1s CDRH;. The nucleotide sequence
represented by nucleotide Nos. 205 to 255 thereof is
CDRH;. The nuclectide sequence represented by nucleotide
Nos. 352 to 381 thereof is CDRLs.

The amino acid seguence represented by amino acid
Nos. 1 te 19 of SEQ ID NO: 139 of the sequence listing is
a secretion signal sequence. The amino acid seqguence
represented by amino acid Nos. 20 to 138 thereof is a
variable region. The amino acid sequence represented by

amino acid Nos. 139 to 468 thereof is a constant region.



by am no acid Nos. 426 to 534 of SEQID NO 8 in the sequence |listing and

has the follow ng properties a) to d): a) having no ability to
phosphoryl ate EPHA2 tyrosine residues; b) having an ADCC activity
agai nst EPHA2- expressing cells; 14) having a CDC activity agai nst
EPHA2- expressing cells; and d) having an antitunor activity in vivo.

10. An i ted anti body which f | | ds t d t
L0 on ) SopLedhent oy ik specill Sal Pods Lo s pepl e oot Sting

ID NO 8 |9 t@ﬁ iﬁggg?o p%léé ﬁg ag? h§§¢é£ ?EQEl ng, gropertles a) L? e):

a) having no osp 6ry|a r05| re5|dues

exhi bi ti ngr@@r@;&@@gd Oy dagreasidng: an £PH? r el dust s s cpri,S) having
an ADCC acti'vity agai nst EPHA2- expressi ng cel

The amino acid seqguence represented by amino acid Nos.
118 to 127 thereof is CDRH;.

Moreover, the nuclectide sequence encoding the
hSH357~1~TiH~type heavy chain CDRH; is represented by SEQ
ID NO: 140 in the sequence listing, the amino acid
sequence thereof 1is represented by SEQ ID NO: 141, the
nuclectide seguence of CDRH; is represented by SEQ ID NO:
142 in the sequence listing, the aminc acid sequence
therecof is represented by SEQ ID NO: 142, the nuclectide
sequence of CDRH; is represented by SEQ ID NO: 144 in the
seguence listing, and the amino acid sequence thereof is
represented by SEQ ID NO: 145.

10-2-4-2) hSH357-1-T3H-type heavy chain:

A humanized 3H357-1 heavy chain was designed by
substituting amino acid Nes. 2 (proline), 11 (leucine),
16 {glutamic acid), 17 (threconine), 20 (isocoleucine}, 38
{lysine), 43 (lysine), 73 (glutamic acid)}, 76 (alanine),
82 (glutamine), 83 {isoleucine), 85 {asparagine), 87
{lysine), BB {asparagine}, 93 (serine), 95
(phenylalanine), 114 (threonine), and 115 (leucine) of
SH357~1 heavy chain variable region shown in SEQ ID NO:
51 with alanine, valine, alanine, serine, wvaline,
arginine, glutamine, aspartic acid, threonine, glutamic

acid, leucine, serine, arginine, serine, valine, tyrosine,



d) having a CDC activity agai nst EPHA2-expressing cells; and e)
havi ng. an antitunor activity in vivo. 11. An isolated antibody which
specifically binds to a peptide consisting of an am no acid seguence
represented by MCSLLP 158 amino aci difNbs. 426 to 534 of SEQID NGO 8 in
the sequence listing and has the foll ow ng properties a) to e): a)

having no ability to phosphoryl ate EP tyrosi ne residues; b)
oxhi b1t i gl RO H €664 BT HEET ok HF Gt B0 o0 TVEted 25 &) havi ng
an ADCC act¥jty; agabfist - BEHA%: exprassi ne, cell's;

The nucleotide seguence encoding the hSH357-1-T3H-
type heavy chain is represented by SEQ ID NO: 146 in the
sequence listing, and the aminc acid sequence thersof is
represented by SEQ ID NO: 147. The nucleotide sequence
represented by nucleotide Nos. 1 to 57 of SEQ ID NO: 146
is a secretion signal segquence. The nucleotide sequence
represented by nucleotide Nos. 58 to 414 thereof is a
variable region. The nucleotide seguence represented by
nucleotide Nos. 415 to 1404 thereof is a constant region.
The nucleotide sequence represented by nucleotide Nos.
145 to 162 thereocf is CDRH;. The nucleotide seguence
represented by nucleotide Nes. 20% to 255 thereof is
CDRH;. The nucleotide sequence represented by nucleotide
Nos. 352 to 381 thereof is CDRL;.

The amino acid sequence represented by amino acid
Nos., 1 to 19 of SEQ ID NO: 147 of the sequence listing is
a secretion signal segquence. The amino acid sequence
represented by amino acid Nos. 20 to 138 thereof is a
variable region. The amino acid sequence represented by
amino acid Nos. 139 to 468 thereof is a constant region.
The aminc acid sequence represented by amino acid Nos. 49
te 54 thereof is CDRH;. The amino acid sequence
represented by amino acid Nos. 69 to 85 thereof is CDRH,.
The amino acid sequence represented by amino acid Nos.

118 to 127 thereof is CDRHj.



d) having a CDC activity agai nst EPHA2-expressing cells; and e)

havi ng. an antitunor activity in vivo. 12. The antibody according to any
one of clainms 1 to 11, wherein the antibody specifically binds to a peptide
consisting of an am no acid sequence t&presented by ami no acid Nos. 439 to
534 of SEQID NO 8 in the sequence listing. 13. The anti body according to

any one of clai 0.1 wher ei n..t.he anti body inhibjts the
phosphorylatioﬁﬂ% é?ﬁﬁ%&za?V?6§%$%??Hi§%nﬁ§?ﬁ%¥&ycéﬁ“% E-\4 %ﬁﬁAZ | i gand, or
wherein th b bodys40 L phi bi 1, ERHAZ | i ga i.odi t but
i nhi bits tﬁéggﬁ'ésﬁh%?glﬁf% ggﬂ%%@’ép%l’?yr osﬁn%grggFg%ggh?%augggg t he
ligand. 14p A0:i sofalederat sbodynmhi chyspeagi fialdy: b ndsido a pol ypeptide
consisting of the am no acid sequence represented by SEQID NGO 8 in the
sequence | bstiiagee whieseéar MCSHAP d&Sh tde @ntsdpdyp hes: the amdmo aci d
sequences represented by SEQ ID NGs: 59, 61, and 63 in the sequence

i sting, oruahtnbideiskeseeuences TRHNGsdeketriesrntseubsti SEL an, Nor addi tion
of one amino acid in the ami no acid sequences, as the conplenentarity

det er m ni n§>¢ eqit obise | FeTRRN PR aVAS thad n W iaabl o ragfidrsemteitas t he ami no
aci d sequences represented by SEQ ID NGs: 65, 67, and 69 in the sequence
listing, of'8RfNb a%i FPRERAENES Mavilty deitti ol syt ituftisstidsr addition
of one amno acid in.t m,no aci d sequences,. as_conpl e tarit

det er ni ni ng" Fegions T A Iﬁsgﬁﬁp5ﬁ§?ﬁ%$§rﬁ§b§@6r§§igﬁf rI‘%g.lﬂntéﬁtibody
accordi ng I 4 rein, the i body..has. the am aci d. sequences
represent e%g%gé%&% ]?j[)sﬁ\&f’ 1 aéhe%f?o %llcfmgsseﬁﬂﬁ%%ean%g]eff?%asmm, and
has the anjpg-acdd sgquence, repaiesenied by SEQ ID NOS: 93 as CDRLI, 95 as
CDRL2 and 97 as CDRL3 i'n the sequence |isting.

{(Example 11) Preparation of humanized anti-EPHA2
antibodies

To measure the activities of the humanized 3H348-1
and the humanized S$H357-1, plasmids having the heavy and
light chains of the humanized anti-EPHA2? antibodies
obtained in Example 10 were constructed as shown below.

11) -1 Construction of humanized anti-EPHA2 antibody
expression vectors

11)-1-1 Preparation of versatile humanized antibody
light chain expression vector (pEF6/KCL)

A gene encoding a human antibody light chain signal
sequence and a human Ig light chain (x chain) constant
region, described in SEQ ID NO: 154 in the seguence
listing, was synthesized (Invitrogen Corp.; artificial
gene synthesis service) and cleaved with restriction
enzymes Nhel and Pmel. The cleaved DNA fragment was

inserted intc the Nhel/Pmel site of a vector pEF6/V5-HisB



16. An isolated anti body which specifically binds to a pol ypeptide
consi-sting of the amno acid sequence represented by SEQID NO 8 in the
sequence listing, wherein the antibody has the following 1) and 2): 1)
havi ng a heavy chain peptide conprisihgsan am no acid sequence represented
by the general fornula (1): -FRHI - CDRH2- FRH2- CDRH2- FRH2- CDRH2- ERH4- (1)

wh FRH? t t d t f 18
0 30 am ot BET BECICORR. P opr BEcHTe" FRE' NOSLTE 460 Sk 1B ST sequence
represent eQnPXb§ % ﬁ@ct?a? h”&;ﬂf §§P&?'\9§c%&f W%@V am no aci d

sequence having I on bstitutron, or ad one or nore am no

acids in the amno @ac Cbﬁ@;%&?el’tﬁ%n FRHZ, 4, 2RESRNGS: 13 i3 T AT %o%lr{/‘ no acid
sequence consisting of 14 'am no acids; CDRH2 represents the am no acid

sequence rﬂQEte?e@h@ﬂnbé’x@E&éibﬂNQre@tloi (dEel seguence |isting or an amno
aci d sequence having del etion, substitution, or addition of one or nore

am no aci ds in & heeramaneating; sequeee,ankfRHD dve preasenichaam arilintsniary am no
aci d sequence consisting of 32 am no acids; CDRH3 represents the am no acid
sequence repfiesentedndya SEQnaD NFL 63-nstartie seguenceldsstirgl dm an am no
aci d sequence having del etion, substitution, or addition of one am no acid
in the ani fidRatPdVSeqlencen HRl WQ%r@s@%ﬂ%@ar}”% bt ¥7drss aficho aci d
sequence consi sting of 11 am no wherei n these am no aci ds are |linked

o oach ot RERVLRFOUGR HeHt | Ueh HondesiShdione SyI Oy tiay g & 44 g cEhai n
pol ypept! de, oLl 3179 AN AT 10: 861 &h SRAUENGE. 1 SRIPIEN LY B the gener a
cleaved DNA fragment was inserted into the Nhel/Pmel site
of a vector pEFl/myc-HisB {(Invitrogen Corp.) to construct
a versatile humanized antibody H c¢hain expression vector
(pEF1/FCCU-1) .
11)-1-3 hSH348-1~-T1L and hSH348-1-T3L ~type light
chain expression vectors
Each DNA containing a gene encoding a hSH348-1-T1L
or hSH348-1-T3L~type light chain variable region
represented by SEQ ID NO: 156 and 157 of the sequence
listing, fused with a secretiocon signal was synthesized
{Invitrogen Corp., Artificial Gene Synthesis Service) and
digested with restriction enzymes Ndel and BsiWI. The
resulting DNA fragments were separately inserted into
sites of the versatile vector for humanized antibody
light chain expression (pEF6/KCL) digested in advance
with restriction enzymes Ndel and BsiWI to thereby

construct hSH348-1-T1L and hSH348-1-T3L-type light chain

expression vectors. The obtained expression vectors were



- FRLi - CDRL1- FRL2- CDRL2- FRL2- CDRL2- FRL4- (11) wherein FRL1 represents an
arbitrary am no acid sequence consisting of 23 am no acids; CDRL1
represents the am no acid sequence represented by SEQ ID NO 65 in the
sequence listing or an amino acid seqguence having del etion, substitution,
or addition of one or nore amno acids in the amno acid sequence; FRL2

repr esent sdggjc%%éééa‘gg .ggg]?é)/t '%SM&E%Q}, seguence consi sting of 15
ents

am no aci ds; I epre € anino dacid sequence represented by SEQ ID

NO 67 in therseguencedisti dgir FRL3 represents an arbitrary amno acid

sequence consisting of 32 anmino acids; CDRL3 represents the anmino acid

sequence represent-ad by -3ERHLRtNGn 63 HRHhe seauenced iLskizng-er an anino
aci d sequence having del etion, substitution, or addition of one am no acid

in the am NaHacyte sespenceia anc it 4epr esentsran arbitrary amno acid
sequence consisting of 10 am no acids, wherein these amno acids are |inked
to each other tHwwgudhipeptitdenbomds. gkhe Amncicsingt ed h&mtidBedy TWHi ch
specifically binds to a pol ypeptide consisting of the am no acid sequence
repr esent ed” bySISEES + 1D N -89 9 s egifelic &4 4 st ey, raghiermei n t he anti body

has the am no acid sec%?nces represented by SEQ ID NGs: 71, 73, and 75 in
the sequent@®¥§eehef S nd? A9 d Jsﬁé?ql?é}%és%%a\ﬁwq}&lé{qldh, of

bstituti ddi tion of ' id i am id ,
Compl erent B {5 UL BT 11 HG FOgIone it L ARy TCHaT o0 8 (G 7 ogi on And

s tne Ao ACLh Peen Eh AR sl b i R e (i ok and 8L I

the sequence I'ng, or amno acid sequences havi deletion,
substi tutionge 0f caddi tdonyef ng ankpe @@lsglwntghgmmf@ggagh@ssequences, as

conplenmentarity determni'ng regions in the |light chain riable region.
MCSLLP were separately inserted into sites of the versatile
vector for humanized antibody H chain expression
(pEF1/FCCU-1) digested in advance with a restriction
enzyme Blol to thereby construct hSH348-1-T1H and hSH348-
1-T3H~type heavy chain expression vectors. The obtained
expression vectors were designated as "pEF1/FCCU/hSH348-
1-T1H " and "pEF1/FCCU/hSH348-1-T3H", respectively.
11} -1-5 Construction of hSH357-1-TiL and hSH357-1~-
T3L-type light chain expression vechtors
Each DNA containing a gene encoding a hSH357-1-T1L
or hSH357-1-T3L-type light chain variable region
represented by SEQ ID NO: 16C or 161, respectively, of
the sequence listing, fused with a secretion signal was
synthesized (Invitrogen Corp., Artificial Gene Synthesis
Service} and digested with restriction enzymes Ndel and
BsiWI. The resulting DNA fragments were separately

inserted into sites of the versatile vector for humanized

antibody L chain expression {(pEF6/KCL) digested in



162 18. An antibody according to claim 17, wherein the antibody has the
am no-aci d sequences represented by SEQ I D NOS: 141 as CDRH1, 143 as CDRH2
and 145 as CDRH3, and has the amino acid sequence reporesented by SEQ I D
NOS: 125 as CDRL1, 127 as CDRL2 and 128/ as CDRL3 in the sequence listing.
19. An isolated anti body which specifically binds to a pol ypeptide

consi sting 1,00 id. ence e V- SEQ I.LD NO 8 in the
sequence I?(g ?%gg %ﬁe?%%ﬁleég% b%dzf"ﬁeg%qfcﬁé;f f%f(?p%l% 130 and 2): 1)
having a hegyye.ghal fi, peptide, geipilsing, %cﬁrﬂﬁ%?ﬁlﬁ-@ﬁ%‘é{g& represent ed
by the general fornula ( I? - FRH1- CDRH1- FRH2- CDRH2- FRH3- -FRH4- (1)

wher ei n FRHLg K €PEESENT Sxgfe 8¢ Db 1A & @l No Tael dpeeguence xgersisstihng of 18
to 30 am no acids; CDRHL represents the am no acid sequence represented by
SEQ | D NO vddtdns thers efpuenpes t b td N o' ol F @K G sk BT - -sieiquenas] havi ng

del etion, substitution, or addition of one or nore amno acids in the am no
aci d sequelp®ltc AR/ k33 BsentB3dh ardrpacriveald no aci d sequence consi sting
of 14 amino acids; CDRH2 represents the anmi no acid sequence represented by
SEQ ID NO 73 il tHe &séguerncedtiison g &SHas 'ati-Ad Hagind $&4déricé —havi ng

del etion, substitution, or. addition of one or nbre amno acids in the am no

aci d sequehcer “HERH FRPY Shts AP BT 1 TArSe RO aci d sequence consi sting
of 32 am no acids; H3 repr.esents the am no acid_s e.r esent ed by
SEQ 1D N0 7. I hah MESELPLT6S Y dqanco STCERG. 6r TaH R 6 Ak d sequence
having del ot gs substi LALion. ol ANdIL.GN Of. 07 ATNA RCid in the amino
aci d sequence; and | represents ‘an arbi trary am no ‘aci d sequence

consi sti ngr@%réée@ﬁ@@%ya%wylmzell%ﬁ hese edn no aclds Ang, | igiked to each

ot her through peptide bonds; and 2) having a l'ight chain polypeptide
conpri si Ng:iah ek nen@ci O SeqUenes: rapresanted by dhe geper aodrmula (11):
Artificial Gene Synthesis Service) and digested with a
restriction enzyme Blpl. The resulting DNA fragments
were separately inserted into sites of the versatile
vector for humanized antibody H chain expression
(pEF1/FCCU~-1) digested in advance with a restriction
enzyme Blpl to thereby construct hSH357-1-T1H and hSH357-
1-T3H-type heavy chain expression vectors. The obtained
expression vectors were designated as "pEF1/FCCU/hSH357-
1-T1H" and "pEF1/FCCU/hSH357-1-T3H", respectively.
11} ~2 Production of humanized antibody
1.2x10% cells of 293 FreeStyle cells at the log
growth phase were seeded onto 1.2 L of fresh FreeStyle
293 Expression Medium (Invitrogen Corp.) and shake-
cultured (125 rpm) in an incubatcor at 37°C in 8% CQO,. 12
mg of Polyethyleneimine (Polyscience #24765) was
dissclved in 40 mL of an Opti-Pro S¥FM medium

(manufactured by Invitrogen Corp.) and left at room



- FRLi - CDRLi - FRL2- CDRL2- FRL3- CDRL3- FRL4-(11) wherein Fa' represents an
arbitrary am no acid sequence consisting of 23 am no acids; CDRL1
represents the am no acid sequence represented by SEQ ID NO 77 in the
sequence listing or an am no acid sequé&hce having del etion, substitution,
or addition of one or nore amno acids in the amno acid sequence; FRL2
represents_an arbitrar iStiQ%VQf 15 .am no. aci ds;

am no, aci d sequence .cons
CORL? 1 opr BRI E THES alf ho? dB1 6 Sequence T Spradertatt Ty ISEOR D T2 79 i n

t he sequen istin r_an am no acid sequence, havi ng e%eti n,
SUbst 1 tut 1 Oh: © 6T hag e B b DB of Bt e hrs g Aet e BE RRS A no aci d

Seq“ence?dg%%r%%@ Saa@u%ﬁi%%ﬁ@f@ F‘%’lé%gdsﬁ%e@fﬁvﬁ’?é%%%i ng of 32

am no aci represents the amno aci d sequence represent by SEQ I D

NO. 81 i”_é@PpSﬁQM§B§e$&£§éﬁ&9d0{na@a%ﬂiﬂ&fa&ﬁdoiﬁﬂuﬁfgesh@Y&@91Q§|etio”
substitution, or addition of one amno acid in the am no acid sequence; and

FRL4 represent st adgak bidrary. amineracid « MCIAR-<khd (sequence consi sting of
10 am no acids, wherein these am no acids are |inked to each other through
pepti de bopdssmi200pTheransFhodyxadces dhngot owanyaodedofoctains 4f to 3 or
6 to 19, wherein the antibody is a humani zed anti body, or is a human

anti body. ti24.Pdhee@ntibodymaceoboi ngre oSdhymonedofocbhaios dht®19, wherein
the antibody is an 1gG anti body. 22. The anti body according to any one of
clains 1 tbei3, anherenntehecantibodycr s> anynsetected fuomFablefFfab' )2, Fv,

scFv a di abody, a linear antibody, and a nultispecific antibody.
at foom temperature foir 5 minutes. Next, mL of tHe

Polvethyleneimine/expression plasmid/OptiPro SFM mixed
solution was added to the 2893 FreeStyle cell suspensicon,
and shake-culture was continued, After 7-day culture at
37°C in 8% C0O2, the culture supernatant was collected.

11}-3 Purification of humanized antibody

The culture supernatant obtained in paragraph 11)-2
was filtered through a Disposable Capsule Filter
(Advantec MFS Inc., #CCS-045-E1H} and then purified by
Protein A affinity column chromatography. The culture
supernatant was applied to MabSelect SuRe HiTrap 1 mL
(manufactured by GE Healthcare Bio-sciences Corp.}
equilibrated with PBS, and washed with PBS. Next, a 2 M
arginine solution (pH 4.0) was applied thereto to collect
antibody-containing fractions. The pH was adjusted to 7,
and the antibody-containing fractions were applied to a
HiPrep Desalting Column (26/1C, 50 mlL) (GE Healthcare
Bio-sciences Corp.} eguilibrated with PRS in advance.

After replacement with PBS, the antibody-containing



23. An antibody produced by the hybridoma SH348-1 (FERM BP-10836) or the
hybrj.doma SH357-1 (FERM BP-10837). 24. An isol ated anti body consi sting of
the following 1) and 2) : 1) a heavy chain pol ypeptide conprising an
am no aci d sequence represented by anmi4¥ acid Nos. 1 to 119 of SEQ ID NO
35 in the sequence listing or a heavy chain pol ypeptide conprising an am no
aci d sequepce rggresented q¥ %yino aci d hﬁf. 1 t0.119 of SEQID NGO 39 in

t he seque FrThgieEndas5ed thnPugh Byt UGl mipdiSfpdpt PdEPESRpri si ng an
am no acid, ence; represented by amino acid Nos. 1 to 112 of SEQ ID NO
37 in the sequence listi'ng or a |light chain polypeptide conprising an am no

acid sequence represented by -arRe -ackdnNdss het@rklleal pPEQLDING 41 in
t he sequence listing. LLP 165 25. An isol ated antibody consisting of

the fol | oW dNti¥dids PHund e ) POROS © 2@ &) Column, bEeg,heagy chain
pol ypeptide conprising an am no acid sequence represented by amno acid

Nos. 1 to 9 af nBEQ1.D NO Ghnufache reequenegdliistd g cand tamkight chain
pol ypeptide conprising an am no acid sequence represented by am no acid

Nos. 1 to kP refasBEQNMD NG @pduparive ségiencddd ingtli mg; the elugfea heavy
chai n pol yPepti de conprising an am no acid sequence represented by am no
aci d Nos. CtiPrwerd f PSEF |33 NOCBPATH Sthe Yddduénce Andstichd hafid@ha | i ght

chai n pol yﬁe tide conprising an am no acid sequence represented by am no
acid Nos. 194 112 of SEQ ID NO 41 in the sequence |isting:;

A humanized antibcdy SHE348-1 obtained by the
combination between pEF6/KCL/hSH348-1-T1L and
pEF1/FCCU/hSH348-1-T1H was designated as "hSH348-1-T1";
and a humanized antibody SH348-1 obtained by the
combination between pEF6/KCL/hSH348-1-T3L and
pEF1/FCCU/hSH348-1-T3E was designated as "hSH348-1-T3%.

Moreover, a humanized antibody SH357-1 obtained by
the combination between pEF6/KCL/hSH357-1-T1L and
pEF1/FCCU/hSH357-1-T1H was designated as "hSH357-1-T1";
and a humanized antibody SH357-1 obtained by the
compination between pEF6/KCL/hSH357-1-T3L and

pEF1/FCCU/hSE357-1-T3H was designated as "hSH3537-1-7T3%.

(Example 12) Confirmation of binding activity of
humanized anti-EPHAZ antibody to antigen

The abilities of the antibodies hSH348-1-T1l, hSH348-
1-T3, hSH357-1-T1, and hSH357-1-T3 to bind to the antigen
were confirmed according to the methed described in
Example 6 except that Peroxidase AffiniPure Goat Anti-

Human IgG Fcy Fragment Specific (manufactured by Jackson



3) a heavy chain pol ypeptide conprising the am no acid sequence represented
by SEQID NO 35 in the sequence listing or a |light chain pol ypeptide
conprising the am no acid sequence represented by SEQ ID NO 37 in the
sequence |isting; 4) a heavy chdd® pol ypepti de conprising the am no
aci d sequence represent ed by SEQID NO 39 in the sequence Iisti ng and a

SEQ | D O TR Ree S eauenRe T et . T B0 G G R porhept | do
conpri si ngﬁ%naag%g g%% gIegﬂe&g represented by amno acid Nos. 20 to 468

of SEQ I D sequenc listing and a light chain MCSLLP 166

pol ypepti de congpy 'ﬁié"g%ﬁbﬁnd’p mcha-sequence 4 apgsented by am no acid

Nos. 21 to 239 of SEQ1D NO 91 in the sequence |isting; 6) a heavy
chai n pol yne%tesn@@rrpgI§m9c@ie@mrnqn@&l@twejé&ﬁﬁsﬁﬂt@ﬂ by anino
acid Nos. 20 to 468 of SEQID NGO 115 in the sequence listing and a |ight
chai n pol ypept ixde econganilsi,ngldn tar horaciidesieguercE® HHepr esenbediby amnm no
acid Nos. 21 to 239 of SEQID NO 99 in the sequence listing; 7) a

heavy chai nSpot§peptidenTonpdt 51Ny b hol dtl d sehudiit Tepriesent ed by
amno acid Nos. 20 to 468 of SEQID NGO 139 in the sequence listing and a
light chai Heﬁ%lm@fiﬂﬂ%dcwéﬁﬁ rigjt e Tt A0~ ‘e e s@nﬁm tegr esent ed by
am no acid Nos. to 239 of SEQID NO 123 in the sequence listing; or

8) a heavyeﬁnﬁ?ﬁe of e pt $¥e°Ronpri sing an amino aci d sequence represent ed
by am no acid Nos. 20 to 468 of SEQ ID NO 147 in the sequence |listing and
a light chain polypeptide conprising an am no acid sequence represented by

am no aci d(Mogn,pd 19 389 Al r SRR R NQomdsth {1} Lhe SEGHENGS, | 1 sting.
activity against binding of SH348-1 or SH357-1 to EPHAZ

The competitive inhibitory activities of hSH348-1-T1
and hSH348-1-T3 against the binding of SH348-1 to EPHAZ
as well as the competitive inhibitory activities of
h8H357-1-T1 and h8H357-1-73 against the binding of SH357-
1 to EPHAZ were measured by a method described below.

The mouse menoclonal antibodies SH348-1 and SH357-1
were separately biotinyiated using EZ-Link Sulfo-NHS-LC
Biotinylation Kit (manufactured by Thermo Fisher
Scientific K.K., #21435) according to the protocol
included therein (hereinafter, the bictinylated SH348-1
and SH357-1 were referred to as "bSH348-1" and "bSH357-1%,
respectively). The concentrations of bHSH348-1, bSH357-1,
and unlabeled antibodies (SH348-1, SH357-1, hSH348-1-T1,
hSH348-1-T3, hSH357-1-T1, hSH357-1-T3, and Ab9%6-1) used
in the competitive inhibition experiment were measured

using BCA Protein Assay Reagent {manufactured by PIERCE).



26. An isolated anti body consisting of the followng 1) and 2) : 1) a
heavy..chai n pol ypepti de conprising an am no acid sequence represented by
SEQ1D NO 35 in the sequence MCSLLP 167 listing or a heavy chain

pol ypeptide conprising the am no aci dlsequence represented by SEQ ID NO 39
I n the sequence listing; and 2) a light chain polypeptide conprising

the am no acid se represented by SEQ ID NO 37 .in the sequence
listing or a I#%hﬁﬁ%ﬂgfﬁﬁnﬁ%ﬁézgéiﬁf(ﬁﬁ%ﬁ%@ﬂg? YHFPAMi%o aci d sequence
represente I kN q e |isti 27 ti body

obt ai ned bgm%{g%%?%%&l%yg%%?bs y ea%%br i ng t%§%%€g%2nel%?ﬁcqraggnrm 23 to 26.

28. An isolatgd.antdbedy ONF sting Sisthedoldomngdy ar g
pl/well onto an immunoplate (manufactured by Nunc,
#442404), and incubated overnight at 4°C to thereby
adsorb the protein onto the plate. On the next day, the
wells were washed once with Diluting Buffer (PBS, 0.05%
{v/v) Tween 20). Then, a Block Ace solution {(one pouch
of Block Ace powder was dissocolved in 100 ml of ultrapure
water) diluted 4 times with PBS was dispensed at 200
ul/well and incubated at room temperature for 4 hours.
The solution in the wells was removed. Then, mixed
scluticons of the biotinylated antibodies (5 pg/ml) and
various concentrations (0 pg/ml, 1 pg/ml, 5 pg/ml, 25

wg/ml, 50 ug/ml, and 125 pg/ml) of the unlabeled

antibodies (sclvent: PBS containing 0.05% (v/v} {final
concentration) Tween 20) were separately dispensed at 100
nl/well and incubated at room temperature for 1 hour.

The wells were washed twice with Diluting Buffer (PBS,
0.05% (v/v) Tween 20}. Then, Streptavidin-horseradish
Peroxidase Conjugate {manufactured by GE Healthcare Bio-
Sciences Corp., #RPN1231V) diluted 500 times with
Diluting Buffer was added at 100 pil/well and incubated at
room temperature for 1 hour. The solution in the wells
was removed, and the wells were washed twice with
Diluting Buffer. Then, a color reaction was performed
with stirring by the addition of OPD Color Developing

Solution at 100 pl/well. After color development, the



1) a heavy chain pol ypeptide conprising an am no aci d sequence represented
by amino acid Nos. 20 to 468 of SEQ ID NO 107 in the sequence listing or a
heavy chai n pol ypeptide conprising an am no acid sequence represented by
amno acid Nos. 20 to 468 of SEQ I D N®52115 in the sequence |isting; and

2) a light chain polypeptide conprising an am no aci d sequence represented

by am no agid Nosea2lite 239 0L pEQLRNG, 94 dEQ%i%gg%ﬁﬁggptggﬁ{ng or-a

| i ght chain polypeptide conprising an am no acid séquencer ed by

am no aci dzNosgp217t 9 9.in e, se lListiing. 29. An
i sol at ed antibggy&%éﬁgggtig%hgﬁgb%%%$%ﬁf%ga%)4%an§)gggaé§ffﬁgﬁg8 1)
a heavy chaisinpokypeptiedecea@apr.i Sing an am no aci d sequence represented by
am no acid Nos. 20 to 468 of SEQ ID NO 139 in the sequence listing or a
heavy chai n pol &pept rdeutonptiisi agsancant@oo ActHe Sequence represented by
amno acid Nos. 20 to 468 of SEQ ID NO 147 in the sequence |isting; and

2) a |ight sekaiLarpolypept tbecvorprlibsBAg-ancanbie3adi-d seguence represent ed
by amino acid Nos. 21 to 239 of SEQID NO 123 in the sequence listing or a
| i ght chai A-péPypepitPdendohpPi/8iAglan am:aotatiddsequénceatépnesented by

am no acid h?s. 21 to 239 of SEQID NO 131 in the sequence listing. 30. A
Fab, F(ab' )2/ FyESBEEVIVELdiabody, a |inear antibody, or a multispecific

ant i body derivable_fromany antibodies ording to any of clainms 23 to 29.
. he it o

31. Any one polype%??d%r%ggic? d F7onTE %%gc%%%istF%% of the foll owing

1) to 20) whereln, the,polypeptide |5 anjsolated polypeptide:
3). The binding of SH348-~1 or 8H357-1 to EPHAZ was not
inhibited by AbS6-1 differing in epitope therefrom. On
the other hand, the binding of SH348-1 to EPHA2 was shown
to be inhibited by the antibody SH348-1 itself or its
humanized antibodies hSH348-1-T1 and hSH348-1-T3 (Figure
13A). Likewise the binding of SH357-1 to EPHA? was shown
to be inhibited by the antibody SH357-1 itself or its
humanized antibodies hSH357~1-T1 and hSH357-1-T3 (Figure

13B).

(Example 14) Inhibitory effect of humanized anti~EPHA?
antibody on ephrin-Al-dependent phosphorylation of EPHAZ
tyrosine residues

The ability of the humanized anti-EPHA? antibody to
inhibit ephrin-Al-dependent phoesphorylation of EPHA2
tyrosine residues was examined according to the method
described in Example 8. As a result, all the antibodies
RSH348-1-T1, hSH348-1-T3, hSH357-1-T1, and hSH357-1-T3

were shown to maintain an activity of inhibiting Ephrin-



1) a pol ypeptide conprising an am no acid sequence represented by am no
acid.Nos. 1 to 119 of SEQ ID NO 35 in the sequence listing; 2) a
pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 1 to 119 of SEQ ID NO 39 in thels®equence |listing; MCSLLP 169

3) a polypeptide conprising an am no acid sequence represented by am no
aci d Nos. 112 of ID.NO 37 in't cellstln 4) a
ol ypept | dBL bR RSP HE AT O e o CeUbris b o Guiis T Lo aci d
Nos. 1 to 142 {SEQIDNO 41 in the sequence |isting; 5) a

pol ypeptid C%ITDI’I sing an am no acid sequence represented by am no acid
Nos. 20 to 468 of SEQ ID NO 107 in the sequence listing; 6) a
pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 20 tor4&8sefi SEQp® NAL:LlG-¢ n the sequence |isting; 7) a
pol ypeptide conprising an am no acid sequence represented by amno acid
Nos. 20 to 138 raf SHQ-HPHIQ ab@7biomivt e segueneachicstinRgntion has

an antitumor activity. A pharmaceutical composition
comprising the anti-EPHAZ antibody can be used as an

anticancer agent.



8) a pol ypeptide conprising an am no acid sequence represented by am no

acid Nos. 20 to 138 of SEQ ID NO 115 in the sequence listing; 9) a
pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 21 to 239 of SEQID NO 91 in the sequence |isting; 10) a

pol ypeptide conprising an am no acid sequence represented M rjbo acid
Nos. 21 to 239 of SEQID NO 99 in the4sequence |isting; B 70

11) a polypeptide conprising an am no aci d sequence represented by am no
acid Nos. 21 to 134 of SEQ ID NO 9tymamthe sequence listing; 12) a
pol ypeptide conprising an am no acid sequence represented by amno acid

Nos. 21 1o 134, 0faSEQD M1 A%y Rathe: sequenee;dd st Whstope 13) a

pol ypeptide conprising an am no aci d sequence represent m no acid

glgfypczagt %geé%g%r%%? §|°E }F?gélgn‘—’ll\l%q-r% %gog%icﬁp F‘g@g%%%g%ﬁngg%lr %2%%\?%%m%ysg?r’# gr?? agi d
Nos. 20 10- 808,011 8 B NQe Mol [udilS SEENCe Lhgh' D9 1 0637) .

2. The antibody according to claim 1, wherein the
complementarity determining regions in the heavy chain
variable regiocn of the antibody have the amino acid
sequences of either SEQ. ID NCS. 59, 61 and 63 or SEQ. ID
NCS. 71, 73 and 75 and the complementarity determining
regions in the light chain variable region of the antibody
have the amino acid seguences of either SEQ. ID NOS. 65, &7
and 6% oxr SEQ. ID NOS. 77, 79 and 81.
3. The antibody according to c¢laim 1, wherein:

(i} the antibody has the amino acid sequence of SEQ ID
NOS. 109 as CDRH;, 111 as CDRH: and 113 as CDRH;, and has the
amino acid sequence of SEQ. ID NOS. 93 as CDRL,, 95 as CDRL,
and 97 as CDRL., Ox

(ii} the antibody has the amino acid sequence of SEQ ID
NOS 141 as CDRH;, 1432 ag CDRH, and 145 ag CDRH; and has the
aminc acid sequence of SEQ. ID NGCS, 125 and CDRL;, 127 as
CDRL,; and 129 as CDRL;.
4, The antibody according to any one of claims 1 to 3
wherein the antibody has the seguence of an antibody
obtained by humanizing an antibody consisting of the

following 1} and 2):



15) a pol ypeptide conprising an am no aci d sequence represented by am no
acid Nos. 20 to 138 of SEQID NO 139 in the sequence listing; 16) a
pol ypeptide conprising an am no acid sequence represented by am no acid
Nos. 20 to 138 of SEQ ID NO 147 in the sequence |isting; CaLL

pol ypeptide conprising an am no acid sequence represented bv 2i-ho aci d
Nos. 21 to 239 of SEQ ID NO 123 in tth& sequence listing; 18) a

pol ypeptide conprising an am no acid sequence represented by am no acid

Nos. 21 to 239 of REQ-I RNQ, 13 i theas eaMghees{hStdngan: MSLLE; 171

19) a polypeptlde conprising an dam no acid sequence represented by am no

acid Noso21.bo. 198,01 SFO.E 000,123 L, g seayepce L hstingzcand

20) a poFy%% FisSrn anino : séquencé represente

ﬁﬁh&%ﬁ??ééﬁ%@%ﬁéﬁ%f ﬁ%ﬁ%ﬁfl\g%é@%; S SrhSoYy ‘therm BpliBeeriee
comprising an amino acid sequence represented by amino acid
Nos. 1 to 119 of SEQ ID NO: 32 in the sequence 1isting; and

2) a light chain polypeptide comprising an amino acid
sequence represented by amino acid Nos. 1 to 112 of SEQ ID
NO: 37 in the sequence listing or a light chain polypeptide
compriging an amino acid seguence represented by amino acid
Nos. 1 to 112 of SEQ ID NO: 41 in the sequence listing.

5. The antibody to claim 4 wherein the antibody has the
sequence of an antibody obtained by humanizing an antibody
congisting of the following 1) and 2):

1} a heavy chain polypeptide compriging the amino acid
seguence represented by SEQ ID NO: 35 in the sequence
listing or a heavy chain polypeptide comprising the amino
acid seguence represented by SEQ ID NO: 39 in the seguence
listing; and

2) a light chain polypeptide comprising the aminc acid
sequence represented by SEQ ID NO: 37 in the seguence
listing or a light chain polypeptide comprising the amino
acld seguence represented by SEQ ID NO: 41 in the sequence
listing.

6. The antibody according to claim 1, wherxein the antibody

has the following properties a) to d):



33. A pharnmaceutical conposition conprising at |east one antibody sel ected
fromthe antibodies according to clains 1 to 30. 34. A pharmaceuti cal
conposition for cancer treatnment wherein said conposition conprises at

| east one antibody selected fromthe anti bodi es according tomﬁ#ghgs lto
30. 35. Use of any antibody according to clains 1 to 30 for

manuf acture of a nedi canent for inhibt6ing tunor growth in a manmal .  36.
The use according to claim 35, wherein the tunor is a tunor expressing

EPHA2.  37. Ay isehaledpakynueheeld qﬁc%@%@ymt@ E@iﬁnzb R

polypeptlde according to any oné of Claifs to 31. host cel |l
t ransf or i {,a pol ynucl eot i de accordlng to cIa|n137. 39. A nethod for
produci ng an anti body using a host cell according to claim 38.

b) having an ADCC activity against EPHA2-expressing
cells;

¢) having a CDC activity against EPHA2-expressing cells;
and

d} having an antitumor activity in vivo.
7. The antibody according to claim 1, wherein the antibody
has the following properties a} to e):

a) having no ability to phospherylate EPHA2 tyrosine
regidues;

b) exhibiting an effect of decreasing an EPHA2 protein
level;

¢} having an ADCC activity against EPHAZ-expressing
calls;

d} having a CDC activity against EPHA2-expressing cells;
and

e) having an antitumor activity in vivo.
8. An isolated antibody which specifically binds to a
polypeptide consisting of an amino acid seguence represented
by amino acid Nos. 426 to 534 of SEQ ID NO: 8 in the
sequence listing.
g. An isolated antibody which specifically binds to a

polypeptide consisting of an amino acid sequence represented
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by amino acid Nos. 426 to 534 of SEQ ID NO: 8 in the
sequence ligting and has the following properties a) to d):

a) having no ability to phosphorylate EPHA2 tyrosine
regidues;

b) having an ADCC activity against EPHA2-expressing
cells;

c) having a CDC activity against EPHA2-expressing cells;
and

d) having an antitumor activity in vivo.
10. An isolated antibody which specifically bindg to a
peptide consisting of an amino acid seguence represented by
amino acid Nosg. 426 to 534 of SEQ ID NC: 8 in the sequence
listing and has the following properties a) to e):

a} having no ability to phosphorylate EPHAZ tyrosine
residues;

b) exhibiting an effect of decreasing an EPHA2 protein
lavel;

¢) having an ADCC activity against EPHA2-expressing

d) having a CDC activity against EPHA2-expressing cells;
and

e} having an antitumor activity in vivo.
11. An isclated antibody which specifically binds to a

peptide consisting of an amino acid seguence represented by
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amine aclid Nos. 426 to 534 of SEQ ID NO: 8 in the seguence
listing and has the following properties a) to e):

a) having no ability to phosphorylate EPHA2 tyrosine
residues;

b) exhibiting no effect of decreasing an EPHA2 protein
level;

¢) having an ADCC activity against EPHA2-expressing
cells;

d) having a CDC activity against EPHA2-expressing cells;
and

e) having an antitumor activity in vivo.
12. The antibody according to any one of claims 1 to 11,
wherein the antibody specifically binds to a peptide
consisting cof an amino acid sequence represented by amino
acid Nos. 439 to 534 of SECQ ID NO: 8 in the sequence
listing.
13. The antibedy according to any one of claims 1 to 12,
wherein the antibody inhibits the phosphorylation of EPHA2
tyrosine residues induced by an EPHA2 ligand, or wherein the
antibody does not inhibit EPHAZ2 ligand binding to EPHA2 but
inhibits the phogphorylation of EPHA2 tyrosine residues
induced by the ligand.
14. An isolated antibedy which specifically binds to a
polypeptide consisting of the amino acid sequence

represented by SEQ ID NO: 8 in the sequence listing, wherein
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the antibody has the amino acid sequences represented by SEQ
ID NOs: 59, 61, and 63 in the segquence listing, or amino
acid sequences having deletion, substitution, or addition of
one amino acid in the amino acid sequences, as the
complementarity determining regions in the heavy chain
variable region and has the amino acid segquences represented
by SEQ ID NOs: 65, 67, and 69 in the sequence listing, or
amino acid sequences having deletion, substitution, or
addition of one amino acid in the amino acid seguences, as
complementarity determining regions in the light chain
variable region.
15. An antibody according to claim 14, wherein the antibody
has the amino acid seguences represented by SEQ ID NOS: 109
as CDRH,, 111 asg CDRE, and 113 as CDRHs;, and has the amino
acid sequence reporesented by SEQ ID NOS: 83 as CDRLy, 95 as
CDRL, and 97 as CDRL; in the geqguence listing.
18. An isolated antibody which specifically binds to a
polypeptide consisting of the amino acid seguence
repregsented by SEQ ID NOC: 8 in the segquence listing, wherein
the antibody has the following 1) and 2}:

1} having a heavy chain peptide comprising an amino acid
gequence represented by the general formula (I):

-FRH; - CDRH; - FRH; - CDRH; - FRH; - CDRH; -FRH, - (I)
wherein FRH; represents an arbitrary amino acild sequence

consisting of 18 to 30 aminc acids; CDRH; represents the
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amino acid segquence represgented by SEQ ID NC: 5% in the
gequence listing or an amino acid seguence having deletion,
substitution, or addition of one or more aminc acids in the
amino acid sequence; FRH; represents an arbitrary amino acid
seqguence congisting of 14 amino acids; CDRH, represents the
amino acid seqguence represented by SEQ ID NO: 61 in the
sequence listing or an amino acid segquence having deletion,
substitution, or addition of one or more amino acids in the
amino acid sequence; FRH; represents an arbitrary amino acid
sequence conesilsting of 32 amino acids; CDRH:; represents the
amino acid sequence represented by SEQ ID NO: 63 in the
sequence listing or an amino acid sequence having deletion,
'substitution, or addition of one amino acid in the amino
acid sequence; and FRH, represents an arbitrary aminc acid
geguence consisting of 11 amino acids, wherein these amino
acids are linked to each other through peptide bonds; and

2) having a light chain polypeptide compriging an amino
acid sequence represented by the general formula (II}):

~FRL:~CDRL; ~FRL: - CDRL,; - FRI, -CDRI; -FRI, - (II)
wherein FRL; represents an arbitrary amino acid segquence
consilsting of 23 amino acids; CDRL; represents the amino acid
sequence represented by SEQ ID NO: 65 in the seguence
listing or an amino acid sequence having deletion,
subgtitution, or addition of one or more amino acids in the

amino acid sequence; FRL; represents an arbitrary amino acid
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seqguence consisting of 15 amino acids; CDRL, represents the
amino acid sequence represented by SEQ ID NO: 67 in the
gequence listing; FRL; represents an arbitrary amino acid
seguence consisting of 32 amino acids; CDRL; represents the
amino acid sequence represented by SEQ ID NO: 69 in the
seqguence listing or an amino acid sequence having deleticn,
gubstitution, or addition of one amino acid in the amino
acid sequence; and FRL; represents an arbitrary amino acid
sequence consisting of 10 amino acids, wherein these amino
acids are linked to each other through peptide bonds.
17. An isolated antibcedy which specifically binds tc a
polypeptide consisting of the amino acid sequence
represented by SEQ ID NO: 8 in the sequence listing, wherein
the antibody has the amino acid sequences repregented by SEQ
ID NCs: 71, 73, and 75 in the sequence listing, or amino
acid sequences having deletion, substitution, or addition of
one amino acid in the amino acid sequences, ag
complementarity determining regions in the heavy chain
variable region and has the amino acid sequences represented
by SEQ ID NOs: 77, 79, and 81 in the seguence listing, or
amino acid sequences having deletion, substitution, or
addition of cne amino acid in the amino acid seguences, as
complementarity determining regions in the light chain

variable region.
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18. An antibody accorxding to claim 17, wherein the antibody
hag the amino acid sequences repregented by SED ID NOS: 141
as CDRH;, 143 as CDRH, and 145 as CDRH;, and has the aminco
acid sequence reporesented py SEQ ID NOS: 125 as CDRL;, 127
ag CDRL; and 129 as CDRL; in the seguence listing.
19. An isclated antibody which specifically binds to a
polypeptide consisting of the amino acid sequence
repregented by SEQ ID NO: 8 in the sequence listing, wherein
the antibody has the following 1} and 2):

1) having a heavy chain peptide comprising an amino acid
gequence represented by the general formula (I):

-FRH, - CDRH, - FRH, - CDRH, - FRH; - CDRH; - FRH, - {I)
wherein FRHE; represents an arbitrary amino acid seguence
consisting of 18 to 30 amino acids; CDRH, represents the
amino acid sequence represented by SEQ ID NO: 71 in the
sequence listing or an amino acid segquence having deletion,
substitution, cor addition of one or more amino acids in the
amino acid sequence; FRH, represents an arbitrary amino acid
sequence consisting of 14 aminc acids; CDRH, represents the
amine acid sequence represented by SEQ ID NO: 73 in the
gsequence listing or an amino acid sequence having deletion,
gubstitution, or addition of one or more amino acids in the
amino acid sequence; FRH; represents an arbitrary amino acid
sequence consisting of 32 amino acids; CDRH; represents the

amino acid sequence represented by SEQ ID NO: 75 in the
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sequence listing or an amino acid sequence having deletion,
substitution, or addition of one amino acid in the amino
acid seguence; and FRH; represents an arbitrary amino acid
sequence consisting of 11 amino acids, wherein these amino
acids are linked to each other through peptide bonds; and

2) having a light chain polypeptide comprising an amino
acid segquence represented by the general formula (II):

-FRL;-CDRL: -FRL,-CDRL,~-FRL, -CDRL;~FRL, - (I1)
wherein FRL, represents an arbitrary amino acid sequence
consisting of 23 amino acids; CDRI, represents the amino acid
seguence represented by SEQ ID NO: 77 in the seguence
listing or an amino acid sequence having deletion,
substitution, or addition cf one or more amine acids in the
amino acid sequence; FRL; represents an arkitrary amino acid
sequence congisting of 15 aminoc acids; CDRL, represents the
amino acid seguence represented by SEQ ID NO: 79 in the
segquence listing or an amino acid sequence having deletion,
substitution, or addition of one or more aminc acids in the
amino acid seqguence; FRL; represents an arbitrary amino acid
seguence congisting of 32 aminc acids; CDRL, represents the
amino acid sequence represented by SEQ ID NO: 81 in the
sequence ligting or an amino acid seguence having deletiocn,
substitution, or addition of one amino acid in the amino

acid seguence; and FRL,; represents an arbitrary amino acid
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sequence consisting of 10 amino acids, wherein these amino
acids are linked to each other through peptide bonds.

20. The antibody according to any one of claims 1, to 3 or 6
to 19, wherein the antibody is a humanized antibody, or is a
human antibody.

21. The antibody according to any one of claims 1 tol9,
wherein the antibody is an IgG antibody.

22. The antibody according to any one of claims 1 to 13,
wherein the antibody is any selected from Fab, Flab'})2, Fv,
scFv a diabody, a linear antibody, and a multispecific
antibody.

23. An antibody produced by the hybridoma SH348-1 (FERM BP-
10836) or the hybridoma SH357-1 {(FERM BP-10837).

24. An isclated antibody consisgsting of the following 1) and
2)

1) a heavy chain polypeptide comprising an amino acid
sequence represented by amino acid Nos. 1 to 119 of SEQ ID
NO: 35 in the gequence listing or a heavy chain polypeptide
comprising an amino acid sequence represented by amino acid
Nog. 1 to 119 of SEQ ID NO: 39 in the gequence lisgting; and

2} a light chain polypeptide comprising an amino acid
sequence represented by amino acid Nes. 1 to 112 of SEQ ID
NO: 37 in the sgequence listing or a light chain polypeptide
comprising an amino acid sequence represented by amino acid

Nos. 1 to 112 of SEQ ID NO: 41 in the sequence listing.
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25. An isolated antiboedy consisting of the following 1), or
2}, 3y, 4y, 5), &), 7) or 8):

1} a heavy chain polypeptide comprising an amino acid
seguence repregented by amino acid Nos. 1 to 119 of 8EQ ID
NO: 35 in the sequence listing and a light chain polypeptide
compriging an amino acid sequence repregented by amino acid
Nos. I to 112 of SEQ ID NO: 37 in the sequence listing;

2) a heavy chain polypeptide comprising an amino acid
sequence represented by aminc acid Nos. I to 119 of SEQ ID
NG: 39 in the sequence listing and a light chain polypeptide
comprising an amino acid segquence represented by amino acid
Nog. 1 to 112 of SEQ ID NO: 41 in the sequence listing;

3) a heavy chain polypeptide comprising the aminoc acid
seguence represented by SEQ ID NO: 35 in the seguence
ligting or a light chain polypeptide compriging the amino
acid seguence represented by SEQ ID NO: 37 in the sequence
listing;

4) a heavy chain polypeptide comprising the amino acid
sequence represented by SEQ ID NC: 3% in the sequence
listing and a light chain polypeptide comprising the amino
acid sequence represented by SEQ ID NO: 41 in the segquence
listing;

5) a heavy chain polypeptide comprising an amino acid
seqguence represented by amino acid Nos. 20 to 468 of SEQ ID

NO: 107 in the sequence listing and a light chain
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polypeptide comprising an amino acid sequence represented by
amino acid Nog. 21 ro 239 of SEQ ID NO: 91 in the seqguence
listing;

6) a heavy chain polypeptide comprising an amino acid
sequence represented by amino acid Nos. 20 to 468 of SEQ ID
NO: 115 in the sequence listing and a light chain
polypeptide comprising an amino acid seguence represented by
aminoc acid Neos. 21 to 239 of SEQ ID NO: 99 in the sequence
listing;

7} a heavy chain polypeptide comprising an amino acid
gsequence represented by aminc acid Nos. 20 to 468 of SEQ ID
NO: 139 in the gegquence listing and a light chain
poelypeptide comprising an amince acid sequence represented by
aminoc acid Nos. 21 to 239 of SEQ ID NO: 123 in the sequence
listing; or

8) a heavy chain polypeptide comprising an aminc acid
sequence represented by amino acid Nos. 20 to 468 of SEQ ID
NC: 147 in the seguence listing and a light chain
pclypeptide comprising an amino acid seguence represented by
amino acid Nos. 21 to 239 of SEQ ID NC: 131 in the seguence
listing.

26, An isolated antibody consisting of the following 1) and
23
1) a heavy chain polypeptide comprising an amino acid

seguence represented by SEQ ID NO: 35 in the sequence
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listing or a heavy chain polypeptide comprising the amino
acid sequence represented by SEQ ID NO: 39 in the segquence
listing; and

2) a light chain polypeptide comprising the amino acid
segquence repregented by SEQ ID NO: 37 in the seguence
listing or a light chain polypeptide comprising an amino
acid seguence represented by SEQ ID NO: 41 in the sequence
listing.

27. An antibody obtained by humanizing an antibody according
to any one of claims 23 to 26.

28. An isolated antibody consisting of the following 1) or
2):

1) a heavy chain polypeptide comprising an amino acid
seguence represented by amino acid Nos. 20 to 468 of SEQ ID
NO: 107 in the sequence listing or a heavy chain polypeptide
comprising an amino acid sequence represented by aminco acid
Nos. 20 to 468 of SEQ ID NO: 115 in the sequence listing;
and

2) a light chain polypeptide comprising an amino acid
seqguence represented by amino acid Nos. 21 to 239 of SEQ ID
NO: 91 in the seguence listing or a light chain polypeptide
comprising an amino acid seguence represented by amino acid
Nos. 21 to 239 of SEQ ID NO: 99 in the sequence listing.

29. An isgolated antibody consisting the following 1) and 2):
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1) a heavy chain polypeptide comprising an amino acid
sequence represented by amino acid Nos. 20 to 468 of SEQ ID
NC: 139 in the sequence listing or a heavy chain polypeptide
comprising an amino acid seguence represented by amino acid
Nos. 20 to 468 of SEQ ID NO: 147 in the sequence listing;
and

2) a light chain polypeptide comprising an amino acid
gseguence represented by amino acid Nos. 21 to 239 of SEQ ID
NCO: 123 in the sequence listing or a light chain polypeptide
compriging an amino acid sequence represented by amino acid
Nog. 21 to 239 of SEQ ID NC: 131 in the sequence listing.
30. A Fab, F{ab')2z, Fv, scFv, a diabedy, a linear antibody,
or a multispecific antibody derivable from any antibodies
according to any of claims 23 to 29.

31. Any one polypeptide selected from the group consisting
of the following 1) to 20) wherein the polypeptide ig an
igolated polypeptide:

1) a polypeptide comprising an amino acid seguence
represented by amino acid Nos. 1 to 119 of SEQ ID NO: 35 in
the sequence listing;

2) a polypeptide comprising an amino acid seguence
represented by amino acid Nog. 1 to 119 of SEQ ID NO: 39 in

the sequence listing;
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3) a polypeptide comprising an amino acid sequence
repregented by amino acid Nos. 1 to 112 of SEQ ID NO: 37 in
the seguence listing;

4) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 1 to 112 of SEQ ID NO: 41 in
the seguence listing;

5) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 20 to 468 of SEQ ID NO: 107
in the seguence listing;

6) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 20 to 468 of SEQ ID NC: 115
in the seguence listing;

7) a polypeptide comprising an amino acid sequence
represented by amino acid Nos. 20 to 138 of SEQ ID NO: 107
in the seguence listing;

8) a polypeptide comprising an amino acid segquence
represented by amino acid Nos. 20 to 138 of SEQ ID NO: 115
in the seguence listing;

9) a polypeptide comprising an amino acid seguence
represented by amino acid Nos. 21 to 239 of SEQ ID NO: 91 in
the gequence listing;

10) a polypeptide comprising an amino acid segquence
represented by amino acid Nos. 21 to 239 of SEQ ID NO: 8% in

the sequence listing;
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11) a polypeptide comprising
represented by amino acid Nos. 21

the sequence listing;

12) a polypepiide comprising
represented by amino acid Nos. 21
the sequence listing;

13) a polypeptide comprising
repregsented by aminoc acid Nos. 20
in the seguence listing;

14) a polypeptide comprising
represented by aminc acid Nos. 20
in the sequence listing;

15) a polypeptide comprising
represented by amino acid Nos. 20
in the geguence listing;

16) a polypeptide comprising
represented by amino acid Nosg. 20
in the sequence listing;

17) a polypeptide comprising
represented by amino acid Nos. 21
in the sequence listing;

18} a pelypeptide comprising

represented by amino acid Nos. 21

in the seguence listing;

arn

to

all

o

ar

to

an

to

arn

to

arn

to

ar

to

an

to

amine acid

134 of SEQ

amino acid

i34 of SEQ

amino acid

468 of SEQ

aminoc acid

468 of SEQ

amino acid

138 of SEQ

amino acid

138 of SEQ

amino acid

239 of SEQ

amineo acid

239 of SEQ

MCSLLP

sequence

ID NC: 91 in

sequence

29 in

ID NO:

seguernce

ID NO:

133

sequence

147

ID NO:

sequence

iD NO:

1398

sequence

ID NG:

147

sedquence

ID NO:

123

seguence

ID NO: 131



MCSLLP
171

19) a polypeptide comprising an amino aclid seguence
repregsented by aminc acid Nos. 21 to 134 of SEQ ID NO: 123
in the sequence listing; and

20) a polypeptide compriging an amine acid seqguence
represented by amino acid Nos. 21 to 134 of SEQ ID NO: 131
in the sequence listing.

32. The mouse hybridoma SH348-1 (FERM BP-10836)or SH257-1
(FERM BP-10837).

33. A pharmaceutical composition comprising at least one
antibody selected from the antibodies according to claimg 1
to 30.

34. A pharmaceutical composition for cancer treatment
wherein said compogition comprises at least one antibody
selected from the antibodiesgs according to claims 1 to 30.
35. Use of any antibody according to claimg 1 to 30 for the
manufacture of a medicament for inhibiting tumor growth in a
mammal .

36. The usgse according to ¢laim 35, wherein the tumor is a
tumor expressing EPHAZ2.

37. BAn isolated polynucleotide encoding an antibody or a
polypeptide according to any one of claims 1 to 31.

38. A host cell transformed with a polynucleotide according
to claim 37.

39. A method for producing an antibody using a host cell

according tec claim 28,





