1 DESCRIPTION DIAGNOSIS AND TREATMENT OF CANCER USING ANTI-LGR7 ANTIBODY
5Technical Field The present invention relates to antibodies that bind to the LGR7 protein,
methods for diagnosing and treating cancer, and anticancer agents. Background Art 10The LGR7
molecule is a protein encoded by the gene of Ensembl ID ENSG00000171509 at 4932 on human
chromosome. Based on the features of its amino acid sequence, the molecule is classified as a
member of the LGR family of the G-protein-coupled seven-transmembrane hormone receptor protein
family (Leucine-rich GPCR family; hereinafter,setereghigagLGR family) (Non-patent Document 1),
and it is registered as 15 NM 021634/NP 067647 in RefSeq. A sequence in which Leu at amino acid
position 70 is substituted with Met has also been reported (Patent Document 1). Furthermore, three
splice variants hdX&bEEti tepuietRIAIGRNT (AYSA9848RL ), sROT BATEl insked Henmesnexons 6
and 7, and exon 15a is inserted between exons 15 and 16. 1 ,GR7.2 (AY899849.1) has a gene
structure from which exons 12 and 13 are deleted. In LGR7.10 (AY899850.1), exon 3 is 20deleted.
Men%ersiéﬁﬁﬁéﬁ@@@l%mily are classified into three groups: the first group includes the hormone

receptors FSHR(I&Rk}sti G R{fidaRektens TGiHR{cR3) Hind sedand@roypdnshdesiddRibr LGRS,
#{%{p includes LGR7 and LGR8 whose ligands
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are two heterogeneous peptides and they 25mainly transduce cAMP-mediated signals into cells. The
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prostate cancer Celling N ARG are deleted.  Tn LGR7.10 (AY899850.1), exon 3 is
20 deleted. Members of the LGR family are classified into three groups: the first group includes
the hormone receptors FSHR({LGR1}, LHCGR(LGR2), and TSHR(LGR3); the second group
includes LGR4, LGRS, and LGR6 whose ligands are unknown; and the third group includes
LGR7 and LGR8 whose ligands are relaxin, insulin-like peptide 3 (INSL3), and such
(Non-patent Document 2).  In all cases, the ligands are two heterogeneous peptides and they
25  mainly transduce cAMP-mediated signals into cells. The LGR family has a structure

comprising a seven-transmembrane protein region and a long N-terminal extracellular domain,

and the extracellular domain has 9 to 17 leucine-rich repeats (LRRs) comprising about 25 amino
acid residues. LGR7 has ten LRRs (Non-patent Document 1). It also has an LDL-A domain
at the N terminus immediately before LRR, which is not found in other LGR family molecules
30 (Non-patent Document 3). It has been reported that LDL-A is necessary for signal transduction,
and it is involved in membrane trafficking of LGR7 (Non-patent Document 4). It is known
from analyses of TSHR and such that in LGR family molecules, the extracellular LRR binds
with high affinity to a ligand which further binds to the second extracellular loop domain,
thereby causing G-protein-coupled signal transduction (Non-patent Document 5). Relaxins are
35  known as ligands that bind to LGR7, and include human Relaxin 2 and Relaxin 3. Relaxin 2
has higher binding ability, and it is thought to function as a ligand of LGR7 in vivo (Non-patent



5 with p53 which has amino acid mutation R to H at position 273 (Non-patent Document 9). Since the
level of H2 relaxin is elevated in these cells, it is suggested that H2 relaxin expression is involved in
prostate cancer progression. It is shown that p53 R223H binds directly to the H2 relaxin promoter and
induces PSA expression via an androgen receptor. However, there are still no articles that report the
association between LGR7 and cancer. 100n the other hand, some patent documents have reported
higher LGR7 gene expression in uterine cancer and ovarian cancer than in normal tissues, and the
associatigh,peiueersl{aryand cancer. However, it was not known whether LGR7-expressing cancers
can be treated usi[%lgg antlbodles and none of the dogcuments demonstrates an antibody- medlated
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[Non-Patent Document atent Document 257-1271
(2000) [h@ﬁ‘%t@ﬁ?%%%?ﬂ §) Hsueh A. J. W. etal,, Journal of Endocrinology, 187 333-338 (2005)
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Journal GEPHAAEE By Pms6 Ttcdo Y Wﬁ%ﬁﬁ@%@ﬂﬁﬂ’@ﬁ@?}ﬂéﬁ@@rmm%n E.T.
etal,, CurséitiDEugsTangetsi8rPkil04(2004) L0{Now- Ratent Dacwment 8lddembach-ieniseh Syet al.,
Amencar}n‘]alégr]%l Hf glllhg g%b%l%g(Non -patent Document 10). Meanwhile, the number of patients
20 with clear cell adenocarcinoma is increasing in recent years. According to Nihon Sanfujinka
Gakkai-shi Vol. 57, No. 11, p. 1711 (2005), clear cell adenocarcinoma accounts for 22% of all
ovarian cancers in Japan. This is highly different from the number (6%) reported in the 1998
FIGO Annual Report overseas, Furthermore, according to the report by Japan Society of
Obstetrics and Gynecology, the ratio of clear cell adenocarcinoma to all epithelial malignant
25 tumors in ovarian cancers was 4% from 1971 to 1977, approximately 10% from 1978 to 1983,
but more than 20% in 2002, and it is continuing to increase. Therefore, it is desirable to

develop therapeutic methods against clear cell adenocarcinoma.
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summary of the Invention
[Problems to be Solved by the Invention]
An objective of the present invention is to provide novel antibodies that bind to the
LGRT7 protein, novel methods for diagnosing cancer, novel methods for treating cancer, and

20 novel cell growth inhibitors and anticancer agents.

[Means for Solving the Problems]
The present inventors discovered that not only the LGR7 gene but also the LGR7
protein are highly expressed in clear cell adenocarcinoma cells of ovarian cancer.  There has
25 been no report that LGR7 is closely related to only one type of carcinoma among ovarian cancers
- clear cell adenocarcinoma.
Furthermore, the present inventors produced monoclonal antibodies against the LGR7
protein.
The present inventors measured the antibody-dependent cell-mediated cytotoxicity
30 (ADCC) activities of the anti-LGR7 antibodies, and discovered that the anti-LGR7 antibodies
have ADCC activity against LGR7-expressing cells. The present inventors also measured the
complement-dependent cell-mediated cytotoxicity (CDC) activities, and discovered that the
anti-LGR7 antibodies have CDC activity against LGR7-expressing cells. In addition, the tumor
regression effect of the anti-LGR7 antibodies was demonstrated by administering them to
35  xenograft tumor model mice. Based on the above findings, the present inventors discovered

that the anti-LGR7 antibodies are effective for diagnosis, prevention, and treatment of primary or



4 metastatic ovarian clear cell adenocarcinoma, and thus completed the present invention. More
specifically, the present inventors discovered that the anti-LGR7 antibodies are useful as tools for
treatment and diagnosis of cancers highly expressinggdLGR7 such as ovarian clear cell
adenocarcinoma, and thus completed the present invention. 5Specifically, the present invention
provides LGR7 protein-binding antibodies. Furthermore, the present invention provides LGR7
protein-binding antibodies that have cytotoxic activity against cells expressing the LGR7 protein
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antibodies bound with a cytotoxic substance. 10Furthermore, t resent invention provides

pharmacéﬁﬁ‘é‘éicé‘gﬁh%Wﬁ%é‘?ﬁﬁ?@ﬁ?&ﬁﬁ%@ﬁ%%féﬁ%ﬁ@ﬁﬁ E%BBW%%%%%EW@H@%%em
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antibody a3.anact %gﬂnagra%%gﬁg < LDE e‘?@cﬂl{é \f%*é%%%%}}/]&es anticancer agents comprising an

LGR7 protein-binding ariti s an ctlve in ent. 15 _é)resent invention also provides
pharmaceutical c§ﬁﬁ8&3@?ﬁ8ﬁs‘t BABHRThE TR PrdesihBinamg iainbbdinaraibpRigsmaceutically
acceptableuedwieionlate paeeﬁtqawyntm presﬁmslnmlpmwievmﬂmﬁﬂ@emmmﬁ@fh[&]eto [23] below:

[1] An an as o g Vit against cells
expressw:é #&ﬁgﬁg e%@&%%%ﬁe g%’l%l \?{[‘h#) 8?8%% thglp Z\g ngb& ﬁ?ﬁ?or)é// ac |v%/
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cell-mediatecieytotosiaitycactivity. [4] The antibody of [2], Whereln the cytotoxic activity is

complement-dep nt cytatoxicit ivity, 25[5] The nt| of a ne of [1] t 4 which is an
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sent L ventl n rov 1 é %(glqlg % ahaln
haVIng the'amino acl % ce 0 61?5?8? St amlno a Sequence B NO:
&t

6 as CDRZ, arftive i d sequence of SEQ ID NO: 7 as CDR3 (22DA6 heavy chain); 35(2) an
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amino acgj TO Of Sgb% v an ap a%r?lg:cglg%lzc 9%&&%&'@1&”&%‘%‘3 S%\%lcjlgenscpemfﬁcally, the

e
present invention provides the inventions of [1] to [23] below:
[1] An antibody that binds to an LGR7 protein and which has cell growth inhibitory activity
against cells expressing the LGR7 protein.

20 [2] The antibody of [1], wherein the cell growth inhibitory activity is cytotoxic activity.
[3] The antibody of [2], wherein the cytotoxic activity is antibody-dependent cell-mediated
cytotoxicity activity.
[4] The antibody of [2], wherein the cytotoxic activity is complement-dependent cytotoxicity
activity.

25 [5] The antibody of any one of [1] to [4], which is an antibody to which a cytotoxic substance is
bound.
[6] The antibody of [5], which is an antibody having an internalizing activity.
[ 7] The antibody of any one of [1] to [6], which is an antibody that suppresses the growth of
cancer cells.

30 [8] The antibody of [7], wherein the cancer cells are clear cell ovarian cancer cells.
[9] An antibody of any one of (1) to (29) below:

(1) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 5 as

CDRI1, the amino acid sequence of SEQ ID NO: 6 as CDR2, and the amino acid sequence of
SEQ ID NO: 7 as CDR3 (22DA6 heavy chain);

35 (2} an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 10 as
(DRI, the amino acid sequence of SEQ ID NO: 11 as CDR2, and the amino acid sequence of



5 SEQ ID NO: 12 as CDR3 (22DA6 light chain);  (3) an antibody comprising the H chain of (1) and
the L chain of (2) (22DA6); (4) an antibody comprising an H chain having the amino acid sequence
of SEQ ID NO: 15 as CDR1, the amino acid sequencg of SEQ ID NO: 16 as CDR2, and the amino
acid sequence of 5 SEQ ID NO: 17 as CDR3 (22DA7 heavy chain); (5) an antibody comprising an L
chain having the amino acid sequence of SEQ ID NO: 20 as CDR1, the amino acid sequence of SEQ
ID NO: 21 as CDR2, and the amino acid sequence of SEQ ID NO: 22 as CDR3 (22DA7 light chain);

(6) an an@mgm@mpr@gg@m@ Fmgfﬁg@t%ﬂgiﬂi? L chain of (5) (22DA7); 10(7) an antibody

comprising an H chajn having the amino acid sequénce of SEQ ID NO: 25 as CDRI, the amino acid

sequence of SERAYRIEY seiEPRbe dhabtia ahthcadibeldierte éPBEEBMO: 27 as CDR3
(22DA17 hddyyuchaiiody (@) muisantivodychamprising thn inchainchhvingethe affiigydtidgeouence of
SEQ ID N2 g GRIRY 418 aiplag e W?fl§§&@R‘E%g§]th%sm%%§§§%ns%%n§n§£né@0 acid

sequence of 15 SEQ ID NO: 32 as CDR3 (22DA17 light chain); ) an an y comprising the H
chair of (TFERPHEE Chaid-LHa) 251 AI52vy(813iah antibody comprising an H chain having the
amino acid §8quenuibol SE@ R NG 283 ak4DRlithehammbasidisequenaecdSHEQIDNNO Bgsas
CDR2, a | ' I ‘ A22 heavy chain); 20(11) an
antibody%jﬁgfgﬁg%ﬁ%ﬁg%gﬁg%g% ea %o@iéée%u@%%%@@ ﬁ?fﬂ%aific Saesfptglgﬁlg,%the

amino ac&Fé%HBé‘ﬁ oot @@iﬁ %DM%}@W@EM the amino acid sequence of SEQ ID NO: 42 as
CDR3 (22D¢s3 2dighti stwnyympr{diay dr nthddy oM priging thelaicbais pfiiOkand the L chain of (11)

(22BA22); ( j S [ [ amino acid s, S ID NO:
5 2 G O A L M T A LI D e
of SEQ I5-NBL-Arcyinsrgitasouepsarda R RRING: 1445 SPRAiBadyeomprrmidisquersivhaving

the amin@BQdsequepcand BEQINING:75@asyGRAR; the amino acid sequence of SEQ ID NO: 51 as

antibody so S B e SR S S A s
comprisirfg 4Rl Hem ARIRAGME teeensiRf 286 JBqUEhE 88 SEBADNOhsss CBRKetvsmnio acid
sequences BSBQNID: B4 G DR BEnddhechamo acid sequence of SEQ ID NO: 57 as CDR3
220r24 apy Tl (MLASIDIELSOTRTS 0N PR R St 20 soquence o
acid sequeft®) GNSEDINOIBE HLEDRTaPOIAsRGdhe amans)acs! sequence of SEQ ID NO: 35 as
CDR1, the amino acid sequence of SEQ ID NO: 36 as CDR2, and the amino acid sequence of
SEQ ID NO: 37 as CDR3 (22DA22 heavy chain);
20 (11) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 40 as
CDR1, the amino acid sequence of SEQ ID NO: 41 as CDR2, and the amino acid sequence of
SEQ ID NO: 42 as CDR3 (22DA22 light chain);
(12) an antibody comprising the H chain of (10) and the L chain of (11) (22DA22);
(13) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 45 as
25 CDRI, the amino acid sequence of SEQ ID NO: 46 as CDR2, and the amino acid sequence of
SEQ ID NO: 47 as CDR3 (22DA23 heavy chain);
(14) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 50 as
CDR1, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of
SEQ ID NO: 52 as CDR3 (22DA23 light chain);
30 (15) an antibody comprising the H chain of (13) and the L chain of (14) (22DA23);
(16) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 55 as
CDRI, the amino acid sequence of SEQ ID NO: 56 as CDR2, and the amino acid sequence of
SEQ ID NO: 57 as CDR3 (22DA24 heavy chain);
(17) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 60 as
35 CDRI, the amino acid sequence of SEQ ID NO: 61 as CDR2, and the amino acid sequence of
SEQ ID NO: 62 as CDR3 (22DDA24 light chain);



(18) an antibody comprising the H chain of (16) and the L chain of (17) (22DA24); (19) an antibody
comprising an H chain having the amino acid sequence of SEQ ID NO: 65 as CDR1, the amino acid
sequence of SEQ ID NO: 66 as CDR2, and the aming acid sequence of SEQ ID NO: 67 as CDR3
(22SD7 heavy chain); 5(20) an antibody comprising an L chain having the amino acid sequence of
SEQ ID NO: 70 as CDRI, the amino acid sequence of SEQ ID NO: 71 as CDR2, and the amino acid
sequence of SEQ ID NO: 72 as CDR3 (22SD7 light chain);  (21) an antibody comprising the H chain

of (19) and {he L.phaln. 05 2 Z3SRY e 1 (421 ASrarYibas SOTRLSG AN 1 ehan baying the amino

acid sequence’of SEQ ID'NO: 75 as 10 CDRI, t MINO acid sequence : 76 as CDR2,
and the amitld bETFEEROBREBITI 1D Nehary Ry iephe wunniei¢ esaprermm)SEQID) MR aptiBody
comprisingR 1, thaimhaving e amie @SR sHY 06D cecofsSEHTRID MNO1HBGasH0 BRA sthec-antnd acid

sequenc NO g(?gﬁg and amino acid sequence of SEQ ID NO: 82 as CDR3
(2230116%(1‘?(: airg; 15(24) an a@t%ﬁ?ﬂy coar%g?ism the H chain ofé22) and the L chain of (23

b )
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85 as CDRDit1e awminciseittisegdanss: of SEQ ID NO: 868 DRR 2irdntdheramingdaigusaguence of
SEQ ID : | .chain): . (26) an antibody comprising an L chain having
the aminzg%g?dﬁs%%i%%é%%g%ﬁ%wé%ﬁg@%kDRl, the amino acid sequence of SEQ ID NO: 91
as CDR?2, aftd & aphibeisGamapasiaachedt skaor ol NO: ol ske g 22 §19A6205M Dhain); (27) an
antibody Commisiﬂ&lth?&wmi%r@‘ié%%&mdﬁﬁg hashainief iﬁﬁﬁ&%@ﬁ@é@éﬂé@%f aﬁguquy ﬂ@aeisf;]as
equivale lvity as tk ti n 0427); 9 antibody that recognizes the
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which hassBRdRaredrisartBdior S tsavartséaly of [10], which is a chimeric antibody,

Pumani(zjed @nﬁjmoatgngohymtaf[ﬁ}ﬁraﬂ@@hdﬂ-ﬂkamh@ﬂﬁgb@mimm%@f&i&égﬂ@bﬂ@@% A
ucose-defigignt antibody. . [13] A phar, i Qmposition.comprising the antibody of any one o
[1] to [1239(2@%?? ?&i%@éi%@eﬁéﬁ Ipcﬁﬁ C W%%ﬁ%?n%ﬁggﬁbaﬁn%ﬁ%?nﬁ% e &R cli)sé‘3 %r*cgr?ryone of

[1] to [12] 85QARAdHVe §rgredieRe (RESINA Hahtakmay;agent comprising the antibody of any one of [1] to
[12]13s an agliveingigpientcShid@lidhmanticraariraoeief {51, whereindsg cangst tp be treated is
ovarian Canfﬁ) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 85 as
CDR1, the amino acid sequence of SEQ 11D NO: 86 as CDR2, and the amino acid sequence of
SEQ ID NO: 87 as CDR3 (225D48 heavy chain);
(26) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 90 as
20 CDRI, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino acid sequence of
SEQ ID NO: 92 as CDR3 (225D48 light chain);
{27) an antibody comprising the H chain of (25) and the L chain of (26) (228D48);
(28) an antibody that has equivalent activity as the antibody of any one of (1) to (27);
(29) an antibody that recognizes the same epitope recognized by the antibody of any one of (1)
25 to(27).
[10] The antibody of [1] to [9], which has a human constant region.
[11] The antibody of [10], which is a chimeric antibody, humanized antibody, or human antibody.
[12] The antibody of any one of [1] to [11], which is a fucose-deficient antibody.
[13] A pharmaceutical composition comprising the antibody of any one of {1] to [12] as an active
30  ingredient.
[14] A cell growth inhibitor comprising the antibody of any one of [1] to [12] as an active
ingredient.
[15] An anticancer agent comprising the antibody of any one of {1] to [12] as an active
ingredient.
35  [16] The anticancer agent of {15], wherein the cancer to be treated is ovarian cancer.

[17] The anticancer agent of [16], wherein the ovarian cancer is clear cell adenocarcinoma.



[17] The anticancer agent of [16], wherein the ovarian cancer is clear cell adenocarcinoma. 7 [18] A
method for diagnosing cancer, which comprises detecting an LGR7 protein or a gene encoding an
LGR7 protein. [19] A method for diagnosing cancer, which comprises detecting an LGR7 protein.
[20] The diagnostic method of [19], wherein the LGR7 protein is detected using an antibody that
5binds to the LGR7 protein. [21] A method for diagnosing cancer, which comprises the steps of: (a)
providing a sample collected from a subject; and (b) detecting an LGR7 protein contained in the
sample o j | 3 ' tQ.ih protel ' ing
cancear, W%%Mg%%%%géﬂsﬁ :&f? é)és{yég%?%f%ﬂ g(%) %chiﬂr% rﬁggg%%égo&%ﬁ@gﬁ %Qﬁ%%%é%gé%g%%%inding
activity toWaP4E &% ERYF pREYEH*and which is labeled with a radioisotope; and  (b) detecting

accumula{ﬂ@mzbmhémdd’@sléﬁgmi_ng c[ﬂajeﬁhekﬁﬁhgtnﬁgﬂ@ﬁ;&th@d@fgawmm&d@i@ [22],_ wherein the
e o128 1R0RER B ORI PRI Sincrc LTRGBS C MEAIOE RISl

ovarian cancer is clear cell adenocarcinoma. Briefir tion of the Drawin OoWS Xpression
profifé of PERF(IBELETY Bro%iin ten cases of ovarian 20cancers including the following tissue types:
clear cell [Gaicinamatfed fealieghoserpusnacie nodaicinnprisinthecaseshfendometrioid adenocarcinoma

(three caseﬁg} ?1%@1 gigfggﬁ{g@@gﬁ&@&i )a %?b%ﬁ“ d&ze\ten types of normal tissues, four types of
u of ov

fetal tissues r type ovarian cancer cell lines; an ovarian cancer cases including three clear

cell cancer (RskierERg el ST D ErptettidhedsapiamidpeusHE AR antibedtibahbBéntmics

Consortiuhe {lGR 2pitheidetters indicated under the IGC sample names respectively refer to the
follq\ging{ﬁ,} A5REhod for diagnosing cancer, which comprises the steps of:
(a) administering to a subject an antibody that has binding activity towards an LGR7 protein
and which is labeled with a radioisotope; and
(b) detecting accumulation of the radioisotope.
[23] The diagnostic method of any one of [18] to [22], wherein the cancer to be diagnosed is
15 ovarian cancer.

[24] The diagnostic method of [23], wherein the ovarian cancer is clear cell adenocarcinoma.

Brief Description of the Dirawings

Fig. 1-1 shows the expression profile of LGR7 (1552715 _a_at) in ten cases of ovarian

20 cancers including the following tissue types: clear cell carcinoma (four cases), serous
adenocarcinoma (two cases), endometrioid adenocaréinoma (three cases), and carcinosarcoma
(one case), as well as ten types of normal tissues, four types of fetal tissues, four types of ovarian
cancer cell lines, and 87 ovarian cancer cases including three clear cell cancer cases from the
U133 Plus 2.0 expression data published by the International Genomics Consortium (IGC).

25 The letters indicated under the IGC sample names respectively refer to the following: C, clear
cell adenocarcinoma; E, endometrioid adenocarcinoma; S, serous adenocarcinoma; M, mucinous
adenocarcinoma; O, other cancers; and B, benign serous cystadenoma of borderline malignancy.
JHOC-5, MCAS, RMG-1, RMUG-8, and TKY-nu are ovarian cancer cell lines, and among them,
RMG-1 is a cell line derived from clear cell adenocarcinoma.

30 Fig. 1-2 shows the expression profile of LGR7 (1552715 a_at).

Fig. 1-3 shows the expression profile of LGR7 (1552715 _a_at).

Fig. 2 presents a photograph showing the result of detecting LGR7 expression in
HA-LGR7/Bal3#48 and HA-LGR7/DG44#24 by subjecting cell lysates to SDS-PAGE
electrophoresis, and Western blotting using an anti-HA antibody (HA-7). Lane 1: BaF3; lane 2:

35  HA-LGR7/BaF3#48; lane 3: DG44; and lane 4: HA-LGR7/DG44#24.

Fig. 3 shows the results of measuring ADCC activity by Cr release by using



cell adenocarcinoma; E, endometrioid adenocarcinoma; S, serous adenocarcinoma; M, mucinous
adenocarcinoma; 0, other cancers; and B, benign serous cystadenoma of borderline malignancy.
JHOC-5, MCAS, RMG-1, RMUG-S, and TKY-nu are @varian cancer cell lines, and among them,
RMG-1 is a cell line derived from clear cell adenocarcinoma. 30Fig. 1-2 shows the expression profile
of LGR7 (1552715 _a_at). Fig. 1-3 shows the expression profile of LGR7 (1552715 a_at). Fig. 2
presents a photograph showing the result of detecting LGR7 expression in HA-LGR7/BaF3#48 and

HA-LGRDGAKZRYSuaeling el ysalesieSSRERAGE slesitaphorgsis, and Western blotting
using an anti-HA antibody (HA-7). Lane 1: BaF3; lane 2: 35 14A-LGR7/BaF3#48; lane 3: DG44; and
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and reacting 1t with an anti-LGR7 antibody together with a b com e Intensity of

CDCactivity WRa SRt iR e slspsiior sy viksaritapsbisting cells to cells reacted with each
antibody. Fidiip. shewsthkeresults of detenminingtbeuttibeber ofahleliedisiBingsing

HA-LGR7, ing.it.wi i in-labelad anti-ir
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vertical afidiPRfvamy saskgerinriapal Brihasie %I@Wﬁ?%ﬁ%ﬁé&ﬁ%ﬁ%mg Higheroplnogn
cross-reattienithtinouss i{dRAtbaseagn thenbAGHamdlysisiaf HA-mLGR7/BaF3. The vertical axis

indigates geometti I j resul iti S analysis using
the ?otin lated aﬁ?%?d%%@ﬁ%@%zgﬁ@r%g %?gj@%%%%.s%é%ﬁ%%&égn%ggéﬁe%@g@%ﬁ@eoQ#Eéerent
epitopes é‘ég%@%@#ﬁﬁﬁéﬁ By oBL&AG e cortsetiidisdfortisdingipe g mptin msEEMsEbody. It was
15found that 22DRI2 ant=2DAR2aksattihediesibatrecagnizs difiereatepianes e theseiedother
antibodies,. lid | indi result ing the biotinylated antibadies, and the shaded
peaks ind%gi%%tég ﬁsﬁtﬁja 5?%??%1%&2n%@%é§§%§% At mggéﬁé%ﬁ%oe&%oms \f?lﬁ 8 shows the

result of letigeRithzyhserinmhgaceBusitiensyiba miees by maglehstedsatibadsr vélovae after
antippdy asiminibireImnAS Pioder? Bodinsithediays Rask w208 afsplaiialiaet R solik dinsrshows

the resulto%ép gn%gescﬁ%g.mi%ﬁées%%gdq{%&r{&ecg%t%e@ results of reacting the biotinylated antibodies, and
the shaded peaks indicate the results of reacting an FITC-recognizing anti-mouse antibody.
Fig. 8 shows the result of a drug efficacy test using a mouse xenograft model. In the
graph, the tumor volume after antibody administration is plotted against the days post-tumor
20  transplantation. The solid line shows the result of the PBS-administered group (negative
control). The dashed line with squares shows the result of the group administered with 10
mg/kg of the FTKODA23 antibody, and the dashed line with triangles shows the result of the
group administered with 2 mg/kg of the FTKODAZ23 antibody.

25  Mode for Carrving Qut the Invention
LGR7

In the present invention, LGR7 is a member protein of the seven-transmembrane LGR
family. The amino acid sequence of human LGR7 and the gene sequence encoding it are
disclosed in NCBI accession numbers NP_067647 (SEQ ID NO: 1) and NM_021634 (SEQ ID

30 NO: 2), respectively. LGR7 used in the present invention may be splice variants or mutants.
In the present invention, “LGR7 protein” refers to both the full-length protein and a fragment
thereof. Herein, “fragment” refers to a polypeptide comprising any region of the LGR7 protein,
and it does not necessarily have the function of the naturally-occurring LGR7 protein.  An
cxample of the fragment is a fragment comprising an extracellular domain of the LGR7 protein.
35  The extracellular domains of the LGR7 protein correspond to positions 1 to 404, 462 to 485, 549
o 581, and 648 to 661 in the amino acid sequence of SEQ ID NO: 1. The transmembrane



control). The dashed line with squares shows the result of the group administered with 10 mg/kg of the
FTKODAZ23 antibody, and the dashed line with triangles shows the result of the group administered
with 2 mg/kg of the ETKODAZ23 antibody. 25Mode fogCarrying Out the Invention LGR7 In the present
invention, LGR7 is a member protein of the seven-transmembrane LGR family. The amino acid
sequence of human LGR7 and the gene sequence encoding it are disclosed in NCBI accession
numbers NP 067647 (SEQ ID NO: 1) and NM 021634 (SEQ ID 30NO: 2), respectively. LGR7 used in
the presefg%ﬂmmgpws SRUER YRS 5 MUl 1S PLPSERL IYenlion g3 Ry protein
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Preparatign Al e irGR A0URAC eRinl . Al deon RN ANCLHERAL LA B AR L aniibody

used in the presen invention 5are ndt limite ong as it tot %’proteln ore speC|f|caIIy,

known anfitddie S SHERESHOHRGHERT o MAZIOSH vaﬁ@a@érﬁﬁfboﬁm?gbbﬁﬁﬁﬁw&arat
antibodies@nglcanehdbtibpdiespfbvabian alfﬁdoﬁﬁtﬁag%m’eék@ ﬁﬂ&kﬁﬁﬂj@? m&mmm&iﬁs and
the |ike e pregent n cIonaI antib can be but a
monc!chIo E]Ieg%??ﬁd%? é‘Elﬂ}eferalélg{]? #Xsb i%‘}r%é}l%?v%eggfa%d;n pbgey Bttne %%’fsp% girt\ IS
preferablﬂ@ﬁé%‘iﬁénﬁﬁﬁﬁé;\“@ﬂ%ﬁ-@é F@ﬁ?@ﬁtﬁ@é@%@@dfﬁ&@ﬁélé@é@wﬂv@&kﬁr@mﬂﬁﬁﬁﬁwﬁm
recogn|ze&;mfaafghi@afﬂGR7Tt&y1se@@ﬁﬁane@@gmﬁenweﬁdﬁ@fynﬁmmﬁmx}the same time
recognize LGR? defiyed framangier Animal (or ©Xample, MBS LOR o e/t ANtELOR7
antibody used in the present inventi can tgl ad as elt%er a polyclona or monoc?onal antibody
using kndwﬁfﬁ%eaﬁmwaﬁl@l@eﬁmmﬁbeﬂym s prdderoiindnidraisipedsevathyimthe
maqﬂnal-pix%@&lﬁdzm@tmquﬁﬁf&mﬁﬁ mmﬁm@%ﬂ%ﬁmmaﬂaﬂwgaﬁmm emat.aniiggdies

include antlbodlelscprod% r%gnb %[b“ Iegnl_(ljc ratlbo od eréndu%ce%yb %s trE nrsnfé)grnced with an
expression vecior contalnlng an an gene using a gene Ic nglneenn

antibodies produced by a host transformed with an expression vector contazmng an antibody
gene using a genetic engineering method.

Basically, monoclonal antibody-producing hybridomas can be prepared using known

20 techniques as follows. First, immunization is carried out by a conventional immunization
method using the LGR7 protein as the sensitizing antigen. Hybridomas are prepared by fusing
immune cells obtained from an immunized animal with a known parental cell using a
conventional cell fusion method. Next, a hybridoma producing an anti-LGR7 antibody can be
selected from the hybridomas by screening for a cell producing the antibody of interest using a

25  conventional screening method.

Specifically, monoclonal antibodies are prepared, for example, as shown below.  First,
the LGR7 protein to be used as the sensitizing antigen for producing an antibody can be obtained
by expressing the LGR7 gene. The nucleotide sequence of the LGR7 gene is disclosed in
NCBI accession number NM_021634 (SEQ ID NO: 2), etc.  That is, a gene sequence encoding

30 L.GR7 is inserted into a known expression vector, and suitable host cells are transformed with
this vector, and then the human LGR7 protein of interest can be purified from the host cells or
culture supernatants using a known method. A purified naturally-occurring LGR7 protein can
also be used. Furthermore, as utilized in the present invention, a fusion protein obtained by
fusing a desired partial polypeptide of the LGR7 protein with a different polypeptide can also be

35  used as the immunogen. For example, an antibody Fc fragment, peptide tag, or such can be

used to produce a fusion protein as the immunogen. A vector expressing the fusion protein can



Basically, monoclonal antibody-producing hybridomas can be prepared using known 20techniques as
follows. First, immunization is carried out by a conventional immunization method using the LGR7
protein as the sensitizing antigen. Hybridomas are prgpared by fusing immune cells obtained from an
immunized animal with a known parental cell using a conventional cell fusion method. Next, a
hybridoma producing an anti-LGR7 antibody can be selected from the hybridomas by screening for a
cell producing the antibody of interest using a 25conventional screening method. Specifically,
monoclonal antibodjes are, prepared, for.example, as shown beloyw. First, the LGR7 praqtein to be used
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peptide obtained by chemical synthesis based on the amino acid sequence of human LGR7; a peptide
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485, 54916 %1 231858141668 MtigenIsRRsierRbddsatichecs oF Sty Il NErMpler iy hafApic of
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more, forrgﬁag&lgfﬁi%g '8:5@'31%%&5&%@2@, ié%i Vigre specifically, a peptide having eight to 50

residues, preferably ten to 30 residues can’be used as the sensitizing antigen. There is no particular
limitation on the MhaFFIAND BEGMAUHRERARP B SBREIRME be immunized with the sensitizing

20  antigen. To obtain a monoclonal antibody by a cell fusion method, the animal to be immunized
is preferably selected by considering the compatibility with the parental cell used for cell fusion.
In general, rodents are preferable animals for immunization. More specifically, a mouse, rat,
hamster, or rabbit can be used as the animal to be immunized. Alternatively, a monkey or such
can be used as the animal to be immunized.

25 The above-mentioned animals can be immunized with the sensitizing antigen using a
known method. In a general method, for example, a mammal can be immunized by
intraperitoneal or subcutaneous injection of a sensitizing antigen. More specifically, the
sensitizing antigen is administered to the mammal several times every four to 21 days. The
sensitizing antigen is diluted at a suitable dilution ratio in phosphate-buffered saline (PBS),

30 physiological saline, or such, and used for immunization. The sensitizing antigen can be
administered together with an adjuvant. For example, the sensitizing antigen can be prepared
by mixing and emulsifying with Freund’s complete adjuvant. Furthermore, a suitable carrier
can be used in immunization with the sensitizing antigen. In particular, when a partial peptide
of low molecular weight is used as the sensitizing antigen, it is desirable to attach the sensitizing

35  antigen peptide to a carrier protein such as albumin, keyhole limpet hemocyanin, and use this for

immunization.



20antigen. To obtain a monoclonal antibody by a cell fusion method, the animal to be immunized is
preferably selected by considering the compatibility with the parental cell used for cell fusion. In
general, rodents are preferable animals for immuniz t'ion More specifically, a mouse, rat, hamster, or
rabbit can be used as the animal to be immunized. Alternatively, a monkey or such can be used as the
animal to be immunized. 25The above-mentioned animals can be immunized with the sensitizing
antigen using a known method. In a general method, for example, a mammal can be immunized by
intraperitoneal or subcutaneous injection of a sensitizing antigen. More specifically, the sensitizing
antigen is admini$téra fihehandhinpcstrabimiedieyer) Rauptiginedday BN hémmusigaiingantigen is
diluted at Brsuitable:diksion tationaphbsphatedbriferatsaline: (PBS), Bophisielegisalsaline, or such,
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be obtain&@ByDMATHHEEEIBN. DNA immunization is a method that confers immune stimulation by

administering it a8 dmmmizad anby atasedonib Aot usted-nafosmthat-alens pRoraatigen
protein-e%%ggiglsquﬁQ  (e.g., SEQ ID NO: 2) to be expressed in the immunized animal, and expressing
the 5 immunizing antigen'in the body of the immunized animal Compared to general immunization
methbds by-Wiehia prordd Eriigds iSawmistersrtigefollowing advantages can be expected from
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vivo,while retaining its.naturally-occurring structure. Because of 15such structyral feature, it was an
unei\%,ecté%ctless %1(:?%% ehgv‘ga(%t?f};\ﬁ?gé%eﬁ &%@%%ﬁ?ﬁ%%gjﬁvgn%%ﬁiﬂ%# gﬁtﬁﬁ@éﬁes that bind to
LGR7, whishimgatoteiropetdersihentibtitécs GRet faindljofbGRAichachibolprpteidustiongs: gliffi cust. To

obtain a mepeeianal antikardy. ahiedressnidavsriianiy.RPNA immunization, a DNA expressing the
LGRY7 protein is fijist dministered o a ran'néglﬁ%é} immunized. The 20 LGR7-encoding DNA can be
synthesized by kndWi tHEtREHE SR s‘”f-@é : t%%?&ﬁ?&’ai BN T ThE Ed B RSAISR Bxpression

vector anbiHdministerag thahd:BTimattobe imsbradnizeidtéred to an animal to be immunized. The
20 LGR7-encoding DNA can be synthesized by known methods such as PCR.  The obtained DNA
is inserted into a suitable expression vector and administered to the animal to be immunized. A
commercially available expression vector such as pcDNA3.1 can be used as the expression
vector. Methods generally used can be employed to administer the vector into the body. For
example, DNA immunization can be carried out by using a gene gun to shoot gold particles
25  adsorbed with the expression vector into cells.

A mammal is thus immunized, and an increase in the level of a desired antibody in the
serum is observed. Then, immune cells are collected from the mammal and subjected to cell
fusion. In particular, spleen cells can be preferably used as the immune cells.

A mammalian myeloma cell is used as a cell to be fused with the above-mentioned

30 immunocyte. The myeloma cells preferably comprise a suitable selection marker for screening.
A selection marker confers characteristics to cells for their survival (or failure to survive) under a
specific culturing condition. Hypoxanthine-guanine phosphoribosyltransferase deficiency
(hereinafter abbreviated as HGPRT deficiency), and thymidine kinase deficiency (hereinafter
abbreviated as TK deficiency) are known as selection markers. Cells having HGPRT or TK

35  deficiency have hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as

HAT sensitivity). HAT-sensitive cells cannot carry out DNA synthesis in a HAT selection



commercially available expression vector such as pcDNA3.1 can be used as the expression vector.
Methods generally used can be employed to administer the vector into the body. For example, DNA
immunization can be carried out by using a gene gunto shoot gold particles 25adsorbed with the
expression vector into cells. A mammal is thus immunized, and an increase in the level of a
desired antibody in the serum is observed. Then, immune cells are collected from the mammal and
subjected to cell fusion. In particular, spleen cells can be preferably used as the immune cells. A
mammalian Hiyeloma cell is used as a cell to be fused with the above-mentioned 30immunocyte. The
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For exan%ﬁeﬂpﬁ%&% @Ds@némﬁ’@oih@%ﬁdv@% bt Eapbe used to produce the monoclonal
antibodiep bfdha ggese(Cinnentionids 3nRExeIAI8853) (Inlmmuiagl (1978)8123. A548-1550);

"o (G T Esgreople sop Rupaep LTy B, 1) Love (conlr. o
405-415) MPC-11 (Margulies. D.H. ef al., Cell (1976) 8, 405-415);
SP2/0 (Shulman, M. ef al., Nature (1978) 276, 269-270);
FO (de 8t. Groth, S. F. ef al., J. Immumol. Methods (1980) 35, 1-21);
5194 (Trowbridge, 1. S. J. Exp. Med. {(1978) 148, 313-323); and
20 R210 (Galfre, G. et al., Nature (1979) 277, 131-133).

Cell fusion of the above-mentioned immunocytes with myeloma cells is essentially
performed according to a known method, for example, the method of Kohler and Milstein ef al.
(Kohler. G and Milstein, C., Methods Enzymol. (1981) 73, 3-46).

More specifically, the above-mentioned cell fusion can be performed in a standard

25  nutritional culture medium in the presence of, for example, a cell-fusion accelerator. A
cell-fusion accelerator may be, for example, polyethylene glycol (PEG), Sendai virus (HHV]), or
the like. If desired, an auxiliary agent such as dimethylsulfoxide can be added to further
enhance fusion efficiency.

The ratio of immunocytes to myeloma cells used can be established at one’s discretion.

30 For example, the number of immunocytes is preferably set to one to ten times of that of myeloma
cells.  As a medium to be used for the above-mentioned cell fusion, for example, RPMI1640
medium and MEM medium, which are appropriate for the growth of the above-mentioned
myeloma cell line, or other standard media that are used for this type of cell culture can be used.
Moreover, a serum supplement solution such as fetal calf serum (FCS) can be added to the

35 media.

Cell fusion is performed by thoroughly mixing predetermined amounts of the



SP2/0 (Shulman, M. et al., Nature (1978) 276, 269-270); FO (de St. Groth, S. F. et al., J. Inurtanol.
Methods (1980) 35, 1-21); S194 (Trowbridge, I. S. J. Exp. Med. (1978) 148, 313-323); and 20R210
(Galfre, G. et al., Nature (1979) 277, 131-133). qell fusion of the above-mentioned immunocytes
with myeloma cells is essentially perfoimed according to a known method, for example, the method of
Kohler and Milstein et all (Kohler. G. and Milstein, C., Methods Enzymol. (1981) 73, 3-46). More
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in this manner can be using a selection me
cells can be selectively grown in the HAT medium. Culturing using the above-mentioned HAT

medium is continued for a sufficient period of time to kill the cells other than the hybridoma of

15 interest (non-fused cells). More specifically, the hybridoma of interest can be selected,
typically by culturing for several days to several weeks. Subsequently, hybridomas that
produce the antibody of interest can be screened and single isolated by carrying out a standard
limiting dilution method.  Alternatively, a LGR7-recognizing antibody can be prepared using
the method described in International Patent Publication No. WO 03/104453.

20 Screening for an antibody of interest and cloning can be suitably carried out by a
screening method based on known antigen-antibody reactions. For example, an antigen is
bound to a carrier such as beads made of polystyrene or the like, or a commercially available
96-well microplate or such, and reacted with the culture supernatant of a hybridoma. Next,
after rinsing away the carrier, a secondary antibody labeled with an enzyme, or such is reacted.

25  Ifthe antibody of interest that reacts with the sensitizing antigen is contained in the culture
supernatant, the secondary antibody will bind te the carrier via the antibody,  Finally, whether
or not the antibody of interest is present in the culture supernatant can be determined by
detecting the secondary antibody bound to the carrier. A hybridoma that produces a desired
antibody having binding ability towards the antigen can be cloned using the limiting dilution

30 method or such. Herein, as an antigen, the antigen used for immunization, or an LGR7 protein
that is substantially identical thereto can be suitably used. For example, a cell line expressing
LGR7, an extracellular domain of LGR7, or an oligopeptide that comprises a partial amino acid
sequence constituting the domain can be used as the antigen.

Alternatively, instead of using the above method of obtaining the hybridoma by
35  immunizing a non-human animal with an antigen, the antibody of interest can be obtained by

sensitizing human lymphocytes with the antigen. More specifically, first, human lymphocytes



appropriate for the selection markers carried by myelomas used for cell fusion. For example, 10 cells
that have HGPRT and TK deficiencies can be selected by culturing them in a HAT medium (a medium
containing hypoxanthine, aminopterin, and thymidin%)4 More specifically, when HAT-sensitive myeloma
cells are used for cell fusion, cells that successfully fuse with normal cells can be selectively grown in
the HAT medium. Culturing using the above-mentioned HAT medium is continued for a sufficient
period of time to kill the cells other than the hybridoma of 15interest (non-fused cells). More
specifically, the hybridoma of interest can be selected, typically by culturing for several days to several
weeks. SaBcERSEREY, Y Bisddrtas Rrie Suvide thel hrmrbayerirrersasisaadla sphasiitey andeindgle
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specifically, first, human lymphocytes, 14 are sensitized by the LGR7 protein in vitrg, Then, the
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tranggenig, 'géala!aavw&% GOMRIEIS.FEREELRIS Of RnmARRRID oY ABRRR I RYAPIUBIEINg SYCh an
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purified antibodies.

In the present invention, an antibody encoded by an antibody gene cloned from
antibody-producing cells can be used. The cloned antibody gene can be incorporated into a
suitable vector and then introduced into a host to express the antibody. Methods for isolating an

30  antibody gene, introducing the gene into a vector, and fransforming host cells have been
established (see for example, Vandamme, A. M. ef gl., Eur. J. Biochem. (1990) 192, 767-775).

For example, a ¢cDNA encoding the variable region (V region) of an anti-L. GR7 antibody
can be obtained from hybridoma cells producing the anti-LGR7 antibody. Usually, in order to
accomplish this, first, total RNA is extracted from the hybridoma. For example, the following

35  methods can be used as methods for extracting mRNA from cells:

the guanidine ultracentrifugation method (Chirgwin, J. M. er al., Biochemistry (1979) 18,



LGRY7 as a foreign substance. Thus, a human antibody against human LGR7 can be easily obtained.
The monoclonal antibody-producing hybridomas produced in this manner can be 20 passaged and
cultured in a standard medium. Alternatively, the hybrégomas can be stored for a long period in liquid
nitrogen. The hybridomas can be cultured according to a standard method, and the monoclonal
antibody of interest can be obtained from the culture supernatants. Alternatively, the hybridomas can
be grown by administering them to a compatible mammal, and monoclonal 25antibodies can be
obtained as its ascites. The former method is suitable for obtaining highly purified antibodies. In
the preseﬁtz%/'éﬁ%)d,a&ﬂ antibody encoded by an antibody gene cloned from antibody-producing cells
can be uste. AGBClonddaniihotdygenki cCArhelintosh @aidcin¢18 STjtadile Mectarand then introduced
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primers hauingsreRNFrsaapenees ofr ol , Proc. Natl. Acad. Sci. USA (1988) 85, 8998-9002;

15 Belyavsky, A. ef al., Nucleic Acids Res. (1989) 17, 2919-2932) can be used for synthesizing and
amplifying cDNA. Additionally, during the process of cDNA synthesis, suitable restriction
enzyme sites mentioned below can be introduced into both ends of the cDNA.

The cDNA fragment of interest is purified from the obtained PCR product and then
ligated to a vector DNA. The recombinant vector is thus prepared, and introduced into

20 Escherichia coli (E. coli) and the like, and colonies are selected. Then, a desired recombinant
vector can be prepared from the colony-forming E. coli. The nucleotide sequence of the cDNA
can be verified by a known method such as the dideoxynucleotide chain termination method.

Furthermore, a cDNA. library can be used to obtain a gene encoding an antibody
variable region.  First, cDNAs are synthesized using mRNAs extracted from

25  antibody-producing cells as a template to obtain a cDNA library. A commercially available kit

is conveniently used for synthesis of the cDNA library. In practice, the quantity of mRNAs
obtained from only few cells is very small; thus, the yield is low if the mRNAs are purified
directly. Therefore, purification is usually carried out after addition of a carrier RNA which
clearly does not contain an antibody gene. Alternatively, when a certain quantity of RINAs can
30  be extracted, the RNAs of antibody-producing cells themselves can be efficiently extracted.
For example, addition of carrier RNA is not necessary in some cases when RNAs are extracted
from 10 or more, or 30 or more, or preferably 50 or more antibody-producing cells.
The antibody gene is amplified by the PCR method using the obtained cDNA library as
atemplate. Primers for amplifying an antibody gene by the PCR method are known. For
35  example, it is possible to design primers for amplifying a human antibody gene based on the
disclosure of the article (J. Mol. Biol. (1991), 222, 581-597), and the like. These primers have



SEQ ID NOs: 97 to 100. A cDNA can be synthesized using the AMV Reverse Transcriptase
First-strand cDNA Synthesis Kit (manufactured by Seikagaku Corporation), etc. Alternatively, the
5'-Ampli FINDER RACE Kit (manufactured by Clontech) and the 5'-RACE method which utilizes PCR
(Frohman, M. A. et al., Proc. Natl. Acad. Sci. USA (1988) 85, 8998-9002; 15Belyavsky, A. et al.,
Nucleic Acids Res. (1989) 17, 2919-2932) can be used for synthesizing and amplifying cDNA.
Additionally, during the process of cDNA synthesis, suitable restriction enzyme sites mentioned below

can be introduced into both ends of the cDNA. The cDNA fragment of interest is :ﬁfpurified from the
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heavy- or 10’?@111@?’{&1@ @mb@ﬂéﬁsﬁhi@&ﬁﬁaé&m&ﬁ%pendent libraries. Using the libraries thus
synthiesized, A method for detecting the binding between an antibody and LGR7 is known. More

specifically, a test antibody is reacted with LGR7 immobilized onto a carrier, and then a labeled
antibody that recognizes the antibody is reacted. If the labeled antibody on the carrier is
detected after washing, then the binding between the test antibody and LLGR7 can be verified.
Enzymatically active proteins such as peroxidase and B-galactosidase, or fluorescent substances

25  such as FITC can be used for the label. A fixed specimen of LGR7-expressing cells can be
used to evaluate the binding activity of the antibody.

Alternatively, for an antibody screening method based on the binding activity, a phage
vector-based panning method may be used. 'When the antibody genes are obtained as libraries
of the heavy-chain and light-chain subclasses from polyclonal antibody-expressing cells as

30 mentioned above, phage displaying methods are advantageous. Genes encoding variable
regions of the heavy and light chains can be made into a single-chain Fv (scFv) gene by linking
the genes via suitable linker sequences. Phages expressing an scFv on their surface can be
obtained by inserting a gene encoding the scFv into a phagemid vector. DNA encoding an scFv
having the binding activity of interest can be collected by contacting the phage with an antigen

35  ofinterest, and then collecting antigen-bound phage. scFv having the binding activity of

interest can be enriched by repeating this operation as necessary.



immunoglobulins comprising a combination of heavy and light chains can be reconstructed. The
antibody of interest can be screened using the binding activity of a reconstructed immunoglobulin
toward LGR7 as an indicator. For example, w the objective is to obtain an antibody against
LGRY7, it is more 15preferable that the binding between the antibody and LGR7 is specific. An
LGR7-binding antibody may be screened, for example, by the following steps: (1) contacting LGR7
with an antibody comprising a V region encoded by an obtained cDNA: (2) detecting the binding
between LGR7 and the antibody; and (3) selecting an antibody that binds to LGR7. 20A method for
detecting the bindiHyBERGERHFEP BoER oGRS MBTE S 8cHRAR e R falmeua) is
reacted withibGR dimpmtiized thatmdtealyier: Anshitien f labeleit ahthetdydhatreqagtizesithe
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a chimeric antibody can be obtained by fusing a gene encoding the antibody constant region (C
region) with the above-mentioned gene encoding the V region in frame. Herein, “chimeric
antibody™ refers to an antibody whose constant and variable regions are derived from different
origins, Therefore, in addition to interspecies chimeric antibodies such as mouse-human
20 chimeric antibodies, human-human intraspecies chimeric antibodies are also included in the
chimeric antibodies of the present invention. A chimeric antibody expression vector can also be
constructed by inserting the V-region gene into an expression vector into which a constant
region-encoding gene has been introduced.
More specifically, for example, the restriction enzyme recognition sequence for a
25  restriction enzyme that digests the V-region gene can be placed at the 5° end of a DNA encoding
a desired antibody constant region (C region) in an expression vector. The chimeric antibody
expression vector is constructed by digesting the two vectors using the same combination of
restriction enzymes, and fusing them in frame.
To produce an anti-LGR7 antibody used in the present invention, the antibody gene can
30 be incorporated into an expression vector so that it is expressed under the regulation of an
expression control region.  The expression regulatory region for antibody expression includes,
for example, an enhancer or a promoter. Then, by transforming suitable host cells with this
expression vector, recombinant cells that carry the DNA expressing the anti-LGR7 antibody can
be obtained.
35 To express an antibody gene, a DNA encoding the antibody heavy chain (H-chain) and a

DNA encoding the antibody light chain (L-chain) can be incorporated separately into expression



fragment of the present invention comprises all of the three CDRs that constitute a variable region.
Once a cDNA encoding the V region of an anti-LGR7 antibody of interest is obtained, this cDNA is
digested with restriction enzymes that recognize the Z{gstriction enzyme sites 10inserted to both ends
of the cDNA. A preferred restriction enzyme recognizes and digests a nucleotide sequence that is less
likely to appear in the nucleotide sequence constituting the antibody gene. Furthermore, to insert a
single copy of the digested fragment into a vector in the correct direction, a restriction enzyme that
provides sticky ends is preferable. A cDNA encoding the anti-LGR7 antibody V region, which has been
digested a&HEscribetaabbey isabiise ceapreng dusthbidairgred Siohais aot bs orsastdeantibody
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re%ogpiti%ﬁrs‘-‘t&%%Qﬁ%é@p%l?e’é@%ﬁﬂ&%_@&?ﬁ%ﬁ‘fé%tﬁﬂ%? d ’@ﬁﬁtﬁ é@@ﬁlé/ e(&%i%tﬂ?&%l%&‘ é’ﬁo@i?%%%%? the 5
end of a encoding a red antibody cons region (C regigqn) in an expression vector. The
Chimeric SRS LS B VAL TN by QIGE SHHG 1 BuGRIBEL A GG 26 D
comBinatiorihef pestridtioneeneyrues fandkdogihy thefmllnviameslFo produce an anti-LGR7 antibody used
in the pregghhinyeation e antibadygene 6an3ohencernnraied it AR IBIS o Mector 30 that it
IS expresz&%gérég%%ta?f rﬁlgﬁl%ﬁo? of an egpéﬁ]s control region. The expression regulatory region for
antibody iorAincrudes Yol BxXAmptE, - EBArtESor a promoter. Then, by transforming suitable
host cells(#)ithtpisbexpressiorchest8cnemombayéest eells that carry the DNA expressing the anti-LGR7

antibody egy;he Qhtained. 32T g®xpsess:an antibody gene, a DNA encoding the antibody heavy chain

(H-chain) and a DNA Sngoding th antil‘l)ody light chain (L-chain) can be, incorporated sepiarately into
exp Assion 18 In addition, as a plant cell system, an antibody gené expression system using cells

derived from the Nicotiana genus such as Nicotiana tabacum is known. Callus-cultured cells
can be used to transform plant cells.

Furthermore, the following cells can be used as fungal cells; yeasts: the Saccharomyces
genus, for example, Saccharomyces cerevisiae, and the Pichia genus, for example, Pichia

20 pastoris; and filamentous fungi: the Aspergillus genus, for example, Aspergillus niger.

Antibody gene expression systems that utilize prokaryotic cells are also known. For
example, when using bacterial cells, E. coli cells, Bacillus subtilis cells, and such may be used in
the present invention.

For mammalian cells, the antibody genes can be expressed by operatively placing the

25  antibody gene just behind a commonly used effective promoter, and a polyA signal on the 3’
downstream side of the antibody gene. An example of such promoter/enhancer is human
cytomegalovirus immediate early promoter/enhancer.

Other promoters/enhancers that can be used for antibody expression include viral
promoters/enhancers, or mammalian cell-derived promoters/enhancers such as human elongation

30 factor 1o (HEF1a). Specific examples of viruses whose promoters/enhancers may be used
include retrovirus, polyoma virus, adenovirus, and simian virus 40 (SV40).

When an SV40 promoter/enhancer is used, the method of Mulligan et al. (Nature (1979)
277, 108) may be utilized. An HEFla promoter/enhancer can be readily used for expressing a
gene of interest by the method of Mizushima ef al. (Nucleic Acids Res. (1990) 18, 5322).

35 In the case of E. coli, the antibody can be expressed by operatively placing the antibody

gene with a signal sequence for secretion at downstream of a commonly used effective promoter .



vectors. An antibody molecule comprising the H-chain and L-chain can be expressed by
simultaneously transfecting (co-transfecting) the H-chain and L-chain-incorporatcd vectors into the
same host cell. Alternatively, DNAs encoding the H-chain and L-chain can be incorporated into a
single expression vector to transform a host cell withthe vector (see International Patent 5Publication
No, WO 94/11523). Many combinations of hosts and expression vectors for introducing an isolated
antibody gene into an appropriate host to produce the antibody are known. Any of these expression
systems can be applied to the present invention. When using eukaryotic cells as a host, animal cells,
plant cells;=amiplangabesi grambe uskdlcdVtordasPevifivally; animalfcpitsthatr mBobtheabad . 10in the
present inyeR{ian, aig, ﬁ%tﬁé@ﬁmb@arﬁ‘%féfl.'[m@%ﬂ@%dﬁﬁﬁmﬂ‘ﬁuﬁn}%@%% 185,60, COS,

myeloma, y hamster kidney (BHK), HeLa, Vero, HEK293, Ba/F3, HL-60, Jurkat, and SK-HEP |
cells; (2) %%2%%%%% BaPEERths XURBIIY oo ST BTBPHRE GeT CaIRs e 9 SERRS5 42 25O 5in
a(jditi_on, asagsldnt ﬁ'@lW@,ﬁiﬁ%ﬁiﬂ@@(@&i&ﬁ@(ﬂ%ﬁidﬁ(}sylﬁémmgﬁjg cells derived from the
Nicotiana genus stigh amNicatinga lahacwp dsknawn: Galuseitred selis can @g&*@%@é%form

plant cells. Furthérmore; the following cells can be used as fungal cells; yeasts: ]
SaccharofPjcBs GEAUS! f1eRpledsHoeHainpeER aretisiagoind fHE-PRHAIgRALE GaRERAMple,
Pichia ZOmaSmEé;imﬂmgfﬂmmmumﬁmgibﬁ@ é@p&g&@@@é@&éﬂg&u@miﬁ,d@ﬁm@ﬂhﬁmiger.
Antibody geng sEPISRRIRRRYRICBI ALY HzERIAKNRIG CRl R ALK FAL axample. when

using bacterial cells, E. coil cells, Bacillus subtilis cells, such ma in the presént invention.

For mammalian c2{RERARSARISEEY Heraducsh wensgrsadeery dgedaneRipiadares8antibody
genéjjust eghindecof amanoiblylydedwetectiydipchaiotan amdtBepdiyhl SigishonibeSadparstream side

of the antj g f such pr d i Q I S Immediate
early pro%&%%}ggggég%%gﬁﬁm%féfs/éﬁh@ﬁgg}%%%%%%{ﬁ%g%%eagnf%grg rr?t%%%%ge%ﬁg%%ﬁ%nclude
viral pronf3RiFEshgheets-drpddimb sfabeaiederived promotersienhancers such as human

elondgati(l)n 30factardgplitstiokledighpesaified fammastof zﬁgg&mmﬁg4@éﬂegﬂ\«;iﬁf)§,/enh@e%mﬁ%a\?jo
useda inc u | nOoVI ) * mian. vir e en an
promoter%ﬁ%?gcpe\ﬁé%s%%%&%ﬁ%e%%%@ﬁhﬁ%%%%%goaét%ﬁ}é ﬁ?sesﬁ%%‘ité%%% I?nn%f%ea utilized. An
RERR préfAbrRmmaRtaeds brsesdiyiodericoresprassslpalgeinsspsiaibstaspaseniamvbest
Mizushimia eiclidMueleisAeils Résre( 39905 d:81y5 8220185l ectask o hialeol, dhietkaniieady can be

expresseq by operatively plaging he snfibody

thymidine kinase (TK) gene;

E. coli xanthine guanine phosphoribosyl transferase (Ecogpt) gene; and
20 dihydrofolate reductase (dhfr) gene, ete.

The antibody of interest is produced by introducing these expression vectors into host
cells, and then culturing the transformed host cells either in vitro or in vivo.  The host cells are
cultured according to known methods. For example, DMEM, MEM, RPMI 1640, or IMDM
can be used as the liquid culture medium, and a serum-based supplement such as fetal calf serum

25  (FCS) can be used in combination.

The antibody expressed and produced as described above can be purified by using
known methods conventionally used for protein purification either singly or in a suitable
combination. For example, the antibody can be separated and purified by suitably selecting and
combining an affinity column such as a protein A column, a chromatography column, a filter,

30 ultrafiltration, salting-out, dialysis, and such (Antibodies: A Laboratory Manual. Ed Harlow,
David Lane, Cold Spring Harbor Laboratory, 1988).

In addition to the above host cells, transgenic animals can also be used to produce a
recombinant antibody. That is, the antibody can be obtained from an animal into which the
gene encoding the antibody of interest is introduced. For example, the antibody gene can be

35  inserted in frame into a gene that encodes a protein produced inherently in milk to construct a

fused gene.  Goat B-casein or such can be used, for example, as the protein secreted in milk. A



gene with a signal sequence for secretion at downstream of a commonly used effective promoter. 19
Examples of such promoter include the lacZ promoter and araB promoter. For the lacZ promoter, the
method of Ward et at, (Nature (1989) 341, 544-546; iASES J. (1992) 6, 2422-2427) may be used.
Alternatively, the araB promoter can be used for exp %Sing a gene of interest by the method of Better
et at (Science (1988) 240, 1041-1043). 5The pelB signal sequence for secretion (Lei, S. P. et at, J.
Bacteriol. (1987) 169, 4379) may be used for antibody production in the periplasm of E coll. After
isolation of the antibody produced in the periplasm, the antibody can be refolded by using a protein

denaturan®liés Geammineontpdrbehibridiesed peoa ivsetited wighahtilbotyadii draed e ahsiradobingiag
a]gtivity. W%ﬂ&h@gﬂﬁ é&ﬁﬁﬁ%qgiHﬁE@;@éﬁ'ﬁﬁb%@&mﬂ&gﬁ"@@%&ﬁ%@oﬁ&%%ﬁ%&qUence
of an anti avy- or light-chajn gene as the signal sequence necessary for secretion to the
outside oft %88%3?5},/&@5%% |v%ﬁ??d[ﬁ‘§@i6 F g@cﬁf@ﬂ%&ﬁﬁ g Bﬁ’%vgggrgféﬁf%% &0hteEa -3
and IL-6 daprbéasmdt that reaiepiicht smbrigifderivechfromrsvio, Zopolyomavisy adenal/inikk bovine
papillomasiusABi e aESHeh6aBRE pessandipsrtipahitiaanexpRssionaeciab Addiiopally a
155e|ect|qtn marker can be inserted into th?ﬁjeﬁ;;ssbog?v%oﬁr for, |ncr§®slnithe ene copy number in
the host céﬁ%%f@ﬁwg(f\ﬁo?‘%@ﬁﬁﬁ%@, e FolftwiRg sereisitidiiers cat b usedr Bminoglycoside
transferase (APH\geraitepmidnel Kigazed(@Kibgdpé€; Eptoib xanthinsglnitte phegphoeridesy|
_tra”Sfer?%%&ﬁﬁgﬂﬁﬁt%ﬁ%?gf%ﬁg' géﬁi(?!ﬁl&a{%%c@é%%}ﬁlélg?@ﬁ &%2a, CcyoNeANRogYOf
interest is produced by introducing these expression vectors into host cells, ana/then culturing the
transforméét?fo%fx eﬂg%aﬁ &fth ifr‘%ei%fﬂ]f @W&?W@ Hydacei St e Re Aoty WKRb AR be
methBds. Fed éxathplecBMEMdgieM, RP Mid1i640, 2otivi3é4 chmbealsethasttiae tiqeidaeiitaseanedium,
and a seruprhaseaheupelamanisuchasiaipl callsaumab (FeR)can bauseddngampination.

The antib%d expressed and produced as described above can be purified by u_sm[g. known methods
conventiohBIEEI G BrotEH Purmit Bachraitiest SAgrovsiie sl dobmbinkberiassr &iémple, the

antibody gaodbetseparated and purified by suitably selecting and combining an affinity column such as

a protein A columih &EBATIARAARNG Sk Rt iliel-ANAIINRLOD saline- ot Halygls, and such

(Antij%odies: A aborato%&ManL% Ed Harlow, David Lané, Cold Spring Harbor oratory, 1988).
In additiof SRy R LHG BRI et faKe feshediinialy epdiiss B8 thermdrostrducissombinant
antibody. Jenabisidbadntigodystanhenebiaihe dikorarabe anidal Bramplichoh@geneenddding the

antibody 9@69@5%?&9&%@@91@5@6%%@’a&ﬁﬁ;gﬁﬁg(ﬁgg g&%ﬁrﬁ%%%ﬁbodies. These modified

antibodies can be préduccd using known methods,

A chimeric antibody is an antibody whose variable regions and constant regions are of
20  different origins. For example, an antibody comprising the heavy-chain and light-chain
variable regions of a mouse antibody and the heavy-chain and light-chain constant regions of a
human antibody is a mouse-human interspecies chimeric antibody. A recombinant vector
expressing a chimeric antibody can be produced by ligating a DNA encoding a mouse antibody
variable region to a DNA encoding a human antibody constant region, and then inserting it into
25  anexpression vector. The recombinant cells that have been transformed with the vector are
cultured, and the incorporated DNA is expressed to obtain the chimeric antibody produced in the
culture. Human C regions are used for the C regions of chimeric antibodies and humanized
antibodies.
For example, Cyl, Cy2, Cy3, Cv4, Cpu, C8, Cal, Ca2, and Ce can be used as an H-chain
30 Cregion. Cxand Ch can be used as an L-chain C region. The amino acid sequences of these
C regions and the nucleotide sequences encoding them are known. Furthermore, the human
antibody C region can be modified to improve the stability of an antibody or its production.
Generally, a chimeric antibody consists of the V region of an antibody derived from a
non-human animal, and a C region derived from a human antibody. On the other hand, a
35 humanized antibody consists of the complementarity determining region (CDR) of an antibody

derived from a non-human animal, and the framework region (FR) and C region derived from a



35inserted in frame into a gene that encodes a protein produced inherently in milk to construct a fused
gene. Goat (3-casein or such can be used, for example, as the protein secreted in milk. A 20 DNA
fragment containing the fused gene inserted with the,antibody gene is injected into a goat embryo, and
then this embryo is introduced into a female goat. Desired antibodies can be obtained as a protein
fused with the milk protein from milk produced by the transgenic goat born from the goat that received
the embryo (or progeny thereof). To increase the volume of milk 5containing the desired antibody
produced by the transgenic goat, hormones can be used on the transgenic goat as necessary (Ebert,
K. M. et tugiBFredimelogySreviemtiggaieitny! 2 humgairad mahoshintdimesn bedans W@Z@gions
can be used-fatithe &:régins afetbeommbingn Atibtidy dhihkepreseht spvantithE preexample, Cyl,
Cy2a, CyZh, C¥3, Cu., C5, Cal, Ca2, and Cs can be used for the mouse antibody H-chain C-region,
and Cic and CA. can be 10used for the L-chain C-region. In addition, antibodies of animals other than
mice such as rats; PESHROOYB HEEHEE B EAMBIECHIALY AT S5 HerTFBeTHan Eelflontsingre
knows. FustHenn@eRkesépiegiorbedolidmosifiad fodimpy ovRd)e stamlityokthenantibadies:afaneir
productio r i ' nggn inistering antibodies_ta humans, gepgticall

recom i A g, O e e

xenoantigBBit ipaRst Kihibn st ke iR vensitd mamipreacst favgarrsrsiRlietbigitinant
antibodiesdnchisier ehimarienaibaains dBd haninizedtanidiodies.cihesrynodiiedraniibedies gan be
produced,ysing known memhods, 2. chimetic antibody I3 an acntib%%d%avl\l/gk%sr%&/%r%b % re%i]?%%%p
constant fegions are of S0differant orging. For example. ah antibody comprisng e heaoy chain and
lightlehaifr 4t gHEFEgions of a mouse antibody and the heavy-chain and light-chain constant regions
of a human anﬂbqﬂmdmme@dagﬂm%aﬁ m?mﬁm&@mﬁp@m@ﬁﬁh%ﬁ%&ccgp@&mmf,@cto;
expressing a chimeric antibody can roduce igating a DNA encoding a mause antibody
gl S e e e s e e b e
expressioRVEGSRLIPREYECH MbartEB hachawd pedimnaansfofmeunaiiteheivenpnesdngiltured, and

the incorperateudNA s EXRIBESERA QRN 6hiMQrCARIRAGY-Rroduced in the culture. Human C
regipus are used for the G teglons of imerig antihodies gpdbhuanized antbpdies, For example, Oy
Cy2,C73,Cy4,C P (o ) gf’, a(é},{an TSATBENTE as an HEchan & &
mouse antibody CDR to a human FR.  In overlap extension PCR, a nucleotide sequence
encoding a mouse antibody CDR to be grafted is added to the primers for synthesizing a human
antibody FR. Primers are prepared for each of the four FRs. It is generally said that when
grafting a mouse CDR to a human FR, selecting a human FR that is highly homologous fo a
20 mouse FR is advantageous for maintaining the CDR function. That is, it is generally preferable
to use a human FR comprising an amino acid sequence highly homologous to the amino acid
sequence of the FR adjacent to the mouse CDR to be grafted.

Nucleotide sequences to be ligated are designed so that they will be connected to each
other in frame. Human FRs are individually synthesized using the respective primers. Asa

25  result, products in which the mouse CDR-encoding DNA is attached to the individual
IR-encoding DNAs are obtained. Nucleotide sequences encoding the mouse CDR of each
product are designed so that they overlap with each other. Then, overlapping CDR regions of
the products synthesized using a human antibody gene as the template are annealed for
complementary strand synthesis reaction. By this reaction, human FRs are ligated through the

30  mouse CDR sequences. '

The full length of the V-region gene, in which three CDRs and four FRs are ultimately
ligated, is amplified using primers that anneal to its 5* and 3 ends and which have suitable
restriction enzyme recognition sequences. A vector for human antibody expression can be
produced by inserting the DNA obtained as described above and a DNA that encodes a human

35  antibody C region into an expression vector so that they will ligate in frame. After transfecting

this vector into a host to establish recombinant cells, the recombinant cells are cultured, and the



30C region. Cx and CA. can be used as an L-chain C region. The amino acid sequences of these C
regions and the nucleotide sequences encoding them are known. Furthermore, the human antibody C
region can be modified to improve the stability of an aatibody or its production. Generally, a chimeric
antibody consists of the V region of an antibody derived from a non-human animal, and a C region
derived from a human antibody. On the other hand, a 35humanized antibody consists of the
complementarity determining region (CDR) of an antibody derived from a non-human animal, and the
framewor ion (ER) and C regjon deriyed from a 21 human antibody. Since the antigenicity of a
humanizeﬁ{g‘gt%ég%ﬁgqu%@%gd? SRR ARty leratfed uitbadve Rgredient
for therapetiticagétits oflth&praSenbirmrePdiont Fiisianfibotly VaPabk4egiandjeneraliycdriprses three
complemeniatity-determining gregdiens (CDRs) separated by four framework regions (FRs). CDR is a
region that substantially determines the binding specificity of an antibody. The amino acid sequences

of CDRs are highly UREEaI¥S Y REGHEHHAYRY HeasrInd AStETHEARITS e Sarbiedsas a5 Biten
highly homiblbgbus eviendemidbgtaptibddies avitiediffeséabbinding specificiits sdlberkinien getesally, it is
said that indi @(ﬂfﬁ@ ' ' i : i 10CDR
grafting. g]ﬁaqn%n?zgggp antiboél%(?é%iﬁ%ﬁre%lg%gﬁﬁﬁd%ﬁggfgﬁﬁ%%%%gﬁé@% lgil%umarﬁ'zed

antibodies PRESEFEY b HaRHIIRES EBR Bran AShminbars dhitardsaibal e dPRs afhetrbarasibody
to a humammatibodpahdfstmhuanpioevine Gorpnobigéngtitiengineesamtchnologiesiospliaining
humaniz ihod) ifi overl tension PCR is wn
s et B e B2 sk SR
nuctebtid&E8qUEH ditlys ﬁ@&&@’%ﬁw&@a%@@%% granerpradatent aebp inted e
synthesizing adimeranhantinody ©RePrneguaiedprepactebiaf-aagheatthedeiichRee fHs ariealysaid
that when. i s F ecting a human,FR.that is highly homologous to a
20mouseq%%%%%@aiﬁn‘%%%% U%Q%rgr%c% r?t%?%?r% t_ﬁ(‘e/%%rfg%%nscet%lﬁ Fﬁaﬁgﬁgﬁs}ﬁ&%ﬁ% preferable to
use a hurPRHIEIESIRD FRRY ArleaisrhBrariersedne Aed FighrtRa s 66buibtetHE 4mino acid sequence
of the FRaatljaagntitottidermpusentibidtedisigiafiett antigen by the above-mentioned method (Sato, K.

15 etal, Cancer Res. 1993, 53, 851-856).

Methods for obtaining human antibodies are also known. For example, human
lymphocytes are sensitized in vitro with a desired antigen or cells expressing a desired antigen.
Next, the desired haman antibody which has the activity 1o bind to the antigen can be obtained
by fusing a sensitized lymphocyte with a human myeloma cell (see JP-B H01-59878). For

20 example, U266 and the like can be used as the human myeloma cell which serves as the fusion
partner.

In addition, a desired human antibody can be obtained by immunizing a transgenic
animal having the complete repertoire of human antibody genes with a desired antigen (see
International Publication Nos. WO 93/12227, WO 92/03918, WO 94/02602, WO 94/25585, WO

25 96/34096, and WO 96/33735).  Furthermore, technologies for obtaining a human antibody by
panning using a human antibody library are known. For example, a human antibody V region
can be expressed on the surface of a phage as a single-chain antibody (scFv) by the phage
display method, and a phage that binds to the antigen can be selected. The DNA sequence
encoding the V region of the human antibody that binds to the antigen can be determined by

30 analyzing the genes of the selected phage. After the DNA sequence of the scFv that binds to
the antigen is determined, an expression vector can be prepared by fusing the V-region sequence
in-frame with the sequence of a desired human antibody C region, and then inserting this into a
suitable expression vector. The expression vector is introduced into suitable expression cells
such as those described above, and the human antibody can be obtained by expressing the human

35  antibody-encoding gene. These methods are already known (International Publication Nos.
WO 92/01047, WO 92/20791, WO 93/06213, WO 93/11236, WO 93/19172, WO 95/01438, and



Nucleotide sequences to be ligated are designed so that they will be connected to each other in frame.
Human FRs are individually synthesized using the respective primers. As a 25result, products in which
the mouse CDR-encoding DNA is attached to the indi\éidual FR-encoding DNAs are obtained.
Nucleotide sequences encoding the mouse CDR of each product are designed so that they overlap
with each other. Then, overlapping CDR regions of the products synthesized using a human antibody
gene as the template are annealed for complementary strand synthesis reaction. By this reaction,
human F%g@@(g%atgggthrough the 30 mouse CDR sequences. The full length of the V-region gene, in
which thre aRtfour FRs are ultimately ligated, is amplified using primers that anneal to its 5'
and 3' ends and \illlictefravesaitablemastrichiodirenzyite sedbgditionssédudncesesdnyvactonifon human
antibody %&[R@%ﬁ%&%@ w%%g%gxl{ﬁﬁ%tg&g%g%gbtamed as described above and a DNA

that encodes a human 35ant|bod C region into an expression vector so that thewanI ligate in frame.

After transfecting tHs YddeHirRE t%ﬁ%?@éfh‘ﬁ%???@éﬁ%ﬁ&ﬁf@eﬁ% e Rl BRdish Teems ared
cultufed, apdgbeba:RNAdecancodint:therhibhminized antibodleis mﬁ%@dd@@@d&&ﬁﬁﬂgﬁh%amzed

antibody ip the, chliyre of t%%ﬁﬁ&gt&w% ﬁ%ﬁ%{%m N 3&% 09, 404

International Patent Publication No 2576). By qualitatively or qua tltatl measurlng and

evaluatind™Hudsh fgBHIBHAERERRER0RY Bt tis ﬁtﬁﬁ@ﬁi"zé’éﬁgﬁﬂ%@?ﬁéﬂ%@%% crifedtabove, one
can suitaliytideltctia bearpaniibigdy Efitsphat alivi:DRadodobindiigwrable Bidigaibbiding,site when

igated thiouah e GRS ARRASRSAY AIIA RGALIERIUESI0,A0 B May e substitited so that the

CDRs of a reshaped human anti % orm an appropriaté antigen-binding site. For example, amino
acid SequentE AlERAlEHESEH BRtibtrier Cailihes ER S BpMIJRPIRE st RheiRehots IRerfdhaYsing a
mouse CBirdlfowith admantéiR. More specmcally, partial nucleotlde sequence mutations can be

introduced into p >al 1o pge, Nucleor en utations are
introduced into th@é&ﬁé}%ﬁ@gﬁz@e&g%%ﬁn 't:é%oc%ﬁ' pnm%lrnss l?t%mt %m en%%lgﬁa%mg%ﬁ gglarled
characterféiels éaH sl éfet tasaBp! e edelsifand Avdmatmsgtihes é}é@l\?h%@f tadahihe heBsubstituted
mutant aniibieey, tenbiatidedhensniiganbybie; ahoiereentipogs mistbod A&ﬁlﬂ)cﬁf kbehalts Gemeer Res.

1998 53, Bok:8500eniion MERIOARIOCARIRINING yaman atiBedies A6 Also KDgWD. Forexampe.
human Iyrpn ocytes are nsmze in Vitro With s desire |en P Cells pressmg g'd6sired antigen.

Next, theﬁ’é%}béﬁrﬁmw&ﬁnb&m@ﬁfﬁa@maﬁtﬂﬁm@n@m focthessoni geyreaprie dbrebiied by

fusing a Sﬁﬂﬁiﬂﬂ@Rmpmﬁﬁ)ﬁﬁﬁlwbo@dmém@ﬂd%%@vm%ﬁelﬁﬁﬁ? HRBsdbd0drdE! 1drmg0 example
U266 and j| I|k e.used as th%h eloma cell. whic ves as the fi SI tner.
addition, a esweél Er/ngérllﬂgﬁr:lnqﬁg%y can 81 Dté%/he r%’5|amgr1r‘lévt\£1n|z{|}ﬁ aB it %%éﬁ%g anim ré? fingthe

com pIeteYébéﬁifgﬁ%\Hft arTenpariEboyeddeds Wikl &@@bi@@ﬁﬁﬂg@ﬁ(@@éhmrmﬂmlm;on
Nosz0NVO %&32%%3%&98@3@ 81D, 94193608 NRRBA2658H WRRFIG/SEP96, 3ReWO

96/33735& Furtﬁs TPYER teclecu atgv&?esigfg{ ngorg o9 1%(:% e%barg %odly(bg/ )2, Fv, scFv (single chain
Fv), diabody, sc(Fv)2 (single chain (Fv)2), and scFv-Fe. Multimers of these antibodies (for
example, dimers, trimers, tetramers, and polymers) are also included in the
low-molecular-weight antibodies of the present invention.

25 Fragments of antibodies can be obtained by treating an antibody with an enzyme to
produce antibody fragments. Known enzymes that produce antibody fragments are, for
example, papain, pepsin, and plasmin. Al{ernatively, genes encoding these antibody fragments
can be constructed, introduced into expression vectors, and then expressed in appropriate host
cells (see, for example, Co, M. S. ef al., J. Immunol. (1994) 152, 2968-2976; Better, M. and

30  Horwitz, A, H., Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. and Skerra, A.,
Methods in Enzymology (1989) 178, 476-496; Lamoyi, E., Methods in Enzymology (1989) 121
652-663; Rousseaux, J. ef al., Methods in Enzymology (1989) 121, 663-669; and Bird, R. E. er
al, TIBTECH (1991) 9, 132-137).

Digestive enzymes cleave specific sites of an antibody fragment, and yield antibody

>

35  fragments with the following specific structures. When genetic engineering technologies are

used on such enzymatically obtained antibody fragments, any portion of the antibody can be



panning using a human antibody library are known. For example, a human antibody V region can be
expressed on the surface of a phage as a single-chain antibody (scFv) by the phage display method,
and a phage that binds to the antigen can be selected. The DNA sequence encoding the V region of
the human antibody that binds to the antigen can be Getermined by 30analyzing the genes of the
selected phage. After the DNA sequence of the scFy that binds to the antigen is determined, an
expression vector can be prepared by fusing the V-region sequence in-frame with the sequence of a
desired human antibody C region, and then inserting this into a suitable expression vector. The
expressmﬁe‘@étbr is introduced into suitable expression cells such as those described above, and the

human ar@&;gﬁy@@eslg@@mgmgdoby:ﬁxpressmg the human 35antibody-encoding gene. These
methods ye alre Jjﬁ %rg% ignal Publication Nos. WO 92/01047, WO 92/20791, WO
93/06213; \%’8"9 9172, WO 95/01438, and 23 WO 95/15388).  Therefore, in a
preferred Eﬁﬂﬁ@@nﬁi\‘éﬁﬁﬂﬂm Betibodies used in the present invention include an antibody comprising a

human constant r%@@f&@qm@mﬁa@f@e@mﬁﬁm@@@f@ﬁ ﬁf@s&ﬁtﬂi%ﬁ%ﬂ% aepidiRodies
represent%d 5 é’{% ut include monog alent tib dle ent Qel' resented by
IgM, as loRGEas T BiRds I tHe LR -srotdis ?i% S‘?é% 3% 31 % éilfﬁ%?gﬂ%% includes
a multlvalmﬁlﬁﬂgd@ﬁh@ﬁm&ﬁé@améséhmg@&bbmdm@méﬁyanwaamdhmal@%@mwdwmm has
partially 0@&@@9&@@%%@@@&%%@@1@&%&@% aheAplibegdy-etHhedresontin (}fﬁeﬁﬂﬁu g,not

limited to the.wh antlb dy molecu ncludes 10low-molecular-w: ti nlbodles)
and modlﬁ’equro%uc ) greélbl -t o%l% %%U‘t BiRd" @{szgﬁ?’ﬁg?é’iﬁ % I%Rﬂhg

antid@dy é&%ﬁw@nf&mmﬁagmeﬁhm@hg@ pﬁ?ﬁ@m&ﬁmm@mm@@ﬁm@mn}m@m 19G).
As long agdiies thpaaaéﬂmlt@ bire-ther: GRAMMIgem iRl delet és@ﬁﬁﬂ%%ﬂ%%%%@ are

perm|SS|bIe Antibo % Iﬁ%rﬂents of the resent invention preferably contain a heavy-chain variable

region (Vﬁf éY%EP’ o SV é% tl’)Orf:urthermore antibody fragments of the present
invention preferablydegmdin SORICThei salvinieac i de quentsoéortkirorctvd paehafieon$tilitoes,

deletions Pa@lﬂmor@@o@qdé@lr RepItignSUSNBISmaresa8oNehas i:Pas e ABNY 18 Aind {heCR7
antigen, VII %L ca 1§“Eiﬂ%rtlally deleté%g The variable re |on may be ehimerized or humanized.

20S eC|f|Eu§ B SRRSO B 9 ERAP RS Ry ) SSifiaty: Bi5dthic examples
of low- mqlemaptvdelghalar@mgdte‘sngdlmrﬁabVE&m&NM lﬁﬂgeédﬁ\ﬂ(hIﬁ@lE\dnm:n thysadiabodly,

sc(Fv)2 (single cw‘e ﬁ%xmn@@k Fscgé}@a%xwﬁ)&féﬂ%&%@%@@éﬁ?&%ﬁé@%@c@wﬁd trimers,

tetramers %d% ml@r also included in thé
v peciiicalty, t}e amino actd residues constituting the linker are, for example, five residues

orso. Therefore, VL and VH that are encoded by the same polypeptide chain cannot form a

20 single-chain variable region fragment, and form a dimer with another single chain variable

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

sck'v can be obtained by ligating the H-chain V region and L~chain V region of an
antibody. In scFv, the H-chain V region and L-chain V region are ligated via a linker,
preferably a peptide linker (Huston, J. S. et al., Proc. Natl, Acad. Sci. U.S.A., 1988, 85,

25  5879-5883). The H-chain V region and L-chain V region of scFv may be derived from any of
the antibodies described herein.  The peptide linker for ligating the V regions is not particularly
limited. For example, any single-chain peptide consisting of 3 to 25 residues or so can be used
as the linker. More specifically, for example, peptide linkers described below or such can be
used.

30 PCR methods such as those described above can be used for ligating the V regions of
both chains. For ligation of the V regions by PCR methods, first, a whole DNA or a DNA
encoding a desired partial amino acid sequence selected from the following DNAs can be used as
a template:

a DNA sequence encoding the H chain or the H-chain V region of the antibody; and

35 aDNA sequence encoding the L chain or the L-chain V region of the antibody.

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



low-molecular-weight antibodies of the present invention. 25Fragments of antibodies can be obtained
by treating an antibody with an enzyme to produce antibody fragments. Known enzymes that produce
antibody fragments are, for example, papain, pepsinggnd plasmin. Alternatively, genes encoding these
antibody fragments can be constructed, introduced into expression vectors, and then expressed in
appropriate host cells (see, for example, Co, M. S. et al., J. Immunol. (1994) 152, 2968-2976; Better,
M. and 30Horwitz, A. H., Methods in Enzymology (1989) 178, 476-496; Plueck-thun, A. and Skerra, A.,
Methods in Enzymology (1989) 178, 476-496; Lamoyi, E., Methods in Enzymology (1989) 121,
652-663; REMSSEAHIH? 850 MEHTSES HER TSGR EESo0ctpanding B ée: siraires rf rotenads
TIBTECHo199T)9Ak8Dd 8nAplified. Thigestive enzymies:clenyepsdedifikesitestuian prijaady

fragment,WAdeﬁ%mggx&%@ammgméqj@%&%g&%%%98th%%% 9ENELFihe

engineering technologies are used on such enzymatica tained antibody fragments, any portion of
the antibodjRER tRedpRUGARtS. seararrigasioh b lesiodooraptrd shmieigddughy sabzBrEab
Plasrin digestion afpiifi&Eher efodactewremdibellafeighCantibediesiotihtepresaniipvastion may be
antibody f¢ ts/l jggﬁq region,: eﬁrg@ay e bind init 7. Furthermore,
according %g tgﬁgﬂﬁzgﬁt |nven}tﬁ*oh,g#%%uaa§tlll@oﬂgfes esfra?)// %ﬁ%ﬁ%ﬁ%@f@g[gﬁa&fgﬁf %rérrlﬁecrﬁlarly

in the treafﬁﬁé?ﬁe&kﬁﬁﬂ)%iferative diseases such as cancer. More specifically, preferred
low-molecular-weight @itibodiesefdhd precent savienti Othbavenbotitibindingatfisityhie 1QlERHane

ff f ' anti ; tiQn i DCC activit .CDLC activity. Particularl
oreforably, T Sbelie bDS O b srosent WA R & Bl AR e ok

erapeutic anti
effettor faﬁémﬁm‘i’abﬂwé%e%%mﬁaﬁ@ﬁwﬁ%&dﬁfﬁ%@ﬁ%%mm i gendiftigidiN A
(HollingereRcatihg Brofiul Nt ghced Soicd bPAE0:16444y044&:1(A03)0OR 40O EAN QR L4S1; and

sequences that can be ligated to each V-region DNA are added to the “peptide linker DNA”,
Thus, these DNAs are ligated, and the full-length scFv is ultimately produced as an amplification
product using the primers for assembly PCR. Once the scFv-encoding DNA is constructed,

15 expression vectors containing the DNA, and recombinant cells transformed by these expression
vectors can be obtained according to conventional methods. Furthermore, the scFvs can be
obtained by culturing the resulting recombinant cells and expressing the scFv-encoding DNA.

sc¥v-Fe is a low-molecular-weight antibody produced by fusing an Fe domain o an
scFV comprising the H-chain V region and L-chain V region of an antibody (Cellular &

20 Molecular Immunology 2006; 3: 439-443).  While there is no particular limitation on the origin
of the scFv used for scFv-Fe, for example, scFv derived from IgM may be used. Furthermore,
while there is no particular limitation on the origin of Fe, for example, mouse IgG (mouse I1gG2a
and such) and human IgG (human IgG1 and such) may be used. Therefore, in a preferred
embodiment, examples of scFv-Fc include an scFv-Fe produced by linking the scFv fragment of

25 anIgM antibody to CH2 (for example, Cy2) and CH3 (for example, Cv3) of mouse IgG2a with
the hinge region (Hy) of mouse IgG2a, and an scFv-Fe produced by linking the scFv fragment of
an IgM antibody to CH2 and CH3 of human IgG1 with the hinge region of human IgGl.

sc(Fv)2 is a minibody prepared by ligating two VHs and two VLs with linkers or such to
form a single chain (Hudson et al., J. Immunol. Methods 1999; 231: 177-189).  sc(Fv)2 can be

30 produced, for example, by joining scFvs with a linker.

Moreover, antibodies in which two VHs and two VLs are arranged in the order of VH,
VL, VH, and VL ([VH]-linker-[VL J-linker-[ VH]-linker-[VL]), starting from the N-terminal side
of a single chain polypeptide, are preferred.
The order of the two VHs and the two VLs is not particularly limited to the
35  above-mentioned arrangement, and they may be placed in any order. Examples include the

following arrangements:



15such). A diabody is a dimer composed of two polypeptide chains. Generally, in each polypeptide
chain constituting the dirner, VL and VH are linked by a linker within the same chain. The linker in a
diabody is generally short enough to prevent binding.-hetween VL and VH. Specifically, the amino acid
residues constituting the linker are, for example, five residues or so. Therefore, VL and VH that are
encoded by the same polypeptide chain cannot form a 20single-chain variable region fragment, and
form a dimer with another single chain variable region fragment. As a result, diabodies have two
antigen bindin%_sites. scFv can be obtained by ligating the H-chain V region and L-chain V region
of an antibody IAKEERY HIdEk R A N FBK56H b L-chain V region are ligated via a linker, preferably a
peptide linkef(HuistofVi.] Sinkea[VPidinaflVAGad. Sci. U.S.A., 1988, 85, 255879-5883). The H-chain
V region %Qq{h__ﬁggég \; gliﬂﬂegj[ -.EEHE%}W rived from any of the antibodies described herein.
The peptide linker for[li ating the'V regions is not particularly limited. For example, any single-chain
peptide coN&i& iﬁ’&eéf ?ﬁf@%i&ﬂ%&%@lﬁé’@éﬁbe used as the linker. More specifically, for example,
peptide linkers didserbad) helow-pv Bidman Welised. 30PCR methods such as those described above
can be used for ligati [ [ r.Jigatio V.regions by.,PC ethods,
frst, & whole DA 2 DN S L P eI B sn e
following BRKEE &s6¢-HaN ey als et bessplitd osed Bkt Fugissrimb Mg 19 onkifromath-chain
V region ehihie:-anttadyinked &naibNAcsteueribedencedislg tbeidnchaim tebeteahaieMitggion of the
antibody. ing.t %} in -chainA reqio e,individually amplified.by PCR 25
methods %ﬁ%@%@%ﬁgﬁ %ﬁrt a%'h?\%e%_ sltérg%e%r?cf\e{gec% §§ caoﬂn ing i%l}ﬂ% sale%a%%%rlleqsl%}\i%otﬁﬂends of
the DNA thEciAREReTIEr Byhoacakdderrp the Ak PeriBmisprefardntheoDNA
encoding hgreeptid ecliftker campistnbe pypilirdizedrusinchBeIR- Te thm areind afithepemersused,
nucleotide seguences, that can be ligated.to.each.of the.individualk thesized 5V:reqi .
amplificags&i]ag}%lgua(?? Are %835%8%%2% 9 o raenan&?o%czigségnrrﬂhd ogéﬁijxsﬁlgé) fﬁéer%’?ghlaﬁﬁw I%e{"l“gnilourlioDNA",
"peptide |AskET HNAXagRe: L ThBIRYA%EEidn DNA", and the primers for assembly PCR. The
primers for assemily %ﬁﬁgﬁ&ﬂ&ﬁ@féﬂ%§%ﬁﬁiﬂ;ﬁ&@@ﬁﬁﬁi@ﬂﬁ@%@%§hﬁh%ﬂ%‘@lﬁ iQ thexmseneyafdhe )
"H-chain V reqgjon. ".and a primer that anneals to the 3' end of the "L-chain V 10 region DNA". That
B e s R e S AR R S S e
sequencdiskesrpayidis synthesized. On the other hand, nucleotide sequences that can be ligated to
each V-regipn DNA are added to the "peptide linker DNA". Thus, these DNAs are ligated, and the
fuII-Iength(ig:F%%s ultimately produced as an amplification product using the primers for assembly PCR.
Once the s@i:v-encoding DNA is constructed, 15expression vectors containing the DNA, and
recombin&i¥-édlfsIeansfooned by these expression

20 Ser-Gly-Gly
Gly-Gly-Gly-Ser (SEQ ID NO: 101)
Ser-Gly-Gly-Gly (SEQ ID NO: 102)
Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 103)
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 104)

25  Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 105)
Ser-Gly-Gly-Gly-Gly-Gly (SEQ 1D NO: 106)
Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ 1D NO: 167)
Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 108)
(Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 101)n

30 (Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 102)n
in which n is an integer of 1 or larger.

The amino acid sequences of the peptide linkers can be selected appropriately by those
skilled in the art according to the purpose. For example, n, which determines the length of the
peptide linkers, is generaily 1 to 5, preferably 1 to 3, more preferably 1 or 2.

35 Therefore, a particularly preferred embodiment of sc(Fv)2 in the present invention is,

for example, the following sc(Fv)2:



vectors can be obtained according to conventional methods. Furthermore, the scFvs can be obtained
by culturing the resulting recombinant cells and expressing the scFv-encoding DNA. scFv-Feis a
low-molecular-weight antibody produced by fusing arg)fe domain to an scFV comprising the H-chain V
region and L-chain V region of an antibody (Cellular & 20Molecular Immunology 2006; 3: 439-443).
While there is no particular limitation on the origin of the scFv used for scFv-Fc, for example, scFv
derived from IgM may be used. Furtheimore, while there is no particular limitation on the origin of Fc,
for example, mouse IgG (mouse IgG2a and such) and human IgG (human IgG1 and such) may be
used. Therbibl@entid FrekP SrBEcRMERT ¥k drapridobakmc %nm@:a%s@ﬁﬂﬁ@pﬁaéa@@é@rby
linking the istkwiifagizidnt Bf 2p an IgM antibody to CH2 (for example, Cy2) and CH3 (for example,
Cy3) of mouse Ig ?t? ' Inge.region gH ),0f, mouse. | a,.and an scFv-Fc.produced by linking
o soF Traoment o L B e A e B B S aman

IgGl.  li&g&EpY i aisamibSd)ssharking dasyiigang e eh Loamasshislvaeptiderchnksrands 8oéh to form
a single chaih ¢iuBlsaseatialkhd ptoemnoleMidthodBok99 23, 1id ol 8RInscinZsrarhR13@preduced,

for examp] d‘t& joini Fvsavith a linker.. Mareqgver, antibadijes in which two VHs and two VLs
are arran age |r)°1( %ﬁ%qglr%‘gﬁgf ir/#s\e/ﬁ%%n%hnog\%e ﬁflf&er-%fﬁiﬁ?’n%aﬁ -linker-[VL]), starting from
the N-termindi BRIy sPecsigidcidiibpolypeptide, are preferred. The order of the two VHs and the two
VLis is notipacictilanysimitegte (hgSpabove-mentioned arrangement, and they may be placed in any

order. Ex%@@@inuclgden%h f Ilq\iigirré ements: 26 [V1J-linker-[VI-1]-linker-[VH1-linker-[VL]
[Vl-]%-lin ot .,S_L-‘ﬁnﬁ?le,r-'[_?%’LﬁT’fﬁ er- L1-1inker-[VL]-linker- [VF11-linker-[VH1
5[VILY-linkbhpobis(saskarpvdy. mr@epee) (OSPAny arbitrary peptide linker can be introduced by genetic

engineeriam%mmmim§1(mi@@@y@mpﬁose disclosed in Protein Engineering, 9(3),

299-305, 199 %lor uch can be used as linkers f rﬁe}g 1g the antibody variable regions. In the present
invention,ép%grf |(fé%|%ﬁ (}a]rs&zs;cseu%?le é?édt?iz? g é??g(t 0 ﬂhe peptide linkers is not particularly limited,

and 10caftheendtalhigobbiscdéopyctivisel dxditegdimatm Grlrdérdng to the purpose. The length of
amino acigJesigiessompesihg s pgptide linker is generally 1 to 100 amino acids, preferably 3 to 50

aming acgiﬂ%hﬂaore refer%lfly af'-'%rta e?’((s)u 3 JB%,?)CEIdS, and particularly preferably 12 to 18 amino acids (for

OSUCCIELITIL
example, amino aclds):

bis]2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES); and
bis]2-(sulfosuccinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES),

Usually, three linkers are required to link four antibody variable regions. The multiple
linkers to be used may all be of the same type or different types. In the present invention, a

20 preferred minibody is a diabody or an sc(Fv)2. Such minibody can be obtained by treating an
anttbody with an enzyme, such as papain or pepsin, to generate antibody fragments, or by
constructing DNAs that encode these antibody fragments, introducing them into expression
vectors, and then expressing them in appropriate host cells (see, for example, Co, M. S. et al, J.
Immunol. (1994) 152, 2968-2976; Better, M. and Horwitz, A. H., Methods Enzymol. (1989) 178,

25 476-496; Pluckthun, A. and Skerra, A., Methods Enzymol. (1989) 178, 497-515; Lamoyi, E.,
Methods Enzymol. (1986) 121, 652-663; Rousseaux, JI. ef al., Methods Enzymol. (1986) 121,
663-669; and Bird, R. E. and Walker, B. W,, Trends Biotechnol. (1991) 9, 132-137).

The antibodies of the present invention include not only monovalent antibodies but also
multivalent antibodies. Multivalent antibodies of the present invention include multivalent

30 antibodies whose antigen binding sites are all the same and multivalent antibodies whose antigen
binding sites are partially or completely different.

Antibodies bound to various types of molecules such as polyethylene glycol (PEG) can
also be used as modified antibodies. Moreover, chemotherapeutic agents, toxic peptides, or
cytotoxic substances such as radioactive chemical substances can be bound to the antibodies.

35  Suchmodified antibodies (hereinafter referred to as antibody conjugates) can be obtained by

subjecting the obtained antibodies to chemical modification. Methods for modifying antibodies



Any amino acid sequences composing peptide linkers can be used, as long as they do 15not inhibit
the binding activity of scFv. Examples of the amino acid sequences used in peptide linkers include:

Ser Gly-Ser Gly-Gly-Ser 20Ser-Gly-Gly Gly-Gly-Gly- § r (SEQ ID NO: 101) Ser-Gly-Gly-Gly (SEQ ID
NO: 102) Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 103) Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 104) 25
Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 105) Ser-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 106)
Gly-Gly-Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 107) Ser-Gly-Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 108)
(Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 101) n 30(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 102))n in which n is an
integer of o FaRgErestablighed nilHs Bk sdutiemsns: aset helesyssesh suibafbetsan also

ahpplroprlatﬁy)lmztm}sm skl bedlbzdhe ﬁmﬁ@ﬁwﬂlﬁgewﬂh@;ﬁmggs&@&?g%gﬁﬁggaﬁ?ﬁ%%@|nes
t t e I
There ht@gm&q&t% rtLilpp e erre(%(%@rfi)?“g§ %I%?D I EL% %’Otﬁ&%mor%er %’ tf”?“éxample

35Therefore, a particularl reSentinventio

the fo||owﬁ?@’éé?m@m?ﬁfwﬂ‘aswéﬁ%@ﬁhL@éﬂ%ﬁ@@fﬁﬁﬁ&h@i@@ﬁ{%ﬁ%ﬁﬁa@nﬁm (1§‘3m¢no |
acidsj-[VHhybpiide diaketi(teanite aciedHivds) ofth@ﬁ@é@@{t\@%ﬁwﬂhetlc chemical linkers (chemical

crosslinking agengﬁleci% tf’? t t eVre |ons Crosslinl r utlnel useﬁ to crosslink
peptide compounds an 5633 %ggr% & tsed in the prgs}:erg ?nvgrﬁ“on of e%% RIS T $oMtEwing

chemical Br§¥ERkir Ege e e Wﬁome crosslinking agents are commercially available:

azaribine, anastrozole, azacytidine, bleomycin, bortezomib,

bryostatin-1, busuifan, camptothecin, 10-hydroxycamptothecin, carmustine,

10 celebrex, chlorambucil, cisplatin, irinotecan, carboplatin, cladribine,
cyclophosphamide, cytarabine, dacarbazine, docetaxel, dactinomycin,

daunomycin glucuronide, daunorubicin, dexamethasone, diethylstilbestrol,

doxorubicin, doxorubicin glucuronide, epirubicin, ethinyl estradiol,

estramustine, etoposide, etoposide glucuronide, floxuridine, fludarabine,

15 flutamide, fluorouracil, fluoxymesterone, gemcitabine,

hydroxyprogesterone caproate, hydroxyurea, idarubicin, ifosfamide,

leucovorin, lomustine, mechlorethamine, medroxyprogesterone acetate,

megestrol acetate, melphalan, mercaptopurine, methotrexate, mitoxantrone,

mithramycin, mitomycin, mitotane, phenylbutyrate, prednisone, procarbazine,

20 paclitaxel, pentostatin, semustine streptozocin, tamoxifen, taxanes,

taxol, testosterone propionate, thalidomide, thioguanine,

thiotepa, teniposide, topotecan, uracil mustard, vinblastine,

vinorelbine, and vincristine.

In the present invention, preferred chemotherapeutic agents are low-molecular-weight

25  chemotherapeutic agents. Low-molecular-weight chemotherapeutic agents are unlikely to
interfere with antibody function even after binding to antibodies. In the present invention,
low-molecular-weight chemotherapeutic agents usually have a molecular weight of 100 to 2000,
preferably 200 to 1000. Examples of the chemotherapeutic agents demonstrated herein are all
low-molecular-weight chemotherapeutic agents. The chemotherapeutic agents of the present

30  invention include prodrugs that are converted to active chemotherapeutic agents in vivo.
Prodrug activation may be enzymatic conversion or non-enzymatic conversion.

Moreover, the antibody can be modified with a toxic peptide. Examples of the toxic
peptides include the following: Diphtheria toxin A Chain (Langone I. I, ef al., Methods in
Enzymology, 93,307-308,1983); Pseudomonas Exotoxin (Nature Medicine, 2, 350-353, 1996);

35  Ricin A Chain (Fulton R. J., et al., J. Biol. Chem.,, 261, 5314-5319, 1986; Sivam G, etal,
Cancer Res., 47, 3169-3173, 1987; Cumber A. J. ef al., J. Immunol. Methods, 135, 15-24, 1990;



N-hydroxy succinimide (NHS); disuccinimidyl suberate (DSS); bis(sulfosuccinimidyl) suberate (B 53);
10dithiobis(succinimidyl propionate) (DSP); dithiobis(sulfosuccinimidyl propionate) (DTSSP); ethylene
glycol bis(succinimidyl succinate) (EGS); ethylene gl %ol bis(sulfosuccinimidyl succinate) (sulfo-EGS));
disuccinimidyl tartrate (DST); 15disulfosuccinimidyl tartrate (sulfo-DST));
bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES); and
bis[2-(sulfosuccinimidoxycarbonyloxy)ethyl] sulfone (sulfo BSOCOES). Usually, three linkers are
required to link four antibody variable regions. The multiple linkers to be used may all be of the same

type or diffFeREREEX h therbsbatstSstion Ca PO rérérte %Hin BbeRi R b diatody I6rameb(Fv)2.
Such miniklechodan be, ohtairsy maurganglmﬂat&pﬂmm@mﬁngmﬁe@espm ag papainar Repsin, to

e S AEAg R A PRI AP o0l S AR BT e for

mtroducmg?fhem into 63( ression vectors an pressing em In appro rlate

example, £6 ZWSW&YQF@{I Fim ﬁble(l@M)elgfs 2§Q87§é?675§8ttb?9ﬂﬁl Saﬁ%m-@s\ﬁftﬁl ACacermeseds
Enzymol. 41933391§873259$7§a4&ﬁp5m@ctm, S aidek BkarrarAsoMettads BazyntrlidliagOvisG.,

497-515; L etho ( ) 21, 652-663; Ro eaux, ymoI.
(1986) 12(_?L @6? %%CQer ha- B#g %B%gg)% \]}g% K renf I?BE{IO &thno P(@%ESJ%I g% EF;%Z

The antibd&és 8@%@%&%&%@%@3% iﬁn%h%ﬂééalewé)nﬁi@«hwessw atsalmiliivalent
antibodiesx M ultivalent aggibndiss f Ib%@rﬁﬁeﬁ%@ﬁtﬂmﬂaﬁb&@@eiﬁ@Bﬁﬁﬁ@&@@@@@?@lﬁﬁd’gﬁ&%e

e S R T R G S o
poly@hyléﬁ@g@w %& Ed) c4h- dlga%e%ﬁéﬁfaéﬁﬂ]@@ﬁ@d@nﬁbaﬁiééllmﬂmeohem@tném&ﬂ;éﬁépﬁﬁjc
agents, topjopentislas:ah qriokede substanges. %ﬁ@%g“mﬁ@wg%@em;%?ﬁﬁ%%?gﬁﬁﬁ@%%%@fa‘%°g‘§d
o e amipogs U nodicrgntslen fealaleL IRy o gs byl g
antibodieg42846, 1992); Momorcochin (Bolognesi A., et al., Clin. exp. Immunol., 89, 341-346, 1992},
Dianthin 32 (Bolognesi A., ef al., Clin. exp. Imrounol., 89, 341-346, 1992); Dianthin 30 (Stirpe

15 F., Barbieri L., FEBS letter 195,1-8,1986); Modeccin (Stirpe F., Barbieri L., FEBS letter
195,1-8,1986); Viscumin (Stirpe F., Barbieri L., FEBS letter 195,1-8,1986); Volkesin (Stirpe F.,
Barbieri I.., FEBS Jetter 195,1-8,1986); Dodecandrin (Stirpe F., Barbieri L., FEBS letter 195, 1-8
1986), Tritin (Stirpe T, Barbieri L., FEBS letter 195,1-8,1986); Luffin (Stirpe I., Barbieri L.,
FEBS letter 195, 1-8, 1986); and Trichokirin (Casellas P., ef al., Eur. J. Biochem. 176, 581-588,

20 1988; Bolognesi A., et al., Clin. exp. Immunol., 89, 341-346, 1992).

In the present invention, “radioactive chemical substance” refers to a chemical
substance containing a radioisotope. There is no particular limitation on the radioisotope.
Any radioisotope may be used, and for example, 321’, 14C, 1251, 3 H, 1311, 186Re, and '"¥Re may be
utilized.

25 In another embodiment, one or two or more of the low-molecular-weight
chemotherapeutic agents and toxic peptides can be combined and used for antibody modification.
The bonding between an anti-LGR7 antibody and the above-mentioned low-molecular weight
chemotherapeutic agent may be covalent bonding or non-covalent bonding. Methods for
producing antibodies bound to these chemotherapeutic agents are known.

30 Furthermore, pharmacologically active proteins or peptide toxins can be bound to
antibodies by gene recombination technologies. Specifically, for example, it is possible to
construct a recombinant vector by fusing a DNA encoding the above-mentioned toxic peptide
with a DNA encoding an anti-LGR7 antibody of the present invention in frame, and inserting
this into an expression vector.  This vector is introduced into suitable host cells, the obtained

35  transformed cells are cultured, and the incorporated DNA is expressed. Thus, an anti-LGR7

antibody bound to the toxic peptide can be obtained as a fusion protein. When obtaining an



are already established in this field. Furthermore, as described below, such antibodies can also be
obtained in the molecular form of a bispecific antibody designed using genetic engineering
technologies to recognize not only LGR7 proteins, bg also chemotherapeutic agents, toxic peptides,
cytotoxic substances such as radioactive chemical substances, or such. These 5antibodies are
included in the "antibodies" of the present invention. Chemotherapeutic agents that are bound to
the anti-LGR7 antibodies to drive the cytotoxic activity include the following: azaribine, anastrozole,
azacytidine, bleomycin, bortezomib, bryostatin-1, busulfan, camptothecin,
10-hydrofyEkabtetretasiceapraiaiuiee nossepriogiepllorashibaaromipritinxinnoasaarsl bafswgiatin,
cladribingheyclephasphantidengypiaiabine peacashazine Aasetasetcdastinem BN I MO MYEithe

glucuronide, daunorubicin, dexamethasone, diethylstilbestrol, doxorubicin, doxorubicin glucuronide,
i R o B

,.d
. .. aCOLi0g10a dclive protein or 171, . . . . -
eplrublcmt? e%ﬁlnyf)e radiol, P eéjtramusﬁne, etoposide, etoposide glucuronide, floxuridine,

fludarabine, 15fluEaHGEnRifiGGraEIbeivRy e siersnbingsmidaminebhgdrorypiltyesidesive cAproate,
hyd r@ny&@aaﬁwﬁiﬁiFmdgaﬁéma@ dﬁ@ﬁ%&&m&mﬁm%ﬁmeﬁa@m@mﬂa@@@ﬁ%m&%ﬁ;ﬂone ,
acetate, _.megestraol acetate, m an, rnercaptopurine, methotrexate, mitoxantrone, mithramycin,
oy P A BB P LRSS pr LB SO R Bt e ShR e
streptozotiigs thataniesnizpdifes tasotorestosiddeit opidiate; thatidonntisutbioduanine, thiotepa,
teniposidg;sieRetRGambdBClAbsiand, oflp Masting: vinoratyine sand-vineristinesdndhedigsentdavention,
preferredccég%@%;[(heer?é)(futic agents are low-molecular-weight 25chemotherapeutic agents.
Low-molecular-wéjlg(ﬁ Cchemotherapeutic agents are unlikely to interfere with antibody function even
aftettbinding to adtisodiéyeln the prpseiiidnvsihtdn Howhecleantbodeightidhk wmthstippediodigents

usually haye RdheleRY ARSI OfERHS 2000 PefarabMiR00:1000, %ﬁ@%&i@%@s@ﬁce. _
chemothrgqézl:egtl agen%s dems%ﬁstrated .hgr{e%‘loggg all %ow-molecular-wel nt chemothergpeutic agents.
The chem8tiié gé%tfc"rtaé%)ﬁfs ﬁ%aé“fﬁsegje P SOTRGEKY %%REHEH&E?BM&% HEPLEY rted to active
chemotheedprgtizcagmmscl sinstances.  Such a bispecific antibody binds to LGR7-expressing cells,
and at the same time, captures cytotoxic substances. This enables the cytotoxic substances to
15 directly act on LGR7-expressing cells. Therefore, bispecific antibodies that recognize cytotoxic
substances specifically injure tumor cells and suppress tumor cell proliferation.

Furthermore, in the present invention, bispecific antibodies that recognize antigens other
than LGR7 may be combined. For example, it 1s possible to combine bispecific antibodies that
recognize non-LGR7 antigens that are specifically expressed on the surface of target cancer cells

20 like LGR7.

Methods for producing bispecific antibodies are known. For example, two types of
antibodies recognizing different antigens may be linked to prepare a bispecific antibody. The
antibodies to be linked may be half molecules each having an H chain or an L chain, or may be
quarter molecules consisting of only an H chain.  Alternatively, hybrid cells producing a

25  bispecific antibody can be prepared by fusing hybridomas producing different monoclonal
antibodies. Bispecific antibodies can also be prepared by genetic engineering technologies.

Known methods can be used to measure the antigen-binding activity of the antibodies
(Antibodies A Laboratory Manual. Ed Harlow, David Lane, Cold Spring Harbor Laboratory,
1988). For example, an enzyme linked immunosorbent assay (ELISA), an enzyme

30 immunoassay (EIA), a radioimmunoassay (RIA), or a fluoroimmunoassay can be used.

The antibodies of the present invention may be antibodies with a modified sugar chain.
It is known that the cytotoxic activity of an antibody can be increased by modifying its sugar
chain. Known antibodies having modified sugar chains include the following:
antibodies with modified glycosylation (for example, WO 99/54342);

35  antibodies deficient in fucose attached to sugar chains (for example, WO 00/61739, WO
02/31140, WO2006/067913, etc.);



Prodrug activation may be enzymatic conversion or non-enzymatic conversion. Moreover, the antibody
can be modified with a toxic peptide. Examples of the toxic peptides include the following: Diphtheria
toxin A Chain (Langone J. J., et at, Methods in Enzyr§19logy, 93,307-308,1983); Pseudomonas
Exotoxin (Nature Medicine, 2,350-353, 1996); 35Ricifi’A Chain (Fulton R. J., et at, J. Biol. Chem., 261,
5314-5319, 1986; Sivam G., et at, Cancer Res., 47, 3169-3173, 1987; Cumber A. J. et al., J. Immunol.
Methods, 135, 15-24, 1990; 29 Wawrzynczak E. J., et at, Cancer Res., 50, 7519-7562, 1990; Gheeite
V., etal., J. Immunol, Methods, 142, 223-230, 1991); Deglicosylated Ricin A Chain (Thorpe RE., et aL,
Cancer R&81tpdiesduNisg apugapAanGih Aletsame Walirysy ez sranls. &F & 0B P Carkder, 66,
361-366, 1992; Walkezythezakitodiced ihCanreaitRegnthth 121%cb2 1896y, Sivamr&Sprakatbicancer

Res., 547a§&’r§o%§éﬂ§vi%%8c§i&h%@§cﬁv , et at, Cancer Res., 47, 5924-5931, 1987); Gelonin (Sivam
G., et at, Cancer Res., 47, 160- 173, 1987; Cumber A. J. et at, J. Immunol. Methods, 135, 15-24,

1990; Wawrzynczakts Dressphivapiben risscyiiorsa actis gy indudes 616 §REBPE, et at, Clin. exp.
Immunol. 288b3di B46ndAA2)% Pekaasd antioxikatpraeDdiertisasdsd RABpHBelapesidy et

aL,Clin. ex cg §] - 6,A} : Briodin (Bolognesi A., et at, Clin, exp. 10Inununol., 89,
341-346, 1%8%“%#%3 aca3 %tjé‘hﬁ Si _.‘?ﬁ%’t‘%&?ﬁ%.”e‘&epﬂ%%m@o A O G TR orein
(Cumber AySeremadistadnpittiorinmetioss, 135 5aeyitggetony dahs peizakyol jnjetiag, Carmsbertes.
50, 7519-%563 21:P90iRB NGRS} Atatiicilio RiReB ¥R HABBUHINIen89, B4 £c346: 9% aamasspchin
(Bolognesi A., et aL,.Clin. exp..lmmunal., 89, 341-34 11?2%2 , Dianthi 3%éBolo esi A,, et at, Clin.
o i o e B e e e R e B
Modetcinc@tipéamagsdrbieri L., FEBS letter 195,1-8,1986); Viscumin (Stirpe F., Barbieri L., FEBS
letter 195,1-8,1986) MolkesR{ Skiibedy. oBakbisssbnt FRBSilsHen195841386% Dadrsandin (Stie
F., Barbieﬂbc’,:gE%Si%tgeréﬁé, 1-18 : 9%6%;% rit(i%]g?tir eog.,garbieri ., EIBS letter 195,1-.8,1986);
Luffin (Stirpe F., Barbidr o I?’g Ye er , 1-8, 165%) an ﬁ%{ﬁ%}%ﬁh RS léoﬁgfoéf at., Eur. J.
Biochem.[178uB8e588haDP0d8; BowyHekig: seides Glihvexpsimiiondiohsd:. $2aligaee199nlin the
present inwaRan, Ssadioastiveoohemigahsuhsiance” refers to a chemical substance containing a
radigisotope. Thege is no particylar limitation,on the radioisotope. Any radioisotgpe may be used, and
for example, 32P 1AL AOS 190, Y1 T86e AR ISSR g B I S AACHAEr R ociment,
one or two or mor@ bf ttriahemeledigipnveiint
Spleen is removed from a CBA/N mouse or the like, and spleen cells are isolated in
RPMI1640 medium (manuiactured by Invitrogen).  After washing in the same medium
containing 10% fetal bovine serum (FBS, manufactured by HyClone), the cell concentration is
20 adjusted to 5 x 10° /ml to prepare the effector cells.
(2) Preparation of complement solution
Baby Rabbit Complement (manufactured by CEDARLANE) 1s diluted 10-fold ina
culture medium (manufactured by Invitrogen) containing 10% FBS to prepare a complement
solution.
25 (3) Preparation of target cells
The target cells can be radioactively labeled by incubating cells expressing the LGR7
protein with 0.2 mCi of sodium chromate-"'Cr (manufactured by GE Healthcare Bio-Sciences) in
a DMEM medium containing 10% FBS for one hour at 37°C. For LGR7 protein-expressing
cells, one may use transformed cells with a LGR7 gene, ovarian cancer cells, or such. After
30  radioactive labeling, cells are washed three times in RPMI1640 medium with 10% FBS, and the
target cells can be prepared by adjusting the cell concentration to 2 x 10° /mL.
ADCC activity or CDC activity can be measured by the method described below. In
the case of ADCC activity measurement, the target cell and anti-LGR7 antibody (50 uL each) are
added to a 96-well U-bottom plate (manufactured by Becton Dickinson), and reacted for 15
35  minutes onice. Thereafter, 100 ul of effector cells are added and incubated in a carbon

dioxide incubator for four hours. The final concentration of the antibody is adjusted to 0 or 10



chemotherapeutic agents and toxic peptides can be combined and used for antibody modification. The
bonding between an anti-LGR7 antibody and the above-mentioned low-molecular weight
chemotherapeutic agent may be covalent bonding oggon-covalent bonding. Methods for producing
antibodies bound to these chemotherapeutic agents are known. 30Furthermore, pharmacologically
active proteins or peptide toxins can be bound to antibodies by gene recombination technologies.
Specifically, for example, it is possible to construct a recombinant vector by fusing a DNA encoding the
above-mentioned toxic peptide with a DNA encoding an anti-LGR7 antibody of the present invention in
frame, and&ikrting RIS 8-t edsiiihicrtBrrmriiatis ol estadraer o pieastiviit & host cells,
the obtaineck3ottdnsibrnesheel saeeuiosR Aandbencoparate VNS BEP0eSseshuTitisean
anti-LGR i t |C.Rept n.be. ined as.a fusion protein, When,obtaining an
30 antiboéﬁgégg#gs%%&g%%ﬁnﬁé%mfm;i(c:%gg%ﬁ@%%%l%ﬁ r@fsﬂnﬁ: Or %)%lnci%%gﬁélrsé % Used at the
C termindEGFtdartivohe carpesHadmkerian déinSe éd bEtvetpliEharin oo pisertrie the
Eharma}ch@@dm tboiaﬁﬁmrﬁtefmmém@m B{ébwmmm@mﬁbﬁdmh cthe @ﬁees&[g?myemé@@ rr?@y be a
ispecific,apti ispecifi tibody refers to an antihody that.carries variable regions that
recognize iﬁ%f ntag%%ghggﬁfﬁ}ﬁ%%%%%ﬁ ug%éso%eﬁ]aoc#eg&%ea;ﬁ&e rﬁ%%%%ﬁfc%%%%ﬁ%ﬁ%?have
antigen-biABb OS] £ 1ubgning hirdreet spitdopalyon an LGR7 molecule. Two molecules of such a
bispecific antibodyseamhing i@ are-meolecalo@byGRY shsarassll SHQNIST GYIIRNE Aclien gﬁ%be

expected, 10Alterpatively, the bispecific antippd e an antib In which_one antigen-binding site
recognizea’g I?éh%&g}éafﬁfeb %?%earrgoﬁ .‘é%%%%gﬁg%@ )‘é’é"bc‘?%‘aa‘ﬁf%gé %ﬁg}%g §xie '%%tﬁjé%gk? e%%ﬁ%%ifically,
cytotdxic BitisusmaaailotdedHombitieiagetits agentSheosddipeplided. ehthsadivabtiventhehical
substancgsa@éab@@éﬁmi;@daﬁtﬂo@@w@é .ﬁﬂ&%}@é—i@&%a@j&m&iﬁiﬂglﬁﬁiﬁ a@%@ﬁﬁﬁf&%&%@%ﬂ of
captures gytotgxic substances, This epables the cytotoxic substances to 15directly act on
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inventioncylispetifiGainibadiesiiold acaanie@ntigans,otberthanddaR7 may be combined. For
exap%ple, it is pos&iblt? to on%bin bistgecific %?tibodies th? recognize non.—LGl|37 antgg)eas that are
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. hyBiid: i 5

GO RS BrOtRE AR PG R DD B BY Rusid hiyibfitiomas

Alternative y, hy
producingdiffereatimordbiomdlzntibodidissBibpetific hpgbobies Afar aisoube g rEapaddly genetic

engioeeruié%%aﬂd@gma@ammﬁmafoﬁam? HsadioneagHe hmantigrr:bindipgeactivity of the

Rt Rl Lo DAL Fo g Sy boreto

Another embodiment of the antibodies used in the present invention is an antibody
having internalization activity. In the present invention, “antibody having internalization
activity” refers to an antibody that is transported into a cell (into the cytoplasm, vesicles, other

25  organelles, and such) upon binding to LLGR7 on the cell surface.

Whether or not an antibody has internalization activity can be confirmed using methods
known to those skilled in the art.  For example, the internalization activity can be confirmed by
the method of contacting an anti-LLGR7 antibody bound by a labeled substance with
LGR7-expressing cells and determining whether the labeled substance is incorporated into the

30 cells, or the method of contacting an anti-LGR7 antibody bound by a cytotoxic substance with
LGR7-expressing cells and determining whether or not cell death is induced in the
LGR7-expressing cells. More specifically, whether or not an antibody has internalization
activity can be checked, for example, by the method described in the Examples below.

An antibody having internalization activity can be used for a pharmaceutical

35  composition such as an anticancer agent, for example, by binding it with the above-mentioned

cytotoxic substance.



30 immunoassay (E1A), a radioimmunoassay (MA), or a fluoroimmunoassay can be used. The
antibodies of the present invention may be antibodies with a modified sugar chain. It is known that the
cytotoxic activity of an antibody can be increased by-yodifying its sugar chain. Known antibodies
having modified sugar chains include the following: antibodies with modified glycosylation (for
example, WO 99/54342); 35antibodies deficient in fucose attached to sugar chains (for example, WO
00/61739, WO 02/31140, W02006/067913, etc.); 31 antibodies having a sugar chain with bisecting
GleNAc (for example, W% Sg/ 9255), etc. W the antibodies of the present invention are used for
a

therapy, they are’ BFefafa R RE SFOMRE Haakity. the 1 Brdd st thsaRtmn, mertirBtoxic
activity inElidesripkee demnapte;Saeribody-aepeh dent tell- hrddiatea bytetexipliyi{ARGEifactiity and
ComD e ISR QYSRURLIGREL e SRR HEOIAD, SR ASMISIEl0
complement system-med ate%c totoxi¢ actjvity. ADCC 1<';1&c}$|ﬁ/|t3/, refers to the activity of injuring a target
cell when™3'8peLfe WL@V REIH SRS ¢ AT R Rfie HHTgERCARPERg Hes R BHBA TR edIFs-
(immune Gelkromgiehlybindgto: e P ¢lpditiomhofithe laniib oy adil teekeayaeESRIQITBNE@hE target 10cell
's damagieghiéy) Rt GR anUBA QI the prepsntientien fan b Rsiad o seelIRIlr b as ADCC

activity or CDC activit ing_known methods (for example, Current Protocols in Imm ogy, Chapter

ity us
7. Immun%i@%@ié% frhke R SESHRE E oligan et al., John Wiley & Sons, Inc., (1993) and
the like). (BRinstnspedificalyrieffectori callsndomiple the atSotuticid, saqoktargef SEIB RreVprepased. (1)

Preparation g efEcifelia o SHERTHATETNGS FMACRAN SR AN ke, Aad anlpen cels

are jsolated in RPM11640 medium (manufactured by invitrogen er washing in the 'same medium
contBining A89ErASY B inE BB A TPBS igltfilraekired by HyClone), the cell concentration is
20adjusté@htanmaxtiHddyrmdntpripiepalie Heleffecfqn peis.tia)IPregaratian ¢femamlement solution

) o SRS SRR L O 5 g e
Preparatigpgflté dpiapsacid sequence of SEQ ID NO: 16 as CDR2, and the amino acid sequence of
SEQ ID NO: 17 as CDR3 (22DA7 heavy chain);
15 (5) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 20 as
CDRI1, the amino acid sequence of SEQ ID NO: 21 as CDR2, and the amino acid sequence of
SEQ ID NO: 22 as CDR3 (22DA7 light chain);
{6} an antibody comprising the H chain of (4) and the ¥ chain of (5) (22DA7);
(7) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 25 as
20 CDRI, the amino acid sequence of SEQ ID NO: 26 as CDR2, and the amino acid sequence of
SEQ ID NO: 27 as CDR3 (22DA17 heavy chain);
{8) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 30 as
CDRI1, the amino acid sequence of SEQ ID NO: 31 as CDR2, and the amino acid sequence of
SEQ ID NO: 32 as CDR3 (22DA17 light chain);
25 (9) an antibody comprising the H chain of (7) and the L chain of (8) (22DA17);
(10) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 35 as
CDR1, the amino acid sequence of SEQ ID NO: 36 as CDR2, and the amino acid sequence of
SEQ ID NO: 37 as CDR3 (22DA22 heavy chain);
(11) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 40 as
30 CDRI, the amino acid sequence of SEQ ID NO: 41 as CDR2, and the amino acid sequence of
SEQ ID NO: 42 as CDR3 (22D A22 light chain);
(12) an antibody comprising the H chain of (10) and the L chain of (11) (22DA22);
(13) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 45 as
CDR1, the amino acid sequence of SEQ ID NO: 46 as CDR2, and the amino acid sequence of
35 SEQID NO: 47 as CDR3 (22DA23 heavy chain);
(14) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 50 as



The target cells can be radioactively labeled by incubating cells expressing the LGR7 protein with 0.2
mCi of sodium chromate-5ICr (manufactured by GE Healthcare Bio-Sciences) in a DMEM medium
containing 10% PBS for one hour at 37C. For LGR7 motein-expressing cells, one may use
transformed cells with a LGR7 gene, ovarian cancer cells, or such. After 30radioactive labeling, cells
are washed three times in RPMI1640 medium with 10% FBS, and the target cells can be prepared by
adjusting the cell concentration to 2 x 105 /mL. ADCC activity or CDC activity can be measured by
the method described below. In the case of ADCC activity measurement, the target cell and anti-LGR7

antibody (56%t:, ‘88eRY AL ERT L S6-WeH BR0SHor ARt iiantfadia sy iy Bcisehekipson),
and reactBHGoN15/350nut€DRA (@A Erdafiech20;irt of effector cells are added and incubated in a

carbon dipueEBelsy (gt oMo ThE it @gq_%%at{ﬁéiermaﬁ%@ggfa%%%é& justed to 0 or 10

32 kig/mL After culturing, 10 f the supernatant’is collected, an vity is measured
with a garESTHHRICOBRANE B B bl REXIN S ERiIps 60, SSrtisch ﬁiﬂa@r%as
Instrédmert GR M garythith ety teipdaacivity (VD a0 1k ealCibRBdnding thei moeasd regueaisas

accordingte %W%?Qs%}@ /%1%3 @4)&&% M&ﬁ{ﬁin A represents the 5Sradioactivity (cpm) in each

sample, B represents the radioactivity (cpm) in‘a sample where 1% NP-40 (manufactured by Nacalai
Tesque) Kad FBHERIBOCARRrET 8 Srekchain e YHB SR AU 86 pe el SR HaN g Ghestarget
cells only(ednwibiteninctbel € asgueiide RCSELVIY MiRasuie MERR Sttt tanged eall ang:&:Mif of an

anti-LGR t@%@l@%ggﬁ%g @?ﬁ-re%#fé?&-gé%gﬁged plate (manufactured by Becton 10Dickinson),

and reacted for 15 minutes on ice. The of the complement solution is added, and

, 1
incutthted 9B aBBRSHaERTHaS e Frehiuphosaribsikabesn et atrt@R oA gie: antibody is
adjusted (09 en 3rpligrdy cAfi@riicuaationhddhMingflibe pernatadt iseqabactas: SJ theNadigmsgtivity is

measureg-wi amma. counter, The ¢ ?&fﬁfﬁﬁy’ ty.ca lculated in.the same way as in the
ADCC aé%\%ﬂ daé%l%xllﬁ%%gﬁl. 1S'§é)vhert]ﬁ% %¥[ erhand, wi%?ea%:ase 0 ﬁa%&z?shuerﬁ%l Oea%l);{ncs)?gg%}%%ﬁ\fjity of an
antibody & HO567\Me GPRIJSEEEIV 298'50°hEiBE an anti-LGR7 antibody conjugate are added to a
96-well flapdatiomedadinie tipasiaeireddy Beaignickinse n)idndreactas KEQ FDMues g ice.

the oo A A Ao 0 S R R U s SRR and the
radioactivity (s SHIUYnith B 2Py dslmedizThie cytotoxic activity can be calculated in the same
way as in(the ADethasl\dbyngetenmninaidBhain of (19) and the L chain of (20) (228D7);
(22} an antibody comprising an I chain having the amino acid sequence of SEQ ID NO: 75 as
CDR1, the amino acid sequence of SEQ ID NO: 76 as CDR2, and the amino acid sequence of
20 SEQID NO: 77 as CDR3 (228D11 heavy chain);
(23} an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 80 as
CDRI1, the amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of
SEQ ID NO: 82 as CDR3 (22SD11 light chain);
(24) an antibody comprising the H chain of (22) and the L chain of (23) (22SD11);
25 (25) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 85 as
CDR1, the amino acid sequence of SEQ ID NO: 86 as CDRZ, and the amino acid sequence of
SEQ ID NO: 87 as CDR3 (225D48 heavy chain),
(26) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 90 as
CDR]1, the amino acid sequence of SEQ ID NO: 91 as CDR2, and the amino acid sequence of
30  SEQID NO: 92 as CDRS3 (228D48 light chain);
(27) an antibody comprising the H chain of (25} and the L chain of (26) (22SD48);
(28) an antibody that has equivalent activity as the antibody of any one of (1) to (27);
(29) an antibody that recognizes the same epitope recognized by the antibody of any one of (1) to
7).
35 In the present invention, “having equivalent activity as an antibody of the present

mvention” means having binding activity towards LGR7 and/or cytotoxic activity against



Another embodiment of the antibodies used in the present invention is an antibody having
internalization activity. In the present invention, "antibody having internalization activity" refers to an
antibody that is transported into a cell (into the cytoplasm, vesicles, other 25organelles, and such)
upon binding to LGR7 on the cell surface. Whether or not an antibody has internalization activity
can be confirmed using methods known to those skilled in the art. For example, the internalization
activity can be confirmed by the method of contacting an anti-LGR7 antibody bound by a labeled
substance with LGR7-expressing cells and determining whether, the labeled substance is incorporated
into the 36EENE, GPIRESHMBAHO DPEBIABHHG SRIANGECEERT AhEBGRb SR BY ST iSEIE Qhbstance
with LGR7-expressimgthelis: idrdéternginingiidisthes pohoepaldeatnisdfituceadtindaavell known

LCR 7 exprassipasliy Mere seediicalyhsialanadl anany m%xiaﬂagﬂgﬁgkggg%ﬂ% 2cliyipy can be

checked, for exam&le, by the method describedin the Examples below. A having
internalizRSOPERERY cRF 588 10 sE shilpidrdbeicsl duvermsseitR At ninrtimatiEncer agent,
for examplguivylbindinghitith fherateverareniioned oy iofdxiccsubBigaperoBlafmmantibadinthake

ey . subizap ethodthsbo
oy e R B e B o
example, 4aNITE kb BB Mol 5l daIEP A ST O AR 886 Ao BhAHD)
antibodieVihiknanizds ReHQdRE] lopdiankmariboias. FH G AN aptbpiytecnBisingdaniidichain

having th inG. AL : - t j j f D NO:
o 25 DR e P L N Sa i z%%%é%%ée@%@éﬁﬁ% an
antibBdy EGvPARING ak 10HdPPhavthy the aftiBasiiaytdives BREE Iy wOpaoraldyc DR thise

amino acigBeduenathotiBECT 1k Nschl iasoidiRAiancothpramingibaitbseaugneenglhldRQAdD NO: 12
as CDR3 (22DAG light,chain); . (3) an.anti omprising the H chain of (1) and the L chain.of (2)
ooDAG) ﬁ%ﬁg%%cgsn%%%ld@ngéﬁq%ég%n%m% R e 1 B e e NG s
as CDR10HHephisera &Ry Shigie Aed Bhisk g Hutiong s epriEnhitiseaihipd ol be quesset of SEQ
ID NO: 17a%:1@R3 (22DA7 heavy chain); 15(5) an antibody comprising an L chain having the amino

acid,sequence of SEQ ID,NO: 20 as CDRI, the aming acid sequence of SEQ ID NO: 21 as CDR2, and
o i Ao SoL RO B da T A A A L Tl L R
comprisinepthie #nEransies onleyentederabhal? sy tess And martipedgrebin phsimdramtidehain

having theaming@adcid:sesdenamfoSksIbr N6Y) 25 as 20 CDR1, the amino acid sequence of SEQ ID

NO: 26 as CDRZ,EPréddthe al ei 0 %id sequenc ofﬁgﬁg ID NQ@%& %%OCD{RB 2DA17 he vy chain);

(8) an antibody gon%prlg%ﬁrga an acihael“ﬁnaﬂ%v?n%c% e Amino acid" gequenceaoriE ?ﬁ@i’f No* aslﬁCDRl,

the amindagleries0eHcesi SEQUDINDBING s1€ DReraRd: thEMPHEsBEid ke it HESERrEs NO:
32 2% CORR ¢ 2B dstabtibb & adplinding on the amino acid side chain properties:

hydrophobic amino acids (A, L L, M, F, P, W, Y, and V);

hydrophilic amino acids (R, D, N, C,E, Q, G H, K, §, and T);

amino acids having aliphatic side chains (G, A, V, L, I, and P);

amino acids having hydroxyl-containing side chains (S, T, and Y),

25  amino acids having sulfur-containing side chains (C and M);
amino acids having carboxylic acid- and amide-containing side chains (D, N, E, and Q);
amino acids having basic side chains (R, K, and H); and
amino acids having aromatic ring-confaining side chains (H, F, Y, and W)

{amino acids are represented by one-letter codes in parentheses).

30 Polypeptides comprising a modified amino acid sequence, in which one or more amino
acid residues in a certain amino acid sequence is deleted, added, and/or substituted with other
amino acids, are known to retain their original biclogical activities (Mark, D. F. ef ¢l., Proc. Natl.
Acad. Sci. USA (1984) 81, 5662-5666; Zoller, M. J. & Smith, M. Nucleic Acids Research (1982)
10, 6487-6500;, Wang, A. et al., Science 224, 1431-1433; Dalbadie-McFarland, G. ef al., Proc.

35  Natl. Acad. Sci. USA (1982) 79, 6409-6413). That is, it is generally said that, in an amino acid
sequence constituting a certain polypeptide, the activity of the polypeptide is highly likely to be



25(9) an antibody comprising the H chain of (7) and the L chain of (8) (22DA17); (10) an antibody
comprising an H chain having the amino acid sequence of SEQ ID NO: 35 as CDR1, the amino acid
sequence of SEQ ID NO: 36 as CDR2, and the amlné) acid sequence of SEQ ID NO: 37 as CDR3
(22DA22 heavy chain); (11) an antibody comprisingan L chain having the amino acid sequence of
SEQ ID NO: 40 as 30 CDR1, the amino acid sequence of SEQ ID NO: 41 as CDR2, and the amino
acid sequence of SEQ LD NO: 42 as CDR3 (22DA22 light chain); (12) an antibody comprising the H
chain of (10) and the L chain of 01) (22DA22); (13) an antibody comprising an H chain having the
amino acitdBtitelsmSEiNBods clessiie @@1*%@%%%@6%@&9%@@@8@4@ NOthg6 as

CDR2, arpietmtamre@t@@G&M@@ftﬁﬁeﬂ&%k@tmn%@&%ﬁn@g@&%ﬂﬁmﬂe%ehﬂ%) an
antibody col mprlsm n having the ami sequence of SEQ ID NO: 50 as 34 CDR1, the

amino aci se juel c%rg# g{PDa?\I%Sn am@ﬁﬁ%f dﬂ{he amino acid sequence of SEQ ID NO: 52 as
CDR3 (22DA23 ||Mﬁreﬁ*a%)‘£he(m@ﬁ@ﬁ Hrpsay eksmgmﬁ?@&ﬁet%hmﬁk@i big} ntherranectiianst (14)

(5252DASZ12%)&@)?@@&&@@%&%&65%@@6&5@@gﬁ@t%&iﬂ%g@gg@ﬂﬁ%lb@é&@ﬁc@ﬁ $EQR ID NO: f
as Ihe amino a qu as and the am ceo
oeo 1D NOREH I S S A R e B et %lfﬁ%ﬁsceg%ﬁe@%ﬁél}% PAAG the
amino ac@%ﬁé%@@@l@&@@@% m%h%ﬂﬁ%@&%mlée%@ﬁﬁ@ SO, REk: 16 Thas

CDR2, anddhe aeineaeidseduenes: ohBEQiD MNPb63nsifBR3: @2RMHR4 gt chrimk£0(18) an
antibody %ompgsm%}he H chain of (16) and the L chain of (17) (22DA24); (19) an antibody comprising

an H chain I%avmg & &mino acid sequence of SEQ ID NO: 65 as CDR1, the amino acid sequence of

SEQYUD NO: 66 a¥/CHiRe adad mewr@@@mm@memﬁee@mmmnmaem%e@mFmeavy

chei ?ca%ﬁ ashaHiRRAYEPIMPESINg-ANdpehaiMBRVINGdhE AR asid satencs aESRR IR NO: 70
as th

ino acid se e of ID NO: 71 as CD the amlno acid s guence of
SEO 1D N D BT A5t PR gE o d 5 () i AR Eeh i SAS ha¥h BHEIFH (19) and the
L chain of(@ByR2&D7 rssai22) an antibody comprising an H chain having the amino aC|d sequence of
SEQ ID NO: 75 ag6:RRpetigcaliing 8cics9n8Manse ahp ERCBMNPHEE: 3% GRB 2eaNd: th e AiRe acid

sequence of 20 SEQ ID N CDR (228D11 he ai n antibody compyising an L
chait? haihtf TS Wé“&%%@gq% E&éﬁ%ﬁ@?ﬁ%@f eé’gf'cf%)ﬁe i@#ﬁ%%ﬁ?&@&%‘%@&d@ﬂé& BRSEQ
ID NO: SMWMhMIﬁ@Bnﬁﬁ@@mﬂdmmmi%®M@082 ABCPRBi(P25ME] light chain);

(24) an agtibadyepmprizing dhe.bFhaln %&%@M@%ﬂe%&t 73y %%él?&%ll)a A
comprising an H chalﬁl%avm the ino agkﬁgag#{ence of SEQ ID NQB 5 as CDR1, the amino acid

sequence SFSES i3t ggmg: 3V 4 oA Es %?Fe"f‘l%té A5 ey sy 3 CDR3
(22sD48 W@r@mbmd(ﬂgﬁcaﬁhammwyitImmpnmm Wwagidajnhhdvghg:thie affintyatid saquence of

SEQ(D NQiifia %Q@%&ﬁ@@%ﬁ@%&l%&%@%ﬁﬂ ﬁ%%&@ﬂa%@%% AfBe.amjno acid
sequence of 3Q SEQ ID 2 as

ﬁ(DRBIE%%?DLlS light c ta}}}m)n . ?]a antibody comiprising the H
chain of (%f%%%WeaLw ?ﬂ%‘f‘ 2%1 proteint, and the higher the binding of the test antibody
to a well coated with the LGR7 protein.
The quantity of the antibody bound to the well can be easily measured by labeling the
antibody in advance. For example, a biotin-labeled antibody can be measured using an

25 avidin/peroxidase conjugate and a suitable substrate.  Cross-blocking assay using an enzyme
label such as peroxidase is particularly referred to as competitive ELISA assay. The antibody
can be labeled with another labeling substance that can be detected or measured. More
specifically, radiolabels, fluorescent labels and the like are known.

Alternatively, competitive FACS assay is also a preferable cross-blocking assay.

30 Specifically, in competitive ELISA assay, instead of using the LGR7 protein to coat the
wells of a microtiter plate, LGR7 protein-expressing cells are used.  This is pre-incubated in the
presence or absence of a candidate competitive antibody, then a biotin-labeled anti-LGR7
antibody of the present invention is added thereto, and a streptavidin/fluorescein conjugate can
be used to detect the competition between antibodies.  Cross-blocking assay that uses flow

35  cytometry is particularly referred to as competitive FACS assay. The antibody can be labeled

with another fluorescent labeling substance that can be detected or measured.



(28) an antibody that has equivalent activity as the antibody of any one of (1) to (27); (29) an antibody
that recognizes the same epitope recognized by the antibody of any one of (1) to (27). 35In the
present invention, "having equivalent activity as an antibody of the present invention” means having
binding activity towards LGR7 and/or cytotoxic activify against 35 LGR7-expressing cells that are
equivalent to those of an antibody of the present invention. A method of introducing mutations into
polypeptides is one of the methods well known to those skilled in the art for preparing polypeptides
that are functionally equivalent to a certain polypeptide. For example, those skilled in the art can
prepare an antibo@?ﬂf?&Y&%lW@é&ﬁ%lé‘?ﬁ%‘%ﬁéﬁﬁ666?@1&#@@%@@%?%@@@%%&@6@&ng
appropriataam thatiofbhdntaitheRtibatlyouginftsitereitecied mutagenasis(hash veta-ateh.di et at
(1995) G 2400 %{1 M. (1983), Methods Enzymol 100, 468-500; Kramer,
W, et at (R4S (el £l S o R R o RSt i ey mor,
154, 350-3&71 Kisaibedice ggaieping. freah xcsnsaetisaifsheinghssop are dillerquiosgyMethods
10EnzymahtBd? Hodnl7BaGhand suah bAmineaeithviutatienssoay flscaepurRatwalysdn this way, the
antibodies of the pre .inyenti Iso.c rise antibodies.comprisi ing acid sequen ith
one or more amir%aa‘?:%gh%\gﬁéﬁgﬁ}{%g‘nﬁ%% %giglg%%l e?ﬂ%%gg 6% %an ibagtczbeosggfb%gtlg%éearﬁ%
invention PAREHICAL dpestaiCtiomrdlperurafembly thicamtiitdiesrararsd prékehindivermigtyity5The
number of baitng acidsohatiars rpetaieskini s ueh st s isigensialycensidenad fahe.a0 amingacids

or less, prefe a&r;i 30 amino acids qr less, and,more preferably 10 amino acids gr less ample, 5
amino aci‘gjémélr e%s P am%tal%I gégﬁgéﬁééﬁal? éoaer%lﬁrgigi?i‘é{rees%r&gse 1}89%[%?3%&3%}%{5 ggﬁ]?z(o acids in

whict thedpBissitiestbe prasantiny eriig@sigecemnas ardtbohsamied. (T extnpico fitkefotliowing: for
categorieiz@figve hranastahiished dependinsamihe BRNKEKoEINSEHIN RIBSTIES: hydsepobic

amino acids (A, I, L, M, F, P, W. Y, and V).. hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and
T, amino Saetgbahe R X R e aniat et body
hydroxyl-containing side chains (S, T, and Y); 25amino acids having sulfur-containing side chains (C

and M); apanenacids haviagsachmadic acid- and amide-containing side chains (D, N, E, and Q); amino

aCIdFQShaVIng bas'lgrgg% %ri]ﬁile?gn %taﬁﬁ%&gltﬁt)ﬁeapr}gsem invention provides pharmaceutical compositions

comprising an LGR7 protein-binding antibody as an active ingredient. Furthermore, the
present invention relates to cell growth inhibitors, in particular anticancer agents, which
cornprise an LGR7 protein-binding antibody as an active ingredient.  Preferably, the cell growth
inhibitors and anticancer agents of the present invention are administered to a subject who
20 suffers or may suffer from cancer.  Since the level of LGR7 expression is very low in normal
cells except in the brain but is enhanced in cancer cells, it is thought that cancer cell-specific
cytotoxic effect can be obtained by administration of an anti-L.GR7 antibody.
There is no particular limitation on the anti~LGR7 antibodies used in the pharmaceutical
compositions (for example, anticancer agents) of the present invention, and they may be any
25  anti-LGR7 antibodies. For example, the anti-L.GR7 antibodies described above may be used.
In the present invention, “comprising an LGR7-binding antibody as an active
ingredient” means comprising an anti-LGR7 antibody as a primary active ingredient, and there is
no limitation on the content ratio of the anti-LGR7 antibody.
When the disease targeted by a pharmaceutical composition of the present invention is
30 cancer, the targeted cancer is not particularly limited; however, ovarian cancer is preferred, and
ovarian clear cell adenocarcinoma is particularly preferred. The cancer may be either primary
or metastatic lesions.
The pharmaceutical compositions of the present invention can be administered orally or
parenterally to a patient. Preferably, the administration is parenteral administration.
35  Specifically, the method of administration is, for example, administration by injection, transnasal

administration, transpulmonary administration, or transdermal administration. Examples of



amino acids having aromatic ring-containing side chains (H, F, Y, and W) (amino acids are
represented by one-letter codes in parentheses). 30Polypeptides comprising a modified amino acid
sequence, in which one or more amino acid residues,j

{u a certain amino acid sequence is deleted,
added, and/or substituted with other amino acids, aré known to retain their original biological activities

(Mark, D. F. et al., Proc. Natl. Acad. Sci. USA (1984) 81, 5662-5666; Zoller, M. J. & Smith, M. Nucleic
Acids Research (1982) 10, 6487-6500; Wang, A. et at, Science 224, 1431-1433; Dalbadie-McFarland,
G. et at, Proc, 35Natl. Acad, Sci. USA (1982) 79, 6409-6413). That is, it is generally said that, in an
amino acRfGERITEAEELBR&RRRN ebitsinvEE PRt cHledpivitiaions Hoypapnaecitisrnly likely to
be 36 maintatoeid wheftenpingcacids slassifiedintedheisamecgtoymateridtuallihdastituted. In the
present inygation e Ahovsmeniioned substituion etusen aming agidsuithin dhe same;amino acid
group is referred to as conservative su stitution: oréover, the present invention also provides

antibodie®HaPbis tthecsaidie e Bitbseasn 66 e By i A SRR dhdissrasanl beagrstusht
invergion fMesenspesitidally, therpiesentiovention el ates o priikediesthat FREaoRigE the same

epitope r i the,22DAB6, 22DA7, 22DA1T, 22DA22 .22DA23. 22DA24, 22SD7, 22SP11, or
s S R e,
by the metifdasefethihed KeldR008wadwdy: a Bevartbbuyinamaseniedinopepadiicn editsin antibody

can be deieiminad byitheik eonipstitiondardheisame epitope. The competition between antibodies is
detected by cross; Ioc’l@%t}glass nd the like. Faor. example, competitive ELISA assay js a preferred
cross-blocking asssr%l.p oreag%%%ézg%rﬁﬁsgl}ggg- ﬁgéwﬁéjs%g%‘f m‘taligrltl)ﬁ?‘gr 5%%%%% c%%grég\ﬁﬁh an

LGRY 15fsemaiiopréimetivaedwitramplenB proreiass dhapsacrisiof £ cendid aededipetintylark
antibody, rarli santidsRiyantifedyobthe, RirseRY inne Riamis pastechteereior Theguantivaaidhe
gntj-LGR? Etihb%g{j%%f_thg pre egt inyuecfeti%n Jh%t,'fzj{‘ﬂs ft% he I,GR7 lpr(t)tein in a well correlates
mdwectly%vn%ﬂ ejblndlng a%ﬂﬁy ot 1R Candio cornplgtln uitsd f’t‘égt %?B}S’&}%&? ?%ﬁﬂ?@fgé’for
binding tPeHBI Bk ETSPHDBE VoA, Sthkid ivrard Butfresh iyikpenihieafisinsofsattesraBatioty toatessame
epitope, theilewsaaihe hindngofbaiaRthe@RImanibady SidMRwess Abinventirniaa walksaated with
the {_§5R7ug>er teaipr,:i &Q% th%ehi%?[g&the bi diré(%fof. % mibgg}/ to a.wel{ cz};gﬁivgttgyt%e LGR7
protein. & GUantty o thé BntBsay bdtid o A B&BHER T & 51y the
antibody iligévaricelacbrsexenyand e sritindsh ehedratelisdaycbarrechimasuletimsivagrast lose
sodium, hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyvinylacetal
diethylaminoacetate, polyvinylpyrrolidone, gelatin, medium chain fatty acid triglyceride,
polyoxyethylene hardened castor oil 60, saccharose, carboxymethyl cellulose, corn starch,
20 inorganic salt, and such.

The present invention also provides methods for damaging or inhibiting proliferation of
LGR7-expressing cells by contacting the LGR7-expressing cells with an antibody that binds to
the LGR7 protein,

There is no particular limitation on the antibodies used in the methods of the present

25  invention, but for example, the antibodies described above may be used.  The cells bound by
the anti-LGR7 antibodies are not particularly limited as long as they are cells expressing LGR7.
The LGR7-expressing cells in the present invention are preferably cancer cells. More
preferably, they are ovarian cancer cells. The methods of the present invention can be applied
to both primary and metastatic lesions of these cancers. Even more preferable cancer cells are
30  primary and metastatic ovarian cancer cells.

In the present invention, “contact” is carried out, for example, by adding the antibody to
the culture medium of LGR7-expressing cells cultured in vitro.  Aliernatively, in the present
invention, “contact” is carried out by administering to a non-human animal into which cells
expressing LGR7 have been transplanted, or to an animal that endogenously has

35  LGR7-expressing cancer cells.

The following method is suitably used as a method for evaluating or measuring cell



25avidin/peroxidase conjugate and a suitable substrate Cross-blocking assay using an enzyme label
such as peroxidase is particularly referred to as competitive ELISA assay. The antibody can be labeled
with another labeling substance that can be detecte% r measured. More specifically, radiolabels,
fluorescent labels and the like are known. Alternativ § competitive FACS assay is also a preferable
cross-blocking assay. 30Specifically, in competitive ELISA assay, instead of using the LGR7 protein to
coat the wells of a microliter plate, LGR7 protein-expressing cells are used. This is pre-incubated in
the presence or absence of a candidate competitive antibody, then a biotin-labeled anti-LGR7 antibody

of the predenegniadterdisdddBd-treressingne s Syeseividingiiiora sesncoonitid & ¢antBwdsed to
detect theprampriitian helivegroaatilodias &rasshiocking assay:daalcuses flow3deytRmeinAis

particularly referred to as competitive FACS assay. The antipody can be labeled with anather
Foorescel B0 <TIORER ot 3 BE B S R APl et Qi B b test
antibody Ka®&epasiaiiyregioplerosivediomcalspaciesicthid CIREN anaviof.thiedanth. GWhethtibody of the
present inyantionieaciRantikpdyPRUNde thewelcandisameasuechhnadabsiediantipadythat
recognizes i%cc?rgant regi n,FéAterr)[ativel , even when the antjbodies are derived.from the same
species, TR SRl e AT e AP RISl S BBt ARl PR RS TR 0R an
antibody thanresdghizesintbrcladsolitarceididddaiiibody Sanshiock théBinadgloflike)anfidtGR7

antibody by:Ri#east40Mmpreferabiv ahleashRO% nane mereRiRieiall-akeash 2% RoMRAISE o the
binding activity gbtained in a conttol testiferfor%ed n%t e abseng%%otl?g&ca didate competing
I

antibody, tHeRCtHE"SAdteRA fa BERISRiTtY Hh BBy SRFLF Hhio HY sede SERfeEpitp e the
antil0GR antig&Rtibevijtoflihensresent inviettiorinod domipetesivith theremtit LARY thatibtdyGR The
invention fafbiRding, 0theRaARs epileps . WikaHaisminingthg gpifons, the constant region of an

antibody of the present inventjon can be substituted with the same constant region as the test

antibody. PharmatautieREShBLERGIE YIS Efded B RaIERiSRAHE thehsraSantiAeRESR Brovides
pharmacehtieatibodypusitiorsidoayprsing alisGRTyprotéim birtdindyaistidtovtaly aletestiimee digreient.
Furthermgre,ithe Rresanlinvaniinnsalatesdo-ael grauth Munitar SnidRaticatARICARGE ROSALS,

whiEh comprise an LGRT7. pré)tein-bindin antibody as an active ingredient, Preferahly, the cell growth
inhibitors A EHIEAHET RGERE DT e p RSEHP invBHTT S B ARG St st s ia B AliFsp88 Offers
or may suffesirbrgicdreerp Sindegiel [Buetiohk GRiAEMElessiofpscvieylloyfin axarmpdd cbsexeeht in the

brain but i epanseddn saneaiEelle:diis ioualiibal caness s RbsRecl iRl Rl sande

obtained py eidmlnlstratlon of an anti-LGR7 antibody. . ) o
lgvel of the antigen. Therefore, when measuring the above-described cell damaging activity, an

antibody of the same isotype as the test antibody is preferably used as the control.

20 To evaluate or measure cell damaging activity in vivo, for example, LGR7-expressing
cancer cells are intradermally or subcutaneously transplanted to a non-human test animal, and
then a test antibody is intravenously or intraperitoneally administered daily or at the interval of
few days, starting from the day of transplantation or the following day. Cytotoxicity can be
determined by daily measurement of tumor size. In a similar manner to the evaluation in a test

25 tube, cytotoxicity can be determined by administering a control antibody having the same
isotype, and observing that the tumor size in the anti-LLGR7 antibody-administered group is
significantly smaller than the fumor size in the control antibody-administered group. When
using a mouse as the non-human test animal, it is suitable to use a nude (nu/nu) mouse whose
thymus has been made genetically defective so that its T lymphocyte function is lost.  The use

30 of such a mouse can eliminate the participation of T lymphocytes in the test animals when
evaluating or measuring the cytotoxicity of the administered antibody.

Furthermore, the present invention provides cancer diagnostic methods that comprise
detecting an LGR7 protein or a gene encoding the LGR7 protein. While LGR7 expression is
significantly enhanced in various cancer tissues or cancer cell lines, LGR7 expression in normal

35  cellsis very low. Therefore, LGR7 is useful as a marker for specific detection of cancer.

In one embodiment of the methods of the present invention, cancer is diagnosed by



There is no particular limitation on the anti-LGR7 antibodies used in the pharmaceutical compositions
(for example, anticancer agents) of the present invention, and they may be any 25anti-LGR7
antibodies. For example, the anti-LGR7 antibodies dzé]cribed above may be used. In the present
invention, "comprising an LGR7-binding antibody as ah active ingredient” means comprising an
anti-LGR7 antibody as a primary active ingredient, and there is no limitation on the content ratio of the
anti-LGR7 antibody. When the disease targeted by a pharmaceutical composition of the present
invention is 30 cancer, the targeted cancer is not particularly limited; however, ovarian cancer is

preferred SaHgEvaiET Eiddr relcitBho sarikom B prablic aaty presirias drmeisaidbe hfal be either

primary opipeiastadiedesions Detectibie Phamiare Wicaligompesitions afithel piasenidaventivosan be

administe{ﬁg jgeraé%}%reg rg[ﬁ’tg‘@gé 1Igta Ipatient. Preferably, the administration is parenteral
administration. pecifically, method of administration is, for example, administration by injection,

transnasal adminiétfatonicteaasIltad Haryliagminis ragibpd opiiha sdedarali aamilistaticmn®Examples of
38 adminigtighienibynjestiominsiide sistemiaanddgaeal administrations of a pharmaceutical

composition of the present invention by intravenaus injection, intramuscular injection, intraperitoneal
position ofthe @ jon By dneyeno

injection, %}Bagﬁ?faneguassﬁﬁ?é)cﬁgﬁ, or such A% é%‘fg inistration method may be selected

according(ko #ateeige erthe&Batenteamdosymnsdmshy hel dotsagumnly benstadiéiR Biorexatipiingyithin
the rangeagtig&gol mg to 1000 mg per kg body weight in each administration. Alternatively, for

Fiowever, the phaBEAITEAt COTHER T B o e e R L U ARE 8 36 SESECH e
phaifacetticatlbompo sitesiy afichts presaamipleenfonadiatbye fetastilened according 10to conventional

methods (for.examplenReraingionisieiannatrutical-Seiemes. daigshedition MadsfFublishing Company,
Easton, U.S.A), and may also contai}rylgﬁh rmaceutlcal%g?cce ta(gle carriers and a ﬁgéves. Examples
i

include, but BFEHBTTHitE 46" SR T B REBR& ART BREUICTRURIEE OpreSerAtREE: 1

stabilizergrssfieranduspending agents, isotonization agents, binders, disintegrants, lubricants, fluidity

promoting ageRis:@nchilayesing.R0 anisans e ter GRM PSRy, tatsatcarirrRnermbe RUitsPly used.

Specjfic examples of the arriegr include light anhydrous silicic acid, lactose, crystalline cellulose,
mannitol, &t ?t%\ﬁ‘?‘l%tﬁB?s ,'j:armellose sodium, hydroxypropy! cellulose, hydroxypropyl
methyl cellulose, pulyhimytlzmdiandigtiyiarmive acttatenpobuivy pyaskiconst géidtromedimtichafn fatty
acid trigIm@fgﬁpmyg%gtagﬁg@%,@fg@@dpg@@% gilie0.faccharose, carboxymethyl cellulose, corn

starch, 20inorganic salt, and such, . . : . »
Ihe test samnple of the present invention is not particularly limited as longasitisa

sample that possibly contains the LGR7 protein. More specifically, a sample collected from the

20 body of an organism such as a mammal is preferable. A sample collected from a human is
more preferable. Specific examples of the test sample include blood, interstitial {luid, plasma,
extravascular fluid, cerebrospinal fluid, synovial fluid, pleural fluid, serum, lymph, saliva, urine,
tissue, ascites, and intraperitoneal lavage. Preferably, the sample is obtained from a test sample
such as a specimen of fixed tissues or cells collected from the body of an organism, or liquid

25  culture medium of cells.

The cancer to be diagnosed by the present invention is not particularly limited and can
be any kind of cancer. Specific examples include ovarian cancer. In the present invention
both primary and metastatic lesions of these cancers can be diagnosed.  In the present invention,
primary ovarian cancer and metastatic ovarian cancer are particularly preferred cancers.

30 In the present invention, if the LGR7 protein is detected in a test sample, its level is used
as an indicator for cancer diagnosis. Specifically, if the quantity of the I.GR7 protein detected
in a test sample is greater than that in a negative control or healthy individual, it indicates that the
patient has cancer or is highly likely to suffer from cancer in the future. More specifically, the
present invention relates to a cancer diagnostic method comprising the following steps:

35 (1) detecting the level of LGR7 expression in a test sample collected from a subject; and

(2) indicating that the subject has cancer when the level of LGR7 expression detected in (1) is



The present invention also provides methods for damaging or inhibiting proliferation of
LGR7-expressing cells by contacting the LGR7-expressing cells with an antibody that binds to the
LGRY7 protein. There is no particular limitation on theﬁntibodies used in the methods of the present
25invention, but for example, the antibodies described above may be used. The cells bound by the
anti-LGR7 antibodies are not particularly limited as long as they are cells expressing LGR7. The
LGR7-expressing cells in the present invention are preferably cancer cells. More preferably, they are
ovarian cancer cells. The methods of the present invention can be applied to both primary and
metastatigll%%%ﬁl%aﬁftmégéac%@%. Even more preferable cancer cells are 30primary and metastatic
ovarian cancer celisthaitvequte senttioveftioxntydtontact tisacarpld dut; farvexamplesdiwddding the
antibody (@i uiHre A e AL faff  sxpreselbgspl s csliet Dodg Aliemativeli pe present

invention,, "contgct“ is carried out by adminjstering to_a non-human-animal into whi xpressing

LGR7 hatB®@dHatansplasttys SRy ahcamibR atideiogiistiss Halossebrmrish feaiheplaticer
cells.5Theifidfloidinds methoitisgsihitably nsedsasya nMgthosdboElaRAtngesdmedautingneibl3demage

induced IBLGRE HBIRIRANA AR IRALCANPCHIS DA WL 20bGRE SRibRM. RXAIRES o @

method for evaluating or measuring the cytotoxic activity in a test tube Inc ethods or measuring
the above HERaENe-dhtild dddeRdsrpeainnin bl eindsxmns Avn e phanlity of healthy
complemeéntidigpahdeint eytiotexicityn( Gilvtikactvityh amne:slach c\yhatien trvalnathan dwti-ddoRiGantibody
has ADCC, getiviy,gr.GD L\ n easuyk \é%! met ds_(for example.Curre
protocols in Immuﬁ%ggy,gcsi%&%af?i?'l mqr\aé%o%sg%gﬁgfﬁ?g?gs‘g?n unérg]]s% éﬁﬁllt%eﬁ%;gﬁpeéf&i%]a%bet at,
Johhvileiradapshdevitions 694)- artmsanike) steadadtileyjatens (Fdibras bersfdingaiistisaty Heving
the samersaiypelasaadadidvGRaAnastibodydiudactdtasdng SU% 6YihoXieIasH Y ca0DE usethas a
control antibody | nanne, he 10anti-LGR7 aptibody, and it can be determined that the
activity isqg%pléjen?vsv e@?t@é%ﬁ%%.%éﬁ%étl %ngssh%avl% %"5?85%% gﬁ&%a%cya%i%\}ﬁi?eﬁ%h the control
antibodly. ThlissppHachs: dhedavidlodyLiSTidmiaersjomindbe geneel sridsesiniishehysirg region in
the antibady-arsingasithsedaentce i stia ROGpaBfan antbodydsulinatahrdeteinsioed thvivo by class
switching ri from. genetic recombinations in chromosomes which occur duri 5, matuyration
of aggbo ﬁ%&ggﬁgﬁéﬁ’%‘% ||§’?1§|’ e"%ﬁ&%%é%gpé‘?ﬁéﬁ&%% )5 %ﬁ%ﬁ%@h&%ﬁﬁ@s’%&é&% &nd
pathologiBSF#M¥abHIBf dAtBB MBS pREnEamy 2foREkartprs, ate bsudrigitrd ey pbrbine sbandss s
known tode seflsignescthy Rnidnditisetpevitadeiigndsutie expressrenigvelafhaantigen.
Therefore, when measuring the -described cell damagjng activity, an antibody of the same
isotype ag % %I?é%}tngﬁtl g%‘;%%s%ﬁe‘?&é%f?ﬂ%%&%éntﬁéb i&?) ?%%.i Z%m ﬁc‘{c‘? ‘evaluate or measure cell
damaging activity iRevivisinfsré xatipidor crenesd pasking eances eellsnaradnitadier taallyporily used
subgutanmﬁymgfmmyeﬁdtg @ﬁa@&ngrﬁm%@eﬁi@fa&ﬁalu@fgfahﬁﬁaﬁﬁﬁgt?@rmbgdyéﬁénﬁyﬁa@usly or
intraperitgneally administered daily or at the interya w days, starting from the day
transplanfgﬁgﬁxc?ruﬁ% %?I%\?V%Ba%%g? §/%gtvoe>1<rlsgtly %%’ns a@%@‘%e‘?%‘iﬁ%é%@%%i?’ye%e S&fiFemet of tumor
size. In a®ifsiBlenthpAdntstheadyaiationviigddstetnies Byrvioxiaigndanibendeneifitimec dagured
administeringea SODGRI RNt the gy haxing tbesameyisatype, and observing that the tumor size in the
anti-LGR7 antibody-administered.gr |s.significantly smaller. than the tumar size,in the control
antibody-adminig%e%rsée é’r‘%ug. Rﬁ}ﬁlegﬁ%lg%%: acgrﬁ‘éea%paés&ﬁ%&ﬁgﬁ?ﬁ Hefegof%‘?rﬁ%’f}rﬁ‘?sggfﬁf%fé to use
a ndde (s viouse wivasecisants besdesbn rathadied enbatlytasfooie etabimhitd TylgmBHsLyte
function igupst ahBQWSESs also called the “cut-off value”. In cut-off value-based cancer detection

methods, in step (2) mentioned above, the LGR7 expression level detected in (1) is compared
with the cut-off value. Furthermore, the subject is detected of cancer when the LGR7
expression level detected in (1) is higher than the cut-off value.

30 In the present invention, the LGR7 expression level can be determined by any method.
More specifically, it is possible to determine the LGR7 expression level by evaluating the LGR7
mRNA quantity, LGR7 protein quantity, and biological activity of the LGR7 protein. The
quantity of LGR7 mRNA or protein can be determined by the methods described herein.

Int the present invention, any animal species expressing an LGR7 protein can be the

35  subject. For example, it is known that many nonhuman mammals such as chimpanzee (Pan

froglodytes) (ENSPTRGO0000016551), rhesus monkey (Macaca mulatta)



300f such a mouse can eliminate the participation of T lymphocytes in the test animals when
evaluating or measuring the cytotoxicity of the administered antibody. Furthermore, the present
invention provides cancer diagnostic methods that comprise detecting an LGR7 protein or a gene
encoding the LGR7 protein. While LGR7 expression is significantly enhanced in various cancer tissues
or cancer cell lines, LGR7 expression in noimal 35cells is very low. Therefore, LGR7 is useful as a
marker for specific detection of cancer. In one embodiment of the methods of the present invention,
cancer is d}?i}%&nosed 40 detecting the LGR7 protein in a sample. Preferably, an extracellular

b
domain of AN B IS INIMEd T R BB BHEHHE G0ROBRAN Bl et RatSt using
an antibodythat recoGiFRNISIGRIGIFIRY, guinea Ags(Esific pxeniple ofeCHagrEsiometiads of

the presept | on.Is, a reehagnest OMpHIS following steps: (a) providing a
sample cg%%ﬂﬁ%%ﬁ%gﬁ nd gb) g%qg&g%%&%gg%%%@%o %aévﬁf d in the collected sample

subject; a
using an CERF Mt IAREIRY SRS ke SXD1pptes R PHRURio e lbetioR Helags both
quanfitativechriddjireditatiue] catadtion ptOEheifollowing NMeasurcine pistig exapples«f quaitative
detection: t ' [ e |G inis present: .
measurom o e b o T B S B i
present; aREcies WHldgdrerieht to compare the quantity of LGR7 protein with that of another sample
(for 15example, altentril sapplizueicDmitatio@oithie-atiadidiafad datantitogive datgctionincugemed
measureme, n i tein, the,quantity of LGRY pretein, and such. The
test samg?é%{ %gég%égééf%t%%%%%%%%é %o&%gégc%gﬁ%%r% o faré{ %}lgé%}s{%{’%%%%g%ep%wtﬁ% n&é%%ibw
contdins it proteadyNroresEpRitically, a sample collected from the 20 body of an organism
such as arsdisiamalise prefe(@bke); A sample collected from a human is more preferable. Specific
examples,of the test sample ir@t{“ > blood, interstitial fluid, plasma, extravascular fluid, cerebrospinal
fluid, synOV|311¥!U|(§I3%lleura fi , sefum, lymph, saliva, urine, tissue, ascites, and intraperitoneal lavage.
Preferabl{iugieismpeassbthlied from a test sample such as a specimen of fixed tissues or cells
collected fiarmébe-hadinehamoasganism )or liquid 25culture medium of cells.

15 immunoprecipitation (IP);
turbidimetric immunoassay (TIA);
Western blotting (WB);
immunchistochemistry (IHC); and
single radial immunodiffusion (SRID).

20 Of these techniques, the immunohistochemistry (IHC) method comprises the step of
detecting the .GR7 protein on a section of fixed tissues or cells collected from a patient
suffering from cancer, and it is one of the preferable immunological assays for cancer diagnostic
methods. The above immunological methods such as the immunohistochemistry ((FIC) method
are known to those skilled in the art.

25 That is, because LGR7 is a membrane protein whose expression is specifically increased
in cancer cells, cancer cells or tissues can be detected by an anti-LGR7 antibody. Cancer cells
contained in cells or tissues collected from the body are detected by the above-mentioned
immunohistological analysis.

In another preferred embodiment, it is possible to detect cancer tissues in vivo using an

30 anti-LGR7 antibody. More specifically, the present invention relates to a method for detecting
cancer which comprises the steps of: (1) administering to a subject an LGR7 protein-binding
antibody labeled with a labeling substance such as a radioisotope; and (2) detecting accumulation
of the labeling substance. To trace the antibody administered into the body, the antibody can be
labeled so that it can be detected.  For example, it is possible to monitor the in vivo behavior of

35  anantibody labeled with a fluorescent or luminescent substance, or a radioisotope. An

antibody labeled with a fluorescent or luminescent substance can be observed using an



The cancer to be diagnosed by the present invention is not particularly limited and can be any kind of
cancer. Specific examples include ovarian cancer. In the present invention both primary and
metastatic lesions of these cancers can be diagnosed, In the present invention, primary ovarian cancer
and metastatic ovarian cancer are particularly preferréd cancers. 30In the present invention, if the
LGRY7 protein is detected in a test sample, its level is used as an indicator for cancer diagnosis.
Specifically, if the quantity of the LGR7 protein detected in a test sample is greater than that in a
negative control or healthy individual, it indicates that the patient has cancer or is highly likely to suffer

from can @RS ABSFOEAEZINS RS e AYEARRIENRBE e iIArahiaRoR RIS R o P dia dmases by
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healthy individualg gan he determined statistj . More specifically, for example, a standard. value of
mean 2 103tandé§‘f§eé é’\%@ﬁ%ﬁ%@%}: go%&rﬁ‘zgﬁlga&'ﬁﬁgﬁa}r’(? %ee\{/eléﬁ%%;% 8(§ fB%r%%ﬁ %?etthns%%l}é[%%s(ﬁcally,
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20 nuclides by a medical cyclotron, manufacturing techniques for compounds labeled with
short-lived nuclides, and the like are progressing. An anti-LGR7 antibody can be labeled with
various radioisotopes using these techniques. The anti-LGR7 antibody administered to a
patient accumulates in primary and metastatic lesions in accordance with the anti-LGR7
antibody specificity for each site of pathological tissue. If the anti-LGR7 antibody is labeled
25  with a positron-emitting nuclide, by determining radioactivity, the presence of the primary and
metastatic lesions can be detected based on the localization of the radioactivity. For the
diagnostic applications, the activity value of a gamma-particle or positron emission level of 25 to
4600 keV can be suitably used. In addition, if a suitable nuclide is selected and administered in
a large quantity, therapeutic effects can also be expected. To obtain an anticancer effect by
30  radiation, a nuclide providing a gamma-particle or positron emission level of 70 to 700 keV can
be used.

In another embodiment of the methods of the present invention, LGR7 gene expression
is detected. 'There is no particular limitation on the gene detected in the present invention;
however, mRINA is preferable. In the present invention, “detection” includes both quantitative

35  and qualitative detection. Examples of qualitative detection include the following measuring

operations:



curve and such is also called the "cut-off value". In cut-off value-based cancer detection methods, in
step (2) mentioned above, the LGR7 expression level detected in (1) is compared with the cut-off
value. Furthermore, the subject is detected of cancer, )Q/hen the LGR7 expression level detected in (1)
is higher than the cut-off value. 30In the present invention, the LGR7 expression level can be
determined by any method. More specifically, it is possible to determine the LGR7 expression level by
evaluating the LGR7 mRNA quantity, LGR7 protein quantity, and biological activity of the LGR7
protein. The quantity of LGR7 mRNA or protein can be determined by the methods described herein.
In the preseRERVETIER, ANt SpEeR & BXBrRESSiRe! &RE roRp g@rﬁ"’@éﬁ]b‘e the 35 subject. For
example, it isderovemhatonRmymMbrhemdtmamnmalsrsiekas chinpanzes: (Rar TODBRATIERNA is
(ENSPT ‘%%gﬁ)%%%ﬂ) rhesus monkey (Macaca mulatta) 42 (ENSMMUO000000004647), mouse
(Mus mu SMUSOOOOOOOS4009) rat (Rattus norvegicus) (ENSRNOG00000024120), guinea
pig (Cavia PEFEENIFRIEINSEPDEH0D L ﬁ@l\iﬁﬂﬁh@l@ﬁs@&m@m@@@%n)
chicken (@a&ﬁplga&lusﬁﬁﬁ]\b&@ﬁb&@@@@@@p%%) and the like express the LGR7 protein. Thus, these
animals are 5|ncly51ne%én Q !PCté ot&hg‘%rgs[%&t(l)rﬁvl%@ |%Sl—rj|r1%g15aj IS a aﬁ%ﬂx refgrredf
subject. Needless to say, w hen a’n Rhuman animal is Used as a su Jemt eL oteim of the
animal spetiéd Wﬂﬁlﬂédéﬁ‘éﬂﬂé@lmy of LGRdraRs\b padtiigiar limitation on the method for detecting the
LGRY protein contgineghinia t@&hﬁﬁz@l@l?@bﬁ%&ﬁ%%@@@t@@mméﬁﬁdfﬁmB@@@ﬁ@i&ﬁiﬁl@@@tﬁéemp“fled
below usml% theE %rg]aerﬁy LGR Ag)nf%{bpdé/ feg{g({%{gg%i er%d &)lm unoassa;n/ (Rl enzpéme |rinmunoassay
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test sample include blood, interstitial fluid, plasina, extravascular fluid, cerebrospinal fluid,

synovial fluid, pleural fluid, serum, lymph, saliva, urine, tissues, ascites, and intraperitoneal
lavage. As a preferable sample, the test sample of the present invention includes a sample
obtained from a test sample such as a specimen of fixed tissues or cells collected from the body

15 of an organism, or a culture medium of cells.

When using samples obtained from test samples such as a specimen of fixed tissues or
cells collected from the body of an organism, or a culture medium of cells, the in situ
hybridization method can be suitably used. The in sifu hybridization method has been
developed as a means for determining the presence or distribution of specific DNA and RNA

20 molecules in cells and tissues, and their expression intensity. The principle is that the method
utilizes the property of specific complex formation of a specified nucleic acid sequence in a cell
by a probe nucleic acid having a nucleotide sequence complementary thereto. The in situ
hybridization method is used for detection of DNA, RNA, and such in cells, because if the probe
is labeled with a radioisotope (RI) or an antigenic substance (hapten) in advance, then the site of

25 hybridization can be distinguished by detecting the label. An RI label can be suitably used as
the probe label. A more suitable example is the use of fluorescent labels utilizing
non-radioactive substances such as haptens including biotin, digoxigenin, and the like. A
particularly suitable example is the use of a detection method by fluorescence in situ
hybridization called FISH.

30 Examples of cancers to be diagnosed include clear cell adenocarcinoma of ovarian
cancer, In the present invention, both primary and metastatic lesions of these cancers can be
diagnosed.

Any animal species expressing the LGR7 protein can be used as a subject of the present
invention. For example, it is known that various mammals other than humans such as mice,

35  rats, rhesus monkeys, and chimpanzees express LGR7. A particularly preferred subject is

human. When using a non-human animal species as the subject, LGR7 mRNA of the animal



single radial immunodiffusion (SR1D). 200f these techniques, the immunohistochemistry (IHC)
method comprises the step of detecting the LGR7 protein on a section of fixed tissues or cells
collected from a patient suffering from cancer, and it js one of the preferable immunological assays for
cancer diagnostic methods. The above immunological methods such as the immunohistochemistry
(IHC) method are known to those skilled in the art. 25That is, because LGR7 is a membrane protein
whose expression is specifically increased in cancer cells, cancer cells or tissues can be detected by
an anti-LGR7 antibody. Cancer cells contained in cells or tissues collected from the body are detected
by the ab8ResiFeriibRadskiiRthonistological analysis. In another preferred embodiment, it is possible
to detect cancer tisspes fin vivbading-an30amkt&BY metibdslys MeteispesHically, thetpiesele is
invention t e for ti hi mprisgs. th s of: dministering to a
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labeling the an Cancer detection in vivo. For example, the antibody can be labeled with a
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body by #pesnsn drfeitarinseyraphii PETRaE0cdt amy thitlisiedrrertedacenieradeasiies a
computerizedstemegraphy technique. PET is a device for non-invasive collection of data on the in vivo

behayiorand such,of 8 d g a3 A D SERY AR AR MEN AT a9 Wagnosis which

comprises a reagent for detecting the LGR7 protein in a test sample. The diagnostic agent of
the present invention contains at least an anti-LLGR7 antibody.

"The kit for cancer diagnosis can be prepared by combining the cancer diagnostic agent
of the present invention with another component used for detecting LGR7. More specifically,

20 the present invention relates to a kit for cancer diagnosis which contains an LGR7-binding

antibody and a reagent that detects the binding between the antibody and LGR7. The kit may
also include a control sample comprising a biological sample containing LGR7. The kit of the
present invention may also be accompanied by instructions explaining the measurement
procedure.

25 All prior art references cited herein are incorporated by reference into this description.

Examples
Herein below, the present invention will be specifically described with reference to the

Examples, but the technical scope of the present invention is not to be construed as being limited
30  thereto.

[Example 1] Expression Analysis of Human LGR7 mRNA by Affymetrix U133 Plus 2.0 Airay

‘Total RNA was extracted from surgical specimens of ten ovarian cancer cases that were
collected after obtaining written consents at the University of Tokyo Hospital (Japan), and stored

35 by freezing. Herein, the surgical samples were embedded in an OCT compound, and this was
sliced and dissolved in TRIZOL (Invitrogen), and then total RNA was extracted according to the



PET as signal strength. Using PET as described above, it is possible to detect an antigen 15molecule
that is highly expressed in a specific cancer without collecting a sample from the patient. The
anti-LGR7 antibody can be labeled with a short-livedcgéjclide using a, RN, 15 0, 18F, 45,-
positron-emitting nuclide such as 11C, and such, in atidition to the above-mentioned nuclides.
Research and development of the production of short-lived nuclides using the above 20nuclides by a
medical cyclotron, manufacturing techniques for compounds labeled with short-lived nuclides, and the
like are progressing. An anti-LGR7 antibody can be labeled with various radioisotopes using these

techniquegictiingl dascrib Toaih oy aldeinnkedradthe arpdirint dddhimutaesirepHinatyizasdd metastatic
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effect by SOFAAAYON, ZGENGE BRIV L GRS Bt L 57 Do SRR SIS SR el of 70 to 700 key
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in is preferable. In the present invention, "detection” includes quantitative 35and qualitative
detection. Exampt)llﬁgeéjfrarh%ﬁ%sti Sfaé%%‘z%’ﬁr#ﬁ%ﬂu t?ﬁ?éﬂoﬁﬁﬁ%ﬁ‘?ﬁﬁﬁ%%ﬁﬁ&’ﬁ’ﬁ%ﬁ%ﬂB %Ye(i&yzoo
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Next, by comparing the third highest expression level among the four ovarian clear cell
adenocarcinomas cases, and the highest expression level among normal ovary, peripheral blood,
bone marrow, and major organs (liver, kidney, lung, stomach, intestine, and pancreas), the probe
15 sets were further narrowed down to 197 sets showing a ratio of 1.8 or more. Of them, LGR7
was selected as the molecule that showed the highest value of the above ratio and which had not
been reported to be related to ovarian clear cell adenocarcinoma. When making this selection,
expression data of 87 ovarian cancer cases including three clear cell adenocarcinoma cases
disclosed by the International Genomics Consortium (IGC) were taken into consideration, Fig.
20 1 shows a graph indicating the signal levels of LGR7 probe 1552715 a_at in ovarian cancers,
ovarian cancer cell lines, and normal tissues. The meaning of the sample names are shown in
Table 1.
Among ovarian cancers, LGR7 is expressed specifically in clear cell adenocarcinoma,
and thus antitumor agents that target human LGR7 are expected to be effective for this type of

25  cancer.

Table 1

Brain normal tissue brain

Muscle normal tissue skeletal muscle
Heart normal tissue heart

Skin normal tissue skin

Lung normal tissue lung

Liver normal tissue liver

Stomach normal tissue stomach

Colon normal tissue colon




measurement to comparing the quantity of LGR7 mRNA with that of another sample (for 5example, a
On the other hand, quantitative detection includes measurement of the

control sample, and such)

concentration of LGR7 mRNA, the quantity of LGR7

RNA,

and such. Any sample that possibly

contains LGR7 mRNA can be used as a test sample Of the present invention. A sample collected from
the body of an organism such as a mammal is 10 preferable. A sample collected from a human is
more preferable. Specmc examples of the test sample include blood, interstitial fluid, plasma,
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ovarian endometrioid adenocarcinoma

Ovary 17Ca

ssue 1solated from ovarian cancer
tissue isolated from ovarian cancer

ovarian endometsioid adenocarcinoma

Ovary 1Ca

tissue isolated from ovarian cancer

ovarian serous adenocarcinoma

Ovary 15Ca

tissue isolated from ovarian cancer

ovarian serous adenocarcinoma

Ovary 11Ca

tissue isolated from ovarian cancer

ovarian carcinosarcoma

CP_JHOC 5

ovarian cancer cell line

ovarian clear cell adenocarcinoma

CP_MCAS

ovarian cancer cell line

ovarian mucinous adenocarcinoma

CP_RMG 1

ovarian cancer cell line

ovarian clear cell adenocarcinoma

CP_RMUG 8

ovarian cancer cell line

ovarian mucinous adenocarcinoma

CP_TKY nu

ovarian cancer cell Hine

ovartan uyndifferentiated

adenocarcinoma

|Example 2] Establishment of Cells Expressing Full-length Human LGR7

Full-length human LGR7 cDNA was isolated by the PCR method using Human Uterus
QUICK-CLONE cDNA (Clontech) based on NCBI Accession Nos. NP_067647 (SEQ ID NO: 1,

amino acid sequence) and NM_021634 (SEQ ID NO: 2, nucleotide sequence).
into pGEM-T Easy (Promega), and an HA tag sequence was added to the N terminus.

This was cloned
Then,

this was cloned into the pMCNZ2i vector for expression in mammalian cells.

Gene introduction into the Chinese hamster ovary-derived DG44 cell line was carried
out using the BioRad GenePulser to obtain the HA-LGR 7-expressing cell line HA-LGR7/DG#24.



A specific embodiment of the detection methods is described below. First, a sample is prepared from a
subject. Then, LGR7 mRNA contained in the sample is detected. In the present invention, cDNA
synthesized from mRNA can also be detected. In the;gresent 5invention, when an LGR7 naRNA or
LGR7-encoding cDNA is detected in the test sample, it is determined that cancer may be possible. For
example, when the quantity of LGR7 mRNA or LGR7-encoding cDNA detected in the test sample is
greater than that in a negative control or healthy individual, this indicates that the subject has cancer or
high possibility of suffering fr ancer in the future, 10Methods for detecting mRNA are known. More
specificalslgl},n}%%éfﬁ%%%lgﬁ%l%%/f g&@fﬁ%}ﬁsﬁl&ﬂﬁﬁe ?f?’?gé WA SRR QPER B&ed in the present
invention HA-LGORé atovesetectl dmenidthddsRdBHIS HH8sentiiVeatipnssam besautafated biging various
aUtOm?t'W&E@ﬁ&'B{b{%&\g%%ﬁx@%@@ﬂi@%ﬁmyRQ@B&?@%&Q&%@@A@%@M?r of samplesina
short time. 15Theg%re ent invention also proyides a dﬁggnostlc agent or kit for cancer diagnosis which
comprises a reagBht46F Gadting T B Brofehih A8EE SamSIedrRasHapTBsieklaM Dithe
presént inventiozatomainklatdeastanrantbbGRICahtbody cxpresTibe kitdoicanedredirgnaiistaan be
prepared ﬁx&@%@%&%@?ﬁ%é’é%ﬂ%&ﬁ?&%@b‘j{faﬂi@i??%%%é&%‘?@ﬂ%%‘iﬁrﬁ@ component

used for detecting LGR7. More specifically, 20the present invention relates to a kit for cancer
diagnosis WRIBR'ELHt 4 UHL BB Ehibddy Mi'd feag e RAnaeiBleHEDingiRg between
the antibadyamt@Riché kitpmayrale hCRdeg oonical wamophbOMISHRY a biological sample
containing LGR7. The kit of the present invention may also be accompanied by instructions explaining
the measurement procedure, 25All prior art references cited herein are incorporated by reference into
this]d)escrﬁgﬁ%‘ﬁ;? heggaration ofidntisLGRyMopoclonal datibodiss by DINA dramuainal

with reference to Bie/Exampiesthnt thetechnicalstoped b ttcpreseririseotiptsia ntd obe:Ganstrued
as heing Bt hereto-TRXADRIE VL ESRIRSRION LOANRS o éqy%@%@g%?& 4 Dyphlfymetrix

U133 Plus 2.0 Arra . Total RNA was extracted from ¢ cal specimen ten ovarian cancer
cases thaﬁ%sﬁ%fesﬁsé“&%afgﬁé%ﬁ?aﬁh WersrreA edhEdntsiag haumolklawtisiedBie-Redbied (Japan),
and storeph3SbylfeRZiD Meneinditnguligicali sanfpleshaeraleimbeddad:in Ae-RGTHedRpRINGzANd

his s sligand ojsSRAE RERLEQL YRR INREK YRR Was SRS asepiding to

six-week-old female MRL/Ipr mice using a Helios Gene Gun (Bio-Rad) at a pressure of 200 to

300 psi. It is thought that the gene introduced into keratinocytes, Langerhans cells, and dermal
dendritic cells 1 the skin expresses the LGR7 protein, and thus the cells become
antigen-presenting cells (APC) and induce immunity (Methods 31, 232-242 (2003);

20 Immunization with DNA through the skin). DNA immunization was carried out six times at
ong-week intervals. For the final immunization, 1 x 10° cells of the BaF3 cell line
HA-LGR/BaF3#48 expressing LGR7 were diluted in PBS and then administered into the tail
vein. Measurement of the antibody titer was performed by FACS analysis using
HA-LGR7/DG#24 cells.  The sera from the immunized mice were compared based on their

25 reactivity to the LGR7 protein expressed on the cell membrane surface of HA-LGR7/DG#H24
cells. The mouse showing the highest reactivity was subjected to final immunization and cell
fusion. The spleen cells were isolated three days after the final immunization, and rixed at 2:1
ratio with P3-X63Ag8U1 mouse myeloma cells (P3U1, purchased from ATCC). Cell fusion
was carried out by gradually adding PEG1500 (Roche Diagnostics), and hybridoma cells were

30 prepared. The PEGI500 concentration was diluted by carefully adding RPMI 1640 medium
(Gibco BRL), and then PEG1500 was removed by centrifugation. Next, the hybridoma cells
were suspended in an RPMI 1640 medium containing 10% FBS, 1x HAT media supplement
(SIGMA), and 0.5x BM-Condimed H1 Hybridoma cloning supplement (Roche Diagnostics)
(hereinafter, HAT medium), and inoculated into a 96-well culture plate at 200 uL/well. The cell

35  concentration at the time of inoculation was diluted according to the number of P3UT cells used,

and the hybridoma cells were cultured for about one week in HAT medium in the 96-well culture



method described in the manual attached to the product. At the same time, HE-stained specimens
were prepared to confirm that a cancerous part is included. The tissue types of the ten ovarian cancer
cases are as follows: clear cell carcinomas (four casgsg), serous adenocarcinoma (two cases),
endometrioid adenocarcinoma (three cases), and carcinosarcoma 5(one case). Expression analysis
was performed by Affymetrix U-133 Plus 2.0 Array using these total RNAs, and genes showing high
expression specifically in ovarian clear cell adenocarcinoma were selected. As controls, total RNAs
derived from normal tissyes (Clontech), and ovari cer cell lines (purchased from ATCC, JCRB,
and Riker%%ae?égl};s%gj. & |50()r°o§e%I St \Were ng?g%é%(?{é%ﬁsté’iﬁs%i%&g ?ﬁ@ﬁ%é‘%tgi’(ﬁ%@gﬁn
level of 2GBrEORFRbFEPatifuartdbe e ol fometyarian clear cell adenocarcinoma cases, which was
used as a standard for selecting target molecules suitable for treatment of clear cell adenocarcinoma.
Next, by iﬁ@ggﬁggﬁ%@th&g highes 1gssion level among the four ovarian clear cell
adenocarcinomas’c sesgan%%grggﬁ%‘% pression level among normal ovary, peripheral blood,
bonemarrow, andvajsneroemsaliies, tkidasyducilsstdmathointéstné SaddhpdrGRas)otkie prabe
15sets wesg urhe paraweshdowndn 497 seisshewing.2alo af LB .an me a%-ﬁét&%%&ﬁ%ﬁﬁ@s
selected as the malecule that showed the highest value of the above ratio and which had not been
reported t BRI &GRSy PHHARAT aiPsiisn (%rgc[:ﬁ&}?% R ARG BRICEE e oA TN FEssion
data of 8P@varibkecansencadesitalvdininthvéecelban cEladeritarcithoaia tasesmisgiesedby the

Internatiogrg@ﬁﬁp@m&&ﬁg@ﬁtw@@e@@Qatyaeiseatﬂgsﬁyaiﬁ-?@g}@gﬁ@&iﬁﬁ; Fighe %%t%iﬁ&?weﬁ%@iﬁmnes

indi? ting the signal levels of LGR7 probe 1552715 a” at in ovarian cancers, ovarian cancer ce
and Norm APt UMES oPHE FHESFIRY o T Sathp A GTREe PSRRI T FRBAU o ied and Aba ghéy BYRAan

cancers, bORhisexpredsed spécifitaly/Fcolect: el bide vocastindtnaueifid thyaaRttfxion ageasis that
target human,LG % ae eXRBRIGH Q.8 6Tfeslive ok Jais s ALADSANSRE ARNS 1 BLAIn Aol tissue

brain Mu%cle, keletal muscle noin al tissue
ybridomas.

15 [Example 5] Production of Anti-LGR7 Antibodies by sLGR7Fc¢ Protein Immunization
50 pg of the affinity-purified sSLGR7Fc protein was mixed with Freund’s complete

adjuvant, and this was subcutaneously immunized into mice. Then, antibodies were induced by
subcutaneous immunization of mice twice with a mixture of 50 jig of the sLGR7F¢ protein and
Freund’s incomplete adjuvant. 25 pg of the sSLGR7F¢ protein was injected into the tail vein of
20 the mouse showing the highest reactivity to the LGR7 protein.  After three days, the spleen was
removed from the mouse, and subjected to cell fusion with the mouse myeloma cell line P3

X63Ag8U.1, and hybridomas were prepared as in Example 3.

[Example 6] Evaluation of the Binding Activity by FACS (Flow Cytometrv)

25 The binding of the obtained hybridomas to human LGR7/DG44 cells was evaluated by
flow cytometry. The cell line expressing human LGR7 suspended in FACS buffer (2%
FBS/PBS/0.05% NaNs) was diluted to 1 x 10° cells/mL using FACS buffer, and this was
aliquoted into a Falcon 353910 round-bottom 96-well plate at 50 uL/well. The hybridoma

culture supernatant diluted to a suitable concentration was added to the wells containing the cells,
30 and this was reacted for 60 minutes on ice. Next, the cells were rinsed once with FACS buffer,
As a secondary antibody, a goat F(ab”), fragment anti-mouse IgG Fey-FITC (Beckman Coulter)
was added to the wells containing the cells, and this was reacted for 30 minutes on ice. After
the reaction, the supernatant was removed by centrifugation, and the cells were suspended in 100
nL of FACS buffer, and subjected to flow cytometry. The FACS Calibur (Becton Dickinson)
35 was used for the flow cytometry. A gate for the viable cell population was established using a

forward scatter/side scatter dot blot, and an FL1 histogram was produced for the cells included in
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the population, and their binding activity was evaluated.

The hybridoma supernatants were reacted with DG44 cells induced to express LGR7
and the parental DG44 cells, respectively.  Thus, hybridomas that specifically react with
LGR7-expressing cells were obtained. The hybridomas from the wells were made into single
clones by the limiting dilution method.  The isotype of each antibody was analyzed using an
IsoStrip® mouse monoclonal antibody isotyping kit (Roche Diagnostics). As a result, the
isotype of 22D A6, 22DA7, 22DA11, 22DA12, 22DA23, and 22DA24 is Ig(G1; and the isotype of
22DA4, 22DA10, 22507, 228D25, 228D31, and 225D48 is [g(G2a; and the isotype of 22DA17
and 22DA20 is IgG2b.  Expansion culture of a single-clone hybridoma was performed, and
then the antibody was purified from the culture supernatant using a protein G column according
to the manual, The purified antibody was subjected to protein quantification by DC Protein

Assay, ete.

[Example 7] Measurement of the ADCC Activity of the Anti-1L.GR7 Monoclonal Antibodies
The ADCC activities of the anti-human LGR7 monoclonal antibodies against D(G44
cells forcedly expressing LGR7 were evaluated by the chromium release method.  Target cells

were cultured for a few hours in a culture solution supplemented with Chromium-51 (CHO-S
SFM H, manufactured by Invitrogen).  Then, the culture solution was removed, and the cells
were rinsed with a culture medium. The cells were suspended in a fresh culture medium, and
this was added to a 96-well round-bottom plate at 1 x 10* cells per well.  Next, the antibody was
added at final concentrations of 1 ug/mL or 0.1 pg/ml, and effector cells (recombinant cells
(WO2008/093688) produced by forced expression of a chimeric protein comprising the
extracellular domain of mouse Fe-gamma receptor 3 (NM_010188) and the transmembrane and
intracellular domains of the human gamma chain (NM_004106) in NK-92 (ATCC, CRL-2407)),
were added to each well at approximately five times the amount of the target cells. The plate
was left to stand for four hours at 37°C in a 5% CO, incubator.  Subsequently, the plate was
centrifuged, and a fixed amount of the supernatant was collected from each well. The
radioactivity was measured using a Wallac 1480 gamma counter, and the specific chromium
release rate (%) was determined using the following equation:

Specific chromium release rate (%) = (A-C) x 100/ (B-C)
where A represents the radioactivity in each well; B represents the mean value of radioactivity
released into the medium upon cell lysis with Nonidet P-40 at a final concentration of 1%; and C
represents the mean value of radioactivity when the medium alone is added.

As aresult, as indicated in Fig. 3, of the anti-human LGR7 monoclonal antibodies used
in the test, in particular 22DA6, 22DA7, 22DA17, 22DA22, 22DA23, 22DA24, 228D7, 228D25,
and 225D38 induced very strong ADCC activities against human LGR7-expressing cells. The
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result indicates that anti-tumor antibody therapy that targets human LGR7 is very useful.

{Exampie 8] Measurement of the CDC Activity of the Anti-L GR7 Monoclonal Antibodies
The CDC activity was measured using the extent of 7-AAD uptake by cells in which

cell injury has occurred as an indicator.

LGR7-expressing DG44 cells were reacted with the monoclonal antibodies at a
concentration of 10 pg/mL at 4°C for 30 minutes. Next, Baby Rabbit Complement (Cedarlane
Laboratories) was added thereto at a final concentration of 10%, and the reaction was further
performed for 90 minutes at 37°C.  Afier adding 7-AAD (Beckman Coulter) at a final
concentration of 1 pg/mL, this was left to stand for 10 minutes at room temperature. Thereafter,
the cells were rinsed with FACS buffer, and then the ratic of cells in which cell injury has
occurred was evaluated by FACS Calibur.  The value of “% FL3” shows the ratio of
7-AAD-stained cells in which cell injury has occurred.  As indicated in Fig. 4, multiple
anti-LGR7 antibodies showed complement-dependent cytotoxicity (CDC) activity against DG44
cells expressing HA-LGR7.

{Example 9] Cloning of the Antigen Genes

sequences of the antibody variable region genes of the nine hybridomas, 22D A6,
22DAT, 22DAYT, 22DA22, 22DA23, 22D A24, 22817, 228D11, and 228D48, which showed
ADCC activity and CDC activity, were determined.  The antibody genes were amplified by the
RT-PCR method using total RNAs extracted from the hybridomas producing the anti-LGR7
antibodies. Total RNA was extracted from 1 x 107 hybridoma cells using the RNeasy Plant
Mini Kit (QIAGEN). A RACE library was constructed using 1 pug of total RNA and the
SMART RACE cDNA Amplification Kit (Clontech).  Using synthetic oligonucleotides
complementary to the mouse IgG1 constant region sequences, MITC-IgG1 (SEQ ID NO: 97,
GGGCCAGTGGATAGACAGATG), MHC-1gG2a (SEQ ID NO: 98,
CAGGGGCCAGTGGATAGACCGATG), MHC-1g(G2b (SEQ ID NG: 99,
CAGGGGCCAGTGGATAGACTGATG), or a synthetic oligonucleotide complementary to the
mouse K chain constant region nucleotide sequence, kappa (SEQ ID NO: 100,
GCTCACTGGATGGTGGGAAGATG), a 5°-end gene fragment was amplified from the gene
encoding the antibody produced by the hybridoma. Reverse transcription reaction was carried
out at 42°C for 1.5 hours. 50 uL of the PCR solution contained 5 pl. of 10x Advantage 2 PCR
Buffer, 5 pL of 10x Universal Primer A Mix, 0.2 mM dNTPs (dATP, dGTP, dCTP, and dTTP), 1
ul of Advantage 2 Polymerase Mix (all manufactured by Clontech), 2.5 ul of reverse

transcription reaction product, and 10 pmol of the synthetic oligonucleotide MHC-1gG1,
MHC-1gG2a, MHC-1gG2b, or kappa. PCR reaction was carried out as follows: reaction at a



Fetal Liver normal tissue fetal liver Fetal Colon normal tissue fetal colon Ovary3Ca tissue isolated from
ovarian cancer ovarian clear cell adenocarcinoma Ovary5Ca tissue isolated from ovarian cancer
ovarian clear cell adenocarcinoma Ovary7Ca tissue isszplated from ovarian cancer ovarian clear cell
adenocarcinoma Ovaryl9Ca tissue isolated from ovarian cancer ovarian clear cell adenocarcinoma
Ovary9Ca tissue isolated from ovarian cancer ovarian endometrioid adenocarcinoma Ovaryl3Ca

starting temperature of 94°C for 30 seconds; five cycles of 94°C for five seconds and 72°C for
three minutes; five cycles of 94°C for five seconds, 70°C for ten seconds, and 72°C for three
minutes; and then 25 cycles of 94°C for five seconds, 68°C for ten seconds, and 72°C for three
minutes. Finally, the reaction product was heated at 72°C for seven minutes. Each PCR
5 product was purified from agarose gel using the QlAquick Gel Extraction Xit (manufactured by
QIAGEN). Then, the PCR product was cloned into the pGEM-T Easy vector (manufactured by
Promega), and its nucleotide sequence was determined.
For 22DA6, the nucleotide and amino acid sequences of the H-chain variable region are
shown in SEQ ID NO: 3 and SEQ ID NO: 4, respectively; and the nucleotide and amino acid
10 sequences of the L-chain variable region are shown in SEQ ID NO: 8 and SEQ ID NO: 9,
respectively.  Furthermore, for 22DA6, SEQ ID NO: 5 shows the amino acid sequence of
heavy-chain CDRI, SEQ ID NO: 6 shows the amino acid sequence of heavy-chain CDR2, SEQ
IID NO: 7 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 10 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 11 shows the amino acid sequence of
15 light-chain CDR2, and SEQ ID NO: 12 shows the amino acid sequence of light-chain CDR3.
For 22DA7, the nucleotide and amino acid sequences of the H-chain variable region are
shown in SEQ ID NO: 13 and SEQ ID NO: 14, respectively; and the nucleotide and amino acid
sequences of the L-chain variable region are shown in SEQ ID NO: 18 and SEQ ID NO: 19,
respectively.  Furthermore, for 22DA7, SEQ ID NO: 15 shows the amino acid sequence of
20 heavy-chain CDRI, SEQ ID NO: 16 shows the amino acid sequence of heavy-chain CDR2, SEQ
ID NO: 17 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 20 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 21 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 22 shows the amino acid sequence of light-chain CDR3.
For 22DA17, the nucleotide and amino acid sequences of the H-chain variable region
25 are shown in SEQ ID NO: 23 and SEQ ID NO: 24, respectively; and the nucleotide and amino
acid sequences of the L-chain variable region are shown in SEQ ID NO: 28 and SEQ 1D NO: 29,
respectively. Furthermore, for 22DA17, SEQ ID NO: 25 shows the amino acid sequence of
heavy-chain CDRI, SEQ ID NO: 26 shows the amino acid sequence of heavy-chain CDR2, SEQ
ID NO: 27 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 30 shows the
30 amino acid sequence of light-chain CDR1, SEQ ID NO: 31 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 32 shows the amino acid sequence of light-chain CDR3.
For 22DA22, the nucleotide and amino acid sequences of the H-chain variable region
are shown in SEQ ID NO: 33 and SEQ ID NO: 34, respectively; and the nucleotide and amino
acid sequences of the L-chain variable region are shown in SEQ ID NO: 38 and SEQ ID NO: 39,
35  respectively. Furthermore, for 22DA22, SEQ ID NO: 35 shows the amino acid sequence of
heavy-chain CDRI1, SEQ ID NO: 36 shows the amino acid sequence of heavy-chain CDR2, SEQ
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ID NO: 37 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 40 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 41 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 42 shows the amino acid sequence of light-chain CDR3.

For 22DA23, the nucleotide and amino acid sequences of the H-chain variable region
are shown in SEQ ID NO: 43 and SEQ ID NO: 44, respectively; and the nucleotide and amino
acid sequences of the L-chain variable region are shown in SEQ ID NO: 48 and SEQ ID NO: 49,
respectively.  Furthermore, for 22DA23, SEQ ID NO: 45 shows the amino acid sequence of
heavy-chain CDRI, SEQ ID NO: 46 shows the amino acid sequence of heavy-chain CDR2, SEQ
1D NO: 47 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 50 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 51 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 52 shows the amino acid sequence of light-chain CDR3.

For 22DDA24, the nucleotide and amino acid sequences of the H-chain variable region
are shown in SEQ ID NO: 53 and SEQ ID NO: 54, respectively; and the nucleotide and amino
acid sequences of the L-chain variable region are shown in SEQ 1D NO: 58 and SEQ ID NO: 59,
respectively.  Furthermore, for 22DA24, SEQ ID NO: 55 shows the amino acid sequence of
heavy-chain CDR1, SEQ ID NO: 56 shows the amino acid sequence of heavy-chain CDR2, SEQ
ID NO: 57 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 60 shows the
amino acid sequence of light-chain CDR1, SEQ ID NQ: 61 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 62 shows the amino acid sequence of light-chain CDR3.

For 225D7, the nucleotide and amino acid sequences of the H-chain variable region are
shown in SEQ ID NO: 63 and SEQ ID NO: 64, respectively; and the nucleotide and amino acid
sequences of the L-chain variable region are shown in SEQ ID NO: 68 and SEQ ID NO: 69,
respectively. Furthermore, for 225D7, SEQ ID NO: 65 shows the amino acid sequence of
heavy-chain CDR1, SEQ ID NO: 66 shows the amino acid sequence of heavy-chain CDR2, SEQ
ID NO: 67 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 70 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 71 shows the amino acid sequence of
light-chain CDR2, and SEQ 1D NO: 72 shows the amino acid sequence of light-chain CDR3.

For 228D11, the nucleotide and amino acid sequences of the H-chain variable region are
shown in SEQ ID NO: 73 and SEQ ID NO: 74, respectively; and the nucleotide and amino acid
sequences of the L-chain variable region are shown in SEQ ID NO: 78 and SEQ ID NO: 79,
respectively.  Furthermore, for 225D11, SEQ ID NO: 75 shows the amino acid sequence of
heavy-chain CDR1, SEQ ID NO: 76 shows the amino acid sequence of heavy-chain CDR2, SEQ
ID NO: 77 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 80 shows the
amino acid sequence of light-chain CDR1, SEQ ID NO: 81 shows the amino acid sequence of
light-chain CDR2, and SEQ ID NO: 82 shows the amino acid sequence of light-chain CDR3.

For 228D438, the nucleotide and amino acid sequences of the H-chain variable region



ovarian clear cell adenocarcinoma CP RMUG S ovarian cancer cell line ovarian mucinous
adenocarcinoma CP TKY nu __ ovarian cancer cell line ovarian undifferentiated adenocarcinoma
[Example 2] Establishment of Cells Expressing FuII-Ig@gth Human LGR7 Full-length human
LGR7 cDNA was isolated by the PCR method using Human Uterus QUICK-CLONE cDNA (Clontech)
based on NCBI Accession Nos. NP 067647 (SEQ ID NO: 5amino acid sequence) and NM_021634
(SEQ ID NO: 2, nucleotide sequence). This was cloned into pGEM-T Easy (Promega), and an HA tag
sequence was added to the N terminus, Then, this was cloned into the pMCN2j vector for expression
in mammaTREBIsn SEQRRA Ghifddaettindrt %ﬁ%-éﬁaﬁ@%@ﬁaﬁ%ﬂ&ﬁ%&%@%@%ﬁ&%ﬂme
was carriedidutaqsinegshe Bio RadtGenePiblker tdoaltai nithetiA-EBR7EXresSing] CaIginB NO: 89,
rHA-LOR IiRGta0:1 45 inliaduation InipBafbadieh i RMS SRR celliips periaimert g pbtain the

HA-LGR7-expressing cell line HA-L GR/BaF3#48. LGR7 expression was confirmed by Western blotting
using the%ﬁf%@ﬁ%ﬁ%@%&%%&%ﬁéﬁﬁ@w% TEIG) A SSAHRTGH 04 Vebtsrehith WinBR4RERGR7
genesis inde itk &ashoonstiis ciadhfos diNAdpienoaurti hation dHagnaXPRESSIHOVEE i Op PUCIN @itowkis

expressiof B 0dPERL0e e MIKSIR CIok e YPIBUPHUBGRIABIAN O HEEaRh A 1 has 2

neomycin resistance ﬂ[ene incorporated as a drug resistance mar e gene was cloned into
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[Example 10] Cell-killing Effect by Internalization of Mab-Za
10 Mab-Zap (manufactured by Advanced Targeting Systems) which is a secondary

antibody bound to a toxin called saporin was used to evaluate the cell killing ability against
LGR7-expressing cells.  For the development model of an antibody pharmaceutical, the
mechanism of action is that an antibody bound to a toxin or such binds to a target cell, and is
incorporated into the cell, and then kills the target cell by the action of the conjugated toxin.

15 BaF3 cells made to express HA-LGR7 were used. 100 ng of the antibody and 100 ng of
Mab-Zap were added to each well.  After incubation at 37°C in a 5% CO; incubator for three
days, the number of viable cells Washdetermined by WSTS assay using the cell viability assay
reagent SI' (Nakalai Tesque).  The resuits are shown in Fig. 5. Compared to a control antibody
of the same isotype, the values of WSTE assay were clearly lower for the cells co-treated with

20 Mab-ZAP, and the cell-killing effect can be confirmed in all of the analyzed antibodies. This
shows that antibodies labeled with a toxin or radioisotope can be incorporated into cells and kill

these cells.

Example 11] Reactivity of anti-LGR7 monoclonal antibodies to mouse LGR7

25 Mouse LGR7 (nucleotide sequence, SEQ ID NO: 93; amino acid sequence, SEQ ID
NO: 94) was inserted into an expression vector. Cross-reactivity towards mouse LGR7 was
evaluated by flow cytometry using the cell line of forced expression HA-mLGR7/BaF3 obtained
by gene introduction into BaF3 cells. As shown in Fig. 6, 22DA17 and 22DA23 were found to

exhibit cross-reactivity towards mouse LGR7.

30
[Example 12] Epitope Classification by Competition FACS Analysis
The epitopes were classified by competition FACS analysis. Antibodies were

biotinylated using the Biotin Protein Labeling Kit (Roche) according to the manual,

Competition FACS analysis is a method in which an excess amount of unlabeled antibody is
35  reacted in advance, a biotinylated antibody is reacted, and the biotinylated antibody is

subsequently detected with an FITC-labeled streptavidin.  When the antibodies recognize the



10 [Example 3] Preparation of Anti-LGR7 Monoclonal Antibodies by DNA Immunization DNA
immunization by gene introduction into mice was carried out using the GeneGun Particle method. The
method was performed according to the manual by Bio-Rad The bullets for DNA immunization were
prepared by mixing 1-mm gold particles (Bio-Rad) and pMCN-LGR7 DNA, and coating the inside of a
tube with the mixture. Gene introduction was 15carried out by shooting the bullets coated with
PMCN-LGR7 DNA into the abdominal skin of six-week-old female MRL/Ipr mice using a Helios Gene
Gun (Bio-Rad) at a pressure of 200 to 300 psi. It is thought that the gene introduced into_keratinocytes,
Langerha%aéncegﬁpéfo edtﬁgﬁhoﬁ%fiﬁg iﬁ%t%é)f% it e ﬁiW@ﬁﬁF&%&%@ﬁ@E@@cﬁr eiaRdShus the cells
become antigedypresbatirgepeiiptAPC farpkilidie8simrthmicft (v Etho8suBly 982-2RfR063); 20
Immunizafiganaith BNGotraHabiiesidr RNAMBEMNZALAR wascalied QULei lines.at one-week
intervals. For the final immun%%%o%x 106 cellg crifihe BaF3 cell line A-LGR{qBa}FBg)%@ expressing
LGR7 wefHHEIET I EEE ARY et HUMRIAPA9ME e CRAER. Mashdhidntorridsntibody titer
was perfamiientdy¢NTCBodnatysisctsing GrAtGRIIDGHD 4rdelisthEhederd dsone theimmdifbized mice

were corr&gﬁfﬁ%ég@ﬁsgia@iﬁ QifP R AR 10 40e LERA RIS R 6RERion theweell memirane
surface of A%fREDGgZ cells. The mouse shaowing the hi _heg reactivity was subjected to final
immunizatiSt GHdCEIP TSRS PRE spreeHF Rk g ReFRHARIARRI O ation,
and mixedaati@ bratioSwithe RBIXGBAG8ULembuse mykinha déksy PSudttiarc Rasetl fnamsATEa). Cell

fusion wag cafried et Py graduallyadding PR A599{ReshesDidgnoslics) qand shridoma cells were
30 qrepare%é‘l}'_?e EG %%OQ co_gé:entrathn was diluted by carefully adding RPMI 1640 medium (Gibco
BRLY and4H:iPEE B WS Pahiernansg eairrightisrkEemihos phidbrmardnedissre suspended
in an RPMI 1640 medium containing 10% FBS, Ix HAT media supplement (SIGMA), and 0.5x

BM-Condimedd it k{idama cloniad sigelman'dRinchs Riagneslissh BREDalen AT medium),

and inoculated Into a 96-well culture plate at 200 4/well._The cell 35concentration at the time of

a . ) ol
inoculation was ditStE§EEES AR IeHEH R DL OF Btk afensabady mrlndsricredidsingwere
cultured fart#iodytsoger wieeksnil Adomedi OO 06/ @BrNE|laid ireh 43 @latelat Biduendardd% CO2.

SC“??”i”9&5%?4&%%&%%%ra{%ﬁﬂ@t”&i&’&%%%@& %%95%&%5%%%%} %%gogg %ﬁ% by flow

cytometry. [Examp on of SLGR7Fc 5A fragment containing the amin positions
1 to 555 STHIFE HS Iﬁ*ﬁ%f@ﬁ%%ﬁﬁﬂﬁi@&%@ﬁb@@%h@%&?&%as constructed to express this
fragment as a fusite Hroteiin atithIa thatnanaRber edgioninolthetiddiseuenee SQnB NG9, @rino
acid sequgpse. ERID MG 96h Mesansinicted-veslorvasinfioduced o LAY cells, and, gels that

can express the sSLGR7Fc fusion protein were selected as a neomycin-resistant str e obtained

cell strairf {8aslégbjeetedawrrsiyeladigated o tbe Shahgie curasienstiperaathhtahais SomairsuCsmd the
sLGR7Faproteinanasadyy ified hihe sl GR7REE iproteirywhishivasafiniky- puified as asl ke dusion protein

. ! ; oy bR : 0 1518
E%}?di?n%%rﬁ%%@;%%ﬁ%ﬁ%ﬁsﬁﬁ?ﬁﬁfﬁ%ﬁ}%‘%@%%ﬁé%@q&?%!E‘“‘é%”éﬁ%‘é% Yo Vamunization
50 jig of thavaffirRg-plriteieresRY e PR sisiemilei e ﬂléénﬂlé@rﬁprétébé@}u@am, and this

was subcuiameolsstydiztanysized. into mice. Then, antibodies were induced by subcutaneous

immunization of mjce twice with a mixtur I R7/Fe ' d.Freund’s incomplete
adjuvant. 25 jig ﬁﬁé%ﬁ%‘ﬁef guﬁtr%%%%ﬁny%%ﬁ?eﬂ(%%&%% i#ég %éll?‘\yellgg;%gtﬁéﬁgo _een ilﬁggvft r%rgpn[%e
highest réxasieid s PErerss stamnisiin/fiiedanysnrad frespanssiesiie sbintromanibatbuse, and
subjectedstes pati fusidgrowithdbelmeuspamyeionaicelk Mo R X6hg8hateaashbybHBOMaswere
preparedgs, '&Eﬁ%@ﬂ%ﬁfZB—mIgGZa/FTPKO antibody was subjected to a drug efficacy test using a

mouse xenograft model.

30 [Example 14] Drug Efficacy Test Using a Mouse Xenograft Model
The purified 22DA23-mIgG2a/FTPKO (FTKODA23) antibody was subjected to a drug

efficacy test in mice. An approximately 3-mm-square piece of RMG-1 in vivo passaged tumor

was transplanted subcufaneously into seven-week-old Scid female mice (Clea Japan). Ten days

after transplantation, groups were formed according to the tumor volume and body weight, and
35  they were subjected to the examination. For the RMG-1 in vivo passaged tumor, a tumor

isolated 42 days after subcutaneous transplantation of cultured RMG-1 cells at 17 cells/body



[Example 6] Evaluation of the Bindin Activi b FACS (Flow Cvtometry) 25The binding of the obtained
hybridomas to human LGR7/DG44 cells was evaluated by flow cytometry. The cell line expressing
human LGR7 suspended in FACS buffer (2% FBS/PC%S/O.OS% NaN3) was diluted to | x 106 cells/nth
using FACS buffer, and this was aliquoted into a Falcon 353910 round-bottom 96-well plate at 50
pt/well. The hybridoma culture supernatant diluted to a suitable concentration was added to the wells
containing the cells, 30and this was reacted for 60 minutes on ice. Next, the cells were rinsed once
with FACS buffer. As a secondary antibody, a goat F(ab")2 fragment anti-mouse IgG Fcy-FITC

(BeckmarPeoufh) whgwsadactgded sel wo And g THeQBus: hnaetihid wassredintoidttord®riinutes on
ice. After thReeactionythe sUPeIHRIALE mgﬁtgove@wpaaﬁrﬁaﬁﬁﬁmr@?%tnﬁ eSHg Y f@}iﬁyspended
in 100 pl aof. E buffer, and subjected to flow cytometry. The FACS .Calipur (Becton Dickinson
Towas st T S el RS 101 o e SR T il S DN R S
forward sédtfsysieféessaneplavebiot, edhan rEministoyiond desroderceahfptahietse)stinicibel frith 50

the pppulatiennrdiiben bingdingraetivityprvasevaluated umor MdguhybHdomassuRamatantswere

reacted wijth,D044 cells induced o express LGR7 and the parental D044 cells, respectively. Thus,
ybridom Ay SRR SEee] SR B SPeobig BT 6.8 BB Ao Doricb R rom the

wells weréhiatie o cdipngiesseldiscs by e limitisguitetiod indthng. THhsoiype afeach @ifibody was
analyzed 45106 85459 SHINBAAHBSHP anRGEnRANIBedY iselyringtdRocheRiagnastics).As a result,
the isotypggk}zrgcp 6 25%7, 22DA11, Z%DA&, 22DA23, and 22DA24 is 1gGl: and the isotype of
22DA4, 2RIV DS 7 T30 e BETas R 1 WSS AR INTTART SRRy hetot sstsA 1Y BAd
22DIR0 id Tas kb atxirrsitivTaere. ohd Singloctongrtiivid offtatves penfommet, and 10then the
antibody was purified from the culture supernatant using a protein G column according to the manual.

The purified. antib ias, subjected to protein quantification by DC Protein Assay, etc. [Example 7]
Measure Fn% 2 }1 I tivity of the Anti-LGR7 Monoclonal Antibodies 15The ADCC activities of

the anti-human LERTanibh&didraaidodbediéshagamst DG 44 i0el s forcddhitexpressing fiGR bwere
evaluatediRyHh®, chepim eleasimethod Taiest %@H%i%ﬁd%&ﬂﬁfg?%&ﬁ@d@%‘%ﬁ%ﬂré ' %ﬁ*&i&ﬁf
solution supplemented, wit romium-51 (CHO-S SFM II, manufactured by hivitrogen). Then, the
culﬁlji s6 éﬁ%ﬁyﬁggq,%%’%@&cﬂgﬁ%r B Werd ?ﬁ%@&’ﬁﬁﬂa WhSHAHY HSREHIR 2R Rells were
suspendddei-dafreginguitbstantedlitimy amu @0tuisalldasjagded 1G1R 796 preksiognelbofiontipiateat 1 x 104
cells per the anli a fi Ie] ' : L, and
effector cﬁ%@%ﬁ%ﬁ%@m&o%gfo%%%’%g)ﬁ{psrgﬁgggﬁﬁ 1%%%:953?,3 g(%@%%%ﬁo Sﬁ%ﬁg)meric _
protein comprisin@ e é% rBEU AP EE AP EPASGSY B 5mvh L FYEBH RS B RINFO 1O Sy e 1
transmeniib aEcatad, intidesl kit radoncaimsind e oviaiag annma, ehdith(d bA:0B4 506) A MKnB2AGATCC,
CREP408gROEER AR ieAshRIbALAPAXIMALRNTIVEIMe st mount Rl hs JRrgetge- The

plate

for diagnosis of primary and metastatic cancers. More specifically, the possibility of cancer can

be evaluated by detecting the LGR7 protein contained in a biological sample collected from a

patient. Alternatively, the presence of ovarian clear cell adenocarcinoma can be determined in

vivo by detecting the localization of LGR7-expressing cells in vivo.

25 In addition, the anti-L.GR7 antibodies having cytotoxic activity of the present invention
are useful for prevention and treatment of cancers expressing the LGR7 protein.  More
specifically, the present invention provides cytotoxic agents and cell growth inhibitors against
cancer cells of ovarian clear cell adenocarcinoma. The cytotoxic agents and cell growth
inhibitors against cancer cells of the present invention can be applied to both primary and

30  metastatic cancers.

Furthermore, the anti-LGR7 antibodies having cytotoxic activity of the present
invention can be used as therapeutic drugs for ovarian clear cell carcinoma. In the present
invention, the anti-LGR7 antibodies are useful as therapeutic drugs against both primary and
metastatic cancers.

35 Additionally, genes encoding the antibodies of the present invention and recombinant

cells transformed with the genes can be used to prepare recombinant antibodies that have the



was left to stand for four hours at 37C in a 5% CO2 incubator. Subsequently, the plate was
centrifuged, and a fixed amount of the supematant was collected from each well. The radioactivity was
measured using a Wallac 1480 gamma counter, and the specific chromium release rate (%) was
determined using the following equation. 30Specific chromium release rate (%) = (A-C) x 100 / (B-C)
where A represents the radioactivity in each well; B represents the mean value of radioactivity
released into the medium upon cell lysis with Nonidet P-40 at a final concentration of 1%; and C
represents the mean value of radioactivity when the medium alone is added As a result, as
indicated FPFig c8eetstherant hraearbleas7conoclonal antibodies used 35in the test, in particular
22DA6, 22DA7, 22DA17, 22DA22, 22DA23, 22DA24, 22SD7, 22SD25, and 22SD38 induced very
strong ADCC activities against human LGR7-expressing cells. The 51 result indicates that anti-tumor
antibody therapy that targets human LGRY7 is very useful. [Example 8] Measurement of the CDC
Activity of the Anti-LGR7 Monoclonal Antibodies The CDC activity was measured using the extent of
7-AAD uptake by cells in which 5cell injury has occurred as an indicator. LGR7-expressing DG44
cells were reacted with the monoclonal antibodies at a concentration of 10 ug/mL at 4C for 30 minutes.
Next, Baby Rabbit Complement (Cedarlane Laboratories) was added thereto at a final concentration of
10%, and the reaction was further performed for 90 minutes at 37C. After adding 7-AAD (Beckman
Coulter) at a final 10concentration of 1 ughnL, this was left to stand for 10 minutes at room
temperature. Thereafter, the cells were rinsed with FACS buffer, and then the ratio of cells in which
cell injury has occurred was evaluated by FACS Calibur. The value of "% FL3" shows the ratio of
7-AAD-stained cells in which cell injury has occurred. As indicated in Fig. 4, multiple anti-LGR7
antibodies showed complement-dependent cytotoxicity (CDC) activity against DG44 15cells
expressing HA-LGR7. [Example 9] Cloninn of the Antigen Genes Sequences of the antibody
variable region genes of the nine hy-bridornas, 22DA6, 22DA7, 22DA17, 22DA22, 22DA23, 22DA24,
22SD7, 225D11, and 22SD48, which showed 20 ADCC activity and CDC activity, were determined.
The antibody genes were amplified by the RT-PCR method using total RNAs extracted from the
hybridomas producing the anti-LGR7 antibodies. Total RNA was extracted from 1 x 107 hybridoma
cells using the RNeasy Plant Mini Kit (QIAGEN). A RACE library was constructed using 1 jig of total
RNA and the SMART RACE cDNA Amplification Kit (Clontech). Using synthetic oligonucleotides 25
complementary to the mouse IgG1 constant region sequences, MHC-IgG1 (SEQ ID NO: 97,
GGGCCAGTGGATAGACAGATG), MHC-IgG2a (SEQ ID NO: 98,
CAGGGGCCAGTGGATAGACCGATG), MHC-1gG2b (SEQ ID NO: 99,
CAGGGGCCAGTGGATAGACTGATG), or a synthetic oligonucleotide complementary to the mouse Ic
chain constant region nucleotide sequence, kappa (SEQ ID NO: 100, 30
GCTCACTGGATGGTGGGAAGATG), a 5-end gene fragment was amplified from the gene encoding
the antibody produced by the hybridoma. Reverse transcription reaction was carried out at 42C for 1.5
hours. 50 1.1L of the PCR solution contained 5 jut of 10x Advantage 2 PCR Buffer, 5 p.L of 10x
Universal Primer A Mix, 0.2 mM dNTPs (dATP, dGTP, dCTP, and dTTP), 1 uL of Advantage 2
Polymerase Mix (all manufactured by Clontech), 2.5 pt of reverse 35transcription reaction product, and
10 pmol of the synthetic oligonucleotide MHC-I1gGl,



MHC-1gG2a, MHC-IgG2b, or kappa. PCR reaction was carried out as follows: reaction at a 52
starting temperature of 94C for 30 seconds; five cycles of 94C for five seconds and 72C for three
minutes; five cycles of 94C for five seconds, 70C for tgn seconds, and 72C for three minutes; and then
25 cycles of 94C for five seconds, 68C for ten seconds, and 72C for three minutes. Finally, the
reaction product was heated at 72C for seven minutes. Each PCR 5 product was purified from agarose
gel using the QlAquick Gel Extraction Kit (manufactured by QIAGEN). Then, the PCR product was
cloned into the pGEM-T Easy vector (manufactured by Promega), and its nucleotide sequence was
determined. For 22DA6, the nucleotide and a%r%hg%id sequences of the H-chain variable region
are shown in SEQ ID NO: 3 and SEQ ID NO: 4, respectively; and the nucleotide and amino acid 10
sequences of the.L+ehai i i i : : &&E . % respectively.
Furthermeci)sre,%ir 2 III)Aa, ggtgﬁ%%l\%%gﬂsﬁgv?%ﬁg%ﬁ%ﬁ%#g é%c%%gﬁ%g of (%}\4/@-1({:% in 8§§1 SEQ
ID NO: 6 8HIR% frd e sed SaddehédeffiBavy-chain CDR2, SEQ ID NO: 7 shows the amino acid
sequénce of heavy-chain CDR3, SEQ ID NO: 10 shows the amino acid sequence of light-chain CDR1,
SEQ ID : DRMYS, N0 aci ight-chai : D NQ: 12 shows
the aminﬁc%ﬂiquen%?%%?ﬁﬁ? g%%qsggge?f é’gr@érgg@ﬁ§r%§:%§pdge%%§%ﬁ%i%%gﬁd
sequences of the H-chain variable region are shown in SEQ ID NO: 13 and SEQ ID NO: 14,
respectivély; dhd thetmdyleditiéraidweininm aeid-gequenees dtihe dothain-vapatleregivmanseshown in
SEQ ID N¢ :OJC&%@ 2EQ; D NO: 19, respectively. Furthermore, for 22DA7, SEQ ID NO: 15 shows the
amino acid sequence of 20 heavy-chain CDR1, SEQ ID NO: 16 shows the amino acid sequence of
heaW-chain CDR2, SEQ ID NO: 17 shows the amino acid sequence of heavy-chain CDR3, SEQ ID
NO: 20 sHowd heexatibinty acicl sieqpenbereilighbt-ohaik CRRKSEQUERINRM2 showsithe amino acid
sequence, O@gﬁ%ﬁy%%'ﬁ%gﬁz and SEQ ID NO: 22 shows the amino acid sequence of light-chain
CDRa3. Fof 22DA17, the nucleotide and amino acid sequences of the H-chain variable region 25 are
shown in SEQ ID NO: 23 and SEQ ID NO: 24, respectively; and the nucleotide and amino acid
sequences ofthe duitihaln vasieplncegioniare Showrvin SEQNDBo 2B1aRhREQ JRARiIZ9,
resggctivg%sga%rtgiasrg]é for 22DA17, SEQ ID NO: 25 shows the amino acid sequence of
heavy-chain %21, %%}D NO: 26 shows the amino acid sequence of heavy-chain CDR2, SEQ ID
NO: 27 shows the amino acid sequence of heavy-chain CDR3, SEQ ID NO: 30 shows the 30 amino
acid sequencetefdigiiodyain GRR 3, whch D NQndboshawsithemamirenatidrsesurage of light-chain
CDR2, and SEQ ID NO: 32 shows the amino acid sequence of light-chain CDR3. For 22DA22, the
nucleotide and amino acid sequences of the H-chain variable region are shown in SEQ ID NO: 33 and
SEQ ID NO: 3hemiphesinelpnamped patiolide Grvhishisonentibedydricytsscs tbh g wiriable
regih areasienyziin. SEQ ID NO: 38 and SEQ ID NO: 39, 35 respectively. Furtheimore, for 22DA22,
SEQ ID NO: 35 shows the amino acid sequence of heavy-chain CDR1, SEQ ID NO: 36 shows the
amino acid sequence of heavy-chain CDR2, SEQ 53 ID NO: 37 shows the amino acid sequence of
heavy-ch&in Chsratibedy ab alpdn 40 whewis fihe eaniso cetislase glran celbbtighuckriireCBRs1, SEQ ID
NO: 41 shows the amino acid sequence of light-chain CDR2, and SEQ ID NO: 42 shows the amino

acid sequencg of ight-chain SRRSof (13 to (29) below:
25 (1) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 5 as
CDRI, the amino acid sequence of SEQ ID NO: 6 as CDRZ, and the amino acid sequence of
SEQ ID NO: 7 as CDR3 (22DA6 heavy chain);
(2) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 10 as
CDRI, the amino acid sequence of SEQ ID NO: 11 as CDR2, and the amino acid sequence of
30 SEQIDNO: 12 as CDR3 (22DA6 light chain);
(3} an antibody comprising the H chain of (1) and the L chain of (2) (22DA6);
(4) an antibody comprising an I chain having the amino acid sequence of SEQ ID NO: 15 as
CDRI, the amino acid sequence of SEQ ID NO: 16 as CDR2, and the amino acid sequence of
SEQ ID NO: 17 as CDR3 (22DA7 heavy chain);
35 (5) an antibody comprising an L chain having the amino acid sequence of SEQ ID NO: 20 as
CDRI, the amino acid sequence of SEQ ID NO: 21 as CDR2, and the amino acid sequence of




For 22DA23, the nucleotide and amino acid sequences of the H-chain variable region 5 are shown in
SEQ ID NO: 43 and SEQ ID NO: 44, respectively; and the nucleotide and amino acid sequences of the
L-chain variable region are shown in SEQ ID NO: 48.and SEQ ID NO: 49, respectively. Furthermore,
for 22DA23, SEQ ID NO: 45 shows the amino acid sequence of heavy-chain CDR1, SEQ ID NO: 46
shows the amino acid sequence of heavy-chain CDR2, SEQ ID NO: 47 shows the amino acid
sequence of heavy-chain CDR3, SEQ ID NO: 50 shows the 10 amino acid sequence of light-chain
CDRI, SE%ID NO: 51 shows the amino_acid sequence of light-chain CDR2, and SEQ ID NO: 52
shows the'aRitd BEld<etifehES S bt Chighh SoRs. For 22DA24, the nucleotide and amino acid
sequences ¢f)the ditthaip sariphigniegion ateshewa)isSEQ IDNG: &3 3NABELYID NO: 54,
respectively;-and the.nugleotide. i ' f the:L-chain vari i hown in
S0 10 NoL B A G A e R B 2 o
the amind-&8d sb§uenEe atidesdycaram EBRIDIES 16 NETHY shivd eriedpriAs e waGadhice of
heavy-chgi(CDROSEQR MRS B2 showshtheashixia)acid sequence of heavy-chain CDR3, SEQ ID
NO: 60 shows the aming acid sequence of light-chain. CDRI NO: 61 [ cid
Cenuones op U S e e B e R e
CDR3. 26HaR228p7mike pridisestifacsof arfin SabiE st héds o pileli-eming Gaidasruragfit are
shown in SEQMPND 363200 BEQ 1D AIG 164 gspectively; and the nucleotide and amino acid
sequences gf.the L-chain variable region.are shown.in Q: 6 'NO: 69,
respectivelg)[‘.H lﬁﬁgﬁbﬁ%ﬁ ,CPﬁ'gﬁ%%%gﬁ%&BWg&G)%%%%sgﬁeajar?nolngggg%?gé%lﬁhce of heavy-chain
CDRE, SEQ 1D nomsbehowsprsiiaitolickrsebuensdhsfamaanzeleacDro SHE 38 NG &7
shows the pRINQRGIthERAMSAGERERCAYY THRITTARR 36958 QR N e:i 77 His hews tha Bsvinereids

sequenceﬁgf(ii@.bggg CD R§@£§%@Z&f&%\% the amino acid sequence of light-chain CDR2,
1725 e amin q

and SEQ | OWS Mino ‘acid sequence df light-chain CDR3. For 22SD11, the
nucleotide dhd) ampmdibedy sevusitusaoftvdandmainy Hiiabire giod waetesid FECHD NN 483 and

SEQ ID NRH, t;@sasﬁﬁ{wlﬁém @é@éﬁ@db@}%@i?@ ﬁr@ %g%@@@,%ﬁ@%ﬁ%ﬁ% &ﬁdﬁg@%ﬁgi gflvfrgglg
region ar < . . , respectively. Furthermore, for )
I NG TS SRR aiid Bt (AR

equence eavy-thain CDR1, SEQ ID NO: 76 shows the amino
acid sequeri¢d)ctrrsdippéhaimpiRe SEQ tbao! 110shod thihk dimimofdib) $6guénree; of heavy-chain

'LCIEIDR?)"SEQ%L% M%Wf%%s.r Ahﬁt{girfh)_@@i}%ﬁ?%ﬁ %Sfdiﬁﬁhcstmo é %?%&eiﬁ@%@lﬁé@(%hswws
e amin | sequence of .35 light-chain C =Ta . 82 shows the amino acid sequence
of gt DR P AP HEE Tt A0 N AR AL b AU B (LR Brable
region 548 Bholin 47 SECDRINZIBI23nee8EQNBnNO: 84, respectively; and the nucleotide and
aming acid Pﬁﬁ%&ﬁﬁﬁa@ﬁ%ﬁaﬁi@ﬁg YR i2RIRFERIQM 88 SR ik ra BEGUERNF %@@ﬁﬁﬁ? 1P NO:
89, respe lﬁé\[@%ﬁgfurthermor_ , for ZZSDﬁPﬁ%ﬁé\lg' 85 sth(? minQ acid.sequence o
eavy-ch &S (SRR St et S RS SE 5 1D
:87s 8 v in : : 90 shows the amino aci
NO: 87 shdiksitheNemhiomaitPBédiahde’dflightviatihain CDR3, SEQ ID NO: 90 sh th d
sequence oflsight-chai NEHRIIqWS) hfiaRiInGRY peerpf dight-chain CDR2,
and SEQ I[)(llgg%Z sho%ﬁlé%%ngi%%g?qu nce of |i ht-(:hainﬁ,ﬁllg(ﬁ;}g((.i[ki xa % I% Il-Killing
Cifect by N ARG FBEPA S OMASTE T HBR R ATTEH B) MRLER Tasb g e
whiéh is &’$8tbriblamrantibodl/sbgurdte bBdiRaNed HFapoliPRAsnddktaneval aate stp:cadkkifling
ability againsf Ir-Ré-exPieesieels ko thedevelegment model of an antibody pharmaceutical, the
mechanism of action | tBat an antjbody E{o nd i})ﬁa‘tof(i or such binds to a tar cel{ ﬁ}is
incorporate@lﬁaqﬁgtb%,Yaﬁ?frfﬁgﬁ%ll@t AR OB Y AR QRO LEn ;%(E(&JI p&? P8 B3
cells madeli® exiress i deldRIuare wsed Q0D hPobthes AIlB3dyndriticlf0ing afid/atZagewere

added to %@WM@%@B@@ZBB%%@@&%?OZ incubator for three days, the number of viable
cells was determined by WST8 assay usi%g / assay reagent ST (Nakalai Tesque). The

. the cell viabilit
resufts are Shouit ER IS EBRIFIRSIS %ﬂﬂ&féﬁ%%‘g%%é%%f I e thethiues of WSTS

assay were(tBaryaberifordchpdelly ao-Hedted hithng the amino acid sequence of SEQ ID NO: 65 as
CDR1, the amino acid sequence of SEQ ID NO: 66 as CDR2, and the amino acid sequence of
SEQ ID NO: 67 as CDR3 (228D7 heavy chain);
(20) an antibody comprising an L chain having the amino acid sequence of SEQ 1D NO: 70 as
35  CDRI, the amino acid sequence of SEQ ID NO: 71 as CDR2, and the amino acid sequence of
SEQ ID NO: 72 as CDR3 (228D7 light chain);




20Mab-ZAP, and the cell-killing effect can be confirmed in all of the analyzed antibodies. This shows
that antibodies labeled with a toxin or radioisotope can be incorporated into cells and kill these cells.
[Example 11] Reactivity of anti-LGR7 monoclonal ang; odies to mouse LGR7 25Mouse LGR7
(nucleotide sequence, SEQ ID NO: 93; amino acid s guence, SEQ ID NO: 94) was inserted into an
expression vector. Cross-reactivity towards mouse LGR7 was evaluated by flow cytometry using the
cell line of forced expression HA-mLGR7/BaF3 obtained by gene introduction into BaF3 cells. As
shown in Fig. 6, 22DA17 and 22DA23 were found to exhibit cross-reactivity towards mouse LGR7. 30
[Example 12} Eitopeibrdssifieatisingylicshipeinioh GRAgsdhalsibain of (PAR(@PHBFEs were classified

?I)?/ COhm)petit@l%@&%}@@b’@iﬁnﬁ;ﬁﬁéﬁ@@fﬁﬁ&ﬂﬁ_ B@iﬁglﬂiﬁdjﬂﬁi@gé&&i@ﬁ&ﬁb@fﬁt@ﬁ@ﬁb@ihﬁmﬁiﬁs
oche ing_to the manual. Com ana a method in which an excess amount
O oo A A S A SR D Gk G ARA by 1 B S Tty atec
antibody i8fdBERY kB étbEte dAXiR hirrre gapieled streptavidin. When the antibodies recognize
antibacly poke e Sblote. S ek e g e OAtloq
antibody e epitope,.and the pe e left i analysis. When the unlabele
antibody ST AR e e by A7 RR s e A9 A HBFRSE Sire and
the shift nvd¥eslidNte fereaS Bl paletl 1o ighselzaini TC-labeled 5anti-mouse antibody is reacted. On
the other hand,) whenthaiartibadissgaroanizaidifferen SRIARES cigIRAING @3/ TAKS, place without
competition é%r; the U.:éla eled antlbodé/q, C%n?éthuls the shift to the left is small. S rﬁ@l}é t%qtgs were
biotinylated B4 BB ERHST HRBRT WD A gt S8 G BFHRE PULIRIUTAE A o Ercth
comigktiti6ARA CBeamiysistidisng thechiotipflated Bio- 20 BAC P RAdBI22DM 22 anidibogliescdtafias

found thag 22D iand1022pA22 arsrandihodies ihafrecognize epitopes different from those of other
Gga Chimeric Antibody with Mouse | a CH and

antibodies. [Example 13] Productjon of a Mouse. | G2
o1 e methEls T A OFHE NS G L OO oY 4 SFRIBBAS? RSB AN S gar
chains ar€kidwthewo2006/0b%g18randSEch dBsfibe thes piBRGctod i bhantibodiesqamying a sugar

chain tha @g@@g@gg@ﬂﬁmgﬁtgq@g byaising CHO cells in which the fucose transporter
Q

ene js knogked out (CHO_FTKQ), .
g % E F g%ocgf_compnsmg the H chain of (25) and the L chain of (26) (225D48);

(28) an antibody that has equivalent activity as the antibody of any one of (1) to (27);

an antl

(29) an antibody that recognizes the same epitope recognized by the antibody of any one of (1)
to (27).

20 10. The antibody of any one of claims 1 to 9, which has a human constant region.

11, The antibody of ¢laim 10, which is a chimeric antibody, humanized antibody, or human
antibody.

25 12, The antibody of any one of claims I to 11, which is a fucose-deficient antibody.

13, A pharmaceutical composition comprising the antibody of any one of claims 1 to 12 as an

active ingredient.

30 14, Acell growth inhibitor comprising the antibody of any one of claims 1 to 12 as an active

ingredient.

15. An anticancer agent comprising the antibody of any one of claims 1 to 12 as an active
ingredient.
35

16. The anticancer agent of claim 15, wherein the cancer to be treated is ovarian cancer.



The H-chain and L-chain variable regions of the antibody gene of the anti-human LGR7 monoclonal
antibody 22DA23 cloned as described in Example 9 were respectively amplified by PCR. They were
respectively ligated to the H-chain C region Cy2a anrg L-chain C region Cx of 20a mouse antibody, and
this was inserted into an expression vector for mam élian cells so that they can be expressed as a
mouse 1gG2a chimeric molecule. The obtained vector was transfected into the fucose
transporter-deficient CHO cell CHO_FTKO to establish a neomycin-resistant strain. The cells were
cultured in RPMI-1640/10% Ultra-low IgG FBS (Invitrogen)/500 ug/mL 25 Geneticin in the presence of
penicillin/streptomycin, and the mouse IgG2a chimeric antibody was purified from the culture
supernatart using anRegieir AvenlwnelAscosdinBeteithedmantiah IR AU IRA2ZDAISMIGGRMET PKO
antibody was subjected to a drug efficacy test using a mouse xenograft model. 30[Example 14] Drug
Efficacy Test Using a Mouse Xenograft Model The purified 22DA23-mlgG2a/FTPKO
(FTKODAIZ3) ahtiistayiwersdubjestes tanacarulefiecioprcss feientacan bpbrogipigtalyrgamesquare
pieces of RiHadi v Y@pessaged tumor was transplanted subcutaneously into seven-week-old Scid
female mice (Clea Japan). Ten days after transplantation, groups were formed according to the tumor
volume and body weight, and 35they were subjected to the examination. For the RMG-1 in vivo
passaged lumérmeturddpisbisees B2 denss aftdrduboupmssulsireisp RntdiidA pfoteiltured RMG-1 cells
at 1e7 cells/body 56 was used. A group included six mice, and the FTKODA23 antibody was
administered to.the .mice ance a week at.2 mg/kq or 10 BS(-) was administered to the control
group. Thiesﬁrs%}é%%ﬁ%%?rsﬁﬁorﬁ%%gﬁ 85??81 (r)?ﬁ’t G&S%dz%?é‘?%j:%ﬁ%gﬁéﬁgﬁfeﬂggs%ségﬁélhdministration
17 déys afeeibadindpitbitadiotn, thelioiRY adetttistration 24 days after transplantation, and the fourth
5administration 31 days after transplantation. The tumor volume was measured twice a week, and the
final mea regg}ent ﬁ{g\;oﬁaer ormed. one week after the fourth administration. A graph showing the
changes Sl éa%lB?gﬁge?ﬁ%efn%%c.Wﬁ% VOfEES of the control group and the
antibody ad@mimpstradios greoplvexd]combired aFE¢Tumamst Growth Inhibition) was 37% on average in
the 10 mg/kg pekninisgalion SReURAEE 3330.0R PYEIRISIA RS 104 Mako-Rdmipizialienareur, and
the fumor regressjon effect was confirmed Industrial Applicability he anti-LGR7 antibodies of
the ese{i]i’f’i%r\ée%w iBFPEAR exhibit anticancer effects by antibody-dependent cell-mediated cytotoxicity
activity and complement-dependent cytotoxicity 15activity towards LGR7-expressing cells.

Furthermere, whepigomisgaiag:dosmioxincelsiamagingisubsiangs), hey can cause cell injury in

LGR7-expressi ells, thus they are useful for diagnosis, preventign, and treatment of various
primary apn C{%éﬁ}%ﬁgﬁ@éﬂ& é‘é?‘s‘%ﬁ ect an antibody t %.?. 1as ’bi%(?mg activity towargs an L.GR7 protein

and which is labeled with a radioisotope; and

20 (b) detecting accumulation of the radioisotope.

23. The diagnostic method of any one of claims 18 to 22, wherein the cancer to be diagnosed is

ovarian cancer.

25 24, The diagnostic method of claim 23, wherein the ovarian cancer is clear cell

adenocarcinoma.



The LORY7 protein-specific antibodies of the present invention are specifically expressed, in particular,
in clear cell adenocarcinoma of ovarian cancer, and thus can be used as agents for 20diagnosing
clear cell adenocarcinoma. The diagnostic agentsofthe present invention are useful for diagnosis of
primary and metastatic cancers. More specifically, the possibility of cancer can be evaluated by
detecting the LGR7 protein contained in a biological sample collected from a patient. Alternatively, the
presence of ovarian clear cell adenocarcinoma can be determined in vivo by detecting the localization
of LGR7-expressing cells in vivo. 25Irggdditien, 4iganti-LGR7 antibodies having cytotoxic activity of
the present invention are useful for prevention and treatment of cancers expressing the LGR7 protein.
More specifically, the present invention provides cytotoxic agents and cell growth inhibitors against
cancer cells éfiévaridh cdERSBMNadenosaicinoma. The cytotoxic agents and cell growth inhibitors
against cancer cells@fshayre SN weRtioR:cap bg applied to both primary and 30metastatic cancers.
Furthermore, the anti-LGR7 antibodies having cytotoxic activity of the present invention can be used
as therapeutic drugs for ovarian clear cell carcinoma. In the present invention, the anti-LGR7
antibodies ard fsefOl sHIRET A UTREAIMEYS againstdtotk! péimisry-atR metestatic cancers.
35Additionally, genes encoding the antibodies of the present invention and recombinant cells
transformed with the genes can be used to prepare recombinant antibodies that have the above
effects or moﬁg%reﬁféﬁﬁg?&fects. 58 CLAIMS 1. An antibody that binds to an LGR7 protein and which
has cell growth inhibitory activity against cells expressing the LGR7 protein. 2. The antibody of claim 1,
wherein the eelbgrowth jpfyRitany agtivity is cytotoxic activity. 3. The antibody of claim 2, wherein
the cytotoxic activity is antibody-dependent cell-mediated cytotoxicity activity. 4. The antibody of claim
2, wherein th%"éﬁtoﬁ%@ﬁ:“%ﬁ\?ity is complement-dependent cytotoxicity activity. 5. The antibody of
any one of claims 1 to 4, which is an antibody to which a cytotoxic 15substance is bound. 6. The
antibody of claigy 5, whigh.is-angntibody having an internalizing activity. 7. The antibody of any one

of claims 1 tg 6, which is an antibody that suppresses the growth of 20cancer cells.
151> 2008-12-26

<160> 108

<170> Patentin version 3.4

210> 1

211> 757

<212> PRT

<213> Homo sapiens

<400> 1

Met Thr Ser Gly Ser Val Phe Phe Tyr lie leu |le Phe Gly Lys Tvr

1 5 i0 15

Phe Ser His Gly Gly Gly Gln Asp Val Lys Cys Ser Leu Gly Tyr Phe
20 25 30

Pro Cys Gly Asn lle Thr Lys Cys Leu Pro Gln Leu Leu His Cys Asn
35 40 45



8. The antibody of claim 7, wherein the cancer cells are clear cell ovarian cancer cells. 9. An antibody
of any one of (1) to (29) below: 25(1) an antibody comprising an H chain having the amino acid
sequence of SEQ ID NO: 5 as CDR1, the amino agitfsequence of SEQ ID NO: 6 as CDR2, and the
amino acid sequence of SEQ ID NO: 7 as CDR3 (22DA6 heavy chain);  (2) an antibody comprising
an L chain having the amino acid sequence of SEQ ID NO: 10 as CDR1, the amino acid sequence of
SEQ ID NO: 11 as CDR2, and the amino acid sequence of 30 SEQ ID NO: 12 as CDR3 (22DA6 light
chain);  (3) an antibody comprising the H chain of (1) and the L chain of (2) (22DA6); (4) an
antibody comprising an H chain having the amino acid sequence of SEQ ID NO: 15 as CDR1, the
amino acid sequence of SEQ ID NO: 16 as CDR2, and the amino acid sequence of SEQ ID NO: 17 as
CDR3 (22DA# h&avy ehaim) C35(G)vafsartibotlys cemGrisingadst. Cfmik haepg the amino acid sequence
of SEQ ID NO: 2gyas CDR1, the amixp acid sequence of SEQ ID NO: 21 as CDR2, and the amino
acid sequence of 59 SEQ ID NO: 22 as CDR3 (22DA7 light chain);  (6) an antibody comprising the
H chain of (4) and the L chain of (5) (22DA7);  (7) an antibody comprising an H chain having the
amino acid sequence of SEQ ID NO: 25 as CDR1, the amino acid sequence of SEQ ID NO: 26 as
CDR2, and the, apuing, aof,sequence of o5 IBNR: 2425, GRRS {¢2RA17 heavy chain), - (8) an
antibody comprising an L chain having the amino acid sequence of SEQ b NO: 30 as CDRI, the
amino acid s&yuence of SEQ IDRO: 31 as CDR2, afd the amino acid s&uence of SEQ ID NO: 32 as
CDR3 (22DA17 light chain);  (9) an antibody comprising the H chain of (7) and the L chain of (8)
(22DA17); 10(10) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO:
35 as CDR1, the amino acid sequence of SEQ ID NO: 36 as CDR2, and the amino acid sequence of
SEQ ID NO:'3? d&8'CHR325BA DY hearneHding 2 &r1iunPaatfedgreditiprising an L chain having the
amino acid sequence of SEQ@sID NO: 40 as CDRib, the amino acid sgguence of SEQ ID NO: 41 as
CDR2, and the amino acid sequence of 15 SEQ ID NO: 42 as CDR3 (22DA22 light chain);  (12) an
antibody comprising the H chain of (10) and the L chain of (11) (22DA22); (13) an antibody
comprising an H chain having the amino acid sequence of SEQ ID NO: 45 as CDR1, the amino acid
sequence oRBE@{DsNOIA6ras CDR2; ansl the aminoragid sequance:0fA8EQ ID NO: 47 as CDR3
(22DA23 heavy chain); 21%14) an antibody c]q@prising anL chaiﬂgaving the amino acid sequence of
SEQ ID NO: 50 as

Cys Asp Giu Thr Asn Leu Arg Ala Val Pro Ser Val Ser Ser Asn Val
115 120 125

Thr Ala Met Ser Leu Gin Trp Asn Leu lie Arg Lys Leu Pro Pro Asp
130 135 140

Cys Phe Lys Asn Tyr His Asp Leu Gin Lys Leu Tyr Leu Gln Asn Asn
145 150 155 160

Lys tle Thr Ser lie Ser lle Tyr Ala Phe Arg Gly Leu Asn Ser Leu
165 170 175

Thr Lys Leu Tyr Leu Ser His Asn Arg lle Thr Phe Leu Lys Pro Gly
180 185 180



CDR1, the amino acid sequence of SEQ ID NO: 51 as CDR2, and the amino acid sequence of SEQ ID
NO: 52 as CDR3 (22DA23 light chain);  (15) an antibody comprising the H chain of (13) and the L
chain of (14) (22DA23);  (16) an antibody compgging an H chain having the amino acid sequence of
SEQ ID NO; 55 as 25 CDR1, the amino acid sequence of SEQ ID NO: 56 as CDR2, and the amino
acid sequence of SEQ ID NO: 57 as CDR3 (22DA24 heavy chain); (17) an antibody comprising an L
chain having the amino acid sequence of SEQ ID NO: 60 as CDR1, the amino acid sequence of SEQ
ID NO: 61 as CDR2, and the amino acid sequence of SEQ ID NO: 62 as CDR3 (22DA24 light chain);
30(18) an antibody comprising the H chain of (16) and the L chain of (17) (22DA24); (19) an antibody
comprising an H chain having the amino acid sequence of SEQ ID NO: 65 as CDR1, the amino acid
sequence of GEGHDNMNOrH61as ERRZ: ard the amineacic: sequencesef SEQ ID NO: 67 as CDR3
(22SD7 heavy chain),,.. (20) an antibod%é:omprising an L chain having the amino acid sequence of
SEQ ID NO: 70 as 35 CDR1, the amino acid sequence of S ID NO: 71 as CDR2, and the amino
acid sequence of SEQ ID NO: 72 as CDR3 (22SD7 light chain); 60 (21) an antibody comprising the
H chain of (19) and the L chain of (20) (22SD7); (22) an antibody comprising an H chain having the
amino acid sequence of SEQ IDNO: 75 as , the amino acid sequence of SEQ ID NO: 76 as
CDR2, and tﬁg; aﬁrﬁ[fn%egc%gsqeaeuégrcg 'of ?@5 ‘%%6:_ V?é;% gﬁh’%ﬂz I:()iff heavy chain); 5(23) an
antibody comprigiffyy an L chain havidéPthe amino acid s@gience of SEQ ID NO: 80 as CDR1, the
amino acid sequence of SEQ ID NO: 81 as CDR2, and the amino acid sequence of SEQ ID NO: 82 as
CDR3 (22SD11 light chain);  (24) an antibody comprising the H chain of (22) and the L chain of (23)
(22SD11);  (25) an antibody comprising an H chain having the amino acid sequence of SEQ ID NO:
85 as 10 CDR$, the beHiNa!aksd $etdende bVSEIDNG8d-2is CORY Avel the amino acid sequence
of SEQ ID N§»587 as CDR3 (22$k¥8 heavy chain); 23626) an antibody cgigprising an L chain having
the amino acid sequence of SEQ ID NO: 90 as CDR1, the amino acid sequence of SEQ ID NO: 91 as
CDR2, and the amino acid sequence of SEQ ID NO: 92 as CDR3 (225D48 light chain); 15(27) an
antibody comprising the H chain of (25) and the L chain of (26) (22SD48); (28) an antibody that has
equivalent aetiyityeasikesantibediobpananes (13 taf27%; ad29:am antibpdy that recognizes the
same epitope recognized by2t e antibody of any pne of (1) to (27). 22010. The anof any one of claims 1
to 9, which has a human constant region. 11. The antibody of claim EB which is a chimeric antibody,
humanized antibody, or human antibody. 2512. The antibody of any one of claims 1 to 11, which is a
fucose-deficient antibody.

Asn His Ile His Asn Leu Arg Asn leu Thr Phe lle Ser Cys Ser Asn
260 265 270

Leu Thr Val Leu Val Met Arg Lys Asn Lys lie Asn His Leu Asn Glu
275 280 285

Asn Thr Phe Ala Pro Leu Gln Lys Leu Asp Glu Leu Asp Leu Gly Ser
290 295 300

Asn Lys ile Glu Asn Leu Pro Pro Leu [le Phe Lys Asp Leu Lys Glu
305 310 315 320

Leu Ser Gin Leu Asn Leu Ser Tyr Asn Pro lle Gln Lys {le Gin Ala
325 330 335



13. A pharmaceutical composition comprising the antibody of any one of claims 1 to 12 as an active
ingredient. 3014. A cell growth inhibitor comprising the antibody of any one of claims Ito 12 as an
active ingredient. 15. An anticancer agent compris‘ngthe antibody of any one of claims 1 to 12 as an
active ingredient. 35 61 17. The anticancer agent of claim 16, wherein the ovarian cancer is clear cell
adenocarcinoma. 18. A method for diagnosing cancer, which comprises detecting an LGR7 protein
or a gene 5encoding an LGR7 protein. 19. A method for diagnosing cancer, which comprises detecting
an LGR7 protein.  20. The diagnostic method of claim 19, wherein the LGR7 protein is detected
using an 10antibody that binds to the LGR7 protein. 21. A method for diagnosing cancer, which
comprises the steps of: (a) providing a sample collected from a subject; and (b) detecting an

LGR7 proteingoniaings i3she.sample of (a)usingan.antibosly-thal Rinds tp 15the LGRY protein. 22. A
method for diagnosing caneer, which comprises the steps of:  (a) administering to a subject an

antibody that has binding activity towards anSﬁ R7 protein and Wtiich is labeled with a radioisotope;
and 20(b) detecting accumulation of the radioisotope. 23. The diagnostic method of any one of claims
18 to 22, wherein the cancer to be diagnosed is ovarian cancer. 2524. The diagnostic method of claim

23, wherein She %varian gancer is clear cell
le Giu ile Ser Asn lle GIn Gin Arg Met Phe Arg Pro Leu Het Asn

356 360 365

Leu Ser His {le Tyr Phe Lys Lys Phe Gin Tyr Cys Gly Tyr Ala Pro
370 375 380

His Val Arg Ser Cys Lys Pro Asn Thr Asp Gly fle Ser Ser bLeu Glu
385 380 395 400

Asn Leu Leu Ala Ser lle lle Gin Arg Val Phe Val Trp Val Val Ser
405 41G 415

Ala Val Thr Cys Phe Gly Asn ile Phe Val lle Cys Met Arg Pro Tyr
420 425 430

[le Arg Ser Glu Asn Lys Leu Tyr Ala Wet Ser ile [ie Ser Leu Cys
435 440 445

Cys Ala Asp Cys Leu Met Gly ile Tyr Leu Phe Val {le Gly Gly Phe
450 455 460

Asp Leu Lys Phe Arg Gly Glu Tyr Asn Lys His Ala GIn Leu Trp Met
465 470 475 480



adenocarcinoma. 1/77 SEQUENCE LISTING <110> THE UNIVERSITY OF TOKYO FORERUNNER
PHARMA RESEARCH CO., LTD. <120> DIAGNOSIS AND TREATMENT OF CANCER USING
ANTI-LGR7 ANTIBODY <130> C1-A0808P <140>5?9T/JP2009/O71524 <141> 2009-12-25 <150> JP
2008-333149 <151> 2008-12-26 <160> 108 <170> PatentIn version 3.4 <210> 1 <211> 757 <212>
PRT <213> Homo sapiens <400> 1 Met Thr Ser Gly Ser Val Phe Phe Tyr lle Leu lle Phe Gly Lys Tyr
151015 Phe Ser His Gly Gly Sly GIn Asp Val Lys Cys Ser Leu Sly Tyr Phe 202530 Pro Cys Sly Asn
He Thr Lys Cys Leu Pro GIn Leu Len His Cys Asn

Glu Ser Thr His Cys Gin Leu Vai Gly Ser bLeu Ala tie Leu Ser Thr
485 490 495

Glu Val Ser Va! Leu Leu Leu Thr Phe Leu Thr Leu Glu Lys Tyr lie
500 505 510

Cys Ile Val Tyr Pro Phe Arg Cys Yal Arg Pro Gly Lys Cys Arg Thr
515 520 525

tle Thr Val Leu Ile Leu 1le Trp Iie Thr Gly Phe lle Val Ala Phe
530 535 540

fte Pro Leu Ser Asn Lvs Glu Phe Phe Lys Asn Tyr Tvr Gly Thr Asn
545 550 555 560

Gly Val Cys Phe Pro Leu His Ser Glu Asp Thr Glu Ser lle Gly Ala
565 570 575

Gin lle Tyr Ser Val Ala lie Phe Leu Gly ile Asn Leu Ala Ala Phe
580 585 590

tle lle tle Val Phe Ser Tyr Gly Ser Met Phe Tyr Ser Val His Gin
595 600 605

Ser Ala lie Thr Ala Thr Glu lie Arg Asn Gin Val Lys Lys Glu HMet
610 615 620



354045 2/77 Gly Val Asp Asp Cys Gly Asn Gin Ala Asp Glu Asp Asn Cys Gly Asp 505560 Asn Asn
Gly Trp Ser Leu GIn Phe Asp Lys Tyr Phe Ala Ser Tyr Tyr 65707580 Lys Met Thr Ser Gin Tyr Pro Phe
Glu Ala Glu Thr Pro Glu Cys Leu 859095 Val Gly %%}/al Pro Val Gin Cys Leu Cys GIn Gly Leu Glu
Leu Asp 100105110 Cys Asp Glu Thr Asn Leu Arg Ala Val Pro Ser Val Ser Ser Asn Val 115120125
Thr Ala Met Ser Leu Gin Trp Asn Leu lle Arg Lys Leu Pro Pro Asp 130135140 Cys Phe Lys Asn Tyr
His Asp Leu Gin Lys Leu Tyr Leu Gin Asn Asn 145150155160 Lys lle Thr Ser lle Ser lle Tyr Ala Phe
Arg Gly Leu Asn Ser Leu 165170175 Thr Lys Leu Tyr Leu Ser His Asn Arg lle Thr Phe Leu Lys Pro
Gly 180185190

Ite Leu Ala Lys Arg Phe Phe Phe |le Val Phe Thr Asp Ala Leu Cys
625 630 635 640

Trp lte Pro lle Phe Val Val Lys Phe Leu Ser Leu Leu Gln Val Glu
645 650 655

tle Pro Gly Thr lie Thr Ser Trp Val Val 1le Phe lle Leu Pro lle
660 665 670

Asn Ser Ala Leu Asn Pro lle lLeu Tyr Thr Leu Thr Thr Arg Pro Phe
675 630 885

Lys Giu Met {le His Arg Phe Trp Tyr Asn Tyr Arg Gin Arg Lvs Ser
690 695 700

Met Asp Ser Lys Gly Gin Lys Thr Tyr Ala Pro Ser Phe lle Trp Val
705 710 715 720

Glu ¥et Trp Pro Leu Gin Glu #et Pro Pro Glu Leu Met Lys Pro Asp
725 730 135

Leut Phe Thr Tyr Pro Cys Glu Met Ser Leu lle Ser Gln Ser Thr Arg
740 745 750

Leu Asn Ser Tyr Ser
755



3/77 Val Phe Glu Asp Leu His Arg Leu Glu Trp Leu lle lle Glu Asp Asn 195200205 His Leu Ser Arg lle
Ser Pro Pro Thr Phe Tyr Gly Leu Asn Ser Leu 210215220 lle Leu Leu Val Leu Met Asn Asn Val Leu
Thr Arg Leu Pro Asp Lys 225230235240 Pro Leu €yg;Gin His Met Pro Arg Leu His Trp Leu Asp Leu
Glu Gly 245250255 Asn His lle His Asn Leu Arg Asn Leu Thr Phe lle Ser Cys Ser Asn 260265270 Leu
Thr Val Leu Val Met Arg Lys Asn Lys lle Asn His Leu Asn Glu 275280285 Asn Thr Phe Ala Pro Leu
Gin Lys Leu Asp Glu Leu Asp Leu Gly Ser 290295300 Asn Lys lle Glu Asn Leu Pro Pro Leu lle Phe
Lys Asp Leu Lys Glu 305310315320 4/77 Asn Gin Phe Asp Tyr Leu Val Lys Leu Lys Ser Leu Ser Leu
Glu Gly 340345350 lle Wu lle Ser Asn lle Gin Gin Arg Met Phe Arg Pro Leu Met Asn

210> 2

211> 2274

<212> DNA

<{213> Homo sapiens

<400> 2

atgacatctg gttotgtott cttctacate ttaatttttg gaaaatattt ttotcatgeg 60
getggacagy atgtcasgig cteocetigee tatitccoct gtgggaacat cacaaaptec 120
ttgeotoage toctgeactg taacggtete gacgactgog ggaatcagge cgatgaggac 180
aactgtggag acaacaatgg atggtcotetg caatttgaca aatattttge cagttactac 240
aagatgactt cccaatatcc ttttgaggea gaaacaccig aatgitigst cgettetegte 300
ccagtgoaat gtotttgoca aggtcoctggag ctigactgty atgasaccaa tttacgaget 360
gttccatcge tttettoaaa tgtgactgea atgtoacttc agtggaactt aataagaazg 420
cttectootyg attegcttcaa gaattatcat gatcotteaga agetgtacct goaaaacaat 480
aagattacat ccatctecat ctatgctttc agaggactga atagecottac tazactgtat 540
ctcagicata acagaataac cticetgaag ccgggtgttt ttgaagatet teacagacta 600
gaatggciga taattgaaga taatcacctc agtegaatit ccccaccaac attttatgea 660
ctasattcltec ttattctott agtcctgatg aataacgticc tecacccgitt acctgataaa 720
cotetetgte aacacatgoc aagactacat tggctggace ttgaagpeaa ccatatccat 780
aatttaagaa atttgacttt tatttcctgc agtaatitaa ctstittagt gatgaggaaa 840



355360365 Lou Ser His lle Tyr Phe Lys Lys Phe Gin Tyr Cys Gly Tyr Ala Pro 370375380 His Val Arg
Ser Cys Lys Pro Asn Thr Asp Gly lle Ser Ser Leu Glu 385390395400 Asn Leu Leu Ala Ser lle lle Gin
Arg Val Phe Val Trp Val Val Ser 405410415 Ala Vgt fhr Cys Phe Gly Asn lle Phe Val lle Cys Met Arg
Pro Tyr 420425430 lle Arg Ser Glu Asn Lys Leu Tyr Ala Met Ser lle lle Ser Leu Cys 435440445 Cys
Ala Asp Cys Leu Met Gly lle Tyr Leu Phe Val lle Gly Gly Phe 450455460 5/77 Glu Ser Thr His Cys
Gin Leu Val Gly Ser Leu Ala lle Leu Ser Thr 485490495 Glu Val Ser Val Leu Leu Leu Thr Phe Leu Thr

Leu Glu Lys Ty lle 50505510 Gy e, Yl Ty, By Bhe A0, Cys.Yal Arg.Bro, Gly s Cys Arg Thr
%e ei %1 I% T %Dhe

515520525 lle Thr Val Leu lle Leu lle Trp lle Thr Sly Phe al Ala
gatitaggaa gtaataagat tgaaaatctt ceaccgetta taticazagga cotgaaggag 060
ctgteacaat tgaatotttc ctataateca atccagaasa ticaageaza cocaatttgat 1020
tatcttgtca aacicaagtc totcagcota gaagggatte saatttcaaa tatccaacaz 1080
aggatgttta gaccteitat gaatctetet cacatatatt ttaagaaatt ccagtactgt 1140
ggatatgcac cacatgticg cagetgtaaa ccaaacactg astggaattic atctotagag 1200
aatctettgg caagcattat tcagagagta tttgtotgeg ttetatctge agtiacctge 1260
tttggaaaca tittigiteat tigcatgega cottatatea ggtetgagaa cazgetgtat 1320
gooatgtcaa tcattictct ctgotetzoc gactgcttaa tgggaatata tttattegtes 1380
atcggaggoet ttgacctaaa gtttegigea gaatacaata ageatgegea gotgtggatg 1440
gagagltactc attgicaget tetaggatct tiggccatic tgiccacaga agtatcaght 1500
ttactgttaa catttctgac attggaaaza tacatctgea ttgtotatcc tttiagatgt 1560
gtgagacctg gaaaatgcag aacaattaca gttetgattc tcatttggat tactgstitt 1620
atagtggett tcattcoatt gagcaataag gaatttttca aaaactacta tggcaccaat 1680
ggagtatget tocctottca ttcagaagat acagaaagta ttggagocca gatttattca 1740
giggeaattt ticliegtat taatttpece geatitatca teatagtttt ttootatgga 1800
ageatgtttt atagtgtica tcaaagtzcec ataacageaa ctgaaatacg gaatcaagtt 1860
aasaaagaga tgatcctige caaacgtitt ttctitatag tatttactea tegcattatge 1920



530535540 lle Pro Leu Ser Asn Lys Glu Phe Phe Lys Asn Tyr Tyr Gly Thr Asn 545550555560 Gly Val
Cys Phe Pro Leu His Ser Glu Asp Thr Glu Ser lle Gly Ala 565570575 Gin lle Tyr Ser Val Ala lle Phe
Leu Gly lle Asn Leu Ala Ala Phe 580585590 lle Iled}ei)/al Phe Ser Tyr Gly Ser Met Phe Tyr Ser Val
His Gin 595600605 6/77 lle Leu Ala Lys Arg Phe Phe Phe lle Val Phe Thr Asp Ala Leu Cys
625630635640 Trp lle Pro lle Phe Val Val Lys Phe Leu Ser Leu Leu Gin Val Glu 645650655 Ille Pro
Gly Thr lle Thr Ser Trp Val Val lle Phe lle Leu Pro lle 660665670 Asn Ser Ala Leu Asn Pro lle Leu Tyr

Thr Leu Thr I%ﬁ%@ Pro '?hc% 6/26 06% L %I]u et lle His Arg Phe Trp Tyr Asp Tyr Arg Gin Arg Lys
cca ttl agt padaitt ¥§ acggct c a %a ga e é% XE 85y
Ser 690695700 Met Asp Ser%_ys Gly Gin ﬁys r1yr hla ro %ertPﬁe? 1ﬁp Va
ataacctett gggtagtgat tittattetg cocattasca gtgctttigaa cccaaticte 2040
tatactctga ccacaagacc atttaaagea atgattcatc gegttttggta taactacaza 2100
caaagaaaat ctatggacag caaaggtcag asaacatatg ctocatcatt catctggetg 2160
paaatgteec cactgcagga gatgocaccot gagitaatga agocggacct titcacatac 2220
cocctgigaaa tgicactgat tictcastca acgagactca attcctattc atga 2274
210> 3
211> 366
<212> DNA

{213> Artificial

{2207

<223> An artificially synthesized nucleotide sequence

<400> 3
caggtccaac tgcageagec tgggegcigag ctggtgagee ctggagetic agtgazactg 80

toctgeaagg cttotggota ctocttcaac ageotactgea tgaactgset gaaacagagg 120
cctggacaag geocttgagts gattegeaty litcatoott copatagtea aagtagatta 180
aatcagaagt tcaaggacaa ggccacattg actgcagaca aatcciccag cacagectac 240
atgcaactca goagcccgac atctgaagac toigozgtet attactgtec aagattggat 300
gatgataact accccttaca aagtgtegac tactgggste zaggaacctc agtoaccgte 360

focotea 366



705710715720 Glu Met Trp Pro Leu Gin Glu Met Pro Pro Glu Leu Met Lys Pro Asp 725730735 Leu
Phe Thr Tyr Pro Gys Glu Met Ser Leu lle Ser GIn Ser Thr Arg 740745750 Leu Asn Ser Tyr Ser <210>
2 <211> 2274 <212> DNA <213> Homo sapiens 4097 2 atgacatctg gttctgtctt cttctacatc ttaatttttg
gaaaatattt ttctcatggg60 ggtggacagg atgtcaagtg ctcccttggc tatttccect gtgggaacat cacaaagtgc120
ttgcctcagc tcctgcactg taacggtgtg gacgactgcg ggaatcagge cgatgaggacl80 aactgtggag acaacaatgg
atggtctctg caatttgaca aatattttgc cagttactac240 aaaatgactt cccaatatcc ttttgaggca gaaacacctg aatgtttggt
cggttctgtg300 ccagtgcaat gtctttgcca aggtctggag cttgactgtg atgaaaccaa tttacgagct360 gttccatcgg
tttcttcaaa tgtgactgca atgtcacttc agtggaactt aataagaaag420 cittectectg attgcttcaa gaattatcat gatcttcaga
agctgtacct gc aciatas80 aagattacat ccatctccat ctatgctttc agaggactga atagccttac taaactgtat540
ctcagtcata acagbatdae cttcctgaag ccgggtgttt ttgaagatct tcacagacta600

<212> PRT
{213> Artificial

{220>
<223> An artificially synthesized peptide sequence

400> 4
Gin Val GIn Leu GIn Gin Pro Gly Alfa Glu Leu Val Arg Pro Gly Ala

1 b 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Asn Ser Tyr
20 25 30

Trp Met Asn Trp Val Lys GIn Arg Pro Gly Gln Gly Leu 8lu Trp |le
35 40 45

Gly Met Phe His Pro Ser Asp Ser Glu Ser Arg Leu Asn Gin Lys Phe
50 55 60

Lys Asp Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 5 80

Met GIn Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 80 95

Ala Arg Leu Asp Asp Asp Asn Tyr Pro Leu Gin Ser Val Asp Tyr Trp



gaatggctga taattgaaga taatcacctc agtcgaattt ccccaccaac attttatgga660 ctaaattctc ttattctctt agtcctgatg
aataacgtcc tcacccgttt acctgataaa720 cctctctgtc aacacatgcc aagactacat tggctggacc ttgaaggcaa
ccatatccat780 aatttaagaa atttgacttt tatttcctge agtaaifjga ctgtittagt gatgaggaaa840 8/77 aacaaaatta
atcacttaaa tgaaaatact tttgcacctc tccagaaact ggatgaattg900 gatttaggaa gtaataagat tgaaaatctt
ccaccgctta tattcaagga cctgaaggag960 ctgtcacaat tgaatctttc ctataatcca atccagaaaa ttcaagcaaa
ccaatttgat1020 tatcttgtca aactcaagtc tctcagccta gaagggattg aaatttcaaa tatccaacaal080 aggatgttta
gacctcttat gaatctctct cacgigtatt ttaagaaatt ccagtactgt1140 gggtatgcac cacatgttcg cagctgtaaa
ccaaacactg atggaatttc atctctagag1200 aatctcttgg caagcattat tcagagagta tttgtctggg ttgtatctgce
agttacctgc1260 tttggaaaca tttttgtcat ttgcatgcga ccttatatca ggtagagaa caagctgtat 1320 gccatgtcaa
tcatttctct ctgctgtgcc gactgcttaa tgggaatata tttattcgtg 1380 atcggaggct ttgacctaaa gtttcgtgga gaatacaata

agcatgcgcea gloggaty, 1440 gagagtagic atigtcaget tgtaggatcet ttggccatte tgtccacaga agtatcagtt1500
ttactgttaa catttctgac attggaaaaa tacatctgca ttgtctatcc ttttagatgt1560 gtgagacctg gaaaatgcag aacaattaca

gttctgattc tcatttggat ta ggtttt1620 atagtgdedt tcattccatt gagcaataag gaatttttca aaaactacta
tggcaccaatl680 ggagtatgct tccctcttca ttcagaagat acagaaagta ttggagccca gatttattcal 740 gtggcaattt
ttcttggtat taatttggcc gcatttatca tcatagtttt ttcctatggal800

210> 5

211> 5

{212> PRY

<213> Artificial

{220>
<223> An artificially synthesized peptide sequence

400> 5

Ser Tyr Trp Met Asn
1 5

210> 6

211> 17

<{212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 6
WMet Phe His Pro Ser Asp Ser Glu Ser Arg Leu Asn Gin Lys Phe Lys

1 5 10 15

Asp



agcatgtttt atagtgttca tcaaagtgcc ataacagcaa ctgaaatacg gaatcaagtt1860 aaaaaagaga tgatccttgc
caaacgtttt ttctttatag tatttactga tgcattatgc1920 9/77 tggataccca tttttgtagt gaaatttctt tcactgottc aggtagaaat
accaggtacc1980 ataacctctt gggtagtgat tittatictg ccppftpaca gtgcttigaa cccaattctc 2040 tatactctga
ccacaagacc atttaaagaa atgattcatc ggttttggta taactacaga 2100 caaagaaaat ctatggacag caaaggtcag
aaaacatatg ctccatcatt catctgggtg 2160 gaaatgtggc cactgcagga gatgccacct gagttaatga agccggacct
tttcacatac 2220 ccctgtgaaa tgtcactgat ttctcaatca acgagactca attcctattc atga 2274 <210> 3 <211> 366
<212> DNA <213> Atrtificial <220> <223> An artificially synthesized nucleotide sequence <400> 3
caggtccaac tgcagcagcc tggggctgag ctggtgaggc ctggagcttc agtgaaactg60 tcctgcaagg cttctggcta
ctccttcaac agctactgga tgaactgggt gaaacagaggl20 cctggacaag gccttgagtg gattggcatg tttcatcat
ccgatagtga aagtagattal80 aatcagaagt tcaaggacaa ggccacattg actgcagaca aatcctccag cacagcctac240

atgcaactca geggsccgac atctgaagac tctgeggtct attactgtgc aagattggat300 gatgataact accccttaca
aagtgtggac tactggg%c aaggaacctc agtcaccgtc360 10/77 <210> 4 <211> 122 <212> PRT <213>

Artificial <220%'
212> PRT

{213> Artificial

{2200
{223> An artificially synthesized peptide sequence

400> 7
Leu Asp Asp Asp Asn Tyr Pro Leu GIn Ser Val Asp Tyr

[ 5 _ 10

210> 8

211> 32t

<212> DNA

213> Artificial

220>

223> An artificially synthesized nucleotide sequence

<4007 8
gatatccaga tgacacagac tacatcctcoc ctgtotgect ctotgeggaga cagasticacs 60

atcagitgca ggecaagtca geacattage aatcatttaa actggtatca goagaaacca 120
gatggaactyg tlaaactest gatectactac acatcaagat tacactcagg agtcceatea 180
aggttcagte geagtgegic tggaacagat tattegetea ceattageaa cctggageaa 240

gaagatgtte coacttactl tigccaacag ggtaatacge ttoecgctcac gttcegiect 300



<223> An artificially synthesized peptide sequence <400> 4 GIn Val Gin Leu Gin GIn Pro Gly Ala Glu
Leu Val Arg Pro Gly Ala 151015 Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Asn Ser Tyr
202530 Trp Met Asn Trp Val Lys Gin Arg Pro Gly Giryly Leu Glu Trp lle 354045 Gly Met Phe His Pro
Ser Asp Ser Glu Ser Arg Leu Asn Gin Lys Phe 505560 Lys Asp Lys Ala Thr Leu Thr Ala Asp Lys Ser
Ser Ser Thr Ala Tyr 65707580 Met Gin Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
859095 100105110 Sly Gin Gly Thr Ser Val Thr Val Ser Ser 115120 <210> 5 <211> 5 <212> PRT

<213> Artific@%gg‘%ggc ﬁg&égaagificially synthesized peptide sequence 121

<2100 9

211> 107

212> PRT

213> Artificial

{z20>
<223> An artificially synthesized peptide sequence

400> 9
Asp lle GIn Met Thr GIn Thr Thr Ser Ser Leu Ser Aia Ser Leu Gly

1 5 10 15

Asp Arg YWal Thr e Ser Cys Arg Ala Ser Gin Asp fle Ser Asn His
20 25 30

Leu Asn Trp Tyr GIn Gin Lys Pro Asp Gly Thr Val Lys Leu Leu lle
35 40 45

Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 80

Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr lle Ser Asn Leu Glu Gin
65 70 75 80

Glu Asp Vai Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Ley
85 20 95



<400> 5 Ser Tyr Trp Met Asn 15 <210> 6 <211> 17 <212> PRT <213> Artificial <220> <223> An
artificial ly synthesized peptide sequence <400> 6 Met Phe His Pro Ser Asp Ser Glu Ser Arg Leu Asn
GIn Lys Phe Lys 151015 12/77 <210> 7 <211> 1347%2> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 7 Leu Asp Asp Asp Asn Tyr Pro Leu GIn Ser Val Asp

Tyr

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys
100 105

<2100 10

<2110 11

212> PRT

<213> Artificial

<220>

{223> An artificially synthesized peptide sequence
400> 10

Arg Ala Ser GIn Asp lle Ser Asn His Leu Asn
1 5 10

210> 11

Q211> 7

212> PRT

<213> Artificial

{2207
223> An artificially synthesized peptide sequence

<400> 11
Tyr Thr Ser Arg Leu His Ser

1 b

210> 12
211> ¢
<212> PRTY



1510 <210> 8 <211> 321 <212> DNA <213> Artificial <220> <223> An artificially synthesized
nucleotide sequence <400> 8 gatatccaga tgacacagac tacatectcc ctgtctgcct ctctgggaga cagagtcacc60
atcagttgca gggcaagtca ggacattagc aatcatttaa actggiafga gcagaaaccal20 gatggaactg ttaaactcct
gatctactac acatcaagat tacactcagg agtcccatcal80 aggttcagtg gcagtgggtc tggaacagat tattcgctca

ccattagcaa cctggagcaa240 gaagatgttg ccacttactt ttgccaacag ggtaatacgc ttccgctcac gttcggtgcet300
13/77 gggaccaagc tggagctgaa a321 <210> 9 <211> 107 <212> PRT <213> Artificial <220> <223> An

artificially synthesized:peptide sequence <400> 9 Asp lle Gin Met Thr Gin Thr Thr Ser Ser Leu Ser Ala
Ser Leu Gly

{2200
<223> An artificially synthesized peptide seguence

400> 12

Gin Gln Gly Asn Thr Leu Pro Leu Thr

1 5

210> 13

<Z11> 363

<212> DNA

{213> Artificial

{2200

223> An artificially synthesized nucleotide seguence

<400> 13

caggtocaac tgoageagoe tggggotgag gttgteaage ctggegotee agtgaagtts 60
tootgoaagg cttctgectia caccttoace acctcctgga tgaactgeet gasacagagg 120
cotggacgag goctogagty gattggaage attgatectt cocgatagtga aacteactac 180
aatcaaazagt tcaaggacaa ggccaaactg actgtagaca aastcctccag tacagectac 240
atccaactca geagectgac atotgaggac totegcggtet attactgtee aagagegasc 300
tatgattacg geggctatge tgtogactac tggggteage gaacctoagt cacegtotcoe 360
tca 363

210> 14



151015 Asp Arg Val Thr lle Ser Cys Arg Ala Ser Gin Asp lle Ser Asn His 202530 Leu Asn Trp Tyr Gin
Gin Lys Pro Asp Gly Thr Val Lys Leu Leu lle 354045 Tyr Tyr Thr Ser Arg Leu His Ser Gly Val Pro Ser

Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp ;hy;
Glu Asp Val Ala Thr Tyr Phe Cys Gin Gin Gly Asn T

7§er Leu Thr lle Ser Asn Leu Glu Gin 65707580

4

r Leu Pro Leu 859095 14/77 Thr Phe Gly Ala Gly

Thr Lys Leu Glu Leu Lys 100105 <210> 10 <211> 11 <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 10

2t
212>
213>

<2200
223>

<400>

121
PRT

Artificial

An artificially synthesized peptide sequence

14

GIn Val Gin Leu

1

Pro Vai Lys Leu

20

Trp Met Asn Trp

35

Gly Arg ile Asp

50

Lys Asp Lys Ala

65

lle Gin Leu Ser

Ala Arg Gly Asn

100

Gin

Ser

Val

Pro

Lys

Ser

85

Tyr

Gin Pro

GCys Lys

Lys Gln

Ser Asp

5h

ley Thr
70

Leu Thr

Asp Tyr

Gly

Ala

Arg

40

Ser

Val

Ser

Gly

Ala

Ser

25

Pro

Glu

Asp

Glu

Gly
105

Glu
10

Yal Val

Lvs

Gly Tyr Thr Phe

Giy

Arg Gly

ieu

45

Thr His Tyr Asn

Lys

Asp
90

Tyr

60

Ser Ser

75

Ser Ala

Ala Val

Ser

Val

Asp

Pro Gly Ala
15

Thr Thr Ser
30

Glu Trp lie

Gin Lys Phe

The Aia Tyr
80

Tyr Tyr Cys
95

Tyr Trp Gly
110



Arg Ala Ser Gin Asp lle Ser Asn His Leu Asn 1510 <210> 11 <211> 7 <212> PRT <213> Atrtificial
<220> <223> An artificially synthesized peptide sequence <400> 11 Tyr Thr Ser Arg Leu His Ser 15
<210> 12 <211> 9 <212> PRT 15/77 <213> Artifigiay £220> <223> An artificially synthesized peptide
sequence <400> 12 GIn GIn Gly Asn Thr Leu Pro Leu Thr 15 <210> 13

Gin Gly Thr Ser Val Thr Val Ser Ser
115 120

<2100 15

211> 5

212> PRT

213> Artificial

{220
<223> An artificially synthesized peptide sequence

{400> 15
Thr Ser Trp Net Asn

i ]

210> 186

211> 17

<212> PRT

<213> Artificial

220>
223> An artificially synthesized peptide sequence

<400> 16

Arg [lte Asp Pro Ser Asp Ser Glu Thr His Tyr Asn GIn Lys Phe Lys
1 5 10 15

Asp



<211> 363 <212> DNA <213> Artificial <220> <223> An artificially synthesized nucleotide sequence
<400> 13 caggtccaac tgcagcagcc tggggctgag gttgtgaagc ctggggetcc agtgaagttg60 tectgcaagg
cttctggcta caccttcace acctcetgga tgaactgggt gaaagagaggl20 cetggacgag gectcgagty gattggaagg
attgatcctt ccgatagtga aactcactac180 aatcaaaagt tcaaggacaa ggccaaactg actgtagaca aatcctccag
tacagcctac240 atccaactca gcagcctgac atctgaggac tctgcggtct attactgtgc aagagggaac300 tatgattacg
gcggctatgc tgtcgactac tggggtcagg gaacctcagt caccgtctcc360 tca363 16/77 <211> 121 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 14 GIn Val GIn Leu
Gin GIn Pro (EZI%/OéIaiC?;Iu Val Val Lys Pro Gly Ala

Q11> 12
{212> PRY
{213> Artificial

{220>
<223> An artificially symthesized peptide sequence

<400> 17

Gly Asn Tyr Asp Tyr Gly Gly Tyr Ala Val Asp Tyr
1 5 16

<210> 18

211> 336

212> DNA

213> Artificial

<2207

223> An artificially synthesized nuclectide sequence

<400> 18
gatgtigtga tgacccaaag tccactctcc ctgcciglca gtettgeaga toaagcotes 60
atctottgoa aatccagica gagoottgte cacagtaatg gaaacaceea tttacattas 120

tacctgaaga geoccaggeca gtotccaaag ctoctgatct acazagtttc cascegattt 180

totggegtcs cagacagett cagtegcazt ggatcaggga cagatttcac actcaagate 240

agoagagtpe aggotgagga totgggaatt taltttctgct cteaaagtac acategttceg 300

tacacgttcg gagggoepac caagetggaa ataaaa 336



151015 Pro Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Thr Ser 202530 Trp Met Asn Trp
Val Lys GIn Arg Pro Gly Arg Gly Leu (flu Trp lle 354045 Gly Arg lle Asp Pro Ser Asp Ser Glu Thr His
Tyr Asn GIn Lys Phe 505560 Lys Asp Lys Ala Lys; b;}wThr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65707580 lle Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Gly Asn
Tyr Asp Tyr Gly Gly Tyr Ala Val Asp Tyr Trp Gly 100105110 17/77 Gin Gly Thr Ser Val Thr Val Ser
Ser 115120 <210> 15 <211> 5 <212> PRT <213> Artificial <220>

210> 19

<21> 112

212> PRT

<213> Artificial

220>
<223> An artificially synthesized peptide seqguence

<400> 19
Asp Val Val Met Thr GIn Ser Pro Leu Ser Leu Pro Val Ser lLeu Gly

1 5 10 15

Asp GIn Ala Ser lle Ser Cys Lys Ser Ser GIn Ser Leu Val His Ser
20 25 30

Asn Gly Asn Thr His Leu His Trp Tyr Leu Lys Arg Pro Gly Gin Ser
35 40 45

Pro Lys Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Giy Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly iie Tyr Phe Cys Ser Gin Ser
85 90 g5

Thr His Val Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Giu lle Lys



<223> An artificially synthesized peptide sequence <400> 15 Thr Ser Trp Met Asn 15 <210> 16 <211>
17 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 16
Arg lle Asp Pro Ser Asp Ser Giu Thr His Tyr Mn Gig &7ys Phe Lys 151015 18/77 <210> 17 <211> 12
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 17 Gly
Asn Tyr Asp Tyr Gly Gly Tyr Ala Val Asp Tyr 1510 <210> 18 <211> 336 <212> DNA <213> Atrtificial
<220> <223> An artificially synthesized nucleotide sequence <400> 18

100 105 110

210> 20

211> 18

<212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

{400> 20

Lys Ser Ser Gin Ser Leu Val His Ser Asn Gly Asn Thr His Leu His
i 5 10 15

<2100 71

211> 7

212> PRT

213> Artificial

{2200 .
<223> An artificially synthesized peptide sequence

400> 21

Lys Val Ser Asn Arg Phe Ser
1 5

210> 22

211> 9

<212> PRT

<213> Artificial



gatgttgtga tgacccaaag tccactctcc ctgcctgtca gtcttggaga tcaagcctcc60 atctottgca aatccagtca gagccttgta
cacagtaatg gaaacaccca tttacattggl20 tacctgaaga ggccaggcca gtetccaaag ctcctgatct acaaagtttc
caaccgattt180 tctggggtcc cagacaggtt cagtggcagt ggaigaggga cagatttcac actcaagatc240 agcagagtgg
aggctgagga tctgggaatt tatttctgct ctcaaagtac acatgttccg300 19/77 <210> 19 <211> 112 <212> PRT
<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 19 Asp Val Val Met
Thr Gin Ser Pro Leu Ser Leu Pro Val Ser Leu Gly 151015 Asp Gin Ala Ser lle Ser Cys Lys Ser Ser Gin
Ser Leu Val His,Ser 202530 Asn Gly Asn Thr His Leu His Trp Tyr Leu Lys Arg Pro Gly Gin Ser 354045
Pro Lys Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser
Gly Ser Sly TRFRsp\PHETTHCl 8U Ly¥Ne w5707 880 Sersasgeved Glu Ala Glu Asp Leu Gly lle Tyr Phe
Cys Ser Gin Ser

400> 22
Ser Gin Ser Thr His Val Pro Tyr Thr

1 5

<210> 23

211> 354

(212> DNA

213> Artificial

<220>

<223> An artificially synthesized nucleotide seguence

A00> 23
caggtccaac tgcagcagtc tegggcigag ttggtgasge ctopagtttc agtgaascte 60

tootgeaagg cttotggeta ctccctoace acclactgga tegaactgpet gaagozgass 120
cotggacaag gootigagig gattggcatg attcatcctt ccgatagtea aactgtaata 180
aatcagaagt tcaaagacaa ggccacattg actgtagaca satcctocag cacagoctac 240
atgecaactca goagoccgac atctgaggae teigeggtet attactgige azgatggsat 300
tacgactact actitgacta ciggggccaa ggcaccactc tcacapgtotc ctea 354
210> 24

211> 118

212> PRT
213> Artificial



859095 20/77 100105110 <210> 20 <211> 16 <212> PRT <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 20 Lys Ser Ser GIn Ser Leu Val His Ser Asn Gly Mn Thr His Leu
His 151015 <210> 21 <211> 7 <212> PRT <213>g\rtificial <220> <223> An artificially synthesized
peptide sequence <400> 21 Lys Val Ser Asn Arg Phe Ser 15 <210> 22 <211> 9 <212> PRT

{2202
223> An artificially synthesized peptide seguence

CADO> 24
Gin Val GIn Leu GIn GIn Ser Gly Ala Glu Leu Val Arg Pro Gly Val

1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Ser Leu Thr Thr Tyr
20 25 30

Trp Met Asn Trp Val Lys Gin Arg Pro Gly GIn Gly Leu Glu Trp lle
35 40 45

Gly Met lle His Pro Ser Asp Ser Glu Thr Val ile Asn Gin Lys Phe
50 55 60

Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met GIn Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 20 95

Ala Arg Trp Asp Tyr Asp Tyr Tyr Phe Asp Tvr Trp Gly Gin Gly Thr
100 105 110

Thr Leu Thr Val Ser Ser
115



<213> Artificial 21/77 <220> <223> An artificially synthesized peptide sequence <400> 22 Ser GIn
Ser Thr His Val Pro Tyr Thr 15 <210> 23 <211> 354 <212> DNA <213> Atrtificial <220> <223> An
artificially synthesized nucleotide sequence <400§§/%5;aggtccaac tgcagcagtc tggggctgag ttggtgaggc
ctggagtttc agtgaagctg60 tcctgcaagg cttctggcta ctccotcacc acctactgga tgaactgggt gaagcagaggl20
cctggacaag gccttgagtg gattggcatg attcatcctt ccgatagtga aactgtaatal80 aatcagaagt tcaaagacaa
ggccacattg actgtagaca aatcctccag cacagcctac240 atgcaactca gcagcccgac atctgaggac tctgcggtct
attactgtgc aagatgggat300 tacgactact actttgacta ctggggccaa ggcaccactc tcacagtetc ctca354 <210> 24
<211> 118 <212> PRT <213> Artificial 22/77 <220> <223> An artificially synthesized peptide
sequence 210> 25

211> 5
212> PRY
213> Artificial

{2200
223> An artificially synthesized peptide seguence

400> 25

Thr Tyr Trp Met Asn
1 5

210> 28

211> 17

212> PRT

<213> Artificial

220>

223> An artificially synthesized peptide seguence
<400> 26
Met lle His Pro Ser Asp Ser Glu Thr Val f[ie Asn Gin Lys Phe Lys

1 5 10 15

Asp

210> 27
211> 9
212> PRT



<400> 24 Gin Val Gin Leu Gin Gin Ser Gly Ala Glu Leu Val Arg Pro Gly Val 151015 Ser Val Lys Leu
Ser Cys Lys Ala Ser Gly Tyr Ser Leu Thr Thr Tyr 202530 Trp Met Asn Trp Val Lys Gin Arg Pro Gly Gin
Gly Leu Giu Trp lle 354045 (fly Met lle His Pro Seufsp Ser Glu Thr Val lle Asn Gin Lys Phe 505560
Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 Met GIn Leu Ser Ser Pro
Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Trp Asp Tyr Asp Tyr Tyr Phe Asp Tyr Trp Gly
Gin Gly Thr 100105110 Thr Leu Thr Val Ser Ser 23/77 <210> 25 <211> 5 <212> PRT <213> Atrtificial

213> Artificial

{2200
223> An artificially synthesized peptide seguence

400> 27
Trp Asp Tyr Asp Tyr Tyr Phe Asp Tyr

1 5

210> 28

211> 335

{212> DNA

<213> Artificial

220>

223> An artificially sypthesized nucleotide seguencs

400> 28
gatgttitga tgacocaaac tcecactctoc ctgeetetea gtottggaga itcaagoctec 60

atotcttgca gatotagtca gagoatagta catagtaatg gaascaccta tttagaatge 120
tacctgeaga aaccgegcca gtotecgaac ctcoctgatet acaaagtttc caaccgattit 180
totggggtoc cagacaggtt cagtggeagt gegatcaggea cagatttoac actcaagato 240
ageagagtgeg aggctgagga tetgggagtt tattactget ttcaaggtte tcatgttoea 300
ttcacgtteg gotcgeggac aaagttggaa ataaaa 336
<210> 29

211> 112
{212> PRT



<220> <223> An artificially synthesized peptide sequence <400> 25 [hr Tyr Trp Met Asn 15 <210> 26
<211> 17 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
<400> 26 Met He His Pro Ser Asp Ser Glu Thr Vaééip],;\sn GIn Lys Phe Lys 151015 Asp <210> 27
<211> 9 <212> PRT 24/77 <213> Artificial <220> <223> An artificially synthesized peptide sequence
<400> 27 Trp Asp Tyr Asp Tyr Tyr Phe Asp Tyr 15

213> Artificial

220>
<223> An artificially synthesized peptide sequence

<400> 29
Asp VYal Leu Met Thr GlIn Thr Pra Leu Ser Leu Pro Val Ser Leu Gly

1 5 10 15

Asp Gin Ala Ser [le Ser Cys Arg Ser Ser Gin Ser lie Val His Ser
20 25 30

Asn Gly Asn Thr Tyr Leu Glu Trp Tyr Leu Gin Lvys Pro Gly Gin Ser
35 40 45

Pro Asn Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Giv Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser fly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly
85 90 95

Ser His Val Pro Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu lle Lys
100 105 110

<210> 30



<210> 28 <211> 336 <212> DNA <213> Atrtificial <220> <223> An atrtificially synthesized nucleotide
sequence <400> 28 gatgttttga tgacccaaac tccactctcc ctgcctgtca gtcttggaga tcaagcctcc60 atctcttgca
gatctagtca gagcatagta catagtaatg gaaacaccta titagg 99120 tacctgcaga aaccgggcca gtctccgaac
ctcctgatct acaaagtttc caaccgattt180 tctggggtcc cagacaggtt cagtggcagt ggatcaggga cagatttcac
actcaagatc240 agcagagtgg aggctgagga tctgggagtt tattactgct ttcaaggttc tcatgttcca300 ttcacgttcg
gctcggggac aaagttggaa ataaaa336 <210> 29 <211> 112 <212> PRT 25/77 <213> Artificial <220>
<223> An arg}g IIy ynthesized peptide sequence <400> 29 Asp Val Leu Met Thr Gin Thr Pro Leu

Ser Leu Pro er eu Gly 151015
<212> PRY

213> Artificial

{2200
{223> An artificially synthesized peptide seauence

<400> 30

Arg Ser Ser Gin Ser ile Val His Ser Asn Gly Asn Thr Tyr Leu Giu
1 5 : 10 i5

<2102 31

211> 17

<{212> PRT

213> Artificial

{220>
<223> An artificially synthesized peptide sequence

<400> 31

Lys Val Ser Asn Arg Phe Ser
1 5

<210> 32

211> 9

212> PRT

213> Artificial

{2207
{223> An artificially synthesized peptide sequence

400> 32



Asp Gin Ala Ser lle Ser Cys Arg Ser Ser Gin Ser lle Val His Ser 202530 Asn Gly Asn Thr Tyr Leu Glu
Trp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Asn Leu Leu lle Tyr Lys Val Ser Asn Arg Phe Ser Gly
Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Serﬁy,ﬁ'hr Asp Phe Thr Leu Lys lle 65707580 Ser Arg
Val Glu Ala Glu Asp Leu Gly Val Tyr Tyr Cys Phe Gin Gly 859095 Ser His Val Pro Phe Thr Phe Gly
Ser Gly Thr Lys Leu Glu lle Lys 100105110 26/77 <211> 16 <212> PRT <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400> 30 Arg Ser Ser Gin Ser lle Val His Ser Asn Gly Asn
Thr Tyr Leu Glu 151015

Phe Gin Gly Ser His Val Pro Phe Thr

i b

210> 33

211> 363

<212> DHA

213> Artificial

<220>

{223> An artificially synthesized nuclectide sequence

<400> 33
cagattcage ttaaggagtc tggacctgtt gtcecatcaage catcacagic actgtotete 60

acctgcatag tttctggatt ctecatcacg agtagtegit tttgeiggaa tteggatccosge 120
cageccocag gaaagggett agagiggatg gggcgeatat gittatgaageg ticaagatac 180
tatagtcecat ccatcaaaag ccgcagcace atclccagag acacatcict gaacaaaailc 240
tittttcage tgaatictet gacaagegag gacacageca tgtactacte ttocagggaa 300
aaacagatte ctegepgacgge gtttgactac tggegoccaag goaccactcet cacagtetco 360
toa 363
<2100 34
<2112 121
<212> PRT

213> Artificial

{2200
<223> An artificially synthesized pepiide seguence



<210> 31 <211> 7 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 31 Lys Val Ser Asn Arg Phe Ser 15 <210> 32 <211> 9 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide s%rﬁace 27/77 Phe Gin Gly Ser His Val Pro Phe Thr
15 <210> 33 <211> 363 <212> DNA <213> Artificial <220> <223> An artificially synthesized
nucleotide sequence <400> 33

400> 34

Gin lie GIn Leu Lys Giu Ser Gly Pro Val Val lie Lys Pro Ser Gin
1 5 10 15

Ser Leu Ser Leu Thr Cys lle Val Ser Gly Phe Ser !le Thr Ser Ser
20 25 30

Arg Phe Cys Trp Asn Trp lle Arg Gin Pro Pro Giv Lys Giy Leu Glu
35 4G 45

Tro Met Gly Arg lle Cys Tyr Glu Gly Ser Arg Tyr Tyr Ser Pro Ser
50 55 680

Ile Lys Ser Arg Ser Thr fle Ser Arg Asp Thr Ser Leu Asn Lys Ile
65 70 75 30

Phe Phe Gin Leu Asn Ser Val Thr Ser Glu Asp Thr Ala Met Tyr Tyr
85 g0 95

Cys Ser Arg Glu Lys Gin lie Ala Gly Thr Gly Phe Asp Tyr Trp Gly
100 105 110

Gin Gly Thr Thr Leu Thr Val Ser Ser
115 120

216> 35



cagattcagc ttaaggagtc tggacctgtt gtcatcaagc catcacagtc actgtctctc60 acctgcatag tttctggatt ctccatcacg
agtagtcgtt tttgctggaa ttggatccgc120 cagcccccag gaaaggggtt agagtggatg gggcgcatat gttatgaagg
ttcaagatac180 tatagtccat ccatcaaaag ccgcagcaccaf agag acacatctct gaacaaaatc240 ttttttcagc
tgaattctgt gacaagcgag gacacagcca tgtactactg ttccagggaa300 aaacagattg ctgggacggg gtttgactac
tggggccaag gcaccactct cacagtctcc360 tca363 <210> 34 <211> 121 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence 28/77 <400> 34 Gin lle Gin Leu Lys Glu Ser Gly
Pro Val val Ié]l1 S Pro Ser Gin 151015 Ser Leu Ser Leu Thr Cys lle Val Ser Gly Phe Ser lle Thr Ser
Ser 202530 hé Cys Trp Asn Trp lle Arg Gin Pro Pro Gly Lys Gly Leu Glu 354045 Trp Met Gly Arg
lle Cys Tyr Gﬂliiji Gly ar Arg Tyr Tyr Ser Pro Ser 505560 lle Lys Ser Arg Ser Thr lle Ser Arg Asp Thr

Ser Leu Asndgysilea t+itigial

{2207
223> An artificially synthesized peptide sequence

<400> 35

Ser Ser Arg Phe Cys Trp Asn
1 5

210> 36

<211> 16

{212 PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 36

Arg lle Cys Tyr Glu Gly Ser Arg Tyr Tyr Ser Pro Ser lle Lys Ser
1 5 10 15

<210> 37

211> 11

212> PRI

213> Artificial

<2200
<223> An artificially synthesized peptide seguence

<400> 37



65707580 Phe Phe GIn Leu Asn Ser Val Thr Ser Glu Asp Thr Ala Met Tyr Tyr 859095 Cys Ser Arg Glu
Lys Gin lle Ala Gly Thr Gly Phe Asp Tyr Trp Gly 100105110 Gin Gly Thr Thr Leu Thr Val Ser Ser
115120 29/77 <211> 7 <212> PRT <213> Artifici 0> <223> An atrtificially synthesized peptide
sequence <400> 35 Ser Ser Arg Phe Cys Trp Asn 15 <210> 36 <211> 16 <212> PRT <213> Attificial
<220> <223> An artificially synthesized peptide sequence <400> 36 Arg lle Cys Tyr Glu Gly Ser Arg
Tyr Tyr Ser Pro Ser lle Lys Ser

Glu Lys Gin [ie Ala Gly Thr Gly Phe Asp Tyr
1 5 : 10

210> 38

211> 321

212> DNA

213> Artificial

<220>

223> An artificially synthesized nucleotide sequence

<400> 38
gacattgtga tgaccoagte tcacaéattc atgtccacat cagtaggaga cagggtcagt 60

atcacctgca aggccagtca ggatgtgagt actgotegtag cctggtatca acagaaacoa 120
gpacaatctc ctaasactact gatttactcg tcatecctace gitacactgg agtccetgat 180
cecttcactg geagteggate tgggacggat ticactitca ccatcageag tgtzoagtet 240
gaagacctegg cagittatta ctgtcageaa cattatagia ctecgotcac gttegetect 300
gegaccaage tggagoteaa a 321
<210> 39
211> 107
<212> PRT

<213> Artificial

{2207
<223> An artificially synthesized peptide sequence

<400> 39



151015 <210> 37 <211> 11 <212> PRT <213> Artificial <220> <223> An artificially synthesized
peptide sequence 30/77 Glu Lys Gin lle Ala Gly Thr Gly Phe Asp Tyr 1510 <210> 38 <211> 321
<212> DNA <213> Artificial <220> <223> An artlfgﬂ I}); synthesized nucleotide sequence <400> 38
gacattgtga tgacccagtc tcacaaattc atgtccacat cagtaggaga cagggtcagt60 atcacctgca aggccagtca
ggatgtgagt actgctgtag cctggtatca acagaaaccal20 ggacaatctc ctaaactact gatttactcg tcatcctacc
gttacactgg agtccctgatl80 cgcttcactg gcagtggatc tgggacggat ttcactttca ccatcagcag tgtgcagtct240
gaagacctgg cagtttatta ctgtcagcaa cattatagta ctccgctcac gttcggtgct300 gggaccaagc tggagctgaa a321

<210> 39 <211> 107 <212> PRT <213> Artificial
Asp lle Val Met Thr Gin Ser His Lys Phe Met Ser Thr Ser Val Gly

1 5 10 15

Asp Arg Val Ser tle Thr Cys Lys Ala Ser &ln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gin Lys Pro Giy Gin Ser Pro Lys Leu Leu [le
35 40 45

Tyr Ser Ser Ser Tyr Arg Tyr Thr Glvy Val Pro Asp Arg Phe Thr Gly
50 55 60

Ser Gly Ser &ly Thr Asp Phe Thr Phe Thr ile Ser Ser ¥a! Gln Ser
65 70 15 80

Giu Asp Leu Aia Val Tyr Tyr Cys Gin GIn His Tyr Ser Thr Pro Leu
85 80 95

Thr Phe Gly Ala Gty Thr Lys Leu Glu Leu Lys
100 105

210> 40

Q211 1

{212> PRY

213> Artificial

220>
223> An artificially synthesized peptide sequence



<220> <223> An artificially synthesized peptide sequence 31/77 Asp lle Val Met Thr Gin Ser His Lys
Phe Met Ser Thr Ser Val Gly 151015 Asp Arg Val Ser lle Thr Cys Lys Ala Ser Gin Asp Val Ser Thr Ala
202530 Val Ala Trp Tyr Gin Gin Lys Pro Gly Gin %ﬁer/lﬁo Lys Leu Leu lle 354045 Tyr Ser Ser Ser Tyr
Arg Tyr Thr Gly Val Pro Asp Arg Phe Thr Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lle Ser
Ser Val Gin Ser 65707580 Gin Asp Leu Ala Val Tyr Tyr Cys Gin Gin His Tyr Ser Thr Pro Leu 859095
Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys 100105 <210> 40 <211> 11 <212> PRT <213> Atrtificial

{400> 40

Lvs Ala Ser Gin Asp Val Ser Thr Ala Val Ala
1 5 10

210> 41

211 7

212> PRT

<213> Artificial

220>
<223> An artificialiy synthesized peptide seguence

<400> 41

Ser Ser Ser Tyr Arg Tyr Thr
1 5

210> 42

211> 9

<212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide seguence

400> 42
Gln Gin His Tyr Ser Thr Pro Leu Thr

1 b

{210> 43



<220> <223> An artificially synthesized peptide sequence 32/77 <400> 40 Lys Ala Ser Gin Asp Val
Ser Thr Ala Val Ala 1510 <210> 41 <211> 7 <212> PRT <213> Artificial <220> <223> An artificially
synthesized peptide sequence <400> 41 Ser Ser% yyr Arg Tyr Thr 15 <210> 42 <211> 9 <212>
PRT <213> Atrtificial <220> <223> An artificially syntheS|zed peptide sequence

211>
212>
213>

357
DA
Artificial

<2200

<223> An artificially synthesized nucleotide sequence

<400> 43

gagatccage

tecteccagg

catggaaaga

aaccagaagt

tgcageagic

citotggtta

gocttgagte

tcaagggeaa

tagacctpag

tgcattecact

gattggatat

ggocacatie

ctggteagec

aactacaaca

attgatcett

actgttgaca

ctggeggotic

tgtactgeegt

acaatgatga

agtcctocag

agigaageta

gaagcagagec

tactacctac

cacagectac

60

120

180

240

atgcatctca acagecigac atctgaggac tetgeagtet tttactgtec aagatitega 300

ctggeatact atgctatgga ctactggest caaggagoot cagteacegt ctectca 357

<2102
211>
212>
213>

44

119

PRT
Artificial

{220%

<223> An artificially synthesized pepiide seguence

<400> 44
Glu Ile Gin Leu GIn GIn Ser Arg Pro Glu Leu Val Arg Pro Gly Ala

1 5 10 15

Ser Val Lys Val Ser Cys Gin Ala Ser Gly Tyr Ala Phe Thr Asn Tyr



<400> 42 GIn Gin His Tyr Ser Thr Pro Leu Thr 15 33/77 <211> 357 <212> DNA <213> Attificial
<220> <223> An artificially synthesized nucleotide sequence <400> 43 gagatccagc tgcagcagtc

tagacctgag ctggtgaggc ctggggcttc agtgaaggta60 t%%t%gcagg cttctggtta tgcattcact aactacaaca tgtactgggt
gaagcagagcl20 catggaaaga gccttgagtg gattggatat attgatcctt acaatgatga tactacctacl180 aaccagaagt
tcaagggcaa ggccacattg actgttgaca agtectccag cacagcctac240 atgcatctca acagcctgac atctgaggac
tctgcagtct tttactgtgc aagatttcga300 ctgggatact atgctatgga ctactggggt caaggagcct cagtcaccgt
ctcctca357 <210> 44 <211> 119 <212> PRT <213> Atrtificial <220> <223> An atrtificially synthesized
peptide sequence <4005*44 Glu lle GIn Leu 8In GIn Ser Arg Pro6slu Leu Val Arg Pro Gly Ala 151015
34/77

Asn Met Tvr Trp Val Lvs Gln Ser His Gly Lys Ser Leu Giu Trp lle
35 40 45

Gly Tyr lle Asp Pro Tyr Asn Asp Asp Thr Thr Tvr Asn Gin Lvs Phe
50 55 80

Lys Gly Lys Ala Thr Leu Thr VYal Asp Lys Ser Ser Ser Thr Ala Tvr
65 70 5 80

Met His Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Phe Tyr Cys
85 a¢ 25

Ala Arg Phe Arg Leu Gly Tyr Tyr Ala Met Asp Tyr Trp Gly Gin Gly
100 105 110

Ala Ser ¥al Thr Val Ser Ser
115

210> 45

211> 5

<{212> PRT

<213> Artificial

{220
<223> An artificially synthesized peptide seguence

<400> 45



202530 Asn Met Tyr Trp Val Lys Gin Ser His Gly Lys Ser Leu Glu Trp lle 354045 Gly Tyr lle Asp Pro
Tyr Asn Asp Asp Thr Thr Tyr Asn Gin Lys Phe 505560 Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser

g?eill} Thr Ser Glu Asp Ser Ala Val Phe Tyr Cys

Ser Ser Thr Ala Tyr 65707580 Met His Leu Asn S:%r
859095 Ala Arg Phe Arg Leu Gly Tyr Tyr Ala Met yr Trp Gly Gin Gly 100105110 Ala Ser Val Thr

Val Ser Ser 115 <210> 45 <211> 5 <212> PRT <213> Atrtificial <220> <223> An atrtificially
synthesized peptide sequence 35/77 Asn Tyr Asn Met Tyr 15

Asn Tyr Asn Met Tyr
i 5

210> 46

AR )

<212> PRT

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 46

Tyr lle Asp Pro Tyr Asn Asp Asp Thr Thr Tyr Asn Gin Lys Phe Lys
1 5 10 15

Gly

<210> 47

211> 10

212> PRT

<213> Artificial

<2200
<223> An artificially synthesized peptide sequence

400> 41

Phe Arg Leu Gly Tyr Tvr Ala Met Asp Tyr
1 5 10



<210> 46 <211> 17 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 46 Tyr lle Asp Pro Tyr Asn Asp Asp Thr Thr Tyr Asn Gin Lys Phe Lys 151015 Mt
<210> 47 <211> 10 <212> PRT <213> Atrtificial %})ﬁ <223> An artificially synthesized peptide
sequence <400> 47 Phe Arg Leu Gly Tyr Tyr Ala Met Asp Tyr 1510 36/77 <210> 48 <211> 333
<212> DNA <213> Artificial <220> <223> An artificially synthesized nucleotide sequence <400> 48
gacattgtgc tgacccaatc tccagcttct ttggcetgtgt ctctagggca gagggccacc60 atctcctgca aggccagceca
aagtgttgat tatgatcttg atagttatat gaactggtac120 caacagaaac caggacagcc acccaaactc ctcatctatg
ttgcatccaa tctagaatct180

210> 48

211> 333
<212> DNA
213> Artificial

<2202

223> An artificiatly synthesized nucleotide seguence

400> 48
gacattgtge tgacccaatc teccagettet ttggetetst cteotaggeoea gaggeccace 60

atctectgea aggccagcca sagtigttgat tatgatcttg atagttatat gaactggtac 120
caacagaaac caggacagee acccaaacte cteatcotatg ttgeatccaa tetagaatct 18C
geggatcccag ccaggtitag tggcagtigee toteeesacag actteacoct caacatceat 240
ceigtegage aggageatge tgcaacctat tactgtcaac aaagtaatga geatocaltic 300
acgttcggct cggggacaaa gtitggaaata aaa 333
<210> 48
<211y 11
<212> PRT

<213> Artificial

<220>
{223> An artificially synthesized peptide seauence

<400> 49

Asp lle Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly
1 5 10 15



gggatcccag ccaggtttag tggcagtggg tctgggacag acttcaccct caacatccat240 cctgtggagg aggaggatgce
tgcaacctat tactgtcaac aaagtaatga ggatccattc300 acgttcggct cggggacaaa gttggaaata aaa333 <210> 49
<211> 111 <212> PRT <213> Atrtificial <220> <22§7ﬁn artificially synthesized peptide sequence
<400> 49 Asp He Val Leu Thr Gin Ser Pro Ala Ser Leu Ala Val Ser Leu Gly 151015 37/77 Gin Arg Ala
Thr lle Ser Cys Lys Ala Ser Gin Ser Val Asp Tyr Asp 202530 Leu Asp Ser Tyr Met Asn Trp Tyr Gin Gin
Lys Pro Gly Gin Pro Pro 354045 Lys Leu Leu lle Tyr Val Ala Ser Asn Leu Glu Ser Gly lle Pro Ala
505560 Arg Phe Ser Gly Ser Oly Ser Gly Thr Asp Phe Thr Leu Asn lle His 65707580

Gin Arg Ala Thr [ie Ser Cys Lys Ala Ser GlIn Ser Val Asp Tyr Asp

20 25 30

teu Asp Ser Tyr Met Asn Trp Tyr Gln Gin Lys Pro Gly GIn Pro Pro

35 40 45

lys Leu Leu lle Tyr Val Ala Ser Asn leu Glu Ser Gly lie Pro Ala

50

55 60

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Asn 1le His

65

70 15 80

Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Gvs Gin Gin Ser Asnp

85 80 95

Glu Asp Pro Phe Thr Phe Gly Ser Giy Thr Lys Leu Glu lle Lys

210>
211>
212>
213>

<2200
<223>

<400>

100 105 110
50
15
PRT
Artificial
An artificially synthesized peptide sequence

50

lys Ala Ser Gln Ser Val Asp Tyr Asp Leu Asp Ser Tyr Met Asn



Pro Val Glu Glu Glu Asp Ala Ala Thr Tyr Tyr Gys Gin Gin Ser Asn 859095 Glu Asp Pro Phe Thr Phe
Gly Ser Gly Thr Lys Leu Glu lle Lys 100105110 <210> 50 <211> 15 <212> PRT <213> Atrtificial <220>

<223> An artificially synthesized peptide sequenc; 74} 0> 50 Lys Ala Ser Gin Ser Val Asp Tyr Asp Leu
Asp Ser Tyr Met Asn 38/77 151015 <210> 51 <2 %> <212> PRT <213> Artificial <220> <223> An
artificially synthesized peptide sequence <400> 51 Val Ala Ser Asn Leu Glu Ser 15 <210> 52

1 b 10 15

216> 51

Q11> 7

<212> PRY

213> Artificial

(220>
<223> An artificially synthesized peptide sequence

<400> 51

Val Ala Ser Asn Leu Glu Ser
1 5

210> 52

211> 9

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide segquence

{406> 52

Gin GIn Ser Asn Glu Asp Pro Phe Thr
1 5

<210> 53

211> 354

<212> DNA

<213> Artificial



<211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400>
52 GIn GIn Ser Asn Glu Asp Pro Phe Thr 15 <210> 53 <211> 354 <212> DNA <213> Atrtificial 39/77
<220> <223> An artificially synthesized nucleotid t}a,c:,uence <400> 53 caggtccaac tgcagcagcc
tgggcctgag ctggtgaggc ctggagcttc agtgacgcetg60 tcctgcaagg cttctggcta ctecttcacc agctactgga
tgaactgggt gaagcagaggl20 cctggacaag gccttgagtg gattggcatg attcatcctt ccgatagtga aactatattal80
aatcagaagt tcaaggacaa ggccacattg actgtagaca aatcctccag cacagcctcc240 atgcaactca gcagcccgac
atctgaggac tctgcggtct attactgtgc aagatgctta300 ctaccccact actttgacta ctggggccaa ggcaccactc
tcacagtctc cté 4 <210>54 <211> 118 <212> PRT

223> An artificizally synthesized nucleotide sequence

<400 B3

caggtccaac igcagcagee tgggeoctgag ctggtgages ctggagetiec sgtgacgeig 60
tootgocaagg cttetgecta ctesticace agotactgga tgaactpggt gaageagagg 120
cotggacaag gocttpgagte gattgeeateg aticateett cogatagtea aactatatta 180
aatcagaagt tcaaggacaa ggocacattg actgtagaca aateclecag cacagectco 240G
atgcaactca geoagccocgac atctgagepac totgcggtet attactegtee aagatgotta 300
ctaccceocact actitgacta ctggggccaa ggcaccactc toacagictc cica 354
210> 54

<211> 118

<212> PRT

£213> Artificial

<2200

<223> An artificially synthesized peptide seguence

<400> 54

Gln Val Gin Leu Gin GIn Pro Gly Pro Glu Leu Val Arg Pro Gly Ala
1 5 10 15

Ser Val Thr Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Ser Tyr
20 25 30

Trp Met Asn Trp Val Lys Gin Arg Pro Gly GIn Gly Leu Glu Trp lle



<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 54 Gin Val Gin Leu
Gin Gin Pro Gly Pro Glu Leu Val Arg Pro Gly Ala 151015 Ser Val Thr Leu Ser Gys Lys Ala Ser Gly Tyr
Ser Phe Thr Ser Tyr 202530 40/77 354045 Gly M@t g(? His Pro Ser Asp Ser Glu Thr lle Leu Asn Gin
Lys Phe 505560 Lys Asp Lys Ala Thr Leu Thr Val é Lys Ser Ser Ser Thr Ala Ser 65707580 Met Gin
Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Cys Leu Leu Pro His Tyr
Phe Asp Tyr Trp Gly Gin Gly Thr 100105110 Thr Leu Thr Val Ser Ser 115 <210> 55 <211> 5

35 40 45

Giy Met ile His Pro Ser Asp Ser Glu Thr [le Leu Asn Gln Lys Phe
50 55 60

Lys Asp Lys Ala Thr Leu Thr Yal Asp Lvs Ser Ser Ser Thr Ala Ser
65 70 15 80

Met Gin Leu Ser Ser Pro Thr Ser Glu Asp Ser Ala Val Tvr Tyr Cys
85 90 95

Ala Arg Cys leu leu Pro His Tyr Phe Asp Tyr Trp Gly GIn Gly Thr
100 105 110

Thr Leu Thr Val Ser Ser
115

210> 55

211> b5

{212> PRT

213> Artificial

<2200
<223> An artificially synthesized peptide seguence

<400> 55

Ser Tyr Trp Met Asn
1 5



<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 55 Ser

Tyr Trp Met Asn 15 <210> 56 <211> 17 <212> PRT <213> Atrtificial <220> <223> An artificially

synthesized peptide sequence <400> 56 Met lle I:gfl/algj};o Ser Asp Ser Glu Thr lle Leu Asn Gin Lys Phe
<

Lys 151015 Asp <210> 57 <211> 9 <212> PRT

> Artificial <220> <223> An atrtificially

synthesized peptide sequence <400> 57

<2100
<211
212>
213

<2202
{223>

{4002

56

17

PRT
Artificial

An artificially synthesized peptide seguence

56

Met !le His Pro Ser Asp Ser Glu Thr lle Leu Asn Gin Lys Phe Lys

1

Asp

<210>
2112
212>
213>

<220>
223>

{4002

5 10 15

57

9

PRT
Artificial

An artificiatly synthesized peptide seguence

57

Cys Leu Leu Pro His Tyr Phe Asp Tyr

1

21w
2112
212>

5

58
339
DNA



Cys Leu Leu Pro His Tyr Phe Asp Tyr 15 <210> 58 <211> 339 <212> DNA 42/77 <213> Artificial
<220> <223> An artificially synthesized nucleotide sequence <400> 58 gatgttgtga tgacccaagc
tccactctcc ctgcctgtca gtottggaga tcaagcctcc60 atcégtzgn;a gatctagtca gagccttgta cacagtaatg gaaacaccta
tttacattgg120 tacctgcaga agccaggcca gtctccaaag Ctcctgatct acaaagtttc caaccgattt180 tctggggtcc
cagacaggtt cagtggcagt ggatcaggga cagatttcac actcaagatc240 agtagagtgg aggctgagga tctgggagtt
tatttctgct ctcaaagtac acatgttcct300 ccattcacgt tcggctcggg gacaaagttg gaaataaaa339 <210> 59 <211>
113 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 59
Asp Val Val MAErhAGid 1&12 Pro Leu Ser Leu Pro Val Ser Leu Gly 151015 Asp Gin Ala Ser lle Ser Cys
Arg Ser Ser Gin Ser Leu Val His Ser 202530

<2200

{223> An artificially synthesized nucieotide sequence

{4000 58
gatgitgtea tgaccecaage tecactetce ctgoetgtea gtotiggaga tcaagostos 60

atcicttgea gatctagtca gageoctigta cacagiaatlg gasacaccta tttacattieg 120
tacctigcaga agecaggcca gtetocaaag ciceotgatet acaaagitic caaccgattt 180
totgggetec cagacaggtt cagltegeagt ggatcaggga cagatttcas actceaagatc 240
agtagagteg aggetgagga toigggaght tatttetgct ctcaaagtac acategttoct 300
ccattcacegt tecggcteogee gacaaagtte gasataaaa 338
<210> 59
211> 113
{212> PRT

<213> Artificial

{2200
<223> An artificially synthesized peptide seguence

<400> &9
Asp Val Val Met Thr Gin Ala Pro Leu Ser lLeu Pro Val Ser lLeu Gly

1 5 10 15

Asp Gin Ala Ser lle Ser Cys Arg Ser Ser Gin Ser Leu Val His Ser
20 25 30



43/77 Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly Gin Ser 354045 Pro Lys Leu Leu lle
Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp
Phe Thr Leu Lys lle 65707580 Ser Arg Val Glu Alg? Asp Leu Gly Val Tyr Phe Cys Ser Gin Ser
859095 Thr His Val Pro Pro Phe Tir The Gly Ser Gly Thr Lys Leu Glu lle 100105110 Lys <210> 60
<211> 16 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence
<400> 60 44/77

Asn Giy Asn Thr Tvr Leu His Trp Tyr Leu Gin Lvs Pro Giv Gin Ser
35 A0 45

Pro Lys Leu Leu fle Tyr Lvs Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Glvy Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys lle
65 70 75 80

Ser Arg Val Giu Ata Glu Asp Leu Gly VYal Tyr Phe Cys Ser Gin Ser
85 90 95

Thr His Val Pro Pro Phe Thr Phs Gly Ser Gly Thr Lvs Leu 8lu ile
100 105 110

l.ys

<210> 60
211> 16
<212> PRT
213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 60

Arg Ser Ser GIn Ser Leu Val His Ser Asn Gly Asn Thr Tvr Leu His



51015 <210> 61 <211> 7 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 61 Lys Val Ser Asn Arg Phe Ser 15 <210> 62 <211> 10 <212> PRT <213> Attificial
<220> <223> An artificially synthesized peptide S%%yjfce <400> 62 Ser Gin Ser Thr His Val Pro Pro
Phe Thr 1510 <210> 63 <211> 354 <212> DNA < Artificial 45/77 <220> <223> An artificially

synthesized nucleotide sequence <400> 63

210> 61

211> 7

{212> PRT

<213> Artificial

{220
{223> An artificially synthesized peptide sequence

400> 61

Lyvs Val Ser Asn Arg Phe Ser
1 5

210> 62

211> 10

212> PRY

213> Artificial

{2207
<223> An artifieially synthesized peptide sequence

<400> 62

Ser Gin Ser Thr His Val Pro Pro Phe Thr
1 5 10

210> 63

211> 354

{212> DNA

213> Artificial



caggtccaac tgcagcagcc tggggctgag ctggtgaggc ctggggettc agtgaagctg60 tcctgcaagg cttctggcta
cacgttcacc agctactgga tgaactgggt taagcagaggl120 cctgagcaag gccttgagtg gattggaagg attgatcctt
acgatagtga aactcactac180 aatcaaaagt tcaaggacagg catattg actgtagaca aatcctccag cacagcctac240
atgcaactca gcagcctgac atctgaggac tctgcggtct attactgtgc aagatgggag300 gtagtagccc cctgggacta
ctggggccaa ggcaccactc tcacagtctc ctca354 <210> 64 <211> 118 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 64 GIn Val GIn Leu Gin Gin Pro Gly Ala Glu
Leu Val Arg Pro Gly Ala 151015 Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
202530 46/77%84045 Gly Arg lle Asp Pro Tyr Asp Ser Glu Thr His Tyr Asn Gin Lys Phe 505560 Lys
Asp Lys Ala Hezkeu AchaMat idspl by s ber&eraefut iolae T3dq66é@7580 Met Gin Leu Ser Ser Leu Thr
Ser Glu Asp Ser Ala Val Tyr Tyr Cys

<400> &3
caggtecaac tgcagoagoos tggggcteag ciggtgagee otgegeecttc agtgaagete 60

tcotgeaagy ottoctgegeta cacgitcace agetactgga tgaactgget taageagasg 120
cctgagoaag goctigagtg gatteggaage atteatectt acgatagiga aacteactac 180
agtcaaaagt tcaaggacaa ggccatattg actgtagaca astcctccag cacagoctac 240
atgcaacteca geagectgac atctgaggac totgegetot attactgtge aagatgegag 300
gtagtagecos cotggegacta otggggecaa gecaccacte teacagtote ctea 354
210> 64
211> 118
212> PRT

{213> Artificial

{220>
{223> An artificially synthesized peptide sequence

<400> 64
Gin Val GIn Leu Gin GIn Pro Gly Ala Glu Leu Yal Arg Pro Gly Ala

1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Gliy Tyr Thr Phe Thr Ser Tyr
26 25 30

Trp Met Asn Trp Val Lys GIn Arg Pro Glu Gin Gly Leu Glu Trp lle



859095 Ala Arg Trp Glu Val Val Ala Pro Trp Asp Tyr Trp Gly Gin Gly Thr 100105110 Thr Leu Thr Val
Ser Ser 115 <210> 65 <211> 5 <212> PRT <213> Artificial <220> <223> An atrtificially synthesized
peptide sequence <400> 65 Ser Tyr Trp Met Asn ;Fé 7/77 <210> 66 <211> 17 <212> PRT <213>
Artificial <220> <223> An artificially synthesized peptide sequence <400> 66 Arg lle Asp Pro Tyr Asp
Ser Glu Thr His Tyr Asn GIn Lys Phe Lys 151015 Asp

35 40 _ 45

Gly Arg lle Asp Pro Tyr Asp Ser Glu Thr His Tyr Asn Gin Lys Phe
50 k5 60

Lys Asp Lys Ala ile Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Trp Giu Val Val Ala Pro Trp Asp Tyr Trp Bly Gin Giy Thr
100 105 110

Thr Leu Thr Val Ser Ser
115

210> 65

211> 5

<212> PRT

213> Artificial

{2207
223> An artificially synthesized pepiide sequence

<400> 865

Ser Tyr Trp Met Asn
1 b



<210> 67 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 67 Trp Glu Val Val Ala Pro Trp Asp Tyr 15 <210> 68 <211> 336 <212> DNA 48/77
<213> Artificial <220> <223> An artificially synthesized nucleotide sequence <400> 68 gatattgtga
tgactcaggc tgcaccctct gtacctgtca ctcctggaga gtca&t éd60 atctcctgca ggtctagtaa gagtctcctg catagtaatg
gcaacactta cttgtattgg120 ttcctgcaga ggccaggcca gtctcctcag ctcctgatat atcggatgtc caaccttgec180
tcaggagtcc cagacaggtt cagtggcagt gggtcaggaa ctgctttcac actgagaatc240 agtagagtgg aggctgagga
tgtgggotgtt tattactgta tgcaacatct agaatatccg300 tggacgttcg gtggaggcac caagctggaa atcaaa336

210>
211>
212>
213

<2200
223>

<400>

66

17

PRT
Artificial

An artificially synthesized peptide seguence

66

Arg lle Asp Pro Tyr Asp Ser Giu Thr His Tyr Asn GIn Lys Phe Lys

1

Asp

210>
2112
212>
213>

<2207
223>

<400>

5 10 i5

67

9

PRT
Artificial

An artificially synthesized peptide sequence

67

Trp Glu Val Val Ala Pro Trp Asp Tyr

1

<2102
\VARD
212>

5

68
336
DNA



<210> 69 <211> 112 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide
sequence <400> 69 Asp lle Val Met Thr GIn Ala Ala Pro Ser Val Pro Val Thr Pro Gly 151015 Glu Ser
Val Ser lle Ser Cys Arg Ser Ser Lys Ser Leu Leu His, Ser 202530 49/77 Asn Gly Asn Thr Tyr Leu Tyr

Trp Phe Leu Gin Arg Pro Gly Gin Ser 354045 Pro’&id Leu Leu Ile Tyr Arg Met Ser Asn Leu Ala Ser

Gly Val Pro 505560 Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Ala Phe [hr Leu Arg lle 65707580 Ser
Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Gin His 859095 Leu Giu Tyr Pro frp Thr Phe Gly

Gly Gly Thr Le/s Leu Glu lle Lys 100105110 <210> 70 <211> 16 <212> PRT <213> Artificial <220>
213> Artificial

{2207

223> An artificiatly synthesized nucleotide seguence

{400> B8
gatattgtga tgactcagge tgcaccctet gtacctgtea ctootgzaga gteagtatee 60

atotootgea ggtotaptaa gagtctecte cataglaate geasacactta citgtattgs 120
ttoctgeaga ggecaggoea gloteoteag ctoctgatat atcggatete caacottgee 180
tocaggagtce cagacaggtt cagiggcagt gggicaggaa ctgetticac actgagaate 240
agtagagteg aggctgaggae tetgeggiett tattactsta tgcaacatet agaatatccs 300
tgegacgttce gtggagecac caagetgeaa atcaaa 338
<210> 69

211> 112

{212> PRT

<213> Artificial

{220
223> An artificially synthesized peptide sequence

{400> 69
Asp [fe Val #et Thr Gin Ala Ala Pro Ser Val Pro Val Thr Pro Gly

1 5 10 15

Glu Ser Val Ser lle Ser Cys Arg Ser Ser Lys Ser Leu Leu His Ser
20 25 30



<223> An artificially synthesized peptide sequence <400> 70 Arg Ser Ser Lys Ser Leu Leu His Ser
Asn Gly Asn Thr Tyr Leu Tyr 151015 50/77 <211> 7 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 11 Qr Met Ser Asn Leu Ala Ser 15 <210> 72 <211> 9
<212> PRT <213> Artificial <220> <223> An artifit¥ I'fa synthesized peptide sequence <400> 72 Met
Gin His Leu O1u Tyr Pro Trp Thr

Asn Gly Asn Thr Tyr Leu Tyr Trp Phe Leu &In Arg Pro Gly Gin Ser
35 40 45

Pro Gin Leu Leu lle Tyr Arg Met Ser Asn Leu Ala Ser Gly Val Pro
50 5h 60

Asp Arg Phe Ser Gly Sar Gly Ser Gly Thr Ala Phe Thr Leu Arg lle
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cvys Met Gln His
85 90 85

lLeu Giu Tyr Pro Trp Thr Phe Gly Gly 8ly Thr Lys Leu Gly ile Lys
100 105 110

210> 70

211> 16

{212> PRT

213> Artificial

{2202
<223> An artificially synthesized peptide seguence

<400> 70

Arz Ser Ber Lys Ser leu Leu His Ser Asn Gly Asn Thr Tyr Leu Tyr
1 5 10 15

210> 71



15 <210> 73 <211> 357 <212> DNA <213> Artificial <220> <223> An artificially synthesized
nucleotide sequence 51/77 caggtccaac tgcagcagcc tggggctgag ctggtgaggce ctggagcttc agtgaagctg60
tcctgcaagg cttectggcta ctecttcacc agctactgga tgaa;%%g t gaagcagaggl120 cctggacaag gccttgagtg
gattggcatg attcatcctt ccgatagtga aactaggttal80 a é%?;tagt tcaaggacaa ggccacattg actgtagaca
aatcctccag cacagcctcc240 atgcaactca gcagcccgac atctgaggac tctgeggtct attactgtge aagagggggg300
gattatccct actactttga ctactggggc caaggcacca ctctcacagt ctcctca357 <210> 74 <211> 119 <212> PRT

<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 74
Q1> 7

<212> PR
213> Artificial

220>
223> An artificially synthesized peptide seguence

400> T

Arg WMet Ser Asn Leu Ala Ser
1 5

<2100 72

211> 9

{212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide seguence

<400> 72

Met Gln His Leu Glu Tyr Pro Trp Thr
1 5

210> 73

211> 357

<212> DNA

<213> Artificial

2202

<223> An artificially synthesized nucieotide sequence

<400> 73



Gin Val Gin Leu Gin Gin Pro Gly Ala Glu Leu Val Arg Pro Gly Ala 151015 Ser Val Lys Leu Ser Cys Lys
Ala Ser Gly Tyr Ser Phe Thr Ser Tyr 202530 Trp Met Asn Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu
Trp lle 354045 52/77 505560 Lys Asp Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Ser
65707580 Met GIn Leu Ser Ser Pro Thr Ser Glu Ag Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Gly Gly
Asp Tyr Pro Tyr Tyr Phe Asp Tyr Trp Gly Gin Gly 100105110 Thr Thr Leu Thr Val Ser Ser 115 <210>
75 <211> 5 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence

caggtocaac tgcageages tggggctgag ciggtgagege ctggageitc agigaageig 60
tecoctgeaage citetggotia ctecticace agetactgga tgaactggezt saagcagagg 120
cotggacaag goottgagtig gattggoate atteatoctt cogatagtes aactagetia 180
aatcagaagt tcaaggacaa gegccacatig asctgtagaca aétcctccag cacagectco 240
atgcaactca geageocgac atctgaggac totgcgetet attacigtze aagaggsges 300
gattatcecct actactttga ctactgggee caaggeaceca ctetcacagt ctectea 357
210> 74
211> 119
<212> PRT

213> Artificial

{2200
(223> An artificially synthesized peptide sequence

<400> 74
Gin Val Gln Leu Gin Gin Pro Gly Ala Glu Leuy Yal Arg Pro Gly Ala

1 5 10 15

Ser Val Lys Leu Ser Cys Lys Ala Ser Giy Tyr Ser Phe Thr Ser Tyr
20 25 30

Trp ¥Met Asn Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp lie
35 40 45

Giy Met lle His Pro Ser Asp Ser Glu Thr Arg Leu Asn Gln Lys Phe



<400> 75 Ser Tyr Trp Met Asn 15 <210> 76 <211> 17 <212> PRT 53/77 <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 76 Met lle His Pro Ser Asp Ser Glu Thr Arg
Leu Asn Gin Lys Phe Lys 151015 Asp <210> 77 <211> 10 <212> PHI <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400¥ 77]'Gly Gly Asp Tyr Pro Tyr Tyr Phe Asp Tyr 1510
<210> 78 <211> 339 <212> DNA <213> Atrtificial <220> <223> An atrtificially synthesized nucleotide
sequence

50 55 60

Lvs Asp Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Ser
65 70 75 80

Met Gln Leu Ser Ser Pro Thr Ser Giu Asp Ser Ala Val Tvr Tyr Cvs
85 80 895

Ala Arg Gly Gly Asp Tvr Pro Tyr Tyr Phe Asp Tyr Trp Gly Gin Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

<210> 75

211> 5

212> PRT

213> Artificial

{2200
223> An artificially synthesized peptide sequence

400> 75
Ser Tyr Trp Met Asn

1 5

210> 76
21> 17
{212> PRT



54/77 <400> 78 gacattgtga tgtcacagtc tccatcctcc ctggcetgtgt cagcaggaga gaaggtcact60 atgagctgca
aatccagtca gagtctgctc aacagtagaa cccgaaagaa ctacttggct120 tggtaccagc agaaaccagg gcagtotect
aaactgctga tctactgggc atccactaggl80 gaatctgggg togetgatcg cttcacaggce agtggatctg ggacagattt
cactctcacc240 atcagcagtg tgcaggctga agacctggcg tltattact gcaagcactc ttataatctt300 atattcacgt
tcggctcggg gacaaagttg gaaataaaa339 <210> 79 <211> 113 <212> PRE <213> Atrtificial <220> <223>
An artificially synthesized peptide sequence <400> 79 Asp lle Val Met Ser Gin Ser Pro Ser Ser Leu
Ala Val Ser Ala Gly 151015 Glu Lys Val Thr Met Ser Cys Lys Ser Ser GIn Ser Leu Leu Asn Ser
202530 Arg FHPArdY$ a8 Tyr Leu Ala Trp Tyr GIn Gin Lys Pro Gly Gln 354045 55/77 Ser Pro Lys
Leu Leu lle Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val

<2300
223> An artificially synthesized peptide seguence

<400> 76

Met lie His Pro Ser Asp Ser Giu Thr Arg Leu Asn Gin Lys Phe Lys
1 5 10 15

Asp

210> T

<11y 10

{212> PRT

{213> Artificial

<2200
{223> An artificially synthesized peptide sequence

400> 77

Gly Gly Asp Tyr Pro Tyr Tvr Phe Asp Tyr
1 5 10

210> 78

<211> 339

<212> DNA

€213> Artificial

<220>

223> An artificially synthesized nucleotide sequence



505560 Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr 65707580 Ile Ser Ser Val
Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Lys His 859095 Ser Tyr Asn Leu lle Phe Thr Phe Gly Ser Gly
Thr Lys Leu Glu He 100105110 Lys <210> 80 <211> 17 <212> PRT <213> Atrtificial <220> <223> An
artificially synthesized peptide sequence <400> 8641473 Ser Ser Gin Ser Leu Leu Asn Ser Arg Thr Arg
Lys Asn Tyr Leu 151015 56/77 <210> 81 <211> 7 <212> PRT

<400> 78
gacattgtga tgtcacagic tocatoctec ctggetgtel cagcaggaga gaaggicact 60

atgagctgca aatccagica gagteigcic aacagtagaa coccgasapgaa ciactigect 120
tggtaccagc agaaaccagg geagicicet aaacigetga totactggge atocactagg 180
gaatotgeee tocotgateg otlcacagge agtegatciz ggacagattt cacteoteace 240
atcageagtg tgcaggciga agacotggoa gtttattact geaageacte ttataatett 300
atattcacgt tcgegctcgez gacaaagtig gasataaaa 339
210> 78

211> 113

{2125 PRY

£213> Artificial

{220>
223> An artificially synthesized peptide sequence

<400> 79
Asp 1le Val Met Ser Gin Ser Pro Ser Ser leu Ala Val Ser Ala Gly

1 5 10 15

Giu Lys Val Thr Met Ser Cys Lys Ser Ser Gin Ser Leu Leu Asn Ser
20 25 30

Arg Thr Arg Lys Aspn Tyr Leu Ala Trp Tvr Gln Gin Lys Pro Gly Gln
35 40 45



<213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 81 Trp Ala Ser Thr
Arg Glu Ser 15 <210> 82 <211> 9 <212> PRT <213> Atrtificial <220> <223> An artificially synthesized
peptide sequence <400> 82 Lys His Ser Tyr Asn Leu lle Phe Thr 15 <210> 83 <211> 357 <212> DNA
<213> Artificial 57/77 <220> <223> An artificially $§/ifiesized nucleotide sequence <400> 83
caggtccaac tgcagcagcc tggggctgag ctggtgaggc ctggggctic agtgaagcetg60 tcctgcaagg cttetggceta
cacgttcacc agctactggg tgaactgggt taagcagagg120

Ser Pro Lys Leu Leu lle Tyr Trp Ala Ser Thr Arg Giu Ser Gily Vai
50 55 50

Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr
65 70 75 80

{le Ser Ser Val Gin Ala Glu Asp bLeu Ala Val Tyr Tyr Cvs Lvs His
85 80 05

Ser Tyr Asn Leu [le Phe Thr Phe Gly Ser Gly Thr Lys Leu Glu Ile
100 105 110

Lys

<210> 80

211> 17

212> PRT

213> Artificial

220>
<223> An artificially synthesized peptide seguence

<400> 80

Lys Ser Ser Gin Ser Leu Leu Asn Ser Arg Thr Arg Lys Asn Tyr Leu
1 5 10 15

Ala



cctgaggaag gccttgagtg gattggaagg attgatcctt acgatagtga aattcactac180 aatcaaaagt tcaaggacaa
ggccatattg actgtagaca aatcctccag cacagcctac240 atgcaactca gcagcctgac atctggggac totgeggtet
attactgtgc aaaagggggg300 gaattacctt actactttga ctattggggc cacggcacca ctctcacagt ctectca3s57 <210>
84 <211> 119 <212> PRT <213> Artificial <220> £823% An artificially synthesized peptide sequence
<400> 84 GIn Val GIn Leu GIn GIn Pro Gly Ala Glu Leu Val Arg Pro Gly Ala 151015 Ser Val Lys Leu
Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr 202530 58/77 354045 Gly Arg lle Asp Pro Tyr Asp
Ser Glu lle His Tyr Asn Gin Lys Phe 505560 Lys Asp Lys Ala lle Leu Thr Val Asp Lys Ser Ser Ser Thr
Ala Tyr 65707580

210> 8

211> 7

<212> PRT

<213> Artificial

<200
<223> An artificially synthesized peptide seguence

<400> 81

Trp Ala Ser Thr Arg Glu Ser
1 5

<210> 82

211> 9

<212> PRT

213> Artificial

<220>

<223> An artificially synthesized peptide segquence
400> 82

Lys His Ser Tyr Asn Leu [le Phe Thr
1 5

<210> 83

<211> 357

<212> DNA

<213> Artificial



Met Gin Leu Ser Ser Leu Thr Ser Gly Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Lys Gly Gly Glu Leu
Pro Tyr Tyr Phe Asp Tyr Trp Gly His Gly 100105110 Thr Thr Leu Thr Val Ser Ser 115 <210> 85 <211>
5 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 85 Ser
Tyr Trp Val Asn 15 59/77 <210> 86 <211> 17 <2834 BRT <213> Avrtificial <220> <223> An artificially
synthesized peptide sequence <400> 86 Arg lle Asp Pro Tyr Asp Ser Glu lle His Tyr Asn Gin Lys Phe

Lys 151015

220>

223> An artificially synthesized nuclectide sequence

<400> 83

caggtocaac tgcageagce tgeggotgag ctpggtgagge ctgggectte agtgaagets 60
tectgecaagg cttetggeta cacgtteace agetactgee tgaactgeget taagcagagsg 120
cctgaggaag goottgagte gattggasge attgatoctt acgatagtga aatteactac 180
aaltcaasagt tcaaggacaa geccatatte actgtagaca aatcotccag cacagectac 240
atgcaactca geagectgac atctggegac totgoggict attactgtge aaaagggees 300
gaattacctt actactttga ctattgegee cacggeacca ctefceacagt ctecica 357

<2107
<2115
212>
<213

84

118

PRT
Artificial

{2202
{223> An artificially synthesized peptide sequence

<400> 84

Gln Val Gin Leu Gin Gin Pro Gly Ala Glu Leu Val Arg Pro Gly Ala

1 5 10 15

Ser Gly Tyr Thr Phe Thr Ser Tvyr
25 30

Ser Val Lys Leu Ser Cvs lLys Ala
20

Trp Val Asn Trp Val Lys Gin Arg Pro Giu Glu Gly Leu Giu Trp lle



Asp <210> 87 <211> 10 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 87 Gly Gly Glu Leu Pro Tyr Tyr Phe Asp Tyr 1510 <210> 88 <211> 336 <212> DNA
60/77 <213> Artificial <220> <223> An artificially synthesized nucleotide sequence <400> 88
gacattgtga tgtcacagtc tccatcctcc ctggcetgtgt cagca@@& gaaggtcact60 atgagctgca aatccagtca
gaatctgoto aacagtggaa cccgaaagaa ctacttggct120 tggtaccagc agaaaccagg gcagtctcct aaactgctga
tctactgggc atccactaggl80 gaatctgggg tccctgatcg cticacaggce agtggatctg ggacagattt cactctcacc240
atcagcagtg tgcaggctga agacctggca gtttattact gcaagcaatc ttataatctg300 tggacgttcg gtggaggcac
caagctggaa atcaaa336 <210> 89 <211> 4012 <212> Pill <2135 Artificial <220>

Gly Arg ile Asp Pro Tyr Asp Ser Glu ile His Tyr Asn Gin Lys Phe
50 55 60

Lys Asp Lys Ala {le feu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Gly Asp Ser Ala Val Tyr Tyr Cvs
85 90 g5

Ala Lys Gly Gly Glu Leu Pro Tyr Tyr Phe Asp Tyr Trp Gly His Gly
100 105 110

Thr Thr Leu Thr Val Ser Ser
115

<210> 85

211> &

<212> PRY

213> Artificial

{2200
<223> An artificially synthesized peptide sequence

<400> 85

Ser Tyr Trp Val Asn
1 5



<223> An artificially synthesized peptide sequence <400> 89 Asp lle Val Met Ser Gin Ser Pro Ser Ser
Leu Ala Val Ser Ala Gly 151015 Glu Lys Val Thr Met Ser Cys Lys Ser Ser Gin Asn Leu Leu Asn Ser
202530 61/77 Gly Thr Arg Lys Asn Tyr Leu Ala ;I'/% Té‘r_7 Gin Gin Lys Pro Gly Gin 354045 Ser Pro Lys
Leu Leu lie Tyr Trp Ala Ser Thr Arg Glu Ser Gly 506560 Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly
Thr Asp Phe Thr Leu Thr 65707580 Ile Ser Ser Val Gin Ala Glu Asp Leu Ala Val Tyr Tyr Cys Lys Gin
859095 Ser Tyr Asn Leu Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu lle Lys 100105110 <210> 90 <211>
17 <212> PRT <213> Atrtificial

210> 86

<2t1> 17

<212> PRT

<213> Artificial

{2200
{2232 An artificially synthesized peptide seguence

400> 86

Arg tle Asp Pro Tyr Asp Ser Giu [le His Tvr Asn Gln Lvs Phe Lys
1 5 10 15

Asp

210> 87

211> 10

<212> PRT

213> Artificial

<{220>
{223> An artificially synthesized peptide sequence

{400> 87

Gly Gly Giu Leu Pro Tyr Tyr Phe Asp Tyr
1 5 10

<210> 88
<211> 3386
<212> DNA



<220> <223> An artificially synthesized peptide sequence <400> 90 Lys Ser Ser Gin Asn Leu Leu Asn
Ser Gly Thr Arg Lys Asn Tyr Leu 151015 62/77 <210> 91 <211> 7 <212> PRT <213> Artificial <220>
<223> An artificially synthesized peptide sequence <400> 91 Trp Ala Ser Thr Arg Glu Ser 15 <210>
92 <211> 8 <212> PRT <213> Artificial <220> <2885 An artificial ly synthesized peptide sequence

{213> Artificial

<2206>

223> hAn artificially synthesized nucleotide sequence

<400> 88
gacattgtga tetoacagte tocatectoe ctggotetet cageaggaps gaageticact 60

atgagoigea aatccagica gastotgetc ascapgiggaa coogaaagaa ciacttissct 120
tgetaccage agaaaccagg geagictcot aaactgeotga totactggege atocactage 180
gaatctggeg teceotgateg cticacagee agtggatcte gzacagatit cactctcace 240
atcagcagtg tgcagegctega agacctggca gtitattact geoaagoaate ttataatote 300
tzgacgttcg gtggagegcac caagetiggaa atcaaa 338
{210> B9

211> 112

{212> PRT

{213> Artificial

{220>
{223> An artificially synthesized peptide sequence

<400> 89
Asp tle VYal Met Ser GIn Ser Pro Ser Ser Leu Ala Val Ser Ala Giy

1 ] 10 15

Glu Lys Yal Thr Met Ser Cys Lys Ser Ser GIn Asn Leu Leu Asn Ser
20 25 30



<400> 92 Lys GIn Ser Tyr Mn Leu Trp Thr 15 <210> 93 <211> 758 <212> PRT <213> Mus musculus
63/77 <400> 93 Met Thr Ser Gly Pro Phe Phe Phe Cys lle Phe lle lle Gly Lys Tyr 151015 Phe Thr Leu
Gly Ser Ala GIn Asp Val Ser Cys Pro Leu Gly Ser Phe 202530 Pro Cys Gly Asn Met Ser Arg Cys Leu
Pro GIn Leu Leu His Cys Asn 354045 Gly Val AspGAéHCys Gly Asn Arg Ala Asp Glu Asp His Gys Gly
Asp 505560 Asn Asn Gly Trp Ser Leu Gin Leu Asp Lys Tyr Phe Ala Asn Tyr Tyr 65707580 Lys Leu
Ala Ser Thr Asn Ser Phe Glu Ala Glu Thr Ser Glu Cys Leu 859095 Val Gly Ser Val Pro Met His Cys
Leu Cys Arg Asp Leu Glu Leu Asp 100105110 Cys Asp Glu Ala Asn Leu Arg Ala Val Pro Ser Val Ser
Ser Asn Val

Gty Thr Arg Lys Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pre Gly Gin
35 40 45

Ser Pro Lys Leu Leu {le Tyr Trp Ala Ser Thr Arg Glu Ser Gly Val
50 55 60

Pro Asp Arg Phe Thr Gly Ser Gly Ser &ly Thr Asp Phe Thr Leu Thr
85 70 75 80

tle Ser Ser Val GlIn Ala Glu Asp Leu Ala Val Tyr Tvr Cys Lys Gln
85 90 g5

Ser Tyr Asn Leu Trp Thwr Phe Gly Gly Gly Thr Lys Leu Glu lis Lvs
100 105 110

<210> %0

2t1> 17

<212> PRT

213> Artificial

{2202
<223> An artificially synthesized peptide seguence

<4060> 90

Lys Ser Ser Gin Asn Leu Leu Asn Ser Gly Thr Arg Lvs Ash Tyr Leu
1 5 10 15

Ala



115120125 64/77 Gly Phe Arg Lys Jr His Glu Leu Gin Lys Leu Cys Leu Gin Asn Asn 145150155160
Arg lle His Ser Val Ser Val Ser Ala Phe Arg Gly Leu Arg Ser Leu 165170175 Thr Lys Leu Tyr Leu Ser
His Asn Arg lle Thr Phe Leu Lys Pro Gly 180185190 Val Phe Glu Asp Leu His Arg Leu Glu Trp Leu lle
lle Glu Asp Asn 195200205 His Leu Ser Arg lle S&2BF Leu Thr Phe Tyr Gly Leu Asn Ser Leu
210215220 lle Leu Leu Val Leu Met Asn Asn Ala Leu Thr Arg Leu Pro Asp Lys 225230235240 Pro
Leu Cys Gin His Met Pro Arg Leu His Trp Leu Asp Phe Glu Gly 245250255 Asn Arg lle His Asn Leu
Arg Asn Leu [hr Phe He Ser Cys Asn Asn 260265270 Leu Thr Val Leu Val Met Arg Lys Asn Lys lle
Asn Tyr Leu Asn Glu 275280285

210> 91

211> 7

<212> PRT

213> Artificial

{2200
{223> An artificially synthesized peptide seguence

400> 91

Trp Ala Ser Thr Arg Glu Ser
1 5

210> 92

211> 8

212> PRT

213> Artificial

<2207

223> An artificially synthesized peptide sequence
400> 92

Lys Gln Ser Tyr Asn Leu Trp Thr
i 5

210> 93

211> 758

{g12> PRT

<213> Mus musculus



65/77 His Ala Phe Thr His Leu Gin Lys Leu Asp Glu Leu Asp Leu Gly Ser 290295300 Asn Lys lle Glu
Asn Leu Pro Pro Asn lle Phe Lys Asp Leu Lys Glu 305310315320 Leu Ser Gin Leu Asn lle Ser Tyr
Asn Pro lle Gin Lys lle Glu Val 325330335 Asn Gin Phe Asp Cys Leu Ala Lys Leu Lys Ser Leu Ser
Leu Glu Gly 340345350 lle Glu lle Ser Asn lle Girf&iAIArg Met Phe Arg Pro Leu lle Asn 355360365
Leu Ser His lle Tyr Phe Lys Lys Phe Gin Tyr Cys Gly Tyr Ala Pro 370375380 His Val Arg Ser Cys Lys
Pro Asn Thr Asp Gly lle Ser Ser Leu Glu 385390395400 Asn Leu Leu Ala Ser lle lle Gin Arg Val Phe
Val Trp Val Val Ser 405410415 Ala lle Thr Cys Phe Gly Asn lle Phe Val lle Cys Met Arg Pro Tyr
420425430 68¥7X |88 Arg Ser Glu Asn Lys Leu His Ala Met Ser lle lle Ser Leu Cys

Met Thr Ser Gly Pro Phe Phe Phe Cys lle Phe [le [le Gly Lve Tyr

1 5 10 15

Phe Thr Leu Gly Ser Ala Gln Asp Val Ser Cvs Pro Leu Giy Ser Phe
20 25 30

Pro Cys Gly Asn Met Ser Arg Cvs Leu Pro GlIn Leu beu His Gvs Asn
35 40 45

Gly Val Asp Asp Cvs Gly Asn Arg Ala Asp Glu Asp His Cys Gly Asp
50 55 60

Asn Asn Gly Trp Ser Leu Gin Leu Asp Lys Tyr Phe Ala Asn Tyr Tyr
65 70 75 80

Lys Leu Ala Ser Thr Asn Ser Phe Glu Ala Glu Thr Ser Giu Cvs Leu
85 a0 o5

Val Gly Ser Val Pro Met His Cvs Leu Cys Arg Asp Leu Glu Leu Asp
100 105 110

Cys Asp Glu Ala Asn Leu Arg Ala Val Pro Ser Val Ser Ser Asn Val
115 120 125

Thr Val Met Ser Leu Gln Arg Asn Phe lle Arg Thr Leu Pro Pro Asn
130 135 140



435440445 Cys Ala Asp Cys Leu Met Gly Val Tyr Leu Phe Val lle Gly Ala Phe 450455460 Asp Leu
Lys Phe Arg Gly Glu Tyr Asn Lys His Ala Gin Pro Trp Met 465470475480 Glu Ser Val His Cys Gin Phe
Met Gly Ser Leu Ala lle Leu Ser Thr 485490495 Glu Val Ser Val Leu Leu Leu Thr Phe Leu Thr Leu Glu
Lys Tyr lle 500505510 Cys lle Val Tyr Pro Phe Arg©4 Leu Arg Pro Arg Lys Cys Arg Thr 515520525
lle Thr Val Leu lle Phe lle Trp lle lle Gly Phe lle Val Ala Phe 530535540 Ala Pro Leu Gly Asn Lys Glu
Phe Phe Lys Asn Tyr Tyr Gly Thr Asn 545550555560 Gly Val Cys Phe Pro Leu His Ser Glu Asp Thr
Gly Ser Thr Gly Ala 565570575 67/77 Gin lle Tyr Ser Val Val lle Phe Leu Gly lle Asn Leu Val Ala Phe
580585590 lle lle lle Val Phe Ser Tyr Gly Ser Met Phe Tyr Ser Val His Gin

Gly Phe Arg Lvs Tyr His Glu Leu Gln Lys Leu Cvs Leu Gin Asn Asn
145 150 155 160

Arg lle His Ser Val Ser Val Ser Ala Phe Arg Glv Leu Arg Ser Leu
165 176 175

Thr Lys Leu Tyr Leu Ser His Asn Arg lle Thr Phe Leu Lys Pro Gly
180 185 180

Val Phe Glu Asp Leu His Arg Leu Giu Trp Leu lie ife Glu Asp Asn
105 200 205

His Leu Ser Arg ile Ser Pro Leu Thr Phe Tyr Gly Leu Asn Ser Leu
210 215 220

tle Leu Leu Val Leu Met Asn Asn Ala Leu Thr Arg Leu Pro Asp Lys
225 230 235 240

Pro Leu Cys Gin His Met Pro Arg Leu His Trp Leu Asp Phe Glu Gly
245 250 255

Asn Arg ile His Asn Leu Arg Asn Leu Thr Phe [le Ser Cys Asn Asn
260 265 270

Leu Thr Val Leu Val Met Arg Lys Asn Lys lle Asn Tyr Leu Asn Glu
275 280 285



595600605 Ser Ser Val Thr Val Thr Glu lle GIn Lys Gin Val Lys Lys Glu Val 610615620 Val Leu Ala
Lys Arg Phe Phe Phe lle Val Phe Thr Asp Ala Leu Cys 625630635640 Trp lle Pro lle Phe lle Leu Lys
Phe Leu Ser Leu Leu Gin Val Glu 645650655 lle Pro Asp Ser lle Thr Ser Trp Val Val lle Phe lle Leu
Pro lle 660665670 Asn Ser Ala Leu Asn Pro lle I54F7Thr Leu Thr Thr Arg Pro Phe 675680685 Lys
Glu Met lle His Gin Leu Trp His Asn Tyr Arg Gin Arg Arg Ser 690695700 68/77 Val Glu Met Trp Pro
Leu Gin Glu Met Ser Ser Gly Phe Met Lys Pro 725730735 Gly Ala Phe [hr Asp Pro Cys Asp Leu Ser
Leu Val Ser Gin Ser Ser 740745750 Arg Lau Asn Ser Tyr Ser 755 <210> 94 <211> 2277

His Ala Phe Thr His Leu Gin Lys Leu Asp Glu Leu Asp Leu Gly Ser
290 295 300

Asn Lys lle Glu Asn Leu Pro Pro Asn lle Phe Lys Asp lLeu Lvs Glu
305 310 315 320

Leu Ser GlIn Leu Asn ile Ser Tyr Asn Pro fle Gln Lys ile Glu Val
325 330 335

Asn Gln Phe Asp Cys Leu Ala Lys Leu Lys Ser Leu Ser Leu Glu Gly
340 345 350

tie Glu lie Ser Asn lle Gin Gin Arg Met Phe Arg Pro Leu ile Asn
355 360 365

Leu Ser His Ile Tyr Phe Lys Lys Phe &In Tyr Cys Gly Tyr Ala Pro
370 375 380

His Val Arg Ser Cys Lys Pro Asn Thr Asp Gly lle Ser Ser Leu Glu
385 390 395 400

Asn Leu Leu Ala Ser lle lle Gln Arg Val Phe Val Trp Val Val Ser
405 410 415

Ala ile Thr Cys Phe Gly Asn lle Phe Val lle Cvs Met Arg Pro Tyr
420 425 430



<212> DNA <213> Mus musculus <400> 94 atgacatctg gtccattctt cttctgcatc ttcattattg gaaaatattt
cactctcgga60 agtgcacagg atgtcagttg teccotcggc tecttcccct gtgggaacat gagcaggtgc120 ctgectcage
tgcttcactg caatggtgtg gacgactgcg ggaaccgagc tgatgaggacl180 cactgcggag acaacaatgg gtggtotctg
caactggaca aatattttgc taattactat240 aaactggctt ccd®abltc ctttgaggca gaaacttceg aatgcttggt
tggctctgtg300 cccatgcatt gtttgtgccg agatctagaa cttgactgtg atgaagccaa tttacgagct360 gtcccatcag
tttcttccaa tgtgactgta atgtccctgc agaggaactt cataagaaca420 69/77 aggattcact ccgtgagcgt ctctgecttc
agaggactgc gcagcctcac taaactgtac540 ctcagtcata acagaataac cttcctaaag ccaggagttt ttgaagatct
ccacagactg600 gaatggctga taattgaaga caatcacctc agtcgaattt ccccactcac attttacgga660 ctaaattctc
ttattctctt agtgctgatg aataatgccc tcacccgttt gcctgacaaa720 cccctctgtc agcacatgcc ccgcectgcac tggctggact
ttgaaggcaa ccgtatccat780 aatttaagaa atttgacttt tatttcctgc aataatttaa ctgttttggt aatgaggaag840
aacaaaatca dttacttaFighutAtgcfithtadieMaclghiact 'dGatdadtgdcs Ghittaggaa gtaataagat
tgaaaatctt ccaccgaactiatttaagga tctgaaggag9o60 ctgtcgcaat tgaatatttc ttataaccca atccagaaaa
ttgaagtaaa tcaattcgat1020 tgtcttgcca aactcaagtc tctcagcctt gaaggaatag aaatttcaaa tatccaacaa 1080

Cys Ala Asp Cys Leu Met Gly Val Tyr Leu Phe Val lle Gly Ala Phe
450 455 460

Asp Leu Lys Phe Arg Gly Glu Tyr Asn Lys His Ala Glin Pro Trp Met
465 470 475 480

Glu Ser Val His Cys GIn Phe Met Gly Ser Leu Ala lie Leu Ser Thr
485 490 495

Glu Val Ser Val leu leu Leu Thr Phe Leu Thr Leu Glu Lys Tvr lle
500 505 510

Cys Ile Val Tyr Pro Phe Arg Cys Leu Arg Pro Arg Lys Cys Arg Thr
515 520 h25

{le Thr Val Leu [le Phe lie Trp Ile lle Gly Phe lfe Val Ala Phe
530 535 540

Ata Pro Leu Gly Asn Lys Glu Phe Phe Lys Asn Tyr Tyr Giy Thr Asn
545 550 555 560

Gly Val Cys Phe Pro Leu His Ser Glu Asp Thr Gly Ser Thr Gly Ala
565 570 575



aggatgttta gaccgctcat aaatctact cacatctatt ttaagaaatt tcagtactgt1140 ggatacgcac cacatgtgcg
cagctgtaag cccaacacgg atgggatttc atctctagag 1200 aacctcttgg caagcatcat ccagagagtc tttgtctggg
ttgtatctgc cattacctgcl260 tttggaaaca tttttgttat ttgtatgcga ccatacatca gatctgagaa caagctgcat1320
gccatgtcga tcatttctct ctgctgtget gactgectaa tgggggtétaiittatitgtg1380 attggtgect ttgacctcaa gtttcgggga
gagtacaata agcacgcaca gccgtggatg 1440 gagagtgttc attgtcagtt catggggtcg ttggccattc tgtccacaga
agtatccgtt1500 ttacttttaa catttctgac attggaaaag tacatctgca ttgtgtatcc ttttcggtgt1560 70/77 ttaaggcctc
gaaaatgcag aacaatcacg gttctgattt tcatttggat tattgggttt1620 atagtggctt ttgctccact tggcaataag gaatttttca
aaaactacta tggcaccaatl1680 ggagtatgct ttcctcttca ttcagaagac acgggaagta ctggagccca gatttattcal740
gtggtaattt ttcttggtat taacctggtg gcatttatca tcattgtgtt ctcctatggal800 agcatgtttt acagtgttca tcaaagctcc
gtaacagtaa ccgaaataca gaagcaagtgl860 aa aagqagg tggttctcgc caaacgcttt ttctttatcg ttttcaccga
cgcgcetgtge1926 thiGattticea't a?ﬁgt 'dﬁa’ﬁﬁtgﬁ‘tc%dtddﬁc‘\é@é@bXébtﬁé%c?ﬁﬁattctl%o attacctctt
gggtggtgat ttttattctg cctatégaca gtgctttgaa cceaattatc2040 tacacgiga ccactagacc tttcaaggaa atgatccatc
aactctggca caactacaga2100 caaagaaggt ctgttgacag gaaagagact cagaaggcat atgctccatc attcatctgg
2160 gtggaaatgt ggcccttgca ggagatgtcc tctgggttca tgaagccagg cgctttcaca 2220 gacccctgtg atctgtcgcet
agtttctcag tcatctagac tcaattctta ttcgtaa2277

ile 1le [le Val Phe Ser Tyr Gly Ser Met Phe Tyr Ser Val His Gin

595 600 605

Ser Ser Val Thr Val Thr Giu Hle GiIn Lys Gin Val Lys Lys Glu Val
610 615 620

Val Leu Ala Lys Arg Phe Phe Phe lle Val Phe Thr Asp Ala Leu Cys
625 630 6§35 640

Trp tle Pro lie Phe lle Leu Lys Phe Leu Ser Leu Leu Gin Val Glu
645 650 655

lle Pro Asp Ser tle Thr Ser Trp Val Val lle Phe lle Leu Pro lie
550 665 6870

Asn Ser Ala leu Asn Pro tle {le Tyr Thr Leu Thr Thr Arg Pro Phe
675 680 685

Lys Glu Met lie His GiIn Leu Trp His Asn Tyr Arg Gin Arg Arg Ser
690 695 700

Val Asp Arg Lys Glu Thwr Gin Lys Ala Tyr Ala Pro Ser Phe lle Trp
705 710 715 120



<210> 95 <211> 691 <212> DNA <213> Homo sapiens <400> 95 ggtcaccgac aaaactcaca catgcccacc
gtgcccagca cctgaactcc tggggggacc60 gtcagtettc ctctteccce caaaacccaa ggacaccctc atgatctccc
ggacccctgal20 71/77 cgtggacggc gtggaggtge ataatgccaa gacaaagccg cgggaggagce agtacaacag240
cacgtaccgt gtggtcageg tectcaccgt cetgeaccag gacfyctda atggcaagga300 gtacaagtge aaggtotcca
acaaagccct cocagccccc atcgagaaaa ccatctccaa360 agccaaaggg cagccccgag aaccacaggt gtacaccctg
cccccatccce gggatgagcet420 gaccaagaac caggtcagcec tgacctgect ggtcaaaggc ttctatccca gcgacatcgc480
cgtggagtgg gagagcaatg ggcagccgga gaacaactac aagaccacgc ctoccgtgct540 ggactccgac ggctccttct
tectctacag caagctcacc gtggacaaga gcaggtggca600 gcaggggaac gtcttctcat gectccgtgat gcatgaggct
ctgcacaacc actacacgca660 gaagagcctc tecctgtotc cgggtaaatg a691 <210> 96 <211> 229 <212> PRT
<213> Homo sapiens <400> 96 Val Thr Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu
151015 Leu &I &y B7b 8 K78 Bl e Prlep s PR LisProc Lt Agp The

7125 730 735

Gly Ala Phe Thr Asp Pro Cys Asp Leu Ser Leu VYal Ser Gin Ser Ser
740 745 750

Arg Leu Asn Ser Tyr Ser
755

210> 94

211> 2277

<{212> DNA

<213> Mus musculus

400> 94
atgacatctg gtocattctt cttetgcatc ticattatig gaaaatatit cactoctcgega 60

agtgeacageg ategtcagtte tooccotcegge tecttcecoct gigggaacat gagecaggtge 120
ctgccteage tgotteactg caatggiste gacgactgeg gEaaccgage tpatgaggac 180
cactgcggag acaacaatgg gtggtcteltg caactggaca aatattttge taattactat 240
aaactggctt ccactaactc cittgaggca gaaacttocg aatgettget tggotctete 300
cecatgeatt gtttgtgecg agatctagaa cttgactete atgaagocaa titacgasgct 360
gtccecatcag titocticcaa tgtgactgia atgteccigc agaggaactt cataagaaca 420

ctecctocca acggottcag gaagtaccat pagetgoaga agotgigect gcaaaacaat 480



202530 72/77 354045 Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val 505560 Glu
Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser 65707580 Thr Tyr Arg Val Val Ser Val
Leu Thr Val Leu His Gin Asp Trp Leu 859095 Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala
Leu Pro Ala 100105110 Pro lle Glu Lys Thr lle SeP$4& Ala Lys Gly GIn Pro Arg Glu Pro 115120125
Gin Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gin 130135140 Val Ser Leu Thr Cys
Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala 145150155160 Val Glu Trp Glu Ser Asn Gly Gin Pro Glu
Asn Asn Tyr Lys Thr Thr 165170175 73/77

aggatteact cogtgagegt ectotgeotte agsgeactge goagectcac taaactgtac 540
ctcagtcata acagaataac cttcctaamag ccaggagttt tigaagatet ccacagactg 600
gaatggotga taattgaaga caatcacctc agitcgaatit ccocactcac attttacpoa 660G
ctaaatictc ttattctcti agtgeigatg astaatgoce tecaccegttt gectgacazas 720
cococtetgte ageacatgoee cogeotgeae tggotggact tiegaaggeas cegtatecat 780
aatttaagaa attitgacitt tatttccige aataatttaa ctgtittagt satgaggaasz 840
aacaaaatca attacttaaa tgaacatgca titacacacc tccagaaact agatgaattisg 900
gatttaggaa gtaatasgat tgsaaatctt ccaccgaaca tatttaagga tetgaaggag 960
ctgtegeaat tgaatattic ttataaccea atccagaaaa ttgaagtaaa fcaattcgat 1020
tgtctiecca aactcaagtc toicagcett gaaggaatag aaatitcaaa itatccaacaa 1080
aggatgtita gaccgeteat aaatetetet cacatctatt ttaagaastt tcagtacigt 1140
ggatacgeac cacatgtgeg cagetgtaag cccaacacgg atgggattte atetetagag 1200
aacctcttgeg caagcateat ccagagagic tttgtoctgegg tigtatetegc cattacctge 1260
tttggaaaca titttettat ttgtategcga ccatacatca gatctgagaa caagctgeat 1320
gccatgtoga teatttotet ctgctgtget gactgectaa tgggesteta tcetatttgtg 1380
attggtgeoct ttgacctcaa gtitcggega gagtacaata agcacgcaca geegtggate 1440
gagagtettc attgteagtt categgegteg ttegecattc tegtocacaga agtatcocgtt 1500
ttacttttaa catitcigac atiggaaaag tacatctges Ttetgtatece ttttocgstegt 1560



180185190 Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn Val Phe Ser Cys Ser 195200205 Val Met His
Glu Ala Leu His Asn His Tyr Thr Gin Lys Ser Leu Ser 210215220 Leu Ser Pro Gly Lys 225 <210> 97
<211> 21 <212> DNA <213> Artificial <220> <223> An artificially synthesized nucleotide sequence
<400> 97 gggccagtgg atagacagat g21 <210> 98 49172 24 <212> DNA <213> Artificial <220> <223>
An artificially synthesized nucleotide sequence 74/77 caggggccag tggatagacc gatg24 <210> 99
<211> 24 <212> DNA <213> Avrtificial <220> <223> An artificially synthesized nucleotide sequence
<400> 99 caggggccag tggatagact gatg24

ttaaggcotc gaamaatgcag aacaatcacg gttcotgattt teatttgeat tattgegztit 1620
atagtgeett ttgctocact tegcaataag gastittica aszaactacta tgegcaccaat 1680
gegagtatget ttecteottea {tcagaagac acggegaagta ctggageocca gatitattea 1740
gteggtaattt tteottgetat itasacciggie geatitatca tcattgtgtt ctoctatgga 1800
ageatgttit acagtgttca tcaaagotec gtaacagiaa cogasataca gaagcaaglyg 1860
angaaggage tggticicge caaacgettt tictttatcg ttttecaccga cecgetglege 1920
tggattocca teticatact gaaatitet! tcactgettc asggtggaaat accagattect 1980
attacctctt ggetggtgat ttttaticte cetateaaca gtgeittgaa cccaattate 2040
tacacgttea ccactagace tttcaaggaa atgatccatc aactotgeca caactacaga 2100
caaagaaggt ctgttgacag gaaagagact cagaaggcat atgetccate attcatctge 2160
gtggaaatgt ggccctigoa ggagatgtece totgegtica tgaagecagg cgclticaca 2220
gacccctgteg atetgteget agiitctecag teocatctagac teaatteita ttegtaa 2277
<210> 95

<211> 691

<212> DNA

<213> Homo sapiens

<400> 95

ggtcaccgac aaaactcaca catgoccace gtgeccagea ccotgaactee tegggegace 60
gtcagicttc cicttecocc caaaacccaz ggacacccic atgatetcce ggaccootga 120
ggteacatge gtgetestey acgteagooa cgaagacect gaggtcaagt toaactgeta 180



<210> 100 <211> 23 <212> DNA <213> Atrtificial <220> <223> An atrtificially synthesized nucleotide
sequence <400> 100 gctcactgga tggtgggaag atg23 <210> 101 <211> 4 <212> PRT <213> Attificial
<220> <223> An artificially synthesized peptide sequence 75177 Gly Gly Gly Ser 1 <210> 102 <211>
4 <212> PRT <213> Artificial <220> 71/77

cgtggacgge gtegaggtge ataatgccaa gacaaagocg cgggagpage agtacaacag 240
cacgtaccgl gtggtcagog tectcacegt cotgcaccag gactggotea atggcaagea 300
gtacaagiges aaggtoteca acaaagocct cocageccee atcgagaaaa coatctccasa 360
agcCaadfEe cagecccogag aaccacaggt gtacaccotg cececatece gggatgasot 420
gaccaagaac caggteagec igacctgect ggtcaaagge ttcotatecceca geogacatcge 480
cetgzaptge gagagcaatg ggoagocgga gaacaactac aagaccacgs cteocogtgct 540
ggactecgac ggotectict toctetacag caageteace gtgpacaaga geaggtgpca 800
gcaggggaas gicttcteat g&tccgtgat geatgagget ctgcacaace actacacegca 660
gaagagooste toostgicte cgegtasatg a 691
210> 96

211> 229

<212> PRT

<213> Home sapiens

400> 96

Val Thr Asp Lys Thr His Thr Cys Pro Pro Cvs Pro Ala Pro Glu Leu

1

5

10

15

Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr
25

20

30

Leu Met lle Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val



<223> An artificially synthesized peptide sequence <400> 102 Ser Gly Gly Gly 1 <210> 103 <211> 5
<212> PRT <213> Atrtificial <220> <223> An artificially synthesized peptide sequence <400> 103 Gly
Gly Gly Gly Ser 15 <210> 104 <211> 5 <212> PRT 76/77 <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 104 Ser Gly7 If/TGIy Gly

35 40 45

Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tvr Vai Asp @ly Val
50 55 60

Glu ¥al His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser
55 70 75 80

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp Leu
85 90 a5

Asn Gly Lys Glu Tyr Lys Cys Lys Yal Ser Asn Lys Ala Leu Pro Ala
100 105 110

Pro lle Glu Lys Thr ltle Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro
115 120 125

Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lvs Asn Gin
130 135 140

Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp lle Ala
145 150 155 160

Val Glu Trp Glu Ser Asn Gly Gin Pro Glu Asn Asn Tyr Lys Thr Thr
165 170 175

Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu



15 <210> 105 <211> 6 <212> PRT <213> Artificial <220> <223> An artificially synthesized peptide
sequence <400> 105 Gly Gly Gly Gly Gly Ser 15 <210> 106 <211> 6 <212> PRT <213> Artificial
<220> <223> An artificially synthesized peptide s%%l}%z?ce <400> 106 77/77 15<210> 107 <211> 7

180 185 130

Thr Val Asp Lys Ser Arg Trp Gin GIn Gly Asn Val Phe Ser Cys Ser
185 200 205

Yai Met His Glu Ata Leu His Asn His Tyr Thr Gin Lvs Ser leu Ser
210 215 220

Leu Ser Pro Gly Lys
225

210> 97

211> 21

<212> DNA

213> Artificial

<220>

223> An artificially synthesized nucleotide sequence

400> 97
geegccagtege atagacagat g 21

<210> 98

211> 24

212> DNA

213> Artificial

<220>

223> An artificially synthesized nucleotide sequence

<400> 98



<212> PRT <213> Artificial <220> <223> An artificially synthesized peptide sequence <400> 107 Gly
Gly Gly Gly Gly Gly Ser 15 <210> 108 <211> 7 <212> PRI <213> Atrtificial <220> <223> An artificially
synthesized peptide sequence <400> 108 Ser GI%AEB)%’GIy Gly Gly Gly 15

caggggecag tggatagacc gatg 24

210> 99

<2t1> 24

<{212> DNA

213> Artificial

220>

223> An artificially synthesized nucleotide seauence

<400> 99
caggggeoag tgpatagact gatg 24

210> 100

211> 23

<212> DNA

<213> Artificial

<2207

223> An artificially synthesized nucleotide seguence

<400> 100
geteactgga tegegtgegaag atg 23

210> 101

211> 4

<212> PRT

<213> Artificial

{220>
223> An artificially synthesized peptide sequence

<400> 101



75/77

Gly Gly Gly Ser

1

<210
211>
212>
213>

<2200
223>

<400>

102

4

PRT
Artificial

An artificially synthesized peptide sequence

102

Ser Gly Gly Gly

1

<210»
211>
212>
213>

<2200
223>

<400>

103

5

PRT
Artificial

An artificially synthesized peptide seguence

103

Gly Gly Gly Gly Ser

i

210>
211
<212

b5

104
5
PRT



16/717

213> Artificial

{0200
223> An artificially synthesized peptide seguence

<400> 104

Ser Gly Gly Gly Gly
1 5

210> 105

211> 6

<212> PRT

<213> Artificial

{2200
{223> An artificially synthesized peptide seguence

<400> 105
Gly Gly Gly Giy Gly Ser

[ 5

<210> 106

211> 6

<212> PRY

{213> Artificial

<2200
223> An artifiecially synthesized peptide seguence

<400> 106

Ser Gly Giy Gly Gly Gily



210>
{21
212>
213>

<2202
<223>

<400>

77/717

107

7

PRT
ArtitTicial

An artificially synthesized peptide seguence

107

Giy Gly Gly Gly Gly Gly Ser

1

2102
211>
212>
213>

220>
223>

{400>

5

108

7

PRT
Artificial

An artificially synthesized peptide seguence

108

Ser Gly Gly Gly Gly Gly Gly

1

5



