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ABSTRACT ANTI-CLN6 ANTIBODY The present invention

relates to an antibody binding to Claudin6 (CLDNG6) expressed
on a cell membrane. The antibody of the present invention
recoghizes human CLDN6 present in a native form on cell
membrane surface and exhibits cytotoxicity through ADCC and/
or CDC activities against cancer cell lines highly expressing
human CLDN6. Moreover, the antibody of the present invention
has cell growth inhibitory effect through conjugation with
toxin on cancer cell lines highly expressing human CLDNS6.
The human CLONE is overexpressed in tumor tissues (lung
adenocarcinoma, gastric cancer, and ovarian cancer), although
its expression is not observed in normal tissues. Thus, the anti-
CLDN®6 antibody is expected to highly accumulate in tumors
highly expressing human CLONE and can serve as a very
effective antitumor agent. No suitable figure
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ABSTRACT
ANTTI-CLDN6 ANTTBODY

The present invention relates to an antibody binding
to Claudin6é (CLDNE) expressed on a cell membrane. The
antibody of the present invention recognizes human CLDNG
present in a native form on cell membrane surface and
exhibits cytotoxicity through ADCC and/or CDC activities
against cancer cell lines highly expressing human CLDNG.
Moreover, the antibody of the present invention has cell
growth inhibitory effect through conjugation with toxin
on cancer cell lines highly expressing human CLDN6. The
human CLDN6 is overexpressed in tumor tissues {lung
adenocarcinoma, gastric cancer, and ovarian cancer),
although its expression i1s not observed in normal tissues.
Thus, the anti-CLDN6é antibody is expected to highly
accumulate in tﬁmors highly expressing human CLDNG and

can serve as a very effective antitumor agent.

No suitable figure



DESCRIPTION
ANTI-CLDN6 ANTIBODY

Technical Field
{0001]

The present invention generally relates to an
antibody drug. More specifically, the present invention
relates to an anti-CLDNé antibody and a cell growth
inhibitor and an anticancer agent comprising this

antibody.

Background Art
[0002]

Claudin family is the family of cell menbrane
proteins of approximately 23 kD in molecular weight which
have four transmembrane domains and constitute tight
Junctions. The Claudin family includes 24 members in
humans and mice, and each member of the Claudins is known
to exhibit a very unigue expression pattern depending on
.each epithelial cell type (Non-Patent Document 1 {(Furuse
and Tsukita, TRENDS in Cell Biology 2006, 16: 181); Non=-
' patent Document 2 (Wilcox, et al., Cell 2001, 104: 165);
Non-Patent Document 3 (Rahner, et al., GASTROENTEROLOGY
2001, 120: 411); and Non-Patent Document 4 (Morita, et
al., Proc. Natl. Acad. Sci. USA 1999, 96: 511;). In the

sheet of epithelial cells, a mechanism works to prevent



substances from leaking (diffusing) in the intercellular
spaces, and cell-cell adhesion systems called tight
junctions have been shown to really play a central role
as a "barrier" in the mechanism to prevent leakage.
[0003]

Non-Patent Document 5 (Hewitt, et al., BMC Cancer
2006, 6: 186) or Patent Document 1 (WO 2003/0888C8) or
the like hés unveiled the high expression of human CLDNG¢
transcripts in cancer. Moreover, Non-Patent Document 6
{Osanali, et al., Cancer Sci. 2007, 88: 1557) and Nén~
Patent Document 7 (Azadeh Arabzadeh, et al., BMC Cancer .
2007, 7: 1%6) contain a menticn to human and mouse CLDNG
expressions at protein levels in cancer.. Non-Patent
Document 6 has demonstrated CLDNG expression by western
blot analysis using a breast cancer cell line MCF7. This
document has claimed, as described in the title, that
epigenetic gilencing of human CLDN&é in the breast cancer
cell line promotes anchorage~independent growth of the
cancer cells. Non—Patént Document ¢ discloses that in
the MCF7 cell line, the expression of human CLDN6 serving
as a tumor suppressor gene is decreased due to the
partial methylation of the promoter region, resulting in
reduced apoptotic sensitivity and the diminished ability
to form colony, and this decreased expression also causes
increase in cancer cell invasiveness and in

metalloproteinase activity and the enhanced ability of



the cancer cells to migrate and thus contributes to the
malignant alteration of cancer.
- [0004]

However, the western blot conducted in Non-Patent
Document 6 . on human CLDN6 in MCF7 cells is meant to be an
experiment to confirm whether the system of siRNA
knockdown of human CLDN6& functions. Thus, this document
has made no mention of antibodies as materials used or of
methods. Moreover, the experiment is not aimed at
examining the degree of change in the expression level of
human CLDN6 proteins in the breast cancer cell line MCF7
compared with normal tissues. The authors of Non-FPatent
Document & have cited therein the earlier literature Non-
Patent Document 8 {(Quan and Lu, Carcinogenesis 2003, Z24:
15%3) and stated that further study was performed based
‘on the description of Non-Patent Document 8. This Non-
Patent Document 8 discusses human CLDN6 serving as a
tumer suppressor gene for breast cancer because the mRNA
expression of human CLDNé is decreased in breast cancer
cell lines BT-474 and MCF7 compared with normal mammary
gland epithelial cells. Specifically, in Non-Patent
Documenit 6, the study has been conducted based_on the
idea that the expression of human CLDN6 proteins 1is
decreased in the breast cancer cell line MCF7 compared
with normal mammary glands, and this document has

concluded that epigenetic silencing of human CLDN6 in the



breast cancer cell line promotes anchorage-independent
growth of the cancer cells.
[0005]

Moreover, Non-Patent Document 7 is a document aimed
only at examining, by immunchistochemical staining,
change in the expression patterns of several mouse
Claudin proteins including mouse CLDNé proteins in the
tumors of mice developed by DMBA/TPA administration-
induced chemical carcinogenesis. This document has
stated that mouse CLDNE is expressed in "suprabasal
compartment” even in normal mice.

[0006]

Regarding anti-CLDN6 antibodies, a monoclonal
antibody has not been reported yet which allows human
CLDN6 on cell membrane surface, i.e., human CLDNE& present
in a native form on cell membrane surface, to be
recognized by a method such as flow cytometry.

(00071}

[Patent Document 1] W02003/088808

[Non-Patent Document 1] Mikio Furuse and Shoichiro
Tsukita: Claudins in occluding junctions of human and
flies. TRENDS in Cell Biology 2006, 16: 181

[Non-Patent Document 2] Edward R. Wilcox, Quianna L.
Burton, Sadaf Naz, Saima Riazuddin, Tenesha N. Smith,
Barbara Ploplis, Inna Belyantseva, Tamar Ben-Yosef,
NikkiA. Liburd, Robert J. Morell, Bechara Kachar, Doris K.

Wu, Andrew J. Griffith, Sheikh Riazuddin, and Thomas B.



Friedman: Mutations in the Gene Encoding Tight Junction
Claudin-14 Cause Autosomal Recessive Deafness DFNEBEZO.
Cell 2001, 104: 165

[Non-Patent Document 3] Christoph Rahner, Laura L. Mitic,
and James M. Anderson: Heterogeﬁeity in Expressicn and
Subcellular Localization of Claudin 2, 3, 4, and 5 in the
Rat Liver, Pancreas, and Gut. GASTROENTEROLCGY 2001,

120: 411

[Non-Patent Document 4] Kazumasa Morita, Mikio Furuse,
Kazushi Fujimoio, and Shoichiro Tsukita: Claudin
multigene family encoding four-transmembrane domain
protein components of tight junction strands. Proc. Natl.
Acad. Sci. USA 1989, 96: 511

[Non~Patent Document 5] Kyle J Hewitt, Rachana Agarwal
and Patrice J Morin: The claudin gene family: expression
in normal and neoplastic tissues. BMC Cancer 2006, 6:
186

[Non-Patent Document 6] Makoto Osanai, Masaki Murata,
Hideki Chiba, Takashi Kojima and Norimasa Séwada:
Epigenetic silencing of claudin-6¢ promotes anchorage-
independent growth of breast carcinoma cells. Cancer Sci
2007, 98: 1557

[Non-Patent Document 71 Azadeh Arabzadeh, TammyQClaire
Troy and Kursad Turksen: Changes in the distribution
pattern of Claudin tight junction proteins during the
progression of mouse skin tumorigenesis. BMC Cancer 2007,

7: 196



[Non—Patent Document 8] Chengshi Quan and Shi-Jiang Lu:
Identification of genes preferentially expressed in
mammary epithelial cells of Copenhagen rat using
subtractive hybridization and microarrays.
Carcinogenesis 2003, 24: 1593

[Non~Patent Document 9] Kohls MD, Lappi DA: Mab-ZAP: A
tool for evaluating antibody efficacy for use in an
immunotoxin. BioTechniques 2000, 28 (1):>162
[Non—-Patent Document 10] Nimmerjahn F, Ravetch JV.:
Divergent immunoglobulin G subclass activity through
selective Fc¢ receptor binding. Science. 2005, 310: 1510
[Non-Patent Document 11] Nimmerjahn F, Ravetch JV.: Fcy
Receptors: 0ld friends and new family members. Immunity.

2006, 24: 19

Disclosure of the Invention
(0008}
Means for Sclving the Problems

The present inventors found this time that human
CLDN6 mRNA 1s overexpressed in tumcr tissues (lung
adenocarcinoma, gastric cancer, and ovarian cancer),
ailthough its expression is not observed in any adult
normal fissue.
[0009]

Morecver, the present inventors found that human
CLDN6 proteins are highly expressed in a plurality of

cancer cell lines, and the protein expression is



consistent with the analysis results of its mRNA
expression.
0010}

Furthermore, the present inventors successfully
prepared a monoclonal antibody which recognizes human
CLDN6 present in a native form on cell membrane surface,
a monoclonal antibody which exhibits cytotoxicity through
ADCC and/or CDC activities against cancer cell lines
highly expressing human CLDN6, and a monoclonal antibody
which has cell growth inhibitory effect through
conijugation with toxin on cancer cell lines highly
expressing human CLDN6.

[0011]

Furthermore, the expression of human CLDN& was not
observed in normal'tissues, demonstratihg that human
CLDN6é is exceedingly highly tumor-specific. Thus, the
anti-CLDN6 antibody was expected to highly accumulate in
tumors highly expressing human CLDN6 and found to serve
as a very effective antitumor agent.

[0012]

Specifically, the present invention provides an
antibody binding to Claudiné (CLDN6&) expressed on a cell
membrane. The present invention also provides an anti-
CLDN6 antibody having cytotoxicity. Preferably, the
anti~CLDN6 antibody of the present invention has ADCC

and/or CDC activities. Mcoreover, in a preferable aspect,



the anti-CLDN6 antibody of the present invention is
conjugated with a cytotoxic substance.

[0013]

In another aspect, the present invention provides an

antibody described in any of the following (a) to (j):

(a) an antibody comprising a heavy chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 24, CDRZ having the amino acid segquence
represented by SEQ ID NO: 25, and CDR3 having the aminc
acid sequence represented by SEQ ID NO: 26 (AB3-1 heavy
chain);

(b) an antibody comprising a light chain variable region
having CDR1 having the amino acid seguence ;epxesénted by
SEQ ID NO: 27, CDR2Z having the amino acid sequence
represented by SEQ ID NO: 28, and CDR3 having the amino
aclid sequence represented by SEQ ID NO: 28 (AB3-1 light
chain);

(c) an antibody having the heavy chain variable region
described in {(a) and the light chain variable region
described in (b) {(AB3-1);

(d) an antibody comprising a heavy chain variable région
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 30, CDRZ having the amino acid seguence
represented by SEQ ID NO: 31, and CDR3 having the amino
"acid sequence represented by SEQ ID NO: 32 (AEL-16 or

AE45-11 heavy chain);



{e) an antibody comprising a light chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO:'33, CDRZ having the amino acid sequence
represented by SEQ ID NO: 34, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 35 (AE1-16 or
AE4%5-11 light chain);

(f) an antibody having the heavy chain variable region
described in (d} and the light chain variable region
described in (e) {AE1-16 or AE49-11);

{g) an antibody comprising a heavy chain variable region
having CDR1 having the aminc acid sequence represented by
SEQ ID NO: 40, CDR2 having the aminc acid sequence |
represented by SEQ ID NO: 41, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 42 (AE3~20 heavy
chain) ;

{h) an antibody comprising a light chain variable region
having CDR1 having the amino acid sequence represented by
 SEQ ID NO: 43, CDR2 having the amino acid seguence
represented by SEQ ID NO: 44, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 45 (AE3-20 light
chain);

(1} an antibody having the heavy chain variable region
described in (g) and the light chain variable region
described in (h) (AE3-20); and

() an antibody which recognizes the same epitope as that
reccognized by the antibedy described in any of (a) to (i).

[0014]



In an alternative aspect, the present invention
provides a pharmaceutical composition comprising an anti-
CLDN6 antibody. Preferably, the pharmaceutical
composition of the present invention is a cell growth
inhibitor. Also preferably, the pharmaceutical
composition of the present invention is an anticancer
agent. Also preferably, the phérmaceutical composition
of the present invention comprises the antibody of the
present invention.

[0015]

In a further alternative aspect, the present
invention provides a method for diagnosing cancer. This
method comprises the steps of: |
(a) providing a sample ccllected from a subject; and
(b) detecting a CLDN6 protein contained in the sample
collected in the step (a).

Preferably, the CLDNSé protein is detected using an anti-

CLDN6 antibody.

"Brief Description of the Drawings
[0016]
Figure 1 shows the expression profile of human CLDNG
in normal tissues;
Figure 2 shows the expression proefile of human CLDNG6
in lung cancer;
Figure 3 shows the expressicn profile of human CLDN6

in gastric cancer;



Figure 4 shows the expression profile of human CLDNG6
in ovarian cancer;

Figure 5 shows western blot using goat anti-CLDNG6
polyclonal antibodies (Santa Cruz Biotechnology, Inc., C-
20, Code. sc~=17669);

Figure 6 shows the assay (flow cytometry analysis)
of the avidities of anti-human CLDN6é antibodies for cells
forced to express human CLDN6 and for their parent line;

Figure 7 shows the assay (flow cytometry analysis)
of the avidities of anti-human CLDN€ antiboedies for a
lung adenocarcinoma cell line ARBC-1 and a gastric cancer
cell line AGS;

Figure 8 shows the ADCC activities of anti-human
CLDN6 antibodies against a lung adenocarcinoma cell line
ABC-1;

Figure 9 shows the ADCC activities of anti-human
CLDN6 antibodies against a gastric cancer cell line AGS;

Figure 10 shows the CDC activities of anti-human
CLDN6 antibodies against a lung adenocarcinoma cell line
ABC-1;

Figure 11 shows the antitumor effects of anti-human
CLDN6 monoclonal antibodies on a lung adenccarcinoma cell
line ABC-1 using Mab-ZAP;

Figure 12 shows the antitumor effects of anti-human
CLDN6é monoclonal antibodies on a gastric cancer cell line

AGS using Mab-ZAP;
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Figure 13 shows immuncstaining results obtained
using goat anti~CLDNé polyclonal antibodies (Santa Cruz
Biotechnology, Inc., sc—-17669) (A: tumor (lung
adenocarcinoma) tissue, B: ncon-tumor tissue);

Figure 14 shows results of evaluating the antitumor
activity of an AE49-11 antibody in subcutaneous PA-1
implantation models; and

Figure 15 shows results of evaluating the antitumor
activity of the AE4%-11 antibody in subcutanecus NUGC-3
implantation models (thin line: vehicie.iv, thick line:
low-fucose AE49-11 (50 mg/kg, iv)).

[0017]

- The present specification encompasses the contents
described in the specification of Japanese Patent
Application No. 2008-004423 that serves as a basis for

the priority of the present application.

Best Mode for Carrying Out the Invention
[(0018]

CLDN6

The amino acid sequence of Claudiné (CLDNG} and a
gene sequence encoding this aminc acid seguence are
disclosed in GenBank Accession Nos. NP _067018.1 and
NM 021195.3 (SEQ ID NOs: 22 and 23) or GenBank Accession
Nos. NP 067018.2 and NM 0211%5.4 (SEQ ID NOs: 46 and 47).

[0019]
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In the presenf invention, the CLDN6 protein is meant
to encompass both the full-length protein and a fragment
thereof. The fragment is a polypeptice containing an
arbitrary region of the CLDNG6 protein and may nct have
the function of the natural'C&DN6 protein. Examples of
the fragment include fragments containing the
‘extracellular region of the CLDN6 protein.

[0020]

Anti-CLDNG antibody

An anti-CLDN6 antibody of the present invention may
be any antibody as long as it binds to CLDN6. The anti-
CLDN6 antibody of the present invention is not limited by
its origin (mouse,.rét, human, etc.), type (monoclcnal. or
polyclonal antibody), and form (modified antibody, low-
molecular-weight antibody, modified antibody, etc.), and
SO on.

[0021]

It is preferred the anti-CLDNG antibedy used in the
present invention should specifically kind to CLDN6.
Morecver, the anti-CLDN6 antibody used in the present
invention is preferably a monoclonal antibody.

(0022}

Preferable examples of the anti-CLDNG antibody
according to the present invention can include an
antibody capable of binding to CLDN6 expressed on a cell
membrane. Examples of the CLDNé expressed on a cell

membrane include, but not particularly limited to, CLDNG6



expressed on the membranes of cells (e.g., Ba/F3 cells)
forced to express CLDN6 and cancer cells (e.g., lung
adenccarcinoma cell line ABC-1 and gastric cancer cell
line AGS) expressing CLDNG.

[0023]

Whether or not the anti-CLDN&é antibody bkinds to
CLDN6 expressed on a cell membrane can be confirmed by_é
method generally known by those skilled in the art, such
as flow cytometry. |
[0024)]

Another preferable aspect of the anti~-CLDN6é antibody
of the present invention can include an antibody having
cytotoxicity. Examples of the antibody having
cytotoxicity can include, but neot particularly limited to,
antibodies having antibody-dependent cell-mediated
cytotoxicity (ADCC) activity, antibodies having
complement-dependent cytotoxicity {CDC} ractivity, and
antibodies conijugated with a cytotoxic substance.

[0025]

In the present invention, the CDC activity means
cytotoxicity mediated by the complement system. On The
other hand, the ADCC activity meansg the activity of
damaging target cells through the binding of Fcy
receptor-bearing cells (immunocytes, etc.) via the Foy
receptors to the Fc domains of antibodies specifically
attached fo the cell surface antigens of the target cells.

(0026}



In the present invention, whether or not the
antibody has ADCC activity or has CDC activity can be
determined by a method known in the art (e.g., Current
proteccols in Immunology, Chapter 7. Immunoclogic studies
in humans, Editor, John E, Coligan et al., John Wiley &

- Sons, Inc., (1993)).
[0027]

Specifically, éffector cells, a complement solution,
and targeﬁ cells are first prepared.
(1) Preparation of effector cells

The spleens are excised from CBA/N mice or the like,
and spleen cells are separated therefrom in an RPMI1640
mediun (manufactured by Invitrogen Corp.). The cells can
be washed with the same medium containing 10% fetal
bovine serum {FBS, manufactured by HyClone Labcoratories,
Inc.}) and then adjusted to a cell concentration of 5x10°
cells/ml to prepare effector cells.

[oczs]
{2) Preparation of complement solution

Baby Rabbit Complement {manufacturéd by CEDARLANE
Laboratories Ltd.) can be diluted 10-fold with a medium
(manufactured by Invitrogen Corp.) containing 10% FBS to
prepare a complement solution.:

[0029]
(3) Preparation of target cells

Cells expressing CLDN6é proteins can be cultured at

37°C for 1 hour, together with 0.2 mCi “ler-sodium



chromate (manufactured by GE Healthcare Bio-Sciences
Corp.}, in a DMEM medium containing 10% ¥BS to radiolabel
ﬁhe target cells. Cells transformed with CLDN6 protein-
encoding genes, cancer cells (lung adenocarcinoma cells,
gastric cancer cells, etc.), or the like can be used as
the cells expressing CLDN6é proteins. After the
radiolabeling, the cells can be washed three times with
an RPMI1640 medium containing 10% FBS and adjusted toc a
cell concentration of 2x10° célls/ml to prepare the
target cells.

(00301

. The ADCC or CDC activity can be assayved by a method
described below. For the ADCC activity assay, The target
cells and the anti-CLDN6 antibody (50 ul each) are added
to a U-bottom %6-well plate (manufactured by Becton,
Dickinson and Company} and reacted for 15 minutes on ice.
Then, 100 ul of the effector cells is added to the plate,
and the cells are cultured for 4 hours in a CO; incubator.
The final concentration of the antibody is set to 0 c¢r 10
ug/ml. After the culture, 100 ul of the supernatant is
collected, and the radicactivity is measured using a
gamma counter (COBRAII AUTO-GAMMA, MODEL D5LCO05,
manufactured by Packard Instrument Company). The
cytotoxicity (%) can be calculated based on the
calculation formula (A-C) / (B-C) x 100 using the
obtained value. 1In the formula, A represents

radicactivity (cpm) from each sample; B represents



radicactivity {cpm) from a sample supplemented with 1%
NP-40 (manufactured by Nacalai Tesgue, Inc.); C
represents radioactivity (cpm) from a sample containing
only the target cells.

[0031]

On the other hand, for the CDC activity assay, the
target cells and the anti-CLDN6 antibody (50 pl each) are
added to a flat-bottomed 96-well plate {manufactured by
Becton, Dickinson and Company) and reacted for 15 minutes
on ice. Then, 100 pl of the complement solution is added
tc the plate, and the cells are cultured for 4 hours in a
CO; incubator. The final concentration of the antibody
is set to 0 or 3 ug/ml. After the culture, 100 ul of the
supernatant is ccllected, and the radiocactivity is
measured using a gamma ccounter. The cytotoxicity can be
calculated in the same way as in the ADCC activity assay.
[6032]

The anti-CLDNé antibody conjugated with a cytotoxic
substance, when incorporated in cells, is capable of
inducing the death of the antibody-incorporated cells via
the cytotoxic substance. Thus, it is preferred that the
antibody conjugated with a cytotoxic substance should
further have internalization activity. In the present
invention, the "antibody having internalization activity"
means an antibody that is transported into cells
(cytoplasms, vesicles, other organelles, etc.) through

its binding CLDN6 on the cell surface.



[C033]

Whether or not the antibody has internalization
activity can be confirmed by a method generally known by
those skilled in the art and can be confirmed by, for
example, a method comprising contacting labeling
substance-bound anti-CLDN6 antibodies with CLDN6-
expressing cells and confirming whether or not the
labeling substances are incorporated into the cells, or a
method comprising contacting cytotoxic substance-
conjugated anti-CLDN6 antibodies with CLDNé6-expressing
cells and confirming whether ¢r not the death of the
CLDNé-expressing cells is induced. More specifically,
whether or not the antibody has internalization activity
can be confirmed by, for example, a method described in
Examples below.

(00341

The cytotoxic substance used in the present
invention may be any substance as long as it can induce
the death of cells. Examples thereof can include toxiﬁ,
radicactive substances, and chemotherapeutics. These
cytotoxic substances according tce the present invention
encompass prodrugs that are converted to active cytcoctoxic
substances in vive. The activation of prodrugs may be
enzymatic or nonenzymatic conversion.

[0035]
In the present invention, the toxin means various

microbe-~, animal- or plant-derived proteins or
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polypeptides or the like that exhibit cytotoxicity.
Examples of the toxin used in the present invention can
include the followings: Diphtheria toxin A Chain (Langone
J. J., et al., Methods in Enzymology, 93, 307-308, 1983),
Pseudomonas Exotoxin (Nature Medicine, 2, 350-353, 199¢),
Ricin A Chain {(Fulton R. J., et al., J. Biol. Chem., 261,
5314-5319, 1%986; Sivam G., et al., Cancer Res., 47, 3169-
3173, 1987; Cumber A. J. et al., J. Immunol. Methods, 135,
15-24, 195C; Wawrzynczak E. J., et al., Cancer Res., 50,
7519-7562, 199%0; Gheeite V., et al., J. Immuncl. Methods,.
142,.223~230, 1991); Deglicosylated Ricin A Chain (Thorpe
P. E., et al., Cancer Res., 47, 5924-5931, 1987); Abrin A
Chain (Wawrzynczak E. J., et al.,«Br. J. Cancer, 66, 361-
366, 1992; Wawrzynczak E. J., et al., Cancer Res., 50,
7519-7562, 1990; Sivam G., et al., Cancer Res., 47, 3169-
3173, 1987; Thorpe P. E., et al., Cancer Res., 47, 5924~
50931, 1987); Gelonin (Sivam G., et al., Cancer Res., 47,
3169-3173, 1987; Cumber A. J. et al., J. Immunol. Methods,
135, 15-24, 1990; WawrzynczakE. J., et al., Cancer Res.,
50, 7519-7562, 19%0; Bolognesi A., et al., Clin. exp!
Immuncl., 89, 341-346, 1992); .PAP-s; Pokeweed anti-viral
protein from seeds (Bolognesi A., et al., Clin. exp.
Immunol., 89, 341-346, 1992); Briodin (Boclognesi A., et
al., Clin. exp. Immunol., 89, 341-346, 1992); Saporin
{Bolognesi A., et al., Clin. exp. Immunol., 89, 341-346,
1992); Momordin (Cumber A. J., et al., J. Immuncl.

Methods, 135, 15-24, 19%0; Wawrzynczak E. J., et al.,



Cancer Res., 50,

Clin. exp. Immunol.,

(Bolognesi A.,

1%92); bianthin 32 {Bolognesi A.,

7519-7562,

et al.,

-~ 20

19%0; Bolognesi A., et al.,

89, 341-346, 1992); Momorcochin

Clin. exp. Immunol., 89, 341-346,

et al., Clin. exp.

Immunol., 89, 341-346, 1992); Dianthin 30 (Stirpe F.,

Barbieri L.,
(Stirpe F.,
Viscumin (Stirpe F.,

1986); Volkesin

FERS letter 195,

Barbieri L.,

(Stirpe F., Barbieri L.,

1-8, 1986); Mcdeccin

FEBS letter 195, 1~8, 1986);

Barbieri L., FERS letter 195, 1-8,

FEBS letter 195,

1-8, 1986} ; Dodecandrin (Stirpe F., Barbieri L., FEBS

letter 195, 1-8,
FEBS letter 195,

L.

¥

FEBS letter 195,
(Casellas P., et al
1988; Bolognesi A.,
346, 1992).

[0036]

In the present
refer to substances
radioisotope may be
as the radioisotope.
186R

€,

[0037]

1986); Tritin

1-8,

- r

(Stirpe F., Barbieri L.,

19886); Luffin (Stirpe F., Barbieri

1-8, 1%86); and Trichokirin

EBur. J. Biochem. 176, 581-588,

et al., Clin. exp. Immuncl., 89, 341-

invention, the radiocactive substances

containing a radicisotope. Any

used without particular limitations

For example, >¢p, ¢, **°1, 1, I,

or ®®re can be used.

In the present invention, the chemotherapeutics mean

substances having cytotoxicity except for the toxin and

the radioactive substances and encompass cytokines,

antitumor agents,

enzymes,

and the like. The
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chemotherapeutics used in the present invention are
preferably, but not particularly limited to, low-
molecular-weight chemotherapeutics. Such low-molecular-
weight chemotherapeutics are less likely to interfere
with antibody functions even after their binding with the
antibody. In the present invention, the low-molecular-
welight chemotherapeutics usually have a molecular weight
of 100 to 2000, preferably 200 to 1000. Examples of the
chemctherapeutics that can be used in the present
invention include, but not particularly limited to, the
followingé: Melphalan {Rowland G. F., et al., Nature 255,
487-488, 1975); Cis-platinum (Hurwitz E. and Haimovich J.,
Method In Enzymology 178, 369-375, 1986; Schechter B., et
al., Int. J. Cancer 48, 167-172, 1991; Carboplatin (Ota,
Y., &t al., Asia-Oceania J. Obstet. Gynaecol. 19, 449-457,
1993); Mitomycin C (Noggchi, A., et al., Bioconjugate
Chem. 3, 132-137, 1992); Adriamycin {(Doxorubicin) (Shih, L.
B., et al., Cancer Res. 51 4162-4198, 1981; Zhu, Z., et
al., Cancer Immunol. Immumother 40, 257-267, 1985; Trail,
P. A., et al., Science 261, 212-215, 1993; Zhu, 2., et
al., Cancer Immunol. Immumother 40, 257-267, 1985; Kondo,
Y., et al., Jpn. J. Cancer Res. 86 1072—1079, 1985; Zhu,
7., et al., Cancer Immunol. Immumother 40, 257-267, 1995;
zhu, 2., et al., Cancer Immunol. Immumother 40, 257-267,
1995); Dauncorubicin (Dillman, R. 0., et al., Cancer Res.
48, 6097-¢6102, 1988; Hudecz, F., et al., Bioconiugate

Chem. 1, 197~204, 1990; Tukada Y. et al., J. Natl. Cancer



Inst. 7h, 721-72%, 1%84}; Bleomycin {Manabe, Y., et al.,
Biochem. Biophys. Res. Commun. 115, 1009-10%14, 1983);
Neocarzincstatin (Kitamura XK., et al., Cancer Immunol.
Immumother 36, 177-184, 1993; Yamaguchi T., et al., Jpn.
J. Cancer Reg. 85, 167-171, 1994}); Methotrexate (Kralovec,
J., et al., Cancer Immunol. Immumother 29, 293-302, 1989;
Kulkarni, P. N., et al., Cancer Res. 41, 2700-2706, 1981;
Shin, L. B., et al., Int. J; Cancer 41, 832-839, 1988;
Gamett M. C., et al., Int. J. Cancer 31, 6¢l-670, 1983);
5-Fluorouridine (Shin, L. B., Int. J. Cancer 46, 1101-
1106, 1990); 5-Flucro-2'-deoxyuridine (Goerlach A., et
al., Biloconjugate Chem. 2, 96-101, 1891); Cytosine
arabinoside {Hurwitz E., et al., J. Med. Chem. 28, 137-
i40, 1985); Aminopterin (Kanellos J., et al., Immunol.
Cell. Biol. 65, 483-4%3, 1987); Vincristine (Johnson J.
R., et al., Br. J. Cancer 42, 17, 1980); Vindesine
{Johnson J. R., et al., Br. J. Cancer 44, 472-47%, 1%81);
Interleukin-2, Tumor necrosis factor-alpha, Interferon,
Carboxypeptidase, Alkaline Phosphatase, P-lactamase, and
Cytidine deaminase.

[0038]

In the present inventicn, the cytotosxic substance
used may be one type or a combination of two or more
types of the cytotoxic substances.

[0039]
The conjugation of the anti-CLDN6 antibody with the

cytotoxic substance can be performed via a covalent or
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noncovalent bond or the like. A method for preparing the
antibody conjugated with the cytotoxic substance i1s known
in the art.

[0040]

The anti-CLDN6 antibody and the cytotoxic substance
may be conjugated directly via their own linking groups
or the like or may be conjugated indirectly via an
additional substance such as a linker or iritermediate
suppcert. Examples of the linking groups for the direct
conjugation of the anti-CLDN6 antibody with the cytotoxic
substance include SH groups used in disulfide bond.
Specifically, the intramoclecular disulfide bond c¢f the
antibody Fc region is reduced using a reducing agent, for
example, dithiothreitol, and the disulfide bond within
the cytotoxic substance 1s reduced in the same way as
above. Both the SH groups are linked via disulfide bond.
Before the linking, either of the antibody or the
cytotoxic substance may be activated using an activation
promoter, for example, an Ellman's reagent, to promote
the disulfide bond formation between them. Examples of
other methéds for directly conjugating the anti-CLDN6
antibody with the cytotoxic substance can include a
method using Schiff bases, a carbodiimide method, an
active ester method (N-hydroxysuccinimide method), a
method using mixed anhydride, and a method using diazo
reaction.

[0041]
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The anti-CLDN6 antibody and the cytoﬁoxic.substance
may be conjugated indirectly via an additional substance.
Examples of the additional substance for the indirect
cenjugation can include, but not particularly limited to:
compounds having two or more grdups of any one type or
combined two or more types selected from an aminc group,
a carboxyl group, a mercapto group, and the like; peptide
linkers; and compounds capable of binding tc the anti-
CLDN6 antiboedy. Examples of the compounds having two or
more groups of any one type or compined two Or more types
selected from an amino group, a carboxyl group, a
mercapto group, and the like can include SPDP: N~
Succinimidyl 3-(Z2-pyridylditic)propinate (Wawrzynczak E.
J., et al., Cancer Res., 50, 7519-7562, 19%0; Thorpe P.
K., et al., Cancer Res., 47, 5824-5831, 1987); LC-5PDP:
Succinimidyl 6-3-[2-pyridylditiolpropinamide)hexancate
(Hermanson G. T., BIOCONJUGATE Technigues, 230-232Z,
1996); Sulfo~LC-SPDP: Sulfﬁsuccinimidyl E-3-12~
pyridylditio]propinamide)hexanoate (Hermanscn G. T.,
BIOCONJUGATE Technigues, 230-232, 18%6); SPDB: N-
Succinimidyl 3-(Z-pyridylditio}butyrate (Wawrzynczak E.
J., et al., Br. J. Cancer, 66, 361-366, 1992); SMPT:
Succinimidyloxycarbonyl-a- (2-pyridylditioc)toruene (Thorpe
P. BE., et al., Cancer Res., 47, 5924-5931, 1987); LC-
SMPT: Succinimidyl 6-{a-methyl-[2-
pyridylditio]toruamide)hexanocate (Hermanson G. T.,

BIOCONJUGATE Technigques, 232-235, 1996); Sulfo-LC-SMPT:
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Sulfosuccinimidyl 6-{a-methyl-[2-
pyridylditio]toruamide)hexancate (Hermanson G. T.,
BIOCONJUGATE Technigues, 232~-235, 1996); SMPB:
Succinimidyl-4- (p-maleimidophenyl)butyrate (Hermanson G.
T., BIOCCONJUGATE Techniques, 242-243, 1996}; Sulfo—éMPB:
Sulfo-Succinimidyl-4-(p-maleimidophenyl)butyrate
(Hermanson G. T., BIOCONJUGATE Techniques, 242-243,
1996); MBS: m-Maleimidobenzoyl-N-hydroxysuccinimide ester
(Hermanson G. T., BIOCONJUGATE Techniques, 237-238,
1996); Sulfo-MBS: m~Maleimidobenzoyl-N-
hydroxysulfosuccinimide ester (Hermanson G. T.,
BICCONJUGATE Technigues, 237-238, 1996¢); SAMSA: S-Acetyl
mercaptosuccinic anhydride (Casellas P., et al., Eur. J.
Eiochem, 176, 581-588, 1%88); DTBP: Dimethyl 3, 3'-
ditiobisproricnimidate {(Casellas P., et al., Eur. J.
Biochem, 176, 581—588, 1988); and Z-Iminctiolane (Thorpe
P. E., et al., Cancer Res., 47, 5924-5931, 1987).

[0042]

Examples of other substances used in the conjugation
of the anti-CLDN6 antibody with the cytotoxic substance
can include peptides, antibodies, poly-L-glutamic acid
(PGA)}, carboxyméthyldextran, dextran, aminodextfan,
avidin/biotin; cis-aconitic acid, glutamic acid
dihydrazide, and human serum albumin (HSA).

[0043]
Furthermore, a proteinous cytotoxic substance may be

conjugated to the antibody by a genetic engineering
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approach. Specifically, for example, DNA encoding the
cytcoctoxic peptide and DNA encoding the anti-CLDNS
antibody are fused in frame with each cother, and this
fused DNA can be incorporated into expression vectors to
construct recombinant vectors. The vectors are
introduced into appropriate host cells, and the resultant
transformed cells are cultured. The incorporated DNA can
be expresééd by the cells to cbtain toxic peptide-
conjugated anti-CLDN6 antibodies as fusion proteins. For
obtaining antibody-fusion proteins, the proteinocus agent
or toxin 1s generally located on the C-terminal side of
the antibody. A peptide linker may be allowed to
intervene between the antibody and the proteinous agent
or toxin.

[0044]

A preferable aspect of the anti-CLDN6é antibody of
the present invenﬁion can include an antibody that binds
to CLDN& but deces not substantially bind to CLDNS. The
CLDNS is higﬁly homologous to CLDN& and is thought to be
a molecule most analogous to CLDN6. Thus, the antibody
that binds to CLDN6 but does not substantially bind to
CLDNS is probably useful as a pharmaceutical drug with
very high specificity to CLDN6. The aminc acid seguence
of CLDNS is known in the art and, for example, the amino
acid sequence of human CLDNY9 is described in GenBank
Accession No. NP 066192.1 (SEQ ID NC: 48).

[0045]
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In the present invention, the antibody that binds to
CLDN6 but does ncot substantially bind to CLDN? refers to
an antibody having avidiﬁy for CLDN® that is usually 50%
or less, preferably 30% or less, more preferably 10% or
less, compared with its avidity for CLDN6.

[0046]

Also, a preferable aspect of the anti~CLDN6 antibody
of the present invention can include an antibody that
binds to CLDN6 but does not substantially bind to CLDN3.
The amino acid sequence of CLDN2 is known in the art and,
for example, the amino acid sequence of human CLDN3 is
described in GenBank Accession No. NP 00129%7.1 (SEQ ID
NO: 49). In the present invention, the antibody that
binds to CLDN6 but does not substantially bind to CLDN3
refers to an antibody having avidity for CLDN3 that is
usually 50% or less, preferably 30% or less, more
preferably 10% or less, compared with its avidity for
CLDNG.

[0047]

Also, a preferable aspect of the anti-CLDN6 antibody
of the present invention can include an antibody that
binds to CLDN6 but does not substantially bind to CLDN4.
The amino acid sequence of CLDN4 isg known in the art and,
for example, the amino acid sequence of human CLDN4 is
described in GenBank Accession No. NP 001296.1 (SEQ ID
NC: 50). In the present invention, the antibody that

binds to CLDNé but does not substantially bind to CLDN4



refers to an antibody having avidity for CLDN4 that is
usually 50% or less, preferably 30% or less, more
preferably 10% or less, compared with its avidity for
CLDNG.

[0048]

Also, a preferable aspect bf the anti-CLDN6 antibody
of the present invention can include an antibody that
binds to CLDN6é but does not substantially bind to CLDNL.
The amino acid sequence of CLDN1 is known in the art and,
for example, the amino acid segquence of human CLDNI is
described in GenBank Accession No. NP_066924.1 (SEQ ID
NO: 51). In the present invention, the antibody-that
binds to CLDN6 but does not substantially bind to CLDNL
refers to an antibody having avidity for CLDN1 that is
usually 50% or less, preferably'BO% or less, more
preferably 10% or less, compared with its avidity for
CLDNG.

[0049]

.In the present invention, préferable examples of the
anti-CLDN6 antibody can include an antibody that binds to
human CLDN6 but does not substantially kbind to human
CLDN1 or human CLDN3, an antibody that binds to human
CLDN6 but does not substantially bind to human CLDNI1,
human CLDN3, or human CLDN4, and an antibody that binds
to human CLDN6 but does not substantially bind to human
CLDN1, human CLDN3, human CLDN4, or human CLDNS.

[0050]



Preferable examples of the anti-CLDN6 antibody of
the present invention can include an antibody described
in aﬁy of the following (a) to (J):

{a) an antibody comprising a heavy chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 24, CDR2 having the amino acid sequence
represented by SEQ ID NO: 25, and CDR3 having the amino
acid seguence represented by SEQ ID NO: 26 (AB3-1 heavy
chain};

{b) an antibody comprising a light chain variable region
having CDR1 having the amino acid seguence represented by
SEQ ID NO: 27, CDRZ having the aminoc acld sequence
represented by SEQ ID NO: 28, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 29 (AB3-1 light
chain) ;

(¢} an antibody having the heavy chain variable region
described in (a) and the light chain variable region
described in (b) (AB3-1);

(d) an antibody comprising a heavy chain variable region
having CDR1 having the aminc acid segquence represented by
SEQ ID NO: 30, CDRZ having the amino acid sequence
represented by SEQ ID NO: 31, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 32 (ARE1-16 or
AE49-11 heavy chain);

(e) an antibody comprising a light chain variabie regilon
having CDR1 having the amino acid sequence represented by

SEQ ID NO: 33, CDR2 having the amino acid sequence
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represented by SEQ ID NO: 34, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 35 (AREl-16 or
AE49-11 light chain);
{f} an antibedy having the heavy chain wvariable region
described in {d} and the light chain variable region
described in (é) (AE1-16 or AE49-11};
(g) an antibedy comprising a heavy chain variable region
having CDR1 having the aminc acid seguence represented by
SEQ ID NO: 40, CDRZ having the aminc acid sequence
represented bvaEQ ID NO: 41, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 42 (AE3-20 heavy
chain);
{h}) an antibody comprising a light chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 43, CDR2 having the amino acid seguence
represented by SEQ ID NO: 44, and CDR3 having the amino
aclid seguence represented by SEQ ID NO: 45 (AE3-20 light
chain) ;
(1) an antibody having the heavy chain variable region
described in (g) and the light chain variable region
described in (h) {AE3-20); and
() an antibody which recognizes the same epitope as that
recognized by the antibody'described in any of {&) to (i).
[0051]

Whether an antibody to ke tested recognizes the same
epitope as that recognized by a certain antibedy, i.e.,

these antibodies share the epitope, can be confirmed



based on their competition for the same epitope. The
competition between thé antibodies is detected by cross-
blocking assay or the like. For example, competitive
ELISA assay is preferable cross-blocking assay.
Specifically, in the cross-blocking assay, CLDN6 proteins
coated on the wells of a microtiter plate are
preincubated in the presence or absence of a candidate
competing antibedy, and the anti-CLDN6é antibody of the
present invention is then added to the wells. The amcunt
of the anti»CLDN6 antibody of the present invention bound
to the CLDN6 protein in the well indireétly correlates
with the kinding ability c¢f the candidate competing
antibody {antibody to be tested) that competes therewith
for the binding to the same epitope. Specifically, the
'larg@r affinity the antibody to be tested has for the
same epitope, thersmaller amount of the anti-CLDNS
antibody of the present invention is bound to the CLDNG
protein-coated well while the larger amount of the
antibody to be tested is bound to the CLDN6 protein-
coated well.

[0052]

The amount of the antibody bound to the well can be
measured easily by labeling the antibody in adﬁance. For
example, a biotin-labeled antibody can be measured by use
of an avidin-peroxidase conjugate and an appropriate
substrate. The cross-blocking assay using enzyme (e.g.,

peroxidase) labeling is particularly referred to as



competitive ELISA assay. The antibody can be labeled
with other detectable or measurable labeling substances.
Specifically, radiolabeling cr fluorescent labeling or
the like is known in the art.

[0053]

Furthermore, when the antibody to be tested has
constant regions derived from a species different from
that of the anti-CLDN6 antibody of the present invention,
the amount of each antibody bound to the well may bhe
measured using a labeled antibody that recognizes the
constant regions of this antibody. Alternatively, evean
antibodies derived from the same Species, when differing
in class, can be measured for their respective amounts
bound to the well using antibodies that discriminate each
class.

(00543

This candidate competing antibody is determined to
be an antibody that binds tc substantially the same
epitope as that bound by the anti-CLDNé antibody of the
present inventicn or competes therewith for the binding
to the same epitope, provided that the candidate antibody
can block the binding of the anti-CLDNG antibody by at
least 20%, preferably at least 30%, more preferably at
least 50%, compared with the avidity obtained in the
control test performed in the absence of the candidate
competing antiboedy.

[0055]



Furthermore, the antibodies (a} to (j) according to
the present invention may have substitution, deletion,
addition, and/or insertion of one or more amino acids in
their CDR sequences as long as the resulting antibodies
are functionally equivalent to the antibodies (a) to (3).
In the present invention, the term "functionally
‘equivalent" refers to being comparable in avidity for
CLDN6 and cytotoxicity. In the present invention, the
term "eguivalent" refers to having at least 50%,
.preferably 70%, more preférably 90% or higher activityf
compared with the antibodies (a}) to {3j). The upper limit
of the activity'is not particularly limited and may be
higher than that of the antibodies (a) to (i). The
avidity or cytotoxicity can be assayed by a method
generally known by those skilled in the art and can be
assayed by, for example, a method described in Examples.
[0056] |

Examples of methoeds well known by those skilled in
the art for the substitution, deletion, addition, and/or
insertion of amino acids can include site-directed
mutagenesis (Hashimoto-Gotoh, T. et al. (19%5) Gene 152,
271-275, Zoller, MJ, and Smith, M. (1983) Methods Enzymol.
100, 468-500, Kramer, W. et al. (1984} Nucleic Acids Res.
12, 9441-9456, Kramer W, and Fritz HJ (1987) Methods.
Enzymol. 154, 350-367, Kunkel, TA (1985) Proc Natl Acad
Sci USA. 82, 488-492, Kunkel {1988} Methods Enzymol. 85,

2763-2766). Moreover, amino acid variation can occur in



the nature. Thus, the antibody of the present invention
also encompasses antibodies that have an amino acid
sequence derived from that of the antibody of the present
invention by the modification of one or more amino acids
and have activity eguivalent to that c¢f the antibody. 1In
such modificatiocons, the number of amino acids modified
can be usually within 5 amino acids, preferably within 4
amino acids, more preferably within 3 aminco acids {(e.g.,
1 or 2 amino acids), per CDR.

[{0057]

The modified aminc acid residue(s) are not
particularly limited, and it is preferred that such amino
acid medification should be performed conservatively
between amino acids having the same side chain property.
For example, the following classification has been
established based on the properties of amino acid side
chains:
hydrophekic amino acids (A, I, L, M, ¥, P, W, Y, and V),
hydrophilic amino acids (R, D, N, C, E, ¢, G, H, K, S,
and T,
amino acids}having an aliphatic side chain (G, A, V, L, I,
and P),
amino acids having a side chain containing.a 5ydroxyl-
group (8, T, and Y),
amino acids having a side chain containing a sulfur atom

(C and M)},



amino acids having a side chain containing carboxylic
acid and amide (D, N, E, Q),
amino écids having a side chain containing a base (R, K,
and H), and
amino acids having an aromaticwside chain (H, F, ¥, and
W) .
(each alphabet in the parentheses repreéents the single
character code of the amino acid.)
(00581

It has already been known that a polypeptide having
an amino acid seguence modified from a certain amino acid
sequence by deletion and/or addition of oné or mere amino
acid residues and/or substitution with other aminc acids
maintains its biclogical activity (Mark, D. F. et al.,
Proc. Natl. Acad. Sci. USA (1984) 81, 5662-5666, Zoller,
M. J. and Smith, M., Nucleic Acids Research (1982) 10,
6487-6500, Wang, A. et al., Science 224, 1431-1433,
Dalbadie~McFarland, G. et al., Prog. Natl. Acad. Sci. USA
{1982y 79, 6409~6413). Specifically, in general, a
certain polypeptide igs allegedly highly likely to
maintain its activity when an amino acid seguence
constituting the polypeptide is substituted by another
amino acid clagsified in the same group thereas.
[0059]
Method for producing antibody

The anti-CLDN6é antibody of the present invention can

be obtained using means known in the art. The anti-CLDNG



antibody of the present invention is particularly
preferably a mammal-derived monoclonal antibody. The
mammal-derived monoclonal antibody encompasses, for
example, those produced from hybridomas and those
produced by hosts transformed with antibody gene-
containing expression vectors through a genetic
engineering approach.

[0060]

The monoclonal antibody-producing hybridomas can be
prepared using a technique known'in thé art, for example,
as fqllows: first, animals are immunized with CLDNG
protéins, CLDN6-expressing cells, or CLDN6-encoding genes
as sensitizing antigens according to a usual immunization
method. Immunocytes obtained from the immunized animals
are fused with parental cells known in the art by a usual
cell fusion method to obtain hybridomas. From these
hybridomas, cells producing the antibody of interest can
further be screened by a usual screening method to select
the hybridomas producing the anti-CLDN6 antibody.

[0061] )

Specifically, the monocleonal antibody is prepared,
for example, as shown below. First, CLDNG genes can be
expressed to obtain CLDN6 proteins used as sensitizing
antigens for antibody obtainment. The nucleotide
sequence of the human CLDN6 gene used can be obtained
from a sequence disclosed in, for example, GenBank

Accession No. NM _021195.3 (SEQ ID NO: 23) or NM _021195.4
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(SEQ ID NO: 47). Specifically, the CLDNE&-~encoding gene
sequence is inserted into expression vectors known in the
art, with which appropriate host cells are then
transformed. Then, the human CLDN6 proteins of interest
can be purified from the host cells or a culture
supernatant thereof by a method known in the art.
Moreover, purified natural CLDN6 proteins may be uséd
similarly. The purification can be performed by using a
plurality of usual chromatography technigues such as ion
chromatography and affinity chromatography alone or in
combination at single or a plurality of runs. Moreover,
the degired partial polypeptide of the CLDN& protein is
fused with a different polypeptide to prepare a fusion
protein, which can in turn be used as an immunogen. For
example, antibody Fc fragments, peptide tags, and so on
can be used for producing the fusion protein used as an
immuncgen. Vectors for expression of the fusion protein
can be prepared by fusing, in frame, two Or more genes
respectively encoding the desired polypeptide fragments
and inserting this fusion gene into expression vectors in
Lhe same way as above. The method for preparing the
fusion protein is described in Molecular Cloning 2nd ed.
(Sambrook, J. et al., Molecular Cloning 2™ ed., 9.47-
.58, Cold Spring Harbor Labk. Press, 1989).
[0062]

The CLDNG proteins thus purified can be used as

sensitizing antigens used for the immunization of mammals.



Partial peptides of CLDN6 can alsc be used as sensitizing
antigens.
[0063]

The mammals immunized with the sensitizing antigens
are not particularly limited. For obtaining the
monoclonal antibody by the cell fusion method, it is
preferred that the immunized animals should be selected
in consideration of compatibility with the parental cells
'fused in cell fusion. In general, rodents are preferable
as the immunized animals. Specifically, mice, rats,
hamsters, or rabbits can be used as the immunized animals.
In addition, mconkeys or the like may be used as the
immunized animals.

[0064)]

These animals can be immunized with the sensitizing
antigens according to a method known in the art. For
example, a general method can invelve immunizing the
mammals with the sensitizing antigens by intraperitcneal
or subcutanecus injection. Specifically,'the sensitizing
antigens are administered to the mammals several times at
4~ to 21l-day intervals. The sensitizing antigens are
diluted with PBS (Phosphate-Buffered Saline), saline, or
the like at an appropriate dilution ratio and used in the
immunization. Furthermore, the sensitizing antigens can
be administered together with an adjuvant. For example,
the antigens can be mixed with a Freund's complete

adjuvant for emulsification to prepare sensitizing



antigens. Moreover, an appropriate carrier can be used
in the immunization with the sensitizing antigens.
Particularly, when partial peptides having a small
molecular weight are used as the sensitizing antigens, it
is preferred that the sensitizing antigen peptides should
be bound to carrier proteins such as albumin or keyhcle
limpet hemocyanin and used in the immunization.

[0065]

Increase in the amount of the desired antibody in |
the serum of the mammals thus immunized is confirmed.
Then, -immunccytes are collected from the mammals and
subjected to cell fusion. Particularly, spleen cells can
be used as preferable immunocytes.

[0066]

Mammalian myeloma cells are used as cells“fused with
the immunococytes. It is preferred that the myeloma cells
should have an apprdpriate selection marker for screening.
The selection marker refers to a character that can
survive {or cannot survive) under particular culture
conditions. For exampie, hypoxanthine-guanine
phosphoribosyltransferase deficiency (hereinafter,
abbreviated to HGPRTAdeficiency) or thymidine kinase
deficiency (hereinafter, abbreviated to TK deficiency) is
known in the art as the selection marker. Cells having
the HGPRT or TK deficiency is sensitive to hypoxanthine-
aminopterin-thymidine (hereinafter, abbreviated to HAT-

sensitive). The HAT-sensitive cells are killed in a HAT



selective medium because they cannot synthesize DNA. By
contrast, these cells, when fused with normal cells, can
grow even in the HAT selective medium because they can
continue DNA synthesis by use of the salvage pathway of
the normal cells.

[0067]

The cells having the HGPRT or TK deficiency can be
selected in a medium containing 6~thiogﬁanine or 8-
azaguanine (hereinafter, abbreviated to B8AG) for the
HGPRT deficiency or 5'-bromodecoxyuridine for the TK
deficiency. The normal cells are killed in such a medium
because they incorporate these pyrimidine analogs into
their DNAs. By contrast, the cells deficient in these
enzymes can survive in the selective medium because tThey
cannot incorporate the pyrimidine analogs therein. 1In
addition, a selection marker called G418 resistance
imparts, to cells, 2Z2-deoxystreptamine antibictic
{gentamicin analog) resistance via a neomycin resistance
gene. Various myeloma cells suitable for the cell fusion
are known in the art. For example, myeloma cells can be
used, such as P3 (P3x63Ag8. 653) (J. Immunol. (1979¢) 123,
1548~1550), P3x63Ag8U; 1 (Current Topics in Microbiology
and Immunoleogy (1978) 81, 1-7), NS~1 (Kohler. G. and
Milstein, C. Eur. J. Immuncl. (1976) 6, 511-519), MPC-11
{(Margulies. D. H. et al., Cell (1976) 8, 405-415), SpP2/0
{Shulman, M. et al., Nature (1978) 276, 269-270), FO(de

St. Groth, 8. F. et al., J. Immunol. Methods (1880) 35,



1-21), S194 (Trowbridge, I. S. J. Exp. Med. (1978) 148,
313-323), and R210 (Galfre, G. et al., Nature (1979) 277,
131-133) .

[0068]

The cell fusion cof the immunocytes with the myeloma
cells can be performed according to a method known in the
art, for example, the method cf Kohler and Milstein et al.
{Kohler. G. and Milstein, C., Methods Enzymol. (1981 73,
3-46) .

[0069]

More specifically, the cell fusion can be performed,
for example, 1in a usual nutrient culture solution in the
presence of a cell fusion promoter. Fo;”example,
polyethylene lecol {PEG)} or hemagglutinating virus of
Japan (HVJ) can be used as the fusion promoter.
Furthermore, an auxiliary such as dimethyl sulfoxide can
also be added thereto, if desired, for enhancing fusion
gfficiency.

[G070]

The ratio between the immunocytes and the myeloma
cells used can be set arbitrarily. For example, 1t is
preferred that the amount of the immunocytes should be
set to 1 to 10 times that of the myeloma cells. For
example, RPMI1640 or MEM culture solutions suitable for
the growth of the myeloma cell line as well as usual
culture solutions used in this kind of cell culture can

be used as the culture solution used in the cell fusion.



Furthermore, a sclution supplemented with serum (e.qg.,
fetal calf serum (FCS)) can be added to the culture
solution.

[0071]

For the cell fusion, the immunocytes and the myeloma
cells are well mixed in the predetermined amounts in the
culture solution, and the mixture is mixed with a PEG
solution preheated to approximately 37°C to form the
fusion cells (hybridomas) of interest. In the cell
fusion method, fdr example, PEG with an average moclecular
welght on the order of 1000 to 6000 can usually be added
at a concentration of 30 to €60% (w/v). Subsequently, the
appropriate culture solution exemplified above is added
to the hybridomas, and the mixture is centrifuged,
followed by removal of the supernatant. This.procedure
is repeated to remove the cell fusion agents or the like
unfavorable for hybridoma growth.

[co72]

The hybridomas thus‘obtained can be selected by use
of a selective culture solution appropriate for the
selection marker of the myeloma cells used in the cell
fusion. For example, the cells having the HGPRT or TK
deficiency can be selected by culturing the hybridomas in
"a HAT culture solution {(culture sclution containing
hypoxanthine, aminopterin, and thymidine). Specifically,
when HAT-sensitive myeloma cells are used in the cell

fusion, only cells successfully fused with normal cells



can be grown selectively in the HAT culture sclution.

The culture using the HAT culture solution is continued
for a time long enough to kill cells (non~fused cells)
other than the hybridomas of interest. Specifically, the
culture can generally be performed for a few days tc a
few weeks to select the hybridpmas of inﬁerest.
Subsequently, hybridomas producing the antibody of
interest can be screened and cloned as single clones by a
usual limiting dilution method. Alternatively, the
antibody recognizing CLDN6 may be prepared according to a
method described in Internatiocnal Publication No. WO
03/104453. |

[0073]

The screening of the antibody of interest and
cloning as single c¢lones thereof can be perfcrmed
preferably by a screening method based on antigen-
antibody reaction known in the art. For example, the
antigens are bound to .a carrier such as beads made of
polystyrene or the like or a commercially available 96-
well microtiter plate and reacted with the culture
supernatant of the hybridomas. Subsequently, the carrier
is washed and then reacted with enzyme-labeled secondary
antibodies or the like. If the culture supernatant
contains the antibody of interest reactive with the
sensitizing antigens, the secondary antiboedies bind to
the carrier wvia this antibody. Finally, the secondary

antibodies bound with the carrier can bhe detected to



determine the presence of the antibody of interest in the
culture supernatant. The hybridomas producing the
desired antibody capable of binding to the antigen can be
cloned by a limiting dilution method or the like. In
this screening, the CLDNG proteins used in the
immunization or CLDN6é proteins substantially ideﬁtical
thereto can be used preferably as the antigens. For
example, oligopeptides comprising the CLDNG6 extracellular
domain or a partial amino acid seguence constituting this
region can be used as the antigens.

[0074]

Moreover, in addition to the method for obtaining
the hybridomas by immunizing the non-human animals with
the antigens, human lymphcocytes may be sensitized with
the antigens to obtain the antibody of interest.
Specifically, the human lymphocytes are first sensitized
with the CLDN6 proteins in vitro. Subseguently, the
sensitized lymphocytes are fused with appropriate fusion
partners. For example, human-derived myeloma cells
capable of dividing throughcut their lives can be used as
the fusicn partners (see Japanese Patent Publication No.
Heil=-59878). Anti-~CLDN6 antibodies obtained by this
methed are human antibodies.having avidity for the CLDNG
proteins.

[(0075]
Furthermore, the CLDN6 proteing can also be

administered as antigens to transgenic animals having all



repertoires of human antibody genes to obtain anti-CLDNG
human antibodies. Antibody-producing cells from the
immunized animals can be immortalized by treatment such
as cell fusion with appropriate fusion partners or
infection with Epstein-Barr virus. From the immortalized
cells‘thus obtained, human antibodies against the CLDNG
prcteins can be isolated (see International Publication
Nos. WO 94/25585, WO 93/12227, WO 92/03918, and WO
94/02602). Furthermore, the immortalized cells may be
cloned to clone celis proeducing antibodies having the
reaction specificity of interest. When transgenic
animals are uséd as-thé immunized animals, the immune
systems of the animals recognize human CLDNG as foreign
substances. Thus, the human antibodies against human
CLDN6 can be obtained easily. The monoclconal antibody-
producing hybridomas thus prepared can be Subéuitured in
a usual culture éolution. Mecrecver, the hybridomas can
also be stored over a long period in ligquid nitrogen.
[0076] |

Also, a technigue for obtaining human antibodies by
panning using human antibody libraries 1s known. For
example, human antibody V regions are expressed as single
chain antibodies (scFvs) on phage surface by a phage
display method, and phages binding to the antigen can be
selected. The selected phages can be subjected to gene
analysis to determine DNA sequences encoceding the human

antibody V regions binding to the antigen. The thus-



determined DNA seqguences of the scFvs (V regions} binding
to the antigen are then fused in frame with the sequences
of the.desired human antibody C regions, and the fusion
products can then be inserted into appropriate expression
vectors to prepare expression vectors. The expression
vectors are incorporated into the preferable expression
cells exemplified above, which can then be caused to
express the human antibody-encoding genes to obtain human
antibodies. These methods are already known in the art
(International Publication Nos. WO 92/01047, WO 92/20791,
WO ©93/06213, WO 93/11236, WO 93/19172, WO 25/01438, and
WO 95/15388).

[0077]

The hybridomas are cultured according to a usual
method, and the monoclional antibody of interest can be
obtained from the culture supernatant thereof.
Alternatively, the hybridomas are administered to mammals
compatible therewith and grown, and the moncclonal
antibody can be obtained from their ascitic fluids. The
former method is suitable for obtaining highly pure
antibodies.

[0078]
Recombinant antibody

The antibody of the present invention may be a
recombinant antibody that can be prepared using antibody
genes cloned from antibody-producing cells. The cloned

antibody genes are incorporated into appropriate vectors,



with which hosts can then be transformed and caused tc
express antibodies. Methods for the antibody gene
isolation, the introduction into vectors, and the
transformation of host cells have already been
established {(see e.g., Vandamme, A. M. et al., EBur. J.
Biochem. (1990} 182, 76€7-775)}.

[0079]

For example, cDNAs encoding the variable regions (V
regions) of the anti«CLDN6 antibody can be obtained from
anti-CLDN6 antibody-producing hybridoma cells. Fcr this
purpose, usually, total RNAs are first extracted from the
hybridomas. For example, a guanidine ultracentrifugation
method (Chirgwin, J. M. et al., Biochemistry (1979) 18,
5294~5299) or an AGPC method (Chomczynski, P. et al.,'
Anal. Biocchem. (1987) 162, 156-15%}) can be used as a
method for mRNA extraction from the cells.

[0080]

The extracted mRNAs can be purified using mRNA
Purification Kit (manufactured by GE Healthcare Bio-
Sciences Corp.) or the like. Alternatively, a kit for
directly extracting total mRNAs from cells 1is also
commercially available, such as QuickPrep mRNA
Purification Kit (manufactured by GE.Healthcar@ Bio-
Sciences Corp.). Total mRNAs may be cobtained from the
hybridomas using such a kit. From the obtained mRNAs,
antibody V reglon-encoding c¢DNAs can be synthesized using

reverse transcriptase. The c¢DNAs can be synthesized



using AMV Reverse Transcriptase First-strand cDNA
Synthesis Kit (manufactu&ed by SEIKAGAKU CCORP.) or the
like. Moreover, 5'-Empli FINDER RACE Kit (manufactured
by Clontech Laboratories, Inc.) and 5'-RACE PCR (Frohman,
M. A. et al., Proc. Natl. Acad. Sci. USA (1288) 85, 8998~
9002; and Belyavsky, A. et al., Nucleic Acids Res. (1988)
17, 2919~2932)mcan be used for the cDNA synthesis and
amplification. Furthermore, appropriate restriction
sites described later can be intrecduced intc both ends of
the ¢DNAs in the course of such cDNA synthesis.

[0081]

From the obtained PCR products, the c¢DNA fragments
of interest are purified and subsequently ligated with
vector DNAs. The reccmbinant vectors thus prepared are
introduced into E. coli or the like. After colony
selection, the desired recombinant vectors <an be
prepared from E. coli that has formed the colony. Then,
whether or not the recombinant vectors have the
nucleotide sequence of the cDNA of interest can be
confirmed by a method known in the art, for example, a
dideoxynuclectide chain termination method.

[0082]

PCR using primers for variable region gene
amplification may be used for obtaining the variable
region-encoding genes. First, cDNAs are synthesized with
the extracted mRNAs as templates to obtain cDNA libraries.

A commercially available kit is conveniently used in the



¢DNA library synthesis. In actuality, mRNAs from only a
small number of cells are obtained in very small amcunts.
Therefore, direct purification thereof gives low yields.
Thus, carrier RNAs shown to be free from antibody genes
are usually added thereto, followed by purification.
Alternatively, when RNAs cén be extracted in given
amounts, efficient extraction can be achieved only using
those from the antibody-producing cells. The addition of
the carrier RNAs may be unnecessary for RNA extraction
from, for example, 10 or more or 30 or more, preferably
50 or more antibody—producing cells.

[0083]

The antibody génes are amplified by PCR with the
obtained cDNA libraries as templates. Primers for the
PCR amplification of the antibcdy genes are known in the
art. For example, primers for human antibody gene
amplification can be designed based on the disclcsure of
the paper (J. Mcol. Biel. (1991) 222, 581-597) or the like.
These primers héve a nuclgotide seguence differing on an
immunoglobulin subclass basis. Thus, when cDNA libraries
whose subclass is unknown are used as templates, PCR is
performed in consideration of every possibility.

(0847

Specifically, for example, for the purpose of
obtaining human IgG-encoding genes, primers can be used,
~which are capable of amplifying genes encoeding yl to 5

heavy chains and x and A light chains. For amplifying



IgG variable region genes, 3' primers are generally used,
which anneal to a portion corresponding to the hinge
region. On the other hand, primers appropriate for each
subclass can be used as 5' primers.

[0085]

The PCR products cbtained from the gene
amplification primers appropriate for these heavy and
light chain subclasses are prepared as their respective
independent libraries. The libraries thus synthesized
can be used to reshape immuncglobulins comprising the
heavy and light chains in combination. The antiboedy of
interest can be screened with the avidity of the reshaped
immunoglobulins for CLDNée as an indicator. -

[0086]

A panning method using phage vectcrs may be used in
the antibody screening with the avidity as an indicator.
The screening method using phage vectors is advantageocus
when the antibody genes are obtained as libraries of
heavy and light chainssubclasses as described above,.
Heavy chain variable region- and light chain variable
region-encoding genes can be linked through an
appropriate linker seguence to prepare single chain Fv
(scFv)-encoding genes. The scFv-encoding genes can be
inserted into phage vectors to obtain phages expressing
scFv on the surface. DNAs encoding scFvs having the
avidity of interest éan be collected by contacting these

phages with the antigens of interest and collecting the



antigen-bound phages. This procedure can be repeated, if
desired, to coﬁcentrate the scFvs having the avidity of
interest.

[0087]

The ¢DNAs encoding the V regions of the anti-CLDNé
antibody of interest are thus obtained and then digested
with restriction enzymes that recognize the restriction
sites inserted in both ends of the c¢DNAs. Preferable
restriction enzymes recognize and digest nucleotide
sequences that appear with low possibility in the
nucleotide segquences constituting the antibody genes.
Furthermore, restriction enzymes that offer a sticky end
are preferable for inserting one copy of the digested
fragment in the correct orientation into a vector. The
anti-CLDN6 antibody V region-encoding c¢DNAs thus digested
can be inserted into éppropxiate expression vectors to
obtain antibody expression vectors. In this case,
antibody constant region (C iegion)~encoding genes can be
fused in frame with the V region-encoding genes to obtain
whole antibodies.

[0088]

For producing the anti-CLDN6é antibody of the present
invention, the antibody genes can be incorporated in the
eXpression vectors such that they are expressed under the
control of expression control regions. The expression
control regions for antibedy expression encompass, for

example, enhancers and promoters. Subsequently,
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appropriate host cells can be transfected with the
expression vectors to obtain recombinant cells expressing
the anti-CLDN6 antibody-encoding DNA.

[0089]

For the antibody gene expression, the antibody heavy
chain (H chain)- and light chain (L chain)-encoding DNAs
can be incorporated separately in different expression
vectors. The same host cell can be co-transfected with
the H chain- and L chain-incorpcrated vectors and thereby
caused to express antibody molecules comprising H and L
chains. Alternatively, the H chain- and L chain-encoding
DNAs may be incorperated in single expression vectors,
with which host cells are transfected (see International
Publication Ne. WO 24/11523).

[0090]

The hosts and the expression vectors for temporarily
isclating the antibody genes and introducing them into
appropriate hosts for antibody preparation are known in
the art as many combinations. All of these expression
systems can be applied to the present inventicn. When
eukaryotic cells are used as the hosts, animal, plant, or
fungus cells can be used. Specifically, examples of the
animal cells that can be used in the present invention
include mammalian cells (e.g., CHO, COS, myeloma, BHK
(baby hamster kidney), Hela, and Vero cells), amphibian
cells (e.g., Xenopus oocytes), and insect cells (e.g.,

sf9, sf21, and Tnb cells).



[0091]

Alternatively, for the plant cells, antibody gene
expression systems are known in the art, which involve
cells derived from the genus Nicotiana (e.g., Nicotiana
tabacum). Cultured callus cells can be used in the plant
cell transformation.

[0092]

Furthermore, cells derived from the genus
Saccharomyces (e.g., Saccharomyces cerevisiae), the genus
Pichia (e.g., Pichia pastoris), the genus Aspergillus
{e.qg., Aspergillué niger), or the like can be used as the
fungus cells.

[0093]

Alternatively, antibody gene expression systems
using prokaryotic cells are also known in the art. For
example, when'bacterial cells are used, bacterial cells
derived from E. coli, Bacillus subtilis, or the like can
be used in the present inventicn.

[0094]

When the mammalian cells are used, expression
vectors can be constructed, which comprise a useful
promoter routinely used, the antibody gene to be
expressed, and a poly A signal located 3'-downstream
thereof, which are functionally ligated. Examples of the
promoter/enhancer can include a human cytomegalovirus
immediate early promoter/enhancer.

[0C95]



Moreover, other examples of the promoter/enhancer
that can be used in the expression of the antibody of the
present invention include virus promoters/enhancers and
mammalian cell-derived promoters/enhancers (e.g., human
elongation factor lo (HEFla)). Examples of the viruses
whose promoter/enhancer can be used can specifically
include retrovirus, polyomavirus, adenovirus, and simian
virus 40 (8V40).

[0096]

The SV40 promoter/enhancer can be used according to
the method of Mulligan et al. (Néture (1979 277, 108).
Morecover, the HEFla prométer/enhancer can be used easily
in the gene expression of interest by the method of
Mirzushima et al. (Nucleic Acids Res. (1990) 1&, 5322).
(0087}

For the E. coii, a useful promoter routinely used, a
signal seguence for antibody secretion} and the antibody
gene Lo be expréssed can be ligated functicnally for the
gene expression. Examples of.the ?romoter can include
lacZ and araB promoters. The lacZ promoter can be used
according to the method of Ward et al. (Nature (198%) 341,
544-546; and FASEBJ. (1992) 6, 2422-2427). Alternatively,
the araB promoter can be used in the gene expression of
interest by the method of Better et al. (Science (1988)
240, 1041-1043).

[0098]



When antibodies are broduced in E. coli periplasm, a
pelB signal seqguence (Lei, 8. P. et al., J. Bacteriol.
(1987) 169, 4379) may be used as the signal seguence for
antibody secretion. Then, the antibodies produced in the
periplasm are separated and then refolded by use of
protein denaturants such as urea and guanidine
hydrochloride such that they have the desired avidity.
[0099]

A replication origin derived from $SV40, polyomavirus,
adenovirus, bovine papiliomavirus (BPV), or the iike can
be used as a replication origin inserted in the
expression vectors. Furthermore, a selection marker can
be inserted in the expression vectors for increasing a
gene copy number in the host cell systems. Specifically,
selection markers can be used, such as aminogilycoside
phosphotransferase (APH), thymidine kinase (TK), E. coll
xanthinewguaniﬁe phosphoribosyltransferase (Ecogpt), and
dihydrofolate reductase (dhfr) genes.

(0100}

The host cells are transformed with these expression
vectors, and the transformed host cells are cultured in
vitro or in vivo to produce the antibody of interest.

The culture of the host cells is performed according to a
method known in the art. For example, a DMEM, MEM,
RPMI1640, or IMDM culture solution can be used and may be
used in combination with a sclution supplemented with

serum such as fetal calf serum (FCS).



[0101]

The antibodies thus expressed and produced can be
purified by using, alone or in appropriate combination,
usual protein purification methods known in the art. For
example, affinity or chromatography columns (e.g.,
protein A cclumns), filters, ultrafiltration, salting-out,
and dialysis can be selected and combined appropriately
to separate and purify the antibodies (Antibodies A
Laboratory Manual. Ed Harlow, David Lane, Cold Spring
Harbor Laboratory, 1988).

[0102]

Moreover, in addition to the host cells, transgenic
animals can also be used in the recombinant antibody
production. Specifically, the antibody of interest can
be obtained from animals transfected with the genés
encoding this antibody. For example, the antibody genes
can be inserted in frame into genes encoding proteins
specifically produced in milk to construct fusion genes.
For example, goat P casein can be.uéed as_the proteins
secreted into milk. DNA fragmehté.containing the fusion
genes having the antibody gene insert are injected into
goat embryocs, which are in turn introduced into female
goats. From milk produced by transgenic ggeats (or
progeny thereof) brought forth by the goats that have
received the embryos, the desired antibody can be
obtained as a fusion protein with the milk protein.

Moreover, in the transgenic goats, hormone can be used
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appropriately for increasing the amount of milk
containing the desired antibody produced from the
transgenic goats (Ebert, K. M. et al., Bio/Technology
(1994) 12, 699-702).

[0103]

Antibody having modified sugar chain

The anti~CLDN6é antibody of the present invention may
be an antibody'having a modified sugar chain. It is
known that the cytotoxicity of antibodies can be enhanced
by modifying their sugar chains.

[0104]

Examples of the antibody having a modified sugar
chain according to the present invention can include
antibodies having modified glycosylation (WO 99/54342,
etc.), antibodies deficient in fucose added to their
sugar chéins {WO 00/61739, WO 02/31140, WO 2006/067847,
WO 2006/067913, etc.), and antibodies having a sugar
chain having bisecting GilcNAc (WO 02/79255, etc.).

[0105]

Preferable examples of the antibody having a
modified sugar chain can include fucose-deficient
antibodies. Sugar chains binding to antibodies are
classified into: an N-glycoside-linked sugar chain which
binds to an N atom in the side chain of asparagine of an
antibody molecule; and an O-glycesyl-linked sugar chain
which binds to a hydroxyl group in the gide chain of

serine or threonine of an antibody molecule. In the
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present invention, the presence or absence of fucose is
of importance to the N-glycecside-linked sugar chain.
F0106]

In the present invention, the fucose-deficient
antibodies meais that 20% or more, preferably 50%.ox more,
more preferably 70% or more, even more preferably 20% or
more, of the N-glycoside-linked sugar chains of
antibodies in a composition are deficient in fucose.
[0107]

The fucose-deficient antibodies can be prepared by a
method generally known by those skilled in the art and
can be produced, for example, by causing antibodies to be
expressed in host cells having no or a little ability to
add a-1,6 core fucose. Examples of the host cells having
no or a little ability to add fucose can include, but not
particularly limited to, rat myeloma
YBZ/3HL.P2.G11.16Ag.20 cells (abbreviated to ¥B2/0 cells)
(recorded as ATCC CRL 1662), FTVIII-knockout CHO cells
(Wb 02/31140), Lecl3 cells {WO 03/035835), and fucose
transporter-deficient cells (WO 2006/067847 and WO
2006/067913) .

(01081

The sugar chains can be analyzed by a method
generally‘known by those skilled in the art. For example,
the sugar chains are released from the antibodies by the
action of N-glycosidase F (Roche Diagnostics GmbH) on the

antibodies. Then, the sugar chains are desalted by



solid-phase extraction using a cellulose cartridge
(Shimizu Y. et al., Carbohydrate Research 332 (2001),
381-388), then concentrated to dryness, and fluorescently
labeled withi2—aminopyridine (Kondo A. et al.,
Agricultural and Biological Chemistry 54: 8 (1980}, 2169-
2170). From the obtained PA-sugar chailns, the reagent is
removed by solid-phase extraction using a cellﬁlose
cartridge, and the resulting sugar chains are then
éoncentrated by centrifugation to prepare purified PA-
sugar chains. Then, the sugar chains can be assayed by
reverse-phase HPLC analysis on an ODS column.
Alternatively, the PA?sugar chains thus prepared may be
analyzed by two-dimensional mapping using reverse-phase
HPLC analysis on an ODS column and normal phase HPLC
analysis on an amine column in combination.
[0109]
Chimeric antibody and humanized antibody

Other preferable aspects of the antibody cf the
present invention can include chimeric and humanized
antibodies. The chimeric antibodies refer to antibodies
comprising regions of different origins ligated with each
other. In general, the chimeric antibodies comprise non-
human animal-derived antibody V regions and human
antibody-derived C regions. For example, mouse-human
heterogeneous chimeric antibodies consist of mouse
antibody heavy and light chain variable regions and human

antiboedy heavy and light chain constant regions.



(01107

By contrast, the humanized antibodies comprise non-
human animal-derived antibody complementarity determining
regions (CDRs), human antibody-derived framework regions
(FRs), and human antibody-derived C regions.  The
humanized antibodies possess reduced antigenicity in
human bodies and are therefcre useful as active
ingredients for a therapeutic agenﬁwof the present-
invention. The humanized antibodies are also called
reshaped human antibodies. Specifically, for example,
humanized antibodies are known in the art, which are
obtained by grafting non-human animal {(£.g., mouse)
antibody CDRs inte human antibodies.  General gene
recombination approaches for obtaining the humanized
antibodies are also known.

(0111}

Specifically, for example, Overlap Extension PCR is
known in the art as the method for grafting mouse
antibody CDRs into human FRs. In the Cverlap Extensioﬁ
PCR, nucleotide seguences encoding the mouse antibody
CDRs to be grafted are added to primers for human
antibody FR synthesis. The primers are prepared for each
of the 4 FRs. In the mouse CDR grafting into the human
FRs, in general, human FRs highly homelogous to mouse FRs
are allegedly selected advantagéously for maintaining the
CDR functions. Specifically, human FRs are generally

preferably used, which comprise amino acid seqguences



highly homologous to those of the FRs adjacent to the
mouse CDRs to be grafted.
[0112]

Moreover, nucleotide sequences to be ligated are
designed such that they are connected in frame. The
human FRs are individually synthesized using the‘primers
specific therefor. As a result, products are obtained,
which comprise the mouse CDR-encoding DNA added to each
FR-encoding sequence. The mouse CDR-encoding nucleotide
seguence in each product is designed such that the
nucleotide sequence overlaps with ancther. Subsequently,
the overlapping CDR porticns in the products synthesized
with human antibody genes as templates are annealed to
each other for complementary strand synthesis reaction.
Thraugh this reaction, the human FR seguences are ligated
via the mouse CDR seguences.

[0113]

Finally, the full length of the gene of the V region
comprising 3 CDRs and 4 FRs ligated is amplified with
primers that anneél té the 5' or 3' end thereof and
comprise the added sequences of appropriate restriction
sites. The DNA thus obtained and human antibody C
région—encoding DNA can be inserted into expression
vectors such that they are fused in frame to prepare
vectors for human antibody expression. The gene-
incorporated vectors are introduced into hosts to

establish recombinant cells, which are then cultured and



caused to express the humanized antibody-encoding DNA to
produce the humanized antibodies into the culture
products of the cultured cells (see European Patent
Publication No. EP 239400 and International Publication
No. WO 96/02576).

(0114}

The humanized antibodies thus prepared can be
evaluated for their avidities for the antigens by
gqualitative or guantitative assay to preferably select
human antibody FRs that allow, when ligated via CDRs, the
CDRs to form a favorable antligen-binding site. If
necessary, FR aminc acid residue(s) can be substituted
such that the CDRs of the reshaped human antiboedy form an
appropriate antigen-binding site. For example, an amino
acid segquence mutation can be introduced in FR by
applying the PCR used in the mouse CDR grafting into the
human FRs. Specifically, a mutation of a partial
nucleotide sequence can be introduced in the primers
annealing to the FR nucleotide sequence. The FR
nucleotide éequence synthesgized using such primers has
been mutated. Variant antibodies having the substituted
amino acid({s) can be evaluated for their avidities for
the antigens by the same assay as above to select variant
FR sequences having the desired property fSato, K. et al.,
Cancer Res, 1993, 53, 851-856).

[0115]



Human antibody C regions are used as the C regions
of the humanized antibodies. Cyl, Cy2, Cy3, Cy4, Cu, C§,
Cal, Ca2, Cs, and the like can be used as H chain C
regions, and Ck, CA, and the like can be used as L chain
C regions. Moreover, the human antibody C regions may be
modified for improving the stability of the antibody
itself or its production. Any isotype of human
antibodies such as IgG, IgM, Igh, IgE, and IgD may be
used as the human antibodies ﬁsed in humanization. In
.the present invention, IgG is preferably used. IgG such
as IgGl, IgG2, IgG3, or IgG4 can be used.

[0116]

For the humanized antibodies thus prepared, amino
acid(s) in their variable (e.g., CDR or FR} or constant
regions may be subjected to, for example, substitution
with another aminoc acid, deletion, addition, and/or
insertion. The humanized antibodies of the present
invention also encompass such humanized antibodies that
have undergone amino acid substitution or the like.
[0117]

Bivalent antibody, low-molecular-weight antibody, and
modified antibody

The anti-CLDN6 antibody of the present invention
encompasses not only bivalent antibodies typified by IgG
but also monovalent antibodies or polyvalent antibodies
typified by IgM as long as they bind to the CLDN6é protein.

The polyvalent antibodies of the present invention



encompass polyvalent antibodies having a plurality of
antigen-binding sites, all of which are the same or some
or all of which are different.

[0118]

Moreover, the antibody of the present invention is
not limited to whole antibedy molecules and may be a low-
molecular-welght antibody or a modified form therecf as
long it binds to the CLDN6 protein.

[0119]

The low-molecular-~weight antibody encompasses
antibody fragments deficient in a portion of the whole
antibody (e.g., whole IgG). Such partizl deficiency of
the antibody molecule is accepted as long as the
resulting antibody fragments are capable of binding to
the CLDN6 antigen. It is preferred that the antibody
fragment according to the present invention should
contain one or both of a heavy chain variable ﬁégi@n (VH)
and a light chain variable region (VL). The amino acid
sequence of VH or VL can contain substitution, deletion,
addition and/or.insertidn. Furthermore, the antibody
fragment of the present invention may be deficient in a
portion of one or both ¢f VH and VL as long as it is
capable of binding to the CLDN6 antigen. Moreover, the
variable regions may be chimerized or humanized.
Specific examples of the antibody fragment can include
Fab, Fab', F(ab')2, and Fv. Moreover, specific examples

of the low-molecular-weight antibody can include Fab,



Fab', F(ab')2, Fv, and scFv (single chain Fv}, Diabody,
and sc(Fv)2 (single chain (Fv)2). Mulﬁimers (e.g.,
dimmers, trimers, tetramers, and polymers} of these
antibodies are also encompassed by the low-molecular-
weight antibody of the present invention.

[0120]

These fragments of the antibody can be obtained by
enzymatically treating the antibody to form antibody
fragments. For example, papain, pepsin, or plasmin is
known in the art as the enzyme for forming the antibody
fragments. Alternatively, genes encoding these antibody
fragments can be constructed, then introduced into
expression vectors, and then expressed in appropriate
host cells (see e.g., Co, M. S. et al., J. Immuncl.
(1994) 1h2, 2968-2%76¢, Better, M. & Horwitz, A. H.
Methods in Enzymology (1889} 178, 476-496, Plueckthun, A.
& ‘Skerra, A. Methods in Enzymology (1889) 178, 476-49¢,
Lamoyi, E., Methods in Enzymology (1989) 121, ©652-663,
Rousseaux, J. et al., Methods in Enzymology (1989 121,
663-669, and Bird, R. E. et al., TIBTECH (1891} 9, 13Z-
137).

[0121]

The Diabody refers to a bivalent antibody fragment
constructed by gene fusion (e.g., Holligér P et al., Proc.
Natl. Acad. Sci. USA 90: 6444-6448 (1993), EP 404,087,
and WO 83/11161). The Diabody is a dimer comprising two

polypeptide chains. Usually, each of the polypeptide



chains constituting the dimer comprises VL and VH linked
via a linker on the same chain. The linker in the
Diabody is generally too short to allow paring between VL
and VH on the same chain. Specifically, the number of
amino acid residues constituting the linker is, for
example, approximately 5 residues. Therefore, VL and VH
encoded on the same polypeptide chain cannot together
form a single chain variable region fragment. Instead,
they pair with the complementary domains of another
single chain variable region fragment to form a dimer.
As a result, the Diabody has two antigen~binding sites.
(0122}

The scFv is obtained by linking an H chain V region
and.an L chain V region of the antibody. In the scfv,
the H chain V region and the 1L chain V region is linked
via a linker, preferably, a peptide linker (Huston, J. S.
et al., Proc. Natl. Acad. Sci. U.S.A, 1988, 85, 5879-
5883). The H chain V region and the L chain V region in
the scFv may be derived from any of those described as
antibodies in the present specification. The peptide
linker that links the V regions is not particularly
limited. .For example, an arbitrary single chain peptide
of approximately 3 to 25 residues can be used as the
linker.

[0123]
The sc(Fv)2 is a low-molecular-weight antibody

having a single chain comprising two VHs and two VLs



linked wvia linkers or the like (Hudson et al., J Immunol.
Methods 1999; 231: 177-189). The sc(Fv)2 can be prepared,
for example, by linking scFvs via a linker.

[0124]

Furthermore, the antibody cf the present invention
may be used as a modified antibody comprising various
molecules (e.g., polyethylene glycol (PEG)) bound thereto.
Such a modified antibedy can be obtained by chemically
modifying the antibody of the present invention. A
method for the antibody modification has already been
established in the art.

[0125]

Furthermore, the antibody ¢f the present invention
may be a bispecific antibody. The bispecific antibody
refers to an antibody having, in the same antibody
molecule, variable regions that recognize different
epitopes. The epitopes may be located in different
molecules or may be logﬁted in the same molecule.
Specifically, in the pfésent inventicn, the bispecific
antibody can have antigen-binding sites that recognize
different epitopes on the CLDN6 protein. Thus, two such
bispecific antibody molecules can bind to one CLDNG6
mol@cﬁle. As a result, stronger cytotoxic effect can be
expected. These antibodies are also encompassed by the
"antibody"'according to the present invention.

[01l2¢6]



Moreover, in the present invention, a bispecific
antibedy that recognizes an antigen other than CLDNE can
be combined therewith. For example, the bispecific
antibody that can be combined therewith fécognizes an
antigen that is specifically expressed on the surface of
a target cancer cell, as with CLDN6, but is different
from CLDNG.

[0127]

A method for producing the bispecific antibody is
known in the art. For example, two antibodies differing
in antigen recognized thereby can be bound to prepare the
bispecific antibody. Each of the antibodies bound may be
a 1/2 molecule having H and L chains or may be a 1/4
molecule consisting of H chains. Alternatively,
different monoclonal antibody-producing hybridomas can
also be fused to prepare fusion cells producing
bispecific antibodies. Furthermore, the bispecific
ahtibody can be prepared by a genetic engineering
approach. |
[0128]

Pharmaceutical compositicn

The present invention provides a pharmaceutical
composition comprising the anti-CLDN& antibody as an
active ingredient. Moreover, the present invention
relates to an anticancer agent comprising the anti-CLDNG
antibody as an active ingredient. It is preferred that

the anticancer agent of the present invention should be



administered to a subject suffering from cancer or having
a possibility of cancer recurrence.
[0129]

Moreover, in the present invention, the anticancer
agent comprising the anti—CLDNG antibody és an active
ingredient can also be expressed as a method for
preventing or treating cancer, comprising the step of
administering the anti-CLDN6 antibody to a subject, or as
use of the anti-CLDN6G antibody for producihg an
anticancer agent.

[0130]

The type of the cancer treated with the anticancer
agent of the present.invention is not particularly
limited and is usually cancer expressing the CLDN6
proteins, preferably lung adenccarcinoma, gastric cancer,
or ovarian cancer. Moreover, the type of the cancer
treated with the anticancer agent of the present
invention is more preferably, but nct particularly

limited to, cancer highly expressing the CLDN6 proteins.

In the present invention, the phrase "comprising the
anti-CLDN6 antibody as an active ingredient" means
comprising the anti-CLDN6é antibody as a principal active
ingredient and does net limit the content of the
monoclonal antibody.

[0132]



Furthermore, the pharmaceutical composition, cell
growth inhibitor, or anticancer agent according to the
present invention can be formulated, if necessary, with
plural types of antibodies. For examplé, the cytotoxic
effect on CLDNé~expressing celié can probably be enhanced
by preparing a cocktail containing a plurality of anti~
CLDN6é antibodies. Alternatively, the therapeutic effect
can also be enhanced by formulating therein the anti-
CLDN6 antibody as well as antibodies that recognize other
tumcr-related antigens.

[0133]

The pharmaceutical composition, cell growth
inhibitor, or anticancer agent of the present invention
can be administered either orally or parenterally to a
patient. Parenteral administration is preferable.
Specific examples of the administration method include
injection, transnasal, pulmonary, and transdermal
administrations. Examples of the injection
administration include intravenous, intramuscular,
intraperitoneal, and subcutaneous injections, through
which the pharmaceutical composition of the present
invention can be administered systemically or locally.
Moreover, the administration method can be selected
appropriately according to the age or symptoms of the
patient. The dose thereof can be selected from among a
dose range cf, for example, 0.0001 mg to 1000 mg per kg

body weight per dosing. Alternatively, the dose can be



selected from among a range of, for example, 0.001 to
100000 mg/body per patient. However, the pharmaceutical
composition of the present invention is not limited to
these doses.

[0134]

The pharmaceutical composition of the preéent
invention can be.formuiated according to a standard
method (e.g., Remington's Pharmaceutical Science, lates£
edition, Mark Publishing Company, Easton, U.S5.A) and may
additionally contain pharmaceutically acceptable carriers
or additives. Examples thereof include, but not limited
thereto, surfactants, excipients, coloring agents,
flavoring agents, presexrvatives, stabilizers, buffers,
suspending agents, tonicity agents, binders,
disintegrants, lubricants, flow promoters, and corrigents.
Other carriers routinely used can be used appropriately.
Specific examples of the carriers can include light
anhydrous silicic acid, lactose, crystalline cellulose,
mannitol, starch, carmellose calcium, carmellose sodium,
hydroxypropylcellulose, hydroxypropylmethylcellulose,
polyvinyl acetal diethylamincacetate, polyvinyl
pyrrolidone, gelatin, middle chain fatty acid
triglyceride, polyoxyethylene hydrogenated castor oil 60,
white sugar, carboxymethylcellulcse, corn starch, and
inorganic salts.

[0135]
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Moreover, the present invention provides a method
for causing damage to CLDN6-expressing cells or
inhibiting the growth thereof, comprising contacting the
CLDNG-expressing cells with the anti-CLDN& antibody.. The
anti~CLDNG antibody is as described above. The cells to
which the anti-CLDN6 antibody binds are not particularly
limited as long as they express CLDN6. In the present
invention, the CLDN6-expressing cells are preferably
cancer celis. Preferable examples of the cancer cells
can include lung adenccarcincma cells, gastric cancer
cells, and ovarian cancer cells.

[0136]

In the present invention, the "contact" may be
performed in vitro or in vivo. For example, the contact
ig performed by adding the antibedy to a culture sclution
of CLDNG6-expressing cells cultured in a test tube. In
this case, forms such as solutions or solids obtained by
freeze-drying or the like can be used appropriately as
‘forms of the antibody added. When the antibody is added
as an agueous solution, the agueous sclution may purely
contain only the antibody or may additicnally contain,
for example, the surfactants, excipients, coloring agents,
flavoring agents, preservatives, stabilizers, buffers,
suspending agents, tonicity agents, binders,
disintegrants, lubricants, flow'promoters, corrigents
described above. The concentration of the antibody added

is not particularly limited. Preferably, a range of 1



pg/ml to 1 g/ml, more preferably 1 ng/ml to 1 mg/ml, e%en
more preferably l.pg/ml to 1 mg/ml can be used preferably
in terms of a final concentration in the culture solution.
[0137]

In a further alternative aspect of the present
invention, the "contact" is also performed by
administering the anti-CLDN6 antibody to non-human
animals implanted with CLDN6-expressing cells in their
bodies or animals endogenously having cancer cells
expressing CLDNG. A method for the administration can be
performed either’orally or parenterally. An
administration method through parenteral administration
is particularly pféferable. Specific examples of the
administration method include injection, transnasal,
pulmonary, and transdermal administrations. Examples of
the injection administration incliude intravenous,
intramuscular, intraperitoneal, and subcutaneous
injections, through which the pharmaceutical composition,
cell growth inhibitor, or anticancer agent of the present
invention can be administered systemically or locally.
Moreover, the administration method can be selected
appropriately according to the age or symptoms of the
animal subject. When the antibody is administered as an
agueous solution, the agueous solution may purely contain
only the antibody. or may additionally contain, for
example, the surfactants, excipients, coloring agents,

flavoring agents, preservatives, stabllizers, buffers,
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suspending agents, tonicity agents, binders,
disintegrants, lubricants, flow promoters, and corrigents
described above. The dose thereof can be selected from
amonyg a dose range of, for example, 0.0001 mg to 1000 mg
per kg body weight per dose. Alternatively, the dose can
be selected from among a range of, for example, 0.001 to
100000 mg/bedy per patient. However, the antibody of the
present invention is not limited to these.doses.

[0138]

Diagnostic method

The present invention further provides a method for
diagnosing cancer using the anti-CLDN6 antibody. The
cancer diagnosed by the method of the present invention
is not particularly limited as long as it expresses CLDNG.
The cancer is pﬁeferably lung adenocarcinoma, gastric
cancer, ©r ovarian cancer.

[0139]

The diagnostic method of the present invention may
be performed in vitro or in vive. Preferably, the
diagnostic method is performed in vitro.

[0140]

The method for diagnosing cancer using the anti-
CLDN6 antibody of the present invention is, for example,
a method comprising the following steps:

' (a) providing a sample collected from a subject; and
{b) detecting a CLDN6 protein contained in the sample

collected in the step (a).



[0141]

In the present invention, the detection encompasses
gquantitative or gualitative detection. The gualitative
detection encompasses, for example, assay on the presence
or absence of the CLDNé protein, assay on the presence or
absence of more than é predetermined émount of the CLDN6
protein, and assay comprising comparing the amount of the
CLDN6 protein with that contained in another sample (e.g.,
a control sample). The guantitative assay encompasses,
for example, measurement of a CLDNG protein concentration
and measurement of the amount of the CLDNG protein.

[0142]

The tTest sample according To the present invention
is nct particularly limited as long as it is a sample
likely to contain the CLDN6é protein. Specifically,
samples collected from living bodies such as mammals are
preferable. Samples collecﬁed ffom humans are more
preferable. Specific examples of the test sample can
include blood, interstitial fluid, plasma, axtravascular
fluid, cerebrospinal fluid, synovial fluid, pleural fluid,
serum, lymph, saliva, urine, and tissues. The sample is
preferably a preparation on which tissues or cells
collected from living bodies are immobilized, or a.sample
ocbtained from the test sample, such as a cell culture
sclution.

[0143]



- 76 ~-

The CLDNG protein detection can be performed by a
method generally known by those skilled in the art and
can be performed by, fo; example, radioimmuncassay (RIA),
enzyme immuncassay (EIA), fluorescent immuncassay (FIA),
luminescent immunoassay (LIA), immunoprecipitation (IP),
turbidimetric immuncassay (TIA), western blot (WB),
immunohistochemical (IHC) method, or single radial
immuncdiffusion (SRID).»

[0144]

In the present invention, when the CLDN6 protein is
detected (e.g., when a larger amount of the CLDNG protein
is contained in the test sé&ﬁle than in a control sample,
or when more than a predetermined amount of the CLDN6G
protein is contained in the test sample), the subject is
diagnosed as having cancer or highly possibkbly having

cancer.

Examples
[0145]

Hereinafter, the present invention will be described
in more detail with reference to Examples. However, the
present invention is not intended to be limited to these
Examples.

[Cl46]
[Example 1} Analysis of human CLDN6é mRNA expression using

Human Exon 1.0 ST Array
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To elucidate the distribution of human CLDN6 mRNA
expression in clinical cancers, cancer cell liﬁes, and
various normal organs, expression analysis was conducted
using Human Exon 1.0 ST Array (Affymetrix, Inc.)
originally developed for splicing wvariant analysis. The
expression analysis using Human Exon 1.0 8T Array has an
advantage that the Human Exon 1.0 ST Array includes at
least one probe set per exon of é gene compared with
previous expression arrays of Affymetrix, Inc. which
basically ihciude cnly one 3' probe set per gene; thus
the expression analysis of each gene using this array can
provide expression data derived from a plurality of probe
sets per gene, resulting in enhanced reliiability of
expression data per gene.

[0147]

This expression analysis utilized total RNAs derived
from 22 tumor areas of tTissues after resection of lung
adenccarcinoma, 2 normal areas of tissues after resection
of lung adencocarcinoma, 13 tumor areas of tissues after
resection of gastric cancer, 20 tumor areas of tissues
after resection of ovarian cancer, 19 types of lung
adenocarcinoma cell lines, 4 types of small-cell lung
cancer cell lines, 10 types of gastric cancer cell lines,
20 types of ovarian cancer cell lines, and 65 types of
nérmal tissues (purchased from Clontech Laboratories,
Inc., Ambion, Inc., STRATAGENE, Cell APPLICATIONS, Inc.,

Panomics Inc., CHEMICON, and BioChain Institute, Inc.).



[0148]

All the tumor or normal areas of tissues after
resection of clinical cancer (after obtainment of
informed consent) and the cancer cell lines (purchased
from ATCC, JCRB, and Riken BIOSQURCE CENTER CELL BANK)
were subjected to total RNA extraction using Trizol
(Invitrogen Corp.) according to the protocol included in
the product. 1 pug of%each total RNA was used to conduct
the experiment of gene expression analysis according to
GeneChip Whole Transcript (WT) Sense Target Labeling
Assay Manual (Affymetrix, Inc.), and Human Exon 1.0 3T
Array Data was converted inte digital data using ExACT
(Exon Array Computational Tool) software provided by
Affymetrix, Inc.

[0149]

The Human Exocn 1.0 ST Array contains three core
probe sets for humég,CLDN6, whose IDs are 3677351,
3677352, and 36773Sét The expression data obtained from
The normal tissues using these three probe set IDs is
shown in Figure 1; the expression data obtained from the
lung adenocarcinoma cell lines, the small-cell lung
caﬁcer cell lines, and the tumor areas of tissues after
resection.of lung adenocarcinoma using them is shown in
Figure 2; the expression data obtained from the.gastric
cancer cell lines and the tumor areas of tissues after
resection of gastrié cancer using them is shown in Figure

3; and the expression data obtained from the ovarian



cancer cell lines and the tumor areas of tissues after
resection of ovarian cancer using them is shown in Figure
4.

[0150]

As can be seen from Figures 1 to 4, no human CLDNG
franscript was expressed in the normal tissues except for
fetal lung (the expression in the adult normal tissues
examined this time was negligibly low compared with that
in the fumor‘tissues), whereas-its high expression,
albeit with a low frequency, was observed in the.lung,
gastric, and ovarian cancers. These results show that
antitumor agents targeting human CLDNG6 are totally free
from concerns about adverse reaction in normal tissuss
and are thus expected to exert their efficacy largely
alienated from adverse reaction.

[0151]
[Example 2] Analysis of human CLDN6G protein expression in
cancer cell lines

Human CLDN6 protein expréssion in cancer cell lines
was analyzed using western blot on cell line lysates.
(01521}

Based on the analysis results of human CLDNG mRNA
expression obtainéd usin§ Human Exon 1.0 8T Array and
Human Genome U133 Set Array, 2 lines {i.e., lung
adenccarcinoma cell line ARC-1 and gastric cancer cell
line AGS) were used in the experiment as cell lines

highly expressing human CLDN6 mRNA, while 4 lines {i.e.,



lung adenccarcinoma cell line NCI-H2347, small-cell lung
cancer cell line NCI-H209, small-cell luﬁg cancer cell
line NCI-H1672, and small-cell lung cancer cell line NCI-
H1184) were used as cell lines free from human CLDNG mRNA
‘expression. ABC-1 was purchased from JCRB Cell Bank, and
AGS, NCI-H2347, NCI-H209, NCI-H1672, and NCI-H1184 were
purchased from ATCC. |

[0153]

The cells were scraped from dishes using 1 mM
EDTA/PBS (-). To 1 x 10° cells, 50 uL of NPA4O Lysis
Buffer [0.5% Nonidet P40 (v/v), 50 mM Tris-HC1 (pH 7.5},
150 mM NaCl, 5 mM EDTA, 1 tablet/10 ml Complete mini EDTA
free (Roche Diagnostics GmbH, 04 693 159 0C1), 100 ug/mL
p—APMSEF (p-Amidinophenyl)-methanesulfonyl Fluoride
Hydrochloride (Wako Pure Chemical Industries, Ltd., 014~
10391) 1 was added, and the cells were dissclved by
pipetting, then left standing for 30 minutes on ice, and
centrifuged at 15000 rpm at 4°C for 30 minutes. The
resulfing supernatants were used as cell line lysates.
[0154]

Each lysate thus prepared was mixed with a 2Z2x sample
puffer (SIGMA-ALDRICH CORP., 8£3401-IVL} at a 1l:1 ratio,
and the mixture was then incubated at room temperature
for 15 minutes. 10 ul aliguots {lysates of 1 x 10° cells
each) were subjected to western blot. In the western
blot, 15 to 25% polyacrylamide was used; goat anti-

claudin-6 polyclonal antibodies (C-20) (Santa Cruz



Biotechnology, Inc., Code. sc~17669 Lot. HZ605), which
are polyclonal antibodies against the C-terminal peptide
of human CLDN6, were diluted 1/200 and used as primary
antibodies; and swine anﬁi—goat Ig's QRP conjugates
(BIOSQURCE International Code. ACIB404 Lot. 4101) were
diluted 1/20000 and used as secondary antibodies. ECL
Plus Western Blotting Detection System (GE Healthcare
Bio-Sciences Corp. Code. RPN2132) was used_in color
development, and the membrane with the developed color
thereon was exposed to Hyperfilm ECL (GE Healthcare Bio-
Sciences Corp. Code. 28-%068-36).
(01557

As shown in Figure 5, the obtained protein
expression results well correlated with the transcriptome
analysis results shown in [{Example 1]. From the results,
it can be concluded that human CLDNG6 protein expression
is in.exceedingly good agreement with human CLDN& mRNA
expression. Thus, the transcriptome analysis results
obtained using Exon Aﬁray shown in [Example 1] are almost
consistent with the analysis results of protein
expression. This shows for the first time that human
CLDNé proteins are hardly expressed in adult normal
tissues énd expressed at increased levels in tumors.
[015¢6]
[Example 3] Preparation of antibodies recognizing human
CLDN6 on cancer cell membrane surface, and assay on

antitumcr activities of the antibodies



As shown in Examples 1 and 2, human CLDN6 protein
expression well correlated with its mRNA expression.
Moreover, human CLDN6 mRNA expression in adult normal
tissues was shown to be considerably low or almost absent
compared with that in tumor tissues. Thus, human CLDN®
protein expreésion in adult normal tissues was also
pfesumed to be almost absent compared with that in tumor
tissues. This means that antibodies recognizing the
human CLDNG proteins expressed on cancer cell surface ars
exceedingly highly tumcr-specific antibodies. Such
antibodies, when used as antitumecr agents, can be
expected to exert their efficacy largely alienated from
adverse reaction. In addition, this means that human
CLDNé has an exceedingly high potential as a target for
antitumor agents.

(01577

Thus, antibodies recognizing human CLDN& on cancer
cell membrane surface were actually prepared and
evaluated for their antitumor effects.

[0158]
3-1. Cloning of human CLDNG6 cDNA

To prepare antibodies against human CLDNG, a
seguence céntéining the open reading frame of human CLDN6
(Refseq Accession No. NM 0211%85.3) cDNA was cloned.

Human CLDN6 cDNA was cloned using Marathon-Ready cDNA
Fetal Lung (Clontech Laboratories, Inc. Code. 639333) as

a template and primers represented by SEQ ID NOs: 1 and 2.
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Specifically, ﬁOD plus DNA polymerase (TOYOBO CO., LTD.)
was used to prepare a solution containing 5 pL of 10 x
KOD Buffer, 5 ul of 2 mM dNTPs, 3 ul of 25 mM MgS0,, 1.5
ul of 10 uM primer of SEQ ID NO: 1, 1.5 ulL of 10 uM
primer of SEQ ID NO: 2, 2 ul cof Template fetal lung cDNA,
1 ulL of KOD plus DNA polymerase, and 31 ul. of nuclease~
- free water, and the prepared solution was used in PCR
amplification at 94°C for 2 min followed by 30 cycles
each involving 94°C for 15 sec, 58°C for 30 sec, and 68°C
for 1 min. Next, this amplification precduct was used as
a template to further perform reamplificatioﬁ at 94°C for
2 min followed by 20 cycles each involving 94°C for 15
sec, 58°C for 30 sec, and 68°C for 1 min, using primers
represented by SEQ ID NOs: 3 and 4 and a solution with
the same composition as above containing the same enzyme
as.above. The amplified fragment was digested with
HindIII and Nhel and cloned into the HindIII-Nhel sites
of pMCN-flag vectors.
[0159]
3-2. Preparation of human CLDNé-expressing CHO (DG44) and
human CLDNé6-expressing Ba/F3 cells

pC0SZ vectors were used as expression vectors for
mammals for prepariﬁg human CLDNG6-expressing CHC cells
(DG44, purchased from Invitrogen Corp.)} and human CLDN6-
expressing Ba/F3 cells. The pCO0S2 vectors incorporate
thereon an EFla promoter—-enhancer sequence as a promoter

for inducing the expression of the gene of interest, and



the expression of the gene of interest gan be indﬁded iﬁ'
vector-transformed cells by inserting the cDNA sequeﬁce
of the gene of interest downstream cof the promoter—;
enhancer. Moreover, the vector-transformed cellé can be
screened using neomycin, because the vectors incg£b05é§e -
. a neomycin resistance gene therein. o
[0160] |

The plasmids comprising the cloned human CLDNG6 éDNANI
described in [Example 3-1.] were used as templateghto‘
perform PCR using a primer represented by 3EQ ID Nbf'S
(the sequence of an EcoRI site, a Kozak sequehce;‘and the
S5'-terminal seguence of the human CLDN6 (Refseq Aqgﬁggion
No. NM 021185.3) open reading frame) and a primer |
represented by SEQ ID NO: 6 (the sequence of a Notl site.
and the 3'-terminal sequence of the human CLDN6aopéﬁ%_
reading frame). The PCR amplification productwyas cioned
into pCR 2.1-TOPO vectors using TOPO TA Cloning
(Invitrogen Corp.). These vectors were digested;With
EcoRI and NotlI, and.the resulting human CLDNG fragment
was incorporated into the HcoRI-Notl sités of pCOSZ
vectors to construct human CLDN6/pCOSZ expression wvectors.
(01e61] .

The human CLDN6/pC0S2 was digested witﬁ Pvul, an&.-
the digestion product was introduced intc CHO (DG441 and
Ba/F3 cells by electroporation (using GenePulser 11, BI5~

RAD LABORATCRIES, INC.). The transformed cell_liﬂ?s”wéfe

P
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screened uSing 500 ug/mL Geneticin to establish CHO
(DG44) and Ba/F3 cells stably expressing human CLDNG6.
[0162] |

LMoreovérg theAhuman CLDNG/pC032 vectors.were alsc
used in DNA immunization described below.
[0163]
3-3. Preparation of anti-human CLDN6é antibodies

To prepare anti—human'CLDNé antibodies, DNA
'_immunization uging Helios Gene Gun (BIO-RAD LABORATORIES,
INC.) and cell immunization using the Ba/F3 cells forced
to.express human CLDN6 were preformed in combinaticn for
immunization of mice..'MOnoclonal antibodies were
screened by flow cytometry using the huméﬁ CLDNG6-
‘expressing CHO (DG44) cells.

[0164] | '

The mice used in the immunization were strain name:
BALB/cAnNCriCrli and strain name: MRL/MpJ-
Tnfrsf6<lpr>/€flj Geﬁotype: lpr/lpr purchased from
Charles River Laboratories Japan, Inc. For the DNA
immunization using Gene Gun, the human CLDNG/pCOCS2
vectors described in [Example 3-2.] were used, and the
coating of gold particles with plasmid DNAs and the
immunization of the mice were performed according to the
"HELIOS GENE GUN simple operation manual ver. 2.1" of
- BTO-RAD LABORATORIES, INC. The DNA immunization schedule
involved a total of approximately 8 to 17 immunizations

in which one mouse was immunized 1 to 3 times per week at
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2 shots/immunization. The antibody titer in the mouse
serum.was periodically measured by flow cytometry using
the cell lines forced to express human CLDNG6. After
confirmation of increase in the antibody titer caused by.
DNA immunization, cell immunization with the Ba/F3 cell
line forced to express human CLDN6 was performed through
the tail vein. 2 to 3 days after the final cell
immunization, the spleen cells were extracted and
subjected to a cell fusion method with a mouse myeloma
cell line P3X&63AgBU.1 (P3UL, purchased from ATCC) to
prepare antibody~producing immortalized hybridomas. For
the cell fusion between the mouse spleen cells and the
mouse myeloma cell line P3X63Ag8U.1, these cells were
mixed at a spleen cell~P3X63AgBU.1 cell ratio of 2 to 4:1.
To the cell mixture, PEG1500 (Roche Diagnostics GmbH) was
-added gradually and carefully, and the PEGI500 was then
diluted with an RPMI1640 medium and removed by
centrifugation. Next, the fusion cells weré suspended in
a HAT medium (RPMI1640 (Invitrogen Corp.) medium
containing 10% Fetal Bovine Serum (Roche Diagnostics -
CGmbH), 1x Penicillin—Streptomycin {Invitrogen Corp.), 1x
HAT media supplement {(Sigma-Aldrich Corp;), and 0.5x BM-
Condimed H1 Hybridoma Cloning Supplement (Roche
Diagnostics GmbH) )} and inoculated to 10 to 30 %6-well
plates. The cells were cultured for 7 to 10 days in a
CO, incubator at 37°C. . Then, screening was conducted

using the hybridoma culture supernatant. The screening
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was conducted by assaying'the avidities of the antibodies
for the CHO cells forced to express human CLDN6 using a
flow cytométér (Becton, Dickinson and Company). Since

. positive wells were likely to have a plurality of
hybridomas, the hybridomas wére cloned as single clones
by a-limiting dilution method. After the cloniﬁg‘as
single clones, hybridoma clones producing antibodies with
strong avidity for the CHO and Ba/F3 cells forced to
.exXpress human CLDN6 were selected to establish hybridomas
producing antibodies recognizing huﬁan CLDNG on cell
membrane surface.

[0165]

Of them, particularly, 18 types of hybridomas were
selacted, which produced antibodies that were shown in
flow cytometry to have strong avidity for the cell lines
forced to express human CLDN6 and were shown in isotyping
to be an IgG type. The selected hybridomas were cultured
in a HAT medium containing Ultra Low IgG FBS (Invitrogen
Corp.) instead of FBS, and the antibodies were purified
from the culture supernatant using HiTrap Protein G HP 1
mL column (GE Healthcare Bio=~Sciences Corp.). The
antibodies were confirmed by SDS-PAGE and CBB staining to
have a sufficient purity level. In this context, the
antibody isotyping was performed using IsoStrip (Roche
Diagnostics GmbH). The concentrations of the purified
antibodies were measured using Dc Protein Assay Kit I

(BIO-RAD LABORATORIES, INC.) with the included bovine y



globulin as a standard. The antibody concentrations were
indicated.in terms cf bovine y globulin concentrations.
The antibody purification, the isotyping, and the protein
quantification were all performed according to the
.manuals included in ﬁhe products 
[0166]
3-4. Assay on avidities of anti-human CLDN6 monoclonal
antibodies for human CLDN6 on surface of Ba/F3 cells
forced to express human CLDNG

The purified anti-human CLDN® monoclonal antikodies
described in [Example 3-3] were evaluated for their
avidities for 181types of Ba/F3 cells forced to express
hCLDN6 and for their parenﬁ line Ba/F3 by flow cytometry
at adjusted antibody'concentrations.
(0167

Each cell was suspended at a concentration of 1 x

10° cells in a FACS buffer (0.5% BSA, 1x PBS (~-), 0.1

foes

NaNz), and the cell suspension was dispensed into a U-
bottom 96-well plate (FALCON 353910). Each antibody was
added thereto at final concentrations of 10, 2, ¢.4, .08,
and 0 pg/mL, then mixed, and incubated at 4°C for 1 hour.
After centrifugation; the reaction sclution was removed
by aspiration; and the cells were washed by the addition
of 200 uL/well FACS buffer. Then, FITC-labeled Goat
F{ab'), Fragment Anti-mouse IgG (Fcy) (BECKMAN COULTER,
Inc.) was diluted 100-fold with a FACS buffer and added

as secondary antibodies to the cells. The cells were



incubated at 4°C for 30 minutes, then washed with the
same FACS buffer as above, and suspended in 100 ul of a
FACS buffer containing propidium ilodide {(SIGMA-ALDRICH
CORP.) at a concentration of 10 ug/mL. The cell
suspension was subjected to flow cytometry.

[0168]

In the flow cytométry, a gate was constructed for a
live cell population in a dot plot of an X axis: forward
scatter against a Y axis: side scatter and a dot plot of
an X axis: forward scatter agaginst a Y axis: propidium
iodide fluoreséence {FL-3).

[0169]

As shown in Figure &, the antibocdies éf the present
invention are human CLDNG6-specific antibodies that do not
bind to the Ba/F3 cells as the parent line and strongly
bind to the Ba/F3 cells forced to express human CLDNG.
[0170]
3~5. Assay on avidities of antiwhuman_CLDN6 antibodies
for human CLDN6 on cancer cell membrane surface

"Although polycional antibodies recognizing the C-
terminal intracellular peptide seguence of human CLDNG
are known, none of already known antibodies reccognize the
extracellular region of human CLDNG present in a native
form on cancer cell membrane surface. Thus, the anti-
human CLDN6 monoclonal antibodies of the present
invention prepared in [Example 3-3] were GValuated by

flow cytometry for whether or not these antibodies



recognize not only cell lysates of cell lines forced to
express human CLDN6 but also human CLDN6 actually present
on cancer cell membrane surface.
(01717
| A lung adenccarcincma cell line ABC~1 and a gastric
cancer cell line AGS were used as humaﬁ CLDN6-positive
cancer cell lines, based on the analysis results of gene
and protein expressions of [Example 1] and [Example 2].
(01727

Each cell was suspended at a concentration of 1 x

10° cells in a FACS buffer (0.5% BSA, 1x PBRS (-), 0.1

a\®

NaNs), and the cell suspension was dispensed into a U-
bottom 96-well plate (FALCON 353910). Each antibody was
added thereto at final concentrations of 16, 1, and 0
wg/mL, then mixed, and incubated at 4°C for 1 hour.
After centrifugation, thé‘reaction solution was removed
by aspiration, and the cells were washed by the addition
of 200 ul/well FACS buffer. Then, FITC-labeled Goat
Flab')» Fragmeﬁt Anti-mouse IgG (Fcy) (BECKMAN COULTER,
Inc.) was diluted 100-fold with a FACS buffer and added
as secondary antibodies to the cells. The cells were
incubated at 4°C for 1 h, then washed with the same FACS
buffer as above, and suspended in 120 ul of a FACS puffer.
The cell suspension was subjected to flow cytometty.

[0173]



In the flow cytometry, a gate was constructed for a
live cell populaticon in a dot plot of an X axis: forward
scatter against a Y axis: side scatter.

[0174]

As shown in Figure 7, all of these 18 types of

. antibodies prepared in [Example 3-3] bound in a

concentration-dependent manner, albeit to a varying
degree, to the ABC-1 and AGS cells as human CLDNG&6-
expressing cancer cell lines.
(0175}
3-6. Measurement of Antibedy-Dependent Cellular
Cytotoxicity (ADCC) activities of anti~human CLDNG
antibedies

The anti-human CLDN6 monoclonal antibodies of the
present invention were examined for their ADCC activities
againgt'a lung adenocarcinoma cell line ABC-1 and a
gastric cancer cell line AGS by a chromium release method.
The ABC~1 or AGS cells were inoculated to a 96-well plate
and attached to the wells. Then, chromium-51 was added
£o the wells, and the cells were cultured for several
hours. After removal of the culture solution, the cells
were washed with a culture solution, and a fresh culture
solution was then added thereto. Subseguently each
antibody was added to the wells, and effector cells
(recombinant NK-92 (ATCC, CRL-2407) cells forced to
express chimeric proteins containing a mouse Fo-gamma

receptor 3 (NM 010188) extracellular region and human



gamma chain (NM_004106) transmembrane and intracellular
regions; Japanese Patent Application No. 2007-20155) were
added to each well in an amount approximately 5 times
that of the target cells. The plate was left standing at
37°C for 4 hours in a 5% CO; incubatof. The plate thus
left standing was centrifuged, and a predetermined amount
of the supernatant was collected from each well. The
radicactivity thereof was measured using a gamma counter
Wallac 1480, and the rate of specific chromium release
(%) was determined according to the foilowing formula:

Rate of specific chromium release (%) = (A-
Cyx100/(B-C), wherein

A represents radiocactivity from each well; B
represents an average of radiocactivity released to medium
after cell lysis with Nonidet P-40 at a final
concentration of 1%; and C represents an average of
radicactivity derived from only a medium added.

[0176]

As a result, of the anti-human CLDNS mondclonal
antibodies of the present invention used in the test,
particularly, AB3-1, AEl-16, AE49-11, RE3-20, and ACZ-40
induced very strong ADCC activity against ABC-1 and AGS,
as shown in Figures 8 and 2. These results demonstrated
that the human CLDNé-targeting antibody treatment of
tumors is very useful.

[0177]



3-7. Assay on Complement-Dependent Cytotoxicity (CDBC)
activities of anti-human CLDN&é antibodies

The anti-~human CLDN6 monoclonal antibodies werse
examined for their CDC activities against a lung
.adenocércinoma cell line ABC-1 by a chromium release
method. The ABC-1 cells were inoculated to a 96-well
plate and attached to the wells. Then, chromium~51 was
added to the wells, and the cells were cultured for
several hours. After removal of the culture sclution,
the cells were washed with a culture solution, and a
fresh culture solution was then added thereto.
Subsequently, each anti-human CLDNG monoclonal antibody
of the present invention (AB3-1, AC2-40, AD12w47, AEl-1¢,
AR2~4, AE3~-20, and AE49-11) or a control mouse IgGl
antibody (Cat. No. 553453, BD Biosciences Pharmingen) was
added at a final céncentration of 10 ug/mL to the wells.
Subsequently, infant rabbit complements (Cat. No. Cf[;34fﬁiit",‘w
Cedarlane Laboratories Ltd.) were added thereto at a
final concentration of 25%, 5%, or 1%. The plate was
left standing at 37°C for 1.5 hours in a 5% CO, incubator.
The plate thus left standing was centrifuged, and a
predetermined amount ¢f the supernatant was collected
from each well. The radioaciivity thereof was measured
using a gamma counter Wallac 1480, and the rate of
specific chromium release (%) was determined in the same
way as in the preceding paragraph 3-6. |

(0178}



As a result, of the anti-human CLDNé monocional
antibodies of the present invention used in the test,
particularly, AE1-16, AE3-20, and AE49-11 induced strong
CDC activity, as shown in Figure 10. On the oﬁher hand,
the mouse IgGl antibody used as a control exhibited no
CDC activity.

10179
3-8. Evaluation on antitumor effects of anti-human CLDNG
antibodies using Mab-ZAP

Whether or not immunotoxin targeting human CLDNG can
exhibilit antitumcr activity was evaluated using Mab-ZAP
(Advanced Targeting Systems). The Mab-ZAP was goat anti-
moue IgG labeled with saporin. The saporin is a
proteinous toxin that acts through the Inhibition
mechanism of ribosomal protein synthesis. Neot all
antibodies are suitable for preparing immunotoxin. It is
xnown that some ‘antibodies have strong efficacy asg
immunotoxin, and others do not (Non-Patent Document 9;
Kohls and Lappi, BioTechnigues- 2000, 28 (1): 162). Thus,
the 18 types of anti-human CLDN6 antibodies obtained this
time were evaluated for their potentials as immunotoxin
using Mab-ZAP.

{0180)

A lung adenccarcinoma cell line ABC-1 and a gastric
cancer cell line AGS were used as target cancer cell
lines. The ABC-1 cells were inoculated at a

concentration of 5 x 10° cells/100 uL/well to a 96-well



plate on day 0. On day 1, those various types of anti-
human CLDN6 monoclonal antibodies were added thereto at
each final concentration of 100 ng/200 pL medium/well or
0 ng/200 puL medium/well. Subsequently, Mab-ZAP was added
thereto at a final concentration of 100 ng/200 HL“
medium/well. The cells were cultured at 37°C in a CO»
incubator. On day 9, a live cell assay reagent SF
(Nacalal Tesgue, Inc.) was added at a concentration of 20
ul/well, and the cells were cultured at 37°C for 30
minuteg in a CO; incubator. Then, the absorbance at 450
nm te 650 nm was measured. The AGS cells_were inoculated
at a concentration of 1 x 10° cells/100 ul/well to a 96-
well plate on day 0. On day 1, those varicus types of
anti~human CLDN6 moncoclonal antibodies were added thereto
at each final concentration of 100 ng/200 pl medium/well
or 0 ng/200 pL medium/well. Subseqguently, Mab-ZAP was
added thereto at a final concentration of 100 ng/200 uL
medium/well. The cells were cultured at 37°C in a CO,
incubator. On day 7, a live cell assay reagent SF
{(Nacalai Tesqgue, Inc.) was added at a concentration of 20
pL/well, and the cells were cultured at 37°C for 30
minutes in a CO, incubator. hen, the absorbance at 45(
nm to 650 nm was méasured.
[0181] |

The results as to ABC-1 and AGS are shown in Figures
11 and 12, respectively. Antitumor effect was observed

neither in the Mab-ZAP alone nor in the antibody alone,



L

whereas the AE1-16 or AE49-11 antibody in the presence of
Mab-ZAP was observed to have very strong antitumor effect
on ABC-1 and AGS.

[0182]

These results demonstréted that.the immunotoxin
targeting human CLDN6 is very useful as an antitumor
agent.

[0183]
[Example 4] Gene sequence determination of variable
regions of anti-human CLDN6G anﬁibodies

Of the anti-human CLDNG antibodies obtained this
time, 3 types of antibodies which had strong ADCC, CDC,
and antitumor activity as ilmmunotoxin in the presence of
Mab—-ZAP were selected {(AR3-1, AEl-16, AE45-11, and AE3-
20) based on the results described zbove, and tﬁe nucléic
acid and amino acid seguences of their variable regions
were determined. The hybridomas producing each antibody
were cultured, and total RNA was purified from 1 =x 10%
celis using RNeasy (QIAGEN). 1 ug of the purified total
RNA, SMART RACE ¢DNA Amplification Kit (Cléntech
Laboratories, Inc.), and synthetic oligonucleotide MHC-
IgGl(SEQ ID NO: 7) complementary ﬁo a mouse IgGl constant
region sequence, synthetic oligonuclectide MHC-TgGZb (SEQ
ID NO: 8) complementary to a mouse IgG2b constant region
sequence, or synthetic oligonucleotide mCKappaR (SEQ ID
NO: 9) complementary to a mouse kx chain constant region

nucleotide sequence were used to PCR-amplify sequeﬂces



from a position corresponding to the above-described
oligonucleotide sequence of the H or L chain constant
region to the 5'-~end in the cDNAs of these 3 types of
antibodies. Each amplified fragment was cloned into pTAZ
vectors (TOYOBO CO., LTD.), and the cDNA seguences were
determined. The nucleotide and aminoc acid sequences of
the AB3-1 H chain variable region are shown in SEQ ID
NOs: 10 and 11, respectively; the nucleotide and aminc
acid sequences of the AB3-1 L chain variable region are
shown in SEQ ID NOs: 12 and 13, respectively; the
nucleotide and amino acid seguences of the AEl1-16 H chain
variable region are shown in SEQ ID NOs: 14 and 15,
respectively; the nucleotide and amino acid seguences of
the AE1-16 L chain varlable region are shown in‘SEQ ID
NOs: 16 and 17, respectively; the nucleotide and amino
acid sequences of the AE49-11 H chain variable region are
shown in SEQ ID NOs: 18 and 19, respectively; the
nucleotide and amino acid sequences of the AE49-11 L
chain variable regien are shown 1in SEQ ID NOs: 20 and 21,
respectively; the nucleotide and amino acid sequences of
the AE3-20 H chain variable region are shown in SEQ ID
NOs: 36 and 37, respectively; and the nucleotide and
amino acid sequences of the AE3-20 L chain variable
region are shown in SEQ ID NOs: 38 and 382, respectively.
[0184]

Moreover, the CDR amino acid sequences of these

variable regions are shown in Table below.



[Table 1]
Antibody Amino acid. sequence |SEQ ID NO
AB3-1 H chain |CDRL |GYTMN 24
CDR2 | LINPYNGGISYNQKEFKD 25
CDR3 | DYRYEGFDY 26
L chain |CDRL |TASSVVISTYLH 27
CDR2 | STSNLAS 28
CDR3 | HQYHRSPWT 29
AE1-16, ,
AE49-11 H chain | CDR1 GYFEMN 30
CDR2 | RINPYNGDTFYNQKFKG 31
CDR3 | VLFLDEDDPYLMDY 32
‘I chain |CDRLI | RATSNVKYMY , 33
CDR2 | YTSNLAS 34
CDR3 | QQFTSSPST 35
AE3-20 | H chain {CDR1 |SYTMS 40
CDR2 | TISSGGGRTYYPDSVKG 41
CDR3 | GDYRYDGFAY 42
L chain |CDRL |RASENIDSYLA 43
H CDR2 |ASTLLVD 44
| CDR3 | QHYYSIPYT 45..
[0185]

[Example 5} Evaluation on avidities of anti-human CLDN6
monoclonal antibodies for human CLDN1, CLDN3, CLDN4, and
CLDNY mclecules

The 4 types of anti-human CLDN6 monoclonal
antibodies (AB3-1, AE;—lG, AE49-11, and AE3209 whose
variable region amino acid sequences were determined in
[Example 4] were evaluated for theilr avidities for human

CLDN1, CLDN3, CLDN4, and CLDN9 molecules by flow
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cytometry at adjusted antibody concentrations using
prepared Ba/F3 cell lines forced to express each molecule.
[0186]

Cells were suspended at a concentration of 1 x 10°
‘cells in a FACS buffer (0.5% BSA, 1x PBS (-), 0.1% NaNz),
and the cell suspension was dispensed into a U-bottom 96-
well plate (FALCCON 353910). Each antibody was added
thereto at final concentrations of 10, 2, 0.4, 0.08, and
C ng/mL, then mixed, and incubated at 4°C for 1 hour.p
After centrifugation, the reaction solution was removed
by aspiration, and the cells were washed by the addition
of 200 ul/well FACS buffer. Then, FITC-labeled Goat
F{ab'), Fragment Anti-mouse IgG (Fcy) (BECKMAN COULTER,
Tne.) was diluted 100-fold with a FACS buffer and added
as secondary antibodies to the cells. The cells were
incubated at 4°C for 320 miﬁutes, then washed with the
same FACS buffer as above, and suspended in 100 ul of a
FACS. buffer containing propidium icdide (SIGMA~ALDRICH
CORP.)} at a concentrétién of 10 pug/ml,. The cell
suspension was subjected to flow cytometry.

10187]

.In the flow cytometry, a gate was constructed for a
live cell population in a dot plot of an X axis: forward
scatter against a Y axis: side scatter and a dot plot of
an X axig: forward scatter against a Y axis: propidium
iodide flucrescence {(FL-3).

[0188]
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As shown in Table 2, the antibody AE3-20 of the

present invention was an antibody almost specifically

binding to human CLDN6.
antibodies cross-reacting moderately with human CLDNY9 and

weakly with human CLDN4.

cross~reacting with human CLDNS.

The AFl1-16 and the AE49-11 were

The AB3-1 was an antibody

[0189]
[Table 2]
hCLDNG hCLDN9 hCLDN4 hCLDN3 hCLDNT
AE3-20 otk - - - -
AE1-16 ++t ++ + - -
AE49-11 Tt ++ + - -
AB3-1 ++ ++ - - -
{0190]

[Example 6] Detection of CLDN6 in lung adenocarcinoma

fissues using immunohistochemical staining

CLDN6 protein expression in lung adenocarcinoma

tissues and i1ts localization on cancer cell membrane

confirmed by immunohistochemical staining.

In the

immunchistochemical staining, CLDNG transcripts were

first guantified by real-time PCR using total RNA

extracted from the clinical tissues of lung

adenccarcinoma, and cases highly expressing CLDNG

transcripts were used.

Frozen sections were fixed in 4

PFA and then immunohistochemically stained by a general

LSAB method using Ventana HX Discovery System

Medical Systems, Inc.).

(Ventana

In the immunohistochemical

were
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staining, goat anti-CLDN6 polycleonal antibodlies (Santa
Cruz Bioctechnology, Inc. Code No. sc-17669 Lot, HZ605)
were adjusted to 12.5 ug/mL and used as primary
antibodies. As a result, in the tumor tissues of lung
adenocarcinoma, positive response was observed in the
cell membranes and cytoplasms. On the other hand, in
non-tumor tissues, positive response was observed in the
macrophages, type II pulmonary epithelia, and bronchiolar
epithelia, all of which were however stained with slight
intensity. Furthermore, the positive response of cell
membranes, which was observed in the tumcr tissues, was
not observed in the non~tumor tissues. The cell
mempranes of the lung tumor tissues were stained with
higher intensity than that of the normal lung tissues.
The detection of expression at a protein level in the
cell membranes of human tuﬁor tissues was shown for the
first time by the present invention.
[0191]
[Example 71 Evaluation on antitumcr activity of anti-
CLDN6 antibody |
Evaluation on antitumor activity of AE49-11 antibody

The AE49-11 antibody was classified as IgGZb
subclass. Since the previous studies have reported that
IgG2a has stronger ADCC activity (Non-Patent Documents
[10] and [11]), expression vectors were constructed,
which expressed an AE49-11 antibody having the antibody

Fc region converted to an IgGZa Fc region (this antibody
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was designated as "AE49-11/mIgG2a"; H chain amino acid
seguence: SEC ID NO: [52] and L chain aminc acid
sequence: SEQ ID NO: [53]) for the purpose of enhancing
efficacy. This antibedy was expressed in CHO-DG44 cells
and purified. This AE49-11/mIgG2a antibody was confirmed
by flow cytometry to have avidity almost equivalent to
that of the original IgG2b antibody. Using this anﬁibody;
in-viveo anti-tumor experiments were conducted aé shown
below.
[(0192]
{1) Subcutaneous PA-1 implantation models

PA-1 cells were adiusted to 5 x 107 cells/ml with
- Hanksg' Balanced Salt Solution (HBSS) and subcutaneously
implanted at a dose of 200 pl into the abdominal region
of each SCID mouse (9-week-cold female, Charles River
Laboratories Japan, Inc.) that received, on the previocus
day, intraperitoneal-administraﬁion of 100 ul of anti-
asialo GM1 antibodies (Wako Pure Chemical Industries,
Ltd.; 1 vial was dissolved in 1 ml of injectable
distilled water and then supplemented with 4 ml of
saline)}. From 23 days after the implantation, the AE49-
11/mIgG2a antibody was administrated through the tail
vein once a week for 4 wéeks. The antiboedy was adjusted
to 5 mg/ml with saline and then administered at a dose of
5C mg/kg. Saline {(vehicle) was administered as a
negative control in the same way as above. The test was

conducted with each group involving 5 mice. The
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antitumor activity was evaluated based on tumor volumes.
The tumor volumes (mm3), the amount of change in tumor
volume, and the tumor growth inhibitory effect (%)were

calculated as follows:

Tumor volume {(mm3) = major axis of tumor x minor
axis of tumor x minor axis of tumor x 1/2

Amount of change in tumor volume (mm3)} = tumor
volume at the time of measurement - tumor volume at the
start of administration

Tumor growth inhibitory rate (%) = {1 - (average of
amount of change in tumor volume of drug administration
gioup / average of amount of change in tumor volume of
vehicle administration group)} x 100
[0193]

The test results showed that the AE4S5-11/mIgGZa
antibody tends to inhibit tumor growth in the 50 mg/ko
administration group compared in the vehicle
administration group. Its tumor growth inhibitory rates
after 1, 2, 3, and 4 weeks into administration were 49.5%,
31.1%, 29.9%, and 17.9%, respectively, showing that the
antibody tends to have strong inhibitory effect‘on tumor
growth at the early stage of administration.

[0194]
(2} Subcutaneous NUGC~3 implantation models

Subsequently, efficacy was studied in subcutaneous
NUGC-3 implantation models. To conduct the efficacy test

using the models, the AE49-11/mIgG2a antibody was
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expressed in fucose transporter-knockout CHO-DXB11S cells,
then purified (the cbtained antibody is referred to as a
low-fucose-type AE49-11/mIgG2a antibody), and used in the
efficacy test.

[0195]

NUGC-3 cells were adjusted to 5 x 107 cells/ml with
Hanks' Balanced Salt Solution (HBSS) and subcutaneously
implanted at a dose of 200 pul intoc the abdominal region
of each SCID mouse {l12-week~0ld female, Charleg River
lLaboratories Japan, Inc.). 11 days after the
implantation, the mice were divided into two groups
depending on tumor volumes and body weights. 11, 17, and
24 days after the implantation, the low-fucose-type AE49-
11/mIgG2a antibody or a vehicle was administrated through
the tail vein. The antibody was adjusted to 5 mg/ml with
a vehicle and then administered at a dose of 50 mg/kg.
The vehicle used was a solution obtained by buffer-
substituting a mixed sclution {(containing 100 mM Glycine
(pH 2.7) and 1 M Tris~HC1l (pH 9.0) in a 1/10 amount with
respect thereto) using é.Pleﬁ column with D-PBS (-} as
an elution buffer and sterilizing the resulting solution
through a 0.22-um filter.

[0196] N

The test was conducted with each group invelving 8

mice. The antitumor activity was evaluated based on

life-prolonging effect.
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The test results showed that ﬁhe low-fucose-type
AEA4%~-11/mIgGZ2a has the life-prolonging effect compared
with the vehicle administration group.

It was thus suggested that the anti-~CLDN6 antibody
is likely to exhibit antitumcr activity in human clinical

application.

Industrial Applicability
[0197]

An anti-CLDNé antibody of the present invention is
useful as an antibody drug, particularly, as a cell
growth inhibitor and an anticancer agent.

[0198]

All publications, .patents, and patent applications

cited herein are incorporated herein by reference in

their entirety.
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CLAIMS

1. An antibody binding to Claudin6é (CLDNG) expressed on
a cell membrane.

2. An anti-CLDN6 antibody having cytotoxicity.

3. The anti-CLDN6 antibody according teo claim 1 or 2,
which has ADCC activity.

4, The anti-CLDN6 antiboedy according to claim 1 or 2,
which has CDC activity.

5. The anti-CLDN6 antibody according to any of claims 1
to 4, which is conjugated with a cytotoxic substance.

6. An antibody described in any of the fcollowing (a) to
{(3):

{a) an antibody comprising a heavy chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 24, CDR2Z having the aminc acid seguence
represented by SEQ ID NO: 25, and CDR3 having the aminoc
acld sequence represented by SEQ ID NO: 26;

(b) an antibody comprising a light chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 27, CDRZ having the amino acid seguence
represented by SEQ ID NO: 28, and CDR3 having the amino
acid sequence represented by SEQ ID NO: 29;

(¢) an antibody having the heavy chain variable region
described in (a) and the light chain variable region

described in (b);
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(d} an antibody comprising a heavy chain variable region
having CDR1 having the amino acid sequence represented by
SEQ ID NC: 30, CDRZ having the amino acid seguence
representéd by SEQ ID NO: 31, and CDR3 having the amino
acid seqguence represented by SEQ ID NO: 32;

(e} an antibody comprising a light chain variable region
having CDR1 having the amino acid seguence represented by
SEQ ID NO: 33, CDRZ having the amino acid sequence
represented by SEQ ID NO: 34, and CDR3 having the amino
acid sequence represented by SEQ ID NC: 35;

{f) an antibody having the heavy chain variable region
described in (d} and the light chain variable region
described in (e);

{g) an antibody comprising a heavy chain variable region
naving CDR1 having the amino acid segquence represented by
SEQ ID NO: 40, CDRZ having the amino acid seguence
represented by SEQC ID NO: 41, and CDR3 having the amino
acld seguence represented by SEQ ID NO: 42;

(h) an antibcdy comprising a light chain variakble region
having CDR1 having the amino acid sequence represented by
SEQ ID NO: 43, CDR2 having the amino acid sequence
represented by SEQ ID NO: 44, and CDR3 having the amino
acid sequence represented by SEQ ID NO:'45;

{i) an antibody having the heavy chain variable region
described in (g) and the light chain variable region

described in (h); and
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(1) an antibody which recognizes the same epitope as that
recognized by the antibody described in any c¢f (a) to (i}.
7. A pharmaceutical composition comprising an anti-~
CLDN6 antibody.

8. The pharmaceutical composition according to claim 7,
which is a cell growth inhibitor.

9. The pharmaceutical composition according to claim 8,
which 1s an anticancer agent. |

10. The pharmaceutical composition according to any of
claims 7 £0'9’ which comprises an antibody according to
any of claims 1 to 6.

11. A method for diagnosing cancer, comprising the steps
of:

(a) providing a sample cocllected from a subject; and

{b) detecting a CLDN6 protein contained in the sample
collected in the step (aj.

12.  The method according to claim 11, wherein the CLDN6

protein is detected using an anti~CLDN6 antibody.



SEQUENCE LISTING ‘ .
<110> Forerunner Pharma Research Go.., Ltd. /The University of Tokyvo
<1205 Anti-CLDN6 Antibody
<130>  PCG-902440
150>  JP2008~004423
151> 2008-01-11
160> 53
{170> Patentln version 3.1
Q210> 1
Q11> 27
<212> DNA
213> Artificial
<2200
<223> PCR primer
<400> 1
catggoctot googgaatge agatoct
210> 2

2 27

- <{212> DNA

213> Artificial

{2200

223> PCOR primer

400> 2

cocaaagetp ttgegecacig ccactte
210> 3 ’

211> 35

212> DNA

{213> Artificial

220>

223> PCR primer

<400> 3

gotaagette ccatggoote tgocggaatg cagat
Q210> 4

211> 35

{212> DNA

213> Artificial

<2207

223> PCR primer

400> 4

goagctagcg acgtaattct tggtagggia ctoag
210> 5

211> 38

212> DNA

213> Artificial

{2200

{223> PGR primer

400> 5

cocggaatico caccatggec totgecggaa tgeagate
210> 6

Q211> 36

212> DNA

213> Artificial

2200 :
223> PCR primer

400> 6

goggoogete agacgtaatt cttggtaggg tacte
Q1> 7

Q211> 21

212> DNA

213> Mus musculus
400> 7

gggccapgtgp atagacagat g
210> 8

211> 24

<212> DNA

213> Wus musoulus

400> 8

caggggccag tggatagact gatg
210> 9§

211 27

<212> DNA

<213> Mus musculus

<400> 9

ggoacctoca gatgttaact geteact
<210> 10

211> 354

212> DNA

27

27

35

35

32

35

21

24

27



213> -Mus
<400> 10
gaggtocage
toctgoaagy
catggaaaga
aaccagaaat
atggagcice
agetacgagg
210> 1
211> 18
212> PRT
213> Mus muscuius

<400> 11 ' :
?Iu Val GIn Leu gln Gln Ser Giy Pro ?63 Leu

musculus

tgeaacagto
cttetggeta
acctigagty
i{caaagacaa
tcagtotgas
goetttpatta

tggacctgag ttggtgaagc
cteattoact ggotacacca
gattgractt attaatcctt
ggecacacta actatggaca
atctgaggac teigoaatet
ctggggccaa gggacictgg

Ser Met Lys Eée Ser Cys Lys Ala ggr Gly Tyr
Thr Met égn Trp Val Lys Gin igr His Giy Lys
Gly %gu [le Asn Pro Tyr égn Gly Gly lle Ser
lL.ys Asp Lys Ala Thr Leu Thr Met Asp Lys Ser
65 70 15
Met Glu Leu Leu ggr Leu Thr Ser Glu égp Ser
Ala Arg Asp Tyr Arg Tyr Glu Gly Phe Asp Tyr
100 105
Leu Val g?g Val Ser Ala

210> 12
211> 324
212> DNA
213> Mus
<400> 12 _
caaattgttc toacccagic
atgaccipta ctgecagitc
coaggateot cocccaaact
gticgetica gieggcagtee
goipaagatg ctgecastta
ggageoacca agetegaaat
Q1> 13

<211> 108

212> PRT

213> Mus muscuius

400> 13
Thr Gln Ser Pro Als

?In tle Val Leu :
Giu Arg-Val Thr Met Thr Cys Thr Ala
20 25

musculus

tocageaate atgtctgeat
agitgtaatt tccacttact
ctggatitat agcacatcca
gictggrgace tottacictic
ttactgocac cagtatcate
caaa

ile Met

10

Ser Ser

Tyr Gin Gln Lys Pro Gly Ser
40

Ser Asn %gu Ala Ser Gly Val

Tyr Leu His Trp
35
Jte Tyr Ser Thr
50

Giy Ser Gly Ser Gly Thr Ser Tyr Ser Leu thr

85 70 - 75

Aia Glu Asp Ala géa Thr Tyr Tyr Cys gés Gln

Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu lle
100 105

210> 14

211> 368

212> DNA

213> Wus musculus

400> 14

gaggttoage tgcagoagtc
toctecaagg ciiciggtta
catggaaaga pectigagig
aaccagaagt fcaagggeaa
atggagotoe ggagoctgac
ttecetigatt togacgacce
gtetoctoa

210> 15

211> 123

212> PRT

213> Mus musculus
<400> 15

tgpaccigag ctggtgaage
cteattiact ggotacttia
gatiggacgt attaatectt
ggecacatta actgtagaca
atctgaggac totgoagtet
ctatettaty gactattgeg

ctggaggttc aatgaagata
tgaactgggt gaagcagage
acaatggogg tattagitac
agicatccag cacagoctac
atttctetegc aagagactat
teactgicte tgca

Val Lys Pro ?éy Giy
Ser Phe ggr Gly Tyr
Asn Leu Glu Trp e
45

g%r Asn Gin Lys Phe
Ser Ser Thr Ala Tyr

80
Ata tle Tyr Phe Cys

95
Tep Giy Gin Gly Thr
110

ctetaggeea acgggicace

igeactggta ccagoagaag:

acctggettc tggagfocca
tcacaatcag capcatggag
gttecocogieg gacgtitoggt

Ser Ala Ser %gu Giy
Val Vai lle Ser Thr
30

Ser

Pro Lys Leu Trp

45 _

Val Arg Phe Ser

Ser Ser Met Glu
80

Pro
e

Tyr His Arg Ser Pro
95

Lys

ctgegecttc agigaagata
tgaactgget gaaacagage
acaatggtga tacttictac
agatcctotaa tacagescac
attattgtge aagagtccic
gtcaaggaac ctcagicacc

Glu Val Gln Leu Gin Gln Ser Gly Pro Glu Leu Val Lys Pro Gly Ala

60
120
180
240
300
354

60
120
180
240
300
324



1 5 10 15
Ser Val Lys lle Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Phe Met égn Trp Val Lys Gln igr His Gly Lys Ser hgu Glu Trp tle
Gly Arg 1le Asn Pro Tyr Asn Gly Asp Thr Phe Tyr Asn Gln Lys Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Asn Thr Ala His
65 70 75 80
Met Giu Leu Arg Sgr Leu Thr Ser Glu ggp Ser Ala Val Tyr ggr Cys
Ala Arg Val Lteu Phe Leu Asp Phe Asp Asp Pro Tyr Leu Met Asp Tyr
100 105 110 _
Trp Gly Gin Gty Thr Ser Vai Thr Val Ser Ser
: 115 ' 120

<210> 16
2t1> 318

- (212> DNA
<213> MWus musculus
400> 16
gaaaatgtge toaccoagtc tocapecaate atgtctgeaa cictigggga gaaggtcace 80
atgagetgea gggccacoic aaatgiaaag tacatgtact ggtaccagea gaagloaggt 120
gooctoocceca aactatggat ttattacaca focaacctgg cticiggagt cccagetege 180
ttcagtegeca gteggetotee gacctettat tototcacaa itcapcagogt ggaggetgca 240
gatgotgoca cttattacty coageagttt actagttece catccacgtt cggigetesg 300
accaagotgg agetgaaa ’ 318
Q10> 17
211> 106
12> PRT
213> MNus musculus
«00> 17
?lu Asn Val Leu ghr Gin Ser Pro Aia lle Met Ser Ala Thr Lgu Gly

10 1
Glu Lys Val Thr Met Ser Gys Arg géa Thr Ser Asn Val %és Tyr Het
Tyr Trp Tgr Gln Gin Lys Ser géy Ala Ser Pro Lys kgu Trp Tle Tyr
Tyr ghr Ser Asn Leu Ala ggr Gly Val Pro Ala égg Phe Ser Giy Ser
.‘Giy Ser_Gly Thr‘Ser Tyr Ser Leu Thr tle Ser Ser Val Glu Ala Ala.
2 i T . _ 75 bl
Asp Ala Ala Thr ?gr Tyr Cys Gla-Gin gge Thr Ser Ser Pro_ggr Thr

Phe myAlaGW'meriﬁu HI%ELH

100
210> 18
211> 369
<212> DNA
<213> Mus musculus
400> 18

gaggtitcage tgeoageagtc tgpacetgag ctggtgaage ctggggetic agigaagata 60
tectgeaapgg cttetggita cteatttact geotacttta igaactgget gaageagage 120
catgpaaaga pocttgagty pattpgacgt attaatcott acaatggiga tacttictac 180
aaccagaagt icaagggcaa ggecacatta actgtagaca aatecctetag cacagoccac 240
atggagetee gpagectgac atctgaggac toigeagtct attatigige aagagicete 300
ttoetigatt togacgacco ctatotiatg gactattgee gteaaggaac cteagteoace 360
gtotectoa 369
210> 19

11> 123

212> PRT

213> Mus musculus

400> 19

?lu Val Gin Leu G|n Gln Ser Gly Pro G u Leu Val Lys Pro ?éy Ala

Ser Val Lys éle Ser Cys Lys Ala ggr Gly Tyr Ser Phe ggr Gly Tyr
Phe Met égn Trp Val Lys GIn igr His-Gly Lys Ser 5gu Glu Trp tle
Gly égg ite Asn Pro Tyr égn Gly Asp Thr Phe gér Asn Gln Lys Phe
Lys Gly Lys Ala Thr %eu Thr Val Asp Lys %gr Ser Ser Thr Ala gés
Met Glu Leu Are Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr g%r Cys
Ala Arg VYal %eu Phe Leu Asp Phe ?sg Asp Bro Tyr Leu ??E Asp Tyr

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser



115 120
210> 20
211> 318
<212> DNA
213> Mus muscuius
<400> 20
gaaaatgtge teacccagtc tccageaatc etgtotgeaa ctotiggsga gaasgicacce 6O
atpagotgea gpgocaccic aaatgtaaag tacatgtact ggtaccagoa gaagicaget 120
goctooccea aactatggat ttattacaca tocaacctigg cttoiggagh cocagotogo 180
ttcagtggoa ghagetotep gacctettat tototcacaa tcageagept ggagectgca 240
gategctgcoca cttattactg ccagecagttt actagttccc catocacegtt cggtgotgge 300
aoccaagetge agetgaas 318
210> 21 . ‘
211> 106
212> PRT
<213> Mus musculus
<400> 21
?]u-Asn Val Leu ghr Glh Ser-Pro Ala {ée Met Ser Ala Thr Lgu Gly

1

Glu Lys Val ;gr Met Ser Cys Arg géa Thr Ser Asn Val %gs Tyr Met

Tyr Trp Tyr Gln Gin Lys Ser Gly Aia Ser Pro Lys Leu . Trp lie Tyr
35 40 45

Tyr ggr Ser Asn Leu Ala Ser Giy Val Pro Ala Arg Phe Ser Giy Ser

55 60

Giy Ser Giy Thr Ser Tyr Ser Leu Thr |le Ser Ser Val Glu Ala Ala
65 70 75 80
Asp Ata Ala Thr ggf Tyr Cys Gln Gin gge Thr Ser Ser Pro ggr Thr
Phe Gly Ala Gly Thr Lys Leu Giu Leu Lys

' 100 105
i 22
211> 220
212> PRT
213> homo sapiens
400> 22 .
%at Ala Ser Ala g!y Met Gln 1le Leu ?éy Val Val-Leu Thr %gu Leu

Gly Trp Vail égn Gly Leu Val Ser ggs Ala Leu Pro Mef gsp Lys Val

e Ala Phe Tle Ghy Ash Ser 1fe Val Val Ata GIn Val Val Trp Glu
35 40 45

Gly Leu Trp Met Ser Cys ggi Val GIn Ser Thr géy Gln Met GIn Cys

50
Lys Val Tyr Asp Ser Leu Leu Ala Leu Pro Gln Asp Leu Gin Ala Ala
65 76 5 86
Arg Ala Leu Oys ggl |ie Ala Leu Leu'ggl Ala Leu Phe Gly ggu l.eu
Val Tyr Leu Aia Giy Ala Lys Cys Thr Thr Gys Val Giu Glu Lys Asp
100 105 110
Ser Lys Ala Arg Leu Val Leu Thr Ser Gly |le Val Phe Val [le Ser
115 120 125
Gly Val Leu Thr Leu fle Pro Val Cys Trp Thr Ala His Ala Vai lle
130 135 140
Arg Asp Phe Tyr Asn Pro Leu Val Ala Glu Ala Gin Lys Arg Glu Leu
145 150 155 160
Gly Ala Ser teu Tyr Leu Gly Trp Ala Ala Ser Gly Leu Leu lLeu Leu
165 170 175
Gly Gly Gty Leu Leu Cys Cys Thr Cys Pro Ser Gly Gly Ser Gin Gly
180 i85 190
Pro Ser His Tyr Met Ala Arg Tyr Ser Thr Ser Ala Pro Ala lie Ser
195 700 205
Arg Gly Pro Ser Glu Tyr Pro Thr Lys Asn Tyr Val
210 215 220
210> 23
<211> 1363
<212> DNA
213> homo sapiens
<400> 23

atctootteg cagtgcaget ceticaacct cgocatggec teteccggaa tgcagatoct 60
gegagtogte ctgacactge tgggotgget gaatggcotg gtotootgte cectgeccat 120
gtegaaggte accgetttca togpcaacag catcgiggtg goccaggtigg tetggeages 180
cotgteggate tootgegtze tecagageac cggccagatg caghtgcaagg tglacgacte 240
actgotgece ctgocacage acctgeagge tgcacgtgec ctotgtgtca togoectoot 300
tgtgpecety ttopgcttes tggictacct tgotgegggcc aagtgtacca cotgtgtepa 360
ggagaaggat tocaaggece geoiggtget caccteigeg atigtetttg toatctcagg 420
getoctgacg ctaatcccog tgtectggac geogcatgee giocatcoggg acttotataa 480



cocectgety getgaggooe aaasagogega gotgegeoee tecctotact
ggoctoaggo cttttgttge tgpsteppgr gtigotgtpe tegcacttzoe
gtoccagegge cocagocatt acatggoccg ctactcaaca totgecccty
gaggocotet gagtacocta ccaagaatta cgtoigacgt ggaggegaat
ctggegetag agecatccag aagiggcagt goccaacage titggpategp
tttgtttotg cotootgeta titttoittt gactpaggat atttaaaatt
ctgageocaag gtgttgacte agactceicac ttagectete ctetitotea
atggagecaa agaggggate ctitgagatt ctepgatctte acatgeccat
agtcaagota tggaactaat geggaggote cttgetgige tgecttizea
ctgtocccaa gapttectge tgetgetpeg ggeteggett coctagatgt
c¢tgcoocceca fcctactoag gtoictggag cteootetett caccoctgga
atetpttaac aaspgactgc ccacctcocgg aacttotgac ctotgttice
taagacgtcc accccccage gsocaggicce agetatgiag accocepcese
cactgeacce ttotgocctg cocococicgl ctcacccoct ttacactcas
aataaagcat gttttgitag tpcaaaaaaa aaazaaaaaa aaa

210> 24

(VAR

212> PRT

<213> Mus musculus
400> 24

?Iy Tyr Thr Met ésn

210> 25

211> 17

212> PRT

<213> Mus musculus
<AQ00> 25

%eu {le Asn Pro gyr

Asp

210> 26

Q2t1> 8

212> PRT

{213> Mus musculus
406> 26

?sp Tyr Arg Tyr glu

@1o> 217

Q11> 12

212> PRT

213> Mus musculus
400> 27

ihr Ala Ser Ser ga!

210> 28

VARV

212> PRT

213> HWus musculus
<4006> 28

Ser Thr Ser Asn geu

H

L2100 2%

L2119

212> PRT

213> Mus musculus
<400> 29

?%s Gin Tyr His érg

<210> 30

211> 5

<212> PRT

<213> Mus musculus
<400> 30

?iy Tyr Phe Met ésn

210> 31

211> 17

212> PRT

213> MWus nmusculus
400> 31

tggaciggec
cctoggeeee
coatctotog
ggegectocg
gttogtacst
catttgaaaa
coottggatyg
cttagaagce
acaagacaga
cactggacag
aaaacaaatg
toegteoctea
ccacctccaa
attttiatca

Asn Gly Gly ile ?gr Tyr Asn Gln Lys ?ge Lys

Gly Phe Asp Tyr

Val 1le Ser Thr ¥5r Leu His

Ala Ser

Ser Pro Trp Thr

?rg {e Asn Pro gyr Asn Gly Asp Thr ?Be Tyr Ash Gin Lys ?2& Lys

Gy

210> 32
Q211> 14

540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1363



212> PRY
213> Mus
400> 32

1
210> 33
21y 10
212> PRT
213> Mus
<400> 33

musculus

musculus

Val Leu Phe Leu ésb Phe Asp Asp Pro ¥%r Leu Met Asp Tyr

?rg Ala Thr Ser gsn Val Lys Tyr Met g%r

2100 34
VAN

212> PRT
213> Mus
<400> 34

musculus

¥Yr Thr Ser Asn %eu Ala Ser

<210 35
Q211> 9

212> PRT
213> Mus
400> 35

musculus

?ln Gln Phe Thr ger Ser Pro Ser Thr

210> 36
211> 357
212> DNA
213> Mus
<400> 36
gaagteaago
tectgtgoag
CCggCEaaga
ccagacagtg
ctacaaatga
tataggtace
210> 37
1 119
<212> PRT
213> Mus
400> 37
?lu Val Lys

Ser Leu Lys
Thr Met Ser
35
Val Thr lle
50

Lys Gly Arg
65

Leu GIn Met
tle Arg Giy

Thr Leu Val
115
210> 38
211> 321
<212> DHA
213> Mus
<400> 38
gacatccaga
atcacatgtc
ggaaaatotc
aggttcagtg
gaagatgtty
gELEACCAALs
210> 39
211> 107
212> PRT
213> Mus
<400> 38

musculus

tggtggagtc tgggegagpe ttagigaage ctggageete cotgaaacte
coictggatt cacttitcaat agctatacca tgicttgegt tcogecagact
geotggagte ggtoptaace attagtagty gtggagelicg cacciactat
tegaaggegoog aticaccatc tccagagaca atgocaggaa cacccigtac
goagtetpgag gtotgaagac acggocatgl atiactpglat aaggegggac
acgeggtttpe ttactgggee cagggractc fggtoactgt ctetaca

muscuius

Leu gal Giu Ser Giy Gly ?&y Leu Val Lys Pro ?éy Gly
Leu Ser Cvs Ala Ala Ser Gly Phe Thr Phe Asn Ser Tyr
20 25 30

Trp Val Arg Gin ggr Pro Ala Lys Arg igu Glu Trp Vai

Ser Ser Gly géy Gly Arg Thr Tyr égr Fro Asp Ser Val
Phe Thr [le Ser Arg Asp Asn Ala Arg Asn Thr Leu Tyr
_ 70 75 80
Ser Ser Leu Arg Ser Glu_égp Thr Ala Met Tyr S%r Cys

85

Asp Tyr Arg Tyr Asp Gly Phe Ala Tyr Trp Giy Gin Gly
100 1 110
Thr Vai Ser Thr

musculus

tgactcagtec
gagcaagiga
cteaactoet
goagtagatc
cgagatatta
tggaaataaa

musculus

teocaget
gaatatt
ggtctat
aggcaca
ctgicaa
a

05

tec ctgtetgeat ctptgepgaga aactgtcace
gac agttattiag catggtatca goagaaacag
get teaacacict tagtagatge tgtgocaica
cag tittctctca aaatcaacag cotgoagict
cat tattatagta ticcgtatac gitoggatcg

?sp Ile Gin Met éhr GIn Ser Pro Ala ?gr Leu Ser Ala Ser ¥g% Gly
Glu Thr Val Thr 1le Thr Cys Arg Ala Ser Glu Asn |le Asp Ser Tyr

60
120
180
240
300
357



20 25 30
Leu-Afa Trp Tyr Gin Gln Lys @In Gly Lys Ser Pro Gln Leu Leu Val
35 o 40 45

Tyr gga Ser Thr Leu leu ggi Asp Gly Val Pro ggr Arg Phe Ser Gly

Ser Arg Ser Gly Thr Gln Phe Ser Leu Lys lle Asn Ser Leu Gin Ser

65 70 75 80

Glu Asp Val Ala Arg Tyr Tyr Cys Gin His Tyr Tyr Ser lle Pro Tyr
85 90 a5

Thr Phe Giy ?86 Giy Thr Lys Leu Glu Ile Lys

105
Q210> 40
VARPI]
212> PRT :
<213> Mus musculus
400> 4D ‘
?er Tyr Thr Met ger

L2100 41

Q211 11

212> PRY

213> Mus musculus

400> 41

{hr tie Ser Ser gly Giy Gly Arg Thr g%r Tyr Pro Asp Ser ¥gl Lys

Giy

Q210> 42 -

<211 10

212> PRT

213> Mus muscuius

400> .

?Iy Asp Tyr Arg gyr Asp Giy Phe Ala 1%r

210> 43

2> 11,

212> PRT

(213> HMus musculus

400> 43

Arg Ata Ser Glu ésn lie Asp Ser Tyr %gu Ala

1

210> 44

AP

212> PRT

<213> Mus musculus

400> 44 :
?Ea Ser Thr Leu %eu Val Asp

210> 45

Q1 8

212> PRT

213> Mus musculus

400> 45

Gin KBis Tyr Tyr ger |te Pro Tyr Thr

1

210> 46

21> 220

212> PRT

<213> homo sapiens

400> 46

?et Ma Ser Ala gly Met Gln lle Leu ?gy Val Val Leu Thr %gu Leu
aly Trp Val Asn Gly Leu Val Ser ggs Ala lLeu Pro Met ggp Lys Val

20
Thr Ala Phe lle Gly Asn Ser éée Val Vai Ala GIn Xg% Val Trp Giu

35
Gly %ga Trp Met Ser Cys ggl Vai Gin Ser Thr géy Gln Met Gin Cys
Lys Val Tyr Asp Ser Leu lLeu Ala Leu Pro Gin Asp Leu Gin Ala Ala
65 70 75 80

Arg Ala Leu Cys ggl fle Ala Leu Leu Val Ala Leu Phe Gly ggu Leu

90
Val Tyr Leu Ala &ly Ala Lys CGys Thr Thr Cys Val Glu Glu Lys Asp
100 105 110
Ser Lys Ala Arg Leu Val Leu Thr Ser Gly lie Val Phe Vai |le Ser
115 120 125
Gly Val Leu Thr Leu lle Pro Val Cys Trp Thr Ala His Ata fle lie



130
145

135

Arg Asp Phe Tyr Asn Pro Leu Val Ala Glu Ala
150 155

Gly Ata Ser Leu Tyr Leu Gly Trp Ala ?;S Ser

165
Gly Gly Gly %gg teu Cys Cys Thr Gys Pro Ser

185
Pro Ser ?ég Tyr ¥et Ala Arg Tyr Ser Thr Ser
Arg Gly Pro Ser Giu Tyr z;g Thr Lys Asn Tyr

210
Q210> 47
211> 1389
<212> DNA
<213> homo
<400> 47
cgacactogg
atgegcctotg
ggcotgetot
gtggtageco
cagatgeoagt
cgtgeoctot
ggggecaagt
totgggatipg
catgeoatca
ggggootoce
cigtgotgca
tcaacatcty
tgacgtegag
aacagottitg
gaggatattt
gototpotpt
atcttgacat
ctegtagctges
gggetteect
tetotteace
tetgacetet
atgtagacce
coeootttac
aaaaaaaaa
<210> 48
211> 217
212> PRT
<213> homo
<400> 48
Tei Ala Ser

Ely Trp Leu

Thr Ala Phe
35
Gly Leu Trp
50
Lys Val Tyr
65
Arg Ala Leu

Val Ala lle

Ala Lys Ala
115
Gly 1le Leu
130
Gln Asp Phe
145
Gly Ala Ser

Giy Gly Gly

Pro Arg Giy
195
Ser Gly Leu
210
210> 49
Q11> 220
212> PRT
<Z13> homo

sapiens

cctaggaatt
cecggaatgca
cetgigeect
aggtgptety
gcaaggtgta
gtgtoatege
gtaccacetg
tetitpteat
tecgggacti
tctacttege
cttgococic
cooctgeoat

gegaatgeey

geatggetic
aaaaticatt
ttoteacoet
goecatotia
tttegcaacaa
agatgicact
cotpgaaaaa
gtttooteog
CCECGGCCas
actcacattt

sapiens

200

teccttatot cottcgeagt
gatectggea gtogtoctga
geccatgigs aaggigacce
gragggeoty tggatetcot
cgactcactg ctzgescige
coiccitete gocetpgtice
tgtggaggag aaggaticea
cteagggetic ctgacgetaa
ctataaccee ctggtggets
cigggegges teaggoctti
gegggggice cagggooeoa
ctotoggpee coctotgagt
gotcegcteg cegotagagce
gtaccttttp tttotgoecic
tgaaaaciga gecaageist
tpgatgaigy agccaaagag
gaagecagtc aagotatgga
gacagacigt ccccaagagt
gracagetge cooccatect
cagatgatet gttaacaaag
teotgataag acgtccacce
ctccaacact goaccettot
ttatcaaata sagcatgtit

Thr gly feu Glu Leu Leu Giy Met

G
20

10

ly Thr Leu Val Ser ggs Ala Leu
Ile Gly Asn Ser ile Val Val Ala

40
Met Ser Cys Val Val Gln Ser Thr

55
Asp Ser Leu Leu Ala Leu Pro Gln

70

Cys Val 1|

85
Thr Gly A
100

Val Leu |

75
le Ala Leu Leu Leu Ala
90
la Gln Cys Thr Thr Cys
05

1
Arg lle Val Leu Thr Ala Gly Val

120
te Pro Val Cys Trp Thr
135

Tyr Asn Pro Leu Val Ata Giu Ala
150 155
Leu Tyr Leu Gly Trp Ala %3 Aia

165

Leu Leu Cys Cys Thr Cys Pro Pro

180

185

Pro Arg Leu Gly Tyr Ser lfle Pro

200

Asp Lys Arg ésp Tyr VYal

sapiens

15

140
Gin Lys Arg Giu Leu
160

Gly Leu Leu Leu Leu
175
Gly Gly Ser Gin Gly
190
Ala Pro Ala |le Ser
205

Val
220

geagetectt caacctcgee
cactgetggg ctgggigaat
ctttcatecgg cazcagcate
gogtgetgca gagoacegge
cacaggacct geaggotgea
gottgeiggt ctacotiget
aggccogoct ggigolcoace
teooogigtg ctggacggog
aggoccaaaa gogggageig
tgitgoigee teggeggtiy
gocattacat ggeoccgectac
accctaccaa gaattacgto

atccagaagt ggeagtgoce

ctgetatttt tottitgact
tgactcagac tctcacitag
gggatgctit gagaticteg
actaatgcgy aggotgcttg
tcotgetget getzgsgget
actcaggtct ctggagotee
gactegeccac ctecggaact
cccagggeca ggtoccaget
goootgeecce cotogtotea
tgttagtgca asaaaaaaas

Thr Leu Ala ¥gl Leu
Pro Leu Trp Lys Val
30
Gin Val Val Trp Glu

- 45

géy Gln Met Gin Cys
Asp Leu GIn Ala Ala

Leu Leu Gly Leu Leu

Val Glu ??8 Glu Gly
ile Leu Leu Leu Ala
125

Ala His Ala 1le ile

140

Leu Lys Arg Giu Leu
160

Ala Leu Leu Met Leu

i7b
Pro Gin VYal Glu Arg
190

Ser Arg Ser Gly Ala
205

60
120
180
240
300
360
420
480
540
§00
660

. 120

180
840
500
960
1020

1080 .

1140
1200
1260
1320
1380
1389



<400> 49

?et Ser Met Gly %eu Giu lle Thr Gly ¥8r Ala

Trp
Ala
Leu
Val
65

Ala
Ala

Lys

Leu:

Asp
145
Ala
Gly
Ala

Ser

Leu Gly Thr lie
20

Phe lie Giy Ser
35

Trp Met Asn Cys
50

ey
Val
85
Ala
Thr

Val

Tyr Asp Ser
Leu lle-VYal
feu Val Gly
100
Ala Lys lle
Leu
Phe Tyr Asn
Giy Leu Tyr
Afa Leu Leu
180
Thr Lys Val
195
Thr

Leu Gly
210

Pro
Val
165
Cys
Vai

Gly

210> 50

teu Ala Val %gu

Yal Cys Cys ééa Leu Pro

Asn ile tle Thr Ser GlIn
40

Asn Aée Trp Glu
Val \5/? &ln Ser Thr Gly

gén Met Gin Cys
%gu Ala Leu Pro GIn %Ep leu Gin Ala Ala
Ala |le Leu Leu Ala Ala Phe Gly Leu Leu

90 95
Gln Cys Thr Asn Cys Val

105
Ile Yal Ala Gly Val Leu
120
Pro Val Ser Trp Ser Ala
135

Yal Val Pro Glu Ala Glg

150 15
Gly Trp Ala Ala Ala Ala
170

Gin Asp ??8 Thr
Phe Leu Leu Ala
125

Asn Thr fle tle
140
Lys Arg Glu Met

Leu Gin Leu Leu
175
Glu Lys Lys Tyr
190
Thr Gly Pro Gly
205

Val
220

Cys Ser Cys ?gg Pro Arg
Tyr Ser Aia Pro Arg Ser
200
Tyr Asp Arg Lys Asp Tyr
215

211> 208
212> PRT
<213> homo

sapiens

<400> 50

Met
1
Gly
Thr
aly
Lys
65
Arg
leu
Ata
Gly
“Gln
145
Gly
Gly
Tyr
Val

210>
211>
212>
<213>
<400>

Met
1
Gly
Tyr
Giy
Lys
65
Arg

Ala Ser Met gly
Val

Gly

Trp Leu Ala
2

0
Ala Phe lle
35
Leu Trp Met Asn
50

Val
Ala

Tyr Asp Ser

leu Vai

Val Val

100
Ala Lys
116

Leu Met Val
130
Asp Phe

Ala Ser

|le
85
Gly

Thr

Ser
Lys
e
Tyr Asn

teu Tyr

- 166

Gly Gly Leu Leu
180

Ser Ala Lys Tyr
195

51
211
PRT
homo
51
Ala Asn

sapiens

Ala Gly
5

Gly Ala

20

Afa Giy

Met Ser

Trp ile

Ser Tyr
35

Leu Trp

50

Val Phe Asp Ser

Ala Leu Met Val

Leu GIn Val Ala Leu Ala ¥g|

et Leu Cys Pro Met ggp Arg
Gin Thr lie Trp
45

Gly Gin Met Gin
80

Ser Asn lle
40
Cys Val Vai
55
Asp Leu Gln Ala
Ala Leu Gly Val
05

Giy Lvs Cvs Leu Glu Asp Glu
105 110
Met ile Vai Val Phe Leu Leu
120 125
Val Pro Vatl Ala His Asn |le
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Fig.3
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