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DIAGNOSIS AND TREATMENT OF CANCER 
USING ANTI-DESMOGLEIN-3 ANTIBODIES 

TECHNICAL FIELD 

[0001] The present invention relates to methods for diag 
nosing and treating cancer, cell proliferation inhibitors, and 
anticancer agents. 

BACKGROUND ART 

[0002] Desmoglein 3 (hereinafter referred to as DSG3) Was 
?rst identi?ed as a glycoprotein having a molecular Weight of 
130 kDa by immunoprecipitation of keratinocyte extracts 
With an autoantibody obtained from the serum of patients 
affected by pemphigus vulgaris (hereinafter referred to as 
PV), Which is an autoimmune blister-forming disease of the 
skin and mucosa, and Was named the PV antigen (hereinafter 
referred to as PVA) (N on-patent Document 1 and J. Clin. 
Invest. 74, 313-320, 1984). Then, antibody molecules that 
react With the above-mentioned 130-kDa protein Were iso 
lated from the serum of PV patients by a?inity puri?cation. 
Next, an expression library Was constructed using poly(A) 
RNA isolated from human keratinocytes and Was screened 
using the isolated antibodies, and a cDNA encoding PVA Was 
isolated. Based on analysis of the nucleotide sequence of the 
isolated cDNA, the PVA molecule Was found to be highly 
homologous to the sequences of a group of molecules belong 
ing to the cadherin gene superfamily Which encodes intercel 
lular adhesion factors (Non-patent Document 2). 
[0003] Cadherin molecules are expressed in a Wide variety 
of tissues and they are involved in cell adhesion in vivo. 
Within the cadherin group, a group of molecules are 
expressed in desmosomes, Which are adhesion sites betWeen 
cells on the cell membrane, and are called desmosomal cad 
herins or desmogleins. Keratinocytes, Which Were used for 
isolation and cloning of the DSG3 molecule (a member of the 
desmoglein family), are cells that occupy a large portion of 
the epidermis. They are tightly adhered to adjacent cells via 
desmosomes and the DSG3 molecule is considered to be 
involved in this adhesion. Anti-DSG3 autoantibodies present 
in PV patients’ sera are thought to cause PV lesions by bind 
ing to the DSG3 molecule and inhibiting intercellular adhe 
sion mediated by the DSG3 molecule. 
[0004] As described above, PV lesions are induced by poly 
clonal anti-DSG3 autoantibodies present in PV patients’ sera. 
Monoclonal anti-DSG3 antibodies that have the ability to 
induce PV-like lesions upon transplantation of hybridomas 
into mice have also been isolated (N on-patent Document 3), 
and they have been shoWn to have a cell-dissociating activity 
that inhibits cell adhesion of keratinocytes in the test tube as 
Well (N on-patent Document 4). As described above, the cell 
dissociating activity of anti-DSG3 antibodies observed in the 
test tube has been suggested to be the activity that induces PV 
lesions in vivo. 
[0005] As described above, it is knoWn that the DSG3 pro 
tein has an important function in keratinocyte adhesion, and 
that anti-DSG3 antibodies are involved in the development of 
PV lesions. HoWever, involvement of the DSG3 protein in 
other diseases, or functions of anti-DSG3 antibodies other 
than the cell-dissociating activity have not been elucidated. In 
particular, connection of the DSG3 molecule With the devel 
opment of cancer, especially lung cancer, and proliferation, 
invasion, metastasis, or transformation of lung cancer cells in 
mammals, in particular, humans, has not been elucidated. 
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[0006] Of the various types of cancers, lung cancer has the 
highest mortality rate in both men and Women. The mortality 
rate of lung cancer in Japan has increased after 1950; as a 
result, the number of lung cancer deaths in 1998 Was 50,871 
individuals, Which Was approximately 18% of all malignant 
tumor deaths, and after 1993, the number of deaths has 
exceeded that of stomach cancer and is ranked number one 
among malignant tumors for men (Health and Welfare Sta 
tisticsAssociation, Kokumin eisei no doko/kousei no shihyou 
(Trends of national health/indicators of Welfare), 47, 52-53, 
2000). Furthermore, on a global scale, approximately 3,000, 
000 people a year are dying of lung cancer. Basic histological 
types of lung cancer include adenocarcinoma, squamous cell 
carcinoma, adenosquamous carcinoma, large cell carcinoma, 
and small cell carcinoma. Since the former four do not shoW 
large differences in prognosis or therapeutic strategy, they are 
collectively referred to as non-small cell lung cancer. 

[0007] The number of non-small cell lung cancer cases 
accounts for 80% to 85% of the total number of lung cancer 
cases. Examples of the characteristics of non-small cell lung 
cancer are sloW progression compared to small-cell cancers, 
and insuf?cient response to chemotherapy and radiation 
therapy. Therefore, When the tumor is localiZed, surgical 
resection is the number one choice, but the treatment outcome 
is very poor compared to other carcinomas such as stomach 
cancer at the same disease stage by TNM classi?cation. While 
recent attempts have been actively pursued to improve the 
outcome by multimodal treatment, effective therapeutic 
methods that lead to complete remission have not been estab 
lished. In non-small cell lung cancer, surgical therapy is con 
sidered for up to stage IIIa, While in subsequent clinical 
disease stages, surgery is rarely applied, and chemotherapy 
and radiation therapy are the main therapies. SCC (squamous 
cell carcinoma related antigen), Cyfra (cytokeratin 19 frag 
ment), CEA (carcinoembryonic antigen), and SLX (sialyl 
LeWis x-i antigen) are selected as markers for serodiagnosis, 
and they are used separately or in combination, but the posi 
tive rate for early stage cancers is still loW, and development 
of diagnostic markers that Will assure early-stage diagnosis of 
non-small cell lung cancer by serodiagnosis is anticipated 
(Shuyo maka no yomikata no jissai; haigan (Practical method 
for reading tumor markers; lung cancer) Rinsho to Kenkyu 
(Clinic and Research) 78, 35-40, 2001). 
[0008] Small cell lung cancer tumors constitute approxi 
mately 15% to 20% of all lung cancers in Japan, and their 
speed of proliferation is fast compared to other lung cancers, 
but they are highly sensitive to anticancer agents and radiation 
therapy, and have signi?cantly different clinical characteris 
tics from those of adenocarcinoma, squamous cell carcinoma, 
large cell carcinoma, and such. For small cell cancer, surgical 
therapy is considered only in stage Ia (tumor diameter is 20 
mm or less, and no invasion or metastasis to lymph nodes and 
nearby organs is shoWn), and chemotherapy and radiation 
therapy are basically the main therapeutic methods 
employed. As diagnostic markers, NSE (neuron-speci?c eno 
lase) and proGRP (pro gastrin-releasing peptide) are used as 
tumor markers With relatively high speci?city to small cell 
cancer, and their positive rates are reported to be approxi 
mately 60% and 70%, respectively. 
[0009] Although there are still no examples of application 
in clinical practice for lung cancers, the therapeutic response 
rate in breast cancer, lymphoma, and such is increasing, 
because targeted therapy using monoclonal antibodies 
against cancer-speci?c tumor antigens exhibits a mode of 
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action different from conventional therapy Which uses che 
motherapeutic agents. In targeted therapy that uses the above 
mentioned antibody pharmaceuticals, When the antibodies 
are functional and effective, their activities include: antibody 
dependent cell-mediated cytotoxicity (ADCC) activity via 
effector cells; complement-dependent cytotoxicity (CDC) 
activity via complements; and cytotoxic activity as a result of 
construction of conjugate molecules With chemotherapeutic 
agents, toxic peptides, or radioactive chemical substances. 
Additional activities besides those mentioned above include, 
for example, agonistic activity in Which the antibody itself 
catalyZes an agonistic effect on the antigenic molecule; and 
neutraliZing activity that blocks signals for cell activation, 
proliferation, or the like. In order to apply molecular-target 
ing therapy that uses antibodies exhibiting activities such as 
those mentioned above in the treatment of lung cancer, Which 
has loW positive rate of diagnosis, loW disease cure rate, and 
still has room for complete remission, identi?cation of tumor 
speci?c molecules expressed in lung cancer cells and produc 
tion of antibodies that exhibit desirable activity by targeting 
such molecules are strongly anticipated. 
[0010] Prior art literature information relating to the 
present invention is the folloWing: 

[Patent Document 1] WO 99/57149. 

[Patent Document 2] W0 02/ 86443. 

[Patent Document 3] WO 03/20769. 

[0011] [Non-patent Document 1] J. Clin. Invest. 70, 281 
288, 1982. 

[Non-patent Document 2] Cell 67, 869-877, 1991. 

[Non-patent Document 3] J. Immunology 170, 2170-2178, 
2003. 

[0012] [Non-patent Document 4] J. Invest. Dermatol., 124, 
939-946, 2005. 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0013] An objective of the present invention is to provide 
anti-DSG3 antibodies and uses thereof. More speci?cally, an 
objective of the present invention is to provide novel methods 
for diagnosing and treating cancer using anti-DSG3 antibod 
ies, novel cell proliferation inhibitors and anticancer agents 
comprising anti-DSG3 antibodies, and novel anti-DSG3 anti 
bodies. 

Means for Solving the Problems 

[0014] The present inventors discovered that DSG3 is 
highly expressed in cancer cells such as lung cancer cells. 
Furthermore, When complement-dependent cytotoxicity 
(CDC) activity and antibody-dependent cellular cytotoxicity 
(ADCC) activity of anti-DSG3 antibodies Were measured, the 
anti-DSG3 antibodies Were found to have CDC activity and 
ADCC activity toWards DSG3-expressing cells. Further 
more, from the above-mentioned ?ndings, the present inven 
tors discovered that the anti-DSG3 antibodies Were effective 
for diagnosing, preventing, and treating cancers in Which the 
DSG3 expression is elevated, including lung cancer, and 
thereby completed the present invention. 
[0015] The present invention provides pharmaceutical 
compositions comprising a DSG3 protein-binding antibody 
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as an active ingredient. The present invention also provides 
cell proliferation inhibitors comprising a DSG3 protein-bind 
ing antibody as an active ingredient. The present invention 
further provides anticancer agents comprising a DSG3 pro 
tein-binding antibody as an active ingredient. Preferably, the 
DSG3 protein-binding antibody has cytotoxic activity. Pref 
erably, the cancer is lung cancer. More preferably, the cancer 
is non-small cell lung cancer. 
[0016] In another embodiment, the present invention pro 
vides methods for inducing cell injury toWards cells that 
express the DSG3 protein by contacting DSG3-expressing 
cells With a DSG3 protein-binding antibody. The present 
invention also provides methods for suppressing proliferation 
of cells that express a DSG3 protein by contacting cells that 
express the DSG3 protein With a DSG3 protein-binding anti 
body. The DSG3 protein-binding antibody preferably has 
cytotoxic activity. Cells that express a DSG3 protein are pref 
erably cancer cells. 
[0017] Furthermore, in another embodiment, the present 
invention provides antibodies that bind to a DSG3 protein and 
have cytotoxic activity toWards cells that express the DSG3 
protein. Preferably, the cytotoxic activity is ADCC activity. 
Preferably, the cytotoxic activity is CDC activity. The present 
invention also provides antibodies to Which a loW-molecular 
Weight chemotherapeutic agent or a toxic peptide is bound, or 
antibodies having cytotoxic activity to Which a loW-molecu 
lar-Weight chemotherapeutic agent or a toxic peptide is 
bound. 
[0018] The present invention further provides antibodies 
that bind to a DSG3 protein, and have cytotoxic activity but 
not cell-dissociating activity toWards cells expressing the 
DSG3 protein. 
[0019] In another embodiment, the present invention pro 
vides uses of the DSG3 protein as a cancer diagnostic marker. 

[0020] Furthermore, in another embodiment, the present 
invention provides methods for diagnosing cancer, Which 
comprise detecting a DSG3 protein using an antibody that 
binds to the DSG3 protein. In the methods of the present 
invention, preferably the extracellular region of the DSG3 
protein is detected. Preferably, the methods of the present 
invention are carried out using an antibody that recogniZes the 
DSG3 protein. Preferably, the methods of the present inven 
tion detect the DSG3 protein in the blood, serum, or plasma, 
or DSG3 protein isolated from cells. 
[0021] In another embodiment, the present invention pro 
vides methods for diagnosing cancer Which comprise the 
steps of: 
(a) collecting a sample from a subject; and 
(b) using a DSG3 protein-binding antibody to detect the 
DSG3 protein contained in the collected sample. 
In the present invention, any substance can be used as the 
above-mentioned sample so long as it can be collected from 
the subject. Serum collected from a subject is used in one 
embodiment, and a biopsy sample collected from a subject is 
used in another embodiment. In the methods of diagnosis, the 
cancer may be any cancer so long as the subject cancer cells 
express a DSG3 protein, but it is preferably lung cancer, and 
more preferably non-small cell lung cancer. In the present 
invention, the step of collecting a sample from a subject can 
also be expressed as the step of providing a sample collected 
from a subject. 

[0022] Furthermore, in another embodiment, the present 
invention provides methods for diagnosing cancer, in Which 
the DSG3 protein-binding antibody is labeled With a nuclide 
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selected from any one of 11C, 13N, 150, 18F, 45Ti, 55Co, 
64Cu, 66Ga, 68Ga, 76Br, 89Zr, and 1241. 
[0023] Furthermore, in another embodiment, the present 
invention provides methods for diagnosing cancer, in Which 
the expression of a gene encoding the DSG3 protein is 
detected. 
[0024] Furthermore, in another embodiment, the present 
invention provides diagnostic agents and kits to be used in the 
methods of diagnosis of the present invention 
[0025] Thus, the present application provides the follow 
ing: 
[1] a pharmaceutical composition comprising as an active 
ingredient an antibody that binds to a DSG3 protein; 
[2] a cell groWth inhibitor comprising as an active ingredient 
an antibody that binds to a DSG3 protein; 
[3] an anticancer agent comprising as an active ingredient an 
antibody that binds to a DSG3 protein; 
[4] the anticancer agent of [3], Wherein the antibody that 
binds to a DSG3 protein is an antibody that has cytotoxic 
activity; 
[5] the anticancer agent of [3] or [4], Wherein the antibody that 
binds to a DSG3 protein is an antibody described in any of (1) 
to (47) below: 
[0026] (1) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 2 as CDR1, the amino 
acid sequence of SEQ ID NO: 4 as CDR2, and the amino acid 
sequence of SEQ ID NO: 6 as CDR3; 
[0027] (2) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 8 as CH; 

[0028] (3) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0029] (4) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 12 as CDR1, the amino 
acid sequence of SEQ ID NO: 14 as CDR2, and the amino 
acid sequence of SEQ ID NO: 16 as CDR3; 
[0030] (5) an antibody comprising the L chain of (4), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 18 as CL; 

[0031] (6) an antibody comprising the L chain of (4), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 

[0032] (7) an antibody comprising the H chain of (1) and 
the L chain of (4); 
[0033] (8) an antibody comprising the H chain of (2) and 
the L chain of (5); 
[0034] (9) an antibody comprising the H chain of (3) and 
the L chain of (6); 
[0035] (10) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 22 as CDR1, the amino 
acid sequence of SEQ ID NO: 24 as CDR2, and the amino 
acid sequence of SEQ ID NO: 26 as CDR3; 
[0036] (11) an antibody comprising the H chain of (10), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 28 as CH; 

[0037] (12) an antibody comprising the H chain of (10), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0038] (13) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 30 as CDR1, the amino 
acid sequence of SEQ ID NO: 32 as CDR2, and the amino 
acid sequence of SEQ ID NO: 34 as CDR3; 
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[0039] (14) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0040] (15) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0041] (16) an antibody comprising the H chain of (10) and 
the L chain of (13); 
[0042] (17) an antibody comprising the H chain of (1 1) and 
the L chain of (14); 
[0043] (18) an antibody comprising the H chain of (12) and 
the L chain of (15); 
[0044] (19) an antibody comprising the H chain of (1) and 
the L chain of (13); 
[0045] (20) an antibody comprising the H chain of (2) and 
the L chain of (14); 
[0046] (21) an antibody comprising the H chain of (3) and 
the L chain of (15); 
[0047] (22) an antibody comprising the H chain of (10) and 
the L chain of (4); 
[0048] (23) an antibody comprising the H chain of (1 1) and 
the L chain of (5); 
[0049] (24) an antibody comprising the H chain of (12) and 
the L chain of (6); 
[0050] (25) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 81 as CDR1, the amino 
acid sequence of SEQ ID NO: 83 as CDR2, and the amino 
acid sequence of SEQ ID NO: 85 as CDR3; 
[0051] (26) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 28 as CH; 
[0052] (27) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0053] (28) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 87 as CDR1, the amino 
acid sequence of SEQ ID NO: 89 as CDR2, and the amino 
acid sequence of SEQ ID NO: 91 as CDR3; 
[0054] (29) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0055] (30) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0056] (31) an antibody comprising the H chain of (25) and 
the L chain of (28); 
[0057] (32) an antibody comprising the H chain of (26) and 
the L chain of (29); 
[0058] (33) an antibody comprising the H chain of (27) and 
the L chain of (30); 
[0059] (34) an antibody comprising the H chain of (1) and 
the L chain of (28); 
[0060] (35) an antibody comprising the H chain of (2) and 
the L chain of (29); 
[0061] (36) an antibody comprising the H chain of (3) and 
the L chain of (30); 
[0062] (37) an antibody comprising the H chain of (10) and 
the L chain of (28); 
[0063] (38) an antibody comprising the H chain of (1 1) and 
the L chain of (29); 
[0064] (39) an antibody comprising the H chain of (12) and 
the L chain of (30); 
[0065] (40) an antibody comprising the H chain of (25) and 
the L chain of (4); 
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[0066] (41) an antibody comprising the H chain of (26) and 
the L chain of (5); 
[0067] (42) an antibody comprising the H chain of (27) and 
the L chain of (6); 
[0068] (43) an antibody comprising the H chain of (25) and 
the L chain of(13); 
[0069] (44) an antibody comprising the H chain of (26) and 
the L chain of (14); 
[0070] (45) an antibody comprising the H chain of (27) and 
the L chain of (15); 
[0071] (46) an antibody comprising one or more amino acid 
substitutions, deletions, additions, and/or insertions in the 
antibody of any of (1) to (45), Which has equivalent activity as 
the antibody of any of(1) to (45); and 
[0072] (47) an antibody that binds to the same DSG3 pro 
tein epitope as the antibody of any of (1) to (45); 
[6] the anticancer agent of any one of [3] to [5], Wherein the 
cancer is lung cancer, colon cancer, esophageal cancer, stom 
ach cancer, pancreatic cancer, skin cancer, or uterine cancer; 
[7] the anticancer agent of [6], Wherein the lung cancer is 
non-small-cell lung cancer; 
[8] a method of inducing cell damage in DSG3-expressing 
cells by contacting cells that express a DSG3 protein With an 
antibody that binds to the DSG3 protein; 
[9] a method of suppressing groWth of DSG3 -expressing cells 
by contacting cells that express a DSG3 protein With an 
antibody that binds to the DSG3 protein; 
[10] the method of [8] or [9], Wherein the DSG3 protein 
binding antibody has cytotoxic activity; 
[11] the method of any one of [8] to [10], Wherein the DSG3 
protein-binding antibody is an antibody of any of (1) to (47) 
beloW: 
[0073] (1) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 2 as CDR1, the amino 
acid sequence of SEQ ID NO: 4 as CDR2, and the amino acid 
sequence of SEQ ID NO: 6 as CDR3; 
[0074] (2) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 8 as CH; 
[0075] (3) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0076] (4) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 12 as CDR1, the amino 
acid sequence of SEQ ID NO: 14 as CDR2, and the amino 
acid sequence of SEQ ID NO: 16 as CDR3; 
[0077] (5) an antibody comprising the L chain of (4), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 18 as CL; 
[0078] (6) an antibody comprising the L chain of (4), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0079] (7) an antibody comprising the H chain of (1) and 
the L chain of (4); 
[0080] (8) an antibody comprising the H chain of (2) and 
the L chain of (5); 
[0081] (9) an antibody comprising the H chain of (3) and 
the L chain of (6); 
[0082] (10) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 22 as CDR1, the amino 
acid sequence of SEQ ID NO: 24 as CDR2, and the amino 
acid sequence of SEQ ID NO: 26 as CDR3; 
[0083] (11) an antibody comprising the H chain of (10) 
having the amino acid sequence of SEQ ID NO: 28 as CH; 
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[0084] (12) an antibody comprising the H chain of (10) 
having the amino acid sequence of SEQ ID NO: 10 as CH; 
[0085] (13) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 30 as CDR1, the amino 
acid sequence of SEQ ID NO: 32 as CDR2, and the amino 
acid sequence of SEQ ID NO: 34 as CDR3; 
[0086] (14) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0087] (15) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0088] (16) an antibody comprising the H chain of (10) and 
the L chain of (13); 
[0089] (17) an antibody comprising the H chain of (1 1) and 
the L chain of (14); 
[0090] (18) an antibody comprising the H chain of (12) and 
the L chain of (15); 
[0091] (19) an antibody comprising the H chain of(1) and 
the L chain of (13); 
[0092] (20) an antibody comprising the H chain of (2) and 
the L chain of (14); 
[0093] (21) an antibody comprising the H chain of (3) and 
the L chain of (15); 
[0094] (22) an antibody comprising the H chain of (10) and 
the L chain of (4); 
[0095] (23) an antibody comprising the H chain of (1 1) and 
the L chain of (5); 
[0096] (24) an antibody comprising the H chain of (12) and 
the L chain of (6); 
[0097] (25) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 81 as CDR1, the amino 
acid sequence of SEQ ID NO: 83 as CDR2, and the amino 
acid sequence of SEQ ID NO: 85 as CDR3; 
[0098] (26) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 28 as CH; 
[0099] (27) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0100] (28) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 87 as CDR1, the amino 
acid sequence of SEQ ID NO: 89 as CDR2, and the amino 
acid sequence of SEQ ID NO: 91 as CDR3; 
[0101] (29) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0102] (30) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0103] (31) an antibody comprising the H chain of (25) and 
the L chain of (28); 
[0104] (32) an antibody comprising the H chain of (26) and 
the L chain of (29); 
[0105] (33) an antibody comprising the H chain of (27) and 
the L chain of (30); 
[0106] (34) an antibody comprising the H chain of (1) and 
the L chain of (28); 
[0107] (35) an antibody comprising the H chain of (2) and 
the L chain of (29); 
[0108] (36) an antibody comprising the H chain of (3) and 
the L chain of (30); 
[0109] (37) an antibody comprising the H chain of (10) and 
the L chain of (28); 
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[0110] (38) an antibody comprising the H chain of (1 1) and 
the L chain of (29); 
[0111] (39) an antibody comprising the H chain of (12) and 
the L chain of (30); 
[0112] (40) an antibody comprising the H chain of (25) and 
the L chain of (4); 
[0113] (41) an antibody comprising the H chain of (26) and 
the L chain of (5); 
[0114] (42) an antibody comprising the H chain of (27) and 
the L chain of (6); 
[0115] (43) an antibody comprising the H chain of (25) and 
the L chain of(13); 
[0116] (44) an antibody comprising the H chain of (26) and 
the L chain of (14); 
[0117] (45) an antibody comprising the H chain of (27) and 
the L chain of (15); 
[0118] (46) an antibody comprising one or more amino acid 
substitutions, deletions, additions, and/or insertions in the 
antibody of any of (1) to (45), Which has equivalent activity as 
the antibody of any of(1) to (45); and 
[0119] (47) an antibody that binds to the same DSG3 pro 
tein epitope as the antibody of any of (1) to (45); 
[12] the method of any one of [8] to [11], Wherein the cells 
that express a DSG3 protein are cancer cells; 
[13] an antibody that binds to a DSG3 protein and has cyto 
toxic activity against cells that express a DSG3 protein; 
[14] the antibody of [13], Wherein the cytotoxic activity is 
ADCC activity; 
[15] the antibody of [13], Wherein the cytotoxic activity is 
CDC activity; 
[16] the antibody of any one of [13] to [15], Wherein a 10W 
mo1ecu1ar-Weight chemotherapeutic agent or a toxic peptide 
is bound to the antibody; 
[17] an antibody binding to a DSG3 protein, Wherein a 10W 
mo1ecu1ar-Weight chemotherapeutic agent or a toxic peptide 
is bound to the antibody; 
[18] the antibody of any one of [13] to [17], Wherein the 
antibody is an antibody of any of (1) to (47) below: 
[0120] (1) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 2 as CDR1, the amino 
acid sequence of SEQ ID NO: 4 as CDR2, and the amino acid 
sequence of SEQ ID NO: 6 as CDR3; 
[0121] (2) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 8 as CH; 
[0122] (3) an antibody comprising the H chain of (1), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0123] (4) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 12 as CDR1, the amino 
acid sequence of SEQ ID NO: 14 as CDR2, and the amino 
acid sequence of SEQ ID NO: 16 as CDR3; 
[0124] (5) an antibody comprising the L chain of (4) having 
the amino acid sequence of SEQ ID NO: 18 as CL; 
[0125] (6) an antibody comprising the L chain of (4) having 
the amino acid sequence of SEQ ID NO: 20 as CL; 
[0126] (7) an antibody comprising the H chain of (1) and 
the L chain of (4); 
[0127] (8) an antibody comprising the H chain of (2) and 
the L chain of (5); 
[0128] (9) an antibody comprising the H chain of (3) and 
the L chain of (6); 
[0129] (10) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 22 as CDR1, the amino 
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acid sequence of SEQ ID NO: 24 as CDR2, and the amino 
acid sequence of SEQ ID NO: 26 as CDR3; 
[0130] (11) an antibody comprising the H chain of (10), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 28 as CH; 
[0131] (12) an antibody comprising the H chain of (10), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0132] (13) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 30 as CDR1, the amino 
acid sequence of SEQ ID NO: 32 as CDR2, and the amino 
acid sequence of SEQ ID NO: 34 as CDR3; 
[0133] (14) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0134] (15) an antibody comprising the L chain of (13), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0135] (16) an antibody comprising the H chain of (10) and 
the L chain of (13); 
[0136] (17) an antibody comprising the H chain of (1 1) and 
the L chain of (14); 
[0137] (18) an antibody comprising the H chain of (12) and 
the L chain of (15); 
[0138] (19) an antibody comprising the H chain of (1) and 
the L chain of (13); 
[0139] (20) an antibody comprising the H chain of (2) and 
the L chain of (14); 
[0140] (21) an antibody comprising the H chain of (3) and 
the L chain of (15); 
[0141] (22) an antibody comprising the H chain of (10) and 
the L chain of (4); 
[0142] (23) an antibody comprising the H chain of (1 1) and 
the L chain of (5); 
[0143] (24) an antibody comprising the H chain of (12) and 
the L chain of (6); 
[0144] (25) an antibody comprising an H chain having the 
amino acid sequence of SEQ ID NO: 81 as CDR1, the amino 
acid sequence of SEQ ID NO: 83 as CDR2, and the amino 
acid sequence of SEQ ID NO: 85 as CDR3; 
[0145] (26) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 28 as CH; 
[0146] (27) an antibody comprising the H chain of (25), 
Wherein the H chain has the amino acid sequence of SEQ ID 
NO: 10 as CH; 
[0147] (28) an antibody comprising an L chain having the 
amino acid sequence of SEQ ID NO: 87 as CDR1, the amino 
acid sequence of SEQ ID NO: 89 as CDR2, and the amino 
acid sequence of SEQ ID NO: 91 as CDR3; 
[0148] (29) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 36 as CL; 
[0149] (30) an antibody comprising the L chain of (28), 
Wherein the L chain has the amino acid sequence of SEQ ID 
NO: 20 as CL; 
[0150] (31) an antibody comprising the H chain of (25) and 
the L chain of (28); 
[0151] (32) an antibody comprising the H chain of (26) and 
the L chain of (29); 
[0152] (33) an antibody comprising the H chain of (27) and 
the L chain of (30); 
[0153] (34) an antibody comprising the H chain of (1) and 
the L chain of (28); 
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[0154] (35) an antibody comprising the H chain of (2) and 
the L chain of (29); 
[0155] (36) an antibody comprising the H chain of (3) and 
the L chain of (30); 
[0156] (37) an antibody comprising the H chain of (10) and 
the L chain of (28); 
[0157] (38) an antibody comprising the H chain of (1 1) and 
the L chain of (29); 
[0158] (39) an antibody comprising the H chain of (12) and 
the L chain of (30); 
[0159] (40) an antibody comprising the H chain of (25) and 
the L chain of (4); 
[0160] (41) an antibody comprising the H chain of (26) and 
the L chain of (5); 
[0161] (42) an antibody comprising the H chain of (27) and 
the L chain of (6); 
[0162] (43) an antibody comprising the H chain of (25) and 
the L chain of(13); 
[0163] (44) an antibody comprising the H chain of (26) and 
the L chain of (14); 
[0164] (45) an antibody comprising the H chain of (27) and 
the L chain of (15); 
[0165] (46) an antibody comprising one or more amino acid 
substitutions, deletions, additions, and/or insertions in the 
antibody of any of (1) to (45), Which has equivalent activity as 
the antibody of any of(1) to (45); and 
[0166] (47) an antibody that binds to the same DSG3 pro 
tein epitope as the antibody of any of (1) to (45); 
[19] use of a DSG3 protein as a cancer diagnostic marker; 
[20] a method of diagnosing cancer, comprising detecting a 
DSG3 protein using an antibody that binds to the DSG3 
protein; 
[21] a method of diagnosing cancer, comprising the steps of: 
(a) collecting a sample from a subject; and 
(b) detecting a DSG3 protein contained in the collected 
sample using an antibody that binds to the DSG3 protein; 
[22] the method of diagnosis of [20] or [21], Wherein the 
DSG3 protein-binding antibody is an antibody labeled With a 
positron-emitting nuclide; 
[23] the method of diagnosis of [22], Wherein the positron 
emitting nuclide is a nuclide selected from any of 11C, 13N, 
150, 18F, 45Ti, 55Co, 64Cu, 66Ga, 68Ga, 76Br, 89Zr, and 
1241; 
[24] a method of diagnosing cancer, comprising detecting 
expression of a gene encoding a DSG3 protein; 
[25] the method of diagnosis of any one of [20] to [24], 
Wherein the cancer is lung cancer, colon cancer, esophageal 
cancer, stomach cancer, pancreatic cancer, skin cancer, or 
uterine cancer; 
[26] the method of diagnosis of [25], Wherein the lung cancer 
is non-small-cell lung cancer; 
[27] a diagnostic agent to be used for the diagnostic method of 
any one of [20] to [26]; 
[28] a kit to be used for the diagnostic method of any one of 
[20] to [26]; 
[29] use of an antibody that binds to a DSG3 protein in the 
production of a cell groWth inhibitor; 
[30] use of an antibody that binds to a DSG3 protein in the 
production of an anticancer agent; 
[31] a method of suppressing cell groWth, comprising the step 
of administering to a subject an antibody that binds to a DSG3 
protein; and 
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[32] a method of preventing or treating cancer, comprising the 
step of administering to a subject an antibody that binds to a 
DSG3 protein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0167] FIG. 1 depicts the result of DSG3 gene expression 
analysis in normal tissues and cancer tissues using GeneChip 
U133. 
[0168] FIG. 2 depicts the result of DSG3 expression analy 
sis in cancer cell lines using GeneChip U133. 
[0169] FIG. 3 shoWs photographs of immunohistological 
staining in Which expression of the DSG3 protein in lung 
squamous cell carcinoma is visualiZed by immunostaining. 
Elevation of the DSG3 protein expression is shoWn in all ?ve 
clinical samples. 
[0170] FIG. 4 depicts the result of How cytometric analysis 
Which shoWs binding of all the anti-DSG3 monoclonal anti 
bodies DF120, DF122, DF148, DF151, DF153, DF168, 
DF331, DF364, and DF366 to a CHO cell line that constitu 
tively expresses full-length DSG3. 
[0171] FIG. 5 depicts the CDC activity of anti-DSG3 
monoclonal antibodies DF120, DF122, DF148, DF151, 
DF153, DF168, and DF331 toWards a CHO cell line that 
constitutively expresses full-length DSG3. 
[0172] FIG. 6 depicts the CDC activity of the DF151 anti 
DSG3 monoclonal antibody toWards the human epidermoid 
carcinoma cell line A431, and the DSG3-A549 cell line, 
Which is a human lung carcinoma cell line that constitutively 
expresses DSG3. 
[0173] FIG. 7 depicts the ADCC activity of anti-DSG3 
monoclonal antibodies DF151, DF364, and DF366 toWards 
the DSG3-A549 cell line Which is a human lung carcinoma 
cell line that constitutively expresses DSG3. FIG. 7A depicts 
the result of analysis using bone marroW-derived effector 
cells, and FIG. 7B shoWs the result of analysis using mouse 
spleen-derived effector cells. 
[0174] FIG. 8 depicts the CDC activity of anti-DSG3 
mouse-human chimeric antibodies DF151c, DF364c, and 
DF366c toWards the DSG3-Ba/F3 cell line, Which is a Ba/F3 
cell line that constitutively expresses DSG3. 
[0175] FIG. 9 depicts the ADCC activity of anti-DSG3 
mouse-human chimeric antibodies DF364c and DF366c, and 
loW-fucose anti-DSG3 mouse-human chimeric antibodies 
YB-DF364c and YB-DF366c, toWards the DSG3-Ba/F3 cell 
line, Which is a Ba/F3 cell line that constitutively expresses 
DSG3. 
[0176] FIG. 10 depicts the ADCC activity of anti-DSG3 
antibodies DF366m (mouse IgG2a chimeric antibody), loW 
fucose DF366m (loW-fucose mouse IgG2a chimeric anti 
body), DF366c (mouse-human chimeric antibody) and 
YB-DF366c (loW-fucose mouse-human chimeric antibody) 
toWards the DSG3-Ba/F3 cell line, Which is a Ba/F3 cell line 
that constitutively expresses DSG3. Mouse spleen cells that 
have added interleukin-2 Were used as effector cells. 

[0177] FIG. 11 depicts the ADCC activity of anti-DSG3 
antibodies DF366m (mouse IgG2a chimeric antibody), loW 
fucose DF366m (loW-fucose mouse IgG2a chimeric anti 
body), DF366c (mouse-human chimeric antibody) and 
YB-DF366c (loW-fucose mouse-human chimeric antibody) 
toWards the DSG3-Ba/F3 cell line, Which is a Ba/F3 cell line 
that constitutively expresses DSG3. Mouse spleen cells cul 
tured for four days in the presence of interleukin-2 Were used 
as effector cells. 
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[0178] FIG. 12 depicts the antitumor activity of anti-DSG3 
antibodies DF366m (mouse IgG2a chimeric antibody) and 
loW-fucose DF366m (loW-fucose mouse IgG2a chimeric 
antibody). 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0179] DSG3 (Desmoglein 3) is an axon guidance receptor 
protein, and its amino acid sequence and its encoding gene 
sequence are disclosed in GenBank Accession Number 
NPi001935 (SEQ ID NO: 40) and NMi001944 (SEQ ID 
NO: 39), respectively. In the present invention, the DSG3 
protein refers to both the full-length protein and fragments 
thereof. “Fragments” refers to polypeptides comprising any 
region of the DSG3 protein, and may not have the function of 
the naturally-occurring DSG3 protein. Without being limited 
thereto, an example of the fragments is a fragment comprising 
the extracellular region of the DSG3 protein. Positions 1 to 
6 l 6 in the amino acid sequence of SEQ ID NO: 40 correspond 
to the extracellular region of the DSG3 protein. Positions 617 
to 641 in the amino acid sequence of SEQ ID NO: 40 corre 
spond to the transmembrane region. 
[0180] In the present invention, DSG3 expression Was 
found to be elevated at very high frequency in lung cancer 
tissues at the gene and protein levels. Furthermore, analyses 
of clinical samples and cancer cell lines of other cancer types 
shoWed that the expression Was elevated not only in lung 
cancer, but also in colon cancer, esophageal cancer, stomach 
cancer, pancreatic cancer, skin cancer, and uterine cancer. 
Furthermore, it Was shoWn that immunohistological diagno 
sis is possible by using DSG3 protein-speci?c monoclonal 
antibodies. In other Words, the DSG3 protein is useful as a 
diagnostic marker for cancer. 

Detection of DSG3 Gene Expression 

[0181] Methods of the present invention comprise detect 
ing the DSG3 gene expression. In an embodiment of the 
methods of the present invention, the DSG3 protein expres 
sion is detected. 
[0182] In the present invention, detection includes quanti 
tative and qualitative detections. Examples of qualitative 
detection include simple measurement for the presence or 
absence of the DSG3 protein, measurement to see Whether or 
not the DSG3 protein is present above a certain amount, and 
measurement that compares the amount of the DSG3 protein 
With that of other samples (for example, a control sample). On 
the other hand, examples of quantitative detection include 
measurement of the DSG3 protein concentration, and mea 
surement of the amount of the DSG3 protein. 
[0183] Test samples are not particularly limited so long as 
they are samples that may contain DSG3 protein, and are 
preferably samples collected from the body of organisms 
such as mammals, and more preferably samples collected 
from humans. Speci?c examples of the test samples include 
blood, interstitial ?uid, plasma, extravascular ?uid, cere 
brospinal ?uid, synovial ?uid, pleural ?uid, serum, lymphatic 
?uid, saliva, and urine, but the test samples are preferably 
blood, serum, or plasma. Test samples of the present inven 
tion also include samples obtained from test samples, such as 
cell culture solutions and specimens of immobiliZed tissues 
or cells collected from the body of an organism. 
[0184] The cancers that are diagnosed are not particularly 
limited and may be any cancer, but speci?c examples include 
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lung cancer, colon cancer, esophageal cancer, stomach can 
cer, pancreatic cancer, skin cancer, and uterine cancer. Lung 
cancer is preferable and non-small cell lung cancer is particu 
larly preferable. 
[0185] In the present invention, When a DSG3 protein is 
detected in a test sample and if the test sample is judged to 
have a greater amount of the DSG3 protein than a negative 
control or a healthy individual, it can be determined that the 
subject has cancer or has a high risk of being affected With 
cancer in the future. 

[0186] Subjects in the present invention may be animal 
species that genetically carry a DSG3 protein, and many 
non-human mammals such as monkeys, cattle, sheep, mice, 
dogs, cats, and hamsters are knoWn as such animal species. 
Subjects that are suitably used are, in particular, humans, but 
are not limited thereto. 

[0187] Preferred embodiments of the diagnostic methods 
of the present invention include diagnostic methods that com 
prise detecting a DSG3 protein on a section of immobiliZed 
tissue or cells obtained from a patient affected With an afore 
mentioned cancer. Furthermore, other embodiments of the 
present invention include diagnostic methods comprising 
detecting cell-released DSG3 protein in the blood. In particu 
lar, the present invention is preferably a diagnostic method 
that detects a fragment comprising the extracellular domain 
of the DSG3 protein present in the blood. 
[0188] Methods for detecting a DSG3 protein contained in 
a test sample are not particularly limited, but an immunologi 
cal method that uses an anti-DSG3 antibody for detection is 
preferred. The immunological method includes, for example, 
radioimmunoassay (RIA), enZyme immunoassay (EIA), 
?uorescence immunoassay (FIA), luminescence immunoas 
say (LIA), immunoprecipitation (IP), turbidimetric immu 
noassay (TIA), Western blotting (WB), immunohistochemi 
cal staining (IHC), and single radial immunodiffusion 
(SRID), and is preferably enZyme immunoassay, in particu 
lar, enZyme-linked immunosorbent assay (ELISA), for 
example, sandWich ELISA as an embodiment thereof. The 
above-mentioned immunological methods such as ELISA 
can be performed by methods knoWn to those skilled in the 
art. 

[0189] The folloWing method is, for example, a common 
detection method that uses an anti-DSG3 antibody. After 
immobiliZing an anti-DSG3 antibody to a support, the sup 
port is blocked With bovine serum albumin (BSA), gelatin, 
albumin, or such to avoid non-speci?c binding of proteins to 
the support. Next, a test sample is added to the support for 
incubation, and the DSG3 proteins are left to bind to the 
anti-DSG3 antibody bound to the support. Subsequently, by 
Washing the complex formed betWeen the DSG3 proteins and 
the anti-DSG3 antibody bound to the support With a Washing 
solution, DSG3 proteins other than those bound to the anti 
DSG3 antibody on the support that bound non-speci?cally to 
the support are removed. Examples of detection methods that 
use an anti-DSG3 antibody include methods for detecting a 
DSG3 protein in a test sample by qualitatively or quantita 
tively detecting the DSG3 protein bound to the anti-DSG3 
antibody on the support, and several speci?c examples 
described beloW. 
[0190] In the present invention, a support used to immobi 
liZe an anti-DSG3 antibody is, for example, insoluble 
polysaccharides such as agarose and cellulose, synthetic res 
ins such as silicon resin, polystyrene resin, polyacrylamide 
resin, nylon resin, and polycarbonate resin, and insoluble 






























































































































































