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SPECIFICATION 

T-CELL ADHESION MOLECULE AND ANTIBODY DIRECTED AGAINST THE 
MOLECULE 

5 Technical Field 

[0001] 

The present invention relates to a T cell adhesion 

molecule that is expressed on dendritic cells derived from bone 

marrow and a gene thereof, and a ligand for the adhesion 

10 molecule (receptor) that is expressed on T cells and a gene 

thereof. The present invention also relates to an antibody 

against the adhesion molecule or the ligand and a use thereof. 

Moreover, the present invention also relates to a screening 

method using the adhesion molecule. 

15 

Background Art 

[0002] 

In recent years, it has been reported that a molecule 

cloned as a dendritic cell activator that is expressed on T cells is 

20 a main cytokine for regulating differentiation of osteoclasts 

(Yasuda, H., et al. (1998) Proc Natl Acad Sci USA 95: 

3597-3602). Thus, it has been clarified that an immune 

system is closely associated with bone metabolism. 

[0003] 

25 Studies in regulation of bone metabolism by immune 

system-regulating molecules have rapidly progressed, and 

signal transduction associated with regulation of osteoclast 

differentiation has also been clarified. 

[0004] 

30 For example, as a molecule involved in osteoclast 

differentiation, Oscar (Osteoclast-associated receptor) has been 

known. It has been reported to date that Oscar is an 

immunoglobulin-like receptor, which is associated with the FcRy 

chain and transmits a signal to phospholipase Cy via an ITAM 

35 motif of the FcRy chain (Kim, N., et al. (2002) J Exp Med 195: 

201-209). 
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[0005] 

In addition, various interactions such as CD80-CD28, 
CD40-CD40L or ICAM1-LFA1 have been reported for molecules 
that are expressed on dendritic cells and adhere to a T cell so as 

5 to be involved in an interaction regarding an immune response 
between T cells and dendritic cells. 

Summary of the Invention 
(0006} 

10 The present inventors have identified a gene that is 
specifically expressed on dendritic cells derived from bone 
marrow by a subtraction method. Also, the inventors have 
found that a protein encoded by the aforementioned gene binds 
to the FcRy chain constituting the IgE receptor, that expression 

15 of the aforementioned protein is enhanced by LPS stimulus, that 
dendritic cells are activated by antibody cross-link stimulus to 
the aforementioned protein, that the aforementioned protein 
has a function of adhering to a T cell, and that an antibody 
against the aforementioned protein has a therapeutic effect on a 

20 collagen-induced arthritis model that is a disease model of 
rheumatoid arthritis. The inventors have further identified a 
gene of a ligand for the aforementioned protein, which is 
expressed on T cells. The present invention is based on these 
findings. 

25 [0007] 

The present invention provides a membrane or 
secretory protein comprising the amino acid sequence of SEQ ID 
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8, or an 
amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 

30 NO: 6 or SEQ ID NO: 8 which contains one or more conservative 
substitutions (hereinafter referred to as a novel protein of a 
first embodiment according to the present invention). 
[0008} 

The present invention provides a membrane or secretory 
35 protein selected from the following (i), (ii), (iii) and (iv) 

(hereinafter referred to as a novel protein of a second 
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embodiment according to the present invention): 

(i) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 10; 

(ii) a membrane or secretory protein which comprises an amino 

5 acid sequence of SEQ ID NO: 10 in which one or more amino 

acids are inserted, substituted or deleted, or one or more amino 

acids are added to one or both of ends, and which is functionally 

equivalent to a protein consisting of the amino acid sequence of 

SEQ ID NO: 10; 

10 (iii) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a 

polynucleotide which encodes the amino acid sequence of SEQ 

ID NO: 10, and which is functionally equivalent to a protein 

consisting of the amino acid sequence of SEQ ID NO: 10; and 

15 (iv) a membrane or secretory protein which comprises an amino 

acid sequence having 90°/o or more identity with the amino acid 

sequence of SEQ ID NO: 10, and which is functionally equivalent 

to a protein consisting of the amino acid sequence of SEQ ID 

NO: 10. 

20 (0009] 

The present invention provides a polynucleotide encoding 

the novel proteins of the first and second embodiments 

according to the present invention. 

[0010] 

25 The present invention also provides a polynucleotide 

selected from the following (v), (vi), (vii) and (viii): 

(v) a polynucleotide comprising the nucleotide sequence of SEQ 

ID NO: 9; 

(vi) a polynucleotide which comprises a nucleotide sequence of 

30 SEQ ID NO: 9 in which one or more nucleotides are inserted, 

substituted or deleted, or one or more nucleotides are added to 

one or both of ends, and which encodes a membrane or 

secretory protein functionally equivalent to a protein consisting 

of the amino acid sequence of SEQ ID NO: 10; 

35 (vii) a polynucleotide which hybridizes under stringent 

conditions with a polynucleotide comprising the nucleotide 
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sequence of SEQ ID NO: 9, and which encodes a membrane or 

secretory protein functionally equivalent to a protein consisting 

of the amino acid sequence of SEQ ID NO: 10; and 

(viii) a polynucleotide which has 90°/o or more identity with a 

5 polynucleotide comprising the nucleotide sequence of SEQ ID 

NO: 9, and which encodes a membrane or secretory protein 

functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 10. 

[0011] 

10 The present invention also provides an antibody against a 

membrane or secretory protein selected from the following (ix), 

(x), (xi) and (xii) (hereinafter, occasionally referred to as a 

TARM (T cell-interacting Activating Receptor on Myeloid cells) 

protein), and a functional fragment thereof (hereinafter referred 

15 to as an antibody of a first embodiment according to the present 

invention): 

[0012] 

(ix) a membrane or secretory protein comprising the amino 

acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 

20 SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12; 

(x) a membrane or secretory protein which comprises an amino 

acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 

SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12 in which one or 

more amino acids are inserted, substituted or deleted, or one or 

25 more amino acids are added to one or both of ends, and which 

is functionally equivalent to a protein consisting of the amino 

acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, 

SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12; 

(xi) a membrane or secretory protein which ls encoded by a 

30 polynucleotide which hybridizes under stringent conditions to a 

poiynucleotide which encodes the amino acid sequence of SEQ 

ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12, and which is functionally equivalent 

to a protein consisting of the amino acid sequence of SEQ ID 

35 NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 

10 or SEQ ID NO: 12; and 
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(xii) a membrane or secretory protein which comprises an amino 

acid sequence having 70°/o or more identity with the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ 

ID NO: 8 1 SEQ ID NO: 10 or SEQ ID NO: 12, and which is 

5 functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ 

ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12. 

[0013] 

The present invention provides a novel ligand protein that 

10 is a ligand for the novel protein according to the present 

invention, which is selected from the following (xiii), (xiv), (xv) 

and (xvi) (hereinafter, occasionally referred to as a novel ligand 

protein according to the present invention or a TARM-L (TARM 

ligand) protein): 

15 (xiii) a protein comprising the amino acid sequence of SEQ ID 

NO: 14 or SEQ ID NO: 16; 

(xiv) a protein which comprises an amino acid sequence of SEQ 

ID NO: 14 or SEQ ID NO: 16 in which one or more amino acids 

are inserted, substituted or deleted, or one or more amino acids 

20 are added to one or both of ends, and which is functionally 

equivalent to a protein consisting of the amino acid sequence of 

SEQ ID NO: 14 or SEQ ID NO: 16; 

(xv) a protein which is encoded by a polynucleotide which 

hybridizes under stringent conditions to a polynucleotide which 

25 encodes the amino acid sequence of SEQ ID NO: 14 or SEQ ID 

NO: 16, and which is functionally equivalent to a protein 

consisting of the amino acid sequence of SEQ ID NO: 14 or SEQ 

ID NO: 16; and 

(xvi) a protein which comprises an amino acid sequence having 

30 70°/o or more identity with the amino acid sequence of SEQ ID 

NO: 14 or SEQ ID NO: 16, and which is functionally equivalent 

to a protein consisting of the amino acid sequence of SEQ ID 

NO: 14 or SEQ ID NO: 16. 

[0014] 

35 The present invention provides a polynucleotide encoding 

the novel ligand protein according to the present invention. 
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(0015) 

The present invention also provides a polynucleotide 
selected from the following (xvii), (xviii), (xix) and (xx): 

(xvii) a polynucleotide comprising the nucleotide sequence of 

5 SEQ ID NO: 13 or SEQ ID NO: 15; 

(xviii) a polynucleotide which comprises a nucleotide sequence 

of SEQ ID NO: 13 or SEQ ID NO: 15 in which one or more 
nucleotides are inserted, substituted or deleted, or one or more 
nucleotides are added to one or both of ends, and which 

10 encodes a protein functionally equivalent to a protein consisting 
of the amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 
16; 

(xix) a polynucleotide which hybridizes under stringent 
conditions with a polynucleotide comprising the nucleotide 

15 sequence of SEQ ID NO: 13 or SEQ ID NO: 15, and which 
encodes a protein functionally equivalent to a protein consisting 
of the amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 

16; and 

(xx) a polynucleotide which has 70°/o or more identity with a 
20 polynucleotide comprising the nucleotide sequence of SEQ ID 

NO: 13 or SEQ ID NO: 15, and which encodes a protein 

functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 14 or SEQ ID NO: 16. 

[0016] 

25 The present invention provides an antibody against the 

novel ligand protein according to the present invention, and a 

functional fragment thereof (hereinafter referred to as an 
antibody of a second embodiment according to the preset 
. t' ) mven_1on . 

30 [0017] 

The present invention provides a therapeutic agent for 
autoimmune diseases and an agent for inhibiting T cell adhesion 

comprising, as active ingredients, the antibodies of the first and 
second embodiments according to the present invention 

35 (hereinafter, both antibodies may be referred to as "antibodies 
according to the present invention"), or functional fragments 



thereof. 

[0018] 

7 

The present invention provides the following screening 
methods. 

5 According to a screening method of a first embodiment 

according to the present invention, there is provided a method 
for screening for a substance that inhibits adhesion of a T cell to 

a TARM protein or a salt thereof, or a solvate thereof, which 
comprises the steps of: 

10 (a) contacting a T cell with a TARM protein in the presence or 
absence of a test substance; and 

(b) measuring the binding activity of a T cell to said TARM 

protein. 

[0019] 

15 According to a screening method of a second embodiment 
according to the present invention, there is provided a method 

for screening for a substance that inhibits activation of a 
dendritic cell or a salt thereof, or a solvate thereof, which 

comprises the steps of: 

20 (d) contacting an antibody or a functional fragment thereof 

according to the present invention with a dendritic cell in the 
presence or absence of a test substance; and 

(e) measuring the level of activation of said dendritic cell. 
[0020] 

25 According to a screening method of a third embodiment 

according to the present invention, there is provided a method 
for screening for a substance that inhibits a complex formation 
between a TARM protein and the FcRy chain or a salt thereof, or 

a solvate thereof, which comprises the steps of: 

30 (g) contacting an antibody or a functional fragment thereof 

according to the present invention with a dendritic cell in the 
presence or absence of a test substance; and 

35 

(h) measuring the expression level of the FcRy chain in said 

dendritic cell. 

Brief Description of the Drawings 
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[0021] 

Figure 1 shows the amino acid sequences of mouse TARM 

genes (ml to 4 and s1), wherein the underline indicates an 

immunoglobulin (IG) loop structure region and the bold type 

5 indicates a transmembrane region. 

Figure 2 shows the results obtained by analyzing the 

mRNA expression of TARM in mouse tissues by real-time PCR 

using primer set 1. 

Figure 3 shows the results obtained by analyzing the 

10 mRNA expression of TARM in various types of cells by real-time 

PCR using primer set 1. 

Figure 4A shows the structure and amino acid numbers of 

an extracellular region used in producing anti-TARM antibodies. 

Figure 4B shows the results obtained by studying the specificity 

15 of the aforementioned antibody for the TARM protein. 

Figure 5 shows the results obtained by analyzing 

expression of mouse proteins on bone marrow-derived dendritic 

cells. 

Figure 6 shows the results obtained by analyzing 

20 expression of mouse proteins on cells derived from normal 

mouse immune tissues. 

Figure 7 shows the results obtained by analyzing 

expression of the mouse protein on c-kit-positive peritoneal 

mast cells. 

25 Figure 8 shows the results obtained by analyzing 

expression of the mouse TARM protein in mouse lymph node 

cells by LPS inflammatory stimulus, wherein the arrows indicate 

expression of the mouse TARM protein. 

Figure 9A shows induction of production of IL-6 from 

30 mature bone marrow dendritic cells by anti-TARM antibody 

stimulus. Figure 9B shows induction of production of MCP-1 

from immature bone marrow dendritic cells by anti-TARM 

antibody stimulus. 

Figure 10 shows increases in the FcRy chain associated 

35 with increases in expression of the mouse TARM protein on the 

cell surface. 
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Figure 11 shows the results obtained by analyzing a 

complex formation between the mouse TARM protein and the 

FcRy chain by an immunoprecipitation method. 

Figure 12 shows the results obtained by analyzing 

5 expression of molecules binding to the mouse TARM protein on 

activated T cells. 

Figure 13 shows the ability of activated T cells to adhere 

to the mouse TARM protein. 

Figure 14 shows inhibition of adhesion of Th2 cells to the 

10 mouse TARM protein by anti-mouse TARM antibodies. 

Figure 15 shows the external findings and changes in 

body weights over time of a collagen-induced arthritis model, to 

which an anti-mouse TARM antibody has been administered. 

Figure 16 shows the effect of administering the 

15 anti-mouse TARM antibody to the collagen-induced arthritis 

model on serum amyloid A concentrations in plasma thereof. 

Figure 17 shows the effect of administering the 

anti-mouse TARM antibody to the collagen-induced arthritis 

model on anti-collagen antibody titers in plasma thereof. 

20 Figure 18 shows the results obtained by analyzing mRNA 

expression of the TARM protein in human tissues by real-time 

PCR. 

Figure 19 shows the amino acid sequences of the human 

TARM protein, wherein the underline indicates an 

25 immunoglobulin (Ig) loop structure region, the bold type 

indicates a transmembrane region, and the enclosed portion 

indicates sequences different between hTARM and LOC441864. 

Figure 20 shows the ability of activated T cells to adhere 

to the human TARM protein, and inhibition of adhesion of T cells 

30 to the human TARM protein by anti-human TARM antibodies. 

Figure 21A shows the results obtained by analyzing 

expression of molecules binding to the mouse TARM protein in 

mouse cell lines. Figure 216 shows the results obtained by 

analyzing expression of the mRNA of ENSMUSG00000035095, a 

35 mTARM-L candidate molecule in mouse cell lines by real-time 

PCR. 
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Figure 22A shows the specific binding of the mouse 
TARM-AP chimeric protein to B300.19 cells expressing mTARM-L. 
Figure 22B shows the specific cell adhesion of B300.19 cells 
expressing mTARM-L to the mouse TARM-AP chimeric protein. 

5 Figure 23 shows the results obtained by analyzing 
homology between human and mouse TARM-L proteins. 

Figure 24 shows the results obtained by analyzing 
homology between the human TARM protein and the mouse 
TARM protein (m3). 

10 [0022] 
Detailed Description of the Invention 

The present invention will be described in detail below. 
The following descriptions are given just as examples for 
explaining the present invention, and thus such examples are 

15 not intended to limit the present invention only to the 
embodiments of the present invention. All the technological 
terms, scientific terms and technical terms used in the present 
specification have the same meanings as those generally 
understood by persons skilled in the technical field to which the 

20 present invention pertains. Such terms are used for the 
purpose of only explaining specific embodiments, and thus they 
are not intended to limit the present invention. The present 
invention can be carried out in various embodiments, unless it 
deviates from the gist thereof. All prior art references and 

25 patent documents such as patent applications or patent 
publications cited herein are incorporated herein by reference in 
their entirety, and can be used to carry out the present 
invention. 

[0023] 

30 [Novel proteins and polynucleotides] 
Among genes that are specifically expressed on dendritic 

cells derived from bone marrow, which were identified in the 
present Invention, a mouse-derived gene has 5 types of 
isoforms. Such isoforms of a mouse-derived gene include ml, 

35 m2, m3 and m4 that are membrane-bound protein (membrane 
protein) genes, and sl that is a secretory-type protein 
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(secretory protein) gene. The nucleotide sequences and amino 

acid sequences of such isoforms correspond to the following 

sequence numbers. 

ml SEQ ID NOS: 11 and 12 

5 m2 SEQ ID NOS: 1 and 2 

10 

m3 SEQ ID NOS: 3 and 4 

m4 SEQ ID NOS: 5 and 6 

sl SEQ ID NOS: 7 and 8 

[0024] 

Among the genes that are specifically expressed on bone 

marrow-derived dendritic cells, which were identified in the 

present invention, one type of membrane protein gene can be 

mentioned as a human-derived gene. The nucleotide sequence 

of this gene and the amino acid sequence of a protein encoded 

15 by the gene are as shown in SEQ ID NOS: 9 and 10, 

respectively. 

[0025] 

Since the nucleotide sequence of the gene identified in 

the present invention encodes a signal peptide, a protein 

20 encoded by the aforementioned gene forms a membrane protein 

or a secretory protein. The C-terminal of the membrane 

protein according to the present invention is modified (for 

example, by deleting a transmembrane portion), so as to obtain 

a secretory protein. The C-terminal of the secretory protein 

25 according to the present invention is modified (for example, by 

adding a transmembrane portion thereto), so as to obtain a 

membrane protein. 

[0026] 

In the present specification, the expressions "one or 

30 more amino acids are inserted, substituted or deleted, or added 

to one or both of ends" and "one or more nucleotides are 

inserted, substituted or deleted, or one or more nucleotides are 

added to one or both of ends" means that the modification has 

been carried out according to well-known technical methods 

35 such as site-directed mutagenesis, or by substitution of a 

plurality number of amino acids or nucleotides to an extent of 
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being naturally generated. The number of amino acids or 
nucleotides to be modified may be, for example, 1 to 30, 
preferably 1 to 20, more preferably 1 to 10, further more 
preferably 1 to 5, and particularly preferably 1 or 2. 

5 [0027] 

The modified amino acid sequence can preferably be an 
amino acid sequence having one or more (preferably, one or 
several, or 1, 2, 3 or 4) conservative substitutions in the amino 
acid sequence. 

10 (0028] 

The modified nucleotide sequence can preferably be a 
nucleotide sequence having one or more (for example, one to 
several, or 1, 2, 3 or 4) mutations which do not affect the 
functions of a protein consisting of the amino acid sequence of 

15 SEQ ID NO: 10. 

[0029] 

In the present specification, the term "conservative 
substitution" means that one or more amino acid residues are 
substituted with other chemically similar amino acid residues, 

20 such that the functions of a protein are not substantially 
modified. Examples of such conservative substitution include a 
case where a hydrophobic residue is substituted with another 
hydrophobic residue and a case where a certain polar residue is 
substituted with another polar residue having the same electric 

25 charge. For every type of amino acids, functionally similar 
amino acids which can be substituted in such a manner are 
known in the present technical field. Examples of nonpolar 
(hydrophobic) amino acids include alanine, valine, isoleucine, 
leucine, praline, tryptophan, phenylalanine, and methionine. 

30 Examples of polar (neutral) amino acids include glycine, serine, 
threonine, tyrosine, giutamine, asparagine, and cysteine. 
Examples of positively charged (basic) amino acids include 
arginine, histidine, and lysine. Examples of negatively charged 
(acidic) amino acids include aspartic acid and glutamic acid. 

35 [0030] 

In the present specification, the term "hybridize" means 
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to hybridize with a target polynucleotide under stringent 

conditions. Specifically, there can be exemplified a 

polynucleotide having at least 70°/o or more, preferably 80% or 

more, more preferably 85°/o or more, further more preferably 

5 90°/o or more, still further more preferably 95°/o or more, 

particularly preferably 98% or more, and most preferably 99°/o 

or more identity with the target nucleotide sequence, when such 

identity is calculated using a default (initialization) parameter 

with homology search software such as FASTA, BLAST, or 

10 Smith-Waterman [Meth. Enzym., 164, 765 (1988)]. In addition, 

the term "under stringent conditions" means conditions wherein 

a reaction is carried out in a hybridization buffer that can be 

commonly used by persons skilled in the art, at a temperature 

of 40°C to 70°C, and preferably 60°C to 65°C, and the reaction 

15 product is then washed with a washing solution having a salt 

concentration of 15 to 300 mmol/L, and preferably 15 to 60 

mmol/l. Such a temperature and a salt concentration can be 

appropriately adjusted depending on the length of a probe used. 

Moreover, conditions for washing the product obtained by 

20 hybridization can be 0.2 or 2 x SSC, 0.1°/o SDS, and a 

temperature of 20°C to 68°C. It is possible to determine 

stringent conditions (high stringency) or mild conditions (low 

stringency) by making a difference with a salt concentration or 

a tempera tu re applied during washing. When such a 

25 hybridization difference is made with a salt concentration, 0.2 x 

SSC, 0.1°/o SDS can be used as a stringent wash buffer (high 

stringency wash buffer), and 2 x SSC, 0.1°/o SDS can be used as 

a mild wash buffer (low stringency wash buffer). On the other 

hand, when such a difference is made with a temperature, a 

30 temperature of 68°C is applied in the case of high stringency, a 

temperature of 42°C is applied in the case of moderate 

stringency, and a room temperature (20°C to 25°C) is applied in 

the case of low stringency. In all the three above cases, the 

reaction may be carried out in 0.2 x SSC, 0.1 % SDS. 

35 [0031) 

In general, the pre-hybridization is carried out under the 
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same conditions as those for hybridization. However, 

hybridization and pre-washing are not always carried out under 

the same conditions. 

[0032] 

5 Hybridization can be carried out in accordance with a 

known method. In the case of using a commercially available 

library, hybridization can be carried out according to the method 

described in instructions included therewith. 

[0033] 

10 In the present specification, the term "identity" 

(occasionally referred to as "homology") regarding amino acid 

sequences and nucleotide sequences means the degree of 

coincidence between the compared sequences in terms of amino 

acid residues or nucleotide residues that constitute such 

15 sequences. At that time, the presence of a gap and the 

property of amino acids are taken into consideration (Wilbur, 

Natl. Acad. Sci. U.S.A. 80: 726-730 (1983)). For calculation of 

homology, commercially available homology search software 

products such as BLAST (Altschul: J. Mol. Biol. 215: 403-410 

20 (1990)), FASTA (Peasron: Methods in Enzymology 183: 63-69 

(1990)), or Smith-Waterman [Meth. Enzym., 164, 765 (1988)] 

can be used. 

The numerical value of such "identity" may be calculated 

using a homology search program known to persons skilled in 

25 the art. For example, such a numerical value as identity can be 

calculated using a default (initialization) parameter in the 

homology algorithm BLAST ((Basic local alignment search tool) 

http://www.ncbi.nlm.nih.gov/BLAST/) of the National Center for 

Biotechnoiogy information (NCBi). 

30 [0034] 

In the novel protein of the second embodiment according 

to the present invention, an amino acid sequence having 90% 

or more identity with the amino acid sequence of SEQ ID NO: 

10 can be an amino acid sequence having preferably 95°/o or 

35 more, particularly preferably 98% or more, and most preferably 

99% or more identity with the aforementioned amino acid 
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[0035] 

15 

In the polynucleotide encoding the novel protein of the 

second embodiment according to the present invention, a 

5 nucleotide sequence having 90% or more identity with the 

nucleotide sequence of SEQ ID NO: 9 can be a nucleotide 

sequence having preferably 95% or more, particularly 

preferably 98°/o or more, and most preferably 99°/o or more 

identity with the aforementioned nucleotide sequence. 

10 [0036] 

In the antibody of the first embodiment according to the 

present invention, an amino acid sequence having 70°/o or more 

identity with the amino acid sequence of SEQ ID NO: 2, SEQ ID 

NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID 

15 NO: 12 can be an amino acid sequence having preferably 80°/o 

or more, more preferably 85°/o or more, further more preferably 

90°/o or more, still further more preferably 95°/o or more, 

particularly preferably 98°/o or more, and most preferably 99°/o 

or more identity with the aforementioned amino acid sequence. 

20 (0037] 

In the present invention, if the amino acid sequence of 

SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, 

SEQ ID NO: 10 or SEQ ID NO: 12 is given, a nucleotide 

sequence encoding it can easily be determined. Thus, various 

25 nucleotide sequences encoding the amino acid sequence of SEQ 

ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12 can be selected. 

[0038] 

Accordingly, a polynucleotide encoding a protein 

30 comprising the amino acid sequence of SEQ ID NO: 2, SEQ ID 

NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID 

NO: 12 includes not only a part of or the entire DNA sequence 

of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, 

SEQ ID NO: 9 or SEQ ID NO: 11, but also a DNA sequence 

35 encoding the same amino acids, which has a codon having a 

degeneracy relationship therewith as a DNA sequence. The 
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present invention further includes an RNA sequence 

corresponding to such a DNA sequence. 

[0039] 

A preferred example of the polynucleotide encoding a 

5 protein comprising the amino acid sequence of SEQ ID NO: 2, 

SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or 

SEQ ID NO: 12 is a polynucleotide comprising the nucleotide 

sequence of SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ 

ID NO: 7, SEQ ID NO: 9 or SEQ ID NO: 11. 

10 [0040] 

In the present specification, whether or not a certain 

protein is functionally equivalent to the protein consisting of the 

amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 

NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12 can be 

15 determined by evaluating a biological phenomenon or functions 

associated with the expression of the protein consisting of the 

amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 

NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12. For 

example, it can be determined by allowing the certain protein to 

20 express by genetic recombination technique and then evaluating 

whether or not the aforementioned protein functions as a 

dendritic cell-activating receptor. The protein consisting of the 

amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID 

NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12 

25 interacts with T cells and has the function of activating dendritic 

cells. Thus, for the aforementioned evaluation, the following 

functions can be used as index: 

- Function of mediating T cell adhesion (Examples 5, 6, 10 and 
< <). L.1 f 

30 - Function of activating dendritic cells by antibody cross-link 

stimulus (Example 3): 

- Function of forming complex with FcRy chain (Example 4); or 

- Combined use of several or all the aforementioned functions. 

(0041] 

35 [Novel ligand protein and polynucleotide] 

Among genes that are specifically expressed on activated 
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T cells as ligands for TARM proteins, which were identified in the 

present invention, one type of membrane protein gene can be 

mentioned as a mouse-derived gene. The nucleotide sequence 

of this gene and the amino acid sequence of a protein encoded 

5 by the gene are as shown in SEQ ID NOS: 13 and 14, 

respectively. In addition, among genes that are specifically 

expressed on activated T cells as ligands for TARM proteins, one 

type of membrane protein gene can be mentioned as a 

human-derived gene. The nucleotide sequence of this gene 

10 and the amino acid sequence of a protein encoded by the gene 

are as shown in SEQ ID NOS: 15 and 16, respectively. 

[0042] 

In the novel ligand protein according to the present 

invention, an amino acid sequence having 70% or more identity 

15 with the amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 

16 can be an amino acid sequence having preferably 80% or 

more, more preferably 85°/o or more, further more preferably 

90°/o or more, still further more preferably 95°/o or more, 

particularly preferably 98°/o or more, and most preferably 99°/o 

20 or more identity with the aforementioned amino acid sequence. 

In a polynucleotide encoding the novel ligand protein 

according to the present invention, a nucleotide sequence 

having 70% or more identity with the nucleotide sequence of 

SEQ ID NO: 13 or SEQ ID NO: 15 can be a nucleotide sequence 

25 having preferably 80% or more, more preferably 85°/o or more, 

further more preferably 90°/o or more, still further more 

preferably 95°/o or more, particularly preferably 98°/o or more, 

and most preferably 99% or more identity with the 

aforementioned nucleotide sequence. 

30 [0043] 

In the present invention, if the amino acid sequence of 

SEQ ID NO: 14 or SEQ ID NO: 16 is given, a nucleotide 

sequence encoding it can easily be determined. Thus, various 

nucleotide sequences encoding the amino acid sequence of SEQ 

35 ID NO: 14 or SEQ ID NO: 16 can be selected. 

[0044] 
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Accordingly, a polynucleotide encoding a protein 

comprising the amino acid sequence of SEQ ID NO: 14 or SEQ 

ID NO: 16 includes not only a part of or the entire DNA 

sequence of SEQ ID NO: 13 or SEQ ID NO: 15, but also a DNA 

5 sequence encoding the same amino acids, which has a codon 

havino a deoeneracv relationshio therewith as a DNA seauence. 
~ ~ ~ . . 

The present invention further includes an RNA sequence 

corresponding to such a DNA sequence. 

[0045] 

10 A preferred example of the polynucleotide encoding a 

protein comprising the amino acid sequence of SEQ ID NO: 14 

or SEQ ID NO: 16 is a polynucleotide comprising the nucleotide 

sequence of SEQ ID NO: 13 or SEQ ID NO: 15. 

[0046] 

15 In the present specification, whether or not a certain 

protein is functionally equivalent to the protein consisting of the 

amino acid sequence of SEQ ID NO: 14 or SEQ ID NO: 16 can 

be determined by evaluating a biological phenomenon or 

functions associated with the expression of the protein 

20 consisting of the amino acid sequence of SEQ ID NO: 14 or SEQ 

ID NO: 16. For example, it can be determined by allowing the 

certain protein to express by genetic recombination technique 

and then evaluating whether or not the aforementioned protein 

functions as a ligand on a T cell for a dendritic cell-activating 

25 receptor. The protein consisting of the amino acid sequence of 

SEQ ID NO: 14 or SEQ ID NO: 16 binds to a TARM protein. 

Thus, for the aforementioned evaluation, the function of binding 

to such a TARM protein (Example 12) can be used as an index: 

The novel ligand protein according to the present 

30 invention has a single transmembrane region, and it is 

expressed on the cell surface in a direction wherein the 

N-terminal side thereof can be located in the extracellular space. 

Accordingly, using the aforementioned protein, antibodies 

against the aforementioned protein can be produced. 

35 The present invention provides a protein comprising a 

polypeptide consisting of at least 6 amino acid residues or all of 
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amino acid sequence of amino acids 1 to 159 of SEQ ID NO: 14 

or amino acids 1 to 158 of SEQ ID NO: 16. The 

aforementioned protein contains a portion corresponding to the 

extracellular region of the amino acid sequence of a TARM-L 

5 protein, and thus it can be used as an antigen for producing 

antibodies against the aforementioned protein. 

The present invention provides use of the novel ligand 

protein of the present invention for producing antibodies against 

the aforementioned novel ligand protein of the present 

10 invention. 

[0047] 

[Antibody] 

The antibody according to the present invention can 

specifically recognize a TARM protein or a TARM-L protein. 

15 Accordingly, it is preferable that a TARM protein or a TARM-L 

protein used for obtaining the antibody according to the present 

invention should have the antigenecity of TARM or TARM-L. 

Such a TARM protein or a TARM-L protein includes a protein 

having an amino acid sequence of a TARM protein or a TARM-L 

20 protein in which one or more amino acid residues are deleted, 

inserted, substituted, or added. It has been known that such a 

protein maintains the same biological activity as that of the 

original protein (Mark et al. (1984) Proc. Natl. Acad. Sci. USA 

81: 5662-6; Zoller and Smith (1982) Nucleic Acids Res. 10: 

25 6487-500; Wang et al. (1984) Science 224: 1431-3; 

Dalbadie-McFarland et al. (1982) Proc. Natl. Acad. Sci. USA 79: 

6409-13). A method of producing a certain protein by deleting, 

inserting, substituting or adding one or more amino acids with 

respect to the original protein, while maintaining the 

30 antigenecity of the original protein, has been known. For 

example, a polynucleotide encoding a mutant protein is 

prepared by site-directed mutagenesis, and a protein is then 

allowed to express, as appropriate (Molecular Cloning, A 

Laboratory Manual 2nd ed., Cold Spring Harbor Press (1989); 

35 Current Protocols in Molecular Biology, John Wiley & Sons, 

(1987-1997), Section 8.1-8.5; Hashimoto-Goto et al. (1995) 
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Gene 152: 271-5; Kinkel (1985) Proc. Natl. Acad. Sci. USA 82: 
488-92; Kramer and Fritz (1987) Method. Enzymol 154: 
350-67; Kunkel (1988) Method. Enzymol. 85: 2763-6). 
(0048] 

5 The antibody according to the present invention also 
includes antibodies specific for a part of the TARM protein or 
TARM-L protein. 

[0049] 

That is to say, such a TARM protein or a TARM-L protein 
10 used for obtaining the antibody according to the present 

invention includes not oniy a polypeptide having the fuii-iength 
amino acid sequence of the TARM protein or the TARM-L protein, 
but also a polypeptide fragment having at least 6 amino acid 
residues (for example, 6, 8, 10, 12, 15 or more amino acid 

15 residues) of the TARM protein or the TARM-L protein. In the 
present specification, the type of the polypeptide fragment of 
the TARM protein or the TARM-L protein is not particularly 
limited, as long as it has the antigenecity of the TARM protein or 
the TARM-L protein. 

20 (0050] 

A preferred polypeptide fragment may be a polypeptide 
fragment such as the amino terminal or carboxyl terminal of the 
TARM protein or the TARM-L protein. The antigen determinant 
site of a polypeptide is estimated by a method of analyzing the 

25 hydrophobicity/hydrophilicity on the amino acid sequence of a 
protein (Kyte-Doolittle (1982) J. Mol. Biol. 157: 105-22) or a 
method of analyzing a secondary structure (Chou-Fasman 
(1978) Ann. Rev. Biochem. 47: 251-76). Thereafter, such an 
antigen determinant site can be confirmed using a c.omputei 

30 program (Anal. Biochem. 151: 540-6 (1985)), or by applying 
means such as a PEPSCAN method of synthesizing a short 
peptide and confirming the antigenecity thereof (Japanese 
Patent Laid-Open Publication No. 500684/1985). 

[0051 l 
35 The antibody according to the present invention is 

preferably antibodies that have an influence on the functions of 
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the TARM protein or the TARM-L protein. For example, the 

meanings of the expression "having an influence on the 

functions of the TARM protein" include: activation of dendritic 

cells by the cross-link stimulus of the TARM protein by the 

5 antibody according to the first embodiment of the present 

invention (Example 3); inhibition of adhesion of T cells to the 

TARM protein by binding the aforementioned antibody to the 

TARM protein (Examples 6 and 11); and inhibition of a complex 

formation between the TARM protein and the FcRy chain by 

10 binding the aforementioned antibody to the TARM protein 

(Example 4). For example, the meanings of the expression 

"having an influence on the functions of the TARM-L protein" 

include inhibition of the binding of the TARM-L protein to the 

TARM protein by binding the antibody of the second 

15 embodiment according to the present invention to the TARM-L 

protein. 

[0052] 

The antibody according to the present invention includes: 

a monoclonal antibody obtained by using the TARM protein or 

20 the TARM-L protein as an antigen and immunizing a mammal 

such as a mouse with the aforementioned antigen; a chimeric 

antibody and a humanized antibody produced by genetic 

recombination; and a human antibody produced using a human 

antibody-producing transgenic animal or the like. When the 

25 antibody according to the present invention is administered as a 

medicament to a human, a human antibody is preferably used 

in terms of side effects. 

[0053] 

The "human antibody" means an antibody wherein all 

30 regions are derived from humans. Such a human antibody can 

be produced by introducing a human antibody gene into a 

mouse. Such a human antibody can be produced with 

reference to the methods described, for example, in Nature 

Genetics, Vol. 7, pp. 13-21, 1994; Nature Genetics, Vol. 15, pp. 

35 146-156, 1997; Japanese Patent Laid-Open Publication No. 

504365/1992; Japanese Patent Laid-Open Publication No. 
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509137 /1995; International Publication W094/25585; Nature, 
Vol. 368, pp. 856-859, 1994; and Japanese Patent Laid-Open 
Publication No. 500233/1994. In addition, such a human 
antibody can also be produced by a phage display method. It 

5 can be produced with reference to the method described in 
Marks, J. D. et al.: J. Mol. Biol., Vol. 222, pp. 581-597, 1991, 
for example. 

[0054] 

The "humanized antibody" is an antibody produced by 
10 transplanting (CDR grafting) only the gene sequence of the 

antigen-binding site (CDR; complementarity determining region) 
of a mouse antibody into a human antibody gene. Such a 
humanized antibody can be produced with reference to the 
methods described in Japanese Patent Laid-Open Publication No. 

15 506458/1992 and Japanese Patent Laid-Open No. 296890/1987, 
for example. 

[0055] 

The "chimeric antibody" is an antibody produced by 
ligating the variable region of a mouse antibody to the constant 

20 region of a human antibody. Specifically, a mouse is 
immunized with an antigen, and an antibody variable region (V 
region) that binds to the antigen is cut out of the gene of the 
mouse monoclonal antibody. The thus obtained V region is 
then allowed to ligate to an antibody constant region (C region) 

25 gene derived from human bone marrow, so as to produce a 
chimeric antibody. Such a chimeric antibody can be produced 
with reference to the method described in Japanese Patent 
Publication No. 73280/1991, for example. 

[0056] 

30 The monoclonal antibody according to the present 
invention can be obtained using a method well known to 
persons skilled in the art (e.g. "Current Protocols in Molecular 
Biology," John Wiley & Sons (1987)), Antibodies: A Laboratory 
Manual, Ed. Harlow and David Lane, Cold Spring Harhor 

35 Laboratory (1988)). 

[0057] 
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As an immunogen, a fragment of the TARM protein or the 

TARM-L protein can be used. Otherwise, an antigen 

synthesized based on the aforementioned amino acid sequence 

can also be used. Such an antigen may be used in the form of 

5 a complex with a carrier protein. In order to prepare a 

complex of an antigen with a carrier protein, various types of 

coupling agents can be used. Glutaraldehyde, carbodiimide, a 

maleimide active ester, and the like can be used. The carrier 

protein may be commonly used products such as bovine serum 

10 albumin, thyroglobulin, or hemocyanin and is generally 

performed coupling at a ratio of 1 to 5. 

[0058] 

Examples of an animal to be immunized include a mouse, 

a rat, a rabbit, a guinea pig, and a hamster. An inoculation 

15 method includes subcutaneous administration, intramuscular 

administration, and an intraperitoneal administration. For 

administration, an antigen may be mixed with Freund's 

complete adjuvant or Freund's incomplete adjuvant. 

Administration is generally carried out once every 2 to 5 weeks. 

20 [0059] 

Antibody-producing cells obtained from the spleen or 

lymph node of the immunized animal are subjected to cell fusion 

with myeloma cells, and they are isolated as hybridomas. As 

such myeloma cells, cells derived from a mouse, a rat, a human 

25 or the like can be used, and are preferably derived from the 

same species as the antibody-producing cells. However, there 

are also cases where such a cell fusion can be carried out even 

between the cells of different species. 

[0060] 

30 The cell fusion can be carried out by a known method 

such as the method described in Nature, 256, 495, 1975. 

[0061] 

Examples of a fusion promoter include polyethylene 

glycol and Sendai virus. In general, cell fusion can be carried 

35 out by allowing antibody-producing cells to react with myeloma 

cells using polyethylene glycol (mean molecular weight: 1,000 
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to 4,000) having a concentration of approximately 20% to 50°/o 

at a temperature between 20°C and 40°C, and preferably 

between 30°C and 37°C, at a ratio of the number of the 

antibody-producing cells to the number of the myeloma cells 

5 that is generally approximately 1 1 to 10 : 1, for 

approximately 1 to 10 minutes. 

[0062] 

Various types of immunochemical methods can be used 

for screening antibody-producing hybridomas. Examples of 

10 such an immunochemical method include: an ELISA method 

using a microplate coated with the TARM protein or the TARM-L 

protein; an EIA method using a microplate coated with an 

anti-immunoglobulin antibody; and an immunoblot method 

involving electrophoresing a sample containing the TARM protein 

15 and then using a nitrocellulose membrane. 

[0063] 

In addition, for screening such antibody-producing 

hybridomas, a method of screening the hybridomas based on 

whether or not the aforementioned antibody has an influence on 

20 the functions of the TARM protein or the TARM-L protein, can be 

applied, Instead of the aforementioned immunochemical method. 

Antibody-producing hybridomas can be screened based on the 

influence of the antibody of the first embodiment according to 

the present invention on the functions of the TARM protein, for 

25 example, based on whether or not dendritic cells are activated 

by the cross-link stimulus of the TARM protein by the antibody 

of the first embodiment according to the present invention 

(Example 3), or whether or not the function of the TARM protein 

of mediating the T celi adhesion can be inhibited by binding the 

30 aforementioned antibody to the TARM protein (Examples 6 and 

11), or whether or not a complex formation between the TARM 

protein and the FcRy chain can be inhibited by binding the 

aforementioned antibody to the TARM protein (Example 4). 

Antibody-producing hybridomas can also be screened based on 

35 the influence of the antibody of the second embodiment 

according to the present invention on the functions of the 
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TARM-L protein, for example, based on whether or not the 

function of the TARM protein of binding to the TARM-L protein 

can be inhibited by binding the antibody of the second 

embodiment according to the present invention to the TARM-L 

5 protein. By this screening method, an antibody that has an 

influence on the functions of the TARM protein or the TARM-L 

protein, which is a preferred embodiment of the antibody of the 

present invention, can be selected. Moreover, this screening 

method may also be carried out as a secondary screening 

10 method, which is performed after the aforementioned 

immunochemical screening method wherein an 

antibody-producing hybridoma is selected based on whether or 

not it produces an antibody that binds to the TARM protein or 

the TARM-L protein. 

15 [0064] 

Furthermore, cloning is carried out on such a well by, for 

example, a limiting dilution method, so as to obtain clones. 

Selection and culture of such hybridomas are generally carried 

out in a medium for animal cells (e.g. RPMI1640) containing 

20 10°10 to 20°10 fetal bovine serum, to which HAT (hypoxanthine, 

aminopterin and thymidine) is added. The clones thus obtained 

are transplanted into the peritoneal cavity of SCID mice, to 

which pristane has previously been administered. 10 to 14 

days later, ascites containing a high concentration of monoclonal 

25 antibodies is collected, and it can be used as a raw material in 

purification of antibodies. Otherwise, the aforementioned 

clones are cultured, and the obtained culture can also be used 

as a raw material in purification of antibodies. 

[0065] 

30 A monoclonal antibody may be purified by a known 

immunoglobulin purification method. For example, such 

purification of a monoclonal antibody can be easily achieved by 

means such as an ammonium sulfate fractionation method, a 

PEG fractionation method, an ethanol fractionation method, use 

35 of an anion exchanger, or affinity chromatography using a 

protein A column, a protein G column, and a TARM protein. 
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[0066] 

The "functional fragment" of the present invention means 
a part of an antibody (a partial fragment), which specifically 
recognizes the protein of the present invention. Specific 

5 examples of such a functional fragment include Fab, Fab', 
r::tah''~ ..,. ''"a"'ahl~ ... artinn f•agm.o.nt- ffv) a tiic1tlfirfP-hnnd<>rl .F'.', I\. UJJ.1 ()VII U\;:.; 1'-~IVll I l '-''''- \ I ._..,.,...,,_..,,._..._ ...,...,,, .._..,... 

a single-chain antibody (scFv), and a polymer thereof. 
[0067] 

Preferred examples of the antibody of the first 
10 embodiment according to the present invention include an 

antibody against the novel protein of the first embodiment 
according to the present invention, and a functional fragment 
thereof. 

[0068] 

15 Such preferred examples of the antibody of the first 
embodiment according to the present invention also include 
antibodies against the novel protein of the second embodiment 
according to the present invention, and a functional fragment 
thereof. 

20 (0069] 

Such preferred examples of the antibody of the first 
embodiment according to the present invention further include 
antibodies against the following proteins: 
(ix') a membrane or secretory protein comprising the amino 

25 acid sequence of SEQ ID NO: 12; 
(x') a membrane or secretory protein which comprises an amino 
acid sequence of SEQ ID NO: 12 in which one or more amino 
acids are inserted, substituted or deleted, or one or more amino 
acids are added to one or both of ends, and which is functionally 

30 equivalent to a protein consisting of the amino acid sequence of 
SEQ ID NO: 12; 
(xi') a membrane or secretory protein which is encoded by a 
polynucleotide which hybridizes under stringent conditions to a 
polynucleotide which encodes the amino acid sequence of SEQ 

35 ID NO: 12, and which is functionally equivalent to a protein 
consisting of the amino acid sequence of SEQ ID NO: 12; and 



27 

(xii') a membrane or secretory protein which comprises an amino 

acid sequence having 70% or more identity with the amino acid 

sequence of SEQ ID NO: 12, and which is functionally equivalent 

to a protein consisting of the amino acid sequence of SEQ ID 

5 NO: 12. 

[0070] 

A more preferred example of the antibody of the first 

embodiment according to the present invention is antibodies 

against a membrane or secretory protein comprising the amino 

10 acid sequence of SEQ ID NO: 12, or an amino acid sequence of 

SEQ ID NO: 12 which contains one or more conservative 

substitutions, or a functional fragment thereof. 

[0071] 

A specific example is a monoclonal antibody produced by 

15 a hybridoma deposited under the accession No. FERM BP-10376. 

[0072] 

Accordingly, the present invention provides a hybridoma 

(@TARM#6.11) deposited with the National Institute of 

Advanced Industrial Science and Technology, International 

20 Patent Organism Depositary (AIST Tsukuba Central 6, Higashi 

1-1-1, Tsukuba, Ibaraki, 305-8566, Japan), under the accession 

No. FERM BP-10376 on July 15, 2005. 

[0073] 

Another more preferred example of the antibody of the 

25 first embodiment according to the present invention is 

antibodies against a membrane or secretory protein comprising 

the amino acid sequence of SEQ ID NO: 1 O or an amino acid 

sequence of SEQ ID NO: 10 which contains one or more 

conservative substitutions, or a functional fragment thereof. 

30 [0074] 

A preferred example of the antibody of the second 

embodiment according to the present invention is antibodies 

against a membrane or secretory protein comprising the amino 

acid sequence of SEQ ID NO: 14 or an amino acid sequence of 

35 SEQ ID NO: 14 which contains one or more conservative 

substitutions, or a functional fragment thereof. 



28 

[0075] 

Another preferred example of the antibody of the second 

embodiment according to the present invention is antibodies 

against a membrane or secretory protein comprising the amino 

5 acid sequence of SEQ ID NO: 16 or an amino acid sequence of 

SEQ ID NO: 16 which contains one or more conservative 

substitutions, or a functional fragment thereof. 

A more preferred example of the antibody of the second 

embodiment according to the present invention is antibodies 

10 recognizing a polypeptide region that is expressed in the 

extracellular space of the TARM-L protein, or a functional 

J fragment thereof. An example of such an antibody is 

antibodies against a protein comprising a polypeptide consisting 

of at least 6 amino acid residues or all of amino acid sequence 

15 of amino acids 1 to 159 of SEQ ID NO: 14 or amino acids 1 to 

158 of SEQ ID NO: 16, or a functional fragment thereof. 

[0076] 

[Use of antibody and pharmaceutical composition] 

Autoimmune diseases 

20 Since T cells, which are lymphocytes associated with 

immune responses, synergistically act with dendritic cells having 

an antigen-presenting function to such T cells, the T cells play a 

role in various immune responses (Kroczek, RA., et al. (2004) 

Current Opinion in Immunology 16: 321-327). As described 

25 later in examples, it was revealed that expression of a TARM 

protein on dendritlc cells was enhanced by inflammatory 

stimulus (Example 2), and that dendritic cells adhered to T cells 

via the TARM protein (Examples 5 and 10). In addition, it was 

confirmed that dendritic cells were activated by the TARM 

30 protein subjected to cross-link stimulus, and that production of 

IL-6 was induced (Example 3). It has been reported that 

excessive production of IL-6 is associated with autoimmune 

diseases (Ishihara, K., et al. (2002) Cytokine & Growth Factor 

Reviews 13: 357-368). Moreover, adhesion of the T cells to 

35 dendritic cells was significantly suppressed by antibodies 

against the TARM protein (Examples 6 and 11). 
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[0077] 

Furthermore, in the after-mentioned examples, it was 

confirmed that the antibody according to the present invention 

actually had a therapeutic effect on a collagen-induced arthritis 

5 model (Example 7). The collagen-induced arthritis model is a 

model of rheumatoid arthritis that is an autoimmune disease. 

[0078] 

Accordingly, .the antibody of the first embodiment 

according to the present invention is useful for the treatment of 

10 autoimmune diseases. 

[0079) 

An example of such autoimmune diseases is rheumatoid 

arthritis. 

[0080] 

15 Likewise, it is considered that adhesion of T cells to 

dendritic cells is suppressed by antibodies against a TARM-L 

protein. Accordingly, the antibody of the second embodiment 

according to the present invention is useful for the treatment of 

autoimmune diseases. 

20 [0081] 

The present invention provides use of the antibody 

according to the present invention for producing a therapeutic 

agent for treating autoimmune diseases. 

[0082] 

25 The present invention provides a method for treating 

autoimmune diseases comprising the step of administering a 

therapeutically effective amount of the antibody according to 

the present invention to mammals including a human. 

[0083] 

30 Agent for inhibiting T cell adhesion 

As described later in the examples, adhesion of T cells to 

dendritic cells was significantly suppressed by antibodies 

against a TARM protein (Examples 6 and 11). Accordingly, the 

antibody of the first embodiment according to the present 

35 invention can be used as an agent for inhibiting T cell adhesion. 

[0084] 
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Likewise, it is considered that adhesion of T cells to 

dendritic cells is suppressed by antibodies against a TARM-L 

protein. Accordingly, the antibody of the second embodiment 

according to the present invention can be used as an agent for 

5 inhibiting T cell adhesion. 

[0085] 

In the present specification, the term "adhesion of T 

cells" means adhesion of T cells to dendritic cells, namely, the 

binding of a TARM protein expressed on dendritic cells to a 

10 TARM-L protein expressed on T cells. By inhibiting the binding 

of a TARM protein expressed on dendritic cells to a TARM-L 

protein expressed on T cells using the agent for inhibiting T cell 

adhesion according to the present invention, an immune 

response generated as a result of the interaction between 

15 dendritic cells and T cells, such as activation, growth and 

differentiation of the dendritic cells and T cells, and production 

of cytokine/chemokine can be suppressed. 

[0086] 

Pharmaceutical composition 

20 The administration route of the antibody according to the 

present invention is not particularly limited. The 

aforementioned antibody can be administered to mammals 

including a human by oral administration or parenteral 

administration (e.g. intravenous injection, intramuscular 

25 injection, subcutaneous administration, rectal administration, 

percutaneous administration, and local administration). Among 

them, a parenteral administration, and in particular, Intravenous 

injection is preferable. 

30 

(0087) 

The dosage form for oral administration and parenteral 

administration and the production method thereof are well 

known to persons skilled in the art. The dosage form for oral 

administration and parenteral administration can be produced 

by a conventional process, for example, by mixing the antibody 

35 according to the present invention, for example, with a 

pharmaceutically acceptable carrier. 
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[0088] 

As such a pharmaceutically acceptable carrier, a 

substance, which is commonly used in the drug formulation field 

and does not react with the antibody according to the present 

5 invention, is used. Pharmaceutically acceptable carriers include, 

for example, a commonly used excipient, binder, disintegrator, 

lubricant, coloring agent, and flavoring agent; and, as necessary, 

a stabilizer, an emulsifier, an absorption promoter, a surfactant, 

a pH adjuster, an antiseptic, an antioxidant, an extender, a 

10 moistening agent, a surface activator, a dispersant, a buffer, a 

preservative, a solubilizer, and a soothing agent, and may be 

formulated according to a conventional method by mixing 

ingredients commonly used as raw materials for pharmaceutical 

preparations. 

15 [0089] 

Examples of a dosage form for parenteral administration 

include injectable preparations (e.g. a drip injection product, an 

intravenous injection product, an intramuscular injection 

product, a subcutaneous injection product, and a percutaneous 

20 injection product), external preparations (e.g. an ointment, a 

cataplasm, a lotion), a suppository, an inhalant, eye drops, an 

eye ointment, nasal drops, ear drops, and a liposomal agent. 

[0090] 

An injectable preparation is prepared by dissolving the 

25 antibody according to the present invention into distilled water 

used for injections, for example. A solubilizer, a buffer, a pH 

adjuster, an isotonizing agent, a soothing agent, a preservative, 

a stabilizer, etc. can be added to such an injectable preparation, 

as necessary. In addition, such a injectable preparation can be 

30 produced in the form of a freeze-dried product, which will be 

prepared when used. 

[0091] 

Examples of a dosage form for oral administration include 

solid and liquid dosage forms such as a tablet, a coated tablet, a 

35 pill, a parvule, a granule, a powder, a capsule, a syrup, an 

emulsion, a suspension, an injection, or a lozenge. 
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[0092] 

The pharmaceutical composition according to the present 

invention may further contain other therapeutically effective 

agents. Moreover, components such as a blood flow promoter, 

5 a germicide, an antiphlogistic, a cell activator, vitamins, amino 

acid, a moisturizer, or a keratolytic drug may also be added, as 

necessary. At the time, the ratio of the active ingredient to the 

carrier can be changed within a range of 1 to 90°/o by weight. 

[0093] 

10 A dose of the antibody according to the present invention 

can be determined by a clinician based on various factors such 

as an administration route, the type of disease, the degree of 

symptoms, the age, sex and body weight of a patient, the 

severity of disease, pharmaceutical findings such as 

15 pharmacokinetics and toxicologic characteristics, the presence 

or absence of use of a drug delivery system, and the possibility 

of being administered as a portion of the combination with other 

agents, and may be generally 1 to 5000 mg/day, preferably 10 

to 2000 mg/day, and more preferably 50 to 2000 mg/day, for 

20 oral administration, and 1 to 5000 mg/day, preferably 5 to 2000 

mg/day, and more preferably 50 to 2000 mg/day, for injection 

administration, each per adult (weight 60 kg), which are 

administered once or several times per day. When it is 

administered to a child, the dose may be smaller than that 

25 administered to an adult. An administration method, which is 

actually applied, may be changed by decision of a clinician, and 

thus the applied dose may be departed from the aforementioned 

range. 

[0094] 

30 [Screening method] 

Method for screening for a substance that inhibits adhesion of a 

T cell to a TARM protein 

According to the screening method of the first 

embodiment of the present invention, there is provided a 

35 screening method for screening for a substance that inhibits 

adhesion of a T cell to a TARM protein. 
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[0095] 

The TARM protein is expressed on dendritic cells and is 

associated with an interaction that is involved in the immune 

response between dendritic cells and T cells. In addition, as a 

5 result of cross-link stimulus that is added to the TARM protein, the 

production of IL-6 that rnay cause the autoirnrnune disease can 

be induced. Accordingly, the screening method of the first 

embodiment of the present invention can be used for screening 

for a substance that inhibits adhesion of a T cell to the TARM 

10 protein, and can preferably be used for screening for a 

substance useful for the treatment of the autoimmune disease, 

and more preferably rheumatoid arthritis. 

[0096] 

The screening method of the first embodiment according 

15 to the present invention may further comprise the step of (c) 

comparing the binding activity in the presence of a test 

substance with that in the absence of a test substance, after 

step (b). 

[0097] 

20 In step (c), when the binding activity in the presence of a 

test substance is lower than that in the absence of a test 

substance, and preferably when it is less than 50%, it can be 

determined that the test substance inhibits the binding of the T 

i cells to the protein according to the present invention. 

25 [0098] 

The term "contacting" in step (a) is not particularly 

limited, as long as a TARM protein is allowed to directly come 

into contact with T cells. For example, It can be carried out by 

a method of adding the labeled T cells to a plate on which the 

30 TARM protein has been immobilized, or by a method of adding 

the labeled TARM protein to a plate containing T cells. 

[0099] 

The T cells are preferably activated T cells, and more 

preferably activated Th2 cells. 

35 [0100] 

In step (b), the binding activity can be measured by a 
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known method. For example, the labeled T cells are added to a 
plate on which a TARM protein has been immobilized, and they 
are then cultured for a certain period of time. Thereafter, 
unadhered cells are eliminated by washing or the like, and the 

5 level of the adhered cells is then measured, thereby measuring 
the binding activity. 

[0101] 

For the aforementioned labeling, a radioisotope, an 
enzyme, a fluorescent substance (including a fluorescent 

10 protein), a luminescent substance, etc. can be used, for 
example. Examples of a radioisotope used herein include [ 3 H], 
[

14C], [125I], and [ 355]. Examples of an enzyme used herein 
include B-galactosidase, alkaline phosphatase, peroxidase, and 
luciferase. Examples of a fluorescent substance used herein 

15 include fluorescein isothiocyanate, BODIPY, and Calcein-AM 
(Dojindo Laboratories). Also, as a fluorescent protein, GFP and 
the like can be used. With regard to such enzymes and 
fluorescent proteins, the gene thereof can be introduced into a 
cell and can be then expressed therein. Examples of a 

20 luminescent substance used herein include luciferin and 
lucigenin. In some cases, a biotin-avidin system can be used 
to allow the aforementioned ligand to bind to a labeling 
substance. 

25 

[0102] 

Moreover, unlabeled T cells are added, and the adhered T 
cells can be then detected by an antibody that is specific for the 
T cells, such as an anti-CD3 antibody, or by an antibody that is 
specific for a helper T cell such as an anti-CD4 antibody. 
[0103] 

30 With regard to binding activity, the added cells have 
previously been measured, and it can be expressed in the form 
of the ratio of the adhered cells to the added cells. 
[0104] 

Method for screening for ;i substance that inhibits act)Yill;iQn of a 
35 dendritic cell 

According to the screening method of the second 
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35 

embodiment of the present invention, there is provided a 

screening method for screening for a substance that inhibits 

activation of a dendritic cell. 

[0105] 

5 Dendritic cells can be activated by a TARM protein 

subjected to cross-link stimuius (Exam pies 3 and 4). Accordingiy, 

a dendritic cell system that has been subjected to cross-link 

stimulus with a TARM antibody can be used for screening for a 

substance that inhibits activation of the dendritic cells. 

10 [0106] 

As stated above, it 

autoimmune disease is caused 

Thus, the method according 

was demonstrated that the 

by activation of dendritic cells. 

to the present invention for 

screening for a substance that inhibits activation of dendritic 

15 cells can be used for screening for a substance useful for the 

treatment of, preferably the autoimmune disease, and more 

preferably rheumatoid arthritis. 

[0107] 

When cross-link stimulus is given to a TARM protein that 

20 is expressed on dendritic cells, the dendritic cells become 

activated. At that time, the TARM protein forms a complex with 

the FcRy chain known as a signal-transducing molecule, and the 

production of IL-6 that causes autoimmune diseases or MCP-1 

i acting as a chemotactic factor for monocytes is induced. 

25 Accordingly, in step (e) of the screening method of the second 

embodiment according to the present invention, the level of 

activation of dendritic cells can be measured using, as an index, 

the amount of IL-6 and/or MCP-1 produced from the dendritic 

cells. Otherwise, the level of activation of dendritic cells can be 

30 measured using, as an index, the expression level of the FcRy 

chain in the dendritic cells. 

[0108] 

In the screening method of the second embodiment 

according to the present invention, when the level of activation 

35 of dendritic cells is measured using, as an index, the amount of 

IL-6 and/or MCP-1 produced from the dendritic cells, the 
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screening method may further comprise the step of (f-1) 
comparing the amount of IL-6 and/or MCP-1 produced in the 
presence of a test substance with that of IL-6 and/or MCP-1 
produced in the absence of a test substance, after step (e). In 

5 step (f-1), when the amount of IL-6 and/or MCP-1 produced in 
the presence of a test substance is lower than that of JL-6 
and/or MCP-1 produced in the absence of a test substance, and 
preferably when it is less than 50%, it can be determined that 
the test substance inhibits activation of the dendritic cells. 

10 [0109] 

In the screening method of the second embodiment 
according to the present invention, when the level of activation 
of dendritic cells is measured using, as an index, the expression 
level of the FcRy chain in the dendritic cells, the screening 

15 method may further comprise the step of (f-2) comparing the 
expression level of the FcRy chain in the presence of a test 
substance with that of the FcRy chain in the absence of a test 
substance, after step (e). 
[0110] 

20 In step (f-2), when the expression level of the FcRy chain 
in the presence of a test substance is lower than that of the 
FcRy chain in the absence of a test substance, and preferably 
when it is less than 50%, it can be determined that the test 
substance inhibits activation of the dendritic cells. 

25 [0111] 

In step (d), the term "contacting" is not particularly 
limited, as long as a TARM protein on dendritic cells is subjected 
to cross-link stimulus with the antibody according to the present 
invention. For example, it can be carried out by cuituring the 

30 dendritic cells in a medium that contains the antibody according 
to the present invention. 
[0112] 

In step (e), the amount of a protein produced or the 
expression level can be measured according to a known method. 

35 A commercially available kit can also be used. 
[0113] 
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Method for screening for a substance that inhibits complex 

formation between a TARM protein and the FcRy chain 

According to the screening method of the third 

embodiment according to the present invention, there is 

5 provided a method for screening for a substance that inhibits a 

complex formation between a TARM protein and the FcRy chain. 

[0114] 

The TARM protein is expressed on dendritic cells and 

forms a complex with the FcRy chain that has been well known 

10 as a signal-transducing molecule. Moreover, it has been 

suggested that the FcRy chain forms a complex with the TARM 

protein, so that the expression thereof on the cell surface is 

increased. Accordingly, the screening method according to the 

present invention can be used for screening for a substance that 

15 inhibits a complex formation between the TARM protein and the 

FcRy chain, and can be preferably used for screening for a 

substance useful for the treatment of, preferably autoimmune 

diseases, and more preferably rheumatoid arthritis. 

20 

(0115] 

The screening method according to the present invention 

may further comprise the step of (i) comparing the expression 

level of the FcRy chain in the presence of a test substance with 

that of the FcRy chain in the absence of a test substance, after 

step (h). 

25 (0116] 

In step (i), when the expression level of the FcRy chain in 

the presence of a test substance is lower than that of the FcRy 

chain in the absence of a test substance, and preferably when it 

is less than 50%, it can be determined that the test substance 

30 inhibits a complex formation between the protein according to 

the present invention and the FcRy chain. 

(0117] 

In step (g), the term "contacting" is not particularly 

limited, as long as dendritic cells on which a TARM protein and 

35 the FcRy chain have been expressed are allowed to directly 

come into contact with the antibody according to the present 
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invention. For example, it can be carried out by culturing the 
dendritic cells in a medium that contains the antibody according 
to the present invention. 
[0118] 

5 In step (h), the expression level can be measured 
according to a known method. For example, the expression 
level can be measured using flow cytometry. 
[0119] 

In the present specification, examples of the "test 
10 substance" include a synthetic low-molecular-weight compound, 

a protein, a synthetic peptide, a purified or partially purified 
polypeptide, an antibody, a bacteria-releasing substance 
(including a bacterial metabolite), and a nucleic acid (antisense, 
ribozyme, RNAi, etc.). Preferred examples include a compound 

15 or a salt thereof, or a solvate thereof (e.g. a hydrate), but 
examples are not limited thereto. The "test substance" may be 
either a novel substance or a known substance. 

20 

Examples 

[0120] 

The present invention will be described in detail in the 
following examples. However, the examples described below 
are not intended to limit the scope of the present invention. In 
the examples, the "TARM protein" and "TARM-L protein" may be 
simply referred to as "TARM" and "TARM-L" at times, 

25 respectively. Moreover, the mouse-derived TARM protein and 
human-derived TARM protein may be simply referred to as 
"mTARM" and "hTARM" at times, respectively. 
[0121] 

[Example 1] Isolation of mouse TARM gene ancL exprnssion 
30 analysis 

(1) Isolation of mTARM gene 
CD4 T cells separated from mouse spleen were 

differentiated into Thl or Th2 by in vitro culture. A cDNA 
fragment to be used as a driver or a tester was prepared from 

35 Thl or Th2. Thereafter, Blast search was carried out using the 
sequence of cDNA fragments obtained during a step of 
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conducting a high-sensitivity subtraction (N-RDA) method. As 

a result, a gene encoding a cell membrane protein having 

unknown functions (GenBank™ accession No. NM_l 77363) was 

obtained. 

5 [0122] 

The following primers were designed based on the 

sequence of GenBank™ (NM_177363), and the expression of the 

mTARM gene in various organs of a mouse was analyzed. 

mTARM Fl: GTGACTITGCAGTGCCAGAA (SEQ ID NO.: 17) 

10 mTARM Rl: TGCACAGGAGTTGAGTGTCC (SEQ ID NO.: 18) 

[0123] 

Single-stranded cDNA was synthesized from total RNA of 

each organ (Promega) using RNA PCR kit (TAKARA). Using 

such single-stranded cDNA as a template, real-time PCR was 

15 carried out using ABI7700 (Applied Biosystems). The PCR was 

carried out using a reaction solution with the following 

composition (12.5 µI of QuantiTect SYBR Green PCR Master Mix 

(QIAGEN), 0.25 µI of uracil DNA glycosylase (Invitrogen), 0.125 

µI of 100 µM mTARM F primer, 0.125 µI of 100 µM mTARM R 

20 primer, 2.5 µI of template cDNA (10 fold diluted), and 7.25 µI of 

distilled water). For such PCR, after the treatment at 94°C for 

10 minutes, a reaction cycle consisting of 94°C-30 seconds and 

60°C-1 minute was repeated 35 times. As a result, it was 

found that mTARM was expressed in kidney. 

25 [0124] 

Thus, using the total RNA of the kidney, 5'-RACE (Rapid 

Amplification of cDNA Ends) and 3'-RACE were carried out to 

attempt to determine the full-length gene sequence of mTARM. 

[0125] 

30 First, double-stranded cDNA was synthesized from the 

total RNA of the mouse kidney using cDNA synthesis kit 

(TAKARA), and cDNA was then purified using Qiaquick PCR 

purification kit (QIAGEN). Subsequently, an ad29 adapter (a 

product obtained by annealing ad29S (acatcactccgt; SEQ ID NO: 

35 19) and ad29A 

(acggagtgatgtccgtcgacgtatctctgcgttgatacttcagcgtagct; SEQ ID 
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NO: 20)) was added thereto, so as to produce a template of 

RACE. 

[0126] 

1st PCR was carried out using a reaction solution with the 

5 following composition (5 µI of 10 x ExTaq buffer, 4 µI of 2.5 mM 

dNTP, 0.25 p.I of ExTaq, 0.5 pl of 100 µM primer (5'PCR4), 0.5 µI 

of 100 µM Gene specific primer, 1 µI of ad29 adapter-added 

cDNA (25 fold diluted), and 38.75 µI of distilled water). 

The following sequences were used as primers. 

10 5'PCR4: AGCTACGCTGAAGTATCAACGCAGAG (SEQ ID NO.: 21) 

mTARM RACE_S'_ 4: CTTCTGGCACTGCAGAGTCACCCT (SEQ ID 

NO.: 22), or 

mTARM_RACE_3'_4: GGAGAGTACACCTGTGAATACTAC (SEQ ID 

NO.: 23) 

15 For such PCR, after the treatment at 94°C for 5 minutes, 

a reaction cycle consisting of 94°C-30 seconds, 65°C-l minute, 

and 72°C-5 minutes was repeated 30 times. Finally, a reaction 

was carried out at 72°C for 5 minutes. 

[0127] 

20 2nd PCR was carried out using a reaction solution with the 

following composition (5 µI of 10 x ExTaq buffer, 4 µI of 2. 5 mM 

dNTP, 0.25 µI of ExTaq, 0.5 µI of 100 µM primer (5'PCR1), 0.5 µI 

of 100 µM Gene specific primer, 1 µI of the 1st PCR product (100 

fold diluted), and 38.75 µI of distilled water). 

25 The following sequences were used as primers. 

5'PCR1: GTATCAACGCAGAGATACGTCGACGG (SEQ ID NO.: 24) 

mTARM_RACE_5'_3: TCCACCTGCGGTCACTGTACCCCT (SEQ ID 

NO.: 25), or 

mTARf'.-1 RACE_3'_3: CTACAGAAAAGCATCCCCCCACATCCTlTC 

30 (SEQ ID NO.: 26) 

For such PCR, after the treatment at 94°C for 5 minutes, 

a reaction cycle consisting of 94°C-30 seconds, 6S°C-30 seconds, 

and 72°C-5 minutes was repeated 25 times. Finally, a reaction 

was carried out at 72°C for 5 minutes. The amplified cDNA 

35 fragment was cloned into pCR2.1 (Invitrogen), and the 

nucleotide sequence thereof was determined using ABI3100 
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Sequence Analyzer (Applied Biosystems). 

[0128) 

As a result, 2 types of cDNAs were obtained in 5'RACE, 

and 3 types of cDNAs were obtained in 3'RACE, and thus the 

5 presence of splicing isoforms was clarified. 

[0129] 

Using nucleotide sequence information obtained by RACE, 

primers for amplifying splicing isoforms were designed. 

Double-stranded cDNA was synthesized from the total RNA of 

10 mouse bone marrow using cDNA synthesis kit (TAKARA), and 

cDNA was then purified using Qiaquick PCR purification kit 

(QIAGEN). PCR was carried out using a reaction solution with 

the following composition (5 µI of 10 x ExTaq buffer, 4 µI of 2.5 

mM dNTP, 0.25 µI of ExTaq, 0.5 µI of 100 µM 5' primer, 0.5 µI of 

15 100 µM 3' primer, 1 µI of cDNA (25 fold diluted), and 38.75 µI of 

distilled water). 

The following sequences were used as primers. 

mTARM_5'UTR: GCTGATAGTAGACCTGCTGAAGAC (SEQ ID NO.: 

27) 

20 mTARM 3'UTR-1: GTCCAGATATGTCCAGGCCTCTG (SEQ ID NO.: 

28), or 

mTARM 3'UTR-2: TTCAGTTATTTTACCAGGGTITA (SEQ ID NO.: 

29) 

For the PCR, after the treatment at 94°C for 5 minutes, a 

25 reaction cycle consisting of 94°C-30 seconds, 65°C-30 seconds, 

and 72°C-5 minutes was repeated 35 times. Finally, a reaction 

was carried out at 72°C for 5 minutes. With 2 types of primers, 

6 types of splicing isoforms could be confirmed. As a result, 

amplification products were obtained in 5 types out of 6 

30 conbineaions of putative splicing isoforms. The amplified cDNA 

fragment was cloned into pCR2.1 (Invitrogen), and the 

nucleotide sequence thereof was determined using ABI3100 

Sequence Analyzer. 

[0130] 

35 As a result, it was revealed that splicing isoforms 

encoding 4 types of membrane-bound TARM genes (ml, m2, m3 
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and m4) and one type of secretory type TARM gene (s1) were 

present (Figure 1). 

[0131] 

(2) Analysis of expression of mTARM genes 

5 Expression of the mTARM genes in normal mouse tissues 

was a,,alyzed, As describerl ;ihove, since the splicing isoforms 

were present, 3 types of primer sets were designed. 

Set 1 (Primers were designed such that they could specifically 

amplify the m1 and m2 isoforms.) 

10 mTARM_qF2: TCTGTGATAGACAACCATCT (SEQ ID NO.: 30) 

mTARM_qR2: GTCATTGTACCCGGGGTCTT (SEQ ID NO.: 31) 

Set 2 (Primers were designed such that they could specifically 

amplify the m3 and m4 isoforms.) 

mTARM_qF4: ATGACAGAAGGCTACACTGTGGATAA (SEQ ID NO.: 

15 32) 

mTARM_qR3: TCAI 111 ICTCCTGGGGCAC (SEQ ID NO.: 33) 

Set 3 (Primers were designed such that they could specifically 

amplify the s1 isoform.) 

mTARM_qF3: GATCTCTGTGATAGATGCAAG (SEQ ID NO.: 34) 

20 mTARM_qR2: GTCATTGTACCCGGGGTCTT (SEQ ID NO.: 35) 

[0132] 

Using RNA PCR kit (TAKARA), single-stranded cDNA was 

synthesized from total RNA prepared from each mouse organ 

using RNeasy mini kit (QIAGEN) or from the purchased total 

25 RNA of each organ (Promega). Using the thus synthesized 

single-stranded cDNA as a template, real-time PCR was carried 

out using ABI7700. The PCR was carried out using a reaction 

solution with the following composition (12.5 µI of QuantiTect 

SYBR Green PCR Master Mix (QIAGEN), 0.25 µI of uracil DNA 

30 glycosylase (Invitrogen), 0.125 µI of 100 µM F primer, 0.125 µI 

of 100 µM R primer, 2.5 µi of template cDNA (10 fold diluted), 

and 7.25 µI of distilled water). 

[0133] 

For such PCR, after the treatment at 94°C for 10 minutes, 

35 a reaction cycle consisting of 94°C-30 seconds and 60°C-1 

minute was repeated 35 times. 
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[0134] 

As a result, it was found that mTARM was strongly 

expressed in bone marrow (Figure 2). 

[0135] 

5 Subsequently, expression of mTARM in various types of 

ce!!s was analyzed. 

[0136] 

Using RNeasy mini kit (QIAGEN), total RNA was prepared 

from each of cells separated and purified from mouse spleen, 

10 cells cultured in vitro, and various types of cell lines. 

Thereafter, single-stranded cDNA was synthesized from the total 

RNA using RNA PCR kit (TAKARA). Using the single-stranded 

cDNA as a template, real-time PCR was carried out using 

ABI7700 in the same manner as that for expression analysis in 

15 normal mouse tissues. 

[0137] 

As a result, it was found that mTARM was strongly 

expressed in bone marrow-derived dendritic cells (Figure 3). 

[0138] 

20 [Example 2) Preparation of antibody against mouse TARM and 

expression analysis 

25 

(1) Preparation of mTARM-expressing cells 

An mTARM gene expression vector was prepared as 

follows. 

Primers were designed based on the nucleotide sequence 

of isoform m1. 

mTARM F2: cgcgtcgacgccaccATGATCTCTAGGCTCCTTTCCCTT 

(SEQ ID NO.: 36) 

mTARM R2: gcgggcggccgcTTACCAGGGTTTATTTGGAGACAG (SEQ 

30 ID NO.: 37) 

[0139] 

Using RNA PCR kit (TAKARA), single-stranded cDNA was 

synthesized from the total RNA of bone marrow. The 

single-stranded cDNA thus synthesized was used as a template. 

35 PCR was carried out using a reaction solution with the following 

composition (5 µI of 10 x buffer, 4 µI of 2.5 mM dNTP, 0.5 ~ti of 
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Pyrobest polymerase (TAKARA), 0.5 µI each of 100 µM primers, 

1 µI of cDNA, 2.5 ;ti of DMSO, and 36 µI of distilled water). For 

such PCR, after the treatment at 94°C for 5 minutes, a reaction 

cycle consisting of 94°C-30 seconds, 65°C-30 seconds, and 

5 72°C-5 minutes was repeated 35 times. Finally, a reaction was 

carried out at 72°C for 2 minutes. The amplified cDNA was 

cloned into pBlueScriptII SK(+) (Stratagene), and the 

nucleotide sequence thereof was then confirmed using ABI3100 

Sequence Analyzer. The obtained cDNA fragment was inserted 

10 into an expression vector pMXII IRES EGFP (Oncogene (2000) 

19(27): 3050-3058), so as to prepare an mTARM gene 

expression vector. 

[0140] 

Recombinant retrovirus was prepared as follows. 

15 [0141] 

3 x 106 293/EBNA-1 cells (Invitrogen) were suspended in 

a medium (D-MEM/10°/o FBS), were put in a 10cm dish, and 

were then cultured in a C02 incubator for 24 hours. On the 

following day, the medium was changed with a fresh one, and a 

20 transfection solution prepared as described below was then 

added thereto, so as to carry out transfection. The transfection 

solution was prepared by adding 600 µI of OPTI-MEM (GIBCO 

BRL) and 24 µI of TransIT LT1 (TaKaRa) into a 5ml tube to mix 

them, then incubating the mixture at room temperature for 5 

25 minutes, and then adding 9 µg of an expression vector and 9 µg 

of pCL-Eco (Imgenex) used as a packaging vector to the 

reaction mixture, followed by incubating the mixture at room 

temperature for 5 minutes. 48 hours later, the culture 

supernatant was recovered, and filtration was then carried out 

30 with a 0.45-µm filter, so as to obtain a recombinant virus 

solution. 

[0142] 

B300.19 cells (EMBO J. (1984) 3: 1209-1219) were 

infected with this recombinant virus as described below, so as to 

35 prepare mTARM-expressing cells. The 1 x 106 6300.19 cells 

were added to a 15ml tube, and they were then centrifuged at 
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1200 rpm at 25°C for 5 minutes. Thereafter, the culture 

supernatant was discarded by aspiration. A solution obtained 

by adding the mixture of 2 µI of polybrene (10 mg/ml) and 2 µI 

of 55 µM 2-mercaptoethanol to 2 ml of the recombinant virus 

5 solution was added to the cells. The obtained mixture was then 

centrifuged at 2500 rpm at 30°C for 2 hours, so that the cells 

were infected with the recombinant virus. After completion of 

the infection, the recombinant virus solution was discarded, and 

a medium (RPMI-1640/10°/o FBS/55 µM 2-mercaptoethanol) was 

10 added thereto, followed by culture. EGFP-positive cells were 

separated by cell sorting, so as to obtain mTARM-expressing 

cells. 

[0143] 

(2) Preparation of chimeric protein fused mTARM extracellular 

15 region to SEAP or Fe 

First, a pcDNA3.1( + )-SEAP(His)10-Neo vector was 

prepared as follows. 

[0144] 

The endogenous Sall site of a pcDNA3.1( + )-Neo vector 

20 (Invitrogen) was digested with Sall, followed by blunting and 

re-ligation, so that it was deleted. The cDNA fragment of 

SEAP(His)io was amplified by PCR using pDREF-SEAP His6 -Hyg 

(J. Biol. Chem., 1996, 271, 21514-21521) as a template and 

also using a HindIII-added 5' primer and a XhoI-added 3' primer. 

25 The obtained cDNA fragment was digested with HindIII and XhoI, 

and it was then inserted into the pcDNA3 .1 ( + )-Neo vector in 

which the Sall site had been deleted. 

[0145] 

Subsequently, the extracellular region of mTARM was 

30 amplified by PCR using mTARM full-length cDNA as a template 

and also using a Sall-added 5' primer (mTARM_F2: (SEQ ID NO: 

36)) and a NotI-added 3' primer (mTARM_R3: 

cgcggcggccgcattatccacagtgtagccttctgtcat (SEQ ID NO: 38)). 

The PCR was carried out in a reaction solution with the following 

35 composition (5 µI of 10 x buffer, 4 µI of 2.5 mM dNTP, 0.5 µI of 

Pyrobest polymerase (TAKARA), O. 5 µI each of 100 µM primers, 
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1 µI of cDNA, 2.5 µI of DMSO, and 36 µI of distilled water). For 
such PCR, after the treatment at 94°C for 5 minutes, a reaction 
cycle consisting of 94°C-30 seconds, 6S°C-30 seconds, and 
72°C-S minutes was repeated 35 times. Finally, a reaction was 

5 carried out at 72°C for 2 minutes. The amplified cDNA was 
cloned into pBlueScriptJT SK(+) (Stratagene), and the 
nucleotide sequence thereof was then determined using 
ABI3100 Sequence Analyzer. The obtained cDNA fragment was 
digested with SalI and Notl, and then inserted into the 

10 aforementioned expression vector 
pcDNA3.1( + )-SEAP(His)10-Neo vector, so as to prepare an 
mTARM-AP expression vector. 

[0146] 

Thereby, the mTARM extracellular region is fused through 
15 3 amino acid linker (Ala-Ala-Ala) to secretory-type human 

placental alkaline phosphatase having a 10-histidine tag (His)10 
at the C-terminal thereof to be expressed as a secretory 
chimeric protein (hereinafter referred to as AP chimeric protein). 
The obtained AP chimeric protein expression vector was 

20 introduced into 293/EBNA-1 cells using TransIT LTl (TAKARA), 
and they were then cultured for 4 or 5 days. Thereafter, the 
culture supernatant was recovered by centrifugation, and the AP 
chimeric protein secreted into the supernatant was then filtrated 
with a 0.22-µm filter. Thereafter, Hepes (pH 7 .4) and sodium 

25 azide were added thereto to final concentrations of 20 mM and 
0.02°/o, respectively, and the obtained product was stored at 4°C. 
The concentration of the AP chimeric protein was calculated by 
measuring alkaline phosphatase activity using Aurora AP 
chemiluminescent reporter gene assay (ICN). 

30 [0147] 

(3) Preparation of monocional antibody against mTARM 
For use as an antigen in immunization, first, the 

mTARM-AP chimeric protein was purified. 
(0148] 

35 Such purification was carried out utilizing the histidine 
tag existing at the C-terminal of the AP chimeric protein and 



47 

using His Trap Kit (Amersham Biosciences). A culture 

supernatant containing the mTARM-AP chimeric protein was 

added to a 1 ml HiTrap chelating HP column (Amersham 

Biosciences), followed by washing with a 10 mM imidazole 

5 solution. Thereafter, the mTARM-AP chimeric protein was 

eluted from the column usinq a 500 mM imidazole solution. 

The concentration of the mTARM-AP chimeric protein was 

calculated by the measurement of enzyme activity using Aurora 

AP chemiluminescent reporter gene assay (ICN) and by protein 

10 quantification using Protein Assay kit II (BIO-RAD). 

[0149] 

The obtained mTARM-AP chimeric protein was mixed with 

TiterMax, and was then immunized to a WKY rats (Japan SLC, 

Inc.). Lymphocytes were isolated from the thus immunized 

15 rats. The lymphocytes were mixed with P3 myeloma cells 

(ATCC), such that the ratio of the P3 myeloma cells to the 

lymphocytes became 1 : 5. Thereafter, cell fusion was carried 

out using a PEG1500 solution (Boehringer). Hybridomas were 

selected in an HAT medium (Invitrogen), and a culture 

20 supernatant of the obtained hybridomas was subjected to 

screening by sandwich ELISA using an mTARM-Fc chimeric 

protein. Cloning was carried out, and 3 types of clones (#6, 

#21, and #37) were obtained from positive wells. B300.19 

cells, into which mTARM-IRES-EGFP had been introduced, were 

25 allowed to react with the anti-mTARM antibodies, followed by 

FACS analysis. As a result, the generated antibodies reacted 

only with B300.19 cells in which EGFP was expressed (Figure 

48), and thus the specificity of the anti-mTARM antibodies was 

confirmed. 

30 [0150] 

Hybridomas producing the obtained anti-mTARM 

monoclonal antibodies #6, #21, and #37 were inoculated into 

the peritoneal cavity of nude mice, and ascites was then 

obtained. Thereafter, antibodies were purified using a Protein 

35 G column. The hybridoma producing the anti-mTARM 

monoclonal antibody #6 was deposited with the National 
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Institute of Advanced Industrial Science and Technology, 

International Patent Organism Depositary, under the accession 

No. FERM BP-10376. 

[0151] 

5 ( 4) Expression of TARM protein on cultured bone 

marr0'.."1-der!ved dendr!tic ceHs 

Using the obtained monoclonal antibody (mAb), 

expression of a TARM protein on the cell surfaces of the cultured 

bone marrow-derived dendritic cells was analyzed. 

10 [0152] 

Such cultured bone marrow-derived dendritic cells were 

prepared by the following method. The bone marrow cells of 

C57BL/6 male mice (Japan SLC, Inc.) were suspended in a 

medium (RPMI1640/10°/o FBS/1 mM sodium pyruvate/55 µM 

15 2-mercaptoethanol) that contained mouse GM-CSF (20 ng/ml) 

(R & D system) at a concentration of 2 x 106 cells/10 ml. The 

cells were put in 10-cm non-coated dishes, and were then 

cultured. 3 days later, 10 ml of medium that contained mouse 

GM-CSF (20 ng/ml) was added, and the culture was further 

20 continued. Further, 3 days later, 10 ml of the culture solution 

was recovered and then centrifuged. Thereafter, cell 

aggregates were suspended in 10 ml of fresh medium that 

contained mouse GM-CSF (20 ng/ml), and the obtained 

suspension was then returned to the original non-coated 10-cm 

25 dishes, followed by culture for 2 days. The immature dendritic 

cells thus obtained were suspended in a medium that contained 

LPS (100 ng/ml) (Sigma) at a concentration of 1 x 107 cells/10 

ml. The cells were put in 10-cm dishes, and were then cultured 

for 1 day, so as to obtain mature dendritic ceiis. 

30 [0153] 

Immature dendritic cells derived from bone marrow were 

suspended in a FACS buffer (PBS/1°/o FBS/1 mM EDTA) that 

contained 5% mouse serum, and they were reacted with 

antibody #6 or antibody #21 (10 µg/ml). Thereafter, the cells 

35 were incubated with PE-labeled donkey anti-rat IgG secondary 

antibody (Jackson), followed by measurement with FACSCalibur 
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(Becton Dickinson). As a result, both the antibody #6 and 

antibody #21 showed positive reactions that were stronger than 

that obtained with rat IgG used as a negative control. 

(0154] 

Thus, in order to analyze in detail mTARM-expressing 

cells, antibody #6 was fluorescently labeled with Alexa 647 

monoclonal antibody labeling kit (Molecular Probe). 

Subsequently, immature dendritic cells or mature dendritic cells 

obtained by LPS stimulus were suspended in a FACS buffer 

10 (PBS/1 o/o FBS/1 mM EDTA) that contained 5°/o mouse serum and 

5°/o rat serum. FcR blocking solution (BD Pharmingen) was 

added to the suspension and incubated on ice for 10 minutes. 

Thereafter, the reaction mixture was reacted on ice for 30 

minutes with a fluorescently-labeled anti-mTARM antibody, an 

15 anti-CDllc dendritic cell marker antibody, and an anti-CD40 

activation marker antibody, and the expression level of the 

mTARM protein was then measured using FACSCalibur. 

[0155] 

As a result, it was revealed that the mTARM protein was 

20 expressed in both immature and mature dendritic cells, that 

expression of the mTARM protein was enhanced in mature bone 

marrow dendritlc cells rather than in immature dendritic cells, 

and that the mTARM protein was strongly expressed on cells in 

which the activation marker CD40 was expressed (Figure 5). 

25 [0156] 

(5) Expression of TARM protein in normal mouse 

Since expression of mTARM was confirmed in bone 

marrow-derived dendritic cells, expression of an mTARM protein 

in the immune tissues of normal mice was then analyzed. 

30 [0157] 

Cells were prepared from the bone marrow, peripheral 

blood, spleen, mesenteric lymph node and Peyer's patch of 

C57BL/6 male mice. The cells thus prepared were suspended 

in a FACS buffer (PBS/1°/o FBS/1 mM EDTA) that contained 5°/o 

35 mouse serum and 5°/o rat serum. FcR blocking solution was 

added to the suspension and incubated on ice for 10 minutes. 
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Thereafter, the reaction mixture was reacted on ice for 30 
minutes with a fluorescently-labeled anti-mTARM antibody and 
various types of fluorescently-labeled cell lineage marker 
antibodies, and the expression level of the mTARM protein was 

5 then measured using FACSCalibur. 
[0158] 

As a result, in the immune tissues of normal mice, 
expression of the mTARM protein was not observed in all of 
CD3+ T cells, DX5+ NK cells, CD11b+ myeloid cells and CD11c+ 

10 dendritic cells in spleen (SP), and B220+ B cells, F4/80+ 
monocytes/macrophages, SSC high/Gr1+ neutrophils and SSC 
high/F4/80+ eosinophils in peripheral blood (PBL) (Figure 6). 
[0159] 

Thus, expression of the mTARM protein in normal mouse 
15 peripheral tissues was analyzed using cells prepared from the 

peritoneal cavity thereof. 

[0160] 

As a result, expression of the mTARM protein was not 
observed in CD3+ T cells, DX5+ NK cells1 CD11c+ dendritic cells, 

20 B220+ B cells, F4/80+ monocytes/macrophages, and SSC 
high/Grl+ neutrophils from the peritoneal cavity. However, 
such expression was observed in a part of the CD11b+ myeloid 
cells. Thus, further analysis was carried out. As a result, it 
was revealed that the mTARM protein was expressed on c-kit+ 

25 mast cells (Figure 7). 

[0161] 

(6) Induction of expression of TARM protein on dendritic cells by 
LPS inflammatory stimulus 

The mTARM protein was expressed on the cultured 
30 dendritic cells, but such expression of the mTARM protein was 

not observed on the dendritic cells prepared from mouse 
lymphoid and peripheral tissues. Thus, it was considered that 
expression of the mTARM protein was induced by inflammatory 
stimulus in vivo. Hence, 100 µg of LPS was intraperitoneally 

35 administered to C57BL/6 male mice. 14 to 18 hours later, cells 
were recovered from mesenteric lymph node, and expression of 
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the mTARM protein was then analyzed. 

[0162] 

As a result 1 expression of the mTARM protein was 

observed on CD11c+/CD11b+ myeloid dendritic cells that had 

5 moved to the rnesenteric lymph node by the LPS inflammatory 

stimulus (Figure 8). Accordingly, it was revealed that the 

mTARM protein was not expressed on the cell surface of 

dendritic cells in vivo at normal condition 1 but that it was 

selectively expressed on dendritic cells 1 and in particular1 on 

10 myeloid dendritic cells during inflammation. Thus 1 it was 

suggested that the mTARM protein functioned on dendritic cells 

during inflammation. 

[0163] 

[Example 3] Activation of bone marrow-derived cultured 

15 dendritic cells by anti-TARM antibody 

The mTARM was selectively expressed on dendritic cells. 

Thus 1 activation of such dend ritic cells by the cross-link stimulus 

of the mTARM was analyzed. 

[0164] 

20 Bone marrow-derived immature dendritic cells or mature 

dendritic cells were suspended at a concentration of 1 x 108 

cells in 350 µI of a MACS buffer (PBS/1°/o FBS/2 mM EDTA). 50 

µI of FcR blocking solution (Miltenyi) was added to the 

suspension and incubated at 4°C for 10 minutes. Thereafter1 

25 100 µI of CDllc microbeads (Miltenyi) were added to the 

reaction mixture and incubated at 4°C for 30 minutes. 

Thereafter, CD11c+ cells were separated and purified using Auto 

MACS (Miltenyi). An F(abr2 anti-rat IgG antibody (10 µg/ml) 

(Jackson) was immobilized on a 96-well plate at 37°C for 2 

30 hours 1 and the plate was then washed with PBS. Thereafter1 

anti-mTARM antibody #6 1 #21 1 or rat lgG (10 µg/ml) used as a 

negative control was immobilized on the plate at 37°C for 1 hour. 

The plate was then washed with PBS 1 and the purified CD11c+ 

dendritic cells were cultured in a medium 1 or in a medium that 

35 contained an agonistic anti-CD40 antibody (BD Pllarmingen) at 

a final concentration of 2 µg/ml. 24 or 48 hours later, the 
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culture supernatant was recovered, and cytokines were then 

detected using DuoSet ELISA Development kit (R & D). 

[0165] 

As a result, it was revealed that the anti-mTARM antibody 

5 induced production of IL-6 from bone marrow-derived mature 

dendrit!c ce!Js at the similar !eve! with that of the anti-(:040 

antibody, and had an addictive effect with the anti-CD40 

antibody (Figure 9A). Similarly, the aforementioned antibody 

tended to induce production of IL-6 also from immature 

10 dendritic cells. Moreover, the anti-mTARM antibody induced 

production of MCP-i from immature bone marrow dendritic cells, 

but the anti-CD40 antibody did not induce such production of 

MCP-1 (Figure 98). Induction of production of MCP-1 by the 

anti-mTARM antibody was not observed in mature bone marrow 

15 dendritic cells. Furthermore, induction of production of IL-12, 

TNFa, IL-113, IL-10, and KC was also analyzed, but the 

anti-mTARM antibody had no significant effects on both 

immature dendritic cells and mature dendritic cells. 

[0166] 

20 From the above results, it was confirmed that mTARM on 

dendritic cells is associated with production of specific cytokines 

and chemokines (e.g. IL-6 and MCP-1). 

[0167] 

[Example 4] Complex formation between TARM and FcRr chain 

25 It was revealed that mTARM functioned as a dendritic cell 

-activating receptor. Next, a signal-transducing molecule was 

examined. The mTARM has a transmembrane region similar to 

that of Oscar that is involved in osteoclast differentiation. It 

has been known that Oscar forms a compiex with the FcRy chain, 

30 a signal-transducing molecule well known as a component of the 

IgE receptor. It has been considered that the interaction 

between a basic amino acid in the cell transmembrane region of 

Oscar and an acidic amino acid of the FcRy chain is involved in 

the aforementioned association. The mTARM also has a basic 

35 amino acid in its transmembrane region. On the other hand, 

DAP10 and DAP12 are known as activation signal-transducing 
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molecules having an acidic amino acid in its transmembrane 

region, as with the FcRy chain. Thus, the possibility of a 

complex formation between the FcRy chain, DAP10 or DAP12, 

and the mTARM was analyzed. 

5 [0168] 

Fach of the expression vectors of the FcRy chain, DAP10 

and DAP12 was produced by inserting a cDNA fragment 

amplified using the following primers designed based on the 

nucleotide sequences as shown in NM_010185, AF072846 and 

10 NM_011662 of GenBankTM into an expression vector pMXII 

IRES-Puro designed such that an Flag tag sequence attached to 

the N-terminal can be expressed on a cell surface. 

FcRy F: cgcctcgagCTGGGAGAGCCGCAGCTCTGCTAT (SEQ ID NO.: 

39) 

15 FcRy R: gcgggcggccgcCTACTGGGGTGGTTTCTCATGCTT (SEQ ID 

NO.: 40) 

DAP10 F: cgcgtcgacCAGACATCGGCAGGTTCCTGCTCC (SEQ ID 

NO.: 41) 

DAP10 R: gcgggcggccgcTCAGCCTCTGCCAGGCATGTTGAT (SEQ ID 

20 NO.: 42) 

DAP12 F: cgcgtcgacTTAAGTCCCGTACAGGCCCAGAGT (SEQ ID 

NO.: 43) 

DAP12 R: gcgggcggccgcTCATCTGTAATATTGCCTCTGTGT (SEQ ID 

NO.: 44) 

25 Thereafter, recombinant retrovirus was prepared by the 

similar method as that applied to prepare mTARM-expressing 

cells, and 6300.19 cells expressing mTARM were then infected 

with the recombinant retrovirus. Thereafter, the cells were 

cultured in the presence of puromycin, and the infected cells 

30 were then selected. The obtained B300.19 transfectants were 

suspended in an FACS buffer (PBS/1°/o FBS/1 mM EDTA) and 

reacted with antibody #6 and a mouse anti-Flag antibody 

(Sigma) at a final concentration of 10 µg/ml. Thereafter, it was 

reacted with a PE-labeled donkey anti-rat IgG secondary 

35 antibody (Jackson) and a CyS-labeled donkey anti-mouse IgG 

secondary antibody (Jackson), followed by the measurement of 
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the expression level using FACSCalibur (Becton Dickinson). 

[0169] 

As a result, it was revealed that when the mTARM and 

the FcRy chain were simultaneously expressed, the expression 

5 level of the FcRy chain on the cell surface was increased, as the 

expression level of the mTARM on the cell surf<'!Cf> wris increased. 

The expression levels of DAP10 and DAP12 on the cell surface 

did not depend on the expression level of the mTARM. 

Accordingly, it was suggested that the expression level of the 

10 FcRy chain on the cell surface was increased by its formation of 

a complex with the mTARM (Figure 10). 

[0170) 

Subsequently, 

biochemically analyzed. 

15 [0171] 

mTARM-binding proteins were 

8300.19 transfectants were solubilized in a cell lysis 

buffer containing 1°/o digitonln (1°/o digtonin/50 mM Tris-HCI (pH 

7.5)/150 mM NaCl/5 mM NaF/1 mM orthovanadate/Complete™ 

(Roche)). Immunoprecipitation was carried out using an 

20 anti-Flag antibody, and immunoblot analysis was then carried 

out using anti-mTARM antibody #6. 

[0172] 

As a result, it was found that the mTARM was 

immunoprecipitated together with the FcRy chain, but either 

25 DAP10 or DAP12 were not immunoprecipitated together with the 

mTARM (Figure 11A). Immunoprecipitation of FcRy chain, 

DAP10 and DAP12 by the anti-Flag antibody was confirmed by 

immunoblot analysis with the anti-Flag antibody. In addition, 

the expression of mTARM, a Fiag tagged FcRy chain, DAP10 and 

30 DAP12 in 8300.19 transfectants was confirmed by immunoblot 

analysis of ceii iysates using anti-mTARM antibody #6 or the 

anti-Flag antibody. Accordingly, it was revealed that the FcRy 

chain formed a complex with the mTARM in the 8300.19 

tra nsfecta nts. 

35 [0173] 

Moreover, bone marrow-derived mature dend ritic cells 
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were solubilized in a cell lysis buffer containing 1°/o digitonin. 

Immunoprecipitation was carried out using rat IgG as a negative 

control, anti-mTARM antibody #21, an anti-CD54 antibody and 

an anti-FcRy chain antibody, and immunoblot analysis was then 

5 carried out using an anti-FcRy chain antibody. 

[0174] 

As a result, it was found that the FcRy chain was 

immunoprecipitated together with the mTARM, and that another 

cell membrane protein CD54 and the FcRy chain were not 

10 co-immunoprecipitated (Figure 11B). Accordingly, it was 

revealed that the FcRy chain and the mTARM formed a complex 

in mature dendritic cells. 

(0175] 

From these results, it was suggested that activation of 

15 dendritic cells by the cross-link stimulus of mTARM is mediated 

via signal transduction from the FcRy chain. 

(0176] 

[Example 5] Adhesion of activated lymphocytes to immobilized 

TARM 

20 (1) Expression of mTARM-binding molecules on activated T 

cell 

25 

It has been known that dendritic cells act as 

antigen-presenting cells and interact with T cells. Thus, it is 

tempting to speculate that molecules that bind to mTARM are 

expressed on T cells and that 

regulated via such molecules. 

absence of the mTARM-binding 

analyzed. 

[0177] 

activation of dendritic cells is 

Accordingly, the presence or 

molecules on the T cells was 

30 4 x 107 C57BL/6 male mouse splenic cells were 

suspended in 70 µI of a MACS buffer (PBS/1°/o FBS/2 mM EDTA), 

and 10 µI of FcR blocking solution (Miltenyi) was added to the 

suspension. The mixture was then incubated at 4°C for 10 

minutes. 100 µI of CD4 microbeads (Miltenyi) were further 

35 added to the reaction mixture and incubated at 4°C for 15 

minutes. Thereafter, Auto MACS was used to obtain resting 
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CD4+ T cells. The CD4+ cells, which had been purified with 

MACS, were suspended in a medium (RPMI1640/10% FBS/1 mM 

sodium pyruvate/55 µM 2-mercaptoethanol) at a concentration 

of 1 x 106 cells/ml. Thereafter, the suspension was added to a 

5 plate, on which an anti-CD3 antibody (eBioscience) had been 

immobilized with a 1 µg/ml solution at 37°C for 2 hours, and 

stimulated in the presence of a 2 µg/ml anti-CD28 antibody 

(Pharmingen). When CD4+ T cells were differentiated into Thl, 

such anti-CD3 antibody stimulus was carried out in the presence 

10 of mouse IL-12 (10 ng/ml) (Peprotech) and an anti-mouse IL-4 

antibody (10 µg/mi) (MP4-25D2; Pharmingen). When CD4+ T 

cells were differentiated into Th2, such anti-CD3 antibody 

stimulus was carried out in the presence of mouse IL-4 (15 

ng/ml) (Genzyme) and an anti-mouse IL-12 antibody (15 µg/ml) 

15 (24910.1; Pharmingen). Two days after the stimulus, in the 

case of Thl, mouse IL-2 (20 ng/ml) (Genzyme) and mouse 

IL-12 (10 ng/ml) were added, followed by culture. In the case 

of Th2, mouse IL-2 (20 ng/ml) and mouse IL-4 (15 ng/ml) were 

added, followed by culture. Differentiation into Th1 and Th2 

20 was confirmed by production of IFN-y and IL-4, respectively. 

[0178] 

Resting CD4+ T cells immediately after purification with 

MACS and activated CD4+ T cells 2 and 8 days after CD3 

stimulus were used to analyze the binding activity of an 

25 mTARM-AP chimeric protein onto a cell surface. These cells 

were suspended in an FACS buffer (PBS/1°/o FBS) and reacted 

on ice for 30 minutes with mTARM-AP chimeric protein or AP 

protein used as a negative control at a final concentration of 30 

µg/m!. Thereafter, a rabbit anti-PLAP antibody (6000 fold 

30 dilution) (COSMO BIO Co., Ltd.) was added, and then reacted 

therewith on ice for 30 minutes. Further, a PE-labeled donkey 

anti-rabbit IgG (H + L) antibody (50 fold dilution) (Jackson) was 

added, and then reacted therewith on ice for 30 minutes. The 

binding activity of the mTARM-AP chimeric protein was 

35 measured using FACSCalibur. 

[0179] 
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As a result, it was revealed that mTARM-binding 

molecules were not expressed on a resting CD4+ T cell, but that 

such expression was induced on activated CD4+ T cells (Figure 

12). The mTARM-binding molecules had already been expressed 

5 2 days after the stimulus and the expression thereof was also 

ma!nta!ned 8 rlriys after the stimulus. Such mTARM-binding 

molecules were expressed under both Th1 and Th2 

differentiation conditions. 8 days later, expression of the 

mTARM-binding molecule in Th2 cells tended to be stronger than 

10 that in Th1 cells (Figure 12). 

(0180] 

(2) Adhesion of activated T cells to mTARM recombinant 

protein 

Next, the possibility of the function of the mTARM as an 

15 adhesion molecule to activated T cells was analyzed. 

[0181] 

First, 50 µI of anti-alkaline phosphatase antibody (10 

µg/ml) (Seradyn) was added to each well of a 96-well ELISA 

plate (Nunc) and incubated at 37°C for 30 minutes for 

20 immobilization. After washing with PBS, a non-specific binding 

site was blocked with Block Ace (Dainippon Pharma Co., Ltd.). 

An AP chimeric protein (10 nM) was added to each well and 

incubated at room temperature for 30 minutes for 

immobilization. 6 to 9 days after the stimulus, activated T cells 

25 were suspended in a cell adhesion buffer (RPMI1640/0.5°/o 

BSA/20 mM HEPES (pH 7.4)), followed by fluorescent labeling 

with Calcein-AM (Dojindo Laboratories). Thereafter, the 1 x 105 

cells were added to each well and incubated at 37°C for 1 hour. 

Non-adhered cells were eliminated by washing, and a cell lysis 

30 buffer (10 mM Tris-HCI (pH 8.0)/1% TritonX-100) was then 

added thereto. Thereafter, measurement was carried out at an 

excitation wavelength of 485 nm and a detection wavelength of 

535 nm using Wallac ARVO SX 1420 MULTILABEL COUNTER 

(Perkin Elmer), and the adhered cells were then quantified. 

35 With regard to the level of cell adhesion, the ratio of the 

adhered cells to the added cells was expressed as a percentage. 
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[0182) 

As a result, it was revealed that the mTARM functioned as 
an adhesion molecule to activated T cells (Figure 13). Both the 
Thl and Th2 cells exhibited adhesion activity to the mTARM. 

5 The adhesion activity of the Th2 cells to the mTARM tended to 
be higher than that of the Thl cells to the mTARM. 

[0183) 

[Example 6] Cell adhesion-inhibiting acti_yity of anti-TARM 
antibody 

10 The effect of anti-TARM antibodies on cell adhesion of Th2 
cells to the mTARM was analyzed. 

[0184] 

A 10 µg/ml anti-mTARM antibody was added to Th2 cells 
and pre-treated at room temperature for 10 minutes. 

15 Thereafter, the resultant cells were added to a plate on which an 
mTARM-AP chimeric protein had been immobilized, and the cell 
adhesion activity in the presence of the antibody was analyzed. 
[0185) 

As a result, adhesion of the Th2 cells to the mTARM-AP 
20 chimeric protein was significantly suppressed in all of 

anti-mTARM antibodies #6, #21 and #37 (Figure 14). 

[0186] 

[Example 7] Therapeutic effect of anti-TARM antibody in 
.c.Qllagen-induced arthritis model 

25 A Collagen-Induced Arthritis (CIA) model is a disease 
model of autoimmune rheumatoid arthritis. Since CD4+ T cell 
and antibodies that react with type II collagen are detected, it is 
considered that both cooperate to provoke arthritis. In addition, 
it is reported that susceptibility to CIA modei is iinked to MHC 

30 class II molecules. The TARM is an activating molecule that is 
expressed on dendritic cells, and it induces cell adhesion of 
activated T cells via TARM-binding molecules. Accordingly, it 
has been considered that the interaction between such dendritic 
cells and activated T cells is inhibited by an anti-TARM antibody, 

35 so as to possibly suppress an immune response associated with 
dendritic cells or the activated T cells. Thus, the therapeutic 
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effect of the anti-TARM antibody in the CIA model was analyzed. 

[0187] 

A 3°/o bovine joint-derived type II collagen solution 

(Collagen Gijutsu Kenshukai) and Freund's complete adjuvant 

5 (Difeo) were mixed in equal amounts to produce an emulsion. 

Thereafter, ) 00 pl of the emulsion (150 µg/mouse) was 

intracutaneously administered at the base of the tail of a 

5-week-old DBA/1J mouse (Charles River Laboratories Japan, 

Inc.), so that the mouse was immunized on day -21 (initial 

10 immunization) and on day O (booster). From the booster, the 

anti-mTARM antibody #6 was administered intravenously at a 

dose of 500 µg twice a week. From 3 days after the booster, 

the measurement of the body weight and the external 

evaluation were carried out. On day 13, the mouse was 

15 sacrificed. External findings were evaluated using the following 

score. That is, 0: normal; 1: erythema and mild swelling 

confined to the mid-foot (tarsus) or ankle joint; 3: erythema 

and moderate swelling extending from the ankle to the 

metatarsal joint; 4: erythema and severe swelling at the entire 

20 portion ranging from the ankle, foot, and digits. 

[0188] 

Consequently, as a result of the administration of the 

anti-mTARM antibody, clear alleviation in the symptoms and 

suppression of body weight reduction were observed (Figure 

25 15). 

[0189] 

Moreover, heparinized blood was collected from the 

inferior vena cava of the sacrificed mice, and serum amyloid A 

(SAA) concentration in plasma and antibody titer to collagen 

30 were measured. SAA is a plasma protein produced in liver cells 

by the action of cytokines produced by inflammatory stimulus. 

The SAA concentration in plasma is used as an index of 

inflammation. The antibody titer to collagen is used as an 

index of an antigen-specific immune response. 

35 [0190] 

The SAA concentration in plasma was measured by an 
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ELISA kit (BioSource) using the plasma diluted 8,000-fold. 

[0191] 

Moreover, the antibody titer to collagen in plasma was 

measured as follows. 

5 [0192] 

First, 50 p.I of a 5 11g/ml bo,1ine joint-derived t~1pe II 

collagen solution was added to each well of a 96-well ELISA 

plate (Nunc) and incubated at 4°C overnight for immobilization. 

Thereafter, the well was washed with T-PBS (0.02°/o 

10 Tween20/PBS), and a non-specifically binding site was then 

blocked with 1 % BSA/PBS. The well was washed with T-PBS 3 

times, and 50 µI of plasma that had been diluted 100,000-fold 

with T-PBS was then added to each well, followed by incubating 

at room temperature for 2 hours. Thereafter, the well was 

15 washed with T-PBS 3 times, and 50 µI each of biotinylated 

anti-mouse IgGl (BD) and biotinylated anti-mouse IgG2a (BD) 

that had been diluted 1,000-fold with T-PBS were then added to 

each well, followed by incubated at room temperature for 2 

hours. The well was washed with T-PBS 3 times, and 50 µI 

20 each of HRP-labeled streptavidin (Pierce) that had been diluted 

5,000-fold with T-PBS was then added to each well, followed by 

at room temperature for 30 minutes. Thereafter, chromogenic 

substrate was added and developed. 

[0193] 

25 As a result, the SAA concentration in plasma was 

decreased by administration of the anti-mTARM antibody (Figure 

16). However, the anti-collagen antibody titer in plasma was 

not changed by administration of the anti-mTARM antibody 

(Figure 17). 

30 [0194] 

[Example 8] Determination of human TARM full-length gene 

sequence 

In order to identify a human TARM gene, BLAST search 

was carried out using the mouse TARM gene sequence. As a 

35 result, a sequence showing high homology with the mouse TARM 

cDNA sequence (Gen Bank Accession No. XM_ 497642) was 
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discovered. However, no signal sequences existed in an amino 

acid sequence (LOC441864) encoded by such XM_ 497642, and 

thus it was not considered that the aforementioned sequence 

functions as a cell membrane protein. It was considered that 

5 XM_ 497642 is a putative sequence and that estimation of a 

cDN.A. sequence from the genome sequence is incorrect. Hence, 

it was attempted to determine the full-length gene sequence of 

human TARM. TARM expression tissues were identified, and the 

full-length sequence of TARM cDNA was estimated by conducting 

10 5'- and 3'-RACE. Thereafter, based on the sequence of a region 

encoding the TARM protein, primers were designed, and 

full-length cDNA was then isolated. 

15 

[0195] 

(1) Expression analysis of human TARM gene 

First, expression of hTARM in human tissues was 

analyzed. Based on GenBank Accession: XM_ 497642, primers 

were designed. 

hTARM Fl: TGTGAATACTACAGAAAAGCATCC (SEQ ID NO.: 45) 

hTARM Rl: TCCACCTGCGGTCACTGTACCCCT (SEQ ID NO.: 46) 

20 Single-stranded cDNA was synthesized from total RNA of 

each human organ (Clontech) using RNA PCR kit (TAKARA). 

Using such single-stranded cDNA as a template, real-time PCR 

was carried out using ABI7700. The PCR was carried out using 

a reaction solution with the following composition (12.5 µI of 

25 QuantiTect SYBR Green PCR Master Mix (QIAGEN), 0.25 µI of 

Uracil DNA Glycosylase (Invitrogen), 0.125 µI of 100 µM F 

primer, 0.125 µI of 100 µM R primer, 2.5 µI of template cDNA 

(10 fold diluted), and 7.25 µI of distilled water). For such PCR, 

after the treatment at 94°C for 10 minutes, a reaction cycle 

30 consisting of 94°C-30 seconds and 60°C-1 minute was repeated 

35 times. 

[0196] 

As a result, it was found that the hTARM gene, as with 

the mTARM gene, was strongly expressed in bone marrow 

35 (Figure 18). 

[0197] 
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(2) Isolation of human TARM gene 

Since the hTARM gene was expressed in bone marrow, 
the total RNA of the bone marrow was used to carry out 
5'-RACE and 3'-RACE, so as to attempt to determine the 

5 sequence of a full-length gene of the hTARM. 
[0198] 

First, double-stranded cDNA was synthesized from the 
total RNA of the bone marrow using cDNA synthesis kit 
(TAKARA), and cDNA was then purified using Qiaquick PCR 

10 purification kit (Qiagen). Subsequently, an ad29 adapter was 
added thereto, and the thus obtained product was used as a 
template in RACE. 1st PCR was carried out using a reaction 
solution with the following composition (5 µI of 10 x ExTaq 
buffer, 4 µI of 2.5 mM dNTP, 0.25 µI of ExTaq, 0.5 µI of 100 µM 

15 primer (5'PCR4), 0.5 µI of 100 µM Gene specific primer, 1 µI of 
ad29 adapter-added cDNA (25 fold diluted), and 38.75 µI of 
distilled water). 

[0199] 

The following sequences were used as primers. 
20 5'PCR4: AGCTACGCTGAAGTATCAACGCAGAG (SEQ ID NO.: 21) 

hTARM_RACE_5'_ 4: CTTCTGGCACTGCAGAGTCACCCT (SEQ ID 
NO.: 47), or 

hTARM_RACE_3'_ 4: GGAGAGTACACCTGTGAATACTAC (SEQ ID 
NO.: 48) 

25 For such PCR, after the treatment at 94°C for 5 minutes, 
a reaction cycle consisting of 94°C-30 seconds, 65°C-1 minute, 
and 72°C-5 minutes was repeated 30 times. Finally, a reaction 
was carried out at 72°C for 5 minutes. 

[0200] 

30 2nd PCR was carried out using a reaction solution with the 
foiiowing composition (5 µI of 10 x ExTaq buffer, 4 µI of 2.5 mM 
dNTP, 0.25 µI of ExTaq, 0.5 µI of 100 µM primer (5'PCR1), 0.5 µI 
of 100 ~1M Gene specific primer, 1 µI of the 1st PCR product (100 
fold diluted), and 38. 75 µI of distilled water). 

35 [0201] 

The following sequences were used as primers. 
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5'PCR1: (SEQ ID NO.: 24), 

h29B140 Fi: TGTGAATACTACAGAAAAGCATCC (SEQ ID NO.: 49), 

or 

h298140 Rl: TCCACCTGCGGTCACTGTACCCCT (SEQ ID NO.: 50) 

5 For such PCR, after the treatment at 94°C for 5 minutes, 

a reaction cycle consisting of 94°C-30 seconds, 65°C-30 seconds, 

and 72°C-5 minutes was repeated 25 times. Finally, a reaction 

was carried out at 72°C for 5 minutes. The amplified cDNA 

fragment was cloned into pCR2.1 (Invitrogen), and the 

10 nucleotide sequence thereof was determined using ABI3100 

Sequence Analyzer. 

[0202] 

As a result, 5' and 3' nucleotide sequences, which were 

completely different from the sequence as shown in XM_ 497642, 

15 were obtained (SEQ ID NO: 9). 

[0203] 

The following primers were designed using the nucleotide 

sequence information obtained by RACE: 

h29B140_Sall-Kozac_F: 

20 cgcgtcgacGCCACCATGATCCCTAAGCTGCTTTCCCTC (SEQ ID NO.: 

51) 

h29B140_Notl-R: cgcgcggccgcCTAGCGCATGCTACCCTTGGCAGC 

(SEQ ID NO.: 52) 

With these primers, PCR was carried out using 

25 single-stranded cDNA synthesized from the total RNA of bone 

marrow using RNA PCR kit (TAKARA) as a template. The PCR 

was carried out in a reaction solution with the following 

composition (5 µI of 10 x buffer, 4 µI of 2.5 mM dNTP, 0.5 µI of 

Pyrobest polymerase (TAKARAL 0.5 µI each of 100 µM primers, 

30 1 µI of cDNA, 2.5 µI of DMSO, and 36 µI of distilled water). For 

such PCR, after the treatment at 94°C for 5 minutes, a reaction 

cycle consisting of 94°C-30 seconds, 65°C-30 seconds, and 

72°C-5 minutes was repeated 35 times. Finally, a reaction was 

carried out at 72°C for 2 minutes. The amplified cDNA was 

35 cloned into pBlueScriptII SK(+) (StratageneL and the 

nucleotide sequence thereof was then determined using 
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ABI3100 Sequence Analyzer. The obtained nucleotide sequence 

of the hTARM cDNA was identical to the sequence determined by 

RACE (SEQ ID NO: 9). The amino acid sequence (SEQ ID NO: 

10) encoded by the hTARM cDNA had a signal sequence 

5 necessary for functioning as a cell membrane protein at the 

N-termina! thereof. The hTARC and the amino acid sequence 

encoded by XM_ 497642 (LOC441864) had different N-terminal 

and C-terminal. Accordingly, it was revealed that such a 

putative cDNA sequence, XM_ 497642, estimated from the 

10 genome sequence did not actually exist, and that the hTARM 

cDNA was a real gene encoding the cell membrane protein 

hTARM (Figure 19). 

[0204] 

[Example 9] Preparation of antibody against human TARM 

15 (1) Preparation of human TARM-expressing cells 

A human TARM gene expression vector was prepared by 

inserting the hTARM cDNA obtained in Example 8 into an 

expression vector pMXII IRES EGFP (Oncogene (2000) 19(27): 

3050-3058). 

20 [0205] 

Recombinant retrovirus was prepared as follows. 

293/EBNA-1 cells (Invitrogen) of 3 x 106 cells were 

suspended in a medium (D-MEM/10% FBS), and put in a 10-cm 

culture dishes, and cultured in a C02 incubator for 24 hours. 

25 On the following day, the medium was changed with a fresh one, 

and a transfection solution prepared as described below was 

then added thereto, so as to carry out transfection. The 

transfection solution was prepared by adding 600 µI of 

OPTI-MEM (GIBCO BRL) and 24 µi of TransIT LT1 (TaKaRa) into a 

30 5ml tube to mix them, then incubating the mixture at room 

temperature for 5 minutes, and then adding 9 ug of an 

expression vector and 9 ug of pCL-Eco (Imgenex) used as a 

packaging vector to the reaction mixture, followed by incubating 

the mixture at room temperature for 5 minutes. 48 hours later, 

35 the culture supernatant was recovered, and filtration was then 

carried out with a 0.45µm filter, so as to obtain a recombinant 



virus solution. 

[0206] 
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8300.19 cells were infected with this recombinant virus 

as described below, so as to prepare hTARM-expressi ng cells. 

5 The 1 x 106 B300.19 cells were added to a 15ml tube, and they 

were then centrifuged at 1200 rpm at 25°C for 5 minutes. 

Thereafter, the culture supernatant was discarded by aspiration. 

A solution obtained by adding 2 µI of polybrene (10 mg/ml) and 

2 µI of 55 µM 2-mercaptoethanol to 2 ml of the recombinant 

10 virus solution was added to the cells. The obtained mixture 

was then centrifuged at 2500 rpm at 30°C for 2 hours, so that 

the cells were infected with the recombinant virus. After 

completion of the infection, the recombinant virus solution was 

discarded, and a medium (RPMI-1640/10% FBS/55 µM 

15 2-mercaptoethanol) was added thereto, followed by culture. 

EGFP-positive cells were separated by cell sorting, so as to 

obtain hTARM-expressing cells. 

[0207] 

(2) Preparation of chimeric protein fused hTARM extracellular 

20 region to SEAP or Fe 

The extracellular region of hTARM was amplified by PCR 

using hTARM full-length cDNA as a template and also using a 

Sall-added 5' primer 

(h29B140_SalI-Kozac_F: cgcgtcg acGCCACCATGATCCCTAAGCTGC 

25 TTTCCCTC (SEQ ID NO: 51)) and a NotI-added 3' primer 

(h29B140_Notl_SEAP _R: 

gcgggcggccgcACCCAGGGAGTAGTTGCTCGATGT (SEQ ID NO: 53)). 

The PCR was carried out in a reaction solution with the following 

composition (5 µI of 10 x buffer, 4 µI of 2.5 mM dNTP, 0.5 µI of 

30 Pyrobest polymerase (TAKARA), 0.5 µI each of 100 µM primers, 

1 µI of cDNA, 2.5 µI of DMSO, and 36 µI of distilled water). For 

such PCR, after the treatment at 94°C for 5 minutes, a reaction 

cycle consisting of 94°C-30 seconds, 65°C-30 seconds, and 

72°C-5 minutes was repeated 35 times. Finally, a reaction was 

35 carried out at 72°C for 2 minutes. The amplified cDNA was 

cloned into pBlueScriptII SK(+) (Stratagene), and the 
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nucleotide sequence thereof was then confirmed using ABI3100 

Sequence Analyzer. The obtained cDNA fragment was digested 

with Sal I and NotI, and then inserted into 

pcDNA3.1( + )-SEAP(His)io-Neo vector described in Example 2, 

5 so as to prepare an hTARM-AP expression vector. 

[0208] 

Thereby, the hTARM extracellular region is fused through 

three-amino acid linker (Ala-Ala-Ala) to secretory-type human 

placental alkaline phosphatase having a 10-histidine tag (His)10 

10 at the C-terminal thereof to be expressed as a secretory 

chimeric protein (hereinafter referred to as AP chimeric protein). 

The obtained AP chimeric protein expression vector was 

introduced into 293/EBNA-1 cells using TransIT LT1 (TAKARA) 

and they were then cultured for 4 or 5 days. Thereafter, the 

15 culture supernatant was recovered by centrifugation, and the AP 

chimeric protein secreted into the supernatant was then filtrated 

with a 0.22µm filter. Thereafter, Hepes (pH 7.4) and sodium 

azide were added thereto to final concentrations of 20 mM and 

0.02°/o, respectively, and the obtained product was stored at 4°C. 

20 The concentration of the AP chimeric protein was calculated by 

measuring alkaline phosphatase activity using Aurora AP 

chemiluminescent reporter gene assay (ICN). 

[0209] 

(3) Preparation of monoclonal antibody against hTARM 

25 For use as an antigen in immunization, first, the 

hTARM-AP chimeric protein was purified. 

[0210] 

Such purification was carried out utilizing the histidine 

tag existing at the C-terminal of the AP chimeric protein and 

30 using His Trap Kit (Amersham Biosciences). A culture 

supernatant containing the hTARM-AP chimeric protein was 

added to a 1ml HiTrap chelating HP column (Amersham 

Biosciences), followed by washing with a 10 mM imidazole 

solution. Thereafter, the hTARM-AP protein was eluted from the 

35 column using a 500 mM imidazole solution. The concentration 

of the hTARM-AP chimeric protein was calculated by the 
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measurement of enzyme activity using Aurora AP 

chemiluminescent reporter gene assay (ICN) and by protein 

quantification using Protein Assay kit II (BIO-RAD). 

[0211] 

5 Subsequently, the obtained hTARM-AP chimeric protein 

was used as an antigen, and Balb/c mice were immunized with 

the aforementioned protein by Kohjin Bio Co. Ltd. Lymphocytes 

were isolated from the immunized mice, and the isolated 

lymphocytes were then mixed with P3U1 myeloma cells. 

10 Thereafter, cell fusion was carried out by a PEG method. Using 

a culture supernatant of the obtained hybridomas, screening 

was carried out by ELISA with an hTARM-Fc chimeric protein. 

Cloning was carried out from positive wells, and 6 types of 

clones were obtained (#11, #18, #19, #22, #26, and #40). 

15 As a result of analyzing specificity by FACS, it was found that all 

clones reacted only with hTARM-expressing B300.19 cells, and 

that they did not react with pa renta I B300.19 cells. 

Hybridomas that produced the anti-hTARM monoclonal 

antibodies #11, #18, #19, #22, #26 and #40 were inoculated 

20 into the peritoneal cavity of a nude mice, and ascites was 

obtained therefrom. Thereafter, antibodies were purified using 

a Protein A column. 

[0212] 

[Example 10] Adhesion of activated human T cells to hTARM 

25 recombinant protein 

Human peripheral blood was collected using heparin, and 

Ficoll-Paque PLUS (Amersham Biosciences) was added thereto in 

an equal amount of the 

mononuclear cells were 

human 

isolated 

peripheral blood, and 

by density gradient 

30 centrifugation at 400 x g for 30 minutes. The isolated cells 

were suspended in an MACS buffer (PBS/1°/o FBS/2 mM EDTA), 

and FcR blocking solution (Miltenyi) was added at 5 µ1/1 x 107 

cells to the suspension. The obtained mixture was reacted at 

4°C for 15 minutes. Human CD25+CD4+ Treg isolation kit 

35 (Miltenyi) and Auto MACS were used to obtain resting CD4+ T 

cells. A PE-labeled mouse anti-human CD25 antibody (Miltenyi) 
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and an FITC-labeled mouse anti-human CD4 antibody (Miltenyi) 

were added, each in an amount of 1/11 of the solution, to the 

CD4+ cells that has been purified with MACS. They were then 

reacted at 4°C for 20 minutes. Thereafter, FACS Aria (BD 

5 Biosciences) was used to obtain CD4+ CD25- T cells. The 

CD4+ CD25- T cells were activated using T cell 

Activation/Expansion Kit human (Miltenyi). From 3 days after 

the stimulus, human IL-2 (2 ng/ml) was added to the cells. 

Using activated CD4 positive T cells obtained on the 5th and 3th 

10 day after the stimulus, the possibility of the function of the 

hTARM-AP chimeric protein as an adhesion molecule to activated 

T cells was analyzed. 

[0213] 

First, 50 µI of anti-alkaline phosphatase antibody (10 

15 µg/ml) (Seradyn) was added to each well of a 96-well ELISA 

plate (Nunc) and incubated at 37°C for 30 minutes for 

immobilization. After washing with PBS, a non-specific binding 

site was blocked with Block Ace (Dainippon Pharma Co., Ltd.). 

An AP chimeric protein (1 nM) was added to each well and 

20 incubated at room temperature for 30 minutes for 

immobilization. Activated T cells were suspended in a cell 

adhesion buffer (RPMI1640/0.5°/o BSA/20 mM HEPES/55 nM 

2ME (pH 7.4)), followed by fluorescent labeling with Calcein-AM 

(Dojindo Laboratories). Thereafter, the 5 x 104 cells were 

25 added to each well and then incubated at 37°C for 1 hour. 

Non-adhered cells were eliminated by washing, and a cell lysis 

buffer (10 mM Tris-HCI (pH 8.0)/1°/o TritonX-100) was then 

added thereto. Thereafter, measurement was carried out at an 

excitation wavelength of 485 nm and a detection wavelength of 

30 535 nm using Wallac ARVO SX 1420 MULTILABEL COUNTER 

(Perkin Eimer), and the adhered ce!is were quantified. With 

regard to the level of cell adhesion, the ratio of the adhered 

cells to the added cells was expressed as a percentage. 

[0214] 

35 As a result, it was revealed that the hTARM functioned as 

an adhesion molecule to activated human T cells (Figure 20). 
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[0215] 

[Example 11) Cell adhesion-inhibiting activity of anti-TARM 

antibody 

The effect of anti-TARM antibodies on cell adhesion of 

5 activated human T cells to the hTARM was analyzed. 

[0216 J 
An AP chimeric protein was added to each well and then 

incubated at room temperature for 30 minutes for 

immobilization. Thereafter, each of 10 µg/ml anti-hTARM 

10 antibodies (#11, #18, #19, #22, #26, and #40) was added to 

each well and pre-treated at room temperature for 30 minutes. 

Thereafter, fluorescently-labeled activated T cells were added 

thereto, and cell adhesion activity in the presence of each 

antibody was analyzed. It is to be noted that an anti-IgG2a 

15 antibody was used as a control for #11, #19, #26, and #40, 

and that an anti-IgG2b antibody was used as a control for #18 

and #22. 

[0217] 

As a result, it was found that adhesion of the activated T 

20 cells to the hTARM-AP chimeric protein was significantly 

suppressed in the presence of anti-hTARM antibodies #18, #19, 

#22, and #26, and that partial suppression of such adhesion 

was observed in the presence of anti-hTARM antibodies # 11 and 

#40 (Figure 20). 

25 [0218] 

[Example 12] Identification of novel ligand mTARM-L for mTARM 

(1) Selection of mTARM-L (mTARM Ligand) candidate 

molecules 

The mTARM-binding molecules are present on activated T 

30 cells (Example 5). Thus, the presence or absence of the 

mTARM-binding molecules on mouse immune cell-derived cell 

lines (L5178Y-R, BW514 7, and Raw264. 7) was analyzed by the 

method described in Example 5. 

[0219] 

35 As a result, it was revealed that the mTARM-binding 

molecules were strongly expressed on the L5178Y-R cells, but 
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that they were hardly expressed on the BW5147 cells and the 
Raw264. 7 cells (Figure 21A). 
[0220] 

Subsequently, on the assumption that an unknown ligand 
5 for the mTARM belonged to the immunoglobulin superfamily 

(IgSF); the database of Mouse Ensemble w;is searched. 
Focusing attention on 47 IgSF candidates, expression in immune 
cells was examined by real-time PCR. Total RNA was isolated 
from the L5178Y-R cells, the BW5147 cells, and Raw264.7 cells 

10 using RNeasy mini kit (Qlagen, Hilden, Germany). The 
real-time PCR was carried out in the presence of SYBR-g reen 
using ABI7700 Sequence Detection System (PE 
Applied-Biosystems). 
[0221] 

15 As a result, expression of mRNA of 
ENSMUSG00000035095 (A530065Il ?Rik, NM_l 76953) (using 
primer #2558: CAGCTGGCAAGAGGAACAGT (SEQ ID NO: 54) 
and primer #2559: GAGCATCGGCACTTATCTCC (SEQ ID NO: 
55)) showed a correlation with the binding activity of the 

20 mTARM-AP chimeric protein to the cells (Figure 228). However, 
no transmembrane region existed in an amino acid sequence 
encoded by ENSMUSG00000035095, and thus it was not 
considered to function as a cell membrane protein. This amino 
acid sequence was a putative sequence, and thus it was 

25 considered that estimation of a cDNA sequence from the 
genomic sequence was incorrect. Hence, it was first attempted 
to identify a human homologous gene product. Using an amino 
acid sequence encoded by ENSMUSG00000035095, database 
search was carried out. As a result, a human amino acid 

30 sequence LOCl 96264 showing high homology with the amino 
acid sequence encoded by ENSMUSG00000035095 was 
discovered. This amino acid sequence related to a cell 
membrane protein containing one immunoglobulin loop 
structure region. Accordingly, it was considered that 

35 LOC196264 was the full-length human amino acid sequence of a 
TARM-L candidate. Subsequently, using the amino acid 
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sequence of LOC196264, tblastn search was carried out through 

the database. As a result, a region encoding a sequence 

showing homology with the amino acid sequence of LOC196264 

was discovered in the genomic nucleotide sequence of mouse 

5 BAC clone AC122305. The cDNA sequence and amino acid 

sequence of a mouse TARM-L candidate were estimated from 

this sequence, so that the following primers were designed and 

that cDNA encoding a full-length protein was isolated. 

#2693: CGCGTCGACGCCACCATGCAGCTGGCAAGAGGAACAGTA 

10 (SEQ ID NO.: 56) 

#2694: GCGGGCGGCCGCTCAGTACGCCTCTTCTTCGTAGTC (SEQ 

ID NO.: 57) 

The total RNA of Th1 day 2 was used as a template, and 

the cDNA was amplified by the method described in Example 1. 

15 The amplified cDNA was inserted into an expression vector 

pMXII IRES EGFP (Oncogene (2000) 19(27): 3050-3058), and 

an mTARM-L candidate gene expression vector was then 

prepared. ABI3100 Sequence Analyzer was used to determine 

the nucleotide sequence thereof (SEQ ID NO: 13). 

20 (0222] 

(2) Identification of mTARM-L 

Next, in order to examine whether or not the mTARM-L 

candidate was an unknown ligand for TARM, cells, in which this 

molecule was to be expressed, were prepared by the method 

25 described in Example 2. The binding activity of the mTARM-AP 

chimeric protein onto the cell surface of mTARM-L 

candidate-expressing cells and the adhesion activity of the 

mTARM-L candidate-expressing cells to the immobilized mTARM 

were measured by the method described in Example 5. 

30 (0223] 

As a result, the mTARM-AP specifically bound to EGFP+ 

mTARM-L-expressing B300.19 cells, but it did not bind to 

B300.19 cells, into which an EGFP+ control vector had been 

introduced (Figure 22A). AP used as a negative control did not 

35 bind to such EGFP+ mTARM-L-expressing B300.19 cells (Figure 

22A). 
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[0224] 

Moreover, the adhesion activity of 8300.19 cells 

expressing the mTARM-L to AP and the mTARM-AP chimeric 

protein was examined. As a result, it was found that the 

5 aforementioned cell adhered only to the mTARM-AP chimeric 

protein (Figure 22B). 

[0225] 

Thus, the above results demonstrated that the mTARM-L 

candidate molecule was actually a novel ligand for TARM. This 

10 ligand was named as mTARM-L (TARM Ligand). 

[0226] 

With regard to hTARM-L, the following primers were 

designed based on the nucleotide sequence of NM_198275 

encoding the amino acid sequence of LOC196264, and cDNA 

15 encoding the full-length protein was isolated. 

#2721: CGCGTCGACGCCACCATGCAGCAGAGAGGAGCAGCTGGA 

(SEQ ID NO.: 58) 

#2722: GCGGGCGGCCGCTCAATATGTCTCTTCATAGTCTGA (SEQ 

ID NO.: 59) 

20 Using the total RNA of bone marrow as a template, the 

cDNA was amplified by the method described in Example 1. 

The amplified cDNA was inserted into an expression vector 

pMXII IRES EGFP (Oncogene (2000) 19(27): 3050-3058) to 

prepare a TARM-L gene expression vector, and the nucleotide 

25 sequence thereof (SEQ ID NO: 15) was then determined using 

ABI3100 Sequence Analyzer. 

[0227] 

The human and mouse TARM-L were subjected to 

homology analysis with ClustalW. The results are shown in 

30 Figure 23. The hTARM-L consisted of 235 amino acids, and the 

mTARM-L consisted of 237 amino acids. They have 86°/o 

homology. On the other hand, mTARM m3 (293 amino acids) 

showed the highest homology with the hTARM (271 amino 

acids) at a percentage of 50°/o (Figure 24). 
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CLAIMS: 

1. An isolated antibody against a membrane or secretory protein selected 

from the following (ix), (x), (xi) and (xii), or a functional fragment thereof: 

(ix) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 10 or SEQ ID NO: 12; 

(x) a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 10 or SEQ ID NO: 12 in which one or more amino acids 

are inserted, substituted or deleted, or one or more amino acids are added to one or 

both of ends, and which is functionally equivalent to a protein consisting of the amino 

acid sequence of SEQ ID NO: 10 or SEQ ID NO: 12; 

(xi) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 10 or SEQ ID NO: 

12, and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 10 or SEQ ID NO: 12; and 

(xii) a membrane or secretory protein which comprises an amino acid 

sequence having 70% or more identity with the amino acid sequence of SEQ ID NO: 

10 or SEQ ID NO: 12, and which is functionally equivalent to a protein consisting of 

the amino acid sequence of SEQ ID NO: 10 or SEQ ID NO: 12, 

wherein said antibody or a functional fragment thereof inhibits adhesion 

of a T cell to said membrane or secretory protein. 

2. An antibody or a functional fragment thereof according to claim 1, 

which is an antibody against a membrane protein or an secretory protein selected 

from the following (i), (ii), (iii) and (iv), or a functional fragment thereof: 

(i) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 10; 

(ii) a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 10 in which one or more amino acids are inserted, 

substituted or deleted, or one or more amino acids are added to one or both of ends, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 10; 
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(iii) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 10, and which is 

functionally equivalent to a protein consisting of the amino acid sequence of SEQ ID 

NO: 10; and 

(iv) a membrane or secretory protein which comprises an amino acid 

sequence having 90% or more identity with the amino acid sequence of SEQ ID NO: 

10, and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 10. 

3. An antibody or a functional fragment thereof according to claim 2, 

which is an antibody against a membrane or secretory protein comprising an amino 

acid sequence of SEQ ID NO: 10, or an amino acid sequence of SEQ ID NO: 10 

which contains one or more conservative substitutions, or a functional fragment 

thereof. 

4. An antibody or a functional fragment thereof according to claim 1, 

which is an antibody against a membrane or secretory protein selected from the 

following (ix'), (x'), (xi') and (xii'), or a functional fragment thereof: 

(ix') a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 12; 

(x') a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 12 in which one or more amino acids are inserted, 

substituted or deleted, or one or more amino acids are added to one or both of ends, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 12; 

(xi') a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 12, and which is 

functionally equivalent to a protein consisting of the amino acid sequence of SEQ ID 

NO: 12; and 
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(xii') a membrane or secretory protein which comprises an amino acid 

sequence having 70% or more identity with the amino acid sequence of SEQ ID NO: 

12, and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 12. 

5. An antibody or a functional fragment thereof according to claim 4, 

which is an antibody against a membrane or secretory protein comprising the amino 

acid sequence of SEQ ID NO: 12, or an amino acid sequence of SEQ ID NO: 12 

which contains one or more conservative substitutions, or a functional fragment 

thereof. 

6. An isolated antibody against a membrane or secretory protein 

comprising the amino acid sequence of SEQ ID NO: 12, or an amino acid sequence 

of SEQ ID NO: 12 which contains one or more conservative substitutions, or a 

functional fragment thereof, which is produced by a hybridoma deposited under the 

accession No. FERM BP-10376. 

7. A hybridoma deposited under the accession No. FERM BP-10376. 

8. A therapeutic agent for an autoimmune disease, comprising an 

antibody or a functional fragment thereof according to any one of claims 1 to 6 as an 

active ingredient. 

9. The therapeutic agent according to claim 8 for use in the treatment of 

rheumatoid arthritis. 

10. An agent for inhibiting T cell adhesion, comprising an antibody or a 

functional fragment thereof according to any one of claims 1 to 6 as an active 

ingredient. 

11. A method for screening for a substance that inhibits adhesion of a T 

cell to a TARM protein or a salt thereof, or a solvate thereof, which comprises the 

steps of: 
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(a) contacting a T cell with a TARM protein in the presence or absence 

of a test substance; and 

(b) measuring the binding activity of a T cell to said TARM protein, 

wherein said TARM protein is a membrane or secretory protein selected from the 

following (ix), (x), (xi) and (xii): 

(ix) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12; 

(x) a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12 in which one or more amino acids are inserted, 

substituted or deleted, or one or more amino acids are added to one or both of ends, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12; 

(xi) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, 

SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, and which is 

functionally equivalent to a protein consisting of the amino acid sequence of SEQ ID 

NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 

12;and 

(xii) a membrane or secretory protein which comprises an amino acid 

sequence having 70% or more identity with the amino acid sequence of SEQ ID NO: 

2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12. 

12. The screening method according to claim 11, which further comprises 

the step of (c) comparing the binding activity in the presence of a test substance with 

the binding activity in the absence of a test substance, after step (b). 
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13. The screening method according to claim 11 or 12, wherein the T cell 

is an activated T cell. 

14. The screening method according to any one of claims 11 to 13, 

wherein the activated T cell is an activated Th2 cell. 

15. A method for screening for a substance that inhibits activation of a 

dendritic cell or a salt thereof, or a solvate thereof, which comprises the steps of: 

(d) contacting an antibody against a TARM protein or a functional 

fragment thereof with a dendritic cell in the presence or absence of a test substance; 

and 

(e) measuring the level of activation of said dendritic cell, wherein said 

TARM protein is a membrane or secretory protein selected from the following (ix}, (x}, 

(xi) and (xii): 

(ix) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12; 

(x) a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 1 O or SEQ ID NO: 12 in which one or more amino acids are inserted, substituted 

or deleted, or one or more amino acids are added to one or both of ends, and which 

is functionally equivalent to a protein consisting of the amino acid sequence of SEQ 

ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID 

NO: 12; 

(xi) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, 

SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, and which is 

functionally equivalent to a protein consisting of the amino acid sequence of SEQ ID 

NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 

12;and 

(xii) a membrane or secretory protein which comprises an amino acid 

sequence having 70% or more identity with the amino acid sequence of SEQ ID NO: 
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2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12. 

16. The screening method according to claim 15, wherein, in step (e), the 

level of activation of said dendritic cell is measured using the amount of IL-6 and/or 

MCP-1 produced from the dendritic cell as an index. 

20. The screening method according to claim 16, which further comprises 

the step of (f-1) comparing the amount of IL-6 and/or MCP-1 produced in the 

presence of a test substance with the amount of IL-6 and/or MCP-1 produced in the 

absence of a test substance, after step ( e ). 

18. The screening method according to claim 15, wherein, in step (e), the 

level of activation of a dendritic cell is measured using the expression level of the 

FcRy chain on the dendritic cell as an index. 

19. The screening method according to claim 18, which further comprises 

the step of (f-2) comparing the expression level of the FcRy chain in the presence of 

a test substance with the expression level of the FcRy chain in the absence of a test 

substance, after step ( e ). 

20. A method for screening for a substance that inhibits a complex 

formation between a TARM protein and the FcRy chain or a salt thereof, or a solvate 

thereof, which comprises the steps of: 

(g) contacting an antibody against a TARM protein or a functional 

fragment thereof with a dendritic eel! in the presence or absence of a test substance; 

and 

(h) measuring the expression level of the FcRy chain on said dendritic 

cell, 

wherein said TARM protein is a membrane or secretory protein 

selected from the following (ix), (x), (xi) and (xii): 
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(ix) a membrane or secretory protein comprising the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12; 

(x) a membrane or secretory protein which comprises an amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12 in which one or more amino acids are inserted, substituted 

or deleted, or one or more amino acids are added to one or both of ends, and which 

is functionally equivalent to a protein consisting of the amino acid sequence of SEQ 

ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID 

NO: 12; 

(xi) a membrane or secretory protein which is encoded by a 

polynucleotide which hybridizes under stringent conditions to a polynucleotide 

consisting of a complementary sequence of a nucleotide sequence of a 

polynucleotide encoding the amino acid sequence of SEQ ID NO: 2, SEQ ID NO: 4, 

SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, and which is 

functionally equivalent to a protein consisting of the amino acid sequence of SEQ ID 

NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 

12;and 

(xii) a membrane or secretory protein which comprises an amino acid 

sequence having 70% or more identity with the amino acid sequence of SEQ ID NO: 

2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO: 10 or SEQ ID NO: 12, 

and which is functionally equivalent to a protein consisting of the amino acid 

sequence of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID 

NO: 10 or SEQ ID NO: 12. 

21. The screening method according to claim 20, which further comprises 

the step of (i) comparing the expression level of the FcRy chain in the presence of a 

test substance with the expression level of the FcRy chain in the absence of a test 

substance, after step (h). 


