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Description 

 

Title of Invention: 

ANTI-AGGRUS MONOCLONAL ANTIBODY, DOMAIN IN AGGRUS WHICH 

IS REQUIRED FOR BINDING TO CLEC-2, AND METHOD FOR 

SCREENING FOR AGGRUS-CLEC-2 BINDING INHIBITOR 

 

Technical Field 

[0001] 

 The present invention relates to a region of Aggru s 

involved in the binding to CLEC-2, and antibodies 

recognizing the region.  The present invention also  

relates to an Aggrus-CLEC-2 binding inhibitor conta ining 

a peptide comprising the region of Aggrus, or a 

monoclonal antibody, and a pharmaceutical compositi on 

comprising the same.  The present invention further  

relates to a method for screening for a drug by usi ng 

binding to the region as an index. 

 

Background Art 

[0002] 

 Cancer is a disease characterized in that cells gr ow 

disorderly.  A major factor in determining the fata lity 

rate of cancer is growth in a metastatic lesion rat her 

than growth in a primary lesion where the cancer ha s 

initially developed.  The actual 5-year survival ra te of 

patients diagnosed with metastatic cancer is report edly 
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20% or less.  The prevention of cancer metastasis i s a 

clinically great challenge. 

[0003] 

 It has been clinically accepted since a long time 

ago that cancer cell-dependent platelet aggregation  is 

involved in the hematogenous metastasis of cancer.  The 

group of the present inventor have established a hi ghly 

metastatic cancer cell line exhibiting platelet 

aggregation-inducting activity, and identified a pl atelet 

aggregation-inducing factor, Aggrus, expressed on t he 

cell membrane surface of the highly metastatic canc er 

cell line (Patent Literature 1 and Non Patent Liter ature 

1). 

[0004] 

 The platelet aggregation-promoting factor Aggrus 

(also known as podoplanin, gp44, T1 α) is a type-I 

transmembrane protein and is known to be overexpres sed in 

various cancers including squamous cell carcinoma, 

mesothelioma, Kaposi sarcoma, testicular tumor, bra in 

tumor, and bladder cancer (Non Patent Literatures 2  to 

13). 

[0005] 

 Recently, C-type lectin-like receptor (CLEC-2) 

expressed on platelet has been identified as one of  the 

counterpart receptors of Aggrus (Non Patent Literat ure 

14).  It is known that the binding of CLEC-2 to Agg rus 

expressed on tumor cells activates platelet-aggrega tion 
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signals in the platelet even in the absence of plas ma 

components to induce platelet aggregation.  In othe r 

words, a substance inhibiting the binding between A ggrus 

and CLEC-2 is considered to inhibit platelet aggreg ation 

and inhibit cancer metastasis.  Thus, the substance  

inhibiting the binding between Aggrus and CLEC-2 is  

expected to be applied to the treatment of cancer o r 

thrombosis.  In actuality, the present inventors di sclose 

that monoclonal antibodies or low-molecular compoun ds 

against Aggrus inhibiting the interaction between A ggrus 

and CLEC-2 can inhibit platelet aggregation or canc er 

metastasis (Patent Literatures 2 and 3 and Non Pate nt 

Literature 15). 

[0006] 

 Monoclonal antibodies can specifically bind to cel l 

surface antigens and can thereby cause immunologica l 

response to the target cells.  By use of this react ion, 

many monoclonal antibodies are used in the treatmen t of 

cancer or the treatment of immunological disease.  The 

monoclonal antibodies exhibit a therapeutic effect via 

three typical modes of action: neutralization, anti body-

dependent cellular cytotoxicity (ADCC), and complem ent-

dependent cytotoxicity (CDC). 

[0007] 

 The present inventors have previously revealed tha t 

all anti-Aggrus monoclonal antibodies P2-0, MS-1, M S-3, 

and MS-4 produced by established hybridomas are 



- 4 - 

neutralizing antibodies that inhibit Aggrus-CLEC-2 

binding, and exhibit effects of inhibiting platelet  

aggregation, inhibiting cancer metastasis, and inhi biting 

tumor growth in an ADCC activity-independent manner  

(Patent Literature 2). 

[0008] 

 Among these four antibodies, both the P2-0 and MS- 1 

antibodies having high activity of inhibiting Aggru s-

CLEC-2 binding are antibodies recognizing intraregi onal 

amino acids of a PLAG domain (platelet-aggregation 

stimulating domain) as an epitope.  The PLAG domain  is an 

amino acid sequence having a consensus sequence EDX XVTPG 

conserved across species, including humans, mice, a nd 

rats.  The PLAG domain is an amino acid sequence 

containing three tandem repeats of the PLAG domain (PLAG1 

to PLAG3) in proximal regions, and, in the case of human 

Aggrus, is located in a region from positions 29 to  54 of 

the amino acid sequence. 

[0009] 

 The PLAG domain is known to be present 

extracellularly and involved in platelet-aggregatin g 

activity.  Results of co-crystal structure analysis  on 

Aggrus and CLEC-2 show that glutamic acid at positi on 47 

and aspartic acid at position 48 as well as sialic acid 

attached to threonine at position 52 in Aggrus bind s to 

four arginine residues present in a region from pos itions 

107 to 157 of CLEC-2 (Non Patent Literature 16).  T he P2-
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0 and MS-1 antibodies developed by the present inve ntors 

also recognize, as an epitope, a region from positi ons 45 

to 49 of the amino acid sequence of Aggrus, which 

overlaps with the CLEC-2-binding region of Aggrus.  The 

MS-3 and MS-4 antibodies recognize, as an epitope, a 

region from positions 54 to 61 of the amino acid se quence 

of Aggrus, which is located in proximity to the CLE C-2-

binding region of Aggrus. 
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Summary of Invention 

Technical Problem 

[0012] 

 However, as given below, it has been revealed that  

even an alanine substitution mutant of aspartic aci d at 

position 48 of Aggrus in which position is involved  in 

the binding to CLEC-2 as a result of co-crystal str ucture 

analysis with CLEC-2, also binds to CLEC-2.  As for  

platelet aggregation induced by the alanine substit ution 

mutant of aspartic acid at position 48 of Aggrus, i t has 

also been confirmed that this Aggrus mutant finally  

causes platelet aggregation, though the platelet 

aggregation-starting time is delayed. 

[0013] 

 The present inventors disclose monoclonal antibodi es 

or low-molecular compounds against Aggrus inhibitin g the 

interaction between Aggrus and CLEC-2 can inhibit 

platelet aggregation and furthermore, can inhibit c ancer 
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metastasis (Patent Literatures 2 and 3).  Such mono clonal 

antibodies or low-molecular compounds were effectiv e for 

delaying the platelet aggregation-starting time, bu t were 

unable to completely inhibit platelet aggregation i nduced 

by Aggrus.  This suggests the possibility that the CLEC-

2-binding site of Aggrus is also present in a regio n 

other than the known PLAG domains. 

[0014] 

 An object of the present invention is to search fo r 

a novel domain of Aggrus involved in the binding to  CLEC-

2 and to obtain monoclonal antibodies binding to th e 

domain.  Another object of the present invention is  to 

provide a method for screening for a compound inhib iting 

cancer growth and metastasis or platelet aggregatio n by 

searching for a compound binding to the domain. 

 

Solution to Problem 

[0015] 

 The present invention relates to monoclonal 

antibodies recognizing a region of Aggrus, hybridom as 

producing the monoclonal antibodies, a region of Ag grus 

necessary for the binding to CLEC-2, an Aggrus-CLEC -2 

binding inhibitor, a pharmaceutical composition, a 

testing reagent, and a method for screening for an 

Aggrus-CLEC-2 binding inhibitor as given below. 

[0016] 
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(1) A monoclonal antibody binding to a region of Ag grus 

consisting of a sequence of at least 5 residues of the 

amino acid sequence represented by SEQ ID NO: 1 

(GIRIEDLPT), or a fragment consisting of a function al 

fragment thereof. 

(2) The monoclonal antibody or the fragment consist ing of 

a functional fragment thereof according to (1), whe rein 

the monoclonal antibody is produced by a hybridoma of 

deposition No. NITE P-02070 (PG4D1) or NITE P-02071  

(PG4D2). 

(3) The monoclonal antibody or the fragment consist ing of 

a functional fragment thereof according to (1), whe rein 

the monoclonal antibody is chimeric or humanized. 

(4) A hybridoma of deposition No. NITE P-02070 or N ITE P-

02071. 

(5) An Aggrus-CLEC-2 binding inhibitor comprising a  

monoclonal antibody or a fragment consisting of a 

functional fragment thereof according to any one of  (1) 

to (3). 

(6) The Aggrus-CLEC-2 binding inhibitor according t o (5), 

further comprising at least one monoclonal antibody  

recognizing an epitope present in the region repres ented 

by SEQ ID NO: 2 (GAEDDVVTPGTSEDRYK), chimeric antib ody 

thereof, humanized antibody thereof, and/or fragmen t 

consisting of a functional fragment thereof. 

(7) The Aggrus-CLEC-2 binding inhibitor according t o (6), 

wherein the monoclonal antibody recognizing the epi tope 
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present in the region of SEQ ID NO: 2 is P2-0, MS-1 , MS-3, 

and/or MS-4. 

(8) A pharmaceutical composition for inhibition of 

platelet aggregation, inhibition of thrombus format ion, 

inhibition of cancer progression or metastasis, or anti-

inflammation, comprising a monoclonal antibody or a  

fragment consisting of a functional fragment thereo f 

according to any one of (1) to (3). 

(9) The pharmaceutical composition according to (8) , 

further comprising at least one monoclonal antibody  

recognizing an epitope present in the region repres ented 

by SEQ ID NO: 2 (GAEDDVVTPGTSEDRYK), chimeric antib ody 

thereof, humanized antibody thereof, and/or fragmen t 

consisting of a functional fragment thereof. 

(10) The pharmaceutical composition according to (9 ), 

wherein the monoclonal antibody recognizing the epi tope 

present in the region of SEQ ID NO: 2 is P2-0, MS-1 , MS-3, 

and/or MS-4. 

(11) A testing reagent for detection of Aggrus expr ession, 

comprising a monoclonal antibody or a fragment cons isting 

of a functional fragment thereof according to any o ne of 

(1) to (3). 

(12) A region of Aggrus overlapping with a PLAG4 do main 

necessary for the binding to CLEC-2, wherein 

 the region is represented by SEQ ID NO: 1 

(GIRIEDLPT). 
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(13) The region of Aggrus overlapping with a PLAG4 domain 

necessary for the binding to CLEC-2 according to (1 2), 

wherein 

 the amino acid sequence consists of the amino acid  

sequence represented by SEQ ID NO: 3 (RIEDL). 

(14) An Aggrus-CLEC-2 binding inhibitor consisting of a 

peptide comprising a region according to (12) or (1 3). 

(15) A pharmaceutical composition for inhibition of  

platelet aggregation, inhibition of thrombus format ion, 

inhibition of cancer progression or metastasis, or anti-

inflammation, comprising a peptide comprising a reg ion 

according to (12) or (13) as an active ingredient. 

(16) A method for screening for an inhibitor of the  

binding between CLEC-2 and Aggrus, comprising 

 using, as an index, binding to an Aggrus epitope 

consisting of a sequence of at least 5 residues of the 

amino acid sequence represented by SEQ ID NO: 1 

(GIRIEDLPT). 

(17) The screening method according to (16), wherei n 

binding to the amino acid sequence represented by S EQ ID 

NO: 3 (RIEDL) is used as an index. 

(18) A method for screening for an inhibitor of the  

binding between CLEC-2 and Aggrus, comprising 

 using, as an index, binding to the amino acid 

sequence represented by SEQ ID NO: 4 (EDXXTS). 

 

Advantageous Effects of Invention 
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[0017] 

 The present inventors found a novel PLAG domain 

necessary for the binding of Aggrus to CLEC-2, and were 

thereby able to obtain novel monoclonal antibodies 

binding to the region.  The monoclonal antibodies b inding 

to the region strongly inhibit the binding of Aggru s to 

CLEC-2 and are therefore expected to be effective f or the 

treatment of cancer or thrombosis.  Furthermore, an  

anticancer agent targeting the novel PLAG domain ca n also 

be screened for. 

 

Brief Description of Drawings 

[0018] 

[Figure 1A] Figure 1A is a diagram showing results of 

examining the recognition sites of neutralizing 

antibodies using Aggrus mutants. 

[Figure 1B] Figure 1B is a diagram showing known PL AG 

domains in the amino acid sequence of human Aggrus.  

[Figure 2A] Figure 2A is a diagram showing the expr ession 

levels and CLEC-2 protein binding capabilities of w ild-

type(WT) Aggrus and Aggrus mutant proteins in trans fected 

CHO cells. 

[Figure 2B] Figure 2B is a diagram showing the effe ct of 

an amino acid mutation at position 48 (D48A) on pla telet 

aggregation. 

[Figure 3A] Figure 3A is a diagram showing the homo logy 

of mammalian Aggrus amino acid sequences. 
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[Figure 3B] Figure 3B is a diagram showing the cons ensus 

sequence of the PLAG domains. 

[Figure 4A] Figure 4A is a diagram showing the leve ls of 

protein expression of Aggrus mutants. 

[Figure 4B] Figure 4B is a diagram showing the expr ession 

levels and CLEC-2 protein binding capabilities of w ild-

type Aggrus and Aggrus mutant proteins in transfect ed CHO 

cells. 

[Figure 4C] Figure 4C is a diagram showing the effe ct of 

an amino acid mutation at position 48 (D48A), an am ino 

acid mutant at position 82 (D82A), and a double ami no 

acid mutation at positions 48 and 82 (D48A/D82A) on  

platelet aggregation. 

[Figure 4D] Figure 4D is a diagram schematically sh owing 

PLAG domain-deletion mutants. 

[Figure 4E] Figure 4E is a diagram showing the expr ession 

levels and CLEC-2 protein binding capabilities of A ggrus 

deletion mutant proteins in transfected CHO cells. 

[Figure 5A] Figure 5A is a diagram quantitatively s howing 

the expression levels and CLEC-2 protein binding 

capabilities of wild-type Aggrus and Aggrus point m utant 

proteins in transfected CHO cells. 

[Figure 5B] Figure 5B is a diagram quantitatively s howing 

the expression levels and CLEC-2 protein binding 

capabilities of wild-type Aggrus and Aggrus deletio n 

mutant proteins in transfected CHO cells. 
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[Figure 5C] Figure 5C is a diagram showing the effe ct of 

an amino acid mutation at position 48 (D48A), an am ino 

acid mutant at position 82 (D82A), and a double ami no 

acid mutation at positions 48 and 82 (D48A/D82A) on  

platelet aggregation. 

[Figures 6A and 6B] Each of Figures 6A and 6B is a 

diagram showing the expression levels and CLEC-2 pr otein 

binding capabilities of wild-type Aggrus and Aggrus  

proteins harboring mutations at glutamic acid at po sition 

81, aspartic acid at position 82, and threonine at 

position 85 of a PLAG4 domain (EDXXTS). 

[Figure 7A] Figure 7A is a diagram showing the epit ope 

analysis of anti-Aggrus monoclonal antibodies. 

[Figure 7B] Figure 7B is a diagram showing the reac tivity 

of anti-Aggrus antibodies with mammalian expressed Aggrus 

protein. 

[Figure 7C] Figure 7C is a diagram showing the reac tivity 

of anti-Aggrus monoclonal antibodies with endogenou sly 

Aggrus-expressing cells. 

[Figures 8A and 8B] Each of Figures 8A and 8B is a 

diagram showing study on the recognition sites of t he 

PG4D1 and PG4D2 antibodies. 

[Figure 8C] Figure 8C is a diagram showing study on  the 

reactivity of the PG4D1 antibody with Aggrus protei n 

immobilized on sensor chip. 
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[Figure 8D] Figure 8D is a diagram showing study on  the 

reactivity of the PG4D2 antibody with Aggrus protei n 

immobilized on sensor chip. 

[Figures 9A and 9B] Each of Figures 9A and 9B is a 

diagram showing the inhibition of Aggrus-CLEC-2 bin ding 

by anti-Aggrus monoclonal antibodies. 

[Figure 10A] Figure 10A is a diagram showing the 

inhibition of recombinant CLEC-2 binding to Aggrus-

expressing cells by anti-Aggrus monoclonal antibodi es. 

[Figure 10B] Figure 10B is a diagram showing that 

antibodies respectively recognizing the PLAG3 and P LAG4 

domains do not interfere with each other upon bindi ng to 

Aggrus. 

[Figure 10C] Figure 10C is a diagram showing that t he 

binding between Aggrus and CLEC-2 is completely inh ibited 

by combined use of an anti-Aggrus monoclonal antibo dy 

recognizing the PLAG4 domain and an anti-Aggrus 

monoclonal antibody recognizing the PLAG3 domain. 

[Figure 11A] Figure 11A is a diagram showing the 

inhibition of recombinant CLEC-2 binding to Aggrus by an 

anti-Aggrus monoclonal antibody recognizing the PLA G4 

domain. 

[Figure 11B] Figure 11B is a diagram showing the 

inhibition of platelet aggregation by an anti-Aggru s 

monoclonal antibody recognizing the PLAG4 domain. 

[Figure 12A] Figure 12A is a diagram showing the 

inhibition of platelet aggregation by anti-Aggrus 



- 16 - 

monoclonal antibodies recognizing the PLAG4 domain and an 

anti-Aggrus monoclonal antibody recognizing the PLA G3 

domain. 

[Figure 12B] Figure 12B is a diagram showing the 

inhibition of platelet aggregation induced by Aggru s-

expressing cells by combined use of an anti-Aggrus 

monoclonal antibody recognizing the PLAG4 domain an d an 

anti-Aggrus monoclonal antibody recognizing the PLA G3 

domain. 

[Figures 13A and 13B] Each of Figures 13A and 13B i s a 

diagram showing the inhibition of hematogenous meta stasis 

to the lung by anti-Aggrus monoclonal antibodies 

recognizing the PLAG4 domain. 

[Figures 14A and 14B] Each of Figures 14A and 14B i s a 

diagram showing the inhibition of hematogenous meta stasis 

to the lung by anti-Aggrus monoclonal antibodies 

recognizing the PLAG4 domain and an anti-Aggrus 

monoclonal antibody recognizing the PLAG3 domain. 

[Figure 15] Figure 15 is a diagram showing the inhi bition 

of hematogenous metastasis of LC-SCC-015 cells to t he 

lung by PG4D2 antibody. 

[Figure 16] Figure 16 is a diagram showing the inhi bitory 

effect of an anti-Aggrus monoclonal antibody recogn izing 

the PLAG4 domain on the tumor growth of lung squamo us 

cell carcinoma PC-10 cells. 

[Figure 17A] Figure 17A is a diagram showing the bi nding 

of chimeric PG4D2 antibody to Aggrus-expressing cel ls. 
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[Figure 17B] Figure 17B is a diagram showing the 

inhibition of recombinant CLEC-2 binding to Aggrus by 

chimeric PG4D2 antibody. 

[Figure 18A] Figure 18A show HE staining images of 

osteosarcoma sections. 

[Figure 18B] Figure 18B is a diagram showing that t he 

PG4D1 antibody and the PG4D2 antibody recognize 

osteosarcoma more sensitively than a D2-40 antibody . 

 

Description of Embodiments 

[0019] 

 The anti-Aggrus monoclonal antibody or the 

functional fragment of the present invention refers  to an 

antibody recognizing, as an epitope, a region overl apping 

with a newly found PLAG4 domain of Aggrus, and the 

functional fragment refers to an antibody fragment having 

substantially the same antigen specificity as that of the 

original antibody. 

[0020] 

 Preferred examples of the monoclonal antibody 

against Aggrus of the present invention include 

monoclonal antibodies produced by hybridomas deposi ted on 

July 14, 2015 under deposition Nos. NITE P-02070 an d NITE 

P-02071 with National Institute of Technology and 

Evaluation, Patent Microorganisms Depositary (NITE- NPMD 

(#122, 2-5-8 Kazusakamatari, Kisarazu-shi, Chiba 29 2-0818, 

Japan)).  Other antibodies that possess binding 
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specificity equivalent to these monoclonal antibodi es are 

also preferred as the anti-Aggrus monoclonal antibo dy of 

the present invention. 

[0021] 

 In the present invention, the monoclonal antibody 

includes not only antibodies produced by obtained 

hybridomas but general antibodies whose safety is e nsured 

when administered to humans, such as a human-type 

chimeric antibody (hereinafter, also referred to as  a 

chimeric antibody) prepared by use of a gene 

recombination technique, or a human-type CDR 

(complementarity determining region)-grafted antibo dy 

(hereinafter, also referred to as a humanized antib ody). 

[0022] 

 The human-type chimeric antibody refers to an 

antibody having variable regions of antibody (herei nafter, 

also referred to as V regions) derived from a non-h uman 

animal antibody and constant regions (hereinafter, also 

referred to as C regions) derived from a human anti body 

(Non Patent Literature 17).  The human-type CDR-gra fted 

antibody is an antibody in which the amino acid seq uences 

of CDRs in the V regions of a non-human animal anti body 

are grafted to appropriate positions of a human ant ibody 

(Non Patent Literature 18).  The chimeric antibody or the 

humanized antibody, when administered to humans, ha s 

fewer adverse reactions and sustains its therapeuti c 

effect for a longer period, as compared with non-hu man 
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animal antibodies.  Also, the chimeric antibody or the 

humanized antibody can be prepared as a molecule in  

various forms by use of genetic recombination techn ique.  

A method known in the art can be used as a method f or 

preparing the chimeric antibody or the humanized an tibody 

from the monoclonal antibody. 

[0023] 

 The functional fragment of the antibody includes 

antibody functional fragments such as Fab, Fab', F( ab') 2, 

a single-chain antibody (scFv), a disulfide-stabili zed V 

fragment (dsFv), and a peptide comprising CDRs.  Th e 

functional fragment of the antibody can be obtained  by a 

method known in the art such as digestion with an e nzyme 

such as pepsin or papain. 

[0024] 

 In an alternative aspect, the present invention ca n 

provide a pharmaceutical composition for use as an 

Aggrus-CLEC-2 binding inhibitor, a platelet aggrega tion 

inhibitor, or an anticancer agent, comprising the 

monoclonal antibody or the fragment thereof.  The 

platelet aggregation inhibitor can be used for trea ting 

thrombosis, for example, cerebral infarction or 

myocardial infarction.  The anticancer agent can be  used 

not only as a cancer metastasis inhibitor but for 

inhibiting cancer progression or inflammation cause d by 

cancer.  The pharmaceutical composition can be expe cted 

to act preferably on cancer or tumor previously con firmed 
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to overexpress the Aggrus molecule, i.e., squamous cell 

carcinoma, fibrosarcoma, mesothelioma, Kaposi sarco ma, 

testicular tumor, brain tumor, or bladder cancer. 

[0025] 

 In the case of a peptide or antibody drug, for 

example, an injection which is a parenteral formula tion 

is generally used as the type of the dosage form of  the 

pharmaceutical composition of the present invention .  

Alternatively, for example, a compound obtained by 

screening can be administered not only as an inject ion 

but as an oral or parenteral formulation.  Examples  of 

the oral formulation include tablets, powders, pill s, 

dusts, granules, soft or hard capsules, film-coated  

formulations, pellets, sublingual formulations, and  

pastes.  Examples of the parenteral formulation can  

include injections as well as suppositories, percut aneous 

formulations, ointments, and solutions for external  use.  

However, the pharmaceutical composition of the pres ent 

invention is not limited by the dosage forms listed  

herein, and those skilled in the art can appropriat ely 

select the optimum dosage form according to an 

administration route and a recipient.  In the case of 

using the anti-Aggrus antibody of the present inven tion 

as an active ingredient, the preparation can contai n 0.1 

to 99.9% by weight of the anti-Aggrus antibody. 

[0026] 
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 The dose of the active ingredient in the drug can be 

appropriately determined as the optimum dose accord ing to 

a recipient, a target organ, symptoms, and an 

administration method.  In the case of oral 

administration, generally 0.1 µg to 1000 mg, preferably 

1.0 µg to 100 mg, more preferably 1.0 mg to 50 mg, per 

day is administered to a patient.  In the case of 

parenteral administration, the single dose differs 

depending on a recipient, a target organ, symptoms,  an 

administration method, etc.  For example, in the fo rm of 

an injection, generally approximately 0.01 to 30 mg , 

preferably approximately 0.1 to 20 mg, more prefera bly 

0.1 to 10 mg, per day is administered to a patient by 

intravenous injection.  However, the dose can be fi nally 

determined at a physician's discretion in considera tion 

of the age, body weight, symptoms, etc. of the pati ent. 

[0027] 

 It has been revealed that combined use of an 

antibody recognizing the PLAG4 domain and an antibo dy 

recognizing a region over PLAG2 and PLAG3 almost 

completely inhibits the binding between Aggrus and CLEC-2.  

Thus, combined use of these antibodies recognizing the 

two regions involved in the binding of Aggrus to CL EC-2 

can be expected to produce a stronger platelet 

aggregation or cancer metastasis inhibitory effect.  

[0028] 
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 As mentioned above, the present inventors have 

already obtained monoclonal antibodies recognizing,  as an 

epitope, a region from positions 45 to 61 (SEQ ID N O: 2) 

of Aggrus, which is a region comprising Aggrus PLAG 2 and 

PLAG3.  Specifically, these monoclonal antibodies a re P2-

0 and MS-1 antibodies recognizing a region from pos itions 

45 to 49 of Aggrus, a MS-3 antibody recognizing a r egion 

from positions 53 to 58, and a MS-4 antibody recogn izing 

region from positions 53 to 61.  The present invent ors 

have already disclosed that a chimeric P2-0 antibod y 

possesses a cancer metastasis inhibitory effect in an 

experimental system using mouse models (Patent Lite rature 

2).  In the case of clinically utilizing a monoclon al 

antibody recognizing this region, a chimeric or hum anized 

antibody can be used.  Use of the antibody of the p resent 

invention in combination with at least any one of t hese 

monoclonal antibodies can be expected to produce a higher 

effect.  When these two antibodies used in combinat ion 

are used as chimeric antibodies or humanized antibo dies 

and applied to the treatment of thrombosis or cance r, a 

stronger effect can be expected. 

[0029] 

 The antibody of the present invention recognizing 

Aggrus can be used in a cancer screening.  It has a lready 

been known that the expression of Aggrus is involve d in 

the hematogenous metastasis of cancer.  Thus, progn ostic 

prediction can be conducted by detecting the expres sion 
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of Aggrus in cancer tissues or cancer cells circula ting 

in blood using the antibody of the present inventio n.  

The Aggrus expression in cancer tissues or cancer c ells 

can be confirmed by use of an immunological assay m ethod 

known in the art, such as ELISA or FACS, using the 

antibody of the present invention.  Furthermore, a drug 

containing the antibody of the present invention as  an 

active ingredient can be expected to have a therape utic 

effect on cancer expressing Aggrus. 

[0030] 

 The screening method of the present invention is 

aimed at searching for a substance inhibiting the b inding 

between Aggrus and CLEC-2 and providing a compound 

inhibiting platelet aggregation or cancer metastasi s.  

The screening method of the present invention can b e 

performed, for example, as follows: a compound that  

interacts with the newly identified amino acid sequ ence 

of Aggrus involved in the binding to CLEC-2 accordi ng to 

the present invention is searched for using a compo und 

array or a compound library.  For the screening usi ng the 

region of Aggrus involved in the binding to CLEC-2,  it is 

preferred to use a sequence of at least 5 residues of 

GIRIEDLPT (SEQ ID NO: 1) recognized by the antibody  of 

the present invention, particularly, a region RIEDL  (SEQ 

ID NO: 3) against which an antibody exhibiting high  

avidity has been obtained.  Alternatively, a PLAG 

consensus sequence EDXXTS (SEQ ID NO: 4) of the PLA G4 
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domain may be used.  Since the region of Aggrus inv olved 

in the binding to CLEC-2 is a short region, a synth etic 

peptide may be used, or a recombinant comprising th e 

region may be expressed in E. coli, animal cells, or the 

like and used. 

[0031] 

 As discovered and reported by the present inventor s, 

a region over the PLAG2 and PLAG3 domains (amino ac ids 45 

to 61) of Aggrus is also involved in the interactio n of 

Aggrus with CLEC-2 (Patent Literatures 2 and 3).  T hus, 

an Aggrus recombinant that binds, only at the newly  found 

CLEC-2-binding region according to the present inve ntion, 

to CLEC-2 by the deletion or mutation of this site may be 

expressed in E. coli, animal cells, or the like and used. 

[0032] 

 Alternatively, this site may be masked through the  

reaction of wild-type Aggrus expressed in E. coli, animal 

cells, or the like with the P2-0, MS-1, MS-3, or MS -4 

antibody so that the resulting Aggrus binds, only a t the 

newly found CLEC-2-binding region according to the 

present invention, to CLEC-2.  The peptide or the 

recombinant bound with the compound can be detected  using 

the anti-Aggrus monoclonal antibody of the present 

invention.  The method described above is given for  

illustrative purposes.  The screening method of the  

present invention is not limited thereto, and any 
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screening method known in the art can be applied th ereto, 

as a matter of course. 

[0033] 

 Also, the region (epitope) recognized by the 

antibody of the present invention can be synthesize d with 

glycosylation and administered, and can thereby be 

expected to competitively inhibit the binding of Ag grus 

to CLEC-2.  Accordingly, a peptide comprising the r egion 

recognized by the antibody can be glycosylated and used 

as an inhibitor of the binding between Aggrus and C LEC-2.  

This allows the peptide itself to be used as a plat elet 

aggregation inhibitor or a cancer metastasis inhibi tor.  

The glycosylation can be performed by use of a meth od 

known in the art such as the attachment of a human- type 

sugar chain using yeast (Non Patent Literature 19).  

 Hereinafter, the present invention will be describ ed 

in detail with reference to Examples. 

 

Example 1 

[0034] 

 Examination of recognition site of reported 

neutralizing antibody 

 The present inventors have already disclosed anti-

Aggrus monoclonal antibodies that inhibit the bindi ng to 

CLEC-2 and have a platelet aggregation inhibitory e ffect 

and a cancer metastasis inhibitory effect (Patent 

Literature 2 and Non Patent Literature 20).  These 
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monoclonal antibodies were antibodies recognizing a  

region over the PLAG2 and PLAG3 domains as an epito pe. 

[0035] 

 First, the recognition sites of these neutralizing  

antibodies were examined.  Chinese hamster ovary (C HO) 

cells were transfected with plasmids given below to  

express human Aggrus or an Aggrus mutant.  The huma n 

Aggrus gene used was wild-type Aggrus cDNA (GenBank  No. 

AB127958.1) and was amplified by PCR according to a  

routine method and cloned using pcDNA3 (manufacture d by 

Life Technologies Corp.) as a vector. 

[0036] 

 The following constructs were used in the study on  

the recognition sites of the neutralizing antibodie s.  An 

empty pcDNA3 vector (mock), a plasmid containing wi ld-

type human Aggrus cDNA (Aggrus-WT), a plasmid conta ining 

Aggrus cDNA encoding a mutant containing alanine re placed 

for glycine at position 45 (Aggrus-G45A), a plasmid  

containing Aggrus cDNA encoding a mutant containing  

alanine replaced for aspartic acid at position 48 

(Aggrus-D48A), and a plasmid containing Aggrus cDNA  

encoding a mutant containing alanine replaced for 

aspartic acid at position 49 (Aggrus-D49A) were 

constructed, and CHO cells were transfected with ea ch 

plasmid to stably express the protein.  Hereinafter , the 

CHO cells transfected with these plasmids are refer red to 
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as CHO/mock, CHO/Aggrus-WT, CHO/Aggrus-G45A, CHO/Ag grus-

D48A, CHO/Aggrus-D49A, respectively. 

[0037] 

 A cell lysate was prepared from each cell and 

subjected to Western blot analysis using four anti- Aggrus 

monoclonal antibodies D2-40, MS-1, P2-0, and NZ-1.  The 

D2-40 antibody (manufactured by AbD Serotec) is a m ouse 

monoclonal antibody lacking Aggrus-neutralizing act ivity, 

and the MS-1 antibody and the P2-0 antibody are mou se 

monoclonal antibodies having neutralizing activity,  which 

have been developed by the present inventors.  The NZ-1 

antibody (manufactured by AngioBio) is a rat monocl onal 

antibody having Aggrus-neutralizing activity.  The 

results are shown in Figure 1A. 

[0038] 

 The D2-40 antibody lacking Aggrus-neutralizing 

activity recognizes all the wild-type and one-amino  acid-

substituted Aggrus proteins in the transfectants.  

Specifically, signals were observed in the cells ot her 

than CHO/mock.  Also, the wild-type Aggrus and the Aggrus 

mutants were confirmed to exhibit almost equal prot ein 

expression levels.  As is also evident from the res ults 

of Western blot analysis (Figure 1A) using an antib ody 

recognizing α-tubulin, the protein levels in the cell 

lysates were the same. 

[0039] 
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 The MS-1 antibody and the P2-0 antibody recognized  

the wild-type Aggrus, but weakly recognized the one -amino 

acid-substituted Aggrus proteins Aggrus-G45A, Aggru s-D48A, 

and Aggrus-D49A, demonstrating that these amino aci d 

sites are essential for antibody recognition.  

Particularly, both the P2-0 antibody and the MS-1 

antibody cannot recognize Aggrus-D48A harboring the  

substitution of aspartic acid at position 48 by ala nine.  

This suggested that the aspartic acid at position 4 8 in 

the PLAG domain is important for recognition by the  

antibodies. 

[0040] 

 The rat monoclonal antibody NZ-1 antibody having 

Aggrus-neutralizing activity also weakly recognized  the 

one-amino acid-substituted Aggrus proteins.  This 

suggested that the mutated region from positions 45  to 49 

of Aggrus, i.e., the site over PLAG2 and PLAG3 (see  

Figure 1B), is important for exerting neutralizing 

activity. 

 

Example 2 

[0041] 

 Study on site of Aggrus involved in interaction wi th 

CLEC-2 and induction of platelet aggregation 

 (1) Study on role of aspartic acid at position 48 of 

Aggrus in CLEC-2 binding 
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 CHO cells were transfected with plasmids containin g 

human Aggrus cDNA or mutant cDNA thereof, and the r ole of 

aspartic acid at position 48 was studied.  The wild -type 

Aggrus-expressing cell line CHO/Aggrus-WT and the m utant-

expressing CHO cell line CHO/Aggrus-D48A prepared a s 

described above, CHO/Aggrus-D48E harboring the 

substitution of aspartic acid at position 48 by glu tamic 

acid, and CHO/Aggrus-D48N harboring the substitutio n of 

aspartic acid at position 48 by asparagine were use d and 

studied for their reactivity with recombinant CLEC- 2 by 

FACS. 

[0042] 

 First, Aggrus expression levels in the transfectan ts 

CHO/Aggrus-WT, CHO/Aggrus-D48E, CHO/Aggrus-D48N, an d 

CHO/Aggrus-D48A were studied.  Specifically, these 

transfectants were each recovered from a culture ve ssel, 

washed with PBS, and then adjusted to a cell densit y of 

1.5 × 10 5 cells/ml.  The D2-40 antibody was added thereto 

and reacted on ice for 30 minutes.  Then, the cells  were 

washed with PBS, and an Alexa 488-labeled anti-mous e IgG 

antibody (manufactured by Life Technologies Corp.) was 

added thereto as a secondary antibody and further r eacted 

on ice for 30 minutes.  Finally, the cells were was hed 

with PBS three times, followed by analysis using Cy tomics 

FC500 (manufactured by Beckman Coulter, Inc.) (left  

panels of Figure 2A, open areas).  As controls, a c ontrol 

mouse antibody (manufactured by Sigma-Aldrich Co. L LC) is 



- 30 - 

used instead of the D2-40 antibody with each cell a nd 

performing the same operation as above are shown (l eft 

panels of Figure 2A, closed areas). 

[0043] 

 The reactivity with CLEC-2 was studied as follows:  

the transfectants were each adjusted to a cell dens ity of 

1.5 × 10 5 cells/ml in the same way as above.  A (His) 10-

tagged recombinant CLEC-2 protein (rCLEC-2; manufac tured 

by R&D Systems, Inc.) was added thereto and reacted  on 

ice for 30 minutes.  After washing with PBS, a 

fluorescent-labeled secondary antibody (manufacture d by 

Qiagen Inc.) recognizing the His tag was added ther eto 

and further reacted on ice for 30 minutes.  The (Hi s) 10-

tagged recombinant CLEC-2 protein was purified from  

mammalian cells and modified with a sugar chain.  T he 

cells were washed with PBS three times, followed by  

analysis using Cytomics FC500 in the same way as ab ove 

(right panels of Figure 2A, open areas).  Results o f 

adding PBS alone instead of the (His) 10-tagged 

recombinant CLEC-2 protein and performing the same 

operation as above are shown as controls (right pan els of 

Figure 2A, closed areas). 

[0044] 

 The expression of Aggrus and the Aggrus mutant 

proteins is shown in the left panels of Figure 2A, and 

the binding to CLEC-2 is shown in the right panels of 

Figure 2A.  The open areas of the left panels of Fi gure 
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2A depict the results of staining the wild-type Agg rus or 

the Aggrus mutants with the D2-40 antibody.  The cl osed 

areas depict the results obtained using the control  mouse 

antibody.  Fluorescence intensity was almost the sa me 

among the peak positions of the open areas of the l eft 

panels of Figure 2A, confirming that the expression  

levels of the Aggrus proteins on the cell surface o f 

these transfectants are almost equal. 

[0045] 

 The right panels of Figure 2A show analysis on 

whether the recombinant CLEC-2 would bind to the ce lls 

expressing the wild-type or one-amino acid-substitu ted 

Aggrus.  As mentioned above, the open areas depict the 

results of detecting the recombinant CLEC-2 bound w ith 

the wild-type Aggrus or the Aggrus mutants expresse d on 

CHO cell surface using the anti-His antibody.  The closed 

areas depict the control results obtained by adding  PBS 

alone instead of the CLEC-2 protein. 

[0046] 

 CLEC-2 binds to the D48E mutant harboring the 

substitution of aspartic acid at position 48 by glu tamic 

acid, which is also an acidic amino acid (CHO/Aggru s-

D48E), similarly to the wild type (CHO/Aggrus-WT).  

However, reduction in the binding intensity of CLEC -2 was 

observed in the D48N (CHO/Aggrus-D48N) or D48A 

(CHO/Aggrus-D48A) mutant harboring the substitution  by a 

neutral amino acid.  However, CLEC-2 was found to b ind to 



- 32 - 

all the mutants to some extent without completely l osing 

the binding. 

[0047] 

 (2) Study on role of aspartic acid at position 48 of 

Aggrus in platelet aggregation 

 As mentioned above, CLEC-2 is a receptor on platel et 

binding to Aggrus.  Aggrus binds to CLEC-2 on plate let to 

thereby transduce platelet aggregation-inducing sig nals.  

The D48A mutant (CHO/Aggrus-D48A) more weakly bindi ng to 

CLEC-2 was presumed to have weaker platelet aggrega tion-

inducting activity.  Therefore, this was confirmed by a 

platelet aggregation test.  Specifically, analysis was 

conducted using MCM HEMA TRACER 313M (manufactured by MC 

Medical, Inc.).  This analysis method is an in vitro 

platelet aggregation analysis method by the monitor ing of 

light transmittance using washed mouse platelet. 

[0048] 

 As shown in Figure 2B, no activity of inducing 

platelet aggregation was observed in the CHO/mock c ells, 

whereas aggregation was started approximately 6 min utes 

after mixing of the platelet with CHO/Aggrus-WT 

expressing the wild-type Aggrus.  On the other hand , when 

CHO/Aggrus-D48A having weakened binding intensity t o 

CLEC-2 was mixed with the platelet, aggregation was  

observed only from approximately 14 minutes later.  Thus, 

the start of platelet aggregation was delayed by 

approximately 8 minutes.  This result supports the 
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results of Figure 2A showing the weakened binding 

intensity to CLEC-2 and also suggests the possibili ty 

that: a site other than the previously identified P LAG3 

domain is involved in the binding to CLEC-2; and pl atelet 

aggregation is induced by binding to CLEC-2 via the  site. 

 

Example 3 

[0049] 

 Finding of novel PLAG4 domain involved in binding to 

CLEC-2 

 The homology of the amino acid sequences of human 

( Homo sapiens, SEQ ID NO: 5), bonobo ( Pan paniscus, SEQ 

ID NO: 6), rhesus monkey ( Macaca mulatta, SEQ ID NO: 7), 

pig ( Sus scrofa, SEQ ID NO: 8), sperm whale ( Physeter 

catodon, SEQ ID NO: 9), bovine ( Bos taurus, SEQ ID NO: 

10), canine ( Canis lupus familiaris, SEQ ID NO: 11), bat 

( Myotis brandtii, SEQ ID NO: 12), rat ( Rattus norvegicus, 

SEQ ID NO: 13), and mouse ( Mus musculus, SEQ ID NO: 14) 

Aggrus proteins was studied from a mammalian phylog enetic 

tree (lower panel of Figure 3A). 

[0050] 

 Figure 3A shows the alignment of highly homologous  

regions of the Aggrus proteins of these animals.  T he 

sequences of the Aggrus proteins of the animals are  based 

on the sequences of GenBank accession Nos. shown be neath 

Figure 3A.  As a result, a PLAG4 domain highly cons erved 

in mammals, which is analogous to the previously re ported 
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PLAG domains 1 to 3, was found (Figure 3A).  Figure  3B 

shows the consensus sequence (SEQ ID NO: 15) of the  PLAG 

domain and the sequences of PLAG1 to PLAG4 (SEQ ID NOs: 

16 to 19).  A highly conserved ED sequence of gluta mic 

acid followed by aspartic acid, reportedly involved  in 

the binding to CLEC-2, and threonine T serving as a  

glycosylation site were conserved in human PLAG4.  

However, the number of amino acids between the ED 

sequence and T was found to be 2 amino acids, not 

previously identified 3 amino acids, in the PLAG4 d omain. 

 

Example 4 

[0051] 

 Study on role of novel PLAG4 domain in interaction  

with CLEC-2 and ability to induce platelet aggregat ion 

 (1) Study on expression level of established Aggru s 

mutant 

 CHO cells were transfected with genes of PLAG4 

mutants harboring an amino acid mutation in the PLA G4 

domain presumed to be a novel PLAG domain.  Specifi cally, 

CHO cells were transfected with a plasmid prepared by 

integrating a pcDNA3 vector with human Aggrus cDNA 

encoding a mutant containing alanine replaced for 

aspartic acid at position 82, which is an amino aci d in 

the PLAG4 region (Aggrus-D82A) or a plasmid prepare d by 

integrating a pcDNA3 vector with human Aggrus cDNA 

encoding a mutant containing alanine replaced both for 
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aspartic acid at position 48 and for aspartic acid at 

position 82 (Aggrus-D48A/D82A), to stably express t he 

protein.  Hereinafter, the CHO cells transfected wi th 

these plasmids are referred to as CHO/Aggrus-D82A a nd 

CHO/Aggrus-D48A/D82A, respectively. 

[0052] 

 A cell lysate was prepared from each of the CHO/mo ck, 

CHO/Aggrus-WT, CHO/Aggrus-D48A, CHO/Aggrus-D82A, an d 

CHO/Aggrus-D48A/D82A cell lines.  Each cell lysate was 

used in Western blot analysis using the D2-40 antib ody.  

As a result, the expression of the wild-type and mu tant 

Aggrus proteins in the transfectants was observed i n the 

cells other than CHO/mock while their expression le vels 

were confirmed to be almost equal (Figure 4A). 

[0053] 

 (2) Study on roles of PLAG3 and PLAG4 in binding t o 

CLEC-2 

 These CHO lines stably expressing the genes were 

used in FACS in the same way as in Example 2 to con firm 

Aggrus expression levels and reactivity to recombin ant 

CLEC-2.  In the left panels of Figure 4B, the open areas 

depict the results of staining the wild-type Aggrus  or 

the Aggrus mutants through reaction with the D2-40 

antibody, and the closed areas depict the results o f 

reacting a control mouse antibody (manufactured by Sigma-

Aldrich Co. LLC) instead of the D2-40 antibody, as in 

Figure 2A.  As shown in Figure 4B (left panels), th e 
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expression levels of the Aggrus proteins on the cel l 

membranes of these transfectants were confirmed to be 

almost equal, also because fluorescence intensity w as 

almost the same among the peak positions of the ope n 

areas of the left panels of Figure 4B. 

[0054] 

 The right panels of Figure 4B show analysis on the ir 

binding to CLEC-2 by FACS in the same way as in Exa mple 2.  

The open areas depict the results of detecting (His ) 10-

tagged recombinant CLEC-2 bound with the wild-type Aggrus 

or the Aggrus mutants expressed on CHO cell surface  using 

a fluorescent-labeled secondary antibody recognizin g the 

His tag.  The closed areas depict the results of ad ding a 

control mouse antibody instead of the (His) 10-tagged 

recombinant CLEC-2 protein and performing the same 

operation as above. 

[0055] 

 The CLEC-2 binding to the D82A-Aggrus mutant 

harboring the substitution of aspartic acid at posi tion 

82 by alanine (CHO/Aggrus-D82A) was found to be wea ker 

than the binding to the D48A-Aggrus mutant harborin g the 

substitution of aspartic acid at position 48 by ala nine 

(CHO/Aggrus-D48A) (right panels of Figure 4B).  The  

D48A/D82A double mutant harboring the substitution of 

both aspartic acid at position 48 and aspartic acid  at 

position 82 by alanine (CHO/Aggrus-D48A/D82A) was f ound 

to not bind to CLEC-2.  These results not only sugg est 
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that the newly found PLAG4 domain on Aggrus plays a n 

important role in the binding to CLEC-2, together w ith 

the PLAG3 domain, but suggest that PLAG4 plays a mo re 

dominant role in the binding to CLEC-2 than PLAG3. 

[0056] 

 (3) Study on roles of PLAG3 and PLAG4 in platelet 

aggregation 

 The PLAG4 domain was found to play an important ro le 

in the binding to CLEC-2.  Therefore, the role of t he 

PLAG4 domain in platelet aggregation was then studi ed.  

As mentioned above, Aggrus binds to CLEC-2 on plate let to 

thereby transduce platelet aggregation-inducing sig nals.  

Whether an amino acid mutation in the PLAG4 domain would 

inhibit platelet aggregation was studied on the bas is of 

Aggrus-dependent platelet aggregation-inducting act ivity 

by the platelet aggregation inhibition test describ ed in 

Example 2.  The results are shown in Figure 4C. 

[0057] 

 The ability of cells expressing each mutant to 

aggregate platelet was studied in the same way as i n 

Example 2 using the mutant-expressing cells CHO/Agg rus-

D48A, CHO/Aggrus-D82A, and CHO/Aggrus-D48A/D82A.  T he 

platelet aggregation-inducting activity of each mut ant-

expressing cell was proportional to binding intensi ty to 

CLEC-2.  It was found that the D82A mutant has weak er 

platelet aggregation-inducting activity than that o f the 

D48A mutant, whereas the D48A/D82A double mutant ex hibits 



- 38 - 

no platelet aggregation-inducting activity (Figure 4C).  

This demonstrated that the novel identified PLAG4 p lays a 

dominant role in Aggrus-dependent platelet aggregat ion. 

[0058] 

 In order to confirm the importance of the PLAG4 

domain, CHO cells were transfected with genes of mu tants 

respectively lacking the PLAG1, PLAG3, and PLAG4 do mains.  

Specifically, CHO cells were transfected with a pla smid 

prepared by integrating a pcDNA3 vector with human Aggrus 

cDNA encoding a mutant lacking amino acids at posit ions 

29 to 34 in the PLAG1 region (Aggrus- ∆29-34), a plasmid 

prepared by integrating a pcDNA3 vector with human Aggrus 

cDNA encoding a mutant lacking amino acids at posit ions 

47 to 52 in the PLAG3 region (Aggrus- ∆47-52), a plasmid 

prepared by integrating a pcDNA3 vector with human Aggrus 

cDNA encoding a mutant lacking amino acids at posit ions 

81 to 85 in the PLAG4 region (Aggrus- ∆81-85), or a 

plasmid prepared by integrating a pcDNA3 vector wit h 

human Aggrus cDNA encoding a mutant lacking amino a cids 

both at positions 47 to 52 in the PLAG3 region and at 

positions 81 to 85 in the PLAG4 region (Aggrus- ∆47-

52/ ∆81-85), to stably express the protein (see Figure 4 D).  

Hereinafter, the CHO cells transfected with these 

plasmids are referred to as CHO/Aggrus- ∆29-34, 

CHO/Aggrus- ∆47-52, CHO/Aggrus- ∆81-85, and CHO/Aggrus- ∆47-

52/ ∆81-85, respectively. 

[0059] 
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 The mutant-expressing cell lines CHO/Aggrus- ∆29-34, 

CHO/Aggrus- ∆47-52, CHO/Aggrus- ∆81-85, and CHO/Aggrus- ∆47-

52/ ∆81-85 were used in FACS in the same way as in Examp le 

2 to confirm Aggrus expression levels and reactivit y with 

CLEC-2 (Figure 4E).  In this study, a commercially 

available FL-162 antibody (manufactured by Santa Cr uz 

Biotechnology, Inc.) was used instead of the D2-40 

antibody to examine the Aggrus expression levels.  Also, 

an Alexa 488-labeled anti-rabbit IgG antibody 

(manufactured by Life Technologies Corp.) was used as a 

secondary antibody (left panels of Figure 4E).  As 

controls, a control rabbit antibody (manufactured b y 

Santa Cruz Biotechnology, Inc.) is used instead of the 

FL-162 antibody with each cell and performing the s ame 

operation as above are shown.  The open areas depic t the 

results of staining the PLAG domain-deletion mutant s of 

Aggrus through reaction with the FL-162 antibody, a nd the 

closed areas depict the results of reacting the con trol 

rabbit antibody instead of the FL-162 antibody.  As  shown 

in Figure 4E (left panels), the expression levels o f the 

Aggrus proteins on the cell surface of these 

transfectants were confirmed to be almost equal, al so 

because fluorescence intensity was almost the same among 

the peak positions of the open areas of the panels.  

[0060] 

 The right panels of Figure 4E show analysis on the  

binding to CLEC-2 by FACS in the same way as in Exa mple 2.  
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The open areas depict the results of detecting (His ) 10-

tagged recombinant CLEC-2 bound with the PLAG domai n-

deletion mutants of Aggrus expressed on CHO cell su rface 

using a fluorescent-labeled secondary antibody 

recognizing the His tag.  The closed areas depict t he 

results of adding PBS instead of the (His) 10-tagged 

recombinant CLEC-2 protein and performing the same 

operation as above. 

[0061] 

 As in the data on the point mutants shown in Figur e 

4B, it was found as to the interaction with CLEC-2 that 

the CLEC-2 binding to the PLAG4 domain-deletion mut ant 

(CHO/Aggrus- ∆81-85) was weaker than the binding to the 

PLAG3 domain-deletion mutant (CHO/Aggrus- ∆47-52).  The 

double mutant lacking both the PLAG3 domain and the  PLAG4 

domain (CHO/Aggrus- ∆47-52/ ∆81-85) was found to not bind 

to CLEC-2. 

[0062] 

 These results not only suggest that the newly foun d 

PLAG4 domain on Aggrus plays an important role in t he 

binding to CLEC-2, together with the PLAG3 domain, but 

reconfirmed that PLAG4 plays a more dominant role i n the 

binding to CLEC-2 than PLAG3. 

 

Example 5 

[0063] 
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 Quantitative analysis on role of novel PLAG4 domai n 

in interaction with CLEC-2 and ability to induce pl atelet 

aggregation 

 (1) Study on roles of PLAG3 and PLAG4 in binding t o 

CLEC-2 

 Aggrus expression levels and reactivity with CLEC- 2 

were quantitatively analyzed.  Specifically, the 

confirmation of Aggrus expression levels and the 

reactivity with CLEC-2 conducted by FACS in Example  4 

(see Figure 4B) were repetitively performed three t imes 

and averaged.  When average fluorescence intensity at the 

peak position of an open areas of CHO/Aggrus-WT was  

defined as 1, the expression levels of Aggrus mutan t 

proteins are shown in a graph.  As a result of 

statistical analysis, no significant difference was  

obtained (indicated by ns) in the expression levels  of 

the Aggrus mutant proteins (D48A, D82A, and D48A/D8 2A) 

compared with the expression level of the wild-type  

Aggrus, showing that the expression levels were alm ost 

equal (left panels of Figure 5A).  When average 

fluorescence intensity at the peak position of an o pen 

area depicting reactivity with CLEC-2 was defined a s 1, 

the reactivity of the Aggrus mutant proteins with C LEC-2 

is shown in a graph.  The reactivity of the Aggrus mutant 

proteins (D48A, D82A, and D48A/D82A) with CLEC-2 wa s 

found to be significantly decreased (**, P < 0.01; ***, P 

< 0.001) as compared with the reactivity of the wil d-type 
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Aggrus with CLEC-2 defined as 1 (right panels of Fi gure 

5A).  Thus, the results of Example 4 were reproduce d. 

[0064] 

 Aggrus deletion mutants were also quantitatively 

analyzed for their Aggrus expression levels and 

reactivity with CLEC-2 in the same way as above (Fi gure 

5B).  The confirmation of Aggrus expression levels and 

the reactivity with CLEC-2 conducted by FACS in Exa mple 4 

(see Figure 4E) were repetitively performed three t imes 

and averaged.  When average fluorescence intensity at the 

peak position of an open areas of CHO/Aggrus-WT was  

defined as 1, the expression levels of Aggrus delet ion 

mutant proteins are shown in a graph form.  As a re sult 

of statistical analysis, no significant difference was 

obtained (indicated by ns) in the expression levels  of 

the Aggrus deletion mutant proteins ( ∆29-34, ∆47-52, ∆81-

85, and ∆47-52/ ∆81-85) compared with the expression level 

of the wild-type Aggrus, showing that the expressio n 

levels were almost equal (left panels of Figure 5B) .  On 

the other hand, the reactivity with CLEC-2 was conf irmed 

to be significantly decreased in the deletion mutan ts.  

When average fluorescence intensity at the peak pos ition 

of an open area depicting reactivity with CLEC-2 wa s 

defined as 1, the reactivity of the Aggrus mutant 

proteins with CLEC-2 is shown in a graph in the rig ht 

panels of Figure 4E.  The reactivity of the Aggrus 

deletion mutant proteins ( ∆29-34, ∆47-52, ∆81-85, and 
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∆47-52/ ∆81-85) with CLEC-2 was found to be significantly 

decreased (**, P < 0.01) except for the case of ∆29-34, 

as compared with the reactivity of the wild-type Ag grus 

with CLEC-2 defined as 1 (right panels of Figure 5B ).  

Thus, the results of Example 4 were reproduced. 

[0065] 

 (2) Study on roles of PLAG3 and PLAG4 in platelet 

aggregation 

 Next, the ability of cells expressing each mutant to 

aggregate platelet was studied in the same way as i n 

Example 2 using CHO/mock, CHO/Aggrus-WT, and the mu tant-

expressing cells CHO/Aggrus-D48A, CHO/Aggrus-D82A, and 

CHO/Aggrus-D48A/D82A.  The reproducibility of Figur e 4C 

was confirmed, showing that: the platelet aggregati on-

inducting activity of each mutant-expressing cell i s 

proportional to binding intensity to CLEC-2; and th e D82A 

mutant has weaker platelet aggregation-inducting ac tivity 

than that of the D48A mutant.  It was further found  that 

the D48A/D82A double mutant-expressing cells exhibi t no 

platelet aggregation-inducting activity, as in CHO/ mock 

(Figure 5C).  This reconfirmed that the novel ident ified 

PLAG4 plays a dominant role in Aggrus-dependent pla telet 

aggregation. 

 

Example 6 

[0066] 
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 Involvement of E81, D82, and T85 in PLAG4 domain i n 

CLEC-2 binding 

 The novel identified PLAG4 domain contains an EDXX T 

motif analogous to the PLAG3 domain.  Glutamic acid  (E) 

at position 81, aspartic acid (D) at position 82, a nd 

threonine (T) at position 85 (Figure 6B (right pane ls; 

underlined amino acids)) in the PLAG4 domain were 

analyzed for their direct involvement in the bindin g to 

CLEC-2.  CHO cells transfected with a plasmid prepa red by 

integrating a pcDNA3 vector with human Aggrus cDNA 

encoding a mutant containing alanine replaced for 

glutamic acid at position 81 (CHO/Aggrus-E81A), CHO  cells 

transfected with a plasmid prepared by integrating a 

pcDNA3 vector with human Aggrus cDNA encoding a mut ant 

containing alanine replaced for aspartic acid at po sition 

82 (CHO/Aggrus-D82A), and CHO cells transfected wit h a 

plasmid prepared by integrating a pcDNA3 vector wit h 

human Aggrus cDNA encoding a mutant containing alan ine 

replaced for threonine at position 85 (CHO/Aggrus-T 85A) 

were used in analysis by FACS.  CHO cells transfect ed 

with a plasmid containing wild-type human Aggrus cD NA 

(CHO/Aggrus-WT), and CHO cells transfected with a p lasmid 

containing human Aggrus cDNA encoding each mutant 

containing alanine replaced for glutamic acid at po sition 

47, aspartic acid at position 48, or threonine at 

position 52 (Figure 6A (right panels; underlined am ino 

acids)) in the PLAG3 domain (CHO/Aggrus-E47A, CHO/A ggrus-
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D48A, and CHO/Aggrus-T52A) were also prepared as co ntrols 

and analyzed in the same way as above. 

[0067] 

 The wild-type or mutant Aggrus-expressing CHO cell s 

were used in FACS in the same way as in Example 2 t o 

confirm Aggrus expression levels and reactivity wit h 

CLEC-2.  As in Figure 2, the open areas depict the 

results of staining the wild-type Aggrus or the Agg rus 

mutants through reaction with the D2-40 antibody, a nd the 

closed areas depict the results of reacting a contr ol 

mouse antibody (manufactured by Sigma-Aldrich Co. L LC) 

instead of the D2-40 antibody.  As shown in Figures  6A 

(left panels) and 6B (left panels), the expression levels 

of the Aggrus proteins on the cell surface of these  

transfectants were confirmed to be almost equal, al so 

because fluorescence intensity was almost the same among 

the peak positions of the open areas of the panels.  

[0068] 

 Figures 6A (right panels) and 6B (right panels) sh ow 

analysis on the binding of each mutant to recombina nt 

CLEC-2 by FACS in the same way as in Example 2.  Th e open 

areas depict the results of detecting (His) 10-tagged 

recombinant CLEC-2 bound with the wild-type Aggrus or the 

Aggrus mutants expressed on CHO cell surface using a 

fluorescent-labeled secondary antibody recognizing the 

His tag.  The closed areas depict the results of ad ding 

the control mouse antibody instead of the (His) 10-tagged 
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recombinant CLEC-2 protein and performing the same 

operation as above. 

[0069] 

 As for the interaction with CLEC-2, the CLEC-2 

binding to the human Aggrus mutants harboring the 

substitution of glutamic acid at position 47, aspar tic 

acid at position 48, or threonine at position 52 in  the 

PLAG3 domain by alanine was attenuated at the same levels, 

when compared with the wild type.  Thus, these thre e 

amino acids were confirmed to be involved in the bi nding 

to CLEC-2 (right panels of Figure 6A).  It was furt her 

found that the CLEC-2 binding of the human Aggrus m utants 

harboring the substitution of each of their homolog ous 

sites glutamic acid at position 81, aspartic acid a t 

position 82, and threonine at position 85 in the PL AG4 

domain by alanine was attenuated at the same levels , when 

compared with the wild type and the human Aggrus 

harboring the substitution of glutamic acid at posi tion 

47, aspartic acid at position 48, or threonine at 

position 52 in the PLAG3 domain by alanine (right p anels 

of Figure 6B). 

[0070] 

 These results show that glutamic acid at position 81, 

aspartic acid at position 82, and threonine at posi tion 

85 in the newly found PLAG4 domain on Aggrus are in volved 

in the binding to CLEC-2, as with glutamic acid at 

position 47, aspartic acid at position 48, and thre onine 
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at position 52 in the PLAG3 domain.  Also, the EDXX TS 

(PLAG4 domain) represented by SEQ ID NO: 4 was foun d to 

play an important role in the binding to CLEC-2. 

 

Example 7 

[0071] 

 Preparation of hybridoma producing anti-human Aggr us 

monoclonal antibody recognizing novel PLAG4 domain 

 Hybridomas producing anti-human Aggrus monoclonal 

antibodies recognizing the PLAG4 domain were prepar ed as 

follows. 

[0072] 

 (1) Immunogen 

 A human Aggrus cDNA region encoding site from a 

threonine residue at position 76 to a threonine res idue 

at position 89 (sequence: Thr Gly Ile Arg Ile Glu A sp Leu 

Pro Thr Ser Glu Ser Thr) was tandemly connected 12 or 40 

times and cloned into a pGEX-6P-3 vector (manufactu red by 

GE Healthcare Japan Corp.), and a GST-tagged immuno gen 

was obtained.  E. coli BL21 (DE3) was transformed with 

this plasmid, and a GST tag-fused recombinant prote in 

expressed thereby was purified with glutathione Sep harose. 

[0073] 

 (2) Sensitization 

 A mixed solution of the obtained immunogen at 100 

µg/mouse and TiterMax Gold (manufactured by TiterMax  USA, 

Inc.) was subcutaneously administered to the necks of 6-
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week-old female BALB/c mice (purchased from Charles  River 

Laboratories Japan, Inc.).  For booster, the immuno gen 

was intraperitoneally administered at 100 µg/mouse a 

total of 9 times on alternating weeks.  Also, some 

sensitization was examined by a method of administe ring 

the immunogen twice to the tail roots of female BDF -1 

mice (purchased from CLEA Japan Inc.). 

[0074] 

 (3) Establishment of hybridoma 

 According to a routine method, spleen cells or ili ac 

lymph node cells were collected from the immunized mice 

and fused with a mouse myeloma cell line P3U1 using  

polyethylene glycol 4000.  The fused hybridomas wer e 

allowed to grow by culture in S-Clone Cloning Mediu m 

(manufactured by EIDIA Co., Ltd) containing hypoxan thine, 

aminopterin, and thymidine to successfully establis h a 

plurality of hybridomas, including PG4D1 and PG4D2,  

producing antibodies against the PLAG4 domain.  A 

plurality of hybridomas including 6G42A4 and 9D62D6  were 

successfully established from the iliac lymph node cells. 

 

Example 8 

[0075] 

 Analysis on properties of anti-human Aggrus 

monoclonal antibody recognizing novel PLAG4 domain 

 (1) Search for epitope 
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 Human Aggrus cDNA lacking amino-terminal 24 amino 

acids including a signal peptide was cloned into a pGEX-

6P-3 vector to prepare a GST-tagged wild-type Aggru s 

protein expression vector.  Hereinafter, the expres sed 

recombinant protein is referred to as ∆N24-WT.  Also, 

codon sets corresponding to the immunogenic amino a cids 

at positions 76 to 89 were substituted one by one b y 

codons encoding alanine using QuikChange Site-Direc ted 

Mutagenesis Kit (manufactured by Agilent Technologi es, 

Inc.) to prepare alanine mutant Aggrus expression v ectors.  

Hereinafter, a recombinant mutant prepared by, for 

example, the mutation of an amino acid threonine (T ) at 

position 76 to alanine (A) is referred to as ∆N24-T76A. 

[0076] 

 E. coli, BL21 (DE3), was transformed with each 

prepared plasmid and cultured.  E. coli homogenates were 

used as samples to examine the reactivity of MS-1, PG4D1, 

PG4D2, 6G42A4, 9D62D6, and an anti-GST (alpha-GST) 

antibody (manufactured by Abcam plc) with the recom binant 

human Aggrus proteins by Western blot.  As a result , as 

shown in Figure 7A, the MS-1 antibody and the anti- GST 

antibody recognized all the Aggrus proteins includi ng the 

mutants, whereas the PG4D1 antibody and the PG4D2 

antibody exhibited only low reactivity with the Agg rus 

mutants harboring the substitution of each of 5 ami no 

acids from arginine at position 79 to leucine at po sition 

83 by alanine.  The 6G42A4 antibody and the 9D62D6 
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antibody exhibited only low reactivity with the Agg rus 

mutants harboring the substitution of each of 7 ami no 

acids from glycine at position 77 to leucine at pos ition 

83 by alanine except for the Aggrus mutant harborin g the 

substitution of isoleucine at position 80 by alanin e.  

The recognizing ability of the 9D62D6 antibody was found 

to be attenuated when proline at position 84 was 

substituted by alanine. 

[0077] 

 Accordingly, as shown in the lower row of Figure 7 A, 

the region recognized by the prepared antibodies wa s a 

peptide moiety from positions 77 to 84 (sequence: G ly Ile 

Arg Ile Glu Asp Leu Pro) indicated by the open char acters, 

and the smallest epitope recognized by the PG4D1 an tibody 

and the PG4D2 antibody was a peptide moiety from 

positions 79 to 83 (sequence: Arg Ile Glu Asp Leu),  

demonstrating that these peptide moieties overlap 

partially with the novel PLAG4 domain (sequence fro m 

positions 81 to 85 (in Figure 7A, the sequence boxe d by 

the dotted line: Glu Asp Leu Pro Thr) having homolo gy to 

the PLAG domain shown in Figure 3B. 

[0078] 

 (2) Study on reactivity with Aggrus protein 

expressed in mammalian cells 

 Unlike Aggrus expressed in E. coli, human Aggrus 

expressed in mammalian cells is known to be glycosy lated 

at many sites.  The reactivity of the novel develop ed 



- 51 - 

PG4D1 antibody and PG4D2 antibody with human Aggrus  

expressed in mammalian cells was studied using a su rface 

plasmon resonance analysis apparatus Biacore X100 

(manufactured by GE Healthcare Japan Corp.).  A 

commercially available recombinant Aggrus protein ( human 

IgG1 Fc-tagged protein; manufactured by R&D Systems , 

Inc.) purified from mammalian cells was immobilized  by 

the amine coupling method onto a sensor chip CM5 co ated 

with carboxymethyl dextran to obtain an immobilized  

amount corresponding to 520 RU (for assay on the PG 4D1 

antibody) or 600 RU (for assay on the PG4D2 antibod y). 

[0079] 

 The assay was conducted by filling the flow channe l 

with a HBS-EP+ buffer (manufactured by GE Healthcar e 

Japan Corp.) under conditions involving 25 °C and a flow 

rate of 30 µL/min.  Specifically, the PG4D1 antibody and 

the PG4D2 antibody were each diluted into 6.25 nM, 12.5 

nM, 25 nM, 50 nM, and 100 nM, and flowed on the Agg rus 

protein-immobilized sensor chip CM5 for 60 seconds while 

binding reaction was observed.  Subsequently, a HBS -EP+ 

buffer was flowed for 120 seconds while dissociatio n 

reaction was observed.  The data obtained by the as say is 

shown in Figure 7B. 

[0080] 

 All the developed antibodies recognized and bound to 

the Aggrus protein (association rate constant (k a) = 3 × 

104).  Furthermore, substantially no dissociation 
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reaction was observed by the flowing of HBS-EP+ buf fer 

for washing, and the dissociation rate constant (k d) was 

equal to or lower than the measurement limit of the  

Biacore X100 used, i.e., k d ≤ 10 -5 .  Accordingly, the 

dissociation constants (K D) of the PG4D1 antibody and the 

PG4D2 antibody were ≤ 3 × 10 -10  M, demonstrating that 

these antibodies exhibit very strong binding abilit y. 

[0081] 

 (3) Ability to recognize endogenously Aggrus-

expressing cell 

 The MS-1 antibody can rarely recognize human bladd er 

squamous cell carcinoma cell line UM-UC-5 cells, hu man 

fibrosarcoma cell line HT1080 cells, etc. that 

endogenously express Aggrus at the mRNA level.  The refore, 

target cancer type to be treated with the MS-1 anti body 

is limited.  The newly developed PG4D1 antibody and  PG4D2 

antibody were examined for whether to be able to 

recognize endogenously expressed Aggrus on the surf ace of 

UM-UC-5 cells or HT1080 cells, which cannot be reco gnized 

by the MS-1 antibody.  Analysis by FACS was conduct ed 

using UM-UC-5 and HT1080 cells as target cells, PG4 D1 and 

PG4D2 antibodies as primary antibodies, and an Alex a 488-

labeled anti-mouse IgG antibody as a secondary anti body.  

As a result, the PG4D1 antibody and the PG4D2 antib ody 

were confirmed to be able to recognize both UM-UC-5  and 

HT1080 cells, which cannot be recognized by the MS- 1 

antibody (Figure 7C). 
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Example 9 

[0082] 

 Study on recognition site of anti-human Aggrus 

monoclonal antibody recognizing novel PLAG4 domain,  and 

reactivity thereof 

 In Example 8 (see Figure 7A), the reactivity with 

the human Aggrus protein expressed in E. coli was 

examined.  As a result, as shown in the lower row o f 

Figure 7A, the region recognized by the PG4D1 antib ody 

and the PG4D2 antibody was found to be a peptide mo iety 

from positions 77 to 84 (sequence: Gly Ile Arg Ile Glu 

Asp Leu Pro) indicated by the open characters.  

Accordingly, in order to confirm the ability to rec ognize 

glycosylated Aggrus expressed in mammalian cells, a nd a 

recognition site thereof, cell lysates of CHO cells  

transfected with a plasmid prepared by integrating a 

pcDNA3 vector with human wild-type Aggrus cDNA, Agg rus 

deletion mutants or Aggrus point mutans were used a s 

samples to study the reactivity of the PG4D1 antibo dy and 

the PG4D2 antibody by Western blot. 

[0083] 

 As a result, as shown in Figure 8A, the PG4D1 

antibody and the PG4D2 antibody were confirmed to n ot 

recognize the Aggrus mutant lacking 5 amino acids a t 

positions 81 to 85 corresponding to the PLAG4 domai n.  As 

shown in Figure 8B, the PG4D1 antibody did not reco gnize 
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the D82A-Aggrus mutant harboring the substitution o f 

aspartic acid at position 82 in the PLAG4 domain by  

alanine, whereas the PG4D2 antibody was confirmed t o 

weakly recognize the D82A-Aggrus mutant.  This is 

consistent with the fact shown in Figure 7A that as  a 

result of investigating the reactivity with the hum an 

Aggrus protein expressed in E. coli, the PG4D2 antibody 

weakly recognized the D82A-Aggrus mutant.  As is al so 

evident from the results of Western blot analysis 

(Figures 8A and 8B) using an antibody recognizing α-

tubulin, the protein concentrations in the 

electrophoresed cell lysates were the same. 

[0084] 

 In Example 8 (see Figure 7B), whether or not to be  

nonspecific binding was not examined.  Therefore, t he 

reactivity of the PG4D1 antibody (subclass: mouse I gG1) 

and the PG4D2 antibody (subclass: mouse IgG2a) with  human 

Aggrus was examined using a surface plasmon resonan ce 

analysis apparatus Biacore X100 (manufactured by GE  

Healthcare Japan Corp.) as well as control mouse Ig G1 

(manufactured by Sigma-Aldrich Co. LLC) and control  mouse 

IgG2a (manufactured by Sigma-Aldrich Co. LLC) to be  

compared therewith (Figures 8C and 8D).  Specifical ly, a 

commercially available purified recombinant Aggrus 

protein (human IgG1 Fc-tagged protein; manufactured  by 

R&D Systems, Inc.) was immobilized by the amine cou pling 

method onto a sensor chip CM5 coated with carboxyme thyl 
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dextran to obtain an immobilized amount correspondi ng to 

562.2 RU (for assay on the PG4D1 antibody).  The as say 

was conducted by filling the flow channel with a HB S-EP+ 

buffer (manufactured by GE Healthcare Japan Corp.) under 

conditions involving 25 °C and a flow rate of 30 µL/min.  

Specifically, the control mouse IgG1 (Control IgG1)  was 

diluted into 3.7 nM, 11.1 nM, 33.3 nM, 100 nM, and 300 nM, 

and flowed on the Aggrus protein-immobilized sensor  chip 

CM5 for 60 seconds while binding reaction was obser ved.  

Subsequently, a HBS-EP+ buffer was flowed for 1800 

seconds while dissociation reaction was observed.  

Subsequently, the PG4D1 antibody was flowed under t he 

same conditions using the same sensor chip CM5 as a bove 

while binding reaction was observed.  The data obta ined 

by the assay is shown in Figure 8C. 

[0085] 

 Next, control mouse IgG2a (Control IgG2a) and 

subsequently the PG4D2 antibody were flowed under t he 

same conditions as above on a sensor chip CM5 havin g an 

immobilized amount corresponding to 562.6 RU (for a ssay 

on the PG4D2 antibody) while binding reaction was 

observed.  The data obtained by the assay is shown in 

Figure 8D. 

[0086] 

 Both the control mouse IgG1 and the control mouse 

IgG2a were confirmed to not bind to the Aggrus-

immobilized sensor chip, whereas both the PG4D1 ant ibody 
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and the PG4D2 antibody were confirmed to exhibit st rong 

binding, as in Example 8 (see Figure 7B), demonstra ting 

that the binding of the PG4D1 antibody and the PG4D 2 

antibody to the Aggrus-immobilized sensor chip is n ot 

nonspecific binding.  In this assay, the dissociati on 

constants (K D) of the PG4D1 antibody and the PG4D2 

antibody were ≤ 3 × 10 -10  M, as in Example 8 (see Figure 

7B), demonstrating that these antibodies exhibit ve ry 

strong binding. 

 

Example 10 

[0087] 

 Inhibition of binding between Aggrus and CLEC-2 by  

PG4D1 and PG4D2 antibodies 

 (1) Study by AlphaScreen method 

 The monoclonal antibodies PG4D1 and PG4D2 obtained  

by the present invention were analyzed for their 

inhibitory effects on the binding between Aggrus an d 

CLEC-2 by use of the nonradioactive homogeneous pro ximity 

assay AlphaScreen(R) method. 

[0088] 

 1 ng of a purified recombinant Aggrus protein (hum an 

IgG1 Fc-tagged protein, manufactured by R&D Systems , 

Inc.) and 30 ng of a purified recombinant CLEC-2 pr otein 

((His) 10-tagged protein; rCLEC-2, manufactured by R&D 

Systems, Inc.) were dispensed to 96-well plates, an d 

control mouse IgG1 (manufactured by Sigma-Aldrich C o. 
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LLC), control mouse IgG2a (manufactured by Sigma-Al drich 

Co. LLC), and the MS-1, PG4D1, PG4D2, 6G42A4, and 9 D62D6 

antibodies were added thereto such that their final  

concentrations were 12.5 µg/mL to 5 ng/mL.  After the 

addition, the antibodies were reacted at 26 °C for 1 hour.  

Then, Nickel Chelate AlphaScreen Donor Beads and Pr otein 

A AlphaLISA Acceptor Beads diluted with AlphaLISA 

Universal Buffer were added thereto and further rea cted 

at 26 °C for 1 hour, followed by excitation with laser 

having a wavelength of 680 nm using Envision 

(manufactured by PerkinElmer, Inc.). 

[0089] 

 By the excitation, Donor Beads convert oxygen to a  

singlet state, and this oxygen in a singlet state 

activates fluorescent materials contained in accept or 

beads located in proximity thereto to thereby emit a 

fluorescence signal of 615 nm.  Specifically, the 

fluorescence signal is emitted, provided that the H is-

tagged CLEC-2 protein bound with Nickel Chelate 

AlphaScreen Donor Beads and the Fc-tagged recombina nt 

Aggrus protein bound with Protein A AlphaLISA Accep tor 

Beads are located in proximity to each other.  Thus , this 

fluorescence signal can be quantified to thereby qu antify 

the binding state between Aggrus and CLEC-2. 

[0090] 

 When the fluorescence signal intensity without 

antibody addition was defined as 100%, all the adde d 
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PG4D1 antibody, PG4D2 antibody, and MS-1 antibody w ere 

confirmed, as shown in Figure 9A, to inhibit the bi nding 

of Aggrus to CLEC-2 in a concentration-dependent ma nner.  

Particularly, the PG4D1 antibody and the PG4D2 anti body 

were found to have stronger inhibitory activity tha n that 

of the MS-1 antibody.  Although the inhibition acti vity 

of the binding between Aggrus and CLEC-2 was also 

observed in the 6G42A4 and 9D62D6 antibodies, the e ffect 

was weaker than that of the MS-1 antibody (Figure 9 B). 

[0091] 

 This result shows that the peptide moiety from 

positions 77 to 84, which is a region recognized as  an 

epitope by the antibodies, is important for the bin ding 

of Aggrus to CLEC-2.  Also, it is evident from the 

analysis of Example 6 using the point mutants that 

threonine at position 85 is important for the bindi ng of 

Aggrus to CLEC-2.  Thus, it was concluded that the amino 

acid sequence from positions 77 to 85 (SEQ ID NO: 1 : 

GIRIEDLPT) is a sequence important for the binding of 

Aggrus to CLEC-2. 

[0092] 

 The region represented by SEQ ID NO: 1 is a region  

necessary for the binding of Aggrus to CLEC-2, and the 

region of SEQ ID NO: 3 (RIEDL) recognized by the PG 4D1 

antibody and the PG4D2 antibody is considered to be  a 

core region thereof.  Thus, a peptide comprising th e 

region of SEQ ID NO: 1 or SEQ ID NO: 3 can be synth esized 
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and administered to thereby inhibit the binding bet ween 

CLEC-2 and Aggrus and inhibit the binding between C LEC-2 

and Aggrus.  If the binding between CLEC-2 and Aggr us can 

be inhibited, platelet aggregation can be inhibited  and 

cancer progression and metastasis can be inhibited.   

Therefore, a pharmaceutical composition containing the 

region as an active ingredient is obtained. 

[0093] 

 The peptide necessary for competitive inhibition c an 

be any peptide comprising the region of SEQ ID NO: 1 or 3.  

It is preferred that the peptide should not be much  large, 

in consideration of the synthesis or effect of the 

peptide.  Specifically, a peptide that comprises th e 

region of SEQ ID NO: 1 or 3 and has a peptide seque nce 

longer by approximately several amino acids to seve ral 

tens of amino acids than the region is preferred, a nd the 

peptide sequence of SEQ ID NO: 1 or 3 itself is mor e 

preferred. 

[0094] 

 (2) Study by FACS 

 The inhibition of the binding between Aggrus and 

CLEC-2 by the PG4D1 antibody and the PG4D2 antibody  was 

analyzed by FACS.  The analysis was conducted on wh ether 

the anti-Aggrus monoclonal antibodies would inhibit  the 

binding of CHO/Aggrus-WT cells to recombinant CLEC- 2 

(rCLEC-2).  Detection was performed using an antibo dy 

recognizing a His tag on the recombinant CLEC-2. 
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[0095] 

 Specifically, the CHO/Aggrus-WT cells were recover ed 

from a culture vessel, washed with PBS, and then ad justed 

to a cell density of 1.5 × 10 5 cells/ml.  To 100 µL of 

the reaction solution, mouse control IgG (100 µg/mL; a 

sample of w/o rCLEC-2 or rCLEC-2 alone), the PG4D1 

antibody (100 µg/mL; PG4D1 + rCLEC-2 sample), the PG4D2 

antibody (100 µg/mL: PG4D2 + rCLEC-2 sample), or the MS-1 

antibody (100 µg/mL; MS-1 + rCLEC-2 sample) was added, 

and reacted on ice for 30 minutes.  Then, the cells  were 

washed with PBS, and 0.4 µg/mL (His) 10-tagged recombinant 

CLEC-2 protein (rCLEC-2) purified from mammalian ce lls 

was then added to the samples except for w/o rCLEC- 2, and 

reacted on ice for 30 minutes.  After washing with PBS, a 

fluorescent-labeled secondary antibody recognizing the 

His tag was added thereto and further reacted on ic e for 

30 minutes.  Finally, the cells were washed with PB S 

three times, followed by analysis using Cytomics FC 500.  

As a result, as shown in Figure 10A, the PG4D1 anti body 

and the PG4D2 antibody inhibited the binding of rCL EC-2 

to the Aggrus-expressing cells, as with the MS-1 an tibody, 

while the large shift of the peaks to the left was 

confirmed because their inhibitory activity was str onger 

than that of the MS-1 antibody. 

[0096] 

 The MS-1 antibody recognizes a region over the PLA G2 

and PLAG3 domains (see Figure 1), whereas the PG4D1  
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antibody and the PG4D2 antibody recognize a region over 

the PLAG4 domain and its neighborhood (see Figure 7 ).  

Accordingly, change in the ability of the MS-1 anti body 

to recognize Aggrus upon binding of the PG4D1 antib ody or 

the PG4D2 antibody to Aggrus was examined.  A DyLig ht594-

labeled MS-1 antibody and a DyLight594-labeled PG4D 2 

antibody were prepared.  Specifically, the MS-1 ant ibody 

and the PG4D2 antibody were fluorescently labeled u sing 

DyLight 594 Microscale Antibody Labeling Kit 

(manufactured by Life Technologies Corp.) according  to 

the instruction. 

[0097] 

 The CHO/Aggrus-WT cell line was recovered from a 

culture vessel, washed with PBS, and then adjusted to a 

cell density of 1.5 × 10 5 cells/ml.  The DyLight594-

labeled MS-1 antibody or the DyLight594-labeled PG4 D2 

antibody was added thereto and reacted on ice for 3 0 

minutes.  For some samples, a non-labeled MS-1 anti body 

or PG4D2 antibody was added in adding the DyLight59 4-

labeled antibody.  Then, the cells were washed with  PBS 

three times, followed by analysis using Cytomics FC 500.  

The closed areas depict results of reacting a non-l abeled 

control mouse antibody (manufactured by Sigma-Aldri ch Co. 

LLC) instead of the fluorescent-labeled antibody wi th the 

cells and performing the same operation as above. 

[0098] 
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 As shown in Figure 10B (top panels), the peaks of 

the open areas shifted to the right with respect to  the 

closed areas, because the MS-1 antibody and the PG4 D2 

antibody were sufficiently labeled with DyLight594.   The 

reactivity of the DyLight594-labeled MS-1 antibody with 

the CHO/Aggrus-WT cells was inhibited in the presen ce of 

the non-labeled MS-1 antibody in a manner dependent  on 

the concentration of the non-labeled MS-1 antibody (left 

middle panel of Figure 10B), but was not inhibited in the 

presence of the non-labeled PG4D2 antibody (left bo ttom 

panel of Figure 10B).  The reactivity of the DyLigh t594-

labeled PG4D2 antibody with the CHO/Aggrus-WT cells  was 

inhibited in the presence of the non-labeled PG4D2 

antibody in a manner dependent on the concentration  of 

the non-labeled PG4D2 antibody (right bottom panel of 

Figure 10B), but was not inhibited in the presence of the 

non-labeled MS-1 antibody (right middle panel of Fi gure 

10B).  This suggested that the MS-1 antibody and th e 

PG4D2 antibody recognize the PLAG3 and PLAG4 domain s, 

respectively, and thereby inhibit the binding betwe en 

Aggrus and CLEC-2, and in other words, the PLAG3 an d 

PLAG4 domains are independently involved in the bin ding 

to CLEC-2. 

[0099] 

 If the MS-1 antibody and the PG4D2 antibody 

recognize the PLAG3 and PLAG4 domains, respectively , and 

inhibit the binding to CLEC-2, the possibility was 
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considered that combined use of the MS-1 antibody a nd the 

PG4D2 antibody could completely inhibit the binding  

between Aggrus and CLEC-2.  Accordingly, in order t o 

examine the possibility, the binding between Aggrus  and 

CLEC-2 was analyzed by FACS using the MS-1 antibody  alone 

and the MS-1 antibody in combination with the PG4D2  

antibody.  The analysis was conducted on whether th e MS-1 

antibody and the PG4D2 antibody would inhibit the b inding 

of CHO/Aggrus-WT cells to recombinant CLEC-2 (rCLEC -2).  

Detection was performed using an antibody recognizi ng a 

His tag on the recombinant CLEC-2 (Figure 10C). 

[0100] 

 Specifically, the CHO/Aggrus-WT cells were recover ed 

from a culture vessel, washed with PBS, and then ad justed 

to a cell density of 1.5 × 10 5 cells/ml.  To 100 µL of 

the reaction solution, mouse control IgG (100 µg/mL; a 

sample of w/o rCLEC-2 or rCLEC-2 alone), the PG4D2 

antibody (100 µg/mL: PG4D2 + rCLEC-2 sample), or the 

combination of the PG4D2 antibody and the MS-1 anti body 

(100 µg/mL each: PG4D2 + MS-1 + rCLEC-2 sample) was added , 

and reacted on ice for 30 minutes.  Then, the cells  were 

washed with PBS, and 0.4 µg/mL (His) 10-tagged recombinant 

CLEC-2 protein (rCLEC-2) purified from mammalian ce lls 

was then added to the samples except for w/o rCLEC- 2, and 

reacted on ice for 30 minutes.  After washing with PBS, a 

fluorescent-labeled secondary antibody recognizing the 

His tag was added thereto and further reacted on ic e for 
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30 minutes.  Finally, the cells were washed with PB S 

three times, followed by analysis using Cytomics FC 500.  

As a result, as shown in Figure 10C, the combined u se of 

the PG4D2 antibody and the MS-1 antibody inhibited the 

binding of rCLEC-2 more strongly than the PG4D2 ant ibody 

alone, as the peak is greatly shifted to the left. 

[0101] 

 These results demonstrated that: the PLAG4 domain 

recognized by the PG4D1 antibody or the PG4D2 antib ody is 

involved in the binding to CLEC-2 independently fro m the 

PLAG3 domain; and the stronger inhibition of the CL EC-2 

binding is observed by combined use of an antibody 

recognizing the PLAG4 domain and an antibody recogn izing 

the PLAG3 domain. 

 

Example 11 

[0102] 

 Analysis on inhibition of CLEC-2 binding and 

inhibition of platelet aggregation by PG4D1 and PG4 D2 

antibodies using Aggrus mutant 

 (1) Inhibition of binding to CLEC-2 

 Aggrus binds to CLEC-2 on platelet to thereby 

transduce platelet aggregation-inducing signals.  T he 

PLAG4 domain recognized by the PG4D1 antibody or th e 

PG4D2 antibody was examined for its direct involvem ent in 

the binding to CLEC-2 and platelet aggregation.  Th e 

study was conducted using CHO cells transfected wit h a 
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plasmid prepared by integrating a pcDNA3 vector wit h 

human Aggrus cDNA encoding a mutant containing alan ine 

replaced for aspartic acid at position 48 in the PL AG3 

domain (CHO/Aggrus-D48A).  Use of the expressed Agg rus-

D48A mutant eliminates the involvement of the PLAG3  

domain of Aggrus in the binding to CLEC-2 and permi ts 

evaluation of the binding of the PLAG4 domain to CL EC-2.  

The direct involvement of the PLAG4 domain in the b inding 

of Aggrus to CLEC-2 was analyzed by FACS. 

[0103] 

 The CHO/Aggrus-D48A cells were recovered from a 

culture vessel, washed with PBS, and then adjusted to a 

cell density of 1.5 × 10 5 cells/ml.  To 100 µL of the 

reaction solution, PBS (sample of w/o rCLEC-2 or Ad d no 

antibody), varying concentrations of the PG4D1 anti body 

(left panel of Figure 11A), or varying concentratio ns of 

the PG4D2 antibody (right panel of Figure 11A) was added, 

and reacted on ice for 30 minutes.  Then, the cells  were 

washed with PBS, and 0.4 µg/mL (His) 10-tagged recombinant 

CLEC-2 protein (rCLEC-2) purified from mammalian ce lls 

was added to the samples except for w/o rCLEC-2, an d 

reacted on ice for 30 minutes.  After washing with PBS, a 

fluorescent-labeled secondary antibody recognizing the 

His tag was added thereto and further reacted on ic e for 

30 minutes.  Finally, the cells were washed with PB S 

three times, followed by analysis using Cytomics FC 500.  

As shown in Figure 11A, the binding of rCLEC-2 to t he 
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Aggrus-expressing cells was found to be inhibited b y the 

addition of the PG4D1 antibody or the PG4D2 antibod y in a 

concentration-dependent manner, and almost complete ly 

inhibited by the addition at a concentration of 100  µg/mL.  

These results demonstrated that the PLAG4 domain 

recognized by the PG4D1 antibody or the PG4D2 antib ody is 

directly involved in the binding to CLEC-2. 

[0104] 

 (2) Inhibition of platelet aggregation 

 Next, the binding of the PLAG4 domain to CLEC-2 wa s 

confirmed by a platelet aggregation inhibition test .  

Specifically, in vitro platelet aggregation analysis 

using washed mouse platelet was conducted by the 

monitoring of light transmittance using MCM HEMA TR ACER 

313M.  As shown in Figure 11B, the CHO/Aggrus-D48A cells 

induced platelet aggregation, whereas the addition of 50 

ng/mL of PG4D2 antibody was observed to prevent pla telet 

aggregation (Figure 11B).  Almost the same platelet  

aggregation inhibitory effect was confirmed even wh en the 

PG4D1 antibody was added beforehand (not shown).  T hese 

results demonstrated that: the PLAG4 domain recogni zed by 

the PG4D1 antibody or the PG4D2 antibody is directl y 

involved in platelet aggregation; and the newly dev eloped 

antibodies are neutralizing antibodies inhibiting 

platelet aggregation by masking the PLAG4 domain th rough 

binding to the domain. 

[0105] 
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 The difference between the PG4D1 antibody or the 

PG4D2 antibody recognizing the PLAG4 domain and the  MS-1 

antibody recognizing the PLAG3 domain, and an effec t 

brought about by combined use of the PG4D2 antibody  and 

the MS-1 antibody were examined by the platelet 

aggregation inhibition test.  The in vitro platelet 

aggregation analysis was conducted in the same way as 

above using CHO/Aggrus-WT cells.  As shown in Figur e 12A, 

the CHO/Aggrus-WT cells induced platelet aggregatio n, 

whereas platelet aggregation-starting time was obse rved 

to be delayed by the addition of 10 µg/mL MS-1 antibody, 

PG4D1 antibody, or PG4D2 antibody compared with the  

addition of a control antibody (Control IgG) (Figur e 12A).  

The platelet aggregation inhibitory activity of the  PG4D1 

antibody and the PG4D2 antibody was found to be str onger 

than that of the MS-1 antibody and therefore delay the 

aggregation-starting time. 

[0106] 

 The CHO/Aggrus-WT cell-dependent platelet 

aggregation was further confirmed to be almost comp letely 

inhibited by the combined use of 10 µg/mL of MS-1 

antibody and 10 µg/mL of PG4D2 antibody compared with the 

addition of the PG4D2 antibody alone (Figure 12B).  These 

results demonstrated that both the PLAG4 domain 

recognized by the PG4D1 antibody or the PG4D2 antib ody 

and the PLAG3 domain recognized by the MS-1 antibod y are 

involved in platelet aggregation. 
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Example 12 

[0107] 

 Inhibition of hematogenous metastasis to lung by 

PG4D1 and PG4D2 antibodies 

 It is known that metastatic nodules of the lung ar e 

formed approximately 20 days after intravenous inje ction 

of CHO cells expressing human Aggrus into nude mice .  The 

present inventors have already disclosed that Aggru s-

dependent lung metastasis is inhibited by the MS-1 

antibody (Patent Literature 2).  Accordingly, wheth er 

Aggrus-dependent hematogenous metastasis would be 

inhibited by the administration of the anti-Aggrus 

antibody of the present invention 1 day before cell  

transplantation was analyzed. 

[0108] 

 The analysis was conducted using 6-week-old female  

BALB/c-nu nude mice (purchased from Charles River 

Laboratories Japan, Inc.).  One day before 

transplantation of the CHO/Aggrus-WT cells (tumor c ells), 

a control mouse antibody (manufactured by Sigma-Ald rich 

Co. LLC), MS-1 antibody, PG4D1 antibody, or PG4D2 

antibody was administered at a dose of 10 µg/mouse from 

the mouse tail veins.  On the next day, the CHO/Agg rus-WT 

cells were recovered from a culture vessel, washed with 

PBS, then adjusted to a cell density of 2.5 × 10 6 

cells/ml, and intravenously transplanted at 100 µL/mouse.  
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As shown in Figure 13, the formation of lung metast asis 

of the CHO/Aggrus-WT cells was remarkably inhibited  by 

the administration of PG4D1 antibody or PG4D2 antib ody on 

the day before tumor inoculation, as with the 

administration of MS-1 antibody on the day before t umor 

inoculation.  Thus, PG4D1 antibody and PG4D2 antibo dy 

were found to not only have Aggrus-neutralizing act ivity 

but strongly inhibit Aggrus-dependent hematogenous 

metastasis. 

[0109] 

 Similar study was conducted using an isotype match ed 

control antibody having a subclass identical to tha t of 

each antibody.  This study was conducted using 8 mi ce of 

5-week-old female BALB/c-nu nude mice per group 

(purchased from Charles River Laboratories Japan, I nc.).  

One day before transplantation of the CHO/Aggrus-WT  cells 

(tumor cells), control mouse IgG1 (Control IgG1, 

manufactured by Sigma-Aldrich Co. LLC), control mou se 

IgG2a (Control IgG2a, manufactured by Sigma-Aldrich  Co. 

LLC), PG4D1 antibody, PG4D2 antibody, or MS-1 antib ody 

was administered at a dose of 10 µg/mouse from the mouse 

tail veins.  On the next day, the CHO/Aggrus-WT cel ls 

were recovered from a culture vessel, washed with P BS, 

then adjusted to a cell density of 2.5 × 10 6 cells/ml, 

and intravenously transplanted at 100 µL/mouse.  19 days 

later, their lungs were harvested and analyzed.  As  shown 

in Figure 14A, photographs were taken after stainin g 
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using picric acid to visualize the metastatic foci.   In 

addition, the number of metastatic foci on the lung  

surface was counted (Figure 14B).  The lung metasta sis of 

the CHO/Aggrus-WT cells was confirmed to be signifi cantly 

inhibited (**, P < 0.01) by the administration of P G4D1 

antibody or PG4D2 antibody on the day before tumor 

inoculation, as with MS-1 antibody, as compared wit h each 

isotype matched control antibody administration gro up. 

[0110] 

 Thus, the PG4D1 antibody and the PG4D2 antibody we re 

found to not only have activity of neutralizing Agg rus-

dependent platelet aggregation but strongly inhibit  

Aggrus-dependent hematogenous metastasis.  It has b een 

reported that platelet aggregation is involved in t he 

metastatic niche formation (formation of metastatic  

microenvironments) of cancer cells.  From this, PG4 D1 

antibody and PG4D2 antibody are considered to be 

effective for inhibiting niche formation associated  with 

metastasis.  Furthermore, the involvement of platel et in 

tumor growth in primary foci has also been shown.  

Therefore, it is also suggested that PG4D1 antibody  and 

PG4D2 antibody exert a metastasis inhibitory effect  by 

inhibiting the growth of metastatic cancer in a 

metastatic organ. 

 

Example 13 

[0111] 
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 Demonstration of effect of inhibiting lung 

metastasis of LC-SCC-015 cell by PG4D2 antibody 

recognizing PLAG4 domain 

 The human lung squamous cell carcinoma cell line L C-

SCC-015 established by the present inventors were 

transplanted to 5-week-old male CB-17 SCID mice 

(purchased from Charles River Laboratories Japan, I nc.) 

(3 mice per group).  Specifically, one day before 

transplantation of the LC-SCC-015 cells (tumor cell s), 

control mouse IgG2a (Mouse IgG2a, manufactured by S igma-

Aldrich Co. LLC) or PG4D2 antibody was intravenousl y 

administered at a dose of 30 µg/mouse.  On the next day, 

the LC-SCC-015 cells were recovered from a culture vessel, 

washed with PBS, then adjusted to a cell density of  2.5 × 

106 cells/ml, and transplanted at 100 µL/mouse from the 

tail veins.  31 days later, their lungs were harves ted 

and stained using picric acid to visualize the meta static 

foci, and the number of metastatic foci on the lung  

surface was then counted (Figure 15).  Lung metasta sis 

was confirmed to be significantly inhibited (*, P <  0.05) 

by the administration of PG4D2 antibody on the day before 

tumor inoculation, even when compared with the cont rol 

mouse IgG2a antibody administration group. 

[0112] 

 Not only did the PG4D2 antibody have activity of 

neutralizing Aggrus-dependent platelet aggregation,  but 

the involvement of Aggrus-dependent platelet aggreg ation 
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in hematogenous lung metastasis was also confirmed for 

the lung metastasis of the established human lung 

squamous cell carcinoma cell line LC-SCC-015.  The PG4D2 

antibody was found to inhibit the lung metastasis o f the 

LC-SCC-015 cells by strongly inhibiting Aggrus-depe ndent 

hematogenous metastasis. 

[0113] 

 It has been reported that platelet aggregation is 

involved in the metastatic niche formation (formati on of 

metastatic microenvironments) of cancer cells.  Fro m this, 

the PG4D2 antibody is considered to be also effecti ve for 

inhibiting niche formation associated with metastas is.  

Furthermore, the involvement of platelet in tumor g rowth 

in primary foci has also been shown.  Therefore, it  is 

also suggested that the PG4D2 antibody exerts a 

metastasis inhibitory effect by inhibiting the grow th of 

metastatic cancer in a metastatic organ. 

 

Example 14 

[0114] 

 Examination of effect of inhibiting PC-10 tumor 

growth by PG4D2 antibody recognizing PLAG4 domain 

 A human lung squamous cell carcinoma cell line PC- 10 

was subcutaneously transplanted into 5-week-old mal e NOD 

SCID mice (NOD.CB17- Prkdcscid/J; purchased from Charles 

River Laboratories Japan, Inc.) (4 or 5 mice per gr oup).  

When tumor volumes reached approximately 80 mm 3 11 days 
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after the PC-10 cell transplantation, the mice were  

grouped such that the tumor volumes were almost equ alized 

among the groups.  Then, control mouse IgG2a (Contr ol 

IgG2a, manufactured by Sigma-Aldrich Co. LLC) at a dose 

of 200 µg/mouse (n = 5), PG4D2 antibody at a dose of 100 

µg/mouse (n = 4), MS-1 antibody at a dose of 100 µg/mouse 

(n = 5), or the combination of PG4D2 antibody and M S-1 

antibody at a total dose of 200 µg (100 µg each)/mouse (n 

= 4) was intravenously administered.  When the star t day 

of antibody administration was defined as 0 days, t he 

same amount as above of the antibody was administer ed 3, 

7, 10, 14, 17, 21, and 24 days later. 

[0115] 

 As shown in Figure 16, tumor growth was inhibited in 

the PG4D2 antibody or MS-1 antibody administration group 

compared with the control mouse antibody administra tion 

group.  The same tendency was obtained in the case of 

combo treatment with PG4D2 antibody and MS-1 antibo dy.  

Slight enhancement in tumor inhibitory effect was 

observed in the combined use.  Although the complet e 

regression of tumor was observed in one mouse each of the 

PG4D2 antibody administration groups (the group giv en 

PG4D2 antibody alone and the group given PG4D2 anti body 

and MS-1 antibody in combination), these mice were 

excluded from the calculation of average tumor volu mes in 

consideration of the possibility of the specificity  of 

PC-10 cells or difference among mouse individuals.  
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However, because the tumor regression was observed only 

in the PG4D2 antibody administration groups, there is a 

possibility that PG4D2 antibody has a strong antitu mor 

effect different from that of MS-1 antibody. 

[0116] 

 In this study, NOD SCID mice, which are severe 

combined immunodeficient mice, were used.  The nude  mice 

used in Example 12 or the SCID mice used in Example  13 

are mice deficient in T cells and B cells, whereas the 

NOD SCID mice are not only deficient in T cells and  B 

cells but have reduced NK activity.  Thus, the anti tumor 

effects of the Aggrus-neutralizing antibodies obser ved in 

the experiment of Example 14 using the NOD SCID mic e are 

considered to depend on neither the ADCC activity n or CDC 

activity of the antibodies.  It was suggested that the 

antibodies recognizing the PLAG3 or PLAG4 domain, u sed 

here, neutralize the platelet aggregation-inducting  

activity of Aggrus and thereby inhibit the release of 

various growth factors from platelet, consequently 

causing the inhibition of growth.  Accordingly, it was 

suggested that PG4D2 antibody inhibits tumor growth  in 

primary foci by indirectly exhausting growth factor s, not 

by directly killing PC-10 cells.  Therefore, the an tibody 

recognizing the PLAG4 domain was found to not only 

inhibit hematogenous metastasis as shown in Example s 12 

and 13 but inhibit tumor growth in primary foci. 
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Example 15 

[0117] 

 Study on Aggrus-neutralizing activity of human-mou se 

chimeric PG4D2 antibody 

 A gene encoding the antigen recognition site of th e 

PG4D2 antibody was cloned and linked to a gene enco ding 

the Fc site of human IgG4 to prepare an IgG4-type h uman-

mouse chimeric PG4D2 antibody (Ch.PG4D2-IgG4SP).  A lso, 

the cloned gene was linked to a gene encoding the F c site 

of human IgG1 to prepare an IgG1-type human-mouse 

chimeric PG4D2 antibody (Ch.PG4D2-IgG1). 

[0118] 

 Figure 17A shows results of examining the reactivi ty 

of each antibody recognizing Aggrus in the same way  as in 

Example 2 using CHO/Aggrus-WT cells.  The left pane l 

shows results of reacting the CHO/Aggrus-WT cells w ith 

the non-chimeric mouse antibody PG4D2 antibody at t he 

concentrations shown in the drawing, and washing th e 

cells with PBS, followed by reaction with Alexa 488 -

labeled anti-mouse IgG (anti-mouse IgG-Alexa488) as  a 

secondary antibody.  The middle panel shows results  of 

reacting the CHO/Aggrus-WT cells with the IgG4-type  

human-mouse chimeric PG4D2 antibody (Ch.PG4D2-IgG4S P) at 

the concentrations shown in the drawing, and washin g the 

cells with PBS, followed by reaction with Alexa 488 -

labeled anti-human IgG (anti-human IgG-Alexa488) as  a 

secondary antibody.  The right panel shows results of 
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reacting the CHO/Aggrus-WT cells with the IgG1-type  

human-mouse chimeric PG4D2 antibody (Ch.PG4D2-IgG1)  at 

the concentrations shown in the drawing, and washin g the 

cells with PBS, followed by reaction with Alexa 488 -

labeled anti-human IgG as a secondary antibody.  Th e 

chimeric antibodies Ch.PG4D2-IgG4SP and Ch.PG4D2-Ig G1 

were confirmed to exhibit reactivity with Aggrus. 

[0119] 

 Figure 17B shows results of analyzing the inhibiti on 

of the binding of Aggrus to CLEC-2 by FACS in the s ame 

way as in Example 10.  The assay was conducted usin g the 

non-chimeric mouse antibody PG4D2 antibody (upper p anel 

of Figure 17B), the IgG4-type human-mouse chimeric PG4D2 

antibody (Ch.PG4D2-IgG4SP) (lower left panel of Fig ure 

17B), and the IgG1-type human-mouse chimeric PG4D2 

antibody (Ch.PG4D2-IgG1) (lower right panel of Figu re 

17B).  In each assay, an antibody of the same speci es and 

subclass was used as a control antibody.  Specifica lly, 

Control mouse IgG2a (manufactured by Sigma-Aldrich Co. 

LLC), Control human IgG4 (manufactured by Sigma-Ald rich 

Co. LLC), and Control human IgG1 (manufactured by S igma-

Aldrich Co. LLC) were used. 

[0120] 

 As a result, the IgG4-type human-mouse chimeric 

PG4D2 antibody (Ch.PG4D2-IgG4SP) exhibited Aggrus-

neutralizing activity almost equivalent to the orig inal 

non-chimeric mouse antibody, PG4D2 antibody, wherea s the 
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IgG1-type human-mouse chimeric PG4D2 antibody (Ch.P G4D2-

IgG1) had weaker Aggrus-neutralizing activity.  The refore, 

although the necessary amount of the antibody Ch.PG 4D2-

IgG1 for inhibiting the binding to CLEC-2 was large r than 

that of the original PG4D2 antibody, 60 µg/mL of 

Ch.PG4D2-IgG1 was sufficient for reaction to inhibi t the 

binding of Aggrus to rCLEC-2. 

 

Example 16 

[0121] 

 Immunostaining using osteosarcoma tissue section a nd 

using PG4D1 antibody and PG4D2 antibody 

 Bone and cartilage malignant tumor tissue microarr ay, 

containing 4 cases of malignant tumor (2 each of 

chondrosarcoma, osteosarcoma and Ewing's sarcoma), 

quadruple cores per case (product No. T264a) was 

purchased from US Biomax, Inc., and HE staining was  

performed according to a routine method (Figure 18A ). 

[0122] 

 In this tissue array, four sections per case of tw o 

each of chondrosarcoma, osteosarcoma, and Ewing's s arcoma 

tissue samples, and pheochromocytoma as a tissue ma rker 

are located, and protein expression in tumor tissue s of 

patients differing in disease stage can be analyzed  by 

immunostaining.  Two osteosarcoma cases mounted on this 

slide were used to study the ability of D2-40, PG4D 1, and 

PG4D2 to recognize osteosarcoma by immunostaining. 
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[0123] 

 The immunostaining was performed by the following 

method using a D2-40 monoclonal antibody (Dako; pro duct 

No. M3619, Anti-podoplanin mouse monoclonal antibod y), 

PG4D1 antibody (5 mg/ml), or PG4D2 antibody (5 mg/m l) as 

a primary antibody.  Specifically, the slide was 

deparaffinized, then washed with water, dipped in 0 .3% 

hydrogen peroxide water/methanol at room temperatur e for 

10 minutes, and washed with PBS for 5 minutes three  

repetitive times.  Then, the slide was dipped in Bl ocking 

One P (manufactured by Nacalai Tesque, Inc., #05999 -84) 

at room temperature for 15 minutes and then washed with 

PBS for 5 minutes.  In the case of using D2-40 anti body 

as a primary antibody, this antibody was then dilut ed 

1/100 with PBS and incubated at 4 °C for 16 hours.  In the 

case of using PG4D1 or PG4D2 antibody as a primary 

antibody, this antibody was diluted 1/1000 with PBS  

(final antibody concentration: 5 µg/ml) and incubated at 

4°C for 16 hours.  For D2-40 antibody, it was difficu lt 

to calculate its amount on a gram scale because a c ulture 

supernatant was used.  Therefore, as given below, 

antibody concentrations were selected for staining such 

that the degree of staining of a control tissue was  

equivalent among all the antibodies.  After washing  with 

PBS for 5 minutes three repetitive times, One-Step 

Polymer-HRP (manufactured by BioGenex Laboratories,  Inc., 

#HK595-50K) was reacted therewith as a secondary an tibody 
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at room temperature for 15 minutes.  After washing with 

PBS for 5 minutes three repetitive times, color was  

developed for 5 minutes using DAB (trade name: Supe r 

Sensitive DAB (Ready to use), manufactured by BioGe nex 

Laboratories, Inc., #HK542-XAK).  After washing wit h 

water, the nuclei were counterstained by dipping in  a 

Mayer's hematoxylin solution (manufactured by Muto Pure 

Chemicals Co., Ltd., #3000-2) for 1 minute, followe d by 

washing with water, dehydration, clearing, and moun ting 

according to routine methods. 

[0124] 

 As mentioned above, the tumor tissues of two 

osteosarcoma cases are mounted on the T264a slide s erving 

as a tissue array.  The tumor tissues of A3 and A6 shown 

in Figure 18A are derived from the first osteosarco ma 

case (10-year-old male), and the tumor tissues of B 1 and 

B4 are derived from the second osteosarcoma case (2 1-

year-old female).  As shown in Figure 18B, under 

comparison conditions where the degree of staining of the 

control tumor tissue (pheochromocytoma) positioned at D7 

was almost equal among the antibodies, the degree o f 

immunostaining using PG4D1 antibody or PG4D2 antibo dy was 

larger than the degree of staining with D2-40 antib ody, 

demonstrating that PG4D1 antibody and PG4D2 antibod y have 

the higher ability to recognize osteosarcoma than t hat of 

D2-40 antibody.  This suggests that these antibodie s are 
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useful as drugs inhibiting the growth or metastasis  of at 

least osteosarcoma. 

[0125] 

 Aggrus expression can be confirmed at the mRNA lev el, 

but may not be detected using an antibody.  Thus, t here 

have been concerns about the limited therapeutic 

application of antibodies against Aggrus.  For exam ple, 

the present inventors showed that PG4D1 antibody an d 

PG4D2 antibody recognize the human bladder squamous  cell 

carcinoma cell line UM-UC-5 cells or the human 

fibrosarcoma cell line HT1080 cells, which cannot b e 

recognized by MS-1 antibody (Figure 7C).  Although the 

mechanism under which Aggrus may or may not be reco gnized 

depending on the type of cancer is unknown, it is 

considered that PG4D1 antibody and PG4D2 antibody c an be 

applied to the treatment of at least osteosarcoma s hown 

here as well as bladder squamous cell carcinoma, 

fibrosarcoma, and lung squamous cell carcinoma for which 

the binding was proved in the experimental systems using 

cell lines. 

[0126] 

 As described above, an anti-Aggrus antibody bindin g 

to the region represented by SEQ ID NO: 1 inhibits the 

binding of Aggrus to CLEC-2 and thereby inhibits pl atelet 

aggregation and inhibits cancer progression or meta stasis.  

Furthermore, a drug inhibiting the binding to CLEC- 2 can 
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be screened for by using the binding of this region  to 

CLEC-2 as an index. 
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Claims 

 

[Claim 1] 

 A monoclonal antibody binding to a region of Aggru s 

consisting of a sequence of at least 5 residues of the 

amino acid sequence represented by SEQ ID NO: 1 

(GIRIEDLPT), or a fragment consisting of a function al 

fragment thereof. 

[Claim 2] 

 The monoclonal antibody or the fragment consisting  

of a functional fragment thereof according to claim  1, 

wherein the monoclonal antibody is produced by a 

hybridoma of deposition No. NITE P-02070 (PG4D1) or  NITE 

P-02071 (PG4D2). 

[Claim 3] 

 The monoclonal antibody or the fragment consisting  

of a functional fragment thereof according to claim  1, 

wherein the monoclonal antibody is chimeric or huma nized. 

[Claim 4] 

 A hybridoma of deposition No. NITE P-02070 or NITE  

P-02071. 

[Claim 5] 

 An Aggrus-CLEC-2 binding inhibitor comprising a 

monoclonal antibody or a fragment consisting of a 

functional fragment thereof according to any one of  

claims 1 to 3. 

[Claim 6] 
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 The Aggrus-CLEC-2 binding inhibitor according to 

claim 5, further comprising at least one monoclonal  

antibody recognizing an epitope present in the regi on 

represented by SEQ ID NO: 2 (GAEDDVVTPGTSEDRYK), ch imeric 

antibody thereof, humanized antibody thereof, and/o r 

fragment consisting of a functional fragment thereo f. 

[Claim 7] 

 The Aggrus-CLEC-2 binding inhibitor according to 

claim 6, wherein the monoclonal antibody recognizin g the 

epitope present in the region of SEQ ID NO: 2 is P2 -0, 

MS-1, MS-3, and/or MS-4. 

[Claim 8] 

 A pharmaceutical composition for inhibition of 

platelet aggregation, inhibition of thrombus format ion, 

inhibition of cancer progression or metastasis, or anti-

inflammation, comprising a monoclonal antibody or a  

fragment consisting of a functional fragment thereo f 

according to any one of claims 1 to 3. 

[Claim 9] 

 The pharmaceutical composition according to claim 8, 

further comprising at least one monoclonal antibody  

recognizing an epitope present in the region repres ented 

by SEQ ID NO: 2 (GAEDDVVTPGTSEDRYK), chimeric antib ody 

thereof, humanized antibody thereof, and/or fragmen t 

consisting of a functional fragment thereof. 

[Claim 10] 
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 The pharmaceutical composition according to claim 9, 

wherein the monoclonal antibody recognizing the epi tope 

present in the region of SEQ ID NO: 2 is P2-0, MS-1 , MS-3, 

and/or MS-4. 

[Claim 11] 

 A testing reagent for detection of Aggrus expressi on, 

comprising a monoclonal antibody or a fragment cons isting 

of a functional fragment thereof according to any o ne of 

claims 1 to 3. 

[Claim 12] 

 A region of Aggrus overlapping with a PLAG4 domain  

necessary for the binding to CLEC-2, wherein 

 the region is represented by SEQ ID NO: 1 

(GIRIEDLPT). 

[Claim 13] 

 The region of Aggrus overlapping with a PLAG4 doma in 

necessary for the binding to CLEC-2 according to cl aim 12, 

wherein 

 the amino acid sequence consists of the amino acid  

sequence represented by SEQ ID NO: 3 (RIEDL). 

[Claim 14] 

 An Aggrus-CLEC-2 binding inhibitor consisting of a  

peptide comprising a region according to claim 12 o r 13. 

[Claim 15] 

 A pharmaceutical composition for inhibition of 

platelet aggregation, inhibition of thrombus format ion, 

inhibition of cancer progression or metastasis, or anti-
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inflammation, comprising a peptide comprising a reg ion 

according to claim 12 or 13 as an active ingredient . 

[Claim 16] 

 A method for screening for an inhibitor of the 

binding between CLEC-2 and Aggrus, comprising 

 using, as an index, binding to an Aggrus epitope 

consisting of a sequence of at least 5 residues of the 

amino acid sequence represented by SEQ ID NO: 1 

(GIRIEDLPT). 

[Claim 17] 

 The screening method according to claim 16, wherei n 

binding to the amino acid sequence represented by S EQ ID 

NO: 3 (RIEDL) is used as an index. 

[Claim 18] 

 A method for screening for an inhibitor of the 

binding between CLEC-2 and Aggrus, comprising 

 using, as an index, binding to the amino acid 

sequence represented by SEQ ID NO: 4 (EDXXTS). 

  


