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TITLE OF THE INVENTION 

ANTI-PODOPLANIN ANTIBODY 

 

TECHNICAL FIELD 

[0001] The present invention relates to an anti-

podoplanin antibody, particularly a humanized or mouse-

human chimeric anti-podoplanin antibody or an antibody 

fragment containing the antigen-binding region thereof. 

 

BACKGROUND ART 

[0002] It is reported that platelets aggregate and 

coat the cell membrane of cancer cells to enhance 

resistance to blood flow-induced shear stress and to 

promote evasion from immune cell attack, which results 

in increased survival of metastatic cancer cells, and 

that platelet aggregation facilitates tumor mass 

formation and embolization, and, moreover, promotes 

formation of metastatic lesions by mechanisms involving, 

for example, promotion of tumor proliferation, 

epithelial-mesenchymal transition (EMT), and 

angiogenesis (Non-Patent Documents 1 and 2). 

 Meanwhile, podoplanin has been identified on 

cancer cells as a protein that induces platelet 

aggregation, and is reported to bind to CLEC-2, a 

receptor on platelets, through its PLAG domains, 

preferably PLAG4 domain (Non-Patent Documents 1 to 4). 

 Podoplanin is also reported to be highly expressed 
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in cancers, such as mesothelioma, brain tumor, testis 

tumor, Kaposi’s sarcoma, lymphangioma, cavernous 

hemangioma, angiosarcoma, lung squamous cell carcinoma, 

ovarian dysgerminoma, glioma, germ cell tumor, head and 

neck cancer, lung cancer, bladder cancer, bone and soft 

tissue sarcoma (primary bone tumor (osteosarcoma, 

chondrosarcoma), soft tissue sarcoma), and esophagus 

cancer, and to enhance the invasive and metastatic 

capabilities of cancer cells (Non-Patent Documents 5 to 

17). 

 Accordingly, it has been suggested that inhibition 

of the binding between podoplanin on cancer cells and 

CLEC-2 on platelets results in reduced tumor mass 

formation and embolization, and, moreover, suppressed 

formation of metastatic lesions due to reduced tumor 

proliferation, epithelial-mesenchymal transition (EMT), 

and angiogenesis, which can lead to prevention of 

cancer-associated thrombosis (Non-Patent Documents 1 

and 4).  Since it is reported that podoplanin 

expression is elevated in the vein wall during venous 

thrombosis and thrombosis causes inflammation, 

prevention of thrombosis can be expected to prevent 

inflammation (Non-Patent Documents 4 and 18) and, 

moreover, to suppress infiltration and metastasis of 

the above-described cancers. 

[0003] Under such conditions, novel therapeutic 

agents that inhibit the binding between podoplanin on 
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cancer cells and CLEC-2 on platelets are being 

developed.  As one of the therapeutic agents, the 

antibody PG4D2 (of IgG2a subclass), which is an anti-

human podoplanin antibody targeted for the PLAG4 domain, 

has been established (Non-Patent Document 1, Patent 

Document 1).  It has also been observed that the 

antibody has very high avidity, as indicated by an 

equilibrium dissociation constant (KD) of 0.3 nM or 

less, and also has an activity to reduce frequencies of 

podoplanin-positive, tumor cell-dependent, platelet 

aggregation and metastasis. 

 However, the antibody PG4D2 is a mouse antibody 

obtained from an immunized mouse, and neither humanized 

antibody nor mouse-human chimeric antibody against 

podoplanin has been established.  Any mouse antibody 

has a relatively short in vivo half-life in human 

bodies.  Moreover, any mouse antibody is highly 

immunogenic in human subjects and thus has a limited 

therapeutic value for human subjects.  It is concerned 

that long-term or repeated administration of the mouse 

antibody causes an immune response, which may increase 

the risk of adverse allergic reaction in patients.  

Hence, there is a need for a humanized or mouse-human 

chimeric antibody in the technical field of interest. 

 

PRIOR ART DOCUMENT 

Patent Document 
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SUMMARY OF INVENTION 

Problems to be Solved by the Invention 

[0006] The object of the present invention is to 

provide a humanized or mouse-human chimeric anti-

podoplanin antibody or an antibody fragment containing 

the antigen-binding region thereof. 

Means for Solving the Problem 

[0007] The present inventors studied hard and 

consequently found that the above-described object is 

achieved by using predetermined sequences for 

humanization or mouse-human chimerization of the mouse 
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antibody PG4D2, and completed the present invention. 

 The present invention is as follows. 

[0008] The present invention is an isolated 

humanized or mouse-human chimeric anti-podoplanin 

antibody which comprises the following amino acid 

sequences, or an antibody fragment containing the 

antigen-binding region thereof, 

 provided that the amino acid sequences of the 

heavy-chain CDRs 1 to 3 and the light-chain CDRs 1 to 3 

optionally have a sequence identity of not less than 

90% to the amino acid sequences represented by SEQ ID 

NOs: 1 to 6 below, respectively; 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

and 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6. 

[0009] In a preferred aspect of the anti-podoplanin 
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antibody or antibody fragment containing the antigen-

binding region thereof, the anti-podoplanin antibody is 

a humanized antibody which comprises a variable region 

comprising the amino acid sequence (I) or (II) below, 

 provided that the amino acid sequences of the 

heavy-chain FRs 1 to 4 and the light-chain FRs 1 to 4 

in the following amino acid sequence (I) optionally 

have a sequence identity of not less than 90% to the 

amino acid sequences represented by SEQ ID NOs: 7 to 14 

below, respectively, and 

 the amino acid sequences of the heavy-chain FRs 1 

to 4 and the light-chain FRs 1 to 4 in the following 

amino acid sequence (II) optionally have a sequence 

identity of not less than 90% to the amino acid 

sequences represented by SEQ ID NOs: 7, 15, 16, 10 to 

14 below, respectively; 

 wherein, in the amino acid sequence (I), the amino 

acid sequence of the heavy-chain CDR1 is the amino acid 

sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 
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 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 8, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 9, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 14; 

and 

 wherein, in the amino acid sequence (II), the 

amino acid sequence of the heavy-chain CDR1 is the 

amino acid sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 



 

9 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 15, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 16, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 14. 

[0010] In a preferred aspect of the anti-podoplanin 

antibody or antibody fragment containing the antigen-

binding region thereof, the anti-podoplanin antibody is 

a mouse-human chimeric antibody which comprises 
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variable regions comprising the following amino acid 

sequences, 

 provided that the amino acid sequences of the 

heavy-chain FRs 1 to 4 and the light-chain FRs 1 to 4 

optionally have a sequence identity of not less than 

90% to the amino acid sequences represented by SEQ ID 

NO: 17 to 24 below, respectively, 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 17, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 18, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 19, 

 the amino acid sequence of the heavy-chain FR4 is 
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the amino acid sequence represented by SEQ ID NO: 20, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 21, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 22, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 23, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 24. 

[0011] In a preferred aspect of the anti-podoplanin 

antibody or antibody fragment containing the antigen-

binding region thereof, the anti-podoplanin antibody 

comprises a constant region of a human antibody of the 

IgG class. 

[0012] Additionally, the present invention provides 

an agent for inhibiting the binding between podoplanin 

and CLEC-2 which comprises the anti-podoplanin antibody 

or antibody fragment containing the antigen-binding 

region thereof. 

[0013] Additionally, the present invention provides 

a pharmaceutical composition which comprises the anti-

podoplanin antibody or antibody fragment containing the 

antigen-binding region thereof. 

 In a preferred aspect, the pharmaceutical 

composition is for reducing the proliferation or 

metastasis of a cancer cell. 



 

12 

 In a preferred aspect, the pharmaceutical 

composition is also for inhibiting platelet aggregation, 

thrombosis, or inflammation. 

 Also in a preferred aspect of the pharmaceutical 

composition, the cancer cell is a podoplanin-positive 

tumor cell. 

[0014] Additionally, the present invention provides 

a DNA segment(s) encoding the protein moiety(ies) of 

the anti-podoplanin antibody or antibody fragment 

containing the antigen-binding region thereof. 

 Additionally, the present invention provides a 

recombinant vector comprising the DNA segment(s). 

 Additionally, the present invention provides a 

host cell comprising the DNA segment(s) or the 

recombinant vector. 

 

ADVANTAGEOUS EFFECT OF INVENTION 

[0015] By the present invention, a humanized or 

mouse-human chimeric anti-podoplanin antibody or an 

antibody fragment containing the antigen-binding region 

thereof can be provided.  The anti-podoplanin antibody 

or antibody fragment containing the antigen-binding 

region thereof acts to inhibit the binding between 

podoplanin on cancer cells and CLEC-2 on platelets and 

is therefore useful as, for example, a pharmaceutical 

composition intended for reducing the proliferation or 

metastasis of cancer cells and/or for inhibiting 
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platelet aggregation, thrombosis, or inflammation. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] Fig. 1 shows the inhibitory effect of the 

mouse antibody PG4D2 on in vitro platelet aggregation 

in an example of the present invention. 

Fig. 2 shows the inhibitory effect of the 

humanized antibody K4 on in vitro platelet aggregation 

in an example of the present invention. 

Fig. 3 shows the inhibitory effect of the 

humanized antibody K5 on in vitro platelet aggregation 

in an example of the present invention. 

Fig. 4 shows the inhibitory effect of either the 

humanized antibody K4 or K5 on hematogenous metastasis 

to lung in an example of the present invention. 

Fig. 5 shows the anti-tumor effect of either the 

humanized antibody K4 or K5 in an example of the 

present invention. 

 

DETAILED DESCRIPTION OF INVENTION 

[0017] Now, the present invention will be described 

in detail below. 

 In this specification, the amino acid sequences of 

the antibodies are in accordance with the Kabat 

definition. 

[0018] The present invention is an isolated 

humanized (including a fully human antibody) or mouse-
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human chimeric anti-podoplanin antibody which comprises 

the following amino acid sequences, or an antibody 

fragment containing the antigen-binding region thereof, 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

and 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6. 

[0019] The amino acid sequences of the heavy-chain 

CDRs 1 to 3 and the light-chain CDRs 1 to 3 may have a 

sequence identity of not less than 90%, preferably not 

less than 95%, to the amino acid sequences represented 

by SEQ ID NOs: 1 to 6, respectively. 

 That is, the amino acid sequences of the heavy-

chain CDRs 1 to 3 and the light-chain CDRs 1 to 3 may 

have a sequence identity of not less than 90%, 

preferably not less than 95%, to the amino acid 

sequences represented by SEQ ID NOs: 1 to 6, 
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respectively, provided that the antigen-binding 

activity of an anti-podoplanin antibody comprising 

those CDRs or an antibody fragment containing the 

antigen-binding region thereof is substantially the 

same as that of the above anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof. 

 Additionally, the amino acid sequences of the 

heavy-chain CDRs 1 to 3 and the light-chain CDRs 1 to 3 

may have a sequence identity of not less than 90%, 

preferably not less than 95%, to the amino acid 

sequences represented by SEQ ID NOs: 1 to 6, 

respectively, provided that an anti-podoplanin antibody 

comprising those CDRs or an antibody fragment 

containing the antigen-binding region thereof has an 

activity to inhibit the binding of podoplanin to CLEC-2 

on platelets. 

 An amino acid sequence that matches with a 

predetermined amino acid sequence at a specified 

identity level refers to an amino acid sequence 

comprising one or more amino acid substitutions, 

deletions, insertions, and/or additions that occur at 

positions in the predetermined amino acid sequence. 

[0020] The substitution is preferably a conservative 

substitution.  The “conservative substitution” refers 

to substituting an amino acid residue with another 

chemically similar amino acid residue in such a manner 
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that the activity of the original peptide is not 

substantially changed.  Examples of the conservative 

substitution include substituting a hydrophobic residue 

with another hydrophobic residue, substituting a polar 

residue with another polar residue of similar charge, 

and the like.  Functionally similar and mutually 

substitutable amino acids include the following 

examples.  Non-polar (hydrophobic) amino acids include, 

for example, alanine, valine, isoleucine, leucine, 

proline, tryptophan, phenylalanine, and methionine; 

polar (neutral) amino acids include, for example, 

glycine, serine, threonine, tyrosine, glutamine, 

asparagine, and cysteine; positively charged (basic) 

amino acids include, for example, arginine, histidine, 

and lysine; additionally, negatively charged (acidic) 

amino acids include, for example, aspartic acid and 

glutamic acid. 

[0021] The term “isolated” in the present invention 

means that a material is removed from an organism.  For 

example, an antibody that has been produced in an 

individual and still exists in the individual is not 

encompassed by the term. 

[0022] The “humanized antibody” of the present 

invention comprises variable regions, each comprising 

complementarity-determining regions derived from the 

known mouse antibody PG4D2 and framework regions 

derived from a human antibody, and constant regions 
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derived from a human antibody.  The human antibody is 

not limited by a particular subtype as long as the 

effects of the present invention are achieved, but the 

subclass is preferably IgG, more preferably IgG4.  The 

constant regions have, for example, the amino acid 

sequences of the constant regions of the antibody of 

the IgG4 subclass, which include the amino acid 

sequence represented by SEQ ID NO: 25 as the amino acid 

sequence of the heavy-chain constant region and the 

amino acid sequence represented by SEQ ID NO: 26 as the 

amino acid sequence of the light-chain constant region.  

Additionally, the “humanized antibody” of the present 

invention may be a “fully human antibody.” 

[0023] The “mouse-human chimeric antibody” of the 

present invention comprises variable regions derived 

from the known mouse antibody PG4D2 and constant 

regions derived from a human antibody.  The human 

antibody is not limited by a particular subtype as long 

as the effects of the present invention are achieved, 

but the subclass is preferably IgG, more preferably 

IgG4.  The constant regions have, for example, the 

amino acid sequences of the constant regions of the 

antibody of the IgG4 subclass, which include the amino 

acid sequence represented by SEQ ID NO: 25 as the amino 

acid sequence of the heavy-chain constant region and 

the amino acid sequence represented by SEQ ID NO: 26 as 

the amino acid sequence of the light-chain constant 
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region, as described above. 

[0024] The phrase “an antibody fragment containing 

an antigen-binding region” in the present invention 

refers to a protein containing a portion of the 

antibody and being capable of binding to the antigen 

thereof.  Examples of such an antibody fragment include 

a F(ab’)2, a Fab’, a Fab, a Fv (variable fragment of 

antibody), a disulfide-linked Fv, single-chain antibody 

(scFv), and a combination of these polymers.  The 

antibody fragment may be conjugated with a functional 

molecule(s), such as a non-peptide polymer such as 

polyethylene glycol (PEG), a radioactive substance, a 

toxin, a small molecular compound, a cytokine, a growth 

factor, albumin, an enzyme, and/or another antibody, by 

chemical or genetic engineering approaches. 

[0025] The anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

is preferably a humanized antibody as long as the 

effects of the present invention are achieved, in which 

either of the variable regions preferably comprises the 

amino acid sequence (I) or (II) below, 

 wherein, in the amino acid sequence (I), the amino 

acid sequence of the heavy-chain CDR1 is the amino acid 

sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 
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the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 8, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 9, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 14; 

and 

 wherein, in the amino acid sequence (II), the 

amino acid sequence of the heavy-chain CDR1 is the 
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amino acid sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 15, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 16, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 
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the amino acid sequence represented by SEQ ID NO: 14. 

[0026] In the amino acid sequence (I), the amino 

acid sequences of the heavy-chain FRs 1 to 4 and the 

light-chain FRs 1 to 4 may have a sequence identity of 

not less than 90%, preferably not less than 95%, to the 

amino acid sequences represented by SEQ ID NOs: 7 to 14, 

respectively; in the amino acid sequence (II), the 

amino acid sequences of the heavy-chain FRs 1 to 4 and 

the light-chain FRs 1 to 4 may have a sequence identity 

of not less than 90%, preferably not less than 95%, to 

the amino acid sequences represented by SEQ ID NOs: 7, 

15, 16, 10 to 14, respectively.  The details are 

described above. 

[0027] Additionally, the anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof is also preferably a mouse-human chimeric 

antibody, as described above, as long as the effects of 

the present invention are achieved, in which the 

variable regions preferably comprise the following 

amino acid sequences, 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 
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 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 17, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 18, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 19, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 20, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 21, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 22, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 23, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 24. 

[0028] The amino acid sequences of the heavy-chain 

FRs 1 to 4 and the light-chain FRs 1 to 4 may have a 

sequence identity of not less than 90%, preferably not 

less than 95%, to the amino acid sequences represented 
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by SEQ ID NOs: 17 to 24, respectively.  The details are 

described above. 

[0029] An anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

according to the present invention can be produced 

based on the amino acid sequences, which collectively 

encode the structure of the anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof, by using any known genetic engineering 

technique. 

 Additionally, the production process may comprise 

the step of recovering an obtained anti-podoplanin 

antibody or an obtained antibody fragment containing 

the antigen-binding region thereof.  The recovery step 

may be a purification step, a concentration step, or 

the like.  In the purification step, any known 

purification technique may be used. The purification 

technique may be used to purify an anti-podoplanin 

antibody or antibody fragment containing the antigen-

binding region thereof according to the present 

invention. 

[0030] The anti-podoplanin antibody of the present 

invention includes a multispecific antibody, a 

functionally modified antibody, and a conjugated 

antibody.  Known methods are included as the production 

methods for those antibodies. 

[0031] Another aspect of the present invention is an 
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agent for inhibiting the binding between podoplanin and 

CLEC-2 which comprises the anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof (hereinafter sometimes referred to, for example, 

as “the agent for inhibiting the binding according to 

the present aspect”). 

 In addition, the agent for inhibiting the binding 

according to the present aspect may be a composition 

for inhibiting the binding.  Additionally, the agent 

for inhibiting the binding according to the present 

aspect and the composition for inhibiting the binding 

may be mixtures, whose component compositions may be 

homogenous or heterogenous. 

[0032] The agent for inhibiting the binding 

according to the present aspect acts to inhibit the 

binding between podoplanin and CLEC-2 and thus has 

effects obtained by inhibition of the binding between 

podoplanin and CLEC-2. 

[0033] The agent for inhibiting the binding 

according to the present aspect may contain one or more 

kinds of anti-podoplanin antibodies as described above 

or antibody fragments containing the antigen-binding 

regions thereof. 

 The content of the anti-podoplanin antibody(ies) 

or the antibody fragment(s) containing the antigen-

binding region(s) thereof in the agent for inhibiting 

the binding according to the present aspect is not 
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specifically limited as long as the content is 

effective to inhibit the binding between podoplanin and 

CLEC-2, and the total content of the anti-podoplanin 

antibody(ies) or the antibody fragment(s) containing 

the antigen-binding region(s) thereof is normally not 

less than 0.5 mg/mL, preferably not less than 1 mg/mL, 

more preferably not less than 10 mg/mL, and is also 

normally not more than 500 mg/mL, preferably not more 

than 200 mg/mL, more preferably not more than 100 mg/mL. 

 Other details of the agent for inhibiting the 

binding according to the present aspect incorporate 

those described for the following “pharmaceutical 

composition which comprises the anti-podoplanin 

antibody or antibody fragment containing the antigen-

binding region thereof.” 

[0034] Still another aspect of the present invention 

is a pharmaceutical composition which comprises the 

anti-podoplanin antibody or antibody fragment 

containing the antigen-binding region thereof 

(hereinafter sometimes referred to, for example, as 

“the pharmaceutical composition according to the 

present aspect”). 

 The pharmaceutical composition according to the 

present aspect acts to inhibit the binding between 

podoplanin and CLEC-2 and thus has effects which are 

obtained by inhibition of the binding between 

podoplanin and CLEC-2.  Examples of the effects include 
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an effect to reduce proliferation or metastasis of 

cancer cells, an effect to inhibit platelet aggregation, 

an antithrombotic effect, and an anti-inflammatory 

effect.  Accordingly, the pharmaceutical composition 

according to the present aspect can be used as, for 

example, a pharmaceutical composition intended for 

reducing the proliferation or metastasis of cancer 

cells and/or for inhibiting platelet aggregation, 

thrombosis, or inflammation. 

[0035] The cancer cells are preferably podoplanin-

positive tumor cells.  Examples of the podoplanin-

positive tumor cells include mesothelioma cells, brain 

tumor cells, testis tumor cells, Kaposi’s sarcoma cells, 

lymphangioma cells, cavernous hemangioma cells, 

angiosarcoma cells, lung squamous cell carcinoma cells, 

ovarian dysgerminoma cells, glioma cells, germ cell 

tumor cells, head and neck cancer cells, lung cancer 

cells, bladder cancer cells, bone and soft tissue 

sarcoma cells (primary bone tumor (osteosarcoma, 

chondrosarcoma) cells, soft tissue sarcoma cells), and 

esophagus cancer cells. 

[0036] Accordingly, the pharmaceutical composition 

according to the present aspect can be used for 

prevention or treatment of any disease that can be 

prevented or treated by reducing proliferation or 

metastasis of cancer cells and/or inhibiting platelet 

aggregation, thrombosis, or inflammation.  The term 
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“treatment” includes the meaning of amelioration.  

Examples of the disease include mesothelioma, brain 

tumor, testis tumor, Kaposi’s sarcoma, lymphangioma, 

cavernous hemangioma, angiosarcoma, lung squamous cell 

carcinoma, ovarian dysgerminoma, glioma, germ cell 

tumor, head and neck cancer, lung cancer, bladder 

cancer, bone and soft tissue sarcoma (primary bone 

tumor (osteosarcoma, chondrosarcoma), soft tissue 

sarcoma), and esophagus cancer. 

[0037] The pharmaceutical composition according to 

the present aspect contains an anti-podoplanin 

antibody(ies) as described above or an antibody 

fragment(s) containing the antigen-binding region(s) 

thereof.  That is, the pharmaceutical composition 

according to the present aspect may contain one or more 

kinds of anti-podoplanin antibodies as described above 

or antibody fragments containing the antigen-binding 

regions thereof. 

[0038] Administration of the pharmaceutical 

composition according to the present aspect is not 

limited to a particular administration mode, and the 

pharmaceutical composition can be administered orally 

or parenterally.  Examples of parenteral administration 

include intravenous injection, intramuscular injection, 

subcutaneous administration, rectal administration, 

transdermal administration, intracerebral 

administration, intrathecal administration, and other 
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topical administrations. 

[0039] Dosage forms for oral and parenteral 

administrations, and methods for preparation of the 

dosage forms are well-known to those skilled in the art, 

under which the anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

can be combined with, for example, pharmaceutically 

acceptable carriers to produce a pharmaceutical 

composition. 

[0040] Dosage forms for parenteral administration 

include, for example, formulation for injection, 

external preparation, suppository and inhalant, eye 

drop, eye ointment, nasal drop, ear drop, and liposome 

preparation. 

 Examples of formulations for injection include 

formulations for drip injection, formulations for 

intravenous injection, formulations for intramuscular 

injection, formulations for subcutaneous injection, 

formulations for intradermal injection, formulations 

for intracerebral administration, and formulations for 

intrathecal administration. 

 Examples of external preparations include 

ointments, poultices, and lotions. 

 Especially in cases where those dosage forms are 

directly applied to central nervous tissues, the dosage 

forms can be administered by sustained infusion using a 

medical micropump device with an osmotic pump, or can 
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be mixed with, for example, fibrin glue to form a 

sustained-release formulation, which can be then 

applied to an affected tissue. 

 Among those dosage forms, a formulation for 

injection, for example, is usually prepared by 

dissolving an antibody of interest in distilled water 

for injection, to which a solubilizing agent, a 

buffering agent, a pH conditioner, a tonicity agent, a 

soothing agent, a preservative agent, a stabilizing 

agent, and the like can be added as necessary.  

Additionally, a lyophilized formulation for 

reconstitution is also feasible. 

[0041] Dosage forms for oral administration include 

solid or liquid dosage forms and specifically include, 

for example, tablet, coated tablet, pill, fine granule, 

granule, powder, capsule, syrup, emulsion, suspension, 

formulation for injection, and troche. 

[0042] The pharmaceutical composition according to 

the present aspect may further contain another 

therapeutically effective agent and also contain other 

components, such as an antimicrobial agent, an anti-

inflammatory agent, vitamins, and amino acids, as 

necessary. 

[0043] Examples of the pharmaceutically acceptable 

carriers include excipients, lubricants, binders, and 

disintegrating agents for solid formulations; or 

alternatively include solvents, solubilizing agents, 
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suspending agents, tonicity agents, buffering agents, 

and soothing agents for liquid formulations.  

Furthermore, proper amounts of commonly used additives, 

such as an antiseptic agent, an antioxidant, a coloring 

agent, a sweetening agent, an adsorbent, and a wetting 

agent, may be used appropriately as necessary. 

[0044] The dosage of the pharmaceutical composition 

according to the present aspect is determined by a 

physician based on various factors including, for 

example, administration route, the type of disease, the 

seriousness of symptoms, the age, gender, and body 

weight of the patient, the severity of the disease, 

pharmacological properties such as pharmacokinetics and 

toxicological properties, use or non-use of a drug 

delivery system, and administration as a part of a 

combination regimen with other drugs. 

[0045] The pharmaceutical composition according to 

the present aspect can be administered orally or 

parenterally.  In the case of parenteral administration, 

the pharmaceutical composition can be administered by, 

for example but not limited to, intravenous infusion, 

subcutaneous infusion, intramuscular infusion, 

peritoneal infusion, intracutaneous administration, 

topical administration, nasal administration, 

intrapulmonary administration, and rectal 

administration.  Although the dosage of the 

pharmaceutical composition is not specifically limited, 
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the dosage is normally from about 0.01 µg/kg/day to 

about 1000 mg/kg/day, preferably about 0.01 mg/kg/day 

to about 100 mg/kg/day, further preferably about 0.1 

mg/kg/day to about 20 mg/kg/day.  The pharmaceutical 

composition can be administered at a frequency of, for 

example but not limited to, every day, once a week, one 

to four times a month, or one to seven times a year. 

[0046] The pharmaceutical composition according to 

the present aspect may be administered alone or in 

combination with other pharmaceutical compositions or 

medicines, such as pharmaceutical compositions or 

medicines to prevent or treat mesothelioma, brain tumor, 

testis tumor, Kaposi’s sarcoma, lymphangioma, cavernous 

hemangioma, angiosarcoma, lung squamous cell carcinoma, 

ovarian dysgerminoma, glioma, germ cell tumor, head and 

neck cancer, lung cancer, bladder cancer, bone and soft 

tissue sarcoma (primary bone tumor (osteosarcoma, 

chondrosarcoma), soft tissue sarcoma), and esophagus 

cancer. 

[0047] Additionally, the present invention 

encompasses the following aspects. 

[1] Use of the anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof, 

for producing an agent or composition for inhibiting 

the binding between podoplanin and CLEC-2. 

[2] The anti-podoplanin antibody or antibody fragment 

containing the antigen-binding region thereof for use 
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in preventing or treating a disease that can be 

prevented or treated by inhibiting the binding between 

podoplanin and CLEC-2. 

[3] A method of preventing or treating a disease that 

can be prevented or treated by inhibiting the binding 

between podoplanin and CLEC-2, the method comprising 

administering a prophylactically or therapeutically 

effective amount of the anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof to a human subject or a patient in need thereof. 

[4] Use of the anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

for inhibiting the binding between podoplanin and CLEC-

2. 

[5] The anti-podoplanin antibody or antibody fragment 

containing the antigen-binding region thereof for use 

in inhibiting the binding between podoplanin and CLEC-2. 

[6] A method of inhibiting the binding between 

podoplanin and CLEC-2, the method comprising the step 

of administering (i) the anti-podoplanin antibody or 

antibody fragment containing the antigen-binding region 

thereof, (ii) the agent for inhibiting the binding 

between podoplanin and CLEC-2, or (iii) the composition 

for inhibiting the binding between podoplanin and CLEC-

2, to a human subject. 

[0048] Another aspect of the present invention is a 

DNA segment(s) encoding the protein moiety(ies) of the 
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anti-podoplanin antibody or antibody fragment 

containing the antigen-binding region thereof.  Those 

skilled in the art can readily design nucleotide 

sequences of the DNA segments encoding the protein 

moieties of the anti-podoplanin antibody, based on the 

amino acid sequences of the protein moieties.  Specific 

examples of the nucleotide sequences include nucleotide 

sequences (SEQ ID NOs: 27 to 52) listed in Examples. 

 Additionally, a sequence coding for a signal 

peptide and/or the Kozak sequence may be added to the 

DNA segment(s) according to the present aspect. 

 The DNA segment according to the present aspect 

can be synthesized using known genetic engineering 

techniques. 

[0049] Still another aspect of the present invention 

is a recombinant vector comprising the DNA segment(s). 

 The recombinant vector according to the present 

aspect may be based on any known vector, including 

plasmid vectors and viral vectors.  The vector is 

preferably a vector that enables gene expression in 

eukaryotic cells, more preferably a vector that enables 

gene expression in mammalian cells, though the vector 

may be a vector that enables gene expression in 

prokaryotic cells, such as Escherichia coli cells. 

[0050] Yet another aspect of the present invention 

is a host cell (transformant) comprising the DNA 

segment(s) or the recombinant vector. 
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 The host cells according to the present aspect are 

host cells can be transfected or transformed with the 

DNA segment(s) or the recombinant vector.  The host 

cells according to the present aspect may be based on 

any known cells.  The cells are preferably eukaryotic 

cells, more preferably mammalian cells, though the 

cells may be prokaryotic cells, such as Escherichia 

coli and Bacillus subtilis cells. 

[0051] Examples of the host cells include CHO cells, 

such as CHO-S cells as a CHO cell’s lineage, and 

examples of a vector that enables gene expression in 

the cells include Freedom (trademark) pCHO 1.0 (Thermo 

Fisher Scientific). 

 

EXAMPLES 

[0052] Now, the present invention will be 

specifically described by way of examples, but the 

present invention is not limited to those examples. 

[0053] <Example 1: Determination of the amino acid 

sequence of a humanized anti-podoplanin antibody> 

 In order to modify the mouse antibody PG4D2 to 

produce a humanized antibody, the CDRs and FRs of the 

heavy and light chains of the mouse antibody PG4D2 were 

determined using the antibody databases IMGT and Abysis, 

according to the Kabat numbering system.  Next, the 

IMGT database was used to select human germline (germ 

cell line, GL) FR sequences for both chains, which are 
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highly identical to the above amino acid sequences, 

from heavy-chain and light-chain FR sequences.  FR 

sequences sharing the highest amino acid identities 

with the FRs 1 to 4 were selected by using a FR 

shuffling approach to determine an optimal combination 

of FRs 1 to 4.  The complementarity-determining regions 

from the mouse antibody PG4D2 were grafted onto the 

selected human germline FRs for both of the heavy and 

light chains to design candidate sequences for the 

humanized antibody.  Furthermore, the amino acid 

sequences of two humanized antibodies K4 and K5 were 

determined according to the following criteria: whether 

or not all of specified amino acid residues are fully 

conserved; whether or not the isoelectronic points 

(pIs) of the FRs are significantly high; whether or not 

the frequencies of use of the selected GL FR sequences 

are significantly low; whether or not any chemical 

modification site is present; whether or not 

unconserved amino acid residues, which are identified 

by comparison to the mouse antibody PG4D2, have two or 

more different properties from their counterparts in 

the mouse antibody in terms of three properties: side-

chain hydrophobicity, volume, and physicochemical 

property; whether or not the amino acid sequences share 

high identities; and the like.  That is, neither the 

humanized antibodies K4 nor K5 is an antibody that can 

be obtained by simply substituting the FRs from both 
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the heavy and light chains of the mouse antibody PG4D2 

with those from a human antibody. 

[0054] <Production Example 1: Production of a 

humanized anti-podoplanin antibody> 

 The amino acid sequences of the resulting 

humanized antibodies K4 and K5 are presented below. 

 In the amino acid sequence of the humanized 

antibody K4, the variable regions comprise the heavy-

chain CDR1 comprising the amino acid sequence 

represented by SEQ ID NO: 1, the heavy-chain CDR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 2, the heavy-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 3, the light-

chain CDR1 comprising the amino acid sequence 

represented by SEQ ID NO: 4, the light-chain CDR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 5, the light-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 6, the heavy-

chain FR1 comprising the amino acid sequence 

represented by SEQ ID NO: 7, the heavy-chain FR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 8, the heavy-chain FR3 comprising the amino acid 

sequence represented by SEQ ID NO: 9, the heavy-chain 

FR4 comprising the amino acid sequence represented by 

SEQ ID NO: 10, the light-chain FR1 comprising the amino 

acid sequence represented by SEQ ID NO: 11, the light-

chain FR2 comprising the amino acid sequence 
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represented by SEQ ID NO: 12, the light-chain FR3 

comprising the amino acid sequence represented by SEQ 

ID NO: 13, and the light-chain FR4 comprising the amino 

acid sequence represented by SEQ ID NO: 14, and the 

constant regions comprise the amino acid sequences of 

those from a human antibody of the IgG4 subclass, in 

which the amino acid sequence of the heavy-chain 

constant region is the amino acid sequence represented 

by SEQ ID NO: 25 and the amino acid sequence of the 

light-chain constant region is the amino acid sequence 

represented by SEQ ID NO: 26. 

[0055] In the amino acid sequence of the humanized 

antibody K5, the variable regions comprise the heavy-

chain CDR1 comprising the amino acid sequence 

represented by SEQ ID NO: 1, the heavy-chain CDR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 2, the heavy-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 3, the light-

chain CDR1 comprising the amino acid sequence 

represented by SEQ ID NO: 4, the light-chain CDR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 5, the light-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 6, the heavy-

chain FR1 comprising the amino acid sequence 

represented by SEQ ID NO: 7, the heavy-chain FR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 15, the heavy-chain FR3 comprising the amino 
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acid sequence represented by SEQ ID NO: 16, the heavy-

chain FR4 comprising the amino acid sequence 

represented by SEQ ID NO: 10, the light-chain FR1 

comprising the amino acid sequence represented by SEQ 

ID NO: 11, the light-chain FR2 comprising the amino 

acid sequence represented by SEQ ID NO: 12, the light-

chain FR3 comprising the amino acid sequence 

represented by SEQ ID NO: 13, the light-chain FR4 

comprising the amino acid sequence represented by SEQ 

ID NO: 14, and the constant regions comprise the same 

amino acid sequences as those of the above-described 

humanized antibody K4. 

[0056] Additionally, the following nucleotide 

sequences were used as nucleotide sequences encoding 

the above-described amino acid sequences. 

 The nucleotide sequences represented by SEQ ID 

NOs: 27 to 42 were used as nucleotide sequences 

encoding the amino acid sequences represented by SEQ ID 

NOs: 1 to 16, respectively. 

 The nucleotide sequence represented by SEQ ID NO: 

43 was used as a nucleotide sequence encoding the amino 

acid sequence represented by SEQ ID NO: 25 (heavy-chain 

constant region), and 

 the nucleotide sequence represented by SEQ ID NO: 

44 was used as a nucleotide sequence encoding the amino 

acid sequence represented by SEQ ID NO: 26 (light-chain 

constant region). 
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[0057] The Freedom (trademark) pCHO 1.0 vector 

(Thermo Fisher Scientific) was used for gene expression 

in CHO cells (Thermo Fisher Scientific) as an 

expression vector. 

[0058] CHO cells expressing either the humanized 

antibody K4 or K5 were thawed and then eventually 

amplified in a 10-L stirred bioreactor in a fed-batch 

mode under the following culture conditions: a stirring 

rate of 100 rpm, a culture temperature of 37°C, and a 

pH of 7.0.  The culture was collected after 6 to 8 days 

of incubation. 

 The collected cultures were used to purify and 

obtain the humanized antibodies K4 and K5.  The 

collected culture supernatants were used for the 

measurements described in Examples 2 and 3 below. 

[0059] <Production Example 2: Production of a mouse-

human chimeric anti-podoplanin antibody> 

 The amino acid sequence of the mouse-human 

chimeric antibody chPG4D2 is presented below. 

 In the amino acid sequence of the mouse-human 

chimeric antibody chPG4D2, the variable regions 

comprise the heavy-chain CDR1 comprising the amino acid 

sequence represented by SEQ ID NO: 1, the heavy-chain 

CDR2 comprising the amino acid sequence represented by 

SEQ ID NO: 2, the heavy-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 3, the light-

chain CDR1 comprising the amino acid sequence 
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represented by SEQ ID NO: 4, the light-chain CDR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 5, the light-chain CDR3 comprising the amino 

acid sequence represented by SEQ ID NO: 6, the heavy-

chain FR1 comprising the amino acid sequence 

represented by SEQ ID NO: 17, the heavy-chain FR2 

comprising the amino acid sequence represented by SEQ 

ID NO: 18, the heavy-chain FR3 comprising the amino 

acid sequence represented by SEQ ID NO: 19, the heavy-

chain FR4 comprising the amino acid sequence 

represented by SEQ ID NO: 20, the light-chain FR1 

comprising the amino acid sequence represented by SEQ 

ID NO: 21, the light-chain FR2 comprising the amino 

acid sequence represented by SEQ ID NO: 22, the light-

chain FR3 comprising the amino acid sequence 

represented by SEQ ID NO: 23, the light-chain FR4 

comprising the amino acid sequence represented by SEQ 

ID NO: 24, and the constant regions comprise the same 

amino acid sequences as those of the above-described 

humanized antibody K4. 

[0060] Those skilled in the art can readily 

understand that the mouse-human chimeric antibody 

chPG4D2 can be produced in the same manner as in 

Production Example 1 by designing nucleotide sequences 

encoding the above-described amino acid sequences 

represented by SEQ ID NOs: 1 to 6 and 17 to 24 and the 

constant regions of the above described humanized 
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antibody K1. 

 In this case, for example, the following 

nucleotide sequences can be used as nucleotide 

sequences encoding the above-described amino acid 

sequences. 

 The nucleotide sequences represented by SEQ ID 

NOs: 27 to 32 and 45 to 52 can be used as nucleotide 

sequences encoding the amino acid sequences represented 

by SEQ ID NOs: 1 to 6 and 17 to 24, respectively. 

 The same nucleotide sequences encoding the amino 

acid sequences of the constant regions as those 

described in Production Example 1 can be used. 

[0061] The Freedom (trademark) pCHO 1.0 vector 

(Thermo Fisher Scientific) was used for gene expression 

in CHO cells (Thermo Fisher Scientific) as an 

expression vector. 

[0062] CHO cells expressing the mouse-human chimeric 

antibody chPG4D2 were thawed and then eventually 

amplified in a 5-L stirred bioreactor in a batch mode 

under the following culture conditions: a stirring rate 

of 100 rpm, a culture temperature of 37°C, and a pH of 

7.0.  The culture was collected after 7 days of 

incubation. 

 The collected culture was used to purify and 

obtain the mouse-human chimeric antibody chPG4D2.  The 

collected culture supernatant was used for the 

measurements described in Examples 2 and 3 below. 
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[0063] <Example 2: Podoplanin-binding activity of 

each antibody> 

 The culture supernatants collected in Production 

Examples 1 and 2 were used to measure the binding 

activity to the podoplanin PLAG4 domain, following the 

ELISA protocol described in Patent Document 1.  A 

peptide of the human podoplanin PLAG4 domain (WT-hPLAG4 

(Genscript, 788349-1)) as an antigen peptide was 

immobilized on a solid phase, and a preadsorbed goat 

biotin-conjugated anti-human IgG Fc antibody (Abcam, 

ab98618) and β-Gal-conjugated streptavidin (Roche 

Diagnostics, 11112481001) were used for a detection 

purpose. 

 The result is presented in Table 1.  The avidity 

(antibody titer) of each antibody was expressed 

relative to that of the mouse-human chimeric antibody 

chPG4D2, which is set as 100%. 

[0064] [Table 1] 

Table 1 

Antibody Avidity (antibody titer) (%) 

Humanized antibody K4 84.8 to 171.8 

Humanized antibody K5 90.0 to 111.5 

Mouse-human chimeric 

antibody chPG4D2 
100 

 

[0065] <Example 3: Inhibitory activity of each 

antibody against binding of podoplanin to CLEC-2> 

 The culture supernatants collected in Production 
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Examples 1 and 2 were used to measure the inhibitory 

activity against binding of podoplanin to CLEC-2, 

following the ELISA protocol described in Patent 

Document 1.  A recombinant human CLEC-2 (R&D, 1718-CL-

050) as an antigen peptide was immobilized on a solid 

phase, and a recombinant human podoplanin Fc chimera 

protein (R&D, 3670-PL) was used as a protein capable of 

binding to the above recombinant human CLEC-2, and a 

preadsorbed goat biotin-conjugated anti-human IgG Fc 

antibody (Abcam, ab98618) and β-Gal-conjugated 

streptavidin (SIGMA, S3887; Roche, 11112481001) were 

used for a detection purpose. 

 The mouse antibody PG4D2 (PG4D2) was used as a 

positive control.  The mouse antibody PG4D2 is a 

monoclonal antibody that is obtained from the NITE P-

02071 (PG4D2) hybridoma. 

 The result is presented in Table 2. 

[0066] [Table 2] 

Table 2 

Antibody IC50 (ng/mL) 
Mode of 

inhibition 

Humanized antibody K4 360 
Complete 

inhibition 

Humanized antibody K5 364 
Complete 

inhibition 

Mouse-human chimeric 

antibody chPG4D2  
406 

Complete 

inhibition 

Mouse antibody PG4D2 

(PG4D2) 

371 ± 14 

(mean ± SD) 

Complete 

inhibition 

 

[0067] <Example 4: In vitro inhibitory effect of 
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each antibody on platelet aggregation> 

 It has been reported that introduction of the 

human podoplanin gene into CHO cells results in the 

induction of platelet aggregation, though normal CHO 

cells do not induce platelet aggregation (J. Biol. 

Chem., Dec 19; 278(51): 51599-605 (2003)). 

 The ability of each antibody to inhibit platelet 

aggregation was analyzed using a whole blood 

aggregometer WBA-CARNA (TAIYO Instruments) in aliquots 

of human whole blood combined with cells of the human 

podoplanin-positive osteosarcoma cell line SJSA-1 (ATCC 

CRL-2098) to induce platelet aggregation.  The 

osteosarcoma cell line SJSA-1 (ATCC CRL-2098) is 

available from the American Type Culture Collection 

(address: 12301 Parklawn Drive, Rockville, Maryland 

20852, United States of America). 

 A human antibody of the IgG4 subclass (CrownBio, 

C0004) was used as a negative control in the assay 

using the humanized antibody K4 or K5. 

 In this in vitro assay, the whole blood, which 

contains aggregates induced by the cells, is sucked 

through a micromesh filter and an increase in suction 

pressure due to clogging by the aggregates is measured 

to calculate the aggregation rate. 

 The mouse antibody PG4D2 (PG4D2) was used as a 

positive control.  Additionally, a mouse antibody of 

the IgG2a subclass (Sigma, M9144) was used as a 
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negative control in a system using the mouse antibody 

PG4D2. 

 The results are shown in Figs. 1 to 3.  The 

humanized antibodies K4 and K5 inhibited platelet 

aggregation in a concentration-dependent manner, as 

seen for the positive control. 

[0068] <Example 5: Inhibitory effect of each 

antibody on hematogenous metastasis to lung> 

 A hematogenous metastasis model was used to 

analyze the inhibitory effect of each antibody on 

hematogenous metastasis, in which the human podoplanin-

positive osteosarcoma cell line SJSA-1 (ATCC CRL-2098) 

were injected into severe combined immunodeficient 

(SCID-Beige) mice (CB17.Cg-PrkdcscidLystbg-J/CrlCrlj; 

Charles River Laboratories Japan; female, six weeks 

old) via tail vein and the number of metastatic nodules 

formed on the lung surface was counted 20 days later. 

 The control antibody (the human antibody of the 

IgG4 subclass (CrownBio)), the humanized antibody K4, 

and the humanized antibody K5 were individually 

administered to groups, each consisting of 6 mice, via 

the tail vein route on the day before SJSA-1 cell 

injection to study the effect of podoplanin on 

experimental lung metastasis. 

 The result is shown in Fig. 4.  Preliminary 

administration of the humanized antibody K4 or K5 

significantly inhibited metastasis of SJSA-1 cells to 
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the lung. 

[0069] <Example 6: Antitumor effect of each 

antibody> 

 5 × 106 cells of the human podoplanin-positive 

osteosarcoma cell line SJSA-1 (ATCC CRL-2098) were 

inoculated subcutaneously to each of severe combined 

immunodeficient (SCID-Beige) mice (CB17.Cg-

PrkdcscidLystbg-J/CrlCrlj; Charles River Laboratories 

Japan; female, five weeks old) to generate xenograft 

model mice, and the in vivo antitumor effects of the 

humanized antibodies K4 and K5 were examined in the 

xenograft model mice. 

 The humanized antibodies K4 and K5 were 

administered to the K4-dosed and K5-dosed groups of 

mice, respectively, at a frequency of twice a week from 

Day 1 (Day 1, Day 4, Day 8, Day 11, and Day 15) and at 

a dose of 5 mg/kg.  Tumor size (1/2 x length x (width)2) 

and body weight were measured twice a week (n = 6).  

Photographs were taken and excised tumors were weighed 

at endpoint (20 days after inoculation). 

 A human antibody of the IgG4 subclass (Sino 

Biological, HG4K) was used as a negative control. 

 The result (the relationship between days after 

inoculation and mean tumor size) is shown in Fig. 5 (* 

p < 0.05, ** p < 0.01, Kruskal-Wallis test).  An 

inhibitory effect on tumor proliferation was observed 

in each of the K4-dosed and K5-dosed groups.  No 
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significant body weight loss was observed in any group 

of mice during the study. 
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CLAIMS 

 

 1. An isolated humanized or mouse-human chimeric 

anti-podoplanin antibody which comprises the following 

amino acid sequences, or an antibody fragment 

containing the antigen-binding region thereof, 

 provided that the amino acid sequences of the 

heavy-chain CDRs 1 to 3 and the light-chain CDRs 1 to 3 

optionally have a sequence identity of not less than 

90% to the amino acid sequences represented by SEQ ID 

NOs: 1 to 6 below, respectively; 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

and 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6. 

 

 2. The anti-podoplanin antibody or antibody 
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fragment containing the antigen-binding region thereof 

according to claim 1, wherein the anti-podoplanin 

antibody is a humanized antibody which comprises a 

variable region comprising the amino acid sequence (I) 

or (II) below, 

 provided that the amino acid sequences of the 

heavy-chain FRs 1 to 4 and the light-chain FRs 1 to 4 

in the following amino acid sequence (I) optionally 

have a sequence identity of not less than 90% to the 

amino acid sequences represented by SEQ ID NOs: 7 to 14 

below, respectively, and 

 the amino acid sequences of the heavy-chain FRs 1 

to 4 and the light-chain FRs 1 to 4 in the following 

amino acid sequence (II) optionally have a sequence 

identity of not less than 90% to the amino acid 

sequences represented by SEQ ID NOs: 7, 15, 16, 10 to 

14 below, respectively; 

 wherein, in the amino acid sequence (I), the amino 

acid sequence of the heavy-chain CDR1 is the amino acid 

sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 
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the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 8, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 9, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 14; 

and 

 wherein, in the amino acid sequence (II), the 

amino acid sequence of the heavy-chain CDR1 is the 

amino acid sequence represented by SEQ ID NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 
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the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 7, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 15, 

 the amino acid sequence of the heavy-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 16, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 10, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 11, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 12, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 13, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 14. 

 

 3. The anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 
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according to claim 1, wherein the anti-podoplanin 

antibody is a mouse-human chimeric antibody which 

comprises variable regions comprising the following 

amino acid sequences, 

 provided that the amino acid sequences of the 

heavy-chain FRs 1 to 4 and the light-chain FRs 1 to 4 

optionally have a sequence identity of not less than 

90% to the amino acid sequences represented by SEQ ID 

NO: 17 to 24 below, respectively, 

 wherein the amino acid sequence of the heavy-chain 

CDR1 is the amino acid sequence represented by SEQ ID 

NO: 1, 

 the amino acid sequence of the heavy-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 2, 

 the amino acid sequence of the heavy-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 3, 

 the amino acid sequence of the light-chain CDR1 is 

the amino acid sequence represented by SEQ ID NO: 4, 

 the amino acid sequence of the light-chain CDR2 is 

the amino acid sequence represented by SEQ ID NO: 5, 

 the amino acid sequence of the light-chain CDR3 is 

the amino acid sequence represented by SEQ ID NO: 6, 

 the amino acid sequence of the heavy-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 17, 

 the amino acid sequence of the heavy-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 18, 

 the amino acid sequence of the heavy-chain FR3 is 
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the amino acid sequence represented by SEQ ID NO: 19, 

 the amino acid sequence of the heavy-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 20, 

 the amino acid sequence of the light-chain FR1 is 

the amino acid sequence represented by SEQ ID NO: 21, 

 the amino acid sequence of the light-chain FR2 is 

the amino acid sequence represented by SEQ ID NO: 22, 

 the amino acid sequence of the light-chain FR3 is 

the amino acid sequence represented by SEQ ID NO: 23, 

and 

 the amino acid sequence of the light-chain FR4 is 

the amino acid sequence represented by SEQ ID NO: 24. 

 

 4. The anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

according to any one of claims 1 to 3, wherein the 

anti-podoplanin antibody comprises a constant region of 

a human antibody of the IgG class. 

 

 5. An agent for inhibiting the binding between 

podoplanin and CLEC-2, comprising the anti-podoplanin 

antibody or antibody fragment containing the antigen-

binding region thereof according to any one of claims 1 

to 4. 

 

 6. A pharmaceutical composition, comprising the 

anti-podoplanin antibody or antibody fragment 
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containing the antigen-binding region thereof according 

to any one of claims 1 to 4. 

 

 7. The pharmaceutical composition according to 

claim 6, wherein the pharmaceutical composition is for 

reducing the proliferation or metastasis of a cancer 

cell. 

 

 8. The pharmaceutical composition according to 

claim 6, wherein the pharmaceutical composition is for 

inhibiting platelet aggregation, thrombosis, or 

inflammation. 

 

 9. The pharmaceutical composition according to 

claim 7, wherein the cancer cell is a podoplanin-

positive tumor cell. 

 

 10. A DNA segment(s) encoding the protein 

moiety(ies) of the anti-podoplanin antibody or antibody 

fragment containing the antigen-binding region thereof 

according to any one of claims 1 to 4. 

 

 11. A recombinant vector comprising the DNA 

segment(s) according to claim 10. 

 

 12. A host cell comprising the DNA segment(s) 

according to claim 10 or the recombinant vector 
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according to claim 11. 


