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.

[0008a] In an aspect, the present disclosure refers




to an isolated humanized anti-podoplanin antibody, or

an antibody fragment thereof, comprising an antigen-

binding region, which comprises a variable region

comprising the amino acid sequence I or II below,

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 1is
the amino acid sequence represented by SEQ ID NO: 9,

the amino acid sequence of the heavy-chain FR4 1is
the amino acid sequence represented by SEQ ID NO: 10,

the amino acid sequence of the light-chain FR1 1is
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 1T,

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 1is
the amino acid sequence represented by SEQ ID NO: 7,

the amino acid sequence of the heavy-chain FR2 1is
the amino acid sequence represented by SEQ ID NO: 15,

the amino acid sequence of the heavy-chain FR3 1is
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 1is
the amino acid sequence represented by SEQ ID NO: 14,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.




[0008Db] In another aspect, the present disclosure

refers to an 1solated mouse-human chimeric anti-

podoplanin antibody, or an antibody fragment thereof,

comprising an antigen-binding region, which comprises

variable regions comprising the following amino acid

seqguences,

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 1is

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

the amino acid sequence of the heavy-chain FR2 is
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the amino acid sequence represented by SEQ ID NO: 18,

the amino acid sequence of the heavy-chain FR3 1is

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

the amino acid sequence of the heavy-chain FR4 1is

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

the amino acid sequence of the light-chain FR1 1is

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

the amino acid sequence of the light-chain FR2 1is

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

the amino acid sequence of the light-chain FR3 1is

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

and

the amino acid sequence of the light-chain FR4 1is

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

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.

[0008c] In another aspect, the present disclosure

refers to the wuse of an 1isolated humanized anti-

podoplanin antibody, or an antibody fragment thereof,

comprising an antigen-binding region which comprises a

variable region comprising the amino acid sequence I or

IT below,

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 seqguence

identity of not less than 90% to the amino acid

be



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,

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 1is

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 1is

the amino acid sequence represented by SEQ ID NO: 9,
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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 1is
the amino acid sequence represented by SEQ ID NO: 13,
and

the amino acid sequence of the light-chain FR4 1is
the amino acid sequence represented by SEQ ID NO: 14;
and

wherein, in the amino acid sequence 1T,

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 1is
the amino acid sequence represented by SEQ ID NO: 7,
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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 1is

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

the amino acid sequence of the heavy-chain FR4 1is

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

the amino acid sequence of the light-chain FRI 1is

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

the amino acid sequence of the light-chain FR2 1is

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

the amino acid sequence of the light-chain FR3 1is

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

and

the amino acid sequence of the light-chain FR4 1is

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

in the manufacture of a medicament for inhibiting

the binding between podoplanin and CLEC-2 in a human

subject,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.

[0009] In a preferred aspect of the anti-podoplanin



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 1is
the amino acid sequence represented by SEQ ID NO: 23,
and
the amino acid sequence of the light-chain FR4 1is
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.

[0013a] In another aspect, the ©present disclosure

refers to a pharmaceutical composition, comprising, an

effective amount for specifically binding to podoplanin
11




of an isolated humanized anti-podoplanin antibody or an

antibody fragment thereof, containing an antigen-

binding region which comprises a variable region

comprising the amino acid sequence I or II below,

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 1is
the amino acid sequence represented by SEQ ID NO: 9,

the amino acid sequence of the heavy-chain FR4 1is
the amino acid sequence represented by SEQ ID NO: 10,

the amino acid sequence of the light-chain FRI 1is
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 1T,

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 1is
the amino acid sequence represented by SEQ ID NO: 7,

the amino acid sequence of the heavy-chain FR2 1is
the amino acid sequence represented by SEQ ID NO: 15,

the amino acid sequence of the heavy-chain FR3 1is
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 FRI 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 1is
the amino acid sequence represented by SEQ ID NO: 14;

and a pharmaceutically acceptable carrier,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.
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[0013b] In another aspect, the present disclosure

refers to the use of an isolated mouse-human chimeric

anti-podoplanin antibody, or an antibody fragment

thereof, comprising an antigen-binding region, which

comprises variable regions comprising the following

amino acid sequences,

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
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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 1is

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

the amino acid sequence of the light-chain FRI 1is

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

the amino acid sequence of the light-chain FR2 1is

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

the amino acid sequence of the light-chain FR3 1is

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,

in the manufacture of a medicament for inhibiting

the binding between podoplanin and CLEC-2 in a human

subject,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.

[0013c] In another aspect, the present disclosure

refers to a pharmaceutical composition, comprising:

an effective amount for specifically binding to

podoplanin of an isolated mouse-human chimeric anti-

podoplanin antibody, or an antibody fragment thereof,

comprising an antigen-binding region, which comprises

variable regions comprising the following amino acid

1le



seqguences,

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 1is

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 1is

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

the amino acid sequence of the heavy-chain FR2 1is

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

the amino acid sequence of the heavy-chain FR3 1is

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

the amino acid sequence of the heavy-chain FR4 1is

the amino acid sequence represented by SEQ ID NO: 20,
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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 1is

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

and

the amino acid sequence of the light-chain FR4 1is

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

and a pharmaceutically acceptable carrier,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4

domain of human podoplanin.

[0013d] In another aspect, the present disclosure

refers to an isolated humanized anti-podoplanin antibody,

or an antibody fragment thereof, of claim 1, or an

isolated mouse-human chimeric anti-podoplanin antibody,

or an antibody fragment thereof, of claim 3, for use in

therapy.
In a preferred aspect, the pharmaceutical
composition is for reducing the ©proliferation or

metastasis of a cancer cell.



antibody K4%.

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 1ID
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 wused 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.
41



CLAIMS

0~

2 m

Naim o A4

o

17

v _m

A

9 =z

I atad hitm o o

T o O T CTctTT

ol

ool Cririnrc T O

ot o

Tromaolir o o CT O

IXIT

S 7 o

I3 Mmooy

o+ 1
TOTTOW I g ottt 1o

h oo g o

1 oAt A Ay g g
ST RSE S CATAS 5

donrn 1l o
PoCOP a1t

E1 R

S
cIT T

I

CoOmpP T oo T 0

WIT T CTTT

I3 oy

PRI
o JTT L.,(_A._LJ.J._LJ.l\j

o

n

£ e

ENEEN I I SN Y
A TT T 1T \A_Y

n
LT

o

-
(SR w

C

T

EaE =g e 8T EI2)

P RGNS, N

Il e

T oaan
T

S
(_/LJ..lK.J.\j

S i S gy S W

T o9 T OTT

OTIITOTTITy

SAx737
TIreT

+
TIT

—

n o

oyl

n

N ot
Tt IL

ot

A
= aae s

Iz 3

i

o

= TS

[Cawpu Wy

I

CcIro

=

nallsy

L
O TT

1~ OCNR a1

ol o

2 e+

1

2 A

T~ DR 1

Al o

Ty

T OO

DINO

T TYITC I 1T

. cCO O ot CIt

| p ww)

A\ N g s i

S g o

+h

[OWAR®)

+han

o
(e

n

44

K s

n o

o oyl

-

hosz

A T CTITrCT Tt LI\

CIraorr

-

A= IO T

oIy

ITCTT

AR

T v O (&3

T.T

(@R YA T NO o .

nea o roarm v o an = sz
TcCO

OF1

o

-
o T T

W

Ay

I

oot o

=}

A~ a cg .
TPt T veTYyy

2

i~ ONMP T

ah o

a7 57

T vy

+

A coctiian o

-

+ ] NN EE2

n

1 =]

wh

P o

It 1L

|

[ i ey T TO aOoT I =} JUTITCT -

TIT

WITCT T

QA TN N e

anonnt A g
ST cCt—OY

R
Ea ey

=

oo

oF13

S\,\iuull\/

e

n

S o
[ 3y gumpip

L7

iy

T

[Ca =)

[Cawn W

TIT

T

EEN ALY L)

ah o

X737

TTTvy

+

neo

or1a

o

e

n

N

CIIC o 1ro oot ooy oacTITT

S

I

=T 0

A\ @ g i

I

2

ST TN N .

Nt iy
[SAST SRSASAS w4

r o o

n

a oo

-
T LI o ao T

S o

Fay

T

=X =2v

EER N e

Do UTITTT

Sz~ N2~ ANMD R

TTTvy

+

neo

or1a

o

W ]

S g o

+=1

o L O I

T

A\ i @ i i

I

o

EEA SN ALY pv ) oy 3 g

CIIrC— ol Iiro o

2

A TN N e

caoant A Iy
ST cCo—Oy

+

by
EEp ey

o o513 ne 1

A

Tt o T T

W

S 0 o

N

T

o=

T

AT A=

o

i NP1 1

ah o

1ok

1

+h

A oo~

e o B Y ]

+h

o e O CTIr<

TITa 1T

T TTYITC

[ i iy

CITC ol rITO o o oCocHuTIrcT— O

Vil
o

ST TN N e

caont A g
STITctCt—OYy

+

by
EEp ey

o o513 ne 1

A

Tt o T T

]

S 0 o

N

T

ep=h v,

T

AT A=

AN OANMDD o+
e

ah o

1ok

1

+h

n o~

ENEEANE BN BN I BN

+h

TITa 1T T CTIr<

T TTYITC

[ i iy

CITC ol rITO o U oo HuaTIrcT— O

o

C

CT'A TTH N e

ntad g

o OF17 n o o o
LT gL T oTITTTT Y

A

I LI o ao T

-

S o

o7 oiitr

Fay

T

=X =2v

Do HUTITCTT

2N AP o+
e

ah o

1okt

1

+
CIT

A oo

e o B Y ]

+h

DN CTIr<

TITa 1T

T ITYIrc

T -

| (&8 gy R oo I AR

CT'A TN N e N

canont A g
[SAST FRSASAS S S

nir

+

o o5 n e

A

ot IO ot T

]

S 0 o

Fay

T

o=

T EE ey

A A=

anti-podoplanin

humanizedfhre

lated

180

An

1.

2=

comprising

antibody fragment thereof,

an

or

antibody,

oA~
o CCOoTToTr19

e

r
S 5 W S i W

+

ing region,

ind

an antigen-Db

+ 1
CIL

1 ey

1

at o
o 1T L_,(_A_LLLJ_J.J.\j

o

A S T
(ST SRS CASAS 5

A1 a2
ISATAT A S e ey 5

3 L

P
| €7 NN N R W

I A n
It

WL

1 m

al o

T

cIr

|\ B @ e mp g 1 8 T

O

region

ble

varlia

a

comprises

7

2 ad

A S
(ST RS CASAS 3

-1

hasm

which

ITrorta il © 2 oTr

d sequence +I) or +II) below,

ino aci

the am

comprising

in

d sequences of the heavy-cha

1no aclil

the am

71 A o+
SR L CITTO T

i
PT

the following

in

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

1ly have a sequence identity

lo0na

d sequence +I) opti

amino acl

48



of not less than 90% to the amino acid segquences 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,

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
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acid sequence represented by SEQ ID NO: 13, and

the amino acid sequence of the light-chain FR4 is the
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
acid sequence represented by SEQ ID NO: 1,

the amino acid sequence of the heavy-chain CDR2 is the
acid sequence represented by SEQ ID NO: 2,

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

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

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

the amino acid sequence of the light-chain CDR3 is the
acid sequence represented by SEQ ID NO: 6,

the amino acid sequence of the heavy-chain FR1 is the
acid sequence represented by SEQ ID NO: 7,

the amino acid sequence of the heavy-chain FR2 is the
acid sequence represented by SEQ ID NO: 15,

the amino acid sequence of the heavy-chain FR3 1is the
acid sequence represented by SEQ ID NO: 16,

the amino acid sequence of the heavy-chain FR4 is the
acid sequence represented by SEQ ID NO: 10,

the amino acid sequence of the light-chain FR1 is the
acid sequence represented by SEQ ID NO: 11,

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

the amino acid sequence of the light-chain FR3 is the
acid sequence represented by SEQ ID NO: 13, and

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

wherein said anti-podoplanin antibody and antigen-
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binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.

2. The isolated humanized anti-podoplanin antibody or

antibody fragment thereof, containing the antigen-binding

region thereof according to claim 1, wherein the anti-

podoplanin antibody comprises a constant region of a human

antibody of the IgG class.

3. The—An isolated mouse-human chimeric anti-podoplanin

antibody, or an antibody fragment thereof, comprising an
containing—Ethe—antigen-binding region, —thereceofacecording—=*te
a1l o2 | reg o + 1 n+ 1 noadoarn ] ar 4 e ENENE S T SN Y 1 o —~ m o
o LT OO J_, wWIT - L TIT CIT | N i Ry W iy r/ A\ Ay S S @ N A R E A (_A.J.l\.,—LJ«./UM_Y = S (& TTT @ e
hiiman ham nt 2N
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eetv—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 Dby SEQ ID NO: 17 to 24 Dbelow,
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,

51



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 1is 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 1is 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-,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.

4. The isolated mouse-human chimeric anti-podoplanin

antibody or antibody fragment cortaining—+thethereof,

comprising an antigen-binding region thereof according to

ary—eone—eof—etaims—+—+teclaim 3, wherein the anti-podoplanin

antibody comprises a constant region of a human antibody of

the IgG class.

5. Use of an isolated humanized anti-podoplanin
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antibody, or an antibody fragment thereof, comprising an

antigen-binding region which comprises a variable region

comprising the amino acid sequence I or II below,

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,

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 FR2Z 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
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amino

acid sequence represented by SEQ ID NO: 10,

the amino acid sequence of the light-chain FRI1

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 1T,

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

the

amino

acid sequence represented by SEQ ID NO: 3,

the amino acid sequence of the light-chain CDRI1

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

the

amino

acid sequence represented by SEQ ID NO: 6,

the amino acid sequence of the heavy-chain FRI1

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 FRI

is

the

amino

acid sequence represented by SEQ ID NO: 11,

the amino acid sequence of the light-chain FR2

is

the
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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,

in the manufacture of a medicament for inhibiting the

binding between podoplanin and CLEC-2 in a human subject,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.

6. A pharmaceutical composition, comprising—the, an

effective amount for specifically binding to podoplanin of

an isolated humanized anti-podoplanin antibody or an

antibody fragment thereof, containing £he—an antigen-binding

region aeceeording—teo—anyone—of—elaims—+—+to—4-which comprises

a variable region comprising the amino acid sequence I or II

below,

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,
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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: 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 FRI 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 IT,

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,
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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 FRI 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 a pharmaceutically acceptable carrier,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.

7. The pharmaceutical composition according to claim
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humanized anti-podoplanin antibody, or an antibody fragment

thereof 1is present 1in a therapeutically effective amount

effective to inhibit the binding between podoplanin and CLEC-
2.
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8. The pharmaceutical composition according to claim
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7, wherein said isolated humanized anti-podoplanin antibody,

or an antibody fragment thereof is present in a

therapeutically effective amount effective to inhibit

platelet aggregation—thrembosis;—eorinflammation.
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eet1+-9. Use of an 1solated mouse-human chimeric anti-

podoplanin antibody, or an antibody fragment thereof,

comprising an antigen-binding region, which comprises

variable regions comprising the following amino acid

sequences,

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,
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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 FRI 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,

in the manufacture of a medicament for inhibiting the

binding between podoplanin and CLEC-2 in a human subject,

wherein said anti-podoplanin antibody and antigen-

binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.

apy—eone—of—etaims—3—+te—4-10. A pharmaceutical composition,
comprising:

an effective amount for specifically binding to

podoplanin of an isolated mouse-human chimeric anti-

podoplanin antibody, or an antibody fragment thereof,

comprising an antigen-binding <region, which comprises

variable regions comprising the following amino acid

seqgquences,

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

and the light-chain FRs 1 to 4 optionally have a sequence
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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

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

the

amino

acid sequence represented by SEQ ID NO: 6,

the amino acid sequence of the heavy-chain FRI1

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 FRI1

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,

and a pharmaceutically acceptable carrier,

wherein said anti-podoplanin antibody and antigen-
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binding region thereof specifically bind to the PLAG4 domain

of human podoplanin.
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according to claim 10, wherein said isolated mouse-human

chimeric anti-podoplanin antibody, or an antibody fragment

thereof 1s present in a therapeutically effective amount

effective to inhibit the binding between podoplanin and CLEC-
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33+-12. The pharmaceutical composition according to claim 11,

wherein said isolated mouse-human chimeric anti-podoplanin

antibody, or an antibody fragment thereof is present in a

therapeutically effective amount effective to inhibit

platelet aggregation.

13. An isolated humanized anti-podoplanin antibody, or

an antibody fragment thereof, of claim 1, or an isolated

mouse-human chimeric anti-podoplanin antibody, or an

antibody fragment thereof, of claim 3, for use in therapy.
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