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[0053]

The antibody may further comprise the amino acid
sequence of SEQ ID NO: 17 or a fragment or a variant
thereof. In a certain embodiment, the antibody comprises
the amino acid sequence of SEQ ID NO: 17. In a certain
embodiment, the antibody comprises the amino acid
sequence of SEQ ID NO: 17 except for a signal sequence
(those skilled in the art will readily understand that in
a certain embodiment, the signal sequence of the antibody
is cleaved off from the antibody). In a certain
embodiment, the antibody comprises a variable region in
the amino acid sequence of SEQ ID NO: 17. In a certain
embodiment, the antibody includes an antibody (or a
fragment thereof) having at least approximately 80%, at
least approximately 85%, at least approximately 90%, at
least approximately 95%, or at least approximately 98%
identity to the amino acid sequence of SEQ ID NO: 17. 1In
a certain embodiment, the antibody includes a fragment of
the amino acid sequence of SEQ ID NO: 17, having a length
of at least approximately 10 amino acids, at least
approximately 25 amino acids, at least approximately 50
amino acids, at least approximately 75 amino acids, or at
least approximately 100 amino acids. In a certain
embodiment, the antibody binds to human CD26.

[0054]

Heavy chain (SEQ ID NO: 17)



MEWSWVFLFFLSVTTGVHSEVQLVESGAGVKQPGGTLRLTCTASGEFSLTTYGVHWVR
QAPGKGLEWVGVIWGDGRTDYDAAFMSRVTISKDTSKSTVYLOMNSLRAEDTAVYYC
MRNRHDWEDYWGQGTTVIVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP
VIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTK
VDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHOQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGEFYPSDIAVEW
ESNGQPENNYKTTPPVLDSDGSFEFLYSKLTVDKSRWQQOGNVESCSVMHEATLHNHYTQ
KSLSLSPGK

[0055]

The antibody further comprises the amino acid
sequence of SEQ ID NO: 18 or a fragment or a variant
thereof. In a certain embodiment, the antibody comprises
the amino acid sequence of SEQ ID NO: 18. 1In a certain
embodiment, the antibody comprises the amino acid
sequence of SEQ ID NO: 18 except for a signal sequence
(those skilled in the art will readily understand that in
a certain embodiment, the signal sequence of the antibody
is cleaved off from the antibody). In a certain
embodiment, the antibody comprises a variable region in
the amino acid sequence of SEQ ID NO: 18. 1In a certain
embodiment, the antibody includes an antibody (or a
fragment thereof) having at least approximately 80%, at
least approximately 85%, at least approximately 90%, at
least approximately 95%, or at least approximately 98%
identity to the amino acid sequence of SEQ ID NO: 18. 1In

a certain embodiment, the antibody includes a fragment of



the amino acid sequence of SEQ ID NO: 18, having a length
of at least approximately 10 amino acids, at least
approximately 25 amino acids, at least approximately 50
amino acids, at least approximately 75 amino acids, or at
least approximately 100 amino acids. 1In a certain
embodiment, the antibody further comprises the amino acid
sequence of SEQ ID NO: 18 or a fragment or a variant
thereof. In a certain embodiment, the antibody binds to
human CD26. In a certain embodiment, the antibody is,
for example, an antibody comprising at least one heavy
chain (e.g., two heavy chains each) comprising the amino
acid sequence of SEQ ID NO: 17 except for a signal
sequence, and at least one light chain (e.g., two light
chains each) comprising the amino acid sequence of SEQ ID
NO: 18 except for a signal sequence.
[0056]
Light chain (SEQ ID NO: 18)
MSVPTQVLGLLLLWLTDARCDILLTQSPSSLSATPGERATITCRASQGIRNNLNWYQ
QKPGQAPRLLIYYSSNLQSGVPSREFSGSGSGTDFTLTISRLOPEDVAAYYCQQSTIKL
PFTFGSGTKVEIKRTVAAPSVEFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVD
NALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKS
FNRGEC
[0057]

The humanized anti-CD26 antibody "YS110" described
herein means an antibody whose heavy chain constant
region consists of an amino acid sequence described in

SEQ ID NO: 17, and light chain constant region consists



of an amino acid sequence described in SEQ ID NO: 18.
Upon binding to CD26 on a malignant tumor cell membrane,
Y5110 has been reported to be taken up into the cell and
further transferred into the nucleus (Yamada K et al.,
Plos One, 2013 Apr 29; 8 (4): e62304). More specifically,
Y5110 is considered to be taken up into the cytoplasm by
caveolin—-dependent endocytosis and transported into the
nucleus by early endocytic vesicles. Accordingly, in one
aspect, the antitumor effect (e.g., therapeutic effect on
mesothelioma) of a YS110-triptolide conjugate may be
based on such action of ¥S110. Specifically, the anti-
CD26 antibody of the present invention may be an antibody
that is, upon binding to CD26 on a malignant tumor cell
membrane, taken up into the cell and further transferred
into the nucleus. Whether or not the antibody is, upon
binding to CD26 on a malignant tumor cell membrane, taken
up into the cell and further transferred into the nucleus
can be determined by contacting a labeled antibody with
cells, then detecting a position of the antibody based on
the label under a microscope or the like, and determining
the positional relationship between the position and
intracellular organization.
[0058]

In another aspect, the antibody binds to one or more
peptides selected from the group consisting of
YSLRWISDHEYLY (SEQ ID NO: 19; peptide 6), LEYNYVKQWRHSY

(SEQ ID NO: 20; peptide 35), TWSPVGHKLAYVW (SEQ ID NO:



21; peptide 55), LWWSPNGTFLAYA (SEQ ID NO: 22; peptide
84), RISLQWLRRIQNY (SEQ ID NO: 23; peptide 132),
YVKQWRHSYTASY (SEQ ID NO: 24; peptide 37), EEEVFSAYSALWW
(SEQ ID NO: 25; peptide 79), DYSISPDGQFILL (SEQ ID NO:
26; peptide 29), SISPDGQFILLEY (SEQ ID NO: 27; peptide
30), and IYVKIEPNLPSYR (SEQ ID NO: 28; peptide 63). 1In a
certain embodiment, the antibody specifically binds to
one or more of the peptides described above. These
peptides are regions of human CD26. In a certain
embodiment, the antibody specifically binds to one or
more peptides selected from the group consisting of
YSLRWISDHEYLY (SEQ ID NO: 19; peptide 6), LEYNYVKQWRHSY
(SEQ ID NO: 20; peptide 35), TWSPVGHKLAYVW (SEQ ID NO:
21; peptide 55), LWWSPNGTFLAYA (SEQ ID NO: 22; peptide
84), RISLOWLRRIQNY (SEQ ID NO: 23; peptide 132),
YVKQWRHSYTASY (SEQ ID NO: 24; peptide 37), EEEVESAYSALWW
(SEQ ID NO: 25; peptide 79), DYSISPDGQFILL (SEQ ID NO:
26; peptide 29), SISPDGQFILLEY (SEQ ID NO: 27; peptide
30), and IYVKIEPNLPSYR (SEQ ID NO: 28; peptide 63) as
compared with one or more peptides corresponding to other
regions of human CD26.
[0059]

In a certain embodiment, the antibody binds to each
of the following peptides: YSLRWISDHEYLY (SEQ ID NO: 19;
peptide 6); LEYNYVKQWRHSY (SEQ ID NO: 20; peptide 35);
TWSPVGHKLAYVW (SEQ ID NO: 21; peptide 55); LWWSPNGTFLAYA

(SEQ ID NO: 22; peptide 84); and RISLOWLRRIQNY (SEQ ID



NO: 23; peptide 132). 1In a certain alternative
embodiment, the antibody binds to each of the following
peptides: YSLRWISDHEYLY (SEQ ID NO: 19; peptide 6);
TWSPVGHKLAYVW (SEQ ID NO: 21; peptide 55); RISLOQWLRRIQNY
(SEQ ID NO: 23; peptide 132); YVKQWRHSYTASY (SEQ ID NO:
24,; peptide 37); and EEEVFSAYSALWW (SEQ ID NO: 25;
peptide 79). In a certain embodiment, the antibody binds
to each of the following peptides: DYSISPDGQFILL (SEQ ID
NO: 26; peptide 29); SISPDGQFILLEY (SEQ ID NO: 27;
peptide 30); and TWSPVGHKLAYVW (SEQ ID NO: 21; peptide
55). In a certain alternative embodiment, the antibody
binds to each of the following peptides: DYSISPDGQFILL
(SEQ ID NO: 26; peptide 29); SISPDGQFILLEY (SEQ ID NO:
27; peptide 30); TWSPVGHKLAYVW (SEQ ID NO: 21; peptide
55); and IYVKIEPNLPSYR (SEQ ID NO: 28; peptide 63).
[0060]

Whether two antibodies bind to the same epitope by
recognizing identical or sterically overlapping epitopes
can be determined by competitive assay. Usually, an
antigen is immobilized on a multiwell plate, and the
blocking performance of an unlabeled antibody against the
binding of a labeled antibody is measured. A general
label for such competitive assay is a radiolabel or an
enzyme label. The epitope to which the antibody binds
can be determined by an epitope mapping technigque known
to those skilled in the art.

[0061]



In a certain embodiment, the antibody comprises one
or more constant regions. In a certain embodiment, the
antibody comprises a human constant region. In a certain
embodiment, the constant region is a heavy chain constant
region. In an alternative embodiment, the constant
region is a light chain constant region. 1In a certain
embodiment, the antibody comprises a constant region
having at least approximately 80%, at least approximately
85%, at least approximately 90%, at least approximately
95%, at least approximately 98%, or 100% identity to a
human constant region. In a certain embodiment, the
antibody comprises a Fc region. In a certain embodiment,
the antibody comprises a human Fc region. In a certain
embodiment, the antibody comprises a Fc region having at
least approximately 80%, at least approximately 85%, at
least approximately 90%, at least approximately 95%, at
least approximately 98%, or 100% identity to a human Fc
region.

[0062]

In a certain embodiment, the antibody is an IgG
antibody. In a certain embodiment, the antibody is an
IgGl antibody. In an alternative embodiment, the
antibody is an IgG2 antibody. In a certain embodiment,
the antibody is a human IgG antibody.

[0063]
The antibody may be an antibody in monomeric,

dimeric, and multimeric forms. For example, a bispecific



antibody or a monoclonal antibody having binding
specificity for at least two different antigens can be
prepared using the antibody disclosed herein (see e.g.,
Suresh et al., Methods in Enzymology, 1986, 121, 210).
Heretofore, the recombinant production of the bispecific
antibody has been based on the coexpression of two
immunoglobulin heavy chain-light chain pairs comprising
two heavy chains differing in specificity (Millstein,
Cuello, Nature, 1983, 305, 537-539).

[0064]

According to one approach for preparing the
bispecific antibody, antibody variable regions (antigen
binding sites of the antibody) having the desired binding
specificity are fused with immunoglobulin constant
regions. Preferably, the fusion sites involve an
immunoglobulin heavy chain constant region including at
least moieties of a hinge and CH2 and CH3 regions. At
least one fusion site preferably has the first heavy
chain constant region (CHl1) containing a site essential
for the binding of a light chain. DNAs encoding the
immunoglobulin heavy chain fusions and, if desired, DNA
encoding an immunoglobulin light chain are inserted to
separate expression vectors, with which an appropriate
host organism is then cotransfected. In an embodiment in
which unequal ratios of the three antibody chains used in
the construction provide the optimum yield, it is

possible to adjust the mutual proportions of these three



antibody chains with high flexibility. If the expression
of at least two antibody chains at equal ratios results
in high yields or if the ratios are not particularly
important, the coding sequences for two or all three
antibody chains may be inserted to one expression vector.
[0065]

One example of the approach includes a bispecific
antibody constituted by a hybrid immunoglobulin heavy
chain having first binding specificity in one of the arms,
and a hybrid heavy chain-light chain pair (having second
binding specificity) in the other arm. This asymmetric
structure (having an immunoglobulin light chain only in
one half-antibody moiety of the bispecific antibody
molecule) facilitates separating the desired bispecific
compound from undesired immunoglobulin chain combinations.
This approach is described in International Publication
No. W094/04690 published on March 3, 1994.

[0066]

A heteroconjugate antibody comprising two covalently
attached antibodies is also included in the scope of the
antibody. Such an antibody is used for targeting cells
of the immune system to unnecessary cells (U.S. Patent No.
4,676,980) or for treating HIV infection (International
Publication Nos. W091/00360 and W092/200373, and European
Patent No. 03089). The heteroconjugate antibody may be
prepared using any convenient cross-linking method.

Appropriate cross—-linking agents and cross-linking



techniques are well known in the art and are described in
U.S. Patent No. 4,676,980.
[0067]

In a particular embodiment, the antibody is an
antibody fragment. In a certain embodiment, the antibody
is selected from the group consisting of, for example,
Fab, Fab', Fab'-SH, Fv, scFv, and F(ab')2. In a certain
embodiment, the antibody is Fab. Various techniques have
been developed for antibody fragment production. These
fragments can be obtained via the protein digestion of a
complete antibody (see e.g., Morimoto et al., 1992, J.
Biochem. Biophys. Methods 24: 107-117; and Brennan et al.,
1985, Science 229: 81), or can also be produced directly
from recombinant host cells. For example, Fab'-SH
fragments can be recovered directly from E. coli and
chemically bound to form a F(ab')2 fragment (Carter et
al., 1992, Bio/Technology 10: 163-167). 1In an
alternative embodiment, F(ab')2 is formed using leucine
zipper GCN4 which promotes the assembly of F(ab')2
molecules. According to an alternative approach, the Fv,
Fab, or F(ab')2 fragment is isolated directly from
recombinant host cell culture.

[0068]

In a certain embodiment, the antibody is a single-
chain variable fragment (scFv) thereof, a variant, a
fusion protein containing an antibody moiety, a humanized

antibody, a chimeric antibody, a diabody, a linear



antibody, a single-chain antibody, or any other
immunoglobulin molecule having a modified configuration.
[0069]

The single-chain variable fragment is prepared by
linking light chain and/or heavy chain variable regions
using a short linker peptide (Bird et al., (1988) Science
242: 423-426). The linker peptide is, for example,
(GGGGS)3 (SEQ ID NO: 29) which cross-links approximately
3.5 nm between the carboxy terminus of one of the
variable regions and the amino terminus of the other
variable region. Linkers having other sequences are also
designed and used (Bird et al., (1988)). The linker can
then be modified for additional functions such as
immobilization of a drug or immobilization on a solid
carrier. The single-chain variant can be produced by any
recombination technique or synthesis technique. In the
scFv production by a synthesis technique, an automatic
synthesizer can be used. In the scFv production by a
recombination technique, an appropriate plasmid
containing a polynucleotide encoding scFv can be
transferred to appropriate host cells either eukaryotic
(e.g., yeast cells, plant cells, insect cells or
mammalian cells) or prokaryotic (E. coli). The
polynucleotide encoding the scFv of interest can be
prepared by a routine operation such as polynucleotide
ligation. The resulting scFv can be isolated using a

standard protein purification technique known in the art.



[0070]

Other forms of single-chain antibodies, such as a
diabody, are also encompassed in the antibody. The
diabody is a bivalent bispecific antibody whose VH and VL
domains are expressed on a single antibody chain but
forced to pair with complementary domains of another
chain using a linker too short to pair these VH and VL
domains on the same chain, thereby creating two antigen
binding sites (see e.g., Holliger, P. et al., (1993) Proc.
Natl. Acad. Sci. USA 90: 6444-6448; and Poljak, R. J. et
al., (1994) Structure 2: 1121-1123).

[0071]

The antibody encompasses a modified form of the
antibody described herein. Examples of such a modified
form include functionally equivalent antibodies without
markedly affecting the properties of the antibody, and
variants having potentiated or attenuated activity. The
antibody modification is a routine operation in the art
and needs not be described in detail herein. Examples of
the modified antibody include antibodies involving the
conservative substitution of amino acid residues, the
deletion or addition of one or more amino acids without
markedly deteriorating functional activity, or use of
chemical analogs.

[0072]
Insertion or addition to an amino acid sequence

includes amino- and/or carboxyl-terminal fusion ranging



in length from 1 residue to an antibody containing 100 or
more residues, and the intrasequence insertion of single
or multiple amino acid residues. Examples of terminal
insertion variants include an antibody having a N-
terminal methionyl residue or an antibody fused with an
epitope tag. Other insertion variants of the antibody
molecule include an antibody N- or C-terminally fused
with an enzyme or an antibody increasing the serum half-
life of the antibody.

[0073]

The substitution variant has a different residue
inserted in place of at least one amino acid residue
removed from the antibody sequence. CDRs are included in
sites that get the most out of substitution mutagenesis,
though FR alterations are also contemplated. The
conservative substitution is shown in Table 3 under the
heading of "conservative substitution". Such
substitution that changes biological activity is
designated as "exemplary substitution”™ in Table 3, or
more substantial change, as further described below about
amino acid classes, may be introduced and products may be
screened.

[0074]



[Table 3]
Table 3: Amino acid substitution
Original residue Conservative substitution Exemplary substitution
Ala (A) Val ~ Val; Leu; Ile
Arg (R) Lys Lys; Glo; Asn
Asn (N) Gln Gln; His: Asp, Lys; Arg
Asp (D) Glu Glu; Asn
Cys (C) Ser Ser: Ala
Gln (Q) Asn Asn; Glu
Glu (E) Asp Asp; Gln
Gly (G) Ala Ala
His (H) , Arg Asn; Gln; Lys; Arg
ile () Leu Leu; Val; Met; Ala; Phe;
Norleucine
Leu (L) {le ' Norleucine; Ile; Val; Met;
Ala; Phe
Lys (K) Arg Arg; Gln; Asn
Met (M) Leu Leu; Phe; Lle
Phe (F) ' Tyr Leu; Val; He; Ala; Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Ser Ser
Trp (W) Tyr _ Tyr; Phe
Tyr (Y) Phe Trp; Phe; Thr; Ser
Val (V) Leu {le; Leu; Met; Phe; Ala;
. Norleucine
[0075]

Substantial modification in the biological
properties of the antibody is achieved by selecting a
substitution that significantly changes the effect of the
modification on the maintenance of (a) the structure of
the antibody backbone at a substitution region, for
example, a sheet or helical conformation, (b) the charge
or hydrophobicity of the molecule at the target site, or
(c) the bulk of the side chain. Naturally occurring
residues are classified into the following groups based

on general side chain properties:



(1) hydrophobic: norleucine, Met, Ala, Val, Leu, and Ile;
(2) neural hydrophilic: Cys, Ser, and Thr;

(3) acidic: Asp and Glu;

(4) basic: Asn, Gln, His, Lys, and Arg;

(5) residues influencing chain orientation: Gly and Pro;
and

(6) aromatic: Trp, Tyr, and Phe.

[0076]

Non-conservative substitution is accomplished by
exchanging a member of one of these classes for a member
of another class. More conservative substitution
includes exchange of one member of a certain class for
another member of this class.

[0077]

Any cysteine residue that is not involved in the
maintenance of the appropriate conformation of the
antibody can be substituted, usually by serine, to
thereby improve the oxidative stability of the molecule
and prevent abnormal cross-linking. Particularly, when
the antibody is an antibody fragment such as a Fv
fragment, a cysteine bond can be added to the antibody to
thereby improve the stability of the antibody.

[0078]

The amino acid modification ranges from change or
modification in one or more amino acids to the complete
redesign of a region such as a variable region. Change

in a variable region can change binding affinity and/or



specificity. In a certain embodiment, 1 to 5 or less
amino acids are conservatively substituted within a CDR
domain. In an alternative embodiment, 1 to 3 or less
amino acids are conservatively substituted within a CDR3
domain. In a further alternative embodiment, the CDR
domain is CDRH3 and/or CDRL3.

[0079]

The modified antibody also includes glycosylated and
nonglycosylated antibodies and antibodies having other
posttranslational modifications, for example,
glycosylation with different sugars, acetylation, and
phosphorylation. Antibodies are glycosylated at
conserved positions in their constant regions (Jefferis
and Lund, 1997, Chem. Immunol. 65: 111-128; and Wright
and Morrison, 1997, TibTECH 15: 26-32). The
oligosaccharide side chains of immunoglobulins influence
protein functions (Boyd et al., 1996, Mol. Immunol. 32:
1311-1318; and Wittwe and Howard, 1990, Biochem. 29:
4175-4180) and the intramolecular mutual action between
moieties of a glycoprotein, which may influence the
conformation and presented three-dimensional surface
structure of the glycoprotein (Hefferis and Lund, supra;
and Wyss and Wagner, 1996, Current Opin. Biotech. 7: 409-
416) . Given glycoproteins may target certain molecules
based on specific recognition structures via
oligosaccharides. Antibody glycosylation has also been

reported to influence antibody-dependent cellular



cytotoxicity (ADCC). Particularly, CHO cells expressing
B(l,4)—N—acetylglucosaminyltransferase IIT (GnTIII), a
glycosyltransferase catalyzing the formation of bisecting
GlcNAc, under the control of tetracycline have been
reported to exhibit improved ADCC activity (Umana et al.,
1999, Nature Biotech. 17:176-180).

[0080]

The antibody glycosylation is usually either N-
linked or O-linked. The N-linked glycosylation means the
attachment of a carbohydrate moiety to the side chain of
an asparagine residue. Tripeptide sequences asparagine-
X-serine, asparagine-X-threonine, and asparagine-X-
cysteine (wherein X is any amino acid other than proline)
are recognition sequences for enzymatically adding a
carbohydrate moiety to the asparagine side chain. Thus,
any of these tripeptide sequences present in the antibody
creates a potential glycosylation site. The O-linked
glycosylation means the attachment of one of the
carbohydrates N-acetylgalactosamine, galactose, and
xylose to a hydroxyamino acid, most generally serine or
threonine, though 5-hydroxyproline or 5-hydroxylysine may
be used.

[0081]

The addition of the glycosylation site to the
antibody is conveniently achieved by altering the amino
acid sequence such that the antibody contains one or more

of the tripeptide sequences described above (for a N-



linked glycosylation site). The alteration may also be
accomplished by the addition of or substitution by one or
more serine or threonine residues to the sequence of the
original antibody (for an O-linked glycosylation site).
[0082]

The glycosylation pattern of the antibody may also
be altered without altering the fundamental nucleotide
sequence. The glycosylation depends largely on host
cells used for expressing the antibody. Since the type
of cells used for expression of a recombinant
glycoprotein, for example, an antibody, 1is rarely natural
cells because of a possible treatment method, the diverse
glycosylation patterns of the antibody can be predicted
(see, e.g. Hse et al., 1997, J. Biol. Chem. 272: 9062-
9070) .

[0083]

In addition to the selection of host cells, factors
that influence glycosylation during the recombinant
production of the antibody include the mode of growth,
medium formulation, culture density, oxygenation, pH,
purification schemes, etc. Various methods have been
proposed to alter the glycosylation pattern achieved in
particular host organisms and involve introducing or
overexpressing particular enzymes involved in
oligosaccharide production (U.S. Patent Nos. 5,047,335,
5,510,261, and 5,278,299). The glycosylation or a

particular type of glycosylation can be removed from the



glycoprotein using an enzyme, for example,
endoglycosidase H (EndoH). Recombinant host cells can be
genetically altered to be defective in the processing of
a particular type of polysaccharide. These and similar
techniques are well known in the art.

[0084]

Other methods for the modification include use of a
coupling technique known in the art. Examples of such a
technique include, but are not limited to, enzymatic
approaches, oxidative substitution and chelation. For
example, a label for immunoassay can be added to the
antibody using the modification. The modified antibody
is prepared using procedures established in the art and
can be screened using standard assay known in the art.
Some methods therefor are described below and in Examples.
[0085]

Other modified antibodies include antibodies
modified as described in International Publication No.
W099/58572 published on November 18, 1999. These
antibodies comprise a binding domain directed to the
target molecule as well as an effector domain having an
amino acid sequence substantially homologous to the whole
or a portion of human immunoglobulin heavy chain constant
domains. These antibodies have the ability to bind to
the target molecule without causing marked complement-
dependent lysis or cell-mediated destruction of the

target. In a certain embodiment, the effector domain can



specifically bind to FcRn and/or FcYRITb. These are
usually based on chimeric domains derived from two or
more human immunoglobulin heavy chain CH2 domains. The
antibodies thus modified are particularly suitable for
use in chronic antibody therapy and avoid inflammatory
and other harmful reactions to conventional antibody
therapy.

[0086]

The antibody includes an affinity-matured form. The
affinity-matured antibody can be produced by, for example,
a method known in the art (Marks et al., 1992,
Bio/Technology, 10: 779-783; Barbas et al., 1994, Proc
Nat. Acad. Sci, USA 91: 3809-3813; Schier et al., 1995,
Gene, 169: 147-155; Yelton et al., 1995, J. Immunol.,
155: 1994-2004; Jackson et al., 1995, J. Immunol., 154
(7): 3310-9; Hawkins et al., 1992, J. Mol. Biol.,
226:889-896; and International Publication No.
W02004/058184) . An affinity-matured antibody candidate
can be screened for or selected based on improved and/or
altered binding affinity by any method known in the art
including any selection method known in the art including
a screening method using BIAcore surface plasmon
resonance analysis, phage display, yeast display, and
ribosome display.

[0087]
The monoclonal antibody may be prepared by a

hybridoma method as described in Kohler and Milstein,



1975, Nature 256: 495. 1In the hybridoma method, mice,
hamsters, or other appropriate host animals are usually
immunized with an immunizing agent to thereby induce
lymphocytes producing or capable of producing antibodies
specifically binding to the immunizing agent.
Alternatively, lymphocytes may be immunized in vitro.
[0088]

The monoclonal antibody (and other antibodies) may
also be prepared by a recombinant DNA method as described
in U.S. Patent No. 4,816,567. DNA encoding the
monoclonal antibody is isolated and sequenced by
conventional methods such as use of an oligonucleotide
probe that can specifically bind to a gene encoding the
heavy chain or the light chain of the monoclonal antibody.
The DNA thus isolated is inserted to an expression vector,
with which host cells such as E. coli cells, simian COS
cells, Chinese hamster ovary (CHO) cells, or myeloma
cells which do not produce immunoglobulin proteins
without the transfer of the expression vector are then
transfected to thereby achieve monoclonal antibody
synthesis in the recombinant host cells.

[0089]

In a certain embodiment, the antibody is expressed
in any organism including, but is not limited to,
bacteria, yeasts, plants, insects, and mammals, or cells
derived from any organism. The particular type of the

cells includes, but is not limited to, Drosophila



melanogaster cells, cells of Saccharomyces cerevisiae and
other yeasts, E. coli cells, Bacillus subtilis cells, SF9
cells, HEK-293 cells, cells of Neurospora, BHK cells, CHO
cells, COS cells, Hela cells, fibroblasts, schwannoma
cell lines, immortalized mammalian myeloid and lymphoid
cell lines, Jurkat cells, mast cells and other endocrine
and exocrine cells, and neuronal cells.

[0090]

Various protein expression systems, vectors, and
cell media useful in antibody production are known to
those skilled in the art. See, for example,

International Publication Nos. WO03/054172, WO04/009823,
and WO03/064630, all of which are incorporated herein by
reference in their entirety. In a certain embodiment, a
glutamine synthetase (GS) expression system is used in
the expression of the antibody.

[0091]

Preferably, the antibody thus expressed is purified
or isolated according to a method known to those skilled
in the art. Examples of the purification method include
electrophoretic, molecular biological, immunological and
chromatographic approaches. Examples of such approaches
include ion-exchange, hydrophobic affinity, reverse-phase
HPLC chromatography, and isoelectric focusing. The
necessary degree of purification may vary depending on
the purpose of the antibody. Depending on embodiments,

purification is unnecessary.



[0092]

The DNA may be modified, for example, by covalently
linking the whole or a portion of the coding sequence of
a non—-immunoglobulin antibody to the immunoglobulin
coding sequence. In this way, a "chimeric" or "hybrid"
antibody having the binding specificity of the monoclonal
antibody disclosed herein is prepared. Usually, such a
non—-immunoglobulin antibody is substituted by the
constant domains of the antibody of the present invention
or substituted by the variable domains of one antigen
binding site of the antibody of the present invention to
thereby create a chimeric bivalent antibody comprising
one antigen binding site having specificity for one
surface epitope on CD26 and another antigen binding site
having specificity for a different antigen or CD26
epitope.

[0093]

The antibody also encompasses a humanized antibody.
Therapeutic antibodies often induce adverse reactions,
partly because of inducing immune response to the
administered antibodies. This may result in reduction in
drug efficacy, decrease in the number of cells having the
target antigen, and undesirable inflammatory reaction.

To circumvent these problems, a recombinant anti-CD26
humanized antibody may be prepared. The general
principles of antibody humanization involve maintaining

the basic sequence of the antigen binding moiety of the



antibody, while swapping at least a portion of the
nonhuman remainder of the antibody with a human antibody
sequence. Four general conventional steps for monoclonal
antibody humanization include, but are not limited to:
(1) determining nucleotide sequences encoding the light
chain and heavy chain variable domains of a starting
antibody, and their putative amino acid sequences, (2)
designing a humanized antibody, i.e., determining
antibody framework regions or residues and/or CDR
residues to be used in the humanization process, (3) an
actual humanization methodology/technique, and (4)
transfection and expression of the humanized antibody.
The constant regions of the antibody for use in clinical
trials and treatment in humans can also be rendered more
analogous to human constant regions by a recombination
technique to avoid immune response. See, for example,
U.S. Patent Nos. 5,997,867 and 5,866,692.

[0094]

A Fcy moiety in a recombinant humanized antibody can
be modified to thereby avoid mutual action with a Fcy
receptor and the complement immune system. Such an
antibody preparation technique is described in
International Publication No. W099/58572.

[0095]

Many "humanized" antibody molecules comprising a

nonhuman immunoglobulin-derived antigen binding site have

been reported. Examples thereof include rodent V regions



and their associated complementarity determining regions
(CDRs) fused with human constant domains. See, for
example, Winter et al., Nature 349: 293-299 (1991);
Lobuglio et al., Proc. Nat. Acad. Sci. USA 86: 4220-4224
(1989); Shaw et al., J Immunol. 138: 4534-4538 (1987);
and Brown et al., Cancer Res. 47: 3577-3583 (1987).
Other references describe rodent CDRs grafted into human
supporting framework regions (FRs) before fusion with
appropriate human antibody constant domains. See, for
example, Riechmann et al., Nature 332: 323-327 (1988);
Verhoeyen et al., Science 239: 1534-1536 (1988); and
Jones et al., Nature 321: 522-525 (1986). Another
reference describes rodent CDRs supported by
recombinantly veneered rodent framework regions. See,
for example, European Patent Publication No. 519,596.
These types of "humanized" molecules are designed to
minimize unnecessary immunological response to rodent
anti-human antibody molecules, which limits the
therapeutic application period and efficacy of the
moieties in human recipients. Other antibody
humanization methods that may be used are disclosed in
Daugherty et al., Nucl. Acids Res., 19: 2471-2476 (1991)
and U.S. Patent Nos. 6,180,377, 6,054,297, 5,997,867,
5,866,692, 6,210,671, and 6,350,861, and International
Publication No. WO01/27160.

[0096]



Further exemplary methods for the antibody
humanization are described in International Publication
No. WO02/084277 and U.S. Patent Publication No.
2004/0,133,357, both of which are incorporated herein by
reference in their entirety.

[0097]

Still alternatively, a fully human antibody can be
obtained using commercially available mice engineered to
express specific human immunoglobulin proteins.
Transgenic animals designed to produce more desirable
(e.g., fully human antibody) or more robust immune
response may also be used in humanized or human antibody
preparation. Examples of such a technique include
Xenomouse (TM) from Abgenix Inc. (Fremont, California) and
HuMAb-Mouse (R) and TC Mouse (TM) from Medarex, Inc.
(Princeton, N.J.).

[0098]

Alternatively, the antibody may be recombinantly
prepared by a phage display technique. See, for example,
U.S. Patent Nos. 5,565,332, 5,580,717, 5,733,743 and
6,265,150; and Winter et al., Annu. Rev. Immunol. 12:
433-455 (1994). Alternatively, the phage display
technique (McCafferty et al., Nature 348: 552-553 (1990))
can be used for producing human antibodies and human
antibody fragments in vitro from immunoglobulin variable
(V) domain gene repertoires from unimmunized donors.

According to this technique, antibody V domain genes are



cloned in frame into major or minor coat protein genes of
filamentous bacteriophages, such as M13 or fd, and
displayed as functional antibody fragments on the surface
of the phage particles. Because the filamentous
particles contain a single-stranded DNA copy of the phage
genome, antibody selection based on functional properties
also leads to the selection of genes encoding antibodies
exhibiting these properties. Thus, the phages mimic some
of the properties of B cells. The phage display can be
carried out in various formats. For review, see, for
example, Johnson, Kevin S. and Chiswell, David J.,
Current Opinion in Structural Biology 3, 564-571 (1993).
A plurality of sources of V gene segments can be used in
the phage display.

[0099]

Clackson et al. (Nature 352: 624-628 (1991))
isolated diverse arrays of anti-oxazolone antibodies from
a small random combinatorial library of V genes derived
from the spleens of immunized mice. V gene repertoires
from unimmunized human donors can be constructed, and
antibodies against diverse arrays of antigens (including
self-antigens) can be isolated by essentially following a
technique described by Mark et al., J. Mol. Biol. 222:
581-597 (1991) or Griffith et al., EMBO J. 12: 725-734
(1993). In natural immune response, antibody genes
accumulate mutations at a high rate (somatic

hypermutation). Some of introduced changes will confer



high affinity, and B cells displaying a high-affinity
surface immunoglobulin are preferentially replicated and
differentiated during subsequent antigen challenge. This
natural process can be mimicked by a technique known as
"chain shuffling" (Marks, et al., Bio/Technol. 10: 779-
783 (1992)). 1In this method, the affinity of "primary"
human antibodies obtained by phage display can be
improved by sequentially replacing the heavy chain and
light chain V region genes with repertoires of natural
variants (repertoires) of V domain genes obtained from
unimmunized donors. This technique allows production of
antibodies and antibody fragments having affinity in the
range of pM to nM. A strategy to prepare very large
phage antibody repertoires (also known as "mother-of-all
libraries") is described by Waterhouse et al., Nucl.
Acids Res. 21: 2265-2266 (1993).

[0100]

A human antibody having affinity and specificity
equivalent to those of a starting rodent antibody may be
induced from the rodent antibody by gene shuffling.
According to this method, also referred to as "epitope
imprinting", the heavy chain or light chain V domain
genes of rodent antibodies obtained by the phage display
technique are replaced with human V domain gene
repertoires to create rodent-human chimeras. Selection
based on an antigen brings about the isolation of human

variable regions that can reconstruct a functional



antigen binding site. Specifically, the epitope governs
(imprints) partner selection. When the method is
repeated to replace residual rodent V domains, the human
antibody is obtained (see International Publication No.
WO09306213 published on April 1, 1993). Unlike the
conventional humanization of rodent antibodies by CDR
grafting, this technique provides completely human
antibodies free from rodent-derived framework or CDR
residues. Although the discussion described above
relates to humanized antibodies, it is apparent that the
general principles discussed are applicable to, for
example, antibody customization for use in dogs, cats,
primates, horses and cattle.

[0101]

The chimeric or hybrid antibody may also be prepared
in vitro by a known method of synthetic protein chemistry,
including a method using a cross-linking agent. For
example, immunotoxins can be constructed by using
disulfide exchange reaction or forming a thioether bond.
Examples of reagents suitable for this purpose include
iminothiolate and methyl-4-mercaptobutyrimidate.

[0102]

The single-chain Fv fragment may also be produced as
described in Iliades et al., 1997, FEBS Letters, 409:
437-441. The coupling of such single-chain fragments
using various linkers is described in Kortt et al., 1997,

Protein Engineering, 10: 423-433. Various techniques



regarding the recombinant production and recombinant
manipulation of antibodies are well known in the art.
[0103]

The antibody may be conjugated with a water-soluble
polymer moiety. The antibody may be conjugated with
polyethylene glycol (PEG), monomethoxy—PEG, an ethylene
glycol/propylene glycol copolymer, carboxymethylcellulose,
dextran, polyvinyl alcohol, or the like. The antibody
may be modified at random positions on the molecule or at
predetermined positions on the molecule and may contain
one, two, or three or more attached moieties. The
polymer may have any molecular weight and may be branched
or nonbranched. In a certain embodiment, the moiety is
attached to the polypeptide via a linker. In a certain
embodiment, the attached moiety increases the circulation
half-1life of the antibody in vivo in animals. Methods
for attaching polymers such as PEG to antibodies are well
known in the art. In a certain embodiment, the antibody
is a PEGylated antibody such as a PEGylated antibody.

The conjugate may be further conjugated with an
additional different drug such as a chemotherapeutic, a
radionuclide, an immunotherapeutic, a cytokine, a
chemokine, a contrast medium, a toxin, a biological agent,
an enzyme inhibitor, or an antibody.

[0104]

2. Antibody-drug conjugate



In a certain embodiment, the present invention
relates to a conjugate comprising the antibody and
triptolide conjugated with each other. The triptolide
(3bS, 4aS, 5aS5, 6R, 6aR, 7as, 7bSsS, 8aS, 8bS) —6-hydroxy—-6a-
isopropyl-8b-methyl-3b, 4, 4a, 6, 6a, 7a, 7b,8b, 9,10~
decahydrotrisoxireno[6,7:8a, 9:4b, 5]phenanthro[l, 2-

c] furan-1(3H) —one under IUPAC name and has a structure

represented by the following formula:

[0105]

[Formula 1]

[0106]

Accordingly, the antibody-triptolide conjugate of

is

the present invention can be represented by the following

formula:
[0107]

[Formula 2]

Ab——_i




wherein Ab represents the antibody, 1L represents a linker,
and n is a natural number which represents the number of
the triptolide attached to the antibody.

[0108]

The antibody and the triptolide are covalently
attached via the linker L. To attach the antibody and
the triptolide, a multivalent linker (e.g., a divalent
linker) can be used as the linker L. Linkers that can
attach drugs to an antibody are well known in the art.
The linker may be degradable or may be nondegradable.

The linker may or may not contain a sulfur atom. For
example, the linker can be acid-degradable,
photodegradable, peptidase-degradable, esterase-
degradable, disulfide bond-reducing, or hydrophobic. The
linker may have, for example, a maleimide group or a
haloacetyl group as a basic skeleton.

[0109]

Examples of the linker includes N-succinimidyl 3-(2-
pyridyldithio) -propionate (SPDP), N-[Yy-
maleimidobutyryloxy]succinimide ester (GMBS),
succinimidyl-4—- (N-maleimidomethyl)cyclohexane-1-
carboxylate (SMCC), N—(4-
maleimidobutyryloxy)sulfosuccinimide, sodium salt (Sulfo-
GMBS), N-[ (4-
maleimidomethyl)cyclohexylcarbonyloxy]sulfosuccinimide,
sodium salt (Sulfo-SMCC), N-succinimidyl-4-

(maleimidomethyl)cyclohexane—-1l-carboxy—- (6—amidocaproate)



(LC-SMCC), K-maleimidoundeconic acid N-succinimidyl ester
(KMUA), €-maleimidocaproic acid N-succinimidyl ester
(EMCS), m—maleimidobenzoyl-N-hydroxysuccinimide ester
(MBS), N-(O0-maleimidoacetoxy)-succinimide ester (AMSA),
succinimidyl-6- (B-maleimidopropionamido) hexanoate (SMPH),
N-succinimidyl—-4- (p—-maleimidophenyl)-butyrate (SMPB), N-
(p—maleimidophenyl) isocyanate (PMIP), maleimide-based
cross—1linking agents containing PEG, N-succinimidyl
iodoacetate (SIA), N-succinimidyl (4-
iodoacetyl)aminobenzoate (SIAB), N-succinimidyl
bromoacetate (SBA), and N-succinimidyl 3-
(bromoacetamido) propionate (SBAP).

[0110]

The starting material for triptolide can be a dimer
having the following structure in order to enhance
preservation stability, and this dimer itself can be used
with reduction.

[0111]

[Formula 3]
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[0112]

In this case, the dimer is reduced to give the

following substance containing a 4-oxo—-4-[(2-



thiolethyl)amino]butanoic acid group bonded to each
triptolide.
[0113]

[Formula 4]

0 ////L/\ \/NH\ P

l
ol

[0114]

The 4-oxo-4-[ (2-thiolethyl)amino]butanoic acid group
bonded to the triptolide may be used as the linker L.
Alternatively, the 4-oxo-4-[(2-thiolethyl)amino]butanoic
acid group may be removed, and the linker mentioned above
may be attached directly to the triptolide as the linker
L. Alternatively, the linker L may be a group in which
the divalent linker mentioned above is bonded to a 4-oxo-
4-[(2-thiolethyl)amino]butanoic acid group. For example,
when 4-oxo-4-[(2-thiolethyl)amino]butanoic acid and SMCC
are used as the linker L, the antibody-triptolide
conjugate of the present invention can be represented by
the following formula:

[0115]



[Formula 5]
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[0116]

The number of the triptolide (represented by n in
the formula described above) attached to one antibody
molecule may be at least 1 and can be, for example, 2 or
more, 2.5 or more, 3 or more, 3.5 or more, 4 or more, 4.5
or more, 5 or more, 5.5 or more, 6 or more, 6.489 or more,
6.5 or more, 7 or more, 7.5 or more, 8 or more, 8.5 or
more, 9 or more, 9.5 or more, or 10 or more. Also, the
number of the triptolide (represented by n in the formula
described above) attached to one antibody molecule can be
3 or less, 3.5 or less, 4 or less, 4.5 or less, 5 or less,
5.5 or less, 6 or less, 6.5 or less, 7 or less, 7.5 or
less, 8 or less, 8.5 or less, 9 or less, 9.5 or less, or
10 or less. Alternatively, the number of the triptolide
attached to one antibody molecule can be 1 to 10, 1 to 9,
l to 8, 1 to 7, 1 to 6, 1 to 5, 1 to 4, 1 to 3, 1 to 2, 2
to 10, 2 to 9, 2 to 8, 2 to 7, 2 to 6, 2 to 5, 2 to 4, 2
to 3, 3 to 10, 3 to 9, 3 to 8, 3 to 7, 3 to 6, 3 to 5, 3
to 4, 4 to 10, 4 to 9, 4 to 8, 4 to 7, 4 to 6, 4 to 5, 5

to 10, 5 to 9, 5 to 8, 5 to 7, 5 to 6, 6 to 10, 6 to 9, 6



to 8, 6 to 7, 7 to 10, 7 to 9, 7 to 8, 8 to 10, 8 to 9, 9
to 10, or 1, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 6.5,
6.489, 7, 7.5, 8, 8.5, 9, 9.5 or 10.

[0117]

The attachment of the linker to the antibody is
usually achieved by acylating a lysine residue of the
antibody. The attachment position of the triptolide to
the antibody is not particularly limited as long as the
position does not influence the specificity of the
antibody. Preferably, the triptolide is attached to a
constant region of the antibody.

[0118]

The antibody-drug conjugate of the present invention
can be manufactured by a method well known to those
skilled in the art. For example, the antibody and the
linker can be reacted first to bind each other, and then
the linker can be attached to the drug (triptolide).
Specifically, the antibody is reacted with the linker of
10 to 50 times the molar amount of the antibody dissolved
in DMSO at room temperature for 30 minutes in PBS-EDTA
(pH 7.5), and unreacted linkers are removed to obtain the
antibody attached to the linker. A dimer of a triptolide
derivative is dissolved in 100% ethanol and reduced for 2
hours. The linker-modified antibody and the triptolide
can be reacted overnight at a ratio of 1:5.68 at room
temperature in PBS-EDTA pH 7.5 to obtain an antibody-

linker-triptolide attachment product.



[0119]
3. Concomitant drug

The present invention further relates to a
concomitant drug of the antibody and an additional
antitumor agent. Examples of the antitumor agent that
may be used concomitantly with the antibody can include:
alkylating drugs including nitrogen mustards such as
cyclophosphamide, ifosfamide, melphalan, busulfan, and
thiotepa, and nitroureas such as nimustine, ranimustine,
dacarbazine, procarbazine, temozolomide, carmustine,
streptozocin, and bendamustine; platinum compounds such
as cisplatin, carboplatin, oxaliplatin, and nedaplatin;
antimetabolite drugs such as enocitabine, capecitabine,
carmofur, cladribine, gemcitabine, cytarabine, cytarabine
ocfosfate, tegafur, tegafur uracil,
tegafur/gimeracil/oteracil potassium, doxifluridine,
nelarabine, hydroxycarbamide, 5-fluorouracil (5-FU),
fludarabine, pemetrexed, pentostatin, mercaptopurine, and
methotrexate; plant alkaloids or microtubule inhibiting
drugs such as irinotecan, etoposide, eribulin, sobuzoxane,
docetaxel, nogitecan, paclitaxel, vinorelbine,
vincristine, vindesine, and vinblastine; anticancer
antibiotics such as actinomycin D, aclarubicin, amrubicin,
idarubicin, epirubicin, zinostatin stimalamer,
daunorubicin, doxorubicin, pirarubicin, bleomycin,
peplomycin, mitomycin C, mitoxantrone, and liposomal

doxorubicin; cancer vaccines such as sipuleucel-T;



molecular targeting drugs such as ibritumomab tiuxetan,
imatinib, everolimus, erlotinib, gefitinib, gemtuzumab
ozogamicin, sunitinib, cetuximab, sorafenib, dasatinib,
tamibarotene, trastuzumab, tretinoin, panitumumab,
bevacizumab, bortezomib, lapatinib, and rituximab;
hormone agents such as anastrozole, exemestane,
estramustine, ethinylestradiol, chlormadinone, goserelin,
tamoxifen, dexamethasone, toremifene, bicalutamide,
flutamide, prednisolone, fosfestrol, mitotane,
methyltestosterone, medroxyprogesterone, mepitiostane,
leuprorelin, and letrozole; and biological response
modifiers such as interferon O, interferon B, interferon
Y, interleukin, ubenimex, dry BCG, and lentinan.
Cisplatin, pemetrexed, or gemcitabine is preferred, and
gemcitabine is more preferred.

[0120]

The concomitant drug (pharmaceutical composition
containing two or more drugs) of the present invention
may contain all or a part of two or more types of drugs
to be used concomitantly in one preparation, or may be
provided as separate preparations containing each drug
alone for concomitant use. Alternatively, the
concomitant drug of the present invention may be provided
as a kit for concomitant use including separate
preparations containing each drug of all or a part of two
or more types of drugs to be used concomitantly.

[0121]



4. Application

The conjugate or the concomitant drug of the present
invention is useful in various applications including,
but are not limited to, a method for treatment or a
method for lysing malignant cells. The present invention
includes, for example, a pharmaceutical composition, a
therapeutic drug for malignant mesothelioma, a malignant
mesothelioma cell growth inhibitor, and a malignant
mesothelioma cell lysing agent, which contain the
conjugate or the concomitant drug of the present
invention as an active ingredient. The present invention
may also provide the conjugate or the concomitant drug of
the present invention for use in a pharmaceutical
composition, a therapeutic drug for malignant
mesothelioma, a malignant mesothelioma cell growth
inhibitor, or a malignant mesothelioma cell lysing agent.
Alternatively, the present invention may provide a use of
the conjugate of the present invention or a use of an
anti-CD26 antibody and an antitumor agent in the
manufacture of a pharmaceutical composition, a
therapeutic drug for malignant mesothelioma, a malignant
mesothelioma cell growth inhibitor, or a malignant
mesothelioma cell lysing agent. In one aspect, the
present invention includes a method for treating
malignant mesothelioma, a method for inhibiting malignant
mesothelioma cell growth, and a method for lysing

malignant mesothelioma cells, comprising administering an



effective amount of the conjugate or the concomitant drug
of the present invention to a patient in need thereof.
Accordingly, the present invention also provides a method
for inhibiting CD26-expressing cell growth. The
inhibition of CD26-expressing cell growth includes any
observable inhibition, including partial growth
inhibition and complete growth inhibition. In a certain
embodiment, the cell growth is inhibited by at least
approximately 10%, at least approximately 25%, at least
approximately 50%, at least approximately 75%, at least
approximately 90%, at least approximately 95%, at least
approximately 98%, or approximately 100%. The method may
be performed in vitro or in vivo. In a certain
embodiment, the method comprises the step of contacting
the cells with the conjugate or the concomitant drug
described herein. 1In general, the cells are contacted
with a sufficient amount of the conjugate or the
concomitant drug for inhibiting the cell growth.
[0122]

In a certain embodiment, the CD26-expressing cells
are mammalian cells and are preferably human cells. In a
certain embodiment, the CD26-expressing cells are cancer
cells. In a certain embodiment, the CD26-expressing
cells are cells of malignant mesothelioma, lung cancer,
kidney cancer, liver cancer or other malignant tumors
involving the expression of CD26. In a certain

embodiment, the tumor cells are malignant or benign.



[0123]

Methods for evaluating the inhibition of cell growth
are known in the art. Examples thereof include MTT assay
(see e.g., Aytac et al., (2003) British Journal of Cancer
88: 455-462; Ho et al., (2001) Clinical Cancer Research
7: 2031-2040; Hansen et al., (1989) J. Immunol. Methods,
119: 203-210; and Aytac et al., (2001) Cancer Res 61:
7204-7210) .

[0124]

The present invention further provides a method for
treating a condition associated with CD26 expression in a
subject. The method for treating a condition associated
with CD26 expression in a subject comprises administering
an effective amount of a composition comprising the
conjugate or the concomitant drug described herein to the
subject. The condition associated with CD26 expression
may be associated with the abnormal expression of CD26.
The condition associated with CD26 expression may be a
condition associated with a change or abnormality in CD26
expression (in a certain embodiment, increase or decrease
in CD26 expression level (as compared with a normal
sample) and/or inappropriate expression, for example,
expression in tissues and/or cells normally expressing no
CD26, or deficiency in CD26 expression in tissues or
cells normally expressing CD26). The condition
associated with CD26 expression may be a condition

associated with CD26 overexpression. The condition



associated with CD26 expression may be mediated at least
partially by CD26, may be a condition associated with
CD26-expressing cells, or may be a condition with the
abnormal growth of CD26-expressing cells. The CD26-
expressing cells may be T cells or tumor cells. The
tumor cells may be malignant or benign.

[0125]

The condition associated with CD26 expression in the
subject includes a proliferative disease, particularly, a
cancer. The cancer is malignant mesothelioma, lung
cancer, kidney cancer, liver cancer or any other
malignant tumor involving the expression of CD26.

[0126]

The method (including the treatment method)
described herein may be accomplished by single direct
injection at one time or multiple times to single or
multiple sites. The administration may also be performed
to a plurality of sites at almost the same time. The
frequency of administration is determined and adjusted in
the course of treatment and is based on the desired
results to be achieved. In some cases, a sustained-
release preparation of the conjugate, the concomitant
drug, or the pharmaceutical composition of the present
invention may be appropriate. Various preparations and
apparatuses for achieving sustained release are well
known in the art.

[0127]



The subject for treatment or prevention includes
mammals such as humans, cattle, horses, dogs, cats, pigs,
and sheep and is preferably a human.

[0128]

The conjugate or the concomitant drug is preferably
administered as being contained in a carrier (preferably
a pharmaceutically acceptable carrier) to a mammal.
Appropriate carriers and their preparations are described
in Remington's Pharmaceutical Sciences, 18th edition, A.
Gennaro ed., Mack Publishing Co., Easton, PA, 1990 and
Remington, The Science and Practice of Pharmacy, 20th
edition, Mack Publishing, 2000. Usually, an appropriate
amount of a pharmaceutically acceptable salt is used in a
preparation so that the preparation has isotonicity.
Examples of the carrier include physiological saline,
Ringer's solutions and dextrose solutions. The pH of
these solutions is preferably approximately 5 to
approximately 8, more preferably approximately 7 to
approximately 7.5. Further examples of the carrier
include sustained-release preparations such as
semipermeable matrices of solid hydrophobic polymers
containing the antibody. The matrices are in the form of
shaped articles, for example, films, liposomes, or
microparticles. It will be apparent to those skilled in
the art that a certain carrier may be more preferred
depending upon, for example, the administration route and

concentration of the antibody to be administered.



[0129]

The conjugate or the concomitant drug may be
administered to a mammal by injection (e.g., systemic,
intravenous, intraperitoneal, subcutaneous, intramuscular,
or intraportal injection), or may be administered thereto
by other methods (e.g., infusion) that secure delivery in
an effective form to blood stream. The conjugate or the
concomitant drug may be administered by an isolated
perfusion method such as isolated tissue perfusion to
exert a local therapeutic effect. Intravenous injection
is preferred.

[0130]

Effective doses and schedules for administering the
conjugate or the concomitant drug of the present
invention are empirically determined. Methods for such
determination are included within technical common sense
in the art. Those skilled in the art will understand
that the dose of the conjugate or the concomitant drug to
be administered varies depending on, for example, the
mammal that will receive the conjugate or the concomitant
drug, an administration route, the specific type of the
antibody used, and other drugs to be administered to the
mammal. The typical daily amount of the conjugate (used
alone) or the concomitant drug administered may range
from approximately 1 Hg/kg body weight to 100 mg/kg body
weight or more per day, though depending on the factors

mentioned above. In general, any of the following



amounts administered may be used: at least approximately
50 mg/kg body weight; at least approximately 10 mg/kg
body weight; at least approximately 3 mg/kg body weight;
at least approximately 1 mg/kg body weight; at least
approximately 750 Hg/kg body weight; at least
approximately 500 Hg/kg body weight; at least
approximately 250 Mg/kg body weight; at least
approximately 100 Hg/kg body weight; at least
approximately 50 Mg/kg body weight; at least
approximately 10 Hg/kg body weight; at least
approximately 1 Mg/kg body weight, or more.

[0131]

The conjugate or the concomitant drug may be
administered to the mammal by further concomitant use
with effective amounts of one or more other therapeutic
drugs. The conjugate or the concomitant drug may be
administered sequentially or concurrently with the one or
more other therapeutic agents. The amounts of the
conjugate or the concomitant drug and the therapeutic
drug depend on, for example, the types of the drugs used,
a pathological condition to be treated, an administration
schedule and an administration route and may generally be
less than the amounts of the conjugate or the concomitant
drug and the therapeutic drug used individually.

[0132]



The physiological condition of the mammal thus given
the conjugate or the concomitant drug can be monitored by
various methods well known to those skilled in the art.
[0133]

5. Method for screening for compound exhibiting
synergistic effect by concomitant use with anti-CD26
antibody

In a further alternative aspect, the present
invention relates to a method for screening for a
compound exhibiting a synergistic effect by concomitant
use with an anti-CD26 antibody. The screening method of
the present invention is based on CD26 that mutually acts
and counters with CD9 (Okamoto et al., PLOS One (2014) 9
(1) : e86671). When a chemotherapeutic candidate mutually
acts with CD26, its effect is attenuated by CD9.
Therefore, a candidate differing in growth inhibitory
effect between a cell line coexpressing CD26 and CD9 and
a cell line expressing CD26 but expressing no CD9 can be
determined as a medication exhibiting a synergistic
effect by concomitant use with an anti-CD26 antibody.
Specifically, the screening method of the present
invention is

a method for screening for a compound exhibiting a
synergistic antitumor effect by concomitant use with an

anti-CD26 antibody, comprising the following steps:



(a) culturing a tumor cell line coexpressing CD26 and CD9,
and a cell line expressing CD26 but expressing no CD9 in
the presence of a test compound;

(b) measuring the respective numbers of cells of the
tumor cell lines thus cultured;

(c) calculating a growth inhibitory effect of the test
compound on the tumor cell line coexpressing CD26 and CD9,
and a growth inhibitory effect of the test compound on
the cell line expressing CD26 but expressing no CD9; and
(d) comparing the growth inhibitory effect of the test
compound on the tumor cell line coexpressing CD26 and CD9,
and the growth inhibitory effect of the test compound on
the cell line expressing CD26 but expressing no CD9, and
selecting the test compound as a compound likely to
exhibit a synergistic antitumor effect by concomitant use
with an anti-CD26 antibody when the growth inhibitory
effect on the cell line expressing CD26 but expressing no
CD9 is better.

[0134]

In this method, a mesothelioma cell line MESOl or
H2452 can be used as the tumor cell line coexpressing
CD26 and CD9. JMN or H226 can be used as the cell line
expressing CD26 but expressing no CDOI.

[0135]

The step of measuring the respective numbers of

cells of the tumor cell lines can adopt every known

method as long as the method provides measurement values



reflecting the numbers of cells. For example, other
numerical values serving as an index for the number of
cells, such as turbidity or a measurement value of MTT
assay may be used instead of the number of cells.
[0136]

The growth inhibitory effect on each tumor cell line
may be calculated as the number of cells with that of a
control defined as 100, or a numerical value serving as
an index for drug efficacy, such as IC50 may be
calculated. The degree of the growth inhibitory effect
can be confirmed as excellent growth inhibitory effect
when the number of cells whose growth has been suppressed
is large.

[0137]

Hereinafter, the present invention will be described
in more detail with reference to Examples. However, the
present invention is not limited by these Examples. All
literatures cited herein are incorporated herein by
reference in their entirety.

[0138]
(Example 1) Antibody-drug conjugation
(1) Starting material

A humanized anti-CD26 antibody YS110 was designed
based on an anti-CD26 mouse antibody 14D10 and expressed
according to the already reported approach (see
International Publication No. WO02007/014169); and Inamoto

T et al., Clin Cancer Res (2007) 13: 4191-200).



Triptolide having the following structure (molecular
formula: C20H2406; MW = 360.4) was purchased from Shaanxi

Taiji Technology (Shanxi Sheng, China).

[0139]

[Formula 6]

[0140]
(2) Conjugation protocol

A SH group was introduced to the triptolide by
ChemGenesis Inc. (Tokyo, Japan). The obtained triptolide
derivative was designated as TR1. TRl was provided as a
dimer of such triptolide derivatives bound via a S-S bond

for enhanced scientific stability and had the following

structure.
[0141]

[Formula 7]

iy He
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[0142]

A hetero-divalent linker SPDP (N-succinimidyl 3-(2-

pyridyldithio) -propionate) (catalog No. 21857, Thermo



Fisher Scientific Inc., Waltham, MA), GMBS (N-[Yy-
maleimidobutyryloxy]succinimide ester) (catalog No. 22309,
Thermo Fisher Scientific Inc., Waltham, MA), or SMCC
(succinimidyl 4-[N-maleimidomethyl] cyclohexane-1-
carboxylate) (catalog No. 22360, Thermo Fisher Scientific
Inc., Waltham, MA) was dissolved in DMSO immediately
before use. YS110 was modified through reaction with the
hetero-divalent linker SPDP (15 times the molar quantity
of the antibody), GMBS (30 times the molar quantity of
the antibody), or SMCC (20 times the molar gquantity of
the antibody) at room temperature for 30 minutes in PBS-—
EDTA (pH 7.5). Unreacted linkers were removed using
HiTrap Desalting column (catalog No. 21857, GE Healthcare
Inc., Buckinghamshire, UK). The triptolide derivative
TR1 S-S dimer was dissolved in 100% ethanol and reduced
with immobilized TCEP Reducing Gel (catalog No. 77712,
Thermo Fisher Scientific Inc., Waltham, MA) for 2 hours.
The SH group concentration of the reduced TR1-SH was
measured by DTINB ((5,5-dithio-bis-(2-nitrobenzoic acid))
assay. The linker-modified YS110 and the TR1-SH were
reacted overnight at a ratio of 1:5.68 at room
temperature in PBS-EDTA pH 7.5. Unreacted TR1-SH was
removed using PD-10 column (catalog No. 17085101, GE
Healthcare Inc., Buckinghamshire, UK). This reaction is
summarized below.

[0143]



[Formula 8]

Induction of suifahydryl group

°°4/k/\\ (w\ /\s-—-s/\/ \‘\/\j%

Reduction @

[0144]

The obtained product was filter-sterilized through
Millex-GV Filter Unit 0.22 um (Cat no. SLGV 013SL, EMD
Millipore, Billerica, MA). The final concentration was
measured using BCA protein assay reagent kit (catalog No.
23225, Thermo Fisher Scientific Inc., Waltham, MA).
Residual unconjugated TR1-SH in the product was measured
by DTNB assay.

[0145]
(3) Results

YS110 and TR1 were conjugated using a hetero-
divalent linker (SPDP, GMBS, or SMCC) according to the
method described above. The final product concentration

measured using BCA protein assay reagent kit (Thermo



Fisher Scientific Inc., Waltham, MA) was approximately 1
mg/ml. Residual unconjugated TR1-SH in the product was
measured by DTNB assay, but was hardly detectable (data
not shown) .
[0146]
(Example 2) Cell culture

A CD26-negative malignant mesothelioma cell line
MSTO-211H (MSTO) (American Type Cell Culture Collection,
Manassas, VA) was transfected with CD26 gene, which was
designated as MSTO clone 12 (Roe K et al., Clin Cancer
Res. (2012) 18: 1447-56). A CD26-negative T-cell
leukemia cell line Jurkat (American Type Cell Culture
Collection, Manassas, VA) was transfected with CD26 gene,
which was designated as Jurkat CD26(+) (Tanaka T et al.,
Proc Natl Acad Sci USA (1993) 90: 4586-90). A CD26-
positive cell line JMN established from malignant
mesothelioma was kindly provided by professor Chikao
Morimoto, the Institute of Medical Science, the
University of Tokyo. All the cell lines were cultured in
RPMI medium (catalog No. 11875-093, Life Technologies
Corp., Carlsbad, CA) containing 10% heat-inactivated
fetal bovine serum (FBS, Life Technologies Corp.,
Carlsbad, CA), ABPC (100 Mg/ml), and streptomycin (100
Mg/ml) at 37°C under 5% CO, environment.
(Example 3) Mass spectrometry

The drug/antibody ratio of Y-TR1 was analyzed by

matrix—-assisted laser desorption/ionization mass



spectrometry (MALDI-TOFmass) using Autoflex III (Bruker
Corporation, Billerica, MA) after ultrafiltration.
[0147]

The intact masses of unconjugated ¥YS110 and Y-TR1
(SMCC) analyzed by MALDI-TOFmass were 147012.7 and
151815.6, respectively (Figure 1). The estimated
molecular amount of antibody-conjugated TR1 with the SMCC
group was 739.6. Based on this molecular amount, the
average number of TR1-SMCC groups attached to one
molecule of Y¥S110 can be calculated according to the
expression {(151815.6 - 147012.7) / 739.6} and was
consequently 6.489. This means that 6.489 molecules of
TR-1 were attached to one molecule of YS110 on average.
[0148]

(Example 4) Binding assay

To examine the binding of Y-TR1 to CD26-positive
malignant mesothelioma cells, cultured MSTO-wt cells
(CD26-negative) and MSTO clone 12 cells (CD26-positive)
were recovered. 1 X 10° cells of each cell line were
cultured with 1 Mg/ml, 10 Mg/ml, or 100 Hg/ml Y-TR1 at
4°C for 30 minutes. The cells were washed three times
and cultured with FITC-conjugated rabbit anti-human IgG
(catalog No. 6140-02, Southern Biotech, Birmingham, AL)
at a dilution ratio of 1:100 at 4°C for 30 minutes. The
cells were washed three times, followed by FACS analysis
using Epics XL-MCL (Beckman Coulter, Inc., Brea, CA).

[0149]
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The intact binding of Y-TR1 to the CD26-positive
malignant mesothelioma cell line MSTO clone 12 was
confirmed by flow cytometry analysis (Figure 2).

[0150]
(Example 5) Cytotoxicity assay

The cytotoxicity of triptolide, YS110 and Y-TR1 to
malignant mesothelioma and T-cell leukemia cell lines was
measured using colorimetric cell proliferation kit WST-1
(catalog No. 11644807001, Roche Applied Science, Rotkreuz,
Switzerland) based on the colorimetric detection of a
formazan dye. In summary, 5 X 10° MSTO-wt, MSTO clone 12,
JMN, Jurkat CD26(-), or Jurkat CD26(+) cells were
cultured with triptolide (0 to 100 nM), TR1 (0O to 100 nM),
YS110 (0 to 100 Mg/ml), or Y-TR1 (0 to 100 ug/ml) in RPMI
medium containing 10% heat-inactivated fetal bovine serum,
ABPC (100 Mg/ml) and streptomycin (100 Mg/ml) in a 96—
well plate at 37°C for 48 hours under 5% CO, environment.
WST-1 assay was conducted according to the manual
provided by the manufacturer. The background absorbance
of each sample at 630 nm was subtracted from the
measurement value thereof at 450 nm. The experiment was
conducted in triplicate, and typical results are shown.
[0151]

As shown in Figure 3, the triptolide exhibited a
dose—-dependent toxic effect on the malignant mesothelioma
cell lines MSTO-wt, MSTO clone 12, and JMN, and the T-

cell leukemia cell lines Jurkat and Jurkat CD26 (+) after
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the treatment for 48 hours. The IC50 value of the
triptolide for these cell lines is shown in Table 4.
[0152]

The triptolide derivative TR1 that was designed for
attachment to the linker was tested for its cytotoxicity
and IC50 value in the same way as above. The results are
shown in Figure 4 and Table 4. TRl was reduced from the
SS dimer using immobilized TR-1 TCEP Reducing Gel (Thermo
Fisher Scientific Inc., Waltham, MA) before assay.

[0153]

Y-TR1 exhibited dose-dependent cytotoxicity to the
CD26-positive malignant mesothelioma and leukemia cell
lines (Figure 5). The cytotoxicity of Y-TR1 to the CD26-
positive malignant mesothelioma cell line MSTO clone 12
was compared among 3 types of linkers (SPDP, GMBS and
SMCC) (Figure 5A). As a result of this comparison among
3 types of hetero-divalent linkers, the IC50 value of Y-
TR1 for MSTO clone 12 was 38 Hg/ml, 18 Hg/ml and 15 Hg/ml
for use of SPDP, GMBS and SMCC, respectively (Table 5).
In this experiment, the conjugate Y-TR1 via SMCC
exhibited the best cytotoxicity. Therefore, Y-TR1 (SMCC)
was used in subsequent experiments. The cytotoxicity of
Y-TR1 to the CD26-positive or CD26-negative malignant
mesothelioma and leukemia cell lines was compared with
that of unconjugated YS110 (Figures 5A and 5B). The IC50
value of Y-TR1 (SMCC) for various cell lines is shown in

Table 4. Y-TR1l, compared with YS110, exhibited
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remarkably higher cytotoxicity to the CD26-positive cells

(MSTO clone 12, JMN, and Jurkat CD26(+)). The CD26-

positive cell lines (MSTO clone 12 and Jurkat CD26(+)),

compared with the corresponding CD26-negative cells (MSTO

wt and Jurkat CD26(-)), were more highly sensitive to Y-

TR1 cytotoxicity (Figures 5C and 5D). Free TR-1

(corresponding to Y-TR1) for the MSTO clone 12 cell line

was calculated from the IC50 wvalues of Y-TRI1

(approximately 15 Mg/ml = 99 nM) and unconjugated TR-1

(250 nM). As a result, one molecule of Y-TR1

corresponded to 2.5 molecules of TR1 (Figure 6). From

this, it was confirmed that the cytotoxic action on a
mesothelioma cell line per triptolide molecule was
remarkably enhanced by its conjugation with the anti-CD26
antibody YS110. These results indicated that malignant

mesothelioma can be treated with a smaller amount

administered.
[0154]
[Table 4]
. .- IC50 of Triptolide | 1C50 of TR1 | IC50 of Y-TR1
Cell line Origin CD26
i (nM) (nM) (ug/ml)
MSTO wt Mesothelioma (-) 10 250 35
MSTO clonel2 | Mesothelioma (+) 10 250 15
JMN Mesothelioma (+) 15 ND 30
Jurkat (-) Leukemia (-) >100 ND >100
Jurkat CD26(+) Leukemia (+) 6 ND 30

[0155]
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[Table 5]

conjugate IC50 (ug/ml)
Y-TR1 SPDP 35
Y-TR1 GMBS 18
Y-TR1 SMCC 15

[0156]
(Example 6) In vivo effect assay and toxicity study

NOD/SCID (NOD/LtSz-scid) mice were maintained in a
microisolator cage within a specific pathogen-free (SPF)
facility and allowed to freely take sterilized diet and
sterilized water. The animal experiment protocol was
conducted with the approval of the Animal Care and Use
Committee.

1 x 10" cultured JMN cells were subcutaneously
administered to 6- to 8-week-old female NOD/SCID mice. A
total of 30 animals were randomly divided into 3 types of
treatment groups: a control group, a ¥YS110 administration
group, and a Y-TR1 administration group. 4 mg/kg/dose of
YS110 or Y-TR1 was intraperitoneally administered to the
YS110 and Y-TR1 groups three times a week (a total of 9
times) from the day of tumor inoculation. The same
amount of PBS was administered to the control group.

When a tumor became evidently visible, the tumor was

excised, and its size was measured with a vernier caliper.
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The estimated tumor volume was determined by calculation
according to the expression: M/ 6 X L X W X W (Tomayko
MM et al., Cancer Chemother Pharmacol. (1989) 24: 148-54).
The statistical difference among the average tumor
volumes of these groups were determined by Fisher's
protected least-square differences (PLSD) multiple
comparison test. Statistical analysis was conducted
using SPSS software (IBM, Armonk, NY).

[0157]

Figure 7 shows results about the in vivo efficacy of
Y-TR1 compared with unconjugated YS110 on the NOD/SCID
mouse xenograft models prepared using the CD26-positive
malignant mesothelioma cell line JMN. The average tumor
volume of day 55 estimated according to the ellipsoid
volume formula (MM / 6 X L X W X H) (Tomayko MM et al.,
Cancer Chemother Pharmacol. (1989) 24: 148-54) was
compared among 3 groups (control, YS110, and Y-TR1l) by
Fisher's protected least-square differences (PLSD)
multiple comparison test. The average tumor volume of
the Y-TR1 administration group (intraperitoneally given
36 mg/kg in total of Y-TR1) was remarkably lower as
compared with the control group and the YS110
administration group (p < 0.05). The complete
suppression of tumor growth was megascopically confirmed
in two of the nine mice in the Y-TR1 administration group
at the completion of the experiment (day 55). Figure 7

shows one typical example of similar experiment results
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obtained twice. The average body weight of the mice at
the completion of the experiment did not remarkably
differ among the groups.
[0158]
(Example 7) Confirmation of CD26 expression in
mesothelioma cell line

CD26 expression in a mesothelioma cell line was
confirmed by FACS measurement. Among CD26-positive
mesothelioma cell lines, ACC-MESOl and JMN were used as
sarcomatoid mesothelioma cell lines, and NCI-H2452 and
NCI-H226 were used as epithelioid mesothelioma cell lines.
The ACC-MESO1l, JMN, NCI-H2452, and NCI-H226 cells were
stained with anti-CD26 monoclonal antibody-FITC, followed
by FACS analysis.

The results are shown in Figure 8. All the cell
lines tested were confirmed to express CD26.
[0159]
(Example 8) Potentiation of cell growth inhibitory effect
of cisplatin-pemetrexed by concomitant use with ¥YS110 on
mesothelioma cell
(1) Dose-response curves of cisplatin and pemetrexed

MESOl or H2452 cells (2 % 10° cells/well) were
inoculated to a 96-well plate. One hour later, cisplatin
or pemetrexed was added thereto at 104, 10%, 104, 10‘ﬂ
1072, or 10* M (n = 6). At day 2, MTT assay was

conducted.
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The results are shown in Figure 9. Cisplatin and
pemetrexed suppressed the growth of MESOl and H2452 in a
dose—dependent manner.

[0160]
(2) Potentiation of MESOl cell growth inhibitory effects
of cisplatin and pemetrexed by YS110

MESO1l cells (2 X 10° cells/well) were inoculated to
a 96-well plate. One hour later, the combination of 0.3,
3, or 10 UM cisplatin and 0.1, 3, or 10 Mg/ml YS110, or
the combination of 0.03, 0.3, or 1 MM pemetrexed and 0.1,
3, or 10 Mg/ml YS110 was added thereto. At day 2, MTT
assay was conducted. Significant difference was tested
by two-tailed t-test (vs Cont).

The results are shown in Figure 10. YS110
potentiated the cell growth inhibitory effects of
cisplatin and pemetrexed.

Pemetrexed

[0161]

(3) Potentiation of H2452 cell growth inhibitory effects
of cisplatin and pemetrexed by YS110

H2452 cells (2 X 10° cells/well) were inoculated to
a 96-well plate. One hour later, the combination of 0.03,
0.3, or 1 UMM cisplatin and 0.1, 3, or 10 Mg/ml YS110, or
the combination of 0.01, 0.1, or 0.3 MM pemetrexed and

0.1, 3, or 10 Hg/ml YS110 was added thereto (n = 6). At
day 2, MTT assay was conducted. Significant difference

was tested by two-tailed t-test (vs Cont).
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The results are shown in Figure 11. YS110
potentiated the cell growth inhibitory effects of
cisplatin and pemetrexed.

[0162]
(4) Potentiation of MESOl cell growth inhibitory effect
of cisplatin-pemetrexed concomitant use by YS110

MESO1l cells (2 X 10° cells/well) or H2452 cells (2 X
10° cells/well) were inoculated to a 96-well plate. One
hour later, 0.3 MM cisplatin-0.1 PM pemetrexed
combination, or YS110 (10 Mg/ml) plus the 0.3 UM
cisplatin-0.1 MM pemetrexed combination was added thereto
(n = 6). At day 2, MIT assay was conducted. Significant
difference was tested by two-tailed t-test (vs Cont).

The results are shown in Figure 12. YS110
potentiated the cell growth inhibitory effect of
cisplatin-pemetrexed.

[0163]
(5) Potentiation of in vivo JMN cell growth inhibitory
effects of cisplatin and pemetrexed by YS110

JMN cells (3 %X 10° cells/animal) were subcutaneously
transplanted to the backs of female SCID mice. The day
of transplantation was defined as day 0. YS110 (10
mg/kg) alone, cisplatin (0.5 mg/kg) alone, pemetrexed (50
mg/kg) alone, cisplatin (0.5 mg/kg) and YS110 (10 mg/kg)
used concomitantly, or pemetrexed (50 mg/kg) and YS110
(10 mg/kg) used concomitantly was intraperitoneally

administered to the mice twice (days 1 and 4). At day 7,
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their tumors were excised, and the tumor weights were
measured. Significant difference was tested by two-
tailed t-test (vs Cont).

The results are shown in Figure 13. YS110
potentiated the in vivo tumor growth inhibitory effects
of cisplatin and pemetrexed.

[0164]
(6) Potentiation of in vivo JMN cell growth inhibitory
effect of cisplatin-pemetrexed concomitant use by YS110

JMN cells (5 x 10° cells/animal) were subcutaneously
transplanted to the backs of female SCID mice. The day
of transplantation was defined as day 0. Cisplatin (0.5
mg/kg) —-pemetrexed (50 mg/kg) used concomitantly, YS110
(10 mg/kg) alone, or YS110 (10 mg/kg) used concomitantly
with the cisplatin-pemetrexed concomitant use was
intraperitoneally administered to the mice twice (days 1
and 4). At day 7, their tumors were excised, and the
tumor weights were measured. Significant difference was
tested by two-tailed t-test (vs Cont).

The results are shown in Figure 14. YS110
potentiated the in vivo tumor growth inhibitory effect of
cisplatin-pemetrexed.

[0165]
(7) Potentiation of in vivo MESOl cell growth inhibitory
effect of cisplatin-pemetrexed concomitant use by YS110

MESO1 cells (3 X 10° cells/animal) were

subcutaneously transplanted to the backs of female SCID
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mice. The day of transplantation was defined as day O.
YS110 (10 mg/kg) alone, cisplatin (0.5 mg/kg)-pemetrexed
(50 mg/kg) used concomitantly, or YS110 (10 mg/kg)
concomitantly used with the cisplatin-pemetrexed
concomitant use was intraperitoneally administered to the
mice twice (days 1 and 4). At day 7, their tumors were
excised, and the tumor weights were measured.

Significant difference was tested by two-tailed t-test
(vs Cont).

The results are shown in Figure 15. YS110
potentiated the in vivo tumor growth inhibitory effect of
cisplatin-pemetrexed on MESOl cells.

[0166]
(8) Potentiation of in vivo H2452 cell growth inhibitory
effect of cisplatin-pemetrexed concomitant use by YS110

H2452 cells (3 %X 10° cells/animal) were
subcutaneously transplanted to the backs of female SCID
mice. The day of transplantation was defined as day O.
YS110 (10 mg/kg) alone, cisplatin (0.5 mg/kg)-pemetrexed
(50 mg/kg) used concomitantly, or YS110 (10 mg/kg) used
concomitantly with the cisplatin-pemetrexed concomitant
use was intraperitoneally administered to the mice twice
(days 1 and 4). At day 7, their tumors were excised, and
the tumor weights were measured. Significant difference

was tested by two-tailed t-test (vs Cont).
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The results are shown in Figure 16. YS110
potentiated the in vivo tumor growth inhibitory effect of
cisplatin-pemetrexed on H2452 cells.

[0167]

(Example 9) Potentiation of cell invasion inhibitory
effect of cisplatin-pemetrexed by concomitant use with
YS110 on mesothelioma cell

(1) Action of cisplatin and pemetrexed on cell invasion

MESO1l cells or H2452 cells (2.5 X 10° cells/well)
were inoculated to a Boyden chamber. One hour later,
cisplatin (5, 10, or 30 MM) or pemetrexed (1, 10, or 30
pM) was added thereto (n = 5), followed by Boyden chamber
invasion assay. 24 hours after the cell inoculation,
invasive cells were stained with Diff-Quik-staining kit.
Significant difference was tested by two-tailed t-test
(vs Cont).

The results are shown in Figure 17. Cisplatin
suppressed invasion at 10 and 30 pM. On the other hand,
pemetrexed exhibited no inhibitory action on invasion
even at 30 HM.

[0168]
(2) Cell invasion inhibitory effect of cisplatin-
pemetrexed concomitant use

MESO1l cells or H2452 cells (2.5 X 10° cells/well)
were inoculated to a Boyden chamber. One hour later, the
combination of cisplatin (0, 3, or 10 MM) and pemetrexed

(0, 10, or 30 UM) was added thereto (n = 5), followed by
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Boyden chamber invasion assay. 24 hours after the cell
inoculation, invasive cells were stained with Diff-Quik-
staining kit. Significant difference was tested by two-
tailed t-test (vs Cont).

The results are shown in Figure 18. Cisplatin
suppressed cell invasion at 10 UM, whereas pemetrexed did
not potentiate the cell invasion inhibitory effect of
cisplatin even at 30 UM. These results indicated that
the combination of pemetrexed with cisplatin does not
potentiate the inhibitory effect on cell invasion, and
cisplatin and cisplatin-pemetrexed were equivalent in
terms of cell invasion.

[0169]
(3) Y¥YS110 potentiates cell invasion inhibitory effect of
cisplatin on MESOl cell

MESO1l cells (2.5 X 10* cells/well) were inoculated
to a Boyden chamber. One hour later, the combination of
cisplatin (0, 3, or 10 puM) and YS110 (0, 10, or 20 Mg/ml)
was added thereto (n = 5), followed by Boyden chamber
invasion assay. 24 hours after the cell inoculation,
invasive cells were stained with Diff-Quik-staining kit.
Significant difference was tested by two-tailed t-test
(vs Cont). Next, the interaction of ¥YS110 with
cisplatin-pemetrexed concomitant use was studied. The
interaction was analyzed by two-way ANOVA.

The results are shown in Figure 19. YS110

potentiated the cell invasion inhibitory action of
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cisplatin-pemetrexed (Figure 19A). YS110 (10 Mg/ml) +
cisplatin (10 PM) and YS110 (20 Mg/ml) + cisplatin (10
MM) combinations had interaction (Figure 19B).

[0170]

(4) YS110 potentiates cell invasion inhibitory effect of
cisplatin on H2452 cell

H2452 cells (2.5 X 10° cells/well) were inoculated
to a Boyden chamber. One hour later, the combination of
cisplatin (0, 3, or 10 MM) and ¥YS110 (0, 10, or 20 Mg/ml)
was added thereto (n = 5), followed by Boyden chamber
invasion assay. 24 hours after the cell inoculation,
invasive cells were stained with Diff-Quik-staining kit.
Significant difference was tested by two-tailed t-test
(vs Cont). Next, the interaction of ¥YS110 with
cisplatin-pemetrexed concomitant use was studied. The
interaction was analyzed by two-way ANOVA.

The results are shown in Figure 20. YS110
synergistically potentiated the cell invasion inhibitory
action of cisplatin-pemetrexed (Figure 20A). YS110 (10
Hg/ml) + cisplatin (10 MUM) and YS110 (20 MHg/ml) +
cisplatin (10 MM) combinations had interaction (Figure
20B) .

[0171]

(Example 10) Concomitant use of gemcitabine and YS110 in
mesothelioma cell

(1) Dose-response curve of gemcitabine in mesothelioma

cell line
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Gemcitabine was studied for its effect on the growth
of a mesothelioma cell line. A mesothelioma cell line
MESOl, JMN, H2452, or H226 (2 X 10° cells/well) was
inoculated to a 96-well plate. One hour later,
gemcitabine (10”, 10%, 104, 10%, 10%, or 107* M) was
added thereto (N = 6). 2 days later, MIT assay was
conducted. Significant difference was tested by two-
tailed t-test (vs Cont).

The results are shown in Figure 21. Gemcitabine
more strongly suppressed the growth of JMN and H226.
[0172]

(2) Effect of YS110 and gemcitabine used concomitantly on
sarcomatoid mesothelioma MESOl cell growth

MESO1l cells (2 X 10° cells/well) were inoculated to
a 96-well plate. One hour later, gemcitabine (O, 10%, 3
x 107, or 10’ M) and ¥YS110 (0, 1, 3, or 10 Hg/ml) were
added thereto in combination. At day 2, MIT assay was
conducted. Significant difference was tested by two-
tailed t-test (vs Cont). Next, interaction in
concomitant use of medications was studied (n = 6). The
interaction between YS110 and gemcitabine used
concomitantly was analyzed by two-way ANOVA.

The results are shown in Figure 22. YS110
potentiated the growth inhibitory effect of gemcitabine
(Figure 22A). Interaction was observed in the
combination of gemcitabine (10_8 M) and YS110 (3 Mg/ml)

(Figure 22B).
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[0173]
(3) Effect of YS110 and gemcitabine used concomitantly on
sarcomatoid mesothelioma JMN cell growth

JMN cells (2 X 10° cells/well) were inoculated to a
96-well plate. One hour later, gemcitabine (0, 3 X 107w,
1077, or 3 x 10°® M) and YS110 (0, 1, 3, or 10 Hg/ml) were
added thereto in combination. At day 2, MIT assay was
conducted. Significant difference was tested by two-
tailed t-test (vs Cont). Next, interaction in
concomitant use of medications was studied (n = 6). The
interaction between ¥YS110 and gemcitabine used
concomitantly was analyzed by two-way ANOVA.

The results are shown in Figure 23. YS110
potentiated the growth inhibitory effect of gemcitabine
(Figure 23A). Interaction was observed in the
combination of gemcitabine (3 X 10°¢ M) and ¥YS110 (3
Hg/ml) and the combination of gemcitabine (3 X 1078 M)
and YS110 (10 Mg/ml) (Figure 23B).

[0174]
(4) Effect of Y5110 and gemcitabine used concomitantly on
epithelioid mesothelioma H2452 cell growth

H2452 cells (2 x 10° cells/well) were inoculated to
a 96-well plate. One hour later, gemcitabine (O, 10%, 3
x 10°°%, or 10’ M) and ¥YS110 (0, 1, 3, or 10 Hg/ml) were
added thereto in combination. At day 2, MIT assay was
conducted. Significant difference was tested by two-

tailed t-test (vs Cont). Next, interaction in
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concomitant use of medications was studied (n = 6). The
interaction between ¥YS110 and gemcitabine used
concomitantly was analyzed by two-way ANOVA.

The results are shown in Figure 24. YS110
potentiated the growth inhibitory effect of gemcitabine
(Figure 24A). Interaction was observed in the
combination of gemcitabine (10_7 M) and YS110 (3 Mg/ml)
(Figure 24B).

[0175]
(5) Effect of YS110 and gemcitabine used concomitantly on
epithelioid mesothelioma H226 cell growth

H226 cells (2 X 10° cells/well) were inoculated to a
96-well plate. One hour later, gemcitabine (O, 10%, 3 X
10°%, or 10’ M) and YS110 (0, 1, 3, or 10 Hg/ml) were
added thereto in combination. At day 2, MIT assay was
conducted. Significant difference was tested by two-—
tailed t-test (vs Cont). Next, interaction in
concomitant use of medications was studied (n = 6). The
interaction between ¥YS110 and gemcitabine used
concomitantly was analyzed by two-way ANOVA.

The results are shown in Figure 25. YS110
potentiated the growth inhibitory effect of gemcitabine
(Figure 25A). Interaction was observed in the
combination of gemcitabine (10_8 M) and YS110 (3 Mg/ml),
the combination of gemcitabine (3 X 10°® M) and YS110 (3
Mg/ml), and the combination of gemcitabine (3 X 10°¢ M)

and YS110 (10 Hg/ml) (Figure 25B).



- 116 -

[0176]
(6) Concomitant use of gemcitabine with standard
cisplatin-pemetrexed therapy

MESO1l, JMN, H2452 or H226 cells (2 X 10° cells/well
were inoculated to a 96-well plate. One hour later, 3 X
10® M or 107" M gemcitabine was added thereto by
concomitant use with the combination of cisplatin (0, 0.1,
0.3, or 1 M) and pemetrexed (0, 0.03, 0.1, or 0.3 MM) (n
= 6). At day 2, MTT assay was conducted.

The results are shown in Figure 26. The concomitant
use of gemcitabine with cisplatin-pemetrexed combination
did not potentiate the growth inhibitory action of
cisplatin-pemetrexed.

[0177]
(7) Concomitant use of ¥YS110 and gemcitabine against in
vivo growth of epithelioid mesothelioma cell H226

H226 (3.8 X 10° cells/animal) was subcutaneously
transplanted to the backs of female SCID mice. The day
of transplantation was defined as day 0. YS110 (10
mg/kg), gemcitabine (20 mg/kg), or ¥YS110 (10 mg/kg) +
gemcitabine (20 mg/kg) was intraperitoneally administered
to the mice twice (days 2 and 4) (n = 6). At day 7,
their tumors were excised, and the tumor weights were
measured. Significant difference was tested by two-
tailed t-test (vs Cont). The interaction between YS110
and gemcitabine used concomitantly was analyzed by two-

way ANOVA.
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The results are shown in Figure 27. The YS110 alone,
gemcitabine alone, and YS110 + gemcitabine groups
exhibited a inhibitory effect of 34%, 29%, and 88%,
respectively, and each exhibited a significant inhibitory
effect. Interaction was observed in the concomitant use
of ¥YS110 and gemcitabine.

[0178]
(8) Concomitant use of ¥YS110 and gemcitabine against in
vivo growth of sarcomatoid mesothelioma cell JMN

H226 cells (3 x 10° cells/animal) were
subcutaneously transplanted to the backs of female SCID
mice. The day of transplantation was defined as day O.
YS110 (10 mg/kg), gemcitabine (10 mg/kg), or YS110 (10
mg/kg) + gemcitabine (10 mg/kg) was intraperitoneally
administered to the mice twice (days 2 and 4) (n = 6).
At day 7, their tumors were excised, and the tumor
weights were measured. Significant difference was tested
by two-tailed t-test (vs Cont). The interaction between
YS110 and gemcitabine used concomitantly was analyzed by
two-way ANOVA.

The results are shown in Figure 28. The YS110 alone,
gemcitabine alone, and YS110 + gemcitabine groups
exhibited a inhibitory effect of 34%, 29%, and 88%,
respectively, and each exhibited a significant inhibitory
effect. Interaction was observed in the concomitant use
of ¥YS110 and gemcitabine.

[0179]
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(Example 11) Concomitant use with YS110 against in vivo
growth of CD26-positive lung cancer cell line
(1) Concomitant use of YS110 and cisplatin-pemetrexed
against in vivo growth of CD26-positive lung cancer cell
line HCC827

HCC827 cells (1.8 X 10° cells/animal) were
subcutaneously transplanted to the backs of female SCID
mice. The day of transplantation was defined as day O.
At day 1, YS110 (10 mg/kg) alone, cisplatin (0.5 mg/kg) +
pemetrexed (50 mg/kg), or ¥S110 (10 mg/kg) + cisplatin
(0.5 mg/kg) + pemetrexed (50 mg/kg) was intraperitoneally
administered to the mice. At day 4, the same amount of
the same drug was administered by the same method as in
day 1 (n = 6). At day 7, their tumors were excised, and
the tumor weights were measured. Significant difference
was tested by two-tailed t-test (vs Cont).

The results are shown in Figure 29. YS110
potentiated the effect of cisplatin-pemetrexed.
[0180]
(2) Concomitant use of YS110 and gefitinib against in
vivo growth of CD26-positive lung cancer cell line
HCC4006 cell

HCC827 cells (0.5 X 10° cells/animal) were
subcutaneously transplanted to the backs of female SCID
mice. The day of transplantation was defined as day O.
YS110 (10 mg/kg, intraperitoneal administration),

gefitinib (100 mg/kg, oral administration), or YS110 (10
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mg/kg, intraperitoneal administration) + gefitinib (100
mg/kg, oral administration) was administered to the mice
twice (days 1 and 4). At day 7, their tumors were
excised, and the tumor weights were measured.
Significant difference was tested by two-tailed t-test
(vs Cont) .

The results are shown in Figure 30. YS110
potentiated the effect of gefitinib.
[0181]
(3) Concomitant use of ¥YS110 and gefitinib against in
vivo growth of CD26-positive lung cancer cell line HCC827

HCC827 cells (0.9 X 10° cells/animal) were
subcutaneously transplanted to the backs of female SCID
mice. The day of transplantation was defined as day O.
YS110 (10 mg/kg, intraperitoneal administration),
gefitinib (100 mg/kg, oral administration), or YS110 (10
mg/kg, intraperitoneal administration) + gefitinib (100
mg/kg, oral administration) was administered to the mice
twice (days 1 and 4). At day 7, their tumors were
excised, and the tumor weights were measured.
Significant difference was tested by two-tailed t-test
(vs Cont) .

The results are shown in Figure 31. YS110
potentiated the effect of gefitinib.

[0182]
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(Example 12) Study on screening system to determine
whether chemotherapeutic can be expected to exhibit
synergistic effect by concomitant use with CD26 antibody

Medication therapy is considered to exert a
synergistic effect through the mutual action between
involved molecules. This suggests the possibility that a
chemotherapeutic that exerts an anticancer effect while
mutually acting with CD26 can be expected to exhibit a
synergistic effect by concomitant use with a CD26
antibody. CD26 and CD9 mutually act and counter with
each other (Okamoto et al., PLOS One (2014) 9 (1):
e86671). This suggests the possibility that the effect
of a chemotherapeutic that mutually acts with CD26 is
attenuated by CD9. Accordingly, mesothelioma cell lines
MESOl1l and H2452 coexpressing CD26 and CD9 and cell lines
JMN and H226 expressing CD26 but expressing no CD9 were
used in study on the setting of a screening system to
determine whether a chemotherapeutic could be expected to
exhibit a synergistic effect by concomitant use with a
CD26 antibody.
[0183]
(1) Comparison of growth inhibitory effects of cisplatin
and pemetrexed using MESOl and JMN cell lines

The growth inhibitory effects of cisplatin (107° to
107" M) and pemetrexed (107 to 107* M) were compared using

the MESOl1l and JMN cell lines.
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The results are shown in Figure 32. Figure 32A
shows that as a result of comparing the growth inhibitory
effect of cisplatin, the growth inhibitory effect of
cisplatin did not differ between MESOl and JMN. Figure
32B shows that as a result of comparing the growth
inhibitory effect of pemetrexed, the growth inhibitory
effect of pemetrexed did not differ between MESOl and JMN.
These results suggested the possibility that a
synergistic effect is expected neither in the concomitant
use of the anti-CD26 antibody and cisplatin nor in the
concomitant use of the anti-CD26 antibody and pemetrexed.
[0184]

(2) Comparison of growth inhibitory effect of gemcitabine
using MESO1l, H2452, JMN, and H226 cell lines

The growth inhibitory effect of gemcitabine (1077 to
107* M) was compared using MESOl, H2452, JMN, and H226
cell lines.

The results are shown in Figure 33. Figure 33A
shows that as a result of comparing the growth inhibitory
effect of gemcitabine between MESOl and JMN, gemcitabine
exhibited a significantly stronger growth inhibitory
effect on JMN than on MESOl. Figure 33B shows that as a
result of comparing the growth inhibitory effect of
gemcitabine between H2452 and H226, gemcitabine exhibited
a significantly stronger growth inhibitory effect on H226
than on H2452. In the comparison between MESOl and JMN

and between H2452 and H226, the stronger growth
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inhibitory effect of gemcitabine was observed in JMN and
H226 expressing no CD9. These results suggested that the
possibility that a synergistic effect can be expected in
the concomitant use of the anti-CD26 antibody and
gemcitabine.

[0185]

As described above, cisplatin and pemetrexed did not
differ in growth inhibitory effect between MESOl cells
(CD9+) and JMN cells (CD9-). In the experiments
mentioned above, the concomitant use of the anti-CD26
antibody with cisplatin or pemetrexed was confirmed to
have an additive effect, indicating that a synergistic
effect is obtained by concomitant use with the anti-CD26
antibody when there is no difference in growth inhibitory
effect between MESOl cells (CD9+) and JMN cells (CD9-).
On the other hand, gemcitabine exhibited significant
difference in growth inhibitory effect between MESOL
(CD9+) and JMN (CD9-) and between H2452 (CD9+) and H226
(CD9-). 1In the experiments mentioned above, the
concomitant use of the anti-CD26 antibody with
gemcitabine was confirmed to have a synergistic effect,
indicating that a synergistic effect is obtained by
concomitant use with the anti-CD26 antibody when there is
a difference in growth inhibitory effect between CD9+
cells and CD9- cells. These results indicated that a
chemotherapeutic that brings about a synergistic effect

by concomitant use with a CD26 antibody can be screened
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for by using cells coexpressing CD26 and CD9 (e.g., MESOL
or H2452) and cells expressing CD26 but expressing no CD9

(JMN or H226).
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Claims

[Claim 1]

A conjugate comprising an anti-CD26 antibody or a
fragment thereof which is linked to triptolide.
[Claim 2]

The conjugate of claim 1, wherein the anti-CD26
antibody or the fragment thereof is a humanized antibody
or a fragment thereof.

[Claim 3]

The conjugate of claim 2, wherein the humanized
antibody or the fragment thereof comprises a heavy chain
variable region comprising an amino acid sequence having
80% or more identity to an amino acid sequence selected
from the group consisting of SEQ ID NOs: 8 to 14, and a
light chain variable region comprising an amino acid
sequence having 80% or more identity to an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 1 to 7.

[Claim 4]

The conjugate of claim 2, wherein the humanized
antibody or the fragment thereof comprises a heavy chain
variable region comprising an amino acid sequence having
80% or more identity to an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1 to 7, and a
light chain variable region comprising an amino acid

sequence having 80% or more identity to an amino acid



- 125 -

sequence selected from the group consisting of SEQ ID
NOs: 8 to 14.
[Claim 5]

The conjugate of claim 2, wherein the humanized
antibody or the fragment thereof comprises at least one
heavy chain comprising an amino acid sequence having 90%
or more sequence identity to the amino acid sequence of
SEQ ID NO: 17, and at least one light chain comprising an
amino acid sequence having 90% or more sequence identity
to the amino acid sequence of SEQ ID NO: 18.

[Claim 6]

The conjugate of claim 2, wherein the humanized
antibody or the fragment thereof comprises at least one
heavy chain comprising an amino acid sequence from
position 20 to position 465 of the amino acid sequence of
SEQ ID NO: 17, and at least one light chain comprising an
amino acid sequence from position 21 to position 234 of
the amino acid sequence of SEQ ID NO: 18.

[Claim 7]

The conjugate of any one of claims 2 to 6, wherein
the humanized antibody or the fragment thereof binds to
one or more peptides selected from the group consisting
of SEQ ID NOs: 19 to 28.

[Claim 8]
The conjugate of claim 2, wherein the humanized

antibody is produced by a strain designated as
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s604069.YST-pABMC148 (x411) under deposition No. PTA-7695
of the American Type Culture Collection (ATCC).
[Claim 9]

The conjugate of any one of claims 1 to 8, wherein
the fragment is selected from the group consisting of Fab,
Fab', Fab'-SH, Fv, scFv, and F(ab')2.

[Claim 10]

A pharmaceutical composition comprising a conjugate
of any one of claims 1 to 9 as an active ingredient.
[Claim 11]

The pharmaceutical composition of claim 10 for the
treatment of malignant mesothelioma.

[Claim 12]

A malignant mesothelioma cell growth inhibitor
comprising a conjugate of any one of claims 1 to 9.
[Claim 13]

A malignant mesothelioma cell lysing agent
comprising a conjugate of any one of claims 1 to 9.
[Claim 14]

Use of a conjugate of any one of claims 1 to 9 in
the manufacture of a pharmaceutical composition for the
treatment of malignant mesothelioma.

[Claim 15]

A pharmaceutical composition comprising an anti-CD26

antibody or a fragment thereof and an antitumor agent.

[Claim 16]
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The pharmaceutical composition of claim 15, wherein
the antitumor agent is one or more drugs selected from
the group consisting of cisplatin, pemetrexed, gefitinib,
and gemcitabine.

[Claim 17]

The pharmaceutical composition of claim 15 or 16,
wherein the anti-CD26 antibody or the fragment thereof is
a humanized antibody or a fragment thereof.

[Claim 18]

The pharmaceutical composition of claim 17, wherein
the humanized antibody or the fragment thereof comprises
a heavy chain variable region comprising an amino acid
sequence having 80% or more identity to an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 8 to 14, and a light chain wvariable region
comprising an amino acid sequence having 80% or more
identity to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 1 to 7.

[Claim 19]

The pharmaceutical composition of claim 17, wherein
the humanized antibody or the fragment thereof comprises
a heavy chain variable region comprising an amino acid
sequence having 80% or more identity to an amino acid
sequence selected from the group consisting of SEQ ID
NOs: 1 to 7, and a light chain variable region comprising

an amino acid sequence having 80% or more identity to an
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amino acid sequence selected from the group consisting of
SEQ ID NOs: 8 to 14.
[Claim 20]

The pharmaceutical composition of claim 17, wherein
the humanized antibody or the fragment thereof comprises
at least one heavy chain comprising an amino acid
sequence having 90% or more sequence identity to the
amino acid sequence of SEQ ID NO: 17, and at least one
light chain comprising an amino acid sequence having 90%
or more sequence identity to the amino acid sequence of
SEQ ID NO: 18.

[Claim 21]

The pharmaceutical composition of claim 17, wherein
the humanized antibody or the fragment thereof comprises
at least one heavy chain comprising an amino acid
sequence from position 20 to position 465 of the amino
acid sequence of SEQ ID NO: 17, and at least one light
chain comprising an amino acid sequence from position 21
to position 234 of the amino acid sequence of SEQ ID NO:
18.

[Claim 22]

The pharmaceutical composition of claim 17, wherein
the humanized antibody or the fragment thereof binds to
one or more peptides selected from the group consisting
of SEQ ID NOs: 19 to 28.

[Claim 23]
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The pharmaceutical composition of claim 17, wherein
the humanized antibody is produced by a strain designated
as s604069.YST-pABMC148 (x411) under deposition No. PTA-
7695 of the American Type Culture Collection (ATCC).
[Claim 24]

The pharmaceutical composition of any one of claims
15 to 23, wherein the fragment is selected from the group
consisting of Fab, Fab', Fab'-SH, Fv, scFv, and F(ab')2.
[Claim 25]

The pharmaceutical composition of any one of claims
15 to 24 for the treatment of malignant mesothelioma.
[Claim 26]

A malignant mesothelioma cell growth inhibitor
comprising a pharmaceutical composition of any one of
claims 15 to 24.

[Claim 27]

A malignant mesothelioma cell lysing agent
comprising a pharmaceutical composition of any one of
claims 15 to 24.

[Claim 28]

Use of an anti-CD26 antibody and an antitumor agent
in the manufacture of a pharmaceutical composition for
the treatment of malignant mesothelioma.

[Claim 29]

The use of claim 28, wherein the antitumor agent is

one or more drugs selected from the group consisting of

cisplatin, pemetrexed, gefitinib, and gemcitabine.
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[Claim 30]

A method for screening for a candidate compound
which exhibits a synergistic antitumor effect in
concomitant use with an anti-CD26 antibody, comprising
the following steps:
(a) culturing a tumor cell line coexpressing CD26 and CD9,
and a tumor cell line expressing CD26 but not expressing
CD9 in the presence of a test compound;
(b) measuring a respective number of cells of the each
tumor cell lines after culturing; and
(c) comparing a growth inhibitory effect of the test
compound on the tumor cell line coexpressing CD26 and CD9,
and a growth inhibitory effect of the test compound on
the tumor cell line expressing CD26 but not expressing
CD9, and selecting the test compound which inhibits the
growth of the tumor cell line expressing CD26 but not
expressing CD9 more, as a candidate compound that
exhibits a synergistic antitumor effect in concomitant

use with an anti-CD26 antibody.



