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DESCRIPTION
CYTOTOXICITY-INDUCING THERAPEUTIC AGENT

Technical Field
The present invention relates to multispecific antigen-binding molecules, uses thereof,

and such.

Background Art
Antibodies are drawing attention as pharmaceuticals because of their high stability in

plasma and few adverse reactions (Non-patent Documents 1 and 2). Antibodies are known to
induce not only an antigen-binding action, an agoenistic action, and an antagonistic action, but
also effector-mediated cytotoxic activities (also called effector functions) such as antibody-
dependent cellular cytotoxicity (ADCC), antibody dependent cell phagocytosis (ADCP), and
complement-dependent cytotoxicity (CDC), and exhibit antitumor effects against cancer cells
(Non-Patent Document 3). ADCC 1is a cytotoxicity exhibited by effector cells against antibody-
bound target cancer cells via binding of the antibody Fc region to an Fc receptor present on
effector cells such as NK cells and macrophages. A complement complex binds to the
complement-binding site present in an antibody structure. CDC is cell injury that results from
cell destruction where an influx of water and ions into cells is promoted by pore formation on the
cell membrane of the antibody-bound cells by complement components présent in the complex.
A number of therapeutic antibodies showing excellent anti-tumor effects have been developed as
pharmaceuticals for cancer treatment (Non-patent Document 4); and while existing therapeutic
antibodies have shown excellent actions, the therapeutic outcome achieved by administration of
these antibodies is still not satisfactory.

For an antibody te express ADCC, ADCP, and CDC, it is necessary for the antibody Fc
region, the antibody receptor (FcyR) present.on effector celis such as NK cells and macrophages,
and various complement components (o bind. In humans, isoforms of FeyRlIa, FcyRIla, FcyRIlb,
FcyRIHa, and FcyRIIb have been reported as the FcyR protein family, and the respective
allotypes have been reported as well (Non-patent Document 5). Among these isoforms, FcyRIa,
FcyRHa, and FoyRIIla carry a domain called the Immunoreceptor Tyrosine-based Activation
Motif (ITAM) in the intracellular domain, and transmit activation signals. On the other hand,
only FeyRIIb carries a domain called the Immunoreceptor Tyrosine-based Inhibitory Motif
(ITIM) in the intracellular domain, and transmits inhibitory signals. Every one of the FcyRs is
known to transmit signals via crosslinking by immune complexes and such (Non-patent

Document 6). When antibodies actually exert an effector function on cancer cells, FcyRs on the
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effector cell membrane form clusters at the Fe regions of several antibodies bound on the cancer
cell membrane, and activation signals are transmitted by effector cells. A cytocidal effect is
exerted as a result, but since FeyRs are crosslinked only in effector cells present near cancer cells
this time, activation of immunity is shown to occur locally in cancer cells (Non-patent Document
7.

Naturally-occurring immunoglobulins bind to antigens at their variable regions, and
bind to receptors such as FcyR, FcRn, FcoR, and FceR, and complements at their constant
regions. FcRn is one of the binding molecules that interact at the IgG Fe region, and since each
of the antibody heavy chains binds one molecule of FcRn, two molecules of FcRn have been
reported to bind one IgG-type antibody molecule. However, unlike FcRn and such, FecyR
interacts at the antibody hinge region and CH?2 domain, and only one molecule of FeyR binds to
one molecule of IgG-type antibody (Non-patent Document 8). Furthermore, a common
naturally-occurring IsG-type antibody recognizes and binds a single epitope via its variable
region (Fab); théerefore, it can bind to only one antigen. On the other hand, many types of
proteins are known to be involved in cancer and inflammation, and there may be crosstalk
among the proteins. For example, several inflammatory cytokines (TNF, IL1, and IL.6) are
known to be involved in immunological diseases (Non-patent Document 9). Furthermore,
activation of other receptors is known as one of the mechanisms of cancer in acquiring drug
resistance (Non-patent Document 10). In such cases, commen antibodies that recognize a single
epitope would be unable.to inhibit multiple proteins.

Antibodies (bispecific antibodies) that bind to two or more types of antigens with one
molecule are being studied as molecules that inhibit multiple targets. It is possible to confer
binding activities to two different antigens (a first antigen and a second antigen) by modifying
naturally-occurring IgG-type antibodies (Non-patent Document 11). Accordingly, there will not
only be neutralization of two or more types of antigens by a single molecule, but also
enhancement of antitumor activity due to crosslinks between cells having cytotoxic activity and
cancer cells. As molecular forms of a bispecific antibody, a molecule comprising an antigen-
binding site added to the N or C terminus of an antibody (DVD-Ig and scFv-IgG), a molecule
having different sequences for the twe Fab regions of an antibody (common L-chain bispecific
antibody and hybrid hybridoma), a molecule in which one Fab region recognizes two antigens
(two-in-one IgG), and a molecule having a CH3 region loop site as a new antigen-binding site
(Fcab) have been reported so far (Non-patent Documents 12 and 13). Since all bispecific

antibodies interact at their Fc regions with FcyR, antibody effector functions are preserved. Thus,

the bispecific antibody binds to any antigen that it recognizes and at the same time binds to FcyR,

and exhibits ADCC activity against cells expressing the antigen.
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If all the antigens recognized by the bispecific antibody are antigens specifically
expressed in cancer, the bispecific antibody exhibits cytotoxic activity to cancer cells when it
binds to any of the antigens. Therefore, in comparison (o a conventional antibody
pharmaceutical that recognizes one antigen, a more efficient antitumor effect can be expected
from such an antibody. However, in the case where any one of the antigens recognized by the
bispecific antibody is expressed in normal tissues or cells expressed on immunocytes, damage on
normal tissues or release of cytokines occurs due to crosslinking with FcyR (Non-patent
Document 14). As a result, strong adverse reactions are induced.

A T-cell redirecting antibody that employs cytotoxicity mobilizing T cells as effector
cells as the mechanism for its antitumor effect has been known from the 1980s as a bispecific
antibody (Non-patent Documents 15, 16, and 17). Unlike antibodies that employ ADCC
mobilizing NXK cells or macrophages as effecior cells as the mechanism for their antitamor
effects, a T-cell redirecting antibody is an antibody against any one of the subunits constituting
the T-cell receptor (TCR) complex on T cells, and is specifically a bi-specific antibody
comprising an antibody that binds to the CD3 epsilon chain and an antibody that binds to an
antigen on the target cancer cell. T cells come close to cancer cells via simultaneous binding of
the CD3 epsilon chain and a cancer antigen by a T-cell redirecting antibody. As a result,
antitumor effects against cancer cells are considered to be exerted through the cytotoxic activity
possessed by T cells.

Catimaxomab, which is known as a T-cell redirecting antibody, binds at two Fabs each
to a cancer antigen {EpCAM) and to a CD3e (CD3 epsilon) chain expressed on T cells.
Catumaxomab induces. T cell-mediated cytotoxic activity by binding to the cancer antigen and
the CD3e at the same time, and induces cytotoxic activity mediated by antigen-presenting cells
such as NK cells and macrophages, by binding to the cancer antigen and FcyR at the same time.
By use of these two cytotoxic activities, catumaxomab exhibits a high therapeutic effect on
malignant ascites by intraperitoneal administration and has thus been-approved in Europe (Non-
patent Document 18). In addition, there are cases where the administration of catumaxomab
reportedly yields cancer cell-reactive antibodies, which clearly shows that acquired immunity is
induced (Non-patent Document 19). From this result, antibodies having both T cell-mediated
cytotoxic activity and the FcyR-mediated actions by cells such as NX cells or macrophages
(these antibodies are particularly referred to as trifunctional antibodies) have received attention
because a strong antitumor effect and induction of acquired immunity can be expected.

The trifunctional antibodies, however, bind to CD3¢ and FcyR at the same time even in
the absence of a cancer antigen and therefore crosslink CD3e-expressing T cells with FcyR-
expressing cells even in a cancer cell-absent environment, leading to production of various

cytokines in large amounts. Such cancer antigen-independent induction of production of various
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cytokines restricts the current administration of the trifunctional antibodies to an intraperitoneal
route (Non-patent Document 20). The trifunctional antibodies are very difficult to administer
systemically due to severe cytokine storm-like adverse reactions. In fact, in the Phase I clinical
trial of administering catumaxomab systemically to non-small-cell lung cancer patients, a very
low dose of 5 [ig/body is the maximum permissible dose, and administration of a larger dose has
been reported to'cause various serious adverse reactions (Non-patent Document 21).

As such, bispecific antibodies by conventional techniques may bind to both antigens,
the first antigen being the cancer antigen (EpCAM) and the second antigen being CD3g, at the
same time when they bind to FeyR, and therefore, in view of their molecular structure it is
impossible to avoid adverse reactions caused by the simultaneous binding to FcyR and the
second antigen CD3e.

Meanwhile, unlike catumaxomab, BiTE has no Fcy receptor-binding site, and therefore
it does not cross-link the receptors expressed on T cells and cells such as NK cells and
macrophages in a cancer antigen-dependent manner. Thus, it has been demonstrated that BiTE
does not cause cancer antigen-independent cytokine induction which is observed when
catumaxomab is administered. However, since BiTE is a modified low-molecular-weight
antibody molecule without an Fc region, the problem is that its blood half-life after

-administration to a patient is significantly shorter than IgG-type antibodies conventionally used

as therapeutic antibodies. In fact, the blood half-life of BiTE administered in vivo has been
reported to be about several hours (Non-patent Documents 22 and 23). In the clinical trials of
blinatumomab, it is administered by continuous intravenous infusion using a minipump. This
administration method is not only extremely inconvenient for patients.but also has the potential
risk of medical accidents due to device malfunction or-the like. Thus, it cannot be said that such
an administration method is desirable.

In recent years, use of an Fc region with reduced FcyR-binding activity has enabled
maintenance of the strong antitumor activity possessed by BiTE and the excellent safety property
of not inducing a cytokine storm in a cancer antigen-dependent manner, and has provided novel
polypeptide assemblies that have long half-lives in blood (Patent Document 1).

On the other hand, when expressing a bispecific antibody by conventional techniques,
since two types of H chains and two types of L chains are expressed, ten combinations are
conceivable. Among them, only one of the produced combinations has the binding specificity of
interest. Therefore, to obtain the bispecific antibody of interest, the single antibady of interest
must be purified from the ten types of antibodies, which is very inefficient and difftcult.

A method of preferentially secreting IgGs with a heterodimeric combination of H chains,
for example, a combination of an H chain against antigen A and an H chain against antigen B, by

introducing amino acid substitutions into the TgG H-chain CH3 region has been reported as a
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-method for solving this problem (Patent Documents 2, 3, 4, 5, 6, 7, and Non-patent Documents

24 and 25). A method that utilizes physical disturbance, i.e., “knob” and “hele”, and a method
that utilizes electric charge repulsion have been reported as such methods.

To obtain the molecule of interest with better efficiency, methods asing L chains that
can bind to two different antigens even though the L chains have the same amino acid sequence

have been reported (Patent Documents 8 and 9). However, the antigen affinity may decrease

.greatly with the use of common L chains, and it is difficult to find common L chains that

maintain antigen affinity.
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Summary of the Invention
[Problems to be Solved by the Invention]

The present invention was achieved in view of the above circumstances. An objective
of the present invention is to provide multispecific antigen-binding molecules that bring T ceils
close to the target cancer cells, and can treat cancer through the cytotoxic activity of T cells
against target cancer tissues containing glypican 3-expressing cells, and are molecular forms that
can be produced with high efficiency; methods for producing the antigen-binding molecules; and

pharmaceutical compositions comprising the antigen-binding molecules as active ingredient.

[Means for Solving the Problems]

The present inventors discovered an L chain common to a domain comprising a
glypican 3-binding antibody variable region, and a domain comprising a T-cell receptor
complex-binding antibody variable region, where the common L chain is capable of improving
affinity to both antigens. This allows preparation of molecular forms that can be produced with
high efficiency, and further discovery of novel multispecific antigen-binding molecules that
maintain the strong antitumor activity possessed by T-cell redirecting antibodies such as BiTE
and the excellent safety property of not inducing a cytokine storm in a cancer antigen-dependent
manner, and also have long half-lives in blood. Furthermore, the present inventors discovered
that the multispecific antigen-binding molecules comprising common L chains target glypican 3-
expressing cancer cells and cause cell injury. Based on this discovery, the present inventors
elucidated that the multispecific antigen-binding molecules of the present invention cause injury
to cancer tissues containing glypican 3-expressing cancer cells.

In one aspect, the present invention refers to a bispecific antibody of any one of (hl) to (h6)

below:
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(h1})  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 142 and a constant region
having the amino acid sequence of SEQ ID NO: 60; and a common antibody L chain having the
amino acid sequence of SEQ ID NO: 223;

(h2) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
¢hain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 142 and a constant region
having the amino acid sequence of SEQ ID NO: 60; and a common antibody L chain having the
amino acid sequence of SEQ ID NO: 223;

(h3)  aDbispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 164 and a constant region
having the amino acid sequence of SEQ ID NO: 60; and a common antibody L chain having the
amino acid sequence of SEQ [D NO: 223;

(h4)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 168 and a constant region
having the amino acid sequence of SEQ ID NO: 60; and a common antibody L chain having the
amino acid sequence of SEQ ID NO: 223;

(h5)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 168 and a constant region
having the amino acid sequence of SEQ ID NO: 62; and a common antibody L chain having the

amino acid sequence of SEQ ID NO: 223; and
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(h6)  abispecific-antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain vatisble region having the arino acid sequence of SEQ ID NO:
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody T
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequemce of SEQ ID NO: 164 and a constant region
having the amino acid sequence of SEQ ID NO: 60; and a common antibody L chain having the
amino acid sequence of SEQ ID NO: 223.
In another aspect, the present invention refers to a pharmaceutical composition comprising the
bispecific antibody of the presént invention and a pharmaceutically acceptable carrier.

The present disclosure also provides the following:

[1] A multispecific-antigen-binding molecule that comprises:
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(1) a domain comprising an antibody variable region having glypican 3-binding activity,

(2) a domain comprising an antibody variable region having T-cell receptor complex-binding
activity, and

(3) a domain comprising an Fc region with reduced binding activity towards an Fcy receptor;
wherein the L chain variable regions comprised in the variable region of (1) and the variable
region of (2) have a common amino acid sequence; wherein the multispecific antigen-binding
molecule has a cytotoxic activity equivalent to or greater than that of the bispecific antibody
GPC3_ERY22_rCE115 comprising a glypican 3-binding domain comprising SEQ ID NOs: 47

and 48, and a T-cell receptor complex-binding domain comprising SEQ 1D NOs: 49 and 50.

[2] The multispecific antigen-binding molecule of [1], wherein the cytotoxic activity is T-cell-
dependent cytotoxic activity.

(3} The multispecific antigen-binding molecule of [1] or [2], wherein the T-cell receptor
complex-binding activity is binding activity towards a T-cell receptor.

[4] The multispecific antigen-binding melecule of any one of [1]to [3], wherein the T-cell
receptor complex-binding activity is binding activity towards a CD3g chain.

[5] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable region of (1) in [1] is an antibody variable region that comprises any one of the
combinations of H-chain CDR1, CDR2, and CDR3 selected from (al) to (a5) below, or an
antibody variable region functionally equivalent thereto:

(al) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 40;

(a2) CDRI, CDRZ, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 197;

(a3) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 206;

(a4)  CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 211; and

(aS) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ 1D NO: 215.

[6] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable region of (2) in 1] is an antibody variable region that comprises any one of the
combinations of H-chain CDR1, CDR2, and CDR3 amino acid sequences selected from (bl) to
(b15) below, or an antibody variable region functionally equivalent thereto:

(b1) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 52;
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(b2) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ I NO: 103;

(b3) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 122;

(b4) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ 1D NO: 128;

(b5) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 129;

(b6) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 132;

(b7) CDRY, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO:; 142;

(b8) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 144,

(b9) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 164;

(b10) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 168;

(bl1) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 421;

(b12) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR?2,
and CDR3 regions comprised in SEQ 1D NO: 424;

(b13) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 426;

(bl4) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ 1D NO: 429; and

(b15) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 430.

[7] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable regions of (1) and (2) in [1] are antibody variable regions comprising any one of the
combinations of H-chain CDR1, CDR2, and CDR3 seclected from the following (c1) to (¢19), or
antibody variable regions functionally equivalent thereto:

.(cl) CDR1, CDR2, and CDR3 comprised in the antibody variable region of (1) in {1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
1D NO: 40; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
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and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 52;

(¢2) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 40; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2} in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 421,

(c3) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
1D NO: 40; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 426;

(c4) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 40; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 429;

(¢5) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1).in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 40; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 430;

(c6) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 197; and CDR1, CDR?2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 128;

(¢7)  CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 206; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 142;

(c8) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
1D NO: 206; and CDR 1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
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[1] and identical to the amino acid sequences of the CDRI1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 144;

(¢9) CDR1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 206; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2)in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NQO: 164;

(cl0) CDRI1, CDR2, and CDR3 comprised in the antibody variable region.of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 206; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 168;

(c11) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in

[1] and identical to the amine acid sequences of the CDR1, CDR?2, and CDR3 regions comprised

in SEQ ID NO: 142;

{c12) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2} in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ 1D NO: 144;

(c13) CDRI1, CDR?2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1]-and identical to the amino acid sequences of the CDR1, CDR?2, and CDR3 regions comprised
in SEQ ID NO: 164;

{c14) CDR1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 168;

(c15) C€DRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215;: and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2} in
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[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ 1D NO: 103;

(cl6) CDRI], CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 122;

(c17) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
D NO: 215; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 129;

(c18) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1} in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised
in SEQ ID NO: 132; and

(c19) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequénces of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO:.215; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in
[1] and identical to the amino acid sequences.of the CDR1, CDR2, and CIDR3 regions comprised
in SEQ ID NO: 424,

8] The multispecific antigen-binding molecule of any one of [5] to [7], wherein CDR1, CDR2,
and CDR3 are CDRI1, CDR2, and CDR3 regions based on Kabat numbering.

[9] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable region of (1) in [1] is an antibody variable region comprising any one of the H-chain
variable regions selected from (al) to (a5) below, or an antibody variable region functionally
equivalent thereto:

(al)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 40;

(a2)  an H-chain variable region having the amino acid sequence of SEQ ID NG: 197,

(a3)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 206,

(a4}  an H-chain variable region having the amino acid sequence of SEQ ID NO: 211; and

{a5)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 215.

[10] The muitispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody

variable region of (2) in.[1] is an antibody variable region comprising any one of the H-chain
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variable regions selected from (b1) to (b15) below, or an antibody variable region functionally
equivalent thereto:

(bl)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 52;

(b2)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 103;

(b3)  an H-chain variable region having the amino. acid sequence of SEQ 1D NO: 122;

(bd)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 128;

(b5)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 129;

{b6)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 132;

(b7)  an H-chain variable region having the amino acid sequence of SEQ TD NO: 142;

(b8)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 144;

(b9)  an H-chain variable region having the amino acid sequence of SEQ ID NO: 164;

(b10) an H-chain variable region having the amino acid sequence of SEQ ID NO: 168;

(b11) an H-chain variable region having the amino acid sequence of SEQ 1D NO: 421;

(b12) an H-chain variable region having the amino acid sequence of SEQ [D NO: 424;

(b13) an H-chain variable region having the amino acid sequence of SEQ ID NO: 426;

(b14) an H-chain variable region having the amino acid sequence of SEQ ID NO: 429; and

(b15) an H-chain variable region having the amino acid sequerice of SEQ ID NO: 430.

[11] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable regions of (1) and (2} in [1] are antibody variable regions-comprising any one of the
combinations of H-chain variable regions selected from (c1) to (c19) below, or antibody variable
regions functionally equivalent thereto;

(cl)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 40; and an H-chain variable region comprised in the
antibody variable region of (2):in [1] which has the amino acid sequence of SEQ ID NO: 52,

(c2)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 40; and an H-chain variable region comprised in the
antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO: 421;

(c3)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 40; and-an H-chain variable region comprised in the
antibody variable region of (2).in [1] which has the amino acid sequence of SEQ ID NO: 426;

(c4)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 40; and an H-chain variable region comprised in the
antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO: 429;

(c5)  an H-chain variable region comprised in the antibody variable region of (1) in {1] which
has the amino acid sequence of SEQ ID NO: 40; and an H-chain variable region comprised in the
antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO: 430;
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{c6)  an H-chain variable région comprised in the antibedy variable region of (1) in [1] which

has the amino acid sequence of SEQ ID NO: 197; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NOG:
128;

(¢7)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 206; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO:
142;

(c8)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 206; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has thé amino acid sequence of SEQ ID NO:
144,

(c9)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 206; and an H-chain variable region comprised in
the antibody variable region of (2) in {1] which has the amino acid sequence of SEQ ID NO:
164;

(c10) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 206; and an H-chain variable region comprised in
the antibody variable region of (2) in {1] which has the amino acid sequence of SEQ ID NO:
168;

{c11) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 211; and an H-chain variable region comprised in
the antibody variable region of (2) in {1] which has the amino acid sequernce of SEQ ID NO:
142;

{c12) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 211; and an H-chain variable region comprised in
the antibody variable region of (2) in {1] which has the amino acid sequence of SEQ ID NO:
144;

(c13) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 211; and an H-chain variable region comprised in
the antibody variable region of (2) in {1] which has the amino acid sequence of SEQ ID NO:
164,

{c14) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 211; and an H-chain variable region comprised in
the antibody variable region of (2} in [1] which has the amino acid sequence of SEQ ID NO:
168;
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(c15) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 215; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO:
103;

{c16) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 215; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO:
122;

(c17)  an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 215; and an H-chain variable region comprised in
the antibody variable region of (2} in [1] which has the amina acid sequence of SEQ ID NO:

129,

(c18) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 215; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO:
132; and
(c19) an H-chain variable region comprised in the antibody variable region of (1) in [1] which
has the amino acid sequence of SEQ ID NO: 215; and an H-chain variable region comprised in
the antibody variable region of (2) in [1] which has the amino acid sequence of SEQ ID NO: 424.
[12] The multispecific antigen-binding molecule of any one of [1] to [11], wherein the common
L chain of [1] is a common L chain comprising any one of the combinations of CDR1, CDR2,
and CDR3 selected from (d1) to {d11) below, or a common L chain functionally equivalent
thereto:

(d1} CDRI1,CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 53;

(d2) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 223;

(d3) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 299;

(d4) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 301;

(d5) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 302;

{d6) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 304;
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(d7) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 306;
(d8) CDR1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ 1D NO: 307,
(d9) CDRI, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 309;
(d13) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,

and CDR3 regions comprised in SEQ ID NO: 310; and

(d11) CDRI1, CDR2, and CDR3 identical to the amino acid sequences of the CDR1, CDR2,
and CDR3 regions comprised in SEQ ID NO: 319,

[13] The multispecific antigen-binding molecule of any one of [1] to [11], wherein the L. chain
variable region of [1] is a variable region of any one of the L chain amino acid sequences
selected from(dl) to {(d11) below:

(d1yan L chain comprising the amino acid sequence of SEQ ID NO: 53;

(d2) an L chain comprising the amino acid sequence of SEQ 1D NO: 223;

(d3) an L chain comprising the amino acid sequence of SEQ ID NO: 299;

(d4) an L chain comprising the amino acid sequence of SEQ ID NO: 301;

(d3) an L chain comprising the amino acid sequence of SEQ 1D NO: 302;

(d6) an L chain comprising the amino acid sequence of SEQ ID NO: 304,

{d7) an L chain comprising the amino acid sequence of SEQ ID NO: 306;

(d8) an L.chain comprising the amino acid sequence of SEQ 1D NO: 307;

(d9) an L chain comprising the amino acid sequence of SEQ ID NO: 309;

(d10) an L chain comprising the amino acid sequence of SEQ ID NO: 310; and

(d11) an L chain comprising the amino acid sequence of SEQ ID NO: 319,

[14] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable regions of (1) and (2) of [1] and the common L chain variable region are antibody
variable regions comprising any one of the combinations of H-chain CDR1, CDR2, and CDR3
and L-chain CDR1, CDR2, and CDR3 selected from (el) to (¢25) below, or antibody variable
regions functionally equivalent thereto:

(el) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 197; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2)in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 128; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 53;
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(¢2) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regicns comprised in SEQ
ID'NO: 197; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2)in [1]
and identical to-the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 128; and CDR1, CDRZ, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid seguences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 299;

(e3) CDR1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 197; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 128; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of

the common L chain and identical to the ainino acid sequences of the CDR1, CDR2, and CDR3

regions cemprised in SEQ 1D NO: 310;

(e4} CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1)in {1] and
identical to the amine acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 197; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO:; 128; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO:-319;

(e5) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amine acid sequences of the.CDR1, CDRZ, and CDR3 regions comprised in SEQ
ID NO: 206; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 142; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L. chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO; 223,

(e6) CDRI, CDR2, and CDR3 comprised il the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDRZ, and CDR3 regions comprised in SEQ
ID NO: 206; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 144; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;
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(e7) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 206; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 164; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;

(e8) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 206; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NQO: 168; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;

(e9) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
iD NO: 211; CDR1, CDR?2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 142; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common 1. chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;

(e10) CDRI, CDRZ, and CDR3 comprised inthe antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 142; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 299;

{ell) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in 1]

and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in

SEQ ID NO: 144; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;
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{el12) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
D NO: 211; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NQ: 164; and CDR1, CDR2, and CDDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;

(e13) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 211; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NQ: 168; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 223;

(el4) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDRZ2, and CDR3 regions comprised in SEQ
ID NO: 215; €DR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amine acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 53;

(e15) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2} in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NQ: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 299;

(e16) CDRI1, CDR2, and CDR3 comprised in the antibedy variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of {(2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 301;
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(e17) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
I[D NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ 1D NO: 302;

(e18) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2)in [1]
and identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDRZ, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 304;

(e19) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2)in 1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NQC: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 306;

(€20) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1} in [1} and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of {2) in [1]
and identical to the amine acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the commeon L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ - ID NO: 307;

(e21) CDRI1, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 103; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 309;



10

15

20

25

30

35

20

{22} CDRI, CDR2, and CDR3 comprised in the-antibody variable region of (1} in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
ID NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDRI1, CDR2, and CDR3 regions comprised in

SEQ ID NO: 122; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of

the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 53;

(e23) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
1D NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 129; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in. SEQ ID NO: 53;

(e24) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequences of the CDR 1, CDR2, and CDR3 regions comprised in SEQ
TD'NO: 215; CDR1, CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the aming acid sequences of the CDRI1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 132; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 53; and

(€25) CDRI, CDR2, and CDR3 comprised in the antibody variable region of (1)in [1] and.
identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in SEQ
TD NO: 215; CDR1,.CDR2, and CDR3 comprised in the antibody variable region of (2) in [1]
and identical to the amino acid sequences of the CDR1, CDR2, and CDR3 regions comprised in
SEQ ID NO: 424; and CDR1, CDR2, and CDR3 comprised in the antibody variable region of
the common L chain and identical to the amino acid sequences of the CDR1, CDR2, and CDR3
regions comprised in SEQ ID NO: 53.

[15] The multispecific antigen-binding molecule of any one of [1] to [4], wherein the antibody
variable regions of (1) and (2) of [1] and the common L chain variable region are antibody
variable regions comprising any one of the combinations of variable regions selected from (f1) to
{(£26) below, or antibody variable regions functionally equivalent thereto:

(1) an H-chain variable region comprised in the antibody variable region of (1} in [1] and
identical to the amino acid sequence of SEQ ID NO: 197; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
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NO: 128; and an antibody variable region of the common L chain identical to the amino acid

sequence of the variable region comprised in SEQ 1D NO: 53;

(£2) an H-chain variable region comprised in the antibody variable region of (1) in 1] and
identical to the amino acid sequence of SEQ ID NO: 197; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ D
NO: 128; and an antibody variable region of the commeon L chain identical to the amiino acid
sequence of the variable region comprised in SEQ ID NO: 299;

(f3)  an H-chain variable region comprised in the antibody variable region of (1}1in [1] and
identical to the amino acid sequence of SEQ ID NO: 197; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ 1D
NO: 128; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 310;

(f4) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 197; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amine acid sequence of SEQ ID
NO: 128; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 319;

(f5)  an H-chain variable region comprised in the antibody variable region of (1} in [1] and.
identical to the amino acid sequence of SEQ ID NO: 206; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 142; and an antibody variable region of the common L chain and identical to-the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f6)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 206; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 144; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NQO: 223;

(7 an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 206; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 164, and an antibody variable region of the common L chain and identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f8) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 206; an H-chain variable region comprised

in the antibody. variable region of (2) in [1] and identical to the amino acid sequence of SEQ 1D
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NO: 168; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f9)  -an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO; 211; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 142; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f10)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 211; an H-chain variable region comprised
in the antibody variable region of (2) in [1} and identical to the amino acid sequence of SEQ ID
NO: 142; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 299;

(f11)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 211;an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 144; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f12) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 211; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 164; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(f13)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 211; an H-chain variable region comprised
in the antibody variable region of (2} in [1] and identical to the amino acid sequence of SEQ ID
NO: 168; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 223;

(fi4) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 53;

(f15) an H-chain variable region comprised in the antibody variable region of (1) in {1} and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
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NO: 103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 299;

(f16) an H-chain variable region comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 301;

(f17)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO:.103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 302;

(f18) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amine acid sequence of SEQ ID NO: 215; an H-chain -variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 304;

(f19)  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an antibody variable region of the common L chain identical to.the amino acid
sequence of the variable region comprised in SEQ ID NO: 306;

(f20) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 307;

(f21y an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 103; and an.antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 309;

(f22) an H-chain variable region comprised in the antibody variable region of (1)in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised

in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
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NO: 122; and an antibody variable region of the common L chain identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 53;

(f23) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised

in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID

NO: 129; and an antibody variable region of the common L chain and identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 53;

(f24y  an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence.of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 132; and an antibody variable region of the cornmon L chain and identical to the amino acid
sequence of the variable region comprised in SEQ ID NO: 53;

(f25) an H-chain variable region comprised in the antibody variable region of (1) in [1] and
identical to the amino acid sequence of SEQ ID NO: 215; an H-chain variable region comprised
in the antibody variable region of (2) in [1] and identical to the amino acid sequence of SEQ ID
NO: 424; and an antibody variable region of the common L-chain and identical to the aminoc acid
sequence of the variable region comprised in SEQ ID NO: 53; and

(f26) multispecific antigen-binding molecule that binds to an epitope overlapping with each of
the epitopes on glypican 3 and T-cell receptor complex bound by the muliispecific antigen-
binding molecule of any one of (f1) to (f25), and which has a common L chain.

[16] The multispecific antigen-binding molecule of any one of [1] to [15], wherein the Fc region
of (3) in [1] is an Fc region with an amino acid mutation at any of the Fc region-constituting
amino acids of SEQ ID NOs: 23 to 26 (IgG1 to IgG4).

[17] The multispecific antigen-binding molecule of [16], wherein the Fc region of (3) in [1] is
an Fc region with mutation of at least one ‘amino acid selected from the following amino acid
positions specified by EU numbering:
position 220, position 226, position 229, position 231, position 232, position 233, position 234,
position 235, position 236, position 237, position 238, position 239, position 240, position 264,
position 265, position 266, position 267, position 269, position 270, position 295, position 296,
position 297, position 298, position 299, position 300, position 325, position 327, position 328,
position 329, position 330, position 331, and position 332.

[18] The multispecific antigen-binding molecule of [16], wherein the Fc region of (3) in'[1] is
an Fc region comprising at least one amine acid selected from the following amino acids
specified by EU numbering:

Arg at amino acid position 234, Ala or Arg at amino acid position 235, Lys at amino acid
position 239, and Ala at amino acid pesition 297.
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[19] The multispecific antigen-binding molecule of any one of [16] to [18], wherein the Fc
region of (3) in (1] further comprises an amino acid mutation for promoting formation of a
heterodimeric Fc region.

[20] The multispecific antigen-binding molecule of [19], wherein the heterodimeric Fc region is
the amino acid sequence combination of (g1) or (g2) below:

{(g1) a combination of an amino acid sequence identical to the Fc region of a constant region
comprising the amino acid sequence of SEQ ID NO: 57, and an amino acid sequence identical to
the Fc region of a canstant region comprising the amino acid sequence of SEQ ID NO: 58; and
{g2) a combination of an amino.acid sequence identical to the Fc region of a constant region
comprising the amino acid sequence of SEQ ID NO: 60 or 62, and an amino acid sequence
identical to the Fc region of a constant region comprising the amino acid sequence of SEQ ID
NO: 61.

[21] The multispecific antigen-binding molecule of any one of [1] to [20], wherein the
multispecific antigen-binding molecule is a bispecific antibody.

[22] A bispecific-antibody of any one of (h1) to (h25) below:

(h1)  abispecific antibody having an antibody H chain having glypican 3-binding activitythat
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain

variable region having the amino acid sequence of SEQ ID NO: 424 and a constant region

having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain

having the amino acid sequence of SEQ ID NO: 53;

(h2)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ 1D NO:
215 and a constant region having the amino acid sequence of SEQ ID-NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 53;

{(h3)  a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a. common antibody L. chain
having the amino acid sequence of SEQ ID NO: 2995
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(h4)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises.an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ 1D NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 301;

(h5)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ I NO: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 302;

(h6)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain varjable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 304;

(h7)  abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60-or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 306;

(h8)  a bispecific antibody having an antibody H chain baving glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody I
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NQ: 103 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a cemmon antibody L chain
having the amino acid sequence of SEQ I[D NO: 307;
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(h9)  a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 103 and a constant region
having the amino acid sequence of SEQ ID'NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 309;

(h10) a bispecific.antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ D NO: 122 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 53;

(h11) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino-acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 129 and a constant region
having the amino acid sequence of SEQ ID NQ: 60 or 62; and a commen antibody L chain
haying the amino acid sequence of SEQ ID NO: 53;

(h12) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
215 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell recepior complex-binding activity that comprises an antibody H-chain.
variable region having the amino acid sequence of SEQ ID NO: 132 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ 1D NO: 53;

(h13) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
197 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amine acid sequence of SEQ ID NO: 128 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 299;
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(h14) abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
197 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 128 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 310;

(h15) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
197 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NQO: 128 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ I NO: 319;

(h16) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
197 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain

variable region having the amino acid sequence of SEQ ID NO: 128 and a constant region

-having the amino acid sequence of SEQ ID NO: 60 er 62; and a common antibody L chain

having the amino acid sequence of SEQ ID NO: 53;

(h17) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:;
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody. H-chain
variable region having the amino acid sequence of SEQ ID NO: 142 and .a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 299;

(h18) a bispecific antibody having an antibody H chain baving glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ 1D NO: 142 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;
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(h19) abispecific anfibedy having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 144 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;

(h20) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ 1D NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 144 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;

(h21) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ II> NO: 142 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;

(h22) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ TD NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain.
variable region having the amino acid sequence of SEQ ID NO: 164 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;

(h23) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ 1D NO:
206 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 168 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223;
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(h24) abispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ ID NO:
211 and a constant region having the amino acid sequence of SEQ ID NQO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 164 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common anfibody L chain
having the amino acid sequence of SEQ ID NO: 223; and

(h25) a bispecific antibody having an antibody H chain having glypican 3-binding activity that
comprises an antibody H-chain variable region having the amino acid sequence of SEQ 1D NO:
211 and a constant region having the amino acid sequence of SEQ ID NO: 61; an antibody H
chain having T-cell receptor complex-binding activity that comprises an antibody H-chain
variable region having the amino acid sequence of SEQ ID NO: 168 and a constant region
having the amino acid sequence of SEQ ID NO: 60 or 62; and a common antibody L chain
having the amino acid sequence of SEQ ID NO: 223.

[23] A nucleic acid that encodes the multispecific antigen-binding molecule of any one of [1] to
[20] or the bispecific antibody of [21] or [22].

[24] A vector into which the nucleic acid of [23] is introduced.

[25] A cell comprising the nucleic acid of [23] or the vector of [24].

[26] A method for producing the multispecific antigen-binding molecule of any one of [1] to
[20] or the bispecific antibody of [21] or [22] by culturing the cell of [25].

[27] A multispecific antigen-binding molecule or a bispecific antibody produced by the method
of [26].

[28] A pharmaceutical composition comprising the multispecific antigen-binding molecule of
any one of [1] to [20] or the bispecific antibody of [21] or [22], and a pharmaceutically
acceptable carrier.

[29] The pharmaceutical composition of [28], which induces cytotoxicity.

[30] The pharmaceutical composition of [29], wherein the cytotoxicity is T-cell-dependent
cytotoxicity. |
[31] The pharmaceutical composition of [28], which is for administration to a patient in need of
the multispecific antigen-binding molecule of any one of [1] to [20] or the bispecific antibody of
[21] or [22].

Furthermore, the present disclosure relates to a kit to be used in a method disclosed
herein, wherein the kit comprises a multispecific antigen-binding molecule as described herein,
or a multispecific antigen-binding molecule produced by the production method as described

herein. The present disclosure also relates to use of a multispecific antigen-binding
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molecule of the present disclosure, or use of a multispecific antigen-binding molecule produced by the
production method of the present disclosure in the manufacture of a pharmaceutical composition for
activating cytotoxic activity. The present disclosure additionally relates to a multispecific antigen-
binding molecule as described herein, or a multispecific antigen-binding molecule produced by the
production method as described herein to be used in a method of the present disclosure. Herein,
multispecific antigen-binding molecules-include bispecific antibodies as described herein.

Furthermore, the present disclosure relates to a multispecific antigen-binding molecule
comprising the following domains:

(1) a domain comprising an antibody variable region having glypican 3-binding activity;

(2) a domain comprising an antibody variable region having T-cell receptor complex-binding activity;
wherein the L-chain variable regions contained in the variable regions of (1} -and (2) have a commonly
shared amino acid sequence. The present disclosure also relates to the domain of (1), which is more
specifically a domain that comprises antibody heavy-chain and/or light-chain variable regions having
glypican 3-binding activity, and which is comprised in the multispecific antigen-binding molecule. The
present disclosure additionally relates to the domain of (2), which is more specifically a domain that
comprises.an antibody variable region having T-cell receptor complex-binding activity, and which is
comprised in the multispecific antigen-binding molecule. Details of the domains of (1) and (2) may
include those described in [1] to [22] mentioned above. The multispecific antigen-binding molecule may
be a bispecific antibody. Furthermore, the multispecific antigen-binding molecule may further comprise a
domain comprising an Fc region, and the Fc region may have a reduced Fcy receptor-binding activity.
Details of the domain comprising an Fc region may include those described in [1] to [22] mentioned
above. The present disclosure relates to a nucleic acid encoding the multispecific antigen-binding
molecule or the domains, a vector infroduced with the nucleic acid, a cell comprising the nucleic acid or
the vector, a method for producing the multispecific antigen-binding molecule by culturing the cells, and
a multispecific antigen-binding molecule or domains comprising an antibody variable region having
glypican 3-binding activity or T-cell receptor complex-binding activity produced by the method.
Furthermore, the present disclosure relates to a pharmaceutical composition comprising the multispecific
antigen-binding molecule and a pharmaceutically acceptable carrier. The pharmaceutical composition
may induce cell injury, the cell injury may be T-cell-dependent cellular cytotoxicity, and the composition
may be for administration to a patient in need of the multispecific antigen-binding molecule.

The present disclosure also provides a multispecific antigen-binding molecule that binds to

epitopes overlapping and/or competing with epitopes on each of glypican 3 and T-cell
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receptor complex bound by the multispecific antigen-binding molecule of any one of (el) to
(e25) of [14] mentioned above, and a multispecific antigen-binding molecule that binds to
epitopes overlapping and/or competing with epitopes on each of glypican 3 and T-cell receptor
complex bound by the multispecific antigen-binding molecule of any one of (f1) to (f25) of [15].

Regarding (g1) and (g2) of [20] mentioned above, of the two Fc regions, the former Fc
region may be included in the antibody H chain having glypican 3-binding activity and the latter
Fc region may be included in the antibody H chain having T-cell receptor complex-binding
activity; or the former Fc region may be included in the antibody H chain having T-cell receptor
complex-binding activity and the latter Fc region may be included in the antibody H chain
having glypican 3-binding activity.

[Effects of the Invention]
The present invention provides novel multispecific antigen-binding molecules with

molecular forms that can be produced with high efficiency, which maintain the strong antitumor

activity possessed by BiTE and the excellent safety property of not causing cancer antigen-

independent induction of a cytokine storm and such, and have long half-lives in blood.
Pharmaceutical compositions that activate cytotoxic activity, which comprise a multispecific
antigen-binding molecule of the present invention as active ingredient, target cancer tissues
containing glypican 3-expressing cancer cells to canse cell injury, and can treat or prevent
various cancers. The invention enables desirable treatment which has not only a high levei of

safety but also reduced physical burden, and is highly convenient for patients.

Brief Description of the Drawings
Fig. 1 shows schematic diagrams of a: ERY22 and b: ERY27.
Fig. 2 is a graph showing the cytotoxic activities of GPC3_ERY22 rCE115 and

‘GPC3_ERY27_hCE115 when NCI-H446 1s used as the target cell. The filled diamond (¢) and

the filled triangle (A) indicate the cytotoxic activity of GPC3_ERY22 rCE115 and
GPC3_ERY27_hCE115, respectively.

Fig. 3 is a graph showing the cytotoxic activities of GPC3_ERY?22 rCE115 and
GPC3_ERY27_hCE!115 when PC-10 is used as the target cell. The filled diamond (¢} and the
filled triangle (4 ) indicate the cytotoxic activity of GPC3_ERY22 rCEI15 and
GPC3_ERY?27_hCE115, respeclively.

Fig. 4 is a graph showing the cytotoxic activities of the optimized antibodies when NCI-
H446 is used as the target cell.

Fig. 5 is a graph showing the cytotoxic activities of the optimized antibodies when NCI-
H446 is used as the target cell.
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Fig. 6 is a graph showing the cytotoxic activities of the optimized antibodies when NCE-
H446 is used as the target cell.

Fig. 7 is a graph showing the cytotoxic activities of the optimized antibodies when NCI-
HA446 is used as the target cell.

Fig. 8 is a graph showing the cytotoxic activities of the optimized antibodies when NCI-
H446 is used as the target cell.

Fig. 9 is a graph showing the cytotoxic activities of the optimized antibodies when NCI-
H446 is used as the target cell.

Fig. 10 shows the in vivo antitumor effects of the optimized antibodies when PC-10 is
used as the target cell,

Fig. 11 shows the in vivo antitumor effects of the optimized antibodies when NCI-H446
is used as the target cell,

Fig. 12 shows the relationship between the amino acid residues constituting the Fc
regions of IgG1, TgG2, IgG3, and Ig(G4, and the Kabat EU numbering system (herein, also
referred to as EU INDEX).

Fig. 13-1 shows the heavy-chain variable region sequences and their numbering
according to Kabat ef al.

Fig: 13-2 shows the heavy-chain variable region sequences and their numbering
according to Kabat et al.

Fig. 14 shows the light-chain variable region sequences and their numbering according
to Kabat et al.

Mode for Carrying Out the Invention

The definitions below are provided to help understanding of the present invention
illustrated herein.

Antibody

Herein, “antibody” refers to a natural immunoglobulin or-an immunoglobulin produced
by partial or complete synthesis. Antibodies can be isolated from natural sources such as
naturally-occurring plasma and serum, or culture supernatants of antibody-producing
hybridomas. Alternatively, antibodies can be partially or completely synthesized using
techniques such as genetic recombination.. Preferred antibodies include, for example, antibodies
of an immunoglobulin isotype or subclass belonging thereto. Known human immunoglobulins
include antibodies of the following nine classes (isotypes): IgG1, IgG2, IgG3, IgG4, IgAl, IgA2,
IgD, IgE, and IgM. Of these isotypes, antibodies of the present invention include 1gG1, 1gG2,
IgG3, and IgG4.
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Methods for producing an antibody with desired binding activity are known to those
skilled in the art. Below is an example that describes a method for producing an antibody (anti-
GPC3 antibody) that binds to Glypican-3 (hereinafter, also referred to as GPC3), which belongs
to the GPI-anchored receptor family (Int T Cancer. (2003) 103(4), 455-63). Antibodies that bind
to a T-cell receptor complex can also be produced according to the example described below.

Anti-GPC3 antibodies can be obtained as polyclonal or monoclonal antibodies using
known methods. The anti-GPC3 antibodies preferably produced are monoclonal antibodies
derived from mammals, Such mammal-derived monoclonal antibodies include antibodies
produced by hybridomas or host cells transformed with an expression vector carrying an
antibody gene by genetic engineering techniques.

Monoclonal antibody-producing hybridomas can be produced using known techniques,
for example, as described below. Specifically, mammals are immunized by conventional
immunization methods using a GPC3 protein as a sensitizing antigen. Resulting immune cells
are fused with known parental cells by conventional cell fusion methods. Then, hybridomas
producing an anti-GPC3 antibody can be selected by screening for monoclonal antibody-
producing cells using conventional screening methods.

Specifically, monoclonal antibodies are prepared as mentioned below. First, the GPC3
gene whose nucleotide sequence is disclosed in RefSeq accession number NM_001164617.1
(SEQ ID NO: 1) can be expressed to produce a GPC3 protein shown in RefSeq accession
number NP_001158089.1 (SEQ ID NO: 2), which will be used as a sensitizing antigen for
antibody preparation. That is, a gene sequence encoding GPC3 is inserted into a known
expression vector, and appropriate host cells are transformed with this vector. The desired
human GPC3 protein is purified from the host cells or their culture supernatants by known
methods. For example, to prepare soluble GPC3 from culture supernatants, amino acids at
positions 564 to 580 that form the hydrophobic region corresponding to the GPI-anchor sequence
used to anchor GPC3 on the cell membrane are deleted from the GPC3 polypeptide sequence of
SEQ ID NO: 2, and then the resulting protein is expressed instead of the GPC3 protein of SEQ
ID NO: 2. Alternatively, it is possible to use a purified natural GPC3 protein as a sensitizing
antigen.

The purified GPC3 protein can be used as a sensitizing antigen for use in immunization
of mammals. Partial peptides of GPC3 can also be used as sensitizing antigens. In this case, the
partial peptides may also be obtained by chemical synthesis.from the human GPC3 amino acid
sequence. Furthermore, they may also be obtained by incorporating a portion of the GPC3 gene
into an expression vector and expressing it. Moreover, they may also be obtained by degrading
the GPC3 protein using proteases, but the region and size of the GPC3 peptide used as the partial

peptide are not particularly limited to a special embodiment. As the preferred region, any
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sequence from the amino acid sequence corresponding to the amino acids at positions 524 to 563,
or more preferably any sequence from the amino acid sequence corresponding to the amino acids
at positions 537 to 563 in the amino acid sequence of SEQ ID NO: 2 may be selected.
Preferably, any sequence may be selected from the amino acid sequence of the region not
containing the amino acid sequence corresponding to amino acids at positions 550 to 663 in the
amino acid sequence of SEQ ID NO: 2. Preferably, any sequence may be selected from the
amino acid sequence corresponding to positions 544 to 553, and more preferably, any sequence
may be selected from the amino acid sequence corresponding to positions 546 to 551 in the
amino acid sequence of SEQ IID NO: 2. The number of amino acids constituting a peptide to be
used as the sensitizing antigen is at least five or more, or preferably for example, six or more, or
seven or more. More specifically, peptides consisting of 8 to 50 residues or preferably 10 to 30
residues may be used as the sensitizing antigen.

For sensitizing antigen, alternatively it is possible to use a fusion protein prepared by
fusing a desired partial polypeptide or peptide of the GPC3 protein with a different polypeptide.
For example, antibody Fc fragments and peptide tags are preferably used to produce fusion
proteins to be used as sensitizing antigens. Vectors for expression of such fusion proteins can be
constructed by fusing in frame genes encoding two or more desired polypeptide fragments and
inserting the fusion gene into an expression vector as described above. Methods for producing
fusion proteins are described in Molecular Cloning 2nd ed. (Sambrook; J et al., Molecular
Cloning 2nd ed., 9.47-9.58 (1989) Cold Spring Harbor Lab. Press). Methods for preparing
GPC3 to be used as a sensitizing antigen, and immunization methods using GPC3 are
specifically described in WO 2003/000883, WO 2004/022754, and WO 2006/006693.

There is no particular limitation on the mammals to be immunized with the sensitizing
antigen. However, it is preferable to select the mammals by considering their compatibility with
the parent cells to be used [or cell fusion. In general, rodents such as mice, rats, and hamsters,
rabbits, and monkeys are preferably used.

The above animals are immunized with a sensitizing antigen by known methods.
Generally performed immunization methods inciude, for example, intraperitoneal or
subcutaneous injection of a sensitizing antigen into mammals, Specifically, a sensitizing antigen
is dppropriately diluted with PBS (Phosphate-Buffered Saline), physiological saline, or the like.
If desired, a conventional adjuvant such as Freund’s complete adjuvant is mixed with the antigen,
and the mixture is emulsified. Then, the sensitizing antigen is administered to-a mammal several
times at 4- to 21-day intervals. Appropriate carriers may be used in immunization with the
sensitizing antigen. In particular, when a low-molecular-weight partial peptide is used as the
sensitizing antigen, it is sometimes desirable to couple the sensitizing antigen peptide to a carrier
protein such as albumin or keyhole limpet hemocyanin for immunization.
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Alternatively, hybridomas producing a desired antibody can be prepared using DNA
immunization as mentioned below.. DNA immunization is an immunization method that confers
immunostimulation by expressing a sensitizing antigen in an animal immunized as a result of
administering a vector DNA constructed to allow expression of an antigen protein-encoding gene
in the animal. As compared to conventional immunization methods in which a protein antigen is
administered to animals to be immunized, DNA immunization is expected to be superior in that:
- immunostimulation can be provided while retaining the structure of a membrane protein such
as GPC3; and
- there is no need to purify the antigen for immunization.

In order to prepare a monoclonal antibody of the present invention using DNA
immunization, first, a DNA expressing a GPC3 protein is administered to an animal to be
immunized. The GPC3-encoding DNA can be synthesized by known methods such as PCR.
The obtained DNA is inserted into an appropriate expression vector, and then this is
administered to an animal to be immunized. Preferably used expression vectors include, for
example, commercially-available expression vectors such as pcDNA3.1. Vectors can be
administered to an organism using conventional methods. For example, DNA immunization is
performed by using a gene gun to introduce expression vector-coated gold particles into cells in
the body of an animal to be. immunized, Antibodies that recognized GPC3 can also be produced
by the methods described in WO 2003/104453.

After immunizing a mammal as described above, an increase in the titer of a GPC3-
binding antibody is confirmed in the serum. Then, immune cells are collected from the mammal,
and then subjected to cell fusion. In particular, splenocytes are preferably used as immune cells.

A mammalian myeloma cell is used as a cell to be fused with the above-mentioned
immunocyte. The myeloma cells preferably comprise a suitable selection marker for screening.
A selection marker confers characteristics to cells for their survival (or death) under a specific
culture condition. Hypoxanthine-guanine phosphoribosyliransferase deficiency (hereinafter
abbreviated as HGPRT deficiency) and thymidine kinase deficiency (hereinafter abbreviated as
TK deficiency) are known as selection markers. Cells with HGPRT or TK deficiency have
hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as HAT sensitivity).
HAT-sensitive cells cannot synthesize DNA in a HAT selection medium, and are thus killed.
However, when the cells are fused with normal cells, they can continue DNA synthesis using the
salvage pathway of the normal cells, and therefore they can grow even in.the HAT selection
medium.

HGPRT-deficient and TK-deficient cells can be selected in a medium containing 6-
thioguanine, 8-azagnanine (hereinafter abbreviated as 8AG), or 5’-bromodeoxyuridine,

respectively. Normal cells are killed because they incorporate these pyrimidine analogs into
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their DNA. Meanwhile, cells that are deficient in these enzymes can survive in the selection
medium, since they cannot incorporate these pyrimidine analogs. In addition, & selection marker
referred to as G418 resistance provided by the neomycin-resistant gene confers resistance to 2-
deoxystreptamine antibiotics {gentamycin analogs). Various types of myeloma cells that are
suitable for cell fusion are known.

For example, myeloma cells including the following cells can be preferably used:
P3(P3x63Ag8.653) (J. Immunol. (1979) 123 (4), 1548-1550);

P3x63Ag8U.1 (Current Topics in Microbiology and Immunology (1978)81, 1-7);
NS-1 (C. Eur, J. Immunol. (1976)6 (7), 511-519);

MPC-11 (Cell (1976) 8 (3), 405-415);

SP2/0 (Nature (1978) 276 (5685), 269-270);

FO (J. Immunol. Methods (1980) 35 (1-2), 1-21);

$194/5. XX0.BU.1 (I. Exp. Med. (1978) 148 (1), 313-323),

R210 (Nature (1979) 277 (5692), 131-133), etc.

Cell fusions between the immunocytes and myeloma cells are essentially carried out
using known methods, for example, a method by Kohler and Milstein et af. (Methods Enzymol.
(1981) 73: 3-46).

More specifically, cell fusion can be carried out, for example, in a conventional culture
medium in the presence of a cell fusion-promoting agent. The fusion-promoting agents include,
for example, polyethylene glycol (PEG) and Sendai virus (HVJ). If required, an auxiliary
substance such as dimethy] sulfoxide is also added to improve fusion efficiency.

The ratio of immunocytes to myeloma cells may be determined at one’s own discretion,
preferably, for example, one myeloma cell for every one to ten immunocytes. Culture media to
be used for cell fusions include, for example, media that are suitable for the growth of myeloma
cell lines, such as RPMI1640 medium and MEM medium, and other conventional culture
medium used for this type of cell culture. In addition, serum supplements such as fetal calf
serum (FCS) may be preferably added to the culture medium.

For cell fusion, predetermined amounts of the above immune cells and myeloma cells
are mixed well in the above culture medium. Then, a PEG solution (for example, the average
molecular weight is abont 1,000 to 6,000) prewarmed to about 37°C is added thereto at a
concentration of generally 30% to 60% {w/v). This is gently mixed to produce desired fusion
cells (hybridomas). Then, an appropriate culture medium mentioned above is gradually added to
the cells, and this is repeatedly centrifuged to remove the supernatant. Thus, cell fusion agents
and such which are unfaverable to hybridoma growth can be removed.

The hybridomas thus obtained can be selected by culture using a conventional selective

medium, for example, HAT medium (a culture medium containing hypoxanthine, aminopterin,
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and thymidine). Cells other than the desired hybridomas (hon-fused cells) can be killed by
continuing culture in the above HAT medium for a sufficient period of time. Typically, the
period is several days to several weeks. Then, hybridomas producing the desired antibody are
screened and singly cloned by conventional limiting dilution methods.

The hybridomas thus obtained can be selected using a selection medium based on the
selection marker possessed by the myeloma used for cell fusion. For example, HGPRT- or TK-
deficient cells can be selected by culture using the HAT medium (a culture medium containing
hypoxanthine, aminopterin, and thymidine). Specifically, when HAT-sensitive myeloma cells
are used for cell fusion, cells successfully fused with normal cells can selectively proliferate in
the HAT medium. Cells other than the desired hybridomas (nen-fused cells) can be killed by
continuing culture in the above HAT medium for a sufficient period of time. Specifically,
desired hybridomas can be selected by culture for generally several days to several weeks. Then,
hybridomas producing the desired antibody are screened and singly cloned by conventional
limiting dilution methods.

Desired antibodies can be preferably selected and singly cloned by screening methods
based on known antigen/antibody reaction. For example, a GPC3-binding monoclonal antibody
can bind to GPC3 expressed on the cell surface. Such a monoclonal antibody can be screened by
fluorescence activated cell sorting (FACS). FACS is a system that assesses the binding of an
antibody to cell surface by analyzing cells contacted with a fluorescent antibody using laser
beam, and measuring the fluorescence emitted from individual cells.

To screen for hybridomas that produce a monoclonal antibody of the present invention

by FACS, GPC3-expressing cells are first prepared. Cells preferably used for screening are

‘mammalian cells in which GPC3 is forcedly expressed. As control, the activity of an antibody to

bind to cell-surface GPC3 can be selectively detected using non-transformed mammalian cells as
host cells. Specifically, hybridomas producing an anti-GPC3 monoclonal antibody can be
isolated by selecting hybridomas that produce an antibody which binds to cells forced to express
GPC3, but not to host cells.

Alternatively, the activity of an antibody to bind to immobilized GPC3-expressing cells
can be assessed based on the principle of ELISA. For example, GPC3-expressing cells are
immobilized to the wells of an ELISA plate. Culture supernatants of hybridomas are contacted
with the immobilized cells in the wells, and antibodies that bind to the immobilized cells are
detected. When the monoclonal antibodies are derived from mouse, antibodies bound to the
cells can be detected using an anti-mouse immunoglobulin aniibody. Hybridomas producing a
desired antibody having the antigen-binding ability are selected by the above screening, and they
can be cloned by a limiting dilution method or the like.

Monoclonal antibody-producing hybridomas thus prepared can be passaged in a
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conventional culture medium, and stored in liquid nitrogen for a long period.

The above hybridomas are cultured by a conventional method, and desired monoclonal
antibodies can be prepared from the culture supernatants. Alternatively, the hybridomas are
administered to and grown in-compatible mammals, and monoclonal antibodies are prepared
from the ascites. The former method is suitable for preparing antibodies with high purity.

Antibodies encoded by antibody genes that are cloned from antibody-producing cells
such as the above hybridomas can also be preferably used. A cloned antibody gene is inserted
into an appropriate vector, and this is introduced into a host to express the antibody encoded by
the gene. Methods for isolating antibody genes, inserting the genes into vectors; and
transforming host cells have already been established, for example, by Vandamme et af. (Eur. I.
Biochem. (1990) 192(3), 767-775). Methods for producing recombinant antibodies are also
known as described below.

For example, a ¢cDNA encoding the variable region (V region) of an anti-GPC3
antibody is prepared from hybridoma cells expressing the anti-GPC3 antibody. For this purpose,
total RNA is first extracted from hybridomas. Methods used for extracting mRNAs from cells
include, for example:

- the guanidine ultracentrifugation method (Biochemistry (1979) 18(24), 5294-5299), and
- the AGPC method (Anal. Biochem, (1987) 162(1), 156-159)

Extracted mRNAs can be purified using the mRNA Purification Kit (GE Healthcare
Bioscience) or such. Alternatively, kits for-extracting total mRNA directly from cells, such as
the QuickPrep mRNA Purification Kit (GE Healthcare Bioscience), are also commercially
available, mRNAs can be prepared from hybridomas using such kits. ¢cDNAs encoding the
antibody V region can be synthesized from the prepared mRNAs using a reverse transcriplase.
cDNASs can be synthesized using the AMV Reverse Transcriptase First-strand cDNA Synthesis
Kit (Seikagaku Co.) or such. Furthermore, the SMART RACE cDNA amplification kit
(Clontech) and the PCR-based 5’-RACE method (Proc. Natl. Acad. Sci. USA (1988) 85(23),
8968-9002; Nucleic Acids Res. (1989) 17(8), 2919-2932) can be appropriately used io
synthesize and amplify cDNAs. In such a cDNA synthesis process, appropriate restriction
enzyme sites described below may be introduced into both ends of a cDNA.

The cDNA fragment of interest is purified from the resulting PCR product, and then this
is ligated to a vector DNA. A recombinant vector is thus constructed; and introduced into E. coli
or such. After colony selection, the desired recombinant vector can be prepared from the colony-
forming E. coli. Then, whether the recombinant vector has the cDNA nucleotide sequence of
interest is tested by a known method such as the dideoxy nucleotide chain termination method.

The 5°-RACE method which uses primers to amplify the variable region gene is
conveniently used for isolating the gene encoding the variable region. First, a 5’-RACE.cDNA
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library is constructed by cDNA synthesis using RNAs extracted from hybridoma cells as a
template. A commercially available kit such as the SMART RACE ¢DNA amplification kit is
appropriately used to synthesize the 5’-RACE cDNA library.

The antibody gene is amplified by PCR using the prepared 5°-RACE cDNA library as a
template, Primers for amplifying the mouse antibody géne can be designed based on known.
antibody gene sequences. The nucleotide sequences of the primers vary depending on the
immunoglobulin subclass. Therefore, it is preferable that the subclass is determined in advance
using a commercially available kit such as the Iso Strip mouse monoclonal antibody isotyping kit
(Roche Diagnostics).

Specifically, for example, primers that allow amplification of genes encoding y1, y2a,
v2b, and 3 heavy chains and k and A light chains are used to isolate mouse IgG-enceding genes.
In general, a primer that anneals to a constant region site close to the variable region is used as a
3’-side primer to amplify an [gG variable region gene. Meanwhile, a primer attached to a 5’
RACE cDNA library construction kit is used as a 5°-side primer.

PCR products thus amplified are used to reshape immunoglobulins composed of a
combination of heavy and light chains. A desired antibody can be selected using the GPC3-
binding activity of a reshaped immunoglobulin as an indicator. For example, when the objective
is to isolate an antibody against GPC3, it is more preferred that the binding of the antibody to
GPC3 is specific. A GPC3-binding antibody can be screened, for example, by the following
steps:

(1) contacting a GPC3-expressing cell with an antibody comprising the V region encoded by a
cDNA isolated from a hybridoma;

(2) detecting the binding of the antibody to the GPC3-expressing cell; and

(3) selecting an antibody that binds to the GPC3-expressing cell.

Methods for detecting the binding of an antibody to GPC3-expressing cells are known.
Specifically, the binding of an antibody to GPC3-expressing cells can be detected by the above-
described techniques such as FACS. Immobilized samples of GPC3-expressing cells are
appropriately used to assess the binding activity of an antibody.

Preferred antibody screening methods that use the binding activity as an indicator also
include panning methods using phage vectors. Screening methods using phage vectors are
advantageous when the antibody genes are isolated from heavy-chain and light-chain subclass
libraries from a polyclonal antibody-expressing cell population. Genes encoding the heavy-
chain and light-chain variable regions can be linked by an appropriate linker sequence to form a
single-chain Fv (scFv). Phages presenting scFv on their surface can be produced by inserting a
gene encoding scFv into a phage vector. The phages are contacted with an antigen of interest.
Then, a DNA encoding scFv having the binding activity of interest can be isolated by collecting
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phages bound to the antigen. This process can be repeated as necessary to enrich scFv having a
desired binding activity.

After isolation of the cDNA encoding the V region of the anti-GPC3 antibody of
interest, the cDNA is digested with restriction enzymes that recognize the restriction sites
introduced into both ends of the cDNA. Preferred restriction enzymes recognize and cleave a
nucleotide sequence that occurs in the nucleotide sequence of the antibody gene at a low
frequency. Furthermore, a restriction site for an enzyme that produces a siicky end is preferably
introduced into a vector to insert a single-copy digested fragment in the correct-orientation. The
c¢DNA encoding the V region of the anti-GPC3 antibody is digested as described above, and this
is inserted into an appropriate expression vector to construct an antibody expression vecior. In
this case, if a gene encoding the antibody constant region (C region) and a gene encoding the
above V region are fused in-frame, a chimeric antibody is obtained. Herein, “chimeric antibody”
means that the origin of the constant region is different from that of the variable region. Thus, in
addition to mouse/human heterochimeric antibodies, human/human allochimeric antibodies are
included in the chimeric antibodies of the present invention. ‘A chimeric antibody expression
vector can be constructed by inserting the above V region gene into an expression vector that
already has the constant region. Specifically, for example, a recognition sequence for a
restriction enzyme that excises the above V region gene.can be appropriately placed on the 5°
side of an expression vector. cairying a DNA encoding a desired antibody constant region (C
region). A chimeric antibody expression vector is constructed by fusing in frame the two genes
digested with the same combination of restriction enzymes.

To produce an anti-GPC3 monoclonal antibody, antibody genes are inserted into an
expression vector so that the genes are expressed under the control of an expression regulatory
region. The expression regulatory region for antibody expression includes, for example,
enhancers and promoters. Furthermore, an appropriate signal sequence may be attached to the
amino terminus so that the expressed aniibody is secreted to the outside of cells. In the
Examples described below, a peptide having the amino acid sequence
MGWSCIILFLVATATGVHS (SEQ ID NO: 3) is used as a signal sequence. Méeanwhile, other
appropriate signal sequences may be attached. The expressed polypeptide is cleaved at the
carboxyl terminus of the above sequence, and the resulting polypeptide is secreted to the cutside
of cells as-a mature polypeptide. Then, appropriate host cells are transformed with the
expression vector, and recombinant cells expressing the anti-GPC3 antibody-encoding DNA are
obtained.

DNAs encoding the antibody heavy chain (H chain) and light chain (L chain) are
separately inserted into different expression vectors to express the antibody gene. An antibody
molecule having the H and L chains can be expressed by co-transfecting the same host cell with
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vectors into which the H-chain and L-chain genes are respectively inserted. Alternatively, host
cells can be transformed with a single expression vector into which DNASs encoding the H and L
chains are inserted (see WO 94/11523).

There are various known host cell/expression vector combinations for antibody
preparation by introducing isolated antibody genes into appropriate hosts. All of these
expression systems are applicable to isolation of domains including antibody variable regions of
the present invention. Appropriate eukaryotic cells used as host cells include animal cells, plant
cells, and fungal cells. Specifically, the animal cells include, for example, the following cells.
(1) mammalian cells: CHO, COS, myeloma, baby hamster kidney (BHK), HeLa, Vero, or such;
(2) amphibian cells; Xenopus oocytes, or such; and
(3) insect cells: sf9, sf21, Tn5, or such.

In addition, as a plant cell, an antibody gene expression system using cells derived from
the Nicotiana genus such.as Nicotiana tabacum is known. Callus cultured cells can be
appropriately used to transform plant cells.

Furthermore, the following cells can be used as fungal cells:
yeasts: the Saccharomyces genus such as Saccharomyces cerevisiae, and the Pichia genus such
as Pichia pastoris; and
filamentous fungi: the Aspergillus genus such as Aspergillus niger.

Furthermore, antibody gene expression systems that utilize prokaryotic cells are also
known. For example, when using bacterial cells, E. coli cells, Bacillus subtilis cells, and such
can suitably be utilized in the present invention. Expression vectors carrying the antibody genes
of interest are introduced into these cells by transfection. The transfected cells are cultured in
vitro, and the desired antibody can be prepared from the culture of transformed cells.

In addition to the above-described host cells, transgenic animals can also be used to
produce a recombinant antibody. That is, the antibody can be obtained from an animal into
which the gene encoding the antibody of interest is introduced. For example, the antibody gene
can be constructed as a fusion gene by inserting in frame into a gene that encodes a protein
produced specifically in milk. Goat f-casein or such can be used, for example, as the protein
secreted in milk. DNA fragments containing the fused gene inserted with the antibody gene is
injected into a goat embryo, and then this embryo is introduced into a female goat. Desired
antibodies can be obtained as z protein fused with the milk protein from milk produced by the
transgenic goal born from the embryo-recipient goat (or progeny thereof). In addition, to
increase the volume of milk containing the desired antibody produced by the transgenic goat,
hormones can be administered to the transgenic goat as necessary {Ebert, K. M. et al.,
Bio/Technology (1994) 12 (7), 699-702).

When an antigen-binding molecule described herein is administered to human, a domain
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derived from a genetically recombinant antibody that has been artificially modified to reduce the
heterologous antigenicity against human and such, can be appropriately used as the domain of
the antigen-binding molecule including an antibody variable region. Such genetically
recombinant antibodies include, for example, humanized antibodies. These modified antibodies
are appropriately produced by known methods.

An antibody variable region used to produce a domain of an antigen-binding molecule
including an antibody variable region described herein is generally formed by three
complementarity-determining regions (CDRs) that are separated by four framework regions
(FRs). CDR is a region that substantially determines the binding specificity of an antibody. The
amino acid sequences of CDRs are highly diverse. On the other hand, the FR-forming amino
acid sequences often have high identity even among antibodies with different binding
specificities. Therefore, generally, the binding specificity of a certain antibody can be introduced
to another antibody by CDR grafting.

A humanized antibody is also called a reshaped human antibody. Specifically,
humanized antibodies prepared by grafting the CDR of a non-human animal antibody such as a
mouse antibody to a human antibody and such are known. Common genetic engineering
techniques for obtaining humanized antibodies are also known. Specifically, for example,
overlap extension PCR is known as a method for grafting a mouse antibody CDR to a human FR.
In overlap extension PCR, a nucleotide sequence encoding a mouse antibody CDR to be grafted
is added to primers for synthesizing a human antibody FR. Primers are prepared for each of the
four FRs. Tt is generally considered that when grafting a mouse CDR to a human FR, selecting a
human FR that has high identity to a mouse FR is advantageous for maintaining the CDR.
function. That is, it is generally preferable to use a human FR comprising an amino acid
sequence which has high identity to the amino acid sequence of the FR adjacent to the mouse
CDR to be grafted.

Nucleotide sequences to be ligated are designed so that they will be connected to each
other in frame. Human FRs are individually synthesized using the respective primers. As a
result, products in which the mouse CDR-encoding DNA is attached to the individual FR-
encoding DNAs are obtained. Nucleotide sequences encoding the mouse CDR of each product
are designed so that they overlap with each other. Then, complémentary strand synthesis
reaction is conducted to anneal the overlapping CDR regions of the products synthesized using a
human antibody gene as template. Human FRs are ligated via the mouse CDR sequences by this
reaction.

The full length V region gene, in which-three CDRs and four FRs are ultimately ligated,
is amplified using primers that anneal to its 5°- or 3’-end, which are added with suitable

restriction enzyme recognition sequences, An expression vector for humanized antibody can be
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produced by inserting the DINA obtained as described above and a DNA that encodes a human
antibody C region into an expression vector so that they will ligate in frame. After the
recombinant vector is transfected into a host to establish recombinant cells, the recombinant cells
are cultured, and the DNA encoding the humanized antibody is expressed to produce the
humanized antibody in the cell culture (see, European Patent Publication No. EP 239400 and
International Patent Publication No. WO 1996/002576).

By qualitatively or quantitatively measuring and évaluating the antigen-binding activity
of the humanized antibody produced as described above, one can suitably select human antibody
FRs that allow CDRs to form a favorable antigen-binding site when ligated through the CDRs.
Amino acid residues in FRs may be substituted as necessary, so that the CDRs of a reshaped
human antibody form an appropriate antigen-binding site. For example, amino acid sequence
mutations can be introduced into FRs by applying the PCR method used for grafting a mouse
CDR into a human FR. More specifically, partial nucleotide sequence mutations can be
introduced into primers that anneal to the FR. Nucleotide sequence mutations are introduced
into the FRs synthesized by using such primers. Mutant FR sequences having the desired
characteristics can be selected by measuring and evaluating the activity of the amino acid-
substitated mutant antibody to bind to the antigen by the above-mentioned method (Sato, K. et
al., Cancer Res. (1993) 53; 851-850).

Alternatively, desired human antibodies can be obtained by immunizing transgenic
animals having the entire repertoire of human antibody genes (see WO 1993/012227; WO
1992/003918; WO 1994/002602; WO 1994/025585; WO 1996/034096; WO 1996/033735) by
DNA immunization.

Furthermore, techniques for preparing human antibodies by panning using human
antibody libraries are also known. For example, the V region of a human antibody is expressed
as a single-chain antibody (scFv) on phage surface by the phage display method. Phages
expressing an scFv that binds to the antigen can be selected. The DNA sequence encoding the
human antibody V region that binds to the antigen can be determined by analyzing the genes of
selected phages. The DNA sequence of the scFv that binds to the antigen is de(ermined. An
expression vector is prepared by fusing the V region sequence in frame with the C region
sequence of a desired human antibody, and inserting this into an appropriate expression vector.

The expression vector is introduced into cells appropriate for expression such as those described

above. The human antibody can be produced by expressing the human antibody-encoding gene
in the cells. These methods are already known (see WO 1992/001047; WO 1992/020791; WO
1993/006213; WO 1993/011236; WO 1993/019172; WO 1995/001438; WO 1995/015388).
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Herein, the phrase “a domain comprising an antibody variable region having glypican 3
{GPC3)-binding activity” refers to an antibody portion that comprises a region that specifically
binds to the above-mentioned GPC3 protein, or to all or a portion of a partial peptide of the
GPC3 protein, and is also complementary thereto. Domains comprising an antibody variable
region may be provided from variable domains of one or a plurality of antibodies. Preferably,
domains comprising an antibody variable region comprise antibody light-chain and heavy-chain
variable regions (VL and VH). Suitable examples of such domains comprising antibody variable
regions include “single chain Fv (scFv)”, “single chain antibody”, “Fv”, “single chain Fv 2
(scFv2)”, “Fab”, “F(ab’)2”, etc.

A domain comprising an antibody variable region having T-cell receptor complex-binding

activity
Herein, the phrase “a domain comprising an antibody variable region having T-cell

receptor complex-binding activity” refers to a T-cell receptor complex-binding antibody portion
that comprises a region that specifically binds to all or a portion of a T-cell receptor complex and
is also complementary thereto. The T-cell receptor complex may be a T-cell receptor itself, or
an adaptor molecule constituting a T-cell receptor complex along with a T-cell receptor. CD3 is

suitable as an adaptor molecule.

A domain comprising an antibody variable region that has T-cell receptor-binding activity

Herein, the phrase “a domain comprising an antibody variable region having T-cell
receptor-binding activity” refers to a T-cell receptor-binding antibody portion produced by
including a region that specifically binds to all or a portion of a T-cell receptor-and is also
complementary thereto.

The portion of a T cell receptor to which the domain of the present invention binds may
be a variable region or a constant region, but an epitope present in the constant region is
preferred. Examples of the constant region sequence include the T cell receptor o chain of
RefSeq Accession No. CAA26636.1 (SEQ ID NO: 4), the T cell receptor B chain of RefSeq
Accession No, C25777 (SEQ ID NO: 5), the T cell receptor 1 chain of RefSeq Accession No.
A26659 (SEQ ID NO: 6), the T cell receptor ¥2 chain of RefSeq Accession No, AAB63312.1
(SEQ ID NO: 7), and the T cell receptor §-chain of RefSeq Accession No. AAA61033.1 (SEQ
ID NO: 8).

A domain comprising an antibody variable region that has CD3-binding activity
Herein, the phrase “a domain comprising an antibody variable region that has CD3-

binding activity” refers to a CD3-binding antibody portion produced by including a region that
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specifically binds to all or a portion of CD3 and is also complementary thereto. Preferably, the
domain comprises the light-chain and heavy-chain variable regions (VL and VH) of an anti-CD3
antibody. Suitable examples of such a domain include “single chain Fv (scFv)”, “single chain
antibody”, “Fv”, “single chain Fv 2 (scFv2)”, “Fab”, “F(ab’)2”, etc.

The domain comprising an antibody variable region that has CD3-binding activity of the
present invention may be any epitope-binding domain as long as the epitope exists in the y-chain,
d-chain, or €-chain sequence that constitutes human CD3. In the present invention, preferably, a
domain comprising an anti-CD3 antibody light-chain variable region (VL) and an anti-CD3
antibody heavy-chain variable region (VH) that bind to an epitope present in the extracellular
region of the g chain of the human CD3 complex is suitably used. Besides the anti-CD3
antibody light chain variable region (VL) and anti-CD3 antibody heavy chain variable region
(VH) described in the Examples, various known CD3-binding domains containing a CD3-
binding antibody light chain variable region (VL) and a CD3-binding antibody heavy chain
variable region (VH), and those of the OKT?3 antibody (Proc. Natl. Acad. Sci. USA (1980) 77,
4914-4917) are suitably used as such domains. One may appropriately use an antibody variable
region-containing domain derived from the anti-CD3 antibody having desired properties, which
is obtained by immunizing a desired animal by the above-mentioned method using the y-chain,
d-chain, or €-chain constituting the human CD3. Human antibodies and properly humanized
antibodies as described above may be appropriately used as the anti-CD?3 antibody to give rise to
the domain containing the antibody variable region having CD3-binding activity. Regarding the
structure of the y-chain, 8-chain, or e-chain constituting CD3, their polynucleotide sequences are
shown in SEQ ID NOs: 9 (NM_000073.2), 10 (NM_000732.4), and 11 {NM_000733.3), and
their polypeptide sequences are shown in SEQ ID NOs: 12 (NP_000064.1), 13 (NP_000723.1),
and 14 (NP_000724.1) (the RefSeq accession number is shown in parentheses).

Antibody variable region-containing domains in antigen binding molecules of the
present invention may bind to the same epitope. Herein, the same epitope may be presentin a
protein comprising the amino acid sequence of SEQ ID NO: 2 or 14. Alternatively, antibody
variable region-containing domains in antigen binding molecules of the present invention may
bind to different epitopes, respectively. Herein, the different epitopes may be present in a

protein comprising the amino acid sequence of SEQ ID NO: 2 or 14.

Specific

The term “specific” means that-one of molecules involved in specific binding does not
show any significant binding to molecules other than a single or a number of binding partner
molecules. Furthermore, the term is also used when a domain containing an antibody variable

region is specific to a particular epitope among multiple epitopes in an antigen. When an epitope
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bound by a domain containing an antibody variable region is included in a number of different
antigens, antigen-binding molecules comprising the antibody variable region-containing domain

can bind to various antigens that have the epitope.

Epitope

“Epitope” means an antigenic determinant in an antigen, and refers to an antigen site to
which a domain of an antigen-binding molecule including an antibody variable region disclosed
herein binds. Thus, for example, the epitope can be defined according to its structure.

Alternatively, the epitope may be defined according to the antigen-binding activity of an antigen-

. binding molecule that recognizes the epitope. When the antigen is a peptide or polypeptide, the

epitope can be specified by the amino acid residues forming the epitope. Alternatively, when the
epitope is a sugar chain, the epitope can be specified by its specific sugar chain structure.

A linear epitope is-an epitope that contains an epitope whose primary amino acid
sequence is recognized. Such a linear epitope typically contains at least three and most
commonly at least five, for example, about 8 to 10 or 6 to 20 amino acids in its specific sequence.

In contrast to the linear epitope, “conformational epitope” is an .epitope in which the
primary amino acid sequence containing the epitope is not the only determinant of the
recognized epitope (for example, the primary amino acid sequence of a conformational epitope is
noi necessarily recognized by an epitope-defining antibody). Conformational epitopes may
contain a greater number of amino acids compared to linear epitopes. A conformational epitope-
recognizing antibody recognizes the three-dimensional structure of a peptide or protein. For
example, when a protein molecule folds and forms a three-dimensional structure, amino acids
and/or polypeptide main chains that form a conformational epitope become aligned, and the
epitope is made recognizable by the antibody. Methods for determining epitope conformations
include, for example, X ray crystallography, two-dimensional nuclear magnetic resonance, site-
specific spin labeling, and electron paramagnetic resonance, but are not limited thereto. See, for
example, Epitope Mapping Protocols.in Methods in Molecular Biology (1996), Vol. 66, Morris
(ed.).

A method for confirming binding to an epitope by a test antigen-binding molecule
comprising a domain that contains an antibody variable region having GPC3-binding activity is

exemplified below, and a method for confirming binding to an epitope by a test antigen-binding

molecule comprising a domain that contains an antibody variable region having T-cell receptor

complex-binding activity may also be performed suitably according to the examples below.
For example, recognition of a linear epitope present in the GPC3 molecule by a test
antigen-binding molecule comprising a domain that containg an antibody variable region having

GPC3-binding activity can be confirmed below. A linear peptide comprising the amino acid



10

15

20

25

30

35

48

sequence constituting the extracellular-domain of GPC3 is synthesized for the above-mentioned
objective. The peptide may be synthesized chemically. Alternatively, it can be obtained by
genetic engineering methods using a region in the cDNA of GPC3 that encodes an amino acid
sequence corresponding to the extracellular domain. Next, the binding activity between a linear
peptide comprising the amino acid sequence constituting the extracellular domain and the test
antigen-binding molecule comprising a4 domain that contains an antibody variable region having
GPC3-binding activity is evaluated, For example, ELISA which uses an immobilized linear
peptide as the antigen may enable evaluation of the binding activity of the antigen-binding
molecule towards the peptide. Alternatively, binding activity towards the linear peptide may be
elucidated based on the level of inhibition caused. by the linear peptide in the binding of the
antigen-binding molecule to GPC3-expressing cells. These tests may elucidate the binding
activity of the antigen-binding molecules toward the linear peptide.

Furthermore, recognition of the three-dimensional structure of the epitope by a test
antigen-binding molecule comprising a domain that contains an antibody variable region having
GPC3-binding activity can be confirmed below. GPC3-expressing cells are prepared for the
above-mentioned objective. For example, when the test antigen-binding molecule comprising a
domain that contains an antibody variable region having GPC3-binding activity contacts GPC3-
expressing cells, it binds strongly to the cells, but on the other hand, there are cases when the
antigen-binding molecule does not substantially bind to the immobtlized linear peptide
comprising the amino acid sequence constituting the extracellular domain of GPC3. In these
cases, “does not substantially bind” refers to a binding activity of 80% or less, generally 50% or
less, preferably 30% or less, and particularly preferably 15% or less relative to the binding:
activity towards human GPC3-expressing cells.

Methods for assaying the binding activity of a test antigen-binding molecule containing
a GPC3 antigen-binding domain towards GPC3-expressing cells include, for example, the
methods described in Antibodies: A Laboratory Manuval (Ed Harlow, David Lane, Cold Spring
Harbor Laboratory (1988) 359-420). Specifically, the assessment can be performed based on the
principle of ELISA or fluorescence activated cell sorting (FACS) using GPC3-expressing cells
as antigen.

In the ELISA format, the binding activity of a test antigen-binding molecule containing
a GPC3 antigen-binding domain towards GPC3-expressing cells can be assessed quantitatively
by comparing the levels of signal generated by enzymatic reaction. Specifically, a test antigen-
binding molecule is added to an ELISA plate onto which GPC3-expressing cells are immobilized.
Then, the test antigen-binding molecule bound to the celis is defected using an enzyme-labeled
antibody that recognizes the test antigen-binding molecule. Alternatively, when FACS is used, a

dilution series of a test antigen-binding molecule is prepared, and the antibody binding titer for
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GPC3-expressing cells can be determined to compare the binding activity of the test antigen-
binding molecule towards GPC3-expressing cells.

The binding of a test antigen-binding molecule towards an antigen expressed on the
surface of cells suspended in buffer or the like can be detected using a flow cytometer. Known
flow cytometers include, for example, the following devices:

FACSCanto™ IT

FACSAria™

FACSArray™

FACSVantage™ SE

FACSCalibur™ (all are irade names of BD Biosciences)

EPICS ALTRA HyPerSort

Cytomics FC 500

EPICS XL-MCL ADC EPICS XL ADC

Cell Lab Quanta/Cell Lab Quanta SC (all are trade names of Beckman Coulter)

Preferable methods for assaying the binding activity of a test antigen-binding molecule
containing a GPC3 antigen-binding domain towards an antigen include, for example, the
following method. First, GPC3-expressing cells are reacted with a test antigen-binding molecule,
and then this is stained with an FITC-labeled secondary antibody that recognizes the polypeplide
complex. The test antigen-binding molecule is appropriately diluted with a suitable buffer to
prepare the complex at a desired concentration. For example, the complex can be used at a
concentration withia the range of 10 pg/ml to 10 ng/ml. Then, the fluorescence intensity and cell
count are determined using FACSCalibur (BD). The fiuorescence intensity obtained by analysis
using the CELL QUEST Software (BD), i.e., the Geomeiric Mean value, reflects the quantity of
antibody bound to cells. That is, the binding activity of a test antigen-binding molecule, which is
represented by the quantity of the test antigen-binding molecule bound, can be determined by
measuring the Geometric Mean value.

Whether a test antigen-binding molecule containing a GPC3 antigen-binding domain
shares a common epitope with another antigen-binding molecule can be assessed based on the
competition between the two complexes for the same epitope. The competition between antigen-
binding molecules can be detected by cross-blocking assay or the like. Forexample, the
competitive ELISA assay is a preferred cross-blocking assay.

Specifically, in cross-blocking assay, the GPC3 protein immobilized to the wells of a
microtiter plate is pre-incubated in the presence or absence of a candidate competitor antigen-
binding molecule, and then a test antigen-binding molecule is added thereto. The quantity of test
antigen-binding molecule bound to the GPC3 protein in the wells is indirectly correlated with the

binding ability of a candidate competiior antigen-binding molecule that competes for the binding
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to the same epitope. That is, the greater the affinity of the competitor antigen-binding molecule
for the same epitope, the lower the binding activity of the test antigen-binding molecule towards
the GPC3 protein-coated wells.

The quantity of the test antigen-binding molecule bound to the wells via the GPC3
protein can be readily determined by labeling the antigen-binding molecule in advance. For
example, a biotin-labeled antigen-binding molecule is measured using an avidin/peroxidase
conjugate and appropriate substrate. In particular, cross-blocking assay that uses enzyme labels
such as peroxidase is called “competitive ELISA assay”. The antigen-binding molecule can also
be labeled with other labeling substances that enable detection or measurement, Specifically,
radiolabels, fluorescent labels, and such are known.

‘When the candidate competitor antigen-binding molecule can block the binding by a
test antigen-binding molecule containing-a GPC3 antigen-binding domain by at least 20%,
preferably at least 20 to 50%, and more preferably at least 50% compared to the binding activity
in a control experiment conducted in the absence of the competitor antigen-binding molecule, the
test antigen-binding molecule is determined to substantially bind to the same epitope bound by
the competitor antigen-binding molecule, or compete for the binding to the same epitope.

When the structure of an epitope bound by a test antigen-binding molecule containing a
GPC3 antigen-binding domain has already been identified, whether the test and control antigen-
binding molecules share a common epitope can be assessed by comparing the binding activities
of the two antigen-hinding molecules towards a peptide prepared by introducing amino acid
mutations into the peptide forming the epitope.

To measure the above binding activities, for example, the binding activities of test and
contrel antigen-binding molecules towards a linear peptide into which a mutation is introduced
are compared in the above ELISA format. Besides the ELISA methods, the binding activity
towards the mutant peptide bound to a column can be determined by flowing test and control
antigen-binding molecules in the column, and then quantifying the antigen-binding molecule
eluted in the elution solution. Methods for adsorbing a mutant peptide to a column, for example,
in the form of a GST fusion peptide, are known.

Alternatively, when the identified epitope is-a conformational epitope, whether test and
control antigen-binding molecules share a common epitope can be assessed by the following
method. First, GPC3-expressing cells and cells expressing GPC3 with a mutation introduced
into the epitope are prepared. The test and control antigen-binding molecules are added to-a cell
suspension prepared by suspending these cells in an appropriate buffer such as PBS. Then, the
cell suspensions are appropriately washed with a buffer, and an FITC-labeled antibody that
recognizes the test and control antigen-binding molecules is added thereto. The fluorescence
intensity and number of cells stained with the labeled antibody are determined using
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FACSCalibur (BD). The test and control polypeptide complexes are appropriately diluted using
a suitable buffer, and used at desired concentrations. For example, they may be used at a
concentration within the range of 10 lg/ml to 10 ng/ml. The fluorescence intensity determined
by analysis using the CELL QUEST Software (BD), i.e., the Geometric Mean value, reflects the
quantity of labeled antibody bound to cells. That is, the binding activities of the test and control
antigen-binding molecules, which are represented by the-quantity of labeled antibody bound, can
be determined by measuring the Geometric Mean value.

In the above method, whether an antigen-binding molecule does “not substantially bind
to cells expressing mntant GPC3” can be assessed, for example, by the following method. First,
the test and control antigen-binding molecules bound to cells expressing mutant GPC3 are
stained with a labeled antibody. Then, the fluorescence intensity of the cells is determined.
When FACSCalibur is used for fluorescence detection by flow cytometry, the determined
fluorescence intensity can be analyzed using the CELL QUEST Software. From the Geometric
Mean values in the presence and absence of the antigen-binding molecule, the comparison value
(AGeo-Mean) can be calculated according to the following formula to determine the ratio of

increase in fluorescence intensity as a result of the binding by the antigen-binding molecule.

AGeo-Mean = Geo-Mean (in the presence of the antigen-binding molecule)/Geo-Mean (in the

absence of the antigen-binding molecule)

The Geometric Mean comparison value (AGeo-Mean value for the mutant GPC3
molecule) determined by the above analysis, which reflects the quantity of a test antigen-binding
molecule bound to cells expressing mutant GPC3, is compared to the AGeo-Mean comparison
value that reflects the quantity of the test antigen-binding molecule bound to GPC3-expressing
cells, In this case, the concentrations of the test antigen-binding molecule used to determine the
AGeo-Mean comparison values for GPC3-expressing cells and cells expressing mutant GPC3 are
particularly preferably adjusted to be equal or substantially equal. An antigen-binding molecule
that has been confirmed to recognize an epitope in GPC3 is used as a control antigen-binding
molecule.

If the AGeo-Mean comparison value of a test antigen-binding molecule for cells
expressing mutant GPC3 is smaller than the AGeo-Mean comparison value of the test antigen-
binding molecule for GPC3-expressing cells by at least 80%, preferably 50%, more preferably
30%, and particularly preferably 15%, then the test polypeptide complex “does not substantially
bind to cells expressing mutant GPC3”. The formula for determining the Geo-Mean (Geometric
Mean) value is described in the CELL QUEST Software User’s Guide (BD biosciences). When

the comparison shows that the comparison values are substantially equivalent, the epitope for the
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test and control antigen-binding molecules can be determined to be the same.

Variable fragment (Fv)

Herein, the term “variable fragment (Fv)” refers to the minimum unit of an antibody-
derived antigen-binding domain that is composed of a pair of the antibody light chain variable
region (VL) and antibody heavy chain variable region (VH). In 1988, Skerra and Pluckthun
found that homogeneous and active antibodies can be prepared from the E. coli periplasm
fraction by inserting an antibody gene downstream of a bacterial signal sequence and inducing
expression of the gene in E. coli (Science (1988) 240(4855), 1038-1041). In the Fv prepared
from the periplasm fraction, VH associates with VL in a manner so as to bind to an antigen.

Herein, Fv preferably includes, for example, a pair of Fv which is an antigen-binding
molecule or such comprising:

(1) a bivalent antigen-binding domain which is a bivalent scFv, wherein one monovalent scFv of
the bivalent scFv is linked to one polypeptide forming an Fc domain by a heavy-chain Fv
fragment forming a CD3-binding domain, and the other monovalent scFv is linked to the other
polypeptide forming an Fc domain by a light-chain Fv fragment forming a CD3-binding domain;
(2) a domain comprising an Fc domain that has no Fcy receptor-binding activity, and which is
derived from amino acids forming the Fc domain of IgG1, 1gG2a, 1gG3, or IgG4; and

(3) at least a monovalent CD3-binding domain,

wherein the light-chain and heavy-chain Fv fragments associate to form a CD3-binding domain
such that it can bind to the CD3 antigen.

scFv, single-chain antibody. and sc(Ev)2

LT

Herein, the terms “scFv”, “single-chain antibody”, and “sc(Fv)2” all refer to an antibody
fragment of a single polypeptide chain that contains variable regions derived from the heavy and
light chains, but not the constant region. In general, a single-chain antibody also contains a
polypeptide linker between the VH and VL domains, which enables formation of a desired
structure that is thought to.allow antigen binding. The single-chain antibody is discussed in
detail by Pluckthun in “The Pharmacology of Monoclonal Antibodies, Vol. 113, Rosenburg and
Moore, eds., Springer-Verlag, New York, 269-315 (1994)”. See also International Patent
Publication WO 1988/001649; US Patent Nos. 4,946,778 and 5,260,203. In a particular
embodiment, the single-chain antibody can be bispecific and/or humanized.

scFv is an antigen-binding domain in which VH and VL forming Fv are linked together
by a peptide linker (Proc. Natl. Acad. Sci. U.S.A. (1988} 85(16), 5879-5883). VH and VL can
be retained in close proximity by the peptide linker.

sc(Fv)2 is a single-chain antibody in which four variable regions of two VL and two VH
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are linked by linkers such as peptide linkers to form a single chain (J Immunol. Methods {1999)
231(1-2), 177-189). The two VH and two VL. may be derived from different monoclonal
antibodies. Such sc(Fv)2 preferably includes, for example, a bispecific sc(Fv)2 that recognizes
two epitopes present in a single antigen as disclosed in the Joumal of Immunology (1994)
152(11), 5368-5374. sc(Fv)2 can be produced by methods known to those skilled in the art. For
example, sc(Fv)2 can be produced by linking scFv by a linker such as a peptide linker.

Herein, the form of an antigen-binding domain forming an sc(Fv)2 include an antibody
in which the two VH units and two VL units are arranged in the order of VH, VL, VH, and VL
([VH]-linker-[VL]-linker-[VH}-linker-[VL]) beginning from the N terminus of a single-chain
polypeptide. The order of the two VH units and two VL units is not limited to the above form,
and they may be arranged in any order. Example order of the form is listed below.
[VL}-linker-[VH]-linker-[VH]-linker-[VL]

[VH]-linker-[ VL]-linker-[ VL]-linker-[VH]
[ VH]-linker-[ VH]-linker-[ VL]-linker-[ V1]
[VL}-linker-[ VL]-linker-[ VH]-linker-[ VH]
[VL]-linker-[VH]-linker-[VL]-linker-[VH]

The molecular form of sc(Fv)2 is also described in detail in WO 2006/132352,
According to these descriptions, those skilled in the art can appropriately prepare desired sc(Fv)2
to produce the antigen-binding molecules disclosed herein.

Furthermore, the antigen-binding molecules of the present invention may be conjugated
with a carrier polymer such as PEG or an organic compound such as an anticancer agent.
Alternatively, a sugar chain addition sequence is preferably inserted into the polypeptide
complexes such that the sugar chain produces a desired effect.

The linkers to be used for linking the variable regions of an antibody comprise arbitrary
peptide linkers that can be introduced by genetic engineering, synthetic linkers, and linkers
disclosed in, for example, Protein Engineering, 9(3), 299-305, 1996. However, peptide linkers
are.preferred in the present invention. The length of the peptide linkers is not particularly limited,
and can be suitably selected by those skilled in the art according to the purpose. The length is
preferably five amino acids or more (without particular limitation, the upper limit is generally 30
amino acids or less, preferably 20 amino acids or less), and particularly preferably 15 amino
acids. When sc(Fv)2 contains three peptide linkers, their length may be all the same or different.

For example, such peptide linkers include:

Ser

Gly- Ser
Gly-Gly-Ser
Ser-Gly-Gly
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Gly-Gly-Gly-Ser (SEQ ID NO: 15)
Ser-Gly-Gly-Gly (SEQ ID NO: 16)
Gly- Gly-Gly- Gly- Ser (SEQ ID NO: 17)
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 18)
Gly-Gly- Gly-Gly- Gly- Ser (SEQ ID NO: 19)
Ser- Gly-Gly- Gly-Gly-Gly (SEQ ID NO: 20)
Gly-Gly-Gly-Gly-Gly- Gly- Ser (SEQ ID NO: 21)
Ser-Gly-Gly-Gly- Gly-Gly-Gly (SEQ ID NO: 22)
(Gly-Gly-Gly-Gly-Ser (SEQ ID NO: 17))n
(SerGly-Gly-Gly-Gly (SEQ ID NO: 18))n
whiere n is an integer of 1 or larger. The length or sequences of peptide linkers can be selected
accordingly by those skilled in the art depending on the purpose.
Synthetic linkers (chemical crosslinking agents) is routinely used to crosslink peptides,
and for example:
N-hydroxy succinimide (NHS),
disuccinimidy! suberate (DSS),
bis(sulfosuccinimidyl) suberate (BSB),
dithiobis(succinimidyl propionate) (DSP),
dithiobis(sulfosuccinimidy! propionate) (DTSSP),
ethylene glycol bis(succinimidyl succinate) (EGS),
ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS),
disuccinimidyl tartrate (DST), disulfosuccinimidyl tartrate (sulfo-DST),
bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES),
and bis[2-(sulfosuccinimidoxycarbonyloxy)ethy!] sulfone (sulfo-BSOCOES). These
crosslinking agents are commercially available.
In general, three linkers are required to link four antibody variable regions together.
The linkers to be used may be of the same type or different types.

Fab, F(ab>)2, and Fab’

“Fab” consists of a single light chain, and a CH1 domain and variable region from a

single heavy chain. The heavy chain of Fab molecule cannot form disulfide bonds with another
heavy chain molecule.

“F(ab’)2” or “Fab” is produced by treating an immunoglobulin (monoclonal antibody)
with a protease such as pepsin and papain, and refers to an antibody fragment generated by
digesting an immunoglobulin (monoclonal antibody) at near the disuifide bonds present between

the hinge regions in each of the two H chains. For example, papain cleaves IgG upstream of the
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disulfide bonds present between the hinge regions in each of the two H chains to generate two
homologous antibody fragments, in which an L chain comprising VL {(L-chain variable region)
and CL (L-chain constant region) is linked to an H-chain fragment comprising VH (H-chain
variable region) and CHY! (yl region in an H-chain constant region) via a disulfide bond at their
C-terminal regions. Each of these two homologous antibody fragments.is called Fab’.

“F(ab’)2” consists of two light chains and two heavy chains comprising the constant
region of a CH1 domain and a portion of CH2 domains so-that disulfide bonds are formed
between the two heavy chains. The F(ab’)2 forming an antigen-binding molecule disclosed
herein can be preferably produced as follows. A whole monoclonal antibody or such comprising
a desired antigen-binding domain is partially digested with a protease such as pepsin; and Fe
fragments are removed by adsorption onto a Protein A column. The protease is not particularly
limited, as long as it can cleave the whole antibody in a selective manner to produce F(ab’)2
under an appropriate setup enzyme reaction condition such as pH. Such proteases include, for

example, pepsin and ficin.

Fc domain

An Fc¢ domain that forms an antigen-binding molecule disclosed herein can be
preferably produced in the following manner, An antibody such as a menoclonal antibody is
partially digested with a protease such as pepsin. Then, the resulting fragment is adsorbed onto a
Protein A or Protein G column, and eluted with an appropriate elution buffer. The protease is
not particularly limited; as long as it can cleave antibodies such as monoclonal antibodies under
an appropriate setup enzyme reaction condition such as pH. Such proteases include, for example,
pepsin and ficin.

The antigen-binding molecules described herein comprise an Fc domain with reduced
Fey receptor-binding activity, which in¢ludes amino acids forming the Fc domain of [gGl, IgG2,
1gG3, or IgGA4.

Antibody isotype is determined according to the structure of the constant region.
Constant regions of the isotypes IgG1, IgG2, IgG3, and IgG4 are called Cyl, Cv2, Cy3, and Cy,
respectively. The amino acid sequences of Fc domain polypeptides forming human Cyl, Cy2,
Cy3, and Cy4 are exemplified in SEQ ID NO: 23, 24, 25, and 26, respectively. The relationship
between amino acid residues forming each amino acid sequence and Kabat’s EU numbering
(herein.also referred to as EU INDEX) are shown in Fig. 18.

The Fe domain refers to the region besides F(ab’)2 which comprises two light chains
and two heavy chains comprising a portion of the constant region that comprises a CH1 domain
and a region between the CH1 and CH2 domains so that disulfide bonds are formed between the

two heavy chains. The Fe domain forming an antigen-binding molecule disclosed herein can be
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preferably produced as follows. A monoclonal IgG1, IgG2, IgG3, or IgG4 antibody or the like is
partially digested with a protease such as pepsin, followed by elution of the fraction adsorbed
onto a Protein A column. The protease is not particularly limited, as long as it can cleave the
whole antibody in a selective manner to produce F(ab’)2 in an appropriate setup enzyme reaction

condition such as pH. Such proteases include, for example, pepsin and ficin.

Fcyreceptor

Fey receptor refers to a receptor capable of binding to the Fc domain of monoclonal
IgG1, IgG2, IgG3, or IgG4 antibodies, and includes all members belonging to the family of
proteins substantially encoded by an Fey receptor gene. In human, the family includes FeyRI
(CD64) including isoforms FcyRlIa, FcyRIb and FeyRic; FeyRIT (CD32) including isoforms
FcyRIa (including allotype H131 and R131), FcyRIIb (including FcyRIIb-1 and FeyRITb-2), and
FeyRIe; and FeyRII (CD16) including isoform FeyRIHa (including allotype V158 and F158)
and FcyRIIb (including allotype FeyRIIIb-NA1 and FeyRIIIb-NA2); as well as all unidentified
human FcyRs, FcyR isoforms, and aHotypes thereof. However, Fcy receptor is not limited to
these examples. Without being limited thereto, FcyR includes those derived from humans, mice,
rats, rabbits, and monkeys. FcyYR may be derived from any organisms. Mouse FeyR includes,
without being limited to, FcyRI (CD64), FcyRII (CD32), FeyRIII (CD16), and FeyRII-2 (CD16-
2}, as well as all unidentified mouse FcyRs, FcyR isoforms, and allotypes thereof. Such
preferred Fey receptors include, for example, human FeyRI (CD64), FeyRIIA (CD32), FeyRIIB
(CD32), FcyRIMMA (CD16), and/or FeyRIIIB (CD16). The polynucleotide sequence and amino
acid sequence of FcyRI are shown in SEQ ID NOs: 27 (NM_000566.3) and 28 (NP_000557.1),
respectively; the polynucleotide sequence and amino acid sequence of FcyRITA are shown in
SEQ ID NOs; 29 (BC(020823.1) and 30 (AAH20823.1), respectively; the polynucleotide
sequence and amino acid sequence of FcyRIIB are shown in SEQ ID NOs: 31 {BC146678.1) and
32 (AAI46679.1), respectively; the polynucleotide sequence and amino acid sequence of
FeyRIIIA are shown in SEQ ID NOs: 33 (BC033678.1) and 34 (AAH33678.1), respectively; and
the polynucleotide sequence and amino acid sequence of FcyRIHB are shown in SEQ ID NOs:
35 (BC128562.1) and 36 (AAI28563.1), respectively (RefSeq accession number is shown in
each parentheses). Whether an F¢y receptor has binding activity to the Fc domain of a
monoclonal IgG1, IgG2, 1gG3, or IgG4 antibady can be assessed by ALPHA screen (Amplified
Luminescent Proximity Homogeneous Assay), surface plasmon resonance (SPR)-based
BIACORE method, and others (Proc. Natl. Acad. Sci. USA (2006) 103(11), 4005-4010), in
addition to the above-described FACS and ELISA formats.

Meanwhile, “Fc ligand” or “effector ligand™ refers to a molecule and preferably a

polypeptide that binds to an antibody Fc domain, forming an Fc/Fc ligand complex. The
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molecule may be derived from any organisms. The binding of an Fe ligand to Fc preferably
induces one. or more effector functions. Such Fe ligands include, but are not limited to, Fc
receptors, FcyR, FcoR, FeeR, FcRn, Clg, and C3, mannan-binding lectin, mannose receptor,
Staphylococcus Protein A, Staphylococcus Protein G, and viral FcyRs. The Fc ligands also
include Fc receptor homologs (FcRH) (Davis et al., (2002) Immunological Reviews 190, 123-
136), which are a family of Fc receptors homologous to FcyR. The Fe ligands also include

unidentified molecules that bind to Fc.

Fey receptor-binding activity

The impaired binding activity of Fc domain to any of the Fcy receptors Feyl, FeyllA,
FeylIB, FeyIlIA, and/or FeyllIB can be assessed by using the above-described FACS and ELISA
formats as well as ALPHA screen (Amplified Luminescent Proximity Homogencous Assay) and
surface plasmon resonance {SPR)-based BIACORE method (Proc. Natl. Acad. Sci. USA (2006)
103(11), 4005-4010).

ALPHA screen is performed by the ALPHA technology based on the principle
described below using two types of beads: donor and acceptor beads. A luminescent signal is
detected only when molecules linked to the donor beads interact biologically with molecules
linked to the acceptor beads and when the two beads are located in close proximity. Excited by
laser beam, the photosensitizer in a donor bead converts oxygen around the bead into excited
singlet oxygen. When the singlet oxygen diffuses-around the donor beads and reaches the
acceptor beads located in close proximity, a chemiluminescent reaction within the acceptor beads
is induced. This reaction ultimately results in light emission. If molecules linked to the donor
beads do not interact with molecules linked to the acceptor beads, the singlet oxygen produced
by donor beads do not reach the acceptor beads and chemiluminescent reaction does not occur.

For example, a biotin-labeled antigen-binding molecule is immobilized to the donor
beads and glutathione S-transferase (GST)-tagged Fey receptor is immobilized to the acceptor
beads. In.the absence of an antigen-binding molecule comprising a competitive mutant Fc
domain, Fey receptor interacts with an antigen-binding molecule comprising a wild-type Fc
domain, induocing a signal of 520 to 620 nm as a result. The antigen-binding molecule having a
non-tagged mutant Fc domain competes with the antigen-binding molecule comprising a wild-
type Fc domain for the interaction with Fey receptor. The relative binding affinity can be
determined by quantifying the reduction of fluorescence as a result of competition. Methads for
biotinylating antigen-binding molecules such as antibodies using Sulfo-NHS-biotin or the like
are known. Appropriate methods for adding the GST tag to an Fcy receptor include methods that
involve fusing polypeptides encoding Fcy and GST in-frame, expressing the fused gene using

cells introduced with a vector carrying the gene, and then purifying using a glutathione column,
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The induced signal can be preferably analyzed, for example, by fitting to a one-site competition
madel based on nonlinear regression analysis using software such as GRAPHPAD PRISM
{(GraphPad; San Diego).

One of the substances for observing their interaction is immobilized as a ligand onto the
gold thin layer of a sensor chip. When light is shed on the rear surface of the sensor chip so that
total reflection occurs at the interface between the gold thin layer and glass, the intensity of
reflected light is partially reduced at a certain site (SPR signal). The other substance for
observing their interaction is injected as an analyte onto the surface of the sensor chip. The mass
of immobilized ligand molecule increases when the analyte binds to the ligand. This alters the
refraction index of solvent on the surface of the sensor chip. The change in refraction index
causes a positional shift of SPR signal (conversely, the dissociation shifts the signal back to the
original position). In the Biaccre system, the amount of shift described above (i.e., the change of
mass on the sensor chip surface) is plotted on the vertical axis, and thus the change of mass over
time is shown as measured data (sensorgram). Kinetic parameters (association rate constant (ka)
and dissociation rate constant (kd)) are determined from the curve of sensorgram, and affinity
(KD} is determined from the ratio between these two constants. Inhibition assay is preferably
used in the BIACORE methods. Examples of such inhibition assay are described in Proc. Natl.
Acad. Sci. USA (2006) 103(11), 4005-4010.

Herein, “Fey receptor-binding activity is reduced” means, for example, that based on the
above-described analysis method the competitive activity of a test antigen-binding molecule is
50% or less, preferably 45% or less, 40% or less, 35% or less, 30% or less, 20% or less, or 15%
or less, and particularly preferably 10% or less, 9% or less, 8% or less, 7% or less, 6% or less,
5% or less, 4% or less, 3% or less, 2% or less, or 1% or less than the competitive activity of a
control antigen-binding molecule.

Antigen-binding molecules comprising the Fe domain of a monoclonal IgG1, 1gG2,
1gG3, or IgG4 antibody can be appropriately used as-control antigen-binding molecules, The Fc
domain structures are shown in SEQ ID NOs: 37 (A is added to the N terminus of RefSeq
accession number AAC82527.1), 38 (A is added to the N terminus of RefSeq accession number
AABS59393.1), 25 (A is added to the N terminus of RefSeq accession number CAA27268.1), and
39 (A is added fo the N terminus of RefSeq accession. number AAB59394.1). Furthermore,
when an antigen-binding molecule comprising an Fc domain mutant of an antibody of a
particular isotype is used as a test substance, the effect of the mutation of the mutant on the Fey
receptor-binding activity is assessed using as a control an antigen-binding molecule comprising
an Fc domain of the same isotype. As described above, antigen-binding molecules comprising
an Fc domain mutant whose Fcy receplor-binding activity has been judged to be reduced are
appropriately prepared.



10

15

20

25

30

35

59

Such known mutants include, for example, mutants having a deletion of amino acids
231A-238S (EU numbering) (WO 2009/011941), as well as mutants C226S, C229S, P238S,
(C2208) (J. Rheumatol (2007) 34, 11); C226S and C229S (Hum. Antibod. Hybridomas (1990)
1(1), 47-54); C2268, C229S, E233P, L234V, and L235A (Blood (2007) 109, 1185-1192).

Specifically, the preferred antigen-binding molecules include those comprising an Fe
domain with a substitution of the amino acid at position 220, 226, 229, 231, 232, 233, 234, 235,
236, 237, 238, 239, 240, 264, 265, 266, 267, 269, 270, 295, 296, 297, 298, 299, 300, 325, 327,
328, 329, 330, 331, or 332 (EU numbering) in the amino acids forming the Fc domain of an
antibody of a particular isotype. The isotype of antibody from which the Fc domain originates is
not particularly limited, and it is possible to use an appropriate Fc.domain derived from a
monoclonal IgG1, 1gG2, 1gG3, or [gG4 antibody. 1t is preferable to use Fc domains derived
from IgG1 antibodies.

The preferred antigen-binding molecules include, for example, those comprising an Fc.
domain which has any one of the substitutions shown below, whose positions are specified
according to EU numbering (each number represents the position of an amino acid residue in the
EU numbering; and the one-letter amino acid symbol before the number represents the amino
acid residue before substitution, while the one-letter amino acid symbol after the number
represents the amino acid residue before the substitution) in the amino acids forming the Fc
domain of IgG1 antibody:

(a) L234F, L235E, P331S;

(b) C2268, C22985, P238S,

(c) C226S, C229§;

(d) C2268, C2298, E233P, 1.234V, LL.235A;

(e) L234A, L235A or L235R, N297A,;

() L235A or L235R, S239K, N297A

as well as those having an Fc domain which has a deletion of the amino acid sequence at
positions 231 to 238.

Furthermore, the preferred antigen-binding molecules also include those comprising an
Fc domain that has any one of the substitutions shown below, whose positions are specified
according to BU numbering in the amino acids forming the Fc domain of an IgG2 antibody:

(g) H268Q, V3091, A3308S, and P3315;

(h) V234A;

(i) G237A;

(i) V234A and G237A;

(k) A235E and G237A;

(1) V234A, A235E, and G237A. Each number represents the position of an amino acid residue
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in EU numbering; and the one-letter amine acid symbol before the number represents the amino
acid residue before substitution, while the one-letter amino acid symbol after the number
represents the amino acid residue before the substitution.

Furthermore, the preferred antigen-binding molecules also-include those comprising an
Fc domain that has any one of the substitutions shown below, whose positions are specified
according to EU numbering in the amino acids forming the Fc domain of an 1gG3 antibody:

{m) F241A;

(n)} D265A;

(0) V264A. Each number represents the position of an amino acid residue in EU numbering;
and the one-letter amine acid symbol before the number represents the amino acid residue before
substitution, while the one-letter amino acid symbol after the number represents the amino acid
residue before the substitution.

Furthermore, the preferred antigen-binding molecules also include those comprising an
Fc domain that has any one of the substitutions shown below, whose positions are specified
according to: EU numbering in the amino acids forming the Fc domain of an IgG4 antibody:

(p) L235A, G237A, and E318A;

(q) L235E;

(r) F234A and L.235A. Each number represents the position of an amino acid residue in EU
numbering; and the one-letter amino acid symbol before the number represents the amino acid
residue before substitution, while the one-letter amino acid symbol after the number represents
the amino acid residue before the substitution.

The other preferred antigen-binding molecules include, for example, those comprising
an Fc domain in which any amino acid at position 233, 234, 235, 236, 237, 327, 330, or 331 (EU
numbering) in the amino acids forming the Fc domain of an IgG1 antibody is substituted with an
amino acid of the corresponding position in EU numbering in the corresponding IgG2 or IgG4,

The preferred antigen-binding molecules also include, for example, those comprising an
Fc domain in which any one or more of the amino acids at positions 234, 235, and 297 (EU
numbering) in the amino acids forming the Fe domain of an IgG1 antibody is substituted with
other amino acids. The type of amino acid after substitution is not particularly limited; however,
the antigen-binding molecules comprising an Fc domain in which any one or more of the amino
acids at positions 234, 235, and 297 are substituted with alanine are particularly preferred.

The preferred antigen-binding molecules also include, for example, those comprising an
Fc demain in which an amino acid at position 265 (EU numbering) in the amino acids forming
the Fc domain of an IgG1 antibody is substituted with another amino acid. The type of amino
acid after substitution is not particularly limited; however, antigen-binding molecules comprising

an Fc domain in which an amino acid at position 265 is substituted with alanine are particularly



10

15

20

25

30

35

61

preferred.

Multispecific antigen-binding molecule

Examples of a preferred embodiment of the “multispecific antigen-binding molecule” of
the present invention include multispecific antibodies. When an Fc region with reduced Fcy
receptor-binding activity is used as the multispecific antibody Fc region, an Fc region derived
from the multispecific antibody may be used appropriately. Bispecific antibodies are particularly
preferred as the multispecific antibodies of the present invention. In this case, a bispecific
antibody is an antibody having two different specificities. 1gG-type bispecific antibodies can be
secreted from a hybrid hybridoma (quadroma) produced by fusing two types of hybridomas that
produce TgG antibodies (Milstein et al., Nature (1983) 305, 537-540).

Furthermore, IgG-type bispecific antibodies are secreted by introducing the genes of L
chains and H chains constituting the two types of IgGs of interest, i.e. a total of four genes, into
cells, and co-expressing them. However, the number of combinations of H and L chains of IgG
that can be produced by these methods is theoretically ten combinations. Accordingly, it is
difficult to purify an IgG comprising the desired combination of H and L chains from ten types
of IgGs. Furthermore, theoretically the amount of secretion of the IgG having the desired
combination will decrease remarkably, and therefore large-scale culturing will be necessary, and
production costs will increase further.

Therefore, technigues for promoting the association among H chains and between L and
H chains having the desired combinations can be applied to the multispecific antigen-binding
molecules of the present invention.

For example, techniques for suppressing undesired H-chain association by introducing
electrostatic repulsion at the interface of the second constant region or the third constant region
of the antibody H chain (CH2 or CH3) can be applied to multispecific antibody association
(W02006/106905).

In the technique of suppressing unintended H-chain association by introducing
electrostatic repulsion at the interface of CH2 or CH3, examples of amino acid residues in
contact at the interface of the other constant region of the H chain include regions corresponding
to the residues at EU numbering positions 356, 439, 357, 370, 399, and 409 in the CH3 region.

More specifically, examples include an antibody comprising two types of H-chain CH3
regions, in which one to three pairs of amino acid residues in the first H-chain CH3 region,
selected from the pairs of amino acid residues indicated in (1) to (3) below, carry the same type
of charge: (1) amino acid residues comprised in the H chain CH3 region at EU numbering

positions 356 and 439; (2) amino acid residues comprised in the H-chain CH3 region at EU
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numbering positions 357 and 370; and (3) amino acid residues comprised in the H-chain CH3
region at EU numbering positions 399 and 409.

Furthermore, the antibody may be an antibody in which pairs of the amino acid residues
in the second H-chain CH3 region which is different from the first H-chain CH3 region
mentioned above, are selected from the aforementioned pairs of amino acid residues of (1} to (3),
wherein the one to three pairs of amino acid residues that correspond to the aforementioned pairs
of amino acid residues of (1) to (3) carrying the same type of charges in the first H-chain CH3
region mentioned-above carry opposite charges from the corresponding amino acid residues in
the first H-chain CH3 region mentioned above.

Each of the amino acid residues indicated in (1) to {3) above come close to each other
during association. Those skilled in the art can find out positions that correspond to the above-
mentioned amino acid residues of (1)to (3) in a desired H-chain CH3 region or H-chain constant
region by homology modeling and such using commercially available software, and amino acid
residues of these positions can be appropriately subjected to modification.

In the antibodies mentioned above, “charged amino acid residues™ are preferably
selected, for example, from amino acid residues included in either one of the following groups:

(a) glutamic acid (E) and aspartic acid {D}); and
(b) lysine {(K), arginine (R), and histidine (I1).

In the above-mentioned antibodies, the phrase “carrying the same charge” means; for
example, that all of the two or more amino acid residues are selected fromthe amino acid
residues included in either one of groups (a) and (b} mentioned above. The phrase “carrying
opposite charges” means, for example, that when at least one of the amino acid residues among
two or more amino acid residues is selected from the amino acid residues included in either one
of groups (a) and (b) mentioned above, the remaining amino acid residues are selected fromthe
amino acid residues included in the other group.

In a preferred embodiment, the antibodies mentioned above may have their first H-chain
CH3 region and second H-chain CH3 region crosslinked by disulfide bonds.

In the present invention, amino acid residues subjected to modification are not limited to
the above-mentioned amino acid residues of the antibody variable regions or the antibody

constant regions. Those skilled in the art can identify the amino acid residues that form an

interface in mutant polypeptides or heteromultimers by homology modeling and such using

commercially available software; and amino acid residues of these positions can then be
subjected to modification so as to regulate the association.

Other known techniques can also be used for the association of multispecific antibodies
of the present invention, Fc region-containing polypeptides comprising different amino acids

can be efficiently associated with each other by substituting an amino acid side chain present in
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one of the H-chain Fc regions of the antibody with a Iarger side chain (knob), and substituting an
amino acid side chain present in the corresponding Fc region of the other H chain with a-smaller
side chain (hole) to allow placement of the knob within the hole (WO1996/027011; Ridgway JB
et al., Protein Engineering (1996) 9, 617-621; Merchant A. M. et al. Nature Biotechnology
(1998) 16, 677-681; and US20130336973).

In addition, other known techniques can also be used for formation of multispecific
antibodies of the present invention. Association of polypeptides having different sequences can
be induced efficiently by complementary association of CH3 using a strand-exchange engineered
domain CH3 produced by changing part of one of the H-chain CH3s of an antibody to a
corresponding IgA-derived sequence and introducing a corresponding [gA-derived sequence into
the complementary portion of the other H-chain CH3 (Protein Engineering Design & Selection,
23; 195-202, 2010). This known technique can also be used. to efficiently form multispecific
antibodies of interest.

In addition, technologies for antibody production using association of antibody CH1 and
CL. and association of VH and VL as described in WO 2011/028952, W(02014/018572, and Nat
Biotechnol. 2014 Feb; 32(2):191-8; technologies for producing bispecific antibodies using
separately prepared monoclonal antibedies in combination (Fab Arm Exchange) as described in
W02008/119353 and WQ2011/131746; technologies for regulating association between
antibody heavy-chain CH3s as described in W02012/058768 and WO2013/063702;
techniologies for producing bispecific antibodies composed of two types of light chains and one
type of heavy chain as described in W02012/023053; technologies for producing bispecific
antibodies using two bacterial cell strains that individually express one of the chains of an
antibody comprising a single H chain and a single L chain as described by Christoph ez al.
(Nature Biotechnology Vol. 31, p 753-758 (2013)); and such may be used for the formation of
multispecific antibodies.

Alternatively, even when a multispecific antibody of interest cannot be formed
efficiently, a multispecific antibody of the present invention can be obtained by separating and
purifying the multispecific antibody of interest from the produced antibodies. For example, a
method for enabling purification of two types of homomeric forms and the heteromeric antibody
of interest by ion-exchange chromatography by imparting a difference in isoelectric points by
introducing amino acid substitutions into the variable regions of the two types of H chains has
been reported (W02007114325). To date, as a method for purifying heteromeric anlibodies,
methods using Protein A to purify a heterodimeric antibody comprising a mouse [gG2a H chain

that binds to Protein A and a rat IgG2b H chain that does not bind to Protein A have been

reported (W0O98050431 and W095033844). Furthermore, a heterodimeric antibody can be

purified efficiently on its own by using H chains comprising substitution of amino acid residues
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at EU numbering positions 435 and 436, which is the IgG-Protein A binding site, with Tyr, His,
or such which are amino acids that yield a different Protein A affinity, or using H chains with a
different protein A affinity obtained according to the method of Reference Example 5, to change
the interaction of each of the H chains with Protein A, and then using-a Protein A column.

Alternatively, a common L chain that can provide binding ability to a plurality of
different H chains can be obtained and used as the common L chain of a multispecific antibody.
Efficient expression of a multispecific IgG can be achieved by introducing the genes of such a
common L chain and a plurality of different H chains into cells to express the IgG (Nature
Biotechnology (1998) 16, 677-681). A method for selecting a common L chain that shows a
strong binding ability to any of the different H chains can also be used when selecting the
commeon H chain (WO 2004/065611).

Furthermore, an Fc region whose Fc region C-terminal heterogeneity has been improved
can be appropriately used as an Fc region of the presentinvention. More specifically, the present
invention provides Fc regions produced by deleting glycine at position 446 and lysine at position
447 as specified by EU numbering from the amino acid sequences of two polypeptides
constituting an Fc region derived from IgG1, 1gG2, 1gG3, or IgG4.

A plurality, such as two or more, of these technologies can be used in combination.
Furthermore, these technologies can be appropriately and separately applied to the two H chains
to be associated. Furthermore, these techniques can be used in combination with the above-
mentioned Fc region which has reduced binding activity to an Fcy receptor. Furthermore, an
antigen-binding molecule of the present invention may be a molecule produced separately so that
it has the same amino acid sequence, based on the antigen-binding molecule subjected to the
above-described medifications.

An appropriate multispecific antigen-binding molecule of the present invention
comprises

(1) a domain comprising an antibody variable region having glypican 3-binding activity;

(2) a domain comprising an antibody variable region having T-cell receptor complex-binding
activity; and

(3} a domain comprising an Fc region with reduced Fcy receptor-binding activity mentioned
above, without limitation to its structure.

In the present invention, each of the above-mentioned domains can be linked directly by
peptide bonds. For example, when using F(ab’), as the domain comprising an anlibody variable
region of (1) and (2); and these Fc regions as the domain comprising an Fc region with reduced
Fey receptor-binding activity of (3), the polypeptides formed by linking the antibody variable
region-containing domains of (1) and (2) and the Fc region-containing domain of (3) by peptide
bonds will form an antibody structure. Such antibodies can be produced by purification from the
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above-mentioned hybridoma culture medium, and also by purifying antibodies from the culture
medium of desired host cells that stably carry polynucleotides encoding the polypeptides
constituting the antibody.

Examples of a preferred antibody H-chain variable region of the present invention
contained in the antibody variable region having glypican 3-binding activity comprises the
antibody H-chain variable regions of Table 1, or antibody H-chain variable regions having CDR
sequences- whose CDR1, CDR2, and CDR3 amino acid sequences are the same as the CDR1,
CDR2, and CDR3 amino acid sequences contained in the H-chain variable regions of Table 1, or
antibody H-chain variable regions which are functionally equivalent to the above-mentioned

variable regions.

Table 1
Sequence Name|SEQ ID NO:| |Sequence Name |SEQ ID NO:
HO000 40 GCH042 193
GCHO003 170 GCHO043 194
GCHO005 171 GCH045 195
GCHO006 172 GCHO053 196
GCHOQ7 173 GCHO54 197
GCHO008 174 GCHO055 198
GCHO010 175 GCHO056 199
GCH012 176 GCHO057 200
GCHO013 177 GCHO059 201
GCHO014 178 GCHO60 202
GCHO15 179 GCHO061 203
GCHO16 180 GCHO062 204
GCHO019 181 GCHO64 205
GCHQ22 182 GCHO065 206
GCHO023 183 GCHO66 207
GCHO025 184 GCHO67 208
GCHO026 185 GCHOG68 209
GCH027 186 GCHO073 210
GCHO029 187 GCH0O94 211
GCH032 188 GCHQ88 212
GCH034 189 GCH099 213
GCHO035 190 GCH100 214
GCHO039 191 H0610 215
GCHO040 192
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Examples of a preferred antibody variable region having T-cell receptor complex-
binding activity of the present invention include antibody variable regions having T-cell
receptor-binding activity. Of the T-cell receptors, CD3 is preferred, and CD3¢ is particularly
preferred. Examples of an antibody H-chain variable region contained in-such antibody variable
regions include the antibody H-chain variable regions of Table 2, antibody H-chain variable
regions having CDR sequences whose CDR1, CDR2, and CDR3 amino acid sequences are the
same as the CDR1, CDR2, and CDR3 amino acid sequences contained in the antibody H-chain
variable regions of Table 2, and antibody H-chain variable regions that are functionally

equivalent to the above-mentioned variable regions.

Table 2
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Sequence Name | SEQIDNO:| { Sequence Name | SEQIDNO: | | Sequence Name | SEQ ID ND:
hCE115HA 52 TRO1HO36 99 TRO1H074 135
CE115HA177 64 TROTHO37 100 TROTHO75 136
CE115HA178 65 TRO1H038 101 TRO1HO76 137
CE115HA179 66 TRO1HG39 102 TRO1HO77 138
CE115HA180 67 TRO1HO40 103 TRO1HO79 139
hCE115HAa 68. TRO1H041 104 TRO1HOB0 140
TRO1H0O06 69 TRO1H042 105 TRO1HO81 141
TRO1H007 70 TRO1H043 106 TRO1H082 142
TRO1H008 71 TRO1HO44 107 TRO1H083 143
‘TRO1HO09 72 TRO1H045 108 TR0O1H084 144
TRO1HO10 73 TRO1HO46 109 TRO1H080 145
TROTHO11 74 TRO1H047 110 TRO1H091 146
TRO1HO12 75 TRO1HO48 111 TRO1HQ92 147
TRO1HO13 76 TRO1H042 112 TRO1H0O93 148
TRO1THO14 77 TRO1HO50 113 TRO1H094 149
TRO1HO15 78 TRO1HO051 114 TRO1H095 150
TROtH016 79 TRO1H052 115 TRO1HO96 151
TRO1HO17 80 TRO1H053 116 TRO1HQ97 152
TRO1HO18 81 TRO1HO54 117 TRO1H098 153
TRO1HO19 82 TRO1HO55 118 TRO1H(O99 154
TRO1H020 ‘83 TRO1H056 119 TRO1H100 155
TROTHO21 84 TROTHO57 120 TROTH101 156
TRO1H022 85 TRO1HO058 1214 TRO1H102 157
TRCO1H023 86 TRO1H061 122 TRO1H103 158
TRO1HO24 87 TRO1HO62 123 TRO1H104 159
TRO1HO25 a8 TRO1HOB3 124 TRO1H105 160
TRO1H026 89 TRO1H064 125 TRO1H108 161
TRO1H027 g0 TRO1THQ65 126 TRO1H107 162
TRO1H028 91 TRO1HG66 127 TROT1H108 163
TRO1H(029 92 TROTHO67 128 TROT1H108 164
TROTHO30 93 TRO1H068 129 TRO1H110 165
TROTHO31 94 TRO1H(0B9 130 TRO1H111 166
TROTH032 95 TRO1HO70 131 TRO1H112 167
TROTH033 96 TRO1THO71 132 TROTH113 168
TROTH034 97 TRO1H072 133 TRO1H114 169
TRO1H035 98 TRO1HO73 134 TRO1HO01 420
TRO1H002 421
TROTHDO3 422
TRO1HDO04 423
rCE115H 424
CET15HA121 425
CET15HA122 426
CE115HA124 427
CE115HA192 428
CE115HA236 429
CE115HA251 430
CE115HA252 431
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The relationship between the CDR regions of the amino acid residues constituting the
antibody H chain amino acid sequence and Kabat numbering is as shown in Fig. 13.

For the antibody I-chain variable regions contained in the antibody variable region
having glypican 3-binding activity and the antibody variable region having T-cell receptor
complex-binding activity of the present invention, it is preferable to obtain a common L chain
that may provide a binding activity to the H chain having glypican3-binding activity and a
binding activity to the H chain having T-cell receptor.complex, and to use this as the common L-
chain variable region of the multispecific antigen-binding molecule.

Examples of the common L-chain variable region to be used in the present invention
include the L-chain variable regions of Table 3, antibody L-chain variable regions having CDR
sequences whose CDR1, CDR2, and CDR3 amino acid sequences are the same as the CDR1,
CDR2, and CDR3 amino acid sequences contained in the antibody T.~chain variable regions of
Table 3, and antibody L-chain variable regions that are functionally equivalent to the above-

mentioned variable regions.

Table 3
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Sequence Name|SEQID NG:| {Sequence Name|SEQ [D NO:| |Sequence Name{SEQ ID NO:
10000 53 L0125 264 L0214 312
L0002 217 L0126 265 10215 313
L0003 218 Lo127 266 L0216 314
LOCOG 219 L0129 267 L0217 315
L0007 220 L0132 268 L0218 316
[.0008 221 L0134 269 L0219 317
LO0GS 222 L0136 270 LO22G 318
L0011 223 L0137 271 L0222 319
L0012 224 L0138 272 10223 320
LG013 225 L0139 273 L0224 321
L0014 226 LG140 274 L0226 322
L0015 227 L0141 275 L0227 323
L0016 228 L0143 276 L0228 324
L0032 229 L0144 277 .0229 325
L0038 230 L0145 278 L0230 326
L0039 231 L0147 279 L0231 327
L0041 232 L0148 280 L0232 328
L0042 233 L0149 281 L0233 329
L3043 234 L0151 282 L0234 330
L0044 235 LO152 283 L0235 331
L0045 236 L0154 284 L0236 332
L0046 237 L0155 285 L0237 333
L0047 238 LD157 286 L0238 334
L0062 239 L0180 287 L0239 335
L0063 240 L0161 288 10240 336
L0064 241 L3163 289 L0241 337
L0065 242 L0167 290 L0242 338
LO066 243 L0168 291 L0243 339
L0069 244 L0173 292 1.0248 340
L0075 245 L0175 293 L0247 341
L0079 246 1.0180 294 L0248 342
L0082 247 LO181 295 L0249 343
L0085 248 LD186 296 L0250 344
L0089 249 L0187 297 L0258 345
009D 250 L0200 298 L0259 346
L0091 251 L0201 299 L0260 347
L0093 252 L0202 300 L0261 348
L0104 253 L0203 301 L0262 349
L0106 254 L0204 302 L0263 350
LD107 255 L0205 303 L0264 351
L0109 256 1.0206 - 304 L0265 a52
L0113 257 L0207 305 L.0266 353
L0115 258 L0208 306 L0267 354
LO117 259 10209 307 L0268 355
L0120 260 .0210 308 L0269 3568
L0122 261 L0211 309 L0270 357
L0123 262 L0212 310 10271 358
L0124 263 L0213 311 L0272 359
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The relationship between the CDR regions of the amino acid residues constituting the
antibody L-chain amino acid sequence and Kabat numbering is as shown in Fig. 14,

In the present invention, the phrase “functionally equivalent” means that the binding
affinities for an antigen are equivalent, or alternatively, it means that the cytotoxic activities
against glypican 3-expressing cells or tissues containing these cells are equivalent when it is used
as a multispecific antigen-binding molecule. The binding affinity and cytotoxic activity can be
measured based on the description herein. The cells used for measurement of cytotoxic activity
may be the desired GPC3-expressing cells or a desired tissue containing these cells, and for
example, PC-10 or NCI-H446 which are GPC3-expressing human cancer cell lines can be used.
Regarding the antibody constant regions, the phrase may mean that the decreases in Fey
receptor-binding activity are equivalent.

For example, an antibody H-chain variable region functionally equivalent to the
antibody H chain variable region described herein (i.e., the original H chain variable region)
means that this region has the same binding affinity when it is combined with the antibody E-
chain variable region described herein which forms a pair with the original H chain, or
alternatively that the region has the same cytotoxic activity towards glypican 3-expressing cells
or a tissue containing these cells when used for a multispecific antigen-binding molecule.
Furthermore, an antibody L-chain variable region functionally equivalent to the antibody L-chain
variable region described herein (i.e., the original I.-chain variable region) means that this region
has the same binding affinity when it is combined with the antibody H-chain variable region
described herein which forms a pair with the original L chain, or alternatively that the region has
the same cytotoxic activity towards glypican 3-expressing cells or a tissue containing these cells
when used for a multispecific antigen-binding molecule.

The term “equivalent” does not necessarily have to mean the same degree of activity,
and the activity may be enhanced. Specifically, for antigen-binding affinity, examples include
the case where the value (KD value / parent KID value) obtained by comparison to the binding
affinity of the antibody variable region serving as the control (parent KD value) is 1.5 or less.

The value of KD value / parent KD value-is preferably 1.3 or less, more preferably 1.2 or less,

1.1 orless, 1.0 or less, 0.9 orless, 0.8 or less, 0.7 or less, 0.6 or less, or 0.5 or less. While there

is no lower limit, examples include 10, 102, 107, 10*, 10°, or 10°. More specifically, in the
present invention, the value of KD value / parent KD value is preferably 1010 1.5 x 10°, more
preferably 10° to 10”, even more preferably 10 to 107, and yet even more preferably 10 to 10°
3. For cytotoxic activity, examples. include the case where the value (cell growth inhibition rate /
parent cell growth inhibition rate) obtained by comparison to the cell growth inhibition rate of
the multispecific antigen-binding molecule serving as the control (parent cell growth inhibition

rate) is 0.7 or more. The concentration of the added multispecific antigen-binding molecule can
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be determined appropriately, but is preferably, for example, 0.01 nM, 0.05 nM; 0.1 nM, 0.5 nM,
or 1 nM; and preferably, measurements are taken at 0.03 nM or 0.1 oM. The value for cell
growth inhibition rate / parent cell growth inhibition rate is preferably 0.8 or higher, more.
preferably 0.9 or higher, 1.0 or higher, 1.2 or higher, 1.5 or higher, 2 or higher, 3 or higher, 5 or
higher, 10 or higher, or 20 or higher. While there is no upper limit, the value may be 10, 10%, 10°,
10%, 10°, or 10°,

Furthermore, for cytotoxic activity, examples include the case where the value
{concentration for 50% inhibition of cell growth / parent concentration for 50% inhibition of cell
growth) obtained by comparison to the concentration of the original multispecific antigen-
binding molecule for 50% inhibition of cell growth (parent concentration for 50% inhibition of
cell growth) is 1.5 or less. Concentration for 50% growth inhibition refers to the concentration
of the multispecific antigen-binding molecule necessary for reducing the cell proliferation rate to
one half compared to when the multispecific antigen-binding molecule is not added. The value
of “concentration for 50% inhibition of cell growth / parent concentration for 50% inhibition of
cell growth™ is preferably 1.3 or less, more preferably 1.2 or less, 1.1 or less, 1.0 or less, 0.9 or
less, 0.8 or less, 0.7 or less, 0.6 or less, or 0.5 or less. 'While there is no lower limit, the value
may be, for example, 107, 107, 107, 10%,107%, or 10°. Specifically, the value is preferably 10°
16 1.5 x 10°, more preferably 10 to 10", even more preferably 10 to 107, and yet even more
preferably 10 t0 107,

Regarding the domain comprising an antibody variable region having GPC3-binding
activity, the KD value towards GPC3 (for example, human GPC3) may be, for example, 5 x 107
M or less, preferably 4 x 107 M or less, such as 3 x 107 M or less, 2 x 10° Morless, 1 x 10° M
or less, 8 x 107 M or less, 5% 10" M or less, 4 x 10" M or fess, 3 x 1071 M or less, 2 x 10710
Morless, 1 x 10" Morless, 8 x 10" Mor less, 5 x 10 Mor less, 4 x 107 M or less, 3 x 107
""Morless, 2x 107" Morless, 1 x 107" M or less, 8 x 102 M or less, 5 x 107> M or less, 4 x
10" Moriess, 3 x 1072 M or less, 2 x 107> M or less, 1 x 102 M or less, 8 x 107> M or less, 5
x 10 Morless, 4 x 10" Mor tess, 3x 107> M or less, 2 x 10 M or less, or 1 x 10> M or
less.

Regarding the domain comprising an antibody variable region having T-cell receptor
complex-binding activity, the KD value towards a human T-cell receptor complex such as a
human T cell receptor, or more specifically for example human CD3e may be, for example, 2 x
107" M or less, preferably 1.5 x 107 M or less, such as 1.4 x 107 Mor less, 1.3 x 107 M or less,
1.2x 107 Mor less, 1 x 107 M or less, 3 x 10 M or less, 2 x 10® M or less, 1 x 10 M or less, 8
x 10" Mor less, 5x 10°Mor less, 4 x 10° M or less, 3.x 10° M or less, 2 x 10° M or less, 1 x
10° M or less, 8 x 107" M or less, 5 x 10" M or less, 4 x 10" M or less, 3 x 1071 M or less, 2 x
10" Moorless, 1 x 10" M orless, 8 x 10" M or less, 5x 107" M orless, 4 x 10" M or less, 3
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x 10 Mor less, 2 x 10 M or less, 1 x 107" M or less, 8 x 1072 M or less, 5 x 107> M or less,
4x 10" M orless, 3 x 10" M or less, 2.x 107> M or less, or 1 x 107> M or less.

The multispecific antigen-binding molecules. of the present invention preferably have
KD values toward human GPC3 and human T-cell receptor complex (for example, human CD3g
chain) that are 5 x 10 M or less and 2 x 107 M or less, respectively, and more preferably 1 x 107
?M or less and 5 x 10® M or less, respectively.

In the present invention, antibody variable regions that are “functionally equivalent” are
not particularly limited as long as they are antibody H-chain and/or antibody L-chain variable
regions that satisfy the above-described conditions. Examples of such antibody variable regions
include regions produced by introducing substitution, deletion, addition, and/or insertion of one
or more amino acids (for example, 1, 2, 3, 4, 5, or 10 amino acids) into the amino acid sequences
of the variable regions of Tables 1 to 3 mentioned above. A method well known to those skilled
in the art for introducing one or more amino-acid substitutions, deletions, additions, and/or
insertions into an amino acid sequence is a method of introducing mutations into proteins. For
example, those skilled in the art can prepare variable regions that are functionally equivalent to
the-antibody variable regions having the above-mentioned functions by appropriately introducing
mutations into amino acid sequences using methods such as site-directed mutagenesis
(Hashimoto-Gotoh, T., Mizuno, T., Ogasahara, Y., and Nakagawa, M. (1995} An
oligodeoxyﬂbonucleotide—directed dual anmiber method for site-directed mutagenesis. Gene 152,
271-275; Zoller, MLI., and Smith, M. (1983) Oligonucleotide-directed mutagenesis of DNA
fragments cloned into M13 vectors.Methods Enzymol. 100, 468-500; Kramer, W., Drutsa, V.,
Jansen, H.W., Kramer, B., Pflugfelder, M., and Fritz, H.J. (1984) The gapped duplex DNA
approach to oligonucleotide-directed mutation construction. Nucleic Acids Res. 12, 9441-9456;
Kramer, W., and Fritz, HL.1. (1987) Oligonucleotide-directed construction of mutations via
gapped duplex DNA Methods. Enzymol. 154, 350-367; and Kunkel, T.A. (1985) Rapid and
efficient site-specific mutagenesis without phenotypic selection. Proc Natl Acad. Sci. U S A. 82,
488-492).

When an amino acid residue is altered, the amino acid is preferably mutated into a
different amino acid(s) that conserves the properties of the amino acid side-chain. Examples of
amino-acid side chain properties are: hydrophobic arhino acids (A, I, L, M, F, P, W, Y, and V),
hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids containing aliphatic
side chains (G, A, V, L, I, and P), amino acids containing hydroxyl group-containing side chains
(S, T, and Y), amino acids containing sulfur atom-containing side chains (C and M), amino acids
containing carboxylic acid- and amide-containing side chains (D, N, E, and Q), amino acids
containing basic side chains (R, K, and H), and aminc acids containing aromatic side chains (H,

F, Y, and W) (amino acids are represented by one-letter codes in parentheses). Amino acid
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substitutions within each of these groups are called conservative substitutions. It is already
known that a polypeptide containing a modified amino acid sequence in which one or more
amino acid residues in a given amino acid sequence are deleted, added, and/or substituted with
other amino acids can retain the original biological activity (Mark, D. F. e al., Proc. Natl. Acad.
Sci. USA; (1984) 81: 5662-6; Zoller, M. J. and Smith, M., Nucleic Acids Res. (1982) 10: 6487-
500; Wang, A. et al., Science (1984) 224: 1431-3; Dalbadie-McFarland, G. et al., Proc. Natl.
Acad. Sci. USA (1982) 79: 6409-13}. Variable regions of the present invention containing such
amino acid modifications have an amino acid sequence identity of at least 70%, more preferably
at least 75%, even more preferably at least 80%, still more preferably at least 85%, yet more
preferably at least 90%, and most preferably at least 95%, with the amino acid sequence of the
CDR sequences, FR sequences, or whole variable regions of the variable region prior to
modification. Herein, sequence identity is defined as the percentage of residues identical to
those in the original amino acid sequence of the H-chain variable region or L-chain variable
region determined after the sequences are aligned, and gaps are appropriately introduced to
maximize the sequence identity as necessary. The identity of amino acid sequences can be
determined by the method described below.

Furthermore, a “functionally equivalent antibody variable region” can be obtained, for
example, from nucleic acids that hybridize under stringent conditions with nucleic acids
comprising a nucleotide sequence encoding the aminc acid sequence of a variable region in
Tables 1 to 3 mentioned above. Stringent hybridization conditions for isolating a nucleic acid
that hybridizes under stringent conditions with a nucleic acid comprising a nucleotide sequence
encoding the amino acid sequence of a variable region include, for example, the conditions of 6
M urea, 0.4% SDS, 0.5x SSC, and 37°C, or hybridization conditiens with a stringency equivalent
thereto. Iselation of nucleic acids with a much higher homology can be expected with more
stringent conditions, for example, the conditions of 6 M urea, (.4% SDS, 0.1x SSC, and 42°C.
The washing conditions following the hybridization are, for example, washing using 0.5x SSC
(1x SSC is 0.15 M NaCl and 0.015 M sedium citrate at pH7.0) and 0.1% SDS at 60°C, more
preferably washing using 0.2x SSC and 0.1% SDS at 60°C, even more preferably washing using
0.2x SSC and 0.1% SDS at 62°C, yet even more preferably washing using 0.2x SSC and 0.1%
SDS at 65°C, and still more preferably washing using 0.1x SSC and 0.1% SDS at 65°C. The
sequences of the isolated nucleic acids can be determined by the known methods described
below. The overall nucleotide sequence homology of the isolated nucleic acid is at least 50% or
higher, preferably 70% or higher, and more preferably 90% or higher (for example, 95%, 96%,
97%, 98%, 99%, or higher) sequence identity.

Nucleic acids that hybridize under stringent conditions to a nucleic acid comprising a

nucleotide sequence encoding the amino acid sequence of a variable region can also be isolated
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by using, instead of the above-described methods using hybridization techniques, gene
amplification methods such as. polymerase chain reaction (PCR) that uses primers synthesized
based on information of the nucleotide sequence encoding the variable-region amino acid
sequence.

The identity of one nucleotide sequence or amino acid sequence to another can be
determined using the algorithm BLAST, by Karlin and Altschul (Proc. Natl. Acad. Sci. USA
(1993) 90: 5873-7). Programs called BLASTN and BLASTX were developed based on this
algorithm (Altschul et al., J. Mol. Biol, (1990) 215: 403-1(). To analyze nucleotide sequences
according to BLASTN based on BLAST, the parameters are set, for example, as score = 100 and
wordlength = 12. On the other hand, parameters used for the analysis of amino acid sequences
by BLASTX based on BLAST include, for example, score = 50 and wordlength = 3. Default
parameters for each program are used when using the BLAST and Gapped BLAST programs.

Specific techniques for such analyses are known in the art (see the website of the National

Center for Biotechnology Information (NCBI), Basic Local Alignment Search Tool (BLAST);

http://www.ncbi.nlm.nih.gov).

The combination of the antibody. variable region having glypican 3-binding activity and
the antibody variable region having T-cell receptor complex binding activity as comprised in the
multispecific antigen-binding molecule of the present invention is not particularly limited-as fong
as it has the above-described activities. However, in the present invention, the cytotoxic activity
of the multispecific antigen-binding molecule is preferably equivalent to or greater than that of
the bispecific antibody GPC3_ERY22_rCE115 described in Example 3. Here, the term
“equivalent” does not necessarily have to mean the same degree of activity as described above,
and the activity may be enhanced. Being equivalent to GPC3_ERY22 rCE115 is, for example,
when the value-of (cell growth inhibition rate /cell growth inhibition rate
{(GPC3_ERY?22_rCE115)) relative to the cell growth inhibition rate of GPC3_ERY22_rCE115
(cell growth inhibition rate (GPC3_ERY?22_rCE115)) is 0.7 or greater, preferably 0.8 or greater,
0.9 or greater, 1.0 'or greater, 1.2 or greater, 1.5 or greater, 2 or greater, 3 or greater, 5 or greater,

10 or greater, or 20 or greater. While there is no upper limit, the value may be, for example, 10,

10%, 10%, 10%, 10°, or 16°. The concentration of the multispecific antigen-binding molecule to be

added can be determined appropriately, but is preferably, for example, 0.01 nM, 0.05 nM, 0.1
nM, 0.5 nM, or 1 nM; and preferably, measurements are taken at 0.05 nM or 0.1 nM.
Furthermore, examples include the case where the value {concentration for 50%
inhibition of cell growth / concentration for 50% inhibition of cell growth
(GPC3_ERY?22_rCE113)) obtained by comparison to the concentration for 50% inhibition of
growth of GPC3, ERY22 rCE115 cells (concentration for 50% inhibition of cell growth
(GPC3_ERY?22 rCE115))is 1.5 or less. The value for “concentration for 50% inhibition of cell
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growth / concentration for 50% inhibition of cell growth (GPC3_ERY?22 rCE115)” is preferably
1.3 or less, more preferably 1.2 or less, 1.1 or less, 1.0 orless, (.9 or less, 0.8 or less, 0.7 or less,
0.6 or less, or 0.5 or less. While there is no lower limit, the value may be for example, 10"1, 10’2,
107, 10*, 107, or 10°°. Specifically, the value is preferably 10 to 1.5 x 10”°, more preferably
10 1o 10™, even more preferably 10°° to 1072, and yet even more preferably 10 to 107,

The preferred specific KD values for human GPC3 and human T cell receptor complex
(for example, human CD3e chain) are also as indicated above. Désired cells showing GPC3
expression or desired tisswes containing these cells may be used for the cells, and for example,
PC-10 or NCI-H446 which are GPC3-expressing human cancer cell lines can be used.

Examples of such a combination of the antibody variable region having glypican 3-
binding activity and the antibody variable region having T-cell receptor complex binding activity,
include the combinations of antibody H-chain variable regions shown in Table 4, combinations
of antibody H-chain variable regions having CDR sequences whose CDR1, CDR?2, and CDR3
amino acid sequences are the same as the CDR1, CDR2, and CDR3 amino acid sequences
carried by the antibody H-chain variable regions of Table 4, and combinations of antibody H-
chain variable regions functionally equivalent to these variable regions. Here, “functionally
equivalent™ has the same meaning described above.

Table 4
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GPC3 side / T cell receptor complex side | SEQ 1D NO:
HO000/hCE115HA 40/52
H0000/CE115HA251 40/500.
H0000/CE115HA236 40/429
H0000/TRO1H002 40/421
HO0000/CE115HA122 40/426

H0610/rCE115H 215/424
H0610/TR0O1H040 215/103
H0610/TRO1HO61 215/122
HO610/TRO1HOGS 215/129
H0610/TROTHO71 215/132

GCHO054/TRO1HO067 197/128
GCH094/TRO1H082 211/142
GCHO094/TRO1H084 211/144
GCHO065/TRO1H084 206/144
GCHO065/TR0O1H082 206/142
GCHO094/TRO1H109 211/164
GCHO065/TRO1H109 206/164
GCH094/TRO1H113 211/168
GCHO065/TRO1H113 206/168

A preferred common L chain for such combinations of an antibody variable region
having glypican 3-binding activity and an antibody variable region having T-cell receptor
complex binding activity includes, for example, L0000, L0011, L0201, L0203, L0204, L0206,
L0208, 1.0209, 1.0211, 1.0212, 1.0222, and a comimon L chain having CDR sequences {CDR1,
CDR2, and CDR3 amino acid sequences) identical to the CDR1, CDR2, and CDR3 amino acid
sequences as in the above common L chain. Specific combinations include, for example, the
combinations of antibody H-chain variable regions and a common L chain shown in Table 5,
combinations of antibody variable regions having CDR sequences (CDR1, CDR2, and CDR3
amino acid sequences) identical to the amino acid sequences of CDR1, CDR2, and CDR3 carried
by the antibody variable regions and a common L chain of Table 5, and combinations of
antibody H-chain variable regions and a common L chain functionally equivalent to these

variable regions. Here, “functionally equivalent” has the same meaning as described above.

Table 5
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GPC3 side / T cell receptor complex side / common L chain

SEQ ID NO:

H0610/rGE115H/L0000 215/424/53
H0610/TR01H040/L.0000 215/103/53
HO0610/TRO1H040/L0201 215/103/299
H0610/TRO1H040/1.0203 215/103/301
H0610/TRO1H040/1.0204 215/103/302
H0610/TR01H040/L.0206 215/103/304
H0610/TR01H040/.0208 215/103/306
H0610/TRO1H040/L0209 215/103/307
HO610/TROTH040/L0211 215/103/309
HO0610/TRO1HO61/L0000 215/122/53
HO0610/TRO1H068/L0000 215/129/53
H0610/TRO1HO71/L0000 215/132/53
GCH054/TRO1H067/1L.0201 197/128/299
GCHO054/TRO1H067/L0212 197/128/310
GCH054/TR0O1H067/1.0222 197/128/319
GCHO054/TR01H067/1.0000 197/128/53
GCH094/TR01H082/L.0201 211/142/299
GCH094/TR01H082/1 0011 211/142/223
GCH094/TR01H084/L0011 211/144/223
GCHO065/TR01H084/L0011 206/144/223
GCHO065/TR01H082/L0011 206/142/223
GCH094/TR0O1H109/L0011 211/164/223
GCHO065/TRO1H109/L0011 206/164/223
GCHO094/TR0O1H113/L.0011 211/168/223
GCHO065/TRO1H113/L0011 206/168/223

The Fc region comprised in the multispecific antigen-binding molecule of the present

irivention is not particularly limited as long as it'is an Fc region having reduced Fey receptor-

binding activity, but examples of a preferred Fc region of the present invention include a

combination of the Fc-region portion of E22Hh and the Fe-region portion of E22Hk, a

combination of the Fc-region portion of E2702GsKsc and the Fe-region portion of E2704sEpsc,

and a combination of the Fe-region portion of E2702sKsc and the Fe-region portion of

E2704sEpsc.

Examples of a preferred multispecific antigen-binding molecule of the present invention
include bispecific antibodies comprising an antibody variable region having glypican 3-binding

activity and an antibody variable region having CD3e-binding activity. More preferably, the
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cytotoxic activity is the same or greater than that of the GPC3_ERY22_rCE115 bispecific
antibody. Examples of such bispecific antibodies include bispecific antibodies comprising H and
I chains described in Table 13, and bispecific antibodies that bind to an epitope overlapping
with an epitope bound by the above antibodies, and which contain an Fe region with reduced Fcy
receptor-hinding activity.

Whether an antibody recognizes an epitope that overlaps with an epitope recognized by
another antibody can be confirmed by the competition between the two antibodies against the
epitope. Competition between the antibodies can be evaluated by competitive binding assays
using means such as enzyme-linked immunosorbent assay (ELISA), fluorescence energy transfer
method (FRET), and fluorometric microvolume assay technology (FMAT (Registered
trademark)). The amount of an antibody bound to an antigen indirectly correlates with the
binding ability of a candidate competitor antibody (a test antibody) that competitively binds to
the overlapping epitope. In other words, as the amount or affinity of a test antibody against the
overlapping epitope increases, the amount of the antibody bound to the antigen decreases, and
the amount of the antigen-bound test antibody increases. Specifically, the appropriately Iabeled
antibody and antibody to be evaluated are simultaneously added to the antigen, and the antibody
bound as a result are detected using the label. The amount of the antigen-bound antibody can be
easily determined by labeling the antibody belorehand. This label is not particularly limited, and
the labeling method is selected according to the assay technique used. Specifically, the labeling
method includes fluorescent labeling, radiolabeling, enzymatic labeling, and such.

For example, the fluorescently labeled antibody and the unlabeled antibody or test
antibody are simultaneously added to beads immobilized with GPC3 or CD3e, and the labeled
antibody is detected by fluorometric microvolume assay technology.

Herein, the “antibody that binds to the overlapping epitope” refers to a test antibody that
can reduce the amount of the bound labeled antibody by at least 50% at a concentration that is
usually 100 times higher, preferably 80 times higher, more preferably 50 times higher, even
more preferably 30 times higher, and still more preferably 10 times higher than the concentration
at which the non-labeled antibody reduces 50% of the amount of the labeled antibody bound
(ICs0)-

Multispecific antigen-binding molecules, which have the antigen-binding sites of
antibodies that bind to epitopes overlapping with epitopes bound by the above-mentioned
antibodies, can yield excellent cytotoxic activity.

The multispecific antigen-binding molecules of the present invention are produced by
the same technique as the method for producing recombinant antibodies mentioned above.

The present invention also relates to polynucleotides encoding the antigen-binding

molecules of the present invention, and they can be inserted into discretionary expression vectors.
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Suitable hosts can be transformed with the expression vectors to produce cells that express the
antigen-binding molecules. Antigen-binding molecules encoded by the polynucleotides can be
obtained by culturing the cells that express the antigen-binding molecules, and collecting the
expression products from culture supernatants. That is, the present invention relates to vectors
comprising a polynucleotide encoding an antigen-binding molecule. of the present invention,
cells carrying such a vector, and methods for producing antigen-binding molecules, which
comprise culturing the cells and collecting antigen-binding molecules from culture supernatants.
These can be obtained by techniques similar to those for recombinant antibodies mentioned
above.

Pharmaceutical compositions

From another viewpoint, the present invention provides pharmaceutical compositions
comprising as the active ingredient a multispecific antigen-binding molecule that comprises: (1}
a domain comprising an antibody variable region having glypican 3-binding activity, (2} a
domain comprising an antibody variable region having T-cell receptor complex-binding activity,
and (3) a domain comprising an Fc region with reduced binding activity towards an Fcy receptor.
Furthermore, the present invention relates to pharmaceutical compositions that induce cell injury,
which comprise the antigen-binding molecule as an active ingredient. Pharmaceutical
compositions of the present invention which induce the described cell injury, particularly T-cell-
dependent cellular cytotoxicity, are preferably administered to a subject suffering from a disease
for which the activities are needed for prevention or treatment, or a subject in which the disease
is possible to relapse.

Furthermore, in the present invention, cytotoxicity-inducing agents and cell growth-
inhibiting agents comprising as the active ingredient a multispecific antigen-binding molecule
that comprises:

(1) a domain comprising an antibody variable region having glypican 3-binding activity,
(2) a domain comprising an antibody variable region having T-cell receptor complex-binding
activity, and

(3) a domain comprising an Fc region with reduced binding activity towards an Fcy receptor

‘can be presented as a method for inducing cell injury which comprises the step of administering

the antigen-binding molecule to a subject, or it can be presented as use of the antigen~binding
molecule in the manufacture of a cylotoxicity-inducing agent and a cell growth-inhibiting agent.
In the present invention “comprising as the active ingredient.a multispecific antigen-
binding molecule that comprises (1) a domain comprising an antibody variable region having
glypican 3-binding activity, (2) a domain comprising an antibody variable region having T-cell

receptor complex-binding activity, and (3) a domain comprising an Fc region with reduced



10

15

20

25

30

35

80

binding activity towards an Fcy receptor” means comprising the antigen-binding molecule as a
major active component, without limitation to the content ratio of the antigen-binding molecule.

If necessary, multispecific antigen-binding molecules of the present invention may be
encapsulated in microcapsules (e.g., those made of hydroxymethylcellulose, gelatin, and
poly(methylmetacrylate)), or incorporated as components of a colloidal drug delivery system
(e.g., liposomes, albumin microspheres, microemulsion, nanoparticles, and nanocapsules) (see,
for example, “Remington’s Pharmaceutical Science 16th edition”, Oslo Ed. (1980)). Methods
for preparing the pharmaceutical agents as.controlled-release pharmaceutical agents are also well
known, and such methods may be applied to the multispecific antigen-binding molecules of the
present invention (J. Biomed. Mater. Res. (1981) 15: 267-277; Chemtech. (1982) 12: 98-105;
U.S. Patent No. 3,773,719; European Patent Application Publication Nos. EP 58,481 and EP
133,988; Biopolymers (1983) 22: 547-556).

The pharmaceutical compositions of the present invention or cytotoxicity-inducing
agents and cell growth-inhibiting agents may be administered to patients by oral or parenteral
administration, and parenteral administration is preferred. Specific examples of the
administration method include administration by injection, transnasal administration,
transpulmonary administration, and transdermal administration. Examples of administration by
injection include intravenous injection, intramuscular injection, intraperitoneal injection, and
subcutaneous injection. A pharmaceutical composition of the present invention ora
cytotoxicity-inducing agent and a cell growth-inhibiting agent can be administered systemically
or locally, for example, through administration by injection. The method of administration can
be selected appropriately according to the age and symptoms of the patient. The dose can be
selected from the range of 0.0001 mg to 1000 mg per kilogram body weight for a single
administration. Alternatively, for example, the dose may be selected from the range of 0.001
mg/body to 100000 mg/body per patient. However, the pharmaceutical compositions of the
present invention or a cytotoxicity-inducing agent and cell growth-inhibiting agent are not
limited to these doses.

The pharmaceutical compositions of the present invention or cytotoxicity-inducing
agents and cell growth-inhibiting agents can be formulated according to conventional methods
(for example, Remington’s Pharmaceutical Science, latest edition, Mark Publishing Company,
Easton, U.S.A), and may also contain pharmaceutically acceptable carriers and additives.
Examples include, but are not limited to surfactants, excipients, coloring agents, perfumes,
preservatives, stabilizers, buffers, suspending agents, isotonization agents, binders, disintegrants,
lubricants, fluidity promoting agents, and flavoring agents; and other commonly used carriers
can be suitably used. Specific examples of the carriers include light anhydrous silicic acid,

lactose, crystalline cellulose, mannitol, starch, carmellose calcium, carmellose sodinm,
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hydroxypropyl cellulose, hydroxypropyl methyl cellulose, polyvinylacetal diethylaminoacetate,
polyvinylpyrrolidone, gelatin, medium chain fatty acid triglyceride, polyoxyethylene hardened
castor oil 60, saccharose, carboxymethy!l cellulose, com starch, inorganic salt, and such.

The present invention also provides methods for damaging glypican 3 antigen-
expressing cells or tumor tissues containing the antigen-expressing cells, or methods for
suppressing growth of these cells or tumor tissues by contacting the glypican 3 antigen-
expressing cells with a multispecific antigen-binding molecule of the present invention that binds
to the antigen. The multispecific antigen-binding molecule that binds to the antigen is as
described above for an antigen-binding molecule of the present invention that binds to the
antigen, which is comprised in the cytotoxicity-inducing agents and cell growth-inhibiting agents
of the present invention.- The cells bound by a multispecific antigen-binding molecule of the
present invention that binds to the antigen are not particularly limited as long as they are cells
expressing the antigen.

In the present invention, “contact” is carried out, for example, by adding a multispecific
antigen-binding molecule of the present invention which binds to the antigen to the culiure

medium of GPC3 antigen-expressing cells cultured ir vitro. In this case, a liquid or a solid

‘obtained by freeze-drying or such may be suitably used as the form of the added antigen-binding

molecule. When added as an aqueous solation, it may be an aqueous solution that simply
contains only the multispecific antigen-binding molecule of the present invention, or it may be a
solution containing also, for example, the above-mentioned surfactants, excipients, coloting
agents, perfumes, preservatives, stabilizers, buffers, suspending agents, isotonization agents,
binders, disintegrants, lubricants, fluidity promoting agents, and flavoring agents. The
concentration at which the addition is performed is not particularly limited, but a suitable final
concentration in the culture solution is preferably in the range of 1 pg/ml to 1 g/ml, more
preferably 1 ng/m!l to 1 mg/ml, and even more preferably 1 pug/ml. te 1 mg/mL.

Furthermore, in another embodiment, “contact’” of the present invention is also carried
out by administering an antigen-binding molecule of the present invention to non-human animals
with cells expressing the GPC3 antigen transplanted into their bodies, and to animals carrying
cells that intrinsically express the antigen. The method of administration may be oral or
parenteral, and parenteral administration is particularly preferred. Specific examples of the
administration method include administration by injection, transnasal administration,
transpulmonary administration, and transdermal administration. Examples of administration by
injection include infravenous injection, intrammuscular injection, intraperitoneal injection, and
subcutaneous injection. A pharmaceutical composition of the present invention or a
cytoloxicity-inducing agent and a cell growth-inhibiting agent can be administered systemically

or locally, for example, through administration by injection. The method of administration can
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be selected appropriately according to the age and symptoms of the test animal. When
administered as an aqueous solution, an aqueous solution containing simply only a multispecific
antigen-binding molecule of the present invention may be used, or a solution containing also the
above-mentioned surfactants, excipients, coloring agents, perfumes, preservatives, stabilizers,
buffers, suspending-agents, isotonization agents, binders, disintegrants, lubricants, fluidity
promoting agents, flavoring agents, and such may be used. The dose can be selected from the
range of 0.0001 mg to 1000 mg per kilogram body weight for a single administration,
Alternatively, for example, the dose may be selected from the range of 0.001 mg/body to 100000
mg/body per patient. However, the amount of the multispecific antigen-binding molecule of the
present invention administered is not limited to these doses.

The following method is suitably used as a method for evaluating or measuring cell
injury induced in cells expressing the glypican 3 antigen which is bound by a domain carrying an
antibody variable region having glypican 3-binding activity that constitutes the antigen-binding
molecule as a result of contacting the cells with a multispecific antigen-binding molecule of the
present invention. Examples of a method for evaluating or measuring the cytotoxic activity in
vitro include methods for measuring cytotoxic T cell activity and such. Whether or not a
multispecific antigen-binding molecule of the present invention has T cellular cytotoxicity can
be measured by known methods (for example, Current protocols in Immunclogy, Chapter 7.
Immunologic studies in humans, Editor, John E. Coligan et al., John Wiley & Sons, Inc., (1993)
and the like). For activity measurements, an antigen-binding molecule that binds to an antigen
different from glypican 3, which is an antigen not expressed in the cells used for the examination,
can be used as a control in the same manner as a multispecific antigen-binding molecule of the
present invention, and the activity can be determined to be present when the multispecific
antigen-binding molecule of the present invention shows a stronger cytotoxic activity than when
the antigen-binding molecule is used as a control.

To evaluate or measure cytotoxic activity in vive, for example, cells expressing a
glypican 3 antigen are intradermally or subcutaneously iransplanted to 2 non-human test animal,

and then a test antigen-binding molecule is intravenously or intraperitoneally administered daily

or with an interval of few days, starting from the day of transplantation or the following day.

Cytotoxic activity can be determined by daily measurement of tumor size and by observing
difference in the change of tumor size. In a similar manner to the in vitro evaluation, the
cytotoxic activity of an antigen-binding molecule of the present invention can be determined to
be present when administration of a control antigen-binding molecule shows that.the tumor size
in the group subjected to administration of an antigen-binding molecule of the present invention
is significantly smaller than the tumor size in the group subjected to administration of the control

antigen-binding molecule.
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As a method for evaluating or measuring the suppressive effect on proliferation of cells
expressing a glypican 3 antigen, a method of measuring the uptake of isotope-labeled thymidine
into cells or the MTT method may be suitably used. As a method for evaluating or measuring
the cell proliferation-suppressing activity in vivo, the same method described above for
evaluating or measuring cytotoxic activity in vive may be suitably used.

The present invention also provides kits for use in the methods of the present invention,
which comprise a multispecific antigen-binding molecule of the present invention or a
multispecific antigen-binding molecule produced by a production method of the present
invention. Additionally, the kit may include in its package, a pharmaceutically acceptable carrier,
solvent, and insiructions describing the method of use.

The present invention also relates to a mulfispecific antigen-binding molecule of the
present invention or a multispecific antigen-binding molecule produced by a production method
of the present invention for use in a method of the present invention,

The present invention also relates to molecules having GPC3-binding activity, which
contain a domain comprising an antibody variable region having GPC3-binding activity of the
multispecific antigen-binding molecule of the present invention. Furthermore, the present
invention relates to-a molecule having GPC3-binding activity, which comprises the antibody
variable regions of H and L chains respectively comprising the three CDRs of the H and L chains
{total of six CDRs) contained in the molecule. The present invention also relates to molecules
having T-cell receptor complex-binding activity, which contain a domain comprising an
antibody variable region having T-cell receptor complex-binding activity of the multispecific
antigen-binding molecule of the present invention. Furthermore, the present invention relates to
a molecule having T-cell receptor complex-binding activity that comprises the antibody variable
regions of the H and L chains respectively comprising the three CDRs of the H and L chains
(total of six CDRs) contained in the molecule. Such molecules may be antibodies or
polypeptides comprising antigen-binding fragments of an antibody. The present invention also
relates to antibodies that bind to epitopes overlapping or competing with these molecules or
polypeptides containing the antigen-binding fragments thereof. Suitable examples of such
polypeptides comprising antigen-binding fragments of an antibody include scFv, single chain
antibody, Fv, single chain Fv 2 (scFv2), Fab, and F(ab’),. Furthermore, these molecules do not
have to be multispecific (bispecific), and may bind only to either GPC3 or a T cell receptor
complex (for example, the CD3e chain).

These molecules include a molecule comprising a domain that comprises an antibody
variable region having GPC-binding activity of the multispecific antigen-binding molecule
exemplified in detail in the Examples herein (which comprises the H-chain variable regions

having GPC3-binding activity and the common L-chain variable region), a molecule comprising
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a domain that comprises an antibody variable region having T cell receptor complex-binding
activity of the multispecific antigen-binding molecule exemplified in the Examples herein
(which comprises the H-chain variable regions having T cell receptor complex-binding activity
and the common L-chain variable region), and also a molecule having an activity to bind to the
same antigenic protein (GPC3 or T-cell receptor complex), which comprises the three CDRs of
each of the H and L chains (total of six CDRs} contained in the above molecule,

These molecules have CDRs that are in common with those of a multispecific antigen-
binding moelecule of the present invention; and therefore, they -are expected to bind to an epitope
overlapping with an epitope for the multispecific antigen-binding molecule of the present
invention. Therefore, these molecules can compete with multispecific antigen-binding
molecules of the present invention when they coexist with the multispecific antigen-binding
molecules of the present invention. Accordingly, these molecules can be used, for example, as
regulatory agents for suppressing activities (such as antigen-binding activity, cytotoxic activity,
and antitumor activity) of the multispecific antigen-binding molecules of the present invention.
Furthermore, such a molecule can be bound to a target protein (GPC3 or T cell receptor
complex) in advance, and when a multispecific antigen-binding molecule of the present
invention is added, the molecules that dissociate through competition can be detected. This way,
the molecule is useful as an agent for detecting binding of a multispecific antigen-binding
molecule of the present invention to a target protein. Iere, such molecules may be labeled
appropriately with fluorescent substances or such. Alternatively, these molecules are useful for
screening novel antibodies that bind to epitopes overlapping with the epitopes bound by the
multispecific antigen-binding molecules of the present invention. As described above, such a.
molecule can be bound to a target protein (GPC3 or T cell receptor complex) in advance, and
when a test antibody is added, if the bound molecules dissociate, then the test antibody is a
candidate for an antibody that binds to an epitope overlapping with the epitope bound by the
multispecific antigen-binding molecule of the present invention. This will enable efficient
screening of novel multispecific antigen-binding molecules.

The combinations presented as examples herein as combinations of each CDR of the
multispecific antigen-binding molecules of the present invention can be directly used as specific
combinations of CDRs of the H-chain and L-chain variable regions in these molecules. The
antigen affinity of these molecules (KD values) is preferably a value exemplified herein as the
KD value of a multispecific antigen-binding molecule of the present invention, but is not limited
thereto.

The present invention alse relates to nucleic acids encoding these molecules, vectors
comprising the nucleic acids, cells comprising the nucleic acids or the vectors, methods for

producing the molecules by culturing the cells, and molecules produced by these methods.
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All prior art references cited herein are incorporated by reference into this description.

Examples
Herein below, the present invention will be specifically described with reference to the

Examples, but it is not to be construed as being limited thereto.

[Example 1] Production of GPC3_ERY22 rCE115 and measurement of cytotoxic activity
{1-1) Production of GPC3_ERY22_rCE115

A molecule in which one of the Fabs has been replaced with a CD3 epsilon-binding
domain was produced using IgG against a cancer antigen (GPC3) as the basic structure. In this
case, the IgG Fc used as the basic structure was a silent Fc with attenuated affinity for FcgR (an
Fcy (Fc gamma) receptor). An anti-GPC3 antibody, HO000 (SEQ ID NO: 40) / GL4 (SEQ ID
NO: 41}, was used as the GPC3-binding domain. An anti-CD3 antibody, rCE115H/rCE115L
(SEQ TD NO: 42 / SEQ ID NO: 43), was used as the CD3-binding domain.

G1d produced by removing Gly and Lys at the C terminus of IgG1 was used as the
antibody H-chain constant region, and this was used in combination with HO000/GL4 and
rCE115H/ACE]15L. When the antibody H-chain constant region was named H1, the sequence
corresponding to the H chain of the antibody carrying HO000 in the variable region was shown
as HOO00-H1. Here, an amino acid alteration was shown, for example, as D356K. The first
alphabet (corresponding to D in D356K) is the one-letter code representation for the amino acid
residue before modification, the number that follows (corresponding to 356 of D356K) is the
position of modification indicated by EU numbering, and the final alphabet (corresponding to K
of D356K) is the one-letter code representation for the amino acid restdue after modification.
Gldh (SEQ ID NO: 44) produced by removing Gly and Lys at the C terminus of IgG1,
ERY22_Hk {SEQ ID NO: 45) produced by introducing the L234A/L.235A/Y349C/T366W
mutations into G1dh, and ERY22_Hh (SEQ ID NO: 46) produced by introducing the
L234A/1L235AM356C/T366S/L368A/Y407V mutations into G1dh were prepared according to
the method of Reference Example 1. The L.234A and L235A mutations were introduced into the
respective H chains to attenuate affinity for FcgR (an Fey receptor), and the Y349C/T366W and
D356C/T3665/L368A/Y407V mutations were introduced to efficiently form heteromers of each
H chain when producing heterodimeric antibodies comprising two types of H chains.

‘The heterodimeric antibody, GPC3_ERY22_rCE115, produced by substitution with the
VH and VL domains of Fab against GPC3 was prepared according to.Reference Example 1 (Fig.
1a).

A series of expression vectors inserted with a polynucleotide encoding each of GL4-
ERYZ22 Hk (SEQ ID NO: 47), HO000-ERY22_L (SEQ ID NO: 48), rtCE115H-ERY22_Hh (SEQ
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D NO: 49), and rCE115L-k0 (SEQ ID NO: 50) were produced by methods well-known to those
skilled in the art, such as PCR methods using primers added with an appropriate sequence
similar to those in the above-described method.

The following combination of expression vectors were introduced into FreeStyle 293-F
cells for transient expression .of each target molecule.

Target molecule: GPC3_ERY22_rCE115

Polypeptides encoded by the polynucleotides inserted into the expression vectors: GL4-
ERY22_Hk, HO000-ERY22 1, rCE115H-ERY22 Hh, rCE115L-k0

(1-2) Purification of GPC3_ERY?22_rCE115

The obtained culture supernatant was added to an anti-FLAG M2 column (Sigma), and
then the column was washed, followed by elution using 0.1 mg/mL of a FLAG peptide (Sigma).
The fractions containing the molecule of interest were added to a HisTrap HP column (GE
Healthcare), and then the column was washed, followed by elution using an imidazole
concentration gradient. Fractions containing the molecule of interest were concentrated using an
ultrafiltration membrane, then the fractions were added to a Superdex 200 column (GE
Healthcare), and each of the purified molecules of interest was obtained by collecting only the

monomeric fractions from the eluted solation.

(1-3) Measurement of the cytotoxic activity of GPC3_ERY22_rCEl115 using human peripheral
blood mononuclear cells

The in vitro cytotoxic activity of GPC3_ERY22_rCE115 was assessed.
(1-3-1) Preparation of a human peripheral blood mononuclear cell (PBMC) solution

Using a syringe preloaded with 100 pL of 1,000 uniis/mL heparin solution (Novo
Heparin for injection, 5000 units, Novo Nordisk), 50 mL of peripheral blood was collected from
each healthy volunteer (adult individual). This peripheral blood was diluted two-fold in PBS(-),
divided into four aliquots, and added into a Leucosep tube for lymphocyte separation (Cat. No.
227290, Greiner Bio-One) that had been loaded with 15 mL of Ficoll-Paque PLUS and subjected
to centrifugation in advance. This separation tube was centrifuged (at 2150 rpm for ten minutes
at room temperatire), and then the mononuclear cell fraction was collected. The cells in the
mononuclear cell fraction were washed once with the Dulbecco’s Modified Eagle’s Medium
containing 10% FBS (manufactured by SIGMA, hereinalter referred to as 10% FBS/D-MEM),
and then prepared to have a cell density of 4 x 10% cells/mL using 10% FBS/D-MEM. The cell

suspension prepared this way was used as'the human PBMC solution in the experiment below.

(1-3-2) Measurement of cytotoxic activity
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Cytotoxic activity was assessed by the rate of cell growthi inhibition using the
xCELLigence Real-Time Cell Analyzer {Roche Diagnostics). The NCI-H446 human cancer cell
line or the PC-10 human cancer cell line, which expresses human GPC3, was used as the target
cell. NCI-H446 or PC-10 was detached from the dish, then the cells were plated into E-Plate 96
(Roche Diagnostics) in aliquots of 100 ul/well by adjusting the cells to 1 x 10* cells/well, and
measurement of live cells was begun using the xCELLigence Real-Time Cell Analyzer. On the

following day, the plate was removed from the xCELLigence Real-Time Cell Analyzer, and 50

uL of the respective antibodies prepared at each concentration (0,004, 0.04, G.4, 4, or 40 nM)
were added to the plate. After 15 minutes of reaction at room temperature, 50 uI. of the human
PBMC solution prepared in (1-2) was added (2 x 10° cells/well), and measurement of live cells
was begun by setting the plate into the xCELLigence Real-Time Cell Analyzer again. The
reaction was carried out under the conditions of 5% carbon dioxide gas at 37°C, and from the
Cell Index value obtained 72 hours after addition of the human PBMC, the cell growth inhibition
rate (%) was determined using the equation below. The Cell Index value used in the calculation
was a normalized value where the Cell Index value immediately before antibody addition was
defined as 1.

Cell growth inhibition rate (%) = (A-B) x 100/(A-1)

A represents the mean value of the Cell Index values in wells without antibody addition
(containing only the target cells and human PBMCs), and B represents the mean value of the
Cell Index values in each well. The examinations were performed in triplicate.

‘When peripheral blood mononuclear cells (PBMCs) prepared from human blood were
used as the effector cell to measure the cytotoxicity of GPC3_ERY?22_rCE115, a very strong
activity was observed (Fig. 2).

[Example 2] Humanization of the H chain of the anti~-CD?3 antibody, rCE115, and sharing of a
common L: chain
(2-1) Design of hCE115HA, the humanized rCE115 H-chain variable region

The H-chain variable region of the rCE115 anti-CD3 antibody (SEQ 1D NQ: 42) was
humanized. CDR and FR were determined as defined by Kabat (Kabat numbering).

First, a human FR sequence was selected by comparing the human antibody variable
region sequences in a database to the rCE115 rat variable region sequence. The IMGT Database
(http:/fwww.imgt.org/) and NCBI GenBank (http://www.ncbi.nlm.nih.gov/genbank/) were used
for the database. A humanized H-chain variable region sequence was designed by linking the H-
chain CDR sequence of the rCE115 variable region with the selected human FR sequence. This
yielded a humanized H-chain variable region sequence, hCE115HL (SEQ ID NO: 51).
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The amino acid residue at position 93 indicated by Kabat numbering is Ala in the
selected human H-chain FR3 sequence, but is Arg in the rCE11S5 variable region seéquence.
Using the database of rat and human germline sequences (IMGT Database
(http://www.imgt.org/)), only few sequences were found to contain Arg at this site. It is reported
that the amino acid residue at position 94 indicated by Kabat numbering contributes to
stabilization of the antibody structure by upper core formation (Ewert ef al. Methods. 2004
Oct;34(2):184-99). Based on such information, a humanized H-chain variable region sequence,
in which the amino acid residues at Kabat positions 93 and 94 in the H-chain FR3 were
substituted with those residues present in the rCE115 variable region sequence, was newly
designed. This was the humanized H-chain variable region sequence, hCE115HA (SEQ ID NO:

52).

(2-2) Design of the common L chain, L0000, for the rCE115 anti-CD3 antibody and the anti-
GPC3 antibody

The FR/CDR shuffling of the L-chain variable region rCE115L (SEQ ID NO: 43) of the
rCE115 anti-CD3 antibody and the L-chain variable region GL4 (SEQ ID NO: 41) of the anti-
GPC3 antibody was performed.

The FR sequence of GL4 was sglected as the L-chain FR sequence. L-chain CDR2 was
the same for rCE115L and GL4. The L-chain CDR1 was selected from the CDR sequences of
GL4, and the L-chain CDR3 was selected from the CDR sequences of tCE115L, respectively.
Furthermore, the L-chain CDR3 produced by substituting the amino acid residue Asp at Kabat
position 94 of the selected L-chain CDR3 with the Val residue present in GL4 was newly
designed.

A humanized L chain variable region sequence was designed by linking FR and CDR
selected above, This yielded a humanized L-chain variable region sequence, L0000 (SEQ ID
NO: 53).

(2-3) Evaluation of the affinity for human GPC3

The activity to bind human GPC3 when using GL4 (SEQ ID NO: 41)-and 1.0000 (SEQ
1D NO: 53) as the L-chain variable regions was evaluated. This was performed using the
molecular form of a single-arm antibody having a single Fab at the Fc region of a human IgG1
heterodimerized by the knobs-into-hole technique. HO0000 (SEQ 1D NO: 40) was used for the
anti-GPC3 antibody H-chain variable region.

The affinity and binding rate constants of an anti-GPC3 antibody for an antigen were
measured by the multi-cycle kinetics method of a surface plasmon resonance assay using
Biacore ™-T200 (GE Healthcare Japan). HBS-EP+ (GE Healthcare Japan) was used for the
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running buffer, and an amine coupling kit (GE Healthcare Japan) was used to covalently bind
Protein A/G to the CM35 chip (carboxymethyl deéxtran—coated chip). Each anti-GPC3 antibody
was prepared so that approximately 100 RU will be captured by Protein A/G. Human GPC3
used as the analyte was prepared at 8, 16, 32, 64, and 128 nM using HBS-EP+, Measurements
were carried out by first allowing Protein A/G to capture the antibody solution, and then
injecting the human GPC3 solution.at a flow rate of 30 LL/min for thrée minutes to allow
reaction to take place. Then, the solution was switched to HBS-EP+ and the dissociation phase
was measured for 15 minutes. After completion of the dissociation phase measurement, the
sensor chip was regenerated by washing with 10 mM Gly-HCl at pH 1.5. Measurement at the
concentration of 0 was similarly carried out by allowing Protein A/G-to capture the antibody
solution, performing a three-minute HBS-EP+ injection to allow reaction to take place, and then
switching to HBS-EP+ to measure the dissociation phase for 15 minutes. After completion of
the dissociation phase measurement, the sensor chip was regenerated by washing with 10 mM
Gly-HCl at pH 1.5. A data analysis software exclusively for Biacore, Biacore T200 Evaluation
Software Version 1.0, was used to perform kinetic analyses to calculate the binding rate constant
(ka), dissociation rate constant (kd), and the rate constant ratio from the obtained sensorgrams.

The results are shown in Table 6.

Table 6 ‘
Variable region Affinity for human GPC3
H-chain variable region| L-chain variable region| KD (M) ka (1/Ms) kd (1/s)
H0000 GL4 4.2x10°¢ 4.3x10% 1.8x103
HO0G00 L0000 3.6x108 3.0x10% 1.1x102

{(2-4) Evaluation of the affinity for human CD3

The activity to bind human CD3 when using hCE115HA (SEQ 1D NO: 52) as the I
chain variable region and LOC00 (SEQ ID NQO: 53) as the L-chain variable region was evaluated.
This was performed using the molecular form of a single-arm antibody having a single Fab at the
Fc region of a human IgG1 heterodimerized by the knobs-into-hole technique.

The affinity and binding rate constants of an anti-CD3 antibody for an antigen were
measured by the single-cycle kinetics method of a surface plasmon resonance assay using
Biacore ™-T200 (GE Healthcare Japan). HBS-EP+ (GE Healthcare Japan) was used for the
running buffer, and an amine coupling kit (GE Healthcare Japan) was used to covalently bind
human CD3 to the CM4 chip (carboxymethyl dextran-coated chip). The anti-CD3 antibody used
as thé analyte was prepared at 5 and 20 ug/mL using HBS-EP+. Measurements were carried out
by first injecting each of the 5- and 20-pig/fmL anti-CD3 antibody solutions for three minutes
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continuously at a flow rate of 20 pl/min to allow reaction to take place. Then, the solution was
switched to HBS-EP+ and the dissociation phase was measured for 3 minutes, After completion
of the dissociation phase measurement, the sensor chip was regenerated by washing with 10 mM
Gly-HCI at pH 1.5. Measurement at the concentration of O was carried out by performing each
of the three-minute HBS-EP+ injections twice successively to allow reaction to take place, and
then switching to HBS-EP+ to measure the dissociation phase for 3 minutes. After completion
of the dissociation phase measurement, the sensor chip was regenerated by washing with 10 mM
Gly-HCl at pH 1.5. A data analysis software exclusively for Biacore, Biacore T200 Evaluation
Software Version 1.0, was used to perform kinetic analyses to calculate the binding rate constant
(ka), dissociation rate constant {kd), and the rate constant ratio from the obtained sensorgrams.
The results are shown in Table 7.

Table 7
Variable region Affinity for human CD3
H-chain variable region | L-chain variable region| KD (M) ka (1/Ms) kd (1/s)
rCE115H rCE115L 1.0x107 5.9x104 6.0x103
hCE115HA L0000 1.2x10°7 1.9x105 2.3x102

(2-5) Preparation of GPC3_ERY27_hCEl15

The IgG4 against a cancer antigen (GPC3) was used as the basic structure to produce
the ERY27 molecule (Fig. 1b), in which the H-chain variable region of one of the Fabs has been
replaced with a CD3 epsilon-binding domain, and the L chain is common to both Fabs. In this
case, the IgG4 Fc used as the basic structure was a silent Fc with attenuated affinity for FcgR (an
Feyreceptor). HOCOO (SEQ ID NO: 40) was used as the H-chain variable region of the GPC3-
binding domain, and hCE115HA (SEQ ID NO: 52) was used as the H-chain variable region of
the CD3-binding domain. LOC00 (SEQ ID NO: 53) was used as the L-chain variable region.
The D356K and K439E mutations introduced into the respective H chains were introduced for
efficient heteromer formation of each H chain when producing heterodimeric antibodies
comprising two types of H chains (W02006/106905). H435R is a modification that interrupts
binding to Protein A, and was introduced for efficient separation of the heteromer and homomer
(W0/2011/078332).

A series of expression vectors inserted with a polynucleotide encoding each of HO000-
ERY27_HK (SEQ ID NO: 54), hCE115HA-ERY27_HE (SEQ ID NO: 55}, and L.O000-k0 (SEQ
ID NO: 56) were produced by well-known methods.

The following combination of expression vectors were introduced into FreeStyle 293-F

cells for transient expression of each target molecule.
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Target molecule: GPC3_ERY27_hCEL15
Polypeptides encoded by the polynucleotides inserted into the expression vectors:
HO000-ERY27_HK, hCE115HA-ERY?27_HE, and 1.0000-k0

(2-6) Purification of GPC3_ERY27_hCE}15

Each molecule of interest was purified by the method described in Example 1-2.

(2-7) Measurement of cytotoxic activity using human peripheral blood mononuclear cells
(2-7-1) Preparation of a human peripheral blood mononuclear cell (PBMC) solution
The solution was prepared by the method described in Example 1-3-1.
(2-7-2) Measurement of cytotoxic activity
Cytotoxic activity was measured by the method described in Example 1-3-2.
When PBMCs prepared from human blood were used as the effector cell to measure the
cytotoxicity of GPC3_ERY27_hCEL115, reduction of the activity was observed as a result of

humanization of the H chain of rCE115 and sharing of a commeon L chain (Fig. 2).

[Example 3] Production and evaluation of humanized bispecific antibody variants for
improvement of various properties

The T-cell-dependent cytotoxic activity of the humanized anti-human CD3¢ (CD3
epsilon) chain and anti-human GPC3 bispecitic antibody obtained in Example 2,
GPC3_ERY?27_hCE115 (SEQ ID NOs: 54, 55, and 56), was lower than the T-cell-dependent
cytotoxic activity of GPC3_ERY22 rCE115 (SEQ ID NOs: 47, 48, 49, and 50). This may be
due to attenuation of -affinity for GPC3 and the CD3¢ chain as a result of humanization and
sharing of a common L chain. Regarding GPC3 and CD3e-chain antigens which have
independent sequences, there has been no report so far on humanized bispecific antibodies
whose T-cell dependent cytotoxic activity has been enhanced and whose affinity for both
antigens has been improved by using a common antibody L chain. Therefore, it has been
considered difficult to obtain humanized antibodies with dual specificity that show a drug
efficacy equivalent to or greater than that of GPC3_ERY22_ rCEIl15.

Under such circumstances, the Applicants produced modified humanized bispecific
antibodies with modified affinity for human GPC3 and human CD3e chain by methods known to
those skilled in the art, which involves comprehensively substituting amino acid residues
encoded by the antibody gene to produce antibody variants against both the human GPC3 and
human CD3e-chain antigens, and by performing various evaluations by screening. Furthermore,
similar methods were used to produce modified humanized bispecific antibodies with medified

physicochemical properties. Furthermore, by combining substitutions of amino acid residues
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effective for modifying affinity and physicochemical properties, optimized bispecific antibodies
having a TDCC activity equivalent to or greater than the T-cell dependent cellular cytotoxicity of
GPC3_ERY22_rCE115 prior to humanization were produced.

Introduction of point mutations, expression and purification of antibodies, antigen
affinity measurements, and determination of T-cell dependent cellular cytotoxicity in the
optimization of humanized bispecific antibodies were performed by methods similar to those in
Fxamples 1 and 2. CDR and FR were determined according to the Kabat definition (Kabat
numbering).

Depending on the objective, the following were used as the antibody H-chain constant
regions (the numbers indicate EU numbering): E22Hh (SEQ ID NO: 57) produced by
introducing L.234A/1.235 A/N297 A/D356C/T366S/L.368A/Y407V/G446 deletion/K447 deletion
mutations into human IgG1; E22Hk (SEQ ID NO: 58) produced by introducing
L234A/M.235A/N297A/Y349C/T366W/G446 deletion/K447 deletion mutations and a Ser-Ser
insertion mutation immediately before position 118 irito human IgG1; G1dh produced by
introducing D356C/T366S/L368A/Y407V/G446 deletion/K447 deletion mutations into human
IgG1; none-Hi-Kn010G3 produced by introducing 118-215 deletion and
C220S/Y349C/T366W/H435R mutations into human IgG1; E2702GsKsc (SEQ ID NO: 60)
produced by introducing L235R/S239K/N297 A/E356K/R409K/HA35R/1.445P/G446
deletion/K447 deletion mutations into human IgG4; E2704sEpsc (SEQ ID NO: 61) produced by
introducing K196Q/L.235R/S239K/N297 A/R409K/K439E/L.445P/G446 deletion/K447 deletion
mutations into human 1gG4; and E2702sKsc (SEQ ID NO: 62} produced by itroducing
L235R/S239K/N297 A/E356K/R409K/LA45P/G446 deletion/K447 deletion mutations into
human IgG4. Furthermore, human 1. (kappa) chain kG (SEQ ID NO: 63) and E22L. (SEQ ID
NO: 432) produced by introducing R108A/T109S mutations into human x chain were used as
the antibody [.-chain constant regions.

The mutation that substitutes Cys for Asp at EU numbering position 356, the mutation
that substitutes Ser for The at EU numbering position 366, the mutation that substitutes Ala for
Leu at BU numbering position 368, the mutation that substitutes Val for Tyr at EU numbering
position-407, the mutation that substitutes Cys for Tyr at EU numbering position 349, the
mutation that substitutes Trp for Thr at EU numbering position 366, and the mutation that inserts
Ser-Ser immediately before position 118 are mutations for efficient formation of heterodimeric
molecules for each H chain when producing heteromeric antibodies. Similarly, the mutation that
substitutes Lys for Glu at EU numbering position 356 and the mutation that substitutes Glu for
Lys at EU numbering position 439 are also mutations for efficient formation of heterodimeric
molecules for each H chain when producing heteromeric antibodies. They are expected to
improve the efficiency of bispecific antibody production.
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The mutation that substitutes Ala for Leu at EU numbering position 234, the mutation
that substitutes Ala or Arg for Leu at EU numbering position 235, the mutation that substitutes
Lys for Ser at EU numbering position 239, and the mutation that substitutes Ala for Asn at EU
numbering position 297 are mutations for attenuating affinity for an Fey receptor and a
complement (C1q). They are expected to suppress the binding of Fab to CD3 and Fe-mediated
crosslinking of an Fey receptor or a complement, and avoid cytokine release syndrome that
accompanies enhancement of non-specific effector functions.

The H chain introduced with deletion mutations at EU numbering positions 118 to 215
can be combined with a fuil-length H chain sequence to produce an antibody that has only one
Fab (monovalent antibody), and it is useful for affinity evaluation.

The mutation that substitutes Lys for Arg at EU numbering position 409 and the
mutation that substitutes Arg for His at EU numbering position 435 are mutations for modifying
the antibody properties to be close to the properties of human IgG1 and human IgG3,
respectively.

{3-1) Modifying the affinity of a humanized anti-CD3 antibody by point mutations

First, point mutations were introduced into FR1, FR2, FR3, CDR1, CDR2, and CDR3 of
the humanized anti-human CD3e chain antibody sequence produced in Example 2, hCE115HA-
ERY27_HE (SEQ ID NO: 53), to prepare modified antibodies. Next, the affinity of these
medified antibodies for the soluble human CD3e chain was determined. Combining sites that
have an affinity-enhancing effect yielded modified antibodies having the affinities shown in
Table 8.

Table 8



%4

Antibody harme

KD
{Human CD3}

e
hCE 115HA-E228/-Hi- Kn010G3/ 0000-k0

143E-07

TROTHOB3 E22Hhinons-RHAnC10G 0212 KD
TRETHDAG-E22Hhnone- HiXnO10G3A0240-kO
TROTHIC2-£22HN/GLS3108-ko/GLA-E22HKHOB 10-E22L
TROTHI40-E22HNnone- Hi KnO10G3NLIZ12-40
TROTH040-E22Hhinone-Hi-Kn010G31L0235-k0
TRUTHO40-E22Hn/none-Hi-Kn(0G3L0238-40
TROTH040-E22RRVnone-HEKnO10G3TROTLO16K0
TRO1H0B3-E22HNnone-HFKnDIDGHLO262-k0
TROTHO40-E22HWnone-Hi-Kn010GHLO207-K0
TROTHO40-E22HNnone-Hi-KAG10G3L0241-k0
TROTHO40-E22HNnone-HiKn010G3A6242-k0
TROTHO40-E22Hhinone-RFKa010G L2000
TRO1K040-E22Hhinane-Hi-Kn0 {0GHTROLO13-HK0
TROTHO80-E22Hhinone-HI-Kn0 10G3.0000-k0
TROTHO40-E22Hhinone-Hi-KnD105M0211-k0
TROTHO02-E22Hh//-HI-KnD10GAIGLOI0R-KA
TRE1HO40-E22Hn/mone-HFKND 10G31L0208-k0
TRO# Hi/none-Hi- 0208-kQ
TROTH040-F22HNnone-Hi-Kn010G I 022440
TROTHO040-E22Hh none-HHKRO10G 31023640
TROTH0B3-E22Hhinone-HFXNO10GILI201-k0
TROTHD84- E2702G3Kse/none-Hi-E2704sEL001 1 kD
TROTRA Htvnone-HFKd4DG31.0210-k0
TROH114-E2702GsKscmone-Ri-E2704EAL0T 140
CE115HA236-E22HR/GLS3108-k0/GL4-E22HkIHIG10-E22L
TROTHOT7-E22HNnone-HI-Kn010G3A0200-k0
TRO1HE71-E22Hhinone-HiKn01 DGAL0200-KO
TROH 11-E2702GsKsc/none-Hi-E2704sEILOB 11-k0
TROH08-E22HN/nona-Hi-Kn01DGILU262-50
TROTHO01-E22Hh//-Hi-Kn010G3/GLEA 10810
CE115HAT78-G1dhv!-H-KRO10G3L0060-kO
TROTH112-E2702G sK sc/none- Hi- E2704sE/LDO11-kD
TROTHI13-E2702G sKsefmons- Hi-E27045E,0011-k0
TRO1H082-E22HNnone-Hi-KnO10G3L0212-k0
CE115HAZ35-E22HNI-HI-KRD10GHGLEA108-K0
TROHO40-EZZHHone-H-KRO10GIL0231-k0
TROIHEI7-E22Hhinone-HiHKn0 15G3A,.0800-k0
CE115HAZG2-E22HNF-HFRND10G ALE000-KO
TROTHOS3-E22Hhinone-HIHKNO 16GALOTT 140
TROTHO40-E22Hfnone-HIHNDGILOZ2340
TROTHOB3-E22Hh/rone-Hi-nQ10GLO000-kO
TROTHO71-E22Hhmane-HH®O 10630000 k0
TROHOBT-E22Hninone-HEKAO10G30212-k0
CET15HAT7E-G1dh-Hi- KU1 0G3L00N0-KE
TROHO40-E22HN/none-H-Kn010G3A 023740
TROIH083-E22Hhnone-Hi-Kn010G L0222 k0
TROTHCE4-E22Hffnone-HIHR1 1GIL0252-kO
TRO1HO7 1-E22Hb/none-HiKn0 10G3L0245-k0
TRO1HO40-E22HIinone-Hi Kn016G2L6258-k0
TROIHOB1-E22Hh/none-Hi-KnG10GILG201-k0
TRO1H0?1-E22Hhmone-Hi-Kn010G L0222 kO
TRUIH040-E22Hninone-HHKn010GHLOZ20-KD
TROIHOE7-E22Hh/none- Hi-Kn0 10GHTROILOE-KO
TROTH00Z-E22HNGLS3108-40/GL4-E22HRHODA0-E22L
TROTHO67-E22Hhinone-HHO10GHTROILDIG- Ko
TROTHO36-E22Hh/rons-H-Kn010G3/L0000-50
TRO1HOG1-E22Hn/none-HHKn10G31L0200-40
TRO1H0B2-E2702GsKsa/none-Hi-E2T04$EA 0011-k0
CE115HA180-G1dh//-Hi-Kn010GIILO0OC-KO
CET15HA251-ER2HVLO000-KQ/GLA-E22HIVHOB10-E221.
TROTH100-E2702GsKsa/mone-Hi-E2T04sEA00T1-kG
TRO1HO40-E22Hhimone-Hi-KnO10G3R 0228-kO
TRO3HO21-E22Hhinone-HHKn01083L001 140
TROTHE1-E22Hhinone-HiKn010G3L0215-40
TROTH110-E2702G5Kscinone-H-E2704sE/LOD 1140
TROTHO43-E22Hinons-HLKRD10G3/L0000-k0
TROTH081-E22Mn/none-HiCn0 10G3_I000-k0
CE15HA2S 1-E22HI- HI-KO 10C 300000
TROTHOM-E2702GsKsainone-HI-E2704sE/LO0 11-k0
CE115HA236-E22HN/GLS3108-k0/GL4-E22HICH0000-E22L
TROTHO4-E22HI/none-HKnD10G3/L0201-k0
TROTHOT2-E22Hhinone-Hi-KnO10G 34 0000-K0
TRO1KUS3-E2T02GsKscinone-HH-E2T045E/L0011-k0
TRO1HOE1-E22Hhinone-HHKn010G3L0222-40
TROIHOA0-E22Hhinane-HHEKn0 10GILL239-K0
TRO1H048-E22Hnitione-HiKnD100 3L 0262-k0
TRO1H040-E22Hninone-Hi Kn010G3.0234-k0
TRO1HOM2-E22Hnnone-HKn0 10GHLO0X kO
TROTHOB1-E22HNRane-H-Kn010G3A.0000-50
TRO1HE40-E22Hhinone-HLKNO10G31L0243-40
TRO1H109-E2702GsKse/none-HH-E2704SEA 004 kG
TRO1HO4T-E22Hh/none - Hi-KnO10G3/LO0DO-KO
TRO1K0E2-E22HR/nane-HKnO LOGHL0267-K0
TRO1R082-E22Hh/none-Hi-KnQ 10GHL0266-0
TRO1H084-E22Hivnone-HiXn010G31L.00 1-k0
TROTHE40-E22HNnone-Hi-KnD10G3L0250-K6
TRO1HO40-E22+h/none-HiKnD10G34.0204 K8
TRO1H084-E22HNnons-Hi-Kn010G L0000k
TROHO40-EZ2Hincas HrKnD10GMLO2 13-kD

SE6E-11
217E-08
2.04E-09
247E-08
2.81E-08
23E-08
2.52E-09
245609
2.60E-09
348E-00
3.58E-09
2.90E-09
320E-09
325609
322609
46iE-08
425F-02
416E-09
5,06E-09
564E-09
4.42E-0%
4.14E-09
5.06E-09
422E-09
8.08€-09
6.12E-03
6.13E-08
491E-09
57BE-09
8,226-00
8.35E-08
512E-08
BA4E-05
4.T5E-09
2.108-09
7.75E-09
$93E-09
9.48E-09
670E-09
8,156-08
6.83E-08
4.85E-08
5.8BE-09
4.09E-08
102608
‘8.42E-09
851E-09
951E-09
B.20E-09
9.46E-09
1.04E-08
9.15E-08
1.09E-08
5,78E-09
1.21E-08
1.Z4E-05
127E-08
1.01E-08
1.68E-08
1.37E-06
1.11E-08
1.60E-08
1.35E-08
1.54E-08
1.26E-08
1.52E-08
1.56E-08
223608
1.39E-08
5585609
1.85E-08
2.03E-08
146E-08
1.88E-08
2.31E-G8
1.81E08
2.4DE.08
7.94E-09
171E-03
2.46E-08
4.64E-08
2.04E-D8
2,29E-08
2.29E-08
1.98E-08"
2.46E-08
2.21E-08
2.13E-08
2O01ED8
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Anfibody name

KD
{Human CD3)

e
hCE115HAE22Hh/-HIHKNG10GA/LOG00-KO

1.43E-07

TROTBO40-E22Hhinone-HKnOT0GS/L02 14K
TROTHO40-E22Hh/none-Hi-Ka010G3/1L0217-40
TROTHO?1-E22Hhinane-Hi- K0 TIGIL0226-k0
TROtHO40-E22Hhinane-Hi Knd1 0G3LE200K0
TROTHO74-E22Hnone-Hi-KnB10G3/LO0DG-KD
TRMHOIG-E22Hhnene-HEKNOT10GIL0000-kO
CE115HA177-G0h/-Hi-Kn016GHL0C00K0
TRO1HO40-E22Hh/none-HI-KRO10GLO201-K0.
TRO1HO82-E22Hh/none-Hi-Kn010G3A0263-k0
TRUTHO30-E22Hh/nome-HiKa01 0GVLI000-K0
TROIHD40-E22Hh/nane-Ki-Ka010GIL0216-%0
“TROTHO51-E22Hhnone-Hi-Knd 0G 3A,0000-k0
TROTHO0Z-E22HN/-H-Knd1 0GL0000-KD
TRO1H082-E22Hh/none-HEKNCI0G VL 0264-k0
TRO1HO40-E22HN/nore-Hi-KnD10G 023240
TROTHO41-E22Hh/none-Hi-Kn010G3.0060- k0
CE115HA122-E22Hhi{-HI-Knd 10G3/L0000-KC
TROIHO40-E22Hhnone-HiKn010GIA 0233-h0
T £22Hh/none-Hi-Kn010G3LO215K0
TROHO20-E22HNaone- Hi-Kn010GHLO203 k0

TROTHG5-E2702GsKse/GCH019-E2704sEpsc/LOD00-KO

TROTH040-E22Hh/nene-Hi-Kn010GXTROILODEXO
TROTHO40-E22Hhinene-HRKn010GI/LO205-k0

TRO1HO15-E22HNA 0000-KO/GLA-E22HICHO81 0-EZ2L

TROTHOB4-E22H/none-Hi-KnD {86 3/L0G00-K0
TROTHM4-EZ2H/none- Hi-Kn0 1 DGINIG00-kD
TROTHE82-E22Hhinone-Hi:Kn01 (G HLI262-%0
TROTHOGZ-E22HNnane-Hi-Knd10GALID00-KO

CE115HA251-E22Hh/ 0DOD-KG/GLA-E22HICHOOO0-E22L

TROTHI40-E22Hhinone-Hi-Knd10G3L0041-k0
TRO1HU40-E22Hhinane-Hi-Knt10G 3L0222- k0
CE116HA192-E22Hri-HRKnD10G3/.0000-K0
TROTH40-E22Hhaona-HEKNnB10G3/TROILU10-KO
TROtHO25-E22Hh/none-Hi-Kn0 10GILOG00-k0
TRO1HOB2-EZ2Hh/none-Hi-Kn010G3TRO11023-%0
TROTHO4O-EZ2Hh/none-Hi-KnD1TGHTROTLOIS.X0
TROHO55-E22Hh/none- HEKn010G3L0000-KO
TRATHI82-E22Hh/nonc-Hi-Knd10G3AL0260-k0
TROIHO40-E22Hb/mane- Ki- Kn010G3TROILO0S-KA
TRO1HO40-E22Hhinone-Hi-Kn(10G3TRO1LO11-KE
TROTHD17-E22Hhinone-Hi-Knd 10GHLOD00HO

CE115HA122-E22HRL.OD00-K0/GL4-E22H/HO000-E221.

TROtH076-E22Hh/none-Hi-Kn0 10G3/LO000-kO
TRO1H082-EZ2HhMone-Hi-Kn010G3L0258-kD
TROTHO46-E22Hhinone-HHKn0 10GL0000-K0
rCEVISH-G1ah//-Hi-KnO10GALO0O0-KD
TROH082-E22Hh/rlone-Hi- KnD10G3/TROTLO024-0
TROTHME-E22Hninone-Hi-Kn010G3/.0060-k0
TROTHO40-E22HNinone-Hi-Kn010G JTRALI18KE
TROTHOB4-E22Hphmone-HiKnO 10GL0271:4D
TROTHOR4- E22Hhnone-Hi-Kn0 10G3L0270:x0
TROTHA0-E22Hninone-Hi-KnG 10G3E.0000vk1K0
TROIH040-E22Hninone-Hi-KrD10G310219-k0
TROHO14-E22HRfrone-Hi-Kn010GALI000-0
TROtHDB1-E22HN/pone-HEKn0 10GAN.0226-40
TROTHO4B-E22Hh/none-Hi-KnDIBGALIC00-0
TROTHO82-E22Hhinene-HEKNO10G L0259k
TRO1HO28-£22Hh/none-Hi-Kn010G3/L0000-kD
TRO1HE82-E22HN/none-HiKn0 1 0GHL0201-0
TROTHO40-E22Hh/none-Hi-Kn0 10GHTRO1L013-%0
TROTH093-E22H1none-Hi-Kn010G3A0000-k0
hCEVISHA-GIgh/-HI-Kn010GLODOD-KO
TRO4HO40-E22Hh/none-Hi-Kn0 10GATROILO1 2K
TRO1H085-E22Hhnope-HEKnHOGHLI000-KO
TRIMHD79-E22Hninone~Hi-KnDI10GI/LG000-KO
TRO1H042-E22Hh/none-H-Kn010GIA0000-k0
TRO1H063-E22Hninone-HiKnd10GILO000.k0
TROIHOBI-E22Hhinone-Hi KnD1IDGH.0272 kb
CET15HA121-E22HAM-H-Kn3 0GI/LOCOD-KO
TROTHO26-E22Hhinone-HiKa010GIALO00G-K0
TROTHOB7-E22Hh/none-Hi-KnDI DOILO262-K0
TROtHO73-E22Hh/none-Hi-Kn0 10G3.0000-k0
TRO1HU45-EZ2Hhinone-Hi-KnD10G3A.0000-k0
TROHO07-E22Hhinose- Hi Kn010G3/0000-k0
TROTH082-E22Hhinone-Hi-Kn010GHEL0203-KD
TRO14032-E22Hh/none- HEKn01AGILEMI0- K0
TROIHODB-E22Hh/none-HHKn10GNLOO0D- KD
TRO1HO13-E22HAnone-Hi-Kn010G3L0000-k0
TROTHO50-E22Hh/none-Hi-Kn010G3R 0000-KD
TROIHDB7-E22Hhnone-HLKn010GYLO200-%0
TRUTHEAS-E22Hh/Mmona-HHKnD10GILI0U0-KG

DGE{15HA-EZ2HR/LO00OT-KOMGL4A- E22HK/HO00D-E22E

hCE145HA-E225tHRnone-Hi-stKnQ 106300000
TRO1HO69-E22Hhinona-H-K NG 13GVLO000-kO
TRO1H15-E22Hh/Rone- HFKNO10GHTROLO03 kO
TROTHOA-E22Hhinono-Hi-KnB10GIA0202-K0
TROHOBZ-EZ2HninoAe-Hi-KnO10GIL0201-k0
TRO1H020-E22HN/Rone-Hi-Kn010GILI000-K0
TROIHDS2 E22HNR/none- HI-Kn010GIN0011-kE

2.02E-08
2.07E-08
2.51E-08
2.6TE-08
2.91E-08
261608
3.55E-08
2.81E-08
3.00E-08
3.60E-08
2.50E-08
2.91E-08
4.03E-08
J44E-08
3.86E-08
3.16E-08
A.2BE-08
401E-08
2.37E-08
3.24E-08
2.96E-08
293E-08
34ZE-08
157E.08
IOTECB
352508
3.98E-08
3.13E-08
148608
3.48e-08
4.65E-08
5.05E-08
3.28E-G8
3.85E-08
4.25E-08
3.85E-08
J.88E-08
4,53E-08
3.56E-08
3.57€-0B
J.50E08
1.69E-08
4.78E-08
4.70E-08
4.23E-08
5.76E-08
4.76E-08
3.69E-08
451E-08
2.76E-08
2.765-08
460508
399508
3.87E-08
4.71E-08
4,52E-08
5.07E-08
4.80E-08
4.49E-08
4.15E-00
4 83E-08
5.50E-08
4.22E-08
4.31E-08
5.05E-08
4.48£-08
4.35E-08
2.40E-08
8.76E-08
5.12E-08
4.92E-08
S.97E-08
5.22E-08
217608
4.07E-08
£.73E-08
2.30E-08
4.4E-08
5.76E-08
6.03E-08
6.13E-08
6.16E-08
5.17E-08
7.X1E-08
B.34E-08
6.19E-08
5.93E-08
6.4BE-08
5.95E-08
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Antibody name

KD

{Human CD3)

hCET15HA-E22HN-HIKn010G 3t 0000-k0

1.43E-07

TRO1R082-E22Hh/nene-Hi-Kn0 106G THRO1LOta-KT
TRO1HC1S-E22Hhnene-H-KnB 10G A TROTLL05-KO

TRO$HO52-E22Hh/none-HEKnD 1DGILB000-kO
TROTHO36-E22HN/nona-Hi-KnD10G3A.0000-k0
TRIMHI67-E22HVnone-Hi-KnD10G3A.0203-k0
TRO1HO30-E22Hh/none-H-KnD10G3L0000-K0

TRO1HO15-E22HW/none-Hi-KnD 10G2TRG1LO01-kO

TROTH100-E22Hh/none-HIFKn010G3AL00 1140
TROTHD29-EZ2Hi/none-Hi-Kni1 CG3A00000
TRO1R018-E22Hnone-HIFKn0$0G3LO000-KE
TROIH0B82-E22Hh/none-HFKNDT0GI/LO000-KE
TROH016-E22Hhinong-HFKn010G3L0000-k0
TROTHO27-E22Hhinone-HKnG10GILODODKO
TRO1HO48-E22HNnone- H-Knl10GIRG000-k0
TROTHOB6-E22R/none-H-KnD1DG3R0000-K0
TRO1HOS1-E22Hh/none-HFKN010G3L0011-kD
fCE115H-E£22Hh/none- Hi-KnG10G 3/L0000-KO

TROTHO15-E22HNnone-HiKnD10GATRO1L002-k0

TRUHO40-£22Hh none-Hi-Kn010G 3L.0226-k0

TROTHOE7-E22Hhvnone-Hi-KnO0GITROILO18-KG -

TRO1HES2-E22Hh/none-Hi-Kal 10G 001 140
TROSHOBT-E22HN/none-Hi-KnB10G31.0215-40

TRO1HO15-E22HRnone-Hi-Kn01GGHTRO1LO04-kD

YRO1H107-E22Hhinone-Hi-KaD10G310011-k0
TRO{H105-622Hhinon e-H-KNOTOGIA001 1-k0
TRO1H090-E22HNnone-H-K0 10G3R.0011-kD
TRO1H108-E22Hhinone-HI-KnB10GHMLIO11-KD
TRUHO94-E22Hhinane- HkKnD10GALO011kD
TROH H9-E22Hhinone-Hi-KnD10G 3100 11-k0
TROTHO56-E22Hh/nono-HirKa01 GG 31L0000-KO
TROIHE1-E22HR/none-H-KR010G31L.0000-k0
TROTHO22-E22HNnone-HHKAD 1063000040
TRO1HOYZ-E22Hnone-HRKN010GIA0011-k0
TRO1HO87-E22HNinane-Hi-Knd1 0GHLO00C-k0
TROTR067-E22Hhinone-HiFKn tDGIL0011-kD
TROTHO40-E2ZHR/None-HF-Kn0 10G3A.0248-k
TRO{H09-E22Hhnone-H-KAG10G3LO000- kG
TROTHOZIE22HNinone-HE KnD1OGLI000-KO
TROTH096 E22Hhinone-Hi-KnG10G3L0011 k0

TROTR040-E22HNnona-Hi-Kn010G 3/ TRO1LOO7-K0

TROTH054-E22Hh/nene-Hi-Kn010G 31, 6000- K0
TROIHOZ1-E22Hh/none-Hi-KnB10G 3 0000-LD
TRO1H103-E22Hhinene-Hi-KN DG4 001 1-k0
TRO1H098-E22Hhinone-Hi-Kn010G/L0011-k0
rCE116H-E22Hhnone-Hi-Kn010G3L0000vK 1 -kO
TRO!H101-E22HR/none-Hi-Ka0 10G3/L0011-K0
TROTHO53-E22Hhnone-HI-KnMGGR.0000-kD
TRO1HO35-E22HNnone-E-KnG10G3A.0000-k0

TROTHOS7-E22H W none-H-KnO10G3TRO1LO 540

TRO1H04-E22HWnane-Hi-Kn010G31.0011-k0
TROTHO7$-E22Hhinene-HHKnO10G31.0000-ko
TROVHO4D-E22HNnone-Hi-KnD10G3A.0227-40
TRO1H102-E22HNnane-HEKND10GIL0011-k0
TROTHO34-E22Hnone-Hi K01 0G3 0060-k0
TRO1HO82-E22Hh/none-HiKnD 10GVLO222-K0

rCE115H-E2ZHCET 1 SLA0/BL4-E22HVHO000-E228
TRO1HO15-E22HN/none-Hi-KaM0GWYRO1L006-k0

TROTHU40-E22Hhnona-Hi-Kn1 0GR 024640
TROIH097-E22Hknone-Hi-KnD10G3A.0041-%0
TRO18E011-E22HRnone-Hi-Kn0 10G 31 0000-k0
TRO1HO010-E22Hh/none-Hi-Kn010G ML0000-KA
TRO5HO95-E22Hh/none-Hi-Kn0 10G3L0011-k&

TRQ1HO82-E22Hh/none-Hi-Knb10G3TRO11.020-k8

FRO1HO96-E22Hh/none-HI-Kn010G3L00 11-kD

TROTHAG2-E22Hinane-HEKnG10G I TROTLO1T-kO

TROTHEAG-E2ZHNnone-HHKNO 10GHL0247-k0
¢CE115H-E22Hhnone-Hi-kn010G3HCE 115140
TROTHOO4-E22HRIHi-Kn010G3/L00c0-kd
TROTHUS7-E22HNnone-Hi-Kn010G 31022250
FCE115H-E2ZHN/-HE-KRO10GINCE115L-k0
TRO1H(08-E22Hhinone-Hi-Kn010G3/L0000-K0,
TRGIHO70-E22Hhinone-Hi-K6 10GAAO000-KE
TROTH106-E22Hb/none-Hi-Kn010G3/L0011-K0
TROTHO24-E22HNione-Hi-Kn01 0G3A.0000-k0
CE115HA124-E22HNi/-Hi-Kn010G 3/L0000-K0
TROTHO40-E22Hh/none-Hi-Kn010G/LO249-kD
TROTHOE2-E22HN/none-H-Kn010G31L.0271-Kk0
TRO1HOS7-E22HNnone-H-KRO10GHLOOG0-KD
TROTHOSB-E22HNVnone-Hi-KNO10G3AL0000-K0,
TRO1R068-E22HW/none-Hi-Kn010GHLO0R0-K0
TRO1HOB2-E22HNnone-Hi- Kn(10G3/L0270-kE
TRO1HO82-E22HNnone-HiKn(1063/L0272-k0
hGE $45HA-E22HNnona-Hi-Kn010G3L0000-ko
TRO1H0B2-E22HNnane-HH-Kn018G3A0268- k0
hCE115HAa-E22Hhnone-H-KnB 106G /L0000-kD,
TRO1HO67-E22HWnone-H-KRD 106302260
TROTHO6T-E22Hnone- HiKNG 10G 3. 0246-k0

4.72E-08
6.53E-08
6.27E-08
6.50E-08
4.78E-08
6.54E-G8
6.56E-08
6.25E-08
6.70E-08
6.85E-08
7.37E-08
6.93E-08
6.95E-08
6.78E-08

6.02E-08

5.67E-08
8.00E-08
7.34E08
8.01E-08
5.2BE-08
B.B0E-D8
7.41ED8
7.34E-08
6.01E-08
6.956-08
B.95E-08
£.985-08
7.00E-08
7.065-08
7.37E-08
7.556-08
7.58E-08
7.21E-08
7.16E-08
7.18E-08
7.89E-08
3.15E-08
7.945.08
7.47E08
6.22E08
7.79E-08
8.05€-08
7.72E-08
7.74E08
B,52E-08
7.57E-08
D.23E-08
8.49E-06
8.84E.08
8.26E-08
9.88E-08
101E-07
8.54E-08
8.11E-08
105807
9.37E-08
9.30E-08
9.28E-08
8.766-08
3.71E-08
3.73E-08
9.09E-08
1.06E-07
9.14E-08
1.03E-07
1.00E-07
1.24E07
1.35E-07
7.63E-08
1.38E-07
4.22E.08
1.206-07
1.00E-47
1.08E-07
142607
£.11E-07
5.52E-08
1.52E-07
1.95E-07
1.01E-07
7.42E-08
7.44E-08
1,246-07
1.36E-07
1.08E.07
132807
1.39E-07
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(3-2) Modifying the affinity of a humanized anti-GPC3 antibody

First, point mutations were introduced into CDR1, CDR2, and CDR3 of the anti-human
GPC3 bispecific antibody sequence produced in Example 2, HOO00-ERY27_HK (SEQ ID NO:
'54), {o prepare modified antibodies. Next, the affinity of these modified antibodies for soluble
haman GPC3 was determined. Combining sites that have an affinity-enhancing effect yielded

modified antibodies having the affinities shown in Table 9.

Table ¢
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Antibody name

KD
{Human GPC3)

HOB1C-G1dhinone-Hi-KR016G3/L0D00-k0

3.97E-08

HO610-G1dhinone. H-Kn010G3/L0222-k0
H0§10-G1dn/none-Hi Krd 10630258 kG
GGHO54-G1dWnone-HI-KnD10GIL0262-k0
GCHO60-Gdhone-Hi-Kab10G3.0222-k0
HOB10-G1dhinone-Hi-Knt1GGIN.0246-kD
GCHO57-G1dhnone-Hi-KnG10G3/L0222.-k0
GCHO54-G1dhnone-Hi-KnG10G3LO249-k0
GCHO55-G 1dhinone-HI-Kn019G3/L0222-k0
GOHOS4-G dhinone-Hi-Kn010G3/L0246-k0
HOB10-G 1¢hfnone- HI-KRO10G/ 0249-k0
H0610-G1dhinone-HIHKn010G3/TROILO1 740
HOB10-G1dh/rone-Hi-Knt10G3/L0265-k0
H0610-G1dhfnone-Hi-Kn010G3/L0261-k0
GCHDBS-G1an/Mone-HI-KnD10GIA0262-ko
GCHO$6-G1dhfnone-Hi-Kn010G2A.0262-k)
HOB10-G1 dhitone-HI-Kn010G3/.0268-kD
HO610-G1dhfrione. Hi-Kn010G3/TROTLO20-k0
GCHO54-G19NMone-Hi-Knt10G 3N 0246-k0
BCHO54-G1dhnone-Hi-Kn010G3/L0222%0.
GCRO73-G1dhnone-Hi-Kn010G3/L020%-k0
HO610-G1dh{nona-Hi-Kng 1060246 k0
BCHOE5-G1 dh/none-Hi-KnQ10G3/L0203-k0
H0610-G1dhinone-Hi-Kn10G/L.0226-K0
HO610-G1dh/none Hi-Kn010G3/L0033-k0
GCHOY8-G 1 dh/npne-Hi-Kn0{0G3L0201-k0
H0810-G1dh/none-Hi-Kn010G.0267-k0
H(610-G1dhnone-Hi-Knd10GYL0228-k0
H1616-G1 divndne-Hi-Kn010G3/L0262-kD
H0610-G1dhinone-Hi-Kn0 168 2/L0266-k0
HO610-G1dN/none-HrKno10@3/10264-k0
HOG10-G1 div/none-HI-Kn010G3/.0224-k0
HOG0-G1 dh/none-Hi-KRO10G3/LO67-kD

CE115HA251-E22H/LO000-k0/GLA-E22HWHOS10-E22L
TRIMHO15-E22Hn/L00G0-KO/GLA-E22HHO610-E228
CE115HA236-£22HK/GLS3108-k0/GLA-E22HIHOE 10-E22L

HO510-G 1 dh/none-HI-Kn010G3/.0259-k0
HO610-G {dhnane-HEKnB0G3/L0227-40
GCHIE5-G1dhhone-Hi-Kn010G3/.0272-k0
-H@610-G tdhinane-HiHnB106G3A-0263-k0
HOB10-G fdinone-HHKB10G3/L0223-k0

TRO1HO02-E22HN/GLS3108-k0/GLA-E22HK/HOB10-E22L

GCHO54-G1dhinone-Hi-KrD19G3/L.0212-k0
HOE10-G 1dh/none-Hi-Kn010G3/L 02080
H0E10-G1dhinone-Hi-Kn010GI/L 02830
HOEE10-G1dhinana-HI-Kn010G3/L0231-k0
H0610—G1dhlnnno-Hl-Knm§lGSILO| 43k0
GCHO55-G1dhinone-Hi-Kn010G3/L0212-k0
HOB10-Gldhinane-Hi-Kn010G3/L0211-k0
H0B10-G1dhinone-Hi-Kno10G3/L0238-k0
H0610-G1dhinone-Hi-KnQ10G3/L0214-k0
HO610-G1dRinane-Hi-Kn010G3/L0243-k0
GCHO25-G1diVnone-Hi-Kn010G3L0204-k0
-GCHO84-Gdnone Hi-Kn010GHTROTLO16-KO
HDB10-G1dmn0ne-HFKn01ﬂGafL0165-k0
GCH094-G1dhinone-Hi-Kn010G3/L0271-k0
GCHO54-Gldhinone:HI-KNO10GTROILO19 KO
KoB10-G1ehinane-Hi-KnQ10G3L0234-k0
BGHO98-G1eh/none-Hi-KnG10G31.0011-k0
HO610-G1ghimana-Hi-Kno10G3/L0204-K0
H0810-G1dhinune-Hi-Kn010GIL0240-X0
HO810-G1dhinone-Hi-Knd 1 0GIL0239- k0
HU610-G1dh/none Hi-Kn0{0GAL0212-k0
GCHOBS-G1dhnone-Hi-Kn010G31L0011-k0
HUB10-G1dh/none-Hi-Kn10GINL0200-k0
HO810-G1dh/none-Hi-KnD10G3L01 24-X0
GCHO?3-G idhnona-Hi-Kn0tDG3/L00 1t 1-kO
H0610-G1dh/none-H-Kn0 ! 0G3ITRO1L0O16 X0
GCHO54-G1dWnone-Hi-Kn010G3/.0201-k0
H0630-G Tdh/none-Hi-Knd 10G31.0080-k0
HO810-G tdh/none-Hi-Kn010G3A.0209-k0
H0610-G Tdh/none-H-Kn0 10G 3820 1-kO
HBSW—G1dhfn0né-Hi—Knﬂ1053ﬂ.ﬂ161-k0
HOE10-G 1dh/none-Hi-Knd10G2/L0206-k0
HE810-G 1dhnone-Hi-Kr010G3/LD186-k0
HO610-G1dh/nane-HH<nG10G3TRE1L018-kD
HO610-G 1dW/none-HHKnG10G /L 0085-kO
GCHOS5-G 1dhitnone-HiKn010GAL0200-40
HO810-G1dh/none-Hi-KnG19G3LB154-k0
HO810-Gldhinone -Hi-KnD10G3/L0220-k0
GCHOS4-G 1dhinone-Hi-Kn010G31.0200-X0
GCHO94-G1dhnona-Hi-Kn0t0G3/L0201-k0

140E-43
3.52E:13
B.25E-13
642E-13
1.21E-12
1,856-12
361E-12
3.90E-12
4.42E-12
6.85E:12
8.27E-12
8.70E-12
1.07E-11
1.18E-11
1.48E-11
1.69E-11
2. 24E-11
3.15E-11
31ASE-11
3.50E-11

6.70E-10
7.63E-10
8.90E-10
8.92E-10
8.71E-10
7.78E-10
3.02E-10
727610
8.48E-10
8.74E-10
8.04E-10
8.84E-10
1.04E-09
9.72E-10
9.108-10
1.08E-09
1.08E:09
1.126-09
1.126:09
1.73E-09
9.73E-10
8.65E-10
1.08E-09
1.156-09
1.17E-09
1.138-00
1.01E-09
1.205-09
1.18E-09
117509
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! KD
Antibady name (Human GPC3)

== —

110610-G 1dhinone-Hi-Kn0 10GH/LO0C0-KO 3.97E-09
RO810-Gldn/nene-HKnD1063/L0205-k0 1.01E-09
GGHO99-G1dh/nona-Hi-Kn010G3L0201-k0 129609
H0610-G1dh/nena-Hi-Kn010G34.0242-K0 1.19E-08
GCHO58-G1dhnone-HIH0 10634.0201-K0 1.18E-08
H0610-G1dhnone-Hi-Kn0 106310213k 1.266-09
BCHE60-G1dhinone-Hi-Kn019B30200-k0 1.346-08,
GCHOES-G1dhinone-Hi-Kn010G34.0000-k0 1.41E-08
GCH100-G1dhinane-HI-KnD 10GHLT201-40 1.37£-09
KOB10-G fdhinone-HI-KnO 18G3/L0015-k0 1.31E-09
HOB10-G1gn/nene-HiKnd 103015140 1.256-09
HO610-G1dhinene #Hi- KnD 106G 0237 %0 131E08
HOB10-G fdhvhona-Hi-Kn010G3L02Z0-k0 1.362-09
HO610-G 1dhinone-Hi-Kn010GILA155:k0 1.265-09
GCHO55-Gdh/none-HI-Kn010G3AL0215-k0 1.52E-09
HOB10-G1dh/none-HI-KnQ10GAL 0202-K0 1.22E-09
GEHO56-G 1 divione-Hi-Knl 1 0GILAZ15-K0 1.59E-09
HO610-G 1dhinone:Hi-Kn010G3N.0012-K0 1.55E-00
GCHO54-G1dhinone-HiKnG10G3L0215-k0 1.62E-09
HO810-G 1dinone-Hi-Knd 106382 15-%0 1,64E-09
GCHE98-Gidhinone-HI-KnO1OGLOD0D-kD 1.776-09
HO810-G1dhinona-Hi-KnG10GHL0125-k0 1.74E-08
GCHO57-Gldhinane-Hi-Kno10G3#4.0215-k0 1.83E-09
H0B10-G1dhinane-Hi-KnO10G3L0217-k0. 1.49E.08
HO610-G16hincne-Hi KnQ10GLO014-KD 1.83E-00
RO610-G 1dhinone-Hi-Kn0 10G34.0216-K0 1.86E-00
TROVHO15-E27026GsKst/GCHO19-E2704sEpsc/LOD00-KO 1.64E-00
H0610-Gldnone-Hi-Knd 10GUTRIILOIS KO 2.16E-00
HD&10-G 1di/none-Hi-Knd 10GITROILDIS-kD 2.17E-08
HO&10-G 1dh/none-Hi-knG10G3/L0218-k0 1.99E-08
HBE10-G1dh/none-Hi-KRe10G3/L0000vK1 K0 216509
HO810-G1dhnone-H-Kn010G3A.0160-k0 2.12E-09
HO810-G1dhnane-Hi-HKn010G/LOB47-K0 223509
GCHOT3-G1dhncne-HI-KnD10GHLOB00-XG 2.00E-0%
GCHO54-G1dhinane-HEKn0 10GHTROILO15KG 2.45E-09
HO610-G 1dh/Rone-HI-Kn00GILOZ19-KD 2.28E-08
GCHOY4-G1dhione-H-KND10GIL 0272k 2.10E-08
H0610-G1dhnone-Hi-Ka010G3L0149-k0 2.16E-09
GCHO54-G1dhinone-Hi-Kn010G3TRO1LG18X0 2.58E-08
GCHO54-Gidh/none-HIKnOT0GHLO203-k0 24BE-08
HOB1 -G 18h/none-Hi-Kn0 10630122 kO 242809
HOG10-G1dIVnone-Hi-Kn01063/.0434-k0 2.53E-09
HOB10-G1dh/nene-Hi-Kn010G31.0152:40 2.36E-09
HO610-G 1dhinene-Hi-Kn010G3/1.0203-%0 2 11E-08
HOB10-G 1dhinane-Hi-Knt10GIA.0075-k0 2.85E-09
HU610-G1dhinong-Hi-KNO10GAL0038-kd 2.75E-09
HOE10-G1dhnone-Hs-KnO 106,00 11-ke 2.76E-09
HOB10-G1dhnone-HeKn010GLO157-kD 2.60E-08
HO810-Gidhinone-Hi-Knd10GHL0145-k0 2.66E-09
HO0810-G 1ahfnons-HI-KnO 10G3TRO1LO1 0-k0 292E-09
HO10-G 1¢h/none-Hi-Knd 10G3L0009-k0 2.99E.00
GOHOE9-B 1dhans-HiKn010G3LO01 140 2.78E-09
HOB10-G 1dhinane-Hi-Kn0 10GL 0006 X0 3.4E-00
HO610-G1dhinone-Hi-Kn010G34LO173-k0 2.53E-08
HO610-G1dhinane-Hi-Kn010G3/.0127-k0 312608
HD510-G1dhinone-Hi-Kn010G3/LOSEZ-KO 343508
HO610-G1dh/none-Hi-Kn010GILI0B4-0 3.37E-08
ROE10-G1dh/ngne-Hi-KnOOGAL0008-k0 330E-08
H081D-G1dhnene-Hi-KnO 1063001340 335E-08
HO610-G1dhnone-HI-Kn0 10GALOT40-kD 338E-09
H0810-G1dh/none-HI-Kn0 10631003940 3.44E-00
GGHO4-(31dnone-Hi-Kn0 168G 0000-ke 3.74E-09
HU610-G 1dh/none-Hi-KnG10G2/TRO1LD0B- R 3.48E-09
H0610-GidM/none-Hi-Kn0 10GHE0148-KD 3.28£-09
BCHOB2-G1dMnone-HHKNO10GHLI000-kO 3.738-09
KU610-G1dhinone-Hi-Kn0 10G3/LI1 630 338509
H0610-Gidhinone-Hi-KnC10G3/LOZ33-k0 3.55E08
HUB10-G1dhinone-Hi-Kn010G3L0230-K0 4.00E-08
GCHO06-G1dhimone-Hi-Kn010G3L0000-KG 4 06E-08
HO610-G1dhone-Hi-Kn010GaR.0032-k0 3.726.09
HO610-G 1 dh/nane-Hi-Kn010G3N.0181-kD 3.516-09
H0610-G 1dinone-HI-Knd10G3TRO1LO0S X0 28108
HO&50-G Tdninane-Hi-Knd 106,014 1-k0 3.86E-09
HE610-G 1dhinone-Hi-Knd 10G34.0078-K0 4.23E-08
GCHO94-B1dhinana-Hi-Kn01 DGHLOZTE-k0 3.60E-09
GCHOB8-GAdhinone-Hi-Kn01DG3/L0000-k0 4.29E-09
GCHOB4-Gldhinone-H-Kn010G3L0000-kG 4,14E-08
HOB10-Gdhinone-Hi-Kn010GY_0066-ka 4.205-09
GCHO27-G1dhinene-HEKn0 DGILO000-K0 '3.33E£-00
HOB10-G1dhinane-Hi-Kn0 10GH 00030 4.01E-08
HO610-G1dhinane-Hi-Kn010GIA0042-k0 4.27E-08

RO640-6 tdhinone-HI-KRO 10GITROILOIA-KD

4.02E-09
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Antibody name

KD
{Human GFC3)

H0& 10-G1dhincne-HI-Kn0 10G3/LA000-kG

3.9TE-09

GCHO15-G1dhinane-Hi-Kn01 BG3N.0000K0
HO810-G1dhnone-Hi-Kn018G3L0175-X0

GCHI00-Gdhinane-Hi-KnG10G3A 6011-k0
GCHO14-G 1dhinone-Hi-Kn01 0G3A.0000-kQ
GCHD53-G1dhinone-Hi Kn010G3/L0000-KG

HhCEV15HA-E22HNE 0000-kO/GL4-E22HK/MHOC00-E221,

GCHO94-Gidhnone-H-<nOT0GIA 0011-k0
GCH045-G1dhinene-HI-Kn{ 0G3L00A0-D
HO610-Gldhinane-Hi-Kn0 $0GITROILO1Z-kO
HOB10-G1dhinone-Hi-Kn@1063/1.0115-k0
HD610-G1dh/none-HI-KnP10G3L0044-kO
H0610-G1dh/none-Hi-Kn010G3/L0107-k0
H06 £0-G1dh/none-Hi-Kn010G3/.0007-40
GCHE13-G1dh/one-Hi-Xn10GIL0000-KG
HEE10-G 1dh/nane-Hi-KnG 10G/L0045-k0
GCHO10-Gidhinone-Hi-KnB10G3/6000-k0
GCHO4e-Gigh/inone-Hi-Kn018G3/.0000-ka
HO610-G1dh/none-Hi-Kn019GA0002-kO
H0610-G1dhmone-Hi-Knd10G3/L0016-kd
GCHO07-G1dh/none-Hi-Kn010G3an0000-ko
GCHB42-G 1dhMene-Hi-Kn010G/L0000-KD

GET15H-E22HNCE 15L-K0/GL4-EZZHKHOD00-E220

HO810-G1 divnone-Hi-Kn01063/1.012040
H0810-G 1divnone-HI-Kn10G2/L0085-k0
GCHE16-G1dhinone-HI-KNB 106300000
BCHD35-G 1dh/none- HHKRB10GILD000-KD
GCHO38-G1dh/none-Hi-Kn010G3/LO000-k0
GECHD99-G1dhnona-Hi-Knd 1 6G3L0000-K0
HO61D-G1dh/none-HI-KNDI0GIA0041-K0
GCHO19-G 1dhinone-HI-Kn010GA0000-0
GCHA28-G1dhinone-Hi-Kn01 0G31.0060-kT
GCHOS6-G1dhinofie-Hi-KnG0G3NLI01 140
HO610-GAdhinene-Hi-n030G3L0147-k0
GCHO34-G1dh/none-H-Kn010G/L0000-K0
GCHOD3-G1dhtnone-Hi-Kn010G3A 000040
H0610-G1dnano-HI-KROT0GINL01 3940
HO540-G édh/nane-Hi- KnD10G3A 00890
#0610-G 1dh/none-Hi-KnD10GIN.0113-kQ
HE610-G1dninone HI-Kn010G3L01B0-kQ
GCHOOS-G 1dhinone-Hi-KnO10G3A0000-k0
GCHOG7-G1dh/hone-Hi-Kn010G3A.0000-kD
H0610-G1dhfnone-Hi-Knd10G3L0187-k0
HO610-Gldhinone-HIFKAD10G3L0043-%0
HOB10-G1dh/none-Hi-KAD10G3L01 57k
GCHD61-G 1 dhinone-Hi-{n010G31.0000:kG
BCHO22+G tdhinone-Hi-Kno 10631 0000-kO
HO640-G 1 diunone-Hi-Kno10GILO091KQ
GCHB23-G1dh/nane- Hi-KnD{GGLO0A0KD
HOB10-G1dhinone-Hi-Kn0 $0GIILDIG2KD
HO810-Gdhirone-Hi-Ka0 t0G3IL01 36-kD
HOB10-G1dh/none-H-KAR10GTRO1LOD3-X0
HOA10-G1dh/none-HIFKRO10G3/L0088-kD
HOB10-C1dh/none Hi-Kn010G3N0423-k0
GCHO25-G1dhinone-H1-Kn010GIA0000-K0
GCH100-G1dhinane-Hi-Kn01DGIA0000KD
HOB10-G1dh/nane-Hi-KnQ10GILO046-KD
HOE10-G4dhmoneHi-KnQ 50G31L0144-k0
GCH026-G1dVaong-Hi-Kn01063/.0000-k0
H0610-G1dhinone-HI-Kn018GA/L0138-k0
GCHO56-G tdh/none-H-KNG10G3L0000-40
HO610-G1dh/none Hi-Kn0 10630012540
GCHO32-G idhingne-Hi-Kn010G3NL0000-kO
HO610-G tdh/none-Hi-KnD10GATROILDOS KO
GCHO12-G1dhinone-Hi-KnG10G3A0000-k0
GCHOS5-C 1dhinone-Hi-Knd10G3/LL000-kG
HOB10-G1dh/none-Hi-Kn0t0G3IL0104-k0
GCHOSY-GIdhinons-HEKND10GILO000-KD
GCHO54-G Ldh/nona-Hi-Kn010GHE0000-K0
GCHO08-G 1dhinone-Hi-KnD10G3/L0800-k0
HO610-G fdhinane-Hi-Kn0 10G3/L023240
HO610-G1dhinane-Hi-KnO10GIALO126-k0
GCHO34-G 1dhinone-Hi-KnQLUG3A0000-kO
HOB10-G1dh/nane-HI-Kn010GI/L0132-k0
HO§10-G1dh/none-Hi-KnB 10GIAO108-KO
GCH054-Gldh/hone-Hi-Kn010G3LK011-kO
HOB10-G1 dh/none-Hi-Kn018G3/L0169-k0
HO610-G1dh/nane-HI-Kn0T0G3/LO063K0
GCHBE8-C1dhinone-Hi-Kn010GILOC00KE
GCHO57-G dhinone-Hi-Kn030GHLO000-KO
HO610-G1dhnone-Hi-kn010G3IL0137-k0

4.14E-09
3.84E-08
3.B1E-09
4,20E-09
4.05E-09
4.28E-09
3.88E-09
4.63E-08
4.25E-09
4.34E-09
4,57E-08
4.38E-09
4.39E-09
444509
4.66E-09
4.12E-09
4.80E-09
4.43E-09
4.446-09
4.83E-09
4.80F-09
AATE-09
4.546-09
4.79E-09
4.59E-09
4.94E-09
4.95E-09
4.24E-09
4.86E.00
4.36E-09
5.016-08
431609
4.38E-09
5.09E-09
5.20E-09
4.70E-09
5.24E-09
4.82E-09
4.48E-09
5.32E-09
5.24E-09
4,926-08
51408
4.92E-09
5.136-09
4.92E-00
543609
4.94-09
5.28E-09
5.04E-09
5.08€-08
5.32E-09
6.08E-09
6 05E-09
5.395-08
5.45E-09
4.84E-09
§.17E-09
5.24E-02
5.03E-09
526609
5.74E-09
§.37E-09
5.40E-09
6.60E-09
5.80E-09
5.70E09
5.306-09
5.55E-00
5.38E-09
5.626-09
5.69E-09
5.65E-00
5.66E-09
525608
5.70E-09
€.036-09
©.236-09
5.61E-09
5.87E-09
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(3-3) Madification of pl by point mutations

In commertcial production of bispecific antibodies, a high level of purity is required.
When using ion-exchange chromatography, modifying the molecular isoelectric point (pI) has
been reported to be effective (PLoS One. 2013;8(2):e57479). Therefore, point mutations fot pl
modifications were introduced into CDR1, CDR2, and CDR3 of the humanized anti-human
GPC3 antibody sequence produced in Example 2, HO000-ERY27_HK (SEQ ID NO: 54), to
prepare modified antibodies. Next, the affinity of these modified antibodies for soluble human
GP(C3 was determined.

As a result, amino acid modifications that can lower the pI while maintaining the
affinity for human GPC3 were found to be amino acids at positions 19, 43, 53, and 61 according
to Kabat numbering.

Combination of sites showing effects of maintaining the affinity for human GPC3 and
lowering the pl yielded antibodies having the affinities and pl values shown in Table 10,

Table 10
Antibody name Calculated pl value Anlisody name human GPCY KD A
o o anfibody) " i anfibody} {simeann znbbock) tsingle-aim anfbody) Mutation sites based on H0810-E2704sEpsc
H0510-E27045 Epsc/LO00C-KD 78 HE510-G1dhyroneHi-KnB10G3A.0000-k0 4.16E-00

GCHO54-E27045Ep2c/L001 1-k0 6.2 GCHO54-G 1dhnone-Hi-Knt0G3/LD01 1-k0 5.25E-09 K19T/IQ43IEIP52aGIK53E/C55PIQB1E
GCHOB5-E27045Epse/L001 1-k0 6.4 GCHO65-G 1dn/none-Hi-KnD10G3L0011-k0 8.84E-10 KA9T/Q43E/P5ZaG/KSPIGE5PIQEIE
GCHO%4-E27043Epsc/LOG 1-k0 6.2 GCHO94-G tdhnona-Hi-Kn010GI/L00T 1-k0 4.54E-08 K19T/137V/P40A/G43E IMBMIP52aGIKS3E/GESP/QG1E

(3-4) Modifying the extracellular matrix-binding ability by point mutation

It has been reported that non-specific binding to the extracellular matrix (ECM) and
such may have effects on pharmacokinetics (MADbs. 2012 Nov-Dec;4(6):753-60). Therefore, the
ECM-binding ability of the modified antibodies obtained in the Examples was determined by the
method described in Reference Example 4. As a result, the humanized anti-human CD3e chain
and anti-human GPC3 bispecific antibedy, GPC3_ERY27_hCE115 (SEQ ID NOs: 54, 55, and
36), were confirmed to have high ECM-binding abilities. Therefore, any of the point mutations
examined in Examples 3-1, 3-2, and 3-3 for the humanized anti-human CD3¢ chain antibody
sequence hCE115HA-ERY27_HE (SEQ ID NO: 55) was investigated to be a combination {or
reducing the ECM-binding ability. As a result, amino acids at positions 11, 16, 52a, 53, 98, and
100 by Kabat numbering were found to contribute to the maintenance of affinity for CD3¢ and to
have influence on the reduction of the ECM-~binding ability, and antibodies with a reduced ECM-
binding ability in comparison to that of an antibody variant of the humanized anti-human CD3g
chain and anti-human GPC3 bispecific antibody, GPC3_ERY27_hCE115, were obtained (Table
11).
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Table 11
Antibody name S aarg foo

GPC3_ERY22_CE115 (rCE115H-E22Hh/rCE115L-%0/GL4-E 22Hk/HO000-E22L) 4.0
GPC3_ERY27 (hCE115HA-E22Hh/L0000-k0/GL4-E 22Hk/HO000-E221L ) 50.9
CE115HA236-E22Hh/GLS 2108-k/GL4-E22HK/HO610-E22L 428.9
CE115HA236-E22HhGLS3108-k0/GLA-E22Hk/HO000-E22L 414.8
CE115HA251-E22Hh/L0000-kD/GL4-E22HK/HO000-E22L 346.9
CE1158A251-E22HN/L0000-kO/GLA-E22HK/HO610-E22L 334.4
TROTHO02-E22HNGLS3108-k0/GL4-E22HK/HO610-E221 301.1
TROTHO02-E22HNGLS 3108-k0/GLA-E22HK/HODO0-E22L 216.9
TROTHO15-E22HWLO000-KC/GLA-E22HK/H0G10-E22L 185.7
TROTHO40-E2702GsKsc/HO610-E2704SE psc/LO208-k0 50.4
CE115HA122-E22Hh/LO000-k0/GLA-E 22HK/HDO00-E 22 47.0
TRO1H040-E2702GsKsc/HOE610-E2704s Epsc/L0241-kD 15.5
TRO1H040-E2702GsK sc/HO610-E2704SEpsc/LO206-k0 15.4
TRO1H040-E2702GeKsc/H0610-E27045Epsc/L0209-k0 7.4
1CE115H-E22HhACE 115L-k0/GLA-E22HK/HD610-E22L 4.6
TRO1H040-E2702GsKsc/H0610-E2704sEpsc/l 0204-k0 4.4
TRO1HO67-E2702GsKsc/GCHO54-E2704s Epsc/L0212-k0 3.3
TRO1H113-E2702GsKsc/GCHO65-E2704$Epsc/LOD11-k0 2.5
TROMH082-E2702GsKsc/GCHO85-E2704sEpsc/L0D11-k0 1.7
TRO1H113-E2702GsKsc/GCHO94-E2704sE psc/LO011-kD 1.6
TCE115H-E22Hh/rCE 115L-k0/L0000-E22Hk/HO610-E22L 1.4
TRO1THO84-E2702GsKsc/GCHOB5-E27045 Epsc/LO01 1-k0 1.3
TROTHO84-E2702GsKsc/GCHO94-E27045Epsc/L0011-k0 1.2
TRO1H082-E2702GsKs¢/GCHO94-E2704sEpsc/L0201-k0 1.1
TROMH040-E2702GsKso/H0610-E2704s Epsc/LO000-KD 0.8
TRC1HO40-E2702GsKs o/HOB10-E2704s Epsc/L0201-k0 0.8
TRO1THO40-E2702GsKsc/H0B10-E2704sEpsc/L0203-k0 0.8
TRO1H082-E2702GsKsc/GCHO94-E27045 EpscfLO011-k0 0.7
TRO1H109-E2702GsKse/GCHOB5-E2704sEpsc/L0011-k0 07
TROTHO67-E2702Gs Ksc/GCHO54-E2704sEpsc/L0222-k0 0.6
TROTHOE7-E2702Gs Ksc/GCHO54-E27045E psc/L0201-kD 0.5
TRO1H109-E2702GsKsc/GCHO94-E2704sE psc/L0D11-KO 0.4
TRO1H113-E27025Ksc/GCHOB5-E2704s Epsc/L0011-k0 0.3
MRAH-G1d/MRAL-k0(standard) 1

(3-5) Modifying the binding ability to the SuRe™ ligand by point mutations

An example where the binding of an antibody to Protein A depends on its variable
region sequence (VH3) is known (J Biomol Tech. 2011 Jul; 22(2):50-2). In the Protein A
purification of the humanized anti-human CD3g chain and anti-human GPC3 bispecific antibody,
removal of the homomeric anti-CD3 antibody is important for suppressing non-specific reactions
via CD3. Therefore, it is considered desirable to suppress the binding of the homomeric anti-
CD3 antibody to Protein A. Presumably, the SuRe™ ligand will be used in commercial

™M

production, and thus point mutations for SuRe ™ ligand binding were introduced into CDR2 of
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the humanized anti-CD3 antibody H-chain variants, TRO1IHO082-E2702GsKs¢ and TROTHO084-
E2702GsKsc (SEQ ID NO: 398 and 399), to prepare modified antibodies. The binding ability of

these modified antibodies to the SuRe™ ligand was determined by the method described in

Reference Example 5. As a result, amino acids at positions 19, 57, and 59 by Kabat numbering

wete found to contribute to the maintenance of the affinity for CD3¢g and to have influence on the

Sure™ ligand-binding ability, and antibodies with a reduced Sure™ ligand-binding ability in
comparison to that of TROTHO082-E2702GsKsc/L0O011-kG (SEQ ID NOs: 398 and 410) or
TRO1HO084-E2702GsKsc/L0011-k0 (SEQ ID NOs: 399 and 410) were obtained (Table 12).

Table 12

Antibody name SURe;:g)'"dmg Mutation sites based on CE115HA000
TROTHO84-E2702GsKsc/L0011-KD 5065.8 R16G/A62aDIN53Q/DT2A/L78/GIBASY 100G/A 102
TROTH082-E2702GsKsc/L0011-k0 4469.2 V11L/A520D/N53Q/GIBA/Y 100G :
TRO1H090-E2702GsKse/L0011-k0 3606.3 V11L/R16G/AS2aDINSIQ/GISASY 100G
TRO1H093-E2702GsKsc/LO011-KO 2459.7 V11L/AB2aD/NS30/KE40/GIBATY 100G
TROTHOD4-E 2702GsKsc/LO0T 1-kD 2351.9 VHL/A52aD/NS3Q/KE4S/GOBAIY 100G
TRO1H114-52702GsKsc/LO01 KD 1485.5 R16G/AB2aD/N53QT57S/D72AMLTBIGIBA/Y 100G/A102)
TRO1H092-E2702GsKsc/LO011-K0 1158.5 V11L/AS2aDINBIQ/KB4AI/CIBASY 100G
TROTH100-E2702GsKsc/L0011-kO '383.0. V11L/A52aD/ NS/ TE7S/GABAY 100G
TRO1H111-E2702GsKsc/L0011-k0 50.7 R16G/R19K/AS2aDINS3Q/D72A/LT8I/GI8ASY 100G/A102]
TROH110-E2702GsKse/LO01 1-kO 29.5 R19K/AS2aD/NS3Q/GIBA/Y 100G
TROTHO91-E2702GsKs¢/L001 1-k0 575 V11L/R19K/AS2aD/N52Q/GIBASY 100G
TROTHO91-E2702GsKsc/LOG1 1-k0 15.0 V11L/R19K/A52aDINS3Q/GI8A/Y 100G
TRO1H112-E2702GsKsc/L0011-kD 8.8 RI6G/A52aDING3QITS7QIDT2A/LT8I/GIBAY 100G/A102]
TRO1H113-52702GsKsc/L001 1-kO 7.0 R16G/ASZaD/NS3Q/Y 50V/D72A/L78IGIBANY 100G/A 102!
TROTHO96-E2702GsKSc/LI0T1-KO 2.7 V11L/AB2aD/NS3QUTSTG/GIBAIY 100G
TRO1H109-E2702Gs ks c/L001 1K@ 2.2 V111 /A52aD/N530/ Y 59V/GIBAIY 100G
TRO1H098-E27026GsKsc/L0011K0 1.6 V11L/A52aD/NS3QITS7R/GIBA/Y 100G
TROHH107-E2702GsKsc/LOC11KD 1.4 VI1L/AS2aD/N53Q/Y 590/ GOSATY 100G
TROTH103-E2702GsKsc/LO011-k0 1.4 V11L/AS52aD/NS3Q/YS9GIGISAIY 100G
TRO1H104-E2702GsKsc/L.0011-k0 1.0 V111/A52aD/NS3QFYSAVGIBA/Y 100G
TRO1K105-E2702GsKsc/LOG 1-kO 0.8 V11L/AS2aD/NS3Q/ Y S9L/GIBAIY 100G
TRO1H099-E2702GsKsc/L 001 1K0 0.6 V11L/AS2aD/NS3Q TS 7Q/GIBATY 100G
TRO1H102-E2702GsKsciL0011-kO 05 VI 1L/AS2aD/NS30/Y 59F/GIBATY 100G
TROAHI01-E2702GsKsc/LO01 10 25 VHL/AS2aD/NS3QITS7V/GIBAIY 100G
TRO1H108-E2702GsKsc/L0011-k0 0.4 V111 /A52aD/NS3QrY59TIGIBA/Y 100G
TRO1H097-E2702GsKsc/L0011-K0 0.1 VA1L/AB2aD/NE3QITS7L/GIBAIY 100G
TROTH106-E2702GsKsc/LI0T 10 0.0 V11L/A52aD/N53C Y 59PIGISATY 100G
TROT1HO95-E2702GsKsc/L0011-k0 -0.2 V11L/AS2aD/NSIQ/TR7F/GOBATY 100G

(3-6) Production of optimized bispecific-antibodies by combining point mutations that lead to

improvement of various properties

Optimized modified antibodies can be produced by combining the point mutations that

lead to improvement of various properties as described in Examples 3-1 to 3-5. As examples of

such modified antibodies, the antibodies described in Table 13 were preduced, and they were

subjected to the T-cell-dependent cellular cytotoxicity (TDCC) evaluation using methods similar

to those of Example 1. The results are shown in Figs. 4 to 9. As a result, optimized humanized

anti-human CD3¢ chain and anti-human GPC3 bispecific antibodies showing a T-cell-dependent
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cellular cytotoxicity equivalent to or greater than that of GPC3_ERY?22 _rCE11S5 prior to

humanization were obiained.

Table 13
iSna_anBIgéag?sbgr Antibody name

1 GPC3_ERY22.CE115 (fCE115H-E22HNICE 115L-k0/GL4-E22HK/HOD0D-E22L)
2 GPC3_ERY27 (hCE115HA-E22Hh/L0000-k(/GL4-E22HK/H0000-E22L)
3 CE115HAZ251-E22HNLO000-K0/GLA-E22Hk/HO000-E22L.
4 CE115HA236-E22HNGLS2108-k0/GL4-E22Hk/HO000-E22L
5 TROAH002-E22HN/GLS 3108-k0/GLA-E22HK/HO00-E22L
6 CE115HA122-E22Hh/EL0000-K0/GL4-E 22HKHO000-E22L
7 rCE115H-E22HhrCE 115L-k0/L.0000-E22HKk/HOB10-E221.
8 rCE 118H-E22Hh/CE 115L-kO/GLA-E22HKIHOG10-E22L

13 TRO1HO40-E2702GsKso/HO610-E27 045 Epsc/LOC00-KO

14 TRO3HO40-E2702GsKsc/HO610-E27045EpsciL0201-k0

15 TRO1HO40-E2702GsKsc/HO610-E2704sEpscil.0203-k0

16 TRO1H040-E2702GsKsc/H0610-E2704sEpsci0204-k0

17 TROTHOAG-E2702GsKsc/HOG10-E27045Epsc/L 02060
18 TROTHO40-E2702GsKse/HOB1 0-E2704sEpsc/L0208-k0

19 TRO1HO40-E2702Gs Kso/HO610-E27045Epsc/L0209-k0
20 TRO1HO40-E2702GsKsc/H0G10-E27045Epsc/L0211-k0

21 rCE 115H-E2702GsKsc/HO610-E2704s Epsc/LOG00-K0

22 TROTHO61-E2702GsKsc/HOB10-F2704sEpsc/LOCON-KE
23 TRO1THO68-E2702GsKsc/HO810-E27045Epsc/L0000-kO
24 TRO1HO71-E2702GsKsc/HO610-E2704sEpsc/LO000-KO
25 TROTHOB7-ER2702GsKsc/GCHO54-E2704SEpsc/L0201-kD
26 TROTHO67-E2702Gs KscfGCHO54-E2704sEpscfLiZ12-k0
27 TRO1HDG7-E2702GsKsc/ GCHO54-E2704s Epsc/L0222-k0
28 TROTHOB7-E2702GsKsc/ GCHO54-E2704sEpsc/LOC00-KD
29 TRO1HO82-E2702GsKsc/GCHO94-E2704sEpscil.0201-k0
30 TRO1HO82-E2702GsKsc/GCH084-E2704sEpsciL0011-k0
31 TRO1H0B4-E2702GsKsc/ GCHO94-E 27048 Epsc/LO011-kO
32 TROTHO84-E2702GsKsc/GCHOE5-E2704sEpsc/L0011-k0
33 TRO1H082-E2702GsKsc/GCHOB5-E2704sE psc/L001 1-k 0
LY TRO1H109-E2702GsKsc/GCHOS4-E2704s Epsc/LO0 1-k0
35 TRO1H109-E2702GsKsc/GCHOB5-E2704sEpsc/LO011-k0
36 TRO1HU113-E2702GsKsc/GCHO94-E2704sEpsc/L0011-k0
a7 TRO1H113-E2702GsKsc/GCHOB5-E2704sEpsc/L0011-k0
38 TROVH113-E27025Ksc/GCHOB5-E2704s Epsc/L0011-k0

Examples 3-1 to 3-6 showed that the following amino acid residues, for example, are
important for maintaining the properties of the-optimized anti-human CD3e chain and anti-
human GPC3 bispecific antibodies showing a T-cell-dependent cellular cytotoxicity equivalent
to or greater than that of GPC3_ERY?22_rCE]115 prior to humanization.

In anti-human CD3e chain antibodies, the examples are Leu at position 11, Gly at
position 16, Asp at position 52a, Gln at position 53, Ala at position 72, Tle at position 78, Ala at
position 98, Gly at position 100, and Il at position 102. In anti-human GPC3 antibodies, the
examples are Thr at position 19, Glu at pesition 43, Gly at position 52a, Pro or Glu at position 53,
Pro at position 53, and Glu at position 61. Furthermore, in common antibody L. chains, the
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examples are Pro at position 25, Pro at position 27a, Pro at position 27b, Ile at position 33, Gin at
position 34, Arg or Trp at position 56, and Tyr at position 89. (All positions are indicated by
Kabat numbering).

[Example 4] Evaluation of the in vivo efficacy

Some of the above-described antibodies were evaluated for their in vivo efficacy using
tumor-bearing models.

Evaluation of the in vive efficacy was carried out on representative antibodies from
among those shown in Table 13, which have been confirmed to have cytotoxic activities from
the jn virro assay described in Example 3-6. In the in vivo efficacy evaluation, any influence
caused by differences in the microenvironment due to tumor aggregate formation on the
evaluation results was taken into consideration. Therefore, two types of human cancer cell lines
having different sensitivities to the antibody drug efficacy, i.e., PC-10 and NCI-H446, were used
for the evaluation, even though the GPC3 expression levels of these cell lines were nearly equal,
The cell lines were transplanted into the NOD scid mice, and the NOD scid mice with confirmed
tumor formation were subjected to transplantation of T cells grown by ir vitro culturing of
human PBMUCs. The mice (referred to as a T-cell injected model) were treated by administration
of the optimized anti-human CD3g chain and anti-human GPC3 bispecific antibodies.

More specifically, in drug efficacy tests of the optimized anti-human CD3g chain and
anti-human GPC3 bispecific antibodies using the PC-10 T-cell injected model, the tests below
were performed. T cells were expansively cultured using PBMCs separated from blood
collected from healthy volunteers and T cell activation/ expansion kit/ human (MACS Miltenyi
biotec). The human cancer cell line PC-10 {1 x 107 celis) was mixed with _Matrigeim Basement
Membrane Matrix (BD), and transplanted to:the inguinal subcutaneous region of NOD scid mice
(CLEA Japan, female, 6W). The day of transplantation was defined as day 0. On the day before
transplantation, the anti-asialo-GM1 antibody (Wako Pure Chemicals) was administered
intraperitoneally to the mice at 0.2 mg/mouse. On days 13 to-15 after the transplantation, the
mice were separated into groups according. to their body weight and tumor size, and the anti-
asialo-GM1 antibedy was administered again intraperitoneally to the mice at 0.2 mg/mouse. On
the following day, T cells obtained by the aforementioned expansive culturing were transplanted
intraperitoneally at 3 x 107 cells/fmouse. Four hours after T-cell transplantation, the optimized
anti-human CD3g chain and anti-human GPC3 bispecific antibodies were administered
intravenously through the caudate vein at 1 mg/kg. The optimized anti-human CD3¢ chain and

anti-human GPC3 bispecific antibodies were administered only once.
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As a result, anti-tumor activities were more clearly observed in the optimized anti-
human CD3e chain and anti-human GPC3 bispecific antibody-administered group than in the
solvent-administered group (Fig. 10a, b).

Drug efficacy tests for the optimized anti-human CD3e chain and anti-human GPC3
bispecific antibodies on the NCI-H446 T-cell injected model were performed by similar methods.
The optimized anti-human CD3¢ chain and anti-human GPC3 bispecific antibodies were
administered once intravenously throngh the candate vein at 5 mg/kg against NCI-H446.

As aresult, anti-tumor activities were more clearly observed in the optimized anti-
human CD3e chain and anti-human GPC3 bispecific antibody-administered group than in the
solvent-administered group (Fig. 11a, b).

Reference Examples

[Reference Example 1] Production of antibody expression vectors, and antibody expression and
purification

Amino acid substitutions were introduced by methods known to those skilled in the art
such as nsing the QuikChange Site-Directed Mutagenesis Kit (Stratagene), PCR, or the In-fusion
Advantage PCR cloning kit (TAKARA) to construct expression vectors. Nucleotide sequences
of the obtained expression vectors were determined by a method known to those skilled in the art.
The produced plasmids were transiently introduced into cells of the human embryonic kidney
cancer-derived cell line HEK293H (Invitrogen) or FreeStyle293 (Invitrogen) to express
antibodies. From the obtained culture supernatants, antibodies were purified using the rProtein
A SepharoseTM Fast Flow (GE Healthcare) by a method known to those skilled in the art.
Absorbance at 280 nm of the purified antibody solutions was measured using a
spectrophotometer, and antibody concentrations were calculated from the determined values
using an absorption coefficient calculated by the PACE method (Protein Science 1995; 4: 2411-
2423).

[Reference Example 2] The ADCC activity of each test antibody using human peripheral blood
mononuclear cells as the effector cell

The ADCC aciivity of each test antibody was determined according to the method
below.

Human peripheral blood mononuclear cells (hereinafter referred to as human PBMC)

were used as the effector cell to measure the ADCC actvity of each test antibody as below,

(1) Preparation of a human PBMC soiution



10

15

20

25

30

35

107

From a healthy volunteer (adult male) of Chugai Pharmaceutical Co. Ltd., 50 mL of
peripheral blood was collected using a syringe preloaded with 200 pL of a 1000 unit/mL heparin
solution (Novo-Heparin Injection 5000 units, Novo Nordisk). The peripheral blood was diluted
two-fold with PBS(-}, divided into four aliquots, and added into a Leucosep lymphocyte
separation tube (Greiner Bio-one) that had been loaded with 15 mL of Ficoll-Paque PLUS and
subjected to centrifugation in advance. This separation tube containing aliquots of peripheral
blood was centrifuged at 2150 rpm for ten minutes at room temperature, and then the
mononuclear cell fraction was collected. The cells in each fraction were washed once with
Dulbecco’s Modified Eagie's Medium (SIGMA) containing 10% FBS (hereinafter referred to as
10% FBS/D-MEM) and then suspended in 10% FBS/D-MEM at a cell density of 5 x 10°
cells/mL. Afier incubation in an incubator at 37°C for one hour, the cells were washed once with
10% FBS/D-MEM, and the cells were suspended in 10% FBS/D-MEM to produce a cell density
of 2 x 10° cells/mL. The celi suspension was subjected to the.experiment below as the target cell.

(2) Chromium release assay {(ADCC activity)

The ADCC activity was evaluated from the specific chromium release rate according to
the chromivm release method. First, antibody solutions prepared at each concentration (0, 0.004,
0.04, 0.4, 4, and 40 pg/ml) were added to a 96-well U-bottomed plate at 50 pL per well. Next,
the target cells were seeded at 50 pL. per well (1 x 10* cellsfwell), and this was allowed to stand
at room temperature for 15 minutes. The human PBMC solution prepared in (1) was added at
100 uL per well (5 x 10° cells/well), and the plate was left to stand in a 5% carbon dioxide gas
incubator at 37°C for four hours, followed by centrifugation. The radioactivity of 100 uL of
culture supernatant in each well of the plate was measured using a gamma counter. The specific
chromium release rate was determined based on the following equation:

Specific chromium release rate (%) = (A-C) x 100/ (B-C)

In this equation, A represents the mean value of radioactivity (cpm) of 100 pl of culture
supernatant in each well; B represents the mean value of radioactivity (cpm) of 100 uL of culture
supernatant in the well where 100 BL of-a 2% aqueous NP-40 solution (Nenidet P-40, Nacalai
Tesque) and 50 pL of 10% FBS/D-MEM had been added to the target cells; and C represents the
mean value of radioactivity (cpm) of 100 UL of culture supernatant in the well where 150 pL of
10% FBS/D-MEM had been added to the target cells. The examinations were performed in
triplicate and the mean values and standard deviations of the specific chromium release rates (%)

in the above-mentioned examination reflecting the ADCC activity were calculated for each of

the test antibodies.
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[Reference Example 3} Assessment of Tm of the modified antibodies by differential scanning
fluorimetry

In this examination, the Tm (thermal denaturation temperature) value of the modified
antibodies was assessed by differential scanning fluorimetry using Rotor-Gene Q (QIAGEN). It
has been reported that this method has a favorable correlation with Tm assessment using.a
differential scanning calorimeter widely known as a method for evaluating thermal stability of
antibodies (Journal of Pharmaceutical Science 2010; 4: 1707-1720).

The 5000x-concentrated SYPRO™ orange (Molecular Prabes) was diluted with PBS

(Sigma), and then admixed with the antibody solutions to prepare measurement samples.

‘Twenty-{L aliquots of each sample were placed into measurement tubes, and the temperature

was increased from 30 °C to 99 °C at a temperature elevation rate of 240°C/hr. Changes in
fluorescence accompanying the temperature elevation were detected at 470 nm (excitation
wavelength) / 555 nm (fluorescence wavelength).

The data were analyzed using the Rotor-Gene Q Series software (QYAGEN) to calculate
the temperature at which fluorescence transition was observed, and this temperature was defined
as the Tm.

[Reference Example 4] Assessment of the ECM-binding ability

The assessment was carried out according to the method described in W02(12093704.
Specifically, BD Matrigel (BD Biosciences, #356237) was prepared at 2 mg/mL using TBS
(Takara, #1903), and this was dispensed into a 96-well measurement plate (Meso Scale
Discovery, #L.15XB-3(High Bind)) at 5 pl. per well and then allowed to stand overnight in a
cool place. Then, 150 uL of an ECL blocking buffer (PBS containing 0.05% Tween20, 0.5%
BSA, and 0.01% sodium azide) was dispensed into each well of the plate, and this was allowed
to stand at room temperature for two hours or more.

A goat anti-human IgG(y) (Invitrogen, #628400) was ruthenium-labeled with MSD
SULFO-TAG NHS Ester (Meso Scale Discovery, #R91AN-2) by following the attached
instructions. This was diluted in an' ECL dilution buffer (PBS containing 0.01% Tween20, 0.1%
BSA, and 0.01% sodium azide) to have a final concentration of 2 pg/mL. Furthermore, the
standard antibody and the test antibodies were diluted in PBS-T (PBS coniaining 0.05% Tween
20 and 0.01% sodium azide) to have a final concentration of 3 ug/mL.

To a 96-well reaction plate (Thermo scientific, Nunc #145399), 10 pL of the ECL
dilution buffer, 20 pL of the standard antibody and test antibody (3 pg/mL), and 30 pL of the
ruthenium-labeled antibody (2 pg/ml) were added sequentially, and this was allowed to react for

one hour at room temperature with stirring in the dark.
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The BCL blocking buffer was removed from the 96-well measurement plate by tilting,
50 uL of the sample solution from the 96-well reaction plate was added, and this was allowed to
stand in'the dark at room temperature for one hour, This was followed by removal of the sample
solution from the 96-well measurement plate by tilting, and immediately affer addition of 150 pi.
of 2x T buffer {4x MSD Read Buffer T (Meso Scale Discovery) diluted two-fold using the ECL
dilution buffer), ECL measurements were taken. SECTOR Imager 2400 (Meso Scale Discovery)
was used for taking the measurements.

Analyses were carried out by dividing the fluorescence intensity of the test antibody by
the fluorescence intensity of the standard antibody to calculate and compare the intensities by
defining the value for the standard antibody to be 1.

[Reference Example 5] Assessment of the SuRe™ ligand-binding ability

The ability to bind to the SuRe™ ligand was assessed by using Biacore™-T200 (GE
Healthcare Japan). HBS-EP+ (GE Healthcare Japan) was used for the running buffer, and an
amine coupling kit (GE Healthcare Japan) was used to covalently bind the Mab Select SuRe™
Ligand (GE Healthcare Japan) to the CM5 chip (carboxymethyl dextran-coated chip). The
antibody used as the analyte was prepared at 5 pg/ml. using HBS-EP+. Measurements were
carried out by first injecting the 5-pg/ml antibody solution at a flow rate of 10 ywL/min for 3
minutes, then switching to HBS-EP+, and measuring the response (RU) after allowing the flow
to continue for 0.5 minutes. After completion of the measurements, the serisor chip was
regenerated by washing with 10 mM Gly-HC1 at pH 1.5 . For the control flow cell, a similar
experiment was performed without covalent bonding of the ligand to the chip, and the affinity
for the SuRe™ ligand was analyzed by taking the difference between the responses (RU).

Sequences corresponding to the SEQ ID NOs mentioned herein are shown in the Table
below.

Table 14
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SEQIDNO: Name SEQDNO: Name SEQ D NO: Name
GPC2 nuclealide sequence { NM_001164647.1 ) 81 TRO1HD'8 154 TRO1H098
2 GPC3 amine acid sequence { NP_001158089.1 ) 82 TROIHO19 155 TROTH100
3 Signal sequence 83. TRO1H020 156 TROTH101
4 T cell receptor a-chain peptide { CAA206636.1 } 84 TROTHO21 157 TROTH102
5 T cell receptor B-chain peptide ( C28777') 85 TROTHO22 158 TROTH103
6 T cefl receptor yi-chain peptide [ A26659 } 86 TRO1HO23 159 TRO1H104
7 T cell receptor y2-chain peplide { AABB3312.1 ) 87 TRO1HO24 160 TRO1H105
8 T cell receptor &~chain peptide { AAAG1033.1) 88 TR0O1H026 161 TROTH10E
9 CD3 y-chain nucieotide { NM_000073.2 ) 89 TRO1HO26 162 TRO1H107
10 CD3 §-chain nucleotide { NM_000732.4 ) 90 TROTHE27 163 TRO1H108
11 CD3 e-ghain nucleotide [ NM_000733.3 ). 94 TRO1HO28 164 TROIH108
12 CD3 y-chain peptide { NP_DD00B4.1 ) 92 TRO1H0?9 165 TRO1H110
13 CD3 B-chain peptide { NF_D00723.1 ) a3 TRO1HO30 186 TRD1H111
14 CD3 g-chain peptide { NP_000724.1 )} 94 TROTHON 167 TRO1H112
15~22  Peptide linker 95 TRO1HO32 168 TRO1H113
23 Human Gyt a6 TRG1HO33 168 TROtH114
24 Human Cy2 a7 TRO1HO34 170 GCHO03
25 Human Cy3 a8 TRO1THO3S 171 GCHOa5
26 Human Cy4 99 TRE1HO36 172 GCHO0E
27 FeyRI nucleatide { NM_000556.3 } 100 TRO1HO3Y 473 GCHOO?
28 FcyRI peptide { NP_000557.1 ) 101 TROTHO38 174 GCHODB
29 FeyRIA nucteotide ( BC020823.1 ) 102 TRO1HO39 175 GCHO10
30 FoyRIA peptide { AAH20823.1 ) 103 TRO1H040 176 GCHM2
31 FeyRIIB nueleoiide { BC146678,1 ) 104 TRO1HO41 177 GCHO13
a2 FoyRIB peptide { AAI46679.1 ) 105 TROtHO42 178 GCHO4
33 FeyRIA nuclectide { BC033678.1 ) 105 TRO1HD43 179 GCHO15
34 FoyRINA peptide { AAH33678.1 ) 107 TRO1HDA4 180 GCHO16
35 EcyRIB nucleatide ( BC128562.1.) 108 TROEHO45 181 GCHO19
36 FeyRINB paptide { AAI28563.1 ) 109 TRG1HO48 182 GCH022
37 Feregion (addiion of Atz the N teiminus of RefSeq accession number ARCBZ5271) 140 TROTHO47 183 GCHg23
38 Fe region {addtion of Ao the N teiminus of fle(Seq accession number AABS9393.1) 111 TROTHO48 184 GCHUZ5
39 Feregion (addiion of Ato the N terminiss of RefSeqaccession mumber AABS9394.1) 112 TRO1HO4S 188 GCHO26
4Q HO000, GPC3 H-chain variable region 113 TRO1HO50 186 GCHO27
41 GL4, GPC3 L-chain variable region 114 TRO1HO51 187 GCHO29
42 rCE118H, CE115 H-chain variable region 116 TRO1H052 188 GCHO32
43 rCE116L, CE115 L-chain variable region 116 TRO1HO52 189 GCHO34
44 Gidh 17 TRO1HCS4 190 GCHO35
48 ERY22 Hk 118 TRO1HO55 191 GCHO39
46 ERY22 Hh 119 TRO1HD56 192 GCHO40
A7 GL4-ERY22_Hk: 120 TRO1HO57 193 GCHO42
48 HOO0C-ERY22_L 121 TRO1HO58 194 BCHO43
49 rCE115H-ERY22_Rh 122 TRO1HO61 185 GCHO45
50 CE115L-k0 123 TROTHO62 146 GCHO53
&1 hCE115HL. (Heavy chain of humanized CE115) 124 TROTHOE3 197 GCHOS4
52 hCE115HA (Heavy chain of humanized CE115) 126 TRO1THO64 198 GCHO55
53 L0000 {Light chain of humanized CE115) 126 TRO1HOBS 199 GCHOB%
54 HODB0-ERY27_HK 127 TRO1HOG66 200 GCHO57
55 hCE115HA-ERY27_HE. 128 TROTHO67 201 GCHO58
56 LO000-kO 429 TRO1HOB3 202 GCHOB0
57 E22Hhk 130 TROAH0GY 203 GCHO61
58 EZ2Hk 1231 TRO1HO70 204 GCHO62
59 Hi-Kn010G3 132 TROTHOT1 205 GCHOB4
60 E2702GsKsc 133 TRO1HO72 206 GCHOBS
&1 E2704sEpsc 134 TROTHO72 207 GCRO66
62 E2702sKse 135 TRO1HO74 208 GCHOG7
63 kO 138 TROTHO?S 208 GCHO58
64 CE1156HATT? 137 TROTHGT6 210 GCHO73
65 CE115HATT8 138 TROTHOZT 211 GCHO94
68 CE115HA179 139 TRO1HO72 252 GCHO8B
87 CE115HA180 140 TRO1HO80 213 GCHO8%
68 hCE115HAa 1M TROTHOS1 244 GCH100
69 TRO1HD06 142 TRO1HOB2 215 HOG10
70 TRO1HOO7 143 TRG1HO083 218 LO00OvK Y
7 TRO1H008 144 TRO1HOB4 217 L0002
72 TROTHD09 145 TRO1H090D 218 L0002
73 TRDIHDIO 146 TRD1H091 219 LO0CE
74 TRO1HON 147 TRO1H0S2 220 LOBO7
75 TRO1HO42 148 TRO1HO93 221 LO0OS
6 TROTHO13 148 TROTHO24 222 LOGO2
H TROTHO14 150 TROTHO9S 223 Lo011
78 TROTHO1S 151 TRO1HO9S 224 Leo12
79 TRO1HO16 152 TRO1H097 225 L0013

80 TRC1HO17 153 TROTHOS3 1226 L0014
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SEQIDND: Nanie SEQIDNO; Name SEQ IO NC: Mame
LOD15 300 10202 373 TRO1LO1S
L0016 301 10203 374 TRO1LO16
1.0632 302 10204 375 TROILOTT
L0038 303 L0205 376 TRO{LO18
LO03g 304 L0206 377 TRO1LO19
LCD41 305 Lo207 378 TRO1LO20
L0042 308 10208 3rg TRO1L023
L0043 307 L0209 380 “TRO1L024
L0044 208 L0290 381 CE115HA122-E22Hh
L0045 308 LO211 382 CE115HA236-E22Hh
L0486 310 L0212 383 CE115HA251-E22Hh
L0047 311 L0213 384 GCHU54-E2704sEpse
Lous2 312 L0214 385 GCHO65-E2704sEpsc
L0063 "3 L0215 386 GCHO94-E2704sEpsc
LO064 314 L0216 387 HOB10-E2704sEpsc
LO0BS 315 L0217 388 hCE115HA-E22Hh
LO0GE 316 L0218 389 rCE1458-E22Hh
1.0059 N7 10219 390 rCE115H-E2702GsKsc
L0075 318 L0220 391 TRO1HO02-E22HN
LOGTS 319 L0222 392 TRO1HO15-E22HK
L0082 320 10223 393 TROTHO40-E2702GsKsc
L0085 21 L0224 384 TRO1HO61-E2702CsKse
LO08Y 22 L0226 395 TROTHUE7-E2702GsKse
L0090 323 L0227 396 TRO1H08B-E2702GsKsc -
L0091 324 L0228 397 TRO1H071-E2702GsKsc
L0092 325 L0229 388 TROTHOB2-E2702GsKsC
L0104 326 L0230 309 TRO1HD84-E2702GsKsc
L0106 327 L0234 400 TRO1H108-E2702GsKsc
Loio7 328 L0232 401 TRO1H113-E2702GsKsc
La109 329 L0233 402 TROTH113-E2702sKsc
L0113 33o L0234 403 GL4A-E22Hk
L0115 331 L0235 404 LODDO0-E22Hk
LO117 332 10238 405 HOG0e-E221
L0120 333 L0237 408 Hog10-E22L
Lo122 234 L0238 407 rCE145L-K0
L0123 335 L0239 408 GLS3108-kD
L0124 336 L0240 409 LOODC-KD
L0125 337 L0241 410 LO011-kO
L0126 338 L0242 431 LO201-40
LO127 339 Le243 412 1.0203-k0
L0128 340 L0246 413 1.0204-k0
L0132 kN L0247 414 L0206-k0
10124 342 L0248 415 L0208-%0
L0136 343 L0249 416 L0209-kD
10137 344 L0250 417 L0211.k0
L0138 345 L0258 418 1L0212-k0
L0138 346 10259 414 LO222-k0
L0140 347 L0260 420 TROTHOOY
LO144 348 LO261 421 TROAHI02.
10143 349 L0262 422 TRO1H003
L0144 350 L0263 423 TRO1HO04
LO145 351 L0264 424 rGCE115H
L0147 352 L0265 425 CE115HA121
10148 353 L0266 426 CE116HA122
L0149 354 L0257 427 CE115HA24
LO151 355 L0268 428 CE115HA182
LQ152 356 L0269 429 CE115HA236
10154 357 L0270 430 CE115HA251
L0156 358 L0271 431 CE115HA252
LO15T- 359 10272 432 E22L
L0180 360 TRO1LOOA
L0964 361 TRO1LOO2
10163 352 TROILOO3
LO167 363 TRO1LOD4
LO168 364 TRO1L:005
L0173 388 TRO1LUCS
L0175 366 TRO11.007
L0180 357 TRO11,008
L0181 368 TRO1LO0S
L0186 .369 TRO1LO10
L0187 ‘370 TROILOTY
L0200 371 TROILDI2
10201 372 TRO1LO13

111
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Industrial Applicability

The present invention provides novel multispecific antigen-binding molecules that
maintain the strong anti-tumor activity possessed by BiTE and the excellent safety property of
not inducing a cytokine storm or such independently from cancer antigen, and also have long
haif-lives in biood. Cytotoxicity-inducing agents that comprise an antigen-binding molecule of
ihe present invention as an active ingredient can target glypican 3-expressing cells and tumor
tissues containing these cells and induce cell injury. Administration of a multispecific antigen-
binding molecule of the present invention to patients makes it possible to have a desirable
treatment which not only has a high level of safety but also a reduced physical burden, and is
highly convenient.
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CLAIMS

1. Abispecific antibody of any one of (h1) to (h6) below:

(h1) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 211 and a constant region having the amino acid sequence
of SEQ ID NO: 61, an antibody H chain having T-cell receptor complex-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence. of SEQ [D NO: 142 and a constant region having the amino acid
sequence of SEQ ID NO: 80; and a common antibody L chain having the amino acid
sequence of SEQ ID NO: 223;

(h2) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 206 and a constant region having the amino acid
sequence of SEQ 1D NO:; 81; an antibody H chain having T-cell receptor complex-
binding activity that comprises an antibody H-chain variable region having the amino
acid sequence of SEQ ID NO: 142 and a constant region having the amino acid
sequence of SEQ ID NO: 80; and a common antibady L chain having the amino acid
sequence of SEQ 1D NO: 223;

(h3) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises .an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 206 and a constant region having the amino acid
sequence. of SEQ ID NQO: 61; an antibody H chain having T-cell receptor complex-
binding activity that comprises an antibody H-chain variable region having the amino
acid sequence of SEQ ID NO: 164 and a constant region having the amino acid
sequence of SEQ ID NO: 60; and a common antibody L. chain having the amino acid
sequence of SEQ ID NO: 223;

(h4) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 206 and a constant region having the amino acid
sequence of SEQ ID NO: 61; an antibody H chain having T-cell receptor complex-
binding activity that comprises an antibody H-chain variable region having the amino
acid sequence of SEQ D NO: 168 and a constant region having the. amino acid
sequence of SEQ |ID NO: 60; and a common antibody L chain having the amino acid
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sequence of SEQ 1D NO: 223;

(h5) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 206 and a constant region having the amino acid
sequence of SEQ [D NO: 61; an antibody H chain having T-cell receptor complex-
binding activity that comprises an antibody H-chain variable region having the amino
acid sequence of SEQ ID' NO: 168 and a constant region having the amino. acid
sequence of SEQ ID NO: 62; and ‘a common antibody L chain having the amino acid
sequence of SEQ [D NO: 223; and

(h8) a bispecific antibody having an antibody H chain having glypican 3-binding
activity that comprises an antibody H-chain variable region having the amino -acid
sequence of SEQ ID NO: 211 and a constant region having the amino acid sequence
of SEQ ID NO: 61; an antibedy H chain having T-cell receptor complex-binding
activity that comprises an antibody H-chain variable region having the amino acid
sequence of SEQ ID NO: 164 and a constant region having the amino acid
sequence of SEQ ID NO: 60; and a common antibody L chain having the amino acid
sequence of SEQ ID NO: 223.

2. The bispecific antibody of claim 1, further comprising a common L chain constant
region having the amino acid sequence of SEQ ID NO: 63.

3. A pharmaceutical composition comprising the bispecific antibody of claim 1 or 2
and a pharmaceutically acceptable carier.



