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Summary-etthe-lnvention
[Problems to be Solved by the Isventiondisclosure]

The present inventiondisclosure was achieved in view of the above circumstances. An

objective of the present inventiendisclosure is to provide pharmaceutical compositions comprising as
an active ingredient an antigen-binding molecule that induces an immune response in subjects
affected with cancer or infected with foreign biological species when administered to these subjects,
or therapeutic methods that use the pharmaceutical compositions. Another objective is to provide
pharmaceutical compositions comprising as an active ingredient an antigen-binding molecule that
induces the above-mentioned immune response and also has cytotoxicity (cytotoxic activity) or
antiproliferative action (cell proliferation inhibitory activity) against cancer cells or infecting foreign

biological species, or therapeutic methods that use the pharmaceutical compositions.

[Means for Solving the Problems]

The present inventors have discovered that in living organisms that have received an
antigen-binding molecule containing an antigen-binding domain whose binding activity against an
antigen changes depending on ion concentration conditions and containing an FcRn-binding domain
having FcRn-binding activity under a neutral pH range, immune responses to the antigen are induced.
Furthermore, the present inventors have discovered that in living organisms that have received an
antigen-binding molecule containing an antigen-binding domain whose antigen-binding activity
changes depending on ion concentration conditions and an FcRn-binding domain having
FcRn-binding activity under a neutral pH range, immune responses to the antigen are induced, and
the antigen-binding molecule can also have cytotoxicity or antiproliferative effect against cancer
cells, foreign biological species, or the like that express the antigen to which the antigen-binding
molecule binds. Based on these findings, the present inventors have elucidated that the

antigen-binding molecules of the present inventiendisclosure are useful
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as pharmaceutical compositions for inducing an immune response in a subject infected with a
foreign biological species or affected with cancer when administered to the subject. The
present inventors have also elucidated that the antigen-binding molecules of the present
invention-disclosure are useful as pharmaceutical compositions that, when administered to a
subject infected with a foreign biological species or affected with cancer, induce an immune
response in the subject and also have cytotoxicity or antiproliferative effect against the cancer
cells and foreign biological species. Methods for producing these pharmaceutical compositions

have also been discovered.

In one aspect, there is provided a method for producing a pharmaceutical composition which

nduces an immune response, which commprises the steps ol

{a) determining the antigen-binding activity of an anticen-binding domain under a high calcium

ion concentration condition:

{b) determining the antigsen-bindine activity of the antigen-binding domain under a low calcium

ion conceniration condition:

(¢) selecting the antigen-bindine domain whose antigen-binding activity determined in () is

hizher than that determined in (b);

(d) linkine a polyvnucleotide encoding the antigen-binding domain selected in (¢) to a

polynucleotide encoding an FcRn-binding domain having FeRn-binding activity in a neutral pH

range,

(e} culturing a cell into which a vector to which the polynucleotide obtained in () is operably

linked has been introduced; and

(D) collecting an antigen-binding molecule from colture fluid of the cell cultured in (e).

In one aspect, there is provided a method for producing a pharmaceutical composition which

induces an immune response, which comprises the stens of:

{a) determining the antigen-binding activity of an antibody under a high calcium ion

concentration condition:

{b) determining the antigen-binding activity of the antibody under a low calcium ion

concentration condition:

{c) selecting the antibody whose antigen-binding activity determined in (a) is higher than that

determined in (b);

() Hoking a polvnucleotide encoding the antigen-binding domain of the antibody selected in

(¢) to a polynucleotide encoding an FeRu-binding domain having FeRn-binding activity in a

neutral pH range;

(e} culturing a cell into which a vector to which the polvnucleotide obtained in (d) is operably

linked has been introduced; and




10

15

20

25

30

35

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (&),

In one aspect, there is provided a method for producing an anticen-binding molecule, which

comprises the steps oft

(a) determining the antigen-binding activity of an antigen-binding domain in a neutral pH

range:
{b) determining the antigen-binding activity of the antigen-binding domain in an acidic pH
range;

{¢) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is

“higher than that determined in (b):

(d} linking a polynucleotide encoding the antisen-bindine domain selected in (¢) to a

polvnucleotide encoding an FeRn-bindine domain having FcBRn-bindine activity in a neutral pH

range:;
(e} culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably

linked has been introduced: and

(1) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

In one aspect, there is provided a method for producing an antigen-binding molecule, which

comprises the steps of:

{(a) determining the antigen-binding activity of an antibodv in a neutral pH range:

(b} determinine the antigen-binding activity of the antibody in an acidic pH range:

{¢) selecting the antibody whose antigen-binding activity determined in (a) is higher than that

determined in (b):

(d) linking a polvnucleotide encoding the antigen-binding domain of the antibodv selected in

{¢) to a polvnucleotide encoding an FeRn-binding domain having FeRn-bindine activitvin a

neutral pH range:

(&) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably

linked has been introduced; and

(11 collectine an antisen-binding molecule from culture fluid of the cell cultured in {e).

More specifically, the present inventiondisclosure provides [1] to [47] below:
[1] a pharmaceutical composition that induces an immune response to an antigen, which
comprises as an active ingredient an antigen-binding molecule, wherein the antigen-binding
molecule comprises an antigen-binding domain whose binding activity to the antigen changes
depending on an ion concentration condition and comprises an FcRn-binding domain having

binding activity to FcRn in a neutral pH range;
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[2] the pharmaceutical composition of [1], wherein the ion concentration is a calcium ion
concentration;

[3] the pharmaceutical composition of [2], wherein the antigen-binding domain is an
antigen-binding domain whose antigen-binding activity is higher under a high calcium ion
concentration condition than under a low calcium ion concentration condition;

[4] the pharmaceutical composition of [1], wherein the ion concentration condition is a pH
condition;

[5] the pharmaceutical composition of [4], wherein the antigen-binding domain is an
antigen-binding domain whose antigen-binding activity is higher in a neutral pH range than
under an acidic pH range;

[6] the pharmaceutical composition of any one of [1] to [5], wherein the antigen-binding
molecule has neutralizing activity against the antigen;

[7] the pharmaceutical composition of any one of [1] to [6], wherein the antigen-binding
molecule has cytotoxic activity against a cell expressing the antigen;

[8] the pharmaceutical composition of any one of [1] to [7], wherein the FcRn-binding domain
comprises an antibody Fc region;

[9] the pharmaceutical composition of [8], wherein the Fc region is an Fc region in which at least
one or more amino acids selected from the group consisting of amino acids at positions 257, 308,
428, and 434 according to EU numbering in the Fc region are different from amino acids at
corresponding positions in a naturally-occurring Fc region;

[10] the pharmaceutical composition of [8] or [9], wherein the Fc region comprises at least one

or more amino acids selected from the group consisting of:
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Glu at amino acid position 385;

Thr at amino acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427,

either Phe or Leu at amino acid position 428;

Met at amino acid position 429;

Trp at amino acid position 434;

Ile at amino acid position 436; and

any one of Gly, His, Ile, Leu, and Tyr at amino acid position 440;

according to EU numbering in the Fc region;

[46] the method of any one of [43] to [45], wherein the naturally-occurring Fe region is an Fc
region of any one of human IgG1, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according to EU numbering is a fucose-containing sugar
chain;

[47] the method of any one of [43] to [46], wherein the Fc region is modified so that the
percentage of the Fc region to which a fucose-deficient sugar chain is attached, or bisecting
N-acetylglucosamine is added, at position 297 according to EU numbering in the Fc region, will

become higher.

[Effects of the lnventiendisclosure]

The present inventiondisclosure provides pharmaceutical compositions comprising an
antigen-binding molecule that, when administered to a living organism, can not only exhibit
pharmacological actions on a target antigen but also induce an immune response to the target
antigen, which was not possible with conventional antibodies, and provides methods for
manufacturing them. This enables effective treatment of cancer and infectious diseases by
induction of immune response to a target antigen while having binding activity to the target
antigen and having cytotoxicity and antiproliferative activity against target cells, which was not

possible with conventional vaccines.

Brief Description of the Drawings

Fig. 1 shows changes in the concentration of soluble human IL-6 receptor in mice
plasma for the anti-mouse CD4 antibody administration group and the non-administration group
in a soluble human IL-6 receptor steady-state model. The horizontal axis shows the number of
days from anti-mouse CD4 antibody administration, and the vertical axis shows the plasma

concentration of soluble human IL-6 receptor.
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CLAIMS

1. A method for producing a pharmaceutical composition which induces an immune response,
which comprises the steps of:

(a) determining the antigen-binding activity of an antigen-binding domain under a high calcium
ion concentration condition;

(b) determining the antigen-binding activity of the antigen-binding domain under a low calcium
ion concentration condition;

(c) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is
higher than that determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain selected in (c) to a
polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a neutral pH
range; ,

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

2. A method for producing a pharmaceutical composition which induces an immune response,
which comprises the steps of:

(a) determining the antigen-binding activity of an antibody under a high calcium ion
concentration condition;

(b) determining the antigen-binding activity‘of the antibody under a low calcium ion
concentration condition; _ '

(c) selecting the antibody whose antigen-binding activity determined in (a) is higher than that
determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain of the antibody selected in
(c) to a polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a
neutral pH range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

3. A method for producing an antigen-binding molecule, which comprises the steps of:
(a) determining the antigen-binding activity of an antigen-binding domain in a neutral pH
range;

(b) determining the antigen-binding activity of the antigen-binding domain in an acidic pH
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range;

(c) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is
higher than that determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain selected in (c) to a
polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a neutral pH
range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

4. A method for producing an antigen-binding molecule, which comprises the steps of:

(a) determining the antigen-binding activity of an antibody in a neutral pH range;

(b) determining the antigen-binding activity of the antibody in an acidic pH range;

(c) selecting the antibody whose antigen-binding activity determined in (a) is higher than that
determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain of the antibody selected in
(c) to a polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a
neutral pH range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

5. The method of any one of claims 1 to 4, wherein the antigen-binding molecule has

neutralizing activity against the antigen.

6. The method of any one of claims 1 to 5, wherein the antigen-binding molecule has cytotoxic

activity against a cell expressing the antigen.

7. The method of any one of claims 1 to 6, wherein the FcRn-binding domain comprises an

antibody Fc region.

8. The method of claim 7, wherein the Fc region is an Fc region in which at least one or more
amino acids selected from the group consisting of amino acids at positions 257, 308, 428, and
434 according to EU numbering in the Fc region are different from amino acids at corresponding

positions in a naturally-occurring Fc region.
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9. The method of claim 7 or 8, wherein the Fc region comprises at least one or more amino
acids selected from the group consisting of:

Ala at amino acid position 257;

Pro at amino acid position 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

according to EU numbering in the Fc region.

10. The method of any one of claims 7 to 9, wherein the Fey receptor-binding activity of the Fc
region is higher than that of a naturally-occurring human IgG Fc region in which the sugar chain -

attached at position 297 according to EU numbering is a fucose-containing sugar chain.

11.  The method of claim 10, wherein the Fey receptor is FeyRIa, FeyRITa(R), FeyRIIa(H),
FeyRITb, FeyRIIa(V), or FeyRIITa(F).

12.  The method of claim 10 or 11, wherein the Fc region comprises at least one or more amino
acids selected from the group consisting of:

either Lys or Tyr at amino acid position 221;

any one of Phe, Trp, Glu, and Tyr at amino acid position 222;

any one of Phe, Trp, Glu, and Lys at amino acid position 223;

any one of Phe, Trp, Glu, and Tyr at amino acid position 224;

any one of Glu, Lys, and Trp at amino acid position 225;

any one of Glu, Gly, Lys, and Tyr at amino acid position 227;

any one of Glu, Gly, Lys, and Tyr at amino acid position 228;

any one of Ala, Glu, Gly, and Tyr at amino acid position 230;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 231;

any one of Glu, Gly, Lys, and Tyr at amino acid position 232;

any one of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr

at amino acid position 233;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 234;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 235;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 236; ,

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
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at amino acid position 237; ,

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 238;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr
at amino acid position 239;

any one of Ala, Ile, Met, and Thr at amino acid position 240;

any one of Asp, Glu, Leu, Arg, Trp, and Tyr at amino acid position 241;

any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr at amino acid position 243;

His at amino acid position 244;

Ala at amino acid position 245;

any one of Asp, Glu, His, and Tyr at amino acid position 246;

any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr at amino acid position 247;

any one of Glu, His, Gln, and Tyr at amino acid position 249;

either Glu or Gln at amino acid position 250;

Phe at amino acid position 251;

any one of Phe, Met, and Tyr at amino acid position 254;

any one of Glu, Leu, and Tyr at amino acid position 255;

any one of Ala, Met, and Pro at amino acid position 256;

any one of Asp, Glu, His, Ser, and Tyr at amino acid position 258;

any one of Asp, Glu, His, and Tyr at amino acid position 260;

any one of Ala, Glu, Phe, Ile, and Thr at amino acid position 262;

any one of Ala, Ile, Met, and Thr at amino acid position 263;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr
at amino acid position 264;

any one of Ala, Leu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Val, Trp,
and Tyr at amino acid position 265;

any one of Ala, Ile, Met, and Thr at amino acid position 266;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr at
amino acid position 267,

any one of Asp, Glu, Phe, Gly, Ile, Lys, Leu, Met, Pro, Gln, Arg, Thr, Val, and Trp at amino acid
position 268;

any one of Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 269;

any one of Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr at amino acid
position 270; |

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and
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Tyr at amino acid position 271;

any one of Asp, Phe, Gly, His, lle, Lys, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 272;

either Phe or Ile at amino acid position 273;

any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at

- amino acid position 274;

either Leu or Trp at amino acid position 275;

any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 276;

any one of Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp at
amino acid position 278;

Ala at amino acid position 279; ‘

any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at amino acid position 280;

any one of Asp, Lys, Pro, and Tyr at amino acid position 281;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 282;

any one of Ala, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid position 283;

any one of Asp, Glu, Leu, Asn, Thr, and Tyr at amino acid position 284;

any one of Asp, Glu, Lys, Gln, Trp, and Tyr at amino acid position 285;

any one of Glu, Gly, Pro, and Tyr at amino acid position 286;

any one of Asn, Asp, Glu, and Tyr at amino acid position 288;

any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at amino acid position 290;

any one of Asp, Glu, Gly, His, Ile, Gln, and Thr at amino acid position 291;

any one of Ala, Asp, Glu, Pro, Thr, and Tyr at amino acid position 292;

any one of Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino acid
position 293;

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 294; ,

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, and Val at amino
acid position 296;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Met, Asn, Gln, Arg, Thr, Val, Trp, and Tyr at amino
acid position 298;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, and
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Tyr at amino acid position 299;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp
at amino acid position 300;

any one of Asp, Glu, His, and Tyr at amino acid position 301;

Ile at amino acid position 302;

any one of Asp, Gly, and Tyr at amino acid position 303;

any one of Asp, His, Leu, Asn, and Thr at amino acid position 304;
any one of Glu, Ile, Thr, and Tyr at amino acid position 305;

any one of Ala, Asp, Asn, Thr, Val, and Tyr at amino acid position 311;
Phe at amino acid position 313;

Leu at amino acid position 315;

either Glu or GIn at amino acid position 317,

any one of His, Leu, Asn, Pro, Gln, Arg, Thr, Val, and Tyr at amino acid position 318;

~ any one of Asp, Phe, Gly, His, Ile, Leu, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid

position 320;

any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322;

Ile at amino acid position 323;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position 324;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gin, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 325;

any one of Ala, Asp, Glu, Gly, lle, Leu, Met, Asn, Pro, Gln, Ser, Thr, Val, Trp, and Tyr at amino
acid position 326;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Thr, Val, Trp, and Tyr
at amino acid position 327,

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 328;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 329;

any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 330;

any one of Asp, Phe, His, Ile, Leu, Met, Gln, Arg, Thr, Val, Trp, and Tyr at amino acid position’
331; )

any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp,

and Tyr at amino acid position 332;
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any one of Ala, Asp, Glu, Phe, Gly, His, lle, Leu, Met, Pro, Ser, Thr, Val, and Tyr at amino acid
position 333;

any one of Ala, Glu, Phe, Ile, Leu, Pro, and Thr at amino acid position 334;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val, Trp, and Tyr at amino acid
position 335;

any one of Glu, Lys, and Tyr at amino acid position 336;

any one of Glu, His, and Asn at amino acid position 337;

any one of Asp, Phe, Gly, Ile, Lys, Met, Asn, Gln, Arg, Ser, and Thr at amino acid position 339;
either Ala or Val at amino acid position 376;

either Gly or Lys at amino acid position 377;

Asp at amino acid position 378;

Asn at amino acid position 379;

any one of Ala, Asn, and Ser at amino acid position 380;

either Ala or Ile at amino acid position 382;

Glu at amino acid position 385;

Thr at amino acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427;

either Phe or Leu at amino acid position 428;

Met at amino acid position 429;

Trp at amino acid position 434;

Ile at amino acid position 436; and

any one of Gly, His, Ile, Leu, and Tyr at amino acid position 440;

according to EU numbering in the Fc region.

13. The method of any one of claims 10 to 12, wherein the naturally-occurring Fc region is an
Fc region of any one of human IgG1, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according to EU numbering is a fucose-containing sugar

chain.

14. The method of any one of claims 10 to 13, wherein the Fc region is modified so that the
percentage of the Fc region to which a fucose-deficient sugar chain is attached, or bisecting
N-acetylglucosamine is added, at position 297 according to EU numbering in the Fc region, will

become higher.
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CLAIMS

I. A pharmacéutical composition that induces an immune response to an antigen, which
comprises as an active ingredient an antigen~biading molecule, wherein the antigen-binding

molecule comprises an'anﬁgehubinding domain whose binding activity to the. antiger/changes
binding activity to FcRn in a neutral pH range.

2. The pharmaceutical composition of claim 1, wherein the ion concentrgion is 2 calcium ion.

3. The phariaceutical composition of claim 2, wherein the antigén-binding domain is an
antigen-binding domain whose antigen-binding activity is highef under a high calciom ion

concentration condition than under a low calctum ion concentration condition.

aceutical composititn’ of claim 1, wherejs the ion concentration condition is a2 pH-

condition.

5. The pharmaceutical composition of claim 4 wherein the antigen-binding domain is an
antigen-binding domain whose antigen-bindigg activity is higher in a neutral pH range than
under an acidic pH range.

6. The pharmaceutical composition/of any one of claims 1 to 5, wherein the antigen-binding
molecule has neutralizing activity dgainst the antigen.

7. The pharmaceutical composition of any one of claims 1 to 6, wherein the antigen-binding

molecule has cytotoxic acyivity against a cell expressing the antigen.

8. The pharmaceutigal composition of any one of claims 1 to 7, wherein the FcRn-binding
domain comprises 4n antibody Fc region.

9. The phagmaceutical composition of claim 8, wherein the Fc region is an Fc region in which '
at least ong’or more amino acids selected from the group consisting-of amino acids at positions
257,309, 428, and 434 according to EU numbering in the Fc region are different from amino
acids At corresponding positions in a paturally-occurring Fe region.
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10. The pharmaceutical composition of claim 8 or 9, wherein the Fc region oerﬁprises at legét
one or more amino acids selected from the group consisting of: '
Ala at amino acid position 257;

Pro at amino acid positiori 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

-according to EU numbering in the Fe region.

11. The pharmaceutica}..composition of any one of claims 8 to 10, whefein the Fey
receptor-binding activity of the Fc region is higher than that of a natuyélly-occurring human IgG
Fe region in which the sugar chain attached at position 297 accordifig to EU numbering is a

fucose-containing sugar chain.

12. The pharmaceutical compositioﬁ of claim 11, whereiy the Fey receptor is FeyRla,
FeyRIa(R), FeyRIa(H), FeyRIIb, FeyRIITa(V), or FeyRIa(F).

13. The pharmaceutical ébmposition of claim 11 6r 12, wherein the Fc region is an Fc region in
which at least one or more amino acids selected from the group consisting of amino acids at
positions 221, 222, 223,224, 225, 227, 228, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239,
240, 241, 243, 244, 245, 246, 247, 249, 250/, 251, 254, 255, 256, 258, 260, 262, 263, 264, 265,
266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 278, 279, 280, 281, 282, 283, 284, 285,
286, 288, 290, 291, 292, 293, 294, 29%, 296,297, 298, 299, 300, 301, 302, 303, 304, 305, 311,
313,315,317, 318, 320, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337, 339, 376, 377, 378, 379, 380, 382, 385, 392, 396, 421, 427, 428, 429, 434, 436, and
440 according to EU numberigg in the Fc region are different from amino acids at corresponding
positions in a naturally-occprring Fe region.

14. The pharmaceuti€al composition of any one of claims 11 to 13, wherein the Fe region

. comprises at least ofie or more amino acids selected from the group consisting of:

either Lys or Tyr/Aat amino acid position 221;

any one of Phe] Trp, Glu, and Tyr at amino acid position 222;
any one of Phe, Trp, Glu, and Lys at amino acid position 223;
any one ¢f Phe, Trp, Glu, and Tyr at amino acid position 224;
any ope of Glu, Lys, and Trp at amino acid position 225;
any/one of Glu, Gly, Lys, and Tyr at amino acid position 227;
y one of Gle, Gly, Lys, and Tyr at amino acid position 228;
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any one of Ala, Glu, Gly, and Tyr at amino acid position 230;

any one of Glu, Gly, Lys 'Pxo" and Tyr at amino acid'position 231;
any one of Glu, Gly, Lys and Tyr at ammo acid posmon 232; : 4
any one of Ala, Asp, Phe, Gly, His, 1le, Lys Leu, Met, Asn, Gln, Arg, Ser, Thr, Val T éind Tyr
at amino acid position 233; ' "

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn Pro, Gln, Arg, Ser, Phr, Val, Trp, and
Tyr at amino acid position 234;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 235;

any one of Ala, Asp, Glu, Phe, His, Hle, Lys, Leun, Met, Asn, Pro Gln/Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 236;

any one of Asp, Glu, Phe, His, lle, Lys, Leu, Met; Asn, Pro, Gly Arg, Ser, Thr, Val, Trp, and Tyr

at amino acid position 237,

any one of Asp, Glu, Phe, Gly, His, Tle, Lys, Leu, Met, As ,Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 238; ‘

any one of Asp; Glu, ?he, Gly, His, Ile, Lys, Leu, Mg, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr

~ at amino acid position 239,

any one of Ala, Ile, Met, and Thr at amino acid/position 240;

any one of Asp, Glu, Leu, Arg, Trp, and Tys/At amino acid position 241;

any one of Leu, Glu, Leu, Gln, Arg, Trp, And Tyr at amino acid position 243;
His at amino acid position 244;

Ala at amino acid position 245;

any one of Asp, Glu, His, and Tyy’at amino acid position 246;

any one of Als, Phe, Gly, Hig, Hle, Leu, Met, Thr, Val, and Tyr at amino acid position 247,
any one of Gly, His, Gln, Tyr at amino acid position 249;

either Glu or Gln at aminé acid position 250;

Phe at amino acid posjfion 251; :

any one of Phe, Mgt, and Tyr at amino acid position 254;

any one of Glu, Keu, and Tyr at amino acid position 255;

any one of Alg, Met, and Pro at amino acid position 256;

any one of Asp, Glu, Hié, Ser, and Tyr at amino acid position 258,;

“any one 6f Asp, Glu, His, and Tyr at amino acid position 260; -

any ofie of Ala, Glu, Phe, Ile, and Thr at amino acid position 262,
any one of Ala, Ile, Met, and Thr at amino acid position 263;

y one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr
at amino acid position 264,
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any one of Ala, Ile, Met, and Thr at amino acid posmon 266; :
any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, #nd Tyrat
amino acid position 267; '
any one of Asp, Glu, Phe, Gly, lle, Lys, Leu, Met, Pro Gln Arg, Thr, Val, and Trp at amino acid
position 268; :

any oné of Phe, Gly, His, Te, Lys, Leu,; Met, Asn, Pro, Arg, Ser, Thr, Val,
acid posttion 269;
any one of Glu, Phe, Gly, Hxs lle, Leu, Met, Pm Gln, Arg, Ser, Thr,/Trp, and Tyr at amino acid
position 270; ‘ '
any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys Leu, Met, As Gin, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 271;
any one of Asp, Phe, Gly, His, Ile, Lys, Len, Met, Pro, Azxg, Ser, Thr, Val, Trp, and Tyr ai aming
acid position 272; »

rp, and Tyr at amino

either Phe or [le at amino acid position 273;
any one of Asp, Glu, Phe, Gly, His, lle, Leu, Met/Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 274;

either Leu or Trp at amino acid position 275
any one of Asp, Giu, Phe, Gly, HIS, Tle, Let1, Met, Pm, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 276;

any one of Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro; Gln, Arg, Ser, Thr, Val, and Trp at
amino acid position 278; - '
Ala at amino acid position 279;
any one of Ala, Gly, His, Lyg, Leu, Pro, Gln, Trp, and Tyr at amino acid positi‘on 280;
any one of Asp, Lys, Pro,/And Tyr at amino acid position 281;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 282;

any one of Ala, Gly/His, Ile, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid position 283;

any one of Asp, Glu, Leu, Asn, Thr, and Tyr at amino acid position 284;

anysne of Asp, Glu, Gly, His, Ile, Gln, and Thr at amino acid ppsiiio_n 291,
v one of Ala, Asp, Ghy, Pro, Thr, and Tyr at amino acid position 292;
any one of Phe, Gly, His, Hle, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino acid
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position 293;
any one of Phe, Giy, His, ﬂe Lys, Leu Met, Asn Pro, Arg, Ser, Thr Val, Trp, and Tyr at afino

" acid p081t10n 204;

any one of Asp, Glu, Phe, Gly, His, 1le, Lys Met Asn Pro, Arg, Ser, Thr, Val. Trp, apfd Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, Tle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, #nd Val at amino
acid position 296;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys Leu, Met, Pro, Gln, Arw Ser, /Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Met, Asn, Gln, Arg, Thr/Val, Trp, and Tyr at amino
acid position 298;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asp, Pro, Gln, Arg, Ser, Val, Trp, and

“Tyr at amino acid position 299;

any one of Aia, Asp, Ghu, Gly, His, He, Lys, Leu, Met, As Pro, Gln, Arg, Ser, Thr, Val; and Trp

~ at amino acid position 300,

any one of 'Asp' Giu, His, and Tyr at amino acid posjtion 301;

Ie at amino acid position 302;

any one of Asp; Gly, and Tyr at émmo acxd posttion 303;

any one of Asp, His, Leu, Asn, and Thr at no acid position 304;

any one of Glu, Ile, Thr, and Tyr at aming/acid position 305;

any one of Ala, Asp, Asn, Thr, Val, and/Tyr at amino acid position 311;

Phe at amino acid position 313;

Leu at amino acid position 315;

either Glu or Gln at amino acid/position 317;

any one of His, Len, Asn, Pyé, Gln, Arg, Thr, Val, and Tyr at.amino acid position 318;

'any one of Asp, Phe, Gly,/His, Iie, Leu, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at anxine acid

position 320;

any one of Ala, Asp/Phe, Gly, His, Tle, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322;

Hle at amino acid position 323;

any one of #(sp, Phe, Gly, His, lle, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position ¥24;

any oné of Ala, Asp, Glu, Phe, Gly, st Iic Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and_
Tyt At amino acid position 325,

gly one of Ala, Asp, Glu, Gly, Ile, Len, Met, Asn, Pro, Gin, Ser, Thr, Val, Trp, and Tyr at amino
acid position 326;
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at amino acid position 327;

any one of Ala, Asp, Glu Phe, Gly, His,‘ Tle, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Va}/ Trp, and
Tyr at amino acid position 328; | '

any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Va Trp, and Tyr
at amino acid position 329;

any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, THr, Val, Trp, and Tyr
at amino acid position 330; '

any one of Asp, Phe, His, Ile, Lew, Met, Glin, Arg, Thr, Val, Trp, and Tyf at amino acid position
331; ' | , o

any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Ac;m Pro,/Gln, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332; '

anty one of Ala, Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Ser, Thr, Val, and Tyr at amino acid
position 333;

any one of Ala, Glu, Phe, Ile, Leu, Pro, and Thr at amigo acid position 334;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val, Trp, and Tyr at amino acid
position 335;

any one of Glu, Lys, and Tyr at amino acid pogition 336;

any one of Glu, His, and Asn at amino acid position 337;

any one of Asp, Phe, Gly, lle, Lys, Met, Asn, Gln, Arg, Ser, and Thr at amino acid position 339;

either Ala or Val at amino acid positio 376;
either Gly or Lys at amino acid posjtion 377,
Asp at amino acid position 378,
Asn at amino acid position 379,
any one of Ala, Asn, and Sex at amino acid position 380;
either Ala or Ile at aming/acid position 382,
Glu at amino acid posjfion 385;
Thr at amino acid position 392;
Leu at amino acid position 396;
Lys at amino a€id position 421;
Asn at amipb acid position 427;

either Ph¢ or Leu at amino acid position 428;
Met ay/amino acid position 429;
Trp/At amino acid position 434;

Ye at amino acid position 436; and

any one of Gly, His, Ile, Ley, and Tyr at amino acid position 440;
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19. The method of claim 18, wherei

IpG3, and human IgG4 in which the sugar cham attached at position 297 according 6 EU

numbering is a fucose-containing sugar chain.

'16.  The pharmaceutical composition of any one of claims 11 to 15, whereit the Fc region is

modified so that the percentage of the Fe region to which a fucose-deficigat sugar chain is
attached, or bisecting N—acetylgluccsamine, is added, at position 297 acéording to EU numbering

in the Fc region, will become higher.

. 17. A method for inducing an immune response in a living opganism, which comprises the step

of administering the antigen-binding molecule of aﬁy one of claims 1 to 16 to the living
organism. '

18. A method for producing an antigen-binding molecule that induces an immune response,
which comprises imparting FcRn-binding activity in a neutral pH range to an FoRn-binding
domain that is contained in an antigen-binding/molecule containing an antigen-binding domain

whose antigen-binding activity changes depénding on an ion concentration condition.

the ion concentration is a calcium ion concentration.

20. The method of claim 19, wherein the antigen-binding domain 1s an antigen-binding domain

whose antigen-binding activity is higher under a high calcium ion concentration condition than

neuirglizing activity against the antigen.

4. The method of any one of claims 18 to 23, wherein the antigen-binding molecule has
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cytotoxic activity against a cell expressing the antigen,

25, The method of any one of claims 18 to 24, wherein the FeRn-binding domain com: ) 15es an
- antibody Fc region.

26. The method of claim 25, comprising the step of substituting at least one or hore amino
acids selected from the group consisting of amino acids at positions 239, 252,257, 286, 307, 308,
428, and 434 according to EU numbering in the Fe region.

27. The method of claim 25 or 26, comprising the step of performing at least one or more
amino acid substitutions selected from the group consisting of;

amino acid substitution with Ala at position 257;

amino acid substitution with Pro at position 308,

amino acid substitution with Leu at position 428; and

amino acid substitution with Tyr at position 434,

according to EU numbering in the Fe region.

28. The method of any one of claims 25 to 27 £omprising the step of enhancing the Fey
receptor-binding activity of the Fe regidn as gompared to that of a naturally-occurring human
IgG Fc region in which the sugar chain attaéhed at position 297 according to EU numbering is a

“fucose-containing sugar chain.

29.  The method of claim 28, whs; éin the Fey receptor is FcyRIa, FeyRITa(R), FeyRITa(H),
FeyR1Ib, FeyRITa(V), or FeyRI¥a(F).

30. The method of claim Z8 or 29, comprising the steﬁ) of substituting at least one or more
amino acids selected frorh the group consisting of amino acids at positions 221, 222, 223, 224,
225,227, 228, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 243, 244, 243, 246,
247, 249, 250, 251/254, 255, 256, 258, 260, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271,
272,273,274, 2715, 276, 278, 2779, 280, 281, 282, 283, 284, 285, 286, 288, 290, 291, 292, 293,
294,295, 296,297, 298, 299, 300, 301, 302, 303, 304, 305, 311,313, 315, 317, 318, 320, 322,
323, 324, 325,326,327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 339, 376, 377, 378,
379, 380, 382, 385, 392, 396, 421, 427, 428, 429, 434, 436, and 440 according to EU numbering
¢ region.

1. The method of any one-of claims 28 to 30, comprising the step of performing at least one
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or more amino acid substitutions selected from the group consisting of:

amino acid substitution with either Lys or Tyr at position 221;

_ 'ammo acid substitution thh any one of Phe, Trp, Glu, and Tyr at position 222;
* amino acid subsﬂtutzon with any one of Phe Trp, Glu, and Lys at position 223;

amino acid substitution with any one of Phe, Trp, Glu, and Tyr at position 224;
amino acid substitution with any one of Glu, Lys, and Trp at position 225;

amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 227;
amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 228;

-amino acid substitution with any one of Ala, Glu, Gly, and Tyr at position/230;

amino acid substitution with any one of Ghu, Gly, Lys, Pro, and Tyr at position 231;

amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 232;

amino acid substitution with any one of Ala, Asp, Phe, Gly, His, e, Lys, Leu, Met, Asn, Gln,

Arg, Ser, Thr, Val, Trp, and Tyr at position 233; .

amino acid substitution with any one of ‘Ala, Asp, Glu, Phe,/Gly, His, Hle, Lys, Met, Asn, Pro, Gln,
Arg, .Ser,'Thr,_ Val, Trp, and Tyr at position 234; ‘ ,
amino acid suhstitution with any one of Ala, Asp, Glu,/Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 233,

amino acid substitution with any one of Ala, Asp/Glu, Phe, His, He, Lys, Leu, Met, Asn, Pro,

Gin, Arg, Ser, Thr, Val, Trp, and Tyr at positioy 236;

amino acid substitution with any one of Asp/ Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gin,

Arg, Ser, Thr, Val, Trp, and Tyr at positigh 237;
amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at pdsition 238;
amino acid substitution with any6ne of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Gin, Arg, Thr, Val, Trp, and Tyf at position 239; o
amino acid substitution witlf any one of Ala, lle, Met, and Thr at posi’tioh 240;
amino acid substitution with any one of Asp, Glu, Leu, Arg, Trp, and Tyr at position 241;
amino acid substitutiof with any one of Lew; Glu, Leu, Gin, Arg, Trp, and Tyr at position 243;
amino acid substitytion with His at position 244; |
amino acid subsifution with Ala at position 245;
amino acid suffstitution with any one of Asp, Glu, His, and Tyr at position 246;
amino acid ubstitution with any one of Ala, Phe, Gly, His, He, Leu, Met, Thr, Val, and Tyr at
position 247,
aming/acid substitution with any one of Glu, His, Gln, and Tyr at position 249;
amino acid substitution with either Glu or Gln at position 250;

ino acid substitution with Phe at position 251;
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amino acid substitution with any one of Phe, Met, and Tyr at position 254;
amino acid substitution with any one of Glu, Len, and Tyr at position 255;

© amino acid substitution with any one of Ala, Met, and Pro at’position 256;

amino acid substitution with any one of Asp, Glu, His, Ser, and Tyr at position 258;

amino acid substitition with any. one of Asp, Glu, His, and Tyr at position 260;

amino acid substitution with any one of Ala, Glu, Phe, Ile, and Thr at position 262,

amino acid substitution with any one of Ala, Hle, Met, and Thr at position 263;

amino acid substittion with any one of Asp, Glu “Phe, Gly, His, lle, Lys, Yeu, Met; Asn,v ?1;0,
Gln, Arg, Ser, Thr, Trp, and Tyr at position 264; '

amino acid substitution with any one of Ala, Leu, Phe, Gly, Hxs, Le, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Val, Trp, and Tyr at position 265;

amino acid substitution with any one of Ala, Ile, Met, and Thr af position 266; _

amino acid substitution with any one of Asp, Glu, Phe, His, e, Lys, Leu, Met, Asn, Pro, Gla,
Arg, Thr, Val, Trp, and Tyr at position 267, : .

amino acid substiftion with any one of Asp, Glu, Phe, Gly, De, Lys, Leu, Met, Pro, Gln, Arg,
Thr, Val, and Tip at position 268; |

amino acid substitution with any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, 'emd‘ Tyr at position 269;

amino acid substitation with any one of Glu,Phe, Gly, His, lle, Leu, Met, Pro, Gln, Arg, Ser, Thr,
Trp, and Tyr at position 270; '

amino acid substitution with any one of/Ala, Asp, Ghu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr £ position 271; |
amino acid substitution with any ofie of Asp, Phe, Gly, His, Ile, Lys, Leu, Mét, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 272, o

amino acid substitution with £ither Phe or Ile at posmon 273;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, lle, Leu, Met, Asn, Pro Arg, Ser,
Thr, Val, Trp, and Tyr gt position 274;

amino acid substitutién with either Leu or Trp at position 275;

arnino acid substiftion with any one of Asp, Ghu, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Ser, Thr,
Val, Trp, and T at position 276;

amine acid gdbstitution with any one of Asp, Glu,Giy, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, and Trp at position 278;

amino gcid substitution with Ala at position 279;

aminG acid substitution with any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at
pesition 280;

/amino acid substitution with any one of Asp, Lys, Pro, and Tyr at position 281;
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ammo acid substitution with any one of Ala, Gly, His, Tle, Lys, Leu, Met, Pro, Arg, and Ty, at

~-position 283;

amino acid substitution thh at posatxon 284 is any one of Asp, Glu, Leu, Asn Thr, apd Tyr;
amino acid substitution with any one of Asp, Glu, Lys, Gln, Trp, and Tyr at positioh 285;
amino acid substitution with any one of Glu, Gly, Pro, and Tyr at position 286;
amino acid substitution with any one of Asn, Aép, Glu, and Tyr at position 288;
amino acid substitution with any one of Asp, Gly, Hié? Leu, Asn, Ser, Thr, Arp, and Tyr at
position 290;

amino acid substitution with any one of Asp, Glu, Gly, His, Ile, Gln, ghd Thr at position 291;
amino acid suBStitutiOn with any one of Ala, Asp, Glu, Pro, Thr, apd Tyr at position 292;

amino acid substitution with any one of Phe, Gly, His, Ilc Leu, Met, Asn, Pro, Arg, Ser, Thr, Val,
Trp, and Tyr at position 293; ‘

amino acid substitution with any one of Phe, Gly, His, Tle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 294;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, e, Lys, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr at position 295;

amino acid substitution with any one of Ala, Asg, Ghy, Gly, His, Tle, Lys, Leu, Met, Asn, Gln,

© Arg, Ser, Thr, and Val at posmon 296;

amino acid substitution with any one of Agp, Glu, Phe, Gly, His, Iie, Lys, Leu, Met, Pro, Gin,
Arg, Ser, Thr, Val, Trp, and Tyr at positigh 297;
amino acid substitution with any one gf Ala, Asp, Glu, Phe, His, Hle, Lys, Met, Asn, Gin, Arg, Thr,

© Val, Trp, and Tyr at position 298;

amino acid substitution with any/one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Val, Trp, and Tyf at position 299;

amino acid substitution with any one of Ala, Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, and Trp at position 300;

amino acid substitution with any one of Asp, Glu, His, and Tyr at position 301;

amino acid substitytion with Ile at position 302;

. amino acid subspitution with any one of Asp, Gly, and Tyr at position 303;
~ amino acid syBstitution with at position 304 is any one of Asp, His, Leu, Asn, and Thry

amino acid Aubstitution with any one of Glu, lle, Thr, and Tyr at position 305;

amino agid substitution with any one of Ala, Asp, Asn, Thr, Val, and Tyr at position 311;
aming/acid substitution with Phe at position 313;

amjho acid substitution with Leu at posttion 315,

amino acid substitution with either Glu or Gln at position 317;
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amino acid substitution with any one-of His, Leu, Asn, Pro, Gln, Arg, Thr, Val, and Tyr at
position 318;

amino acid substitution with any one of Asp, Phe, Gly, Hxs Ile, Leu, Asn, Pro Ser, Thr, Val, Trp,
and Tyr at position 320;

amino acid substitution with any one of Ala, Asp, Phe, Gly, His, Ile; Pro, Ser, Thr, V&1, Trp, and
Tyr at position 322; '

amino acid substitution with Hle at position 323;

amino acid substitution with any one of Asp, Phe, Gly, His, Hle, Leu, Met, Pfo, Arg, Thr, Val, Trp,
and Tyr at position 324; ‘ .

amino acid substitution with ény one of Ala, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, Pro, G]n,
Axg, Ser, Thr, Val, Trp, and Tyr at position 325, _
amino acid substitution with any-one of Ala, Asp, Glu, Gly, Ile, Jleu, Met, Asn, Pro, Giln, Ser, Thr,
Val, Trp, and Tyr at position 326; |

amino acid substitution with any one of Ala, Asp, Giu Phe/Gly, His, Tle, Lys Leun, Me‘t Asn, Pro
Arg, Thr, Val, Trp, and Tyr at position 327;

amino acid substitution with any one of Ala, Asp, Glu/Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 328;

amino acid substitution with any one of Asp, Gl Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 329,

amino acid substitution with any one of Cyg, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro,
Arg, Ser, Thr, Val, Trp, and Tyr at positiof 330;

amino acid substitution with any one of Asp, Phe, His, lle, Leu, Met, Gln, Arg, Thr, Val, Trp,iand
Tyr at position 331; '

amino acid substltution with any/6mne of Ala, Asp, Glu, Phe, Gly, His, Lys Leu Met, Asn, Pro,
Gin, Arg, Ser, Thr, Val, Trp, agd Tyr at position 332;

amino acid substitution wity any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Ser, Thr,
Val, and Tyr at posifion 353;

amino acid substitutiod with any one of Ala, Glu, Phe, Ile, Leu, Pro, and Thr at position 334;
azﬁino acid substityfion with any one of Asp, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val,
Trp, and Tyr at pesition 335; |

amino acid sufstitution with any one of Glu, Lys, and Tyr at position 336;

amino acid 4ubstitution with any one of Glu, His, and Asn at position 337;

amino agid substitution with any one of Asp, Phe, Gly, le, Lys, Met, Asn, Gln, Arg, Ser, and Thr
at position 339; |

amjfio acid substitution with either Ala or Val at position 376;

amino acid substitution with either Gly or Lys at position 377;
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amino acid substitution with Asp at position 378;

amino acid substitution with Asn at position 379;

amino acid substitution with any one of Ala, Asn, and Ser at position 380;
amnino acid substitution with either Ala or Ile at'poéition'382;

armino acid substitution with Glu at posiﬁo.n 385;

amino acid substitution with Thr at position 392;

amino acid substitution with Leu at position 396;

amino acid substitution with Lys at position 421,

amino acid substitution with Asn at position 427;

© amino acid substitution with either Phe or Leu at position 428;

amino acid sﬁbstitution with Met at position 429,

amino acid substitution with Trp at position 434;

amnino acid substitution with Tle at position 436; and

amino acid substitution with any one of Gly, His, Hle, Leu, apd Tyr at position 440,

according to EU numbering in the Fc region.

32. The method of any one of claims 28 to 31, whefein the naturally-occurring Fe region is an |
Ec region of any one of human IgG1, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according #0 EU numbering is a fucose-containing sugar
chain. '

33. The method of any one of claims 28 to 32, comprising the step of modifying the Fe region
so that the percentage of the Fc regiofi to which a fucose-deficient sugar chain is attaéhed, or
bisecting N-acetylglucosamine is #dded, at position 297 according to EU numbering in the Fe
region, will become higher. ; '

34. Amethod for produging a pharmaceutical composition which induces an immune response,
which comprises the stgps of:

(2) determining the/Antigen-binding activity of an antigen-binding domain under a high calcium |
ion concentration condition,

(b) determiming the antigen-binding activity of the antigen-binding domain under a low calcium

ion concentrdtion condition;

(d)finking a polynucleotide encoding the antigen-binding domain selected in (¢) to a
polymcleotide encoding an FcRn-binding domain having FcRu-binding activity in 2 neutral pH
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range;

(¢) culturing a cell into which a vector to which the polynucleotzde obtained in (d) is opergbly
linked has been introduced; and 4

¢4 coiiectmg an antigen-binding molecule from culture fluid of the cell cultured in ).

35. A method for producing a pharmaceutical composition which induces-an jhmune response,
which comprises the steps of:

(a) determining the anti gen~b1ndmg acthty of an anubody under a high gélcium ion
concentration condition; ' '

(b) determining the anugen—bin_ding activity of the antibody under afow calcium ion

' concentranon condition;

() selectmg the antibody whose antlgen«bmdmg acthty detepmined in (a) is hjgher than that
determined in (b);

(d) linking a polynucleotide encoding the antwembmdm domain of the antibody selected in
(c) to a polynucleotide encoding an FcRn-binding domgin having FeRn-binding activity in a
neutral pH fange;

() culturing a cell into which a vector to which Ke polynucleotide obtained in {d) is operably
linked has been introduced;} and

() collecting an antigen-binding molecule ffom culture fluid of the cell cultured in (e).

36. A method for producing an amig‘ -binding molecule, which comprises the steps of:

(a) determining the antigen-binding/activity of an antigen-binding domain in a neutral pH
range; . |

(b) determining the antigen-bidding activity of the antigen-binding domain in an acidic pH
range; o ‘

(c) selecting the antigen-Kinding domain whose antigen-binding acti‘}ity determined in (a) is
higher than that determified in (b);

(d) linking a polymytleotide encoding the antigen-binding domain selected in (¢) to a
polynucieotide endoding an FeRn-binding domain having FcRn-binding activity in a neutral pH

(e) culturing a cell into which a vector to thch the polynucleotxde obtained in (d) is operably .
linked hag/been introduced; and
() colfecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

37, Amethod for producing an antigen-binding molecule, which comprises the steps oft
(a) determining the antigen-binding activity of an antibody in a neutral pH range;
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(b) determining the antigen-binding activity of the antibody in-an acidic pH range;

(¢) selecting the antibody whose antigen-binding activity determined in (a) is higher than th,
determined in (b); ,

(d) linking a polynucleotide en‘cdding the antigen-binding domain Qf‘fhe antibody selegfed in

~ (c) to a polynucleotide encoding an FcRn-binding domain having FcRn—biﬁding actf TI:;/ ma

neutral pH range;
-(e) culturing a cell into which a vector to which the polynucleotide obtained iy{d) is operably
linked has been introduced; and '

- (f) collecting an antigen-binding molecule from culture fluid of the cell ¢altured in (e).

38. The method of any one of claims 34 to 37, wherein the aﬁtige inding molecule has

neutralizing activity against the antigen.

39. The method of any one of claims 34 to 38, wherein thy/antigen-binding molecule has

cytotoxic activity against a cell expressing the antigen.

40. The method of any one of claims 34 to 39, whérein the FcRun-binding domain comprises an

antibody Fc region,

41. The method of claim 40, wherein the ¥c region is an Fc region in which at least one or
more amino acids selected from the groyp consisting of amino acids at positions 257, 308, 428,

and 434 according to EU ﬁumben'ng if the Fc region are different from amino acids at

“ corresponding positions in a naturgdly-occurring Fe region.

42, ‘The method of claim 40/or 41, wherein the Fe region comprises at least one or more amino
acids selected from the grofip consisting of:
Ala at amino acid positién 257;

Pro at amino acid pogition 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

according to/BU numbering in the Fc region.

43.
Fe yégion is higher than that of a naturally-occurring humean IgG Fe region in which the sugar

e method of any one of claims 40 to 42, wherein the Fey receptor-binding activity of the

cHain attached at pbsition 297 according to EU numbering is a fucose-containing sugar chain.
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44. The method ofclaim 43, wherein the Fey receptor is FoyR1a, FcyRIIa(R) FeyRIla(H),
FcyRHb FcyRIIIa(V) of FcyRHIa(F)

45. The method of claim 43 or 44, wherein the Fe region comprises at least one or fiore amino
acids selected from the group consisting of:-- ' o |
either Lys or Tyr at amino acid position 221;

any one of Phe, Tip, Glu, and Tyr at amino acid position 222;
any one of Phe, Trp, Glu, and Lys at amino acid position 223;
any one of Phe, Trp, Gly, and Tyr at amino acid position 224;
any one of Glu, Lys, and Trp at amino acid position 225;

any one of Glu; Gly, Lys, and Tyr at amino acid position 227;

any one of Ala, Glu, Gly, and Tyr at amino acid position 230;
any one of Glu, Gly, Lys, Pro, and Tyr at amino acid positjén 231

any one of Glu, Gly, Lys, and Tyr at amino acid positiory232;

any one of Ala, Asp, Phe, Gly, His, lle, Lys, Leu, Mej{ Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 233;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Ly
Tyr at amino acid position 234; _
any one of Ala, Asp, Glu, Phe, Gly, His, 11
Tyr at amino acid position 235;
any one of Ala, Asp, Glu, Phe, His, Ti¢} Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 236; :

Met, Asn, Pro, Gl Arg, Ser, Thr, Val, Trp, and

Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and

any one of Asp, Glu, Phe, His, ¢, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 237, ’
any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gin, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 2
e, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin, Arg, Thr, Val, Trp, and Tyr

239;

Ala atAmino acid posmon 245, .
any/one of Asp, Glu, His, and Tyr at amino acid position 246;
y one of Ala, Phe, Gly, His, lle, Leu, Met, Thr, Val, and Tyr at amino acid position 247,
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any one of Glu, His, Gln, and Tyr at amino acid position 249;
either Glu or Gln at amino acid position 250;
Phe at amino acid position 251;
any one of Phe, Met, and Tyr at amino acid position 254;
any one of Glu, Leu, and Tyr at amino acid position 255;
any one of Ala, Met, and Pro at amino acid position 256;
any one of Asp, Glu, His, Ser, and Tyr at amino acid position 258;
any one of Asp, Glu, His, and Tyr at amino acid position 260,
any one of Ala, Glu, Phe, Ile, and Thr at amino acid position 262;
any one of Ala, Ile, Met, and Thr at amino acid position 263;
any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gly, Arg, Ser, Thr, Trp, and Tyr
at amino acid position 264; | ,
any one of Ala, Leu, Phe, Gly, His, He, Lys, Leu, Met, Asn, Prd, Gln, Arg, Ser, Thr, Val, Val, Frp,
and Tyr at amino acid position 2635; |
any one of Ala, Ile, Met, and Thr at amino acid position 206;
any one of Asp, Glu, Phe, His, Tle, Lys Leu, Met, Asn/Pro, Gln, Arg, Thr, Val, Trp, and Tyr at
amino acid position 267,

any one of Asp, Glu, Phe, Gly, Hle, Lys, Leu, Mey/ Pro, Gln, Arg, Thr, Val, and Trp at amino acid
position 268;
any one of Phe, Gly, His, Jle, Lys, Leu, Me Asn Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 269;
arty one of Glu, Phe, Gly, His, Ile, Len/Met, Pro, Gln, Arg, Sex, Thr, Trp, and Tyr at amino acid
position 270;
any one of Ala, Asp, Glu, Phe, GJ#, His, Ile, 'Lys, Leu, Met, Asn, Gin, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 271/ '
any one of Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 272;
either Phe or e at amifio acid position 273;
any one of Asp, Gl Phe, Gly, His, e, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid positién 274;
either Leu or Pip at amino acid position 275;
any one of Asp, Glu, Phe, Gly, His, e, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid. posjtion 276;
any ope of Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Axg, Ser, Thr, Val, and Trp at
amjfo acid position 278, -
a at amino acid position 279;
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any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at amino acid position 280,

- any one of Asp, Lys, Pro, and Tyr at amino acid position 281;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 282; .
any one of Ala, Gly, His, Ile, Lys, Len, Met, Pro, Arg, and Tyr at amino acid pdsit;i_o 283;
any one of Asp, Ghu, Leu, Asn, Thr, and Tyr at amino acid position 284;

‘any one of Asp, Glu, Lys, Gln, Trp, and Tyr at amino acid position 285;

any one of Glu, Gly, Pro, and Tyr at amino acid position 286;

any one of Asn, Asp, Glu, and Tyr at amino acid position 288;

any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at amino acid position 290;

any one of Asp','(}lu, Gly, His, Iie, Gln, and Thr at amino acid pdsiti n 291;

any one of Ala Asp, Glu, Pro Thr, and Tyr at amino acid positio" 202,

any one of Phe Gly, His, Hle, Leu, Met, Asn, Pro, Arg, Ser, Thy/Val, Trp, and Tyr at amino acid
position 293; |
any one of Phe, Gly, His, Tle, Lys, Leu, Mat Asn Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 294;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Agh, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, lle, Lys Lef, Met, Asn, Gin, Arg, Ser, Thr, and Val at amino
acid position 296;

any one-of Asp, Glu, Phe, Gly, His, Hle, Lys, Len, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, fle, Lys, Met, Asn, Gln, Arg, Thr, Val, Trp, and Tyr at amino
acid position 298; |
any one of Ala, Asp, Glu, Phe

ly, His, Tle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, and
Tyr at amino acid position 289; '
any one of Ala, Asp, Glu/Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp

any one of Asp, His, Leu, Asn, and Thr at amino acid position 304;
any one 6f Glu, Ile, Thr, and Tyr at amino acid position 305;

‘ any ope of Ala, Asp, Asn, Thr, Val, and Tyr at amino acid position 311;
' Phe/at amino acid’ position 313;

e at amino acid position 315;

etther Ghu or Gin at amino acid position 317
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any one of Asp, Phe, Gly, His, e, Len, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid

position 320;

any one of Ala, Asp, Phe, Gly, His, Tie, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322; ‘ o

Tle at amino acid position 323;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr af amino acid
position 324;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gin, A1 Ser, Thr, Val, Trp, and

Tyr at amino acid position 325;

any one of Ala, Asp, Glu, Gly, Tle, Leu, Met, Asn, Pro, Gln, Ser, Ti, Val, Trp, and Tyr at armno
acid position 326; ‘ :
any one of Ala, Asp’ Glu, Phe Giy His, Ile, Lys, Leun, Met n, Pro, Arg, Thr, Val, Trp, and Tyr

at amino acid position 327,

~any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, An, Pro, Gln, Arg, Ser, Thr, Val, Trp, and

Tyr at amino acid position 328;
any one of Asp, Glu, Phe, Gly, His, ile, Lys, Leu, ¥iet, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 329, '
any one of Cys, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 330; ‘ ' ‘
any one .of Asp, Phe, His, lle, Leu, Met,/Gln, Arg, Thr, Val Trp, a:nd Tyr.at amino acid position
331,
any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332, '
arry one of Ala, Asp, Glu, Phé, Gly, His, Ile, Leu, Met, Pro, Ser, Thr, Val and Tyr at amino acid
position 333; .
any one of Ala, Glu, Phé, Ile, Leu, Pro, and Thr at amino acid position 334;
any one of Asp, Phe/Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val, Trp, and Tyr at amino acid
position 335; | '
any one of Gl Lys, and Tyr at amino acid position 336;
any one of (4lu, His, and Asn at amino acid position 337,
any ane of Asp, Phe, Gly, Ile, Lys, Met, Asn, Gin, Arg, Ser, and Thr at amino acid position 339;
either Ala or Val at amino acid position 376;
eithér Gly or Lys at amino acid position 377;

sp at amino acid position 378;
Asn at amino acid position 379;
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any one of Ala, Asn, and Ser at amino acid position 380;
either Ala or Ile at amino acid position 382;
Glu at amino acid position 385;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427;

either Phe or Leu at amino acid posttion 428;
Met at amino acid position 429;

Trp at amino acid position 434,

Tle at amino acid position 436; and

any one of Gly, His, le, Leu, and Tyr at amino acid position 44
according to EU numbering in the Fc region. '

46. The method of any one of claims 43 to 45, wherei

Fe region of any one of human Ig(}l; human IgG2,

the naturally-occurring Fe region is an
man IgG3, and human 1gG4 in which the
sugar chain attached at position 297 according toBU numbering is a fucose-containing sugar
chain. ’

47. The method of any one of claims 4310 46, wherein the Fc region is modified so that the
percentage of the Fe region to which a/fucose-deficient sugar chain is attached, or bisecting
N-acetylglucosamine is added, at pgéition 297 according to EU numbering in the Fc region, will

become higher.




