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as pharmaceutical compositidns for inducing an immune response m a subject infected with a foreign
biological species or affected with cancer when administered to the subject. The present inventors have also
clucidated that the antigen-binding molecules of the present 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
thé cancer cells &na foreign biological species. Methods for producing these pharmaceutical compositions
have also been discovered.

In one apect, there 1s provided a pharmaceutical composition that induces an immune response to an
antigen, which comprises as an active ingredient an antibody, wherein the antibody 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 FcRa in a neutral pH range,
wherein the antigen-binding domain comprises; (i) an antibody variable region in which at least one or more
amino acids selected from the group consisting of amino acids at positions 95, 96, 100a and 101 according to
Kabat mumbering in the antibody heavy chain variable region and amino acids at positions 30, 31, 32, 50 and

92 according to Kabat numbering in the antibody light chain variable region are amino acids having a

metal-chelating activity and the antiven-binding activitv is vher under a hioh caloiom ion concentration

at least one or more amino acids are Tis and the antteen-binding activity is higher in a neutral oM ranee than in

an acidic pH ranee, and wherein the FcRa-binding domain comprises an antibody 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

naturatly-occurring human 120G Fo region.

In one aspect, there 1s provided the use of the antibody as defined herein in the manufacture of a
medicament for inducing an immune response in a living organism.

In one aspect, there is provided a method for producing an antibody that induces an immune response,
which comprises imparting FcRn-binding activity in a neutral pH range to an FecRn-binding domain that is contained
in an antibody containing an antigen-binding domain whose antigen-binding activity changes depending on an ion
concentration condition, wherein the antigen-binding domain comprises: (i} an antibody variable region in which at
least one or more amino acids selected from the group consisting of amino acids at positions 95, 96, 100a and 101

according to Kabat numbering in the antibody heavy chain variable region and amino acids at positions 30, 31, 32,

50 and 92 according to Kabat numbering in the antibody light chain variabie region are amino acids having a

metal-chelating activity and the antiven-binding activiry is higher under 2 high caloium ion concentration conditon

more amine acids are His agd the antigen-binding activity is higher in 2 newiral pb range than in an acidic pH range,

and wherein the FcRn-binding domain comprises an antibody 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
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434 according to EU numbering in the Fc région are different from amino acids at corresponding
positions in a naturally-occurring human IgG Fe region.

More specifically, the present disclosure 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;

[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 1s 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 neufralizing activity against the antigen;

[7] the pharmaceutical composition of any one of [1] to [6], wherein the antigen-binding
molecule has cyvtotoxic 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 anttbody 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 Fe region are different from amino acids at
corresponding positions in a naturally-occurring Fe region;

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

or more amino acids selected from the group consisting of:
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CLAIMS

I. A pharmaceutical composition that induces an immune response to an antigen, which
comprises as an active ingredient an antibody, wherein the antibody 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, wherein the antigen-binding domain comprises:

(1) an antibody variable region in which at least one or more amino acids selected from the group

consisting of amino acids at positions 95, 96, 100a and 101 according to Kabat numbering in the
antibody heavy chain variable region and amino acids at positions 30, 31, 32, 50 and 92
according to Kabat numbering in the antibody light chain variable region are amino acids having
a metal-chelating activity and the antigen-binding activity is higher under a high calcium ion
concentration condition than under a low calcium ion concentration condition; or {ii} antibody
CDRs in which at least one or more amino acids are His and the antigen-binding activity is
higher in a neutral pH range than in an acidic pH range, and wherein the FcRn-binding domain
comprises an antibody Fe 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 human gQG Fc region.

2. The pharmaceutical composition of claim 1, wherein the antibody has neutralizing activity

against the antigen.

3. 'The pharmaceutical composition of claim 1 or 2, wherein the antibody has cytotoxic activity

against a cell expressing the antigen.

4. The pharmaceutical composition of any one of claims 1 to 3, 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 Fe region.
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5. The pharmaceutical composition of any one of claims 1 to 4, wherein the Fey
receptor-binding activity of the Fc region is higher than that of a naturally-occurring human IgG
Fe region in which the sugar chain attached at position 297 according to EU numbering is a

fucose-containing sugar chain.

6. The pharmaceutical composition of claim 5, wherein the Fey receptor is FeyRlIa, FeyR1Ia(R),
FeyRILa(H), FeyRIIb, FeyRIa(V), or FeyRIlla(l). '

7. The pharmaceutical composition of claim S or 6, wherein the Fe region 1s an Fe 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, 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 in the Fc region are different from amino acids at corresponding

positions in a naturally-occurring human IgG Fc region,

8. The pharmaceutical composition of any one of claims 5 to 7, 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 Ghu, Gly, Lys, and Tyr at amino acid position 227;

any one of Ghu, 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, lle, Lys, Leu, Met, Asn, Glun, 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, lle, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
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Tyr at amino acid position 235;

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

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

any one of Ala, lle, 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, lle, 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 26,

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

any one of Phe, Gly, His, lle, 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, lle, 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, Gin, Arg, Ser, Thr, Val, Trp, and Tyr
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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, Asn, Pro, Gln, Arg, Ser, Val, Trp, and
Tyr at amino acid position 299; |

any one of Ala, Asp, Glu, Gly, His, lle, 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;

lle 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, [le, Thr, and Tyr at amino acid position 303;

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, 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
posttion 320;

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

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

any one of Ala, Asp, Glu, Gly, Ile, 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 oné of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Glin, 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;
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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, Gin, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332;

any 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 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, lle, 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 lle 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, lle, Leu, and Tyr at amino acid position 440;

according to EU mimbering in the Fe region.

9. The pharmaceutical composition of any one of claims 5 to 8, wherein the naturally-occurring
human IgG Fc region is an Fc region of any one of human IgG1, human 1gG2, human IgG3, and
human IgG4 in which the sugar chain attached at position 297 according to EU numbering is a

fucose-containing sugar chain.

10. The pharmaceutical composition of any one of claims 5 to 9, wherein the Fc region is
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modified so that the percentage of the Fc region to which a fucose-deficient sugar chain is
attached, or bisecting NQacetyiglucosamine 1s added, at position 297 according to EU numbering

in the Fe region, will become higher.

11.  Use of the antibody of any one of claims 1 to 10 in the manufacture of a medicament for

mducing an Immune response in a living organism.

12. A method for producing an antibody that induces an immune response, which comprises
imparting FcRn-binding activity in a neutral pH range to an FcRn-binding domain that is
contained in an antibody containing an antigen-binding domain whose antigen-binding activity
changes depending on an ion concentration condition, wherein the antigen-binding domain
comprises: (1) an antibody variable region in which at least one or more amino acids selected
from the group consisting of amino acids at positions 95, 96, 100a and 101 according to Kabat
numbering in the antibody heavy chain variable region and amino acids at positions 30, 31, 32,
50 and 92 according to Kabat numbering in the antibody light chain variable region are amino
acids having a metal-chelating activity and the antigen-binding acitivty is higher under a calcium
ion concentration condition than under low calcium ion concentration condition; or (ii) antibody
CDRs in which at least one or more amino acids are His and the antigen-binding activity is
higher in a neutral pH range than in an acidic pH range, and

wherein the FeRn-binding domain comprises an antibody Fe 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 Fe region are different from amino acids at corresponding

positions in a naturally-occurring human IgG Fe region.
13.  The method of claim 12, wherein the antibody has neutralizing activity against the antigen.

14, The method of claim 12 or 13, wherein the antibody has cytotoxic activity against a cell

expressing the antigen.

15. The method of any one of claims 12 to 14, 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 Léu at position 428; and

amino acid substitution with Tyr at position 434,

according to EU numbering in the Fc region.
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16.  The method of any one of claims 12 to 15, comprising the step of enhancing the Fey
receptor-binding activity of the Fc region as compared to that of a naturally-occurring human
IgG Fcregion in which the sugar chain attached at position 297 according to EU numbering is a

fucose-containing sugar chain.

17.  The method of claim 16, wherein the Fey receptor is FoyRIa, FeyRIa(R), FeyRIIa(H),
FeyRlIIb, FeyRHIa(V), or FeyRITla(k).

18.  The method of claim 16 or 17, comprising the step of substituting 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, 263, 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, 293, 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

in the Fe region.

19.  The method of any one of claims 16 to 18, comprising the step of performing at least one

or more amino acid substitutions selected from the group consisting of:

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

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

amino acid substitution 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 posiﬁon 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 Glu, 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, Tle, 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, Tle, Lys, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 234;

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

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

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

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

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

annno acid substitution with any one of Ala, Ile, Met, and Thr at position 240;

amino acid substitution with any one of Asp, Glu, Leu, Arg, Trp, and Tyr at position 241,
amino acid substitution with any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr at position 243;
amino acid substitution with His at position 244,

amino acid substitution with Ala at position 245;

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

amino acid substitution with any one of Ala, Phe, Gly, His, lle, Leu, Met, Thr, Val, and Tyr at
position 247,

amino 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;

amino acid substitution with Phe at position 251;

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

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

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

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

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

amino acid substitution with any one of Ala, Leu, Phe, Gly, His, lle, 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, Tle, Met, and Thr at position 266,

amino acid substitution with any one of Asp, Glu, Phe, His, lle, Lys, Leu, Met, Asn, Pro, Gin,
Arg, Thr, Val, Trp, and Tyr at position 267; | |

amino acid substitution with any one of Asp, Glu, Phe, Gly, Ile, Lys, Leu, Met, Pro, Gln, Arg,
Thr, Val, and Trp at position 268;
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amino acid substitution with any one of Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 269;

amino acid substitution with any one of Glu, Phe, Gly, His, lie, Leu, Met, Pro, Gin, Arg, Ser, Thr,
Trp, and Tyr at position 270;

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

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

amino acid substitution with cither Phe or Ile at position 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 at position 274;

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

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

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

amino acid substitution with Ala at position 279,

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

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

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

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

amino acid substitution with at position 284 is any one of Asp, Glu, Leu, Asn, Thr, and Tyr;
amino acid substitution with any one of Asp, Glu, Lys, Gln, Trp, and Tyr at position 285;

amino acid substitution with any one of Glu, Gly, Pro, and Tyr at poéition 286;

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

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

amino acid substitution with any one of Asp, Glu, Gly, His, lle, Gln, and Thr at position 291;
amino acid substitution with any one of Ala, Asp, Glu, Pro, Thr, and Tyr at position 292;

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

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

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

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Pro, Gln,

Arg, Ser, Thr, Val, Trp, and Tyr at position 297,

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

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

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

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

amino acid substitution with Ile at position 302;

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

amino acid substitution with at position 304 is any one of Asp, His, Leu, Asn, and Thr;

amino acid substitution with any one of Glu, Ile, Thr, and Tyr at position 305;

amino acid substitution with any one of Ala, Asp, Asn, Thr, Val, and Tyr at postition 311;

amino acid substitution with Phe at position 313;

amino acid substitution with Leu at position 315;

amino acid substitution with either Glu or Gln at position 317;

amino acid substitution with any one of His, Leu, Asn, Pro, Gin, Arg, Thr, Val, and Tyr at

position 318;

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

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

amino acid substitution with lle at position 323;

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

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

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

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

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

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

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

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

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

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

amino acid substitution with any one of Ala, Glu, Phe, lle, Leu, Pro, and Thr at position 334;
amino acid substitution with any one of Asp, Phe, Gly, His, Tle, Leu, Met, Asn, Pro, Arg, Ser, Val,
Trp, and Tyr at position 335;

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

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

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

amino acid substitution with either Ala or Val at position 370;

amino acid substitution with either Gly or Lys at position 377,

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;

amino acid substitution with either Ala or Ile at position 382;

amino acid substitution with Glu at position 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 substitution with Met at position 429;

amino acid substitution with Trp at position 434,

amino acid substitution with le at position 436; and

amino acid substitution with any one of Gly, His, He, Leu, and Tyr at position 440,

according to EU numbering in the Fe region.
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20. The method of any one of claims 16 to 19, wherein the naturally-occurring human IgG Fe
region is an Fc region of any one of human [gG1, human IgG2, human 1gG3, and human IgG4 in
which the sugar chain attached at position 297 according to EU numbering is a fucose-containing

sugar chain.

21. The method of any one of claims 16 to 20, comprising the stcp of modifying the Fc region
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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1. A pharmaceutical composition that induces an immune response to an antigen, Avhich

comprises as an active ingredient an antibody, wherein the antibody comprises a
antigen-binding domain whose binding activity to the antigen changes dependm/; on an ion
concentration condition and comprises an FcRn-binding domain having bizai/ng activity to FeRn
in a neutral pH range, wherein the antigen-binding domain comprises an ahtibody variable
region in which at least one or more amino acids selected from the groyp consisting of amino
acids at positions 95, 96, 100a and 101 according to Kabat numbering in the antibody heavy
chain variable region and amino acids at positions 30, 31, 32, 50 aptd 92 according to Kabat
numbering in the antibody light chain variable region are aming/acids having a metal-chelating

activity or antibody variable region in

which at least one or more amino acids are His, and wherejst the FcRn-binding domain

comprises an antibody Fe region in which at least one or/nore 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 cofresponding positions in a
naturally-occurring Fe region.

2. The pharmaceutical composition of claigh 1, wherein the ion concentration is a calcium ion

concentration.

3. The pharmaceutical composition/of claim 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 co a{osition of claim 1, wherein the ion concentration condition is a pH

condition.

5. The pharmaceuntical composition of claim 4, wherein the antigen-binding domain 1s an
antigen-binding démain whose antigen-binding activity is higher in a neutral pH range than

under an acidic/pH range.

6. The pHfarmaceutical composition of any one of claims 1 to 5, wherein the antibody has
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cytotoxic activity against a cell expressing the antigen. /

10 )
15 y

20

30



10

I5

20

25

30

35

33 /! I

8. The pharmaceutical composition of any one of claims 1 to 7, wherein the Fc
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 Fec region.

9. The pharmaceutical composition of any one of claims 1 to 8 /wherein the Fey
receptor-binding activity of the Fc region is higher than that of/a naturally-occurring human IgG
Fe region in which the sugar chain attached at position 297 atcording to EU numbering is a

fucose-containing sugar chain.

10. The pharmaceutical composition of claim 9, whérein the Fey receptor is FeyRla,
FeyRITa(R), FeyRIla(H), FeyRlIlb, FeyRIIIa(V), or FeyRIIIa(F).

11. The pharmaceutical composition of claim/Q or 10, wherem the Fe¢ region 1s an Fe 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,
D40, 241, 243, 244, 245, 246, 247, 249, 750, 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, 2’45, 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, 378,3//9, 380, 382, 385, 392, 396, 421, 427, 428, 429, 434, 436, and

440 according to EU numbering in the Fc region are different from amino acids at corresponding

positions in a naturaﬁy—oce’{n'ing Fe region.

12.  The pharmaceutital composition of any one of claims 9 to 11, wherein the Fc region
comprises at least ope or more amino acids selected from the group consisting of:

either Lys or Tyr gt amino acid position 221; '

any one of PI:;/h*p, Ghlu, and Tyr at amino acid position 222,

any one of Pie, Trp, Ghu, and Lys at amino acid position 223;

any one of; /he, Trp, Ghy, and Tyr at amino acid position 224;

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

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

anyone of Glu, Gly, Lys, and Tyr at.amino.acid-position-228;

7
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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, Sei', Thr, Val,
at amino acid position 233;

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

any one of Ala, Asp, Ghu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Ar

hr, Val, Trp, and

Ser, Thr, Val, Trp, and
Tyr at amino acid position 235;

any one of Ala, Asp, Glu, Phe, His, e, Lys, Leu, Met, Asn, Pro, Gl
Tyr at amino acid position 236;

any one of Asp, Glu, Phe, His, lle, Lys, Leu, Met, Asn, Pro, Gl
at amino acid position 237;

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

at amino acid position 239;

n,ég, Ser, Thr, Val, Trp, and

, Arg, Ser, Thy, Val, Trp, and Tyr

, Gln, Arg, Ser, Thr, Val, Trp, and Tyr

any one of Ala, lle, Met, and Thr at amino acid position 240;
any one of Asp, Glu, Leu, Arg, Trp, and Tyr a/amino acid position 241;
any one of Leu, Glu, Leu, Gln, Arg, Trp, agd 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, 1I¢, Leu, Met, Thr, Val, and Tyr at amino acid position 247;

any one of Glu, His, Gln, and/'lir at amino acid position 249;

either Glu or Gln at amino Ka/cf:id position 250;

Phe at amino acid positioh 251;

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

any one of Glu, Lep{ind 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 fif;p, Glu, His, and Tyr at amino acid position 260;

any one Qf Ala, Glu, Phe, lle, and Thr at amino acid position 262;

any ogégof Ala, Tle, Met, and Thr at amino acid position 263,

any (‘5;16 of Asp, Glu, Phe, Gly, His, e, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr
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any one of Ala, Leu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, V. l,ép,

and Tyr at amino acid position 265;
any one of Ala, lie, 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, Tle, Lys, Leu, Met, Pro, Gln, Arg, Thr, Val, and/Trp at amino acid |
position 268;

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val
acid position 269;

any one of Glu, Phe, Gly, His, Tle, Leu, Met, Pro, Gln, Arg, Ser, Th
position 270;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asy

Tyr at amino acid posttion 271;

p, and Tyr at amino
Trp, and Tyr at amino acid

, Gln, Arg, Ser, Thr, Val, Trp, and
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 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, Led, Met, Pro, Arg, Ser, Thr, Val, Tip, and Tyr at amino
acid position 276;

any one of Asp, Glu, Gly, His, Ile, Lyg, 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,ZLeu, Pro, Gln, Trp, and Tyr at amino acid position 280;

any one of Asp, Lys, Pro, aiid 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, Tle, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid position 283;

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

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

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

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

mma;aé/ho-n@@ﬂlhe;@-l%mﬂisrﬂe;wheu—,——M-6%;‘A»sn;wPf@;—A-fg;H-Sef;q’»hr;"\fai,—“rFrprand-LFyr"atﬁamimr’ar:'r —
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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, lle, Lys, Met, Asn, Pro, Arg, Ser, Thr, Val, Tip,
amino acid position 295;
any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr,/4nd Val at amino
acid position 296;

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

d Tyr at

hr, Val, Trp, and Tyr
at amino acid position 297,

any one of Ala, Asp, Glu, Phe, His, He, Lys, Met, Asn, Glin, Arg, Thr,
acid position 298;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn
Tyr at amino acid position 299;

any one of Ala, Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn

at amino acid position 300;

al, Trp, and Tyr at amino
ro, Gln, Arg, Ser, Val, Trp, and
ro, Gln, Arg, Ser, Thr, Val, and Trp

any one of Asp, Glu, His, and Tyr at amino acid positién 301;
Ile at amino acid position 302;
any one of Asp, Gly, and Tyr at amino acid positign 303;

any one of Asp, His, Leu, Asn, and Thr at amind acid position 304;

any one of Glu, lle, Thr, and Tyr at amino acfd position 305;

any one of Ala, Asp, Asn, Thr, Val, and Tyf at amino acid position 311;
Phe at amino acid position 313;
Leu at amino acid position 315;
either Glu or Gln at amino acid p?,s’ition 317,

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

any one of Asp, Phe, Gly, Hisf fle, Leu, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid
position 320; ’/

any one of Ala, Asp, Ph%ﬁly, His, Ile, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322; /

Ile at amino acid position 323;

any one of Asp, I}i{e, Gly, His, lle, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position 324; szw

any one of Ayla, Asp, Glu, Phe, Gly, His, tle, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at ar ﬁ; acid position 325;

i

any on of Ala, Asp, Glu, Gly, lle, Leu, Met, Asn, Pro, Gln, Ser, Thr, Val, Trp, and Tyr at amino
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any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Thr, Val, Trp, and A'yr
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 postition 328;

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

any one of Cys, Ghu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Th

at amino acid position 330;

Trp, and Tyr
Val, Tip, and Tyr

any one of Asp, Phe, His, lle, Leu, Met, Gln, Arg, Thr, Val, Trp, and Tyr gt amino acid position
331;
any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Glf, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Se
position 333;

Thr, Val, and Tyr at amino acid

any one of Ala, Glu, Phe, Ille, 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 positioft 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 arhino acid position 380;
either Ala or lle at amino acid position 382;
Glu at amino acid position 385;

Thr at amine acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid/position 427,

either Phe or Lgu at amino acid position 42§;
Met at aming’ acid position 429;

Trp at amino acid position 434,

Ile at andino acid position 436; and

..any-gfie-ofGly-His; Hle, Leus-and - Tyr-at-amino-acid position-44d; -
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according to EU numbering in the Fc region.

13.  The pharmaceutical composition of any one of claims 9 to 12, wherein the
naturally-occurring Fc region is an Fe region of any one of human IgG1, human [gG2, human
1g(G3, and human IgG4 in which the sugar chain attached at position 297 according to EU

numbering is a fucose-containing sugar chain.

14. The pharmaceutical composition of any one of claims 9 to 13, wherein the Fe 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,

15. Use of the antibody of any one of claims 1 to 14 in thé manufacture of a medicament for

inducing an immune response in a living organism.

16. A method for producing an antibody that indyCes an immune response, which comprises
imparting FcRn-binding activity in a neutral pH fange to an FcRn-binding domain that is
contained in an antibody containing an antigf?i-binding domain whose antigen-binding activity
changes depending on an ion concentrationondition, wherein the antigen-binding domain

comprises an antibody variable region inAvhich at least one or more amino acids selected from

the group consisting of amino acids atpositions 95, 96, 100a and 101 according to Kabat
numbering in the antibody heavy chdin variable region and amino acids at positions 30, 31, 32,
50 and 92 according to Kabat numbering in the antibody light chain variable region are amino
acids having a metal-chelatingActivity or antibody variable region in which at least one or more
amino acids are His, and

wherein the FcRn—binding{i;main comprises an antibody Fe region in which at least one or more
amino acids selected ﬁ'gm the group consisting of amino acids at positions 257, 308, 428, and
434 according to EUfnumbering in the Fc region are different from amino acids at corresponding

positions in a natufally-occurring Fe region.

17. The method of claim 16, wherein the ion concentration is a calcium ion concentration.

'18.  THe method of claim 17, wherein the antigen-binding domain is an antigen-binding domain

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

-—yider-a-low-caletum-ion-eonecentration-condition. e
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19. The method of claim 16, wherein the ion concentration condition is a pH conditio

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

whose antigen-binding activity is higher in a neutral pH range than in an acidic pH range.

21. The method of any one of claims 16 to 20, wherein the antibody has re/utralizing activity

against the antigen.

22. The method of any one of claims 16 to 20, wherein the antibody has

U4
(& ]
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cytotoxic activity against a cell expressing the antigen.

23. The method of any one of claims 16 to 22, comprising the step of performing af Ieast 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.

24. The method of any one of claims 16 to 23, comprising tHe step of enhancing the Fey
receptor-binding activity of the Fc region as compared to that of a naturally-occurring human
IgG Fe region in which the sugar chain attached at position 297 according to EU numbering 1s a

fucose-containing sugar chain.

25. The method of claim 24, wherein the Fey ’écep_tor is FeyRIa, FeyRIla(R), FeyRITa(H),
FeyRITb, FeyRIHa(V), or FeyRITa(F).

26, The method of claim 24 or 25, comprising the step of substituting 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, 295, 296, 297, 298,299, 300, 301, 302, 303, 304, 305, 311, 313, 315, 317,318, 320, 322,
323, 324, 325, 326, 32/428, 329, 330, 331, 332, 333, 334, 335, 336, 337, 339, 376, 377, 378,
379, 380, 382, 385,392, 396, 421, 427, 428, 429, 434, 4306, and 440 according to EU numbering

in the Fc region,

27. Th7

thod of any one of claims 24 to 26, comprising the step of performing at least one




1]
>
g

10

15

20

25

30

35

or more amino acid substitutions selected from the group consisting of:

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

amino acid substitution with any one of Phe, Trp, Glu, and Tyr at position 222;
amino acid substitution 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 2
amino acid substitution with any one of Glu, Gly, Lys, and Tyr at positio
amino acid substitution with any one of Ala, Ghu, Gly, and Tyr at positién 230;

amino acid substitution with any one of Glu, Gly, Lys, Pro, and Tyr af 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/He, Lys, Leu, Met, Asn, Gin,
Arg, Ser, Thr, Val, Trp, and Tyr at position 233;

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 234;
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 235;

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

Gln, Arg, Ser, Thr, Val, Trp, and Tyr at position' 236;

Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at positiop 237,

amino acid substitution with any one of Asyy

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

amino acid substitution with any ofie of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Thr, Val, Trp, and Tyr/t position 239,

amino acid substitution with /z{n/y one of Ala, lle, Met, and Thr at position 240;

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

amino acid substitution

with any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr at position 243;
with His at position 244;

amino acid substitution with Ala at position 245,

amino acid substituti

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

amino acid 5}_ stitution with any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr at

substitution with any one of Glu, His, Gln, and Tyr at position 249;

amino #cid substitution with either Glu or Gln at position 250;
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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, Leu, 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 substitution 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 positiod 262;
amino acid substitution with any one of Ala, Tle, Met, and Thr at position 263;
amino acid substitution with any one of Asp, Glu, Phe, Gly, His, lle, Lyg, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Trp, and Tyr at position 264;

amino acid substitution with any one of Ala, Leu, Phe, Gly, His, Il
Arg, Ser, Thr, Val, Val, Trp, and Tyr at position 265;

amino acid substitution with any one of Ala, lle, Met, and Thr/t position 266;

Lys, Leu, Met, Asn, Pro, Gln,

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

amino acid substitution with any one of Asp, Glu, Phe,/Gly, lle, Lys, Leun, Met, Pro, Gln, Arg,
Thr, Val, and Trp at position 268;

amino acid substitution with any one of Phe, Gly, I/Iis, He, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 269; /

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

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

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

amino acid substitution with either Phe or lle at position 273;

amino acid sobstitution %y one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr at position 274;

amino acid substitution/with either Leu or Trp at position 273;

amino acid substiua/_){}/a with any one of Asp, Glu, Phe, Gly, His, [le, Leu, Met, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr af position 276;

amino acid sub {tution with any one of Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, 54 '

amino acid/substitution with Ala at position 279,

al, and Trp at position 278;

amino agid substitution with any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at
positioh 280; |

21711\_) acid-substitutionrwithanyone of Asp; Lys, Pro, and Tyr at position 281,
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amino acid substitution with any one of Glu, Gly, Lys, Pro, and Tyr at position 282;
amino acid substitution with any one of Ala, Gly, His, lle, Lys, Leu, Met, Pro, Arg, afd Tyr at

position 283; /

amino acid substitution with at position 284 is any one of Asp, Glu, Leu, Asn, Vhr, and Tyr;
amino acid substitution with any one of Asp, Glu, Lys, Gln, Trp, and Tyr at étion 285;

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

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

amino acid substitution with any one of Asp, Gly, His, Leu, Asn, Ser,},f"f hr, Trp, and Tyr at
position 290; / g

amino acid substitution with any one of Asp, Glu, Gly, His, Ile, @ﬁn, and Thr at position 291;
amino acid substitution with any one of Ala, Asp, Glu, Pro, T1, and Tyr at position 292;

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

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

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

-amino acid substitution with any one of Alagxsp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Gin,

Arg, Ser, Thr, and Val at position 296;

amino acid substitution with any one ofAsp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at pogition 297;

amino acid substitution with any ore of Ala, Asp, Glu, Phe, His, He, Lys, Met, Asn, Gln, Arg, Thr,
Val, Trp, and Tyr at position 2984

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Gin, Arg, Ser, Val, Trp, an '%yr at position 299;

amino acid substitution with any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin,
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 substitution with Ile at position 302;

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

amino acid gubstitution with at position 304 is any one of Asp, His, Leu, Asn, and Thr;

amino acid substitution with any one of Glu, Ile, Thr, and Tyr at position 305;
amino #eid substitution with any one of Ala, Asp, Asn, Thr, Val, and Tyr at position 311;

amind acid substitution with Phe at position 313;

fino acid substitution with Leu at position 315;

~
/

nrine acid substitution-with-either Glu-or-Gln-at- position-31

2
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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, His, Ile, Leu, Asn, Pro, Ser, Thr, ¥al, Trp,
and Tyr at position 320; '

amino acid substitution with any one of Ala, Asp, Phe, Gly, His, lle, Pro, Ser, Thr, ¥al, Trp, and
Tyr at position 322;

amino acid substitution with Ile at position 323;
amino acid substitution with any one of Asp, Phe, Gly, His, lle, Leu, Met, Pfo, Arg, Thr, Val, Tip,
and Tyr at position 324;

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

amino acid substitution with any one of Ala, Asp, Glu, Gly, lle, Leu, Met, Asn, Pro, Gln, Ser, Thr,
Val, Trp, and Tyr at position 320;

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

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

amino acid substitution with any one of Asp, Glu,/fhe, 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 Cys,/Gh, Phe, Gly, His, Ile, Lys, Leu,.Met, Asn, Pro,

amino/acid substitution with either Ala or Val at position 376;

ai‘ﬁ%,uv serd-substitationwith-either Gi_}/ or LYS at pOSitiOB 377

i
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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;
amino acid substitution with either Ala or He at position 382;

amino acid substitution with Glu at position 385; /
amino acid substitution with Thr at position 392; /
amino acid substitution with Leu at position 396; S

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 positky%%;

amino acid substitution with Met at position 429;

amino acid substitution with Trp at position 434;
amino acid substitution with Ile at position 4367 and
amino acid substitution with any one of Gly, His, lle, Leu, and Tyr at position 440,

according to EU numbering in the Fe region.

28.  The method of any one of _/e'faims 24 to 27, wherein the naturally-occurring Fe region is an
Fe region of any one of humaft IgG1, human IgG2, human IgG3, and human IgG4 in which the

sugar chain attached at p@éioa 297 according to EU numbering is a fucose-containing sugar

chain.




