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CLAIMS

An antibody, which has a human FcRn-binding activity in the acidic and
neutral pH ranges, and a lower antigen-binding activity in the acidic pH
range than in the neutral pH range, wherein the human FcRn-binding
activity in the neutral pH range is stronger than that of an unmodified
human IgG , wherein the ratio of antigen-binding activity in the acidic pH
range and neutral pH range 1s at least 2 in the value of KD (in the acidic
pH range)/KD (in the neutral pH range), wherein the antibody comprises
an amino acid mutation of the antigen-binding domain, which comprises a
substitution of histidine for at least one amino acid of the antigen-binding =
domain or the insertion of at least one histidine, wherein the antibody
comprises as the human FcRn-binding domain an Fc domain resulting
from substituting a different amino acid for at least one amino acid in the
Fc domain of parent human IgG, wherein the human FcRn-binding
domain is a human FcRn-binding domain comprising an amino acid
sequence with a substitution of a different amino acid for at least one
amino acid selected from those of positions 237, 238, 239, 248, 250, 252,
254,255,256, 257, 258, 265, 270, 286, 289, 297, 298, 303, 305, 307, 308, |
309,311,312, 314, 315, 317, 325, 332, 334, 360, 376, 380, 382, 384, 385,
386, 387, 389, 424, 428, 433, 434, and 436 (EU numbering) in the Fc
domain of parent IgG, wherein the antibody has the augmented ability of
an antibody to eliminate an antigen from plasma.

The antibody of claim 1, wherein the antigen-binding domain is obtained ;
from antigen-binding domain library.

The antibody of any one of claims 1 to 2, which comprises a human
FcRn-binding domain comprising amino acid substitution in the Fc
domain of parent IgG which comprises at least one amino acid
substitution selected from:

an amino acid substitution of Met for Gly at position 237;

an amino acid substitution of Ala for Pro at position 238;

an amino acid substitution of Lys for Ser at position 239;

an amino acid substitution of Ile for Lys at position 248;

an amino acid substitution of Ala, Phe, Ile, Met, Gln, Ser, Val, Trp, or Tyr .
for Thr at position 250;

an amino acid substitution of Phe, Trp, or Tyr for Met at position 252;
an amino acid substitution of Thr for Ser at position 254;

an amino acid substitution of Glu for Arg at position 255;

an amino acid substitution of Asp, Glu, or Gln for Thr at position 256;
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an amino acid substitution of Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, or
Val for Pro at position 257;

an amino acid substitution of His for Glu at position 258;

an amino acid substitution of Ala for Asp at position 265;

an amino acid substitution of Phe for Asp at position 270;

an amino acid substitution of Ala, or Glu for Asn at position 286;

an amino acid substitution of His for Thr at position 289;

an amino acid substitution of Ala for Asn at position 297;

an amino acid substitution of Gly for Ser at position 298;

an amino acid substitution of Ala for Val at position 303;

an amino acid substitution of Ala for Val at position 305;

an amino acid substitution of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met,
Asn, Pro, Gln, Arg, Ser, Val, Trp, or Tyr for Thr at position 307;

an amino acid substitution of Ala, Phe, Ile, Leu, Met, Pro, Gln, or Thr for
Val at position 308;

an amino acid substitution of Ala, Asp, Glu, Pro, or Arg for Leu or Val at
position 309;

an amino acid substitution of Ala, His, or Ile for Gln at position 311;

an amino acid substitution of Ala, or His for Asp at position 312;

an amino acid substitution of Lys, or Arg for Leu at.position 314;

an amino acid substitution of Ala, or His for Asn at position 315;

an amino acid substitution of Ala for Lys at position 317,

an amino acid substitution of Gly for Asn at position 325;

an amino acid substitution of Val for Tie at position 332;

an amino acid substitution of Leu for Lys at position 334;

an amino acid substitution of His for Lys at position 360;

an amino acid substitution of Ala for Asp at position 376;

an amino acid substitution of Ala for Glu at position 380;

an amino acid substitution of Ala for Glu at position 382;

an amino acid substitution of Ala for Asn or Ser at position 384;

an amino acid substitution of Asp, or His for Gly at position 385;

an amino acid substitution of Pro for Gln at position 386;

‘an amino acid substitution of Glu for Pro at position 387,

an amino acid substitution of Ala, or Ser for Asn at position 389;

an amino acid substitution of Ala for Ser at position 424;

an amino acid substitution of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn,
Pro, Gln, Ser, Thr, Val, Trp, or Tyr for Met at position 428;

an amino acid substitution of Lys for His at position 433;

an amino acid substitution of Ala, Phe, His, Ser, Trp, or Tyr for Asn at
position 434;
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and an amino acid substitution of His or Phe for Tyr at position 436in EU
numbering.

The antibody of any one of claims 1 to 2, whose human FcRn-binding
domain comprises at least one amino acid selected from:

Met at amino acid position 237;

Ala at amino acid position 238;

Lys at amino acid position 239,

Ile at amino acid position 248;

Ala, Phe, Ile, Met, Gln, Ser, Val, Trp, or Tyr at amino acid at position
250;

Phe, Trp, or Tyr as an amino acid position 252;

Thr at amino acid position 254;

Glu at amino acid position 255;

Asp, Glu, or Gln at amino acid position 256;

Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, or Val at amino acid position 257;
His at amino acid position 258;

Ala at amino acid position 265;

Phe at amino-acid position 270;

Ala or Glu at amino acid position 286;

His at amino acid position 289;

Ala at amino acid position 297,

Gly at amino acid position 298;

Ala at amino acid position 303;

Ala at amino acid position 305;

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser,
Val, Trp, or Tyr at amino acid position 307;

Ala, Phe, lle, Leu, Met, Pro, Gln, or Thr at amino acid position 308;
Ala, Asp, Glu, Pro, or Arg at amino acid position 309;

Ala, His, or Ile at amino acid position 311;

Ala or His at amino acid position 312;

Lys or Arg at amino acid position 314;

Ala or His at amino acid position 315;

Ala at amino acid position 317,

Gly at amino acid position 325;

Val at amino acid position 332;

Leu at amino acid position 334;

His at amino acid position 360;

Ala at amino acid position 376;

Ala at amino acid position 380;

Ala at amino acid position 382;
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Ala at amino acid position 384; 4

Asp or His at amino acid position 385;

Pro at amino acid position 386;

Glu at amino acid position 387,

Ala or Ser at amino acid position 389;

Ala at amino acid position 424;

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gln, Ser, Thr, Val, Trp,
or Tyr at amino acid position 428;

Lys at amino acid position 433;

Ala, Phe, His, Ser, Trp, or Tyr at amino acid position 434;

and His or Phe as an amino acid at position 436 (EU numbering) in the Fc
domain of a parent IgG.

The antibody of any one of claims 1 to 4, which has an antagonistic
activity.

The antibody of any one of claims 1 to 5, which binds to a membrane
antigen or soluble antigen.

The antibody of any one of claims 1 to 6, wherein the antibody is selected
from a chimeric antibody, a humanized antibody or a human antibody.

A pharmaceutical composition comprising any one of the antibody of
claims 1 to 7.

A method for producing the antibody of any one of claim 1 to 7, which
comprises the steps of:

(a) selecting an antibody that has stronger human FcRn-binding activity in
the neutral pH range than before alteration of at least one amino acid in
the human FcRn-binding domain of an antibody having a human FcRn-
binding activity in the acidic pH range;

(b) altering at least one amino acid in the antigen-binding domain of an
antibody and selecting an antibody that has stronger antigen-binding
activity in the neutral pH range than in the acidic pH range;

(c) obtaining a gene encoding an antibody in which a human FcRn-
binding domain and an antigen-binding domain prepared in (a) and (b) are
linked; and

(d) producing an antibody using the gene prepared in (c).

A method for producing the antibody of any one of claim 1 to 7, which
comprises the steps of:
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(a) selecting an antibody that has stronger human FcRn-binding activity in

the neutral pH range than before alteration of at least one amino acid in
the human FcRn-binding domain of an antibody having a human FcRn-
binding activity in the acidic pH range;

(b) selecting an antibody that has stronger antigen-binding activity in the
neutral pH range than in the acidic pH range;

(c) obtaining a gene encoding an antibody in which a human FcRn-
binding domain and an antigen-binding domain prepared in (a) and (b) are
linked; and

(d) producing an antibody using the gene prepared in (c).

A method for screening an antibody of any one of claim 1 to 7, which
comprises the steps of:

(a) selecting an antibody that has stronger human FcRn-binding activity in
the neutral pH range than before alteration of at least one amino acid in
the human FcRn-binding domain of an antibody having a human FcRn-
binding activity in the acidic pH range;

(b) altering at least one amino acid in the antigen-binding domain of an
antibody and selecting an antibody that has stronger antigen-binding
activity in the neutral pH range than in the acidic pH range;

(c) obtaining a gene encoding an antibody in which a human FcRn-
binding domain and an antigen-binding domain prepared in (a) and (b) are
linked; and :

(d) producing an antibody using the gene prepared in (c).

A method for screening an antibody of any one of claim 1 to 7, which
comprises the steps of:

(a) selecting an antibody that has stronger human FcRn-binding activity in
the neutral pH range than before alteration of at least one amino acid in
the human FcRn-binding domain of an antibody having a human FcRn-
binding activity in the acidic pH range; '

(b) selecting an antibody that has stronger antigen-binding activity in the
neutral pH range than in the acidic pH range;

(c) obtaining a gene encoding an antibody in which a human FcRn-
binding domain and an antigen-binding domain prepared in (a) and (b) are
linked; and

(d) producing an antibody using the gene prepared in (c).

A method for augmenting the ability of an antibody to eliminate an

antigen from plasma by increasing its human FcRn-binding activity in the
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neutral pH range and reducing its antigen-binding activity in the acidic pH
range to less than that in the neutral pH range, wherein the antibody
comprises an antigen-binding domain and a human FcRn-binding domain,

and has a human FcRn-binding activity in the acidic pH range.
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CLAIMS

[Claim 1] An antibody, which has a human FcRn-binding activity in the acidi¢/and
‘ neutral pH ranges, and a lower antigen-binding activity in the acidic pH
range than in the neutral pH range, wherein the human FcRn-b,i;fding
activity in the neutral pH range is stronger than that of an inte})zt human
IgG. ,
[Claim 2] The antibody of claim 1, wherein the ratio of antigen-binding activity in
the acidic pH range and neutral pH range is at least 2 imt"he value of KD
(in the acidic pH range) /KD (in the neutral pH range)/
/
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The antibody of claim 1 or 2, which comprises an amino acid mutation of
the antigen-binding domain, which comprises a substitution of h j tidine

for at least one amino acid of the antigen-binding domain or th¢ insertion
of at least one histidine. /
The antibody of any one of claims 1 to 3, wherein the antigén-binding
domain is obtained from antigen-binding domain library,/
The antibody of any one of claims 1 to 4, which comp 'fs'es as the human
FcRn-binding domain an Fc domain resulting from suf)stituting a different
amino acid for at least one amino acid in the Fc do/ﬁf{aln of parent IgG.

The antibody of any one of claims 1 to 5, wherein the human FcRn-
binding domain is a human FcRn-binding domffé: comprising an amino
acid sequence with a substitution of a d1fferegvt amino acid for at least one
amino acid selected from those of position; 6237, 238, 239, 248, 250, 252,
254, 255, 256, 257, 258, 265, 270, 286, Q/§9 297, 298, 303, 305, 307, 308,
309,311, 312, 314, 315, 317, 325, 332 f334 360, 376, 380, 382, 384, 385,
386, 387, 389, 424, 428, 433, 434, agd 436 (EU numbering) in the Fc
domain of parent IgG. e
The antibody of any one of clam}s 1 to 6, which comprises a human
FcRn-binding domain compns;hg amino acid substitution in the Fc
domain of parent IgG which cdmpmses at least one amino acid
substitution selected from: ,f

an amino acid substituu(m of Met for Gly at position 237;

an amino acid substltutlon of Ala for Pro at position 238;

an amino acid substl‘uﬂtlon of Lys for Ser at position 239;

an amino acid subsxltutlon of Ile for Lys at position 248;

an amino acid sufsﬁtutmn of Ala, Phe, Ile, Met, Gln, Ser, Val, Trp, or Tyr
for Thr at po&?gn 250;

an amino ac1§i substitution of Phe, Trp, or Tyr for Met at position 252;

an amino ag Id substitution of Thr for Ser at position 254;

an ammoﬁéc:ld substitution of Glu for Arg at position 255;

an amm.o acid substitution of Asp, Glu, or Gln for Thr at position 256;

an a%nno acid substitution of Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, or
Valffor Pro at position 257;

a { amino acid substitution of His for Glu at position 258;

an amino acid substitution of Ala for Asp at position 265;

yj an amino acid substitution of Phe for Asp at position 270;
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an amino acid substitution of Ala, or Glu for Asn at position 286;
an amino acid substitution of His for Thr at position 289;
an amino acid substitution of Ala for Asn at position 297;
an amino acid substitution of Gly for Ser at position 298;
an amino acid substitution of Ala for Val at position 303;
an amino acid substitution of Ala for Val at position 305; ;ff
* an amino acid substitution of Ala, Asp, Phe, Gly, His , He, Lys, Leu, Met,
Asn, Pro, Gln, Arg, Ser, Val, Trp, or Tyr for Thr at pc{smon 307;
an amino acid substitution of Ala, Phe, Ile, Leu, Met Pro, Gln, or Thr for
Val at position 308; f:f*‘
an amino acid substitution of Ala, Asp, Glu, P}O or Arg for Leu or Val at
position 309; g
an amino acid substitution of Ala, His, or Jle for Gln at position 311;
an amino acid substitution of Ala, or Hisffor Asp at position 312;
an amino acid substitution of Lys, or Arg for Leu at position 314;
an amino acid substitution of Ala, oy His for Asn at position 315;
an amino acid substitution of Ala for Lys at position 317,
an amino acid substitution of G;y for Asn at position 325;
an amino acid substitution of Val for Ile at position 332;
an amino acid substitution of Leu for Lys at position 334;
an amino acid substltutlo}z of His for Lys at position 360;
an amino acid subst1tut10n of Ala for Asp at position 376;
an amino acid substlt}Itlon of Ala for Glu at position 380;
an amino acid sub%pitutlon of Ala for Glu at position 382;
an amino acid SU;yS'Eltuthl’l of Ala for Asn or Ser at position 384;
an amino acid gﬁbstltutxon of Asp, or His for Gly at position 385;
an amino am@ substltutlon of Pro for Gln at position 386;
an amino @01d substitution of Glu for Pro at position 387;
an ammaﬁamd substitution of Ala, or Ser for Asn at position 389;
an ammo acid substitution of Ala for Ser at position 424;
an agmno acid substitution of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn,
Pr@, Gln, Ser, Thr, Val, Trp, or Tyr for Met at position 428;
gﬁh amino acid substitution of Lys for His at position 433;
/ an amino acid substitution of Ala, Phe, His, Ser, Trp, or Tyr for Asn at
’ position 434; '
and an amino acid substitution of His or Phe for Tyr at position 436in EU
numbering.

The antibody of any one of claims 1 to 6, whose



160

human FcRn-binding domain comprises at least one amino ?fnd
selected from: f

Met at amino acid position 237, /
Ala at amino acid position 238; ﬁfﬁ
Lys at amino acid position 239; f,ﬁ

Ile at amino acid position 248;
Ala, Phe, Ile, Met, Gln, Ser, Val, Trp, or Tyr at amino acid at position
250; :f

Phe, Trp, or Tyr as an amino acid position 252*

Thr at amino acid position 254;

£
&

Glu at amino acid position 255; ;f?f‘
Asp, Glu, or Gln at amino acid position %56

Ala, Gly, lle, Leu, Met, Asn, Ser, Thr, (:n Val at amino acid position 257;
His at amino acid position 258; f

4
)

Ala at amino acid position 265; ¢
Phe at amino acid position 270; fé
Ala or Glu at amino acid poqmon 286

His at amino acid position 289[5(

Ala at amino acid position 297

Gly at amino acid posmon 298

Ala at amino acid posmon 303

Ala at amino acid pos1t16n 305;

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser
Val, Trp, or Tyr at amino acid position 307;

Ala, Phe, Ile, Leu ﬁMet Pro, Gln, or Thr at amino acid position 308;
Ala, Asp, Glu, Pfo or Arg at amino acid position 309;

M

Ala, His, or Ilefat amino acid position 311;
Ala or His aty /amino acid position 312;

Lys or Arg/ jgt amino acid position 314;
Ala or H1ss at amino acid position 315;

Ala at ammo acid position 317,

Gly at;x:fémino acid position 325;

Val ggt amino acid position 332;

L‘;h at amino acid position 334;

: {is at amino acid posmon 360;
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Ala at amino acid position 382; /
Ala at amino acid position 384; /
Asp or His at amino acid position 385; /

Pro at amino acid position 386; /
Glu at amino acid position 387, /
Ala or Ser at amino acid position 389; /
Ala at amino acid position 424; a"
Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gin Ser, Thr, Val, Trp,

,:ﬂ”
i

Lys at amino acid position 433; 1@*‘
Ala, Phe, His, Ser, Trp, or Tyr at amino amd},«posmon 434;

and His or Phe as an amino acid at p031t1onf436 (EU numbering) in the Fc
domain of a parent IgG. e

The antibody of any one of claims 6 to, 8 wherein a parent IgG is selected
from an IgG obtained from a non-human animal.

The antibody of any one of claims ¢’ to &, wherein a parent IgG is a human
IeG. /
The antibody of any one of clalms 1 to 10, which has an antagonistic
/

The antibody of any one of clalms 1 to 11, which binds to a membrane

activity.

antigen or soluble antigen., /
/
£
The antibody of any oge of claims 1 to 12, wherein the antibody is

selected from a chl%enc antibody, a humanized antibody or a human
antibody. I

A pharmaceutlcalécompos1t1on comprising any one of the antibody of
claims 1 to 13. f

A method forév,producmg an antibody, which comprises




[Claim 16]

[Claim 17]
[Claim 18]

[Claim 19]

162

the steps of:
(a) selecting an antibody that has stronger human FcRn-bindigg ac’rwlty in

the neutral pH range than before alteration of at least one amino acid in
the human FcRn-binding domain of an antibody having aﬁman FcRn-

binding activity in the acidic pH range; ,
(b) altering at least one amino acid in the antigen-bin(?é domain of an

antibody and selecting an antibody that has stronger gntigen-binding
activity in the neutral pH range than in the acidic p]vf?range

(c) obtaining a gene encoding an antibody in Whrgﬁ a human FcRn-
binding domain and an antigen-binding domain ﬁprepared in (a) and (b) are
linked; and cﬁf’

(d) producing an antibody using the gene pr?f;ared in (c).

A method for producing an antibody, whrcgh comprises the steps of:

(a) selecting an antibody that has strongex/ human FcRn-binding activity in
the neutral pH range than before alteratron of at least one amino acid in
the human FcRn-binding domain of aéﬁ antibody having a human FcRn-
binding activity in the acidic pH rar;ge

(b) selecting an antibody that has stronger antigen-binding activity in the
neutral pH range than in the amdac pH range;

(c) obtaining a gene encodlng a‘n antibody in which a human FcRn-
binding domain and an antlge”n -binding domain prepared in (a) and (b) are
linked; and f’

(d) producing an antrbody usmg the gene prepared in (c).

An antibody produced v the production method of claim 15 or 16.
A method for screemr;g an antibody, which comprises the steps of:
(a) selecting an anu?’f)dy that has stronger human FcRn-binding activity in
the neutral pH range than before alteration of at least one amino acid in
the human FcRn?bmdm ¢ domain of an antibody having a human FcRn-
binding activity’ in the acidic pH range;
(b) altering atg’Ieast one amino acid in the antigen-binding domain of an
antibody anﬁd selecting an antibody that has stronger antigen-binding
activity 120%6 neutral pH range than in the acidic pH range;
©) obtammg a gene encoding an antibody in which a human FcRn-
blndmg domain and an antigen-binding domain prepared in (a) and (b) are
lrnkeﬁ, nd
(d) producmg an antlbody using the gene prepared in (c).
A method for screening an antibody, which comprises the steps of:
y () selecting an antibody that has stronger human FcRn-binding activity in

4 the neutral pH range than before alteration of at least one amino acid in

the human FcRn-binding domain of an antibody having a human FcRn-
binding activity in the acidic pH range;
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/
(b) selecting an antibody that has stronger antigen-binding actw},f‘y in the
neutral pH range than in the acidic pH range; g

(c) obtaining a gene encoding an antibody in which a huma ylgcRn-

binding domain and an antigen-binding domain prepared iy (a) and (b) are
ﬁ?

linked; and
d) producing an antibody using the gene prepared in (o).
dp g y using the gene prep g};w)
)fﬁ‘
&
i
7
5‘%




