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which a single antigen-binding molecule can bind before its degradation; use of the modified FcRn-
binding domain for improving pharmacokinetics of an antigen-binding molecule; and methods for
producing said antigen-binding molecules.

Solution to Problem

[0010] The present inventors conducted dedicated studies on modified FeRn-binding domains which
have an enhanced affinity for FcRn at neutral pH and on antigen-binding molecules comprising said
FcRu-binding domain which have low immunogenicity, high stability and form only few aggregates.
As a result, the present inventors discovered that substitutions at specific positions of the FcRn-
binding domain increases the affinity for the FcRn at neutral pH without substantially increasing the
immunogenicity, without substantially decreasing the stability and/or without substantially
increasing the ratio of high molecular weight species.

Furthermore, the present inventors conducted dedicated studies on modified FcRa-binding domains
with an enhanced affinity for FcRn at neutral pH or acidic pH but without a significantly increased
binding activity for a pre-existing anti-drug antibody and on antigen-binding molecules comprising
such an FcRn-binding domain. As a result, the present inventors discovered that substitutions at
specific positions of the FcRn-binding domain decrease the affinity for a pre-existing anti-drug
antibody at neutral pH without substantially decreasing the FcRn-binding activity.

In a first aspect, there is provided an antigen-binding molecule comprising a modified FcRn-binding
domain, wherein the modified FcRn-binding domain comprises an amino acid substitution at one or
more positions selected from the group consisting of EU238,-EU250, EU252, EU254, EL255;
EU258-EUI86 FU307, EU308, EU309,-BU311, BU3L5,EU428, El3433, U434, and EU436,
wherein the numbers indicate the position of the substitution according to the EU numbering,
wherein the antigen-binding molecule has improved pharmacokinetics compared to a control
antibody comprising an intact ¥eRa-FcRu-binding domain, wherein a-binding activity of the
modified FcRn-binding domain of the antigen-binding molecule for a pre-existing anti-drug
antibody (ADA) is not significantly increased as compared to a binding affinity of the intact FeRu-
binding domain of the control antibody-comprising an-intact FeRa-binding domain for ADA,
wherein the FeRa-FeRn-binding domain further comprises an amino acid substitution at one or more
positions selected from the group consisting of EU387, EU422, EU424, EU426, Et433,- EU436,
EU438 and EU440.

In a second aspect, there is provided the use of the antigen-binding molecule as disclosed herein in
the manufacture of a medicament for fes-treating an autoimmune disease, a transplant rejection
(graft-vs.-host disease);an-aflawmmatery-disease or an allergic disease; wherein the medicament
mmproves antigen-binding molecule~-mediated antigen uptake into cells.

In a third aspect, there is provided the use of the antigen-binding molecule as disclosed herein in the
manufacture of a medicament for treating an autoimmune disease, a transplant rejection (graft-vs.-
host disease);-an-nfinnunatory-disense or an allergic disease; wherein the medicament reduces the
plasma concentration of a specific antigen, wherein the antigen-binding molecule comprises an
antigen-binding domain which can bind said antigen.

In a fourth aspect, there is provided a method for improving the pharmacokinetics of an antigen-
binding molecule without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a} introducing an
amino acid substitution into an FcRn-binding domain of said antigen-binding molecules at one or
more of the positions selected from the group consisting of EH238-EU250, EU252, EU254, BUJ255;
EU258.-BU286,-EU307, EU308, EL36%-EU311, £6318: EU428, BU433-EU434, and EU436; and
b) introducing further amino acid substitution into an FeRan-binding domain of said antigen-binding
molecules at one or more of the positions selected from the group consisting of EU387, EU422,
EU424, EU426, EU423-FEU436, EU438 and EU440.

In a fifth aspect, there is provided a method for delaying the elimination of an antigen-binding
molecule in a subject without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a) introducing an
amino acid substitution
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into an FcRn-binding domain of said antigen-binding molecule at one or more of the positions
selected from the group consisting of EU238-EU250, EU252, EU254, EU255, L2588 -EU286;
EU307, EU308, K399 FEU311, EU2L5EU428, EU433-RU434, and EU436; and b) introducing
further amino acid substitution into an FcRn-binding domain of said antigen-binding molecules at
one or more of the positions selected from the group consisting of EU387, EU422, EU424, EU426,
£EL1433-EU436, EU438 and EU440.

In a sixth aspect, there is provided a method of prolonging the plasma retention time of an antigen-
binding molecule without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a) introducing an
amino acid substitution into an FcRn-binding domain of said antigen-binding molecule at one or
more of the positions selected from the group consisting of BU238,EU250, EU252; EU254, EU255;
BU2SR HU286 BU307, EU308, EU340-EU3 11, BU3LS-EU428, BL423-BU434, and EU436; and
b} introducing further amino acid substitution into an FcRn-binding domain of said antigen-binding
molecules at one or more of the positions selected from the group consisting of EU387, EU422,
EU424, EU426, EL433;-EU436, EU438 and EU440.

In a seventh aspect, there is provided a method for increasing the plasma antigen-elimination rate of
an antigen-binding molecule without significantly increasing the binding activity of said antigen-
binding molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a)
introducing an amino acid substitution into an FcRn-binding domain of said antigen-binding
molecule at one or more of the positions selected from the group consisting of EE238,-EU250,
EU252, EU254, 80255 BU2SE_EUR84-RU307, EU308, $U3460-FU311, BU3S-EU428, 2433,
EU434, and EU436; and b) introducing further amino acid substitution into an FcRn-binding domain
of said antigen-binding molecules at one or more of the positions selected from the group consisting
of EU387, EU422, EU424, EU426, Eti433,EU436, EU438 and EU440,

In an eighth aspect, there is provided a method for increasing the ability of an antigen-binding
molecule o eliminate plasma antigen without significantly increasing the binding activity of said
antigen-binding molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a)
introducing an amino acid substitution into an FcRn-binding domain of said antigen-binding
molecule at one or more of the positions selected from the group consisting of ¥238, FU250,
EU252, EU254, BEF2S5-E0258-EHE86-FU307, EU308, BU340-EU311, EE3H5,EU428, £U433;
EU434, and EU436; and b) introducing further amino acid substitution into an FcRn-binding domain
of said antigen-binding molecules at one or more of the positions selected from the group consisting
of EU387, EU422, EU424, EU426, EW433-EU436, EU438 and EU440.

In a ninth aspect, there is provided a method for producing antigen-binding molecules as disclosed
herein, which comprises the steps of: (a) selecting a parent FcRn-binding domain and altering the
parent FcRa by introducing an amino acid substitution at one or more positions selected from the
group consisting of HUJ238,-EU250, EU252, EU254, EH258,-EE258,- BU286.-EU307, EU308,
BURGO-EU311, B85 EU428, EH432. FU434, and EU436; (b) selecting an antigen-binding
domain of an antigen-binding molecule and altering at least one amino acid in the antigen-binding
domain in order to get a pH-dependent antigen-binding domain or a calcium-ion dependent antigen-
binding domain; (c) obtaining a gene encoding an antigen-binding molecule in which the human
FcRn-binding domain and the antigen-binding domain prepared in (a) and (b) are linked; and (d)
producing an antigen-binding molecule using the gene prepared in {(c).

binding domain, wherein the modified FsRe-FcRn-binding domain comprises an amino acid
substitution at one or more of the positions selected from the group consisting of EU387, EU422,
EU424, EU426, 5433, EU436, EU438 and EU440, wherein the binding affinity of said antigen-
binding molecule for a pre-existing anti-drug antibody (ADA) at a neutral pH is not significantly
increased as compared to the binding affinity of antigen-binding molecule comprising an intact Fefisn
affinity for an FcRn in the neutral or acidic pH ranges.

In one embodiment, there is provided a method for decreasing the binding activity for a pre-existing
ADA of an antibody comprising an FcRn binding domain having an increased binding activity for an
FcRn at neutral or acidic pH and an increased binding activity for a pre-existing ADA at a neutral
pH, said method comprising the steps of: a) providing an antibody with an FcRn binding domain
having an increased binding activity for FcRn at neutral or acidic pH and an increased binding
activity for a pre-existing ADA at a neutral



[CLAIMS]

[Claim 1] An antigen-binding molecule comprising a modified FcRn-binding
domain, wherein the modified FcRn-binding domain comprises an amino
acid substitution at one or more positions selected from the group
consisting of EU238, EU250, EU252, EU254, EU255, EU258, EU286,
EU307, EU308, EU309, EU311, EU315, EU428, EU433, EU434, an
EU436, wherein the numbers indicate the position of the substituti
according to the EU numbering,

wherein the antigen-binding molecule has improved pharmacgkinetics
compared to a control antibody comprising an intact FcRn binding domain,

wherein a binding activity of the antigen-binding molecple for a pre-
existing anti-drug antibody (ADA) is not significantly’increased as
compared to a binding affinity of the control antibody comprising an intact
FcRn-binding domain for ADA, "

wherein the FcRn binding domain further copdprises an amino acid
substitution at one or more positions select¢d from the group consisting of
EU387, EU422, EU424, EU426, EU433/EU436, EU438 and EU440.

[Claim 2] The antigen-binding molecule accorg to claim 1, wherein the FcRn-
binding domain has /
a) an amino acid substitution ofAhe amino acid at position EU252 and
EU434; and /
b) an amino acid substitutigh at one or more positions selected from the
group consisting of EU . EU250, EU252, EU254, EU255, EU256,
EU258, EU286, EU37, EU307, EU308, EU309, EU311, EU315, EU428,
EUA433, EU434, and/ EU436.

{Claim 3] The antigen-biing molecule according to claim 1 or 2, wherein the
modified FeRh-binding domain comprises
at position, £U238 an aspartic acid,
igh EU250 a valine,

osition EU255 a leucine,
/at position BU256 a glutamic acid,
" at position EU258 an aspartic acid or an isoleucine,
at position EU286 a glutamic acid,
at position EU307 a glutamine,
at position EU308 a proline,
at position EU309 a glutamic acid,
at position EU311 an alanine or a histidine,
at position EU315 an aspartic acid,
at position EU428 an isoleucine,
at position EU433 an alanine, a lysine, a proline, an arginine, or a serine,
at position EU434 a tyrosine, or a tryptophan, and/or
at position EU436 an isoleucine, a leucine, a valine, a threonine, or a
phenylalanine.
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[Claim 4] The antigen-binding molecule according to claim 2, wherein the FcRn~
binding domain comprises an amino acid substitution of an amino acid /
at one or more position combinations selected from the group ‘
consisting of
a)y EU252, EU434, and EU436;

b) EU252, EU307, EU311 and EU434;
c) EU252, EU315, and EU434;

d) EU252, EU308, and EU434;

e) BU238, EU252, and EU434,
f) EU252, EU434, EU307, EU311, and EU436; and  /
g) EU252, EU387, and EU434.

[Claim 5] The antigen-binding molecule according to clai 5 4 4, wherein the FcRn-
binding domain comprises: /
a) at position EU252 a tyrosine, at position U 315 an aspartic acid, and
at position EU434 a tyrosine; or
b) at position EU252 a tyrosine, at position EU434 a tyrosine, and at
position EU436 an isoleucine; or
¢) at position EU252 a tyrosine, a '/g;sition EU434 a tyrosine, and at
position EU436 a leucine; or
d) at position EU252 a tyrosige, at position EU434 a tyrosine, and at
position EU436 a valine; o
e) at position EU252 a tyfosine, at position EU254 a threonine, at
position EU434 a tyrosine, and at position EU436 an isoleucine.

[Claim 6] The antigen-binding molecule according to claim 2, wherein the FcRn-
binding domain £omprises an amino acid substitution at three or more
positions, whefein the three or more positions are one of the
combinatios of the group consisting of
a) EU252%/ EU434 / EU307 / EU311 / EU286;

b) EU25A2 / EU434 / EU307 /EU311 / EU286 / EU254;
c) EW252 / EU434 / EU307 / EU311 / EU436;
d)EU252 / EU434 / EU307 / EU311 / EU436 / EU254;
EU252 / EU434 / EU307 / EU311 / EU436 / EU250;
) EU252 / EU434 / EU308 / BU250;
g) EU252 / EU434 / EU308 / EU250 / EU436; and
h) EU252 / EU434 / EU308 / EU250 / EU307 / EU311.

The antigen-binding molecule according to claim 6, wherein the FcRn-
binding domain comprises:
a) at position EU252 a tyrosine, at position EU286 a glutamic acid, at
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[Claim 8]

[Claim 9]

position EU307 a glutamine, at position EU311 an alanine and at
position EU434 a tyrosine; or

b) at position EU252 a tyrosine, at position EU254 a threonine, at
position EU286 a glutamic acid, at position EU307 a glutamine, at
position EU311 an alanine and at position EU434 a tyrosine; or
¢) at position EU252 a tyrosine, at position EU307 a glutamine, at
position EU311 an alanine, at position EU434 a tyrosine and at position
436 an isoleucine; or
d) at position EU252 a tyrosine, at position EU254 a thfeonine, at
position EU286 a glutamic acid, at position EU307 a/glutamine, at
position EU311 an alanine, at position EU434 a tyrOsine and at position
EUA436 an isoleucine; or
¢) at position EU250 a valine, at position EU252 a tyrosine, at position
EU254 a threonine, at position EU308 a proline, at position EU434 a
tyrosine and at position EU436 a Valin;?}f?

f) at position EU250 a valine, at positiont EU252 a tyrosine, at position
EU307 a glutamine, at position EU3 )4 an alanine, at position EU434 a
tyrosine and at position EU436 a valine; or

g) at position EU252 a tyrosine, 4t position EU307 a glutamine, at
position EU311 an alanine, at position EU434 a tyrosine and at position
EU436 a valine; or
h) at position EU250 a va 4, at position EU252 a tyrosine, at position
EU308 a proline, and at/osition EU434 a tyrosine; or

1) at position EU250 a/valine, at position EU252 a tyrosine, at position
EU307 a glutaminey/at position EU308 a proline, at position EU311 an
alanine, and at poéition EU434 a tyrosine.

The antigen-binding molecule according to claim 2, wherein the FcRn-
binding dordain comprises an amino acid substitution at three or more
positions wherein the three or more positions are one of the

combinations of the group consisting of

¢) EU252 and EU434 and EU307 and EU311 and EU436 and EU250
and EU286 and EU308;

d) BU252 and EU434 and EU307 and EU311 and EU436 and EU250
and EU286 and EU308 and EU428.

The antigen-binding molecule according to claim 8, wherein the FcRn-
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binding domain comprises:
a) at position EU252 a tyrosine, at position EU286 a glutamic acid, at
position EU307 a glutamine, at position EU311 an alanine, at positio
EU434 a tyrosine, and at position EU436 a valine; or

b) at position EU250 a valine, at position EU252 a tyrosine, at p
EU307 a glutamine, at position EU308 proline, at position EU¥11 an
alanine, at position EU434 a tyrosine, and at position EU436/a valine;
or :
c) at position EU250 a valine, at position EU252 a tyrosihe, at position
EU286 a glutamic acid, at position EU307 a glutaming, at position
EU308 proline, at position EU311 an alanine, at pogition EU434 a
tyrosine, and at position EU436 a valine; or /
d) at position EU250 a valine, at position EU252 a tyrosine, at position
EU286 a glutamic acid, at position EU307 a£lutamine, at position
EU308 proline, at position EU311 an alanine, at position EU434 a
tyrosine, and at position EU436 a valing!

[Claim 10] The antigen-binding molecule accovdég to claim 2, wherein the FcRn-
binding domain comprises an amiho acid substitution at three or more
positions wherein the three orgz?o‘re positions are one of the
combinations of the group cohsisting of:

a) EU434 and EU307 and/éfB 11;
b) EU434 and EU307 and EU309 and EU311; or

¢) EU434 and EU250,and EU252 and EU436.

[Claim 11] The antigen-bméj,t g molecule according to claim 10, wherein the
FcRn-binding domain comprises:
a) at positionyEU307 a glutamine, at position EU311 a histidine and at
position EVJ434 a tyrosine; or
b) at pogition EU307 a glutamine, at position EU309 a glutamic acid, at
position EU311 an alanine and at position EU434 a tyrosine; or
c) t/;/)osition EU307 a glutamine, at position EU309 a glutamic acid, at
position EU311 an histidine and at position EU434 a tyrosine; or
d) at position EU250 a valine; at position EU252 a tyrosine, at position
EU434 a tyrosine and at position EU436 a valine.

[Claim 12] / The antigen-binding molecule according to any one of claims 1 to 11,
wherein the ratio of high molecular weight species 1s less than 2%.

j/‘
[Ciaim/ 13] The antigen-binding molecule according to any one of claims 1 to 12,
/ wherein antigen-binding molecule comprises an antigen-binding
/ domain having
4
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[Claim 14]

[Claim 15]

[Claim 16]

[Claim 17]

[Claim 18]

[Claim 19]

a) a lower binding activity for the antigen at pH 5.5-6.5 than at pH 7-8 jf
or /
b) a "calcium concentration-dependent binding" activity for the anti g@ﬂ.

The antigen-binding molecule according to any one of claims 1 tofS
wherein the binding activity of said binding molecule for the Fo

pH 7 is 50-150nM, Tm is higher than 63.0 degrees C, and Eplhase score
is less than 250. /

yd

S
The antigen-binding molecule according to any one of ¢laims 1 to 3 and
claims 6 to 7, and wherein the binding activity of qald bmdmg molecule
for FcRn at pH 7 is 15-50nM, Tm is higher than 6}3 degrees C, and

Epibase score is less than 500. 7

The antigen-binding molecule according to g,ﬁy one of claims 1 to 3 and
claims 8 to 9, and wherein the binding actj:{/;ity of said the binding
molecuie for FcRn at pH 7 is stronger t}nﬁn 15nM, Tm is higher than
57.5 degrees C, and Epibase score is }éss than 500.

4
The antigen-binding molecule acof)”}ding s to any one of claims | to 3,
wherein the FcRn-binding domam comprises an amino acid substitution
a) at the positions EU238, EU255 and/or EU258, and
b) at three or more posmo;lé{, wherein the three or more positions are

one of the combinations fs’%t forth in Tables 4 to 7.
j

The anugennbmdmg/moiecule according to any one of claims 1 to 17,
wherein f

a) at the position EU257 of the FcRn-binding domain the amino acid is
not an amino dcid selected from the group consisting of alanine, valine,
1soleuc1ne Jeucine, and threonine, and/or

b) at the posmon EU252 of the FcRn-binding domain the amino acid 1s
not u¥ptophan

Tl}éﬁantigenwbinding molecule according to claim 1, wherein the FcRn
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binding domain comprises one or more amino acid substitutions
selected from the group consisting of

at position EU387 an arginine,

at position EU422 a glutamic acid, an arginine, or a serine, an aspartic
acid, a lysine, a threonine or a glutamine;

at position EU424 a glutamic acid or an arginine, a lysine, or &
asparagine;

at position EU426 an aspartic acid, a glutamine, an alaning, or a
tyrosine;

at position EU433 an aspartic acid;
at position EU436 a threonine;

at position EU438 a glutamic acid, an arginine, a/serine, or a lysine; and
at position EU440 a glutamic acid, aspartic acid or a glutamine.

[Claim 20] The antigen-binding molecule according to/any one of claim 1 to 19,
wherein the modified FcRn binding domdin comprises three or more
substitutions, wherein the three or moré substitutions are one of the
combinations set forth in Tables 12 16 13.

[Claim 21] The antigen-binding molecule ag€ording to any one of claims 1 to 20,
wherein the modified FcRn-bidding domain comprises three or more
substitutions, wherein the th¥ee or more substitutions are one of the
combinations set forth 7 ables 14 to 15.

[Claim 22] The antigen-binding molecule according to any one of claims 1 to 21,
wherein the FcRn-binding domain comprises:
ay at position EU252 a tyrosine, at position EU387 an arginine, at
position EU434/a tyrosine, and at position EU436 a valine; or
b) at positiojr}/EUZSZ a tyrosine, at position EU422 a glutamic acid, at
position EJ434 a tyrosine, and at position EU436 a valine; or
¢) at position EU252 a tyrosine, at position EU422 an arginine, at
positioh EU434 a tyrosine, and at position EU436 a valine; or
d) at/{)osition EU252 a tyrosine, at position EU422 a serine, at position
EW434 a tyrosine, and at position EU436 a valine; or
€) at position EU252 a tyrosine, at position EU424 a glutamic acid, at
position EU434 a tyrosine, and at position EU436 a valine; or
f) at position EU252 a tyrosine, at position EU424 an arginine, at

; position EU434 a tyrosine, and at position EU436 a valine; or
g) at position EU252 a tyrosine, at position EU434 a tyrosine , at
position EU436 a valine, and at position EU438 a glutamic acid; or
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[Claim 23]

[Claim 24]

[Claim 25]

[Claim 26]

[Claim 27}

h) at position EU252 a tyrosine, at position EU434 a tyrosine , at position
EU436 a valine, and at position EU438 an arginine; or

i) at position EU252 a tyrosine, at position EU434 a tyrosine, at position
EU436 a valine, and at position EU438 a serine; or

) at position EU252 a tyrosine, at position EU434 a tyrosine, at position
EU436 a valine, and at position EU440 a glutamic acid.

The antigen-binding molecule according to any one of claims 1 to22, wherein
the antigen-binding molecule is an antibody.

Use of the antigen-binding molecule according to any one Z claims 1 to 23 in
the manufacture of a medicament for treating an autoimipline disease, a
transplant rejection (graft-vs.-host disease), an inflamfatory disease or an

allergic disease; wherein the medicament improves dntigen-binding molecule-

mediated antigen uptake into cells.

Use of the antigen-binding molecule according to any one of claims 1 to 23 in
the manufacture of a medicament for treativn/g an autoimmune disease, a
transplant rejection (graft-vs.-host discasé), an inflammatory disease or an
allergic disease; wherein the medicardent reduces the plasma concentration of a
specific antigen, wherein the antigeén-binding molecule comprises an antigen-
binding domain which can bind 4aid antigen.

A method for improving the/pharmacokinetics of an antigen-binding molecule
without significantly inc ‘égsing the binding activity of said antigen-binding
molecule for a pre—exiséag anti-drug antibody (ADA), comprising the steps of
a) introducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding }'félecules at one or more of the positions selected from the
group consisting of EU238, EU250, EU252, EU254, EU255, EU258, EU286,
EU307, BEU308, EU309, EU311, BEU315, EU428, EU433, EU434, and BEU436;
and b) introducing further amino acid substitution into an FcRu-binding
domaipn’of said antigen-binding molecules at one or more of the positions
selegted from the group consisting of EU387, EU422, EU424, EU426, EU433,
EU436, EU438 and EU440.

A method for delaying the elimination of an antigen-binding molecule in a subject
without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of a)
introducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding molecule at one or more of the positions selected from the group
consisting of EU238, BU250, EU252, EU254, EU25S5, EU258, EU286, EU307,
EU308, EU309, EU311, EU315, EU428, EU433, EU434, and EU436; and b)
intrdducing further amino acid substitution into an FcRn-binding domain of said
antigen-binding molecules at one or more of the positions selected from the group
consisting of EU387, EU422, EU424, EU426, EU433, EU436, EU438 and EU440.
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[Claim 28]

[Claim 29]

A method of prolonging the plasma retention time of an antigen-binding
molecule without significantly increasing the binding activity of said antigen-
binding molecule for a pre-existing anti-drug antibody (ADA), comprising thy
steps of a) introducing an amino acid substitution into an FcRn-binding dofnain
of said antigen-binding molecule at one or more of the positions selectecf/ from
the group consisting of EU238, EU250, EU252, EU254, EU255, EU258,
EU286, EU307, EU308, EU309, EU311, EU31S, EU428, EU433,/8U434, and
EU436; and b) introducing further amino acid substitution into,z{n FcRa-
binding domain of said antigen-binding moleculies at one or, fr{ore of the
positions selected from the group consisting of EU387, EIAZZ, EU424,
EU426, EU433, EU436, EU438 and EU440.

A method for increasing the plasma antigen-elimination rate of an antigen-
binding molecule without significantly increa ‘i’aqg the binding activity of said
antigen-binding molecule for a pre-existingfé:ti -drug antibody (ADA),
comprising the steps of a) introducing anamino acid substitution into an
FcRo-binding domain of said antigen—béding molecule at one or more of the
positions selected from the group /

&




[Claim 30]

[Claim 31]

[Claim 32]

/
/
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Claim 33{
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consisting of EU238, EU250, EU252, EU254, BU255, EU258, EU286,
EU307, EU308, EU309, EU311, EU315, EU428, EU433, EU434, and
EU436; and b) introducing further amino acid substitution into an FcRu-
binding domain of said antigen-binding molecules at one or more of the
positions selected from the group consisting of EU387, EU422, EU424,
EU426, EU433, EU436, EU438 and EU440.

A method for increasing the ability of an antigen-binding molegtile to
eliminate plasma antigen without significantly increasing the gnding
activity of said antigen-binding molecule for a pre-existing%nti-dmg
antibody (ADA), comprising the steps of a) introducing a1 amino acid
substitution into an FcRa-binding domain of said antigén-binding molecule
at one or more of the positions selected from the gr
EU238, EU250, EU252, EU254, EU255, EU258,AU286, EU307, EU308,
EU309, EU311, EU313, BU428, EU433, EU434, and EU436; and b)
introducing further amino acid substitution /in‘é) an FcRn-binding domain
of said antigen-binding molecules at one orf more of the positions selected
from the group consisting of EU387, EU422, EU424, EU426, EU433,
EU436, EU438 and EU440.

The method according to any one/6f claims 26 to 30, wherein further an
amino acid substitution at position EU256 into the FcRn binding domain is
introduced.

A method for producing dntigen-binding molecules according to any one
of claims 1 to 23, which comprises the steps of
(a) selecting a parent' FcRn-binding domain and altering the parent FcRn
by introducing anamino acid substitution at one or more positions selected
from the group Consisting of EU238, EU250, EU252, EU254, EU255,
EU258, EU286, EU307, EU308, EU309, EU311, EU315, EU428, EU433,
EU434, and EUA436;

(b) selec »ﬂlg an antigen-binding domain of an antigen-binding molecule
and al eéng at least one amino acid in the antigen-binding domain in order
to get a pH-dependent antigen-binding domain or a calcium-ion dependent
anfigen-binding domain;

Ac) obtaining a gene encoding an antigen-binding molecule in which the
human FcRn-binding domain and the antigen-binding domain prepared in
(a) and (b) are linked and
(d) producing an antigen-binding molecule using the gene prepared in (c).

The method according to claim 32, wherein in step a) further an amino acid
substitution at position EU256 into the FcRn binding domain is introduced.

The method according to any one of claims 32 to 33, wherein the
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method further comprises a step of introducing in the FcRn-binding
domain an amino acid substitution at one or more positions selected
from the group consisting of EU387, EU422, EU424, EU426, EU43
EU436, EU438 and EU440.

[Claim 35] An antigen-binding molecule comprising a modified FcRn bi
domain, wherein the modified FcRn binding domain compr]
amino acid substitution at one or more of the positions selécted from
the group consisting of EU387, EU422, EU424, EU426/ EU433,
EU436, EU438 and EU440, wherein the binding affinity of said
antigen-binding molecule for a pre-existing anti-drdg antibody (ADA)
at a neutral pH is not significantly increased as;?mpared to the binding
affinity of antigen-binding molecule comprisipg an intact FcRn binding
domain,

wherein the antigen-binding molecule fisrther has an increased binding
affinity for an FcRn in the neutral or gtidic pH ranges.

[Claim 36] The antigen-binding molecule acgdrding to claim 35, wherein the
amino acid substituting one or piore of the positions selected from the
group consisting of EU387, BU422, BEU424, EU426, EU433, EU436,
EU438 and EU440 is selectéd from the group consisting of
a) at position EU387 an éi‘/ginine;

b) at position EU422 _;1’élutamic acid, an arginine, a serine, aspartic
acid, lysine, threon}iriié, or glutamine;
¢) at position EU, 94 a glutamic acid, an arginine, a lysine, or
asparagines;
d) at positioryEU426 an aspartic acid, a glutamine, an alanine, or a
tyrosine; /
e) at po;i’fiqn EU433 an aspartic acid
f) at position EU436 a threonine
g) &t"position EU438 a glutamic acid, an arginine, a serine, or a lysine;
o
/h) at position EU440 a glutamic acid, an aspartic acid, or a glutamine.
s
[Claim 37} /”f The antigen-binding molecule according to any one of claims 35 to 36,
/ wherein the modified FcRn binding domain comprises an amino acid
e substitution at one or more positions or one of the combinations set

/ forth in Table 10.
)

/
[Claim 38] The antigen-binding molecule according to any one of claims 35 to 36,
£




[Claim 39]

[Claim 40]

[Claim 41]

[Claim 42]

[Claim 43]

y
[Claind 44]
7

/ /
/ [Claim 45]

)

/

wherein the modified FcRn binding domain comprises any one of the /

amino acid substitution or substitution combinations set forth in Table
11.

The antigen-binding molecule according to any one of claims 35 to 38,
wherein the modified FcRn binding domain further comprisgs an amino
acid substitution at one or more positions of the FcRn binding domain
selected from the group consisting of EU238, EU250, E[6252, EU254,
EU235, EU256, EU258, EU286, EU307, EU308, EU209, EU311,
EU3135, EU428, EU434, and EU436, wherein said siibstitutions confer
an increase in FcRn binding activity in the neutral pH or acidic pH
range.

The antigen-binding molecule according to/any one of claims 35 to 39,
wherein the modified FcRn binding domgdin comprises amino acid
substitutions at the FcRn binding dom 21 positions

1) a) EU438 / EU440 or b) EU424; an/da

1) a) EU434, b) EU252/EU254/EU§56; c) EU428/EU434; or d)
EU250/EU428.

/

The antigen-binding molecule according to claim 40, wherein the
modified FcRn binding d(}-ténain comprises amino acid substitutions
i) a) EU438R/EU440E /e){ b) EU424N; and

ii) a) M434H; b) M252Y/S254T/T256E; ¢) M4281/N434S; or d)
T250Q and M428LAEU numbering).

The antigen—bipdélg molecule according to claim 41, wherein the
modified FcR’ﬁ binding domain comprises three or more amino acid
substitutions wherein the three or more substitutions are one of the

combinations set forth in Tables 13 and 15.
/
The gﬁtigeninindin g molecule according to any one of claims 35 to 38

w};effein the modified FcRn binding domain comprises substitutions
@)’!at one or more of the positions selected from the group consisting of
/EU387, EU422, EU424, EU438, EU440, EU433, or at two or more

" positions wherein the two positions are one of the combinations of the

group consisting of EU422/EU424, and EU438/EU440; and
b) two or more positions wherein the two positions are one of the
combinations set forth in Table 9.

The antigen-binding molecule according to claim 43, wherein the
modified FcRn binding domain comprises three or more the amino acid
substitutions wherein the three or more the amino acid substitutions are
one of the combinations set forth in Tables 12 or 14.

The antigen-binding molecule of any one of claims 35 to 44 wherein
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said antigen-binding molecule comprises a pH-dependent antigen-
binding domain or a calcium ion-dependent antigen-binding domain.

v



[CLAIMS)

[Claim 1]

[Claim 2]

[Claim 3]

a)
b)
¢)
d)
€)
f)
g)
h)
i)
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An antigen-binding molecule comprising a modified FcRn-binding
domain, wherein the modified FcRn-binding domain comprises an amino
acid substitution at one or more positions selected from the group
consisting of EU250, EU252, EU254, EU307, EU308, EU311, EU428,
EU434, and EU436, wherein the numbers indicate the position of the
substitution according to the EU numbering,

wherein the antigen-binding molecule has improved pharmacokinetics
compared to a control antibody comprising an intact FcRn-binding domain,

wherein binding activity of the modified FeRn-binding domain of the
antigen-binding molecule for a pre-existing anti-drug antibody (ADA) is
not significantly increased as compared to a binding affinity of the intact
FcRa-binding domain of the control antibody,

wherein the FeRn-binding domain further comprises an amino acid
substitution at one or more positions selected from the group consisting of
EU387, EU422, EU424, EU426, EU436, EU438 and EU440.

The antigen-binding molecule according to claim 1, wherein the
modified FcRn-binding domain comprises an amino acid
substitution of an amino acid at one or more position combinations
selected from the group consisting of

EU252, EU254 and EU256;

EU252, EU434 and EU436;

EU250, EU252, EU307, EU308, EU311, EU434 and EU436;
EU428 and EU434; and

EU424,

and wherein the FcRn-binding domain further comprises an amino
acid substitution of an amino acid at one or more position
combinations selected from the group consisting of

EU387,

EU422;

EU424;

EU426;

EU436;

EU438;

EU440;

BEU422 and EU424; and
EU438 and EU440.

The antigen-binding molecule according to claim 1 or 2, wherein the
modified FcRu-binding domain comprises



[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

{Claim 8]

[Claim 9]
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at position EU250 a valine,

at position EU252 a tyrosine,

at position EU254 a threonine,

at position EU307 a glutamine,

at position EU308 a proline,

at position EU311 an alanine or a histidine,

at position EU428 an isoleucine,

at position EU434 a tyrosine, or a tryptophan, and/or

at position EU436 an isoleucine, a leucine, a valine, a threonine, or a
phenylalanine.

The antigen-binding molecule according to any one of claims 1 to 3,
wherein the ratio of high molecular weight species is less than 2%.

The antigen-binding molecule according to any one of claims 1 to 4,
wherein antigen-binding molecule comprises an antigen-binding
domain having

a) a lower binding activity for the antigen at pH 5.5-6.5 than at pH 7-8
or

b) a "calcium concentration-dependent binding" activity for the antigen.

The antigen-binding molecule according to any one of claims 1 to 3,
wherein the binding activity of said binding molecule for the FcRn at
pH 7 is 50-150nM, Tm is higher than 63.0 degrees C, and Epibase score
is less than 250.

The antigen-binding molecule according to any one of claims 1 to 3,
and wherein the binding activity of said binding molecule for FcRn at
pH 7 is 15-50nM, Tm is higher than 60 degrees C, and Epibase score is
less than 500.

The antigen-binding molecule according to any one of claims 1 to 3,
and wherein the binding activity of said the binding molecule for FcRn
at pH 7 is stronger than 15nM, Tm is higher than 57.5 degrees C, and
Epibase score is less than 500. :

The antigen-binding molecule according to claim 1, wherein the FcRn-
binding domain comprises one or more amino acid substitutions
selected from the group consisting of

at position EU387 an arginine;

at position EU422 a glutamic acid, an arginine, or a serine, an aspartic
acid, a lysine, a threonine or a glutamine;

at position EU424 a glutamic acid or an arginine, a lysine, or an
asparagine;

at position EU426 an aspartic acid, a glutamine, an alanine, or a
tyrosine;

at position EU436 a threonine;



[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

219

at position EU438 a glutamic acid, an arginine, a serine, or a lysine; and
at position EU440 a glutamic acid, aspartic acid or a glutamine.

The antigen-binding molecule according to any one of claim 1 to 9,
wherein the modified FcRn-binding domain comprises three or more
substitutions, wherein the three or more substitutions are one of the
combinations set forth in Tables 12 to 13.

The antigen-binding molecule according to any one of claims 1 to 10,
wherein the modified FcRn-binding domain comprises three or more
substitutions, wherein the three or more substitutions are one of the
combinations set forth in Tables 14 to 15.

The antigen-binding molecule according to any one of claims 1 to 11,
wherein the FcRn-binding domain comprises:

a) at position EU252 a tyrosine, at position EU387 an arginine, at
position EU434 a tyrosine, and at position EU436 a valine; or

b} at position EU252 a tyrosine, at position EU422 a ghatamic acid, at
position EU434 a tyrosine, and at position EU436 a valine; or

c) at position EU252 a tyrosine, at position EU422 an arginine, at
position EU434 a tyrosine, and at position EU436 a valine; or

d) at position EU252 a tyrosine, at position EU422 a serine, at position
EU434 a tyrosine, and at position EU436 a valine; or

e) at position EU252 a tyrosine, at position EU424 a glutamic acid, at
position EU434 a tyrosine, and at position EU436 a valine; or

f) at position EU252 a tyrosine, at position EU424 an arginine, at
position EU434 a tyrosine, and at position EU436 a valine; or

g) at position EU252 a tyrosine, at position EU434 a tyrosine , at
position EU436 a valine, and at position EU438 a glutamic acid; or
h) at position EU252 a tyrosine, at position EU434 a tyrosine, at position
EU436 a valine, and at position EU438 an arginine; or

1) at position EU252 a tyrosine, at position EU434 a tyrosine, at position
EU436 a valine, and at position EU438 a serine; or

j) at position EU252 a tyrosine, at position EU434 a tyrosine, at position
EU436 a valine, and at position EU440 a glutamic acid.

The antigen-binding molecule according to any one of claims 1 to 12, wherein
the antigen-binding molecule is an antibody.

Use of the antigen-binding molecule according to any one of claims 1 to 13 in
the manufacture of a medicament for treating an autoimmune disease, a
transplant rejection (graft-vs.-host disease) or an allergic disease; wherein the
medicament improves antigen-binding molecule-mediated antigen uptake into

cells.

Use of the antigen-binding molecule according to any one of claims 1 to 13 in
the manufacture of a medicament for treating an autoimmune disease, a



[Claim16]

[Claim 17]

[Claim 18]
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transplant rejection (graft-vs.-host disease) or an allergic disease; wherein the
medicament reduces the plasma concentration of a specific antigen, wherein
the antigen-binding molecule comprises an antigen-binding domain which can
bind said antigen.

A method for improving the pharmacokinetics of an antigen-binding molecule
without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody {ADA), comprising the steps of
a) infroducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding molecules at one or more of the positions selected from the
group consisting of EU250, EU252, EU254, EU307, EU308, EU311, EU428,
EU434, and EU436; and

b) introducing further amino acid substitution into an FcRn-binding domain of
said antigen-binding molecules at one or more of the positions selected from
the group consisting of EU387, EU422, EU424, EU426, EU436, EU438 and
EU440.

A method for delaying the elimination of an antigen-binding molecule in a subject
without significantly increasing the binding activity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA), comprising the steps of

a) introducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding molecule at one or more of the positions selected from the group
consisting of BU250, EU252, EU254, EU307, EU308, EU311, EU428, EU434,
and EU436; and

b) introducing further amino acid substitution into an FcRn-binding domain of said
antigen-binding molecules at one or more of the positions selected from the group
consisting of EU387, BEU422, EU424, EU426, EU436, EU438 and EU440.

A method of prolonging the plasma retention time of an antigen-binding
molecule without significantly increasing the binding activity of said antigen-
binding molecule for a pre-existing anti-drug antibody (ADA), comprising the
steps of

a) introducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding molecule at one or more of the positions selected from the
group consisting of EU250, EU252, EU254, EU307, EU308, EU311, EU428,
EU434, and EU436; and

b) introducing further amino acid substitution into an FcRn-binding domain of
said antigen-binding molecules at one or more of the positions selected from
the group consisting of EU387, EU422, EU424, EU426, EU436, EU438 and
EU440,
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A method for increasing the plasma antigen-elimination rate of an antigen-
binding molecule without significantly increasing the binding activity of said
antigen-binding molecule for a pre-existing anti-drug antibody (ADA),
comprising the steps of

a) introducing an amino acid substitution into an FcRn-binding domain of said
antigen-binding molecule at one or more of the positions selected from the
group consisting of EU250, EU252, EU254, EU307, EU308, EU311, EU428,
EU434, and EU436; and

b) introducing further amino acid substitution into an FcRn-binding domain of
said antigen-binding molecules at one or more of the positions selected from
the group consisting of EU387, EU422, EU424, EU426, EU436, EU438 and
EU440.

A method for increasing the ability of an antigen-binding molecule to
eliminate plasma antigen without significantly increasing the binding
activity of said antigen-binding molecule for a pre-existing anti-drug
antibody (ADA), comprising the steps of

a) introducing an amino acid substitution into an FcRn-binding domain of
said antigen-binding molecule at one or more of the positions selected
from the group consisting of EU250, EU252, EU254, EU307, EU308,
EU311, EU428, EU434, and EU436; and

b) introducing further amino acid substitution into an FcRn-binding
domain of said antigen-binding molecules at one or more of the positions
selected from the group consisting of EU387, EU422, EU424, EU426,
EU436, EU438 and EU440.

The method according to any one of claims 16 to 20, wherein further an
amino acid substitution at position EU256 into the FcRn-binding domain is
introduced.

A method for producing antigen-binding molecules according to any one
of claims 1 to 13, which comprises the steps of

(a) selecting a parent FcRn-binding domain and altering the parent FcRn
by introducing an amino acid substitution at one or more positions selected
from the group consisting of EU250, EU252, EU254, EU307, EU308,
EU311, EU428, EU434, and EU436;

(b) selecting an antigen-binding domain of an antigen-binding molecule
and altering at least one amino acid in the antigen-binding domain in order -
to get a pH-dependent antigen-binding domain or a calcium-ion dependent
antigen-binding domain;

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

(d) producing an antigen-binding molecule using the gene prepared in (c).



[Claim 23]
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The method according to claim 22, wherein in step a) further an amino acid
substitution at position EU256 into the FcRn-binding domain is introduced.

The method according to any one of claims 22 to 23, wherein the method
further comprises a step of introducing in the FcRn-binding domain an
amino acid substitution at one or more positions selected from the
group consisting of EU387, EU422, EU424, EU426, EU436, EU438
and EU440.

An antigen-binding molecule comprising a modified FcRn-binding
domain, wherein the modified FcRn-binding domain comprises an
amino acid substitution at one or more of the positions selected from
the group consisting of EU387, EU422, EU424, EU426, EU436,
EU438 and EU440, wherein the binding affinity of said antigen-binding
molecule for a pre-existing anti-drug antibody (ADA) at a neutral pH is
not significantly increased as compared to the binding affinity of
antigen-binding molecule comprising an intact FcRn-binding domain,

wherein the antigen-binding molecule further has an increased binding
affinity for an FcRn in the neutral or acidic pH ranges.

The antigen-binding molecule according to claim 25, wherein the
modified FcRn-binding domain comprises an amino acid substitution of
an amino acid at one or more position combinations selected from the
group consisting of

a) EU387;
b) EU422;
¢) EU424;
d) EU426;
e) EU436;
f) EU438;

g) EU440;
h) EU422 and EU424; and
i) EU438 and EU440.

The antigen-binding molecule according to claims 25 or 26, wherein the
amino acid substituting one or more of the positions selected from the
group consisting of EU387, EU422, EU424, EU426, EUA433, EU436,
EU438 and EU440 is selected from the group consisting of

a) at position EU387 an arginine;

b) at position EU422 a glutamic acid, an arginine, a serine, aspartic
acid, lysine, threonine, or glutamine;

¢) at position EU424 a glutamic acid, an arginine, a lysine, or
asparagines;

d) at position EU426 an aspartic acid, a glutamine, an alanine, or a
tyrosine;
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e) at position EU433 an aspartic acid

f) at position EU436 a threonine

g) at position EU438 a glutamic acid, an arginine, a serine, or a lysine;
and

h) at position EU440 a glutamic acid, an aspartic acid, or a glutamine.

The antigen-binding molecule according to any one of claims 25 to 27,
wherein the modified FcRn-binding domain further comprises an amino
acid substitution at one or more positions of the FcRn-binding domain
selected from the group consisting of EU250, EU252, EU254, EU307,
EU308, EU309, EU311, EU428, EU434, and EU436, wherein said
substitutions confer an increase in FcRn-binding activity in the neutral
pH or acidic pH range.

The antigen-binding molecule according to any one of claims 25 to 28,
wherein the modified FcRn-binding domain comprises amino acid
substitutions at the FcRn-binding domain positions

1) a) EU438/EU440 or b) EU424; and

ii) a) EU434, b) EU252/EU254/EU256, c) EU428/EU434; or d)
EU250/EU428.

The antigen-binding molecule according to claim 29, wherein the
modified FcRn-binding domain comprises amino acid substitutions
1) a) EU438R/EU440E or b) EU424N; and

ii) a) M434H; b) M252Y/S254T/T256E; ¢) M4281./N434S; or d)
T250Q and M428L (EU numbering).

The antigen-binding molecule according to claim 30, wherein the
modified FcRn-binding domain comprises three or more amino acid
substitutions wherein the three or more substitutions are one of the
combinations set forth in Tables 13 and 15.

The antigen-binding molecule according to any one of claims 25 to 27
wherein the modified FcRn-binding domain comprises substitutions

a) at one or more of the positions selected from the group consisting of
EU387, EU422, EU424, EU438, EU440, EU433, or at two or more
positions wherein the two positions are one of the combinations of the
group consisting of EU422/EU424, and EU438/EU440; and

b) two or more positions wherein the two positions are one of the
combinations set forth in Table 9.

The antigen-binding molecule according to claim 32, wherein the
modified FcRn-binding domain comprises three or more the amino acid
substitutions wherein the three or more the amino acid substitutions are
one of the combinations set forth in Tables 12 or 14.
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[Claim 34} The antigen-binding molecule of any one of claims 25 to 33 wherein
said antigen-binding molecule comprises a pH-dependent antigen-
binding domain or a calcium ion-dependent antigen-binding domain.



