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antigen-binding domain of an antigen-binding molecule whose antigen-binding activity varies
depending on ion concentration and an Fc region that has FcRn-binding activity in a neutral pH
range. Still another objective of the present invention is to provide antigen-binding molecules
that exhibit improved pharmacokinetics or impaired in vive immune response when administered
to animals.  Yet another objective of the present invention is to provide methods for producing
such antigen-binding molecules as well as pharmaceutical compositions comprising as an active

ingredient the antigen-binding molecules.

{Means for Solving the Problems]

The present inventors conducted dedicated studies to achieve the above-described
objectives. As a result, the present inventors revealed that an antigen-binding molecule that
comprises the antigen-binding domain of an antigen-binding molecule whose antigen-binding
activity varies depending on ton concentration and an Fc region that has FcRn-binding activity in
a neutral pH range formed a hetero complex consisting of four molecules: antigen-binding
molecule/two molecules of FcRn/activating Fey receptor (Fig. 48).  The present inventors also
demonstrated that the tetramer formation adversely affected the pharmacokinetics and immune
response. The present inventors demonstrated that the pharmacokinetics of an antigen-binding
molecule was improved by modifying the Fc region of such antigen-binding molecule into an Fe
region that in a neutral pH range does not form a hetero tetramer complex comprising two
molecules of FcRn and an activating Fey receptor.  The present inventors also demonstrated that
the immune response in animals administered with an antigen-binding molecule could be altered
by modifying the Fc region of such an antigen-binding molecule into an Fc region thatin a
neutral pH range does not form a tetramer complex comprising two molecules of FcRn and an
activating Fey receptor.  The present inventors also demonstrated that immune response to the
antigen-binding molecule was reduced by modification into an Fc region that in a neutral pH
range does not form a hetero tetramer complex comprising two molecules of FcRn and an
activating Fcy receptor.  Furthermore, the present inventors discovered antigen-binding
molecules and methods for producing them, and in addition found that when administered,
pharmaceutical compositions comprising as an active ingredient such an antigen-binding
molecule or an antigen-binding molecule produced by a production method of the present
invention had superior properties such as improved pharmacokinetics and reduction of immune
response in the administered living organism as compared to conventional antigen-binding

molecules; and thereby completed the present invention.
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in an aspect, there is provided a method of either (8) or (b} below, wherein the method

comprises modifyving the Fe region of an leG-type antibody comprising an antiven-binding

domain whose antigen-binding activity varies depending on ion concentration and an Fe region

that has FeRn-binding activity in a neutral nH range into an Fe resion that does not form & hetero

complex comprising twg melceules of FeRn and one molecule of activatine Fev receptor in a

neutral nH range,

wherein the ion concentration

(i) is hvdrogen ion concentration (pH). and the antisen-binding activity is lower at pH 5.8 than at

pH 7.4, wherein the ratio of (a) the KD value for antigen binding by the antibody at pH 5.2, to
(b the KD value for antigen binding by the antibody at pH 7.4 (KD (vH 5.8 /KD (pH 740 iz 2

OF More. or

(it} is calcium jon concentration and the antiven-binding activity is lower at a first caleium ion

concentration in the range of 0.1 uM to 30 uM than at a second calcium jon concentration in the

range of 100 ul to 10 mM, wherein the ratio of (a) the KIJ value for antigen binding by the

antibody at the first calcium 1on concentration, to (b} the KD value for antigen binding by the

anfibody at the second caleinm ion concentration (KD (first calcium ion concentration) / KD

{second calcium lon concentration’y) is 2 or more:

{a) a method for improving pharmacokinetics of an [pG-type antibodv; and

b} a method for reducing immunogenicity of an TeG-type antibody.

In another aspect, there is nrovided an TeG-tvne antibody comprising an antigen-binding

domain whose antigen-binding activity varies depending on ion concentration and an Fe resion

that has FcRn-binding activity in a neatral pH range, wherein the Fe region comprises one or

more amine acids selected from:

Ala at amino acid position 234:

Ala, Lvs, or Are at amino acid position 235

Arve at aming acid position 236:

Are at amineo acid position 238:

Evs at groing acid position 239

Phe at amine goid nosition 270:

Ala at amine acid position 297:

Clv at amdne actd position 298:

Glv at aming acid position 325:

Are at amino acid position 328 and

Lys or Arg at amino acid position 329; wherein the amino acids are jndicated bv EU numberine.

whersin the ion concenfration
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1} 18 hvdrogen jon concentration {(pH), and the antiven-binding activity is lower at pH 5.8 than at

k7.4, wherein the ratio of (a) the KD value for antigen binding by the antibodv at nH 5.8, to
(b) the KD value for antigen binding by the antibody at H 7.4 (KD (oM 5.8)/ KD (pH 7.43) 15 2

or more, wherein the anticen-bindine domain commprises at least one Hig residue: or

{11} is caleium jon concentration and the antizen-bindine activity is lower at a frst caleium ion

concentration in the vapge of 0.1 uM o 30 ol than at 2 second caleinm ton concentration in the

range of 100 uM to 10 mM. wherein the ratio of (a) the KI value for anticen binding by the

antibody at the first caleium jon concentration, to (b) the KD value for antiven binding by the

antibody at the second calcium jon concentration (KD (firet caleium 1on concentration} / K13

{sccond ¢alciurm 10n concentrationd) is 2 or more.

in another aspect, there i3 provided an LeG-type antibody comprisine an antigen-binding

domain whose antigen-binding activity varies depending on ion concentration and an Fo region

in which one of the two nolypeptides constituting the Fe region has FeRn-bindine activitv in a

neatral pH range and the other does not have FeRu-binding activity in a neutral nfl range,

whergin the ton concentration

(ivis hvdrogen jon concentration (pH). and the antigen-binding activity is lower at v 5.8 than at

nit 7.4, wheren the ratio of (a) the KD value for anticen binding by the antibody at H 5.8, to
(b} the KD value for antigen binding by the antibodv at pH 7.4 (KD (pH 5.8) / KD (pH 7.4)) is 2

or ore, wherein the antigen-bindine domsain comuprizses at lengt one His residue @ or

(11} is calcium ion concenfration and the antigen-binding aefivity is lower af & frst caleium ion

concentration in the rance of 0.1 ob 1o 30 uM than at a gecond caleium ion concentfration in the

range of 100 uM to 10 mM, wherein the ratio of (a) the KD value for antipen binding by the

antibody at the first caleiwm jon concentration, to (b) the KD value for antigen binding by the

antibody at the second caleium ion concentration (KD (first caloium jon concentration) / KD

{second calclum ion concentration)) is 2 or more,

in another aspect, there is provided & polyvnucleotide encoding the leG-tvpe antibody as

1
I§

In another agpect, there is nrovided o veetor which is onerably linked to the

nolvnucieotide as defined shove,

in another aspect, there is provided z cell introduced with the vector as defined above,

in another aspect, there is provided a2 method for producing the IgG-tvpe antibody as

defined above, which comprises the sten of collecting the leG-tvpe antibodv from a culture of

the call as defined above.

in another aspect, there 19 provided 2 pharmaceutical composition which comprises as

an achive mgredient the loG-tvpe antibody as defined above or an loG-type antibodvy obtained by

the production method as defined above,




I TMere-specifieatly; the present ipventendisclosure provides the following,
[1] A method of either (a) or (b) below, wherein the method comprises modifying the Fc region

of an antigen-binding molecule comprising an antigen-binding domain whose antigen-binding
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- [36] The antigen-binding molecule of any one of [29] to [33], wherein the antigen-binding

domain is an antigen-binding domain whose antigen-binding activity varies depending on pH.
[37] The antigen-binding molecule of [36], wherein the antigen-binding domain is an
antigen-binding domain whose antigen-binding activity varies in a way that the antigen-binding
activity in an acidic pH range is lower than the antigen-binding activity in a neutral pH range.
{38] The antigen-binding molecule of any one of [29] to [37], wherein the antigen-binding
domain is an antibody variable region.

[39] The antigen-binding molecule of any one of [29] to [38], wherein the antigen-binding
molecule is an antibody.

[40] A polynucleotide encoding the antigen-binding molecule of any one of [29] 1o {39].

[41] A vector which is operably linked to the polynucleotide of [40].

[42] A cell introduced with the vector of [41].

[43] A method for producing the antigen-binding molecule of any one of {29] to [39], which
comprises the step of collecting the antigen-binding molecule from a culture of the cell of [42].
[44] A pharmaceutical composition which comprises as an active ingredient the antigen-binding
molecule of any one of [29] to [39] or an antigen-binding molecule obtained by the production
method of [43].

Furthermore, the present inventiondisclosure relates to kits for use in the methods of the
present iventisndisclosure, which comprise an antigen-binding molecule of the present
wventtondisclosure or an antigen-binding molecule produced by a production method of the
present isventiondisciosure.  The present ssventiondisclosure also relates to agents for
improving the pharmacokinetics of an antigen-binding molecule and agents for impairing the
immunogenicity of an antigen-binding molecule, which comprise as an active ingredient an
antigen-binding molecule of the present inventiondisclosure or an antigen-binding molecule
produced by a production method of the present #svestiendisclosure.  The present
inventiondisclosure also relates to methods for treating mmmune/inflammatory diseases, which
comprise the step of administering to a subject an antigen-binding molecule of the present
mvestioadisclosure or an antigen-binding molecule produced by a production method of the
present inventiendisclosure.  In addition, the present invertondisclosure relates to the use of
antigen-binding molecules of the present sventiondisclosure or antigen-binding molecules
produced by a production method of the present inventiendisclosure in producing agents for
improving the pharmacokinetics of antigen-binding molecules and agents for impairing the
immunogenicity of antigen-binding molecules. The present isvesHondisclosure also relates to
antigen-binding molecules of the present sventiondisclosure or antigen-binding molecules
produced by a production method of the present isvenssndisclosure for use in the methods of the

present vertiendisclosure.

[Effects of the Invention]
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The present isentiendisclosure provides methods for improving pharmacokinetics of
antigen-binding molecules and methods for impairing the immunogenicity of antigen-binding
molecules. The present inwentiondisclosure enables antibody therapy without causing

unfavorable in vivo effects as compared to general antibodies.

Brief Description of the Drawings

Fig. 1 is a diagram showing effects on a soluble antigen of an existing neutralizing
antibody and an antibody that binds to an antigen in a pH-dependent manner and exhibits
augmented FcRu binding under a neutral condition.

Fig. 2 is a graph showing a plasma concentration time course after intravenous or
subcutaneous administration of Fv4-1gG1 or Fv4-IgG1-F1 to normal mice.

Fig. 3 1s a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to human FeyRlIa.

Fig. 4 is a graph demonstrating that in a human FcRn-bound state, Fv4-1gG1-F157 binds
to human FeyRIa(R). |

Fig. 5 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to human FeyRITa(H). _

Fig. 6 is a graph demonstrating that in a human FcRn-bound state, Fv4-1gG1-F157 binds
to human FeyRlIlb.

Fig. 7 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to human FeyR1HIa(F).

Fig. 8 is a graph demonstrating that in a human FcRn-bound state, Fv4-1gG1-F157 binds
to mouse FeyRIL

Fig. 9 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to mouse FeyRIIb.

Fig. 10isa éraph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157
binds to mouse FeyRIIL

Fig. 11 is a graph demonstrating that in a human FcRn-bound state, Fv4-1gG1-F157
binds to mouse FeyRIV.

Fig. 12 is a graph demonstrating that in a mouse FcRn-bound state, Fv4-IgG1-F20 binds
to mouse FeyRI, mouse FeyRIlb, mouse FeyRHI, and mouse FeyRIV.

Fig. 13 is a graph demonstrating that in a mouse FcRn-bound state, mPM1-mIgG1-mF3
binds to mouse FeyR1lb and mouse FeyRIIIL

Fig. 14 is a graph showing a plasma concentration time course of Fv4-IgG1-F21,
Fv4-1gG1-F140, Fv4-1gG1-F157, and Fv4-IgG1-F424 in human FcRn transgenic mice.

Fig. 15 is a graph showing a plasma concentration time course of Fv4-1gG1 and



