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[Means for Solving the Problems]

plasma concentration of antigens bound by the antigen-binding molecules.

Specifically, the present invention provides antigen-binding molecules cofiprising (i) an
antigen-binding domain whose antigen-binding activity varies depending on joryconcentration
conditions, (ii) an Fey-binding domain having FeyRIIb-selective binding acti¥ity, and (iii) an

e condition, and

FcRn-binding domain having FeRn-binding activity under an acidic pH rar
methods for decreasing plasma concentration of the antigen as compared to before administering
the antigen-binding molecule, which comprises the step of administering the molecule.
Furthermore, the present invention provides agents for decreasing plasma concentration of the
antigen, which comprise an antigen-binding molecule comprisifg (i) an antigen-binding domain
whose antigen-binding activity varies depending on ion congéntration conditions, (ii) an Fcy-
binding domain having FeyRIIb-selective binding activity, d (111} an FcRn-binding domain
having FcRn-binding activity under an acidic pH rangeondition. The present invention also
provides pharmaceutical compositions which comprjée an antigen-binding molecule comprising
(1) an antigen-binding domain whose antigen-binding activity varies depending on ion
concentration conditions, (ii) an Fey-binding dof
and (iii} an FcRn-binding domain having Fc} ~binding activity under an acidic pH range
condition. The present invention also pro¥ides uses of the antigen-binding molecule for
decreasing plasma concentration of the tigen, wherein the molecule comprises (1) an antigen-
binding domain whose antigen-bindjfig activity varies depending on ion concentration conditions,
(i1) an Fey-binding domain having cyRIIb—se]ective binding activity, and (iii) an FcRn-binding
domain having FcRn-binding gétivity under an acidic pH range condition. In addition to the
above, the present invention frovides methods of producing and/or methods of screening for the
antigen-binding moleculg. Although it is not particularly intended to limit the invention,
specifically, the following is provided as a non-limiting embodiment:

[ 1] use of an antiger '%indi11g molecule for eliminating antigen from plasma, wherein the antigen-
binding moleculeLomprises an antigen-binding domain whose antigen-binding activity varies
depending on j#n concentration conditions, and an Fe region in which the amino acid at position
238 is Asp arid the amino acid at position 271 is Gly as indicated by EU numbering;

[2] the usg of {1], wherein the Fc region has an amino acid substitution at at least one or more
positions selected from the group consisting of 233, 234, 237, 264, 265, 266, 267, 268, 269, 272,
274/296, 326, 327, 330, 331, 332, 333, 355, 356, 358, 396, 409, and 419 as indicated by EU

nmbering;

—

3] the use of [2], wherein the amino acids of the Fe region include any one or more of the

following amino acids indicated by EU numbering:
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those having antibody heavy-chain and light-chamn variable regions. Preferred examples 4f
antigen-binding domains include "single chain Fv (scFv)", "single chain antibody", "F
chain Fv 2 (sckFv2)", "Fab", and "F(ab")2".

The antigen-binding domains of antigen-binding molecules of the prese

, "single

invention can
bind to an identical epitope. Such epitope can be present, for example, in a profein comprising
the anmino acid sequence of SEQ ID NO: 1. Alternatively, each of the antigeni-binding domains

of antigen-binding molecules of the present invention can bind to a differght epitope. Herein, the
different epitope can be present in, for example, a protein comprising thfe amino acid sequence of

SEQ ID NO: 1.

Specific
With regard to binding of antigen-binding moleculeg provided by the present invention

to an anfigen, the term "specific” means that one of the mglecules that specifically binds to does
not substantially bind to molecules other than its singler plurality of binding partner
molecule(s). Herein, "does not substantially bind" refers to showing 80% or less, generally 50%
or less, preferably 30% or less and particularty preferably 15% or less binding activity to
molecules other than the binding partner molecyles compared to the binding activity towards the
partner molecule(s), as described in the above/mentioned section on binding activity.
Furthermore, "specific” is also used when dn antigen-binding domain is specific to a particular

epitope among multiple epitopes in an gfitigen. When an epitope bound by an antigen-binding
domain is contained in multiple diffe/eit antigens, antigen-binding molecules containing the

antigen-binding domain can bind ¢ various antigens that have the epitope.

/

Neutralizing activity /

In a non-limiting gmbodiment of the present invention, a pharmaceutical composition
comprising as an active ngredient an antigen-binding molecule having antigen-neutralizing

activity is provided, wherein the antigen-binding molecule comprises (i) an antigen-binding

domain whose antigen-binding activity varies depending on ion concentration conditions, (ii) an
Fey-binding domain having FeyRITb-selective binding activity, and (iif) an FeRn-binding domain
having F cRrv!%nding activity under an acidic pH range condition. Generally, neutralizing
activity reférs fo activity of inhibiting the biological activity of'a ligand, such as viruses and

toxins, having biological activity on cells. Thus, substances having neutralizing activity refer to

subst
biz

ces that bind to the ligand or the receptor to which the ligand binds, and inhibits the
ing between the ligand and the receptor. Receptors blocked from binding with the ligand by

e neutralizing activity will not be able to exhibit biological activity through this receptor.

35
/\Z’hen the antigen-binding molecule is an antibody, such an antibody having neutralizing activity
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structure of the Fc (WT) / FeyRIIb extracellular region complex, pairs of atoms that hg&e a
distance of 3.7 A or less between the extracted FeyRITb extracellular region and Fe €H2 domain
B were compared for comparison of the interatomic interaction between FeyRITb And Fe (WT)
CH2 domain B with the interatomic interaction between FeyRIIb and Fe (P238D) CH2 domain B.
As shown in Table 15, the interatomic interactions between Fc CH2 domain B and FeyRITh in Fe

(P238D) and Fe (WT) did not match,

[Table 15}
Fe (P648D) CH2 DOMAIN B Fe (WT) CH2 DOMAIN B
FoyRITIb ATOM INTERACTION PARTNER INPERACTION PARTNER
{DISTANCE BETWEEN ATOMS, A) (PISTANCE BETWEEN ATOMS, A)
s 265 0OD2 (3.47)
val 116 cGz 4215 237 0 (3.69)
Ser 298 N (3.31)
Ser 126  0OG Ser 298 (B (3.32
Tyr 296 0O (3.0%)
Lys 128 CA Ser 298 0G (3.50)
Fhe 129 CB Ser 298 O (3/36)
/ Asn 297 CB (3.50)
Phe 125 CD2 ;/I Asn 297 CG (3.43)
Lys 128 C Ser 298 0OG  / (3.47)
Phe 129 N Ser 288 QoG S (3.30)
Phe 129 0O Ser 267 0G/ (3.54)
Arg 131 CB / Val 266 O (3.02)
Ar 131 CG Val 266 O (3.22)
Val 266 CG1 (3.45)
Arg 131 CD Val 266 C (3.55)
y. val 266 O (3.10)
//// val 266 C (3.66)
Arg 131 NE Ala /327 © (3.60) val 268 O (3.01)
Val 266 N (3.49)
As 270 C (3.64)
Arg 131 cz ASE 338 ggé Eg:g%; val 266 N (3.13)
Ala 327 CB (3.63)
Asp 270 CG (3.19) Va 266  CG1 (3.47)
. ns 270 OD2 (2.83) val 266 N (3.43)
Arg 131 NH Asg 270 ODL  (2.99) | Thr 295 0G1  (3.66)
Ser 267 CB (3.56) Ser 293 O {3.11)
Asp 270 CG {3.20)
) . As 270  OD2 (2.80) As 265 CA (3.16)
Arg 130 NHZ ASE 270 oDl (2.87) vay et N (3.37)
Ala 327 CB (3.66)
_ - Leu 234 CG (3.64)
iyr//157 CEL Lew 234 €Dl (3.61)
Gly 236 0O (3.62)
Tyr 157 oH Leu 234 CA (3.48)
/fg/ Leu 234 CG (3.45)
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by the KD value of each variant for FeyRIIb, and the value obtained by dividifig the KD value of
each variant for FeyRIlaH by the KD value of each variant for FeyRIIb. KD (IIb) of the parent
polypeptide / KD (1Ib) of the altered polypeptide refers to the value obtained by dividing the KD
value of the parent polypeptide for FeyRIIb by the KD value of each ¥ariant for FeyRITb. In
addition, the KD value for the stronger of the FeyRIIaR- and Fey
variant / KD value for the stronger of the FcyRI[aR- and FeyRII4H-binding activities of the

aH-binding activities of each

parent polypeptide are shown in Table 17. Here, parent polyptptide refers to the variant which
has IL6R-B3 (SEQ ID NO: 63) as the H chain. It was detgfmined that due to weak binding of
FeyR to IgG, it was impossible to accurately analyze by Kinetic analysis, and thus the gray-filled
cells in Table 17 show values calculated by using Eqyétion 2 of Reference Example 2.
[Equation 2]

KD= CeR,../ (R, —RI)-C

[Table 17]
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complex. Using, as a search model, the crystallographic structure of Fe (P208)/FeyRIIb

extracellular region complex obtained as described in Example (14-1), the ofientation and/
position of e (P208)/FcyRIaR extracellular region complex in the crystd] lattices were
determined based on the rotation function and translation function. Th¢ crystallographic
reliability factor R value of the structural model for the data of diffydcted intensity at 25 to 3.0 A
was 38.4% and Free R value was 30.0% after rigid body refinemgnt of the obtained initial
structural model which moves the two CH2 domains and two £H3 domains of the Fe region, and
the extracellular region of FeyRITaR. Then, structural model refinement was achieved by
repeating structural refinement using program REFMACS (Acta Cryst. (2011) D67, 355-367)
followed by revision of the structural model performed using program Coot (Acta Cryst. (2010)
D66, 486-501) with reference to the electron density maps where the coefficients Fo-Fc and 2Fo-
Fc were calculated using experimentally determided structural factor Fo, structural factor Fc
calculated according to the model, and the phgses calculated according to the model. Finally, as
a result of incorporation of water moleculey/Into the model based on the electron density maps
which use 2Fo-Fc or Fo-Fe as the coeffigfent, and the following refinement, the crystallographic
reliability factor, R values and the Freg R value of the model containing 4758 non-hydrogen
atoms became 26.3% and 38.0% to/24838 diffraction intensity data from 25 A t0 2.87 A
resolution, respectively.

The three-dimensiongl structure of the complex of Fc (P208)/FcyRIIaR extracellular
region was determined at afesolution of 2.87 A by structure analysis. A comparison of the
crystal structure betweep'the complex of Fc (P208)/FeyRIIaR type extracellular region and the
complex of Fe (P208)/FcyRIIb extracellular region described in Example (14-1) detected almost
no difference at thg/level of overall structure (Fig. 36), reflecting the very high amino acid
identity betweerythe two Fey receptors.

Howgver, a precise observation of the structures at the electron density level detected
some diffeptnces that can lead to improvement of the selectivity between the FcyRIIb binding
and the FcyRIIaR binding of the Fe region. The amino acid residue at position 160 in FeyRIIaR
1s not/I'yr but Phe. As shown in Fig. 37, the hydrogen bond between the main chain of the amino
acyd residue at position 237 (EU numbering) in the CH2 domain A of the Fc region and Tyr at
position 160 in FeyRIIb, though formed upon binding between FeyRI1Ib and the Fe region with
alteration P238D, 1s expected not to be formed upon binding between FeyRIIb and the Fc region
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enhanced mouse FeyRIIb-binding activity and having pH-dependent human I1.-6 recepto

binding properties was examined as indicated below.

(26-2) Production of mouse antibodies with selectively enhanced FeyRIIb-binding activity
VH3-mlIgGl (SEQ ID NO: 49) and VL3-mk1 (SEQ ID NO: 50) were produced as the

heavy chain and light chain, respectively, of a mouse IgG1 antibody having gH-dependent

human IL-6 receptor-binding properties using the method of Reference Example 1. Furthermore,
to enhance the mouse FeyRITb-binding activity of VH3-mlIgG1, substitdtions of Glu for Thr at
position 230, Ala for Val at position 231, Asn for Pro at position 232/Glu for Ser at position 238,
and Asp for Ser at position 239 as indicated by EU numbering weyt carried out to produce VI3~
mlgG1-MB367 (SEQ ID NO: 79). Fv4-mlgG1 or Fvd-mlgG1,MB367 comprising VL.3-mkl as
the light chain and VH3-mIgGt or VH3-mIgG1-MB367, regpectively, as the heavy chain was

expressed and purified using the method of Reference Ex

(26-3) Confirmation of mouse FcyR-binding activity,
VH3/L(WT)-mlIgGl or VH3/L{(WT)-mlgi1-MB367 comprising L(WT)-CK (SEQ ID
NO: 42) as the light chain and VH3-mIgG! or YH3-mlIgG1-MB367, respectively, as the heavy

chain was expressed and purified using the méthod of Reference Example 1. Mouse FeyR-

binding activities of these antibodies were/éssessed by the method of Reference Example 2, and
the results are shown in Table 31. Furthérmore, how much the mouse FeyR-binding activity of

each variant is enhanced as compare¢/to migG1 before the alteration is shown in Table 32.

[Table 31}
| KD (M)
VARIAN%AME mFc v Rilb mFc 7y RIII
VH3 /L (WT)-mlgG1 2.10E-07 2.82E-07
VH3/L (WP-mlgG1-MB367 | 1.32E-09 4.54E-08

[Table 32]
| BINDING RATIO TO mlgGl
/ VARIANT NAME mFcyRIIb | mFcy RII
/  VH3/L (WT)-mlgG1 1.0 1.0
/VH3/L (WT)-mlgG1-MB367 158.6 6.2

/
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plasma concentration of antigens bound by the antigen-binding molecules.

[Means for Solving the Problems]

Specifically, the present invention provides antigen-binding molecules comprising (i) an
antigen-binding domain whose antigen-binding activity varies depending on ion concentration
conditions, (ii) an FcyR-binding domain having FeyRIIb-selective binding activity, and (iti) an
FcRn-binding domain having FcRn-binding activity under an acidic pH range condition, and
methods for decreasing plasma concentration of the antigen as compared to before administering
the antigen-binding molecule, which comprises the step of administering the molecule.
Furthermore, the present invention provides agents for decreasing plasma concentration of the
antigen, which comprise an antigen-binding molecule comprising (i) an antigen-binding domain
whose antigen-binding activity varies depending on ion concentration conditions, (ii) an FeyR-
binding domain having FeyRIIb-selective binding activity, and (iil) an FcRn-binding domain
having FcRn-binding activity under an acidic pH range condition. The present invention also
provides pharmaceutical compositions which comprise an antigen-binding molecule comprising
(i) an antigen-binding domain whose antigen-binding activity varies depending on ion
concentration conditions, (i) an FeyR-binding domain having FeyRIIb-selective binding activity,
and (iii) an FcRn-binding domain having FcRn-binding activity under an acidic pH range
condition. The present invention also provides uses of the antigen-binding molecule for
decreasing plasma concentfation of the antigen, wherein the molecule comprises (i) an antigen-
binding domain whose antigen-binding activity varies depending on ion concentration conditions,
(i) an FeyR-binding domain having FeyRIIb-selective binding activity, and (iii) an FcRn-binding
domain having FcRn-binding activity under an acidic pH range condition. In addition to the
above, the present invention provides methods of producing and/or methods of screening for the
antigen-binding molecules. Although it is not particularly intended to limit the invention,
specifically, the following 1s provided as a non-limiting embodiment:

[1] use of an antigen-binding molecule for eliminating antigen from plasma, wherein the antigen-
binding molecule comprises an antigen-binding domain whose antigen-binding activity varies
depending on ion concentration conditions, and an Fc region in which the amino acid at position
238 is Asp and the amino acid at position 271 1s Gly as indicated by EU numbering;

[2] the use of [1], wherein the Fe region has an amino acid substitution at at least one or more
positions selected from the group consisting of 233, 234, 237, 264, 265, 266, 267, 208, 269, 272,
274,296, 326,327,330, 331, 332, 333, 355, 356, 358, 396, 409, and 419 as indicated by EU
numbering;

[3] the use of [2], wherein the amino acids of the Fe region include any one or more of the

following amino acids indicated by EU numbering:
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those having antibody heavy-chain and light-chain variable regions. Preferred examples of
antigen-binding domains include "single chain Fv (scFv)", "single chain antibody", "Fv", "single
chain Fv 2 (scFv2)", "Fab", and "F(ab)2".

The antigen-binding domains of antigen-binding molecules of the present invention can
bind to an identical epitope. Such epitope can be present, for example, in a protein comprising
the amino acid sequence of SEQ ID NO: 1. Alternatively, each of the antigen-binding domains
of antigen-binding molecules of the present invention can bind to a different epitope. Herein, the
different epitope can be present in, for example, a protein comprising the amino acid sequence of

SEQ ID NO: 1.

Specific
With regard to binding of antigen-binding molecules provided by the present invention

to an antigen, the term "specific" means that one of the molecules that specifically binds to does
not substantially bind to molecules other than its single or plurality of binding partner
molecule(s). Herein, "does not substantially bind" refers to showing 80% or less, generally 50%
or less, preferably 30% or less and particularly preferably 15% or less binding activity to
molecules other than the binding partner molecules compared to the binding activity towards the
partner molecule(s), as described in the above-mentioned section on binding activity.
Furthermore, "specific” is also used when an antigen-binding domain 1s specific to a particular
epitope among multiple epitopes in an antigen. When an epitope bound by an antigen-binding
domain is contained in multiple different antigens, antigen-binding molecules containing the

antigen-binding domain can bind to various antigens that have the epitope.

Neutralizing activity

In a non-himiting embodiment of the present invention, a pharmaceutical composition
comprising as an active ingredient an antigen-binding molecule having antigen-neutralizing
activity is provided, wherein the antigen-binding molecule comprises (1) an antigen-binding
domain whose antigen-binding activity varies depending on ion concentration conditions, (ii) an
FeyR-binding domain having FeyRITbh-selective binding activity, and (iii) an FcRn-binding
domain having FcRa-binding activity under an acidic pH range condition. Generally,
neutralizing activity refers to activity of inhibiting the biological activity of a ligand, such as
viroses and toxins, having biological activity on celis. Thus, substances having neutralizing
activity refer to substances that bind to the ligand or the receptor to which the ligand binds, and
inhibits the binding between the ligand and the receptor. Receptors blocked from binding with
the ligand by the neutralizing activity will not be able to exhibit biological activity through this

receptor. When the antigen-binding molecule is an antibody, such an antibody having
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structure of the Fc (WT) / FeyRIIb extraceliular region complex, pairs of atoms that have a
distance of 3.7 A or less between the extracted FeyRIIb extracellular region and Fe CH2 domain
B were compared for comparison of the interatomic interaction between FeyRITb and Fc (WT)
CH2 domain B with the interatomic interaction between FeyRIIb and Fe (P238D) CH2 domain B.
As shown in Table 15, the interatomic interactions between Fc CH2Z domain B and FeyRIlb in Fe
(P238D) and Fc (WT) did not match.

[Table 15]
Fe (P238D) CH2 DOMAIN B Fc (WT) CH2 DOMAIN B
FoyRIIb ATOM INTERACTION PARTNER INTERACTION PARTNER
(DISTANCE BETWEEN ATOMS, A) | (DISTANCE BETWEEN ATOMS, A)
Asp 265 0ODZ ENEE
val 116 CG2 Gl§ 237 0 (3.65)
Ser 288 N {(3.31)
Ser 126 0OG Ser 298 CB {3.32)
Tyr 296 O (3.05)
Lys 128 CA& Ser 208 0OG (3.50)
Phe 129 (B Ser 208 O (3.38)

_ Rsn 287 CB (3.50)
Phe 129 CD2 Asn 297 CG (3.43)
Lys 128 C Ser 298 CG (3.47)

Prhe 129 W Ser 298 OG (3.30
Phe 129 O Ser 267 OG (3.51)
Arg 131 CB Val 266 0O {3.02}
Irg 131 CG Val 266 0O (2.22)
Val 266 CGI (3.45)
| Arg 131 ¢CD Val 266 C (3.55)
Val 266 O (3.10)
Val 266 C (3.66)
Brg 131 NE nla 327 © (3.60) |val 266 © (3.01)
val 266 N (3.49)
Asp 270 CG {3.64)
aeg 131 ez [P 200 0P 3E |vel 266 (3.13)
Ala 327 CB (3.63)
Lsp 270 CG (3.19) |val 266 CGL (3.47)
. ] Asp 270 OD2 (2.83) |val 266 N (3.43)
Arg 131 NHL ASi 270 oDl (2.909) Thr 299 0G1 (3.66)
Ser 267 CB (3.56) |Ser 298 O (3.11)
hsp 270 C (3.20)
. Asp 270 OD2 (2.80) |Asp 265 CA (3.16)
Arg 131 NHZ Asg 270 om (2.87y  |ves  2es w (3.37)
Ala 327 CB (3.66)
Tyr 157 CEL Leuw 234 CG (3.%4;
Leu 234 CD1 (3.61)
Gly 236 O (3.62)
Tyr 157 OH Leu 234 C {3.48}
Leu 234 CG {3.45}
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sumimarized in Table 17. In the table, alteration refers to the alteration introduced into ILOR-B3
(SEQ ID NO: 63). The template used for producing IL.6R-B3, IL6R-G1d/1L6R-L, is indicated
with an asterisk (*). Furthermore, KD (IIaR)/KD (IIb) and KD (1IaH)/KD (IIb) in the table
respectively represent the value obtained by dividing the KD value of each variant for FecyR1IaR
by the KD value of each variant for FcyR1Ib, and the value obtained by dividing the KD value of
each variant for FeyRilaH by the KD value of each variant for FeyRIIb. KD (1Ib) of the parent
polypeptide / KD (IIb) of the altered polypeptide refers to the value obtained by dividing the KD
value of the parent polypeptide for FeyRIb by the KD value of each variant for FeyRIlb. In
addition, the KD value for the stronger of the FeyRIIaR- and FeyR1laH-binding activities of each
variant / KD value for the stronger of the FcyRIIaR- and FeyRIIaH-binding activities of the
parent polypeptide are shown in Table 17. Here, parent polypeptide refers to the variant which
has IL6R-B3 (SEQ ID NO: 63) as the H chain. It was determined that due to weak binding of
FevR to IgG, it was impossible to accurately analyze by kinetic analysis, and thus the gray-filled
cells in Table 17 show values calculated by using Equation 2 of Reference Example 2.

[Equation 2]

KD= CeR,, /(R,.~RT)~C

[Table 17]
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[X-ray crystal structure analysis of Fc (P208)/FeyRIlaR type extracellular region complex]

The structure of Fc (P208)/FeyRIIaR type extracellular region complex was determined
by a molecular replacement method using program Phaser (I. Appl. Cryst. (2007) 40, 658-674).
The number of complexes in an asymmetrical unit was estimated to be one from the size of the
obtained crystal lattice and the molecular weight of Fc (P208)/FeyRIlaR extracellular region
complex. Using, as a search model, the crystallographic structure of Fc (P208)/FcyRIIb
extraceliular region complex obtained as described in Example (14-1), the orientation and
position of Fc (P208)/FcyRHaR extracellular region complex in the crystal lattices were
determined based on the rotation function and translation function. The crystallographic
reliability factor R value of the structural model for the data of diffracted intensity at 25 to 3.0 A
was 38.4% and Free R value was 30.0% after rignd body refinement of the obtained initial
structural model which moves the two CH2 domains and two CH3 domains of the Fc region, and
the extracellular region of FcyRIlaR. Then, structural model refinement was achieved by
repeating structural refinement using program REFMACS (Acta Cryst. (2011) D67, 355-367)
followed by revision of the structural model performed using program Coot (Acta Cryst. (2010)
D66, 486-501) with reference to the electron density maps where the coefficients Fo-Fc and 2Fo-
Fc were calculated using experimentally determined structural factor Fo, structural factor Fc
calculated according to the model, and the phases calculated according to the model. Finally, as
a result of incorporation of water molecules into the model based on the electron density maps
which use 2Fo-Fc or Fo-Fc as the coefficient, and the following refinement, the crystallographic
reliability factor, R values and the Free R value of the model containing 4758 non-hydrogen
atoms became 26.3% and 38.0% to 24838 diffraction intensity data from 25 A to 2.87 A
resolution, respectively.

The three-dimensional structure of the complex of Fc (P208)/FcyRIlaR extracellular
region was determined at a resolution of 2.87 A by structure analysis. A comparison of the
crystal structure between the complex of Fc (P208)/FcyRIIaR type extracellular region and the
complex of Fc (P208)/FeyRIIb extracellular region described in Example (14-1) detected almost
no difference at the level of overall structure (Fig. 36), reflecting the very high amino acid
identity between the two Fey receptors.

However, a precise observation of the structures at the electron density level detected
some differences that can lead to improvement of the selectivity between the FeyRIIb binding
and the FeyRIIaR binding of the Fc region. The amino acid residue at position 160 in FeyRITaR
is not Tyr but Phe. As shown in Fig. 37, the hydrogen bond between the main chain of the amino
acid residue at position 237 (EU numbering) in the CH2 domain A of the Fc region and Tyr at
position 160 in FeyRIIb, though formed upon binding between FeyRIIb and the Fe region with
alteration P238D, is expected not to be formed upon binding between FeyRIIaR and the Fe
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enhanced mouse FeyRIIb-binding activity and having pH-dependent human IL-6 receptor-

binding properties was examined as indicated below.

(26-2) Production of mouse antibodies with selectively enhanced FeyRIIb-binding activity
VH3-mlIgG1 (SEQ ID NO: 49) and VL3-mki (SEQ ID NO: 50) were produced as the
heavy chain and light chain, respectively, of a mouse IgG1 antibody having pH-dependent

human JL-6 receptor-binding properties using the method of Reference Example 1. Furthermore,
to enhance the mouse FeyRIIb-binding activity of VH3-migG1l, substitutions of Glu for Thr at
position 230, Ala for Val at position 231, Asn for Pro at position 232, Glu for Ser at position 238,
and Asp for Ser at position 239 as indicated by EU numbering were carried out to produce VH3-
mlgG1-MB367 (SEQ ID NO: 79). Fv4-mIgGl or Fvd-mIgG1-MB367 comprising VL3-mkl as
the light chain and VH3-mlIgG1 or VH3-mIgG1-MB367, respectively, as the heavy chain was

expressed and purified using the method of Reference Exampie 1.

{26-3) Confirmation of mouse FevR-binding activity
VH3/L(WT)-mIgGl or VH3/L(WT)-mIgG1-MB367 comprising L{IWT)-CK (SEQ ID
NO: 42) as the light chain and VH3-mIgG1 or VH3-mIgG1-MB367, respectively, as the heavy

chain was expressed and purified using the method of Reference Example 1. Mouse FeyR-

binding activities of these antibodies were assessed by the method of Reference Example 2, and
the results are shown in Table 31. Furthermore, how much the mouse FeyR-binding activity of

each variant is enhanced as compared to mIgGl before the alteration is shown in Table 32.

[Table 31]
KD {M)
VARIANT NAME mFc ¥ RIlb mFc 7 RITI
VH3 /L (WT)-mlgG1 2.10E-07 2.82E-07
VH3 /L (WT)-mlgG1-MB367 1.32E-09 4.54E-08

[Table 32

BINDING RATIO COMPARFED TO mlgG1

mFEc ¥y RIlb mEFc v RIII
VH3 /L (WT)-mlgG1 1.0 1.0

VARIANT NAME

VH3/L (WT)-mlgG1-MB367 158.6 6.2




