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DESCRIPTION 

METHOD FOR ALTERING PLASMA RETENTION AND IMMUNOGENICITY OF 

ANTIGEN-BINDING MOLECULE 

Technical Field 

The present invention relates to methods for improving pharmacokinetics of an 

antigen-binding molecule in animals administered with the molecule and methods for reducing 

immune response to an antigen-binding molecule, by modifying the Fc region of the 

antigen-binding molecule which has an antigen-binding domain whose antigen-binding activity 

varies depending on ion concentration and an Fc region that has FcRn-binding activity in a 

neutral pH range. 	The present invention also relates to antigen-binding molecules that exhibit 

improved pharmacokinetics or reduced immune response in animals administered with the 

molecules. 	Furthermore, the present invention relates to methods for producing the 

antigen-binding molecules and to pharmaceutical compositions comprising as an active 

ingredient such an antigen-binding molecule. 

Background Art 

Antibodies are drawing attention as pharmaceuticals as they are highly stable in plasma 

and have few side effects. 	At present, a number of IgG-type antibody pharmaceuticals are 

available on the market and many antibody pharmaceuticals are currently under development 

(Non-patent Documents 1 and 2). 	Meanwhile, various technologies applicable to 

second-generation antibody pharmaceuticals have been reported, including those that enhance 

effector function, antigen-binding ability, pharmacokinetics, and stability, and those that reduce 

the risk of immunogenicity (Non-patent Document 3). 	In general, the requisite dose of an 

antibody pharmaceutical is very high. 	This, in turn, has led to problems, such as high 

production cost, as well as the difficulty in producing subcutaneous foi 	mulations. 	In theory, the 

dose of an antibody pharmaceutical may be reduced by improving antibody pharmacokinetics or 

improving the affinity between antibodies and antigens. 

The literature has reported methods for improving antibody pharmacokinetics using 

artificial substitution of amino acids in constant regions (Non-patent Documents 4 and 5). 

Similarly, affinity maturation has been reported as a technology for enhancing antigen-binding 

ability or antigen-neutralizing activity (Non-patent Document 6). 	This technology enables 

enhancement of antigen-binding activity by introduction of amino acid mutations into the CDR 

region of a variable region or such. 	The enhancement of antigen-binding ability enables 

improvement of in vitro biological activity or reduction of dosage, and further enables 
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improvement of in viva efficacy (Non-patent Document 7). 

The antigen-neutralizing capacity of a single antibody molecule depends on its affinity. 

By increasing the affinity, an antigen can be neutralized by smaller amount of an antibody. 

Various methods can be used to enhance the antibody affinity (Non-patent Document 6). 

5 Furthermore, if the affinity could be made infinite by covalently binding the antibody to the 

antigen;  a single antibody molecule could neutralize enc antigen molecule (a divalent antibody 

can neutralize two antigen molecules). 	However, the stoichiometric neutralization of one 

antibody against one antigen (one divalent antibody against two antigens) is the limit of 

pre-existing methods, and thus it is impossible to completely neutralize antigen with the smaller 

10 amount of antibody than the amount of antigen. 	In other words, the affinity enhancing effect 

has a limit (Non-patent Document 9). 	To prolong the neutralization effect of a neutralizing 

antibody for a certain period, the antibody must be administered at a dose higher than the amount 

of antigen produced in the body during the same period. 	With the improvement of antibody 

pharmacokineticsor affinity maturation technology alone described above, there is thus a 

15 limitation in the reduction of the required antibody dose. 	Accordingly, in order to sustain 

antibody's antigen-neutralizing effect for a target period with smaller amount of the antibody 

than the amount of antigen, a single antibody must neutralize multiple antigens. 	An antibody 

that binds to an antigen in a pH-dependent manner has recently been reported as a novel method 

for achieving the above objective (Patent Document 1). 	The pH-dependent antigen-binding 

20 antibodies, which strongly bind to an antigen under the neutral conditions in plasma and 

dissociate from the antigen under acidic conditions in the endosome, can dissociate from the 

antigen in the endosome. 	When a pH-dependent antigen-binding antibody dissociates from the 

antigen is recycled to the plasma by FcRn. it can bind to another antigen again. 	Thus, a single 

pH-dependent antigen-binding antibody can bind to a number of antigens repeatedly. 

25 In addition, plasma retention of an antigen is very short as compared to antibodies 

recycled via FeRn binding. 	When an antibody with such long plasma retention binds to the 

antigen. the plasma retention time of the antigen-antibody complex is prolonged to the same as 

that of the antibody. 	Thus. the plasma retention of the antigen is prolonged by binding to the 

antibody, and thus the plasma antigen concentration is increased. 

30 IgG antibody has longer plasma retention time as a result of FeRn binding. 	The 

binding between lei and FcRn is only observed under an acidic condition (pH 6.0). 	By 

contrast, the binding is almost undetectable under a neutral condition (pH 7.4). 	IgG antibody is 

taken up into cells in a nonspecific manner. 	The antibody returns to the cell surface by binding 

to endosomal FcRn under the endosomal acidic condition, and then is dissociated from FcRn 

35 under the plasma neutral condition. 	When the FcRn binding under the acidic condition is lost 

by introducing mutations into the IgG Fc region, absence of antibody recycling to the plasma 



from the endosome markedly impairs the antibody retention time in plasma. 	A reported method 

for improving the plasma retention of IgG antibody is to enhance the FcRn binding under acidic 

conditions. 	Amino acid mutations are introduced into the Fc region of IgG antibody to improve 

the FcRn binding under acidic conditions. 	This increases the efficiency of recycling to the 

5 plasma from the endosome, resulting in improvement of the plasma retention. 	An important 

.requirement in 	a.snitto acid substitution is not.to-augmerat theFeRrthinding under.neutra! 

conditions. 	If an IgG antibody binds to FcRn under neutral conditions, the antibody returns to 

the cell surface by binding to FcRn under the endosomal acidic condition is not dissociated from 

FcRn under the plasma neutral condition. 	In this case, the plasma retention is rather lost 

10 because the IgG antibody is not recycled to the plasma. 	For example, an IgG1 antibody 

modified by introducing amino acid substations so that the resulting antibody is capable of 

binding to mouse FcRn under a neutral condition (pH 7.4) was reported to exhibit very poor 

plasma retention when administered to mice (Non-patent Document 10). 	Furthermore, an IgG I 

antibody has been modified by introducing amino acid substitutions so that the resulting 

15 antibody exhibits improved human FcRn binding under an acidic condition (pH 6.0) and at the 

same time becomes capable of binding to human FcRn under a neutral condition (pH 7.4) 

(Non-patent Documents 10, 11, and 12i. 	The resulting antibody was reported to show neither 

improvement nor alteration in the plasma retention when administered to cynomolgus monkeys. 

Thus, the antibody engineering technology for improving antibody functions has only focused on 

20 the improvement of antibody plasma retention by enhancing the human FcRn binding under 

acidic conditions without enhancing it under a neutral condition (pH 7.4). 	To date, there is no 

report describing the advantage of improving the human FcRn binding under a neutral condition 

(pH 7.4) by introducing amino acid substitutions into the Fc region of an IgG antibody. 	Even if 

the antigen affinity of the antibody is improved, antigen elimination from the plasma cannot be 

25 enhanced. 	The above-described pH-dependent antigen-binding antibodies have been reported 

to be more effective as a method for enhancing antigen elimination from the plasma as compared 

to typical antibodies (Patent Document 1). 

Thus, a single pH-dependent antigen-binding antibody binds to a number of antigens 

and is capable of facilitating antigen elimination frutu the plasma as compared to typical 

30 antibodies. 	Accordingly, the pH-dependent antigen-binding antibodies have effects not 

achieved by typical antibodies. 	However, to date, there is no report on antibody engineering 

methods for further improving the ability of pH-dependent antigen-binding antibodies to 

repeatedly bind to antigens and the effect of enhancing antigen elimination from the plasma. 

Meanwhile, the immunogenicity of antibody pharmaceuticals is very important from the 

35 viewpoint of plasma retention, effectiveness, and safety when they are administered to humans. 

It has been reported that if antibodies are produced against administered antibody 
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pharmaceuticals in the human body, they cause undesirable effects such as accelerating 

elimination of the antibody pharmaceuticals from plasma, reducing effectiveness, and eliciting 

hypersensitivity reaction and affecting safety (Non-patent Document 13). 

First of all, when taking into consideration the immunogenicity of antibody 

5 	pharmaceuticals, one has to understand the in vivo functions of natural antibodies. 	First. most 

antibody pharmaceuticals LTC antibodies that beloag-to the IgG class, and the presence of Fey 

receptors (hereinafter also referred to as FcyR) as Fc receptors that function by binding to the Fc 

region of IgG antibodies is known. 	FcyRs are expressed on the cell membrane of dendritic cells, 

NK cells, macrophages, neutrophils, adipocytes, and others; and they are known to transduce 

10 	activating or inhibitory intracellular signals into immune cells upon binding of an IgG Fc region. 

For the human FcyR protein family, isoforms FcyRla, FcyR1la, FcyRllb, FcyRIlla, and FcyRlllb 

are known, and their allotypes have also been reported 	(Non-patent Document 14). 	Two 

allotypes have been reported for human FcyRIla: Arg (hFcyRIla(R)) and His (hFcyRIla(H)) at 

position 131. 	Furthermore, two allotypes have been reported for human FcyRIlla: Val 

15 	(hFcyRIlla(V)) and Phe (hFcyRIlla(F)) at position 158. 	Meanwhile, for the mouse FcyR 

protein family, Fc1RI. FcyRIlb, FcyR111, and FcyRIV have been reported (Non-patent Document 

15). 

Human FcyRs include activating receptors FcyRla, FcyRfla, FcyRIlla, and FcyRIIlb, 

and inhibitory receptor FcyRIlb. 	Likewise, mouse FcyRs include activating receptors FcyRI, 

20 	FcyR111, and FcyRIV, and inhibitory receptor FcyRIlb. 

When activating FcyR is cross-linked with an immune complex, it phosphorylates 

inununoreceptor tyrosine-based activating motifs (ITAMs) contained in the intracellular domain 

or FcR common y-chain (an interaction partner), activates a signal transducer SYK. and triggers 

inflammatory immune response by initiating an activation signal cascade (Non-patent Document 

25 	15). 

It has been demonstrated that for the binding between an Fc region and FcyR, certain 

amino acid residues in the antibody hinge region and CH2 domain, and the sugar chain attached 

to the CH2 domain at Asn of position 297 in the EU numbering system are important 

(Non-patent Documents 15 to 17). 	With a focus on antibodies introduced with mutations at the 

30 	sites described above, mutants with varying FcyR-binding properties have been investigated, and 

Fc region mutants that have higher affinity for activating FcyRs were obtained (Patent 

Documents 2 to 5). 

Meanwhile, FcyltIlb, which is an inhibitory FcyR, is the only FcyR expressed on B cells 

(Non-patent Document 18). 	Interaction of the antibody Fc region with FcyR1Ib has been 

35 	reported to suppress the primary immune response of B cells (Non-patent Document I9). 

Furthermore, it is reported that when FcyRIIb on B cells and a B cell receptor (BCR) are 
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cross-linked via an immune complex in blood, B cell activation is suppressed, and antibody 

production by B cells is suppressed (Non-patent Document 20). 	In this immunosuppressive 

signal transduction mediated by BCR and FcyltIlb, the immunoreceptor tyrosine-based 

inhibitory motif (ITIM) contained in the intracellular domain of FryRIlb is necessary 

5 (Non-patent Documents 21 and 22). 	This immunosuppressive action is caused by ITIM 

pbosphorylatinn 	As a result of phosphorylagon, SH2 cf.-yr-tiring inositol.polyphosphate 

5-phosphatase (SHIP) is recruited, transduction of other activating FcyR signal cascades is 

inhibited, and inflammatory immune response is suppressed (Non-patent Document 23). 

Because of this property, FcyRIlb is promising as a means for directly reducing the 

10 immunogenicity of antibody pharmaceuticals. 	Exendin-4 (Ex4) is a foreign protein for mice, 

but antibodies are not produced even when a fused molecule with IgGI (Ex4/Fc) is administered 

to mice. 	Meanwhile, antibodies are produced against Ex4 upon administration of the (Ex4/Fc 

mut) molecule which is obtained by modifying Ex4/Fc to not bind FcyRlIb on B cells 

(Non-patent Document 24). 	This result suggests that Ex4/Fc binds to FcyRIlb on B cells and 

15 inhibits the production of mouse antibodies against Ex4 in B cells. 

Furthermore, FeyRIlb is also expressed on dendritic cells, macrophages, activated 

neutrophils, mast cells, and basophils. 	PcyRIlb inhibits the functions of activating FcyR such as 

phagocytosis and release of inflammatory cytokines in these cells, and suppresses inflammatory 

immune responses (Non-patent Document 25). 

20 The importance of immunosuppressive functions of FcyRIIb has been elucidated so far 

through studies using FcyRIlb knockout mice. 	There are reports that in FcyR1lb knockout mice, 

humoral immunity is not appropriately regulated (Non-Patent Document 26), sensitivity towards 

collagen-induced arthritis (CIA) is increased (Non-patent Document 27), lupus-like symptoms 

are presented, and Goodpasture's syndrome-like symptoms are presented (Non-patent Document 

25 28). 

Furthermore, regulatory inadequacy of FcyRllb has been reported to be related to 

human autoimmnue diseases. 	For example, the relationship between genetic polymorphism in 

the transmembrane region and promoter region of FcyRIlb. and the frequency of development of 

systemic lupus erythematosus (SLE) (Non-patent Documents 29, 30, 31,32. and 33), and 

30 decrease of FcyRIlb expression on the surface of B cells in SLE patients (Non-patent Document 

34 and 35) have been reported. 

From mouse models and clinical findings as such. FcyRlIb is considered to play the role 

of controlling autoimmune diseases and inflammatory diseases mainly through involvement with 

B cells, and it is a promising target molecule for controlling autoimmune diseases and 

35 inflammatory diseases. 

IgGI. mainly used as a commercially available antibody pharmaceutical. is known to 



bind not only to FcyRIlb, but also strongly to activating FcyR (Non-patent Document 36). 	It 

may be possible to develop antibody pharmaceuticals having greater immunosuppressive 

properties compared with those of18GL by utilizing an Fc region with enhanced FcyRIIb 

binding, or improved FcyRIlb-binding selectivity compared with activating FcyR. 	For example. 

5 it has been suggested that the use of an antibody having a variable region that binds to BCR and 

an Fc with-anharnS FeyRIlb binding may-irhibitB-cell activation-Won-patent Documcrit-37). 

However, FcyRIlb shares 93% sequence identity in the extracellular region with that of 

FcyRIla which is one of the activating FcyRs, and they are very similar structurally. 	There are 

allotypes of FcyRIla, H type and R type. in which the amino acid at position 131 is His (type H) 

10 or Arg (type R). and yet each of them reacts differently with the antibodies (Non-patent 

Document 38). 	Therefore, to produce an Fc region that specifically binds to FcyRllb, the most 

difficult problem may be conferring to the antibody Fc region with the property of selectively 

improved Ft/Mb-binding activity, which involves decreasing or not increasing the binding 

activity towards each allotype of FcyRIIa, while increasing the binding activity towards FcyRIlb. 

15 There is a reported case on enhancement of the specificity of FcyRIlb binding by 

introducing amino acid mutations into the Fc region (Non-patent Document 39). 	According to 

this document, mutants were constructed so that when compared to IgG I, they retain their 

binding to FcyRIlb more than 	to FcyFtIla which has two polymorphic forms. 	However, in 

comparison to natural IgG 1, all mutants reported to have improved specificity to FcyRIlb in this 

20 document were found to have impaired FcyRIlb binding. 	Thus, it is considered difficult for the 

mutants to induce an FcyRIlb-mediated immunosuppressive reaction more strongly than IgG I 

There is also a report on augmentation of the FcyRIlb binding (Non-patent Document 

37). 	In this document, the FcyRIlb binding was augmented by introducing mutations such as 

8267E/L328F. G236DIS267E, and S239D/S267E into the antibody Fc region. 	Among them, an 

25 antibody introduced with the S267E1L328F mutation bound most strongly to FcyRIlb. 	This 

mutant was shown to retain the binding to FcyRla and to FcyltIla type H at levels comparable to 

those of natural IgG I . 	Even if Fc1RITh binding was augmented relative to IgG I, only the 

augmentation of FcyltIla binding but not the augmentation of FcyRIlb binding is expected to 

have an effect on cells such as platelets which express FcyfUlla but not FcyRIlb (Non-patent 

30 Document 25). 	For example, it has been reported that platelets are activated via an 

FcyRIla-dependent mechanism in systemic erythematosus and platelet activation is correlated 

with the severity (Non-patent Document 40). 	According to another report, the above-described 

mutation enhanced the binding to FcyRfia type R several hundred-fold to the same degree as the 

FcyRIlb binding, and did not improve the binding specificity for FcyRIlb when compared to 

35 FcyRIla type R (Patent Document 17). 	Furthermore, in cell types that express both FcyR1la and 

FcyRIlb such as dendritic cells and macrophages, the binding selectivity for FcyR.1113 relative to 



FcyRIla is essential for the transduction of inhibitory signals; however, such selectivity could not 

be achieved for type R. 

FcyRIla type H and type R are found at almost the same rate among Caucasian and 

African-American people (Non-patent Documents 41 and 42). 	Hence, there are certain 

5 restrictions on the use of antibodies with augmented binding to FcyRIla type R to treat 

autoimmune diseases. 	F...vmif the FeyRIth binding was augmented as compared to activating 

FcyRs, the fact that the binding to any polymorphic form of FcyRIla is augmented cannot be 

overlooked from the standpoint of its use as a therapeutic agent for autoinunune diseases. 

When antibody pharmaceuticals targeting FeyRIlb are produced to treat autoimmune 

10 diseases, it is important that the activity of Fe-mediated binding to any polymorphic forms of 

FcyRIla is not increased or is preferably reduced, and that the binding activity to FcyRIlb is 

augmented as compared to natural IgG. 	However, there have been no reports of mutants having 

the above-described properties, and thus there is a demand to develop such mutants. 

Prior art documents of the present invention are shown below. 
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Westerdaal NA, Wentz B, Manger B, Kalden JR, van de Winkel JG., Fcgamma receptor Ha 
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5 clinical symptoms., Arthritis Rheum. (1998) 41, 1181-1189 
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Milford E, Roopenian DC, Lencer WI, Blumberg RS., Dependence of antibody-mediated 

presentation of antigen on FcRn., Proc. Natl. Acad. Sci. (2008) 105 (27) 9337-9342 

10 

[Non-patent Document 44] Mi W, Wanjie S. Lo ST, Gan Z, Pickl-Herk B. Ober RJ, Ward ES., 

Targeting the neonatal fc receptor for antigen delivery using engineered fc fragments., J. 

Immunol. (2008) 181 (11), 7550-7561 

Summary of the Invention 

(Problems to be Solved by the Invention] 

15 In addition to the involvement of activating FcyR described above, the so-called antigen 

presentation mechanism is very important as a factor in the induction of immune response to 

administered antibody pharmaceuticals. 	Antigen presentation refers to an immunological 

mechanism in which after intracellular internalization and degradation of foreign antigens such 

as bacteria, and endogenous antigens, antigen presenting cells such as macrophages and dendritic 

20 cells present portions of the antigens on cell surface. 	The presented antigens are recognized by 

T cells and others, and activate both cellular and humoral immunity. 

The pathway of antigen presentation by dendritic cells involves internalization of an 

antigen as an immune complex (a complex formed between a multivalent antibody and an 

antigen) into cells. degradation in the lysosome, and presentation of the resulting peptides 

25 derived from the antigen by MHC class 11 molecules. 	FcRn plays an important role in this 

pathway; and it has been reported that when using FcRn-deficient dendritic cells or immune 

complexes that are incapable of binding to FcRn. antigen presentation and resultant T cell 

activation do not occur (Non-patent Document 43). 

30 

When normal animals are administered with an antigen protein as a foreign substance, 

they often produce antibodies against the administered antigen protein. 	For example, when 

mice are administered with a soluble human 1L-6 receptor as a foreign protein, they produce 

mouse antibodies against the soluble human IL-6 receptor. 	On the other hand, even when mice 

are administered with a human IgG1 antibody as a foreign protein. they hardly produce mouse 

antibodies against the human IgG1 antibody. 	This difference suggests that the rate of 

35 elimination of the administered foreign protein from plasma might be an influence. 

As described in Reference Example 4. a human IgG I antibody has the ability to bind 
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mouse FcRn under acidic conditions, and thus, like mouse antibodies, a human IgG1 antibody is 

recycled via mouse FcRn when incorporated into endosomes. 	For this reason, when a human 

IgG I antibody is administered to normal mice, elimination of the antibody from plasma is very 

slow. 	Meanwhile, a soluble human IL-6 receptor is not recycled via mouse FcRn and is thus 

5 eliminated rapidly after administration. 	On the other hand, as described in Reference Example 

4,.the-productiorrof mouse eattibodics-againsz-a soluble Inman IL-6Thantibody istrved in 

normal mice administered with a soluble human IL-6 receptor, while the production of mouse 

antibodies against a human IgG I antibody is not found in normal mice administered with a 

human IgG I antibody. 	In other words, a soluble human IL-6 receptor that is eliminated rapidly 

10 is more immunogenic in mice than a human IgG1 antibody that is eliminated slowly. 

Pan of the pathway for elimination of these foreign proteins (soluble human IL-6 

receptor and human IgG1 antibody) from plasma is assumed to be uptake by antigen-presenting 

cells. 	The foreign proteins incorporated into antigen-presenting cells associate with MHC class 

II molecules after intracellular processing, and are transported onto the cell membrane. 	Then. 

15 the presentation of an antigen to antigen-specific T cells (for example, T cells that are 

specifically responsive to a soluble human IL-6 receptor or human IgG I antibody) induces 

activation of antigen-specific T cells. 	In this context, it is presumably difficult for a foreign 

protein that is eliminated slowly from plasma be processed in antigen-presenting cells, and as a 

result antigen presentation to antigen-specific T cells is unlikely to occur. 

20 The binding to FcRn under neutral conditions is known to adversely affect antibody 

retention in plasma. 	Once an IgG antibody is bound to FcRn under neutral conditions, even if it 

is returned to the cell surface under endosomal acidic conditions as a result of binding to FcRn, 

the IgG antibody cannot be recycled to plasma without dissociation from FcRn under the neutral 

condition in plasma: and this adversely impairs plasma retention. 	For example. according to a 

25 report (Non-patent Document 10), when an antibody which becomes capable of binding to 

mouse FcRn under a neutral condition (pH 7.4) as a result of amino acid substitutions introduced 

into IgG I was administered to mice, the retention of the antibody in plasma worsened. 

Meanwhile. it has been reported that when an antibody that has been confirmed to bind human 

FeRn under a neutral condition (pH 7.4) was administered to Cimomolgus monkeys, the 

30 antibody retention in plasma was not prolonged but rather remained unaltered (Non-patent 

Documents 10 to 12). 	When the retention time of an antigen-binding molecule in plasma is 

shortened due to augmentation of its binding to FcRn under a neutral condition (pH 7.4), 

immunogeniciry may become higher due to accelerated elimination of the antigen-binding 

molecule. 

35 Furthermore, FeRn has been reported to be expressed in antigen-presenting cells and 

involved in antigen presentation. 	According to a report published on the immunogenicity 
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assessment of a protein resulting from fusion of myelin basic protein (MBP), although not an 

antigen-binding molecule, to the Fe region of mouse IgG1 (hereinafter abbreviated as MBP-Fc). 

T cells that are responsive in an MBP-Fc-specific manner are activated and proliferated when 

cultured in the presence of MBP-Fc. 	In this aspect, it is known that T cell activation is 

5 

10 

intensified in vitro by adding to the Fc region of MBP-Fc a modification that enhances the FcRn 

binding to increase ,incorporation- Into-antigen,  presenting- cells vic-FeRn -expressed on- the 

antigen-presenting cells. 	It has been reported that regardless of the accelerated elimination 

from plasma as a result of adding a modification that enhances the binding to FcRn, in vivo T 

cell activation has been reported to he rather impaired (Non-patent Document 44). 	Thus, 

immunogenicity is not necessarily enhanced when the elimination is accelerated by augmenting 

the binding to FcRn. 

As described above, there has not been sufficient research to understand how 

augmentation of the FcRn binding of an antigen-binding molecule that has an FcRn-binding 

domain under a neutral condition (pH 7.4) influences the plasma retention and immunogenicity 

15 of the antigen-binding molecule. 	Thus, there is no reported method for improving the plasma 

retention and immunogenicity of antigen-binding molecules having FcRn-binding activity under 

a neutral condition (pH 7.4). 

It has been revealed that antigen elimination from plasma can be accelerated by the use 

of an antigen-binding molecule that comprises the antigen-binding domain of an antigen-binding 

20 molecule whose antigen-binding activity varies depending on ion concentration and an Fc region 

that has FcRn-binding activity in a neutral pH range. 	However, sufficient studies have not been 

conducted to understand how augmentation of the FeRn-binding activity of an Fc region in a 

neutral pH range influences the retention of antigen-binding molecules in plasma and 

immunogenicity. 	During studies, the present inventors found a problem that as a result of 

25 augmentation of the FcRn-binding activity of the Fc region in a neutral pH range, the retention 

time of the antigen-binding molecule in plasma is reduced (the pharmacokinetics is worsened) 

and the immunogenicity of the antigen-binding molecule is elevated (the immune response to the 

antigen-binding molecule is aggravated). 

The present invention was achieved in view of the circumstances described above. 	An 

30 objective of the present invention is to provide methods for improving the pharmacokinetics in 

animals administered with an antigen-binding molecule by modifying the Fc region of the 

antigen-binding molecule which comprises the 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. 	Another objective of the present 

35 invention is to provide methods for reducing the immune response to an antigen-binding 

molecule by modifying the Fe region of the antigen-binding molecule which comprises the 
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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 vivo immune response when administered 

5 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] 

10 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 ion concentration and an Fc region that has FoRn-binding activity in 

a neutral pH range formed a hetero complex consisting of four molecules: antigen-binding 

15 molecule/two molecules of FcRn/activating Fcy 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 Fc 

region that in a neutral pH range does not foliii a hetero tetramer complex comprising two 

20 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 that in a 

neutral pH range does not form a tetramer complex comprising two molecules of FeRn and an 

activating Fcy receptor. 	The present inventors also demonstrated that immune response to the 

25 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 

30 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 (a) or (b) below, wherein the method 

comprises modifying the Fc region of an. IgG-type antibody comprising an antigen-binding 

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

that has FcRn-binding activity in a neutral pH range into an Fc region that does not form a hetero 

5 complex comprising two molecules of FcRn and one molecule of activating Fcy receptor in a 

neutral pH range, 

wherein the ion concentration 

(i) is hydrogen ion concentration (pH), and the antigen-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 5.8, to 

10 (b) the RD value for antigen binding by the antibody at pH 7.4 (1(13 (pH 5.8) / KD (pH 7.4)) is 2 

or more; or 

(ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion 

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

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

15 antibody at the first calcium ion concentration, to (b) the 10 value for antigen binding by the 

antibody at the second calcium ion concentration (10 (first calcium ion concentration) /10 

(second calcium ion concentration)) is 2 or more; 

(a) a method for improving pharmacokinetics of an IgG-type antibody; and 

(b) a method for reducing immunogenicity of an IgG-type antibody. 

20 In another aspect, there is provided an IgG-type antibody comprising an antigen-binding 

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

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

more amino acids selected from: 

Ala at amino acid position 234; 

25 Ala, Lys, or Arg at amino acid position 235; 

Arg at amino acid position 236; 

Arg at amino acid position 238; 

Lys at amino acid position 239; 

Phe at amino acid position 270; 

30 

35 

Ala at amino acid position 297; 

Gly at amino acid position 298; 

Gly at amino acid position 325; 

Arg at amino acid position 328; and 

Lys or Arg at amino acid position 329; wherein the amino acids are indicated by EU numbering, 

wherein the ion concentration 
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(i) is hydrogen ion concentration (pH), and the antigen-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 5.8, to 

(b) the KD value for antigen binding by the antibody at pH 7.4 (KD (pH 5.8) / KD (pH 7.4)) is 2 

or more, wherein the antigen-binding domain comprises at least one His residue; or 

5 (ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion 

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

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

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

antibody at the second calcium ion concentration (KD (first calcium ion concentration) / KD 

10 (second calcium ion concentration)) is 2 or more. 

15 

In another aspect, there is provided an IgG-type antibody comprising an antigen-binding 

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

in which one of the two polypeptides constituting the Fc region has FcRn-binding activity in a 

neutral pH range and the other does not have FcRn-binding activity in a neutral pH range, 

wherein the ion concentration 

(i) is hydrogen ion concentration (pH), and the antigen-binding activity is lower at pH 5.8 than at 

pH 7.4, wherein the ratio of (a) the 10 value for antigen binding by the antibody at pH 5.8, to 

(b) the KD value for antigen binding by the antibody at pH 7.4 (KD (pH 5.8) / KD (pH 7.4)) is 2 

or more, wherein the antigen-binding domain comprises at least one His residue ; or 

20 (ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion 

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

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

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

antibody at the second calcium ion concentration (KD (first calcium ion concentration) / KD 

25 (second calcium ion concentration)) is 2 or more. 

In another aspect, there is provided a polynucleotide encoding the IgG-type antibody as 

defined above. 

In another aspect, there is provided a vector which is operably linked to the 

polynucleotide as defined above. 

30 In another aspect, there is provided a cell introduced with the vector as defined above. 

In another aspect, there is provided a method for producing the IgG-type antibody as 

defined above, which comprises the step of collecting the IgG-type antibody from a culture of 

the cell as defined above. 

In another aspect, there is provided a pharmaceutical composition which comprises as 

35 an active ingredient the IgG-type antibody as defined above or an IgG-type antibody obtained by 

the production method as defined above. 
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The present disclosure 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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activity varies depending on ion concentration and an Fc region that has FeRn-binding activity in 

a neutral pH range into an Fc region that does not form a hetero complex comprising two 

molecules of FcRn and one molecule of activating Fey receptor in a neutral pH range : 

(a) a method for improving pharmacokinetics of an antigen-binding molecule; and 

5 (b) a method for reducing immunogenicity of an antigen-binding molecule. 

[2] The method of [I], wherein the modifies:ion- into en Fe-regiort that-does notform said hctero 

complex comprises modifying the Fc region into an Fc region whose binding activity to an 

activating Fey receptor is lower than the binding activity of an Fc region of native human lgG to 

the activating Fcy receptor. 

10 	[3] The method of [1) or [2], wherein the activating Fcy receptor is human Fcy12.1a, human 

FcyRIla(R). human FeyltIla(H), human FcyRIlla(V), or human FeyRIlla(F). 

[4] The method of any one of [I ] to [3], which comprises substituting an amino acid of said Fc 

region at any one or more amino acids of positions 235, 237, 238, 239, 270, 298, 325, and 329 as 

indicated by EU numbering. 

15 	[5] The method of [4]. which comprises substituting an amino acid of said Fc region as indicated 

by EU numbering at any one or more of: 

the amino acid of position 234 with any one of Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, Lys, Met 

Phe, Pro, Ser, Thr, and Trp; 

the amino acid of position 235 with any one of Ala, Asn, Asp, Gin, Gk. Gly. His, He, Lys, Met, 

20 	Pro, Ser, Thr, Val. and Arg; 

the amino acid of position 236 with any one of Arg, Asn, Gk. His, Leu, Lys, Met, Phe, Pro. and 

Tyr; 

the amino acid of position 237 with any one of Ala, Asn, Asp, Gin, Glu. His, Ile, Lett. Lys. Met. 

Pro. Ser, Thr, Val. Tyr. and Arg; 

25 	the amino acid of position 238 with any one of Ala. Asn, Gln, Glu, Gly, His, Ile, Lys. Thr, Trp, 

and Arg; 

the amino acid of position 239 with any one of Gin, His. Lys, Phe, Pro, Trp, Tyr, and Arg; 

the amino acid of position 265 with any one of Ala, Arg. Asn. Gin. Gly, His. Ile, Leu. Lys, Met 

Phe, Ser, Thr, Trp, Tyr, and Val; 

30 	the amino acid of position 266 with any one of Ala. Arg, Asn, Asp. Gin. Glu, Gly, His, Lys, Phe, 

Pro, Ser. Thr, Trp. and Tyr; 

the amino acid of position 267 with any one of Arg. His. Lys, Phe, Pro. Trp, and Tyr: 

the amino acid of position 269 with any one of Ala. Arg, Asn, Gin, Gly, His, Ile, Leu. Lys. Met, 

Phe, Pro, Ser, Thr, Trp. Tyr, and Val; 

35 	the amino acid of position 270 with any one of Ala, Arg. Asn, Gin, Gly. His, Ile, Leu, Lys. Met. 

Phe. Pro, Set., Thr, Trp. Tyr. and Val; 
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the amino acid of position 271 with any one of Arg, His, Phe, Ser, Thr, Trp, and Tyr; 

the amino acid of position 295 with any one of Arg. Asn. Asp, Gly, His, Phe, Ser. Tip, and Tyr: 

the amino acid of position 296 with any one of Arg, Gly, Lys. and Pro; 

the amino acid of position 297 with Ala; 

5 the amino acid of position 298 with any one of Arg, Gly, Lys, Pro, Trp, and Tyr; 

the amino acid ofposition 30G with any MK of Arflys-,--and-Prtr, 

the amino acid of position 324 with Lys or Pro; 

the amino acid of position 325 with any one of Ala, Arg, Gly, His, Ile, Lys, Phe, Pro, Thr. Trp. 

Tyr, and Val; 

10 the amino acid of position 327 with any one of Arg, Gln. His, Ile. Leu, Lys, Met, Phe. Pro, Ser. 

Thr, Trp. Tyr. and Val; 

the amino acid of position 328 with any one of Arg, Asn. Gly, His, Lys, and Pro; 

the amino acid of position 329 with any one of Asn, Asp, Gln, Glu, Gly, His, Be, Leu. Lys. Met. 

Phe, Ser, Thr, Tip, Tyr, Val, and Arg; 

15 the amino acid of position 330 with Pro or Ser: 

the amino acid of position 331 with any one of Arg. Gly, and Lys; or 

the amino acid of position 332 with any one of Arg. Lys. and Pro. 

[6] The method of [ I ]. wherein the modification into an Fc region that does not form said hetero 

complex comprises modifying the Fc region into an Fc region that has a higher binding activity 

20 to an inhibitory Fey receptor than to an activating Fcy receptor. 

[7) The method of (6), wherein the inhibitory Fey receptor is human FcyR1Ib. 

[8] The method of [6) or [7], wherein the activating Fcy receptor is human FcyRia, human 

FcyRIla(R). human FcyRlIa(H), human FcyRIlIa(V), or human FcyRllla(F). 

[9] The method of any one of [6] to [8]. which comprises substituting the amino acid of position 

25 238 or 328 indicated by EU numbering. 

[10) The method of [9). which comprises substituting Asp for the amino acid of position 238 or 

Glu for the amino acid of position 328 indicated by EU numbering. 

[II] The method of [9) or [I 0], which comprises substituting any one or more amino acids of: 

the amino acid of position 233 with Asp; 

30 the amino acid of position 234 with Tip or Tyr; 

the amino acid of position 237 with any one of Ala. Asp, Glu, Leu. Met, Phe. Tip, and Tyr; 

the amino acid of position 239 with Asp: 

the amino acid of position 267 with any one of Ala. Gln, and Val: 

the amino acid of position 268 with any one of Asn. Asp. and Glu: 

35 the amino acid of position 271 with Gly; 

the amino acid of position 326 with any one of Ala, Asn, Asp. Gln, Glu, Leu. Met, Ser. and Thr: 
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the amino acid of position 330 with any one of Arg, Lys, and Met; 

the amino acid of position 323 with any one of lle. Leu, and Met; and 

the amino acid of position 296 with Asp; wherein the amino acids are indicated by EU 

numbering. 

5 [12] The method of any one of [I] to [11], wherein the Fc region comprises one or more amino 

- - -acids- that are differatt-frent-amitx; acids of the !lathe Fe region at any of ainino-acid positions 

237, 248, 250, 252, 254. 255, 256, 257, 258. 265, 286, 289, 297, 298, 303, 305, 307. 308, 309, 

311, 312, 314, 315, 317, 332, 334, 360. 376, 380, 382, 384, 385, 386, 387, 389, 424, 428. 433, 

434, and 436 of said Fc region as indicated by EU numbering. 

10 [13] The method of [12], wherein the amino acids of said Fc region indicated by EU numbering 

are a combination of one or more of: 

Met at amino acid position 237; 

lie at amino acid position 248; 

any one of Ala, Phe, Ile, Met, Gln, Ser, Val, Tip, and Tyr at amino acid position 250; 

15 any one of Phe, Tip, and Tyr at amino acid position 252: 

Thr at amino acid position 254; 

Glu at amino acid position 255; 

any one of Asp, Asn. Gin, and Gin at amino acid position 256; 

any one of Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr. and Val at amino acid position 257; 

20 His at amino acid position 258; 

Ala at amino acid position 265; 

Ala or Glu at amino acid position 286; 

His at amino acid position 289; 

Ala at amino acid position 297; 

25 Gly at amino acid position 298; 

Ala at amino acid position 303; 

Ala at amino acid position 305; 

any one of Ala, Asp, Phe. Gly, His, Ile, Lys, Lets, Met, Asn, Pro. Gln, Arg. Ser, Val, Trp, and Tyr 

at amino acid position 307; 

30 any one of Ala, Phe, Ile, Lai, Met, Pro. Gln. and Thr at amino acid position 308; 

any one of Ala, Asp. Gin, Pro, and Arg at amino acid position 309: 

any one of Ala. His, and Ile at amino acid position 311; 

Ala or His at amino acid position 312; 

Lys or Arg at amino acid position 314; 

35 any one of Ala, Asp, and His at amino acid position 315; 

Ala at amino acid position 317; 
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Val at amino acid position 332; 

Leu at amino acid position 334; 

His at amino acid position 360; 

Ala at amino acid position 376; 

5 Ala at amino acid position 380; 

Ala-at daft/ acid POSitioil 392, 

Ala at amino acid position 384; 

Asp or His at amino acid position 385; 

Pro at amino acid position 386; 

10 Glu at amino acid position 387; 

Ala or Ser at amino acid position 389; 

Ala at amino acid position 424; 

any one of Ala, Asp. Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gin. Ser, Thr, Val, Tip, and Tyr at 

amino acid position 428; 

15 Lys at amino acid position 433; 

any one of Ala. Phe, His, Ser, Trp, and Tyr at amino acid position 434; and 

any one of His, lie, Leu, Phe, Thr, and Val at amino acid position 436. 

[14] The method of any one of [1] to [13], wherein said antigen-binding domain is an 

antigen-binding domain whose antigen-binding activity varies depending on calcium ion 

20 concentration. 

[15] The method of [14]. wherein said antigen-binding domain is an antigen-binding domain 

whose antigen-binding activity varies in a way that the antigen-binding activity at a low calcium 

ion concentration is lower than the antigen-binding activity at a high calcium ion concentration. 

[16] The method of any one of [ I ] to [ 1 3], wherein said antigen-binding domain is an 

25 antigen-binding domain whose antigen-binding activity varies depending on pH. 

[17] The method of [16], wherein said 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. 

[18] The method of any one of [1] to [17], wherein the antigen-binding domain is an antibody 

30 variable region. 

[19] The method of any one of [1] to [18], wherein the antigen-binding molecule is an antibody. 

[20] The method of [1]. wherein the modification into an Fc region that does not form said hetero 

complex comprises modification into an Fc region in which one of the two polypeptides 

constituting the Fc region has FcRn-binding activity in a neutral pH range and the other does not 

35 have FeRn-binding activity in a neutral pH range. 

[21] The method of [20]. which comprises substituting an amino acid at any one or more of 
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positions 237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 

308, 309, 311, 312, 314, 315, 317, 332, 334, 360, 376, 380, 382, 

289, 297, 298. 303, 305, 

384, 385, 386, 387, 389, 

307, 

424, 

428, 433, 434, and 436 as indicated by EU numbering in the amino acid sequence of one 

two polypeptides constituting said Fc region. 

of the 

5 

10 

15 

[22] The method of [21], which comprises substituting an amino 

one or raore-of: 	- 

the amino acid of position 237 with Met; 

the amino acid of position 248 with Ile; 

the amino acid of position 250 with Ala, Phe. Ile, Met, Gln, Ser, 

the amino acid of position 252 with Phe, Trp. or Tyr; 

the amino acid of position 254 with Thr; 

the amino acid of position 255 with Glu; 

the amino acid of position 256 with Asp. Asn, Glu, or Gin; 

the amino acid of position 257 with Ala, Gly, Ile, Leu, Met, Asn, 

the amino acid of position 258 with His; 

the amino acid of position 265 with Ala; 

the amino acid of position 286 with Ala or Glu: 

acid of said Fc region at 

Val, Trp, or Tyr; 

Ser, Thr, or Val; 

any 

the amino acid of position 289 with His; 

the amino acid of position 297 with Ala; 

20 the amino acid of position 298 with Gly: 

the amino acid of position 303 with Ala: 

the amino acid of position 305 with Ala; 

the amino acid of position 307 with Ala. Asp. Phe. Gly. His. Ile. 

Arg, Ser, Val. Tip, or Tyr; 

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

25 the amino acid of position 308 with Ala. Phe, Ile, Lett, Met. Pro. Gln. or Thr: 

the amino acid of position 309 with Ala, Asp, Glu, Pro, or Arg; 

the amino acid of position 311 with Ala, His, or Ile, 

the amino acid of position 312 with Ala or His; 

the amino acid of position 314 with Lys or Arg; 

30 the amino acid of position 315 with Ala. Asp, or His; 

the amino acid of position 317 with Ala: 

the amino acid of position 332 with Val; 

the amino acid of position 334 with Leu; 

the amino acid of position 360 with His; 

35 the amino acid of position 376 with Ala: 

the amino acid of position 380 with Ala: 
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the amino acid of position 382 with Ala; 

the amino acid of position 384 with Ala; 

the amino acid of position 385 with Asp or His; 

the amino acid of position 386 with Pro; 

5 the amino acid of position 387 with Glu; 

the amino acid of position 389 -n kb AlworSer,--- ---- - 

the amino acid of position 424 with Ala; 

the amino acid of position 428 with Ala, Asp. Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gln, Ser, Thr, 

Val, Try, or Tyr; 

10 the amino acid of position 433 with Lys; 

the amino acid of position 434 with Ala. Phe, His. Ser, Try. or Tyr, and 

the amino acid of position 436 with His. Ile, Leu, Phe, Thr, or Val; wherein the amino acids are 

indicated by EU numbering. 

[23] The method of any one of [20] to [22], wherein the antigen-binding domain is an 

15 antigen-binding domain whose antigen-binding activity varies depending on calcium 

concentration. 

[24] The method of [23], wherein the antigen-binding domain is an antigen-binding domain 

whose antigen-binding activity varies in a way that the antigen-binding activity at a low calcium 

concentration is lower than the antigen-binding activity at a high calcium concentration. 

20 [25] The method of any one of [20] to [22], wherein the antigen-binding domain is an 

antigen-binding domain whose antigen-binding activity varies depending on pH. 

[26] The method of [25], 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. 

25 [27] The method of any one of [20] to [26], wherein the antigen-binding domain is an antibody 

variable region. 

[28] The method of any one of [20] to [27], wherein the antigen-binding molecule is an antibody. 

[29] An antigen-binding molecule comprising an antigen-binding domain whose antigen-binding 

activity varies depending on ion concentration and an Fc region that has FcRxi-binding activity in 

30 a neutral pH range, wherein the Fc region comprises one or more amino acids selected from: 

Ala at amino acid position 234: 

Ala. Lys, or Arg at amino acid position 235: 

Arg at amino acid position 236; 

Arg at amino acid position 238; 

35 Lys at amino acid position 239; 

Phe at amino acid position 270; 
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Ala at amino acid position 297; 

Gly at amino acid position 298; 

Gly at amino acid position 325; 

Arg at amino acid position 328; and 

5 Lys or Arg at amino acid position 329; wherein the amino acids are indicated by EU numbering. 

[30] The anggel-binding-mol=gle of [291;  which.porripricez one -or more amino acids selected 

from: 

Lys or Arg at amino acid position 237; 

Lys at amino acid position 238; 

10 Arg at amino acid position 239; and 

Lys or Arg at amino acid position 329: wherein the amino acids are indicated by Eli numbering. 

[31] An antigen-binding molecule comprising an antigen-binding domain whose antigen-binding 

activity varies depending on ion concentration and an Fc region in which one of the two 

polypeptides constituting the Fc region has FcRn-binding activity in a neutral pH range and the 

15 other does not have FcRn-binding activity in a neutral pH range. 

20 

[32] The antigen-binding molecule of any one of [29] to [31], wherein the Fc region comprises 

one or more amino acids that are different from amino acids of a native Fc region at any of 

amino acid positions 237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 289, 297, 303, 305, 

307, 308, 309, 311, 312, 314, 315, 317, 332, 334. 360. 376, 380, 382, 384, 385, 386, 387, 389, 

424, 428, 433, 434, and 436 indicated by EU numbering in the amino acid sequence of one of the 

two polypeptides constituting the Fc region. 

[33) The antigen-binding molecule of [32), which comprises a combination of one or more 

amino acids of said Fc region of: 

Met at amino acid position 237; 

25 Ile at amino acid position 248; 

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

Phe, Trp, or Tyr at amino acid position 252; 

Thr at amino acid position 254; 

Glu at amino acid position 255; 

30 Asp. Asn, Glu, or Gln at amino acid position 256; 

Ala. Gly, He, Leu, Met, Asn, Ser, Thr, or Val at amino acid position 257; 

His at amino acid position 258; 

Ala at amino acid position 265: 

Ala or Glu at amino acid position 286: 

35 His at amino acid position 289; 

Ala at amino acid position 297; 
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Aia at amino acid position 303; 

Ala at amino acid position 305; 

Ala, Asp. Phe. Gly. His, Ile. Lys, Leu, Met. Asn, Pro, Gin, Arg. Ser, Val. Trp, or Tyr at amino 

acid position 307: 

5 Ala, Phe, Ile, Leu, Met, Pro, Gln, or Thr at amino acid position 308; 

- 	.... - -Ala, Aspreht, Pro, of Aug at anii nu atiti 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: 

10 Ala. Asp, or His at amino acid position 315; 

Ala at amino acid position 317; 

Val at amino acid position 332; 

Leu at amino acid position 334; 

His at amino acid position 360; 

15 Ala at amino acid position 376; 

Ala at amino acid position 380; 

Ala at amino acid position 382; 

Ala at amino acid position 384; 

Asp or His at amino acid position 385; 

20 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. Gin, Ser, Thr, Val, Tip, or Tyr at amino acid 

25 position 428; 

Lys at amino acid position 433; 

Ala. Phe, His, Ser. Tip, or Tyr at amino acid position 434: and 

His. Ile, Lau, Phe, Thr or Val at amino acid position 436: wherein the amino acids are indicated 

by EU numbering. 

30 [34] 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 

calcium ion concentration. 

[35] The antigen-binding molecule of [34], wherein the antigen-binding domain is an 

antigen-binding domain whose antigen-binding activity varies in a way that the antigen-binding 

35 activity at a low calcium concentration is lower than the antigen-binding activity at a high 

calcium concentration. 
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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 

5 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. 

10 [40] A polynucleotide encoding the antigen-binding molecule of any one of [29] to [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]. 

15 [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 disclosure relates to kits for use in the methods of the present 

disclosure, which comprise an antigen-binding molecule of the present disclosure or an 

20 antigen-binding molecule produced by a production method of the present disclosure. 	The 

present disclosure 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 

disclosure or an antigen-binding molecule produced by a production method of the present 

25 disclosure. 	The present disclosure also relates to methods for treating immune/inflammatory 

diseases, which comprise the step of administering to a subject an antigen-binding molecule of 

the present disclosure or an antigen-binding molecule produced by a production method of the 

present disclosure. 	In addition, the present disclosure relates to the use of antigen-binding 

molecules of the present disclosure or antigen-binding molecules produced by a production 

30 method of the present disclosure in producing agents for improving the phaimacokinetics of 

antigen-binding molecules and agents for impairing the immunogenicity of antigen-binding 

molecules. 	The present disclosure also relates to antigen-binding molecules of the present 

disclosure or antigen-binding molecules produced by a production method of the present 

disclosure for use in the methods of the present disclosure. 

35 

[Effects of the Invention] 
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The present disclosure provides methods for improving phal 	nacokinetics of 

antigen-binding molecules and methods for impairing the immunogenicity of antigen-binding 

molecules. 	The present disclosure enables antibody therapy without causing unfavorable in 

vivo effects as compared to general antibodies. 

5 

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 FcRn binding under a neutral condition. 

10 Fig. 2 is a graph showing a plasma concentration time course after intravenous or 

subcutaneous administration of Fv4-IgG1 or Fv4-IgGI-F1 to normal mice. 

Fig. 3 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI-F157 binds 

to human FcyRIa. 

Fig. 4 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI -F157 binds 

15 to human FcyRIIa(R). 

Fig. 5 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI-F157 binds 

to human FcyRIIa(H). 

Fig. 6 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI-F157 binds 

to human FcyRIlb. 

20 Fig. 7 is a graph demonstrating that in a human. FcRn-bound state, Fv4-IgGI-F157 binds 

to human FcyRIIIa(F). 

Fig. 8 is a graph demonstrating that n a human FcRn-bound state, Fv4-IgG 1-F157 binds 

to mouse FcyRI. 

Fig. 9 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGl-F157 binds 

25 to mouse FcyRI1b. 

Fig. 10 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI-F157 

binds to mouse FcyRIII. 

Fig. 11 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgGI-F157 

binds to mouse FcyRIV. 

30 Fig. 12 is a graph demonstrating that in a mouse FcRn-bound state, Fv4-IgGI-F20 binds 

to mouse FcyRI, mouse FcyRIIb, mouse FcyRIII, and mouse FcyRIV. 

Fig. 13 is a graph demonstrating that in a mouse FeRn-bound state, mPMI-mIgGI-mF3 

binds to mouse FcyRIlb and mouse FcyRIII. 

35 

Fig. 14 is a graph showing a plasma concentration time course of Fv4-IgGI-F21, 

Fv4-IgGl-F140, Fv4-IgGl-F157, and Fv4-IgGl-F424 in human FcRn transgenic mice. 

Fig. 15 is a graph showing a plasma concentration time course of Fv4-IgG1 and 
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Fv4-IgG I-F760 in human FcRn transgenic mice. 

Fig. 16 is a graph showing a plasma concentration time course of Fv4-1gGI -F11, 

Fv4-IgG I -F890. Fv4-IgGI-F947, Fv4-1gG I -F82I. Fv4-IgGI-F939, and Fv4-IgGI-F1009 in 

human FcRn transgenic mice. 

5 Fig. 17 is a graph showing a plasma concentration time course of triPM1-mIgGI-mF14. 

-inPM1-inIg61-4nF3S vriPMI-rrilz61-inF39, and stPM I -rnIgGl-ra-10 in normal mice. 

Fig. 18 is a diagram showing the result of immunogenicity assessment using 

Fv4-IgG I -F21 and Fv4-I gGI-F140. 

Fig. 19 is a diagram showing the result of immunogenicity assessment using 

10 hA33-1gGI-F21 and hA33-lgGl-F140. 

Fig. 20 is a diagram showing the result of immunogenicity assessment using 

hA33-IgG I -F698 and hA33-18G I -F699. 

Fig. 21 is a diagram showing the result of immunogenicity assessment using 

hA33-IgG I -F698 and hA33-IgG 1-F763. 

15 Fig. 22 is a graph showing titers of mouse antibody produced against Fv4-IgGI-F11, 3, 

7, 14, 21, and 28 days after administration to human FcRn transgenic mice. 

Fig. 23 is a graph showing titers of mouse antibody produced against Fv4-1gGI-F821, 3, 

7, 14, 21. and 28 days after administration to human FcRn transgenic mice. 

20 

Fig. 24 is a graph showing Men of mouse antibody produced against Fv4-IgG I -F890, 3, 

7, 14, 21, and 28 days after administration to human FeRn transgenic mice. 	B is an 

enlargement of A 

Fig. 25 is a graph showing titers of mouse antibody produced against Fv4-IgG I -F939. 3, 

7, 14, 21, and 28 days after administration to human FcRn transgenic mice. 

Fig. 26 is a graph showing titers of mouse antibody produced against Fv4-IgG I -F947, 3. 

25 7, 14, 21, and 28 days after administration to human FcRn transgenic mice. 

Fig. 27 is a graph showing titers of mouse antibody produced against Fv4-IgGl-F1009. 

3, 7, 14, 21, and 28 days after administration to human FcRn transgenic mice. 

Fig. 28 is a graph showing titers of mouse antibody produced against 

inPM1-IgGI-mF14, 14, 21, and 28 days after administration to normal mice. 

30 Fig. 29 is a graph showing titers of mouse antibody produced against 

mPM I -IgG I -mF39, 14, 21, and 28 days after administration to normal mice. 

Fig. 30 is a graph showing titers of mouse antibody produced against 

rnPM1-IgG I -mF38, 14, 21, and 28 days after administration to normal mice. 

Fig. 31 is a graph showing titers of mouse antibody produced against 

35 rriPM 1 -1gG 1 -mF40, 14. 21, and 28 days after administration to normal mice. 

Fig. 32 is a graph showing the plasma antibody concentrations for Fv4-IgGI-F947 and 
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Fv4-1gG I -FA6a/FB4a 15 minutes, seven hours, one, two, three, four, and seven days after 

administration to human FcRn transgenic mice. 

Fig. 33 is a diagram showing variance in the binding of each B3 mutant to FcyRIIb and 

FcyRIa. 

5 Fig. 34 is a diagram showing variance in the binding of each B3 mutant to FcyRIlb and 

ItLyitIla(11). 

Fig. 35 is a diagram showing variance in the binding of each B3 mutant to FeyRIlb and 

FcyRIla(R). 

Fig. 36 is a diagram showing variance in the binding of each B3 mutant to FcyRIIb and 

10 FcyRIlla. 

Fig. 37 is a graph showing the plasma kinetics of a soluble human IL-6 receptor in 

normal mice and the antibody titer of mouse antibody against the soluble human IL-6 receptor in 

mouse plasma. 

Fig. 38 is a graph showing the plasma kinetics of a soluble human IL-6 receptor in 

IS normal mice administered with an anti-mouse CD4 antibody and the antibody titer of mouse 

antibody against the soluble human IL-6 receptor in mouse plasma. 

Fig. 39 is a graph showing the plasma kinetics of an anti-IL-6 receptor antibody in 

normal mice. 

Fig. 40 is a graph showing a time course of soluble human IL-6 receptor concentration 

20 after co-administration of a soluble human IL-6 receptor and an anti-IL-6 receptor antibody to 

human FcRn nansgenic mice. 

Fig. 41 is a diagram showing the structure of the Fab fragment heavy-chain CDR3 of 

antibody 6RL#9 determined by X-ray crystallography. 

Fig. 42 is a graph showing a plasma antibody concentration time course 	for 

25 H54/L28-IgG I, 6RL#9-1gG I . and FH4-lgGI in normal mice. 

Fig. 43 is a graph showing a time course of plasma soluble human 1L-6 receptor 

concentration in normal mice administered with H54/L28-IgGI, 6RL#9-IgGI, or FH4-18G1. 

Fig. 44 is a graph showing a time course of the plasma antibody concentrations of 

H54/L28-N434W, 6RL#9-N434W, and FH4-N434W in normal mice. 

30 Fig. 45 is a graph showing a time course of plasma soluble human IL-6 receptor 

concentration in normal mice administered with H54/L28-N434W. 6RL#9-N434W. or 

FH4-N434W. 

Fig. 46 is an ion-exchange chromatogram for an antibody comprising a human Vk5-2 

sequence and an antibody comprising an h Vk5-2_L65 sequence which has a modified 

35 glycosylation sequence of the human V1c5-2 sequence. 	The solid line represents a 

chromatogram for the antibody comprising the human V1c5-2 sequence (heavy chain: CIM H, 
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SEQ ID NO: 108; and light chain: h'Vlc5-2. SEQ ID NO: 4). 	The broken line represents a 

chromatogram for the antibody comprising the hVk5-2_L65 sequence (heavy chain: CIM_H 

(SEQ ID NO: 108); and light chain: hVk5-2_L65 (SEQ ID NO: 107)). 

5 

Fig. 47 is a diagram showing an alignment of the constant region sequences of IgGI, 

IgG2, IgG3, and IgG4. which are numbered according to the EU numbering system. 

- . -- Fig,48 is .a schemetiodiawara-showina•the fonnotion of a•totrarzer complex consistinz 

of one molecule of an Fc region that has FcRn-binding activity in a neutral pH range, two 

molecules of FcRn, and one molecule of FcyR. 

Fig. 49 is a schematic diagram showing the interaction of two FcRn molecules and one 

10 FcyR molecule with an Fc region that has FeRn-binding activity in a neutral pH range and a 

lower binding activity to activating FcyR than that of a native Fc region. 

Fig. 50 is a schematic diagram showing the interaction of two FcRn molecules and one 

FcyR molecule with an Fc region that has FeRn-binding activity in a neutral pH range and 

selective binding activity to inhibitory FcyR. 

15 Fig. 51 is a schematic diagram showing the interaction of two FcRn molecules and one 

FcyR molecule with an Fc reeion in which only one of the two polypeptides of FcRn-binding 

domain has FeRn-binding activity in a neutral pH range and the other does not have 

FeRn-binding activity in a neutral pH range. 

Fig. 52 is a graph showing the relationship of a designed amino acid distribution 

20 (indicated as Design) to the amino acid distribution (indicated as Library) for the sequence 

information on 290 clones isolated from E. coil introduced with a gene library of antibodies that 

bind to antigens in a Ca-dependent manner. 	The horizontal axis indicates amino acid positions 

in the Kabat numbering system. 	The vertical axis indicates % amino acid distribution. 

Fig. 53 is a graph showing the relationship of a designed amino acid distribution 

25 (indicated as Design) to the amino acid distribution (indicated as Library) for the sequence 

information on 132 clones isolated from E. coli introduced with a gene library of antibodies that 

bind to antigens in a pH-dependent manner. 	The horizontal axis indicates amino acid positions 

in the Kabat numbering system. 	The vertical axis indicates % amino acid distribution. 

Fig. 54 is a graph showing a plasma concentration time course of Fv4-IgGI -F947 and 

30 Fv4-IgGl-F1326 in human FcRn transgenic mice administered with Fv4-IgGI-F947 or 

Fv4-IgGI-F1326. 

Fig. 55 shows a graph in which the horizontal axis shows the relative value of 

FcyRllb-binding activity of each PD variant, and the vertical axis shows the relative value of 

FcyRIla type R-binding activity of each PD variant. 	The value for the amount of binding of 

35 each PD variant to each FcyR was divided by the value for the amount of binding of IL6R-F652, 

which is a control antibody prior to introduction of the alteration (altered Fe with substitution of 
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Pro at position 238 (indicated by EU numbering) with Asp), to each FcyR; and then the obtained 

value was multiplied by 100, and used as the relative binding activity value for each PD variant 

to each FcyR. 	The F652 plot in the figure shows the value for IL6R-F652. 

Fig. 56 shows a graph in which the vertical axis shows the relative value of 

5 	FeyRIIb-binding activity of variants produced by introducing each alteration into GpH7-B3 

	 -which-dotsnothavetre-P2380.aiteratiort; arid the-horizontal-axis shows.  dre relative-value of - • - 

FcyRIlb-binding activity of variants produced by introducing each alteration into IL6R-F652 

which has the P238D alteration. 	The value for the amount of FcyRIThr binding of each variant 

was divided by the value for the amount of FeyRIII) binding of the pre-altered antibody; and then 

10 	the obtained value was multiplied by 100. and used as the value of relative binding activity. 

Here, region A contains alterations that exhibit the effect of enhancing FcyRIlb binding in both 

cases where an alteration is introduced into GpH7-B3 which does not have P238D and where an 

alteration is introduced into IL6R-F652 which has P238D. 	Region B contains alterations that 

exhibit the effect of enhancing FcyRIlb binding when introduced into GpH7-B3 which does not 

15 	have P238D, but do not exhibit the effect of enhancing FcyRIlb binding when introduced into 

1L6R-F652 which has P238D. 

Fig. 57 shows a crystal structure of the Fc(P238D) / FcyRIlb extracellular region 

complex. 

Fig. 58 shows an image of superimposing the crystal structure of the Fc(P238D) / 

20 	FcyRIlb extracellular region complex and the model structure of the Fc(WT) / FcyRIlb 

extracellular region complex, with respect to the FcyRIlb extracellular region and the Fc CH2 

domain A by the least squares fining based on the Ca atom pair distances. 

Fig. 59 shows comparison of the detailed structure around P238D after superimposing 

the crystal structure of the Fc(P238D) / FcyRIlb extracellular region complex and the model 

25 	structure of the Fc(WT) I FcyRIlb extracellular region complex with respect to the only Fc CH2 

domain A or 	the only Fc CH2 domain B by the least squares fitting based on the Ca atom pair 

distances. 

Fig. 60 shows that a hydrogen bond can be found between the main chain of Gly at 

position 237 (indicated by EU numbering) in Fc CH2 domain A, and Tyr at position 160 in 

30 	FcyRIlb in the crystal structure of the Fc(P238D) / FcyRIlb extracellular region complex. 

Fig. 61 shows that an electrostatic interaction can be found between Asp at position 270 

(indicated by EU numbering) in Fc CH2 domain B, and Arg at position 131 in FcyRIlb in the 

crystal structure of the Fc(P238D) / FcyRIlb extracellular region complex. 

Fig. 62 shows a graph in which the horizontal axis shows the relative value of 

35 	FcyR11b-binding activity of each 2B variant, and the vertical axis shows the relative value of 

FcyRIla type R-binding activity of each 2B variant. 	The value for the amount of binding of 



29 

each 2B variant to each FcyR was divided by the value for the amount of binding of a control 

antibody prior to alteration (altered Fc with substitution of Pro at position 238 (indicated by Eli 

numbering) with Asp) to each FcyR; and then the obtained value was multiplied by 100, and 

used as the value of relative binding activity of each 2B variant towards each FcyR. 

5 Fig. 63 shows Glu at position 233 (indicated by EU numbering) in Fc Chain A and the 

sumunding residues in• the-ex:zacelltiler region of FcyRIlb in ilic-cry-stal-stricente-of thc 	- 

Fc(P238D) / FeyRI1b extracellular region complex. 

Fig. 64 shows Ala at position 330 (indicated by EU numbering) in Fc Chain A and the 

surrounding residues in the extracellular region of FcyRIlb in the crystal structure of the 

10 Fc(P238D) / FcyRllb extracellular region complex. 

Fig. 65 shows the structures of Pro at position 271 (EU numbering) of Fc Chain B after 

superimposing the crystal structures of the Fc(P238D) / FcyRIIb extracellular region complex 

and the Fc(WT) / FcyRIffa extracellular region complex by the least squares fitting based on the 

Ca atom pair distances with respect to Fc Chain B. 

15 

[Mode for Carrying Out the Invention] 

The definitions and detailed description below are provided to help the understanding of 

the present invention illustrated herein. 

20 Amino acids 

Herein, amino acids are described in one- or three-letter codes or both, for example, 

Ala/A, Leu/L, ArWR, Lys/K, Asn/N, Met/M, Asp/D, Phe/F, Cys/C, Pro/P, Gln/Q, Ser/S, Glu/E, 

ThreT, Gly/G, Trp/W, His/H, Tyr/Y, Ile/I, or Val/V. 

25 Antigens 

Herein, "antigens" are not particularly limited in their structure, as long as they 

comprise epitopes to which antigen-binding domains bind. 	In other words, antigens can be 

inorganic or organic substances. 

30 

35 

Other antigens include, for example, the molecules below: 17-IA, 4-1BB, 4Dc, 

6-keto-PGFI a, 8-iso-PGF2a, 8-oxo-dG, Al adenosine receptor. A33, ACE, ACE-2, activin, 

activin A, activin AB, activin B, activin C. activin RIA, activin FtlA ALK-2, activin RIB ALK-4, 

activin RIIA, activin RILE. ADAM. ADAMIO, ADAM12, ADAM15. ADAM17/TACE, ADAMS, 

ADAM9, ADAMTS, ADAMTS4, ADAMTS5, addressin, aFGF, ALCAM, ALK, ALK-I, 

ALK-7,alpha-l-antitrypsin, alpha-V/beta-I antagonist. ANG, Ang, APAF-1. APE, API. APP, 

APRIL, AR, ARC, ART, artemin. anti-Id. ASPARTIC. atrial natriuretic peptide. av/b3 integrin. 

Axl, b2M, B7-1, B7-2, 137-H. B-lymphocyte stimulating factor (BIyS). BACE, BACE-1, Bad, 



BAFF, BAFF-R, Bag-1, BAK, Bar, BCA-1, BCAM, Bel, BCMA, BDNF, b-ECGF, bFGF, BID. 

5 

10 
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20 

25 

Bik, BIM, BLC, BL-CAM, BLK, BMP, BMP-2 BMP-2a, BMP-3 Osteogenin, BMP-4 BMP-2b, 

BMP-5, BMP-6 Vgr-1, BMP-7 (OP-1), BMP-8 (BMP-8a, OP-2), BMPR, BMPR-1A (ALK-3), 

BMPR-IB (ALK-6), BRK-2, RPK-1, BMPR-II (BRK-3), BMP, b-NGF, BOK, bombesin, 

bone-derived neurotrophic factor, BPDE, BPDE-DNA, Bit, complement factor 3 (C3), C3a, C4, 

C5;-€5a, C-10,-CA125, CAD-8,-calcitenin7cAle,-carcitioembryouit antigen -(CEA);tancer 	--- - 

associated antigen, cathepsin A, cathepsin B, cathepsin C/DPPL cathepsin D, cathepsin E, 

cathepsin 1-1, cathepsin L, cathepsin 0, cathepsin S, cathepsin V, cathepsin X/Z/P, CBL, CCI, 

CCK2, CCL, CCL I , CCLII, CCL12, CCL13, CCL14, CCLI 5, CCLI6, CCL17, CCLI 8, CCLI9, 

CCL2, CCL20, CCL2I, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, CCL28, CCL3, 

CCL4, CCL5, CCL6, CCL7, CCU, CCL9/10, CCR, CCR I , CCR 10, CCRIO, CCR2, CCR3, 

CCR4, CCR5, CCR6, CCR7, CCR8, CCR9, CDI, CD2, CD3, CD3E, CD4, CD5, CD6, CD7, 

CD8, CD10, CD11a, CDI lb, CDI lc, CD13, CD14,CD15, CD16, CDI8, CD19, CD20, CD21, 

CD22, CD23, CD25, CD27L, CD28, CD29, CD30, CD3OL, CD32, CD33 (p67 protein), CD34, 

CD38, CD40, CD4OL, CD44, CD45, CD46, CD49a, CD52, CD54, CD55, CD56, CD61, CD64, 

CD66e, CD74, CD80 (B7-1), CD89, CD95, CD123, CD137, CDI 38, CD140a, CD146, CD147, 

CD148, CD152, CD164, CEACAM5, CFTR, cGMP, CINC, Botulinum toxin, Clostridium 

perfringens toxin, CKb8-1. CLC, CMV, CMV UL, CNTF, CNTN-I, COX, C-Ret, CRG-2, CT-1, 

CTACK, CTGF, CTLA-4, CX3CLI, CX3CR1, CXCL, CXCLI, CXCL2, CXCL3, CXCL4, 

CXCL5, CXCL6, CXCL7, CXCL8, CXCL9, CXCLIO, CXCL11, CXCL12, CXCL13, CXCLI4, 

CXCL15, CXCLI6, CXCR, CXCRI, CXCR2, CXCR3, CXCR4, CXCR5, CXCR6,cytokeratin 

tumor associated antigen, DAN, DCC, DcR3, DC-SIGN, complement regulatory factor (Decay 

accelerating factor), des (1-3)-IGF-1 (brain IGF-1), Dhh, digoxin, DNAM-1, Dnase, Dpp, 

DPPTV/CD26, Dtk, EGAD, EDA, EDA-Al, EDA-A2, EDAR, EGF, EGFR (EMB-I), EMA, 

EMMPRIN, ENA, endothelin receptor, enkephalinase, eNOS, Eot, eotaxin 1, EpCAM, ephrin 

30 

35 

B2/EphB4, EPO, ERCC, E-selectin, ET-1, factor Ila, factor VII. factor Ville, factor IX, 

fibroblast activation protein (FAP), Fas, FcR1, FEN-1, ferritin, FGF. FGF-19, FGF-2, FGF3, 

FGF-8, FGFR, FGFR-3, fibrin, FL, FLIP, Fit-3, Flt-4, follicle stimulating hormone, fractalkine, 

FZD1, FZD2, FZD3, FZD4, FZDS, FZD6, FZD7, FZD8, FZD9, FZD1 0, G250, Gas6, GCP-2, 

GCSF, GD2, GD3, GDF, GDF-L, GDF-3 (Vgr-2), GDF-5 (BMP-I4, CDMP-1), GDF-6 (BMP-13, 

CDMP-2), GDF-7 (BMP-12, CDMP-3), GDF-8 (myostatin), GDF-9, GDF-15 (MIC-1), GDNF, 

GDNF, GFAP, GFRa-I, GFR-alpha I, GFR-alpha2, GFR-alpha3, GITR, glucagon, GIut4, 

glycoprotein lib/111a (GPIIb/IIIa), GM-CSF, gp130, gp72, GRO, growth hormone releasing 

hormone, hapten (NP-cap or NIP-cap), HB-EGF, HCC, HCMV gB envelope glycoprotein, 

HCMV gH envelope glycoprotein. HCMV UL, hernatopoietic growth factor (HGF), Hep B 

gp120, heparanase, Her2, Her2/neu (ErbB-2), Her3 (ErbB-3), Her4 (ErbB-4), herpes simplex 
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virus (HSV) gB glycoprotein, HSV gD glycoprotein, HGFA, high molecular weight 

melanoma-associated antigen (HMW-MAA), HIV gpI20, HIV 1118 gp 120 V3 loop, HLA. 

HLA-DR, HM1.24, HMFG PEM, HRG, Hrk, human cardiac myosin, human cytomegalovirus 

(HCMV), human growth hormone (HGH), HVEM, 1-309. IAP, ICAM. ICAM-1, ICAM-3, ICE. 

5 ICOS, IFNg, Ig, IgA receptor, IgE, 1GF, 1GF binding protein, IGF-1R, IGFBP, IGF-1, IGF-11, IL, 

IL- ITIL-IR,-IL -2, 11-2R.-1L-4,114-4R, IL-54.11-5R; 11.-6,- IL-6-R,11-8;469.- IL-10, .161-2: Th.-13, 

IL-15, IL-18, IL-18R, IL-23, interferon (1NF)-alpha. INF-beta, INF-gamma, inhibin, 1NOS, 

insulin A chain, insulin B chain, insulin-like growth factorl, integrin alpha2, integrin alpha3, 

integrin alpha4, integrin alpha4/betal, integrin alpha4/beta7, integrin alpha5 (alpha V), integrin 

10 alpha5/beta1, integrin alpha5/beta3, integrin alpha6, integrin betal, integrin beta2,interferon 

gamma, 1P-10, 1-TAC„ JE, kallikrein 2, kallikrein 5, kallikrein 6, kallikrein 11, kallikrein 12, 

kallikrein 14, kallikrein IS, kallikrein LI. kallikrein L2, kallikrein L3. kallikrein L4, KC. KDR. 

keratinocyte growth factor (KGF), laminin 5, LAMP. LAP. LAP (IGF-1), latent TGF- I, latent 

15 

20 

TGF-1 bpl, LBP, LDGF, LECT2, lefty, Lewis-Y antigen, Lewis-Y associated antigen, LEA-1, 

LFA-3. Lfo, L1F, LIGHT, lipoprotein. LIX, LKN, Lptn, L-selectin, LT-a, LT-b, LTB4, LTBP-1, 

lung surface, luteinizing hormone, lymphotoxin beta receptor, Mac-1, MAdCAM, MAG, MAP2, 

MARC, MCAM. MCAM, MCK-2, MCP, M-CSF, MDC, Mer, METALLOPROTEASES, MGDF 

receptor, MGMT, MHC (HLA-DR), MIF, MIG, MIR M1P-1-alpha, MK, MMAC1, MMP, 

MMP-1, MMP-l0, MMP-1 1, MMP-12, MMP-13. MMP-14, MMP-15, MMP-2, MMP-24, 

MMP-3, MMP-7, MMP-8, MMP-9, MPIF, Mpo, MSK, MSP, mucin (Mucl), MUC18, 

Mullerian-inhibiting substance, Mug, MuSK, NAIP, NAP, NCAD, N-C adherin. NCA 90, 

NCAM, NCAM. neprilysin, neurotrophin-3, -4, or -6, neurturin. nerve growth factor (NGF), 

NGFR, NGF-beta, nNOS, NO, NOS. Npn. NRG-3, NT. NTN, OB. OGG I, OPG, OPN, OSM. 

OX4OL, OX4OR, p150, p95, PADPr, parathyroid hormone. PARC, PARP, PBR. PBSF, PCAD. 

25 P-cadherin, PCNA, PDGE PDGF, PDK-1, PECAM, PEM. PF4, PGE, PGF, PG12, PG.12, PIN, 

PLA2, placental alkaline phosphatase (PLAP), PIGF, PLP, PP14, proinsulin, prorelaxin. protein 

30 

C, PS, PSA, PSCA. prostate-specific membrane antigen (PSMA). PTEN, PTHrp, Ptk. PTN, R51, 

RANK, RANKL, RANTES. RANTES, relaxin A chain. relaxin B chain. renin, respiratory 

syncytial virus (RSV) F. RSV Fgp. Ret, Rheumatoid factor. RLIP76. RPA2., RSK, S100, SCF/KL, 

SDF-1, SERINE, serum albumin. sFRP-3, Shh. SIGIRR. SK-1. SLAM, SLPI, SMAC, SMDF. 

35 

SMOH, SOD, SPARC, Stat. STEAK STEAP-11, TACE. TALI, TAG-72 (tumor-associated 

glycoprotein-72). TARC, TCA-3. T-cell receptor (for example. T-cell receptor alpha/beta), TdT, 

TECK, TEM1, TEM5, TEM7, TEM8, TERT, testis PLAP-like alkaline phosphatase, TER. TGF, 

TGF-alpha. TGF-beta, TGF-beta Pan Specific, TGF-betaRI (ALK-5), TGF-hetaRll, 

TGF-betaRlIb. TGF-betaRI11, TOF-betal. TGF-beta2, TGF-betal TGF-beta4. TGF-beta5. 

thrombin, thymus Ck-1. thyroid-stimulating hormone, Tie. T1MP, TIQ, tissue factor. TMEFF2, 
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5 

Tmpo, TMPRSS2, TNF, TNF-alpha, TNF-alphabeta, TNF-beta2, TNEc, TNF-RI, TNF-RH, 

TNFRSF1OA (TRAIL RI Apo-2, DR4), TNFRSF 10B (TRAIL R2 DRS, KILLER, TRICK-2A, 

TRICK-B), TNFRSF I OC (TRAIL R3 DcR I , LIT. TRID), TNFRSFIOD (TRAIL R4 DcR2, 

TRUNDD), TNFRSF I IA (RANK ODF R, TRANCE R), TNFRSF1 I B (OPG OCIF, TR1), 

INFRSF12 (TWEAK R FN14), TNFRSF13/3 (TACT), TNFRSF13C (BAFF R), INFRSF14 

- 

10 

15 

 	(liVEMATAR.,--H vtA.; LIGHT R; TRI),-TNPR2F16 (N6FR275NTR);114FRSP17 (BCIvIA), 

TNFRSF18 (GITR AITR), TNFRSF19 (TROY TM, TRADE), INFRSF19L (RELT), 

INFRSF1A (TNF RI CD 120a, p55-60), TNFRSF I B (TNF RII CD120b, p75-80), TNFRSF26 

(TNFRH3) , TNFRSF3 (L1bR TNF RIII, TNFC R), TNFRSF4 (OX40 ACT35, TXGP I R), 

TNFRSF5 (CD40 p50). TNFRSF6 (Fas Apo-I, APTI, CD95), TNFRSF6B (DcR3 M68, TR6), 

TNFRSF7 (CD27), TNFRSFS (CD30), TNFRSF9 (4-1BB CDI37, ILA), TNFRSF21 (DR6), 

TNFRSF22 (DcTRAIL R2 TNFRH2), TNFRST23 (DcTRAIL RI TNFRH I), TNFRSF25 (DR3 

Apo-3, LARD, TR-3, TRAMP, WSL-1), TNFSFIO (TRAIL Apo-2 ligand, TL2), TNFSF I 1 

(TRANCE/RANK ligand ODE OPCI ligand), TNFSF12 (TWEAK Apo-3 ligand, DR3 ligand), 

TNFSF13 (APRIL TALL2), INFSF I 313 (BAFF BLYS, TALLI, THANK, TNFSF20), TNFSFI4 

(LIGHT HVEM ligand, LTg), INFSF15 (TuANEGI), TNFSF18 (GITR ligand AITR ligand, 

TL6), TNFSFIA (TNF-a Conectin, DIE TNFSF2), TNFSF1B (TNF-b LTa, TNESF1), TNFSF3 

(LTb TNFC, p33), TNFSF4 (OX40 ligand gp34, TXGP1), TNFSF5 (CD40 ligand CD154, gp39, 

HIGMI, IMD3, TRAP), TNFSF6 (Fas ligand Apo-I ligand. APTI ligand). TNFSF7 (CD27 

20 ligand CD70), TNFSFS (CD30 ligand CD153), TNFSF9 (4-1BB ligand CDI37 ligand). TP-I, 

t-PA, Tpo, TRAIL, TRAIL R, TRAIL-R1, TRAIL-R2, TRANCE, transferrin receptor, TRF. Trk. 

TROP-2, TSG, TSLP, tumor associated antigen CAI25, tumor associated antigen expressing 

Lewis-Y associated carbohydrates, TWEAK, TXB2. Ung, uPAR, uPAR-I. urokinase, VCAM, 

VCAM-I . VECAD, VE-Cadherin, VE-cadherin-2, VEFGR-I (flt- I ), VEGF, VEGFR, VEGFR-3 

25 

30 

(flt-4), VEGI, VIM, virus antigen. VLA, VLA-1, VLA-4, VNR integrin, von Willebrand factor. 

WIF-1 , WNT1, WNT2, WNT2f3/13, WNT3, WNT3A, WNT4, WNTSA, WNT5B, WNT6, 

WNT7A, WNT7B, WNT8A, WNT8B, WNT9A, WNT9A, WNT9B., WNTIOA, WNTIOB, 

VVNTII, WNT16, XCL1, XCL2, XCRI, XCRI, XEDAR, XIAP, XPD, HMGB I, IgA, Afl, CD8I, 

CD97, CD98, DDRI, DICK I, EREG, Hsp90, IL-17/1L-17R, IL-20/1L-20R, oxidized LDL, 

PCSK9. prekallikrein, RON, TMEM I 6F, SOD1. Chromogranin A. Chromogranin B, tau, VAPI, 

high molecular weight kininogen, IL-31, IL-31R. Nav1.1, Nav1.2, Nav1.3. Nav1.4, Nav1.5, 

Nav1.6, Navl.7, Nav1.8, Nav1.9, EPCR, Cl. Clq, Clr. Cls, C2. C2a, C2b, C3. C3a. C3b, C4. 

C4a, C4b, C5. CSa, C5b, C6, C7, C8, C9, factor B. factor D. factor H, pmperdin, sclerostin, 

fibrinogen. fibrin, prothrombin, thrombin. tissue factor, factor V, factor Va, factor VII. factor 

35 Vila, factor VIII, factor Villa, factor DC, factor DO, factor X, factor Xa. factor XI. factor Xla, 

factor XII. factor Xlla. factor XIII. factor XIIIa. TFPI. antithrombin III. EPCR. thrombomodulin. 
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TAFT tPA, plasminogen, plasmin, PA!-I, PAI-2, GPC3, Syndecan-I, Syndecan-2, Syndecan-3. 

Syndecan-4. LPA. and SIP; and receptors for hormone and growth factors. 

5 

"Epitope-  means an antigenic determinant in an antigen, and refers to an antigen site to 

which the antigen-binding domain of an antigen-binding molecule disclosed herein hinds. 	Thus, 

for example, the epitope can be defined according to its structure. 	Alternatively, the epitope 

maybe-defined'aocordingtolhocattigen-binding activity of an antigen-binding molecule that - 

recognizes the epitope. 	When the antigen is a peptide or polypeptide, the epitope can be 

specified by the amino acid residues forming the epitope. 	Alternatively, when the epitope is a 

sugar chain, the epitope can be specified by its specific sugar chain structure. 

10 A linear epitope is an epitope that contains an epitope whose primary amino acid 

sequence is recognized. 	Such a linear epitope typically contains at least three and most 

commonly at least five, for example. about 8 to 10 or 6 to 20 amino acids in its specific 

sequence. 

In contrast to the linear epitope. "conformational epitope" is an epitope in which the 

15 primary amino acid sequence containing the epitope is not the only determinant of the 

recognized epitope (for example, the primary amino acid sequence of a conformational epitope is 

not necessarily recognized by an epitope-defining antibody). 	Confbrmational epitopes may 

contain a greater number of amino acids compared to linear epitopes. 	A conformational 

epitope-recognizing antibody recognizes the three-dimensional structure of a peptide or protein. 

20 For example. when a protein molecule folds and forms a three-dimensional structure, amino 

acids and/or polypeptide main chains that form a conformational epitope become aligned, and 

the epitope is made recognizable by the antibody. 	Methods for determining epitope 

conformations include, for example, X ray crystallography, two-dimensional nuclear magnetic 

resonance. site-specific spin labeling, and electron paramagnetic resonance, but are not limited 

25 thereto. 	See, for example, Epitope Mapping Protocols in Methods in Molecular Biology (1996). 

Vol. 66, Morris (ed.). 

Binding Activity 

Examples of a method for assessing the epitope binding by a test antigen-binding 

30 molecule containing an IL-6R antigen-binding domain are described below. 	According to the 

examples below, methods for assessing the epitope binding by a test antigen-binding molecule 

containing an antigen-binding domain for an antigen other than IL-6R, can also be appropriately 

conducted. 

For example. whether a test antigen-binding molecule containing an IL-6R 

35 antigen-binding domain recognizes a linear epitope in the IL-6R molecule can be confirmed for 

example as mentioned below. 	A linear peptide comprising an amino acid sequence forming the 
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extracellular domain of IL-6R is synthesized for the above purpose. 	The peptide can be 

synthesized chemically, or obtained by genetic engineering techniques using a region encoding 

the amino acid sequence corresponding to the extracellular domain in an IL-6R cDNA. 	Then, a 

test antigen-binding molecule containing an IL-6R antigen-binding domain is assessed for its 

5 binding activity towards a linear peptide comprising the amino acid sequence forming the 

-extract:1441z: domain: 	fortatalip cratricumobilized:linear-peptide-cthrbe used:a S-  811-81ftigen by 

ELISA to evaluate the binding activity of the antigen-binding molecule towards the peptide. 

Alternatively, the binding activity towards a linear peptide can be assessed based on the level 

that the linear peptide inhibits the binding of the antigen-binding molecule to IL-6R-expressing 

10 cells. 	These tests can demonstrate the binding activity of the antigen-binding molecule towards 

the linear peptide. 

Whether a test antigen-binding molecule containing an IL-6R antigen-binding domain 

recognizes a conformational epitope can be assessed as follows. 	IL-6R-expressing cells are 

prepared for the above purpose. 	A test antigen-binding molecule containing an IL-6R 

15 antigen-binding domain can he determined to recognize a conformational epitope when it 

strongly binds to IL-6R-expressing cells upon contact, but does not substantially bind to an 

immobilized linear peptide comprising an amino acid sequence forming the extracellular domain 

of IL-6R. 	Herein. "not substantially bind" means that the binding activity is 80% or less. 

generally 50% or less, preferably 30% or less, and particularly preferably 15% or less compared 

20 to the binding activity towards cells expressing human TL-6R. 

Methods for assaying the binding activity of a test antigen-binding molecule containing 

an IL-6R antigen-binding domain towards 1L-6R-expressing cells include, for example. the 

methods described in Antibodies: A Laboratory Manual (Ed Harlow, David Lane. Cold Spring 

Harbor Laboratory (1988) 359-420). 	Specifically. the assessment can be performed based on 

25 the principle of ELISA or fluorescence activated cell sorting (FACS) using IL-6R-expressing 

cells as antigen. 

In the ELISA format, the binding activity of a test antigen-binding molecule containing 

an IL-6R antigen-binding domain towards IL-6R-expressing cells can be assessed quantitatively 

by comparing the levels of signal generated by enzymatic reaction. 	Specifically, a test 

30 polypeptide complex is added to an ELISA plate onto which IL-6R-expressing cells are 

immobilized. 	Then, the test antigen-binding molecule bound to the cells is detected using an 

enzyme-labeled antibody that recognizes the test antigen-binding molecule. 	Alternatively. 

when FACS is used, a dilution series of a test antigen-binding molecule is prepared, and the 

antibody binding titer for IL-6R-expressing cells can be determined to compare the binding 

35 activity of the test antigen-binding molecule towards IL-6R-expressing cells. 

The binding of a test antigen-binding molecule towards an antigen expressed on the 
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surface of cells suspended in buffer or the like can be detected using a flow cytometer. 	Known 

flow cytometers include, for example, the following devices: 

FACSCantorM  11 

FACSAriani  

5 FACSArraym  

FACSVanctigeThl SE,,,  

FACSCalibur 1  (all are trade names of BD Biosciences) 

EPICS ALTRA HyPerSon 

Cytomics FC 500 

10 EPICS XL-MCL ADC EPICS XL ADC 

Cell Lab Quanta/Cell Lab Quanta SC (all are trade names of Beckman Coulter). 

Preferable methods for assaying the binding activity of a test antigen-binding molecule 

containing an IL-6R antigen-binding domain towards an antigen include, for example, the 

following method. 	First, IL-6R-expressing cells are reacted with a test antigen-binding 

15 molecule, and then this is stained with an FITC-labeled secondary antibody that recognizes the 

antigen-binding molecule. 	The test antigen-binding molecule is appropriately diluted with a 

suitable buffer to prepare the molecule at a desired concentration. 	For example. the molecule 

can be used at a concentration within the range of 10 µgrind to 10 ng/ml. 	Then, the fluorescence 

intensity and cell count are determined using FACSCalibur (BD). 	The fluorescence intensity 

20 obtained by analysis using the CELL QUEST Software (BD), i.e.. the Geometric Mean value, 

reflects the quantity of antibody bound to cells. 	That is, the binding activity of a test 

antigen-binding molecule, which is represented by the quantity of the test antigen-binding 

molecule bound, can be determined by measuring the Geometric Mean value. 

Whether a test antigen-binding molecule containing an IL-6R antigen-binding domain 

25 shares a common epitope with another antigen-binding molecule can be assessed based on the 

competition between the two molecules for the same epitope. 	The competition between 

antigen-binding molecules can be detected by cross-blocking assay or the like. 	For example. 

the competitive ELISA assay is a preferred cross-blocking assay. 

Specifically, in cross-blocking assay, the IL-6R protein immobilized to the wells of a 

30 microtiter plate is pre-incubated in the presence or absence of a candidate competitor 

antigen-binding molecule, and then a test antigen-binding molecule is added thereto. 	The 

quantity of test antigen-binding molecule bound to the 1L-6R protein in the wells is indirectly 

correlated with the binding ability of a candidate competitor antigen-binding molecule that 

competes for the binding to the same epicene. 	That is, the greater the affmity of the competitor 

35 antigen-binding molecule for the same epitope. the lower the binding activity of the test 

antigen-binding molecule towards the IL-6R protein-coated wells. 
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The quantity of the test antigen-binding molecule bound to the wells via the IL-6R 

protein can be readily detennined by labeling the antigen-binding molecule in advance. 	For 

example, a biotin-labeled antigen-binding molecule is measured using an avidirilperoxidase 

conjugate and appropriate substrate. 	In particular, cross-blocking assay that uses enzyme labels 

5 such as peroxidase is called "competitive ELISA assay". 	The antigen-binding molecule can 

• - •-•-tho-be labeled with other ia'oeling-snbstattces•thai enable dettaion or nue.asurairern. 

Specifically, radiolabels, fluorescent labels, and such are known. 

When the candidate competitor antigen-binding molecule can block the binding by a 

test antigen-binding molecule containing an 1L-6R antigen-binding domain by at least 20%. 

10 preferably at least 20 to 50%. and more preferably at least 50% compared to the binding activity 

in a control experiment conducted in the absence of the competitor antigen-binding molecule, the 

test antigen-binding molecule is determined to substantially bind to the same epitope bound by 

the competitor antigen-binding molecule, or compete for the binding to the same epitope. 

When the structure of an epitope bound by a test antigen-binding molecule containing 

15 an IL-OR antigen-binding domain has already been identified, whether the test and control 

antigen-binding molecules share a common epitope can be assessed by comparing the binding 

activities of the two antigen-binding molecules towards a peptide prepared by introducing amino 

acid mutations into the peptide forming the epitope. 

To measure the above binding activities, for example. the binding activities of test and 

20 control antigen-binding molecules towards a linear peptide into which a mutation is introduced 

are compared in the above ELISA format. 	Besides the ELISA methods, the binding activity 

towards the mutant peptide bound to a column can be determined by flowing test and control 

antigen-binding molecules in the column, and then quantifying the antigen-binding molecule 

eluted in the elution solution. 	Methods for adsorbing a mutant peptide to a column. for 

25 example. in the form of a GST fusion peptide. are known. 

Alternatively, when the identified epitope is a conformational epitope, whether test and 

control antigen-binding molecules share a common epitope can be assessed by the following 

method. 	First, 1L-6R-expressing cells and cells expressing 1L-6R with a mutation introduced 

into the epitope are prepared. 	The test and control antigen-binding molecules are added to a 

30 cell suspension prepared by suspending these cells in an appropriate buffer such as PBS. 	Then. 

the cell suspensions are appropriately washed with a buffer, and an FITC-labeled antibody that 

recognizes the test and control antigen-binding molecules is added thereto. 	The fluorescence 

intensity and number of cells stained with the labeled antibody are determined using 

FACSCalibur (BD). 	The test and control antigen-binding molecules are appropriately diluted 

35 using a suitable buffer, and used at desired concentrations. 	For example, they may be used at a 

concentration within the range of 10 pigiml to 10 nerml. 	The fluorescence intensity determined 
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by analysis using the CELL QUEST Software (BD). i.e., the Geometric Mean value, reflects the 

quantity of labeled antibody bound to cells. 	That is. the binding activities of the test and control 

antigen-binding molecules, which are represented by the quantity of labeled antibody bound. can 

be determined by measuring the Geometric Mean value. 

5 ►n the above method, whether an antigen-binding molecule does "not substantially bind 

to cells.enpressing mutant IL-6R7  can be as-sessod,for example.-by the following- method. 	First, 

the test and control antigen-binding molecules bound to cells expressing mutant IL-6R are 

stained with a labeled antibody. 	Then. the fluorescence intensity of the cells is determined. 

When FACSCalibur is used for fluorescence detection by flow cytometry, the determined 

10 fluorescence intensity can be analyzed using the CELL QUEST Software. 	From the Geometric 

Mean values in the presence and absence of the polypeptide complex, the comparison value 

(AGeo-Mean) can be calculated according to the following formula to determine the ratio of 

increase in fluorescence intensity as a result of the binding by the antigen-binding molecule. 

I5 AGeo-Mean = Geo-Mean (in the presence of the polypeptide complex)/Geo-Mean (in the 

absence of the polypeptide complex) 

The Geometric Mean comparison value (AGeo-Mean value for the mutant IL-6R 

molecule) determined by the above analysis, which reflects the quantity of a test antigen-binding 

20 molecule bound to cells expressing mutant IL-6R, is compared to the AGeo-Mean comparison 

value that reflects the quantity of the test antigen-binding molecule bound to IL-6R-expressing 

cells. 	In this case, the concentrations of the test antigen-binding molecule used to determine the 

AGeo-Mean comparison values for IL-6R-expressing cells and cells expressing mutant IL-6R are 

particularly preferably adjusted to be equal or substantially equal. 	An antigen-binding molecule 

25 that has been confirmed to recognize an epitope in IL-6R is used as a control antigen-binding 

molecule. 

If the AGeo-Mean comparison value of a test antigen-binding molecule for cells 

expressing mutant 1L-6R is smaller than the AGeo-Mean comparison value of the test 

antigen-binding molecule for IL-6R-expressing cells by at least 80%. preferably 50%, more 

30 preferably 30%, and particularly preferably 15%. then the test antigen-binding molecule "does 

not substantially bind to cells expressing mutant IL-6R". 	The formula for determining the 

Geo-Mean (Geometric Mean) value is described in the CELL QUEST Software User's Guide 

(BD biosciences). 	When the comparison shows that the comparison values are substantially 

equivalent, the epitope for the test and control antigen-binding molecules can be determined to 

35 be the same. 
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Antigen-binding domain 

Herein, an "antigen-binding domain" may be of any structure as long as it binds to an 

antigen of interest. 	Such domains preferably include, for example: 

antibody heavy-chain and light-chain variable regions; 

5 a module of about 35 amino acids called A domain which is contained in the in vivo cell 

inentranewottitrA-vimcr(WO 2004/044011-, We-2005/040229) 

Adnectin containing the 10Fn3 domain which binds to the protein moiety of fibmnectin, a 

glycoprotein expressed on cell membrane (WO 2002/032925); 

Affibody which is composed of a 58-amino acid three-helix bundle based on the scaffold of the 

10 IgG-binding domain of Protein A (WO 1995/001937); 

Designed Ankyrin Repeat proteins (DARPins) which are a region exposed on the molecular 

surface of ankyrin repeats (AR) having a structure in which a subunit consisting of a turn 

comprising 33 amino acid residues, two antiparallel helices, and a loop is repeatedly stacked 

(WO 2002/020565); 

15 Anticalins and such, which are domains consisting of four loops that support one side of a barrel 

structure composed of eight circularly arranged antiparallel strands that are highly conserved 

among lipocalin molecules such as neutrophil gelatinase-associated lipocalin (NGAL) (WO 

2003/029462); and 

the concave region formed by the parallel-sheet structure inside the horseshoe-shaped structure 

20 constituted by stacked repeats of the leucine-rich-repeat (LRR) module of the variable 

lymphocyte receptor (VLR) which does not have the immunoglobulin structure and is used in the 

system of acquired immunity in jawless vertebrate such as lampery and hagfish (WO 

2008/016854). 	Preferred antigen-binding domains of the present invention include, for 

example, those having antibody heavy-chain and light-chain variable regions. 	Preferred 

25 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, the epitope can be present in the 

30 protein comprising the amino acids at positions 20 to 365 in 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. 	Alternatively, 

the epitope can be present in the protein comprising the amino acids at positions 20 to 365 in the 

35 amino acid sequence of SEQ ID NO: I. 
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Specificity 

"Specific" means that one of molecules that specifically binds to does not show any 

significant binding to molecules other than a single or a number of binding partner molecules. 

Furthermore. "specific" is also used when an antigen-binding domain is specific to a particular 

5 epitope among multiple epitopes in an antigen. 	When an epitope bound by an antigen-binding 

dcmainiscontained in makiple.differmantigens. antigen-bindingrothcculcstontaining tlic 

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

Antibody 

10 

15 

Herein. -antibody" refers to a natural immunoglobulin or an immunoglobulin produced 

by partial or complete synthesis. 	Antibodies can be isolated from natural sources such 	as 

naturally-occurring plasma and serum, or culture supernatants of antibody-producing 

hybridomas. 	Alternatively, antibodies can be partially or completely synthesized using 

techniques such as genetic recombination. 	Preferred antibodies include, for example, 

antibodies of an immunoglobulin isotype or subclass belonging thereto. 	Known human 

immunoglobulin include antibodies of the following nine classes (isotypes): IgG I, IgG2, Ig03, 

!gat'. IgAl, IgA2, IgD., Ie., and 1gM. 	Of these isotypes, antibodies of the present invention 

include IgG I. IgG2. IgG3, and IgG4. 

Methods for producing an antibody with desired binding activity are known to those 

20 skilled in the art. 	Below is an example that describes a method for producing an antibody that 

binds to IL-6R (anti-IL-6R antibody). 	Antibodies that bind to an antigen other than IL-6R can 

also be produced according to the example described below. 

Anti-IL-6R antibodies can be obtained as polyclonal or monoclonal antibodies using 

known methods. 	The anti-IL-6R antibodies preferably produced are monoclonal antibodies 

25 derived from mammals. 	Such mammal-derived monoclonal antibodies include antibodies 

produced by hybridomas or host cells transformed with an expression vector carrying an 

antibody gene by genetic engineering techniques. 	"Humanized antibodies" or -chimeric 

antibodies" are included in the monoclonal antibodies of the present invention. 

Monoclonal antibody-producing hybridomas can be produced using known techniques. 

30 for example, as described below. 	Specifically, mammals are immunized by conventional 

immunization methods using an IL-6R protein as a sensitizing antigen. 	Resulting immune cells 

are fused with known parental cells by conventional cell fusion methods. 	Then, hybridomas 

producing an anti-IL-6R antibody can be selected by screening for monoclonal 

antibody-producing cells using conventional screening methods. 

35 Specifically, monoclonal antibodies are prepared as mentioned below. 	First, the IL-6R 

gene whose nucleotide sequence is disclosed in SEQ ID NO: 2 can be expressed to produce an 
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IL-6R protein shown in SEQ ID NO: 1, which will be used as a sensitizing antigen for antibody 

preparation. 	That is, a gene sequence encoding IL-6R is inserted into a known expression 

vector, and appropriate host cells are transformed with this vector. 	The desired human 1L-6R 

protein is purified from the host cells or their culture supernatants by known methods. 	In order 

to obtain soluble IL-6R from culture supernatants, for example, a protein consisting of the amino 

acids atpositions-I to 357 inthe IL-61tpolypeptitle 'sequence oftS'EQTD NO: 1, such as 

described in Mullberg et al. (J. Immunol. (1994) 152 (10), 4958-4968). is expressed as a soluble 

IL-6R, instead of the IL-6R protein of SEQ ID NO: 1. 	Purified natural IL-6R protein can also 

be used as a sensitizing antigen. 

The purified IL-6R protein can be used as a sensitizing antigen for immunization of 

mammals. 	A partial IL-6R peptide may also he used as a sensitizing antigen. 	In this case, a 

partial peptide can be prepared by chemical synthesis based on the amino acid sequence of 

human IL-6R, or by inserting a partial IL-6R gene into an expression vector for expression. 

Alternatively, a partial peptide can be produced by degrading an 1L-6R protein with a protease. 

The length and region of the partial IL-6R peptide are not limited to particular embodiments. 	A 

preferred region can be arbitrarily selected from the amino acid sequence at amino acid positions 

20 to 357 in the amino acid sequence of SEQ ID NO: 1. 	The number of amino acids forming a 

peptide to be used as a sensitizing antigen is preferably at least five or more, six or more, or 

seven or more. 	More specifically. a peptide of 8 to 50 residues. more preferably 10 to 30 

residues can be used as a sensitizing antigen. 

For sensitizing antigen, alternatively it is possible to use a fusion protein prepared by 

fusing a desired partial polypeptide or peptide of the IL-6R protein with a different polypeptide. 

For example. antibody Fc fragments and peptide tags are preferably used to produce fusion 

proteins to be used as sensitizing antigens. 	Vectors for expression of such fusion proteins can 

be constructed by fusing in frame genes encoding two or more desired polypeptide fragments 

and inserting the fusion gene into an expression vector as described above. 	Methods for 

producing fusion proteins are described in Molecular Cloning 2nd ed. (Sambrook. J et al., 

Molecular Cloning 2nd ed.. 9.47-9.58 (1989) Cold Spring Harbor Lab. Press). 	Methods for 

preparing IL-6R to be used as a sensitizing antigen, and immunization methods using IL-6R are 

specifically described in WO 2003/000883. WO 2004/022754, WO 2006/006693, and such. 

There is no particular limitation on the mammals to be immunized with the sensitizing 

antigen. 	However, it is preferable to select the mammals by considering their compatibility 

with the parent cells to be used for cell fusion. 	In general, rodents such as mice, rats, and 

hamsters, rabbits, and monkeys are preferably used. 

The above animals are immunized with a sensitizing antigen by known methods. 

Generally performed immunization methods include, for example. intraperitoneal or 
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subcutaneous injection of a sensitizing antigen into mammals. 	Specifically, a sensitizing 

antigen is appropriately diluted with PBS (Phosphate-Buffered Saline), physiological saline, or 

the like. 	If desired. a conventional adjuvant such as Freund's complete adjuvant is mixed with 

the antigen, and the mixture is emulsified. 	Then, the sensitizing antigen is administered to a 

5 mammal several times at 4- to 21-day intervals. 	Appropriate carriers may be used in 

irtenunizetion with-the sensitizing antigen.— Imparticular-,-whone low matzulrn.icaght.protial 

peptide is used as the sensitizing antigen, it is sometimes desirable to couple the sensitizing 

antigen peptide to a carrier protein such as albumin or keyhole limpet hemocyanin for 

immunization. 

10 Alternatively, hybridomas producing a desired antibody can be prepared using DNA 

immunization as mentioned below. 	DNA immunization is an immunization method that 

confers immunostimulation by expressing a sensitizing antigen in an animal immunized as a 

result of administering a vector DNA constructed to allow expression of an antigen 

protein-encoding gene in the animal. 	As compared to conventional immunization methods in 

15 which a protein antigen is administered to animals to be immunized, DNA immunization is 

expected to be superior in that: 

- immunostimulation can be provided while retaining the structure of a membrane protein such 

as IL-6R: and 

- there is no need to purify the antigen for immunization. 

20 In order to prepare a monoclonal antibody of the present invention using DNA 

immunization. first, a DNA expressing an IL-6R protein is administered to an animal to be 

immunized. 	The IL-6R-encoding DNA can be synthesized by known methods such as PCR. 

25 

The obtained DNA is inserted into an appropriate expression vector, and then this is administered 

to an animal to be immunized. 	Preferably used expression vectors include, for example, 

commercially-available expression vectors such as pcDNA3.1. 	Vectors can be administered to 

an organism using conventional methods. 	For example, DNA immunization is performed by 

using a gene gun to introduce expression vector-coated gold particles into cells in the body of an 

animal to be immunized. 	Antibodies that recognized IL-6R can also be produced by the 

methods described in WO 2003/104453. 

30 After immunizing a mammal as described above, an increase in the titer of an 

1L-6R-binding antibody is confirmed in the serum. 	Then. immune cells are collected from the 

mammal. and then subjected to cell fusion. 	In particular, splenocytes are preferably used as 

immune cells. 

A mammalian myeloma cell is used as a cell to be fused with the above-mentioned 

35 immune cells. 	The myeloma cells preferably comprise a suitable selection marker for screening. 

A selection marker confers characteristics to cells for their survival (or death) under a specific 
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culture condition. 	Hypoxanthine-guanine phosphoribosyltransferase deficiency (hereinafter 

abbreviated as HGPRT deficiency) and thymidine kinase deficiency (hereinafter abbreviated as 

TK deficiency) are known as selection markers. 	Cells with HGPRT or TK deficiency have 

hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as HAT sensitivity). 

5 HAT-sensitive cells cannot synthesize DNA in a HAT selection medium, and are thus killed. 

- -- --However, when the cdls-are fascd-with uotataivells, dicy can continuer 3I-1A-syitsis nsing-the- 	- 

salvage pathway of the normal cells, and therefore they can grow even in the HAT selection 

medium. 

HGPRT-deficient and TK-deficient cells can be selected in a medium containing 

10 6-thioguanine, 8-azaguanine (hereinafter abbreviated as 8AG), or 5'-bromodeoxyuridine, 

respectively. 	Normal cells are killed because they incorporate these pyrimidine analogs into 

their DNA. 	Meanwhile, cells that are deficient in these enzymes can survive in the selection 

medium, since they cannot incorporate these pyrimidine analogs. 	In addition, a selection 

marker referred to as G418 resistance provided by the neomycin-resistant gene confers resistance 

15 to 2-deoxystreptamine antibiotics (gentamycin analogs). 	Various types of myeloma cells that 

are suitable for cell fusion are known. 

For example, myeloma cells including the following cells can he preferably used: 

P3(P3x63Ag8.653) (J. Immunol. (1979) 123 (4), 1548-1550); 

P3x63Ag8U.1 (Current Topics in Microbiology and Immunology (1978)81, 1-7); 

20 NS-1 (C. Eta. J. Immunol. (1976)6 (7), 511-519); 

MPC-11 (Cell (1976) 8 (3), 405415); 

SP2/0 (Nature (1978) 276 (5685), 269-270); 

FO (J. Immunol. Methods (1980) 35 (1-2),1-21); 

S194/5.XXO.BU.1 (J. Exp. Med. (1978)   148 (1), 313-323); 

25 R210 (Nature (1979) 277 (5692), 131-133), etc. 

Cell fusions between the inununocytes and myeloma cells are essentially carried out 

using known methods, for example. a method by Kohler and Milstein et al. (Methods Enzymol. 

(1981) 73: 3-46). 

More specifically, cell fusion can be carried out, for example, in a conventional culture 

30 medium in the presence of a cell fusion-promoting agent. 	The fusion-promoting agents include, 

for example, polyethylene glycol (PEG) and Sendai virus (HVJ). 	If required, an auxiliary 

substance such as dimethyl sulfoxide is also added to improve fusion efficiency. 

The ratio of immune cells to myeloma cells may be determined at one's own discretion. 

preferably, for example, one myeloma cell for every one to ten immunocytes. 	Culture media to 

35 he used for cell fusions include, for example, media that are suitable for the growth of myeloma 

cell lines. such as RPMI1640 medium and MEM medium. and other conventional culture 
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medium used for this type of cell culture. 	In addition, serum supplements such as fetal calf 

serum (FCS) may be preferably added to the culture medium. 

For cell fusion, predetermined amounts of the above immune cells and myeloma cells 

are mixed well in the above culture medium. 	Then, a PEG solution (for example. the average 

5 molecular weight is about 1,000 to 6,000) prewarmed to about 37°C is added thereto at a 

30% 	 Ties is 	 des:red fizion coreentntit-m ofgenorally 	to-60%• (wIviT 	gently mixed,  to produce 

cells (hybridomas). 	Then, an appropriate culture medium mentioned above is gradually added 

to the cells, and this is repeatedly centrifuged to remove the supernatant. 	Thus, cell fusion 

agents and such which are unfavorable to hybridoma growth can be removed. 

I 0 The hybridomas thus obtained can be selected by culture using a conventional selective 

medium, for example, HAT medium (a culture medium containing hypoxanthine, aminopterin, 

and thymidine). 	Cells other than the desired hybridomas (non-fused cells) can be killed by 

continuing culture in the above HAT medium for a sufficient period of time. 	Typically, the 

period is several days to several weeks. 	Then, hybridomas producing the desired antibody 	are 

15 screened and singly cloned by conventional limiting dilution methods. 

The hybridomas thus obtained can be selected using a selection medium based on the 

selection marker possessed by the myeloma used for cell fusion. 	For example. HGPRT- or 

11C-deficient cells can be selected by culture using the HAT medium (a culture medium 

containing hypoxanthine, aminopterin, and thymidine). 	Specifically, when HAT-sensitive 

20 myeloma cells are used for cell fusion, cells successfully fused with normal cells can selectively 

proliferate in the HAT medium. 	Cells other than the desired hybridomas (non-fused cells) can 

be killed by continuing culture in the above HAT medium for a sufficient period of time. 

Specifically, desired hybridomas can be selected by culture for generally several days to several 

weeks. 	Then, hybridomas producing the desired antibody are screened and singly cloned by 

25 conventional limiting dilution methods. 

Desired antibodies can be preferably selected and singly cloned by screening methods 

based on known antigen/antibody reaction. 	For example. an IL-6R-binding monoclonal 

antibody can bind to IL-6R expressed on the cell surface. 	Such a monoclonal antibody can be 

screened by fluorescence activated cell sorting (FACS). 	FACS is a system that assesses the 

30 binding of an antibody to cell surface by analyzing cells contacted with a fluorescent antibody 

using laser beam, and measuring the fluorescence emitted from individual cells. 

To screen for hybridomas that produce a monoclonal antibody of the present invention 

by FACS, IL-6R-expressing cells are first prepared. 	Cells preferably used for screening are 

mammalian cells in which IL-6R is forcedly expressed. 	As control, the activity of an antibody 

35 to bind to cell-surface IL-6R can be selectively detected using non-transformed mammalian cells 

as host cells. 	Specifically. hybridomas producing an anti-IL-6R monoclonal antibody can he 
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isolated by selecting hybridomas that produce an antibody which binds to cells forced to express 

IL-6R, but not to host cells. 

Alternatively, the activity of an antibody to bind to immobilized IL-6R-expressing cells 

can be assessed based on the principle of ELISA. 	For example. IL-6R-expressing cells are 

5 immobilized to the wells of an ELISA plate. 	Culture supernatants of hybridomas are contacted 

with theirninithili=d coils in-tht-welisrand-mitibodiestitet hired-totheimmobilized-cellsare.  

detected. 	When the monoclonal antibodies are derived from mouse, antibodies bound to the 

cells can be detected using an anti-mouse immunoglobulin antibody. 	Hybridomas producing a 

desired antibody having the antigen-binding ability are selected by the above screening. and they 

10 can be cloned by a limiting dilution method or the like. 

Monoclonal antibody-producing hybridomas thus prepared can be passaged in a 

conventional culture medium, and stored in liquid nitrogen for a long period. 

The above hybridomas are cultured by a conventional method, and desired monoclonal 

antibodies can be prepared from the culture supernatants. 	Alternatively, the hybridomas are 

15 administered to and grown in compatible mammals, and monoclonal antibodies are prepared 

from the ascites. 	The former method is suitable for preparing antibodies with high purity. 

Antibodies encoded by antibody genes that are cloned from antibody-producing cells 

such as the above hybridomas can also be preferably used. 	A cloned antibody gene is inserted 

into an appropriate vector, and this is introduced into a host to express the antibody encoded by 

20 the gene. 	Methods for isolating antibody genes, inserting the genes into vectors, and 

transforming host cells have already been established, for example, by Vandamme et al. (Elm J. 

Biochem. (1990) 192(3), 767-775). 	Methods for producing recombinant antibodies are also 

known as described below. 

For example, a cDNA encoding the variable region (V region) of an anti-IL-6R antibody 

25 is prepared from hybridoma cells expressing the anti-IL-6R antibody. 	For this purpose, total 

RNA is first extracted from hybridomas. 	Methods used for extracting mRNAs from cells 

include, for example: 

- the guanidine ultracentrifugation method (Biochemistry (1979) 18(24), 5294-5299), and 

- the AGPC method (Anal. Biochem. (1987) 162(1), 156-159) 

30 Extracted mRNAs can be purified using the mRNA Purification Kit (GE Healthcare 

Bioscience) or such. 	Alternatively, kits for extracting total mRNA directly from cells, such as 

the QuickPrep mRNA Purification Kit (GE Healthcare Bioscience), are also commercially 

available. 	mRNAs can be prepared from hybridomas using such kits. 	cDNAs encoding the 

antibody V region can be synthesized from the prepared mRNAs using a reverse transcriptase. 

35 cDNAs can be synthesized using the AMV Reverse Transcriptase First-strand cDNA Synthesis 

Kit (Seikagaku Co.) or such. 	Furthermore. the SMART RACE cDNA amplification kit 
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(Clontech) and the PCR-based 5'-RACE method (Proc. Natl. Acad. Sci. USA (1988) 85(23), 

8998-9002; Nucleic Acids Res. (1989) 17(8), 2919-2932) can be appropriately used to synthesize 

and amplify cDNAs. 	In such a eDNA synthesis process, appropriate restriction enzyme sites 

described below may be introduced into both ends of a cDNA. 

5 The cDNA fragment of interest is purified from the resulting PCR product, and then this 

is 'signed-to a vector DNA: --Alseeltabiriarit-vectoris-thus constructed andintroduced' inter 

coil or such. 	After colony selection, the desired recombinant vector can be prepared from the 

colony-forming E. coll. 	Then, whether the recombinant vector has the cDNA nucleotide 

sequence of interest is tested by a known method such as the dideoxy nucleotide chain 

10 termination method. 

The 5'-RACE method which uses primers to amplify the variable region gene is 

conveniently used for isolating the gene encoding the variable region. 	First. a 5'-RACE cDNA 

library is constructed by eDNA synthesis using RNAs extracted from hybridoma cells as a 

template. 	A commercially available kit such as the SMART RACE eDNA amplification kit is 

15 appropriately used to synthesize the 5'-RACE eDNA library. 

The antibody gene is amplified by PCR using the prepared 5.-RACE cDNA library as a 

template. 	Primers for amplifying the mouse antibody gene can be designed based on known 

antibody gene sequences. 	The nucleotide sequences of the primers vary depending on the 

immunoglobulin subclass. 	Therefore, it is preferable that the subclass is determined in advance 

20 using a commercially available kit such as the Iso Strip mouse monoclonal antibody isotyping kit 

(Roche Diagnostics). 

Specifically, for example, primers that allow amplification of genes encoding yl , y2a, 

y2b, and y3 heavy chains and K and ), light chains are used to isolate mouse IgG-encoding genes. 

In general. a primer that anneals to a constant region site close to the variable region is used as a 

25 3'-side primer to amplify an IgG variable region gene. 	Meanwhile. a primer attached to a 5' 

RACE cDNA library construction kit is used as a 5'-side primer. 

PCR products thus amplified are used to reshape immunoglobulins composed of a 

combination of heavy and light chains. 	A desired antibody can be selected using the 

IL-6R-binding activity of a reshaped immunoglobulin as an indicator. 	For example, when the 

30 objective is to isolate an antibody against IL-6R. it is more preferred that the binding of the 

antibody to IL-6R is specific. 	An IL-6R-binding antibody can be screened, for example, by the 

following steps: 

(1) contacting an IL-6R-expressing cell with an antibody comprising the V region encoded by a 

cDNA isolated from a hybridoma: 

35 (2) detecting the binding of the antibody to the IL-6R-expressing cell; and 

(3) selecting an antibody that binds to the IL-6R-expressing cell. 
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Methods for detecting the binding of an antibody to IL-6R-expressing cells are known. 

Specifically, the binding of an antibody to IL-6R-expressing cells can be detected by the 

above-described techniques such as FACS. 	Immobilized samples of IL-6R-expressing cells are 

appropriately used to assess the binding activity of an antibody. 

5 Preferred antibody screening methods that use the binding activity as an indicator also 

incluckpanning methods using linage actors - Sureenikwgmatiocis using-plragevectors-are-----•• 

advantageous when the antibody genes are isolated from heavy-chain and light-chain subclass 

libraries from a polyclonal antibody-expressing cell population. 	Genes encoding the 

heavy-chain and light-chain variable regions can be linked by an appropriate linker sequence to 

• - 	• 

10 form a single-chain Fv (scFv). 	Phages presenting scFv on their surface can be produced by 

inserting a gene encoding scFv into a phage vector. 	The phages are contacted with an antigen 

of interest. 	Then, a DNA encoding scFv having the binding activity of interest can be isolated 

by collecting phages bound to the antigen. 	This process can be repeated as necessary to enrich 

scFv having the binding activity of interest. 

15 After isolation of the cDNA encoding the V region of the anti-IL-6R antibody of interest, 

the cDNA is digested with restriction enzymes that recognize the restriction sites introduced into 

both ends of the cDNA. 	Preferred restriction enzymes recognize and cleave a nucleotide 

sequence that occurs in the nucleotide sequence of the antibody gene at a low frequency. 

Furthermore, a restriction site for an enzyme that produces a sticky end is preferably introduced 

20 into a vector to insert a single-copy digested fragment in the correct orientation. 	The cDNA 

encoding the V region of the anti-IL-6R antibody is digested as described above, and this is 

inserted into an appropriate expression vector to construct an antibody expression vector. 	in 

this case, if a gene encoding the antibody constant region (C region) and a gene encoding the 

above V region are fused in-frame. a chimeric antibody is obtained. 	Herein. "chimeric antibody" 

25 means that the origin of the constant region is different from that of the variable region. 	Thus. 

in addition to mouse/human heterochimeric antibodies, humanihuman allochimeric antibodies 

are included in the chimeric antibodies of the present invention. 	A chimeric antibody 

expression vector can be constructed by inserting the above V region gene into an expression 

vector that already has the constant region. 	Specifically, for example. a recognition sequence 

30 for a restriction enzyme that excises the above V region gene can be appropriately placed on the 

5' side of an expression vector carryine a DNA encoding a desired antibody constant region (C 

region). 	A chimeric antibody expression vector is constructed by fusing in frame the two genes 

digested with the same combination of restriction enzymes. 

To produce an anti-IL-6R monoclonal antibody, antibody genes are inserted into an 

35 expression vector so that the genes are expressed under the control of an expression regulatory 

region. 	The expression regulatory region for antibody expression includes, for example, 
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enhancers and promoters. 	Furthermore, an appropriate signal sequence may be attached to the 

amino terminus so that the expressed antibody is secreted to the outside of cells. 	In the 

Examples described later, a peptide having the amino acid sequence 

MGWSCIILFLVATATGVHS (SEQ ID NO: 3) are used as a signal sequence. 	Meanwhile, other 

5 appropriate signal sequences may be attached. 	The expressed polypeptide is cleaved at the 

carbcxyl.tmninurref the above-sequence, &Id thc-resultityg-polypcptide4s-secreted to the outside 

of cells as a mature polypeptide. 	Then, appropriate host cells are transformed with the 

expression vector, and recombinant cells expressing the anti-IL-6R antibody-encoding DNA are 

obtained. 

10 DNAs encoding the antibody heavy chain (H chain) and light chain (L chain) are 

separately inserted into different expression vectors to express the antibody gene. 	An antibody 

molecule having the H and L chains can be expressed by co-transfecting the same host cell with 

vectors into which the H-chain and L-chain genes are respectively inserted. 	Alternatively, host 

cells can be transformed with a single expression vector into which DNAs encoding the H and L 

15 chains are inserted (see WO 1994/011523). 

There are various known host cell/expression vector combinations for antibody 

preparation by introducing isolated antibody genes into appropriate hosts. 	All of these 

expression systems are applicable to isolation of the antigen-binding domains of the present 

invention. 	Appropriate eukaryotic cells used as host cells include animal cells. plant cells, and 

20 fungal cells. 	Specifically, the animal cells include, for example. the following cells. 

(I) mammalian cells: CHO, COS. myeloma, baby hamster kidney (BHK), HeLa, Vero, human 

embryonic kidney (HEK) 293, or such; 

(2) amphibian cells: Xenopus oocytes, or such; and 

(3) insect cells: sf9, st21, Tn5, or such. 

25 In addition, as a plant cell, an antibody gene expression system using cells derived from 

the Nicotiana genus such as Nicotiana tabacum is known. 	Callus cultured cells can be 

appropriately used to transform plant cells. 

Furthermore, the following cells can be used as fungal cells: 

- 	yeasts: the Saccharamyces genus such as Saccharornyces serevisiae, and the Pichia genus 

30 such as Pichia pastoris; and 

- 	filamentous fungi: the Aspergillus genus such as Aspergillus niger. 

Furthermore, antibody gene expression systems that utilize prokaryotic cells are also 

known. 	For example, when using bacterial cells, E. colt cells, Bacillus subtilis cells, and such 

can suitably be utilized in the present invention. 	Expression vectors carrying the antibody 

35 genes of interest are introduced into these cells by transfection. 	The transfected cells are 

cultured in vitro, and the desired antibody can be prepared from the culture of transformed cells. 
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In addition to the above-described host cells, transgenic animals can also be used to 

produce a recombinant antibody. 	That is, the antibody can be obtained from an animal into 

which the gene encoding the antibody of interest is introduced. 	For example, the antibody gene 

can be constructed as a fusion gene by inserting in frame into a gene that encodes a protein 

5 produced specifically in milk. 	Goat 13-casein or such can be used, for example, as the protein 

secreted-  irmilk. 	Dliktragmentstuntaining the fused geneinserted with the antibody gene'is 

injected into a goat embryo, and then this embryo is introduced into a female goat. 	Desired 

antibodies can be obtained as a protein fused with the milk protein from milk produced by the 

transgenic goat born from the embryo-recipient goat (or progeny thereof). 	In addition, to 

10 increase the volume of milk containing the desired antibody produced by the transgenic goat, 

hormones can be administered to the transgenic goat as necessary (Ebert, K. M. a at, 

Bio/Technology (1994) 12 (7). 699-702). 

When a polypeptide complex described herein is administered to human, an 

antigen-binding domain derived from a genetically recombinant antibody that has been 

15 artificially modified to reduce the heterologous antigenicity against human and such, can be 

appropriately used as the antigen-binding domain of the complex. 	Such genetically 

recombinant antibodies include, for example, humanized antibodies. 	These modified antibodies 

are appropriately produced by known methods. 

An antibody variable region used to produce the antigen-binding domain of a 

20 polypeptide complex described herein is generally formed by three complementarity-determining 

regions (CDRs) that are separated by four framework regions (FRs). 	CDR is a region that 

substantially determines the binding specificity of an antibody. 	The amino acid sequences of 

25 

CDRs are highly diverse. 	On the other hand, the FR-forming amino acid sequences often have 

high identity even among antibodies with different binding specificities. 	Therefore, generally, 

the binding specificity of a certain antibody can be introduced to another antibody by CDR 

grafting. 

A humanized antibody is also called a reshaped human antibody. 	Specifically, 

humanized antibodies prepared by grafting the CDR of a non-human animal antibody such as a 

mouse antibody to a human antibody and such are known. 	Common genetic engineering 

30 techniques for obtaining humanized antibodies are also known. 	Specifically, for example, 

overlap extension PCR is known as a method for grafting a mouse antibody CDR to a human FR. 

In overlap extension PCR, a nucleotide sequence encoding a mouse antibody CDR to be grafted 

is added to primers for synthesizing a human antibody FR. 	Primers are prepared for each of the 

four FRs. 	It is generally considered that when grafting a mouse CDR to a human FR, selecting 

35 a human FR that has high identity to a mouse FR is advantageous for maintaining the CDR 

function. 	That is, it is generally preferable to use a human FR comprising an amino acid 
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sequence which has high identity to the amino acid sequence of the FR adjacent to the mouse 

CDR to be grafted. 

Nucleotide sequences to be ligated are designed so that they will be connected to each 

other in frame. 	Human FRs are individually synthesized using the respective primers. 	As a 

5 result, products in which the mouse CDR-encoding DNA is attached to the individual 

• FR-encoding DNAs are obtained. - Nucleotide-sequences encoding thernouseCDItocceell 

product are designed so that they overlap with each other. 	Then, complementary strand 

synthesis reaction is conducted to anneal the overlapping CDR regions of the products 

synthesized using a human antibody gene as template. 	Human FRs are ligated via the mouse 

10 CDR sequences by this reaction. 

The full length V region gene. in which three CDRs and four FRs are ultimately ligated. 

is amplified using primers that anneal to its 5'- or 3'-end, which are added with suitable 

restriction enzyme recognition sequences. 	An expression vector for humanized antibody can be 

produced by inserting the DNA obtained as described above and a DNA that encodes a human 

15 antibody C region into an expression vector so that they will ligate in frame. 	After the 

recombinant vector is transfected into a host to establish recombinant cells, the recombinant cells 

are cultured, and the DNA encoding the humanized antibody is expressed to produce the 

humanized antibody in the cell culture (see, European Patent Publication No. EP 239400 and 

International Patent Publication No. WO 1996/002576). 

20 By qualitatively or quantitatively measuring and evaluating the antigen-binding activity 

of the humanized antibody produced as described above, one can suitably select human antibody 

FRs that allow CDRs to form a favorable antigen-binding site when ligated through the CDRs. 

Amino acid residues in Fits may be substituted as necessary, so that the CDRs of a reshaped 

human antibody form an appropriate antigen-binding site. 	For example, amino acid sequence 

25 mutations can be introduced into FRs by applying the PCR method used for grafting a mouse 

CDR into a human FR. 	More specifically. partial nucleotide sequence mutations can be 

introduced into primers that anneal to the FR. 	Nucleotide sequence mutations are introduced 

into the FRs synthesized by using such primers. 	Mutant FR sequences having the desired 

characteristics can be selected by measuring and evaluating the activity of the amino 

30 acid-substituted mutant antibody to bind to the antigen by the above-mentioned method (Cancer 

Res. (1993) 53: 851-856). 

Alternatively, desired human antibodies can be obtained by immunizing transgenic 

animals having the entire repertoire of human antibody genes (see WO 1993/012227: WO 

1992/003918; WO 1994/002602; WO 1994/025585; WO 1996/034096; WO 1996/033735) by 

35 DNA immunization. 

Furthermore, techniques for preparing human antibodies by panning usine. human 
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antibody libraries are also known. 	For example, the V region of a human antibody is expressed 

as a single-chain antibody (scFv) on phage surface by the phage display method. 	Phages 

expressing an scFv that binds to the antigen can be selected. 	The DNA sequence encoding the 

human antibody V region that binds to the antigen can be determined by analyzing the genes of 

5 selected phages. 	The DNA sequence of the scFv that binds to the antigen is determined. 	An 

- 	- exprc-ssicm-vectvrisinerraredity fiasiag the V regiorrsequencein frame witIrthe-C-regionr 

sequence of a desired human antibody, and inserting this into an appropriate expression vector. 

The expression vector is introduced into cells appropriate for expression such as those described 

above. 	The human antibody can be produced by expressing the human antibody-encoding gene 

10 in the cells. 	These methods are already known (see WO 1992/001047; WO 1992/020791; WO 

1993/006213; WO 1993/011236; WO 1993/019172; WO 1995/001438; WO 1995/015388). 

In addition to the techniques described above, techniques of B cell cloning 

(identification of each antibody-encoding sequence, cloning and its isolation: use in constructing 

expression vector in order to prepare each antibody (IgG I, IgG2, lgG3, or Ig04 in particular): 

15 and such) such as described in Bemasconi ci al. (Science (2002) 298: 2199-2202) or in WO 

2008/081008 can be appropriately used to isolate antibody genes. 

EU numbering system and Kabat's numbering system 

According to the methods used in the present invention, amino acid positions assigned to 

20 antibody CDR and FR are specified according to Kabat's numbering (Sequences of Proteins of 

Immunological Interest (National Institute of Health, Bethesda, Md.. 1987 and 1991)). 	Herein. 

when an antigen-binding molecule is an antibody or antigen-binding fragment, variable region 

amino acids are indicated according to Kabat's numbering system, while constant region amino 

acids are indicated according to EU numbering system based on Kabat's amino acid positions. 

25 

Conditions of ion concentration 

Conditions of metal ion concentration 

In one embodiment of the present invention, the ion concentration refers to a metal ion 

concentration. 	"Metal ions" refer to ions of group I elements except hydrogen such as alkaline 

30 metals and copper group elements, group n elements such as alkaline earth metals and zinc 

group elements, group III elements except boron. group IV elements except carbon and silicon, 

group VIII elements such as iron group and platinum group elements, elements belonging to 

subgroup A of groups V, VI. and VII. and metal elements such as antimony. bismuth, and 

polonium. 	Metal atoms have the property of releasing valence electrons to become cations. 

35 This is referred to as ionization tendency. 	Metals with strong ionization tendency are deemed 

to be chemically active. 
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In the present invention, preferred metal ions include, for example, calcium ion. 

Calcium ion is involved in modulation of many biological phenomena, including contraction of 

muscles such as skeletal, smooth, and cardiac muscles; activation of movement, phagocytosis, 

and the like of leukocytes; activation of shape change, secretion, and the like of platelets; 

5 activation of lymphocytes; activation of mast cells including secretion of histamine; cell 

. responses mediated-by cateeholanline cc-reccptor or acetylcholine- mc 	r cptotxocyrosis; rcicasc of 

transmitter substances from neuron terminals; and axoplasmic flow in neurons. 	Known 

intracellular calcium ion receptors include troponin C, calmodulin, parvalbumin, and myosin 

light chain, which have several calcium ion-binding sites and are believed to be derived from a 

10 common origin in terms of molecular evolution. 	There are also many known calcium-binding 

motifs. 	Such well-known motifs include, for example. cadherin domains, EF-hand of 

calmodulin. C2 domain of Protein kinase C, Gla domain of blood coagulation protein Factor IX, 

C-type lectins of acyaroglycoprotein receptor and mannose-binding receptor, A domains of LDL 

receptors, annexin, thrombospondin type 3 domain, and EGF-like domains. 

15 In the present invention, when the metal ion is calcium ion, the conditions of calcium 

ion concentration include low calcium ion concentrations and high calcium ion concentrations. 

"The binding activity varies depending on calcium ion concentrations" means that the 

antigen-binding activity of an antigen-binding molecule varies due to the difference in the 

conditions between low and high calcium ion concentrations. 	For example, the antigen-binding 

20 activity of an antigen-binding molecule may be higher at a high calcium ion concentration than 

at a low calcium ion concentration. 	Alternatively, the antigen-binding activity of an 

antigen-binding molecule may be higher at a low calcium ion concentration than at a high 

calcium ion concentration. 

Herein, the high calcium ion concentration is not particularly limited to a specific value; 

25 however, the concentration may preferably be selected between 100 pM and 10 mM. 	In 

another embodiment, the concentration may be selected between 200 pM and 5 mM. 	In an 

alternative embodiment, the concentration may be selected between 400 µM and 3 mM. 	In still 

another embodiment, the concentration may be selected between 200 ELM and 2 mM. 

Furthermore, the concentration may be selected between 400 LIM and I mM. 	In particular, a 

30 concentration selected between 500 µM and 2.5 mM, which is close to the plasma (blood) 

concentration of calcium ion in vivo, is preferred. 

Herein, the low calcium ion concentration is not particularly limited to a specific value; 

however, the concentration may preferably be selected between 0.1 iiM and 30 µM. 	In another 

embodiment. the concentration may be selected between 0.2 pM and 20 µM. 	In still another 

35 embodiment. the concentration may be selected between 0.5 µM and 10 µM. 	In an alternative 

embodiment, the concentration may be selected between I p.M and 5 µM. 	Furthermore, the 
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concentration may be selected between 2 µM and 4 µM. 	In particular, a concentration selected 

between 1 µM and 5 µM, which is close to the concentration of ionized calcium in early 

endosomes in vivo, is preferred. 

Herein, "the antigen-binding activity is lower at a low calcium ion concentration than at 

5 a high calcium ion concentration" means that the antigen-binding activity of an antigen-binding 

.molecuit-ir wtalccrat a-calcitutriontoncierttratiowselec.ted-betweetc0.1--µM-ancl-30-µMiluin.ai a 

calcium ion concentration selected between 100µM and 10 mM. 	Preferably, it means that the 

antigen-binding activity of an antigen-binding molecule is weaker at a calcium ion concentration 

selected between 0.5 µM and 10 µM than at a calcium ion concentration selected between 200 

10 µM and 5 mM. 	It particularly preferably means that the antigen-binding activity at the calcium 

ion concentration in the early endosome in vivo is weaker than that at the in vivo plasma calcium 

ion concentration: and specifically, it means that the antigen-binding activity of an 

antigen-binding molecule is weaker at a calcium ion concentration selected between I µM and 5 

µM than at a calcium ion concentration selected between 500 µM and 2.5 mM. 

15 Whether the antigen-binding activity of an antigen-binding molecule is changed 

depending on metal ion concentrations can be determined, for example, by the use of known 

measurement methods such as those described in the section "Binding Activity" above. 	For 

example. in order to confirm that the antigen-binding activity of an antigen-binding molecule 

becomes higher at a high calcium ion concentration than at a low calcium ion concentration, the 

20 antigen-binding activity of the antigen-binding molecule at low and high calcium ion 

concentrations is compared. 

In the present invention, the expression "the antigen-binding activity is lower at a low 

calcium ion concentration than at a high calcium ion concentration" can also be expressed as "the 

antigen-binding activity of an antigen-binding molecule is higher at a high calcium ion 

25 concentration than at a low calcium ion concentration". 	In the present invention. "the 

antigen-binding activity is lower at a low calcium ion concentration than at a high calcium ion 

concentration" is sometimes written as "the antigen-binding ability is weaker at a low calcium 

ion concentration than at a high calcium ion concentration". 	Also. "the antigen-binding activity 

at a low calcium ion concentration is reduced to be lower than that at a high calcium ion 

30 concentration" may be written as "the antigen-binding ability at a low calcium ion concentration 

is made weaker than that at a high calcium ion concentration". 

35 

When determining the antigen-binding activity, the conditions other than calcium ion 

concentration can be appropriately selected by those skilled in the art, and are not particularly 

limited. 	For example. the activity can be determined at 37°C in HEPES buffer. 	For example, 

Biacore (GE Healthcare) or such can be used for the determination. 	When the antigen is a 

soluble antigen, the antigen-binding activity of an antigen-binding molecule can be assessed by 
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flowing the antigen as an analyte over a chip onto which the antigen-binding molecule is 

immobilized. 	When the antigen is a membrane antigen, the binding activity of an 

antigen-binding molecule to the membrane antigen can be assessed by flowing the 

antigen-binding molecule as an analyte over a chip onto which the antigen is immobilized. 

5 As long as the antigen-binding activity of an antigen-binding molecule of the present 

invention-is wealc-er at a low calcium-ion concentration-than at a high calciumion concentration, 

the ratio of the antigen-binding activity between low and high calcium ion concentrations is not 

particularly limited. 	However, the ratio of the KD (dissociation constant) of the 

antigen-binding molecule for an antigen at a low calcium ion concentration with respect to the 

10 KD at a high calcium ion concentration, i.e. the value of KD (3 µM Ca)/KD (2 mM Ca), is 

preferably 2 or more, more preferably 10 or more, and still more preferably 40 or more. 	The 

upper limit of the KD (3 i.tM Ca)/KD (2 mM Ca) value is not particularly limited, and may be 

any value such as 400, 1000, or 10000 as long as the molecule can be produced by techniques 

known to those skilled in the art. 

15 When the antigen is a soluble antigen, KD (dissociation constant) can be used to 

represent the antigen-binding activity. 	Meanwhile, when the antigen is a membrane antigen, 

apparent KD (apparent dissociation constant) can be used to represent the activity. 	KD 

(dissociation constant) and apparent KD (apparent dissociation constant) can be determined by 

methods known to those skilled in the art, for example, using Biacore (GE healthcare). Scatchard 

20 plot, or flow cytometer. 

Alternatively, for example. the dissociation rate constant (kd) can also be preferably 

used as an index to represent the ratio of the antigen-binding activity of an antigen-binding 

molecule of the present invention between low and high calcium concentrations. 	When the 

dissociation rate constant (kd) is used instead of the dissociation constant (KD) as an index to 

25 represent the binding activity ratio, the ratio of the dissociation rate constant (kd) between low 

and high calcium concentrations. i.e. the value of kd (low calcium concentration)/kd (high 

calcium concentration)• is preferably 2 or more, more preferably 5 or more, still more preferably 

10 or more, and yet more preferably 30 or more. 	The upper limit of the Kd (low calcium 

concentration)/kd (high calcium concentration) value is not particularly limited, and can be any 

30 value such as 50, 100, or 200 as long as the molecule can be produced by techniques known to 

those skilled in the art 

When the antigen is a soluble antigen. kd (dissociation rate constant) can be used to 

represent the antigen-binding activity. 	Meanwhile, when the antigen is a membrane antigen, 

apparent kd (apparent dissociation rate constant) can be used to represent the antigen-binding 

35 activity. 	The kd (dissociation rate constant) and apparent kd (apparent dissociation rate 

constant) can be determined by methods known to those skilled in the art, for example, using 
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Biacore (GE healthcare) or flow cytometer. 	in the present invention, when the 

antigen-binding activity of an antigen-binding molecule is determined at different calcium ion 

concentrations, it is preferable to use the same conditions except for the calcium concentrations. 

For example, an antigen-binding domain or antibody whose antigen-binding activity is 

5 	lower at a low calcium ion concentration than at a high calcium ion concentration, which is one 

embodinient-of-theprestut imentionccan bc obtainal via-wet:ening of innigenglindirrg domains 

or antibodies including the steps of: 

(a) determining the antigen-binding activity of an antigen-binding domain or antibody at a low 

calcium concentration; 

10 	(b) determining the antigen-binding activity of an antigen-binding domain or antibody at a high 

calcium concentration; and 

(c) selecting an antigen-binding domain or antibody whose antigen-binding activity is lower at a 

low calcium concentration than at a high calcium concentration. 

Moreover, an antigen-binding domain or antibody whose antigen-binding activity is 

15 	lower at a low calcium ion concentration than at a high calcium ion concentration, which is one 

embodiment of the present invention, can be obtained via screening of antigen-binding domains 

or antibodies. or a library thereof, including the steps of: 

(a) contacting an antigen with an antigen-binding domain or antibody, or a library thereof at a 

high calcium concentration; 

20 	(h) incubating at a low calcium concentration an antigen-binding domain or antibody that has 

bound to the antigen in step (a); and 

(c) isolating an antigen-binding domain or antibody dissociated in step (b). 

Furthermore, an antigen-binding domain or antibody whose antigen-binding activity is 

lower at a low calcium ion concentration than at a high calcium ion concentration. which is one 

25 	embodiment of the present invention, can be obtained via screening of antigen-binding domains 

or antibodies, or a library thereof, including the steps of: 

(a)  contacting an antigen with a library of antigen-binding domains or antibodies at a low 

calcium concentration; 

(b) selecting an antigen-binding domain or antibody which does not bind to the antigen in step 

30 	(a); 

(c) allowing the antigen-binding domain or antibody selected in step (c) to hind to the antigen at 

a high calcium concentration : and 

(d)  isolating an antigen-binding domain or antibody that has bound to the antigen in step (c). 

In addition, an antieen-binding domain or antibody whose antigen-binding activity is 

35 	lower at a low calcium ion concentration than at a high calcium ion concentration, which is one 

embodiment of the present invention, can be obtained by a screening method comprising the 
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steps of: 

(a) contacting at a high calcium concentration a library of antigen-binding domains or antibodies 

with a column onto which an antigen is immobilized; 

(b) eluting an antigen-binding domain or antibody that has bound to the column in step (a) from 

5 the column at a low calcium concentration; and 

(c)- isolating the- tatrigen-binding domain- cr anti✓ody dined in -Step (b). 

Furthermore, an antigen-binding domain or antibody whose antigen-binding activity is 

lower at a low calcium ion concentration than at a high calcium ion concentration, which is one 

embodiment of the present invention, can be obtained by a screening method comprising the 

10 steps of: 

(a) allowing at a low calcium concentration a library of antigen-binding domains or antibodies to 

pass through a column onto which an antigen is immobilized; 

(b) collecting an antigen-binding domain or antibody that has been eluted without binding to the 

column instep (a); 

15 (c) allowing the antigen-binding domain or antibody collected in step (b) to bind to the antigen at 

a high calcium concentration; and 

(d) isolating an antisien-binding domain or antibody that has bound to the antigen in step (c). 

Moreover, an antigen-binding domain or antibody whose antigen-binding activity is 

lower at a low calcium ion concentration than at a high calcium ion concentration, which is one 

20 embodiment of the present invention, can be obtained by a screening method comprising the 

steps of: 

(a) contacting an antigen with a library of antigen-binding domains or antibodies at a high 

calcium concentration; 

(b) obtaining an antigen-binding domain or antibody that has bound to the antigen in step (a); 

25 (c) incubating at a low calcium concentration the antigen-binding domain or antibody obtained in 

step (b); and 

(d) isolating an antigen-binding domain or antibody whose antigen-binding activity in step (c) is 

weaker than the criterion for the selection of step (b). 

The above-described steps may be repeated twice or more times. 	Thus, the present 

30 invention provides antigen-binding domains or antibodies whose antigen-binding activity is 

lower at a low calcium ion concentration than at a high calcium ion concentration, which are 

obtained by screening methods that further comprises the step of repeating twice or more times 

steps (a) to (c) or (a) to (d) in the above-described screening methods. 	The number of cycles of 

steps (a) to (c) or (a) to (d) is not particularly limited, but generally is 10 or less. 

35 In the screening methods of the present invention. the antigen-binding activity of an 

antigen-binding domain or antibody at a low calcium concentration is not particularly limited as 
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long as it is antigen-binding activity at an ionized calcium concentration of between 0.1 µM and 

30 µM, but preferably is antigen-binding activity at an ionized calcium concentration of between 

5 

0.5 !AM and 10µM. 	More preferably, it is antigen-binding activity at the ionized calcium 

concentration in the early endosome in vivo, specifically, between I tiM and 5µM. 	Meanwhile, 

the antigen-binding activity of an antigen-binding domain or antibody at a high calcium 

10 

(a/-11-CCirCiaikM isTiut particulatiy-iimitett-asiotirmit is mtrigen:binding-tretivityie tationized---  — 	- -- — 

calcium concentration of between 100 iiM and 10 mM, but preferably is antigen-binding activity 

at an ionized calcium concentration of between 200 AM and 5 mM. 	More preferably, it is 

antigen-binding activity at the ionized calcium concentration in plasma in vivo, specifically, 

between 0.5 mM and 2.5 niM. 

The antigen-binding activity of an antigen-binding domain or antibody can be measured 

by methods known to those skilled in the art. 	Conditions other than the ionized calcium 

concentration can be determined by those skilled in the an . 	The antigen-binding activity of an 

antigen-binding domain or antibody can be evaluated as a dissociation constant (1CD), apparent 

15 dissociation constant (apparent ICD), dissociation rate constant (kd), apparent dissociation 

constant (apparent kd), and such. 	These can be determined by methods known to those skilled 

in the art, for example. using Biacore (GE healthcare). Scatchard plot, or FACS. 

In the present invention, the step of selecting an antigen-binding domain or antibody 

whose antigen-binding activity is hieher at a high calcium concentration than at a low calcium 

20 concentration is synonymous with the step of selecting an antigen-binding domain or antibody 

whose antigen-binding activity is lower at a low calcium concentration than at a high calcium 

concentration. 

As long as the antigen-binding activity is higher at a high calcium concentration than at 

a low calcium concentration, the difference in the antigen-binding activity between high and low 

25 calcium concentrations is not particularly limited; however, the antigen-binding activity at a high 

calcium concentration is preferably twice or more, more preferably 10 times or more. and still 

more preferably 40 times or more than that at a low calcium concentration. 

Antigen-binding domains or antibodies of the present invention to be screened by the 

screening methods described above may be any antigen-binding domains and antibodies. 	For 

30 example, it is possible to screen the above-described antigen-binding domains or antibodies. 

For example, antigen-binding domains or antibodies having natural sequences or substituted 

amino acid sequences may be screened. 

Libraries 

35 In an embodiment, an antigen-binding domain or antibody of the present invention can 

be obtained from a library that is mainly composed of a plurality of antigen-binding molecules 
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whose sequences are different from one another and whose antigen-binding domains have at 

least one amino acid residue that alters the antigen-binding activity of the antigen-binding 

molecules depending on ion concentrations. 	The ion concentrations preferably include, for 

example. metal ion concentration and hydrogen ion concentration. 

5 Herein, a "library" refers to a plurality of antigen-binding molecules or a plurality of 

Fasicopelypapfidas-•containing-antigen-binding mole.eulesconiucleic-acids or poly-nucleotides 

encoding their sequences. 	The sequences of a plurality of antigen-binding molecules or a 

plurality of fusion polypeptides containing antigen-binding molecules in a library are not 

identical, but are different from one another. 

10 Herein, the phrase "sequences are different from one another" in the expression "a 

plurality of antigen-binding molecules whose sequences are different from one another" means 

that the sequences of antigen-binding molecules in a library are different from one another. 

Specifically, in a library, the number of sequences different from one another reflects the number 

of independent clones with different sequences, and may also be referred to as "library size". 

15 The library size of a conventional phage display library ranges from 106  to 1012 . 	The library 

size can be increased up to 1014  by the use of known techniques such as ribosome display. 

However, the actual number of phage particles used in panning selection of a phage library is in 

general 10-10000 times greater than the library size. 	This excess multiplicity is also referred to 

as "the number of library equivalents", and means that there arc 10 to 10,000 individual clones 

20 that have the same amino acid sequence. 	Thus, in the present invention, the phrase "sequences 

are different from one another" means that the sequences of independent antigen-binding 

molecules in a library, excluding library equivalents, are different from one another. 	More 

specifically, the above means that there are 106  to 1014  antigen-binding molecules whose 

sequences are different from one another, preferably 10' to 1012  molecules, more preferably 108  

25 to 10" molecules, and particularly preferably 108  to 1018  molecules whose sequences are 

different from one another. 

Herein, the phrase "a plurality of in the expression "a library mainly composed of a 

plurality of antigen-binding molecules" generally refers to, in the case of, for example, 

antigen-binding molecules, fusion polypeptides, polynucleotide molecules, vectors, or viruses of 

30 the present invention, a group of two or more types of the substance. 	For example. when two or 

more substances are different from one another in a particular characteristic, this means that 

there are two or more types of the substance. 	Such examples may include, for example. mutant 

amino acids observed at specific amino acid positions in an amino acid sequence. 	For example, 

when there are two or more antigen-binding molecules of the present invention whose sequences 

35 are substantially the same or preferably the same except for flexible residues or except for 

particular mutant amino acids at hypervariable positions exposed on the surface, there are a 
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plurality of antigen-binding molecules of the present invention. 	In another example. when there 

are two or more polynucleotide molecules whose sequences are substantially the same or 

preferably the same except for nucleotides encoding flexible residues or nucleotides encoding 

mutant amino acids of hypervariable positions exposed on the surface, there are a plurality of 

5 polynucleotide molecules of the present invention. 

'44-the-phrase'rrrainly hr additiun, 	 unposed or in theexpression'a library Ifidilily 

composed of a plurality of antigen-binding molecules' reflects the number of antigen-binding 

molecules whose antigen-binding activity varies depending on ion concentrations, among 

independent clones with different sequences in a library. 	Specifically, it is preferable that there 

10 are at least 104  antigen-binding molecules having such binding activity in a library. 	More 

preferably, antigen-binding domains of the present invention can be obtained from a library 

containing at least 105  antigen-binding molecules having such binding activity. 	Still more 

preferably, antigen-binding domains of the present invention can be obtained from a library 

containing at least 106  antigen-binding molecules having such binding activity. 	Particularly 

15 preferably. antigen-binding domains of the present invention can be obtained from a library 

containing at least 107  antigen-binding molecules having such binding activity. 	Yet more 

preferably, antigen-binding domains of the present invention can be obtained from a library 

containing at least 10g  antigen-binding molecules having such binding activity. 	Alternatively. 

this may also be preferably expressed as the ratio of the number of antigen-binding molecules 

20 whose antigen-binding activity varies depending on ion concentrations with respect to the 

number of independent clones having different sequences in a library. 	Specifically, 

antigen-binding domains of the present invention can be obtained from a library in which 

antigen-binding molecules having such binding activity account for 0.1% to 80%, preferably 

0.5% to 60%. more preferably 1% to 40%. still more preferably 2% to 20%. and particularly 

25 preferably 4% to 10% of independent clones with different sequences in the library. 	In the case 

of fusion polypeptides, polynucleotide molecules, or vectors, similar expressions may be 

possible using the number of molecules or the ratio to the total number of molecules. 	In the 

case of viruses. similar expressions may also be possible using the number of virions or the ratio 

to total number of virions. 

30 

Amino acids that alter the antigen-binding activity of antigen-binding domains depending on 

calcium ion concentrations 

Antigen-binding domains or antibodies of the present invention to be screened by the 

above-described screening methods may be prepared in any manner. 	For example. when the 

35 metal ion is calcium ion, it is possible to use preexisting antibodies, preexisting libraries (phage 

library, etc.). antibodies or libraries prepared from hybridomas obtained by immunizing animals 
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or from B cells of immunized animals, antibodies or libraries obtained by introducing amino 

acids capable of chelating calcium (for example, aspanic acid and glutamic acid) or unnatural 

amino acid mutations into the above-described antibodies or libraries (calcium-cheletable amino 

acids (such as aspartic acid and glutamic acid), libraries with increased content of unnatural 

5 amino acids, libraries prepared by introducing calcium-chelatable amino acids (such as aspanic 

ceid andsluiamic acid) or ungraturalamino acid mutations-at particular positionsrortbe like. 

Examples of the amino acids that alter the antigen-binding activity of antigen-binding 

molecules depending on ion concentrations as described above may be any types of amino acids 

as long as the amino acids form a calcium-binding motif. 	Calcium-binding motifs are well 

10 known to those skilled in the art and have been described in details (for example, Springer et al. 

(Cell (2000) 102, 275-277); Kawasaki and Kretsinger (Protein Prof. (1995) 2, 305-490); 

15 

Moncrief et al. (J. ?viol. Evol. (1990) 30. 522-562); Chauvaux et al. (Biochem. J. (1990) 265, 

261-265); Bairoch and Cox (FEBS Lett. (1990) 269, 454456); Davis (New Biol. (1990) 2, 

410-419); Schaefer et at (Genomics (1995)25, 638-643); Economou et al. (EMBO J. (1990) 9, 

349-354); Wurzburg et al. (Structure. (2006) 14, 6, 1049-1058)). 	Specifically, any known 

calcium-binding motifs, including type C lectins such as ASGPR, CD23, MBR, and DC-SIGN. 

can be included in antigen-binding molecules of the present invention. 	Preferred examples of 

such preferred calcium-binding motifs also include, in addition to those described above, for 

example, the calcium-binding motif in the antigen-binding domain of SEQ ID NO: 4. 

20 Furthermore, as amino acids that alter the antigen-binding activity of antigen-binding 

molecules depending on calcium ion concentrations, for example, amino acids having 

metal-chelating activity may also be preferably used. 	Examples of such metal-chelating amino 

acids include, for example, serine (Ser(S)), threonine (Tu(f)), asparagine (Asn(N)), glutamine 

(Gln(Q)), aspartic acid (Asp(D)), and glutamic acid (Glu(E)). 

25 Positions in the antigen-binding domains at which the above-described amino acids are 

contained are not particularly limited to particular positions, and may be any positions within the 

heavy chain variable region or light chain variable region that forms an antigen-binding domain, 

as long as they alter the antigen-binding activity of antigen-binding molecules depending on 

calcium ion concentrations. 	Specifically. antigen-binding domains of the present invention can 

30 be obtained from a library mainly composed of antigen-binding molecules whose sequences are 

different from one another and whose heavy chain antigen-binding domains contain amino acids 

that alter the antigen-binding activity of the antigen-binding molecules depending on calcium ion 

concentrations. 	In another embodiment, antigen-binding domains of the present invention can 

be obtained from a library mainly composed of antigen-binding molecules whose sequences are 

35 different from one another and whose heavy chain CDR3 domains contain the above-mentioned 

ammo acids. 	In still another embodiment, antigen-binding domains of the present invention can 
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be obtained from a library mainly composed of antigen-binding molecules whose sequences are 

different from one another and whose heavy chain CDR3 domains contain the above-mentioned 

amino acids at positions 95, 96, 100a. and/or 101 as indicated according to the Kabat numbering 

system. 

5 Meanwhile, in an embodiment of the present invention, antigen-binding domains of the 

present invention can-be-obtained fioutalibraryrnaitity composed of antigettzbindinginoleenles 

whose sequences are different from one another and whose light chain antigen-binding domains 

contain amino acids that alter the antigen-binding activity of antigen-binding molecules 

depending on calcium ion concentrations. 	In another embodiment, antigen-binding domains 

10 of the present invention can be obtained from a library mainly composed of antigen-binding 

molecules whose sequences are different from one another and whose light chain CDRI domains 

contain the above-mentioned amino acids. 	In still another embodiment, antigen-binding 

domains of the present invention can be obtained from a library mainly composed of 

antigen-binding molecules whose sequences are different from one another and whose light 

15 chain CDRI domains contain the above-mentioned amino acids at positions 30, 31, and/or 32 as 

indicated according to the Kabat numbering system. 

In another embodiment, antigen-binding domains of the present invention can be 

obtained from a library mainly composed of antigen-binding molecules whose sequences are 

different from one another and whose light chain CDR2 domains contain the above-mentioned 

20 amino acid residues. 	In yet another embodiment, the present invention provides libraries 

mainly composed of antigen-binding molecules whose sequences are different from one another 

and whose light chain CDR2 domains contain the above-mentioned amino acid residues at 

position 50 as indicated according to the Kabat numbering system. 

In still another embodiment of the present invention, antigen-binding domains of the 

25 present invention can be obtained from a library mainly composed of antigen-binding molecules 

whose sequences are different from one another and whose light chain CDR3 domains contain 

the above-mentioned amino acid residues. 	In an alternative embodiment, antigen-binding 

domains of the present invention can be obtained from a library mainly composed of 

antigen-binding molecules whose sequences are different from one another and whose light 

30 chain CDR3 domains contain the above-mentioned amino acid residues at position 92 as 

indicated according to the Kabat numbering system. 

Furthermore, in a different embodiment of the present invention, antigen-binding 

domains of the present invention can be obtained from a library mainly composed of 

antigen-binding molecules whose sequences are different from one another and in which two or 

35 three CDFts selected from the above-described light chain CDRI. CDR2, and CDR3 contain the 

aforementioned amino acid residues. 	Moreover, antigen-binding domains of the present 
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invention can be obtained from a library mainly composed of antigen-binding molecules whose 

sequences are different from one another and whose light chains contain the aforementioned 

amino acid residues at any one or more of positions 30, 31, 32, 50, and/or 92 as indicated 

according to the Kabat numbering system. 

5 In a particularly preferred embodiment, the framework sequences of the light chain 

antler heavy chain variehleregion of an antigen-binding-malccultprofcrably-wntairt human 

germ line framework sequences. 	Thus, in an embodiment of the present invention, when the 

framework sequences are completely human sequences, it is expected that when such an 

antigen-binding molecule of the present invention is administered to humans (for example, to 

10 treat diseases), it induces little or no immunogenic response. 	In the above sense, the phrase 

"containing a germ line sequence" in the present invention means that a part of the framework 

sequences of the present invention is identical to a part of any human germ line framework 

sequences. 	For example, when the heavy chain FR2 sequence of an antigen-binding molecule 

of the present invention is a combination of heavy chain FR2 sequences of different human germ 

15 line framework sequences, such a molecule is also an antigen-binding molecule of the present 

invention "containing a germ line sequence". 

Preferred examples of the frameworks include, for example, fully human framework 

region sequences currently known, which are included in the website of V-Base 

(http://vbase.mrc-cpe.cam.ac.uW) or others. 	Those framework region sequences can be 

20 appropriately used as a germ line sequence contained in an antigen-binding molecule of the 

present invention. 	The germ line sequences may be categorized according to their similarity 

(Tomlinson et al. (J. Mol. Biol. (1992) 227, 776-798); Williams and Winter (Eur. J. Immunol. 

(1993) 23, 1456-1461); Cox et al. (Nat. Genetics (1994) 7, 162-168)). 	Appropriate germ line 

sequences can be selected from Vic. which is grouped into seven subgroups: Vl_ which is 

25 grouped into ten subgroups; and VH. which is grouped into seven subgroups. 

Fully human VH sequences preferably include, but are not limited to, for example, VII 

sequences of: 

subgroup VH1 (for example, VH1-2, VH1-3, VH1-8, VH1-18, VHI-24, VH1-45, VH1-46, 

VH I-58. and VH1-69); 

30 subgroup VH2 (for example, VH2-5, VH2-26, and VH2-70); 

subgroup VH3 (VH3-7, VH3-9, VH3-I 1, VH3-I3, VH3-15, VH3-I 6, V113-20, V143-21, VH3-23, 

VH3-30, VH3-33, VH3-35, VH3-38, VH3-43, VH3-48, VH3-49, VH3-53, V113-64, VH3-66, 

VH3-72, VH3-73, and VH3-74); 

subgroup VH4 (VH4-4, VH4-28, VH4-31, VH4-34, VH4-39, VH4-59, and VH4-6I); 

35 subgroup VH5 (VH5-51); 

subgroup VH6 (VH6-1); and 
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subgroup VH7 (VH7-4 and VH7-81). 

These are also described in known documents (Matsuda et al. (J. Exp. Med. (1998) 188, 

1973-1975)) and such, and thus persons skilled in the art can appropriately design 

antigen-binding molecules of the present invention based on the information of these sequences. 

5 It is also preferable to use other fully human frameworks or framework sub-regions. 

Fully tiutrean-VIr sequentes-prcfairlyl-yinclucke; Lut-tncynn lim iii 	;for example. 

A20 A30. LI, L4, L5, L8, L9, L11, L12, L14, L15, L18, L19, L22,123, L24, 02, 04, 08, 012. 

014, and 018 grouped into subgroup Vkl ; 

Al, A2, A3, A5, A7, A17, A18, A19, A23, 01, and 011, grouped into subgroup Vk2; 

10 AI 1. A27, L2, L6, LI 0, L16, L20, and L25, grouped into subgroup Vk3; 

B3, grouped into subgroup Vk4; 

B2 (herein also referred to as Vk5-2), grouped into subgroup Vk5; and 

A10, A14, and A26, grouped into subgroup Vk6 

(Kawasaki et al. (Eur. J. Immunol. (2001)31, 1017-1028); Schable and Zachau (Biol. Chem. 

15 Hoppe Seyler (1993) 374, 1001-1022); Brensing-Kuppers et at (Gene (1997) 191, 173-181)). 

Fully human VL sequences preferably include, but are not limited to, for example: 

V1-2, V1-3, V1-4, V1-5, VI-7, V1-9, VI-II, VI-13, VI-16, V1-17, V1-18, V1-19, V1-20, and 

VI-22, grouped into subgroup VLI; 

V2-1, V2-6, V2-7, V2-8, V2-11, V2-13, V2-14, V2-15, V2-17, and V2-19, grouped into 

20 subgroup VLI; 

V3-2, V3-3, and V3-4, grouped into subgroup VL3; 

V4-1, V4-2, V4-3, V4-4. and V4-6, grouped into subgroup VL4; and 

V5-I, V5-2, V5-4, and V5-6, grouped into subgroup VL5 (Kawasaki et al. (Genome Res. (1997) 

7, 250-261)). 

25 Normally, these framework sequences are different from one another at one or more 

amino acid residues. 	These framework sequences can be used in combination with "at least one 

amino acid residue that alters the antigen-binding activity of an antigen-binding molecule 

depending on ion concentrations" of the present invention. 	Other examples of the fully human 

frameworks used in combination with "at least one amino acid residue that alters the 

30 antigen-binding activity of an antigen-binding molecule depending on ion concentrations" of the 

present invention include, but are not limited to, for example, KOL. NEWM. REI, EU, TUR, 

TEL LAY, and POM (for example, Kabat et al. (1991) supra; Wu et al. (J. Exp. Med. (1970) 132. 

211-250)). 

Without being bound by a particular theory, one reason for the expectation that the use 

35 of germ line sequences precludes adverse immune responses in most individuals is believed to be 

as follows. 	As a result of the process of affinity maturation during normal immune responses. 
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somatic mutation occurs frequently in the variable regions of immunoglobulin. 	Such mutations 

mostly occur around CDRs whose sequences are hypervariable, but also affect residues of 

framework regions. 	Such framework mutations do not exist on the germ line genes. and also 

they are less likely to be immunogenic in patients. 	On the other hand, the normal human 

5 population is exposed to most of the framework sequences expressed from the germ line genes. 

As-a- result of immunotolerance, thesegcn- Ti line frameworks are expected to &wt. motor-no 

immunogenicity in patients. 	lb maximize the possibility of immunotolerance, variable 

region-encoding genes may be selected from a group of commonly occurring functional germ 

line genes. 

10 Known methods such as site-directed mutagenesis (Kunkel et at (Proc. Natl. Acad. Sci. 

USA (1985) 82, 488-492)) and overlap extension PCR can be appropriately employed to produce 

antigen-binding molecules of the present invention in which the above-described framework 

sequences contain amino acids that alter the antigen-binding activity of the antigen-binding 

molecules depending on calcium ion concentrations. 

15 For example, a library which contains a plurality of antigen-binding molecules of the 

present invention whose sequences arc different from one another can be constructed by 

combining heavy chain variable regions prepared as a randomized variable region sequence 

library with a light chain variable region selected as a framework sequence originally containing 

at least one amino acid residue that alters the antigen-binding activity of the antigen-binding 

20 molecule depending on calcium ion concentrations. 	As a non-limiting example, when the ion 

concentration is calcium ion concentration, such preferred libraries include, for example, those 

constructed by combining the light chain variable region sequence of SEQ ID NO: 4 (Vk5-2) and 

the heavy chain variable region produced as a randomized variable region sequence library. 

Alternatively, a light chain variable region sequence selected as a framework region 

25 originally containing at least one amino acid residue that alters the antigen-binding activity of an 

antigen-binding molecule as mentioned above can be design to contain various amino acid 

residues other than the above amino acid residues. 	Herein, such residues are referred to as 

flexible residues. 	The number and position of flexible residues are not particularly limited as 

long as the antigen-binding activity of the antigen-binding molecule of the present invention 

30 varies depending on ion concentrations. 	Specifically, the CDR sequences and/or FR sequences 

of the heavy chain and/or light chain may contain one or more flexible residues. 	For example, 

when the ion concentration is calcium ion concentration, non-limiting examples of flexible 

residues to be introduced into the light chain variable region sequence of SEQ ID NO: 4 (Vk5-2) 

include the amino acid residues listed in Tables I or 2. 

35 

[Table I] 



••••!...••••••••••••• 

CDR Kabat 	70 % AMINO 

NUMBERING 
ACID OF THE TOTAL 

CDRI 28 	 i S : 100% 

29 	I : 100% 

30 	! E : 72% , N : 14% S : 14% 

31 	i D: 100% 

32 	I D : 100% 

33 L : 100% . 

34 A : 70%. 1 	N : 30% 

CDR2 50 E : 100% 

51 , A : 100% 

52 S : 100% 

53 H : 5% N : 25% S : 45% T : 25% 
54 L : 100% 

55 Q : 100% 

56 S : 100% 

CDR3 

1 

90 Q:100% 

91 H : 25% S : 35% R : 15% Y : 45% 

92 D: 80% N : 10% S : 10% 

93 13 : 5% 0 : 10% N : 25% S : 50% R : 10% 
94 S : 50% Y : 50% 

95 P : 100% 

96 L : 50% Y : 50% 

[Table 2] 
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CDR 	IKabat 

1 NUMBERING 
: 30 % AMINO ACID OF THE TOTAL 

CDRI 128 S : 100% 

29 1 : 100% I 
.30 E : 83% S: 17% 

---,- 

5 

10 

31 D : 100% 

32 D: 100% 

33 L : 100% 

34 A : 70% N : 30% 

CDR2 50 H:100% 

51 A : 100% 

52 S ! 100°A) 

53 . H : 5% N : 25% S : 45% T : 25% 

54 L : 100% 

55 Q :100% 

56 S : 100% 

CDR3 90 Q:100% 

191 H : 25% S : 15% R : 15% Y : 45% 

92 D : 80% N : 10% S: 10% 

93 D : 5% G : 10% N : 25% S : 50% 	I R : 10"k 

94 S : 50% Y : 50% 

95 P: 100% 

96  L : 50% Y : 50% 

Herein, flexible residues refer to amino acid residue variations present at hypervariable 

positions at which several different amino acids are present on the light chain and heavy chain 

variable regions when the amino acid sequences of known and/or native antibodies or 

antigen-binding domains are compared. 	Hypervariable positions are generally located in the 

CDR regions. 	in an embodiment, the data provided by Kabat, Sequences of Proteins of 

Immunological Interest (National Institute of Health Bethesda Md.) (1987 and 1991) is useful to 

determine hypervariable positions in known and/or native antibodies. 	Furthermore, databases 

on the Internet (http://vbase.mrc-cpe.cam.ac.uk/. http://www.bioinf.m.u1c/absiindex.hunl)  

provide the collected sequences of many human light chains and heavy chains and their locations. 
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5 

The information on the sequences and locations is useful to determine hypervariable positions in 

the present invention. 	According to the present invention, when a certain amino acid position 

has preferably about 2 to about 20 possible amino acid residue variations, preferably about 3 to 

about 19. preferably about 4 to about 18. preferably 5 to 17, preferably 6 to 16, preferably 7 to 15, 

preferably 8 to 14, preferably 9 to 13, and preferably 10 to 12 possible amino acid residue 

vari-ations,:the-posiiiorristypei variabie.--In sornternbodiroents; ateriain amino-acid-pus:Wm 	- 

may have preferably at least about 2, preferably at least about 4, preferably at least about 6, 

preferably at least about 8, preferably about 10, and preferably about 12 amino acid residue 

variations. 

10 Alternatively, a library containing a plurality of antigen-binding molecules of the 

present invention whose sequences are different from one another can be constructed by 

combining heavy chain variable regions produced as a randomized variable region sequence 

library with light chain variable regions into which at least one amino acid residue that alters the 

antigen-binding activity of antigen-binding molecules depending on ion concentrations as 

15 mentioned above is introduced. 	When the ion concentration is calcium ion concentration, 

non-limiting examples of such libraries preferably include, for example, libraries in which heavy 

chain variable regions produced as a randomized variable region sequence library are combined 

with light chain variable region sequences in which a particular residue(s) in a germ line 

sequence such as SEQ ID NO: 5 (Vkl ), SEQ ID NO: 6 (Vk2), SEQ ID NO: 7 (Vk3), or SEQ ID 

20 NO: 8 (Vk4) has been substituted with at least one amino acid residue that alters the 

antigen-binding activity of an antigen-binding molecule depending on calcium ion 

concentrations. 	Non-limiting examples of such amino acid residues include amino acid 

residues in light chain CDRI. 	Furthermore. non-limiting examples of such amino acid residues 

include amino acid residues in light chain CDR2. 	In addition, non-limiting examples of such 

25 amino acid residues also include amino acid residues in light chain CDR3. 

Non-limiting examples of such amino acid residues contained in light chain CDR I 

include those at positions 30, 31, and/or 32 in the CDRI of light chain variable region as 

indicated by EU numbering. 	Furthermore, non-limiting examples of such amino acid residues 

contained in light chain CDR2 include an amino acid residue at position 50 in the CDR2 of light 

30 chain variable region as indicated by Kabat numbering. 	Moreover, non-limiting examples of 

such amino acid residues contained in light chain CDR3 include an amino acid residue at 

position 92 in the CDR3 of light chain variable region as indicated by Kabat numbering. 	These 

amino acid residues can be contained alone or in combination as long as they form a 

calcium-binding motif and/or as long as the antigen-binding activity of an antigen-binding 

35 molecule varies depending on calcium ion concentrations. 	Meanwhile, as troponin C, 

calmodulin. parvalbumin. and myosin light chain. which have several calcium ion-binding sites 
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and are believed to be derived from a common origin in terms of molecular evolution, are known, 

the light chain CDR1.CDR2. and/or CDR3 can be designed to have their binding motifs. 	For 

example, it is possible to use cadherin domains, EF hand of calmodulin, C2 domain of Protein 

kinase C, Gla domain of blood coagulation protein FactorDC, C type lectins of 

5 acyamglycoprotein receptor and mannose-binding receptor, A domains of LDL receptors, 

annexirkthromhospondin-type-3 domain,-and-EGF-likcdomairts-in -an appropriate imainer-forthe 

above purposes. 

When heavy chain variable regions produced as a randomized variable region sequence 

library and light chain variable regions into which at least one amino acid residue that alters the 

10 antigen-binding activity of an antigen-binding molecule depending on ion concentrations has 

been introduced are combined as described above, the sequences of the light chain variable 

regions can be designed to contain flexible residues in the same manner as described above. 

The number and position of such flexible residues are not particularly limited to particular 

embodiments as long as the antigen-binding activity of antigen-binding molecules of the present 

15 invention varies depending on ion concentrations. 	Specifically, the CDR sequences and/or FR 

sequences of heavy chain and/or light chain can contain one or more flexible residues. 	When 

the ion concentration is calcium ion concentration, non-limiting examples of flexible residues to 

be introduced into the sequence of light chain variable region include the amino acid residues 

listed in Tables I and 2. 

20 The preferred heavy chain variable regions to be combined include, for example, 

randomized variable region libraries. 	Known methods are combined as appropriate to produce 

a randomized variable region library . 	In a non-limiting embodiment of the present invention, 

an immune library constructed based on antibody genes derived from lymphocytes of animals 

immunized with a specific antigen, patients with infections, persons with an elevated antibody 

25 titer in blood as a result of vaccination, cancer patients, or auto immune disease patients, may be 

preferably used as a randomized variable region library. 

In another non-limiting embodiment of the present invention, a synthetic library 

produced by replacing the CDR sequences of V eenes in genomic DNA or functional reshaped V 

genes with a set of synthetic oligonucleotides containing sequences encoding codon sets of an 

30 appropriate length can also be preferably used as a randomized variable region library. 	In this 

case, since sequence diversity is observed in the heavy chain CDR3 sequence, it is also possible 

to replace the CDR3 sequence only. 	A criterion of giving rise to diversity in amino acids in the 

variable region of an antigen-binding molecule is that diversity is given to amino acid residues at 

surface-exposed positions in the antigen-binding molecule. 	The surface-exposed position refers 

35 to a position that is considered to be able to be exposed on the surface and or contacted with an 

antigen, based on structure. ensemble of structures. and/or modeled structure of an 
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antigen-binding molecule. 	In general, such positions are CDRs. 	Preferably, surface-exposed 

positions are determined using coordinates from a three-dimensional model of an 

antigen-binding molecule using a computer program such as the Insightll program (Accelrys). 

5 

Surface-exposed positions can be determined using algorithms known in the art (for example, 

Lee and Richards (J. Mol. Biol. (1971) 55, 379400): Connolly (J. Appl. Cryst. (1983) 16, 

-5484581)r- Deicnninatiorfol-sul far-expostdpositions -can -lie per conned ustag software - 	- 

suitable for protein modeling and three-dimensional structural information obtained from an 

antibody. 	Software that can be used for these purposes preferably includes SYBYL Biopolymer 

Module software (Tripos Associates). 	Generally or preferably. when an algorithm requires a 

10 user input size parameter. the "size" of a probe which is used in the calculation is set at about 1.4 

Angstrom or smaller in radius. 	Furthermore. methods for determining surface-exposed regions 

and areas using software for personal computers are described by Pacios (Comput. Chem. (1994) 

18 (4), 377-386; J. Mol. Model. (1995) 1, 46-53). 

In another non-limiting embodiment of the present invention, a naive library, which is 

15 constructed from antibody genes derived from lymphocytes of healthy persons and whose 

repertoire consists of naive sequences, which are antibody sequences with no bias, can also be 

particularly preferably used as a randomized variable region library (Gejima era/. (Human 

Antibodies (2002) 11, 121-129); Cardoso dr al. (Scand. J. Immunol. (2000) 51, 337-344)). 

Herein, an amino acid sequence comprising a naive sequence refers to an amino acid sequence 

20 obtained from such a naive library. 

In one embodiment of the present invention, an antigen-binding domain of the present 

invention can be obtained from a library containing a plurality of antigen-binding molecules of 

the present invention whose sequences are different from one another, prepared by combining 

light chain variable regions constructed as a randomized variable region sequence library with a 

25 heavy chain variable region selected as a framework sequence that originally contains "at least 

one amino acid residue that alters the antigen-binding activity of an antigen-binding molecule 

depending on ion concentrations". 	When the ion concentration is calcium ion concentration. 

non-limiting examples of such libraries preferably include those constructed by combining light 

chain variable regions constructed as a randomized variable region sequence library with the 

30 sequence of heavy chain variable region of SEQ ID NO: 9 (6RL#9-IgGI) or SEQ ID NO: 10 

(6KC4-1#85-IgG1). 	Alternatively, such a library can be constructed by selecting appropriate 

light chain variable regions from those having germ line sequences. instead of light chain 

variable regions constructed as a randomized variable region sequence library. 	Such preferred 

libraries include. for example, those in which the sequence of heavy chain variable region of 

35 SEQ ID NO: 9 (6RL#9-4,61) or SEQ ID NO: 10 (6KC4-1#85-IgGI ) is combined with light 

chain variable regions having germ line sequences. 
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Alternatively, the sequence of an heavy chain variable region selected as a framework 

sequence that originally contains "at least one amino acid residue that alters the antigen-binding 

activity of an antigen-binding molecule" as mentioned above can be designed to contain flexible 

residues. 	The number and position of the flexible residues are not particularly limited as long 

5 as the antigen-binding activity of an antigen-binding molecule of the present invention varies 

dwendinvorrion-conctritrations. 	Specificalta theCDR-and/or-FR-scquence ef-heavy-chait 

and/or light chain can contain one or more flexible residues. 	When the ion concentration is 

calcium ion concentration, non-limiting examples of flexible residues to be introduced into the 

sequence of heavy chain variable region of SEQ ID NO: 9 (6RL#9-IgG1) include all amino acid 

10 residues of heavy chain CDRI and CDR2 and the amino acid residues of the heavy chain CDR3 

except those at positions 95, 96. and/or 100a. 	Alternatively, non-limiting examples of flexible 

residues to be introduced into the sequence of heavy chain variable region of SEQ ID NO: 10 

(6KC4-1#85-IgG 1) include all amino acid residues of heavy chain CDR I and CDR2 and the 

amino acid residues of the heavy chain CDR3 except those at amino acid positions 95 and/or 

15 101. 

Alternatively, a library containing a plurality of antigen-binding molecules whose 

sequences are different from one another can be constructed by combining light chain variable 

regions constructed as a randomized variable region sequence library or light chain variable 

regions having germ line sequences with heavy chain variable regions into which "at least one 

20 amino acid residue responsible for the ion concentration-dependent change in the 

antigen-binding activity of an antigen-binding molecule" has been introduced as mentioned 

above. 	When the ion concentration is calcium ion concentration, non-limiting examples of such 

libraries preferably include those in which light chain variable regions constructed as a 

randomized variable region sequence library or light chain variable regions having gem' line 

25 sequences are combined with the sequence of a heavy chain variable region in which a particular 

residue(s) has been substituted with at least one amino acid residue that alters the 

antigen-binding activity of an antigen-binding molecule depending on calcium ion 

concentrations. 	Non-limiting examples of such amino acid residues include amino acid 

residues of the heavy chain CDRI . 	Further non-limiting examples of such amino acid residues 

30 include amino acid residues of the heavy chain CDR2. 	In addition, non-limiting examples of 

such amino acid residues also include amino acid residues of the heavy chain CDR3. 

Non-limiting examples of such amino acid residues of heavy chain CDR3 include the amino 

acids of positions 95, 96, 100a. and/or 101 in the CDR3 of heavy chain variable region as 

indicated by the Kabat numbering. 	Furthermore, these amino acid residues can be contained 

35 alone or in combination as long as they form a calcium-binding motif and/or the antigen-binding 

activity of an antigen-binding molecule varies depending on calcium ion concentrations. 
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When light chain variable regions constructed as a randomized variable region sequence 

library or light chain variable regions having germ line sequence are combined with a heavy 

chain variable region into which at least one amino acid residue that alter the antigen-binding 

activity of an antigen-binding molecule depending on ion concentrations as mentioned above has 

5 been introduced, the sequence of the heavy chain variable region can also be designed to contain 

-flexible-residua iirtitesantraranntras described above: 	The number and 1X/Sitill11 of flexible 

residues are not particularly limited as long as the antigen-binding activity of an antigen-binding 

molecule of the present invention varies depending on ion concentrations. 	Specifically, the 

heavy chain CDR and/or FR sequences may contain one or more flexible residues. 

10 Furthermore, randomized variable region libraries can be preferably used as amino acid 

sequences of CDRI, CDR2, and/or CDR3 of the heavy chain variable region other than the 

amino acid residues that alter the antigen-binding activity of an antigen-binding molecule. 

When germ line sequences are used as light chain variable regions, non-limiting examples of 

such sequences include those of SEQ ID NO: 5 (Vkl), SEQ ID NO: 6 (W2), SEQ ID NO: 7 

15 (Vk3), and SEQ ID NO: 8 (Vk4). 

Any of the above-described amino acids that alter the antigen-binding activity of an 

antigen-binding molecule depending on calcium ion concentrations can be preferably used, as 

long as they form a calcium-binding motif. 	Specifically, such amino acids include 

electron-donating amino acids. 	Preferred examples of such electron-donating amino acids 

20 include. serine, threonine, asparagine, glutamic acid, aspartic acid, and glutamic acid. 

Condition of hydrogen ion concentrations 

In an embodiment of the present invention, the condition of ion concentrations refers to 

the condition of hydrogen ion concentrations or pH condition. 	In the present invention, the 

25 concentration of proton. i.e., the nucleus of hydrogen atom, is treated as synonymous with 

hydrogen index (pH). 	When the activity of hydrogen ion in an aqueous solution is represented 

as AI+. pH is defined as -logl OaH+. 	When the ionic strength of the aqueous solution is low 

(for example, lower than I 0''), aH+ is nearly equal to the hydrogen ion strength. 	For example, 

the ionic product of water at 25°C and I atmosphere is Kw=aH+a0H=10-1°, and therefore in 

30 pure water, aH+=a0H=10.7. 	In this case, pH=7 is neutral; an aqueous solution whose pH is 

lower than 7 is acidic or whose pH is greater than 7 is alkaline. 

In the present invention, when pH condition is used as the ion concentration condition. 

pH conditions include high hydrogen ion concentrations or low pHs, i.e., an acidic pH range, and 

low hydrogen ion concentrations or high pHs, i.e.. a neutral pH range. 	"The binding activity 

35 varies depending on pH condition" means that the antigen-binding activity of an antigen-binding 

molecule varies due to the difference in conditions of a high hydrogen ion concentration or low 
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pH (an acidic pH range) and a low hydrogen ion concentration or high pH (a neutral pH range). 

This includes, for example, the case where the antigen-binding activity of an antigen-binding 

molecule is higher in a neutral pH range than in an acidic pH range and the case where the 

antigen-binding activity of an antigen-binding molecule is higher in an acidic pH range than in a 

5 neutral pH range. 

In the present specification, neutral pH range is not limited to a specific value and is 

preferably selected from between pH6.7 and pH10.0. 	In another embodiment, the pH can be 

selected from between pH6.7 and pH 9.5. 	In still another embodiment, the pH can be selected 

from between pH7.0 and pH9.0. 	In yet another embodiment, the pH can be selected from 

10 between pH7.0 and pH8.0. 	In particular, the preferred pH includes pH 7.4, which is close to the 

pH of plasma (blood) in vivo. 

In the present specification, an acidic pH range is not limited to a specific value and is 

preferably selected from between pH4.0 and pH6.5. 	In another embodiment, the pH can be 

selected from between pH4.5 and pH6.5. 	In still another embodiment, the pH can be selected 

15 from between pH5.0 and pH6.5. 	In yet another embodiment, the pH can be selected from 

between pH5.5 and pH6.5. 	In particular, the preferred pH includes pH 5.8, which is close to the 

PH in the early endosome in vivo. 

In the 	invention, "the antigen-binding activity of an antigen-binding molecule at a present 

high hydrogen ion concentration or low pH (an acidic pH range) is lower than that at a low 

20 

25 

hydrogen ion concentration or high pH (a neutral pH range)" means that the antigen-binding 

activity of an antigen-binding molecule at a pH selected from between pH4.0 and pH6.5 is weaker 

than that at a pH selected from between pH6.7 and pH10.0; preferably means that the 

antigen-binding activity of an antigen-binding molecule at a pH selected from between pH4.5 and 

pH6.5 is weaker than that at a pH selected from between pH6.7 and pH9.5; more preferably, 

means that the antigen-binding activity of an antigen-binding molecule at a pH selected from 

between pH5.0 and pH6.5 is weaker than that at a pH selected from between pH7.0 and pH9.0; 

still more preferably means that the antigen-binding activity of an antigen-binding molecule at a 

pH selected from between pH5.5 and pH6.5 is weaker than that at a pH selected from between 

pH7.0 and pH8.0; particularly preferably means that the antigen-binding activity at the pH in the 

30 early endosome in vivo is weaker than the antigen-binding activity at the pH of plasma in vivo; and 

specifically means that the antigen-binding activity of an antigen-binding molecule at pH5.8 is 

weaker than the antigen-binding activity at pH 7.4. 

Whether the antigen-binding activity of an antigen-binding molecule has changed by the 

pH condition can be determined, for example, by the use of known measurement methods such as 

35 those described in the section "Binding Activity" above. 	Specifically, the binding activity is 

measured under different pH conditions using the measurement methods described above. 	For 
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example, the antigen-binding activity of an antigen-binding molecule is compared under the 

conditions of acidic pH range and neutral pH range to confirm that the antigen-binding activity 

of the antigen-binding molecule changes to be higher under the condition of neutral pH range 

than that under the condition of acidic pH range. 

5 Furthermore, in the present invention, the expression "the antigen-binding activity at a 

hiOthydrogietritm t...olit.caliatioli tyi tovrpll, itc.,irran'at.itlit..1511 Lange...kb iow el klicarthat di a low 

hydrogen ion concentration or high pH, i.e., in a neutral pH range" can also be expressed as "the 

antigen-binding activity of an antigen-binding molecule at a low hydrogen ion concentration or 

high pH, i.e., in a neutral pH range, is higher than that at a high hydrogen ion concentration or 

10 low pH, i.e., in an acidic pH range". 	In the present invention, "the antigen-binding activity at a 

high hydrogen ion concentration or low pH, i.e., in an acidic pH range. is lower than that at a low 

hydrogen ion concentration or high pH, i.e., in a neutral pH ranee" may be described as "the 

antigen-binding activity at a high hydrogen ion concentration or low pH, i.e., in an acidic pH 

range, is weaker than the antigen-binding ability at a low hydrogen ion concentration or high pH. 

15 i.e., in a neutral pH range". 	Alternatively. "the antigen-binding activity at a high hydrogen ion 

concentration or low pH, i.e.. in an acidic pH range, is reduced to be lower than that at a low 

hydrogen ion concentration or high pH, i.e.. in a neutral pH range" may be described as "the 

antigen-binding activity at a high hydrogen ion concentration or low pH, i.e., in an acidic pH 

range. is reduced to be weaker than the antigen-binding ability at a low hydrogen ion 

20 concentration or high pH. i.e.. in a neutral pH range". 

The conditions other than hydrogen ion concentration or pH for measuring the 

antigen-binding activity may be suitably selected by those skilled in the art and are not 

particularly limited. 	Measurements can be carried out, for example. at 37°C using HEPES 

buffer. 	Measurements can be carried out, for example. using Biacore (GE Healthcare). 	When 

25 the antigen is a soluble antigen. the antigen-binding activity of an antigen-binding molecule can 

be determined by assessing the binding activity to the soluble antigen by pouring the antigen as 

an analyze into a chip immobilized with the antigen-binding molecule. 	When the antigen is a 

membrane antigen, the binding activity to the membrane antigen can be assessed by pouring the 

antigen-binding molecule as an analyze into a chip immobilized with the antigen. 

30 As long as the antigen-binding activity of an antigen-binding molecule of the present 

invention at a high hydrogen ion concentration or low pH. i.e., in an acidic pH range is weaker 

than that at a low hydrogen ion concentration or high pH, i.e.. in a neutral pH range. the ratio of 

the antigen-binding activity between that at a high hydrogen ion concentration or low pH, i.e., an 

acidic pH range, and at a low hydrogen ion concentration or high pH, i.e.. a neutral pH range is 

35 not particularly limited, and the value of KD (pH5.8) i JO (pH7.4), which is the ratio of the 

dissociation constant (KD) for an antigen at a high hydrogen ion concentration or low pH, i.e., in 
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an acidic pH range to the KD at a low hydrogen ion concentration or high pH, i.e., in a neutral 

pH range, is preferably 2 or more; more preferably the value of KD (pH5.8) /1CD (pH7.4) is 10 

or more; and still more preferably the value of KD (pH5.8) / KD (pH7.4) is 40 or more. 	The 

upper limit of KD (pH5.8) / KD (pH7.4) value is not particularly limited, and may be any value 

5 such as 400, 1000. or 10000. as long as the molecule can be produced by the techniques of those 

- skilled -in the art 

When the antigen is a soluble antigen, the dissociation constant (KD) can be used as the 

value for antigen-binding activity. 	Meanwhile, when the antigen is a membrane antigen, the 

apparent dissociation constant (KD) can be used. 	The dissociation constant (KD) and apparent 

10 dissociation constant (KD) can be measured by methods known to those skilled in the art, and 

Biacore (GE healthcare), Scatchard plot, flow cytometer, and such can be used. 

Alternatively, for example. the dissociation rate constant (kd) can be suitably used as an 

index for indicating the ratio of the antigen-binding activity of an antigen-binding molecule of 

the present invention between that at a high hydrogen ion concentration or low pH, i.e., an acidic 

15 pH range and a low hydrogen ion concentration or high pH, i.e., a neutral pH range. 	When kd 

(dissociation rate constant) is used as an index for indicating the binding activity ratio instead of 

10 (dissociation constant), the value of kd (in an acidic pH range) / kd (in a neutral pH range), 

which is the ratio of kd (dissociation rate constant) for the antigen at a high hydrogen ion 

concentration or low pH, i.e., in an acidic pH range to kd (dissociation rate constant) at a low 

20 hydrogen ion concentration or high pH, i.e.. in a neutral pH range, is preferably 2 or more, more 

preferably 5 or more, still more preferably 10 or more, and yet more preferably 30 or more. 

The upper limit of kd (in an acidic pH range) / kd (in a neutral pH range) value is not particularly 

limited, and may be any value such as 50, 100. or 200, as long as the molecule can be produced 

by the techniques of those skilled in the an. 

25 When the antigen is a soluble antigen. the dissociation rate constant (kd) can be used as 

the value for antigen-binding activity and when the antigen is a membrane antigen, the apparent 

dissociation rate constant (kd) can be used. 	The dissociation rate constant (kd) and apparent 

dissociation rate constant (kd) can be determined by methods known to those skilled in the art. 

and Biacore (GE healthcare). flow cytometer, and such may be used. 	In the present invention. 

30 when the antigen-binding activity of an antigen-binding molecule is measured at different 

hydrogen ion concentrations, i.e., pHs. conditions other than the hydrogen ion concentration, i.e., 
pH, are preferably the same. 

For example, an antigen-binding domain or antibody whose antigen-binding activity at a 

high hydrogen ion concentration or low pH, i.e., in an acidic pH range is lower than that at a low 

35 hydrogen ion concentration or high pH. i.e.. in a neutral pH range. which is one embodiment 

provided by the present invention, can be obtained via screening of antigen-binding domains or 
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antibodies, comprising the following steps (a) to (c): 

(a) obtaining the antigen-binding activity of an antigen-binding domain or antibody in an acidic 
pH range; 

(b) obtaining the antigen-binding activity of an antigen-binding domain or antibody in a neutral 

5 pH range; and 

-selecting 	 domain 64an antiliethbiliding 	or antibody 	use iaitigenabinciing-acfrvitrirrtbratidic 
pH range is lower than that in the neutral pH range. 

Alternatively, an antigen-binding domain or antibody whose antigen-binding activity at 

a high hydrogen ion concentration or low pH, i.e., in an acidic pH range. is lower than that at a 

10 low hydrogen ion concentration or high pH, i.e., in a neutral pH ranee. which is one embodiment 

provided by the present invention, can be obtained via screening of antigen-binding domains or 

antibodies, or a library thereof, comprising the following steps (a) to (c): 

(a) contacting an antigen-binding domain or antibody, or a library thereof, in a neutral pH range 

with an antigen; 

15 (b) placing in an acidic pH range the antigen-binding domain or antibody bound to the antigen in 

step (a); and 

(c) isolating the antigen-binding domain or antibody dissociated in step (b). 

An antigen-binding domain or antibody whose antigen-binding activity at a high 

hydrogen ion concentration or low pH, i.e., in an acidic pH range is lower than that at a low 

20 hydrogen ion concentration or high pH. i.e.. in a neutral pH range, which is another embodiment 

provided by the present invention, can be obtained via screening of antigen-binding domains or 

antibodies, or a library thereof, comprising the following steps (a) to (d): 

(a) contacting in an acidic pH range an antigen with a library of antigen-binding domains or 

antibodies; 

25 (b) selecting the antigen-binding domain or antibody which does not bind to the antigen in step 

(a); 
(c) allowing the antigen-binding domain or antibody selected in step (b) to bind with the antigen 

in a neutral pH range; and 

(d) isolating the antigen-binding domain or antibody bound to the antigen in step (c). 

30 An antigen-binding domain or antibody whose antigen-binding activity at a high 

hydrogen ion concentration or low pH. i.e.. in an acidic pH range, is lower than that at a low 

hydrogen ion concentration or high pH. i.e., in a neutral pH range, which is even another 

embodiment provided by the present invention, can be obtained by a screening method 

comprising the following steps (a) to (c): 

35 (a) contacting in a neutral pH range a library of antigen-binding domains or antibodies with a 

column immobilized with an antigen; 
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(b) eluting in an acidic pH range from the column the antigen-binding domain or antibody bound 

to the column in step (a); and 

(c) isolating the antigen-binding domain or antibody eluted in step (b). 

An antigen-binding domain or antibody whose antigen-binding activity at a high 

5 hydrogen ion concentration or low pH, i.e., in an acidic pH, range is lower than that at a low 

hydrogen-ion-eoneentration or-high pHrizetin-a-neutrelpfl-rangerwhich is still-another 

embodiment provided by the present invention, can be obtained by a screening method 

comprising the following steps (a) to (d): 

(a) allowing, in an acidic pH range, a library of antigen-binding domains or antibodies to pass a 

10 column immobilized with an antigen; 

(b) collecting the antigen-binding domain or antibody eluted without binding to the column in 

step (a); 

(c) allowing the antigen-binding domain or antibody collected in step (b) to bind with the antigen 

in a neutral pH range; and 

15 (d) isolating the antigen-binding domain or antibody bound to the antigen in step (c). 

An antigen-binding domain or antibody whose antigen-binding activity at a high 

hydrogen ion concentration or low pH, i.e., in an acidic pH range, is lower than that at a low 

hydrogen ion concentration or high pH, i.e., in a neutral pH range. which is yet another 

embodiment provided by the present invention, can be obtained by a screening method 

20 comprising the following steps (a) to (d): 

(a) contacting an antigen with a library of antigen-binding domains or antibodies in a neutral pH 

range; 

(b) obtaining the antigen-binding domain or antibody bound to the antigen in step (a); 

(c) placing in an acidic pH range the antigen-binding domain or antibody obtained in step (b); 

25 and 

(d) isolating the antigen-binding domain or antibody whose antigen-binding activity in step (c) is 

weaker than the standard selected in step (b). 

The above-described steps may be repeated twice or more times. 	Thus, the present 

invention provides antigen-binding domains and antibodies whose antigen-binding activity in an 

30 acidic pH range is lower than that in a neutral pH range. which are obtained by a screening 

method that further comprises the steps of repeating steps (a) to (c) or (a) to (d) in the 

above-described screening methods. 	The number of times that steps (a) to (c) or (a) to (d) is 

repeated is not particularly limited; however, the number is 10 or less in general. 

In the screening methods of the present invention, the antigen-binding activity of an 

35 antigen-binding domain or antibody at a high hydrogen ion concentration or low pH. i.e., in an 

acidic pH range. is not particularly limited, as long as it is the antigen-binding activity at a pH of 
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between 4.0 and 6.5, and includes the antigen-binding activity at a pH of between 4.5 and 6.6 as 

the preferred pH. 	The antigen-binding activity also includes that at a pH of between 5.0 and 6.5, 

and that at a pH of between 5.5 and 6.5 as another preferred pH. 	The antigen-binding activity 

also includes that at the pH in the early endosome in vivo as the more preferred pH. and 

5 specifically, that at pH5.8. 	Meanwhile, the antigen-binding activity of an antigen-binding 

dorrairrorantibody-oi-a-lowhydrogarion-conceatratiorror high pH, i.e., Mu' ileimai-pitituigeris------  - 	- 

not particularly limited, as long as it is the antigen-binding activity at a pH of between 6.7 and 10, 

and includes the antigen-binding activity at a pH of between 6.7 and 9.5 as the preferred pH. 

The antigen-binding activity also includes that at a pH of between 7.0 and 9.5 and that at a pH of 

10 between 7.0 and 8.0 as another preferred pH. 	The antigen-binding activity also includes that at 

the pH of plasma in vivo as the more preferred pH, and specifically, that at pH7.4. 

The antigen-binding activity of an antigen-binding domain or antibody can be measured 

by methods known to those skilled in the art. 	Those skilled in the art can suitably determine 

conditions other than ionized calcium concentration. 	The antigen-binding activity of an 

15 antigen-binding domain or antibody can be assessed based on the dissociation constant (1CD), 

apparent dissociation constant (Kl3), dissociation rate constant (kd). apparent dissociation rate 

constant (kd), and such. 	These can be determined by methods known to those skilled in the art, 

for example. using Biacore (GE healthcare), Scatchard plot, or FACS. 

Herein, the step of selecting an antigen-binding domain or antibody whose 

20 antigen-binding activity at a low hydrogen ion concentration or high pH, i.e.. in a neutral pH 

range, is higher than that at a high hydrogen ion concentration or low pH, i.e., in an acidic pH 

range. is synonymous with the step of selecting an antigen-binding domain or antibody whose 

antigen-binding activity at a high hydrogen ion concentration or low pH. i.e., in an acidic pH 

range. is lower than that at a low hydrogen ion concentration or high pH. i.e.. in a neutral pH 

25 ranee. 

As long as the antigen-binding activity at a low hydrogen ion concentration or high pH, 

i.e., in a neutral pH range, is higher than that at a high hydrogen ion concentration or low pH. i.e.. 

in an acidic pH range, the difference between the antigen-binding activity at a low hydrogen ion 

concentration or high pH. i.e., a neutral pH range. and that at a high hydrogen ion concentration 

30 or low pH, i.e., an acidic pH range, is not particularly limited; however, the antigen-binding 

activity at a low hydrogen ion concentration or high pH, i.e., in a neutral pH range, is preferably 

twice or more, more preferably 10 times or more, and still more preferably 40 times or more than 

that at a high hydrogen ion concentration or low pH, i.e., in an acidic pH range. 

The antigen binding domain or antibody of the present invention screened by the 

35 screening methods described above may be any antigen-binding domain or antibody. and the 

above-mentioned antigen-binding domain or antibody may be screened. 	For example. 
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antigen-binding domain or antibody having the native sequence may be screened, and 

antigen-binding domain or antibody in which their amino acid sequences have been substituted 

may be screened. 

The antigen-binding domain or antibody of the present invention to be screened by the 

5 	above-described screening methods may be prepared in any manner. 	For example, 

-gonventicnal-ratibodicorganveritioS-Iibrariesiphage-libraryreteirantibedies or-libraries 

prepared from B cells of immunized animals or from hybridomas obtained by immunizing 

animals, antibodies or libraries (libraries with increased content of amino acids with a side chain 

pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids, libraries 

10 	introduced with amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and 

glutamic acid) or unnatural amino acid mutations at specific positions, etc.) obtained by 

introducing amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic 

acid) or unnatural amino acid mutations into the above-described antibodies or libraries may be 

used. 

15 Methods for obtaining an antigen-binding domain or antibody whose antigen-binding 

activity at a low hydrogen ion concentration or high pH, i.e., in a neutral pH range, is higher than 

that at a high hydrogen ion concentration or low pH. i.e., in an acidic pH range. from an 

antigen-binding domains or antibodies prepared from hybridomas obtained by immunizing 

animals or from B cells of immunized animals preferably include, for example, the 

20 	antigen-binding molecule or antibody in which at least one of the amino acids of the 

antigen-binding domain or antibody is substituted with an amino acid with a side chain pKa of 

4.0-8.0 (for example, histidine and glutamic acid) or an unnatural amino acid mutation, or the 

antigen-binding domain or antibody inserted with an amino acid with a side chain pKa of 4.0-8.0 

(for example. histidine and glutamic acid) or unnatural amino acid, such as those described in 

25 	WO 2009/125825. 

The sites of introducing mutations of amino acids with a side chain pKa of 4.0-8.0 (for 

example, histidine and glutamic acid) or unnatural amino acids are not particularly limited, and 

may be any position as long as the antigen-binding activity in an acidic pH range becomes 

weaker than that in a neutral pH range (the value of KD (in an acidic pH range) / KD (in a 

30 	neutral pH range) or kd (in an acidic pH range) / kd (in a neutral pH range) is increased) as 

compared to before substitution or insertion. 	For example, when the antigen-binding molecule 

is an antibody, antibody variable region and CDRs are suitable. 	Those skilled in the art can 

appropriately determine the number of amino acids to be substituted with or the number of 

amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or 

35 	unnatural amino acids to be inserted. 	It is possible to substitute with a single amino acid having 

a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or a single unnatural 
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amino acid; it is possible to insert a single amino acid having a side chain pKa of 4.0-8.0 (for 

example, histidine and glutamic acid) or a single unnatural amino acid; it is possible to substitute 

with two or more amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and 

glutamic acid) or two or more unnatural amino acids; and it is possible to insert two or more 

5 amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or two 

or me m amtattaul-anui.  tv acids. 	-Aittrtrativeratictitraincy atidstairlyetieted; 'added, insetted; 

and/or substituted concomitantly, aside from the substitution into amino acids having a side 

chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids, or the 

insertion of amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and glutamic 

10 acid) or unnatural amino acids. 	Substitution into or insertion of amino acids with a side chain 

pKa of 4.0-8.0 (for example. histidine and glutamic acid) or unnatural amino acids can 

performed randomly by methods such as histidine scanning, in which the alanine of alanine 

scanning known to those skilled in the art is replaced with histidine. 	Antigen-binding 

molecules exhibiting a greater value of KD (in an acidic pH range) /1CD (in a neutral pH range) 

15 or kd (in an acidic pH range) / kd (in a neutral pH range) as compared to before the mutation can 

be selected from antigen-binding domains or antibodies introduced with random insertions or 

substitution mutations of amino acids with a side chain pKa of 4.0-8.0 (for example, histidine 

and glutamic acid) or unnatural amino acids. 

Preferred examples of antigen-binding molecules containing the mutation into amino 

20 acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural 

amino acids as described above and whose antigen-binding activity in an acidic pH range is 

lower than that in a neutral pH range include, antigen-binding molecules whose antigen-binding 

activity in the neutral pH range after the mutation into amino acids with a side chain pKa of 

4.0-8.0 (for example. histidine and glutamic acid) or unnatural amino acids is comparable to that 

25 before the mutation into amino acids with a side chain pKa of 4.0-8.0 (for example. histidine and 

glutamic acid) or unnatural amino acids. 	Herein, "an antigen-binding molecule after the 

mutation with amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and 

glutamic acid) or unnatural amino acids has an antigen-binding activity comparable to that 

before the mutation with amino acids having a side chain pKa of 4.0-8.0 (for example, histidine 

30 and glutamic acid) or unnatural amino acids" means that, when taking the antigen-binding 

activity of an antigen-binding molecule before the mutation with amino acids having a side chain 

pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids as 100%. the 

antigen-binding activity of an antigen-binding molecule after the mutation with amino acids 

having a side chain Se of 4.0-8.0 (for example. histidine and glutamic acid) or unnatural amino 

35 acids is at least 10% or more, preferably 50% or more, more preferably 80% or more, and still 

more preferably 90% or more. 	The antigen-binding activity after the mutation of amino acids 
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with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino 

acids at pH 7.4 may be higher than that before the mutation of amino acids with a side chain pKa 

of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids at pH 7.4. 	if the 

antigen-binding activity of an antigen-binding molecule is decreased due to insertion of or 

5 substitution into amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and 

.glutaitic-acid)- crizmattralcsinine seids,-the :: r : : 7,_   i"' .:' in z-wthityeart be- macieto-be. 

comparable to that before the insertion of or substitution into amino acids with a side chain pKa 

of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids, by introducing a 

substitution, deletion, addition, and/or insertion of one or more amino acids of the 

10 antigen-binding molecule. 	The present invention also includes antigen-binding molecules 

whose binding activity has been adjusted to be comparable by substitution, deletion, addition. 

and/or insertion of one or more amino acids after substitution or insertion of amino acids with a 

side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids. 

Meanwhile, when an antigen-binding molecule is a substance containing an antibody 

15 constant region, preferred embodiments of antigen-binding molecules whose antigen-binding 

activity at an acidic pH range is lower than that in a neutral pH range include methods in which 

the antibody constant regions contained in the antigen-binding molecules have been modified. 

Specific examples of modified antibody constant regions preferably include the constant regions 

of SEQ ID NOs: 11, 12, 13, and 14. 

20 

Amino acids that alter the antigen-binding activity of antigen-binding domain depending on the 

hydrogen ion concentration conditions 

Antigen-binding domains or antibodies of the present invention to be screened by the 

above-described screening methods may be prepared in any manner. 	For example, when ion 

25 concentration condition is hydrogen ion concentration condition or pH condition, conventional 

antibodies, conventional libraries (phage library, etc.), antibodies or libraries prepared from B 

cells of immunized animals or from hybridomas obtained by immunizing animals, antibodies or 

libraries (libraries with increased content of amino acids with a side chain pKa of 4.0-8.0 (for 

example. histidine and glutamic acid) or unnatural amino acids, libraries introduced with 

30 mutations of amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic 

acid) or unnatural amino acids at specific positions. etc.) obtained by introducing mutations of 

amino acids with a side chain pKa of 4.0-8.0 (for example. histidine and glutamic acid) or 

unnatural amino acids into the above-described antibodies or libraries may be used. 

In one embodiment of the present invention, a library containing multiple 

35 antigen-binding molecules of the present invention whose sequences are different from one 

another can also he constructed by combining heavy chain variable regions. produced as a 
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randomized variable region sequence library, with light chain variable regions introduced with 

"at least one amino acid residue that changes the antigen-binding activity of an antigen-binding 

molecule depending on the hydrogen ion concentration condition". 

Such amino acid residues include, but are not limited to, for example, amino acid 

5 residues contained in the light chain CDR I . 	The amino acid residues also include, but are not 

limitecliv.-forcxcanple, anrinuacidtaines-o3ntaintthrthelighrehatireDR2: 	The-amino 

acid residues also include, but are not limited to. for example, amino acid residues contained in 

the light chain CDR3. 

The above-described amino acid residues contained in the light chain CDR I include, but 

10 are not limited to. for example, amino acid residues of positions 24, 27, 28, 31,32, and/or 34 

according to Kabat numbering in the CDRI of light chain variable region. 	Meanwhile, the 

amino acid residues contained in the light chain CDR2 include, but are not limited to, for 

example. amino acid residues of positions 50, 51, 52, 53, 54, 55, and/or 56 according to Kabat 

numbering in the CDR2 of light chain variable region. 	Furthermore, the amino acid residues in 

15 the light chain CDR3 include, but are not limited to, for example, amino acid residues of 

positions 89, 90, 91, 92, 93, 94, and/or 95A according to Kabat numbering in the CDR3 of light 

chain variable region. 	Moreover, the amino acid residues can be contained alone or can be 

contained in combination of two or more amino acids as long as they allow the change in the 

antigen-binding activity of an antigen-binding molecule depending on the hydrogen ion 

20 concentration. 

Even when the heavy chain variable region produced as a randomized variable region 

sequence library is combined with the above-described light chain variable region introduced 

with "at least one amino acid residue that changes the antigen-binding activity of an 

antigen-binding molecule depending on the hydrogen ion concentration condition", it is possible 

25 to design so that the flexible residues are contained in the sequence of the light chain variable 

region in the same manner as described above. 	The number and position of the flexible 

residues are not particularly limited to a specific embodiment, as long as the antigen-binding 

activity of an antigen-binding molecule of the present invention changes depending on the 

hydrogen ion concentration condition. 	Specifically. the CDR and/or FR sequences of heavy 

30 chain and/or light chain can contain one or more flexible residues. 	For example, flexible 

residues to be introduced into the sequences of the light chain variable regions include, but are 

not limited to, for example, the amino acid residues listed in Tables 3 and 4. 	Meanwhile, amino 

acid sequences of light chain variable regions other than the flexible residues and amino acid 

residues that change the antigen-binding activity of an antigen-binding molecule depending on 

35 the hydrogen ion concentration condition suitably include, but are not limited to, germ line 

sequences such as WI (SEQ ID NO: 5), Vk2 (SEQ ID NO: 6), Vk3 (SEQ ID NO: 7), and Vk4 
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(SEQ ID NO: 8). 

[Table 3] 

POSITION AMINO ACID 

CDR1 

28 8:100% 

29 1:100% 

30 N:25% 8:25% R:25% H:25% 

31 8:100% 

32 H:100% 

33 L:100% 

34 A:5U% N:50% 

CDR2 

50 H:100% OR A:25% D:25% 0:25% K:25% 

51 A:100% A:100% 

52 5:100% S:100% 

53 K:33.3% N:33.3 

114, 

8:33.3 

% 

H:100% 

54 L:100414 L:100% 

55 Q:100% Q:100% 

36 5:100% S:100% 

CDR3 

90 Q:100% OR Q:100% 

91 H:100% 8:33.3% 12:33.3 

% 

Y:33.3 

% 

92 0:25% N:25% 8:25% 11:25% (11:100% 

93 
1 

H:33.3% I N:33.3 5:33.3 11:33 N•13 3 8:33.3 

94 5:50% 	Y:50% 5:50% 1 V :50% 

95 P:100% 	1 P:100% 

96 L:50% 	Y:50% L:50% Y:50% 

Position indicates Kabat numbering) 

[Table 4] 
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a 

CDR POSITION AMINO ACID 

CORI 28 9:100% 

29 1:100% 

30 H:30% N:10% S:50% R:10% 

31 N:35% S:65% 

32 11:40% N:20% Y:40% 

. 

on 

with 

for 

33 L:100% 

34 A:70% N:30% 

CDR2 50 A:25% 1D:15% G:25% H:30% K:5% 

51 A:100% 

52 5:100% 

53 H.:30% K:10% N:15% S : 45% 

54 L:100% 

55 Q:100% 

56 8:100% 

CDR3 90 Q:100% 

91 H:30% S:15% R:10% Y:45% 

92 G:20% H:30% N:20% S:15% V:15% 

93 H:30% N:25% S:45% 

94 S:50% 7:50% 

95 P:100% 

96 L:50% Y:50% 

(Position 

	

5 	residues 

the 

acids 

for 

unnatural 

	

10 	3,5-Br2-Tyr 

3761-2768). 

example, 

indicates Kabat numbering) 

Any amino acid residue may be suitably used as the above-described amino acid 

that change the antigen-binding activity of an antigen-binding molecule depending 

hydrogen ion concentration condition. 	Specifically, such amino acid residues include amino 

with a side chain pKa of 4.0-8.0. 	Such electron-releasing amino acids preferably include, 

example, naturally occurring amino acids such as histidine and glutamic acid, as well as 

amino acids such as histidine analogs (US2009/0035836). m-NO2-Tyr (pKa 7.45). 

(pKa 7.21), and 3,5-12-Tyr (pKa 7.38) (Bioorg. Med. Chem. (2003) 11 (17), 

Particularly preferred amino acid residues include, for example. amino acids 

side chain pKa of 6.0-7.0. 	Such electron-releasing amino acid residues preferably include. 

histidine. 
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Known methods such as site-directed mutagenesis (Kunkel eral. (Proc. Natl. Acad. Sci. 

USA (1985) 82, 488-492)) and Overlap extension PCR can be appropriately employed to modify 

the amino acids of antigen-binding domains. 	Furthermore, various known methods can also be 

used as an amino acid modification method for substituting amino acids by those other than 

5 natural amino acids (Annu. Rev. Biophys. Biomol. Struct. (2006) 35, 225-249; Proc. Natl. Acad. 

2003)-1-00411).-6353-6357):- For -Soir-14.8.A. 	 exarapierireeil-freeiranslation systemlelover 

Direct (Protein Express)) containing tRNAs in which amber suppressor tRNA, which is 

complementary to UAG codon (amber codon) that is a stop codon, is linked with an unnatural 

amino acid may be suitably used. 

10 The preferred heavy chain variable region that is used in combination includes, for 

example. randomized variable region libraries. 	Known methods are appropriately combined as 

a method for producing a randomized variable region library. 	In a non-limiting embodiment of 

the present invention, an immune library constructed based on antibody genes derived from 

animals immunized with specific antigens, patients with infection or persons with an elevated 

15 antibody titer in blood as a result of vaccination, cancer patients, or lymphocytes of auto immune 

diseases may be suitably used as a randomized variable region library. 

In another non-limiting embodiment of the present invention, in the same manner as 

described above, a synthetic library in which the CDR sequences of V genes from genomic DNA 

or functional reconstructed V genes are replaced with a set of synthetic oligonucleotides 

20 containing the sequences encoding codon sets of an appropriate length can also be suitably used 

as a randomized variable region library. 	In this case. the CDR3 sequence alone may be 

replaced because variety in the gene sequence of heavy chain CDR3 is observed. 	The basis for 

giving rise to amino acid variations in the variable region of an antigen-binding molecule is to 

generate variations of amino acid residues of surface-exposed positions of the antigen-binding 

25 molecule. 	The surface-exposed position refers to a position where an amino acid is exposed on 

the surface and/or contacted with an antigen based on the conformation. structural ensemble, 

and/or modeled structure of an antigen-binding molecule, and in general, such positions are the 

CDRs. 	The surface-exposed positions are preferably detennined using the coordinates derived 

from a three-dimensional model of the antigen-binding molecule using computer programs such 

30 as Insightll program (Accelrys). 	The surface-exposed positions can be determined using 

algorithms known in the an (for example, Lee and Richards (1. Mol. Biol. (1971) 55, 379-400): 

Connolly (.1. Appl. Cryst. (1983) 16, 548-558)). 	The surface-exposed positions can be 

determined based on the information on the three dimensional structure of antibodies using 

software suitable for protein modeling. 	Software which is suitably used for this purpose 

35 includes the SYBYL biopolymer module software (Tripos Associates). 	When the algorithm 

requires the input size parameter from the user, the "size" of probe for use in computation is 
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generally or preferably set at about 1.4 angstrom or less in radius. 	Furthermore, a method for 

determining surface-exposed region and area using PC software is described by Pacios (Comput. 

Chem. (1994) 18 (4), 377-386; and J. Mol. Model. (1995) 1, 46-53). 

In still another non-limiting embodiment of the present invention, a naive library 

5 	constructed from antibody genes derived from lymphocytes of healthy persons and consisting of 

--- - — 	------ntrive-sNuteteawhickramothiastteperitoire of dreamily .ct:Itierrces,-c-atridsotrpartiondarty---  

suitably used as a randomized variable region library (Gejima et at (Human Antibodies (2002) 

II, 121-129); and Cardoso et at (Stand. J. Immune/. (2000) 51. 337-344)). 

10 	FcRn 

Unlike Fry receptor belonging to the immunoglohulin superfamily, human FcRn is 

structurally similar to polypeptides of major histocompatibility complex (MHC) class I, 

exhibiting 22% to 29% sequence identity to class I MHC molecules (Ghetie el al., Immunol. 

Today (1997) 18 (12): 592-598). 	FcRn is expressed as a heterodimer consisting of soluble 13  or 

15 	light chain ((32 microglobulin) complexed with transmembrane a or heavy chain. 	Like MHC, 

FcRn a chain comprises three extracellular domains (al, a2, and a3) and its short cytoplasmic 

domain anchors the protein onto the cell surface. 	al and a2 domains interact with the 

FcRn-binding domain of the antibody Fc region (Raghavan et al.. Immunity (1994) 1: 303-315). 

FcRn is expressed in maternal placenta and york sac of mammals, and is involved in 

20 	mother-to-fetus IgG transfer. 	In addition. in neonatal small intestine of rodents, where FcRn is 

expressed, FcRn is involved in transfer of maternal IgG across brush border epithelium from 

is ingested colostrum or milk. 	FcRn 	expressed in a variety of other tissues and endothelial cell 

systems of various species. 	FcRn is also expressed in adult human endothelia, muscular blood 

vessels, and hepatic sinusoidal capillaries. 	FcRn is believed to play a role in maintaining the 

25 	plasma IgG concentration by mediating recycling of IgG to serum upon binding to IgG. 

Typically, binding of FcRn to IgG molecules is strictly pH dependent. 	The optimal binding is 

observed in an acidic pH range below 7.0. 

Human FcRn whose precursor is a polypeptide having the signal sequence of SEQ ID 

NO: 15 (the polypeptide with the signal sequence is shown in SEQ ID NO: 16) forms a complex 

30 	with human 132-microglobulin in viva. 	As shown in the Reference Examples described below, 

soluble human FcRn complexed with 132-microglobulin is produced by using conventional 

recombinant expression techniques. 	FcRn regions of the present invention can be assessed for 

their binding activity to such a soluble human FcRn complexed with (32-microglobulin. 	Herein. 

unless otherwise specified. human FcRn refers to a form capable of binding to an FcRn region of 

35 	the present invention. 	Examples include a complex between human FcRn and human 

132-microglobulin. 
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Fc region 

An Fc region contains the amino acid sequence derived from the heavy chain constant 

region of an antibody. 	An Fe region is a portion of the heavy chain constant region of an 

5 antibody, starting from the N terminal end of the hinge region, which corresponds to the papain 

cleavage siteat.anemina acid-around pcsitiorr2l6 according te-thc al numbcting-systernv  and. 

contains the hinge. CH2, and CH3 domains. 

The binding activity of an Fc region of the present invention to FcRn. human FcRn in 

particular, can be measured by methods known to those skilled in the art, as described in the 

10 section "Binding Activity" above. 	Those skilled in the art can appropriately determine the 

conditions other than pH. 	The antigen-binding activity and human FcRn-binding activity of an 

antigen-binding molecule can be assessed based on the dissociation constant (KD), apparent 

dissociation constant (KD), dissociation rate (kd). apparent dissociation rate (kd), and such. 

These can be measured by methods known to those skilled in the art. 	For example, Biaeore 

15 (GE healthcare), Scatchard plot, or flow cytometer may be used. 

When the human FcRn-binding activity of an Fc region of the present invention is 

measured, conditions other than the pH are not particularly limited, and can be appropriately 

selected by those skilled in the art. 	Measurements can be carried out, for example, at 37°C 

using MES buffer, as described in WO 2009125825. 	Alternatively, the human FcRn-binding 

20 activity of an Fc region of the present invention can be measured by methods known to those 

skilled in the art, and may be measured by using, for example. Biacore (GE Healthcare) or such. 

The binding activity of an Fc region of the present invention to human FcRn can be assessed by 

pouring, as an analyte, human FcRn, an Fc region, or an antigen-binding molecule of the present 

invention containing the Fc region into a chip immobilized with an Fc region. an  antigen-binding 

25 molecule of the present invention containing the Fc region, or human FeRn. 

30 

A neutral pH range as the condition where the Fc region contained in an antigen-binding 

molecule of the present invention has the FcRn-binding activity means pH6.7 to pH10.0 in 

general. 	Preferably, the neutral pH range is a range indicated with arbitrary pH values between 

pH7.0 and pH8.0, and is preferably selected from pH7.0, 7.1, 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, 7.8, 7.9, 

and 8.0, and is particularly preferably pH7.4 that is close to the pH of plasma (blood) in vivo. 

When the binding affinity between the human FcRn-binding domain and human FcRn at pH7.4 

is too low to assess. pH7.0 may be used instead of pH7.4. 	Herein, an acidic pH range as the 

condition where the Fc region contained in an antigen-binding molecule of the present invention 

has the FcRn-binding activity means pH4.0 to pH6.5 in general. 	Preferably. the acidic pH 

35 range means pH5.5 to pH6.5, particularly preferably pH5.8 to pH6.0 which is close to the pH in 

the early endosome in vivo. 	Regarding the temperature used as the measurement condition, the 
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binding affinity between the human FcRn-binding domain and human FcRn may be assessed at 

any temperature between 10°C and 50°C. 	Preferably, the binding affinity between the human 

FcRn-binding domain and human FeRn can be determined at 15°C to 40°C. 	More preferably, 

the binding affinity between the human FeRn-binding domain and human FcRn can be 

5 determined in the same manner at an arbitrary temperature between 20°C and 35°C, such as any 

—ern-, tenspenitun..-of 20, 21. 22, 21 24, 25; 26;-, 29;2-8;19;30;31-7-327-31r; 34, wit! WC. 	111 an 

embodiment of the present invention. the temperature includes, but is not limited to, for example, 

25°C. 

According to "The Journal of Immunology (2009) 182: 7663-7671", the human 

10 FcRn-binding activity of native human IgG I is 1.7 pM (KD) in an acidic pH range (pH6.0) 

whereas the activity is almost undetectable in the neutral pH range. 	Thus, in a preferred 

embodiment, antigen-binding molecules of the present invention having the human 

FcRn-binding activity in an acidic pH range and in a neutral pH range, including antigen-binding 

molecules whose human FcRn-binding activity in an acidic pH range is 20 pM (KD) or stronger 

15 and whose human FcRn-binding activity in a neutral pH range is comparable to or stronger than 

that of native human lgG may be screened. 	In a more preferred embodiment, antigen-binding 

molecules of the present invention including antigen-binding molecules whose human 

FcRn-binding activity in an acidic pH range is 20 pM (KD) or stronger and that in a neutral pH 

range is 40 pM (KD) or stronger may be screened. 	In a still more preferred embodiment. 

20 antigen-binding molecules of the present invention including antigen-binding molecules whose 

human FeRn-binding activity in an acidic pH range is 0.5 µM (KD) or stronger and that in a 

neutral pH range is 15µM (KD) or stronger may be screened. 	The above-noted KD values can 

be determined by the method described in "The Journal of Immunology (2009) 182: 7663-7671 

(antigen-binding molecules are immobilized onto a chip, and human FcRn is poured as an 

25 analyze)". 

In the present invention. preferred Fc regions have the human FcRn-binding activity in 

an acidic pH range and in a neutral pH range. 	When an Fc region originally has the human 

FcRn-binding activity in an acidic pH range and in a neutral pH range. it can be used as it is. 

When an Fc region has only weak or no human FcRn-binding activity in an acidic pH range 

30 and/or in a neutral pH range. Fc regions having desired human FcRn-binding activity can be 

obtained by modifying amino acids of an antigen-binding molecule. 	Fc regions having desired 

human FcRn-binding activity in an acidic pH range and/or in a neutral pH range can also be 

suitably obtained by modifying amino acids of a human Fc region. 	Alternatively, Fc regions 

having desired human FcRn-binding activity can be obtained by modifying amino acids of an Fc 

35 region that originally has the human FcRn-binding activity in an acidic pH range and/or in a 

neutral pH range. 	Amino acid modifications of a human Fc region that results in such desired 



87 

binding activity can be revealed by comparing the human FcRn-binding activity in an acidic pH 

range and/or in a neutral pH range before and after the amino acid modification. 	Those skilled 

in the art can appropriately modify the amino acids using known methods. 

In the present invention, "modification of amino acids" or "amino acid modification" of 

5 an Fc region includes modification into an amino acid sequence which is different from that of 

the starting-Fc region.- - The-starting domainmay-be-any Fe-region, as leng-as-a-warirait modified 

from the starting Fc region can bind to human FcRn in an acidic pH range (i.e.. the starting Fc 

region does not necessarily need to have the human FcRn-binding activity in the neutral pH 

range). 	Fc regions preferred as the starting Fc region include, for example, the Fc region of IgG 

10 antibody, i.e., native Fc region. 

Furthermore, an altered Fc region modified from a starting Fc region which has been 

already modified can also be used preferably as an altered Fc region of the present invention. 

The "starting Fc region" can refer to the polypeptide itself, a composition comprising the starting 

Fc region, or an amino acid sequence encoding the starting Fc region. 	Starting Fc regions can 

15 comprise a known IgG antibody Fc region produced via recombination described briefly in 

section "Antibodies". 	The origin of starting Fc regions is not limited, and they may be obtained 

from human or any nonhuman organisms. 	Such organisms preferably include mice, rats, guinea 

pigs. hamsters, gerbils, cats, rabbits, dogs, goats, sheep, bovines, horses, camels and organisms 

selected from nonhuman primates. 	In another embodiment, starting Fc regions can also be 

20 obtained from cynomolgus monkeys, marmosets, rhesus monkeys, chimpanzees, or humans. 

Starting Fc regions can be obtained preferably from human IgG I; however, they are not limited 

to any particular IgG subclass. 	This means that an Fc region of human IgG I, IgG2, IgG3, or 

1g04 can be used appropriately as a starting Fc region, and herein also means that an Fc region 

of an arbitrary IgG class or subclass derived from any organisms described above can be 

25 preferably used as a starting Fe region. 	Examples of naturally-occurring IgG variants or 

modified forms are described in published documents (Curr. Opin. Biotechnol. (2009) 20 (6): 

685-91; Curr. Opin. Immunol. (2008) 20 (4), 460-470; Protein Eng. Des. Sel. (2010) 23 (4): 

195-202; WO 2009/086320: WO 2008/092117; WO 2007/041635; and WO 2006/105338); 

however, they are not limited to the examples. 

30 Examples of alterations include those with one or more mutations, for example, 

mutations by substitution of different amino acid residues for amino acids of starting Fc regions, 

by insertion of one or more amino acid residues into starting Fc regions, or by deletion of one or 

more amino acids from starting Fc region. 	Preferably. the amino acid sequences of altered Fc 

regions comprise at least a part of the amino acid sequence of a non-native Fc region. 	Such 

35 variants necessarily have sequence identity or similarity less than 100% to their starting Fc 

region. 	In a preferred embodiment. the variants have amino acid sequence identity or similarity 
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about 75% to less than 100%, more preferably about 80% to less than 100%, even more 

preferably about 85% to less than 100%, still more preferably about 90% to less than 100%, and 

yet more preferably about 95% to less than 100% to the amino acid sequence of their starting Fc 

region. 	In a non-limiting embodiment of the present invention. at least one amino acid is 

5 different between a modified Fc region of the present invention and its starting Fc region. 

Amino acid.differcrice -between -a modifiu: fc-region-of the-presentinvention and its starting Pc 

region can also be preferably specified based on amino acid differences at above-described 

particular amino acid positions according to EU numbering system. 

Known methods such as site-directed mutagenesis (Kunkel et al. (Proc. Natl. Acad. Sci. 

10 USA (1985) 82, 488-492)) and Overlap extension PCR can be appropriately employed to modify 

the amino acids of Fc regions. 	Furthermore, various known methods can also be used as an 

amino acid modification method for substituting amino acids by those other than natural amino 

acids (Anna. Rev. Biophys. Biomol. Struct. (2006) 35, 225-249; Proc. Natl. Acad. Sci. U.S.A. 

(2003) 100 (11), 6353-6357). 	For example. a cell-free translation system (Clover Direct 

15 (Protein Express)) containing tRNAs in which amber suppressor tRNA, which is complementary 

to UAG codon (amber codon) that is a stop codon, is linked with an unnatural amino acid may be 

suitably used. 

Fc regions having human FcRn-binding activity in the neutral pH range, which are 

contained in the antigen-binding molecules of the present invention, can be obtained by any 

20 method. 	Specifically, Fc regions having human FcRn-binding activity in the neutral pH range 

can be obtained by modifying amino acids of human immunoglobulin of IgG type as a starting 

Fc region. 	The Fc regions of IgG type immunoglobulins adequate for modification include, for 

example. those of human igGs (IgG I. IgG2. Ig03, and 1g04, and modified forms thereof). 

Amino acids of any positions may be modified into other amino acids, as long as the Fc regions 

25 have the human FcRn-binding activity in the neutral pH range or can increase the human 

Fan-binding activity in the neutral range. 	When the antigen-binding molecule contains the Fc 

region of human IgG1 as the human Fc region. it is preferable that the resulting Fc region 

contains a modification that results in the effect of enhancing the human FcRn binding in the 

neutral pH range as compared to the binding activity of the starting Fc region of human IgG I . 

30 Amino acids that allow such modification include, for example, amino acids of positions 221 to 

225, 227, 228, 230. 232, 233 to 241, 243 to 252, 254 to 260, 262 to 272, 274, 276, 278 to 289. 

291 to 312. 315 to 320, 324, 325. 327 to 339, 341, 343, 345. 360, 362, 370.375 to 378, 380, 382, 

385 to 387, 389, 396,414. 416, 423. 424, 426 to 438, 440, and 442 according to EU numbering. 

More specifically, such amino acid modifications include those listed in Table 5. 	Modification 

35 of these amino acids augments the human Fclin binding of the Fc region of IgG-type 

immunoglobulin in the neutral pH range. 
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From those described above, modifications that augment the human FcRn binding in the 

neutral pH range are appropriately selected for use in the present invention. 	Particularly 

preferred amino acids of the modified Fc regions include, for example, amino acids of positions 

5 

237, 248, 250, 252, 254, 255. 256, 257, 258, 265, 286, 289, 297, 298, 303, 305, 307, 308, 309, 

311, 312, 314, 315, 317, 332, 334, 360, 376, 380, 382, 384, 385, 386, 387, 389, 424,428, 433, 

-- ---434rand-436•according,  te-the-EU-nurnbcring system. 	Ttc-human-FeRri-binding activity in•the 

neutral pH range of the Fc region contained in an antigen-binding molecule can be increased by 

substituting at least one amino acid selected from the above amino acids into a different amino 

acid. 

10 Particularly preferred modifications include, for example: 

Met for the amino acid of position 237; 

Ile for the amino acid of position 248: 

Ala. Phe, He. Met, Gln, Ser, Val, Tip, or Tyr for the amino acid of position 250; 

Phe, Tip, or Tyr for the amino acid of position 252; 

15 Thr for the amino acid of position 254; 

Glu for the amino acid of position 255; 

Asp, Am. Glu, or Gin for the amino acid of position 256; 

Ala, Gly, lie, Leu, Met. Asn, Ser, Thr, or Val for the amino acid of position 257; 

His for the amino acid of position 258: 

20 Ala for the amino acid of position 265: 

Ala or Glu for the amino acid of position 286; 

His for the amino acid of position 289; 

Ala for the amino acid of position 297; 

Ala for the amino acid of position 303; 

25 Ala for the amino acid of position 305: 

Ala, Asp, Phe, Gly, His, He, Lys. Leu, Met, Asn, Pro, Gin, Arg, Ser. Val, Trp, or Tyr for the 

amino acid of position 307; 

Ala. Phe, lie. Leu, Met, Pro. Gin, or Thr for the amino acid of position 308; 

Ala, Asp, Giu, Pro, or Arg for the amino acid of position 309; 

30 Ala, His, or Ile for the amino acid of position 311; 

Ala or His for the amino acid of position 312; 

Lys or Arg for the amino acid of position 3)4; 

Ala, Asp. or His for the amino acid of position 315; 

Ala for the amino acid of position 317; 

35 Val for the amino acid of position 332; 

Leu for the amino acid of position 334; 
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His for the amino acid of position 360; 

Ala for the amino acid of position 376; 

Ala for the amino acid of position 380; 

Ala for the amino acid of position 382; 

5 Ala for the amino acid of position 384; 

Asvorlith forific-aminry aid a Fositiun 3.85; 

Pro for the amino acid of position 386; 

Glu for the amino acid of position 387; 

Ala or Ser for the amino acid of position 389; 

10 Ala for the amino acid of position 424: 

Ala. Asp, Phe, Gly. His, Ile, Lys, Let Asn. Pro. Gin, Ser, Thr. Val, Trp, or Tyr for the amino acid 
of position 428; 

Lys for the amino acid of position 433; 

Ala. Phe, His. Ser, Trp, or Tyr for the amino acid of position 434; and 

15 His, Ile, Leu, Phe, Thr, or Val for the amino acid of position 436 of the Fc region according to 

EU numbering. 	Meanwhile, the number of amino acids to be modified is not particularly 

limited and amino acid at only one site may be modified and amino acids at two or more sites 

may be modified. 	Combinations of amino acid modifications at two or more sites include. for 

example. those described in Table 6. 

20 

Antigen-binding molecule 

In the present invention. "an antigen-binding molecule" is used in the broadest sense to 

refer to a molecule containing an antigen-binding domain and an Fc region. 	Specifically, the 

antigen-binding molecules include various types of molecules as long as they exhibit the 

25 antigen-binding activity. 	Molecules in which an antigen-binding domain is linked to an Fc 

region include, for example, antibodies. 	Antibodies may include single monoclonal antibodies 

(including agonistic antibodies and antagonistic antibodies), human antibodies, humanized 

antibodies. chimeric antibodies, and such. 	Alternatively, when used as antibody fragments, 

they preferably include antigen-binding domains and antigen-binding fragments (for example. 

30 Fab, F(ab')2, scFv, and Fv). 	Scaffold molecules where three dimensional structures, such as 

already-known stable a/I3 barrel protein structure. are used as a scaffold (base) and only some 

portions of the structures are made into libraries to construct antigen-binding domains are also 

included in antigen-binding molecules of the present invention. 

An antigen-binding molecule of the present invention may contain at least some 

35 portions of an Fc region that mediates the binding to Fcltri and Fey receptor. 	In a non-limiting 

embodiment, the antigen-binding molecule includes, for example. antibodies and Fc fusion 
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proteins. 	A fusion protein refers to a chimeric polypeptide comprising a polypeptide having a 

first amino acid sequence that is linked to a polypeptide having a second amino acid sequence 

that would not naturally link in nature. 	For example, a fusion protein may comprise the amino 

acid sequence of at least a portion of an Fc region (for example, a portion of an Fc region 

5 responsible for the binding to FcRn or a portion of an Fc region responsible for the binding to 

Fey reccpter) coda zon-itatnunaglobulin polyntitic containirrg,-for exznplevthe antincrtteid—

sequence of the ligand-binding domain of a receptor or a receptor-binding domain of a ligand. 

The amino acid sequences may be present in separate proteins that are transported together to a 

fusion protein, or generally may be present in a single protein; however, they are included in a 

10 new rearrangement in a fusion polypeptide. 	Fusion proteins can be produced, for example. by 

chemical synthesis. or by genetic recombination techniques to express a polynucleotide encoding 

peptide regions in a desired arrangement. 

Respective domains of the present invention can be linked together via linkers or 

directly via polypeptide binding. 

I5 The linkers comprise arbitrary peptide linkers that can be introduced by genetic 

engineering, synthetic linkers, and linkers disclosed in, for example, Protein Engineering (1996) 

9(3), 299-305. 	However, peptide linkers are preferred in the present invention. 	The length of 

the peptide linkers is not particularly limited, and can be suitably selected by those skilled in the 

art according to the purpose. 	The length is preferably five amino acids or more (without 

20 particular limitation, the upper limit is generally 30 amino acids or less, preferably 20 amino 

acids or less), and particularly preferably 15 amino acids. 

For example. such peptide linkers preferably include: 

Ser 

Gly•Ser 

25 Gly•Gly Ser 

Ser Gly-Gly 

GlyGlyGlySer (SEQ ID NO: 17) 

Ser Gly•Gly•Gly (SEQ ID NO: 18) 

GlyGlyGlyGlySer (SEQ ID NO: 19) 

30 SerGlyGlyGlyGly (SEQ ID NO: 20) 

Gly•Gly•Gly•Gly-GlySer (SEQ ID NO: 21) 

SerGlyGlyGlyGlyGly (SEQ ID NO: 22) 

Gly•Gly•Gly-GlyGly•Gly•Ser (SEQ ID NO: 23) 

Ser•GlyGlyGlyGly•GlyGly (SEQ ID NO: 24) 

35 (GlyGly•Gly•GlySer (SEQ ID NO: 19))n 

(Ser•Gly•GlyGly•Gly (SEQ ID NO: 20))n 
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where n is an integer of I or larger. 	The length or sequences of peptide linkers can be selected 

accordingly by those skilled in the art depending on the purpose. 

Synthetic linkers (chemical crosslinking agents) is routinely used to crosslink peptides, 

and for example: 

5 

10 

N-hydroxy succinimide (NHS), 

disuccinimidyl-s-abemrefl3S3), 

bis(sulfosuccinimidyl) suberate (BS3), 

dithiobis(succinimidyl propionate) (DSP), 

dithiobis(sulfosuccinimidyl propionate) (DTSSP), 

ethylene glycol bis(succinimidyl succinate) (EGS), 

ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS). 

disuccinimidyl tartrate (DST), disulfosuccinimidyl tartrate (sulfo-DST), 

bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES), 

and bis[2-(sulfosuccinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). 	These 

15 crosslinking agents are commercially available. 

When multiple linkers for linking the respective domains are used, they may all be of 

the same type. or may be of different types. 

In addition to the linkers exemplified above, linkers with peptide tags such as His tag, 

HA tag, myc tag, and FLAG tag may also be suitably used. 	Furthermore, hydrogen bonding. 

20 disulfide bonding, covalent bonding, ionic interaction, and properties of binding with each other 

as a result of combination thereof may be suitably used. 	For example, the affinity between CHI 

and CL of antibody may be used, and Fc regions originating from the above-described bispecific 

antibodies may also be used for hetero Fc region association. 	Moreover, disulfide bonds 

formed between domains may also be suitably used. 

25 In order to link respective domains via peptide linkage. polynucleotides encoding the 

domains arc linked together in frame. 	Known methods for linking polynucleotides in frame 

include techniques such as ligation of restriction fragments, fusion PCR, and overlapping PCR. 

Such methods can be appropriately used alone or in combination to construct antigen-binding 

molecules of the present invention. 	In the present invention, the terms "linked" and "fused", or 

30 "linkage" and "fusion" are used interchangeably. 	These terms mean that two or more elements 

or components such as polypeptides are linked together to form a single structure by any means 

including the above-described chemical linking means and genetic recombination techniques. 

Fusing in frame means, when two or more elements or components are polypeptides. linking two 

or more units of reading frames to form a continuous longer reading frame while maintaining the 

35 correct reading frames of the polypeptides. 	When two molecules of Fab are used as an 

antigen-binding domain, an antibody, which is an antigen-binding molecule of the present 
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invention where the antigen-binding domain is linked in frame to an Fe region via peptide bond 

without linker, can be used as a preferred antigen-binding molecule of the present invention. 

Fcy receptor 

5 Fcy receptor (also described as FcyR) refers to a receptor capable of binding to the Fe 

re en of NionoehmailgGI r  IgG 2., IgG3Ter4g64 antibedies;-and-inelacies-allinembers-belonging 

to the family of proteins substantially encoded by an Fcy receptor gene. 	in human, the family 

includes FeyR1(CD64) including isoforms FcyRIa, FcyRlb and FcyRIc; FeyRII (CD32) 

including isoforms FcyRIla (including allotype H131 and R131), FcyRflb (including FcyR1lb-1 

10 and FcyRIlb-2), and FeyRIIc; and FcyRIII(CD16) including isoform FeyRIlla (including 

allotype V158 and F158) and FcyRIllb (including allotype FcyR111b-NAI and FeyR111b-NA2); as 

well as all unidentified human FcyRs, FcyR isoforms, and allotypes thereof. 	However, Fey 

receptor is not limited to these examples. 	Without being limited thereto, FcyR includes those 

derived from humans, mice, rats, rabbits, and monkeys. 	FcyR may be derived from any 

15 organisms. 	Mouse FcyR includes, without being limited to, FcyRl (CD64), FcyR11 (CD32), 

FcyR111 (CD16). and FcyRI11-2 (FcyR1V, CD16-2). as well as all unidentified mouse FeyRs, 

FcyR isofonns, and allotypes thereof. 	Such preferred Fey receptors include, for example. 

human FcyRI (CD64), FcyR1la (CD32), FcyRllb (CD32), FcyRllla (CD16), and/or FcyRIIIb 

(CD16). 	The polynucleotide sequence and amino acid sequence of FcyRl are shown in SEQ ID 

20 NOs: 25 (NM_000566.3) and 26 (NP000557.1 ), respectively; the polynucleotide sequence and 

amino acid sequence of FcyRIla (allotype H 131) are shown in SEQ ID NOs: 27 (BCO20823.1) 

and 28 (AAH20823.1) (allotype R131 is a sequence in which amino acid at position 166 of SEQ 

25 

ID NO: 28 is substituted with Arg), respectively: the polynucleotide sequence and amino acid 

sequence of FcyllB are shown in SEQ ID NOs: 29 (BC146678.1) and 30 (AAI46679.1), 

respectively; the polynucleotide sequence and amino acid sequence of FcyRIlla are shown in 

SEQ ID NOs: 31 (BC033678.1) and 32 (AAH33678.I ), respectively; and the polynucleotide 

sequence and amino acid sequence of FeyRIllb are shown in SEQ ID NOs: 33 (BC128562.1) and 

34 (AAL28563.I ). respectively (RefSeq accession number is shown in each parentheses). 

For example, as described in Reference Example 27 and such as FcyRlllaV when 

30 allotype VI58 is used, unless otherwise specified, allotype Fl 58 is used; however, the allotype of 

isoform FeyRIlla described herein should not be interpreted as being particularly limited. 

Whether an Fey receptor has binding activity to the Fc region of a monoclonal Ig01, 

IgG2, IgG3, or IgG4 antibody can be assessed by ALPHA screen (Amplified Luminescent 

35 

Proximity Homogeneous Assay), surface plasmon resonance (SPR)-based BIACORE method, 

and others (Proc. Natl. Acad. Sci. USA (2006) 103(11). 40054010), in addition to the 

above-described FACS and ELISA formats. 
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Meanwhile, "Fc ligand" or "effector ligand" refers to a molecule and preferably a 

polypeptide that binds to an antibody Fc region, forming an Fc/Fc ligand complex. 	The 

molecule may be derived from any organisms. 	The binding of an Fc ligand to Fc preferably 

induces one or more effector functions. 	Such Fc ligands include, but are not limited to, Fc 

5 receptors, FcyR, FcaIt, FecR, FcRn, C I q, and C3. mannan-binding lectin, mannose receptor, 

-- Stapirk-Floctrars Pruicin A, Stapictivrottus rrutein:0, dual viratiftyltr—The 1%, liggintb, also

include Fe receptor homologs (FcRH) (Davis etal.. (2002) Immunological Reviews 190, 

123-136), which are a family of Fc receptors homologous to FcyR. 	The Fc ligands also include 

unidentified molecules that bind to Fe. 

10 In FcyRl (CD64) including FeyRla, Feyftlb. and FcyRIc, and FcyRIII (CD16) including 

isoforms FcyRllla (including allotypes V158 and Fl 58) and FeyRIllb (including allotypes 

FcyRIllb-NA I and FeyR111b-NA2). a chain that binds to the Fc portion of IgG is associated with 

common y chain having 1TAM responsible for transduction of intracellular activation signal. 

Meanwhile, the cytoplasmic domain of FeyRII (CD32) including isoforms FcyRIla (including 

15 allotypes H131 and RI31) and FcyRllc contains ITAM. 	These receptors are expressed on many 

immune cells such as macrophages, mast cells. and antigen-presenting cells. 	The activation 

signal transduced upon binding of these receptors to the Fc portion of IgG results in 

enhancement of the phagocytic activity of macrophages, inflammatory cytokine production, mast 

cell degranulation. and the enhanced function of antigen-presenting cells. 	Fey receptors having 

20 the ability to transduce the activation signal as described above are also referred to as activating 

Fey receptors. 

Meanwhile, the intracytoplasmic domain of FeyRiIb (including FeyRIlb-1 and 

FeyR116-2) contains MM responsible for transduction of inhibitory signals. 	The crosslinking 

between FeyR1lb and B cell receptor (BCR) on B cells suppresses the activation signal from 

25 BCR, which results in suppression of antibody production via BCR. 	The crosslinking of 

FeyRIII and FcyltIlb on macrophages suppresses the phagocytic activity and inflammatory 

cytokine production. 	Fey receptors having the ability to transduce the inhibitory signal as 

described above are also referred to as inhibitory Fcy receptor. 

ALPHA screen is performed by the ALPHA technology based on the principle described 

30 below using two types of heads: donor and acceptor beads. 	A luminescent signal is detected 

only when molecules linked to the donor beads interact biologically with molecules linked to the 

acceptor beads and when the two beads are located in close proximity. 	Excited by laser beam, 

the photosensitizer in a donor bead converts oxygen around the bead into excited singlet oxygen. 

When the singlet oxygen diffuses around the donor beads and reaches the acceptor beads located 

35 in close proximity, a chemiluminescent reaction within the acceptor beads is induced. 	This 

reaction ultimately results in lieht emission. 	If molecules linked to the donor beads do not 
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interact with molecules linked to the acceptor beads, the singlet oxygen produced by donor beads 

do not reach the acceptor beads and chemiluminescent reaction does not occur. 

For example, a biotin-labeled antigen-binding molecule comprising Fc region is 

immobilized to the donor beads and glutathione S-transferase (GST)-tagged Fey receptor is 

5 immobilized to the acceptor beads. 	In the absence of an antigen-binding molecule comprising a 

....... 	._ competitive-Fe regiortvaricm -Fey rmectorinteraets-with-e-polypeptidecomplex comprising-a - 

wild-type Fc region, inducing a signal of 520 to 620 nm as a result. 	The antigen-binding 

molecule having a non-tagged Fc region variant competes with the antigen-binding molecule 

comprising a native Fc region for the interaction with Fey receptor. 	The relative binding 

10 affinity can be determined by quantifying the reduction of fluorescence as a result of competition. 

Methods for biotinylating the antigen-binding molecules such as antibodies using 

Sulfo-NHS-biotin or the like are known. 	Appropriate methods for adding the GST tag to an Fey 

receptor include methods that involve fusing polypeptides encoding Fcy and GST in-frame, 

expressing the fused gene using cells introduced with a vector to which the gene is operablye 

15 linked, and then purifying using a glutathione column. 	The induced signal can be preferably 

analyzed, for example. by fitting to a one-site competition model based on nonlinear regression 

analysis using software such as GRAPHPAD PRISM (GraphPad: San Diego). 

One of the substances for observing their interaction is immobilized as a ligand onto the 

gold thin layer of a sensor chip. 	When light is shed on the rear surface of the sensor chip so 

20 that total reflection occurs at the interface between the gold thin layer and glass. the intensity of 

reflected light is partially reduced at a certain site (SPR signal). 	The other substance for 

observing their interaction is injected as an analyte onto the surface of the sensor chip. 	The 

mass of immobilized ligand molecule increases when the analyte binds to the ligand. 	This 

alters the refraction index of solvent on the surface of the sensor chip. 	The change in refraction 

25 index causes a positional shift of SPR signal (conversely, the dissociation shifts the signal back 

to the original position). 	In the Biacore system, the amount of shift described above (i.e., the 

change of mass on the sensor chip surface) is plotted on the vertical axis, and thus the change of 

mass over time is shown as measured data (sensorgram). 	Kinetic parameters (association rate 

constant (Ica) and dissociation rate constant (kd)) are determined from the curve of sensorgram. 

30 and affinity (KD) is determined from the ratio between these two constants. 	Inhibition assay is 

preferably used in the B1ACORE methods. 	Examples of such inhibition assay are described in 

Proc. Natl. Acad. Sci. USA (2006) 103(11), 4005-4010. 

Heterocomplex comprising the four elements of: two molecules of FcRn and one molecule of 

35 activating Fey receptor 

Crystallographic studies on FeRn and IgG antibodies demonstrated that an FeRn-IgG 
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complex is composed of one molecule of IgG for two molecules of FeRn, and the two molecules 

are thought to bind near the interface of the CH2 and CH3 domains located on both sides of the 

Fc region of lgG (Burmeister et al. (Nature (1994) 372, 336-343)). 	Meanwhile, as shown in 

Example 3 below. the antibody Fc region was demonstrated to be able to form a complex 

5 containing the four elements of: two molecules of FeRn and one molecule of activating Fey 

receptorfFir4:13)-. 	This lichroctimpicx-formatioit isirpheritunenoruthatwas-revealethas a renal' 

of analyzing the properties of antigen-binding molecules containing an Fc region having an 

FcRn-binding activity under conditions of a neutral pH range. 

Without being bound to a particular principle, it can be considered that in vivo 

10 administered antigen-binding molecules produce the effects described below on the in viva 

pharmacokinetics (plasma retention) of the antigen-binding molecules and the immune response 

(immunogenicity) to the administered antigen-binding molecules, as a result of the formation of 

heterocomplexes containing the four elements of: the Fc region contained in the antigen-binding 

molecules, two molecules of FcRn, and one molecule of activating Fey receptor. 	As described 

15 above, in addition to the various types of activating Fcy receptor, FcRn is expressed on immune 

cells, and the formation by antigen-binding molecules of such four-part complexes on immune 

cells suggests that affinity toward immune cells is increased. and that cytoplasmic domains are 

assembled. leading to amplification of the internalization signal and promotion of incorporation 

into immune cells. 	The same also applies to antigen-presenting cells, and the possibility that 

20 formation of four-part complexes on the cell membrane of antigen-presenting cells makes the 

antigen-binding molecules to be easily incorporated into antigen-presenting cells is suggested. 

In general, antigen-binding molecules incorporated into antigen-presenting cells are degraded in 

the lysosomes of the antigen-presenting cells and are presented to T cells. 	As a result, because 

incorporation of antigen-binding molecules into antigen-presenting cells is promoted by the 

25 formation of the above-described four-pan complexes on the cell membrane of the 

antigen-presenting cells, plasma retention of the antigen-binding molecules may be worsened. 

Similarly, an immune response may be induced (aggravated). 

For this reason, it is conceivable that, when an antigen-binding molecule having an 

impaired ability to form such four-part complexes is administered to the body, plasma retention 

30 of the antigen-binding molecules would improve and induction of immune response in the body 

would he suppressed. 	Preferred embodiments of such antigen-binding molecules which inhibit 

the formation of these complexes on immune cells, including antigen-presenting cells, include 

the three embodiments described below. 

(Embodiment 1) An antigen-binding molecule containing an Fc region having 

35 FcRn-binding activity under conditions of a neutral pH range and whose binding activity toward 

activating FcyR is lower than the binding activity of a native Fc region toward activating FcyR 
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The antigen-binding molecule of Embodiment I forms a three-pan complex by binding 

to two molecules of FeRn; however, it does not form any complex containing activating FcyR 

(Fig. 49). 	An Fc region whose binding activity toward activating FcyR is lower than the 

binding activity of a native Fc region toward activating FcyR may be prepared by modifying the 

5 amino acids of the native Fc region as described above. 	Whether the binding activity toward 

activating FeyR cithemodified-Fe-regionisleAvorThan thebinding.aetiviry-teward-estivating 

FcyR of the native Fc region can be suitably tested using the methods described in the section 

"Binding Activity" above. 

Examples of preferable activating Fcy receptors include FcyRl (CD64) which includes 

10 FcyRIa, FcyRIb, and Feyftic; FcyRlla (including allotypes RI 31 and H131); and FcyR111 (CD16) 

which includes isofonns FcyR1Ila (including allotypes VI58 and F158) and FcyRlllb (including 

allotypes FeyRIlih-NA I and FeyR111b-NA2). 

For the pH conditions to measure the binding activity of the Fc region and the Fcy 

receptor contained in the antigen-binding molecule of the present invention, conditions in an 

IS acidic pH range or in a neutral pH range may be suitably used. 	The neutral pH range, as a 

condition to measure the binding activity of the Fc region and the Fcy receptor contained in the 

antigen-binding molecule of the present invention, generally indicates pH 6.7 to p110.0. 

20 

Preferably, it is a range indicated with arbitrary pH values between pH 7.0 and pH8.0; and 

preferably. it is selected from pH 7.0, pH7.I, pH7.2, pH7.3, pH7.4, pH7.5, pH7.6, pH7.7, pH7.8, 

pH7.9, and pH 8.0: and particularly preferably, it is pH 7.4, which is close to the pH of plasma 

(blood) in vivo. 	Herein. the acidic pH range, as a condition for having a binding activity of the 

Fc region and the Fcy receptor contained in the antigen-binding molecule of the present 

invention. generally indicates pH 4.0 to pH6.5. 	Preferably. it indicates pH 5.5 to pH6.5, and 

particularly preferably, it indicates pH5.8 to pH6.0. which is close to the pH in the early 

25 

30 

endosome in vivo. 	With regard to the temperature used as measurement condition, the binding 

affinity between the Fc region and the human Fcy receptor can be evaluated at any temperature 

between 10°C and 50°C. 	Preferably. a temperature between 15°C and 40°C is used to 

determine the binding affinity between the human Fc region and the Fey receptor. 	More 

preferably, any temperature between 20°C and 35°C. such as any from 20°C, 21°C, 22°C, 23°C, 

24°C, 25°C, 26°C, 27°C, 28°C, 29°C, 30°C, 31°C, 32°C, 33°C, 34°C. or 35°C, can similarly he 

used to determine the binding affinity between the Fc region and the Fey receptor. 	A 

temperature of 25°C is a non-limiting example in an embodiment of the present invention. 

Herein, "the binding activity of the Fc region variant toward activating Fcy receptor is 

lower than the binding activity of the native Fc region toward activating Fey receptor" means 

35 that the binding activity of the Fc region variant toward any of the human Fcy receptors of FcyRI, 

FeyRila. FeyRIlla. and/or FeyR111b is lower than the binding activity of the native Fc region 
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toward these human Fey receptors. 	For example, it means that, based on an above-described 

analytical method, the binding activity of the antigen-binding molecule containing an Fc region 

variant is 95% or less, preferably 90% or less, 85% or less. 80% or less, 75% or less, particularly 

preferably 70% or less, 65% or less, 60% or less, 55% or less, 50% or less, 45% or less, 40% or 

5 less. 35% or less, 30% or less, 25% or less, 20% or less, 15% or less, 10% or less, 9% or less, 

Clir 	flfrorlest6%-orittssr5% arts; 	 or Icasr4ifroritss: MO the tessyrtfror iessrbri% "OrkS5 

as compared to the binding activity of an antigen-binding molecule containing a native Fc region 

as a control. 	As native Fc region, the starting Fc region may be used, and Fc regions of 

wild-type antibodies of different isotypes may also be used. 

10 Meanwhile, the binding activity of the native form toward activating FcyR is preferably 

a binding activity toward the Fcy receptor for human IgG I . 	To reduce the binding activity 

toward the Fcy receptor. other than performing the above-described modifications, the isotype 

may also be changed to human IgG2, human IgG3, or human IgG4. 	Alternatively, other than 

performing the above-described modifications, the binding activity toward Fey receptor can also 
15 be reduced by expressing the antigen-binding molecule containing the Fc region having a 

binding activity toward the Fcy receptor in hosts that do not add sugar chains, such as 

Escherichia coll. 

As antigen-binding molecule containing an Fc region that is used as a control, 

antigen-binding molecules having an Fc region of a monoclonal IgG antibody may be suitably 

20 used. 	The structures of such Fc regions are shown in SEQ ID NO: 1 (A is added to the N 

terminus of RefSeq Accession No. AAC82527.I ), SEQ ID NO: 2 (A is added to the N terminus 

of RefSeq Accession No. AAB59393.1), SEQ ID NO: 3 (RefSeq Accession No. CAA27268.1). 

and SEQ ID NO: 4 (A is added to the N terminus of RefSeq Accession No. AAB59394.1). 

Further. when an antigen-binding molecule containing an Fc region of a particular antibody 
25 isotype is used as the test substance, the effect of the binding activity of the antigen-binding 

molecule containing that Fc region toward the Fcy receptor is tested by using as a control an 

antigen-binding molecule having an Fc region of a monoclonal IgG antibody of that particular 

isotype. 	In this way, antigen-binding molecules containing an Fc region whose binding activity 

toward the Fey receptor was demonstrated to be high are suitably selected. 

30 In a non-limiting embodiment of the present invention, preferred examples of Fc regions 

whose binding activity toward activating FcyR is lower than that of the native Fc region toward 

activating FcyR include Fc regions in which one or more amino acids at any of positions 234, 

235, 236, 237, 238, 239, 270, 297, 298, 325, 328, and 329 as indicated by EU numbering are 

modified into amino acids that are different from those of the native Fc region, among the amino 

35 acids of an above-described Fc region. 	The modifications in the Fc region are not limited to the 

above example. and they may be, for example, modifications such as deglycosylation (N297A 
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and N297Q), IgG I -L234A/L235A, IgG I -A325A/A330S/P331S, IgGI-C226S/C229S, 

IgG I -C226S/C229S/E233P/L234V/L235A, IgGl-L234F/L235E/P33 I S, IgG I -S267E/L328F, 

IgG2-V234A/G237A. IgG2-H268QN309UA330S/A331S, IgG4-L235A/0237A/E3 I 8A, and 

IgG4-L236E described in Current Opinion in Biotechnology (2009) 20 (6), 685-691: 

5 modifications such as G236R/L328R, L235G/G236R, N325A/L328R, and N325LL328R 

&scratch:1 WO-2008109111411-ernino 	inuttiono 	 4, 23-53-en4237 sekt 	et Foeitiens-2331-23 

according to EU numbering: and modifications at the positions described in WO 2000/042072. 

In a non-limiting embodiment of the present invention, examples of a favorable Fc 

region include Fc regions having one or more of the following modifications as indicated by EU 

10 numbering in an aforementioned Fc region: 

the amino acid at position 234 is any one of Ala, Arg, Asn, Asp, Gin, Glu, Gly, His, Lys, Met. 

Phe, Pro, Ser, Tlu, or Trp; 

the amino acid at position 235 is any one of Ala, Asn, Asp, Gln, Glu, Gly, His, Ile, Lys, Met, Pro, 

Ser. Thr, Val, or Mg; 

15 the amino acid at position 236 is any one of Arg, Asn, Gln, His, Leu, Lys, Met, Phe, Pro, or Tyr; 

the amino acid at position 237 is any one of Ala, Asn, Asp. Gln, Glu, His, Ile, Leu, Lys, Met, Pro, 

Ser, Thr, Val, Tyr, or Arg; 

the amino acid at position 238 is any one of Ala. Asn, Gln. Glu, Gly, His, Ile, Lys, Thr, Tip, or 

Arg; 

20 the amino acid at position 239 is any one of Gin. His, Lys, Phe, Pro, Trp, Tyr. or Arg; 

the amino acid at position 265 is any one of Ala, Arg. Asn, Gin, Gly, His. Ile, Leu, Lys, Met, Phe, 

Ser, Thr, Tip, Tyr, or Vat; 

the amino acid at position 266 is any one of Ala. Arg, Asn, Asp. Gln, Glu, Gly, His, Lys, Phe. Pro, 

Ser, Thr, Trp. or Tyr; 

25 the amino acid at position 267 is any one of Arg, His, Lys, Phe, Pro, Trp. or Tyr; 

the amino acid at position 269 is any one of Ala, Arg, Asn, Gln, Gly, His, Ile, Leu, Lys. Met, Phe, 

Pro. Ser, Thr, Trp, Tyr, or Val; 

the amino acid at position 270 is any one of Ala. Arg, Asn. Gln, thy, His, He, Leu. Lys, Met, Phe, 

Pro, Ser, Thr, Trp, Tyr, or Vat; 

30 the amino acid at position 271 is any one of Arg, His. Phe, Set, Thr, Trp, or Tyr; 

the amino acid at position 295 is any one of Arg. Asn, Asp. Gly, His, Phe, Ser, Tip. or Tyr; 

the amino acid at position 296 is any one of Arg, Gly. Lys, or Pro; 

the amino acid at position 297 is any one of Ala; 

the amino acid at position 298 is any one of Arg, Gly, Lys. Pro, Tip, or Tyr: 

35 the amino acid at position 300 is any one of Arg. Lys. or Pro; 

the amino acid at position 324 is any one of Lys or Pro; 
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the amino acid at position 325 is any one of Ala, Arg, Gly, His, Ile, Lys, Phe, Pro, Thr, Trp, Tyr, 

or Val; 

the amino acid at position 327 is any one of Arg, Gln, His, Ile, Leu, Lys, Met, Phe, Pro. Ser, Thr, 

Trp, Tyr, or Val; 

5 the amino acid at position 328 is any one of Arg, Asn, Gly, His, Lys, or Pro; 

the aithlt) -acid at-posinem-3-29-is-arroneof Asir 	 ver:-PIt 	— — ------ 
Ser. Thr, Trp, Tyr, Val, or Arg; 

the amino acid at position 330 is any one of Pro or Ser, 

the amino acid at position 331 is any one of Arg, Gly, or Lys; or 

10 the amino acid at position 332 is any one of Arg, Lys, or Pro. 

(Embodiment 2) An antigen-binding molecule containing an Fc region having 

FcRn-binding activity under conditions of a neutral pH range and whose binding activity toward 

inhibitory FcyR is higher than the binding activity toward activating Fcy receptor 

By binding to two molecules of FcRn and one molecule of inhibitory FcyR, the 

15 antigen-binding molecule of Embodiment 2 can form a complex comprising these four elements. 

However, since a single antigen-binding molecule can bind only one molecule of FcyR, the 

antigen-binding molecule in a state bound to an inhibitory FcyR cannot bind to other activating 

FcyRs (Fig. 50). 	Furthermore, it has been reported that antigen-binding molecules that are 

incorporated into cells in a state bound to inhibitory FcyR are recycled onto the cell membrane 

20 and thus escape from intracellular degradation (Immunity (2005) 23. 503-514). 	Thus. 

antigen-binding molecules having selective binding activity toward inhibitory FcyR are thought 

not to be able to form heterocomplexes containing activating FcyR and two molecules of FcRn, 

which cause the immune response. 

Examples of preferable activating Fey receptors include FcyRI (CD64) which includes 

25 FcyRla, FeyR1b, and FcyRlc; FeyRila (including allotypes R131 and H131); and Fc-yRIII (CDI6) 

which includes isofonns Fe-Allis (including allotypes VI58 and Fl 58) and FeyRIIIb (including 

allotypes FcyRlllb-NAI and FcyRIIIb-NA2). 	Meanwhile, examples of preferred inhibitory Fcy 

receptors include FcyRIIb (including FeyRlIb-1 and FcyRilb-2). 

Herein, the binding activity toward inhibitory FcyR is higher than the binding activity 

30 toward activating Fey receptor" means that the binding activity of the Fc region variant toward 

FcyRIlb is higher than the binding activity toward any of the human Fey receptors FeyRI. 

35 

FcyRlla, FeyRIlla. and/or FcyR11113. 	For example, it means that, based on an above-described 

analytical method, the binding activity toward FcyRIlb of the antigen-binding molecule 

containing an Fc region variant is 105% or more, preferably 110% or more. 120% or more, 

130% or more. 140% or more, particularly preferably 150% or more, 160% or more, 170% or 

more, 180% or more, 190% or more. 200% or more, 250% or more. 300% or more. 350% or 
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more, 400% or more, 450% or more, 500% or more, 750% or more, 10 times or more, 20 times 

or more, 30 times or more, 40 times or more, 50 times or more as compared with the binding 

activity toward any of the human Fey receptors of FeyRI, FcyRIla, FeyRIlla, and/or FcyRIIIb. 

Most preferably. the binding activity toward FeyRIlb is higher than each of the binding 

5 	activities toward FcyRIa. FcyRIla (including allotypes R131 and H131). and FeyRIIIa (including 

alletypes VI58 and1P1-58),---FeyRia-showsmarkedly-high affinity-toward ITEISC IgG1-, thirs,Ilit 

binding is thought to be saturated in vivo due to the presence of a large amount of endogenous 

IgG I. 	For this reason, inhibition of complex formation may be possible even if the binding 

activity toward FeyRlib is greater than the binding activities toward FcyRIla and FcyRIlla and 

10 	lower than the binding activity toward FcyRIa. 

As antigen-binding molecule containing an Fc region that is used as a contml, 

antigen-binding molecules having an Fc region of a monoclonal IgG antibody may be suitably 

used. 	The structures of such Fc regions are shown in SEQ ID NO: 11 (A is added to the N 

terminus of RefSeq Accession No. AAC82527.1), SEQ ID NO: 12 (A is added to the N terminus 

15 	of RefSeq Accession No. AAB59393.1), SEQ ID NO: 13 (RefSeq Accession No. CAA27268.I ), 

and SEQ ID NO: 14 (A is added to the N terminus of RefSeq Accession No. AAB59394.1). 

Further, when an antigen-binding molecule containing an Fc region of a particular antibody 

isotype is used as the test substance, the effect of the binding activity of the antigen-binding 

molecule containing that Fc region toward the Fcy receptor is tested by using as a control an 

20 	antigen-binding molecule having an Fc region of a monoclonal IgG antibody of that particular 

isotype. 	In this way, antigen-binding molecules containing an Fc region whose binding activity 

toward the Fcy receptor was demonstrated to be high are suitably selected. 

In a non-limiting embodiment of the present invention, preferred examples of Fc regions 

having a selective binding activity toward inhibitory FcyR include Fc regions in which, among 

25 	the amino acids of an above-described Fc region, the amino acid at 328 or 329 as indicated by 

EU numbering is modified into an amino acid that is different from that of the native Fc region. 

Furthermore, as Fc regions having selective binding activity toward inhibitory Fcy receptor. the 

Fe regions or modifications described in US 2009/0136485 can be suitably selected. 

In another non-limiting embodiment of the present invention, a preferred example is an 

30 	Fc region having one or more of the following modifications as indicated by EU numbering in an 

aforementioned Fc region: the amino acid at position 238 is Asp: or the amino acid at position 

328 is Glu. 

In still another non-limiting embodiment of the present invention. examples of a 

favorable Fc region include Fc regions having one or more of the following modifications: 

35 	a substitution of Pro at position 238 according to EU numbering to Asp. the amino acid at 

position 237 according to EU numbering is Trp. the amino acid at position 237 according to EU 
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numbering is Phe, the amino acid at position 267 according to EU numbering is Val, the amino 

acid at position 267 according to EU numbering is Gln, the amino acid at position 268 according 

to EU numbering is Asn, the amino acid at position 271 according to EU numbering is Gly, the 

amino acid at position 326 according to EU numbering is Leu. the amino acid at position 326 

5 according to EU numbering is Gln, the amino acid at position 326 according to EU numbering is 

--a—the-antintraeid at-position-3-26-mxxialiag-to-aiturriberiirgis-Met-diramino-dati at 

position 239 according to EU numbering is Asp, the amino acid at position 267 according to Eli 

numbering is Ala. the amino acid at position 234 according to EU numbering is Tip, the amino 

acid at position 234 according to EU numbering is Tyr, the amino acid t position 237 according 

10 to EU numbering is Ala. the amino acid at position 237 according to EU numbering is Asp, the 

amino acid at position 237 according to EU numbering is Glu, the amino acid at position 237 

according to EU numbering is Leu, the amino acid at position 237 according to EU numbering is 

Met, the amino acid at position 237 according to EU numbering is Tyr, the amino acid at position 

330 according to EU numbering is Lys, the amino acid at position 330 according to EU 

15 numbering is Arg, the amino acid at position 233 according to EU numbering is Asp, the amino 

acid at position 268 according to EU numbering is Asp, the amino acid at position 268 according 

to EU numbering is Glu, the amino acid at position 326 according to EU numbering is Asp, the 

amino acid at position 326 according to EU numbering is Ser, the amino acid at position 326 

according to EU numbering is Thr. the amino acid at position 323 according to EU numbering is 

20 Ile, the amino acid at position 323 according to EU numbering is Leu, the amino acid at position 

323 according to EU numbering is Met, the amino acid at position 296 according to EU 

numbering is Asp. the amino acid at position 326 according to EU numbering is Ala, the amino 

acid at position 326 according to EU numbering is Asn, and the amino acid at position 330 

according to EU numbering is Met. 

25 (Embodiment 3) An antigen-binding molecule containing an Fc region. in which one of 

the two polypeptides forming the Fc region has an FeRn-binding activity under conditions of a 

neutral pH range and the other does not have any FcRn-binding activity under conditions of a 

neutral pH range 

By binding to one molecule of FcRn and one molecule of FcyR. the antigen-binding 

30 molecule of Embodiment 3 can form a three part complex; however, it does not font any 

hetcmcomplex containing the four elements of two molecules of FcRn and one molecule of FcyR 

(Fig. 51). 	As Fc region in which one of the two polypeptides forming the Fc region has an 

FcRn-binding activity under conditions of a neutral pH range and the other does not have any 

FeRn-binding activity under conditions of a neutral pH range contained in the antigen-binding 

35 molecule of Embodiment 3. Fc regions derived from bispecific antibodies may be suitably used. 

Bispecific antibodies are two types of antibodies having specificities toward different antigens. 
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Bispecific antibodies of IgG type can be secreted from hybrid hybridomas (quadmmas) resulting 

from fusion of two types of hybridomas producing IgG antibodies (Milstein er al. (Nature (1983) 

305, 537-540). 

When an antigen-binding molecule of Embodiment 3 described above is produced by 

5 using recombination techniques such as those described in the above section "Antibody". one 

can esec method in-which genes encoding the pritypeptides-thateenstitute the-ttve types of Fc 

regions of interest are introduced into cells to co-express them. 	However, the produced Fc 

regions will be a mixture in which the following will exist at a molecular ratio of 2:1:1: Fc 

regions in which one of the two polypeptides forming the Fc region has an &An-binding activity 

10 under conditions of a neutral pH range and the other polypeptide does not have any 

Mtn-binding activity under conditions of a neutral pH range: Fc regions in which the two 

polypeptides forming the Fc region both have an FcRn-binding activity under conditions of a 

neutral pH range; and Fc regions in which the two polypeptides forming the Fc region both do 

not have any Mtn-binding activity under conditions of a neutral pH range. 	It is difficult to 

15 purify antigen-binding molecules containing the desired combination of Fc regions from the 

three types of IgGs. 

When producing the antigen-binding molecules of Embodiment 3 using such 

recombination techniques. antigen-binding molecules containing a heteromeric combination of 

Fc regions can be preferentially secreted by adding appropriate amino acid substitutions in the 

20 CH3 domains constituting the Fc regions. 

Specifically, this method is conducted by substituting an amino acid having a larger side 

chain (knob (which means "bulge")) for an amino acid in the CH3 domain of one of the heavy 

chains, and substituting an amino acid having a smaller side chain (hole (which means "void")) 

for an amino acid in the CH3 domain of the other heavy chain so that the knob is placed in the 

25 hole. 	This promotes heteromeric H chain formation and simultaneously inhibits homomeric H 

chain formation (WO 1996027011; Ridgway et at, Protein Engineering (1996) 9, 617-621: 

Merchant et al., Nature Biotechnology (1998) 16, 677-681). 

Furthermore, there are also known techniques for producing a bispecific antibody by 

applying methods for controlling polypeptide association, or association of polypeptide-formed 

30 heteromeric multimers to the association between the two polypeptides that form an Fc region. 

Specifically, methods for controlling polypeptide association may be employed to produce a 

bispecific antibody (WO 2006/106905)„ in which amino acid residues forming the interface 

between two polypeptides that form the Fc region are altered to inhibit the association between 

Fc regions having the same sequence and to allow the formation of polypeptide complexes 

35 formed by two Fe regions of different sequences. 	Such methods can be used for preparing the 

antigen-binding molecule of embodiment 3 of the present invention. 
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In a non-limiting embodiment of the present invention, two polypeptides constituting an 

Fc region derived from a bispecific antibody described above can he suitably used as the Fc 

region. 	More specifically, two polypeptides constituting an Fc region may be suitably used, in 

S which, of the amino acid sequence of one of the polypeptides, the amino acid at position 349 as 

indicated- b-FEU-numberingireya and dm. &him acitha positionl6frir-Tip , 	uttliraminor 

acid sequence of the other of the polypeptides, the amino acid at position 356 as indicated by EU 

numbering is Cys, the amino acid at position 366 is Ser, the amino acid at position 368 is Ala, 

and the amino acid at position 407 is Val. 

10 In another non-limiting embodiment of the present invention, two polypeptides 

constituting an Fc region. in which, of the amino acid sequence of one of the polypeptides, the 

amino acid at position 409 according to EU numbering is Asp, and of the amino acid sequence of 

the other of the polypeptides, the amino acid at position 399 according to EU numbering is Lys, 

may be suitably used as the Fc region. 	In the above embodiment, the amino acid at position 

15 409 may be Glu instead of Asp, and the amino acid at position 399 may be Arg instead of Lys. 

Moreover, in addition to the amino acid Lys at position 399. Asp may suitably be added as amino 

acid at position 360 or Asp may suitably be added as amino acid at position 392. 

In still another non-limiting embodiment of the present invention, two polypeptides 

constituting an Fc region, in which, of the amino acid sequence of one of the polypeptides, the 

20 amino acid at position 370 according to EU numbering is Glu. and of the amino acid sequence of 

the other of the polypeptides, the amino acid at position 357 according to EU numbering is Lys, 

may be suitably used as the Fc region. 

In yet another non-limiting embodiment of the present invention, two polypeptides 

constituting an Fc region, in which, of the amino acid sequence of one of the polypeptides. the 

25 amino acid at position 439 according to EU numbering is Glu, and of the amino acid sequence of 

the other of the polypeptides, the amino acid at position 356 according to EU numbering is Lys, 

may be suitably used as the Fc region. 

In still yet another non-limiting embodiment of the present invention, any of the 

embodiments indicated below, in which the above have been combined, may be suitably used as 

30 the Fc region: 

two polypeptides constituting an Fc region. in which, of the amino acid sequence of one of the 

polypeptides. the amino acid at position 409 according to EU numbering is Asp and the amino 

acid at position 370 is Glu. and of the amino acid sequence of the other of the polypeptides, the 

amino acid at position 399 according to EU numbering is Lys and the amino acid at position 357 

35 is Lys (in this embodiment, the amino acid at position 370 according to EU numbering may be 

Asp instead of Glu, and the amino acid Asp at position 392 according to EU numbering may be 
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used instead of the amino acid Glu at position 370 according to EU numbering); 

two polypeptides constituting an Fc region, in which, of the amino acid sequence of one of the 

polypeptides, the amino acid at position 409 according to EU numbering is Asp and the amino 

acid at position 439 is Glu, and of the amino acid sequence of the other of the polypeptides, the 

5 amino acid at position 399 according to EU numbering is Lys and the amino acid at position 356 

ts Lys fin thictembodimait,.the amine-ficierAsir at pdsitiorr360-accortirnig-tcramumbering.-the-  . 

amino acid Asp at position 392 according to Eli numbering, or the amino acid Asp at position 

439 according to EU numbering may be used instead of the amino acid Glu at position 439 

according to EU numbering); 

10 two polypeptides constituting an Fc region, in which, of the amino acid sequence of one of the 

polypeptides, the amino acid at position 370 according to EU numbering is Glu and the amino 

acid at position 439 is Glu, and of the amino acid sequence of the other of the polypeptides, the 

amino acid at position 357 according to EU numbering is Lys and the amino acid at position 356 

is Lys; and 

I5 two polypeptides constituting an Fc region, in which, of the amino acid sequence of one of the 

polypeptides, the amino acid at position 409 according to EU numbering is Asp, the amino acid 

at position 370 is Glu, and the amino acid at position 439 is Glu, and of the amino acid sequence 

of the other of the polypeptides, the amino acid at position 399 according to EU numbering is 

Lys, the amino acid at position 357 is Lys, and the amino acid at position 356 is Lys (in this 

20 embodiment, the amino acid at position 370 according to EU numbering may not be substituted 

to Glu, and finhermore, when the amino acid at position 370 is not substituted to Glu, the amino 

acid at position 439 may be Asp instead of Glu, or the amino acid Asp at position 392 may be 

used instead of the amino acid Glu at position 439). 

Further, in another non-limiting embodiment of the present invention, two polypeptides 

25 constituting an Fc region, in which, of the amino acid sequence of one of the polypeptides, the 

amino acid at position 356 according to EU numbering is Lys, and of the amino acid sequence of 

the other of the polypeptides, the amino acid at position 435 according to EU numbering is Arg 

and the amino acid at position 439 is Glu, may also be suitably used. 

In still another non-limiting embodiment of the present invention, two polypeptides 

30 constituting an Fc region, in which, of the amino acid sequence of one of the polypeptides, the 

amino acid at position 356 according to EU numbering is Lys and the amino acid at position 357 

is Lys, and of the amino acid sequence of the other of the polypeptides, the amino acid at 

position 370 according to EU numbering is Glu, the amino acid at position 435 is Arg, and the 

amino acid at position 439 is Glu, may also be suitably used. 

35 These antigen-binding molecules of Embodiments I to 3 are expected to be able to 

reduce immunogenicity and improve plasma retention as compared to antigen-binding molecules 
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capable of forming four pan complexes. 

Impairment of immune response (reduction of immunogenicity) 

Whether the immune response against the antigen-binding molecule of the present 

5 invention has been modified can be evaluated by measuring the response reaction in an organism 

—inttrvittietrirpharmaceatitai-cotupositiertr comp isingtorantigewbinding-toolecule as an active- 
ingredient has been administered. 	Response reactions of an organism mainly include two 

immune responses: cellular immunity (induction of cytotoxic T cells that recognize peptide 

fragments of antigen-binding molecules bound to MHC class I) and humoral immunity 

10 (induction of production of antibodies that bind to antigen-binding molecules). 	Regarding 

protein pharmaceuticals in particular, the production of antibodies against the administered 

antigen-binding molecules is referred to as immunogenicity. 	There are two types of methods 

for assessing the immunogenicity: methods for assessing antibody production in vivo and 
methods for assessing the reaction of immune cells in vitro. 

15 The in vivo immune response (immunogenicity) can be assessed by measuring the 

antibody titer after administration of the antigen-binding molecules to an organism. 	For 

example, antibody titers are measured after administering antigen-binding molecules A and B to 
mice. 	When the antibody titer for antigen-binding molecule A is higher than that for B. or when 

following administration to several mice, administration of antigen-binding molecule A gave a 
20 higher incidence of mice with elevated antibody titer, then A is judged to have higher 

immunogenicity than B. 	Antibody titers can be measured using methods for measuring 

molecules that specifically bind to administered molecules using ELISA, ECL, or SPR which are 

known to those skilled in the art (J. Pharm. Biomed. Anal. (2011) 55 (5). 878-888). 

Methods for assessing in vitro the immune response of an organism against the 
25 antigen-binding molecules (immunogenicity) include methods of reacting in vitro human 

peripheral blood mononuclear cells isolated from donors (or fractionated cells thereof) with 

antigen-binding molecules and measuring the cell number or percentage of helper T cells and 

such that react or proliferate or the amount of cytokines produced (Clin. Immunol. (2010) 137 

(1), 5-14; Drugs R D. (2008) 9 (6), 385-396). 	For example, upon evaluation of antigen-binding 
30 molecules A and B by such in vitro immunogenicity tests, when the response with 

antigen-binding molecule A was higher than that with B. or when several donors were evaluated 

and the reaction positivity rate with antigen-binding molecule .A was higher. then A is judged to 

have higher immunogenicity than B. 

Without being bound by a particular theory. since antigen-binding molecules having 

35 FcRn-binding activity in a neutral pH range can form hetero tetramer complexes comprising two 

molecules of FcRn and one molecule of FcyR on the cell membrane of antigen-presenting cells, 
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the immune response is thought to be readily induced because of enhanced incorporation into 

antigen-presenting cells. 	There are phosphorylation sites in the intracellular domains of FcyR 

and FcRn. 	In general, phosphorylation of the intracelllular domains of receptors expressed on a 

cell surface occurs upon assembly of the receptors and their phosphorylation causes 

5 internalization of the receptors. 	Assembly of the intracellular domains of Fe7R does not occur 

--even-griative-Ig61 forms-a dimwit. complex-offcyR/186-1- on antigginrcsenting cells: 

However, in the case an IgG molecule having a binding activity toward FcRn under conditions of 

a neutral pH range forms a complex containing the four elements of FcyR/two molecules of 

FcRn/IgG, the three intracellular domains of the FcyR and FcRn would assemble, and it is 

10 possible that as a result, internalization of the heterocomplex containing the four elements of 

FcyR/two molecules of FcRn/IgG is induced. 	The heterocomplexes containing the four 

elements of FcyR/two molecules of FcRn/IgG are thought to be formed on antigen-presenting 

cells co-expressing FcyR and FcRn, and it is possible that the amount of antibody molecules 

incorporated into antigen-presenting cells is thereby increased, resulting in worsened 

15 immunogenicity. 	It is thought that, by inhibiting the above-described complex formation on 

antigen-presenting cells using any one of the methods of Embodiments 1, 2. or 3 revealed in the 

present invention, incorporation into antigen-presenting cells may be reduced and consequently, 

immunogenicity may be improved. 

20 Improvement of pharmacokinetics 

Without being bound by a particular principle, the reasons why the number of antigens a 

single antigen-binding molecule can bind is increased and why the dissipation of antigen 

concentration in the plasma is accelerated following promotion of incorporation into the cells of 

an organism upon administration into the organism of, for example, an antigen-binding molecule 

25 comprising an Fc region having a binding activity toward human FcRn under conditions of a 

neutral pH range and an antigen-binding domain whose antigen-binding activity changes 

depending on the conditions of ion concentrations so that the antigen-binding activity under 

conditions of an acidic pH range is lower than the antigen-binding activity in a neutral pH range 

may be explained, for example, as follows. 

30 For example, when the antigen-binding molecule is an antibody that binds to a 

membrane antigen. the antibody administered into the body binds to the antigen and then is taken 

up via internalization into endosomes in the cells together with the antigen while the antibody is 

kept bound to the antigen. 	Then, the antibody translocates to lysosomes while the antibody is 

kept bound to the antigen, and the antibody is degraded by the lysosome together with the 

35 antigen. 	The internalization-mediated elimination from the plasma is called antigen-dependent 

elimination, and such elimination has been reported with numerous antibody molecules (Drug 
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Discov Today (2006) 11(1-2): 81-88). 	When a single molecule of lgG antibody binds to 

antigens in a divalent manner. the single antibody molecule is internalized while the antibody is 

kept bound to the two antigen molecules, and degraded in the lysosome. 	Accordingly, in the 

case of common antibodies, one molecule of IgG antibody cannot bind to three or more 

5 molecules of antigen. 	For example, a single IgG antibody molecule having a neutralizing 
.. 	. -actititrcatintnentralizeihret ormere-amig 1 

The relatively prolonged retention (slow elimination) of IgG molecules in the plasma is 

due to the function of human FcRn which is known as a salvage receptor of IgG molecules. 

When taken up into endosomes via pinocytosis, lgG molecules bind to human FcRn expressed in 

10 the endosomes under the acidic condition in the endosomes. 	While IgG molecules that did not 

bind to human FcRn transfer to lysosomes where they are degraded, IgG molecules that are 

bound to human FcRn translocate to the cell surface and return again in the plasma by 

dissociating from human FcRn under the neutral condition in the plasma. 

Alternatively, when the antigen-binding molecule is an antibody that binds to a soluble 

15 antigen, the antibody administered into the body binds to the antigen and then is taken up into 

cells while the antibody is kept bound to the antigen. 

Most of the antibodies incorporated into the cells bind to FeRn in the endosomes and 

translocate to the cell surface. 	Antibodies dissociate from human FcRn under the neutral 

condition in the plasma and are released to the outside of the cells. 	However. antibodies having 

20 ordinary antigen-binding domains whose antigen-binding activity does not change depending on 

conditions of ion concentration such as pH are released to the outside of the cells while 

remaining bound to the antigens; thus, they are unable to bind again to antigens. 	Accordingly. 

similarly to antibodies that bind to membrane antigens, a single ordinary IgG antibody molecule 

whose antigen-binding activity does not change depending on conditions of ion concentration 

25 such as pH are unable to bind to three antigen molecules or more. 

Antibodies that bind to antigens in a pH-dependent manner, which antibodies strongly 

bind to antigens under conditions of a neutral pH range in the plasma and dissociate from the 

antigens under conditions of an acidic pH range in the endosomes (antibodies that bind to 

antigens under conditions of a neutral pH range and dissociate under conditions of an acidic pH 

30 range), and antibodies that bind to antigens in a calcium ion concentration-dependent manner. 

which antibodies strongly bind to antigens under conditions of a high calcium ion concentration 

in the plasma and dissociate from the antigens under conditions of a low calcium ion 

concentration in the endosomes (antibodies that bind to antigens under conditions of a high 

calcium ion concentration and dissociate under conditions of a low calcium ion concentration) 

35 can dissociate from the antigens in the endosomes. 	Antibodies that bind to antigens in a 

pH-dependent manner or antibodies that bind to antigens in a calcium ion 
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concentration-dependent manner are able to bind to antigens again after they dissociate from the 

antigens and are recycled to the plasma by FcRn. 	Thus, a single antibody molecule can 

repeatedly bind to several antigen molecules. 	Meanwhile, the antigens bound to the 

antigen-binding molecules dissociate from the antibodies in the endosomes and are degraded in 

5 	lysosomes without being recycled to the plasma. 	By administering such antigen-binding 

----- ---makcales• to organisrns, ineropecation-of antigensinto-tho eells-ispromotetand the-antigen,  

concentration in the plasma can be reduced. 

incorporation into cells of antigens against which antigen-binding molecules bind is 

further promoted by giving an ability to bind human FcRn under conditions of a neutral pH 

10 	range (pH 7.4) to antibodies that bind to antigens in a pH-dependent manner, which antibodies 

strongly bind to antigens under conditions of a neutral pH range in the plasma and dissociate 

from the antigens under conditions of an acidic pH range in the endosomes (antibodies that bind 

to antigens under conditions of a neutral pH range and dissociate under conditions of an acidic 

pH range), and antibodies that bind to antigens in a calcium ion concentration-dependent manner. 

15 	which antibodies strongly bind to antigens under conditions of a high calcium ion concentration 

in the plasma and dissociate from the antigens under conditions of a low calcium ion 

concentration in the endosomes (antibodies that bind to antigens under conditions of a high 

calcium ion concentration and dissociate under conditions of a low calcium ion concentration). 

Thus, by administering such antigen-binding molecules to organisms, antigen elimination is 

20 	promoted and the antigen concentration in the plasma can be reduced. 	Ordinary antibodies that 

lack the ability of binding to antigens in a pH-dependent manner or the ability of binding to 

antigens in a calcium ion concentration-dependent manner, as well as antigen-antibody 

complexes thereof, are incorporated into cells by non-specific endocytosis, transported to the cell 

surface following binding with FcRn under the acidic condition in the endosomes, and recycled 

25 	in the plasma following dissociation from the FcRn under the neutral condition on cell surface. 

For this reason, when an antibody that binds to an antigen in a sufficiently pH-dependent manner 

(that binds under conditions of a neutral pH range and dissociate under conditions of an acidic 

pH range) or an antibody that binds to an antigen in a sufficient calcium ion 

concentration-dependent manner (that binds under conditions of a high calcium ion 

30 	concentration and dissociates under conditions of a low calcium ion concentration) binds to an 

antigen in the plasma and dissociates in the endosomes from the antigen it is bound to. the rate of 

antigen elimination will be equivalent to the rate of incorporation into cells by non-specific 

endocytosis of the antibody or antigen-antibody complex thereof. 	When the pH-dependency or 

the calcium ion concentration-dependency of the binding between the antibodies and the 

35 	antigens is insufficient, the antigens that did not dissociate from the antibodies in the endosomes 

will be recycled to the plasma along with the antibodies. 	However, when the pH-dependency 
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or calcium ion concentration-dependency is sufficient, the rate of incorporation into cells by 

non-specific endocytosis will be rate-limiting for the rate of antigen elimination. 	Meanwhile, 

since Fenn transports antibodies from the endosomes to the cell surface, a pan of the FcRn is 

thought to also be present on the cell surface. 

5 In general, IgG-type immunoglobulin, which is an embodiment of the antigen-binding 

motet:tilt, shrtrws almost tio-FeRn-itlighng-tudivity lir-the neutralpitrauge. 	rut. inesent 

inventors considered that IgG-type immunoglobulin having an FeRn-binding activity in the 

neutral pH range can bind to FcRn on the cell surface, and will be incorporated into cells in an 

FcRn-dependent manner by binding to the FcRn on the cell surface. 	The rate of 

10 FcRn-mediated incorporation into cells is more rapid than the incorporation into cells by 

non-specific endocytosis. 	Thus, the present inventors considered that the rate of antigen 

elimination by the antigen-binding molecules can be further accelerated by conferring an 

FcRn-binding ability in the neutral pH range. 	Specifically, antigen-binding molecules having 

FcRn-binding ability in the neutral pH range would send antigens into cells more rapidly than the 

15 native IgG-type immunoglobulins, release the antigens in the endosomes, be recycled to cell 

surface or plasma again, once again bind to antigens there, and be incorporated again into cells 

via FcRn. 	The rate of this cycle can be accelerated by increasing the FcRn-binding ability in 

the neutral pH range: thus, the rate of elimination of the antigens from the plasma is accelerated. 

Moreover, the rate of antigen elimination from the plasma can be further accelerated by reducing 

20 the antigen-binding activity in an acidic pH range of an antigen-binding molecule as compared 

with the antigen-binding activity in the neutral pH range. 	In addition, the number of antigen 

molecules to which a single antigen-binding molecule can bind is thought to increase due to the 

increase in number of cycles that results from acceleration of the rate of this cycle. 	The 

antigen-binding molecules of the present invention comprise an antigen-binding domain and an 

25 FcRn-binding domain, and the FcRn-binding domain does not affect the antigen binding. 

Moreover, in light of the mechanism described above, they do not depend on the type of the 

antigens. 	Thus, by reducing the antigen-binding activity (binding ability) of an antigen-binding 

molecule under conditions of an acidic pH range or ion concentrations such as low calcium ion 

concentration as compared with the antigen-binding activity (binding ability) under conditions of 

30 a neutral pH range or ion concentrations such as high calcium ion concentration, and/or by 

increasing the Fenn-binding activity under the pH of the plasma. incorporation into cells of the 

antigens by the antigen-binding molecules can be promoted and the rate of antigen elimination 

can be accelerated. 

Herein. "antigen incorporation into cells-  by antigen-binding molecules means that the 

35 antigens are incorporated into cells by endocytosis. 	Furthermore. herein. "to promote 

incorporation into cells-  indicates that the rate of incorporation into cells of the antigen-binding 
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molecules that bound to antigens in the plasma is promoted, and/or the amount of incorporated 

antigens that are recycled to the plasma is reduced. 	In this case, the rate of incorporation into 

cells of an antigen-binding molecule that has a human FcRn-binding activity in the neutral pH 

range, or of an antigen-binding molecule that has this human FcRn-binding activity and whose 

5 antigen-binding activity in an acidic pH range is lower than that in the neutral pH range should 

..be-pratnoted-whon. compeacd-to an-antigen-binding moleetile-that Aces not•havea.humat , . 

FcRn-binding activity in the neutral pH range, or to an antigen-binding molecule whose 

antigen-binding activity in an acidic pH range is lower than that in the neutral pH range. 	In 

another embodiment. the rate of incorporation into cells of an antigen-binding molecule of the 

10 present invention is preferably promoted as compared to that of a native human IgG, and 

particular preferably it is promoted as compared to that of a native human IgG. 	Thus, in the 

present invention, whether or not incorporation by antigen-binding molecules of antigens into 

cells is promoted can be determined based on whether or not the rate of antigen incorporation 

into cells is incrtatsed. 	The rate of cellular incorporation of antigens can be measured, for 

15 example, by adding the antigen-binding molecules and antigens to a culture medium containing 

cells expressing human FcRn and measuring the reduction over time of the concentration of the 

antigens in the medium, or by measuring over time the amount of antigens incorporated into 

cells expressing human FcRn. 	By using methods for promoting the cellular incorporation of 

antigens mediated by the antigen-binding molecules of the present invention, for example. by 

20 administering the antigen-binding molecules, the rate of antigen elimination from the plasma can 

be promoted. 	Thus, whether or not incorporation by antigen-binding molecules of antigens into 

cells is promoted can also be assessed, for example. by measuring whether or not the rate of 

elimination of the antigens present in the plasma is accelerated or measuring whether or not the 

total antigen concentration in the plasma is reduced after administration of the antigen-binding 

25 molecules. 

Herein, "native human NG" refers to unmodified human leG. and is not limited to a 

particular IgG subclass. 	This means that human IgG I, IgG2, IgG3, or lgG4 can be used as 

"native human IgG" as long as it is capable of binding to human FcRn in an acidic pH range. 

Preferably. the "native human IgG" may be human IgG 1. 

30 Herein, the "ability to eliminate the antigens in plasma" refers to the ability to eliminate 

the antigens present in the plasma from the plasma after in vivo administration of the 

antigen-binding molecules or in vivo secretion of the antigen-binding molecules. 	Thus, herein, 

"the ability of the antigen-binding molecules to eliminate the antigens in the plasma is increased" 

means that, when the antigen-binding molecules are administered. the human FcRn-binding 

35 activity of the antigen-binding molecules in the neutral pH range is increased, or that, in addition 

to this increase of the human FcRn-binding activity. the rate of antigen elimination from plasma 
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is accelerated as compared to before reducing the antigen-binding activity in an acidic pH range 

as compared to that in the neutral pH range. 	Whether or not the ability of an antigen-binding 

molecule to eliminate the antigens in the plasma is increased can be assessed, for example, by 

administering soluble antigens and the antigen-binding molecule in vivo and measuring the 

5 plasma concentration of the soluble antigens after administration. 	If the concentration of the 

soluble-antigens-iv the plasrntris thr-reased-afterahninisuation of-the-solzbitrantigens and die 

antigen-binding molecules after increasing the human FcRn-binding activity in the neutral pH 

range of the antigen-binding molecules, or, in addition to increasing this human FcRn-binding 

activity, reducing the antigen-binding activity in an acidic pH range as compared to that in the 

10 neutral pH range, then the ability of the antigen-binding molecules to eliminate the antigens in 

the plasma is judged to be increased. 	The soluble antigen may be an antigen that is bound to an 

antigen-binding molecule or an antigen that is not bound to an antigen-binding molecule, and its 

concentration can be determined as a "plasma concentration of the antigen bound to the 

antigen-binding molecules" or as a "plasma concentration of the antigen that is not bound to the 

15 antigen-binding molecules", respectively (the latter is synonymous with "free antigen 

concentration in plasma"). 	"The total antigen concentration in the plasma" means the sum of 

antigen-binding molecule bound antigen and non-bound antigen concentration, or the "free 

antigen concentration in plasma" which is the antigen-binding molecule non-bound antigen 

concentration. 	Thus, the concentration of soluble antigen can be determined as the "total 

20 antigen concentration in plasma". 

Various methods for measuring "total antigen concentration in plasma" or "free antigen 

concentration in plasma" are well known in the an as described hereinafter. 

Herein. "enhancement of pharmacokinetics", "improvement of pharmacokinetics", and "superior 

pharmacokinetics" can be restated as "enhancement of plasma (blood) retention", "improvement 

25 of plasma (blood) retention". "superior plasma (blood) retention", and "prolonged plasma (blood) 

retention". 	These terms are synonymous. 

Herein, "improvement of pharmacokinetics" means not only prolongation of the period 

until elimination from the plasma (for example. until the antigen-binding molecule is degraded 

intracellularly or the like and cannot return to the plasma) after administration of the 

30 antigen-binding molecule to humans, or non-human animals such as mice, rats, monkeys, rabbits. 

and dogs, but also prolongation of the plasma retention of the antigen-binding molecule in a 

form that allows antigen binding (for example, in an antigen-free form of the antigen-binding 

molecule) during the period of administration to elimination due to degradation. 	Human IgG 

having wild-type Fc region can bind to FcRn from non-human animals. 	For example, mouse 

35 can be preferably used to be administered in order to confirm the property of the antigen-binding 

molecule of the invention since human IgG having wild-type Fc region can bind to mouse FcRn 
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stronger than to human FcRn (Int Immunol. (2001) 13(12): 1551-1559). 	As another example, 

mouse in which its native FeRn genes are disrupted and a transgene for human FcRn gene is 

harbored to be expressed (Methods Mol Biol. 2010; 602: 93-104) can also be preferably used to 

be administered in order to confirm the property of the antigen-binding molecule of the invention 

5 described hereinafter. 	Specifically, "improvement of pharmacokinetics" also includes 

prolongation-of the period-untildimination,due to degradation-of-the antigen-binding-molecule 

not bound to antigens (the antigen-free form of antigen-binding molecule). 	The 

antigen-binding molecule in plasma cannot bind to a new antigen if the antigen-binding molecule 

has already bound to an antigen. 	Thus, the longer the period that the antigen-binding molecule 

10 is not bound to an antigen, the longer the period that it can bind to a new antigen (the higher the 

chance of binding to another antigen). 	This enables reduction of the time period that an antigen 

is free of the antigen-binding molecule in vivo and prolongation of the period that an antigen is 

bound to the antigen-binding molecule. 	The plasma concentration of the antigen-free form of 

antigen-binding molecule can be increased and the period that the antigen is bound to the 

15 antigen-binding molecule can be prolonged by accelerating the antigen elimination from the 

plasma by administration of the antigen-binding molecule. 	Specifically, herein "improvement 

of the pharmacokinetics of antigen-binding molecule" includes the improvement of a 

phannacokinetic parameter of the antigen-free form of the antigen-binding molecule (any of 

prolongation of the half-life in plasma, prolongation of mean retention time in plasma, and 

20 impairment of plasma clearance), prolongation of the period that the antigen is bound to the 

antigen-binding molecule after administration of the antigen-binding molecule, and acceleration 

of antigen-binding molecule-mediated antigen elimination from the plasma. 	The improvement 

of pharmacokinetics of antigen-binding molecule can be assessed by determining any one of the 

parameters, half-life in plasma, mean plasma retention time, and plasma clearance for the 

25 antigen-binding molecule or the antigen-free form thereof ("Pharmacokinetics: Enshu-niyoru 

30 

Rikai (Understanding through practice)" Nanzando). 	For example, the plasma concentration of 

the antigen-binding molecule or antigen-free form thereof is determined after administration of 

the antigen-binding molecule to mice, rats, monkeys, rabbits, dogs. or humans. Then, each 

parameter is determined. When the plasma half-life or mean plasma retention time is prolonged, 

the pharmacokinetics of the antigen-binding molecule can be judged to be improved. 	The 

parameters can be determined by methods known to those skilled in the art. 	The parameters 

can be appropriately assessed, for example, by noncompartmental analysis using the 

pharmacokinetics analysis software WinNonlin (Pharsight) according to the appended instruction 

manual. 	The plasma concentration of antigen-free antigen-binding molecule can be determined 

35 by methods known to those skilled in the art, for example. using the assay method described in 

Clin Pharmacol. 2008 Apr: 48(4): 406-417. 
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Herein, "improvement of pharrnacokinetics" also includes prolongation of the period 

that an antigen is bound to an antigen-binding molecule after administration of the 

antigen-binding molecule. Whether the period that an antigen is bound to the antigen-binding 

molecule after administration of the antigen-binding molecule is prolonged can be assessed by 

5 determining the plasma concentration of free antigen. The prolongation can be judged based on 

tlirticterrnint.khrlasnra-toncentationuf free-antigetrorthe-tinte-periochrequirett-foran ificre.ase in 

the ratio of free antigen concentration to the total antigen concentration. 

The plasma concentration of free antigen not bound to the antigen-binding molecule or 

the ratio of free antigen concentration to the total concentration can be determined by methods 

10 known to those skilled in the art, for example. by the method used in Pharm Res. 2006 Jan; 23 

( I ): 95-103. 	Alternatively, when an antigen exhibits a particular function in vivo, whether the 

antigen is bound to an antigen-binding molecule that neutralizes the antigen function 

(antagonistic molecule) can be assessed by testing whether the antigen function is neutralized. 

Whether the antigen function is neutralized can be assessed by assaying an in vivo marker that 

15 reflects the antigen function. 	Whether the antigen is bound to an antigen-binding molecule that 

activates the antigen function (agonistic molecule) can be assessed by assaying an in vivo marker 

that reflects the antigen function. 

Detennination of the plasma concentration of free antigen and ratio of the amount of 

free antigen in plasma to the amount of total antigen in plasma, in viva marker assay, and such 

20 measurements are not particularly limited; however, the assays are preferably carried out after a 

certain period of time has passed after administration of the antigen-binding molecule. In the 

present invention, the period after administration of the antigen-binding molecule is not 

particularly limited; those skilled in the art can determine the appropriate period depending on 

the properties and the like of the administered antigen-binding molecule. 	Such periods include. 

25 for example. one day after administration of the antigen-binding molecule, three days after 

administration of the antigen-binding molecule, seven days after administration of the 

antigen-binding molecule. 14 days after administration of the antigen-binding molecule, and 28 

days after administration of the antigen-binding molecule. 	Herein, the concept "plasma antigen 

concentration" comprises both "total antigen concentration in plasma" which is the sum of 

30 antigen-binding molecule bound antigen and non-bound antigen concentration or "free antigen 

concentration in plasma" which is antigen-binding molecule non-bound antigen concentration. 

Total antigen concentration in plasma can be lowered by administration of 

antigen-binding molecule of the present invention by 2-fold, 5-fold, 10-fold. 20-fold. 50-fold. 

100-fold, 200-fold. 500-fold, 1.000-fold. or even higher compared to the administration of a 

35 reference antigen-binding molecule comprising the wild-type IgG Fc region as a reference 

antigen-binding molecule or compared to when antigen-binding domain molecule of the present 
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invention is not administered. 

Molar antigen/antigen-binding molecule ratio can be calculated as shown below; 

value A: Molar antigen concentration at each time point 

value B: Molar antigen-binding molecule concentration at each time point 

5 value C: Molar antigen concentration per molar antigen-binding molecule concentration (molar 

....an!ttilerientigen—hindinginolecule ratio) at eacth timo point-  

C=A/B. 

Smaller value C indicates higher efficiency of antigen elimination per antigen-binding 

molecule whereas higher value C indicates lower efficiency of antigen elimination per 

10 antigen-binding molecule. 

Molar antigen/antigen-binding molecule ratio can be calculated as described above. 

Molar antigen/antigen-binding molecule ratio can be lowered by administration of 

antigen-binding molecule of present invention by 2-fold, 5-fold, 10-fold. 20-fold, 50-fold, 

100-fold, 200-fold, 500-fold, 1,000-fold, or even higher as compared to the administration of a 

IS reference antigen-binding molecule comprising the wild-type human IgG Fc region as a human 

FcRn-binding domain. 

Herein, a wild-type human IgG I, lgG2, IgG3 or IgG4 is preferably used as the 

wild-type human IgG for a purpose of a reference wild-type human IgG to be compared with the 

antigen-binding molecules for their human FcRn binding activity or in viva binding activity. 

20 Preferably, a reference antigen-binding molecule comprising the same antigen-binding domain as 

an antigen-binding molecule of the interest and wild-type human IgG Fc region as a human 

FcRn-binding domain can be appropriately used. 	More preferably, an intact human IgG I is 

used for a purpose of a reference wild-type human IgG to be compared with the antigen-binding 

molecules for their human FcRn binding activity or in viva activity. 

25 Reduction of total antigen concentration in plasma or molar antigen/antibody ratio can 

be assessed as described in Examples 4, 5. and 12. More specifically, using human FcRn 

transgenic mouse line 32 or line 276 (Jackson Laboratories, Methods Mol Biol. 2010; 602: 

93-104), they can be assessed by either antigen-antibody co-injection model or steady-state 

antigen infusion model when antigen-binding molecule do not cross-react to the mouse 

30 counterpart antigen. When an antigen-binding molecule cross-react with mouse counterpart, they 

can be assessed by simply injecting antigen-binding molecule to human FcRn transgenic mouse 

line 32 or line 276 (Jackson Laboratories). In co-injection model, mixture of antigen-binding 

molecule and antigen is administered to the mouse. In steady-state antigen infusion model, 

infusion pump containing antigen solution is implanted to the mouse to achieve constant plasma 

35 antigen concentration, and then antigen-binding molecule is injected to the mouse. Test 

antigen-binding molecule is administered at same dosage. Total antigen concentration in plasma. 
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free antigen concentration in plasma and plasma antigen-binding molecule concentration is 

measured at appropriate time point using method known to those skilled in the art. 

Total or free antigen concentration in plasma and molar antigen/antigen-binding 

molecule ratio can be measured at 2, 4. 7. 14, 28. 56, or 84 days after administration to evaluate 

5 the long-term effect of the present invention. In other words, a long term plasma antigen 

coirecntraritnris deterMiTieti by measufirrg tueal-orterahrigen-coneetararion in-piasema antrholar 

antigen/ antigen-binding molecule ratio at 1 4, 7, 14, 28. 56, or 84 days after administration of 

an antigen-binding molecule in order to evaluate the property of the antigen-binding molecule of 

the present invention. 	Whether the reduction of plasma antigen concentration or molar 

10 antigen/antigen-binding molecule ratio is achieved by antigen-binding molecule described in the 

present invention can be determined by the evaluation of the reduction at any one or more of the 

time points described above. 

Total or free antigen concentration in plasma and molar antigen/antigen-binding 

molecule ratio can be measured at 15 min, 1, 2, 4, 8, 12, or 24hours after administration to 

15 evaluate the short-term effect of the present invention. 	In other words, a short term plasma 

antigen concentration is determined by measuring total or free antigen concentration in plasma 

and molar antigen/antigen-binding molecule ratio at 15 min, 1, 2, 4, 8, 12. or 24 hours after 

administration of an antigen-binding molecule in order to evaluate the property of the 

antigen-binding molecule of the present invention. 

20 Route of administration of an antigen-binding molecule of the present invention can be 

selected from intradermal, intravenous, intravitreal, subcutaneous, intraperitoneal, parenteral and 

intramuscular injection. 

In the present invention, improvement of pharmacokinetics of antigen-binding molecule 

in human is preferred. 	When the plasma retention in human is difficult to determine, it may be 

25 predicted based on the plasma retention in mice (for example, normal mice. human 

antigen-expressing transgenic mice. human FcRn-expressing transgenic mice) or monkeys (for 

example. cynomolgus monkeys). 

Herein, "the improvement of the pharmacokinetics and prolonged plasma retention of an 

antigen-binding molecule" means improvement of any pharmacokinetic parameter (any of 

30 prolongation of the half-life in plasma, prolongation of mean retention time in plasma. reduction 

of plasma clearance, and bioavailability) after in vivo administration of the antigen-binding 

molecule, or an increase in the concentration of the antigen-binding molecule in the plasma in an 

appropriate time after administration. 	It may be determined by measuring any parameter such 

as half-life in plasma. mean retention time in plasma. plasma clearance, and bioavailability of the 

35 antigen-binding molecule (Pharmacokinetics: Enshu-niyoru Rikai (Understanding through 

practice), (Nanzando)). 	For example. when an antigen-binding molecule is administered to 
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mice (normal mice and human FcRn transgenic mice), rats, monkeys. rabbits, dogs. humans, and 

so on, and the concentration of the antigen-binding molecule in the plasma is determined and 

each of the parameters is calculated, the pharmacokinetics of the antigen-binding molecule can 

be judged to be improved when the plasma half-life or mean retention time in the plasma is 

5 prolonged. 	These parameters can be determined by methods known to those skilled in the art. 

For exemple, the-paremetors-canim approprietoly-assessed-by mon-torripmtnental -analysis-using 

pharmacokinetics analysis software WinNonlin (Pharsight) according to the attached instruction 

manual. 

Without being bound by a particular theory, since an antigen-binding molecule that has 

10 an FcRn-binding activity in the neutral pH range can form a tetramer complex comprising two 

molecules of FeRn and one molecule of FcyR on the cell membrane of antigen-presenting cells. 

incorporation into antigen-presenting cells is promoted. and thus the plasma retention is thought 

to be reduced and the pharmacokinetics worsened. 	There are phosphorylation sites in the 

cytoplasmic domains of FcyR and FeRn. 	In general. phosphorylation of the cytoplasmic 

15 domain of a cell surface-expressed receptor occurs upon assembly of the receptors, and the 

phosphorylation induces receptor internalization. 	Even if native IgGI forms an FcyR/IgGI 

dimeric complex on the antigen-presenting cells, assembly of the cytoplasmic domains of FcyR 

does not occur. 	However, when an IgG molecule having an FcRn-binding activity under 

conditions of a neutral pH range forms a hetemmeric tetramer complex comprising FcyR/two 

20 molecules of FcRn/IgG, the three cytoplasmic domains of FcyR and FcRn would assemble, and 

the internalization of the heteromeric tetramer complex comprising FcyR/two molecules of 

FcRn/IgG may thereby be induced. 	Formation of the heteromeric tetramer complexes 

comprising FcyR/two molecules of FcRn/IgG is thought to occur on antigen-presenting cells 

co-expressing FcyR and FcRn, and consequently. the amount of antibody molecules incorporated 

25 into the antigen-presenting cells may be increased, and the pharmacokinetics may be worsened 

as a result. 	Thus, by inhibiting the above-described complex formation on antigen-presenting 

cells using any one of the methods of Embodiments 1. 2 and 3 revealed in the present invention, 

incorporation into antigen-presenting cells may he reduced, and as a result, the pharmacokinetics 

may be improved. 

30 

Method for producing antigen-binding molecules whose binding activity varies depending on the 

conditions of ion concentration 

In a non-limiting embodiment of the present invention, after isolating a polynucleotide 

encoding an antigen-binding domain whose binding activity changes depending on the condition 

35 selected as described above, the polynucleotide is inserted into an appropriate expression vector. 

For example. when the antigen-binding domain is an antibody variable region, once a cDNA 
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5 

encoding the variable region is obtained, the cDNA is digested with restriction enzymes that 

recognize the restriction sites inserted at the two ends of the cDNA. 	Preferably, the restriction 

enzymes recognize and digest a nucleotide sequence that appears at a low frequency in the 

nucleotide sequence composing the gene of the antigen-binding molecule. 	Furthermore, 

restriction enzymes that provide cohesive ends are preferably inserted to insert a single copy of a 

digested-fragmentinio the -vector-in trecorrect orientation.- The_ eDNA encodiuginaciablt 

region of an antigen-binding molecule digested as described above is inserted into an appropriate 

expression vector to obtain an expression vector for the antigen-binding molecule of the present 

invention. 	At this time, a gene encoding an antibody constant region (C region) may be fused 
10 in frame with the gene encoding the variable region. 

To produce an antigen-binding molecule of interest. a polynucleotide encoding the 

antigen-binding molecule is inserted in a manner operably linked to a regulatory sequence into 

an expression vector. 	Regulatory sequences include, for example, enhancers and promoters. 

Furthermore, an appropriate signal sequence may be linked to the N terminus so that the 

15 expressed antigen-binding molecule is secreted to the outside of the cells. 	As signal sequence, 

for example, a peptide having the amino acid sequence MOWSCIILFLVATATGVHS (SEQ ID 

20 

NO: 3) is used; however, it is also possible to link other appropriate signal sequences. 	The 

expressed polypeptide is cleaved at the carboxyl terminus of the above-described sequence. and 

the cleaved polypeptide is secreted as a mature polypeptide to the outside of cells. 	Then, 

appropriate host cells are transformed with this expression vector so that recombinant cells 

expressing the polynucleotide encoding the antigen-binding molecule of interest can be obtained. 

The antigen-binding molecules of the present invention can be produced from the recombinant 

cells by following the methods described above in the section on antibodies. 

In a non-limiting embodiment of the present invention. after isolating a polynucleotide 

25 encoding the above-described antigen-binding molecule whose binding activity varies depending 

on a selected condition, a variant of the polynucleotide is inserted into an appropriate expression 

vector. 	Such variants preferably include those prepared via humanization based on the 

polynucleotide sequence encoding an antigen-binding molecule of the present invention obtained 

by screening as a randomized variable region library a synthetic library or an immune library 

30 constructed originating from nonhuman animals. 	The same methods as described above for 

producing above-described humanized antibodies can be used as a method for producing 

humanized antigen-binding molecule variants. 

In another embodiment. such variants preferably include those obtained by introducing 

an alteration that increases the antigen affinity (affinity maturation) of an antigen-binding 

35 molecule of the present invention into an isolated polynucleotide sequence for the molecule 

obtained by screening using a synthetic library or a naive library as a randomized variable region 
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library. 	Such variants can be obtained by various known procedures for affinity maturation, 

including CDR mutagenesis (Yang et al. (J. Mol. Biol. (1995) 254, 392-403)), chain shuffling 

(Marks er al. (Bio/Technology (1992) 10, 779-783)), use of E. tali mutant strains (Low et al. (J. 

Mol. Biol. (1996) 250, 359-368)). DNA shuffling (Patten et at (Curr. Opin. Biotechnol. (1997) 8. 

5 724-733)), phage display (Thompson et al. (J. Mol. Biol. (1996) 256, 77-88)), and sexual PCR 

(Carneri-or al4Natura(-1992)-394.-288-2914). 	 - 

As described above, antigen-binding molecules that are produced by the production 

methods of the present invention include antigen-binding molecules having an Fc region. 

Various variants can be used as Fc regions. 	In an embodiment, variants of the present invention 

10 preferably include polynucleotides encoding antigen-binding molecules having a heavy chain in 

which a polynucleotide encoding an Fc region variant as described above is linked in frame to a 

polynucleotide encoding the above-described antigen-binding molecule whose binding activity 

varies depending on a selected condition. 

15 

In a non-limiting embodiment of the present invention, Fc regions preferably include, 

for example, Fc constant regions of antibodies such as IgG1 of SEQ ID NO: 11 (Ala is added to 

the N terminus of AAC82527.1), IgG2 of SEQ ID NO: 12 (Ala is added to the N terminus of 

AAB59393.1),1g03 of SEQ ID NO: 13 (CAA27268. I ), and IgG4 of SEQ ID NO: 14 (Ala is 

added to the N terminus of AAB59394.1). 	The plasma retention of IgG molecules is relatively 

long (the elimination from plasma is slow) since FcRn, particularly human FcRn, functions as a 

20 salvage receptor for IgG molecules. 	IgG molecules incorporated into endosomes by 

pinocytosis bind under the endosomal acidic condition to FeRn, particularly human FcRn. 

expressed in endosomes. 	IgG molecules that cannot bind to Feltz', particularly human FcRn, 

are transferred to lysosomes, and degraded there. 	Meanwhile, IgG molecules bound to FcRn, 

particularly human FcRn, are transferred to cell surface, and then return to plasma as a result of 

25 dissociation from FcRn, particularly human FcRn, under the neutral condition in plasma. 

Since antibodies comprising a typical Fc region do not have a binding activity to FcR.n, 

particularly to human FcRn, under the plasma neutral pH range condition. typical antibodies and 

antibody-antigen complexes are incorporated into cells by non-specific endocytosis and 

transferred to cell surface by binding to FeRn, particularly human FcRn, in the endosomal acidic 

30 pH range condition. 	FcRn, particularly human FeRn. transports antibodies from the endosome 

to the cell surface. 	Thus, some of FcRn, particularly human FcRn, is thought to be also present 

on the cell surface. 	However, antibodies are recycled to plasma, since they dissociated from 

FeRn, particularly human FcRn, in the neutral pH range condition on cell surface. 

Fc regions having the human FcRn-binding activity in the neutral pH range. which are 

35 included in antigen-binding molecules of the present invention, can be obtained by any method. 

Specifically, Fc regions having human FeRn-binding activity in the neutral pH range can be 
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obtained by altering amino acids of human IgG-type imrnunoglobulin as a starting Fc region. 

Preferred Fc regions of human IgG-type immunoglobulin for alteration include, for example, 

those of human IgGs (igG 1 , IgG2, 1gG3, and 1gG4, and variants thereof). 	Amino acids at any 

positions may be altered to other amino acids as long as the resulting regions have the human 

5 FeRn-binding activity in the neutral pH range or increased human FcRn-binding activity in the 

-as neutral rangc.. 	Whcri-an antigen-binaling-incleettlettimpriserthe-Pc-regiun of human 1801

human Fc region, it is preferable that the resulting region comprises an alteration that results in 

the effect to enhance the human FeRn binding in the neutral pH range as compared to the 

binding activity of the starting Fc region of human IgGI. 	Amino acids that allow such 

10 alterations include, for example. amino acids at positions 221 to 225, 227, 228, 230, 232, 233 to 

241, 243 to 252, 254 to 260, 262 to 272, 274, 276, 278 to 289, 291 to 312, 315 to 320, 324, 325, 

327 to 339, 341, 343, 345. 360, 362, 370, 375 to 378, 380, 382. 385 to 387, 389, 3%, 414, 416, 

423, 424, 426 to 438, 440, and 442 (indicated by EU numbering). 	More specifically, such 

amino acid alterations include those listed in Table 5. 	Alteration of these amino acids enhances 

15 

20 

the human FcRn binding of the Fc region of IgG-type immunoglohulin in the neutral pH range. 

Among those described above, appropriate alterations that enhance the human FcRn 

binding in the neutral pH range are selected for use in the present invention. 	Particularly 

preferred amino acids for such Fc region variants include, for example, amino acids at positions 

237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 289, 297, 298, 303, 305, 307, 308. 309, 

311, 312, 314, 315, 317, 332, 314. 360, 376, 380, 382, 384, 385, 386, 387, 389, 424,428, 433, 

434, and 436 (indicated by EU numbering). 	The human FcRn-binding activity of the Fc region 

included in an antigen-binding molecule can be increased in the neutral pH range by substituting 

at least one amino acid with a different amino acid. 

Particularly preferred alterations in the Fe resion include, for example, substitutions of: 

25 Met for the amino acid at position 237; 

lle for the amino acid at position 248; 

Ala, Phe, Ile. Met. Gln, Ser, Val. Tip, or Tyr for the amino acid at position 250; 

Phe, Tip. or Tyr for the amino acid at position 252: 

Thr for the amino acid at position 254; 

30 Glu for the amino acid at position 255; 

Asp, Asn. Glu. or Gln for the amino acid at position 256: 

Ala, Gly, Ile, Leu. Met. Asn. Ser. Tbr. or Val for the amino acid at position 257: 

His for the amino acid at position 258; 

Ala for the amino acid at position 265; 

35 Ala or Glu for the amino acid at position 286: 

His for the amino acid at position 289: 
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Ala for the amino acid at position 297; 

Ala for the amino acid at position 303; 

Ala for the amino acid at position 305: 

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met Asn, Pro, Gln, Arg, Ser, Val. Trp, or Tyr for the 

5 amino acid at position 307; 

Ala.-Phe,flerLettrMet, Pre,,Cilm,.orThricr the-amino acid'tit-pccition-308;- 	- 

Ala. Asp, Glu, Pro, or Arg for the amino acid at position 309; 

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

Ala or His for the amino acid at position 312; 

10 Lys or Arg for the amino acid at position 314; 

Ala, Asp, or His for the amino acid at position 315; 

Ala for the amino acid at position 317; 

Val for the amino acid at position 332; 

Leu for the amino acid at position 334; 

15 His for the amino acid at position 360; 

Ala for the amino acid at position 376; 

Ala for the amino acid at position 380; 

Ala for the amino acid at position 382; 

Ala for the amino acid at position 384; 

20 Asp or His for the amino acid at position 385; 

Pro for the amino acid at position 386; 

Glu for the amino acid at position 387; 

Ala or Ser for the amino acid at position 389; 

Ala for the amino acid at position 424; 

25 Ala, Asp, Phe, Gly, His, Ile. Lys, Lett, Asn, Pro, Gln, Ser. Thr, Val, Trp, or Tyr for the amino acid 

at position 428; 

Lys for the amino acid at position 433; 

Ala. Phe, His. Ser, Trp. or Tyr for the amino acid at position 434: and 

His, Ile, Leu, Phe. Thr. or Val for the amino acid at position 436 in the EU numbering system. 

30 Meanwhile, the number of altered amino acids is not particularly limited: such amino acid 

alterations include single amino acid alteration and alteration of amino acids at two or more sites. 

Combinations of amino acid alterations at two or more sites include, for example. those 

described in Table 6. 

The present invention is not limited to a particular theory. but provides methods for 

35 producing antigen-binding molecules which comprise not only an above-described alteration but 

also an alteration of the Fc region so as not to form the hetero tetramer complex consisting of the 
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Fc region included in antigen-binding molecule, two molecules of FcRn, and activating Fey 

receptor. 	Preferred embodiments of such antigen-binding molecules include three embodiments 

described below. 

5 (Embodiment 1) Antigen-binding molecules that comprise an Fc region having the FcRn-binding 

',elitist. activity-ttsiderteteutrepH 'tinge oinalicitai and 	biridirigit,..ii vity-ttractivatiiiecyR is 

lower than that of the native Fc region 

Antigen-binding molecules of Embodiment I form trimer complexes by binding to two 

molecules of FeRn: however, they do not form complex including activating FcyR (Fig. 49). 	Fc 

10 regions whose binding activity to activating FeyR is lower than that of the native Fc region can 

be prepared by altering the amino acids of native Fc region as described above. 	Whether the 

binding activity of an altered Fc region to activating FcyR is lower than that of the native Fc 

region can be appropriately tested using the methods described in the section "Binding activity" 

above. 

15 Herein, the binding activity of an altered Fe region to activating Fey receptor is lower 

than that of native Fc region means that the binding activity of an altered Fc region to any human 

Fey receptorS, FeyRla, FcyRila, FcyRIlla. and/or FeyRIllb, is lower than that of the native Fc 

region. and, for example. means that, when compared based on an above-described analytical 

method, the binding activity of an antigen-binding molecule having an Fc region variant is 95% 

20 or less, preferably 90% or less. 85% or less. 80% or less, 75% or less, particularly preferably 

70% or less, 65% or less, 60% or less. 55% or less, 50% or less, 45% or less, 40% or less, 35% 

or less, 30% or less, 25% or less. 20% or less. 15% or less, 10% or less, 9% or less. 8% or less, 

7% or less, 6% or less, 5% or less, 4% or less. 3% or less, 2% or less, I% or less as compared to 

the binding activity of a control antigen-binding molecule having the native Fc region. 	Such 

25 

30 

native Fc regions include the starting Fc region and Fc regions from wild-type antibodies of 

different isotypes. 

Appropriate antigen-binding molecules having an Fc region as a control include those 

having an Fc region from a monoclonal IgG antibody. 	The structures of such Fe regions are 

shown in SEQ ID NOs: I I (A is added to the N terminus of RefSeq accession No. AAC82527.1), 

12 (A is added to the N terminus of RefSeq accession No. AAB59393.1), 13 (RefSeq accession 

No. CAA27268.1), and 14 (A is added to the N terminus of RefSeq accession No. AAB59394.1). 

Meanwhile, when an antigen-binding molecule that has the Fe region from an antibody of a 

certain isotype is used as a test substance, the Fey receptor-binding activity of the 

antigen-binding molecule having the Fc region can be tested by using as a control an 

35 antigen-binding molecule having the Fc region from a monoclonal IgG antibody of the same 

isotype. 	It is adequate to select antigen-binding molecule comprising an Fc region whose Fey 
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receptor-binding activity has been demonstrated to be high as described above. 

5 

In a non-limiting embodiment of the present invention, preferred Fc regions whose 

binding activity to activating FcyR is lower than that of the native Fc region include, for example, 

Fc regions in which any one or more of amino acids at positions 234, 235, 236, 237, 238, 239, 

270, 297, 298, 325, and 329 (indicated by EU numbering) among the amino acids of an 

- above-dercribeda-regioware substituted-with.different,arr.ino.acids-of-the native,  Fa,  region,— 

Such alterations of Fc region are not limited to the above-described alterations, and include, for 

example. alterations such as deglycosylated chains (N297A and N297Q), IgG 1 -L234A/L235A, 

IgG I -A325A/A330S/P33 I S, IgG I -C226S/C2295, IgGI-C226S/C229S/E233P/L234V/L235A 

10 IgGI-L234F/L235E/P331S, lgGI-S267E/L328F, IgG2-V234A/G 237A, 

IgG2-F1268QN309L/A330S/A331 S. 1g04-L235A/G237A/E318A. and IgG4-L236E described 

in Current Opinion in Biotechnology (2009) 20 (6). 685-691; alterations such as G236R/L328R, 

L235G/G236R, N325A/L328R, and N325LL328R described in WO 2008/092117; amino acid 

insertions at positions 233, 234, 235, and 237 (indicated by EU numbering); and alterations at 

15 the sites described in WO 2000/042072. 

Furthermore, in a non-limiting embodiment of the present invention, preferred Fc 

regions include those altered to have one or more alterations of: 

a substitution of Ala, Arg, Asn, Asp. Gln, Glu, Gly, His, Lys, Met. Phe, Pro, Ser, Thr, or Tip for 

the amino acid at position 234; 

20 a substitution of Ala, Mn, Asp, Gin, Glu. Gly. His. Ile, Lys, Met Pro. Ser, Thr. Val. or Arg for the 

amino acid at position 235; 

a substitution of Arg, Asn, Gln, His, Leu, Lys, Met. Phe, Pro, or Tyr for the amino acid at 

position 236: 

a substitution of Ala, Asn, Asp, Gln, Glu, His. Ile. Leu, Lys, Met. Pro, Ser. Thr, Val. Tyr, or Arg 

25 for the amino acid at position 237; 

a substitution of Ala, Asn, Gin, Glu, Gly. His, Ile, Lys. Thr, Trp, or Arg for the amino acid at 

position 238: 

a substitution of Gln, His, Lys, Phe, Pro, Trp, Tyr. or Arg for the amino acid at position 239; 

a substitution of Ala, Arg, Asn, Gln, Gly, His, Ile, Leu, Lys, Met. Phe, Ser, Thr, Trp, Tyr, or Val 

30 for the amino acid at position 265: 

a substitution of Ala. Arg, Asn, Asp, Gln, Glu, Gly. His. Lys, Phe, Pro, Ser, Thr, Tip, or Tyr for 

the amino acid at position 266; 

a substitution of Arg, His. Lys. Phe. Pro. Trp, or Tyr for the amino acid at position 267; 

a substitution of Ala. Arg, Am. Gin, Gly, His. Ile. Leu. Lys. Met, Phe, Pro, Ser, Thr, Tip, Tyr. or 

35 Val for the amino acid at position 269; 

a substitution of Ala. Arg, Asn. Gln, Gly, His. Ile. Leu, Lys. Met, Phe, Pro. Ser. Thr, Trp, Tyr. or 
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Val for the amino acid at position 270; 

a substitution of Arg, His. Phe. Ser. Thr, Trp, or Tyr for the amino acid at position 271; 

a substitution of Arg, Asn, Asp. Gly, His, Phe, Ser. Tip. or Tr for the amino acid at position 295: 

a substitution of Arg, Gly, Lys, or Pro for the amino acid at position 296; 

5 a substitution of Ala for the amino acid at position 297; 

a substitmien-ef•Am-Glychyst-Pro.-Trpv or Tyr for the antirteracidttresitien--292; 

a substitution of Arg. Lys, or Pro for the amino acid at position 300; 

a substitution of Lys or Pro for the amino acid at position 324; 

a substitution of Ala, Arg, Gly. His, Ile, Lys, Phe, Pro, Thr, Trp, Tyr, or Val for the amino acid at 

10 position 325: 

a substitution of Arg, Gin. His, Ile, Leu. Lys, Met, Phe, Pro. Ser, Thr, Trp. Tyr, or Val for the 

amino acid at position 327: 

a substitution of Arg. Asn, Gly, His, Lys. or Pro for the amino acid at position 328; 

a substitution of Asn. Asp. Gln, Glu. Gly. His, lle, Leu, Lys, Met, Phe, Ser. Thr, Trp, Tyr. Val. or 

15 Arg for the amino acid at position 329; 

a substitution of Pro or Ser for the amino acid at position 330; 

a substitution of Arg, Gly, or Lys for the amino acid at position 331; and 

a substitution of Arg, Lys, or Pro for the amino acid at position 332 in the EU numbering system 

in the Fc region. 

20 

(Embodiment 2) Antigen-binding molecules that comprise an Fc region having the FcRn-binding 

activity under the neutral pH range condition and whose binding activity to inhibitory FcyR is 

higher than the binding activity to activating Fey receptor 

Antigen-binding molecules of Embodiment 2 can form the tetramer complex by binding 

25 to two molecules of FcRn and one molecule of inhibitory FcyR. 	However, since one 

antigen-binding molecule can bind to only one molecule of FcyR, an antigen-binding molecule 

bound to inhibitory FcyR cannot further bind to activating FcyR (Fig. 50). 	Furthermore, it has 

been reported that antigen-binding molecules incorporated into cells in a state bound to 

inhibitory FcyR are recycled onto cell membrane and thus escape from intracellular degradation 

30 (Immunity (2005) 23, 503-514). 	Specifically, it is assumed that antigen-binding molecules 

having the selective binding activity to inhibitory FcyR cannot form the heteromeric complex 

comprising activating FcyR. which is responsible for the immune response. and two molecules of 

FcRn. 

Herein. "the binding activity to inhibitory FcyR is higher than the binding activity to 

35 activating Fey receptor" means that the binding activity of an Fc region variant to FcyRllb is 

higher than the binding activity to any human Fey receptors. FcyR.I. FcyRlla, FcyRIlla. and/or 
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RIRMb. 	For example, it means that, based on an above-described analytical method, the 

Fcy1211b-binding activity of an antigen-binding molecule having an Fc region variant is 105% or 

more, preferably 110% or more, 120% or more, 130% or more, 140% or more, particularly 

preferably 150% or more. 160% or more, 170% or more, 180% or more, 190% or more. 200% or 

5 more. 250% or more, 300% or more, 350% or more, 400% or more, 450% or more, 500% or 

morov:150%-75̂v%-manc-1•0-IiMOSor-rrrovey20-times orrnore,- 34 tinesor-rnore,-40-times.ormorc; • 

50 times or more the binding activity to any human Fey receptors, FeyRI. FeyRIla, FcyRilla. 

and/or FeyRIIIb. 

As control antigen-binding molecules having an Fc region. those having an Fc region 

10 from a monoclonal IgG antibody can appropriately be used. 	The structures of such Fc regions 

are shown in SEQ ID NOs: 11 (A is added to the N terminus of RefSeq accession No. 

AAC82527.1), 12 (A is added to the N terminus of RefSeq accession No. AA1359393.1), 13 

(RefSeq accession No. CAA27268.1), and 14 (A is added to the N terminus of RefSeq accession 

No. AAB59394.1). 	Meanwhile, when an antigen-binding molecule that has the Fc region from 

15 an antibody of a certain isotype is used as a test substance, the Fcy receptor-binding activity of 

the antigen-binding molecule having the Fc region can be tested by using as a control an 

antigen-binding molecule having the Fc region of a monoclonal IgG antibody of the same 

isotype. 	As described above, an antigen-binding molecule comprising an Fc region whose 

binding activity to Fey receptor has been demonstrated to be high is appropriately selected. 

20 In a non-limiting embodiment of the present invention, preferred Fc regions having the 

selective binding activity to inhibitory FcyR include, for example, Fc regions in which amino 

acid at position 238 or 328 (indicated by EU numbering) among the amino acids of an 

above-described Fe region is altered to a different amino acid of the native Fc region. 

Furthermore, as Fc regions having the selective binding activity to inhibitory FcyR, it is also 

25 possible to appropriately select Fc regions or alterations from those described in US 

2009/0136485. 

In another non-limiting embodiment of the present invention. preferred Fc regions 

include those in which any one or more of: amino acid at position 238 (indicated by EU 

numbering) is substituted with Asp and amino acid at position 328 (indicated by EU numbering) 

30 is substituted with Glu in an above-described Fc region. 

In still another non-limiting embodiment of the present invention, preferred Fc regions 

include substitution of Asp for Pro at position 238 (indicated by EU numbering), and those in 

which one or more of: 

35 

a substitution of Trp for the amino acid at position 237 (indicated by EL) numbering), 

a substitution of Phe for the amino acid at position 237 (indicated by EU numbering). 

a substitution of Val for the amino acid at position 267 (indicated by Eli numbering), 
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5 

a substitution of Gin for the amino acid at position 267 (indicated by EU numbering). 

a substitution of Asn for the amino acid at position 268 (indicated by EU numbering), 

a substitution of Gly for the amino acid at position 271 (indicated by EU numbering). 

a substitution of Leu for the amino acid at position 326 (indicated by EU numbering), 

a substitution of Gln for the amino acid at position 326 (indicated by EU numbering), 

— — — 

10 

15 

20 

25 

30 

-wsubstitution-ofehrfor 	. the amino-acid at"  ositioafindicated-try-Eli-uunk‘i it1,1,- 

a substitution of Met for the amino acid at position 326 (indicated by EU numbering), 

a substitution of Asp for the amino acid at position 239 (indicated by EU numbering), 

a substitution of Ala for the amino acid at position 267 (indicated by EU numbering), 

a substitution of Trp for the amino acid at position 234 (indicated by EU numbering). 

a substitution of Tyr for the amino acid at position 234 (indicated by EU numbering). 

a substitution of Ala for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Asp for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Giu for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Leu for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Met for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Tyr for the amino acid at position 237 (indicated by EU numbering), 

a substitution of Lys for the amino acid at position 330 (indicated by EU numbering), 

a substitution of Arg for the amino acid at position 330 (indicated by EU numbering), 

a substitution of Asp for the amino acid at position 233 (indicated by EU numbering). 

a substitution of Asp for the amino acid at position 268 (indicated by EU numbering), 

a substitution of Glu for the amino acid at position 268 (indicated by EU numbering). 

a substitution of Asp for the amino acid at position 326 (indicated by EU numbering), 

a substitution of Ser for the amino acid at position 326 (indicated by EU numbering), 

a substitution of Thr for the amino acid at position 326 (indicated by EU numbering), 

a substitution of lle for the amino acid at position 323 (indicated by EU numbering), 

a substitution of Leu for the amino acid at position 323 (indicated by EU numbering), 

a substitution of Met for the amino acid at position 323 (indicated by EU numbering), 

a substitution of Asp for the amino acid at position 296 (indicated by EU numbering), 

a substitution of Ala for the amino acid at position 326 (indicated by EU numbering), 

a substitution of Asn for the amino acid at position 326 (indicated by EU numbering), and 

a substitution of Met for the amino acid at position 330 (indicated by EU numbering). 

(Embodiment 3) Antigen-binding molecules comprising an Fc region in which one of the two 

35 polypeptides constituting Fc region has the Fan-binding activity under the neutral pH range 

condition and the other does not have the FcRn-binding activity under the neutral pH range 
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condition 

Antigen-binding molecule of Embodiment 3 can form [rimer complexes by binding to 

one molecule of FcRn and one molecule of FcyR; however. they do not form the hetero tetramer 

complex comprising two molecules of FcRn and one molecule of FcyR (Fig. 51). 	Fc regions 

5 derived from bispecific antibodies can be appropriately used as Fc regions in which one of the 

tvinolypeptides-tonatituring-Fc-mginhasthe-FeRmbinding-activity under the neural pH tont 

condition and the other does not have the FcRn-binding activity under the neutral pH range 

condition, which are included in the antigen-binding molecule of Embodiment 3. 	A bispecific 

antibody refers to two types of antibodies which have specificity to different antigens. 

10 Bispecific antibodies of IgG type can be secreted from hybrid hybridomas (quadromas) resulting 

from fusion of two types of hybridomas producing IgG antibodies (Milstein er al. (Nature (1983) 

305, 537-540). 
When antigen-binding molecules of Embodiment 3 above are produced by using 

recombination techniques such as described in the section "Antibody". one can use a method in 

15 which the genes encoding polypeptides that constitute the two types of Fc regions of interest are 

introduced into cells to co-express them. 	However, the produced Fc region is a mixture which 

contains, at a molecular ratio of 2:1:1. Fc region in which one of the two polypeptides 

constituting the Fc region has the FcRn-binding activity under the neutral pH range condition 

and the other does not have the FcRn-binding activity under the neutral pH range condition, Fc 

20 region in which both polypeptides constituting the Fc region have the FcRn-binding activity 

under the neutral pH range condition, and Fc region in which both polypeptides constituting the 

Fc region do not have the FcRn-binding activity under the neutral pH range condition. 	It is 

difficult to purify antigen-binding molecules comprising a desired combination of Fc regions 

from the three types of lgGs. 

25 When producing antigen-binding molecules of Embodiment 3 using recombination 

techniques such as described above, antigen-binding molecules comprising the hetero 

combination of Fe regions can be preferentially secreted by altering the CH3 domain that 

constitutes an Fc region using appropriate amino acid substitutions. 	Specifically. it is a method 

of enhancing hetero H chain formation and inhibiting homo H chain formation by substituting 

30 amino acid side chain in one heavy chain CH3 domain with a bulker side chain (knob (meaning 

"projection")) while substituting amino acid side chain in the other heavy chain CH3 domain 

with a smaller side chain (hole (meaning "void")) so that the "knob" is placed in the "hole" (WO 

1996027011, Ridgway et al. (Protein Engineering (1996) 9, 617-621), Merchant et al. (Nat. 

Biotech. (1998) 16, 677-681)). 

35 Furthermore, known techniques for producing bispecific antibodies include those in 

which a means for regulating polypeptide association or association to form heteromeric 
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multimers constituted by polypeptides is applied to the association of a pair of polypeptides that 

constitute an Fc region. 	Specifically. to produce bispecific antibodies, one can use methods for 

regulating polypeptide association by altering amino acid residues forming interface between a 

pair of polypeptides that constitute an Fc region so as to form a complex of two polypeptides 

5 with different sequences constituting the Fc region, while inhibiting the association of 

- -pa ypeptideahaving-an identical stquctact, which coustitutethc Fc-regiotr-(NVO-20061-106905): 

Such methods can be used to produce antigen-binding molecules of the present invention 

described in Embodiment 3. 

In a non-limiting embodiment of the present invention, a pair of polypeptides that 

10 constitute an above-described Fc region originating from a bispecific antibody can be 

appropriately used as an Fc region. 	More specifically, a pair of polypeptides that constitute an 

Fc region. one of which has an amino acid sequence in which the amino acids at positions 349 

and 366 (indicated by EU numbering) arc Cys and Tip, respectively, and the other has an amino 

acid sequence in which the amino acid at position 356 (indicated by EU numbering) is Cys, the 

15 amino acid at position 366 (indicated by EU numbering) is Ser, the amino acid at position 368 is 

Ala, and the amino acid at position 407 (indicated by EU numbering) is Val, is preferably used as 

Fc regions. 

In another non-limiting embodiment of the present invention, a pair of polypeptides that 

constitute an Fc region, one of which has an amino acid sequence in which the amino acid at 

20 position 409 (indicated by EU numbering) is Asp, and the other has an amino acid sequence in 

which the amino acid at position 399 (indicated by EU numbering) is Lys is preferably used as 

Fc regions. 	In the above-described embodiment, the amino acid at position 409 may be Glu 

instead of Asp, and the amino acid at position 399 may be Arg instead of Lys. 	Alternatively, it 

is preferable that, when the amino acid at position 399 is Lys, additionally the amino acid at 

25 position 360 may be Asp or the amino acid at position 392 may be Asp. 

In still another non-limiting embodiment of the present invention, a pair of polypeptides 

that constitute an Fc region, one of which has an amino acid sequence in which the amino acid at 

position 370 (indicated by EU numbering) is Glu. and the other has an amino acid sequence in 

which the amino acid at position 357 (indicated by EU numbering) is Lys is preferably used as 

30 Fc regions. 

In yet another non-limiting embodiment of the present invention, a pair of polypeptides 

that constitute an Fc region. one of which has an amino acid sequence in which the amino acid at 

position 439 (indicated by EU numbering) is Glu, and the other has an amino acid sequence in 

which the amino acid at position 356 (indicated by Eli numbering) is Lys, is preferably used as 

35 Fc regions. 

In still yet another non-limiting embodiment of the present invention, such preferred Fc 
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regions include those as a combination of any of the above embodiments, such as: 

a pair of polypeptides that constitute an Fc region, one of which has an amino acid sequence in 

which the amino acids at positions 409 and 370 (indicated by EU numbering) are Asp and Glu, 

respectively, and the other has an amino acid sequence in which the amino acids at positions 399 

5 and 357 (indicated by EU numbering) are both Lys (in this embodiment, the amino acid at 

positien-aakinelieatedbyai-numbering)-inay-beaspinateed-wiCilurar the-amine“areid-at 

position 392 may be Asp, instead of Glu at amino acid position 370); 

a pair of polypeptides that constitute an Fc region, one of which has an amino acid sequence in 

which the amino acids at positions 409 and 439 (indicated by EU numbering) are Asp and Glu. 

10 respectively, and the other has an amino acid sequence in which the amino acids at positions 399 

and 356 (indicated by EU numbering) are both Lys (in this embodiment, instead of Glu at amino 

acid position 439 (indicated by EU numbering), the amino acid at position 360 may be Asp, the 

amino acid at position 392 may be Asp, or the amino acid at position 439 may be Asp); 

a pair of polypeptides that constitute an Fc region, one of which has an amino acid sequence in 

15 which the amino acids at positions 370 and 439 (indicated by EU numbering) are both Glu, and 

the other has an amino acid sequence in which the amino acids at positions 357 and 356 

(indicated by EU numbering) are both Lys; and 

a pair of polypeptides that constitute an Fc region, one of which has an amino acid sequence in 

which the amino acids at positions 409, 370, and 439 (indicated by EU numbering) are Asp. Glu. 

20 and Glu, respectively, and the other has an amino acid sequence in which the amino acids at 

positions 399, 357, and 356 (indicated by EU numbering) are all Lys (in this embodiment, the 

amino acid at position 370 may not be substituted with Glu, and further, when the amino acid at 

position 370 is not substituted with Glu, the amino acid at position 439 may be Asp instead of 

Glu, or the amino acid at position 439 may be Asp, instead of Glu at amino acid position 392). 

25 In another non-limiting embodiment of the present invention, a pair of polypeptides that 

constitute an Fc region. one of which has an amino acid sequence in which the amino acids at 

position 356 (indicated by EU numbering) is Lys, and the other has an amino acid sequence in 

which the amino acids at positions 435 and 439 (indicated by EU numbering) are Arg and Glu, 

respectively, is preferably used. 

30 These antigen-binding molecules of Embodiments I to 3 are expected to have reduced 

itrummogenicity and improved plasma retention as compared to antigen-binding molecules 

capable of forming the tetramer complex. 

Appropriate known methods such as site-directed mutagenesis (Kunkel et at (Proc. Natl. 

Acad. Sci. USA (1985) 82, 488-492)) and overlap extension PCR can be applied to alter the 

35 amino acids of Fc revions. 	Furthermore. various known methods can also be used as an amino 

acid alteration method for substituting amino acids with those other than natural amino acids 
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(Annu. Rev. Biophys. Biomol. Struct. (2006) 35, 225-249; Proc. Natl. Acad. Sci. U.S.A. (2003) 

100 (11), 6353-6357). 	For example, it is also preferable to use a cell-free translation system 

(Clover Direct (Protein Express)) comprising tRNAs in which an unnatural amino acid is linked 

to an amber suppressor tRNA, which is complementary to UAG stop codon (amber codon). 

5 In an embodiment of variants of the present invention, polynucleotides encoding 

.. .. 	antigen-bintlinginolecules whit;h-havezbeatrythain where -a poipincleutide encoding-Milt '- 

region modified to have an amino acid mutation as described above is linked in frame to a 

polynucleotide encoding the above-described antigen-binding molecule whose binding activity 

varies depending on a selected condition. 

10 The present invention provides methods for producing antigen-binding molecules. 

comprising collecting the antigen-binding molecules from culture media of cells introduced with 

vectors in which a polynucleotide encoding an Fc region is operably linked in frame to a 

polynucleotide encoding an antigen-binding domain whose binding activity varies depending on 

ion concentration condition. 	Furthermore, the present invention also provides methods for 

15 	producing antigen-binding molecules, comprising collecting the antigen-binding molecules from 

culture media of cells introduced with vectors constructed by operably linking a polynucleotide 

encoding an antigen-binding domain whose binding activity varies depending on ion 

concentration condition to a polynucleotide encoding an Fc region which is in advance operably 

linked to a vector. 

20 

Pharmaceutical compositions 

When a conventional neutralizing antibody against a soluble antigen is administered, the 

plasma retention of the antigen is expected to be prolonged by binding to the antibody. 	In 

general, antibodies have a long half-life (one week to three weeks) while the half-life of antigen 

25 	is generally short (one day or less). 	Meanwhile. antibody-bound antigens have a significantly 

longer half-life in plasma as compared to when the antigens are present alone. 	For this reason. 

administration of existing neutralizing antibody results in an increased antigen concentration in 

plasma. 	Such cases have been reported with various neutralizing antibodies that target soluble 

antigens including, for example, IL-6 (J. Immunotoxicol. (2005)3, 131-139). amyloid beta 

30 	(mAbs (2010) 2 (5), 1-13), MCP-1 (ARTHRITIS & RHEUMATISM (2006) 54, 2387-2392), 

hepcidin (AAPS J. (2010) 4.646-657), and sIL-6 receptor (Blood (2008) 112 (10). 3959-64). 

Administration of existing neutralizing antibodies has been reported to increase the total plasma 

antigen concentration to about 10 to 1,000 times (the level of increase varies depending on 

antigen) the base line. 	Herein, the total plasma antigen concentration refers to a concentration 

35 	as a total amount of antigen in plasma. i.e.. the sum of concentrations of antibody-bound and 

antibody-unbound antigens. 	An increase in the total plasma antigen concentration is 



131 

undesirable for such antibody pharmaceuticals that target a soluble antigen. 	The reason is that 

the antibody concentration has to be higher than at least the total plasma antigen concentration to 

neutralize the soluble antigen. 	Specifically, "the total plasma antigen concentration is increased 

to 10 to 1.000 times" means that. in order to neutralize the antigen, the plasma antibody 

5 concentration (i.e., antibody dose) has to be 10 to 1,000 times higher as compared to when 

- -increcse-inthe-tctal Ficaria antigen-oatteennefien-deeanot-oecur. ,  -Conversely ,if-the total 

plasma antigen concentration can be reduced by 10 to 1,000 times as compared to the existing 

neutralizing antibody, the antibody dose can also be reduced to similar extent. 	Thus, antibodies 

capable of decreasing the total plasma antigen concentration by eliminating the soluble antigen 

10 from plasma are highly useful as compared to existing neutralizing antibodies. 

The present invention is not limited to a particular theory, but one can explain, for 

example, as follows why the number of antigens to which single antigen-binding molecules can 

bind is increased and why the antigen elimination from plasma is accelerated when 

antigen-binding molecules that have an antigen-binding domain whose antigen-binding activity 

15 varies depending on ion concentration condition so that the antigen-binding activity in an acidic 

pH range is lower than under the neutral pH range condition and additionally have an 

FcRn-binding domain such as an antibody constant region exhibiting the human FeRn-binding 

activity under the neutral pH range condition are administered in vivo and in vivo uptake into 

cells are enhanced. 

20 For example, when an antibody that binds to a membrane antigen is administered in vivo. 

after binding to an antigen, the antibody is, in a state bound to the antigen, incorporated into the 

endosome via intracellular internalization. 	Then, the antibody is transferred to the lysosome 

while remaining bound to the antigen, and is degraded together with the antigen there. 	The 

internalization-mediated elimination from plasma is referred to as antigen-dependent elimination. 

25 and has been reported for many antibody molecules (Drug Discov Today (2006) 11(1-2), 81-88). 

When a single lgG antibody molecule binds to antigens in a divalent manner, the single antibody 

molecule is internalized while remaining bound to the two antigens, and is degraded in the 

lysosome. 	In the case of typical antibodies, thus, a single IgG antibody molecule cannot bind to 

three antigen molecules or more. 	For example, a single IgG antibody molecule having a 

30 neutralizing activity cannot neutralize three antigen molecules or more. 

The plasma retention of IgG molecule is relatively long (the elimination is slow) since 

human FeRn, which is known as a salvage receptor for IgG molecule, functions. 	IgG 

molecules incorporated into endosomes by pinocytosis bind wider the endosomal acidic 

condition to human FeRn expressed in endosomes. 	IgG molecules that cannot bind to human 

35 FcRn are transferred to lysosomes and degraded there. 	Meanwhile. IgG molecules bound to 

human FcRn are transferred to cell surface. 	The lgG molecules are dissociated from human 
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FcRn under the neutral condition in plasma. and recycled back to plasma. 

Alternatively, when antigen-binding molecules are antibodies that bind to a soluble 

antigen. the in vivo administered antibodies bind to antigens, and then the antibodies are 

incorporated into cells while remaining bound to the antigens. 	Most of antibodies incorporated 
5 	into cells bind to FcRn in the endosome and then are transferred to cell surface. 	The antibodies 

----------arctlissociated-from.hannarFcRintraler thrnentratcondition in-p'retsmagnerreleased to the. 

outside of cells. 	However, antibodies having typical antigen-binding domains whose 

antigen-binding activity does not vary depending on ion concentration condition such as pH are 

released to the outside of cells while remaining bound to the antigens. and thus cannot bind to an 

10 	antigen again. 	Thus. like antibodies that bind to membrane antigens, single typical IgG 

antibody molecule whose antigen-binding activity does not vary depending on ion concentration 

condition such as pH cannot bind to three antigen molecules or more. 

Antibodies that bind to antigens in a pH-dependent manner, which strongly bind to 

antigens under the neutral pH range condition in plasma and are dissociated from antigens under 

15 	the endosomal acidic pH range condition (antibodies that bind to antigens under the neutral pH 

range condition and are dissociated under an acidic pH range condition). and antibodies that bind 

to antigens in a calcium ion concentration-dependent manner, which strongly bind to antigens 

under a high calcium ion concentration condition in plasma and are dissociated from antigens 

under a low calcium ion concentration condition in the cndosome (antibodies that bind to 

20 	antigens under a high calcium ion concentration condition and are dissociated under a low 

calcium ion concentration condition) can be dissociated from antigen in the endosome. 

Antibodies that bind to antigens in a pH-dependent manner or in a calcium ion 

concentration-dependent manner, when recycled to plasma by FcRn after dissociation from 

antigens, can again bind to an antigen. 	Thus, such single antibody molecule can repeatedly 
25 	bind to several antigen molecules. 	Meanwhile, antigens bound to antigen-binding molecules 

are dissociated from antibody in the endosome and degraded in the lysosome without recycling 

to plasma. 	By administering such antigen-binding molecules in vivo. antigen uptake into cells 

is accelerated, and it is possible to decrease plasma antigen concentration. 

Uptake of antigens bound by antigen-binding molecules into cells are further promoted 
30 	by conferring the human FcRn-binding activity under the neutral pH range condition (pH 7.4) to 

antibodies that bind to antigens in a pH-dependent manner, which strongly bind to antigens 

under the neutral pH range condition in plasma and are dissociated from antigens under the 

endosomal acidic pH range condition (antibodies that bind to antigens under the neutral pH 

range condition and are dissociated under an acidic pH range condition), and antibodies that bind 

35 	to antigens in a calcium ion concentration-dependent manner. which strongly bind to antigens 

under a high calcium ion concentration condition in plasma and are dissociated from antigens 
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under a low calcium ion concentration condition in the endosome (antibodies that bind to 

antigens under a high calcium ion concentration condition and are dissociated under a low 

calcium ion concentration condition). 	Specifically, by administering such antigen-binding 

molecules in vivo, the antigen elimination is accelerated, and it is possible to reduce plasma 

5 antigen concentration. 	Typical antibodies that do not have the ability to bind to antigens in a 

pH dependent-manner or ima,oalc.ium ion-coacentration-dependeatinanner, -and" antigen-antibody 

complexes of such antibodies are incorporated into cells by non-specific endocytosis, and 

transported onto cell surface by binding to FcRn under the endosomal acidic condition. 	They 

are dissociated from FcRn under the neutral condition on cell surface and recycled to plasma. 

10 Thus, when an antibody that binds to an antigen in a fully pH-dependent manner (that binds 

under the neutral pH range condition and is dissociated under an acidic pH range condition) or in 

a fully calcium ion concentration-dependent manner (that binds under a high calcium ion 

concentration condition and is dissociated under a low calcium ion concentration condition) 

binds to an antigen in plasma and is dissociated from the antigen in the endosome, the rate of 

15 antigen elimination is considered to be equal to the rate of uptake into cells of the antibody or 

antigen-antibody complex by non-specific endocytosis. 	When the pH or calcium ion 

concentration dependency of antigen-antibody binding is insufficient, antigens that arc not 

dissociated from antibodies in the endosome are, along with the antibodies, recycled to plasma. 

20 

On the other hand, when the pH or calcium ion concentration dependency is sufficiently strong, 

the rate limiting step of antigen elimination is the cellular uptake by non-specific endocytosis. 

Meanwhile. FcRn transports antibodies from the endosome to the cell surface, and a fraction of 

FcRn is expected to be also distributed on the cell surface. 

In general, IgG-type immunoglobulin, which is an embodiment of antigen-binding 

molecules, has little FcRn-binding activity in the neutral pH range. 	The present inventors 

25 conceived that IgG-type immunoglobulin having the FcRn-binding activity in the neutral pH 

range can bind to FcRn on cell surface and is incorporated into cells in an FcRn-dependent 

manner by binding to FcRn on cell surface. 	The rate of FcRn-mediated cellular uptake is more 

rapid than the cellular uptake by non-specific endocytosis. 	Thus, the present inventors 

suspected that the rate of antigen elimination by antigen-binding molecules can be further 

30 increased by conferring the FcRn-binding ability in the neutral pH range to antigen-binding 

molecules. 	Specifically, antigen-binding molecules that have the FcRn-binding ability in the 

neutral pH range deliver antigens into cells more rapidly than native lgG-type immunoglobulin 

does; the molecules are dissociated from antigens in the endosome and again recycled to cell 

surface or plasma; and again bind to antigens there. and are incorporated into cells via FcRn. 

35 The cycling rate can be accelerated by increasing the FcRn-binding ability in the neutral pH 

range, resulting in the acceleration of antigen elimination from plasma. 	Moreover, the rate of 
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antigen elimination from plasma can further be accelerated by lowering the antigen-binding 

activity of an antigen-binding molecule in an acidic pH than in the neutral pH range. 	In 

addition, the number of antigen molecules to which a single antigen-binding molecule can bind 

is predicted to be increased due to an increase in cycling number as a result of acceleration of the 

5 cycling rate. 	Antigen-binding molecules of the present invention comprise an antigen-binding 

- 	- dosi..,,, cm:, a„ 7-1L-162,,,Thig-dtana7n7 ' -Since-the FeRnthinding dertnaIm &SW ',Di"' 2ifitet lilt 

antigen binding, and does not depend on antigen type based on the mechanism described above. 

the antigen-binding molecule-mediated antigen uptake into cells can be enhanced to accelerate 

the rate of antigen elimination by reducing the antigen-binding activity (binding ability) of an 

10 antigen-binding molecule so as to be lower under a condition of ion concentration such as an 

acidic pH range or low calcium ion concentration than under a condition of ion concentration 

such as a neutral pH range or high calcium ion concentration and/or by increasing the 

FcRn-binding activity at the plasma pH. 	Thus, antigen-binding molecules of the present 

invention are expected to exhibit more excellent effects than conventional therapeutic antibodies 

15 from the viewpoint of reduction of side effects of antigens. increased antibody dose, 

improvement of in vim dynamics of antibodies, etc. 

Fig. 1 shows a mechanism in which soluble antigens are eliminated from plasma by 

administering a pH-dependent antigen-binding antibody that has increased FcRn-binding activity 

at neutral pH as compared to a conventional neutralizing antibody. 	After binding to the soluble 

20 antigen in plasma, the existing neutralizing antibody that does not have the pH-dependent 

antigen-binding ability is slowly incorporated into cells by non-specific interaction with the cells. 

The complex between the neutralizing antibody and soluble antigen incorporated into the cell is 

transferred to the acidic endosome and then recycled to plasma by FcRn. 	Meanwhile, the 

pH-dependent antigen-binding antibody that has the increased FcRn-binding activity under the 

25 neutral condition is, after binding to the soluble antigen in plasma, rapidly incorporated into cells 

expressing FcRn on their cell membrane. 	Then, the soluble antigen bound to the pH-dependent 

antigen-binding antibody is dissociated from the antibody in the acidic endosome due to the 

pH-dependent binding ability. 	The soluble antigen dissociated from the antibody is transferred 

to the lysosome and degraded by proteolytic activity. 	Meanwhile, the antibody dissociated 

30 from the soluble antigen is recycled onto cell membrane and then released to plasma again. 

The free antibody, recycled as described above, can again bind to other soluble antigens. 	By 

repeating such cycle: FcRn-mediated uptake into cells: dissociation and degradation of the 

soluble antigen: and antibody recycling, such pH-dependent antigen-binding antibodies as 

described above having the increased FcRn binding activity under the neutral condition can 

35 transfer a large amount of soluble antigen to the lysosome and thereby decrease the total antigen 

concentration in plasma. 
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Specifically, the present invention also relates to pharmaceutical compositions 

comprising antigen-binding molecules of the present invention, antigen-binding molecules 

produced by alteration methods of the present invention, or antigen-binding molecules produced 

by production methods of the present invention. 	Antigen-binding molecules of the present 

5 invention or antigen-binding molecules produced by production methods of the present invention 

-eretisehd as phannacv.iticalcompositionseing*then-wheneanittisteredrhave the swung effect 

to reduce the plasma antigen concentration as compared to typical antigen-binding molecules, 

and exhibit the improved in vivo immune response, pharmacokinetics, and others in animals 

administered with the molecules. 	The pharmaceutical compositions of the present invention 

10 may comprise pharmaceutically acceptable carriers. 

In the present invention, pharmaceutical compositions generally refer to agents for 

treating or preventing, or testing and diagnosing diseases. 

The pharmaceutical compositions of the present invention can be formulated by 

methods known to those skilled in the art. 	For example. they can be used parenterally, in the 

15 

20 

fonn of injections of sterile solutions or suspensions including water or other pharmaceutically 

acceptable liquid. 	For example, such compositions can be formulated by mixing in the form of 

unit dose required in the generally approved medicine manufacturing practice, by appropriately 

combining with pharmacologically acceptable carriers or media, specifically with sterile water, 

physiological saline, vegetable oil, emulsifier, suspension, surfactant, stabilizer, flavoring agent, 

excipient, vehicle, preservative, binder, or such. 	In such formulations. the amount of active 

ingredient is adjusted to obtain an appropriate amount in a pre-determined range. 

Sterile compositions for injection can be formulated using vehicles such as distilled 

water for injection, according to standard formulation practice. 

Aqueous solutions for injection include, for example. physiological saline and isotonic 

25 solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-mannose, 

D-mannitol, and sodium chloride). 	It is also possible to use in combination appropriate 

solubilizers, for example. alcohols (ethanol and such). polyalcohols (propylene glycol, 

polyethylene glycol, and such). non-ionic surfactants (polysorbate 80(TM), HCO-50, and such). 

Oils include sesame oil and soybean oils. 	Benzyl benzoate and/or benzyl alcohol can 

30 be used in combination as solubilizers. 	It is also possible to combine buffers (for example, 

phosphate buffer and sodium acetate buffer), soothing agents (for example, procaine 

hydrochloride), stabilizers (for example, benzyl alcohol and phenol), andior antioxidants. 

Appropriate ampules are filled with the prepared injections. 

The pharmaceutical compositions of the present invention are preferably administered 

35 parenterally. 	For example, the compositions in the dosage form for injections. transnasal 

administration, transpulmonary administration. or transdamal administration are administered. 
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For example, they can be administered systemically or locally by intravenous injection, 

intramuscular injection. intraperitoneal injection, subcutaneous injection, or such. 

Administration methods can be appropriately selected in consideration of the patient's 

age and symptoms. 	The dose of a pharmaceutical composition containing an antigen-binding 

5 molecule can be, for example, from 0.0001 to 1,000 mg/kg for each administration. 

-Ahem:give1-F61/2c-dose tan berferaihriplerfrottre:064-tcri-007000. ireg perpati nit: 	0 kelt r, 

the present invention is not limited by the numeric values described above. 	The doses and 

administration methods vary depending on the patient's weight, age, symptoms, and such. 

Those skilled in the an can set appropriate doses and administration methods in consideration of 

10 the factors described above. 

Furthermore, the present invention provides kits for use in the methods of the present 

invention, which comprise at least an antigen-binding molecule of the present invention. 	In 

addition to the above, pharmaceutically acceptable carriers, media, instruction manuals 

describing the using method, and such may he packaged into the kits. 

15 Furthermore, the present invention relates to agents for improving the pharmacokinetics 

of antigen-binding molecules or agents for reducing the immunogenicity of antigen-binding 

molecules, which comprise as an active ingredient an antigen-binding molecule of the present 

invention or an antigen-binding molecule produced by the production method of present 

invention. 

20 The present invention also relates to methods for treating immune inflammatory 

diseases, which comprise the step of administering to subjects (test subjects) an antigen-binding 

molecule of the present invention or an antigen-binding molecule produced by the production 

method of present invention. 

The present invention also relates to the use of antigen-binding molecules of the present 

25 invention or antigen-binding molecules produced by the production methods of present invention 

in producing agents for improving the pharmacokinetics of antigen-binding molecules or agents 

for reducing the immunogenicity of antigen-binding molecules. 

In addition. the present invention relates to antigen-binding molecules of the present 

invention and antigen-binding molecules produced by the production methods of present 

30 invention for use in the methods of the present invention. 

Amino acids contained in the amino acid sequences of the present invention may be 

post-translationally modified (for example, the modification of an N-terminal glutamine into a 

pyroglutamic acid by pyroglutamylation is well-known to those skilled in the an). 	Naturally. 

such post-translationally modified amino acids are included in the amino acid sequences in the 

35 present invention. 

All prior art documents cited in the specification are incorporated herein by reference. 
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[Examples] 

Herein below, the present invention will be specifically described with reference to the 

Examples, but it is not to be construed as being limited thereto. 

5 

lExampla-1-1—Effect of enhancing binding to-human FcRii under noutml conditions on Plasm. 

retention and immunogenicity of pH-dependent human IL-6 receptor-binding human antibody 

10 

It is important for an FcRn binding domain, such as the Fc region of antigen binding 

molecules such as antibodies that interacts with FeRn (Nat. Rev. Immunol. (2007) 7 (9), 715-25), 

to have binding activity to FcRn in the neutral pH range in order to eliminate soluble antigen 

from plasma. 	As indicated in Reference Example 5, research has been conducted on an FcRn 

binding domain mutant (amino acid substitution) that has binding activity to FcRn in the neutral 

pH region of the FcRn binding domain. 	Fl to F600 which were developed as Fc mutants were 

evaluated for their binding activity to FeRn in the pH neural region, and it was confirmed that 

15 elimination of antigen from plasma is accelerated by enhancing binding activity to Fran in the 

neutral pH region. 	In order to develop these Fc mutants as pharmaceuticals, in addition to 

having preferable pharmacological properties (such as acceleration of antigen elimination from 

the plasma by enhancing FcRn binding), it is also preferable to have superior stability and purity 

of antigen-binding molecules, superior plasma retention of antigen-binding molecules in the 

20 body. and low immunogenicity. 

Antibody plasma retention is known to worsen as a result of binding to FcRn under 

neutral conditions. 	If an antibody ends up bound to FcRn under neutral conditions, even if the 

antibody returns to the cell surface by binding to FcRn under acidic conditions in endosomes, an 

IgG antibody is not recycled to the plasma unless the IgG antibody dissociates from FcRn in the 

25 plasma under neutral conditions, thereby conversely causing plasma retention to be impaired. 

For example. antibody plasma retention has been reported to worsen in the case of administering 

antibody to mice for which binding to mouse FcRn has been observed under neutral conditions 

(pH 7.4) as a result of introducing an amino acid substitution into IgG1 (Non-Patent Document 

10). 	On the other hand, however, it has also been reported that in the case where an antibody 

30 has been administered to cynomolgus monkeys in which human FeRn-binding has been 

observed under neutral conditions (pH 7.4). there was no improvement in antibody plasma 

retention, and changes in plasma retention were not observed (Non-Patent Documents 10, II and 

12). 

In addition. FcRn has been reported to be expressed in antigen presenting cells and 

35 involved in antigen presentation. 	In a report describing evaluation of the immunogenicity of a 

protein (hereinafter referred to as MBP-Fc) obtained by fusing the Fc region of mouse IgGI to 
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myelin basic protein (MBP), although not an antigen-binding molecule, T cells that specifically 

react with MBP-Fc undergo activation and 	 as a result of culturing in the proliferation 	 presence of 
MBP-Fc. 	T cell activation is known to be enhanced in vitro by increasing incorporation into 

antigen presenting cells mediated by FcRn expressed in antigen presenting cells by adding a 

modification to the Fe region of MBP-Fc that causes an increase in FcRn binding. 	However. 

sii let plasnto 'retention worsens as-a-result of adding atritiiiilitation that-causes iyarittercaraciii. 

FcRn binding, T cell activation has been reported to conversely diminish in vivo (Non-Patent 

Document 43). 

In this manner, the effect of enhancing FcRn binding under neutral conditions on the 

plasma retention and immunogeniciry of antigen-binding molecules has not been adequately 

investigated. 	In the case of developing antigen-binding molecules as pharmaceuticals, the 

plasma retention of these antigen-binding molecules is preferably as long as possible, and 

immunogenicity is preferably as low as possible. 

(I-I) 	Production of human 1L-6 receptor-binding human antibodies 

Therefore, in order to evaluate the plasma retention of antigen-binding molecules that 

contain an FcRn binding domain having the ability to bind to human FcRn under conditions of 

the neutral pH region, and evaluate the immunogenicity of those antigen-binding molecules, 

human IL-6 receptor-binding human antibodies having binding activity to human FcRn under 

conditions of the neutral pH region were produced in the form of Fv4-IgGI composed of 

VH3-IgG I (SEQ ID NO: 35) and VL3-CK (SEQ ID NO: 36), Fv4-IgGI-F1 composed of 

VH3-IgG I -F1 (SEQ ID NO: 37) and VL3-CK, Fv4-IgGI -F157 composed of VH3-IgGI -F157 

(SEQ ID NO: 38) and VL3-CK, Fv4-IgGI -F20 composed of VH3-1gGI-F20 (SEQ ID NO: 39) 

and VL3-CK, and Fv4-IgG I -F21 composed of VH3-IgGI-F21 (SEQ ID NO: 40) and VL3-CK 

according to the methods shown in Reference Example 1 and Reference Example 2. 

(1-2) 	Kinetic analysis of mouse FeRn binding 

Antibodies containing VH3-IgGI or VH3-IgG I -F1 for the heavy chain and L(WT)-CK 

(SEQ ID NO: 41) for the light chain were produced using the method shown in Reference 

Example 2, and binding activity to mouse FcRn was evaluated in the manner described below. 

The binding between antibody and mouse FcRn was kinetically analyzed using Biacore 

TI 00 (GE Healthcare). An appropriate amount of protein L (ACTIGEN) was immobilized onto 

Sensor chip CM4 (GE Healthcare) by the amino coupling method, and the chip was allowed to 

capture an antibody of interest. Then, diluted FcRn solutions and running buffer (as a reference 

solution) were injected to allow mouse FcRn to interact with the antibody captured on the sensor 

chip. The running buffer used contains 50 mmo1/1  sodium phosphate, 150 nuno1/1 NaCI, and 
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0.05% (w/v) Tween20 (pH 7.4). FcRn was diluted using each buffer. The sensorchip was 

regenerated using 10 mmol./1 glycine-HCI (pH 1.5). Assays were carried out exclusively at 25 

degrees C. The association rate constant ka (1/Ms) and dissociation rate constant ka (1/s), both of 

which are kinetic parameters, were calculated based on the sensorgrams obtained in the assays, 

and the KD (M) of each antibody for mouse FcRn was determined from these values. Each 

parameter.  was calculated-ucing-Biacoro TWO-Evaluation SoftwateiGE-Healthcarct.- 

As a result, although KD(M) of IgG1 was not detected, KD(M) of the produced 

IgGI-F1 was 1.06E-06(M). 	This indicated that the binding activity of the produced IgGl-F1 to 

mouse FcRn is enhanced under conditions of the neutral pH region (pH 7.4). 

( I -3) 	In vivo PK study using normal mice 

A PK study was conducted using the method shown below using normal mice having 

the produced pH-dependent human IL-6 receptor-binding human antibodies. Fv4-IgG I and 

Fv4-1gGI-Fl. 	The anti-human IL-6 receptor antibody was administered at 1 mg/kg in a single 

administration to a caudal vein or beneath the skin of the back of normal mice (C57BLI6J mouse, 

Charles River Japan). 	Blood was collected at 5 minutes, 7 hours and 1, 2, 4, 7, 14. 21 and 28 

days after administration of the anti-human IL-6 receptor antibody. 	Plasma was obtained by 

immediately centrifuging the collected blood for 15 minutes at 4°C and 15,000 rpm. 	The 

separated plasma was stored in a freezer set to -20`C or lower until the time of measurement. 

(1-4) 	Measurement of plasma anti-human IL-6 receptor antibody concentration by ELISA 

Concentration of anti-human IL-6 receptor antibody in mouse plasma was measured by 

ELISA. 	First, Anti-Human IgG (y-chain specific) F(ab')2 Fragment of Antibody (SIGMA) was 

dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International) followed by 

allowing this to stand undisturbed overnight at 4°C to produce an anti-human IgG solid phase 

plate. 	Calibration curve samples containing 0.8, 0.4, 0.2. 0.1, 0.05. 0.025 and 0.0125 ggimL of 

anti-human IL-6 receptor antibody in plasma concentration, and mouse plasma measurement 

samples diluted by 100-fold or more, were prepared. 	Mixtures obtained by adding 200 µI of 20 

ng/mL soluble human IL-6 receptor to 100 µI of the calibration curve samples and plasma 

measurement samples were then allowed to stand undisturbed for l hour at room temperature. 

Subsequently, the anti-human IgG solid phase plate in which the mixtures had been dispensed 

into each of the wells thereof was further allowed to stand undisturbed for I hour at room 

temperature. 	Subsequently. the chromogenic reaction of a reaction liquid obtained upon one 

hour of reaction with a biotinylated anti-human IL-6 R antibody (R&D) at room temperature and 

one hour of reaction with Streptavidin-PolyHRP80 (Stereospecific Detection Technologies) at 

room temperature was carried out using TMB One Component HRP Microwell Substrate 
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(BioFX Laboratories) as substrate. 	After the reaction was stopped by adding 1N-sulfuric acid 

(Showa Chemical), absorbance at 450 nm of the reaction liquid of each well was measured with 

a microplate reader. 	Antibody concentrations in the mouse plasma were calculated from 

absorbance values of the calibration curve using the SOFTmax PRO analysis software 

(Molecular Devices). 

Cunccriurationyoftpil:--tleiyentlari-iranniti IL-6-receptuvbindinranti 	icb in plasma  

following intravenous or subcutaneous administration of the pH-dependent human IL-6 

receptor-binding human antibodies to normal mice are shown in Fig. 2. 	Based on the results of 

Fig. 2, in comparison with intravenously administered Fv4-IgG I. plasma retention was shown to 

worsen in intravenous administration of Fv4-IgGI-F1, for which binding to mouse FeRn under 

neutral conditions was enhanced. 	On the other hand, while subcutaneously administered 

Fv4-1gG I demonstrated comparable plasma retention to that when administered intravenously, in 

the case of subcutaneously administered Fv4-IgG I-F I. a sudden decrease in plasma 

concentration that was thought to be due to the production of mouse anti-Fv4-IgGI-F1 antibody 

was observed 7 days after administration, and on day 14 after administration Fv4-IgGI-F1 was 

not detected in plasma. 	On the basis of this result, plasma retention and immunogenicity were 

confirmed to worsen as a result of enhancing the binding of antigen-binding molecules to FcRn 

under neutral conditions. 

[Example 2) 	Production of human IL-6 receptor-binding mouse antibody having binding 

activity to mouse FcRn under conditions of the neutral pH region 

Mouse antibody having binding activity to mouse FcRn under conditions of the neutral 

pH region was produced according to the method shown below. 

(2-1) 	Production of human IL-6 receptor-binding mouse antibody 

The amino acid sequence of a mouse antibody having the ability to bind to human 

IL-6R, Mouse PM-1 (Sato, K., et al., Cancer Res. (1993) 53 (4), 851-856) was used for the 

variable region of mouse antibody. 	In the following descriptions, the heavy chain variable 

region of Mouse PM-I is referred to as mPM IH (SEQ ID NO: 42), while the light chain variable 

region is referred to as mPMIL(SEQ ID NO: 43). 

In addition. naturally-occurring mouse IgG1 (SEQ ID NO: 44. hereinafter referred to as 

mIgG1) was used for the heavy chain constant region, while naturally-occurring mouse kappa 

(SEQ ID NO: 45. hereinafter referred to as ink') was used for the light chain constant region. 

An expression vector having the base sequences of heavy chain mPM1H-mIgG I (SEQ 

ID NO: 46) and light chain mPMIL-mkl (SEQ ID NO: 47) was produced according to the 

method of Reference Example 1. 	In addition, mPM I -mIgG I which is a human IL-6R-binding 
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mouse antibody composed of rnPM1H-mIgG I and mPM1L-mk I was produced according to the 

method of Reference Example 2. 

(2-2) 	Production of mPM1 antibody having the ability to bind to mouse FcRn under conditions 

5 of the neutral pH region 

- - The-produoadiaiRMI-talgal-is4-mautia-antibedy-thaf-sontainsenatitre11-y occur:ir.g 

mouse Fc region, and does not have binding activity to mouse FcRn under conditions of the 

neutral pH region. 	Therefore, an amino acid modification was introduced into the heavy chain 

constant region of mPMI-mIgGI in order to impart binding activity to mouse FcRn under 

10 conditions of the neutral pH region. 

More specifically, niPHIH-mIgGI-mF3 (SEQ ID NO: 48) was produced by adding an 

amino acid substitution obtained by substituting Tyr for Thr at position 252 of mPHIH-mIgG I as 

indicated by EU numbering, an amino acid substitution obtained by substituting Glu for Thr at 

position 256 (EU numbering), an amino acid substitution obtained by substituting Lys for His at 

15 position 433 (EU numbering), and an amino acid substitution obtained by substituting Phe for 

Asn at position 434 (EU numbering). 

Similarly, inPH I H-mIgGI-mF1 4 (SEQ ID NO: 49) was produced by adding an amino 

acid substitution obtained by substituting Tyr for Thr at position 252 (EU numbering) of 

mPH1H-mIgGI, an amino acid substitution obtained by substituting Glu for Thr at position 256 

20 (EU numbering), and an amino acid substitution obtained by substituting Lys for His at position 

433 (EU numbering). 

Moreover, niPM1H-mIgGI-ntF38 (SEQ ID NO: 50) was produced by adding an amino 

acid substitution obtained by substituting Tyr for Thr at position 252 (EU numbering) of 

mPHI H-mlgGl, an amino acid substitution obtained by substituting Glu for Thr at position 256 

25 (EU numbering), and an amino acid substitution obtained by substituting Tip for Asn at position 

434 (EU numbering). 

As a mouse IgG I antibody having the ability to bind to mouse FcRn under conditions of 

the neutral pH region, mPM1-mIgGI-mF3 which is composed of mPM I H-mIgG I -mF3 and 

mPM I L-mk I was produced using the method of Reference Example 2. 

30 

(2-3) 	Confirmation of binding activity to mouse FeRn with Biacore 

Antibodies were produced that contained mPM I -mIgG I or mPM I -mIgG I -mF3 for the 

heavy chain and L(WT)-CK (SEQ ID NO: 41) for the light chain, and the binding activity of 

these antibodies to mouse FcRn at pH 7.0 (dissociation constant ICD) was measured. 	The 

35 results are shown in Table 5 below. 
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[Table 5] 

MUTANT NAME 
i 
 mFeRn KD (M) AMINO ACID SUBSTITUTION 

mIgG1 NOT DETECTED 

mIgGl-mF3 i 11.6E-09 T252Y/T236E/H433K/N434F 

[Example 3] 	Binding experiment on the binding of antigen-binding molecules having Fc region 

	

5 	to FcRn and FcyR 

In Example I. plasma retention and immunogenicity were confirmed to worsen as a 

result of enhancing the binding of antigen-binding molecules to FcRn under neutral conditions. 

Since naturally-occurring IgG1 does not have binding activity to human FcRn in the neutral 

region, plasma retention and immunogcnicity were thought to worsen as a result of imparting the 

	

10 	ability to bind to FcRn under neutral conditions. 

(3-1) 	FeRn-binding domain and FcYR-binding domain 

A binding domain to FcRn and a binding domain to FeyR are present in the antibody Fc 

region. 	The FcRn-binding domain is present at two locations in the Fc region, and two 

15 	molecules of FcRn have been previously reported to be able to simultaneously bind to the Fc 

region of a single antibody molecule (Nature (1994) 372 (6504). 379-383). 	On the other hand. 

although an FcyR-binding domain is also present at two locations in the Fc region, two 

molecules of FeyR are thought to not be able to bind simultaneously. 	This is because the 

second FcyR molecule is unable to bind due to a structural change in the Fc region that occurs 

20 	from binding of the first FcyR molecule to the Fc region (J. Biol. Chem. (2001) 276 (19), 

16469-16477). 

As previously described, active FcyR is expressed on the cell membranes of numerous 

immune cells such as dendritic cells. NK cells. macrophages. neutrophils and adipocytes. 

Moreover, in humans FcRn has been reported to be expressed in immune cells such as 

25 	antigen-presenting cells, for example. dendritic cells. macrophages and monocytes (J. lnununol. 

(2001) 166 (5), 3266-3276). 	Since normal naturally-occurring laG1 is unable to bind to FcRn 

in the neutral pH region and is only able to bind to FcyR. naturally-occurring IgCil binds to 

antigen-presenting cells by forming a binary complex of FcyR/IgOI. 	Phosphorylation sites are 

present in the intracellular domains of FcyR and FcRn. 	Typically, phosphorylation of 

30 	intracellular domains of receptors expressed on cell surfaces occurs by receptor conjugation. and 

receptors are internalized as a result of that phosphorylation. 	Even if naturally-occurring IgG1 

forms a binary complex of FcyRlIgG I on antigen-presenting cells, conjugation of the 
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intracellular domain of FcyR does not occur. 	However, when hypothetically an IgG molecule 

having binding activity to FcRn under conditions of the neutral pH region forms a complex 

containing four components: FcyR/two molecules of FcRnigG, internalization of a 

heterocomplex containing four components consisting of FcyR/two molecules of FcRn/ IgG may 

5 be induced as a result since conjugation of three intracellular domains of FcyR and FeRn occurs. 

- - - The-fermation cif a hetcrecoraplex containing kin:-  components consisting of feylk/two 

molecules of FcRn/IgG is thought to occur on antigen-presenting cells expressing both FcyR and 

FcRn, and as a result thereof, plasma retention of antibody molecules incorporated into 

antigen-presenting cells was thought to worsen, and the possibility of immunogenicity worsening 

10 was also considered. 

However, there have been no reports verifying the manner in which antigen-binding 

molecules containing an FcRn-binding domain, such as an Fc region having binding activity to 

FcRn under conditions of the neutral pH region, bind to immune cells such as antigen-presenting 

cells expressing 	FcyR and FcRn together. 

15 Whether or not a quaternary complex of FcyR/two molecules of FcRn/IgG can be 

formed can be determined by whether or not an antigen-binding molecule containing an Fc 

region having binding activity to FcRn under conditions of the neutral pH region is able to 

simultaneously bind to FcyR and FcRn. 	Therefore, an experiment of simultaneous binding to 

FcRn and FcyR by an Fc region contained in an antigen-binding molecule was conducted 

20 according to the method indicated below. 

(3-2) 	Evaluation of simultaneous binding to FcRn and FcyR using Biacore 

An evaluation was made as to whether or not human or mouse FcRn and human or 

mouse FcyRs simultaneously bind to an antigen-binding molecule using the Biacore T100 or 

25 T200 System (GE Healthcare). 	The antigen-binding molecule being tested was captured by 

human or mouse FcRn immobilized on the CM4 Sensor Chip (GE Healthcare) by amine 

coupling. 	Next, diluted human or mouse FcyRs and a running buffer used as a blank were 

injected to allow the human or mouse FcyRs to interact with the antigen-binding molecule bound 

to FeRn on the sensor chip. 	A buffer consisting of 50 nunoVL sodium phosphate, 150 mmoL'L 

30 NaCI and 0.05% (w/v) Tween 20 (pH 7.4) was used for the running buffer, and this buffer was 

also used to dilute the FcyRs. 	10 mmol/L Tris-HCI (pH 9.5) was used to regenerate the sensor 

chip. 	All binding measurements were carried out at 25°C. 

(3-3) 	Simultaneous binding experiment on human IgG. human FeRn. human FeyR or mouse 

35 FcyRAn 

evaluation was made as to whether or not 	Fv4-IgG1-F l 57 produced in Example 1. 
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which is a human antibody that has the ability to hind to human FcRn under conditions of the 

neutral pH region, hinds to various types of human FcyR or various types of mouse FcyR while 

simultaneously binding to human FcRn. 

The result showed that Fv4-IgGI-F157 was be able to bind to human FcyRla, 

5 	FcyRIla(R), FcyRlla(H), FcyR1lb and FeyRIIIa(F) simultaneously with binding to human FcRn 

--- — ----tPigSr5:tt-trthhid-  7). --Initidition,-F-v4-Igetiot5-7 -was-Stsiwtrttrbrahie to-  hind-  turnotse 	- 	- 

FcyRI, FcyR1lb, FcyRIII and FcyR1V simultaneously with binding to human FcRn (Figs. 8.9, 10 

and 11). 

On the basis of the above, human antibodies having binding activity to human FcRn 

10 	under conditions of the neutral pH region were shown to be able to bind to various types of 

human FcyR and various types of mouse FcyR such as human FcyRla, FcyRlla(R), FeyRIla(H), 

FcyRIlb and FcyRIlla(F) as well as mouse FcyRI, FcyRIlb, FcyRILI and FcyRIV simultaneously 

with binding to human FcRn. 

15 	(3-4) 	Simultaneous binding experiment on human IgG. mouse FcRn and mouse FcvR 

An evaluation was made as to whether or not Fv4-IgG I-F20 produced in Example I, 

which is a human antibody having binding activity to mouse FcRn under conditions of the 

neutral pH region. hinds to various types of mouse FcyR simultaneously with binding to mouse 

FcRn. 

20 	 The result showed that Fv4-1gGI -F20 was able to bind to mouse FcyRI, FeyRIlb, 

Fcyft.III and FcyRIV simultaneously with binding to mouse FeRn (Fig. 12). 

(3-5) 	Simultaneous binding experiment on mouse IgG. mouse FeRn and mouse FcyR 

An evaluation was made as to whether or not mPM1-mIgGI-mF3 produced in Example 

25 	2, which is a mouse antibody having binding activity to mouse FcRn under conditions of the 

neutral pH region. binds to various types of mouse FcyR simultaneously with binding to mouse 

FeRn. 

The result showed that mPMI -mIgG I -mF3 was able to bind to mouse FcyRllb and 

FeyRIII simultaneously with binding to mouse FcRn (Fig. 13). 	When judging from the report 

30 	that a mouse IgGI antibody does not have the ability to bind to mouse FcyRI and FcyRIV (J. 

Immunol. (2011) 187 (4). 1754-1763). the result that binding to mouse FcyR1 and FcyRIV was 

not confirmed is considered to be a reasonable result. 

On the basis of these findings, human antibodies and mouse antibodies having binding 

activity to mouse FcRn under conditions of the neutral pH region were shown to be able to also 

35 	bind to various types of mouse FcyR simultaneously with binding to mouse FeRn. 

The above finding indicates the possibility of formation of a hetemcomplex comprising 
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one molecule of Fe. two molecules of FeRn and one molecule of FcyR without any mutual 

interference, although an FcRn binding region and FcyR binding region are present in the Fc 

region of human and mouse IgG. 

This property of the antibody Fc region of being able to form such a heterocomplex has 

5 	not been previously reported. and was determined here for the first time. 	As previously 

clescribed,vazious-types-of 	;ye FcyR act 	and-FoRsrors onprossod on eangon-preserAing col 6, and 
the formation of this type of quaternary complex on antigen-presenting cells by antigen-binding 

molecules is suggested to improve affinity for antigen-presenting molecules while further 

promoting incorporation into antigen-presenting cells by enhancing internalization signals 

10 	through conjugation of the intracellular domain. 	In general, antigen-binding molecules 

incorporated into antigen presenting cells are broken down in lysosomes within the 

antigen-presenting cells and then presented to T cells. 

Namely, antigen-binding molecules having binding activity to FeRn in the neutral pH 

region form a heterocomplex containing four components including one molecule of active FcyR 
I 5 	and two molecules of FcRn, and this is thought to result in an increase in incorporation into 

antigen-presenting cells, thereby worsening plasma retention and further worsening 

immunogenicity. 

Consequently, in the case of introducing a mutation into an antigen-binding molecule 

having binding activity to FcRn in the neutral pH region, producing an antigen-binding molecule 

20 	in which the ability to form such a quaternary complex has decreased, and administering that 

antigen-binding molecule into the body, plasma retention of that antigen-binding molecule 

improves, and induction of an immune response by the body can be inhibited (namely, 

immunogenicity can be lowered). 	Examples of preferable embodiments of antigen-binding 

molecules incorporated into cells without forming such a complex include the three types shown 

25 	below. 

(Embodiment I) 	Antigen-binding molecules that have binding activity to FeRn under 

conditions of the neutral pH region and whose binding activity to active FcyR is lower than 

binding activity of the native FcyR binding domain. 

The antigen-binding molecules of Embodiment I form a complex containing three 
30 	components by binding to two molecules of FcRn, hut do not form a complex containing active 

FcyR. 

(Embodiment 2) 	Antigen-binding molecules that have binding activity to FeRn under 

conditions of the neutral pH region and have selective binding activity to inhibitory FcyR 

Antigen-binding molecules of Embodiment 2 are able to form a complex containing 
35 	four components by binding to two molecules of FeRn and one molecule of inhibitory FcyR. 

However, since one antigen-binding molecule is only able to bind to one molecule of FcyR, a 
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single antigen-binding molecule is unable to bind to another active FcyR while bound to 

inhibitory FcyR. 	Moreover, antigen-binding molecules that are incorporated into cells while 

still bound to inhibitory FcyR are reported to he recycled onto the cell membrane to avoid being 

broken down within cells (Immunity (2005) 23. 503-514). 	Namely, antigen-binding molecules 

5 having selective binding activity to inhibitory FcyR are thought to be unable to form a complex 

--- containing active-FCIR-tharcauseratrimmune ebin.1111e-  

(Embodiment 3) 	Antigen-binding molecules in which only one of two polypeptides composing 

the FeRn-binding domain has binding activity to FcRn under conditions of the neutral pH region 

while the other does not have binding activity to FcRn under conditions of the neutral pH region 

10 Although antigen-binding molecules of Embodiment 3 are able to form a ternary 

complex by binding to one molecule of FcRn and one molecule of FcyR. they do not form a 

heterocomplex containing four components including two molecules of FcRn and one molecule 

of FcyR. 

The antigen-binding molecules of Embodiments I to 3 are expected to be able to 

15 improve plasma retention and lower immunogenicity in comparison with antigen-binding 

molecules that are capable of forming complexes containing four components including two 

molecules of FcRn and one molecule of FcyR. 

[Example 4] 	Evaluation of plasma retention of human antibodies that have binding activity to 

20 human FcRn in the neutral pH region and whose binding activity to human and mouse FcyR is 

lower than binding activity of a native FcyR binding domain 

14-1) 	Production of antibody whose binding activity to human FcyR is lower than binding 

activity of a native FcyR-binding domain and which binds to human IL-6 receptor in a 

25 pH-dependent manner 

Antigen-binding molecules of Embodiment 1 among the three embodiments shown in 

Example 3, namely antigen-hinding molecules having binding activity to FcRn under conditions 

of the neutral pH region and whose binding activity to active FcyR is lower than binding activity 

of a native FcyR binding domain. were produced in the manner described below. 

30 Fy4-IgG I -F21 and Fv4-IgG I -F157 produced in Example I are antibodies that have 

binding activity to human FcRn under conditions of the neutral pH region and bind to human 

IL-6 receptor in a pH-dependent manner. 	Variants were produced in which binding to mouse 

FcyR was decreased by an amino acid substitution in which Lys was substituted for Ser at 

position 239 (EU numbering) in the amino acid sequences thereof. 	More specifically. 

35 VH3-IaG 1 -F140 (SEQ ID NO: 51) was produced in which Lys was substituted for Ser at 

position 239 (EU numbering) of the amino acid sequence of VH3-12G1-F2 I . 	In addition, 
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VH3-IgG I -F424 (SEQ ID NO: 52) was produced in which Lys was substituted for Ser at 

position 239 (EU numbering) of the amino acid sequence of VH3-IgG I -F157. 

5 

10 

15 

20 

25 

30 

Fv4-IgGI-F140 and Fv4-IgG I -F424 containing these heavy chains and the light chain 

of VL3-CK were produced using the method of Reference Example 2. 

(4-2), -Confnernatiertelbindingeetivitao-te-htunan-FeRn end-mouse F-cyR 

Binding activity (dissociation constant ICD) to human FcRn at pH 7.0 and binding 

activity to mouse FcyR at pH 7.4 of antibodies containing the produced VH3-1gGI-F21, 

VH3-1gGI-F140, VH3-IgGI-F157 or VH3-101-F424 for the heavy chain and L(WT)-CK for 

the light chain were measured using the method shown below. 

(4-3) 	Kinetic analysis of bindiniz to human FeRn 

A kinetic analysis of binding between human FcRn and the aforementioned antibodies 

was carried out using the Biacore T100 or T200 (GE Healthcare). 	The antibodies being tested 

were captured on the CM4 Sensor Chip (GE Healthcare) on which a suitable amount of Protein L 

(ACTIGEN) was suitably immobilized by amine coupling. 	Next, diluted human FcRn and a 

running buffer used as a blank were injected to allow the human FeRn to interact with the 

antibody captured on the sensor chip. 	A buffer consisting of 50 mmol/L sodium phosphate, 150 

nunoUL NaCl and 0.05% (w/v) Tween 20 (pH 7.0 or pH 7.4) was used for the running buffer, 

and each buffer was also used to dilute the human FcRn. 	10 mmol/L glycine-HCI (pH 1.5) was 

used to regenerate the sensor chip. 	All measurements of binding were carried out at 25°C. 

The Ko(M) of each antibody to human FeRn was calculated based on kinetics parameters. i.e.. 

the association rate constant ka (l/Ms) and the dissociation rate constant kd (1/s) calculated from 

a sensorgram obtained by the measurement. 	The Biacore TIO0 or T200 Evaluation Software 

(GE Healthcare) was used to calculate each parameter. 

The results are shown in Table 6 below. 

[Table 6] 

MUTANT NAME KD (M) AMINO ACID SUBSTITUTION 

IgG1 -F21 3.0E-0e M252Y/V308P/N434Y 

IgGl-F140 3.6E-00  S239K/M252Y/V308P/N434Y 

! lgol-F157 I 1.5E-07  P257A/V308P/M428L/N434Y 
i 
I IgGl-F424 i } 9.4E-00  i S239K/P257A/V308P/M428L/N434Y 

Binding activity to mouse FcyR at pH 7.4 was measured using the method shown below. 
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(4-41 	Evaluation of binding activity to mouse FcyR 

(R&D 

the 

Proichi 

Healthcare) 

blank 

consisting 

for 

glycine-HCI 

out 

mouse 

before 

allowed 

mouse 

running 

multiplying 

represented 

the 

(X) 

(Equation 

[Equation 

[Table 

Binding activity between 

Systems, Sino Biological) 

Biacore TI00 or T200 (GE 

LIACTIGEM-thartvas-itranobilia.41 

by amine coupling. 

were injected to allow 

of 20 mmol/L ACES, 

the running buffer, and this 

(pH 1.5) was used 

at 25°C. 

Binding activity to 

FcyRs. 	Antibody was 

and after the antibody 

to interact with the 

FcyRs represented as 

buffer to interact with 

by 1500 the value 

as the amount of 

captured amount (X) of 

followed by multiplying 

I ). 

I) 

Binding activity of 

The results arc shown 

7) 

the antibodies and mouse FcyRI, FcyRII, FcyR111 and FcyRIV 

(hereinafter referred to as mouse FcyRs) was evaluated using 

Healthcare). 	The antibodies being tested were captured by 

hi suitably: amounts orrthc CM4Sceistir Chip- (C E• 

Next, the diluted mouse FcyRs and a running buffer used as a 

interaction with the antibody captured on the sensor chip. 	A buffer 

150 mmol/L NaCI and 0.05% (w/v) Tween 20 (pH 7.4) was used 

buffer was also used to dilute the mouse FcyRs. 	10 mmol/L 

to regenerate the sensor chip. 	All measurements were carried 

mouse FcyRs can be represented by the relative binding activity to 

captured by Protein L, and the amount of change in a sensorgram 

was captured was defined as XI. 	Next, mouse FcyRs were 

antibody, and the value obtained by subtracting binding activity of 

the amount of change in a sensorgram before and after allowing the 

antibody captured by Protein L (AA2) from the value obtained by 

obtained by dividing the binding activity of mouse FcyRs 

change in a sensorgram before and after that interaction (AA1) by 

each antibody, was divided by the captured amount of each antibody 

by 1500 to obtain the binding activity of the mouse FcyRs (Y) 

mouse FcyRs (Y) = (AA1-AA2)/X x 1500 

in Table 7 below. 

BINDING AMOUNT (R1.1) 

mFcgRI mFcgRIIb mFcgRIII 	mFcgRIV 

IgG1 	1304.2 114.1 390.1 	1240.3 

IgG 1 -F21 	315.3 111.8 371.2 	241.6 

IgGl-F140 	7.4 -1.8 46.6 	107.9 

IgGl-F157 	315.1 129.0 275.7 	242.9 

IgGi-F424 14.1 -2.5 4.3 	1 137.7 
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According to the results of Tables 2 and 3. FY4-IgGI-F140 and Fv4-IgGI -F424 

demonstrated a decrease in binding to mouse FcyR without affecting binding activity to human 

FcRn in comparison with Fv4-IgGl-F21 and Fv4-IgGI-F157. 

5 

(454 --In-vivo PK-rudy ticin;z- burnmn-FeRn tra7152Cilitv-Mice 

A PK study in administration of the produced Fv4-IgGI-F140, Fv4-IgGI-F424, 

Fv4-IgGI-F21 and Fv4-IgG I -F157 antibodies to human FcRn transgenic mice was carried out 

according to the method shown below. 

10 Anti-human IL-6 receptor antibody was administered at I mg/kg in a single 

administration into a caudal vein of human FcRn transgenic mice (B6.inFcRn-/-.hFcRn Tg line 

32 +/+ mouse. Jackson Laboratories, Methods Mol. Biol. (2010)602. 93-104). 	Blood was 

collected at 15 minutes, 7 hours and I, 2, 3, 4, 7, 14, 21 and 28 days after administration of the 

anti-human IL-6 receptor antibody. 	Plasma was obtained by immediately centrifuging the 

15 collected blood for 15 minutes at 4°C and 15,000 rpm. 	The separated plasma was stored in a 

freezer set to -20°C or lower until the time of measurement. 

14-6) 	Measurement of plasma anti-human IL-6 receptor antibody concentration by ELISA 

Concentration of anti-human 1L-6 receptor antibody in mouse plasma was measured by 

20 ELISA. 	First, Anti-Human IgG (y-chain specific) F(ab')2 Fragment of Antibody (SIGMA) was 

dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International) followed by 

allowing this to stand undisturbed overnight at 4°C to produce an anti-human IgG solid phase 

plate. 	Calibration curve samples containing 0.8, 0.4. 0.2, 0.1, 0.05, 0.025 and 0.0125 pg/mL of 

anti-human IL-6 receptor antibody in plasma antibody concentration, and mouse plasma 

25 measurement samples diluted by 100-fold or more, were prepared. 	Mixtures obtained by 

adding 200 lil of 20 ngimL soluble human IL-6 receptor to 100 µI of the calibration curve 

samples and plasma measurement samples were then allowed to stand undisturbed for 1 hour at 

room temperature. 	Subsequently. the anti-human IgG solid phase plate in which the mixtures 

had been dispensed into each of the wells thereof was further allowed to stand undisturbed for I 

30 hour at room temperature. 	Subsequently. the chromogenic reaction of a reaction liquid obtained 

upon reaction with a biotinylated anti-human IL-6 R antibody (R&D) for I hour at room 

temperature and further reaction with Streptavidin-PolyHRP80 (Stereospecific Detection 

Technologies) for I hour at room temperature was carried out using TMB One Component HRP 

Microwell Substrate (BioFX Laboratories) as substrate. 	After the reaction was stopped by 

35 adding IN-Sulfuric acid (Showa Chemical). absorbance at 450 nm of the reaction liquids of each 

well was measured with a microplate reader. 	Antibody concentrations in the mouse plasma 
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were calculated from absorbance values of the calibration curve using the SOFTmax PRO 

analysis software (Molecular Devices). 

Concentrations of the pH-dependent human IL-6 receptor-binding antibodies in plasma 

following intravenous administration of the pH-dependent human IL-6 receptor-binding 

5 antibodies to human FeRn transgenic mice are shown in Fig. 14. 

Barsedrotrthe results of-figrit-FY44gel -Fi 40-whose binding try rrrouseleyR Was" 

lower in comparison with Fv4-IgGI -F21 was observed to demonstrate improvement of plasma 

retention in comparison with Fv4-IgGI -F21 . 	Similarly, Fv4-1gGI-F424 whose binding to 

mouse FcyR was lower in comparison with Fv4-1gGI-F157 was observed to demonstrate 

10 prolongation of plasma retention in comparison with Fv4-IgGI-F157. 

Based on this, an antibody that has binding activity to human FcRn under conditions of 

the neutral pH region, and has an FcyR-binding domain whose binding activity to FcyR is lower 

than that of a normal FcyR-binding domain, was shown to have higher plasma retention than an 

antibody having the normal FcyR-binding domain. 

15 Although the present invention is not bound to a specific theory, the reason for having 

observed such improvement of plasma retention of antigen-binding molecules is thought to be 

that since the antigen-binding molecules have binding activity to human FcRn under conditions 

of the neutral pH region, and have an FcyR domain whose binding activity to FcyR is lower than 

that of the naturally-occurring FcyR-binding domain, the formation of the quaternary complex 

20 described in Example 3 was inhibited. 	In other words, Fv4-1gGI-F21 and Fv4-IgGI-F157. 

which form a quaternary complex on the cell membrane of antigen-presenting cells, are thought 

to be more easily incorporated into antigen-presenting cells. 	On the other hand. in 

Fv4-IgGI-F140 and Fv4-IgG I -F424, which are classified as Embodiment I indicated in 

Example 3 and do not form a quatemary complex on the cell membrane of antigen-presenting 

25 cells, incorporation into antigen-presenting cells is thought to be inhibited. 	Here. incorporation 

of antigen-binding molecules into cells such as vascular endothelial cells that do not express 

active FcyR is thought to mainly include non-specific incorporation or incorporation mediated by 

FcRn on the cell membrane, and is not considered to be affected by a decrease in binding activity 

to FcyR. 	In other words, the improvement of plasma retention that was observed as previously 

30 described is thought to be the result of selective inhibition of incorporation into immune cells. 

including antigen-presenting cells. 

[Example 5] 	Evaluation of plasma retention of human antibodies that have binding activity to 

human FcRn in the neutral pH region. but do not have binding activity to mouse FcyR 

35 

(5-I) 	Production of human antibodies that do not have binding activity to human and mouse 
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Fc-vR, and bind to human IL-6 receptor in a pH-dependent manner 

235 

2. 

10 

antibodies 

receptor 

Antibodies were produced in the manner shown below in order to produce human 

that do not have binding activity to human and mouse FcyR and bind to human IL-6 

in a pH-dependent manner. 	VH3-IgG I -F760 (SEQ ID NO: 53) that does not have 

to human and mouse FcyR was produced by an amino acid substitution obtained 

Les-at position 23-5 <EU numbering)-and en -amino acid-substitution - 

by substituting Lys for Ser at position 239 of the amino acid sequence of VH3-IgG1. 

Similarly, VH3-1gG I -F821 (SEQ ID NO: 57), VH3-IgGI-F939 (SEQ ID NO: 58) and 

(SEQ ID NO: 59) that do not have binding activity to human and mouse FcyR 

by an amino acid substitution obtained by substituting Arg for Leu at position 

and an amino acid substitution obtained by substituting Lys for Ser at position 

respective amino acid sequences of VH3-IgGI-F11 (SEQ ID NO: 54), 

I-F890 (SEQ ID NO: 55) and V113-1gGI-F947 (SEQ ID NO: 56). 

Fv4-I gGI, Fv4-IgGI-F11, Fv4-IgGl-F890, Fv4-IgG I -F947, Fv4-IgGI-F760, 

Fv4-Igfil-F939 and Fv4-IgGI-F1009 containing these antibodies for the heavy 

VL3-CK for the light chain were produced using the method of Reference Example 

of binding activity to human FcRn and mouse FcyR 

activity 

VH3-IgGI-F1009 

numbering) 

Confirmation 

	

5 	binding 

— — ..- -------by-sulactivatingArg-for 

obtained 

(EU 

239 

	

15 	Fv4-IgGI-F821, 

chains 

(5-2) 

were produced 

of the 

VH3-IgG 

and 

Binding activity (dissociation constant KD) to human FcRn at pH 7.0 of antibodies 

20 	containing VH3-IgGl, VH3-1gG I -F11, VH3-IgGI-F890, VH3-1gG I -F947, VH3-IgG I -F760, 

VH3-IgGI-F821. VH3-IgG I -F939 or VH.3-IgGI-F1009 for the heavy chain and L(WT)-CK for 

the light chain produced using the method of Reference Example 2 was measured using the 

method of Example 4. 	The measurement results are shown in Table 8 below. 

25 	[Table 8] 

MUTANT NAME KD (M) AMINO ACID SUBSTITUTION 
1 Old NOT DETECTED 

F760 NOT DETECTED L235R/S239K 

F11 3.1E-07 	M252Y/ N434Y 

I F821 3.1E-07 	L235R /5239K / M252Y /N434Y 

I F890 1.1E-07 	M252Y/N434Y/Y436V 

I 

I 

F939 1.5E-07 	I L235R/S239K/M252Y/N434Y/Y436V 

F947 1.1E-08 	I T250V/M252Y/T307Q/V308P/Q311A/N434Y/Y436V 

F1009 1.2E-08 L235R/S239K/T250V/M252Y /T307Q /V308P/ Q311A/ 

34Y/Y436V 

N4 
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-----in-Tablo-9 

VH3-IgGI-F11, 

VH3-IgGI-F939 

[Table 

Binding activity to mouse FcyR at pH 7.4 of antibodies containing 

VH3-IgG I -F890, VH3-IgGI-F947, VH3-IgGI -F760, 

or VH3-IgGI-F1009 for the heavy chain and L(WT)-CK 

measured in the same manner as the method of Example 4. 	The measurement 

Wove.- 

9] 

VH3-IgG I, 

VH3 -IgG I -F821, 

for the light chain was 

results are shown 

Fv4-IgGI -F821. 

to mouse FcyR 

Fv4-IgGI, Fv4-IgG I-F 1 1. 

Fv4-IgG I -F760 antibodies 

shown below. 

mg/kg in a single 

Tg line 

Blood was 

after administration of the 

centrifuging the 

plasma was stored in a 

the mouse plasma was 

MUTANT NAME BINDING AMOUNT tRU) 

mFcgR 1 I mFcgR lib 1  mFcgR III mFcgR IV 

Old 304.2 	I 114.1 	1 390.1 240.3 

F760 -1.9 	-2.2 	f -15.1 8.1 

Fl] 290.8 	1  80.2 	1 330.3 241.2 

F821 0.6 	-4.5 	-20.3 -3.8 

F890 268.3 	1 69.3 	i 284.2 230.1 

F939 1 ; -2.0 	I -6.3 	-24.9 -7.3 

F947 299.0 	117.3 	1381.8 241.7 

F1009 0.6 	1 -1.5 	-12.9 7.2 

Fv4-IgG 

without 

Fv4-IgG 

(5-3) 

According to the results of Tables 4 and 5, Fv4-IgGI-F760, 

I -P939 and Fv4-IgG I-FI 009 demonstrated a decrease in binding 

affecting binding activity to human FeRn in comparison with 

I -F890 and Fv4-1gGI-F947. 

In vivo PK study using human FcRn transgenic mice 

A PK study in administration of the produced Fv4-IgG I and 

to human FcRn transgenic mice was carried out according to the method 

Anti-human IL-6 receptor antibody was administered at 1 

administration into a caudal vein of human FcRn transgenic mice (B6.mFcRn-/-.hFcRn 

32 +/+ mouse. Jackson Laboratories, Methods Mol. Biol. (2010)602.93-104). 

collected at 15 minutes, 7 hours and 1. 2, 3, 4, 7, 14, 21 and 28 days 

anti-human IL-6 receptor antibody. 	Plasma was obtained by immediately 

collected blood for 15 minutes at 4°C and 15,000 rpm. 	The separated 

freezer set to -20°C or lower until the time of measurement. 

Concentration of the anti-human IL-6 receptor antibody in 



153 

measured by ELISA in the same manner as the method of Example 4. 	The results are shown in 

Fig. 15. 	Fv4-IgGI-F760, which lowered the binding activity of Fv4-IgG I to mouse FcyR, 

demonstrated plasma retention nearly equal to that of Fv4-IgGI-F11; however, an effect of 

improving plasma retention by decreasing binding activity to FcyR was not observed. 

5 

(5-4) . Th-v-ivo-PK-studv-using-hurnan-FeRn =weenie mice 

A PK study in administration of the produced Fv4-1gGI-F11, Fv4-IgGI-F890, 

Fv4-IgG I -F947, Fv4-1gG I -F821, Fv4-IgG I -F939 and Fv4-IgGI-F1009 antibodies to human 

FcRn transgenic mice was carried out according to the method shown below. 

10 Anti-human IL-6 receptor antibody was administered at 1 mg/kg in a single 

administration beneath the skin of the back of human FcRn transgenic mice 

(B6.rnFcRn-/-.hFckn Tg line 32 +/-) mouse, Jackson Laboratories. Methods Mol. Biol. 

(2010)602, 93-104). 	Blood was collected at 15 minutes, 7 hours and 1.2.3, 4, 7, 14, 21 and 28 

days after administration of the anti-human IL-6 receptor antibody. 	Plasma was obtained by 

15 immediately centrifuging the collected blood for 15 minutes at 4°C and 15,000 rpm. 	The 

separated plasma was stored in a freezer set to -20°C or lower until the time of measurement. 

Concentration of anti-human IL-6 receptor antibody in the mouse plasma was measured 

by ELISA in the same manner as the method of Example 4. 	The results are shown in Fig. 16. 

20 

Fv4-IgGI-F821, which lowered the binding activity of Fv4-IgGI-F11 to mouse FcyR, 

demonstrated plasma retention nearly equal to that of Fv4-101-F I I. 	On the other hand, 	' 

Fv4-IgGI-F939, which lowered the binding activity of Fv4-IgG I -F890 to mouse FcyR, was 

observed to demonstrate improved plasma retention in comparison with Fv4-IgGI-F890. 

Similarly, Fv4-IgGI-F1009. which lowered the binding activity of Fv4-IgGI-F947 to mouse 

FcyR, was observed to demonstrate improved plasma retention in comparison with 

25 Fv4-IgG I -F947. 

On the other hand, since there were no differences observed in plasma retention for both 

Fv4-IgG I and IgG I -F760, and Fv4-1gG I, which does not have FcRn binding activity in the 

neutral pH region, is able to form a binary complex with FcyR on immune cells but is unable to 

form a quaternary complex, improvement of plasma retention attributable to a decrease in 

30 binding activity to FcyR was thought to not have been observed. 	Namely, improvement of 

plasma retention can be said to only be observed as a result of decreasing the binding activity to 

FcyR of antigen-binding molecules having FeRn-binding activity in the neutral pH region, and 

inhibiting the formation of a quaternary complex. 	On the basis of this finding as well. the 

formation of a quaternary complex is thought to fulfill an important role in exacerbation of 

35 plasma retention. 
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(5-5) Production of human antibodies that do not have binding activity to human and mouse  

FcyR. and bind to human IL-6 receptor in a nH-dependent manner 

VH3-IgGl-F1326 (SEQ ID NO: 155). in which binding activity to human and mouse 
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30 

FcyR is decreased. was produced by an amino acid substitution obtained by substituting Ala for 

Leu at position 234 (Eli numbering) and an amino acid substitution obtained by substituting Ala 

for Leta 4-pobition22-35-ttethrannuomeiti-sequencetf-VHNIgC l-F947-f9EQ-ette.-561. 

Fv4-101-F1326 containing VH3-IgGI-F1326 for the heavy chain and VL3-CK for the 

light chain was produced using the method of Reference Example 2. 

(5-6) 	Confirmation of binding activity to human FcRn and mouse FcyR 

Binding activity (dissociation constant KD) to human FeRn at pH 7.0 of antibody 

containing VH3-1g01-F1326 for the heavy chain and L(WT)-CK for the light chain produced 

using the method of Reference Example 2 was measured using the method of Example 4. 	In 

addition, binding activity to mouse Fe7R at pH 7.4 was measured in the same manner as the 

method of Example 4. 	The measurement results are shown in Table 10 below. 

[Table 10) 

MUTANT NAME Old F947 P1326 
AMINO ACID 
SUBSTITUTION 

T250V/M252Y/T307Q/V308P 
/Q311A/N434Y/Y436V 

L234A/L235A/T250V/M252Y 
/T307Q/V308P/Q311A/1,41434 
Y /Y4361/ 

hFeltn EL) IM) ND 1.1E-08 1.1E-08 
BINDING 
AMOUNT 

mFegR1 321.21 329.10 25.51 
mFeg1211 138.20 128.72 19.18 
mFeg12111 761.04 663.66 532.38 
m FegRIV 271.88 279.04 	 185.59 

According to the results of Table 10, Fv4-IgGI-F1326 

binding to mouse FcyR without affecting binding activity to human 

Fv4-IgGI-F94'7. 

(5-7) 	In vivo PK study using human FcRn transgenic mice 

demonstrated a decrease in 

FeRn in comparison with 

antibody to human FcRn 

of Example 5-4. 

plasma was measured by 

are shown in Fig. 54 along 

Fv4-IgGI-F1326, which lowered 

to demonstrate 

A PK study in administration 

transgenic mice was carried out 

Concentration of anti-human IL

ELISA in the same manner as 

with the results for Fv4-IgG I -F947 

the binding activity of Fv4-IgGI-F947 

improvement of plasma retention 

of the produced Fv4-IgGI-F1326 

in the same manner as the method 

-6 receptor antibody in the mouse 

the method of Example 4. 	The results 

obtained in Example 5-4. 

to mouse FcyR. was observed 

in comparison with Fv4-IgGI-F947. 
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On the basis of the above, in the case of a human antibody having enhanced binding to 

human FeRn under neutral conditions, it was indicated to be possible to improve plasma 

retention in human FcRn transgenic mice by decreasing binding activity to mouse FcyR and 

inhibiting the formation of a quaternary complex. 	Here, in order to demonstrate the effect of 

5 	improving plasma retention by decreasing binding activity to mouse FcyR, affinity (KD) to 

Fewn.at.p11-7-04s-preferably -meter than-310.mM and more 	-l-dam:_-- . 	- 	- ......... ... __Simon 	 preferably 

As a result, plasma retention was confirmed to improve by imparting the properties of 

Embodiment I to antigen-binding molecules in the same manner as Example 4. 	Here, the 

observed improvement of plasma retention is thought to have been due to selective inhibition of 

10 	incorporation into immune cells, including antigen-presenting cells, and as a result thereof, it is 

expected to be possible to inhibit induction of an immune response. 

[Example 6J 	Evaluation of plasma retention of mouse antibodies that have binding activity to 

mouse FcRn in the neutral pH region, but do not have binding activity to mouse FcyR 

15 

f 6-I) 	Production of mouse antibodies that bind to human 1L-6 receptor but do not have binding 

activity to mouse FcvR 

In Examples 4 and 5. antigen-binding molecules having binding activity to human FcRn 

under conditions of the neutral pH region, and containing an FcyR-binding domain whose 

20 	binding activity to mouse FcyR is lower than the binding activity of a native FcyR binding 

domain, were indicated to demonstrate improved plasma retention in human FeRn transgenic 

mice. 	Similarly, whether or not plasma retention in normal mice is improved was verified for 

antigen-binding molecules that have binding activity to mouse FcRn under conditions of the 

neutral pH region and contain an FcyR-binding domain whose binding activity to mouse FcyR is 

25 	lower than the binding activity of a native FcyR-binding domain. 

mPM1H-mIgGl-mF40 (SEQ ID NO: 60) was produced by an amino acid substitution 

obtained by substituting Lys for Pro at position 235 (EU numbering) and an amino acid 

substitution obtained by substituting Lys for Ser at position 239 in the amino acid sequence of 

mPM 1H-mIgGI-mF38 produced in Example 2, while mPM1H-InIgGI-mF39 (SEQ ID NO: 61) 

30 	was produced by an amino acid substitution obtained by substituting Lys for Pro at position 235 

(EU numbering) and an amino acid substitution obtained by substituting Lys for Ser at position 

239 of the amino acid sequence of mPM I H-mIg01-inF14. 

(6-2) 	Confirmation of binding activity to mouse FcRn and mouse FcvR 

35 	Binding activity (dissociation constant 1CD) to mouse FeRn at pH 7.0 was measured 

using the method of Example 2. 	The results are shown in Table 11 below. 
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[Table I I ] 

MUTANT NAME KD (M) AMINO ACID SUBSTITUTION 

mIgG1 ND 

—LizaF-1.4-- 2.8E--0-8- --I T2.52Y/11:256E/ H432,14— 

4. 

mF38 4.0E-09 T252Y/T256E/N434W 

mF39 2.1E-08 , P235K/S239K/T252Y/T256E/H433K 

mF40 3.2E-09 	P235K/S2391C/T252Y/T256E/N434W 

Binding activity to mouse FcyR at pH 7.4 was measured using the method of 

The results are shown in Table 12 below. 

Table 12] 

Example 

was 

River 

plasma 

MUTANT NAME BINDING AMOUNT (RU) 

mFcgR 1 mFcgR lib mFcgR III i mFcgR IV 

mIgG1 -2.0 202.1 450.0 	. -3.5 

mF14 -3.7 183.6 447.3 	; -8.0 

mF38 -2.0 161.1 403.0 -4.1 

mF39 -3.1 -3.0 -8.4 -3.8 

mF40 -3.0 -5.2 -18.7 -8.9 

16-31 	In vivo PK study using normal mice 

mPM1-mIgGI-mF1 4, 

to normal mice 

at 1 mg/kg in a single 

mice (C5781..161 mouse. Charles 

I, 2, 4.7 and 14 days after 

Plasma was obtained by immediately 

and 15.000 rpm. 	The separated 
time of measurement. 

A PK study in administration of the produced 

mPM1-mIgG I -mF38. mPM1-mIgG 1-mF39 and mPM1-mIgGI-mF40 

carried out according to the method indicated below. 

Anti-human IL-6 receptor antibody was administered 

administration beneath the skin of the back of normal 

Japan). 	Blood was collected at 5 minutes. 7 hours and 

administration of the anti-human IL-6 receptor antibody. 

centrifuging the collected blood for 15 minutes at 4°C 

was stored in a freezer set to -20°C or lower until the 
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(6-4) 	Measurement of plasma anti-human 1L-6 recentor mouse antibody concentration by 

ELISA 

Concentration of anti-human IL-6 receptor mouse antibody in mouse plasma was 

measured by ELISA. 	First, soluble human IL-6 receptor was dispensed into a Nunc-Immuno 

5 Plate, MaxiSoup (Nalge Nunc International) followed by allowing this to stand undisturbed 

°venni& attc.. to prociwza-a.solubia  hprasn U  .6 recergor-solid.phaseplater -Calibration cur:e 

samples containing of 1.25, 0.625, 0.313, 0.156, 0.078, 0.039 and 0.020 ug/mL of anti-human 

IL-6 receptor mouse antibody in plasma antibody concentration, and mouse plasma measurement 

samples diluted by 100-fold or more, were prepared. 	100 tiL aliquots of these calibration curve 
10 samples and plasma measurement samples were dispensed into each well of the soluble human 

IL-6 receptor solid phase plate followed by allowing this to stand undisturbed for 2 hours at 

room temperature. 	Subsequently, the chromogenic reaction of a reaction liquid obtained by 

reacting with Anti-Mouse IgG-Peroxidase Antibody (SIGMA) for 1 hour at room temperature 

and further reacting with Streptavidin-PolyHRP80 (Stereospecific Detection Technologies) for 1 

15 hour at room temperature was carried out using TMB One Component HRP Microwell Substrate 

(BioFX Laboratories) as substrate. 	After the reaction was stopped by adding 1N-Sulfuric Acid 

(Showa Chemical), absorbance at 450 nm of the reaction liquids of each well was measured with 

a microplate reader. 	Antibody concentrations in the mouse plasma were calculated from 

absorbance values of the calibration curve using the SOFTmax PRO analysis software 

20 (Molecular Devices). 	Changes in the antibody concentration in normal mouse plasma 

following intravenous administration as measured with this method are shown in Fig. 17. 

Based on the results shown in Fig. 17, inPMI-mIgGI -mF40, which does not have 

binding activity to mouse FcyR, was observed to demonstrate improvement of plasma retention 

in comparison with mPM1-mIgGI-mF38. 	In addition. mPM1-mIgG I -mF39. which does not 

25 have binding activity to mouse FcyR. was observed to demonstrate improvement of plasma 

retention in comparison with triPM1-mIgGI-mF14. 

On the basis of the above, an antibody having binding activity to mouse FcRn under 

conditions of the neutral pH region and having a FcyR-binding domain that does not have 

binding activity to mouse FcyR, was shown to have higher plasma retention in normal mice than 

30 an antibody having a normal FcyR-binding domain. 

As a result. in the same manner as Examples 4 and 5, plasma retention was confirmed to 

be high for antigen-binding molecules having the properties of antigen-binding molecules of 

Embodiment 1. 	Although the present invention is not bound to a specific theory. the 

improvement of plasma retention observed here is thought to be the result of selective inhibition 

35 of incorporation into immune cells, including antigen-presenting cells. and as a result thereof, it 

is expected to be possible to inhibit induction of an immune response. 
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[Example 7] 	In vitro evaluation 

receptor antibody) having 

containing an FcyR-binding 

binding activity of a native 

--In-order-to-evoluate 

Embodiment 1, namely an 

conditions of the neutral 

activity to active FcyR is 

response to the antigen-binding 

below. 

(7-I) 	Confirmation of 

of immunogenicity 

binding activity to human 

domain whose binding 

of a humanized antibody (anti-human IL-6 

FcRn in the neutral pH region and 

activity to human FcyR is lower than 

of an-antigat binding molmile of 

having binding activity to FcRn under 

an antigen-binding domain whose binding 

of a native FcyR binding domain, T cell 

was evaluated according to the method shown 

FcRn 

FcyR binding domain 

immunogcnititrinbuinans 

antigen-binding molecule 

pH region and containing 

lower than binding activity 

molecule in vitro 

binding activity to human 

The association constants (KD) of VH3/L(WT)-1g0 I, VH3/L(WT)-IgG I -F21 and 
VH3/L(WT)-1gG I -F140 to human FcRn under conditions of the neutral pH region (pH 7.0) 

measured in Example 4 are shown in Table 13 below. 

[Table 13) 

MUTANT NAME KD (M) AMINO ACID SUBSTITUTION 

IgG1 	 i NOT DETECTED 

IgGl-F21 	 3.0E-08 M252Y/V308P/N434Y 

IgGl-F140 	 6E-08 I 3 i 	• 	• S239K / M252Y/V308P/ N434 Y 

(7-2) 	Evaluation of bindine activity to human FcvR 

The binding activities of VH3/L(VT)-IgGI, VH3/L(WT)-IgGI -F21 and 

VH3/L(WT)-1gGI-F140 to human FcyR at pH 7.4 were measured using the method shown 

below. 

Binding activity between the antibodies and human FcyRla, FeyRIla(H), FcyRIla(R), 

Fc-yRI lb and FcyRllla(F) (hereinafter referred to as human FcyRs) was evaluated using the 

Biacore T100 or T200 (GE Healthcare). 	The antibodies being tested were captured by Protein 

L (ACTIGEN) that was immobilized in suitable amounts on the CM4 Sensor Chip (GE 

Healthcare) by amine coupling. 	Next, the diluted human FcyRs and a running buffer used as a 

blank were injected to allow interaction with the antibodies captured on the sensor chip. 	A 

buffer consisting of 20 mmol/L ACES, 150 'ninon NaCI and 0.05% (w/v) Tween 20 (pH 7.4) 

was used for the running buffer, and this buffer was also used to dilute the human FcyRs. 	10 
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mmol/L glycine-HCI (pH 1.5) was used to regenerate the sensor chip. All measurements were 

carried out at 25°C. 

Binding activity to human FcyRs can be represented by the relative binding activity to 

human FcyRs. Antibody was captured by Protein L. and the amount of change in a sensorgram 

5 	before and after the antibody was captured was defined as X1. Next, human FcyRs were 

10 

15 

20 

25 

30 

atlowed.to-interact-with.the.-antibody.-and-the value obtained-by-sukgracting-binding-estivitzy.of 

human FcyRs represented as the amount of change in a sensorgram before and after allowing the 

running buffer to interact with antibody captured by Protein L (AA2) from the value obtained by 

multiplying by 1500 the value obtained by dividing the binding activity of human FcyRs 

represented as the amount of change in a sensorgram before and after that interaction (tiAl) by 

the captured amount (X) of each antibody, was divided by the captured amount of each antibody 

(X) followed by multiplying by 1500 to obtain the binding activity of the human FcyRs (Y) 

(Equation 2). 

[Equation 2] 	Binding activity of human FcyRs (Y) = (AAI-AA2)/X x 1500 

The results are shown in Table 14 below. 

Table 14] 

BINDING AMOUNT(RU) 

hFcgRla I hFcgRlla(R) hFcgRIIa(H) hFcgRIIb hFcgRIIIa(F) 

IgG1 399.6 	158.9 	i 158.7 81.4 143.8 

IgGl-F21 403.0 	145.2 	1 153.6 63.4 146.7 

IgGI-F140 335.1 	7.6 8.8 2.2 1.8 

According to the results of Table 14. Fv4-IgGl-F140 demonstrated 

binding to each human FeyR without affecting the binding activity 

with Fv4-IgG I -F21. 

(7-3) 	In vitro immunogenicity study using human PBMCs 

a decrease in 

to human FcRn in comparison 

below using Fv4-1gG I -F21 

from blood collected from 

by Ficoll (GE Healthcare) .. 

the PBMCs magnetically using 

provided. 	Next, CO251" 

in accordance with the 

An in vitro immunogenicity study was carried out as shown 

and Fv4-IgGI -F140 produced in Example I. 

Peripheral blood mononuclear cells (PBMCs) were isolated 

healthy volunteers. 	After separating the PBMCs from the blood 

density gradient centrifugation. CD8-  T cells were removed from 

Dynabeads CD8 (Invitrogen) in accordance with the standard protocol 

T cells were removed magnetically using Dynabeads CD25 (Invitrogen) 
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standard protocol provided. 

A proliferation assay was carried out in the manner described below. 	Namely, PBMCs 

from each donor, from which CD8*T cells and CD25hiT cells had been removed and which had 

been re-suspended in AIMV medium (Invitmgen) containing 3% deactivated human serum to a 

3 concentration of 2 x 106/ml, were addtxi to a flat-bottomed 24-well plate at 2 x 106  cells per well. 

- 	-- --After-eultuIngfor-2-hefarrucider conditions-of-3.79e-mel15%-eEhrthetas-to--wItielreatirtest 

substance was added to final concentrations of 10, 30, 100 and 300 µg/ml were cultured for 8 

days. 	BrdU (Bromodeoxyuridine) was added to 150 pl, of cell suspension during culturing 

after transferring to a round-bottomed 96-well plate on days 6, 7 and 8 of culturing, after which 

10 the cells were further cultured for 24 hours. 	The BrdU that had been incorporated into the 

nuclei of the cells cultured with BrdU were stained using the BrdU Flow Kit (BD Bioscience) in 

accordance with the standard protocol provided, while surface antigens (CD3, CD4 and CDI9) 

were stained by anti-CD3, anti-CD4 and anti-CD19 antibodies (BD Bioscience). 	Next, the 

percentage of BrdU-positive CDC T cells was detected with BD FACS Calibur or BD FACS 

15 Cantll (BD). 	The percentage of BrdU-positive CDC T cells at each test substance 

concentration of 10.30, 100 and 300 pg/mL on days 6, 7 and 8 of culturing was calculated, 

followed by calculating the average values thereof. 

The results are shown in Fig. 18. 	Fig. 18 indicates the proliferative responses of CDC 

T cells to Fv4-1gG I -F21 and Fv4-1gGI-F140 in the PBMCs of five human donors from which 

20 CD8-  T cells and CD2516  T cells had been removed. 	First, an increase in the proliferative 

response of CDC T cells attributable to the addition of test substance was not observed in the 

PBMCs of donors A. B and D in comparison with a negative control. 	These donors are thought 

to have inherently not undergone an immune response to the test substances. 	On the other hand. 

a proliferative response of CDC T cells attributable to the addition of test substance was 

25 observed in the PBMC of donors C and E in comparison with a negative control. 	One of the 

points to be noted here is that thepmliferative response of CDC T cells to Fv4-IgGI-F140 

tended to decrease in comparison with Fv4-IgGI-F21 for both donors C and E. 	As previously 

described. Fv4-1gG1-F140 has a lower binding activity to human FcyR than Fv4-12G1-F21. and 

has the properties of Embodiment I. 	On the basis of the above results, it was suggested that 

30 immunogenicity can be suppressed with respect to antigen-binding molecules having binding 

activity to FcRn under conditions of the neutral pH region and containing an antigen-binding 

domain whose binding activity to human FcyR is lower than the binding activity of a native FcyR 

binding domain. 

35 [Example 8) 	In vitro evaluation of the immunogenicity of a humanized antibody (Anti-human 

A33 Antibody) having binding activity to human FcRn in the neutral pH region and containing 
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an antigen-binding domain whose binding activity to human FcyR is lower than the binding 

activity of a native FcyR binding domain 

(8-11 	Production of hA33-114 I 

5 

10 	antigen, 

15 	originates 

20 	variable 

72, 

25 	constant 

light 

30 	Reference 

indicate4inExample.7.rthey-were-suggested 

immune 

activity 

a humanized 

effects 

subjects 

Since human PBMCs inherently have a low immune response to Fv4-IgG I -F21 as 

not-to be-suitable-for evalusting.supprossion-of - 

response to Fv4-IgGI-F140 containing an antigen-binding domain whose binding 

to FcyR is lower than the binding activity of a native FcyR binding domain. 	Therefore. 

A33 antibody (hA33-IgG 1), which is a humanized IgGI antibody to the A33 

was produced in order to enhance the capability of detecting immunogenicity-lowering 

in an in vitro immunogenicity evaluation system. 

In hA33-IgG I, the anti-antibody has been confirmed to be produced in 33% to 73% of 

in a clinical study (Hwang, et al. (Methods (2005) 36, 3-10) and Walle, et al. (Expert 

Opin. 

neutral 

lowering 

binding 

chain 

referred 

human 

addition, 

hA33H-IgGI 

(8-2) 

Bio. Then (2007) 7(3), 405418)). 	Since the high immunogenicity of hA33-IgG I 

in the variable region sequence, for molecules in which binding activity to FcRn in the 

pH region had been enhanced for hA33-IgG I, it would be easy to detect immunogenicity 

effects that arise from inhibiting formation of a quatemary complex by lowering the 

activity to FcyR. 

The amino acid sequences of hA33H (SEQ ID NO: 62) used for the heavy chain 

region of the humanized A33 antibody and hA33L (SEQ ID NO: 63) used for the light 

variable region were acquired from known information (British Journal of Cancer (1995) 

1364-1372). 	In addition. naturally-occurring human IgGI (SEQ ID NO: 11. hereinafter 

to as IgGI) was used for the heavy chain constant region, and naturally-occurring 

kappa (SEQ ID NO: 64, hereinafter referred to as k0) was used for the light chain 

region. 

An expression vector containing the base sequences of heavy chain hA33H-IgG I and 

chain hA33L-k0 was produced according to the method of Reference Example I. 	In 

a humanized A33 antibody in the form of hA33-IgG I containing heavy chain 

and light chain hA33L-k0 was produced in accordance with the method of 

Example 2. 

Production of an A33-bindina antibody bovine bindina activity to human FcRn under 

conditions of the neutral nH region 

Since the produced hA33-IgGI is a human antibody having a naturally-occurring human 

35 	Fc region, it does not have binding activity to human FcRn under conditions of the neutral pH 

region. 	Therefore. an  amino acid modification was introduced into the heavy chain constant 
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region of hA33-IgG1 in order to impart the ability to bind to human FcRn under conditions of 

the neutral pH region. 

More specifically, hA33H-IgGI-F21 (SEQ ID NO: 65) was produced by substituting 

Tyr for Met at position 252 (EU numbering). substituting Pro for Val at position 308 (EU 

5 numbering) and substituting Tyr for Asn at position 434 (EU numbering) in the heavy chain 

1:35itstantregion of hA33.101-hrthefornrofInet33144g64-.--fisittg-thc-nredratf-Reccrencr- - . 

Example 2. an A33-binding antibody having binding activity to human FeRn under conditions of 

the neutral pH region was produced in the form of hA33-IgGI-F21containing hA33H-IgGI-F21 

for the heavy chain and hA33L-k0 for the light chain. 

10 

(8-31 	Production of an A33-binding antibody containing an FcyR-binding domain whose 

binding activity to human Fcv12. under conditions of the neutral aH region is lower than the 

binding activity of a native FevR-binding domain 

hA33H-IgGI-F140 (SEQ ID NO: 66) was produced in which Lys is substituted for Ser 

15 at position 239 (EU numbering) in the amino acid sequence of hA33H-IgG I -F21 in order to 

lower the binding activity of hA33-IgG 1-F21 to human FcyR. 

(8-4) 	Immunogenicity evaluation of various types of A33-binding antibodies by in vitro T-cell 

assay 

20 The immunogenicity of the produced hA33-IgGI-F21 and hA33-IgG I -F140 was 

evaluated using the same method as that of Example 7. 	Furthermore, the healthy volunteers 

serving as donors were not the same individuals as the healthy volunteers from whom the 

PBMCs used in Example 7 were isolated. 	In other words. donor A in Example 7 and donor A in 

this study were different healthy volunteers. 

25 The study results are shown in Fig. 19. 	In Fig. 19. a comparison is made between the 

results for hA33-IgGI-F21 which has binding activity to human FcRn in the neutral pH region, 

and hA33-IgG I -F140 which contains an FcyR-binding domain whose binding activity to human 

FcyR is lower than the binding activity of a native FcyR-binding domain. 	Since a response to 

liA33-IgG1-F21 was not observed in PBMCs isolated from donors C, D and F in comparison 

30 with a negative control, donors C, D and F are thought to be donors in whom an immune 

response to hA33-IgGI-F21 does not occur. 	A strong immune response to hA33-IgGI-F21 was 

observed in the PBMCs isolated from the other seven donors (donors A, B. E. G. H, I and J) in 

comparison with the negative control; and hA33-IgGI-F21 demonstrated a high level of 

immunogenicity in vitro as expected. 	On the other hand, an effect was observed in which the 

35 immune response of PBMCs isolated from all of these seven donors (donors A, B, E. G. H. I and 

J) to hA33-IgGI-F140 which contains an FcyR binding domain whose binding activity to human 
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FcyR is lower than the binding activity of a native FcyR binding domain, was decreased in 

comparison with that to hA33-IgGI-F21. 	In addition, since the immune response of the 

PBMCs isolated from donors E and l to hA33-IgG I -F140 was also about the same as that of the 

negative control, it was thought that immunogenicity can be reduced in antigen-binding 

molecules having binding activity to human FcRn in the neutral pH region by lowering binding 

activity:  to human-FeyRto-alovelniewer-thcz-thebiading-ectivitycla native-FeTR-biricling--- - - 

domain and inhibiting the formation of a quaternary complex. 

[Example 9] 	In vitro immunogenicity evaluation of a humanized antibody (anti-human A33 

antibody) that has binding activity to human FcRn under conditions of the neutral pH region but 

does not have binding activity to human FcyR 

19-1) 	Production of an A33-binding antibody having strong binding activity to human FcRn 

under conditions of the neutral nH region 

hA33H-IgG I -F698 (SEQ ID NO. 67) was produced according to the method of 

Reference Example 1 by substituting Tyr for Met at position 252 (EU numbering), substituting 

Glu for Asn at position 286 (EU numbering), substituting Gln for Thr at position 307 (EU 

numbering), substituting Ala for Gin at position 311 (EU numbering), and substituting Tyr for 

Asn at position 434 (EU numbering) in the amino acid sequence of hA33H-IgG I. 	A human 

A33-binding antibody having strong binding activity to human FcRn under the conditions of the 

neutral pH region was produced in the form of11433-IgGI-F698 containing hA33H-IgGI-F698 

for the heavy chain and hA33L-k0 for the light chain. 

(9-2) 	Production of an A33-binding antibody containing an antigen-binding domain whose 

binding activity to human FcvR under conditions of the neutral off region is lower than the 

binding activity of a native FcyR-binding domain 

hA33H-IgGI-F699 (SEQ ID NO: 68) was produced in which Lys was substituted for 

Ser at position 239 (EU numbering) of hA33H-F698 and which contains an antigen-binding 

domain whose binding activity to human FcyR is lower than the binding activity of a native FcyR 

binding domain. 

Binding activity to human FcRn at pH 7.0 of VH3/L(WT)-IgG I. 

VH3/L(WT)-IgGI-F698 and VH3fL(WT)-IgGI-F699 was measured using the method of 

Example 4. 	Moreover. binding activity to human FcyR at pH 7.4 of VI-13/L(WT)-IgG1, 

VH3/L(WT)-IgGI-F698 and VH3/L(WD-IgGI-F699 was measured using the method of 

Example 7. 	The results for both are shown in Table 15 below. 
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[Table 15] 

MUTANT 

NAME 

hFcRn 

KD (nM) 

BINDING AMOUNT (RU) 

hFcgRla 	hFcgRIla(R) hFctRT1a(H) hFcgRIlb 1 hFcgRIlla(F) 

IgGI ND 392.1 	15a.3 154.8 75.8 	1 
1 1 102.3 

IgGI-F698 22 392.1 	116.7 115.8 55 9 42.1 	4 ' 	• 
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IgG1 -F699 23 163.5 	. 3.2 3.5 -0.3 	(-2.0 

As is shown in Table 15, VH311.(WT)-IgGI -F699, in which Lys is substituted for Ser at 

position 239 (EU numbering) and which contains an antigen-binding domain whose binding 

activity to each type of human FcyR is lower than the binding activity of a native FcyR binding 

domain, demonstrated binding activity to hFcgRl even though binding to hFcgRila(R), 

hFcgRlIa(H), hFcgRIIb and hFcgRIIIa(F) was decreased. 

(9-3) 	Immunogenicity evaluation of various types of A33-binding antibodies by in vitro T-cell 

assay 

to the produced hA33-IgGI-F698 and hA33-IgG1-F699 was evaluated 

same method as Example 7. 	Furthermore, the healthy volunteers serving as 

the same individuals as the healthy volunteers from whom the PBMC used in 

8 were isolated. 	In other words, donor A in Examples 7 and 8 and donor A in 

different healthy volunteers. 

results are shown in Fig. 20. 	In Fig. 20. a comparison is made between the 

I -F698 which has strong binding activity to human FcRn under conditions 

pH region, and hA33-1gGI -F699 which contains an FcyR binding domain whose 

to human FcyR is lower than binding activity of a naturally-occurring FcyR 

a response to hA33-IgGI-F698 was not observed in PBMCs isolated from 

1 in comparison with a negative control, donors G and I are thought to be donors in 

response to hA33-1gG I -F698 does not occur. 	A strong immune response to 

was observed in the PBMCs isolated from the other seven donors (donors A, B. 

H) in comparison with the negative control, and a high level of immunogenicity 

in vitro in the same manner as the aforementioned hA33-IgGI -F21. 	On the 

effect was observed in which the immune response of PBMCs isolated from five 

A. B, C. D and F) to 	-F699 which contains an FcyR binding domain 

activity to human FcyR is lower than the binding activity of a native FcyR 

was decreased in comparison with that to hA33-IgGl-F698. 	In particular, the 

of the PBMCs isolated from donors C and F to hA33-IgGI-F699 was 

Immunogenicity 

according to the 

donors were not 

Examples 7 and 

this study were 

The study 

results for hA33-IgG 

of the neutral 

binding activity 

domain. 	Since 

donors G and 

whom an immune 

hA33-Ig0 I -F698 

C, D, E, F and 

was demonstrated 

other hand, an 

donors (donors 

whose binding 

binding domain, 

immune response 



165 

confirmed to be about the same as that of the negative control. The fact that the effect of 

reducing immunogenicity was confirmed not only for hA33-IgGI-F2 I but also for 

hA33-IgGI -F698 which has strong binding activity to human FcRn showed that immunogenicity 

can be reduced in antigen-binding molecules having binding activity to human FeRn in the 

5 	neutral pH region, by making the binding activity to human FcyR lower than the binding activity 

---- 	-..... 
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30 

of a :la 	t. Fr.P. binding-dowain,.andithibinngthe-f-ornatien of a.quaternary-oomptcx. 

(9-4) 	Production of an A33-binding antibody not having binding activity to human FciRla 

under conditions of the neutral pH region 

a decreased binding 

position 239 (EU 

binding to 

contains an FcyR-binding 

hA33H-IgGI-F763 

at position 235 (EU 

in 

of the neutral pH region 

and 

binding activity to 

I -F698 and 

7. 	Those results are 

As previous described in (9-3), hA33-IgGI-F699 demonstrated 

activity to various types of human FcyR by substituting Lys for Ser at 

numbering) in liA33-IgG I-F698, and binding to hFcgRI remained although 

hFcgRIla(R), hFcgRIla(H), hFcgRIlb and hFcgRllla(F) decreased considerably. 

Therefore, in order to produce an A33-binding antibody that 

domain not having binding activity to all human FcyR including hFcgRla, 

(SEQ ID NO: 69) was produced in which Arg was substituted for Leu 

numbering) and Lys was substituted for Ser at position 239 (EU numbering) 

hA33H-IgG I -F698 (SEQ ID NO: 67). 

Association constants (KD) for human FcRn under conditions 

(pH 7.0) were measured for VI13/L(WT)-IgGI. VH3/L(WT)-IgGI-F698 

VH3/L(WT)-IgGI-F763 using the method of Example 4. 	In addition, 

human FcyR was evaluated for VH3/L(WT)-IgGI, VH3/L(WT)-IgG 

VH3/L(WT)-IgGI -F763 according to the method described in Example 

also shown in Table 16 below. 

[Table 16] 

MUTANT 	i hFcRn 	i 

NAME 	• KD (nM) 	I 

BINDING AMOUNT (RU) 

hFcgRIa hFcgRlIa(R) i hFcgRlla(H) hFcgRab hFcgRIfia 

1 IgG1 	: ND 392.1 154.3 	I 154.8 75.8 102.3 

1 IgGI-F698 • 22 1 392.1 116.7 	! 115.8 42.1 55.9  
11gGI-F763 	35 -0.4 	1 -1.0 	I, -0.8 -1.0 -2.9 

As shown in Table 16, IgGI-F763. in which Arg was substituted for Leu at position 235 

(EU numbering) and Lys was substituted for Ser at position 239 (EU numbering), was shown to 

demonstrate decreased binding activity to all human FcyR including hFcyRIa. 
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(9-51 	immunogenicity evaluation of various types of A33-binding antibodies by in vitro T-cell 

assay 

The immunogenicity of the produced hA33-IgG I -F698 and hA33-IgG I -F763 was 

5 evaluated using the same method as that of Example 7. 	Furthermore, in the same manner as 
„„ previously-desuibtxt-tireimitlry-voituiteets servingeas-doriors were nottitesetteinditittratwas 

the healthy volunteers from whom the PBMCs used in the aforementioned examples were 

isolated. 	In other words, donor A in the aforementioned examples and donor A in this study 

were different healthy volunteers. 

10 The study results are shown in Fig. 21. 	In Fig. 21, a comparison is made between the 

results for hA33-lgG I -F698 which has strong binding activity to human FcRn under conditions 

of the neutral pH region, and hA33-lgG I -F763 which contains an FcyR binding domain whose 

binding activity to human FcyR is lower than binding activity of a native FcyR binding domain. 

Since a response to hA33-IgG I -F698 was not observed in PBMCs isolated from donors B. E, F 

15 and K in comparison with a negative control, donors B, E, F and K are thought to be donors in 

whom an immune response to hA33-IgG I -F698 does not occur. 	A strong immune response to 

hA33-IgGI-F698 was observed in the PBMCs isolated from the other seven donors (donors A. C. 

D, G, H, I and)) in comparison with the negative control. 	On the other hand, an effect was 

observed in which the immune response of PBMCs isolated from four donors (donors A. C. D 

20 and H) to hA33-IgG I -F763 which contains an FcyR binding domain whose binding activity to 

human FcyR is lower than the binding activity of a naturally-occurring FcyR domain, was 

decreased in comparison with that to hA33-IgGI -F698. 	Among these four donors, the immune 

response of the PBMCs isolated from donors C. D and H in particular to hA33-IgG I -F763 was 

about the same as that of the negative control. and among the four donors in whom the immune 

25 response of PBMCs was decreased as a result of decreasing binding to FcyR. it was in fact 

possible to completely inhibit the PBMC immune response in three donors. 	Also based on this 

finding. antigen-binding molecules containing an FcyR binding domain whose binding activity to 

human FcyR is low are considered to be extremely effective molecules having reduced 

immunogenicity. 

30 Based on the results of Examples 7, 8 and 9, an immune response to antigen-binding 

molecules in which the formation of a quaternary complex was inhibited by decreasing binding 

to active FcyR (Embodiment I) was confirmed to be inhibited in numerous donors in comparison 

with antigen-binding molecules that are able to form a quaternary complex on antigen-presenting 

cells. 	The above results showed that the formation of a quaternary complex on 

35 antigen-presenting cells is important for the immune response of antigen-binding molecules, and 

that antigen-binding molecules which do not form that quatemary complex make it possible to 



167 

reduce immunogenicity in numerous donors. 

[Example 10) 	In vivo immunogenicity evaluation of a humanized antibody that has binding 

activity to human FcRn in the neutral pH region but does not have binding activity to mouse 

5 FcyR 

It. was-dnnonstratedby the- in vim- experimeat-in-Exanaphie-71-8ttd 9 -thst 	- 

immunogenicity is reduced in antigen-binding molecules having binding activity to human FeRn 

in the neutral pH region and containing an FeyR binding domain whose binding activity to FcyR 

is lower than the binding activity of a native FcyR binding domain in comparison with 

10 antigen-binding molecules in which the FcyR binding activity has not been lowered. 	The 

following study was conducted to confirm whether or not this effect is also demonstrated in vivo. 

(10-11 	In vivo immunogenicity study in human FcRn transgenic mice 

15 

Antibody production to Fv4-IgG I -Fil, Fv4-IgG I -F890, Fv4-1861-F947, 

Fv4-IaG I -F821, Fv4-IgG I -F939 and Fv4-IgGI-F1009 was evaluated using mouse plasma 

obtained in Example 5 according to the method indicated below. 

(10-2) 	Measurement of anti-administered specimen antibody in plasma by electrochemical 

luminescence 

20 Antibody against an administered specimen antibody present in mouse plasma was 

measured by electrochemical luminescence. 	First, the administered antibody was dispensed 

into an Uncoated Multi-Array Plate (Meso Scale Discovery) followed by allowing this to stand 

undisturbed overnight at 4°C to produce an administered antibody solid phase plate. 	Samples 

for mouse plasma measurement were prepared by diluting 50-fold followed by dispension into 

25 the solid phase plate and overnight reaction at 4°C. 	Subsequently, Anti-Mouse IgG (whole 

molecule) (Sigma) ruthenated with Sulfo-Tag NHS Ester (Meso Scale Discovery) was allowed to 

react for I hour at room temperature, and Read Buffer T (x4) (Meso Scale Discovery) was added, 

followed immediately by measurement with the Sector PR 400 (Meso Scale Discovery). 	The 

plasma from five animals that were not administered with the antibody was measured as a 

30 negative control sample for each measurement system, and the value (X), obtained by adding the 

product of multiplying the standard deviation (SD) of values measured using the plasma of those 

five animals by 1.645 to the mean (MEAN) of values measured using the five animals, was used 

as the criterion for determining a positive reaction (Equation 3). 	Those animals that 

demonstrated a reaction exceeding the positive criterion even once on any of the blood collection 

35 days were judged to have positive antibody production response to the test substance. 

[Equation 3) 
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Positive criterion for antibody production (X) = MEAN + 1.645 x SD 

(10-3) Inhibitory effect on in vivo immunogenicity by decreasing binding activity to FcyR 

The results are shown in Figs. 22 to 27. 	Fig. 22 shows the titers of mouse antibody 

5 produced in response to Fv4-IgGI-F11 at 3, 7, 14, 21 and 28 days after administration of 

-1: v4-IgG-1-F 1'1 tviturturr-FeRirtmnageuit-mil'}r --Production erfinousenttitrody-ter- 	 — 

Fv4-IgGI-F11 was shown to be positive in one of the three mice (#3) on each day blood was 

collected following administration (positive rate: 1/3). 	On the other hand, Fig. 23 shows the 

titers of mouse antibody produced in response to Fv4-IgG I -F82I at 3, 7, 14, 21 and 28 days after 

10 administration of Fv4-IgGI -F821 to human FcRn transgenic mice. 	Production of mouse 

antibody to Fv4-1g01 -F821 was shown to be negative in all three of the mice on each day blood 

was collected following administration (positive rate: 0/3). 

Fig. 24A and its enlarged view in the form of Fig. 24B show titers of mouse antibody 

produced in response to Fv4-IgGI-F890 at 3, 7, 14, 21 and 28 days after administration of 

15 Fv4-IgGI-F890 to human FcRn transgenic mice. 	Production of mouse antibody to 

Fv4-IgG I -F890 was shown to be positive in two of the three mice (#1 and #3) at 21 and 28 days 

after administration (positive rate: 2/3). 	On the other hand, Fig. 25 shows titers of mouse 

antibody produced in response to Fv4-IgGI-F939 at 3, 7, 14, 21 and 28 days after administration 

of Fv4-IgG I -F939 to human FcRn transgenic mice. 	Production of mouse antibody to 

20 Fv4-IgGl-F939 was shown to be negative in all three mice on each day blood was collected 

following administration (positive rate: 0/3). 

Fig. 26 shows titers of mouse antibody produced in response to Fv4-IgGI-F947 at 3, 7, 

14.21 and 28 days after administration of Fv4-IgG I -F947 to human FcRn transgenic mice. 

Production of mouse antibody to Fv4-IgGI-F947 was shown to be positive in two of the three 

25 mice (#1 and #3) at 14 days after administration (positive rate: 2/3). 	On the other hand. Fig. 27 

shows titers of mouse antibody produced in response to Fv4-IgGI-F1009 at 3, 7, 14, 21 and 28 

days after administration of Fv4-IgG I -F1009 to human FcRn transgenic mice. 	Production of 

mouse antibody to Fv4-IgG I -F1009 was shown to be positive in two of the three mice (#4 and 

#5) starting 7 days after administration (positive rate: 2/3). 

30 As was indicated in Example 54 Fv4-IgG1-821 has decreased binding to various types of 

mouse FeyR with respect to Fv4-IgGI-F11, Fv4-lgG I -F939 similarly has decreased binding to 

various types of mouse FcyR with respect to Fv4-IgG I -F890, and Fv4-IgGl-F1009 similarly has 

decreased binding to various types of mouse FcyR with respect to Fv4-IgG I -F947. 

It was indicated that in vivo immunogenicity can be remarkably reduced by decreasing 

35 binding of Fv4-IgGI-F11 and Fv4-IgGI-F890 to various types of mouse FcyR. 	On the other 

hand, the effect of reducing in vivo immunogenicity was not demonstrated as a result of 
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decreasing binding of Fv4-IgG I -F947 to various types of mouse FcyR. 

Although not bound to a specific theory, the reason for observing this inhibitory effect 

on immunogenicity can be explained in the manner described below. 

As was described in Example 3, inhibition of the formation of a quaternary complex on 

5 the cell membrane of antigen-presenting cells is thought to be possible by decreasing the binding 

. -activity-to-Fevaof-antiger-birading malecules-having binding activity-Es- Fc-Rrr under.conditiore; 

of the neutral pH region. 	As a result of inhibiting the formation of a quaternary complex, 

incorporation of antigen-binding molecules into antigen presenting cells is thought to be 

inhibited, and as a result thereof, induction of immunogenicity to the antigen-binding molecules 

10 is thought to be suppressed. 	Fv4-IgGI-F11 and Fv4-IgGI-F890 are thought to have suppressed 

induction of immunogenicity in this manner by decreasing binding activity to FcyR. 

On the other hand, Fv4-101-F947 did not demonstrate the effect of suppressing 

immunogenicity as a result of decreasing binding activity to FcyR. 	Although not bound to a 

specific theory, the reason for this can be discussed in the manner indicated below. 

15 As shown in Fig. 16. elimination of Fv4-IgGI-F947 and Fv4-IgG I -F 1009 from the 

plasma is extremely fast. 	Here, Fv4-IgGI -F1009 is thought to have undergone a decrease in 

binding activity to mouse FcyR, and the formation of a quaternary complex on 

antigen-presenting cells is thought to be inhibited. 	Consequently, Fv4-1gGI-FI 009 is thought 

to be incorporated into cells as a result of binding only to FcRn expressed on the cell membrane 

20 of such cells as vascular endothelial cells or hematopoietic cells. 	Here. since FcRn is also 

expressed on the cell membranes of some antigen-presenting cells. Fv4-18G1 -F1009 can also he 

incorporated into antigen-presenting cells by binding only to FcRn. 	In other words, among the 

rapid elimination of Fv4-IgGI-F1009 from plasma, a portion may be incorporated into 

antigen-presenting cells. 

25 Moreover, Fv4-IgGI-F1009 is a human antibody, and is a completely foreign protein to 

mice. 	In other words, mice are thought to have numerous T-cell populations that specifically 

respond to Fv4-IgGI-Fl 009. 	The mere small quantity of Fv4-IgGI-F1009 incorporated into 

antigen-presenting cells is presented to T cells after processing within cells, and since mice have 

numerous T-cell populations that specifically respond to Fv4-IgGI-F1009. an  immune response 

30 to Fv4-IgGI-F1009 is thought to be easily induced. 	In reality, when a foreign protein in the 

form of human soluble IL-6 receptor is administered to mice as indicated in Reference Example 

4, the human soluble IL-6 receptor is eliminated in a short period of time. and an immune 

response to the human soluble IL-6 receptor is induced. 	The fact that immunogenicity was 

induced even though human soluble IL-6 receptor does not have binding activity to FcyR and 

35 FcRn in the neutral pH region is thought to be due to the rapid elimination of human soluble IL-6 

receptor and the large quantity being incorporated into antigen-presenting cells. 
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In other words, in the case when an antigen-binding molecule is a foreign protein (such 

as in the case of administering a human protein to mice), it is thought to be more difficult to 

suppress an immune response by inhibiting the formation of a quaternary complex on 

antigen-presenting cells in comparison with the case of the antigen-binding molecule being a 

homologous protein (such as in the case of administering a murine protein to mice). 

,--- .1nrealityrin the ea Arta therantigen-bindingreoleculeis-arranrib,ody,sinee tile-

antibody administered to humans is a humanized antibody or human antibody, an immune 

response occurs to homologous protein. 	Therefore, an evaluation was carried ow in Example 

11 as to whether or not inhibition of the formation of a quaternary complex leads to a reduction 

in immunogenicity by administering a mouse antibody to mice. 

[Example II] 	In vivo immunogenicity evaluation of mouse antibodies that have binding 

activity to mouse FcRn under conditions of the neutral pH region but do not have binding 

activity to mouse FcyR 

( 11-1) 	In vivo immunogenicity study in normal mice 

The following study was conducted for the purpose of verifying the inhibitory effect on 

immunogenicity obtained by inhibiting the formation of a quaternary complex on 

antigen-presenting cells in the case when the antigen-binding molecule is a homologous protein 

(as in the case of administering a mouse antibody to mice). 

Antibody production to mPM I -mIgGI-mF38, niPM I -mIgG I -mF40, 

mPM1-mIgGI-mF14 and mPM1-mIgGI-InF39 was evaluated using mouse plasma obtained in 

Example 6 according to the method indicated below. 

(11-2) 	Measurement of anti-administered specimen antibody in plasma by electrochemical 

luminescence 

Antibody against an administered specimen present in mouse plasma was measured by 

electrochemical luminescence. 	First, the administered specimen was dispensed into a 

multi-array 96-well plate. followed by 1 hour of reaction at room temperature. 	After washing 

of the plate, 50-fold diluted mouse plasma measurement samples were prepared: and after 2 

hours of reaction at room temperature and washing of the plate. the administered specimen 

ruthenated with Sulfo-Tag NHS Ester (Meso Scale Discovery) was dispensed, followed by 

overnight reaction at 4°C. 	Afier the plate was washed on the following day. Read Buffer T (x4) 

(Meso Scale Discovery) was dispensed. followed immediately by measurement with the Sector 

PR 2400 Reader (Meso Scale Discovery). 	The plasma from five animals that were not 

administered with the antibody was measured as a negative control sample for each measurement 
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system. and the value (X) obtained by adding the product of multiplying the standard deviation 

(SD) of values measured using the plasma of those five animals by 1.645 to the mean (MEAN) 

of values measured using the plasma of the five animals, was used as the criterion for 

determining a positive reaction (Equation 3). 	Those animals that demonstrated a reaction 

5 exceeding positive criterion even once on any of the blood collection days were judged to have 

.positive.antibodnroduciion-response to-the test substance. 

[Equation 3) 

Positive evaluation criterion for antibody production (X) = MEAN + 1.645 x SD 

10 111-3) 	Inhibitory effect on in vivo immunogenicitv by decreasing binding activity to FctR 

The results are shown in Figs. 28 to 31. 	Fig. 28 shows the titers of mouse antibody 

produced in response to mPM I -mIgG 1 -mF14 at 14.21 and 28 days after administration of 

mPM I -mIgGI-mF I 4 to normal mice. 	Production of mouse antibody to mPM1-mIgG I -mF14 

was shown to be positive in all three mice at 21 days after administration (positive rate: 3/3). 

15 On the other hand, Fig. 29 shows the titers of mouse antibody produced in response to 

mPM1-mIg0 I -mF39 at 14.21 and 28 days after administration of mPMI -mIgG I -mF39 to 

normal mice. 	Production of mouse antibody to mPM I -mIgGI-mF39 was shown to be negative 

in all three of the mice on each day blood was collected following administration (positive rate: 

0/3). 

20 . 	Fig. 30 shows titers of mouse antibody produced in response to mPMI-mIgGI-mF38 at 

14, 21 and 28 days after administration of mPM I -mIgG I -m.F38 to normal mice. 	Production of 

mouse antibody to mPM I -ntlgG I -InF38 was shown to be positive in two of the three mice (#1 

and #2) at 28 days after administration (positive rate: 2/3). 	On the other hand, Fig. 31 shows 

titers of mouse antibody produced in response to mPM I -mIgG I -mF40 at 14. 21 and 28 days 

25 after administration of mPMI-mIgGI-mF40 to normal mice. 	Pmduction of mouse antibody to 

mPM I -mIgGI-mF40 was shown to be negative in all three mice on each day blood was 

collected following administration (positive rate: 0/3). 

30 

As was shown in Example 6. relative to mPM I -mIgG I -mF38. mPM I -migG I -mF40 has 

decreased binding to various types of mouse FcyR, and similarly relative to mPM1-m1gG I -mF14, 

mPM I -mIgG I -mF39 has decreased binding to various types of mouse FcyR. 

These results confirmed that even if mouse antibodies mPM I -mIgG I -mF38 and 

mPM1-mIgGI-mF14 which are homologous proteins were administered to normal mice, 

antibody production was confirmed in response to the administered antibody and an immune 

response was confirmed. 	As indicated in Examples I and 2. this is thought to be due to 

35 promotion of the incorporation into antigen-presenting cells through formation of a quaternary 

complex on antigen-presenting cells by enhancing binding activity to FeRn in the neutral pH 
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region. 

It was shown that it is possible to reduce in vivo immunogenicity by inhibiting 

formation of a quaternary complex by decreasing binding of such antigen-binding molecules 

having binding activity to human FeRn in the neutral pH region to various types of mouse FcyR. 

These results indicate that by decreasing binding activity to FcyR of an antigen-binding 

molccee havinartding-activity to-FcRtruntraditiernsof tilt titutrepfbregitnrdie--- - 

immunogenicity of that antigen-binding molecule can be decreased extremely effectively both in 

vitro and in vivo. 	In other words, the immunogenicity of an antigen-binding molecule that has 

binding activity to FcRn under conditions of the neutral pH region and whose binding activity to 

active FcyR is lower than the binding activity of a native FeyR binding domain (namely, an 

antigen-binding molecule of Embodiment I described in Example 3) was indicated to be 

decreased remarkably in comparison with an antigen-binding molecule having binding activity 

roughly comparable to that of the native FcyR binding domain (namely, an antigen-binding 

molecule capable of forming a quaternary complex as described in Example 3). 

[Example 12] 	Production and evaluation of human antibodies having binding activity to human 

FcRn in the neutral pH region and whose binding activity to human FcyR is lower than binding 

activity of a native FcyR-binding domain 

(12-1) Production and evaluation of human leG1 antibodies having binding activity to human 

FcRn in the neutral pH region and whose binding activity to human FcvR is lower than binding 

activity of a native FcyR-binding domain 

In a non-limiting aspect of the present invention, although preferable examples of an Fc 

region whose binding activity to active FcyR is lower than binding activity to active FcyR of a 

naturally-occurring Fc region include Fc regions in which one or more amino acids at any of 

positions 234, 235, 236, 237, 238. 239, 270, 297, 298, 325 and 329 (EU numbering) among the 

amino acids of the aforementioned Fc region is modified to an amino acid that differs from the 

naturally-occurring Fc region. modification of the Fc region is not limited to that described 

above, but rather may also be. for example. deglycosylation (N297A, N297Q) described in 

Current Opinion in Biotechnology (2009) 20(6), 685-691, modifications such as 

IgGI-L234A/L235A, IgGI-A325A/A330S/P33 1 S, IgG I -C226S/C229S, 

I gG I -C226S/C229S/E233P/L234V/L235A, IgGI-L234F2.235E/P33 IS, IgGI-S267E/L328F, 

IgG2-V234A/G237A, IgG2-H268QN3091JA330S/A331S, 1gG4-L235A/G237A/E318A or 

IgG4-L236E, 	well 	 G236R/L328R. L235G/G236R, N325A/L328R as 	as modifications such as 	 or 

N325LL328R described in WO 2008/092117. insertion of amino acids at positions 233, 234, 235 

and 237 (EU numbering), and modifications of the locations described in WO 2000/042072. 



173 

The Fv4-IgG I -F890 and Fv4-1gG I -F947 produced in Example 5 are antibodies that 

have binding activity to human FcRn under conditions of the neutral pH region and bind to 

human IL-6 receptor in a pH-dependent manner. 	Various variants have been produced in which 

binding to human FcyR was decreased by introducing amino acid substitutions into the amino 

5 acid sequence thereof (Table 17). 	More specifically, variants were produced including 

3/1134190.1—F-93414SEQ-1D-HQ-1,561rirabioh-Lys-wesa,substitated-fer-Leu. at position 235 (EU . 

numbering) and Lys was substituted for Ser at position 239 of the amino acid sequence of 

VH3-IgGI-F890, VH3-IgG I -FI315 (SEQ ID NO: 157), in which Lys was substituted for Gly at 

position 237 (EU numbering) and Lys was substituted for Ser at position 239 of the amino acid 

10 sequence of VH3-IgG I -F890, VH3-IgGI-F1 316 (SEQ ID NO: 158), in which Arg was 

substituted for Gly at position 237 (EU numbering) and Lys was substituted for Ser at position 

239 in the amino acid sequence of VH3-IgG I -F890, VH3-IgG 1-F1317 (SEQ ID NO: 159). in 

which Lys was substituted for Ser at position 239 (EU numbering) and Lys was substituted for 

Pro at position 329 in the amino acid sequence of VH3-IgG1 -F890, VH3-IgG1 -F1318 (SEQ ID 

15 NO: 160), in which Lys was substituted for Ser at position 239 (EU numbering) and AT, was 

substituted for Pro at position 329 of the amino acid sequence of VH3 -IgG I -F890, 

VH3-1gG I -F1324 (SEQ ID NO: 161), in which Ala was substituted for Leu at position 234 (EU 

numbering) and Ala was substituted for Leu at position 235 of the amino acid sequence of 

VH3-1gGI-F890. VH3-1gG 1-F1325 (SEQ ID NO: 162). in which Ala was substituted for Leu at 

20 position 234 (EU numbering), Ala was substituted for Leu at position 235 and Ala was 

substituted for Asn at position 297 of the amino acid sequence of VH3-IgG 1-F890, 

VH3-IgG I -F1333 (SEQ ID NO: 163). in which Arg was substituted for Leu at position 235 (EU 

numbering). Arg was substituted for Gly at position 236 and Lys was substituted for Ser at 

position 239 of the amino acid sequence of VH3-IgG I -F890, VH3-IgGI-F1356 (SEQ ID NO: 

25 164), in which Arg was substituted for Gly at position 236 (EU numbering) and Arg was 

substituted for Leu at position 328 of the amino acid sequence of VH3-IgG I -F890, 

V113-IgG 1-F1326 (SEQ ID NO: 155), in which Ala was substituted for Leu at position 234 (EU 

numbering) and Ala was substituted for Leu at position 235 of the amino acid sequence of 

VH3-IgGI-F947, and VH3-IgGl-F1327 (SEQ ID NO: 165), in which Ala was substituted for 

30 Leu at position 234 (EU numbering). Ala was substituted for Leu at position 235 and Ala was 

substituted for Asn at position 297 of the amino acid sequence of VE13-IgG I -F947. 

[Table 17] 
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MUTANT NAME AMINO ACID  SUBSTITUTION 

-- 

5 

10 

Old 	• 
F890 	! M252Y/N434Y/Y436V 
F938 	! 1.235K/S239k/M252Y/K43-:17 -1361 

F939 	: L235R/S239K/M252Y i N43 :Y ,'Y43();, 

F1315 	G237K/S239K/M252Y , N434Y: 436 \* 

F-1346--.. 	i 	)7 7  P I  F. )7r)  !: 	!1 /4  r. ) 5 n. 	>.'t 7  !%'..,'‘.- 2CA7  - 
F1317 	Sirigh: ,  Mi5 2Y.'1'3291<;\ .414Y'‘'430.7 
F1318 	S239 k,' NI )5 )1'71'329R /  N434Y,'N. 436Y 

F1324 	L234A/L235A/M2521/N4341/1'4364  
F1325 	: L234A/L235A/M252Y/N297AI \434Y ,' 436', 	 : 

F1333 	i L235R/0236R/5239K/M252Y/N434Y/Y436V 
F1356 	_1(1236R/M252Y/1.328R/N434Y/Y436V 	 _____....., 
F947 	1T250V .1M 252Y/T307Q/V308P/Q311A/ N434Y/Y436V 
FI009 	

. 

. 1.235R/S2391C/T250V/M252Y/T307Q/V308F/Q311A / N4341 iY436V 
F1326 	i L234A/L235/1/7250V/M252Y/T307Q/ \ 30SIVQ:3 1'",1 N4:34‘../Y436V 
F1327 	! L234A/1.235A/T250V/M252Y/N297A/T307Q/V30811Q3 ilA/N434Y/Y436V 

(12-2) 	Confirmation of binding activity to human FcRn and human FcyR 

Binding activity (dissociation constant 10) to human FeRn at pH 7.0 of antibodies 

containing each of the amino acid sequences produced in (12-1) as heavy chains and containing 

L(WT)-CK as light chain was measured using the method of Example 4. 	In addition, binding 

activity to human FcyR at pH 7.4 was measured using the method of Example 7. 	The 

measurement results are shown in Table 18 below. 

[Table 18] 
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MUTANT 	hFcRn 
KDinM) 

BINDING AYOUNI(U)  ...
1-4ii- 4741.4TriliNNE 7FssRia 119c41111a0)192lia0ilicilliii 	19icgilaNj 

374.86 	166.62 	1 162.97 	88.89 	120.92 	• 233.51 G ld 	ND 
F890 	107 363.43 	i 128.07 	1 116.52 54.14 	 63.54 	179.55 
9938 	161 -0.49 	! -0.12 	1-0.05 -0.14 	• -0.34 1.20 
F939 	: 153 1 -2.37 	• -0.80 -0.90 -0.20 	0.51 -0.75 
F1315 	! 152 -2.71 	I -1.14 -1.37 0.63 	-0.33 	• I • . . -2.69 

• 

5 

10 

15 

20 

F1316 	1 149 -0.12 	1-0.33 	: -0.34 -0.44 	-0.26 -0.42 
F1317 	! 138 -1.46 	1-1.48 	! -0.76 -0.23 	-0.94 -2.76 
F1318 	• 143 -0.31 	-1.59 	j -1.12 0.26 	-L03 -3.63 
F1324 	' 132 226.78 	9.10 	6.97 	3.85 	. 5.83 39.49 
F1325 	. 213 -0.47 	! -1.17 	' -0.62 	j 1.46 	• -0.54 -2.40 
F1333 	; 123 -0.35 	: -0.15 	-0.56 	' -0.20 	i -1.01 -1.42 
F1356 	i 158 
9947 	1 11 

-0.90 	1-0.23 	-0.22 	0.63 	- 4.09 
367.87 	t, 147.83 	: 154.42 	' 70.56 	104.52 

0.09 
221.45 

F1009 	! 12 0.31 	1-0.27 	1-0.02 	0.16 	-0.68 3.64 
i-91326 	i 11 264.64 

4 
' 11.74 	1 11.42 	5.46 	9.51 61.62 

91327 	14 , 0.87 	1 -0.20 	' -1.14 	0.74 	-1.85 -0.60 

According to the results of Table 18, there are no particular 

acid modifications introduced in order to decrease binding 

FcyR in comparison with the binding activity of a native FcyR 

accomplished by using various amino acid modifications. 

(12-31 	Production of an anti-glvpican-3 binding antibody 

limitations on the 

activity to various types 

binding domain, and 

to each FcyR of variants 

Fc region of IgG I in order 

in comparison with 

antibody having 

of glypican-3 antibody 

H chain. 	Similarly, 

as disclosed in WO 

antibody L chain. 	In 

which Gly and Lys had been 

the antibody H chain constant 

(SEQ ID NO: 77), while 

75). 

amino 

of human 

this can be 

of amino 

to 

improved 

containing 

GpL I 6-k0 

addition, B3, 

deleted 

the L 

A comprehensive analysis was made of the binding 

acid residues thought to be the binding sites for FcyR in the 

discover modifications in which binding to FcgR decreases 

naturally-occurring IgG I . 	The variable region of an anti-glypican-3 

plasma dynamics disclosed in WO 2009/041062 in the form 

the CDR of GpH7 (SEQ ID NO: 74) was used for the antibody 

of the glypican-3 antibody which has improved plasma dynamics 

2009/041062 (SEQ ID NO: 75) was used in common for the 

obtained by introducing a mutation of K439E into Gld, in 

from the C terminus of IgGI (SEQ ID NO: 76). was used for 

region. 	This H chain is subsequently referred to as GpH7-B3 

chain is subsequently referred to as GpLI6-k0 (SEQ II) NO: 

(124) 	Kinetic analysis of binding to various types of Fc-/R 

First. in order to verify the validity of comprehensive analysis using 
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5 

10 

15 

20 

25 

30 

GpH7-113/GpLI6-k0 as a control, a comparison was made 

between GpH7-133/GpLI6-k0 and GpH7-G I d/GpL16-k0 

FeyR (FeyRla, FcyRlla(H), FcyRlla(R), FcyRllb and FcyRIIa(F)) 

expression and purification according to the method of 

according to the method indicated below. 

hitercztionlyetween-tuelyinotlifieCrantibody-intd 

described above was analyzed using the Biacore T100 (GE 

Healthcare). Biacore A100 or Biacore 4000. 	HBS-EP+ 

running buffer, and measurements were carried out at 25°C. 

which antigen peptides, Protein A (Thermo Scientific). 

Protein L (ACT1GEN or BioVision) were immobilized 

Healthcare) or Series S Sensor Chip CM4 (GE Healthcare) 

preliminarily biotinylated antigen peptides were allowed 

Series S Sensor Chip SA (certified) (GE Healthcare). 

these sensor chips. Fcy receptor diluted with the running 

by measurement of the amount of bound antibody. 	The 

between antibodies. 	However, since the amount of Fcy 

of captured antibody. the values used for comparison were 

of Fcy receptor bound by the captured amount of each antibody. 

glycine-HC1 at pH 1.5. the sensor chips were regenerated 

the sensor chips and used repeatedly. 

Binding strength was analyzed according to the 

of analyzing the interaction with each FcyR. 	The value 

amount of GpH7-B3/GpL16-k0 bound to FcyR by the value 

GpH7-G I d/GpL16-k0 bound to FcyR. and multiplying 

indicator of relative binding activity to each FcyR. 	Based 

since binding of GpH7-B3/GpLI 6-k0 to each FcgR was 

GpH7-G I d/GpL16-k0, it was judged that GpH7-B3/GpL 

subsequent studies. 

[Table 19] 

of binding ability to each FcgR 

(Table 19). 	Binding to each human 

of both antibodies following 

Reference Example 2 was evaluated 

tLI iecq,wi preparezd in the inanuer 

Healthcare), Biacore1200 (GE 

(GE Healthcare) was used for the 

The chips used were chips in 

Protein MG (Thermo Scientific) or 

on the Series S Sensor Chip CM5 (GE 

by amine coupling, or chips in which 

to interact and then immobilized on the 

The target antibodies were captured on 

buffer was allowed to interact, followed 

amounts bound were compared 

receptor bound depends on the amount 

first corrected by dividing the amount 

Through reaction with 10 mM 

by washing off antibody captured on 

following method based on the results 

obtained by dividing the value of the 

of the amount of 

that value by 100 was used as an 

on the results shown in Table 19. 

roughly equal to that of 

I 6-k0 can be used as a control in 

VARIANT NAME 	! FcyR1a FcyRIIaR I FcyltflaH I FcyRllb 	I FcyRIIIaF 
OpH7-Gld/GpL16-1:0 1 	100 100 1 1001 100 1 100 
GpH7-B3/GpL16-k0 	j 	109 94 921 881 881 

(12-5) 	Production and evaluation of Fc mutants 
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Next, those amino acids and their surrounding amino acids thought to be involved in 

FcyR binding in the amino acid sequence of GpH7-B3 (from position 234 to position 239. 

position 265 to position 271, position 295, position 296. position 298, position 300 and position 

324 to position 327 (EU numbering)) were respectively substituted with 18 types of amino acids 

5 excluding original amino acids and Cys. 	These Fc mutants are referred to as B3 variants. 

Binding.o1B3 vasiants, expressed ani-1 purified-ar-sordirig. to the-raothod-cf-Refervice-Exanipic-2, 

to each FcyR (Fc-yRla, FcyRIla(H). FcyRIla(R), FcyR1lb and FcyRIIIa(F)) was comprehensively 

evaluated according to the method of (12-4). 

Binding strength was evaluated according to the following method based on the results 

10 of analyzing the interaction with each FcyR. 	The value of the amount of antibody derived from 

each B3 variant bound to FcyR was divided by the value of the amount of comparative antibody 

in which mutations were not introduced into B3 (antibody having the sequence of 

naturally-occurring human IgG1 at position 234 to position 239. position 265 to position 271, 

position 295, position 2%, position 298, position 300 and position 324 to position 337, indicated 

15 by Eli numbering) bound to FcyR. 	That value was then further multiplied by 100, and the 

resulting value was used as an indicator of relative binding activity to each FcyR. 

Those modifications that decreased binding to all FcgR among from the analyzed 

variants are shown in Table 21. 	The 236 types of modifications shown in Table 20 are 

modifications that reduced binding to at least one type of FcgR in comparison with antibody 

20 prior to introduction of a modification (GpH7-133(GpL16-k0), and are thought to be 

modifications having the effect of similarly reducing binding to at least one type of FcgR even 

when introduced into naturally-occurring IgG I. 

Consequently, there are no particular limitations on the amino acid modifications 

introduced to decrease binding activity to each type of human FcyR in comparison with the 

25 binding activity of a native FcyR binding domain, and it was shown to be possible to achieve this 

by introducing the amino acid modifications shown in Table 20 into at least one location. 	In 

addition, the amino acid modifications introduced here may be at one location or a combination 

of multiple locations. 

30 [Table 20] 
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ALTERATION INIRODUCED 
INTO OpH7-B3 

FcgRla FcgRIlaR 	FcgRlIaN FcgRIlb FcgR111a1 

L234W 1  94 641 63 90 1 36 
1.234K : 54 -2 1 -3 1 1 
L234R '  50 0 

-191  
2 0 ; 4 

T.23.41..71" AO 1T T0: n 
51 L234D ! 31 51 , 18 77 . 

L234E ! 82 48 j 21 62 1 63 
1.2343 • 63 20 1 21 19 I 22 
L234H i 65 21 1 29 24 1 32 

25 L234Q ; 80 18 16 19 1 
L234T ' 93 33 30 27 1 30 
L234A 1 79 26 25 24 1 22 

45 L234P1 83 41 45 33= 
L234M . . 
L234N - 

100 
67 

65 i 
36 

57  
35 
62 

0 

53 
44: 

: 50 
47 
49 L234F ! 96 52 68 

-3 
-2 

1.235K1 -1 -5 6 
L235R 1 0 -4 1 . 9 • 
1.2356 i 16 6; 7 3 1 

—20r-.  
13 
35 L235Q : 29 28 1 34 

L235T . 8 28 i 47 i 26 1 
23 

48 
36 . 1.235S . 11 29 1 39 i 

L235P . 3 38 1 33 32 I 47 
35 L235N 3 35 1 37 27 1 

L235A 66 50 1 48 1  37 1 49 
L235V ; 69 50 1 68 47 1 77 
L23513 i 1 871 60 88( 60 
L235H ! 2 91 1 as 661 28 
L235E! 15 72 I 52 64 1 56 
L235M : 93 72 I 72 1 63 1 42 

L2351 : 93 
6 

81 89 I 88 I 85 
0236R 0 3, 0 1 -1 
G236P 2: 	12 22 1 1 	1 11 
02361. • 18 	20 231 4i 1 
G236H ; 34 	32 91 1 6 i 7 
G236F 81! 	23 68! 151 24 
0236Y 76 : 	22 86 1 16 1 39 

G236M 70E 	23 42! 14 1 9 
G236Q 45 	38 80 i 19 8 
G236K 1 3 	9 18 1 191 1 
G236N 42 	54 817  751 8 
G237K 2 	0 

3 	0 
0 i -11 -1 

0237R -1 -1 0 
0237P 3 	8 0' 5 0 
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G237T . 	27 
G237H ' 	12; 

13 
14 

2.1 
l 

7 
11 

G237V ' 	8 ; 55 10 12 2 
G23711 	6 ! 69 6 29 2 

G237A1 	45 1 85 9 49 
G237Q 1 	141 15 0! 5 0' 
G237Y I 	In 	77 4`:. 85 0. 

---onnort—vr+--so 1 —1 i 46 13 
G237N ! 	15 i 75 01 i 65 0 
G237L 	7 ; 58 1 1 51 01  
G237S I 	50 I 45 3 26 1 
0237D 1 	26 74 0 95 0 
G2376 i 	18 1 23 1 18 
P238K 	8 -2 -I I -2 -1 
P238T 1 	67 19 6 1 8 0 
P238R 1 	1' -1 -1 I -2 -1 
P238G 	65 4 1 I 27 0 
P238A 95 38 15 I 26 5 
P238S 91 32 13 28 3 
P238N 64i 5 	1 27 -1 
P238I 99' 43 	19 31 3 

P238E 95 21 	2 97 1 
P238W 99- 25 . 	2 13 

43 
19 

-1 
P238Q 841 19 4 -1 
P238H 80 25 3 -1 
S239K 6 4 4. 1 
S239Y 	69  11 5 1  12 6 - 
S239R 	52 1  8 13 i 5 

12 
1 	. 
3 S239F 	77 i 20 11 	: 

3239W 	69 19 	9 17 19 
32391-1 	64 38 19 

56 ' 
4 

24 
68 
61 

6 
S239Q 	96 1 57 29 
S239P 	89! 49 -1 
D265Y 	5 -1 	0 ' 

.. 
. 

-1 
-2 ._.. 	. 
-1 

D265W 
i -1 

-1 
-1 

._. _ ._ 
-2 D2651 

D265F 	21  0 	. -2 i -2 
D265V 	3 0 -1 ; -1 
D265L 7 0 	0 i 0 -1 
D265N 	3 -1 	0 1 -2 -1 
D265M 	17 -1 	0 1 -2 I -1 
D2655 	20 2' 1 -2 
D265K 	8 -1 	0 1 0 -2 
D265R 	5 
D265T 	48 

1-19F, SC: 	1 1 

	

-1 	0! 
5 

	

i 	i 

-i -1 

- 
-2 
_1 
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D265A 
	

36 
	

31 
	

5 	 -1 
0265Q 67 13 1 	13 1 4 -1 
D265H 1 59 26 ' 	181 11 0 
V266R 1 5 -6 . 	-1 -2 -1 	i 
V266P1 1 -5 1 	-1 -3 -1 
V266K 1 15 0 I 	-1 -1 -1 
V266D 1 67 3 1 	2 2 1 
irsoog. OW - 	U U -1 
V266Y 1 75 18 1 	2 15 0 
V2660! 86 27 ! 	10 22 3 

_ 	v266S 
`.' 2661-1 

79 26 	5 18 
62 22 	2 14 

— 	v )66F 801 911 	8 88 
v26.6N - 34 58' 	32 40 5 
V266W I 78 37 1 	0 26 -1 
V266A1 95 681 	41. 55 26 
V266T i  I  89 66 1 	18 52 12 
V266Q r 88 47j 	11 34 3 
82671k1 78 -Li_ -1 0 

31 
0 
1 8267K1 68 1 ) 	1 

9267P 1 78 0! 	2 5 
14 

0 
1 8267Y ! 96 10 1 	2 

8267F 1 91 13 1 	1 18 0 
2..., 
1 

11 

8267W 1 97 26 1 	2 29 
S267H .1 
E269K1 

 	95 
71 

	

27 ; 	3 . 

	

4 ; 	22 ; 
42 

1 . 
E269R I 72 2 1 	131 0 1 7 I 
E269H1 95 12 • 	24 1 8 1 12 1 
E269W I 96 

98 
21 . 	30 i -.4-- 
20 : 	401 

13 I 
12T 

9 
10 E269E1 

E26911 94 16 : 	32 1 9 . 10 
E269Q ! 96 24 ; 	64 1 13 38 
E269Y ; 97 21 	43 ; 13  14 
E269N ; 90 24 ' 	31 - 15 

13 
10 
15 
19 
13 
19 
25 ; 

21 
10 
12 
16- 
29 
28 
26 
27 

E269F • 99 19 	41 
E269V 1 92 16 	35 . 
E269M 98 ' 23 	50 : 
E269S : 93 33 	48 
E269A ' 
E269T 

93 
93 
94 

20 	51 
35 	39 
38 	46 i E269G • 

E269P 93 34 	33 ; 26 1 14 
D270P • 64 -3 ' 	0 ; -1 I -I" 
D27OR 1 45 -5 : 	11 ' -5 ! 2 
D270K 1 45 -4 i 	16 i -5 ! 5 
D270G - 82 1 3 1 	29 1 3 1 6 
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D270W I 	74 • 
D270V I 	84  
D270N1 
D270I I 	88 
D2708 	73  

38 	-21 	7 
1 ' 	37 	31 	19 

-1 
3 
	

43 	1 
0 49 	-1 

34 
	

13 
23 
17 

D270Y j 	78  
D270H : 	70 

	

-2 1 	53 I 

	

Oi 	53 
	137nKr. 	 - 6 

9 
11 

D270M  ; 90 
87 

7 
3 

. 57 
66 
62 
61 
38 
48 
75 
55 

; 

' 

6 
5 
5 ; 
3 

-2 
28 
33 
38 
53 
87 
82 
78 . 
16 • 

29 
23 
12 
33 
9 

33 
57 
39 
50 
76 
62 
31 
10 
5 5 ' 
87 

D270A : 
D270F : 
D270L I 

88 
90 

5 
6 

13270T ; 81 1 
P271Y i 

P271W 1 
98 

100 
38 
46 

P271F ; 99 49 
98 . 58 58 

99 
67 
42 
38 

P271I-11 
 	P271R 100 89 

83 
73 

P2718 99 
P271T 98 1 

Q295W 81 26 
Q2950 
Q2958 

89 
100 

36 
52 
43 
45 

-1____1 
-6v 

28 
40, 

Q295D 
Q295H 

95 
97 • • 

37 40 I 
291 

64 
52 78 

Q295F 99 1  . 46 I• 74 30 ' 46 
Q295N 
Q295R 

99 : 
100' 

56 . 
61 

74 
94 

41 
46 • 

68 
52 

Q295Y - 95 ! 38 70: 24 
7: 

49 
Y296P ---r- 45 . 10 8' 
Y296K : 99 ; 70 66 .  45 1 21 
Y2960 . 100 1 77 

77 
83 
74 

58 21 
Y296R 100: 52 

-1 
38 

3298P • 15 ! 0 ! 0 , 0 
5298W ! 69 . 19r 17 9' il 
3298R I 92 • 62 36 22 I 20 
8298K I 88 : 79 1  38 34 25 
3298Y! 100: 33 1 35 : 23 ! 71 
8298G 1 100 1 89 . 43 68 ! 59 
Y300P1 91 -1 0: -1! -1 
Y300R i 91 1 38 34 25 ! 12 
Y300K i 95 59 56 

97 ; 
45  , 
64 i 

35 
74 1 8324K ! ; 94 75 1 

3324P 
	

91 
	

34; 	141 
	

36 1  
N325K 
	

55 
	

01 
	

01 	-1 I 
N325R 
	

56 
	

0 
	

1 
	

0 
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N325P 50 1 2 1 1! 3 1 0 
N325A_i_ 
N325H 

941 
93 ; 

38 
34 

14 27 ! 6 
13 • 27 ; 37 

N325T 98 1  59 27 49 ; 10 
N325W 94 1  55 4 48 i -2 
N325V 84 ; 37- 9 35: 2 
N325I 94 I 76 8 97 : 1 

N325F 92 . 65  6 72 ! -1 
N325Y 92 42 9 39 5 
P13250 95' 26 7 22 1 
A327R 51 1 -11 -2 -3 1 
A327K 57 i -8 0 0 ; 5 
A327Q 94 : 34 47 29 : 18 

I- 

A327M 95 ; 38 I 551 40 ; 24 
A327Y 97 ' 17 I 26 18 ; 13 
A327L 	98 31 

1 16 34 ! 13 
A327H 
A327F 

' 	93 32 23 35 1 14 
95i 17 37 22 ; 16

1  

A327P 
A327W 

A3271 
A327S 
A327T 
A327V 
1328K 

95 ! 
100 	' 
98 - 
88 n 
64 - 
97 , 
30 

14 
34 
37 
59 
27 
46 

-171 

16 
21 
12 
51 
12 
17 
-21 

18 
34 
46 
62 
37 
43  
-4 I 

: 20 
17 
8 

42 
10 

: 18 
0 

L328R 26 -13 1 -1 I -3 ! -1 
L328P 78 ; 15 1 8 15 : 
13280 92 1 66 1; 52 62 ! 
L328H 95 1 76 47 82 1 13 
L328N 98 25 1 34 1 78 1 22 
P329K 6 -2 1 -1 I -2 ! -1 
P329R 9 -2 i -1 , -3 i -2 
P329M 69 1 21 2 1  0 0 
P329L . 68 I 2 i 2 1 1: 0 
P329Q 43 1 - 	- -2 1 -1 
P329F 79 1 1 1 0 ! 0 
P3291 1 89! 22 21] 13 i 2 

P329T 431 -2 ' 0 1 -4 • - 
P329V 95 i 24 : 28 1 13 7 
P329H 
P329N 

50 ; 
45 1 

-1 	; 
4 
	0 1 

5 ' 
-3 
0 

-1 
3 

P3299 60 i 0 ' 1 	; -1 
P3290 92 1 1 	. 1 
P329W 94 ! 1 	. 0 0 
P329Y 76; -1. 1 -3 0 
P329E 33 • 1 	< 0 -2 -1  



183 

P329D 	23 1 	-1 	-1 ; 	-2 
I 

-1  
A3305 	 , 

	

58 ; 	0 	0':. 	-3 0 
A330P ; 	87 	42 	25 ! 	39 56 
P331G [ 	88 I 	13 	9: 	8 9: 
P331R I 	95 IL 	64 1 	59 . 	55 38 , 
P331K 1 	98 ! 	72 	58 • 	63 34 
1332R : 	95 ; 	28 	70 	23 61 

14 

5 

10 

15 

20 

25 

30 

I332P ! 	100 : 	34 I 	26 - 	41 

(12-6) 	Production and evaluation of a human 1g02 antibody and a human 1204 antibody that 

have binding activity to human FcRn in the neutral pH region and whose binding activity to 

human FcyR is lower than the binding activity of a native FcyR-binding domain 

An Fc region that has binding activity to human FcRn in the 

whose binding activity to human FcyR is lower than the binding activity 

binding domain was produced in the manner described below using human 

Antibody containing VH3-IgG2 (SEQ ID NO: 166) for the heavy 

(SEQ ID NO: 41) for the light chain was produced according to the method 

neutral pH region and 

of a native FcyR 

IgG2 or human IgG4. 

chain and L(WT)-CK 

shown in Reference 

IgG2 for the constant 

for the heavy chain and 

to the method shown in 

having human IgG4 for 

region of VH3-IgG2 and 

of the neutral pH 

(SEQ ID 

and VH3-IgG4 in which 

substituted for Asn at 

region of VH3-IgG2-F890 

specifically, 

of 

(EU numbering) and Lys 

(SEQ ID NO: 171) was 

Arg was substituted for Leu 

239. 

VH3-IgG2-F939 

as light chain was 

Example 2 for use as human IL-6 receptor-binding antibody having human 

region. 	Similarly, antibody containing VH3-IgG4 (SEQ ID NO: 167) 

L(WT)-CK (SEQ ID NO: 41) for the light chain was produced according 

Reference Example 2 for use as human IL-6 receptor-binding antibody 

the constant region. 

Amino acid substitutions were introduced into each constant 

VH3-IgG4 in order to impart human FeRn-binding activity under conditions 

region. 	More specifically, VH3-IgG2-F890 (SEQ ID NO: 168) and VH3-IgG4-F890 

NO: 169) were produced by an amino acid substitution of VH3-IgG2 

Tyr was substituted for Met at position 252 (EU numbering), Tyr was 

position 434 and Val was substituted for Tyr at position 436. 

Amino acid substitutions were introduced into each constant 

and VH3-1g04-F890 in order to lower binding to human FcyR. 	More 

VH3-IgG2-F939 (SEQ ID NO: 170) was produced by an amino acid substitution 

VH3-IgG2-F890 in which Arg was substituted for Ala at position 235 

was substituted for Ser at position 239. 	In addition, VH3-IgG4-F939 

produced by an amino acid substitution of VHE-IgG4-F890 in which 

at position 235 (EU numbering) and Lys was substituted for Ser at position 

Antibody containing the produced VH3-IgG2-F890, VH3-IgG4-F890, 

or VH3-IgG4-F939 as heavy chain and L(WT)-CK (SEQ ID NO: 41) 
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produced according to the method shown in Reference Example 2. 

(12-7) 	Evaluation of a human 1g02 antibody and a human IgG4 antibody that have binding 

activity to human FeRn in the neutral pH region and whose binding activity to human FcyR is 

lower than the binding activity of a native Fc/R-binding domain 

. 	- 	- ainding-activity-Miseeeiatielpeoestont,  KO+ ta huntan.FoRrt-at-pf4 .7.0.-of the antibody 

(Table 21) produced in (12-6) was measured using the method of Example 4. 	In addition, 

binding activity to human FcyR at pH 7.4 was measured using the method of Example 7. 	The 
measurement results are shown in Table 22 below. 

(Table 21] 

MUTANT NAME 	
AMINO ACID SUBSTITUTION 

IgG2 

IgG2-F890 	M252Y/N434Y/Y436V 

IgG2-F939 	A235R/S239K/ M252Y/ N434Y/Y436V 

IgG4 

IgG4-F890 	M252Y/N434Y/Y436V 

IgG4-F939 	L235R/ S239 K/ M252Y / N434Y/Y436V 	I 

[Table 22] 

MUTANT 	I hPeRn 	! BINDING AMOUNT(RU)  MUTANT  
NAVE 	1 ED(nM) 	rhPettparhFcgRIlaIRI ! hFcgfilia011 	hFcgR111) • hFcgRifTh(F) i hFcgR111110.711 
i92 	- ND 	73e.6 	! 187.8 	205 9 	S5.5 	' 16.3 	50./ 

F890 	110 	193 	i 120.5 	202 7 	31.0 	0 1 	 28.1 

	

IgG2- 	. 	1.3 	! 1.0 	! 	1.0 	0.4 	0 6 	! 1.1 

	

.. 
IgG4 	ND 	: 379.2 	123.5 	71.1 	109.9 	10.9 	39.6 

	

IgG4 . 	: 

	

367.0 	I 92.8 	37.5 	' 71.8 	3.4 	15.5 

	

F890 	I  140 	 i 
IgG4- 	: 	1.2 	I -0.2 	.0.7 	0.4 	-1.7 	0.5 F939 	; 110 

The results of Table 22 showed that it is possible to achieve an Fc region that has 

binding activity to human FcRn in the neutral pH region and whose binding activity to human 

FcyR is lower than the binding activity of a native FcyR binding domain by using human 1gG 1 

without particular limitation. and human IgG2 or 1g04 can also be used. 

[Example 13] 	Production and evaluation of an antigen-binding molecule in which only one of 
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two polypeptides that compose the FeRn-binding domain has binding activity to FcRn under 

conditions of the neutral pH region 

An antigen-binding molecule in which only one of the two polypeptides that compose 

the FeRn-binding domain has binding activity to FcRn under conditions of the neutral pH region, 

while the other does not have binding activity to FcRn under conditions of the neutral pH region 

Ac chowairi Embodirneni-3.inExarriplearviasmproduced. ill the manner indicated,below. 

(13-11 	Production of an antigen-binding molecule in which only one of two polypeptides that 

compose the FcRn-binding domain has binding activity to FcRn under conditions of the neutral 

pH region while the other does not have binding activity to FcRn under conditions of the neutral 

pH region 

First, VH3-1gG I -F947 (SEQ ID NO: 70) was produced according to the method of 

Reference Example 1 as the heavy chain of an anti-human IL-6R antibody having binding 

activity to FcRn under conditions of the neutral pH region. 	In addition, VH3-IgGI-F46 (SEQ 

ID NO: 71) was produced by adding an amino acid substitution obtained by substituting Ala for 

Ile at position 253 (EU numbering) VH3-1gG I for use as an antigen-binding molecule that does 

not having binding activity to FeRn in both the acidic pH region and neutral pH region. 

The use of Fc regions in which one Fc region of an antibody contains substitutions in 

which Lys is substituted for Asp at position 356 (EU numbering) and Lys is substituted for Glu at 

position 357 (EU numbering), and the other Fc region contains substitutions in which Glu is 

substituted for Lys at position 370 (EU numbering), Arg is substituted for His at position 435 

(EU numbering) and Glu is substituted for Lys at position 439 (EU numbering) is known as a 

method for obtaining a heterodimer of an antibody with high purity (WO 2006/106905). 

VH3-IgGI-FA6a (SEQ ID NO: 72) was produced in which Lys is substituted for Asp at 

position 356 (EU numbering) and Lys is substituted for Glu at position 357 (EU numbering) of 

VH3-IgGI-F947 (hereinafter referred to as Heavy Chain A). 	In addition, VF13-IgGI-FB4a 

(SEQ ID NO: 73) was produced in which Glu is substituted for Lys at position 370 (EU 

numbering), Arg is substituted for His at position 435 (EU numbering) and Glu is substituted for 

Lys at position 439 (EU numbering) of VH3-1gGI-F46 (hereinafter referred to as Heavy Chain 

B) (Table 23). 

[Table 23] 
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MUTANT NAME! 	AMINO ACID SUBSTITUTION 	I 	hFcRn KD (nM) 

HEAVY 
CHAIN A 

FA6a T250V/M252Y/T307Q/V308P/Q311 1 	11 

A / D356K/ E357K / N434Y /Y436V 

HEAVY 	I 	FB4a 
1 

CHAIN B , 	
. 

1253A/ K370E/H43512/1(439E 	ND 

.. 

5 

10 

15 

20 

25 

30 

Fv4-IgGI -FA6a/FB4a was produced with reference to the method of Reference 

Example 2 that has VH3-IgGI-FA6a and VH3-IgGI-FB4a as heavy chains, and VL3-CK for the 

light chain by adding equal amounts of heavy chain plasmids in the form of VH3-IgGI -FA6a 

and VH3-1gG I -FB4a. 

(13-2) 	PK study of an antigen-binding molecule in which only one of two nolvnentides that 

compose the FcRn-binding domain has bindingactivitv to FeRn under conditions of the neutral 

pH region while the other does not have binding activity to FcRn under conditions of the neutral 

pH region 

study was conducted according to the method described below in administration 

-F947 and Fv4-IgG I -FA6a/FB4a to human FeRn transgenic mice. 

-human IL-6 receptor antibody was administered at 1 mg/kg in a single 

beneath the skin of the back of human FeRn transgenic mice 

Tg line 32 +1+ mouse, Jackson Laboratories. Methods Mol. Biol. 

93-104). 	Blood was collected at 15 minutes, 7 hours and 1, 2, 3, 4 and 7 days after 

of the anti-human IL-6 receptor antibody. 	Plasma was obtained by immediately 

the collected blood for 15 minutes at 4°C and 15.000 rpm. 	The separated plasma 

a freezer set to -20°C or lower until the time of measurement. 

of the anti-human IL-6 receptor antibody in mouse plasma was measured 

the same manner as the method of Example 4. 	The results are shown in Fig. 32. 

which is able to bind to only one molecule of human FcRn through a 

region, was shown to demonstrate a shift of higher plasma concentration in 

with Fv4-IgGI-F947, which is able to bind to two molecules of human FeRn 

binding regions. 

was previously described, although there are two FeRn-binding regions in the Fc 

it has been reported that molecules having an Fc from which one of the two FcRn 

has been deleted are eliminated from plasma more rapidly in comparison with 

a naturally-occurring Fc region (Scand. J. Immunol.. 1994: 40:457-465). 	In 

lgG having two binding regions that bind to FcRn under conditions of the acidic pH 

Concentration 

A PK 

of Fv4-1gGI 

Anti

administration 

(B6.niFcRn-/-.hFcRn 

(2010)602, 

administration 

centrifuging 

was stored in 

by ELISA in 

Fv4-IgGI -FA6a/FB4a, 

single binding 

comparison 

through two 

As 

region of IgG, 

binding regions 

molecules having 

other words, 
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region are known to demonstrate improved plasma retention in comparison with IgG having a 

single FcRn binding region. 	These showed that IgG incorporated into cells is recycled back 

into plasma by binding to FcRn within endosomes, and since naturally-occurring IgG is able to 

bind to two molecules of FcRn by means of two FcRn binding regions, it binds to FcRn with a 

5 high binding capacity and a large amount of IgG is therefore thought to be recycled. 	On the 

.other handrIgahaatinaniasingleScPzi.binding-region-lias44ow•bindirig-copazity.for—FclIn - 

within endosomes, and since it cannot be adequately recycled, it is thought to be eliminated from 

plasma more rapidly. 

Consequently, in Fv4-1gGI-FA6a/FB4a having only a single FcRn-binding site under 

I 0 conditions of the neutral pH region as shown in Fig. 32. the phenomenon by which an 

improvement in plasma retention is observed was completely unexpected since it is the opposite 

of that in the case of naturally-occurring IgG. 

Although the present invention is not bound to a specific theory, one possible reason for 

the observed transition of these high levels of plasma retention is an increase in the absorption 

15 rate of antibody from beneath the skin in subcutaneous administration of antibody to mice. 

In general, antibody that has been administered subcutaneously is thought to migrate to 

the plasma after being absorbed through the lymphatic system (J. Pharm. Sci. (2000)89(3), 

297-310). 	Since a large number of immune cells are present in the lymphatic system, antibody 

that has been administered subcutaneously is thought to migrate to the plasma after being 

20 exposed to a large number of immune cells. 	In general. immunogenicity is known to be 

enhanced when antibody pharmaceutical preparations are administered subcutaneously in 

comparison with their intravenous administration, and one possible cause of this is that 

subcutaneously administered antibodies are exposed to a large number of immune cells in the 

lymphatic system. 	in reality, as shown in Example I. it was confirmed that when 

25 subcutaneously administered, Fv4-IgGI-F1 was rapidly eliminated from the plasma, and this 

suggests production of mouse antibody to Fv4-1gGI-F1 . 	On the other hand, in the case of 

intravenous administration, rapid elimination of Fv4-IgGI-F1 from plasma was not confirmed. 

suggesting that mouse antibody to Fv4-1gG1-F1 was not produced. 

Namely, during the course of absorption of a subcutaneously administered antibody. 

30 when the antibody is incorporated into immune cells present in the lymphatic system, it causes a 

decrease in bioavailability and at the same time becomes a cause of immunogenicity. 

However, in the case of subcutaneous administration of the antigen-binding molecule 

shown as an example of Embodiment 3 in Example 3 in which only one of two polypeptides that 

compose the FcRn-binding domain has binding activity to FcRn under conditions of the neutral 

35 pH region while the other polypeptide does not have binding activity to FcRn under conditions 

of the neutral pH region, even if exposed to immune cells present in the lymphatic system during 



188 

the course of absorption, a quaternary complex is not thought to be formed on the cell membrane 

of immune cells. 	Consequently. an increase in bioavailability occurs due to inhibition of 

incorporation into immune cells present in the lymphatic system, and as a result, it is considered 

possible that an increase in plasma concentration might have occurred. 

5 Methods for causing an increase in plasma concentration or decrease in immunogenicity 

— • --byincreasingthe-bioavailability of it-subartaneoasly-alninistered. atitilrod-y-wremot. limited to 

antigen-binding molecules shown as Embodiment 3 of Example 3. 	Rather, any antigen-binding 

molecule may be used provided it is an antigen-binding molecule that does not form a quaternary 

complex on the cell membrane of immune cells. 	That is, when administered subcutaneously. 

10 any of the antigen-binding molecules of Embodiments 1.2 and 3 is thought to be able to improve 

plasma retention and at the same time increase bioavailability, and further cause a decrease in 

immunogenicity. in comparison with antigen-binding molecules capable of forming a quaternary 

complex. 

A portion of antigen-binding molecules that remain in plasma are thought to always 

15 migrate to the lymphatic system. 	In addition, immune cells are also present in blood. 

Consequently, although adaptation of the present invention is by no means limited to a specific 

administration route, an example expected to demonstrate effects particularly easily is thought to 

be an administration route that is mediated by the lymphatic system during the course of 

absorption of an antigen-binding molecule, and one of these examples is subcutaneous 

20 administration. 

[Example 141 	Production of antibody having binding activity to human FcRn under conditions 

of the neutral pH region and selective binding activity to inhibitory FcyR 

In addition, the antigen-binding molecule of Embodiment 2 shown in Example 3 can be 

25 produced by using a modification that brings about enhancement of selective binding activity to 

inhibitory FcyRllb for an antigen-binding molecule having enhanced binding to FcRn under 

neutral conditions. 	In other words, an antigen-binding molecule that has binding activity to 

FcRn under neutral conditions and into which a modification is introduced to bring about 

enhancement of selective binding activity to inhibitory FcyRIlb is able to form a quaternary 

30 complex mediated by two molecules of FeRn and one molecule of FcyR. 	However, since 

selective binding to inhibitory FcyR is brought about by the effect of that modification, binding 

activity to active FcyR is reduced. 	It is thought that a quaternary complex containing inhibitory 

FcyR is preferentially formed on antigen-presenting cells as a result. 	As previously described. 

it is thought that immunogenicity is caused by the formation of a quaternary complex containing 

35 active FcyR. and immune response can be inhibited as a result of forming a quaternary complex 

containing inhibitory FcyR in this manner. 
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Therefore, the following study was conducted in order to discover amino acid mutations 

that bring about enhancement of selective binding activity to inhibitory FcyRIlb. 

(14-11 	Comprehensive analysis of FcvR binding of 	Fc variant 

5 A comprehensive analysis was conducted on binding activity to each FcyR of a plurality 

of Ige I rzitibady-varients-intz-whichwerainvoduccd.ainutatioa tharteduces Pc-ThalIaied 

binding to active FcyR, in particular either of the polymorphisms of the H type and R type of 

FcyRIla, in comparison to naturally-occurring IgG I and enhances binding to FcyRIIb. 

The variable region of an anti-glypican-3 antibody having improved plasma dynamics 

10 disclosed in WO 2009/041062 in the form of a glypican-3 antibody containing the CDR of GpH7 

(SEQ ID NO: 74) was used for the antibody H chain. 	Similarly, GpLI 6-k0 of the glypican-3 

antibody having improved plasma dynamics disclosed in WO 2009/041062 (SEQ ID NO: 75) 

was used in common for the antibody L chain in combination with the different H chain. 	In 

addition, B3, obtained by introducing a mutation of K439E into G I d, in which Gly and Lys had 

15 been deleted from the C terminus of IgG1 (SEQ ID NO: 76), was used for the antibody H chain 

constant region. 	This H chain is subsequently referred to as GpH7-B3 (SEQ ID NO: 77), while 

the L chain is subsequently referred to as GpL16-k0 (SEQ ID NO: 75). 

Those amino acids and their surrounding amino acids thought to be involved in FcyR 

binding in the amino acid sequence of GpH7-B3 (from position 234 to position 239, position 265 

20 to position 271, position 295, position 296, position 298, position 300 and position 324 to 

position 337 (EU numbering)) were respectively substituted with 18 types of amino acids 

excluding former amino acids and Cys. 	These Fe variants are referred to as B3 variants. 	The 

binding activity of B3 variants expressed and purified according to the method of Reference 

Example 2 to each FcyR (FeyRIa. FcyRlla(H). FcyRlla(R), FeyRIlb and FcyRIlla) was 

25 comprehensively evaluated in compliance with the method described in Example 9. 

Diagrams were prepared for each FcyR in accordance with the method described below. 

Namely, the value of the amount of antibody derived from each B3 variant bound to each FcyR 

was divided by the value of the amount of control antibody which has no mutations introduced 

into B3 (antibody having the sequence of naturally-occurring human IgG 1 at position 234 to 

30 position 239. position 265 to position 271, position 295, position 296. position 298, position 300 

and position 324 to position 337 (EU numbering)). 	That value was then further multiplied by 

100. and the resulting value was expressed as the value of binding to each FcyR. 	Binding of 

each variant to FcyRlIb was represented on the horizontal axis, and values of each active FcyR in 

the font of FcyRla, FeyfUla(H), FcyRlla(R) and FeyRIlla were respectively represented on the 

35 vertical axis (Figs. 33, 34. 35 and 36). 

As a result, as indicated by the labels of Figs. 33 to 36, among all of the modifications. 
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mutation A (modification obtained by substituting Asp for Pro at position 238 (EU numbering)) 

and mutation B (modification obtained by substituting Glu for Leu at position 328 (EU 

numbering)) demonstrated remarkably enhanced binding to FcyRllb in comparison with 

naturally-occurring 1/30 I , and were found to demonstrate an effect of remarkably suppressing 

5 binding to both types of FcyRIla. 

(14-2) 	SPR analysis of FcvRllh selective binding variants 

A more detailed analysis was conducted of binding to each FcyR of the variant obtained 

by substituting Asp for Pro at position 238 (EU numbering) discovered in (14-1). 

10 For the H chain of lgG I, the variable region of IL6R-H disclosed in WO 2009/125825 

(SEQ ID NO: 78) which is the variable region of an antibody against human intcrleukin-6 

receptor is used as antibody H chain variable region, and IL6R-G1d (SEQ ID NO: 79) containing 

a G I d constant region from which Gly and Lys of the C terminal of human IgG1 had been 

removed is used as antibody H chain constant region. 	IL6R-G Id vl (SEQ ID NO: 80) was 

15 produced in which Asp was substituted for Pro at position 238 (EU numbering) of IL6R-G I d. 

Next, IL6R-G I d_v2 (SEQ ID NO: 81) was produced in which Glu was substituted for Leu at 

position 328 (EU numbering) of IL6R-G I d. 	For the sake of comparison, IL6R-G ld_v3 (SEQ 

ID NO: 82) which is an IL6R-G l d variant was produced, into which a known mutation (Mol. 

Inuntmol. (2008)45, 3926-3933) was introduced by substituting Glu for Ser at position 267 (EU 

20 numbering) and substituting Phe for Leu at position 328 (EU numbering). 	IL6R-L (SEQ ID 

NO: 83) which is the L chain of tocilizumab was used in common for the antibody L chain in 

combination with these heavy chains. 	Antibodies were expressed and purified in accordance 

with the method of Reference Example 2. 	Antibodies containing as antibody H chain 

IL6R-G I d, IL6R-Gld_v1, IL6R-G I d_v2 and IL6R-G I d_v3 are hereinafter respectively referred 

25 to as IgG 1. IgG I -v1, 1gG I -v2 and IgGI-v3. 

Next, interaction between these antibodies and FcyR was analyzed kinetically using the 

Biacore TWO (GE Healthcare). 	The interaction was measured at a temperature of 25°C using 

HBS-EP+ (GE Healthcare) for the running buffer. 	The Series S Sensor Chip CM5 (GE 

Healthcare) was used after immobilizing Protein A by amine coupling. 	Binding of each FcyR to 

30 antibody was measured by allowing each FcyR diluted with running buffer to act on the chip on 

which a target antibody had been captured. 	Antibody captured on the chip was washed by 

allowing 10 mM glycinc-HCI (pH 1.5) to react following measurement. 	The chip regenerated 

in this manner was used repeatedly. 	The dissociation constant KD (moVL) was calculated from 

the association rate constant ka (L/mol/s) and dissociation rate constant kd (1/s) as calculated by 

35 global-fining the measurement results with a 1:1 Langmuir binding model using the Biacore 

Evaluation Software. 
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Since binding of IgGI-v1 and IgG I-v2 to FcyRIla(H) or FcyRIlla was extremely weak, 

KD could not be calculated by global-fining the measurement results with the aforementioned 

1:1 Langmuir binding model using the Biacore Evaluation Software. 	KD could be calculated 

for interaction of IgG 1-v1 and IgGI-v2 with FcyRIla(H) or FcyRIlla by using the following I:I 

5 binding model described in the Biacore T100 Software Handbook BR1006-48, Edition AE. 

Be.hWitit of the interacting melccults-in-thz-Biaeoro systerfrusing.the -1:1-biridi•ngitteclel—

can be represented by Equation 4 below. 

[Equation 4) 

Req = C x Rmax/(KD+C) + RI 

10 The meaning of each parameter in the aforementioned Equation 4 is as follows: 

Req (RU): Steady state binding level 

C (M): Analyte concentration 

C: Concentration 

Rmax (RU): Analyte surface binding capacity 

15 RI (RU): Bulk refractive index contribution in sample 

KD (M): Equilibrium dissociation constant 

KD can be expressed in the manner of Equation 5 below by transforming Equation 4. 

[Equation 5) 

KD = C x Rmax/(Req-R11— C 

20 KD can be calculated by substituting the values of Rmax. RI and C into this equation. 

Under the measurement conditions used here, values substituted into the equation were RI = 0 

and C = 2 p.moL'L. 	The value obtained by dividing the value of Rmax obtained when 

global-fitting the results of analyzing the interaction of IgG I with each FcyR using the I: I 

Langmuir binding model by the amount of lgG I captured and multiplying by the captured 

25 amounts of IgGI-v I and IgG 1-v2 was used for Rmax. 

Under the measurement conditions used here, binding of IgGI-v1 and IgG I-v2 to 

FcyRIla(H) was about 2.5 RU and 10 RU, respectively, and binding of IgGI-v1 and IgGI-v2 to 

Feyft.fila was about 2.5 RU and 5 RU. respectively. 	The captured amounts of IgGI-v1 and 

IgG I -v2 antibodies on the sensor chip during analysis of the interaction of 401 with FcyRIla(H) 

30 were 469.2 RU and 444.2 RU, and the captured amounts of IgGI -v1 and 1gal -v2 antibodies on 

the sensor chip during analysis of the interaction of IgGI with FcyRIlla were 470.8 RU and 

447.1 RU. 	In addition. the values of Rmax obtained by global fitting the results of analyzing 

the interaction of IgG1 with FcyRIla(H) and FcyRIlla using the I:I Langmuir binding model 

were 69.8 RU and 63.8 RU, respectively, and the amounts of antibody captured on the sensor 

35 chip were 452 RU and 454.5 RU, respectively. 	The values of Rmax of IgG I -v1 and IgGI-v2 to 

FcyRIla(H) were calculated to be 72.5 RU and 68.6 RU. respectively, while the values of Rmax 
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of IgG I -v1 and IgGI-v2 to FcyRIIIa were calculated to be 66.0 RU and 62.7 RU, respectively, 

using these values. Values of KD for IgGI-v1 and IgGl-v2 to FcyRIIa(H) and FcyRMa were 

calculated by substituting these values into Equation 5. 

[Equation 5] 

5 

10 

15 

20 

antibody 

and IgG 

IgGI-v1, 

are shown 

[Table 

KD = C x Rmax/(teq-RI)- C 

I -v1, IgG I -v2 

KD values of 

to each FcyR) 

Iffrvatttesill igO f , igGi =t+tiettezurdigettgettrencirityRitervaiterateattt 

to each FcyR) are shown in Table 24, while relative KD values of IgG 

I -v3, obtained by dividing the KD values of IgG1 to each FcyR by the 

IgG 1 -v2 and IgG I -v3 to each FcyR (relative KD values of each antibody 

in Table 25. 

24] 

IgGI IgGI-v1 IgGl-v2 lgG1-v3 
Fc 7 Rla 3.4E-10 	- 7.3E-09 4.6E-10 1.9E-10 
Fc y Rita GC 	' 1.2E-06 1.2E-05 2.9E-06 2.3E-09 
Fc y Rile (H) 	7 7.7E-07 5.6E-05* 1.2E-05* 1.5E-06 
Fc y RlIb 	5.3E-06 1.1E-06 2.3E-06 1.3E-08 
Fc 7 Rale 	I 3.1E-06 5.1E-05* 2.3E-05* 8.8E-06 

In Table 24 above, asterisks indicate KD values that were calculated using Equation 5 

when binding of FcyR to IgG was not adequately observed. 
[Equation 5] 

KD = C x Rmax/(Req-RI) - C 

[Table 25] 

IgGI-v1 IgGI-v2 IgGl-v3 

Fc y Rla 	1 0.047 0.74 1.8 

Fc v Rila (R) 	1 0.10 0.41 522 

Fc y RIla (H) 	10.014 0.064 0.51 

Fc y Rub 	1 4.8 2.3 408 

Fc y RUN 	 0.061 0.14 0.35 

As shown in Table 25, affinity of IgGI-v1 for Fcyltla decreased to 0.047 times in 

comparison with IgGI, affinity for FcyRIla(R) decreased to 0.10 times, affinity for FcyRIla(H) 
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decreased to 0.014 times, and affinity for Fcy12.111a decreased to 0.061 times. 	On the other hand, 

affinity for FcyRIIb improved 4.8 times. 

In addition, as shown also in Table 25, affinity of IgG I -v2 for FcyRla decreased to 0.74 

times in comparison with IgG I. affinity for FcyRila(R) decreased to 0.41 times, affinity for 

5 FcyRIla(H) decreased to 0.064 times, and affinity for FcyRIlla decreased to 0.14 times. 	On the 

other hand.afinity, for EiryltIlb_iroproveil 7 3..timea— .. 

Namely, based on these results, IgGI-v1, in which Asp was substituted for Pro at 

position 238 (EU numbering), and IgG I -v2, in which Glu was substituted for Leu at position 328 

(EU numbering) demonstrated decreased binding to all active forms of FcyR including both 

10 polymorphisms of FcyRlla; and binding to FcyRIlb which is inhibitory FcyR was clearly 

increased. 	So far, alterations having such properties have not been reponed, and they are very 

rare as shown in Figs. 33 to 36. 	Alterations produced by substituting Pro at position 238 (EU 

numbering) with Asp or substituting Leu at position 328 (EU numbering) with Glu are very 

useful for the development of therapeutic agents for immunological inflammatory diseases and 

15 such. 

Furthermore, as shown in Table 25. IgG I -v3 certainly shows a 408-fold enhanced 

binding to FcyR1lb, while the binding to FeyFUla (H) is decreased to 0.51 fold, and the binding to 

FcyRlia (R) is enhanced to 522 fold. 	Accordingly, since IgGI-v1 and IgGI-v2 suppress their 

binding to both FcyRlla (R) and FeyRIla (H), and enhance their binding to FeyR11b, they are 

20 considered to be variants that bind with a greater FcyRIlb selectivity compared with 'gad -v3. 

Specifically, alterations produced by substituting Pro at position 238 (EU numbering) with Asp 

or substituting Leu at position 328 (EU numbering) with Glu are very useful for the development 

of therapeutic agents for immunological inflammatory diseases and such. 

25 f 14-3) 	Effects of combining modification of selective binding to FevRIlb and other Fc region 

amino acid substitutions 

in (14-2), a variant obtained by substituting Asp for Pro at position 238 (EU numbering) 

in the amino acid sequence of naturally-occurring human IgG 1, or a variant obtained by 

substituting Glu for Leu at position 328 (EU numbering), were found to demonstrate decreased 

30 Fe-mediated binding to FcyRla, FcyRIIla and either of the polymorphisms of FcyltIla, as well as 

improved binding to FeyRIlb. 	Therefore, Fc variants were created to have further reduced 

binding to any of Fcyftl, FcyRIIa(H), FcyRIla(R) and FcyRIIIa, and further improved binding to 

FcyRllb as a result of introducing additional amino acid substitutions into the variant obtained by 

substituting Asp for Pro at position 238 (EU numbering) or the variant obtained by substituting 

35 Glu for Leu at position 328 (EU numbering). 
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(14-4) 	Production of antibodies having binding activity to human FcRn under conditions of the 

neutral pH region and whose binding activity to human FcyRIlb has been selectively enhanced 

Antibodies were produced according to the method shown below in order to selectively 

enhance binding activity to human FeyRIlb for VH3-IgG I and VH3-IgGI-F11. 

VH3-IgG I-F648 (SEQ ID NO: 84) was produced by introducing an amino acid substitution 

. obtain<xl-by-9Hastitatingr Asplee-Pmet-pesiiien-238-fEU memberingyinte-V1-134gelsaeooreling- 

to the method of Reference Example I. 	Similarly, VH3-IgGI-F652 (SEQ ID NO: 85) was 

produced by introducing an amino acid substitution obtained by substituting Asp for Pro at 

position 238 (EU numbering) into VH3-IgG 1-F11 according to the method of Reference 

Example I. 

(145) 	Evaluation of antibodies having binding activity to human FcRn under conditions of the 

neutral pH region and whose binding activity to human FcYRilb has been selectively enhanced 

Antibodies containing V7-13-IgGI, VH3-IgGI-F648, VH3-IgGI-F11 or VH3-IgGI-F652 

for the heavy chain and L(WT)-CK for the light chain were produced according to the method of 

Reference Example 2. 

Interaction of these antibodies with FcyRIla(R) and FcyRIlb was analyzed using the 

Biacore T100 (GE Healthcare). 	Measurements were carried out at 25°C using a buffer 

consisting of 20 mM ACES, 150 mM NaCI and 0.05% Tween 20 (pH 7.4) for the running buffet 

The Series S Sensor Chip CM4 (GE Healthcare) was used after immobilizing Protein L by amine 

coupling. 	Interaction of each FeyR with antibody was measured by allowing each FeyR diluted 

with miming buffer to act on the chip on which a target antibody had been captured. 	Antibody 

captured on the chip was washed by reacting with 10 mM glycine-HCI (pH 1.5) following 

measurement. and the chip regenerated in this manner was used repeatedly. 

Measurement results were analyzed using the Biacore Evaluation Software. 	Antibody 

was captured by Protein L, and the amount of change in a sensorgram before and after the 

antibody was captured was defined as XI. 	Next, human FcyRs were allowed to interact with 

the antibody. and the value obtained by subtracting binding activity of human FcyRs represented 

as the amount of change in a sensorgram before and after allowing the running buffer to interact 

with antibody captured by Protein L (aA2) from the value obtained by multiplying by 1500 the 

value obtained by dividing the binding activity of human FcyRs represented as the amount of 

change in a sensorgram before and after that interaction (AA1) by the captured amount (X) of 

each antibody. was divided by the captured amount of each antibody (X) followed by 

multiplying by 1500 to obtain the binding activity of the human FcyRs (Y) (Equation I). 

[Equation I] 

Binding activity of mouse FeyRs (Y) = (AA1-AA2)/X x 1500 
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The results are shown in Table 26 below. 	The effect 

activity to human FeyRIlb by introducing a mutation obtained 

position 238 (EU numbering) was confirmed to be equally observed 

introducing into an antibody having binding activity to human 

neutral pH region. 

[Table 26) 

of selectively enhancing binding 

by substituting Asp for Pro at 

even in the case of 

FcRn under conditions of the 

binding activity to FcRn under 

of selective binding 

to an antigen-binding 

IgGI-F652 is able to form a 

one molecule of FcyR; however, 

to inhibitory FcyR, binding 

containing inhibitory FcyR 

As previously described, it is 

quaternary complex containing 

of forming a quaternary complex 

amino acid-substituted IgG 

Mutagenesis Kit 

manual. 	Plasmid fragments 

vectors to construct desired 

of the resulting expression 

in the art. 

BINDING AMOUNT (RU) 

hFcgRII a (R) 	: hFcat>Rllb 

IgG I 117.1 	 1 ! 34.5 

IgGl-F648 12.2 75.5 

IgGl-F11 95.4 1  22.7 

IgG1 -F652 9.1 64.0 

The IgGI-F652 obtained here is an antibody that has 

conditions of the neutral pH region and which brings about enhancement 

activity to inhibitory FcyRllb. 	Namely, this antibody corresponds 

molecule of Embodiment 2 shown in Example 3. 	In other words. 

quaternary complex mediated by two molecules of FcRn and 

since it brings about enhancement of selective binding activity 

activity to active FcyR decreases. 	As a result, a quaternary complex 

is thought to be preferentially formed on antigen-presenting cells. 

thought that immunogenicity is caused by the formation of a 

active FcyR, and that immune response is inhibited as a result 

containing inhibitory FcyR in this manner. 

[Reference Example 1) Construction of expression vectors of 

antibodies 

Mutants were prepared using the QuikChange Site-Directed 

(Stratagene) by the method described in the appended instruction 

containing the mutants were inserted into animal cell expression 

H-chain and L-chain expression vectors. 	The nucleotide sequences 

vectors were determined by the methods known to those skilled 
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[Reference Example 2] Expression and purification of IgG antibodies 

Antibodies were expressed using the following method. 	Human embryonic kidney 

cancer-derived HEK293H cell line (Invitrogen) was suspended in DMEM (Invitrogen) 

supplemented with 10% Fetal Bovine Serum (Invitrogen). 	The cells were plated at 10 ml per 

5 dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5 to 6 x 105  

cellaint4and cultured- in. a- CO2  inoubeter-437°G;4114X-02.-fiar-enewItele4lay-andnniglitl- 	Then. 

the medium was removed by aspiration, and 6.9 ml of CHO-S-SFM-II medium (Invitrogen) was 

added. 	The prepared plasmid was introduced into the cells by the lipofection method. 	The 

resulting culture supernatants were collected, centrifuged (approximately 2,000 x g, 5 min. room 

10 temperature) to remove cells, and sterilized by filtering through 0.22-pm filter MILLEX 

(registered trademark)-0V (Millipore) to obtain the supernatants. 	Antibodies were purified 

from the obtained culture supernatants by a method known to those skilled in the art using 

rProtein A Sepharoserm  Fast Flow (Amersham Biosciences). 	To determine the concentration of 

the purified antibody, absorbance was measured at 280 nm using a spectrophotometer. 

15 Antibody concentrations were calculated from the determined values using an absorbance 

coefficient calculated by the method described in Protein Science (1995)4: 2411-2423. 

[Reference Example 3] 	Preparation of soluble human IL-6 receptor (hslL-6R) 

Recombinant human IL-6 receptor of human IL-6 receptor which is an antigen was 

20 prepared in the manner described below. 	A CHO line that constantly expresses soluble human 

IL-6 receptor composed of an amino acid sequence consisting of the 1st to 357th amino acid 

from the N terminus as reported in J. lnununol. (1994) 152, 4958-4968 (hereinafter referred to as 

hsJL-6R) was constructed using a method known among persons with ordinary skill in the art. 

Soluble human IL-6 receptor was expressed by culturing this CHO line. 	Soluble human IL-6 

25 receptor was purified from culture supernatant of the resulting CHO line by the two steps of Blue 

Sepharose 6 FF column chromatography and gel filtration column chromatography. 	The 

fraction that eluted as the main peak in the final step was used as the final purified product. 

(Reference example 4] 	PK study on soluble human IL-6 receptor and human antibodies in 

30 normal mice 

To examine the plasma retention and immunogenicity of soluble human IL-6 receptor 

and human antibodies in a normal mouse, the following test was conducted. 

(4-I) 	Examination of plasma retention and immunogenicity of soluble human IL-6 receptor in 

35 normal mice 

To examine the plasma retention and immunogenicity of soluble human IL-6 receptor in 
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a normal mouse, the following test was conducted. 

A single dose (50 µg/kg) of soluble human IL-6 receptor (prepared in Reference 

example 3) was administered into the caudal vein of a normal mouse (C57BL/61 mouse, Charles 

River Japan). 	Blood samples were collected at 15 minutes, 7 hours and 1. 2, 3, 4, 7, 14, and 21 

5 days after the administration of soluble human IL-6 receptor. 	The blood samples were 

immethately.cffstrifuged-for.1.5minates aver Grid 15,000 zprnto separate _ 	 placrna, -The 

separated plasma was stored in a freezer set to -20°C or lower until the time of measurement. 

The plasma concentration of soluble human IL-6 receptor and the antibody titer of soluble mouse 

anti-human 1L-6 receptor antibody were determined as described below. 

10 The plasma concentration of soluble human IL-6 receptor in a mouse was determined by 

an electrochemiluminescence method. 	A soluble human IL-6 receptor calibration curve sample, 

prepared at 2.000, 1,000, 500. 250, 125, 62.5, or 31.25 pg/mL. and a mouse plasma measurement 

sample, diluted by 50-fold or above, were mixed with a monoclonal anti-human IL-6R antibody 

(R&D) ruthenated with SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated 

15 anti-human 1L-6 R antibody (R&D), and tocilizumab, followed by overnight reaction at 37°C. 

Tocilizumab was prepared at a final concentration of 333 ug/mL. 	Subsequently, the reaction 

liquid was dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery). 	In 

addition, after washing the reaction liquid that was allowed to react for I hour at room 

temperature. Read Buffer T (x4) (Meso Scale Discovery) was dispensed. 	Subsequently. the 

20 reaction liquid was immediately subjected to measurement using a SECTOR PR 400 reader 

(Meso Scale Discovery). 	The concentration of soluble human IL-6 receptor was calculated 

from the response of the calibration curve using the SOFTmax PRO analysis software 

(Molecular Devices). 

The titer of mouse anti-human IL-6 receptor antibody in mouse plasma was determined 

25 by an electrochemiluminescence method. 	First, human 1L-6 receptor was dispensed into an 

MA100 PR Uncoated Plate (Meso Scale Discovery). 	The plate was allowed to stand 

undisturbed overnight at 4°C to prepare a human IL-6 receptor-solid phase plate. 	The human 

IL-6 receptor-solid phase plate, with a 50-fold diluted mouse plasma measurement sample 

dispensed. was allowed to stand undisturbed overnight at 4°C. 	Subsequently. said plate that 

30 was allowed to react with the anti-mouse 1gG (whole molecule) (Sigma-Aldrich) ruthenated with 

SULFO-TAG NHS Ester (Meso Scale Discovery), for 1 hour at room temperature was washed. 

Read Buffer T (x4) (Meso Scale Discovery) was dispensed into said plate. immediately followed 

by measurement using a SECTOR PR 400 reader (Meso Scale Discovery). 

Results are shown in Fig. 37. 	The results demonstrate that soluble human IL-6 

35 receptor in the mouse plasma rapidly disappeared. 	Of three mice that received soluble human 

IL-6 receptor, two mice (Nos. 1 and 3) showed an increased antibody titer of soluble mouse 
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anti-human IL-6 receptor antibody in plasma. 	It is suggested that these two mice developed an 

immune response to soluble human IL-6 receptor, resulting in the production of mouse 

antibodies. 

5 (4-21 	Immunostenicitv evaluation of soluble human IL-6 receptor in steady-state model 

------ -- -, -- --------Tocxarnine thoeffectsof -mouse antibattprAuction .agairawso!ubletan IL 6 

receptor on the plasma concentration of soluble human IL-6 receptor, the following test was 

conducted. 

The following study model was constructed as a model for maintaining plasma 

10 concentration of soluble human IL-6 receptor in the steady state (about 20 ng/mL). 	An infusion 

pump (MODEL2004. alzet MINI-OSMOTIC PUMP), filled with soluble human IL-6 receptor. 

was subcutaneously implanted into the back of a normal mouse (C57BU6J mouse, Charles River 

Japan) to create an animal model with plasma concentration of soluble human IL-6 receptor 

maintained in the steady state. 

15 The study was conducted in two groups (n = 4 per group). 	To the group of mice that 

mimic immune tolerance, a single dose (20 mg/kg) of monoclonal anti-mouse CD4 antibody 

(R&D) was administered into the caudal vein to inhibit the production of mouse antibodies 

against soluble human IL-6 receptor. 	Subsequently, the antibody was similarly administered 

once in 10 days (hereinafter referred to as anti-mouse CD4 antibody administration group). 

20 The other group was used as a control group, i.e.. anti-mouse CD4 antibody non-administration 

group that received no monoclonal anti-mouse CD4 antibody. 	Subsequently, an infusion pump 

filled with 92.814/naL soluble human IL-6 receptor was subcutaneously implanted into the hack 

of a mouse. 	After the implantation of an infusion pump, blood samples were collected over 

time, immediately followed by centrifugation for 15 minutes at 4°C and 15.000 fpm to obtain 

25 plasma. 	The separated plasma was stored in a freezer set to -20°C or lower until the time of 

measurement. 	The plasma concentration of soluble human IL-6 receptor (hsIL-6R) was 

determined in the same manner as in Reference example 4-1. 

Changes in the plasma concentration of soluble human IL-6 receptor in an individual 

normal mouse, determined as described above, are shown in Fig. 38. 

30 As a result, on day 14 after the infusion pump was subcutaneously implanted into the 

back of a mouse, it is observed that the plasma concentrations of soluble human IL-6 receptor 

were reduced in all the mice of anti-mouse CD4 antibody non-administration group. 	On the 

other hand. it was not observed that the plasma concentrations of soluble human IL-6 receptor 

were reduced in all of the mice that received anti-mouse CD4 antibody to inhibit the production 

35 of mouse antibodies against soluble human IL-6 receptor. 

The results of (4-1) and (4-2) indicate the following three points: 
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( I ) Soluble human IL-6 receptor, after administered to a mouse, rapidly disappears from the 

plasma; 

(2) soluble human IL-6 receptor is a foreign protein for mice, which is immunogenic when 

administered to a mouse, inducing the production of mouse antibodies against soluble human 

5 IL-6 receptor, and 

. -43.)--Xproduction of reotxse-zntibodies against -soluble hurnam IL. 6-recepter occurs,the 	- 

disappearance of soluble human 1L-6 receptor is further accelerated, even in a model with the 

plasma concentration of soluble human IL-6 receptor maintained at a certain level, reduction of 

plasma concentration occurs. 

10 

(4-3) 	Examination of the plasma retention and immunogenicity of human antibody in a normal 

mouse 

To examine the plasma retention and immunogenicity of human antibody in a normal 

mouse, the following test was conducted. 

15 A single dose ( I mg/kg) of anti-human IL-6 receptor antibody, Fv4-IgG I, was 

administered into the caudal vein of a normal mouse (C57BL/6J mouse, Charles River Japan). 

Blood samples were collected at 15 minutes, 7 hours and I, 2. 3, 4, 7, 14, and 21 days after the 

administration of anti-human IL-6 receptor antibody. 	The blood samples obtained were 

immediately centrifuged at 15.000 rpm for 15 minutes at 4°C to separate plasma. 	The separated 

20 plasma was stored in a freezer set to -20°C or lower until the time of measurement. 

The plasma concentration of anti-human IL-6 receptor antibody in a mouse was 

determined by ELISA. 	First, Anti-Human IgG (7-chain specific) F(ab')2 Fragment of Antibody 

(SIGMA) was dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International), and 

was allowed to stand undisturbed overnight at 4°C to prepare an anti-human IgG-solid phase 

25 plate. 	Calibration curve samples containing anti-human IL-6 receptor antibody at a plasma 

concentration of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, or 0.0125 gg/mL, and mouse plasma 

measurement samples diluted by 100-fold or above were prepared. 	A mixture of 100 uL of the 

calibration curve sample and the plasma measurement sample and 200 uL of 20 ng/mL soluble 

human IL-6 receptor was allowed to stand undisturbed for 1 hour at room temperature. 

30 Subsequently. the anti-human IgG-solid phase plate in which the mixture had been dispensed 

into each of the wells thereof was further allowed to stand undisturbed for 1 hour at room 

temperature. 	Subsequently, the plate was allowed to react with Biotinylated Anti-human IL-6 R 

Antibody (R&D) for I hour at room temperature. 	The chromogenic reaction of the reaction 

liquid obtained by reacting with Streptavidin-PolyHRP80 (Stereospreific Detection 

35 Technologies) for 1 hour at room temperature was conducted using TMB One Component HRP 

Microwell Substrate (BioFX Laboratories) as a substrate. 	After the reaction was stopped by 
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adding 1N-Sulfuric acid (Showa Chemical), absorbance at 450 nm of the reaction liquid in each 

well was measured using a microplate reader. 	The plasma concentration of antibody in a mouse 

was calculated from the absorbance of the calibration curve using the SOFTmax PRO analysis 

software (Molecular Devices). 

5 Results are shown in Fig. 39. 	The plasma retention of human antibody when a single 

do-x-of-humon-mtbody woo-at/minis:era-to a-mousc wa-nignifioantlyhighcr-than.that-of 

soluble human IL-6 receptor when a single dose of soluble human IL-6 receptor was 

administered (Fig. 37), and the high plasma concentration was demonstrated to be maintained 

even on day 21 after the administration. 	This is probably because human antibodies that are 

10 incorporated into cells bind to mouse FcRn within the endosome to be recycled into the plasma. 

On the other hand, soluble human IL-6 receptor that is incorporated into cells is thought to 

rapidly disappear from the plasma, because it has no pathway to be recycled from the endosome. 

Furthermore, the reduced plasma concentration, seen in the steady-state model of 

soluble human IL-6 receptor (Fig. 38), was not observed in any of three mice that received 

15 human antibody. 	In other words, it was suggested that unlike human IL-6 receptor. no mouse 

antibody was produced against human antibody. 

	

The results of (4-1), (4-2). and (4-3) can suggest the following. 	First, both human 

	

soluble IL-6 receptor and human antibody are foreign proteins in mice. 	Thus, mice arc thought 

to have a large T cell population that specifically responds to them. 

20 When human soluble IL-6 receptor. i.e.. a foreign protein, was administered to a mouse, 

it disappeared from the plasma in a short time and immune response to the human soluble IL-6 

receptor was confirmed. 	Here, the rapid disappearance of human soluble IL-6 receptor from 

the plasma suggests that many human soluble IL-6 receptors are incorporated into 

antigen-presenting cells in a short time and subjected to processing within the cells, and then 

25 activate T cells that specifically respond to human soluble IL-6 receptor. 	It is thought that 

immune response to human soluble IL-6 receptor (i.e., production of mouse antibody against 

human soluble IL-6 receptor) occurs as a result. 

On the other hand, when a human antibody, i.e., a foreign protein. was administered to a 

mouse, its plasma retention was significantly longer than that of human soluble IL-6 receptor and 

30 immune response to the human antibody did not occur. 	The longer plasma retention indicates 

the presence of only a small amount of human antibodies that are incorporated into 

antigen-presenting cells and subjected to processing. 	Thus, it is thought that even if the mouse 

has a T cell population that specifically responds to the human antibody. the T cells are not 

activated through antigen presentation, and as a result, immune response to the human antibody 

35 (i.e., production of mouse antibody against the human antibody) does not occur. 
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[Reference Example 5] 	Preparation and evaluation of various antibody Fc variants with 

increased binding affinity to human FeRn at neutral pH 

(5-1) 	Preparation and binding activity evaluation of various antibody Fc variants with 

increased binding affinity to human FeRn at neutral pH 

To increase the binding affinity to human FcRn at a neutral pH range. various mutations 
.were introduced. into Vii3AgGi +SEQ4D410:45) for c 	CS : . Varientsilgel—r-Ho • - 

IgGI-F1052) containing the created heavy and light chains L (WT)-CK (SEQ ID NO: 41) were 

expressed and purified according to the method described in Reference Example 2. 

The binding of antibody to human FcRn was analyzed according to the method 

described in Example 4. 	In other words, the binding activities of human FcRn variants under 

neutral conditions (pH 7.0), determined using Biacore, are shown in Tables 27-I to 27-32. 
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[Table 27-1] 

VARIANT Kb WI AMINO ACID ALTERATION POSITION 

F 1 8.10E-07 N434 W 

F2 3.20E-06 M252Y/S254171156E 

F3 2.50E.06 N434Y 

,.-- 	 ....,....- 	... 	..-.....-., 	...--- 	-....- 

P5 6.80E-06 N434A 

F7 5.60E-06 M252Y 

F8 4.20E-06 M252W 

F9 1.40E-07 M252Y /S2547/7256E/ N434Y 

F I 0 6.90E-08 M252Y/ 82547 /T256E/ N434W 

F I 1 3.10E-07 M252Y/N434Y 

F 1 2 1.70E-07 M252Y/ N434W 

PI 3 3.20E-07 M252W / N4 34Y 

F14 1.80E-07 M2521N/ N4 341K 

F19 4.60E-07 P257L/N434Y 

P20 4.60E-07 V308F/ N434 Y 

F21 3.00E-08 M252Y/V308P/N434Y 

F22 2.00E-06 M 428L/N 4 348 

F25 9.20E-09 M252Y/ S254T/T256E/V3013P/N434W 

P26 1.00E-06 1332V 

F27 7.40E-06 0237M 

P29 1.40E-06 1332V/8434Y 

F31 2.80E-06 (1237M /1/3014F 

P32 8.00E-07 8254T/ N434 W 

P33 2.30E-06 82547/N434Y 

F34 2.80E-07 7256E / 8434W 

P35 8.40E-07 T256E/ N434Y 

P36 3.60E4/7 62541/1256E/ 14434W 

P37 1 . 1 Ot-06 S254T/T256E/ 14434Y 

P38 1.00E-07 M252Y/ 9254T/ N434W 

P39 3.00E-07 M252Y/ 82541/N434Y 

F40 8.20E-08 M252Y /T256E/ N4 34W 

P41 1.50E-07 14252Y /T256 E/ N434Y 
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Table 27-2 is a continuation of Table 27-I. 

[Table 27-2] 

F42 1.00E-06 M252Y/S254T/T256E/14434A 

F43 1.70E-06 M252Y/N434A 

F44 1.10E-06 M252W/N434A 

7. 46E`-09 lnztlitT2860/1(134ti 

F48 3.20E-07 M252Y/T256Q(N434Y 

F49 5.10F.-07 M252F/T2560IN434W 

F50 1.20E-06 M252F/T256D/K434Y 

F51 8.10E-06 N434F/Y436H 

F52 3.10E-06 H4331{/N434F/Y436H 

F53 1.00E-06 1332V r44349: 

F54 8.40E-08 V308P/ N434W 

F56 9.40E-07 1332V/14428Lp/434Y 

F57 1.10E-05 038513/Q386P/ N3898 

F.58 7.70E-07 (138512/Q386P/ N3898 /N434W 

F59 2.40E-06 638513/Q386P/N389S/N434Y 

F60 1.10E-05 0385H 

F61 9.70E-07 038514/N434W 

F62 1.90E-06 (1385H /8434Y 

F63 2.50E-06 N434F 

F64 5.30E-06 N4341-1 

F65 2.90E-07 M2521/5254T/T256E/N434F 

F66 4.30E-07 M252Y/ 8254T/1256E/ N434N 

F67 6.30E-07 M252Y /14434F 

F68 9.30E-07 M252Y/N434H 

F69 5.10E-07 M428L/N434W 

F70 1.50E-06 M4281.414434Y 

F71 8.30E-08 M252Y/ S254T/T2.56E/ M4281./ N4349.1 

F72 2.00E-07 M252Y/S254T/T256E/ M428L/ N43411  

F73 1.70E-07 M252Y /M428L/ N43419 

F74 4.60E-07 M252Y /14428L/ N434Y 

F75 1.40E-06 M252Y i M4281../ N4344 

1-76 1.00E-06 M252Y /S25441/1'256E/ M428L/N434A 

F77 9.90E-07 T256E/ 14428L/ N434Y 

F78 7.80E-07 32547/M428W N434W 
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Table 27-3 is a continuation of Table 27-2. 

[Table 27-3] 

F79 5.90E-06 S254171256E/N434A 

F80 2.70E-06 M252Y/1256Q/N4345 

F81 1.60E-06 M252Y/T256E/N434A 

P82 1.10E-06 T2.5EQ/N434W 
 

F83 2.60E-06 T256Q/N434Y 

F84 2.80E-07 M252W/T256Q/N434W 

F85 5.50E-07 M252W/T256Q/N434Y 

F86 1.50E-06 8254T/T256Q/N434W 

F87 4.30E-06 8254M256Q/ N434Y 

F88 1.90E-07 M252Y/S254T/T256Q/N434W 

F89 3.60E-07 M252Y/5254T/T2.56Q/N434Y 

F90 1.90E-08 M252Y/T256E/V30813/N434W 

F91 4.80E-08 M252Y/V308P/M428L/N434Y 

P92 1.) 0E-08 M252Y / 9254T/1256E/1: 308P/ M428L/N434W 

F93 7.40E-07 M252W/M428L/N434W 

P94 3.70E-07 P2571.114428L/N434Y 

F95 2.60E-07 M252Y/S254T/1256E/M428L/K434F 

F99 6.20E-07 M252Y/T256E/ N43411 

F101 1.10E-07 M252W/T256Q/P257L/N434Y 

F103 4.40E-08 11238A/M252Y/V308P/N434Y 

F104 3.70E-08 14252Y / 02655/V308P/N434Y 

F105 7.50E-08 M25211T307A/V308F/N434Y 

F1C6 3.70E-OS M252Y/V303A/V308P/N434Y 

F107 3.40E-OR )4252Y /V3ORP/ D376A/N434Y 

F108 4.10&08 M252Y/V305A/V30813/N434Y 

F109 3.20E-08 M252Y/1/3081"/Q311A/N434Y 

1:111 3.20e-08 M252Y/V3081'/K317A/N434Y 

1112 6.40E-OR M252Y/V308P/E380A/N434Y 

F113 3.20E-08 N1252Y/V3081)/E382A/N434Y 

F114 3.80E-08 M252Y/V308P/S424A/N434Y 

Fl 15 6.60E-06 1107R/8434R 

F116 8.70E-06 E380R/N434/4  

F 1 IR 1.40C-05 M428L 

F119 5.40E-06 T250Q/M428L 
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Table 27-4 is a continuation of Table 27-3. 

Table 27-4] 

1-120 6.30E:418 P257L/V30AP/M428L/N434Y 

F121 1.50E. 08 M2521' /7256EN308P/M42.8L/N434W 

F122 1.20E-07 M2521 /T256E/M428L/N434W 

F124 2.90E--07 M252Y/T256E/M428L1 8434Y 

F125 2.40E-08 M252Y / 52647/7256E4 9308P/M428L/N434Y 

F128 1.70E-07 P257L/M428L/N434W 

£1 29 2.20E-07 P257A/ M428L/N434Y 

F131 3.00E-06 P2570/M42BL/N434Y 

F132 2.10E-07 F2571/ M428L/N434Y 

FL 33 4.10E-07 11257M /M428L/N434Y 

F134 2.70E-07 P257N I M4281.1 N434Y 

F135 750E-07 P.2578/M4281114434Y 

F136 3.80E-07 P257T/M428L/N434Y 

F137 4.60E-07 P257V /144281/N434Y 

£139 1.50E-08 M25211i/V308P/K4341k 

F140 3.60E-08 3239K/M252Y/V308P/N434Y 

F141 3.50E-08 M2521 /82980/V308P/14434Y 

F142 3.70E-08 M252Y /1)270F/V308P/N434Y 

F143 2.00E-07 M252Y/V308A /14434Y 

F145 5.30E-08 M2521 /V308F/14434Y 

F147 2.40E-07 M252Y /V308101434? 

F149 1.908-07 M252Y/V308L/$434y 

F150 2.00E-07 M252Y /17308M /N4341* 

F152 2.70E-07 M252Y /9308Q/ N434Y 

F1:44 1.80E-07 M2S2V/V308T/N4341* 

F157 1.50E-07 P257 A/V 308131 M4281.043411  

£158 5.90E-08 F257T/V308P/M4281./1‘1434Y 

F159 4.40608 P257V/V30813 /M428L/N434V 

£160 8.50E-07 M 252W / M4281P.14341( 

F162 L.60E-07 19252W /M428Y /1s:434Y 

F163 4.20E-07 W252W /M428F/N434Y 

F164 3.70E-07 P238A1M252W/$434Y 

£165 2.90E-07 M252WID2654/14434Y 
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Table 27-5 w.c nuation of Table 27-4. 

[Table 27-5] 

F166 1.50E- 07 - m0'5143 Y 

F167 2.905207 »>542517303A/ mm 

F158 3.20E-07 54252W/ t1'176 A / N4 3457  

P170 I 	./ M252W /Q3 I I.A1 N434 Y 

F171 I ,C 	7 11.1252W/D312A /N434Y 

El 72 2.20E-07 M252AV / E3 I 721, /N43451  

/71 73 7.70E-07 M2572" «0.4 

PI 74 3.40E-07 102521V / I3382A/ N4347 

se 2.70E-07 .1•1252M1 i 5 	1 	4 

F176 2.90E- 07 823,9K/ M252M1 N4345 

F177 2.80E-07 M25-2W / 8298G/ N 	41/ 

F I 78 2.70E-07 14252W :( D270F/ N4 34V 

F179 3. I 0E-07 M252W /N325(1 /N4341/ 

se 6.60E-08 m3P2528I /34  

F183 2.20E-07 P257T/ 	maw  
F184 2.70E- 07 P2 57V / M-12 8L/N/ 3,1W 

FI 85 2.60E-07 M252W/1332221 N434Y 

Fl 7-18 3.00fi-oh P2571 /031 I ! 

I .90E-07 M252Y 	0 	41 

F190 1. I 0E-07 51252Y/T307Q/N434Y 

P191 1.60E-07 P2571.55307A/ M428L/N4 34Y 

F I 92 1. 10E, • 07 P287. 'T307 A 	1 

El 9;3 8.60E-08 1526715"F307A / M42/31.,/ 	I4Y 

P194 1.208-07 1-1257V 51.307.6 / 54/1 281„yam 

F195 5.60E-08 P257L/T307Q/ M4 28E/ 8434Y 

3.50E-08 5 m 	8 3 

1-  3.30E-08 P2577517307Q/514528L/N.,34 

n> 4.80E-08 P257V/T307Q/ M428I, / N43411  

I/201 2.10E-07 M25217112,0712/5,1 74 

F21.13 2.40E-07 M25211  /T307E/ N 4.34Y 

F204 n 	7w/1113z« 

F205 2.00E-0 > 	/ 8434Y 

: 	11206 2.30E-07 M 252V 57: 	I / N4 34Y 
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Table 27-6 is a continuation of Table 27-5. 
[Table 27-6] 

F207 9.40E-07 M252Y/T307K/N434Y 

F208 3.90E-07 M252Y/T307L/N434Y 

F209 1.30E-07 M252Y/T307M/N434Y 

-fraci.x.14) ' NI 8621.44887*M4844 

P211 2.40E-07 M252Y/T307P/N434Y 

P212 6.80E-07 M252Y/T307R/N434Y 

F213 2.30E-07 M252Y/T307S/N434Y 

F2I4 1.70E-07 M252Y/T3071i/N434Y 

F215 9.60E-08 M252Y/T30711'01434Y 

F2 16 2.30E-07 14.252Y /T307Y /N434Y 

F217 2.30E-07 NI 252Y/ 1C334 L/N434Y 

F218 2.60E-07 M252Y /0385H / N434Y 

F219 2.50E-07 M252Y/T28911 /N434Y 

F220 2.50E-07 M252Y/Q31111 /14434Y 

P221 3.10E-07 M252Y/031211/N434Y 
) 

F222 3.40E-07 M252Y / 1C31.5H/14434Y 

F223 2.70E-07 M252Y / K3601-1/ 1,1434Y 

F225 1.50E-06 M25211 /L114R/N434Y 

F226 5.40C-07 M252Y /1.314K/14434Y 

F227 1.20E-07 M.252Y /N286E/ N434Y 

P228 2.30E•07 M252Y/L309E/N434Y 

F229 5.10E-07 M 252Y / R255E/ N434Y 

F230 2.50E-07 M25211,1  P3S7E/N434Y 

F236 8.90E-07 K2481/ tuf428L /N43417  

F237 2.30E-07 M252Y/M428A/N434Y 

F238 7.40E-07 M252Y/M428D/N434Y 

F240 7.20E-07 M252Y/M428F/14434Y 

F24) 1.50E -06 M2521 /14428G /N434 l 

F242 8.50E-07 M252Y/M428H/14434Y 

F243 1.80E-07 114252Y /M4281/N434Y 

F244 1.30E-06 M252Y/M4281:/N434Y 

F245 4.70E417 /4252Y /M428N / N434Y 

F246 1.10E-06 M252Y/144211P/ N434Y 

1247 4.40E-07 M252Y/M428Q/N434Y 
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Table 27-7 is a continuation of Table 27-6. 

[Table 27-7] 

£249 6.40E-07 M252Y/M428S/N434Y 

P250 2.90E-07 M252Y / M4287/ N434Y 

F251 1.90E-07 M252Y/ M4289 /N434Y 

F252 1.0UEr06 M252Y/M428W/N434Y 

F253 7.10E-07 M25704428Y/N434Y 

P254 7.50E-08 14252W /T307Q/ /4428Y/ N434Y 

P255 1.10E-07 M252W/Q311A/M428Y/N434Y 

F256 5.40E-08 M252W/T307Q/Q311A/M428Y/N434Y 

£257 5.00E-07 M252Y/T307/1/X1428Y/N434Y 

F258 3.20E-07 1+1252Y/T307Q/11428Y/ N434Y 

£259 2.80E-07 14252Y/D270FiN434Y 

P260 1.30E-07 14252Y/T307A/Q311A/ 74434Y 

F261 8.40E-08 M252Y/1307Q/Q311.1/14434Y 

P262 1.90E-07 M 252V /T3074/Q31111/ N434Y 

£263 1.10E-07 
- 	.. 

M252171-307Q/Q311H/N434Y 

F264 2.80E-07 M252Y/E382A/N434Y 

F265 6.80E-07 b4252Y/C382/1/M11428Y/N434Y 

F266 4.70E-07 14.252Y/T307A/E382A/M428Y/N434Y 

P267 3.20E-07 /4252Y/T307Q/E382A/M428Y/N434Y 

P268 6.30E-07 F238A / M252Y/ 14428F/ N434Y 

P269 5.20E-07 104252Y/V305A/M42/41:01434Y 

P270 6.60E-07 1425211 /1.1325(1 /11.1428F /N434Y 

£271 6.90E-07 M252Y/D376A/M428F/N434Y 

£272 6.60E-07 M252Y/E3804/N142RFIN434Y 

P273 6.50E-07 M252Y/E3824/10428F/N4341' 

P274 7.60E.07 11252Y/ E380A/E382A/M428F/ N434Y 

£275 4.20E-08 82391(//4252Y/V308P/E382A:N434Y 

P276 4. i 0E-08 M2521712270F/V308£/8382A /14434Y 

F277 1.30E-07 S239K / M252Y/V308F/ M428 \ - ,IN434Y 

F278 3.00E-08 M25211/7307(2/V30813 /E382A / N434Y 

P279 6.10E-08 14252Y/V308P/Q311H/ E382A/ N434Y 

F280 4.10E-08 5239E/ /4252Y/ D270F /V30811/N434Y 

F281 9.20E-08 M252Y/V308P/E382A/M428F/N434Y 

F282 2.90E-08 M252V/V308F/E382A/M428L/N434Y 
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Table 27-8 is a continuation of Table 27-7. 

[Table 27-8] 

F283 / .00E-07 M252Y/11308P/E382/01428Y/N434Y 

P284 1.00E-07 M252Y/V308P/M428Y/N434Y 

F285 9.90E-08 M252Y/V308P/M428F/N434Y 

P287 1.00E-07 N1252Y/V3ORP/E380A/E382A/M428F/N434Y 

P288 1.90E-07 144252Y /T256E/ E382A !N434Y 

F289 4.80E-07 M.252Y/T256E/M42857N434Y 

F290 4.60E-07 M252Y/T256E/E382A/14442817N434Y 

P292 l2.301-.:-08 8239 k PA252Y /WIMP/ E382A / M4281/N434Y 

F293 5.30E4/8 M252Y/V308P/E380A/E382A1144281/N434? 

F294 1.10E-07 S239K /14252Y /V308P,114428F/N434Y 

P295 6.80E-07 S239N/M2521/E380A/E382A/M428F/N434Y 

P296 4.90E-07 14252Y/Q311A/M428V/N4341" 

F297 5.10E-07 M252Y/03114/14428Y/N434Y 

F298 4.80E-07 /1252Y /Q311A /D312A/M428Y/N434Y 

F294 9.40E-08 S239K/ M252Y /1/308P/0311A/M428Y/N434Y 

F300 8.30E•08 S239K/N1252Y/11308P/0312A/M428Y/S434Y 

F301 7.20E-08 S239E/N125217 \1308P/Q311A /D312A/M428Y /N43411  

P302 1.90E-07 M252Y/T256E/T307Pi8434Y 

P303 6.70E-07 M252Y/T30713/M428Y/N434Y 

F304 1.60E-08 M252W /V308P/M42817N434Y 

F305 2.70E-08 M252Y /T256E/ V308P/E.382A/P1434Y 

F306 3.60E-08 N4282W /V30813/ E382A/ N434Y 

F307 3.60E-08 8239K/ 3,4252W /V308P/E382A/N434Y 

F308 1.90E.08 8239K/ N1252W / V30.912/E382A/M428Y/N434Y 

8110 9.40E-08 8239 K /%1252W IV308P/ 1382A/ M4281/1.14341' 

F311 2.80E-08 8239K/ %4252W/V308P/M428F/N43-4Y 

F312 4.50E-07 $239K/N4.252W/E-380A /E382A/M428FM434Y 

P-.313 6.50E-07 S239K001252Y/T307P/M428VE434Y 

F314 3.20E-07 )4282Y/T256E/Q311A/D312A/M428Y/N434Y 

F315 6.806 a, S2391CP4252Y/M428Y/N434V 

F316 7.00E.07 9239K /11252Y/D270F /M42857/4434Y 

F3 / 7 1.10E-07 8239 K / ,4252171)270P /V30811/ 1.142817 >1434Y 

F3I8 1.80E-08 S2391<04252Y/V308P/M4281/N434Y 
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Table 27-9 is a continuation of Table 27-8. 

[Table 27-9] 

F320 2.00E-08 8239K/M252Y/V308P/N3250 /E382A /M4281 / N434Y 

F321 3.20E-08 S239K/M252Y/ D270F/V30813/ N3256/114341! 

9.20E-08 8239K /11257Y/ D270P/T307P/V308P/N434Y 
_ 	. 

F322 

F323 2.70E-08 S239K/M252Y/T256E/D270F/V308P/N434Y 

F324 2.80E-08 8239K/M252Y/ D270F/T307Q/V308P/N434Y 

F325 2.10E-08 8239K /14252Y/ 0270F/T307Q/V308P/Q3 1 1 6/ N434Y 

F326 7.50E-08 S239K/M252Y/ D270F/T307(2/(431 1A /N434Y 

F327 6.50E-08 13239K/M252Y/T256E/D270F/T307Q/Q31 16/N434Y 

F'328 1.90E-08 8239K / M252Y/ 0270F/ V30.8P/ M4281 /N434Y 

F329 1.20E-08 15239K /11252Y/13270F/.W286E/V308P/ /1434Y 

F330 3.60E-08 S2391.4)4252Y/D270F/V308P/1.309E/N434Y 

F331 3.00E-08 .9239K/M2521/0270F/V30812/P387E/N434Y 

F333 7.40E-08 S234K/1.4252Y/13270F/T307Q/L-309E/Q311A/N434Y 

F334 1.90E-08 S239K/M252Y/13270F/V308P/N3256/144281/N434Y 

F335 1.50E-08 S239K /142521/T256E/D270F/V308P/M42811N4 34Y 

F336 1.40E•08 S239K/M252Y/13270F/1307Q/V308P/Q3116/ M4281/144341' 

F337 5.60E-08 S239K/M252Y/12270F/T307Q/Q311A/M4281/N434Y 

F338 7.70E-09 5239K/ M252Y/ 1)270F/N286E/V308P/ M4281 /N434Y 

F339 1.90E-08 S239K/M232Y/ D270F/V308P/L309E/144 281/N434Y 

F343 3.20E-08 5239K/M252Y/D270PN308P/M428L/N4 34Y 

F344 3.00E-08 S239K/M252Y/V308P/M428L/N434Y 

F349 1.50E-07 S23910.4252Y/V308P/L309P/M4281./N434Y 

F350 1.70E-07 S239K/M252Y/V30813/1309R/M428L/N434Y 

F352 6.00E-07 S239K/ 11252Y/ L309P/ M428L/ N4 34Y 

F353 1.10E-06 S239K/M252Y/L309R/M4 28L/N4 34Y 

F354 2.80E-08 52391/M252Y/71307Q/V308P/M428L/84 34Y 

F356 3.40E-08 S239K/14252Y/0270P/V308P/L309E/P387E/N434Y 

F357 1.60E-08 S2391( /M252Y/T256E/D270F/V308P/N3250/M42811N4 34Y 

£358 1.00E-07 S239K/M252Y/T307Q/N434Y 

P359 4.20E-07 P257V /7307Q/ M4 281/N434‘ 

£360 1.30E-06 P2576' /T307Q/M4 28V /14434Y 

P362 5.40E-08 V257V/T307(41/ N3250/ M4281./ 61434Y 

F363 4.10E-08 P257V /7307Q /Q31 16/M428L /N434Y 

F364 3.50E-08 P257V /T3079 /031 1A/N3256/M4281../N434Y 
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Table 27-10 is a continuation of Table 27-9. 

[Table 27-10] 

1:36S 5.10E-08 P2.57V/V305A /T307Q/ M42H1../ N 434V 

F367 1.50E-08 5239K/ M252Y/ E258H /D270F/T307Q/1/308P/Q31 lA / N434%.  

F368 2.00E-08 5239K/M252Y/D270F/V308P/K3250/E382A/M428104434Y 

F372 1.30E-013 5239K /M252W /V308P/M428Y/N4341.  

F373 1.10E-08 5239K /b/252W /V308P/Q311A /M428V/N434 V 

F374 1.20E-08 82.39K/ M.252W /7256E/V308P/ M428Y/N434Y 

F375 5.50E-09 5239K / M252W /N286E/V308P/M428Y/ N434Y 

F376 9.606.09 5239R /M252Y/T256E/ D270F /N286E/V308P/N434Y 

F377 1.30E-07 S239K/M252W /T307P/ M4 28Y/N4 341' 

F379 9.00E-09 5239K//42521R /T256E/V308P/Q311A/M428Y/M4 34Y 

F380 5.60E-09 S239K/51252W /T256E/ N286E/V308P/M428Y/N4 34Y 

F381 1.10E-07 P257V/T307A /Q311 A / 144428L/ N434Y 

F382 8.70E-08 P25711/V305A /1107A /M428L/N434Y 

F386 3.20E-08 M252Y/V308P/L309E/ N4 34Y 

F387 1.50E-07 M252Y/V308P/1.309D : N434Y 

1388 7.00E-08 M252Y/V308P/L309A/ N434? 

F389 1.70E-08 M252W/V308P/1309E/ M4 28Y/ N434Y 

6.80E-08 M252W /V308P/L309D/ M428Y/R1434Y F390 

F391 3.60E-OR M252W/V308P/L309A/M428Y/N434Y 

F392 9.40E-09 5239K / M252Y/ N286E/V308130.44281./N4 34Y 

F393 1.20E-08 ..9239K / M 252Y/ N286E/V30811/141434Y 

F394 5.30E-08 .3239R. /M252Y/T307Q/Q3 I 1 A /M4281/N434Y 

1395 2.40E-08 52391C / h1252Y/T256E/V308P1 N434Y 

F396 2.00E-08 5239K /M252Y/ 0270F / N286E/T307Q/Q31 I A / M4281 IN43.0 

F397 4.50E-08 52391:l M2.52V/D270F/T307Q/Q31 1 A /P387E/ 51428104434Y 

1398 4.40E-09 8239F:114252V /11270F/ N286F.IT307Q/V308P/Q31 1 A /114281 / N434V 

1399 6.50E-09 5239K/ /4252Y/0270F/ 8:286E/T307Q/V308P/M4281 /N4 34V 

F400 6.10E-09 5239K/M252Y/ D270F/ N286E/V308P/Q31 1 A /M4281/N434Y 

F401 6.90E-09 82391c./ 1/21152Y /D270F/ N286E/V308P/P387E/M4 281 / M4 341' 

F402 2.30E-08 P257V/T307Q/)44281../ 8:4 34W 

F403 5.10E-08 F257V/7307A /M428L/ N434 W 

F404 9.40E-08 P257A /T307Q /1-309P/101428L/ N4 34Y 

F405 1.70E-07 P257V/T307Q/L309P/M428L/N434Y 
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Table 27-11 is a continuation of Table 27-10. 
[Table 27-11] 

P406 1.50E-07 P257/1/1107Q/L309R/A4428L/N434Y 

F407 1.60E-07 P2579 /T307Q/1-309R/M428L/ N434Y 

P408 2.50E-07 F2579/141286E/M428L/N434Y 

' 2.00s-67-MrTillititaill -"---------------  '*". P409 

F4 1 0 2.20E-07 F257V1T307H /11428 L/ N434Y 

P411 1.30E.07 P2579/1307N/ M4281./N4 34Y 

F412 8.80E-08 P2579/13070/M428L/N4349 

P413 1.20E-07 F2579 /T307 F/ WM./ N 434Y 

F4)4 1.10E-U7 P2.57V/T307S/M4281./N434Y 

F415 5.60E-08 P2579/1,1286E/T3074/101428L/N434Y 

F4 I6 9.40E-08 P2579/7307A /P387E/1.44 29L/ N4349 

P418 6.20E-07 S239K /54252Y /T307P/N3256 0.1428Y /N434Y 

P419 1.60E-07 M252Y/T307A/Q31 I H /1<360H /N434Y 

F420 I .50E-07 M252Y/T3. 07/1/Q3 II H/ F387 E/ N434Y 

P421 1.30E-07 54.2521/1307A/Q3 1 11-04428A /N434Y 

P422 1.80E-07 M252Y/T307A/Q31 1 H/E382A/N434Y 

F423 8.40E-08 M252Y /T307W /Q31 I H/N434Y 

P424 9.40E-08 8239K / P257A/ V308P/M428L/ N434Y 

P425 8.00E-08 P257A/9308P/1.309E/M428L/ N4 34Y 

F426 8.40E-08 P2579/T307Q/N434Y 

P427 / . /0E-07 M252Y /P2579 /T307Q/M428V/N434Y 

F428 8.00E-08 M252Y / P2579 /T307Q/ M428L/ N434Y 

P429 3.70E-08 M252Y / P2579 /T307Q/N434Y 

F430 8.10E-08 5.1252Y/ P2579/T307Q/M428Y/ /4434Y 

F431 6.50E-08 M252V / P2579 /T307(1/14428F/ /44 34Y 

F432 9.20E-07 P2579/T307Q f Q31 I A/143230/M428V/H434Y 

F433 6.00E-08 F2579 /T307Q/Q3 I 1 /1/N3256/N434V 

F434 2.00E-08 P257V/T307Q/Q311A/N3250//4428Y/N434Y 

P435 2.50E-OR 11257/i/T307()/Q3 11 A/N325C; INI4281201434Y 

P436 2.50E-07 F257A/7307Q/M4289/194349 

F437 5.70E-08 P2.57A/1307Q/N43-1Y 

F438 3.60E-08 F257A/1307Q/M428Y/N434Y 

P439 4.00E-08 P257A/T307Q/M428F/N4341.  

F440 1.50E-08 F2579/8286E/1307Q/Q311A / N3250 04428L/N434Y 
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Table 27-12 is a continuation of Table 27-11. 

[Table 27-12) 

F441 1.80E-07 P257A/Q311A/M4281411434Y 

F442 2.00E-07 P257A /Q311 H /M428L/N434Y 

F443 5.50E-08 P257A /7307Q/ Q3I1A/ M428 Ll N434Y 

....F.4114.- L40.EnalL P747 a /7307414311 4v1,14. ,*t  AN4,-44v 

F445 6.30E-08 P257A/7307Q/Q311H / M42141../N434Y 

F446 1.10E-07 P257A/T307A/Q311H / M428L/N434Y 

F447 1.40E-08 P257A/N286E/T307Q/ M428L/N434Y 

F448 5.30E-08 P257A / N286E/T307A / M4281./ N434Y 

F449 5.70E-07 8239K I M252Y / D270F/T307P/ N325(I /M428Y/ N434tY 

F450 5.20E-07 8239K1 M252Y/T307P/L309E/ N3256 / M428Y /N434Y 

F451 1.00E-07 P2575/7307A/M428L/ N434Y 

F452 1.40E-07 P257M /T307.11/ M428L/ N434Y 

F453 7.80E-08 P257 NIT307A/ M4281./ N434Y 

F454 9.60E-08 P2571/7307A / M428L/ N434Y 

F455 2.70E-08 P257V/1307Q/ M428Y/N434Y 

F456 3.40E-08 P257V /7307Q/ M428F/N434Y 

F457 4.00E-08 S239K/ P2579/I/3081-1/111428L/ N434Y 

P458 1.50E-08 P25.79/7307Q/ V308P/ N3256 /M428L/ N434Y 

P159 1.30E-08 P2579/7307Q/ V308P/Q311A / N3250 / M428L/N434Y 

F460 4.70E-08 P2579 /7307A / 9308P/N325G /114428L/ N434Y 

F462 8.50E-08 P257A/ WRAP/ N325(1/1442814 N434Y 

P463 1.30E-07 P257A /7307A /11308P/ M428L/ N434Y 

F464 5.50E-08 P257A /7307Q/9308P/ M428L/ N434Y 

F465 2.10E-08 P2579 /1428hEIT307Q/ N325(1/14428L/ N434Y 

F466 3.50E-07 T256E/P2579/ N434Y 

F467 5.70E-07 11-256E/P257T/N4341 

F468 5.70E-08 S2391Z/ P257T/V308P/ M428L/N434Y 

P469 5.60E-08 P2577 /9308P/N325G / M428L/N434Y 

F470 5.40E-08 T256E/P2577/17308P/ N3250 / M4281/ 51434Y 

F471 6.60E-08 P257T/V308P/ N3250 / E382A / M428L/ N434Y 

P4 7 2 5.40E-08 P2577 /11308P/ N3256 / P387E / M4281. / N434Y 

F473 4.50E-07 P2577 /V308P/ L309/3/ N325(1/ M421IL/ N434Y 

F474 3.50E-07 P257T/V308P/ 1:10412/ N325G I M428L/ N434Y 

F475 4.30E-08 7256E/ P2579 17307Q / M428L/N434Y 
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Table 27-13 is a continuation of Table 27-12. 

[Table 27-13] 

P476 5.50E-08 P257V/T307Q/E382A/M428L/14434? 

F477 4.30E-08 P257V/T307Q/P387E/M4L/N434Y 

F480 3.906.08 F2571./V308P/N434Y 

--F484-nes:60Er08-4345.79,PMerretT14844 

F482 7.00E-08 F257V/T307Q/N3250/ 8434Y 

F483 5.70E-08 P25711/7307Q/Q311/1/N434Y 

F484 6.20E-08 F257V/V305A/T307Q/N434Y 

F485 9.70E-08 P257V/N286E/1307A/N434Y 

P485 3.40E-07 13257V/T307Q/L309R/Q3111-1/M428L/N434Y 

F488 3.50E-08 F257V/V308P/N3250/14428L/N434Y 

F490 7.50E-08 8239K/P257V/V308P/Q31111/1,4428L/N434Y 

F492 9.80E-08 P257V/9305A/T307A/N325G/M428L/N434Y 

F493 4.90E-07 8239K/D270F/T307F/N3250/M4213Y/N434Y 

P497 3.10E-06 P257T/T307A/M428V/N434Y 

F498 1.30E-06 P257ApA428V/ti434Y 

F499 5.20E-07 F'2574/T3078/111428V//4434Y 

F500 4.30E-08 P2575"1307Q/M428L/N434Y 

F506 1.90E-07 F257V/N297A/T307Q/144281/N434Y 

F507 5.10E-08 F25711/N286A/T307Q/ M428141'44341' 

F508 1.10E-07 P2570/7307Q/1/3154/14428L/N434Y 

F509 5.80E-08 P25711/7307Q/N384A/M428L/N4341' 

F510 5.30E-08 F257V/7307Q/N389A/144281/N434Y 

F511 4.20E-07 P257V/N4341i 

F512 5.80E-07 1:2571711434Y 

F517 3.10E-07 F257V/14286E/N434Y 

F518 4.206-07 P257T/N286E/N434Y 

F519 2.60E-08 F257V/N286E/T307Q/N434Y 

F521 1. 3 0E-08 P257V/N286E/T30714/M428Y/N43411  

F523 2.60E-08 F257V/V305A/T307Q/11428Y/144 34Y 

F526 1.90E-08 P25717T307Q/14428Y/ N43411  

F527 9.40E-09 F2570/7307Q/V308F/N32509442857N434Y 

F529 2.50E-08 F257T/T3070/M4281--/N434Y 

F533 1.20E-08 F257AIN286E/T307WM428F/1414341' 

P534 1.20F.-0R W257A/N286E/T307Q//4428Y/N434Y 
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Table 27-14 is a continuation of Table 27-13. 

[Table 27-14] 

F535 3.90E-OR 7250A/ P257V/T3070/11428L/ N434Y 

F538 9.90E-08 1250FR257V/1-307(1/194 281./N4 34Y 

F541 6.00E-08 T2501/P257V/1307Q/M428L/N4341 

-P.4 -  „ 737ME:08--T25131697,257r/T30712719424ittN4.41Y 

F549 5.40E-08 T2505/P257V/1307Q/M428L/N4 34Y 

F550 5.90E-08 1250V /P257V/T307Q/M428L/N434Y 

F551 1.20E-07 T25019 /P257V/T307Q/M4281./N434Y 

F552 1.10E-07 S250Y/P2S7V/T307Q/M428L/N4 34V 

F553 1.70E-07 /4252Y/Q311A/N434Y 

F554 2.80E-08 5239K / M252Y/8254T/V3ORP/ N434Y 

F556 1.50E-06 M2521/T3070/Q311A 

P559 8.00E-08 M.252Y/S254T/ N286E/ N434Y 

F560 2.80E-08 M252Y/8254T/V308P/N434Y 

F561 1.40E-07 14252Y/ 52547/T307A/ N4 34Y 

F562 8.30E-08 M252Y/S254T/T307Q/A1434Y 

F563 1.30E-07 M252Y/ S254T/ Q3 i 1A/N434Y 

F564 1.902.07 M2521/ 8254T/Q311H/N434 Y 

P565 9.20E-08 M252Y/S254T/T307A/Q31 IA/N434Y 

P566 6.10E-08 M252Y/5254T/T307Q/Q3 L IA/ N434Y 

F567 2.20E-07 M252Y/S254T/M4281/ N434Y 

F568 1.10E-07 M252Y/T256E/T307A/Q311H/N434Y 

FS69 2.00E-07 h1252Y/T256Q/7307 A /Q31 1H/ N434Y 

F570 1.30E-07 M252Y/S2547/17307A/Q31 1 H/N434Y 

F571 8.10E-08 M252Y/N286E/T307A/Q311H/N434Y 

F572 1.00E-07 /4252Y/T307A/Q311H/M4281/N434Y 

F576 1.60E-06 14.252Y/T256E/T307Q/Q31114 

F577 1.30E-06 /4252Y/N286E/T307A/Q311A 

F578 5.70E-07 M25217 N286E/T307Q/Q31 IA 

I-580 8.60F.-07 M252V/ N286E/T307Q1Q31 1 H 

F581 7.20E-08 14252Y/T256E/N286E/N434Y 

F582 7.50E-07 5239F: /3.4252Y /V308P 

P583 7.80E-07 8239R/11252Y /V308P/ E382A 

F584 6.30E-07 8239E1 )01252Y /T256E/V308P 

P585 2.90E-07 S'239K/M2571 1 N286E/ V3ORP 
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Table 27-15 is a continuation of Table 27-14. 

[Table 27-15] 

F586 1.40E-07 5239K/ M2S2Y/N286E/V308P/514281 

F587 1.90E-07 1.1252Y/K286E/M4281/N434Y 

F592 2.00E-07 M25217 8254T/E382A / N434Y 

-F5,??.- ?..1-u50.. 5.221,YIM2E2V11;.;F. ITA43989344.140814N131Y 	----- 	..... 	--- 

1:594 1.60E-05 S2391(/ 14252111256 E/V308P/M 4281/54 34Y 

F595 1.80E-07 S239K/M252Y/514281/N434Y 

F596 4.006.07 51252Y/D312A/E38250.1428Y/X434Y 

F597 2.20E-07 M252Y/E382A/P387E/ N434Y 

F598 1.40E-07 M.252Y/D312A/P387EIN434Y 

F599 5.20E-07 M252Y/P387E/M428Y/N434Y 

F600 2.80E-07 M252Y/T256Q/E382501434Y 

F601 9.60E-09 M252Y/N286E/V308P/N434Y 

F608 0236A / 5239D/1332E 

F611 2.80E-07 5(252Y/V305T/T307P/V3081/L309AP1434Y 

F612 3.60E-07 /4252Y/T307P/V3081 /L3091014 34Y 

F613 5239D/5330111332E 

F616 82390/1:326D/L328Y 

Fo 1 7 7.40E-07 5239 K / N434W 

F618 6.40E-07 S239K/V305F /N434Y 

1.619 3.10E-07 8239K0012.52Y/N434Y 

F620 2.10E-07 52391:11.1252Y/S2547/N434Y 

F621 1.50E-07 823914/54252Y/T307A/Q31 I H n4434V 

F622 3.50E-07 8239K/ M2.5717T256Q/N4.34,/ 

F623 1.80E-07 8239X/ M257W/N434W 

F624 I .40E-08 S239K/P257A /N286E/7307Q/M4281-18434Y 

F625 7.60E-08 S239K/P257MT307Q/ M4 281/N434Y 

F626 1.30E-06 1/308P 

P629 3.90E-08 M252Y/V279L/V308P/N434Y 

F630 3.70E-08 - S2398/1101252Y/V279L/V308P/N4341 

F633 2.40E-08 M252Y/V282D/V308P/14434Y 

F634 3.20E-08 S23910.4252V/V282D/V308PIN434Y 

F635 4.50E-08 112521/V28-4K/V308P/N434Y 

F636 4.80E-08 52391414252Y/V284K/V308P04434Y 

F637 1.50E-07 M252Y/K2885/11308POi4341* 
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Table 27-16 is a continuation of Table 27-15. 

[Table 27-16] 

F638 1.40E-07 S239K/k1.252Y/K288S/V308P/N434Y 

F639 2.70E-08 M252Y/V308P/6385R/N434Y 

F640 3.60E-08 S2391(/ M25211/ V3013P/G385R/N434Y 

Pb 31 3.00E la, %::: 	..: i . % 41 /411W / ci..)bbh; N-.59r 

F642 3.00E-08 5239K/ M252Y1V308F/Q386K/ Pi434Y 

F643 3.20E-08 1.2356/023612/52391C/14252Y/V308P/N434ti 

F644 3.00E-08 (1236RI82391W4252Y/V308P/N43411  

F645 3.30E-08 5239K/14252Y /V 308P/ L328R/ N434Y 

F646 3.80E-08 5239K/14252Y/ N297A /11308P/ N434Y 

F647 2.90E-08 P238D/M252Y/V308P/ N434Y 

F648 r2381) 

F649 1.20E-07 S239K / M2S2V / N286E/ N434V 

F650 1.70E-07 E239K/ M2S2Y /T256 E/14434Y 

F651 1.80E-07 8239K / M252Y/(13116/ N434Y 

F652 2.40E-07 P238D/ M252Y / N434Y 

F654 3.20E-08 1.2351:752391: ; M2521/ /%130813/ N434Y 

F655 3.40E-08 L235R/ S239K/ )4262Y /V308P/N434Y 

F656 3.30E-08 0237K/ 6239K/ M252Y/V308P/ N434Y 

F657 3.20E-08 G237R/S239K/M252Y/V308P/N434Y 

F658 3.20E.08 P238K/ 6239K/ M2521i/V308P/N434Y 

F659 3.00E-08 P23812/5239E/ 1.4252Y/V308P/N434Y 

F660 3.10E-08 S239K / )4252Y /0308P/ P329K/ N434Y 

F661 3.40E-08 52391042521 /V308P/P329R / N434Y 

F663 6.40E-09 5239K/M252Y/N286E/7307Q/V308P/Q311A/N434Y 

F664 3.90E-08 /4252Y/14286A /V308P/ N4 34Y 

F665 2.00E-08 P.425217 T1286D /11308P/ N434Y 

F666 2.10E-08 1.125217 N286F/V308P/N434Y 

F667 3.00E-08 M252Y / N2860 p1308P/ N434Y 

F668 4.00E-08 M252Y/ N128611/V308P/N434Y 

F669 3.50E-08 k1262YR.12861/1/308F/N434Y 

F670 2 .10F.-07 1.4252Y/ N2861( i V308P/N434Y 

P671 2.20E-08 M252Y/1.1286L/V308P/ N434Y 

F672 2.40E-08 M252Y/N286M/V308FIN434Y 

F673 2.30E-08 M252Y/ N286P/V308P/ N434Y 
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Table 27-17 is a continuation of Table 27-16. 

[Table 27-17] 

F674 3.20E-08 M252Y/N286Q/V3081"/N434Y 

F675 5.10E-08 M252Y/N286R/V308P/N434Y 

F676 3.20E-08 M252Y/N2868 /93081V N434Y 

Ithi 4.70E-08 M152Y717286T/9308P/N434ir - ------- - 

F678 3.30E-08 M252Y/N2869 /93081,18434Y 

F679 1.70E-08 M252Y/N286W/V308P/N434Y 

F680 1.50E-08 M252Y/N286Y/V308P/N434Y 

F6B1 4.90E-08 M2521/E.2884/93089/N434Y 

F682 8.20E-08 M252Y/1:2138D/9308P/N434Y 

F683 5.00E-08 M232Y/K288E/V308P01434Y 

F684 5.10E-08 M252Y/K288F/9308F/N434Y 

F685 5.30E-08 M252Y/K2886 /9308P/ N434Y 

F686 4.60E-08 M252Y/K288H /9308P/ N434Y 

F687 4.90E-08 M252Y/K2881/113081"/N434Y 

F688 2.80E-08 M252Y/K28141../V308P/N434Y 

F689 4.10E-08 M252Y/11.288M /930813/N434Y 

P690 1.00E-07 M252Y/K288N/V308P/N434Y 

F691 3.20E-07 M252Y/K288P/V308P/N434Y 

F692 3.90E-08 M25217K288Q/V308F/N434Y 

F693 3.60E-08 M252Y/1{2888/9308F/N434Y 

F694 4.70E-08 M252Y/K288V/V308F/N434Y 

F695 4.00E-08 M25211/1.288W/9308P/N434Y 

F696 4.40E-08 M252Y/K21381/V308F/N434Y 

F697 3.10E-08 82398/M252Y /9308F/ 6325G/ N434Y 

F698 2.20E-08 1.4252Y/N286E/T307Q/Q311A /8434Y 

F699 2.30E-08 8239K/ N4252Y/N286E/T307Q/Q3114/ N434Y 

F700 5.20E-08 M252Y/V30811/L.328E/N434Y 

P705 7.10E-09 M252Y/ N286E/V:4081,/ M4281/ 8434Y 

1.80E-08 M252Y/N286E/T307Q/ 0311A / M42/0/ N434Y F706 

F707 5.90E-09 11252Y/ N 286E IT307Q/V3081a/Q3114 / N434Y 

F708 4.10E-09 M252Y/N286E/T3079/9308P/Q3114/k44281/9434Y 

F709 2.00E-08 8239K/M252Y/N286E/T3079/9311A/1014281/N434Y 

F710 1.50E-08 T3238D/M252Y/N286E/1307Q/Q3114/M4281/8434Y 

F711 6.30E-08 8239K/M252Y/T307()/Q31 to/N434Y 
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Table 27-18 is a continuation of Table 27-17. 

[Table 27-18] 

F7 I 2 6.00E-08 P238D/ M252Y /7307(1/Q311A/ N434Y 

F713 2.00k;-08 P23813/ /4252Y /N286E/T307Q/Q311A /N434Y 

F714 2.30E-07 P2380/M252Y/ N325804434Y 

Mt 2.10E-0, mr-SifbilUMNSMUT4-9--------  - - - - - - - --- 
F716 2.70E-07 P138D/M252Y/N325L/N434V 

F717 2.60E-07 P238 ID/ M252Y / 143251/N434Y 

F718 2.80E417 P2381)/M252Y/Q295M / N434Y 

F719 7.40E-08 F238D/M252Y/N325(1/ N'34Y 

F720 2.40E-U8 51252Y/73137Q/ V.308F/Q31 1 IN 4.i41' 

1721 1.50E-08 M252Y/7307Q/V308P/Q311 Ait:142H] / N434Y 

F722 2.70E-07 P238D/M252Y/A327G/N434Y 

F723 2.80E-07 P,3813/14151Y11-3280/N434Y 

F724  2.50E-07 P238D/M252Y/1.3213E/N434Y 

F725 4.20E-08 12351:1G237R/ S239E/M2521-  /0308P/ k1434Y 

1726 3.70E-08 L2358 /P2381: /82398/M252Y/ V308P/ N434Y 

F729 9.20E-07 7307A /Q311A/N434Y 

F730 6.00E-07 7307Q/Q311A/N434Y 

F731 8.50E-07 7307A/Q31111/N434Y 

F732 6.80E-07 7307Q/Q311H/N434Y 

P733 3.20E-07 M252Y/ L328E/ N434Y 

F734  3.10E-07 G236D/M252Y/ L328E/ N434Y 

F736 3.10E-07 M252Y /3267M /1328E/N434Y 

F737 3.10E47 M252Y/5267L/L328E/N434Y 

F738 3.50E-07 P238D/ M252Y /7307E1/N434Y 

F739 2.20E-07 M252Y/T307P/Q311A/N434Y 

F740 2.90E-07 M252Y/1307P/Q311H/N434Y 

P741 3.10E-07 P2380/T250A /M252Y 0/1434Y 

F744 9.90E-07 P238D/T250F/ M252Y /14434Y 

F745 6.60E-07 11238D/1250G/M252Y/N434Y 

F746 6.00E-07 1123813/T250H/M252Y /14434Y 

F747 2.80E-07 P238D/T2501/M252Y/N434Y 

F749 5.10E-07 P.2380/r250L/M252Y/N434Y 

F750 3.00E-07 P238D/T25014/M2521/N434Y 

£751 5.30E-07 F2380/72508 / M252V /8434Y 
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Table 27-19 is a continuation of Table 27-18. 

[Table 27-19] 

F753 1.80E-07 F23813/7250Q/N1252Y/N434Y 

F755 3.50E-07 P238D/72508/%4252Y/N4.34Y 

F756 3.70E-07 P238D/7250V/M252Y/N434Y 

F757 1.20E-06 P238D/T250W/M252Y/ N434 Y 

F758 1.40E-06 F2381)/T250Y/ M252Y/N434Y 

F759 1235K/8239K 

P760 L235E/S2398 

F761 1.10E-06 F2380/N434Y 

P762 3.60E-08 L235K /8234K/ M252Y/N286E/73070/Q311A/N434Y 

F763 3.50E-08 L2358 /8239K / M252Y/ N286E/T307Q/Q311A1 N434Y 

P764 6.30E-07 F23813/1.307Q/Q311A/N434Y 

F765 8.50E-08 P23813/ M252 \ 77307Q/1.309E/Q311A/N434Y 

P766 6.00E-07 T31.17A/1309E/C2311A/N434Y 

E767 4.30E-07 T307Q/1.-309E/Q311A/N434Y 

F768 6.40E-07 T307A/L309E/Q3118 /8434Y 

P769 4.60E-07 7307Q/L309E/Q31111/14434Y 

F770 3.00E-07 M252Y/72511A/N434Y 

F771 4.00E-07 M 252)11E272AI `4434Y 

F772 3.140F.-07 M 2521// E274A/ V434 Y 

F773 3.90E-07 M252Y/V282A/N434Y 

1774 4.00E-07 M252Y/N2116A/N434Y 

F775 6.20E-07 M252Y/K338A/N434Y 

F776 3.90E-07 M252Y/E340A/N434Y 

F777 3.90E-07 M252Y/6345A/ N434Y 

F774 3.90E-07 M252Y/N361A/ N434Y 

F780 3.90E-07 M252Y/Q362A/N434Y 

P781 3.70E-07 M 252Y/8375A/ P4434Y 

F782 3.50R-07 M252Y/Y391A/N434Y 

F783 4.00E-07 M252Y/11413A/14434Y 

P784 5.00E-07 M252Y/L304A / 6434Y 

P785 7.40E-07 M252Y/1.30911/N434Y 

F786 2.80E-08 1.1252Y/ S254T/ N286E/T307Q/Q311A/N434Y 

F787 8.80E-08 M252Y/ 925411f3079/ L309E/Q3 I LA/N434Y 

P788 4.10E-07 M252Y/N315A/ 14434Y 
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Table 27-20 is a continuation of Table 27-19. 

[Table 27-20] 

F789 1.50E-07 M252Y/N315D/N434Y 

F790 2.70E-07 M252Y/ N315E/ N434Y 

F791 4.40E-07 )4252Y P4315FIN434Y 

-Winr-str.115E45Y-75057015G01434Y 
- 	- - „ 	,- 

F793 3.30E-07 M252Y/N3151/N434y 

F794 4.10E-07 M252Y/N315K/N434Y 

F705 3.10E-07 M252Y/N315L/N434Y 

F796 3.40E-07 M25211/ N315M /N434Y 

F798 3.50E-07 M252Y/N315Q/N434Y 

F799 4.10E-07 M252Y/ N311-1R/ N434Y 

£800 3.80E-07 M252Y/N3I5S/N434Y 

P801 4.40E-07 14232Y/ N315T/ N434Y 

F802 3.30E-07 M 252Y/ N3159/ N434Y 

F803 3.60E-07 M252Y/N3159•1/N434Y 

F804 4.00E-07 M252Y/N315Y/N434Y 

F805 3.00E-07 M252Y/N325A/N434Y 

F806 3.10E.07 M252Y/N384A/N434Y 

F807 3.20E-07 M252Y/N389A/N434Y 

F808 3.20E-07 14252Y/ N3.89A/N390A/ N434Y 

F809 2.20E-07 /4252Y/S254T/T2505/N434V 

F810 2.20E-07 14252Y/A37811/1.1434Y 

£811 4.90E-07 M252Y/E380S/N434Y 

£812 2.70E-07 M252Y/E382V/N434Y 

£813 2.80E 07 M252Y/S434E/N434Y 

F814 1.20E-07 14252Y/N434V/Y4361 

F815 5.50E-07 M252Y/N434Y/T437R 

F816 3.60E-07 P238D/T250V/M252Y/T307P/N434Y 

F817 9.80E-08 P238D/T2130V/11252Y/T307Q/Q311A/N434y 

F819 1.40E-07 P23812042.52Y/N286E/N434Y 

£820 3.40E-07 L2351:1 S2391“ M252Y/ N434Y 

F821 3.10E-07 L235R/52396/14252Y/ N4341Y 

F822 1.10E-06 P238D/T250Y/M252Y/W313Y/N434Y 

F823 1.10E-06 P238D/T250Y/M252Y/W313F/N434Y 

F828 2.50E-06 P2381)172.5011/m252Y/1253v/N434V 



222 

Table 27-21 is a continuation of Table 27-20. 

(Table 27-21] 
.. 	. . 
F831 1.60E-06 112381)/T250V /34252Y /R255A/N434Y 

F832 2.60E-06 P2381)/7250V/M252Y/1t2550/14434Y 

FR33 8.00E-07 F2380/7250V/M252Y/R255E/N434Y 

F834 8.10E03-4-P238D /T250V /34252Y7E-CiF / N434Y 	
... 

I•'838 5.00E-07 P2380/7250V / ,A252Y / R25511/ !'1434Y 

F837 -5.40E-07 P2380/72518/ ;:%4252Y / 82551/N434Y 

F838 4.30E-07 P238D/T250V/ M252Y /8255K /8434Y 

F839 3.40E-07 P2380/T250V/M252Y/1a55L/N434Y 

F840 4.20E-07 P238 D /72F40V; \4252V f R255M/N434Y 

F841 1 . 1 orroo p238r.) .-r .2.50v; m252Y/R255N/N434Y 

F843 6.60E-07 P2.M. 	27,0V/N12521i/R255Q/N434Y 

F844 1.30E-06 P2380/1250V/M252Y/155S/N434Y 

11.FR47 3.40E-07 P238D/T250V/M252Y/R255W/N434Y 

F848 8.30E-07 P238D/T250V/M252Y1R255Y/N4341 

P849 3.30E-07 /4252Y /D280A / N434Y 

F850 2.90E-07 M252Y /02808/N434Y 

F852 3.30E-07 M252Y/D280G/N434Y 

F853 3.20E-07 lo1252Y/0280H/14434Y 

F855 3.20E-07 14252Y/13280K/ N434Y 

P858 3.20E-07 14252Y/ D280N/N434Y 

F860 3.30E-07 M252Y/0280Q/N434Y 

F861 3.20E-07 M252Y/D280R/N434V 

F862 3.00E-07 14252Y/13280S / N434Y 

F863 2.70E-07 M252Y/D280T/N434Y 

F867 2.80E-07 M252Y / N384A/ N389A /8434Y 

F868 2.00E-08 0236A I 82.391:104252Y/?1286E/T307Q /Q311A /N434Y 

F869 (1236A/ 82390 

PR70 7.30E-08 L2358/142398 /M252Y/T307Q/Q311A/N434Y 

F871 7.10E-08 L235R/52391: / M 252Y /T3079/ 9311A / N434Y 

F872 1.30E-07 L.235R /5239K / A4252Y / A286E/ N4:34Y 

F873 1.20E-07 1.235R /82348 / M257Y /N286E/ N434Y 

F875 4.80E-07 M252Y/N.434Y/Y436A 

F877 6:30E-07 14252Y/ N434Y /Y436E 

F878 1.90E-07 )4252Y/N434Y/Y436F 
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Table 27-22 is a continuation of Table 27-21. 
[Table 27-22] 

F879 9.20E-07 11.1252Y / N434Y /Y4360 

F880 3.90E,-07 11252Y/ N434Y/Y436H 

F881 3.10E-07 M252Y/N434Y/Y436K 

p882 1  30F412.-142,521(11‘434MasL. 

F8.83 2.10E-07 M252Y/N434Y/Y436M 

F884 4.00E-07 M252Y/N434Y/Y436N 

F888 4.80E-07 1,4252Y/ N434Y/Y436S 

F889 2.20E-07 M252Y/N434Y/Y4367 

F890 1.10E-07 M252Y/N434Y/Y436V 

F891 1.70E-07 N1252Y/N43411/Y436W 

F892 7.10E-08 M252Y/8254T/N434Y /Y4361 	 ' 

£893 9.80E-08 L2355/$2391i/N1252Y/ N434 Y/Y4361 

J894 ,9,201-08 „1.,335R/S2391C/b1252Y/14434Y/Y4361. 

F895-  2.10E-08 1235k/8234k/ M252Y/ N286E/T307Q/Q311A/N315E/ 11434Y 

F896 2.00E-08 L23512/ 82391C/M252Y/N286E/T307Q/Q311A/N315E/N434Y 

F897 9.70E-08 M252Y/N315D/N384A/N389A/N434Y 

F898 1.70E-07 M252Y/.143151/14384AIN384,4/5434Y 

1.10E-07 M252Y/N315D/G316A/N434Y F899 

F900 1.70E-07 M252Y/N315D/G3166/5434Y 

F901 1.30E-07 M252Y/ N3150/03 16E/ N434Y 

F902 2.20E-07 M252Y/N315D/03161•714434Y 

F903 2.30E-07 M252Y/N315D/0316H/N434Y 

F904 1.00E-07 M252Y/N315D/03161/5434Y 

£905 1.30E-07 /4252Y/ 531513/63161( / N434Y 

F906 1.50E-07 M252Y/N315D/G316L/N434Y 

F907 1.30E-07 13 /44252Y/143150/6316M /8434Y 

F908 1.50E-07 14252Y/143150/G316N/N434Y 

F909 1.30E-07 M252Y/N315D/G316P/N434Y 

F910 1.40E-07 NL252Y/ N315D/G316Q/14434Y 

F911 1.30E-07 M252Y/N315D/G316R/N434Y 

F912 1.20E-07 M252Y/ N315D/G316S/N434Y 

F913 1.10E-07 M252Y/N315D/G316T/N434Y 

F914 1.50E-07 M252Y/N315D/G316V/N434Y 

F915 2.30E-07 M252Y/N315D/03169.1/5434Y 
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Table 27-23 is a continuation of Table 27-22. 

[Table 27-23] 

F917 2.50E-07 M252Y/P1286S/N434Y 

F918 2.80E-07 M252Y/12280E/N384A/N389A/N434Y 

F919 3.30E-07 Ai 252Y / D2ROG/N384 A / Na89A/N434Y 

F920 2.50E:6 M252t/N286SfN3H4A!N389A/N43:11Y 

F92/ 1.20E-07 14252Y i N 286E/N384A /N389A/N434Y 

F922 5.90E-08 L235E/S2391( /M252Y/ K286E/N434Y /Y4361 

F923 6.00E-08 123512/82391C/M25-7Y/N286E/N434Y/Y4361 

F924 3.40E-08 L235K/S239K/M252Y/T307Q/Q311A/N434Y/Y4361 

F92.5 3.20E-08 L235R/S239K /1‘1252Y/T307Q/Q31 LA/ N434Y/ Y4361 

F926 1.10E-07 L2351( / S239K /M232Y/S254T/N434Y/Y4361 

P927 1.00E-07 L235R,'S239N1M252Y/ S25417N434Y/Y4361" 

F928 2.90E-08 I4252Y/T307Q/Q311A/N434Y /Y4361 

iwir1729 • 190E-06 14252Y/43254Y/T3MQ/Q311A /N4341/Y4361 

F930 1.40E-07 P238D/T250V/M252Y/N286E/N434Y 

F931 1.20E-07 12238D/T2SOV /34252Y /N434Y/Y4361 

F932 3.20E-07 1250V04252Y /N434Y 

F933 3.00E-07 L234R/F231312/7250V/M252Y/N434Y 

F934 3.10E-07 0236K/r2380/1250V / M252Y /14434Y 

F935 3.20E-07 6237K/1223812/72.50V/M252Y/N434Y 

F936 3.20E-07 0237R/P2380/7250V/M2.52Y/N434Y 

P937 3.10E-07 P23813/S239K /7250V /M252Y/N434Y 

F938 1.60E-07 L.2351( /8239K /M252Y / N434Y /Y436V 

P939 1.50E-07 L235R/S239K /14252Y / A434Y/Y436V 

P940 1.50E-07 P238D/T250V/M252Y /N434Y /Y436Y 

P941 1.20E-08 M252Y/N286E/T307Q/Q311A/N434Y/Y436Y 

F942 4.20E-08 L2351( /S239K /M252Y/T307Q/Q311A / N434Y /Y436V 

F943 4.00E-08 1.235R /2239K/M252Y/T307Q/Q311A /043411/Y4361: 

P944 1.70E-07 T250V/M252Y/N434Yn'436V 

P945 1.70E-08 T250V/M252Y/V308P/N434Y/Y436V 

F946 4 .30E-08 1250V/M252Y/T307Q/Q311A/N434Y1Y43611 

F947 1.10E-08 T2501714252Y/T307Q /V308P/Q311A/N434Y/Y436V 

F954 5.30E-07 M252Y/N434Y/H435K/Y436V 

P957 7.70E-07 M252Y/N434Y/H435N/Y436V 

F960 8.00E-07 M252Y /N434Y/ H43512 i Y436Y 
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Table 27-24 is a continuation of Table 27-23. 

[Table 27-24] 

P966 3.10E-07 M 252Y /5254A / N434Y 

F970 2.50E-06 )42521752546114434Y 

F971 2.60E-06 :14252Y /S254 H /N434Y 

. fl.22-2.60Er117- 2 7  4S2541/14341- 	.-, 	., 	....- 	,.., 	, 	 i ., 

F978 1.30E-06 M252Y/S254Q/N434Y 

F980 1.80E-07 M25251/5254V/N4343/ 

P987 4.00E-0B P238D /T250V /).4252Y /T307Q /9311 A / N434Y/Y4361/ 

F988 6.90E-08 P238D/T250V/M25211/N286E/14434Y/Y436V 

P989 1.40E-08 L235R/ $2391C /11252Y/11308P/ N434Y/Y436V 

F990 9.40E-09 L235R/S239K/M252Y/1307Q/V308P/Q31111./14434Y/Y436V 

F991 1.30E-08 L23512/ 8239K/M252Y/N286E/T307Q/Q311A/N434Y/Y436V 

F992 5. /0E.08 1.235R/ 9239K/ M252Y /T307Q /Q311A / M4281/ N434Y /1/436V 

F993 3.80E-08 )4252Y /7.307Q /Q311A/N434Y/Y436V 

P994 2.80E407 1•1252Y/ N3250 / N434Y 

P995 2.90E-07 L23512/11238D / S239K /14252Y / N434Y 

F996 1.301>07 L23512/P2381)/9239K / M252Y/ N434Y /Y43611  

F997 3.80E-07 K2481/T250V/M252Y /14434Y /Y436V 

F998 8.50E-07 K248Y /T250V / M252Y/N434Y/Y436V 

14499 2.10E-07 1250V /14252Y / E258H / 1,4434Y /Y436V 

F1005 743250 

Fl OUR 1.70E-07 L235R/S239N /T2S0V/ M252Y/N434Y/Y436V 

1:1004 I 20E-08 1..235R/S239K /T250V/ M252Y /T307()/ V308P/Q311A 0434Y /Y436V 

F1010 1-90E-07 1-235R/S239K / M252Y/T307A /Q311H /N434Y 

F1011 4.50E-08 T250V/M252Y /V308P/N434Y 

P1012 4.70E-08 1.2.35R;S2391.(1T250V./ M252Y/V308P/N434Y 

F1013 3.00E-08 T250V/ /14252Y /T307Q/V308P/Q311A/ N434Y 

F1014 3.20E-09 L23512/52391C/T250WM252Y/T307Q/V308P/Q311A.01434Y 

F1015 2.20E-08 L23512/53239K /M252Y/T307Q/V308P/Q3114/141434Y 

F1016 3.80E-09 7250V/11252Y1 N286E/T307Q/V308P/Q311A/ N434Y /Y436%1  

F1.017 4.20E-09 1.23512/ 3239E /T250V/M252Y / 14286E/1'307Q/ V308P/Q311A/ N434Y/ Y436 

Y 

F1018 3.20E-09 1.235R/ S239K /14252Y / N286E /T307Q/1/308P/Q311A / N4341/ /Y436V 

F1014 3.40E-07 P23813/T2501//14252Y / N325G /N434, 

P1020 8.50E-08 V238D/T250V/)4252Y/T307Q/9311A/N325G/ N434Y 
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Table 27-25 is a continuation of Table 27-24. 

[Table 27-25] 

Fl 021 3.30F.-07 P23811/7250V/M252Y/N325A/N434V 

F1022 026D/1328Y 

FI.023 4.40E-08 5239E1/1250V/ M252Y/T307Q/Q311/1/14434Y/V436V 

F1024 4.00E-08 T250V/M232Y/T307Q/Q311A/R32613/1.328V/14434Y/V436V 

F1025 3.60E-08 8239Di/250V / NI252Y/T307Q/Q311A/K32613/1.328Y/ N434Y/Y436V 

'F1026 8.40E-08 M252Y/T307A/Q311H/1C434Y/Y4369 

F1027 8.60E.08 L235R/S239K/N052Y/1307A/Q311H/N43417Y436V 

F1028 4.60E-08 G2368/3239DIT2509/14252V/T307Q/Q31 I A/ N4:34Y /Y436V 

F1029 5.10E-08 T250V/M252Y/T307Q/Q3 I IA/1332E/N434Y /Y4369 

F1030 1332E 

F1031 5.30E-08 02365 /82390/T250V/ M252Y fr307Q/Q31 I A/1332E/ 4434 Y/Y436V 

1'1012 4.30E-08 P23812/72509 /M252Y /T307Q/031 I A/ N3250 P4434Y/Y434V 

FI033- I .00E-06 P238011%4349: 

F1034 1.50E-08 L235E/323910.4252Y/V308P/N434V/Y436V 

FI035 1.1.10E-08 L235K /8239K / P.1252Y/T307Q/V308P/Q31 IA/N434YjY436V 

F1036 1.40E-08 L2358 /8239K/14252Y/N286E/T307Q/Q311A/N434Yri4369 

F1037 6.10E-08 L235K/S2391:/%12.5217T307Q/Q31 I A/144281/N434Y/Y436V 

F1038 2.80E-07 L2351C/P238D/S239K /M2525'04341' 

F1039 1.30E-07 L235K/P238D/S239K/M 252Y / N434Y/Y436V 

F1040 2.00E-07 L235K/82391C/7250V/M252171C434Y/Y436V 

F1041 1.40E-08 L235K/S239K /T250V '1  R1252Y/T307Q/V308P/Q311A/N434Y/Y4369 

F1042 2.00E-07 L235K/8239K/M252Y/T307A /Q31111/ 8434Y 

F1043 5.20E-08 L2351:48239K/T250V tiv/252Y /9308P/8434Y 

F1044 3.50E-08 1,2351i /82391: /T2509/142525r7T307Q/V308P/Q311A / 8434Y 

F1045 2.50E-08 1.235K /8239K /1.4252Y/T307Q/V308P/Q311A/ ri434Y 

F1046 4.50E-09 1235111/8239K /T2509 /M252Y/N286E/7307Q/V308P/Q311A/N434Y /Y436 

V 

F1047 3.40E,-09 L235K/S239K/M252YjN286E/7307Q/V308P/Q311A/N434Y/Y4369 

F1048 9.90E-08 1235E/8239E/M2521t/T307A / Q31 I HiN430/Y4369 

F1050 3.50E-09 1'2509 /M252Y/P1286E/T3070/9308P/Q311A/M4281/N434Y/Y436V 

F1051 3.90E-09 1,23512/8239K/T250V/ M252Y/N 286E/T3079/V308P/Q3 I 1A/M4281/N434 

Y/Y436V 

F1052 3.20E-09 L235R/S239K /14252Y/ N2866/7307Q/V308P/Q311A/M4281/N434V/Y436 

V 
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Table 27-26 is a continuation of Table 27-25. 

[Table 27-26] 

P1053 4.23E-08 L235R/S2391C/T250V/M252Y/T307Q/Q311A/N434Y/Y436V 

F1058 1.31E-07 14252Y/Q386E/N434Y/1436V 

F1059 1.39E-07 M252Y/Q386R/N434M436V 

F1060 1.43E-07 M252Y/Q386S/N434Y/Y436V 
.....-..i l .19r....117$175"2Y7P3S7ETN431117143817 

F1062 1.2E-07 M252Y/ P3878/ N434Y /Y436V 

£1063 1.43E-07 M252Y/P3137S/N434Y/Y436V 

F1064 I .32E-07 M252Y/V422E/N434Y/Y436V 

P1065 1.38E.07 1.1252Y/v422N/11434Y/Y436V 

P1066 1.45E-07 M252Y/V4228IN434Y/Y436V 

F1067 1.26E-07 M252Y/ 5424E/ N434Y/Y436V 

F1068 1.69E-07 )4252Y/ 5424R/N434Y/Y436V 

F1069 1.39E-07 M252Y/N43411/Y436V/Q438E 

F1070 1.73E-07 M252Y/N434Y/Y436V/Q438R 

F1071 1.24E-07 14252Y/N434Y/Y436V/Q4388 

P1072 1.35E-07 M252Y/N434Y/Y436V/5440E 

F1073 1.34E-07 M252Y/N43411 /Y436V/S440R 

P1074 1.322 07 S2390/ M252Y/N434Y/Y436V 

P1075 1.4E-07 14252Y/ K326D/L328Y/ N434Y/Y436V 

F1076 1.27E-07 S239D/M252Y/K326D/L328Y/N434Y/Y436V 

F1077 2.03E-06 K248N/M252Y/N434Y 

P1078 4.7E-07 M252Y/E380N/ E382S /11434Y 

F1079 3.44E-07 M252Y/E382N/ N3845/ N434Y 

P1080 3.19E-07 M252Y/S424N/N434Y 

P1081 6.2E-07 M252Y/N434Y/Y436N/Q438T 

F1082 2.76E-07 M252Y/ N434Y/Q438N 

F1083 3.45E-07 M2521( / N434Y/S440N 

F1094 2.6E-07 M252Y/ N434Y/S4-42N 

£1095 2.86E-07 M2521/5383N/03855/N434Y 

P1096 2.72E-07 M252Y/Q3861/ N434Y 

F1097 2.82E-07 M252Y/G385N/P387S/N434Y 

P1098 2.58E-07 S239D/M252Y/N434Y 

F1099 2.57E-07 M252Y/K326D/ L328Y I N434Y 

F1100 2.41E-07 3239D/ M252Y / K326D/ L328Y / N434Y 

F1101 6.59E-08 S239D/M252Y/T307Q/Q3 1 IA/14434Y 

F1102 6.46E-08 14252Y /T307Q/ Q311A/ K326D/L328Y/ N434Y 

F1103 6.11E-08 S239D/M252111107Q/Q311A/K326D/L3281/ N434Y 

F1104 1.77E-07 )4252Y /V422E/S424R/N434Y /Y436V 

F1105 1.54E-07 M252Y/V422S/S424R/N434Y/Y436V 

F1106 1.42E-07 M252Y/N434Y/Y43611/Q438R/8440E 

F1107 1.23E-07 M252Y/V4220/N434Y/Y436V 
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Table 27-27 is a continuation of Table 27-26. 

[Table 27-27] 

F1108 1.26E-07 	M252Y/V422K/ 1c434Y /Y4361/ 

F1109 1.27E-07 M252Y/V422T/N434Y/Y436V 

F1110 1.33E-07 M252Y/V422Q/ N434Y/Y436V 

F1111 1.65E-07 M252Y/S424K/N434Y/Y436V 

inrirri nr0nglirThi434Y/Y43.61.17Q4381C- "--'-' . 	. '''' 
F1113 1.18E-07 M252Y /6434 Y/Y436V/ S440D 

P1114 1.31E-07 M252Y/N434Y/Y436V/5440Q 

F1115 1.35E-07 M252Y/S424N/N434Y/Y436V 

P1116 7.44E-08 14252‘07307Q/Q311 A /842414/N434Y 

F1117 4.87E-08 T250V/M2521/T307Q/Q311A/Fr424N/N434Y/Y436V 

F I 118 1.32E. OS T250V/M252Y/T307Q/V308P/ Q31 I A/S4244/8434Y/Y436V 

F1119 1.03E-08 1250V/M2521/T307Q/V308P/Q311A/V-122E/ 84341 /Y436V 

F1120 1.04E-08 m0v1m252Y/T307Q/V308P/Q3I I A/5424/2/ N434Y/Y4361: 

P1121 1.04E-08 T250V/M252Y/7307Q/V30812/Q311A/V-122E/S424R/N434Y/Y436V 

F1122 1.37E-08 T250V/M252Y/T307Q/V308P/Q311A/N434Y/Y436V/Q43/3R 

F1123 9.55E-09 725011/M252Y/T307Q/V308F/Q311A/N434Y/Y436V/S440E 

F1124 1.22E-08 T250V/M252‘./T307Q/V308P/Q311A/N434Y/Y436V/Q4313R/8440E 

F1125 5.18E-08 M252Y/T307Q/N434Y/Y4369 

F1126 8.95E-08 M252Y/T307A/N434Y/Y436V 

F1127 7.94E-08 M 252Y/03 L I A/N434Y /1/4361/ 

F1128 1.17E-07 M252Y/Q3 I IH/ N434Y /Y4369 

F1129 4.48E-08 M252Y/T307Q/Q311H/N434Y/Y436V 

F1130 5.54E-08 M252Y/T307A/Q311/1/14434Y/Y436V 

P1131 1.29E-07 L235R/1.1239K/M252Y/V422E/N434Y/Y43611 

F1132 1.4E-07 L23512/8239E/M252Y/V4228/9434Y/Y436V 

P1133 1.58E-07 L235R/S239K / M252Y /5424R/ N434Y/Y436V 

F1134 1.66E-07 1235E/8239K/ M252Y/ N434Y/Y436V/Q43812 

P1135 1.26E4/7 L23512/ S239K /M252Y / N434Y/Y436V /5440E 

F1136 1.63E-07 L235R/8239K/M2521/V422E/S424R/N434Y/Y436V 

F1137 1.58E-07 1.23512/5239K/ M252Y / V4225/ 542412/ N434Y/Y 436V 

F1138 1.65E-07 4235R/5239K / M252't / N434Y /Y4369 /Q438R/ S440E 

F1139 1.52E-07 L235E/5239E/ M252Y /5424N/ N434Y /11436V 

P1140 1.62E67 M252Y/V422E/S424R/N434Y/Y436V/Q438R/S440E 

Fl 141 1.77E-07 M252Y/V4228/5424R/N434Y/Y436V/Q438R/S440E 

P1142 1.87E-07 1.235R/8239K/ M252V/V422E/S424R/N434Y/Y4361//0438R/8440E 

F1143 1.98E-07 L235R/S239K/M252Y/V4223/5424R/N434Y/14369/0438R/3440E 

F1144 1.44E-08 L235R/5239K/T250V/M252Y/T307Q/V308P/Q311A/N434Y/Y4369/Q438R/S 
440E 

F1145 5.23E-08 T250V/M252Y/T307Q/Q311A/N434Y/Y436V/Q4388/8440E 

F1146 6.24E-08 L235R/5239K/1250V/M252Y/T307Q/Q311A/N43451Y436V/Q438E/5-140E 

F1147 7.19E-08 M252Y/T307Q/Q311A/N434Y/Q4381115440E 
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Table 27-28 is a continuation of Table 27-27. 

[Table 27-28] 

P1148 7.63E-08 L2358 / S2398 /14252V /T307Q/Q3 I1A/N434Y/Q438R/S440E 

P1151 2.51E-07 L2358 / 82398/M252Y/ 5424N/ N434It 

F1152 7.38E-08 1.235R /82398 /M252Y/T307Q/ Q31 I A/S424K /N434Y 

F1153 4.85E-08 /.235R/S239K/T250V/M2.52V /T307Q/ Q3 1 1A/S424N/ N434Y/Y436V 

r I at 1.14a:us tzistgra. 9t417807/14252171111777:18815=1a/s-04N/N4841timab 
F1157 2.09E-07 M252Y/ N434Y/Q4388/ 5440E 

F1158 2.44E-07 L2358/82398/ M252Y /N434Y/Q4388/54-40E 

F1159 4.79E-07 S424N/N434W 

P1160 2.88607 V308P/9424N/N434Y 

V I 161 1.076.06 13329/ 5424 NI N434Y 

F1162 3.43E-07 P2381)/T250Y/M252Y01434Y/Y4369 

Fl 163 1.54E 07 P238D/T250Y/141252Y/T307Q/Q311A/N434Y 

P1164 6.966-08 P2381)/T250Y/M252Y/7307Q/Q311A/N434Y/Y436V 

F1165 1.63E-08 P238D/T250Y/M252Y/T307Q/V308P/Q311A/N434Y/Y4369 

P1174 4.9E-07 P2571/ N434H 

F1176 1.98E-06 03081? 

P1178 8.72E-07 02591/9308P/M428L 

P1183 1.28E-06 E380A/M428L/N434S 

P1184 IE 06 T307A/M428L/N434S 

F1185 9.17E 07 T307A/ 6380A/ 1.4428L/ N434S 

P1188 1.72E-06 T307A/E380A/N434H 

P1189 1.57E-07 M252Y/ H433D/ N43-11714369/04388 / 8440E 

P1190 2.4E-07 14252Y/ H433E/ N434Y/Y4361//04388/8440E 

F1191 2.1 18.07 M252Y/ N434Y/T4369 /7437,6/Q438R/ 8440 E 

P1192 1.27E-07 M2521714434Y/Y436V/T4370/Q4388/ 5440E 

F1194 1.556.07 M252Y/N434Y/V4369/04388/8439D/5440E 

P1195 1.76E-07 M252T/N434Y/Y436V/Q4388/84406/L44 IA 

P1196 1.51E-07 14252Y/ N434Y/Y436V/Q438R/S440E/1.441E 

F1197 9.466.08 N1252V/S254T/N434Y/Y4369/Q4388/5440E 

P1198 7.83E-08 M252'1/.1.256E/ N434Y/Y43611 /Q43812/54408 

F1199 6.256-08 N1.252T/5254T/":2566/ N434Y 0'43611/Q438R/ 5440E 

P1200 1.266.07 T250WIA252Y/S254T/N434Y/Y436V/Q4388/ S4408 

P1201 1.076-07 12501/ /11.252Y /T256E/ N434Y/Y436V /Q4388/ 3440E 

F1202 8.816.08 T250V/M252113254T/T256E/ N434Y/114369 / Q4388/ 8,440E 

P1203 1.52E-07 M252Y/T256Q/14434Y/Y4369/Q43812/ 8440E 

P1204 1.186.07 /A 252Y/S254T/T256Q/N434V /114360/Q438R/S4406 

P1205 1.98E-07 T2500 /1.4252571256Q/N434Y/Y4369/Q4388 / 84406 

F1206 1.696-07 11250V /M252Y /S254T/T256Q/ N434Y /Y4369 / Q4388 /S4408 

P1207 I. I 1E-06 13328/M428Ln/434S 

F1208 5.716-07 L251A/ M2521114434Yr: 4361/ 

P1211 1.23E-06 1.251/1/141252Y/ N434Y/Y436V 
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Table 27-29 is a continuation of Table 27-28. 

[Table 27-29] 
F1213 6.33E-07 ;1 1.251N/M25211/1/434Y/Y4369 

P1216 1.16E-06 	12518/114252Y/ N434Y/Y436V 

P I 217 1.14E-06 L251T/ M252WN43417Y436V 

P1218 2.51E 07 1.251V/ /42521i/N434Y/Y436V 

01229 3.81rOrtIM5 /12 .0//1..4.141 /4436V 

P1230 1.12E-07 14252Y/ N434Y/Y436V/Q438R/S440D 

P1231 9.73E-08 M252Y/1.1434Y/Y436V/Q438K/S440E 

F1232 9.798 08 M252Y/N434Y/Y43611/Q4388 / 8440D 

P1243 I .25E 07 L23512/ 8239K / M252Y /82547/N434Yri4361.7Q438R/S440E 

P1244 1.02E-07 1235R/S239K/14252Y/T256E/N434Y/Y436V/Q438R/9440E 

F1245 8.2E-08 L235R/S239K/M25211/8254T/T256E0443417Y436V/Q438R/S440E 

P1246 1.73E-07 1.23512/ 8239K/7250V/ M252Y/S254T/N434Y /1/436V/Q4388/ 8440E 

P1247 1.45E-07 1.235R/ 92398/T250V/ M252Y/T256E/N434Y/Y43611/Q438R/5440E 

F1248 1.2E-07 L2358/ 32391C/7250V/ M252Y/S2547/7256E/N434Y /Y436V/Q4388/5440E 

P1249 2.06E-07 L2358/ 3239K/M252Y/T256Q/ N434Y/Y436V/Q438R/S440E 

F1250 1.66E-07 L235E/S2398 /M252Y /82547/T256Q/ N434Y/Y436V/Q438R/ 8440E 

F1251 2.77E-07 L235R/S239K /7250V/ M252Y/7256Q/ N434Y/Y436V/Q438R/S440E 

F1252 2.33E-07 L235R/ 8239K /T250V/ M252Y/S254T/T256Q/ N434Y ff436V/Q438R/S440E 

P125.3 1.12E-07 L235R/S2398/101252Y/T307A/ N434Y/Y436V/Q438R/ 8440E 

P1254 6.42E-08 1.-2358/5239K/114252V/T307Q/N434Y/Y436V/Q438R1 9440E 

F1255 1.11E 07 1:2358/ S2398 / M25211/Q311A/ N434M436V/Q438R/S-440E 

F1256 1.56E-07 L235R/S239K 114252Y/Q311HP4434-Y /Y436V/Q4388/ 5440E 

F1257 7.81E-08 1.235E/S239K/M252M307MQ311A/14434Y/Y436V/Q438R/ 5440E 

F1258 1.05E-07 L2358/82391C/ IN252Y /T307A/Q311H /N434Y/Y4361i/Q4388/ 8440E 

P1259 4.468.08 L2358/ 8239K /%1252Y /T307Q/ Q311/1/01434Y/Y436V/Q438R/S440E 

P1260 6.53E-08 L23512/ 8239K /M252Y /T307Q/ 0311H/ N434Y/Y436V/Q43812/8440E 

P1261 1.358.07 L23512/ 8239K /112521.714434Y/Y436V/Q438R/ 94-401) 

P1262 1.26E-07 L23512/ 8239K/M252V/N434V/V43611/0438K /8440E 

P1263 1.24E-07 L23512/82391C/M252Y/N434Y/Y43617/Q438K/54400 

P1264 1.27E-07 1.235R/3239K /14252Y/7256A/ N434Y/1436V/Q438R/S440E 

71265 1.57E-07 L23512/32391•04252Y/T2560/N434Y/Y436V/Q438R/ 5440E 

P1266 9.99E-08 1.235R/S239K94252YfT256N/N434Y/Y436V/Q4388/ 8440E 

P1267 1.5E-07 L235/2/82398 / M2521r/S254A/ :4434Y/Y436%1 /Q438R/ 5440E 

F1268 2E-07 L235E/S2391( / M252Y/ H4330/ N434Y /V436V/C243812/ 8440E 

P1269 1.69E-07 L235R/S239E/M252Y/H433D/N43417Y436V/Q438K/8440D 

F1270 1.18E-07 L23512/32391:042521/8254A/N434Y/Y4369/Q4381C/S4400 

F1271 2.05E-07 L235E/S2391( 042521.7 5254A/ H43313/14434Y/Y43611/Q9388/ 8440E 

F1272 1.71E-07 1.23512/8239K/M252118254A/H433D/N434M436V/Q438K/54400 

P1273 1.53E-07 L.235R/3239K/ M2521VT256Q/N434Y/Y436V/Q438K / 8440D 

P1274 2.48E-07 L235R/5239K/N1252Y/T256Q/H433D/N434Y/Y4361.7(1438R/8440E 

P1275 2.09E-07 1.23511/9239K/M252V1256Q/H433D/N434Y/Y436WQ438K/S440D 
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Table 27-30 is a continuation of Table 27-29. 

[Table 27-30] 
F1276 1.02E-07 I L2352/ 3239204252Y/T256A/ N434Y/Y436V/Q4382 /8440D 

F1277 11.692.07 L235R/3239K/ M252VT2568/ H433D/ N434Y /Y436V/Q438R /S4402 

F1278 1.4E-07 I 1.23512/32392/1.4252Y/T256/04433D/N434Y/Y436V/Q4382/94400 

F1279 I 1.232.07 L23512/ S2392/ NI252Y/T256G/N434Y/Y436V/ Q438K/ 3440D 

)1;9180 2^.ogewerfttertinstsiiess-nrr2suonctrsornrstrymetTormansiour 
FI 281 1.74E-071 L2358/ 32392/14252Y/T256G/ H43300434Y/Y436V/Q4382/3440D 

F1282 7.69E-08 I 1.2358/3239K/N1252Y/1256N/N434Y/Y436V/04382 /3440D 

F1283 1.34E-07 ' L235R/S2392/%1252Y/T256N/H433D/N434Y/Y4369/Q438R/S440E 

F1284 I 	I.125 07 L235R/3239K/ ?4252Y/T256N/ H433D/ 8434Y /Y436V /Q4381: /9440D 

F1285 9.36E-08 L2358/ 32392/M252Y/3254T/ 8434Y/Y436V/Q4382 / 3440D 

P1286 1.57E-07 
s  
! L2358 / 32391(/ M25217825417 H433D/N434Y/Y4369/Q4388/34402 

F1287 1.5E-07 i L235R/S239K/P425211/9254T/ 144330/ N434Y/Y4369/Q4382 /3440D 

F1288 7.95E-081 L2352/ 82392 /14252Y /T256E/ N434Y/Y436V/(}4381( / 8440D 

F1289 1.33E-07 11,235R/3239K / M252171256E/ H433D/N434Y/Y436V/Q4382/8440E 

F1290 1.11E007 1.235R/8239204252Y/T2562/ H433D/ N434Y/Y436V /Q4381: /8440D 

V1291 1.51E-07 L235R/32398942521711433D/N434Y/Y4369 

F1292 4.242.07 L235E/S2302 / H4330/N434W/Y436V/Q43812/8440E 

F1293 1.61E-07 L23512/82392/ M252Y/T2562/74434Y/Q43812/ S4402 

F1294 25.07! L2351:2 /32392/114252Y/T2562/14434Y/Y436T/Q4382/ 5440E 

F1295 9.942 08 j L235R/ 92391W4252Y/T2562/ N434Y/Y436F/Q438R/ S4402 

F1296 2.275.07 j L23512/8239K/M2521/T2562/8433D/N434Y/Q4382/34402 

51297 2.55-071L235R/S239K/M252Y/12562/8433D/11434Y/14361/Q438R/S4402 

F1298 I .47E-07 11235R/ 32392 /M252Y/T2562/ H433D/ 8434Y /Y436F/Q43812/ 8440E 

P1299 1.5E-07 L235k /S2392 / M2521/ /T2562/ N434Y/Q4382 / S44013 

F1300 1.63E-07 1.235R/8239K / M252Y /T256E/N434Y/Y436T/Q4382 / 8440 D 

F1301 8.3E-08 L235R /S2392/ t4252Y/1256EP1434Y/Y436F/Q4381: /8440D 

F1302 2.15E-07 L235R/S2392/161252V/T2562/84330/ 8434Y/0438K/ 9440D 

P1303 2.1E-07 L235R/3239K/M252V/1256E/H433D/N434Y/Y436T/Q4382/844013 

F1304 1.24E-07 I L235R/32392/M252Y/T2562/8433D/N434Y/Y436F/Q4382/84400 

P1305 2.05E-071 1.235R/S2392/142521/ H433D/ N434Y/Y436V/Q438R/ 8440D 

51 306 1.92E-07 1 L23512/ 9239K/ /4252Y / H433D/ N434Y/V436V /Q4382/ 5440E 

F1307 1.44E-071  L235R/S2392/M252Y/V4228/ 94246/ N434Y/V436V 

F1308 2.06E-071 L235E/S2392 / /4252Y /V422L/ 8424L/ N4341( /Y4361/ 

F1309 1.26E-07 I 1.235R/3239K / M252Y / N434Y /Y436V /C)438A/ 2440A 

F1310 2.28E-07 1 L2351113239104252Y/N434Y/Y436V/Q438L/S440L 

F13 I I 1.69E-07 1435R/S2392/M252Y/V422A/S424A/144331301434Y/Y436V 

F1312 1.795 071 L235R/S2392/N125217V422L/8424L/H43313/14434Y/Y436V 

51313 1.77E-07 11.235R/S239K/M252Y/ H4330/ N434Y /V436V/Q438A/ 9440A 

F1314 2.27E-07 I 1.235R/8239K/ /42521 / H4330/?i434Y/Y436V/Q438L/5440L 

F1315 1.52E-07I (1237K/ S2392 / M252Y/N43417Y436V 

F1316 1.49E-07 162372/92342/101252Y/N434Y/Y436V 
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Table 27-31 is a continuation of Table 27-30. 

[Table 27-31] 

F1317 1.38E.07 3239K/ 1%1252Y /P329K/ N434)1:14369 

F1318 1.43E 07 8239K1 14252Y/P329R/N434Y /V4369 

FI 319 2.67E.07 M252Y/L3281'/N4341' 

F1320 1.22E-07 L235R/S239K / M252Y/S254T/ N434Y/Y436V/(1438R/ 8440D 

£1321 1.6e07 L23kig39iM252cii254T75434iii436vic438K/s44oE 
F1322 1.6E-07 11.23512/ 8239K/ M252Y/S254T/ H433D/ N434Y/Y436V/Q438R/ 5440D 

P1323 1.49E-07 L235E/S2391( /114252Y /8254T/ H433D/N434Y/Y436V/Q438K/S440E 

F1324 1.32E.07 L234A/L235A/M252Y/N434Y/Y4361.: 

F1325 2.13E.07 L2348/ L235A/161252Y/ N297A/ N434V/V436V 

F1326 1.09E-08 1.234 A /1.2354/T2509/1.1252Y/T307Q/V308P/Q311A/14434Y/Y4361.1  

F1327 1.41E-08 1.234A/ L235A/T25011/ M252Y/N297A/T307Q/V308P/Q311.101434Y/143611 

F1328 1.52E-07 L23512/0236R/52391C/11252Y/N434%7Y436V/Q438R/ 5440E 

P1329 1.29E-07 L235R/0236R/5239K/ /4252Y /5254T/ 8434Y/Y436V/Q438R/S440E 

F1330 1.03E-07 L2358/0236R/S239K/11252Y/T256E/N434Y/Y4361//Q43812/3440E 

P1331 7.75E-08 L235R/0236R/S239K/M252Y/S2541/1256E/N434Y/Y436V/Q438R/5440E 

P1333 1.23E-07 1.235R/0236R/S2391:94252Y/N434Y/Y436V 

FI334 1.04E-07 L235R/C236R/S239K/1.4252Y/N43417Y436V/Q438K/S4401) 

F1335 8.78E-08 1.235R/0236R/8239K/%1252Y/82541714434V/V436V/Q438K/S4401) 

F1336 7.18E. 08 1.2358/6236R/S239K/%4252V/T256E/N434Y/14361//Q438K/84401) 

F1337 7.41E. 08 1.235R/S239K/M252VP7256E/ N434Y/Y436V/Q438K/ 8440E 

F1338 1.04E 071 L235R/S239K/51252177256E/H433D/N434Y/Y436V/Q438K/S440E 

F1339 2 51E-07 1.235R/S239K/P•12571/325417T256E/H433D/N434Y/Y4361/Q4381C/S440E 

F1340 5.58E-08 11235R/S239K/M252Y/S254T/T256E/N434Y/Y436V/Q4388/5440E 

F1341 3.22E.07 I L235R/82398/141252V/S254T/N434Y/Y43617Q438K/S440E 

F1342 2.51E-07 I 1235R/S2391:0,1252Y/T256E/ /4434Y/Y4361704381:18440E 

F1343 2.01E-07 1.23512/8239K/M252Y/S2547/T256E/14434Y/Y436T/Q4381(/S-440E 

F1344 3.96E-07 L235R/S239K/M252Y/N434Y/Y4367/Q438K/S440E 

F1345 1.05E 07 ! L235R/0236R/S239K0A252Y 0:434Y/Y4369/Q4381: /8440E 

F1346 8.59E 08 I L235R/G236R/S239K/M252Y/S254T/14434Y/V43611/Q4381;/.54-40E 

P1347 7.14E-08 I L235/2/0236R/5239K/ M252Y/T256E/ N434Y /Y436V/Q438K/S440E 

F1348 5.52E-08 ! L235E/0236E/S239E/ /41.252Y /9254T/T256E/N434Y/Y436V/Q438K/ 8440E 

F1349 3.36E 07! L23512/82391C/M252Y/N434Y/Y4361/Q438R/5440E 

F1350 1.18E-0711.235R/S239K/M252Y / 8434Y /Y436F/Q438K/S440E 

F1351 1.62E-071 L235R/S239K/M252Y/N434Y/1-436P/(2438R/S440E 

FI352 3.93E-07! 1.235R/5239E / M252Y/ H4330/)/434Y /Y436T/Q438K/S440E 

F1353 4.33E-07 	1,2358/3239K/M252Y/H4331)/N434Y/Y436T/Q438R/S440E 

F1354 2.29E-07 L235R/5239K/M252Y/H433D/N43417Y436F/Q438K/S440E 

P1355 2.47E-07 1.235R/S239K/14252? /114330/N434Y /Y436F/Q43ER/5440E 

P1.356 1.58E407 0236R/M252Y/1.32812/ N434171'4361; 

F1357 2.81E-07 L235R/S239K/M252178254T/N434Y/Y436T/Q4381213440E 

F1358 9.07E48 1.235R/ 8239K /P4252Y /3254T/ N434Y/Y436 EN438K/S440E 
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Table 27-32 is a continuation of Table 27-31. 

[Table 27-32] 

F1359 1.28E-07 L235R/ 8239K / M252Y/ S254T/ N434Y/Y436F/Q438R/ 5440E 

F1360 3.12E-07 L.235R/S239 K / M252Y if 8254T/ H433D / N434Y /Y436T/Q4381: /3440E 

F1361 3.52E-07 1.235R/ 32391: /M252Y /5254T/ H433D/ N434Y /Y436T/ Q438R/ 8440E 

F1362 1.41E-07 1.23512/5239K/M25217§254nt4l2=444Y/Y43PF/043842a4c40Z 

5 

10 

15 

F1363 1.9E-07 L235R/S239K/M252Y / 3254T/11433D/ N434Y/Y436F/Q438R/ S440E 

Fl 364 7.49E-08 L23512/ 82391:11.4252Y/T256E/ N434Y /Y436F/Q4381C/ 3440E 

F1365 3.14E-07" L235R/S239k/ M252Y /T256 E/ H433 D/ N434Y/11436T/ Q438K /5440E 
F1366 1.17E-07 L235R/S2391(/14252Y/1256E/H4330/N434Y/Y436F/ Q4381C/S4-40E 

F1367 1.79E-07 L235R/ 3239K/ M252Y/ S254T/T256E/ N434Y/Y436T/Q4381,2/ S440E 

F1368 5.49E-08 L235R/S239K/M252V / S254T/T256E/ N434Y/Y436F/Q438K /5440E 

F I 369 7.6E-08 1.235R/3239K /M252Y/ S254T/T256E/ N434Y/Y436F/Q438R/ S440E 

F1370 9.14E-08 L235R/S2391C/M252Y/S254T/T256E/H433D/N434Y/Y436V/Q438K/S440E 

F1371 I.09E•07 L235R/ 8239K /M252Y/S254T/T256E/ H433D/N434Y/Y436V/Q43812/34-40E 

F1372 2.28E. 07 L235R/S239K /M252Y/S254T/T256E/H433D/N434Y/Y436T/Q438R/S440E 

F1373 8.67E-08 L23512/ S239K/M252Y/S254T/T256E/H433D/N434Y/Y436F/Q438K /3440E 

F1374 1.2E-07 L235R/ 3239K /M252Y/ 3254T/T256E/ H433D/N434Y/Y436F/Q438R/S440E 

F1375 1.03E-07 L235R/S239K/M252Y/S2547/N434Y/Y43611 

F1376 9.09E-08 L23512/823910.11252Y/S254T/T256E/N434Y/Y436V 

F1377 8.27E-081 L'235R/ 3239K/ M252Y/T256E/N434Y/Y436V 

F1378 3.61E-07 L23512/ S239K/ M252Y/ N434Y/Y436T 

F1379 2.85E-07 L235R/ 5239K fi4252Y/ N434Y re436F 

(5-2) In vivo test of pH-dependent human IL-6 receptor-binding antibodies with enhanced human 

FcRn binding under the pH neutral condition 

pH-dependent human IL-6 receptor-binding antibodies having human FcRn binding 

ability under a neutral condition were produced using the heavy chains prepared as described in 

Example 5-1 to have human FcRn binding ability under a neutral condition. 	The antibodies 
were assessed for their in vivo antigen elimination effect. 	Specifically, the antibodies listed 
below were expressed and purified by methods known to those skilled in the art as described in 
Reference Example 2: 

Fv4-IgG I comprising VI13-1g0 I (SEQ ID NO: 35) and VL3-CK (SEQ ID NO: 36); 
Fv4-IgGI-v2 comprising VH3-IgG I -v2 (SEQ ID NO: 37) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgGI-F14 comprising VH3-IgG1-F14 (SEQ ID NO: 86) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgGI-F20 comprising VH3-IgGI-F20 (SEQ ID NO: 39) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgGI-F21 comprising VH3-1gG I -F21 (SEQ ID NO: 40) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgGI-F25 comprising VH3-IgGI-F25 (SEQ ID NO: 87) and VL3-CK (SEQ ID NO: 36); 
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Fv4-IgG I -F29 comprising VH3-IgGI -F29 (SEQ ID NO: 88) and VL3-CK (SEQ ONO: 36); 

Fv4-IgG I -F35 comprising VH.3-IgGI-F35 (SEQ ID NO: 89) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgGI-F48 comprising VH3-IgGI -F48 (SEQ ID NO: 90) and VL3-CK (SEQ ID NO: 36); 

Fv4-IgG I -F93 comprising VH3-IgGI-F93 (SEQ ID NO: 91) and VL3-CK (SEQ ID NO: 36); 

and 

V12, --Fv4-1g61-F94 comprising-VH3+igei-F94(-REQ4D-Net-92},and 	-C K-(SEQ +13+10;-.16)-.---- 

The prepared pH-dependent human IL-6 receptor-binding antibodies were tested in vivo 

by the method described below using human FeRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line 

276 +1+ mouse, Jackson Laboratories; Methods Mol Biol. (2010) 602: 93-104). 

To a human FeRn transgenic mouse (B6.mFcRn-/-.hFcRn Tg line 276 +/+ mouse, 

Jackson Laboratories, Methods Mol Biol. 2010; 602: 93-104) and normal mouse (C57BLJ6J 

mouse, Charles River Japan), hsIL-6R (soluble human IL-6 receptor prepared in Reference 

Example 3) was administered alone, or soluble human IL-6 receptor and anti-human IL-6 

receptor antibody were administered simultaneously to examine the pharmacokinetics of the 

soluble human IL-6 receptor and anti-human IL-6 receptor antibody in vivo. 	A single dose (10 

mUkg) of soluble human IL-6 receptor solution (5 ggimL) or a mixture of soluble human IL-6 

receptor and anti-human IL-6 receptor antibody (5 ggimL and 0.1 mVmL, respectively) was 

administered into the caudal vein. 	At this time, the anti-human IL-6 receptor antibody against 

soluble human IL-6 receptor existed in a sufficient or excessive amount. 	Thus, it is thought that 

most of the soluble human IL-6 receptors bound to the antibody. 	Blood samples were collected 

at 15 minutes, 7 hours and I. 2, 3, 4, 7, 14. 21, and 28 days after the administration. 	The blood 

samples obtained were immediately centrifuged for 15 minutes at 4°C and 15,000 rpm to 

separate plasma. 	The separated plasma was stored in a freezer set to -20°C or lower until the 

time of measurement. 

(5-3) 	Determination of plasma concentration of soluble human IL-6 receptor by an 

electrochemiluminescence method 

A soluble human IL-6 receptor calibration curve sample prepared at 2,000, 1.000. 500. 

250, 125, 62.5, or 31.25 pg/mL, and a mouse plasma measurement sample diluted by 50-fold or 

above, were mixed with a monoclonal anti-human IL-6R antibody (R&D) ruthenated with 

SULFO-TAG NHS Ester (Mese Scale Discovery), a biotinylated anti-human IL-6 R antibody 

(R&D), and tocilizumab, followed by overnight reaction at 37°C. 	Tocilizumab was prepared at 

a final concentration of 333 pg/mL. 	Subsequently, the reaction liquid was dispensed into an 

MA400 PR Streptavidin Plate (Meso Scale Discovery). 	In addition, after washing the reaction 

liquid that was allowed to react for I hour at room temperature, Read Buffer T (x4) (Meso Scale 

Discovery) was dispensed. 	Subsequently, the reaction liquid was immediately subjected to 
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measurement using a SECTOR PR 400 reader (Meso Scale Discovery). 	The concentration of 

soluble human IL-6 receptor was calculated from the response of the calibration curve using the 

SOFTmax PRO analysis software (Molecular Devices). 

A time course of plasma concentration of soluble human IL-6 receptor after intravenous 

5 administration to human FcRn transgenic mice is shown in Fig. 40. 	The test result showed that 

the plasma cencestration-of-solubleiraman-IL-6 reccptor-rossoirted.low ovonintoin-thepresettco- 	- 

of any of the pH-dependent human IL-6 receptor-binding antibodies with augmented human 

FcRn binding under neutral condition, as compared to in the presence of Fv4-IgG1 which has 

almost no human FcRn binding ability under neutral condition. 	Among others, antibodies that 

10 produced the remarkable effect include, for example, Fv4-1gGI-F14. 	The plasma concentration 

of soluble human IL-6 receptor simultaneously administered with Fv4-IgGI-F14 was 

demonstrated to be reduced by about 54 times one day after administration as compared to that 

of soluble human IL-6 receptor simultaneously administered with Fv4-IgGI. 	Furthermore, the 

plasma concentration of soluble human [L-6 receptor simultaneously administered with 

15 Fv4-IgGI-F21 was demonstrated to be reduced by about 24 times seven hours after 

administration as compared to that of soluble human IL-6 receptor simultaneously administered 

with Fv4-1g,G1. 	In addition, the plasma concentration of soluble human IL-6 receptor 

simultaneously administered with Fv4-IgGI -F25 seven hours after administration was below the 

detection limit (1.56 ng/ml). 	Thus, Fv4-1gG I -F25 was expected to enable a remarkable 

20 reduction of 200 or more times in the concentration of soluble human IL-6 receptor relative to 

the concentration of soluble human IL-6 receptor simultaneously administered with Fv4-IgG I. 

The findings described above demonstrate that augmentation of the human FcRn 

binding of pH-dependent antigen-binding antibodies under a neutral condition is highly effective 

for enhancing the antigen elimination effect. 	Meanwhile, the type of amino acid alteration to 

25 augment human FcRn binding under neutral condition, which is introduced to enhance the 

antigen elimination effect, is not particularly limited; and such alterations include those shown in 

Table 16. The antigen elimination effect can be predicted to be enhanced in vivo by any 

introduced alteration. 

30 [Reference Example 6] 	Acquisition of antibodies that bind to IL-6 receptor in Ca-dependent 

manner from a human antibody library using phage display technology 

(6-1) 	Preparation of a phase display library for naive human antibodies 

A phage display library for human antibodies, consisting of multiple phages presenting 

the Fab domains of mutually different human antibody sequences. was constructed according to 

35 a method known to those skilled in the art using a poly A RNA prepared from human PBMC, and 

commercial human poly A RNA as a template. 
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(6-2) 	Acquisition of antibody fragments that bind to antigen in Ca-dependent manner from the 

library by bead panning 

The constructed phage display library for naive human antibodies was subjected to 

5 	initial selection through concentration of only antibody fragments having an antigen (IL-6 

---- •----tteeptvitsbiding-abilityrA-conextaration of tuitibotly-fragurentalishq;wea 

concentration-dependent antigen (IL-6 receptor)-binding ability as an indicator. 	Concentration 

of antibody fragments using a Ca concentration-dependent antigen (1L-6 receptor)-binding 

ability as an indicator were conducted through elution of the phage library phages bound to IL-6 

10 	receptor in the presence of Ca ions with EDTA that chelates the Ca ions 	Biotinylated IL-6 

receptor was used as an antigen. 

Phages were produced from Escherichia coli carrying the constructed phage display 

phagemid. 	A phage library solution was obtained by diluting with TBS a phage population 

precipitated by adding 2.5 M NaC1/10% PEG to the E. coli culture solution in which the phages 

15 	were produced. 	Subsequently, BSA and CaCl2  were added to the phage library solution at a 

final concentration of 4% BSA and 1.2 mM of calcium ion concentration. 	A common panning 

method using an antigen immobilized on magnetic beads was referred to as a panning method (J. 

Immunol. Methods. (2008) 332 (1-2), 2-9; J. Immunol. Methods. (2001) 247 (1-2), 191-203; 

Biotechnol. Prog. (2002) 18(2) 212-20; Mol. Cell Proteomics (2003) 2 (2), 61-9). NeutrAvidin 

20 	coated beads (Sera-Mag SpeedBeads NeutrAvidin-coated) or Streptavidin coated beads 

(Dynabeads M-280 Streptavidin) were used as magnetic beads. 

Specifically, 250 pmol of the biotin-labeled antigen was added to the prepared phage 

library solution to allow the contact of said phage library solution with the antigen for 60 

minutes at room temperature. 	Magnetic beads. blocked with BSA. were added to be bound to 

25 	antigen-phage complexes for 15 minutes at room temperature. 	The beads were washed once 

with 1 mL of 1.2 mM CaCl2/TBS (TBS containing 1.2 mM CaC12). 	Subsequently, a phage 

solution was recovered by a general elution method to concentrate an antibody fragment having 

an IL-6 receptor-binding ability, or by elution from beads suspended in 2 mM EDTA/TBS (TBS 

containing 2 mM EDTA) to concentrate an antibody fragment using an IL-6 receptor-binding 

30 	ability in a Ca concentration-dependent manner as an indicator. 	The recovered phage solution 

was added to 10 mL of the E. coli strain TG I in a logarithmic growth phase (0D600 of 0.4-0.7). 

The E. coli was cultured with gentle stirring at 37°C for I hour to allow the phages to infect the 

E. coli. 	The infected E. coli was inoculated into a 225 mm x 225 mm plate. 	Subsequently, the 

phages were recovered from the culture medium of the E. coli after inoculation to prepare a 

35 	phage library solution. 

In the second and subsequent panning. the phages were concentrated using the 
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Ca-dependent binding ability as an indicator. 	Specifically, 40 pmol of the biotin-labeled 

antigen was added to the prepared phage library solution to allow the contact of the phage library 

with the antigen for 60 minutes at room temperature. 	Magnetic beads, blocked with BSA. were 

added to be bound to antigen-phage complexes for 15 minutes at room temperature. 	The beads 

5 were washed with I ml, of 1.2 mM CaCl2/TBST and 1.2 mM CaCl2/TBS. 	Subsequently, the 

heads.-to-whichht-L-mleof-2-maaCAALBS-watradded, wen-stasoncled-atifeean-tarrielatura. , 

Immediately after that, the beads were separated using a magnetic stand to collect a phage 

solution. 	The recovered phage solution was added to 10 mL of the E. coil strain TG1 in a 

logarithmic growth phase (0D600 of 0.4-0.7). 	The E. coli was cultured with gentle stirring at 

10 37°C for 1 hour to allow the phages to infect the E. coli. 	The infected E. coil was inoculated 

into a 225 mm x 225 mm plate. 	Subsequently, the phages were recovered from the culture 

medium of the E. coil after inoculation to collect a phage library solution. 	The panning using 

the Ca-dependent binding ability as an indicator was repeated several times. 

15 (6-3) 	Examination by ohne ELISA 

A phage-containing culture supematant was collected according to a routine method 

(Methods Mol. Biol. (2002) 178, 133-145) from a single colony of E. coil, obtained as described 

above. 

A culture supernatant containing phages, to which BSA and CaCl2  were added at a final 

20 concentration of 4% BSA and 1.2 mM of calcium ion concentration was subjected to ELISA as 

described below. 	A StreptaWell 96 microtiter plate (Roche) was coated overnight with 100 AL 

of PBS containing the biotin-labeled antigen. 	Each well of said plate was washed with PEST to 

remove the antigen, and then the wells were blocked with 250 AL of 4% BSA-TBS for 1 hour or 

longer. 	Said plate with the prepared culture supernatant added to each well, from which the 4% 

25 BSA-TBS was removed, was allowed to stand undisturbed at 37°C for 1 hour. allowing the 

binding of phage-presenting antibody to the antigen present in each well. 	To each well washed 

with 1.2 mM CaC121TBST. 1.2 mM CaC12/TBS or 1 mM EDTA/TBS was added. 	The plate was 

allowed to stand undisturbed for 30 minutes at 37°C for incubation. 	After washing with 1.2 

mM CaC12/TBST, an HRP-conjugated anti-M13 antibody (Amersham Pharmacia Biotech) 

30 diluted with TBS at a final concentration of 4% BSA and 1.2 mM of ionized calcium 

concentration was added to each well, and the plate was incubated for 1 hour. 	After washing 

with 1.2 mM CaCl2ITBST, the chromogenic reaction of the solution in each well with a TMB 

single solution (ZYMED) added was stopped by adding sulfuric acid. 	Subsequently, said color 

was measured by measuring absorbance at 450 nm. 

35 As a result of the above phage ELISA. the base sequence of a gene amplified with 

specific primers and an antibody fragment identified as having a Ca-dependent antigen-binding 
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ability as a template was analyzed. 

16-4) 	Antibody expression and purification 

As a result of the above phage ELISA, a clone identified as having a Ca-dependent 

5 antigen-binding ability was introduced into an expression plasmid for animal cells. 	Antibodies 

aociusc 'gat taill OW cA-1 a s-cl escr ibcd 	. -I. f .A.3, y It 293-P -birth/ 1 OnvitrogeOdetivatfrom huurari 

fetal kidney cells was suspended in FreeStyle 293 Expression Medium (Invitrogen). followed by 

inoculation of 3 mL into each well of a 6-well plate at a cell density of 1.33 x 106  cell /mL. 	The 

prepared plasmid was introduced into the cells by lipofection. 	The cells were cultured for 4 

10 days in a CO2  incubator (37°C, 8% CO2, 90 rpm). 	Antibodies were purified from the culture 

supernatant obtained above by a method known in the art using rProtein A Sepharose (trade 

mark) Fast Flow (Amersham Biosciences). 	Absorbance of the purified antibody solution was 

measured at 280 nm using a spectrophotometer. 	Antibody concentration was calculated from 

the measurements obtained using an extinction coefficient calculated by the PACE method 

15 (Protein Science (1995) 4, 2411-2423). 

[Reference Example 7] 	Examination of Ca-dependent binding ability of the obtained 

antibodies to human IL-6 receptor 

To examine whether or not the binding activities of antibodies 612.L#9-IgG1 [heavy 

20 chain (a constant region sequence derived from IgGI linked to SEQ ID NO: 9) and light chain 

(SEQ ID NO: 93)] and FH4-IgG1 [heavy chain (SEQ ID NO: 94) and light chain (SEQ ID NO: 

95)], obtained in Reference Example 6. to human IL-6 receptor are Ca-dependent, the kinetic 

analysis of the antigen-antibody reactions of these antibodies with human IL-6 receptor was 

conducted using Biacore T100 (GE Healthcare). 	H54/L28-IgG I [heavy chain variable region 

25 (SEQ ID NO: 96) and light chain variable region (SEQ ID NO: 97)], described in 

W02009/125825. was used as a control antibody that has no Ca-dependent binding activity to 

human IL-6 receptor. 	The kinetic analysis of the antigen-antibody reactions was conducted in 

solutions with 2 mM and 3 µM calcium ion concentrations, set as high and low calcium ion 

concentration conditions, respectively. 	The antibody of interest was captured on Sensor chip 

30 CM4 (GE Healthcare) on which an appropriate amount of protein A (Invitrogen) was 

immobilized by an amine coupling method. 	Two buffers [ 10 mM ACES, 150 mM NaCI, 0.05% 

(w/v) Tween 20, and 2 mM CaCl2  (pH 7.4) or 10 mM ACES. 150 mM NaCI, 0. 05% (w/v) 

Tween 20, and 3 itmol/L CaC12  (pH 7.4)] were used as running buffers. 	These buffers were 

used for diluting human IL-6 receptor. 	All the measurements were conducted at 37°C. 

35 In the kinetic analysis of antigen-antibody reaction using I-154L28-IgGI antibody. the 

H54L28-IgG1 antibody captured on the sensor chip was allowed to interact with IL-6 receptor 
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by injecting a diluent of IL-6 receptor and running buffer (blank) at a flow rate of 20 µL/min for 

3 minutes. Subsequently, after the dissociation of IL-6 receptor was observed using running 

buffer at a flow rate of 20 µLimn for 10 minutes, the sensor chip was regenerated by injecting 

10 mM glycine-HCI (pH 1.5) at a flow rate 30 µL/min for 30 seconds. Kinetics parameters, 

5 	binding constant (ka) (I/Ms) and dissociation rate constant (kd) (Us), were calculated from the 

_ . 
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25 

30 

ensergrams-obtaintinthe-measurament, 

constant (KD) (M) of the 

calculated using the Biacore 

In the kinetic analysis 

antibodies, the FH4-IgGI 

interact with 1L-6 receptor 

flow rate of 5 µL/min for 

injecting 10 mM glycine-HCI 

constants (KD) (M) were 

steady-state affinity model. 

Software (GE Healthcare). 

receptor in the presence 

28. 

[Table 28] 

H54L28-IgGI antibody 

._These-valwasaimereused-tooalcuatatha dissoziatiori 

for human IL-6 receptor. 	Each parameter was 

(GE Healthcare). 

reaction using FH4-1gGI and 6RL#9-IgG I 

captured on the sensor chip was allowed to 

of IL-6 receptor and running buffer (blank) at a 

the sensor chip was regenerated by 

rate 30 glimin for 30 seconds. 	Dissociation 

obtained in the measurement, using a 

calculated using the Biacore TI00 Evaluation 

(KD) between each antibody and IL-6 

by the above method, are shown in Table 

- 

TIO0 Evaluation Software 

of antigen-antibody 

or 6RL#9-lgGl antibody 

by injecting a diluent 

15 minutes. 	Subsequently, 

(pH 1.5) at a flow 

calculated from the sensorgrams 

Each parameter was 

The dissociation constants 

of 2 mM CaC12, determined 

ANTIBODY H54/L28-IgGI FH4-Ig01 6RL#9-IgGI 

kD(M) 1.9E-9 5.9E-7 2.6E-7 

The KD value of the H54/L28-1gG1 antibody under the condition of 3 µM Ca 

concentration can be calculated in the same manner as in the presence of 2 mM Ca 

concentration. 	Under the condition of 3 µM Ca concentration, FH4-IgGI and 6RL#9-IgGI 

antibodies were barely observed to be bound to IL-6 receptor. thus the calculation of KD values 

by the method described above is difficult. 	However, the KD values of these antibodies under 

the condition of 3 µM Ca concentration can be estimated using Formula 5 (Biacore T100 

Software Handbook, BR-1006-48, AE 01/2007) described in Example 13. 

The approximate results of dissociation constant KD values for the antibodies and IL-6 

receptor at a Ca concentration of 3 nmol/L. estimated using Formula 3 described in Example 13. 

are shown in Table 29. 	In Table 29, the Req. R„,n. RI, and C values are estimated based on the 

assay result. 
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[Table 29] 

ANTIBODY E154/ L28-IgG 1 FH4-IgGI 6R1.149-IgG1 

Req(RU) 5 10 

Rrnax (RU) 39 72 

R1(RU) 0  0 

5 

10 

15 

20 

25 

C(M) 5E-06 5E-06 

KD(M) 2.2E-9 3.4E-05 3.1E-05 

Based on the findings 

receptor and FH4-IgG1 

times (the affinity was reduced 

the butler was decreased 

concentrations of 2 mM 

H54/L28-IgG I., FH4-IgG 

described above. it was predicted that the K0 between IL-6 

antibody or 6R1-#9-IgG I antibody was increased by about 60 or 120 

by 60 or 120 times or more) when the concentration of CaC12  in 

from 2 mM to 31.1144. 	Table 30 summarizes the Kr)  values at CaCl2  

and 3 pM and the Ca dependency for the three types of antibodies 

I • and 6RL#9-IgGI. 

[Table 30] 

ANTIBODY 	 i H54/L28-1gG1 FH4•IgG1 6R14#9-1gG1 

KD (M) (2 rn/v1CaC12 	1.9E-9 5.9E-7 2.6E-7 

Kb (M) 	(3 p M CaC1), ' 2.2E-9 3.4E-5 OR MORE 3.1E-5 OR MORE 

Ca DEPENDENCY 	, ABOUT THE SAME ABOUT 60 TIMES OR MORE ABOUT 120 TIMES OR MORE 

No difference in the binding of the H54/L28-IgG I antibody to IL-6 receptor due to the 

difference in Ca concentration was observed. 	On the other hand, the binding of FH4-IgGI and 

6RL#9-IgG1 antibodies to IL-6 receptor was observed to be significantly attenuated under the 

condition of the low Ca concentration (Table 30). 

[Reference Example 8] 	Examination of calcium ion binding to the antibody obtained 

Subsequently, the intermediate temperature of thermal denaturation (Tm value) was 

measured by differential scanning calorimetry (DSC) as an indicator for examining calcium ion 

binding to the antibody (MicroCal VP-Capillary DSC. MicroCal). 	The intermediate 

temperature of thermal denaturation (Tm value) is an indicator of stability. 	The intermediate 

temperature of thermal denaturation (Tm value) becomes higher when a protein is stabilized 

through calcium ion binding, as compared with no calcium ion binding (J. Biol. Chem. (2008) 

283.37, 25140-25149). 	The binding activity of calcium ion to antibody was examined by 
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examining changes in the Tm value of the antibody depending on the changes in the calcium ion 

concentration of the antibody solution. 	The purified antibody was subjected to dialysis 

(EasySEP. TOMY) using an external solution of 20 mM Tris-HC1. 150 mM NaCI, and 2 mM 

CaC12  (pH 7.4), or 20 mM Tris-HCI, 150 mM NaCI, and 3µM CaC12  (pH 7.4). 	DSC 

measurement was conducted at a heating rate of 240°C/hr from 20 to 115°C using an antibody 

at. about 0,1mgimbwith-thetlialysate-orertest-substaneer-Thy intermediate-

temperatures of thermal denaturation (Tm values) of the Fab domains of each antibody. 

calculated based on the denaturation curve obtained by DSC, are shown in Table 31. 

Table 31] 

ANTIBODY CALCIUM ION CONCENTRATION A Tm(°C) 

2 mM-3 /I M 3 tt M 2 mM 

H54/L28-1gG1 92.87 92.87 0.00 

FH4-IgG1 74.71 78.97 4.26 

6RL#9-IgG1 77.77 78.98 1.21 

From the results shown in Table 31. it is 

FH4-1gG I and 6RL#9-IgG I antibodies, which show 

with changes in the calcium ion concentration, while 

H54/L28-igG I antibody which shows no calcium 

changes in the calcium ion concentration. 	The 	variation 

FH4-luG1 and 6RL#9-IgG I antibodies demonstrates 

to stabilize the Fab portions. 	The above results 

and 6RL#9-1gGI antibodies, while no calcium ion 

[Reference Example 9] Identification of calcium 

crystallography 

(9-I) X-ray crystallography 

indicated that the Tm values of the Fab of the 

a calcium-dependent binding ability, varied 

the Tm values of the Fab of the 

-dependent binding ability do not vary with 

in the Tm values of the Fab of the 

that calcium ions bound to these antibodies 

show that calcium ions bound to the FH4-IgGI 

bound to the H54/L28-IgGI antibody. 

ion-binding site in antibody 6RL#9 by X-ray 

measurements of thermal denaturation 

to calcium ion. 	However, it was 

to calcium ion. 	Then, by using the 

6RL#9 that interact with calcium ion 

As described in Reference Example 8. the 

temperature Tm suggested that antibody 6R1...49 binds 

unpredictable which portion of antibody 6RL#9 binds 

technique of X-ray crystallogaphy, residues of antibody 

were identified. 

30 
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(9-2) Expression and purification of antibody 6RL#9 

Antibody 6RL#9 was expressed and purified for X-ray crystallography. 	Specifically, 

animal expression plasmids constructed to be capable of expressing the heavy chain (constant 

region sequence derived from IgG1 was linked to SEQ ID NO: 9) and light chain (SEQ ID NO: 

93) of antibody 6RL#9 were introduced transiently into animal cells. 	The constructed plasmids 

were-itmoducedi7 the-lipofeerion method inacceits-ufhurnafrietailidttergell-tetived — — • - • 

FreeStyle 293-F (Invitrogen) suspended in 800 ml of the FreeStyle 293 Expression Medium 

(Invitrogen) (final cell density: 1 x 106  cells/mL). 	The plasmid-introduced cells were cultured 

in a CO2  incubator (37°C, 8% CO2, 90 rpm) for five days. 	From the culture supernatant 

obtained as described above, antibodies were purified by a method known to those skilled in the 

art using the rProtein A Sepharosem  Fast Flow (Amersham Biosciences). 	Absorbance at 280 

nm of purified antibody solutions was measured using a spectrophotometer. 	Antibody 

concentrations were calculated from the measured values using an extinction coefficient 

calculated by the PACE method (Protein Science (1995) 4, 2411-2423). 

(9-3) Purification of antibody 6RI..#9 Fab fragment 

Antibody 6RL#9 was concentrated to 21 mg/m1 using an ultrafilter with a molecular 

weight cutoff of 10.000 MWCO. 	A 5 mg/mL antibody sample (2.5 mL) was prepared by 

diluting the antibody solution using 4 mM L-cysteine5 mM EDTA/20 mM sodium phosphate 

buffer (pH 6.5). 	0.125 mg of papain (Roche Applied Science) was added to the sample. 	After 

stirring, the sample was incubated at 35°C for two hours. 	After incubation, a tablet of Protease 

Inhibitor Cocktail Mini, EDTA-free (Roche Applied Science) was dissolved in 10 ml of 25 'TIM 

MES buffer (pH 6) and added to the sample. 	The sample was incubated on ice to stop the 

papain proteolytic reaction. 	Then, the sample was loaded onto a 1-ml cation-exchange column 

HiTrap SP HP (GE Healthcare) equilibrated with 25 mM MES buffer (pH 6). downstream of 

which a I -ml HiTrap MabSelect Sure Protein A column (GE Healthcare) was connected in 

tandem. 	A purified fraction of the Fab fragment of antibody 6RL#9 was obtained by 

performing elution with a linear NaCl concentration gradient up to 300 mM in the 

above-described buffer. 	Then, the resulting purified fraction was concentrated to about 0.8 ml 

using a 5000 MWCO ultrafilter. 	The concentrate was loaded onto a gel filtration column 

Superdex 200 10/300 GL (GE Healthcare) equilibrated with 100 mM HEPES buffer (pH 8) 

containing 50 mM NaCI. 	The purified Fab fragment of antibody 6RL#9 for crystallization was 

eluted from the column using the same buffer. 	All the column treatments described above were 

carried out at a low temperature of 6 to 7.5°C. 

(9-4) Crystallization of the antibody 6RL#9 Fab fragment in the presence of Ca 
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Seed crystals of the 6RL#9 Fab fragment were prepared in advance under general 

conditions. 	Then, the purified Fab fragment of antibody 6RL#9 in 5 mM CaCl2  was 

concentrated to 12 mgiml with a 5000 MWCO ultrafilter. 	Next, the sample concentrated as 

described above was crystallized by the hanging drop vapor diffusion method using 100 mM 

HEPES buffer (pH 7.5) containing 20% to 29% PEG4000 as a reservoir solution. 	The 

abome,describedeseedusratabosomestashed-in-144 inM-HEPES-buffes(p11-7.51 -cos-staining 29% 	• 

PEG4000 and 5 mM CaCl2. and serially diluted to 100 to 10.000 folds. 	Then, 0.2 µL of diluted 

solutions were combined with a mixture of 0.8 µI of the reservoir solution and 0.8 µI of the 

concentrated sample to prepare crystallization drops on a glass cover slide. 	The crystal drops 

were allowed to stand at 20°C for two to three days to prepare thin plate-like crystals. 	X-ray 

diffraction data were collected using the crystals. 

(9.5) Crystallization of the antibody 6RL#9 Fab fragment in the absence of Ca 

The purified Fab fragment of antibody 6RL#9 was concentrated to 15 mg/mI using a 

5000 MWCO ultrafilter. 	Then, the sample concentrated as described above was crystallized by 

the hanging drop vapor diffusion method using 100 mM HEPES buffer (pH 7.5) containing 18% 

to 25% PEG4000 as a reservoir solution. 	Crystals of the antibody 6RL#9 Fab fragment 

obtained in the presence of Ca were crushed in 100 mM HEPES buffer (pH 73) containing 25% 

PEG4000, and serially diluted to 100 to 10,000 folds. 	Then, 0.2 µL. of diluted solutions were 

combined with a mixture of 0.8 µI of the reservoir solution and 0.8 µI of the concentrated sample 

to prepare crystallization drops on a glass cover slide. 	The crystal drops were allowed to stand 

at 20°C for two to three days to prepare thin plate-like crystals. 	X-ray diffraction data were 

collected using the crystals. 

(9-6) X-ray crystallographic measurement of Fab fragment crystal from antibody 6RL#9 in the 

presence of Ca 

Crystals of the Fab fragment of antibody 6RL#9 prepared in the presence of Ca were 

soaked in 100 mM HEPES buffer (pH 7.5) solution containing 35% PEG4000 and 5 mM CaCl2. 

By removing the exterior solution from the surface of a single crystal with a micro-nylon-loop 

pin, the single crystal was frozen in liquid nitrogen. 	X-ray diffraction data of the frozen crystal 

was collected from beam line BL-I 7A of the Photon Factory in the High Energy Accelerator 

Research Organization. 	The frozen crystal was maintained in the frozen state during the 

measurement by constantly placing it in a stream of nitrogen gas at -178°C. 	A total of 180 

diffraction images were collected using the CCD detector Quantum315r (ADSC) attached to the 

beam line while rotating the crystal in I° intervals. 	Lattice constant determination, diffraction 

spot indexing, and diffraction data analysis were performed using programs Xia2 (CCP4 
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Software Suite), XDS Package (Walfgang Kabsch), and Scala (CCP4 Software Suite). 	Finally, 

diffraction intensity data up to 2.2 angstrom resolution was obtained. 	The crystal belongs to 

space group P212121 with lattice constant a = 45.47 angstrom, b = 79.86 angstrom, c = 116.25 

angstrom, a = 90°, i3 = 90°. and y = 90°. 

5 

—44—Xertrrenstalio alit. ;.reasntames tor the Far film-Mail 	stai Aunt ea terta;vv fn't Li-9-irs 

the absence of Ca 

Crystals of the Fab fragment of antibody 6RL#9 prepared in the absence of Ca were 

soaked in 100 mM HEPES buffer (pH 7.5) solution containing 35% PEO4000. 	By removing 

10 the exterior solution from the surface of a single crystal with a micro-nylon-loop pin, the single 

crystal was frozen in liquid nitrogen. 	X-ray diffraction data of the frozen crystal was collected 

from beam line BL-5A of the Photon Factory in the High Energy Accelerator Research 

Organization. 	The frozen crystal was maintained in the frozen state during the measurement by 

constantly placing it in a stream of nitrogen gas at -378°C. 	A total of 180 diffraction images 

15 were collected using the CCD detector Quantum2lOr (ADSC) attached to the beam line while 

rotating the crystal in I° intervals. 	Lattice constant determination, diffraction spot indexing, 

and diffraction data analysis were performed using programs Xia2 (CCP4 Software Suite), XDS 

Package (Walfgang Kabsch), and Scala (CCP4 Software Suite). 	Finally, diffraction intensity 

data up to 2.3 angstrom resolution was obtained. 	The crystal belongs to space group P212121 

20 with lattice constant a = 45.40 angstrom, b = 79.63 angstrom, c = 116.07 angstrom. a = 90°,15 = 

90°, y = 90°, and thus is structurally identical to the crystal prepared in the presence of Ca. 

(9-8) X-ray crystallographic measurement of the Fab fragment crystal from antibody 6RL#9 in 

the presence of Ca 

25 The crystal structure of the antibody 6RL#9 Fab fragment in the presence of Ca was 

determined by a molecular replacement method using the Phaser program (CCP4 Software 

Suite). 	The number of molecules in an asymmetrical unit was estimated to be one from the size 

of crystal lattice and molecular weight of the antibody 6RL#9 Fab fragment. 	Based on the 

primary sequence homology, a portion of amino acid positions 112 to 220 from A chain and a 

30 portion of amino acid positions 116 to 218 from B chain in the conformational coordinate of 

PDB code 1ZA6 were used as model molecules for analyzing the CL and CHI regions. 	Then. a 

portion of amino acid positions I to 11 5 from B chain in the conformational coordinate of PDB 

code 1ZA6 was used as a model molecule for analyzing the VI-I region. 	Finally, a portion of 

amino acid positions 3 to 147 of the light chain in the conformational coordinate of PDB code 

35 2A9M was used as a model molecule for analyzing the VL region. 	Based on this order. an  

initial structure model for the antibody 6RL#9 Fab fragment was obtained by determining from 
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translation and rotation functions the positions and orientations of the model molecules for 

analysis in the crystal lattice. 	The crystallographic reliability factor R for the reflection data at 

25 to 3.0 angstrom resolution was 46.9% and Free R was 48.6% after rigid body refinement 

where the VH, VL, CHI, and CL domains were each allowed to deviate from the initial structure 

model. 	Then, model refinement was achieved by repeating structural refinement using program 

	

utte)-1041mwodby model revision performed win  progrmneyot 	- 	.... - — 

(Paul Emsley) with reference to the Fo-Fc and 2Fo-F electron density maps where the 

coefficients Fo-Fc and 2Fo-Fc were calculated using experimentally determined structural factor 

Fo, structural factor Fc calculated based on the model, and the phases. 	The final refinement 

was carried out using program Refmac5 (CCP4 Software Suite) based on the Fo-Fc and 2Fo-F 

electron density maps by adding water molecule and Ca ion into the model. 	With 21,020 

reflection data at 25 to 2.2 angstrom resolution, eventually the crystallographic reliability factor 

R became 20.0% and free R became 27.9% for the model consisting of 3440 atoms. 

(9-91 Measurement of X-ray diffraction data of the Fab fragment crystal from antibody 6RL#9 in 

the absence of Ca 

The crystal structure of the antibody 6RL#9 Fab fragment in the absence of Ca was 

determined based on the structure of the crystal prepared in the presence of Ca. 	Water and Ca 

ion molecules were omitted from the conformational coordinate of the crystal of the antibody 

6RL#9 Fab fragment prepared in the presence of Ca. 	The crystallographic reliability factor R 

for the data of reflection at 25 to 3.0 angstrom resolution was 30.3% and Free R was 31.7% after 

the rigid body refinement where the VH, VL, CH I, and CL domains were each allowed to 

deviate. 	Then, model refinement was achieved by repeating structural refinement using 

program Refinac5 (CCP4 Software Suite) followed by model revision performed using program 

Coot (Paul Emsley) with reference to the Fo-Fc and 2Fo-Fc electron density maps where the 

coefficients Fo-Fe and 2Fo-Fc were calculated using experimentally determined structural factor 

Fo, structural factor Fc calculated based on the model. and the phases. 	The fmal refinement 

was carried out using program Refmac5 (CCP4 Software Suite) based on the Fo-Fc and 2Fo-F 

electron density maps by adding water molecule and Ca ion into the model. 	With 18,357 

reflection data at 25 to 2.3 angstrom resolution, eventually the crystallographic reliability factor 

R became 20.9% and free R became 27.7% for the model consisting of 3351 atoms. 

(9-101 Comparison of X-ray crystallographic diffraction data of the Fab fragments of antibody 

6RL#9 between in the presence and absence of Ca 

When the crystallographic structures of the Fab fragments of antibody 6RL#9 are 

compared between in the presence and absence of Ca, significant changes are seen in the heavy 
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chain CDR3. 	The structure of the heavy chain CDR3 of the antibody 6RL#9 Fab fragment 

determined by X-ray crystallography is shown in Fig. 41. 	Specifically. a calcium ion resided at 

the center of the heavy chain CDR3 loop region of the antibody 6RL#9 Fab fragment prepared in 

the presence of Ca. 	The calcium ion was assumed to interact with positions 95, 96, and 100a 

5 (Rabat's numbering) of the heavy chain CDR3. 	It was believed that the heavy chain CDR3 

'winr  o 	ismr 	 :,, as stabilized byulicionvbindingirie--- 	---- e 2  

presence of Ca, and became an optimum structure for antigen binding. 	There is no report 

demonstrating that calcium binds to the antibody heavy chain CDR3. 	Thus, the calcium-bound 

structure of the antibody heavy chain CDR3 is a novel structure. 

10 The calcium-binding motif present in the heavy chain CDR3. revealed in the structure 

of the Fab fragment of the 6RL#9 antibody. may also become a new design element for the Ca 

library. 	For example, a library containing the heavy chain CDR3 of the 6RL#9 antibody and 

flexible residues in other CDRs including the light chain is thought to be possible. 

15 [Reference Example 10] Preparation of antibodies that bind to IL-6 in a Ca-dependent manner 

from a human antibody library using phage display techniques 

(10-1) Construction of a phage display library of naive human antibodies 

A human antibody phage display library containing multiple phages that display various 

human antibody Fab domain sequences was constructed by a method known to those skilled in 

20 the an using, as a template. polyA RNA prepared from human PBMC. commercially available 

human polyA RNA. and such. 

(10-2) Preparation of antibody fragments that bind to the antigen in a Ca-dependent manner from 

library by bead panning 

25 Primary selection from the constructed phage display library of naive human antibodies 

was carried out by enriching antibody fragments that have antigen (IL-6)-binding activity. 	The 

antigen used was biotin-labeled IL-6. 

Phages were produced fmm E. coil carrying the constructed phagemid for phage display. 

To precipitate the phages produced by E. coli, 2.5 M NaC1/10% PEG was added to the E. coli 

30 culture medium. 	The phage fraction was diluted with TBS to prepare a phage library solution. 

Then. BSA and CaC12  were added the phage library solution at final concentrations of 4% and 

1.2 mM calcium ion concentration, respectively. 	The panning method used was a conventional 

panning method using antigen-immobilized magnetic beads (J. lmmunol. Methods. (2008) 

332(1-2): 2-9; J. Immunol. Methods. (2001) 247(1-2): 191-203; Biotechnol. Prog. (2002) 18(2): 

35 212-20; Mol. Cell Proteomics (2003) 2(2): 61-9). 	The magnetic beads used were 

NeutrAvidin-coated beads (Sera-Mag SpeedBeads NeutrAvidin-coated) and Streptavidin-coated 
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beads (Dynabeads M-280 Streptavidin). 

Specifically, 250 pmol of the biotin-labeled antigen was added to the prepared phage 

library solution. 	Thus, the solution was contacted with the antigen at room temperature for 60 

minutes. 	Magnetic beads blocked with BSA were added, and the antigen-phage complex was 

5 allowed to bind to the magnetic beads at room temperature for 15 minutes. 	The beads were 

Avatted lute timas-witla-1-12-inNt CaCikirBST (TEST c-•eittr.irang 1.2 -mM 	and then twice 

with 1 ml of 1.2 mM CaCl2/TBS (TBS containing 1.2 mM CaCl2). 	Thereafter. 0.5 ml of 1 

mgind trypsin was added to the beads. 	After 15 minutes of dispersion at room temperature, the 

beads were immediately separated using a magnetic stand to collect a phage suspension. 	The 

10 prepared phage suspension was added to 10 ml of E. coil of stain TG1 at the logarithmic growth 

phase (0D600 = 0.4 to 0.5). 	The E. coil was incubated with gentle stirring at 37°C for one hour 

to infect the phages. 	The infected E. coil was seeded in a plate (225 nun x 225 mm). 	Then, 

phages were collected from the culture medium of the seeded E. coil to prepare a phage library 

solution. 

15 In the second round and subsequent panning, phages were enriched using the 

Ca-dependent binding activity as an indicator. 	Specifically, 40 pmol of the biotin-labeled 

antigen was added to the prepared phage library solution. 	Thus, the phage library was 

contacted with the antigen at room temperature for 60 minutes. 	Magnetic beads blocked with 

BSA were added, and the antigen-phage complex was allowed to bind to the magnetic beads at 

20 room temperature for 15 minutes. 	The beads were washed with 1 ml of 1.2 mM CaCl2/TBST 

and 1.2 mM CaCl2/TBS. 	Next, 0.1 ml of 2 mM EDTA/TBS was added to the beads. 	After 

dispersion at room temperature. the beads were immediately separated using a magnetic stand to 

collect a phage suspension. 	The pill protein (helper phage-derived protein pill) was cleaved 

from phages that did not display Fab by adding 5 µI of 100 mg/ml trypsin to the collected phage 

25 suspension to eliminate the ability of phages displaying no Fab to infect E. coil. 	Phages 

collected from the trypsinized liquid phage stock was added to 10 ml of E. coil cells of the TG1 

strain at the logarithmic growth phase (0D600 = 0.4 to 0.7). 	The E. coil was incubated while 

gently stirring at 37°C for one hour to infect phage. 	The infected E. coil was seeded in a plate 

(225 mm x 225 mm). 	Then, phages were collected from the culture medium of the seeded E. 

30 coil to prepare a liquid stock of phage library. 	Panning was performed three times using the 

Ca-dependent binding activity as an indicator. 

I I0-3) Assessment by phage ELISA 

Culture supernatants containing phages were collected from single colonies of E. coil 

35 obtained by the method described above according to a conventional method (Methods Mol. Biol. 

(2002) 178, 133-145). 	BSA and CaCl2  were added at final concentrations of 4% and 1.2 ITN 



248 

calcium ion concentration, respectively, to the phage-containing culture supernatants. 

The supernatants were subjected to ELISA by the following procedure. 	A StreptaWell 

96-well micmtiter plate (Roche) was coated overnight with 100 µ1 of PBS containing the 

biotin-labeled antigen. 	The antigen was removed by washing each well of the plate with PBST. 

5 Then, the wells were blocked with 250 µI of 4% BSA-TBS for one hour or more. 	After 

rernovainf 4%-BSATBS:.rneprepareticalture supertigiantS wee added-its the each vet 	The 

plate was incubated at 37°C for one hour so that the antibody-displaying phages were allowed to 

bind to the antigen on each well. 	After each well was washed with 1.2 mM CaC12/TBST, 1.2 

mM CaCl2/TBS or 1 mM EDTAPI-BS was added. 	The plate was left for incubation at 37°C for 

10 30 minutes. 	After washing with 1.2 mM CaCl2/TBST, an HRP-conjugated anti-M13 antibody 

(Amersham Pharmacia Biotech) diluted with TBS containing BSA and calcium ion at final 

concentrations of 4% and 1.2 mM calcium ion concentration was added to each well, and the 

plate was incubated for one hour. 	After washing with 1.2 mM CaCl2/TBST, the TMB single 

solution (ZYMED) was added to each well. 	The chromogenic reaction in the solution of each 

15 well was stopped by adding sulfuric acid. 	Then, the developed color was assessed by 

measuring absorbance at 450 nut 

From the 96 clones isolated, antibody 6KC4-1#85 having Ca-dependent IL-6-binding 

activity was obtained by phage ELISA. 	Using antibody fragments that were predicted to have a 

Ca-dependent antigen-binding activity based on the result of the phage ELISA described above 

20 as a template, genes were amplified with specific primers and their sequences were analyzed. 

The heavy-chain and light-chain variable region sequences of antibody 6KC4-1#85 are shown in 

SEQ ID NOs: 10 and 98, respectively. 	The polynucleotide encoding the heavy-chain variable 

region of antibody 6KC4-1#85 (SEQ ID NO: 10) was linked to a polynucleotide encoding an 

IgG I-derived sequence by PCR method. 	The resulting DNA fragment was inserted into an 

25 animal cell expression vector to construct an expression vector for the heavy chain of SEQ ID 

NO: 99. 	A polynucleotide encoding the light-chain variable region of antibody 6KC4-1#85 

(SEQ ID NO: 98) was linked to a polynucleotide encoding the constant region of the natural 

Kappa chain (SEQ ID NO: 100) by PCR. 	A DNA fragment encoding the linked sequence 

shown in SEQ ID NO: 101 was inserted into an animal cell expression vector.. 	Sequences of 

30 the constructed variants were confirmed by a method known to those skilled in the art. 

Sequences of the constructed variants were confirmed by a method known to those skilled in the 

art. 

(10-4) Expression and purification of antibodies 

35 Clone 6KC4-I #85 that was predicted to have a Ca-dependent antigen-binding activity 

based on the result of phage ELISA was inserted into animal cell expression plasmids. 
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Antibody expression was carried out by the following method. 	Cells of human fetal kidney 

cell-derived FreeStyle 293-F (Invitrogen) were suspended in the FreeStyle 293 Expression 

Medium (Invitrogen), and plated at a cell density of 1.33 x 106  cells/nil (3 ml) into each 

6-well plate. 	The prepared plasmids were introduced into cells by a lipofection method. 

cells were cultured for four days in a CO2  incubator (37°C, 8% CO2, 90 rpm). 	From the 

supernr2r2.!.. an!ibodies-were-putified-usingthe,rProteina Sephstrosi,.-.111  Feat-Flew-(Arnorrlarn 

Biosciences) by a method known to those skilled in the art. 	Absorbance at 280 nm of the 

purified antibody solutions was measured using a spectrophotometer. 	Antibody concentrations 

were calculated from the determined values using an extinction coefficient calculated by 

PACE method (Protein Science (1995) 4: 2411-2423). 

[Reference Example I I] Assessment of antibody 6KC4-1#85 for calcium ion binding 

(11-11Assessment of antibody 6KC4-1#85 for calcium ion bindinp 

well of a 

The 

culture 
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hVk5-2 
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heavy 

104), 

Calcium-dependent antigen-binding antibody 6KC4-1#85 which was isolated from 

human antibody library was assessed for its calcium binding. 	Whether the measured Tm 

varies depending on the ionized calcium concentration condition was assessed by the method 

described in Reference Example 6. 

Tm values for the Fab domain of antibody 6KC4- I #85 are shown in Table 32. 

shown in Table 32, the Tm value of the 6KC4-1#85 antibody Fab domain varied depending 

the calcium ion concentration. 	This demonstrates that antibody 6KC4-1#85 binds to calcium. 

Table 32] 

ANTIBODY CALCIUM ION 
CONCENTRATION 

A Tm (t) 

2 mM-3 it M 3 J1 M 2 mM 

6K04-1#85 71.49 75.39 3.9 

(11-2) Identification of calcium ion-binding site in antibody 6KC4-1#85 

As demonstrated in ( 11-I ) of Reference Example I I. antibody 6KC4-1#85 binds 

calcium ion. 	However. 6KC4-1#85 does not have a calcium-binding motif such as the 

sequence which was revealed from assessment to have a calcium-binding motif. 	Thus, 

identify residues responsible for the calcium ion binding of antibody 6KC4-1#85, altered 

chains (6_H I -II (SEQ ID NO: 102), 6_H1-12 (SEQ ID NO: 103). 6_HI-13 (SEQ ID NO: 
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6_H1-14 (SEQ ID NO: 105), 6_H1-15 (SEQ ID NO: 106)) or altered light chains (6_L1-5 (SEQ 

ID NO: 107) and 6_1.1-6 (SEQ ID NO: 108)) were constructed by substituting an Asp (D) 

residue in the CDR of antibody 6KC4- I #85 with an Ala (A) residue which does not participate in 

the binding or chelation of calcium ion. 	By the method described in Reference Example 6. 

5 altered antibodies were purified from the culture supematants of animal cells introduced with 

expression v......tuctrearrying thraltcrod-imtittody-gentsr Thepurilitd-alieltd arnibcodies were.  

assessed for their calcium binding by the method described in Reference Example 6. 	The 

measurement result is shown in Table 33. 	As shown in Table 33, substitution of an Ala residue 

for the residue at position 95 or 101 (Kabat's numbering) in the heavy chain CDR3 of antibody 

10 6KC4-1#85 resulted in loss of the calcium-binding activity of antibody 6KC4-l#85. 	This 

suggests that these residues are responsible for calcium binding. 	The calcium-binding motif 

present around the base of the loop of the heavy chain CDR3 of the 6KC4- I #85 antibody. as 

revealed from the calcium-binding properties of the modified 6KC4-1#85 antibody, may also 

become a new design element for the Ca library as described in Reference Example9. 	In other 

15 words, besides a library with a calcium-binding motif introduced into the light chain variable 

region provided as a specific example in Reference Example 20 and etc., a library containing the 

calcium-binding motif present in, for example. the heavy chain CDR3 of the 6KC4-1#85 

antibody and containing flexible residues in other amino acid residues is possible. 

20 [Table 33] 
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HEAVY CHAIN LIGHT CHAIN ALTERED RESIDUE CALCIUM ION 
CONCENTRATION 

A Tm re) 

2 mM-3 g 

M  

3 g M 2 mM 

6 KC4-1#85 6KC4-1#85 WILD-TYPE L71.49 75.39 3.9 

6H1-11 6KC4-1#85 H CHAIN 
POSITION 61 

(Kabat NUMBERING) 

71.73 75.56 3.83 

61-11-12 6KC4-1#85 H CHAIN 
POSITION 95 

(Kabat NUMBERING) 

72.9 73.43 0.53 

6H1-13 6K.C4-1*85 H CHAIN 
POSITION 100a 

(Kabat NUMBERING) 

70.94 76.25 5.31 

6H1-14 6KC4-1#85 H CHAIN 
POSITION 100g 

(Kabat NUMBERING) 

73.95 75.14 1.19 

6H1-15 6KC4- I #85 H CHAIN 
POSITION 101 

(Kahl.  NUMBERING) 

65.37 66.25 0.87 

6KC4-1 #85 6L1-5 L CHAIN 
POSITION 50 

(Kabat NUMBERING) 

71.92 76.08 4.16 

6KC4-1#85 6L1-6 L CHAIN 
POSITION 92 

(Kabat NUMBERING) 

72.13 78.74 6.61 

[Reference Example 12] 	Examination of effects of 

retention of antigen using normal mice 

(12-1) 	In vivo test usina normal mice 

Ca-dependent 
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1L-6 receptor antibodies. 

mouse (C57BL/6J 

in Reference 

-human IL-6 receptor 

soluble human 

mUkg) of the 

IL-6 receptor and 

mouse. Charles 

Example 3) alone 

antibody were 

IL-6 receptor and anti

soluble human IL-6 receptor 

anti-human IL-6 receptor 

I, 6RL#9-1g01. 

(5 ge/mL) 

was administered 

were used above H54/L28-IgG 
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The soluble human IL-6 receptor concentration in all the mixtures is 5 tig/mL. 	The 

concentrations of anti-human 11-6 receptor antibody vary with the antibodies: 0.1 mg/mL for 

H54/L28-IgG I and 10 mg/mL for 6RL#9-IgG I and FH4-IgGI. 	At this time, it was thought that 

most of the soluble human IL-6 receptors bind to the antibody because the anti-human IL-6 

receptor antibody against soluble human 1L-6 receptor exists in a sufficient or excessive amount. 

Blood-sampier werettilected-at-1-5-minotts; 71untrsimt1-17274717147-21tantf2tdaysafterthe • 

administration. 	The blood samples obtained were immediately centrifuged for 15 minutes at 

4°C and 12.000 rpm to separate plasma. 	The separated plasma was stored in a freezer set to 

-20°C or lower until the time of measurement.  

(12-2) 	Determination of plasma anti-human IL-6 receptor antibody concentration in normal 

mice by ELISA 

The plasma concentration of anti-human 1L-6 receptor antibody in a mouse was 

determined by EL1SA. 	First, Anti-Human IgG (y-chain specific) F(ab')2 Fragment of Antibody 

(SIGMA) was dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International), and 

was allowed to stand undisturbed overnight at 4°C to prepare an anti-human IgG-solid phase 

plate. 	Calibration curve samples at a plasma concentration of 0.64, 0.32, 0.16, 0.08, 0.04, 0.02, 

or 0.01 mg/mL, and mouse plasma measurement samples diluted by 100-fold or above were each 

dispensed into the anti-human IgG-solid phase plate, followed by incubation for 1 hour at 25°C. 

Subsequently, the plate was allowed to react with a biotinylated anti-human IL-6 R antibody 

(R&D) for I hour at 25°C, followed by reaction with Streptavidin-PolyHRP80 (Stereospecific 

Detection Technologies) for 0.5 hours at 25°C. 	The chromogenic reaction was conducted using 

TMB One Component HRP Micmwell Substrate (BioFX Laboratories) as a substrate. 	After the 

chromogenic reaction was stopped by adding 1N-sulfuric acid (Showa Chemical), absorbance at 

450 nm of the color solution was measured using a microplate reader. 	The plasma 

concentration in the mouse was calculated from the absorbance of the calibration curve using the 

SOFTmax PRO analysis software (Molecular Devices). 	Changes in the plasma concentrations 

of antibodies. H54/L28-IgG I . 6RL#9-IaGI, and FH4-IgGI, in the normal mice after intravenous 

administration, measured as described above, are shown in Fig. 42. 

(12-3) 	Determination of plasma soluble human IL-6 receptor concentration by an 

electrochemiluminescence method 

The plasma concentration of soluble human IL-6 receptor in a mouse was determined by 

an electrochemiluminescence method. 	A soluble human IL-6 receptor calibration curve sample 

prepared at 2.000. 1,000, 300. 250. 125, 62.5, or 31.25 pg/mL. and a mouse plasma measurement 

sample diluted by 50-fold or above, were mixed with a monoclonal anti-human IL-6R antibody 
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(R&D) ruthenated with SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated 

anti-human IL-6 R antibody (R&D), and tocilizumab (heavy chain SEQ ID NO: 109, light chain 

SEQ ID NO: 83), followed by overnight reaction at 4°C. 	At that time, the assay buffer 

contained 10 mM EDTA to reduce the free Ca concentration in the sample and dissociate almost 

5 all the soluble human IL-6 receptors in the sample from 6RL#9-IgG I or FH4-1gG I to be bound 

-tathe added vacil; limat.L. -Subseque.ntly, nid, mactionliquid was-dispensed into. ar, MA4-00 PR 

Streptavidin Plate (Meso Scale Discovery). 	In addition, after washing each well of the plate 

that was allowed to react for I hour at 25°C, Read Buffer T (x4) (Mew Scale Discovery) was 

dispensed into each well. 	Immediately, the reaction liquid was subjected to measurement using 

10 a SECTOR PR 400 reader (Meso Scale Discovery). 	The concentration of soluble human IL-6 

receptor was calculated from the response of the calibration curve using the SOFTmax PRO 

analysis software (Molecular Devices). 	Changes in the plasma concentration of soluble human 

IL-6 receptor in the normal mouse after intravenous administration, determined as described 

above, are shown in Fig. 43. 

_15 As a result, the disappearance of soluble human IL-6 receptor was very rapid when 

soluble human IL-6 receptor was administered alone, while the disappearance of soluble human 

IL-6 receptor was significantly delayed when soluble human IL-6 receptor was administered 

simultaneously with H54/L28-IgG I , a conventional antibody having no Ca-dependent binding 

ability to soluble human IL-6 receptor. 	In contrast, the disappearance of soluble human IL-6 

20 receptor was significantly accelerated when soluble human 1L-6 receptor was administered 

simultaneously with 6RL#9-lgG I or FH4-IgGI having 100-fold or higher Ca-dependent binding 

ability to soluble human IL-6 receptor. 	The plasma concentrations of soluble human IL-6 

receptor one day after soluble human IL-6 receptor was administered simultaneously with 

6RL.119-1gG I and F1-14-IgGI were reduced 39-fold and 2-fold, respectively, as compared with 

25 simultaneous administration with H54/L28-IgG 1. 	Thus, the calcium-dependent binding 

antibodies were confirmed to be able to accelerate antigen disappearance from the plasma. 

[Reference Example 13] Trials to improve the antigen elimination-accelerating effect of antibody 

with Ca-dependent antigen-binding (preparation of antibodies) 

30 (13- 1 I Regarding the binding of IgG antibody to FcRn 

IgG antibodies have longer plasma retention time as a result of FeRn binding. 	The 

binding between IgG and FcRn is observed only under an acidic condition (pH 6.0). 	By 

contrast. the binding is almost undetectable under a neutral condition (pH 7.4). 	An IgG 

antibody is taken up into cells in a nonspecific manner. 	The antibody returns to the cell surface 

35 by binding to endosomal FcRn under the endosomal acidic condition, and then dissociates from 

FcRn under the plasma neutral condition. 	When the FcRn binding under the acidic condition is 
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lost by introducing mutations into the IgG Fc region, the antibody retention time in plasma is 

markedly impaired because the antibody no longer recycles to the plasma from the endosome. 

A reported method for improving the plasma retention of an IgG antibody is to enhance 

the FcRn binding under acidic conditions. 	Amino acid mutations are introduced into its Fc 

5 region of an IgG antibody to improve its FcRn binding under acidic conditions. 	This increases 

ilie-c-fficierrey of-recycling of IgG antibudrtisthe-plasma -fitnirtlretridostrtuerrestiitingnin— 

improvement of the plasma retention of IgG antibody. 	When introducing amino acid 

substitution, it is considered important not to increase the binding to FcRn under neutral 

conditions. 	IgG antibodies that bind to FcRn under neutral conditions can return onto the cell 

10 surface through binding to FeRn under the acidic condition of the endosome, but IgG antibodies 

do not dissociate from the FcRn in plasma under neutral conditions and are not recycled to the 

plasma, and thus plasma retention of IgG antibodies was thought to be inversely impaired. 

For example, as described by Dail' Acqua et al. (J. Immunol. (2002) 169 (9), 

5171-5180), the plasma retention of IgG1 antibody that was allowed to bind to mouse FcRn 

15 under a neutral condition (pH 7.4) was exacerbated as a result of introducing an amino acid 

substitution into a mouse. 	In addition, as described by Yeung et al. (J. Immunol. (2009) 182 

(12), 7663-7671), Datta-Mannan et al. (J. Biol. Chem. (2007) 282 (3), 1709-1717), and Dall' 

Acqua et al. (J. Immunol. (2002) 169 (9), 5171-5180), lgGl antibody variants whose binding to 

human FeRn under an acidic condition (pH 6.0) is improved by introducing an amino acid 

20 substitution is also observed to bind to human FcRn under a neutral condition (pH 7.4). 

Reportedly, the plasma retention of said antibody administered to a cynomolgus monkey was not 

improved, showing no change in the plasma retention. 	Thus, in antibody engineering 

technology for improving antibody functions, efforts have been made to improve the plasma 

retention of antibody by increasing its binding to human FcRn under acidic conditions without 

25 increasing its binding to human FcRn under a neutral condition (pH 7.4). 	In other words, no 

report has been published on the advantages of IgG I antibodies whose binding to human FcRn 

under a neutral condition (pH 7.4) is increased by introducing amino acid substitutions into the 

Fc region. 

30 

Antibodies that bind to an antigen in a Ca-dependent manner are extremely useful, 

because they have an effect of accelerating the disappearance of soluble antigen and the repeated 

binding of a single antibody molecule to soluble antigen. 	A method of enhancing binding to 

FcRn under a neutral condition (pH 7.4) was examined as a method to further improve the 

accelerating effect on antigen disappearance. 

35 f13-21 	Preparation of Ca-dependent human IL-6 receptor-binding antibodies having 

FcRn-binding ability under neutral conditions 
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An amino acid mutation was introduced into the Fc regions of FH4-IgG I and 

6FtL#9-IgG I having a calcium-dependent antigen-binding ability and H54/L28-1gG I having no 

calcium-dependent antigen-binding ability (used as a control) to prepare variants having an 

FcRn-binding ability under a neutral condition (pH 7.4). 	The amino acid mutation was 

5 introduced by a method known in the art using PCR. 	Specifically, FH4-N434W (heavy chain 

SEQ4D-NO-: 11.01-light-chain-SEQ4D-NQ-96.);-611kii-9414-3-4-W-fheavrehaitt SEQ-113-NOt-14-1;-- - 	- 

light chain SEQ ID NO: 93), and H54/L28-N434W (heavy chain SEQ ID NO: 112. light chain 

SEQ ID NO: 97) with Asn (an amino acid at position 434 represented by the EU numbering) 

substituted by Tip in the heavy chain constant region of IgG I were prepared. 	An animal cell 

10 expression vector into which a polynucleotide encoding a variant with the amino acid 

substitution was inserted was prepared using the QuikChange Site-Directed Mutagenesis Kit 

(Stratagene) by the method described in the accompanying instructions. 	Antibody expression 

and purification, and concentration measurement were conducted according to the method 

described in Reference Example 6. 

15 

[Reference Example 14] 	Examination of the effect of accelerating disappearance of 

Ca-dependent binding antibodies using normal mice 

114-11 	In vivo test using normal mice 

To a normal mouse (C57BU6J mouse. Charles River Japan), hsIL-6R (soluble human 

20 IL-6 receptor prepared in Reference Example 3) alone was administered, or soluble human IL-6 

receptor and anti-human IL-6 receptor antibody were administered simultaneously to examine 

the kinetics of the soluble human IL-6 receptor and anti-human IL-6 receptor antibody in vivo. 

A single dose (10 mL/kg) of soluble human IL-6 receptor solution (5 pg/mL) or a mixture of 

soluble human IL-6 receptor and anti-human IL-6 receptor antibody was administered into the 

25 caudal vein. 	The above H54/L28-N434W, 6RL#9-N434W. and FH4-N434W were used as 

anti-human IL-6 receptor antibodies. 

The concentration of soluble human IL-6 receptor in all the mixtures is 5 piWmL. 	The 

concentrations of anti-human 1L-6 receptor antibody vary with the antibodies: prepared at 0.042 

mg/mL for H54/L28-N434W, 0.55 mg/mL for 6RL#9-N434W, and 1 mg/mL for FH4-N434W. 

30 At this time, it was thought that most of the soluble human IL-6 receptors bind to the antibody 

because the anti-human IL-6 receptor antibody against soluble human IL-6 receptor exists in a 

sufficient or excessive amount. 	Blood samples were collected at 15 minutes, 7 hours and 1. 2. 

4, 7, 14, 21, and 28 days after the administration. 	The blood samples were immediately 

centrifuged for 15 minutes at 4°C and 12.000 rpm to separate plasma. 	The separated plasma 

35 was stored in a freezer set to -20°C or lower until the time of measurement. 
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(14-2) 	Determination of plasma anti-human IL-6 receptor antibody concentration in normal 

mice by ELISA 

The plasma concentration of anti-human IL-6 receptor antibody in a mouse was 

determined by ELISA as described in Reference Example 12. 	Changes in the plasma 

concentrations of antibodies, H54/L28-N434W, 6RL#9-N434W, and FH4-N434W, in the normal 

— ----- tnice-aft‘g ;,..La magma administratien-mectsured-as-deribul aboveare- shown-in-Fig.-447— 	. 

(14-3) 	Determination of plasma soluble human IL-6 receptor concentration by an 

electrochemiluminescence method 

The plasma concentration of soluble human IL-6 receptor in a mouse was determined by 

an electrochemiluminescence method. 	A soluble human IL-6 receptor calibration curve sample 

prepared at 2.000, 1.000, 500, 250, 125, 62.5, or 31.25 pg/mL, and a mouse plasma measurement 

sample diluted by 50-fold or above, were mixed with a monoclonal anti-human IL-6R antibody 

(R&D) ruthenated with SULFO-TAG NHS Ester (Meso Scale Discovery) and a biotinylated 

anti-human IL-6 R antibody (R&D), followed by overnight reaction at 4°C. 	At that time, the 

assay buffer contained 10 mM EDTA to reduce the free Ca concentration in the sample and 

dissociate almost all soluble human IL-6 receptors in the sample from 6RL#9-N434W or 

FH4-N434W to exist in a free state. 	Subsequently. said reaction liquid was dispensed into an 

MA400 PR Streptavidin Plate (Meso Scale Discovery). 	In addition, after washing each well of 

the plate that was allowed to react for 1 hour at 25°C. Read Buffer T (x4) (Meso Scale 

Discovery) was dispensed into each well. 	Immediately, the reaction liquid was subjected to 

measurement using a SECTOR PR 400 reader (Meso Scale Discovery). 	The concentration of 

soluble human 1L-6 receptor was calculated from the response of the calibration curve using the 

SOFTmax PRO analysis software (Molecular Devices). 	Changes in the plasma concentration 

of soluble human IL-6 receptor in the normal mouse after intravenous administration determined 

as described above are shown in Fig. 45. 

As a result, in comparison with the administration of soluble human IL-6 receptor alone. 

simultaneous administration of soluble human IL-6 receptor with the H54/L28-N434W antibody 

which has FcRn-binding activity at pH 7.4 and does not have Ca-dependent binding activity to 

soluble human IL-6 receptor had a significantly delayed disappearance of soluble human IL-6 

receptor. 	In contrast, the disappearance of soluble human IL-6 receptor was accelerated when 

soluble human 1L-6 receptor was administered simultaneously with the 6RL#9-N434W or 

FH4-N434W antibody which has I00-fold or higher Ca-dependent binding ability to soluble 

human IL-6 receptor and FcRn-binding activity at pH 7.4, as compared with the administration 

of soluble human IL-6 receptor alone. 	The plasma concentrations of soluble human IL-6 

receptor one day after soluble human IL-6 receptor was administered simultaneously with the 
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6RL#9-N434W or FH4-N434W antibody were reduced 3-fold and 8-fold, respectively, as 

compared with the administration of soluble human IL-6 receptor alone. 	As a result, it was 

confirmed that the disappearance of antigen from plasma could be further accelerated by 

imparting FcRn-binding activity at pH 7.4 to an antibody that binds to antigen in a 

5 calcium-dependent manner. 

FH4-IgGi- - - -T-ho-614L#9-4,gGI or- 	eanibodyhaving-10G-folerorhiglicrea-vicpati 

binding activity to soluble human IL-6 receptor was confirmed to increase the disappearance of 

soluble human IL-6 receptor, as compared with the H54/L28-IgG I antibody having no 

Ca-dependent binding activity to soluble human IL-6 receptor. 	The 6RL#9-N434W or 

10 

15 

FH4-N434W antibody which has 100-fold or higher Ca-dependent binding activity to soluble 

human TL-6 receptor and FcRn-binding activity at pH 7.4 was confirmed to more strongly 

accelerate the disappearance of soluble human IL-6 receptor, as compared with the 

administration of soluble human IL-6 receptor alone. 	These data suggest that an antibody that 

binds to an antigen in a Ca-dependent manner dissociates from antigen in the endosome, 

similarly to an antibody that binds to antigen in a pH-dependent manner. 

[Reference Example 15] 	Exploration of human germline sequences that bind to calcium ion 

(15-1) 	Antibody that binds to antigen in a calcium-dependent manner 

Antibodies that bind to an antigen in a Ca-dependent manner (Ca-dependent 

20 antigen-binding antibodies) are those whose interactions with antigen change with calcium 

concentration. 	A Ca-dependent antigen-binding antibody is thought to bind to an antigen 

through calcium ion. 	Thus, amino acids that form an epitope on the antigen side are negatively 

charged amino acids that can chelate calcium ions or amino acids that can be a hydrogen-bond 

acceptor. 	These properties of amino acids that form an epitope allows targeting of an epitope 

25 other than binding molecules, which are generated by introducing histidines and bind to an 

antigen in a pH-dependent manner. 	The use of antigen-binding molecules having calcium- and 

pH-dependent antigen-binding properties is thought to allow the formation of antigen-binding 

molecules that can individually target various epitopes having broad properties. 	Thus, if a 

population of molecules containing a calcium-binding motif (Ca library) is constructed. from 

30 which antigen-binding molecules are obtained, Ca-dependent antigen-binding antibodies are 

thought to be effectively obtained. 

(15-21 	Acquisition of human germline sequences 

An example of the population of molecules containing a calcium-binding motif is an 

35 example in which said molecules are antibodies. 	In other words, an antibody library containing 

a calcium-binding motif may be a Ca library. 
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Calcium ion-binding antibodies containing human germline sequences have not been 

reported. Thus, the germline sequences of antibodies having human germline sequences were 

cloned using as a template eDNA prepared from Human Fetal Spleen Poly RNA (Clontech) to 

assess whether antibodies having human germline sequences bind to calcium ion. Cloned DNA 

5 	fragments were inserted into animal cell expression vectors. The nucleotide sequences of the 

10 

15 

20 

25 

30 

cornucted-exptcssiontxtsyrrwerc detentrined-bratrietirotHatowirttrthose skilled:in the ail: 

The SEQ IDs arc shown in Table 34. 	By PCR, polynucleotides encoding SEQ ID NO: 5 (V1(1), 

SEQ ID NO: 6 (Vk2), SEQ ID NO: 7 (Vk3), SEQ ID NO: 8 (Vk4), and SEQ ID NO: 4 (Vk5) 

were linked to a polynucleotide encoding the natural Kappa chain constant region (SEQ ID NO: 

100). 	The linked DNA fragments were inserted into animal cell expression vectors. 

Furthermore. polynucleotides encoding SEQ ID NO: 113 (Vkl), SEQ ID NO: 114 (Vk2). SEQ 

ID NO: 115 (Vk3), SEQ ID NO: 116 (Vk4), and SEQ ID NO: 117 (Vk5) were linked by PCR to 

a polynucleotide encoding a polypeptide (SEQ ID NO: 11) having a deletion of two amino acids 

at the C terminus of IgGI. 	The resulting DNA fragments were inserted into animal cell 

expression vectors. 	The sequences of the constructed variants were confirmed by a method 

known to those skilled in the art. 

[Table 34] 

LIGHT CHAIN GERMLINE 
SEQUENCE 

HEAVY CHAIN (VARIABLE REGION) 
SEQ ID NO 

LIGHT CHAIN VARIABLE REGION 
SEQ ID NO 

Vkl 1 1 3 5 
Vk2 1 14 6 
Vk3 1 15 7 
Vk4 1 16 8 
Vk5 117 4 

(15-3) Expression and purification of antibodies 

with the DNA fragments having 

animal cells. 	Antibody 

human fetal kidney cell-derived 

Expression Medium 

ml) into each well of a 6-well 

method. 	The cells 

90 rpm). 	From the culture 

using the rProtein A 

known to those skilled in the an. 

using a 

The constructed animal cell expression vectors inserted 

the five types of human germ-line sequences were introduced into 

expression was carried out by the following method. 	Cells of 

FreeStyle 293-F (Invitrogen) were suspended in the FreeStyle 293 

(Invitrogen), and plated at a cell density of 1.33 x 106  cells/ml (3 

plate. 	The prepared plasmids were introduced into cells by a lipofection 

were cultured for four days in a CO2  incubator (37°C. 8% CO2, 

supematants prepared as described above, antibodies were purified 

Sepharoserm  Fast Flow (Amersham Biosciences) by a method 

Absorbance at 280 nm of the purified antibody solutions was measured 
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spectrophotometer. Antibody concentrations were calculated from the determined values using 

an extinction coefficient calculated by the PACE method (Protein Science (1995) 4: 2411-2423). 

115-4) Assessment of antibodies having human germ-line sequences for their calcium  

5 	ion-binding activity  

10 

15 

20 

25 

-- — .. - 	------The.pusifed,ar"-A  ---- - • 	-^a 	 T 	- 	- 	- 
intermediate temperature of thermal denaturation (Tm value) was measured by differential 

scanning calorimetry (DSC) as an indicator for examining calcium ion binding to the antibody 

(MicroCal VP-Capillary DSC, MicroCal). 	The intermediate temperature of thermal 

denaturation (Tm value) is an indicator of stability. 	It becomes higher when a protein is 

stabilized through calcium ion binding, as compared with the case where no calcium ion is 

bound (J. Biol. Chem. (2008) 283. 37, 25140-25149). 	The binding activity of calcium ion to 

antibody was evaluated by examining changes in the Tm value of the antibody depending on the 

changes in the calcium ion concentration in the antibody solution. 	The purified antibody was 

subjected to dialysis (EasySEP, TOMY) using an external solution of 20 mM Tris-HCI, 150 mM 

NaCI, and 2 mM CaCl2 (pH 7.4) or 20 mM Tris-HCI, 150 mM NaCI, and 3µM CaCl2 (pH 7.4). 

DSC measurement was conducted at a heating rate of 240°C/hr from 20 to 115°C using as a lest 

substance an antibody solution prepared at about 0.1 mg/mL with the dialysate. 	The 

intermediate temperatures of thermal denaturation (Tm values) of the Fab domains of each 

antibody, calculated from the denaturation curve obtained by DSC. are shown in Table 35.  

[Table 353 

LIGHT CHAIN 
GERM LINE 
SEQUENCE 

CALCIUM ION CONCENTRATION ' LlTm (t) 

3 u M 	1 2 mM 	' 2 mM-3 u M 

Vkl 80.32 	' 80.78 	I 0.46 
--I 

Vk2 80.67 	80.61 	I -0.06 

Vk3 81.64 	81.36 	-0.28 

Vk4 

Vk5 

	

70/4 	. 70.74 	0 

	

1 71.52 	74.17 	2.65 

The result showed that the Tm values of the Fab domains of antibodies having the Vk 1, 

Vkl. Vk3. or Vk4 sequence did not vary depending on the calcium ion concentration in the Fab 

domain-containing solutions. 	Meanwhile, the Tm value for the antibody Fab domain having 
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the Vk5 sequence varied depending on the calcium ion concentration in the Fab 

domain-containing solution. 	This demonstrates that the Vk5 sequence binds to calcium ion. 

[Reference Example 16) Assessment of the human Vk5 (hVk5) sequence 

(16-1) hVk5 sequence 

The myhVk5-sequepec-registered-in Kabaes 	oar, isitYk5.2 aniu‘lin.t. • 	rcinallti... WAS 

and hVkS-2 are used synonymously. 	W02010/136598 discloses that the abundance ratio of the 

hVk5-2 sequence in the germline sequence is 0.4%. 	Other reports have been also made in 

which the abundance ratio of the hVk5-2 sequence in the germline sequence is 0-0.06% (J. Mol. 

Biol. (2000) 296. 57-86; Proc. Natl. Acad. Sci. (2009) 106, 48, 20216-20221). 	As described 

above, since the hVk5-2 sequence is a sequence of low appearance frequency in the germline 

sequence, it was thought to be inefficient to obtain a calcium-binding antibody from an antibody 

library consisting of human germline sequences or B cells obtained by immunizing a mouse 

expressing human antibodies. 	Thus, it was considered possible to design a Ca library 

containing a human hVk5-2 sequence. 	However, realization of the possibility is unknown 

because no report has been published on the physical properties of the hVk5-2 sequence. 

(16-2) Construction. expression. and purification of a non-alvcosylated form of the hVk5-2 

sequence 

The hVk5-2 sequence has a sequence for N glycosylation at position 20 amino acid 

(Kabat's numbering). 	Sugar chains attached to proteins exhibit heterogeneity. 	Thus, it is 

desirable to lose the glycosylation from the viewpoint of substance homogeneity. 	In this 

context, variant hVk5-2_L65 (SEQ ID NO: 118) in which the Asn (N) residue at position 20 

(Kabat's numbering) is substituted with Thr (T) was constructed. 	Amino acid substitution was 

carried out by a method known to those skilled in the art using the QuikChange Site-Directed 

Mutagenesis Kit (Stratagene). 	A DNA encoding the variant hVk5-2_L65 was inserted into an 

animal expression vector. 	The animal expression vector inserted with the constructed DNA 

encoding variant hVkS-2_L65, in combination with an animal expression vector having an insert 

to express CIM_H (SEQ ID NO: 117) as a heavy chain, was introduced into animal cells by the 

method described in Reference Example 6. 	The antibody comprising hVk5-2_L65 and CIM_H, 

which was expressed in animal cells introduced with the vectors, was purified by the method 

described in Reference Example 6. 

(16-3) Assessment of the antibody having the non-alycosylated hVk5-2 sequence for physical 

properties 

The isolated antibody having the modified sequence hVk5-2_L65 was analyzed by 
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ion-exchange chromatography to test whether 

the original sequence hVk5-2 before modification. 

chromatography is shown in Table 36. 

at the glycosylation site was less heterogeneous 

Fig. 46, 

it is less heterogeneous than the antibody having 

The procedure of ion-exchange 

The analysis result showed that hVkS-2_L65 modified 

than the original sequence hVIc5-2, as shown in 

[Table 36] 

CONDITION 

COLUMN TOSOH TSKgeI DEAE-NPR 

MOBILE PHASE A; 10 mM Tris-HC1, 3 g M CaC12(pH8.0)) 

B; 10 mM Tris-HCI, 500 mM Noel, 3 it M CaCI, 

(p148.0) 

GRADIENT SCHEDULE %B = 0 - (5min) - 0 - 2%/1min 

COLUMN TEMPERATURE 40°C 

DETECTION 280 run 

100#L(5fig) INJECTION VOLUME 

Next, whether the less-heterogeneous hVk5-2_L65 sequence-comprising antibody binds 

to calcium ion was assessed by the method described in Reference Example 15. 	The result 

showed that the Tm value for the Fab domain of the antibody having hVk5-2_L65 with altered 

glycosylation site also varied depending on the calcium ion concentration in the antibody 

solutions. as shown in Table 37. 	Specifically. it was demonstrated that the Fab domain of the 

antibody having hVkS-2_L65 with altered glycosylation site binds to calcium ion. 

[Table 37] 

LIGHT CHAIN I GLgtSjiligEo CALCIUM ION CONCENTRATION A Tm(t) 

2 mM-3 /A M 3 g M 2 WM 

hVkS-2 	IVES 71.52 74.17 2.65 

hVk5-2_L65 NO 71.51 73.66 2.15 

[Reference Example 17] Assessment of the calcium ion-binding activity of antibody molecules 

having CDR sequence of the hVkS-2 sequence 

(17-1) Construction. expression. and purification of modified antibodies !swine a CDR sequence 

from the hVkS-2 sequence 
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The hVkS-2_L65 sequence is a sequence with altered amino acids at a glycosylation site 

in the framework of human Vk5-2 sequence. 	As described in Reference Example 16, it was 

demonstrated that calcium ion bound even after alteration of the glycosylation site. 	Meanwhile. 

from the viewpoint of immunogenicity, it is generally desirable that the framework sequence is a 

germ-line sequence. 	Thus, the present inventors assessed whether an antibody framework 

sequencecould•bt-su'ostituteci uritirthe-fruntrentorfrsequente-trf-a-rfon-gfyix.sylated gertn/int 	• 

sequence while maintaining the calcium ion-binding activity of the antibody. 

Polynucleotides encoding chemically synthesized sequences which comprise an altered 

framework sequence of the hVk5-2 sequence, hVkl, hVk2, hVk3, or hVk4 (CaVkl (SEQ ID 

NO: 119), CaVk2 (SEQ ID NO: 120), CaVk3 (SEQ ID NO: 121), or CaVk4 (SEQ ID NO: 122), 

respectively) were linked by PCR to a polynucleotide encoding the constant region (SEQ ID NO: 

100) of the natural Kappa chain. 	The linked DNA fragments were inserted into animal cell 

expression vectors. 	Sequences of the constructed variants were confirmed by a method known 

to those skilled in the art. 	Each plasmid constructed as described above was introduced into 

animal cells in combination with a plasmid inserted with a polynucleotide encoding heavy chain 

CIM_H (SEQ ID NO: 117) by the method described in Reference Example 6. 	The expressed 

antibody molecules of interest were purified from culture media of the animal cells introduced 

with the plasmids. 

(17-2) Assessment of altered antibodies having the CDR sequence of the hVk5-2 sequence for 

their calcium ion-binding activity 

Whether calcium ion binds to altered antibodies having the CDR sequence of the 

hVkS-2 sequence and the framework sequences of germline sequences other than hVk5-2 (hVkl, 

hVk2, hVk3, and hVk4) was assessed by the method described in Example 6. 	The assessment 

result is shown in Table 38. 	The Tm value of the Fab domain of each altered antibody was 

revealed to vary depending on the calcium ion concentration in the antibody solutions. 	This 

demonstrates that antibodies having a framework sequence other than the framework sequences 

of the hVk5-2 sequence also bind to calcium ion. 

[Table 38) 
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GERM LINE 
(LIGHT CHAIN 
FRAMEWORK 
SEQUENCE) 

CALCIUM ION CONCENTRATION! Ann (9C-) 

2 mM-3 u M 3 g M 2 mM 

hVkl 77.51 79.79 	2.28 

hVk2 78.46 80.37 	1.91 

hVk3 77.27 79.54 	2.27 

hVk4 80.35 81.38 	1.03 

hVk5-2 71.52 74.17 	! 2.65 

The thermal denaturation temperature (Tm value), as an indicator of thermal stability, of 

the Fab domain of each antibody altered to have the CDR sequence of the hV1c5-2 sequence and 

the framework sequence of a germ-line sequence other than the hVk5-2 sequence (hVkl, hVk2, 

hVk3, or hVk4) was demonstrated to be greater than that of the Fab domain of the original 

antibody having the hVk5-2 sequence. 	This result shows that antibodies having the CDR 

sequence of the hVkS-2 sequence and the framework sequence of hVkl, hVk2, hVk3, or hVk4 

not only have calcium ion-binding activity but also are excellent molecules from the viewpoint 

of thermal stability. 

(Reference Example 18] Identification of the calcium ion-binding site in human germline 

hVkS-2 sequence 

(18-I) Design of mutation site in the CDR sequence of the hVk5-2 sequence 

As described in Reference Example 17, antibodies having the light chain resulting from 

introduction of the CDR domain of the hVk5-2 sequence into the framework sequence of a 

different gamline sequence were also demonstrated to bind to calcium ion. 	This result 

suggests that in hVkS-2 a calcium ion-binding site is localized within its CDR. 	Amino acids 

that bind to calcium ion, i.e., chelate calcium ion, include negatively charged amino acids and 

amino acids that can be a hydrogen bond acceptor. 	Thus, it was tested whether antibodies 

having a mutant hVkS-2 sequence with a substitution of an Ala (A) residue for an Asp (D) or Glu 

(E) residue in the CDR sequence of the hVk5-2 sequence bind to calcium ion. 

(18-2) Construction of variant hVk5-2 sequences with Ala substitution. and expression and 

purification of antibodies 

a light chain with substitution of an Ala Antibody molecules were prepared to comprise 



264 

5 

10 

15 

20 

----- 	- ----inetlroxisiencrwrrttrthose 

residue for Asp and/or Glu residue 

in Reference Example 16, non-glycosylated 

and was assumed to be equivalent 

this Example, amino acid substitutions 

Constructed variants are shown in 

skilled-ill 

Mutagenesis Kit (Stratagene), PCR, 

construct expression vectors for 

(Table 39] 

in the CDR sequence of the hVk5-2 sequence. 	As described 

variant hVk5-2_L65 exhibited calcium ion binding 

to the hVkS-2 sequence in terms of calcium ion binding. 	In 

were introduced into hVk5-2_L65 as a template sequence. 

Table 39. 	Amino acid substitutions were carried out by 

du. ad sal aa ushigereQuiiChangclitvOiax, 

or the In fusion Advantage PCR Cloning Kit (TAKARA) to 

altered light chains having an amino acid substitution. 

. 	 . 
LIGHT CHAIN 	!ALTERED POSITION I SEQ ID NO 

VARIANT NAME 	(Kabat NUMBERING)! 

hVk5-2_L65 	1 WILD TYPE 	j 1 1 8 

hVk5-2_L66 	' 30 	 1 2 3 

hVkS-2_L67 31 	 1 2 4 

hVk5-2_L68 	' 32 	 1 2 5 

I hVk5-2_L69 	1 50 	 . 1 2 6 

hVkS-2_L70 	. 30, 32 ' 	1 2 7 

hVkS-2_L71 	- 30, 50 1 2 8 

hVkS-2_L72 30, 32, 50  1 2 9 

hVkS-2_L73 92 	 j 1 3 0 

Nucleotide sequences of the constructed expression vectors were confirmed by a 

method known to those skilled in the art. 	The expression vectors constructed for the altered 

light chains were transiently introduced, in combination with an expression vector for the heavy 

chain C1M H (SEQ ID NO: 117). into cells of the human fetal kidney cell-derived HEIC293H _ 
line (Invitmgen) or FreeStyle293 (Invitmgen) to express antibodies. 	From the obtained culture 

supernatants. antibodies were purified using the rProtein A SepharoseTM Fast Flow (GE 

Healthcare) by a method known to those skilled in the art. 	Absorbance at 280 nm of the 

purified antibody solutions was measured using a spectrophotometer. 	Antibody concentrations 

were calculated from the determined values using an extinction coefficient calculated by the 
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PACE method (Protein Science (1995) 4: 2411-2423). 

(18-31 Assessment of the calcium ion-binding activity of antibodies having an Ala substitution in 

the hVk5-2 sequence 

obtained purified antibodies bind to calcium ion was tested by the method 

Example -15. 	The casult•is twit in Table40r -Seine-antibodies havillg 

or Glu residue in the CDR sequence of the hVk5-2 sequence with an Ala 

be involved in calcium ion binding or chelation were revealed to have an 

did not vary by the calcium ion concentration in the antibody solutions. 

at which Ala substitution did not alter the Tm (positions 32 and 92 (Kabat's 

to be greatly important for the calcium ion-antibody binding. 

Whether the 

Vie. cribed-in Ref.a•crott 

substitution of an Asp 

residue which cannot 

Fab domain whose Tm 

The substitution sites 

numbering)) were demonstrated 

[Table 40] 

LIGI IT CHAIN 
VARIANT NAME 

ALTERED POSITION 
(Rabat's NUMBERING) 

CALCIUM ION CONCENTRATION 	I A Tm (ct ) 

0 il M 2 mM 	2 m M-01.t M 

hVk5-2_L65 WILDTYPE 71.71 73.69 	1.98 

hVkS-2_L66 30 71.65 72.83 	1.18 

hVk5-2_L67 31 71.52 73.30 	; 1.78 

hVk5-2_1,68 32 73.25 74.03 	:0.78 

hVk5-2_1-69 50 72.00 73.97 	! 1.97 

hVkS-2_L70 30, 32 73.42 73.60 	: 0.18 

hVkS-2_L71 30, 50 71.84 72.57 	0.73 

hVk5-2_L72 30, 32, 50 75.04 75.17 	' 0.13 

hVk5-2_1.73 92 75.23 75.04 	I  -0.19 

[Reference Example 19] Assessment of the calcium ion-binding activity of antibodies having 

hVkl sequence with calcium ion-binding motif 

(19-11 Construction of an hVIc I sequence with calcium ion-bindine motif, and expression and 

purification of antibodies 

18 on the calcium-binding activity of the Ala 

in the CDR sequence of the hVk5-2 sequence 

the present inventors assessed whether an antibody 

positions 30, 31, 32, 50, and 92 (Kabat's 

The result described in Reference Example 

substitute demonstrates that Asp or Glu residues 

were important for calcium binding. 	Thus. 

can bind to calcium ion when the residues at 
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numbering) alone were introduced into a different germline variable region 

Specifically, variant LNkl_Ca (SEQ ID NO: 131) was constructed by substituting 

at positions 30, 31, 32, 50, and 92 (Kabat's numbering) in the hVk5-2 sequence 

at positions 30, 31, 32, 50, and 92 (Kabat's numbering) in the hVkl sequence 

sequence). 	Specifically, it was tested whether antibodies having an hVkl 

sequence. 

the residues 

for the residues 

(a human germline 

sequence introduced 

etc.........  - 	- ' 	' 

resulting light chain 

ID NO: 132) were 

were expressed and 

a human hVk I 

-wittrover5-rcsidia.efitint theirYkSiewocrucricc cairbitt&to-etdesiurit- - -Tlic-vai 

produced by the same method as described in Reference Example 17. 	The 

variant LfVkl_Ca and LfVk I having the light-chain hVk I sequence (SEQ 

co-expressed with the heavy chain CIM_H (SEQ ID NO: 117). 	Antibodies 

purified by the same method as described in Reference Example 18. 

(19-2) Assessment of the calcium ion-binding activity of antibodies having 

sequence with calcium ion-binding motif 

as described above binds to calcium ion was 

15. 	The result is shown in Table 41. 

having LfV1c1 with an hVk I sequence did not 

antibody solutions. 	Meanwhile, Tm of the 

by I °C or more upon change in the calcium 

was shown that the antibody having 

above demonstrates that the entire CDR 

introduced for construction of the 

ion binding. 

Whether the purified antibody prepared 

assessed by the method described in Reference Example 

The Tm value of the Fab domain of the antibody 

vary depending on the calcium concentration in the 

antibody having the LNkl_Ca sequence was shifted 

concentration in the antibody solutions. 	Thus, it 

LNkl_Ca binds to calcium. 	The result described 

sequence of hVkS-2 is not required, while the residues 

LNkl_Ca sequence alone are sufficient for calcium 

[Table 41] 

LIGHT CHAIN 
VARIANT 

CALCIUM ION CONCENTRATION A Tm (°C) 

2 mM-3 g M 3 g M 1 2 mM 

LNkl 	83.18 83.81 0.63 

1 LNkl_Ca 	! 79.83 	182.24 2.41 

[Reference Example 20) 	Design of a population of antibody molecules (Ca library) with a 

calcium ion-binding motif introduced into the variable region to effectively obtain binding 

antibodies that bind to antigen in a Ca concentration-dependent manner 

Preferred calcium-binding motifs include, for example, the hVk5-2 sequence and the 

CDR sequence, as well as residues at positions 30, 31, 32, 50, and 92 (Kabat numbering). 
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Other calcium binding motifs include the EF-hand motif possessed by calcium-binding proteins 

(e.g., calmodulin) and C-type lectin (e.g., ASGPR). 

The Ca library consists of heavy and light chain variable regions. 	A human antibody 

sequence was used for the heavy chain variable region, and a calcium-binding motif was 

5 introduced into the light chain variable region. 	The hVkl sequence was selected as a template 

..sequence nfsh. Iigm_chairi_varIzble.regionlor,intraducing-a calcium binding motif. 	An-

antibody containing an LfVkl_Ca sequence obtained by introducing the CDR sequence of 

hVk5-2 (one of calcium-binding motifs) into the hVkl sequence was shown to bind to calcium 

ions, as shown in Reference Example 19. 	Multiple amino acids were allowed to appear in the 

10 template sequence to diversify antigen-binding molecules that constitute the library. 	Positions 

exposed on the surface of a variable region which is likely to interact with the antigen were 

selected as those where multiple amino acids are allowed to appear. 	Specifically, positions 30, 

31, 32, 34, 50, 53, 91, 92, 93, 94, and 96 (Kabat numbering) were selected as flexible residues. 

The type and appearance frequency of amino acid residues that were subsequently 

15 allowed to appear were determined. 	The appearance frequency of amino acids in the flexible 

residues of the hVkl and hVk3 sequences registered in the Kabat database (KABAT, E.A. ET 

AL.: 'Sequences of proteins of immunological interest', vol. 91, 1991, NIH PUBLICATION) was 

analyzed. 	Based on the analysis results, the type of amino acids that were allowed to appear in 

the Ca library were selected from those with higher appearance frequency at each position. 	At 

20 this time, amino acids whose appearance frequency was determined to be low based on the 

analysis results were also selected to avoid the bias of amino acid properties. 	The appearance 

frequency of the selected amino acids was determined in reference to the analysis results of the 

!Cabal database. 

A Ca library containing a calcium-binding motif with emphasis on the sequence 

25 diversity as to contain multiple amino acids at each residue other than the motif were designed as 

a Ca library in consideration of the amino acids and appearance frequency set as described 

above. 	The detailed designs of the Ca library are shown in Tables I and 2 (with the positions in 

each table representing the EU numbering). 	In addition, if position 92 represented by the Kabat 

numbering is Asn (N) for the appearance frequencies of amino acids as described in Tables I and 

30 2, position 94 may be Leu (L) instead of Ser (S). 

[Reference Example 21] 	Ca library preparation 

A gene library of antibody heavy-chain variable regions was amplified by PCR using a 

poly A RNA prepared from human PBMC, and commercial human poly A RNA, etc. as a 

35 template. 	As described in Reference Example 20, for the light chain variable regions of 

antibody, light chain variable regions that increase appearance frequency of antibodies which 
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maintain a calcium-binding motif and can bind to an antigen in a calcium 

concentration-dependent manner were designed. 	In addition, for amino acid residues among 

the flexible residues other than those with a calcium-binding motif introduced. a library of 

antibody light chain variable regions with evenly distributed amino acids of high appearance 

frequency in natural human antibodies was designed with reference to the information of amino 

acid .appearance fiwaeney in Iratural-hianterearttittedietaPAL::-'Sequeneca of 

of immunological interest', vol. 91, 1991, NIH PUBLICATION). 	A combination of the 

gene libraries of antibody heavy-chain and light-chain variable regions generated as described 

above, was inserted into a phagemid vector to construct a human antibody phage display library 

that presents Fab domains consisting of human antibody sequences (Methods Mot Biol. (2002) 

178, 87-100). 	For construction of the library, a linker portion connecting the phagemid Fab to 

the phage pill protein, and the sequences of a phage display library with a trypsin cleavage 

sequence inserted between the N2 and CT domains of the helper phage pill protein gene were 

used. 	The sequences of the antibody gene portions isolated from E. coli, into which the 

antibody gene library was introduced, were identified to obtain sequence information for 290 

clones. 	The designed amino acid distribution and the amino acid distribution in the identified 

sequences are shown in Fig. 52. 	A library containing various sequences corresponding to the 

designed amino acid distribution was constructed. 

[Reference Example 22] 	Examination of the calcium ion-binding activity of molecules 

contained in the Ca Library 

(22-11 	Calcium ion-binding activity of molecules contained in the Ca library 

As described in Reference Example 14. the hVk5-2 sequence that was demonstrated to 

hind to calcium ions is a sequence of low appearance frequency in the germline sequence. 

Thus, it was thought to be inefficient to obtain a calcium-binding antibody from an antibody 

library consisting of human gennline sequences or from B cells obtained by immunizing a 

mouse expressing human antibodies. 	As a result, a Ca library was constructed in Reference 

Example 21. 	The presence or absence of a clone showing calcium binding to the constructed 

Ca library was examined. 

(22-2) Expression and purification of antibodies 

Clones included in Ca library were inserted into animal cell expression plasmids. 

Antibodies were expressed by the following method. 	Cells of human fetal kidney cell-derived 

FreeStyle 293-F (Invitrogen) were suspended in FreeStyle 293 Expression Medium (Invitrogen). 

and plated at a cell density of 1.33 x 106  cells/ml (3 ml) into each well of a 6-well plate. 	The 

prepared plasmids were introduced into cells by a lipofection method. 	The cells were cultured 
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for four days in a CO2  incubator (37°C. 8% CO2, 90 rpm). From the culture supernatants 

prepared as described above, antibodies were purified using the rProtein A Sepharosen" Fast 

5 

10 

15 

_..........,..,.....saleglaiettiy.the..PACF 

Flow (Amersham Biosciences) by a method known to those skilled in the art. 

280 nm of purified antibody solutions was measured using a spectrophotometer. 

concentrations were calculated from the determined values using an extinction 

Tre/b(y1(Prntrin Gimace  0.9.9644.24,1).-2423)-- 

(22-3) 	Evaluation of calcium ion binding of the obtained antibodies 

Absorbance at 

Antibody 

coefficient 

to calcium ions 

are shown in 

in the Ca library 

-binding 

• 

Whether or not the purified antibody obtained as described above binds 

was determined by the method described in Reference Example 6. 	The results 

Table 42. 	The Tm value of the Fab domains of multiple antibodies contained 

varied with the calcium ion concentration, showing the presence of calcium ion

molecules. 

[Table 42] 

ANTIBODY .3E0 ID NO CALCIUM ION 
CONCENTRATION 

A Tm(t) 

2 mM-3 m 

M 

HEAVY 
CHAIN 

LIGHT 
CHAIN 

3 li M 2 mM 

Ca B01 133 144 70.88 71.45 0.57 

Ca E01 134 145 84.31 84.95 0.64 

Ca_HO1 135 146 77.87 79.49 1.62 

Ca D02 136 147 78.94 81.1 2.16 

Ca_E02 137 148 81.41 83.18 1.77 

Ca_H02 138 149 72.84 75.13 2.29 

Ca D03 139 150 87.39 86.78 -0.61 

Ca C01 140 151 74.74 74.92 0.18 

Ca G01 141 152 65.21 65.87 0.66 

Ca_A03 142 153 80.64 81.89 1.25 

Ca_B03 	143 154 93.02 93.75 0.73 

[Reference Example 23] 	Design of pH-dependent binding antibody library 
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(23-1) 	Method for acquiring PH-dependent binding antibodies 

W02009/125825 discloses a pH-dependent antigen-binding antibody whose properties 

are changed in neutral and acidic pH regions by introducing a histidine into an antigen-binding 

molecule. 	The disclosed pH-dependent binding antibody is obtained by modification to 

substitute a part of the amino acid sequence of the antigen-binding molecule of interest with a 

histidinc: . -To 	 bindittrantibudy - 	 obtain rip1-1,-deptrident 	 in 	effick.utlylialaluit preliminarily 

obtaining the antigen-binding molecule of interest to be modified, one method may be obtaining 

an antigen-binding molecule that binds to a desired antigen from a population of antigen-binding 

molecules (referred to as His library) with a histidine introduced into the variable region (more 

preferably, a region potentially involved in antigen binding). 	It may be possible to efficiently 

obtain an antigen-binding molecule having desired properties from a His library, because 

histidine appears more frequently in antigen-binding molecules from His library than those from 

conventional antibody libraries. 

(23-2) 	Design of a population of antibody molecules (His library) with histidine residue 

introduced into their variable region to effectively acquire binding antibodies that bind to antigen 

in a nH-dependent manner 

First, positions for introducing a histidine were selected in a His library. 

W02009/125825 discloses generation of pH-dependent antigen-binding antibodies by 

substituting amino acid residues in the sequences of IL-6 receptor, IL-6, and 1L-31 receptor 

antibodies with a histidine. 	In addition, anti-egg white lysozyme (FESS Letter 11483, 309, I, 

85-88) and anti-hepcidin (W02009/139822) antibodies having a pH-dependent antigen-binding 

ability were generated by substituting the amino acid sequence of the antigen-binding molecule 

with histidines. 	Positions where histidines were introduced in the 1L-6 receptor antibody. IL-6 

antibody, IL-31 receptor antibody. egg white lysozyme antibody, and hepcidin antibody arc 

shown in Table 43. 	Positions shown in Table 43 may be listed as candidate positions that can 

control the antigen-antibody binding. 	In addition, besides the position shown in Table 43, 

positions that are likely to have contact with antigen were also considered to he suitable for 

introduction of histidines. 

[Table 43) 
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ANTIBODY 
	

CHAIN! POSITION (Rabat/ 

5 

10 

IS 

20 

25 

IL-6 RECEPTOR 	. ii 	1 27. 	i 31 	32 	35 	; 50 	58 	1. 62 	1 .100B 	102 
ANTIBODY 	 L 	: 28 	31 	32 	53 	6 	92 	! 	I .B  

1 1L-6 ANTIBODY 	1 H 	32 	, 59 	6) 	99 	Ii 	 ; ! _I  
; L 	53 	1 54 	90 	E  94 I  ; 

E

IL-31 	RECEPTOR 	: II 	I 33 	; 	 i I 
. ANTIBODY 	 i L 

	

EGG-WHILE LYSOZY/E H 	73 	i 98 
i ANTIBODY 	 L 	. i 	• 54 	I 
HEPCIDIN ANTIBODY 	H 	152 	157 	99 	107 	i 

L 	I 27 	; 89 

In the His library consisting of heavy-chain and light-chain variable regions, a human 

antibody sequence was used for the heavy chain variable region, and histidines were introduced 

into the light chain variable region. 	The positions listed above and positions that may be 

involved in antigen binding, i.e., positions 30, 32, 50, 53, 91, 92, and 93 (Kabat numbering, 

Kabat EA et al. 1991. Sequence of Proteins of Immunological Interest. NIH) in the light chain 

were selected as positions for introducing histidines in the His library. 	In addition, the WI 

sequence was selected as a template sequence of the light chain variable region for introducing 

histidines. 	Multiple amino acids were allowed to appear in the template sequence to diversify 

antigen-binding molecules that constitute the library. 	Positions exposed on the surface of a 

variable region that is likely to interact with the antigen were selected as those where multiple 

amino acids are allowed to appear. 	Specifically, positions 30, 31, 32, 34, 50, 53, 91, 92, 93, 94, 

and 96 of the light chain (Kabat numbering, Kabat EA et al. 1991. Sequence of Proteins of 

Immunological Interest. NIH) were selected as flexible residues. 

The type and appearance frequency of amino acid residues that were subsequently 

allowed to appear were determined. 	The appearance frequency of amino acids in the flexible 

residues in the hVk I and hVk3 sequences registered in the Kabat database (KABAT, E.A. ET 

AL.: 'Sequences of proteins of immunological interest', vol. 91, 1991, NIH PUBLICATION) was 

analyzed. 	Based on the analysis results, the type of amino acids that were allowed to appear in 

the His library were selected from those with higher appearance frequency at each position. 	At 

this time, amino acids whose appearance frequency was determined to be low based on the 

analysis results were also selected to avoid the bias of amino acid properties. 	The appearance 

frequency of the selected amino acids was determined in reference to the analysis results of the 

Kabat database. 

As His libraries, His library I which is fixed to necessarily incorporate a single histidine 

into each CDR. and His library 2 which is more emphasized on sequence diversity than the His 

library I were designed by taking the amino acids and appearance frequency set as described 
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above into consideration. 	The detailed designs of His libraries 1 and 2 are shown in Tables 3 

and 4 (with the positions in each table representing the Kabat numbering). 	Ser (S) at position 

94 can be excluded if position 92 represented by the Kabat numbering is Asn (N) for the 

appearance frequency of amino acids as described in Tables 3 and 4. 

5 

[Referettee-Ex-ainple-24)- -Preparation of a-ph-Age-display library-fcc,hturianannbecliertfiffis-. 

library 1) io obtain an antibody that binds to antigen in a pH-dependent manner. 

A gene library of antibody heavy-chain variable regions was amplified by PCR using a 

poly A RNA prepared from human PBMC, and commercial human poly A RNA as a template. 

10 A gene library of antibody light-chain variable regions designed as His library 1 as described in 

Example I was amplified using PCR. 	A combination of the gene libraries of antibody 

heavy-chain and light-chain variable regions generated as described above was inserted into a 

phagemid vector to construct a human antibody phage display library which presents Fab 

domains consisting of human antibody sequences. 	For the construction method, Methods Mol 

15 Biol. (2002) 178, 87-100 was used as a reference. 	For the construction of the library, a linker 

region connecting the phagemid Fab to the phage pill protein, and the sequences of a phage 

display library with a trypsin cleavage sequence inserted between the N2 and CT domains of the 

helper phage pill protein gene were used. 	Sequences of the antibody gene portions isolated 

from E. coli into which the antibody gene library was introduced were identified. and sequence 

20 information was obtained for 132 clones. 	The designed amino acid distribution and the amino 

acid distribution of the identified sequences are shown in Fig. 53. 	A library containing various 

sequences corresponding to the designed amino acid distribution was constructed. 

[Reference Example 25] 	Preparation of a human antibody phage display library (His library 2) 

25 to obtain antibodies that bind to antigen in a pH-dependent manner 

A gene library of antibody heavy-chain variable regions was amplified by PCR using a 

poly A RNA prepared from human PBMC, and commercial human poly A RNA as a template. 

As described in Reference Example 23, of the light chain portions of the antibody variable 

regions, those with increased appearance frequency of histidine residues having a high potential 

30 to be an antigen contact region. are designed to increase the appearance frequency of antibodies 

having a pH-dependent antigen-binding ability. 	In addition, for amino acid residues other than 

those with histidines introduced among the flexible residues, a library of antibody light-chain 

variable regions with evenly distributed amino acids of high appearance frequency identified 

using the information of amino acid appearance frequency in natural human antibodies is 

35 designed. 	A gene library of antibody light-chain variable regions designed as described above 

was synthesized. 	A library can be commercially synthesized on a consignment basis. 	A 
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combination of the gene libraries of antibody heavy-chain and light-chain variable regions 

generated as described above was inserted into a phagemid vector to construct a human antibody 

phage display library which presents Fab domains consisting of human antibody sequences by a 

known method (Methods Mol Biol. (2002) 178. 87-100). An antibody gene portion isolated 
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25 

30 

from E. coli with an antibody gene library introduced was sequenced as described in Reference 

[Reference Example 26] 	Effects of combining modification of selective binding to FtyRI1b 

with other Fc region amino acid substitutions 

An attempt was made to further enhance the selectivity for FeyRIlb by modifying the 

variant with Pro at position 238 (EU numbering) substituted by Asp which has improved 

selectivity for FcyRIlb as found in Example 14. 

First, with regard to IL6R-G I d-vl (SEQ ID NO: 80) which is obtained by introducing 

the modification of substituting Pro at position 238 (EU numbering) of IL6R-G Id with Asp, the 

variant I L6R-Gld-v4 (SEQ ID NO: 172) in which Leu at position 328 (EU numbering) was 

substituted by Glu to enhance the selectivity for FcyRIlb as described in Example 14 was 

prepared. 	IL6R-Gld-v4 expressed in combination with IL6R-L (SEQ ID NO: 83), which was 

used as the L chain, was prepared as described in Reference Example 2. 	An antibody having an 

amino acid sequence derived from IL6R-G Id-v4 as antibody H chain obtained here is described 

as IgG I -v4. 	Binding activities to FcyRilb of IgG I. IgG I -v1, lgG I -v2, and IgG 1-v4, examined 

as described in Example 14. are shown in Table 44. 	Modifications in the table represent those 

introduced into IL6R-G I d. 

[Table 44] 

• RELATIVE RD FOR Fe y Rub 
VARIANT 	ALTERATION 	i KO FOR Fc y RI Lb : 

0n01/14 	: ID FOR IgGI/KU FOR EACH VARIANT' 
' 	 . 

Ig01 OL6R-G Id} 	 : 	5.30E-06 	1 	 I  
Igew I -y1 	PflIt!) 	' 	1,10E-06 	; 	 4.8 
1801-y2 	7 	!,32HE 	2.30E-06 	 2.3 

I 	IgGI-v4 	: P2380/ L328F, . 	1.10E-05 	 0.47 

From the results of Table 44. since L328E improves the FcyRIlb-binding activity by 2.3 

fold compared with IgGI, combining it with P238D which similarly improves the 

FcyRIlb-binding activity by 4.8 fold compared with IgGI was anticipated to further increase the 

degree of improvement of FcyRIlb-binding activity, however, in reality, the FeyRIIb-binding 

activity of the variant containing a combination of these alterations was decreased to 0.47 fold 

compared with that of IgGl. 	This result is an effect that could not have been predicted from the 
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respective alterations. 

Similarly, into IL6R-G I d-vl (SEQ ID NO: 80) produced by introducing into IL6R-Gld 

the alteration produced by substituting Pro at position 238 (indicated by EU numbering) with 

Asp, the substitutions of Ser at position 267 (indicated by EU numbering) with Glu and of Leu at 

position 328 (indicated by EU numbering) with Phe as described in Example 14 which improve 

FcyRIPo-binding-activity were. itttrcucetkarid-ilit-IL6R-Crl d-v5-variant(SEQ 1D+10:-.193)-wer 

prepared according to the method of Reference Example 2. 	The obtained antibody having the 

amino acid sequence derived from IL6R-Gld-v5 as the antibody H chain has been called 

IgG I -v5. 	The FcyRlIb-binding activities of IgG1, IgG1 -v1, IgGI-v3, and IgGI-v5 as evaluated 

according to the method of Example 14, are shown in Table 45. 

S267E/L328F which is the modification with an enhancing effect on FcyRllb in 

Example 14 was introduced into the P238D variant. 	Changes in the FcyRIlb-binding activities 

before and after introducing this alteration are shown in Table 45. 

[Table 45] 

VARIANT ALTERATION 
KD FOR Fele Mb 

Irnol/L) 

RELATIVE KD FOR Fc y RIM 

(RD FOR IsG1/10) FOR EACH VARIANT) 

1011 111.68-01d1 - 5.30E-06 	I 	 I 
Jell -v1. P238D 1.10E-06 	 4.8 
IgG1-v3 S267E/L328F 1.30E-08 	 408 
IgGI-v5 P238D/S267E/L328F 4.50E-07 	 11 

From the results of Table 45. since S267E/L328F improves the FeyRIlb-binding activity 

by 408 fold compared with IgG I. combining it with P238D which similarly improves the 

FcyFillb-binding activity by 4.8 fold as compared with IgG I was anticipated to further increase 

the degree of improvement of Fc-fRI1b-binding activity; however, in reality, in a similar manner 

to the former example. the FcyR1lb-binding activity of the variant containing a combination of 

these alterations was improved only 12 fold or so as compared with that of IgGI. 	This result is 

also an effect that could not have been predicted from the effects of the respective alterations. 

These results showed that while the substitution of Pro at position 238 (indicated by EU 

numbering) with Asp alone improves FcyRI1b-binding activity, the effect is not exhibited when it 

is combined with other alterations that improve the FcyRilb-binding activity. 	A reason for this 

may be that the structure of the interface for the interaction between Fc and FcyR is changed by 

introducing the substitution of Pm at position 238 (indicated by EU numbering) with Asp and the 

effects of alterations observed in the naturally-occurring antibody are no longer reflected in the 

results. 	Accordingly, it was considered to be extremely difficult to create an Fe with excellent 
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selectivity for FcyRIlb using an Fc comprising substitution of Pro at position 238 (indicated by 

EU numbering) with Asp as a template, since the information on effects of alterations obtained 

with naturally-occurring antibodies could not be applied. 

5 [Reference Example 27] Comprehensive analysis of FcyR1lb binding of variants introduced with 

. _an alteration_at the..binpisocasu-ia-addition.to-the-P23.8D talon— 	- 	, 

As shown in Reference Example 26, in an Fc produced by substituting Pro at position 

238 (indicated by EU numbering) with Asp in a naturally-occurring human IgGI, an anticipated 

combinatorial effect could not be obtained even by combining it with another alteration predicted 

10 to further increase FcyRIlb binding from the analysis of naturally-occurring antibodies. 

Therefore, in order to find variants that further enhance FcyRllb binding, modifications were 

comprehensively introduced into the altered Fc produced by substituting Pro at position 238 

(indicated by EU numbering) with Asp. 	IL6R-F11 (SEQ ID NO: 174) was produced by 

introducing an alteration of substituting Met at position 252 (indicated by EU numbering) with 

15 Tyr and an alteration of substituting Asn at position 434 (indicated by EU numbering) with Tyr in 

IL6R-Gld (SEQ ID NO: 79) which was used as the antibody H chain. 	Furthermore, 

IL6R-F652 (SEQ ID NO: 175) was prepared by introducing an alteration of substituting Pro at 

position 238 (indicated by EU numbering) with Asp into IL6R-F11. 	Expression plasmids 

containing an antibody H chain sequence were prepared for each of the antibody H chain 

20 sequences produced by substituting the region near the residue at position 238 (indicated by EU 

numbering) (positions 234 to 237. and 239 (indicated by EU numbering)) in IL6R-F652 each 

with I8 amino acids excluding the original amino acids and Cys. 	IL6R-L (SEQ 1D NO: 83) 

was utilized as a common antibody L chain for all of the antibodies. 	These variants were 

expressed and purified by the method of Reference Example 2. 	These Fc variants are called PD 

25 variants. 	Interactions of each PD variant with FcyRIla type R and FcyRlib were 

comprehensively evaluated by the method of Example 14. 

A figure that shows the results of analyzing the interaction with the respective FcyRs 

was produced according to the following method. 	The value obtained by dividing the value for 

the amount of binding of each PD variant to each FcyR by the value for the amount of FcyR 

30 binding of the pre-altered antibody which is used as the control (IL6R-F652/1L6R-L, which has 

an alteration of substituting Pro at position 238 (indicated by EU numbering) with Asp and then 

multiplying the result by 100, was shown as the relative binding activity value of each PD 

variant to each FcyR. 	The horizontal axis shows relative values of the FeyRIlb-binding activity 

of each PD variant, and the vertical axis shows relative values of the FcyRIla type R-binding 

35 activity values of each PD variant (Fig. 55). 

As a result, it was found that the FcyRIIb binding of eleven types of alterations were 
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enhanced compared with the antibody before introducing 

maintaining or enhancing FcyRIla type R-binding. 	The 

bind FcyRIlb and FcyRIla R are summarized in Table 

SEQ ID NO of the H chain of the evaluated variant, and 

introduced into IL6R-F11 (SEQ ID NO: 174). 

[Table 46] 

alterations, and they 

activities of these 

46. 	In the table, SEQ 

alteration refers to 

have the effects of 

eleven variants to 

ID NO refers to the 

the alteration 

SEQ ID NO VARIANT NAME ALTERATION RELATIVE BINDING 
ACTIVITY FOR 
Fc 1. RIlb 

RELATIVE BINDING 
ACTIVITY FOR 
Fc •a RIIaR 

1 7 5 IL6R-F652/IL6R4. P238D 100 100 
1 7 6 11.6R-PD042/1L6R-L P238D/L234W 106 240 
1 7 7 IL6R-PD043/11.6R-L P238D/1.234Y 112 175 
1 7 8 1L6R-PD079/11.6R-L P2380/(1237A 101 138 

1 7 9 IL6R-PD080/IL6R-L P238D/0237D L27 222 

1 8 0 I IL6R-PD081/1L6R-L P2380/02378 101 117 
1 8 1 IL6R-PD082/11-6R-L P238D/G237F 108 380 
1 8 2 1L6R-PD086/1L6R-L P2380/G237L 112 268 
1 8 3 IL6R-P13087/1L6R-L P238D/G237M 109 1% 
1 8 4 11.6R-P0094/11-6R-L P238D/0237W 122 593 
1 8 5 IL6R-PD095/1L6R-L P238D/0237Y 124 543 
1 8 6 116R-PD097/1L6R-L P238D/S239D 139 844 

Fig. 56 shows relative values for the Fr/Mb-binding activity obtained by additionally 

introducing the above eleven alterations into a variant carrying the P238D alteration, and relative 

values for the FcyRIlb-binding activity of a variant obtained by introducing the alterations into 

an Fc that does not contain the P238D. 	These eleven alterations enhanced the amount of 

FcyRIlb binding compared with before introduction when they were further introduced into the 

P238D variant. 	On the contrary, the effect of lowering FcyRIlb binding was observed for eight 

of those alterations except 0237F, 0237W, and S239D, when they were introduced into the 

variant that does not contain P238D (GpH7-B3/GpL16-k0) used in Example 14. 	Reference 

Example 26 and these results showed that, based on the effects of introducing alterations into a 

naturally-occurring IgGI, it is difficult to predict the effects of combining and introducing the 

same alterations into the variant containing the P238D alteration. 	In other words, it would not 

have been possible to discover these eight alterations identified this time without this 

investigation that introduces the same alterations aretombined and introduced into the variant 

containing the P238D alteration. 

The results of measuring ICD values of the variants indicated in Table 46 for FcyRla, 

FcyRIlaR, FcyRIIaH, FcyRIlb, and FcyRIIlaV by the method of Example 14 are summarized in 

Table 47. 	In the table, SEQ ID NO refers to the SEQ ID NO of the H chain of the evaluated 
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variant, and alteration refers to the alteration introduced into IL6R-F11 (SEQ ID NO: 174). 

The template used for producing IL6R-F11, IL6R-G1d/IL6R-L, is indicated with an asterisk (*). 

Furthermore. KD(IlaR)/CD(11b) and KD(11aH)/KD(llb) in the table respectively show the value 

obtained by dividing the KD value of each variant for FcyRJIaR by the KD value of each variant 

5 for FcyR1113, and the value obtained by dividing the KD value of each variant for FcyRIlaH by 

. .theXattalticafeacb varinfor..EcyRIth... -1CD(Baktthspattat potypepti del .K.D(11b)-cti the 

altered polypeptide refers to a value obtained by dividing the KD value of the parent polypeptide 

for FcyRllb by the KD value of each variant for FcyRIlb. 	In addition, Table 47 shows KD 

values for the stronger of the FcyRIlaR- and FcyRIlaH-binding activities of each variant / KD 

10 values for the stronger of the FeyRIlaR- and FeyltIlaH-binding activities of the parent 

polypeptide. 	Here, parent polypeptide refers to a variant which has IL6R-F11 (SEQ ID NO: 

27) as the H chain. 	It was determined that due to weak binding of FcyR to IgG, it was 

impossible to accurately analyze by kinetic analysis, and thus the gray-tilled cells in Table 47 

show values calculated by using Equation 5 of Example 14. 

15 (Equation 5) 

KD =C x Rmax / (Req - RI) - C 

Table 47 shows that all variants improved their affinity for FcyRIIb in comparison with 

IL6R-F11, and the range of improvement was 1.9 fold to 5.0 fold. 	The ratio of KD value of 

each variant for FcyRllaR / KD value of each variant for FcyRIlb, and the ratio of KD value of 

20 each variant for FcyRIlaH / KD value of each variant for FcyRIlb represent an FcyRIIb-binding 

activity relative to the FcyRlIaR-binding activity and FcyRIlaH-binding activity, respectively. 

That is, these values show the degree of binding selectivity of each variant for FcyR.11b. and a 

larger value indicates a higher binding selectivity for FcyRIlb. 	For the parent polypeptide 

IL6R-F11/1L6R-L, the ratio of KD value for FcylthaR / KD value for FcyltIlb and the ratio of 

25 KD value for FcyR11aH / KD value for FeyRIth are both 0.7, and accordingly all variants in 

Table 47 showed improvement of binding selectivity for FcyRIIb in comparison with the parent 

polypeptide. 	When the KD value for the stronger of the FcyRIlaR- and FcyRIlall-binding 

activities of a variant / KD value for the stronger of the FcyFtIlaR- and FcyRIlaH-binding 

activities of the parent polypeptide is I or more, this means that the stronger of the FcyRIlaR- 

30 and FcyRIlaH-binding activities of a variant has equivalent or reduced binding compared with 

the binding by the stronger of the FcyRIlaR- and FcyRIlaH-binding activities of the parent 

polypeptide. 	Since this value was 0.7 to 5.0 for the variants obtained this time, one may say 

that binding by the stronger of the FcyRIlaR- and FcyRIlaH-binding activities of the variants 

obtained this time was nearly the same or decreased in comparison with the parent polypeptide. 

35 These results showed that compared with the parent polypeptide, the variants obtained this time 

have maintained or decreased binding activities to FcyRlla type R and type H. and improved 
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selectivity for FeyRlib. 	Furthermore, compared with IL6R-F11, all variants had lower affinity 

to FcyRla and FcyltIllaV. 

[Table 47] 
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[Reference Example 28) X-ray crystallographic analysis of a complex formed between an Fc 

containing P238D and an extracellular region of FcyRIlb 

As indicated earlier in Reference Example 27, even though an alteration that is 

predicted from the analysis of naturally-occurring IgGI antibodies to improve FcyRllb-binding 

5 activity or selectivity for FcyRllb is introduced into an Fc containing P238D, the 

-• 	-- 	• -- — -.---FeyPdlirbintlitig-acti-vity was -found to deereasecand-thenesen-for thismayhe thzt the :amour 

at the interacting interface between Fc and FeyR1lb is changed due to introduction of P238D. 

Therefore, to pursue the reason for this phenomena, the three-dimensional structure of the 

complex formed between an IgGI Fc containing the P238D mutation (hereinafter, Fc(P238D)) 

10 and the extracellular region of Fcy11.11b was elucidated by X-ray crystallographic analysis, and 

this was compared to the three-dimensional structure of the complex formed between the Fc of a 

naturally-occurring IgGI (hereinafter, Fc(WT)) and the extracellular region of FcyRllb, and the 

binding modes were compared. 	Multiple reports have been made on the three-dimensional 

structure of a complex formed between an Fc and an FcyR extracellular region; and the 

15 three-dimensional structures of the Fc(WT) / FcyR1.11b extracellular region complex (Nature, 

2000, 400: 267-273; J. Biol. Chem. 2011, 276: 16469-16477), the Fc(WT) / FcyRllla 

extracellular region complex (Proc. Natl.Acad. Sci. USA, 2011, 108: 12669-126674), and the 

Fc(WT) / FcyRlla extracellular region complex (J. 'mum'. 2011, 187: 3208-3217) have been 

analyzed. 	While the three-dimensional structure of the Fc(WT) / FcyRllb extracellular region 

20 complex has not been analyzed, the three-dimensional structure of a complex formed with 

Fc(WT) is known for FcyRlla, and the extracellular regions of FcyRIla and FcyRllb match 93% 

in amino acid sequence and have very high homology. 	Thus, the three-dimensional structure of 

the Fc(WT) / FcyRllb extracellular region complex was predicted by modeling using the crystal 

structure of the Fc(WT) / FcyRlla extracellular region complex. 

25 

30 

The three-dimensional structure of the Fc(P238D) / FcyRllb extracellular region 

complex was determined by X-ray crystallographic analysis at 2.6 A resolution. 	The structure 

obtained as a result of this analysis is shown in Fig. 57. 	The FcyRIlb extracellular region is 

bound between two Fc CH2 domains, and this was similar to the three-dimensional structures of 

complexes formed between Fc(WT) and the respective extracellular region of FeyRII1a, FcyR111b, 

or FcyRIla analyzed so far. 

Next, for detailed comparison, the crystal structure of the Fc(P238D) / FcyRllb 

extracellular region complex and the model structure of the Fc(WT) / FcyRllb extracellular 

region complex were superimposed by the least squares fining based on the Ca atom pair 

distances with respect to the FcyRllb extracellular region and the Fc CH2 domain A (Fig. 58). 

35 In that case, the degree of overlap between Fc CH2 domains B was not satisfactory, and 

conformational differences were found in this portion. 	Furthermore, using the crystal structure 
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of the Fc(P238D) / FcyllIth extracellular region complex and the model structure of the Fc(WT) 

/ Fcyallb extracellular region complex, pairs of atoms that have a distance of 3.7 A or less 

between the extracted FcyRllb extracellular region and Fc CH2 domain B were extracted and 

compared in order to compare the interatomic interaction between FcyRIlb and Fc (WT) CH2 

5 domain B with the interatomic interaction between FcyRilb and Fc(P238D). 	As shown in Table 

intontovoir intarcirliens between-Fc CH2 &scaly: B and-FcyRIBT in fe(P2-38D)-and _albs 

Fc(WT) did not match. 

[Table 48] 
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F;y1U. lb ATOM 
Fc (P648D) CH2 DOMAIN B 
INTERACTION PARTNER 
(DISTANCE BETWEEN ATOMS, A) 

Fc(WT 	01-12 	DOMAIN B 
INTERACTION PARTNER 
(DISTANCE BETWEEN ATOMS, A ) 

Val 	116 	CG2 Asp 
Sly 

265 
237 

OD2 
0 

(3.47: 
(3.65) 

Ser 	126 	OG 
Ser 
Ser 
,Tatz..... 

298 
298 
',9.6 

11 

CB. 
.0 

t3.32'•  

—(4.014 

I Lys 	128 	CA Sec 296 OG Q..T30; 

Phe 	129 	C3 Ser 2% 0 {3.36) 

Phe 	129 	CD2 Asn 
Asn 

297 
297 

CB 
CG 

(3. fa.; : 
(3.43; 

Lys 	12," 	C Ser 292:: OG !3.-fl. 
Phe 	1:'- 1,:, 	!-: Ser 298 OG :.-,..:  
Phe 	129 	0 Sec ^6-7 CS .,.. 

Arc 	131 	CB V;1) .; 

Arg 	131 	CG Val 0 ......__. 

Arg 	131 	CD 
Val 
Val 
Val 

....,.. 
266 
266 

051 
0 
0 

t3.451 
r3.55; 
',....:fl 

Arg 	131 	NE Ala 327 0 (3.60 
Val 
Val 
Val 

266 
266 
266 

C 
0 
N 

0.66: 
(3.01) 
(3.49) 

Arg 	131 	CZ 

Asp 
Asp 
Asp 
Ala 

270 
270 
'70 
327 

CG 
OD2 
On: 
CB 

(3.64; 
(3."; 
(3.27: 
(3.63: 

Val 26E N (3.13) 

Ar 	131 	NH1 g  

Asp 
Asp 
Asp 
Sex 

270 
270 
270 
267 

CS 
002 
OD1 
CB 

(3.1":;; 
(2.93; 

2.'.99: 
(3.56, 

Val 
Val 
Thr 
Ser 

266 
266 
299 
298 

CG1 
N 
0G1 
0 

(3.47) 
(3.43) 
(3.66) 
(3.11) 

Arg 	131 	NH2 

Asp 
Asp 
Asp 
Ala 

270 
270 
270 
227 

CG 
OM 
OM 
C2 

(3.20; 
;2.E5G: 
(2.87) 
(3.66) 

Asp 
Val 

265 
266 

CA 	• 
N 

(3.16: 
(3.37' 

Tyr 	15' 	CEl 
Lei: 

 

Tyr 	157 	OH Le- 
Lot: 

:34 
234 

:', 
... 
CC; 

: 	:•. 
....;:.- 	: 

Furthermore, the detailed structures around P238D were compared by superposing the 

X-ray crystal structure of Fc (P238D)/FcyRllb extracellular domain complex on the model 

structure of the Fc (WT)/FcyRIlb extracellular domain complex using the least squares method 

based on the Ca atomic distance between Fc CH2 domains A and B alone. 	As the position of 

the amino acid residue at position 238 (EU numbering), i.e., a mutagenesis position of Fc 

(P238D), is altered from Fe (WT), the loop structure around the amino acid residue at position 

238 following the hinge region is found to be different between Fc (P238D) and Fc (WT) (Fig. 
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59). 	Pro at position 238 (EU numbering) is originally located inside Fc (WT), forming a 

hydrophobic core with residues around position 238. 	However. if Pro at position 238 (EU 

numbering) is altered to highly hydrophilic and charged Asp, the presence of the altered Asp 

residue in a hydrophobic core is energetically disadvantageous in terms of desolvation. 

5 	Therefore, in Fc(P238D), to cancel this energetically disadvantageous situation, the amino acid 

... ..,........”...._tecidue.at.position 2384i1adicated-by.FaLlstuasbering) changreG- it-orientation- in.facso the-solwrit — 	. 

side, and this may have caused this change in the loop structure near the amino acid residue at 

position 238. 	Furthermore, since this loop is not far from the hinge region crosslinked by an 

S-S bond, its structural change will not be limited to a local change, and will affect the relative 

10 	positioning of the FcCH2 domain A and domain B. 	As a result, the interatomic interactions 

between FcyR11b and Fc CH2 domain B have been changed. 	Therefore, predicted effects could 

not be observed when alterations that improve selectivity and binding activity towards FcyR11b 

in a naturally-occurring IgG were combined with an Fc containing the P2380 alteration. 

Furthermore, as a result of structural changes due to introduction of P23813 in Fc CH2 

15 	domain A. a hydrogen bond has been found between the main chain of Gly at position 237 

(indicated by EU numbering), which is adjacent to P238D mutated, and Tyr at position 160 in 

FcyRIlb (Fig. 60). 	The residue in FcyRIla that corresponds to this Tyr 160 is Phe; and when the 

binding is to FcyRlla, this hydrogen bond is not formed. 	Considering that the amino acid at 

position 160 is one of the few differences between FcyR1la and FcyRllb at the interface of 

20 	interaction with Fe, the presence of this hydrogen bond which is specific to FeyRIlb is presumed 

to have led to improvement of Fc yRIlb-binding activity and decrease of FcyRIla-binding activity 

in Fc(P238D), and improvement of its selectivity. 	Furthermore, in Fc CH2 domain B, an 

electrostatic interaction is observed between Asp at position 270 (indicated by EU numbering) 

and Arg at position 131 in FcyRifb (Fig. 61). 	In FcyR1la type H, which is one of the allotypes 

25 	of FcyRIla, the residue corresponding to Arg at position 131 of FcyRIlb is His, and therefore 

cannot form this electrostatic interaction. 	This can explain why the Fc(P238D)-binding activity 

is lowered in FcyRIla type H compared with FcyRIla type R. 	Observations based on such 

results of X-ray crystallographic analysis showed that the change of the loop structure beside 

P238D due to P238D introduction and the accompanying change in the relative domain 

30 	positioning causes formation of new interactions which is not found in the binding of the 

naturally-occurring IgG and FcyR. and this could lead to a selective binding profile of P2380 

variants for FcyRIIb. 

[Expression and Purification of Fc(P238D)) 

35 	 An Fc containing the P2380 alteration was prepared as follows. 	First, Cys at position 

220 (indicated by EU numbering) of hIL6R-IgGI-v1 (SEQ ID NO: 80) was substituted with Ser. 
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Then, genetic sequence of Fc(P238D) from Glu at position 236 (indicated by EU numbering) to 

its C terminal was cloned by PCR. 	Using this cloned genetic sequence, production of 

expression vectors. and expression and purification of Fc(P238D) were carried out according to 

the method of Reference Examples 1 and 2. 	Cys at position 220 (indicated by EU numbering) 

5 forms a disulfide bond with Cys of the L chain in general IgG I . 	The L chain is not 

- vsexpressod wircrife. aluntisiipreparth; and' thertforertlic Cys residucns-substituttt+with Set 	- 

to avoid formation of unnecessary disulfide bonds. 

[Expression and purification of the FcyRllb extracellular region] 

10 The FcyRllb extracellular region was prepared according to the method of Example 14. 

[Purification of the Fc(P238D) / FcyRllb extracellular region complex] 

To 2 mg of the FcyRllb extracellular region sample obtained for use in crystallization, 

0.29 mg of Endo Fl (Protein Science 1996, 5: 2617-2622) expressed and purified from 

15 Escherichia coil as a glutathione S-transferase fusion protein was added. 	This was allowed to 

remain at room temperature for three days in 0.1 M Bis-Tris buffer at pH 6.5. and the N-linked 

oligosaccharide was cleaved, except for N-acetylglucosamine directly bound to Asn of the 

FcyRllb extracellular region. 	Next, the FcyRllb extracellular domain sample subjected to 

carbohydrate cleavage treatment, which was concentrated by ultrafiltration with 5000 MWCO. 

20 waas purified by gel filtration chromatography (Superdex200 10/300) using a column 

equilibrated in 20 mM HEPS at pH 7.5 containing 0.05 M NaCI. 	Furthermore, to the obtained 

carbohydrate-cleaved FcyRllb extracellular region fraction. Fc(P238D) was added so that the 

molar ratio of the FcyRIIb extracellular region would be present in slight excess. 	The mixture 

concentrated by ultrafiltration with 10.000 MWCO was subjected to purification by gel filtration 

25 chromatography (Superdex200 10/300) using a column equilibrated in 20 mM HEPS at pH 7.5 

containing 0.05 M NaCI. 	Thus, a sample of the Fc(P238D) / FcyRllb extracellular region 

complex was obtained. 

[Crystallization of the Fc(P238D) / FcyRllb extracellular region complex] 

30 Using the sample of the Fc(P238D) / FcyRlIb extracellular region complex which was 

concentrated to approximately 10 mg/mL by ultrafiltration with 10,000 MWCO, crystallization 

of the complex was carried out by the sitting drop vapor diffusion method. 	Hydra II Plus One 

(MATRIX) was used for crystallization; and for a reservoir solution containing 100 mM Bis-Tris 

pH 6.5, 17% PEG3350, 0.2 M ammonium acetate, and 2.7% (w/v) D-Galactose. a crystallization 

35 drop was produced by mixing at a ratio of reservoir solution : crystallization sample = 0.2 µL : 

0.2 p.L. 	The crystallization drop after sealing was allowed to remain at 20°C, and thus thin 
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plate-like crystals were obtained. 

[Measurement of X-ray diffraction data from an Fc(P238D) / FcyRllb extracellular region 

complex crystal] 

5 One of the obtained single crystals of the Fc(P238D) / FeyRIlb extracellular region 

romplex-wassioakedintossobnIno ftf-t/XtutMaisaIrisiall.6.5,,.20.%-PEC3350, -ammonium..._ ..  

acetate, 2.7% (w/v) D-Galactose. 22.5% (v/v) ethylene glycol. 	The single crystal was fished 

out of the solution using a pin with attached tiny nylon loop, and frozen in liquid nitrogen. 	The 

X-ray diffraction data of the crystal was measured at synchrotron radiation facility Photon 

10 Factory BL-IA in High Energy Accelerator Research Organization. 	During the measurement. 

the crystal was constantly placed in a nitrogen stream at -178°C to maintain in a frozen state, and 

a total of 225 X ray diffraction images were collected using Quantum 270 CCD detector (ADSC) 

attached to a beam line with rotating the crystal 0.8° at a time. 	Determination of cell 

parameters, indexing of diffraction spots, and diffraction data processing from the obtained 

15 diffraction images were performed using the Xia2 program (CCP4 Software Suite), XDS 

Package (Walfgang Kabsch) and Scala (CCP4 Software Suite); and finally, diffraction intensity 

data of the crystal up to 2.46 A resolution was obtained. 	The crystal belongs to the space group 

P21, and has the following cell parameters; a = 48.85 A, b = 76.01 A, c = 115.09 A, a = 90°,13 = 

100.70°, y = 90°. 

20 

[X ray crystallographic analysis of the Fc(P238D) / FcyR1lb extracellular region complex] 

Crystal structure of the Fc(P238D) / FcyRllb extracellular region complex was 

determined by the molecular replacement method using the program Phaser (CCP4 Software 

Suite). 	From the size of the obtained crystal lattice and the molecular weight of the Fc(P238D) 

25 / FcyRllb extracellular region complex, the number of complexes in the asymmetric unit was 

predicted to be one. 	From the structural coordinates of PDB code: 3SGJ which is the crystal 

structure of the Fc(WT) / FcyRllla extracellular region complex, the amino acid residue ponions 

of the A chain positions 239-340 and the B chain positions 239-340 were taken out as separate 

coordinates, and they were set respectively as models for searching the Fc CH2 domains. 	The 

30 amino acid residue portions of the A chain positions 341-444 and the B chain positions 341-443 

were taken out as a single set of coordinates from the same structural coordinates of PDB code: 

3SGJ: and this was set as a model for searching the Fc CH3 domains. 	Finally, from the 

structural coordinates of PDB code: 2FCB which is a crystal structure of the FcyRIlb 

extracellular region, the amino acid residue portions of the A chain positions 6-178 was taken out 

35 and set as a model for searching the FcyRllb extracellular region. 	The orientation and position 

of each search model in the crystal lattice were determined in the order of Fc CH3 domain, 
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FcyR1lb extracellular region, and Fc CH2 domain, based on the rotation function and translation 

function to obtain the initial model for the crystal structure of the Fc(P238D) / FcyR11b 

extracellular region complex. 	When rigid body refinement which moves the two Fc CH2 

domains, the two Fc CH3 domains, and the FcyR1Ib extracellular region was performed on the 

5 obtained initial model, the crystallographic reliability factor, R value became 40.4%, and the 

25 A-ter-310-A-atihisteitt:— - Free:ft-yak:le balante.41:-9% terdiffractien-iret...asitplate.frot. 	 - 	- 

Furthermore, structural refinement using the program Refn3ac5 (CCP4 Software Suite). and 

revision of the model to observe the electron density maps whose coefficient have 2Fo-Fc or 

Fo-Fc, which are calculated based on the experimentally determined structural factor Fo. the 

10 calculated structural factor Fe and the calculated phase using the model, was carried out by the 

Coot program (Paul Emsley). 	Model refinement was carried out by repeating these steps. 

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 4846 

15 non-hydrogen atoms became 23.7% and 27.6% to 24291 diffraction intensity data from 25 A to 

2.6 A resolution, respectively. 

[Production of a model structure of the Fc(WT) / FcyRllb extracellular region complex] 

Based on the structural coordinates of PDB code: 3RY6 which is a crystal structure of 

20 the Fc(WT)1 FcyRlIa extracellular region complex, the Build Mutants function of the Discovery 

Studio 3.1 program (Accelrys) was used to introduce mutations to match the amino acid 

sequence of FcyR1lb into FeyRI la in this structural coordinates. 	In that case, the Optimization 

Level was set to High, Cut Radius was set to 4.5, five models were generated, and the one with 

the best energy score from among them was set as the model structure for the Fc(WT)/ FcyRI1b 

25 extracellular region complex. 

[Reference Example 29] Analysis of FcyR binding of Fc variants whose alteration sites were 

determined based on crystal structures. 

Based on the results of X-ray crystallographic analysis on the complex formed between 

30 Fc(P238D) and the FcyR11b extracellular region obtained in Reference Example 28, variants 

were constructed by comprehensively introducing alterations into sites on the altered Fc having 

substitution of Pro at position 238 (indicated by EU numbering) with Asp that were predicted to 

affect interaction with FeyRIlb (residues of positions 233, 240, 241, 263, 265, 266, 267, 268, 271, 

273, 295, 296. 298. 300, 323. 325, 326, 327, 328, 330. 332, and 334 (indicated by EU 

35 numbering)), and whether combinations of alterations that further enhance FcyRIlb binding in 

addition to the P238D alteration can be obtained, was examined. 
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IL6R-B3 (SEQ ID NO: 187) was produced by introducing into IL6R-G Id (SEQ ID NO: 

79) produced in Example 14, the alteration produced by substituting Lys at position 439 

(indicated by EU numbering) with GIu. 	Next, IL6R-BF648 was produced by introducing into 

IL6R-B3. the alteration produced by substituting Pro at position 238 (indicated by EU 

5 numbering) with Asp. 	IL6R-L (SEQ ID NO: 83) was utilized as the common antibody L chain. 

These antirxwly variants. expressedfrwere•purifiaccording.to-thc-tre..thod of•Refirence-Exarnple 

2. 	The binding of these antibody variants to each of the FcyRs (FcyRla, FcyRIla type H, 

FeyRIla type R, FeyRIlb, and FcyRIlla type V) was comprehensively evaluated by the method of 

Example 14. 

10 A figure was produced according to the following method to show the results of 

analyzing the interactions with the respective FcyRs. 	The value for the amount of binding of 

each variant to each FcyR was divided by the value for the amount of binding of the pre-altered 

control antibody (IL6R-BF648/1L6R-L, alteration by substituting Pro at position 238 (indicated 

by EU numbering) with Asp) to each FcyR, and the obtained was then multiplied by 100 and 

15 shown as the relative binding activity value of each variant to each FcyR. 	The horizontal axis 

shows the relative binding activity value of each variant to FcyRIlb, and the vertical axis shows 

the relative binding activity value of each variant to FcyRlla type R (Fig. 62). 

As shown in Fig. 62, the results show that of all the alterations. 24 types of alterations 

were found to maintain or enhance FcyRllb binding in comparison with the pre-altered antibody. 

20 The binding of these variants to each of the FcyRs are shown in Table 49. 	In the table. 

alteration refers to the alteration introduced into IL6R-B3 (SEQ ID NO: 187). 	The template 

used for producing IL6R-B3. IL6R-G1d/IL6R-L, is indicated with an asterisk (*). 

[Table 49) 
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VARIANT NAME 

11.6R- 
G15_1(11.612-1, 
IL6R-B3/11.612- 
L 

ALTERATION 

• 

' RELATIVE BINDING 

•-i- 

FeyRla FcyREaR PcyR1laH FeyR111) 	, 	FcyRliIa 
62 

58 

3348 140 

145 

650 

625 ' 

1670 

1601 3264 

IL6R- 
BF648/11bR-L . 

P238D 100 100 100 100 100 

-Ha 	, --i 
213002/ IL6R-L : 

--',—PThElt,143260B. ter3 14V 

IL6R- 
BP100/IL6R-L 

P238D/8267A 121 
i 

197 128 110 138 

IL6R- 
BP102/11.6R-L 

P238D/5267Q 104 165 66 106 	i 86 

IL6R- 
BP103/11.6R-L : 
IL6R- 
BP1.06/116R-L : 

P238D/ .9267V 56 	: 
i 

163 69 107 77 

P238D/H268D 127 	. 150 110 116 127 

IL6R- 	: 
BP107/1L6R-L - 

F'23813/H268E 123 	; 
:  

147 114 118 	I 129 

IL6R- 
BPI 10/11.6R-L 

 P238D/H268N 105 	i 128 127 101 127 

IL6R- 
BPI 12/1L6R-1. i 

P238D/12271(1 119 	: 340 113 157 102 

II-6R- 	! 
2B128/1L6R-L 

P238D/Y296D 95 	I 87 I 37 103 96 

11.6R- 
2B169/IL6R-L 
IL6R- 
2B1.71/116R-L 
11.6R- 	• 
2B172/1161:-L 
11.6R. 
BP13WIL612-L . 

 P.238D/V323I 73 	' 92 I 83 104 	I 94 

P2381)!V323L 

P2381) iV323M 

82381E1:326A 

116 

140 

117 

117 

244 

1 

I 

115 

179 

113 	I 
_ 

132 	I 

122 

144 

159 I 103 119 	I  102 

116R- 	: 
BPI 17/IL6R-L 

P238D/K326D 124 166 I  
i 

96 118 
___L 

105 

IL6R- 	1 
BP 120/IL6R-L : 

P238D/K326E 125 175 i 92 114 	j 103 

IIJaR- 	, 
BP126/1L6R-L 

1 	
i  

IL6R- 	' 
BP119/11-6R-1. 
IL6R- 
BP 1 42/11.6R-L 

P2381)/ K326L 

P2386 1 ic326M 

j113 

1 i 7 

167 

 181 

132 

133 

103 
.. 	. 
110 

146 

145 

P238D/K326N 98 103 ; 97 106 102 

11.612- 
BP121/11,6R-L 

P238D/K326Q 1 118 155 

132 

126 

101 

101 

: 

135 113 157 

IL6R- 
RP1 	8/11.6R-1. 

P238D/K3263 101 128 104 

: 

144 

114 

1 0i 

91 

IL6R- 
BP11WIL6R-L 

P238D/K3267 

i 
i 

 110 

52 

106 

110 

108 

89 

108 

11.6R- 
.1311911/11r6R-L 
117.6R- 
BP078/IL6R-L 

P238D/A330K 

P23813/A330M 

119 

105 

LL6R- 
1-1PCIIWILF,P.I 

P238D/A330R 1 60 81 93 103 	I 
1 

97 
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The results of measuring KD values of the variants shown in Table 49 for FcyRla, 

FcyRIlaR, FcyRllaH, FcyRllb. and FcyRIlla type V by the method of Example 14 are 

summarized in Table 50. 	In the table, alteration refers to the alteration introduced into IL6R-B3 

(SEQ ID NO: 187). 	The template used for producing 1L6R-B3. IL6R-G1d/IL6R-L, is indicated 

5 with an asterisk (*). 	Furthermore. KD(lIaR)/KD(11b) and KDOlaHVICD(Hb) in the table 

respr—tive,tly represent the value obtained by-dividing the KD vahieofeach vcriant-for FeyRILsK 

by the KD value of each variant for FcyRIlb, and the value obtained by dividing the KD value of 

each variant for FcyRIIaH by the KD value of each variant for FcyRIlb. 	KD(11b) of the parent 

polypeptide /ICD(IIb) of the altered polypeptide refers to the value obtained by dividing the KD 

10 value of the parent polypeptide for FcyRIlb by the KD value of each variant for FcyRIlb. 	In 

addition, the KD value for the stronger of the FcyRIlaR- and FcyRIlaH-binding activities of each 

variant / KD value for the stronger of the FcyRIlaR- and FcyRllaH-binding activities of the 

parent polypeptide arc shown in Table 50. 	Here, parent polypeptide refers to the variant which 

has IL6R-B3 (SEQ ID NO: 187) as the H chain. 	It was determined that due to weak binding of 

15 FcyR to IgG, it was impossible to accurately analyze by kinetic analysis, and thus the gray-filled 

cells in Table 50 show values calculated by using Equation 5 of Example 14. 

[Equation 5) 

10 =C x Rmax / (Req - RI) - C 

Table 50 shows that in comparison with IL6R-B3. all variants showed improvement of 

20 affinity for FcyR1113, and the range of improvement was 2.1 fold to 9.7 fold. 	The ratio of KD 

value of each variant for FcyRIlaR / KD value of each variant for FcyRIlb, and the ratio of KD 

value of each variant for FcyRIlaH / KD value of each variant for FcyRIlb represent an 

FcyRIth-binding activity relative to the FcyRIlaR-binding activity and FcyRIlaH-binding activity, 

respectively. 	That is, these values show the degee of binding selectivity of each variant for 

25 FcyRIlb. and a greater value indicates a higher binding selectivity for FcyRIlb. 	Since the ratio 

of MD value for FcyRIlaR / KD value for FcyRlib, and the ratio of KD value for FcyRlIa1-1 / KD 

value for FcyRIlb in the parent polypeptide IL6R-B3/IL6R-L were 0.3 and 0.2. respectively, all 

variants in Table 50 showed improvement of binding selectivity for FeyRlib in comparison with 

the parent polypeptide. 	When the 10 value for the stronger of the FcyRIlaR- and 

30 FcyRllaH-binding activities of a variant / KD value for the stronger of the FcyFtlIaR- and 

FcyRllaH-binding activities of the parent polypeptide is 1 or more, this means that the stronger 

of the FcyRIlaR- and FcyRIlaH-binding activities of a variant has equivalent or decreased 

binding compared with the binding by the stronger of the FcyRIlaR- and FcyRI1aH-binding 

activities of the parent polypeptide. 	Since this value was 4.6 to 34.0 for the variants obtained 

35 this time, one may say that in comparison with the parent polypeptide, the variants obtained this 

time had reduced binding by the stronger of the FcyRIlaR- and FcyRIlaH-binding activities. 



290 

These results showed that compared with the parent polypeptide, the variants obtained this time 

have maintained or decreased FcyRIla type R- and type H-binding activities, enhanced 

FcyRlIb-binding activity, 

IL6R-B3, all variants had 

and improved 

lower affinity 

selectivity 

to FcyRla 

for 

and 

FcyRIlb. 

FcyRJllaV. 

Furthermore, compared with 

5 
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With regard to the promising variants among the obtained combination variants, the 

factors leading to their effects were studied using the crystal structure . 	Fig. 63 shows the 

crystal structure of the Fc(P238D) / FcyRllb extracellular region complex. 	In this figure.. the H 

chain positioned on the left side is Fc Chain A. and the H chain positioned on the right side is Fc 

5 Chain B. 	Here, one can see that the site at position 233 (indicated by EU numbering) in Fc 

-C-haiss A. is-Iocateertrear-Lr-at-pesition-i'3 ofFeyRilb.----Iloweverrirthistystastractura the 

E233 side chain is in a condition of considerably high mobility, and its electron density is not 

well observed. 	Therefore, the alteration produced by substituting Glu at position 233 (indicated 

by EU numbering) with Asp leads to decrease in the degree of freedom of the side chain since 

10 the side chain becomes one carbon shorter. 	As a result, the entropy loss when forming an 

interaction with Lys at position 113 of FcyRIlb may be decreased, and consequently this is 

speculated to contribute to improvement of binding free energy. 

Similarly, Fig. 64 shows the environment near the site at position 330 (indicated by EU 

numbering) in the structure of the Fc(P238D) / FcyRIlb extracellular region complex. 	This 

15 figure shows that the environment around the site at position 330 (indicated by EU numbering) 

of Fc Chain A of Fc (P238D) is a hydrophilic environment composed of Ser at position 85, Glu 

at position 86, Lys at position 163, and such of FeyRIlb. 	Therefore. the alteration produced by 

substituting Ala at position 330 (indicated by EU numbering) with Lys or Arg is speculated to 

contribute to strengthening the interaction with Ser at position 85 or Glu at position 86 in 

20 FcyRllb. 

Fig. 65 depicts the structures of Pro at position 271 (indicated by EU numbering) of Fc 

Chain B after superimposing the crystal structures of the Fc(P238D) / FcyRIlb extracellular 

region complex and the Fc(WT) / FcyRllla extracellular region complex by the least squares 

fitting based on the Ca atom pair distances with respect to Fc Chain B. 	These two structures 

25 match well, but have different three-dimensional structures of Pm at position 271 (indicated by 

EU numbering). 	When the weak electron density around this area in the crystal structure of the 

Fc(P238D)TcyRIlb extracellular region complex is also taken into consideration. it is suggested 

that there is possibility that Pro at position 271 (indicated by EU numbering) in Fc(P238D) / 

FcyRITh causes a large strain on the structure, thus disturbing the loop structure to attain an 

30 optimal structure. 	Therefore, the alteration produced by substituting Pro at position 271 

(indicated by EU numbering) with Gly gives flexibility to this loop structure, and is speculated to 

contribute to enhancement of binding by reducing the energetic bather when allowing an 

optimum structure to form during interaction with FcyRIlb. 

35 [Example 30] Examination of the combinatorial effect of alterations that enhance FcyRIIb 

binding when combined with P238D. 
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Of the alterations obtained in Reference Examples 27 and 29, those that enhanced 

FcyRIlb binding or maintained FcyRIlb binding and showed effects of suppressing binding to 

other FcyRs were combined with each other, and its effect was examined. 

Particularly good alterations selected from Tables 46 and 49 were introduced into the 

5 	antibody H chain IL6R-BF648 in a similar manner to the method of Reference Example 29. 

--.116R-L.watt-utilized ac the-common antibody-Lehailvthe expmssed•antibodies wettpuriffxi - - 

according to the method of Example 12. 	The binding to each of the FcyRs (FcyRla, FcyRlIa H 

type, FeylUIa R type, FcyRIlb, and FcyRUla V type) was comprehensively evaluated by the 

method of Example 14. 

10 According to the following method, relative binding activities were calculated for the 

results of analyzing interactions with the respective FcyRs. 	The value for the amount of 

binding of each variant to each FcyR was divided by the value for the amount of binding of the 

pre -altered control antibody (IL6R-BF648/IL6R-L with substitution of Pro at position 238 

(indicated by EU numbering) with Asp to each FcyR, and multiplied by 100: and then the value 

15 	was shown as the relative binding activity value of each variant to each FcyR (Table 51). 

In the table, alteration refers to the alteration introduced into IL6R-B3 (SEQ ID NO:.  

187). 	The template used for producing IL6R-133, IL6R-G I d/1L6R-L, is indicated with an 

asterisk (*). 

20 	[Table 511 



VARIANT 
NAME 

ALTERATION 
RELATIVE BINDIIC ACTIVITY 

FcgRla FcgRIIRR 1;cgitilal- FcgRllb FcgRIllaV 
16R-014/11.61t-L ' — 140 650 1670 62 3348 
0ISR-153)115k-L 145 625 1601 58 3264 
3za-ars46m81-L P238D 100 100 100 100 100 
DIAR-213253/115/1-L 9233011:238D/ V32314 155 288 207 156 126 
EU5R-213261)116R-L11233D/P23$141296D 100 94 91 115 87 
1:0611-15P052/11.611-L 8233D)1,238148330E 74 i26 106 135 87 
16R-13F083/1113/1-L F2381)/Y2960/453301C 50 87 91 122 107 
3.6R-8P084)1L611-L P2351)/50231u1)A3301C 109 203 162 141 106 
1.611-15P085/1159-L 02371)/1)238D/A330K 19 279 158 152 104 
1611-13F086)Z611-L P238D)X326AM3301C 72 155 116 137 123 
31511-5P087/1Lea-L L23411/P238D)A3301: 33 163 179 137 ISO 
36R-13P0118 11.6R-L c32371>)P2380/1C326A)A330E 25 377 166 	1  151 122 
2.6711-21P069)11511.-L L234Y)1,236D).5326A/A330X 43 222 106 197 136 
169.-13P129)11511-L 8333D)P2380/Y21160)AS3OK 60 111 98 138 95 
3SR-BP130)11.611-L 8233D/P23ED/V3235(JA330t 104 272 224 	i 160 115 
06R-15P131)11.81-1. 8333143237D)P236148330K 33 364 253 160 118 
3.61-15P132/1153.-1.,5233D/P238D/1:325A/A3301C 91 191 130 150 120 
3.63.-BP133)1161.-L 5233D)1.234Y)P2387,1A330X 41 174 151 137 114 
3.65-8P143)135R-L 1.234Y)P238.141C3268 86 238 143 133 114 
336R-13P144/11.611.-L 3237D)1:238D)X326A 64 204 108 	S 121 128 
I1.6R-EtP145/115R-1. 1234Y)0237D)P2380 41 350 224 152 153 
1611-8P146)11611-1.1.2347)3237111122380/1{326A 50 445 203 	t 156 180 
3aa-aP147/D.61t-L 12347)3237D)P238D)K126A)A3301C 24 650 582 	1  177 209 
36R-B PI 48/11.6R- L 823313/1.234yj02:37D/ raseDiX326A/A3SOK 33 603 462 	1176 227 
3MR-6N 49)11.51-L 8233D)1.2344/0237D/P233D/729515/X396A)A330K 29 539 401 173 188 
36R-319150)/Ma-L 12347/0237D)P3313D/K32M/A3301t SO 757 770 183 204 
16R-BP151/11.6R-L 82330/12347/0237D/P238D)K326A/A3309 39 705 621 	I 160 221 
16R-8P152/11.6R-L C2330)1234Y)0237D)P236D)Y295D/IC326A)143301t 34 638 545 178 146 
36R-13P176/116R-L E233D)P238D)E325111113301C 102 201 126 147 131 
2.611-BP177J/I5R-L 92331:41.2347)0237D/F238D)E2710/E326D/A3301C 57 691 409 177 166 
2.611-13P178/1L6R-L 12331,110237D/P238D)P2710/A3301C 51 653 259 179 110 
1.611-5P179/11/35-L 3237145238D/P2710)532514A3301C 39 570 226 177 125 
16R-15P180iII61-L 0237D)P236D/P2710/A3301: 29 602 203 	I 179 100 



2.611-139181./ 9.61-L13233D) P238D/P271 Of 11.328A/A330/1 103 362 150 170 122 
1SR-BP182/11139-1. 32339)/1:238911F27161/Y296LVA330K 95 4L3 139 173 120 
161-139183/11.611-L 32339/1234111/P238D)P2710)1:326148330K 83 423 191 164 113 
21311-139184)116R-1. 32339/P23891112710)A330E 96 436 131 171 106 
169-13P185/1L6It-L 3233D/L234Y)02371492343110)P271O/K326A/A3305 47 670 446 179 191 
15R-159186/II6R-L 32336/12541)02376)923815)P2710/72969/5326A/A33011 43 614 388 175 143 
2.69-31P187/11811-L 1234VjP238D/P2710/5326A/A330K 68 387 205 157 124 
I6Z-13P188/1U3R-L 3233D/0237D/P3381)/11268D)P2710/8330K 74 636 234 	f 179 121 
b5R-139169/1168-L 3237D/11238W t121381492710)5326A/A330K 56 557 183 	I.  177 141 
1611-13P190/13.131L-L (1237D/P236D)H2543DJP27161/8330K 50 615 224 	sk 1131 155 
/169-59191/112a-L 3233110/11238D)H268D/P2710/X328A/A330K 125 382 145 	1 170 142 
169-8P192/1183-L It233D/P2513D/H268D/P271.317296D/A330X 109 406 122 	I 172 t 1 a 
3.68.- 8 P193,/ 11.5R-L 62339/9238D/1/268D/P2710/A330K 113 449 154 	! 173 135 
11.69-E1P194/IL6IL-L 19233D)L234Y)32379/ P238 DJ H2689 i P27101X32681A330X 69 672 395 178 249 
2.69-6P195/1161L-L 68 661 344 	1 181 221 3233141234Y1(1237D/P238D/H26891P271G/Y296D)K326AJA330E 
2611.-13P196)11.8R-L L234Y)112381>J11268D/P2710)K336NA330K 89 402 195 	t 157 137 
2b3.-13P197/1161t-L 32339/1234Y$3237D/P2389)112543DJP2716)92961)/53261VA3301C 71 642 294 199 206 
11311-119198)11.51i-1. 3233D/12347)11238D01268D/P2710)X3213a/S330K 104 449 185 164 157 
2.039•DP199111.8R-L 3233D/P231314K326DM33OR 112 172 116 	1 144 103 
3.1311-13P200/1L6R-L 62339/1.23417)02179/1:238DIP2710/E326D/A3301t 60 754 519 	3 188 164 
MR-59201 it /1.611.-L 6233D/6237D) P238DIP271•31A33011. 57 696 359 	I 186 121 
1611-131:202/11131t-L 323714P238D)P2910/53266/83302. 43 615 285 	t 185 106 
3.69-5P203/17.31.•L 01237D/P238D)P2716UA330i 35 637 255 185 85 
16R-13P20411181t-L 3233D/15238D/112710111:32614A3301L 110 301 139 165 121 
1IR-BP205,1115R-L 3233D/P238D)P271$9,19296D/A33011. 97 335 108 167 93 
16IL-3F206/9611-L 1333D/P238DIF2710/1.3301t. 101 362 123 168 92 
169-11P207/116/t412331411238D)A3303. 74 103 105 124 97 
LL6R-8F208/11.68-L 82331402371413•238D) H268D) P2716)83308 81 690 310 138 118 
MLR -BP209,11L611 -L 32371)/P238D/H268D)P2710!1026A/A33011 68 625 267 	j 186 153 
r.1611-13P210/11.611-1. c3237D/P238D)1f268DJP2710/A33011. 57 661 279 1 	187 135 
2.69-13P211/11.6R-L 62339/F2389)11258D/P2710JK326AJA3309 128 312 111 	t 165 87 
EIJ31t-DP2121/11/39-L 33339/P236141L388D/P2710/1"296D).83301t 117 383 135 	; 173 122 
169-13P213/1158-L9233D/1:238141i268DIP2710/A330R 118 382 123 	i. 169 100 
16R-2P214,111.89.-L 12331)/L2347/0237D)F238D/Y2969/K326/463301C 36 498 285 	1 f74 165 
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The results of measuring KD values of the variants shown in Table 51 for FcyR1a. 

FcyRllaR. FcyRllaH, FcyRllb, and FcyRllla type V by the method of Example 14 are 

summarized in Tables 51-2 and 52-2. 	In the table, alteration refers to the alteration introduced 

into IL6R-B3 (SEQ ID NO: 187). 	The template used for producing 1L6R-133. 

5 IL6R-G1d/IL6R-L, is indicated with an asterisk (*). 	Furthermore, ICD(IlaR)/KD(116) and 

- Ka(' laitpleXtlbr brdie table respectively represent-  thevalunttatinteirdividitig-chetD 

value of each variant for FcyRllaR by the KD value of each variant for FcyRllb, and the value 

obtained by dividing the KD value of each variant for FcyRllaH by the KD value of each variant 

for FcyRIIb. 	K.D(11b) of the parent polypeptide / KD(11b) of the altered polypeptide refers to 

10 the value obtained by dividing the KD value of the parent polypeptide for FcyRIlb by the 10 

value of each variant for FcyRllb. 	In addition, the KD value for the stronger of the FcyRllaR-

and FcyRllaH-binding activities of each variant / KD value for the stronger of the FcyRIlaR- and 

FcyRIlaH-binding activities of the parent polypeptide are shown in Tables 51-2 and 52-2. 	Here, 

parent polypeptide refers to the variant which has 1L6R-133 (SEQ ID NO: 187) as the H chain. 

15 It was determined that due to weak binding of FcyR to IgG. it was impossible to accurately 

analyze by kinetic analysis. and thus the gray-filled cells in Tables 51-2 and 52-2 show values 

calculated by using Equation 5 of Example 14. 

[Equation 5] 

KD =C x Rmax i (Req - RI) - C 

20 Tables 51.2 and 52-2 show that in comparison with IL6R-B3, all variants showed 

improvement of affmity for FcyRIlb, and the range of improvement was 3.0 fold to 99.0 fold. 

The ratio of KD value of each variant for FcyRllaR / KD value of each variant for FcyRllb, and 

the ratio of KD value of each variant for FcyRllaH /1CD value of each variant for FcyRllb 

represent an FcyRllb-binding activity relative to the FeyRIlaR-binding activity and 

25 FcyRllaH-binding activity, respectively. 	That is, those values show the degree of binding 

selectivity of each variant for FcyRI1b, and a greater value indicates a higher binding selectivity 

for Fc-yRIlb. 	Since the ratio of KD value for FcyRllaR / KD value for FcyRllb, and the ratio of 

ICD value for FcyRllaH / KD value for FcyRllb of the parent polypeptide IL6R-B3/1L6R-L were 

0.3 and 0.2. respectively, all variants in Tables 51-2 and 52-2 showed improvement of binding 

30 selectivity for FcyRllb in comparison with the parent polypeptide. 	When the KD value for the 

stronger of the FcyRIIaR- and FcyRllaH-binding activities of a variant / KD value for the 

stronger of the FcyRllaR- and FcyRllaH-binding activities of the parent polypeptide is I or more, 

this means that the stronger of the FcyRllaR- and FcyRllaH-binding activities of a variant has 

equivalent or decreased binding compared with the binding by the stronger of the FcyRllaR- and 

35 FcyRllaH-binding activities of the parent polypeptide. 	Since this value was 0.7 to 29.9 for the 

variants obtained this time, one may say that binding by the stronger of the FcyRllaR- and 
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FcyRIlaH-binding activities of the variants obtained this time was nearly equivalent or decreased 

compared with that of the parent polypeptide. 	These results showed that compared with the 

parent polypeptidc, the variants obtained this time have maintained or decreased FcyRIla type R-

and type H-binding activities, enhanced FcyRIlb-binding activity, and improved selectivity for 

5 FcyRllb. 	Furthermore, compared with 1L6R-B3, all variants had lower affinity for FcyRla and 

.EctrR  III f•V 	 .. 

[Table 52-1] 
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Table 52-2 is a continuation table of Table 52-1. 

Table 52-2] 
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5 

Industrial Applicability 

improving the pharmacokinetics of The present invention provides methods for 

antigen -binding molecules and methods for reducing the immunogenicity of antigen-binding 

molecules. 	The present invention enables antibody 

in vivo as compared to conventional antibodies. 

therapy without causing unfavorable effects 
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CLAIMS 

I. A method of either (a) or (b) below, wherein the method comprises modifying the Fc region of 

an IgG-type antibody comprising an antigen-binding domain whose antigen-binding activity 

5 varies depending on ion concentration and an Fc region that has FORn-binding activity in a 

neutral pH range into an Fc region that does not form a hetero complex comprising two 

molecules of FcRn and one molecule of activating Fcy receptor in a neutral pH range, 

wherein the ion concentration 

(i) is hydrogen ion concentration (pH), and the antigen-binding activity is lower at pH 5.8 than at 

10 pH 7.4, wherein the ratio of (a) the KD value for antigen binding by the antibody at pH 5.8, to 

(b) the KD value for antigen binding by the antibody at pH 7.4 (10 (pH 5.8) / KD (pH 7.4)) is 2 

or more; or 

(ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcithm io 

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

15 range of 100 uM to 10 mM, wherein the ratio of (a) the ICD value for antigen binding by the 

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

antibody at the second calcium ion concentration (1CD (first calcium ion concentration) / KD 

(second calcium ion concentration)) is 2 or more; 

(a) a method for improving pharmacokinetics of an IgG-type antibody; and 

20 (b) a method for reducing immunogenicity of an IgG-type antibody. 

2. The method of claim 1, wherein the modification into an Fc region that does not form said 

hetero complex comprises modifying the Fc region into an Fc region whose binding activity to 

an activating Fey receptor is lower than the binding activity of an Fc region of native human lgG 

25 to the activating Fey receptor. 

3 The method of claim I or 2, wherein the activating Fcy receptor is human FcyRla, human 

FeyRIla(R), human FcyRIla(H), human FcyRIlla(V), or human FcyRIIIa(F). 

30 4. The method of any one of claims 1 to 3, which comprises substituting an amino acid of said Fc 

region at any one or more amino acids of positions 235, 237, 238, 239, 270, 298, 325, and 329 as 

indicated by EU numbering. 

5. The method of any one of claims 1 to 3, which comprises substituting an amino acid of said Fc 

35 region as indicated by EU numbering at any one or more of 

the amino acid of position 234 with any one of Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, Lys, Met, 
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Phe, Pro, Ser, Thr, and Trp; 

the amino acid of position 

Pro, Ser, Thr, Val, and Arg; 

235 with any one of Ala, Asn, Asp, Gln, Glu, Gly, His, Ile, Lys, Met, 

the amino acid of position 236 with any one of Arg, Asn, Gln, His, Leu, Lys, Met, Phe, Pro, and 
5 	Tyr, 

the amino acid of position 237 with any one of Ala, Asn, Asp, Gln, Glu, His, Ile, Leu, Lys, Met, 
Pro, Ser, Thr, Val, Tyr, and 

the amino acid of position 

and Arg; 

Arg; 

238 with any one of Ala, Asn, Gln, Glu, Gly, His, Be, Lys, Thr, Tip, 

10 	the amino acid of position 239 with any one of Gln, His, Lys, Phe, Pro, Tip, Tyr, and Arg; 
the amino acid of position 265 with any one of Ala, Arg, Asn, Gln, Gly, His, Ile, Leu, Lys. Met, 
Phe, Ser, Thr, Trp, Tyr, and Val; 

the amino acid of position 

Pro, Ser, Thr, Tip, and Tyr; 

266 with any one of Ala, Arg, Asn, Asp, Gln, au, Gly, His, Lys, Phe, 

15 	the amino acid of position 267 with any one of Arg, His, Lys, Phe, Pro, Tip, and Tyr, 
the amino acid of position 269 with any one of Ala, Arg, Asn, Gln, Gly, His, Ile, Leu, Lys, Met, 
Phe, Pro, Ser, Thr, Tip, Tyr, and Val; 

the amino acid of position 270 with any one of Ala, Arg, Asn, Gln, Gly, His, He, Leu, Lys, Met, 
Phe, Pro, Ser, Thr, Tip, Tyr, and Val; 

20 	the amino acid of position 271 with any one of Arg, His, Phe, Ser, Thr, Trp, and Tyr; 
the amino acid of position 295 with any one of Arg, Asn, Asp, Gly, His, Phe, Ser, Trp, and Tyr; 
the amino acid of position 296 with any one of Arg, Gly, Lys, and Pro; 
the amino acid of position 297 with Ala; 

the amino acid of position 298 with any one of Arg, Gly, Lys, Pro, Trp, and Tyr; 
25 	the amino acid of position 300 with any one of Arg, Lys, and Pro; 

the amino acid of position 324 with Lys or Pro; 

the amino acid of position 

Tyr, and Val; 

325 with any one of Ala, Arg, Gly, His, Ile, Lys, Phe, Pro, Thr, Tip, 

the amino acid of position 327 with any one of Arg, Gln, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, 
30 	Thr, Trp, Tyr, and Val; 

the amino acid of position 328 with any one of Arg, Asn, Gly, His, Lys, and Pro; 
the amino acid of position 329 with any one of Asn, Asp, Gln, Glu, Gly, His, lle, Leu, Lys, Met, 
Phe, Ser, Thr, Tip, Tyr, Val, and Arg; 

the amino acid of position 330 with Pro or Ser, 

35 	the amino acid of position 331 with any one of Arg, Gly, and Lys; or 
the amino acid of position 332 with any one of Arg. Lys, and Pro. 
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6. The method of claim 1, wherein the modification into an Fc region that does not form said 

hetero complex comprises modifying the Fc region into an Fc region that has a higher binding 

activity to an inhibitory Fey receptor than to an activating Fey receptor. 

5 

7. The method of claim 6, wherein the inhibitory Fay receptor is human FcyRllb. 

8. The method of claim 6 or 7, wherein the activating Fay receptor is human FcyRla, human 

FeyRIla(R), human FcyRIla(H), human FcyRIlla(V), or human FayRIlla(F). 

10 

9. The method of any one of claims 6 to 8, which comprises substituting the amino acid of 

position 238 or 328 indicated by EU numbering. 

10. The method of any one of claims 6.to 8, which comprises substituting Asp for the amino acid 

15 of position 238 or Glu for the amino acid of position 328 indicated by EU numbering. 

11. The method of any one of claims 6 to 8, which comprises substituting any one or more amino 

acids of: 

the amino acid of position 233 with Asp; 

20 the amino acid of position 234 with Trp or Tyr; 

the amino acid of position 237 with any one of Ala, Asp, Glu, Leu, Met, Phe, Trp, and Tyr; 

the amino acid of position 239 with Asp; 

the amino acid of position 267 with any one of Ala, Gln, and Val; 

the amino acid of position 268 with any one of Asn, Asp, and Glu; 

25 the amino acid of position 271 with Gly; 

the amino acid of position 326 with any one of Ala, Asn, Asp, Gln, Glu, Leu, Met, Ser, and Thr; 

the amino acid of position 330 with any one of Arg, Lys, and Met; 

the amino acid of position 323 with any one of Ile, Leu, and Met; and 

the amino acid of position 296 with Asp; wherein the amino acids are indicated by EU 

30 numbering. 

12. The method of any one of claims 1 to 8, wherein the Fe region comprises one or more amino 

acids that are different from amino acids of the native Fc region at any of amino acid positions 

35 

237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 289, 297, 298, 303, 305, 307, 308, 309, 

311, 312, 314, 315, 317, 332, 334, 360, 376, 380, 382, 384, 385, 386, 387, 389, 424, 428, 433, 

434, and 436 of said Fc region as indicated by EU numbering. 
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13. The method of any one of claims 1 to 8, wherein the amino acids of said Fc region indicated 

by EU numbering are a combination of one or more of: 

Met at amino acid position 237; 

5 Ile at amino acid position 248; 

any one of Ala, Phe, Be, Met, Gln, Ser, Val, Trp, and Tyr at amino acid position 250; 

any one of Phe, Trp, and Tyr at amino acid position 252; 

Thr at amino acid position 254; 

Glu at amino acid position 255; 

10 any one of Asn, Asp, Glu, and Gln at amino acid position 256; 

any one of Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, and Val at amino acid position 257; 
His at amino acid position 258; 

Ala at amino acid position 265; 

Ala or Glu at amino acid position 286; 

15 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; 

20 any one of Ma, Asp, Phe, Gly, His, Be, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, 
at amino acid position 307; 

any one of Ala, Ph; Ile, Leu, Met, Pro, Gin, and Thr at amino acid position 308; 

any one of Ala, Asp, Glu, Pro, and Arg at amino acid position 309; 

any one of Ala, His, and Ile at amino acid position 311; 

and Tyr 

25 Ala or His at amino acid position 312; 

Lys or Arg at amino acid position 314; 

any one of Ala, Asp, and His at amino acid position 315; 

Ala at amino acid position 317; 

Val at amino acid position 332; 

30 Leu at amino acid position 334; 

His at amino acid position 360; 

Ma at amino acid position 376; 

Ala at amino acid position 380; 

Ala at amino acid position 382; 

35 Ala at amino acid position 384; 

Asp or His at amino acid position 385; 
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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; 

5 any one of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pm, Gln, Ser, Thr, Val, Trp, and Tyr at 

amino acid position 428; 

Lys at amino acid position 433; 

any one of Ala, Phe, His, Ser, Trp, and Tyr at amino acid position 434; and 

any one of His, Ile, Leu, Phe, Thr, and Val at amino acid position 436. 

10 

14. The method of any one of claims 1 to 13, wherein the antigen-binding domain is an antibody 

variable region. 

15. The method of claim 1, wherein the modification into an Fc region that does not form said 
15 hetero complex comprises modification into an Fc region in which one of the two polypeptides 

constituting the Fc region has FeRn-binding activity in a neutral pH range and the other does not 

have FeRn-binding activity in a neutral pH range. 

16. The method of claim 15, which comprises substituting an amino acid at any one or more of 
20 positions 237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 289, 297, 298, 303, 305, 307, 

308, 309, 311, 312, 314, 315, 317, 332, 334, 360, 376, 380, 382, 384, 385, 386, 387, 389, 424, 

428, 433, 434, and 436 as indicated by EU numbering in the amino acid sequence of one of the 

two polypeptides constituting said Fc region. 

25 17. The method of claim 16, which comprises substituting an amino acid of said Fc region at any 

one or more of: 

the amino acid of position 237 with Met; 

the amino acid of position 248 with Ile; 

the amino acid of position 250 with Ala, Phe, Ile, Met, Gln, Ser, Val, Trp, or Tyr; 
30 the amino acid of position 252 with Ph; Tip, or Tyr; 

the amino acid of position 254 with Thr; 

the amino acid of position 255 with Glu; 

the amino acid of position 256 with Asn, Asp, Glu, or Gln; 

the amino acid of position 257 with Ala, Gly, Ile, Leu, Met, Asn, Ser, Thr, or Val; 

35 the amino acid of position 258 with His; 

the amino acid of position 265 with Ala; 
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the amino acid of position 286 with Ala or Glu; 

the amino acid of position 289 with His; 

the amino acid of position 297 with Ala; 

the amino acid of position 298 with Gly; 

5 the amino acid of position 303 with Ala; 

the amino acid of position 305 with Ala; 

the amino acid of position 307 with Ala, Asp, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gin, 

Arg, Ser, Val, Trp, or Tyr; 

the amino acid of position 308 with Ala, Phe, Ile, Leu, Met, Pro, Gin, or Thr; 

10 the amino acid of position 309 with Ala, Asp, Glu, Pro, or Arg; 

the amino acid of position 311 with Ala, His, or He; 

the amino acid of position 312 with Ala or His; 

the amino acid of position 314 with Lys or Arg; 

the amino acid of position 315 with Ala, Asp, or His; 

15 the amino acid of position 317 with Ala; 

the amino acid of position 332 with Val; 

the amino acid of position 334 with Leu; 

the amino acid of position 360 with His; 

the amino acid of position 376 with Ala; 

20 the amino acid of position 380 with Ala; 

the amino acid of position 382 with Ala; 

the amino acid of position 384 with Ala; 

the amino acid of position 385 with Asp or His; 

the amino acid of position 386 with Pro; 

25 

30 

the amino acid of position 387 with Glu; 

the amino acid of position 389 with Ala or Ser; 

the amino acid of position 424 with Ala; 

the amino acid of position 428 with Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gln, Ser, Thr, 

Val, Trp, or Tyr, 

the amino acid of position 433 with Lys; 

the amino acid of position 434 with Ala, Phe, His, Ser, Trp, or Tyr and 

the amino acid of position 436 with His, Ile, Leu, Phe, Thr, or Val; wherein the amino acids are 

indicated by EU numbering. 

35 18. The method of any one of claims 15 to 17, wherein the antigen-binding domain is an 

antibody variable region. 
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19. An IgG-type antibody comprising an antigen-binding domain whose antigen-binding activity 

varies depending on ion concentration and an Fc region that has FcRn-binding activity in a 

neutral pH range, wherein the Fc region comprises one or more amino acids selected from: 

5 Ala at amino acid position 234; 

Ala, Lys, or Arg at amino acid position 235; 

Arg at amino acid position 236; 

Arg at amino acid position 238; 

Lys at amino acid position 239; 

10 Phe at amino acid position 270; 

Ala at amino acid position 297; 

Gly at amino acid position 298; 

Gly at amino acid position 325; 

Arg at amino acid position 328; and 

15 Lys or Arg at amino acid position 329; wherein the amino acids are indicated by EU numbering, 

wherein the ion concentration 

(i) is hydrogen ion concentration (pH), and the antigen-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 5.8, to 

(b) the KD value for antigen binding by the antibody at pH 7.4 (KD (pH 5.8) / KD (pH 7.4)) is 2 

20 or more, wherein the antigen-binding domain comprises at least one His residue ; or 

(ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion 

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

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

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

25 antibody at the second calcium ion concentration (KD (first calcium ion concentration) / KD 

(second calcium ion concentration)) is 2 or more. 

20. The IgG-type antibody of claim 19, which comprises one or more amino acids selected from: 

Lys or Arg at amino acid position 237; 

30 Lys at amino acid position 238; 

Arg at amino acid position 239; and 

Lys or Arg at amino acid position 329; wherein the amino acids are indicated by EU numbering. 

21. An IgG-type antibody comprising an antigen-binding domain whose antigen-binding activity 

35 varies depending on ion concentration and an Fc region in which one of the two polypeptides 

constituting the Pc region has FcRn-binding activity in a neutral pH range and the other does not 
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have Fein-binding activity in a neutral pH range, wherein the ion concentration 

(i) is hydrogen ion concentration (pH), and the antigen-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 5.8, to 

(b) the KD value for antigen binding by the antibody at pH 7.4 (KD (pH 5.8) / KD (pH 7.4)) is 2 

5 or more, wherein the antigen-binding domain comprises at least one His residue ; or 

(ii) is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion 

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

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

antibody at the first calcium ion concentration, to (b) the KD value for antigen binding by the 
10 antibody at the second calcium ion concentration (KID (first calcium ion concentration) / KD 

(second calcium ion concentration)) is 2 or more. 

22. The IgG-type antibody of any one of claims 19 to 21, wherein the Fc region comprises one or 

more amino acids that are different from amino acids of a native Fc region at any of amino acid 
15 positions 237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 286, 289, 297, 303, 305, 307, 308, 

309, 311, 312, 314, 315, 317, 332, 334, 360, 376, 380, 382, 384, 385, 386, 387, 389, 424, 428, 

433, 434, and 436 indicated by EU numbering in the amino acid sequence of one of the two 

polypeptides constituting the Fc region. 

20 23. The IgG-type antibody of claim 22, which comprises a combination of one or more amino 

acids of said Fc region of: 

Met at amino acid position 237; 

Ile at amino acid position 248; 

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

25 Phe, Tip, or Tyr at amino acid position 252; 

Thr at amino acid position 254; 

Glu at amino acid position 255; 

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

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

30 His at amino acid position 258; 

Ala at amino acid position 265; 

Ala or Glu at amino acid position 286; 

His at amino acid position 289; 

Ala at amino acid position 297; 

35 Ala at amino acid position 303; 

Ala at amino acid position 305; 	 • 
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Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Val, Tip, or Tyr at amino 

acid position 307; 

Ala, Phe, Ile, Leu, Met, Pro, Gln, or Thr at amino acid position 308; 

Ala, Asp, Glu, Pro, or Arg at amino acid position 309; 

5 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, Asp, or His at amino acid position 315; 

Ala at amino acid position 317; 

10 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; 

15 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; 

20 Ala or Ser at amino acid position 389; 

Ala at amino acid position 424; 

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gin, Ser, Thr, Val, Tip, or Tyr at amino acid 

position 428; 

Lys at amino acid position 433; 

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

His, Ile, Leu, Phe, Thr, or Val at amino acid position 436; wherein the amino acids are indicated 

by EU numbering. 

24. The IgG-type antibody of any one of claims 19 to 23, wherein the antigen-binding domain is 
30 an antibody variable region. 

25. A polynucleotide encoding the IgG-type antibody of any one of claims 19 to 24. 

26. A vector which is operably linked to the polynucleotide of claim 25. 

35 

27. A cell introduced with the vector of claim 26. 
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28. A method for producing the IgG-type antibody of any one of claims 19 to 24, which 

comprises the step of collecting the IgG-type antibody from a culture of the cell of claim 27. 

29. A pharmaceutical composition which comprises as an active ingredient the IgG-type antibody 

of any one of claims 19 to 24 or an IgG-type antibody obtained by the production method of 

claim 28. 
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RETENTION OF ANTIGEN-BINDING MOLECULES IN BLOOD PLASMA AND METHOD 

FOR MODIFYING IMMUNOGENICITY 

ABSTRACT 

5 

The present invention demonstrated that the modification of the Fc region of an 

antigen-binding molecule into an Fc region that does not form in a neutral pH range a 

heterotetramer complex containing two molecules of FcRn and an active Fey receptor improved 

the pharmacokinetics of the antigen-binding molecule and reduced the immune response to the 

10 molecule. 	The 	invention also revealed methods for producing antigen-binding 	 present 

antigen-binding molecules having the properties described above, and successfully demonstrated 

that pharmaceutical compositions containing as an active ingredient such an antigen-binding 

molecule or an antigen-binding molecule produced by a production method of the present 

invention have excellent features over conventional antigen-binding molecules in that when 

15 administered, they exhibit improved phannacolcinetics and reduced in vivo immune response. 

(No Suitable Figures) 


