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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 formulations. In theory, the
dose of an antibody pharmaceuatical may be reduced by improving antibody pharmacokinetics or
improving the affinity between antibodies and antigens.

The literature has reported methods for improving antﬂ)ody 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 vivo efficacy (Non-patent Document 7).

The anfigen-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.
Vartous methods can be used to enhance the antibody affinity (Nen-patent Docuament 6).
Furthermore, if the affinity could be made infinite by covalently binding the antibody to the
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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
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 pertod.  With the umprovement of antibody
pharmacokinetics or affinity maturation technology alone described above, there is thus a
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

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

dissociaie 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 13 recycled 1o the plasma by FeRn, it can bind to another antigen again.  Thus, a single
pH-dependent antigen-binding antibody can bind to a number of antigens repeatedly.

Ir; addition. plasma retention of an antigen is very short as compared to antibodies
recvcled via FeRn binding.  When an anmibody with such long plasma retention binds to the
antigen, the plasma retention time of the antigen-antibody complex s prolonged to the same as
that of the anfibody.  Thus, the plasma retention of the antigen is prolonged by binding to the
amtibody, and thus the plasma antigen concentration is increased.

Ig(G anubody has longer plasma retention time as a result of FcRn binding.  The
binding between IgG and FeRn 18 only observed under an acidic condition (pH 6.0). By
contrast, the binding is almost undetectabie under a neutral condition {pH 7.4).  1gG antibody is
taken up into cells in a nonspecific manner.  The antibody returns to the cell surface by binding
to endosomal FeRn under the endosomal acidic condition, and then is dissociated from FeRn
under the plasma neutral condition. When the FcRn binding under the acidic condition is lost

by introducing mutations into the 1gG Fe region, absence of antibody recycling to the plasma
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from the endosome markedly impairs the antibody retention time in plasma. A reported method
for improving the plasma retention of 1gG antibody is to enhance the FcRn binding under acidic
conditions. Amino acid mutations are introduced inte the Fe region of IgG antibody to improve
the FcRa binding under acidic conditions.  This increases the efficiency of recyclng o the

plasma from the endosome, resulting in improvement of the plasma retention.  An importamnt
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conditions.  If an IgG antibody binds to FcRn under neutral conditions, the anithody returns o
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
beczuse the 1gG antibody 1s not recycled to the plasma.  For example, an IgGl antibody
modified by introducing amino acid substations so that the resulting antibody is capable of
binding to mouse FeRn under a newvtral condition (pH 7.4) was reported 1o exiubit very poor
plasina retention when administered to mice (Non-patent Document 10j.  Furthermore, an IgG1
antibody has been modified by introducing amino acid substitutions so that the resulting
antibody exhibits improved human FcRu binding under an acidic condition {pH 6.0) and at the
same time becomes capable of binding to human FeRn under a neutral condition (pH 7.4)
{Non-patent Documents 10, 11, and 12).  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
the improvement of antibody plasma retention by enhancing‘ the buman 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 FeRn binding under a neutral condition
{pH 7.4) by introducing amino acid substitutions into the Fe region of an IgG antibody.  Ewven if
the antigen affinity of the antibody 1s improved, antigen elimination from the plasma cannot be
enhanced. The above-described pH-dependent antigen-binding antibodies have been reported
o be more effective as a method for enhancing antigen elimination from the plasma as compared
to typical antibodies (Patent Document 1}

Thus, & singie pH-dependent antigen-binding antibody binds 1o & number of antigens
and is capable of facilitating antigen elimination from the plasma as compared to typical
antibodies. Accordingly, the pH-dependent antigen-binding antibodies have effects not
achieved by typical antibodies. However, to date, there 1s no report on antibody engineering
methods for further improving the ability of pH-dependent antigen-binding antibodies 1o '
repeatedly bind to antigens and the effect of enhancing antigen elimination from the plasma.

Meénwhﬂ& the immunogenicity of antibody pharmaceuticals is very important from the
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

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

L PR T SR

R Y TP I S e 0 o
A s BEE GRS Inat O

‘,_:?

receptors (hereinafter also referred to as FeyR) as Fe receptors that function by binding to the Fe
region of g antibodies is known.  FeyRs are expressed on the cell membrane of dendritic cells,
NK cells, macrophages, neutrophils, adipocvies, and others; and they are known to transduce
activating or inkibitory intracellular signals into immune cells upon binding of an 1gG Fe region.
For the human FcyR protein family, isoforms FeyRla, FeyRI1a, FoyRIb, FoyRlHa, and FeyRIIIb
are known, and their allotypes have also been reported  (Non-patent Document 14).  Two
allotypes have been reported for human FeyRIla: Arg (hFcyRI1a(R)) and His (hFevRIia(H)) at
position 131, Furthermore, two allotypes have been reported for human FeyR1Ia: Val
(hFeyRITHa{VY)}) and Phe (hFevRilIa(F)) at position 158,  Meanwhile, for the mouse FevR
protein family, FcyRI, FeyRlIlb, FeyRI, and FeyRIV have been reported (Non-patent Document
15).

Human FeyRs inchude activating receptors FoyRla, FoyRIa, FoyR11a, and FeyRIHlb,
and inhibitory receptor FevRIlb.  Likewise, mouse FoyRs nclude activating receptors FoyRI,
FoyRIL and FoyRIV, and inhibitory receptor FevRITb.

When activaung FcyR is cross-linked with an immune compiex, it phosphorylates
immunoreceptor tyrosine-based activating motifs (ITAMSs) contained in the intracellular domain
or FcR commeon v-chain (an interaction partner), activates a signal wansducer SYK, and triggers
inflammatory immune response by initiating an activation signal cascade (Non-patent Document
15). |

It has been demonstrated that for the binding between an Fc region and FoyR, 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 10 17).  With 2 focus on antibodies introduced with mutations at the
sites described above, mutants with varying FeyR-binding properties have been investigated, and
Fe region mutants that have higher affinity for activating FeyRs were obtained {Patent
Documents 2 to 5).

Meanwhile, FeyRITb, which is an inhibitory FoyR, 1s the only FoyR expressed on B cells
{(Non-patent Document 18).  Interaciion of the antibody Fc region with FeyRIb has been
reporied to suppress the primary immune response of B celis (Non-patent Document [9).
Furthermore, 1t is reporied that when FeyRIlb on B cells and a B celi receptor (BCR) are
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cross-linked vie an immune compiex 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 FeyRlIlb, the immunoreceptor tyrosine-based
inhibitory motif (ITIM) contained in the intracellular domain of FeyRITb is necessary
(Non-patent Documents 21 and 223, This immunosuppressive action is caused by ITIM

It of alning i byshesphate
S-phosphatase (SHIP) is recruited, transduction of other activating FeyR signal cascades is
inhibited, and inflammatory immune response is suppressed (Non-patent Document 23).

Because of this property, FeyRIIb is promising as a means for directly reducing the
immunogenicity of antibody pharmaceuticals. Exendin-4 (Ex4) is a foreign proiein for mice,
but antibodies are not produced even when & fused molecule with 1gG1 {(Ex4/Fc) is administered
to muce.  Meanwinle, antibodies are produced against Ex4 upon administration of the (Ex4/Fc
mut) molecule which is obtained by modifying Ex4/Fc to not bind FeyRIlb on B cells
{Non-patent Document 24).  This result suggests that Ex4/Fc binds 1o FeyRIIb on B cells and
mhibits the production of mouse antibodies against Ex4 in B cells.

Furthermore, FeyRIIb is also expressed on dendritic cells, macrophages, activated
neutrophils, mast cells, and basophils.  FeyR1Ib inhibits the functions of activating FeyR such as
phagocytosis and release of inflammatory cytokines in these cells, and suppresses inflammatory
immune responses {Non-patent Document 25).

The importance of immusnosuppressive functions of FeyR1lb has been elucidated so far
through studies using FeyR1Ib knockour mice.  There are reports that in FeyRIIb knockout mice,
humoral immunmity is not appropriately regulated (Non-Patent Document 26), sensitivity towards
collagen-induced arthritis {CIA} 15 increased (Non-patent Document 27), lupus-like symptoms
are presented, and Goodpasture's syndrome-itke symptoms are presented {Non-patent Document
28).

Furthermore, regulatory inadequacy of FevRIlb has been reported to be related 1o
human autoimmnue discases. For example, the relationship between genetic polymorphism in
the transmembrane region and promoter region of FeyRITb, and the frequency of development of
systemic lupus erythematosus (SLEY (Non-patent Documents 29, 30, 31, 32, and 33), and
decrease of FeyR1Ib expression on the surface of B cells in SLE patients {Non-patent Document
34 and 35) have been reporied.

From mouse models and clinical findings as such, FeyR1IIb is considered 1o play the role
of controlling autoinwmune diseases and inflammatory diseases mainly through involvement with
B cells, and it is a promising target molecule for controliing autoimmune diseases and
inflammatory diseases.

1eG1, mainly used as a commercially available antibody pharmaceutical, is known 10
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bind not only to FcyR1lb, but also strongly to activating FevR (Non-patent Document 36). It
may be possible to develop antibody pharmaceuticals having greater immunosuppressive
properties compared with those of IgG 1, by utilizing an Fe region with enhanced FeyRlIlb
binding, or improved FeyRIIb-binding selectivity compared with activating FeyR.  For example,
it has been suggested that the use of an antibody having a variable region that binds to BCR and
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However, FeyRIIh shares 93% sequence identity in the extracellular region with that of
FeyRIDa which is one of the activating FcyRs, and they are very similar structurally.  There are
allotypes of FeyRIla, H tvpe and R type, in which the amino acid at position 131 is His (type H)
or Arg {type R), and yet each of them reacts differently with the antibodies (Non-patent
Document 38).  Therefore, to produce an Fe region that specifically binds fo FeyRIlb, the most
difficult problem may be conferring to the antibody Fc region with the property of selectively
improved FeyRIb-binding activity, which involves decreasing or not increasing the binding
activity towards each altotype of FeyRITa, while increasing the binding activity towards FeyRITh.

There is a reported case on enhancement of the specificity of FoyRIib binding by
introducing amino acid mutations into the Fe region (Non-patent Document 39).  According to
this document, mutants were constructed so that when compared to 1gG1, they retain their
binding to FeyRIlb more than  to FeyRIlz which has two polymorphic forms.  However, in
comparison to natural IgG 1, all mutants reported to have improved specificity to FeyRITb in this
document were found to have impaired FcyRIIb binding.  Thus, #t is considered difficuit for the
mutants to induce an FeyRITb-mediated immunosuppressive reaction more strongly than leG1.

There 15 aiso a report on augmentation of the FcyR1Ib binding (Non-patent Document
37y, Inthis document, the FevRIb binding was augmented by introducing mutations such as
S267E/L328F, G236D/S267E, and S239D/8267E into the antibody Fe region.  Among them, an
antibody introduced with the S267E/L328F muntation bound most strongly to FeyRIIb.  This
mutant was shown o retain the binding to FcyRla and to FeyRJIla type H at levels comparable to
those of naturai 1gG 1. Even if FeyRIIb binding was augmented relative to IgG1, only the
augmentation of FeyRHa binding but not the avgmentation of FeyRIIb binding 1s expected to
have an effect on cells such as platelets which express FeyRIla but not FeyRIIb (Non-patent
Document 25} For example, it has been reported that platelets are activated via an
FeyRIta-dependent mechanism in systemic erythematosus and platelet activation is correlated
with the .severity (Non-patent Document 40).  According (o another report, the above-described
mutation enhanced the binding to FeyRIla tvpe R several hundred-fold to the same degree as the
FeyRlIIb binding, and did not improve the binding specificity for FeyR1Ib when compared 1o
FeyRIa type R (Patent Document 17). Furthermore, inr cell types that express both FeyRila and
FeyRITb such as dendritic cells and macrophages, the binding selectivity for FeyRIIb relative 1o
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FcyRlla is essential for the transduction of inhibitory signals; however, such selectivity could not
be achieved for type R. '

FeyRIla 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

restrictions on the use of antibodies with angmented binding to FeyRIla type R to treat

gutoimmune digeases.... Even. if the FeyRIb binding was cugmented 25 compered to-getivating -

ented as compered to- aotivating.
FeyRs, the fact that the binding to any polymorphic form of FeyRIla 15 augmented cannot be
overlooked from the standpoint of its use as a therapeutic agent for autoimmune diseases.

When amtibody pharmaceuticals targeting FeyRIIb are produced to treat autoimmune
diseases, it 1s important that the activity of Fe-mediated binding to any polymorphic forms of
FcyRl1la is not increased or is preferably reduced, and that the binding activity to FeyRIlb 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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[Non-patent Document 44] Mi W, Wanjie S, Lo ST, Gan Z, Pickl-Herk B. Ober RJ, Ward ES.,
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Immunol. (2008) 181 {11), 7550-7561

Summary of the Inveniion

[Problems to be Solved by the Invention]

In addition to the involvement of activating FeyR described above, the so-called antigen
presentation mechanism is very important as a factor in the induction of imimune response to
admunistered antibody pharmaceuticals.  Antigen presentation refers to an immunoclogical
mechanism in which after intracellular internalization and degradation of foreign antigens such
as bacteria, and endogenous antigens, antigen presenting celis such as macrophages and dendritic
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 irmmune complex {a complex formed between a multivalent antibody and an
antigen) into cells, degradation in the lysosome, and presentation of the resulting peptides
derived from the antigen by MHC class Il 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 oceur (Non-patent Document 43).

When normal animels are administered with an antigen proteis as & 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
maouse antibodies against the soluble human IL-6 receptor.  On the other hand. even when mice
are administered with a human IgG! antibody as a foretgn protein, they hardly produce mouse
antibodies against the human IgGl antibody.,  This difference suggests that the rate of
elimination of the administered foreign protein from plasma might be an influence.

As described in Reference Example 4, a human IgGl antibody has the ability to bind



10

15

B2
L9 ]

12

mouse FeRn under acidic conditions, and thus, like mouse antibodies, a human IgG1 antibody is
recycled via mouse FeRn when incorporated info endosomes.  For this reason, when a human
1gG1 antibody is administered 10 normal mice, elimination of the antibody from plasma is very
stow, Meanwhile, a soluble human I1.-6 receptor 1s not recyeled vie mouse FeRn and is thus

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

it
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normal mice administered with a soluble human [L-6 receptor, while the production of mouse
antibodies against a human IgG1 antibédy is not found in normal mice administered with a
human IgG1 antibody.  In other words, a soluble human IL-6 receptor that is eliminated rapidly
is more immunogenic in mice than a human [gG1 antibody that is eliminated slowty.

Part of the pathway for elimination of these foreign profeins (soluble human IL-6
receptor and human 1gG1 antibody) from plasma is assumed 1o be uptake by antigen-presenting
cells. The foreign proteins incorporated into antigen-presenting celis associate with MHC class
I moiecules afier intracellular processing, and are transported onto the cell membrane.  Then.
the presentation of an antigen to antigen-specific T cells (for example, T celis that are
specifically responsive o a soluble human IL-6 receptor or human IgG1 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.

The binding to FeRn under neutral conditions is known to adversely affect antibody
retention in plasma.  Once an IgQG antibody is bound to FcRn under neutral conditions, even if it
1s returned to the cell surface under endosomal acidic conditions as a result of binding o FcRn,
the IgG antibody cannot be recycled to plasma without dissociation from FeRn under the neutral
condition in plasma; and this adversely impairs plasma retention.  For example, according 0 a
report (Non-patent Document 10}, when an antibody whick becomes capable of binding to
mouse FeRn under a neutral condition (pH 7.4) as a result of amino acid substitutions introduced
into 1gG1 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
FcRn under a neutral condition {(pH 7.4} was administered to Cynomolgus monkeys, the
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 fo augmentation of its binding to FcRn under a neutral condition (pH 7.4),
immunogenicity may become hgher due to accelerated elimination of the antigen-binding
molecule.

Furthermore. FcRa has been reported to be expressed in antigen-presenting cells and

involved in antigen presentation.  According to a report published on the immunogenicity

wse antivodios GEHLTSCE SHIGoT b TL=GR ANTIUOU Y TS OOSTr v OUTTE
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assessment of a protein resultng from fusion of myelin basic protein (MBP), although not an
antigen-binding molecule, 1o the Fe region of mouse [gG1 (heremafter abbreviated as MBP-Fo),
T cells that are responsive in an MBP-Fc-specific manner are activated and proliferated when
cultured in the presence of MBP-Fe.  [n this aspect, it is known that T cell activation i

mtensified in vitro by adding to the Fc region of MBP-F¢ 2 modification that enhances the FeRa

rperation into-anbgen-presenting o2 shn-expressed
antigen-presenting cells. It has been reported that regardiess of the accelerated elimination
from plasma as a result of adding a modification that enhances the binding to FeRn, in vive T
cell activation has been reported to be rather impaired (Non-patent Document 44).  Thus,
immunogenicity 1s not necessarily enhanced when the elimination 13 accelerated by angmenting
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 FeRn-binding
domain under & neutral condition {pH 7.4} influences the plasma retention and immunogenicity
of the antigen-binding moiecule. 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
molecule whose antigen-binding activity varies depending on ion concentration and an Fe¢ region
that has FcRn-binding activity in a neutral pH range. However, sufficient studies have not been
conducted to understand how augmentation of the FcRu-binding activity of an Fc region in a
neutral pH range mfluences the retention of antigen-binding molecules in plasma and
imrumogenicity.  During studies, the present inveniors found a problem that as a result of
augmentation of the FeRu-binding activity of the Fec region in 2 neutral pH range, the retention
time of the antigen-binding molecule in plasma 1s 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
objective of the present invention is to provide methods for improving the pharmacokinetics in
animals administered with an anfigen-binding molecule by modifying the Fe 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 Fe region
that has FcRn-binding activity in a neutral pH range.  Another objective of the present
invention is to provide methods for reducing the immune response to an antigen-binding

molecuie by modifying the Fc 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
to animals.  Yet another objective of the present invention is to provide methods for producing
such antigen-binding molecules as well as pharmaceutical compositions comprising as an active

ingredient the antigen-binding molecules.

[Means for Solving the Problems]

The present inventors conducted dedicated studies to achieve the above-described
objectives. As aresult, 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 FcRn-binding activity in
a neutral pH range formed a hetero complex consisting of four molecules: antigen-binding
molecule/two molecules of FcRn/activating Fey receptor (Fig. 48).  The present inventors also
demonstrated that the tetramer formation adversely affected the pharmacokinetics and immune
response. The present inventors demonstrated that the pharmacokinetics of an antigen-binding
molecule was improved by modifying the Fc region of such antigen-binding molecule into an Fc
region that in a neutral pH range does not form a hetero tetramer complex comprising two
molecules of FcRn and an activating Fey receptor.  The present inventors also demonstrated that
the immune response in animals administered with an antigen-binding molecule could be altered
by modifying the Fe region of such an antigen-binding molecule into an Fe region that in a
neutral pH range does not form a tetramer complex comprising two molecules of FcRn and an
activating Fcy receptor.  The present inventors also demonstrated that immune response to the
antigen-binding molecule was reduced by modification into an Fe region that in a neutral pH
range does not form a hetero tetramer complex comprising two molecules of FcRn and an
activating Fcy receptor.  Furthermore, the present inventors discovered antigen-binding
molecules and methods for producing them, and in addition found that when administered,
pharmaceutical compositions comprising as an active ingredient such an antigen-binding
molecule or an antigen-binding molecule produced by a production method of the present
mvention 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 1gG-type antibody comprising an antigen-binding
domain whose antigen-binding activity varies depending on ion concentration and an Fc region
that has FcRo-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,
wherein the ion concentration .

(1) 1s 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; 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
antibody at the second calcium ion concentration (KD (first calcium ion concentration) / KD
(second calcium ton 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.

In another aspect, there is provided an 1gG-type antibody comprising an antigen-binding
domain whose antigen-binding activity varies depending on ion concentration and an Fe 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;

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;

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



10

15

20

25

30

35

14b

(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, wWherein 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
antibody at the second calcium ion concentration (KD (first calcium ion concentration) / KD
{second calcium ion concentration}) is 2 or more.

In another aspect, there is provided an 1gG-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 FeRn-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 3.8 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
(i1) is calcium ion concentration and the antigen-binding activity is lower at a first calcium jon
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
(second calcium 1on 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.

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

In another aspect, there is provided a methed for producing the IgG-type antibody as
defined above, which comprises the step of collecting the IgG-type antibedy from a culture of
the cell as defined above.

In another aspect, there is provided a pharmaceutical composition which comprises as
an active ingredient the IgG-type antibody as defined above or an 1gG-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 FcRn-binding activity in
a neutral pH range into an Fc region that does not form a hetero complex comprising two
molecules of FeRn and one molecule of activating Fey receptor in a neutral pH range :
(a} a method for improving pharmacokinetics of an antigen-binding molecule; and
(b} a method for reducing immunogenicity of an antigen-binding molecule.
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complex comprises modifying the Fe region into an Fe region whose binding activity to an
activating Fey receptor 1s lower than the binding activity of an Fe region of native human 1gG o
the activating Foy receptor.

[3] The method of [1] or [2]. wherein the activating Fey receptor is human FevRla, human
FeyRIia(R). human FeyRIla(H), human FoyRIITa(V), or human FeyR1Ha(F},

[4] The method of any one of [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.

{51 The method of {4], which comprises substituting an amino acid of said Fe 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, Gln, Glu, Gly, His, Ite, Lys, Maet,
Pro, Ser, Thr, Val, and Arg;

the amino acid of position 236 with any one of Arg, Asn, Gln, His, Len, Lys, Met, Phe, Pro, and
Tyt

the amino acid of position 237 with any one of Ala, Asn, Asp, Gin, Glu, His, He, Leu, Lys, Met,
Pro, Ser, The, Val, Tyr, and Arg;

the amino acid of position 238 with any one of Ala, Asn, Gin, Glu, Gly, His, He, 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, Gln, Gly, His, Tie, Leu, Lys, Met.
Phe, Ser, Thr, Trp, Tyr, and Val;

the amino acid of position 266 with any one of Ala, Arg, Asn, Asp. Gln, 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, lle, Leu, Lys. Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val:

the amino acid of position 270 with any one of Ala, Arg, Asn, Gin, Gly, His, Tle, Leu, Lys, Mer,
Phe, Pro, Ser, Thr, Trp, Tvr, 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, 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. Tip, and Tyr;
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the amino acid of position 324 with Lys or Pro;

the amino acid of position 325 with any one of Ala, Arg, Gly, His, lle, Lys, Phe, Pro, Thr, Trp.
Tyr, and Val;

the amino acid of position 327 with any one of Arg, Gln, His, lie, 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 anv one of Asn, Asp, Gin, Glu, Gly, His, lie, Len, Lys, Met,
Phe, Ser, Thr, Trp, Tyr, Val, and Arg:

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.

{61 The method of [17, wherein the modification into an Fc region that does not form said hetero
complex comprises modifving the Fe region into an Fe region that has a higher binding activity
1o an inhibitory Fey receptor than to an activating Fey receptor.

[7] The method of [6], wherein the inhibitory Fcy receptor 1s human FeyRl1Ib,

[81 The method of [6] or [7], wherein the activating Fey receptor 1s buman FeyRla, human
FeyRITa(R), human FCyRHa(H }, human FevR1Ha(V), or human FeyRIIa(F).

191 The method of any one of {6] to [8], which comprises substituting the amino acid of position
238 or 328 indicated by EU numbering.

[10] The method of {9, which comprises substituting Asp for the amine acid of position 238 or
Glu feor the arﬁino acid of position 328 indicated by EU numbering.

[11] The method of [9] or [10]. which comprises substituting any one or more amino acids of:
the amino acid of position 233 with Asp;

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, Gin, and Val,

the amino acid of position 268 with any one of Asn, Asp, and Glu;

the amino acid of position 271 with Gly;

the amino acid of positon 326 with any one of Alg, Asn, Asp. Gin, 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 He, Leu, and Met; and

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

[12} The method of any one of [17] to {11}, wherein the Fc region comprises one or more amino

LR, o,
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237, 248, 250, 252, 254, 255, 256, 257, 258, 265, 284, 289, 297, 298, 303, 303, 367, 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 numberning.

[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;

ile at amino acid position 248;

any one of Ala, Phe, He, Met, Gin, 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;

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

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

His ar amino acid position 238; '

Ala at amino acid position 263;

Ale or Glu at amino acid position 286;

His at amino acid position 28%;

Ala at amino acid position 297;

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, lle, Lys, Leu, Met, Asn. Pro, Gln, Arg, Ser, Val, Trp, and Tyr
at armnoe acid position 307;

any one of Ala, Phe, lle, Leu, Met, Pro, Gln. and Thr at amino acid position 308;

any one of Ala, Asp, Glu, Pro, and Arg at amino acid positions 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;

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 posttion 376,

Ala at amino acid position 380;

Ald gl AR au AT RS TUUTT 0%,

Ala at amung acid position 384;

Asp or His at amino acid position 385;

Pro at amino acid position 386,

Glu at amino acid position 387;

Ala or Ser at amino acid position 389;

Ala at amino acid position 424;

any one of Ala, Asp, Phe, Gly, His, lle, Lys, Leu, Asn, Pro, Gin, 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, lle, Len, Phe, Thr, and Val at amino acid position 436.

[14) The method of any one of [1] 1o [13], wherein said amigen-binding domain is an
anuigen-binding domain whose antigen-binding activity varies depending on calcium ion
concentration.

[15} The method of [14], wherein said antigen-binding domain is an antigen-binding domain
whose antigen-binding activity varies in & way that the antigen-binding activity at a low calcium
ion concentration is lower than the antigen-binding activity at a high caleium lon concentration.
[16] 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 pH.

[17] The method of [16], wherein said antigen-binding domsain 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 2 neutral pH range.

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

[19] The method of any one of [1] to [18], wherein the antigen-bindmyg molecule is an antibody.
[207 The method of { 1], wherein the modification into an Fc region that does not form said hetero
compiex comprises modification into an Fo 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 FeRn-binding activity in a neutral pH range.

[21] The method of [20], which comprises substituting an amino acid at any cne or more of
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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 sa:d Fe region.

[22] The method of [21], which comprises substituting an amino acid of said Fc region at any

NP R O RRRNA N T

the amino acid of position 237 with Met;

the amino acid of position 248 with lle;

the amino acid of position 250 with Ala, Phe, lle, Met, Gin, Ser, Val, Trp, or Tyr;
the amino acid of position 252 with Phe, Trp, or Tyr;

the amino acid of position 254 with Thr;

the amino acid of position 235 with Glu;

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

the amine acid of position 257 with Ala, Gly, He, Leu, Met, Asn, Ser, Thr, or Val;
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 Gy,

the amino acid of position 289 with His:

the aming acid of position 297 with Ale;

the amino acid of position 298 with Gly;

the amine 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, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Val, Trp, or Tyr;

the amino acid of position 308 with Ala, Phe, lie, Leu, Met. Pro, Gin. or Thr;
the amino acid of position 309 with Ala, Asp, Ghy, Pro, or Arg;

the amine acid of position 311 with Ala, His, or lle;

the amino acid of position 312 with Ala or His:

the amino acid of position 314 with Lys or Arg;

the anuno acid of position 3135 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 Lew;

the amino acid of position 360 with His;

the amino acid of position 376 with Ala:

the amino acid of position 380 with Ala;
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the amine 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;

the amino acid of position 387 with Glu;

P
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the amino acid of position 424 with Ala;

the amino acid of position 428 with Ala, Asp, Phe, Gly, His, lle, 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, e, Leu. Phe, Thr, or Val; wherein the amino acids are
indicated by EU numbering.

[23] The method of any one of [207 to [22], wherein the antigen-binding domain is an
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 Jower than the antigen-binding activity at a high calcium concentration.

[25] The method of any one of [20] 1o [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.

[27] The method of any one of {20] to [26]. wherein the antigen-binding domain is an antibody
variable region.

[287 The method of any one of [20] to [27], wherein the antigen-binding molecule Is an antibody.
[297 An antigen-binding molecule comprising an antigen-binding domain whose antigen-binding
activity varies depending on on concentration and an Fo region that has FeRn-binding activity in
a neufral pH range, wherein the Fe region comprises one or more amino acids selected from:

Ala at amino acid position 234,

Ala, Lvs, or Arg at amino acid position 233;

Axg at amino acid position 236,

Arg at amino acid position 238;

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,
Arxg at amino acid position 328; and

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

2
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from:

Lys or Arg at amino acid position 237,

Ls at amine acid position 238;

Arg at amino actd position 239; and

Lys or Arg at amino acid pesition 329; wherein the amino acids are indicated by EU numbering.
[31] An antigen-binding molecule comprising an antigen-binding domain whose antigen-binding
activity varies depending on lon concentration and an Fc region in which one of the two
polypeptides constituting the Fe region has FcRn-binding activity in a neutrai pH range and the
other does not have FeRn-binding activity in a neutral pH range.

[32] The antigen-binding molecuie of any one of [29] to [31], wherein the Fc region comprises
one or more amine acids that are different from amino acids of a native Fc region at any of
anuno 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 Fe region.

{33} The antigen-binding molecule of [32], which comprises a combination of one or more
amino acids of said Fe region of:

Met at amino acid position 237,

Tie at amino acid position 248:

Ala, Phe, He, Met, Gln, Ser, Val, Trp, or Tyr at amino acid posttion 25¢;
Phe, Trp, or Tyr at amino acid position 252;

Thr at amino acid position 254,

(Giu at amino acid position 255;

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

Ala, Gly, i, Leu, Met, Asn, Ser, Thr, or Val at amino acid position 257
His af amino acid position 238;

Ala at anune acid position 263;

Ale or Glu at amino acid position 286;

His at amino acid position 289;

Als at amino acid position 297;

nnx- s X e, e Y e kot
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Ala at amino acid position 303;

Ala at amino acid position 305;

Ala, Asp. Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Val, Trp, or Tvr at amino
acid position 307,

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

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

Ala or His at amine acid position 312;

Lys or Arg at amino acid position 314;

Ala, Asp, or His at amino acid position 3135;

Ala at amino acid position 317;

Val at amino acid position 332;

Leu at amino acid position 334,

His at amino acid position 360;

Ala at amino acid position 376;

Ala at amino acid position 380;

Ala at amino acid position 382:

Ala at amino acid position 384;

Asp or His at amino acid position 385;

Pro at amino acid position 386;

(ilu at amino actd position 387,

Ala or Ser at amino acid position 389;

Ala at amino acid position 424;

Ala, Asp, Phe, Giy, His, Ile, Lys, Lea, Asn, Pro, Glo, Ser, Thr, Val, Trp, or Tyr at amino acid
position 428;

Lys at amine acid position 433;

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

His, Ile, Lev, Phe, Thr, or Val at ammo acid position 436; wherein the amino acids are indicated
by EU numbering,

[34] The antigen-binding molecule of any one of [29] to {33], wherein the antigen-binding
domaimn 18 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 1s an
antigen-binding domain whose antigen-binding acuvity varies in a way that the antigen-binding
aclivity 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
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 1s an antibody.

[40] A polynucieotide 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].
[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
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
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 disciosure 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
method of the present disclosure in producing agents for improving the pharmacokinetics 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.

[Effects of the Invention]
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The present disclosure provides methods for improving pharmacokinetics 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.

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.

Fig. 2 is a graph showing a plasma concentration time course after intravenous or
subcutaneous administration of Fv4-IgG1l or Fv4-1gG1-F1 to normal mice.

Fig. 3 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to human FeyRla.

Fig. 4 is a graph demonstrating that in a human FcRn-bound state, Fvd-IgG1-F157 binds
to human FeyRIIa(R).

Fig. 5 is a graph demonstrating that in 2 human FcRn-bound state, Fv4-IgG1-F157 binds
to human FeyRIla(H).

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

Fig. 7 is a graph demonstrating that in a huoman FcRn-bound state, Fv4-1gG1-F157 binds
to human FeyRIITa(F).

Fig. 8 is a graph demonstrating that in a human FcRn-bound state, Fv4-IgG1-F157 binds
to mouse FeyRIL

Fig. 9 is a graph demonstrating that in a human FcRn-bound state, Fv4-1gG1-F157 binds
to mouse FeyRIIb.

Fig. 10 is a graph demonstrating that in a human FcRuo-bound state, Fv4-1gG1-F157
binds to mouse FeyRIHL

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

Fig. 12 is a graph demonstrating that in a mouse FcRa-bound state, Fv4-1gG1-F20 binds
to mouse FeyRI, mouse FeyRIlb, mouse FeyRIL, and mouse FeyRIV.

Fig. 13 is a graph demonstrating that in a mouse FcRn-bound state, mPM1-mlIgG1-mF3
binds to mouse FeyRIlb and mouse FeyRIIL

Fig. 14 is a graph showing a plasma concentration time course of Fv4-IgG1-F21,
Fv4-1gG1-F140, Fv4-1gG1-F157, and Fv4-1gG1-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-IgG1-F760 in human FcRn transgenic mice.

Fig. 16 is a graph showing a plasma concentration time course of Fvd-[gG1-F11,
Fvd-1gG1-F890, Fvd-1gG1-F947, Fv4-1gG1-F821, Fv4-1gG1-F939, and Fv4-1gG1-F1009 in
human FeRn transgenic mice,

Fig. 17 1s a graph showing a plasma concentration time course of mPM1-migGl-mF14,

Fig. 18 is a diagram showing the result of immunogenicity assessment using
Fv4-1gG1-F21 and Fv4-lgG1-F140.

Fig. 19 is a diagram showing the result of immunogenicity assessment using
hA33-1gG1-F21 and hA33-1gGI1-F140.

Fig. 20 is & diagram showing the result of immunogenicity assessment using
hA33-IgG1-F698 and hA33-1gG1-F699.

Fig. 21 is a diagram showing the result of immunogenicity assessment using
hA33-1gGI-F698 and hA33-1gG1-F763.

Fig. 22 is a graph showing titers of mouse antibody produced against Fvd-1gGi-Fl1, 3,
7, 14, 21, and 28 days after administration to human FcRn transgenic mice.

Fig. 23 1s a graph showing titers of mouse antibody produced against Fv4-1gG1-F821, 3,
7, 14, 21, and 28 days after administration 10 human FeRa transgenic mice,

Fig. 24 ig a graph showing titers of mouse antibody produced against Fvd-IgG1-FRI0, 3,
7,14, 21, and 28 days after administration to human FcRn transgenic mice. Bisan
enlargement of A

Fig. 25 is a graph showing titers of mouse antibody produced against Fv4-Ig(G1-F939, 3,
7,14, 21, and 28 days after administration to hurnan FcRa transgenic mice.

Fig. 26 is a graph showing titers of mouse antibody produced against Fv4-1g(G1-F947, 3,
7, 14, 21, and 28 days after administration to human FcRu transgenic mice.

Fig. 27 is a graph showing titers of mouse antibody produced against Fv4-IgG1-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
mPMIi-1gGl-mFl14, 14, 21, and 28 days after administration © normal mice.

Fig. 29 is a graph showing titers of mouse aniibody produced against
mPM1-igGl-mF39, 14, 21, and 28 days after administration to normal mice.

Fig. 30 1s a graph showing tters of mouse antibody produced against
mPM1-1gG1-mF38, 14, 21, and 28 days after administration 1o normal mice.

Fig. 31 is a graph showing titers of mouse antibody produced against
mPM1-IgGl-mF40, 14, 21, and 28 days afier administration to normal mice.

Fig. 32 is a graph showing the plasma antibody concentrations for Fv4-IgG1-F947 and
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Fvd-1gG1-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 FcyRITh and
Fig. 34 is & diagram showing variance in the binding of each B3 mutant to FeyRITb and

Fig. 35 is a diagram showing variance in the binding of each B3 mutant to FeyRIlb and
FeyRITa(R). _

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

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 recepior in
mouse plasma,

Fig. 38 is a graph showing the plasma kinetics of a soluble human IL-6 receptor in.
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-11-6 receptor antibody in
normal mice.

Fig. 40 is a graph showing a time course of soluble human IL-6 receplor concentration
after co-administration of a soluble human IL-6 receptor and an anti-IL-6 recentor antiboéy ©
haman FcRn transgenic mice.

Fig. 41 1s a diagram showing the structure of the Fab fragment heavy-chain CDR3 of
antihody 6R1#9 determined by X-ray crystallographv.

Fig 42 is a graph showing a plasma antibody concentration time course  for
H54/1.28-12G1, 6RL#9-1gGl, and FH4-1gGl in normal mice.

Fig. 43 is a graph showing s time course of plasma soluble human IL-6 receptor
concentration in normal mice administered with H34/L.28-1gG1, 6RLA9-1gG1, or FH4-1gGl.

Fig. 44 is a graph showing a time course of the plasma antibody concentrations of
HA4/1.28-N434W, 6RLA9-N434W, and FH4-N434W m normal mice.

Fig. 45 is a graph showing a time course of plasma soluble human IL-6 receptor
conceniration in normal mice adminisiered with FI34/1.28-N434W, 6RL#9-N434W, or
FH4-N434W,

Fig. 46 is an 1on-exchange chromatogram for an antibody comprising a human Vk5-2
sequence ané an antibody comprising an h Vk5-2 163 sequence which has a moditied
glycosylation sequence of the human Vk5-2 sequence.  The solid line represents a

chromatogram for the antibody comprising the human Vk3-2 sequence (heavy chain: CIM_H,
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SEQ ID NO: 108; and light chain: hVk5-2, SEQ ID NO: 4).  The broken line represents a
chromatogram for the antibody comprising the hVk3-2_L63 sequence (heavy chain: CIM_H
(SEQ ID NO: 108); and fight chain: hVk3-2_L65 (SEQ ID NO: 107)).

Fig. 47 1s a diagram showing an alignment of the constant region sequences of 1aG1,

1gG2, [gG3, and loG4, which are numbered according to the EU numbering system.
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of one molecule of an Fc region that has FcRn-binding activity in a neutral pH range, wwo
molecules of FcRn, and one molecule of FeyR.

Fig. 49 is a schematic diagram showing the mteraction of two FoRn molecules and one
FeyR molecule with an Fe region that has FeRuo-binding activity in a neutral pH range and a
tower binding activity to activating FcyR than that of a native Fe region.

Fig. 50 is a schematic diagram showing the imeraction of two FcRn molecules and one
FevR molecule with an Fe region that has FoRn-binding activity in a neutral pH range and
selective binding activity to ihibitory FeyR.

Fig. 51 is a schematic diagram showing the interaction of two FeRn molecules and one
FeyR moiecule with an Fe region in which only one of the two polypeptides of FeRn-binding |
domain has FcRn-binding activity in & neutral pH range and the other does not have
FcRn-binding activity in a neutral pH range.

Fig. 52 is a graph showing the relationship of a designed amine acid distribution
(indicated as Design) to the amino acid distribution (indicated as Library) for the sequence
mformation on 290 clones isotated from £. coli introduced with a gene library of antibodies that
bind to antigens in a Ca-dependent manner. The horizontal axis indicates amine acid positions
in the Kabat numbening systerm.  The vertical axis indicates % amino acid distribution,

Fig. 53 is a graph showing the relationship of a designed amino acid distribution
(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 amigens in 2 pH-dependent manner.  The hortzontal axis indicates amino acid positions
in the Kabat numbering systern.  The vertical axis indicates % amino acid distribution.

Fig. 54 is a graph showing 2 plasma concentration time course of Fvd-IgG1-F947 and
FvdulgG1-F1326 in human FeRn transgemce mice admimstered with Fvd-lg(G1-F947 or
Fv4-1gGi-F1326.

Fig. 55 shows a graph in which the horizontal axis shows the relative value of
FeyRilb-binding activity of each PD vaniant, and the vertical axis shows the relative value of
FeyRlla type R-binding activity of each PD variant.  The value for the amount of binding of
each PD variant to cach FeyR was divided by the value for the amount of binding of IL6R-F&52,
which is a control antibody prior to introduction of the alteration {altered Fc with substitution of

i -2 Ao me s -
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Pro at position 238 (indicated by EU numbering) with Asp), to each FeyR; and then the obtained
value was multipiied by 100, and used as the relative binding activity value for each PD variant
to each FeyR.  The F652 plot in the figure shows the value for ILOR-F652.

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

FeyRIIb-binding activity of variants produced by introducing each alieration into GpH7-B3
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FeyRITb-binding activity of variants produced by introducing each alteration into [IL6R-F6352
which has the P238D alteration.  The value for the amount of FeyRIb binding of cach variant
was divided by the vaiue for the amount of FeyRIIb binding of the pre-altered antibody; and then
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 FevRIIb binding in both
cases where an aiteration 1s introduced into GpH7-B3 which does not have P238D and where an
alteration is imtroduced inte ILOR-F652 which has P238D.  Region B contains alierations that
exhibit the effect of enhancing FoyRIIb binding when introduced into GpH7-B3 which does not
have P238D, but do not exhibit the effect of enhancing FeyR1Ib binding when introduced into
[L6R-F652 which has P238D).

Fig. 57 shows a crystal structure of the Fe(P238D) / FeyRIlb extracellular region
complex.

Fig. 58 shows an image of superimposing the erystal structure of the Fe(P238DY /
FeyRIIb extracellular region complex and the model structure of the Fe{WT} / FeyRIlb
extracellular region complex, with respect to the FeyR1Ib extraceliular region and the Fe CH2
domain A by the least squares fitting based on the Ca atom pair distances,

Fig. 59 shows comparison of the detailed structure around P238D after superimposing
the crystal structure of the Fe{P238D) / FoyRIb extracellular region complex and the model
structure of the Fe(WT) / FeyRIIb extracellular region complex with respect to the onty Fe CH2
domain A or the only Fc CH2 domain B by the least squares fitting based on the Co atom pair
distances.

Fig. 60 shows that a hvdrogern bond can be found between the main chain of Gly at
position 237 (indicated by EU numbering) in Fc CH2 domaimn A, and Tyr at position 160 in
FeyRIlb in the crystal structure of the FC(PZBSD) / FeyRIb 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 FeyRIb in the
crystal structure of the Fo(P238D) / FoyRilb extracelluiar region complex.

Fig. 62 shows a graph in which the horizontal axis shows the refative value of
FeyR1b-binding activity of each 2B variant, and the vertical axis shows the relative value of

FeyRlte type R-binding activity of each 2B variant. The value for the amount of binding of
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each 2B variant to each FeyR 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 EU
numbering} with Asp) to each FeyR; and then the obtained value was multiplied by 100, and
used as the value of relative binding activity of each 2B variant towards each FeyR.

Fig. 63 shows Glu at position 233 {indicated by EU numbering) in Fc Chain A and the
idueadnthe
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Fe(P2381) / FoyRilb extracellular region complex

Fig. 64 shows Ala at position 330 (indicated by EU numbering) in Fe Chain A and the
surrounding residues in the exiracellular region of FeyRITh in the crystal structure of the
Fo(P238D) / FoyRIlb extraceliular region complex.

Fig. 65 shows the structures of Pro at position 271 (EU numbering) of Fc Chain B afier
superimposing the crystal structures of the Fe(P238D) / FeyRIlb extracellular region complex
and the Fe(WT)/ FevRIHa extraceliuiar region complex by the least squares fitting based on the
Cuo atom pair distances with respect to Fe Chain B.

[Mode for Carrying Out the Invention]
The definitions and detailed description below are provided to help the understandmg of

the present invention illustrated herein.

Amino acids

Herein, amino acids are described in one- or three-letter codes or both, for example,
Ala/A, Lew/l, Arg/R, Lys/K, Ast/N, Met/M, Asp/D, Phe/F, Cvs/C, Pro/P, GIn/Q), Ser/S. GIWwE,
The/T, Gly/G, Trp/W, His/H, Tyr/Y, lle/L, or Val/V.

Antigens

Herein, “antigens” are not particularly limied in their structure, as long as they
comprise epitopes to which anfigen-binding domains bind.  In other words, antigens can be
1norganic or organic substances.

Other antigens include, for example, the melecules below: 17-1A, 4-1BB, 40¢,
&-kato-PGF g, 8-180-PGF2a, B-ox0-dG, Al adenosine receptor, A33, ACE, ACE-2, activin,
activin A, activin AR, activin B, activin €, activin RIA, activin RIA ALK-2, activin RIB ALK 4,
activin RIA, activin RIIB, ADAM, ADAMI0, ADAMIZ, ADAMI3, ADAMIT/TACE, ADAMS,
ADAMY, ADAMTS, ADAMTS4, ADAMTSS, addressin, aFGE, ALCAM, ALK, ALK-1,
ALK-7 aipha-l-antitrvpsin, alpha-V/beta-1 antagonist, ANG, Ang, APAF-1, APE, APJ, APP,
APRIL, AR, ARC, ART, arternin, anti-Id, ASPARTIC, atrial natriuretic peptide. av/b3 inteprin.
Axl, b2M, B7-1, B7-2, B7-H, B-lymphocyte sumulating factor (BlvS), BACE, BACE-1, Bad,

GOy R b-intheor e Sroctare-or the-
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BAFF, BAFF-R, Bag-1, BAK, Bax, BCA-1, BCAM, Bcl, BCMA, BDNF, b-ECGF, bFGF, BID,
Bik, BIM, BLC, BL-CAM, BLK, BMP, BMP-2 BMP-2a, BMP-3 Ostecogenin, BMP-4 BMP-2b,
BMP-5, BMP-6 Vgr-1, BMP-7 (OP-1), BMP-8 {(BMP-8a, OF-2), BMPR, BMPR-TA (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, BTC, complement factor 3 (C3), C3a, C4,

2TE AL,
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associated antigen, cathepsin A, cathepsin B, cathepsin C/DPPIL cathepsin D, cathepsin E,
cathepsin H, cathepsin L, cathepsin O, cathepsin 8, cathepsin V, cathepsin X/Z/P, CBL, CCI,
CCR2, CCL, CCLt, CCLL, CCLi2, CCLI3, CCLI4, CCLI5, CCLI6, CCLI7, CCL18, CCLIG,
CCL2, CCL2), CCL2Y, CCL22, CCL23, CCL24, CCL25, CCL26, CCL2T7, CCL2R, CCL3,
CCL4, CCL3, CCL6, CCLT, CCLE, CCLY/16, CCR, CCRI, CCR10, CCR10, CCR2, CCR3,
CCR4, CCR3, CCR6, CCRT, CCRE, CCRY, CD1, CD2, CD3, CD3E, CD4, CDSE, CDh6, CD7,
CD8, CD10,Chlla, CDUb, CDIle, CIDi3, CDi4, CD15, CDi6, CDI8, D19, CD20, CD21,
CD22, CD23,CD25, CD271., CD28, CD29, CD30, CD30L, CD32, CD33 (p67 protein), CD34,
CI3R, CD4G, CD40L, CD44, CD435, CD46, C349a, CDSZ, CD34, CD35, CDS6, CD6L, CDo4,
CD66e, CD74, CDEO (B7-1), CDRY, CDY35, CD123, CD137, CDI38, CD40a, CD146, CD147,
CD148, CD152, CD64, CEACAMS, CFTR, cGMP, CINC, Bomlinum toxin, Clostridium
perfringens toxin, CKb&-1, CLC, CMV, CMV UL, ONTF, CNTN-1, COX, C-Ret, CRG-2, CT-1,
CTACK, CTGF, CTLA-4, CX3CL1, CX3CR1, CXCL, CXCL1, CXCL2, CXCL3, CXCLA,
CXCLS, CXCL6, CXCL7, CXCLE, CXCLY, CXCL10, CXCLL, CXCL12, CXCLI3, CXCL14,
CXCL15, CXCLI6, CXCR, CXCR1, CXCR2, CXCR3, CXCR4, CXCRS, CXCR6 cvtokeratin
tumior associated antigen, DAN, DCC, DeR3, DC-SIGN, complement regulatory factor (Decay
accelerating factor), des (1-3}-IGF-I (brain IGF-1}, Dhh, digoxin, DNAM-1, Dnase, Dpp,
DPPIV/CD26, Dtk, ECAD, EDA, EDA-AL, EDA-A2, EDAR, EGF, EGFR (ErbB~13, EMA,
EMMPRIN, ENA, endothelin receptor, enkephalinase, eNOS, Eot, eotaxin 1, EpCAM, ephrin
B2/EphB4, EPQ, ERCC, E-selectin, ET-1, factor Ha, factor VI, factor VIlic, factor IX,
fibroblast activation protein (FAP), Fas, FcR1, FEN-1, ferritin, FGF, FGF-19, FGF-2, FGF3,
FGF-§, FGFR, FGFR-3, fibrin, FL, FLIP, Fit-3, Flied, follicle stimulating hormone, fractalkine,
FZD, FZD2, FZD3, FZD4, FZD3, FZD6, FZD7, FZDE, FZIS, FZ510, G250, Gaso, GOP-2.
GCSF, GD2, GD3, GDF, GDF-1, GDF-3 (Vgr-2), GDF-5 (BMP-14, CDMP-1), GDF-6 (BMP-13,
CDMP-2y, GDF-7 (BMP-12, CDMP-3), GDF-8 {myostatin}, GDF-9, GDF-135 (MIC-1}, GDNF,
GDNFE, GFAP, GFRa-i, GFR-alphal, GFR-alpha2, GFR-alpha3, GITR, glucagon, Giut4,
glycoprotein {b/Hla (GPIh/Hia), GM-CSF, gpl30, gp72, GRO, growth hormone releasing
hormone. hapten (NP-cap or NIP-cap), HB-EGF, HCC, HCMV ¢B envelope glycoprotein,
HCMV gH envelope glycoprotein, HCMV UL, hematopoietic growth factor (HGF), Hep B
gp120, heparanase, Her2, Her2/neu (ErbB-2), Her3 (ErbB-3), Herd (ErbB-4), herpes simplex
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virus (HSV} ¢B elveoprotein, HSV gD glveoprotein, HGFA, high molecular weight
melanoma-associated antigen (HMW-MAAS, HIV gp120, HIV IIIB ¢p 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,
ICOS, IFNg, 1g. lgA receptor, IgF, IGFE, IGF binding protein, IGF-1R, IGFBP, 1GF-1, IGF-11, 1L,
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I.L—TS, IL-18, IL-18R, I1.-23, mterﬁ:ron {1NF}-aipha, INF-heta, INF«»gannna, inhibin, iNOS,
insutin A chain, insulin B chain, insulin-like growth factorl, integrin alphal, integrin alpha3,
integrin aiphad, integrin alphad/betal, integrin alphad/beta?, integrin alpha$ (alpha V), integrin
alphaS/betal, integrin alphaS/betal, integrin alpha, integrin betal, integrin beta2.interferon
gamma, [P-10, I.-TAC, JE, kathkrein 2, kallikrein 5, kallikrein 6, kallikrein 11, kallikrein 12,
kallikrein 14, kallikrein 13, kallikrein L1, kallikrein L2, kallikrein L3, kallikrein L4, KC. KDR,
keratinocyte growth factor (KGF), laminin 3, LAMP, LAP, LAP (TGF-1), latent TGF-1, latent
TGF-1 bpl, LBP, LDGF, LECT2, lefty, Lewis-Y antigen, Lewis-Y associated antigen, LFA-1,
LFA-3, Lfo, LIF, LIGHT, lipoprotein, LIX, LKN, Lotn, L-selectin, LT-a, LT-b, LTB4, LTBP-1,
fung surface, lutemnizing hormone, Iymphotoxin beta receptor, Mac-1, MAJCAM, MAG, MAPZ,
MARC, MCAM, MCAM, MCK.-2, MCP, M-CSF, MDC, Mer, METALLOPROTEASES, MGDF
receptor, MGMT, MHC (HLA-DR}, MIF, MI1G., MIP, MIP-1-alpha, MK, MMACI, MMP,
MMP-1, MMP-10, MMP-11, 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), MUCIS,
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, nNGS, NO, NGS, Npn, NRG-3, NT, NTN, OB, OGG1, OPG, OPN, OSWM,
OX40L., OX40R, p15G, p93, PADPr, parathyroid hormone, PARC, PARP, PRR, PRSF, PCAD.
P-cadherin, PCNA, PDGF, PDGF, PDK.-1, PECAM, PEM, PF4, PGE, PGF, PGIZ, PGI2, PIN,
PL.A2, placental alkaline phosphatase (PLAP), PIGF, PLP, PP14, proinsulin, prorelaxin, protein
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
syncvtial virus (RSV) F, RSV Fgp, Ret, Rheumatoid factor, RLIP76, RPAZ, RSK, $100, SCF/KL,
SDF-1, SERINE, serum albumin, sFRP-3, Shh, SIGIRR, SK-1, SLAM, SLPL, SMAC, SMDF,
SMOH, SOD, SPARC, Stat, STEAP, STEAP-IL TACE, TACI, TAG-72 (tumor-associated
glveoprotein-72}, TARC, TCA-3, T-cell receptor (for example, T-cell receptor alpha/bea), TdT,
TECK, TEM1, TEMS, TEM7, TEMS, TERT, testis PLAP-like alkaline phosphatase, TfR, TGF,
TGF-alpha, TGF-beta, TGF-beta Pan Specific, TGF-betaRl (ALK-5), TGF-betaRIL,
TGF-betaR1Ib, TGF-betaRHL TGF-betal, TGF-beta?, TGF-betad, TGF-betad, TGE-betas,
thrombin, thymus Ck-1, thyroid-stimulating hormone, Tie, TIMP, TIQ, ussue factor, TMEFF2,
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Tmpo, TMPRSS2, TNF, TNF-alpha, TNF-alphabeta, TNF-beta2, TNFe, TNF-RI, TNF-RII,
TNFRSF10A (TRAIL R1 Apo-2, DR4), TNFRSFI0B {TRAIL R2 DRS, KILLER, TRICK-2A,
TRICK-B), TNFRSF10C (TRAIL R3 DRI, LIT, TRID), TNFRSFI10D (TRAIL R4 D} eR2,
TRUNDD), TNFRSFI1A (RANK ODF R, TRANCE R}, TNFRSF11B (OPG OCIF, TR1),
TNFRSF12 (TWEAK R FN14}, TNFRSF13B (TACIH, TNFRSF13C (BAFF R), TNFRSF14

TNFRSF18 (GITR AITR), TNFRSF16 (TROY TAJ, TRADE), TNFRSFIOL (RELT),
TNFRSF1A (TNF RI CD120a, p55-60), TNFRSF1B (TNF RII CD120b, p75-80), TNFRSE26
(TNFRH3) , TNFRSF3 (LTbR TNF RIIL TNEC R), TNEFRSF4 (OX40 ACT35, TXGP1 R),
TNFRSF5 (CD40 p50). TNERSF6 (Fas Apo-1, APT1, CD95), TNFRSF6B (DcR3 Mé68, TRE),
TNFRSF7 (CD27), TNFRSFS (CD30), TNFRSFY (4-1BB CDI137, ILA), TNFRSF21 (DR6),
TNFRSF22 (DcTRAIL R2 TNFRH2), TNFRST23 (DeTRAIL R1 TNFRH 1), TNFRSE25 (DR3
Apo-3, LARD, TR-3, TRAMP, WSL-1), TNFSF10 (TRAIL Apo-2 ligand, TL2), TNFSF11
(TRANCE/RANK ligand ODF, OPG ligand), TNFSF12 (TWEAK Apo-3 ligand, DR3 ligand),

CTNESF13 {APRIL TALL2), TNFSFI3B (BAFF BLYS, TALL1, THANK, TNFSF20), TNFSF14

(LIGHT HVEM ligand, LTg), TNFSFI5 (TL1A/VEGI), TNFSF18 (GITR ligand AITR ligand,
TL6E), TNFSF1IA (TNF-a Conectin, DIF, TNFSF2), TNFSFIB (TNF-b LTa, TNFSF1), TNFSF3
(LTh TNFC, p33), TNFS5F4 (OX40 ligand gp34, TXGP1), TNFSF5 (CD40 ligand CD154, gn39,
HIGML, IMD3, TRAP), TNFSF6 (Fas higand Apo-1 Hgand, APT1 ligand), TNESF7 (CD27
ligand CD70), TNFSF8 (CD30 ligand CD153), TNFSF9 (4-1BB ligand CD137 ligand), TP-1,
t-PA, Tpo, TRAIL, TRAIL R, TRAIL-R]1, TRAIL-R2, TRANCE, transferrin receptor, TRF, Trk,
TROP-2, TSG, TSLP, tumor associated antigen CA123, tumor associated antigen expressing
Lewis-Y associated carbohvdrates, TWEAK, TXB2, Ung, uPAR, uPAR-1, urckinase, VCAM,
VCAM-i, VECAD, VE-Cadherin, VE-cadherin-2, VEFGR-1 (fli-1), VEGF, VEGFR, VEGFR-3
{fit-4), VEGI, VIM, virus antigen, VLA, VLA-1, VLA-4, VNR integrin, von Willebrand factor,-
WIF-1, WNTIT, WNT2, WNT2ZB/13, WNT3, WNT3A, WNT4, WNTSA, WNTSB, WNTE,
WNTTA, WNT7B, WNTRA, WNTEB, WNTOA, WNTOA, WNTOB, WNTI10A, WNTI10B,
WNTI, WNTI16, XCL1, XCL2, XCRI, XCR], XEDAR, XIAP, XPD, HMGRBI, IgA, AR, CD81,
CD97, CDSE, DDR1, DKKI, EREG, Hep90, H-171L-17R, IL-Z0/11L-20R, oxidized LDL,
PCSK9, prekallikrein, RON, TMEMI16F, SOD1, Chromogranin A, Chromogranin B, tau, VAP,
high molecular weight kininogen, IL-31, IL-31R, Navl.1, Navl.2, Navl.3, Navl 4, Navl .5,
Navl.6, Navl.7, Navl.§ Navl.9, EPCR, Ci, Clqg, Clr, Cls, C2, C2a, C2Zb, C3. C3a, C3b, 4,
Cda, C4b, C5, C5a, C3b, C6, C7, C8, 9, factor B, factor D, factor H, properdin, sclerostin,
fibrinogen, fibrin, prothrombin. thrombin, tissue factor, factor V, factor Va, factor VII, factor
Viia, factor VIIIL factor VIHla, factor IX, factor IXa, factor X, factor Xa, facior X1, facior X]la,
factor XI1, factor Xa, factor X111, factor X11la, TFPL, antithrombin 1L EPCR, thrombomodulin.
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TAPL (PA, plasminogen, plasmin, PAL-1, PAL-2Z, GPC3, Syndecan-1, Syndecan-2, Syndecan-3,
Syndecan-4, [LPA, and S1P; and receptors for hormone and growth factors,

“Lpitope” means an antigenic determinant in an antigen, and refers to an antigen site o
which the antigen-hinding domain of an antigen-binding molecule disclosed hersin binds.  Thus,
for example, the epitope can be defined according to its structure.  Alternatively, the epitope

y X . . . L
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 ts a
sugar chain, the eprtope can be specified by its specific sugar chain structure,

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
commoanly at feast five, for example, about 8 o 10 or 6 to 20 aminoe acids in its specific
sequence.

in contrast to the linear epitope, “conformational epitope™ 1s an epitope in which the
primary amine acid sequernce containing the epitope 1s 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).  Conformational epitopes may
contain a greater number of amino acids compared to linear epitopes. A confomational
epitope~-recognizing antibody recognizes the three-dimensional structure of a peptide or protem.
For example, when a protein molecule folds and forms a three-disnensional 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 crystailography, two-dimensional nuclear magnetic
resonance, site-specific spin labeling, and electron paramagnetic resonance, but are not limited
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
molecule containing an IL-6R antigen-binding domain are described below,  According to the
examples betow. methods for assessing the epitope binding by 2 test antigen-binding molecule
contaiming an antigen-binding domain for an antigen other than 1L-6R. can also be appropriately
conducted,

For example, whether a test antigen-binding molecule containing an 1L-6R
antigen-binding domain recognizes a linear epitope in the [L-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 {or 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 extraceliular domain in an [L-6R ¢DNA.  Then, a
test antigen-binding molecule containing an IL-6R antigen-binding domain is assessed for its

binding activity towards a linear peptide comprising the amino acid sequence forming the
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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 molecuie to [L~-6R-expressing
cells. These tests can demonstraie the binding activity of the antigen-binding molecule towards
the Jinear peptide.

Whether a test antigen-binding molecule containing an IL-6R antigen-binding domain
recognizes a conformational epitope can be assessed as follows.  1L-6R-expressing cells are
prepared for the ahove purpose. A test antigen-binding molecule containing an IL-6R
antigen-binding domain can be 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 exwraceliular 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
to the binding activity towards cells expressing human J1-6R.

Methods for assayving the binding activity of & test antigen-binding molecule containing
an [1.-6R antigen-binding domain towards IL-6R-expressing cells mclude, for example, the
methods described in Antibodies: A Laboratory Manual (Ed Harlow, David Lane, Cold Spring
Harbor Laboratory (1988) 356-420}.  Specifically, the assessment can be performed based on
the principle of ELISA or fluorescence activated cell sorting (FACS) using 1L-6R-expressing
celis as antigen,

In the ELISA format, the binding activity of a test antigen-binding molecule containing
an IL-6R antigen-binding domain towards 11.-6R-expressing cells can be assessed guantitatively
by comparing the levels of signal generated by enzymatic reaction.  Specifically, a test
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
enryme-iabeled antibody that recognizes the test antigen-binding molecule.  Ahernatively,
when FACS is used, a dilution series of a test antigen-binding molecule 1s prepared, and the
antibody binding titer for 1L -6R-expressing celis can be determined to compare the binding
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:

FACSCanto™ 11

FACS Aria™

FACSAmay' ™

B U S

FACSCalibur™ (all are trade names of BD Biosciences)

EPICS ALTRA HyPerSort

Cytomics FC 500

EPICS XL-MCL ADC EPICS X1 ADC

Cell Lab Guania/Cell Lat Quanta ST (al] 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 mnclude, for exampie, the
following method.  First, IL-6R-cxpressing cells are reacted with a test antigen-binding
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
suitabie buffer to prepare the molecule at a desired conceniration.  For example. the molecule
can be used at a concentration within the range of 10 ug/mlwo 10 ng/ml.  Then, the fluorescence
intensity and cell count are determined using FACSCalibur (BD).  The fluorescence intensity
obtained by analysis vsing the CELL QUEST Software {BD), i.e.. the Geometric Mean value,
reflects the guantity 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 & test antigen-binding molecule contatning an IL-6R antigen-binding domain
shares a common epitope with another antigen-binding molecule can be assessed based on the
compeétition berween 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 1s a preferred cross-blocking assay.

Specifically, in cross-blocking assay, the IL-6R protein immobihized 1o the wells of a
microtiter plate is pre-incubated in the presence or absence of a candidate competitor
antigen-binding molecule, and then a test antigen-binding molecnle is added thereto,  The
quantity of test antigen-binding molecule bound to the IL-6R protein in the welis 1s indirectly
corretated with the binding ability of a candidate competitor antigen-binding molecule that -
competes for the binding to the saine epitope.  That is, the greater the affinity of the competitor
antigen-binding molecule for the same epitope, the Jower the binding activity of the test

antigen-binding molecule towards the 1L-6R protein-coated wells.
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The guantity of the test antigen-binding motecule bound to the wells vig the [L-6R
protein can be readily determined by labeling the antigen-binding molecule in advance. For
example, a biotin-labeled antigen-binding ruolecule is measured using an avidin/peroxidase
comjugate and appropriate substrate.  In particular, cross-blocking assay thar uses enzyme labels

such as peroxidase is calied “competitive ELISA assay™.  The antigen-binding molecule can

“EER U TAU G W GH ST TEOSIITE  SUUSTATICTS Lia T B E O QeSO G R E S T Tieif

Specifically, radiolabels, fluorescent labels, and such are known.

When the candidate competitor amigen«binding molecule can block the binding by a
test anfigen-binding molecule containing an IL-6R antigen-binding domain by at least 20%,
preferably at least 20 10 30%, and more preferably at least 30% compared 1o the binding activity
in a controt experiment conducted i the absence of the competitor antigen-binding molecule. the
test antigen-binding molecule 1s determined 1o 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
an IL-6R 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 amine
acid mutations into the peptide forming the epitope.

To measure the above binding activities, for example, the binding activities of test and
control antigen-binding molecules towards a linear peptide inte 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 molecutes 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
example, in the form of a GST fusion peptide, are known.

Alternatively, when the identified epitope is 2 conformational epitope, whether test and
control antigen-binding molecules share a common epitope can be assessed by the foliowing
method.  First, [L-6R-expressing cells and cells expressing IL-6R with a mutation introduced
inte the epitope are prepared.  The test and control antigen-binding molecules are rdded to &
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 1s added thereto.  The fluorescence
tntensity and number of cells stained with the labeled antibody are determined using
FACSCalibur (BD). The test and control antigen-binding molecules are appropriately diluted
using a suitable buffer, and used at desired concenirations. For exampie, they may be used al a

concentration within the range of 10 pg/ml 1o 10 ng/ml.  The fluorescence intensity determined
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by analysis using the CELL QUEST Software (BD), i.e., the Geometric Mean value, reflects the
quai::tity of labeled antibody bound to cells.  That s, the binding activities of the test and control
antigen-binding molecules, which are represented by the quantity of iabeled antibody bound, can
be determined by measuring the Geometric Mean vaiue.

I the above method, whether an antigen-binding molecule does “not substamiaﬂy bind
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the test and control antigen-binding molecules bound to cells expressing mutant IL-6R are
stained with a labeled antibody.  Then. the finorescence intensity of the cells is determined.
When FACSCalibur is used for fluorescence detection by flow cytometry, the determined
fluorescence intensity can be analvzed 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 & result of the binding by the antigen-binding molecule.

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 vahie for the mutant [L-6R
molecule) determined by the above analysis, which refiects the qunantity of & test antigen-binding
molecule bound to cells expressing mutant IL-6R, is compared to the AGeo-Mean comparison
value that reflects the guantity 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 equai or substantially equal.  An antigen-binding molecule
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 mutani 1L-6R is smaller than the AGeo-Mean comparison value of the test
antigen-binding molecule {or IL-0R-expressing cells by at least 80%, preferably 50%, more
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

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;

a module of about 35 amino acids called A domain which is contamned in the in vive cell

AADEE 2 TCT SN s e f e

Adnectin containing the 10Fn3 domain which binds to the protein moiety of fibronectin, a
glycoprotem expressed on cell membrane (WO 2002/0329235);

Affibody which is composed of a 38-amino acid three-helix bundle based on the scaffold of the
1g(G-binding domain of Protein A (WO 1995/0601937);

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);

Anticalins and such, which are domains consisting of four Ioops that support one side of a barrel
structure composed of eight circularly arranged antiparalle! strands that are highly conserved
among tipocalin molecules such as neutrophil gelatinase-associated Hpocalin (NGAL) (WO
2003/629462); and

the concave region formed by the parallel-sheet structure inside the horseshoe-shaped structure
constifuted by stacked repeats of the leucine-rich-repeat (LRR} module of the variable
lvmphocyte receptor (VLR) which does not have the immunoglobulin structure and is vsed in the
system of acquired immunity in jawless vertebrate such as fampery and hagfish (WG
2008/016854). Preferred antigen-binding domains of the present invention include, for
exampie, those having antibody heavy-chain and light-chain variable regions.  Preferred
examples of antigen-binding domains include “singie chain Fv (scFv)”, “single cham antibady™,
“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
protein comprising the amino acids at positions 20 to 365 in the amino acid sequence of SEQ ID
NO: 1. Aliemnatively, each of the antigen-binding domains of antigen-binding molecules of the
present invention can bind to a different epitope.  Herein, the different epiiope can be present in.
for example, a protein comprising the ammo acid sequence of SEQ IDNG: 1. Alternatively,
the epitope can be present in the protein comprising the amino acids at positions 20 1o 365 in the
amino acid sequence of SEQ ID NO: 1.
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Specificity

“Specific” means that one of molecules that specifically binds to does not show any
stgnificant binding to molecules other than 2 single or a number of binding partner molecules.
Furthermore, “specific” 1s also used when an antigen-binding domain is specific to a particular

epitope among muitiple epitopes in an antigen.  When an epitope bound by an antigen-binding
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antigen-binding domain can bind to various antigens that have the epitope.

Auntibody

Herein, “antibody™ refers to a natural immunoglobulin or an immunoglobulin produced
by partial or compiete synthesis.  Antibodies can be isolated from natural sources such as
naturally-occurring plasma and serum, or cuiture supernatants of antibody-producing
hybridomas. Alternatively, antibodies can be partially or completely synthesized using
techniques such as genetic recombination.  Preferred antibodies include, for example,
antthodies of an immunogiobulin isotype or subclass belonging thereto.  Known human
immunoglobuiing include antibodies of the following nine classes (isotypes): 1gG1, 1gG2, TgG3,
1G4, IgAl, IgAZ, 1gD, IgE, and [gM. Of these isotypes, aniibodies of the present invention
include IgG1l, 1gG2, 1gG3, and 1gG4.

Methoeds for producing an antibody with destred binding activity are known to those
skilled in the art.  Below is an example that describes a method for producing an antibody that
binds to [L-6R {anti-IL-6R antibody). Antibodies that bind to an amiigen other than IL-6R can
also be produced according to the example described below,

Anti-IL-6R antibodies can be obtained as polyclonal or monocional antibodies using
known methods, The anti-IL-6R antibodies preferably produced are monoclonal antibodies
dertved from maramals,  Such mammal-denived 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 incloded in the monocional antibodies of the present invention,

Monoclonal antibody-producing hybridomas can be produced using known techniques,
for example, as described below.  Specifically, mammals are immunized by conventional
immunization methods using an [L-0R protein as a sensitizing antigen. Resulting immune cells
are fused with known parental cells by conventional cell fusion methods.  Then. hybridomas
producing an anti-1L-6R antibody can be selecied by sereening for monoclonal
antibody-producing cells using conventional screening methods,

Specifically, monoclonal antibodies are prepared as mentioned below.  First, the TL-6R

gene whose nucleotide sequence 1s disclosed in SEQ 1D NO: 2 can be expressed 1o produce an

SEROG WAL O G ORI T BN NS S 0N OGRS a0l ;
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H.-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 11-6R
protein s 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

7
described in Mullberg er of. (1. Immunol. (1994) 132 (10}, 4958-4968), is expressed as a soluble
IL-6R, instead of the IL-6R protein of SEQ [D NO: 1. Purified natural IL-6R protein can also
be used as a sensitizing antigen.

The purified [L.-6R protein can be used as a sensitizing antigen for immunization of
mammais. A partial TL-6R peptide may also be 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 [L-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 B 10 50 residues, more preferably 10 to 30
residues can be used as a sensitizing antigen.

For sensitizing antigen, alternatively it is possible 1o use a fusion protein prepared by
fusing a desired partial polypeptide or peptide of the 11-6R protein with a different polypeptide.
For exammple, 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 e ¢l.,
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 1L-6R are
specifically described in WO 2003/000883, WO 2004/022754, WO 2006/006693, and such,

There is no particular imitation on the mammals 1o be immunized with the sensitizing
antigen. However, it is preferable {0 select the mamrnals by considering their compatibility
with the parent cells to be used for cell fusion.  In general, rodents such as mice, rats, and
hammsters, rabbits, and monkeys are preferably used.

The above amimals are immunized with a sensitizing antigen by known methods.

Generally performed mmmunization methods include, for example. miraperitongal or

e To=GRpotypeptide sequerice of SEGID NG -1 gachrgg e
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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. I desired, a conventional adjuvant such as Freund's complete adjuvant is mixed with
the antigen, and the mixture 1s emulsified.  Then, the sensitizing antigen 1s administered to a
mammal several times at 4~ to 21-day intervals. Appropriate carriers may be used in
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peptide is used as the sensitizing antigen, 1t 1s sometimes desirable to couple the sensitizing
antigen peptide (o a carrier protein such as alburnin or keyhole limpet hemocyanin for
Immunization.

Alternatively, hybridomas producing a desired antibody can be prepared using DNA
immunization as mentioned below. DNA immunization 1s an immunization method that
confers immunostimuiation by expressing a sensitizing antigen in an apimal immunized as a
result of administering a vecior DN A constructed to allow expression of an antigen
protein-encoding gene in the animal.  As compared (o conventional Immunization methods in
which a protein antigen is administered to animals to be immmunized, DNA immunization is
expected 1o be superior in that:

- immunostimulation can be provided while retaining the structure of a membrane protein such
as [L-6R: and
- there 13 no need to purify the antigen for immunization.

In order t prepare a monoclonal antibody of the present invention using DNA
immunization, first, a DNA expressing an [L-6R protein is administered to an animal to be
immunized.  The [L-6R-encoding DNA can be synthesized by known methods such as PCR.
The obtained DNA is inserted into an appropriate expression vector, and then this is admimstered
to an animal to be immunized. Preferably used expression vectors include, for example,
commercially-available expression vectors such as peDNA3.1.  Vectors can be administered to
an orgamsm using conventional methods.  For exampie, DNA immunization is performed by
using & gene gun o introduce expression vector-coated gold particies mio cells in the body of an
anirnal to be mmunized.  Antibodies that recognized [L-6R can also be produced by the
methods described in WO 20037104453,

After immunizing a mammal as described above, an increase in the titer of an
[L-6R-binding antibody is confirmed in the serum.  Then, immune celis are coliected from the
mammal, and then subjected to cell fusion,  In particular, spienocytes are preferably used as
immune cells,

A mammalian myeloma cell is used as a cell to be fused with the above-mentioned
immune celis.  The myeloma cells preferably comprise a suitable selection marker for screening.

A selection marker confers characteristics 1o 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 (hereinafier abbreviated as
TK deficiency) are known as selection markers. Cells with HGPRT or TK deficiency have
hypoxanthine-aminopterin-thymidine sensitivity (hereinafier abbreviated as HAT sensitivity).

HAT-sensitive celis cannot synthesize DNA in a HAT selection medium, and are thus killed.

salvage pathway of the normal cells, and therefore they can grow even in the HAT seiection
medium.

HGPRT-deficient and TK-deficient cells can be selected in a medium containing
6-thioguanine, 8-azaguanine (hereinafter abbreviated as 8AG), or 5" -bromodeox yuridine,
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 1o as G418 resistance provided by the neomycin-resistant gene confers resistance
10 2-deoxystreplamine 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 be preferably used:
P3(P3x63Ag8.653) (1. hmmunol. (1979} 123 (4), 1548-1550);

P3x63A¢g8U.1 (Current Topics in Microbiology and Immunology (1978381, 1-7);
NS-1 (C. Eur. I. Immunol. (1976)6 (7), 511-319):

MPC-11 (Cell (1976) 8 (3}, 405-415);

SP2/G (Nature (1978) 276 (5685}, 269-270);

FO (1. Immunol. Methods (1984} 35 {1 -2), 1-21);

S194/5. XX0.BUT (1. Exp. Med. (1978) 148 (1), 313-323);

R210 (Nature (1979) 277 (5692), 131-133), etc.

Cell fusions between the immunocytes and myeloma cells are essentially carried out
using known methods, for example, a method by Kohler and Milstein ef a/. (Methods Enzymol.
(1981} 73: 3-46).

More specifically, cell fusion can be carried out, for example, in a conventional culture
medium in the presence of a cell fusion-promoting agent.  The fusion-promoting agents include,
for example, polyethyiene glyco! (PEG) and Sendai virus (HVI).  Ifrequired, an auxiliary
substance such as dimethyl sulfoxide is also added o improve fusion efficiency.

The ratio of immune cells to myeloma celis may be determined at one’s own discretion,
preferably, for example. one myeloma cell for every one to ten immunocvtes. Culture media to
be 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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medim used for this type of cell culture.  In addition, serum supplements such as fetal calf
serum (FCS) may be preferably added to the culture mediug.

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

molecular weiglit is about 1,000 1o 6,000) prewarmed to about 37°C is added thereto at a
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ceils (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 unfavorabie to hyvbridoma growth can be remaoved.

The hybridomas thus obtained can be selected by culture using a conventional selective
medium, for example, HAT medium (2 culture medium containing hypoxanthine, aminopierin,
and thymidine}. Cells other than the desired hybridomas (non-fused cells) can be killed by
contiruing 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 antbody are
sereened and singly cloned by conventional Hmiting 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
TK-deficient cells can be selecied by cultre usi.ﬁg the HAT medium (a culfure mediom
containing hypoxanthine, aminopterin, and thymidine).  Specifically, when HAT-sensitive
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.
Specificaily, desired hvbridomas can be selected by culture for generally several days w several
weeks.  Then, hybridomas producing the destred antibody are screened and singly cloned by
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 I1.-6R expressed on the cell surface.  Such a monocional antibody can be
screened by flucrescence activated cell sorting {(FACS).  FACS is a system that assesses the
binding of an antibody to cell surface by analyzing cells contacted with a fluorescent antibody
using laser beam, and measuring the fluorescence emitied 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.  Celis preferably used for screening are
mammalian cells in which IL-6R is forcedly expressed.  As control, the activity of an antibody
to bind to celi-surface IL-6R can be selectively detected using non-transformed mammmalian cells

as host cells.  Specifically, hybridomas producing an anti-IL-6R monocional antibody can be
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isolated by selecting hybridomas that produce an antibody which binds to cells forced to express
1L-6R, but not to host cells.

Alternatively, the activity of an antibody to bind to immobilized [L-6R-expressing cells
can be assessed based on the principle of ELISA.  For example, IL-6R-expressing cells are

immobilized to the wells of an ELISA plate.  Culture supernatants of hvbridomas are contacted
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detected.  When the monoclonal antibodies are derived from mouse, antibadies bound to the
cells can be detected using an anti-mouse immunoglobulin antibody, Hybridomas producing a
desired aniibody having the antigen-binding ability are selected by the above screening, and they
can be cloned by a limiting dilution method or the like. ‘

Monoclonal antibody-producing hvbridomas thus prepared can be passaged in a
conventional cutture medium, and stored in liquid nitrogen for a tong period.

The above hybnidomas are cultured by a conventional method, and desired monoclonal
antibodies can be prepared from the culture supermnatants.  Alternatively, the hybridormas are
administered to and grown in compatible mammals, and monoclona! antibedies are prepared
from the ascites. The former method is suitable for preparing amibodies with high purity.

Antibodies encoded by antibody genes that are cloned from antibody-producing cells
such as ﬁhe 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
the gene.  Methods {or tsolating antibody genes, inserting the genes into vectors, and
transforming host ceils have already been established, for example, by Vandamme et !, (Bur. |
Biochem. (1990} 192(3), 767-775). Methods for producing recombinant antibodies are also
known as described beiow.

For example, a cDNA encoding the variable region (V region) of an anti-IL-6R antibody
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 vltracentrifugation method (Biochemistry (19793 18(24), 5294-5299), and
- the AGPC method {Anal. Biochem. (1987) 162(1}. 156-159)

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 hvbridomas using such kits.  ¢DNAs encoding the
antibody V region can be synthesized from the prepared mRNAS using a reverse franscripiase,
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),
§998-9002; Nucleic Acids Res. (1989) 17(8), 2919-2932) can be appropriately used to synthesize
and amplify cDNAs.  In such a ¢cDNA synthesis process, appropriate restriction enzyme sites
described below may be introduced into both ends of a cDNA.

The ¢DNA fragment of interest is pusified from the resulting PCR product, and then this
coli or such.  After colony selection, the desired recombinant vector can be prepared from the
colony-forming E. cofi. Then, whether the recombinant vector has the ¢cDNA nucleotide
sequence of interest 1s tested by a known method such as the dideoxy nucleotide chain
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 ¢cDNA synthesis using RNAs extracted from hybridoma cells as a
template. A commercially available kit such as the SMART RACE ¢DNA amplification kit ig
appropriately used to synthesize the 5'-RACE ¢DNA library.

The antibody gene is amplified by PCR using the prepared 3'-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
using a commercially availabie kit such as the Iso Strip mouse monoclonal antibody Isotyping kit
(Roché Diagnostics).

Specifically, for example, primers that allow ammplification of genes encoding v1, v2a,
y2b, and y3 heavy chains and x and 2 light chains are used 1o isolate mouse lgG-encoding genes.
In general, a primer that anneals to a constant region site close to the variable region is used as a
3% -side primer to amplify an IgG vartable region gene.  Meanwhile, a primer attached to a §°
RACE ¢DNA library construction kit is used as & 5'-side primer.

PCR products thus amplified are used to reshape mmmunoglobuling 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
objective is to 1solate an antibody against [L-6R. it is more preferred that the binding of the
antibody to 1L-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
cIDNA isclated from a hybridoma;

(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,

Preferred antibody sereening methods that use the binding activity as an indicator also

o0,
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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
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 1solated
by collecting phages bound to the antigen.  This process can be repeated as necessary to enrich
scFv having the binding activity of interest.

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 thal 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
into a vector to insert a single-copy digested fragment in the correct oriemtation.  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 o 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™
means that the origin of the constant region is different from that of the variable region.  Thus,
n addition to mouse’human heterochimeric antbodies, human/human 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
for a resiriction enzyme that excises the above V region gene can be appropriately placed on the
5" side of an expression vector carrying a DNA encoding a desired antibody constant region (C
region}. A chimeric antibody expression vector 1s constructed by fusing in frame the two genes
digested with the same combination of restriction enzymes.

To produce an anti-1L-6R monoclonal antibody, antibody genes are inserted into an
expression vector so that the genes are expressed under the control of an expression regulatory

region. The expression regolatory region for antibody expression includes, for example,
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enhancers and promoters. Furthermore, ar appropriate signal sequence may be attached 1o 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
MGWSCHLFLVATATGVHS (SEQ ID NG: 3) are used as a signal sequence. Meanwhile, other
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of cells as a mature polypeptide.  Then, appropriate host cells are transformed with the
expression vector, and recombinant cells expressing the anti-1IL-6R antibody-encoding DNA are
obtained.

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
molecuie having the H and L chaing can be expressed by co-transfecting the same host cell with
vectors into which the F-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
chains are inserted (see WO 1994/011523).

There are various known host cell/expression vector combinations for antibody
preparation by infroducing isolated antibody genes into appropriate hosts.  All of these
expression Systems are appiicable to isolation of the antigen-binding domains of the present
mvention. Appropriate eukaryotic cells used as host cells include animal cells, plant cells, and
fungal cells.  Specifically, the animal cells include, for example, the following cells.

(1} mammalian ceils: CHO, COS, mveloma, baby hamster kidney (BHK), HeLa, Vero, human
embryonic kidney (HEK) 293, or such;

(2) amphibian cells: Xenopus oocyies, or such; and

(3) msect cells: sf2, 21, Tn3, or such.

In addition, as a plant cell, an antibody gene expression system using cells derived from
the Nicotiana genus such as Nicotiana tabocum 1s known,  Callus cultured cells can be
appropriately used to transform plant cells.

Furthermore, the following cells can be esed as fungal cells:

- veasts: the Saccharomyces genus such as Saccharomyees serevisiae, and the Pichia genus
such as Pichia pastoris; and
- filamentous fungi: the Asperpilius genus such as Aspergillus niger.

Furthermore, antibody gene expression systems that utilize prokaryotic cells are also
known. For example, when using bacterial cells, E. coli cells. Bacillus subrilis cells, and such
can suitably be utilized in the present invention. Expression vectors carrying the antibody
genes of interest are introduced into these cells by transfection.  The transfected cells are

cultured in virro, and the desired antibody can be prepared from the culture of transformed cells.
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In addition to the above-deseribed 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

produced specifically in milk.  Goat -casein or such can be used, for example, as the protein
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injected into a goat embryo, and then this embryo is introduced mto a female goat.  Desired
antibodies can be obtained as a protein fused with the milk protein from milk produced by the
ransgemic goat bom from the embryo-recipient goat (or progeny thereof). In addition. to
increase the volume of milk containing the desired antibody produced by the transgenic goat,
normones can be admimistered (o the transgenic goat as necessary {Ebert, K. M. e af.,
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
artifictaily 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
polypeptide complex described herein is generally formed by three complementarity-determining
regions (CDIRs) 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
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 iniroduced to another antibody bv 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 amibody such as a
mouse antibedy 10 a human antibody and such are known. Common genetic engineering
lechnigues 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 nucieotide sequence encoding a mouse antibody CDR to be grafied
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 1o a human FR, selecting
a human FR that has high identity to 2 mouse FR is advantageous for maintaining the CDR

function. That is, it is generally preferable 1o 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 1o cach
other in frame. Human FRs are individually synthesized using the respective primers. Asa

5 result, products in which the mouse CDR-encoding DNA is attached to the individual
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product are designed so that they overlap with each other.  Then, complementary strand

synthesis reaction is conducted 1o anneal the overlapping CDR regions of the products

synthesized using a human antibody gene as template,  Human FRs are ligated viz the mouse
10 CDR sequences by this reaction.

The full Iength V region gene, in which three CDRs and four FRs are ultimately ligated,
is amplified using primers that anneal to its 3°- or 3"-end, which are added with suitabie
restriction enzyrme 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 aniibody 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 ercoding the humanized antibody is expressed to produce the
humanized antibody in the cell culture (see, European Patent Publication No. EP 239400 and
Intemational Patent Publication No. WO 1996/062576).

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.
Amine acid residues in FRs 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

2
LW 51

mutations can be infroduced mto FRs by applying the PCR method used for grafting 2 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 measuning and evaluating the activity of the amino
30 acid-substituted mutant antibody to bind to the antigen by the above-mentioned methoé (Cancer
Res, (1993) 53: §51-856).

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 1996/0340%6; WO 1996/033735) by

DNA mmunizagon.
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Furthermore, techniques for preparing human antibodies by panning using 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

selected phages. The DNA sequence of the scFv that binds to the antigen is determined.  An
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sequence of a desired human antibody, and inserting this into an appropriate expression vector.
The expression vector is introduced to cells appropriate for expression such as those deseribed
above. The human antibody can be produced by expressing the human antibody-encoding gene
in the cells.  These methods are already known {see WO 1992/001047, WO 1992/020G791; WO
1993/006213; WO 1993/011236; WO 1993/019172; WO 1995/0G1438; 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 (IgG1l, 1gG2, 1gG3, or IgG4 n particular);
and such) such as described in Bernasconi ef ¢l. {Science (2002) 298: 2199-2202) or in WO
2008/081008 can be appropriately used to isolate antibody genes.

EU numbering sysiem and Kabat's numbering system

According to the methods used in the present invention, amino acid positions assigned to
amibody 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 te Kabat's numbering system, while constant region amino

acids are indicated according to EU numbering systern based on Kabat's amino acid positions.

Conditions of ion concentration
Conditions of metal ion conceniration

In one embodiment of the present invention, the ion concentration refers to a metal ion
concentration.  "Metal ions” refer to ions of group 1 elements except hydrogen such as alkaline
meials and copper group elements, group 11 elements such as alkaline earth metals and zine
group clements, group I elements except boron, group IV elements except carbon and stlicon,
group VIII elements such as ron 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.
This is referred to as lonization tendency.  Metals with strong ionization tendency are deemed

o be chemically active.
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In the present invention, preferred metal ions include, for example, calcium ion.
Calcium ion is involved im modulation of many biological phenomena, including contraction of
muscles such as skeletal, smooth, and cardiac muscles; activation of movement, phagocytosis,
and the ke of leukocytes: activation of shape change, secretion, and the like of piatelets;

activation of lymphocytes; activation of mast cells including secretion of histamine; cell

Bon OCREOT o acetyienolne resepter - CRae yiosiss rehvaseof
transmitter substances from neuron terminals; and axoplasmic flow in neurons.  Known
intracelhular calcium jon receptors include troponin C, calmodulin, parvalburmmin, and myosin
light chain, which have several calcium ion-binding sites and are believed to be derived from a
common origin in terms of molecular evolution.  There are also many known calcium-binding
motifs.  Such well-known motifs melude, for example, cadberin domains, EF-hand of
calmodulin, C2 domain of Protein kinase C, Gla domain of blood coagulation protein Factor IX|
C-type lectins of acyvaroglycoprotein receptor and mannose-binding receptor, A domains of LDL
receptors, annexmn, thrombospondin type 3 domain, and EGF-Jike domains,

in the present invention, when the metal ion ts calcium ion, the conditions of calcium
ion concentration inchude Jow 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 anticen-binding
activity of an antigen-binding molecuie 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 1on concentration than at a high
calcium ton concentration.

Herein, the high calcium jon concentration is not particutarly limited to a specific value;
however, the concentration may preferably be selected between 100 pM and 10 mM. In
another embodiment, the concentration may be selected between 200 uM and 3 mM. Inan
aliernative embodiment, the concentration may be selected between 400 uM and 3 mM.  In stll
another embodiment, the concentration may be selected between 200 uM and 2 mM,
Furthermore, the concentration may be selected between 400 uM and 1 mM.  In particular, a
concentration selected between 500 uM and 2.5 mM, which is close to the plasma (blood)
concentration of calcium ton in vive, 1s preferred.

Herem, the low calcium ion concentration is not particularly Hmited to a specific value:
however, the concentration may preferably be selected between 0.1 pM and 30 uM. In another
embodiment, the concentration may be selected between 0.2 uM and 20 pM.  In sdll another
embadiment, the concentration may be selected between 0.5 uM and 10 uM.  In an alternative

embodiment, the concentration may be selected between 1 M and 5 uM. Furthermore, the
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concentration may be selected between 2 uM and 4 uM.  In particular, a concentration selected
between ! uM and 5§ uM, which is close to the concentration of 1onized calcium in early
endosomes in vivo, is preferred,

Herein, "the antigen-binding activity is Jower at a low calcium ion concentration than at

& high calcium ion concentration” means that the antigen-binding activity of an antigen-binding
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calcium ion concentration selected between 100 M and 10 mM.  Preferabiy, it means that the
antigen-binding activity of an antigen-binding molecule is weaker at a calcium ion concentration
setected between (0.3 M and 10 uM than at a calctum ion concentration selected between 200
M and 5 mM. It particularly preferably means that the antigen-binding activity at the calcium
ion concentration in the early endosome in vive 1s weaker than that at the jn vivo plasma calelum
ion concentration; and specifically, 1t means that the antigen-binding activity of an
antigen-binding molecule is weaker at a calcium ion concentration selected between | uM and 3
1M than at a calgium ion concentration selected between 500 M and 2.5 mM.

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
antigen-binding activity of the antigen-binding molecule at low and high calcium 1on
concentrations is compared.

in the present invention, the expression “the antigen-binding activity 1s lower at a Jow
calcium ion concentration than at a high caleium ion concentration” can also be expressed as “the
antigen-binding activity of an antigen-binding molecule is higher at a ugh calcium ion
concentration than at a low calcium ion concentration”.  In the present invention. “the
antigen-binding activity is lower at a low calcum ion concentration than at a high calcium ion
concentration” is sometimes written as "the antigen-binding ability 1s weaker at a low calcium
ion concentration than at a high calcium ion concentratsion”™.  Alsc, "the antigen-binding activity
at & kow calclum ion concentration is reduced to be lower than that at a high calcium ion
concentration” may be written as “the antigen-binding ability at a low calcium ion concentration
15 made weaker than that at 2 high calcivm ion concentration”.

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 particulariy
limited. For example, the activity can be determined at 37°C i 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-hinding molecule is
immobilized. When the antigen 18 a membrane antigen, the binding activity of an
artigen-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.

As jong as the aniigen-binding activity of an antigen-binding moiecule of the present

the ratio of the antigen-binding activity between low and high calcium ion concentrations is not
particularly imited.  However, the ratio of the KD (dissociation constant) of the
antigen-binding molecule for an antigen at a low calcium ion cencentration with respect to the
KD at a high calcium ion concentration, 1.¢, the value of KD (3 pM Cay/KD (2 mM Ca), is
preferably 2 or more, more preferably 10 or more, and stll more preferably 40 or more.  The
upper lmit of the KD (3 pM CayKD (2 mM Ca) value is not particularty limited, and may be
any value such as 400, 1000, or 10000 as jlong as the molecule can be produced by techniques
known to those skilled in the art.

When the antigen is a soluble antigen, KIJ {dissociation constant) can be used to
represent the antigen-binding acﬁvity. Meanwhile, when the antigen is 2 membrane antigen,
apj:xarent KD (apparent dissociation constant) can be used 1o represent the activity,. KD
{dissociation constant) and appareni KD {apparent dissociation constant) can be determined by
methods known to those skilled in the art, for f:xamp'iﬁ using Biacore (GE healthcare), Scatchard
plot, or flow cytometer. _

Alternatively, for exampie, 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 10
represent the binding activity ratio, the ratio of the dissociation rate constant (kd) between low
and high calcium concentrations, 1.¢€. the value of kd (low calcium concentrationy/kd (high
calcium concentration}, 1s preferably 2 or more, more preferably 5 or more, still more preferably
10 or more, and vetf more preferably 30 or more.  The upper limit of the Kd (low calcium
concentrationykd (high calcium concentration} value is not partcularly limited, and can be any
value such as 50, 100, or 200 as long as the molecule can be produced by technigues 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
activity. The kd (dissociation rate constant} and apparent kd (apparent dissociation rate

constanty can be determined by methods known 1o those skilied in the art, for example, using

Bt AORnIn s e, e e e
TR



10

S
W

d
ih

SNPTPV MU SATTEPSE ST Al ) RO
radnTeTT o the ATy

L
oy

Biacore (GE healthcare} or flow cytometer.  In the present invention, when the

antigen-binding activity of an antigen-binding molecule is determined at different caleium ion

concentrations, it is preferable to use the same conditions except for the calcium concentrations.
For example, an antigen-binding domam or antibody whose antigen-binding activity is

lower at a low calcium ton concentration than at a high calcium ion concentration, which is one

h.

ok

or antibodies including the steps of:

{2} determining the antigen-binding activity of an antigen-binding domain or antibody at a low
calcium concentration;

{b} determining the antigen-binding activity of an antigen-binding domain or antibody at a high
calcium concentration; and

(¢) selecting an antigen-binding domain or antibody whase 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
Jower at a tow calcium ion concentration than at 2 high calctum ion concentration, which is one
embodiment of the present invention, can be obtained via screening of anfigen-binding domains
or antibodies, or a library thereof, including the steps of:

{z) contacting an antigen with an antigen-binding domain or antibody, or a library thereof at a
high calcium concentration;

(b) incubating at a low calcium concentration an antigen-binding domain or antibody that has
bound to the antigen in step (a); and

() isolating an antigen-binding domain or antibody dissociated in step (b).

Furthermore, an antigen-binding domam or antibody whose antigen-binding activity is
lower at a low calciam 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 domams
or antibodies, or a library thereof, including the steps oft
{a) contacting an antigen with a library of antigen-binding domains or antibodies at a low
caleium concentration,

(b} selecting an antigen-binding domain or antibody which does not bind 1o the antigen in step
{a),

{c) allowing the antigen-binding domain or antibody selected in step {¢) to bind to the antigen at
a high calcium concentration ; and

{d} isolating an antigen-binding domain or antibody that has bound 1o the antigen in step (¢).

In addition, an antigen-binding domatn or antibody whose antigen-binding activity is
lower at a low calcium ion concentration than at a high calcium ion concentraiion, which is ong

embodiment of the present inveniion, 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} cluting an antigen-binding domain or antibody that has bound to the column in step (a) from

the columm at & low calcium concentration: and

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 conceniration, which is one
embodiment of the present invention, can be obtained by & sereening method comprising the
steps oft
(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 In step (a);

(c) allowing the antigen-binding domain or antibody collected in step (b) 10 bind to the antigen at
a high calcium concentration; and

(d} 1solating an antigen-binding domain or antibody that has bound 10 the antigen in step (c).

Moreover, an antigen-binding domain or antibody whose antigen-binding activity is
lower at a low caicium 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
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);

{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 aciivity in step (¢) 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
nvention 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
obtamned by screening methods that further comprises the step of repeating twice or more times
steps (&) to (¢} or (a) to (d} in the above-described screening methods.  The number of cyeles of
steps (a) to (¢} or (a) to {d} is not particuiarly limited, but generaliy is 10 or less.

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 Hmited as
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long as 1t 1s antigen-binding activity at an jonized calcium concentration of between 0.1 1M and

30 uM, but preferably is antigen-binding activity at an 10nized calcium concentration of between

0.5 uM and 10 uM.  More preferably, it is antigen-binding activity at the ionized calcium

concentration in the early endosome i vivo, specifically, between 1 uM and 5 uM.  Meanwhile,

the antigen-binding activity of an antigen-binding domain or antibody at a high calcium
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calcinm concentration of between 100 uM and 10 mM, but preferably is antigen-binding activity
at an ionized calcium concentration of between 200 pM 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 mM.

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 art . The antigen-binding activity of an
antigen-binding domain or antibody can be evaluated as a dissociation constant {KD), apparent
dissociation constant {apparent KD), dissociation rate constant (kd), apparent dissociation
constant {(apparent kd), and such. These can be determnined by methods known 10 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
whase antigen-hinding acuvity is higher at a high calcium concentration than at a low calelum
concentration is synonymous with the step of selecting an amtigen-binding domam 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
calcinm 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 stil
more preferably 40 times or more than that at 2 low calcium concentration.

Antigen-binding domains or amtibodies of the present invention to be screened by the
screening meéthods described above may be any antigen-binding domains and antibodies.  For
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 substifuted

amino acid sequences may be screened.

Libraries
In an embodiment, an antigen-bindmg domain or antibody of the present invention can

be obtained from a library that is mainiy composed of & plurality of antigen-binding molecules
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whose sequences are different from one another and whose antigen-binding domains have at
ieast one amino acid residue that alters the anfigen-binding activity of the antigen-binding

olecules depending on ton concentrations,  The ion concentrations preferably include, for
example, metal ion concentration and hvdrogen 1on concentration.

Herein, a "library" refers to a plurality of antigen-binding molecules or a plurality of

= U, SUL g PR UPRPURS J U DUV, SRR S -

encoding their sequences.  The sequences of a plurality of antigen-binding molecules or a
plurality of fusion polypeptides containing antigen-hinding molecules in a library are not
identical, but are different from one another,

Herein, the phrase "seguences 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 ave different from one another.
Specifically, n 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 "hbrary size".
The library size of a conventional phage display library ranges from 10° to 10", The library
size can be increased up to 10" by the use of known techniques such as ribosome dispiay.
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 o
as "the number of library equivalents”, and means that there are 10 to 10,000 individual clones
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
motecules in g library, excluding library equivalents, are different from one another.  Maore
specifically, the above means that there are 10° to 10 antigen-binding molecules whose
sequences are different from one another, preferabiy 107 to 10" molecules, more preferably 10°
to 10! molecules, and particularly preferably 107 to 10" molecules whose sequences are
different from one another.

Herein, the phrase "a plurality of" in the expression "a library mainly composed of &
plurality of antigen-binding molecules” generally refers fo, in the case of, for exampie,
antigen-binding moelecules, fusion polypepiides, polynucleotide molecules, vectors, or viruses of
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 whaose sequences
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 polynucieotide 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

polynuecieotide molecuies of the present invention.
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composed of a plurality of antigen-binding molecules" reflects the number of antigen-binding
molecules whese antigen-binding activity varies depending on lon concentrations, among
independent clones with different sequences in a library.  Specifically, it is preferabie that there
are at least 10% 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 10° 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 10° antigen-binding molecules having such binding activity. Particularly
preferably, antigen-binding domains of the present invention can be obiained 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 obtaied from a library
containing at least 10° antigen-binding molecules having such binding activity, Alternatively,
this may also be preferably expressed as the ratio of the number of antigen-binding molecules
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
preferably 4% to 10% of independent clones with different sequences in the librarv.  In the case
of fusion polypeptides, polymacleotide molecules, or vectors, similar expressions may be
possibie using the number of molecules or the ratio 1o the total number of molecules.  In the
case of viruses, similar expressions may also be pdssible using the mumber of virions or the ratic

10 total number of virtons.

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 {0 be screened by the
above-described screening methods may be prepared in any manner.  For example, when the
metal ion is calcium ion, it is possible to use preexisting antibodies, preexisting libraries (phage

library, etc.}, antibodies or libranes prepared from hybridomas obtained by immunizing anamals
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or from B cells of immunized animals, antibodies or libranies obtained by introducing amino
acids capable of chelating calcium (for example, aspartic acid and glutamic acid) or unnatural
amino acid mutations into the above-described antibodies or Jibraries (calcium-cheletable amino
acids {such as aspartic acid and ghitamic acid), libraries with increased content of unnatural

amino acids, libraries prepared by introducing calcium-chelatable amino acids {such as aspartic

thar-po

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 amine acids form a calcium-binding motuf.  Calclum-binding motifs are weil
known to those skilled in the art and have been described in details {for example, Springer er al.
{Cell (2000 102, 275-277); Kawasaki and Kretsinger {Protein Prof. (19953 2, 305-490);
Moncnief ef al. (1. Mol Evol. (1990) 3G, 522-562); Chauvaux er of. {Biocher. J. (19903 265,
261-265); Bairoch and Cox (FEBS Lett. (1990) 269, 454-436); Davis (New Biol. (1990) 2,
410-419); Schaefer er f. {Genomics (1995) 25, 638-643); Economou er ¢f. (EMBO I (1990) 9,
349-354), Wurzburg ef ¢l. {Structure. (2006) 14, 6, 1049-1058)). Specifically, any known
calcrum-binding motifs, inchading tvpe C lecting 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 m the antigen-binding domain of SEQ ID NO: 4.

Furthermore, as amine acids that alter the antigen-binding acuivity of antigen-binding
molecules depending on calcium jon 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 (Thr(T)), asparagine (Asn{N)), glutamine
(Gin(Q)), aspartic acid (Asp{D}), and giutamic acid (Gha(E)).

Postiions i 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 thev alter the antigen-binding activity of antigen-binding molecules depending on
calcium ion concentrations.  Specifically, antigen-binding domains of the present invention can
be obtained from a lbrary 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 lon
concenations.  In another embodiment, antigen-binding domains of the present invention can
he 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.  In still another embodiment, antigen-binding domains of the present invention ¢an
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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
systerm.

Meanwhile, in an embodiment of the present invention, antigen-binding domains of the

d- oo g Hbrary iaint
whose sequences are different from one another and whose light chan antigen-binding domains
comain amino acids that alter the antigen-binding activity of 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 different from one another and whose light chain CDR1 domains
contain the above-mentioned amino acids,  In still another embodiment, antigen-binding
domains of the present mvention can be obtained from a library mainly composed of
antigen-binding molecules whose sequences are different from one another and whose light
chain CDR1 domains contain the above-mentioned amuno 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
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 contamn 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
present invention can be obtained from a library mainly composed of antigen-binding moiecules
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
aptigen-binding molecules whose sequences are different from one another and whose light
cham CDR3 domains contain the above-mentioned amino acid residues at position 92 as
indicated according to the Kabat numbering svstem.

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
three CDRs seiected from the above-described light chain CDR1, CDR2. and CDR3 contain the

aforcmentioned amino acid residues.  Moreover, antigen-binding domains of the present
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invention can be obtained from a bibrary mainly composed of antigen-binding molecules whose
sequences are different from one another and whose light chains contain the aforementioned
aming acid residues at any one or more of positions 30, 31, 32, 30, and/or 92 as indicated
according to the Kabat numbering system.

In a particularly preferred embodiment, the framework sequences of the light chain
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germ line framework sequences.  Thus, in an embodiment of the present invention, when the
framework sequences are compietely human sequences, it 1s expected that when such an
antigen-binding molecule of the present invention is administered to humans {for example, to
treat discases}, it induces littte or no imrmunogenic 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
line framework sequences, such a molecule is also an antigen-binding molecule of the present
invention "containing a germ line sequence”.

Preferred exampies of the frameworks include, for example, fully human framewaork

region sequences curfently known, which are included in the website of V-Base

(http://vbase.mrc-cpe.cam.ac.uk/) or others.  Those framework region sequences can be

appropriately used as a germ line sequence contained i an antigen-binding moiecule of the
present invention.  The germ line sequences may be categorized according to their similarity
{Tombinson e al. (1. Mol. Biol. {1992) 227, 776-798), Williams and Winter (Eur. J, Immunol.
(1993) 23, 1456-1461); Cox er al. (Nat. Genetics {1994) 7, 162-168)).  Appropriate germ line
sequences can be selected from Vi, which is grouped into seven subgroups: Vi, which is
grouped into ten subgroups; and VH, which 1s grouped into seven subgroups.

Fuily human VH sequences preferably include, but are not limited to, for example, VH
sequences of:
subgroup VHI (for example, VHI-2, VHI-3, VHI-§, VHI-18, VH1-24, VH1-45, VH1-486,
VH1-58, and VHI-69);
subgroup VH2 (for example, VH2-5, VH2-26, and VH2-703;
subgroup VH3 (VH3-7, VH3-9, VH3-11, VH3-13, VH3-15, VH3-16, VH3-20, VH3-21, VH3-23,
VH3-30. VH3-33, VH3-35, VH3-38, VH3-43, VH3-48, VH3.49, VH3-53, VH3-64, VH3-66,
YVH3-72, VH3-73, and VH3-74);
subgroup VH4 (VH4-4, VH4-28, VH4-31, VH4-34, VH4-39, VH4-39, and VH4-61);
subgroup VHS (VH3-515;
subgroup VH6 (VH6-1); and
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subgroup VH7 (VH7-4 and VH7-81}.

These are also described in known documents {(Matsuda ef a/. (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.

It 15 also preferable to use other fully human frameworks or framework sub-regions.

Tt i X " X ‘ PO AR NN 2 ” i PR S SRR BT AERTPEINE LRI R e iS: (NS o 3 B L R ISR P P
TRV ISV R SIS PICICTRUTY terctade; et are ot Hirmied to; 1o AR IIC

A20,A30, L1, L4, L5, L8, L9 111, Li2, L14, L15 L18, L19, L22, L23, .24, 02, 04, O8, O12,

(Kawasaki ef of. (Bur. J. Immunol. (2001) 31, 1017-1028); Schable and Zachau (Biol. Chem.

Hoppe Seyler (1993) 374, 1001-1022); Brensing-Kuppers ef al. (Gene {1997) 191, 173-181)).
Fully human VL sequences preferably include, but are not limited 1o, for example:

V1-2, VI3, Vi-4, V1-5, VI-7, VI-9, Vil VI-13, Vi-16, V1-17, V1-18, V1-19, VI-20, and

V2-1, V26, V2-7,V2-8, V2-11, V213, V2-14, V2-15, V2-17, and V2-19, grouped into

V35-1, V5-2, V5-4, and V35-6, grouped into subgroup VL5 (Kawasaki et «f. (Genome Res. (1997)

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

dependmg on ion concentrations” of the present invention.  Other examples of the fully human
antigen-binding activity of an antigen-binding molecule depending on ion concentrations” of the
present invention include, but are not himited to, for example, KOL, NEWM, REL EU, TUR,

TEL LAY, and POM {for example, Kabat ef al. {1991} supra; Wu eral (1. Exp. Med. {1570} 132,

Without being bound by a particular theory, one reason for the expectation that the use

3
014, and 018 grouped into subgroup Vki;
AT, AZ A3 AS AT ALT,ALE, A19, A23, O1, and O11, grouped into subgroup VK2,
10 AILLA27, 12,16, 110, 1L16, L20, and 1.23, grouped into subgroup VK3;
B3, grouped into subgroup Vi4:
B2 (herein also referred to as Vk5-2}, grouped into subgroup Vk5; and
A10, Al4, and A26, grouped into subgroup V6
15
V1-22, grouped into subgroup VL1;
20 subgroup VLI,
V3-2, V3.3, and V3-4, grouped into subgroup VL3,
V4.1, V4-2, V4-3, V44, and V4-6, grouped into subgronp VL4; and
7, 250-261)).
25
frameworks used in combination with "at least one amino acid residue that alters the
30
2131-230%).
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 1o be immunogenic in patients.  On the other hand, the normal human
population is exposed to most of the framework sequences expressed from the germ line genes.
Ae-erosultof inmunctolerance; these-germee
immunogenicity in patients.  To maximize the possibility of immunotolerance, variable
region-encoding genes may be selected from a group of commonly oceurring functional germ
line genes.

Known methods such as site-directed mutagenesis (Kunkel ef ¢f. (Proc. Natl, Acad. Sci.
USA(1985) 82, 488-492Y) 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.

For example, a library which contains 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 prepared as a randomized variable region sequence
library with a light chain variable region selected as a framework seguence onginally containing
at least one amino acid residue that alters the antigen-binding activity of the antigen-binding
molecule depending on calcium ion concenirations.  As a non-limiting exampie, when the ion
concentration 18 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 vanable region produced as a randomized variable region sequence lbrary.

Alternatively, a light chain vanable region sequence selected as a framework region
originally contamning at least one amine acid residue that alters the antigen-binding acuvity of an
antigen-binding molecule as mentioned above can be design to contain various amino acid
restdues other than the sbove amino acid residues,  Herein, such residues are referred to as
flexible residues.  The number and position of fiexible residues are not particularly limited as
long as the antigen-binding activity of the antigen-binding molecule of the present invention
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 1nto the light chain variable region sequence of SEQ ID NO: 4 (VKS-2)

include the amino acid residues listed in Tables [ or 2.

[Table 1]
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CDR

Kabat
NUMBERING

70 % AMINO ACID OF THE TOTAL

CDR1

28

C 5 100%

29

1 GO”’{)

30

D 72% TN 14% | S 14Y

31

$100%

32

: 100%

33

D 1004

134

D 70% N 30%

CDR2

|50

D 100%

51

1 100%

52

P 100

53

© 5 N : 25Y%, 5 45Y% T

25%

54

<] OU%«)

55

1 100%

| 56

1 100%

CDR3

L 90

1 OG{E’;

91

025% 8 158% | R:IB% Y

Kb

CBO% I NG 10% | S 10v%

P

93

5% G:10% | N:25% |S:

94

D509 1Y 50%

95

2 100%

96

clulelololziolelolcz|le|s w|s ool

50% LY 50

[Table 2]
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CDR  Kabat 30 % AMING ACID OF THE TOTAL
NUMBERING
CDR1 28 S : 100%
29 [:100%
.30 E:83% S 17%
31 | D 100%
32 D: 100%
33 L 100%
34 A T70% | N:30%
CDRZ | 50 H:100% |
51 A 100%
50 S - 100%
53 H:5% | N:25% |S;48% |T:25%
54 L: 100%
55 Q1 100%
56 S 100%
CDR3 | 90 Q:100%
91 H:25% | S:15% | R:15% |Y:45%
92 'D:80% | N:i10% |S:10% |
93 D:5% 1G:10% | N:25% |S:50% |@R:10%
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 amine acid sequences of known and/or native antibodies or

antigen-binding domains are compared. Hypervariable positions are generally located in the

CDR regions.

determine hypervariable positions in known and/or native antibodies.

Furthenmore, databases

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 1o

on the Internet (hitp://vbase.mre-cpe.cam.ac.uk/, hitp://www.bioinf org.uk/abs/index.hrml)

provide the collected sequences of many human light chains and heavy chains and their locations.
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The information on the sequences and locations 1s useful to determine hypervariable positions in
the present invention.  According 1o 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 1o about 18, preferably 5 to 17, preferably 6 to 16, preferably 7 10 15,
preferably 8 10 14, preferably 9 to 13, and preferably 16 to 12 possible amino acid residue

i

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.

Alternatively, a library containing a piurality of antigen-binding molecules of the
present invention whose sequences are different from one another can be constructed by
combining heavy chain vanable 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-bhinding activity of antigen-hinding molecules depending on ion concentrations as
mentioned zbove is introduced.  When the jon concentration is calcium lon concentration,
non-iimiting 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 variabie region sequences in which a particular residue(s) in a germ line
sequence such as SEQ 1D NO: 3 (Vk1), SEQ ID NO: 6 (Vk2), SEQ ID NO: 7(VK3), or SEQ ID
NO: 8 (Vk4) has been substiruted with at least one amino acid residue that alters the
antigen-binding activity of an antigen-binding molecuie depending on calcium ion
concentrations.  Non-limiting examples of such amine acid residues include amino acid
restdues in light chain CDR1.  Furthermore, non-limiting examples of such amino acid residues
include aminoe acid residues in light chain CDR2.  In addition, non-limiting examples of such
amino acid residues afso include amino acid residues in light chain CDR3,

Non-limiting examples of such amino acid residues contained in light chain CDR1
include those at positions 33, 31, and/or 32 in the CDR1 of light chain variable region as
indicated by EU numbering.  Furthermore, non-limiting exampies of such amino acid residues
contained in light chain CDR2 include an amino acid residue at position 50 in the CDR2 of light
chain variable region as indicated by Kabat numbering.  Moreover, non-limiting examples of
such amino acid residues contained i light chain CDR3 include an amine 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
calcinm-binding motif and/or as long as the antigen-binding activity of an antigen-binding
molecule varies depending on calcium ion concentrations.  Meanwhile, as troponin C,

calmodulin. parvalbumin, and myosin hght 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 hight chain CDR1, CDR2, and/or CDR3 can be designed to have their binding motifs. For
example, it is possible 1o use cadherin domains, EF hand of calmodulin, C2 domam of Protein
kinase C, Gla domain of biood coagulation protein FactorDX, C type lecting of

acyaroglycoprotein receptor and mannose-binding receptor, A domains of LDL receptors,

Alnan s Lo,

HEGF ke domatins ety AP fai e for i
ahove purposes.

When heavy chain variable regions produced as a randomized variable region sequence
Iibrary and light chain variable regions inte which at icast one amino acid residue that alters the
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 moiecules of the present
tnvention varies depending on ion concentrations,  Specifically, the CDR sequences and/or FR
seguences 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 flexibie residues o
be introduced nto the sequence of light chain variablie region include the amine acid residues
listed in Tables | and 2.

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 baséd on antibody genes derived from lymphocytes of animals
mmmunized with a specific antigen, patients with infections, persons with an elevated antibody
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 genes in genomic DNA or functional reshaped V
genes with a set of synthetic oligonucleotides containing sequences encoding codon sets of an
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 seguence only. A criterion of givingrise 1o diversity in amine acids in the
variable region of an antigen-binding molecule is that diversity is given 10 amino acid residues at
surface-exposed positions in the antigen-binding molecule.  The surface-exposed position refers
o 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 Insightl! program (Accelrys).
Surface-exposed positions can be determined using algorithms known in the art (for example,
L.ee and Richards (J. Mol. Biol. (1971} 35. 375-400); Connolly {J. Appl. Cryst. (1983} 16,

VE - Deternmadon ol swrface-ex posed-positions o e perforied wsigy sofrware-
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
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
constructed from antibody genes derived from lymphocytes of healthy persons and whose
repertoire consists of natve sequences, which are antibody sequences with no bias, can also be
particularly preferably used as a randomized variable region library {Gefima ef @/, (Human
Antibodies (2002) 11, 121-129% Cardoso et af. (Scand. J. Immunol. (2000) 51, 337-344)).
Herein, an amino acid sequence comprising a naive sequence refers to an amino acid sequence
obtained from such a naive library.

Ir one embodiment of the present invention, an antigen-binding domain of the present
invention can be obtaimed from a library containing a plurality of antigen-binding molecules of
the present invention whose sequences are different from one another, ﬁ%eparcd by combining
light chain variable regions constructed as a randomized variable region sequence library with a
heavy chawn varniable region seiected 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 preferabiy include those constructed by combining light
chain variable regions constructed as a randomized variable region sequence library with the
sequence of heavy chain variable region of SEQ ID NO: 9 (6RL#9-12G 1) or SEQ ID NO: 10
(6KC4-1#83-1gG1).  Alternatively, such a iibrary can be constructed by seleciing appropriate
fight 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 variabie region of
SEQ ID NO: 9 (6RLA9-IgG 1) or SEQ ID NO: 10 (6K C4-1#85-1gG1) 1s combined with light

chain variable regions having genm 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 comtain flexible
residues, The number and position of the {lexible residues are not particularty lmited as long
as the antigen-binding activity of an antigen-binding molecule of the present invention varies
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and/or light chain can contain one or more flexibie residues.  When the ion concentration is
calcium ion concentration, non-limiting examples of fiexible residues to be introduced into the
sequence of heavy chain variable region of SEQ ID NO: § (6RL#9-IgG 1) include all amino acid
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#85-1gG1) include all amino acid residues of heavy chain CDR1 and CDR2 and the
amino acid residues of the heavy chain CDR3 except those at amino acid positions 95 and/or
101,

Alernatively, a library containming 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 Hbrary or light chain variable
regions having germ line sequences with heavy chain variable regions into which "at least one
amino acid residue responsible for the ton concentration-dependent change m the
antigen-binding activity of an antigen-binding molecule” has been introduced as mentioned
above. When the ion concentration is calcium 1on concentration, non-limiting examples of such
libraries preferably include those in which light chain variable regions constructed as a
randomized variable region sequence hibrary or light chain variable regions having gzerm line
sequences are combined with the sequence of a heavy chain variable region in which a particuiar
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
restdues of the heavy chain CDRY.  Further non-limiting examples of such amino acid residues
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 CDIR3.
Non-limiting examples of such amino acid residues of heavy chain CDR3 include the amino
acids of positions 93, 96, 100a, and/or 101 in the CDR3 of heavy chain variable region as
indicated by the Kabat numbering. Furthermore, these amine acid residues can be contained
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.



140

30

70

When light chain variabie regions constructed as a randomized variabie 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 1on concentrations as mentioned above has

been introduced, the sequence of the heavy chain vanable region can also be designed to contain

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.

Furthermore, randomized variabie region libraries can be preferably used as amino acid
sequences of CDR1, CDR2, and/or CDR3 of the heavy chain variable region other than the
amine acid residues that alter the antigen-binding activity of an antigen-binding molecule.
When germ line sequences are used as lght chain variable regions, non-limiting examples of
such sequences inchude those of SEQ ID NO: 5 (ViI), SEQ ID NO: 6 (Vk2), SEQIDNO: 7
(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 exampies of such electron-donating amino acids

include, senne, threonine, asparagine, glutamic acid, aspartic acid, and glutamic acid.

Condition of hydrogen ion concentrations

In an embodiment of the present invention, the condition of lon concentrations refers to
the condition of hvdrogen ion concentrations or pH condition.  In the present invention, the
concentration of proton, i.e., the nucleus of hydrogen atom, is treated as svononymous with
hydrogen index (pH). When the activity of hydrogen ion in an agueous solution is represented
as aH+, pH 1s defined as -logl0aH-+. When the ionic strength of the aqueous solution 1s low
{for example, lower than 107), al+ is nearly equal to the hydrogen ton strength.  For example,
the ionic product of water at 25°C and | atmosphere is Kw=aH+aOH=10", and therefore in
pure water, aH+=aOH=10".  In this case, pH=7 is neutral; an aqueous solution whose pH is
fower than 7 is acidic or whose pH is greater than 7 1s alkaline.

In the present invention, when pH condition 1s used as the ion concentration condition,
pH conditions inciude high hydrogen ion concentrations or low pHs, 1.e., an acidic pH range. and
low hiydrogen 1on concentrations or high pHs, 1.e., a neutral pH range.  "The binding activity
varies depending on pH condition” means that the aprigen-binding activity of an antigen-binding

molecule varies due to the difference m conditions of a hugh 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
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
between pH7.0 and pHS8.0.  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 15
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
from between pHS.0 and pH6.5.  In yet another embodiment, the pH can be selected from
between pHS.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 present invention, "the antigen-binding activity of an antigen-binding molecule at a
high hydrogen ion concentration or low pH (an acidic pH range) is lower than that at a low
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 pl4.5 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 pHB.0; particularly preferably means that the antigen-binding activity at the pH in the
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
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.

Furthermore, in the present invention, the expression "the antigen-binding activity at a
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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 coneentration or
high pH, i.e., in & neutral pH range, is higher than that at a high hydrogen ion concentration or
fow pH, Le., in an acidic pH range".  In the present invention, "the amigen-binding activity at 2
high hydrogen ion concentration or low pH. 1.e., in an acidic pH range. is iower than that at a low
hydrogen ion concentration or high pH, 1.e., in & 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 weaker than the antigen-binding ability at a low hydrogen ion concentration or high pF,
i.e., in a neutral pH range”. Alternatively, "the antigen-binding activity at a high hydrogen ion
concentration or jow pH, i.e., in an acidic pH range, 18 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 t be weaker than the antigen-binding ability at a low hydrogen ion
concentration or high pH, t.e., in a neutral pH range". |

The conditions other than hvdrogen ion concentration or pH for mmeasuring the
antigen-hinding activity may be suitably selected by those skilled in the art and are not
particularly hmited. 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
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 analyte 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-bigding molecule as an analyte into a chip immobilized with the antigen.

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 hyvdrogen ion concentration or high pH, 1.¢., in a nevtral pH range, the ratio of
the antigen-binding activity between that at a high hydrogen ion concentration or low pH, 1.e., an
acidic pH range, and at a Jow hydrogen ion concentration or high pH, i.e.. a neniral pH range is
not particularly limited. and the value of KD (pH5.8) / KD (pH7.4). which is the ratic of the

dissociation constant (KD) for an antigen at a lugh hvdrogen ion concentration or low pH, ie. in
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an acidic pH range to the KID 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 (pH3.8) / KD (pH7.4) is 10
or more; and still more preferably the value of KD (pH3.8) / KD {(pH7.4) is 40 or more.  The
upper limit of KD (pH3.8) / KD (pH7 4) value s not particularly limited, and may be any value

such as 400, 1600, or 10000, as long as the molecule can be produced by the techniques of those

. Coa

When the antigen is a soluble antigen, the dissociation constant {KD} can be used as the
vajue 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
digsociation 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 molecute of
the present invention between that at a high hvdrogen ion concentration or low pH, i.¢., an acidic
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 aétivity ratio instead of
KD (dissociation constant), the value of kd (in an acidic pH range) / kd (in a neutral pH range},
which is the ratio of kd (disseciation rate constant} for the antigen at a high hydrogen ion
concentration or fow pH, i.e., in an acidic pH range to kd (dissociation rate constant) at a low
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 techmiques of those skilled in the art.

Wher the antigen is a seluble antigen, the dissociation rate counstant (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
dissoctation rate constant (kd) can be determined by methods known to those skilied in the art,
and Biacore (GE healthcare), flow cytometer, and such may be used.  In the present invention,
when the antigen-binding activity of an antigen-binding molecule is measured at different
hydrogen jon concentrations, i.c.. 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 hvdrogen ion concentration or low pH, i.e., in an acidic pH range s lower than that at a low
hydrogen ion concentration or high pH, Le., in a neutral pH range, which is one embodiment

provided by the present tnvention, can be obtained via screening of antigen-binding domains or
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antibodies, comprising the following steps {a) o (¢):

(@) 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

pH range; and
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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
tow 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 dormains or
antibodies, or a library thereof, comprising the following steps (a} to (¢):

(a) contacting an antigen-binding domain or antibody, or a library thereof, in a neutral pH range
with an antigen;

{b) placing in an acidic pH range the antigen-binding domain or antibody bound to the antigen in
step (a); and

(¢} 1solating 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 & low
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;

(b) selecting the antigen-binding domain or antibody which does not bind to the antigen in siep
(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).

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 1on 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 {¢):

{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) elnting in an acidic pH range {rom the column the antigen-binding domain or antibody bound
to the column in step (a}; and
(¢} isolating the antigen-binding domain or antibody ehited in step (b).

An antigen-binding domain or antibody whose antigen-binding activity at a high
hydrogen ion concentration or low pH, L.e., in an acidic pH, range is lower than that at a low
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embodiment provided by the present invention, can be obtained by a screening method
comprising the following steps (a) to {d):

(a) allowing, 1n an acidic pH range, a library of antigen-binding domains or antibodies to pass a
column immobilized with an antigen:

{b) collectung the antigen-binding domain or antibody eluted without binding to the column in
siep (a);

{c) allowing the antigen-binding domain or antibody collected in step (b) to bind with the antigen
in a neutral pH range; and

(d) 1solating the antigen-binding domain or antibody bound to the antigen in step {¢).

An antigen-binding domain or antibody whose antigen-binding activity at a high
hydrogen ion concentration or low pH, 1.e., in an acidic pH range, is lower than that at a low
hydrogen ion concentration or high pH, t.e., in a neutral pH range, which is vet another
embodiment provided by the present invention, can be obtained by a screening method
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 fo the antigen in step (a);

(c) placing in an acidic pH range the antigen-inding domain or antibody obtained in step (b);
and

{d) solating the antigen-binding domain or antibody whose antigen-binding activity in step (¢} 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
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) 1o {¢) or (a) to (d) in the
shove-described screening methods.  The number of times that steps (a) to (¢} or (a) to (d) is
repeated is not particularly himited; however, the number is 10 or less in general.

In the screening methods of the present invention, the antigen-binding activity of an
antigen-binding domain or antibody at a high hydrogen ion concentration or low pH, Le., 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 mcludes that at the pH in the early endosome in vivo as the more preferred pH, and

specifically, that at pHS5.8.  Meanwhile, the antigen-binding activity of an antigen-binding

not particularly fimited, 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 berween 6.7 and 9.5 as the preferred pH.
The antigen-binding activity also includes thar at a pH of between 7.0 and 9.5 and that at a pH of
between 7.0 and 8.0 as another preferred pH.  The antigen-binding activity aiso includes that at
the pH of plasma in vive as the more preferred pH, and specifically, that at pH7 4.

The antigen-binding activity of an amigen-binding domain or antibody can be measured
by methods known to those skilied in the art.  Thaose skilled in the art can suitably determine
conditions other than ionized calcium concentration.  The antigen-binding activity of an
antigen-binding domain or antibody can be assessed based on the dissociation constant (KD},
apparent dissociation constant (K1), 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
antigen-binding activity at a Jow hydrogen ion concentration or high pH, i.e., in a neutral pH
range, ts higher than that at a high hydrogen ion concentration or low pH. i.e., in an acidic pH
range, 1s 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 bydrogen 1on concentration or high pH. l.e., in a neutral pH
range.

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 hvdrogen ion concentration or fow 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 & high hydrogen ion concentration
or Jow pH, i.e., an acidic pH range, 1s not particuiarly limited; however, the antigen-binding
activity at a low hydrogen ion concentration or high pH. i.e.. in a nentral 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. 1.e., In an acidic pH range.

The antigen binding domain or antibody of the present invention screened by the
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

above-described screening methods may be prepared in any manner.  For example,

Ino
FLF

prepared from B cells of immunized amimals 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 amino acids with a side chain pka of 4.0-8.0 (for example, histidine and

glutarnic acid) or unnatural aminoe 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 unaatral amino acid mutations into the above-described antibodies or libraries may be
used.

Methods for obtaining an antigen-binding domain or antibody whose antigen-binding
activity at a low hydrogen ion concentration or high pH, i.¢., in a neutral pH range, is higher than
that at a high hydrogen ion concentration or low ph, Le., 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 animais preferably inchude, for example, the
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 unnawra! amino acid, sach as those described in
WO 2009/1238235.

The sites of infroducing mutations of aminoe acids with a side chain pKa of 4.0-8.0 (for
example, histidine and glutamic acid) or unnatural amine 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 2 neutral pH range (the valee of KD (in an acidic pH range) / KD (in a
peutral pH range) or kd (in an acidic pH range} / kd {in a nentral pH range) s 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 skilied in the art can
appropriately determine the number of amino acids to be substituted with or the number of
amine acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or
unmatural amino acids to be inserted. It is possible to substifute with a single amino acid having

a side chain pKa of 4.0-8.0 (for example, hustidine and glutamic acid) or a single unnatural



A

73

amine acid; it 1s possible 1o 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
giutamic acid) or two Or more unnatural amino acids; and it is possible to insert fwo or more

ammo acids having a side chain pKa of 4.0-8.0 {for example, histidine and glutamic acid) or tweo
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and/or substituted concomatanily, aside from the substitution into amino acids having a side
chamn pKa of 4.0-8.0 {for example, histiding and ghutamic 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
acid) or unnatiral amino acids.  Substitution into or insertion of amine acids with 4 side chain
pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids can
performed randomiy by methods such as hisudine scanning, in which the alanine of alanine
scanning known to those skifled in the art is replaced with histidine. Antigen-binding
maolecules exhibiting a greater value of KD (in an acidic pH range) / KD (in a neutral pH range)
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
substitation mutations of amino actds with a side chain pKa of 4,0-8.0 (for example, histidine
and ghuiamic acid) or unnatural amino acids.

Preferred examples of antigen-binding molecules containing the mutation into amino
acids with a side chain pKa of 4.0-8.0 {for exampie, histidine and ghutamic acid) or unnawural
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 neutraj pH range afier the mutation into amino acids with a side chain pKa of
4.0-8.0 (for example, histidine and ghutamic acid} or unnatural amino acids is comparable o that
before the mutation into amine acids with a side chain pKa of 4.G-8.0 (for example, histidine and
glutamic acid) or unnatural amino acids.  Herein, "an antigen-binding molecule afier the
rnutation with amine 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 amine acids having a side chain pKa of 4.0-8.0 (for example, histidine
and glutamic acid} or unnatural amino acids” means that. when taking the antigen-binding
activity of an antigen-binding molecuie 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 pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino
acids is at least 10% or more, preferably 50% or more, more preferably 80% or more, and stiii

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 amine acids at pH 7.4, If the

antigen-binding activity of an antigen-binding moiecule is decreased due to mnsertion of or

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 infroducing a
substitution, deletion, addition, and/or msertion of one or more amino acids of the
anugen-binding molecule. The present invention aiso 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 msertion of amino acids with a
side chain pKa of 4.0-8.0 (for example, histidine and ghutamic acid) or unpatural amino acids.

Meanwhile, when an antigen-binding molecule is a substance containing an antibody
constant region, preferred embodiments of antigen-binding molecules whose antigen-binding
activity at an acidic pH range is lower than thaf 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,

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
concentration conditton 15 hydrogen ion concentration condition or pH condition, conventional
antibodies, conventional libraries (phage library, efc.), antibodies or libraries prepared from B
cells of mumunized 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, kibraries introduced with
mutations of amine 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 glwtamic 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
antigen-binding molecules of the present invention whose sequences are different from one

another can also be construcied by combining heavy chamn variable regions, produced as a
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randomized variable region sequence library, with light chain variable regions mtroduced 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

residues contained in the light chain CDRI.  The amino acid residues also include, but are not

1 1 L

oy ferenmmpie; ardrer- acid-residues voraned i thie
acid residues also include, but are not limited 0. for example, amino acid residies contained in
the light chain CDR3.

The above-described amino acid residues contained in the light chain CDR1 inchude, but
are not limited to, for example, amine acid residues of positions 24, 27, 28, 31, 32, and/or 34
according to Kabat numbering in the CDRI of light chain vanable region.  Meanwhile, the
amino acid residues contained in the lght chain CDR2 include, but are not iimited 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
the light chain CDR3 include, but are not limited to, for exampie, amino acid residues of
positions 89, 80, 91, 92, 93, 94, and/or 93A according to Kabat numbering in the CDR3 of light
chain variabie 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
concentration.

Even when the heavy chain variable region produced as a randomized vanable 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
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
hvdrogen ion concentration condition.  Specifically, the CDR and/or FR sequences of heavy
chain and/or light chain can contain one or more flexibie 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
the hydrogen ion concentration condition: suitably mnclude, but are not limited to, germ line
sequences such as VkI (SEQ [D NO: 3). VK2 (SEQ ID NO: 6}, VK3 (SEQ 1D NO: 7), and Vk4
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(SEQ ID NO: 8),

[Table 3]

POSITION |AMINO ACLD

CDR]

28 e00%

29 E100%

NI25

9]
o
o
n
o
52
o
s
[
o

ant
[
n
=

L S1100%

5]
ot
[

a2 Hi100% i

33 Li100%:

I 2500, NBO

50 H: 100%, OR | A:25% | Di23% ! Gi25%

51| AsLOD% AIO0%

52 §:100% $:100% ;

A5 K:38.3% %000 | 5383 1 H: 1 00%
i % ‘

54 L 1O ] Li100%

55 0Q:100% ‘ 0:100%

56 S:100% ' ] 8:100%

CHRG

90 | G009 z 0R | 0n00% |

Gl i HI100% S:33.3%  Ri33.3 | Y333

a2 ‘ Gel28% D) Yi2Em H: G0,

[
i

W
ad

8
$3 | H33.0% | M523 ] &as PR3 W333 {8033

H o : S Uy uy
P ] : A7 Y W

94 | H:B30% | Y:E0% 8:30% | ¥i50%

o5 | Poew P 100% :

) L0 L YB0%, L S0% ¥ 500,

{Position indicates Kabat numbering}

[Table 4]
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CDR POSITION AMING ACID
CoR1 | 28 $:100%
29 - 100%
30 Hi30% | N-10% | S:50% | R-10%
a2 H.40% | N:20% | Y:400%
33 L:100%
24 A:76% N:30%
CDR2 | 50 A:25% | D:18% | G:23% | H:30% | K:3%
51 A:100%
52 S 100%
53 H:30%  { K:10% | N'I15% | 8- 45%
54 L. 100%
55 Q.300%
56 S:100%
CDR3 | 90 0:100%
91 H:30% | S:15% R:10% | Y:45%
90 G:20% | H:30% | N:20% | S:i5% | Y:13%
93 H:30% N:25% S:43%
94 S:50% Y509
95 P.1009%
96 1509 v-50%

{Position indicates Kabat numbering)

Any amino acid residuc may be suitably used as the above-described amino acid
residues that change the antigen-binding activity of an antigen-binding molecule depending on
the hydrogen ton concentration condition.  Specifically, such amino acid residues include amino
acids with a side chain pka o1 4.0-8.0,  Such electron-releasing amino acids preferably include,
for example, naturally occurring amine acids such as histidine and glutamic acid, as well as
unnatural amino acids such as histidine analogs (US2009/0035836), m-NO2-Tyr (pKa 7.453,
3,5-Br2-Tyr (pKa 7.21}, and 3,5-12-Tyr (pKa 7.38) (Bioorg. Med. Chem. (2003} 11 (17),
3761-2768). Particularly preferred amino acid residues include, for example. amine acids with
a side chain pKa of 6.0-7.0.  Such electron-releasing amino acid residues preferably include, for

example, histidine.



A

10

15

2
o

Known methods such as site-directed mmutagenesis (Kunkel er ¢, (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
natural amino acids {Ammu. Rev. Biophys. Biomol. Struct. (2006) 33, 225-249; Proc. Natl. Acad.

s ¥ e 4 Y -
A (20031000143, 6263-63E ) Do

Direct {Pmiem Express)) containing {RNASg in which amber suppressor (RNA, which is
compiementary to UAG codon (amber codon) that is a stop codon, is linked with an unnataral
amino acid may be suitably used.

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 2 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
antibody titer in blood as a result of vaccination, cancer patients, or lvmphocytes 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 syathetic oligonucleotides
containing the sequences encoding codon sets of an appropriate length can also be suitably used
as a randomized variabie 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
molecule.  The surface-exposed position refers to a position where an amino acid s 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 preferabiy determined using the coordinates derived
from a three-dimensional model of the antigen-binding molecule using computer programs such
as Insightll program (Accelrys). The surface-exposed positions can be determined using
algorithms known in the art (for example, Lee and Richards (J. Mol Biol. (1971335, 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
includes the SYBYL biopolymer module software (Tripos Associates).  When the algorithm

requires the input size parameter from the user, the "size" of nrobe for use in compuiation is
p p p p
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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 arca using PC sofiware 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 litrary

constracted from antibody genes derived from lymphocytes of healthy persons and consisting of
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suitably used as a randomized variabie region library (Gejima er af. (Human Antibodies (2002)
11, 121-129); and Cardoseo er af. (Scand. J. Immunol. (2000) 51, 337-344)).

FcRn

Unlike Fey receptor belonging to the immunoglobulin superfamily, human FeRn is
structurally similar to poiypeptides of major histocompearibility complex (MHC) class 1,
exhibiting 22% to 29% sequence identity to class I MHC molecules {Ghetie ¢/ a/., Immunol.
Today (1997) 18 (12): 562-398). FcRn 1s expressed as a heterodimer consisting of soiuble B or
light chain (B2 microgiobulin) complexed with transmembrane o or heavy chamn.  Like MHC,
FeRn o chain comprises three extraceliular domains {o.1, a2, and «3) and its short cytoplasmic
domain anchors the protein onto the cell surface. ol and o2 domains interact with the
FcRn-binding domain of the antibody Fe region (Raghavan er al., Immunity (1994) 1: 303-313).

FcRuo is expressed in maternal placenta and york sac of mammals, and is involved in
mother-to-fetus IgG ransfer.  In addition, in neonatal small intestine of rodents, where FcRn is
expressed, FeRn is involved in transfer of maternal [gG across brush border epithetium from
ingested cotostrum or milk.  FeRn is expressed in a variety of other tissues and endothelial cell
systems of various species.  FeRn is aiso expressed in adult human endothelia, muscular blood
vessels, and hepatic sinusoidal capillaries.  FeRn is believed 1o play a role in maintaining the
plasma IgG concentration by mediating recyveling of 12(G to serum upon binding to 1gG.
Typically, binding of FeRn to Ig(s molecules is strictly pH dependent.  The optimal binding 18
observed in an acidic pH range below 7.0.

Human FeRn whose precursor is a polypeptide having the signal sequence of SE(} 1D
NG: 15 (the potypeptide with the signal sequence is shown in SEQ ID NO: 16) forms a compiex
with human 32-microglobulin in vive.  As shown in the Reference Examples described below,
soluble human FeRa complexed with f2-microglobulin is produced by using conventional
recombinant expression techniques.  FeRn regions of the present mvention can be assessed for
their binding activity 1o such a soluble human FeRn complexed with B2-microgiobulin,  Herein,
unless otherwise specified, human FcRn refers to a form capable of binding to an FeRn region of
the present invention.  Examples mciude a compiex between human FeRn and human

B2-microglobulin.
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Fc region
' An Fe region contains the amino acid sequence derived from the heavy chain constant

region of an antibady.  An Fc region is a portion of the heavy chain constant region of an

contains the hinge, CHZ, and CH3 domains.

The binding activity of an Fc region of the present invention to FeRn, human FcRain
particular, can be measured by methods known 1o those skilled in the art, as described in the
section "Binding Activity” above.  Those skilled in the art can appropriately determine the
conditions other than pH. The antigen-binding activity and human FcRa-binding activity of an
antigen-binding molecuie 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 10 those skilled in the art.  For example, Biacore
(GE healtheare), Scatchard plot, or flow cytometer may be used.

When the human FcRo-binding activity of an Fe region of the present invention i3
measured, conditions other than the pH are not particularly imited, 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 FeRn-binding
activity of an Fe 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 FeRn can be assessed by
pouring, as an analyte, human FeRn, an Fe region, or an antigen-binding molecule of the present
invention containing the Fe region inte a chip immobilized with an Fe region, an antigen-binding
molecule of the present invention contaiming the Fe reglon, or human FeRn.

A neutral pH range as the condition where the Fc region contained in an antipgen-binding
molecule of the present invention has the FeRn-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 pHE.0, and is preferably selected from pH7.0, 7.1, 7.2, 7.5, 74,7.5.7.6,7.7, 7.8, 7.9,
and 8.0, and is partcularly preferably pH7.4 that is close to the pH of plasma (blood} in vivo.
When the binding affinity between the human FeRn-binding domain and human FcRxn 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 Fe 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
range means pH3.5 to pHG.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
FeRao-binding domain and human FcRa can be determined at.15°C to 40°C.  More preferably,
the binding affinity between the human FeRn-binding domain and human FeRn can be

determined in the same manner at an arbifrary temiperature between 20°C and 35°C, such as any
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embodiment of the present invention, the temperature includes, but is not limited to, for example,
25°C.

According to "The Jouwrnal of [mmunelogy (2009) 182: 7663-7671", the human
FeRn-binding activity of native human TgG1 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 motecules of the present invention having the human
FcRn-binding activity in an acidic pH range and in a neutral pH range, including antigen-binding
moiecules whose human FcRn-binding activity in an acidic pH range is 20 uM (KD} or stronger
and whose human FcRn-binding activity in & neutral pH range is comparable to or stronger than
that of native human IgG may be screened.  In 2 more preferred embodiment, antigen-binding
molecules of the present invention including antigen-binding molecules whose human
FeRn-binding activity in an acidic pH range is 20 uM (KD} or stronger and that in a neutral pH
range 18 40 UM (KD) or smonger may be screened.  In a still more preferved embodiment,
antigen-binding molecules of the present invention including antigen-binding molecules whose
human FeRn-hinding activity in an acidic pH range 15 0.3 uM (KD} or stonger and that in 2
neutral pH range 1s 15 uM (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 FcRa is poured as an
analyte)”

In the present invention, preferred Fe regions have the human FeRn-binding activity in
an acidic pH range and i a neutral pH range.  When an Fc region originally has the human
FeRn-binding activity in an acidic pH range and in a neutral pH range, it can be used as it is.
When an Fe region has only weak or no human FcRa-binding activity in an acidic pH range
and/or in 2 neutral pH range, Fe regions having desired human FeRn-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
sultably obtained by modifving anune acids of a human Fc region.  Alternatively, Fc regions
having desired human FcRun-binding activity can be obtained by modifying aming acids of an Fe
region that originally has the human FeRn-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
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binding activity can be revealed by comparing the human FeRn-binding sctivity 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

an Fe region includes modification into an amino acid sequence which is different from that of

regon, BenEaswvariantmodifed -
from the starting Fc region can bind to human FcRn in an actdic pH range (1.¢., the starting Fc
region does not necessarily need to have the human FeRn-binding activity in the neutral pH
range}.  Fc regions preferred as the starting Fe region include, for example, the Fe region of 1gG
antibody, i.e., native Fc region.

Furthermore, an altered Fe region modified from a starting Fc region which has been
already modified can also be used preferably as an altered Fe region of the present invention.
The “starting Fc region” can refer {o the polypeptide itself, a composition comprising the starting
Fc region, or an amino acid sequence encoding the starting Fc region.  Starting Fe regions can
comprise a known IgG antibody Fc region produced via recombination described briefly in
section "Antibodies”™.  The origin of starting Fc regions 18 not limited, and they may be obtained
from human or any nonhuman organisms.  Such orgarusms 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 Fo regions can also be
obtained from cynomolgus monkeys, marmosets, rhesus monkeys, chimpanzees, or humans,
Starting Fc regions can be obtained preferably from human IgG 1. however, they are not limited
to any particular lgG subclass.  This means that an Fc region of human IgG1, 1gG2, 1gG3, or
IgG4 can be used appropriately as a starting Fc region, and herein also means that an Fe region
of an arbitrary 1gG class or subclass derived from any organisms described above can be
preferably used as & starting Fe region.  Examples of naturally-oceurring 1eG variants or
modified forms are described in published documents (Curr. Opin. Biotechnol. (2009) 20 (6):
683-91; Curr. Opin. Imnmunol. (2008) 20 (4), 460-470; Protein Eng. Des. Sel. (2010) 23 (47
195-202; WO 2009/086320; WO 2008/092117; WO 2007/041635; and WO 2006/105338);
however, they are not limited to the examples.

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 Fe regions,
by insertion of one or more amino acid residues into starting Fe regions, or by deletion of one or
more amino acids from starting Fo region.  Preferably, the amino acid sequences of altered Fe
regions comprise at ieast a part of the amino acid sequence of a non-native Fe region.  Such
variants necessarily have sequence idemtity or sirnilarity less than 100% to their starting Fe

region. In a preferred embodiment, the varants 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% 1o less than 100%, and
vet 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

different between a modified Fc region of the present invention and its starting Fc region,
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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 er /. (Proc. Natl. Acad. Sci.

- USA(1985) 82, 488-492)) and Overlap extension PCR can be appropriately emploved 10 modify

the amino acids of Feregions.  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 {Annu. Rev. Biophys. Biomol. Struct. (2006 33, 225-249; Proc. Natl. Acad. Sci. U.S.A.
(20603) 100 (11}, 6333-6357).  For exampile, a cell-free translation system (Clover 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.

Fc regions having human FeRn-binding activity in the neutral pH range, which are
comained in the 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 obtained by modifyving amino acids of human immunc}globuiin‘ of Ig(s type as 2 starting
Feregion.  The Fe regions of 1gG type immunoglobulins adequate for modification include, for
example, those of human IgGs (IgGl, 1gG2, [gG3, and 1G4, and modified forms thereof).
Amino acids of any positions may be modified into other amino acids, as long as the Fc regions
have the human FeRn-binding activity in the neutral pH range or can increase the human
FcRn-binding activity in the neutral range.  When the antigen-binding molecule contains the Fo
region of human igG1l as the human Fe region, it is preferable that the resulting Fe region
contains a moedification that results in the effect of enhancing the human FeRa binding in the
neutral pH range as compared to the binding activity of the starting Fc region of human IgG1l.
Amino acids that allow such modification include, for example, amino acids of positions 221 to
225,227, 228, 230, 232, 233 t0 241, 243 10 252, 254 10 260, 262 t0 272, 274, 276. 278 10 289,
20710 312, 315 10 320, 324, 325, 327 t0 339, 341, 343, 345, 360, 362, 370, 375 10 378, 380, 382,
385 1o 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
of these amino acids augments the human FeRn binding of the Fe region of 1gG-type

immunoglobulin in the neutral pH range.
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From those described above, modifications that augment the human FcRn binding in the
neuiral pH range are appropriately selected for use in the present invention.  Particularly
preferred aminge acids of the modified Fe regions include, for example, amino acids of positions
237,248, 250, 252, 254, 255, 256, 257, 258, 263, 286, 289, 297, 298, 363, 305, 307, 308, 309,
341, 312,314, 315, 317, 332, 334, 360, 376, 380, 382, 384, 385, 386, 387, 389, 424, 428, 433,
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neutral pH range of the Fe region contained in an autxgen-i}mdmg molecule can be increased by
substituting at least one amine acid selected from the above amino acids into & different amino
acid.
Particularly preferred modifications include, for example:
Met for the amino acid of position 237,
He for the amino acid of position 248;
Ala. Phe, Hle, Met. Gln, Ser, Val, Trp, or Tyr for the amino acid of position 250;
Phe, Trp, or Tyr tor the amino acid of position 252;
Thr for the amino acid of position 254;
Glu for the amino acid of position 255,
Asp, Asn, Giu, or Gin for the anuno acid of position 256;
Ala, Gly, He, Leu, Met, Asn, Ser, Thr, or Val for the amino acid of position 257,
His for the amino acid of position 258: ‘
Ala for the amine 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;
Ala for the amino acid of position 305;
Ada, Asp, Phe, Gly, His, Ile, Lys, Leu, Met. Asn, Pro, Gin, Arg, Ser, Val, Trp, or Tvr for the
amino acid of posttion 307,
Ala, Phe, Ite, Lew, Met, Pro, Gin, or Thr for the amino acid of position 308;
Ala, Asp, Glu, Pro, or Arg for the amino acid of position 309,
Ala, His, or lle 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 314,
Ala, Asp, or His for the amino acid of position 313;
Ala for the amino acid of position 317;
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;
Ale for the amino acid of position 380;
Ala for the amino acid of position 382;

Ade for the amino acid of position 384;

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;

Alda for the amine acid of position 424;

Ala. Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gln, Ser, Thy, 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

His, lle, Leu, Phe, Thy, 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.

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 Fe region.  Specifically, the
antigen-binding molecules inchide various types of molecules as long as they exhibit the
antigen-binding activity. Molecules in which an antigen-binding domain is linked to an Fe
region include, for example, antibodies.  Antibodies may include single monoclonal antibodies
{including agonistic antibodies and antagonistic antibodies), human antibodies, bumanized
antibodies, chimeric antibodies, and such.  Alternatively, when used as antibody fragments,
they preferably include antigen-binding domains and antigen-binding fragments (for example,
Fab, F{ab")2, scFv, and Fv). Scaffold molecuies where three dimensional structures, such as
already-known stable o/} barrel protein structure, are used as a scaffold (base) and only some
portions of the structures are made into libraries 1o 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 Jeast some
portions of an Fc region that mediates the binding to FcRn and Fey receptor.  In a non-limiting

embodiment, the antigen-binding molecule includes, for example. antibodies and Fe 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 exampie, a fusion protein may comprise the amino
acid sequence of at least a portion of an Fc region {for example, a portion of an Fe region
responsible for the binding to FcRa or a portion of an Fe region responsible for the binding to
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)
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 profein, or generally may be present in a single protein; however, they are included in a
new rearrangernent in a fusion polypeptide.  Fusion proteins can be produced, for example, by
chemical synthesis, or by genetic recombination technigues fo express a polynucleotide encoding
peptide regions in a desired arrangement.

Respective domains of the present invention can be hinked together via linkers or
directly via polypeptide binding.

© 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, peptde linkers are preferred in the present invention.  The length of
the peptide linkers {s 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
particular limitation, the upper limit is generally 30 amino acids or less, preferably 20 amino
acids or less), and particuiarly preferably 15 amino acids.

For example, such peptide linkers preferably include:
Ser
Gly- Ser
Giy-Gly Ser
Ser Gly-Gly
Gly-Gly'Gly Ser (SEQ ID NG: 17)
Ser-Gly Gly Gly (SEQ ID NO: 18)
Gly- Gly- Gly- Gly Ser (SEQ ID NO: 19)
Ser-Gly Gly-Gly Gly (SEQ ID NO: 20}
Gly Gly Gly-Giy- Gly Ser (SEQ D NG: 213
Ser-Gly Gly-Giy Gly-Gly (SEQ ID NO: 22)
Gly Gly-Gly Gly Gly-Gly Ser (SEQ ID NO: 23)
Ser- GlyGly Gly-Gly-Gly Glv (SEQ ID NO: 24)
(Gly Gly-Gly-Gly Ser (SEQ ID NO: 193
(Ser Gly- Gly Gly-Gly (SEQ ID NO: 20)mn
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where n is an integer of 1 or larger.  The length or sequences of peptide Hnkers 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:
N-hydroxy succinimide (NHS),

bis(sulfosuccinimidyl) suberate (BSY),
dithiobis{ succinimidyl propionate) (DSP),
dithiobis(sulfosuccinimidyl propionaze} (DTSSP).
ethylene glveol bis(succinimidy! succinate) (EGS),
ethylene glycol bis(sulfosuccimimidy! suceinate) (sulfo-EGS),
disuccimmidyl tartrate (DST), disutfosuccinimudyt tartrate (sulfo-DST),
bis[2-(succinimidoxycarbonyloxyjethyl] sulfone (BSOCOES),
and bis[ 2-{sulfosuccinimidoxycarbonyloxyiethyi] sulfone (sulfoﬁBSOCOES}. These
crosslinking agents are commercially available.
 When mutitiple linkers for Linking the respective domains are used, they may all be of
the same type, or may be of different types.

in addition 1o the linkers exemplified above, linkers with peptide tags such as His tag,
HA tag, myc tag, and FLAG fag may also be suitably used. Furthermore, hydrogen bonding,
disulfide bonding, covalent bonding, lonic 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 Fe regions originating from the above-described bispecific
antibodies may also be used for hetero Fe region association.  Moreover, disulfide bonds
formed between domains may also be suttably used.

In order to link respective domains via peptide linkage, pelynucleotides encoding the
domains are lisked together in frame.  Known methods for linking polynucieotides in frame
include techniques such as ligation of restriction fragments, fusion PCR, and overlapping PCR.
Such methods can be approprately used alone or in combination to construct antigen-binding
moiecules of the present invention.  In the present invention, the terms "Huked" and "fused”, or
“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 chemmeal linking means and genetic recombination technigues.
Fusing in frame means, when two or more elements or components are poiypeptides, linking two
or more units of reading frames to form a continuous longer reading frame while maintaining the
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



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.

Fey receptor

3 Fcy receptor (also described as FeyR) refers 10 a receptor capable of binding to the Fe

to the tamily of proteins substantially encoded by an Fey receptor gene.  In human, the family
includes FeyR1 (CD64) including isoforms FeyRlia, FeyRIb and FeyRle; FeyRIT(CD32)
including isoforms FeyRIla (including allotype H131 and R131), FeyRIb (including FoyR1Tb-1

10 and FeyR1Ib-2), and FeyRle; and FeyRIT {CID16) including isoform FeyRIilla (including
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allotype V158 and F158) and FeyRIb (including allotype FeyRIIIb-NAT and FeyRIIb-NA2); as
well as all unidentified human FeyRs, FovR isoforms, and allotypes thereof.  However, Fey
receptor is not limited to these examples.  Without being limited thereto, FevR includes those
derived from humans, mice, rats, rabbits, and monkeys. FeyR may be derived from any
5 organisms. Mouse FeyR includes, without being limited to, FeyRI (CD64), FeyRIL (CD32),
FoyRII (CD16), and FeyRII-2 (FeyRIV, CD16-2), as well as all unidentified mouse FoyRs,
FeyR isoforms, and allotypes thereof.  Such preferred Fey receptors include, for example,
human FoyRI (CD64), FevRIla (CD32), FoyRIlb (CD32), FeyRHiz {CD18}, andior FovRIllb
(CD16Y.  The polynucieotide sequence and amino acid sequence of FoyRI are shown in SEQ 1D
0 NOs: 25 (NM_000566.3) and 26 (NP_Q00557.1), respectively; the polynuclieotide sequence and
amino acid sequence of FeyRlla (allotype H131) are shown in SEQ ID NOs: 27 (BC020823.1)
and 28 (AAH20823.1) {allotype R131 is 2 sequence in which amino acid at position 166 of SEQ
ID NO: 28 is substituted with Arg). respectively; the polynucleotide sequence and amino acid
sequence of FeyllB are shown in SEQ D NOs: 29 (BC146678.1) and 30 (AAM6679.1),
respectively; the polynucleotide sequence and amine acid sequence of FeyRlIla are shown in
SEQ ID NOs: 31 (BC033678.1) and 32 {AAH33678.1), respectively; and the polynucleotide
sequence and amino acid sequence of FeyRIHb are shown in SEQ ID NOs: 33 (BC128562.1} and
34 (AAI28563.1), respectively {RefSeq accession number is shown in each parentheses).
For exampie, as described in Reference Example 27 and such as FeyRIHaV when
0 allotype V158 15 used, unless otherwise specified, allotype F158 is used; however, the allotype of
isoform FeyRIEa described herein should not be interpreted as being particutarly limited.
Whether an Fey receptor has binding activity to the Fec region of a monoclonal IgG1,
Ie(G2, 1gG3, or IgG4 antibody can be assessed by ALPHA screen {Amplified Luminescent
Proximity Homogeneous Assay), surface plasmon resonance (SPRj-based BIACORE method,
and others (Proc. Natl. Acad. Sci. USA (2006) 103¢11), 4005-4010), in addition to the
above-described FACS and ELISA formats.

n
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Meanwhile, “Fe ligand” or “effector ligand”™ refers to a molecuie and preferably a
polypeptide that binds to an antibody Fc region, forming an Fo/Fe ligand complex, The
molecule may be derived from any organisms.  The binding of an Fc ligand to Fe preferably
mnduces one or more effector functions.  Such Fe ligands include, but are not limited to, Fe

receptors, FeyR, FeaR, FeeR, FeRn, Clg, and C3, mannan-binding lectin, mannose receptor,
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iclude Fe receptor homologs (FeRH) (Davis er af., {2002 immunological Reviews 190,
123-136), which are a family of Fc receptors homologous to FeyR.  The Fe ligands also nclude
unidentified molecuies that bind to Fe.

In FeyR1 (CD64) including FeyRla, FeyRIb, and FeyRlc, and FoyRITT (CD16) including
isoforms FeyRilla (including allotypes V138 and F138) and FeyRIIb (including allotypes
FeyRITb-NATL and FeyRHIb-NA2). o chain that binds to the Fe portion of 1gG is associated with
common ¥ chain having I'TAM responsibie for transduction of intracellular activation signal.
Meanwhile, the cytoplasmic domain of FeyRIT (CD32) including isoforms FeyRIIa (including
allotypes H131 and R131) and FeyRllc 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 Fo portion of IgG results in
enthancement of the phagoeytic activity of macrophages, inflammatory cytokine production, mast
cell degranuiation, and the enhanced function of antigen-presenting cells,  Fey receptors having
the ability to transduce the activation signal as described above are also referred to as actuvating
Foy receptors.

Meanwhile, the intracytoplasmic domain of FoyRIIb {including FeyRIlb-1 and
FeyRITh-2) contains ITIM responsible for ransduction of inhibitory signals.  The crossiinking
between FeyRITb and B cell receptor (BCR) on B celis suppresses the activation signal from
BCR. which results in suppression of antihody production via BCR.  The crosslinking of
FoyRII and FeyRIlb on macrophages suppresses the phagocytic activity and inflammatory
cyviokine production.  Foy receptors having the ability to transduce the inhibitory signal as
described above are also referred to as inhibitory Fey receptor.

ALPHA screen is performed by the ALPHA technology based on the principle described
below using two types of beads: donor and accepror beads. A luminescent signal 1s detected
only when molecuies 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 sigler oxygen diffuses around the donor beads and reaches the acceptor beads located
in close proximity, a chemiluminescent reaction within the accepior beads is induced.  This

reaction ultimately results in light emission.  If molecules linked to the donor beads do not
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interact with molecules linked to the acceptor beads, the singlet oxvgen produced by donor beads
do not reach the acceptor beads and chemiluminescent reaction does not oceur.

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 18
immobilized to the acceptor beads.  In the absence of an antigen-binding molecule comprising a
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wild-type Fc region, inducing a signai of 520 to 620 nm as a resuit.  The antigen-binding
molecule having 2 non-tagged Fe region variant competes with the antigen-binding molecule
comprising a native Fe region for the interaction with Fey receptor. The refative binding

affinity can be determined by quantifying the reduction of {luorescence as a result of competition.
Methods for biotinvlating 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 mvolve fusing polypeptides encoding Fey and GST in-frame,
expressing the fused gene wsing cells introduced with a vector to which the gene is operablye
linked, and then purifying using a glutathione column.  The induced signal can be preferably

analyzed, for example, by fitting 1o 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 onfc the
gold thin layer of a sensor chip.  When lLight 1s shed on the rear surface of the sensor chip so
that total reflection occurs at the interface between the gold thin faver 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

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 15 shown as measured data (sensorgram).  Kinetic parameters {(association rate
constant (ka) and dissociation rate constant {kd)} are determined from the curve of sensorgram,
and affinity (KD) is determined from the ratio between these two constants.  Iniubition assay is
preferably used in the BIACORE methods.  Examples of such inhtbition assay are deseribed in
Proc. Natl. Acad. Sci. USA (2006) 103(11), 4005-4010.

Heterocompiex comprising the four elements oft two molecules of FeRn and one molecule of
activating Fcy receptor

Crystallogmphic studies on FcRu and 1gG antibodies demonstrated that an FcRn-1gG
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complex is composed of one molecule of I2( for two molecules of FeRn, and the two molecules
are thought 10 bind near the interface of the CH2 and CH3 domains located on both sides of the
Fc region of 1gG (Burmeister ef of. {(Nature (1994) 372, 336-343)). Meanwhile, as shown in
Exampie 3 below, the antibody Fc region was demonstrated to be able to form & complex
containing the four elements of: two molecules of FcRn and one molecule of activating Fey

TS BT OO CA O i

of analyzing the properties of antigen-binding molecules containing an Fe region having an
FcRa-binding activity under conditions of a neutral pH range.

Without being bound to a particular principle, it can be considered that in vivo
administered antigen-binding molecules produce the effects described below on the in vive
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 Fe region contained in the antigen-binding
molecules, two molecules of FeRn, and one molecule of activating Fev receptor.  As described
above, in addition to the various types of activating Fey receptor, FeRn is expressed on immure
cells, and the formation by antigen-binding molecules of snch four-part complexes on immune
cells suggests that affinity toward immune cells is increased, and that cytoplasmic domains are
assembled, [eading to amplification of the internalization signal and promotion of incorporation
into immune cells.  The same also applies to-antigen-presenting cells, angd the possibility that
formation of four-part complexes on the cell membrane of antigen-presenting celis makes the
antigen-binding molecules to be easily incorporatad into antigen-presenting cells is suggested.
In general, antigen-binding molecules incorporated into antigen-presenting cells are degraded in
the Iysosomes of the antisen-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
formation of the above-described four-part complexes on the cell membrane of the
antigen-presenting cells, plasma retention of the antugen-binding molecules may be worsened.
Similarly, an immune response may be induced (aggravated),

For this reason, it 1s conceivable that, when an antigen-binding molecule having an
impaired ability 1o form such four-part complexes is admunistered to the body, plasma retention
of the antigen-binding molecules would improve and induction of immune response in the body
would be 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 Fe region having
FeRn-binding activity under conditions of a newiral pH range and whose binding activity toward

activating FevR is lower than the binding activity of a native Fc region toward activating FevR
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The antigen-binding molecule of Embodiment { forms a three-part compiex by binding
to two molecules of FeRn; however, it does not form any complex containing activating FevR
{(Fig. 49). An Fcregion whose binding activity toward activating FeyR is lower than the
binding activity of a native Fc region toward activating FeyR may be prepared by modifying the
amino acids of the native Fe region as described above.  Whether the bmdmg activity toward
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FovR of the native Fe region can be suitably tested using the methods described in the section
“Binding Activity” above.

Examples of preferable activating Fey receptors include FeyR1 (CD64) which includes
FeyRla, FoyRlIb, and FeyRle; FeyRIa (including allotypes R131 and H131); and FeyRIIL (CDi6)
which includes 1soforms FeyRIHa (including allotypes V158 and F158) and FeyRINb (including
allotypes FevRIIb-NA1 and FeyRITb-NA2).

For the pH conditions t¢ measure the binding activity of the Fc regton and the Fey
receptor contained in the antigen-binding molecule of the present invention, conditions in an
acidic pH range or in a neatral pH range may be suitably used. The neutral pH range, as a
condition 1o measure the binding activity of the Fec region and the Fey receptor contained in the
antigen-binding molecule of the present invention, generally indicates pH 6.7 to pH10.0.
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, pH7.1, pH7.2, pH7.3. pH7 .4, pH7.5, pH7.6, pH7.7, pH7.8,
pH7.9, and pH 8.0; and particularly preferably, it 1s pH 7.4, which 1s close to the pH of plasma
{blood) in wivo. Herein, the acidic pH range, as a condition for having a binding activity of the
Fe region and the Fey receptor contained m 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 pH3 8 to pH6.0. which is close to the pH in the early
endosome in vive.  With regard to the temperature used as measurement condition, the binding
affinity between the Fe region and the human Foy receptor can be evaluated at any temperature
between 10°C and 50°C.  Preferably, a temperature between 15°C and 40°C 1s ysed (o
determine the binding affinity between the human Fe 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, 267C, 27°C, 28°C, 29°C, 30°C, 31°C, 32°C, 33°C, 34°C, or 35°C, can similarly be
used to determine the binding affinity between the Fe region and the Foy receptor. A
temperature of 25°C is a non-fimiting example in an embodiment of the present invention,

Herein, “the binding activity of the Fc region variant toward activating Fey recepior is
tower than the binding activity of the native Fc region toward activating Foy receptor™ means
that the binding activity of the Fc region variant toward any of the human Fey receptors of FeyRl,
FeyRlla, FeyRIIla, and/or FeyRIlIb 1s Jower 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, §5% 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 fess, 20% or less, 15% or less, 10% or less, 9% or less,
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as compared to the binding activity of an antigen-binding molecule containing a native F¢ region
as acontrel.  As native Fc region, the starting Fc region may be used, and Fe regions of
wild-type antibodies of different isotypes may also be used.

Meanwhile, the binding activity of the native form toward activating FeyR is preferably
a binding activity toward the Fey receptor for human IgG1.  To reduce the binding activity
toward the Foy 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
be reduced by expressing the éntigen—bindi.ng molecule containing the Fe region having a
binding activity toward the Fey receptor in hosts that do not add sugar chains, such as
Escherichia coli.

As antigen-binding molecule containing an Fc region that is used as a control,
antigen-binding molecules having an Fc region of 2 monocional IgG antibody may be suitably
used. The structures of such Fe regions are shown in SEQ [D NO: 1 (A is added to the N
termunus of RefSeq Accession No. AACE2527.1), SEQ ID NO: 2 (A is added to the N terminus
of RefSeq Accession No. AABS9393.1), SEQ ID NO: 3 (RefSeq Accession No. CAAZ7268.1),
and SEQ ID NO: 4 (A is added to the N terminus of RefSeq Accession No. AARS59394.1).
Fusther, when an antigen-binding molecule containing an Fe 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 Fe region toward the Fey receptor is tested by using as a control an
antigen-binding molecule having an Fe region of a monoclonal IgG antibody of that particular
isotype.  In this way, antigen-binding molecules containing an Fe region whose binding activity
toward the Foy receptor was demonstrated to be high are suitably selected.

In & non-himuting embodiment of the present invention, preferred examples of Fe regions
whose binding activity toward activating FcyR is lower than that of the native Fe region toward
activating FcyR include Fe 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
acids of an above-described Fe region.  The modifications in the Fc region are not Hmited to the

above example, and they may be, for example, modifications such as deglycosylation (N297A

L LA L ASCTRPISPYS NP Et .3 - 5 PG SRS, 2 3 PRI 3 S S,
Shror-tessr 3 urte Sy 0TGRS O e O EES Y



(¥

10

far
LA

Tad
L 4]

,M_.—Imn-qk,-.f% ax X;I{') "H"IQQ fnnf) 1 ‘!

SG

and N297Q), IgG1-L234AM235A, TgG1-A325A/A3308/P3318, 1eG1-C2268/C2298,
1gG1-C2268/C229S8/E233P/L234V/ L2335 A, 1gG1-L234F/L235E/P3318, IgG1-S267E/L328F,
1gG2-VI34A/G23T A, 1gG2-H268Q/V309L/A3305/A3318, [gG4-1L235A/G237A/E318A, and
12G4-1.236E described in Current Opinion in Biotechnology (2009) 20 (6), 685-691;
modifications such as G236R/L328R, L235G/G236R, N32Z5A/ML328R, and N325L1L328R

according to EU mzmbemlg; 8i‘id modifications af the positions described in WO 2000/042072.
In a non-limiting embodiment of the present invention, exampies of a favorable Fc

region include Fe regions having one or more of the following modifications as indicated by EU

numbering in an aforementioned Fe region:

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

Phe, Pro, Ser, Thr, or Ty

the aminc acid at position 233 is any one of Ala, Asn, Asp, Gln, Glu, Gly, His. lle, Lys, Met, Pro,

Ser, Thr, Val, or Arg;

the amino acid at position 236 is any one of Arg, Asn, Gln, His, Lex, Lys, Met, Phe, Pro, or Tyr;

the amino acid at position 237 is any one of Ala, Asn, Asp, Gln, Giu, His, Hle, 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, Trp, or

Arg;

the amino acid at position 239 is any one of Gln, His, Lys, Phe, Pro, Trp, Tyr, or Arg;

the amino acid at position 263 is any one of Ala, Arg, Asn, Gln, Gly, His, lie, Leu, Lys, Met, Phe,

Ser, Thr, Trp, Ty, or Val;

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;

the amine acid at position 267 is any one of Arg, His, Lys, Phe, Pro, Trp, or Tyr;

the amino acid at position 269 1s any one of Ala, Arg, Asn, Gln, Giy, His, Ile, Leu, Lys, Met, Phe,

Pro, Ser, Thr, Trp, Tyr, or Val;

the amine acid at position 270 is any one of Ala, Arg, Asn, Gln, Gly, His, lle, Leu. Lys, Met, Phe,

Pro, Ser, Thr, Trp, Tyr, or Vai;

the amino acid at position 271 15 any one of Arg, His, Phe, Ser, Thr, Trp, or Tyz;

the amino acid at position 295 is any one of Arg, Asn, Asp, Gly, His, Phe, Ser, Trp, or Tyr;

the amino acid at position 296 is any one of Arg, Gly. Lys, or Pro;

the amino acid at posifion 297 is any one of Ala:

the amino acid at position 298 is any one of Arg, Gly, Lys, Pro, Trp, or Tyr;

the amino acid at position 300 1s 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 af position 3235 is any one of Ala, Arg, Gly, His, Ile, Lys, Phe, Pro, Thr, Trp, Ty,
or Val;

the amino acid at position 327 is any one of Arg, Gln, His, lle, Leu, Lys, Met, Phe, Pro, Ser, Thr,
Trp. Tyr, or Val;

the amino acid at position 328 is any one of Arg, Asn, Gly, His, Lys, or Pro;
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Ser, Thy, Trp, Tyr, Val, or Arg;

the amino acid at position 330 1s any one of Pro or Ser;

the amino acid at position 331 is any one of Arg, Gly, or Lys; or
the amino acid at position 332 is any one of Arg, Lys, or Pro,

{(Embodiment 2} An antigen-binding molecule containing an Fe region having
FeRn-binding activity under conditions of a neutral pH range and whose binding activity toward
inhibitory FevR is higher than the binding activity toward activating Fey receptor

By binding 1o two molecules of FcRn and one molecuie of inhibitory FevR, the
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 molecuie of FoyR, the
antigen-binding molecule in 2 state bound to an inhibitory FeyR cannot bind to other activating
FeyRs (Fig. 50).  Furthermore, it has been reported that antigen-binding molecules that are
incorporated into cells in a state bound to inhibitory FeyR are recycied onto the celi membrane
and thus escape from intracellular degradation (Immunity (2005) 23, 303-314).  Thus,
amtigen-binding molecules having selective binding activity toward inhibitory FevR are thought
not to be able to form heterocomplexes containing activating FeyR and two molecules of FeRn,
which cause the immune response.

Examples of preferable activating Foy receptors include FeyRI (CD64) which inciudes
FevRla, FoyRlIb, and FeyRlIc; FoyRITa (inchuding altotypes R131 and H131); and FevRIH (CD16}
which inchudes isoforms FeyRIa (inciuding allotypes V158 and F158) and FeyRIIb (including
allotypes FoyRITb-NA1T and FeyRIIIb-NA2),  Meanwhile, examples of preferred inhibtiory Fey
receptors include FeyR1Ib (including FeyRiTb-1 and FoyR1Tb-2).

Herein, “the binding activity toward inhibitory FoyR is higher than the binding activity
toward activating Fey receptor” means that the binding activity of the Fe region variant toward
FeyRITb is higher than the binding activity toward any of the human Fey recepiors FevRI,
FeyRIla, FeyRilla, and/or FeyRIHb.  For example, 1t means that, based on an above-described
analytical method, the binding activity toward FeyRIIb of the antigen-binding molecule
containing an Fe region variant is 105% or more. preferably 110% or more, 120% or more,
130% or more, 140% or more, particularty 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, 30 times or more as compared with the binding
activity toward any of the haman Fev receptors of FeyR1, FeyRlla, FeyRilla, and/or FevRIITh,
Most preferably, the binding activity toward FeyRIlb is higher than each of the binding
activities toward FeyRla, FeyRlIla (mdudmg: ailotypes R131 and H131), and FeyRlilla (including
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binding is thought to be saturated in vive due to the presence of a large amount of endogenous
igGl. For this reason, inhibition of complex formation may be possible even if the binding
activity toward FcyRIIb is greater than the binding activities toward FeyRIla and FeyRIHa and
lower than the binding activity toward FeyRla.

As antigen-binding molecule containing an Fe region that 1s used as a control,
antigen-binding motecules having an Fc region of a monoclonal [gG antibody may be suitably
used. The structures of such Fc regions are shown in SEQ D NO: 11 {A is added 1o the N
terminus of RefSeq Accession No. AACR2527.14, SEQ ID NO: 12 (A is added 1o the N terminus
of RefSeq Accession No. AAB39393.1), SEQ ID NO: 13 (RefSeq Accession No. CAA27268.1),
and SEQ ID NO: 14 {A is added to the N terminus of RefSeq Accession No. AABS9394. 1),
Further, when an antigen-binding molecule containing an Fe 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 foward the Foy receptor is tested by using as a control an
antigen-binding molecule having an Fe region of a monoclonal 1gG antibody of that particular
isotype. In this way, antigen-binding molecules containing an Fe region whose binding activity
toward the Fey receptor was demonsirated to be high are suitably selected.

In a non-limiting embodiment of the present invention, preferred examples of Fe regions
having a selective binding activity toward inhibitory FoyR include Fe regions in which, among
the amino acids of an above-described Fe region, the amino acid at 328 or 329 as indicated by
EU numbering is modified into an amine acid that is different from that of the native Fc region.
Furthermore, as Fe regions having selective binding activity toward inhibitory Foy recepior, 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 1s an
Fc¢ region having one or more of the following medifications as indicated by EU numbering in an
aforementioned Fe region: the amino acid at position 238 is Asp; or the amino acid at position
328 15 Ghu

In stiil another non-limiting embodiment of the present invention, examples of 2
favorable Fe region include Fo regions having one or more of the following modifications:

a substitution of Pro at position 238 according to EU numbering {o Asp, the amino acid at

position 237 according to EU numbering i1s 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 arnino 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

according to EU numbering is Gln, the armino acid at position 326 according 1o EU numbering is

e
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position 239 according to EU numbering is Asp, the amino acid at position 267 according to EU
numbering is Ala, the amino acid at position 234 according to EU numbering is Trp, the amino
acid at position 234 according to EU numbering is Tyr, the amino acid t position 237 according
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 numnbering 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 1s Tyr, the amino acid at position
330 according to EU numbering 15 Lyvs, the amino acid at position 330 according to EU
numbering is Arg, the amino acid at position 233 according to EU numbering is Asp, the arnino
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
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 1s Asp, the amino acid at position 326 according to EU numbering ts 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.

(Embodiment 3) An antigen-binding molecule comaining an Fc region, in which one of
the two polypepudes forming the Fe region has an FeRn-binding activity under conditions of a
newtral pH range and the other does not have any FeRu-binding activity under conditions of a
neutral pH range

By binding to one molecule of FcRn and one molecule of FeyR, the antigen-binding
molecuie of Embodiment 3 can form a three part complex; however, it does not form any
heterocomplex containing the four elements of two molecules of FcRn and one molecule of FevR
(Fig. 51).  As Fcregion in which one of the two polypeptides forming the Fe region has an
FeRn-binding activity under conditions of & neutral pH range and the other does not have any
FcRo-binding activity ander conditions of a neutral pH range contained in the antigen-binding
molecule of Embodiment 3, Fe 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 1gG type can be secreted from hybrid hybridomas (quadromas) resultng
from fusion of two types of hybridomas producing 1gG antibodies (Milstein er of. (Nawure (1983)
305, 537-340).

When an amigen-binding molecuie of Embodiment 3 described gbove is produced by

using recombination muhmques such as those described in the above section “Antibody™, one
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regions of mterest are mtmduceé mto cells to co-express them.  However, the produced Fe
regions will be & mixture in which the following will exist at a molecular ratio of 2:1:1: Fe
regions in which one of the two polypeptides forming the Fe region has an FcRn-binding activity
under conditions of a neutral pH range and the other polypeptide does not have any
FcRa-binding activity under conditions of a neutral pH range: Fc regions in which the two
polypeptides forming the Fe region both have an FcRn-binding activity under conditions of a
neutral pH range; and Fc regions in which the two polypeptides forming the Fe region both do
not have any FcRu-binding activity under conditions of a neutral pH range. It is difficult to
purify antigen-binding molecules containing the desired combination of Fc regions from the
three types of lgGs.

When producing the antigen-binding molecules of Embodiment 3 using such
recombination techniques, antigen-binding molecules containing a heteromeric combination of
Fe regions can be preferentially secreted by adding appropriate amino acid substitutions in the
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 mn the CH3 domain of the other heavy chain so that the knob is placed in the
hole.  This promotes heteromenic H chain formation and simultaneously inbibits homomeric H
chain formation (WO 199602701 1; Ridgway e7 al., Protein Engineering {1996) 9, 617-621;
Merchant ¢f al., Nature Biotechnology (1998) 16, 677-681).

Furthermore, there are also known techniques for producing & bispecific antibody by
applying methods for controlling polypeptide association, or association of polypeptide-formed
heteromerte multimers to the association between the two polypeptides that form an Fe 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 Fe region are altered to inhibit the association between
Fc regions having the same sequence and 1o allow the formaiion of polypeptide complexes
formed by two Fc 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
Fe region denved from a bispecific antibody described above can be suitably used as the Fe
region. More specifically, two polypeptides constituting an Fc region may be suitably used, in

which, of the aminc acid sequence of ene of the polypeptides, the amino acid at position 349 as
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acid sequence of the other of the polypeptides, the amino acid at position 336 as indicated by EU
numbermg is Cys, the amino acid at position 366 is Ser, the amino acid at position 368 is Ala,
and the amino acid at positon 407 is Val.

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 anino 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
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
amino acid at position 370 according 10 EU numbering is Glu, and of the amino acid sequence of
the other of the polypeptides, the amino acid at position 357 according 1o EU numbering is Lys,
may be suitably used as the Fe region.

I 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
amino acid at position 439 according to EU numbering 1s 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 Fe 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
the Fe region:

two polypeptides constituting an Fe 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 pesition 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 1s Lys and the amino acid at position 357
15 Lys (in this embodiment, the amino acid at position 370 according to EU numbering may be

Asp imstead of Glu, and the amino acid Asp at position 392 according to EU numbering may be



10

[
LAy

30

used instead of the amino acid Glu at position 370 according to EU numbering);

two polypeptides constituting an Fe 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 Giu, and of the amino acid sequence of the other of the polypeptides, the

arnino acid at position 399 according to EU numbering 1s Lys and the amine acid at position 356
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amino acid Asp at position 392 according 1o EU numbering, or the amino acid Asp at position
439 according to EU numbering may be vsed instead of the amino acid Glu at position 439
according to EU numbering);

two polypeptides constituting an Fe 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 amine 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

two polypeptides constituting an Fe region, in which, of the amino acid sequence of one of the

_polvpeptides, 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 posiftion 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 aminoe acid at position 357 is Lys, and the amino acid at position 356 is Lys (in this
embodiment, the antino acid at position 370 according to EU numbering may not be substituted
to Glu, and futhermore, when the amino acid at position 370 1s not substituted 1o Ghu, 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 amno acid Glu at position 4363},

Further, in another non-limiting embodiment of the present invention, two polypeptides
constituting an Fc region, in which, of the ammno acid sequence of one of the polypeptides, the
amino acid at position 356 according fo EU numbering is Lys, and of the amino acid sequence of
the other of the polypeptides, the amino acid at position 435 according 10 EU numbering is Arg
and the amino acid af position 439 15 Glu, may also be suitably used.

In still another non-limiting embodinent of the present mvention, two polypeptides
comstituting an Fc region, in which, of the amino acid sequence of one of the polypeptides, the
amino acid at posttion 356 according to EU numbering 1s 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 15 Glu, the amino acid at position 435 is Arg, and the
amino acid at position 439 is Glu, may also be suitably used.

These antigen-binding molecules of Embodiments 1 to 3 are expected 1o be able to

reduce inumunogenicity and improve plasma retention as compared 10 antigen-binding molecules



106

capable of forming four part complexes.

Impairment of immune response (reduction of immunogenicity)
Whether the immune response against the antigen-binding molecule of the present

invention has been modified can be evaluated by measuring the response reaction in an organism
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mgredient 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 1o MHC class I} and humoral immunity
(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 vive and
methods for assessing the reaction of immune cells in vito.

The in vivo immune response (bmmunogenicity) 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 1w
mice. When the antibody titer for antigen-binding molecule A is higher than that for B, or when
following administration 1o several mice, administration of antigen-binding molecuie A gave a
higher incidence of mice with elevated antibody titer, then A is judged to have lgher
immunogenicity than B.  Antibody titers can be measured using methods for measuring
molecules that specifically bind to administered molecuies using ELISA, ECL. or SPR which are
knowr to those skilled in the art (J. Pharm. Biomed. Anal. (2011) 55 (5). 878-888).

Methods for assessing i vitro the immune response of an organism against the
antigen-binding molecules {immunogenicity) inchide 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 . (2008) 9 (6), 385-396). For example, upon evaluation of antigen-binding
molecules A and B by such in vifro immunogenicity tests, when the response with
antigen-binding molecule A was higher than that with B, or when several donors were evaiuated
and the reaction positivity rate with antigen-binding molecule A was higher, then A is judged to
have higher immunogenicity than B.

Without betng bound by a particular theory. since antigen-binding molecules having
FeRn-binding activity in & neutral pH range can form hetero tetramer complexes comprising two

molecules of FcRn and one molecuie of FeyR on the cell membrane of antigen-presenting cells,
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the immune response 1s thought to be readily induced because of enhanced incorporation into
antigen-presenting cells.  There are phosphorylation sites in the intracellular domains of FeyR
and FcRn.  In general, phosphorylanon of the intracelllular domains of receptors expressed on a
cell surface occurs upon assembly of the receptors and their phosphorylation causes
internaiization of the receptors.  Assembly of the intracellular domains of FeyR does not occur
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However, 1n the case an IgG molecuie having a hinding activity toward FcRn under conditions of
a neutral pH range forms a complex containing the four elements of FeyR/twoe molecules of
FeRn/igG, the three mtracellular domains of the FeyR and FeRn would assemble, and it is
possible that as a result, internalization of the heterocomplex containing the four elements of
FeyRiwo molecules of FeRn/lgG s induced.  The heterocomplexes containing the four
elements of FeyR/iwo molecules of FeRn/Ig( are thought to be formed on antigen-presenting
cells co-expressing FeyR and FcRan, and it is possible that the amount of antibody molecules
incorporated into antigen-presenting cells is thereby increased, resulting in worsened
immunogenicity. [t 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,

Improvement of pharmacokinetics

Without being bound by a particuiar pﬂnuple 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 wpon adminisiration into the orgarnism of, for example, an antigen-binding molecule
comptrising an Fe region having a binding activity toward human FeRn ender 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 explamed, for example, as follows.

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 1s taken
up via internalization into endosomes in the cells together with the antigen while the antibody is
kept bound 1o the antigen.  Then, the antibody translocates to lvsosomes while the antibody is
kept bound to the antigen, and the antibody is degraded by the lysosome ogether with the
antigen. The mternalization-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 IgG antibody binds to
arftigens in a divalent manner, the single antibody molecule is mtermalized 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 hind to three or more

molecules of antigen.  For example, a single IgG antibody molecule having a neutralizing
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The relatively prolonged retention (slow elimination) of 1gG molecules in the plasma is
due to the function of human FcRn which is known as a salvage receptor of 1eG molecules,
When taken up into endosomes via pinocytosis, [gG molecules bind 1o human FeRn expressed in
the endosomes under the acidic condition in the endosomes.  While 1gG molecules that did not
bind 1o human FcRn transfer to lysosomes where they are degraded, [gG molecules that are
bound to human FeRn translocate 1o the cell surface and retwrn again in the plasma by
dissociating from human FeRn under the neutral condition in the plasma.

Alternatively, when the antigen-binding molecule is an antibody that binds to a soluble
antigen, the antibody administered into the body binds 1o the antigen and then 1s taken up into
cells while the antibody is kept bound to the antigen.

Most of the antibodies incorporated into the cells bind to FcRa i the endosomes and
translocate to the cell surface.  Aniibodies dissociate from human FeRn under the neutral
condition in the plasma and are released w the outside of the cells.  However, antibodies having
ordinary antigen-binding domains whose antigen-binding activity does not change depending on
conditions of ion concentration such as pH are released to the ourside of the cells while
remaining bound to the antigens; thus, they are unable to bind again to antigens. Accordingly,
stmilarly 1o antibodies that bind to membrane antigens, a single ordinary 1gG antibody molecule
whose antigen-binding activity does not change depending on conditions of lon concentration
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 1o
antigens under conditions of a neutral pH range and dissociate under conditions of an acidic pH
ranige), and antibodies that bind to antigens in a calcium ion concentration-dependent manner,
which antibodies strongly bind to antigens under conditions of & hiph calcinm ton concentration
in the plasma and dissociate from the antigens under conditions of a low caicium ilon
concentration in the endosomes (antibodies that bind to antigens under conditions of a high
calcrum: ion concentration and dissociate under conditions of a low calcium fon concentration)
can dissociate from the antigens in the endosomes.  Antbodies 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 1o 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 molecuies.  Meanwhile, the antigens bound to the
antigen-binding molecules dissociate from the antibodies in the endosomes and are degraded in
lysosomes without being recyeled to the plasma. By administering such antigen-binding
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concentration in the plasma can be reduced.

Incorporation into cells of antigens against which antigen-binding molecuies bind is
further promoted by giving an ability to bind human FcRn under conditions of a neutral pH
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
{o antigens under conditions of a neutral pH range and dissociate under conditions of an acidic
pH range), and amtibodies that bind to antigens i a calcium lon concentration-dependent manner,
which antibodies strongly bind to antigens under conditions of a high caicium ion concentration
in the piasma and dissociate from the antigens under conditions of a low calcium ion
concentration in the endosomes {antibodies that bind 10 antigens under conditions of a high
calcium jon concentration and dissociate under conditions of a low calcium ion concentration).
Thus, by administering such antigen-binding molecules to organisms, antigen elimimnation is
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 10
antigens in a calcium ion concentration-dependent manner, as well as antigen-antibody
complexes thereof, are incorporated into cells by non-specific endocyiosis, transported to the cell
surface following binding with Feln under the acidic condition in the endosomes, and recveled
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 m 2 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 anfigen in a sufficient calcium ion
concentration-dependent manner (that binds under conditions of a high calcium ion
concentration and dissociates under conditions of a low caleiom jon concentration) binds to an
antigen in the plasma and dissociates in the endosomes from the antigen it is bound to, the rate of
antigen efimination will be equivalent to the rate of incorporation into celis by non-specific
endocytosis of the aniibody or antigen-antibody complex thereof.  When the pH-dependency or
the calcium jon concentration-dependency of the binding between the antibodies and the
antigens is insufficient. the antigens that did not dissociate from the antibodies in the endosomes

will be recyeled 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 inte cells by
non-specific endocytosis will be rate-limiting for the rate of antigen elimination. Meanwhile,
since FcRu fransports antibodies from the endosomes to the cell surface, a part of the FcRn is
thought to also be present on the cell surface.

In general, IgG-type immunogiobulin, which 1s an embodiment of the antigen-binding
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mventors constdered that IgG-type immunoglobulin having an FcRu-binding activity in the
neutral pH range can bind to FcRn on the cell surface, and will be incorporated into cells in an
FeRn-dependent manner by binding to the FcRn on the cell surface.  The rate of
FeRn-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
native IgG-type immunoglobulins, release the antigens in the endosomes, be recycled to cell
surface or plasma again, once again bind to anhigens 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
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 additien, the number of antigen
molecules to which a single antigen-binding molecule can bind 1s 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
FcRn-binding domain, and the FeRn-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 caleium ion
conceniration as comparad with the antigen-binding activity (binding ability} under conditions of
a neutral pH range or ion concentrations such as high calcium ion concentration, and/or by
increasing the FeRn-binding activity under the pH of the plasma, incorporation into cells of the
antigens by the anfigen-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
antigens are incorporated inte 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 recveled 1o 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 FeRn-binding sctvity and whose
antigen-binding activity in an acidic pH range 1s lower than that in the neutral pH range should
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FcRn-binding activity in the neutrai 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
present invention is preferably promoted as compared 10 that of a native human [gQG, and
particular preferably it is promoted as compared 1o that of a native human IgG.  Thus, in the
present invention, whether or not incorporation by antizen-binding melecules of antigens into
cells 1s promoted can be determined based on whether or not the rate of antigen incorporation
into cells is increased.  The rate of cellular incorporation of antigens can be measured, for
exampie, by adding the antigen-binding molecules and antigens to a culture medium containing
cells expressing human FeRn 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 FeRn. By using methods for promoting the cellular incorporation of
antigens mediated by the antigen-binding molecules of the present invention, for example, by
administering the antigen-binding molecules, the rate of antigen elimination from the plasma can
be promoted. Thus, whether or not incorporation by antigen-binding molecuies of antigens into
cells 1s promoted can also be assessed, {or 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
molecules.

Herein. “native human 1gG™ refers to unmodified human lgG. and is not limited 10 a
particular 1gG subclass.  This means that human IgGl, 1gG2, 12G3, or Ig(G4 can be used as
“native human [g(G” as long as 1t is capabie of binding to human FcRn in an acidic pH range.
Preferably. the "native human 1gG” may be human IgG1.

Herein, the “ability to eliminate the antigens in plasma” refers to the ability 1o eliminate
the antigens present in the plasma from the plasma afier in vive administration of the
antigen-binding molecules or in vivo secretion of the antigen-binding molecules.  Thus, herein,
“the ability of the amigen-binding molecules to eliminate the antigens in the plasma is increased”™
means that, when the antigen-binding molecules are administered, the human FcRn-binding
activity of the antigen-binding molecules in the neutral pH range is increased, or that, in addition

to this increase of the human FeRn-binding activity, the rate of antigen elimination from plasma
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1s 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 1o eliminate the antigens in the plasma is increased can be assessed, for example, by
administering soluble antigens and the antigen-binding molecule i vivo and measuring the

plasma concentration of the soluble antigens after adminiswration.  If the concentration of the
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antigen-binding molecules after increasing the human FeRn-binding activity in the neuiral pH
range of the antigen-binding molecules, or, inn addition to increasing this human FcRa-binding
activity, reducing the antigen-binding activity in an acidic pH range as compared to that in the
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 i¢ an
annigen-binding molecule or an antigen that 15 not bound to an antigen-binding molecule, and its
concentration can be determined as a "plasma concentration of the antigen bound 1o the
antigen-binding molecules”™ or as a "plasma concentration of the antigen that is not bound to the
antigen-binding molecules”, respectively (the latter is svnonymous with "free antigen
concentration in plasma").  "The total antigen concentration in the plasma” means the sum of
antigen-binding moiecule 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
antigen concentration in plasma’.

Various methods for measuring "total antigen concentration in plasma” or "free antigen
concentration in plasma” are well known in the art as described hereinafier.

Herein, "enhancement of pharmacokinetics", "improvement of pharmacokinetics”, and "superior
pharmacokinetics” can be restated as "enhancement of plasma (blood) retention”, "improvement

of plasma (blood} retention”, "supernor plasma (biood} retemion”, and "prolonged plasma (blood)
retention”. These 1erms are Synonymous.

Herein, "improvement of pharmacokinetics” means not only prolongation of the period
unti} elimination from the plasma (for exampie, until the antigen-binding molecuie is degraded
intracellularly or the like and cannot return to the plasma) after administration of the
antigen-binding molecule to humans. or non-hurnan animals such as mice, rats, monkeys, rabbits,
and dogs, but also prolongation of the plasma retention of the antigen-binding molecuie in a
form that aliows aniigen binding (for example, in an antigen-free form of the antigen-binding
moiecule) during the period of administration to elimination due to degradation. Human 1gG
having wild-type Fc region can bind to FeRn from non-human animais.  For example. mouse
can be preferably used to be administered in order to confirm the property of the antigen-binding

moiecule of the invention since human IgG having wild-type Fc region can biad to mouse FeRn
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stronger than to human FeRn (Int Immunol. (2001} 13(12): 1551-1559).  As another example,
mouse in which its native FCRn genes are disrupted and a transgene for human FcRn gene is
harbored to be expressed (Methods Mol Biol. 2610; 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
described hereinafter.  Specifically, "improvement of pharmacokinetics” also includes
meriadunsl climineson-dusto desradar
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not bound to antigens (the antigen-free form of antigen-binding molecule). The
antigen-binding molecuie in plasma cannot bind to a new antigen if the antigen-binding molecule
has already bound 10 an antigen.  Thus, the longer the period that the antigen-hinding molecule
15 not bound to an antigen, the longer the period that if 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 o the
antigen-binding molecule can be proionged 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
pharmacokinetic 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
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 elimimation from the plasma.  The improvement
of pharmacokinetics of antigen-binding molecule can be assessed by determining any one of the
parameters, half-hfe in plasma, mean plasma retention time, and plasma clearance for the
antigen-binding molecule or the antigen-free form thereof ("Pharmacokinetics: Enshu-nivoru
Rikat (Understanding through practice}” Nanzando). For exampie, the plasma concentration of
the antigen-binding molecule or antigen-free form thereof is determined after administration of
the antigen-binding molecule 1o mice, rats, momkeys, rabbits, dogs, or humans, Then, each
parameter is determined. When the plasma half-life or mean plasma retention time is profonged,
the pharmacokinetics of the antigen-binding molecule can be judged to be mmproved.  The
parameters can be determined by methods known to those skilied in the art. The parameters
can be appropriately assessed, for example, by noncompartmental analysis using the
pharmmacokinetics analysis software WinNonlm (Pharsight) according to the appended instruction
manual,  The plasma concentration of antigen-free antigen-binding molecule can be determined
by methods known o those skilled i the art, for example, using the assav method described in
Clin Pharmacol. 2008 Apr; 48(4): 406-417.
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Herein, "improvement of pharmacokinetics" also includes prolongation of the period
that an antigen 1s bound (o an antigen-binding molecule after administration of the
antigen-binding molecule. Whether the period that an antigen is bound to the antigen-binding
molecule afler adnunistration of the antigen-binding molecule is prolonged can be assessed by

determining the plasma concentration of free antigen, The prolongation can be judged based on
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the ratio of free antigen concentration to the total antigen concentration.

The plasma concentration of free antigen not bound to the antigen-binding molecuie or
the ratio of free antigen concenration to the total concentration can be deternuned by methods
known 10 those skilled in the art, for example, by the method used in Pharm Res. 2006 Jan; 13
(1% 95-143.  Alternatively, when an antigen exhibits a particular function in vivo, whether the
antigen 1 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
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.

Determination 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, i vive marker assay, and such
measurements are not particularty limited; however, the assays are preferably carried out after a
cerin period of ime has passed afier admimistration of the antigen-binding molecule. In the
present invention, the period afier administration of the antigen-binding molecule 1s not
particularty fimited; those skilled in the art can determine the appropriate period depending on
the properties and the like of the administered antigen-binding molecule.  Such pericds include,
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 davs afier administration of the amtigen-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
antigen-binding molecule bound antigen and non-bound antigen concentration or “free antigen
concentration in plasma’ which is antigen-inding 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, 30-{old,
100-fold, 200-fold, 500-fold, 1.000-fold, or even higher compared to the adnunistration of a
reference antigen-binding moiecule comprising the wild-type 1gG Fe region as a reference

antigen-binding molecule or compared to when antigen-binding domain moiecule of the present
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mvention is not adminstered.
Molar antigen/antigen-binding molecule ratio can be calculated as shown below;
value A Molar antigen concentration at each time point
vaiue B: Molar antigen-binding molecule concentration at each time pomnt
value ' Molar anttigen concentration per molar antigen-binding molecule concentration (molar

Smaller value C indicates higher efficiency of antigen elimination per antigen-binding
molecule whereas higher value C indicates lower efficiency of antigen elumination per
antigen-binding molecule.

Molar antigen/antigen-binding molecule ratio can be calculaied as described above.

Moiar 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-foid,
100-fold, 200-fold, 300-fold, 1,000-fold, or even higher as compared to the administration of a
reference antigen-binding molecele comprising the wild-type human IgG Fe region as a human
FeRn-binding domain.

Herein, a wild-type human IgGl, 1gG2, 1gG3 or igG4 is preferably used as the
wild-type human 1gG 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 vive binding activity.
Preferably, a reference antigen-binding molecule comprising the same antigen-binding domain as
an antigen-binding melecule of the interest and wild-type human lgG Fe region as a human
FeRa-binding domain can be appropriately used.  More preferably, an intact human IgGl is
used for a purpose of a reference wild-type human IgG to be compared with the antigen-binding
molecules for their human FeRn binding activity or in vive aciivity.

Reduction of total antigen concentration in plasma or molar antigen/antibody ratio can
be agsessed as described m Examples 4, 5, and 12, More specifically, using human FeRn
transgenic mouse line 32 or e 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 molecuie de not cross-react 1o the mouse
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 fransgenic mouse
line 32 or line 276 (Jackson Laboratories), In co-injection model, mixture of antigen-binding
molecule and anngen is administered to the mouse. In steady-state antigen infusion model,
infusion pump containing antigen sotution is tmplanted to the mouse to achieve constant plasma
antigen concentration, and then antigen-binding molecule is injected to the mouse. Test

antgen-binding molecule s administered at same dosage. Total antigen concentration in plasma,
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free antigen concentration 1n 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

the long-term effect of the present invention. In other words, a long term plasma antigen

antigen/ antigen-binding molecule ratio at 2, 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 molecuie of
the present invention. Whether the reduction of plasma antigen concentration or molar
antigen/antigen-binding molecule ratic 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
melecule ratio can be measured at 15 min, 1, 2, 4, 8, 12, or 24hours after administration o
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 it order to evalnate the property of the
antigen-binding molecule of the present invention.

Route of administration of an antigen-binding molecule of the present invention can be
selected from intradermal, intravenous, intravitreal, subcutaneous, intraperitoneal, parenteral and
intramuscutar 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
predicted based on the plasma retention in mice (for example, normal mice, human
antigen-gxpressing transgenic mice, human FeRn-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
prolongation of the half-life in plasma, prolongation of mean retention time in plasma, reduction
of plasma clearance, and biocavailability) after iz 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 measoring any parameter such
as half-iife in plasma. mean retention time in plasma, plasma ciearance, and boavailability of the
antigen-binding molecule (Pharmacokinetics: Enshu-nivoru Rikai (Understanding through

practice), (Nanzando)). For exampie, when ar antigen-binding molecule is administered 1w
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mice (normal mice and human FeRa 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

profonged. These parameters can be determined by methods known to these skilled in the art.

mapeataen now by cossemes et ol
Bt

he-perameters-canbe apprepriately-assensed by nen-compararentel anl VIS UNGE
pharmacolinetics analysis software WinNoniin (Pharsight) according to the attached mstruction
manual.

Without being bound by a particular theory, since an antigen-binding molecule that has
an FcRn-binding activity in the neutral pH range can form a tetramer complex comprising two
molecules of FcBn and one molecule of FoyR on the cell membrane of antigen-presenting cells,
incorporarion into antigen-presenting cells is promoted, and thus the plasma retention 1s thought
10 be reduced and the pharmacokinetics worsened.  There are phosphorylation sites in the
cytoplasmic domains of FeyR and FeRu.  In general, phosphorylation of the cyioplasmic
domain of a cell surface-expressed receptor occurs upon assembly of the receptors, and the
phosphorylation induces receptor internalization.  Even if native 1gG1 forms an FeyR/1gGl
dimeric complex on the antigen-presenting cells, assembly of the cvioplasmic domains of FeyR
does not occur. However, when an 6 molecule having an FeRo-binding aciivity under
conditions of a neutral pH range forms a heteromeric tetramer complex comprising FeyR/two
molecuies of FeRn/lgG, the three cytopiasmic domains of FoyR and FeRn would assemble, and
the internalization of the heteromeric tetramer compliex comprising FeyR/two molecules of
FeRn/lgG may thereby be induced.  Formation of the heteromenc tetramer complexes
comprising FeyR/two molecales of FeRn/lgG 1s thought 1o occur on antigen-presenting cells
co-expressing FeyR and FeRn, and consequently, the amount of amibody meolecules incorporated
into the sntigen-presenting cells may be increased, and the pharmacokinetics may be worsenad
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 be reduced, and as a result, the pharmacokinetics

may be improved.

Method for producing antigen-binding molecules whose binding activity varies depending on the
conditions of jon 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
selected as described above, the polynucleotide is inserted into an appropniate expression vector,

For example. when the antigen-binding domain is an antibody variable region, once a cDNA
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encoding the variable region is obtained, the cDDNA 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,

resiriction enzymes that provide cohesive ends are preferably inserted to insert a single copy of a
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region of an antigen-binding molecule digested as described above is inserted into an appropriate
expression vector to obtamn an expression vector for the antigen-binding molecule of the present
mmvention. At this time, a gene encoding an antibody constant region (C region) may be fused
in frame with the gene encoding the variable region.

To produce an antigen-binding molecule of interest, a polynucleotide enceding the
antigen-binding molecule is mserted 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
expressed antigen-binding molecule is secreted to the outside of the cetls.  As signal sequence,
for example, a peptide having the amino acid sequence MGWSCIILFLVATATGVHS (SEG ID
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-deseribed sequence, and
the cleaved polypeptide is secreted as a matere poiypeptide to the outside of cells.  Then,
appropriate host cells are transformed with this expression vector so that recombinant cells
expressing the polvnucieotide encoding the antigen-binding molecule of interest can be obtained.
The antigen-binding molecules of the present invention can be produced from the recombinant
celis by following the methods described above in the section on antibodies.

in a non-limiting embodiment of the present invention, after isolating a polynucleotide
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 vig 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
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
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 er o, (J. Mol. Biol. (1995} 254, 392-403)), chain shuffling
{Marks er ol (Bio/Technology (1992) 10, 779.783Y), use of E. coli mutant strains {Low er ¢l (1.
Mol. Biol. (1996) 250, 359-368)), DNA shufiling (Patten er of. (Curr. Opin. Bictechnol. (1997} 8,
724-733)), phage display (Thompson et al. {I1. Mol. Biol. (1996) 256, 77-48)), and sexual PCR

As described above, antigen-binding molecules that are produced by the production
methods of the present invention include antigen-binding molecules having an Fe region.
Various variants can be used as Fc regions.  In an embodiment, variants of the present invention
preferably include polynucieotides encoding antigen-binding molecules having a heavy chain in
which a polynucleotide encoding an Fe region variant as described above is linked i frame to a
polynucleotide encoding the above-described amigen-binding molecule whose binding activity
varics depending on a selected condition.

In a non-Hiting embodiment of the present invention, Fc regions preferably include,
for example, Fe constant regions of antibodies such as 1gG1 of SEGQ ID NG: 11 (Ala is added to
the N terminus of AACE2527.1), 1gG2 of SEQ ID NO: 12 (Ala is added to the N terminus of
AAB59393.1), 1gG3 of SEQ [D NO: 13 (CAA27268.1), and [gG4 of SEQ ID NO: 14 (Alais
added to the N terminus of AAB59394.1).  The plasma retention of 1gG molecules is relatively
long (the elimination from plasma is slow) since FeRn, particularly human FeRe, functions as a
salvage receptor for 1gG molecules.  I1gG molecules incorporated into endosomes by
pinocytosis bind under the endosomal acidic condition to FeRn, pardeularly human FcRn,
expressed in endosomes.  1gG molecules that cannot bind to FcRa, particularly human FcRn,
are transferred o lysosomes, and degraded there.  Meanwhile, IgG molecules bound to FeRn,
particularly human FeRn, are transferred to cell surface. and then return to plasma as a result of
dissociation from FcRun, particularly human FeRa, under the neutral condition in plasma.

Since antibodies comprising a typical Fe region do not have a binding activity to FeRn,
particularly to human FeRn, under the plasma neutral pH range condition, typical antibodies and
antibody-antigen complexes are incorporated into celis by non-specific endocytosis and
transferved to cell surface by binding to FeRn, particularly human FeRn, in the endosomal acidic
pH range condiion.  FcRa, particularly human FcRa, transports antibodies from the endosome
to the cell surface. Thus, some of FcRa, particularly human FeRn, is thought 1o be also present
on the cell surface.  However, antibodies are recycled 10 plasma, since they dissociated from
FcRa, particularly human FcRa, in the neutral pH range condition on cell surface.

F¢ regions having the human FeRn-binding activity in the neutral pH range. which are
included in antigen-binding molecules of the present invention, can be obtained by any method.

Specificaily, Fe regions having human FcRn-binding activity in the neutral pH range can be
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obtained by altering amino acids of human IgG-type immunoglobulin as a starting Fc region,
Preferred Fo regions of human IgG-type immunoglobulin for alteration include, for example,
those of human 1gGs (IgG1., 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

FeRu-binding activity in the neuntral pH range or increased human FeRn-bindmg actvity in the
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human Fc region, it 1s preferable that the resulting region comprises an alteration that resuits in
the effect to enbance the human FeRa binding in the neutral pH range as compared to the
binding activiry of the starting Fc region of human IgGl.  Amino acids that allow such
alterations include, for example, amino acids at positions 221 to 2235, 227, 228, 230, 232, 233 1o
241,243 w0 252, 254 10 260, 262 10 272,274,276, 278 10 289, 29110 312, 315 10 320, 324, 325,
327 t0 339, 341, 343, 345, 360, 362, 370, 375 10 378, 380, 382, 385 t0 387, 389, 396, 414, 4186,
423,424, 426 10 438, 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
the human FcRn binding of the Fe region of 1gG-type immunoglobulin in the neutral pH range.

Among those described above, appropriate alterations that enhance the human FeRn
binding in the neutral pH range are selected for use in the present invention.  Particularly
preferred amino acids for such Fe region variants include, for example, amino acids at positions
237, 248, 250, 252, 254, 255, 256, 257, 258, 263, 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 (indicated by EU numbering). The human FeRu-binding activity of the Fe 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.

Particularty preferved alierations in the Fe region inchude, for example, substitutions of;
Met for the amino acid at position 237;
tle for the amino acid at position 248;
Ala, Phe, He, Met, Gln, Ser, Val, Trp, or Tyr for the amino acid at position 250;
Phe, Trp, or Tyr for the amino acid at position 252;
Thr for the amino acid at position 254;
Giu for the amino acid at position 235;
Asp, Asn, Glu, or Gln for the amine acid at position 256;
Alda Gly, lle, Len, Met. Asn, Ser, Thr, or Val for the amino acid at posifion 257;
His for the amino acid at position 238;
Ada for the amino acid at position 263;
Ala or Glu for the armino acid at position 286;

His for the amino acid af 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 303,
Ala, Asp, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, or Tyr for the

aming acid at position 307,

Len. Met, Bro. GlaovThrforthe-anine-aeid.g

Ala, Asp, Glu, Pro, or Arg for the amino acid at position 309;
Ala, His, or lle for the amine acid at position 311
Ala or His for the amino acid at position 312;
Lys or Arg for the amine 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
His for the anuno acid at position 360;
Adla 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;
Asp or His for the amino acid at position 383;
Pro for the amino acid at position 386;
Ghu for the amino acid at posttion 387,
Ala or Ser for the amino acid at position 389,
Ala for the amino acid at position 424;
Ala, Asp, Phe, Gly, His, lie, Lys, Leu, 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 agid at position 434; and
His, He. Len, Phe, Thr, or Val for the amino acid at position 436 in the EU numbering systen.
Meanwhile, the number of altered amino acids is not particularty limited; such amine acid
alterations include single amino acid alteration and alteration of amino acids at two or more sites.
Combinations of amino acid alterations at two oy more sites include, for example, those
described in Table 6.
The present invention is not limited to a particular theory, but provides methods for
producing antigen-binding molecules which comprise not only an above-described alteration but

also an alteration of the Fe region so as not to form the hetero tetramer complex consisting of the
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Fe region included in antigen-binding molecule, two molecules of FcRn, and activating Fey
receptor.  Preferred embodiments of such antigen-binding molecules inciude three embodiments

described below,

(Embodiment 1} Antigen-binding molecules that comprise an Fe region having the FeRu-binding
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lower than that of the native Fe¢ region

Antigen-binding molecules of Embodiment 1 form trimer compiexes by binding to two
motecules of FeRn; however, they do not form complex including activating FeyR (Fig. 49).  Fe
regions whose binding activity to activating FeyR is lower than that of the native Fe 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 1 activating FevR is lower than that of the native Fe
region can be appropriately tested using the methods described in the section "Binding activity”
above.

Herein, the binding activity of an altered Fe region to activating Foy 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, FeyRIla, FeyRilla, and/or FeyRITID, is lower than that of the native Fe
region, and, for exampie, means that, when compared based on an above-described analytical
method, the binding activity of an antigen-binding molecule having an Fe region variant is 95%
or less, preferably 90% or less, 85% or less, 80% or less, 75% or less, particularly preferably
0% or less, 65% or Jess, 60% or less, 55% or tess, 50% or less, 45% or less, 40% or less. 35%
or less, 30% or less, 25% or less, 20% or less, 13% 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, 1% or less as compared to
the binding activity of a control antigen-binding molecule having the native Fe region.  Such
native Fe regions include the starting Fe region and Fe regions from wild-type antibodies of
different isotypes.

Appropriate antigen-binding molecules having an Fe region as a control include those
having an Fe region from a monoclonal IgG antibody.  The structures of such Fe regions are
shown in SEQ ID NOs: 11 (A is added to the N terminus of RefSeq accession No. AACR2527.1)
12 (A is added to the N terminus of RefSeq accession No. AAB59393.1), 13 (RefSeq accession
No. CAA27268.1), and 14 (A 15 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 tesied by using as a control an
antigen-binding molecule having the Fo region from a menoclonal 1gG antibody of the same

isotype.  Itis adequate fo select antigen-binding molecule comprising an Fe region whose Fey
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receptor-binding activity has been demonstrated to be high as described above.

in a non-timiting embodiment of the present invention, preferred Fe regions whose
binding activity to activating FeyR is lower than that of the native Fo region include, for example,
Fec 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

- abnve-deseribed Eoregion era.cubstituted. with different aming.acids abthe netive-Fe reglane o o

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), 1eG1-L234A/LI33A,
IgG1-A325A/A330S/P3318, 1gG1-C2268/C2298S, 19G1-C2265/C229S/EZ33P/1.234V/LI35 A,
Te(G1-L234F/1.235E/P3318, 1gG1-S267E/L328F, [pG2-V234A/G237 A,
1gG2-H268Q/VINGL/AI0S/A331S, 1gG4-L235A/G23TA/EZ18A, and IeG4-L.236E 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
the sites described in WO 2000/042072.

Furthermore, in a non-limiting embodiment of the present invention, preferred Fe
regions include those altered to have one or more alterations of:
a substitation of Ale, Arg, Asn, Asp, Gin, Glu, Gly, His, Lys, Met, Phe. Pro, Ser, Thr, or Trp for
the amino acid at position 234;
a substitution of Ala, Asn, Asp, Gln, Giu, 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, Len, Lys, Met, Phe, Pro, or Tyr for the amino acid at
position 236;
a substitution of Ala, Asn, Asp, Gln, Glu, His, Iie. Leu, Lys, Met, Pro, Ser, Thr, Val, Tyr, or Arg
for the amino acid at position 237,
a substitution of Ala, Asn, Gin, Giu, Gly, His, lle, Lys, Thr, Trp, or Arg for the amino acid at
position 238:;
a subssitution 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, le, Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, or Val
for the amino acid at position 263,
a substitution of Ala, Arg, Asn, Asp, Gln, Glu, Gly, His, Lvs, Phe, Pro, Ser, Thr, Trp, 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, Asn, Gin, Gly, His, He, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, Tvr, or
Val for the amino acid at position 269;
a substitution of Ala. Arg, Asn, Gln, Gly, His, Ile, Leu, Lys, Met, Phe, Pre, 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 amine acid at position 271;

a substitution of Arg, Asn, Asp, Gly, His, Phe, Ser, Trp, or Tyr for the amino acid at position 295;
a substitution of Arg, Glv, Lys, or Pro for the ammno acid at position 296;

a substitution of Ale for the amino acid at position 297;

S TN § YO0 =,

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, lle, Lys, Phe, Pro, Thr, Tro, Tyr, or Val for the amino acid at
position 325;

a substitution of Arg, Gin, His, e, 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 32§;

a substitution of Asn, Asp, Gin, Glu. Gly, His, fle, Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, Val, or
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 m the EU numbering system

n the Fe region.

(Embodiment 2} Antigen-binding molecules that comprise an Fe¢ region having the FeRn-binding
activity under the neutral pH range condition and whaose binding activity to inhibitory FoyR is
higher than the binding activity to activating Fev receptor

Antigen-binding moiecules of Embodiment 2 can form the tetramer complex by binding
to two molecules of FeRn and one molecule of inhibitory FeyR.  However, since one
antigen-binding molecule can bind to only one molecule of FevR, an antigen-binding molecule
bound to nhibitory FoyR cannot further bind to activating FoyR (Fig. 50).  Furthermore, it has
heen reported that antigen-binding molecules incorporated into cells in a state bound to
inhibitory FeyR are recycled onto cell membrane and thus escape from intraceilular degradation
(Immonity (2005) 23, 303-314),  Specifically, it ts assumed that antigen-binding molecules
having the selective binding activity to inhibitory FeyR cannot form the heteromeric complex
comprising activating FeyR, which is responsible for the immune response, and two molecules of
FeRio.

Herein. “the binding activity to inhibitory FeyR is higher than the binding activity 1o
activating Fey receptor” means that the binding activity of an Fe region variant to FeyRIIb is

higher than the binding activity to any human Fey receptors. FoyRI, FeyRlla, FeyRIIla, and/or
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FeyRIIIb.  For example, it means that, based on an above-described analytical method, the
FeyRIb-binding activity of an antigen-binding molecule having an Fe region variant is 105% or
more, preferably 110% or more, 120% or more, 130% or more, 140% or more, particularly
preferably 130% 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 more, 400% or more, 430% or more, 500% or

ey, TSN mw s oo 30 maﬂm«wam::ﬁ'?o*“ﬂ £
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50 times or more the binding activity to any human Fey receptors, FeyRI, FeyRIa, FeyRlilia,
and/or FevR1lb.

As control antigen-binding molecules having an Fe region, those having an Fe region
from a monoclonal IgG antibody can appropriately be used.  The structures of such Fe regions
are shown in SEQ ID NGs: 11 (A 1s added to the N terminus of RefSeq accession No.
AACEK2527.13, 12 (A is added 1o the N terminus of RefSeq accession No. AAB39383. 11, 13
{RefSeq accession No. CAA27268.1), and 14 (A is added to the N terminus of RefSeq accession
No. AAB39394.1). Meanwlule, when an antigen-binding molecule that has the Fe region from
an antibody of a certain isotype 1s used as a test substance, the Foy receptor-binding activity of
the antigen-binding molecule having the Fc region can be tested by using ag 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 molecuie comprising an Fo region whose
hinding activity to Fey receptor has been demonstrated to be high is appropriately selecied.

In a non-limiting embodiment of the present invention, preferred Fe regions having the
selective binding activity to inhibitory FevR include, for example, Fe 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 aliered {c a different amino acid of the native Fc region.
Furthermore, as Fe regions having the selective binding activity to inhibitory FeyR, it is also
nossible to appropriately select Fe 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)
1s substituted with Ghe in an above-described Fe region.

In still another non-limiting embodiment of the present invention, preferred Fo regions
include substitution of Asp for Pro at position 238 (indicated by EU numbering), and those in
which one or more of.

a substitution of Trp for the amine acid at position 237 (indicated by EU numbering),
a substiiution 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 EU numbering),
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a substitution of Gln for the amino acid at position 267 (indicated by EU numbering),
a substitution of Asn for the amine acid af position 268 (indicated by EU numbering),
a substitution of Gy 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),

Js

a substitution of Gln for the amino acid at position 326 (indicated by EU numbering

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 amine 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 Glu 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 substination 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 substiution 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 af position 268 (indicated by EU numbering),

a substitution of Glu for the amine acid at position 268 (indicated by EU numbering),

a substinntion 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 FU numbering),

a substitution of lle for the amino acid at position 323 (indicated by EU numbering),

a substitution of Leu for the amino aeid 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
polypeptides constituting Fc region has the FcRn-binding activity under the neutral pH range

condition and the other does not have the FcRa-binding activity under the neutral pH range
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condition

Antigen-binding molecule of Embodiment 3 can form trimer complexes by binding to
one molecule of FeRn and one molecule of FoyR; however, they do not form the hetero tetramer
complex comprising two molecules of FcRn and one molecule of FeyR (Fig. 51).  Fe regions

derived from bispecific antibodies can be appropriately used as Fe regions in which one of the
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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.

Bispecific antibodies of 1gG type can be secreted from hybrid hybridomas (quadromas) resulting
{rom fusion of two tvpes of hybridomas producing 1gG antibodies (Milstein ef «l. (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
which the genes encoding polypeptides that constitute the two types of Fo regions of interest are
mtroduced imo cells to co-express them.  However, the produced Fe region is a mixture which
contains, at a molecular ratio of 2:1:1, Fe region in which one of the two polypeptides
constituting the Fc region has the FeRn-binding activity under the neutral pH range condition
and the other does not have the FcRa-binding activity under the neutral pH range condition, Fc
region in which both polypeptides constituting the Fe region have the FcRn-binding activity
under the neutral pH range condition, and Fc region in which bath polypeptides constiruting the
Fe¢ region do not have the FeRn-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 1gGs,

When producing antigen-binding molecules of Embodiment 3 using recombination
techniques such as described gbove, antigen-binding molecules compnising the hetero
combination of Fe regrons can be preferenuially secreted by altering the CH3 domain that
constinntes an Fe region using appropriate amino acid subsututions.  Specifically, it 15 a method
of enhancing hetero H chain formation and inhibiting homo H chain formation by substituting
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 er al. (Protein Engineering (1996) 9, 617-621), Merchant er ¢f. (Nat.
Biotech. (1998) 16, 6776813}

Furthermore, known techniques for producing bispecific antibodies include those in

which a means for reguiating 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 thar
constitute an Fc region.  Specifically. to produce bispecific antibodies, one can use methods for
regulating polypeptide agsociation 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

with different sequences constituting the Fc region, while inhibiting the association of
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Such methods can be used to produce antigen-binding molecules of the present invention
described in Embodiment 3.

In 2 non-limiting embodiment of the present inveniion, a pair of polypeptides that
constitute an above-deseribed Feo region originating from & bispecific antibody can be
appropriately used as an Fe region.  More specifically, a pair of polypeptides that constitute an
Fc¢ region, one of which has an amino acid sequence in which the amine acids at positions 349
and 366 {indicated by EU numbering) are Cys and Trp, respectively, and the other has an amino
acid sequence in which the amino acid at position 356 (indicated by EU numbering) is Cys, the
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) s Val, i1s preferably used as
Fc regions.

In another non-limiting embodiment of the present invention, a pair of polypeptides that
constitute an Fe region, one of which has an amino acid seguence in which the amino acid at
position 409 (indicated by EU numbering) is Asp, and the other has an amino acid sequence in
which tht, amino acid at position 399 {indicated by EU numbering} is Lys is preferably used as
Fe regions.  In the above-described embodiment, the amine 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 amine acid at posttion 399 is Lys, additionally the amino acid at
position 360 may he Asp or the amino acid at position 392 may be Asp.

In still another non-limiting embodiment of the present invention, a pair of polypentides
that constitote an Fe region, one of which has an amine acid sequence in which the amino acid at
position 370 (indicated by EU numbering) 1s 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
Fe regions.

In yet another non-limiting embodiment of the present invention, a pair of polypeptides
that constitute an Fe 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 EUJ nurmbering) 1s Lys, is preferably used as
Fc regions.

In st} vet another non-limiting embodiment of the present invention, such preferred Fe
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regions include those as a combination of any of the above embodiments, such as:
a pair of polypeptides that constitufe an Fe region, one of which has an amino acid sequence in
which the amino acids at positions 409 and 370 {indicated by EUJ numbering) are Asp and Glu,

respectively, and the other has an amino acid sequence 1o which the aniine acids at positions 399

B

position 392 may be Asp, instead of Glu at amino acid position 370}

a pair of polypeptides that constitute an Fe 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 Glyg,
respectively, and the other has an ammo acid sequence in which the amino acids at positions 399
and 356 {indicated by EU numbering) are both Lvs (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 polypentides that constitute an Fe region, one of which has an amino acid sequence in
which the amino acids at positions 370 and 439 (indicated by BU 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, Gha,
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 al! Lys (in this embodiment, the
amino acid at position 379 may not be substituted with Glu, and further, when the amino acid at
position 370 s 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 3923,
in another non-Hmiting embodiment of the present invention, a pair of polypeptides that
constitute an Fc region, onc of which has an amino acid sequence in which the amino acids at
position 356 {indicated by EU nurnbering) 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 Giu,
respectively, is preferably used.

These antigen-binding molecules of Embodiments | to 3 are expected 1o have reduced
immunogenicity and improved plasma retention as compared fo antigen-binding molecules
capable of forming the tetramer complex.

Appropriate known methods such as site-directed mutagenesis (Kunkel ¢f ¢l. (Proc. Natl.
Acad. Sci. USA (1985) 82, 488-492)) and overlap extension PCR can be applied 1o alter the
amino acids of Fe regions.  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. US. AL (2003)
100 {11}, 6353-6357). For exampie, it is also preferable to use a cell-free transiation system
(Clover Direct (Protein Express)) comprising tRNAs in which an unnatural amino acid is linked
to an amber suppressor t(RNA, which is complementary to UAG stop codon {amber codon).

In an embodiment of variants of the present invention, polynucieotides encoding
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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.

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 Fe region is operably linked in frame to a
polynucleotide encoding an antigen-binding domain whose binding activity varies depending on
ion concentration condition,  Furthennore, the present invention aiso provides methods for
producing antigen-binding molecules, comprising collecting the antigen-binding molecules from
culture media of cells infroduced 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 Fe region which 1s in advance operably

linked to a vector,

Pharmaceutical compositions

When a conventional neutralizing anbbody against a soluble antigen 1s administered, the
plasma retention of the antigen 1s expected to be prolonged by binding to the antibody. In
seneral, antibodies have a long hali-life {one week to three weeks) while the half-life of antigen
is generally short (one day or less).  Meanwhile, antibody-bound antigens have a significantly
tonger half-life in plasma as compared to when the antigens are present alone.  For this reason,
administration of existing neutralizing antibody resulfs in an increased antigen concentration in
plasma. Such cases have been reported with various neutralizing anubodies that target soluble
antigens including, for example, 1L-6 (J. Immunotoxicol. (2005} 3, 131-139), amyloid beta
(mAbs (2010) 2 (5), 1-13), MCP-1 (ARTHRITIS & RHEUMATISM (2006) 54, 2387-2392),
hepeidin (AAPS 1 (2010} 4, 646-657), and s1L-6 receptor (Blood (2008) 112 (10}, 3959-64).
Administration of existing neutralizing antibodies has been reported to increase the total plasma
antigen concentration to abow 10 1o 1,000 times (the level of increase varies depending on
antigen) the base ine.  Herein, the total plasma antigen concentration refers to a concentration
as a total amount of antigen in plasma, 7.¢., the sum of concentrations of antibody-bound and

antibodv-unbound antigens.  An increase in the total plasma anrigen concentration is
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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 totai piasma antigen concentration 1o
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

concentration {7.e., antibody dose) has to be 10 to 1,000 times higher as compared to when

fibe-totah-
plasma antigen concentration can be reduced by 10 to 1,000 times as compared to the existing
neutrabzing 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
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

varies depending on ion concentration condition so that the antigen-binding activity in an acidic
pH range is lower than ander the neutral pH range condition and additionally have an
FeRn-binding domain such as an antibody constant region exhibiting the human FeRn-binding
activity under the neutral pH range condition are administered in vive and in vivo uptake into
cells are enhanced.

For example, when an antibody that binds to a membrane antiger 1s administered in vivo,
after binding to an antigen, the antibody is, In a staie bound to the antigen, incorporated into the
endosome vig intraceliular 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 elirnination,
and has been reported for many antibody molecules (Drug Discov Today (2006) 11(1-2), 81-88).
When a single 1gG antibody molecuie binds 10 antigens in a divalent manner, the single antibody
molecule 1s internalized while remaining bound to the two antigens, and is degraded in the
lysosome. In the case of typical antibodies, thus, a single IgG aniibody molecule cannot bind to
three antigen molecules or more.  For example, a single IgG antibody molecule having a
neutralizing activity cannot neutralize three antigen molecules or more,

The plasma retention of [gG molecule is relatively long (the elimination 15 slow) since
human FeRa, which is known as a salvage receptor for IpG molecule, functions.  1gG
molecules incorporated into endosomes by pinocytosis bind under the endosomal acidic
condition to human FeRn expressed in endosomes.  IgG molecules that cannot bind 1o human
FcRu are transferred to lysosomes and degraded there.  Meanwhile, IgG molecules bound 1o

human FcRn are transferred 1o cell surface.  The IgG molecules are dissociated from human
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FeRn under the neutral condition in plasma, and recycled back to plasma.

Alernatively, when antigen-binding molecules are antibodies that bind to a solubie
antigen, the in wvo administered antibodies bind to antigens, and then the antibodies are
incorporated into cells while remaining bound to the antigens.  Most of antibodies incorporated

imo celis bind to FcRa in the endosome and then are transferred to cell surface.  The antibodies
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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 celis while remaining bound to the antigens, and thus cannot bind to an
antigen again.  Thus, like antibodies that bind to membrane antigens, single typical 1gG
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 strongty bind to
antigens under the neutral pH range condition in piasma 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
1o antigens in a calcium ion concentration-dependent manner, which strongly bind to antigens
under a high calcium jon concentration condition in plasma and are dissociated from antigens
under 2 low calcium ion concentration condition in the endosome (antibodies that hind 1o
antigens under a high calcivm 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 marmer or in a calcium ion
concentration-dependent manner, when recycled to plasma by FcRn afier dissociation from
antigens, can again bind to an antigen.  Thus, such single antibody molecule can repeatedty
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 recyeling
to plasma. By administering such anugen-binding molecules in vive, antigen uptake into cells
1s acoelerated, and 1t is possible o decrease plasma antigen concentration.

Uptake of antigens bound by antigen-binding molecules inio cells are further promoted
by conferring the human FcRn-binding activity under the neutral pH range condition (pH 7.4} 1o
antibodies that bind to antigens in a pH-dependent manmner, 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
to anfigens in a calcium ion concentration-dependent manner, which strongly bind to antigens

under 2 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 o
antigens under a high calcium ion concentration condition and are dissociated under a low
calcium 1on concentration condition}.  Specifically, by admunistering such antigen-binding

molecules in vivo, the antigen elimination is accelerated, and it is possible to reduce plasma
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antigen concentration.  Typical antibodies that do not have the ability to bind to antigens in a
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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 FeRn under the neutral condition on cell surface and recycled to plasma.
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 {ully calcium ton 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 i the endosome, the rate of
antigen elimination is considered to be equal to the rate of uptake into cells of the antibody or
anngen-antibody compiex by n.on—épeciﬁc endocytosis.  When the pH or calcium ion
concentration dependency of antigen-antibody binding is insufficient, antigens that are not
dissociated from antibodies in the endosome are, along with the antibodies, recycled to plasma.
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-specitic endocytosis.
Meanwhile, FcRn transports antibodies from the endosome to the cell surface, and a fraction of
FeRn 1s expecied to be also distributed on the cell surface.

In general, IeG-type immunoglobulin, which s an embodinent of antigen-binding
molecules, has little FcRn-binding activity n the neutral pH range.  The present inventors
conceived that IgG-type immuncgiobulin having the FeRn-binding activity in the neuvtral pH
range can bind to FcRao on cell surface and 1s 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 endocvtosis.  Thus, the present inventors
suspected that the rate of antigen elinunation by antigen-binding molecules can be further
increased by conferring the FeRn-binding ability m the neutral pH range to antigen-binding
moiecules.  Specifically, antigen-binding molecules that have the FcRn-binding ability in the
neutral pH range deliver antigens into celis more rapidly than native [gG-type mmmunogiobulin
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 incorporaied into celis via FeRn.
The cyeling rate can be accelerated by increasing the FeRn-binding ability in the neutral pH

range, resulting i 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 2 single antigen-binding molecule can bind
is predicted to be increased due o an increase in cyeling number as a result of acceleration of the

cycling rate. Antigen-binding molecules of the present invention comprise an antigen-binding
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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
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 1on concentrasion
such as a newral 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
from the viewpoint of reduction of side effects of antigens, increased antibody dose,
improvement of in vivo 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 FeRn-binding activity
at neutral pH as compared to a conventional neutralizing amtibody.  After binding to the soluble
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 1o the acidic endosome and then recycled (o piasma by FeRn,  Meanwhile, the
pH-dependent antigen-binding antibody that has the increased FeRn-binding activity under the
neutral condition is, after binding 1o the soluble antigen in plasma, rapidly incorporated into cells
expressing FeRn on their cell membrane.  Then, the soluble antigen bound to the pH-dependent
antigen-binding antibody 1s digsociated from the antibody in the acidic endosome due 1o the
pH-dependent binding ability.  The soluble antigen dissociated from the antibody 15 transferred
to the lysosome and degraded by proteoiviic activity.  Meanwhile, the antibody dissociated
from the soluble antigen 1s recycled onto cell membrane and then released to plasma again.

The free antibody, recycied as described above, can again bind to other soluble antigens. By
repeating such cycle: FeRn-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 FeRa binding activity under the neutral condition can
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 alieration methods of the present invention, or antigen-binding molecules produced
by production methods of the present invention.  Antigen-binding molecules of the present

invention or antigen-binding molecules produced by production methods of the present invention

to reduce the plasma antigen concentration as compared 10 typical antigen-binding molecules,

and exhibit the improved I vivo immune response, pharmacokinetics, and others in animals
administered with the molecules.  The pharmaceutical compositions of the present mvention
may comprise pharmaceutically acceptable carriers.

In the present invention, pharmaceutical compositions generally refer 1o 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
form of injections of sterile solutions or suspensions inciuding 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, physiclogical saline and isotonic
solutions containing dextrose or other adjuvants (for example, D-sorbitol, D-mannose,
D-mannitol, and sodium chioride). It 15 also possible to use in combination appropriate
solubilizers, for example, alcohols (ethanol and such), polvalcohols (propylene glveol,
potyethylene glycol. and such). non-ionic surfactants (polysorbate 8G(TM), HCO-50, and such).

Oils mchude sesame oil and soybean oils.  Benzyl benzoate and/or benzyl alcohol can
be used in combination as solubilizers.  H is also possible to combine buffers (for example,
phosphate buffer and sodium acetate buffer), soothing agents (for example, procaine
hydrochlonde), stabilizers (for example, benzyi alcohol and phenol), and/or antioxidants.
Appropriate ampules are {illed with the prepared injections.

The pharmaceutical compositions of the present invention are preferably administered
parenterally.  For example, the compositions in the dosage form for injections, transnasal

administration, transpulmonary administration, or transdermal administration are administered.
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For example, they can be administered systemically or locally by intravenous injection,

intramuscular injection, infraperitomeal injection, subcutansous injection, or such.
Administration methods can be appropriately selected n consideration of the patient’s

age and symptoms. The dose of a pharmaceutical composition containing an antigen-binding

molecale can be, for example, from ¢.0001 1o 1,000 mg/kg for each administration.
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the present invention is not limited by the numeric vaiues described above.,  The doses and
administration methods vary depending on the patient’s weight, age, symptoms, and such.
Those skilled in the art can set appropriate doses and administration methods in consideration of
the factors described above.

Furthermore, the present invention provides kits for use in the methods of the present
irvention, which comprise at least an antigen-binding molecule of the present invention.  In
addition 1o the above, pharmaceutically acceptable carriers, media, instruction manualg
describing the using method, and such may be packaged mto the kits.

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-bindmg molecule of the present
invention or an antigen-binding molecule produced by the production method of present
mvention.

The present invention also relates to methods for treating immaune inflammatory
diseases, which comprise the step of admunistering to subjects (test subjects) an antigen-binding
moiecule of the present invention or an antigen-bimnding molecule produced by the production
method of present invention.

The present invention also relates 1o the use of antigen-binding molecules of the present
invention or antigen-binding molecules produced by the preduction methods of present myvention
in producing agents for improving the phanmacokinetics of antigen-binding molecules or agents
for reducing the immunogenicity of antigen-binding molecules,

I addition, the present invention relates to antigen-binding molecules of the present
invention and antigen-binding mofecules produced by the production methods of present
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-transiationally modified (for example. the modification of an N-terminal glutamine into a
pyroglutamic acid by pyroglutamylation is well-known 1o those skiiled in the art).  Naturally,
such post-transiationally modified amino acids are included in the amino acid sequences in the
nresent Invention.

All prior art documents cited i the specification are incorporated herein by reference,
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[Exampies]
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.

"b 3
retention and immunogenicity of pH-dependent buman 1L-6 receptor-binding human antibody

It is important for an FoRn binding domain, such as the Fe region of antigen binding
molecules such as antibodies that interacts with FcRn (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 3, research has been conducted on an FeRn
binding domain mutant (amino acid substitution) that has binding activity to FeRa in the neutral
pH region of the FcRn binding domain.  F1 to F600 which were developed as Fc mutants were
evaluated for their binding activity to FeRun in the pH neural region, and it was confirmed that
elimination of antigen {rom plasma ts accelerated by enhancing binding activity to FeRn in the
neairal pH region,  Int order to develop these Fe mutants as pharmnaceuticals, 1n addition to
having preferable pharmacological properties (such as acceleration of antigen elimination from
the plasma by enhancing FeRn binding), it is also preferable to have superior stability and purity
of antigen-binding molecules. superior plasma retention of antigen-binding molecules in the
body, énd low immunogenicity.

Antibody plasma retention is known to worsen as a result of binding 1o FcRn under
neutral conditions.  If ar antibody ends up bound to FcRn under neuntral conditions, even if the
antibody retums to the cell surface by binding io FeRn under acidic conditions in endosomes, an
1gG antibody is not recycled to the plasma unless the IgG antibody dissociates from FcRn in the
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
aniibody te mice for which binding to mouse FeRn has been observed under neutral conditions
(pH 7.4) as a result of introducing an amino acid substitution into IgG1 (Non-Patent Document
13).  On the other hand, however, it has also been reporied that in the case where an antibody
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, 11 and
12y

in addition, FcRn has been reported to be expressed in antigen presenting cells and
invelved in antigen presentation.  In a report describing evaluanon of the immunogenicity of a

protein (hereinafter referred 1o as MBP-Fc) obtained by fusing the Fe region of mouse IgG1 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 proliferation as a result of culturing in the presence of
MBP-Fc. T cell activation is known to be enhanced in vitro by increasing incorporation into
antigen presenting cells mediated by FeRn expressed in antigen presenting cells by adding a

modification to the Fe region of MBP-Fe that causes an increase in FeRn binding.  However,
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FcRn binding, T cell activation has been reported to conversely diminish in vivo (Non-Patent
Document 43).

In this manner, the effect of enhancing FeRn binding under neutral conditions on the
ptasma retention and immunogenicity of antigen-binding molecules has not been adequately
mvestigated.  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-1)  Production of hurnan IL-6 receptor-bindine 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 FeRn 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 FeRn under
conditions of the neutral pH region were produced in the form of Fv4-IgGl composed of
VH3-IgG1 (SEQ ID NO: 35) and VL3-CK (SEQ ID NQ: 36), Fv4-IgG1-F1 composed of
VH3-IgGI-F1 (SEQ ID NO: 37) and VL3-CK, Fvé-1gG1-Fi57 composed of VH3-IgG1-F157
(SEQ 1D NG: 38) and VL3-CK, Fv4-1gG1-F20 composed of VH3-1gG1-F20 (SEQ ID NO: 39)
and VL3-CK, and Fv4-IgG1-F21 composed of VH3-1gG1-F21 (SEQ ID NO: 40) and VL3-CK

according to the methods shown in Reference Example 1 and Reference Example 2.

{(1-2)  Kineuc anaivsis of mouse FeRn hinding
Anithodies containing VH3-1gG1 or VH3-JgG1-F1 for the heavy chain and L{WT)-CK
(SEQ ID NOG: 41) for the light chain were produced using the method shown in Reference

Exampie 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 Riacore
T100 (GE Healthcare). An appropriate amount of protein L {(ACTIGEN} was immobilized ontg
Sensor chup CM4 (GE Healthcare) by the amino coupling method, and the chip was allowed 1o
capture an antibody of interest. Then, diluted FeRn solutions and running buffer (as a reference
solution) were injected to allow mouse FeRan 1o interact with the antibody captured on the sensor

chip. The running buffer used contains 50 mmol/l sodium phosphate, 150 mmol/ NaCl, 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/! glyveine-HCl (pH 1.5). Assays were carried out exclusively at 25
degrees C. The association rate constant ka (1/Ms) and dissociation rate constant kg (1/3), 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 FeRn was determined from these values. Each
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As a result, although KD(M) of IgG1 was not dstected, KIB(Mj) of the produced
1gG1-F1 was 1.06E-06(M). This indicated that the binding activity of the produced IgG1-Fi to

mouse FcRn is enhanced under conditions of the neutral pH region (pH 7.4).

Ao
uumcn L}t:f:w GEY \(‘ e L Abui THE u;

{1-3Y _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 1L-6 recepior-binding human antibodies, Fv4-1gGl and
Fv4-1gGl-F1. The anti-human 1L-6 receptor antibody was administered at | mg/kg in a single
administration (0 a caudal vein or beneath the skin of the back of normal mice {C37BL/6) mouse,
Charles River Japan). Bilood was collected at 3 minutes, 7howrsand 1,2, 4, 7, 14, 21 and 28
days after administration of the anti-human [1.-6 receptor antibody.  Plasma was obtained by
immediately centrifuging the coliected blood for 15 minutes at 4°C and 15,000 rpm.  The

separated plasma was stored in & freezer set to -20°C or lower until the time of measurement.

(1-4}  Measurement of plasma anti-human IL-6 receptor antibody concentration bv ELISA

Concentration of anti-human [L-6 receptor antibody in mouse plasma was measured by
ELISA.  First, Anti-Human 1gG {y-chain specific) F(ab"Z? Fragment of Antibody (SIGMA) was
dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International) followed by
atlowing this to stand undisturbed overnight at 4°C 10 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 concentration, and mouse plasma measurement
samples dikuted by 100-fold or more. were prepared.  Mixtures obtained by adding 200 wl of 20
ng/mi soluble human IL-6 receptor to 100 pl of the calibration curve samples and plasma
measurement samples were then allowed to stand undisturbed for [ howr at room temperaiure.
Subsequently, the anti-human 1gG solid phase plate in which the mixtures had been dispensed
into each of the wells thereof was further allowed to stand undisturbed for 1 hour at room
temperamire.  Subsequently, the chromogenic reaction of a reaction hiquid obtained upon one
hour of reaction with a biotinvlated anti-human IL-6 R antubody (R&D) at room temperature and
one hour of reaction with Streptavidin-PolyHRP80 (Stereospecific Detection Technologies) at

rooI iemperature 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),
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following intravenous or subcutaneous administration of the pH-dependent human IL.-6
recepior-binding human antibodies to normal mice are shown in Fig. 2. Based or the resuits of
Fig. 2, in comparison with intravenously administered Fv4-IgG1, plasma retention was shown to
worsen in intravenous administration of Fv4-1gG1-F1, for which binding to mouse FeRn under
neutral conditions was enhanced.  On the other hand, while subcutaneously administered
Fv4-IgG1 demonstrated comparable plasma retention to that when administered intravenously, in
the case of snbcutaneously administered Fv4d-Ig(G1-F1, a sudden decrease in plasma
concentration that was thought to be due to the production of mouse anti-Fv4-IgG1-F1 antibody
was observed 7 days after admﬁnistraﬁon, and on day 14 after administration Fv4-1gG1-F1 was
not detected in plasma. On the basis of this resuit, plasma retention and immunogenicity were
confirmed to worsen as a result of enhancing the binding of antigen-binding molecules to FeRn

under neuiral conditions.

[Example 2] Production of human IL-6 receptor-binding mouse antibody having binding
activity 1o mouse FcRn under conditions of the nentral pH region
Mouse antibody having binding activity to mouse FeRn under conditions of the neutral

pH region was produced according 1o the method shown below.

(2-1Y  Production of human 11 -6 recenior-bindine 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-1 is referred to as mPMIH (SEQ ID NO: 42), while the light chain variable
region is referred 1o as mPMIL (SEQ 1D NO: 43).

in addition. naturally-occurring mouse IgG1 (SEQ ID NO: 44, hereinafier referred to as
mlg(G1) was used for the heavy chain constant region, while naturally-occurring mouse kappa
(SEQ ID NO: 435, heremafier referred to as mkl1) was used for the light chain constant region.

Axn expression veclor having the base sequences of heavy chain mPM1H-mlgG1 {(SEQ
ID NO: 46) and light chain mPMIL-mki (SEQ ID NO: 47} was produced according to the
method of Reference Example 1. In addition, mPM1-mlgG1 which is 2 human IL-6R-binding
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mouse antibody composed of mPM1H-mlgG1 and mPMIL-mk] was produced according to the

method of Reference Example 2.

{2-2}  Production of mPM1 antibodv having the abilitv to bind to mouse FcRn under conditions

of the neutral pH revion

mouse Fe 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-mlgGl in order to mpart binding activity to mouse FeRn under
conditions of the neutral pH region.

More specifically, mPHIH-mlgG1-mF3 (SEQ 1D NO: 48) was produced by adding an
amino acid substitution obiained by substituting Tyr for Thr at position 252 of mPHIH-migG! 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
position 433 (EU numbering), and an amino acid substitution obtained by substituting Phe for
Asn at position 434 (EU numbering).

Simularly, mPH1H-mlIgG1-mFi4 (SEQ ID NO: 49} was produced by adding an amino
acid substitution obtained by substituting Tyr for Thr at position 252 (EU numbering) of
mPHIH-mlgGl, an amino acid substitution obtained Ey substituting Glu for Thr at position 256
(EU numbering}, and an amino acid substitution obtained by substituting Lys for His at position
433 (EU numbering).

Moreover, mPMIH-migGi-mEF38 (SEQ ID NO: 50) was produced bv adding an amino
acid substitution obtained by substituting Tyr for Thr at position 252 (EU numbering) of
mPHIH-mlgGl, an amino acid substitution obtained by substituting Glu for Thr at position 256
(EU numbering), and an amino acid substinution obtained by substituting Trp for Asn at position
434 (EU numbering).

As a mouse [gG1 antibody having the ability 1o bind to mouse FeRn under conditions of
the neutral pH region, mPM1-mlIgG1-mF3 which is composed of mPM1H-migG1-mF3 and

mPMIL-mki was produced using the method of Reference Example 2.

(2-3}  Confirmation of binding activitv to mouse FeRn with Riacore

Antibodies were produced that contained mPM 1-mlgGl or mPM1.-migG1-mF3 for the
heavy chain and L{WT)-CK (SEQ ID NO: 41) for the light chmn, and the binding activity of
these antibodies 1o mouse FcRn at pH 7.0 (dissociation constant KD} was measured. The

results are shown in Table 5 below,
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[Table 5]

MUTANT NAME | mFcRn KD (M) | AMINO ACID SUBSTITUTION
mlgGl NOT DETECTED
mlgGl-mF3 | 1.6E-09 T252Y /T256E/H433K/N434F

{Exampie 31 Binding experiment on the binding of antigen-binding molecules having Fc region
10 FcRn and FeyR

In Exammle 1, plasma retention and immunogenicity were confirmed o worsen as 2
result of enhancing the binding of antigen-binding molecules to FeRn under neutral condittons,
Since nawrally-oceurring leGl does not have binding activity to human FeRn in the neutral
region, plasma retention and immunogenicity were thought to worsen as a result of imparting the

ability to bind to FeRu under neutral conditions.

{3-1}  FeRn-binding domain and FeyR-binding domain

A binding domain to FeRn and a binding domain to FoyR are present in the antibodv Fo
region.  The FcRa-binding domain 1s present at two locations in the Fe region, and two
molecules of FeRn have been previously reported to be able to simultaneously bind to the Fe
region of a single antibody molecule (Nature (1994} 372 (6504), 376-383).  On the other hand,
aithough an FeyR-binding domaimn is also present at two locations in the Fe region, two
motecules of FovR are thought to not be able to bind simultaneously.  This is because the
second FeyR molecale is unable to bind due 1o a structural change in the Fo region that oceurs
from binding of the first FeyR molecule to the Fe region (I, Biol. Chem, (2001) 276 (19},
16469-16477).

As previously described. active FevR is expressed on the cell membranes of numerous
mmmune cells such as dendritic cells, NK cells. macrophages, neutrophils and adipocytes.
Moreover, in humans FeRn has been reported to be expressed in immune cells such as
antigen-presenting cells, for example, dendritic cells, macrophages and monocytes (1. Imumunol.
(ZO01) 166 (5), 32606-3276).  Smce normal naturally-cccurring [gG1 is unable fo bind to FeRn
in the neutral pH region and is only able (o bind o FeyR, naturally-occurnng 1gG1 binds to
antigen-presenting cells by forming a binary complex of FeyR/1gG1l.  Phosphorylation sites are
present in the miracetlular domains of FeyR and FcRn.  Typically, phosphorylation of
intraceliular domains of receptors expressed on cell surfaces occurs by recepior conjugation, and
receplors are internalized as a resulf of that phosphorylation.  Even if naturaily-occurring IgG1

forms a bmary complex of FeyR/IgG 1 on antigen-presenting cells, conjugation of the



LA

10

I
Ay

N Lammntann ondlo L
-~ The-fomnaticnofahe

143

intracellular domain of FeyR does not oceur. However, when hypothetically an IgG molecule
having binding activity to FcRn under conditions of the neutral pH region forms a complex
containing four components: FevR/two molecules of FeRn/lgG, internalization of a
heterocomplex containing four components consisting of FoyR/two molecules of FeRn/ TgG may
be induced as a result since conjugation of three intracellular domains of FeyR and FeRa oceurs.
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molecules of FeRn/lgG is thought to occur on antigen-presenting cells expressing both FeyR and
FcRa, 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
was also considered.

However, there have been no reports verifving the manner in which antigen-binding
molecuies containing an FeRn-binding domain, such as an Fe region having binding activity to
FeRn under conditions of the nentral pH region, bind to inmune cells such as antigen-presenting
cells expressing  FeyR and FeRn fogether.

Whether or not a quaternary complex of FeyR/two molecules of FeRn/lg( can be
formed can be deterniined by whether or not an antigen-binding molecule containing an Fe
region having binding activity to FeRn under conditions of the neutral pH region is able to
simultaneously bind to FeyR and FeRn.  Therefore, an experiment of simultaneous binding to
FeRn and FeyR by an Fo region contained n an antigen-binding molecule was conducied
according to the method indicated below.

3-

23 Evaluation of simultaneous binding to FcEn and FevR using Biacore

An evaluation was made as to whether or not human or mouse FeRn and human or
mouse FevRs simultancously bind to an antigen-binding moiecule using the Biacore T100 or
T200 System (GE Healthcare). The antigen-binding molecule being tested was captured by
human or mouse FeRn immobilized on the CM4 Sensor Chip (GE Healtheare) by amine
coupling.  Next, diluted human or mouse FeyRs and a ranning buffer used as a blank were
ijected to allow the human or mouse FevRs to interact with the antigen-binding molecule bound
to FcRn on the sensor chip. A buffer conststing of 50 mmol/L sodium phaosphate, 150 mmol/L
NaCl and 0.05% {w/v) Fween 20 (pH 7.4} was used for the runming buffer, and this buffer was
also used 1o dilute the FeyRs, 10 mmeol/T. Tris-HCIH {pH 9.5) was used 10 regenerate the sensor

chip, All binding measurements were carried out at 25°C.

{3-3}  Supultaneous binding experiment on human 1gG. buman FeRa, human FevR or mouse
FoyR

f=t

An evaluation was made as 10 whether or not  Fv4-1gG1-F157 produced in Example 1,
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which is a human antibody that has the abiiity to bind 1o human FeRan under conditions of the
neutral pH region, binds to various types of human FeyR or various types of mouse FevR while
simuitaneously binding fo human FeRn.

The resuit showed that Fv4-12G1-F157 was be able to bind to human FeyRla,
FeyRila(R), FoyRila(H), FovRIlh and FeyRIlla(F) stimultanecusly with binding to human FcRn

FeyRI, FoyRith, FeyRITE and FeyRIV simultaneously with binding to human FcRn (Figs. 8, 9, 10
and 11).

On the basis of the above, human antibedies having binding activity to human FeRn
under conditions of the neutrsl pH region were shown to be able to bind to various types of
human FoyR and various types of mouse FeyR such as homan FoyRIa, FoyRIa(R), FoyRITa(H),
FeyRIb and FeyRIITa(FY as well as rouse FoyRI, FevRilp, FoyRIH and FoyRIV simudtaneously

with binding to human FcRa.

(3-4)  Sumultaneous binding experiment on human IeG, mouse FeRa and mouse FovR

An evaluation was made as to whether or not Fvd-1gG1-F20 produced in Example 1,
which is a human antibody having binding activity 1o mouse FcRn under conditions of the
neutral pH region, binds to various types of mouse FcvR simultaneously with binding to mouse
FeRa.

The result showed that Fvd-IgG1-F20 was able to bind to mouse FoyRI, FeyRlilb,
FeyRII and FeyRIV simultanecusly with binding to mouse FeRn (Fig. 12).

{3-5)  Simultaneous binding experiment on mouse oG, mouse FeRn and mouse FeyR

An evaiuation was made as to whether or not mPMI-mlgG1-mF3 produced in Example
2, which is a mouse antibody having binding activily to mouse FeRn under conditions of the
neutral pH region. binds to vartous types of mouse FeyR simultaneously with binding to mouse
FeRn.

The result showed that mPMihmIgG? -mF3 was able to bind to mouse FoyRIb and
FoyRIT simultaneously with binding to mouse FeRn (Fig. 13). When judging from the report
that a mouse 1gGl antibody does not have the ability to bind to mouse FeyRI and FeyRIV (1.
Immunol. {2011) 187 (4), 1754-1763), the result that binding t6 mouse FovRI and FovRIV was
not contirmed is considered to be a reasonable result.

On the basis of these findings, human antibodies and mouse antibodies having binding
activity 1o mouse FeRn under condinions of the neutral pH region were shown 10 be able to also
bind to various types of mouse FoyR simultaneousty with binding 10 mouse FeRn.

The above finding indicates the possibility of formation of a heterocomplex comprising

FeGT=FI57 was shiowsr 1o bg able o bmd 1w faagg e
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one molecule of Fe, two molecules of FeRn and one molecule of FeyR without any mutual
nterference, although an FeRn binding region and FeyR binding region are present in the Fe
region of human and mouse gG.

This property of the antibody Fc region of being able to form such a heterocomplex has

not been previously reported, and was determined here for the first time.  As previously

% ;nggnl

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
through conjugation of the intraceliular 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 FcRn in the neutral pH
region form a heterocomplex containing four components including one molecule of active FeyR
and two molecules of FcRa, and this 1s thought (o result in an increase in incorperation into
antigen-presenting cells, thereby worsening plasma retention and further worsening
tmmunogenicity.

Consequently, in the case of introducing a mutation into an entigen-binding molecule
having binding activity to FcRn in the neutral pH region, producing an antigen-binding molecule
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.
tmrnunogenicity can be lowered).  Examples of preferable embodiments of antigen-binding
molecules mcorporated into cells without forming such a compiex include the three types shown
helow.

{Embodiment 1) Antigen-binding molecules that have binding activity to FcRn under
conditions of the neutral pH region and whose binding activity to active FevR s lower than
binding activity of the native FoyR binding domain.

The antigen-binding molecules of Embodiment 1 form a complex containing three
components by binding to two molecules of FcRn, but 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 1o inhibitory FevR

Antigen-binding moiecules of Embodiment 2 are able to form a complex containing
four components by binding to two molecuies of FeRn and one molecule of inhibitory FevR.

However. since one antigen-binding molecule is only able to bind to one molecule of FeyR, a
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single antigen-binding molecule is unable to bind to another active FoyR while bound to
inhibitory FeyR.,  Moreover, antigen-binding molecules that are incorporated into cells while
still bound to inhibitory FeyR are reported to be recycled onto the cell membrane 1o avoid being
broken down within cells (Immunity (2005} 23, 503-514). Namely, antigen-binding molecules

having selective binding activity to inhibitory FevR are thought o be unable to form a complex

P, " e ™ .o e N - . .- ettt e,
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(Embodiment 3) Antigen-binding molecules in which only one of two polypeptides composing
the FeRn-binding domain has binding activity to FeRn under conditions of the neutral pH region
while the other does not have binding activity to FeRn under conditions of the neutral pH region

Although antigen-binding molecules of Embodiment 3 are able to form a ternary
complex by binding to one molecule of FeRn and one molecule of FeyR, they do not form a
heterocomplex containing four components including two molecules of FeRrr and one molecule
of FevR.

The antigen-binding molecules of Embodiments | to 3 are expected to be able 1o
improve plasma retention and lower immunogenicity in comparison with antigen-binding
molecules that are capable of forming complexes containing four components including two

motecules of FeRa and one molecule of FeyR,
[Example 4] Evaluation of plasma retention of human antibodies that have binding activity to
human FcRn in the neutral pH region and whose binding activity to human and mouse FeyR is

iower than binding activity of a native FeyR binding domain

{4-1)  Production of anubody whose binding activity to human FeyR is lower than binding

activity of a native FeyR-binding domain and which binds to human H-6 receptor in g

pH-~dependemt manner

Antigen-binding molecules of Embodiment 1 among the three embodiments shown in
Example 3, namely antigen-binding molecules having binding activity fo FeRn wnder conditions
of the newtral pH region and whose binding activity to active FeyR s lower than binding activity
of a native FeyR binding domain, were produced in the manner described below,

Fv4-1gG1-F21 and Fvd-1gG1-F157 produced in Example 1 are antibodies that have
binding activity 1o human FeRn under conditions of the neutral pH region and bind to human
11-6 recepior in a pH-dependent manner.  Variants were produced in which binding to mouse
FeyR was decreaged by an amino acid substitution in which Lys was substifuted for Ser at
position 239 (EU numbering) in the amine acid sequences thereof.  More specifically,
VH3-1aG1-F140 (SEQ ID NO: 51) was produced in which Lys was substinred for Ser at

position 239 (EU numbering) of the amino acid sequence of VH3-1gG1-F21.  In addition,
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VH3-Ig(1-F424 (SEQ 1D NO: 52) was produced in which Lys was substituted for Ser at
position 239 (EU numbering) of the amino acid sequence of VH3-1gG1-F137.

Fv4-I1g(31-F140 and Fv4-1gG1-F424 comaining these heavy chains and the light chain
of VI.3-CK were produced using the method of Reference Example 2.

...... AL fhden)

Binding activity {dissociation constant KD) to human FcRn at pH 7.0 and binding
activity 1o mouse FeyR at pH 7.4 of antibodies contaiming the produced VH3-1gG1-F21,
VH3-1gG1-F140, VH3-1gG1-F157 or VH3-1gG1-F424 for the heavy chain and LIWT)-CK for

the light chain were measured using the method shown below.

{4-3} Kinetic analvsis of binding 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 suatably nmmobilized by amine coupling.  Next, diluted human FeRn and a
running buffer used as a blank were injected to allow the human FeRn 1 interact with the
antibody captured on the sensor chip. A buffer consisting of 50 mmol/L sodium phosphate, 150
mmol/L NaCl and 0.05% (w/v) Tween 20 {(pH 7.0 or pH 7.4) was used for the running buifer,
and each buffer was also used to dilute the human FeRn. 10 mmol/L glycine-HCI (pH 1.5) was
used to regenerate the sensor chip.  All measurements of linding were carried out at 23°C,

The Ko{M) of each antibody 1o human FcRn was caleulated based on kinetics parameters, i.¢.,
the association rate constant ka (1/Ms) and the dissociation rate constant kd (1/s) calculated from
a sensorgram obtained by the measurement.  The Biacore T160 or T206 Evaluation Software
(GE Healtheare) was used to caleulate each parameter.

The results are shown in Tahle 6 below,

{Table 6]

MUTANT NAME | KD (M) AMINO ACID SUBSTITUTION ’
IgG1-F21 3.0E-0% M252Y /V308P/ N434Y
. 1gG1-F140 3.6E08 S239K/M252Y /V308P/N434Y
[gGI-F157 | 15807 257A/V308P/M428L/N434Y
IgG1-F424 L 9.4B-08 S239K/P257A/V308P/ M428L /N434Y

Binding activity to mouse FevR at pH 7.4 was measured using the method shown below.
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{4-4)  Evaluation of binding activity to mouse FoyR

Binding activity between the antibodies and mouse FeyRI, FevRIT, FoyRIN and FeyRIV
(R&D Systems, Sine Biological) (hereinafter referred to as mouse FoyRs) was evaluated using

the Biacore T100 or T200 (GE Healthcare). The antibodies being tested were caprured by
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Healtheare) by amine coupling.  Next, the diluted mouse FoyRs and a running buffer used as a
A buffer
consisting of 20 mmol/L ACES, 150 mmol/L NaCl 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 mouse FeyRs.

blank were injected to allow interaction with the antibody captured on the sensor chip.

10 mmol/L
glycine-HCl (pH 1.5) was used to regenerate the sensor chip.  All measurements were carried
put at 25°C.

Binding activity to mouse FeyRs can be represented by the relative binding activity to
mouse FeyRs.  Antibody was captured by Protein L, and the amount of change in 2 sensorgram
before and after the antibody was captured was defined as X!, Next, mouse FevRs were
allowed to interact with the antibody. and the value obtained by subtracting binding activity of
mouse FeyRs 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 mouse FeyRs
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 mouse FeyRs (Y)
(Eguation 1}.

[Eguation 1}
Binding activity of mouse FeyRs (V) = (AAT-AA2VX = 150¢
The results are shown in Tabie 7 below.

[Tabie 7]
 BINDING AMOUNT (RU}
mFegRl | mFcgRIb | mFcgRIT | mFcgRIV
110G 3042 | 1141 3001 | 240.3
IgG1-F21 3153 | 111.8 3712 2416
1gG1-F140 | 7.4 1.8 46.6 1079
lgG1-F157 | 315.1 | 129.0 275.7 | 2429
IgG1-F424 4.1 2.5 4.3 137.7
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According to the results of Tables 2 and 3, Fv4-IgG1-F140 and Fv4-igG1-F424
demonstrated a decrease in binding to mouse FevR without affecting binding activity to human
FcRn in comparison with Fva-lgG1-F21 and Fv4-lgG1-F157.

R O R LA

A PK study in administration of the produced Fv4-IgG1-F140, Fv4-1gG1-F424,
Fvd-1eG1-F21 and Fv4-1gG1-F157 antibodies to human FcRn transgenic mice was camed out
according 1o the method shown below,

Anti-human IL-6 receptor antibody was administered at | mg/kg in a single
administration into a caudal vein of human FcRn transgenic mice (B6.mFcRn-/- hFeRn Tyg line
32 +/+ mouse, Jackson Laboratories, Methods Mol. Biol, (20103602, 93-104).  Blood was
collected at [5 minutes, 7 hours and 1, 2. 3,4, 7, 14, 21 and 28 days after administration of the
anti-human 1L-6 receptor antibody.  Plasma was obtained by immediately centrifuging the
collected biood for 13 minutes at 4°C and 15,000 rpm.  The separated plasma was stored in a

freezer set 16 -20°C or lower unti! the time of measurement.

{4-6)  Measurement of plasma anti-human IL-6 receptor antibody concentration bv ELISA

Concentration of anti-human IL-6 receptor antibody in mouse plasma was measured by
ELISA. Fust, Anti-Human IgG (y-chain specific) F(ab"}2 Fragment of Antibody (SIGMA) was
dispensed inte a Nunc-immuno Plate, MaxiSoup (Nalge Nunc International) followed by
allowing this to stand undisturbed overnight at 4°C to produce an anti-humar 1gG solid phase
plate. Calibration curve samples containing 0.8, 0.4, 0.2, 0.1, 0.03, 0.025 and 0.0125 ug/ml. of
anti-human [1L-6 receptor antibody in plasma antibody concentration, and mouse plasma
measurement samples diluted by 100-fold or more, were prepared.  Mixtures obtained by
adding 200 ul of 20 ng/ml. scluble human 1L-6 receptor 1o 100 pl of the calibration curve
samples and plasma measurement sampies were then allowed to stand undisturbed for 1 hour at
room temperature.  Subsequently, the anti-human 1gG solid phase plate in which the mixwres
had been dispensed into each of the wells thereof was further allowed to stand undiswirbed for |
hour at room temperature.  Subsequently. the chromogenic reaction of a reaction liquid obtained
upon reaction with a biotinylated anti-human [L-6 R antibody (R&D) for 1 hour at room
temperature and further reaction with Streptavidin-PolyHRPEO (Stereospecific Detection
Technologies) for 1 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 [N-Sulfuric acid (Showa Chemical), absorbance at 450 nm of the reaction liguids of each

well was measured with a microplate reader.  Antibody concenirations in the mousc plasma
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were caleulated from absorbance values of the calibration curve using the SOFTmax PRO
analvsis software (Molecular Dievices).

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

antibodies to human FeRn transgenic mice are shown in Fig. 14.

~Based-cartieresuin ol g Ty PodslaG TP 40 whiose inting
lower in comparison with Fv4-igG1-F21 was observed to demonstrate improvement of plasma
retemtion in comparison with Fv4-1gG1-F21.  Similarly, Fv4-T¢G1-F424 whose binding to
mouse FoyR was tower in comparison with Fvd-1gG1-F157 was observed to demonstrate
prolongation of plasma retention in comparison with Fvd-1gG1-FI57.

Based on this, an aniibody that has binding activity to human FcRn under conditions of
the neutral pH region, and has an FovR-binding domain whose binding activity 1o FovR s lower
than that of a normal FeyR-binding domain, was shown 1o have higher plasma retention than an
antibody having the normal FoyR-binding domain.

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 thouglit to be
that since the antigen-binding molecules have binding activity to human FeRn under conditions
of the neutral pH region, and have an FeyR domain whose binding activity to FoyR is Jower than
that of the natarally-occurring FeyR-binding domain, the formation of the quaternary complex
described in Example 3 was inhibited.  In other words, Fv4-IgG1-F21 and Fv4-igGI-F137,
which form a quaternary complex on the cell membrane of antigen-presenting ceils, are thought
te be more easily incorporated into antigen-presenting cells.  On the other hand. in
Fv4-1gG1-F140 and Fv4-1p(i1-F424, which are classified as Embodiment | indicated in
Exampile 3 and do not form a quaternary complex on the cell membrane of antigen-presenting
cells, incorporation into antigen-presenting cells is thought to be inhibited.  Here, incorporation
of antigen-binding moiecules into cells such as vascular endothelial cells that do not express
active FevR 15 thought 1o mamiy include non-specific incorporation or incorporation mediated by
FcRo on the cell membrane, and is not considered 1o be affected by a decrease in binding activity
o FeyR.  In other words, the improvement of plasma retention that was observed as previously
described is thought 1o be the result of selective inhibition of incorparation into immune cells,

including antigen-presenting cells,

[Exampie 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 FeyR

(5-13 _Production of human antibodies that do not have bindine activity to human and mouse
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FeyR, and bind to buman IL-6 receptor in a pH-dependent manner

Antibodies were produced in the manner shown below in order to produce human
antibodies that do not have binding activity to human and mouse FoyR and bind 1o human 1L-6
receptor in a pH-dependent manner.  VH3-IgG1-F760 {(SEQ ID NO: 53} that does not have

binding activity o human and mouse FoyR was produced by an amino actd substitution obtained
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at-pe : orond-an-amine acid-substination--
obtained by substituting Lys for Ser at pesition 239 of the amino acid sequence of VH3-IgGl.

Stmilarly, VH3-1gG1-F821 (SEQ ID NO: 57), VH3-1gG1-F939 (SEQ 1D NO: 58) and
VH3-1gG1-FI1009 (SEQ 1D NO: 59) that do not have binding activity to human and mouse FoyR
were produced by an amino acid substitution obtamed by substituting Arg for Leu at position 235
(EU numbering} and an amino acid substitution obtained by substituting Lys for Ser at position
239 of the respective amino acid sequences of VH3-1gG1-F11 (SEQ ID NO: 543,
VH3-1gG1-FRO0 (SEQ ID NQO: 55) and VH3-[gG1-F947 (SEQ ID NO: 36).

Fvd-1gG1i, Fv4-1aG1-F11, Fv4-1gG1-F890, Fv4-1gG1-F947, Fv4-1gG1-F760,
Fvd-1gG1-F821, Fv4d-Ig(G1-F939 and Fv4-1gG1-F1009 containing these antibodies for the heavy

chains and VL3-CK for the light chain were produced using the method of Reference Exampie 2.

(5-2)  Confirmatdon of binding activity to human FcRn and mouse FovR

Binding activity (dissociation constant KD} to human FeRn at pH 7.0 of antibodies
containing VH3-1gG1, VH3-IgG1-F11, VH3-1gG1-F890, VH3-1gG1-F947, VH3-1gG1-F760,
VH3-IgG1-F821, VH3-1gG1-F939 or VH3-1gG1-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 § below.

[Table 8}

HUTANT NAME| KD (M) AMING ACID SUBSTITUTION
G1d NOT DETECTED

F760 KOT DETECTED| L235R/S239K

F11 3.1E-07 | M252Y/N434Y

F821 3.1E-07 | L235R/S239K/M252Y/N434Y

F890 1.1E-07 | M252Y/N434Y Y436V

FO39 1.5E-07 | L235R/S230K/M252Y/N434Y/Y436V

FO47 1.1E-08 | T250V/M252Y/T307Q/V308P/Q311A/N434Y/Y436V |
| F1009 1.2B-08 | L235R/S239K/T250V/M252Y /T307Q /V308P/ Q3114 /N4
34Y/Y436V
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Binding activity to mouse FcyR at pH 7.4 of antibodies containing VH3-1gG1,
VH3-1gG1-F11, VH3-1gG1-F890, VH3-1eG1-F947, VH3-[gG1-F760, VH3-1gG1-F821,
VH3-1gG1-F939 or VH3-1gG1-F1009 for the heavy chain and L{WT}-CK for the light chain was

measured iz the same manner as the method of Example 4. The measurement results are shown

Talalofd:Toed

RIS GG ORI

[Table 9]
MUTANT NAME| BINDING AMOUNT (RU}
mFegR 1! mFPegR Hb | mFegR HI | mFegk IV

Gid 3042 | 1141 390.1 040.3
F760 .19 2.2 -15.1 8.1
F11 12008 802 13303 241.2
F§21 0.6 4.5 -20.3 -3.8
F890 12683 1693 2842 230.1
FO39 20 6.3 -24.9 7.3
Foa7 299.6 | 117.3 381.8 241.7
F1009 0.6 1.5 129 7.2

According to the resuits of Tables 4 and 5, Pv4-IgG1-F760, Fv4-IgG1-F821,
Fvd-IgG1-F939 and Fv4-1gG1-F1009 demonstrated a decrease in binding to mouse FeyR
withowut affecting binding activity to human FeRn in co.mparison with Fv4-IgG1, Fvé-1gGl-Fl1,
Fvd-IgG1-F890 and Fv4-TgG1-F947.. |

(3-3) _ In vivo PK studyv using human FcRn transeenic mice
A PK study in administration of the produced Fv4-IgG1 and Fv4-1gG1-F760 antibodies

10 human FcRn transgenic nyice was carried out according to the method shown below.

Anti-human IL-6 receptor antibody was administered at T mg/kg in 2 single
administration into a caudal vein of human FcRn transgenic mice (Bé.mFcRn-/-h¥cRn Ty line
32 +/+ mouse, Jackson Laboratories, Methods Mol Biol. (201036072, 93-104).  Blood was
collected at 15 minutes, 7 howrs and 1, 2, 3, 4, 7, 14, 21 and 28 days afier administration of the

anti-human IL-6 recepior 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 o -20°C or lower uniil the time of measurement.

Concentration of the anti-human [1.-6 receptor antibady in the mouse plasma was
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measured by ELISA in the same manner as the method of Exampie 4. The results are shown in
Fig. 15, Fv4-1gG1-F760, which lowered the binding activity of Fv4-I12G1 to mouse FeyR,
demonstrated plasma retention nearly equal to that of Fv4-IgG1-F11; however, an effect of

improving plasma retention by decreasing binding activity to FevR was not observed.
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A PK study in administration of the produced Fv4-1¢G1-F11, Fv4-IgG1-F890,
Fvd-1g6G1-F947, Fvd-lgGl-FB21, Fv4-1gG1-F939 and Fv4-1g(G1-F1009 antibodies to human
Fc¢Rn transgenic mice was carried out according to the method shown below.

Anti-human IL-6 receptor antibody was administered at 1 mg/kg in a single
administration beneath the skin of the back of human FeRn transgenic mice
(B6.mFcRn-/-hFcRn Ty line 32 +/+ mouse, lackson Laboratories, Methods Mol. Biol.
(2010)602, 93-104). Blood was collected at 15 minutes, 7howrs 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
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
Fv4-1g(G1-F821, which lowered the binding activity of Fv4-IgGI-F11 10 mouse FeyR,
demonstrated plasma retention nearly equal to that of Fvé-IgGl-F11.  On the other hand,
Fv4-1gG1-F939, which lowered the binding activity of Fv4-IgG1-F&90 to mouse FeyR, was
observed to demonstrate improved plasma retention In comparison with Fv4-1gG1-F890.
Simiiaﬂj, Fv4-IgG1-F1009, which lowered the binding activity of Fvd-1gG1-F947 10 mouse
FeyR, was observed to demonstrate improved plasma retention in comparison with
Fvd-1g(1-F947.

On the other hand, since there were no differences observed in plasma retention for both
Fv4-1gGl and IgG1-F760, and Fv4-igGl, which does not have FeRp binding activity in the
neutral pH region, is able to form a binary complex with FeyR on immune cells but is unable to
form a guaternary complex, improvement of plasma retention attributable to a decrease in
binding acuvity t¢ FeyR 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
FevR 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

plasma retention.
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(3-51__Production of human antibodies that do not have binding activitv to human and mouse

FeyR., and bind to human IL-6 receptor in a pH-dependent manner
VH3-1gG1-F1326 (SEQ 1D NO: 153), in which binding activity 1o human and mouse

FeyR 1s decreased. was produced by an amino acid substitution obtained by substituting Ala for

Leu at position 234 (EU numbering) and an amino acid substiwution obtained by substituting Ala
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Fv4-IgG1-F1326 containing VH3-IgG1-F1326 for the heavy chain and VL3-CK for the
light chain was produced using the method of Reference Example 2.

{5-6y  Confirmation of binding activity to humen FeRn and mouse FovR

Binding activity (dissociation constant KID) to human FeRn at pH 7.0 of antibody
containing VH3-Ig(G1-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 FeyR at pH 7.4 was measured in the same manner as the

method of Exampie 4. The measurement resulis are shown in Table 10 befow.

[Tabie 10]

MUTANT NANE Gid FG47 F1326
AMIND ACID T2R0V/M2E2Y/T3070/ V308P | LIG4A/Los5A, T250W / M252Y
SUBSTITUTION /O3 T1IA/NASAY /YA36V /TIOTQ/VI0BP/Q31 LA/ NA34
Y Y436V
hRcRa KD (M) ND 11508 L1E-08
BINDING | mFegRl | 321 21 1 32910 2551
RHOUNT [ mFceRI | 138.20 | 126.72 19.18
mFegRIll | 761.04 | 663,06 532,38
mFegRIV | 271 88 274.04 | 85.59

According 1o the results of Table 10, Fv4-1gG1-F1326 demonstrated a decrease in
binding o mouse FeyR without affecting binding activity to human FeRn in comparison with
Fvé-IgG1-F947.

(5.7 Invivo PX study using human FcRn transgenic mice
A PK study in administration of the produced Fv4-IgG1-F1326 antibody to human FeRn

transgenic mice was carried out in the same manner as the method of Example 5-4.
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. 54 along
with the results for Fv4-1gG1-F947 obtained in Example 5-4.  Fvd-1eG1-F1226, which lowered
the binding activity of Fv4-1gG1-F947 to mouse FevR, was observed io demonstrate

improvement of plasma retention in comparison with Fvd-1gGi-Fo47.




Onr the basis of the above, in the case of a human antibody having enhanced binding to
human FcRn under neutral conditions, it was indicated to be possible 1o improve plasma
retention in human FeRn transgenic mice by decreasing binding activity 1o mouse FevR and
inhibiting the formation of a quaternary complex. Here, in order to demonstrate the effect of

3 improving plasma retention by decreasing binding activity to mouse FovR, affinity (KD) 1o

bhuman EoBa ot nH 000 preferebly greater than 31 nref

As a resuli, plasma retention was confirmed to improve by imparting the properties of
Embodiment 1 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 mto mnune cells, including antigen-presenting cells, and as a result thereof, it is

expected 10 be possibie 1o inhibit induction of an immune response.

{Example 6] Evaluation of plasma retention of mouse antibodies that have binding activity 1o

mouse FcRn in the neutral pH region, but do not have binding activity to mouse FevR

{6-1)  Production of mouse antibodies that bind o human IL-0 receptor but do not have binding

actvity to mouse FevR

In Examples 4 and 3, 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 FeyR 1s lower than the binding activity of a native FcyR binding
domain, were indicated to demonstrate improved plasma retention in human FeRn transgenic
niice.  Simijarly, whether or not plasma retentien in normal mice is improved was verified for
antigen-binding molecules that have binding activity to mouse FeRn under conditions of the
neutral pH region and contain an FeyR-binding domain whose binding activity to mouse FeyR is
25 jower than the binding activity of 2 native FoyR-binding domain.
mPM1H-mlgG1-mF40 (SEQ ID NO: 64) was produced by an amino acid substitution
obtained by substituting Lys for Pro at position 235 (EU numbering) and an amino acid
substitution obiained by substituting Lys for Ser at position 239 in the amino acid sequence of
mPMIH-mlgG -mF38 produced in Example 2, while mPM1B-migG1-mF39 (SEQ 1D N 615
30 was produced by an amino acid substitution obtained by substituting Lys for Pro at position 233
{EU rumbering) and an amino acid substitution obtained by substituting L;;!s for Ser at position

239 of the amino acid sequence of mPMIH-migGl-mF14.

(6-2)  Confirmation of binding activitv to mouse FcRn and mouse FovR

it
ith

Binding activity {dissociation constant KID) w0 mouse FeRn at pH 7.0 was measured

using the method of Example 2. The results are shown in Table 11 below.

o than 310 nkd end mere preferabiy- 110 nbardopge i



[Table 11]
MUTANT NAME KD (M} | AMINO ACID SUBSTITUTION
mlgGl ND
Ao ERB I A il ey BB 38D B AV A TR B EA HAZZ e s .
- mF38 4.0E-09 | T252Y /T256E/N434W
' mF39 2.1E-08 | P235K/S239K/T252Y/T256E /H433K
m¥F40 3.2E-09 | P235K/S239K/T252Y /T256E/N434W |

Binding activity to mouse FcyR at pH 7.4 was measured using the method of Example 4.
The results are shown in Table 12 below.

[Table 12]
MUTANT NAME | BINDING AMOUNT (RU)
mFcgR | | mFcgR [Ib | mFcgR 11T | mFegR IV

mlgG1 2.0 202.1 430.0 | -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

{6-33  In vivo PK studv using normal mice

A PR study in administration of the produced mPM1-mieGl-mF14,
mPMi-mlgGl-mF38, mPMI-migGl-mF39 and mPM1-mlIgG1-mF40 to normal mice was
carried out according to the method indicated below.

Anti-human [L-6 receptor antibody was administered at | mg/kg in a single
administration beneath the skin of the back of normal mice (CSTBL/GT mouse, Charles River
Japan), Blood was collected at 5 minutes, 7 hours and 1, 2. 4. 7 and 14 days afler
administration of the anti-human I1-6 receptor antibody.  Plasma was obtained by immediately
centrifuging the collecied blood for 15 minutes at 4°C and 15,000 rpm.  The separated plasma

was stored in a freszer st to -20°C or lower until the titne of measurement.
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(6-4)  Measurement of piasma anti-human [L-6 receptor mouse antibodv 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 Nune-Immuno

Plate, MaxiSoup (Nalge Nunc International} followed by allowing this to stand undisturbed

samples contaming of 1.25, 0.625, 0.313, 0.156, 0.078, £.039 and 0.020 ug/ml. of anti-human
HL-6 receptor mouse antibody In plasma antibody concentration, and mouse plasma measurement
sampies diluted by 100-fold or more, were prepared. 100 pL aliquots of these calibration curve
sampies and plasma measurement samples were dispensed into each well of the soluble human
1L-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 liguid obtained by
reacting with Anti-Mouse IgG-Peroxidase Antibody (SIGMA) for | hour at room temperature
and further reacting with Streptavidin-PolyHRPB0 (Stereospecific Detection Technologies) for |
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 430 nm of the reaction liquids of gach well was measured with
a microplate reader.  Antibody concentrations in the mouse plasma were caleulated from
absorbance values of the calibration curve using the SOFTmax PRO analysis software
{Motiecular Devices).  Changes in the antibody concentration in normal mouse plasma
foliowing intravenous administration as measured with this method are shown in Fig. 17.

Based on the results shown in Fig. 17, mPM1l-mlgG1-mF40, which does not have
binding activity to mouse FcyR, was observed to demonstrate improvement of plasma retention
in comparison with mPMi-mlgGl-mF38. In addition, mPM1-mlgG1-m¥F39. which does not
have binding activity to mouse FcyR, was observed to demonstrate improvement of plasma
retention 1n comparison with mPM 1 -mlgGl-mF14.

On the basis of the above, an antibody having binding activity to mouse FeRn under
conditions of the neutral pH region and having a FeyR-binding domain that does not have
binding activity 1o mouse FeyR. was shown to have higher plasma retention in normal mice than
an antibedy having a normal FeyR-binding domain.

As aresult, in the same manner as Examples 4 and 3, plasma retenition 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 inhihition
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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[Exampie 7} In vitro evaluation of immunogenicity of 2 humanized antibody (anti-human IL-6
recepior antibody) having binding activity to human FcRn in the neutral pH region and
containing an FeyR-binding domain whose binding activity to haman FeyR is lower than
binding activity of a native FeyR binding domain

SXAE LI L0

Embodiment 1, namely an antigen-binding molecule having binding activity to FeRn under
conditions of the neutral pH region and containing an antigen-binding domain whose binding
activity to active FeyR is lower than binding activity of a native FeyR binding domain, T cell
response to the antigen-binding molecule in vitro was evaluated according to the method shown

helow.

{7-1) _ Confirmation of binding activity to human FeRn
The association constants (KD} of VHI/L{WT)-igGl, VH3/L(WT)-IgG1-F21 and
VHI/IL(WT)-1gG1-F140 to hurnan FcRn under conditions of the neutral pH region {(pH 7.0)

measured in Example ¢ are shown in Table 13 below,

[Table 13]

MUTANT NAME KD (M) AMINO ACTD SUBSTITUTION
IgG1 . NOT DETECTED

lgG1-F21 | 3.0E-08 M252Y/V308P/N434Y
1gG:1-F140 | 3.6E-08 S230K/M252Y /V308P/N434Y

(7-2)  Ewvaluation of binding activity to human FeyR
The binding activities of VH3/L{WT)-1oG1, VH3/L(WT}-1gG1-F21 and
VH3/LAWT)-1gG1-F140 to human FeyR at pH 7.4 were measured using the method shown

below.

Binding activity between the antibodies and human FeyRla, FeyRIla(H), FoyRITa(R),
FeyRIib and FeyRITa(F) (hereinafter referred 10 as human FeyRs) was evaluated using the
Biacore T100 or T200 (GE Healthcare). The antibodies being tested were captured by Protein
L (ACTIGEN) that was immobtlized in suitable amounts on the CM4 Sensor Chip (GE
Healthcare) by amine coupling.  Next, the diluted human FeyRs and a running buffer used as &
biank were injected 1o allow interaction with the antibodies captured on the sensor chip. A
buffer consisiing of 20 mmol/L ACES, 130 mmol/L NaCl 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 FeyRs. 10
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mmol/L glveine-HCI (pH 1.5) was used to regenerate the sensor chip.  All measurements were
carried out at 25°C.

Binding activity to human FeyRs can be represented by the relative binding activity to
human FcyRs.  Antibody was captured by Protein L, and the amount of change in 2 sensorgram
before and afier the antibody was captured was defined as X1. Next, human FeyRs were

SRR

numan FovRs represented as the amount of change in a sensorgram hefore and after allowing the
running buffer to interact with antibody capiured by Protein L (AA2) from the value obtained by
multiplving by 1500 the value obtained by dividing the binding activity of uman FevRs
represented as the amount of change in a sensorgram before and after that interaction (AA 1)} 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 FevRs (YY)
(Equation 2).

{Equation 2] Binding actuvity of human FoyRs {Y) = (AAT-AA2YX x 1500

The results are shown in Table 14 below,

[Table 14]

BINDING AMOUNT(RU}

hFcgRla | hFcgRlla(R) I hFegRHa(H} | hFegRITb | hFegRIa(F)
TgG1 300.6 1589 ' 158.7 81.4 143.8
1gG1-F21 403.0 | 1452 153.6 63.4 146.7
1gG1-F140 3351 7.6 8.8 2.2 1.8

According 10 the results of Table 14, Fv4-JgG1-F140 demonstrated a decrease im

binding to each human FeyR without affecting the binding activity to buman FeRn in comparisen
with Fv4-1gG1-F21. '

{7-2) In vizro immunogenicity study using human PBMCs

An in vitro immunogenicity study was carried out as shown below using Fv4-1gGG1-F21
and Fv4-1gG1-F140 produced in Example [.
eripheral blood mononuclear cells (PBMCs) were isolated from blood collected from
healthy volunteers.  After separating the PBMCs from the blood by Ficoll (GE Healthcare)
density gradient centrifugation, CD8™ T cells were removed from the PBMCs magnetically using
Drvnabeads CD8 (Invitrogen) in accordance with the standard protocol provided.  Next, CD25™

T cells were removed magnetically using Dynabeads CD23 (Invitrogen) in accordance with the
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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 CD25™T cells had been removed and which had
been re-suspended in AIMV medium (Invitrogen) contaning 3% deactivated human serum to a

concentration of 2 x 10%ml, were added to a flat-bottomed 24-well plate at 2 x 10° cells per well.
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substance was added to final concentrations of 10, 30, 100 and 300 pg/ml were cultured for §
days. BrdU (Bromodeoxyuridine) was added to 150 pl of cell suspension during culturing
after transferning to a round-bottomed 96-well plate on days 6, 7 and & of culturing, after which
the ceils were further cultured for 24 hours.  The BrdU that had been incorporated into the
nucier 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 CD19}
were siained by anti-CD3, ani-CD4 and anti-CD19 antibodies (BD Bioscience). Next, the
percentage of BrdU-positive CD4™ T cells was detected with BD FACS Calibur or BD FACS
CaptIl (BD). The percentage of BrdU-positive CD4™ T cells at each test substance
concentration of 16, 30, 100 and 300 ng/mlL on days 6, 7 and 8 of culturing was calculated,
followed by calculating the average valtues thereof,

The results are shown in Fig. 18, Fig. 18 indicates the proliferative responses of CD4”
T cells to Fv4-1eG1-F21 and Fva-1pG1-F140 in the PBMCs of five human donors {rom which
CDS$™ T cells and CD23 T cells had been removed.  First, an increase in the proliferative
response of CD4™ T celis 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 CD4" T cells attributable to the addition of test substance was
ebserved in the PBMC of donors C and E in comparison with a negative control.  One of the
points 1o be noted here is that the proliferative response of CD4™ T cells to Fvd-1gG1-F140
tended to decrease in comparison with Fvd-1gG1-F21 for both donors Cand E. As previously
described, Fvd-IgG1-F140 has a lower binding activity to muman FeyR than Fvd-19G1-F21, and
has the properties of Embodiment 1. On the basts of the above results, it was supggested that
immunogenicity can be suppressed with respect to antigen-binding molecuies having binding
activity to FeRn under conditions of the neutral pH region and containing an antigen-binding
domain whose binding activity to human FeyR is lower than the binding activity of a native FoyR

binding domain.

[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 conaining
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an antigen-binding domain whose binding activity to human FcyR is lower than the binding

activity of a native FeyR binding domain

(8-1%_ Production of hA33-1a(l
Since human PBMCs inherently have z low immune response to Fvd-Ig(G1-F21 as
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iramune response io Fv4-lgG1-F140 contaming an antigen-binding domain whose binding
activity to FoyR is lower than the binding activity of a native FeyR binding domain.  Therefore,
a humanized A33 antibody (hA33-1gG1), which is 2 humanized 1gG1 antbody 0 the A33
antigen, was produced in order to enhance the capability of detecting immunogenicity-lowering
effects in an in viro Immunogenicity evaluation systers.

In hA33-1g(G1, the anti-antibody has been confirmed to be produced in 33% to 73% of
subjects in a clinical study (Hwang, et al. (Methods (2005} 36, 3-10} and Walle, et al. (Expert
Opin. Bio. Ther, (2607) 7(3), 405-418)).  Since the high immunogenicity of hA33-1gG1
originates in the variable region sequence, for molecules in which binding activity to FeRn in the
neutral pH region had been enhanced for hA33-1gGl, it would be easy to detect immunogenicity
lowering effects that arise from inhibiting formation of a quaternary complex by lowering the
binding activity to FeyR.

The amino acid sequences of hA33H (SEQ ID NQ: 62) used for the heavy chain
variable region of the humanized A33 antibody and hA33L (SEQ 1D NO: 63) used for the light
chain variable region were acguired from known information (British Journal of Cancer (1995)
72, 1364-1372).  In addivon, natwrallv-ococurring human Ig(Gl (SEQ 1D NO: 11, hereinafier
referred to as [gG1) was used for the heavy chain constant region, and naturally-ocourring
human kappa (SEQ ID NO: 64, hereinafter referred wo as k0) was used for the light chain
constant region.

An expression vecior containing the base sequences of heavy chain hA33H-1gG1 and
Light chain hA33L-k( was produced according to the method of Reference Example 1. In
addition, a humanized A33 antibody in the form of hA33-12G1 containing heavy chain
hA33H-IgGl and light chain hA330-k0 was produced in accordance with the method of

Reference Example 2.

{8-21  Production of an A33-bindine antibody havine hinding activity to human FeRn under

conditions of the neutral oH region

Since the produced hA33-1gG1 is & human antibody having a naturally-occurning human
Fe region, it does not nave binding activity to human FcRn under conditions of the neutral pH

region. Therefore, an amino acid modification was introduced into the heavy chain constam
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region of hA33-IgG1 in order to impart the ability to bind to human FeRa under conditions of
the neutral pt region.

More specifically, hA33H-1gG1-F21 (SEQ ID NO: 65) was produced by substituting
Tyr for Met at position 252 (EU numbering). substituting Pre for Val at postion 308 (EU

numbering) and substituting Tyr for Ase at position 434 {(EU numbering) in the heavy chain
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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 hA33-1gG1-F21containing hA33H-1gG1-F2!
for the heavy chain and hA33L kO for the light chain.

{8-3}  Production of an A33-bindine anubody conwining an FovR-bindine domain whose

hinding activity to hurman FevR under conditions of the neutral pH region is lower than the

hinding activity of a native FeyR-binding domain

hA33H-IgG1-F140 (SEQ ID NO: 66) was produced in which Lys is substituied for Ser
at position 239 (EU numbering) in the amino acid sequence of hA33H-igGi-F21 in order o
jower the binding activity of hA33-Ig(G1-F21 to human FeyR.

(8-4}  Immumogenicity evaluation of various tvpes of A33-bindine antibodies by in vitro T-cell

assay

The mmmunogenicity of the produced hA33-1gG1-F21 and hA33-IgG1-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 Exampie 7 were isolated.  In other words, donor A in Example 7 and donor A in
this smdy were different healthy volunteers.

The study results are shown in Fig. 19, In Fig. 19. a comparison is made between the
results for hA33-IgG1-F21 which has binding activity to human FcRn in the neutral pH region,
and hA33-JgG1-F140 which contains an FoyR-binding domain whose binding activity to human
FcyR is lower than the binding activity of a native FeyR-binding domain.  Since a response to
hA33-12G1-F21 was not observed in PBMCs 1solated from donors C, D and F in comparison
with a negative control, donors C, D and I are thought to be donors in whom an immime
response to hA33-1gG1-F21 does not occur. A strong imnune response to hA33-1gG1-F21 was
observed in the PBMCs isolated from the other seven donors (doners A, B, E, G, H. land I} in
comparison with the negative control; and hA33-1eG1-F21 demonsirated a high level of
mmunogenicity in vitro as expected.  On the other hand, an effect was observed in which the
immune response of PBMCs isolated from all of these seven donors (donors A, B, E. G, H, I and

1) to hA33-1gG1-F140 which contains an FeyR binding domain whose biniding activity to human
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FeyR is lower than the binding activity of a native FeyR binding domain, was decreased in
comparison with that to hA33-IgG1-F21. In addition, since the immune response of the
PBMCs isclated from donors E and J to hA33-1g(G1-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 FeRn in the neutral pH region by lowering binding
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domain and whibiting the formation of a quaternary complex.
[Example 97  In vitro immunogenicity evaluation of a humanized antibody (anti-human A33
antibody) that has binding activity to human FeRn under conditions of the neutral pH region but

does not have binding activity to human FeyR

{0-1} Production of an A33-binding antibody having strong binding activity to huwman FcRn

under conditions of the nentral pH reeion
hA3I3H-IgG1-F698 (SEQ ID NO. 67) was produced according 1o the method of
Reference Example 1 by substituting Tyr for Met at position 232 (EU numbering), substifuting

Glu for Asn at position 286 (EU numbering), substituting GIn for Thr af 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-igGl. A human
A33-binding antibody having strong binding activity 1o human FcRn under the conditions of the
neutral pH region was produced in the form of hA33-1gG1-F698 containing hA3I3H-1gG1-F698
for the heavy chain and hA33L-k0 for the light chain.

{9-2) Production of an A33-hinding antibody containine an antigen-binding domain whose

binding activity to human FevR under conditions of the neutral nH region 18 lower than the

binding activity of a native FeyR-binding domain
hA3IIH-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 FeyR
binding domain.

Binding activity to human FcRa at pH 7.0 of VH3/L(WT)-1gG1,
VH3/L{WT)-1g(G1-F698 and VHI/L{WT)-1gG1-F69% was measured using the method of
Example 4. Moreover, binding activity to human FeyR at pH 7.4 of VHI/L{WT)-1gG1.
VHI/L(WT-1gG1-Fo98 and VHI/LIWT)-1gG1-F699 was measured using the method of
Example 7. The results for both are shown in Table 15 below.
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[Table 157

MUTANT hFcRn BINDING AMOUNT (RU}

NAME KD M) | hFegRla | hFegRNaR) | hFegRNa(H) | hFegRID hFcgRIHa(F
1gG | ND 3921 1540 154.8 758 | 102.3
lgGi-Feo8 22 3921 ilev 11158 0 421 0559
IgG1-F699 | 23 163.5 3.2 3.5 0.3 2.0

As is shown in Table 15, VE3/L(WT)-IgG1-F659, 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 FeyR is lower than the binding acuvity of a native FovR binding
domain, demonsirated binding activity to hFcgRI even though binding to hFcgRIa(R),
hFcgRITa(H}, hFegRIlb and hFcgRilla(F) was decreased.

{9-3)  Immunoesnicity evaluation of various tvpes of A33-binding antibodies by in vitro T-cell

assav

Immunogenicity 1o the produced hA33-1eG1-F6I8 and hAI3-IeG1-F699 was evaluated
according to the same method as Exampie 7. Furthermore, the healthy volunteers serving as
donors were not the same individuals as the healthy volunteers from whom the PBMC used in
Examples 7 and § were isolated.  In other words, donor A in Examples 7 and 8 and donor A in
this study were different healthy volunteers.

The study results are shown in Fig. 20, In Fig. 20, a comparison is made between the
results for hA33-1gG1-F698 which has strong binding activity to human FcRn under conditions
of the neutral pH region, and hA33-IgG1-F699 which contains an FevR binding domain whose
binding activity to human FeyR is lower than binding activity of a naturally-occurring FeyR
domain.  Since a response to hA33-1g(G1-F698 was not observed m PBMCs isolated from
donors G and 1 in comparison with a negative control, donors G and I are thought to be donors in
whom an immune response to hA33-1gG1-F698 does not occur. A strong Immune response to
hA33-1gG1-F698 was observed in the PBMCs isolated from the other seven donors (donors A, B,
C, D, E. F and H} in comparison with the negative control, and a high level of immunogenicity
was demonstrated in vitro in the same manner as the aforementioned hA33-IgG1-F21. Onthe
other hand, an effect was observed in which the immune response of PBMCs isolated from five
donors (donors A, B, C, D and F) to hA33-1gG1-F699 which contains an FeyR binding domain
whose binding activity to human FevR is lower than the binding activity of 2 native FeyR
binding domain, was decreased in comparison with that to hA33-1gG1-F698.  In particular, the
immune response of the PBMCs isolated from donors C and F to hA33-1gG1-F699 was




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-IgG1-F21 but also for
hA33-Ig(G1-F698 which has strong binding activity to human FeRa showed that immunogenicity

can be reduced in antigen-binding molecules having binding activity to human FcRn in the

th

neutral pH region, by making the binding activity 10 human FeyR lower than the binding activity
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{9-4} Production of an A33-binding antibodv not having binding activitv 1o human FeyRlia

under conditions of the neutral pH region
0 As previous described in (9-3), hA33-1oG1-F699 demonstrated a decreased binding
activity (o various types of human FeyR by substituting Lys for Ser at position 239 (EU
numbering) in hA33-1gG1-F698, and binding to hFcgRl remained although binding 10
hFcgRIla(R}), hFcgRIla(H), hFcgR1lb and hFcgRITa(F} decreased considerably,
Therefore, in order to produce an A33-binding antibody that contains an FeyR-binding
15 domain not having binding activity to all human FeyR including hFcegRia, hA33H-{gG1-F763
(SEQ ID NQO: 69) was produced in which Arg was substituted for Leu at position 235 (EU
numbering) and Lys was substituted for Ser at position 239 (EU numbering) in
hA33H-1gG1-F698 (SEQ ID NO: 67).
Association constants {(KD) for humar FeRn under condirions of the neutral pH region
20 {pH 7.0) were measured for VHI/L(WT)-1gGI, VHI/LWT)-1gG1-F698 and
VHI/L{WT)-1gG1-F763 using the method of Example 4. In addition, binding activity to
human FeyR was evaluated for VH3/L{WT)-1gG1, VH3/LIWT)-IgG1-F698 and
VH3/L{WT)-1gG1-F763 according to the method described in Exampie 7. Those results are

also shown in Table 16 below.
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[Table 163
MUTANT - hFeRn BINDING AMOUNT (RU;
NAHE KD (nM) | hFcgRia | hFegRITa(R)  hFcgRItalH) | hFegRIlb é hFegRlila
1gG 1 “ND 392.1 11543 154.8 75.8 102.3
IgG1-FAO8 | 22 392.1 11167 115.8 42.1 55.9
IeGI-F763 35 -4 -1.0 -G8 -1.0 -2.8
As shown in Table 16, 1gG1-F763. in which Arg was substituted for Leu at position 235
30 (EU nembering) and Lys was substituted for Ser at position 239 (EU numbering), was shown 0

demonstrate decressed binding activity 1o all human FevR including hFeyRla.
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(9-33 _Immunogenicity evaluation of various tvpes of A33-binding antibodies by in vitro T-celi

assay

The immunogenicity of the produced hA33-1pgG1-F698 and hA33-1gG1-F763 was

evaluated using the same method as that of Example 7. Furthermore, in the same manner as

sy s S BB o B Fe B oo Yo st e T s s Lt e et ot e e T S T A e i S g
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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.

The study results are shown in Fig. 21, In Fig. 21, a comparison is made between the
results for hA33-1gG1-F698 which has strong binding activiry to human FcRn under conditions
of the newtral pH region, and hA33-1gG1-F763 which contains an FoyR binding domain whose
binding activity to human FeyR is lower than binding activity of a native FevR binding domain,
Since a response 10 hA33-1gG1-F698 was not observed in PBMCs isolated from donors B, E, F
and K in comparison with a negative control, donors B, E, F and K are thought to be donors in
whom an irnmune response 1o hA33-1gG1-F698 does not occur. A strong immune response to
hA33-1gG1-F698 was observed in the PBMCs isolated from the other seven donors (donors A, C,
D, G, H, I and I in comparison with the negative contrel.  On the other hand, an effect was
observed in which the immune response of PBMCs isolated from four donors (donors A, C, D
and H) to hA33-1g(G1-F763 which contains an FeyR binding domain whose binding activity to
human FevR is lower than the binding activity of a naturaliy-occurring FoyR domain, was
decreased in comparison with that to hA33-1gG1-F698.  Among these four donors, the immune
response of the PBMCs isolated from donors C, D and H in particular to hA33-1gG1-F763 was
about the same as that of the negative control, and among the four donors in whom the immune
response of PBMCs was decreased as a result of decreasing binding to FeyR, it was in fact
possible 1o completely inhibit the PBMC imumune response in three donors.  Also based on this
finding, antigen-binding molecules containing an FeyR binding domain whose binding activity to
human FoyR is low are considered to be extremely effecrive molecules having reduced
IMNOgenicity.

Based on the results of Examples 7, § and 9, an immune response to antigen-binding
molecules in which the formation of a quaternary complex was inhibited by decreasing binding
to active FeyR (Embodiment 1) 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

ells.  The above results showed that the formation of a quaternary complex on
antigen-presenting cells is important for the immune response of antigen-binding molecules, and

that antigen-binding molecules which do not form that quaternary complex make it possibie o
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reduce immunogenicity in numerous donors.

{Example 10]  In vivo immunogenicity evaluation of a humanized antibody that has binding
activity to humar FcRn in the newtral pH region but does not have binding activity to mouse
FeyR
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inmunogcnicity 1s reduced in antigen-binding molecules having binding activity 1o buman FcRn
in the neutral pH region and contamming an FeyR binding domain whose binding activity to FeyR
is lower than the binding activity of a native FeyR binding domain in comparison with
antigen-hinding molecules in which the FovR binding activity has not been lowered. The
following study was conducted to confirm whether or not this effect is also demenstrated in vive.

(10-1y In vivo immramosenicitv study in buman FeRo ransgenic mice

Antibody production t¢ Fvd-IgG1-F11, Fv4-1gG1-F890, Fv4-IgG1-Fo47,
Fv4-JgG1-F821, Fvd-IeG1-F939 and Fv4-1gG1-F1009 was evaluated using mouse plasma
obtained in Example 5 according 1o the method indicated below.

{10-2%  Measurement of anu-administered specimen antibody in plasma by electrochemical

lumingscence

Antibody against an administered specimen antibody present in mouse piasma 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 adminisiered antibody solid phase plate.  Samples
for mouse plasma measurement were prepared by diluting 50-foid followed by dispension into
the soiid phase piate and overnight reaction at 4°C.  Subsequently, Anti-Mouse [gG {whole
molecule) (Sigma) ruthenated with Salfo-Tag NHS Ester (Meso Scale Discovery) was allowed to
react for | 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 thar were not administered with the antibody was measured as a
negative controi 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 amimals by 1.643 to the mean (MEAN) of values measured using the five animals, was used
as the criterion for defermining a positive reaction (Equation 3).  Those animals thar
demonstrated a reaction exceeding the positive criterion even once on any of the blood collection
davs were judged to have positive antibody production response 1o the test substance.

{Eguation 33
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Positive criterion for antibody production (X) = MEAN + 1.6435 x §D

{10-3) Inhibitory effect onin vive immungeenicity by decreasing binding activity 1o FeyR

The resulits are shown in Figs. 22 10 27, Fig. 22 shows the titers of mouse aniibody

produced in response to Fvd-1gG1-F11 at 3, 7, 14, 21 and 28 days after admimstration of

.
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Fvé-1gGi-F11 was shown to be positive in one of the three mice (#3) on ecach 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 Fvd-IgGI-FE21 at 3, 7, 14, 21 and 28 davs after
administration of Fv4-1gG1-F821 to human FcRn transgenic mice.  Production of mouse
antibody to Fv4-1gG1-F821 was shown to be negative in all three of the mice on each day blood
was collected following administration {posttive rate; (/3).

Fig. 24 A and its enlarged view in the form of Fig. 24B show titers of mouse antibody
produced in response to Fv4-1gG1-F890 at 3, 7, 14, 21 and 28 days after administration of
Fv4-1gG1-F&890 to human FcRn transgenic mice.  Production of mouse antibody to
Fv4-1g(G1-FB890 was shown to be positive in two of the three mice (#1 and #3) at 21 and 28 days
after administration {posttive rate: 2/35.  On the other hand, Fig. 23 shows titers of mouse
antibody produced in response to Fvd-1gGI1-F939 at 3, 7, 14, 21 and 28 days after administration
of Fv4-]1g(G1-F&39 to human FeRn transgenic mice.  Production of mouse antibody to
Fv4-1gG1-F939 was shown to be negative in all three mice on each day bleod was collected
following administration (positive rate: 0/3).

Fig. 26 shows titers of mouse antibody produced in response to Fv4-1g(G1-F947 at 3, 7,
14, 21 and 28 days afier administration of Fv4-Ig(G1-F947 to human FcRa transgenic mice.
Production of mouse antibody to Fvé-I1g(G1-FO47 was shown to be positive in two of the three
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 Fvd-IgGi1-F1009 at 2, 7, 14, 21 and 2§
days after administration of Fv4~i§(§i«?lﬂ@9 to human FcRn transgenic mice.  Production of
mouse antibody to Fv4-1gG1-F1009 was shown to be positive in two of the three mice (#4 and
#3) starting 7 days afier administration (positive rate: 2/3).

As was indicated in Example 5, Fv4-Ig(G1-821 has decreased binding to various types of
mounse FeyR with respect 10 Fvd-IgG-F11, Fvd-1gG1-F939 similarly has decreased binding to
various types of mouse FeyR with respect to Fva-1gG1-F890, and Fva4-Ig(G1-F1009 similarly has
decreased binding 10 vanous types of mouse FeyR with respect to Fvd-lg(G1-F947.

It wag indicated that in vivo immunogenicity can be remarkably reduced by decreasing
binding of Fv4-1gG1-F11 and Fvd-IgGi-F890 to various types of mouse FevyR.  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 Fv4-1gG1-F947 to various types of mounse FeyR.

Although not bound 1o 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

the cell membrane of antigen-presenting cells is thought to he possible by decreasing the binding

ng-bindin o-Fols
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
is thought to be suppressed.  Fvd-IgGI-F11 and Fv4-IgG1-FR90 are thought to have suppressed
induction of immunogenicity in this manser by decreasing binding activity 1o FeyR.

Om the other hand, Fvd-12G1-F947 did not demonstraie the effect of suppressing
immunogenicity as a result of decreasing binding activity to FcvR.  Although not bound to a
specific theory, the reason for this can be discussed in the manner indicated below.

As shown in Fig. 16, ehimination of Fv4-1gG1-F947 and Fv4-1gG1-F1009 from the
plasma is extremely fast.  Here, Fyv4-1gG1-F1009 is thought to have undergone a decrease in
binding activity to mouse FeyR, and the formation of a quaternary complex on
antigen-presenting cells 1s thought to be inhibited.  Consequently, Fvd-1gG1-F1009 is thought
to be incorporated into cells as a result of binding only to FcRn expressed on the cell membrane
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, Fvd-1gG1-F1009 can also be
incorporated into antigen-presenting cells by binding only 1o FcRn.  In other words, among the
rapid elimination of Fv4-1gG1-F1009 from plasma, a portion may be incorporated into
antigen-presenting cells,

Moreover, Fvd-IgG1-F1009 is a human antibody, and is a completely foreign proiein to
mice. In other words, mice are thought to have numerous T-cell populations that specifically
respond to Fv4-IgGi-F1009. The mere small quantity of Fv4-1gG1-F1009 incorporated into
antigen-presenting celis is presented 10 T cells after processing within cells, and since mice have
mimerous T-cell populations that specifically respond to Fvd-[gG1-F1009, an immune response
16 Fv4-1gG1-F1009 1s thought to be ecasily induced.  In reality, when a foreign protein in the
form of human soluble 11.-6 receptor is administered to mice as indicated in Reference Example
4, the human soluble IL-6 receptor 13 eliminated in 2 short period of time, and an immune
response to the human soluble [L-6 receptor 1s induced.  The fact that immunogenicity was
induced even though human soluble IL-6 receptor does not have binding activity to FeyR and
FeRn in the neutral pH region is thought to be due 1o the rapid elimination of human soluble IL-6

receptor and the large quantity being mncorporated into antigen-presenung 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).
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antibody administered to humans is a humanized antibody or human antibody, an immune
response occurs io homologous protein.  Theréfore, an evaluation was carried owt in Example
i1 as to whether or not inhibition of the formation of a guatemary complex leads to a reduction

In mmunogenicity by administering a mouse antibody to mice.
{Example 1] 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 FeyR

{11-1%  In vivo imumunogenicity 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 celis in the case when the antigen-binding molecule is a homologous protein
{as in the case of administering a mouse antibody 1o nuce}.

Antibody production to mPM1-mlgGI-mF38, mPMI-mlgG!-mF40,
mPM1-mlgGl-mF14 and mPM1-mlgG1-mF39 was evaluated using mouse plasma obtained in

Example 6 according to the method indicated below.

(}1-2)  Measurement of anti-administered specimen antibodv in nlasma 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.  Afier washing
of the plate, 50-fold dilated 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. After 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

agministered 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 multiplving the standard deviation
(SDY of values measured using the plasma of those five animals by 1,643 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
exceeding positive criterion even once on any of the blood coliection days were judged 1o have
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[Eguation 3]
Positive evaluation criterion for antibody production (X) = MEAN + 1.645 x SD

{11-3)  Iohibitorv effect on in vivo immunogenicity by decreasing binding activitv to FovR

The results are shown in Figs. 28 to 31, Fig. 28 shows the titers of mouse antibody
produced in response to mPM1-mlgGl-mF14 at 14, 21 and 28 days after administration of
mPMI-mlgGl-mF14 1o normal mice.  Production of mouse antibody to mPMI-mlgG1-mF14
was shown to be positive in all three mice at 21 days after administration (positive rate: 3/3).

On the other hand, Fig. 29 shows the titers of mouse antibody produced in response 1o
mPMI-migGl-mF39 at 14, 21 and 28 days after administration of mPM1-mlgG1-mF39 o
normal mice. Production of mouse antibody to mPM1-mlIgG1-mF39 was shown 1o be negative
in all three of the mice on each day blood was collected following administration (positive rate:
0/3).

Fig. 30 shows titers of mouse antibody produced in response t0 mPM1-migG1-mF38 at
14, 21 and 28 days after administration of mPMI-mlgG1-mF38 to normal mice.  Production of
mouse antibody to mPMI1-mlgG1-mF38 was shown to be positive in two of the three mice (#1
and #2) at 28 days after admunistration {(positive rate: 2/3).  On the other hand, Fig. 31 shows
titers of mouse antibody produced in responsg to mPMI-mlgG1-mF40 at 14, 2] and 28 days
after administration of mPM1-mlgG1-mF40 to normal mice.  Production of mouse antibody to
mPM1-mlgG1l-mF40 was shown to be negative in all three mice on each day blood was
collected following administration (positive rate: 0/3).

As was shown in Example 6, relative to mPM 1-mligG1-mF38. mPM1-mlgG1-mF40 has
decreased binding o various types of mouse FoyR, and simalarly relative to mPMI-milgGl-mF14,
mPM1-mlgGl-mF39 has decreased binding to various types of mouse FeyR.

These results confirmed that even if mouse antibodies mPM1-migG1-mF38 and
mPM1-mlzG1l-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 | and 2. this 1s thought to be due 1o
promotion of the incorporation inte antigen-presenting cells throegh formation of a quaternary

complex on antigen-presenting cells by enhancing binding activity to FcRa in the neutral pH
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it was shown that 1t 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 FcRn in the neutral pH region to various types of mouse FeyR,

These results indicate that by decreasing binding activity to FeyR of an antigen-binding

motesule having-binding-actvityto PeRirmader conditons-of die teat; alphtregiongthe
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 1o FcRn under conditions of the nentral pH region and whose binding activity 1o
active FeyR 1s lower than the binding activity of 2 native FeyR binding domain (namely, an
antigen-binding molecule of Embodiment 1 described in Example 3) was indicated to be
decreased remarkably in comparison with an antigen-binding molecule having binding aciivity
roughly comparable to that of the native FcyR binding domain (namely, an antigen-binding

molecule capabie of forming a quaternary compiex as described in Example 3).
[Example 12]  Production and evaluation of human antibedies having hinding activity to human
FeRn in the neutral pH region and whose binding activity to human FeyR is lower than binding

activity of & native FeyR-binding domain

(12-13 Production and evaluation of human IeG1 antibodies having binding activitv to human

FeRn in the neutral pH region and whose binding activity to human FoyR is lower than bindine

activity of a native FeyR-binding domain

In a non-limiting aspect of the present invention, although preferabic examples of an Fe
region whose binding activity to active FevR is lower than binding activity to active FcyR of a
naturally-occurring Fe region inciude Fe 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 Fe region is modified 1o an amino acid that differs from the
naturally-oceurring Fe region, modification of the Fc region is not limited to that described
above, bul rather may also be, for example, deglycosvlation (N297A, N297Q) described in
Current Opinion in Biotechnology (2009} 20(6), 685-691, modifications such as
1gG1-L234A/L235A, 1gG1-A325A/A3308/P3318, 1gG1-C2265/C2208,
teG1-C2265/C229S/E2353P/L234V/L235A, IpG1-L234F/L235E/P33 1S, [gG1-S267E/L328F,
1eG2-V234A/G237A. 12G2-H268Q/VI0OL/AZ30S/A331S, 1eG4-L235A/G23TA/E3IBA or
[g(i4-1.236E, as well as modifications such as G236R/L328R, L235G/G236R, N325A/L328R 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 20004042072,
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The Fvd-1g(G1-F890 and Fvd-1uG1-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 I1-6 receptor in a pH-dependent manner.  Vanious variants have been produced in which
binding to human FcyR was decreased by introducing amino acid substitutions into the amino

acid sequences thereof (Table 17).  More specifically, variants were produced including
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nambering) and Lys was substituted for Ser at position 239 of the amino acid sequence of
VH3-1gG1-F890, VH3-1gGI-F1315 {SEQ [D 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
sequence of VH3-1gG1-F890, VH3-IgG1-F1316 (SEQ ID NO: 158}, in which Arg was
substituted for Gly at position 237 {EU numbering) and Lys was substituted {or Ser at position
239 in the amino acid sequence of VH3-1gG1-F890, VH3-IgG1-F1317 (SEQ ID NO: 159, in
which Lys was substituted for Ser at position 239 (EU numbering) and Lys was substituied for
Pro at position 329 in the amino acid sequence of VH3-1gG1-F890, VH3-IgG1-FI318 (SEQ ID
NO: 160), in which Lys was substituted for Ser at position 239 (EU numbering) and Arg was
substituted for Pro at position 329 of the amino acid sequence of VH3-1gG1-F890,
VH3-1gG1-F1324 (SEQ ID NO: 161), in which Ala was substituted for Leu at position 234 (EUJ
numbering) and Ala was substituted for Leu at position 235 of the amino acid sequence of
VH3-1eG1-F890, VH3-1pG1-F1325 (3EQ 1D NO: 162), in which Ala was substituted for 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 VH3-ig(G1-F890,
VH3-1gG1-F1333 (SEQ ID NO: 163), in which Arg was substituted for Leu af 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-IgG1-F8%90, VH3-1gG1-F1336 (SEQ ID NO:
164}, in which Arg was substituted for Gly at position 236 (EU numbering) and Arg was
substituied for Leu at position 328 of the amino acid sequence of VH3-1gG1-F890,
VH3-IeG1-F1326 (SEQ ID NO: 135}, 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
VH3-1gG1-F947, and VH3-IgG1-F1327 (SEQ ID NO: 165}, in which Ala was substituted for
Leu at position 234 (EU numbering), Ala was substituted for Leu at position 235 and Ala was

substituied for Asn at position 297 of the amino acid sequence of VH3-1gG1-F947,

[Tabie 17]

iy A
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MUTANT NAME AMINO ACID SUBSTITUTION

Gid »

F80¢ M252Y/N434Y / Y436V

;938 L235K/S230K/ M252Y / N434Y/ Y436V

F939 . L235R/S239K/M252Y/N434Y/ Y436V

F1315 T G237K/S239K/ M252Y / N434Y/ VA56V

L"n_?_gr r\')ﬁ’of:cmm‘ n\zrr- wmw:mv.r\m';ﬁ' et s . N
F1317 "szzmuvb W/Pﬁ")h;f\f 34Y /V436V

F1318 239K/ M252Y /P329R /NAD4AY ) Y436V

F1324 Lz°4A/L,3:>A/M..a:)w:»%w/wsm

F1325 - 1.234A/L235A/M252Y /N2GT A/ NASAY / Y436V

F1333 | L235R/G236R/S239K/ M232Y /N434Y JYA36V

F1356 G236R/M252Y /1328R/N434Y / Y436V

FO47 TIROV/M232Y/TI07C/VI0BP/ 031 1A/ NA34Y / Y436V

F1009 L235R/S239K/ T250V/ M252Y /T307( / V08P /G311A/NA3AY / YA306Y

F1326 L234A/L225A/T250V /M252Y /T30670/V308P/ Q31 1A/ NA3AY / Y436V _
F1327 1.234A7L235A/T250V /M252Y /N297A/T307Q /VI0RP /031 1 A/NA3AY /YA36Y

Confirmation of binding activity to human FeRn and human Fo

Binding activity (dissociation constant KID) to human FcRn at pH 7.0 of antibodies
containing each of the dmino 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 FeyR 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  nFcRn | BINDING ANOUNT (RU) -
NAME ~ KDMM] | hFcgRla  hFcgRla(R)  hFegRlia(H) | hFegRIIb | bFegRIUa(F) | hFegRIlay) |
ild  ND 374.86  166.62 162.97 88.89 12092  1233.51
F890 107 136343 12807 | 116.52 5414 63.54 1179.35
F938 161 049 1-0,12 -0.03 -0.14 -0.34 20
793913 =237 -0.80 -0.90 020 0.51 075
Fi313 152 271 -4 1-1.37 1063 -0.33 2.69
TFi316 149 012 -0.33 -0.34 a4 0.26 0,40
#1317 1138 146 -1.48 076 -0.23 -01.94 2,76
FI1318 143 031 1159 BRE 0.26 -1.03 363
F1324 132 22678 19.10 6,97 3.85 5.83 1 39.49
FI325 . 213 047 .17 062 1.46 0.54 240
F1333 123 035 -0.15 -0.56 020 1,01 1Az
F947 11 367.87 | 147.83 15442  70.36 104,52 221.45
F1009 12 1031 -0.27 0.02 0.16 -0.68 3.64
F1326 11 T264.64 | 11.74 11.42 5,46 g.51 6162
F1327 14 0.87 1020 -1.14 0.74 -1.85 . -0.60

According to the results of Table 18, there are no particular limitations on the amino

acid modifications intreduced in order to decrease binding activity to various types of human

FcyR in comparison with the binding activity of a native FeyR binding domain. and this can be

accomplished by using various amino acid modifications.

(12-3

Production of an anti-glvpican-3 binding antibody

acid residues thought to be the binding sites for FoyR in the Fe region of 1gG1 in order to

discover modifications in which binding to FegR decreases in comparison with

naturally-occurring IgGl.

A comprehensive analysis was made of the binding to each FeyR of variants of amino

The variable region of an anti-glypican-3 antibody having improved

plasma dynamics disclosed in WO 2009/041062 in the form of glypican-3 antibody containing

the CDR of GpH7 (SEQ ID NO: 74) was used for the antibody H chain.

of the glypican-3 antibody which has improved plasma dynamics as disclosed in WO

2009/041062 (SEQ ID NO: 75) was used in common for the antibody L chain.

Similarly, GpL16-k0

In addition, B3,

obtained by introducing a mutation of K439E into Gid, in which Gly and Lys had been deleted

from the C terminus of 1gG1 (SEQ ID NO: 76), was used for the antibody H chain constant

region.

chain 1s subsequently referred to as GpL 16-k0 (SEQ ID NO: 75}

(12-4)

Kinetic apalvsis of binding to varions tvpes of FoyR

First, in order to verify the vahidity of comprehensive analysis using

This H chain is subsequently referred to as GpH7-B3 (SEQ ID NOQ: 77), while the L
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GpH7-B3/GpL16-k0 as a control, a comparison was made of binding ability to each FcgR
between GpH7-B3/GplL16-k6 and GpHT-G M/G?LE@I{G {Table 19). Binding 10 cach human
FeyR (FeyRla, FeyRla(H), FeyRHa(R), FeyRITb and FeyRIa(F)) of both antibodies following
expression and purification according to the method of Reference Example 2 was evaluated

according fo the method indicated below.

miteracion berween e imuatiied-anitbody sud Foy recepior prepared i e rme:
described above was analyzed using the Biacore T100 (GE Healtheare), Biacore T200 (GE
Healthcare}, Biacore A100 or Biacore 4000. HBS-EP+ {GE Healthcare) was used for the
rummnng buifer, and measurements were carried out at 25°C. The chips used were chips in
which antigen peptides, Protein A (Thermo Scientific}, Protein A/G (Thermo Scientific) or
Protein L {(ACTIGEN or BioVision) were immobilized on the Series § Sensor Chip CM3 (GE
Healthcarej or Series S Sensor Chip CM4 (GE Healthcare) by amine coupling, or chips in which
preliminarily biotinylated antigen peptides were allowed to interact and then immobilized on the
Series S Sensor Chip SA (centified) (GE Healthcare). The target antibodies were captured on
these sensor chips, Fey receptor diluted with the running buffer was allowed to interact, followed
by measurement of the amount of bound antibody.  The amounts bound were compared
between antibodies.  However, since the amount of Fey receptor bound depends on the amo{mt
of captured antibody, the values used for comparison were first correcied by dividing the amount
of Foy receptor bound by the captured amount of each antibody.  Through reaction with 10 mM
glycine-HCl at pH 1.5, the sensor chips were regenerated by washing off antibody captured on
the sensor chips and used repeatedly.

Binding strength was analyzed according to the following method based on the results
of analyzing the interaction with each FcyR.  The value obtained by dividing the value of the
amount of GpH7-B3/Gpl.16-k0 bound 10 FeyR by the value of the amount of
GpH7-G1d/GpLi6-k0 bound to FeyR, and multiplying that value by 100 was used as an
indicator of relative binding activity to each FcyR.  Based on the results shown in Table 19,
since binding of GpH7-B3/GpL16-k0 to each FegR was roughly equal to that of
GpH7-G1d/GpL16-k0, it was judged that GpH7-B3/GpL16-k0 can be used as a control in

subsequent studies.

[Table 197

VARTANT RAME - FeyRia | FeyRIlar | FeyRITaH | FoyRIb FeyRIIak
GpH7-G1d/GpL16-k0 ! 100 100 100 100 100
GpH7-B3/Gpli6-k0 | 109 94 92 38 88

{12-5}  Producuon and evaluation of Fe mutants
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Next, those amino acids and their surrounding amino acids thought to be involved in
FeyR binding in the amino acid sequence of GpH7-B3 (from position 234 10 position 239,
position 265 to position 271, position 293, position 296, posttion 298, position 300 and position
324 to position 327 (EU numbering)) were respectively substiiuted with 18 types of amino acids

excluding original amino acids and Cys.  These Fe murtants are referred to as B3 variants.

Rindine bR vamante  evasenoad and sy b ed oocmeds, oE D ofanemon Iow manala 7
I B3 oy o

g R e A

1o each FoyR (FeyRla, FovRila(H}, FevRI1a(R), FeyRIlb and FeyRIIa{FY) was comprehensively
evaluated according 0 the method of (12-4).

Binding strength was evaluated according to the following method based on the results
of analyzing the mteraction with each FevR.  The value of the amount of antibody derived from
each B3 variant bound 1o FevR was divided by the value of the amount of compararive antibody
inn which mutations were not introduced into B3 (antibody having the sequence of
naturally-occurring human IgGl at position 234 to position 239, position 265 1o position 271,
position 295, position 296, position 298, position 300 and position 324 to position 337, indicated
by EU mumbering) 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 FeyR.

Those modifications that decreased binding to all FegR 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 ieast one type of FegR in comparison with antibody
prior to introduction of a modification (GpH7-B3/GpL16-k0), and are thought to be
modifications having the effect of similarly reducing binding fo at ieast one type of FegR even
when introduced inte naturally-occurring IgGl.

Consequently, there are no particular limitations on the amino acid modifications
introduced to decrease binding activity to each type of human FevR in comparison with the
binding activity of a native FeyR binding domain, and it was shown to be possible 1o achieve this
by introducing the amino acid modifications shown in Tabie 20 into at least one [ocation.  In
addition, the amino acid modifications introduced here may be at one location or a combination

of multiple jocations.

[Table 267

R W SR S u«i:m}f{u i
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ALTERATION INTRODUCED
INTO GpH7-B2

FegRla

FegRIlaR

FcgRllaH  FcgRllb  FogRIlaF

L234W

G4

L234K .

54

64

63

2

1

L234R

50

0

2

AL

TTED

L2340 .

31

511

i8

L234E .

82

48

21

12348

63 |

20

21

E234H

65

21

24 |

12340 .

80

18

2577
16!

L2347

33

30

27 |

L2344

L2348

83

26

25

A

24

41

45

L234M |

L234N |

67

36

35

L234F

o6

52

L235K |

-1

e

—D~
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0

4
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16

6

L2350

2G

28
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8

28
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11

28
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3

38
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3

35

L235A

5153

50 ¢

L235V .

50
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87
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a1

L235E

72

L235M

L2351

GZ36R

G236P
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G236H -

G236r

G236Y

G236M

G2360

G236K

GZ236N
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G237V !
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D265A 36 | 3 5. 1

D265Q ;. 67 13 13 4

D2B5H | 59 26 18 11

V266R, 5 -6 -1 2

V266F | iy =3 -1 -3 -

V2661 15, 0 -1 -1
V268D

' v
bt LT et e

BV STET L B A "
VIBEY 75 18 |
V266G 86 271

Lveees . 79 26
V2H66H 62 272
V266F 80 91
VIGEN L 58
V2E6W 78 37
V266A 1 G5 88
V2667 | 89 66
V2660 88 47

LS2evRy T8 S
S267K . 68 1

82677 78 O

S267Y 96 10 ,

S2G7F | g1 13 18 |

S2BTW 97 ! 26 29
LSeevH. 95 27, 3, 42

E269K | 71 E 22 1

E269R | 724 2 13 0

E260H 95 12 24 8

o Beegw . 96 21 30 13

L E269L 98 200 A0 12
E2691 94 16 32 9!
w2690 96 24 64 | 13, 38
E269Y 47 21 43 13 14
EZ69N 90! 241 31 15! 21
E260F 99 19 41 13 10
E260V | 92 16 ° 35 10 12
E269M - o8 23 50 15 20
E2608 - 93 33 48 19 20

e _E269A L9320 S8k 13y 28

: E260T - 93 35 /.19 26

i R269C 94 38 46 | 25 27 |

E269P 3 34 33 26 14
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D270G 87 3 29 |
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P329D 23 -1 -1 -2
A330S 58 0 '3 -3
A330P | 87 42 25 36 .
P331G | 88 13 | g 8!
P331R| 95 64 | 59 551
P331K 98 72 58 - 63
_1332R 95 28 70 23
N IR AN AT S 10 A0 S ] ; 3"«'
1332P ¢ 100 34 26 41

(12-6) Production and evaluation of a human [¢G2 antibodv and a human le(4 antibody that

have binding activity 1o human FcRn in the neutral nl reeion and whose binding activity 1o

human FeyR 1s lower than the binding activitv of a native FeyR-binding domain

An Fe region that has binding activity to human FcRn in the neutral pH region and
whose binding activity to human FeyR is lower than the binding activity of a native FevR
binding domain was produced in the manner described below using human I1gG2 or human IgG4.

Antibody containing VH3-1gG2 (SEQ ID NO: 166) for the heavy chain and L{WT)-CK,
(SEQ ID NO: 41) for the light chain was produced according to the method shown in Reference
Example 2 for use as human IL-6 receptor-binding antibody having human 1gG2 for the constant
region.  Similarly, antibody contaiming VH3-fgG4 (SEQ ID NO: 167) for the heavy chain and
L{WT}-CK (SEQ 1D NO: 41 for the light chain was preduced according to the method shown in
Reference Example 2 for use as human IL-6 receptor-binding antibody having human 1gG4 for
the constant region.

Amino acid substitutions were introduced into each constant region of VH3-1gG2 and
VH3-1gG4 in order to impart human FeRn-binding activity under conditions of the neutral pH
region. More specifically, VH3-IgG2-F890 (SEQ ID NO: 168) and VH3-1gG4-F890 (SEQ ID
NO: 169) were produced by an amino acid substtotion of VH3-IgG2 and VH3-I2G4 in which
Tyr was substituted for Met at position 232 (EU numbering), Tyr was substituted for Asn at
position 434 and Val was substituted for Tyr at position 436.

Amino acid substitutions were introduced into each constant region of VH3-1g(2-FR90
and VH3-1gG4-F890 i order 10 lower binding to human FeyR.  More specifically,
VH3-1gG2-F939 (SEQ ID NO: 170} was produced by an amino acid substitution of
VH3-1gG2-F890 m which Arg was substituted for Ala at position 235 (EU numbering} and Lys
was substituted for Ser at position 239, In addition. VH3-1gG4-F929 (SEQ ID NO: 171) was
produced by an amino acid substitution of VHE-IgG4-F890 in which Arg was substituted for Leu
at position 235 (EU numbering) and Lys was substituted for Ser at position 239.

Antibody containing the produced VH3-1g(G2-F890, VH3-1gG4-F890, VH3-1gG2-F939
or VH3-1gG4-F939 ag heavy chain and L{WT)-CK (SEQ ID NO: 41) as light chain was
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produced according to the method shown in Reference Exampile 2.

{12-7}  Evaluatior of a human I[gG2 antibody and a human IgG4 antibody that have binding
activity to human FcRn in the neutral pH region and whose binding activity to human FeyR is
fower than the binding activity of a native FcyR-binding domain

petitned i
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(Table 21) produced i (12-6) was measured using the method of Example 4.

In addation,
binding activity to human FeyR at pH 7.4 was measured using the method of Example 7. The

measurement results are shown in Table 22 below.

[Table 21]
AMINO ACID SUBSTITUTION |

MUTANT NAME

JeG2 ! i
1gG2-F890 | M252Y/N434Y/Y436V
1g(G2-F939 AZ35R/S239K/M252Y /N434Y /Y436V

1gGx4
19G4-FR90 M252Y /N434Y / Y436V

IgG4-F939 L235R/S239K/M252Y /N4ZAY /Y436V

[Table 22]

HUTANT  hFcRn | BINDING AMOUNT(RUY
NAME  KD@mM) | hicgRla | hFegRUA(R] | hFegRllalil) | hicgRITh | hEcgRIGa(F] | hFegRITa]
g2 386 1878 1 265.9 55.5 1163 501

mo0 110 1971205 203.7 319 6.3 8.1

gG2. . . . Iy .

Fogo  1a0 0000 SRS S RN B

lgGa ND 3792 1233 711 1099 109 396
jpGG4- D g S N, f .

N N 3670 928 17.5 TL8 34 15.5

gGa- S - . o .

7930 L1116 P12 0.2 -7 0.4 1.7 0.5

The resulrs of Table 22 showed that it is possible to achieve an Fc region that has
binding activity to human FcRn in the newtral pH region and whose binding activity to human
FeyR 1s lower than the binding activity of a native FeyR binding domain by using human 1gGl
without particular limitation, and human 1gG2 or 1gG4 can also be used.

[Example 131 Production and evaluation of an antigen-binding molecule in which only one of

o
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two polypeptides that compose the FcRn-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 FcRn-binding domain has binding activity to FcRn under conditions of the neutral pH region,

while the other does not have binding activity to FeRn under conditions of the neutral pH region

Polt s e A e e LR Caimadiin

oAsshownan Embadiment, 3 tn.Fyam?TQ..*,, wesproduced mnthemmanner mdiooted Balom i i i

{13-1%  Production of an antigen-binding molecule 1n which only one of two nolvpenptides that

compose the FcRn-binding domain has bindine activity to FcRn under conditions of the neutral

pH region while the other does not have binding activity 10 FeRn under conditions of the neurral
pH region

First, VH3-1gG1-F947 (SEQ ID NO: 70} was produced according to the method of
Reference Exampie 1 as the heavy chain of an anti-human [L-6R antibody having binding

activity to FeRn under conditions of the neutral pH region.  In addition, VH3-IgG1-F46 (SEQ

ID NO: 71) was produced by adding an amino acid substifition obtained by substituting Ala for
Iie at position 253 (EU numbering) VH3-1gG1 for use as an antigen-binding molecuie that does
not having binding activity to FecRa 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 i
which Lys 15 substituted for Asp at position 356 (EU numbering) and Lys is substituted for Glu at
positien 337 (EU numbering), and the other Fc region contains substitutions in which Glu is
substituted for Lys at posihion 370 (EU numbering}, Arg is substituted for His at position 435
(EU numbering) and Glu 18 substituted for Lys at posivon 439 (EU numbering) is known as a
method for obtaining a heterodimer of an antibody with high purity (WO 2006/106905).

VH3-IgG1-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
VH3-1gG1-F947 (hereinafter referred to as Heavy Chain A).  In addition, VH3-IgG1-FB4a
{(SEQ ID NO: 73) was produced in which Glu is substizuted 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 VH3-1gG1-F46 (hereinafier referred to as Heavy Chain
B) (Table 23).

| Table 23]
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MUTANT NAME! AMING ACID SUBSTITUTION © nFcRn KD (M)
HEAVY FAGE T250V/M252Y [T307C/V308P/Q311 | 11
CHAIN & | A/D356K/E35TK/NAS4Y Y436V
HEAVY FB4a 12534/ K370E /H435R / K439E " ND
CHAIN B |

Fv4-1o(G1-FAGa/FB4a was produced with reference to the method of Reference
Example 2 that has VH3-lgG1-FA6a and VH3-1eG1-FB4a as heavy chains, and VL.3-CK for the
light chain by addmg equal amounts of heavy cham plasmids in the form of VH3-1gG1-FAGa
and VH3-1gG1-FB4a.

{13-2)  PK study of an antigen-binding molecuie in which onlv one of two polvoeptides that

compose the FeRo-bindine domain has inding activity 1o FeRn under conditions of the neunal

pH region while the other does not have binding acuvity to FeRn under conditions of the neutral
pH remion

A PX study was conducted according to the method described below in administration
of Fv4-1gG1-F947 and Fv4-lgGi-FA6a/FB4s to human FeRn transgenic mice.

Anti-toman 11L-6 recepior antibody was administered at ! me/kyg in 3 singie

adminisiration beneath the skin of the back of human FeRn transgenic mice
{B6.mFcRn-/-hFeRn Tg line 32 +/+ mouse, Jackson Laboratories, Methods Mol. Biol.

- {20103602, 93-104).  Blood was collected at 15 minutes, 7 hours and 1, 2, 3, 4 and 7 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 15006 rpm.  The separated plasma
was stored in a freezer set 1o -20°C or lower until the time of measurement.

Concentration of the anti-human IL-6 receptor antibody in mouse plasma was measured
by ELISA in the same manner as the method of Example 4. The results are shown in Fig. 32.
Fv4-1gG1-FA6a/FB4a, which is able to bind to only one molecule of human FeRn through a
single hinding region, was shown to demonstrate a shift of higher plasma concertration in
comparison with Fv4-IzG1-F947, which is able to bind to two molecules of human FeRn
through two binding regions,

As was previously described, aithough there are two FeRn-binding regions in the Fe
region of 1gG, it has been reported that molecules having an Fc from which one of the two FcRn
binding regions has been deleted are eliminated from plasma more rapidly in comparison with
molecules having a narrally-occuwrring Fe region {(Scand. J. Immunol., 1994; 40:457-465). In

other words, IgG having two binding regions thet bind to FeRn under conditions of the acidic pH
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region are known to demonstrate improved plasma retention in comparison with IgG having a
single FeRn binding region.  These showed that igG incorporated into cells is recycled back
into plasma by binding to FcRn within endosomes, and since naturaliy-occurring IgG is able w
hind to two modecules of FcRn by means of two FeRa binding regions, it binds to FcRn with a

high binding capacity and a large amount of IgG is therefore thought to be recycled.  On the

othex.hand, Jolibaving only e single EcBn-binding region hosadow. binding copacity-for-Fela-
within endosomes, and since it canmot be adeguately recyeled, it is thought 1o be eliminated from
plasma more rapidly.

Consequently, in Fvd-1gG1-FA6a/FB4a having only a single FcRn-binding site under
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 1gG.

Although the present invention is not bound to a specific theory, one possible reason for
the observed transition of these high fevels of plasma retention is an increase in the absorption
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 afier 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
exposed to a large number of immune cells.  In general, immunogenicity is known to be
enhanced when antibody pharmacentical preparations are adnunistered subcutaneously in
comparison with their imtravenous administration, and one possible cause of this is that
suebcutaneously administered antibodies are exposed to a large number of immune cells in the
lymphatic system. In reality, as shown in Example 1, it was confirmed that when
suboutanecusty administered, Fv4-1gG1-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
mtravenous administration, rapid eliminavion of Fv4-IgGi-F1 {rom plasma was not confirmed,
suggesting that mouse antibody to Fv4-1gG1-F1 was not produced.

Namely, during the course of absorption of a subcutaneousiy administered antibody,
when the antibody Is incorporated into immune cells present in the lymphatic system, i1 causes a
decrease in bioavailabiiity and at the same time becomes a cause of immmunogenicity.

However, in the case of subcutaneous administration of the antigen-binding molecule
shown as an example of Embodiment 3 ir Example 3 in which only one of two polypeptides that
compose the FeRn-binding domain has binding activity to FeRn under conditions of the neuwral
pH region while the other polypeptide does not have binding activaty to FeRn under conditions

of the neutral pH region, even if exposed to immune cells present in the lvmphatic system during

eronnno ity Keovae T TBan
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the course of absorpiion, a quaternary complex is not thought fo be formed on the cell membrane
of immune cells.  Consequently, an increase m bioavailability occurs due to nhibition of
incorporation into immune cells present in the lvmphatic system, and as a regult, it 18 considered
possible that an increase in plasma concentration might have occurred.

Methods for causing an increase in plasma concentration or decrease in HmMUNOgenicisy
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antigen-binding molecules shown as Embodiment 3 of Example 3. Rather, any antigen-binding
molecuie may be used provided if is an antigen-binding molecule that does not form a quaternary
complex on the cell membrane of imunune celis,  That is, when administered subcutaneously,
any of the antigen-binding molecules of Embodiments 1. 2 and 3 is thought to be able to 1mprove
plasma retention and at the same time increase bioavailability, and further cause a decrease in
mmunogenicity, in comparison with antigen-binding molecules capable of forming a quaternary
COmpIEX,

A portion of antigen-binding moiecules that remain in plasma are thought to always
migrale 1o the lymphatic system.  In addition, immune cells are also present in bload.
Consequently, aithough adaptation of the present invention is by no means limited to a specific
administration route, an exampie expected to demonstrate effects particularty easily is thousht to
be an administration route that is mediated by the lvmphatic system during the course of
absorption of an antigen-binding moiecule, and one of these examples is subeutaneous

administration.

[Exampie 14] Production of antibody having binding activity to human FeRn under conditions
of the neutral pH region and selective binding activity to inhibitory FeyR

In addition, the antigen-binding moiecule of Embodiment 2 shown in Example 3 can be
produced by using a modification that brings about enhancement of selective binding activity to
miibitory FeyRIIb for an antigen-binding molecule having enhanced binding o FeRn under
neutral conditions.  In other words, an antigen-hinding molecuie that has binding activity to
FeRn under neutral conditions and into which a modification is intreduced fo bring about
enhancement of sclective binding activity to inhibitory FoyR1lb is able to form a quaternary
complex mediated by two molecules of FeRn and one molecule of FeyR. However, since
seicetive binding o inhibitory FeyR is brought about by the effect of that modification, binding
activity to active FevR is reduced. N is thought that a quaternary complex containing inhibitory
FeyR is preferentially formed on antigen-presenting cells as a result,  As previously described,
it is thought that immuneogenicity 15 caused by the formation of a quaternary complex containing
active FeyR, and immune response can be inhibited as a result of forming a guaternary complex

containing inhibitory FeyR 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 FeyRlith.

(14-1Y  Comprehensive analvsis of FovR binding of  Fc variant

A comprehensive analvsis was conducted on binding activity to each FevR of a plurality
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binding to actve FcyR, in particular either of the polymorphisms of the H type and R type of
FeyRl1ia, in comparison to naturally-occurring IgGl and enhances binding to FeyRlIlb.

The variable region of an anti-glypican-3 antibody having improved plasma dynamics
disclosed in WO 2009/041062 in the form of a glypican-3 antibody containing the CDR of GpH7
(SEG ID NO: 74y was used for the antibody H chain.  Simifarly, GpL 16-k0 of the glypican-3
antibody having improved plasma dynamics disclosed in WO 2009/041062 (SEQ 1D 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 Gld, in which Gly and Lys had
been deleted from the C terminus of IgG1 (SEG ID NO: 76}, was used for the antibady H chain
constant region.  This H chain is subsequently referred {0 as GpH7-B3 (SEQ ID NO: 77), while
the L chain is subsequently referred to as GpL.16-k0 (SEQ ID NO: 75).

Those amino acids and their swrounding amino dcids thought to be involved in FovR
binding in the amino acid sequence of GpH7-B3 (from position 234 to position 239, position 265
to position 271, position 295, pasition 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 Fc 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 FeyR (FoyRla, FeyRila(H). FeyRITa(R), FoyRIIb and FeyRIla) was
comprehensively evaluated in compliance with the method described m Example 9.

Diagrams were prepared for each FoyR in accordance with the method described below.
Namely, the value of the amount of antibody derived from each B3 variant bound 1o each FeyR
was divided by the value of the amount of control antibody which has no mutations introdnced
into B3 {antibody having the sequence of naturally-occurring human IgQG1 at position 234 to
position 239, position 265 1o position 271, position 293, position 296. position 298, position 300
and position 324 to position 337 (EU numbering)). That value was then further multiplied by
104, and the resulung value was expressed as the value of hinding 1o each FeyR.  Binding of
each variant fo FeyRIIb was represented on the horizontal axis, and values of each active FeyR in
the form of FeyRla, FeyRIla(H). FeyR1la(R} and FeyRIHa were respectively represented on the
vertical axis (Figs. 33, 34, 35 and 36}

As aresult, as indicated by the labels of Figs. 33 to 36, among all of the modifications,

SOTETCE
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mutation A (modification obtained by substituting Asp for Pro at position 238 (EU numbering))
and mutation B {medification obtained by substitating Glu for Leu at position 328 (EU
numbering)y demonstrated remarkably enhanced binding to FeyR1Ib in comparison with
naturatly-occurring IgG1, and were found to demonstrate an effect of remarkably suppressing

hinding to both types of FeyRlla.

{14-2) 5PR analvsis of FovRIIb selective bindine variants

A more detatied analysis was conducted of binding to each FeyR of the variant obtained
by substituting Asp for Pro at position 238 (EU numbering} discovered in (14-1).

For the H chain of 1gG1, the variable region of IL6R-H disclosed in WO 2009/125825
(SEQ ID NO: 78) which is the variable region of an antibody agaimst human interleukin-6
receptor 16 used as antibody H chain variable region, and IL6R-G14 (SEQ ID NO: 79) contamning
a Gld constant region from which Gly and Lys of the C terminal of human IgG1 had been
removed s used as antibody H chain constant region.  [L6R-G1d_v1 (SEQ ID NO: 80) was
produced in which Asp was substituted for Pro at position 238 (EU numbering) of IL6R-G1d.
Next, IL6R-G1d_v2 (SEQ ID NQO: 81) was produced in which Glu was substituted for Leu at
posttion 328 (EU numbering) of IL6R-G1d.  For the sake of comparison, IL6R-G1d_v3 (SEQ
I NO: 82 which is an IL6R-G1d variant was produced, into which a known mutation (Mol
Immunol. (2008)43, 3926-3933) was introduced by substituting Glu for Ser at position 267 (EU
numbering) and substituting Phe for Leu at position 328 (EU numbering). IL6R-L(SEQID
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
to as oGl 1gGl-vl, 1gGlev2 and TeGl-v3.

Next, interaction between these antibodies and FoyR was analvzed kinetically using the
Biacore T100 (GE Healthcare}. The interaction was measured at a temperature of 25°C using
HBS-EP+ (GE Healthcarey for the running buffer.  The Series § Sensor Chip CMS5 {(GE
Healihcare) was used after immobilizing Protein A by amine coupling.  Binding of each FevR to
antibody was measured by allowing each FoyR diluted with running buffer 10 act on the chip on
which a target antibody had been captured.  Antibody captured on the chip was washed by
allowing 10 mM glycine-HC! (pH 1.5} to react following measurement.  The chip regenerated
in this manner was used repeatedly.  The dissociation constant KDY (mol/L} was calculated from
the association rate constant ka (L/mol/s) and dissociation rate constant kd {1/s) as calculaied by
global-fitiing the measurement results with a 1:1 Langmuir binding model using the Biacore

Evaluation Software.
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Since binding of IgG1-v] and IgG1-v2 1o FeyRila(H) or FoyRIla was extremely weak,
KD could not be calculated by global-fitting the measurement results with the aforementioned
1:1 Langmuir binding model using the Biacore Evaluation Software. KD could be calculated
for interaction of JgG1-vi and IgG1-v2 with FeyRIa(H) or FeyRHIa by using the following 1:1
binding model described in the Biacore T100 Software Handbook BR1006-48, Edition AE.
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can be represented by Equation 4 below.
[Equation 4]
Req = C x Rmax/(KD+C) + RI
The meaning of each parameter in the aforementioned Eguation 4 is as follows:
Req (RUY: Steady state binding level
C (M): Analyvie concentration

C: Concentration

Rmax (RU): Analyte surface binding capacity

RI(RUY): Bulk refractive index contribution in sample

KD (M): Equilibrizum dissociation constant

KD can be expressed in the manner of Equation 5 beiow by transforming Equation 4.
[Fquation 5]

KD = C x Rmax/{Reg-RI} - C

KD can be calculated by substitating the values of Rmax, Rl and C into this equation.
Under the measurement conditions used here, values substituted into the squation were Rl = {
and C= 2 umol/L. The value obtained by dividing the value of Rimax obtained when
global-fitting the results of analyzing the interaction of IglG1 with each FeyR using the 1:1
Langmuir binding model by the amount of Ig(G1 captured and multiplying by the captured
amounts of IgGl-vl and IgG1-v2 was used for Rmax.

Under the measurement conditions used here, binding of 1gG1-vl and IgGl-v2 w
FeyRIla(H) was about 2.5 RU and 10 RU, respectively, and binding of IgG1-vi and IgGi-v2 10
FeyR1ITa was about 2.5 RU and 5 RU, respectivelv.  The captured amounts of IgG1-v1 and
IgG1-v2 antibodics on the sensor chip during analysis of the interaction of IgG1 with FeyRIla(rh)
were 469.2 RU and 444.2 RU, and the captured amounts of IgG1-vi and IgG1-v2 antibodies on
the sensor chip during analvsis of the interaction of IgG1 with FeyRIJla were 470.8 RU and
4471 RU.  In addition, the values of Rmax obtained by global fitting the results of analyzing
the interaction of 1gG1 with FeyRITa(H) and FeyRHIa using the 1:1 Langmuir binding model
were 69.8 RU and 63.8 RU, respectively, and the amounts of antibody captured on the sensor
chip were 4532 RU and 454.3 RU, respectively. The values of Rmax of IgG1-v1 and lgGl-v2
FeyRITa(H ) were calculated to be 72.5 RU and 68.6 RU, respectively, while the values of Rmax
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of IgGl-vi and IgG1-v2 to FeyR1lla were calculated to be 66.0 RU and 62.7 RU, respectively,
using these values.  Values of KD for IgG1-vl and TgG1-v2 to FeyRIla{H) and FcyRITla were
calculated by substituting these values into Equation 5.
[Equation 3]

KD =C x Rmax/(Req-Rl} - C

£
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antibody to each FeyR) are shown in Table 24, while relative KD values of [gG1-v1, 1gG1-v2
and IgG1-v3, obtained by dividing the KD values of 1gG1 to each FoyR by the KD values of
IgGl-vl, IgGi-v2 and IgG1-v3 to each FeyR {relative KD values of each antibody to each FeyR)
are shown in Table 235,

[Table 24]

1gG1 lgGil-vi I8G1-v2 IgG1-va
Fc Rla 34E-10 | 7.3E-09 4.6E-10 1.9E-10
Foy Rlla (R} | 1.2E-06 1.2E-05 2.9E-06 2.3E-09
FoyRila (H) | 7.78-07 5.6E-05% 1.2E-05" 1.5E-06
Fe v Rilb 5.3E-06 1.1E-06 2.3E-06 1.3E-08
Fc v Rilla 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 FeyR to 1gG was not adequately observed.
{Equation 5]

KD = C x Rmax/(Reg-RI[} - C

[Table 25]
IgGl-vl leGl-v2 fgGl-v3
Fey Rla | 0.047 0.74 1.8
Fcvy Rila (R L 0.10 0.41 522
Fcv Rliia (H) 0.014 0.064 0.51
Fe v RITb 4.8 2.3 408 |
| Foy Rllla 0.061 .14 0.33

As shown in Table 25, affinity of IgG1-vl for FeyRla decreased to 6.047 times in

comparison with 1gGl, affinity for FcyRIa(R) decreased to 0.10 times, affinity for FevRIla(H)
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decreased to .014 times. and affinity for FevRila decreased to 0.061 times.  On the other hand,
affinity for FeyRIIb umproved 4.8 times.

in addition, as shown also in Table 25, affinity of IgG1-v2 for FeyRla decreased to 0.74
times in comparison with IgG1, affinaty for FeyR1a(R) decreased to 0.41 times, affinty for
FeyRIla{H) decreased to §.064 times, and affinity for FevyRIIa decreased to 0.14 times.  On the

_other hand :aﬁ?nii'y for F{*_’yR'ﬂh imr\mupﬂ IR HmeC

Namely, based on these results, IglG1-vl, in which Asp was substituted for Pro at
position 238 (EU numbering), and IgG1-v2. in which Glu was substituted for Leu at position 328
(EU numbering) demonstrated decreased binding to all active forms of FeyR including both
polymorphisms of FeyRIHa; and binding to FeyRITb which is inhibitory FeyR was clearly
mcreased.  So far, alterations having such properties have not been reported, and they are very
rare as shown in Figs. 33 10 36, Alterations produced by substituting Pro at position 238 (EU
numbering} with Asp or substituting Leu at position 328 (EU numbering) with Giu are very
usefitl for the development of therapeutic agents for immunotogical inflammatory diseases and
such.

Furthermore, as shown in Tahle 25, igG1-v3 certainly shows a 408-fold enhanced
binding to FeyRlITb, while the binding to FevRIla (H) 1s decreased to 0.51 fold, and the binding to
FeyRila (R) is enhanced to 522 fold,  Accordingly, since IgGl-v] and [gG}-v2 suppress their
binding to both FeyRlla (R) and FeyRIla (H), and enhance thetr binding to FevRITh, they are
considered 1o be variants that bind with a greater FeyRITb selectivity compared with 1gG1-v3.
Specifically, alierations 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 immunclogical inflammatory discases and such.

{14-3) Effects of combinimg modification of selective binding to FevRITh and other Fo rezion

amino acid substitutions

I (14-2}, a variant obtained by substituting Asp for Pro at position 238 (EU numbering)
in the amino acid sequence of raturally-occurring human IgG1, or a variant obtained by
substituting Glu for Leu at position 328 (EU nurbering}, were found 1o demonstrate decreased
Fe-mediated binding to FeyRle, FeyRIla and either of the polmﬁorphisms of FeyRIla, as well as
inproved binding to FeyRIIb.  Therefore, Fe variants were created 1o have further reduced
binding to any of FcyR1, FeyRITa{H), FeyRIIa(R) and FeyRIMHa, and further improved binding to
FeyRIIb as a result of introducing additional amino acid substitutions info the variant obtained by
substituting Asp for Pro at position 238 (EU aumbering) or the variant obtained by substituting
Glu for Leu at position 328 (EU numbering).
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{14-4y  Production of antibodies having binding activity to human FeRn under conditions of the

neuiral pH region and whose binding activity to human FeyRIIb has been selectively enhanced

Antibodies were produced according 1o the methoed shown below m order to selectively
enhance binding activity to human FeyRIb for VH3-1gG1 and VH3-1gG1-F11.

WH3- I«bGi ~F&648 (SEQ 1D NO: 84} was produced by introducing an amino acid substitution

evrd do 2550 T WO g B TP APPSR iy

£
to the method of Reference Exampie 1. Slmllarly VH3-1gG1-F652 (SEQ 1D NG: 85) was
produced by introducing an amino acid substitution obtained by substituting Asp for Pro at
position 238 (EU numbering) into VH3-1gG1-F1] according to the method of Reference
Exampie 1.

{14-3) Evaluation of anubodies having binding activitv to human FcRn under conditions of the

neutral pH rewon and whose binding activity fo human FevRIIb has been selectively enhanced
Antibodies containing VH3-1gG1, VH3-1gG1-F648, VH3-IgG1-F11 or VH3-1gG1-Fa52

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 FeyRITa(R) and FoyRIlb was analyzed using the
Biacore T100 (GE Healthcare). Measurements were carried out at 25°C using 2 buffer
consisting of 20 mM ACES, 150 mM NaCi and 0.05% Tween 20 (pH 7.4) for the running buffer.
The Series S Sensor Chip CM4 (GE Healthcare) was used afier immobilizing Protein L by amine
coupling.  Interaction of each FeyR with antibody was measured by allowing each FeyR diluted
with running buffer 1o act on the chip on which a target antibody had been captured.  Antibody
captured on the chip was washed by reacting with 10 mM giveine-HCI (pH 1.5) following
mezsurement, and the chip regenerated in this manner was used repeatedly.

Measurement results were analvzed 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 FeyRs were allowed to interact with
the antibody, and the value obtained by subtracting binding activity of human FeyRs 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 obtamed by multiplying by 1500 the
value obtained by dividing the binding activity of human FeyRs represented as the amount of
change in a sensorgram before and after that interaction (AA 1) by the captured amount (X} of
each antibody, was divided by the captured amount of each antibody (X followed by
muitiplving by 1500 to obtain the binding activity of the human FeyRs (V) (Equation 1),
[Eguation 1]

Binding activity of mouse FeyRs (Y3 = (AA]-AA2YX x 1500

By A CROSAFR R Froe e e
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The results are shown in Table 26 below. The effect of selectively enhancing binding
activity to human FeyRIIb by introducing a mutation obiained by substituting Asp for Pro at-
position 238 (EU numbering) was confirmed to be equally observed even in the case of
introducing into an antibody having binding activity to human FcRn under conditions of the
neutral pH region.

[Table 26]

BINDING AMOUNT (RU)

hFcgRIIa{R} hFegRIlh
1g(:1 117.1 34,5
lgG1-F648 12.2 75.5
IgGi-Fl11 Q5.4 22.7
leG1-F652 9.1 64.0

The 1gG1-F&32 obtained here is an antibedy that has binding activity to FcRn under
conditions of the neutral pH region and which brings about enhancement of selective binding
activity to mbibitory FcyRIIb.  Namely, this antibody corresponds to an antigen-binding
melecule of Embodiment 2 shown in Example 3. In other words, 1gG1-F652 15 able to form a
quaternary complex mediated by two moiecules of FcRn and one molecule of FeyR; however,
sirice 1t brings about enhancement of selective binding activity to inhibitory FeyR, binding
activity 10 active FevR decreases.  As a result, a quaternary complex containing inhibitory FevR
is thought 1o be preferentially formed on antigen-presenting cells.  As previously described, it 18
thought that immunogenicity is caused by the formation of 2 guaternary compiex containing
active FeyR, and that immune response is inhibited as a result of forming a quatemary complex

contatning inhibitory FeyR in this mannern

[Reference Example 1] Construction of expression vectors of amino acid-substitated 1gG
antibodies

Mutants were prepared using the QuikChange Site-Directed Mutagenesis Kit
{Stratagenc) by the method described in the appended instruction manual.  Plasmid fragments
contaimng the mutants were inserted into animal cell expression vectors (o construet desired
H-chain and L-chain expression vectors. The nucleotide sequences of the resulting expression

vectors were determined by the methods known to those skilled in the art.
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[Reference Example 2] Expression and purification of IgG antibodies

Antibodies were expressed using the following method.  Human embryvonic kidney
cancer-derived HEK293H cell line {Invitrogen) was suspended in DMEM (Invitrogen)
supplemented with 10% Fetal Bovine Serum (Invitrogen).  The celis were plated at 10 mi per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5to0 6 x 10°

hatorfd TR0 5000 for s

=SRONEETET AR

the medium was removed by aspiration, and 6.9 ml of CHO-S-SFM-Ii medium (inwtrogeﬁ) 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
temperature) to remove cells, and sterilized by filtering through 0.22-um filter MILLEX
(registered trademark)-GV (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 Sepharosem Fast Flow { Amersham Biosciences),  To determine the concentration of
the purified antibody, absorbance was measured at 280 nm using a spectrophotometer.

Antibody concentrations were calculated from the determined values using an absorbance

coetticient calculated by the method described in Protein Science (1993) 4: 2411-2423.

[Reference Example 31 Preparation of soluble human IL-6 receptor (hslL-6R)

Recombinant human [L-6 receptor of human 1L.-6 receptor which 1s an antigen was
prepared in the manner described betow, A CHO line that constantly expresses solubie human
IL-6 receptor composed of an amino acid seguence consisting of the 1st to 357th amino acid
from the N terminus as reported in 1. Immunol, {19%4) 152, 4958-4968 (hereinafter referred to as
hsIl.~-6R) was construcied using a method known among persons with ordinary skill in the art,
Soluble human 1L-6 receptor was expressed by culuring this CHO line.  Scluble human [L-6
receptor was purified from culiure supernatant of the resulting CHO line by the two steps of Biue
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 {L-6 receptor and human antibodies in
normal mice
To examine the plasma retention and immunogenicity of sotuble human I1.-6 receptor

and human antibodies in a nevmal mouse, the following test was conducted.

{(4-13 _Examination of nlasma retention and immunoegenicity of soluble human IL-6 receptor in

To examine the plasma retention and immunogenicity of soluble human 1L-6 receptor in
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a normal mouse, the following test was conducted.

A single dose (50 pg/kg) of soluble human IL-6 receptor {prepared in Reference
gxample 3) was administered into the caudal vein of a normal mouse (C37BL/6] mouse, Charles
River Japan). Blood samples were collected at 15 minutes, 7 hoursand 1, 2,3, 4, 7, 14, and 21

days afler the admimstration of soluble human IL-6 receptor.  The blood samples were

~Tha

separated plasma was stored i a freezer set to -20°C or lower until the tume of measurement.
The plasma concentration of soluble human IL-6 receptor and the antibody titer of soluble mouse
anti-human [L-6 receptor antibody were determined as described below.

The plasma concentration of solubie human IL-6 receptor in & mouse was determined by
an electrochemituminescence 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 monoclonai anti-human IL-6R antibody
(R&D} ruthenated with SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated
anti-human 1L-6 R antibody (R&D), and tocilizumab, followed by overnight reaction at 37°C.
TFocilizumab was prepared at & final concentration of 333 ng/mL.  Subsequently, the reaction
lguid was dispensed into an MA400 PR Streptavidin Plate (Meso Scale Discovery). In
addition, afier washing the reaction liguid that was aliowed to react for 1 hour at room
temperature, Read Buffer T (x4} (Meso Scale Discovery) was dispensed.  Subsequently. the
reaction liquid was immediately subjected to measurement using a SECTOR PR 400 reader
(Meso Scale Discovery). The concentration of soluble human IL-6 recepior was calculated
from the response of the calibration curve using the SOFTmax PRO analysis software
(Molecular Devices).

The tter of mouse anti-human IL-6 receptor antibody in mouse plasma was determined
by an electrochemiluminescence methed.  First, human IL-6 receptor was dispensed into an
MA 100 PR Uncoated Plate (Meso Scale Discovery).  The plate was allowed 1o 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
was allowed o react with the anti-mouse IgG {whole molecuie) {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).

Resuits are shown in Fig. 37.  The resulis demonstrate that soluble human [L-6
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
inumune response to soluble human [L-6 receptor, resulting in the production of mouse

antibodies.

{4-2}  Immumogenicity evaluation of soluble human 1L -6 receptor in steady-state mode]

L o T et NS 00 T PE PR e
S 658 S SO -G TROUSS- G S0y - PrOLUuSTHon & pamst-solable-human-

recepior on the plasma concentration of soluble human I1L-6 receptor, the following test was
conducted.

The following study model was constructed as a mode! for maintaining plasma
concentration of soluble human IL-6 receptor in the steady state (about 20 ng/ml.).  An infusion
pumyp (MODEL2004, alzet MINI-OSMOTIC PUMPY), filied with soluble human [1.-6 recepior,
was subcutaneously implanted into the back of 2 normal mouse (C37BL/6S mouse, Charles River
Japan) 10 create an animal model with plasma conceniration of soluble human 11.-6 receptor
maintained in the steady state,

The study was conducted in two groups {(n =4 per group).  To the group of mice that
numic immune tolerance, a single dose (20 mg/kg) of monoclonal anti-mouse CD4 antibody
(R&D) was admimstered into the caudal vein 1o inhibit the production of mouse antibodies
against soluble human I1-6 receptor.  Subsequently, the antibody was similarly administered
once in 10 days {(hereinafter referred to as anti-mouse CD4 antibody administration group).

The other group was used as a control group, 1.e., anti-mouse CD4 antibody non-administration
group that received no monoclonal anti-mouse CD4 antibody.  Subsequentiy, an infusion pump
filied with 92.8 pug/mL soluble human 11-6 receptor was subcutaneously implanted into the back
of a mouse.  After the implantation of an infusion pump, blood samples were collected over
time, immediaielv foliowed by centrifugation for 15 minutes at 4°C and 15,000 rpm to obtain
plasma. The separated plasma was stored in a freezer set to -20°C or lower until the time of
measurernent.  The plasma concentration of soluble human 1L-6 receptor (hsll-6R) was
determined in the same manner as in Reference exampie 4-1.

Changes in the plasma concentration of soluble human L6 receptor in an individual
normal mouse. determined as described above, are shown in Fig, 38.

As aresult, 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 [L-6 receptor
were reduced in all the mice of anti-mouse CD4 antibody nor-administration group,  On the
other hand, 1t was not observed that the plasma concenfrations of soluble human I[L-6 receptor
were reduced in all of the mice that received anti-mouse CD4 antibody to inhibit the production
of mouse antibodies against seluble human JL-6 receptor.

The results of (4-1) and (4-2) indicate the following three points:
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(1} Soluble human IL-6 receptor, after administered to a mouse, rapidly disappears from the
piasma;

{(2) soluble human IL-6 receptor is a foreign protemn for mice, which is immunogenic when
administered to 2 mouse, inducing the production of mouse antibodies against soluble human

IL-6 receptor; and

IL o Srpoeminr.aoourtethe e

B a R e

disappearance of soluble human [1-6 receptor 1s further accelerated, even in a model with the
plasma concendranion of soluble human IL.-0 receptor mamtained at a certain level, reduction of

plasma concentration Cours.

{4-3) _Examination of the piasma refention 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,

A single dose (1 mg/kg) of anti-human IL-6 receptor antibody, Fv4-1gG1, was
administered inte the caudal vein of a normal mouse {C57BL/6J mouse, Charles River Japan).
Blood samples were coliected at 15 minutes, 7 hours and 1, 2, 3, 4, 7, 14, and 21 days afier the
administration of anti-human [L-6 receptor antibody.  The bicod samples obtained were
immediately cemirifuged at 15,000 mm for 15 minutes at 4°C to separate plasma.  The separated
plasma was stored in a freezer set 10 -20°C or lower until the nume of measurement.

The plasma concentration of anti-human IL-6 receptor antibedy in a mouse was
determined by ELISA.  First, Anti-Human IgG (v-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 undistarbed overnight at 4°C to prepare an anti-human 1gG-solid phase
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 (,.0125 pg/mi., and mouse plasma
measurement samples diluted by 100-fold or above were prepared. A mixtare of 100 pL of the
calibration curve sample and the plasma measurement sampie and 200 ul of 20 ng/mL soluble
hurnan IL-6 receptor was allowed to stand undisturbed for | hour at room temperature.
Subsequently, the anti-human IgG-solid phase piate in which the mixture had been dispensed
into each of the wells thereof was further allowed to stand undisturbed for 1 hour at room
tereperature.  Subsequently, the plate was allowed to react with Biotinylated Anti-human [L-6 R
Antibody {R&D) for | hour at room temperature.  The chromogemc reaction of the reaction
liguid obtained by reacting with Streptavidin-PelyHRP80 (Stereospecific Detection
Technologies) for 1 hour at room femperature was conducted using TMB One Component HRP

Microwell Substrate (BioFX Laboratories) as a substrate.  After the reaction was stopped by

R
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adding I'N-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).

o

Results are shown in Fig. 39.  The plasma retention of human antibody when a single
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soluble human [L-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
incorporated into cells bind to mouse FcRu 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 1o 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
human antibody.  In other words, it was suggested that anlike human [L-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 are thought
io have a large T cell population that specifically responds to them.

When human soluble [L-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 solubie IL-6
receptor was confirmed.  Here, the rapid disappearance of human soluble 1L-6 receptor from
the plasma suggests that many human soluble IL-6 receptors are incorporated into
antigen-presenting cells in a short time and subiected to processing within the cells, and then
activaie T cells that specifically respond to human soluble IL-6 receptor. It is thought that
immune response t© human soluble IL-6 receptor (i.2., production of mouse antibody against
human solubie IL-6 receptor) occurs as a result,

On the other hand, when a human antibody, i.e., & foreign protein, was administered 0 a
mouse, its plasma retention was significantly longer than that of human soluble 1L-6 recepior and
imimune 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 o processing.  Thus, it is thought that even if the mouse
has & 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

i.e., production of mouse antibody agzainst the human antibody) does not occur,
. P vag N



[Reference Exampic 5]  Preparation and evaiuation of various antibody Fe variants with
increased binding affinity to human FcRa at neutral pH

{(5-1) _ Preparation and binding activity evatluation of various antibody Fe variants with

increased binding affinitv to buman FeRp at neutral pli

To increase the binding affinity to humar FcRun at a neutral pH range, various mutations
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IgG1-F1032) comtaining the created heavy and light chains L (WT)-CK {SEQ 1D NO: 41) were

The binding of antibody to human FeRn was analyzed according to the method

5
wereantroducad.inte WIH2 Egﬂl {SEQ I 2k 35} Fop.pna
expressed and purified according to the method described in Reference Exampie 2.
16

described in Example 4. In other words, the binding activities of human FeRn variants under

neutral conditions (pH 7.0), determined using Biacore, are shown in Tables 27-1 to 27-32.



[Table 27-1]

YARTANT| KD oMy | AMINO AGID ALTERATION POSITION

Fl 8 10E-07 § N434W

F2 3.20E-06 | M2B2Y /82547 /TE568

F3 2.50E-06 | Na24Y

""" e T GG B e TS TS .

Fi 6.80E-06 | N434A

FT 3.60E-00 | M232Y

8 4. 20E-06 | M232W

Fa LaQE-O7 § M232Y /82347 /T2806E/N434Y
Fil | 6.90E-08 | M23ZY/S2534T/T256E/N434W
Fli 3.Y0E-07 | M252Y/N434Y
F1z l..’FUE-'.'J-'F MIBZY I NAZLW

F13 § 3.20E-07 § M232W/N43aY

Fia L3OE-G7 | M2530W /N43aW

Fi9 | 4608-07 | P2E7L/N434Y

F20 1 4.60E-07 | V3OBF/N434Y

Fzl . 3.00E-G8 | ME32Y/VI08P/N434Y

Fad | 2.00E-00 | MAZBL/N4A345

F25 1 9.208-09 | MEE2Y/ 82547/ T256E/ VAGEP/ N4 39W
Feh 1.OOE-08 | 1332V

P27 T A0E-05 [ G23TM

Fa9 1.40E-06 | 1332V /N43aY

Fa1 2 BOE-06 L Q2T7MIVIGHF

F32 1 B.OUE-07 | 82547/ N43aw

F33 1 2.30E-06 | S254T/N434Y

Fa4 | ZHOE-O7 | T2ROE/N4ATIW

FA% | B.40E07 | TRSOE/N4DAY

F36 | 3.60E-0T | S234T/T256E/ N434W

F37 1I0E-06 | S2547T/T25601/ NAT4Y

38 TOUE-OT | M2EIY /82547 /NA34W

FaG | A00E-07 | M2S2Y/8A54T/NA3AY

Faly | 8.20E-08 | M2B2Y/T2E0E/N434W

a4 TB0E-U7 | MROLRY S TRE0MH/ N43Y




Tahle 27-2 1s a continuation of Table 27-1.
{Table 27-2]

[

[OCE-06

M2B2Y /ERE4T/ TEDGE /NA33A

s

TUR-06

MIE2Y/NABEA

o

0E-06

M2E0W NA39A

v

AR

AR TR TR AT

20E-07

MIBZY/T2560 NAs4Y

pi2]

LOR-OT

L M2ADF/TR56M K4Jaw

[

20E-08

M2S2F,/T256D/ N434Y

A OE-06

NAJ4F/YA56H

¢

3 10E-O0

HAZI3K/ N434F /Y4361

DOE-(15

[332Y /N4 34w

AOE-08

VIORE; N4EW

W

AOE-OTF

332/ MAZAL/NASAY

[

JUE-05

G3850/Q3806P/ N389S

i

7OE-07F

GRS Q3RHP/ NIROS/ NARSW

i

A0E-00

GABAD/Q38GP/NIBUS /N4 By

s

C1OE-05

G3851

ol

FOE-O7

GEBEH/ NA3IW

SOEAO6

GABSH/ N4y

=

BHOF-06

N&3SF

5.30E-06

M4 G4H

1%

BOE-GT

M252Y /82547 T250E/ NASYF

PG | 4. 308-07 | MISIV/SERAT/T256GE/N434H
F6T 1 6, 308-07  MIG2Y/NAJ4F

F&8

30E-G7

MIOZY/NA3GH

F6O

[l

LOE-07

Ma2BL/ NAZ4W

CBOE-D6

MAZSL/NL34Y

F7 8 30E-08 | M2EZY/S284T ) T256E /M4 28]/ NARaW
Fv2 2. GOE-OF | M2ID2Y/S254T/TRSGE/ Ma28L./ N434aY
Fia L7UE-O7 § M2502Y /ML BHL / NAZ4W
F7a | 4.808-07 1 MIBDY /MEREL/NaBLY
FTE LT AGE-G6 | M2EEY/MAZRL NATEA
F76 1 1.00E-U6 | MI5EY/ 25T/ TG/ MAKL/ NATSA
forrd QYOE-O7 | T254E/ MAZEL/ Na 34y

7RCE-07 1 82

54T/ MAZEL NA3AW




Table 27-3 is a continuation of Table 27-2.
{Table 27-3]

F79 ¢ 5.G0E-065 | S2547T/T250E/N4344

FEQ | 2.70E-06 | M252Y/T268(/ Na4J4A

Fatl

—

HOESQG | M2B2Y [T2E6E/ N4J4A

Fe2 [ 1I0E-06 | T2560,/N43aw

F83

| )

BDE-06 | T256() /N4Z4Y

Fi4

jou]

BOE-07 | M252W /T2560)/NaS4W

FES

Lt

SOE-O7 | MESIW /T80 [N434Y

)
[$4]
&

1.50E-08 | 2547 T2e80/ NA3AW

-ty
*
it
s

SUE-UB L S2ET/T2E50/ NA34Y

i
o
o

SOE-QT | MABIY FR2RIT/TESE) / NA3AW

t5
%
bl
]

BOT-07 | MASZY /82547 TRR6Q /N4 Ay

LO0B-08 | M252Y/TAS6E/VI08P/ Naj34W

)
&
&

Fai 4.50E-03 | M252V/VIDEP/Ma28L/ N34y

"ty
L)

JOE-OB | M2E2Y 8284 T/T256E/ VI8P, MAI8L/ N4 34 W

F43 TACE-GY | M2BRW I MAZAL/NADaW

X}
I
F

Z.TOE-OF | PRETL/MAZAL/ Na34Y

T

FOo | 2.60E-07 | M232V/S254T/T256E / MS28L /K424F

-

For

[

CIOE-QT P M2B2Y/T2I6E/ Na3aH

FiG1

CEGE-0T | M232W /T2560Q/PRETL N434Y

FIO3 | 4.40E-08 | P2OSA/MERIY /VILEP/N434Y

Fiog

(o

FOE-08 | M252Y/DIGBA/VI08P/NAZAY

F105

-1

SOE-GE | M232Y/T30TA/VIDEP/N434Y

F1ae

Lo

STOESOE | MABIYIVIU3A/VI0EP /KN4A34Y

Fio7

LA

AOE-0R | M2B2Y IVIUBP/DETOA S HNERLY

F1o8 |4 008-05 | ME52Y/VIARBA/VEORP /N4BaY

4
)

F10g f 320E-08 [ M2S2Y/VEUBP/ QB LA/ NAAY

—
[

5.20E-08 | MBIV /VIUGBP/KA1TA/NA3GY

e
[
[

5.40E-U8 | M2B2Y /VIOBIP/ E38GA /N4 R4Y

F1id | 3 20E-08 | MEBEY/IVIOBP/EIRZAf NAZAY

Fiia | 38008 | MI5QY/VAUBP/S4243 /NS 33y

Fi15 | 6.600-00 | T30G7A/N434A

F1i6 | BTOR-06 | RSA0AN4RLA

FII8 | 1.S0E-U8 | MS28L

F14 | 5. 40E-06 | T2500 /MR,
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Table 27-4 is & continuation of Table 27-3,
{ Table 27-43

y

R

PRETL/VAGRE MAZBLF NG 8y

F121 | L.BOE-O8 | MI52Y/TISOE/VIOEP/ MaDBL/ NABAW

FEZz @ L.20E-07 | M250Y/TO50E/ MAZEL/ NABSW

Bbiddoep B 08 - Ma Y A TRE R ROB I D E4%

FI124 | 290E-07 § M252Y/T236E/ MAZEL/ NA3EY

F125 | Z2.40E-08 | M25DY /32547 ) T2R0E /VI08P/ M4 2EL/ N4 34Y
FL2E | 1.70E-07 | PIBTL/MAZEL/NAZaW

W

2. 20E-07

PISTASMAREL) Na34Y

JOOE-06

P2ITG /MA28L/NA34Y

AOE-07

PAETI/ MA28L/ a4y

A OEAOT

PASTM/MI2BL/NA3AY

F134 | 270807 | PRETN/ME28L/ Nak4y
F133 | 7.30E-07 | P2ETS/ MM 2BL/ N42AY
FI136 | 3.80E-07 | PI3TT/M22BL/NASAY

SOE-07

PRATV ) MAZEL, NABAY

BOE-08

MBIV VRORPFNA34W

GOE-O8

BRBOR/M2I2Y/VA0RP/ NSSAY

LBOE-08

M252Y /BRGRG JVE0RP/ NAZAY

TOE-DS

MREY/DETOF/VIOKP/N4RAY

O0E-07F

M2E2Y/VI08A/N4AJ4Y

LSOE-Us

MABRY /NVIOSF N4y

2.408-07

MZ52Y V308 N434Y

Flag | 1.908-07 | MEB2Y /VIORL NE3Y
F130 | 2.00E-07 | M2E2Y/VI08M,/ N4 Y

|8

TOE-GT

M2E2Y/VE0EQ/ MA34Y

CHUELOT

MRV IVE08T /NARAY

FI57 | 1.5UE-07 | P2STA/VIOEE/MAZEL/ NADAY
FL38 | 580E-08 | PRETT/VIOSP/Ma28L/NABAY

CAGE-G8

PERTV /VIOBP/ MA28L /434y

SOE-7

M2E2W JRADZRE/ NAJSY

F167 | LAOE-O7 | M252W/MI28Y /N334Y
FI62 4. 20E-07 | MIS2W /MAR8T/ N404Y
Flad | 3.708-07 | POIBA/MIE2W /N44Y
FIa& | 2.90E-07 | M250W /D654 /NG LY




Table 27-3 is a continuation of Table 27-4.
[Table 27-5]

Flig | L 50807 - MLEW TROTQNA3SY
Fla7 | 290807 | MIBEW /V3U3A/NAS4Y
FI68 1 3.208-07 | MEE2W/DATHA/NADEY
P RO R G T R E B RS AT TEEY -
FITO § LYOE-O7 | M232W /031 A/ N434Y
FI71 § LLOOE-07 | M232W/DI312A /N4 34Y
F172 | 2.20B-07 | MISDW /KB1T7A/NADeY

FI73 | 7.70R-G7 | M2OZW /EJHUA ) NAT4Y
FI74 | 3.408-07 | MERIW /EIRIANANAY
FLVS [ 27007 | M252W /83084 NABAY
Fi76 | 200B.07 ; S238K/M233W/N434Y
Fi177 | 2.80E-07 BOIW/BEUBGINARSY
F178 | ZLTOR.GT | MREZW/DZTOR/N434Y
F174 | 3.108-07 MRSEWH\'."QS(.'}[NZHQ'
FI182 | 6.6GE-08 | PISTA/M428L/ NA3AW

FIB3 § 2.20E-07 | PISTT/MAZBL/N4AZ4W

Fl184

2. TOE-OT

PRETV /M4 O8L/NA AW

Fi85%

3 650E-07

MELRIW /IB53V /NEB4Y

FIBR | 3.00R-06 | 225717031 1!
F1g9 | 1.O0E-07 | M2E2Y /T3074/ NaD4ay
Fi90 | 1.10E-07 | MOBIY/T30TQ/ N3y

Fial | 1.60E-07 5TL/TICTA/MA2BL/N434Y
¥roo | 1aoR.o7 | PRSTAITIOTA/MASZBL/NARSY
FI9G 1 8.AUE-08 | PESTT/TIHUTA/ MAZEL/ N424Y
Froa | PL20BE-O7 § PIS7V/TIOTAMAZRL/ NA3aY

BOE-0O8

P

PRSTL/ TGOV MAZBL/ N43AY

Fi96 | 350808 [ PRSTA/TI07(/ MA2BL/ N434Y
FI97 1 Q.30E-08 § PRSTTITI07Q/ MA28L/N434Y
Fiag | 4. BOW-08 | PRETV/TI070/ MA2BL/NAJLY
F2OV | 2U10E.07 | MREIY/TI071/ NAGY

F203 | 2R0E.GF | MEB3Y/THOTF/N43aY

F204 | 2 TGE-U7 § MIB2Y T30V G/ N434Y

F2O5 | 2L00E-07 | MER2Y/TIOTH/NA24Y

F206 | ZO0E.O7 | M232Y M T307TI I Na348Y
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Table 27-6 is a continuation of Table 27-5.
[Table 27-6]

F2i

~1

9

AUE-O7

MIS2Y/TIO7R /NAZ4Y

g

208

o

™
bl

JBOE-O7

MIBRY /T30TL/ N434Y

¥

1LAUE-OT

MIFIV/TIO7 M/ Na34Y

13r

Bay R
G kv

EINT oAy a
i

. EEAAPTAS LWl MY AT
TR My e S i e e

2

AOE-GT

M252Y/TA0TR/N43AY

F2i2 { 6.8QE-OT7 | MISEY/TI07TR/NAZAY
F213 | 2.30E-G7 ; M232Y/TH07S/N434Y
F214 | 1.70E-97 | MIS2Y/TI07V/N434Y

LOE-08

MIEZY/TIOT7W  MA34Y

F216 | 3.30E-07 | M2EDY/TI0TY/N4ASLY
F217 | 2. 30E-07 | M25ZY/K334L/N4B4Y
F218 | 2.00E-07 | MES2Y/GO80H/ N434Y
F219 | 2.308-07 | M2S2V,/T280H /N434Y
F220 | 2.30E-07 | M2E2Y/QILIH/N434Y
F221 0§ 300F-07 | MUBY/D3T12H / Naday
F22r 1 3.40E-07 | MIBIV/RI1SH/Nad4Y
FR23 ) 2.70E-Q7 | M2B3Y /K360H,/ Na34y
F225 | 1.UE-06 | M2E32Y/LI14R/N4J4Y
FIZ26 | 5.400-07 | MIRZY/L3T4K/NaRaY
F227 | 1.20E-07 MIS3Y /RN286E/ N4A34Y

AGE-OF

MIEZY /L309E/N42SY

5. 10E-GF

MIRZY /RIRGE /NARAY

F230 ¢ 2.508-07 | M232V/PIRTE/N434Y
F23G § 8.GOE-07 | K2481/MI28L/N434Y

2

30E-07 |

MIE2Y/MA28A/N434Y

7

AOE-OT

M252ZY /M4280/ N434Y

~I

ZOE-07

MISIY/MAZ8F /N34y

Fz4} | 1.50E-06 | M232Y/MA2BG/N434Y
Faad | 8.50E-07 | M2B2Y/MADEH /N34y
F283 | 1.BOE-0OT | MaB2Y/MA2BL/ Nalay

F2a4 | 1.30E-06 | MIODY/ M428K /N 34Y

FR45 | 4.70E-07 | M2507 /M3Z8N/NS34Y
F246 | 1LIOE-O6 | MROZY /MII8P/N4J4Y
F247 3 4.40E-07 | M233Y/MAI8G/N43AY
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Table 27-7 is a continuation of Table 27-6.

[Table 27-7]

249

5. A0E-O7 | MIR2Y/MI28EIN434Y

P50 1 200807 | MISIV/ MAZ8T R34y
F251 | 1.QUE-OT | M252Y/M4A28V/N424Y

U OUR-06 | MOS2V/MADRW / N4SEY

FO53 | T.10E-07 | M2Z2Y/MADEY / NA34Y
F254 | 7.50E-08 | M232W /TA0TQ/M4I8Y / Nasay

FRE5 | 1I0E-0T | M252W/0311A/ MADEY /R434Y

FOS6 | 54UE-08 | M2EIW/T307G/031 1A/ MAZEY /K434Y
F257 | 5.00E-07 | MIS2V/TH0TA, MAZEY /RA34Y

G20ELGT | M2BIYTIOTO ) MATEY S NS 34y

2.ROE-O7 | MESZY /D2TOF/NAZAY

1.30E-07 | MISZYJT30TA/ QR 1A/ N4SAY

BA0E-08 | MIS2Y/TIOTQ/Q31 A/ NAZAY

LT

PEOR-G7 | MZE2Y /TE0TA/QBRT T/ NASEY

GOE-O7 | MIS2Y/TIUTOAOS11H /NSy

v

BOE-O7 | M252Y /E382A/NA34Y

GEOE-G7 § MY /EIB2A/ MAZKY S N4y

o

TOE-OF | M3V TIOTASEDR2A FMAZEY /N4 34Y

3.20E-07 | M252Y /TI0TQ/EA82A/ MARRBY I Na34Y

6 A0E-Q7 | PISEBA/MIEI2Y / M428F/Na34Y

52007 | MURZY /VEUSBA S MAZRF/NA34Y

H.O0E-07 | M252V /NI25G 7 M4 28F/N434Y

F271 | 6.G0E-O7 | M232Y/DATGA/MAZEF /NARAY
F272 | 6.80E-07 | MI32Y/EIROA/ MARRF /NS34Y
FR7T 1 &.30E-07 | ME50Y/EDR2A/ M42EF /NA34Y
FAT4 | 7.00E-07 | M232Y/E380A/E382A/MA2RF /Na34Y

2, 20E-08 | SZ3UK/M2R2Y I VIUBP/ESB2A S RA34Y

& LGHEE-O8 | MORZY/D2TOR/VADRP/ EA8IA I N4 LY

FOTT | 1LA0E-07 | 230K/ M252Y /VI0HP ) MA2RY / NASAY
Fovs | 3.00E-08 | MOBIY S TI0TG/VANERE/EA82A/ NASAY
F279 | 6. 10E-08 | M232Y /VEOEP /OS5 1H/E382A7 Na3aY

A

JOE-08 | 3230/ M2E2Y/DATOF /V30BP /N4 34y

9 A0E-08 | M2SRY/VI0BP/EFE2A/MAZRF /NS34Y

2GUE-08 | MIS2YIVI0SP/EIRIAMARRL/NAAsY
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Table 27-8 is a continuation of Tabie 27-7.
[Table 27-8]

F283

1.002-07

MIB2Y VI8P EIB2A/ MA28Y /NSSAY

P84

OUE-O7

MORIZY IVEORPMIIRY INADLY

FI85

o
W

HOE-OR

M252Y /VIOHP/ MADEF /N424Y

ko § T

CLAENTE

LA TR R T 0 e S Vi e WA TR AN el 1 4 DO 9 »s.ﬁnn{:n: LBI A NS e
§ ity A Er= S A s SRR

(GGE-GTF

MZEZY SVIORD] EAB0A; E382A / M3 TSF / N434Y

po

SO0

MISAY/TESOL/EAR2A S NAGAY

4.80E-07

MI52Y /T256E / MA2RY / Na34Y

F200 | 4.60E-07 | M2BIY/TE56E /E3RTA /M4 28Y /N34y
F2O2 12 30R-08 | S200K/ MISDY FVI0SP, BIS2A  ME2KI /NADAY

[

B0E-08

MEIZY /VIORP/EIBOA S E3824 / MA2B1 /NA34Y

[

JOE-GY

SRIGK/M2E2Y /YIOBP M 2BF /N4 34Y

FRO5 | 6.RCE-OT | S239K/ M252Y JEIB0A/ E3SIA [ MAZRF NAGAY
FIGH | .00R07 | M2B2Y/ Q31 1A ME2BY S NG RSY
P27 | 5. 108-07 | M252Y /DI 1A/ MAZEY JN434Y

F2ag

4,80E-07

MEEEY/Q3ITTAJDIIZA/MAR8Y FN434Y

5y

G 40UFR-08

RZIUK/M252Y [VIORP /AT TA/MAZHY /N434Y

FI00

B.ICE-GR

SAIOR/ MY /VI0EP/ D31 2A/ MAZEY /N4 34Y

F3a1

7.20E-08

SOR0K/MAS2Y FVIOSP/ OB T IA/ D124, MAZEY /NA3Y

F3G2

MOE-OY

MZ2R2Y /T250E /T3GTR/ a4y

303

LTOE-O7

o

M2B2Y/TIUTP/ M428Y /K434y

F304

Ju—

HOE-(8

MREZW /VI0BP/MAZEY /NASSY

F305

3

FOE-O8

MISZY/TES6E/VI0EP EIE2A/ N43aY

Fanh

A.608E.08

ok

MIE2W S VIDAR E3R2A FNE3AY

Fa07

360E-08

SIAGK/ MIBIW /VI0AP/ EIR2A I NAGAY

FOR

1.490E-08

SOAGK, MRBIW V08P E3ETA S M4 28Y ) N4 34T

G008

HASUR S M202W VIORFJEDBIAT MA 2RI/ NA3AY

2

2.80R-08

SRMN/MIEIW VINBP I MA2BEF /N BAY

E=3

SOE-UT

SREGW /MW [E380A JE38IA /MAIBF /NS 34Y

6. 30E-07

SRR MERIY STHO7P/ M4ZRY /N4 34Y

[os]

ZORAGT

MISIY/TRE6E/ 031 1A/ D324 MAZEY / N4 34Y

580807

SATYK [/ M2BDY I MADRY  NASAY

7OOE-07

SERQEMILIY /DITOF  MAZ8Y /NS4y

FATT 1 1 v 0E-U7 | BRBGKM2R2Y/DETOF /VA0ED/ MAIRY / NARAY
F318 | LLBOE-U8 | 3230K,/ MI52Y /VI0EP  M4D3 / N43LY




Table 27-9 15 2 continuation of Table 27-8.
{Table 27-9]

Fa20 § 2,00E-08 | S239K/M282Y V08P NIE5G /E3RZA / MA28L/ NASEY

F321 1 3.20E-08 | S239K,/MR2BDY /DTUF /VE0RP/ NA2EG / Na 34y

FARI2 | 9.20E-08 | SZ39K/M2RERY /DETOF/ T30TP/VINAP N4AB4Y

FA23 | 2.70E-08 | S2IOK/M2E2Y /T256E /D270F [VI08P/NA34Y

F324 1 280E-08 | B239K/M2E2Y /D2T0F/TROTO/VROEPNASBAY

FA25 | 2.10E-08 § 828K/ M2A2Y / DITOF FI3070/VAOEP/ Q31 1A/ NASAY

Fa26 | 7.50E-08 | S238K /M2EIY I DIT0F FTR070/ (031 1A /NEn4Y

F3Z7 | B.A0E-G8 | B2ROW/MIADY/TRSE/DRTOF/TA070/ (31 1A/ N434Y

Iy

FOZE D LOOE-08 | SR39K/ M2V /D270 VISP MA 28I N4 34Y

FAZ2G [ LL20E-08 | B239K/ M232Y /DRTUFR / NISGE /VIUKP N2 34y

FA30 | 3.00E-08 | S239W/M252Y /DI70F /VI0BP/ L30VE f NERSY

F331 1 5.00E-08 | BRIGK/M2B2Y /DATOR/VIORP/PIRTE/NES4Y

FA33 1 7 40E-08 | S200K/M252Y/DIT0F fT3070/LACOE /331 1A/ N34y

F334 | L.OOE-OR | S239K/M252Y /D270F/VE08P/ N3ZEG/ MA28] / N434Y

F33h | 1.BCE-08 | S239K/M202Y/T2E6E/DITOF /VIN8P /MAZR] J N4 34Y

F336 | 1.S0E-08 | SuO9K/M2E2V /D270F/T307Q/VI0RP/ O3 1 1A/ M4RRI/ NAS4Y

T}
[
Lo
=3
[£13

GOE-O8 | S239K/M252Y fDRT0F /T307Q Q31 1A/ MA2RI/N4A34Y

Kl
i
&
o
~3

LTOE-O% 1 S2BOK/MISIY /DR TOF INZRGE FVIOBP/ M4 D8 /NS 34Y

o
Lad
a3
[T

SOE-08 | SR/ MRL2Y /DIZTOF S VACEP/LI0CE /M4 28T/ N4J4Y

s
[
ey
[&8)
Lo

JOE-08 | S2RUK/MISIYV/DRTOR/VIGER/ MA2RL/NA34Y

Fi44 | 300808 | S209K/MI32YV/VAN8P/MARBL/ N4S4Y

F349 | 1.80E-G7 | 8230K/M2E2Y /VIOEP/LI0GP  M428L /N4 34Y

-

[

F350 1 L7OE-U7 | $230K/ MIS2Y/ V08P /L30UR/ MARBL/N43SY

F352 § 6.008-07 | 8209/ M252Y /L20OP/ M4ARL/ N4 34Y

F353 ¢ LLIOE-00 | B230K/MIE2Y/LIOYR/ MAZEL/NA34Y

F354 | 2.80E-08 | S239K/M232Y/TR07Q /VIORP/ MAZEL /N4 34Y

F336 | 3.40E-08 | S23GK/M2S2Y /DETOF /VI0RP/LICUE /PRRTE /K432y

FA57 1 1.60E-08 | S230K/M232Y STRSRE/ DITOF/VI0RP/NE2E0G / MA281 )/ N4 34Y

F358 | 1.00E-G7 | BR3OK/MIB2Y/TA07Q/ NAS4AY

T
L3
U
L
i

IOE-07 | P2STV/TI07¢ MA2E!/ N434Y

s
L
o
Lo
pe

GOE-06 | PRATVTIOTQ/MA 28V / N4adaY

o
B
&
]

N

FA0E-08 | PRETY/T07QINIZIG/ ME2RL 7 NE34Y

s
[
o
[#53
In

JOE-08 | P2STV/T307G/ U3 1A/ MA28BL /NG3AY

L
A
I
L2

BUE-08 | PRATV/TI0TQ/ QAT 1A/ NIIRG /M4 2EL/ N4 gy




Table 27-10 is a conrinuation of Table 27-0,

{'Tabie 27-10}
365 1 S T0E-08 | P2ETV/VRORA S TINT G/ MAZHL /NS38Y

FA67 | 1.50E-08 | SR3OBK/M250Y /EZE8H/ D2TOF/T07Q,/ V08P /(31 1A/ N4A34Y
FROE 1 2.00E-08 | S230K/MERRY/DRTON/VIORP/NIZSG/EJ3RZA /MAZRI/ Nal4Y
i TG 5 o L B U S el e E R i SO T R AW I o ore L e - e R
FO72 | 1.30E-08 | S239K/MIBIW /VI0BP/ MA28Y / NaJLY
F373 | 1.10E-08 | S230K/M252W /VI08P/ Q31 LA/ MA28Y [ N4S4Y
F374 ] 1.20E-08 | 8230/ M232W /TR56E/VI08P/ M428Y / N434Y
F375 § 5.30E-09 | S2301/M252W / N2BEE / V08P M428Y [ N434Y
F376 | 9.GOE-0%9 | S230K/M2BAY /TIS6E / D2TOF /N2RaE /V308P/ X434Y
F377 | 1.30E-07 | S239K/M232W /T307P/ M4 28Y /N434Y
F379 | 9.00E-09 | 8230K/MI52W /TI56E/VI0RP/ Q31 1A/ MAZSY / N434Y
F380 | 5.00E-0% | B230K/M2E2W /T250E/ N2RBGE V08P M42BY / N4 34Y
F381 | 1I0E-O7 | PRE7V/TI0TA/QITA/ MA2ZAL/NATY

CF382 | BU70E-08 | PES7V/VIOSA/TI07A/ MA2EL/ NaBaY
FAss | 3.20E-08 | M232Y/VIOBP/LI0VE / NAB4Y
F387 1 1.50E-O7 | M232Y/V3I08P/L309D /N434Y
FARE 1 7.O0E-08 | M2B2Y /VI0BP/LI0YA /N4 I4Y
FAED | 1.T0E-G8 1 MES2W /VEU8P/ L30GE/ MA28Y /N434Y
F390 | 6.50E-08 | M232W /V308P/L3090/ Ma428Y /N424Y
F3W1 L6008 | M2RIW /VAORP/L30GA/ MABRY /N4 34y
FRU2 D A.B0E-00 | B200% / M2B2Y [ NZERE /VI0HP [ MA281/ N434Y
FRAS | 1.20E-08 | S2308/M252Y I NISAE S VI0RD NE34Y
F394 [ 5.30E.08 | S239K/MRERY/TIOTO QM) LA/ MAZRI / NaJaY
FAGS | 230008 [ SR/ MISDY STIRGE / VIOEP N4GLY
FRah | 200E-08 | SaO9K/M2E2Y S D270F/N2BAE /TI07G/ 3114/ MAD8L/ N4ndy
F397 | 4. 30E-08 | S8230K/ M252Y /DRTOF/TRO7O/ QAT IA/PRRTE/ MA2BT / N434Y
Faus | 4 40FE-09 § BR30K/MRE2Y /DRTOF /NI8EE /TI070/ VAMRP/ Q3T LA /MAZRI/NAD4Y
F399 | 6.50E-0% ; SRIOK/M2E2Y /D2TOR /RQBGE /TA07Q /VI0AP/ MA28T / N 33y
F400 | 6. 10E-09 | S239K/ M5V /DATOR / MNIRSE /VEOAP /O 1A/ MA TR/ N4A34Y
FAOL | 6.O0E-00 | B200K/M2E2Y [ D270F NIRGE /VIOEP/PASTE /M4 281/ NAS4Y
Faa2 | Z.30E-08 | P2ETV/TI07(/ MAZAL/ NA38W
F403 | 5 10E-08 | PESTV/TI0TA/ MARRL/ R434W
FA04 | @ A0E-O8 | P2RTA/TIOT LIOUP/ MAZEL /W13
FaGs | LL70E-GY § PRSTV/TI0OTG/L309P MAZ8L NSB4Y




Table 27-

{Table 27-11]

2
—
b2

i1 18 a continuation of Table 27-10.

F406 | 130E-07 | PRETA/TI0TO/LIVIR/ M4 ZBL, NA34Y
F407 | 1.60E-07 | P2R7V/TIOTOQ/LI0YR M4 2RL N4 34Y
F408 | 2.50E-07 | P2STV/N2BGEE/MA28L NAJAY
A N T X el Wk i YRy L) A ERc” A
Fdi0 | A20E-G7  P2ETV/TIOTH/MAZRLINAGSY
F4T1 LOGE-G7 1 PRR?V/T3OTN/MARBL/NAZ4Y

 F412 | B.BOE-08 | PRSTV/TI0TG/ MARBL/NAZ4Y
Fat3 1 3. R0E-07 1 PRATV/TROTR/MEIALS N4BSY
F414 | 1.108-07 | P25TV/TI07S/ MAT8L/ N4 3AY
F415 | 5.60E-08 | P257V/N2BGE/TI0TA/ M4E2RL/ N4B4Y
F4 16 QA(}H-QH PRETV TIOTA/PIBTE/MATEL/ N4R4Y
F418 | 6.20B-07 | S280K/M252Y/TI0TP/NI25G [ MAZEY / NA3AY
F410 | LGOE-07 | M2B2Y/TI0TA/QRT TH /KAG0H / NaJaY
Faz0 § [LAOE-O7 | M2E2Y/TACTAS QS LH/PISTE/ NAJAY
P421 L 13007 | MERZY/TIOTA/OR] LH/MARRA/K434Y
F422 | 1.80E-07 | M232Y/T30TA/OB1 LH/E3S2A/ NaB4aY
F423 | 8.40E-08 ‘«1.2%"?'\;/1"507\& JUBTTH/ NE3AY
Fg24 1 GAUR-DE | SRION/PISTA/VIORP/ MAORL/ N438Y
FAZ5 | B.OOE-G8 | P2STA/VIORP/LIGOE /MA28L,/ N434Y
B35 | B 40BE-G8 | P2ETV/T30TQ/NABSY
P27 ] 1LIGE-0F | MIERY fPASTV/TIDTQ/ M42BV /N434Y
R428 | B.00E-U8 | MOEDY /PRETV /TO070/MATZEL NA34Y
F429 [ 3. 70E-U8 | MO2B2Y/PISTV/TI070/ N434Y
Fa3l | B YOR-O8 | M2SIY /PRITVITHTG/ MAZRY ) N234Y
F431 | 6.508-08 | M252Y/PR5TV/TI07¢, M428F / N4 34Y
F432 1920807 | PRS7TV/T0TCQ 1A/ NI2EG/ MAR8Y /NA34Y
F423 ] H.OUE-OR | PERTV/TRTQ/UITTANIZSG /RA34Y
Fa3a | 2.00B-08 | PRSTY/TI0TO/Q31 1A/ NI25G/ MA28Y / Na34Y
FG3E 1 2.30E-08 PRBTV/ITIOTQ/Q3LIA/NBREG/MAIRF / NaAB4Y
Faa6 | 2.300-07 | PRETATI0TO/MATRY /NA34Y
F437 | 5.708-08 | PRETASTI07Q/N43AY
F438 | 3.60E-08 | P2ETA/TAOTQ/MAE2BY / NG34Y
FA2G | 4 D0E-08 | PRETA/TI0OTQ, MAZEF/ NAGSY
Fa40 |1 30B-08 | PRETV/NZBOE/TI0TU/ Q31 1A/ NE2EG/ MA2BL/ NG 34Y




Table
[Table 27-1 2]

[
ok
[V

15 a continuation of Table 27-11.

Fa4] | 1.8CE-07 | PLETA/Q3T LA/ MAZEL/ R434Y

Faa42 1 2.00E-07 | PIETA/Q3I1 TH/M428L /N4 24y

F445 | 3.80E-08 | PRSTA/TIOTQ/O3T 1A/ MARSL/ N4 34Y

Fdda o ane.ny ; PRRT A TAOTAACIRL LA MO BT INEAY i
Faih F 62008 | PERTA/TROTGOR TH MARAL/N4AB4Y

Faas | 1 I0E-07 | PRETA/TIOTA/QILIH/MAZ8L/NA34Y

Faa47 1 1AQE-08 | PESTA/NIRGE/TI070Q/ MA2EL/NABAY

o

JOE-08

P2RTA/NIROE/TRO7TA/ MAZBL/NAZY

FUE-DT

BRAGK/MIBR2Y /D2T0F/T307TR/NI25G /MY 28Y / N438Y

Lt

Z20E-07

SREUW/MII2Y/TIO7TP/L0GE INB25G /M4 28Y /N43gY

FA51 ¢ 1.00E-07 PES?S,f"F»?OTAfH-’E 28L/N434Y
Fa452 1 140807 A PRETM/TIOTA/ MADRL f Na 54y
FAR3 | 7 ROR | PEETN/TRUTA/ MAZRL/NGRAY
F454 [ 9.00E-08 | PASTH/ TIOTA/M428L/N434Y

o]

FOE-08

P37V /TI070/ MAZRY /N434Y

3.

AOE-US

P2E7V/TI0TQ/MA28F /N 34Y

FART | 4.00E-08 | SRR/ PERTV/VIORM MARL )/ NIB4Y
FASR 1 1.S0E-08 | PRETV/TI0TQ/VI0EP/NIREG /MA28L/ N4S4Y

b

1.30E-08

PRETV/TAOTQ/VAORP/QI1 1A/ NIDSG/ M4 281/ W4 34Y

F463 | 4. 70E-08 | FRETV /T307A/V3I0EP/N325G / MA28L/ N34y
FA62 | B AGE-U8 | PRSTA/VIURP/NEZAG/ M4AZKL/ NA3LY

L3OE-OGF

PRETA/TICTA/VIOHP MA2BL/N42SY

Fagda | 5.30E-08 | PISYA/TIOTQ/VIOEP/ MADRL/ NG34Y

FA65H | 2 I0E-C8 ¢ PIRTY/N2EGE/TI0TQ/NI25G / M428L /Na3aY
Faon | 3.50E-07 | TERAE/P2RTV/ 434y

F4G7 | 5.7T0E-GT L TROHE/P2ETT/ N434Y

Fa68 | 5.70E-08 | 8230K/PRRTT/VIOSPL/ M428L/ NARSY

FA69 1 RO0E-08 TTAVIORP/NI2SG/ MA2BL/NAS

F470 | 3 40E-08 | T26E/PISTT/VI0RP/ NELSG /M4DRL/ NI DY
FATY ) LGOR-08 | PERVT/VI0BP/ NAZSG/E3R2A T ME 2R/ K434Y
FAT2 | S A0E-08 [ PESTT/VI0SP/RI2BG/PRETE /MA28L / N434Y
FATE | 4. 50E-07 | P2ATT/VIORP/LI0YPFNAZRG / M4ZRL/ N4a4Y

F4Td | 3E0R-07 | PIRTT/VAGAP/LADGR/NAZ5G /WA 2RL/ N34V
F47T5 | 2 30B-08 | TISGE/PISTV /TR0TQ/ MAIRL/NAJ4Y




Table 27-13 s a continuation of Table 27-12.
[Table 27-13]

F478 | 83,50B-08 | P237V/TA0TQ/ERE2A/ MA28L/ NA34Y

FATT 4. 30E-G8 | PASTV/TIOTQ /PISTE /M428L/ N434Y

T
s
o
<
i)

3.U0E-08 | P25TL/VI0SP/Na3AY

B B T TR
TOTE LT EEE T A A R R ¥
Fa482 | 7.00B-08 | P2E7TV/T30TQ/NI2EG/N434Y

F483 | 5.70E-08 | PRETV/TI07Q/Q3T 1A/ NA34Y

F484 | 6.20E-08 PIBTV/VIOSAFTI0T(/NS34Y

F485s § Q. 70E-08 | PESTV/NIEGE/ TIOTA/NA34Y

F485 | JA0E-07 | PRSVV/TIOVG/LE0OR Q) 1M/ M428L/Na3aY

F48% | 3.30E-08 | PASPV/VIORP/NIZEG/ MADEL/ N434Y

P40 | 7.00E-08 | SZI9K/FRETV/VIORPJQIT TH/ MAREL, NaRaY

—

LSTV/VIORATAOTA/ HA2E0 MAZBL/NE34Y

FaGE 1 O ROE-DN
4

4 Q0E-07 | 8E29K/DITOF/T30TP/NI2SG/ M428Y [ N4 B4Y

i
o
£
~3
5

L OE-06 PREVT/TAOTAT MAZEV/ N434Y

BOE-06 | PRETA/MA2ZEY K454y

7
IS
e
X

Faula | 5.20E-07 | PISVA/TIOVA MEEV 7 NA3SY

FSO0 | 4. 30E-08 | PASTS/ TR0V MAEL/NA34Y
FROG | 1.90E-07 § PRETV/NDOTA/TIOTH MAZHL/ NAB4Y

FS07 | 5.10F-08 | P27V /N2R6A S THITO/ MARAL/NA34Y

ki1
L
o
73

PI0E-07 ) PREFV/TIOVO/NGIDA/MA 8L/ NADAY

o

&
o)
W
Lt

| 5.B0E-08 | PRRTV/TIOVO/NARSA/MAZEL, NAJY

T
€1
]
4]

5.30E-08 | PESTV/TI07Q/N3BWA/ MIEBL/NE38Y

F511 | 4.20E-07 | PEITV/N4G34Y

|
o
bt
o

BOE-QT | P2ETT/N4

F317 § 310E.07 | PRSTV/N2E6E /NA%4Y

F318 §4.20E-07 § PESTT/NIBOE/NAS4Y

T
kS
a
Ral
)

Z.O0E-08

"G

DRIV I NZRGE /TI07C/ NABAY

1
RE)
i)
-

s

LIOE-08 | PRSTV/INZBOE/T307Q/ MA28Y /N434Y

at
i
]
L3

v

P
260E-08 | PR57V/VE054/TI0TQ/ MAZEY /N434Y
P '

P526 | 1 O0E-0B PTSTBOTG MAREY I NAGAY

FR27 1 9 40E-00 | PRET ST /VIOBP I R3230 /MS28Y /NA T4 Y
FoE9 | 250E-08 | PESTT/TIOTG I MA2BF/NAZAY
FE33 | L2GE-08 § PARTAS/NIRGE /T307Q/ MA2BF/NA34Y

T}
Ui
w
g

BORE-UR 2 PERTA/NIRAE /T307(Q/ MATRY / NA3AY
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Table 27-14 is a continuation of Table 27-13.
[Table 27-14)

FEZE | B3OUE-GE [ TIS0A/PISTVITROFO M42A] N434Y

F538 | 9.90E-08 | TRSUF/P25TV/TA07(/ MAZRL/ NG 34Y

Fo4l | £.GOE-O8 | T2R01/P23TV/T307(Q/ M4 281/ N434Y

S L B SRV R v Eo R B TU 1L B e W B 7 R0 o S -
Fo4G | 5. 40E-08 | TRS0S/P2ATV/TI0TQ/ MAZRL/ NASAY

Fa50 | 5.90B-08 | T250V/P257V/T3070Q/ M428L/N434Y

4
53]
—

C20E-0F | TRE0W JPRSTV S T3070, MARRL/ NAjaY

el
Efl)
(93]
13
[

1I0E-0T | TZBOY /P2STV /T307(C/ MAQEL /R4 34Y

-
1
n
[

I.70E-O7 | M2GB2Y/QAT 1A/ NA24Y

2]
i
o
i
b

2 ROE-08 | §239K/M2E2Y /S254T /VA08E/ N424aY

3
A
n
4

SOE-06G | MRI2Y/TI0T70/03114

F556 | 8.0CE-O8 | M282Y /S284T/NEROE/N4A34Y

FH60 | 2.80E-08 | M282Y /S254T /VI0RF/ NAAAY

FA61 1 140E-07 | M252Y /82547 /T30TA /N4R4Y

F562 | 8.30E-08 | M252Y/8254T/TR07( NA3SY

)
L
AL
[

GOE-GT | M2V /S8254T/ Q3 LLA /N34y

.._,
{21
o
B
-

LOGE-GT | MIB2Y/8254T/QR1LIH/N4REY

FRG5 L 9.20E-08 | MASIY/RRRAT/TACTATQ3 1A/ NASEY

e

F5a6 | & I0E-08 | MO52Y/S254T/TA076/ Q31 LA/ NA34Y

F367 | 2.20E-07 1 M2B32Y /52547 MAZR[/ N434Y

3
it
Pars
o

JUE-OT | M2EIY/TISCE/TI0TA/Q3VIH /N4 23Y

FS60 | 2.0GE-07 | MOV I TI560/TI074 /0% 11/ 8434y

5]
=

SOE-GT 1 M2V /SER4T/TROTAS Q3T 1/ NEJ4Y

F371 | & 10BE-U8 | M2E2Y /N2BAE/TAOTA/QITIH/NE34Y

P72 | 1LLOOE-GY | MRE2Y/T30YA/ Q31 11/ Ma281/N4GY

]
i
-3
eyl
—

HUE-G6 | MIBRYTES6ETAGTO/OITH

W Al

“ry
£l
. }
s

AOE-06 Y SN2BOESTICTASOB11A

1y
1
~1
gv
o

SUFOE-OF | M2B2V/NISBE/TI0TQ/ Q31 1A

FARE0 | BL60R-UT | M2RZY/NIBOE TAUT /0N TH

POHEI | T20E-08  MOLIY/TIA6E/N2BOE/NASAY
FBE2 | 7.30E-07 | S239K/M252Y /V3I0RP

-y
[+
&
i

TEGE-GT ¢ S259K/M252Y /VIDER] EBR2A

FS84 | 6.30E-07 | SE391/ M252Y /12865 VILEP

i
ol
o
n

~

2G0E-G7 | BR3OK/MI52Y I N2R6E/ VAORP
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Table 27-15 is a continuation of Table 27-14.

[Table 27-15]

FHEG | 1.40E-07 | B230K/MER2Y SNIRGE /V 08P/ MAZE]

FERTY | LYOE-07 | MIS2Y /N2H6E /M428L /NS3Y

F5L2 | 2.00E-07 ] MRERY /R234T/ERR24 / Na34Y

EED R =B LOBW 08 G220/ MBS A S0 R4TAN ICE P M SR N AT AN

F3494 | LBOE-G8 | S239K/MI5IY [T2S6E/VI0EP/ MI28I /N4 54Y
FBYE | LLBOE-OT | S230K/MIBRY /MA28IINABY

Fiud | 4 00E-07 | M2SEY /D3 12AJESRIA/MA28Y /N43AY

F3OU7 § 2.20E-07 § MISEY/ESS2APIBTE/ N4ZaY

Fagg | 1.20E-07 | M253Y/D312A/PASTE/NE34Y

Foug | 3.20E-07 | M2OZY/P38TE/M428Y /Na3aY

FoGG | 2.808-07 | M23ZY/T2580/E382A/ N4 34Y

Fooi | 9.60E-09 | MASEY/N2BGE /VI0EP/ N434Y

FoOB (G2356A/8238D/ 1332E

51l

2.80E-07 | M2EDY /08T /T30 /VI0B /L3094 N4 34Y

FE12 | 3.60F-07 | M2SEY/TI07P/VA0EH/L300OA N434Y
F&1a S239D/AI30L/13328
F616 SIRID/REZEDLAZEY
F617 | 7.408-07 | S200K /N4 32w

| FHIR | 6SOE-0T | SA0K/VADRE I NAS2Y
FE1Y | A 10E-07 | 820K/ ME32Y  NATAY
FaZl L O TR0 | SEAOK/MOE2Y 8284/ NGTAY
FOZ1 | LB0E-0T | S20UK/MIBIY S TIOTA/ Q31 THNAD4Y
FaI2 | .B0E-07 | S200K/MISEY /T80 NA24Y
F523 | 1.B0E-07 | SI30K/M2EIW/ NASAW
Fo4 | 1 S0E-08 [ S230K/PIETA/NIREE/TA0TO/MATRL, NA Y
FA2E | 7.60E-08 | S230K/PISTA/THOTO M4 261/ N43aY
Fa2a | 1.30E-06 | V308P
F6529 | 3.00E-08 | M252Y/VITOL/ VI0SP/NA2LY
FO36 | 3.70E-08 I §239K/MI52Y /VRTOL/VEISP/ NE34Y
FA33 | 2.408-08 | MR52Y/VIR2D /VI0BE/ N4 T4Y
FOo4 | 3.208-08 | Q230K M35V /VIESD/VIOEP /N4 34y
FOI5 | 4.50E-08 | M252Y /V2BAK/VIDER/ NAR4Y
FG36 | 4.805-08 | S2O0K/MRITY FVIB4K/VE08F/ NAGAY
FE37 | LE0E-OT | M2SIY K288/ V08P NABAY




Table 27-16 1s a continuation of Table 27-15.
[Table 27-16]

F638

1 A0E-G7

S239K/ MIE2Y /RIRBS/VEOBP /N4 34Y

Fo3y

2. 70E-08

M252Y /VEOEP/GI&BR/NALAY

FO40

3.G0E-G8

SAJUK/MISZY /VIQBP/GAGSR/ Na3aY

TEEHT

FOUENGE

MY FUIORE T IRERRE Y

F&42

3. 00E-08

L S239K/M252Y ) VIOSP Q386K /N434Y

<

Fo43

3.20E-08

LR35G/GRIGR/S239K/MIB2Y /VI0SP/N434Y

Fhas

3.00E-Q8

G236R/ 839K/ MILE2Y /VIUEP/ NASAY

Fd o

3.30E-68

SATOK/MOBIY IVE0SP/LI2BR NG3LY

Fi46

)

SBOE-08

S23OK/MIREY FN2GTA V08P NAZ4Y

F&s7

2 90E-08

PIRRD/MIERY VI0RP/ N434Y

F&éed

PRRHD

PHas

2OE-GT

SRAMKMESEY FNIHAH /N4 34Y

Fo&0

TOE-0O7

SANGK/ MRRDY /T256E /N4B4Y

FHE1

bt

BOEGT

Q239K /M2Z52Y /O3] 1A/ N43AY

FE52

FOE-07

£

PRIE0/ MEAZY /NASAY

F&54

3.208-08

L23ER /82391 A MISDY /VA0BP/ NA34Y

3.40E-08

L235R/B23GK,/ M252Y VISP Wa34Y

FH56

2.30E-08

GRITH/SEIGR /MAERY / V08P g 34Y

FO57

3.20E-08

G237R/8230K/ MIEIY /VI0RP/N434Y

FHE8

3.20E-08

FRIRK S8239K / M250Y /VI0BP/ Na ey

FGE9

3.00E-08

PR3ER/S230K/ MRS2Y V08P /NAB4Y

Fa6d

3. 10E-08

SRR/ MEBEY /VIDEP/ P29 /N4 3LY

FoGl

3.40E8-08

S239K/M2E2Y /VE08P /PRIOR /N4 34Y

FHG3

G, S40E-9

L SAOK/MEERY INCSGE/TI07Q/VI0RP/ 31 1A/ N3 34Y

Foo4

3.50E-08

M2BZY /N2E6A /VI0RP/NA34Y

FBE35

B

LOE-08

M2BER2Y/NISH0/ VIUEP/NA3sY

FO6HG

)

AOE-08

MIRDY /NIBGF V08P NaBaY

FOHT

B

LOE-G&

MIEDY /NRBAG /VAGEP/ Na BaY

FOLE

(GOE-(¥

e

MIE2Y /N2BOH /VIEP/ Naday

F&HTG

-t

BOE-O8

MASZY S NERGL/VIAOEP / N434Y

F&TO

b

YORAGT

MAS2Y IN2BOK JVIORP FNARSY

.

2.20E-08

MOEZY /NRBGL/VIOEP/ NAZAY

2

AOE-OA

MEASIY/NIBHM [VIOEP /N4 32Y

i

23008

MARIY /NIBGP IYI0HP /NA3AY
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Table 27-17 15 a continuation of Table 27-16.

[Table 27-17}
Fo7a | 3.20E-08 | M252Y /K286 / VIUBP /N4R4Y
F&75 | 5.10E-08 | M252Y/N286R/VI0RP/ NE34Y

F676 | 3.20E-08 | M252Y /N2868 V20813 NA3AY

¥677 | 4.70E-08 | M252Y/NIRET /V0SP/Na3aY

FOTH | 2.30E-08 | M252Y/ N256V /VE08P, NA3EY

FOTO | 1.70B-08 | M252Y/N2SEW [VIORP/NA3AY

FORO | 150508 | MZ52Y/NIROY JVA0RP/ NA3AY

F681 | 4.90E-08 | M252Y /K288A /VI0SP/ N43AY

FAB2 | 8.20E-08 | M252Y /K2880 /308D NE3AY

FA63 | 5.00E-08 | M232Y/K288R/ V308D, N404Y

Fosd | 5.10E-08 | M232Y/K288F /VI0RE/NAJ4Y

FA85 | 5.300-08 | M252Y JK288G /VIGRP/ NAGAY

F6&6 | 4 B0B-08 | M2A2Y /K288H /V30aP/ N434Y

F6a7 | 4.90E-08 | M252Y/K28R1/VA0SP/ K434y

FORS | 2.80E-08 | M230V/K2BAL/VIOBR/NASLY

PGS |4 10E-08 | M2G2Y /K288M /VI0RP/ NASAY

F6UG | 1.00E-07 | M252Y/K2885 V08P / NAGAY

FOG1 | 0.208-07 | M232Y/KO88P VI0RP N434Y

F6O2 | 3.90E-08 | M232Y /K288 /VI0EP/ N434Y

F6O2 | 3.60E-08 | M232Y/K288R V08P N4S4Y

F&o4 | 4.70E-08 | M252Y /K288V/VA08P/ NASLY

F6O5 [ 4.00E-08 | M232Y /K288W /VI0SP/N434Y

FOU6 | 4.40E-08 | MOSIY/K2HSY /VI08P/NA3aY

FBOT | 3.10E-08 | S200K/ M252Y /VI08P/ N325G/ NA34Y

FOO8 | 2.208-08 | M252Y/N285E/TI0TG/(31 1A/ NABAY

FBOT | 2,208-08 | $239H/ M252Y / N2E6E/TI070/021 1A/N434Y
F700 | 5,20E-08 | M232Y /VAUST/ LAY8E / NAG4Y

F705 | T0E-00 | M252Y /NIB6E /VIORP/ MAa2#l/ Na3ay

706 | LROE-08 | M252Y/N286E /TR07(/ (AT 14 / MADKI [ NAREY
FTOT | 5.00E-00 | M232V/N2BOE /TI0TO/VIORP /021 A/ NAALY
F708 | 4. 100-00 | M252Y /N2K6E /TR0TO/ V08P /OX) 1A/ MA281/ N43aY
FTO0 | 2.00E-G8 | S239K/M252Y/ N286E, TAUTG /0R] 1A/ MARI /NG24Y
FRIG | 1.80E-08 | PRIAD/MIAOY /NI8GE/TI070/ Q31 1A/ M4BT/ NABAY
FT11 | 6.50E-08 | S200K,/M252Y /TA07Q/031 LA/ N4J4Y




Table 27-18 15 a continuation of Table 27-17.
[Table 27-18}

[ F712 § 6.00E-08 | PEIBD/MISIY/TI0TQ/ Q31 LA/ NGBAY

F7138 ] 2.00E-08 | P238D/MRE2Y/NIBOE /MTR0TQ/ Q31 IA/NSSY

F7ia | 230E-07 | P238L/MIA2Y/ NA2RS/NASSY

3
—k
o
3
-

Ll M ST TR WM BT U A

)
-3
>
)

2. 7OB-U7 1 PA3BH/MRR2Y /RALREL/ N4y

=
-}

1
1

2.60E-U7 1 PR38D/MER2Y/NARSH/NA34Y

By

;
1
s
o
Lo

2.EUE-U7 | PRIBD/MIER2Y JQIGEM /NSISY

1
£
~1

CAOE-O8 | PRARE/MIERY /NBDE(G/NA34Y

m
-3
e
e

2A0E-08 | MIE2Y /T30TQ/VINEP/Q3T TA/NA3aY

3
<3
o)

SOE-Q8 1 MOSIY/TIGTO/VIORP QAT LA/ MBI/ N43aY

s ]
=T
[
b
[

TOE-O7 | PR3BD/MA52Y ALRTG/NABAY

F7208 { 2.80E-07 { PRRRD/MIS2Y/LA280 /NA34Y

hes]
~f
(3%
N
=

2.50E-07 | PIISD/MEA2Y/L328E / N434Y

F725 | 4.20E-08 | L235K/G237R/ 82301/ M252Y /VIOBP /N4 34Y

13
-1
b
&
F]

3T0E-O8 | L235K /PRIBK /8239 /MIDEY / VISP NadayY

F729 | 9.20E-07 | TOOTA/QILIA/NAGAY

F730 | 0 G0E-QO7 | TAOTQ/QILIA/ NA34Y

FT31 | 8.A0E-G7 | TAGTA/O37 1 H/NAKAY

FT32 § 6.80E-07 | TA07Q/Q31TH/NAZAY

.1.
=1
(&)
.3
[

320E-07 § M252Y/L328E/N43aY

FY3a | 3. 10E-07 | G236D/MIE2Y /L328E,/ R434Y

F736 | 3.10E-U7 | M2B2V/S267TM/LIZBE/N434Y

FY37 | 3.10E-07 | M52V /B36TL/LI328E/NA34Y

F738 | 3.30E-07 | PR3RDL/MISEY /TI0OTP/NR4AB4Y

Lm
~3
&
Ne
[

Z20E-07 1 M2SIY/T30TE/Q31 LA/ N4Z4Y

-
~i
£
o
[

2OCE.07 ¢ M2SZY/TAOTR Q3T IH/N4SAY

R
~)
-
]

AGR-UT | P238D/TIS0A T MIEEDY /N434Y

Fraa | 99007 | PRIRD/TISCF /MY /NasaY

F745 | 6.60E-07 | PZ3BD/TIS0G/ M2E2Y /N4S4Y

F746 | 0.008-07 | P238D/T250H A MIEEDY / Na34Y

1
~1
!
Fs

BOE-G7 F PIIRD/TIS0I MERSY /434 Y

A 1 SOTOE-UT [ PEEBD/TRS0L/ MOERY I NA34Y

)]
i

foe)
o]

30007 | PRARD/T2E0M / M2SIY /NAI4Y

751 | SO0E-07 | P2OBD/TIS0N/MIR2Y /NG34Y
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Table 27-19 i3 a continuation of Tabie 27-18.
[Table 27-19]

BOE-O7

PRAKTYT2H00  MES2Y F NA34Y

7] PRARD/TEROS/MAIRDY /NARLY

e

FOR-0T |

PRARD/T230V MISZY JNADEY

A 1 R e P TR S S A R S TG A
F7ny 1.40E-06 | PRI TR0V /MAR2Y /N4AJ4Y

F754

235K /82349K

Fe

| L235R/S209K

F76:1 | 1.10E.06 | PIBAD/N434Y

£762 | 260E-08 | LI3RK/SEAUI M252Y /N2RAE MTANT0/ 31 1A/ NS3SY
F763 | 3.50B-08 | LI3BR/R2IUK/ M52V / NIBSE/TROTO/GB1 1A Na2AY
F7ad4 1 6. 30E-07 § PROBD/TIOV/Q3TTA/NADAY

F7R5 1 B.B0E-08 | PRAISD/MEEEY/TIOTI/LA0GE /AT TA/NAREY

766 EOO0E-O7 | TROTAJLAOGE Q3 TA/NARAY

FTRT | 430807 1 T30TO/LIGUE /3T A/ NAZAY

>

AUE-O7

TAOTAFLAODE/QITIH FN434Y

4 EBOE-0T

TROTO/LAOGE QR L H/NAsEY

oS}

OOE-07

M2ERY [/ TEA6A JNAT4Y

FP71 |4 G0B-0T | MIS2V/EITIA/ N454Y
FETY ] AA0R-07 | M2AIY/KITIA/NABAY
FTTS L 3Q0E-07 | M2EIV/VIR2A /NG 34Y
R4 | 4. G0E-0T | M232Y/ NOHEA /NABAY
FTTE | 6.00E-07 | MIS2Y/KODBA/ NAD4Y
TTTE | 3G0E-0T | M2S2Y 404/ NABLY
STTT | 3.60E-07 | MOS2V/ERGSA/ NABAY
FTTG | 3.O0B-07 | MI532Y /N361A ] NAGAY

e

LOE-GT

MUY /AR NABEY

L

CFOR-GT

MUELRY /MNATFRASNADAY

TTRL

wd

BOF-UT

VY EUTA/NARAY

L FTR3

& OOE-GT

M2I2Y /D4 134/ Najsy

TS

5.008-G7

MIBIYJLIOUA  NE3AY

F785

T.AOE-07

MABZY LIUGH S N4 34y

F780

2.80E-08

MAS2Y/B254T /N28GE/TI07Q /O3 A/ N434Y

FTEY

8, BOE-08

MALIY/SINAT/TROT0 LB0OE QB LA FNADEY

Frug

4. 30E-07

MDY/ NE1BA/ NAGAY
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Table 27-20 15 a continuation of Table 27-19,
[Table 27-20]

F7y89 ['1.50E-07 | M232Y/N313D/N434aY

F7a0

o

ZOE-O7 | M252Y/NGIBE/RAG4Y

F791 | 5.40B-07 § M252Y/N3IEF/NAkaY

A0E-07 | M2R2V/NGIEO /N4

N

T7932

793 | 3.30E-07 | M252Y/N3I51/NE3AY

Fro4

CHOE-07 | MRR2Y/NEISK/NASSY

FTO5 | 5.108-07 | M253Y /N315L/NE34Y

F74GiG AOE-07 § M252Y/NITEM/NAZ4Y

Lad

SOE-UT T MEZY/NIIBU/ NA3EY

48]

F798

F799

I

JOE-O7 | M232Y/NILER/ NAZAY

Fane BOE-07 F MAS2Y/NILES/NG34Y

o]

Faal 1 4.40B.07 | M2ERY/K3I15T/ N4%aY

Pao2 | 3.30E.07 | M252Y/N315V/ N34y

F8G3 | 3.60E.07 | M232Y/N315W /N434Y

FBO4 | 4 00E-07 | MIS2Y/NIIGY/NASB4Y

FR05 | 3.00E-07 § MDY /N3253A/N4AS4Y

FROSH | 310807 | MIO2V/N384A FNA34AY

FROT | 3.20E-07 1 M252Y/N386A/ Na3aY

FARO8 | 3.20E-07 | M232Y/N3ROA/NIVOA/ NaldY

FROG | 2. 20E-07 | M232Y /323487 /T2508 /N4 34y

F&I0 | 2.208-07 | M2E2Y/AZTEV/NLSY

FAILD | 4.90BE-07 | M2E2Y/EJBOR/N434Y

rey
o
b
b2
b3

D TOE-OT | M2S2Y/EIRIV I RA34Y

'y
o)
14

o)

FBOE-O7 § MRDRY/SA24E/ MAGAY

)
o
bl

SOE-07 3 MA5EY/Nal4Y /Y4361

|
=l
L
41l

3.50E-07 | MREQY/N4LAY /T4A2TR

F&16  J.60E-07 | PRASDH/ TR0V MALRY /TICTR/ NSy
g

9 80E-08 | P2ARG/ TR0V /MIS2Y /TR07G/QAL LA/ H434Y

FR1G | 1.40E-07 { PRI/ MRGRY /N2RAE /N4 34Y

=y
o
12
o]
ot

JA0E-07 | L23BEB23UK / MIE2Y /454y

ey
o5
|56}
bt
£

LOE-OF | L35SR/ BR3YN/ MIE2Y /N4A32Y

-
el
[
t.a

P0E-06 | PISSD/T230Y/ MESEY /W31 3V / Nadsy

110E-06 | PRS0/ TIE0Y/MREIY /WE AR,/ NejLy

e

1
i
o0
S|

250800 | PRRBD/TREGV/MIS2Y /I2588V INSD4Y
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_ Table 27-21 15 a continuation of Table 27-20.
{Tabie 27-217

F b.f 1] LOUE-06 | P23ED/T2E0V/ M252Y [RESBANAZEY

F83Z 1 2.601-06 | P2ZABD/TIROV/ M252Y/R255D 7 Na3ay
CER33 | ROOE-O7 | P23 BROV/M252Y /R2BSE/NA34Y
F834 | 8B.10E-07 PQEBD,/'E'QSC}V FMIBRY JRBEEF /N4A3SY

FE3IR | B.O0E-O7 | P2O8D/T250V/ M252Y /R2S51H /NG 34Y
FRA7 | B.6LE.-07 F’?C%HI)ﬁ‘I'ESi)V,’M'.'!S".%Y;’I«%:BSSE;'N 34y
FHA8 | 4.508-07 { PR30/ TIA0V/ M2E2Y (RIGHK/NS34Y
FRAD | 3.40E-07 1 PIBED/T2R0V/ M252Y /REB5L ) NalaY

F840 1 4.208-07 | PRASD/TI00V/ M2RZY FR2SEM/ Na34y

843

TOHGE-06 | PR3N /T200V/ M52V /RIGIN /N434Y

FR43 | 65.60E-07 | P23RD/T250V/ M252Y /R2350) / N434Y

F844

JS0E-06 § PR3BD/TR50V/ MA52Y /RISSS/NaA34AY

PrRéT | 3.408-07 | PR3N/ T230V/M252Y /R2ESW / KARLY

Fa48 1 8.30E-07 § P23RD/TR30V/ M252Y /R2S3Y [ N434Y

Fg49 ¢ 3.30E-07 { M2O2Y/D2BGA/NAJAY

FELO P 2 OUE-0T7 § MR2OIY/D280E/NA34Y

F852 | 3.30E-07 | M2E2Y /D80G NAGAY

PE33 | 3.20E-07 | M2ZBIY/DISOH/N424Y
F855 | 2.20E-07 | M252Y/ D28BOK/ NA3AY

3
FH58 | 3.2CE-07 | MDY/ DIBON/NJRLY

-Fiéﬁﬂ 3.30E-07 | MAG2Y/ D280/ N434Y

F861 | 3.208-07 1 M232Y/D2EB0OR/NAZY

FEG2 | 3.0CE-07 § MALaY/DI80S/N434Y

FG3 | 2.70E-07 § M252Y/DEROT/NA34Y

FSET | 2.80E-07 | M232Y /NIBAA/NISUA/ NAGEY

FRAS | 2.O00E-08 | G2O6A/ 8239/ MEAY /NISRE/TA0TG/ O3 14/ N434Y
FREY (12364 /5739D

FE70 | 7.30F-08 | L235K/S239K /M252Y [TA07Q /O3 1 1A/ NABAY

FRTT | 7.10E08 | LRISR/SIIOK/ M252Y /TIGTO /01 1A/ NASGY

RT3 T.30E-07 § L2O35K/S239K/ M2ZATY INIHGE /N3 DAY

RE73 | 1.20E-07 | L235R/S239K/M252Y /N2E6E/ N43AY

FETH | 4.BOREL07 | MIBQY/NA3AY /Y4364

ERT7 | A.30E-07 | M252Y/NASAY /Y4I6E

FRTE | 1.90E-07 | M232Y/NA34Y /Y436F
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Table 27-22 is a continuation of Table 27-21.
[Table 27-22]

Fe7e

Q. 20E-GTF

M232Y /N4A3AY /Y4366

3.50E-GT7

MIADIY /NA34Y /Y430H

e8]

AOR-07

MGV /NAZAY JYA56K

et

A1 e A

MASEY [haRay v anl

|

1GE-07

M3V /NABAY /YA26M

4. U0E-07

M2BZY/NA34Y /Y436N

FrHs

BOE-07

N

MUSIY S NABAY Y4068

FERYG

]

2OE-QT

M2V N434Y /¥A36T

FRa0

oy

LOE-CF

M2EZY /NABAY /Y4 36V

FRGY

p—

FUE-GT

M252Y [ NAR4Y (Y4 36W

FROZ

7. 10E-08

M252Y /S254T /NAJ4Y /Y4361

F893

W
Wl

BOE-08

LR2OR/BE3VK/ MAREY / NABAY /YA 36!

F8e4 4

9, 20E-08

L23SR/SIRK/M250Y ANARAY /Y436]

FEO5

3 OE-08

3

LB5K /S200K /MOEDY / NIEEE /TI0TO/ Q311 A/ NI 5E/ 404y

FROGG

e

JGDE-O8

L235R/SEIGK/MIO2Y /N2EGE/TI07 /()31 1A/ N3ISE/N434Y

FEGY

G 7OE-08

MEAIY /N3 IBD/ N3BIA/NIBIA/NS34Y

FROH

POE-Q7

Wi2BZY ANATBE/ NASIA I NIROA SNA34Y

F5o%

AOEAO7

[

M2BIY/N3ISD /GO 16A /RANLY

FoOG

NitioNen

M232Y/N315D/G216D /N4y

FaG

e

LROELGY

MARARYINZISDGRIAE/NARY

FotEs

£

L2OE-QT

MIL2Y/NZISD /GAIEF/NG2LY

Fa03

o

L30E-O7

M25ZY/NI1SD/G316H N34V

Fo04

D0E-07

MISZY(N3ISD/ G161/ KA34Y

FOUs

BUE-Q7

MIB2Y/NITBD/GII6K /N34y

PG

et

BOE-07

MRE2Y/N315D /G361 /N434Y

FGO7

CHIR-DT

MR3JY /NS0 G IOM [N4A54Y

FOOs

LBOE-(7

MASAY/RIISD/GIIGN /NS J4Y

FaGy

S0E-07

MIHZY/NFLIBR/GIOP/NA3LY

Fa1io

fa—

AOE-GT

MIDZY/NIISD/GIIH0Q/ NABEY

BOEAOT

MER2Y /N30 /GII6R/NA3AY

ZUE-DT

MIZI2Y /NI TSN /GA168/N485Y

fer

JSOE-GY

MOV NIISD G2 IAT/ NAGAY

1.50E-G7

MRBE2V/NIIBD/GIIaV/Na34Y

[

S0E-G7

MIGRY/N3IGD G3IBW INaGaY




Table 27-23 15 a continuation of Table 27-22.
[Table 27-23]

FO17 | 2.80E-07 [ M232Y/N2ZRGS/N434Y

FO18 | 2.808-07 | M252Y/DIBOE /N3B4A / NIBOGA JNAJLY

FO19 | 3.308-07 | M232Y/D2BOG/NIBAA/ NIBOA/NADAY
TFO20 | 2.50E-07 | M232Y/NOBES/K3B4A RARYA NAZAY

FG21 | 1.20E-07 | M252Y/NOS6E/NIB4A/ NISGA /NEAGY

FOO2 1 580008 | L233K/S230K/ MIE32Y I NEROHE /N 34Y /Y4361

F923 | 6.00E-08 | LRGSR/ S230K/MISRY /NESOE / Nad4Y /Y436l

FOo4 | 2.40E-08 | L225K/S23GK/ M252Y /TA0T0/ 031 1A/ NAGAY /Y4361
FG25 | 2.20E-08 | LI35R/S230K/M25TY /TA0TG/O31 LA/ N34T /Y436
FO26 | 110E-07 | L235K/S230K/ M252Y/ S254T/ N434Y /v4 361

FG27 | 1.0OE-O7 | L233R/SOAGK /MI52Y 82547/ NA2AY /¥4 561

FO28 | 2.90E-08 | M232V/T30T(/ Q031 1A/ NABAY /Y4360

fraieser b3 o008 TIP3 90547 /TI070 /031 1A/ NASAY [YAT6!

Fa30 | 1.40E~07 1 PR3BD/T250V/M252Y /N2BGE /N43AY

FO3i | LL2OE-07 %D;’T.?O‘\f’\'f”e Y/N432Y /YA36!]

FO3Z { 3.20E-07 § T230V/MI82Y/Na34Y

F333 | 3.00B-07 § L234R/PRABD/ TIS0OV/ MBIV I NAR4Y

iy

Foua |G 10807 | G23AK/PUSsE/TIS0V /M252Y /Na3aY

FO35 | 3.20E-07 | G2BTR/PR38D/T250V /M232Y /1 N434Y

]
el
5
&
o

3.2CGE.O7 GRITR/PIARD/T230V /MESDY S N4ASLY

FOIT | 310B-07 | P2RSLY/R239K,/ 230V M2RZY S N432Y

33
L
had

LEUR-GT | L23OK/SREYK/MERRY I RE34Y /YAZHY

| OFY39 1 150E-07 | L23SR/SIIOR/MIS2Y I NABAY  VET6Y

FU4 1 1L B508-07 | PGSR/ T250V/MI52Y / NAJAY /Y46y

FOT 12008 | MIZERY /NRROE/TOGTG/ QR A/ NAGAY /Va56V

FO42 4 20E-08 | L2GSK/S209K/M22Y,/TI07TQ/OM 1A/ NAJAY / V40V

FG43 | 4. 00R-08 | LEADR/S23GK M3V TIO7GQ/Q3T 1A/ NAXMY Y436V

=
el
E
1=
s

TOE-GT | T2ROV/MIRIY /NAZAY /Y436V

)
EY
41
o

SUE-GE | T250V/M252Y /VE08P/ NA34Y /Y436V

FO44 | & 30E-08 | T230V/ MRSV /TI0FQ/Q311A/NA34Y V235V

Faa? | 1.I0E-08 | T230V/M232Y/TR07Q/VI08P/ Q3 1A/ NASSY /Y436V

FO54 | 5.30E-07 | M2V /Na34Y /HAEK Y436V

FOGaT | 7,70E-07 | M232Y/N434Y /H433N Y436V

FO60 | 8.00E-07 | MIS2Y/N4A34Y /B438R/ Y436V
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Table 27-24 is a continuation of Table 27-23.
[Table 27-24]

PUGE | 3TOR-07 | M252Y/S2554/ NAGAY
FOTO |2 50E-06 | MISIY /050 /NABEY
FUT I 2AOE-GH | M2B2Y/S254H / N434Y
LEGT R 2L0E0T L AMIRPY IS254 1IN AAY
FGT8 | 1.30E-06 | M252Y /82540 /N434Y

1.8GE-07

M252Y/S254V [ NASAY

4.00E-08

POARD TR0V S MIBRY /T3O7TG/ Q31 1A/ NAJY /YA3RY

5. G0E-08

PRERD/T250V/ M252Y /N2BAE/NASAY fY430V

Ry

ot

AOE-O8

LINER/S2Z0K/MIEZY /VEORP/ NA34Y Y4236V

FOG0

G AGE- 09

LIGOR/S239K/ M232Y/T30TQ/VI0EP/ Q3 TIA/ Nal4Y /Y336V

BO91

1.308-08

L23SR/ S239K / M232Y /N2B6E/T307Q/ Q31 1A/NA 34‘1’,.-";’4 36y

FQOZ | A I0E-08 | L235R/S2EOR /I M2EIY/TI07Q/ Q31 1A/ MARET/ NA34Y Y430V
FO43 | 3.80E-08 § M252Y/T30TQ/ Q3 11A/NAZ4Y /V4306V

FO94 | 2,8CE-07 § M252Y/N325G/ Na34Y

FOOS | 250807 | LA33R/PRER0 /B230K/ M2EDY /NAJ3AY

POGE | 1.30E-07 1 L2ASR/P23AD /S230K/ M252Y / N434Y /Y435V

POGTY 1 38GE-0T7 | K481/ T250V/ M2E2Y /N434Y f Y436V

RUGE | B 50E-07 | KZ4BY STIZ50V/ M52V /NA34Y [ Y4306V

¥O9GQ | 20807 | TR0V /MIS2Y/E2REH [ NA3AY / Y436V

Fro0s N3RS0
FiG08 | 1.70E-07 | L2I3RS23GK/TER0V ) MRV /NAGAY /YA 36V

FIOOG | 1.20E-08 | L235R/S23GK /T2A0V / MIE2Y/TROTQ/VIORP QI T TA/N434Y /Y436

FIe10

—

QOE-07

LAABR /2GR MESEY /THTA/ Q31T H /NA3AY

Fiol1l

4. 508-08

TORGYV (M252Y /VIORP,/ Naday

Fig12 | 4.70E-08 | L35SR/ 8RIOK/TRSOV / MIS2Y /VIUBP /NAZ4Y
FI01d | 3.00E-08 | TOSOV/M252Y/TI0TQ/VIORP/ Q3T LA/ R434Y

Figi4a

3.208-08

L23SR/S230K,/TABOV / MA53V /T307 G/ VI0RP/GAT 1A/ Ma34Y

FiO1a

2.208-08

2A8R Q2GR /M IBRY /TI0T/VIURP/ QAT 1A/ N4JIY

FI316

[

BOE-0%

TRROV/MIEDRY /N286E/TAOTO/VIOEP/ Q31 LA/ NG3AY /Y436V

FLO17

K=

20E-09

LA35RS2BGK/T250V / MAB2Y /N2BOE /TANTQ/VI0BP/ Q3L LA/ NAZAY /Y430

i !

y

L

DUELO%

225K/ 8239/ MAE2Y /NZBOE /TROTQ/VI0BP/ QA LI ATNSSRY /VALY

340807

PR3BD/ TR0V / MIASEY /NIZAG/N43aY

8 50808

| P2ARD TR0V /A MREEY /TIOT /G5 TA/NIR G N4ZAY
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Table 27
27-25]

-23 is a continuation of Table 27-24.

FLOTY | A30E-0T | PRAKD/T2E0V FM252Y /NIISA, N34y

FLO22 K326D/1328Y

F1023 | 4 408-08 | S230D/T250V/M252Y FT30T0/ 031 1A/NI3AY /VA36Y

P64 4 00E-08 | 1250V TM252Y 1 Ta070 O3 L 1A K260/ LA2EY fNAAAY /Y436y i
F1025 | 3.60E-08 | S239D/T250V/ M252Y /T3070/ 031 1A/K3260,/L328Y /NG34Y /Y4 36V
FL026 | 8.905.08 | MISIY/T30TASO5] LH/NA34Y Y4306V

B1027 | §.605 08 | L235R/S289K/M2E2Y)TA0TA/QN1 LH/N434Y /¥4 360

F1028 | 4.60E-08 | G236A/S2300/ T250V, M252Y /TIGT0/ G231 LA/ N434Y V436V
F1o29 | 5.10E-08 | T2E0V/ M250Y/TI07G Q5 LA/I332E, NASSY /YA36Y

F1O3 13328

FLOA1 | 5.306-08 | G264 /52300, T250Y/ MI52Y /TA070/031 LA/ 13826/ N434Y / Y436V
RIOT2 | 430808 | PIIR0/T250V/ MISTY [TA0TO /O3] 1A NI250/ NADAY Y436V
FTO33] 1.00E-OR | P2IRD/NGA4W

F1034 | 1508008 | L235K/S230K/M252Y / VIOBP/NA3AY JY436Y

FI035 | 1UOE-08 | L235K,/$039K /M253Y,/ TA0TO V08P Q31 1A/ NASAY /Y 426V

F1036 | 1.A0E-06 | L2Z35K/S230K /M252Y ) N2S6E/TI0TC/ Q31 LA/ NA3LY /YA36Y
F1037 | 6.10E-08 | L235K/8239K/ M232Y /TI070 /G321 1A/ MA2SI [R434Y Y436V

FIOAS | 2.80E-07 | L225K/PR38D/ S2A0K / M252Y /N34y

 F1039 | 1.30E-07 | L235K/PROAD/SI30K/ MIE2Y / NABAY V436V

F1040 | 2.00E-07 | L23SK/S230K /T250V / M2S2Y /N34T /T436Y

F1041 | 1.50E-DS | L235K/S230K/ T250V/ M232Y /T3070Q/ V08P Q31 1A/ NABMY [ Y436V
F1042 | 2.00E-07 | L235K/S2a0K/M252Y /T30 A/ 031 111/K434Y

F1043 | 520808 S /SOOI T2E0V/ MOF2Y IVI08P/ N434Y

Fl044 | 2.508-08 | L2058 /S230K /1250 M252Y /TACTO/VA0RP /031 1A, N34y

FTOG5 | 2.500-08 | L2ASK/SU9K  M2E2Y /13670 /VAUSP 3T 1A/ N4 T8Y

Y

F1O46 | 4.508-00 [ LRABK/SR89K/ TRROV / MEEIY /K2AGE/TI07Q/VI0AP OB 1A/ NAZAY /Y436
v

FLOAT | 2.40E-09 | LE35K/S209K/ MISRY / NZSG L /TI0TQ/VIOEP/O3 L LA/ NA34Y Y430V

FIG48 | 9.90E-08 | LEBBR/SO39R / MESIY /TI0TA/ (31 TH/NASZAY /Y4306V

FLO50 1 350E-0% TS0V /MIARZY S N2B6E /T0TQ/VA0EP/Q3 L A/ MA2RBI/NABAY /YAS6V

FIOBT ) 3.90E-0% | LABBR/S2IVI/ TR0V /M2R2Y AR 2B6E/TI0TQ/VIO8P/ QAT 1A M2 281 /Na G4
Y/Y4a6Y

F1os2 | 330809 | LA3BR/SZI9R/MIAEY / NEBOE /TIOTQ/VIOURP/ U3 LA/ MAZEI/ NAZAY /Y436
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Table 27-26 is a continuation of Table 27-25.
[Table 27-26]

F1053 | 4.23E-08 | L235R/S230K/ T250V/ M2E2Y /TA0TQ/O3 114/ NIV /YA36Y
FI058 | T.RIE-07 | M2ZSZV/D3B6E/ NASLY /Y436Y
F1050 [ 1.30B-07 | M253Y/ 0386/ N434Y /YI36V
FIO60 | 1.43E-07 | M252Y/ Q3865 N434Y ) Y436V

PETEET T

=
&
e
J

3

RS TSR TET RS TYTAR Y

F1062 | 1.ZE-07 | M252Y/P38TR/ NA34Y /Y436
F1063 | T.43E-07 | M252Y/PSRTS/ N434Y fvA56Y
CFY064 | 1.32E-07 | M25EY /VAZ2E/ N34T VA6V
FI065 | 1.38E-07 | M252Y/VAZUR/ NA34Y /Y 436V
F1066 | 1.458-07 | M252Y/ V4228 K434V [VA36Y
FIOGT | 1.268-07 | M252Y/ 84248/ NE34Y /Y436Y
FID68 | 1.60B-07 | M252Y/S424R/ NASAY /YA36Y
FI0o% | 1.39E-07 { M2EZY/N434Y S Y436V /Q438E
F1070 | 1.73E-07 | M2ZBIY/N434Y /Y436V/Q438R
FIG71 | 1.24E.07 M252Y/K434Y [ YAI6V FO4388
FI072 | 1.35E-07 | M252Y/N424Y / YA36V /S43508
FI0T3 | 1.34E-07 | MES2Y/NA34Y /¥436Y /S440R
F1074 | 1.32E07 | 82300/ M2527 / N434Y /Y 436V
FI075 | 14507 | M2B2Y/K326D/L328Y/ N43AY ) VA6V
FIO76 | 1.27E-O7 | $2300/M252Y 7K306D/ LIDEY /N4 34Y /¥ 436V
FIG77 | 2.03E-06 | K248N/M252Y A N4 34Y
FIGT8 | 4.7E-07 | M232Y/E380N/E3825/ N434Y
PIGTO | 344807 | M252Y /EIRIN, NIBAS/ N34y
L FI0B0 | 3.TYE-DT | MOSUY /53240 NABSY
FIDBT | G.2BE-D7 | MO5IY/ NAZ4Y Y436N /0238 T
FI1082 | 2.768.07 | M252Y/N434Y/ Q438N
FI083 | 3.45E-07 | M252V/NA34Y/ S440N
F10G4 2 6E-(7F W25V 7 NAZSY ) 5442 N
FI085 [ 2.86E-07 | M250Y/S383H/GI85S/ N434Y
F1096 | 2.72B-07 | M2S2Y /QR86T/ N424Y
F1097 | 2.821E-07 | M252Y/GIB5N/ P3BTS/ N434Y
FI008 | 2.58E-07 | 82300/ M52/ N434Y
FI0UY | 2.578-07 | M252Y/K3260/L328Y / N4 34Y
FH100 | 2.418-07 | $2300/ M252Y ) K2260/ L328Y / NS 34y
F116% | 6.508-08 | S235D/M232Y/T3070/ Q31 1 A/ N434Y
F1102 | G 46E-08 | M252Y/T3070/ 031 1A/ KE26 D/ L328Y /N34y
F1102 | 6.11E-08 | §239D/M252Y/T2070/ Q31 1A/ K326 /L3ZEY / K454y
F1104 | 1.77E-07 | MES2Y [VA02E/8424R/ Ka34Y /Y434V
F1IG5 | 1.54E-07 | M2SIY/V4I25/ 5424R /N4 34Y FY436Y
F1106 | TAZE-OT | M2I52Y/N334Y /Y436 Q43BR, Sa40E
F1107 | 1.23E-07 | M252Y/ V4200 NAREY /Y 436V
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Tuble 27-27 is a continuation of Table 27-26.
[Table 27-27]

FI108 | 1.26E-07 | M2B2Y/VA22K/ K434 /¥4 36V
F1I0G | 1 27E-G7 | M2S2Y/VA22T/NA33Y /Y 436V

FIUIG | 1 33E-07 | MIB2Y/ Va2, NI34Y [Y436Y
TP | 1a5B07

MIO2Y /5429 K/ NA3AY /Y 436V

TFITIETY

foom

DERETDT

FI113 § 118E-07 | M257Y/ N433Y/ Y436V /34400

FI114 | LB1E-07 | M252Y/NA34Y/ Y436V /54200

FIT15 | 1.3858-07 | M2S2Y /34248, N434Y /Y436V

FI116 | 7.448-08 | M2EDY/TROTO/O31 1A SADIN 7 N4 BAY

F1117 | 4.875-08 | T250% /M252Y JT307G/ 031 LA/ S44N/ NAZGY / V430V

FIT18 | 1.32E-08 | T250%/MAB2Y /TG7C/VAOSP/ O3 LA/ S424% 7 NS34Y /Y4 36Y

F1119 | LO3E-08 | T230%/M252Y /TG0 V30BP/ 03] LA/ VAZRE/ NADAY /Y436

FI120 | 1.04E-U8 | T256V/M2B2Y JTICTO/VE08P/ G321 TA/S4D5 R/ NAZAY /Y 136V

FI121 | 1.03E-08 | T250V/M232Y [ TA0TO/VI0EP/ 031 1A/ VALIE/SI24R NSRLY /YAZ6V
F1122 1 1.37E-08 | T23DV/ M2B2Y S T307TC/VIGRP/ Q31 LA/ NA34Y /Y 236V D438R

F1123 | 9.55E-00 { T2E0V/M252Y /T3070/VIORP/ 031 LA/ NASAY /Y436 /SA40R

F1124 | 1.22E-08 | T2E0V/M252Y/TI070Q/VI0RP/ Q31 1A/ N434Y Y436V /Q338R /S44DF
F1125 | 5.18E-08 | M252Y/TA07( N434Y /Y 336V

F1126 | 5.9SE-08 | M2S2Y/T307A/N434Y /Y 436V
FI127 | 7.04E-D8 | M25ZY/ 031 1A/N434Y [ Y436V
F1128 | LITE-07 | M252Y/031 IH/ H433Y /Y4363
F1129 | 4.48E-08 | M2B2Y/TI07Q/ G311 H/NE34Y /Y436y
F1130 | 5.54E-08 | MIERY/TI0TA/ Q21 1A/ RAZSY Y436V
FLI3T | ¥ 29F-07 | L235R/S220GK/ MEEEY /VAI2E, N4B4Y /Y4T6V
FT132 | 145-07 | L235R/S230K / MA52Y /VA228/ NA34Y /Y436V
F1133 | 158507 | L235R/S230K/ M252Y /84 24R/ N4 34Y Y436V
F1i34 | 1.66E-07 | LZ35R/S230K/ M2SIY /NASAY /V436V/ O438R
FI135 | 1.26E-07 | L235R/ 539K /M252Y / NA3AY /Y436V/ SH40E
FY136 | 1.63E-07 | L23ER/S2IVN/ MOSIY /VAR0E/ S04 NAGEY /Y436
F1137 | 1.58E-07 | LO3SR/S2IVK/MOGRY JV4225 184081 NA3AY Y436V
FI138 | L63E-U7 1 L20BR/SEIOK  MAS2Y / NA33Y / Y436V / Q48R / §40E
F1139 | 1.528-07 | LY25R/SUS0R/ MI52Y /S404N/ NAGAY /Y430
F1140 | LAYE-07 | MZBOY /VERIR/SAT4R/ NASAY /YA36Y /O438R  $440E
LI | L TTEDT I MRS2Y V225, S404R /NG SIY /YAS6V /4RI S440E
R1142 | 1.87E-07 | L235R/S23GN/M2B2Y /VA2IE/ S424R/ NAZLY /Y4 36V ) 04 38R/ 8440E
F1142 | 1.98E-07 | L235R/S230K/ M252Y / V4228754 24R/ N434Y /Y436V/ O428R [ B440E
F1144 | 1.34E-08 | L235R/S230K/ T250V/ M252Y /Ta07Q/ V08P G311 A/ ¥434Y /Y 436V / D438R/ S
1408
F1745 | 5 23808 | T230V/M252Y/TA070/ 081 1A/ NA34Y Y436V / Q438R/B440E

F1146

6. 24 E-08

L2ABR/S23GK /TR0 / M2E2Y /TI0TQ/ Q3 LA/ NA34Y /Y430V / Q4 38R /54340

F1iav

71908

MAB2Y/TI070/ QI TIAKAZAY FQA38R 84408
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Table 27-2% is a continuation of Table 27-27.
{Table 27-28]

1145 | 7.63E-08 | L23SR/S230%/MR52Y/TI0OTO/ Q01 1A/ NE34Y /Q438R /840K

F1151 | 2.318-07 | L235R/ 82301/ M252Y/ $324N,/ N4 34Y

F1IR2 | T.38E-08 | LZE5R/S2IOK/MABIY /TIOTQ/ QAT TA] SN FN434Y

FI152 | 4.85E-08 | L235R/8230K/ T2R0V/ MIE2Y / TROTG/ 001 LA/ S424 N/ NA3IY /Y 406V

[ o R B e 0 o W LA KL AR B S A W TG TATE T3S e R U A P

F1157 | 2.00E-07 | M250Y/ N433Y / Q438R/S1408

F1158 | 2.99E-07 | L236R/S230K/ MAB2Y  N434Y f Q438K /54408

F1150 | 4.705-07 | 34248/ N434W

F1160 § 2.88E.-07 | VAORE/SA24N/ NABLY

FIISY | 1.07E-D6 | 1332V/S42AN/NA3AY

F1I62 | 3.43E.07 | P23RD/TZSOY / MI52Y /N4 34Y / Y436V

F1163 | 1.34E 07 | P238D/T250Y/M252Y/TIOTQ/ 031 LA/ N434Y

F1164 | 6.96E-08 | P23AD/T250Y /M232Y /T3070/ 031 LA/ NA34Y /Y 436V
IF1165 | 1.63E-08 | PR3BD/T250Y/M252Y/TI0TQ/ VI08P/Q31 1A/ N434Y /YAZGY

FI174 1 4.9E-07 | P25T1/N434H

F1176 | 1.98E-06 | V308K

FYIT8 | GTRR-07 | V25U /VEOBF/ M428L.

F1183 | 1.2RE-06 | E380A/MA2EL/N434S

P84 1E-06 | TAO7A/MA28L/ N4348

F1185 | 9.1TE-07 | T30TA/E3B0A/ M428L/NI343

F1188 | 1.72E-06 | T3G7A/E380A/N434H

FIIBY | 1.57E-0F | M252Y /H433D/ N432Y /V436V/ G438R/S440E

FLIG0 | 2.45-07 | M252Y/ HA4335/ N433Y /Y436 / O438R [ S440E

F1191 | 201807 | M259Y/NA34Y / Y436V TA8TA/ Q438R/S440F

F1102 | 1276807 [ M250Y/ NAB4Y /Y486Y /T4370 ) D438R / S440F

F1104 | 1.538.07 | M252V/N434Y /Y436 Q438R/ K439T/ 54408

F11G5 | 176807 | MI52Y/RA34Y Y436V Q438R,/ B4408/L441 A

F1196 | 1.53718-07 | M252Y/ K434 Y436V /O438R,/ S4408/ 1421 E

F1197 | §.46E-08 | M232Y/S254T/K434Y /Y456 / Q48R S440E

F1198 | 7.83E-08 | M2S2Y/T256E/ N434Y /Y436V/ Q438K S430F

FI109 | 4.258-08 | M252Y /82547 T2E6E/ N434Y S Y436V Q438R /54408

FI200 | 120807 | TRSOV/MI5IV/ S054T/ N434Y /Y426Y / (4ARR/ S440E

1201 | LOTE-DT | TR0V /MIZ2Y /TIS6E HEY Y406V [ GA8R /3340 E

F1262 | S.815-08 | T2A0V/ME52Y [ S252T/T2E6E/ NASAY [Y436V/ Q4388 /84408

FI203 | 1.520.07 | M252Y/T2560/ NABY Y436V Q48R 844DE

F1204 | 1 18R-07 | M2S2Y/S254T/ T256Q/ Na 24V Y436V /04 38R 154408

FI205 | 1.OBE-07 | T2500 /MY /TI36Q/ NAG4Y [Y436V/ O438R/ 84308

F1206 | 1.695-07 | T250V/M252Y/S234T/T256(/ NA34Y /Y 436V / (4381 / 3440F

F1207 | 111806 | 13228 M4 2RL/ N34S

F1208 | 5.718-07 | LASIA/M252Y /KA34Y Y 436Y

F1211 | 123506 | L251H/ M2V 7 N434Y /Y536Y
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Table 27-29 15 a continoation of Table 27-28.

[Table 27-29]
FI1213 | 6.338-07 | L251N/M250Y/ N434Y V436V
P1216 | 1I6RE-06 | L2816/ MEBDY / N424Y /Y4 36V
[F1217 | LI4E-06 | L251T/M252Y /N434Y /Y 436V
F1218 | 2.31E-07 | LASIV/MZE2Y/N434Y/V436Y
g O R Y TS T RE A Y IAEY
F1230 | 1.12E-07 | M252Y /N434Y /YA36V/ Q43817 $4400
F1231 | 0.72E-08 | M252Y/ N434Y /VA30V / Q438K/ 84408
F1232 | 0.70F 08 | MASIY/NA34Y/VA3EV/ (438K /3440D
F1243 | LU3E 07 | LR33R/S23UK/ MISIY /SUE4T/ NE34Y /Y 436V Q438R/ 84408
F1244 | 1.02E-07 | L23BR/S2R0K/ M2V T2E6E/ M43V /Y4364 / Q4381 S440E
F1245 | 8.2E-08  LE35R/S230W/MES2Y/S2547/ T250E/ N4A34Y /Y436 /(338R/ 84308
F1246 | 1. 73B-07 | L2OGR/S2I0K/ T250V) M52V /S254T/ NA34Y [ Y436V / (Q438R/ 84408
P1247 | 1 35E-07 § L2351/ S2391/T250V / MAEDY S TIS6E/ N4S4Y Y436V /DA3RR/ S440E
£1248 | 12807 L LR3SR/SIIOK/T2S0V/M252Y /82547 T2561/ N4B4Y /Y436Y (4 28R /84408
F1249 | 2 D6E-07 | L23SR/S2ION/ MR52Y / TL56(Q/ N434Y /Y436 / Q438R /84408
FI1250 | 1.60E-07 | L225R/S2IGK/ MY/ 82547/ TA560G] NASEY /Y436Y Q438 R/ 5440E
F1251 | 2.77RE-07 R/S2BOI/T2E0V [ M2EIY /T2500/ N34V Y436V /Q438R/ S4408
F1252 | 2.33E-07 | L23BR/S239K,/ 7250V / M25IY /5254 T/ T236Q / Na3a¥ /Y4 36V JQaB8 / 544 0K
FI253 | 1.128-07 | L235R /STROK/M2BIY /TA0TA/ NA34Y [Y436V / Qa38R/ 54408
Fi1254 | 6.428-08 | L23 R; 239K/ MRE2Y/TIOTQ/MA34Y V436V T Q48R /8440
F1285 | 1.11E-07 SR/ SUIOKMISLY O3 IA/NAAY /YI36V/ Q48R SL40E
F1256 | 1.56E-07 | L235R/S2I0K/ MIS2Y/ 031 TH/ Na34Y /Y436V / GI38R/ 54408
FIZ57 | 7 B1E-08 | LOSR/SIIGK/MEE2Y /TI07A/ Q31 1A/ NA34AY /Y436V / Q438R/ 8240F
F1258 [ 1.0SE-07 | LE33R/AI0K/ MIEY /TI07A/ (31 1H/NA3IY Y436V Q438R /8440
F1259 | 4.468-08 | L235R/S239K/ M252Y /TA070/ G371 1A/ N434Y [ YABGY [ Q4 38R/ S440E
F1260 © G.53E-08 | L235R/S230K/ M252Y/T30T0/ Q31 1H/NA34Y /Y436V/ Q48R /S440E
FI261 | 135E-07 | L235R/S29K,/ M2E2Y /N434Y / Y436V Q38R /H440D
F1262 | 1.26E-07 | LZ35R/5239K/M252Y / N434Y V436V / Q438K / S440E
FI263 | 1.24E.07 | L225R/S230K/ M252Y FN434Y / V436V Q438K / $440D
F126% | 1.27E.07 | L235R/S230K/ MISDY /TIS0AS NATAY [ YE36V [ Q438R /84408
F1263 1 57E-07 | LO3SR/S230K/MIB2Y /T256C/ N434Y [Y336Y [Q438R/ 54408
TFI1266 | 0.00E 08 | L235R/SI30K/ M2E2Y FT256N NA3AY Y436V / Q408884408
F1267 | 1.38-07 | LI2ZER/S230K/M2I52Y /825447 N434Y /Y 436V /Q438R /84408
F1268 2E-07 { L235R/S230K/ MESIY FHA33 0/ N434Y S Y436V / QIS8R S44 08
F126% | 166807 zgsw/sgmh JM252Y /H4330/ N433Y V436V / Q438K /8440D
F1270 | 1 18E-07 [ L235R/S239K/ M252Y/ 525447 N4B4Y [Y 436V / Q438K /$440D

2.05E 07

L23SR/BAIGK/ME2Y F SUS4A HAAZD/NA34Y /Y438V/ GA3RR/ S440E

1.71E-07

L235R/BIIUK/ MIH2Y fBE5RATHASID/ Na34Y /Y 436V Q438K /34400

F1373 | 1.53E-07 | L2BBR/S239K/ MBEIY TAS60/ N434Y /YA36Y / Q438K 53400
F1274 ) 2A8E-G7 { L235R/SIIGK/ MRSEY /T2300 7 HAZ3D NE34Y /Y36 /U4 38R/ $440E
FI275 209807 | L235BR/S2TYK/MIB2Y /TI56L 7 HAIBD/ NA34Y /Y A36Y / Q438K /84400

3
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Table 27-30 is a continuation of Table 27.29.
{ Table 27-30

L F1276 |

1.G2E-GF

L235R/S230K/ M2EIY FTASEA, N434Y [YI36V/ 438K /440D

F1277 | 1LO6OE-O7 | L235R/S230K/ M252Y /12564 433D/ N434Y /YA 36V ) QA 38R / S440E
LFIZTA | 14E-07 | L235R/SE3GK MES2Y/TA56A, HA33D/ NAJAY / Y436V / O4381/S440D
F1279 | 1.238.07 | L235R/S239K/ M252Y /T256G/ N434Y /Y 436V Q438K /S440D

U T o o P i T B0 L F I A A L = e A W U e T St e A ety
F1281 | 1.74E-07 | L235R/ 82305/ M2S2Y/ T256G] HA330/ ¥434Y Y436V /04 38K/ $430D
F1282 | 7HOE-05 | L23SR/SEI0K/M252Y/T256N/ N34V /Y436V/ Ga38K /84300

F1282 | 1.34E-07 | L235R/S230K / M282Y /T256N/HA32D/ NA34Y Y436V / 0438R/ 3440
FI284 | 1,28 07 | L235R/S239K/ M52V /T256N/ HE 33D/ N434Y [ Y436V / Q438K /34500
Fi285 | 9.36E-05 | L235R/SI39K/M252Y/S2541/N34Y Y436V / Q438K / 84401

F1286 | 1.57E-07 L2E5R/S23GK/ M2E2Y 82547/ HASAD/ NABAY /Y4 36V Q438 R/ $440E
F1287 | 1.5E-07 | L235R/S230K/M252Y/§254T/ H433D / N434Y /Y4 36V / Q438K /84400
F1288 | 7.U5E-08 | L235R/8239K/ M2E2Y / T2S6E/ Na34Y /Y436V/ Q438K /8440D

F1289 | 1.33E-07 | L235R/S230K/ M252Y S TAS6E, H433 0/ N434Y /YS36V / Q438R/ 84401
F1290 | 1.11E-07 | L235R/8230K/ M232Y [TR36E/ H433D/ NA34Y / Y436V / Q438K /8240D
F1291 ¢ 1SLE-O7 | L23SR/S230K,/ M252Y /HAZID/ NA24Y [ Y436V

F1202 | 4.24E.07 | LO35R/S2301/ HABAD/NA3AW [YL36V /(4 38R/ 54408

F1203 | 1.618-07 | L23SR/S239I/ M2E2Y /T256E/ N434Y / Q38R 54408

1264 ZE-07 § L23SR/S230K / M252Y FT256E/ N434Y /Y36 T/QI38R/ S4408

F1205 | 9,84E-08 Lzsm/sza%;mnm FT2S6E/N434Y /Y436F /Q438R/ 84408

F1296 | 2.27E-07 | L235R/S239K/ M254Y /T2565/ HA330/ N434Y /O438R/ 54408

F1297 | 2.5E-07 | L235R/S239K/M252Y /T256E / HA33D/ Na34Y /Y436T/ 03 38R/ 54408
F1298 | 1.47E-07 | L235R/S230K,/ M252Y /T2568/ HAZ3Y/ NAZAY S Y436F /438 R, S440K
F1299 ¢ 1.5E-07 | L235R/S230K/ M252Y /TS 434V /04 38K/ 855400

FI1300 | 1.63E-07 | L235R/S239K/ M252Y /T2561E/ NA34Y /Y436 (438K /54400

FI301 | B.3E-08 | L23ER/S239K/M2B2Y JTI565/ NAZAY /Y43BF/ (438K /84400

F1362 | 2.758-07 | LI25R/S239K/ M2V /T256T/ HA330/ Na34Y / 04 3BK / 5440T

F1303 | 2 1E-07 | L235R/S230K/ M52V /T256E/ HA33D / N434Y /V436T/ 04 38K /S440D
Fi304 | 1.24E-07 | L225R/S239K/ ¥252Y /T256E /HA33D/ N434Y /Y436F / Q438K 54400
FI345 | 2.05E-07 : L235R /S230K/ M252Y /HAZ3D 7 NE34Y /Y 436V / Q3 38R /54400

FI306 | 1.92BE-07 | L233R/S8230K/MI52Y /HAZED /N4 347 /Y 436V/ Q38K 84408

FIA07 |1 43807 | L235R/$230K /MY /VADZA/ 82244 NASAY FY4RGY

F1308 | 2.06E-07 | L2351/S230K / MAE2Y /V422L/S4231L/ K434Y/ V436V

RI300 | 1.26E-07 | L23SR/SIROK/ M2A2Y /NAZAY /VE36V /(4384 84404

F1310 | 228807 | L233R/SUIGR/ M252Y /N434Y ) VA36V/ 04381/ 54400

F1311 | 1.69R-07 | L235R/S239K/ MRSV / V42247 54244 B4 330 NA34Y /Y436V

FIZ12 | 179B-07 | LZISR/SIAVK/ MISY /VARRL/ S424L/ HAZ3 D/ NaZAY /Y 436V

FI313 | 1.77E-07 | LO3BR/SII0K /MY [ HAZID/ NA3EY /Y4361 / Q33847 S440A

F1314 | 2.27E-07 | L235R/SI30K /M252Y / HA33D / R434Y / Y436V / Q4381 /84401

F1315 | 1.52E-07 | G237K/SZ30K/ MAS2Y /N424Y /Y4 36V

F1316 | 1.49E-07 | G23TR/S230K/ M252Y I NA3Y Y336V
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Table 27-31 is a continuation of Table 27-30.
[Table 27-31]

F1317 | 1.285-07 | S5230K/M252Y/P32OK/ N434Y V436V

F1318 | 1.43E 07 | S230K/ M252Y/P320R/ NASY /YA36Y

R1319 | 2.67E-07 | M252V/L328Y /N434Y

F1320 | 1.22E-07 | L235R/S200K/M252Y /S254T/ N434Y /Y4361 (438R /84400

F1321 | 1.03E-07 | L235R/S030K / M252Y / S254T/ N434Y Y436V [ G438K / S440F

Fi32s 1.6E-07 | LI30R/82309K / M252Y /8354 T/ HAZAD/ N433Y / Y436V /4 38R/ 54400
F1343 14907 | L23SKR/S239K M52V /S254T/ HAZ3D/ NAZSY /YA3LV Q438K /54408
Fi323 | 1.32F-07 | L2344/ L235A7 M252Y /N4 34Y / Y436V

FI13258 | 2U13E-07 | L234A/L235A/ MIS2Y I N2OTA/ N4 3V /Y A35V

F1326 | 1.008E-08 | L234A/L235A, T250V/M232Y /T30T0/VA08P/ 0311 A/NASAY /Y436

F1327 | 1.4TE-08 | L234A/1L235A; T250V/ MR52Y / N2GTA  TIGT0O/ V08P Q3 11 A/ N34V /¥436Y
R1328 | 1.32E-07 | L235R/GE36R/S230K/ M252Y/ W4 34T /Y436V/ Q438R/ S440E

F1320 | 129507 | L23SR/GI36R/S2I0K/ MIB2Y /S2EAT/ NAIEY / Y36V S Q438R/ S440E
F1330 | 1.03R-07 | L23GR/G236R/S239K/ MI32Y /T256E/ NA3SY /Y436V/0238R/S4208
F1331 | 7.75E-08 | L235R/GR36R/S230K/ MA52Y / S254T TI56E/ NA34Y [ Y436V A38R/ 54408
F1333 | 1.23E-07 | L235R)GE306R/S230K / MRA52Y / NA34AY FY436V

F1234 POSE-07 | LZ35R/G2306R/B230K / M232Y /7 NA3AY /YA20V /438K /88400

R1333 | R.78E-08 | LE3SR/G236R/$230K / V252Y /82547 Na34Y /Y436 ) Qa 38K /84400

F1336 | 7.1BE-D8 | L235R/ G236R /52201 / M252Y /T256E/ N434Y /¥4 36Y Q438K /54400
FI337 | 7.41E-08 | L235R/S230K /MR5Y /T256E/ NA34Y /YAI6V /438K /S440E

F1338 | 1.04E 07 | L235R/5239K/ M252Y/ T256E/H433D/ N434Y /YA36Y / G438K, S440E
F133% | 2 51E-07 | L235R/S230K/ M2B2Y /8254 T/ T256E/ HA3 30/ N434Y /YA36T/ Q438K / 34401
F1340 | 5.588-08 | L235R/S23GH /M2E2Y/ S254T/ 12565/ NA34Y /Y 436V / Q438K /53408

F1341 | 322807 L2ISR/S2I0K /M282Y /825477 NASHY [Y436T /24 38K/ S140E

F1342 | 2.31E-07 [ LA33R/E2I9K/ MIL2Y /T256E/ NaBaY /Y a38 T Q458K / $4408

F1343 | 2.01E-07  LZ35R/SIBOK/ M232Y/ 82547 /T256R N434Y /Y 436/ Q338K / 52408

F1544 | 3.065-07 | L23ER/S230K/MR52Y/NIB4Y /YAS6T/ Q438K / S440E

F1345 | 1.05E-07 | L235R/GEABR/S2I0K/ M5V N434Y /Y436V/ Q438K / SL40E

F1346 | 8.58E 08 | L235R/G236R/S209K,/ M252Y /S254T/ NA34Y /Y436 / Q438K 7 S440E
F1347 | 7.14E-08 | L235R/G236R/8230K / M252Y /T256E/ N434Y /¥ 436V / Q438K /S440E

H ?34_&8 5.320-08 ) L233R/GAGR/SIIOK/ MI52Y /S254T/ T256E /N4A33Y /Y436 / Q438K / 34408
F1349 | 3.30K-07 | L2ASR/8230W / M2E2Y /NJ34Y /Y436 T/ J438R/ 54408

Fi1350 1.18E-07 L2ASR/B230K/ M252Y FNE34Y Y436F fQA38K/ S448E

F1351 1.62E-07 : L223R/B23GK /MIBAY I NAZAY [YS36F JQ4 28R B440E

FIA52 | 3.938-07 | L233R/S2Z3GH /M252Y/ HA33D/ NA34Y /VA367T ) (04381 / 34408

F1353 | 4.32E-07 | LI35R/S239K /MR50Y /HA330/ N434Y /Y4367 / 04 38R/ S440R

Fi354 | 2.29E.07 LA3BR/E23GK /MY /HA330D / RA34Y /YL20F /04 38K/ 54408

F1355 | 2.476-07

1.58E-07

LABBR/S2I0R /MIB2Y/ HA3J U/ NA33Y [ Y43BF/ Q438 / 54408
GR36R/M252Y [ LIZBR/ NA34Y /V436V

FI1357 | 2.83E-07 | LI3BR/S239K /MEZS2Y 82547/ N434Y [YA36T/ G4 38R / 84408
F1358 | 9.07E-08 | LZ3SR/S23IGK /M252Y /32547 NA34Y 1 Y43eF Q438K /S440E
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Table 27-32 is a continuation of Table 27-31.
[Table 27-32]

!

F1239 | 1.28R-07 | L235R/S230K/ M252Y /S254T/ NA34Y /Y4367 / O438R ) S440E

F1360 | 3.12E-07 | LR35R/S230K/M252Y/8254T/HA33D / NA34Y /Y436T/ Q438K /S440E
F1361 | 3.52E 07 | L235R/S230K/M252Y/S054T, H433D/ N424Y /Y 4367/ Q438R / S4408
F1362 | 141E-07 | LOISR/Sa30K /MDSoY (8054 T MAT3M INAAY [Y436F /0438 /8408 |
F1363 | 1.9E-07 | LO35R/S230K/M252Y/S254T/HA330/ N4SaY /Y436F/ O438R /S440E
F1364 | 7.49E-08 | L235R/S230K/M252Y /T2536 5/ N434Y /Y436F / Q438K / S440E

F1365 | 3.14E-07° L235R/S230K/M252Y /T256E/ H433D/ N434Y Y4367/ O428K /S4408

F1366 | 1.17E-07 | L235R/S8230K/M250Y /T256E/H433D/ N434Y /Y4365 / Q438K / S440E

F1367 | 1,79E.07 | L235R/ 230K/ MI52Y/S547T/ T256E/ N434Y /Y 436T/ 04381 / S440F

F1368 | 540F-08 | L235R/8230K/M252Y /S254T/T256E/ N434Y /Y 436F/ Q428K / S440F

F1360 | 7.6E-08 | L23SR/S239K/M252Y /S254T/T256E/ N434Y /Y436F/ 038R/ S4408

F1370 | 9.14E-08 | L235R/S230K/ M252Y / 82547/ T256E/ HAISD/ NGS4Y /Y 436V / O4238K / §440E
FI371 | 1.09E-07 | L235R/S230K / M252Y /S284T/ T2S6E/ HA33D/ N434Y /Y436V/Q4238R /84408
F1372 | 2.28E-07 | L235R/S239K/M252Y /8254T/T2561/ H433D/ N434Y /Y436T/ Q438K / $440F
FI373 | 8.67E-08 | L2ISR/S230K/ M252Y /S264T/T236E/ 423D/ NA3AY JY436R/ Q438K / $440R
F1374 | 1.28-07 | L235R/S23GK/ M252Y /S254T/ T2565, H433D /Na34Y /Y436F/ Q438R / S440E
F1373 | 1.03E-07 | L235R/S239K/M252Y /8254T/ N434Y /Y 436V

F1376 | 9.09E-08 | L235R/S239K/M252Y /S254T/ T2565/ NA34Y /Y 436V

#1377 | 8.27E-08 | L235R/S230K/ M252Y /T256E/NA34Y /Y436V

| R1378 | 3.618-07 | L225R/S230OK/MAE2Y /N434Y /¥436T

F1379 | 2.858-07  L235R/S239K/M252Y/N434Y /Y436F

(5-2} In vivo test of pH-dependent human [1~6 receptor-binding antibodies with enhanced human

FcRn binding under the pH neutral condition

pH-~dependent human IL-6 receptor-binding amtibodies having human FeRn 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-IgGl comprising VH3-IgG1 (SEQ ID NO: 35) and VL3-CK (SEQ ID NO: 36);
Fvd-1gGl-v2 comprising VH3-I1gG1-v2 (SEQ ID NO: 37) and VL3-CK {(SEQ ID NO: 36):
Fva-I1gGi-F14 comprising VH3-1gG1-F14 (SEQ 1D NO: 86) and VL3-CK {SEQ ID NO: 36);
Fva-1gG1-F20 comprising VH3-1gG1-F20 (SEQ [D NO: 39) and VL3-CK (SEQ 1D NO: 36);
Fv4-lgGl-F21 comprising VH3-1gG1-F21 (SEQ ID NO: 40) and VL3-CK (SEQ ID NO: 36):
Fvd-1gG1-F25 comprising VH3-1gG1-F25 (SEQ 1D NO: 87) and VL3-CK (SEQ 1D NO: 36):
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Fvd-1gG1-F29 comprising VH3-1gG1-F29 (SEQ ID NO: 88) and VL3-CK (SEQ ID NO: 36):
Fyd-1gG1-F35 comprising VH3-1gG1-F35 (SEQ ID NO: 89) and VL3-CK (SEQ ID NO: 36);
Fv4-TgG1-F48 compnsing VH3-1gG1-F48 (SEQ 1D NO: 90) and VL3-CK (SEQ ID NO: 36);
Fv4-1gG1-F93 comprising VH3-1gG1-F93 (SEQ ID NO: 91} and VL3-CE {SEQ ID NO: 36}
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The prepared pH-dependent human IL-6 receptor-binding antibodies were tested in vive
by the method described below using human FeRn transgenic mice (B6.mPcRn-/~ hFeRn Tg line
276 +/+ mouse, Jackson Laboratories: Metheds Mol Biol. (2010) 602: 63-1043.

To a human FeRn transgenic mouse (Bé.mFcRn-/- hFcRn Tg line 276 +/+ mouse,
Jackson Laboratories, Methods Mol Biol. 2034; 602: 93-104) and normal mouse (C37TBL/6]
mouse, Charles River Japan), hsiL-6R (soluble human 11.-6 receptor prepared in Reference
Exampie 3) was administered alone. or soluble human IL-6 receptor and anti-human IL-6
receptor antibody were administered simultaneously 1o examine the pharmacokinetics of the
soluble human IL-6 receptor and anti-human IL-6 receptor antibody in vive. A single dose (10
ml/kg} of soluble human IL-6 receptor solution {5 ug/mL) or a mixture of soluble human 11-6
receptor and anti-human 1L-6 receptor antibody (5 ug/mL and 0.1 mg/mL, respectively) was
administered into the caudal vemn. 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 collecied
at 13 minuies, 7 hours and 1, 2, 3, 4, 7, 14, 21, and 28 days after the administration.  The blood
samples obtained were immediately centrifuged for 15 minuates at 4°C and 15,000 rpm 10
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 bv an

alectrochemiluminescence method

A soluble human IL-6 receptor calibration curve sample prepared at 2,600, 1,000, 500,
250, 125, 62.5, or 31.25 pg/mL, and a mouse plasma measurement sampple diluted by 30-fold or
above, were mixed with a monoclonal anti-human 1L-6R antibody (R&D} ruthenated with
SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated anti-human H -6 R antibody
(R&D), and tocilizumab, followed by ovemnight 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 | hour at room emperature, Read Buffer T (x4) (Meso Scale

Discovery) was dispensed.  Subsequently, the reaction liguid was immediately subjected to
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measurement using a SECTOR PR 400 reader (Meso Scale Discovery).  The concentration of
soluble human [L-6 receptor was calculated from the response of the calibration curve using the
SOFTmax PRO analysts software {(Molecular Devices).

A time course of plasma concentration of soluble human [L-6 receptor after intravenous

administration to human FcRn transgenic mice i1s shown in Fig. 40, The test result showed that

of any of the pH-dependent human 1L-6 receptor-binding antibodies with augmented human
FeRn binding under neutral condition, as compared to in the presence of Fv4-1gG1 which has
almost no human FcRn binding ability under neutral condition.  Ameong others, antibodies that
produced the remarkable effect include, for exampie, Fv4-1gG1-F14. The plasma concentration
of soluble human IL-6 recepior simultaneousty administered with Fv4-1gG1-F14 was
demonstrated to be reduced by about 54 times one day after administration as compared to that
of soluble human [L-6 receptor simultaneously adminisiered with Fv4-1gGl.  Furthermore, the
plasma concentration of soluble human 1L-6 receptor simultanecusly administered with
Fv4-1gG1-F21 was demonstrated to be reduced by about 24 times seven hours afier
admunistration as compared to that of soluble human IL-6 receptor simuitaneously administered
with Fvd-1g(Gl.  In addition, the plasma concentration of soluble human IL-6 receptor

simultaneously administered with Fv4-1gG1-F25 seven hours after administration was below the

detection [imit (1.56 ng/mi). Thus, Fv4-1gG1-F25 was expected to enable a remarkable

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 simuitaneously administered with Fv4-IgGl.

The findings described above demonstrate that augmentation of the human FcRn
binding of pH-dependent antigen-binding antibodies under a neutral condition is highty effective
for enhancing the antigen elimination effect.  Meanwhile, the type of amino acid aiteration to
augment human FcRan binding under neutral condition, which is introduced to enhance the
antigen elimination effect, is not particularly himited; and such alterations include those shown in
Table 16, The antigen elimination effect can be predicted 1o be enhanced in vivo by any

inirodnced alteration.

[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

(G6-1}  Preparation of a phage displav Hbrarv for naive uman antibodies

A phage display Library for human antibodies, consisting of multipie phages presenting
the Fab domains of mutually different human antibody sequences. was construcied according 1o
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 aniibody fragments that bind 1o antizen in Ca-dependent manner from the

library by bead panning

The constructed phage display library for naive human antibodies was subjected to

intial selection through concentration of only antibody fragments having an antigen (1L-6
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concentration-dependent antigen (IL-6 receptor)-binding ability as an indicator.  Concentration
of antibody fragments using a Ca conceniration-dependent antigen (1L-6 receptor)-binding
ability as an indicator were conducted through elution of the phage library phages bound to IL-6
receptor in the presence of Ca ions with EDTA that chelates the Ca tons  Biotinylated [1-6
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 NaCl/10% PEG to the E. coli culture solution in which the phages
were produced. Subsequently, BSA and CaCl, 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 immeobilized on magnetic beads was referred to as a panning method (1.
Immunol. Methods, (2008) 332 (1-23, 2-9. 1 bnmunol, Methods, (2001) 247 (1-2), 191-203;
Biotechnol, Prog. {20023 1823 212-20; Mol Cell Proteomics (20033 2 {2), 61-9). NeutrAvidin
coated beads {Sera-Mag SpeedBeads NeutrAvidin-coated) or Streptavidin coated beads
{Dvnabeads M-280 Streptavidin} were used as magnetic beads.

Specifically, 250 pmot of the biotin-labeled antigen was added to the prepared phage
library solution o 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 1o
antigen-phage complexes for I3 minutes at room temperature.  The beads were washed once
with | mL of 1.2 mM CaCly/TBS (TBS containing 1.2 mM CaCly). Subsequently, a phage
solution was recovered by a general elution method to concentrate an antibody fragment having
an 1L-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 [L-6 receptor-binding
ability in a Ca conceniration-dependent manner as an indicator.  The recovered phage solution
was added to 10 mL of the E. coli strain TG in a logarithmic growth phase (QD600 of 0.4-0.7).
The E. coll was cultured with gentle stining at 37°C for 1 hour to allow the phages to infect the
E. coli. The infected E. coli was inoculated mmto a 225 myn x 225 mumn plate.  Subsequently, the
phages were recovered from the culture medium of the E. coli after inoculation to prepare a
phage library solution.

in the second and subsequent panning, the phages were concentrated using the



Ca-dependent binding ability as an indicator.  Specifically, 40 pmol of the biotin-labeled
antigen was added to the prepared p-h'age 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
were washed with [ mL of 1.2 mM CaCly/TBST and 1.2 mM CaCl,/TBS.  Subsequently, the
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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. coli strain TGl in s
logarithmic growth phase (OD600 of 0.4-0.7}). The E. coli was cultured with gentle stirring at
37°C for 1 hour to allow the phages to infect the E. coli.  The infected E. coli was inoculated
mto a 225 mm x 225 mum plate.  Subsequently, the phages were recovered from the culture
medium of the E. coli after inoculation to collect a phage library solution.  The panning using

the Ca-dependent binding ability as an indicator was repeated several times.

{6-3) Exampnation by phage ELISA
A phage-containing culture supernatant was collected according to 2 routine method
{Methods Mol. Biol. (2002) 178, 133-143) from a single colony of E. coli, obtained as described

above.

A culture supernatant contaming phages, to which BSA and CaCl, were added at a final
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 pl
of PBS containing the biotin-labeled antigen.  Each well of said plate was washed with PBST 1o
remove the antigen, and then the wells were blocked with 250 1L of 4% BSA-TBS for 1 hour or
longer. Said plate with the prepared culture supernatamt added to each well, from which the 4%
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 CaCly/TBST, 1.2 mM CaCly/TBS or | mM EDTA/TBS was added.  The plate was
allowed to stand undisturbed for 30 minutes at 37°C for incubation,  Affer washing with 1.2
mM CaCl,/TBST, an HRP-conpugated anti-M13 antibody (Amersham Pharmacia Biotech)
diluted with TBS al a final concemration of 4% BSA and 1.2 mM of tonized calcium
concentration was added to each well, and the plate was incubated for 1 hour.  After washing
with 1.2 mM CaCly/TBST, 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 measurced by measuring absorbance at 450 nm.

As aresult 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.

{(6-4y  Antibody expression and purification

As aresulf of the above phage ELISA, a clone identified as having a Ca-dependent

antigen-binding ability was introduced into an expression plasmid for animal celis.  Antibodies
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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 10° cell /mL.  The
prepared plasmid was introduced into the cells by hipofection.  The cells were cuitured for 4
days in a CO; incubator (37°C, 8% COs, 90 rom).  Antibodies were parified from the culmare
supernatant obtained above by a method known in the art using rProtein A Sepharose {(rade
mark) Fast Flow { Amersham Biosciences). Absorbance of the purified antibody sohution was
measured ar 280 nm using a spectrophotometer,  Antibody concentration was calculated from
the measurements obtained using an extinction coefficient calculated by the PACE method
(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 6RL#9-1g(G1 [heavy
chain (a constant region sequence derived from IgGl linked to SEQ ID NO: 6} and light chain
(SEQ ID NO-: 9331 and FH4-1gG1 [heavy chain (SEQ [D NO: 94) and light chain (SEQ ID NO:
953], obtained in Reference Example 6, to human 1L-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]. H34/128-1gGl Theavy chamn variable region
{SEQ ID NO: 96) and light chain variable region (SEQ ID NO: §7)]. described in
WO2009/125825, 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 UM calcium ion concentrations, sct as high and low calcium ion
concentration conditions, respectively.  The antibody of interest was captured on Sensor chip
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 NaCl, 0.05%
(wiv) Tween 20, and 2 mM CaCl: (pH 7.4) or 10 mM ACES, 150 mM NaCl, 0. 03% {w/v)
Tween 20, and 3 pmol/L. CaCl, (pH 7.4} were used as runming buffers.  These buffers were
used for diluting human IL-6 receptor.  All the measurements were conducted at 37°C.

In: the kinetic analysis of antigen-antibody reaction using H541.28-1gG1l antibody, the

H541.28-IgG1 antibody captured on the sensor chip was allowed to interact with IL-6 receptor



Lh

I
Tod
O

by injecting a diluent of 1L.-6 receptor and running buffer (blank) at a flow rate of 2¢ uL/min for
3 minutes.  Subsequently, after the dissociation of [L-6 receptor was observed using running
buffer at a flow rate of 20 pL/min for 10 minutes, the sensor chip was regenerated by injecting
10 mM glycine-HCl (pH 1.5} at a flow rate 30 uL/min for 30 seconds.  Kinetics parameters,
binding constant {ka) (1/Ms) and dissociation rate constant {kd) {1/s), were calculated from the
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constant {iKD) (M) of the H54L28-IgG! antibody for human [1.-6 receptor.  Each parameter was
calculated using the Biacore T100 Evaluation Software (GE Healthcare}.

In the kinetic analysis of antigen-antibody reaction using FH4-IgG1 and 6RL#9-1¢G1
antibodies, the FH4-IgG1 or 6RL#9-1gG1 antibody captured on the sensor chip was allowed to
interact with IL-6 receptor by injecting a diluent of IL-6 recepior and running buffer (blank) at a
flow rate of 5 puL/min for 15 minutes.  Subsequently, the sensor chip was regenerated by
injecting 10 mM glycine-HCI (pH 1.3} at a flow rate 30 pL/min for 30 seconds.  Dissociation
constants (KD) (M) were calculated from the sensorgrams obtained in the measurement, using a
steady-state affinity model.  Each parameter was calculated using the Biacore T100 Evaluation
Software (GE Healthcare). The dissociation constants (KD) between each antibody and 1L-6
receptor in the presence of 2 mM CaCl,, determined by the above method, are shown in Table
28.

[Table 28]

ANTIBOBY H54/L28-1¢G1 FH4-1gG1 GRLY9-1gG1

kD (M} 19E-9 5.9E-7 2.6E-7

The KD value of the H54/L28-1gG1 antibody under the condition of 3 uM Ca
concentration can be caiculated in the same manner as in the presence of 2 mM Ca
concentraion.  Under the condition of 3 uM Ca concentration, FH4-IgG1 and 6RL#9-12G1
antibodies were barely observed to be bound to IL-6 receptor, thus the calculation of KD vahues
by the method described above is difficult.  However, the KID values of these antibodies under
the condition of 3 pM 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
recepter at a Ca concentration of 3 pumol/L, estimated using Formula 3 described in Exampie 13,
are shown in Table 26, In Table 29, the Ro, Ruax. RI, and C values are estimated based on the

assay resuit,
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[Table 29]

. ANTIBODY | FH54/L28-1gG1 FH4-1gC 1 GRL4G-1gG 1
=Re:q(??ij} 5 16

Rmax (RU} 39 72

CIM) 5E-06 SE-06
KD{M) 2.2E-9 34E-65 : 3.1E-05

Based on the findings described above, it was predicted that the Kp between IL-6
receptor and FH4-12G1 antibody or 6RL#9-1gG1 antibody was increased by about 60 or 120
rimes (the affinity was reduced by 60 or 120 times or more) when the concentration of CaCl, in
the buffer was decreased from 2 mM to 3uM.  Table 30 summarizes the Kp values at CaCly
concentrations of 2 mM and 3 uM and the Ca dependency for the three types of antibodies
H54/1.28-1gGl, FH4-1gG1, and 6R1L#9-JgG1.

{Table 307
ANTIBODY H34/1.28-1gGl | FH4-1gGl GRLEG-1aG1
KD (M) (2mMCaCly; | 1.9E.9 59E-7 2.6E-7 :
KD (M) 134 M CaCli} | 2.2E-9 3.4E-50R 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/L.28-igG1 antibody to IL-6 receptor due to the
difference in Ca concentration was observed.  On the other hand, the binding of FH4-1g(G1 and
GRI#0-1eG1 antibodies to IL-6 receplor was observed to be significantly attenuated under the

condition of the low Ca concentration (Table 303

[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 10 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 (T value) becomes higher when & 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 lon 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-HCL, 150 mM NaClL and 2 mM
CaCl, (pH 7.4), or 20 mM Tris-HCI, 150 mM NaCl, and 3 uM CaCly (pH 7.4). DSC

measurement was conducted at a heating rate of 240°C/hr from 20 to 115°C using an antibody

sy iats

£, enln o £
h“ﬁd‘ab E‘uww‘ Lo RELET

-‘nﬂ—t‘m

iyt dlux} SHECGE T

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]
ARTIBODY CALCIUM ION CONCENTRATION ATm(°C)
3uM 2 mM 2mM-3uM
H54/128-1gG1 | 92.87 92.87 0.00
FH4-1gG1 74.71 78.97 4.26
6RL#9G-1gG1 77T 78.G8 1.21

From the results shown in Table 31, it is indicated that the T values of the Fab of the

FH4-igGl and 6RLA#G-IgG1 antibodies, which show a calcium-dependent binding ability, varied

with changes in the calcitm ton concentration, while the Tm values of the Fab of the

H54/1.28-1gG1 antibody which shows no calcinm-dependent binding ability do not vary with

changes 1n the calcium on concentration.

The vanation in the Tm values of the Fab of the

FH4-1g(Gt and 6RLES-IgGl antibodies demonstrates that calcium ions bound to these antibodies

to stabilize the Fab portions.
and GRIL#9-1g(G 1 antibodies,

The above results show that calcium ions bound to the FH4.1gG
while no calcium ion bound to the H54/L.28-1gG1 antibody.

[Reference Example 9] Identification of calcium ion-binding site in antibody 6RL#S by X-ray

crystallography

{9-13 X-rav crystallography

As described in Reference Example 8, the measurements of thermal denaturation

temperature Tm suggested that antibody 6RL#9 binds to calcium jon.

unpredictabie which portion of antibody 6RL#9 binds to calcium ion.

However, 1t was

Then. by using the

technique of X-ray crystallography, residues of antibody 6RL#9 that interact with calcium ion

were 1dentified,
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(-2 Expression and purification of antibodv 6RI1#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 séquzence 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

e inirodeted iy ite o ertivn misthod oy ceiy o P i Tecd kidiey-esiivterived™

FreeStyle 293-F (Invitrogen) suspended in 800 m! of the FreeStyle 283 Expression Medium
{(Invitrogen) (final cell density: 1 x 10° cells/mL).  The plasmid-introduced cells were cultured
in a CO; incubator (37°C, 8% CO;,, 90 rpm) for five days.  From the culture supernatant
obtained as described above, antibodies were purified by a method known to those skilied in the
art using the rProtein A Sepharose ™ 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 (19933 4, 2411-2423).

{5-3) Purification of antibody 6RL#¥S Fab frasment

Antibody 6RLA9 was concentrated to 21 mg/ml using an ulirafilter with a molecular
weight cutoff of 10,006 MWCO. A 5 mg/mi antibody sample (2.5 mL} was prepared by
dilating the antibody solution using 4 mM L-cysteine/S mM EDTA/20 mM sodiom phesphate
buffer (pH 6.5).  (.125 mg of papain (Roche Applied Science} was added 1o the sampie.  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 mi of 25 mM
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 ontc & 1-ml cation-exchange column
HiTrap SP HP (GE Healthcare) equilibrated with 25 mM MES buf¥er (pH 6}, downstream of
which a 1-ml HiTrap MabSelect Sure Protein A column (GE Healthcare) was connected in
tandem. A purified fraction of the Fab fragment of antibody 6R1L#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 .8 ml
using a 5000 MWCO ultrafiiter.  The concentrate was loaded onio a gel filiration column
Superdex 200 10/300 GL (GE Healtheare) equilibrated with 100 mM HEPES buffer (pH 8)
comtaining 50 mM NaCl.  The purified Fab {ragment of antibody 6RL#9 for crystallization was
eluted from the column using the same buffer. Al the column treatments described above were

carried out at a low temperature of 6 1o 7.5°C.

(4-4) Crvsiallization of the antibody 6RL#Q Fab fraoment in the presence o8 Ca
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Seed cz;}rsta]s of the 6RL#9 Fab fragment were prepared in advance under seneral
conditions. Then, the purified Fab fragment of antibody 6RL#Y in 5 mM CaCl, was
concentrated to 12 mg/ml with a 5000 MWCO ulwafilter.  Next, the sample concentrated as
described above was crystallized by the hanging drop vapor diffusion method using 100 mM
HEPES buffer (pH 7.5) contaiming 20% to 29% PEG4000 as a reservoir solution.  The
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PEG4000 and 5 mM CaCls, and serially diluted to 100 to 10,000 foids, Then, 0.2 uL of diluted
solutions were combined with a mixture of 0.8 pl of the reservoir solution and 0.8 pl 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) Crvsialtization of the antibodv 6RL#Y Fab fraement in the absence of Ca

The purified Fab fragment of antibody 6RL#S was concentrated 1o 15 mg/m} 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%
10 25% PEG4000 as a reservoir solution.  Crystals of the antibody 6RI#9 Fab fragmemnt
obtained in the presence of Ca were crushed in 100 mM HEPES buffer (pH 7.3} containing 25%
PEG4000, and serially diluted to 100 to 10,000 folds. *~ Then, 0.2 gL of diluted solutions were
combined with a mixture of 0.8 pl of the reservoir solution and 0.8 pl 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 erystals,  X-ray diffraction data were

collected using the crystals.

(9-6) X-rav crvstalioeranhic measurement of Fab fragment crvsial from antibodv SRL#9 in the
presence of Ca

Crystals of the Fab fragment of antibody 6RL#9 prepared in the presence of Ca were
soaked n 100 rriM HEPES buffer (pH 7.5) sohution containing 33% PEG4000 and 5 mM CaCl..

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 crysial
was collected from beam Imme BL-17A of the Photon Factory in the High Energy Accelerator
Research Organization.  The frozen crysial 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 crvstal in 1° intervals. Lattice constant determination, diffraction

spot indexing, and diffraction data anaiysis were performed using programs Xia2 (CCP4

.3_} CORRETEEE 2 e
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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, ¢ = 116.23
angstrom, o = 90° 1 = 90°, and v = 90°.
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the absence of Ca

Crystais of the Fab fragment of antibody 6RL#9 prepared in the ahsence of Ca were
soaked in 100 mM HEPES buffer (pH 7.5) solution containing 35% PEG4000. 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-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 -178°C. A total of 180 diffraction images
were collected using the CCD detector Quantum2 1 0r {ADSC) attached to the beam line while
rotating the crystal in 1° intervals.  Lattice constant determination, diffraction spot indexing,
and diffraction data analysis were performed using programs Xia2 {CCP4 Software Suitey, 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
with lattice constant a = 45.40 angstrom, b = 79.63 angstrom, ¢ = 116,07 angstrom, o = 90°, =

90°, v = 90°, and thus is structurally identical to the crystal prepared in the presence of Ca.

(0-8) X-rav crystalloeraphic measurement of the Fab fragment crvsial from antibodv 6R1#9 in

the presence of Ca

The crystal structure of the antibody 6RL#Y Fab fragment in the presence of Ca was
determined by a molecular replacement method using the Phaser program (CCP4 Sofiware
Suite). The mumber of molecules in an asymmetrical unit was estimated 1o be one from the size
of crystal iattice and molecular weight of the antibody 6R1L#9 Fab fragment.  Based on the
primary sequence homology, a portion of amine acid positions 112 10 220 from A chain and a
portion of amine 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 1 to 115 from B chain in the conformational coordinate of PDB
code 1ZA6 was used as a model molecule for analyzing the VH region.  Finally, a portion of
amino acid positions 3 to 147 of the light chain in the conformational coordinate of PDB code
ZAY9M was used as a model molecule for analyzing the VL region.  Based on this order, an

mitial structure model for the antibody 6RL#Y 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 crystaliographic 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., CH1, and CL domains were each allowed to deviate from the initial structure

model. Then, model refinement was achieved by repeating structural refinement using program
oS AECR
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(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 Fe calculated based on the model, and the phases.  The final refinement
was carmied out using program Refmac5 (CCP4 Software Suite) based on the Fo-Fe and 2Fo-F
electron density maps by adding water molecule and Ca ton into the model.  With 21,020
refiection data at 25 10 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,

(9-0Y Measurement of X-ray diffraction data of the Fab fragment crvstal from antibodv 6RLED In

the absence of Ca

The crystal structure of the antibody 6RL#9 Fab fragnient 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
6RIA#9 Fab fragment prepared in the presence of Ca.  The crystallographic reliability factor R
for the data of reflection at 25 1o 3.0 angstrom resolution was 30.3% and Free R was 31.7% afer
the rigid body refinement where the VH, VL., CHI, and CL domains were each allowed to
deviate.  Then, model refinement was achieved by repeating structural refinement using
program Refimacs (CCP4 Software Suite) followed by model revision performed using program
Coot {Paul Emsley) witﬁ reference to the Fo-Fo and 2Fo-Fe electron density maps where the
coefficients Fo-Fc and 2Fo-Fe were calculated using experimentally determined structural facror
Fo, structural factor Fe calculated based on the modei, and the phases.  The final refinement
was carried out using program Refinac5 (CCP4 Software Suite) based on the Fo-Fe 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, eventualiy the crystaliographic reliability factor

R became 20.9% and free R became 27.7% for the model consisting of 3351 atoms.

(9-10) Comparison of X-rav crvstalloeranhic diffraction daia of the Fab fragments of antibody

6RLA9 between in the presence and absence of Ca

When the crystatiographic 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 crystaliography 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 {ragment prepared in
the presence of Ca.  The calcium ion was assumed to interact with positions 95, 96, and 100z
{Kabat's numbering} of the heavy chain CDR3. It was believed that the heavy chain CDR3
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presence of Ca, and became an optimum structure for antigen binding.  There is no report
demonstrating that calcium binds 1o the anttbody heavy chain CDR3.  Thus, the calcium-bound
structure of the antibody heavy chain CDR3 is a novel structure.

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 6RLAS antibody and
flexible residues m other CDRs including the light chain is thought to be possible.

[Reference Example 10] Preparation of antibodies that bind to [L-6 in a Ca-dependent manner
from a human antibody library using phage display technigues

(10-1) Construction of a phage display librarv of naive human antibodies

A human antibody phage display library containing multiple phages that display various
human anttbody Fab domain sequences was consiructed by a methed known to those skilled in
the art using, as a template, polyA RNA prepared from human PBMC, commercially available
human poiyA RNA, and such.

{10-2) Preparation of antibody frasments that bind to the antigen in a Ca-dependent manner from

library by bead panning
Primary selection from the constructed phage display library of naive human antibodies

was carried out by enriching antibody fragments that have antigen {[L-0}-binding activiey.  The
antigen used was biotin-labeled IL-6.

Phages were produced from £. coli carrying the constructed phagemid for phage display.
To precipitate the phages produced by E. cofi, 2.5 M NaCl/10% PEG was added to the £. cofi
culture medium.  The phage fraction was diluted with TBS to prepare a phage library solution.
Then, BSA and CaCl, were added the phage library solution at final concentrations of 4% and
1.2 mM calcium fon concentration, respectively.  The panning method used was a conventional
panning method using antigen-immobilized magnetic beads {J. Immunol. Methods. (2008}
332(3-2% 2-9; 1. Immunol. Methods. (20013 247(1-2): 191-203; Biotechnol, Prog. (20023 18(2):
212.20; Mol Cell Proteomics (2003) 2{(2): 61-93. 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 fo the prepared phage
library solunion.  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
allowed to bind to the magnetic beads at room temperature for 15 manutes.  The beads were
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with 1 ml of 1.2 mM CaCly/TBS (TBS containing 1.2 mM CaC Ir;) Thereafter, {) Smlofl
mg/mi trypsin was added to the beads.  Afier 15 minutes of dispersion at room temperature, the
beads were immediately separated using a magnetic stand to collect a phage suspension. The
prepared phage suspension was added to 16 mi of E. colf of stain TG at the logarithmic growth
phase (OD600 = 0.4 10 0.5).  The E. coli was incubated with gentle stirring at 37°C for one hour
to infect the phages.  The infected E. coli was seeded in a plate (225 mm x 223 mm).  Then,
phages were collected from the culture medium of the seeded E. coli to prepare a phage library
solution.

In the second round and subsequent panning, phages were enriched using the
Ca-dependent binding activity as an indicator.  Specifically, 40 pmol of the hiotin-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
room temperature for 15 minutes. The beads were washed with T ml of 1.2 mM CaCiy/TBST
and 1.2 mM CaCl/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 10
collect a phage suspension.  The plil protein (helper phage-derived protein plll) was cleaved
from phages that did not display Fab by adding 5 pl of 100 mg/mi trypsin to the collected phage
suspension to eliminate the ability of phages displaying no Fab to infect £. coli.  Phages
coliected from the trypsinized liguid phage stock was added to 10 ml of £, cofi cells of the TG1
strain at the logarithmic growth phase (OD600= 0410 0.7}, The £ coli was incubated while
gently stirring at 37°C for one hour to infect phage.  The infected E. coii was seeded in a plate
{225 mm x 225 mm}.  Then, phages were collected from the culiure medium of the seeded E.
coli to prepare a liquid stock of phage library.  Panning was performed three times using the
Ca-dependent binding activity as an indicaior.

{10-3) Assessment bv phage ELISA

Culwre supernatants confaiming phages were collected from single colonies of £, colf

cbtained by the method described above according to a conventional method (Methods Mol. Biol.
{20023 178, 133-145). BSA and CaCl, were added at final concentrations of 4% and 1.2 mM
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calcium ion concentration, respectively, to the phage-containing culture supernatants.

The supernatants were subjected to ELISA by the following procedure. A SwreptaWell
96-well microtiter plate (Roche) was coated overnight with 100 pl of PBS containing the
biotin-labeled antigen.  The antigen was removed by washing each well of the plate with PBST.
pl of 4% BSA-TBS for one hour or more.  After
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Then, the wells were block

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.  Afier each well was washed with 1.2 mM CaCly/TBST, 1.2
mM CaCly/TBS or 1 mM EDTA/TBS was added.  The plate was lefl for mcubation at 37°C for
30 nunutes.  After washing with 1.2 mM CaCl/TBST, an HRP-conjugated anti-M13 antibody
{ Amersham Pharmacia Biotech) diluied with TBS containing BSA and calcium ton at final
concentrations of 4% and 1.2 mM calcium won concentration was added to sach well, and the
ptate was incubated for one hour.  Afier washing with 1.2 mM CaCl/TBST, the TMB single
solution (ZYMED) was added to each well.  The chromogenic reaction in the solution of each
well was stopped by adding sulfuric acid.  Then, the developed color was assessed by
measuring absorbance at 450 nm.

From the 96 clones isolated, antibody 6K.C4-1#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
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 NQOs: 10 and 98, respectively.  The polynucleotide encoding the hcavy-chain' variable
region of antibody 6KC4-1#85 (SEQ ID NO: 10) was linked to & polvnucleotide encoding an
JaG1-denived sequence by PCR method.  The resulting DNA fragment was inserted into an
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 6K.C4-1#85
(SEQ ID NG: 98) was linked to 2 polynucleotide encoding the constant region of the patural
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
the constructed vartants were confirmed by a method known 1o 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

Clone 6KC4-1#85 that was predicted 10 have a Ca-dependent antigen-binding activit
p P g g y

based on the result of phage ELISA was inserted into animal cell expression plasmids,
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Antibody expression was carnied 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 10° cells/m! (3 mi) into cach well of a
&-well plate.  The prepared plasmids were introduced into cells by a lipofection method.  The

cells were cultured for four days in a CGs incubator (37°C, 8% CO1, 90 rpm).  From the cultuwre
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Biosciences) by a method known to those skilled in the art.  Absorbance at 280 am of the
purified antibody sohuttons was measured using a spectrophotometer.  Antibody concentrations
were calculated from the determined values using an exiinction ceefficient calculated by the
PACE method (Protein Science (1993} 4: 2411-2423).

[Reference Exampie 11] Assessment of antibody 6KC4-1#85 for calciwm ion binding
{11-1} Assessment of antibody 6KC4-1#85 for calcium fon binding

Calctum-dependent antigen-binding antibody 6KC4-1#85 which was 1solated from a
human antibody library was assessed for its calcium binding.  Whether the measured Tm value
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 entibody 6K.C4-1#85 are shown in Table 32, As
shown in Table 32, the Tm value of the 6KC4-1#85 antibody Fab domain varied depending on
the calcium jon concentration.  This demonstrates that antibody 6K C4-1#83 binds to calcium.

[Table 32]
ANTIBODY CALCIUM ION ATm (C)
CONCENTRATION
SuM | 2 mM 2 mM-3 ¢ M
6KC4-1#8571.49|75.39 3.9

{11-2) Identification of calcium on-bindine site in antibodv 6KC4-1885

As demonstrated in (11-1} of Reference Example 11, antibody 6K.C4-1#85 binds to
calcium ion.  However, 8KC4-1#85 does not have a calcium-binding motif such as the hVk5-2
sequence which was revealed from assessment to have a calcium-binding motif.  Thus, to
identify residues responsible for the calcium ion binding of antibody 6)K.C4-1#835, altered heavy
chains (6_H1-11 (SEQ ID NO: 102), 6 _HI-12 (SEQ ID NO: 103). 6_HI-13 (SEQ ID NO: 1064},
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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_L1-6 (SEQ ID NO: 108)) were constructed by substituting an Asp (D)
residue in the CDR of antibody 6KC4-1#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.

altered aniibodies were purified from the culture supernatants of animal cells introduced with
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assessed for their caleium binding by the method described in Reference Exampie 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
GKC4-1#85 resulted in foss of the calcium-binding activity of anfibody 6K C4-1#85.  This
suggests that these residues are responsible for calcium binding.  The caicium-binding motf
present around the base of the loop of the heavy chain CDR3 of the 6KC4-1#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 Example®.  In other
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 6K.C4-1#85

antibody and containing flexible residues in other amino acid residues is possible.

[Table 33]
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HEAVY CHAIN [ LIGHT CHAIN | ALTERED RESIDUE CALCIUM ION ATm ()
CONCENTRATION
3uM 2 mM Z mM-3 @
_ M
6KCA-1#85 6KC4—]#S$ | WILD-TYPE ) 7] 49 7%39 3.9
6H1-11 BKC4-1485 H CHAIN 71.73 75.56 3.83

POSITION 61
{kabat NUMBERING)

6112 BKOA-1485 H CHAIN 72.G 73.43 0.53
POSITION 93

{habal NUSMBERING)

HH1-13 - GRC4-1485 H CHAIN 7094 L 76.25 5.31

POSITION 100a
[Kabai NUMBERING)

HH1-14 6RC4-1#85 HCHADN 73.95 75,14 1.19
POSITION Hilg
{labat NUMBERING)

GH1-15 EKCA-14#85 H CHAIN 65.37 66.25 0.87
| POSITION 101

(Kabar NUMBERING)

L CHAIN

ar g N o P P .

GKCA-1485 | 6L1-5 ORI 50 71.92 76.08 4.16
) (kabat NUMBERING;

BKCA-1#85 | 6L1-6 L CHAIN - 72.13 7874 6.61

POSITION 92
{Kabat NUMBERING) :

[Reference Example 12]  Examination of effects of Ca-dependent binding antibody on plasma
retention of antigen using normal mice

(12-13  In vivo test using normal mice

To a normal mouse (C37BL/6] mouse, Charles River Japan), hsIL-6R (soluble human
iL-6 receptor prepared in Reference Exampie 3) alone was administered, or soluble human IL-6
receptor and anii-human IL-6 receptor antibody were administered simultaneously 1o examine
the kinetics of the sotuble human 1L-6 receptor and anti-human IL-6 receptor antibody in vivo.
A single dose (10 mL/kg) of the soluble human IL-6 receptor solution (5 pg/mL) or a mixtre of
soluble human IL-6 receptor and anti-human I1-6 receptor antibody was administered into the
caudal vein. The above H34/1.28-JgG1. 6RL#9-1gG1, and FH4-1gG1 were used as anti-human
IL-6 receptor antibodies.
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The solubie human 11.-6 receptor concentration in all the mixtures is 5 pg/ml.  The
concentrations of anti-human [L-6 receptor antibody vary with the antibodies: 0.1 mg/mL for
H34/L28-1gG1 and 10 mg/ml for 6RL#9-1gGl and FH4-1gG1. Az this time, it was thought that
most of the soluble human [L.-6 receptors bind to the antibody because the anti-human 1L-6

receptor antibody against soluble human IL-6 receptor exists in a sufficient or excessive amount.
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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 1o

-200C or lower until the sime of measurement.

{12-2)  Determination of plasma anti-human [L-6 receptor antibodv concentration in normal
mice by ELISA

The plasma conceniration of anti-buman IL-6 receptor antibody in a mouse was

determined by ELISA.  First, Anti-Human [gG (y-chain specific} F{ab"2 Fragment of Antibody
(SIGMA)} was dispensed into a Nunc-immuno Plate, MaxiSoup {(Naige Nunc International), and
was allowed to stand undisturbed overnight at 4°C to prepare an anti-human I1gG-solid phase
plate. Calibration curve samples at a plasma concentration of 0.64, 0.32, 0.16, 0.08, .04, .02,
or 0.01 ug/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 23°C.
Subsequently, the plate was allowed to react with a biotinylaied anti-human [L-6 R antibody
(R&D) for | hour at 25°C, followed by reaction with Streptavidin-PolyHRPS0 (Stereospecific
Detection Technologies) for .5 hours at 25°C.  The chromogenic reaction was conducted using
TMB One Component HRP Microwell Substrate {BioFX Laboratories) as a substrate.  After the
chromogenic reaction was stopped by adding 1 N-sulfuric acid (Showa Chemical), absorbance at
450 nm of the color selution 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 Devicesj.  Changes in the plasma concentrations
of antibodies, H54/1.28-1gG1, 6RL#9-1gG1, and FH4-IgGl, 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 I1.-6 receptor in a mouse was determined by
an electrochemiluminescence method. A soluble human 11.-6 receptor calibration curve sample
prepared at 2,000, 1,000, 500, 250, 125, 62.5, or 31.25 pa/ml., and a mouse plasma measurement

sample diluted by 50-fold or above, were mixed with a monocional anti-human [L-6R antibody
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(R&D) ruthenated with SULFG-TAG NHS Ester (Meso Scale Discovery), a biotinvlated
anti-human IL-6 R antibody (R&D), and tocilizumab (heavy chain SEG ID NO: 109, light chain
SEQ ID NO: 83), followed by overmight reaction at 4°C. At that time, the assay buffer
contained 1§ mM EDTA to reduce the free Ca concentration in the sampie and dissociate almost

all the soluble human {L-6 receptors in the sample from 6RL#9-1gG1 or FH4-1¢G1 10 be bound
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Streptavidin Plate (Meso Scale Discovery).  In addition, after washing cach well of the plate
that was allowed to react for | hour at 25°C, Read Buffer T (x4) (Meso Scale Discovery) was
dispensed into cach well.  Immediately, the reaction liguid was subiected 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).  Changes in the plasma concentration of soluble human
IL~6 receptor in the normal mouse afier intravenous administration, determined as described
above, are shown in Fig. 43.

As a result, the disappearance of soluble human IL-6 receptor was very rapid when
sotuble human IL-G receptor was administered aione, while the disappearance of soluble human
[1.-6 receptor was significantly delayed when soluble human IL.-6 receptor was administered
simultaneously with H54/L28-1gG1, a conventional antibody having no Ca-dependent binding
ability to soluble human IL-6 receptor.  In contrast, the disappearance of soluble human IL-6
receptor was significantly accelerated when soluble human 1L-6 recentor was administered
simuhaneously with 6RL#9-1gG1 or FH4-1gG1 having 100-fold or higher Ca-dependent binding
ability to soluble huwman IL-6 receptor.  The plasma concentrations of soluble humar I1L-6
receplor one day after soluble human IL-6 receptor was administered simultancously with
6RI#9-1gG1 and FH4-1gG1 were reduced 39-fold and 2-fold, respectively, as compared with
simultaneous administration with H34/L.28-IgG1. 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-cdependent antigen-binding (preparation of antibodies}
(13-1} Regarding the binding of IeG antibody to FcRn

g antbodies have longer plasma retention time as a result of FeRn binding.  The
binding between 1gG and FeRu is observed only under an acidic condition (pH 6.0). By
conirast. the binding is almost undetectable under a neutral condition (pH 7.4).  An lgG
antibody 1s taken up into cells in 2 nonspecific manner,  The antibody returns to the cell surface
by binding to endosomal FeRn under the endosomal acidic condition, and then dissociates from

FcRn under the plasma neutral condition.  When the FeRn 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 mmpaired because the anfibody no longer recycles to the plasma from the endosomne.

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 Fo

region of an IgG antibody to tmprove its FcRn binding under acidic conditions.  This increases
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improvement of the plasma retention of IgG antbody.  When imroducing amino acid
substiiution, # 1s considered immortant not 1o increase the binding to FcRy under newtral
condifions. I antibodies that bind to FeRn nnder newtral conditions can return onto the cell
surface through binding to FcRn under the acidic condition of the endosome, but igG antibodies
do not dissociate from the FcRn in plasma under newral conditions and are not recyeled 1o the
plasma, and thus plasma retention of IgG antibodies was thought to be inversely impaired.

For example, ag described by Dall’ Acaqua et al. (J. Immunol. (2002} 169 (9),
5171-5180), the plasma retention of 1gG1 antibody that was allowed 1o bind to mouse FeRn
under a neutral condition (pH 7.4) was exacerbated as a result of introducing an amino acid
substitotion into a mouse.  In addition, as described by Yeung et al. (J. Immunot, (2009) 182
{12}, 7663-7671), Dana-Mannan et al. (1. Biol. Cham, (2007} 282 (3), 1709-1717), and Dall'
Acqua et al. (J. Immunol. (2002) 169 (9), 5171-5180), IgG1 antibody variants whose binding to
human FeRn under an acidic condition (pH 6.0) is improved by introducing an amino acid
substitution is also observed to bind to human FeRn 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 FeRn under acidic conditions without
increasing its binding to human FcRa under a neutral condition (pH 7.4).  In other words, no
report has been published on the advantages of IgG1 antibodies whose binding to human FcRn
under a neutral condition {(pH 7.4) 1s increased by infroducing amino acid substitutions into the
Fc region.

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 antihody molecuie 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.

{13-2) Preparaton of Ca-dependent human 1L -6 receptor-binding antibodies havine

FcRn-binding ability under neutral conditions
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An amino acid mutation was introduced into the Fe regions of FH4-12G1 and
GERIA9-1gG1 having a calcium-dependent antigen-binding ability and H54/1.28-1gG1 having no
caicium-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

infroduced by a method known in the art using PCR.  Specificalty, FH4-N434W (heavy chain
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hight chain SEQ 1D NO: 83}, and H54/1.28-N434W (heavy chain SQQ D NO: 112, light chain
SEQ ID NO: 97; with Asn {an amino acid at position 434 represented by the EU numbering)
substituted by Trp in the heavy chain constant region of 1gGI were prepared.  An animal cell
expression vecior into which a polvnucleotide 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 1o the method
described in Reference Exampie 6.

[Reference Example 14]  Examination of the effect of accelerating disappearance of
Ca-dependent binding antibodies using normal mice

{(14-11  In vivo test using normal mice

To a normal mouse (C57B1L/67 mouse, Charles River Japan), hsIL-6R (soluble human
[L-6 receptor prepared in Reference Example 3) alone was admimstered, or soluble human [L-6
recepior and anti-human IL-6 receptor antibody were administered simultaneously 10 examine
the kinetics of the scluble human IL-6 receptor and anti-human IL-6 receptor antibody in vivo.
A single dose {16 mL/kg) of soluble human IL-6 receptor solution (5 pg/mL) or a mixture of
soluble human H.-6 receptor and anti-human IL-6 recepior antibody was administered into the
caudal vem. The above HS4/L28-N434W, 6RIEY-N434W, and FH4-N434W were used as
anti-human IL-6 receptor antibodies.

The concentration of soluble human [L-6 receptor in al! the mixtures 1s 5 pg/ml..  The
concentrations of anti-human I1-6 receptor antibody vary with the antibodies: prepared at 0.042
mg/ml. for H34/L28-N434W, 0.55 mg/mL for 6RLA9-N434W, and 1 mg/ml for FH4-N434W.
At this time, it was thought that most of the soluble human I11.-6 recepiors bind to the antibody
because the anti-human IL-6 receptor antibody against solubie human 1L-6 receptor exists in a
sufficient or excessive amount.  Blood sampies were collecied at 15 minutes, 7 hours and [, 2
4,7, 14, 21, and 28 days after the admamistration.  The blood saraples were immediately
centrifuged for 15 minutes at 4°C and 12.000 rpm 1o separate plasma.  The separated plasma

was stored in a freezer set o -20°C or lower until the time of measurement.
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{14-2)  Determination of plasma anti-human IL-6 receptor antibodv concentration In normal
mice bv ELISA

The plasma concentration of anti-human [L-6 receptor antibody in a mouse was

determined by ELISA as described in Reference Example 12, Changes in the plasma
concentrations of antibodies, H34/1L.28-N434W, 6REAS-N434W, and FH4-N434W, in the normal
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{14-3)  Determination of plasma soluble human 1L-6 receptor concentration by an

electrochemiluminescence method

The piasma concentration of soluble human IL-6 receptor in a mouse was determined by
an electrochemiluminescence method. A soluble human [1.-6 receptor calibration curve sample
prepared at 2,000, 1,000, 500, 230, 125, 62.5, or 31.25 pg/mL., and a mouse plasma measurement
sampie 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 [L-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
disseciate aimost all soluble hisnan [L-6 receptors in the sample from 6RLAHG-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 aliowed to react for | hour at 25°C, Read Buffer T (x4) (Meso Scale
Discovery) was dispensed into each well.  Immediately, the reaction liguid was subjected to
measwrement using a SECTOR FR 400 reader (Meso Scale Discovery).  The concentration of
soluble human [1-6 receptor was calculated from the response of the calibration curve using the
SOFTmax PRO analvsis software (Molecular Devices).  Changes in the plasma concentration
of soluble human IL-6 receptor 1n the normal mouse affer intravenous administration determined
as described above are shown in Fig. 45,

As a result, in comparison with the administration of soluble human I11.-6 receptor alone,
stmultaneous administration of soluble human IL-6 receptor with the H54/L28-N434W antibody
which has FcRn-binding activity at pk 7.4 and does not have Ca-dependent binding activity to
soluble human 1L-6 receptor had a significantly delayed disappearance of soluble human iI.-6
receptor.  In contrast, the disappearance of soluble human IL-6 receptor was accelerated when
soluble human [1L-6 receptor was administered simultancously with the 6RL#9-N434W or
FH4-N434W antibody which has 100-fold or higher Ca-dependent binding ability to soluble
human IL-6 receptor and FeRn-binding activity at pH 7.4, as compared with the administration
of soluble htuman IL-6 receptor alone.  The plasma concentrations of sotuble human [L-6

receptor one day after soluble human IL-6 receptor was administered simultaneously with the
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ORIH#I-N434W or FH4-N434W antibody were reduced 3-fold and 8-fold, respectively, as
compared with the admimsiration 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

caleium-dependent manner,

wEho-SREH0-1gGL-or Il ~garibedy-heving Ho0-fold-orddghn e Casdoprondent:
binding activity to solubie human IL-6 receptor was confirmed to increase the disappearance of
soluble human IL-6 receptor, as compared with the H54/1.28-1g(G1 antibody having no
Ca-dependent binding activity to sofuble human 11.-6 receptor.  The 6RL#S-N434W or
FH4-N434W antibody which has 100-fold or higher Ca-dependent binding activity to soluble
human IL-6 receptor and FeRn-binding activity at pH 7.4 was confirmed to more strongly
accelerate the disappearance of sotuble human IL-6 recepior, as compared with the
administration of soluble human IL-6 receptor alone.  These data suggest that an antibody that
vinds to an antigen in a Ca-dependent manner dissociates from antigen in the endosome,

simnilarly to an antibody that binds to antigen in a pH-dependent manner.

[Reference Example I5]  Exploration of human germline sequences that bind to caletum ion

(15-1)  Anubody that binds 1o anticen in a calclum-dependent manner

Antibodies that bind to an antigen in a Ca-dependent manner (Ca-dependent
antigen-binding antibodies) are those whose mteractions with antigen change with calcium
concentration. A Ca-dependent antigen-binding antibody is thought to bind to an antigen
through calcium jon.  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
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 calchum- and
pH-dependent antigen-binding properties is thought to allow the formation of antigen-binding
molecules that can individuaily target various epitopes having broad properties.  Thus, if a
population of molecoies containing a calctum-binding motif (Ca library) is construcied, from
which antigen-binding molecules are obtained, Ca-dependent anfigen-binding antibodies are

thought to be effectively obtained.

{15-2) __Acquisition of human germline sequences

An example of the population of molecules containing a calcium-binding motif is an
example in which said molecules are antibodies.  In other words, an antibody library containing

a calchwn-binding motif may be a Ca Horary.
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Calcium ion-binding antibodies containing human germiine sequences have not been
reported.  Thus, the germline sequences of antibodies having human germline sequences were
cloned using as a template cDNA prepared from Human Fetal Spleen Poly RNA (Clontech) o
assess whether antibodies having human germline sequences bind to calcium ion.  Cloned DNA

fragments were inserted into animal cell expression vectors.  The nuclestide sequences of the
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The SEQ IDs are shown in Tabic 34. By PCR, polynucieotides encoding SEQ 1D NO: 3 (Vk1),
SEQ ID NO: 6 (VK2), SEQ ID NO: 7 (VE3), SEQ ID NO: 8 (Vid), and SEQ 1D NO: 4 (Vk5)
were linked to a polynucleotide encoding the natural Kappa chain constant region {SEQ 1D NO:
100). - The linked DNA fragments were inserted into animal cell expression vectors.
Furthermore, polyaucleotides encoding SEQ 1D NG: 113 (Vi) SEQ IDNG: 114 (Vk2). SEQ
ID NG 115 (VK3), SEQ ID NO: 116 (VK4), and SEQ ID NO: 117 (VkS5) were linked by PCR 10
a polynucleotide encoding a polypeptide {SEQ 11 NO: 11) having a deletion of two amino acids
at the C terminus of 1gG1.  The resuliing DNA fragments were inserted into animal cell
expression vectors.  The sequences of the constructed vartants were confirmed by a method

known to those skilled in the art.

[Table 34]

LIGHT CRAIN GERMLINE|HEAVY CHAIN (VARIABLE REGION) {LIGHT CHAIN VARIABLE REGION
SEQUENCE SEQ D NO SEQ ID NO

Vki 113 5

V2 114 3]

Vk3 115 7

Vk4 116 8

Vk5 117 4

{15-3y Expression and nurification of antibodies

The constructed animal cell expression vectors inserted with the DNA fragments having
the five types of human germ-lne sequences were introduced into animal cells,  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 10° celis/ml (3 ml} into each well of a 6-weil
plate.  The prepared plasmids were mtroduced into cells by a lipofection method.  The cells
were cultured for four days in a CO; incubator (37°C, 8% CQOs, 90 rpm).  From the culture
supernatants prepared as described above, antibodies were purified using the rProtein A
Sepharose'™ Fast Flow (Amersham Biosciences) by 2 method known to those skilled in the art.

Absorbance at 280 nm of the purified antibody solutions was measured using a
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spectrophotometer.  Antibody concentrations were calculated from the determined values using

an extinction coefficient calenlated by the PACE method (Protein Science (1993) 4: 2411-2423).

[15-4% Assessment of antibodies having human germ-line sequences for their calcium

ion-binding activity

Tuaa

. ; ; . thoat i
The purified entibedies were conersod-for-their-ealon

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
(MicraCal VP-Capillary DSC, MicroCal).  The mtermediate temperature of thermal
denaturation (Tm value) s an indicator of stability. 1t becomes higher when a protein is
stabihized through calcium ion binding, as compared with the case where no calcium ion is
bound (1. Biol. Chem. (2008} 283, 37, 25140-25149).  The bmding 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 conceniration in the amibody solution.  The purified antibody was
subjected to dialysis (EasySEP, TOMY) using an external sotution of 20 mM Tris-HCI, 150 mM
NaCl, and 2 mM CaCl, (pH 7.4} or 20 mM Tris-HCL, 130 mM NaCl, and 3 uM CaCl; (pH 74).
DSC measurement was conducted at a heating rate of 240°C/hr from 20 to 1153°C using as a test
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 35}

LIGHT CHAIN  {CALCIUM ION CONCENTRATION  ATm (C) |
GERMLINE _ ; ,
SEQUENCE 3uM 2 mM 2mM-3u M
VK] 80.32 80.78 0.46

vk2 | 8067 80.61 0,06

Vk3 81.64 81.36 -0.28

V4 70.74 70.74 0

Vk5 71.52 7417 2,65

The resuit showed that the Tm vaives of the Fab domains of antibodies having the VkI,
V2, VK3, or VK4 sequence did not vary depending on the caleium jon concentration in the Fab

domain-comtaining 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 VK3 sequence hinds to calcium ion.

[Reference Example 16] Assessment of the human Vk5 (hVk3) sequence
(16-1} BVkS sequence
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and hVk5-7 are used synonymously,  WO2010/136598 discloses that the abundance ratio of the
hVk35-2 sequence in the germline sequence is 0.4%.  Other reports have been also made in
which the abundance ratio of the hVk3-2 sequence in the germiine 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 ae hVkS5-2 sequence is a sequence of low appearance frequency in the germiine
sequence, it was thought 1o 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 & human hVk5-2 sequence. However, realization of the possibility is unknown

because no report has been published on the physical properties of the hVk3-2 sequence.

{16-2) Construction, expression, and purification of a non-glveosviated form of the hvVk3-2

sequence

The hVk3-2 sequence has a sequence for N glyeosylation at position 20 amino acid
{Kabat's numbering). Sugar chains attached to proteins exhibit hetérogeneity. Thus, it is
desirable to lose the glycosvlation from the viewpoint of substance homogeneity.  In this
context, variant #®Vk3-2_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
cartied out by a method known 1o those skilled in the art using the QuikChange Site-Directed
Mutagenesis Kit (Stratagene). A DNA encoding the variant hVk3-2 L65 was inserted into an
animal expression vector.  The animal expression vector inseried with the consiructed DNA
encoding variant hVkS-2_1.65, in combination with an animal expression vector having an insest
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 hVk5-2 165 and CIM_H,
which was expressed in animal cells introduced with the vectors, was purified by the method

described in Reference Example 6.

{16-2) Assessment of the aniibody havine the non-giveosvlated hVk3-2 sequence for physical

properties
The 1solated antibody having the modified sequence hVk3-2_ 165 was analyzed by
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ion-exchange chromatography to test whether it is less heferogeneous than the antibody having
the original sequence hVk5-2 before modification.  The procedure of ion-exchange
chromatography is shown in Table 36.  The analysis result showed that hVk5-2 L5635 modified
at the glycosylation site was less heterogeneous than the original sequence hVk3-2, as shown in
Fig. 46.

[Table 36]
CONDITION
- COLUMN TOSOH TSKgel DEAE-NPR
MOBH.E PHASE A; 10 mM Tris-HCl, 3 M CaCl, (pHB.0)
B; 10 mM Tris-HC, 500 mM NaCl, 3¢ M CaCh
(pH&.0J
GRADIENT SCHEDULE %B =0 - [5rmn} - O - 2%/ 1min
COLUMN TEMPERATURE | 40°C
DETECTION 280 nm
INJECTION VOLUME 1004L (51 g

Next, whether the less-heterogeneous hvkS-2 165 sequence-comprising amibody binds
to caleium ion was assessed by the method described in Reference Example 15, The resukt
showed that the Tm value for the Fab domain of the antibody having hVk5-2 L1635 with altered
glycosylation site also varied depending on the calcium ion concentration in the antibody
solutions, as shown in Table 37, Specifically, i was demonstrated that the Fab domain of the

antibody having hVk3-2 163 with altered glvcosylation site binds to calcium ion.

[Table 37]
LIGHT CHAIN | GLECOSYLATED  1CALCIUM 10N CONCENTRATION] ATm (°C)
3uM 2 mM 2 mM-3 u M
hVkS-2 YES 71.52 74.17 2.65
hVkS5-2_L65 NO 71.51 73.66 2.15

[Reference Example 17] Assessment of the calcium lon-binding activity of anmtibodyv molecules
having CDR sequence of the hVk35-2 sequence
{17-13 Construction. expression. and purification of modified antibodies having a CDR secuence

from the hVk3-2 sequence
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The hVk5-2_165 sequence is a sequence with altered amino acids at a glycosyiation site
in the framework of human Vk3-2 sequence.  As described in Reference Example 16, it was
demonstrated that calcium ion bound even afier alteration: of the glycosylation site.  Meanwhile,
from the viewpoint of immunogenicity, it is generally desirable that the framework sequence is a

germ-iine sequence.  Thus, the present inventors assessed whether an antibody framework
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sequence while maintaining the caleiwm ion-binding activity of the antihody.

Polvnuciectides encoding chemically synthesized sequences which comprise an altered
framework sequence of the hVk3-2 sequence, hVkl, hVk2, hVk3, or hvkd (CaVkl (SEQ ID
NO: 119y, CaVk2 (SEQ 1D NO: 120), CaVk3 (SEQ ID NO: 121), or CaVk4 (SEQ ID NO: 122,
respectively) were linked by PCR 1o a polynucleotide encoding the constant region (SEQ ID NO:
1003 of the natural Kappa chain.  The linked DNA fragments were inseried into animal cell
expression vectors,  Seguences of the constructed variants were confirmed by a method known
to those skilied in the art.  Each plasmid constracted as described above was introduced nto
animal cells in combination with a plasmid inserted with a polynucleonde 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 hVk3-2 seouence for

their calcium ion-binding acuvity

Whether calcium ion binds to altered antibodies having the CDR sequence of the
hVk3-2 sequence and the framework sequences of germline sequences other than hVk5-2 (hVkl,
hVk2, hVk3, and bVk4) 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 ihat antibodies having a framework sequence other than the framework sequences

of the hVk3-2 sequence also bind to calcium on.

[Table 38)
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(GERMLINE  [CALCIUM ION CONCENTRATION| ATm (T}
O EWORK | 34 M 2 mM l2mM-3uM
SEQUENCE) | |

hvk1 77.51 79.79 2.8
N L R P
hVk3 77.27 | 79.54 2.27

hVk4 80.35 81.38 1.03
hVES-2 71.52 74.17 2.65

The thermal dengtration temperature (Tm value), as an indicator of thermal stability, of
the Fab domain of each antibody altered to have the CDR sequence of the hVk3-2 sequence and
the framework sequence of 2 genm-line sequence other than the hVkS-2 sequence (hVkl1, hvVk2,
hVk3, or hVk4) was demonstrated to be greater than that of the Fab domain of the original
antibody having the hVkS3-2 sequence. This result shows that antibodies having the CDR
sequence of the VK52 sequence and the framework sequence of hVkl, hVk2, hVk3, or hvk4d
not only have calcium wn-binding activity but also are excellent molecules from the viewpoint

of thermal stability.

[Reference Example 18] Identification of the caleium ion-binding site in human germline
hVk3-2 sequence

{18-1} Desiem of mutation site i the CDR sequence of the hVk5-2 seqguence

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 germliine sequence were also demonstrated to bind to calcium ton.  This result
suggests that in hVkS-2 a calcium ion-binding site is localized within its CDR.  Amino acids
that bind to calcium ion, t.2., chelate calcium ion, include negatively charged amino acids and

amino acids that can be a hvdrogen 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 hVk3-2 sequence bind to calcium ion.

{18-2) Construciion of variant hVk5-2 sequences with Ala substitution. and expression and

purification of antibodies

Antibody molecules were prepared 10 comprise a light chain with substitution of an Ala
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residue for Asp and/or Glu residue in the CDR sequence of the hVkS-2 sequence.  As described
in Reference Example 16, non-glycosylated variant hVk5-2_ 165 exhibited calcium ion binding
and was assumed (o be equivalent to the hVk5-2 sequence In terms of calcium ion binding. In
this Example, amino acid substitutions were introduced into hVkS-2_1.65 as a template sequence.

Constructed variants are shown in Table 39, Amino acid substitutions were carried out by

Mutagenesis Kit (Stratagene), PCR, or the in fusion Advantage PCR Cloning Kit (TAKARA} o

construct expression vectors for altered light chains having an amino acid substitution.

[Table 39]
LIGHT CHAIN ALTERED POSITION| SEQ ID NO
VARIANT NAME  (Kabat NUMBERING)
hVk5-2_L65 WILD TYPE 118
hVk5-2_L66 30 123
hVk5-2_L67 31 124
hVk5-2 168 32 125
nVk5-2_L69 50 126
hVK5-2_L70 30, 32 127
hVk5-2_L71 130, 50 128
hVK5-2_L72 30,32, 50 129
 BVkS-2_173 92 130

Nucleotide sequences of the construcied expression veciors were confirmed by &
method known to those skilled in the art.  The expression vectors constructed {or the altered
light chains were transiently introduced, in combination with an expression vector for the heavy
chain CIM_H (SEQ D NG: 117), into cells of the human fetal kidney cell-derived HEK293H
line {Invitrogen) or FreeStyle293 (Invitrogen) fo express anttbodies.  From the obtamed 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).

{18-3} Agsessment of the calcium jon-binding activity of antibodies having an Ala substitution in

the hVi5-2 sequence

Whether the obtained purified antibodies bind to calcium ion was tested by the method

substitution of an Asp or Glu residue in the CDR sequence of the hVk3-2 sequence with an Ala
residue which cannot be involved in calcium ion binding or chelation were revealed (o have an
Fab domain whose Tm did not vary by the calcium ion concentration in the antibody solutions.
The substitution sites at which Ala substitution did not alter the Tm (posttions 32 and 92 (Kabat's

numbering}} were demonstrated to be greatly important for the caleium jon-gntibody binding.

[Table 40]

LIGHT CHAIN ALTERED postTion | CALCIUMIONCONCENTRATION  ATm (°C)

VARIANT NAME {Kabat's NUMBERING) OuM 2 mM 0 mM«OH M
hVk5-2 165 |WILDTYPE | 71.71 73.69 198
hVk5-2_ 166 | 30 71.65 72.83 11.18
hVk53-2_ 167 31 71.52 | 73.30 1 1.78
hVk5-2_L68 | 32 73.25 | 74.03 0.78
hVk5-2.L69 |50 72,00 73.97 197
hVk5-2_L70 | 30, 32 73.42 | 73.60 1 0.18
hVk5-2_L71 |30, 50 71.84  72.57 L 0.73
hvks-2_L72 | 30, 32, 50 75.04 - 75.17 1 0.13
hVk3-2 L73 |92 75.23 | 75.04 -0.19

[Reference Example 19] Assessment of the calcium jon-binding activity of antdbodies having
nVkl! sequence with calcium ion-binding motif

{19-1) Construction of an hVk] seguence with calcinm ion-binding moufl, and expression and

purificaton of anubodies

The result described in Reference Example 18 on the calcium-binding activity of the Ala
substitute demonstrates that Asp or Glu residues in the CDR sequence of the hVk5-2 sequence
were importan! for caleium binding.  Thus, the present inventors assessed whether an antbody

can bind to calcium ion when the residues at positions 30, 31, 32, 30, and 92 (Kabat"s

Lo ovaea P L SR - bt s
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numbering) alone were introduced into a different germline variable region seguence.
Specifically, vartant L{Vi] Ca (SEQ 1D NO: 131) was constructed by substituting the residues
at positions 30, 31, 32, 50, and 92 (Kabat’s numbering) in the hVk3-2 seguence for the residues
at positions 30, 31, 32, 530, and 92 {(Kabat's numbering) in the hVk] sequence (8 human germbine

sequence),  Specifically, it was tested whether antibodies having an hVkl sequence introduced
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produced by the same method as described in Reference Example 17, The resulting bght chain
variant LIVkl Ca and LIVk] having the light-chain hVk] sequence (SEQ ID NO: 132) were
co-expressed with the heavy chain CIM_H (SEQ ID NO: 117}, Anubodies were expressed and

purified by the same method as described in Reference Example 18.

(19-2) Assessment of the caleium jon-binding acuvitv of antibodies having a human hvVk|

sequence with calcium son-binding mouf

Whether the purtfied antibody prepared as described above binds to calcium 1on was
assessed by the method described in Reference Example 15, The result is shown in Table 41.
The T value of the Fab domain of the antibody having L{Vk] with an hVkl sequence did not
vary depending on the calcium concentration in the antibody solutions.  Meanwhile, Tm of the
antibody having the L{Vk1 Ca sequence was shifted by 1°C or more upon change in the calcium
concentration in the antibody solutions.  Thus, it was shown that the antibody having
LIVE] Ca bmds to calcium.  The result described above demonstrates that the entire CDR.
sequence of hVk5-2 is not required, while the residues miroduced for construction of the

LfVkl_Ca sequence alone are sufficient for calcium ion binding.

[Table 41
LIGHT CHAIN | CALCIUM 10N CONCENTRATION | ATm (°C)
VARIANT 3uM |2 mM 2 mM-34M
LVl 83.18 83.81 0.63
LfVkl_Ca 79.83 82.24 2.41

[Reference Exampie 20]  Design of a population of antibody molecules (Ca library) with a
caicium ion-binding motif introduced into the vanable region to effecuvely obtain binding
antibodies that bind to antigen in a Ca concentranon-dependent manner

Preferred calcium-binding motifs include, for example, the hVk5S-2 sequence and the

CIDR 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
seqguence was used for the heavy chain variable region, and a calcium-binding motif was

introduced into the light chain variable region.  The hVki sequence was selected as a template
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antibody containing an LIVk] Ca sequence oblained by introducing the CDR sequence of
BVkS-2 {one of calcium-binding motifs) into the hVk! sequence was shown to bind to calcium
ions, as shown in Reference Example 19, 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 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 (XKabat numbering} 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 of the hVk! and hV3 sequences registered in the Kabat database (RABAT, EL A ET
AL.: 'Sequences of proteins of immunological inferest’, vol. 91, 1991, NTH PUBLICATION) was
anatyzed. Based on the analysis resuits, the type of amino acids that were allowed to appear in
the Ca library were selected {rom 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 analysts results of the
Kabat database.

A Ca library containing a calcium-binding motif with emphasis on the sequence
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 detaiied designs of the Ca library are shown in Tables | and 2 {with the positions in
each table representing the EU numbering).  In addition, if position 92 represented by the Kabat
numbering is Asn (M) for the appearance frequencies of amino acids as described in Tables T and

2, position 94 may be Leu (L) instead of Ser (5],

[Reference Example 21] Ca library preparation

A gene library of antibody heavy-chain variable regions was amplified by PCR using 4
poly A RWNA prepared from human PBMC, and commercial human poly A RNA, etc. as a
temnplate.  As described in Reference Example 20, for the light chain variable regions of

antibody, hight chain variabie 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 motf 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 aming
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proteins of immunociogical interest', vol. 91, 1991, NIH PUBLICATION). A combination of the
gene libraries of antibody heavy-chain and light-chain variabie 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 Mol Biol. (2002)
178, 87-100). For construction of the library, a linker portion connecting the phagernid Fab o
the phage plil protein, and the sequences of a phage display library with 2 trypsin cleavage
sequence inserted between the N2 and CT domains of the helper phage plll protein gene were
used. The sequences of the antibody gene portions isolated from E. coli, inte which the
antibody gene Ebrary 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. 32, A library containing various sequences corresponding to the

designed aminoe acid distribution was constructed.

[Reference Examplie 221 Examination of the calcium ion-binding activity of molecules
contained in the Ca Library

{22-1}  Calcinm ion-bindme activity of molecules contained in the Ca hibrary

As described in Reference Example 14, the hVk5-2 sequence that was demonstrated to
bind io calcium ions is a sequence of low appearance frequency in the sermline sequence.
Thus, it was thought to be inefficient to obtain a calcium-binding antibody from an antibody
library consisting of human germline 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 iibrary were inserted into animal celi expression plasmids.
Antibodies were expressed by the following method.  Cells of human fetal kidney cell-derived
FreeStyle 293-F (Invitrogen) were suspended in FreeStvie 203 Expression Medium (Invitrogen),
and plated at a cell density of 1.33 x 10° cells/m} (3 ml) into each well of a 6-well plate.  The

prepared plasmids were introduced into cells by a hpofection method.  The cells were culmired
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for four days in a COy incubator (37°C, 8% CO4, 90 rpm).  From the culture supernatants
prepared as described above, antibodies were purified using the rProtein A Sepharose’™ Fagt
Flow {Amersham Biosciences) by a method known to those skilled in the art.  Absorbance at
280 nm of purified antibody selutions was measured using a spectrophotometer.  Antibody

concentrations were calculated from the determined values using an extinction coefficient

o talrnlated }1:: the PACE method (Protein. Scienea 1005 4. 24112423}

{22-3y Evaluation of calcium ion binding of the obtained antibodies

Whether or not the purified antibody obtamed as described above binds to calcium ions
was determined by the method described in Reference Example 6. The results are shown in
Table 42, The Tm value of the Fab domains of multiple antibodies contained in the Ca library

varied with the calcium lon concentration, showing the presence of calcium ion-binding

molecules,
[Table 427
ANTIBODY | SEQ 1D NO CALCIUM 10N ATm(°C)
CONCENTRATION
HEAVY LIGHT 3uM 2 mM 2 mM-3 p
CHAIN | CHAIN M
Ca_BOL 133 144 | 70.881 = 71.45 0.57
Ca_EO1 134 145 8431 84.95 0.64
Ca_HO1 135 146 77.87 79.49 1.62
Ca_DO0?2 136 147 78.04 81.1 2.16
Ca_E02 137 148 8141 83.18 1.77
Ca_HO02 138 149 | 72.84 75.13 2.29
Ca_DO03 139 150 | 87.39 86.78 0.61
Ca_CO01 140 1511 74.74 74.92 0.18
Ca_GO01 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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{23-17  Method for acquiring pH-dependent binding antibodies

WO2009/125825 discloses a pH-dependent antigen-binding antibody whose properties
are changed m neutral and acidic pH regions by introducing a histidine into an antigen-binding
moiecule. The disclosed pH-dependent binding antibody is obtained by modification 10

substitute a part of the amino acid sequence of the antigen-binding molecule of interest with a
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obtaining the antigen-binding molecule of interest 1o be modified, one method may be obtaining
an antigen-binding molecule that binds to a desived 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 w0 efficiently
obtain an antigen-binding molecuie having desired properties from a His library, because
histidine appears more frequently in antigen-binding molecules from His library than those from

conventonal antibody libraries,

(23-2Y Desion of a population of antibody melecules {(His library) with histidine residue

introduced inte their variable region 1o effectivelv acquire binding antibodies that hind to antizen

in a pH-dependent manner
First, positions for introducing a histidine were selected in a His fibrary,

WO2009/125825 discloses generation of pH-dependent antigen-binding antibodies by
substituting amino acid residues in the sequences of IL-6 recepror, IL-6, and 1L-31 receptor .
antibodies with a histidine.  In addition, anti-egg white lysozyme (FEBS Leter 11483, 309, 1,
85-88) and anti-hepeidin (WO2000/139822) 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, 1L-6
antibody, IL-31 receptor antibody, egg white Iysozyme antibody, and hepeidin antibody ave
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 1o be suitable for

introduction of histidines.

[Table 43]
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ANTIBODY CHAIN! POSITION (Kabat)
IL-6 RECEPTOR b TR T B - 80 B 62 100B 102 E
| ANTIBODY Lo8 sy 32 52 16 lgn o

IL-6 ANTIBOLY ‘B 22 I 61 99

o 53|54 a0 a4 |

TL-31 RECEPTOR i K] -

ANTIRODY | R ,

EGG-WHILE LYSOZYME H | 33

ANTIBODY U BT B o
 HEPCIDIN ANTIBODY | H z !
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In the His library consistng of heavy-chain and light-chain variable regions, a human
antibody sequence was used for the beavy chain vanable region, and histidines were introduced
mto the light chain variable region.  The positions listed above and positions that may be
mvolved in antigen binding, 1., positions 30, 32, 50, 53, 91, 92, and 93 (Kabat numbering,
Kabat LA 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 VkI
sequence was selected as a template sequence of the light chain variabie 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
Emmunological Interest, NIH} were selected as flexible restdues.

The type and appearance frequency of amino acid residues that were subsequently
allowed 10 appear were determined.  The appearance frequency of annne acids in the flexible
residues in the hVk] and hVk3 seguences registered in the Kabat database (KABAT, E LA ET
AL.: 'Sequences of proteins of immunological irerast’, vol. 61, 1991, N1H PUBLICATION} was
anaiyvzed. Based on the analysis results, the tvpe of amino acids that were allowed (o appear in
the His library were selected from those with higher appearance frequency at each positdon, At
this time, amino acids whose appearance frequency was determined to be low based on the
analysis resulis were aiso selected to avoid the bias of amino acid properties.  The appearance
frequency of the selected amino acids was determined in reference to the analvsis resuits of the
Kabat database.

As His libraries. His library | 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 | were designed by taking the amino acids and appearance frequency set as described




LAy

1)
~J
[~2

above mto consideration.  The detaiied designs of His libraries 1 and 2 are shown in Tables 3
and 4 {with the positions in each table representing the Kabat numberingy,  Ser {8) 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.
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library 1) to obtain an antibody that binds to antigen in a pH-dependent manner.

A gene library of antibody heavy-cham variable regions was amplified by PCR using a
poly A RNA prepared from human PBMC, and commercial human poly A RNA as a template.
A gene library of antibody light-chain variable regions designed as His library 1 as described in
Example | 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
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 plll 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 plll 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 seguence
information was obtained for 132 clones.  The designed amino acid distribution and the amino
acid distribution of the identified sequences are showr in Fig. 33, 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 (Fis iibrary 2)
1o obtain antibodies that bind 1o antigen i 2 pH-dependent manner

A gene library of antibody heavy-chain variable regions was amphiied by PCR using &
poly A RNA prepared from human PBMC, and comyumercial 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
1o be an antigen contact region, are destgned to increase the appearance frequency of antibodies
having a pH-dependent antigen-binding ability. In addition. for amino acid residues other than
those with hisudines introduced among the flexible residues, a library of antibody Kght-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
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 inserfed 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

from E. coli with an antibody gene library introduced was sequenced as described in Reference
l—'—‘-‘vmﬂplrx 2.

[Reference Example 26| Effects of combimng modification of selective binding 1o FeyRITb
with other Fe region amino acid substitutions

An attempt was made to further enbance the selectivity for FeyRITb by modifving the
variant with Pro at position 238 (EU numbering) substituted by Asp which has improved
setectivity for FeyRIIb as found in Example 14,

First, with regard to IL6R-G1d-v1 (SEQ ID NO: 80) which is obtained by introducing
the modification of substituting Pro at position 238 (EU numbering) of ILOR-G 1d with Asp, the
variant [LOR-Gld-v4 (SEQ ID NO: 172) in which Leu at position 328 {EU numbering) was
substituted by Glu to enhance the selectivity for FoyRIIb as described in Example 14 was
prepared. ILO6R-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 Exampie 2. An amtibody haxﬂng an
amino acid sequence derived from 1L6R-Gid-v4 as annibody H chain obtained here 1s described
as lgG1-v4. Binding activities to FeyRiIb of lgGl, 1gGl-vl, 1gG1-v2, and Igll-v4, examined
as described in Example 14, are shown in Table 44.  Modifications in the table represent those
introduced into IL6R-G1d.

{Tabie 44]
Cun oEap oe RELATIVE KD FOR FevRIIb
VARTANT ALTERATION | K FOR Fo v RIIb
_ ; {mol /L] * (KD FOR 1gG1/KD FOR EACH VARIANT
igG1 (LoR-C1d] : i DBOE-06 LS
lghl-vl  P238D  1I0E-06 4.8
Ip(ri-v2 : L328E 230806 B 2.3
I3 l-vd | P23BDLAZRE 1IOR-03 0.47

From the results of Table 44, since L328E improves the FeyRITb-binding activity by 2.3
fold compared with IgG1, combimng it with P238D which similarly improves the
FeyRITb-binding activity by 4.8 fold compared with IgG1 was anticipated to further increase the
degree of improvement of FeyRIIb-binding activity; however, in reality, the FevRIIb-binding
activity of the variant containing a combination of these alterations was decreased 10 0.47 fold

compared with that of [gG1.  This result is an effect that couid not have been predicted from the
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respective alterations.

Similarly, into [L6R-G1d~vl (SEQ ID NO: 80) produced by introducing into IL6R-G1d
the alteration produced by substituting Pro at position 238 (indicated by EU numbering) with
Asp, the substituitons of Ser af position 267 {indicated by EU numbering) with Ghe and of Leu at

position 328 {indicated by EU numbering) with Phe as described in Example 14 which improve
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prepared according to the method of Reference Example 2. The obtamed antibody having the
amino acid sequence derived from IL6R-G1d-v3 as the antibody H chain has been called
IgGi-v5. The FeyR1lb-binding activities of 1gG1, IgG1-vl, 1gGi-v3, and 1gG1-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 FoyRIiTh in
Example 14 was introduced tato the P238D variant.  Changes in the FeyRITb-binding dctivities

before and after introducing this alteration are shown in Table 45

[Table 45]
FOR . RELATIVE KD FOR Fey RITb
VARIANT ALTERATION KD FO FC,’V RLIb \
(ool /L} (KD FOR IgGI/KD FOR EBACH VARIANT
feGi 1 HLOR-G 1) i 5.30R-06 1
1¢G1vl P23/ 1, 101-06 4.8
i2G1-v3 CS26TE/LI28E 1.308-08 208
lgGlvs | P238D/S26TE/LI28F A4.508-07 12

From the results of Table 45, since S267E/L328F improves the FeyRIIb-binding activity
by 408 fold compared with lgGl, combining it with P238D which similarly improves the
FeyRIIb-binding activity by 4.8 fold as compared with Ig(Gi was anticipated to further increase
the degree of improvement of FeyRlib-binding activity; however, in reality, in a similar manner
to the former example, the FeyRIb-binding activity of the variant contsining a combination of
these alterations was nmproved only 12 fold or so as compared with that of IgG1.  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 FovRilb-binding activity, the effect is not exhibited when it
is combined with other alterations that improve the FeyRIIb-binding activity. A reason for this
may be that the structure of the interface for the interaction between Fe and FeyR is changed by
introducing the substitution of Pro at position 238 (indicated by EU numbering) with Asp and the
effects of alterations observed in the naturally-occuming antibody are no longer refiected in the

resulis.  Accordingly, it was considered to be exwmemely difficult to create an Fe with excellent

Do gt et
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sclectivity for FoyRIb using an Fc comprising substitution of Pro at position 238 (indicated by
EU numbering) with Asp as a tempiate, since the information on effects of alterations obtained

with naturally-occurring antibodies could not be applied.

[Reference Example 27] Comprehensive analysis of FoyRIIb binding of variants introduced with

an. alteration at the hinae nortionan additiom 10 thae DIISTY alraration
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As shown in Reference Example 26, in an Fe produced by substinuting Pro af position
238 (indicated by EU numbering} with Asp in a naturaily-occurring human [gG1, an anticipated
combinatoriai effect could not be obtained even by combining it with another alteration predicted
to further increase FeyRIb binding from the analysis of natrallv-occurring antibodies.
Therefore, in order to find variants that further enhance FoyRIIb binding, modifications were
comprehensively introduced into the aliered Fe produced by substituti'ng Pro at position 2338
{indicated by EU numbering) with Asp. IL6R-F11 (SEQ ID NO: 174) was produced by
introducing an alteration of substifuting Met at position 252 {indicated by EU numbering) with
Tyr and an alteration of substituting Asn at position 434 (indicated by EU numbering) with Tyr in
ILOR-G1d (SEQ ID NO: 79) which was used as the antibody H chain.  Furthermore,
ILOR-F652 (SEQ ID NO: 175) was prepared by mtroducing an alteration of substituting Pro at
position 238 {(indicated by EU numbering} with Asp mto [LOR-F11.  Expression plasmids
containing an antibody H chain sequence were prepared for each of the antibody H chain
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 18 amino acids excluding the onginal amino acids and Cys,  TL6R-L (SEQ ID NO: 83)
was utilized as a common antibody L chain for alf of the antibodies. These varianis were
expressed and purified by the method of Reference Example 2. These Fe variants are called PD
vartanis. Imteractions of each PD variant with FeyRlla type R and FovRITh were
comprehensively evaluated by the method of Example 14,

A figure that shows the results of apalyzing the interaction with the respective FeyRs
was produced according to the following method. The value obiained by dividing the value for
the amount of binding of each PD variant to each FevR by the value for the amount of FeyR
binding of the pre-altered antibody which is used as the control (IL6R-F632/IL6R-1., which has
an alteration of substituting Pro at position 238 (indicated by EU numbering) with Asp and then
multiplyving the result by 100, was shown as the relative binding activity value of each PD)
variant to each FevR.  The horizontal axis shows relative values of the FeyRITb-binding activiry
of each PD vanant, and the vertical axis shows relative values of the FevRIla type R-binding
activity values of each PD variant (Fig. 55).

As aresult, it was found that the FeyRIIb binding of eleven types of alierations were



enhanced compared with the antibody before introducing alterations, and they have the effects of

The activities of these eleven variants to
bind FeyR1b and FeyRIla R are summarized in Table 46, In the table, SEQ ID NO refers to the

maintaining or enhancing FcyRIla type R-binding.

i
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SEQ ID NO of the H chain of the evaluated variant, and alteration refers to the alteration
itroduced o ILOR-F11 (SEQ 1D NO: 174},

[Table 46]

SEQ ID NO| VARIANT NAME ALTERATION  |RELATIVE BINDING | RELATIVE BINDING

: ACTIVITY FOR ACTTVITY FOR

: Fe v Rilb Fe» RilaR

175 IL6RIG52/IL6R-1. | P238D 100 100
176 HOR-PDO4A2 H16R-L | P238D/L234W 106 240
L7 7 AR PHOAAJIBRL | P28 /1234 BE 75
178 TLOR-PDO7Q/ILOR-1. | PR3BD/G237A 101 138
176 |IL6R PDOSD/IL6RL | P238D /(257D 127 323
TR0 | NGR-PDOBI/ILAR-L | P238D/GI37E 101 117
181 ILOR-PDOB2/ILOR-L | P238D/G237F 108 380
V8 2| ILGR-PDOB6/ILOR-1, | PI38D /G237 112 268 j‘
183 [LOR-PDOBT/ILAR-L | P23BD/G23TM 1066 196
T84 IL6R-PDOYA/IL6R-1, | PIBAD/Gas7W 120 593
TRA TLO6R-PDOYS/IL6R-L | P238D/G237Y 124 543 {
186 |IL6RIPDOOT/IL6R-L | P238D/8230D 139 R44 |

Fig. 56 shows relative values for the FoyR1Ib-binding activity obtained by additionally

introducing the above eleven alterations into a variant carrying the PZ38D alteration, and relative

values for the FoyRITb-binding activity of a variant obtamned by imtroducing the alterations into
an Fe that does not contain the P238D.  These eleven alterations enhanced the amount of
FeyRIb binding compared with before introduction when they were further introduced into the
P238E) varian:.
of those alterations except GZ37F, G237W, and $239D), when they were introduced into the
variant that does not contain P238D (GpH7-B3/Gpl.16-k0) used in Example 14,  Reference

On the contrary, the effect of lowering FeyRIIb binding was observed for eight

Example 26 and these resuiis showed that, based on the effects of introducing alterations into a
naturally-occeurring Ig(Gl, 1t is difficult to predict the effects of combining and introducing the
same alterations into the variant containing the P238D aheration.  In other words, it would not
have been possible to discover these eight alterations identified this time without this
investigation that introdoces the same alierations are combined and introduced nto the vanant
containing the P238D alteration.

The results of measuring KD values of the vaniants indicated 1n Table 46 for FeyRla,
FeyRIIaR, FevRHaH, FeyRIlb, and FoyRIHaV by the method of Example 14 are sumimarized in
Table 47.  In the table, SEQ ID NO refers to the SEQ 1D NO of the H chain of the evaluated
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variant, and alteration refers o the alieration introduced into ILAR-F11 {(SEQ ID NO: 174).

The template used for producing IL6R-F11, IL6R-G1d/TL6R-L, 15 indicated with an asterisk (¥).
Furthermore, KD{11aR YK D(IIb} and KD(1IaH}KD(1Ib} in the iable respectively show the value
obtained by dividing the KD value of each variant for FeyRIIaR by the KD value of each variant
for FeyRlIh, and the value obtained by dividing the KD value of each variant for FeyRIlaH by

e the KD vahue of pach.variant for EoyR1Th, . KTMITh of the.parent palypeptida L KID(IIb)o fthe

altered polypeptide refers to a value obtained by dividing the KD value of the parent polypeptide
for FeyRIIb by the KD value of each variant for FoyRITb.  In addition, Table 47 shows KD
values for the stronger of the FoyRIlaR- and FeyRITaH-binding activities of each variant / KD
values for the stronger of the FeyRHaR- and FeyRIlaH-binding activities of the parent
polypeptide. Here, parent polypeptide refers to a variant which has IL6R-F11 (SEQ 1D NO:
27} as the H cham. It was determined that due to weak binding of FeyR 1o IgG, it was
impossibie to accurately analyze by kinetic analysis, and thus the gray-filled celis in Table 47
show values caleulated by using Equation 3 of Example 14,
{Equation 5]
KD =C x Rmax/{Req-RI}-C

Table 47 shows that all variants improved their affinity for FeyRIlb in comparison with
IL6R-F11, and the range of improvement was 1.9 fold to 5.0 fold.  The ratio of KID vaiue of
each vanant for FeyRIIaR / KD value of each vanant for FeyR1Hb, and the ratio of KD value of
cach variant for FeyRHaH / KD value of each variant for FevRITb represent an FoyRIIb-binding
activity relative to the FeyRIIaR-binding activity and FoyRIaH-binding activity, respectively,
That 13, these values show the degree of binding selectivity of each variant for FeyRITb, and a
larger value indicates a higher binding selectivity for FeyRIIb.,  For the parent polypeptide
IL6R-FHI/IL6R-L, the ratio of KD value for FeyRIIaR / KD value for FeyRIIb and the ratio of
KD value for FeyRlaH / KD value for FoyRlIlb are both (1.7, and accordingly all variants in
Tabie 47 showed 1mprovement of binding selectivity for FeyRIlb in comparison with the parent
polvpeptide.  When the KD value for the stronger of the FeyRIlaR- and FeyRIlaH-binding
activities of a vanant / KD value for the stronger of the FevRIlaR- and FeyRilaH-binding
activities of the parent polypeptide 18 T or more, this means that the stronger of the FeyRIIaR-
and FeyRIlaH-binding activities of a variant has equivalent or reduced binding compared with
the binding by the stronger of the FeyRIIaR- and FovRITsH-binding activities of the parent
polypepiide.  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 FeyRIIaR- and FeyRIIaH-binding aciivities of the variants
obtained this time was nearly the same or decreased in comparison with the parent polypeptide.
These resuits showed that compared with the parert polypentide, the variants obtained this time

have maintained or decreased binding activities to FeyRlila type R and type H, and improved
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selectivity for FoyRIlb,  Fusthermore, compared with IL6R-F11, all variants had lower affinity
to FeyRlIa and FeyRIHaV.

[Table 47)




KD YALUE FOR THE STRONGER OF THE
KD ol L KDETib) OF THE FeyRlal- AND FoyRETall-BINDING
ALTERATION CD{1IR)/ KO[HaK) 7| PARENT POLYPEPTIDE /| ACTEVETIES OFF THID YAREANT / KiF VALUE
KEfusl | kn{m] | KD(TTL) OF THE FOR THE STRONGER CF THE FeyRITaR- AND
FoyRia |FoyElaR [FoyRlial | FoyRih [FoyRIMay ALTERED POLYPEPTIDE {FeyRITall-BINDING AUTEVITIES OF ThE
PARENT POLYPEPTIDE
TE AR O] T TORE-GE ARG R EE-08 3EE0Y| ¢4 ke 2% 1
e 2 OE-10 5 GE-Of B ¢.7 a7 § 0 G
1224W /) F2380 | 63508 TR 8.1 X 3.4 e =]
La3AY JPR3AD | 7.5E-08 159 14 4 4.2 4.6
G237 A PAIRE 1 4807 05 T2 2.3 42
G237D) PR30 | 1.4E-07 107 12.8 3.5 45
OZ3TE/P2ED | 34E-07 10 6 7.0 1.0 0
DISSTFPARD |5 IE-08 4.1 4.7 20 48
2T VR0 | | RE-07 59 71 27 5
2371/ 52380 | 59808 77 7.0 4 e
GRITW PRISRD | 3.6B-OR 3.1 £ 2.9 5.4
3237V IPR3ED | B3E-08] 7 3.4 64 29 L8
BIARD /SR80 |4 BE0b| 3 SE-0el 26 4.6 50 o7
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fReference Example 28] X-ray crystaliographic analysis of a complex formed between an Fe
containing P238D and an extracellular region of FeyRIlb

As indicated earlier s Reference Example 27, even though an alteration that is
predicted from the analysis of naturally-occurring IgG1 antibodies to improve FevyRiib-binding

activity or selectwvity for FeyRIlb is introduced into an Fe containing P238D, the

oy, s £ - . P S
]

at the interacting interface between Fo and FeyRiIb 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 IgGl Fe containing the P238D mutation (hereinafter, Fo(P238D}Y
and the extracellular region of FeyRIIb was elucidated by X-ray crystallographic analysis, and
this was compared 1o the three-dimensional structure of the complex formed between the Fe ofa
naturaliy-occurring IgG1 (hereinafter, Fo(WT)) and the extracellular region of FeyRIlb, and the
binding modes were compared.  Multiple reports have been made on the three-dimensional
structure of a complex formed between an Fe and an FeyR extraceliutar region; and the
three-dimensional structures of the Fe(WT) 7 FeyRIITb extracellular region complex (Nature,
2000, 400: 267-273, 1. Biol. Chem. 2011, 276: 16469-16477}, the Fe(WT) / FeyRlIlia
extraceliular region complex (Proc. Natl. Acad. Sci. USA, 2011, 108: 12669-126674), and the
Fe(WT} / FeyRIHa extracellular region complex {J. Imunol. 2611, 187: 3208-3217) have been
analyzed. While the three-dimensional structure of the Fe{WT) / FeyRIIb exwracellular region
complex has not been analyzed. the three-dimensional structure of 2 complex formed with
Fe(WT) 1s known for FeyRila, and the extracellular regions of FeyRlIla and FeyRIIb match 93%
i amino acid sequence and have very high homology.  Thus, the three-dimensional structure of
the Fe(WT} / FeyRITb extracellular region complex was predicied by modeling using the crystal
structure of the Fe{WT) / FevRIla extracellular region complex.

The three-dimensional structure of the Fe(P238D) / FeyRITh extracelhular region
compiex 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. 37, The FeyRIIb exwacellular region is
bound between two Fo CHZ domains, and this wag simitar 1o the three-dimensional structures of
complexes formed between Fo(WT) and the respective extraceliular region of FeyRIIa, FeyRITh,
or FeyRlila analyzed so far

Next, for detailed comparison, the crystal structure of the Fe(P238D) / FeyRilh
extracellular region complex and the model structure of the Fe(WT) / FeyvRIIb extraceliular
region complex were superimposed by the least squares fitting besed on the Ca atom pair
distances with respect 5o the FeyRIlb extracellular region and the Fo CH2 domain A (Fig. 38}

In that case, the degree of overlap between Fc CHZ domains B was not satisfactory, and

conformational differences were found in this portion.  Furthermore, using the crystal structure

o chnon e o ke pete g it
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of the Fe(P238D) / FeyRIlb extraceliular region ¢omplex and the model structure of the Fe(WT)
/ FeyRITb extraceliular region complex, pairs of atoms that have a distance of 3.7 A or less
between the extracted FeyR1Tb extracellular region and Fe CH2 domain B were extracted and
compared in order to compare the interatomic interaction between FoyRIIb and Fo (WT) CH?2
domain B with the interatomic interaction between FoyRIIb and Fo(P238D)),  As shown in Table

AL theinteratomic interactions between Fo CHI domain B.ond FoyRITE 45 FafPR2EIN and st

ety G

Fe(WT) did not match.

[ Table 48]
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| FoE ) CEZ DOMAIN B CFoC@T; THY DOMAIN B
CFPovRITh ATOM - INTERACTION PARTNER | INTERACTION PARTNER
i (DISTANCE BETWEEN ATOMS, A) | (DISTANCE BETWEEN ATOMS, A)

REp | CEETORD

Furthermore, the detailed structures around P238D were compared by superposing the
X-ray crystal structure of Fo (P238D)/FeyRilb extracellular domain complex on the modal
structure of the Fo (WTYFeyRITb extracelular domain complex using the least squares method
based on the Ca atomie distance berween Fe CH2 domains A and B alone.  As the position of
the amino acid residue at position 238 (EU numbering}, 1.e., a mutagenesis position of Fc
(P238D). 15 altered from Fc (WT), the loop structure around the amino acid residue at position
238 following the hinge region 1s found to be different berween Fe (P238D) and Fe (WT) (Fig.
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_..kesidue at nosition 238 Ondicared by ELLaumbering changes its-orientationde

39).  Pro at position 238 (EU numbering) is originally located inside Fc (WT), forming a
nydrophobic core with residues around position 238, However, if Pro at position 238 (EU
numbering) is altered to highly hydrephilic and charged Asp, the presence of the altered Asp
residue in a hydrophobic core is energetically disadvantageous in terms of desolvation.
Therefore, in Fe(P238D), to cancel this energeticaily disadvantageous situation, the amino acid
3

side, and this may have caused this change in the loop structure near the amino acid residue at
position 238.  Furthermore, since this loop ts not far from the hinge region crosstinked by an
S-5 hond, 115 structural change will not be limited to 2 local change, and will affect the relative
positioning of the FcCH2 domain A and domain B, As a result, the interafomic interactions
between FeyRIIb and Fo CH2 domain B have been changed.  Therefore, predicted effects could
not be observed when alterations that improve selectivity and binding activity towards FeyR1b
in a natarally-occurring IgG were combined with an Fc containing the P238D alteration,
Furthermore, as a resull of structural changes due io introduction of P238D in Fe CH2
domain 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
FeyRilb (Fig. 60). The residue in FeyR1la that corresponds to this Tyr 160 is Phe; and when the
binding is 10 FeyRIla, this hydrogen bond is not formed.  Considering that the amino acid at
position 160 1s one of the few differences between FeyRHa and FeyRITb at the interface of
interaction with Fe, the presence of this hydrogen bond which is specific to FeyR1lb 15 presumed
to have led to improvement of FeyRilb-binding activity and decrease of FeyRla-binding aceivity
m Fe(P238D), and improvement of its selectivity.  Furthermore, in Fo CH2 domain B, an
electrostatic interaction 1s observed between Asp at position 270 (indicated by EU numbering)
and Arg at position 131 m FeyRITb (Fig. 61).  In FeyRlIa type H, which is one of the allotypes
of FeyR1ila, the residue corresponding to Arg at position 131 of FevRIIb is His, and therefore
cannot form this electrostatic interaction.  This can explain why the Fc(P238D)-binding activity
1 lowered in FeyRlla type H compared with FeyRlIla type R, Observations based on such
results of X-ray crystallographic analysis showed that the change of the loop structure beside
P238D due to P2Z38D introduction and the accompanying change in the relative domain
positioning causes formation of new interactions which is not found in the binding of the
naturaily-occurming IgG and FeyR, and this could lead to a selective binding profile of P238D

variants for FeyRIIb.

[Expression and Purification of Fe(P238DY]
An Fc containing the P238D alteration was prepared as follows,  First, Cys at position
220 (indicated by EU numbering) of hIL6R-1gG1l-v1 (SEQ ID NO: 80) was substituted with Ser.
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Then, genetic sequence of Fo(PZ38D) from Glu at position 236 (indicated by EU rumbering) 1o
its C rerminal was cloned by PCR.  Using this cloned genertic sequence, production of

expression vectors. and expression and purification of Fe{P238D) were carried out according to
the method of Reference Examples 1 and 2. Cys at position 220 {indicated by EU numbering)

forms a disulfide bond with Cys of the L chain in general IgG1.  The L chain is not

to avold formation of unnecessary disulfide bonds.

[Expression and purification of the FeyR1Ib extracellular region]

The FoyRIb extracetlular region was prepared according to the method of Example 14

[Puriﬁcatioﬁ of the Fe(P238D) / FeyRIlb extracellular region complex]

To 2 mg of the FeyREb extracellular region sample obtained for use m crystallization,
(.29 mg of Endo F1 (Protein Science 1996, 5: 2617-2622) expressed and purified from
Escherichia coli as a ghitathione S-transferase fusion protein was added.  This was aliowed to
remain al room temperature for three davs in 0.1 M Bis-Trig buffer at pH 6.5, and the N-linked
oligosaccharide was cleaved, except for N-acetylghucosamine directly bound to Asn of the
FeyRily extraceliniar region.  Next, the FeyRIIb extraceliular domain sample subjected to
carbohvdrate cleavage treatment, which was concentrated by uitrafiltration with 5000 MWCO,
waas purified by gel filtration chromatography {Superdex200 10/300) using a column
equilibrated in 20 mM HEPS at pH 7.5 containing (.05 M Na(Cl. Furthermore, to the obtained
carbohydrate-cleaved FoyRIIb extracellular region fraction, Fe{P238D) was added so that the
molar ratio of the FeyRITh extraceliular region would be present in shight excess.  The mixture
concentrated by ultrafiltration with 10,000 MWCQ was subjected 1o punification by gel filtranon
chromatography {Superdex200 10/300} using a column equilibrated in 20 mM HEPS at pH 7.5
containing 0.05 M NaCl.  Thus, 2 sample of the Fe(P238D) / FeyRITb extracellniar region

complex was obtained.

[Crystallization of the Fc(P238D) / FeyRIb extracellular region compiex)

Using the sample of the Fe(P238D% / FoyR1lb extracellular region complex which was
concentrated to approkimately 10 mg/ml by ultrafiltration with 10,000 MWCO, crystallization
of the complex was carried out by the sitting drop vapor diffusion method.  Hydra 11 Plus One
{MATRIX)} was used for crystallization; and for a reservoir solution containing 100 mM Bis-Tris
pH 6.5, 17% PEG3350, 4.2 M ammonium acetate, and 2.7% (w/v) D-Galactose, a crystallization
drop was produced by mixing at a ratio of reservoir solution : crvstallization sample = 0.2 uL:

0.2 ul..  The crystallization drop afier sealing was allowed to remain at 20°C, and thus thin

preparedran thtrofore tho Byyyosidue was sabstitoted-witr Sor
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plate-like crystals were obtained.

[Measurement of X-ray diffraction data from an Fe{P238D} / FoyRIIb extracellular region
complex crystal]

One of the obtained single crystals of the Fe(P238D) / FeyRITb extracellular region

oomnley wae ennled intn g eohition of 100 M Rie. Treie ;\U a.5..72087 DECGIIEN. prmmonium.
. 1 . e L1620 AL, . a:

acetate, 2.7% (w/iv) D-Galactose, 22.5% {v/v) ethylene glyeol.  The single crystal was fished
out of the solution using a pin with attached tiny nylon loop, and frozen in liguid nitrogen.  The
X-ray diffraction data of the crystal was measured at synchrotron radiation facility Photon
Factary BL-1A 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
diffraction images were performed using the Xia2 program (CCP4 Software Suite}, XDS
Package (Walfeang 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
P2, and has the following cell parameters; a = 48.85 A, b= 76.01 A, c= 11509 A, 0 =90° B =
10G.70°, v = 9G°.

[X ray crystallographic analysis of the Fe(P238D) / FoyRIIb extracellular region complex]
Crystal structure of the Fe(P238D) / FeyRIb extracellular region complex was
determined by the molecular replacement method using the program Phager (CCP4 Software
Suite). From the size of the obtained crystal lattice and the molecular weight of the Fe(P238D)
/ FeyRIIb extracellular region complex, the number of complexes in the asymmetric unit was
predicted to be one.  From the structural coordinates of PDB code: 3SGI which is the crystal
structure of the Fe{WT) / FeyRIla extraceilular region complex, the amino acid residue portions
of the A cham 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 Fo CH2 domains.  The
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:
38GU; and this was set as a model for searching the Fe CH3 domains.  Finally, from the
structural coordinates of PDB code: 2FCE which is a crystal structure of the FeyRIIb
extracellular region, the amino acid residue portions of the A chain positions 6-178 was taken out
and set as a2 model for searching the FeyRIDb extraceliular region.  The orientation and position

of each search model in the crystal lattice were determinad in the order of Fo CH2 domain,
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FeyRIIb extracellular region, and Fe CH2 domain, based on the rotation function and translation
function to obtain the initial model for the crystal structure of the Fe(P238D)/ FevRilb
extracellular region complex,  When rigid body refinement which moves the two Fe CH2
domains, the two Fc CH3 domains, and the FeyR1Ib extracetlular region was performed on the

obtained initial model, the crystallographic reliability factor, R value became 40.4%, and the
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Furthermore, structural refinement using the program Refmac5 (CCP4 Software Suite), and
revision of the model 1o observe the electron density maps whose coefficient have 2Fo-Fc or
Fo-Fe, which are calculated based on the experimentally determined structural factor Fo, the
calculated structural factor Fe and the calculated phase using the model, was carried out by the
Coot program (Paul Emslev). Model refinement was carried out by repeating these steps.
Finally, as a result of incomporation of water molecules into the model based on the electron
density maps which use 2Fo-Fc or Fo-Fe as the coefficient, and the following refinement, the
crystallographic reliability factor, R values and the Free R value of the model containing 4846
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 Fe(WT) / FeyRIIb extracellular region complex]

Based on the stractural coordinates of PDB code: 3RY6 which is a crystal structure of
the Fe{WT) / FeyRIa 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 FeyRIb into FeyRIla 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 Fe(WT)/ FeyRIlb

extracellular region complex.

[Reference Example 29] Analysis of FeyR 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
Fe(P238D) and the FovRIb extraceliular region obtained in Reference Example 28, variants
were constructed by comprehensively introducing alterations mto sites on the altered Fe having
substitution of Pro at position 238 {(indicated by EU numbering) with Asp that were predicted to
affect interaction with FoyRITb (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
numbering}), and whether combinations of alterations that further enhance FeyRIHb binding in
addition to the P238D alteration can be obtained, was exammed.
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1L.6R-B3 (SEQ 1D NO: 187) was produced by introducing into IL6R-G1d (SEQ ID NO:
79) produced in Example 14, the alteration produced by substituting Lys at position 439
(indicated by EU numbering) with Glu.  Next, IL6R-BF648 was produced by introducing into
IL6R-B3, the alteration produced by substituting Pro at position 238 (indicated by EU
numbering) with Asp.  [L6R-L (SEQ ID NO: 83) was utilized as the common antibody L chain.

rifiad.

2. The binding of these antibody variants to cach of the FeyRs (FeyRla, FeyRl1la tvpe H,
FevRlIla type R, FeyRIIb, and FeyRlilla type V) was comprehensively evaluated by the method of
Example 14.

A figure was produced according fo the following method 10 show the results of
analyzing the interactions with the respective FeyRs.  The value for the amount of binding of
each variant to each FeyR was divided by the value for the amount of binding of the pre-altered
control antibody (IL6R-BF648/IL6R-L. alteration by substituting Pro at position 238 (indicated
by EU numbering} with Asp) to each FeyR, and the obtained was then multiplied by 100 and
shown as the relative binding activity value of each variant 1o each FcyR.  The horizontal axis
shows the relative binding activity value of each variant to FeyRITb, and the vertical axis shows
the relative binding activity value of each variant to FeyR1la 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 FoyRIIb binding in comparison with the pre-altered antibody.
The binding of these variants to each of the FoyRs are shown in Table 49, In the table,
alteration refers to the alteration introduced into IL6R-B3 (SEQ ID NO: 187).  The remplate
used for producing [LGR-B3, IL6R-GI1d/IL6R-L, is indicated with an asterisk (¥).

[Table 49]



B2 AL6R-L
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VARTANT NAME = ALTERATION RELATIVE BINDING
e FeyRla - FoyRllaR | FoyRllaH | PeyRNb - FeyRille
[L6R- * 140 650 1670 62 . 3348
Grd/IL6R-L ¢ _ S S S
HLO6R-B3/1LAR- 145 625 1661 58 L 3204
L :
ILAR- P238D 100 100 | 100 166 1 109
BE«E}@S/I OR-L ? N
. PRSADIE2SSE FE 47 B & T
LR PRIRD/S267A 121 128 110 138
BEIOO/ILGR-L | a
1L6R- FI38D /82670 104 165 0 06 w06 86
BP1O2/IL6R-L
ILGR- P238D/S267V 56 163 69 167 77
BPIOS/ILOR-L - -
1L6R- - P23BDY/HI68D 127 156 110 6 127
BPIO6/TLAR-L ' -
[LER-  P238D/H268E 123 147 114 118 124
BPIGT/ILGR-L L
1LER- P238D/HI6BN |+ 105 128 127 101 127
BPIIO/ILGR-L | :
ILER- P238D/P271G 116 340 113 157 102
______ BPTI2/IL6R-L :
1LGR- - P23BD/Y290D 95 87 37 103 96
2B128/1L6R-1, ;
NAR- | P238D/V3230 73 92 83 04 94
PBIG9/IL6RL
IIf)R - PR3RL/V3I3L 116 117 115 113 122
u,m\- 2380/V323M 1 140 244 179 132 144
2B172/1L6R-L )
[L6R- PLUARD; KAMBA 117 159 103 g 1 102
BP136/ILOR-L :
ILOR- ©P238D/K226D 124 166 9% 18 105 .
BPLIT/ILOR-L ¢ i
IL6R- P23AD/K326E 125 175 92 114103
BP120/ILOR-1
L6R- - P238D/K326L 113 167 132 103 146
BP12G/ILOR-L | , TR IO
IL6R- L P23BDL/KIA6M 117 18] 133 110 145
BP119/ILER-L i
ILBR-  PR38D/K326N [§35 103 47 06 12
BPI42 ML6R-L 5
{L6R- - P238iy/K3260 118 135 125 113 157 |
BP12i/IL6R-L : s
ILAR- | P238D/K326S 101 132 128 04 144
BP1I8/MER-L e
u,mz- P238D/KA26T 110 126 110 108 ¢ 114
BPIIG/ILER-1 : o
IL6R- P38/ A330R 32 01 108 119 120
BPOTIJILORL | | e
ILOR- P238D/A330M | 106 101 8% L 105 g
BPOTS/ILOR-L | r ‘
JLER- P238D/AZZ0R | 60
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The resuits of measuring KD values of the variants shown in Table 49 for FeyR]a,
FoyR11aR, FeyRllaH, FeyRIDb, and FeyRI1Ia 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 tempiate used for producing IL6R-B3, IL6R-G1d/IL6R-L, is indicated
with an asterisk (*).  Furthermore, KD{IaRYKID{IIb} and kD{IlaH)IKD(Hb) iny the table

. .
aine.aiegek

by the KD value of each variant for FeyR1lb, and the value obtained by dividing the KD value of
each vaniant for FeyRIlaH by the KD value of each variant for FeyRIIb.  KD(IIb) of the parent
polvpeptide / KD{1Ib} of the altered polypeptide refers to the value obtained by dividing the KD
value of the parent polypeptide for FeyRITh by the KI¥ value of each variant for FeyRIlb. In
addition, the KD value {or the stronger of the FeyRIIaR- and FeyRIaH-binding activities of each
variant / KD value for the stronger of the FeyRIlaR- and FeyRIIaH-binding activities of the
parent polypeptide are shown in Table 50.  Here, parent polvpeptide refers to the variant which
has IL6R~B3 (SEQ ID NO: 187) as the H chain. It was determined that due 1o weak binding of
FeyR to IgG, it was unpossible to accuratety 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]

KD =C x Rmax /(Req-RD-C

Table 50 shows that in comparison with IL6R-B3, all variants showed improvement of
affinity for FcyRIIb, and the range of improvement was 2.1 fold to 9.7 fold.  The ratio of KD
value of each variant for FeyRHaR / KD value of each variant for FeyRIlb, and the ratio of KD
value of each variant for FeyRIlaH / KD vaiue of each variant for FevRIb represent an
FeyRIIb-binding activity relative to the FE;RIIaR-binding activity and FeyRIlaH-binding activity,
respectively.  That 1s, these values show the degree of binding selectivity of each variant for
FeyRIDb. and a greater value indicates a higher binding selectivity for FevRIIb,  Since the ratio
of KD value for FeyRITaR / KD {fa%ue for FeyRITb, and the ratio of KD vaiue for FeyRITaH / KD
value for FeyRIlb in the parent polypeptide ILOR-B3/IL6R-L were 0.3 and 0.2, respectively, all
variants in Table 50 showed improvement of binding selectivity for FeyRIIb in comparison with
the parent polypeptide.  When the XD value for the stronger of the FeyRHaR- and
FeyRHaH-binding activities of a vanant / KD value for the stronger of the FeyRIIzR- and
FeyRIaH-binding activities of the parent polypeptide is I or more, this means that the stronger
of the FeyRIIaR- and FeyRITaH-binding activities of a variant has equivalent or decreased
binding compared with the binding by the stronger of the FeyRHaR- and FeyRIlaH-binding
activities of the parent polypeptide.  Since this value was 4.6 to 34.0 for the variants obtained
this time, ohe may say that in comparison with the parent polypeptide, the variants obtained this

time had reduced binding by the stronger of the FevRIIaR- and FeyRI1ai-binding activities.

tant£or EopRIeR o
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These results showed that compared with the parent polypeptide, the variants obtained this time
have maintained or decreased FevRIla type R- and type H-binding activities. enhanced
FeyRl1Ib-binding activity, and improved selectivity for FevRITb.  Furthermore, compared with
IL6R-B3, all variants had lower affinity to FcyRla and FeyRIITaV.
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With regard to the promusing vartanis 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 Fe{P2Z38D} / FovRIb extraceilular region complex.  In this figure, the H
chain positioned on the left side is Fo Chain A, and the H chain positioned on the right side is Fe

Chain B. Here, one can see that the site at position 233 {indicated by EU numbering) in Fe
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E233 side chain 1s in a condition of considerably high mobility, and its electron density is not
well observed.  Therefore, the alteration produced by substituting Gla at position 233 {indicated
by EU numbering} with Asp leads to decrease in the degree of freedom of the side chain since
the side chain becomes one carbon shorter,  As a resuit, the entropy loss when forming an
interaction with Lys at position 113 of FeyRIIb may be decreased, and consequently this is
speculated to contnbute o wnprovement of binding free energy.

Sumilarly, Fig. 04 showsy the environment near the stz at position 330 (indicated by EU
numbering} in the structure of the Fe(P238D) / FeyRIb extracellular region complex, This
figure shows that the environment around the site at position 330 {indicated by EU numbering}
of F¢ 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 FeyRIIb.  Therefore, the alieration produced by
substituting Ala at position 330 (indicated by EU numbering) with Lys or Arg is speculated (o
conlribute to strengthening the interaction with Ser at position 85 or Giu at position 86 in
FevRiTb.

Fig. 65 depicts the structures of Pro at position 271 (indicated by EU numbering) of Fe
Chain B afier superimposing the cryvstal structures of the Fo(P238D) / FoyRITb extraceliular
region complex and the Fe(WT) / FeyRlIlla extracellular region complex by the least squares
fitting based on the Co atom pair distances with respect to Fc Chain B.  These two structures
match well, but have different three-dimensional structures of Pro at position 271 (indicated by
EU numbering). When the weak electron density around this area in the crvstal structure of the
Fe(P238D0)/FoyR1Ib extraceliuiar region complex is also taken into consideration, it 1s sugpested
that there is possibility that Pro at position 271 {indicated by EU numbering) in Fe(P238D)/
FeyRITb causes a large strain on the stucture, thus disturbing the loop structure 1o attain an
optimal structure.  Therefore, the alteration produced by substituting Pro at position 271
{indicated by EU numbering) with Gly gives flexability to this loop structure, and is speculated 1o
contribute (0 enhancement of binding by reducing the energetic barricr when allowing an

optimum structure to form during interaction with FovyRITh.

[Example 30] Examination of the combinatorial effect of alterations that enhance FoyRIIb

binding when combined with P238D.
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Of the alterations obtained in Reference Examples 27 and 29, those that enhanced
FeyRIIb binding or maintained FeyRIlb binding and showed effects of suppressing binding to
other FeyRs were combined with each other, and its effect was examined.

Particularly good alterations selected from Tables 46 and 49 were introduced mto the

antibody H chain IL6R-BF648 in a similar manner to the method of Reference Example 26,

si-the-commenantbody bochainy the-oxprasse ¢k
according 1o the method of Example 12, The binding to each of the FoyRs (FeyRia, FeyRIla H
type, FcyRlIla R type, FeyRIlb, and FeyRllla V type} was comprehensively evaluated by the
method of Example 14,

According to the following method, relative binding activities were caleulated for the
results of analyzing interactions with the respective FeyRs.  The value for the amount of
binding of each variant to each FeyR was divided by the value for the amount of binding of the
pre-altered control antibody (IL6R-BF648/1L6R-L with substitution of Pro at position 238
(indicated by EU numbering) with Asp to each FeyR, and multiplied by 100; and then the value
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-B3, IL6R~-G1d/IL6R-L, is indicated with an

asterisk {*).

{Table 51}
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VARIANT

RELATIVE BINDING ACTIVITY

NAME ALTERATION FegRia [FogRlaR [FegRliak i FegRITb FegRlllaY
1ER-G1d/I6E-L P 140 SEG [ B3 334E
1ER-B3) AL 4% £ag 1601 =5 Bafa
(LH-BIo4 s, 1561 [FAaal 100 100 100 107 oo
AR - 2025 3 LA R-L Baa0D J Peoal | VoS58 155 358 207 155 126
6K -2B25 1) ILER-L Ea33D ) PRIsl ) Yasslh 100 34 @1 118 Exi
LA 5 -BEO23) IS B-L 33D ) PRsSE] a3 30K T4 136 105 136 87
SR -CPOSE A R-L FROSD e JATSOE 50 ar a1 122 107
LEH-BEOS4/ ILEF-L PS50 | VIRIMYASIOK ) A03 163 144 105
LA -BIOSE) DAR-L 3237 1) PASSD L A330E 12 273 158 152 104
AT -BROSE LA R-L [P235D  KE3268) AT 30K TR 158 1165 137 123
AR -EBFOSTDEE-L Ladd¥) FaisDh JATIOR 23 153 17a 137 ]
NER-BFOSS; LER-L 3257 D) Pesal  K3A0AJATI0N a2 27T 166 151 132
AR -BFOAS) IER-L L334¥ ) PATED ) KE2EA/ASS0K 43 223 186 147 135
LOK-BPi 22} ILER-L E3330 ) PASSD)TAS6T JASSOK B3 111 35 133 25
ER-EPIZ0fIER-L E2E30 ) PR3sD ) VIR ARSOK 104 ara 234 150 118
N&R-BFISLIAR-L ER330 ) Ga3TE ) FRIS 0 LASSOR 35 364 253 180 118
IAR-EFt 32} 1AE-L B30/ FR3aD RESEA]AIINE a1 141 130 180 130
(AT-EFi o8 MR- Booal, Landy, Pagel | AGG0R m_ 41 174 181 137 114
AR -BRI 4 IAR-L A2547 PRSI R I68 ) Q35 143 tR3 it4
[(L5F-BP144 A R-L b3307 1) F230D R3304 £ 20 100 (21 138
[ ER-BFIASJIAR-L La34Y ) G237 D) FRIAD 41 380 224 1532 153
LAE-BP 48 HER-L La34T} SR87 I/ FREED [ KI3BA s 1 448 2 156 180
OEL-BEFL 47 THAR-L LE347 ) GRAT L FEIGL K320 AS00K , 24 BE0 5a% 177 A0
HER-BP1 48/ IAR L [E283D ) LAS4Y | G327 ) FR3RD J 3264  ATE0K 33 03 462 176 337
NAT-EF148/HAR-L E2330 ) L3347 32370 PR30 D Y288 T K3 2 ) ASB0K ED) %39 A0 1 T3 150
NAR-DR o) BAR-L La34Y) 4087 1) FRI8T K2 00a, A530R, 30 7ET I IR S04
NER-EF1EL/IAE-L EQPSD/LEs47) GasT D) FRSED ) KSR0A) SIS0 22 705 821 £30 P ra)
EF-BF1T2/I6R-L E2350 ) LE347 ) GRET D) PRSaD  YReE D E2S5A ATI0R, a4 635 B4 173 146
LAR-BRLT6)IAR-L BE3SD ) PEneD EARa D ATINE 103 201 138 147 131
A -BPLF 7 IAR-L baaal ) LyR4T ) Ga87 b Fa3e D FaT 14/ K3ae T JASI0OR &7 £a1 49 177 196
1EF-EP178) LA6R-L BEOS3D ) SE3TD PR5aE) FET L3/ A330K o 31 653 253 £79 $10
EE-EPLT 90 ILE R-L KIQE7 D) PA3SD PR L3 KEIENIATIOE 9 ETD 35 177 138
LER B 80 HAR-L Kaas7 ) PRte ) PAT L ) hIeun 23 02 Zas 178 3l

FoL



ER-BPIAL/HAR-L FOA30 ) PR3a0 ) PaT [ GIN3R0AA330K 103 3% 180 170 132
I AE-BF o2, LER-L Ea0 3/ Paool ) Fa7 1 &/ Y2060 JATE0K a% 413 133 173 D
A5 BF1 &3 IAR-L E2330 L2534 PR33D) KR 15} K 326.A/ ASS0K 23 433 194 184 113
LoD BPl a4, LES AL Fagol) Pasel  FRT L GASIOR ) 436 121 171 158
[AF-BEPISEILER-L ERSEDL2E4Y 37 D) FASED) FAT 1 G/KE6M I ATE0E 47 BT 445 179 33
NER-BFL o6, HAR-L Banal) LES4T) G237 D) PRa6 D FBT 14, To36D TRIZ6ALASAOR 43 E14 2ES 175 143
ER-EDPLET JILSE-L %a:s,w; PRESEIPAT 13 KZZ6AARIOR 55 AET 20% 1ET L4
FAT-EPLo0, IED- L Faaol/ GasT D) Fagal ) HaneD | Fa7 LG AZI0R 74 536 334 173 121
I SE-E P 50 LA E-L [£237 b] Pa3oly )| HRESD | PRT § ) KERBA ATI0K =65 =57 1583 TyET [41
(LG5 B0, LA R-L [3a07 &) Paool] Hecolh | FaT 1 Gl ATI0E 50 615 224 151 155
AR -EFi91 ) IAN-L Eraab)Fesal | HA6BDFET Lo E32EAAII0K 125 Anz 145 170 143
1 A5-BP19a; 1AF-L Fasan, PRool HR68 L) PR LG/ Ya96 1 JATG0K 109 F08 122 t7a 118
EE-BP133)I6E-L FATS0) Fasal 28D/ Fay (9] A330E 1i3 49 184 R 135
155 BPLR4) 105 E-L FR0aD) LasdT GART b Pass L) HEes D Pav 1</ ES26A | AS30L EQ i73 395 178 249
HEK-FPL9SJILAE-L ERSS0 ) LR2S4Y  GR37 D Ra3a ) HISS D  PAT 1O Y20e b IKI26A AZR0K B A5 1 44 151 a1
165 EPLee  ILAE-L La34Y  PRrol ) Hab oD FaT 1 G K336M) A3I0K &g 402 188 157 C1ET
16R-EP197 /IER-L 333D/ LEBST G237 L) Fa3al HREST PRT 1 V206D | K326 D) AZZ0K 71 B4 724 179 Ane
1FR-BFLOS, G A-L EaR8D a34Y ) FR35D ) HIEeD ] PRT 1 4 K3 20A 8530 104 449 1ER 164 157
NER-BRIQUIHAE-L ERIVLIEARSD ) KIRCDAITOR {12 172 116 144 103
TET- B PA00 e R-L FRE50 L8 4T, GaeT 0 PadeD] Pay 1 @) K326 ) A3S0E E0 754 B3 18s L5
AT EFE0 L | A k-1, [F3aoD ) 3207 ) FEI5D/ PAT LG ATIDR =Y 530 89 136 Lxi
IAR-BP202) ILAR-L 237 D) PATED ) FRT 143 KEREA ATI0UR 473 6515 A8 155 [git-Y
0 AR -BEA03 I R-L 13207 1) PAis ) P27 10, A330F 35 B3 255 185 =5
IAE-BFa04 J IAR-L FasaD | PessD/Far L koath] ASE0R 110 01 137 165 121
18R -EF20E HER-L 3%233{3,! FaZEDJPRT i GIVRAEDIAZS0R 97 335 105 &7 G
AR -BFA0s/ DAT-1, Ea33l, Azl FaT LG AZSOR 1o 2Ea 133 165 2%
AER-BFanT ) LAR-L F23380 ) Pa3al LATI0R 74 iog 109 izd o
AR -BP20S I NARAL ERRED}ERETE | P38 D | HASR D P71 T ABEOR 1 Bk 310 1&8 115
AT -D PO, IAR-1, l3eaT I PA36L ) HaraD | PRT1 0/ K254 ASINR e £.35 287 158 153
NAR-BRPZIDJILSE-L FER37 D) PRFGD  HRESD | FAT 1O ATIOR 57 101 A3 1&7 135
1AF-BP21 1 JOAER-L ES3AD /PRS0 ) HaGsD )| Fav G/ K32eA [ A330R 133 312 i1t 1B 87
OEK-BFR1E MAR-L [ER331) P25SD) HI68D ) PAT 1 G/ TRU6D  A330F 147 383 138 173 133
NEE-BFals, LAR-L [FRd0h j Fdonl) Haeeh, Fa7 L9 A330% 118 362 183 1ES 1 0
(TEF-BFal 4 HAR-L FRS30 [ Las4T) GR37 1 ) FRTEL  TAe D/ KIR6 T A3 30K 36 FEr) A8S 174 165

154
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The resuits of measuring KID values of the variants shown in Table 51 for FeyRla,
FeyRHaR, FevRifaH, FeyRlilb, and FeyRIHa type V by the method of Example 14 are
swmmarized in Tables 51-2 and 52-2.  In the table, alteration refers to the alteration introduced
into [LOR-B3 (SEQ 1D NO: 187y The template used for producing IL6R-B3,
[L6R-G1d/IL6R-L, is indicated with an asterisk (*),  Furthermore, KD(I1aR¥KD(IIb) and

fhie-vaiue obtaimed Uy dividing e KD
value of cach variant for FoyRIaR by the KD value of each variant for FoyRIb, and the value
obrained by dividing the KD value of each variant for FeyRIlaH by the KD value of each variant
for FeyRilb.  KD{IIb) of the parent polypeptide / KI{ITh) of the altered polypeptide refers ©
the value obtained by dividing the KI value of the parent polvpeptide for FcyRIIb by the KID
value of each variant for FeyRIlb.  In addition, the KID value for the stronger of the FeyR11aR-
and FeyRIlaH-binding activities of each variant / KD value for the stronger of the FcyRITaR- and
FeyRIlaH-binding activities of the parent polypeptide are shown in Tables 51-2 and 52-2.  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 FeyR to IgG, it was impossible to accurately
anaiyze 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 xRmax /{Req-RI}-C

Tabies 51-2 and 52-2 show that in comparison with [LOR-B3, all variants showed
improvement of affinity for FeyRITb, and the range of improvement was 3.0 fold t0 99.0 fold.
The ratio of KD value of each variant for FcyRIIaR / KID value of each variant for FeyR1lb, and
the ratio of KD value of each variant for FeyRilaH / KD value of each variant for FeyRIIb
represent an FeyRITb-binding activity relative to the FeyRIlaR-binding activity and
FeyRIlaH-binding activity, respectively.  That 1s, those values show the degree of binding
selectivity of each variant for FeyRIIb, and a greater value indicates a higher binding selectivity
for FeyRlIIb.  Since the ratio of KD value for FeyRITaR / KD value for FeyRIDb, and the ratio of
KD value for FeyRIIaH / KD value for FeyRIIb of the parent polypeptide [L6R-B3/IL6R-L were
0.3 and 0.2, respectively, all variants in Tables 51-2 and 52-2 showed improvement of binding
selectivity for FeyRIlb in comparison with the parent polypeptide.  When the KD value for the
stronger of the FeyRIlIaR- and FeyRIlaH-binding activities of a variant / KD vaiue for the
stronger of the FeyRIlaR- and FeyRIlaH-binding activities of the parent polypeptide is 1 or more,
this means that the stronger of the FeyRIlaR- and FeyRITaH-binding activiiies of a variant has
equivalent or decreased binding compared with the binding by the stronger of the FeyRIIaR- and
FevRilaH-binding activities of the parent polypeptide.  Since this value was 0.7 to 29.9 for the

varzants obtained this time, one may say that binding by the stronger of the FeyRITaR- and
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FeyRIlaH-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 polypeptide, the variants obtained this time have maintained or decreased FeyRila type R-
and type H-binding activities, enhanced Fc*gR“IIb&inding activity, and improved selectivity for
FevRITh,  Furthermore, compared with 1L6R-B3, all variants had lower affinity for FeyRlIa and
EewR 1ol

[Table 52-1}
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Industrial Applicabiliiy

The present invention provides methods for improving the pharmacokinetics of
antigen-binding molecuies and methods for reducing the immunogenicity of antigen-binding
molecules. The present invention enables antibody therapy without causing unfavorable effects

in vivo as compared to conventional antibodies.
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CLAIMS

1. A method of either (a) or (b) below, wherein the method comprises modifying the Fc region of
an IgG—tyi)e 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 Fe region that does not form a hetero complex comprising two
molecules of FeRn and one molecule of activating Foy receptor in a neutral pH range,
wherein the ion concentration
(1) 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
O MOoTE; Or
(i1} is calcium ion concentration and the antigen-binding activity is lower at a first calcium ion
concentration in the range of 0.1 eM to 30 M 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
(second calcium ion concentmtion))'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.

2. The method of claim 1, wherein the modification into an Fc region that does not form said
hetero complex comprises modifying the Fe region into an Fe region whose binding activity to
an activating Fey receptor is lower than the binding activity of an Fo region of native human 1gG

to the activating Fey receptor.

3 The method of claim 1 or 2, wherein the activating Fey receptor is human FeyRIa, human
FeyR1a(R), human FeyRITa(l), human FeyRIHa(V), or human FeyRITIa(F).

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 Fe
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 235 with any one of Ala, Asn, Asp, Gin, Glu, Gly, His, Ile, Lys, Met,
Pro, Ser, Thr, Val, and Arg;

the amino acid of position 236 with any one of Arg, Asn, Gin, His, Leu, Lys, Met, Phe, Pro, and
Tyr;

the amino acid of position 237 with any one of Ala, Asn, Asp, Gln, Glu, His, lle, Leu, Lys, Met,
Pro, Ser, Thr, Val, Tyr, and Arg; _

the amino acid of position 238 with any one of Ala, Asn, Gln, Glu, Gly, His, He, 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, Gln, Gly, His, Iie, Leu, Lys, Met,
Phe, Ser, Thr, Trp, Tyr, and Val;

the amino acid of position 266 with any one of Ala, Arg, Asn, Asp, Gln, 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, Gln, Gly, His, Iie, Leu, Lys, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val;

the amino acid of position 270 with any one of Ala, Arg, Asn, Gln, Gly, His, fie, Leu, Lys, Met,
Phe, Pro, Ser, Thr, Trp, Tyr, and Val; |

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;

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 325 with any one of Ala, Arg, Gly, His, lle, Lys, Phe, Pro, Thr, Trp,
Tyr, and Val;

the amino acid of position 327 with any one of Arg, Gln, His, Hle, 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, Ile, Leu, Lys, Met,
Phe, Ser, Thr, Trp, Tyr, Val, and Arg;

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.
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6. The method of claim 1, wherein the modification into an Fe region that does not form said
hetero complex comprises modifying the Fe region into an Fe region that has a higher binding

activity to an inhibitory Fey receptor than to an activating Fey receptor.
7. The method of claim 6, wherein the inhibitory Foy receptor is human FeyRIlb.

8. The method of claim 6 or 7, wherein the activating Fey receptor is human FeyRla, human
FeyRIla(R), human FeyRIIa(H), human FeyRI1Ia(V), or human FeyRIHa(F).

9. The method of any one of clains 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

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 &, which comprises substituting any one or more amino
acids of:

the amino acid of position 233 with Asp;

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 anv one of Ala, Gln, and Val;

the amine acid of position 268 with any one of Asn, Asp, and Giu;

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

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 Fe region at any of amino 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 Fe 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,

Ile at amino acid position 248;

any one of Ala, Phe, lle, Met, Gln, Ser, Val, Trp, and Tyr at arnino 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;

any one of Asn, Asp, Glu, and Gln at amino acid position 256;

any one of Ala, Gly, lle, Leu, Met, Asn, Ser, Thr, and Val at amino acid position 257;
His at amino acid position 258;

Ala at amino acid position 265,

Alda or Glu at amino acid position 286;

His at amino acid position 289,

Ala at amino acid position 297,

Gly at amino acid position 298,

Ala at amino acid position 303;

Ala at amino acid position 305;

any one of Ala, Asp, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, and Tyr
at amino acid position 307, :

any one of Ala, Phe, 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 posttion 311; .

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 af amino acid position 317;

Val at amino acid position 332;

Leu at amino acid position 334;

His at amino acid position 360;

Ala at amino acid position 376;

Ala at amino acid position 380;

Ala at amino acid position 382;

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;

any one of Ala, Asp, Phe, Gly, His, Tle, Lys, Leu, Asn, Pro, 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, lie, Leu, Phe, Thr, and Val at amino acid position 436.

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 I, wherein the modification into an Fc region that does not form said
hetero compiex comprises modification into an Fc region in which one of the two polypeptides
constituting the Fe region has FcRn-binding activity in a neutral pH range and the other does not

have FcRn-binding activity in a neutral pH range.

16. The method of claim 15, which comprises substituting an aﬁn’no acid at any one or more of
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 oné of the
two polypeptides constituting said Fc region,

17. The method of claim 16, which comprises substituting an amine 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 Tle;

the amino acid of position 250 with Ala, Phe, Ile, Met, GIn, Ser, Val, Trp, or Tyr;
the amino acid of position 252 with Phe, Trp, or Tyr;

the amino acid of position 254 with Thr;

the amimo 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, lle, Leun, Met, Asn, Ser, Thr, or Val;
the amino acid of position 258 with His;

the aminoe 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;

the amino acid of posifion 303 with Alg;

the amino acid of position 305 with Ala;

the amine acid of position 307 with Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin,
Arg, Ser, Val, Trp, or Tyr; .

the amino acid of position 308 with Ala, Phe, lle, Len, 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;

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;

the amino acid of position 376 with Ala;

the amino acid of position 380 with Ala;

the amino acid of position 382 with Ala;

the amino acid of pogition 384 with Ala;

the amino acid of position 385 with Asp or His;

the amino acid of posttion 386 with Pro;

the amino acid of position 387 with Ghu;

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.

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 Fe region that has FeRn-binding activity in a
neutral pH range, wherein the Fe region comprises one or more amino acids selected from:

Ala at ammo 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 amine acid position 239;

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 af 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

(i} is hydrogen jon 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

(i) 1s calcium ion concentration and the antigen-binding activity is lower at a first calcium ion
conecentration in the range Qf 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

(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;

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

constituting the Fe region has FcRn-binding activity in a neutral pH range and the other does not
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have FeRn-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
or more, wherein the anti gen-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
antibody at the second calcium ion concentration (KD (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 Fe region comprises one or
more amine acids that are different from amino acids of a native Fe 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

poiypeptides constituting the Fe region.

23. The IgG-type antibody of claim 22, which comprises a combination of one or more amino
acids of said Fe region oft

Met at amino acid position 237;

lle at amino acid posttion 248;

Ala, Phe, lle, Met, Gln, Ser, Val, Trp, or Tyr at amine acid position 250;
Phe, Trp, 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, 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;

His at amino acid position 289;

Ala at amino acid position 297;

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, Trp, or Tyr at amino
acid position 307;

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

Ala, Asp, Glu, Pro, or Arg at amino acid position 309;

Ala, His, or lle at amine 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 313;

Ala af amino acid position 317,

Val at amino acid position 332;

Leu at amino acid position 334;

His at amino acid position 360;

Ala at amino acid position 376;

Ala at amino acid position 380;

Ala at amino acid position 382;

Ala at amino acid position 384;

Asp or His at amino acid position 385;

Pro at amino acid position 386;

Glu at amino acid position 387;

Ala or Ser at amino acid position 389,

Ala at amino acid position 424;

Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Asn, Pro, Gin, Sex, Thr, Val, Trp, or Tyr at amino acid
position 428; ' o |

Lys at amino acid position 433;

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

His, Ile, Len, Phe, Thr, or Val at amino acid position 436; wherein the amine 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

an antibody variable region.
25. A polynucleotide encoding the 1gG-type antibody of any one of claims 19 to 24.
26. A vector which is operably linked to the polynucleotide of claim 25.

27. A cell introduced with the vector of claim 286,
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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 s 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

The present invention demonstrated that the modification of the Fc region of an
antigen-binding molecule into an Fe region that does not form in a neutral pH range 2
heterotetramer complex containing two molecules of FeRn and an active Foy receptor improved
the pharmacokinetics of the antigen-binding molecule and reduced the immune response to the
antigen-binding molecule. The present invention also revealed methods for producing
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

administered, they exhibit improved pharmacokinetics and reduced in vivo immune response.

{I*,:Io Suitable Figures)



