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DESCRIPTION

ANTIGEN-BINDING MOLECULE INDUCING IMMUNE RESPONSE TO TARGET
ANTIGEN

Technical Field

The present invention provides pharmaceutical compositions comprising as an active
ingredient an antigen-binding molecule that induces an immune response to a target antigen, ot
therapeutic methods that use the pharmaceutical compositions. The present invention also
provides pharmaceutical compositions comprising as an active ingredient, an antigen-binding
molecule that induces the above-mentioned immune response and also has cytotoxicity
(cytotoxic activity) or antiproliferative action (cell proliferation inhibitory activity) against cells

expressing a target antigen, or therapeutic methods that use the pharmaceutical compositions.

Backeround Art

To date, attempts have been made to develop a number of therapeutic vaccines directed
to tumor cells. This is because it is considered that there are qualitative or quantitative
differences between tumor cells and normal cells that may be recognized by the immune system
of a living organism, and the immune system stimulated by active and specific sensitization by
vaccines utilizing such differences (neoepitopes) can recognize and eliminate tumor cells.

To bring about such anti-tumor response, at least two conditions may have to be met.
Firstly, the tumor cells must express an antigen that does not appear in normal celis, or express
an antigen to such an extent that normal cells and tumor cells can be distinguished solely in a
gualitative manner.  Secondly, the immune system must be activated by vaccines or such in
order to react with the antigen of interest. A major obstacle in tumor immunotherapy is
considered to be that the immunogenicity of tumors is particularly weak in humans.

In recent years, tamor-related and tumor-specific antigens including such neoepitopes
that may constitute targets to be attacked by the immune system have been discovered.
Nonetheless, the immune system cannot eliminate tumors expressing such neoepitopes, and this
may be due to insufficient immune response to these neoepitopes, rather than due to the absence
of neoepitopes. .

Two general strategies have been developed for the purpose of celi-based cancer
immunotherapies. One of them is adoptive immunotherapy where tumor-reactive T
lymphocytes expanded in vitro are reintroduced into a patient, and the other is active
mmmunotherapy which uses tumor cells to induce systemic tumor response by triggering new or
stronger immune response to a turmnor anfigen.
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Tumor vaccines based on active immunotherapy have been prepared by various
methods.  Te induce immune response to a tumor antigen, irradiated tumor cells mixed with an
immune-stimulating adjuvant such as Bacillus Calmette Guerin (BCG) (Non-Patent Document
1), tumor ceils genetically modified to produce, for example, cytokines (Non-Patent Document
2), and alienated autologous tumor cells (Non-Patent Document 3) have been prepared.
However, the immunogenicity of the tumor cells is low, and this is considered to be due to the
guantity of the tumor antigen, not the quality.

On the other hand, antibodies are known to induce humoral immune responses
{production of antibodies against an antigen) and cellular immune responses (production of
CD&8-positive T cells against an antigen) to antigens by cross-presenting bound antigens to
antigen-presenting cells, and it has been reported that administration of an antibody can induce
acquired mmunity to an antigen (Non-Patent Document 4). Recently, for the anti-tumor effect
by an anti-HER2 antibody, it has been shown in an in vivo mouse model that acquired immunity
to the HER2 antigen induced by admimistration of the antibody plays a more important role than
the direct ADCC of the administered antibody (Non-Patent Document 5).  In fact, in clinical use
of Herceptin, which is an IgG1 subclass antibody drug against HER2, acquired immunity was
nduced by Herceptin administraion, and humoral immune response to HER2 was observed
(Non-Patent Document 6). Since patients in whom Herceptin administration was effective
particularly showed an increased anti-HERZ antibody titer, induction of acquired immunity by
Herceptin administration was considered to play an important role in the anti-tumor effect.

Antibodies are highly stable in blood and have few side effects, and are therefore
drawing attention as pharmaceuticals (Non-Patent Documents 7 and 8).  Many studies have
been carried out so far on antibody-dependent cellular cytotoxicity (hereinafter denoted as
ADCC) and complement-dependent cytotoxicity (hereinafier denoted as CDC), which are
effector functions of IgG class antibodies. It has been reported that in the human IgG class,
antibodies of the IgG1 subclass have the highest ADCC activity and CDC activity (Non-Patent
Document 9). Furthermore, antibody-dependent cell-mediated phagocytosis (ADCP), which is
phagocytosis of target cells mediated by IgG class antibodies, is also suggested to be one of the
antibody effector functions (Non-Patent Documents 10 and 11).  Since IgG1 subclass antibodies
can exert these effector functions against tumors, IgG1 subclass antibodies are used for most
antibody pharmaceuticals against cancer antigens. _

In order for IgG antibodies to mediate ADCC and ADCP activities, the Fc region of the
IgG antibodies must bind to antibody receptors (hereinafier denoted as FeyR) that are present on
the surface of effector cells such as killer cells, natural killer cells, and activated macrophages.
In humans, isoforms FeyRla, FeyRIla, FoyRIIb, FeyR1la, and FeyRIb have been reported as
members of the FeyR protein family, and their respective allotypes have been reported as well
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(Non-Patent Document 12).

Enhancement of cytotoxic effector functions such as ADCC and ADCP has been
drawing attention as a promising means for enhancing the antitamor effects of anticancer
antibodies. Importance of FeyR-mediated effector functions aimed for antitumor effects of
antibodies has been reported using mouse models (Non-Patent Documents 13 and 14).
Furthermore, it was observed that clinical effects in humans correlated with the high-affinity
polymorphic allotype (V158) and the low-affinity polymorphic allotype (F158) of FeyR1la
{Non-Patent Document 15). These reports suggest that antibodies with an Fc region optimized
for binding to a specific FeyR mediates stronger effector functions, and thereby exert more
effective antitumor effects.  The balance between the affinity of antibodies against the
activating receptors including FeyRIa, FeyRIla, FeyR1Mla, and FeyRIIIb, and the inhibitory
receptors including FeyRIIb is an important factor in optimizing antibody effector functions.
Enhancing the affinity to activating receptors may give antibodies a property to mediate stronger
effector functions (Non-Patent Document 16), and therefore has been reported in various reports
to date as an antibody engineering technique for improving or enhancing the antitamor activity
of antibody pharmaceuticals against cancer antigens.

Regarding binding between the Fc region and FeyR, several amino acid residues in the
antibody hinge region and the CH2 domain, and a sugar chain added to Asn at position 297 (EU
numbering) bound to the CHZ domain have been shown as being important (Non-Patent
Documents 9, 17, and 18). Focusing on this binding site, studies have so far been carried out
on mutants of the Fc region having various FeyR binding properties, and Fc region mutants with
higher affinity to activating FeyR have been obtained (Patent Documents 1 and 2).  For example,
Lazar ef al. have succeeded in increasing the binding of human IgG1 to hurnan FeyRIIa (V158)
by approximately 370 fold by substituting Ser at position 239, Ala at position 330, and Ile at
position 332 (EU numbering) of human IgG1 with Asn, Leu, and Glu, respectively (Non-Patent
Document 19 and Patent Document 2).  The ratio of binding to FeyRIHa and FeyRIIb (A/ ratio)
for this mutant was approximately 9-fold that of the wild type. Furthermore, Shinkawa ef al.
have succeeded in increasing the binding to FeyRHa up to approximately 100 fold by removing
fucose from the sugar chain added to Asn at position 297 (EU numbering) (Non-Patent
Document 20). These methods can greatly improve the ADCC activity of human IgG1
compared to that of naturally-occurring human IgGl.

While there are many reports, as described above, on methods for enhancing ADCC by
antibody engineering, no reports have been made to date on antibody engineering techmiques for
enhancing or improving induction of acquired immunity by antibody administration. Thereis a
report on methods for inducing acquired imumunity against a cancer antigen, in which a cancer

antigen against which acquired imumunity is desired to be induced is fused with an antibody that
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binds to a high-mannose receptor or DEC-205 expressed on antigen presenting cells, thereby
promoting incorporation and presentation of the cancer antigen by antigen presenting cells
(Non-Patent Document 21). However, in these methods the target of antibbdy binding is not a
cancer antigen as 1 the case of the above-mentioned anti-HERZ2 antibody. That is, since these
methods induce acquired immunity against a cancer antigen fused to the antibody itself] the
antibody itself cannot bind to the cancer antigen, and has the disadvantage of not being able to
exhibit direct action on the cancer antigen. Furthermore, since this method induces acquired
immunity not only against the cancer antigen fused to the antibody but also against the antibody
itself used for targeting antigen-presenting cells, anti-drug antibodies will emerge and this leads
to weakening of the effects.  Therefore, this method may not be preferable for therapeutic
purposes.

According to the above, while it is desirable to induce acquired immunity to a target
antigen by administering an antigen-binding molecule having binding activity to the target
antigen, there has been no reports on engineering techniques for improving or enhancing

acquired immunity by such methods.
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Summary-efthe-lnvention
[Problems to be Solved by the lreentiendisclosure]

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

objective of the present inventiendisclosure is to provide pharmaceutical compositions comprising as
an active ingredient an antigen-binding molecule that induces an immune response in subjects
affected with cancer or infected with foreign biological species when administered to these subjects,
or therapeutic methods that use the pharmaceutical compositions. Another objective is to provide
pharmaceutical compositions comprising as an active ingredient an antigen-binding molecule that
induces the above-mentioned immune response and also has cytotoxicity (cytotoxic activity) or
antiproliferative action (cell proliferation in}ﬁbitory'activity) against cancer cells or infecting foreign

biological species, or therapeutic methods that use the pharmaceutical compositions.

[Means for Solving the Problems]

The present inventors have discovered that in living organisms that have received an
antigen-binding molecule containing an antigen-binding domain whose binding activity against an
antigen changes depending on ion concentration conditions and containing an FcRn-binding domain
having FcRn-binding activity under a neutral pH range, immune responses to the antigen are induced.
Furthermore, the present inventors have discovered that in living organisms that have received an
antigen-binding molecule containing an antigen-binding domain whose antigen-binding activity
changes depending on ion concentration conditions and an FcRn-binding domain having
FcRn-binding activity under a neutral pH range, immune responses to the antigen are induced, and
the antigen-binding molecule can also have cytotoxicity or antiproliferative effect against cancer
cells, foreign biological species, or the like that express the antigen to which the antigen-binding
molecule binds. Based on these findings, the present inventors have elucidated that the

antigen-binding molecules of the present inventiendisclosure are useful
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as pharmaceutical compositions for inducing an immune response in a subject infected with a
foreign biological species or affected with cancer when administered to the subj ect. The
present inventors have also elucidated that the antigen-binding molecules of the present
invention-disclosure are useful as pharmaceutical compositions that, when administered to a
subject infected with a foreign biological species or affected with cancer, induce an immune
response in the subject and also have cytotoxicity or antiproliferative effect against the cancer
cells and foreign biological species. Methods for producing these pharmaceutical compositions
have also been discovered.

In one aspect, there is provided a method for producing a pharmaceutical composition which

induces an immune response, which comprises the steps of:

{a) determining the antigen-binding activity of an antigen-binding domain under g high calcium

ion concentration condition:

(b) determining the antigen-binding activity of the antigen-binding domain under a low calcium

ion conceniration condition:

(¢) selecting the antigen-bindine domain whose antisen-binding activity determined in (a) is

higher than that determined in (b);

(d) linkine a polyvnucleotide encoding the antigen-binding domain selected in (¢l to a

polynucleotide encoding an FcRn-binding domain having FeRn-binding activity in a neutral pH

range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in () is operably

linked has been introduced:; and

(D) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

In one aspect, there is provided a method for producing a pharmaceutical composition which

induces an immune response, which comprises the stens of:

{a) determining the antigen-binding activity of an antibodv under g high calcium ion

concentration condition:

(b) determining the antigen-binding activity of the antibody under a low calcium ion

concentration condition:

(c) selecting the antibody whose antigen-binding activity determined in (a) is higher than that
determined in (b);

() linking a polvnucleotide encoding the antigen-binding domain of the antibody selected in

(¢) to a polynucleotide encoding an FcRn-binding domain having FeRo-binding activity in a

neutral pH range;

(e} culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably

linked has been introduced: and
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(D) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

In one aspect, there is provided a method for producing an antigen-binding molecule, which

comprises the steps of:

{(a) determining the antisen-binding activity of an antigen-binding domain in a neutral pH

range;
{b) determining the antigen-binding activity of the antigen-binding domain in an acidic pH
range;

{¢) selecting the antigen-binding domain whose antigen-binding activity determined 1n (a) is

“higher than that determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain selected in {c) to a

polvnucleotide encoding an FeRn-binding domain having FcRn-bindine activity in a neutral pH

range:
(&) culturing a cell into which a vector to which the polvnucleotide obtained in (d) is operably

linked has been introduced: and

(1) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

In one aspect, there is provided a method for producing an antigen-binding molecule, which

comprises the steps of:

{(a) determining the antigen-binding activity of an antibodyv in a neutral pH range:

(b) determining the antigen-binding activity of the antibody in an acidic pH range:

(¢) selecting the antibody whose antigen-binding activity determined in (a) is higher than that

determined in (b):

(d) linking a polvnucleotide encoding the antigen-bindine domain of the antibody selected in

(¢) to a polvnucleotide encoding an FeRn-binding domain having FeRn-binding activitvin a

neutral pH range:

(&) culturing a cell into which a vector to which the polvnucleotide obtained in (d) is operably

linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e).

More specifically, the present inventiondisclosure provides [1] to [47] below:
[1] a pharmaceutical composition that induces an immune response to an antigen, which
comprises as an active ingredient an antigen-binding molecule, wherein the antigen-binding
molecule comprises an antigen-binding domain whose binding activity to the antigen changes
depending on an ion concentration condition and comprises an FcRn-binding domain having

binding activity to FcRn in a neutral pH range;
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[2] the pharmaceutical composition of [1], wherein the ion concentration is a calcium ion
concentration;

[3] the pharmaceutical composition of [2], wherein the antigen-binding domain is an
antigen-binding domain whose antigen-binding activity is higher under a high calcium ion
concentration condition than under a low calcium ion concentration condition;

[4] the pharmaceutical composition of [1], wherein the ion concentration condition is a pH
condition;

[5] the pharmaceutical composition of [4], wherein the antigen-binding domain is an
antigen-binding domain whose antigen-binding activity is higher in a neutral pH range than
under an acidic pH range;

[6] the pharmaceutical composition of any one of [1] to [5], wherein the antigen-binding
molecule has neutralizing activity against the antigen;

[7] the pharmaceutical composition of any one of [1] to [6], wherein the antigen-binding
molecule has cytotoxic activity against a cell expressing the antigen;

[8] the pharmaceutical composition of any one of [1] to [7], wherein the FcRn-binding domain
comprises an antibody Fc region;

[9] the pharmaceutical composition of [8], wherein the Fc region is an Fc region in which at least
one or more amino acids selected from the group consisting of amino acids at positions 257, 308,
428, and 434 according to EU numbering in the Fc region are different from amino acids at
corresponding positions in a naturally-occurring Fc region;

[10] the pharmaceutical composition of [8] or [9], wherein the Fc region comprises at least one

or more amino acids selected from the group consisting of:
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Ala at amino acid position 257;

Pro at amino acid posttion 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

according to EU numbering in the Fc region;

[11] the pharmaceutical composition of any one of [8] to [10], wherein the Fey receptor-binding
activity of the Fc region is higher than that of a naturally-occurring human IgG Fe region in
which the sugar chain attached at position 297 according to EU numbering is a fucose-containing
sugar chain;

[12] the pharmaceutical composition of [11], wherein the Fey receptor is FcyRIa, FeyRITa(R),
FeyRHa(H), FeyRIlb, FeyRITTa(V), or FeyRIITa(F),

113} the pharmaceutical composition of [11] or [12], wherein the Fc region is an Fc region in
which at least one or more amino acids selected from the group conststing of amino acids at
positions 221, 222, 223, 224,225,227, 228, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239,
240, 241, 243, 244, 245, 246, 247, 249, 250, 251, 254, 255, 256, 258, 260, 262, 263, 264, 265,
266, 267, 268, 269, 270, 271, 272, 273, 274, 275, 276, 278, 279, 280, 281, 282, 283, 284, 285,
286, 288, 290, 291, 292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 311,
313,315,317, 318, 320, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335,
336, 337,339,376, 377,378, 379, 380, 382, 385, 392, 396, 421, 427, 428, 429, 434, 436, and
440 according to EU numbering in the Fc region are different from amino acids at corresponding
positions in a naturaliy-occurring Fe region;

[14] the pharmaceutical composition of any one of [11] to [13], wherein the Fc region comprises
at least one or more amino acids selected from the group consisting of'

either Lys or Tyr at amino acid position 221;

any one of Phe, Trp, Glu, and Tyr at amino acid position 222;

any one of Phe, Trp, Glu, and Lys at amino acid position 223;

any one of Phe, Trp, Glu, and Tyr at amino acid position 224,

any one of Glu, Lys, and Trp at amino acid position 225;

any one of Glu, Gly, Lys, and Tyr at amino acid position 227;

any one of Glu, Gly, Lys, and Tyr at amino acid position 228;

any one of Ala, Glu, Gly, and Tyr at amino acid position 230;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 231;

any one of Glu, Gly, Lys, and Tyr at amino acid position 232;

any one of Ala, Asp, Phe, Gly, His, Iie, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 233;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
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Tyr at amino acid position 234;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 235; :

any one of Ala, Asp, Glu, Phe, His, 1le, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 236;

any one of Asp, Glu, Phe, His, Tie, Lys, Leu, Met, Asn, Pro, GIn, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 237,

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 23§;

any one of Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr
at amino acid position 239;

any one of Ala, lle, Met, and Thr at amino acid position 240;

any one of Asp, Glu, Leu, Arg, Trp, and Tyr at amino acid position 241;

any one of Lew, Glu, Leu, Gln, Arg, Trp, and Tyr at amino acid position 243,

His at amino acid position 244;

Ala at amino acid position 245;

any one of Asp, Glu, His, and Tyr at amino acid position 246;

any one of Ala, Phe, Gly, His, He, Leu, Met, Thr, Val, and Tyr at amino acid position 247,

any one of Glu, His, Gln, and Tyr at amino acid position 249;

either Glu or Gin at amino acid position 250;

Phe at amino acid position 251;

any one of Phe, Met, and Tyr at amino acid position 254;

any one of Glu, Leu, and Tyr at amino acid position 255;

any one of Ala, Met, and Pro at amino acid position 256,

any one of Asp, Glw, His, Ser, and Tyr at amino acid position 258;

any one of Asp, Glu, His, and Tyr at amino acid position 260;

any one of Ala, Glu, Phe, lle, and Thr at amino acid position 262;

any one of Ala, lle, Met, and Thr at amino acid position 263;

any one of Asp, Glu, Phe, Gly, His, Ite, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr
at amino acid position 264;

any one of Ala, Leu, Phe, Gly, His, e, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Val, Trp,
and Tyr at amino acid position 265;

any one of Ala, Ile, Met, and Thr at amino acid position 266;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr at
amino acid postiion 267;

any one of Asp, Gha, Phe, Gly, Ile, Lys, Leu, Met, Pro, Gln, Arg, Thr, Val, and Trp at amino acid
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position 268§;

any one of Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 269;

any one of Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr at amino acid
posttion 270,

any one of Ala, Asp, Glu, Phe, Gly, His, He, Lys, Leﬁ, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 271;

any one of Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 272; ’

either Phe or Iie at amino acid position 273;

any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 274;

either Leu or Trp at amino acid position 275;

any one of Asp, Glu, Phe, Gly, His, lle, Len, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 276;

any one of Asp, Glu, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp at
amino acid position 278;

Ala at amino acid position 279;

any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at amino acid position 280;

any one of Asp, Lys, Pro, and Tyr at amino acid position 281;

any one of Gy, Gly, Lys, Pro, and Tyr at amino acid position 282;

any one of Ala, Gly, His, He, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid posttion 283;

any one of Asp, Glu, Leu, Asn, Thr, and Tyr at amino acid position 284;

any one of Asp, Giu, Lys, Gln, Trp, and Tyr at amino acid position 285;

any one of Glu, Gly, Pro, and Tyr at amino acid position 286,

any one of Asn, Asp, Glu, and Tyr at amino acid position 288;

any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at amino acid position 290;

any one of Asp, Glu, Gly, His, lle, Gln, and Thr at amino acid position 291;

any one of Ala, Asp, Glu, Pro, Thr, and Tyr at amino acid position 292;

any one of Phe, Gly, His, e, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino acid
position 293;

any one of Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 294;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Len, Met, Asn, Gln, Arg, Ser, Thr, and Val at amino
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acid position 296;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Met, Asn, Gln, Arg, Thr, Val, Trp, and Tyr at amino
acid position 298;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Val, Trp, and
Tyr at amino acid position 299;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp
at amino acid position 300;

any one of Asp, Glu, His, and Tyr at amino acid position 301;

[le at amino acid posttion 302;

any one of Asp, Gly, and Tyr at amino acid position 303;

any one of Asp, His, Leu, Asn, and Thr at amino acid position 304;

any one of Glu, Ile, Thr, and Tyr at amino acid position 305;

any one of Ala, Asp, Asn, Thr, Val, and Tyr at amino acid position 311;

Phe at amino acid position 313;

Leu at amino acid position 315;

either Glu or Gln at amino acid position 317;

any one of His, Leu, Asn, Pro, Gln, Arg, Thr, Val, and Tyr at amino acid position 318;

any one of Asp, Phe, Gly, His, Ile, Len, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid
position 320;

any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322;

Ile at amino acid position 323;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position 324;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 325;

any one of Ala, Asp, Glu, Gly, Ile, Leu, Met, Asn, Pro, Gln, Ser, Thr, Val, Trp, and Tyr at amino
acid position 326;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Thr, Val, Trp, and Tyr
at amino acid position 327;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Vai, Trp, and
Tyr at amino acid position 328;

any one of Asp, Giu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 329;
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any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 330; o

any one of Asp, Phe, His, Ile, Leu, Met, GIn, Arg, Thr, Val, Trp, and Tyr at amino acid position
331; ‘

any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Tip,
and Tyr at amino acid position 332;

any one of Ala, Asp, Glu, Phe, Gly, His, He, Leu, Met, Pro, Ser, Thr, Val, and Tyr at amino acid
position 333;

any one of Ala, Glu, Phe, Ile, Lew, Pro, and Thr at amino acid position 334;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val, Trp, and Tyr at amino acid
position 335;

any one of Glu, Lys, and Tyr at amino acid position 336;

anty one of Glu, His, and Asn at amino acid position 337;

any one of Asp, Phe, Gly, lle, Lys, Met, Asn, Gln, Arg, Ser, and Thr at amino acid position 339;
either Ala or Val at amino acid position 376;

either Gly or Lys at amino acid position 377

Asp at amino acid position 378;

Asn at amino acid position 379;

anty one of Ala, Asn, and Ser at amino acid position 380;

either Ala or [je at amino acid position 382;

Glu at amino acid-position 385;

Thr at amino acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427;

either Phe or Leu at amino acid position 428;

Met at amino acid position 429;

Trp at amino acid position 434;

Ile at amino acid position 436; and

any one of Gly, His, Ile, Leu, and Tyr at amino acid position 440;

according to EU numbering in the Fc region;

[15] the pharnmaceutical composition of any one of [11] to [14], wherein the naturally-occurring
Fe region is an Fc region of any one of human IgG1, human IgG2, human IgG3, and human
IgG4 in which the sugar chain attached at position 297 according to EU numbering is a
fucose-containimg sugar chain,

[16] the pharmaceutical composition of any one of [11] to [15], wherein the Fc region is
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modified so that the percentage of the Fe region to which a fucose-deficient sugar chain is
attached, or bisecting N-acetylglucosamine is added, at position 297 according to EU numbering
in the Fe region, will become higher.

[17] a method for inducing an immune response in a living organism, which comprises the step
of administering the antigen-binding molecule of any one of [1] to [16] to the living organism;
[181 a method for producing an antigen-binding molecule that induces an immune response,
which comprises imparting FcRn-binding activity in a neutral pH range to an FcRn-binding
domain that is contained in an antigen-binding molecule containing an antigen-binding domain
whose antigen-binding activity changes depending on an ion concentration condition;

[19] the method of 18], wherein the ion concentration is a calcium ion concentration,

[20] the method of [19], wherein the antigen-binding domain is an antigen-binding domain
whose antigen-binding activity is higher under a high calcium ion concentration condition than
under a low calcium ion concentration condition;

[217 the method of [ 18], wherein the ion concentration condition is a pH condition;

[22] the method of [21], wherein the antigen-binding domain is an antigen-binding domain
whose antigen-binding activity is higher in a neutral pH range than in an acidic pH range;

[23] the method of any one of {18] to [22], wherein the antigen-binding molecule has
neutralizing activity against the antigen;

[247 the method of any one of [181 to [23], wherein the antigen-binding molecule has cytotoxic
activity against a cell expressing the antigen;

[25] the method of any one of [18] to [24], wherein the FcRn-binding domain comprises an
antibody Fc region;

[26] the method of [25], comprising the step of substituting at least one or more amino acids
selected from the group consisting of amino acids at positions 239, 252, 257, 286, 307, 308, 428,
and 434 according to EU numbering in the Fc region;

[277 the method of [25] or [26], comprising the step of performing at least one or more amino
acid substitutions selected from the group consisting of:

amino acid substitution with Ala at position 257;

amino acid substitution with Pro at position 308;

amino acid substitution with Leu at position 428; and

amino acid substitution with Tyr at position 434,

according to EU numbering in the Fc region;

[28] the method of any one of [25] to [27], comprising the step of enhancing the Fey
receptor-binding activity of the Fc region as compared to that of a naturaliy-occurring human
IgG Fc region in which the sugar chain attached at position 297 according to EU numbering is a

fucose-containing sugar chain;
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1297 the method of [28], wherein the Fey recepior is FeyRla, FeyRITa(R), FeyRITa(H), FeyRIlb,
FeyRITa(V), or FeyRIHa(F);

[30] the method of [28] or {291, comprising the step of substituting at least one or more amino
acids selected from the group consisting of amino acids at positions 221, 222, 223224 225,227,
228, 230, 231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 243, 244, 245, 246, 247, 249,
250, 251, 254, 255, 256, 258, 260, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273,
274,275,276,278,279, 280, 281, 282, 283, 284, 285, 286, 288, 290, 291, 292, 293, 294, 295,
296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 311, 313, 315, 317, 318, 320, 322, 323, 324,
325,326, 327, 328, 329,330, 331, 332, 333, 334, 335, 336, 337, 339, 376, 377, 378, 379, 380,
382,385,392, 396, 421, 427, 428, 429, 434, 436, and 440 according to EU numbering in the Fc
region;

{31] the method of any one of [28] to {301, comprising the step of performing at least one or
more amino acid substitutions selected from the group consisting of:

amino acid substitution with either Lys or Tyr at position 221,

amino acid substitution with any one of Phe, Trp, Glu, and Tyr‘ at position 222;

amino acid substitution with any one of Phe, Trp, Glu, and Lys at position 223;

amino acid substitution with any one of Phe, Trp, Glu, and Tyr at position 224;

amino acid substitution with any one of Glu, Lys, and Trp at position 225;

amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 227,

amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 228;

amino acid substitution with any one of Ala, Glu, Gly, and Tyr at position 230;

amino acid substitution with any one of Glu, Gly, Lys, Pro, and Tyr at posttion 231;

amino acid substitution with any one of Glu, Gly, Lys, and Tyr at position 232;

amino acid substitution with any one of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyt at position 233;

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gin,
Arg, Ser, Thr, Val, Trp, and Tyr at position 234,

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 235;

amino acid substitution with any one of Ala, Asp, Glu, Phe, His, lle, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr at position 236;

amino acid substitution with any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tvyr at position 237,

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 238;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
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Gln, Arg, Thr, Val, Trp, and Tyr at position 239;

amino acid substitution with any one of Ala, Ile, Met, and Thr at position 240;

amino acid substitution with any one of Asp, Glu, Leu, Arg, Trp, and Tyr at position 241;

amino acid substitution with any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr at position 243;
amino acid substitution with His at position 244;

amino acid substitution with Ala at position 245;

amino acid substitution with any one of Asp, Glu, His, and Tyr at position 246;

amino acid substitution with any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr at
position 247;

amino acid substitution with any one of Glu, His, Gin, and Tyr at position 249;

ammo acid substitution with either Glu or Gln at position 250; .

amino acid substitution with Phe at position 251,

amino acid substitution with any one of Phe, Met, and Tyr at position 254;

amino acid substitution with any one of Glu, Leu, and Tyr at position 255;

amino acid substitution with any one of Ala, Met, and Pro at position 256,

amino acid substitution with any one of Asp, Glu, His, Ser, and Tyr at position 258§;

amino acid substitution with any one of Asp, Glu, His, and Tyr at position 260;

amino acid substitution with any one of Ala, Glu, Phe, lle, and Thr at position 262;

amino acid substitution with any one of Ala, Tle, Met, and Thr at position 263;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Trp, and Tyr at position 264;

amino acid substitution with any one of Ala, Lew, Phe, Gly, His, [ie, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Val, Trp, and Tyr at position 265;

amino acid substitution with any one of Ala, Ile, Met, and Thr at position 266;

amino acid substitution with any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Thr, Val, Trp, and Tyr at position 267,

amino acid substitution with any one of Asp, Glu, Phe, Gly, Hle, Lys, Leu, Met, Pro, Gln, Arg,
Thr, Val, and Trp at position 268;

amino acid substitution with any one of Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 269; )

amino acid substitution with any one of Glu, Phe, Gly, His, le, Leu, Met, Pro, Gln, Arg, Ser, Thr,
Trp, and Tyr at position 270;

amino acid substitution with any one of Ala, Asp, Glu, Phe, Giy, His, lle, Lys, Leu, Met, Asn,
Gln, Arg, Ser, Thr, Val, Tip, and Tyr at position 271, _
amino acid substitution with any one of Asp, Phe, Gly, His, lie, Lys, Leu, Met, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 272;
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amino acid substitution with either Phe or Ile at position 273;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr at position 274,

amino acid substitution with either Leu or Trp at position 275,

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 276;

amino acid substitution with any one of Asp, Glu, Gly, His, Ile, Lys, Len, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, and Trp at position 278;

amino acid substifution with Ala at position 279;

amino acid substitution with any one of Ala, Gly, His, Lys, Leu, Pro, Glr, Trp, and Tyr at

position 280;

amino acid substitution with any one of Asp, Lys, Pro, and Tyr at position 281;

amino acid substitution with any one of Glu, Gly, Lys, Pro, and Tyr at position 282;

amino acid substitution with any one of Ala, Gly, His, lle, Lys, Leu, Met, Pro, Arg, and Tyr at
position 283;

amino acid substitution with at position 284 is any one of Asp, Glu, Leu, Asn, Thr, and Tyr;
amino acid substitution with any one of Asp, Glu, Lys, Gln, Trp, and Tyr at position 285;

amino acid substitution with any one of Ghu, Gly, Pro, and Tyr at position 286;

amino acid substitution with any one of Asn, Asp, Glu, and Tyr at position 288;

amino acid substitution with any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at

position 290;

amino acid substitution with any one of Asp, Glu, Gly, His, [le, Gln, and Thr at position 291;
amino acid substitution with any one of Ala, Asp, Glu, Pro, Thr, and Tyr at position 292;

amino acid substitution with any one of Phe, Gly, His, lle, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val,
Trp, and Tyr at position 293;

amino acid substitution with any one of Phe, Gly, His, Iie, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr,
Val, Trp, and Tyr at position 294;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr at position 295;

amino acid substitution with any one of Ala,‘Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, and Val at position 256;

amino acid substitution with any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gin,
Arg, Ser, Thr, Val, Trp, and Tyr at position 297;

amino acid substitution with any one of Ala, Asp, Glu, Phe, His, He, Lys, Met, Asn, Gin, Arg, Thr,
Val, T@, and Tyr at position 298;

amino acid substitution Wi& any one of Ala, Asp, Glu, Phe, Gly, His, Tle, Lys, Leu, Met, Asn, Pro,
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Gln, Arg, Ser, Val, Trp, and Tyr at position 299;

amino acid substitution with any one of Ala, Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, and Trp at position 300;

amino acid substitution with any one of Asp, Glu, His, and Tyr at position 301;

amino acid substitution with Ile at position 302;

amino acid substitution with any one of Asp, Gly, and Tyr at position 303;

amino acid substitution with. at position 304 is any one of Asp, His, Leu, Asn, and Thr;

amino acid substitution with any one of Glu, lie, Thr, and Tyr at position 303;

amino acid substitution with any one of Ala, Asp, Asn, Thr, Val, and Tyr at position 311;

amino acid substitution with Phe at position 313;

amino acid substitution with Leu at position 313;

amino acid substitution with either Glu or Gin at position 317,

amino acid substitution with any one of His, Leu, Asn, Pro, Glin, Arg, Thr, Val, and Tyr at
position 318;

amino acid substitution with any one of Asp, Phe, Gly, His, Ile, Leu, Asn, Pro, Ser, Thr, Val, Trp,
and Tyr at position 320;

amino acid substitution with any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp, and
Tvr at position 322;

amino acid substitution with Ile at position 323;

amino acid substitution with any one of Asp, Phe, Gly, His, lle, Leu, Met, Pro, Arg, Thr, Val, Trp,
and Tyr at position 324;

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 325;

amino acid substitution with any one of Ala, Asp, Glu, Gly, Ile, Leu, Met, Asn, Pro, Gin, Ser, Thr,
Val, Trp, and Tyr at position 326;

amino acid substitution with any one of Ala, Asp, Ghu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Arg, Thr, Val, Trp, and Tyr at position 327;

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Hle, Lys, Met, Asn, Pro, Gin,
Arg, Ser, Thr, Val, Trp, and Tyr at position 328;

amine acid substitution with any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr at position 329;

amino acid substitution with any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Arg, Ser, Thr, Val, Trp, and Tyr at position 330;

amino acid substitution with any one of Asp, Phe, His, lle, Leu, Met, Gln, Arg, Thr, Val, Trp, and
Tyr at position 331;

amino acid substitution with any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro,
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Gln, Arg, Ser, Thr, Val, Trp, and Tyr at position 332;

amino acid substifution with any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Ser, Thr,
Val, and Tyr at position 333,

amino acid substitution with any one of Ala, Glu, Phe, le, Leu, Pro, and Thr at position 334;
amino acid substitution with any one of Asp, Phe, Gly, His, Iie, Leu, Met, Asn, Pro, Arg, Ser, Val,
Trp, and Tyr at position 335; _

armno acid substitution with any one of Glu, Lys, and Tyr at position 336;

amino acid substitution with any one of Glu, His, and Asn at position 337;

amino acid substitution with any one of Asp, Phe, Gly, lle, Lys, Met, Asn, Gln, Arg, Ser, and Thr
at position 339; '

amino acid substitution with either Ala or Val at position 376;

amino acid substitution with either Gly or Lys at position 377,

amino acid substitution with Asp at position 378;

amino acid substitution with Asn at position 379,

amino acid substitution with any one of Ala, Asn, and Ser at position 380;

aming acid substitution with either Ala or Ile at position 382;

amino acid substitution with Glu at position 385;

amino acid substitution with Thr at position 392;

amino acid substitution with Leu at position 396;

amino acid substitution with Lys at position 421;

amino acid substitution with Asn at position 427;

amino acid substitution with either Phe or Leu at position 428;

amino acid substitution with Met at position 429;

amino acid substitution with Trp at position 434;

amino acid substitution with Ile at position 436; and

amino acid substitution with any one of Gly, His, lle, Leu, and Tyr at position 440,

according to EU numbering in the Fc region;

{321 the method of any one of {28] to [31], wherein the naturally-occurring Fe region is an Fc
region of any one of human IgG!, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according to EU numbering is a fucose-containing sugar
chain;

[33] the method of any one of [28] to [32], comprising the step of modifying the Fc region so
that the percentage of the Fc region to which a fucose-deficient sugar chain is attached, or
bisecting N-acetylglucosamine is added, at position 297 according to EU numbering in the Fc
region, will become higher;

[341 a method for producing a pharmaceutical composition which induces an immune response,
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which comprises the steps of:

(a) determining the antigen-binding activity of an antigen-binding domain under a high calcium
ion concentration condition;

(b) determining the antigen-binding activity of the antigen-binding domain under a low calcium
lon concentration condition;

(¢) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is
higher than that determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domaim selected in (¢} to a
polynucleotide encoding an FecRn-binding domain having FcRn-binding activity in a neutral pH
range;

(¢) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture flnid of the cell cultured in (e);

[35] a method for producing a pharmaceutical composition which induces an immune response,
which comprises the steps of:

(a) determining the antigen-binding activity of an antibody under a high calcium ion
concentration condition;

(b) determining the antigen-binding activity of the antibody under a low calcium ion
concentratton condition;

(¢) selecting the antibody whose antigen-binding activity determined in (a) is higher than that
determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain of the antibody selected in
(¢) to a polynucieotide encoding an FcRn-binding domain having FeRu-binding activity in a
neutral pH range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been mtroduced, and

(f) collecting an antigen-binding molecuie from culture fluid of the cell cultured in (e);

[36] a method for producing an antigen-binding molecule, which comprises the steps of:

(a) determining the antigen-binding activity of an antigen-binding domain in a neutral pH
range;

(b} determining the antigen-binding activity of the antigen-binding domain in an acidic pH
range;

(¢) selecting the antigen-binding domain whose antigen-binding activity determined in (a) 18
higher than that determined m (b);

(d) linking a polynucleotide encoding the antigen-binding dorain selected in (c) to a
polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a neutraf pH
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range;

(e) culturing a cell into which 2 vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from culture fluid of the cell cultured in (e);

[37] a method for producing an antigen-binding molecule, which comprises the steps of:

(a) determining the antigen-binding activity of an antibody in a neutral pH range;

(b) determining the antigen-binding activity of the antibody in an acidic pH range;

{¢) selecting the antibody whose antigen-binding activity determined in (&) is higher than that
determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain of the antibody selected in
(¢) to a polynucleotide encoding an FcRn-binding domain having FcRu-binding activity in a
neutral pH range;

(e) culturing a cell into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and

(f} collecting an antigen-binding molecule from culture fluid of the cell cultured in (e);

[38] the method of any one of [34] to [37], wherein the antigen-binding molecule has
neutralizing activity against the antigen,

[39] the method of any one of [34] to [38], wherein the antigen-binding molecule has cytotoxic
activity against a cell expressing the antigen;

[40] the method of any one of [34] to [39], wherein the FcRn-binding domain comprises an
antibody Fc region;

[417 the method of [40], wherein the F¢ region is an Fc region in which at least one or more
amino acids selected from the group consisting of amino acids at positions 257, 308, 428, and
434 according to EXJ numbering in the Fc region are different from amino acids at corresponding
positions in a naturally-occurring Fe region;

[42] the method of [40] or [41], wherem the Fe region comprises at least one or more amino
acids selected from the group consisting of:

Ala at amino acid position 257;

Pro at amino acid position 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

according to EU numbering in the Fc region;

[43] the method of any one of [40] to [42], wherein the Fey receptor-binding activity of the Fc
region is higher than that of a naturally-occurring human IgG Fe region in which the sugar chain
attached at position 297 according to EU numbering is a fucose-containing sugar chain;

[44] the method of [43], wherein the Fcy receptor is FeyRIa, FoyRa(R), FoyRITa(H), FeyRIUb,
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FeyRIITa(V), or FeyRIa(F);

[45] the method of [43] or [44], wherein the Fc region comprises at least one or more amino
acids selected from the group consisting of:

either Lvs or Tyr at amino acid position 221;

any one of Phe, Trp, Glu, and Tyr at amino acid position 222;

any one of Phe, Trp, Glu, and Lys at amino acid position 223;

any one of Phe, Trp, Glu, and Tyr at amino acid position 224;

any one of Glu, Lys, and Trp at amino acid position 225;

any one of Glu, Gly, Lys, and Tyr at amino acid position 227;

any one of Glu, Gly, Lys, and Tyr at amino acid position 228§,

any one of Ala, Glu, Gly, and Tyr at amino acid position 230;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 231;

any one of Glu, Gly, Lys, and Tyr at amino acid position 232;

any one of Ala, Asp, Phe, Gly, His, Lle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 233;

any one of Ala, Asp, Ghu, Phe, Gly, His, Ie, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 234;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 233;

any one of Ala, Asp, Giu, Phe, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 236;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 237;

any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Tip, and Tyr

" at amino acid position 238;

any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr
at amino acid position 239; )

any one of Ala, Hle, Met, and Thr at amino acid position 240;

any one of Asp, Glu, Leu, Arg, Trp, and Tyr at amino acid position 241;

anry one of Leu, Glu, Leu, Gin, Arg, Trp, and Tyt at amino acid position 243;

His at amino acid position 244;

Ala at amino acid position 245;

any one of Asp, Glu, His, and Tyr at aminoe acid position 246;

any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr at amino acid position 247;

any one of Glu, His, Gln, and Tyr at amino acid position 249;

either Glu or Gln at amino acid position 250;
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Phe at amino acid position 251,

any one of Phe, Met, and Tyr at amino acid position 254,

any one of Glu, Leu, and Tyr at amino acid position 2553;

any one of Ala, Met, and Pro at amino acid position 256;

any one of Asp, Glu, His, Sez, and Tyr at amino acid position 258;

any one of Asp, Ghu, His, and Tyr at amino acid position 260;

any one of Ala, Glu, Phe, lle, and Thr at amino acid position 262;

any one of Ala, Ile, Met, and Thr at amino acid position 263;

any one of Asp, Ghu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Trp, and Tvyr
at amino acid position 264; '

any one of Ala, Leu, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Val, Trp,
and Tyr at amino acid position 265;

any one of Ala, lle, Met, and Thr at amino acid position 266;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr at
amino acid position 267,

any one of Asp, Glu, Phe, Gly, Ile, Lys, Leu, Met, Pro, Gln, Arg, Thr, Val, and Trp at amino acid
position 268;

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 269;

any one of Glu, Phe, Gly, His, lle, Leu, Met, Pro, Gln, Arg, Ser, Thz, Trp, and Tyr at amino acid
position 270,

any one of Ala, Asp, Gly, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 271;

any one of Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 272;

either Phe or Hle at amino acid position 273;

any one of Asp, Glu, Phe, Gly, His, lle, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 274; |

either Leu or Trp at amino acid position 275;

any one of Asp, Glu, Phe, Gly, His, Tle, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 276;

any one of Asp, Ghu, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, and Trp at
amino acid position 278;

Ala at amino acid position 279;

any one of Ala, Gly, His, Lys, Leu, Pro, Gin, Trp, and Tyr at amino acid position 280;

any one of Asp, Lys, Pro, and Tyr at amino acid position 281;
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any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 282;

any one of Ala, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid position 283;

any one of Asp, Glu, Leu, Asn, Thr, and Tyr at amino acid position 284;

any one of Asp, Glu, Lys, Gin, Trp, and Tyr at amino acid positioh 285;

any one of Ghu, Gly, Pro, and Tyr at amino acid position 286;

any one of Asn, Asp, Glu, and Tyr at amino acid position 288,

any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at amino acid position 290;

any one of Asp, Ghu, Gly, His, lle, Gln, and Thr at amino acid position 291;

any one of Ala, Asp, Glu, Pro, Thr, and Tyr at amino acid position 292;

any one of Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino acid
position 293; '

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 294;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, [e, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, and Val at amino
acid position 296;

any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Met, Asn, Gln, Arg, Thr, _Va}, Trp, and Tyr at amino
acid position 298; ,

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, and
Tyr at amino acid position 299;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, and Trp
at amino acid position 300;

any one of Asp, Glu, His, and Tyr at amino acid position 301;

Ile at amino acid position 302;

any one of Asp, Gly, and Tyr at amino acid position 303,

any one of Asp, His, Leu, Asn, and Thr at amino acid position 304;

any one of Glu, Ile, Thr, and Tyr at amino acid position 3035;

any one of Ala, Asp, Asn, Thy, Val, and Tyr at amino acid position 311;

Phe at amino acid position 313;

Leu at amino acid position 315;

either Glu or Gln at amino acid position 317;

any one of His, Leu, Asn, Pro, Gln, Arg, Thr, Val, and Tyr at amino acid position 318;

any one of Asp, Phe, Gly, His, Ile, Leu, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid
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position 320;

any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322,

He at amino acid position 323;

any- one of Asp, Phe, Gly, His, lle, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position 324;

any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 325;

any one of Ala, Asp, Glu, Gly, Ile, Leu, Met, Asn, Pro, Gln, Ser, Thr, Val, Trp, and Tyr at amino
acid position 326;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Thr, Val, Trp, and Tyr

at amino acid position 327;

" any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Vél,, Trp, and

Tyr at amino acid position 328;

any one of Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 329, ‘

any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 330;

any one of Asp, Phe, His, lie, Leu, Met, Gln, Arg, Thr, Val, Trp, and Tyr at amino acid position
331,

any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332; '

any one of Ala, Asp, Glu, Phe, Gly, His, He, Leu, Met, Pro, Ser, Thr, Val, and Tyr at amino acid
position 333;

any one of Ala, Glu, Phe, Ille, Leu, Pro, and Thr at amino acid position 334,

any one of Asp, Phe, Gly, His, lie, Leu, Met, Asn, Pro, Arg, Sez, Val, Trp, and Tyr at amino acid
position 335;

any one of Glu, Lys, and Tyr at amino acid position 336;

any one of Glu, His, and Asn at amino acid position 337;

any one of Asp, Phe, Gly, Ile, Lys, Met, Asn, Gln, Arg, Ser, and Thr at amino acid position 339;
either Ala or Val at amino acid position 376;

either Gly or Lys at amino acid position 377;

Asp at amino acid position 378;

Asn at amino acid position 379;

any one of Ala, Asn, and Ser at amino acid position 380;

either Ala or Ile at amino acid position 382;
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Glu at amino acid position 385;

Thr at amino acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427;

either Phe or Leu at amino acid position 428;

Met at amino acid position 429;

Trp at amino acid position 434;

Ile at amino acid position 436; and

any one of Gly, His, Ile, Leu, and Tyr at amino acid position 440;

according to EU numbering in the Fc region;

[46] the method of any one of [43] to [45], wherein the naturally-occurring Fe region is an Fc
region of any one of human IgG1, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according to EU numbering is a fucose-containing sugar
chain;

[47] the method of any one of [43] to [46], wherein the Fc region is modified so that the
percentage of the Fc region to which a fucose-deficient sugar chain is attached, or bisecting
N-acetylglucosamine is added, at position 297 according to EU numbering in the Fc region, will

become higher.

[Effects of the lnventiendisclosure]

The present inventiondisclosure provides pharmaceutical compositions comprising an
antigen-binding molecule that, when administered to a living organism, can not only exhibit
pharmacological actions on a target antigen but also induce an immune response to the target
antigen, which was not possible with conventional antibodies, and provides methods for
manufacturing them. This enables effective treatment of cancer and infectious diseases by
induction of immune response to a target antigen while having binding activity to the target
antigen and having cytotoxicity and antiproliferative activity against target cells, which was not

possible with conventional vaccines.

Brief Description of the Drawings

Fig. 1 shows changes in the concentration of soluble human IL-6 receptor in mice
plasma for the anti-mouse CD4 antibody administration group and the non-administration group
in a soluble human IL-6 receptor steady-state model. The horizontal axis shows the number of
days from anti-mouse CD4 antibody administration, and the vertical axis shows the plasma

concentration of soluble human IL-6 receptor.
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Fig. 2 shows changes in the concentration of soluble human TL-6 receptor in mice
plasma for the normal anti-1L-6 receptor antibody and pH-dependent I1.-6 receptor antibody
administration groups in a human IL-6 receptor immunotolerance normal mouse model.  The
horizontal axis shows the number of days from anti-IL-6 receptor antibody administration, and
the vertical axis shows the plasma concentration of soluble human IL-6 receptor. The filled
circles indicate the plasma concentration of soluble human IL-6 receptor in control mice. The
open circles indicate the plasma concentration of soluble human IL-6 receptor in
H54/1.28-1gG1-administered mice, and the diamonds indicate the plasma concentration of
soluble human [L-6 receptor in Fv4-IgGl-administered mice.

Fig. 3 shows changes in the concentration of soluble human IL-6 receptor in mice for
the group to which normal anti-IL-6 receptor antibody with enhanced FcRn binding at pH7.4
was administered and the group to which pH-dependent IL-6 receptor antibody with enhanced
FeRn binding at pH7.4 was administered, in a human IL-6 receptor immunotolerance normal
mouse model. The horizontal axis shows the number of days from anti-IL-6 receptor antibody
administration, and the vertical axis shows the plasma concentration of soluble human IL-6
receptor.  The filled circles indicate the plasma concentration of soluble human I1.-6 receptor in
control mice. The plasma concentration of soluble human IL-6 receptor in mice to which
H54/1.28-1gG1, Fv4-1gG1, H54/L.28-F157, or Fv4-F157 was administered is shown by the open
circles, diamonds, open triangles, or X and the filled squares, respectively.

Fig. 4 shows a non-limiting action model of an ion-concentration-dependent
antigen-binding molecule with regard to the lysosome transport of a soluble antigen.  Under the
plasima ion concentration conditions (in the neutral pH range or under high calcium ion
concentration), the antigen-binding molecule that has bound to a soluble antigen in plasma (A) is
taken up mto a cell by non-specific endocytosis and sach (B), and then is transferred fo an acidic
endosome where it binds to FcRn expressed in the endosome vig the FcRn binding domain under
the acidic pH condition, and releases the antigen under endosomal ion concentration conditions
(in the acidic pH range or under low calcium ion concentration) (C). The released antigen is
iransferred to the lysosome and then degraded (D).  On the other hand, the antigen-binding
molecule that has released the antigen moves to the cell surface while being bound to FcRn,
dissociates from FcRn under the neutral pH condition in the plasma, and then returns to the
plasma (E).

Fig. 5 shows a non-limiting action model of an antigen-binding molecule having
FcRn-binding activity at pH7.4 with regard to the lysosome transport of a soluble antigen.
Under the plasma ion concentration conditions (in the neuiral pH range or under high calcium
ion concentration), the antigen-binding molecule which has bound to a soluble antigen in plasma
binds to FcRn under the neutral pH condition via the FeRn-binding domain (A), and this is then
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taken up into the cell by endocytosis (B).  The antigen-binding molecule that has transferred to
an acidic endosome does not release the antigen under endosomal ion concentration conditions
(in the acidic pH range or under low calcium ion concentration) (C), and the antigen-bound
antigen-binding molecule is recycled onto the cell surface while being bound to FeRn (D).

Fig. 6 shows a non-limiting action model of an ion-concentration-dependent
antigen-binding molecule with enhanced FeRn binding at pH7.4 with respect to lysosome
transport of a soluble antigen..  Under the plasma ion concentration conditions (in the neutral pH
range or under high calcium ion concentration), the antigen-binding molecule which has bound
to a soluble antigen in plasma binds to FcRn under neutral pH conditions via the FcRn-binding
domain (A), and this is then taken up into the cell by endocytosis (B). The antigen-binding
molecule that has transferred to an acidic endosome releases the antigen under endosomal 1on
concentration conditions (in the acidic pH range or under low calcium ion concentration) (C).
The dissociated antigen is {ransferred to the lysosome and then degraded (D).  On the other
hand, the antigen-binding molecule that has released the antigen is recycled onto the cell surface
while being bound to FeRn (E).

Fig. 7 shows changes in the plasma concentration of soluble human IL-6 receptor and
changes i the titer of mouse anti-human IL~6 recéptor antibody in each of the three
Fv4-F157-administered mice (#7, 8, and 9) in Test . The horizontal axis shows the number of
days from anti-IL-6 receptor antibody administration, the left vertical axis shows the
concentration of soluble human IL-6 receptor in plasma, and the right vertical axis shows the
ECL value, which serves as the indicator for the mouse anti-hsIl-6R antibody titer. The solid
lines show the soluble human IL-6 receptor concentration in plasma and the dashed lines show
the ECL values. The diamonds, open squares, and friangles show changes in the plasma
conceniration of soluble human IL-6 receptor of individuals #7, §, and 9, respectively; and X,
filled squares, and filled circles show changes in the ECL value in individuals #7, 8, and 9,
respectively.

Fig. 8 shows changes in the plasma concentration of soluble human IL-6 receptor and
changes in the titer of mouse anti-human I1.-6 receptor antibody in each of the three
Fv4-F157-administered mice (#10, 11, and 12) of Test 2.  The horizontal axis shows the number
of days from anti-IL-6 receptor antibody administration, the left vertical axis shows the
concentration of soluble human IL-6 receptor in plasma, and the right vertical axis shows the
ECL value, which serves as the indicator for the mouse anti-human IL-6 receptor antibody titer.
The solid lines show the soluble human IL-6 receptor concentration in plasma and the dashed
lines show the ECL values. The diamonds, open squares, and triangles show the concentration
of soluble human IL-6 receptor in the plasma of individuals #10, 11, and 12, respectively; and X,
filled squares, and filled circles show changes in the ECL value in individuals #10, 11, and 12,
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respectively.

Fig. 9 shows changes in the tifer of mouse anti-hsIL-6R antibody and mouse
anti-Fv4-F157 antibody in each of the three Fv4-F157-administered mice (#7, 8, and 9) of Test 1.
The horizontal axis shows the number of days from the administration of anti-IL-6 receptor
antibody, and the vertical axis shows the ECL values, which serve as the indicqtors for the mouse
anti~human IL-6 receptor antibody titer and mouse anti-Fv4-F157 antibody titer.  The solid
lines show changes in the ECL value serving as the indicator for mouse anti-Fv4-F157 antibody
titer, and the dashed lines show changes in the ECL value serving as the indicator for mouse
anti-human IL-6 receptor antibody titer. The diamonds, open squares, and filled triangles show
changes in the ECL value serving as the indicator for mouse anti-Fv4-F157 antibody titer in
individuals #7, 8, and 9, respectively; and the open squares, filled squares, and open triangles
show changes in the ECL value serving as the indicator for the mouse anti-luman IL-6 receptor
antibody titer in individuals #7, 8, and 9, respectively.

Fig. 10 shows changes in the titer of mouse anti-human II-6 receptor antibody and
changes m the titer of mouse anti-Fv4-F157 antibody in each of the three Fv4-F157-admintstered
mice (#10, 11, and 12) of Test 2. The horizontal axis shows the number of days from the
administration of anti-IL-6 receptor antibody, and the vertical axis shows the ECL values serving
as the indicator for the mouse anti-human IL-6 receptor antibody titer and the indicator for the
mouse anti-Fv4-F157 antibody titer.  The solid lines show changes in the ECL value serving as
the indicator for mouse anti-Fv4-F157 antibody titer, and the dashed lines show changes in the
ECL value serving as the indicator for mouse anti-hsIL-6R antibody titer. The diamonds, open
squares, and filled triangles show changes in the ECL value serving as the indicator for mouse
anti-Fv4-F157 antibody titer in individuals #10, 11, and 12, respectively; and the open squares,
filled squares, and open triangles show changes in the ECL value serving as the indicator for the
mouse anti-human IL-6 receptor antibody titer in individuals #10, 11, and 12, respectively.

Fig. 11 depicts a non-limiting model of the mechanism of action of an antibody fused
with a target antigen on cancer cells and antigen-presenting cells.

Fig. 12 depicts a non-limiting model of the mechanism of action of an antigen-binding
molecule on cancer cells and antigen-presenting cells, where the antigen-binding molecule has
FcRa-binding activity in the neutral pH raﬁge and has ion concentration-dependent binding
activity to a target antigen.

Fig. 13 depicts the manner of interaction between an antigen and a calcium-dependent
binding antibody in plasma {2 mM Ca®") and in endosome (3 uM Ca*") (i), and the manner of
interaction between an antigen and a pH- and calcium-dependent binding antibody in plasma
(pH7.4, 2 mM Ca®™) and in endosome (pH6.0, 3 uM Ca*") (if).

Fig. 14 shows an ion-exchange chromatogram for an antibody comprising a human
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Vk5-2 sequence and an antibody comprising an hVk5-2 .65 sequence which has a modified
glycosylation sequeﬁce of the human Vk5-2 sequence. The solid line represents a
chromatogram for the antibody comprising the human Vk5-2 sequence (heavy chain: CIM_H,
SEQ ID NO: 45; and light chain: hVk5-2, SEQ ID NO: 50). The broken line represents a
chromatogram for the antibody comprising the hVk5-2_L65 sequence (heavy chain: CIM_H
(SEQ ID NO: 45); and light chain: hVk5-2 165 (SEQ ID NO: 53)). '

Fig. 15 shows the relationship of a designed amino acid distribution (indicated as
Design) to the amino acid distribution (indicated as Library) for the sequence information on 290
clones isolated from E. coli introduced with a gene library of antibodies that bind to antigens in a
Ca-dependent manner. The horizontal axis indicates amino acid positions in the Kabat
nwmbering system. The vertical axis indicates % amino acid distribution.

Fig. 16 shows sensorgrams for anti-IL-6R antibody (tocilizumab), antibody
6RC11gG 010, antibody 6RC1igG_012, and antibody 6RC1IgG_019 under 2 high calcium ion
concentration (1.2 mM) condition.

Fig. 17 shows sensorgrams for anti-IL-6R antibody (tocilizumab), antibody
6RC1IgG 010, antibody 6RC1IgG_012, and antibody 6RC11gG (19 under a low calcium ion
concentration (3 uM) condition.

Fig. 18 depicts the structure of heavy-chain CDR3 of an Fab fragment of antibody
6RILA#S determined by X-ray crystallography. The heavy-chain CDR3 portion in the crystal
structure obtained by crystallization in the presence of calcium ions is shown in (i), and the
heavy-chain CDR3 portion in the crystal structure obtained by crystallization in the absence of
calcium ions is shown in (i1).

Fig. 19 shows changes in plasma antibody concentrations in normal mice for the
H54/1.28-IgG1 antibody, the FH4-IgG1 antibody, and the 6R1L#9-IgG1 antibody.

Fig. 20 shows changes in the plasma concentration of soluble human IL-6 receptor
{(bsIL-6R) in normal mice for the H54/1.28-IgG1 antibody, the FH4-1gG1 antibody, and the
6RL#9-1gG1 antibody.

Fig. 21 shows changes in the plasma antibody concentrations in normal mice for the
H54/L.28-N434W antibody, the FH4- N434W antibody, and the 6RL#9- N434W antibody.

Fig. 22 shows changes in the plasma concentration of soluble human [L-6 receptor
(hsIL-6R) in normal mice for the H54/L28-N434W antibody, the FH4- N434'W antibody, and the
ERL#9- N434W antibody.

‘Fig. 23 shows 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 antigensin a

pH-dependent manner.  The horizontal axis indicates amino acid positions in the Kabat
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numbering system.  The vertical axis indicates % amino acid distribution.

Fig. 24 shows sensorgrams for anti-IL-6R antibody (tocilizumab), antibody 6RpH#01,
antibody 6RpH#02, and antibody 6RpH#03 at pH 7.4. The horizontal axis shows time, and the
vertical axis shows RU value. '

Fig. 25 shows sensorgrams for anti-1IL.-6R antibody (tocilizurmab}, antibody 6RpH#01,
antibody 6RpH#02, and antibody 6RpH#03 at pH 6.0. The horizontal axis shows time, and the
vertical axis shows RU value.

Fig. 26 shows changes in the average plésma concentration of hsIL-6R in the
non-antibody admimistration group, and the Fv4-mlgG1, Fv4-mlgG2a, Fv4-mF3, Fv4-mFa30,
and H54/L.28-mF3 administration groups.

Fig. 27 shows changes in the antibody titer of mouse anti-human IL-6 receptor antibody
(anti-hsIL-6R antibody) for each individual in the Fv4-mIgG1 administration group.

Fig. 28 shows changes in the antibody titer of mouse anti-human IL-6 receptor antibody
(anti-hsIL-6R antibody) for each individual in the Fv4-migG2a administration group.

Fig. 29 shows changes in the antibody titer of mouse anti-human [L-6 receptor antibody
(anti-hsIL~6R antibody) for each individual in the Fv4-m¥F3 administration group.,

Fig. 30 shows changes in the antibody titer of mouse anti-human [L-6 receptor antibody
{anti-hsIL-6R antibody) for each individual in the Fv4-m¥Fa30 administration group.

Fig. 31 shows changes in the antibody titer of mouse anti-human IL-6 receptor antibody
{(ant1-hsIL-6R antibody) for each mndividual in the H54/L28-mF3 administration group.

Fig. 32A 1s a schematic diagram showing the relationship between the genomic DNA
structure of the mouse interlenkin-6 receptor (I16ra) gene (1) and the knock-in vector to be
inserted (2). The knock-in vector has the full-length human interleukin-6-receptor (hIL6R)
cDNA, the hp7 sequence, a poly-A addition signal, and a neomycin-resistance gene,

Fig. 32B is a schematic diagram showing how the genomic DNA of the mouse
interleukin-6 receptor gene (a) and the knock-in vector (b) undergo homologous recombination
to form a knock-in genomic DNA (¢). Furthermore, it shows the process of completing the
human interieukin-6 receptor gene knock-in allele (d) by allowing Cre recombinase to act on (¢)
to remove the neomycin-resistance gene cassette.  The arrows in the figure indicate the
positions for setting primers used for detecting the knocked-in human interleukin-6 receptor
gene.

Fig. 33 shows a representative example of PCR which analyzed each genotype obtained
in the process of establishing the human interleukin-6 receptor gene knock-in mice.

Fig. 34 shows the expression profile of the interlenkin-6 receptor gene in the wild-type
mouse and the human interleukin-6 receptor gene knock-in mouse.

Fig. 35 is a graph showing the results of measuring the plasma concentration of soluble
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human interleukin-6 receptor (hsIL-6R) in wild-type mice and homozygous and heterozygous
human interleukin-6 receptor gene knock-m mice. KUK KI/+, and +/+ indicate the
homozygous knock-in mice, heterozygous knock-in mice, and the wild-type, respectively.

Fig. 36 is a graph showing the species-specific reactivity to interleukin-6 (ligand) in the

wild-type mice and homozygous human interleukin-6 receptor gene knock-in mice.

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

the present invention illustrated herein.

Amino acids

Herein, amino acids are described m one- or three-letter codes or both, for example,
Ala/A, LewL, Arg/R, Lys/K, Asn/N, Met/M, Asp/D, Phe/F, Cys/C, Pro/P, GIn/Q, Ser/S, Ghw/E,
The/T, Gly/G, Trp/W, His/H, Tyr/Y, 1le/L, or Val/V.

Antigen

Herein, an antigen 1s not particularly limited, and may be any antigen as long as it is a
molecule that may induce the immune system of an orgamsm and thereby become a target of the
immune response in that organism. Preferred examples of such antigens include molecules that
are expressed specifically in tumor cells but not expressed in normal cells (neoepitopes).
Molecules that are expressed in foreign biological species such as bacteria and viruses that infect
an or'ganism but not expressed in the organism are also preferred.  The phrase "expressed
specifically in tumor celis but not expressed in normal cells” or "expressed in foreign biological
species that infect an organism but not expressed in the organism” means that there is a
gualitative or quantitative difference n the molecuie between "tumor cells and normal celis” or
"foreign biological species that infect an organism and the organism". For example, even if a
molecule is expressed in normal cells, if the amount of the molecule expressed in tumor cells is
far greater than the amount expressed in the normal cells, it can be said in the present invention
that there is a quantitative difference in the molecule between tumor cells and normal celis.
Furthermore, even if the expression level of a polypeptide consisting of the same amino acid
sequence is similar in tumor cells and normal cells, if the expressed polypeptide has undergone
posttranslational modification such as phosphorylation in tumor cells but not in normal cells, it
can be said in the present imvention that there is a qualitative difference in the molecule between
tamor cells and normal cells.

For such molecules, preferred tamor antigens may include: ALK receptor (pleiotrophin

receptor), pleiotrophin; K3 1/4 pancreas carcinoma antigen; ovarlan carcinoma antigen (CA125);



10

IS5

20

30

32

prostatic acid phosphate; prostate specific antigen (PSA); melanoma-associated antigen p97;
melanoma antigen gp75; high molecular weight melanoma antigen (HMW-MAA); prostate
specific membrane antigen; carcinoembryonic antigen (CEA); polymorphic epithelial mucin
antigen; human milk fat globule antigen; colorectal tumor-associated antigens such as CEA,
TAG-72, CO17-1A, GICA 19-9, CTA-1, and LEA; Burkitt's lymphoma antigen-38.13; CD19;
human B-lymphoma antigen-CD20; CD33; melanoma specific antigens such as ganglioside GD2,
ganglioside GD3, ganglioside GM2 and ganglioside GM3; tumor-specific transpiantation-type
cell-surface antigen (TSTA); virally-induced tumor antigens including T-antigen, DNA tumor
viruses and Envelope antigens of RNA tumor viruses; oncofetal antigens such as CEA of colon,
5T4 oncofetal trophoblast glycoprotein, and bladder tumor oncofetal antigen; alpha-fetoprotein;
differentiation antigens such as human lung carcinome antigens L6 and L.20; antigens of
fibrosarcoma; human leukemia T cell antigen-Gp37; neoglycoprotein; sphingolipids; breast
cancer antigens such as EGFR (epidermal growth factor receptor); NY-BR-16; NY-BR-16 and
HER?2 antigen (pl 85SHER2); polymorphic epithelial mucin (PEM) antigen; malignant human
tymphocyte antigen-APO-1; differentiation antigens such as I antigen found in fetal erythrocytes;
primary endoderm I antigen found in adult erythrocytes; preimpiantation embryos; I{Ma) found
in gastric cancer; M18&, M39 found in mammary epithelium; SSEA-1 found in myeloid cells;
VEPS; VEPY; Myl; VIM-DS; D156-22 found in colorectal cancer; TRA-1-85 (blood group H);
SCP-1 found in testis and ovarian cancer; C14 found in colon cancer; F3 found in lung cancer;
AH6 found in gastric cancer; Y hapten; Ley found in embryonal carcinoma cells; TLS (blood
group A); EGF receptor found in A431 cells; E1 series (blood group B) found in pancreatic

ancer; FC10.2 found in embryonal carcinoma cells; gastric cancer antigen; CO-514 (blood
group Lea) found in adenocarcinomas; N8-10 found in adenocarcinomas; CO-43 (blood group
Leb); G49 found in EGF receptor of A431 cells; MH2 (blood group ALeb/Ley) found in colon
cancer; 19.9 found in colon cancer; gastric cancer mucins; T5A7 found in myeloid cells; R24
found in melanoma; 4.2, GD3, D1.1, OFA-1, GM2, OFA-2, GD2, and M1:22:25:8 found in
embryonal carcinoma cells and SSEA-3 and SSEA-4 found in 4 to 8-cell stage embryos;
subcutaneous T cell lvmphoma antigen; MART-1 antigen; sialyl Tn (STn) antigen; colon cancer
antigen NY-CO-45; lung cancer antigen NY-LU-12 variant A; adenocarcinoma antigen ARTT;
paraneoplastic associated brain-testis-cancer antigen (onconeuronal antigen MAZ; parancoplastic
neuronal antigen); Neuro-oncological ventral antigen 2 (NOVA2); hemocyte carcinoma antigen
gene 520; tumor-associated antigen CO-029; tumor-associated antigens MAGE-C1 (cancer/testis
antigen CT7), MAGE-B1 (MAGE-XP antigen), MAGE-B2 (DAMS6), MAGE-2, MAGE-4a,
MAGE-4b and MAGE-X2; Cancer-Testis Antigen (NY-EQS-1); YKIL-40, and fragments of any
of the aforementioned polypeptides or structures produced by modifying them (for example,
modified phosphate group or sugar chain of the above-mentioned).
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Antigens of foreign biological species include molecules expressed in: Bacillus
anthracis, Clostridium botulinum, Yersinia pestis, Variola major (smallpox) and other poxviruses,
Francisella tularensis (tularemia), and those that cause viral hemorrhagic fever, Arenaviruses
such as LCM, Junin virus, Machupo virus, Guanarito virus, and those that cause Lassa fever,
Bunyaviruses and Hantaviruses such as those that cause Rift-valley fGVGI:, Calicivirus, hepatitis A,
hepatitis B, hepatitis C, viral encephalitis such as West Nile Virus, LaCrosse, California
encephalitis, VEE, EEE, WEE, and Japanese encephalitis virus, Kyasanur forest viras, tickborne
hemorrhagic fever virus, Crimean-Congo hemorrhagic fever virus, tickborne encephalitis viruses,
Yellow fever, multidrug-resistant TB, influenza, other rickettsiae and rabies, Flavirus, Dengue,
Filovirus, Ebola, Marburg Burkholderia pseudomallei, Coxiella burnetii (QQ fever), Brucella
species (brucellosis), Burkholderia mallei (glanders), ricin toxin (derived from Ricinus
communis), epsilon toxin of Clostridium perfringens, Staphylococcus enterotoxin B, Typhus
fever (Ricketisia prowazekii), food and water-borne pathogens, bacteria such as diartheagenic E.
coli, pathogenic Vibrios, Shigella species, Salmonella, Listeria monocytogenes, Campylobacier
Jejuni, and Yersinia enterocolitica; and protozoas such as Cryptosporidium parvum, Cyclospora
cayatanensis, Giardia lamblia, Entamoeba histolytica, Toxoplasma, and Microsporidia.

Other antigens include, for example, the molecules below: 17-1A, 4-1BB, 4Dc¢,
6-keto-PGFla, 8-iso-PGF2a, §-0x0-dG, Al adenosine receptor, A33, ACE, ACE-2, activin,
activin A, activin AB, activin B, activin C, activin RIA, activin RIA ALK-2, activin RIB ALK-4,
activin RIIA, activin RIIB, ADAM, ADAM10, ADAMI2, ADAMIS, ADAMI7/TACE, ADAMS,
ADAMSY, ADAMTS, ADAMTS4, ADAMTSS, addressin, aFGF, ALCAM, ALK, ALK-1,

ALK-7. alpha-1-antitrypsin, alpha-V/beta-1 antagonist, ANG, Ang, APAF-1, APE, APJ, APP,
APRIL, AR, ARC, ART, artemin, anti-Id, ASPARTIC, atrial natriuretic peptide, av/b3 integrin,
Axl, b2M, B7-1, B7-2, B7-H, B-lymphocyte stimuiating factor (BlyS), BACE, BACE-1, Bad,
BAFF, BAFF-R, Bag-1, BAK, Bax, BCA-1, BCAM, Bel, BCMA, BDNF, b-ECGF, bFGF, BID,
Bik, BIM, BLC, BL-CAM, BLK, BMP, BMP-2 BMP-2a, BMP-3 Osteogenin, BMP-4 BMP-2b,
BMP-5, BMP-6 Vgr-1, BMP-7 (OP-1), BMP-8 (BMP-8a, OP-2), BMPR, BMPR-IA (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,
C5, C5a, C10, CA125, CAD-8, calcitonin, cAMP, carcinoembryonic antigen (CEA), cancer
associated antigen, cathepsin A, cathepsin B, cathepsin C/DPPI, cathepsin D, cathepsin E,
cathepsin H, cathepsin L, cathepsin O, cathepsin S, cathepsin V, cathepsin X/Z/P, CBL, CCI,
CCKz2, CCL, CCL1, CCL11, CCL12, CCL13, CCL14, CCL15, CCL16, CCL17, CCL18, CCL19,
CCL2, CCL20, CCL21, CCL22, CCL23, CCL24, CCL25, CCL26, CCL27, CCL28, CCL3,
CCLA4, CCLS, CCL6, CCL7, CCLS, CCL9S/10, CCR, CCR1, CCR10, CCR10, CCR2, CCR3,
CCR4, CCRS, CCR6, CCR7, CCRE, CCRSY, CD1, CD2, CD3, CD3E, CD4, CD3, CD6, CD7,
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CD8, CD10, CDl11a, CD11b, CD1lc, CD13, CD14, CDIS5, CD16, CD18, CD19, CD20, CD21,
CD22, CD23, CD25, CD27L, CD28, CD29, CD30, CD30L, CD32, CD33 (p67 protein), CD34,
CD38, CD44, CD40L, CD44, CDA4S5, CDA46, CD49a, CD52, CD54, CD5S5, CD56, CD61, CD64,
CD66e, CD74, CDBO (B7-1), CD89, CD95, CD123, CD137, CD138, CD140a, CD146, CD147,
CD148, CD132, CD164, CEACAMS, CFTR, cGMP, CINC, Botulinum toxin, Clostridium
perfringens toxin, CKb8-1, CLC, CMV, CMV UL, CNTFE, CNTN-1, COX, C-Ret, CRG-2, CT-1,
CTACK, CTGF, CTLA-4, CX3CL1, CX3CR1, CXCL, CXCL1, CXCL2, CXCL3, CXClLA,
CXCLS, CXCLS6, CXCL7, CXCL8, CXCL9, CXCL10, CXCL11, CXCL12, CXCL13, CXCL14,
CXCL135, CXCL16, CXCR, CXCRI1, CXCR2, CXCR3, CXCR4, CXCRS5, CXCR6,cytokeratin
tumor 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-A1, EDA-A2, EDAR, EGF, EGFR (ErbB-1), EMA,
EMMPRIN, ENA, endothelin receptor, enkephalinase, eNOS, Eot, eotaxin 1, EpCAM, ephrin
B2/EphB4, EPO, ERCC, E-selectin, ET-1, factor Ifa, factor VII, factor VIIlc, factor IX,
fibroblast activation protein {(FAP), Fas, FcR1, FEN-1, ferritin, FGF, FGF-19, FGF-2, FGF3,
FGF-8, FGFR, FGFR-3, fibrin, FL, FLIP, Fit-3, Flt-4, follicle stimulating hormone, fractalkine,
FzD1, FZD2, FZD3, FZD4, FZDS, FZD6, FZD7, FZD8, FZD9, FZD10, G250, Gas6, GCP-2,

-GCSF, GD2, GD3, GDF, GDP-1, GDF-3 (Vgr-2), GDE-5 (BMP-14, CDMP-1}, GDF-6 (BMP-13,

CDMP-2), GDF-7 (BMP-12, CDMP-3), GDF-8 (myostatin), GDF-9, GDF-15 (MIC-1), GDNF,
GDNF, GFAP, GFRa-1, GFR-alphal, GFR-alpha2, GFR-alpha3, GITR, glucagon, Glut4,
glycoprotein ITb/la (GPIIb/IIla), GM-CSF, gp130, gp72, GRO, growth hormone releasing
hormone, hapten (NP-cap or NIP-cap), HB-EGE, HCC, HCMV gB envelope glycoprotein,
HCMYV 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
virus (HSV) gB glycoprotein, HSV gD glvcoprotein, HGFA, high molecular weight
melanoma-associated antigen (HMW-MAA), BHIV gp120, HIV TIB gp 120 V3 loop, HLA,
HLA-DR, HM1.24, HMFG PEM, HRG, Hrk, human cardiac myosin, human cytomegalovirus
(HCMYV), human growth hormone (HGH), HVEM, 1-309, AP, ICAM, ICAM-1, ICAM-3, ICE,
ICOS, IFNg, Ig, IgA receptor, 1gE, IGF, IGF ‘t}ihding protein, IGF-1R, IGFBP, IGF-], IGF-I, IL,
IL-1, IL-IR, IL-2, L-2R, 1L-4, IL-4R, IL-5, IL-5R, 1L-6, IL-6R, TL-8, IL-9, L.-10, 1L-12, [1.-13,
IL-15, I1.-18, IL-18R, IL-23, interferon {INF)-alpha, INF-beta, INF-gamma, inhibin, INOS,
insulin A chain, insulin B chain, insulin-like growth factor], integrin alpha?2, integrin alpha3,
integrin alphad, integrin aipha4/betal, integrin alphad/beta7, integrin alpha3 (alpha V), integrin
alphaS/betal, integrin alphaS/betal, integrin alphaf, integrin betal, integrin beta2 interferon
gammea, IP-10, i-TAC, JE, kallikrein 2, kallikrein 5, kallikrein 6, kallikrein 11, kallikrein 12,
kallikrein 14, kallikrein 15, kallikrein 1.1, kallikrein L2, kallikrein L3, kallikrein L4, K.C, KDR,
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keratinocyte growth factor (KGF), laminin 5, 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, LXN, Lptn, L-selectin, LT-a, LT-b, LTB4, LTBP-1,
lung surface, luteinizing hormone, lymphotoxin beta receptor, Mac-1, MAJCAM, MAG MAP2,
MARC, MCAM, MCAM, MCK-2, MCP, M-CSF, MDC, Mer, METALLOPROTEASES, MGDF
receptor, MGMT, MHC (HLA-DR), MIF, MIG, MIP, MIP-1-aipha, MK, MMAC1, 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), MUCIE,
Mullerian-inhibiting substance, Mug, MuSK, NAIP, NAP, NCAD, N-C adherin, NCA 90,
NCAM, NCAM, neprilysin, neurotrophin-3, -4, or -6, neurturin, nerve growth factor (NGF),
NGFR, NGF-beta, nNOS, NO, NOS, Npn, NRG-3, NT, NTN, OB, OGG1, OPG, OPN, OSM,
OX40L, OX40R, p150, p95, PADPr, parathyroid hormone, PARC, PARP, PBR, PBSF, PCAD,
P-cadherin, PCNA, PDGF, PDGEF, PDK-1, PECAM, PEM, PF4, PGE, PGF, PGI2, PGJ2, PIN,
PLAZ2, 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
syncytial virus (RSV) F, RSV Fgp, Ret, Rheumatoid factor, RLIP76, RPA2, RSK, S100, SCF/KL,
SDF-1, SERINE, serum albumin, sFRP-3, Shh, SIGIRR, SK-1, SLAM, SLPI, SMAC, SMDF,
SMOH, SOD, SPARC, Stat, STEAP, STEAP-II, TACE, TACI, TAG-72 (tumor-associated
glycoprotein-72), TARC, TCA-3, T-cell receptor (for example, T-cell receptor alpha/beta), TdT,
TECK, TEM]1, TEMS3, TEM7, TEMS8, TERT, testis PLAP-like alkaline phosphatase, TIR, TGF,
TGF-alpha, TGF-beta, TGF-beta Pan Specific, TGF-betaRI (ALK-5), TGF-betaR1l,
TGF-betaRIIb, TGF-betaRIIl, TGF-betal, TGF-beta2, TGF-beta3, TGF-betad, TGF-betas,
thrombin, thymus Ck-1, thyroid-stimulating hormone, Tie, TIMP, TIQ, tissue factor, TMEFF2,
Tmpo, TMPRSS2, TNF, TNF-alpha, TNF-alphabeta, TNF-beta?, TNFc¢, TNF-RI, TNF-RII,
TNFRSF10A (TRAIL R1 Apo-2, DR4), TNFRSF10B (TRAIL R2 DRS, KILLER, TRICK-2A,
TRICK-B), TNFRSF10C (TRAIL R3 DcR1, LIT, TRID), TNFRSF10D (TRAIL R4 DcR2,
TRUNDD), TNFRSFIIA (RANK ODF R, TRANCE R), TNFRSF11B (OPG OCIF, TR1),
TNFRSF12 (TWEAK R FN14), TNFRSF13B (TACI, TNFRSF13C (BAFF R), TNFRSF14
(HVEM ATAR, HveA, LIGHT R, TR2), TNFRSF16 {(NGFR p75NTR), TNFRSF17 (BCMA),
TNFRSF18 (GITR AITR), TNFRSF19 (TROY TAJ, TRADE), TNFRSF19L (RELT),
TNFRSF1A (FNF RI CD120a, p55-60), TNFRSF1B (TNF RII CD120b, p75-80), TNFRSF26
(TNFRH3) , TNFRSF3 (LTbR TNF RIIL TNFC R}, TNFRSF4 (OX40 ACT35, TXGPI R),
TNFRSFES (CD40 p50), TNFRSF6 (Fas Apo-1, APTL, CD95), TNFRSF6B (DcR3 M68, TR6),
TNFRSF7 (CD27), TNFRSFS (CD30), TNFRSF9 (4-1BB CD137, ILA}), TNFRSF21 (DR6),
TNFRSF22 (DcTRAIL R2 TNFRH2), TNFRST23 (DcTRAIL R1 TNFRH1), TNFRSF25 (DR3
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Apo-3, LARD, TR-3, TRAMP, WSL-1), TNFSF10 (IT'RAIL Apo-2 ligand, T1.2), TNFSF11
(TRANCE/RANK ligand ODF, OPG ligand), TNFSF12 (TWEAK Apo-3 ligand, DR3 ligand),
TNFSF13 (APRIL TALL2), TNFSF13B (BAFF BLYS, TALLI1, THANK, TNFSF20), TNFSF14
(LIGHT HVEM lhigand, LTg), TNEFSF15 (TL1A/VEGI), TNFSF18 (GITR ligand AITR ligand,
TL6), TNFSF1A (TNF-a Conectin, DIF, TNFSF2), TNFSF1B (TNF-b LTa, TNFSF1), TNFSF3
(LTb TNFEC, p33), TNEFSF4 (0X40 ligand gp34, TXGP1), TNFSFES (CD40 ligand CD154, gp39,
HIGMI, IMD3, TRAP), TNFSF6 (Fas ligand Apo-1 ligand, APT1 ligand), TNFSF7 (CD27
ligand CD70), TNFSF8 (CD30 ligand CD153), TNFSF9 (4-1BB ligand CD137 ligand), TP-1,
t-PA, Tpo, TRAIL, TRAIL R, TRAIEL-RI, TRAIL-R2, TRANCE, transferrin receptor, TRF, Trk,
TROP-2, TSG TSLP, tumor associated antigen CA125, tumor associated antigen expressing
Lewis-Y associated carbohydrates, TWEAK, TXB2, Ung, uPAR, uPAR-1, urckinase, VCAM,
VCAM-1, VECAD, VE-Cadherin, VE-cadherin-2, VEFGR-1 (fli-1}, VEGF, VEGFR, VEGFR-3
(flt-4), VEGL, VIM, virus antigen, VLA, VLA-1, VLA-4, VNR integrin, von Willebrand factor,

- WIF-1, WNTI, WNT2, WNT2B/I13, WNT3, WNT3A, WNT4, WNT5A, WNT5B, WNT6,

WNT7A, WNT7B, WNT8A, WNTEB, WNTOA, WNTOA, WNTOB, WNTI10A, WNT10B,
WNTI11, WNT16, XCLI, XCL2, XCR1, XCR1, XEDAR, XIAP, XPD, HMGBI, IgA, AB, CD81,
CD97, CD98, DDRI1, DKK1, EREG, HspS0, IL-17/IL-17R, IL-20/IL-20R, oxidized L.DL,
PCSKDO, prekallikrein, RON, TMEM16F, SOD1, Chromogranin A, Chromogranin B, tau, VAP],
high molecular weight kininogen, IL-31, IL-31R, Navl.1, Nav]l.2, Navl.3, Navi.4, Navl.5,
Navl.6, Navl.7, Navl.§, Navl.9, EPCR, C1, Clgq, Clr, Cls, C‘2, C2a, C2b, C3, C3a, C3b, C4,
C4a, C4b, C5, C5a, C5b, C6, C7, C8, C9, factor B, factor D), factor H, properdin, sclerostin,
fibrinogen, fibrin, prothrombin, thrombin, tissue factor, factor V, factor Va, factor VTI, factor
V1Ia, factor VIII, factor VIIa, factor [X, factor IXa, factor X, factor Xa, factor XI, factor Xla,
factor X11, factor X1la, factor X1, factor X1Ila, TFPL, antithrombin 111, EPCR, thrombomodulin,
TAPL tPA, plasminogen, plasmin, PAI-1, PAI-2, GPC3, Syndecan-1, Syndecan-2, Syndecan-3,
Syndecan-4, LPA, S1P, Acetylcholine receptor, AdipoR 1, AdipoR2, ADP ribosyl cyclase-1,
alpha-4/beta-7 integrn, alpha-5/beta-1 integrin, alpha-v/beta-0 integrin, alphavbetal integrin,
Angiopoietin ligand-2, Angptl2, Anthrax, Cadherin, Carbonic anhydrase-IX, CD105, CD155,
CD158a, CD37, CD49, CDS5I, CD70, CD72, Claudin 18, Clostridiam difficile toxin, CS1,
Delta-like protein ligand 4, DHICA oxidase, Dickkopf-1 ligand, Dipeptidyl peptidase TV, EPOR,
F protein of RSV, Factor Ia, Fasl., Folate receptor alpha, Glucagon receptor, Glucagon-like
peptide 1 receptor, Glutamate carboxypeptidase II, GMCSFR, Hepatitis C virus E2 glycoprotein,
Hepeidin, IL-17 receplor, IL-22 receptor, 11-23 receptor, 1L.-3 receptor, Kit tyrosine kinase,
Leucine Rich Alpha-2-Glycoprotein 1 (LRG1), I;ysosphingolipid receptor, Membrane
glycoprotein OX2, Mesothelin, MET, MICA, MUC-16, Myelin associated glycoprotein,
Neuropilin-1, Nexuropilin-2, Nogo receptor, PLXNAL, PLXNA2, PLXNA3Z, PLXNA4A,
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PLXNA4B, PLXNBI1, PLXNB2, PLXNB3, PLXNCI1, PLXNDI, Programmed cell death ligand
1, Proprotein convertase PC9, P-selectin glycoprotein ligand-1, RAGE, Reticulon 4, RF, RON-8,
SEMA3A, SEMA3B, SEMA3C, SEMA3D, SEMA3E, SEMA3F, SEMA3G, SEMA4A,
SEMAA4B, SEMA4C, SEMA4D, SEMAA4F, SEMA4G, SEMASA, SEMASB, SEMAGA,
SEMAGB, SEMAGC, SEMAG6D, SEMA7A, Shiga like toxin I, Sphingosine-1-phosphate
receptor-1, 8T2, Staphylococcal lipoteichoic acid, Tenascin, TG2, Thymic stromal
lymphoprotein receptor, TNF superfamily recepior 12A, Transmembrane glycoprotein NMB,
TREM-1, TREM-2, Trophoblast glycoprotein, TSH receptor, TTR, Tubulin, and ULBP2; and
receptors for hormone and growth factors.

Epitope

“Epitope” means an antigenic determinant in an antigen, and refers to an antigen site to
which the antigen-binding domain of an antigen-binding molecule disclosed herein binds. Thus,
for example, the epitope can be defined according to its structure.  Alternatively, the epitope
may be defined according to the antigen-binding activity of an antigen-binding molecule that
recognizes the epitope.  When the antigen is a peptide or polypeptide, the epitope can be
specified by the amino acid residues forming the epitope.  Alternatively, when the epitopeis a
sugar chain, the epitope can be specified by its specific sugar chain structure.

A linear epitope 1 an epitope that contains an epitope whose primary amino acid
sequence 1s recogmized.  Such a linear epiiope typically containg at least three and most
commonly at least five, for example, about 8 to 10 or 6 to 20 amino acids in its specific
sequence.

In contrast to the linear epitope, “conformational epitope™ is an epitope in which the
primary amino acid sequence containing the epitope is not the only determinant of the
recognized epitope (for example, the primary amino acid sequence of a conformational epitope is
not necessarily recognized by an epitope-defining antibody). Conformational epitopes may
contain a greater number of amino acids compared to linear eptiopes. A conformational
epitope-recognizing antibody recognizes the three-dimensional structure of a peptide or protein.
For example, when a protein molecule folds and forms a three-dimensional structure, amino
acids and/or polypeptide main chains that form a conformational epitope become aligned, and
the epitope is made recognizable by the antibody. Methods for determining epitope
conformations include, for example, X ray crystallography, two-dimensional nucltear magnetic
resonance, site-specific spin labeling, and electron paramagnetic resonance, but are not limited
thereto.  See, for example, Epitope Mapping Protocois in Methods in Molecular Biology (1996),
Vol. 66, Morris (ed.}.
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Binding Activity

Examples of a method for assessing the epitope binding by a test antigen-binding
molecule containing an IL-6 receptor antigen-binding domain are described below.  According
to the examples below, methods for assessing the epitope binding by a test antigen-binding
molecule containing an antigen-binding domain for an antigen other than [L-6 receptor, can also
be appropriately conducted.

For example, whether a test antigen-binding molecule containing an IL-6 receptor
antigen-binding domain recognizes a linear epitope in the IL-6 receptor molecule can be
confirmed for exampie as mentioned below. A linear peptide comprising an amino acid
sequence forming the extracellular domain of 11.-6 receptor is synthesized for the above purpose.
The peptide can be synthesized chemically, or obtained by genetic engineering techniques using
a region encoding the amino acid sequence corresponding to the extracellular domain in an IL-6
receptor cDNA.  Then, a test antigen-binding molecule containing an IL-6 receptor
antigen-binding domain is assessed for its binding activity towards a linear peptide comprising
the amino acid sequence forming the extracellular domain.  For example, an immobilized linear
peptide can be used as an anfigen by ELISA to evaluate the binding activity of the
antigen-binding molecule towards the peptide.  Alternatively, the binding activity fowards a
linear peptide can be assessed based on the level that the linear peptide inhibits the binding of the
antigen-binding molecule to IL-6 receptor-expressing cells, These tests can demonstrate the
binding activity of the antigen-binding molecule towards the linear peptide.

Whether a test antigen-binding molecule containing an [L-6 receptor antigen-binding
domain recognizes a conformational epitope can be assessed as foliows. IL-6
receptor-expressing cells are prepared for the above purpose. A test antigen-binding molecule
containing an IL-6 receptor antigen-binding domain can be determined to recognize a
conformational epitope when it strongly binds to IL-6 receptor-expressing cells upon contact, but
does not substantially bind to an immobilized linear peptide comprising an amino acid sequence
forming the extracellular domain of 1L-6 receptor. Herein, “not substantialiy 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 IL-6 receptor.

Methods for assaying the binding activity of a test antigen-binding molecule containing
an IL-0 receptor antigen-binding domain towards IL-6 receptor-expressing celis include, for
example, the methods described in Antibodies: A Laboratory Manual (Ed Harlow, David Lane,
Cold Spring Harbor Laboratory (1988) 359-420). Specifically, the assessment can be
performed based on the principle of ELISA or fluorescence activated cell sorting (FACS) using

IL-6 receptor-expressing cells as antigen.
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In the ELISA format, the binding activity of a test antigen-binding molecule containing
an IL-6 receptor antigen-binding domain towards 1L-6 receptor-expressing cells can be assessed
quantitatively by comparing the levels of signal generated by enzymatic reaction. Specifically,
a test polypeptide complex is added to an ELIS A plate onto which [L-6 receptor—éxpressing cells
are immobilized. Then, the test antigen-binding molecule bound to the cells is detected using
an enzyme-labeled antibody that recognizes the test antigen-binding molecule.  Alternatively,
when FACS 15 used, a dilution series of a test antigen-binding molecule is prepared, and the
antibody binding titer for IL-6 receptor-expressing cells can be determined to compare the
binding activity of the test antigen-binding molecule towards I1.-6 receptor-expressing cells.

The binding of a test antigen-binding molecule towards an antigen expressed on the
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™ II

FACSAria™

FACSArray ™

FACSVantage™ SE

FACSCalibur™ (all are trade names of BD Biosciences)

EPICS ALTRA HyPerSort

Cytomics FC 500

EPICS XL-MCL ADC EPICS XT.ADC

Cell Lab Quanta/Cell Lab Quanta SC (all are trade names of Beckman Coulter).

Preferable methods for assaving the binding activity of a test antigen-binding molecule
containing an IL-6 receptor antigen-binding domain towards an antigen include, for example, the
following method.  First, IL-6 receptor-expressing 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
suitable buffer to prepare the molecule at a desired concentration. For example, the molecule
can be used at a concentration within the range of 10 pg/ml to 10 ng/ml.  Then, the fluorescence
intensity and cell count are determined using FACSCalibur (BD). The fluorescence intensity
obtained by analysis using the CELL QUEST Software (BD), /.e., the Geometric Mean value,
reflects the quantity of antibody bound to cells. That is, the binding activity of a test
antigen-binding molecule, which is represented by the quantity of the test antigen-binding
molecuie bound, can be determined by measuring the Geometric Mean value.

Whether a test antigen-binding molecule containing an IL-6 receptor antigen-binding
domain shares a common epitope with another antigen-binding molecule can be assessed based

on the competition between the two molecules for the same epitope. The competition between
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antigen-binding molecules can be detected by cross-blocking assay or the like. For example,
the competitive ELISA assay is a preferred cross-blocking assay.

Specifically, in cross-blocking assay, the IL-6 receptor protein immobilized to 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 molecule is added thereto. The
quantity of test antigen-binding molecule bound to the IL-6 receptor protein in the wells is
mdirectly correlated with the binding ability of a candidate competitor antigen-binding molecule
that competes for the binding to the same epitope. That is, the greater the affinity of the
competitor antigen-binding molecule for the same epitope, the lower the binding activity of the
test antigen-binding molecule towards the IL-6 receptor protein-coated wells,

The guantity of the test antigen-binding molecule bound to the wells via the IL-6
receptor protein can be readily determined by labeling the antigen-binding molecule in advance.
For example, a biotin-labeled antigen-binding molecule is measured using an avidin/peroxidase
conjugate and appropriate substrate. In particular, cross-blocking assay that uses enzyme labels
such as peroxidase is called “competitive ELISA assay”. The antigen-binding molecule can
also be labeled with other labeling substances that enable detection or measurement,
Specifically, radiolabels, fluorescent labels, and such are known.

When the candidate competitor antigen-binding molecule can block the binding by a
test antigen-binding molecule containing an IL-6 receptor antigen-binding domain by at least
20%, preferably at least 20 to 50%, and more preferably at least 50% compared to the binding
activity in a conirol experiment conducted in the absence of the competitor antigen-binding
molecule, the test antigen-binding molecule is determined to substantially bind to the same
epitope bound by the competitor antigen-binding molecule, or compete for the binding to the
same epitope.

When the structure of an epitope bound by a test antigen-binding molecule containing
an IL-6 receptor 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 mitroducing amino
actd 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 into which a mutation is introduced
are compared in the above ELISA format. Besides the ELISA methods, the binding activity
towards the mutant peptide bound to a column can be determined by flowing test and control
antigen-binding molecules in the column, and then quantifying the antigen-binding molecule
eluted in the elution solution. Methods for adsorbing a mutant peptide to a column, for

example, in the form of a GST fusion peptide, are known.



10

15

20

25

30

41

Alternatively, when the identified epitope is a conformational epitope, whether test and
contro! antigen-binding molecules share a common epitope can be assessed by the following
method.  First, IL-6 receptor-expressing cells and cells expressing IL-6 receptor with a mutation
introduced into the epitope are prepared. The test and control antigen-binding molecules are
added to a cell suspension prepared by suspending these cells in an appropriate buffer such as
PBS. Then, the cell suspensions are appropriately washed with a buffer, and an FITC-labeled
antibody that recognizes the test and control antigen-binding molecules is added thereto. The
fluorescence intensity and number of cells stained with the labeled antibody are determined
using FACSCalibur (BD). The test and control antigen-binding molecules are appropriately
diluted using a suitable buffer, and used at desired concentrations. For example, they may be
used at a concentration within the range of 10 ng/ml to 10 ng/ml.  The fluorescence intensity
determined by analysis using the CELL QUEST Software (BD), i.e., the Geometric Mean value,
reflects the quantity of labeled antibody bound to cells.  That is, the binding activities of the test
and control antigen-binding molecules, which are represented by the guantity of labeled antibody
bound, can be determined by measuring the Geometric Mean value.

In the above method, whether an antigen-binding molecule does “not substantially bind
to cells expressing mutant IL-6 receptor” can be assessed, for example, by the following method.
First, the test and control antigen-binding molecuies bound to cells expressing mutant IL-6
receptor are stained with a labeled antibody. Then, the fluorescence intensity of the cells is
determined. When FACSCalibur is used for fluorescence detection by flow cytometry, the
determined fluorescence intensity can be analyzed using the CELL QUEST Software. From the
Geometric Mean values in the presence and absence of the polypeptide complex, the comparison
value (AGeo-Mean) can be calculated according to the following formula to determine the ratio

of increase in fluorescence intensity as a result of the binding by the antigen-binding molecule.

AGeo-Mean = Geo-Mean (in the presence of the polypeptide complex)/Geo-Mean (in the
absence of the polypeptide complex}

The Geometric Mean comparison value (AGeo-Mean value for the mutant IL-6 receptor
molecuie) determined by the above analysis, which reflects the quantity of a test antigen-binding
molecuie bound to cells expressing mutant IL-6 receptor, is compared to the AGeo-Mean
comparison value that refiects the quantity of the test antigen-binding molecule bound to IL-6
receptor-expressing cells.  In this case, the concentrations of the test antigen-binding molecule
used to determine the AGeo-Mean comparison values for IL-6 receptor-expressing cells and cells
expressing mutant IL-6 receptor are particularly preferably adjusted to be equal or substantially

equal. An antigen-binding molecule that has been confirmed to recognize an epitope in IL-6
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receptor is used as a control antigen-binding molecule.

If the AGeo-Mean comparison value of a test antigen-binding molecule for cells
expressing mutant [L-6 receptor is sméﬂer than the AGeo-Mean comparison value of the test
antigen-binding molecule for IL-6 receptor-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 11-6 receptor™.  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.

Antigen-binding domain

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 contained in the in vivo cell
membrane protein Avimer (WO 2004/044011, WO 2005/040229);
Adnectin containing the 10Fn3 domain which binds to the protein moiety of {ibronectin, a
glycoprotein expressed on cell membrane (WO 2002/032925);
Affibody which is composed of a 58-amino acid three-helix bundle based on the scaffold of the .
IeG-binding domain of Protein A (WO 1995/001937);
Designed Ankyrin Repeat proteins (DARPIns) which are a region exposed on the molecular
surface of ankyrin repeats (AR) having a structure in which a subunit consisting of a turn
comprising 33 amino acid residues, two antiparallel helices, and a loop is repeatedly stacked
(WO 2002/020565);
Anticalins and such, which are domains consisting of four loops that support one side of a barrel
structure composed of eight circularly arranged antiparaliel strands that are highly conserved
among lipocalin molecules such as neutrophil gelatinase-associated lipocalin (NGAL) (WO
2003/029462); and
the concave region formed by the parallel-sheet structure inside the horseshoe-shaped structure
constituted by stacked repeats of the leucine-rich-repeat (LRR) module of the variable
tymphocyte receptor (VLR) which does not have the immunogiobulin structure and is used in the
system of acquired immunity in jawless vertebrate such as lampery and hagfish (WO
2008/016854). Preferred antigen-binding domains of the present invention include, for
example, those having antibody heavy-chain and light-chain variable regions. Preferred

examples of antigen-binding domains include “single chain Fv (sc¢Fv)”, “single chain antibody”,
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“Fv7, “single chain Fv 2 (scFv2)”, “Fab”, and “F(ab’)2".

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

Specificity

“Specific” means that one of molecules that specifically binds to does not show any
significant binding to molecules other than a single or a number of binding partner molecules.
Furthermore, “specific” is also used when an antigen-binding domain is specific to a particular
epitope among multipie epitopes in an antigen. When an epitope bound by an antigen-binding
domain is contained in multiple different antigens, antigen-binding molecules containing the

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

Antibodies

Herein, “antibody” refers to a natural immunoglobulin or an immunoglobulin produced
by partial or complete synthesis. Antibodies can be isolated from natural sources such as
naturally-occurring plasma and serum, or culture supernatants of antibody-producing
hybridomas. Alteratively, antibodies can be partially or completely synthesized using
techniques such as genetic recombination.  Preferred antibodies include, for example,
antibodies of an immunoglobulin isotype or subclass belonging thereto.  Known human
immunoglobulins include antibodies of the following nine classes (isotypes): IgG1, IgG2, IgG3,
IgG4, 1gAl, IgA2, IgD, IgE, and IgM. Of these 1sotypes, antibodies of the present invention
include IgG1, IgG2, IgG3, and IgG4.

Methods for producing an antibody with desired binding activity are known to those
skilled in the art. Below 1s an example that describes a method for producing an antibody that
binds to IL-6 receptor (anti-IL-6 receptor antibody).  Antibodies that bind to an antigen other
than IL-6 receptor can also be produced according to the example described below.

Anti-IL-6 receptor antibodies can be obtained as polyclonal or monoclonal antibodies
using known methods. The anu-IL-6 receptor antibodies preferably produced are monoclonal
antibodies derived from mammals. Such mammmal-derived monoclonal antibodies include
antibodies produced by hybridomas or host cells transformed with an expression vector carrying
an antibody gene by genetic engineering techniques. “Humanized antibodies” or “chimeric

antibodies” are included in the monocional antibodies of the present invention.
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Monoclonal antibody-producing hybridomas can be produced using known techniques,
for example, as described below.  Specifically, mamsmals are immunized by conventional
immunization methods using an I1-6 receptor protein as a sensitizing antigen. Resulting
immune cells are fused with known parental cells by conventional cell fusion methods. Then,
hybridomas producing an anti-IL-6 receptor antibody can be selected by screening for
monoclonal antibody-producing cells usmg conventional screening methods.

Specifically, monoclonal antibodies are prepared as mentioned below, ‘First, the IL-6
receptor gene whose nucleotide sequence is disclosed in SEQ IID NO: 2 can be expressed to
produce an IL-6 receptor 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-6 receptor is inserted
into a known expression vector, and appropriate host cells are transformed with this vector.

The desired human IT1L-6 receptor protein is purified from the host cells or their culture
supernatants by known methods.  In order to obtain soluble IL-6 receptor from culture
supernatants, for example, a protein consisting of the amino acids at positions 1 to 357 in the
[L-6 receptor polypeptide sequence of SEQ ID NO: 1, such as described in Mullberg et al. (J.
Immunol. (1994) 152 (10), 4958-4968), 1s expressed as a soluble [L-6 receptor, instead of the
1L-6 receptor protein of SEQ ID NO: 1. Purified natural IL-6 receptor protein can also be used
as a sensitizing antigen.

The purified I1.-6 receptor protein can be used as a sensitizing antigen for immunization
of mammals. A partial IL-6 receptor 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 IL-6 receptor, or by inserting a partial IL-6 receptor gene into an expression vector for
expression. Alternatively, a partial peptide can be produced by degrading an IL-6 receptor
protein with a protease. The length and region of the partial IL-6 receptor 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 §
to 50 residues, more preferably 10 to 30 residues can be used as a sensitizing antigen.

For sensitizing antigen, alternatively it 1s possible to use a fusion protein prepared by
fusing a desired partial polypeptide or peptide of the IL-6 receptor protein with a different
polypeptide.  For example, antibody Fc fragments and peptide tags are preferably used to
produce fusion proteins to be used as sensitizing antigens.  Vectors for expression of such
fusion proteins can be constructed by fusing in frame genes encoding two or more desired
polypeptide fragments and mnserting the fusion gene into an expression vector as described above.
Methods for producing fusion proteins are described in Molecular Cloning 2nd ed. (Sambrook, [
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et al., Molecular Cloning 2nd ed., 9.47-9.58 (1989) Cold Spring Harbor Lab. Press). Methods
for preparing IL-6 receptor to be used as a sensitizing antigen, and immunization methods using
IL-6 receptor are specifically described in WO 2003/000883, WO 2004/022754, WO
2006/006693, and such.

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

The above animals are immunized with a sensitizing antigen by known methods.
Generally performed immunization methods include, for example, mtraperitoneal or
subcutaneous injection of a sensitizing antigen into mammals.  Specifically, a sensitizing
antigen is appropriately diluted with PBS (Phosphate-Buffered Saline), physiological saline, or
the like. If desired, a conventional adjuvant such as Freund’s complete adjuvant is mixed with
the antigen, and the mixture is emulsified.  Then, the sensitizing antigen 1s adminstered to a
mammal several times at 4- to 21-day intervals. Appropriate carriers may be used in
mmunization with the sensiﬁzing antigen. In particular, when a low-molecular-weight partial
peptide is used as the sensitizing antigen, it is sometimes desirable to couple the sensitizing
antigen peptide to a carrier protein such as albumin or keyhole limpet hemocyanin for
Immunization.

Alternatively, hybridomas producing a desired antibody can be prepared using DNA
immunization as mentioned below, DNA immunization is an immunization method that
confers immunostimulation by expressing a sensitizing antigen in an animal immunized as a
result of administering a vector DNA constructed to allow expression of an antigen
protein-encoding gene in the animal.  As compared to conventional immunization methods in
which a protein antigen is administered to animals to be immunized, DNA immunization is
expected to be superior in that:

- immunostimulation can be provided while retaining the structure of a membrane profein such
as 1[.-6 receptor; and
- there i3 no need to purify the antigen for immunization.

In order to prepare a monocional antibody of the present invention using DNA
immunization, first, 2 DNA expressing an IL-6 receptor protein is admintstered to an animal to
be immunized. The IL-6 receptor-encoding DINA can be synthesized by known methods such
as PCR. The obtained DNA is inserted into an appropriate expression vector, and then this is
administered to an animal to be immunized. Preferably used expression vectors include, for
example, commercially-available expression vectors such as pcDNA3.1.  Vectors can be

administered to an organism using conventional methods. For example, DNA immunization is
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performed by using a gene gun to introduce expression vector-coated gold particles into cells in
the body of an animal to be immunized. Antibodies that recognized IL-6 receptor can also be
produced by the methods described in WO 2003/104453.

After immunizing a mammal as described above, an increase in the titer of an IL-6
receptor-binding antibody is confirmed in the serum. Then, immune cells are collected from
the mammal, and then subjected to cell fusion. In particular, splenocytes are preferably used as
immune cells.

A mammalian myeloma cell 1s used as a cell to be fused with the above-mentioned
immune cells. The myeloma cells preferably compnise a suitable selection marker for screening.
A selection marker confers characteristics to cells for their survival (or death) under a specific
culture condition. Hypoxanthine-guanine phosphoribosyltransferase deficiency (hereinafter
abbreviated as HGPRT deficiency) and thymidiné kinase deficiency (hereinafter abbreviated as
TK deficiency) are known as selection markers.  Cells with HGPRT or TK deficiency have
hypoxanthine-aminopterin-thymidine sensitivity (hereinafter abbreviated as HAT sensitivity).
HAT-sensitive cells cannot synthesize DNA in a HAT selection medium, and are thus killed.
However, when the cells are fused with normal cells, they can continue DNA synthesis using the
salvage pathway of the normal cells, and therefore they can grow even in the HAT selection
medium.

HGPRT-deficient and TK-deficient cells can be selected in a2 medium containing
6-thioguanine, 8-azaguanine (hereinafter abbreviated as 8AG), or 5’ -bromodeoxyuridine,
respectively.  Normal cells are killed because they incorporate these pyrimidine analogs into
their DNA.  Meanwhile, cells that are deficient in these enzymes can survive in the selection
medium, since they cannot incorporate these pyrimidine analogs. In addition, a selection
marker referred to as G418 resistance provided by the neomycin-resistant gene confers resistance
to 2-deoxystreptamine antibiotics (gentamycin analogs).  Various types of myeloma cells that
are suitable for cell fusion are known.

For example, myeloma cells including the following cells can be preferably used:
P3(P3x63Ag8.653) (1. Immunol. (1979) 123 (4), 1548-1550),

P3x63Ag8U.1 (Current Topics in Microbiology and Immunology (1978)81, 1-7);
NS-1 (C. Eur. J. bnmunol. (1976)6 (7), 511-519);

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

SP2/0 (Nature (1978) 276 (5685), 269-270);

FO (J. Immunol. Methods (1980) 35 (1-2), 1-21);

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

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

Cell fusions between the immunocytes and myeloma cells are essentially carried out
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using known methods, for example, a method by Kohler and Milstein er 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, polyethylene glycol (PEG) and Sendai virns (HVJ). If required, an auxiliary
substance such as dimethyl sulfoxide is also added to improve fusion efficiency.

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

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 weight is about 1,000 to 6,000) prewarmed to about 37°C is added thereto at a
concentration of generally 30% to 60% (w/v). This is gently mixed to produce desired fusion
cells (hybridomas). Then, an appropriate culture medium mentioned above is gradually added
to the cells, and this 1s repeatedly centrifuged to remove the supernatant.  Thus, cell fusion
agents and such which are unfavorable to hybridoma growth can be removed.

The hybridomas thus obtained can be selected by culture using a conventional selective
medium, for example, HAT medium (a culture medium containing hypoxanthine, aminopterin,
and thymidine). Cells other than the desired hybridomas (non-fused cells) can be killed by
continuing culture in the above HAT medium for a sufficient period of time. Typically, the
period is several days to several weeks. Then, hybridomas producing the desired antibody are
screened and singly cloned by conventional limiting dilution methods.

The hybridomas thus obtained can be selected using a selection medium based on the
selection marker possessed by the myeloma used for cell fusion.  For example, HGPRT- or
TK-deficient celis can be selected by culture using the HAT medium (a culture medium
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 mediwm for a sufficient period of time,
Specifically, desired hybridomas can be selected by culture for generally several days to several
weeks. Then, hybridomas producing the desired antibody are screened and singly cloned by
conventional limiting dilution methods.

Desired antibodies can be preferably selected and singly cloned by screening methods
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based on known antigen/antibody reaction.  For example, an IL-6 receptor-binding monoclonal
antibody can bind to IL-6 receptor expressed on the cell surface. Such a monoclonal antibody
can be screened by fluorescence activated cell sorting (FACS).  FACS is a system that assesses
the binding of an antibody to cell surface by analyzing cells contacted with a fluorescent
antibody using laser beam, and measuring the fluorescence emitted from individual cells.

To screen for hybridomas that produce a monoclonal antibody of the present invention
by FACS, IL-6 receptor-expressing cells are first prepared.  Cells preferably used for screening
are mammalian cells in which IL-6 receptor is forcedly expressed.  As control, thé activity of an
antibody to bind to cell-surface 1L-6 receptor can be selectively detected using non-transformed
mammmalian cells as host cells.  Specifically, hybridomas producing an anti-IL-6 receptor
monoclonal antibody can be isolated by selecting hybridomas that produce an antibody which
binds to cells forced to express 1L-6 receptor, but not to host cells.

Alternatively, the activity of an antibody to bind to immobilized IL-6
receptor-expressing cells can be assessed based on the principle of ELISA.  For example, IL-6
receptor-expressing cells are immobilized to the wells of an ELISA plate,  Culture supernatants
of hybridomas are contacted with the immobilized cells in the wells, and antibodies that bind to
the immobilized cells are detected. When the monoclonal antibodies are derived from MOUse,
antibodies bound to the cells can be detected using ar anti-mouse immunoglobulin antibody.
Hybridomas producing a desired antibody 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 hybridomas thus prepared can be passaged in a
conventional culture mwedium, and stored in liquid nitrogen for a long period.

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

Antibodies encoded by antibody genes that are cloned from antibody-producing cells
such as the above hybridomas can also be preferably used. A cloned antibody gene 1s inserted
into an appropriate vector, and this is introduced into a host to express the antibody encoded by
the gene.  Methods for isolating anfibody genes, inserting the genes into vectors, and
transforming host cells have already been established, for example, by Vandamme ef al. (Bur. I,
Biochem. (1990) 192(3), 767-775). Methods for producing recombinant antibodies are also
known as described below.

For example, a cDNA encoding the variable region (V region) of an anti-IL-6 receptor
antibody is prepared from hybridoma cells expressing the anti-IL-6 receptor antibody.  For this
purpose, total RNA is first extracted from hybridomas. Methods used for extracting mRNAs
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from cells include, for example:
- the guanidine ultracentrifugation method (Biochemistry (1979) 18(24), 5294-5299), and
- the AGPC method (Anal. Biochem. {1987) 162(1), 156-159)

Extracted mRNAs can be purified using the mRNA Purification Kit (GE Healthcare
Bioscience) or such. Alternatively, kits for extracting total mRNA directly from cells, such as
the QuickPrep mRNA Purification Kit (GE Healthcare Bioscience), are also commercially
available. mRNAs can be prepared from hybridomas using such kits. c¢DNAs encoding the
antibody V region can be synthesized from the prepared mRNAS using a reverse transcriptase.
cDNAs can be synthesized using the AMV Reverse Transcriptase First-strand cDNA Synthesis
Kit (Seikagaku Co.} or such. Furthermore, the SMART RACE ¢DNA amplification kit
{Clontech) and the PCR-based 5°-RACE method (Proc. Natl. Acad. Sci. USA (1988) 85(23),
8998-9002; Nucleic Acids Res. (1989) 17(8), 2919-2932) can be appropriately used to synthesize
and amplify ¢cDNAs.  In such a cDNA synthesis process, appropriate restriction enzyme sites
described below may be introduced into both ends of a cDNA.

The ¢cDNA fragment of interest is purified from the resulting PCR product, and then this
1s ligated to a vector DNA. A recombinant vector is thus constructed, and miroduced mto E.
coli or such. After colony selection, the desired recombinant vector can be prepared from the
colony-forming £. coli.  Then, whether the recombinant vector has the cDNA nucleotide
sequence of interest is 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 variabie region.  First, 2 5’-RACE cDNA
library is constructed by ¢cDNA synthesis using RNAs extracted from hybridoma cells as a
template. A comumercially available kit such as the SMART RACE cDNA amplification kit is
appropriately used to synthesize the 5°-RACE cDNA library.

The antibody gene is amplified by PCR using the prepared 5°-RACE ¢DNA 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
(Roche Diagnostics).

Specifically, for example, primers that allow amplification of genes encoding y1, y2a,
v2b, and ¥3 heavy chains and x and % light chains are used to isolate mouse IgG-encoding genes.
In general, a primer that anneals 1o a constant region site ¢lose to the variable region-is used as a
3’-side primer to amplify an IgG variable region gene. Meanwhile, a primer attached to 2 5°

RACE ¢DNA library construction kit is used as a 5’-side primer.
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PCR products thus amplified are used to reshape immunoglobulins composed of a
combination of heavy and light chains. A desired antibody can be selected using the IL-6
receptor-binding activity of a reshaped immunoglobulin as an indicator.  For example, when the
objective is to isolate an antibody against IL-6 receptor, it is more preferred that the binding of
the antibody to IL-6 receptor is specific.  An IL-6 receptor-binding antibody can be screened,
for example, by the following steps:

(1) contacting an IL-6 receptor-expressing cell with an antibody comprising the V region
encoded by a cDNA isolated from a hybridoma;

{2) detecting the binding of the antibody to the IL-6 receptor-expressing cell; and

(3) selecting an antibody that binds to the IL-6 receptor-expressing cell.

Methods for detecting the binding of an antibody to IL-6 receptor-expressing cells are
known. Specifically, the binding of an antibody to IL-6 receptor-expressing cells can be
detected by the above-described techniques such as FACS. Immobilized samples of TL-6
receptor-expressing cells are appropriately used to assess the binding activity of an antibody.

Preferred antibody screening methods that use the binding activity as an indicator also
include panning methods using phage vectors,  Screening methods using phage vectors are
advantageous when the antibody genes are isolated from heavy-chain and light-chain subclass
iibraries from a polyclonal antibody-expressing cell population.  Genes encoding the
heavy-chain and light-chain variabie 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 isolated
by collecting phages bound to the antigen.  This process can be repeated as necessary to enrich
scFv having the binding activity of interest.

After 1solation of the cDNA encoding the V region of the anti-IL-6 receptor antibody of
mterest, the cDNA is digested with restriction enzymes that recognize the restriction sites
introduced mnto both ends of the cDNA. Preferred restriction enzymes recognize and cleave a
nucieotide sequence that occurs in the nucleotide sequence of the antibody gene at a low
frequency. Furthermore, a restriction site for an enzyme that produces a sticky end is preferably
mtroduced into & vector to insert a single-copy digested fragment in the correct orientation.

The cDNA encoding the V region of the anti-IL.-6 receptor antibody is digested as described
above, and this is inserted into an appropriate expression vector to construct an antibody
expression vector.  In this case, if a gene encoding the antibody constant region (C region) and a
gene encoding the above V region are fused in-frame, a chimeric antibody is obtained. Herein,
“chimeric antibody™ means that the origin of the constant region is different from that of the

variable region.  Thus, in addition to mouse/human heterochimeric antibodies, human/human
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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 restriction 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 is constructed by
fusing in frame the two genes digested with the same combination of restriction enzymes.

To produce an anti-1L-6 receptor 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 regulatory region for antibody expression inchudes, for
example, enhancers and promoters. Furthermore, an appropriate signal sequence may be
attached to the amino terminus so that the expressed antibody is secreted to the outside of cells,
In the Exampies described later, a peptide having the amino acid sequence
MGWSCIILFLVATATGVHS (SEQ ID NO: 3} are used as a signal sequence. Meanwhile, other
appropriate signal sequences may be attached. The expressed polypeptide 1s cleaved at the
carboxyl terminus of the above sequence, and the resulting polypeptide is secreted to the outside
of cells as a mature polypeptide.  Then, appropriate host cells are transformed with the
expression Veétor, and recombinant cells expressing the anti-IL-6 receptor 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
molecule having the H and L chains can be expressed by co-transfecting the same host cell with
vectors into which the H-chain and L-chain genes are respectively inserted.  Alternatively, host
cells can be transformed with a single expression vector into which DNAs encoding the H and L
chains are inserted (see WO 1994/11523).

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

(1) mammalian cells: CHO, COS, myeloma, baby hamster kidney (BHK), HelLa, Vero, human
embryonic kidney (HEK) 293, or such;
(2} amphibian cells: Xenopus cocytes, or such; and
(3) insect cells: sf9, sf21, Tn3, or such.
In addition, as a plant cell, an antibody gene expression system using cells derived from

the Nicotiana genus such as Nicotiana tabacum is known, Callus cultured cells can be
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appropriately used to transform plant cells.

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

- yeasts: the Saccharomyces genus such as Saccharomyces cerevisiae, and the Pichia genus
such as Pichia pastoris; and
- filamentous fungi: the Aspergilius 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 subtilis 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
cultored in vifro, and the desired antibody can be prepared from the culture of transformed celis.

In addition to the above-described host cells, transgenic animals can also be used to
produce a recombinant antibody. That is, the antibody can be obtained from an animal into
which the gene encoding the antibody of interest is introduced.  For example, the antibody gene
can be constructed as a fusion gene by inserting in frame into 2 gene that encodes a protein
produced specifically in milk.  Goat $-casein or such can be used, for example, as the protein
secreted inmilk. DNA fragments containing the fused gene inserted with the antibody gene is
injected into a goat embryo, and then this embryo is introduced into a female goat. Desired
antibodies can be obtained as a protein fused with the milk protein from milk produced by the
transgenic goat born from the embryo-recipient goat (or progeny thereof). In addition, to
increase the volume of milk containing the desired antibody produced by the transgenic goat,
hormones can be administered to the transgenic goat as necessary (Ebert, K. M. ef g/,
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
artificially modified to reduce the heterologous antigenicity against human and such, can be
appropriately used as the antigen-binding domain of the complex.  Such genetically
recombinant antibodies include, for example, humanized antibodies. These modified antibodies
are appropriately produced by known methods.

An antibody variable region used to produce the antigen-binding domain of a
polypeptide complex described herein is generally formed by three complementarity-determining
regions (CDRs) that are separated by four framework regions (FRs). CDR is a region that
substantially determines the binding specificity of an antibody. The amino acid sequences of
CDRs are highly diverse.  On the other hand, the FR-forming amino acid sequences often have
high identity even among antibodies with different binding specificities. Therefore, generally,
the binding specificity of a certain antibody can be introduced to another antibody by CDR
grafiing.
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A humanized antibody is also called a reshaped human antibody. Specifically,
humanized antibodies prepared by grafting the CDR of a non-human animal antibody such as a
mouse antibody to a2 human antibody and such are known. Common genetic engineering
techniques for obtaining humanized antibodies are also known.  Specifically, for example,
overlap extension PCR is known as a method for grafting a mouse antibody CDR to a human FR.
In overlap extension PCR, a nucleotide sequeﬁce encoding a mouse antibody CDR to be grafted
is added to primers for synthesizing a human antibody FR.  Primers are prepared for each of the
four FRs. It is generally considered that when grafting a mouse CDR to a human FR, selecting
a human FR that has high identity to a mouse FR is advantageous for maintaining the CDR
function. That is, it is generally preferable to use a human FR comprising an amino acid
sequence which has high identity to the amino acid sequence of the FR adjacent to the mouse
CDR to be grafted.

Nucleotide sequences to be ligated are designed so that they will be connected to each
other in frame. THuman FRs are individually synthesized using the respective primers. Asa
result, products in which the mouse CDR-encoding DNA is attached to the individual
FR-encoding DNAs are obtained. Nucleotide sequences encoding the mouse CDR of each
product are designed so that they overlap with each other.  Then, complementary strand
synthesis reaction is conducted to anneal the overlapping CDR regions of the products
synthesized using a human antibody gene as template. Human FRs are ligated via the mouse
CDR sequences by this reaction. .

The full length V region gene, in which three CDRs and four FRs are ultimately ligated,
is amplified using primers that anneal to its 5’- or 3’-end, which are added with suitabl
restriction enzyme recognition sequences.  An expression vector for humanized antibody can be
produced by inserting the DNA obtained as described above and a DNA that encodes a human
antibody C region into an expression vector so that they will ligate in frame, After the
recombinant vector is transfected into a host to establish recombinant cells, the recombinant cells
are cultured, and the DNA encoding the humanized antibody is expressed to produce the
humanized antibody in the cell culture (see, European Patent Publication No. EP 239400 and
International Patent Publication No. WQ 1996/002576).

By qualitatively or quantitatively measuring and evaluating the antigen-binding activity
of the humanized antibody produced as described above, one can suifably select human antibody
FRs that allow CDRs to form a favorable antigen-binding site when ligated through the CDRs.
Amino acid residues i 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
mutations can be introduced into FRs by applying the PCR method used for grafting a mouse
CDR into a human FR.  More specifically, partial nucleotide sequence mutations can be
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introduced into primers that anneal to the FR. Nucleotide sequence mutations are introduced
into the FRs synthesized by using such primers.  Mutant FR sequences having the desired
characteristics can be selected by measuring and evaluating the activity of the amino
acid-substituted mutant antibody fo bind to the anﬁgén by the above-mentioned method (Cancer
Res. (1993) 53: 851-856).

Alternatively, desired human antibodies can be obtained by immunizing transgenic
animals having the entire repertoire of human antibody genes (see WO 1993/012227; WO
1992/003918; WO 1994/002602; WO 1994/025585; WO 1996/034096; WO 1996/033735) by
DNA immunization.

Furthermore, techniques for preparing human antibodies by panning using human
antibody libraries are also known. For example, the V region of & human antibody is expressed
as a single-chain antibody (scI'v) 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
expression vector IS prepared by fusing the V region sequence i frame with the C region
sequence of a desired human antibody, and inserting this into an appropriate expression vector.
The expression vector is introduced into cells appropriate for expression such as those described
above. The human antibody can be produced by expressing the human antibody-encoding gene
in the cells. These methods are already known (see WO 1992/001047;, WO 1992/020791; WO
1993/006213; WO 1993/011236; WO 1993/019172; WO 1995/001438; WO 1995/015388).

In addition to the techniques described above, techniques of B cell cloning
(identification of each antibody-encoding sequence, cloning and its isolation; use in constructing
expression vector in order to prepare each antibody (IgG1, 1G2, 1gG3, or IgG4 in particular);
and such) such as described in Bernasconi er al. (Science (2002) 298: 2199-2202) or in WO
2008/081008 can be appropriately used to isolate antibody genes.

FU numbering system and Kabat’s numbering svstem

According to the methods used in the present invention, amino acid positions assigned
to antibody CDR and FR are specified according to Kabat’s numbering (Sequences of Proteins of
Immunological Interest (National Institute of Health, Bethesda, Md., 1987 and 1991)). Herein,
when an antigen-binding molecule is an antibody or antigen-binding fragment, variable region
amino acids are indicated according to Kabat’s numbering system, while constant region amino

acids are indicated according to EU numbering system based on Kabat’s amino acid positions.

Conditions of ion concentration
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Conditions of metal ion concentration

In a non-limiting embodiment of the present invention, the ion concentration refers to a
metal ion concentration. "Metal ions" refer to ions of group I elements except hydrogen such as
alkaline metals and copper group elements, group II elements such as alkaline earth metals and
zine group elements, group III elements except boron, group IV elements except carbon and
silicon, group VIII elements such as iron group and platinum group elements, elements
belonging to subgroup A of groups V, VI, and VII, and metal elements such as antimony, bismuth,
and polonium. Metal atoms have the property of releasing valence electrons to become cations.
This is referred to as ionization tendency. Metals with strong ionization tendency are deemed
to be chemically active.

In the present invention, preferred metal 1ons include, for example, calcium ion.
Calcium ion is involved in modulation of many biological phenomena, including contraction of

muscles such as skeletal, smooth, and cardiac muscles; activation of movement, phagocytosis,

‘and the like of leukocytes; activation of shape change, secretion, and the like of platelets;

activation of lymphocytes; activation of mast cells including secretion of histamine; cell
responses mediated by catecholamine o receptor or acetylcholine receptor; exocytosis; release of
transimitter substances from neuron terminals; and axoplasmic flow in neurons. Known
intraceflular calcivm ion receptors include troponin C, calmoedulin, parvalbumin, 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 Weli—known motifs include, for example, cadherin domains, EF-hand of
calmodulin, C2 domain of Protein kinase C, Gla domain of blood coagulation protein Factor IX,
C-type lectins of acyaroglycoprotein receptor and mannose-binding receptor, A domains of LDL
receptors, annexin, thrombospondin type 3 domain, and EGF-like domains.

in the present invention, when the metal ion is calcium ion, the conditions of caleium
ion concentration include low calcium ion concentrations and high calcium ion concentrations.
“The binding activity varies depending on caicium ion concentrations” means that the
antigen-binding activity of an antigen-binding molecule varies due to the difference in the
conditions between low and high calcium ion concentrations.  For example, the antigen-binding
activity of an antigen-binding molecule may be higher at a high calcium ion concentration than
at a low calcium ion concentration. Alternatively, the antigen-binding activity of an
antigen-binding molecule may be higher at a low calcium ion concentration than at a high
calcium ion concentration.

Herein, the high calcium ion concentration is not particularly limited to a specific value;
however, the concentration may preferably be seiected between 100 uM and 10 mM.  In

another embodiment, the concentration may be selected between 200 uM and 5mM. Inan
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alternative embodiment, the concentration may be selected between 500 pM and 2.5 mM. In
still another embodiment, the concentration may be selected between 200 uM and 2 mM.
Furthenmore, the concentration may be selected between 400 uM and 1.5 mM. In particular, a
concentration selected between 500 uM and 2.5 mM, which is close to the plasma (blood)
concentration of calcium ion in vive, is preferred.

Herein, the low calcium ion concentration is not particularly limited to a specific value;
however, the concentration may preferably be selected between 0.1 uM and 30 uM.  In another

embodiment, the concentration may be selected between 0.2 uM and 20 uM.  In still another

‘embodiment, the concentration may be selected between 0.5 pM and 10 M.  In an alternative

embodiment, the concentration may be selected between 1 uM and 5 uM.  Furthermore, the
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 ionized calcium in early
endosomes in vivo, is preferred.

Herein, "the antigen-binding activity is lower at a low calcium ion concentration than at
a high calcium ion concentration” means that the antigen-binding activity of an antigen-binding
molecule 1s weaker at a calcium ion concentration selected between 0.1 pM and 30 uM than at a
calcium 1on concentration selected between 100 uM and 10 mM.  Preferably, it means that the
antigen-binding activity of an antigen-binding molecule is weaker at a calcium ion concentration
selected between 0.5 pM and 10 pM than at a calcium ion concentration selected between 200
uM and 5 mM. It particularly preferably means that the antigen-binding activity at the calcium
ion concentration in the early endosome in vivo is weaker than that at the in vivo plasma calcium
ion conceniration; and specifically, it means that the antigen-binding activity of an
antigen-binding molecuie 18 weaker at a calcium ion concentration selected between 1 uM and 5
uM than at 2 calcium ion concentration selected between 500 uM 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 ion
concentrations is compared.

In the present invention, the expression “the antigen-binding activity is lower at a low
calcium ion concentration than at a high caleium ion concentration” can also be expressed as
“the antigen-binding activity of an antigen-binding molecule is higher at a high calcium ion
concentration than at a low calcium ion concentration™.  In the present invention, “the

antigen-binding activity is lower at a low calcium ion concentration than at a high calcium ion
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concentration” is sometimes written as “the -antigen-binding ability is weaker at a low calcium
ion concentration than at a high calcium ion concentration™.  Also, “the antigen-binding activity
at a low calcium lon 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
is made weaker than that at a high calcium 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 particularly
limited. For example, the activity can be determined at 37°C in HEPES buffer. For example,
Biacore (GE Healthcare) or such can be used for the determination. When the antigen is a
soluble antigen, the antigen-binding activity of an antigen-binding molecule can be assessed by
flowing the antigen as an analyte over a chip onto which the antigen-binding molecule is
immobilized. When the antigen is a membrane antigen, the binding activity of an
antigen-binding molecule to the membrane antigen can be assessed by flowing the
antigen-binding molecule as an analyte over a chip onto which the antigen is immobilized.

As long as the antigen-binding activity of an antigen-binding molecule of the present
invention is weaker at a Jow calcium ion concentration than at a high calcium ion concentration,
the ratio of the antigen-binding activity between Iov& and high calcium ion concentrations is not
particularly limited. However, the ratio of the KD (dissociation constant) of the
antigen-binding molecule for an antigen at a low calcium ion concentration with respect to the
KD at a high calcium ion concentration, i.e. the value of KD (3 pM Ca)/KD (2 mM Ca), is
preferably 2 or more, more preferably 10 or more, and still more preferably 40 or more.  The
upper imit of the KD (3 uM Ca)y/KD (2 mM Ca) value is not particularly limited, and may be
any value such as 400, 1000, or 10000 as long as the molecule can be produced by technigues

" known to those skilled in the art.  Furthermore, it may also be specified by the KD (Ca 3

MM)/KD (Ca 1.2 mM) value. Specifically, the KD (Ca 3 pMY/KD (Ca 1.2 mM) value is 2 or
greater, preferably the KD (Ca 3 pM)/KD (Ca 1.2 mM) value is 10 or greater, and more
preferably the KD (Ca 3 uyMyKD (Ca 1.2 mM) value is 40 or greater. The upper limit of the
KD (Ca 3 uMYKD (Ca 1.2 mM) value is not particularly limited, and may be any value such as
400, 1000, or 10000 as long as the molecule can be produced by techniques known to those
skilled in the art. .

When the antigen is a soluble antigen, KD (dissociation constant) can be used to
represent the antigen-binding activity. Meanwhile, when the antigen is a membrane antigen,
apparent KD (apparent dissociation constant) can be used to represent the activity,. KD
(dissociation constant) and apparent KD (apparent dissociation constant) can be determined by
methods known to those skilled in the art, for example, using Biacore (GE healthcare), Scatchard

plot, or flow cytometer,
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Alternatively, for example, the dissociation rate constant (kd) can also be preferably
used as an index to represent the ratio of the antigen-binding activity of an antigen-binding
molecule of the present invention between low and high calcium concentrations.  When the
dissociation rate constant (kd) is used instead of the dissociation constant (KD) as an index to
represent the binding activity ratio, the ratio of the dissociation rate constant (kd) between low
and high calcium concentrations, i.e. the value of kd (fow calcium concentration)/kd (high
calcium concentration), is preferably 2 or more, more preferably 5 or more, still more preferably
10 or more, and vet more preferably 30 or more.  The upper hmit of the Kd (low calcium
concentration)’kd (high calcium concentration) value is not particularly limited, and can be any
value such as 50,. 100, or 200 as long as the molecule can be produced by techniques known to
those skilied 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
constant) can be determined by methods known to those skilled in the art, for example, using
Biacore (GE healthcare) or flow cytometer. In the present invention, when the antigen-binding
activity of an antigen-binding molecule is determined at different calcium ion concentrations, it
18 preferable to use the same conditions except for the calcium concentrations.

For example, an antigen-binding domain or antibody whose antigen-binding activity is
jower at a low calcium ion concentration than at a high calcium ion concentration, which is one
embodiment of the present invention, can be obtained via screening of antigen-binding domains
or antibodies inciuding the steps of: |
(a) determining the antigen-binding activity of an antigen-binding domain or antibody at a low
calcium concentration;

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

{(c) selecting an antigen-binding domain or antibody whose antigen-binding activity is lower at a
low calcium concentration than at a high calcium concentration.

Moreover, an antigen-binding domain or antibody whose antigen-binding activity is
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 via screening of antigen-binding domains
or antibodies, or a library thereof, including the steps of:

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

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

Furthermore, an antigen-binding domain or antibody whose antigen-binding activity is
lower at a low calcium ion concentration than at a high calcium ion concentration, which is one
embodiment of the present invention, can be obtained via screening of antigen-binding domains
or antibodies, or a library thereof, including the steps of:

(a) contacting an antigen with a library of antigen-binding domains or antibodies at a low
calcium concentration;

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

In addition, an antigen-binding domain or antibody whose antigen-binding activity is
lower at a low calcium 1on 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 at a high calcium concentration a library of anfigen-binding domaing or antibodies
with a column onto which an antigen is immobilized;

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

(¢) isolating the antigen-~binding domain or antibody eluted in sten (b).

Furthermore, an antigen-binding domain or anfibody whose antigen-binding activity is
lower at 2 low calcium ion concentration than at a high calcium ion concentration, which is one
embodiment of the present invention, can be obtained by a screening method comprising the
steps of:

{(a) allowing af 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
columm in step (a);

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

(d) isolating an antigen-binding domain or antibody that has bound to the antigen in step (c).

Moreover, an antigen-binding domain or antibody whose antigen-binding activity is
lower at a low calcium ion concentration than at a high calcium ion concentration, which is one

embodiment of the present invention, can be obtained by a screening method comprising the
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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 activity in step (c) is
weaker than the criterion for the selection of step (b).

The above-described steps may be repeated twice or more times.  Thus, the present
mvention provides antigen-binding -domains or antibodies whose antigen-binding activity is
lower at a low calcium ion concentration than at a high calcium ion concentration, which are
obtained by screening methods that further comprises the step of repeating twice or more times
steps (a) to (¢) or (a) to (d) in the above-described screening methods.  The number of cycles of
steps {a) to {c) or (a} to (d) is not particularly imited, but generally is 10 or less.

In the screening methods of the present mvention, the antigen-binding activity of an
antigen-binding domain or antibody at a low calcium concentration is not particularly limited as
long as it is antigen-binding activity at an ionized calcium concentration of between 0.1 uM and
30 uM, but preferably is antigen-binding activity at an ionized calcium concentration of between
0.5 uM and 10 pM.  More preferably, it is antigen-binding activity at the ionized calcium
concentration in the early endosome in vivo, specifically, between I uM and 5 pM.  Meanwhile,
the antigen-binding activity of an antigen-binding domain or antibody at a high calcium
concentration is not particularly limsted, as long as it is antigen-binding activity at an jonized
calcium concentration of between 100 uM and 10 mM, but preferably is antigen-binding activity
at an ionized calcium concentration of between 200 UM and 5 mM. More preferably, it is
antigen-binding activity at the ionized calcium concentration in plasma in vive, 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 determined by methods known to those skitled
in the art, for example, using Biacore (GE healthcare), Scatchard plot, or FACS.

In the present invention, the step of selecting an antigen-binding domain or antibody
whose antigen-binding activity is higher at a high calcium concentration than at a low calcium

concentration is synonymous with the step of selecting an antigen-binding domain or antibody
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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
calcium concentrations is not particularly limited; however, the antigen-binding activity at a high
calcium concentration is preferably twice or more, more preferably 10 times or more, and still
more preferably 40 times or more than that at a low calcium concentration.

Antigen-binding domains or antibodies of the present invention to be screened by the
screening methods described above may be any antigen-binding domains and antibodies. For
example, it is possible to screen the above-described antigen-binding domains or antibodies.

For example, antigen-bmding domains or antibodies having natural sequences or substituted

amino acid sequences may be screened.

Libraries

In an embodiment, an antigen-binding domain or antibody of the present invention can
be obtained from a library that is mainly composed of a plurality of antigen-binding molecules
whose sequences are different from one another and whose antigen-binding domains have at
least one amino acid residue that alters the antigen-binding activity of the antigen-binding
molecules depending on ion concentrations. 'The ion concentrations preferably include, for
example, metal ion concentration and hydrogen ion concentration.

Herein, a "library" refers to a plurality of antigen-binding molecules or a plurality of
fusion polypeptides containing antigen-binding molecules, or nucleic acids or polynucleotides
encoding their sequences. The sequences of a plurality of antigen-binding molecules or a
plurality of fusion polypeptides containing antigen-binding molecules in a library are not
identical, but are different from one another,

Herein, the phrase "sequences are different from one another” in the expression "a
plurality of antigen-binding molecules whose sequences are different from one another" means
that the sequences of antigen-binding molecules in a library are different from one another.
Specifically, in a library, the mamber of sequences different from one another reflects the number
of independent clones with different sequences, and may also be referred to as "library size".
The library size of a conventional phage display library ranges from 10° to 10'2.  The library
size can be increased up to 10" by the use of known techniques such as ribosome display.
However, the actual number of phage particles used in panning selection of a phage library is in
general 10-10000 times greater than the library size. This excess multiplicity is also referred to
as "the number of library equivalents", and means that there are 10 to 10,000 individual clones

that have the same amino acid sequence. Thus, in the present invention, the phrase "sequences
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are different from one another" means that the sequences of independent antigen-binding
molecules in a library, excluding library equivalents, are different from one another. More
specifically, the above means that there are 10° to 10" antigen-binding molecules whose
sequences are different from one another, preferably 107 to 10' molecules, more preferably 10°
to 10" molecules, and particularly preferably 10° to 10" molecules whose sequences are
different from one another.

Herein, the phrase "a plurality of" in the expression "a library mainly composed of a
plurality of antigen-binding molecules” generally refers to, in the case of, for example,
antigen-binding molecules, fusion polypeptides, polynucleotide molecules, vectors, or viruses of
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 exampile,
when there are two or more antigen-binding molecules of the present invention whose 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
plurality of antigen-binding molecules of the present invention.  In another example, when there
are two or more polynucieotide molecules whose sequenices are substantially the same or
preferably the same except for nucleotides encoding flexible residues or nucleotides encoding
mutant amimo acids of hypervariable positions exposed on the surface, there are a plurality of
polynucleotide molecules of the present invention.

In addition, herein, the phrase "mainly composed of" in the expression "a library mainly
composed of a plurality of antigen-binding molecules” reflects the number of antigen-binding
molecules whose antigen-binding activity varies depending on ion concentrations, among
independent clones with different sequences in a library.  Specifically, it is preferable that there
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 domams 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 obtained from a library
containing at least 107 antigen-binding molecules having such binding activity. Yet more
preferably, antigen-binding domains of the present invention can be obtained from a library
containing at least 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
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number of independent clones having different sequences in a library.  Specifically,
antigen-binding domains of the present invention can be obtained from a library m 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 library.  In the case
of fusion polypeptides, polynucleotide molecules, or vectors, similar expressions may be
possible using the number of molecules or the ratio to the total number of molecules.  In the
case of viruses, similar expressions may also be possible using the mumber of virions or the ratio

10 total number of virions.

Amino acids that alter the antigen-binding activity of antigen-binding domaings depending on
calcium ion concentrations

Antigen-binding domains or antibodies of the present invention to be screened by the

-above-described screening methods may be prepared in any mammer.  For example, when the

metal ion 1s calcium jon, it is possibie to use preexisting antibodies, preexisting libraries (phage
library, etc.), antibodies or libraries prepared from hybridomas obtained by inumunizing animals
or from B cells of immunized anitnals, antibodies or libraries 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 libraries (calcium-chelatable amino
acids (such as aspartic acid and glutamic acid), libraries with increased content of unnatural
amino acids, libraries prepared by introducing calcium-chelatable amino acids {such as aspartic
acid and glutamic acid) or unnatural amino acid mutations at particular positions, or the like.
Examples of the amino acids that alter the antigen-binding activity of antigen-binding
molecules depending on ion concentrations as described above may be any types of amano acids
as long as the amino acids form a calcium-binding motif. Calcium-binding motifs are well
knoWn to those skilled in the art and have been described n details (for example, Springer et al.
(Cell (2000) 102, 275-277), Kawasaki and Kretsinger (Protein Prof. (1995) 2, 305-490);
Moncrief ef al. (J. Mol. Evol. (1990) 30, 522-562}; Chauvaux ef al. (Biochem. J. (1990) 265,
261.265); Bairoch and Cox (FEBS Lett. {1990) 269, 454-456); Davis (New Biol. (1990) 2,
410-419); Schaefer ef al. (Genomics (1995) 25, 638-643); Economou er al. (EMBO J. (1990) 9,
349.354); Wurzburg er al. (Structure, (2006) 14, 6, 1049-1058)).  Specifically, any known
calcium-binding motifs, including type C lectins such as ASGPR, CD23, MBR, and DC-SIGN,
can be included in antigen-binding molecules of the present invention. Preferred examples of
such preferred calcium-binding motifs also include, in addition to those described above, for
example, the calcium-binding motif in the antigen-binding domain of SEQ ID NO: 4, 9, or 10.

Furthermore, as amino acids that alter the antigen-binding activity of antigen-binding
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molecules depending on calcium ion concentrations, for example, amino acids having
metal-chelating activity may also be preferably used. Examples of such metal-chelating amino
acids include, for example, serine {Ser(S}), threonine (Thr(T}), asparagine (Asn(N)), glutamine
{GIn(Q)), aspartic acid {(Asp(D)), and glutamic acid (Glu(E)).

Positions m the antigen-binding domains at which the above-described amino acids are
contained are not particularly limited to particular positions, and may be any positions within the
heavy chain variable region or light chain variable region that forms an antigen-binding domain,
as long as they alter the antigen-binding activity of antigen-binding molecules depending on
caleinm ion concentrations.  Specifically, antigen-binding domains of the present invention can
be obtained from a library mamnly composed of antigen-binding molecules whose sequences are
different from one another and whose heavy chain antigen-binding domains contain amino acids
that alter the antigen-binding activity of the antigen-binding molecules depending on calcium ion
concentrations. In another non-limiting embodiment, antigen-binding domains of the present
mvention can be obtained from a library mainly composed of antigen-binding molecuies whose
sequences are different from one another and whose heavy chain CDR3 domains contain the
above-mentioned amino acids. In still another non-limiting 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 heavy
chain CDR3 domains contain the above-mentioned amino acids at positions 95, 96, 100a, and/or
101 as indicated according to the Kabat numbering system.

Meanwhile, in a non-limiting embodiment of the present invention, antigen-binding
domains of the present invention can be obtained from a library mainly composed of
antigen-binding molecuies whose sequences are different from one another and whose light
chain antigen-binding domains contain amino acids that alter the antigen-binding activity of
antigen-binding molecules depending on calcium ion concentrations.  In another embodiment,
antigen-binding domains 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 invention can be obtained from a library
mainly composed of antigen-binding molecules whose sequences are different from one another
and whose light chain CDR] domains contamn the above-mentioned amino acids at positions 30,
31, and/or 32 as mdicated according to the Kabat numbering system.

In another non-limiting embodiment, antigen-binding domains of the preseni 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
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provides libraries mainly composed of antigen-binding molecules whose sequences are different
from one another and whose light chain CDR2 domains contain the above-mentioned amino acid
residues at position 50 as indicated according to the Kabat numbering system.

In still another non-limiting embodiment of the present imvention, 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 CDR3 domaing contain the above-mentioned amino acid residues. In an alternative

 embodiment, antigen-binding domains of the present invention can be obtained from a library

mainly composed of antigen-binding molecules whose sequénces are different from one another
and whose light chain CDR3 domains contain the above-mentioned amino acid residues at
position 92 as indicated according to the Kabat numbering system.

Furthermore, in a different embodiment of the present invention, antigen-binding
domains of the present invention can be obtained from a library mainly composed of
antigen-binding molecules whose sequences are different from one another and 1 whach two or
three CDRs selected from the above-described light chain CDR1, CDR2, and CDR3 contain the
aforementioned amino acid residues. Moreover, antigen-binding domains of the present
invention can be obtained from a library mainty composed of antigen-binding molecules whose
sequences are different from one another and whose light chains contain the aforementioned
amino acid residues at any one or more of positions '30, 31, 32, 50, and/or 92 as indicated
according to the Kabat numbering system.

In a particularly preferred embodiment, the framework sequences of the light chain
and/or heavy chain variable region of an antigen-binding molecule preferably contain human
germ line framework sequences. Thus, in an embodiment of the present invention, when the
framework sequences are completely human sequences, it is expected that when such an
antigen-binding molecule of the present invention is administered to humans (for exarnple, to
treat diseases), it induces little or no immunogenic response.  In the above sense, the phrase
"containing a germ line sequence” in the present invention means that a part of the framework
sequences of the present invention is identical to a part of any human germ line framework
sequences. For example, when the heavy chain FR2 sequence of an antigen-binding molecule
of the present invention is a combination of heavy chain FR2 sequences of different human germ
line framework sequences, such a molecule is also an antigen-binding molecule of the present
invention "containing a germ line sequence”.

Preferred examples of the frameworks include, for example, fully human framework
region sequences currently known, which are included in the website of V-Base
{(http://vbase.mre-cpe.cam.ac.uk/) or others.  Those framework region sequences can be

appropriately used as a germ line sequence contained in an anfigen-binding molecule of the



10

15

20

25

30

35

66

present mvention. The germ line sequences may be categorized according to their similarity
(Tomlinson et al. (J. Mol. Biol. (1992) 227, 776-798); Williams and Winter (Eur. J. Immunol.
(1993) 23, 1456-1461); Cox et al. (Nat. Genetics (1994) 7, 162-168)). Appropriate germn line
sequences can be selected from Vi, which is grouped into seven subgroups; VA, which is
grouped into ten subgroups; and VH, which is grouped into seven subgroups.

Fully human VH sequences preferably mclude, but are not limited to, for example, VH
sequences of:
subgroup VHI (for example, VH1-2, VH1-3, VHI-§, VHI-18, VHI1-24, VH1-45, VH1-46,
VH1-58, and VH1-69);
subgroup VH2 (for example, VH2-35, VH2-26, and VH2-70);
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,
VH3-72, VH3-73, and VH3-74);
subgroup VH4 (VH4-4, VH4-28, VH4-31, VH4-34, VH4-39, VH4-59, and VH4-61);
subgroup VH5 (VHS5-51);
subgroup VH6 (VH6-1); and
subgroup VH7 (VH7-4 and VH7-81).

These are also described in known documents (Matsuda er o/, (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.
1t 15 also preferable to use other fully human frameworks or framework sub-regions.

Fully human VK sequences preferably include, but are not limited to, for example:
A20,A30, 11,14, 15 18 19 L11,Li2, L14, L15, 18, L19,122,1.23,1.24, 02, 04, 08, 012,
(014, and 018 grouped into subgroup Vk1;

Al A2, A3, A5 A7, A17, Al18, A19, A23, O1, and Ol1, grouped into subgroup VK2,
Al1,A27, L2, 16, 110, L16, L.20, and L25, grouped into subgroup Vk3;

B3, grouped into subgroup Vk4;

B2 (herein also referred to as Vk5-2), grouped into subgroup Vk5; and

Al10, Al4, and A26, grouped into subgroup VK6

(Kawasaki er al. (Eur. J. Immunol. (2001) 31, 1017-1028); Schable and Zachau (Biol. Chem,
Hoppe Seyler (1993) 374, 1601-1022); Brensing-Kuppers et al. (Gene (1997) 191, 173-181)).

Fully human VL sequences preferably include, but are not limited to, for example:
Vi-2,V1-3, V14, V1-5, V1-7, V1-9, V1-11, V1-13, V1-16, V1-17, V1-18, V1-19, V1-20, and
V1-22, grouped into subgroup VLI;

V2-1,V2-6,V2-7, V2-8, V2-11, V2-13, V2-14, V2-15, V2-17, and V2-19, grouped into
subgroup VLI;
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V3-2, V3-3, and V3-4, grouped into subgroup VL3;

V4-1, V4-2, V4-3, V4-4, and V4-6, grouped into subgroup VL4; and

V5-1, V5-2, V5-4, and V5-6, grouped into subgroup VL5 (Kawasaki et al. (Genome Res. (1997)
7, 250-261)).

Normally, these framework sequences are different from one another at one or more
amino acid residues. These framework sequences can be used in combination with "at least one
amino acid residue that alters the antigen-binding activity of an antigen-binding molecule
depending on 1on concentrations" of the present invention.  Other examples of the fully human
frameworks used m combination with "at least one amino acid residue that alters the
antigen-binding activity of an antigen-binding molecule depending on ion concentrations” of the
present invention include, but are not limited to, for example, KOL, NEWM, REL EU, TUR,
TEL LAY, and POM (for example, Kabat ef al. (1991} supra; Wu et al. (J. Exp. Med. (1970) 132,
211-250)).

Without being bound by a particular theory, one reason for the expectation that the use
of germ Line sequences precludes adverse immune responses in most mdividuals is believed to be
as follows. As aresult of the process of affinity maturation during normal immune responses,
somatic mutation occurs frequently in the variable regions of immunoglobulin.  Such mutations
mostly oceur around CDRs whose sequences are hypervariable, but also affect residues of |
framework regions. Such framework mutations do not exist on the germ line genes, and also
they are less likely to be immunogenic in patients.  On the other hand, the normal human
population 1s exposed to most of the framework sequences expressed from the germ line genes.
Ag aresult of immunotolerance, these germ line frameworks are expected to have low or no
immunogenicity in patients. To maximize the possibility of immunotolerance, variable
region-encoding genes may be selected from a group of commonly occurring functional germ
line genes.

Known methods such as site-directed mutagenesis (Kunkel ez af. (Proc. Natl. Acad. Sci.
USA (1985) 82, 488-492}) and overlap extension PCR can be appropriately emplovyed 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
molecuies 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 vaniable region selected as a framework sequence originally containing
at least one amino acid residue that alters the antigen-binding activity of the antigen-binding

molecule depending on calcium ion concentrations.,  Non-limiting examples of such libraries
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when the ion concentration 1s calcium ion concentration include a Hibrary in which a light chain
variable region sequence belonging to the Vk5-2 family represented by the light chain variable
region sequence of SEQ ID NO: 4 (Vk5-2) is combined with heavy chain variable regions
produced as a randomized variable region sequence library.

Alte}natively, a light chain vanable region sequence selected as a framework region
originally containing at least one amino acid residue that alters the antigen-binding activity of an
antigen-binding molecule as mentioned above can be design to contain various amino acid
residues other than the above amino acid residues.  Herein, such residues are referred to as
flexible residues.  The number and position of flexible residues are not particularly limited as
long as the antigen-binding activity of the antigen-binding molecule of the present invention
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 fo be introduced into the light chain variable region sequence of SEQ ID NO: 4 (Vk5-2)
include the amino acid residues listed in Tables 1 or 2.

[Table 1]
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CDR Kabat numbering | Amino acid in 70% of the total
CDR1 128 S5:100%
29 1:100%
30 E:72% N:14% S:14%
31 D:100%
32 15:100%
33 L:100%
34 A 70% N:30%
ChR2 | 50 E:100%
51 A 100%
b2 S:100%
53 H:5% N:25% 5:45% T:25%
54 L:100%
55 Q:100%
56 3:100%
CDR3 |90 Q:100%
91 H:25% S:15% R:15% Y:45%
92 5:80% N:10% S:10%
93 D 5% G:10% N:25% 3:50% R:10%
94 5:50% - Y.50%
a5 P:100%
96 L:50% Y 50%

[Table 2]
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CDR Kabat numbering | Amino acid in 30% of the fotal
CDR1 | 28 $:100%
29 1:100%
30 E:83% |S:17%
31 D:100%
32 D:100%
33 L:100%
34 A:70% | N:30%
CDR2 |50 H:100%
51 A:lOO%V |
52 $:100%
53 H:5% N:25% | 8:45% | T:25%
54 L:100%
55 Q:100%
56 S:100%
CDR3 |90 Q:100%
91 H:25% |S:15% | R:15% |Y:45%
92 D:80% N:10% S5:10%
93 ' D:5% G:10% [ N:25% |S:50% | R:10%
94 $:50% | Y:50%
95 P:100%
96 L:30% | 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
variabie regions when the amino acid sequences of known and/or native antibodies or
antigen-binding domains are compared. Hypervariable positions are generally located in the
CDR regions. In an embodiment, the data provided by Kabat, Sequences of Proteins of
Immunological Interest (National Institute of Health Bethesda Md.) (1987 and 1991) is useful to
determine hypervariable positions in known and/or native antibodies, Furthermore, databases
on the Internet (hitp://vbase.mrc-cpe.cam.ac.uk/, http://www.bioinf.org.ulk/abs/index htmi)

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 is useful to determine hypervariable positions in
the present invention.  According to the present invention, when a certain amino acid position
has preferably about 2 to about 20 possible amino acid residue variations, preferably about 3 to
about 19, preferably about 4 to about 18, preferably 5 to 17, preferably 6 to 16, preferably 7to 15,
preferably 8 to 14, preferably 9 to 13, and preferably 10 to 12 possible amino acid residue
variations, the position is hypervariable. In some embodiments, a certain amino acid position
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 phurality of antigen-binding molecules of the
present invention whose sequences are different from one another can be constructed by
combining heavy chain variable regions produced as a randomized variable region sequence
library with light chain variable regions into which at least one amino acid residue that alters the
antigen-binding activity of antigen-binding molecules depending on ion concentrations as
mentioned above is introduced. When the ion concentration is calcium ion concentration,
non-limiting exampies of such libraries preferably inciude, for example, libraries in which heavy
chain variable regions produced as a randomized variable region sequence library are combined
with light chain variable region sequences in which a particular residue(s) in a germ line
sequence such as SEQ ID NO: 5 (Vk1), SEQ ID NO: 6 (Vk2), SEQ ID NO: 7 (Vk3), or SEQ ID
NO: 8 (Vk4) has been substituted with at least one amino acid residue that alters the
antigen-binding activity of an antigen-binding molecule depending on calcium ion
concentrations. Non-limiting examples of such amino acid residues include amino acid
residues in light chain CDR1.  Furthermore, non-limiting exampies of such amino acid residues
include amino acid residues in Hght chain CDR2.  In addition, non-limiting examples of such
amino acid residues also 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 30, 31, and/or 32 in the CDR1 of light chain variable region as
indicated by Kabat numbering. Furthermore, non-limiting examples of such amino acid
residues contained in lght 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 in light chain CDR3 include an amino acid
residue at position 92 in the CDR3 of light chain variable region as indicated by Kabat
numbering, These amino acid residues can be contained alone or in combination as long as
they form a calcium-binding motif and/or as long as the antigen-binding activity of an
antigen-binding molecule varies depending on calcium ion concentrations. Meanwhile, as

troponin C, calmodulin, parvalbumin, and myosin lght chain, which have several calcium
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ion-binding sites and are believed to be derived from a common origin in terms of molecular
evolution, are known, the light chain CDR1, CDR2, and/or CDR3 can be designed to have their
binding motifs., For example, it is possible to use cadherin domains, EF hand of calmodulin, C2
domain of Protein kinase C, Gla domain of blood coagulation protein FactorIX, C type lectins of
acyaroglycoprotein receptor and mammose-binding receptor, A domains of LDL receptors,
annexin, thrombospondin type 3 domain, and EGF-like domains in an appropriate manner for the
above purposes. ‘

When heavy chain variable regions produced as a randomized variable region sequence
library and light chain variable regions into which at least one amino acid residue that alters the
antigen-binding activity of an antigen-binding molecule depending on ion concentrations has
been introduced are combined as described above, the sequences of the light chain variable
regions can be designed to contain flexible residues in the same manner as described above.

The number and position of such flexible residues are not particularly limited to particular
embodiments as long as the antigen-binding activity of antigen-binding molecules of the present
invention varies depending on ion concentrations.  Specifically, the CDR sequences and/or FR
sequences of heavy chain and/or light chain can contain one or more flexible residues. When
the jon concentration is calcium ion concentration, non-limiting examples of flexible residues to
be introduced into the seguence of light chain variable region include the amino acid residues
listed i 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 %)roduce a
randomized variable region library.  In a non-limiting embodiment of the present invention, an
immmune library constructed based on antibody genes derived from lymphocytes of animals
immunized with a specific antigen, patients with infections, persons with an elevated antibody
titer 1n 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 inn 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 sequence only. A criterion of giving rise to diversity in amino acids in the
variable region of an antigen-binding molecule is that diversity is given to amino acid residues at
surface-exposed positions in the antigen-binding molecule. The surface-exposed position refers
to a posifion that is considered to be able to be exposed on the surface and/or contacted with an

antigen, based on structure, ensemble of structures, and/or modeled structure of an
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antigen-binding molecule. In general, such positions are CDRs.  Preferably, surface-exposed
positions are determined using coordinates from a three-dimensional model of an
antigen-binding molecule using a computer program such as the Insightll program (Accelrys).
Surface-exposed positions can be determined using algorithms known in the art (for example,
Lee and Richards (J. Mol. Biol. (1971) 55, 379-400); Connolly (J. Appl. Cryst. (1983) 16,
548-558)). Determination of surface-exposed positions can be performed using software
suitable for protein modeling and three-dimensional structural information obtained from an
antibody. Software that can be used for these purposes preferably includes SYBYL Biopolymer
Module software (Tripos Associates). Generally or preferably, when an algorithm requires a
user input size parameter, the "size" of a probe which 15 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; I. 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 naive sequences, which are antibody sequences with no bias, can also be
particularly preferably used as a randomized variable region library (Gejima et al. (Human
Antibodies (2002) 11, 121-129); Cardoso ef a/. (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.

In one embodiment of the present invention, an antigen-binding domain of the present
mvention can be obtained from a library containing a pharality of antigen-binding molecules of
the present invention whose sequences are different from one another, prepared by combining
light chain variable regions constructed as a randomized variable region sequence library with a
heavy chain variable region selected as a framework sequence that originally contains "at least
one amino acid residue that aiters the antigen-binding activity of an antigen-binding molecule
depending on ion concentrations”. When the ion concentration is calcium ion concentration,
non-limiting examples of such Libraries preferably include those constructed by combining light
chain variable regions constructed as a randomized variable region sequenée iibrary with the
sequence of heavy chain variable region of SEQ ID NO: 9 (6RL#9-1gG1) or SEQ ID NO: 10
(6K C4-1%#85-Ig(G1). Alternatively, such a library can be constructed by selecting appropriate
light chain variable regions from those having germ line sequences, instead of light chain
variable regions constructed as a randomized variable region sequence library.  Such preferred
libraries include, for example, those in which the sequence of heavy chain variable region of
SEQ ID NO: 9 (6RIL#9-1gG1) or SEQ ID NO: 10 (6KC4-1#85-1gG1) 1s combined with light

chain variable regions having germ line sequences.
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Alternatively, the sequence of a heavy chain variable region selected as a framework
sequence that originally contains "at least one amino acid residue that alters the antigen-binding
activity of an antigen-binding molecule" as mentioned above can be designed to contain flexible
residues. The number and position of the flexible residues are not particularly limited as long
as the antigen-binding activity of an antigen-binding molecule of the present invention varies
depending on ion concentrations.  Specifically, the CDR and/or FR sequences of heavy chain
and/or light chain can contain one or more flexible residues.  When the ion concentration is
calcium ion concentration, non-limiting examples of flexible residues to be introduced into the
sequence of heavy chain variable region of SEQ ID NO: 9 (6R1L#9-1gG1) include all amino acid
residues of heavy chain CDR1 and CDR2 and the amino acid residues of the heavy chain CDR3
except those at positions 95, 96, and/or 100a as indicated by Kabat numbering.  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-IgG1) 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 as indicated by Kabat numbering.

Alternatively, a library containing a piuralitjr of antigen-binding molecules whose
sequences are different from one another can be construcied by combining light chaim variable
regions constructed as a randomized variable region sequence library or light chain variable
regions having germ line sequences with heavy chain variable regions into which "at least one
amino acid residue responsible for the ion concentration-dependent change in the
antigen-binding activity of an antigen-binding molecule” has been introduced as mentioned
above. When the ion conceniration is calcium ion concentration, non-limiting examples of such
libraries preferably include those in which light chain variable regions constructed as a
randomized variable region sequence library or light chain variable regions having germ line
sequences are combined with the sequence of a heavy chain variable region in which a particular
residue(s) has been substituted with at least one amino acid residue that alters the
antigen-binding activity of an antigen-binding molecule depending on calcium ion
concenirations. Non-limiting examples of such amino acid residues include amino acid
residues of the heavy chain CDR1. Further non-limiting examples of such amino acid residues
melude amino acid residues of the heavy chain CDR2,  In addition, non-limiting examples of
such amino acid residues also inclade amino acid residues of the heavy chain CDR3.
Non-limiting examples of such amino acid residues of heavy chain CDR3 inciude the amino
acids of positions 95, 96, 100z, and/or 101 in the CDR3 of heavy chain variable region as
ndicated by the Kabat numbering. Furthermore, these amino 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.
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When light chain variable regions constructed as a randomized variable region sequence
library or light chain variable regions having germ line sequence are combined with a heavy
chain variable region into which at least one amino acid residue that alter the antigen-binding
activity of an antigen-binding molecule depending on ion concentrations as mentioned above has
been introduced, the sequence of the heavy chain variable region can also be designed to contain
flexible residues in the same manner as described above. The number and position of flexible
residues are not particularly limited as long as the antigen-binding activity of an antigen-binding
molecule of the present invention varies depending on ion concentrations.  Specifically, the
heavy chain CDR and/or FR sequences may contain one or more flexible residues.

Furthermore, randomized variable 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
amino acid residues that alter the antigen-binding activity of an antigen-binding molecule.
When germ line sequences are used as light chain variable regions, non-limiting eXamples of
such sequences include those of SEQ ID NO: 5 (Vk1), SEQ ID NO: 6 (Vk2), SEQ ID NO: 7
(VK3), and SEQ ID NQO: 8 (Vk4).

Any of the above-described amino acids that alter the antigen-binding activity of an
antigen-binding molecule depending on calcium ion concentrations can be preferably used, as
long as they form a calcium-binding motif.  Specifically, such amino acids include
electron-donating amino acids.  Preferred examples of such electron-donating amino acids

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

Conditien of hvdrogen ion concentrations

In an embodiment of the present invention, the condition of ion concentrations refers to
the condition of hydrogen ion concentrations or pH condition.  In the present invention, the
concentration of proton, i.e., the nucleus of hydrogen atom, is treated as synonymous with
hydrogen index (pH). When the activity of hydrogen ion in an aqueous solution is represented
as aH+, pH is defined as -logl0aH+. When the ionic strength of the aqueous solution is low
(for example, lower than 107), aH+ is nearly equal to the hydrogen ion strength.  For example,
the ionic product of water at 25°C and 1 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
lower than 7 is acidic or whose pH is greater than 7 is alkaline.

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

molecule varies due to the difference in conditions of a high hydrogen ion concentration or low
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pH (ap acidic pH range) and a low hydrogen 1on concentration or high pH (a neutral pH range).
This includes, for example, the case where the antigen-binding activity of an antigen-binding
molecule 1s 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 highei‘ in an acidic pH range than in a
neutral pH range.

Herein, neutral pH range is not limited to a specific value and is preferably seiected
from between pH 6.7 and pH 10.0.  In another embodiment, the pH can be selected from
between pH 6.7 and pH 9.5,  In still another embodiment, the pH can be selected from between
pH 7.0 and pH 9.0. In yet another embodiment, the pH can be selected from between pH 7.0
and pH 8.0.  In particular, the preferred pH includes pH 7.4, which 1s close to the pH of plasma
{(blood) in vive. '

Herein, an acidic pH range is not limited to a specific value and is preferably selected
from between pH 4.0 and pH 6.5. In another embodiment, the pH can be selected from
between pH 4.5 and pH 6.5.  In still another embodiment, the pH can be selected from between
pH 5.0 and pH 6.5. In yet another embodiment, the pH can be selected from between pH 5.5
and pH 6.5. In particular, the preferred pH includes pH 5.8, which is close to the ionized
calcium concentration in the early endosome in vivo.

In the present invention, "the antigen-binding activity of an antigen-binding molecuie 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 pH 4.0 and pH 6.5 is
weaker than that at a pH selected from between pH 6.7 and pH 10.0; preferably means that the
antigen-binding activity of an antigen-binding molecule at 2 pH selected from between pH4.5
and pH 6.5 is weaker than that at a pH selected from between pH 6.7 and pH 9.5; more
preferably, means that the antigen-binding activity of an antigen-binding molecule at a pH
selected from between pH 5.0 and pH 6.5 is weaker than that at a pH selected from between pH
7.0 and pH 9.0; still more preferably means that the antigen-binding activity of an
antigen-binding molecule at a pH selected from between pH 5.5 and pH 6.5 is weaker than that
at a pH selected from between pH 7.0 and pH 8.0; 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 pH 5.8 1s 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
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measured under different pH conditions using the measurement methods described above, For
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
high hydrogen ion concentration or low pH, ie., in an acidic pH range, is lower than that at a low
hydrogen ion concentration or high pH, i.e., in a nevtral pH range” can also be expressed as "the
antigen-binding activity of an antigen-binding molecule at a low hydrogen ion concentration or
high pH, i.e., in a neutral pH range, is higher than that at a high hydrogen ion concentration or
low pH, i.e., in an acidic pH range”. In the present invention, "the antigen-binding activity at a
ligh hydrogen ion concentration or low pH, i.e., in an acidic pH rangé, is 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 weaker than the antigen-binding ability at a low hydrogen ion concentration or high pH,
l.e., in a neutral pH range”.  Alternatively, "the antigen-binding activity at a high hydrogen ion
concentration or low pH, i.e., in an acidic pH range, is reduced to be lower than that at a Jow
hydrogen ion concentration or high pH, i.e., in a neutral pH range" may be described as "the
antigen-binding activity at a high hydrogen ion concentration or low pH, i.e., in an acidic pH
range, is reduced to be weaker than the antigen-binding ability at a low hydrogen ion
concentration or high pH, i.e., in a neutral pH range".

The conditions other than hydrogen ion concentration or pH for measuring the
antigen-binding activity may be suitably selected by those skilled in the art and are not
particularly limited. Measurements can be carried out, for example, at 37°C using HEPES
buffer. Measurements can be carried out, for example, using Biacore (GE Healthcare). When
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-binding 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 hydrogen ion concentration or high pH, 1.e., in & neutral pH range, the ratio of
the antigen-binding activity between that at a high hydrogen ion concentration or low pH, i.e., an
acidic pH range, and at a low hydrogen ion concentration or high pH, i.e., a neutral pH range is
not particularly imited, and the value of KD (pH 5.8) / KD {pH 7.4), which is the ratio of the
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dissociation constant (KD} for an antigen at a high hydrogen ion concentration or low pH, ie., in
an acidic pH range to the KID at a low hydrogen ion concentration: or high pH, i.¢., in a neutral
pH range, is preferably 2 or more; more preferably the value of KD (pH 5.8) / KD (pH 7.4} is 10
or more; and still more preferably the vaiue of KD (pH 5.8) /KD (pH 7.4) is 40 or more. The
upper limit of KD (pH 5.8) / KD (pH 7.4) value is not particularly limited, and may be any value
such as 400, 1000, or 10000, as long as the molecule can be produced by the techmiques of those
skilled in the art.

When the antigen is a soluble antigen, the dissociation constant (KD) can be used as the
value for antigen-binding activity,. Meanwhile, when the antigen is a membrane antigen, the
apparent dissociation constant (KID) can be used. The dissociation constant (KDD) and apparent
dissociation constant (KD) can be measured by methods known to those skilled in the art, and
Biacore (GE healtheare), Scatchard plot, flow cytometer, and such can be used.

Alternatively, for example, the dissociation rate constant (kd) can be suitably used as an
index for indicating the ratio of the antigen-binding activity of an antigen-binding molecule of
the present invention between that at a high hydrogen ion concentration or low pH, i.e., an acidic
pH range and a low hydrogen ion concentration or high pH, 1.e., a neutral pH range. When kd
(dissociation rate constant) is used as an index for indicating the binding activity 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 (dissociation rate constant) for the antigen at a high hydrogen ion
concentration or low pH, 1.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, 1s preferably 2 or more, more
preferably 5 or imore, still more preferably 10 or more, and yet more preferably 30 or more.

The upper Emit of kd (in an acidic pH range) / kd (in a neutral pH range) value 1s not particularly
Iimited, and may be any value such as 50, 100, or 200, as long as the molecule can be produced
by the technigues of those skilled in the art.

When the antigen is a soluble antigen, the dissociation rate constant (kd) can be used as
the value for antigen-binding activity and when the antigen is a membrane antigen, the apparent
dissociation rate constant (kd) can be used. The dissociation rate constant (kd) and apparent
dissociation rate constant (kd) can be determined by methods known to those skilled in the art,
and Biacore (GE healthcare), flow cytometer, and such may be used. In the present invention,
when the antigen-binding activity of an antigen-binding molecule 1s measured at different
hydrogen ion concentrations, i.e., pHs, conditions other than the hydrogen ion concentration, i.e.,
pH, are preferably the same.

For example, an antigen-binding domain or antibody whose antigen-binding activity at a
high hydrogen ion concentration or low pH, 1.¢., in an acidic pH range is lower than that at a low

hydrogen ion concentration or high pH, i.e., in a neuiral pH range, which is one embodiment
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provided by the present invention, can be obtained via screeming of antigen-binding domains or

antibodies, comprising the following steps (a) to (c):

(a) obtaining the antigen-binding activity of an antigen-binding domain or antibody in an acidic

pH range;

(b) obtaining the antigen-binding activity of an antigen-binding domain or antibody in a neutral

pH range; and

(¢) selecting an antigen-binding domain or antibody whose antigen—binding activity in the acidic
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
low hydrogen ion concentration or high pH, i.e., in a neutral pH range, which is one embodiment
provided by the present invention, can be obtained via screening of antigen-binding domains or
antibodies, or a library thereof, comprising the following steps {a) to (c}):

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

(b) placing in an acidic pH range the antigen-binding domair 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 a low
hydrogen ion concentration or high pH, i.e., in a neutral pH range, which 1s another embodiment
provided by the present invention, can be obtamed viz screening of antigen-binding domains or
antibodies, or a library thereof, comprising the following steps {a)} to (d):

{(a) contacting 1n an acidic pH range an antigen with a hibrary of antigen-binding domains or
antibodies:

(b) selecting the antigen-binding domain or antibody which does not bind to the antigen in step
(a);

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

(d) isolating the antigen-binding domain or antibody bound fo the antigen in step (c).

An antigen-binding domain or antibody whose antigen-binding activity at a high
hydrogen ion concentration or low pH, i.e., in an acidic pH range, is lower than that at a low
hydrogen ion concentration or high pH, i.e., in a neuiral pH range, which is even another
embodiment provided by the present invention, can be obtamed 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
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columm immobilized with an antigen;

(b) eluting in an acidic pH range from the column the antigen-binding domain or antibody bound
to the column in step (a); and.

(c) isolating the antigen-binding domain or antibody eluted in step (b).

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

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

(b} collecting the antigen-binding domain or antibody eluted without binding to the column in
step (a);

(¢} allowing the antigen-binding domain or antibody collected 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 (¢).

An antigen-binding domain or antibody whose antigen-binding activity at a high
hydrogen ion concentration or low pH, i.e, in an acidic pH range, is lower than that at a low
hydrogen ion concentration or high pH, i.e., in a neutral pH range, which 1s yet 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) obtaiming the antigen-binding domain or antibody bound to the antigen in step (a);

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

(d) isolating the antigen-binding domain or antibody whose antigen-binding activity in step (¢) is
weaker than the criterion for the selection 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 (2) to {c) or (a) to (d} in the
above-described screening methods.  The number of times that steps (a) to (¢) or (&) to (d) is
repeated is not particularly limited; however, the number 15 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, i.e., in an
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acidic pH range, is not particularly limited, as long as it is the antigen-binding activity at a pH of
between 4.0 and 6.5, and includes the antigen-binding activity at a pH of between 4.5 and 6.6 as
the preferred pH.  The antigen-binding activity also includes that at a pH of between 5.0 and 6.5,
and that at a pH of between 5.5 and 6.5 as another preferred pH.  The antigen-binding activity
also includes that at the pH in the early endosome in vivo as the more preferred pH, and
specifically, that at pi{ 5.8. Meanwhile, the antigen-binding activity of an antigen-binding
domain or antibody at a low hydrogen ion concentration or high pH, i.e., in a neutral pH range, is
not particularly limited, as long as it is the antigen-binding activity at a pH of between 6.7 and 10,
and includes the antigen-binding activity at a pH of between 6.7 and 9.5 as the preferred pH.

The antigen-binding activity also includes that at a pH of between 7.0 and 9.5 and that at a pH of
between 7.0-and 8.0 as another preferred pH. The antigen-binding activity also includes that at
the pH of plasma in vivo as the more preferred pH, and specifically, that at pH 7.4.

The antigen-binding activity of an antigen-binding domain or antibody can be measured
by methods known to those skilled in the art.  Those skilled in the art can suitably determine
conditions other than ionized calcium concentration. The antigen-binding activity of an
antigen-binding domain or antibody can be assessed based on the dissociation constant (KD),
apparent dissociation constant (KD), 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 low hydrogen ion concentration or high pH, i.e., in a neutral pH
range, 15 higher than that at a high hydrogen ion concentration or low pH, i.e., in an acidic pH.
range, is synonymous with the step of selecting an antigen-binding domain or antibody whose
antigen-binding activity at a high hydrogen ion concentration or low pH, i.e., in an acidic pH
range, is lower than that at a low hydrogen ion concentration or high pH, i.e., in a neutral pH
range.

As long as the 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, i.e.,
in an acidic pH range, the difference between the antigen-binding activity at a low hydrogen ion
concentration or high pH, l.e., a neutral pH range, and that at 2 high hydrogen ion concentration
or low pH, i.e., an acidic pH range, is not particularly limited; however, the antigen-binding
activity at a low hydrogen ion concentration or high pH, i.e., in a neutral pH range, is preferably
twice or more, more preferably 10 times or more, and still more preferably 40 times or more than
that at a high hydrogen ion concentration or low pH, i.e., in an acidic pH range.

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

screening methods described above may be any antigen-binding domain or antibody, and the
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above-mentioned antigen-binding domain or antibody may be screened.  For example,
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,
conventional antibodies, conventional libraries (phage library, etc.), antibodies or libraries
prepared from B cells of immunized animals or from hybridomas obtained by immunizing
animals, antibodies or libraries (libraries with increased content of amino acids with a side chamn
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
glhutamic acid) or unnatural amino acid mutations at specific positions, etc.) obtained by
mtroducing amino acids with a side chain pKa of 4.0-8.0 (for exampie, histidine and glutamic
acid) or unnatural 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.e., in a neutral pH range, is higher than
that at a high hydrogen 1on concentration or low pll, i.e., in an acidic pH range, from an
antigen-binding domains or antibodies prepared from hybridomas obtained by immunizing
animals or from B cells of immunized animals preferably include, for example, the
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 ummatural 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 exampie, histidine and glutamic acid) or unnatural amino acid, such as those described in
WO 2009/125825.

The sites of introducing mutations of amino acids with a side chain pKa of 4.0-8.0 (for
example, histidine and glutamic acid) or unnatural amino acids are not particularly limited, and
may be any position as long as the antigen-binding activity in an acidic pH range becomes
weaker than that in a neutral pH range (the value of KD (in an acidic pH range) /KD (in a
neutral pH range) or kd (in an acidic pH range) / kd (in a neutral 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 skilled in the art can
appropriately determine the number of amino acids to be substituted with or the number of
amino acids with a side chain pKa of 4.0-8.0 {for example, histidine and glutamic acid) or

unpatural amino acids to be inserted. 1t is possible to substitute with a single amino acid having
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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 insert a single amino acid having a side chain pKa of 4.0-8.0 (for
example, histidine and glutamic acid) or a single vnnatural amino acid; it 1s possible to substitute
with two or more amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and
glutamic acid) or two or more unnatural amino acids; and it is possible to insert two or more
amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or two
or more unnatural amino acids, Alternatively, other amino acids can be deleted, added, inserted,
and/or substituted concomitantly, aside from the substitution into amino acids having a side
chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids, or the
insertion of amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and ghitamic
acid} or unnatural aminoe acids.  Substitution into or insertion of amino acids with a side chain
pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids can
performed randomly by methods such as histidine scanning, in which the alanine of alanine
scanning known to those skilled in the art is replaced with histidine. Antigen-binding
molecules exhibiting a greater value of KD (in an acidic pH range) / KD (in a neotral 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
substitution mutations of amino acids with a side chain pKa of 4.0-8.0 (for example, histidine
and glutamic acid) or unnatural amino acids.

Preferred examples of antigen-binding molecules containing the mutation into amino
acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural
aminG acids as described above and whose antigen-binding activity in an acidic pH range 18
lower than that in a neutral pH range include, antigen-binding molecules whose antigen-binding
activity in the neutral pH range after the mutation into amino acids with a side chain pKa of
4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids is comparable to that
before the mutation into amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and
glutamic acid) or unnatural amino acids. Herein, "an antigen-binding molecule after the
mutation with amino acids having a side chain pKa of 4.0-8.0 (for example, histidine and
glutamic acid) or unnatural amino acids has an antigen-binding activity comparable to that
before the mutation with amino acids having a side chain pKa of 4.0-8.0 (for example, histidine
and glutamic acid) or unnatural amino acids” means that, when taking the antigen-binding
activity of an antigen-binding molecule before the mutation with amino acids having a side chain
pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids as 100%, the
antigen-binding activity of an antigen-binding molecule after the mutation with amino acids
having a side chain 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 stiil
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more preferably 90% or more. The antigen-binding activity after the mutation of amino acids
with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino
acids at pH 7.4 may be higher than that before the mutation of amino acids with a side chain pKa
of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids at pH 7.4.  If the
antigen-binding activity of an antigen-binding molecule is decreased due to insertion of or
substitution into amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and
glutamic acid) or unnatural amino acids, the antigen-binding activity can be made to be
comparable to that before the insertion of or substitution into amino acids with a side chain pKa
of 4.0-8.0 (for example, histidine and glutamic acid) or unnatural amino acids, by introducing a
substitution, deletion, addition, and/or insertion of one or more amino acids of the
antigen-binding molecule. The present invention also includes antigen-binding molecules
whose binding activity has been adjusted to be comparable by substitution, deletion, addition,
and/or insertion of one or more amino acids after substitution or insertion of amino acids with a
side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or upnatural 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 that in a neutral pH range include methods in which
the antibody constant ‘regions contained in the antigen-binding molecules have been modified.
Specific examples of modified antibody constant regions preferably include the constant regions
of SEQID NOs: 11, 12, 13, and 14,

Amino acids that alter the antigen-binding activiiv of antigen-binding domain depending on the

hvdroeen 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
conceniration condition is hydrogen ion concentration condition or pH condition, conventional
antibodies, conventional libraries (phage library, etc.), antibodies or libraries prepared from B
cells of immunized animals or from hybridomas obtained by immunizing animals, antibodies or
libraries (libraries with increased content of amino acids with a side chain pKa of 4.0-8.0 (for
example, histidine and glutamic acid) or unnatural amino acids, libraries introduced with
mutations of amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic
acid) or unnatural amino acids at specific positions, etc.) obtained by introducing mutations of
amino acids with a side chain pKa of 4.0-8.0 (for example, histidine and glutamic acid) or
unnatural amino acids into the above-described antibodies or libraries may be used.

In one non-limiting embodiment of the present invention, a library containing multiple

antigen-binding molecules of the present invention whose sequences are different from one
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another can also be constructed by combining heavy chain variable regions, produced as a
randomized variable region sequence library, with light chain variable regions introduced with
"at least one amino acid residue that changes the antigen-binding activity of an antigen-binding
molecule depending on the hydrogen ion concentration condition”. .

Such amino acid residues include, but are not limited to, for example, amino acid
residues contained in the light chain CDR1.  The amino acid residues also include, but are not
limited to, for example, amino acid residues contained in the light' chain CDR2. The amino
acid residues also include, but are not limited to, for example, amino acid residues contained in
the light chain CDR3.

The above-described amino acid residues contained in the hght chain CDR1 include, but
are not imited to, for example, amino acid residues of positions 24, 27, 28, 31, 32, and/or 34
according to Kabat numbering in the CDR1 of light chain variable region. Meanwhile, the
amino acid residues contained in the light chain CDR2 include, but are not limited to, for
example, amino acid residues of positions 50, 51, 52, 53, 54, 55, and/or 56 accorc_iing 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 example, amino acid residues of
positidns 89, 90, 91, 92, 93, 94, and/or 95A according to Kabat numbering in the CDR3 of light
chain variable region. Moreover, the amino acid residues can be contained alone or can be
contained in combination of two or more amino acids as long as they allow the change in the
antigen-binding activity of an antigen-binding molecule depending on the hydrogen ion
concentration.

Even when the heavy chain variable region produced as a randomized variable region
sequence library is combined with the above-described light chain variable region introduced
with "at least one amino acid residue that changes the antigen-binding activity of an
antigen-binding molecule depending on the hydrogen ion concentration condition”, it is possible
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 flexibie
residues are not particularly limited to a specific embodiment, as long as the antigen-binding
activity of an antigen-binding molecule of the present invention changes depending on the
hydrogen ion concentration condition.  Specificaily, the CDR and/or FR sequences of heavy
chain and/or light chain can contain one or more flexible residues.  For example, flexibie
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 include, but are not limited to, germ line
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sequences such as Vk1 (SEQ ID NO: 5), Vk2 (SEQ ID NO: 6), VK3 (SEQ ID NO: 7), and Vi4
(SEQ ID NG: 8).

[Table 3]
POSITION AMINO ACID
CDRI1
28 | S:100%
29 | L100%
30 | Ni28% | S:25% | R25% | Hi25%
31 S:100%
32 H:100%
33 1:100%
34 | A:50% N:50%
CDR2
50 | H:i100% OR | A25% | Di25% | G:25% | K:25%
51 A:100% A:100%
52 S:100% S:100%
53 | K:33.3% | N:33.3 | S:33.3 H:100%
% %
54 | L:100% : L:100%
55 Q:100% . 0:100%
56 S:100% S:100%
CDR3
90 ] QH100%— | o e fe e e L OB QI100% [ e
91 H:100% $:33.3% | R:33.3 | v:33.3
% %
92 Gi28% | Ni2B% | S:25% | Y:25% H:100%
93 | H:33.3% | N:33.3 | $:33.3 H:33. M:33.3 | £:33.3
% % 3% % %
94 | 8:50% | Y:50% S:50% | V:50%.
95 | P:100% P:100%
96 | Li50% Y:50% L:50% Y:50%

(Position indicates Kabat numbering)

[Table 4]
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CDR POSITION AMINO ACID
CDR1 | 28 §:100%
29 1:100%
30 H:30% N:10% $:50% R:10%
31 N:35% 5:65%
32 H:40% N:20% Y:40%
33 L:100%
34 A:70% N:30%
CDR2 | 50 A:25% D:15% G:25% H:30% K: 5%
51 ' A:100%
52 S:100%
53 H:30% K:10% N:15% S :45%
54 L:100%
55 Q:100%
56 $:100%
CDR3 | 90 0:100%
91 H:30% $:15% R:10% Y:45%
92 G:20% H:30% N:20% S:15% ¥:15%
a3 H:30% N:25% S:45%
94 S:50% Y:50%
95 P1100%
96 L:50% Y:50%

(Position indicates Kabat numbering}

Any amino acid residue 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 ion concentration condition.  Specifically, such amino acid residues include amino
acids with a side chain pKa 07 4.0-8.0.  Such electron-releasing amino acids preferably include,
for example, naturally occurring amino acids such as histidine and glutamic acid, as well as
unnatural amino acids such as histidine analogs (US20090035836), m-NO2-Tyr (pKa 7.45),
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, amino acids with
a side chain pKa of 6.0-7.0.  Such electron-releasing amino acid residues preferably include, for
example, histidine.



10

15

20

25

30

35

88

Known methods such as site-directed mutagenesis (Kunkel ef ol (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 (Annu. Rev. Biophys. Biomol. Struct. (2006) 35, 225-249; Proc. Natl. Acad.
Sci, U.S.A. (2003) 100 (11), 6353-6357). For example, a cell-free translation system (Clover
Direct (Protein Express)) containing tRNAs in which amber suppressor tRNA, which is
complementary to UAG codon (amber codon) that 1s a stop codon, is linked with an unnatural
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 a non-limiting embodiment of
the present invention, an immune library constructed based on antibody genes derived from
animals immunized with specific antigens, patients with infection or persons with an elevated
antibody titer in blood as a result of vaccination, cancer patients, or lymphocytes of auto immune
diseases may be suitably used as a randomized variable region library.

In another non-limiting embodiment of the present invention, in the same manner as
described above, a synthetic library in which the CDR sequences of V genes from genomic DNA
or functional reconstructed V genes are replaced with a set of synthetic oligonucleotides
containing the sequences encoding codon sets of an appropriate length can also be suitably used
as a randomized variable region library. In this case, the CDR3 sequence alone may be
replaced because variety in the gene sequence of heavy chain CDR3 is observed. The basis for
giving rise to amino acid vartations 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 is exposed on
the surface and/or contacied with an antigen based on the conformation, structural ensemble,
and/or modeled structure of an antigen-binding molecule, and in general, such positions are the
CDRs.  The surface-exposed positions are preferably determined using the coordiates derived
from a three-dimensional model of the antigen-binding melecule using computer programs such
as Insightl program (Accelrys). The surface-exposed positions can be determined using
algorithms known in the art (for exampie, Lee and Richards (J. Mol. Biol. (1971) 55, 379-400),
Connolly (J. 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 probe for use i computation is
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generally or preferably set at about 1.4 angstrom or less in radius. Furthermore, a method for
determining surface-exposed region and area using PC software is described by Pacios (Comput.
Chem. (i9§4) 18 (4), 377-386; and J. Mol. Model. (1995) 1, 46-53).

1n still another non-limiting embodiment of the present invention, a naive library
constructed from antibody genes derived from lymphocytes of healthy persons and consisting of
naive sequences, which are unbiased repertoire of antibody sequences, can also be particularly
suitably used as a randomized variable region library {Gejima ef ¢f. (Human Antibodies (2002)
11, 121-129); and Cardoso ef al. (Scand. J. Immunol. (2000) 51, 337-344)).

FcRn

Unlike Fey receptor belonging to the immunoglobulin superfamily, FcRn, human FcRn
in particular, is structurally similar to polypeptides of major histocompatibility complex (MHC)
class 1, exhibiting 22% to 29% sequence identity to class I MHC molecules (Ghetie e/ al.,
Immunol. Today (1997) 18 (12): 592-598). FcRn is expressed as a heterodimer consisting of
soluble (3 or light chain (£2 microglobulin} complexed with transmembrane o or heavy chain.
Like MHC, FcRn o chain comprises three extracellular domains (al, o2, and «3) and its short
cytoplasmic domain anchors the proteiﬁ onto the cell surface. ! and a2 domains interact with
the FeRn-binding domain of the antibody Fe region (Raghavan ef al., Immunity (1994) 1:
303-3135).

FcRn is expressed in maternal placenta and york sac of mammals, and is involved in
mother-to-fetus IgG transfer.  In addition, in neonatal small mtestine of rodents, where FcRn is
expressed, FcRn is involved in transfer of maternal IgG across brush border epithelium from
ingested colostrum or milk. FcRu is expressed in a variety of other tissues and endothelial cell
systems of various species. FcRn is also expressed in adult human endothelia, muscular blood
vesseis, and hepatic sinusoidal capillaries. FcRn is believed to play 2 role in maintaining the
plasma IeG concentration by mediating recycling of IgG to serum upon binding to IgG.
Typically, binding of FcRn to IgG molecules is strictly pH dependent.  The optimal binding 1s
observed in an acidic pH range below 7.0

Human FcRn whose precursor is a polypeptide having the signal sequence of SEQ ID
NO: 15 (the polypeptide with the signal sequence is shown in SEQ ID NO: 16) forms a complex
with human B2-microglobulin in vivo.  As shown in the Reference Examples described below,
soluble human FcRn complexed with B2-microglobulin is produced by using conventional
recombinant expression techniques.  FcRn regions of the present invention can be assessed for
their binding activity to such a soluble human FcRn complexed with B2-microglobulin.  Herein,
unless otherwise specified, human FcRn refers to a form capable of binding to an FcRn region of

the present invention. Examples include a complex between human FeRn and human
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B2-microglobulin.

FeRn-binding domains

An embodiment of the present invention provides pharmaceutical compositions that
mduce an immune response to the aforementioned antigen, which comprises as an active
ingredient an antigen-binding molecule containing an antigen-binding domain whose
antigen-binding activity changes depending on ion concentration conditions and an
FcRn-binding domain having FcRn-binding activity in a neutral pH range.

Antigen-binding molecules of the present invention have an FcRn-binding domain.

The FeRn-binding domain is not particularly limited as long as the antigen-binding molecule

has FcRn-binding activity in a neutral pH range, and it may be a domain that has activity of
directly or indirectly binding to FcRn. Preferred examples of such domains include Fc regions
of IgG immunoglobuling, albumin, albumin domain 3, anti-FcRu antibodies, anti-FcRn peptides,
anti-FcRn scaffold molecules, and such, which have activity of directly binding to FcRn, or
molecules that bind to IgG or albumin, which have activity of indirectly binding to FcRn.  For
the anti-FcRn scaffold, it is possible to use a domain with any structure of the aforementioned
antigen-binding domains characterized by binding to FcRn.  In the present invention, a domain
having binding activity to FcRn in an acidic pH range and neutral pH range are preferred.  Such
aneutral pH range. When the domain has no or weak FcRn-binding activity in a neutral pk.
range, amino acids in the antigen-binding molecule can be modified to impart FcRn-binding
activity,.  Alternatively, FcRn binding activity may be enhanced by altering amino acids in the
domain already having FcRn-binding activity in a nentral pH range. Desired amino acid
alterations in the FcRn-binding domain can be identified by comparing the FcRn-binding activity
in a neatral pH range before and after amino acid alteration.

Furthermore, in a different embodiment of the present invention, an FcRn binding
domain that has FcRn-binding activity under a low calcium ion concentration condition and high
calcium ion concentration condition is preferably used.  Such a domain may be preferably used
as it is if the domain aiready has FcRn-binding activity under a high calcium ion concentration
condition. When the domain has no or weak FcRn-binding activity under a high calcium ion
concentration condition, amino acids in the antigen-binding molecule can be modified to impart
FeRn-binding activity. Alternatively, FcRn binding activity may be increased by altering amino
acids in the domain already having FcRn-binding activity under a high calcium ion concentration
condition. Desired amino acid alterations in the FcRn-binding domain can be identified by
comparing the FcRn-binding activity under a high calcium ion concentration condition before

and after amino acid alteration. FcRa-binding domains may be obtained by methods based on
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the methods of screening or producing antigen-binding domains having antigen-binding activity
that changes depending on calcium ion concentration conditions as mentioned above in the
section of “Conditions of ion concentration”. Examples of such FcRn-binding domains include
anti-FcRn antibodies, anti-FeRn peptides, anti-FcRn scaffold molecules, and such,

The preferred human FcRn-binding domain is a region that directly binds to FcRn.

Such preferred FeRn-binding domains include, for example, antibody Fc regions. Meanwhile,
regions capable of binding to a polypeptide such as albumin or IgG, which has FcRn-binding
activity, can indirectly bind to FcRn vig albumin, 1gG, or such. Therefore, for the FcRn-binding
region in the present invention, a region that binds to a polypeptide having FcRn-binding activity
may be preferably used. An Fc region contains an amino acid sequence derived from the
constant region of an antibody heavy chain.  An Fc region is 2 portion of the antibody heavy
chain constant region beginning from the N terminus of the hinge region at the papain cleavage
site, which 15 on the amino acid at approximately position 216 according to EU numbering, and
including the hinge, CH2 and CH3 domains.

The binding activity of an FcRn binding domain of the present invention to FcRn,
human FcRn in particular, can be measured by methods known fo 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 FeRn-binding
activity of an antigen-binding molecule can be assessed based on the dissociation constant (KD),
apparent dissociation constant (KD), dissociation rate (kd), apparent dissociation rate (kd), and
such. These can be measured by methods known to those skilled in the art. ?or example,
Biacore (GE healthcare), Scatchard plot, or flow cytometer may be used.

When the human FcRu-binding activity of an FcRn-binding domain is measured,
conditions other than the pH are not particularly himited, 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 2009/125825.  Alternatively, the FcRn-binding activity of an
FcRn-binding domain 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
FcRn-binding domain to FeRn can be assessed by pouring, as an anaivte, FcRn, an FcRn-binding
domain, or an antigen-binding molecule of the present invention containing the FcRn-binding
domain into a chip immobilized with an FcRn-binding domain, an antigen-binding molecule of
the present invention containing the FcRn-binding domain, or FeRn.

The acidic pH range as a condition under which the FcRn-binding domain in the
antigen-binding molecule of the present invention has FeRn-binding activity usually refers to
pH4.0 to pH6.5. It preferably refers to pH5.5 to pH6.5, and particularty preferably pHS.8 o

pHE.0, which 1s close to the pH in the early-stage endosome in vivo. Furthermore, the neutral
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PH range as a condition under which the FcRn-binding domain in the antigen-binding molecule
of the present invention has FeRn-binding activity usually refers to pH6.7 to pH10.0.  The
neutral pH range is preferably a range indicated by any pH value within pH7.0 to pHS8.0, and is
preferably selected from pH7.0, 7.1, 7.2, 7.3,7.4,7.5,7.6,7.7,7.8,7.9, and 8.0, and is
particularly preferably pH7.4, which is close to the plasma (blood) pH in vive. When the
binding affinity between a human FcRn-binding domain and human FeRn is difficult to evaluate
because the binding affinity at pH7.4 is low, pH7.0 can be used instead of pH7.4. For the
temperature to be used for the measurement conditions, the binding affinity between the FcRn
binding domain and FcRn can be evaluated at any temperature from 10°C to 50°C.  Preferably,
a temperature from 15°C to 40°C 1s used to determine the binding affinity between an
FcRo-binding domain and human FcRn.  More preferably, any temperatare from 20°C 1o 35°C,
such as any temperature selected from 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
and 35°C, is used similarly to determine the binding affinity between an FcRn binding domain
and FcRn.  In an embodiment of the present invention, 25°C is a non-limiting example of such
temperature.

According to the Journal of Immunology (2009) 182: 7663-7671, the human 7
FeRn-binding activity of naturally occurring human IgGl is a KD of 1.7 uM in the acidic pH
range (pH6.0), but hardly detectable in the neutral pH range. Therefore, in a preferred
embodiment, antigen-binding molecules of the present invention having human FcRn-binding
activity in an acidic pH range may be used, which include antigen-binding molecules whose
human FeRan-binding activity in an acidic pH range is a KD of 20 uM or stronger, and whose
human FcRn-binding activity in a neutral pH range is equivalent to that of naturallv-occurring
human IgG.  In a more preferred embodiment, antigen-binding molecules of the present
invention including antigen-binding molecules whose human FcRn-binding activity in an acidic
pH range 1s a KD of 2.0 uM or stronger may be used.  In an even more preferred embodiment,
antigen-binding molecules whose human FeRn-binding activity in an acidic pH range is a KD of
0.5 uM or stronger may be used. The above-mentioned KD values are determined by the
method described in the Jouwmal of Immunology (2009) 182: 7663-7671 (antigen-binding
molecules are immobilized onto a chip and human FcRn is allowed to flow as an analyte).

In the present invention, an Fc region having FcRu-binding activity in an acidic pH
range is preferred.  If such a domain is an Fe region aiready having FeRp-binding activity in an
acidic pH range, it may be used as itis. If the domain has no or weak FeRn-binding activity in
an acidic pH range, an Fc region having desired FcRn-binding activity may be obtained by
altering amino acids in the antigen-binding molecule.  Also, an Fc region having desired or
enhanced FeRn-binding activity in an acidic pH range may be suitably obtained by altering

amino acids in the Fc region.  Amino acid alterations of the Fc region that lead to such desired
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binding activity may be determined by comparing the FcRn-binding activity in an acidic pH
range before and after amino acid alteration.  Persons skilled in the art can appropriately
perform amino acid alteration using known methods such as overlap extension PCR and
stte-directed mutagenesis (Kunkel ez al. (Proc. Natl. Acad. Sci. USA (1985) 82, 488-492))
similarly to the aforementioned methods used to alter antigen-binding activity.

An Fc region having FcRu-binding activity in an acidic pH range that is contained in the
antigen-binding molecules of the present invention may be obtained by any methods, but
specifically, an FcRn-binding domain having FcRu-binding activity or enhanced FcRn-binding
activity in an acidic pH range may be obtained by altering amino acids of human IgG
immunoglobulin that is used as a starting Fc region. Examples of preferred IgG
mmmunoglobulin Fc regions to be altered include the Fe region of human IgG (IgG1, 1gG2, 12G3,
or 1gG4, and their variants). Amino acids at any positions may be altered to other amino acids
as long as the Fe¢ region has FeRn-binding activity in an acidic pH range or its munan
FcRn-binding activity in an acidic range can be enhanced. When an antigen-binding molecule
includes the Fc region of human IgG1, it is preferred to inchude alterations that result in
enhancement of FcRn-binding in an acidic pH range as compared to the binding activity of the
starting Fec region of human IgG1. Examples of amino acids to which such alterations can be
made preferably include, for example, amino acids at positions 238, 252, 253, 254, 255, 256, 265,
272,286, 288, 303, 305, 307, 309, 311, 312, 317, 340, 356, 360, 362, 376, 378, 380, 382, 386,
388, 400, 413, 415, 424, 433, 434, 435, 436, 439, and/or 447 according to EU numbering, as
described in WO 2000/042072.  Similarly, examples of amino acids to which such alterations
can be made also preferably include amino acids at positions 251, 252, 254, 255, 256, 308, 309,
311, 312, 385, 386, 387, 389, 428, 433, 434, and/or 436 according to EUJ numbering, as
described in WO 2002/060919. Furthermore, examples of amino acids to which such
alterations can be made also include amino acids at positions 250, 314, and 428 according to EU
numbering as described m WO 2004/092219.  In addition, examples of amino acids to which
such alterations can be made also preferably include amino acids at positions 251, 252, 307, 308,
378, 428, 430, 434, and/or 436 according to EU numbering as described in WO 2010/045193.
Alteration of these amino acids enhances the binding of an IgG immunoglobulin Fe region to
FcRn in an acidic pH range.

In the present invention, an Fc region having FcRn-binding activity in a neutral pH
range is preferred.  If the domain is an Fe region already having FcRn-binding activity in a
neutral pH range, it may be used as it is. When the domain has no or weak FeRn-binding
activity in a neutral pH range, an Fc region having desired FcRn-binding activity may be
obtained by altering the amino acids in the antigen-binding molecule. Also, an Fc region

having desired or enhanced FcRn-binding activity in a neutral pH range may be suitably
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obtained by altering amino acids in the Fc region.  Amino acid alterations of the Fe region that
lead to such desired binding activity may be determined by comparing the FcRn-binding activity
in a neutral pH range before and after amino acid alteration.  Persons skilled in the art can
suitably perform amino acid alteration using known methods such as overlap extension PCR or
site-directed mutagenesis (Kunkel ef al. (Proc. Natl. Acad. Sci. USA (1983) 82, 488-492))
similarly to the aforementioned methods used to alter antigen-binding activity.

An Fe region having FcRn-binding activity in a neutral pH range that is contained in the
antigen-binding molecule of the present invention may be obtained by any method, but
spectfically, an FeRn-binding domain having FcRn-binding activity or enhanced FeRn-binding
activity in a neutral pH range may be obtained by amino acid modification of human IgG
immunoglobulin used as a starting Fc region.  Examples of preferred IgG immunoglobulin Fc
regions to be modified include the Fe region of human IgG (1gG1, 1gG2, 1gG3, or 1gG4, and
their variants). Amino acids at any positions may be altered to other amino acids as long as the
Fe region has FcRn-binding activity in a neutral pH range or its human FcRn-binding activity in
the neutral range can be enhanced. When an antigen-binding molecule includes the Fc region
of human IgG1, it is preferred to include alterations that result in enhancement of FcRn-binding
in a neutral pH range compared to the binding activity of the starting Fc region of human IgGl.
KI> values for FcRa in a neutral pH range are determined as described above by the method
described in the Journal of Immunology (2009) 182: 7663-7671 (antigen-binding molecules are
immobilized onto a chip and human FcRn is allowed to flow as the analyte).

Exampies of preferred 1gG immunoglobulin Fc regions to be altered include the Fe

region of buman IgG (IgG1, igG2, I2(G3, or Ig(G4, and their variants). Amino acids at any

positions m‘ay be altered to other amino acids as long as the Fc region has FcRn-binding activity
in a neutral pH range or its human FcRn-binding activity in a neutral range can be enhanced.
When an antigen-binding molecule includes the Fe region of human IgG1, it is preferred to
include alterations that result in enhancement of FcRn-binding in a neutral pH range compared to
the binding activity of the starting Fc region of human IgG1. In order to produce Fe regions to
which such alterafions have been made, various muiations shown in Table 5 were introduced into
VH3-IgGt (SEQ ID NO: 17) and evaluated.  Variants (IgG1-F1 to IgG1-F1052) each
containing a produced heavy chain and a light chain, L. (WT) (SEQ ID NO: 18}, were expressed
and purified according to the methods described in Reference Example 1.

Binding between an antibody and human FcRn was analyzed according to the method
described in Example 3-3.  The binding activity of the variants to human FcRn under neutral
conditions (pH7.0) measured using Biacore are shown in Table 5 {Table 5-1 to Table 5-33).

[Table 5-11
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VARIANT! XD (M) i AMINO ACID ALTERATION POSITION
F1 | 8.10B-07 | N434W

F2 | 3.20E-06 | M252Y/S254T/T256E

F3 | 2.50E.06 | N434Y

F4 | 5.80E-06 | N434S

F5 | 6.80B-06 | N434A

F7 | 5.608-06 | M252Y

F& | 4.208-06 | M2soW

FO | 1.40E-07 | M252Y/S254T/T256E/ N434Y
F10 | 6.908-08 | M252Y/8254T/T256E/N434W
Fil | 3.10E-07 | M252Y/N434Y

Fi2 | 1.70E-07 | M252Y/N434W

F13 | 3.20E-07 | M252W/N434Y

F14 | 1.80E-07 | M252W /N434W

Fi9 | 4.60E-07 | PR57L/N434Y

F20 [ 4.60E-07 | V308F/N434Y

721 | 3.00B-0t | M252Y/V308P/N434Y

F22 | 2,00E-06 | M428L/NAS4S

F25 | 9.20E-09 | M252Y/S254T/T256E/ V308P/ N434W
F26 | 1.COE-06 | 1330V

F27 | 7.40E-06 | G237M

F29 | 1.40E-06 | 1332V/N434Y

F31 | 2.80E-06 | G237M/V308F

F32 | 8.00E-07 | S254T/N434W

F33 | 2.30E-06 | S254T/N434Y

F34 | 2.80E-07 | T2S6E/N434W

F35 | 8.40E-07 | T256E/N434Y

F36 | 3.60E-07 | S254T/T256E/NL34W

F37 | 1.10E-06 | S254T/T256E/N434Y

Fa8 | 1.00E-07 | M252Y/S254T/N434W

F39 | 3.00E-07 | M252Y/S254T/N434Y

F40 | 8.20E-08 | M252Y/T256E/N434W

P41 | 1.50B-07 | M252Y /T256E/N434Y
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F42 | 1.00E-06 | M252Y/S254T/T256E/NA34A
743 | 1.70B-06 | M252Y/N434A

Fa4 | 1.10E-06 | M252W/N434A

F47 | 2.40B-07 | M252Y/T256Q/ N434W

P48 | 3.20E-07 | M252Y/T2560/ N434Y

F40 | 5.108-07 | M252F/T256D)) N434W

P50 | 1.20E-06 | M252F/T256D/N434Y

P51 | 8.10E-06 | N234F/Y436H

P52 | 3.10E-06 | HA33K/N434F/Y436H

F53 | 1.00E-06 | 1332V/N434W

P54 | 8.40E-08 | V30SP/N434W

F56 | 5.40E-07 | 1332V/M428L/N434Y

F57 | 1.108-05 | G385D/Q386P/N389S

FS8 | 7.70E-07 | G385D/Q386P/ N380S/N434W
F5 | 2.405-06 | GBR5D/Q3&6P/N38OS/ N4B4Y
F60 | 1.10E-05 | G385H

P61 | 0.70E-07 | G385H/N434W

P62 | 1.90B-06 | G385H/Nas4y

P63 | 2.508-06 | N434F

P64 | 5.30E-06 | N434H

F65 | 2.00E-07 | M252Y/ S254T/T256E /NA34T
F66 | 4.30E-07 | M252Y/S254T/T256E /NA34H
F67 | 6.30B-07 | M252Y/N4B4F

F68 | 9.30B-07 | M252Y/N434H

P69 | 5.10E-07 | M428L/N434W

F70 | 1.50B-06 | M428L/N434Y

F71 | 8.30E-O8 | M252Y/S254T/T256E/ M428L/ NAGAW
F70 | 2.008-07 | M252Y/S254T/ T256F/ M428L/N434Y
F73 | 1.70E-07 | M252Y/M428L/NA3AW

B74 | 4.608-07 | M252Y/MA28L/NA34Y

F75 | 1.40E-06 | M252Y/M428L/NABSA

F76 | 1.00E-06 | M252Y/S254T/ T256E/ M428L/ N434A
F77 | 9.90B-07 | T256E/M428L/N434Y

F78 | 7.80E-07 | S254T/M428L/N434W
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F79 | 5.90E-06 | S254T/T256E/N434A

F80 | 2.70E-06 | M252Y/T256Q/N434A

F81 | 1L.60E-06 | M252Y /T256E/N434A

F82 | 1.10B-06 | 72560/ N434W

F83 | 2.608-06 | T256Q/N434Y

F84 | 2.B0R-07 | M252W /T2560/N434W

F85 | 5.50E-07 | M252W /T256Q/N434Y

F86 | 1.508-D6 | SR54T/T256Q/N434W

F87 | 4.30B-06 | 82547/ T256Q/N434Y

F8g | 1.90E.07 | M252Y/S254T/T256Q/ N434W
F89 | 3.608-07 [ M252Y/S254T/T256Q/ N434Y
FOO | 1.908-08 | M2B2Y /T25615/VE0RP/ N434W
FOl | 4.80E-08 | M252Y /V308P/M428L/N434Y
F92 | 1.10E-08 | M252Y/SR54T/T256E,/V308P/ MA28L / N434W
FO3 § 7.40E-07 | M252W/M428L/N434W

Fo4 | 3.70E-07 | P257L/M428L/N4AZ4AY

Fas | 2.608-07 | M252Y/S254T/ T256E /MA28L/N434F
FOO | 6.208-07 | M252Y /T256% /N434H

F101 | 1.10E-07 | M252W /T256Q/P257L/ N434Y
F103 [ 4.40E-08 | P238A/M252Y /V308P/N434Y
F104 | 3.70E-08 | M232Y/D265A/VI08P/N434Y
F105 | 7.50E-08 | M25S2Y/T307A/V308P/N434Y
F106 | 3.70E-08 | M252Y/V303A/V308P/N434Y
F107 | 3.408-08 | M252Y/V308P/D376A/ N434Y
F108 | 4.10E-08 | M252Y /V305A/V308P/NA34Y
F109 | 3.20B-08 | M252Y/V308P/Q311A/N434Y
F111i | 3.20E-08 | M2B2Y/V308P/K317A/ N4Z4Y
F112 | 6.40E-08 | M252Y/V308P/E380A/N434Y
F113 | 3.20E-08 | M252Y /V308P/E382A/N434Y
F1i4 | 3.BUE-08 | M252Y/V308P,/ 8424A/ N4 34y
F115 | 6.60E-06 | T307A/NA34A

¥116 | 8.70B-06 | E38CA/N434A

Fil8 | 1.405-05 | M428L

F119 | 5.40E-06 | T250Q/M428L
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F120 | 6.30E-08 | P257L/V308P/M428L/N434Y

F121 | 1.50B-08 | M252Y /T256E/V30SP/ M428L/ N434W

F122 | 1.20E-07 | M252Y/T256E/M428L/N434W

F123 | 3.00E-08 | M252Y /T256E/V308P/N434Y

F124 | 2.90E-07 | M252Y /T256E/M428L/N434Y

F125 | 2.40B-08 | M252Y/8254T/T2565/V308P/ M428L/ N4 34Y

F128 | 1.70E-07 | P257L/M428L/N434W

F129 | 2.20E-07 | P257A/M428L/N434Y

F131 | 3.00E-0¢ | P257G/M428L/N434Y

F132 | 2.10E-Q7 | P2571/M428L/N434Y

F133 | 4.10E-07 | P257M/MA28L/N434Y

Fi34 | 2.70E-07 | P257N/M428L/N434Y

F135 | 7.50B-07 | P2573/M428L/N434Y

F136 | 3.80BE-07 | P257T/M428L/N434Y

F137 | 4.60B-07 | P257V /MA28L/N434Y

F139 | 1.50E-08 | M2E2W /V3I08P/N434W

F140 | 3.60E-08 S23OK/MI52Y / V08P /N434Y

F141 | 3.50E-08 ; M252Y/S298G/V308P/N434Y

F142 | 3.70E-08 | M252Y/D270F/V308P/N434Y

F143 | 2.00E-07 | M252Y/V308A/N434Y

F145 | 5.30E-08 | M252Y/V308F/N434Y ~

F147 { 2.408-07 | M232Y/V308]/N434Y

F142 | 1.90E-07 | M252Y/V308L/N434Y

F150 | 2.008-07 | M252Y /V308M/N434Y

F132 | 2.708-07 | M282Y /V3080/N434Y

F154 { 1.80B-07 | M252Y /V308T/N434Y

F157 | 1.50B-07 | P257A/V308P/M428L/N434Y

F158 | 5.9CE-08 | P25TT/V308P/M4a28L./N434Y

F159 | 4.40E-08 | P257V /V308P/M428L/N434Y

Fi60 | 8.50E-07 | M252W /M428]1/N434Y

F162 | 1.60E-07 | M252W /M428Y /N434Y

F163 | 4.20E-07 | M252W /M428F /N434Y

F164 | 3.70E-07 | P238A/MRE2W /N434Y

F165 | 2.90B-07 | M252W /D265A/N434Y

[Table 5-5]



99

F166 | 1.50E-07 | M2BOW /T307(Q/N434Y
F167 | 2.90E-07 | M252W/V303A/N434Y
F168 | 3.20E-07 | M252W/D376A/N434Y
F169 | 2.90E-07 | M252W/V305A/N234Y
F170 | 1.70E-07 | M252W/Q311A/N434Y
F171 | 1.90E-07 | M252W/D312A/N434Y
F172 | 2.20E-07 | M252W/K317A/N434Y
F173 | 7.70E-07 | M252W/E380A/N434Y
F174 | 3.4CB-07 | M252W/E382A/N434Y
F175 | 2.70E-07 | M252W/8424A/ N434Y
F176 | 2.90E-07 | S239K/M252W /N434Y
Fi77 | 2.80E-07 | M252W/S298G/N434Y
F178 | 2.70E-07 | M252W/D270F /N434Y
F179 | 3.10E-07 | M252W/N325G/N434Y
F182 | 6.60E-08 | P257A/MA28L/N434W
F183 | 2.20B-07 | PRETT/M428L/N434W
F184 | 2.70B-07 | PR57V/MA428L/N434W
Fi85 | 2.60E-07 | M282W/I332V/N434Y
F188 | 3.00E-06 | P2571/Q3111

F18% | 1.90E-07 | M252Y/T307A/N434Y
F190 | 1.10E~07 | M252Y /T307Q/N434Y

Figl | 1.60E-07

POETL/T307A/ MADSL/NA3EY

F192 | 1.10E-07

P257A/T307A/M4A28L/ N434Y

F193 | 8.50E-08

POSTT/TI07TA/ MA28L/ NA24Y

F1e4 | 1.20E-G7

P257V/T30TA/MA28L/NA34Y

195 | 5.60E-08

P2ETL/T307Q/ M428L/N434Y

F196 | 3.50E-08

PO57A/T3I07Q/ M4A2EL/ Na34Y

F197 | 3.3CE-08

P257T /T307Q/MA28L/N434Y

F198 | 4.80E-08

PRETV/T307Q/MA28L/N434Y

F201 | 2.10E-07 | M252Y /T307D/N434Y
F203 | 240E-07 | M252Y /T307F/N434Y
F204 | 2.10E-C7 | M252Y /T307G/N43AY
F205 | 2.00E-07 | M252Y /T307H /N434Y
F206 | 2.30E-07 | M252Y /T3071/N434Y
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FR07 | 9.40E-07 | M252Y/T307K/N434Y
F208 | 3.90E-07 | M252Y/T307L/N434Y
F209 | 1.30E-07 | M252Y/T307M/N434Y
F210 | 2.00E-07 | M252Y/T307N/N434Y
F2li | 2.40B-07 | M252Y/T307P/N434Y
F212 | 6.80E-07 | M252Y /T307R/N434Y
F213 | 2.30B-07 | M252Y/T3075/N434Y
F214 | 1.70E-07 | M252Y/T307V/N434Y
F215 | 9.60E-08 | M252Y/T307W /N434Y
F216 | 2.30E-07 | M252Y/T307Y/N434Y
F217 | 2.30E-07 | M252Y/K334L/N434Y
F218 | 2.60E-07 | M252Y/G385H/N434Y
F219 | 2.50B-C7 | M252Y /T289H/N434Y
F220 | 2.50E-07 | M252Y/Q311H/N434Y
| F221 | 3.108-07 M252Y/D312H/N434Y
F222 | 3.40E-07 | M252Y/N315H/N434Y
F223 | 2.70E-07 | M252Y/K360H/ N434Y
F225 | 1.50E-06 | M252Y/L314R/N434Y
F226 | 5.40E-07 | M252Y/L314K/N434Y
F227 | 1.20E-07 | M252Y/N286E/N434Y
F228 | 2.3CE-07 | M252Y/L309E/N434Y
P225 | 5.10E-07 | M252Y/R255E/N434Y
F230 | 2.50E-07 | M252Y/P387E/N434Y
F236 | 8.90E-07 | K2481/M428L/NA34Y
237 | 2.30B-07 | M252Y/MA428A/ N434AY
F238 | 7.40E-07 | M252Y/M428D/N434Y
F240 | 7.20E-07 | M252Y/ MA28F/ N4A34Y
w241 | 1.50E-06 | M252Y/M428G/N434Y
F242 | 8.50E-07 | M252Y/M428H /N434Y
F243 | 1.80E-07 | M252Y/M4281/N434Y
F244 | 1.30E-06 | M252Y/M428K/ N434Y
F245 | 4.70E-07 | M252Y/MA428N/ N4A34Y
F246 | 1.10E-06 | M252Y/M428P/ N434Y
F247 | 4.40E-07 | M252Y/M428Q/N434Y
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72490 | 6.40E-07 | M252Y/M428S/N434Y

F250 | 2.00E-07 | M252Y/M428T/N434Y

F251 | 1.00E-07 | M252Y/M428V/N434Y

F252 | 1.00E-06 | M252Y/M428W /N434Y

F253 | 7.10B-07 | M252Y/M428Y /N434Y

F254 | 7.50E-08 | M252W /T307Q,/M428Y /N434Y
Fo55 | 1.10B-07 | M252W/Q311A/M428Y /N434Y
F256 | 5.40E-08 | M252W/T307Q/Q311A/M428Y /N4B4Y
F257 | 5.00E-07 | M252Y/T307A/M428Y /N434Y

F258 | 3.20E-07 | M252Y/T307Q/M428Y /N434Y

F289 | 2.80E-07 | M252Y/D270F/N434Y

F260 | 1.30E-07 | M252Y/T307A/Q31 1A/ N434Y

FO61 | 8.40E-08 | M252Y/T307Q/Q31 1A/ N434Y

F262 | 1.90E-07 | M252Y/T307A/Q311H/N434Y

F263 | 1.10E-07 | M252Y /T307Q/Q311H/N434Y

F264 | 2.80E-07 | M252Y/E382A/N434Y

F265 | 6.80E-07 | M252Y/E382A/M428Y ,/ N434Y

F266 | 4.70E-07 | M252Y/T307A/E382A/ M428Y / N434Y
P67 | 3.20E-07 | M252Y /TE0TQ/BAB2A/ MAEY /NA34Y
F268 | 6.30E-07 | P238A/M252Y /M428F/N434Y

F260 | 5.20E-07 | M252Y/V305A/M428F/ N434Y

F270 | 6.60E-07 | M252Y/N325G/M428F /N434Y

F271 | 6.90E-07 | M252Y/D376A/M428F/N434Y
F272 | 6.80E-07 | M252Y /E380A/MA428F/ N434Y

F273 | 6.508-07 | M252Y/E382A/ M428F / Na34y

F274 | 7.60E-07 | M252Y/E380A/E382A/ M428F / N434Y
F275 | 4.20E-08 | S239K/M252Y/V308P/E3824/N434Y
F276 | 4.10E-08 | M252Y/ D270F/ V308P/E382A/ N434Y
F277 | 1.30E-07 | S239K/M252Y/ V308P/ MA28Y /N434Y
F278 | 3.00E-08 | M252Y /T307Q/V308P/E3824,/N434Y
F279 | 6.10E-08 | M252Y/V308P/Q311H/E382A/N434Y
F280 | 4.10E-08 | S239K/M252Y/ D270F/V308P/N434Y
F281 | 0.20E-08 | M252Y/V308P/E382A/ MA28F / NA3AY
F282 | 2.90E-08 | M252Y/V308P/E382A/M428L/ N434Y
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F283 | 1.00B-07 | M252Y/V308P/E382A/M428Y /N434Y

F284 | 1.00E-07 | M252Y/V308P/MA28Y /N434Y

F285 | 9.90E-08 | M252Y/V308P/M428F/N434Y

F286 | 1.20E-07 | $230K/M252Y/V308P/E3824/ MA28Y /NA34Y
F287 | 1.00E-07 | M252Y/V308P/E380A/E382A/ MASY / NAZ4Y
F288 | 1.908-07 | M252Y/T256E/E382A/N434Y

F280 | 4.80E-07 | M252Y/T2568 / MA2SY /N434Y

F290 | 4.60E-07 | M252Y/T256E/E382A/M428Y /N434Y

F292 | 2.30E-08 | $230K/M252Y /V308P/E382A, M428]/ N454Y
F203 | 5.308-08 | M252Y/V308P/E380A/E382A/ MA281/ NABAY
F294 | 1.10E-07 | S239K/M252Y/V308P/ M428F/N434Y

F205 | 6.80E-07 | $230K/M252Y/E380A/E382A/ MA428F /N434Y
F206 | 4.90E-07 | M252Y/Q311A/M428Y/N434Y

P297 | 5.108-07 | M252Y/D312A/M428Y /N434Y

7208 | 4.BOE-O7 | M252Y/Q311A/D312A/ MA2BY /N44Y

F200 | 9.40E-08 | S230K/M252Y/V308P/Q31 1A/ M428Y / N434Y
F300 | 8.30E-08 | S239K/M252Y/V308P/D312A/ M428Y / N434Y
F301 | 7.20E-08 | S239K/M252Y/V308P/Q311A/ D312A/ M4A28Y /N434Y
F302 | 1.90E-07 | M252Y/T256E/T307P/N434Y

F303 | 6.70E-07 | M252Y/T307P/ Ma28Y /N4B4Y

F304 | 1.60E-08 | M252W/V308P/MA28Y/N434Y

F305 | 2.70B-08 | M252Y /T256E /V308F/E382A/ N434Y

F306 | 3.50E-08 | M252W /V308P/E382A/ N434Y

F307 | 3.60E-08 | $239K/M252W /V308P/E382A/ N434Y

F308 | 1.90E-08 | S239K/M252W/V308P/E382A,/ MA28Y /N4 34Y
F310 | 9.40E-08 | S239K/M252W /V308P/E382A/ M428I/ N434Y
F311 | 2.80E-08 | S239K/M252W /V308P/M428F / N434Y

F312 | 4.508-07 | S239K/M252W /E380A/E382A/ MA2S8F/NA34Y
F313 | 6.50E-07 | S239K/M252Y/T307P/M428Y / N434Y

F314 | 3.20E-07 | M252Y/T256E/Q311A/D312A/M428Y /N434Y
F315 | 6.80E-07 | S230K/M252Y/M428Y /N434Y

F316 | 7.008-07 | S230K/M252Y [ D27OR/MAR8Y / N434Y

F317 | 1.10E-07 | S239K/M252Y / D270F /V308P /M428Y / N434Y
F318 | 1.80E-08 | $230K/M252Y /V308P/M4281/N434Y
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F320 | 2.00B-08

S239K/M252Y /V308P/N325G/ E382A/ M428]/ N434Y

F321 | 3.20E-08

S239K/M252Y/ D270F/V308P /N325G/N434Y

F322 | 9.20E-08

S239K/M252Y/D270F /T307P/V308P/N434Y

F323 | 2.70E-08

S239K/M252Y /T256E,/ D270F /V308P/ N434Y

F324 | 2.80B-08

S236K/M252Y/ D270F /T307Q/V308P/N434Y

F325 | 4.10E-08

S330K/M252Y / D270F /T307Q/ V308P/ Q31 1A/ N434Y

F326 | 7.50E-08

S239K/M2B2Y /D2TOF /T307Q/Q311A/N434Y

F327 | 6.50E-08

S239K/M252Y /T2B6E /D270F/T307Q/ Q31 1A/N434Y

F328 | 1.90B-08

S239K,/M252Y /D27 0F /V308P /M4AR2E] /N434Y

F329 | 1.20E-08

S230K/M252Y /DR70F/N286E /V308P/ N434Y

F330 | 3.60E-08

S230K/MOB2Y [ D270F / V08P L0SE/ N434Y

F331 | 3.00E-08

S239K/M252Y /D270F /V308P/P387E/N434Y

F333 | 7.40E-08

SO39K/M282Y /D270OF/T307Q/L309E/ Q31 1A/ N434Y

F334 | 1.90E-08

S239K/M252Y / D27 OF/ V308F/ N325G/ M4 281 /N434Y

¥325 | 1.50E-08

S239K/M252Y /T256E/D270F/ V308P/ MA2Z81/ N434Y

F336 | 1.40E-08

S239K/M252Y / DR270F/T307Q/V308P/Q31 1A/ M4281/ N434Y

F337 | 5.60E-08

S239K/M252Y / D270F/T3070Q/ Q311A/ M428I/N434Y

F338 § 7.70E-09

S230K/M252Y /D270F/N286R/V308P/M428] / N434Y

F339 | 1.90E-08

B239K/M252Y /D270F /V308P/L3COE / MA28L/N434Y

F343 | 3.20E-08

S239K/M252Y / D27 COF/V308P/ M428L/ N434Y

F344 | 3.00B-08

S239K/M252Y /V308P/ M428L/ N434Y

F34% | 1.508-07

SORIK/M252Y /V3I08P/L309P/ M428L / N434Y

F350 | 1.70E-07

SD30K/M25IY / V308P/ LI0YR/ M4A28L/ N434Y

F352 | 6.00BE-07

8239K/M252Y /L30OP/ M428L,/ N434Y

F353 | 1.10E-06

S239K/M252Y /L309R,/ M428L, N434Y

F354 | 2.80E-08

S2ROK/M252Y /T307Q/ V08P M4A28L/ N434Y

F356 | 3 40E-08

S239K/M252Y /DR70F/V308P/LIV9E/P387E/N434Y

F357 | 1.60E-08

S239K/M282Y /T256E /D270F / V08P /N325G/ M4281/ N434Y

F358 { 1.00E-07

S230K/M252Y /T307(Q/N434Y

F352 [ 4. 20E-07

P257V/T307Q/M428I/N434Y

F360 | 1.30E-06

P257V/T307Q/MA28V /N434Y

F362 | 5.40E-08

P257V /TH07Q/ N325G/ M428L/ N434Y

F363 | 4.10E-08

P257V/T307Q/ Q31 1A/ M428L/ N434Y

F364 | 3.50E-08

P257V/T307Q/Q311A/N325G/ M428L/N434Y
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F365 | 5.10E-08 | P257V/V305A/T307Q/ M428L/N434Y

F367 | 1.30E-08 | S239K/M252Y /E258H /D270F/T3070Q/V308P/Q311A/N434Y

F368 | 2.00E-08 | S239K/MR252Y /DRV0F/V308P/N325G/E382A/M4281 /N434Y

F369 | 7.50E-08 | MR52Y/P257V/T307Q/M428]/N4A34Y

Fa72 | 1.308-08 | S239K/M252W /V308P/M428Y /N434Y

F373 | 1.10E-08 | 8230K/M252W /V308P /)31 1A/ M42RY /NAR4Y

Fa374 | 1.208-08 | S230K/M252W /T256E,/VA0SP/ MAZSY /NA34Y

F375 | 5.50E-09 | S239K/M252W /N286E/V308P/ M428Y /N434Y

F376 | S.60B-09% ; S239K/MR2E2Y /T256E/D270F /N286E/V308P/N434Y

F377 | 1.30E-07 } S230K/MI2SIW /T307P/ MA2EY /N434Y

F379 | 9.00E-09 | 8230K/MR2E2W /T256E/V308P/(Q311A/MAZRY /N434Y

F380 | 5.60HE-09 | SR30K/M252W /T256E/N286E /V308P /M4 28Y /N434Y

F381 | 1.10E-07 { P257V/T307A/Q311A/MA28L/N434Y

F382 | 870E-08 | P257V/V305A/T30TA/MA28L/N434Y

F386 | 3.20BE-08 | M252Y/V308P/L309E/N434Y

F387 | 1.50E-07 | M252Y/V308P/L300D/N434Y -

F388 | 7,00E-08 | M252Y/V308P/L30GA/N434Y

#3891 L70E-08 | M252W/V308P/1L309E /M428Y /N434Y

F390 | 6.80E-08 | M252W/V308P/L309D /M4A28Y /N434Y

F391 | 3.60E-08 | M252W /V308P/L309A/ MA28Y / N434Y

F302 | 6.90BE-00 | S239K/M252Y /N286E /V308P/ M428I/N434Y

F393 | 1.20E-08 | 8239K/M352Y /N2BSE/V30aP,/ N434Y

F3%94 | 5.30B-08 | S239K/MR252Y/T307Q/Q311A/M428]/N434Y

F395 | 2.40E-08 | S239K/M252Y/T256E/V308P /N434Y

F396 | 2.00E-08 | S230K/M252Y/D270F/N286E /T3070Q/Q31 1A/ M4281/ N434Y

F397 | 4.50E-08 | S239K/M282Y/D270F/T307Q/Q311A/P387E/MA28]/ N434Y

F398 | 440E-09 | B239K/M252Y/D270F /NI86E /T307Q/V308P/ Q31 1A/ MA2BL/N434Y

P399 | 6.50E-09 | S239K/M252Y,/ D270F/ N286E /T307Q/V308P/ M428I/ N434Y

400 | 6.10E-09 | S239K/M252Y/D270F/N286E /V308P/ Q31 LA/ M42BI/N434Y

F401 | 6.90E-09 | S239K/MR252Y/D270F/N286E /V3I08P/ P387E/M428] / N434Y

F402 | 2.30E-08 | P57V /T307Q/M428L/ N434W

F403 | 5.108-08 | P257V/T307A/M428L/NAZ4W

F404 | 9.40E-08 | P257A/T307(Q/L309P/ M428L /N4 34Y

F405 | 1.70E-07 | P257V/T307Q/L309P/ M428L / N434Y
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F406 | 1.50B-07 | P257A/T307Q/L309R/M428L/N434Y

F407 | 1.60E-07 | P257V/T307Q/L309R/ MA28L/N434Y

F408 | 2.50BE-07 | P257V/N2S6E/MA2SL/NA34Y

F409 | 2.00E-07 | PA57V/P387E,/M428L/N434Y

F410 | 2.20E-07 | P257V/T3075H/M428L,/ N434Y

F411 | 1.30E-07 | P257V/T307N/M428L/N434Y

F412 | 8.80E-08 | P257V/T307G/M428L/ N434Y

R413 | 1.20E-07 | PR57V/T307P/M428L/ N434Y

F414 | 1.10B-07 | P257V/T3075/M428L/ N434Y

F415 | 5.60E~08 | PRS7V/N286E /T307A/ MA28L/N434Y

F416 | 9.40E-08 | P257V/T307A/P387E/M428L/ N434Y

F418 | 6.20E-07 | S239K,/M252Y/T307P/N325G/M428Y /N4 34Y
F419 | 1.60E-07 | M252Y/T307A/Q311H/K360H /N434Y

F420 | 1.50E-07 | M252Y/T307A/Q311H/P387E/N434Y

F421 | 1.30E-C7 | M2s2Y/T307A/Q311H/MA28A/ N434Y

F422 | 1.80B-07 | M252Y/T307A/Q311H/E382A/N434Y

F423 | 8.40E-08 | M252Y /T307W/Q311H/N434Y

F424 { 9.90E-08 | 8239K/P257A/V308P/M428L/N434Y

F425 [ 8.00E-08 | P257A/V308P/L309E/ M428L/NA34Y

F426 | 8.40E-08 | P257V/T307Q/N434Y

F427 | 1.10E-07 | M252Y/P267V/T307Q/MA28V /N434Y

F428 | 8.00B-08 | M252Y/P257V/T307Q/ MA2EL/N4E34Y

F429 | 3.70B-08 | M252Y/P257V/T307Q/N434Y

F430 | 8.10E-08 | M252Y/P257V /T307Q/M428Y /N434Y

¥431 | 6.50B-08 | M252Y /P257V/T307Q/ MA2KRE / N434Y

R432 | 9.20E-07 | P257V/T307Q/Q311A/N325G/ M428V/N434Y
F433 | 6.00E-08 | P257V/T307Q/Q311A/N325G/ N434Y

F434 | 2.00E-08 | P257V/T307Q/Q311A/N325G/ MA28Y /N4A34Y
F435 | 2.50E-08 | P257V/T307Q/Q311A/N325G/M428F/ NA34Y
F436 1 2.50E-07 | P257A/T307Q/M428V/N434Y

F437 | 5.70E-08 | P257A/T307Q/N434Y

7438 | 3.60E-08 | P257A/T307Q/M428Y /N434Y

F439 | 4.00B-08 | P257A/T307Q/M428F /N434Y

F440 | 1.50E-08 | PR57V/N286E/T307Q/Q31 1A/ N325G/M428L/ N434Y
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F441 | 1.80E-07 | P257A/Q311A/MA28L/N434Y

F442 | 2.00E-07 | P257A/Q311H/M4A28L/NASLY

F443 | 5.50E-08 | P257A/T307Q/Q311A/M428L/ N434Y

P444 | 1.40B-07 | PRS7TA/T307A/Q311A/MA28L/N434Y

F445 | 6.20E-08 | P267A/T307Q/ Q31 1H/M428L/N434Y

446 | 1.10E-07 | P257A/T307A/Q311H/ M428L/N434Y

F447 | 1.40E-08 | P257A/N286E/T307Q/M428L/N434Y

F448 | 5.30E-08 | P257A/N286E/T307A/M428L/N434Y

F449 | 5.70E-07 | S239K/M252Y /D270F/T307P/ N325G/ M428Y / N434Y
F450 | 5.208-07 | S230K/M252Y /T307P/L300E/ N325G,/ M428Y / N434Y
F451 | 1.00E-07 | P2573/T307A/M428L/N434Y

452 | 1.408-07 | P257M/T307A/MA28L/N434Y

F458 | 7.80E-08 | P257N/T307A/ MA28L/N434Y

F454 | 0.60E-08 | P2571/T307A/M428L /N434Y

F455 | 2.70E-08 | P257V/T307Q/M428Y /N434Y

F456 | 3.40E-08 | P257V/T3070Q/M4A28F/N434Y

F457 | 4.00E-08 | S239K/P257V,/V308P/M428L/NA34Y

F458 | 1.50E-08 | P257V/T307Q/V308P/N325G / M428L/N434Y
F450 | 1.30E-08 | P257V/T307Q/V308P/Q31 1A/ N325G/M428L/ NASAY
F450 | 4.70E-08 | P25TV/T307A/VI0RP/N325G/ MA2EL/N434Y
F462 | 8.50B-08 | P257A/V308P/N325G/M428L/ N434Y

F463 | 1.30E-07 | P257A/T307A/V308P/ M428L/N434Y

F464 | 5.50E-08 | P257A/T307Q/V308P/M428L,/ N434Y

F465 | 2.10E-08 | P257V/N286E/T307Q/N325G/MA28L/N434Y
F466 | 3.50E-07 | T256E/P257V/N434Y

F467 | 5.70E-07 | T256E/P257T/N434Y

F468 | 5.70E-08 | S239K/P257T/V308P/M428L/N434Y

F469 | 5.60E-08 | P257T/V308P/N325G/ M428L/ N434Y

F470 | 5.40E-08 | T256E/P257T/V308P /N325G/M428L/ N434Y
F471 | 6.60E-08 | P257T/V308P/ N325G/ E382A/ MA28L/ N4 34Y
F472 | 5.40B-08 | P257T/V308P/N325G/P38TE/M428L/ N434Y
F473 | 4.50B-07 | P237T/V308P/ L3097/ N325G /M428L/N434Y
F474 | 3.50E-07 | P257T/V308P/L309R/N325G/ M428L/ N434Y
F475 | 4.30B-08 | T256E/P257V/T307Q/M428L/N434Y
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F476 | 5.50E-08 | P257V/T307Q/E382A/M428L/ N434Y

F477 | 4.30E-08 | P257V/T307Q/P387E/MA2SL/ N434Y

F480 | 3.90E-08 | P257L/V308P/N434Y

F481 | 5.50E-08 | P257T/T307Q/ N434Y

F482 | 7.00E-08 | PR57V/T307Q/N325G/N434Y

F483 | 5.70E-08 | P257V/T307Q/0311A/N434Y

F484 | 6.20E-08 | P57V /V305A/T307Q/Na34Y

F485 | 9.70E-08 [ P257V/N286E/T307A/N434Y

F486 | 3.40E-07 | P257V/T307Q/L309R/Q31 1 H/M428L/N434Y
 Fass | 3.50E-08 P257V/V308P/ N325G / M428L / N434Y

F490 | 7.50E-08 | S239K/P257V/V308P/Q311H/ M428L/N434Y
F202 | 9.80B-08 | P257V/V305A/T307A/N325G/MA28L/ NA34Y
F493 | 4.90B-07 | S239K/D270F/T307P/N325G,/ MA2&Y /N434Y
F497 | 3.10B-06 | P257T/T307TA/ MA28V/N434Y

F408 | 1.30E-06 | P257A/MA28V/N434Y

F499 | 5.20E-07 | P257A/T307A/MA28V / NA34Y

F500 | 4.30E-08 | P257S/T307Q/ M428L/N434Y

F506 | 1.90E-07 | P257V/N207A/T307(Q/M428L/N334Y

F507 | 5.10E-08 | PRB7V/N286A/T307(Q/ MAZSL/N434Y

F508 | 1.10E-07 | P257V/T307Q/N315A/M428L/N434Y

F500 | 5.80E-08 | P257V/T307Q/N384A/M428L/ N434Y

F510 | 5:30E-08 | P257V/T3070Q/N389A/ M428L/NA34Y

F511 | 4.20E-07 | P257V/NA34Y

F512 | 5.80E-07 | P257T/N434Y

F517 | 8.10B-07 | P257V/N286E/N434Y

F518 | 4.208-07 | PRS7T/N286E/N434Y

¥519 | 2.60E-08 | PR57V/N286E/T307Q/N434Y

F521 | 1.10B-08 | P257V/N286E/T307Q/M428Y / N434Y

F523 | 2.60E-08 | P257V/V305A/T307Q/ MAZEY /N434Y

| Fs26 | 1.908-08 P257T/TI07Q,/ MA28Y /N434Y

F527 | 9.40E-00 | P257V/T307Q/V308P/N325G/ M428Y / N434Y
F529 | 2.50E-08 | P257T/T307Q/ MA28F / N434Y

F533 | 1.20E-08 | P257A/N286E/T307Q/ M428F/ N434Y

F534 | 1.20E-08 | P257A/N286E /T307Q,/ M428Y /N434Y
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F535 | 3.00E-08 | T250A/P2E7V/T307Q/MAZRL/N434Y
F538 | 9.00B-08 | T280F/P257V/T307Q/ MA28L/ NE3AY
F541 | 6.00E-08 | T2501/P257V/T307Q,/ M428L/N434Y
F544 | 3.108-08 | T250M/P257V/T307Q/ M428L/ N434Y
F549 | 5.408-08 | T2508/P257V/T307Q/MA28L/ N434Y
FB50 | 5.908E-08 | T250V/P257V/T307Q/ M428L, /N434Y
FE51 | 1.20E-07 | T250W /P257V /T307Q/MI28L/N434Y
F552 | 1.10B-07 | T250Y/P257V/T3070Q/M428L/ N434Y
F553 | 1.70E-07 | M252Y/Q311A/N434Y

F554 | 2.80E-08 | S239K/M252Y / 82547/ V308P/ N434Y
F556 | 1.50E-06 | M252Y/T307Q/Q311A

F559 | 8.008-08 | M252Y/S254T/N286E /N434Y

F560 | 2.80E-08 | M252Y/S254T/V308P/ N434Y

F561 | 1.40E-07 | M252Y/S254T/T307A/N434Y

F562 | 8.30E-08 | M2E2Y / 82547/ T307Q/N434Y

F563 | 1.30E-07 | M252Y/S254T/Q311A/N434Y

F564 | 1.90E-07 | M252Y/S254T/Q311H/N434Y

F565 | 0.20E-08 | M252Y/S254T/TA0TA/ Q31 LA/ N434Y
F566 | 6.108-08 | M252Y/8254T/T3070Q/Q31 1A/ N434Y
FS67 | 2.208-07 | M252Y/S254T/MA28I/ N434Y

F568 | 1.10E-07 | M252Y/T256E,/T307A/ Q31 1H/N434Y
F569 | 2.00E-07 | M252Y/T256Q/T307A/ Q31 1H/N434Y
F570 | 1.30E-07 | M2B2V/S254T/T307A/ Q31 1H/ N434Y
F571 | 8.10%-08 | M252Y/N286E/T307A/Q31 1K,/ N434Y
F572 | 1.00E-07 | M252Y/T307A/G311H,/ M4281/N434Y
F576 | 1.60E-06 | M252Y /TR565/T307Q/ Q31 1H
F577 | 1.30E-06 | M252Y /N2S6E/T307TA/(311A

F578 | 5.70B-07 | M252Y /N28SE /T307Q/Q311A
FE80 | 8.608-07 | M252Y/N286E/T307Q/Q311H
F581 | 7.205-08 | M252Y/T256E/N28GE/N434Y

F582 | 7.508-07 | S239K/MR252Y /V308P

F583 | 7.80%-07 | S239K/M252Y/V308P/E382A

F584 | 6.308-07 | S230K/M252Y /T256E/V308P

F585 { 2.00E-07 | 8239K/M252Y /N286E /V308P
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F586 | 1.40E-07 | §239K/M252Y /N286E/V308P, M428]
F587 | 1.90E-07 | M252Y/N286E / M428L/N434Y

F592 | 2.00E-07 | M252Y/S254T/E382A/N434Y

F593 | 3.10E-08 | 5239K/M252Y / S254T/V308P/ M4281/K434Y
F594 ; 1.60E-08 | S239K/M252Y /TR56E/VI08P/ MA2SI/N434Y
F505 | 1.80BE-07 | S239K/M252Y /M4281/N434Y

F596 | 4.00E-07 | M252Y/D312A/E382A/MA428Y /N434Y
F597 | 2.20E-07 | M252Y/E382A/P387E/N434Y

F598 | 1.40E-07 | M252Y/D312A/P387E/N434Y

F599 | 5.20BE-07 | M252Y /P387E/MAREY /N434Y

F600 | 2.80E-07 | M252Y/T2560/E382A/ N434Y

F601 | 9.60B-09 | M252Y/N286E /V308P/ N434Y

F608 GU36A/S239D /13328

F611 | 2.808-07 | M252Y/V305T/T307P/V308]/L309A/N434Y
F612 | 3.60E-07 | M252Y /T307P/ V308I/L30SA/ N434Y

F613 S239D/A330L/1332E

F516 S239D/K326D/1328Y

F617 | 7.40E-07 | S230K/NA34W

F618 | 6.408-07 | S239K/V308F/N434Y

F619 | 3.10B-07 | S230K/M252Y/N434Y

F620 | 2.10BE-07 | S230K/M252Y / S254T/ N434Y

F621 | 1.50E-07 | 8230K/M252Y /TA07A/Q311H/N434Y
F622 | 3.50E-07 | S239K/M252Y /T256Q/ N434Y

F623 | 1.80E-07 | S230K/M252W /N434W

F624 | 1.408-08 | 8239K/P257A/N286E/T307Q/M428L/N434Y
F625 | 7.60E-08 | S230K/P257A/T307Q/M428L/N434Y
F626 | 1.30E-06 | V308P

F629 | 3.90E-08 | M252Y/V279L/V308P/N434Y

F630 | 3.70B-08 | S230K/M252Y/V279L/ V308P/N434Y
F633 | 2.40E-08 | M252Y/ V282D /V308P/ N434Y

F634 | 3.20E-08 | S230K/M252Y/V282D/ V08P, N434Y
F635 | 4.508-08 | MR52Y/ V284K /V308P/NA34Y

F636 | 4.80E-08 | S239K/M252Y/V284K/V308P/N434Y
F637 | 1.50E-07 | M252Y/ K288/ V308P/ N434Y
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F638 | 1.40E-07 | S230K/M252Y/K288S,/VA08P/N434Y
F639 | 2.70E-08 | M252Y /V308P/G3B5R/N434Y

F640 | 3.60E-08 | 8239K/M252Y /V308P/G385R/N434Y
F64l | 3.00E-C8 | M252Y /V308P/Q386K/N434Y

F642 | 3.00E-08 | S239K/M252Y /V308P/ Q386K N434Y
F643 | 3.20E-08 | L235G/GR36R/ 8239K,/M252Y /V308P/N434Y
F644 | 3.00E-08 | G236R/S239K/M252Y /VIOSP/ N435Y
F645 | 3.30E-08 | S230K/M252Y /V308P/L328R/N434Y
F646 | 3.80BE-08 [ S239K/M252Y/N297A/V308P/N434Y
F647 | 2.00E-08 | P238D/M252Y /V308P/N434Y

FE&48 P238D

F649 | 1.20E-07 | S239K/M252Y /N286E/N434Y

F650 | 1.70E-07 | S230K/M252Y /T256E/N434Y

F651 | 1.80E-07 | S230K/M252Y/Q311A/N434Y

F652 | 2.40E-07 | P238D/M252Y /N434Y

F654 | 3.20E-08 | L235K/S239K/M252Y /V308P/ N434Y
F655 | 3.40E-08 | L235R/S230K/M252Y / V08P / N434Y
F656 | 3.30B-08 | G237K/S239K/M252Y /VE08P/ N434Y
FE57 | 3.20E-08 | G237R/S239K/M252Y /V308P/ N434Y
F658 | 3.20E-08 | P238K/S230K,/M252Y /V308P/ N434Y
F659 | 3.00E-08 | P238R/S239K,/ M252Y /V308P/N434Y
F650 | 3.10E-08 | S239K/M252Y/V308F/PI320K /N4 34Y
F661 | 3.40E-08 | $239K/M252Y /V308P/P32OR/N434Y
F663 | 6.40E-09 | S230K/M252Y /N286E/T307Q/V308P/Q311A/N434Y
F664 | 3.90E-08 | M252Y/N286A/V308P/N434Y

F665 | 2.008-08 | M252Y /N286D/V308P/N434Y

F666 | 2.10E-08 | M252Y /N286F /V308P/N434Y

F667 | 3.00E-08 | M252Y/N286G/V308P/N434Y

F568 | 4.00E-08 | M252Y /N286H / V308D /N434Y

F660 | 3.50E-08 | M252Y /N2861/V308P/ N434Y

F670 | 2.10BE-07 | M252Y /N286K/V308P/N434Y

FE71 | 2.20E-08 | M252Y /N286L/V308P/N434Y

F672 | 2.40B-08 | M252Y/N286M/ V308P/N434Y

F673 | 2.30B-08 | M252Y /N286P/V308P/N434Y
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Fe74 | 3.20E-08 | M2E2Y/N2B6Q/V308P/N434Y

Fe75 | 5.10E-08 | M252Y/N286R/V308P/N434Y

FE76 | 3.20E-08 | M252Y/N2865/V308P/N434Y

F&77 | 4.70E-08 | M252Y /N286T /V308P/N434Y

F678 | 3.30E-08 | M252Y/N286V /V308P/N434Y

F&7S | 1.70E-08 | M252Y/N286W /V308P/N434Y

F680 | 1.50E-08 | M252Y/N286Y /V308P/N434Y

F681 | 4.90E-08 | M252Y/K288A/V308P/N434Y

F682 | 8.20E-08 | M252Y/K288D/V308P/N434Y

F683  5.00E-08 | M252Y/K288E /V308P/N434Y

FE84 | 5.108-08 | M252Y/K288F /V308P/ N434Y

F683 | 5.30E-08 | M252Y/K288G/V308P/N434Y

F686 | 4.60E-08 | M252Y/K288H /V308P/ N434Y

F687 | 4.90E-08 | M252Y/K2881/V308P/N434Y

FE88 | 2.80E-08 | M252Y/K288L/V308P/N434Y

F689 1 4.108-08 | M252Y/KR88M/V308P/N434Y

o0 | 1.00E-07 | M252Y/K288N/V308P/N434Y

F6ol | 3.20E-07 | M252Y/K288P/V308P/N434Y

F622 | 3.90B-08 | M252Y /K288(Q/V308P/N434Y

F693 | 3.60B-08 | MR52Y/K288R/V308P/N434Y

694 | 4.70E-08 | M252Y/K288V /V308P/N434Y

F695 | 4.00E-08 | M252Y/K288W /V308P/N434Y

F696 | 4.40E-08 | M252Y/K288Y /V308P/N434Y

Fea7 | 3.10E-08 | S239K/M252Y /V308P/N325G/N434Y

FE98 | 2.20E-08 | M252Y/N286E/T307Q/Q311A/N434Y

7699 | 2.308-08 | 5239K/M252Y/N286E/T307Q,/ Q311A/N434Y

F700 | B.20E-08 | M252Y/V308P/L328E/N434Y

F705 | 7.10E-09 | M252Y/N286E/ V08P, M4281/ N434Y

F706 | 1.80E-08 | M252Y /N286E /T307Q/Q31 1A/ M428I/N434Y

F707 ; B.90E-09 MQSQY/N286E/T30'7'Q/VSDSPf'QSl2A/N434Y

F708 | 4.10E-09 | M252Y/N28GE/T307()/V308P/ Q31 1A/ MA4281 /N434Y

F709 | 2.00E-08 | S230K/M252Y /N286E/T307Q/ Q311A/M428I/N434Y

F71G | 1.50E-08 | P238D/M232Y /N286E/T307Q/ Q31 1A/ MA281/N434Y

F711 | 6.50E-08 | S239K/M252Y /T307Q/Q311A/N434Y
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P712 | 6.00E-08 | P238D/M252Y /T307Q/Q311A/N434Y
F713 | 2.00B-08 | P238D/M252Y /N286E /T307G/ Q31 1A/ N4A34Y
¥714 | 2.30E-07 | P238D/M252Y/N325S/N434Y

F715 | 2.30E-07 | P238D/M252Y /N325M/N434Y

F716 | 2.70E-07 | P238D/M252Y /N325L/N434Y

F717 ; 2.60B-C7 | P238D/M252Y /N325I/N434Y

F718 | 2.80E-07 | P238D/M252Y /QR95M/N434Y

F719 | 7.40E-08 | P238D)/M252Y /N325G/N434Y

F720 | 2.40E-08 | M252Y/T307Q/V308P/Q5311A/N434Y

F721 | 1.50B-08 | M252Y/T307Q/V308P/Q311A/ MA28]/ N434Y
F722 | 2.70B-07 | P238D/M252Y /A327G/N434Y

F723 | 2.80E-07 | P238D/M252Y /L328D/N434Y

F724 | 2.50E-07 | PR38D/M252Y /L328E /N434Y

F725 | 4.20E-08 | L235K/G237R/S239K,/ M252Y / VB0SP/N434Y
F726 | 3.70E-08 | L235K/P238K/ S239K/M252Y /V30SE/ N434Y
F729 | 9.208-07 | T307A/Q311A/N434Y

F730 | 6.00E-07 | T307Q/Q311A/N434Y

¥731 | 8.50B-07 | T307A/Q311H,/N434Y

F732 | 6.80E-07 | T3070/Q311H,/N434Y

F733 | 3.208-07 | M252Y/L308E/N434Y

F734 | 3.10E-07 | G236D/M252Y/L328E/N434Y

F736 | 3.10E-07 | M252Y/S267M/L328E /N434Y

F737 | 3.10E-07 | M252Y/S067L/L328E /N434Y

F738 | 3.50E-07 | P238D/M252Y /T307P/N434Y

F739 | 2.20E-07 | M252Y /T307P/ Q311A/N434Y

F740 | 2.90B-07 | M252Y/T307P/ Q31 1H/N434Y

F741 | 3.10B-07 | P238D/T250A/ M252Y /N434Y

F764 | 9.90E-07 | P238D/T250F/M252Y /N434Y

F745 | 6.60E-G7 | P238D/T250G/M252Y /N434Y

F746 | 6.00E-07 | P238D/T250H,/ M252Y /N434Y

F747 | 2.80E-07 | P238D/T2501/ M252Y /N434Y

F749 | 5.10B-07 | P238D/T250L/M252Y /N434Y

£750 | 3.00E-07 | P238D/T250M/M252Y /N434Y

F751 | 5.30E-07 | P238D/T250M /M252Y / N434Y
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F753 | 1.80E-07 | P238D/T250Q/M252Y /N434Y

F755 | 3.50E-07 | P238D/T2505/M252Y /N434Y

F756 | 3.70E-07 | P238D/T250V/ M252Y /N434Y

F757 | 1.20E-06 | P238D/T250W/M252Y /N434Y

F758 | 1.40B-06 | P238D/T250Y/M252Y / N434Y

F750 L2355/ S230K

F760 L235R/S239K

F761 i 1.10B-06 | P238D/N434Y

F762 | 3.60E-08 | L235K/ S230K/M252Y /N286E /T307Q/Q31 1A/ N434Y
F763 | 3.50E-08 | L235R/S230K/M252Y / NZ86E,/TS07Q /031 1A/ N434Y
F764 | 6.30E-07 | P238D/T307Q/Q311A/NA34Y

F765 | 8.508-08 | P238D/M252Y/T307Q/L309E/Q31 1A/ N434Y
F766 | 6.008-07 | T307A/L309E/Q311A/N434Y

F767 | 4.30E-07 | T307Q/L309E/Q311A/N434Y

F768 | 6.40B-07 | T307A/L309E/Q311H/N434Y

F769 | 4.60E-07 | T307Q/L309E/Q311H/N434Y

F770 | 3.00B-07 | M252Y/T256A,/N434Y

F771 | 4.00B-07 | M252Y/E272A/ N434Y

F772 { 3.80E-07 | M252Y/K274A/N434Y

F773 | 3.90E-07 | M252Y/V282A/N434Y

F774 | 4.00E-07 | M252Y/N286A/N434Y

F775 | 6.20E-07 | M252Y/K3384/NA34Y

F776 | 3.90E-07 | M252Y/K340A/N434Y

F777 | 3.90E-07 | M252Y/E345A/N434Y

F779 | 3.90E-Q7 | M252Y/N361A/N434Y

F780 | 3.90E-07 | M252Y/Q362A/N434Y

F781 | 3.70E-07 | M2E2Y/S375A/N434Y

®782 | 3.50E-07 | M252Y/Y391A/N434Y

F783 | 4.00E-07 | M252Y/D413A/NA34Y

F784 | 5.00E-07 | M252Y/L300A/ N434Y

F785 | 7.40E-07 | M252Y/L309H/N434Y

F786 | 2.80E-08 | M252Y/S254T/N286E/T307Q/ Q31 1A/ NA34Y
F787 | 8.80E-08 | M252Y/S254T/T307Q/L309K,/ Q31 1A/ N434Y
F788 | 4.10B-07 | M252Y/N315A/N434Y
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F789 | 1.50E-07 | M252Y/N315D/N434Y

F790 | 2.70E-07 | M252Y/N315E/N434Y

F791 | 4.40E-07 | M252Y/N315F/N434Y

F792 | 4.408-07 | M252Y/N315G/N434Y

F793 | 3.30E-07 | M252Y/N3151/N434Y

F794 | 4.10B-07 | M252Y/N315K/N434Y

F705 | 3.10B-07 | M252Y/N315L/N434Y

F796 | 8.40E-07 | M252Y/N315M/N434Y

F798 | 3.50B-07 | M252Y/N315Q/N434Y

F799 | 4.108-07 | M252Y/N315R/N434Y

F800 | 3.80E-07 | M252Y/N315S/N434Y

FBOL | 4.408-07 | M252Y/N315T/N434Y

F802 | 3.30E-07 | M252Y/N315V/N434Y

F803 | 3.60E-07 | M252Y/N315W/N434Y

F804 | 4.0CE-07 | M252Y/N315Y/N434Y

F8O5 | 3.00E-07 | MR252Y/N325A/ N434Y

F8O6 | 3.10E-07 | M252Y/N384A/N434Y

F807 | 3.20E-07 | M252Y/N383A/ N434Y

F808 | 3.20B-07 | M252Y/N389A/N390A/N434Y

F809 | 2.20E-07 | M252Y/S254T/T2565/N434Y

F810 | 2.20E-07 | M252Y/A378V/N434Y

F811 | 4.90E-07 | M252Y/E380S,N434Y

F812 | 2.70E-07 | M252Y/E382V/N434Y

F813 | 2.808-07 | M252Y/S4248/N434Y

F814 | 1.20E-07 | M252Y/N434Y /Y4361

F815 | 5.50E-07 | M252Y/N434Y /T437R

F816 | 3.60E-07 | P238D/T250V/M252Y /T307P/N434Y
F817 | 9.80E-08 | P238D/T250V/M252Y/T307Q,/Q311A,N434Y
F819 | 1.408-07 | P238D/M252Y /N286E /N434Y
F820 | 3.408-07 | L235K/S239K/M252Y /N434Y

F821 | 3.10E-07 | L235R/S230K/ MR52Y / N434Y

F822 | 1.10E-06 i P23BD/T250Y /M252Y/W313Y /N434Y
F823 | 1.10E-06 | P238D/T250Y/ M252Y /W3 138/ N434Y
F828 | 2.30B-06 | PRESD/T250V/M252Y /1253V/N434Y
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F831 | 1.60E-06 | P38D/T250V/M252Y /R255A/N434Y

F832 | 2.60B-06 | P238D/TR50V/M252Y /R2551)/N434Y

F833 | 8.00E-07 | P238D/T250V/M252Y /R255E,/ N434Y

F834 | 5.10E-07 { P238D/T250V/M2E2Y /R255F /N434Y

F836 § 3.00E-07 | P2338D/T250V/M252Y /R255H/N434Y

F837 | 5.60B-07 | P238D/T250V/M252Y /R2551/ N434Y

F838 | 4.30E-07 | P238D/T250V/M252Y /R255K/ N434Y

F839 | 3.40E-07 | P238D/T250V, M252Y /R255L/ N434Y

F820 | 4.20E-07 | P238D/T250V/M252Y /R255M/N434Y

F841 § 1.10E-06 | P238D/TR50V/M252Y /R2E5N/ N434Y

F843 | 6.60E-07 | P238D/T250V/M252Y /R255Q/N434Y

F844 | 1.30E-06 | P238D/T250V/M252Y /R2555/N434Y

FR4AT7 | 3.40E-07 | PR38D/T250V/M252Y /RA55W /N434Y

F848 | 8.30E-07 | P238D/T250V/M2E2Y /RASEY /N434Y

F849 | 3.30E-07 | M252Y/D280A/N434Y

F&S50 | 2.90E-07 | M252Y/D280E/ N434Y

F852 | 3.308-07 | M252Y /D28B0G/N434Y

F853 | 3.20E-07 | M232Y/D280H /N434Y

F855 | 3.20BE-07 { M252Y/D280K,/ N434Y

F858 | 3.20E-07 § M252Y/D280N/N434Y

F860 | 3.308-07 | M252Y/D2800Q/N434Y

F861 | 3.20E-07 } M252Y/D280R/N434Y

F862 | 3.00E-07 | M252Y/D2805/N434Y

F863 | 2.70E-07 | M252Y/D280T/N434Y

F867 | 2.80E-07 | M250Y /N384A/ N3SCOA/ NABSY

F868 | 2.00E-08 | G236A/S239D,/M2E2Y /N286E /T307Q/Q311A/N434Y

F869 G236A/8239D

F870 | 7.30E-08 | L235K/S239K/ MR52Y /T307G/Q311A/N434Y

F871 | 7.10BE-08 | L.235R/S239K/M252Y /T307Q/Q311A/N434Y

PR72 | 1.308-07 ; L235K/S239K/ MR252Y / N286E /N434Y

F873 | 1.208-07 | 1235R/S280K,/ M252Y / N286E /N434Y

875 | 4.80E-07 | M252Y /N434Y /Y436A

F877 | 8.30B-07 | M252Y /N4234Y /Y436E

F878 | 1.90E-07 | MR2B2Y/NA34Y /Y436F
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F879 | 9.20E-07 | M252Y/N434Y/Y436G

F880 | 3.90E-07 | M252Y /N434Y /Y436H

F881 | 3.10E-07 | M232Y/N434Y /Y436K

F882 i 1.30E-07 | M252Y/N434Y/Y436L

F883 | 2.1CE-07 | M252Y/N434Y/Y436M

F884 | 4.00B-07 | M252Y/N434Y /Y436N

F888 | 4.80E-07 | M252Y /N434Y /Y4365

F889 | 2.20E-07 | M2B2Y/N434Y/Y436T

F890 | 1.10E-07 | M252Y/N434Y /Y436V

F891 i 1.70E-07 | M2E2Y/N434Y /Y436W

F8A2 | 7.10E-08 | M252Y /8254T/N434Y /Y436]

F893 | 9.80E-08 | L235K/S239K/M252Y /N434Y /Y436]

F894 | 9.20E-08 | LR23BR/S239K/M252Y /N434Y /Y4361

F&95 | 2.10E-08 | L235K/8230K/M252Y /N286E/T307Q/Q31 1A/N313E/N434Y

F896 ! 2.00E-08 | L23SR/8230K/MI52Y /N28GE/T307Q/Q311A/N315E/N434Y

¥897 | 9.70E-08 | M252Y /N315D/N384A/N389A/N434Y

F808 | 1.70B-07 | M252Y/N315E/N384A/N38OA/ N434Y

F8GS | 1.10E-07 | M252Y/N315D/G316A/N434Y

FO00 | 1.70E-07 | M252Y/N315D/G316D/N434Y

F301 | 1.30B-07 | M252Y/N315D/G316E/N434Y

Fo02 | 2.20E-07 | M252Y/N315D/G316F/N434Y

FOO3 | 2.30E-07 | M2S2Y/N315D/G316H/N434Y

FS04 | 1.00E-07 | M232Y/N315D/G316{/N434Y

F905 | 1.30BE-07 | M252Y/N315D/G3 16K/ N434Y

FOO6 | 1.50B-07 | M252Y/N3150/G316L, N434Y

FOOT | 1.30B-07 § M252Y/N315D/G216M/N434Y

FOO08 | 1.50E-07 | M2B2Y/N315D/G316N/N434Y

FOO9 | 1.30E-07 | M252Y/N315D/G316P/N434Y

F310 | 1.40E-07 | M232Y/N315D/G316Q/N434Y

Fgll | 1.30E-07 | M252Y/N315D/G316R/N434Y

FO12 | 1.20E-07 § M232Y/N315D/G3165/N434Y

F913 | 1.10E-07 | M252Y/N315D/G316T/N434Y

FO14 | 1.50E-C7 | M252Y/N315D/G316V/N434Y

FS15 | 2.30E-07 | M252Y/N315D/G316W /N434Y
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F917 | 2.50B-07 | M252Y/N2865/N434Y

FO18 | 2.80E-07 | M252Y/D280E,N384A,/ N38OA/ NA34Y

FO10 | 3.30E-07 | M252Y/D280G/ N384A/NIBIA/N434Y

FO20 | 2.50B-07 | M252Y /N286S/N384A, N38OA, NA3AY

Fo21 | 1.20B-07 | M250Y/N286E/N384A/ N380A/N434Y

¥022 | 5.908-08 | L285K,/ S230K/M252Y / N286E,/ N43AY /Y4361

FO23 | 6.00E-08 | LO35R/S230K/ M252Y /N286E /N434Y /Y4361

FO04 | 3.40E-08 | L235K/S239K/ M252Y /T307Q,Q3 114/ N434Y /Y4361
FO25 | 3.20E-08 | L235R/S239K/M252Y/T3070,/ 031 LA/ NASAY /Y4361
Fo06 | 1.108-07 | L235K/ S239K/ M252Y /S254T/N434Y /Y4361

FO27 | 1.00E-07 | L235R/S230K/ M252Y / S254T/N434Y /Y4361

FO28 | 2.008-08 | M252Y/T307Q/Q311A/N434Y /Y4361

FO20 | 2.90E-08 | M252Y/S254T/T307Q/ Q3114 N434Y /Y4361

PA30 | 1.40E-07 | P238D,/T250V/M252Y /N286E/ N4S4Y

PO31 | 1.20E-07 | P238D/T250V/M252Y /N4ASAY /Y 4361

F932 | 3.20E-07 | T250V/M252Y/N434Y

FO33 | 3.00B-07 | L234R/P238D/T250V/M252Y /N434Y

F034 | 3.10B-07 | GRA6K/PR3ED/T250V/ MAS2Y /NAB4Y

| FO35 | 3.20E-07 | G237K/P238D/T250V/ M252Y / N434Y

FG36 | 3.20E-07 | G237R/P238D/T250V/ M252Y /N434Y

F937 | 5.10B-07 | P238D/S230K/T250V/ M252Y / N434Y

FO38 | 1L.AOE-07 | L235K/S239K/ M252Y / N434Y /Y 436V

FO39 | 1.50E-07 | L235R/S239K/M2B2Y /N434Y /YA36V

FO40 | 1.50E-07 | P238D/T250V,/M252Y /N4A34Y /Y 436V

Fo41 | 1.20E-08 | M252Y /N286E /T307Q/ Q31 1A/ N434Y Y436V

FO42 | 4.20E-08 | L235K/S230K/ M252Y /T307Q/ O3 1 1A/ N434Y /Y236V
FO43 | 4.00E-08 | L235R/S239K/ M252Y /T307Q/ Q3 1 1A/ N434Y /Y436
Fo44 | 1.70E-07 | T250V/M252Y /N434Y /Y 436V

FO45 | 1.70E-08 | T250V/M252Y/V308P/N434Y /Y 436V

FO46 | 4.30B-08 | T250V/M252Y /T307Q/Q31 1A/ NA34Y [Y436V

7047 | 1.10B-08 | T250V/M252Y/T3070Q/V308F/ Q31 1A/NA34Y Y436V
Fas4 | 5.30E-07 | M252Y /N434Y/H435K /Y 436V '
FOS7 | 7.70E-07 | M252Y/N434Y / HA35N/ Y436V

POBO | 8.00B-07 | M252Y/N434Y/HA35R Y436V
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F966 | 3.10E-07 | M252Y/S254A/N434Y

FO70 | 2.50E-06 | M252Y/3254G/N434Y

Fo71 | 2.60E-06 | M252Y/S254H /N434Y

FS72 | 2.60B-07 | M252Y/S254]/ N434Y

Fo78 | 1.30B-06 | M252Y/S2540Q/N434Y

FO80 | 1.80B-07 | M252Y/S254V/N434Y

F987 | 4.00E-08 | P238D/T250V/M252Y /T307Q/Q31 1A/ N434Y /Y436V

F988 | 6.90E-08 | P238D/T250V/M252Y /N286E/ N434Y /Y436V

F989 | 1.40E-08 | L235R/S239K/M252Y /V308P/N434Y /Y436V

F990 | 9.40E-00 | L235R/S239K/M252Y /T307Q/V308P/Q31 1A/ N434Y / Y436V

Foo1 | 1.30E-08 | L235R/S239K/M252Y /N286E/T307(/Q31 1A/ NA34Y/Y436V

F992 | 5.10BE-08 | L235R/S2390K/M252Y /T307Q/Q311A/ M4281/ N434Y /Y436V

FOO3 | 3.80E-08 | M252Y/T307Q/Q311A/N434Y /Y436V

Foo4 | 2.80E-07 | M252Y/N325G/N434Y

Fo95 | 2.90E-07 | L235R/P238D/S239K/M252Y /N434Y

Fo96 | 1.3CB-07 i L235R/PR3&D/S230K/M252Y /N434Y / Y436V

FOS7 | 3.80B-07 | K2481/T250V/M252Y / N434Y /Y436V

F99s | 8.50B-07 | K248Y /T250V/M252Y / N434Y /Y 436V

F999 | 2.10E-07 | T250V/M252Y /E258H/N434Y / Y436V

F1005 N325G

¥1008 | 1.70E-07 § L235R/S239K/T250V /M252Y /N434Y / Y436V

F1009 | 1.20E-08 | L235R/S239K/T250V/M2E2Y /T307Q/V308P/Q311A/N434Y /Y436V

F1010 | 1.90E-07 | 1L235R/S239K,/M252Y /T307A/ Q3 11H/N434Y

F1011 | 4.50E-C8 | T250V/M252Y /V308P/ N434Y

F1012 | 4.708-08 | L233R/S239K /T250V/M282Y /VI08P/ NA34Y

F1013 | 3.00E-08 | T250V/M252Y/T307Q/V308P/Q311A/N434Y

F1014 | 3.20E-08 | L235R/S239K/T250V /M252Y /T307Q/VE08P/ Q31 1A/ N434Y

F1015 { 2.208-08 | L235R/S239K/M252Y /T307Q/V308P/Q311A/NA34Y

F1016 | 3.80E-09 | T250V/M252Y /N286E/T307Q/V308P/Q311A/ N434Y /Y436V

F1017 | 4.20E-09 | L235R/S239K/T250V /M252Y /N286E/T307Q/ V308P/Q31 1A/ N434Y /Y436
v

F1018 | 3.20E-09 | L235R/S239K/M252Y/ N286E/T307Q/V308P/Q311A/N434Y /Y436V

F1019 | 3.40E-07 | P238D/T250V/M252Y /N325G/N434Y

F1020 | 8.50E-08 | P238D/T250V/M252Y /T307Q/Q311A/N325G/N434Y
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F1021

3.30E-07

P238D/T250V/M252Y [N325A/N434Y

Fi022

K326D/L328Y

Fi023

4.40E-08

S239D/T250V/M252Y /T307Q/ Q31 1A/NA34Y /Y 436V

Fi1024

4.00E-08

TS0V /M252Y /T307Q/Q311A/K326D/L328Y /N434Y /Y436V

F1025

 3.60E-08

S239T/T250V/M252Y /T307Q/ Q31 1A/ K326 D/ L328Y / N434Y / Y436V

F1026

8.40E-08

M252Y/T307A/Q311H/NA34Y /Y436V

F1027

8.60E-08

L235R/S230K,/ M252Y /T307A/Q311H/N434Y /¥Y436V

¥F1028

4.60E-08

GL236A/S239D/T250V / M252Y /T307Q/Q3 1 1A/ NA34Y [Y436V

Fio29

5.10E-08

TR50V/M252Y/T307Q/Q311A/1332E /N434Y /Y436V

F1030

I332E

F1031

5.30E-08

G236A/8239D/T250V/M252Y /T307Q/Q311A/1332E/N434Y / Y436V

F1032

“4,30E-08

P238D/T250V/M252Y /T307Q/ Q31 1A/N325G/ N434Y /Y436V

F1033

1.00E-06

P238D/N434W

F1084

1.50B-08

L235K/S239K/ M252Y /V308P/N434Y /Y 436V

F103&

1.00E-08

L235K/S289K,/ M252Y /T307Q/V308P/Q31 1A/ N434Y /Y436V

F1036

1.40E-08

L235K/S239K/ M252Y /N286E,/T307Q / Q31 LA/ NA34Y /YA36V

F1037

6.10E-08

123BK/S239K/M252Y/T307Q/ Q3L 1A/ MA281 /NA34Y /Y436V

F1038

2.80E-07

L235K/Po38D/SR30K/ M252Y /NAG4Y

F1039

1.30E-07

L235K/P238D/ S230K,/ M252Y / N434Y / Y436V

F1040

2.00E-07

L235K/ S230K,/ T250V/M252Y / N434Y /Y 436V

F1041

1.40E-08

L235K/S239K,/T250V /M252Y /T307Q/V308P/ Q311A/N434Y Y436V

Fi042

2.00E-07

L235K/S239K,/ M252Y /TA07A/ Q31 1H/ N434Y

F1043

5.20E-08

L235K/8239K/T250V /M252Y /V308P/N434Y

Fi044

3.50E-08

L235K/S239K/T250V /M252Y /T307Q/V308P/Q311A/N434Y

F1045

2.50E-08

L235K/S239K/ M252Y /T307Q/V308P/ 031 1A/ N434Y

Fl1046

4 .50E-09

L235K/8239K/T250V/M2E52Y /N28GE/T307Q/V308P/ Q31 1A/ N434Y /Y436
v

F1047

3.40E-09

L235K/S239K/ M252Y / N2S6E / T307Q/V308P/ 031 1 A/ N434Y /Y 436V

F1048

9.9CE-08

L235K/S239K/ M252Y /T307A/ Q3 11H/N434Y /Y436V

F1050

3.50E-09

T250V /M252Y /N2Z86E,/T307Q/ VI08P/Q311A/ MA28I /NA34Y /YA36V

F1051

3.90E-09

L235R/ S239K/T250V,/ M252Y /N286E/T307Q/ V308P/Q3 1 1A/ M428l/N434
Y/Y436V

F1052

3.20E-09

L235R/S239K/ M252Y /N286E /T307Q/V308P/Q311A/M4281 /N434Y /Y436
v
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F1053 { 4.235-08 | L235R/8239K/ TR0V M232Y/T307Q/ Q31 LA/ N434Y /Y4 36V

F1058 | 1.31E-07 | MUSIY/O3BSE/N4SAYY V436V

F1056% § L3SE-O7 | M232Y/Q386R/ NA34Y/ Y436V

Fr060 § L43E-07 | M2328Y/Q3868/N434Y/ Y436V

F1061 | 1.19E-07 | M252Y/P38TE/N434Y /VAS6V
F1062 | 1.20E-07 | M2SRY/P38TR/NABAY/ V436V

F1063 | L43E-07 | M252Y/PIB78/NI31Y/VY436V

FI064 | LIBRE-07 | MASEY/VARIE/ NABTY Y436V

F1065 | 1.38E-07 | M252Y/V4R2RY NABHY.,/ Y436V

FI066 | 1.45E-07 | M252Y/V4228/NA34Y / Y436V

F1067 | 1L26E-07 | M252Y/S424E/N434Y/ Y436V

F1068 | 1L69E-07 | M252Y/ S424R/N434Y/ V456V

F1069 | 1.89E-07 | M252Y/N434Y/Y436V/Q438E

F1O76G | L73E-07 | M252Y/NA4A34Y/ Y436V J438R

F1o71 | 1.24E-07 | B252Y fNABAY/Y436V/ 4388

F1072 | 1.35E-07 | MOS2Y/N434Y/Y436V/84408

F1073 | L3FE-07 | M252Y/N4347/Y436V ) 5440R

F1074 | 1.321-07 | 32300/ MR52Y FNABHY/ Y436V

FI1075 | LA0E-07 | M232YV/ K36/ L328Y/ N34V V436V

Fio7e | L2TE-07 [ 82890/ M250YIR326D /1328 Y /NF34Y /Y486

FI077 | 2.03E-006 | K248N/M252Y/N4349Y

FIO78 | 470807 | M2EZY/E380N/E3828/ N434Y

F1079 | 8448-07 [ MI52Y/E382K/ Nag4S / N454Y

F1080 | 3.19E-07 | M25ZY/S424NFN4B4Y.

F1081 | 6.20E-07 | M252Y/N434Y/ V436N Q38T

F1082 | 2.76E-07 | M252Y /N4B4Y/ Q438N

F1083 | 3.45E-07 | M2B2Y/N4347/8440N

F1094 | 2.608-07 | M252Y/N434Y,/S442N

FI0S5 | 2.865-07 | M252Y/8383N /G385S/N434Y

P06 | 270807 | M252Y/QoRET/NAREY

P97 | 2.82E-07 | MI52Y/ GBE5N/PRRTS/N484Y

F1098 | 2.38E-07 | 82391/ M252YIN434Y

F109¢ | 3.57E-07 | M252Y /K306D /L328Y/N434Y

FL100 | 2.41E-07 | 8230D/M252Y /KE26D/L328Y,/ N434y

Fi101 | 6.59E-08 | 52390/ MESIYTBOTQ/ QB LA/ N34T

F1102 | 6.4A6E-08 | M252Y/T3070/ Q3 11A/HI260) /L328Y /N4 34Y

FLIO3 | G:11E-D8 | S2390/M2529¢/T307Q/ Q3 1A/ K326/ LEISY /N434Y

F1104 | 1.77E-07 | M252Y/ V4228 /S424R/N434Y/ Y436V

CF13105 | LSAE-07 | M2B2Y/ V208 S92 R/ N4 34Y Y436V

F1106 | 1.42E-07 | M202Y /N434Y /Y436 V/Q458R /8440E

- R1107 | 1.23E-07 | M2I52Y /V422D/N4834Y Y436V

CET108 | 1.26E-07 [ M252Y/VI22K/N434Y/YE36V

TPLI0G | IATE-07 TM23ZY/VAR2T/NAR4Y Y436V

[ B1110 | 183807 | M2S2Y/VA22(/NA 34V VARGV
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F1111

1.65E-07

M252Y {8424/ N434Y YAV

F1112

123807

M52/ NA34Y V436V 438K

F1113

1. 18807

M252Y/N434Y/Y436V/5440D

Fllid

1.31E-07

M232Y/ NA34Y/ Y436V 54400

F F1115

1.35E-07

MZS2Y/SAR4N [ NABAY/ Y436V

FL1IG

T A4E-08

M252Y/TIO7Q/ 081 IAFSA24N /NAZEY

F11l7

4. 87E-08

TOSOV /MRE2Y /TR07Q7Q3 1A/ B424N/ NABHY,/ Y436V

F1113

1.32E-08

TS0V /MIS2Y /TAUTQ/VAOEP] Q31 1A SA24N/ NABAY / Y436V

F1119

LQ3E-0OB

TRBOV/MEE2Y/TIOTQIVI0BP/Q3 1 A/ VIR2E/NA34Y/ Y436V

F1120

1.048-08

TRE0V/NM232Y /T3070/VIDEP/ Q3 11A/8424R/ N434Y /Y4 36V

F1121

1.048-08

TS0V MEZS2Y/T30T7 O/ V08P B 1 1A/ VAR2E /B4 24RNA34Y/YA36Y

F1122

1.37E-08

T250VyM252Y/T307 Q7 VSOSP/Q8 114/ N434Y /Y4 36V 438K

1123

9. 55E-09

T250V/M252Y/T3070/ V08P 31 1A/ N434Y /¥436V/ S440E

Kild4

1.228-08

TR5AYV/M232Y/TA07Q/VE0BP/ QR 11A/NABAY /¥Y436V fQ438R/B8440E

(FI125

5.18KE-08

MATLY/TIOTC/ NABAY/YA36Y

F1126

8.90E-08

M252Y/TI0OTA NIV V430V

JFLeY

7 94R-08

M5V 1A/ NABEY /YA36V

1128

1.17E-07

M252Y/ 03118/ NASAY Y436V

TL12G

4 A8E-08

MY/ TIOTQ/ O3 T IH/ NA34Y Y436V

F1130

2.04E-08

M252Y/TI0TALQS1IA/NASAY / Y436V

1131

129RE-07

LA35R/SITUR/MES2Y FVA22E/ NA3AY | Y436V

Fi132

1.408-07

L235R/S2I0K/N250Y/ VA2 /N434Y /Y4 36V

F1133

L.38E-07

L235R/S230K/ M252Y/S424R/ NA3AY/ Y436V

F13134

1.66E-07

L235R/S239K/M202Y/ N434Y / V436V, Q438R

71133

1.26E-07

LIAZSR/B229K /M252Y /N434Y /Y436 V/ 84208

F1136

1.63E-07

L235R/S2I0F/M2E2Y fV422E [ S424R [N454Y Y436V

1187

1.888-07

L235R/SEAGK/ MIE2Y S VL2228 /842 4R/ N4 IFY/ Y436V

F1138

1.65E-07

L235R/S289F/M2E2Y /NA34Y Y436V Q438R /84408

1139

1.32E-07

L23BR/ 82301/ M252Y /84 24N/ N4A34Y /[ Y426V

13140

1.638-07

MOB2Y [VA20E F 842 4Ry NARAY /Y4 36V Q4S8R 7 54408

| 1141

1.77E~07

M52V V4208 §424R 7 NABAY [ Y436/ Q4 38R/ S440E,

- 1142

1.87E-07

L235R/SRAUK/ M252Y/ V4228 S424R/ N4 34 /Y4 36V/ Q438R/ S4408

FF1143

1.98E-07

LABSR/E239K/MREIY / V228 / S424R /NA34Y / Y486V f Q4 38R/ 84408

1144

1.44E-08

L235R/ S280K,/ T250V M252Y/ 070/ VAGRP/ Q31 14/ NABAY/ Y456V / Q438
Ry S440E

1145

D.23E-08

T250V/M252Y,/T3070,/ 031 1A/ N434Y /Y4 36V/ Q438K S440E

F1L146

6.24E-08

L235R/S239K/T250V/ M52/ T307Q/ Q31 IA/NA34Y/ Y436V / Q4 B8R/ 440

1147

7.198-08

MRB2Y/TAO7CQ/ 081 1A/NA34Y f Q438R/ S440E

F1i48

J.63E-08

L283R/8289E/ M252Y /TE07 G/ Q53 VLA N434Y f Q43BR /S5440E

115t

2.51B-07

L235R/8289K/MI5IY/ S404N f N434Y

F118%

7.38E-08

L235R/SRASWN232Y/TI0TQ/ QB 1 TA/S4R24N FN434Y

1153

4,85E-08

L235R/S280K/T250VNIZE2YFT307Qf (3 LAY 8424 N N4 34V /Y 436V

F1is4

1.34E-08

L235R/8239K/T250V/NM252Y/TA070/VI08P/ 031147 S424M/ NAZ4Y /Y436
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v

1137

2.09E-07

M252Y/ N4AB4AY/Q438R/ 54408

F1138

2.44E.07

L235R/S230K/M252Y /N434Y [ Q438R/S440E

F1139

4, 79E-07

SAZ4AN/N43AW

#1160

288807

V308F f8424N /N434Y

Fl161

1.07E-06

I332V/8424N/N4A34Y

F1162

3.43E-07

P238D/T250Y /MRI2Y/NA34Y/ Y436V

F1163

1.34E-07

P238D/TR50Y/M252Y/T307Q/ QB 1IA/NAB4Y

11164

&.96E-08

P238D/T250Y/ M52V T307Q/ Q31 1A/ NA34Y / V436V

F1i65

1.63E-08

PREED/TAG0Y/MIB2Y/TAGT(/VI08P/Q311A/NE34Y /Y436V

F1174

4.90E-Q7

P2371/NA34FL

F1176

1.98E-06

VAO8F

FL1178

B.72E-07

V2591/VA0SF /MA2EL

1183

1.28E-06

E380A/M428L/N434S

1184

1.00E-06

T3OTA/MAZBL/N434S

F1185

9, 17E-07

TIOTA/ESBOA/ MA28L/N434S

F1188

L72E-06

T3U7A/ESBOASNA34EH

F1189

1.57E-07

M252Y/H433D /NA34Y /Y486V/ Q438R/ 84408

F1150

2. A408-07

M252Y/HAB3E /N434Y /Y436V/ Q438R /84408

k1191

2.11B-07

MD52Y /N4G4Y Y436V TIE7A ) Q438R /84408

F1192

1.27E-07

M52/ NE34Y /Y436 V/T437(/ QaB8R/ 4408

F1194

1.533E-07

M252Y /NABAY /Y436V/(Q438R/ K429/ 54408

F1195

1.76E-07

MOB2Y/NAGAY /Y436V/ DABSR/8440E/L44 1A

F1196

1.51B-07

M252Y/NA34Y/YA36V) QIS8R 84408 /144 11

F1L187

9.46E-08

M252Y/S254T/N434Y /Y4 36V /Q438R/S440E

F1198

7.83E-08

M252¥ /TIS6BE NA34Y / Y436V /Q438R /54408

F119%9

6.25E-08

M25RY/S254T /T256R /N4A34Y /Y 436V / Q4 38R /84408

F1z200

L2BE-07

TI50V/M252Y/S254T/ N434Y /Y436V/ Q4 38R/ 84405

F1201

1.07E-07

TES0V/M252Y /T256E/ N434Y /Y4536V/ 04 38R/ 8440E

F1202

5.81E-08

T250V/M252Y/8254T/T256E/N434Y/Y436V/ Q438R /84408

F1203

1.52E-07

MZ52Y/T286G/ N434Y /Y436V/ Q438R ) S440E

F1204

1.18E-07

M252Y/8254T/T256Q,/N434Y/ Y436V/Q438R/S440E

1205

1.98E-07

T250V/M252Y S T256Q/ N434Y/Y436V/ Q4 38R/ 84408

F1206

1.69E-07

T250V/M252Y/8254T/T256G/ NAS4Y /¥4 36V/Q438R /5440E

F12067

1.11EQ6

[332E/M4281./N4348

1208

5.71E-07

LEZS1A/MRE2Y /NAB4Y [ Y436V

F1211

1.238-06

L251H/M252Y/N434Y/ Y436V

F1213

6.33E-07

LOB1N/M252Y /NAS4Y Y436V

F1216

1.16E-06

L2518/ ME52Y /NAB4Y/ Y436V

F1217

1.14E-56

L251T/M2582Y [ NA3AY /¥436V

1218

2.51E-07

L25IV/ML52Y /N434Y /Y436V

F1229

2.81E-06

M232Y¥ 1253V /N4B4Y [Y436V

F1230

1.12E-07

M252Y/N434Y/Y436V/Q438R/8440D

1231

9.73E-08

MZOZY/NAS4Y /Y436 V/ Q438K /S440E
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| F1232

5. 79E-08

M252Y/N434Y/ Y436 V/ 04381/ S440D

Bi243

1.25E-07

L3R/ 830K M52V SE54T/ N 34Y ) Y436V fQIB38R SMOE

Fi1244

1LO2E-G7

L235R/S289K/ M252Y/ T256 R/ NA34Y/ Y436V Q438 5440E

[ F1245

8.20E-08

L235R/S230K/M252Y /8254 T/ T2565/ N4 34/ Y436 V/Q438R /84408 -

T 1246

173807

L2aBRIS230K/ T250V /M252Y /82 54T NG 34V VA36V/ 0A38R/ S4408

F1247

LA45E-07

L235R/ 82 89K/ TR0V MAS2Y/T256E/ N434 Y Y436V, Q438R/ 84408

T1248

1.208-07

L285RYS289K/T250V/ M252Y /82541 /TR56 R N434Y / ¥486V/ Q488R/S440E

TF1249

2.068-Q07

L23BR/S230K/ M2B2Y/T256Q/NA34Y /Y436V/ Q438R /S4408

F1230

L66E-07

LOABR/S2I0K/ M 2527/ S254TIT256Q/ N434Y/ Y436V Q0438 R/ 84408

F1251

Q.7TEQ7

L235R/S239K/T250V / M252Y/T2560/N434Y/ Y436V Q438 R/ S440E

1252

2.338-07

L235R/S289K/ T250V/ M252Y/ 8254T/T256 0/ N484Y/Y436V/ Q438R/ S440E

F1253

L12E-07

L23BR/S239K/ M252Y /TR0TA/ HAS4Y/Y436V/ Q488R/ 84401

P1254

6.428-08

L23BR/8239k/ MI52Y TR0/ N434Y/ Y436V Q438R/ $140E

F1235

1.11E-07

L235R/S239K/M252Y /(3 1 1A/ N434Y [Y4B36N/ Q4381 /$440E

F1256

L5607

1235R/S230K/M252Y Q3 1 1H/ NS 34Y Y436 V/ Q438R / S440E.

F1237

7B1E-08

LO35R/S280K/M252Y /D307 A/ Q31 1A/ N34Y/ Y436V / Q4 38R/ $440E

FIL5E8

1.058-67

LI3BR/S2AGR/ MRE2Y/TI0TAS Q3 1TH/ N434Y) V436V Q4 38R §440F

F1ZE9

4AGE-08

L233R/S2IOK/M2E2Y/TI0T Q703 1 1A/ NABAY/ Y436V /4 38RIS440R

1260

G.53E-08

LOBSR/S2EORMIBIY /TE070/ O3 11H/NAB4Y/ Y436V /Q138R /S440E

F1as61

LASE-Q7

L233R/S239K/ MIE2Y /R434Y /Y4S6V/ G488R/ S440D

F1262

_1.26E-U7

L235R/S230K/M252Y /NASEY/ V436 V/ 438K/ $4408

F1263

124807

L235R/8239K/M252Y/ NA34Y/ V436V QA38K/ 84400

1264

1.27E-07

| L235R/ S239K7 M252Y/ T256 A7 NASAY /YA36V/ G438 R /§440E

1265

1.5378-07

L285R/SRB0K/M232Y/ T256GNA34Y/Y436V/ Q438R /84408

F1266

$.99E-08

L235R/S239K/M252Y /T256R/ N34T/ YA6V/ 4 38R /S440E

F1267

1.50E-07

L235R/ 8289/ M252Y f8254A/ NAS4YS Y4 36V Q438R/5440E

F1268

2 DOB-07

L235R/S230K/ M252Y/HAGAD /N4 34Y /Y436 V/-Q4 38R/ 84408

F1269

1.69E-07

L235R/S289K/M252Y JHA33D /N434Y /Y436 V [ Q488K /S440D

FI270

I, 18E-0Q7

L285R/ 828K/ M2B2Y £BR254A N4 34Y/YA36V Q438K Y 84400

CF1RTT

2.U5E-07

L235R/ SRR/ M250Y/ S259A /483D /N4 34V / V436V Q438 R/ S440E

P27

17 1E-G7

L295R/S2A0K, M252Y /82544 FHA33D/ N43IY/ V436V Q488 E/S440D

1273

1.S3E-07

L235R/ 82305/ MASTY yT25607 N34y Y436V G4 38K/ 5440

P1274

2 ABE-07

L235R/8Z80K/ M2 S2Y/T256Q/HA3SD / NA3AY / V436V / Q4 38RY S440K

 F1275

2.09E-07

L28BR/S239K7M252Y /12560 HA33D /NABAY /¥4 36V / Q438K S440D

FIZT6

1.02E-07

L235R/S239K/ M2Z52Y /T2 56 A7 NASIY [Y436V/ 438K/ 8440D

1277

1.698-07

L235R/S239K/ Mo 52/ T256A] HAB3D/NA34Y/ Y436V FQ438R) S440E:

' F1278

1.408-07

L235R/S239K/M252Y /T256A; HA33D) N434Y/ Y436V O458K / S440D

F1279

1.23E-07

T235R/S230K/M252Y/T256G/ N434Y/Y436V/ Q438K /S490D

F1280

2.09E8-07

1235R/S239K / M252Y /T256G/HASED /NABAY/ Y486V/Q4 38R/ S440E

F1281

1.748-07

L235R/S230K,/M252Y/ T256G/HA33D /N434Y/ Y436/ 04 38K/ 8440D

P82

7.68E-08

L235R/ 82308/ M252Y/ T256N/ NA84Y/Y436V/ Q4 38K,/ 84401

Fi2gs

1.34E-07

LO35R/ 239K/ M252Y /IO 56N/ 438D/ NAS4Y/ Y436V OASERY S440E

F1284

1 19E-07

L235R/S230K /M252Y /L2566 N/ 433D/ NA3AY /V436V / Q438K S240D)

 RI1285

0 36%-08

L235R/8230K/ M252Y/S254T/ NA34Y/ Y436V /Q488K/ S440D
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1286

1.57TE-07

L235R/S239K/ M252Y /82547 /HA33D/N434Y /YA36V/ 0438R/ S440E

F1287

1.508-07

LE235RFS2IIHIMRGIY /S254T /HAZID FNA34Y [ Y436V Q438 EY 8440D

F1288

7 RSE-08

L2Z30R/SE30K/M252Y /T2006E/N434Y/¥436V/ Q438K / $440D

1289

1.33E-07

L285R/S239K/M252Y /T256E/HAS8D /NA34Y Y136V /Q438R/ S440E

F1290

1L11EO7

L28SR/8239K/ M252Y /T256E/ 433D /N4 347/ Y436V Q438K /S440D

F1291

1.51E-07

L235R/S239R/ M252Y/HA33D,/N434Y /Y436

F1292

4.24E-07

1230R/ 820K/ HAZED /N4 34W [ Y436V /G4 38R/ 54408

F1293

1.6 1E-07

L235R/S239/ M252Y/T256E /N434Y / Q438R/S140E

F1294

2.00E-07

LZ35R[823%K /MAS2Y/T250E/ N4A34Y /V436T/ Q438R /B440E

F1293

9.84E-08

L23OR/BRIIK/ M252Y/TASOE /NA34Y /Y4368 / Q438R /54408

1296

2. 27E-07

L235R/S230K/ M252Y/T256E/H433D /NA34Y/Q488R/S440E

F1297

2,.0E-07

L2ABR/S230K/ M252Y /T256E /HA38D /N4 34Y /Y4367 / Q438K /S4408

F1298

1L.47TE-OT

L235R/8239K/ M232Y /T256T /4380 / N4 34Y /Y4307 / Q438 R/ 84401

F1299

1.50E-07

1285R/8239K/ M252Y /T256E/ N4 34Y /438K /S440D

¥1300

1.68E-07

L22bR /822K MAGIY /T2E0E [N484Y I Y4 38T Q4 38K/ 8440D

Fi130l

8.30E-08

L235R/S239K/ M252Y /T256 K,/ N4 34Y /YAS6F Q438K /84400

F1302

2.15E-07

L235R/8259K/M252Y [T256E/HAZ3D /N4 34Y,/ Q488K /5440D

F1303

2. 10E-07

L235R/8230K/ M252Y/T256E/H4 83D /N4 347/ Y436T/ Q438K /84400

F1304

1.24E-07

1285R/8239K/ M252Y /T256E/H4 88D /N4234Y /Y436 R/ Q438K / $440D

F1305

2.03E-07

L235R/S3I9K/ MR252Y /Ha33D /NA34Y /Y4B6V/ Q438R /8440D

¥1306

1.92E-07

L235R/B239K/ M202Y /H4380 /N434Y /Y436V/ Q438K /S440E

F1307

1. 44E-07

L2B5R/S280K/ M2V /VARIA/SA04A FNAZAY /Y436

F1308

2.06E-07

L235R/8239K/ M252Y/VA22L/S424L/N434Y Y436V

F1302

1.26E-Q7

L23ER/S230K /N282Y /NA3AY /Y436V/ O458A7 54404

#1310

2.28E-07

L235R/S209K/M252Y /NA34Y /Y436V/ Q4381 /54401

F1a1l

1.69E-07

L230Ry 823K/ MAS2Y /VARRA T BA24A /HAZBD /NA34Y /7436V

F1312

1.79E-07 |

L235R/S289K/ M252Y/V422L/ S424L/HA33D /N4B4Y/ Y436V

F1313

1TTE-O7

L235R/S230K / M252Y/HA33D /N434Y Y436V / 04 38A/S4404

Fi1314

2.27E-07

L23BR/B239K/ M232Y/H4330 fN434Y / Y436V / Q4 38L/ 54400

F1315

1.52E-07

Q237K /S230K/M252Y/N434Y/ Y436V

F1316

1,49E-07

G237R/S239K/M232Y /N434Y /Y 436V

F1817

1.38E-07

S2J9K/M23ZY /P339 /N434Y / Y436V

71318

1.438-07

S2EOK/M232Y/PRRYR/N4I4Y / Y436V

F1319

2.67E-07

M252Y/L328Y /N434Y

F1320

1.22E-Q7

L235R/ 829K/ M2D2Y /B2 54T/ NAIAY [Y436V/ Q4 38R/ 84400y

F1azl

1O3E-07

L23BR/S239 /M2B2Y/B3254T/N434Y/ Y436V Q488K 54408

F1322

1.60E-07

L235R/S289K/ M252Y/S254T /HASRD /N484Y /V436V/ G438R/S4400

F1323

1.48E-07

L233R/8230K/M252Y/8284T/HA33D /N434Y / Y436V /(438K /S440E

Flaz4

1.32E-07

L23aAJLZ3SA S M2B2Y/ NABLY /Y 36V

F1325

2.13E-07

L234A /1230A 7 MIB0OY /N29T7AFNABAY [YA36V

F1326

1.O9E-08

L234A/LABSA/TASOV/ M252Y /T307Q/VI0BP/ (31 1A N434Y/ Y436V

Fi327

1.418-08

L234A/L235A/T250V/ M252Y/N2G7A /T307Q/VI08P/ 031 1A/ NASAY Y436V

F1328

1.32E-07

F1329

1.298-07

L235R/GO36R/S239K /M252Y/ S2348T / NA34Y /Y4 36V /(4 38R / 84408
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F1380 | 1.088-07 | L235R/GIIOR/ SRR MIGRY/T2S5EE / N434Y,/ Y436 V/ Q438 R/ S440E

T1331 | 7.75E-08 | LRGSR/ GRI6R/ SRRTK/ M252Y/ 82547/ T256E/ N434Y/ Y4306V Q4B8R 15440
, e

Fie3% | 1.2306:07 ] L235RYGI36R U0/ ME32Y/ N4B4Y/ V436V

Fi384 | 1.04E-07 | L2SSRIG2I6RY 230K/ M252Y,/ N434Y FY436V/ Q438K /84401,

Flads | B.78E-08 | L235R/G2Y6R) S239K/ M252Y/S254T/ N434Y/ Y486 VG4 38K/ 84401

FI236 | 7.188-08 | L235R/GR26R/S289K/ M2 Y/ TIO6E/ N434 Yy Y436V/ Q438K / S440D.

Fi337 | 74 1E-G8 | LRGSRy BR30K/ MO52Y  T256E K4S/ Y436V ] 04 38K/ 54408,

71388 | LO4E-07 | L235R/S239K/M2E2Y /P25 HA B0/ N434 VY Y46V Q38 K,/ §440E

F1339 | 2.51B-07 | L235R/S239K/ M252Y/S254T/ T2 568/ 114880/ N434Y /Y4 36T/ Q488E/S+40
TI340 | 5,58B-08 | LISSR/ 299K/ MI52Y 7SR5 4T/ T256E/ NAG4Y [ V4 36V Q4381 S4408

Fi341 | 3.228-07 | LO3SR/S230K /M232Y/S054T/ NGSAY | Y4R6TY 438K 8440

Fi342 | 2.5 1B07 | LR35R7SRESR/ MB52Y/ T256R/ NAS4Y / VasbT /U BRE/ 84408
Fi343 | 2.01B-07 { LI35R/SI20W/MI52Y/ S254T/ T2 568/ N434Y/ V4 36T/ Q488K /8440E

K134 | 3.08E-07 | L2ASR/S2IGI/ MRSV /NGB4Y, VAI6T/ (4E8RY S4408.

1245 | 1.08E-07 | L23SR/G236R/8280K / M52V / N484 Y Y486V Q438K S440E

T1846 | 8.595-08 | L230R/GRGERISRI0R /MEB Y/ SUBAT/ NABAY/VAGEV/ OISR/ Ba40E
F1g47 | 7.145-08 | L285R/ G236R/ SU30K/MOSYY S TO56E/ N 84Y /¥4 36 V401 38K S444E

Fi848 | 5.528-08 | L235R/G2S6R/ 823K M252Y/S254 T TRS6E/ N434Y/ Y436V Q438K7 5440
F1349 | 3.36B-07 | LI2SR/S2E0K/ MI52Y/NASIY/Y436T/ Q1 38Ry S440E

F1350 | 1. 18E-07 | L235R/ 839K/ M252Y/ N434Y /YA36E] Q438K/ S440F

F1851 | L62B-07 | L2SSR/S2BOKANZSIYFNAB4Y) Y436/ Q4B8RYSA40E
FI35% | 3.058-07 | L235R/S280K/M252Y7 B350 / N4 34Y /Y 436T Q4 38K/ S440E.

FI353 | 4.93E:07 | LESSR/S230K/ MR52Y JHA 83D/ NASAY [ Y436T/ Q1 38R/ S440E

1354 | 2.29E-07 | LASSR/SASOK/ M232Y 7 HA38D/ N4 34/ V4 36F / Q438K S440E

CFI355 | 2.47E-07 | LRaSR/SIS0R/MIERY/HARED/ NAG4T/VAR6T/Q488R/FA40OE.

FIa56 | 1.588.07 | GRI6R/ME52Y/L328RI N434 Yy Y436V

FI357 | 2.818-07 | L23SR/S280K/MES2YFS254T/ NAB4Y /Y4 36T G4 48R / S440E

Ti358 [ 9.07E-08 | L2doR/SUSOK/MRE2YY BI54T / NASEY /YA BER Q408K 8140

F1359 | 1.98E-07 | LOSSR/SIIOK/ M252Y 82541/ N434Y,/ ¥4 36F JQABER/ S140E

FF360 | 3.12E-07 | L35SR/ S200R/MI52Y S0 547  Ha 80D/ NASAY/ V436 T/ O1BRE/S140E

FI861 | 8.52F-07 | LQ35R/SUSUR/MASHY [SR54TY HASBD/ NABAY / YARETY Q881 /54408

F1862 | TA1E-07 | L2ASR/S230K/ M252Y/ S 54T/ HAZ 80/ N434 Y/ Y436R/ Q438K/S4408

F136% | 1.90E-07 | L235R/S230K/ M252Y/S2547Y HASID [ NASLY [ V43687 G438R/S140E

F1864 | 749808 | L235R/S239K/ M52V TES6E/ N434Y /Y436 R/ Q488K FS44018

1865 | 3.14E-07 | L235R/SIS0K/ M52V /T256 Ry H483D N4B4Y/ Y436 T/04 S8R /84408

#1866 | 1.17E-07 | L285R/82 30K/ M252Y/TR56E/H435D /N4 34Y/ Y4365/ Q488K S4408

TIBEY | Ly9E-07 | L23SRYSU30K/ MOBUV 8054/ T256EY N432Y /YM36T /Q438R/B440E

F1368 | 549E-08 | L235R/S230K/ M252Y7S254T / T2S6E /N4T4Y,/ ¥4 36F / Q438K /S440E

1369 | 7.60E-08 | LO35R/SR3IK/M250Y/ S254T /T2 568/ NAS2Y/ V436K J4B8R/S440B

F1870 | 9.148-08 | L2SSRyS259K/ M252 Y/ S254T/ T256B/HASED /N424Y/ Y436V 438K $440
B
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1871

- LO9E-07

TABOR/B2EVE/ M E3Y S S2 59T/ T256E/ M43 30/ N434Y Y436V QA38R/ 5440

E.

F1372

2 28E-07

L2E5R/S2A0K/ M2 52Y /S254T /T256E/ HE33D/ NAS4Y,/ Y4 36T/ Q488R/S440

F1378

B.6TFE-08

LAB5RY S230K/M252Y/Q2G64T /TE5GE 330/ NAB4Y /Y4 36F/ Q438K / 8440
.

T1374

1.208-07

LE35R/S230K/M252Y / S254T/ T256E /HA33D /N424Y / YA36F 1 04 38R/ S440
E

137D

103807

LOBSR/SBOK/MIELY /S5 AT RG34/ YABEY

1875

9,09E:08 |

L235R/SIIGKS MOS0V SOsT/ TRs6 5/ NASAY /Y436

1377

8. 27E-0B

L2S5RYSRI0K/ MOV TRS6R) NABIY /Y436Y

FI378

361807

L23ER/ 823K/ MRE2 Y/ N434Y/Y436T

1379

2 8BE-0T

L23SRYSIIVK/MREZY/N434Y/¥Y436F

Fi1410

1. 90E-06:

VB0RP/IZ32YV

T1411

1O

VHOSP £330V MAZEL, NATAS

F141%5

370808

LRS5R/S2H0K/ M52V / 8254 T/ T2568f TR0 70/ Q311A/HA3ED/ N43AY 1 V436

| V7 Q438K/ 54408

Fiatd

560E-08

L235R/S2A0K/ M252Y/S254T/ TR256E/ TROTQ /HA2BD N4 84 ¥436V /@458
| K7/55408

F1ais

3.90E-08

L235K/ 8030k, MI52Y/S54T /EOS6E/08 1 1A H4380 ) N4 84V V436V /0448

|Kyssaom

Fi4i6

L30E-Q08

L235R/SZ30K/ MATEY FB254T/TRE6E/VINBPYHA 33D/ NI34Y/ Y436V J Q438
Ky$4a0E:

Py

 5.90E-08.

{2551y S2G0K,/M252Y /S254T/ T256E/ HABID [NATAW | YAR6VY GA3BE /5440
E

Fi418

T.50E-08

L235R/ $230K/ M252Y,/ 82541/ T256E/HA 80 NA34W [ Y486V/ Q4 38R /S440

F1419

1:30E-07

L235R/SREIKYMRE2Y /HARBD YN 34W/Y436V ) Q438R/ S440E

#1420

1.30E-07

L285R/ S50, MI50Y /H4 58D/ N4 S4W / YAZ6V QMB8K/ S440E

Fradl

3.20E-08

VIOSP/MARBL/N4Z4W

F1422

LOOE-0O8"

L2BSR/SZIOK/ MIS2Y/T256E/ VBU8P,/ HABSD/ NA34Y/ Y436V, Q438R 8440 |

1E

1423

1.60E-08

T285R{S239KY MR2E2Y/T256E/ V302D VI08P/HA33D/ N4 34 Y/ ¥436V/ (438

| R/ S440E

F1424

160E-08

L 23BRySITKY M 250Y /TIGEE/VIURE/ VIOBPY 435D/ N434Y / V486V / Q438
RBysaa0E

F1405

LROE-US8

| 1L235R/S220K/ MES2Y/ T256 K, V303D / V08P HATS T/ Na34Y / VABEY ] Q428

R/ S440E

Fraes

L.BOE-08

L285R}S2A0K/ M2E2Y /T2 565 VI0SE/ VI0RP/HAR3D NA2SY,/ ¥4 36V 0438
RYSAADE;

F14g8

1.36E-08.

LI35R/S139K /ME52Y/ T256E/ SBOAE / V08P HA83D/ N4 84/ Y436V, G438,
R/ S440E

F1430

3108-08

L285R/S280K M2 52Y /TR56 5/ VADEEY VBOSPHA33L/ N4 34Y /Y4 36V Q438

| R/S10E:
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F1433 | 4.508-08 | L235R/S239K/ MR52Y/T256E/T307 D/ VEOSE/HABAD/NABAY /Y436 V/ (438
. {R/S440E o ‘ o
F1434 | 3.60E-08 | L235R,/S289K/M252Y/ T266E/T307E/ V08P H433D /N134Y/ Y436V/ Q488
: R/S440E: ' :

In a non-limiting embodiment of the present invention, Fc regions in which at least one
or more amino acids selected from the group consisting of amino acids at positions 257, 308, 428,
and 434 according to EU numbering are different from the amino acids at corresponding
positions in the naturally-occurring Fc region are preferably used. Non-limiting examples of
such Fc regions preferably include Fc regions containing at least one or more amino acids
selected from the group consisting of:
Ala at amino acid position 257,
Pro at amino acid position 308;
Leu at amino acid position 428; and

Tyr at amino acid position 434,

" according to EU numbering in the Fc region.

Fev receptor
Fcy receptor refers to a receptor capable of binding to the Fe region of monocional IgG1,

1gG2, 1gG3, or IgG4 antibodies, and includes all members belonging 1o the family of proteins
substantially encoded by an Foy receptor gene.  In human, the family includes FeyRI (CD64)
including isoforms FcyRIa, FeyRIb and FeyRlIe; FeyRIL (CD32}) including isoforms FeyRlIla
(including allotype H131 and R131), FeyR1lb (including FeyRITb-1 and FeyRITb-2), and FeyRlle;
and FeyRIII (CD16) including 1soform FeyRIHa (including allotype V158 and F158) and
FeyRIb (including allotype FeyRIHb-NAT and FeyRIIIb-NAZ2Y; as well as all unidentified
human FeyRs, FevR isoforms, and allotypes thereof.  However, Fey receptor 18 not limited to
these examples. Without being limited thereto, FeyR includes those derived from humans, mice,
rats, rabbits, and monkeys. FeyR may be derived from any organisms. Mouse FeyR includes,
without being limited to, FeyRI (CD64), FeyRIL(CD32), FeyRIH (CD16), and FevRII-2
(FeyRIV, CD16-2), as well as al] unidentified mouse FeyRs, FeyR isoforms, and aliotypes thereof.
Such preferred Fey receptors include, for example, human FeyRI (CD64), FeyRlla (CI32),
FeyRIIb (CD32), FeyRIlla (CD16), and/or FeyR1lIb (CD16).  The polynucleotide sequence and
amino acid sequence of FeyRI are shown in SEQ ID NOs: 19 (NM_000566.3) and 20
(NP_000557.1), respectively; the polynucleotide sequence and amino acid sequence of FeyRlla
are shown in SEQ ID NOs: 21 (BC020823.1) and 27 (AAH20823.1), respectively; the
polynucleotide sequence and amino acid sequence of FeyllB are shown in SEQ ID NOs: 23
(BC146678.1) and 24 (AAI46679.1), respectively; the polynucleotide sequence and amino acid
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sequence of FeyRIla are shown in SEQ ID NOs: 25 (BC033678.1) and 26 (AAH33678.1),
respectively; and the polynucleotide sequence and amino acid sequence of FeyRIHb are shown in
SEQ ID NOs: 27 (BC128562.1) and 28 (AAI28563.1), respectively (RefSeq accession number is
shown in each parentheses). Whether an Fey receptor has binding activity to the Fe region of a
monoclonal IgG1, IgG2, IgG3, or IgG4 antibody can be assessed by ALPHA screen (Amplified
Luminescent Proximity Homogeneous Assay), surface plasmon resonance (SPR)-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.

Meanwhile, “Fe ligand” or “effector ligand” refers to a molecule and preferably a
polypeptide that binds to an antibody Fc region, forming an Fc/Fc ligand complex. The
molecule may be derived from any organisms. The binding of an Fe ligand to Fe preferably
induces one or more effector functions.  Such Fc ligands include, but are not limited to, Fe
receptors, FeyR, FeaR, FeeR, FeRn, Clg, and C3, mannan-binding lectin, mannose receptor,
Staphylococcus Protein A, Staphylococcus Protein G, and viral FeyRs.  The Fe ligands also
imclude Fe receptor homologs (FeRH) (Davis ef al., (2002) Immunological Reviews 190,
123-136), which are a family of Fc receptors homologous to FeyR.  The Fc ligands also include
unidentified molecules that bind to Fc.

In FeyRI (CD64) including FevRIa, FeyRIb, and FeyRIe, and FeyRIII (CD16) including
isoforms FeyRIlla (including allotypes V158 and F158) and FeyRIIIb (including allotypes
FeyRIIIb-NAT and FeyRIIIb-NAZ2), o chain that binds to the Fe portion of 1gG is associated with
common v chain having ITAM responsible for transduction of intracellular activation signal.
Meanwhile, the cytoplasmic domain of FeyRIT (CD32) including isoforms FeyR1la (including
allotypes H131 and R131) and FcyRIlc contains ITAM.  These receptors are expressed on many
immune cells such as macrophages, mast cells, and antigen-presenting cells. The activation
signal transduced upon binding of these receptors to the Fc portion of 1gG results in
enhancement of the phagocytic activity and inflammatory cytokine production of macrophages,
mast cell degranulation, 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
activating Yoy receptors. I

Meanwhile, the intracytoplasmic domain of FeyRITb (including FeyRIIb-1 and
FeyRIIb-2} contains ITIM responsible for transduction of inhibitory signals. The crosslinking
between FeyRIIb and B cell receptor (BCR) on B cells suppresses the activation signal from
BCR, which results in sippression of antibody production via BCR. The crosslinking of
FeyRIII and FeyRITb on macrophages suppresses the phagocytic activity and inflammatory
cytokine production.  Fey receptors having the ability to transduce the inhibitory signai as
described above are also referred to as inhibitory Fey receptors.
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Binding activity to Fey receptor

An embodiment of the present invention provides pharmaceutical compositions
inducing an immune response, which comprise as an active ingredient an antigen-binding
molecule containing an FcRn-binding domain that contains an Fc region whose binding activity
to human Fey receptors is higher than the binding activity of the Fc of human IgG to human Fey
receptors.  Whether or not the binding activity of an Fc region to any of the human Fey
receptors, FcyRI, FeyRIla, FeyRIIb, FeyRIHla, and/or FeyR1IIb, is higher than the binding activity
of the Fc of human IgG to these human Fey receptors can be confirmed by FACS or ELISA
format as described above, and also by ALPHA screen (amplified luminescent proximity
homogeneous assay), BIACORE method which is based on the surface plasmon resonance
(SPR) phenomenon, or such (Proc. Natl. Acad. Sci. USA (2006) 103 (11), 4005-4010).

ALPHA screen is performed by the ALPHA technology based on the principle described
below using two types of beads: donor and acceptor beads. A luminescent signal 1s detected
only when molecules linked to the donor beads interact biclogically with molecules linked to the
acceptor beads and when the two beads are located in close proximity. Excited by laser beam,
the photosensitizer in a donor bead converts oxygen around the bead into excited singlet oxygen.
When the singlet oxygen diffuses around the donor beads and reaches the acceptor beads located
in close proximity, a chemiluminescent reaction within the acceptor beads 1s induced.  This
reaction ultimately results in light emission.  If molecules Iinked to the donor beads do not
interact with molecules linked to the acceptor beads, the singlet oxygen produced by donor beads
do not reach the acceptor beads and chemiluminescent reaction does not occur.

For example, a biotin-labeled antigen-binding molecule comprising Fe region 1s
immobilized to the donor beads and glutathione S-transferase (GST)-tagged Fey receptor is
immobilized to the acceptor beads.  In the absence of a competitive antigen-binding molecule
comprising an altered Fc region, Fey receptor interacts with a polypeptide complex comprising a
wild-type Fe region, inducing a signal of 520 to 620 nm as aresult. A non-tagged
antigen-binding molecule having the altered Fc region competes with the antigen-binding
molecule comprising a wild-type Fc region for the mteraction with Fov recepior.  The relative
binding affinity can be determined by quantifying the reduction of fluorescence as a result of
competition. Methods for biotinylating the antigen-binding molecules such as antibodies using
Sulfo-NHS-biotin or the like are known. Appropriate methods for adding the GST tag to an Fey
receptor include methods that involve fusing polypeptides encoding Fey and GST in-frame,
expressing the fused gene using cells introduced with a vector to which the gene is operably
linked, and then purifying using a glotathione column,  The induced signal can be preferably

analyzed, for example, by fitting to a one-site competition model based on nonlinear regression
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analysis lising software such as GRAPHPAD PRISM (GraphPad; San Diego).

One of the substances for observing their interaction is immobilized as a ligand onto the
gold thin layer of a sensor chip. When light is shed on the rear surface of the sensor chip so
that total refiection occurs at the interface between the gold thin layer and glass, the intensity of
reflected light is partially reduced at a certain site (SPR signal). The other substance for
observing their interaction is injected as an analyte onto the surface of the sensor chip.  The
mass of immobilized ligand molecule increases when the analyte binds to the ligand.  This
alters the refraction index of solvent on the surface of the sensor chip. The change in refraction
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 1s 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.  Inhibition assay is
preferably used m the BIACORE methods. Examples of such inhibition assay are described in
Proc. Natl. Acad. Sci. USA (2006) 103(11), 4605-4010.

For the pH conditions to measure the binding activity of the Fc region an:’ the Fey
receptor contained in the antigen-binding molecule of the present invention, conditions in an
acidic pH range or in a neutral pH range may be suitably used. The neutral pH range, as a
condition to measure the binding activity of the Fc region and the Fey receptor contained in the
antigen-binding molecule of the present invention, generally indicates pH 6.7 to pH 10.0.
Preferably, it is a range indicated with arbitrary pH values between pH 7.0 and pH 8.0; and
preferably, it is selected from pH 7.0, pH 7.1, pH 7.2, pH 7.3, pH 7.4, pH 7.5, pH 7.6, pH 7.7, pH
7.8, pH 7.9, and pH 8.0; and particularly preferably, it is pH 7.4, which is close to the pH of
plasma (blood) in vive. Herein, the acidic pH range, as a condition for having a binding activity
of the Fc region and the Foy receptor contained in the antigen-binding molecule of the present
invention, generally indicates pH 4.0 to pH 6.5.  Preferably, it indicates pH 5.5 to pH 6.5, and
particularly preferably, it indicates pH 5.8 to pH 6.0, which is close to the pH in the early
endosome in vivo. With regard to the temperature used as measurement condition, the binding
affinity between the Fc region and the human Fcy receptor can be evaluated at any temperature
between 10°C and 50°C.  Preferably, a temperature between 15°C and 40°C is used to
determine the binding affinity between the human 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, 26°C, 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 Fc region and the Fey receptor. A

temperature of 25°C is a non-limiting example 1n an embodiment of the present invention.
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Herein, “the binding activity of an Fc region to any of the human Fey receptors, FeyRI,
FeyRIla, FeyR1IIb, FeyRIlla, and/or FeyRIMb, 1s higher than the binding activity of the Fc region
of human IgG 1o these human Fcy receptors™ means, for example, that based on the
above-mentioned analysis methods, the binding activity of an antigen-binding molecule
containing a test Fc region is 105% or greater, preferably 110% or greater, 120% or greater,
130% or greater, 140% or greater, particularly preferably 150% or greater, 160% or greater,
170% or greater, 180% or greater, 190% or greater, 200% or greater, 250% or greater, 300% or
greater, 350% or greater, 400% or greater, 450% or greater, 500% or greater, 750% or greater, 10
times or greater, 20 times or greater, 30 times or greater, 40 times or greater, and 50 times or
greater relative to the binding activity of an antigen-binding molecule containing the Fc region of
human IgG as a control.

An Fe region with higher Fey receptor-binding activity than the Fev receptor-binding
activity of a naturally-occurring Fc region may be produced by altering amino acids of the
naturally-occurring Fe region.  The naturally-occurring Fo region mentioned herein refers to a
naturaliy-occurring Fe region in which the sugar chain at position 297 (EU numbering) is a
fucose-attached complex-type sugar chain. Whether the Fey receptor-binding activity of an Fc
region is higher than that of the naturally-occurring Fe region may be determined appropriately
by using methods described in the “Binding activity” section mentioned above.

In the present invention, “aleration of amino acids™ or “amino acid alterations™ of an Fc
region include alteration to an amino acid sequence that is different from the amino acid
seguence of the starting Fc region.  Any Fc region may be used as a starting domain as long as
the modified variant of the starting Fc region can bind to human Fey receptors in a neutral pH
range. Examples of the starting Fc region preferably include the Fe region of human IgG
antibody, or more specifically, a naturally-occurring Fe region in which the sugar chain at
position 267 (EU numbering} is a fucose-binding complex-type sugar chain. Furthermore, an
Fc region produced by further altering an already altered Fe region used as a starting Fc region
may also be preferably used as the Fc region of the present invention.  The “starting Fc region”
can refer to the polypeptide itself, a composition comprising the starting Fc region, or an amino
acid sequence encoding the starting Fc region.  Starting Fe regions can comprise a known IgG
antibody Fc region produced via recombination described briefly in section “Antibodies”. The
origin of starting Fc regions is not limited, and they may be obtained from human or any
nonhuman organisms.  Such organisms preferably include mice, rats, guinea pigs, hamsters,
gerbils, cats, rabbité, dogs, goats, sheep, bovines, horses, camels and organisms selected from
nonhuman primates. In another embodiment, starting Fc regions can also be obtained from
cynomoigus monkeys, marmosets, rhesus monkeys, chimpanzees, or humans,  Starting Fc

regions can be obtained preferably from human IgG1; however, they are not limited to any
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particular IgG class.  This means that an Fc region of human IgG1, 1gG2, 1gG3, or IgG4 can be
used appropriately as a starting Fe region, and herein also means that an Fc region of an arbitrary
IgG class or subclass derived from any organisms described above can be preferably used as a
starting Fc region.  Examples of naturally-occurring IgG variants or modified forms are
described in published documents (Curr. Opin. Biotechnol. (2009) 20 (6): 685-91; Curr. Opin.
Immunol. {(2008) 20 (4), 460-470; Protein Eng. Des. Sel. (2010) 23 (4): 195-202; WO
2009/086320; WO 2008/092117; WO 2007/041635; and WO 2006/105338); however, they are
not limited to the examples,

Examples of alterations inchide those with one or more mutations, for example,
mutations by substitution of different amino acid residues for amino acids of starting Fc regions,
by insertion of one or more amino acid residues into starting Fc regions, or by deletion of one or
more amino acids from starting Fc region.  Preferably, the amino acid sequences of altered Fc
regions comprise at least a part of the amino acid sequence of a non-native Fc region.  Such
variants necessarily have sequence identity or similarity less than 100% to their starting Fc
region. I a preferred embodiment, the variants have amino acid sequence identity or similarity
about 75% to less than 100%, more preferably about 80% to less than 100%., even more
preferably. about 85% to less than 100%, still more preferably about 90% to less than 100%, and
yet more preferably about 95% to less than 100% to the amino acid sequence of their starting Fe
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.

Amino acid difference between a modified Fc region of the present invention and its starting Fc
region can also be preferably specified based on amino acid differences at above-described
paﬁicular amino acid positions according to EU numbering system.

Known methods such as site-directed mutagenests (Kunkel ef al. (Proc. Natl. Acad. Sci.
USA (1985) 82, 488-492)) and Overlap extension PCR can be appropriately employed to modify
the amino acids of Fe regions.  Furthermore, various known methods can also be used as an
amino acid modification method for substituting amino acids by those other than natural amino
acids (Annu. Rev. Biophys. Biomeol. Struct. (2006) 35, 225-249; Proc. Natl. Acad. Sci. U.S.A.
(2003) 100 (11}, 6353-6357). For example, a cell-free translation system (Clover Direct
(Protein Express)) containing tRNAs in which amber suppressor fRNA, which is complementary
to UAG codon (amber codon} that is a stop codon, 1s linked with an unnatural amino acid may be
suitably used.

An Fe region having Fey receptor-binding activity in a neutral pH range that 1s
contained in the antigen-binding molecules of the present invention may be obtained by any
method, but specifically, an Fc region having Fey receptor-binding activity in the neutral pH

range may be obtained by altering amino acids of human IgG immunoglobulin used as a starting
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Feregion. Preferred IgG immunoglobulin Fc regions to be altered include, for example, the Fc
regions of human IgG (IgG1, IgG2, 1gG3, or Ig(G4, and their variants).  As preferred examples
of the Fc regions of human IgG (IgG1, 1gG2, IgG3, or [gG4, and their variants), the Fc regions
of human IgG (IgG1, TgG2, [gG3, or IgG4, and their variants) may be preferably used. The
structures of these Fe regions are presented in SEQ 1D NO: 11 (A is added to the N terminus of
RefSeq accession number AACR2327.1), SEQ ID NO: 12 (A is added to the N terminus of
RefSeq accession number AAB59393.1), SEQ ID NG: 13 (RefSeq accession number
CAA27268.1), and SEQ [D NO: 14 (A 1s added to the N terminus of RefSeq accession number
AABS9394.1). Furthermore, when using as a test substance an antigen-binding molecule
having an Fc region produced by altering an antibody of a certain isotype used as a starting Fe
region, an antigen-binding molecule having the Fc region of an IgG monoclonal antibody of that
isotype 1s used as a control to verify effects on the binding activity to Fey receptors by the
antigen-binding molecule containing the altered Fc region.  Antigen-binding molecules
containing an Fc region that has been verified to have high Fey receptor-binding activity as
described above are selected appropriately.

Amino acids at any positions may be altered to other amino acids as long as the Fc
region has Fey receptor-binding activity in a neutral pH range, or its Fey receptor-binding activity
in a neutral range can be enhanced. When an antigen-binding molecule contains the Fe region
of human IgG1, it is preferred to include alterations that resuit in enhancement of Fey
receptor-binding in a neutral pH renge compared to the binding activity of the starting Fe region
of human IgGl.  Amino acid alterations for enhancing Fey receptor-binding activity in a neutral
pH range have been reported, for example, in WO 2007/024249, WO 2007/021841, WO
2006/031370, WO 2000/042072, WO 2004/029207, WO 2004/099249, WO 2006/105338, WO
2007/041635, WO 2008/092117, WO 2005/070963, WO 2006/020114, WO 2006/116260, and
WO 2006/023403.

Examples of such amino acids that can be altered include at least one or more amino
acids selected from the group consisting of those at positioﬁs 221,222,223,224 225,227, 228,
230,231,232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 243, 244, 245, 246, 247, 249, 250,
251,254, 255, 256, 258, 260, 262, 263, 264, 265, 266, 267, 268, 269,270, 271,272, 273, 274,
275,276,278, 279, 280, 281, 282, 283, 284, 285, 286, 288, 290, 291, 292, 293,294, 295, 296,
297, 298, 299, 300, 301, 302, 303, 304, 305,311, 313, 315,317, 318, 320, 322, 323, 324, 325,
326,327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 339, 376, 377, 378, 379, 380, 382,
385,392, 396, 421, 427, 428, 429, 434, 436, and 440 according to EU numbering.  Alteration of
these amino acids enhances the Foy receptor-binding of an IgG immunoglobulin Fc region in a
neutral pH range.

Particularly preferred alterations for use in the present invention include the following
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alterations:

the amino acid at position 221 to either Lys or Tyr;

the amino acid at position 222 to any one of Phe, Trp, Glu, and Tyr;

the amino acid at position 223 to any one of Phe, Trp, Glu, and Lys;

the amino acid at position 224 to any one of Phe, Trp, Glu, and Tyr;

the amino acid at position 225 to any one of Glu, Lys, and Trp;

the amino acid at position 227 to any one of Glu, Gly, Lys, and Tyr;

the amino acid at position 228 to any one of Glu, Gly, Lys, and Tyr;

the amino acid at position 230 to any one of Ala, Glu, Gly, and Tyr;

the amino acid at position 231 fo any ene of Glu, Gly, Lys, Pro, and Tyr;

the amino acid at position 232 to any one of Glu, Gly, Lys, and Tyr;

the amino acid at position 233 to any one of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 234 to any one of Ala, Asp, Glu, Phe, Gly, His, e, Lys, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at posifion 235 to any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 236 to any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 237 to any one of Asp, Glu, Phe, His, lle, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 238 to any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 239 to any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Thr, Val, Trp, and Tyr;

the amino acid at position 240 to any one of Ala, Tle, Met, and Thr;

the amino acid at position 241 to any one of Asp, Glu, Leu, Arg, Trp, and Tyr;

the amino acid at position 243 to any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr;

the amino acid at position 244 to His;

the amino acid at position 2435 to Ala;

the amino acid at position 246 to any one of Asp, Glu, His, and Tyr;

the amino acid at position 247 to any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr;
the amino acid at position 249 to any one of Glu, His, Gln, and Tyr;

the amino acid at position 250 to either Glu or Gin;

the amino acid at position 251 to Phe;

the amino acid at position 254 to any one of Phe, Met, and Tvr;
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the amino acid at position 255 to any one of Glu, Leu, and Tyr;

the amino acid at position 256 to any one of Ala, Met, and Pro;

the amino acid at position 258 to any one of Asp, Glu, His, Ser, and Tyr;

the amino acid at position 260 to any one of Asp, Glu, His, and Tyr;

the amino acid at position 262 to any one of Ala, Glu, Phe, Hle, and Thr;

the amino acid at position 263 to any one of Ala, lie, Met, and Thr;

the amino acid at position.264 to any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leun, Met, Asn, Pro,
Gin, Arg, Ser, Thr, Trp, and Tyr,

the amino acid at position 265 to any one of Ala, Leu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, Val, Trp, and Tyr;

the amino acid at position 266 to any one of Ala, Ile, Met, and Thr;

the amino acid at position 267 to any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gin,
Arg, Thr, Val, Trp, and Tyr;

the amino acid at position 268 to any one of Asp, Glu, Phe, Gly, Ile, Lys, Len, Met, Pro, Gin, Arg,
Thr, Val, and Trp; |

the amino acid at position 269 to any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr;

the amino acid at position 270 to any one of Glu, Phe, Gly, His, e, Len, Met, Pro, Gln, Arg, Ser,
Thr, Trp, and Tyr;

the amino acid at position 271 to any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr, '

the amino acid at position 272 1o any one of Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, Ser,
Thr, Val, Trp, and Ty,

the amino acid at position 273 to either Phe or Ile;

the amino acid at position 274 to any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg,
Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 275 to either Leu or Tip;

the amino acid at position 276 to any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Ser,
Thr, Val, Trp, and Ty,

the amino acid at position 278 to any one of Asp, Glu, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln,
Arg, Ser, Thr, Val, and Trp;

the amino acid at position 279 to Ala;

the amino acid at position 280 to any one of Ala, Gly, His, Lys, Lew, Pro, Gln, Trp, and Tyr;

the amino acid at position 281 to any one of Asp, Lys, Pro, and Tyr;

the amino acid at position 282 to any one of Gha, Gly, Lys, Pro, and Tyr;

the amino acid at position 283 to any one of Ala, Gly, His, He, Lys, Leu, Met, Pro, Arg, and Tyr;
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the amino acid at position 284 to any one of Asp, Glu, Leu, Asn, Thr, and Tyr;

the amino acid at position 285 to any one of Asp, Glu, Lys, Gln, Trp, and Tyr;

the amino acid at position 286 to any one of Glu; Gly, Pro, and Tyr;

the amino acid at position 288 to any one of Asn, Asp, Glu, and Tyr;

the amino acid at position 290 to any one of Asp; Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr;

the amino acid at position 291 to any one of Asp, Glu, Gly, His, Tie, Gln, and Thr;

the amino acid at position 292 to any one of Ala, Asp, Glu, Pro, Thr, and Tyr;

the amino acid at position 293 to any one of Phe, Gly, His, Hie, Leu, Met, Asn, Pro, Arg, Ser; Thr,
Val, Trp, and Tyr;

the anino acid at position 294 to any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser,
Thr, Val, Trp, and Tyr;

the amino acid at position 295 to any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg,
Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 296 to any one of Aia, Asp, Glu, Gly, His, He, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, and Val;

the amino acid at position 297 to any one of Asp, Glu, Phe, Gly, His, lle, Lys, Len, Met, Pro, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 298 to any one of Ala, Asp, Glu, Phe, His, Iie, Lys, Met, Asn, Gln, Arg,
Thy, Val, Trp, and Tyr;

the amino acid at position 299 to any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn,
Pro, Gln, Arg, Ser, Val, Trp, and Tyr;

the amino acid at position 300 to any one of Ala, Asp, Glu, Gly, His, Hle, Lys, Leu, Met, Asn, Pro,
Gln, Arg, Ser, Thr, Val, and Trp;

the amino acid at position 301 1o any one of Asp, Glu, His, and Tyr;

the amino acid at position 302 to He;

the amino acid at position 303 to any one of Asp, Gly, and Tyr;

the amino acid at position: 304 to any one of Asp, His, Leu, Asn, and Thr;

the amino acid at position 305 to any one of Glu, lle, Thr, and Tyr;

the amino acid at position 311 to any one of Ala, Asp, Asn, Thr, Val, and Tvr;

the amino acid at position 313 to Phe;

the amino acid at position 315 to Lew;

the amino acid at position 317 to either Glu or Gin;

the amino acid at position 318 to any one of His, Lexy, Asn, Pro, Gin, Arg, Thr, Val, and Tyr;

the amino acid at position 320 to any one of Asp, Phe, Gly, His, lle, Leu, Asn, Pro, Ser, Thr, Val,

- Trp, and Tyr;

the amino acid at position 322 fo any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp,



10

I35

20

25

30

35

137

and Tyr;

the ammo acid at position 323 to Ile;

the amino acid at position 324 to any one of Asp, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Thr, Val,
Trp, and Tyr; '

the amino acid at position 325 to any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro,
Gln, Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 326 to any one of Ala, Asp, Glu, Gly, Ile, Leu, Met, Asn, Pro, Gln, Ser,
Thr, Val, Trp, and Tyr;

the amino acid at position 327 to any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn,
Pro, Arg, Thr, Val, Trp, and Tyr;

the armno acid at position 328 to any one of Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Met, Asn, Pro,
Gin, Arg, Ser, Thr, Val, Trp, and Tyr;
the amino acid at position 329 to any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 330 to any one of Cys, Glu, Phe, Gly, His, Hle, Lys, Leu, Met, Asn, Pro,
Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 331 to any one of Asp, Phe, His, Ile, Leu, Met, Gln, Arg, Thr, Val, Trp,
and Tyr;

the amino acid at position 332 to any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Lexw, Met, Asn,
Pro, Gin, Arg, Ser, Thr, Val, Trp, and Tyr;

the amino acid at position 333 to any one of Ala, Asp, Glu, Phe, Gly, His, He, Leu, Met, Pro, Ser,
Thr, Val, and Tyr;,

the amino acid at position 334 to any one of Ala, Glu, Phe, Ile, Leu, Pro, and Thr;

the amino acid at position 335 to any one of Asp, Phe, Gly, His, lle, Leu, Met, Asn, Pro, Arg, Ser,
Val, Trp, and Tyr;

the amino acid at position 336 to any one of Glu, Lys, and Tyr;

the amino acid at position 337 to any one of Glu, His, and Asy;

the amine acid at position 339 to any one of Asp, Phe, Gly, Ile, Lys, Met, Asn, Gin, Arg, Ser, and
Thr;

the amino acid at position 376 to either Ala or Val;

the amino acid at position 377 to either Gly or Lys;

the amino acid at position 378 to Asp;

the amino actd at position 379 to Asn;

the amino acid at position 380 to any one of Ala, Asn, and Ser;

the amine acid at position 382 to either Ala or Ile;

the amino acid at position 385 to Giu;



10

15

138

the amino acid at position 392 to Thr;

the amino acid at position 396 to Lex;

the amino acid at position 421 to Lys;

the amino acid at position 427 to Asn;

the amino acid at position 428 to either Phe or Ley;

the amino acid at position 429 to Met;

the amino acid at position 434 to Trp;

the amino acid at position 436 to lle; and

the amino acid at position 440 to any one of Gly, His, Ile, Leu, and Tyr,

according to EU numbering in the Fe region.

The number of amino acids that are altered is not particularly limited.  An amino acid at one
position only may be altered, or amino acids at two or more positions may be altered.
Examples of combinations of amino acid alterations at two or more positions include the
combinations shown in Table 6 (Tables 6-1 to 6-3).

[Table 6-1]
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Combination of amino acids

Combination of amino acids

K370E/P396L/D270E $239Q/13320
Q419H/P3961L/D270E S267D/1332E

| V240A/P396L/D270E S267E/1332E
R255L/P396L/D270E S267L/A327S
R255L/P396L,/D270E S2670Q/A327S
R255L/P396L/D270E/R292C S298A/1332E
R255L/P396L/D270E S304T/1332E
R255L/P396L/D270E/Y300L $324G/1332D
F243L/D270E/K392N/P396L $324G/1332E
F243L/R255L/D270E/P396L 83241/1332D
F243L/R292P/Y300L/V3051/P396 | S3241/1332E
L
F243L/R292P/Y300L/P396L T260H/1332E
F243L/R292P/Y300L T335D/1332F
F243L/R292P/P396L V2401/ V2661
F243L/R292P/V305I V264113328

F243L/R202P D265F/N297E /13328

S298A/E333A/K334A D265Y/N297D/1332E
E380A/T307A F243L/V2621/ V264W
K326M/E333S N297D/A330Y/1332E
K326A/E333A N297D/T299E/I332E
S317A/K353A N297D/T299F/1332E
A327D/1332E N297D/T299H/1332E
A330L/1332E NR97D/T2991/I332E
A330Y/I332E N297D/T299L/1332E
E258H /1332 N297D/T299V/I3328
E272H /13328 P230A/E233D /I332E
E2721/N276D P244H /P245A/P247V
E272R/I332E S239D/A330L/1332E
E283H/I332E S239D/A330Y/1332E
E293R/I332EF S239D/H268E/A330Y
F241L/ V2621 S239D/1332E/A327A
F241W/F243W S239D/1332E/A330I
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[Table 6-2]
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F243L/V264]

| S239D/N297D/1332E
268D /A330Y 1 8239D/S2984/1332E
H268E/A330Y S239D/V2641/1332E
K246H/I332E S230E/N297D/1332E
12341 /1332E S230E/V2641/1332E
L2348 /1332E S239N/A330L/1332E
L234G/1332E S239N/A330Y/1332E

| L2341/1332E S239N/S298A/1332E

| 1.2341/1235D S2390/ V2641 /13328

L234Y/I332E V264E/N297D/I332E
L235D /1332E V2641/A330L/1332E
L235E/1332E V2641/A330Y/1332E

| L2351/1332E V2641/S208A/1332E

| L2358/1332E Y2060 /N297D /13328
L328A/1332D Y206E/N297D /1332E
L328D/1332D Y206H/N297D /1332E
1.328D /13328 Y206N/N297D /13328
L328E/1332D Y296Q/N297D/1332E

| L328E/I332E Y206T/N297D [1332E

. L328F/1332D D265Y/N297D /T299L /1332E
L328F/1332E F241E/F243Q)V262T/V264E
L328H/I332E F241E/F243R/ V2628 /V264R
L3281/1332D F241E/F243Y/V262T/V264R
L3281/1332E F241L/F243L/V2621/ V2641

| L328M/1332D F241R/F2430/V262T/V264R
L328M/I332E F241S/F243H/V262T/V264T
L328N/1332D F241W/F243W V26247 V2644
L328N/1332E FR41Y/F243Y/V262T/V264T

| L328Q/1332D 1332E/A330Y/H268E/A327A
13280 /1332E N297D/1332E/S239D /A330L

| L328T/1332D N297D/S298A/A330Y /I332E

| L328T/1332E S239D/A330Y/1332E/K326E

L328V/I332D S239D/A330Y/1332E/K326T
L328V/I3328 S239D/A330Y/1332E/L2341
L328Y/1332D $239D)/A330Y/1332E/1L235D




142

[Table 6-3]

ML328Y/{332E ‘ S239D/A330Y/I332E/V2401
N2G7D/1332E .$239D/A330Y/1332E/V264T
N297E/I332E $239D/A330Y/1332E / V2661
N297S/1332E S239D/D265F/N297D /1332E
P227G/1332E S239D/D265H /N2OTD /1332E
P230A/E233D S239D/D2651/N297D/1332E

0295E/1332E $239D/D265L/N297D/1332E
R255Y/1332E $239D/D265T/N297D/I332E
$239D/1332D S239D/D265V/N297D/1332E
S239D/1332E 82390 /D265Y/N297D/I332E
8239 /1332N S239D/I332E/A330Y/A327A

MSQSQD/ISSQQ S239D/I332E/H268E/A327A
S239E/D265G S239D/I332E/H268E/A330Y
SR3ICE/D265N S239D/N297D /I332E/A330Y
S239E/D265Q S239D/N297D/IS32E/K326E
S230E/18332D S239D/N2G7D/I332E/L235D
S239E/IS32E S2309D/V2641/A330L/1332E
S239E/1332N $239D/V2641 /852084 /1332E
S238E/13320Q S239E/V2641/A330Y/1332E
S239N/1332D FR41E/F243Q/V2062T/V264E/I332E
S239N/I1332E F241E/F243R/V262E,/V264R /I1332E
S239N/1332N FR41E/F243Y/V26IT/V264R/I332E

" S239N/13320 F241R/F243Q/V2A62T/V264R/I332E

PSZSQQ/BCBQD S239D/IB32E/H268E/A330Y/A327TA
S239Q/1332E S239E/V2641/5298A /A330Y /I332E
82360 /I332N F241Y/F243Y/V202T/V264T/N297TD /I332E
S267E/L328F GZ236D/8267E
S239D/8267E

Fc¢ region with modified sugar chains

Fc regions provided by the present invention may include Fe regions that are modified
so that the percentage of Fe regions to which a fucose-deficient sugar-chain is attached will
become higher, or that the percentage of Fc regions to which bisecting N-acetylglucosamine is
added will become higher. It is known that the affinity of an antibody Fc region for FcyRIlla is
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enhanced when the fucose residue is removed from N-acetylglucosamine at the reducing end of
an N-glycoside-linked complex-type sugar chain bound to the antibody Fc region (Non-Patent
Document 20). IgG1 antibodies containing such Fc regions are known to have enhanced
ADCC activity, which will be described later; therefore, antigen-binding molecules containing
such Fe regions are also useful as antigen-binding molecules to be included in the
pharmacentical compositions of the present invention.  Known examples of antibodies in which
the fucose residue has been removed from N-acetylglucosamine at the reducing end of an
N-glycoside-linked complex-type sugar chain bound to the antibody Fc region are the following:
glycosylation-modified antibodies (for example, WO 1999/054342);

antibodies lacking fucose attached to sugar chains (for example, WO 2000/061739, WO
2002/031140, and WO 2006/067913);

antibodies having a sugar chain with bisecting GleNAc (for example, WO 2002/079255), and
such. Methods for producing these antibodies may also be applied to methods for producing
antigen-binding molecules containing an altered Fc region which has been modified so that the
percentage of the Fc region to which a fucose-deficient sugar-chain is attached will become
higher, or that the percentage of the Fc region to which bisecting N-acetylglucosamine 1s added

will become higher.

Antigen-binding molecules

in the present invention, this term is used in the broadest sense to refer to molecules
containing an antigen-binding domain whose antigen-binding activity changes depending on ion
concentration conditions, and an FcRn-binding domain having FcRn-binding activity in a neutral
pH range. Specifically, various molecular types may be included as iong as they show
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
(inciuding agonistic antibodies and antagonistic antibodies), human antibodies, humanized
antibodies, chimeric antibodies, and such.  Alternatively, when used as antibody fragments,
they preferably mciude antigen-binding domains and antigen-binding fragments (for exampie,
Fab, F(ab')2, scFv, and Fv). Scaffold molecules where three dimensional structures, such as
already-known stable o/f3 barrel protein structure, are used as a scaffold (base) and only some
portions of the structures are made into libraries to construct antigen-binding domains are also
included in antigen-binding molecules of the present invention.

An antigen-binding molecule of the present invention may contain at least some
portions of an Fe region that mediates the binding to FcRn and Fey receptor.  In a non-limiting
embodiment, the antigen-binding molecule includes, for example, antibodies and Fc fusion

proteins. A fusion protein refers to a chimeric polypeptide comprising a polypeptide having a
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first amino acid sequence that is linked to a polypeptide having a second amine acid sequence
that would not naturally link in nature. For example, a fusion protein may comprise the amino
acid sequence of at least a portion of an Fo region (for example, a portion of an Fc region
responsible for the binding to FeRn orf a portion of an Fe region responsible for the binding to
Fey receptor) and a non-immunoglobulin polypeptide containing, for example, the amino acid
sequence of the ligand-binding domain of a receptor or a receptor-binding domain of a ligand.
The amino acid sequences may be present in separate proteins that are transported together to a
fusion protein, or generally may be present in a single protein; however, they are included in a
new rearrangement in a fusion polypeptide.  Fusion proteins can be produced, for example, by
chemical synthesis, or by genetic recdmbination techniques to express a polynucleotide encoding
peptide regions 1n a desired arrangement.

Respective domains of the present invention can be linked together via linkers or
directly via polypeptide binding. The hinkers comprise arbitrary peptide linkers that can be
troduced by genetic engineering, synthetic linkers, and linkers disclosed in, for example,
Protein Engineering (1996) 9(3), 299-305.  However, peptide linkers are preferred n the
present invention. The length of the peptide linkers is not particularly limited, and can be
suitably selected by those skilled in the art according to the purpose.  The length is preferably
five amino acids or more (without particular limitation, the upper limit is generally 30 amino
acids or less, preferably 20 amino acids or less), and particularly preferably 15 amino acids.

For example, such peptide linkers preferably imclude:

Ser

Gly Ser

Gly-Gly: Ser

Ser-Gly-Gly

Gly- Gly- Gly Ser (SEQ ID NO: 29)
Ser-Gly-Gly-Gly (SEQ ID NO: 30)

Gly-Gly- Gly-Gly-Ser (SEQ ID NO: 31}
Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 32)
Gly-Gly- Gly-Gly- Gly-Ser (SEQ ID NO: 33)
Ser-Gly-Gly- Gly- Gly- Gly (SEQ ID NO: 34)
Gly-Gly Gly-Gly- Gly- Gly Ser (SEQ ID NO: 35)
Ser-Gly Gly-Gly-Gly-Gly-Gly (SEQ ID NO: 36)
(Gly Gly-Gly-Gly Ser (SEQ ID NO: 31))n
(Ser-Gly-Gly-Gly-Gly (SEQ ID NO: 32)n
where n is an integer of 1 or larger. The length or sequences of peptide linkers can be selected

accordingly by those skilled in the art depending on the purpose.
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Synthetic linkers (chemical crosslinking agents) is routinely used to crosslink peptides,

and for example:

N-hydroxy succinimide (NHS),

disuccinimidyl suberate (DSS),

bis(sulfosuccinimidyl) suberate (BS),

dithiobis(succinimidyt propionate} (DSP),

dithiobis(sulfosuccinimidyl propionate) (DTSSP),

ethylene glycol bis(succinimidyl succinate) (EGS),

ethylene glycol bis(sulfosuccinimidyl succinate) (sulfo-EGS),
disuccinimidyl tartrate (DST), disulfosuccinimidyl tartrate (sulfo-DST),
bis[2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES),

and bis{2-(sulfosuccinimidox yearbonyloxy)ethyl] suifone (sulfo-BSOCOES).  These
crosslinking agents are commercially avaiiable.

When multiple linkers for linking the respective domains are used, they may all be of
the same type, or may be of different types.

In addition to the linkers exemplified above, linkers with peptide tags such as His tag,
HA tag, myc tag, and FLAG tag may also be suitably used. Furthermore, hydrogen bonding,
disulfide bonding, covalent bonding, ionic interaction, and properties of binding with each other
as a result of combination thereof may be suitably used. For example, the affimity between CHI
and CL of antibody may be used, and Fc regions originating from the above-described bispecific
antibodies may also be used for hetero Feregion association.  Moreover, disulfide bonds
formed between domains may also be suitably used.

In order to link respective domains via peptide linkage, polynucleotides encoding the
dornains are linked together in frame. Known methods for linking polynucleotides in frame
include techniques such as ligation of restriction fragments, fusion PCR, and overlapping PCR.
Such methods can be appropriately used alone or in combination to construct antigen-binding
molecules of the present invention. In the present invention, the terms "linked" and "fused", or
"linkage" and "fusion" are used interchangeably. These tenms mean that two or more elements
or components such as polypeptides are linked together to form a single structure by any means
including the above-described chemical linking means and genetic recombination technigues.
Fusing in frame means, when two or more elements or components are polypeptides, linking two
or more units of reading frames to form a continuous longer reading frame while maintaining the
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 m frame to an Fc region via peptide bond

without linker, can be used as a preferred antigen-binding molecule of the present invention.
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Neutralizing activity

An embodiment of the present invention provides pharmaceutical compositions that
induce an immune response, which comprise as an active ingredient an antigen-binding molecule
having neutralizing activity against an antigen, and containing an antigen-binding domain whose
antigen-binding activity changes depending on ion concentration conditions and an
FcRn-binding domain having FcRn-binding activity in 2 neutral pH range.  Generally,
neutralizing activity refers to activity of inhibiting the biological activity of a ligand, such as
viruses and toxins, having biological activity on cells. Thus, substances having neutralizing
activity refer to substances that bind to the ligand or the receptor to which the ligand binds, and
inhibits the binding between the ligand and the receptor.  Receptors blocked from binding with
the ligand by the neutralizing activity will not be able to exhibit biological activity through this
receptor.  When the antigen-binding molecule 1s an antibody, such an antibody having
neutralizing activity is generally called a neutralizing antibody. Neutralizing activity of a test
substance may be measured by comparing the biological activity in the presence of a ligand
between when the test substance is present and absent.

For example, major possible ligands for the IL-6 receptof preferably include I1-6 as
shown in SEQ ID NO: 37. The IL-6 receptor, which is an I-type membrane protein with its
amino terminus forming the extracellular domain, forms a hetero-tetramer with a gp130 receptor
which has been induced to dimerize by 1L-6 (Heinrich er al. (Biochem. J. (1998) 334, 297-314)).
Formation of the heterotetramer activates Jak which is associated with the gpl30 receptor.  Jak
undergoes autophosphorylation and phosphorylates the receptor.  The phosphorylation site of
the receptor and Jak serves as a binding site for SH2-carrying molecules belonging to the Stat
family such as Stat3; MAP kinase; PI3/Akt; and other SH2-carrying proteins and adapters.

. Next, Stat bound to the gp130 receptor is phosphorylated by Jak. The phosphorylated Stat

dimerizes and moves into the nucleus, and regulates the transcription of target genes.  Jak or
Stat can also be involved in signal cascades via receptors of other classes. Deregulated 1L-6
signal cascades are observed in inflammation and pathological conditions of autoimmune
diseases, and cancers such as prostate cancer and multiple myeloma.  Stat3 which may act as an
oncogene is constitutively activated in many cancers. In prostate cancer and multiple myeloma,
there is a crosstalk between the signaling cascade via the 11.-6 receptor and the signaling cascade
via the epithelial growth factor receptor (EGFR) family members (Ishikawa et ol (J. Clin. Exp.
Hematopathol. (2006} 46 (2), 55-66)).

Such intraceliular signaling cascades are different for each cell type; therefore,
appropriate target molecules can be determined for each target cell of interest, and are not limited

to the above-mentioned factors. Neutralization activity can be evaluated by measuring the
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activation of in vivo signaling. Furthermore, the activation of in vive signaling can be detected
by using as an index the action of inducing the transcription of a target gene that exists
downstream of the in vivo signaling cascade. Change in the transcription activity of the target
gene can be detected by the principle of reporter assays.  Specifically, a'reporter gene such as
green fluorescence protein (GFP) or huciferase is placed downstream of a promoter region or a
transcription factor of the target gene, its reporter activity is measured, and thereby change in the
transcription activity can be measured as the reporter activity. Commercially available kits for
measuring the activation of in vivo signaling can be used appropriately (for example, Mercury
Pathway Profiling Luciferase System (Clontech)).

Furthermore, for methods of measuring the activity of neutralizing receptors/ligands of
the EGF receptor family and such, which normally act on signaling cascades that work toward
promoting cell proliferation, the neutralization activity of neutralizing antibodies can be
evaluated by measuring the proliferation activity of target cells. For example, when cells are
promoted to proliferate by growth factors of the EGF family such as HB-EGF, the mhibitory

‘effect on the proliferation of such cells based on the neutralizing activity of an anti-HB-EGF

antibody can be suitably evaluated or measured by the following methods:  For evaluating or
measuring the cell proliferation inhibitory activity in vitro, a method of measuring the
incorporation of [*H}-labeled thymidine added to the medium by viable cells as an index of DNA
replication ability is used. As more convenient methods, a dye exclusion method, in which the
ability of a cell to exclude a dye such as trypan blue from the cell 1s measured under the
microscope, and the MTT method, are used. The latter method makes use of the ability of
viable cells to convert MTT (3-(4,5-dimethylithiazol-2-yl)-2,5-diphenyl tetrazolium bromide),
which is a tetrazolium salt, to a blue formazan product. More specifically, a test antibody 1s
added as well as a ligand to the culture solution of a test cell, and after a certain period of time,
the MTT solution is added to the culture solution, and this is left to stand for a while for
incorporation of MTT into the cell.  As a result, MTT, which is a veliow compound, is
converted to a biue compound by the action of succinate dehydrogenase in the mitochondria of
the cell.  After dissolving this blue product for coloration, its absorbance is measured and used
as an index for the number of viable cells. In addition to MTT, reagents such as MTS, XTT,
WST-1, and WST-§ are also commercially available (Nacalat Tesque, and such) and can be
suitably used. For measuring the activity, a binding antibody which is of the same isotype as
the anti-HB-EGF antibody but does not have the cell proliferation inhibitory activity can be used
as a contro] antibody in the same manner as the anti-HB-EGF antibody, and the activity can be
determined when the anti-HB-EGF antibody shows stronger celi proliferation inhibitory activity
than the control antibody.

Cells that can be preferably used for evaluating the activity include, for example, cells
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promoted to proliferate by HB-EGF such as ovarian cancer cell line RMG-1, and mouse Ba/F3
cells which have been transformed by a vector for expressing a gene encoding
hEGFR/mG-CSFR, which is a fusion protein in which the extracellular domain of human EGFR
is fused in frame with the intracellular domain of the mouse GCSF receptor.  In this way, those
skilled in the art can appropriately select cells to be used for evaluating the activity and use them

to measure the cell proliferation activity as mentioned above.

Cytotoxic activity

An embodiment of the present invention provides pharmaceutical compositions that
induce an immune response, which comprise as an active ingredient an antigen-binding molecule
that has cytotoxic activity against cells expressing an antigen, and contains an antigen-binding
domain whose antigen-binding activity changes depending on ion concentration conditions and
an FcRn-binding domain having FcRn-binding activity in a neutral pH range.  In the present
invention, the cytotoxic activity includes, for example, antibody-dependent cell-mediated
cytotoxicity (ADCC) activity and complement-dependent cytotoxicity (CDC) activity. Inthe
present invention, CDC activity refers to cytotoxic activity mediated by the complement system.
ADCC activity refers to the activity of damaging a target cell when a specific antigen-binding
molecule attaches to the surface antigen of an antigen-expressing cell and then a Fey
receptor-expressing cell (immune cell, or such) binds to the Fc portion of the antigen-binding
molecule via the Fey receptor.  Whether an antigen-binding molecule of interest has ADCC
activity or CDC activity can be determined using known methods (for example, Current
Protocols in Immunology, Chapter 7. Immunologic studies in humans, Coligan et al. Ed.
(1993)). ‘

First, specifically, effector cells, complement solution, and target cells are prepared.

(1) Preparation of effector cells

Spleen is removed from a CBA/N mouse or the like, and spleen cells are isolated in
RPMI1640 medium (Invitrogen). After washing the cells with the same medium containing
10% fetal bovine serum (FBS, HyClone), the concentration of the washed spleen cells may be
adjusted to 5 x 10° /mL to prepare effector cells. '

(2) Preparation of complement solution

Baby Rabbit Complement (CEDARLANE) is diluted 10-fold in a culture medium
(Invitrogen) containing 10% FBS to prepare a complement solution.

(3) Preparation of target cells

Target cells can be radiocactively labeled by cﬁlturing cells expressing an antigen with
0.2 mCi sodium chromate-"'Cr (GE Healtheare Bio-Sciences) in a DMEM medium containing
10% FBS for one hour at 37°C.  After radioactive labeling, the cells are washed three times
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with RPMI1640 medium containing 10% FBS, and the target cells can be prepared by adjusting
the cell concentration to 2 x 10° /mlL.,

ADCC activity or CDC activity can be measured by the method described below. In
the case of measuring ADCC activity, 50 pL each of the target cell an(:i antigen-binding molecule
are added to a 96-well U-bottom plate (Becton Dickinson), and allowed to react for 15 minutes
onice, Thereafter, 100 uL of effector cells are added to the plate and left to stand in a carbon
dioxide incubator for four hours. The final concentration of the antibody may be adjusted to,
for example, 0 or 10 pg/ml.. After being left to stand, 100 pL of the supernatant 1s coliected
from each well, and the radicactivity is measured with a gamma counter (COBRAII
AUTO-GAMMA, MODEL D35003, Packard Instrument Company). The measured value 1s
used to calculate cytotoxic activity (%) according to the formula: (A-C)/ (B-C) x 100, A
represents the radioactivity (cpm) in each sample, B represents the radioactivity (cpm) in a
sample to which 1% NP-40 (Nacalai Tesque) has been added, and C represents the radioactivity
(cpm) of a sample containing the target cells only.

Meanwhile, in the case of measuring CDC activity, 50 pl each of the target cell and
antigen-binding molecule are added to a 96-well flat-bottomed plate (Becton Dickinson), and
allowed to react for 15 minutes on ice. Thereafier, 100 uL of the complement solution 1s added
to the plate, and left to stand in a carbon dioxide incubator for four hours. The final
concentration of the antibody may be adjusted to, for example, 0 or 3 pg/ml. After being left
to stand, 100 pL of supernatant is collected from each well, and the radicactivity is measured
with a gamma counter.  The cytotoxic activity can be calculated in the same way as in the

measurement of ADCC activity.

immune response
A non-limiting embodiment of the present invention provides pharmaceuiical

compositions that induce an immune response to an antigen, which comprise as an active
ingredient an antigen-binding molecuie containing an antigen-binding domain whose
antigen-binding activity changes depending on ion concentration conditions and an
FcRn-binding domain having FcRn-binding activity in a neutral pH range.

Whether an immune response has been induced may be evaluated by measuring the
response in a living organism that has received a pharmaceutical composition that induces an
immune response against the aforementioned antigen and contains an antigen-binding molecule
as an active ingredient. Examples of the response in the living organism mainly include two
immune responses: cellular immunity (induction of cytotoxic T cells that.recognize a peptide
fragment of the antigen bound to MHC class I} and humoral immunity (induction of the

production of anfigen-binding antibodies). Methods for evaluating induction of humoral
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immunity (immune response) include methods for evaluating production of antibodies against an
antigen in vivo.

Whether humoral immunity has been induced by a pharmaceutical composition of the
present invention that induces an immune response may be evaluated by administering the
pharmaceutical composition to a living organism and, in the peripheral blood isolated from the
organism, detecting antibodies raised by the organism against the antigen targeted by the
antigen-binding molecule contained in the pharmaceutical composition. The titer of an
antibody against an antigen can be measured by applying the methods for measuring molecules
that specifically bind to an administered molecule using ELISA, ECL,, SPR, which are known to
those skilled in the art (I. Pharm. Biomed. Anal. 2011 Jul 15;35(5):878-88),

Whether cellular mnmunity has been acquired due to a pharmaceutical composition of
the present invention that induces an immune response may be evaluated by administering the
pharmaceutical composition to a living orgamsm and, in the peripheral biood isolated from the
organism, detecting a subset of CD8-expressing T cells which have a memory-type phenotype
and are specific to the anfigen targeted by the antigen-binding molecule contained in the
pharmaceutical composition. A population of CD8-expressing cells having a memory-type
phenotype is a heterogenéous cell population.  Specifically, it includes central memory cells,
which rapidly divide in response to the antigen, and effector memory cells, which show the
memory of effector functions such as cytotoxicity. These subsets are not mutually exclusive.
That is, the cells may divide rapidly but may also damage target cells presenting the antigen.
There is a commercially available kit (Cytokine Secretion Assay - Cell Enrichment and
Detection Kit (Miltenyi Biotec)) for detecting cytokines produced as 2 result of performing
expansion culture of such a subset of antigen-specific, CD8-expressing T cells having a
memory-type phenotype. Protocols for 1solating such an antigen-specific population are also
provided. By using such a kit, both antigen-specific central memory cells and effector memory
T cells can be grown efficiently in virro.  Antigen-presenting cells that can stimulate the
proliferation of a subset of such T cells may be 1solated from the peripheral biood obtained from
the organism to which the aforementioned immune-response-inducing pharmaceutical
coraposition has been admmistered. Dendritic cells pulsed with the antigen or dendritic cells
iransfected by the antigen (Overes ef al. {J. Immunother. (2009} 32, 536-551) may be used as

antigen-presenting cells.

Pharmaceutical compositions
In another aspect, the present invention provides pharmaceutical compositions that

induce an immune response to an antigen, which comprise as an active ingredient an

antigen-binding molecule containing an antigen-binding domain whose antigen-binding activity
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changes depending on ion concentration conditions and an FcRu-binding domain h;wing
FcRn-binding activity in a neutral pH range. A different embodiment of the present invention
relates to cell growth inhibitors or anti-cancer agents that induce an immune response to the
aforementioned antigen, which comprise the antigen-binding molecule as an active ingredient.
A pharmaceutical composition, a cell growth inhibitor, or an anti-cancer agent of the present
invention is preferably administered to a subject affected with infection by foreign biological
species or with cancer, or a subject that may experience recurrence.

In an embodiment of the present invention, a pharmaceutical composition, cell growth
inhibitor, or an anticancer agent that induces an immune response to the aforementioned antigen,
which comprises as an active ingredient an antigen-binding molecule containing an
antigen-binding domain whose antigen-binding activity changes depending on ion concentration
conditions and an FcRn-binding domain having FcRn-binding activity in a neufral pH range,
may be expressed as use of said antigen-binding moilecule in producing said pharmaceutical
composition, cell growth inhibitor, or anticancer ageni.

In another embodiment of the present invention, it may also be expressed as a method
for inducing an immune response to an antigen, which comprises the step of administering a
pharmaceutical composition, a cell growth inhibitor, or an anticancer agent which comprises as
an active ingredient an antigen-binding molecule containing an antigen-binding domain whose
antigen-binding activity changes depending on ion concentration conditions and an
FcRn-binding domain having FeRn-binding activity in a neutral pH range.

In another embodiment of the present invention, it may be expressed as an
antigen-binding molecule which contains an antigen-binding domain whose antigen-binding
activity changes depending on ion concentration conditions and an FcRn-binding domain having
FcRn-binding activity in a neutral pH range, for use in inducing an immune response to an
antigen.

In another embodiment of the present invention, it may be expressed as a process for
producing a pharmaceutical composition, a cell growth inhibitor, or an anticancer agent that
induces an immune response to an antigen, which comprises the step of using an antigen-binding
molecule contaimng an antigen-binding domain whose antigen-binding activity changes
depending on ion concentration conditions and an FcRn-binding domain having FcRn-binding
activity in a neutral pH range.

In the present invention, the phrase “comprises as an active ingredient an
antigen-binding molecule containing an antigen-binding domain whose antigen-binding activity
changes depending on 1on concentration conditions and an FcRn-binding domain having
FcRn-binding activity in a neutral pH range™ means comprising said antigen-binding molecule as

a major active component, and does not limit the content ratio of the antigen-binding molecule.
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Furthermore, the present invention may provide pharmaceutical compositions, cell growth
inhibrtors, and anticancer agents that induce immune response to an antigen, which comprise as
an active ingredient, in addition to an antigen-binding molecule fhat is not bound fo the antigen,
an antigen-binding molecule that has already bound to the antigen. Moreover, the present
invention provides methods for inducing an immune response to an antigen, which comprise
administering, in addition to an antigen-binding molecule that is not bound to the antigen, an
antigen-binding molecule that has already bound to the antigen.

Furthermore, pharmaceutical compositions, cell growth inhibitors, and anticancer agents
of the present invention may include different antigen-binding molecules when necessary.  For
example, a cocktail of different antigen-binding molecules of the present invention that bind to
the same antigen may enhance the action of inducing an immune response, cytotoxic activity, or
neutralization activity against cells expressing the antigen, resulting in increased therapeutic
effects against diseases caused by the cells expressing the antigen.  Alternatively, a
pharmaceutical composition, cell growth inhibitor, or anticancer agent of the present invention
which comprises an antigen-binding molecule of the present invention containing an
antigen-binding domain that binds to an antigen expressed by cells causing a disease to be
treated, and also comprises an antigen-binding molecule of the present invention containing an
antigen binding domain that binds to another antigen expressed by the cells causing the same
disease, is administered to increase therapeutic effects on the disease.

_ If necessary, a pharmaceutical composition, a cell growth mhibitor, or an anticancer
agent of the present invention can be encapsulated into microcapsules (microcapsules made of
hydroxymethylcellulose, gelatin, poly[methyl methacrylate], or such), and prepared as colloidal
drug delivery systems (such as iposomes, albumin microspheres, microemulsion, nanoparticles,
and nanocapsules) (see, for example, “Remington’s Pharmaceutical Science 16th edition”, Oslo
Ed. (1980)). Methods for preparing a drug as a controlled-release drug are also known, and
such methods may be applied to the pharmaceutical compositions, cell growth inhibitors, and
anticancer agents of the present invention (J. Biomed. Mater. Res. (1981) 15, 267-277; Chemtech.
(1982) 12: 98-105; U.S. Patent No. 3773919; European Patent Publications EP 58481 and EP
133988; Biopolymers (1983) 22, 547-556). '

The pharmacentical compositions, cell growth inhibitors, and anticancer agents of the
present invention can be administered to patients either orally or parenteraily. Parenteral
administration is preferred.  Such administration methods specificalty include administration by
injection, transnasal administration, pulmonary administration, and transdermal administration.
For administration by injection, a pharmaceutical composition, a cell growth inhibitor, or an
anficancer agent of the present invention can be systemically or locally administered by, for

exampie, iniravenous injection, intramuscular injection, infraperitoneal injection, and
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subcutaneous injection.  The method of administration can be selected appropriately according
to the age and symptoms of the patient. The dose can be selected, for example, within the range
from 0.0001 mg to 1000 mg per kilogram body weight per administration. = Alternatively, the
dose may be selected, for example, within the range from 0.001 mg/body to 100000 mg/body per
patient. However, the pharmaceutical compositions, cell growth inhibitors, or anticancer agents
of the present invention are not limited to these doses.

The pharmaceutical compositions, cell growth inhibitors, and anticancer agents of the
present invention can be formulated according to conventional methods (for example,
Remington's Pharmaceutical Science, latest edition, Mark Publishing Company, Easton, UJ.S.A),
and may also contain pharmaceutically acceptable carriers and additives.  Examples include
surfactants, excipients, coloring agents, flavoring agents, preservatives, stabilizcrs, buffers,
suspending agents, isotonization agents, binders, disintegrants, lubricants, fluidity-promoting
agents, and corrigents. Without limitation to these, other commonly used carriers can be
suitably used. Specific examples of carriers include light anhydrous silicic acid, lactose,
crystalline cellulose, mannitol, starch, carmellose calcium, carmellose sodium, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose, polyvinylacetal diethylaminoacetate,
polyvinyipyrrolidone, gelatin, medium-chain fatty acid triglycerides, polyoxyethylene hardened
castor oil 60, saccharose, carboxymethyl cellulose, corn starch, inorganic salts, and such.

Amino acids contained in the amino acid sequences in the present invention may be
post-translationally medified (for example, the modification of an N-terminal glutamine into a
pyroglutamic acid by pyroglutamylation is well-known to those skilled in the art). Naturaily,
such post-translationally modified amino acids are included in the amino acid sequences in the

present invention.

Methods for producing pharmaceutical composiiions

A non-limiting embodiment of the present invention provides methods for producing an
antigen-binding molecule that induces an immune response, which comprise imparting
FcRn-binding activity in a neutral pH range to an FcRn-binding domain that is contained in an
antigen-binding molecule containing an antigen-binding domain whose antigen-binding activity
changes depending on ion concentration conditions.

In the production methods of the present invention, when the FcRn-binding activity of
the FcRn-binding domain that 1s contained in an antigen-binding molecule containing an
antigen-binding domain whose antigen-binding activity changes depending on ion concentration
conditions 1s weak or not detected in a neutral pH range, FcRu-binding activity in the neutral pH
range can be imparted to the FeRn-binding domain to produce an antigen-binding molecule of

the present invention.
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For example, when an anfigen-binding domain containing the heavy and light chain
variable regions of an anti-FcRn antibody ismused as an FcRn binding domain, it is possible to
obtain an FcRn-binding domain having FcRn-binding activity‘ in a neutral pH range according to
the aforementioned method for obtaining an antigen-binding domain whose antigen-binding
activity changes depending on ion concentration conditions. When an Fc region whose
FeRn-binding activity in a neutral pH range is weak or undetectable is used as an FcRn-binding
domain, an antigen-binding molecole containing an Fe region with desired FeRn-binding activity
may be obtained by altering amino acids of the Fc region contained in the antigen-binding
molecule.  Amino acid alterations of the Fc region that result in such desired binding activity
may be identified by comparing the FcRn-binding activity in a neutral pH range before and after
amino acid alteration. Those skilied in the art can carry out appropriate amino acid alterations
using known methods such as overlap extension PCR or site-directed mutagenesis (Kunkel ef al.
(Proc. Natl. Acad. Sci. USA (1985) 82, 488-492)) similarly to the aforementioned methods used
to alter antigen-binding activity.

An Fe region having FcRn-binding activity in a neutral pH range that is contained in an
antigen-binding molecule of the present invention may be obtained by any methods, but
specifically, ann FeRn-binding domain having FcRn-binding activity or enhanced FeRnp-binding
activity in a neutral pH range may be obtained by altering amino acids of human IgG
immunoglobulin used as a starting Fc region. Examples of preferred IgG immunoglobulin Fe
regions to be altered mclude the Fe region of humar 1gG {I1gG1, 1gG2, 1gG3, or 1gG4, and their
variants). Amino acids at any positions may be altered to other amino acids as long as the Fc
region has FcRn-binding activity in a neutral pH range or its human FeRn-binding activity in a
neutral range can be enhanced. When an antigen-binding molecule contains the Fc region of
human IgG1, it i1s preferred to include alterations that resuit in enhancement of FcRn-binding in a
neutral pH range compared to the binding activity of the starting Fe region of human IgGl. KD
values for FcRn in a neutral pH range are determined as mentioned above by the method
described in The Journal of Immunology (2009} 182: 7663-7671 (antigen-binding molecules are
immobilized onto a chip and human FcRn is allowed to flow as an analyte).

Examples of preferred IgG immunoglobulin Fe regions to be altered include the Fe
region of uman IgG (IgG1, IgG2, IgG3, or Ig(G4, and their variants). Amino acids at any
positions may be altered to other anuno acids as long as the Fc region has FcRn-binding activity
in a neutral pH range or its human FcRu-binding activity in the neutral range can be enhanced.
When an antigen-binding molecule contains the Fe region of human IgG1, it is preferred to
include alterations that result in enhancement of FcRn-binding in a neutral pH range compared to
the binding activity of the starting Fc region of human IgG1l. Exampies of such a modified Fc

region inchude altered Fc regions in which amino acids such as those listed in Table 5 above have
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been altered and which have binding activity in a neutral pH range.
A non-limiting embodiment of the present invention provides methods for producing a
pharmaceutical composition that mduces an immune response, which comprise the steps of:

(a) determiming the antigen-binding activity of an antigen-binding domain under a high calcium
1on concentration condition;

(b) determining the antigen-binding activity of the antigen-binding domain under a low calcium
ion concentration condition;

(c) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is
higher than that determined in (b);

(d) linking a polynucieotide encoding the antigen-binding domain selected in (c) to a
polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a neutral pH
range;

(e) culturing cells into which a vector to which the polynucleotide obtamed in (d) is operably
linked has been mntroduced; and

(f) collecting an antigen-binding molecule from the culture fluid of the cells cultured in (e).

Another non-limiting embodiment of the present invention also provides methods for
producing a pharmaceutical composition that induces an immune response, which comprise the
steps of

(a) determining the antigen-binding activity of an antibody under a high calcium ion
concentration condition;

(b) determining the antigen-binding activity of the antibody under a low calcium ion
concentration condition;

(c) selecting the antibody whose antigen-binding activity determined in (a) is higher than that
determined in (b);

(d) linking a polynucleotide encoding the antigen-binding domain of the antibody selected in
(¢) to a polynucleotide encoding an FcRn-binding domain having FcRn-binding activity in a
neuiral pH range;

(e) culturing cells into which a vector to which the polynucleotide obtained in (d) is operably
imked has been mtroduced; and

(f) collecting an antigen-binding molecule from the culture fluid of the cells cultured in (e).

Furthermore, a non-limiting embodiment of the present invention provides methods for
producing an antigen-binding molecule, which comprise the steps of}

(a) determining the antigen-binding activity of an antigen-binding domain in a neutral pH
range, '

{b) determining the antigen-binding activity of the antigen-binding domain in an acidic pH

range;
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(c) selecting the antigen-binding domain whose antigen-binding activity determined in (a) is
higher than that determined in (b);

(d} linking a polynucleotide encoding the antigen-binding domain selected in (c) to a
polynucleotide encoding an FcRan-binding domain having FcRn-binding activity in a neuntral pH
range;

(e) cuituring cells into which a vector to which the polynucleotide obtained in (d) is operably
linked has been introduced; and '

(f) collecting an antigen-bimding molecule from the culture fluid of the cells cultured in (e).

Furthermore, another non-limiting embodiment of the present invention provides
methods for producing an antigen-binding molecule, which comprise the steps of:

(a) determining the antigen-binding activity of an antibody in a neutral pH range;

(b) determining the antigen-binding activity of the antibody in an acidic pH range;

(c} selecting the antibody whose antigen-binding activity determined in (2) is higher than that
determined in (b);

(d) inking a polynucleotide encoding the antigen-binding domain of the antibody selected i
(c) to a polynucleotide encoding an FcRn-binding domain having FcRa-binding activity ina
neutral pH range; -

(e) culturing cells into which a vector to which the polynucleotide obtained in {d) is operably
linked has been introduced; and

(f) collecting an antigen-binding molecule from the culture fluid of the cells cultured in (e).

In a non-limiting embodiment of the present invention, the antigen-binding domain
preferably includes a plurality of antigen-binding domains constituting an antibody fragment
library. Furthermore, in a non-limiting embodiment of the present invention, the antibody
preferably includes a panel of a group of antibodies that have been monocloned in advance.
Methods for producing these libraries and antibodies are described in the “Antibodies™ section
mentioned above.

For example, the step of obtaining an antigen-binding domair whose antigen-binding

activity is lower under a high hydrogen ion concentration condition or low pH, i.e. in an acidic

- pH range, than under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH

range, which is a non-limiting embodiment of the present invention, preferably ciudes the step
of obtaming an antigen-binding domain including the following steps:

(a) contacting an antigen with a library of antigen-binding domains in a neutral pH range;

{b) placing a library of the antigen-binding domains bound to the antigen in step (a) in an acidic
pH range; and

(c) isolating an antigen-binding domain that is dissociated in step (b).

For example, the step of obtamning an antigen-binding domain whose antigen-binding
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activity is lower under a low calcium ion concentration condition than under a high calcium ion
concentration condition, which 1s a non-limiting embodiment of the present invention, preferably
mcludes the step of obtaining an antigen-binding domain including the following steps:

(a) contacting an antigen with a library of antigen-binding domains under a high calcium ion
concentration condition;

(b) placing a library of the antigen-binding domains bound to the antigen in step (a) under a low
calcium 1on concentration condition; and

(c¢) 1solating an antigen-binding domain that is dissociated in step (b).

Furthermore, the step of obtaining an antigen-binding domain whose antigen-binding
activity is lower under a high hydrogen ion concentration condition or low pH, i.e. in an acidic
pH range, than under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH
range, which is a non-limiting embodiment of the present invention, preferably includes the step
of obtaining an antigen-binding domain including the following steps:

{a) contacting, in a neutral pH range, a library of antigen-binding domains with a column onto
which an antigen has been immobilized;

(b) eluting an antigen-binding domain bound to the column in step (&) from the column in an
acidic pH range; and

(c) isolating the antigen-binding domain eluted in step (b).

Furthermore, the step of obtaining an antigen-binding domain whose antigen-binding
activity is lower under a low calcium ion concentration condition than under a high calcium ion
concentration condition, which is a non-limiting embodiment of the present invention, preferably
includes the step of obtaining an antigen-binding domain including the following steps:

{(a) contacting, under a high calcium ion concentration condition, a library of antigen-binding
domains with a column onto which an antigen has been immobilized;

{b) eluting an antigen-binding domain bound to the column in step (a) from the column under a
low calcium ion concentration condition, and

(c) isolating the antigen-binding domain eluted in step (b).

Furthermore, the step of obtaining an antigen-binding domain whese antigen-binding
activity is lower under a high hydrogen ion concentration condition or low pH, i.e. in an acidic
pH range, than under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH
range, which is a non-limiting embodiment of the present invention, preferably includes the step
of obtaining an antigen-binding domain including the following steps:

(a) passing, in an acidic pH range, 2 library of antigen-binding domains through 2 column onto
which an antigen has been immobilized,
(b) collecting antigen-binding domains eluted without binding to the column in step (a);

(¢) allowing the antigen-binding domains collected in step (b) to bind to the antigen in & neutral
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pH range; and
{d) isolating an antigen-binding domain bound to the antigen in step (c).

Furthermore, the step of obtaining an antigen-binding domain whose antigen-binding
activity is 1ower under a low calcium ion concentration condition than under a high calcium ion
concentration condition, which is a non-limiting embodiment of the present invention, preferably
includes the step of obtaining an antigen-binding domain including the following steps:

(2) passing, under a low calcium ion concentration condition, a library of antigen-binding
domains through a colummn onto which an antigen has been immobilized;

{b) collecting antigen-binding domains eluted without binding to the column in step (a};

(c) allowing the antigen-binding domains collected 1n step (b) to the antigen under a high
calcium ion concentration condition; and

{d) isolating an antigen-binding domain bound to the antigen in step (¢).

For examaple, the step of obtaining an antibody whose antigen-binding activity is lower
under a high hvdrogen ion concentration condition or low pH, i.e. in an acidic pH range, than
under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH range, which is
a non-limiting embodiment of the present invention, preferably includes the step of obtaining an
antibody including the following steps:

(a) determining the antigen-binding activity of an antibody in an acidic pH range;

(b) determining the antigen-binding activity of the antibody in a neutral pH range; and

(¢} selecting the antibody whose antigen-binding activity determined in the acidic pH range is
lower than that determined in the neutral pH range.

For example, the step of obtaining an antibody whose antigen-binding activity is lower
under a iow calcium ion concentration condition than under a high calcium ion concentration
condition, which is a non-limiting embodiment of the present invention, preferably includes the
step of obtaining an antibody including the following steps:

(a) determining the antigen-binding activity of an antibody under a low calcium ion
concentration condition;

(b) determining the antigen-binding activity of the antibody under a high calcium ion
concentration condition; and

(c) selecting the antibody whose antigen-binding activity under the low calcium ion
concentration condition is lower than that under the high calcium ion concentration condition.

Furthermore, the step of obtaining an antibody whose antigen-binding activity is lower
under a high hydrogen ion concentration condition or low pH, i.e. in an acidic pH range, than
under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH range, which is
a non-limiting embodiment of the present invention, preferably includes the step of obtaining an

antibody including the following steps:
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{2) contacting an antibody with an antigen in a neutral pH range;

(b) obtaining the antibody bound to the antigen in step (a);

(c) placing the antibody obtained in step (b) in an acidic pH range; and

(d) selecting the antibody whose antigen-binding activity in step (c) is weaker than the criterion
for the selection in step (b).

Furthermore, the step of obtaining an antibody whose antigen-binding activity is lower
under a low calcium ion concentration condition than under a high calcium ion concentration
condition, which is a non-limiting embodiment of the present invention, preferably includes the
step of obtaining an antibody including the following steps:

{a) contacting an antibody with an antigen under a high calcium ion concentration condition;

(b) obtaining the antibody bound to the antigen in step (a);

(c) placing the antibody obtained in step (b) in a low calcium ion condition; and

(d) selecting the antibody whose antigen-binding activity in step (c) is weaker than the criterion
for the selection in step (b).

The above-mentioned steps may be repeated twice or more times. Therefore, the
present invention provides antigen-binding domains or antibodies whose antigen-binding activity
is lower in an acidic pH range than in a neutral pH range, which are obtained by the
above-mentioned screening methods which further comprise the step of repeating steps (a) to (¢}
or steps (a) to (d) twice or more times. The number of cycles of steps (a) to (¢) or (a) to (d) is
not particularly limited, but is usually ten or less.

In the aforementioned steps, the antigen-binding activity of an antigen-binding domain
or antibody under a high hydrogen ion concentration condition or low pH, i.e. in an acidic pH
range, is not particularly limited as long as it is antigen-binding activity at pH 4.0 t0 6.5, but
antigen-binding activity at pH 4.5 to 6.5 may be preferred.  Alternatively, antigen-binding
activity at pH 5.0 to 6.5, or antigen-binding activity at pH 5.5 to 6.0 may also be preferred.
More preferred pH includes the pH in early endosomes in vivo, and a specific example is
antigen-binding activity at pH5.8. The antigen-binding activity of an antigen-binding domain
or antibody under a low hydrogen ion concentration condition or high pH, i.e. in a neutral pH
range, is not particularly limited as long as it is antigen-binding activity at pH 6.7 to 10, but
antigen-binding activity at pH 6.7 to 9.5 may be preferred.  Alternatively, antigen-binding
activity at pH 7.0 to 9.5, or antigen-binding activity at pH 7.0 to 8.0 may also be preferred.
More preferred pH includes the pH in blood plasma in vivo, and a specific example is
antigen-binding activity at pH7.4.

In the aforementioned steps, the antigen-binding activity of an antigen-binding domain
or antibody under a low calcium concentration condition is not particularly limited as long as it

is antigen-binding activity at an ionized calcium concentration of 0.1 uM fo 30 pM, but



16

15

20

25

30

35

160

antigen-binding activity at an ionized calcium conc.entration of 0.2 uM 1o 20 pM may be
preferred.  In another embodiment, antigen-binding activity at 0.5 uM to 10 pM may be
preferred. More preferred iontzed calcium concentrations include the ionized calcium .
concentration in early endosomes in vivo, and specific examples include antigen-binding activity
at 1 uM to 5 uM and antigen-binding activify at 2 uMto 4 uM. The antigen-binding activity of
an antigen-binding domain or antibody under a high calcium concentration condition 1s not
particularly limited as long as it is antigen-binding activity at an ionized calcium concentration
of 100 uM to 10 mM, but antigen-binding activity at an ionized calcium concentration of 200
M to 5 mM may be preferved.  In a different embodiment, antigen-binding activity at 500 uM
to 2.5 mM may be preferred, and in another embodiment, antigen-binding activity at 200 uM to
2 mM may be preferred.  In a different embodiment, antigen-binding activity at 400 uM t6 1.3
mM may also be preferred.  More preferred tonized calcium concentrations include the ionized
calcium concentration in plasma in vive, and specific examples includes antigen-binding activity
at 0.5 mM 1o 2.5 mM.

FeRn-binding domains having FcRu-binding activi‘iy in a neutral pH range, modified Fc
regions with Fey-receptor-binding activity that is higher than the Fcy-receptor-binding activity of
a naturally-occurring Fe region in which fucose 1s attached to the sugar chain at position 297
according to EU numbering, and Fc regions including such FcRn-binding domains and modified
Fc regions are obtained by methods described in the section “FcRn-binding domains” and
“FeRu-binding domains” mentioned above. Polynucleotides encoding each of the domains
may be obtained by known genetic recombination methods described later in this section.

Respective domains of the present invention can be linked together via linkers or
directly via polypeptide binding. The hnkers comprise arbitrary peptide linkers that can be
mtroduced by genetic engineering, synthetic linkers, and linkers disclosed in, for example,
Protein Engineering (1996) 9(3), 299-305. However, peptide linkers are preferred in the
present invention.  The length of the peptide linkers is not particularly limited, and can be
suitably seiected 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 particularly preferably 15 amino acids.
For example, such peptide linkers preferably include:

Ser

Gly Ser

Gly-Gly- Ser

Ser-Gly- Gly

Gly-Gly- Gly-Ser (SEQ ID NO: 29)

Ser-Gly Gly-Gly (SEQ ID NO: 30)
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Gly- Gly-Gly Gly Ser (SEQ ID NO: 31)
Ser-Gly Gly-Gly-Gly (SEQ 1D NO: 32)
Gly-Gly-Gly-Gly-Gly- Ser (SEQ ID NG: 33)
Ser-Gly- Gly-Gly Gly- Gly (SEQ 1D NO: 34)
Gly-Gly- Gly-Gly-Gly- Gly- Ser (SEQ ID NO: 35)
Ser Gly Gly- Gly Gly-Gly- Gly (SEQ ID NO: 36)
(Gly Gly-Gly-Gly Ser (SEQ ID NO: 31)n
(Ser Gly-Gly- Gly-Gly (SEQ ID NO: 32))n
where n 1s an integer of I or larger. The length or sequences of peptide linkers can be selected
accordingly by those skilled in the art depending on the purpose.

Synthetic linkers {chemical crosslinking agents) is routinely used to crosslink peptides,
and for example:
N-hydroxy succinimide (NHS),
disuccinimidyl suberate (DSS),
bis(sulfosuccinimidyl) suberate (BS™),
dithiobis(snccimmidyi propionate) (DSP),
dithiobis(sulfosuccinimidyl propionate) (DTSSP),
ethylene glycol bis(succinimidyl succmate) (EGS),
ethylene glycol bis(sulfosuccinimidy! succinate) (sulfo-EGS),
disuccinimidyi tartrate (DST), disulfosuccinimidyl tartrate (sulfo-DST),
bis[ 2-(succinimidoxycarbonyloxy)ethyl] sulfone (BSOCOES),
and bis[2-(sulfosuccinimidoxycarbonyloxy)ethyl] sulfone (sulfo-BSOCOES). These
crosshinking agents are commercially available.

When multiple linkers for linking the respective domains are used, they may all be of
the same type, or may be of different types.

In addition 1o the linkers exemplified above, linkers with peptide tags such as His tag,
HA tag, myc tag, and FLAG tag may also be suitably used. Furthermore, hydrogen bonding,
disulfide bonding, covalent bonding, ionic interaction, and properties of binding with each other
as a result of combination thereof may be suitably used. For example, the affinity between CHI
and CL of antibody may be used, and Fc regions originating from the above-described bispecific
antibodies may also be used for hetero Fe region association. Moreover, disulfide bonds
formed between domains may also be suitably used.

In order to link respective domains via peptide linkage, polynucleotides encoding the
domains are linked together in frame. Known methods for linking polynucleotides in frame
inchude techniques such as ligation of restriction fragments, fusion PCR, and overlapping PCR.

Such methods can be appropriately used alone or in combination to construct antigen-binding
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molecules of the present invention.

Known methods may be appropriately employed for isolating polynucleotides encoding
each domain. For example, a polynucleotide sequence encoding an antigen-binding domain is
1solated from a phage displaying an antigen-binding domain of interest from a library containing
a plurality of antigen-binding domains, by PCR using primers used for constructing the library or
primers having the sequence of the phage vector used for constructing the library. In order to
obtain genes encoding the antibody variable regions, it is convenient 1o use the 5RACE method
using primers for amplifying the variable region genes. First, RNAs extracted from hybridoma
cells are used as-templates to synthesize cDNAs and thereby obtain a 5-RACE cDNA library.
Commercially available kits such as SMART RACE ¢DNA amplification kit are appropriately
used for synthesis of a 5'-RACE cDNA library.

The obtained 5'-RACE cDNA library is used as a template to amplify antibody genes by
PCR. Primers for amplifying mouse antibody genes may be designed based on known antibody
gene sequences.  The nucleotide sequences of these primers vary depending on the subclass of
immunoglobulin.  Therefore, it is preferred to determine the subclass in advance using a
commercially available kit such as Iso Strip mouse monoclonal antibody isotyping kit (Roche
Diagnostics).

More specifically, when acquisition of genes encoding mouse IgG is intended, primers
capable of amplifying genes encoding v1, v 2a, v 2b, and vy 3 for the heavy chain, and genes
encoding the x chain and A chain for the light chain, may be used. To amplify the genes of
variable regions of igQ, generally, a primer that anneals to a portion corresponding to the
constant region ciose to the variable region is used as the 3' primer.  On the other hand, a primer
supplied in the 5'-RACE cDNA library production kit can be used as the 5' primer.

After the p.olynucleotide sequence of the antigen-binding domain or antibody of the
present invention isolated as described above is determined, a polynucleotide containing a fused
gene m which this polynucleotide is linked in frame with a polynucleotide encoding an
FcRa-binding domain having FeRn-binding activity in a neutral pH range is produced. The
produced polynucleotide containing the fused gene is operably linked to a suitable expression
vector so that it will be expressed in desired cells.

The terms “cell”, “cell line”, and “cell culture” are used synonymously herein, and such
designations may include all progeny of a cell or cell line. Thus, for example, the terms
“transformants" and "transformed cells” mclude the primary subject cell and cultures derived
therefrom without regard for the number of transfers. It is also understood that all progeny may
not be precisely identical in DNA content due to deliberate or inadvertent mutations. Mutant
progeny that have substantially the same function or biological activity as screened for in the

originally transformed cell may also be included.  Where distinct designations are intended,
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such intention will be clear from the context of the description.

When referring to the expression of a coding sequence, the term “control sequences”
refers to DNA nucleotide sequences necessary for the expression of an operably lIinked coding
sequence in a particular host organism.  The control sequences that are suitable for prokarvotes
include, for example, a promoter, optionally an operator sequence, a ribosome binding site, and
possibly, other as yet poorly understood sequences. Eukaryotic cells are known to utilize
promoters, polvadenylation signals, and enhancers for the expression of a coding sequence.

* For a nucleic acid, the term “operably linked” means that the nucleic acid is placed nto
a functional relationship with another nucleic acid sequence. For example, DNA for a
presequence or secretory leader is operably linked to DNA for a polypeptide if it is expressed as
a precursor protein that participates in the secretion of the polypeptide. A promoter or enhancer
is operably linked to a coding sequence if it affects the transcription of the sequence. A
ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate
translation. Generally, “operably linked” means that the DNA sequences being linked are
contiguous and, in the case of a secretory leader, contiguous and in reading frame. However,

enhancers do not have to be contiguous.  Linking is accomplished by ligation at suitable

~ restriction sites. I such sites do not exist, the synthetic oligonucleotide adaptors or linkers are

used i accordance with conventional practice.  Furthermore, linked nucleic acids may be
produced by the above-mentioned overlap extension PCR technique.

"Ligation" refers 1o the process of forming phosphodiester bonds between two nucieic
acid fragments. For ligation of the two fragments, the ends of the fragments must be
compatible with each other. In some cases, the ends will be directly compatible after

endonuclease digestion. However, it may be necessary first to convert the staggered ends

- commonly produced after endonuclease digestion to blunt ends to make them compatible for

ligation. For blunting the ends, the DNA 1s treated in a suitable buffer for at least 15 minutes at
15°C with about 10 units of the Klenow fragment of DNA polymerase I or T4 DNA polymerase
in the presence of the four deoxyribonucleotide triphosphates. The DNA is then purified by
phenol-chioroform extraction and ethanol precipitation, or by silica purification. The DNA
fragments that are to be ligated together are put in solhition in equimolar amounts. The solution
will contain ATP, ligase buffer, and a ligase such as T4 DNA ligase at about 10 units per 0.5 pg
of DNA. If the DNA is to be ligated into a vector, the vector is first linearized by digestion with
the appropriate resiriction endonuciease(s). The linearized fragment is then treated with
bacterial alkaline phosphatase or calf intestinal phosphatase to prevent self-ligation of the
fragment during the ligation step.

Production of an expréssion vector containing a polynucleotide encoding an

antigen-binding molecule of the present invention, introduction of the expression vector into
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cells, expression of the polynucleotide in the cells, and acquisition of the expressed
antigen-binding molecule from the culture fluid of the cells are carried out according to the
methods described in the “Antibodies™ section mentioned above.

All prior art references cited in the present specification are herein incorporated by

reference.

Examples
Herein below, the present invention will be specifically described with reference to the

Examples, but it is not to be construed as being limited thereto.

[Example 1] Production of a mouse model that 13 immune tolerant to human IL-6 receptor-
Since the IL-6 receptor is highly expressed in myeloma, for which the growth factor is
the ligand I1.-6, anti-human [L-6 receptor antibodies are known to exhibit antitumor effects in an
imnmunodeficient mouse xenograft model of human myeloma (Eur. J. Immunol. 22, 1989-93
(1992}). I mouse anti-IL-6 receptor antibody production can be induced by administering
anti-IL-6 receptor antibodies to _mice, those anti-11-6 receptor antibodies may induce acquired

immunity and may be shown to be useful as cancer vaccines.

However, since the mouse immune functions do not work in immunodeficient mice that
are used as the antitumor models, inducing acquired immunity is impossible. Even if soluble
human IL-6 receptors are administered to normal mice, mouse-anti-human [L-6 receptor
antibodies will be quickly produced against the human I1-6 receptors which are foreign
substances for the mice. Therefore, normal mice cannot be used as they are as systems for
evaluating effects of anti-human IL-6 receptor antibodies on the production of mouse anti-human
11.-6 receptor antibodies (acquired immunity to the human IL-6 receptor).

On the other hand, in clinical situations in humans, since the antigen targeted by the
antibody molecuies 1s a human antigen, humans are immunotolerant toward that targeted
self-antigen. In clinical situations in humans, when production of autoantibodies against a
target antigen 1s induced following administration of antibodies against the target antigen,
immunotolerance is presumably lost.

Therefore, for an evaluation envisioming the clinical situation in hwmans regarding
whether the antibodies administered to mice can induce acquired immunity against the farget
human antigen in the mice, it is necessary that the mice is in a state close to immunotolerance
against the target human antigen (simply administering a target human antigen to mice would not
iead to production of antibodies against the target human antigen by the mice), and it is
necessary to establish an assay system for evaluating that, upon administration of antibodies

against the target antigen, the near-immunotolerant state is lost and production of autoantibodies
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against the target antigen is induced. ‘

“Therefore, to avoid pi'oductioﬁ of autoantibodies against the target human antigen in the
mice by administration of the fa;'ge? human antigen to the mice, an assay system was consli:ructed,
in which CD4-positive T cells neéessary for inducihg antibody production from aﬁtige'n -
presentation were sufficiently removed using anti-mouse CD4 antibodies.

The following test model was constructed as a model for maintaining the plasma
conceniration of the soluble human IL-6 receptor, the target human antigen, at a constant state
(approximately 20 ng/mL).  An infusion pump (MINI-OSMOTIC PUMP MODEL 2004; alzet)
filled with soluble human I1.-6 receptor was implanted under the skin on the back of normal
mice (C57BL/6] mouse, Charles River Japan) to prepare model animals in which the plasma
concentration of soluble human IL-6 receptor was kept in a steady state.

The study was conducted in two groups (n =4 per group). To the group of mice that
mimic immune tolerance, a single dose (20 mg/kg) of monoclonal anti-mouse CD4 antibody
(R&D) was administered into the candal vein to inhibit the production of mouse antibodies
against soluble human IL-6 receptor.  Subseguently, the antibody was similarly administered
once in 10 days (hereinafter referred to as anti-mouse CD4 antibody admimistration group).

The other group was used as a control group, 1.e., anti-mnouse CD4 antibody non-administration
group that received no monoclonal anti-mouse CD4 antibody.  Subsequently, an infusion pump
filled with 92.8 ng/mL soluble human IL-6 receptor was subcutaneously implanted into the back
of amouse. After the implantation of an infusion pump, blood samples were collected over
time, immediately followed by centrifugation for 15 minutes at 4°C and 15,000 rpm to obtain
plasma. The separated plasma was stored in a freezer set to ~20°C or lower until the time of
measurement. The plasma concentration of soluble human IL-6 receptor (hsIL-6R) was
determined by the method described below. |

hslE -6R concentration in mouse plasma was determined using
electrochemiluminescence method.  An hsIL-6R calibration curve sample prepared at 2,000,
1,000, 500, 250, 125, 62.5, or 31.25 pg/mL, and a mouse plasma measurement sample diluted by
50-fold or above, were mixed with a monoclonal anti-human IL-6R antibody (R&D} ruthenated
with SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated anti-human H.-6R
antibody (R&D), and tocilizumab, foliowed by overnight reaction at 37°C.  Tocilizamab 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 at room temperature for 1 hour, 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 hsIL-6R was calculated from the response of the calibration
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curve using the SOFTmax PRO analysis software (Molecular Devices). The change in plasma
hsIL-6R concentration of each of the normal mice, which was determined by this method, is
shown in Fig. 1.

As aresult, in all mice of the anti-mouse CD4 antibody non-administered group, a
decrease in the plasma hsIL-6R concentration was observed 14 days after implantation of the
infusion pump under the skin on the back of the mice. That is, if mouse anti-human I1.-6
receptor antibodies are produced, the plasma hsIL-6R conceniration will decrease, and this
showed that mouse anti-human IL-6 receptor antibodies are produced in these groups. On the
other hand, a decrease in the plasma hsIL-6R concentration was not observed in all mice
belonging to the anti-mouse CD4 antibody-administered group.  Thus, this showed that mouse
anti-human IL-6 receptor antibodies were not produced since, throughout the 28 days during
which the infusion pump was effective, a nearly constant plasma hsIL-6R concentration
(approximately 20 ng/m?) has been maintained.

The above results confirmed that prior administration of anti-mouse CD4 antibody does
not lead to induction of acquired immunity in normal mice when the human IL-6 receptor, which
is the target antigen, is administered alone. In the Examples that follow, the anti-mouse CD4
antibody-administered model was used as the system for evaluating the induction of acquired
immunity toward human IL-6 receptor following anti-human [L-6 receptor antibody

administration.

[Example 2] Comparison of the acquired immunity-inducing effects by normal anti-1L-6 receptor
antibodies and pH-dependent anti-human 11.-6 receptor antibodies in normal mouse model with
immune tolerance for the human TL-6 receptor

For induction of acquired immunity to a target antigen, the target antigen taken up into
antigen-presenting cells must be appropriately degraded by lysosomes in the cells, and
fragmented peptides of the target antigen must undergo antigen presentation by binding to MHC
class [ or MHC class II. It is considered that the larger the number of peptides presented as
antigens, the stronger the induction of immunity; thus, as a method for enhancing induction of
acquired immunity to the target antigen, a method for sending a larger number of the target
antigen into the antigen-presenting cells was considered.

Ordinarily, when an antigen is incorporated non-specifically into an antigen-presenting
cell, it 1s transferred as is from the endosome to the lysosome, and therefore, fragmented peptides
may be presented as antigens. However, when an ordinary IgG antibody is bound to an antigen,
since the IgG antibody is recycled to the cell surface (in plasma) from the inside of the endosome
by binding to FcRn, the antigen bound to the antibody may not be transferred to the Iysosome

and may be recycled to the cell surface (in plasma). Therefore, administration of normal 1gG
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antibodies will suppress degradation of the target antigen.  As a result, fragmented peptides of
the target antigen which were appropriately degraded in the lysosome in the antigen-presenting
cells are not presented as antigens, and rather, induction of acquired immunity against the target
antigen is thought to decrease.  Accordingly, since IgG antibodies having a pH-dependent
binding activity, such that they bind to the target antigen at pH7.4 in the plasma and release the
antigen under acidic conditions of pH5.0 to pH6.5 in the endosome (WO 2009/125825), can
dissociate the target antigen in the acidic endosomes of the antigen-presenting cells, 1t was
considered that by using this IgG antibody, only the target antigen may translocate into the
lysosomes of the antigen-presenting cells, the fragmented peptides of the target antigen may be
presented as antigens, and the Ig(3 antibodies that released the antigen may be recycled to the
cell surface (in plasma) from inside the endosomes by binding to FeRn without being subjected
to antigen presentation.

Therefore, the acquired immunity-inducing effects of normal anti-human IL-6 receptor
IgG antibodies and of pH-dependent anti-human IL-6 receptor IgG antibodies were assessed
using the normal mouse mode! that is immune tolerant to human IL-6 receptors, established in
Example 1. H534/1.28-1g(1 composed of H54-IgG1 (SEQ ID NO: 38) and L28-CK (SEQ ID
NO: 39), which is described in WO 2009/125825, was used as the ordinary anti-human IL-6
receptor IgG antibody. Fv4-IgG1 composed of VH3-IgG1 (SEQ ID NO: 17) and VL3-CK
(SEQ ID NO: 40), was used as the pH-dependent anti-human IL-6 receptor IgG antibody.
Antibody preparation was carried out using the method indicated in Reference Example 1.

The acquired immunity-inducing effects of H54/1.28-IgG1 and Fv4-IgG1 were assessed

. using the human IL-6 receptor-immunotolerant mouse modei established from human FeRn

transgenic mice (B6.mFcRn-/- hFcRn Tg line 32 -+/+ mouse, Jackson Laboratories (Methods Mol.
Biol. (2010) 602: 93-104)). H54/1.28-IgG1 and Fv4-IgGl were admimistered to the human IL-6
receptor-immunotolerant mouse models.  Specifically, in a similar manner to Example 1, three
days after infusion pumyp implantation, anti-human I1.-6 receptor antibody was administered

once at I mg/kg into the tail vein. Blood was collected over time after administration of the
anti-human IL-6 receptor antibody. The collected blood was immediately centrifuged at 15,000
rpm and 4°C for 15 minutes to obtain the plasma. The separated plasma was stored in a freezer
set at -20°C or lower until performing the measurements. The plasma hsll.-6R concentration
was measured by the same method as that described in Example 1.

The changes in the mean plasma hsll-6R concentration for each of the control
(anti-hurnan IL-6 receptor antibody non-administered group), H54/1.28-IgG1-administered, and
Fv4-IgGl-administered groups are shown in Fig. 2. In all animals of the control group, the
plasma hsIL-6R concentration was maintained at a nearly constant level as in Example 1,

indicating that mouse anti-human [L-6 receptor antibodies are not produced. A significant
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elevation in the plasma hsIL-6R concentration was observed in all animals of the

- H54/L28-1gG1-administered group as compared with the control, and this elevated state

continued for 28 days.  This was thought to be because, when hsIL-6R is taken up
nonspecifically into cells, it is directly degraded in the lysosomes, whereas hsIL-6R bound to an
Ig( antibody is recycled to the plasma as an antibody-antigen compiex by FcRan, so that hsIL-6R
clearance is reduced and consequently the plasma hsIL-6R concentration increases.  Since this
elevated state continued for 28 days, this indicated that in a similar manner to the controi, mouse
anti-human IL-6 receptor antibody production is not induced in the H54/1.28-IgG 1 -administered
group. In all animals of the Fv4-IgGi-administered group, the plasma hsIL-6R concentration
increased as compared to that of the control, but the degree of elevation of the plasma hsIL-6R
concentration was clearly reduced as compared to that of the H54/L.28-IgG1-administered group.
This 1s because the antibody with pH-dependent binding releases the antigen in the endosome,
leading to suppression of reduction of hsIL-6R clearance, which then leads to suppression of
elevation of piasma hsIL-6R concentration. It was considered from these resulis that the
pH-dependently binding antibody releases more target antigens n the endosomes of
antigen-presenting cells as compared with normal antibodies, and promotes translocation of the
target antigen to the lysosomes. However, since the state of elevated hslL-6R concentration
was maintained for 28 days, in a similar manner to H54/1.28-1g(G1, it was shown that Fv4-1gG1
does not induce the production of mouse anti-human IL-6 receptor antibodies.

These results revealed that the acquired immunity cannot be induced against the target
antigen using ordinary IgG antibodies and using pH-dependent binding 1gG antibodies which
release the antigen inside the endosomes of antigen-presenting cells for transfer to the

lysosomes.

[Example 3] Effects of pH-dependent IL-6 receptor binding and enhancement of FcRn binding at
pH7.4 on acquired immunity-inducing effects in human FcRn transgenic mouse model with
immune tolerance for the human IL-6 receptor
(3-1} Summary

In Example 2, it was confirmed that an ordinary IgG1 antibody and an IgG1 antibody
with pH-dependent binding cannot induce acquired immunity against a target antigen. On the
other hand, as a method for enhancing the immunogenicity of a T-cell epitope peptide, a method
of fusing the T-cell epitope peptide with Fc and then enhancing the binding of the Fe portion to
FcRn at pH 7.4 so that more T-cell epitope peptides are transferred to lysosomes, has been
reported recently (J. Immunol. 181, 7550-61 (2008)). Since FcRn is expressed on
antigen-presenting cells, enhancing binding of the Fe portion to FcRn at pH7.4 may promote

antigen presentation of the T-cell epitope peptide. However, since the molecule disclosed in
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this method, which has an antigenic peptide directly fused to Fc, cannot bind to cancer antigens
as an antigen-binding molecule, this molecule cannot exhibit any direct action on cancer cells.
Furthermore, the method for enhancing FcRn-binding of the Fc portion at pH7.4 enhances
immunogenicity of the T-cell epitope peptide in vifro, but on the contrary, decreases
immunogenicity in vivo, and this was not effective in vivo. This way, since the molecule
produced by directly fusing a target antigen with the Fc having enhanced FeRn binding at pH7.4
cannot show a binding activity toward a target antigen, it cannot act directly on a target antigen,
and moreover, enhancing FcRn-binding in vive resulted in decreasing the immunogenicity

Taking into account reports made so far and Example 2, an antibody (H54/1.28-F157)
produced by introducing to a normal IgG1 antibody {(H54/L.28-IgG1} alterations that enhance
FcRn binding at pH7 4, and an antibody (Fv4-F157) produced by introducing to the IgG1
antibody with pH-dependent binding (Fv4-IgG1) alterations that enhance FcRn binding at pH7.4
were administered to assess whether acquired immunity can be induced toward the target

antigen.

(3-2) Antibody production

H54/1.28-F157 composed of H54-F157 (SEQ ID NO: 41) and L28-CK. (SEQ ID NO:
39) was used as the normal anti-human IL-6 recepior IgG antibody with enhanced FeRn binding.
Fv4-F157 composed of VH3-F157 (SEQ ID NO: 42) and VL3-CK (SEQ ID NO: 40) was used
as the pH-dependent anti-hum.an IL-6 receptor IgG antibody with enhanced FeRn binding.

Antibody preparation was carried out using the method of Reference Example 1.

(3-3) Measurement of affinity to human FcRn

To determine the affinities of the Fc regions of Fv4-IgGl and Fv4-F157 {referred to as
IeG1 and F157, respectively) produced in Example 2 to human FcRn at pH7.0, the affinities of
VH3/LAWT)-IgG1 composed of VH3-IgG1 (SEQ ID NO: 17) and L{WT)-CK (SEQ ID NO: 18)
and VH3/L(WT)}-F157 composed of VH3-F157 (SEQ ID NO: 42) and L(WT)-CK (SEQ ID NO:
18) to human FcRn were determined by the method shown below.

Kinetic analyses between human FcRn and the antibody were carried out using Biacore
T100 (GE Healthcare). A suitable amount of protein L (ACTIGEN) was tmumobilized onto a
Sensor chip CM4 (GE heaithcare) by the amine coupling method, and antibodies of interest were
captured onto it.  Next, diluted solutions of FcRn and the running buffer which is the blank
were injected, and human FcRn was made to interact with the antibodies captured on the sensor
chip. The running buffer used was 50 mmol/L. sodium phosphate, 150 mmol/L NaCl, 0.05%
(w/v) Tween 20, pH7.0, and the buffer was used for the FeRn dilutions.  The sensor chip was

regenerated using 10 mmol/L Glycine-HCI, pH1.5.  All measurements were carried out at 25°C.
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Based on the association rate constant ka (1/Ms) and dissociation rate constant kd (1/s), which
are kinetic parameters, calculated from the sensorgram obtained by the measurement, the KD
(M) (affinity) of each antibody toward human FcRn was calculated. Each parameter was
calculated using the Biacore T100 Evaluation Software (GE Healthcare).

The affinities of IgG1 and F157 to human FcRn are shown in Tabie 7. The affinity of
F157 to human FcRn was confirmed to be approximately 600-fold higher as compared with
IeG1l.

[Tabie 7}

Affinity to human FcRn

JgG1 8.8E-05
F157 1.5E-07

(3-4) Chanee in the plasma coneceniration of the anti‘;zen {solubie human II-6 receptor) in the

antibody administration test

Next, in Test 1, the mouse model with irmmnune tolerance for the hwman IL-6 receptor
which was established from human FcRn transgenic mice (B6.mFcRn-/-.hFcRn Tg line 32 +/+
mouse, Jackson Laboratories, Methods Mol. Biol. (2010) 602, 93-104) was used.
H54/1L.28-F157 and Fv4-F157 were administered to the human IL-6 receptor-immunotolerant
mouse models.  Specifically, in a similar manner to Example 1, three days after implantation of
the infusion pump, an anti-human IL-6 receptor antibody was administered once at a dose of 1
mg/kg into the tail vein (three individuals in each group). Blood was collected over time after
administration of the anti-human IL-6 receptor antibody to the mice. Furthermore, in Test 2,
blood was collected over time after administration of Fv4-F157 alone in a similar manner. The
collected blood was immediately centrifuged at 15,000 rpm and 4°C for 15 minutes to obtain the
plasma. The separated plasma was stored in a freezer at -20°C or lower until performing the
measurements. The plasma hsll.-6R concentration was measured by the same method as that
described in Example 1.

The changes in the mean plasma hsll-6R concentration for each of the
H54/1.28-F157-administered and Fv4-F157-administered groups of Test 1 and the
Fv4-F157-administered group of Test 2 are shown in Fig. 3, together with the change i the mean
plasma hsIL-6R concentration for each of the control (antibody non-administration group), the
H54/1.28-IgGI-administered and Fv4-1gGl-administered groups obtained in Example 2. The
H54/1.28-F1 57~administered- group showed an increase in plasma hsIL-6R concentration in a

similar manner to the H54/L.28-1gG1-administered group, but the increase was transient, and 13



10

13

20

25

30

35

171

days later, the plasma hs[L.-6R concentration decreased to a level equivalent to that of the control.
Thereafter, a level equivalent to that of the control was maintained for 28 days; therefore, in the
same manner as H54/1.28-Ig(G 1, mouse anti-human IL-6 receptor antibodies were shown not to
be produced, and it was revealed that enhancement of FcRn-binding at pH7.4 alone cannot
induce acquired immunity toward the target anti'gen. This does not conflict with the finding
that a molecule produced by fusing a T-cell epitope peptide to the Fc region with enhanced
FcRn-binding at pH7.4 cannot enhance induction of acquired immunity against the T-cell epitope
peptide, as reported in J. Immunol. (2008), 181, 7550-7561. In contrast, in the \
Fv4-F157-administered group, a rapid reduction of the plasma hsIL-6R concentration was
observed after antibbdy administration, and one day after administration, the hsIL-6R
concentration decreased to below detection limit (1.56 ng/ml or lower). l

Without being limited to a particular theory, the above-mentioned phenomena may be
described as follows. Enhancement of acquired immunity to a target antigen may depend on
the amount of the target antigen taken up into antigen-presenting cells by the administered
antibody. The amount of the incorporated target antigen can be evaluated by determining how
much the concentration of the target antigen in the plasma decreased. Although the antibody
with pH-dependent binding (Fv4-1gG1) releases the target antigen in the acidic endosome after
being taken up into cells, the process of incorporation into cells of the pH-dependent binding
antibody that is bound to the target antigen is dependent on non-specific pinocytosts, and since
the speed of incorporation is slow, the concentration of the target antigen in the plasma does not
decrease to a level lower than that of the control (Fig. 4). Furthermore, the antibody
(H54/L28-F157) in which only the FcRn binding at pH7.4 1s enhanced 1s aggressively taken up
mio cells using the FcRu-binding at pH7.4; however, since most of it is recycled directly to the
cell surface by the intrinsic function of FcRn in a state where the target antigen 18 still bound to
the antibody, that is, as a complex of the antibody and the target antigen, the concentration of the
target antigen in the plasma does not decrease to a level below that of the control (Fig. 5}, In
contrast, since the antibody with pH—dependent binding with enhanced FcRn-binding at pH7.4
(Fv4-F157) which was aggressively taken up into cells through FeRn-binding at pH7 .4 releases
the target antigen in the endosome, the antigen is sent to the lysosome, whereas the antibody that
released the target antigen is recycled to the cell surface by the intrinsic function of FcRn, binds
again 1o & target antigen, and can similarly send the target antigen again to the lysosome (Fig. 6).
It was considered that only the antibodies with pH-dependent binding that have enhanced
FcRa-binding at pH7.4 are able to reduce the concentration of the target antigen in the plasma to
a level that is significantly lower than that of the control by repeating this cycle.

The plasma hsIl.-6R concentration for each of the six Fv4-F157-administered mice of 1
and 2 are shown in Figs. 7 and 8.  Among the six Fv4-F157-administered mice, the hsIL-6R
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concentration increased after day 13 in three mice, namely #7, #8, and #10, then returned to the
level equivalent to that of the control, and thereafter, the level equivalent to that of the control
was maintained for 28 days. On the other hand, in the remaining three mice, namely #9, #11,
and #12, since the hs[L-6R concentration did not recover and maintained thereafter that low
value for up to 28 days, it was considered that in these three mice, mouse anti-human IL-6
receptor antibodies were produced and were removing the human IL-6 receptors from within the
plasma. Therefore, the mouse anti-human IL-6 receptor antibody titer was determined in the
six Fv4-F157-administered mice by the method mdicated below.

(3-4) Change in antibody titer of the mouse antibodv (mouse anti-human [L.-6 receptor antibody)

against an antigen {(soluble human IL-6 receptor) Tn mice in an antibody administration test -

The titer of the mouse anti-human IL-6 receptor antibody in the mouse plasma was
measured by electrochemiluminescence.  First, human IL-6 receptor was dispensed into MA100
PR Uncoated plate (Meso Scale Discovery), and by letfing it stand overnight at 4°C, a human
IL-6 receptor-immobilized plate was produced. Mouse piasma measurement samples diluted
50-fold were dispensed mto the human IL-6 receptor-tmmobilized plate, and this was left to
stand overnight at 4°C. | Then, the plate on which anti-mouse IgG (whole molecule)
(Sigma-Aldrich) that was ruthenium-labeled using SULFO-TAG NHS Ester (Meso Scale
Discovery) was allowed to react at room temperature for one hour and then washed.  After
dispensing Read Buffer T (x 4) (Meso Scale Discovery) into the plate, measurements were taken
immediately on a SECTOR PR 400 reader (Meso Scale Discovery).

The changes in mouse anti-human IL-6 receptor antibody (anti-hsIL-6R antibody) titer
in the Fv4-F157-administered group are shown in Figs. 7 and 8. As a result, in the three mice,
#7, #8, and #10, whose hsIL-6R concentration returned to the same level as that of the control,

elevation of mouse anti-human [L-6 receptor antibody titer was not observed; however, in the

three mice, #9, #11, and #12, which maintained low levels of hsIL-6R concentration until Day 28,

elevation of mouse anti-human I1-6 receptor antibody (anti-hsIL -6R antibody) titer was
observed. From the above-mentioned results, admimstration of Fv4-F157, which is a
pH-dependent anti-human IL-6 receptor IgG antiBody with enhanced FcRu-binding, to a normal
mouse mode} with immune tolerance for the human IL-6 receptor was found to be able to induce
acquired immunity to the human IL-6 receptor, which 1s the target antigen in three out of six
cases. Accordingly, even if the normal 1gG antibody (H54/L.28-1gG1), or the IgG antibody
(Fv4-1gG1) showing pH-dependent binding to the target antigen, or the 1g(: antibody
(H54/1.28-1gG1) with enhancement of only the FcRu-binding at pH7.4 is administered in vivo,
acquired immunity to the target antigen cannot be induced, and onty the IgG antibody
(Fv4-F157)} showing pH-dependent target-antigen-binding and enhanced FcRn-binding at pH7.4
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was found to be able to induce acquired immunity to the target antigen.

(3-5) Change in antibody titer of the mouse antibody (mouse anti-Fv4-F157 antibody) against the

antibody (Fv4-F157) administered to mice in an antibody administration test

Even if production of antibodies against the target antigen becomes possible by the
above-mentioned method (J. Immunol. (2008} 181, 7550-7561) that uses as a pharmaceutical

agent a molecule produced by directly fusing the target antigen to Fc with enhanced

FcRn-binding at pH7.4,
S
Affinity to human FcRn
1gG1 8.8E-05
F157 1.5E-07

ce antibodies against the target antigen will bind to the pharmaceutical agent itself, they will act
as anti-pharmaceuticai-agent antibodies, and will lead to reduction of the action of the
pharmaceutical agent. Therefore, using a molecule having the target antigen directly fused to
the pharmaceutical agent (for example, the compounds described 1n J. Immunol. (2008) 181,
7550-7561 and J. Immunol. (2011}, 186, 1218-1227) means inducing production of antibodies
against the target antigen, or more specifically, inducing anti-pharmaceutical-agent antibodies
against the pharmaceutical agent itself which will lead to reduction of the action of the
pharmaceutical agent, and therefore this use may not be favorable.

The pH-dependent anti-human IL-6 receptor 1gG antibody (Fv4-F157) with enhanced
binding to FcRn is a pharmaceutical agent having pH-dependent binding activity to the human
IL-6 receptor, which is the target antigen, and is not a molecule with a directly fused target
antigen. Therefore, as shown in Figs. 7 and 8, while Fv4-F157 induced antibody production
against a human IL-6 receptor, which is the target anfigen, it may not have produced
anti-pharmaceutical-agent antibodies against the pharmaceutical agent itself (Fv4-F157).
Therefore, the mouse anti-Fv4-F157 antibody titers in the six Fv4-F157-administered mice were
determined by the method indicated below.

The anti-Fv4-F157 antibody titer in mouse plasma was measured by
electrochemiluminescence. First, anti-human 11.-6 receptor antibody was dispensed into
MA 106 PR Uncoated Plate (Meso Scale Discovery), and by letting it stand overnight at 4°C, an
anti-human IL.-6 receptor-immobilized plate was produced. Mouse plasma measurement
samples diluted 50-fold were dispensed into the anti-human IL-6 receptor antibody-immobilized
plate, and this was left to stand overnight at 4°C.  Then, the plate on which anti-mouse IgG
(whole molecule} (Sigma-Aldrich) that was ruthenium-labeled using SULFO-TAG NHS Ester
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(Meso Scale Discovery) was allowed to react at room temperature for one hour, and then washed.
After dispensing Read Buffer T (x 4) (Meso Scale Discovery) into the plate, measurements were
taken immediately on a SECTOR PR 400 reader (Meso Scale Discovery). -

The changes in mouse anti-Fv4-F157 antibody titer and mouse anti-human IL-6 receptor
antibody (anti-hsIL-6R antibody) titer in the Fv4-F157-administered group are shown in Figs. 9
and 10. Inthe Fv4-F157 administration group, regardless of the production of mouse
anti-human IL-6 receptor antibody (anti-hsIL-6R antibody), production of mouse anti-Fv4-F157
antibody was not observed in any mouse. Accordingly, since the pH-dependent anti-human
I1.-6 receptor IgG antibody with enhanced FcRn-binding at pH7.4 (Fv4-F157) induced
production of antibodies against the target antigen (human IL-6 receptor) but did not induce
production of antibodies against the pharmaceutical agent itself (Fv4-F157), the pH-dependent -
(anti-human IL-6 receptor) IgG antibody with enhanced FcRn-binding at pH7.4 was considered
to be very useful as a pharmaceutical agent for inducing acquired immunity toward the target
antigen,

So far, as a method for inducing acquired mmmunity to a cancer antigen, the method of
using a pharmaceutical agent molecule in which a cancer antigen against which one wants to
induce acquired immunity is fused with an antibody that binds to a receptor expressed on
antigen-presenting cells has been reported (J. Jmmunol. (2011) 186, 1218-1227). Sucha

pharmaceutical agent molecule cannot directly bind to cancer antigens and exhibit actions (Fig.

11). Therefore, such a pharmaceutical agent molecule cannot show direct cytotoxic activity
toward cancer cells or effects of inhibiting the functions of cancer antigens similarly to
conventional antibody pharmacenticals. Furthermore, since such a pharmaceutical agent
molecule is incorporated into antigen-presenting cells as a whole and then degraded, fragmented
peptides of the pharmaceutical agent moiecule are presented on MHC class I and MHC class 1.
Therefore, not only cellular immunity and humoral immunity against cancer antigens, but also
humoral immunity against the pharmaceutical agent itself méy atso be induced, and may readily
lead to reduction of effecis by production of anti-pharmaceutical-agent antibodies. Therefore,
such a molecule is considered unfavorable (Fig. 11).

In contrast, the antibody discovered in the present Exampiles, which shows
pH-dependent binding to the target cancer antigen apd enhanced FcRn-binding at pH7.4 can
exhibit actions of binding directly to cancer antigens (Fig. 12). Therefore, it can show direct
cytotoxic activity toward cancer cells and effects of inhibiting the functions of cancer antigens
similarly to conventional antibody pharmaceuticals. Furthermore, such an antibody releases the
target cancer antigen in the acidic endosome and the antibody itself is recycled to the cell surface
so that the target cancer antigen 1s selectively degraded, and since peptide fragments of the target
antigen are presented on MHC class I and MHC ciass I, production of
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anti-pharmaceutical-agent antibodies toward the antibody itself is not induced, and cellular

immunity and humoral immmunity can be induced selectively against cancer antigens (Fig. 12).

[Example 4] Effects of pH-dependent TL-6 receptor binding and enhancement of FcRn binding at
pH7.4 on effects of inducing acquired immunity against the endogenous human IL-6 receptor in
human IL-6 receptor-knock-in mice

(4-1) Summary

As shown in Example 3, the antibody (H54/1.28-F157) produced by introducing to a
normal IgG1 antibody (H54/L.28-1gG1) alterations that enhance FcRn binding at pH 7.4 did not
induce acquired immunity to the target antigen in mice when it was administered to human FcRn
trahsgenic mouse model with immune tolerance for the human IL-6 receptor, howewver, the
antibody (Fv4-F157) produced by introducing, to the IgG1 antibody with pH-dependent biﬁding
(Fv4-IgG1), alterations that enhance FcRn-binding at pH 7.4 induced acquired immunity against
the target antigen in mice following administration to the mice.

However, while the aforementioned model is a model that induces acquired immumity
against a human antigen administered from the outside, when examining the clinical applications
of the above-described induction of acquired immunity, it is preferable that the immunotolerance
of the completely immunotolerant endogenous antigen is breached and whether acquired
imimunity is induced is confirmed.

By using the property that human IL-6 receptor-expressing human IL-6 receptor
knock-in mice have immune tolerance to the endogenous human 1.6 receptor, the
aforementioned antibody was administered to the mice to assess whether acquired immunity can

be induced against the endogenous human IL-6 receptor.

{4-2) Antibody production

H34/1.28-mF3 containing H54- mF3 (SEQ 1D NO: 124) and L28-mCK (SEQ ID NO:
125) was produced as a normal anti-human I1-6 receptor antibody with enhanced binding to
mouse FcRn,  Fv4-migG1l containing VH3- migG1 (SEQ ID NO: 126) and VL3-mCK (SEQ ID
NQO: 127), and Fv4-mlgG2la containing VH3-mlgG2a (SEQ ID NO: 128) and VL3-mCK (SEQ
ID NO: 127) were produced as pH-dependent anti-human IL-6 receptor IgG antibodies.
Fv4d-mF3 containing VH3-mF3 (SEQ 1D NO: 129} and VL3-mCK (SEQ ID NO: 127) was
produced as a pH-dependent anti-human IL-6 receptor IgG antibody with enhanced binding to
mouse FcRn.  Furthermore, Fv4-mFa30 containing VH3-mFa30 (SEQ ID NO: 130) and
VL3-mCK (SEQ ID NO: 127} was produced as a pH-dependent anti-human H.-6 receptor IgG

antibody with enhanced binding to mouse FcRn as well as enhanced binding to mouse FeyR.

These antibodies were prepared using the method described in Reference Example 1.
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{4-3} Measurement of affimty to mouse FeRn and mouse FeyR

Using the values determined according to the method shown in (3-3), affinities to mouse
FcRn at pH7.0 were determined for the Fe portions mIgG1, mIgG2a, mF3, and mFa30 of the

| produced Fv4-mlgGl, Fva-migG2a, Fv4-mF3, and Fv4-mFa30.

The extracellular domain of FeyR was prepared by the following method.  First, based
on the sequence mformation registered at NCBI, the gene of the extracellular domain of FeyR
was synthesized by a method known to those skilled in the art.  Specifically, genes encoding the
extracellular domains of FcyR with a His-tag added to the C-terminal end of each of the
polypeptides of NCBI Accession Number NP 034316 (Version number NP_034316.1) for
mFcyRI, NCBI Accession Number NP_034317 (Version number NP_034317.1) for mFeyRII,
NCBI Accession Number NP_034318 (Version number NP_034318.2) for FcyRIII, and NCBI
Accession Number NP_653142 (Version number NP_653142 2) for FeyRIV were produced.

The obtained gene fragments were inserted into an animal cell expression vector to
produce expression vectors. The expression vectors were introduced transiently mto human
embryonic kidney cancer cell-derived FreeStyle 293 celis (Invitrogen), and the culture
supernatant of the transduced cells expressing the proteins of interest was passed through a
0.22-um filter to obtain the culture supernatant.  As a general rule, the extracellular domains of
each of the FcyRs were purified from the obtained culture supematant by the following four
purification steps: ion exchange column chromatography in step 1 (step 1), affinity column
chromatography for the His tag (HisTrap HP) (step 2), gel filtration column chromatography
(Superdex200) (step 3), and aseptic filtration (step 4). The column for 1on exchange column
chromatography of step 1 was Q sepharose HP for purification of mFceyRI, SP Sepharose FF for
purification of mF c'leI and mFcyRIV, and SP Sepharose HP for purification of mFeyRIIL  In
step 3 and subsequent purification steps, 2-PBS(-} was used as the solvent, but for mFeyRIII
purification, D-PBS(-) containing 0.1 M arginine was used. The absorbance at 280 nm of the
purified solution containing the extraceliular domain of FeyR was measured using a
spectrophotometer. From the obtained absorbance values, the concentrations of the purified
extracellular domain of FeyR were calculated using the absorption coefficient calculated by
methods such as PACE (Protein Science (1995) 4, 2411-2423).

Analysis of interaction between each of the altered aniibodies and the extracellular
domain of the Foy receptor prepared as mentioned above was carried out using Biacore T100
(GE Healthcare), Biacore T200 (GE Healthcare), Biacore A100, and Biacore 4000. HBS-EP+
(GE Healthcare) was used for the running buffer, and the interactions were measured with a
measurement temperature at 25°C.  Chips produced by immobilizing Protein L (ACTIGEN or
BioVision) by the amine coupling method to a Series S sensor Chip CM5 (GE Healthcare) or
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Series S sensor Chip CM4 (GE Healthcare) were used.

After capturing of each of the altered antibodies onto these sensor chips, the
extracellular domain of the Fey receptor diluted with the running buffer was allowed to act on the
chips to measure the binding level of each of the domains to each of the antibodies, and the
binding levels were compared. However, since the amount of the bound extracellular domain
of the Fey receptor depends on the amount of the antibodies captured on the sensorchip, the
amount of the bound extracellular domain of the Fey receptor was divided by the respective
amount of captured antibody to obtain corrected values, and these values were compared.
Furthermore, by reaction with 10 mM glycine-HCl having pH of 1.5, antibodies captured onto
the sensor chips were washed, and the regenerated sensor chips were used repeatedly.

The KD values of each of the altered antibodies for the extracellular domain of the Fey
receptor were calculated according to the following kinetic analysis method.  Antibodies of
interest were captured onto the above mentioned sensor chips, the extracellular domain of the
Fey receptor dituted with the running buffer was allowed to interact, and by using the Biacore
Evaluation Software to the obtained sensorgram to globally fit the measured results using the 1:1
Langmuir binding model, the association rate constant ka (L/mol/s) and the dissociation rate
constant kd (1/s) were calculated, and from those values the dissociation constants KID (mol/L}
were determined. 7

The affinities of migG1, migG2a, mF3, and mFa30 for mouse FeRn are shown in Table

8, and their affinity for mouse FcyR are shown in Table 9.

[Table 8]
Variant name KD (M)
IgG1 Not detected
migG2a Not detected
mF3 1.5E-09
mFa30 3.5E-09

[Table 9]
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) , KD (M)
Variant name
mFec v RI mFc 7 Ril mic v Rl - mFc Y RIV
IgG1 Not detected 5.7E-07 8.5E-08 Not detected
migG2a 3.9e-09 4.8E-07 4.5E-08 3.2E-08
mF3 Not detected 8.7E-G7 1AE-07 Not detected
mFa30 9.9E-10 8.1E-09 5.3E-09 1.8E-08

4-4) Change in plasma concentration of the antigen (soluble human IL -6 receptor) in the

antibody admunistration test
Next, Fvd-mlgGl, Fv4-mlgG2a, Fv4d-mF3, Fv4-mFa3(, and H54/L.28-mF3 were

administered to human IL-6 recepior knock-in mice (Reference Example 25), and blood was

collected from these mice over time. The collected blood was immediately centrifeged at

15,000 rpm and 4°C for 15 minutes to obtain the plasma. The separated plasma was stored in 2
The plasma hsIL-6R

concentration was measured by the same method as that described in Example 1.

freezer set at -20°C or lower until performing the measurements.

The changes in mean piasma hsIL-6R concentration for the antibody non-administered
group, and the Fvd-mIgGl, Fvd-mlgG2a, Fv4-mF3, Fv4-mFa30, and H54/L.28-mF3
administration groups are shown in Fig. 26.  An increase in hsIL-6R concentration was
On the

other hand, a significant decrease in hsIl-6R concentration as compared to that of the antibody

observed in the plasma of the Fvd-mlgG1 and Fv4-mlg(G2a administration groups.

non-administered group was observed in the plasma of the Fv4d-mF3, H54/L28-mF3, and
Fv4-mFa30 administration groups, where Fv4-mF3 and H54/L.28-mF3 have enhanced binding to
mouse FcRn and Fv4-mFa30 has enhanced binding to mouse FcRn and mouse FegR.

4-5) Chanee in antibody titer of the mouse antibody {mouse anti-human IL-6 receptor antibod

tor} in mice in an antibody administration test

against an antigen (soluble human IL-6 rec

The anti-hslL-6R antibody titer in mouse plasma was measured by
electrochemiluminescence. Mouse plasma samples diluted 50-fold and anti-Fv4 idiotype
antibody adjusted to 30 ug/ml were mixed and reacted at room temperature for one hour, The
idiotype antibody was obtained by purifying serum from an Fv4-M73 (WO 2009/125825)
immmunized rabbit on an ion exchange resin, and then performing affinity purification on a
column to which Fv4-M73 has been immobilized, and subsequently adsorbing onto a human
immobilized column. To the aforementioned mixed solution, 50 ug/ml of a solution
containing 1 pg/ml of hsIL-6R that has been biotinylated using an EZ-Link Suifo-NHS-Biotin

and Biotinylation Kit (Pierce) and 2 pg/mlL of SULFO-anti mouse IgG (H+L.) antibody
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(BECKMAN COULTER) that has been ruthenium-labeled using SULFO-TAG NHS Ester
{Meso Scale Discovery) was added, and this was mixed and allowed to react overnight at 4°C.
Under these circumstances, to prevent biﬁding of the administration sample included in the
measurement sample with hsIl-6R and detection of ADA. directed to the administered sample, an
excess amount of anti-Fv4 idiotype antibody was added to the sample in advance. Thereafter,
the aforementioned reaction solution was dispensed into an MA400 PR Streptavidin Plate (Meso
Scale Discovery). To each of the wells that were further reacted at 25°C for one hour and then

washed, Read buffer T (x 4) (Meso Scale Discovery) was dispensed, and absorbance of the

_reaction solution in each well was measured immediately using a SECTOR PR 400 reader (Meso

Scale Discovery).

The changes in mouse anti-human I1-6 receptor antibody (anti-hsIL-6R antibody) titer
for each individua! of the antibody non-administration group, and the Fv4-mlgGl, Fv4-migG2la,
Fv4-mF3, Fv4-mFa30, and H54/L.28-mF3 administration groups are shown in Figs. 27 to 31.
An increase in mouse anti-human IL-6 receptor antibody (anfi-hsIL-6R antibody) titer was not
observed in the individuals of the Fv4-mlgG1l-admunistered, Fv4-mlgG2a-admimstered, and
H54/1.28-mF3-administered groups, where Fv4-mlgG1 ané Fv4-mlgG2a do not have enhanced
binding to mouse FcRn and H54/L.28-mF3 has enhanced binding to mouse FcRn but does not
have pH-dependent binding to the human IL-6 receptor.  On the other hand, individuals
showing an increase in mouse anti-human IL-6 receptor antibody (anti-hsIL-6R antibody) titer
were confirmed in the Fv4-mF3-administered and Fv4-mFa30-administered groups, where
Fv4-mF3 is a pH dependent binding antibody with enhanced binding to mouse FcRn and

Fv4-mFa30 is a pH-dependent binding antibody with enhanced binding to mouse FeRn and also

enhanced binding to mouse FcgR.

From the above, it was shown that an antigen-binding molecule having a pH-dependent
target-antigen-binding activity and enhanced FcRu-binding at pH7.4 is able to induce acquired
immunity against an immunologically tolerated endogenous target antigen.  Accordingly, since
such a molecule may be able to induce acquired immunity to self cancer antigens, it is very

promising as a therapeutic agent for cancer.

(Reference Example 1) '

The antibodies were expressed by the method described below. Human embryonic
kidney cancer celi-derived HEK293H cell line (Invitrogen) was suspended in DMEM medium
(Invitrogen) supplemented with 10% Fetal Bovine Serum (Invitrogen) and plated at 10 ml per
dish in dishes for adherent cells (10 cm in diameter; CORNING) at a cell density of 5x10° to
6x10° cells/ml.  The cells were cultured in a CO; incubator (37°C, 5% CO,) for a whole day
and night, then the medium was removed by aspiration, and 6.9 ml of CHO-S-SFM-II medium
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{Invitrogen) was added to the dishes. Prepared plasmids were introduced into the cells by the
lipofection method.  The culture supernatants were collected, and centrifuged (approximately
2000 g, 5 min, room temperature) to remove cells. The culture supernatants were further
sterilized by filtering through a 0.22-pm filter MILLEX( R)—G\fﬂ(MiIIipora) to obtain culture
supernatanis. The expressed antibodies were purified from the obtained culture supernatants by
a method known to those skilled in the art using rProtein A Sepharose™ Fast Flow (Amersham
Biosciences). To determine the concentration of the purified antibody, absorbance was
measured at 280 nm using a spectrophotometer, and antibody concentrations were calculated
from the measured values using an absorbance coefficient calculated by the method described in
Protein Science (1995) 4, 2411-2423).

[Reference Example 2] Exploration of human germline sequences that bind to calcium ion

{2-1}  Antibody that binds to antigen in a calcium-dependent manner

Antibodies that bind to an antigen in a Ca-dependent manner (Ca-dependent
antigen-binding antibodies) are those whose interactions with antigen change with calcium
concentration. A Ca-dependent antigen-binding antibody 1s thought to bind to an antigen
through calcium ion. Thus, amino acids that form an epitope on the antigen side are negatively
charged amino acids that can chelate calcium ions or amino acids that can be a hydrogen-bond
acceptor.  These properties of amino acids that form an epitope allows targeting of an epitope
other than binding molecules, which are generated by introducing histidines and bind to an
antigen in a pH-dependent manner.  Furthermore, as shown in Fig. 13, the use of
antigen-binding molecules having calcium- and pH-dependent antigen-binding properties is
thought to allow the formation of antigen-binding molecules that can individually target various
epitopes having broad properties. Thus, if a population of molecules containing a
calcium-binding motif (Ca library) is constructed, from which antigen-binding molecules are

obtained, Ca-dependent antigen-binding antibodies are thought to be effectively obtained.

{2-2) _ Acqusition of human germline sequences

An example of the population of molecules containing a calcium-binding motif is an
exampie i which said molecules are antibodies. In other words, an antibody library containing
a calcium-binding motif may be a Ca library.

Calctum ion-binding antibodies containing human germline sequences have not been
reported. Thus, the germline sequences of antibodies having human germline sequences were
cloned using as a template cDNA prepared from Human Fetal Spleen Poly RNA (Clontech) to
assess whether antibodies having human germline sequences bind to calcium ion. Cloned DNA

fragments were inserted into animal cell expression vectors. The nucleotide sequences of the
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constructed expression vectors were determined by a method known to those skilled in the art.
The SEQ IDs are shown in Table 10. By PCR, polynucleotides encoding SEQ 1D NO: 5
(Vk1), SEQ ID NO: 6 (Vk2), SEQ ID NO: 7 (Vk3), SEQ ID NO: 8 (Vk4), and SEQ ID NO:
43 (VkS5) were linked to a polynucleotide encoding the natural Kappa chain constant region
(SEQ ID NO: 44). The linked DNA fragments were inserted into animal cell expression
vectors. Furthermore, polynucleotides encoding SEQ ID NO: 46 (Vki), SEQ ID NO: 47
(Vk2), SEQ ID NO: 48 (Vk3)}, SEQ ID NO: 49 (Vk4), and SEQ ID NO: 45 (VkS5) were linked
by PCR to a polynucleotide encoding a polypeptide (SEQ ID NO: 11) having a deletion of two
amino acids at the C terminus of IgGl. The resulting DNA fragments were inserted into
animal cell expression vectors. The sequences of the constructed variants were confirmed by
a method known to those skilled in the art.

[Table 10]
Light chain germline sequence [SEQ ID NO of heavy chain variable region | SEQ 1D NO of light chain variable region
Vil 486 o
V2 47 6
Vk3 |48 7
Vich a9 8
VK5 45 43

{2-3) Expression and purification of antibodies

The constructed animal cell expression vectors inserted with the DNA fragments
having the five types of human germ-line sequences were introduced into animal cells.
Antibody expression was carried out by the following method. Celis 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/ml (3 ml) into each well
of a 6~well plate. The prepared plasmids are introduced into cells by a lipofection method.
The cells were cultured for four days in a CO; incubator (37°C, 8% COy, 90 rpm). From the
cultore supernatants prepared as described above, antibodies were purified using the rProtein
A SepharoseﬂfM Fast Flow {Amersham Biosciences) by a method known to those skilled in the
art. Absorbance at 280 nm of the purified antibody solutions was measured using a
spectrophotometer.  Antibody concentrations were calculated from the determined values
using an extinction coefficient calculated by the PACE method (Protein Science (1995) 4:
2411-2423).

(2-4} Assessment of antibodies having human germ-line sequences for their calcium lon-binding
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activity

- The purified anttbodies were assessed for their calcium ion-binding activity. The
intermediate temperature of thermal denaturation (Tm value) was measured by differential
scanning calorimetry (DSC) as an indicator for examining calcium ion binding to the antibody
(MicroCal VP-Capillary DSC, MicroCal). The intermediate temperature of thermal
denaturation (Tm value) is an indicator of stability. I becomes higher when a protein is
stabilized through calcium ion binding, as compared with the case where no calcium ion is
bound (J. Biol. Chem. (2008) 283, 37, 25140-25149), The binding activity of calcium ion to
antibody was evaluated by examining changes in the Tm value of the antibody depending on the
changes in the calctum ion concentration in the antibody solution. The purified antibody was
subjected to dialysis (EasySEP, TOMY) using an external solution of 20 mM Tris-HCI, 150 mM
NaCl, and 2 mM CaCl, {pH 7.4) or 20 mM Tris-HCl, 150 mM NaCl, and 3 pM CaCl; (pH 7.4).
DSC measurement was conducted at a heating rate of 240°C/hr from 20 to 115°C using as a test
substance an antibody solution prepared at about 0.1 mg/mlL with the dialysate. The
intermediate temperatures of thermial denaturation (Tm values) of the Fﬁb domams of each
antibody, calculated from the denaturation curve obtained by DSC, are shown in Table 11.

[Table 11]
Light chain Calcium ion concentration ATm (°C)
germline
sequence 3uM 2 mM 2mM-3u ™M
hvkil 80.32 50.78 0.46
hVk2 80.67 50.61 -0.06
hvk3 81.64 81.36 -0.28
hVk4 70.74 70.74 0
hVvks 71.52 74.17 2.65

The result showed that the Tm values of the Fab domains of antibodies having the hVkI,
hVk2, hVk3, or hVk4 sequence did not vary depending on the calcium jon concentration in the
Fab domain-containing solutions. Meanwhile, the Tm value for the antibedy Fab domain
having the hVk5 sequence varied depending on the calcium ion concentration in the Fab

domain-containing solution. This demonstrates that the hVk3 sequence binds to calcium ion.

{2-5) Assessment of the hVk5-2 sequence for caleium bindine
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In addition to Vk5-2 (SEQ ID NO: 50 produced by fusing the kappa chain constant
region SEQ ID NO: 44 to SEQ ID NO: 43), Vk5-2 variant 1 (SEQ ID NO: 51) and Vk5-2 variant
2 (SEQ ID NO: 52) classified as Vk5-2 were obtained in Reference Example 2, (2-2).  These
variants were assessed for their calcium binding activities. The DNA fragments of VK3-2,
Vi5-2 variant 1, and Vk5-2 variant 2 were each incorporated into expression vectors for animal
cells.  The mucleotide sequences of the obtained expression vectors were determined by a
method known to those skilled in the art. By the method described in Reference Example 2,
(2-3), the animal cell expression vectors inserted with DNA fragments for each of Vk5-2, Vk5-2

“variant 1, and VkS5-2 variant 2 were introduced into animal cells together with an animal

expression vector carrying an insert to express CIM_H (SEQ ID NO: 45) as a heavy chain, and
antibodies were purified. The purified antibodies were assessed for their calcium ion-binding

- activity. The purified antibodies were dialyzed (EasySEP, TOMY) against an external sofution

of 20 mM Tris-HC1, 150 mM NaC1, 2 mM CaCl; (pH 7.5), or an external solution of 20 mM
Tris-HC1, 150 mM NaCl (pH 7.5) (indicated as a caicium ion concentration of 0 mM in Table
12). DSC measurement was carried out at a rate of temperature increase of 240°C/hr from
20°C to 115°C, using as the test substance, antibody selutions prepared at a concentration of 0.1
ing/mL using the same solution as that for dialysis. Based on the obtained DSC denaturation
curves, the intermediate temperature of thermal denaturation (Tm value) was calculated for the

Fab domain of each antibody, and is shown in Table 12.

[Table 12]
" Light chain Calcium ion concentration ATm (°C)
OmM 2 mM 2 mM-OmM
Vk3-2 71.65 74.38 2.73
Vk5-2 variant 1 635.75 72.24 6.49
Vk5-2 variant 2 66.46 72.24 5.78

The result showed that the Tm value for the Fab domains of antibodies having the
sequence of Vk5-2, VKk35-2 variant 1, or Vk3-2 variant 2 varied depending on the calcium ion
concentration in solutions containing antibodies having the Fab domains. This demonstrates

that antibodies having a sequence classified as Vk5-2 bind to calcium ion.

[Reference Example 3] Assessment of the human Vk5 (bVk5) sequence
(3-1) hVkS sequence
The only hVk35 sequence registered in Kabat’s database 1s hVk5-2 sequence.
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Heremafter, hVkS5 and hVkS5-2 are used synonymously. 'WO02010/136598 discloses that the
abundance ratio of the hVk5-2 sequence in the germline sequence is 0.4%. Other reports have
been also made in which the abundance ratio of the hVk5-2 sequence in the germline sequence is
0-0.06% (J.-Mol. Biol. (2000} 296, 57-86; Proc. Natl. Acad. Sci. USA (2009) 106, 48, '
20216-20221). As described above, since the hVk5-2 sequence is a sequence of low
appearance frequency in the germline sequence, it was thought to be inefficient to obtain a
calcium-binding 'antibody from an antibody library consisting of human germline sequences or B
cells obtained by immunizing a mouse expressing human antibodies. Thus, it 1s possible to
design Ca libraries containing the sequence of human hvk5-2.  Meanwhile, reported synthetic
antibody libraries (W02010/105256 and W0Q2010/136598) did not contain the seguence of hVkS,
In addition, realization of the possibility is unknown because no report has been published on the-

physicochemical properties of the hVk35-2 sequence.

(3-2) Construction., expression, and purification of a non-glvcosvlated form of the hVk5-2

seguence

The hVk5-2 sequence has a sequence for potential N glycosylation at position 20 amino
acid (Kabat’s numbering). Sugar chains attached to proteins exhibit heterogeneity. Thus, it is
desirable to avoid the glycosylation from the viewpoint of substance homogeneity. In tﬁis
context, variant hVk5-2 165 (SEQ ID NO: 53) in which the Asn (N) residue at position 20
(Kabat’s numbering) is substituted with Thr (T) was constructed.  Amino acid substitution was
carried out by a method known to those skilled in the art using the QuikChange Site-Directed
Mutagenesis Kit (Stratagene). A DNA encoding the variant hVk5-2 165 was inserted into an
animal expression vector. The animal expression vector inserted with the constructed DNA
encoding variant hVk5-2_ 165, in combination with an animal expression vector having an insert
to express CIM_H (SEQ ID NO: 45} as a heavy chain, was introduced into amimal cells by the
method described in Reference Example 2. 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 2.

(3-3) Assessment of the antibodv having the non-giveosviated hVEkS-2 sequence for

physicochemical properties

The isolated antibody having the modified sequence hVk5-2_L65 was analyzed by
ion-exchange chromatography to test whether it 1s iess heterogeneous than the antibody having
the original sequence hVkS-2 before modification.  The procedure of ion-exchange
chromatography is shown in Table 13.  The analysis result showed that hVk5-2 165 modified

at the glycosyiation site was less heterogeneous than the original sequence hVk5-2, as shown in
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Fig. 14.
[Table 13]
| CONDITION
COLUMN TOSOH TSKgel DEAE-NPR
MOBILE PHASE A; 10 mM Tris-HCL, 3 ¢ M CaCla(pHB.0)
B; 10 mM Tris-HCI, 500 mM NaCl, 34 M CaClg
(pH&.0)

GRADIENT SCHEDULE | %B = 0 - (Smin) - O - 2%/ Imin
COLUMN TEMPERATURE | 40°C

DETECTION 280 nm

INJECTION VOLUME 100uL (5ug)

Next, whether the less-heterogeneous hVk5-2 165 sequence-comprising antibody binds
to calcium jon was assessed by the method described in Reference Example 2. The result
showed that the Tm value for the Fab domain of the antibody having hVk5-2 1.65 with altered
glycosylation site alsc varied depending on the calcium ion concentration in the antibody
solutions, as shown in Table 14. Specifically, it was demonstrated that the Fab domain of the

antibody having hVk5-2 1.65 with altered glycosylation site binds to calcium ion.

[Table 14]
LIGHT CHAIN | Ot o e |CALCIUM ION CONCENTRATION| ATm (°C)
3uM 2 mM 2 mM-3 4 M
EVkS-2 YES 71.52 74.17 2.65
"hVk5-2_L65 | NO 71.51 73.66 2.15

[Reference Example 4] Assessment of the calcium ion-binding activity of antibody molecules
having CDR sequence of the hVk5-2 sequence
4-1) Construction, expression, and purification of modified antibodies having a CDR sequence

from the hVk5-2 sequence
The hVkS-2 165 sequence is a sequence with altered amino acids at a glycosylation site

in the framework of human Vk5-2 sequence.  As described in Reference Example 3, it was
demonstrated that calcium ion bound even after alteration of the glycosylation site. Meanwhile,

from the viewpoint of immunogenicity, it is generally desirable that the framework sequence is a
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germ-line sequence. Thus, the present inventors assessed whether an antibody framework
sequence could be substituted with the framework sequence of a non-glycosylated germline
sequence while maintaining the calcium ion-binding activity of the antibody. .

Polynucleotides encoding chemically synthesized sequences which comprise an altered
framework sequence of the hVk5-2 sequence, hVkl, hvVk2, hVk3, or hVkd (CaVkl (SEQ ID
NQO: 54), CaVk2 (SEQ ID NO: 55), CaVk3 (SEQ 1D NO: 56), or CaVk4 (SEQ ID NO: 57),
respectively) were linked by PCR to a polynucleotide encoding the constant region (SEQ ID NO:
44) of the natural Kappa chain. The linked DNA fragments were inserted into animal cell
expression vectors.  Sequences of the constructed variants were confirmed by a method known
to those skilled m the art.  Fach plasmid constructed as described above was introduced into
animal cells in combination with a plasmid inserted with a polynucleotide encoding CIM_H
(SEQ ID NO: 45) by the method described in Reference Example 2.  The expressed antibody
molecules of interest were purified from culture fluid of the animal cells introduced with the
plagmids.

(4-2) Assessment of altered antibodies having the CDR sequence of the hVEk3-2 sequence for

their calcium ion-binding activity

‘Whether calcium ion binds to altered antibodies having the CDR sequence of the
hVkS5-2 sequence and the framework sequences of germline sequences other than hVk5-2 (hVkl,
hVk2, hVk3, and hVk4) was assessed by the method described in Reference Example 2. The
assessment result is shown in Table 15, The Tm value of the Fab domain of each altered
antibody was revealed to vary depending on the calcium ion concentration in the antibody
solutions. This demonstrates that antibodies having a framework sequence other than the

framework sequences of the hVk5-2 sequence also bind to caicium ion.

[Table 15]
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GERMLINE CALCIUM ION CONCENTRATION| ATm (C)
(LIGHT CHAIN " | 2mMaum
SEQUENCE)

hVkl 77.51 79.79 2.28

hvk2 78.46 80.37 1.91

hvk3 77.27 79.54 2.27

hvk4 80.35 81.38 1.03
hVk5-2 7 71.52 ‘ 74.17. 2.65 .

The thermal denaturation temperature (Tm value), as an indicator of thermal stability, of
the Fab domain of each antibody altered to have the CDR sequence of the hVk3-2 sequence and
the framework sequence of a germ-line sequence other than the hVk3-2 sequence (hVkl, hvk2,
hVk3, or hVk4) was demonstrated to be greater than that of the Fab domain of the original
antibody having the hVk5-2 sequence.  This result shows that antibodies having the CDR
sequence of the hVk5-2 sequence and the framework sequence of hVkl, hVk2, hVk3, or hVi4
not only have caicium ion-binding activity but also are excelient molecules from the viewpoint
of thermal stability.

[Reference Example 57 Identification of the calcium ion-binding site in human germline hVk5-2

sequence

" (5-1) Design of mutation site in the CDR sequence of the hVk5-2 séquence

As described in Reference Example 4, antibodies having the light chain resulting from
mtroduction of the CDR domain of the hVk5-2 sequence into the framework sequence of a
different germline sequence were also demonstrated to bind to calcium ion.  This result
suggests that in hVI;S -2 a calcium ion-binding site is localized within its CDR.  Amino acids
that bind to calcium ion, i.e., chelate calcium ion, include negatively charged amino acids and
amino acids that can be a hydrogen bond acceptor.  Thus, it was tested whether antibodies
having a mutant hVkS-2 sequence with a substitution of an Ala (A) residue for an Asp (D) or Glu
(E) residue in the CDR sequence of the hVk5-2 sequence bind to calcium ion.

(5-2) Construction of variant hVk5-2 sequences with Ala substitution, and expression and

purification of angibodies
Antibody molecules were prepared to comprise a light chain with substitution of an Ala




10

i5

20

188

residue for Asp and/or Ghu residue in the CDR sequence of the hVkS5-2 sequence.  As described
in Reference Example 3, non-glycosylated variant hVk5-2 165 exhibited calcium ion binding
and was assumed to be equivalent to the hVkS-2 sequence in terms of calcium ion binding. In
this Reference Example, amino acid substitutions were introduced into hVk3-2 165 asa
template sequence. Constructed variants are shown in Table 16.  Amino acid substitutions
were carried out by methods known to those skilied in the art such as using the QuikChange
Site-Directed Mutagenesis Kit (Stratagene), PCR, or the In fusion Advantage PCR Cloning Kit
(TAKARA) to construct expression vectors for altered light chains having an amino acid

substitution.
' [Table 16]
Light chain Altered position SEQ ID NO:
variant name (Kabat numbering)
hVk5-2_L65 Wild type 53
hVk5-2 166 30 58
hvk5-2 L67 31 59
hVk5-2_L68 32 | 60
hVk5-2_L69 50 6 1
hVk5-2 L70 30, 32 82
hvks-2 L71 30, 50 6 3
hvk3-2 L72 30, 32, 50 6 4
hvk5-2 L73 G2 85

Nucleotide sequences of the constructed expression vectors were confirmed by a
method known to those skilled in the art.  The expression vectors constructed for the altered
light chains were transiently introduced, in combination with an expression vector for the heavy
chain CIM_H (SEQ ID NO: 45}, mto celis of the human fetal kidney cell-derived HEK293H hine
(Invitrogen) or FreeStyle293 (Invitrogen) to express antibodies. From the obtained culture
supernatants, antibodies were purified using the rProtein A SepharoseTM Fast Flow (GE
Healthcare) by a method known to those skilled in the art.  Absorbance at 280 nm of the
purified antibody solutions was measured using a spectrophotometer.  Antibody concentrations

were calculated from the determined values using an extinction coefficient calculated by the
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PACE method (Protein Science (1995) 4: 2411-2423).

(5-3) Assessment of the calcium ion-binding activity of antibodies having an Ala substitution in
the hVk5-2 sequence

Whether the obtained purified antibodies bind to calcium ion was tested by the method

described in Reference Example 2. The result is shown in Table 17.  Some antibodies having
substitution of an Asp or (Glu residue in the CDR seguence of the hVk5-2 Sequence with an Ala
residue which cannot be involved in calcium ion binding or chelation were revealed to 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 (positions 32 and 92 (Kabat’s

numbering}} were demonstrated to be greatly important for the calcium jon-antibody binding.

[Table 17]
LIGET CHAIN ALTERED POSITION | CALCIUM ION CONCENTRATION | ATm (°C)
VARIANTNAME | (Kabat's NUMBERING) ™" FPRY 2 mM-04M
hVk5-2_1L65 WILDTYPE 71.71 73.69 1.98
hVk5-2_L66 30 71.65 72.83 1.18
hVk5-2_1.67 31 71.52 73.30 1.78
hVk5-2_168 32 73.25 74.03 0.78
hVk5-2 169 50 72.00 73.97 1.97
hVk5-2_L70 30, 32 73.42 73.60 1 0.18
hVkE-2_L71 30, 50 71.84 72.57 0.73
hVk5-2_L72 30, 32, 50 75.04 735,17 0.13
hVk5-2 173 92 75.23 75.04 -0.19

[Reference Example 6] Assessment of the calcium ion-binding activity of antibodies having

hVkl sequence with calcium ion-binding motif

{6-1) Construction of an hVk! sequence with calcium ion-binding motif. and expression and

purification of antibodies

The result described in Reference Example 4 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 important for calcium binding.  Thus, the present inventors assessed whether an antibody

can bind to calcium ion when the residues at positions 30, 31, 32, 50, and 92 (Kabat’s
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numbering) alone were introduced into a different germline variable region sequence.
Specifically, variant LfVkl Ca (SEQ ID NO: 66) was constructed by substituting the residues at
positions 30, 31, 32, 50, and 92 (Kabat’s numbering) in the hVk3-2 sequence for the residues at
positions 30, 31, 32, 50, and 92 (Kabat’s numbering) in the hVk1 sequence (2 human germiine
sequence).  Specifically, it was tested whether antibodies having an hVk1 sequence introduced
with only 3 residues from the hVk5-2 sequence can bind to calcium. The variants were
produced by the same method as described in Reference Example 5. The resulting light chain
variant LfVk]l Ca and LfVk1 having the light-chain hVkl1 sequence (SEQ ID NO: 67) were
co-expressed with the heavy chain CIM_H (SEQ ID NO: 45). Antibodies were expressed and
purified by the same method as described in Reference Example 4.

(6-2) Assessment of the calcium ion-binding activity of antibodies having a human hVk]

sequence with calcium ion-bindine motif

Whether the purified antibody prepared as described above binds to calcium ion was
assessed by the method described in Reference Example 2. The result is shown in Table 18.
The Tm value of the Fab domain of the antibody having LfVkl with an hVk] sequence did not
vary depending on the calcium concentration in the antibody solutions. Meanwhile, Tm of the
antibody having the LfVkl 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
LfVk1 Cabinds to calcium. The result described above demonstrates that the entire CDR
sequence of hVk5-2 is not required, while the residues introduced for construction of the

LiVkl Ca sequence alone are sufficient for calcium ion binding.

[Table 181
| IGHT CHAIN | CALCTUM 10N CONCENTRATION | ATm (°C)
VARIANT 3uM 2 mM 2mM-34M |
Lvkl 83.18 83.81 0.63
Lfvkl Ca 79.83 82.24 0.41

[Reference Example 7] Design of a pepulation of antibody molecules (Ca library) with a
calcium ion-binding motif introduced into the variable region to effectively obtain binding
antibodies that bind to antigen in a Ca concentration-dependent manner

Preferred calcium-binding motifs include, for example, the hVk5-2 sequence and the

CDR sequence, as well as residues at positions 30, 31, 32, 50, and 92 (Kabat numbering).
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Other calcium-binding motifs include the EF-hand motif possessed by calcium-binding proteins
(e.g., calmodulin) and C-type lectin (e.g., ASGPR).

The Ca library is composed of heavy chain variable regions and light chain variable -
regions. Human antibody sequences were used for the heavy chain variable regions and a
calctum-binding motif was introduced to the light chain variable regions. The hVk] sequence
was selected as a template sequence of the light chain variable region to which a calcium-binding
motif is inserted. The antibody containing the LfVk1_Ca sequence, which has the CDR
sequence of hVkS5-2, one of the calcium-binding motifs, introduced into the hVkl sequence, was
shown to bind to a calcium ion as shown in Reference Example 5.  Multipie 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 aliowed to appear.
Specifically, positions 30, 31, 32, 34, 50, 53, 91, 92, 93, 94, and 96 (Kabat numbering) were
selected as flexible residues.

The type and appearance frequency of amino acid residues that were subsequently
allowed to appear were determined.  The appearance frequency of amino acids in the flexible
residues of the hVkl and hVk3 sequences registered in the Kabat database (KABAT, E.A. ET
AL 'Sequences of proteins of immunological interest, vol. 91, 1951, NIH PUBLICATION) was
analyzed. Based on the analysis results, the type of amino acids that were allowed to appear in
the Ca library were selected from those with higher appearance frequency at each position. At
this time, amino acids whose appearance frequency was determined to be Jow based on the
analysis results were also selected to avoid the bias of amino acid properties. The appearance
frequency of the selected amino acids was determined in reference to the analysis results of the
Kabat database. ‘

A Ca library containing a caicium-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
detatled designs of the Ca library are shown in Tables 1 and 2 (with the positions in each table
representing the Kabat nombering).  When position 92 based on the Kabat numbering is Asn
(N), the frequency of appeavance of amino acids shown.an Tables I and 2 may be Leu (L) rather
than Ser (S) at position 94.

(Reference Example 8) Ca library production

A library of antibody heavy chain variable region genes was amplified by the PCR
method using poly A RNA prepared from human PBMC or commercially available human poly
ARNA as template. Regarding the antibody light chain variable region portions, as shown in
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Reference Example 7, antibody variable region light chain portions which increase the frequency
of appearance of antibodies maintaining a calcium-binding motif and allows binding to antigens
in a calcium-concentration-dependent manner were designed.  In addition, for amino acid
residues among the flexible residues other than those with a calcium-binding motif introduced, a
library of antibody light chain variable regions with evenly distributed amino acids of high
appearance frequency in natural human antibody sequences was designed with reference to the
information of amino acid appearance frequency in natural human antibodies (KABAT, E.AET
AL.: 'Sequences of proteins of mmunological interest', vol. 91, 1991, NIH PUBLICATION). A
combination of the gene libraries of antibody heavy-chain and light-chain variable regions
generated as described above, was inserted into a phagemid vector to construct @ human antibody
phage display library that presents Fab domains consisting of human antibody sequences
(Methods Mol Biol. (2002) 178, 87-100). '

Sequences of the antibody gene portions isolated from E. coli carrving the antibody
gene library were confirmed. The amino acid distribution of the sequences of the obtained 290
clones and the designed amino acid distribution are shown in Fig. 15.

(Reference Example 9) Assessment of calcium 1on-binding activity of molecules included in the
Ca library
(9-1) Calcium ion-binding activity of molecules included in the Ca librarv

As shown in Reference Example 3, the hVk3-2 sequence shown to bind to calcium ions
has low frequency of appearance in the germ line sequences; therefore, trying to obtain
calcium-binding antibodies from antibody libraries composed of human germline sequences or
from B cells obtained by immunization of human antibody-expressing mice was considered
meflicient. Accordingly, a Ca library was constructed in Reference Example 8.  The
constructed Ca library was assessed for the presence of clones showing calcium binding.

(9-2) Expression and purification of antibodies

Clones of the Ca library were introduced into animal cell expression plasmids.
Antibodies were expressed using the method described below.  Cells of human fetal kidney
cell-derived FreeStyle 293-F line (Invitrogen) were suspended in FreeStyle 293 Expression
Medium {Invitrogen), and plated at a cell density of 1.33 x 10° celis/m! (3 ml) to each well of a
6-well plate. The prepared plasmids were introduced into the cells by a lipofection method.
The cells were cultured in a CO; incubator (37°C, 8%CO,, 90 rpm) for four days. By a method
known to those skilled in the art, antibodies were purified using rProtein A SepharoseTM Fast
Flow (Amersham Biosciences) from culture supernatants obtained as described above. The

absorbance of solutions of purified antibodies was measured at 280 nm using a
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spectrophotometer.  Antibody concentrations were calculated from the measured values by
using the absorption coefficient determined by PACE method {Protein Science (1995) 4,
2411-2423).

¢
)

( 9~3)‘ Assessment of calcium jon-binding property of the obtained antibodies

Whether the purified antibodies obtained as described above bind to calcium ions was
assessed by the method described in Example 6. The resulis are shown in Table 19. The Tm
of the Fab domains of multiple antibodies included in the Ca library changed depending on the
calcium ion concentration, and this showed that the library includes calcium-ion-binding

molecules.

[Table 19]
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Antibody | SEQ ID NO: Calcium ion concentration | ATm (°C)
| Heavy chainiLight chain| 3 u M 2 mM 2mM-3uM
Ca_B01 |68 79 70.88 71.45 0.57
Ca_EO1 | 68 80 84.31 84.95 0.64
Ca_HO1| 70 8 1 77.87 179.49 1.62
Ca_D02 | 71 | 82 78.94 .1 81.1 2.16
Ca BO2 | 72 83 8i.41 83.18 1.77
Ca_HO2 | 73 8 4 72.84 75.13 2.29
CaD03 |74 |85 87.39 86.78 -0.61
Ca CO11 765 1 86 74.74 74.92 0.18
Ca_GO1 | 706 87 65.21 65.87 0.66
Ca_A03 | 77 88 80.64 81.89 1.25
Ca_B03 78 89 93.02 93.75 0.73

[Reference Example 10] Preparation of antibodies that bind to IL-6 receptor in a Ca-dependent
manner

{10-1) Preparation of antibodv fragments that bind to the antiven in a Ca-dependent manner from

library by bead pénnin’g

Primary selection from the constructed library of antibodies that bind to IL-6 receptor in
a Ca-dependent manner was carried out by enriching antibody fragments that have antigen (IL-6
receptor)-binding activity.

Phages were produced from E. coli carrying the constructed phagemid for phage display.
To precipitate the phages produced by E. coli, 2.5 M NaCl/'10% PEG was added to the E. coli
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culture fluid. The phage fraction was diluted with TBS to prepare a phage library solution.
Then, BSA and CaCl, were added the ‘phége iibrary solution at final concentrations of 4% and
1.2 mM calcium ion, respectively.  The panning method used was a conventional panning
method using antigen-immobilized magnetic beads (J. Imununol. Methods. (2008) 332(1-2): 2-9;
J. Immunol. Methods, (2001) 247(1-2): 191-203; Biotechnol. Prog. (2002) 18(2): 212-20; Mol.
Cell Proteomics (2003) 2(2): 61-9). The magnetic beads used were NeutrAvidin-coated beads
(Sera-Mag SpeedBeads NeutrAvidin-coated) and Streptavidin-coated beads (Dynabeads M-280
Streptavidin.

Specifically, 250 pmol of the biotin-labeled antigen was added to the prepared phage
library solution. Thus, the solution was contacted with the antigen at room temperature for 60
minutes. Magnetic beads blocked with BSA were added, and the antigen-phage complex was
allowed to bind to the magnetic beads at room temperature for 15 minutes. The beads were
washed three times with 1 mL of 1.2 mM CaCly/TBST (TBST containing 1.2 mM CaCly), and
then twice with | ml of 1.2 mM CaCl,/TBS (TBS contaming 1.2 mM CaCly}. Thereafter, 0.5
ml of 1 mg/ml trypsin was added to the beads.  After 15 minutes of dispersion at room
temperature, the beads were immediately separated using a magnetic stand to collect a phage
suspension.  The prepared phage suspension was added to 10 ml of £. coli of stain ER2738 at
the logarithmic growth phase (OD600 = (L4 to 0.7). 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 225 mm). Then, phages were collected from the culture fluid of the seeded E. coli
to prepare a phage library solution.

in the second round panning, phages were enriched using the antigen-binding activity or
the Ca-dependent binding activity as an indicator.

Specifically, when the enrichment was carried out using the antigen-binding ability as
an indicatoz, 40 pmol of biotin-labeled antigen was added to the prepared phage library solution
to allow the contact of the phage library solution with the antigen at room temperature for 60
minutes. BSA-blocked magnetic beads were added and allowed to bind fo antigen/phage
complexes at room temperature for 15 minutes. The beads were washed three times with 1 ml
of 1.2 mM CaCly/TBST and then twice with 1.2 mM CaCl,/TBS. Then, the beads added with
0.5 ml of 1 mg/m! trypsin were suspended at room temperature for 15 minutes. Then
immediately, the beads were separated using a magnetic stand to collect a phage solution. To
eliminate the ability from phages displaying on Fab to infect E. coli, the pIIl protein (helper
phage-derived plll protein) of phages displaying no Fab was cleaved by adding 5 pl of 100
mg/ml trypsin to the collected phage solution. The collected phage solution was added to 10
mL of the £, coli strain ER2738 in a logarithmic growth phase (OD600 of 0.4-0.7). The E. coli
was cultured with gentle stirring at 37°C for 1 hour 1o allow the phages to infect the . coli.



16

20

30

35

196

The infected E. coli was inoculated into a 225 mm x 225 mm plate.  Subsequently, the phages
were collected fromthe culture fluid of the E. coli after inoculation to collect a phage library
solution. _

When the enrichment was carmried out using the Ca-dependent binding ability as an
indicator, 40 pmol of biotin-labeled antigen was added to the prepared phage library solution to
allow the contact of the phage library solution with the antigen at room temperature for 60
minutes. BSA-blocked magnetic beads were added and allowed to bind to antigen/phage
complexes at room temperature for 15 minutes. The beads were washed with I ml of .2 mM
CaCly/TBST and with 1.2 mM CaCl,/TBS. Then, the beads added with 0.1 ml of 2 mM
EDTA/TBS (TBS containing 2 mM EDTA) were suspended at room temperature.  Then
immediately, the beads were separated using a magnetic stand to coliect a phage solution. To
eliminate the ability from phages displaying on Fab to infect . coli, the pIII protein (helper
phage-derived plll protein) of phages displaying no Fab was cleaved by adding 5 pl of 100
mg/ml trypsin to the collected phage solution. The collected phage solution was added to 10
mL of the E. coli strain ER2738 in a logarithmic growth phase (OD600 of 0.4-0.7). The E. coli
was cultured with gentle stirring at 37°C for | hour to allow the phages to infect the E. coli.

The infected E. coli was inoculated into & 225 mm x 225 mum plate.  Subsequently, the phages

- were collected from the culture fluid of the E. coli after inocalation to collect a phage library

solution.

{(10-2) Assessment by phage ELISA
Culture supernatants containing phages were collected from single colonies of E. coli
obtained by the method described above according to a conventional method (Methods Mol. Biol.

(2002) 178, 133-145).

BSA and CaCl, were added to the phage-containing culture supernatants. The
supernatants were subjected to ELISA by the following procedure. A StreptaWell 96-well
microtiter plate (Roche) was coated overnight with 100 ul of PBS containing the biotin-labeled
antigen. The antigen was removed by washing each well of the plate with PBST. Then, the
wells were blocked with 250 pl of 4% BSA-TBS for one hour or more.  Afier removal of 4%
BSA-TBS, the prepared culture supernatanis were added to the cach well. The plate was
incubated at 37°C for one hour so that the antibody-displaying phages were allowed to bind to
the antigen on each well.  After each well was washed with 1.2 mM CaCl,/TBST, 1.2 mM
CaClL/TBS or 1 mM EDTA/TBS was added. The plate was left for incubation at 37°C for 30
minutes.  After washing with 1.2 mM CaCl,/TBST, an HRP-conjugated anti-M13 antibody
(Amersham Pharmacia Biotech) diluted with TBS at an ionized calcium concentration of 1.2 mM-

was added to each well, and the plate was incubated for one hour.  After washing with 1.2 mM
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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.

To clones subjected to the above phage ELISA, the base sequence of a gene amplified

with specific primers was analyzed. The result of sequence analysis was shown in Table 20

below.
[Table 207
Library Ca library Ca library
Enrichment index Antigen-binding ability | Dependent antigen-binding ability
Number of panning 2 2
Number of examined clones 85 86
ELISA-positive 77 75
Types of ELISA-positive clone

yp positive clon "4 -
sequences
Types of Ca-dependent

P Araepenaen 13 47

binding clone sequences

(10-3) Expression and purification of antibodies

Clones that were judged to have a Ca-dependent antigen-binding activity based on the
result of phage ELISA were inserted into animal cell expression plasmids. 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-weli plate. The
prepared plasmids were introduced into cells by a lipofection method.  The cells were cultured
for four days in a CO, incubator (37°C, §% CO,, 90 rpm). From the obtained culture
supernatants, antibodies were purified using the rProtein A Sepharosem Fast Flow (Amersham
Biosciences) by a method known to those skilled in the art.  Absorbance at 280 nm of the
purified antibody solutions was measured using a spectrophotometer.  Antibody concentrations
were calculated from the determined values using an extinction coefficient calculated by the
PACE method (Protein Science (1995) 4: 2411-2423).

{10-4) Assessment of Ca-dependent binding ability to the human IL -6 receptor for the obtaipned

antibodies

To determine whether the antibodies obtained in Reference Example 9, i.e.
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6RC1IgG 010 (heavy chain SEQ ID NO: 90, light chain SEQ ID NO: 91), 6RC11gG 012
(heavy chain SEQ ID NO: 92, light chain SEQ ID NO: 93), and 6RC11gG_019 (heavy chain
SEQ ID NO: 94, light chain SEQ ID NO: 95), have Ca-dependent binding activity to the human
IL-6 receptor, analyses of interaction between these antibodies and the human 1L-6 receptor were
carried out using Biacore T100 (GE Healthcare). Tocilizumab (heavy chain SEQ ID NO: 96,
light chain SEQ 1D NO: 97) was used as the control antibody which does not have Ca-dependent
binding activity to the human IL.-6 receptor. Interaction analyses were performed in a solution
with a calcium ion concentration of 1.2 mM for the high calcium ion concentration condition or
3 uM for the low calcium ion concentration condition. A suitable amount of protein A/G
(Invitrogen) was immobilized onte a Sensor chip CM35 (GE Healthcare) by the amine coupling
method, and then antibodies of interest were captured onto the chips.  Two types of buffers, 20
mM ACES, 150 mM NaCl, 0.05% (w/v) Tween 20, 1.2 mM CaCl, (pH 7.4} or 20 mM ACES,
150 mM NaCl, 0.05% (w/v) Tween 20, 3 uM CaCl, (pH 7.4), were used as the running buffer.
The respective buffers were also used for dilution of the human IL-6 receptor.  All
measurements were taken at 37°C.

When performing interaction analyses on antigen-antibody reactions using the
tocilizumab antibody, which is the control antibody, the 6RC1IgG 010 antibody, the
6RC11gG_012 antibody, and the 6RC1IgG_019 antibody, the diluted IL-6 receptor solution and
the running buffer, which is the blank, were injected at a flow rate of 5 pL/min for three minutes
to allow the 1L-0 receptor to interact with the tocilizumab antibody, the 6RC11gG_010 antibody,
the 6RC1IgG_012 antibody, and the 6RC1IgG 019 antibody captured onto the sensor chip.
Then, 10 mM glycine-HCI (pH 1.5) was injected at a flow rate of 30 uL/min for 30 seconds to
regenerate the sensor chip.

.Sensorgrams at high calcium ion concentration obtained by this method are shown in
Fig. 16.

Sensorgrams for the tocilizumab aﬁtibody, the 6RC11gG_010 antibody, the
6RC1IgG 012 antibody, and the 6RC1IgG 019 antibody under low calcium ion concentration
conditions were also obtained by a similar method. The sensorgrams obtained at low calcium
1on concentration are shown in Fig. 17.

From the above-mentioned results, ability of the 6RC1igG_010 antibody, the
6RC1IpgG 012 antibody, and the 6RC1IgG_019 antibody to bind to the IL6 receptor was
observed to be greatly reduced by setting the calcium ion concentration in the buffer to 3 uM
from 1.2 mM.

[Reference Example 11]  Acquisition of antibodies that bind to [L-6 receptor in Ca-dependent
manner from a human antibody library using phage display technology
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(11-1) Preparation of a phage display librarv for naive human antibodies

A phage display library for human antibodies, consisting of multiple phages presenting
the Fab domains of mutually different human antibody sequences, was constructed according to
a method known to those skilled in the art using a poly A RNA prepared from human PBMC, and

commercial nmman poly A RNA as a template.

(11-2) Acauisition of antibodv fragments that bind to antigen in Ca-dependent manner from the

library by bead panning ,
The constructed phage display library for naive human antibodies was subjected to

initial selection through concentration of onljf antibody fragments having an antigen (IL-6
receptor)-binding ability or concentration of antibody fragments using a Ca
concentration-dependent antigen (IL-6 receptor)-binding ability as an indicator. Concentration
of antibody fragments using a Ca concentration-dependent antigen (IL-6 receptor)-binding
ability as an indicator were conducted through elution of the phage library phages bound to 1IL-6
receptor in the presence of Ca ions with EDTA that chelates the Ca ions  Biotinylated IL-6
receptor was used as an antigen.

Phages were produced from Escherichia coli carrying the constructed phage display
phagemid. A phage library solution was obtained by diluting with TBS a phage population
precipitated by adding 2.5 M NaCVl10% 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 immobilized on magnetic beads was referred to as a panning method {J.
Imrmmol. Methods. (2008) 332 (1-2), 2-9; J. Immunol. Methods. (2001) 247 (1-2), 191-203;
Biotechnol. Prog. (2002) 18(2) 212-20; Mol. Cell Proteomuics (2003} 2 {2}, 61-9). NeutrAvidin
coated beads (Sera-Mag SpeedBeads NeutrAvidin-coated) or Streptavidin coated beads
(Dynabeads M-280 Streptavidin) were used as magnetic beads.

Specifically, 250 pmol of the biotin-labeled antigen was added to the prepared phage
library solution to allow the contact of said phage library solution with the antigen for 60
minutes at room temperature. Magnetic beads, blocked with BSA, were added to be bound to
antigen-phage complexes for 15 minutes at room temperature. The beads were washed once
with 1 mL of 1.2 mM CaCly/TBS (TBS containing 1.2 mM CaCl,). Subsequently, a phage
solution was collected by a general elution method to concentrate an antibody fragment having
an IL-6 receptor-binding ability, or by elution from beads suspended in 2 mM EDTA/TBS (TS
containing 2 mM EDTA) to concentrate an antibody fragment using an IL-6 receptor-binding
ability in a Ca concentration-dependent manner as an indicator. The collected phage solution
was added to 10 mL of the E. coli strain TGl in a logarithmic growth phase (OD600 of 0.4-0.7).
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The E. coli was coltured with gentle stirring at 37°C for 1 hour to allow the phages to infect the
E.coli. The infected E. coli was inoculated into a 225 mm x 225 mm plate. Subsequently, the
phages were collected from the culture fiuid 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 phage library solution to allow the contact of the phage library
with the antigen for 60 minutes at room temperature. Magnetic beads, blocked with BSA, were
added to be bound to antigen-phage complexes for 15 minutes at room temperature.  The beads
were washed with 1 mL of 1.2 mM CaCly/TBST and 1.2 mM CaCly/TBS.  Subsequently, the
beads, to which 0.1 mL of 2 mM EDTA/TBS was added, were suspended at room temperature. '
Immediately after that, the beads were separated using a magnetic stand to collect a phage
solution. The collected phage solution was added to 10 mL of the E. coli strain TGl ina
logarithmic growth phase (OD600 of 0.4-0.7). The E. coli was cultured with gentle stirting at
37°C for 1 hour to allow the phages to infect the E. coli. The infected E. coli was inoculated
info a 225 mm x 225 mm plate.  Subsequently, the phages were collected from the culture fluid
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.

(11-3) Examination by phage FLISA

A phage-containing culture supernatant was collected according to & routine method
(Methods Mol. Biol. (2002) 178, 133-145) from a single colony of E. coli, obtained as described
above. .

A culture supernatant containing 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 uL
of PBS containing the biotin-labeled antigen. Each well of said plate was washed with PBST to
remove the antigen, and then the wells were blocked with 250 uL of 4% BSA-TBS for 1 hour or
longer. Said plate with the prepared culture supernatant added to each well, from which the 4%
BSA-TBS was removed, was aliowed 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 CaClL/TBS or | mM EDTA/TBS was added. The plate was
allowed to stand undisturbed for 30 minutes at 37°C for incubation.  After washing with 1.2
mM CaCly/TBST, an HRP-conjugated anti-M13 antibody (Amersham Pharmacia Biotech)
diluted with TBS at a final concentration of 4% BSA and 1.2 mM of ionized calcium

concentration was added to each well, and the plate was incubated for 1 hour.  After washing
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with 1.2 mM CaCl,/TBST, the chromogenic reaction of the solution in each well with a TMB
single solution (ZYMED) added was stopped by adding sulfuric acid.  Subseguently, said color
was measured 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

ability as a template was analyzed.

(11-4) Antibody expression and purification

As a result of the above phage ELISA, a clone identified as having a Ca-dependent
antigen-binding ability was introduced mto an expression plasmid for animal cells.  Antibodies
were expressed as described below.  FreeStyle 293-F strain (Invitrogen) derived from human
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 lipofection.  The cells were cultured for 4
days in a CO; incubator (37°C, 8% CO,, 90 rpm).  Antibodies were purified from the culture
supernatant obtained above by a method known in the art using rProtein A Sepharose (trade
mark) Fast Flow (Amersham Biosciences). Absorbance of the purified antibody solution was
measured at 280 nm using a spectrophotometer.  Antibody concentration was calculated from
the measurements obtained using an extinction coefficient calculated by the PACE method
(Protem Science (1995) 4, 2411-2423).

[Reference Example 12] Examination of Ca-dependent binding ability of the obtained
antibodies to human 1L.-6 receptor

To examine whether or not the binding activities of antibodies 6RL#9-1gG1 [heavy
chain (a sequence in which a constant region derived from IgG1 is linked to SEQ ID NO: 98)
and light chain (SEQ ID NO: 99)] and FH4-IgG1 [heavy chain (SEQ ID NO: 100) and light
chain (SEQ ID NO: 101)], obtained in Reference Example 11, to human IL-6 recepior are
Ca-dependent, the kinetic analysis of the antigen-antibody reactions of these antibodies with
human IL-6 receptor was conducted using Biacore T100 (GE Healthcare). H54/L.28-1gG1
[heavy chain: SEQ ID NO: 102, and light chain: SEQ ID NO: 103], 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 pM calcium ion concentrations, set as high and low calcium ion
conceniration conditions, respectively. The antibody of interest was captured on Sensor chip
CM4 (GE He&ithcare) 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%
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(wiv) Tween 20, and 2 mM CaCl; (pH 7.4) or 16 mM ACES, 150 mM NaC}, 0. 05% (w/v)
Tween 20, and 3 pmol/L CaCl,; (pH 7.4)] were used as running buffers. These buffers were -
used for diluting human IL-6 receptor.  All the measurements were conducted at 37°C.

in the kinetic analysis of antigen-antibody reaction using H54L.28-IgG1 aﬁtibOdy, the
H541.28-1gG1 antibody captured on the sensor chip was allowed to interact with IL-6 receptor
by injecting a diluent of IL-6 rece;it{)r and running buffer (blank) at a flow rate of 20 pL/min for
3 minutes. Subsequently, after the dissociation of IL-6 receptor was observed using running
buffer at a flow rate of 20 uL/min for 10 mimues, the sensor chip was regenerated by injecting
10 mM glycine-HCI (pH 1.5) at a flow rate 30 pl/min for 30 seconds. Kinetics parameters,
binding constant (ka) (1/Ms) and dissociation rate constant (kd) (1/s), were calculated from the
sensorgrams obtained in the measurement. These values were used to calculate the dissociation
constant (KD) (M) of the H541.28-IgG1 antibody for human IL-6 receptor.  Each parameter was
calcalated using the Biacore T100 Evaluation Software {GE Healthcare).

In the kinetic analysis of antigen-antibody reaction using FH4-IgG1 and 6RL#9-1gG1
antibodies, the FH4-1gG1 or 6R1L#9-1gG1 antibody captured on the sensor chip was allowed to
interact with IL-6 receptor by injecting a diluent of IL-6 receptor and running buffer (blank) at a
flow rate of 5 pL/min for 15 minutes. Subsequently, the sensor chip was regenerated by
ijecting 10 mM glycine-HCI (pH 1.5) 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 (KID) between each antibody and IL-6 receptor in the
presence of 2 mM CaCl,, determined by the above method, are shown in Table 21.

[Table 21]
ANTIBODY H54 /128-1gG1 FH4-1gG1 6RL#9-1gG 1
KD (M) 1.9E-9 5.9E-7 2.6E-7

The KD value of the H534/1.28-IgG1 antibody under the condition of 3 pM Ca
concentration can be calculated in the same manner as in the presence of 2 mM Ca concentration.
Under the condition of 3 uM Ca concentration, FH4-[gG1 and 6RL#9-1gG1 antibodies were
barely observed to be bound to IL-6 receptor, thus the calculation of KD values by the method
described above is difficult. However, the KD values of these antibodies under the condition of
3 uM Ca concentration can be estimated using Equation 1 (Biacore T100 Software Handbook,
BR-1006-48, AE 01/2007) below.
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[Equation 1]
Reg=C x Rmax/ (KD+C) +RI

The meaning of each parameter in the aforementioned [Equation 1] is as follows:
Req (RU): Steady state binding levels

Rmax (RU): Analyte binding capacity of the surface

RI(RU): Bulk refractive index contribution in the sample

C (M) Analyte concentration

KD (M): Equilibriwm dissociation constant

The approximate results of dissociation constant KD values for the antibodies and IL-6
receptor at a Ca concentration of 3 pmol/L, estimated using the above-described [Equation 1],
are shown i Table 22. In Table 22, the Req, Rmax, RI, and C values are estimated based on

the agsay result.

[Table 22]
ANTIBODY H54/1L28-1gG1 FH4-1gG1 BRL#9-1gG1
Req(RU) 5 10
Rmax (RU} 39 72
RI(RL) ¢ O
C{MD) 5E-06 5E-06
KDy (M) 2.2E-9 3.4E-05 3.1E-05

Based on the findings described above, 1t was predicted that the Kp between 1L-6
receptor and FH4-I1gG1 antibody or 6RL#9-1gG 1 antibody was increased by about 60 or [20
times (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 23 summarizes the Ky values at CaCl; concentrations of 2 mM and 3 pM and the
Ca dependency for the three types of antibodies H54/L.28-1¢G1, FH4-1gG1, and 6RI#9-1gGl.

[Table 23]
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ANTIBODY H54/128-1gG1 | FH4-IgG1 6RLED-IgG1
KD (M) (2mM CaCly) | 1.9E-9 5.9E-7 2.6E-7

KD (M) (3uMCaCly) | 2.2E-9 3.4E-5 OR MORE 3.1E-50R MORE

Ca DEPENDENCY | ABOUT THE SAME | ABOUT 60 TIMES OR MORE | ABOUT 120 TIMES OR MORE

Ne difference in the binding of the H54/1.28-IgG1 antibody to IL-6 receptor due to the
difference in Ca concentration was observed.  On the other hand, the binding of FH4-IgG1 and
6R1#9-Ig(G1 antibodies to TL-6 receptor was observed to be significantly attenuated under the

condition of the low Ca concentration (Table 23).

[Reference Example 13] Examination of calcium ion binding to the antibody obtained
Subsequently, the intermediate temperature of thermal denaturation (Tm value) was
measured by differential scanning calorimetry (DSC) as an indicator for examining calcium ion
binding to the antibody (MicroCal VP-Capillary DSC, MicroCal). The intermediate
temperature of thermal denaturation (Tm value) is an indicator of stability. The intermediate
temperature of thermal denaturation (Tm value) becomes higher when a protein is stabilized
through calcium ion binding, as compared with no calcium ion binding (J. Biol. Chem. (2008)
283, 37, 25140-25149). The binding activity of calcium ion to antibody was examined by
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-HCI, 150 mM NaCl, and 2 mM
CaCl; (pH 7.4), or 20 mM Tris-HCI, 150 mM NaCl, and 3 uM CaCl, (pH 7.4). DSC
measurement was conducted at a heating rate of 240°C/hr from 20 to 115°C using an antibody
solution prepared at about (.1 mg/mL with the dialysate as a test substance. The intermediate
temperatures of thermal denaturation (Tm values) of the Fab domains of each antibody,

calculated based on the denaturation curve obtained by DSC, are shown in Table 24.

[Table 24]
ANTIBODY CALCIUM ION CONCENTRATION | ATm(°C)
M 2 mM 2mM-3 M
H54 /L28-1g(G1 | 92.87 ' 92.87 0.60
FH4-1gG1 74.71 78.97 4.26
6RL#9-1gG1 770 78.98 1.21
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From the results shown in Table 24, it is indicated that the Tm values of the Fab of the
FH4-TgG1 and 6RL#9-IgG1 antibodies, which show a calcium-dependent binding ability, varied
with changes in the calcium ion concentration, while the Tm values of the Fab of the
H54/L28-1gG1 antibody which shows no calcium-dependent binding ability do not vary with
changes in the calcium ion concentration. The variation inthe Tm values of the Fab of the
FH4-1g(G1 and 6R1L#9-IgG1 antibodies demonstrates that calcham ions bound to these antibodies
to stabilize the Fab portions. The above results show that calcium ions bound to the FH4-1gG1
and 6RL#9-IgG1 antibodies, while no calcium ion bound to the H54/1.28-IgG1 antibody.

[Reference Example 14] Identification of calcium ion-binding site m antibody 6RL#9 by X-ray
crystaliography
{14-1) Xray crystallography

As described in Reference Example 13, the measurements of thermal denaturation
temperature Tm suggested that antibody 6RL#9 binds to calcium ion.  However, it was
unpredictable which portion of antibody 6RL#9 binds to calcium ton.  Then, by using the
technique of X-ray crystallography, residues of antibody 6RL#9 that interact with calcinm ion
were 1dentified.

(14-2) Expression and purification of antibody 6RL#9
Antibody 6RIL#9 was expressed and purified for X-ray crystaliography.  Specifically,

animal expression plasmids constructed to be capable of expressing the heavy chain (a sequence
in which a constant region derived from IgG1 is linked to SEQ ID NO: 98} and light chain (SEQ
ID NO: 99) of antibody 6RL#9 were introduced transiently into animal cells.  The constructed
plasmids were infroduced by the lipofection method into cells of human fetal kadney cell-derived
FreeStyle 293-F (Invitrogen) suspended in 800 mi of the FreeStyle 293 Expression Medium
(Invitrogen) (final cell density: 1 x 10° celis’'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 skilled 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 (1995) 4, 2411-2423).

{14-3) Purification of antibodv 6R1#9 Fab fragment
Antibody 6RL#9 was concentrated to 21 mg/m! using an ultrafilter with a molecular
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weight cutoff of 10,000 MWCO. A 5 mg/mL antibody sample (2.5 mL) was prepared by
diluting the antibody solution using 4 mM L-cysteine/5 mM EDTA/20 mM sodium phosphate
buffer (pH 6.5).  0.125 mg of papain (Roche Applied Science) was added to the sample.  After
stirring, the sample was incubated at 35°C for two hours.  After incubation, a tablet of Protease
Inhibitor Cocktail Mini, EDTA-free (Roche Applied Science) was dissolved in 10 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 onto a 1-ml cation-exchange column
HiTrap SP HP (GE Healthcare) equilibrated with 25 mM MES buffer (pH 6), downstream of
which a I-ml HiTrap MabSelect Sure Protein A column (GE Healthcare) was connected in
tandem. A purified fraction of the Fab fragment of antibody 6RL#9 was obtained by
performing elution with a linear NaCl concentration gradient up to 300 mM in the
above-described buffer. Then, the resulting purified fraction was concentrated to about 0.8 ml
using a 5000 MW CO ultrafilter. The concentrate was loaded onto a gel filtration column
Superdex 200 10/300 GL (GE Healthcare) equilibrated with 100 mM HEPES buffer (pH 8)
containing 50 mM NaCl. The purified Fab fragment of antibody 6RL#9 for crystallization was
eluted from the column using the same buffer.  All the column treatments described above were

carried out at a low temperature of 6 to 7.5°C.

{14-4) Crystallization of the antibody 6RIL#9 Fab fragment in the presence of Ca

Seed crystals of the 6RL#9 Fab fragment were prepared in advance under general
conditions. Then, the purified Fab fragment of antibody BRLH9 in 5 mM CaCl, was
concentrated to 12 mg/m! with a 5000 MWCO ultrafilter. Next, the sample concentrated as
described above was crystallized by the hanging drop vapor diffusion method using 100 mM
HEPES buffer (pH 7.5) containing 20% to 29% PEG4000 as a reservoir solution. The
above-described seed crystals were crushed in 100 mM HEPES buffer (pH 7.5) containing 29%
PEG4000 and 5 mM CaCl,, and serially diluted to 100 to 10,000 folds. Then, 0.2 pL of diluted
solutions were combined with a mixture of 0.8 pl of the reservoir solution and 0.8 il of the
concenirated 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. !

(14-5) Crvstallization of the antibody 6RL#9 Fab fragment in the absence of Ca
The purified Fab fragment of antibody 6RL#9 was concentrated to 15 mg/ml using a

5000 MWCO ultrafilter. Then, the sample concentrated as described above was crystallized by
the hanging drop vapor diffusion method using 100 mM HEPES buffer (pH 7.5) containing 18%
to 25% PEG4000 as a reservoir solution.  Crystals of the antibody 6R1#9 Fab fragment
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obtained in the presence of Ca were crushed in 100 mM HEPES buffer (pH 7.5) containing 25%
PEG4000, and serially diluted to 100 to 10,000 folds. Then, 0.2 pL of diluted solutions were
combined with a mixture of 0.8 ul of the reservoir solution and 0.8 pi of the concentrated sample
to prepare crystallization drops on a giass 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. |

(14-6) X-ray crystaliographic measurement of Fab fragment crystal from antibody 6RL#9 in the
presence of Ca

Crystals of the Fab fragment of antibody 6RL#9 prepared m the presence of Ca were
soaked in 100 mM HEPES buffer (pH 7.5) solution containing 35% PEG4000 and 5 mM CaCl,.

By removing the exterior sohution 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-17A of the Photon Factory in the High Energy Accelerator
Research Organization. The frozen crystal was maintained in the {fozen state during the
measurement by constantly placing it in a stream of nitrogen gas at -178°C.  Atotal of 180
diffraction images were collected using the CCD detector Quantum315r (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 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, ¢ = 116.25
angstrom, ¢ = 90°, B = 90°, and y = 90°.

{14-7} X-ray crvstaliographic measurement of the Fab fragment crystal from antibodv 6RIA9 in

the absence of Ca
Crystals of the Fab fragment of antibody 6RL#9 prepared in the absence of Ca were

soaked in 100 mM HEPES buffer (pH 7.5) solution containing 35% 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 liguid 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 Quantum210r (ADSC) attached to the beam hine while
rotating the crystal in 1° intervals. Lattice constant determination, diffraction spot indexing,

and diffraction data analysis were performed using programs Xia2 (CCP4 Software Suite), XDS
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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, a. = 90°, § =
90°, y = 90°, and thus 1s structurally identical to the crystal prepared in the presence of Ca.

{14-8) X-rav crystallographic measurement of the Fab frasment crystal from antibody 6R1#9 in

the presence of Ca

The crystal structure of the antibody 6RL#9 Fab fragment in the presence of Ca was
determined by a molecular replacement method using the Phaser program (CCP4 Software
Suite). The number of molecules in an asymmetrical unit was estimated to be one from the size
of crystal lattice and molecular weight of the antibody 6RL#9 Fab fragment. Based on the
primary sequence homology, a portion of amino acid positions 112 to 220 from A chain and a
portion of amino acid positions.116 to 218 from B chain in the conformational coordinate of
PDB code 1ZA6 were used as model molecules for analyzing the CL and CHT1 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 anal zing the VH region.  Finally, a portion of
amino acid positions 3 to 147 of the light cham in the conformational coordmate of PDB code
2A9M was used as a model molecule for analyzing the VL region. Based on this order, an
initial structure model for the antibody 6R1L#9 Fab fragment was obtained by determining from
translation and rotation functions the positions and orientations of the model molecules for
analysis in the crystal lattice.  The crystallographic reliability factor R for the reflection data at
25 to 3.0 angstrom resolution was 46.9% and Free R was 48.6% after rigid body refinement
where the VH, VL, CH1I, and CL domains were each allowed to deviate from the initial' structure
model.  Then, model refinement was achieved by repeating structural refinement using program
Refmac5 (CCP4 Software Suite) foilowed by model revision performed using program Coot
(Paul Emsley) with reference to the Fo-Fc and 2Fo-F electron density maps where the
coefficients Fo-Fc and 2Fo-Fc were calculated using experimentally determined structural factor
Fo, structural factor Fc calculated based on the model, and the phases. The final refinement
was carried out using program Refimac5 (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 21,020
reflection data at 25 to 2.2 angstrom resolution, eventually the crystallographic reliability factor
R became 20.0% and free R became 27.9% for the model consisting of 3440 atoms.

{14-9) Measurement of X-rav diffraction data of the Fab fragment crvstal from antibody 6R1L#9

in the absence of Ca

The crystal structure of the antibody 6RL#9 Fab fragment in the absence of Ca was
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~ determined based on the structure of the crystal prepared in the presence of Ca.  Water and Ca

ion molecules were omitted from the conformational coordinate of the crystal of the antibody
6RL#9 Fab fragment prepared in the presence of Ca.  The crystallographic reliability factor R
for the data of reflection at 25 to 3.0 angstrom resolution was 30.3% and Free R was 31.7% after
the rigid body refinement where the VH, VL, CH1, and CL domains were each allowed to
deviate. Then, model refinement was achieved by repeating structural refinement using
prograxﬁ Refimac5 (CCP4 Software Suite) followed by model revision performed using program
Coot (Paul Emsley) with reference to the Fo-Fc and 2Fo-Fc electron density maps where the
coefficients Fo-Fe and 2Fo-Fc were calculated using experimentally determined structural factor
Fo, structural factor Fc calculated based on the model, and the phases.  The final refinement
was carried out using program Refmac5 (CCP4 Software Suite) based on the Fo-F¢ and 2Fo-F
electron density maps by adding water molecule and Ca ion into the model. With 18,357
reflection data at 25 to 2.3 angstrom resolution, eventually the crystallographic reliability factor
R became 20.9% and free R became 27.7% for the model consisting of 3351 atoms.

{14-10Y Comparison of X-rav crystallographic diffraction data of the Fab fragments of antibody
6RIH#Y hetween in the presence and absence of Ca
When the crystallographic structures of the Fab fragments of antibody 6RL#9 are

compared between in the presence and absence of Ca, significant changes are seen in the heavy
chain CDR3. The structure of the heavy chain CDR3 of the antibody 6RL#9 Fab fragment
determined by X-ray crystallography is shown in Fig. 18. Specifically, a calcium ion resided at
the center of the heavy chain CDR3 loop region of the antibody 6RL#9 Fab fragment prepared m
the presence of Ca.  The calcium ion was assumed to interact with positions 95, 96, and 100a
{Kabat’s numbering) of the heavy chain CDR3. It was believed that the heavy chain CDR3
loop which is important for the antigen binding was stabilized by calcium binding in the
presence of Ca, and became an optimum structure for antigen binding.  There is no report
demonstrating that calcium binds to the antibody heavy chain CDR3.  Thus, the calcium-bound
structure of the antibody heavy chain CDR3 is a novel structure.

The calcium-binding motif that was found to exist in the heavy chain CDR3 from the
structure of the Fab fragment of the 6RL#9 antibody may also be a new component in the design
of a Ca library such as those described in Reference Example 7. That is, while the
calcium-binding motif was introduced into the light chain variable region in Reference Example
7, one may consider, for example, a library containing the 6RL#9 antibody heavy chain CDR3
and flexible residues in other CDRs including the light chain.

[Reference Example 15] Preparation of antibodies that bind to IL-6 in a Ca-dependent manner
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from a human antibody library using phage display techniques
{15-1) Construction of & phage displav library of naive human antibodies

A human antibody phage display library containing multiple phages that display various
human antibody Fab domain sequences was constructed by a method known to those skilled in
the art using, as a template, polvA RNA prepared from human PBMC, commercially available
human polyA RNA, and such.

{15-2) Preparation of antihody fracments that bind to the antigen in a Ca-dependent manner from

library bv bead panning
Primary selection from the constructed phage display library of naive human antibodies

was carried out by enriching antibody fragments that have antigen (IL-6)-binding activity. The
antigen used was biotin-lébeled IL-6.

Phages were produced from E. coli carrying the constructed phagemid for phage display.
To precipitate the phages produced by E. coli, 2.5 M NaCl/10% PEG was ad&ed to the £, coli
culture fluid. 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 ion concentration, respectively.  The panning method used was a conventional
panning method using antigen-immobilized magnetic beads (J. Immunol. Methods. (2008)
332(1-2): 2-9; J. Immunol. Methods. (2001} 247(1-2): 191-203; Biotechnol. Prog. (2002) 18(2):
212-20; Mol. Cell Proteomics (2003) 2(2): 61-9). The magnetic beads used were
NeutrAvidin-coated beads (Sera-Mag SpeedBeads NeutrAvidin-coated) and Streptavidin-coated
beads (Dynabeads M-280 Streptavidin).

Specifically, 250 pmol of the biotin-labeled antigen was added to the prepared phage
library solution. Thus, the solution was contacted with the antigen at room temperature for 60
minutes. Magnetic beads blocked with BSA were added, and the antigen-phage complex was
allowed to bind to the magnetic beads at room temperature for 15 minutes. The beads were:
washed three ttmes with 1.2 mM CaCly/TBST (TBST containing 1.2 mM CaCl,), and then twice
with 1 ml of 1.2 mM CaCl,/TBS (TBS contéim'ng 1.2 mM CaCly). Thereafter, 0.5 ml of 1
mg/ml frypsin 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 suspenston.  The
prepared phage suspension was added to 10 ml of E. coli of stain TG1 at the logarithmic growth
phase (OD600=0.410 0.7). 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 225 mam). Then,
phages were collected from the culture fluid of the seeded E. coli to preparé a phage library
solution.

In the second round and subsequent panning, phages were enriched using the
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Ca-dependent binding activity as an indicator.  Specifically, 40 pmol of the biotin-labeled
antigen was added to the prepared phage library solution.  Thus, the phage library was
contacted with the antigen 4t room temperature for 60 minutes. Magnetic beads biocked 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 1 ml of 1.2 mM CaClLy/TBST
and 1.2 mM CaCly/TBS. Next, 0.1 ml of 2 mM EDTA/TBS was added to the beads.  After
dispersion at room temperature, the beads were immediately separated using a magnetic stand to
collect a phage suspension. The pIll protein (helper phage-derived protein pIil) was cleaved
from phages that did not display Fab by adding 5 pl of 100 mg/ml trypsin to the collecied phage
suspension to eliminate the ability of phages displaying no Fab to infect £. coli. Phages
collected from the trypsinized liquid phage stock was added to 10 ml of E. coli cells of the TG1
strain at the logarithmic growth phase (OD600 =04 t0 0.7). The E. coli was incubated while
gently stirring at 37°C for one hour to infect phage. The infected E. coli was seeded in a plate
(225 mm x 225 mm). Then, phages were collected from the culture fluid of the seeded £. coli
to prepare a liquid stock of phage library. Panning was performed three times using the

Ca-dependent binding activity as an indicator.

(15-3) Assessment by phage ELISA

Culture supernatants containing phages were collected from single colonies of E. coli
obtained by the method described above according o a conventional method (Methods Mol. Biol.
(2002) 178, 133-145). BSA and CaCl; were added at final concentrations of 4% and 1.2 mM
calcium ion concentration, respectively, to the phage-containing culture supernatants.

The supernatants were subjected to ELISA by the following procedure. A StreptaWell
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.
Then, the wells were blocked with 250 pl of 4% BSA-TBS for one hour or more.  After
removal of 4% BSA-TBS, the prepared culture supemnatants were added to the each well. The
plate was mcubated 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 CaCl,/TBST, 1.2
mM CaClL/TBS or 1 mM EDTA/TBS was added. The plate was left for incubation at 37°C for
30 minutes.  After washing with 1.2 mM CaClo/TBST, an HRP-conjugated anti-M13 antibody
{Amersham Pharmacia Biotéch) diluted with TBS containing BSA and calcium ion at final
concentrations of 4% and 1.2 mM calcium 1on concentration was added to each well, and the
plate was incubated for one hour.  After washing with 1.2 mM CaClg/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
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measuring absorbance at 450 nm.
From the 96 clones isolated, antibody 6K.C4-1#85 having Ca-dependent IL-6-binding

~ acfivity 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 am?liﬁed with specific primers and their sequences were analyzed.
The heavy-chain and light-chain variable region sequences of antibody 6KC4-1#85 are shown in
SEQ ID NOs: 10 and 104, respectively.  The polynucieotide encoding the heavy-chain variable
region of antibody 6KC4-1#85 (SEQ 1D NO: 10) was linked to a polynucleotide encoding an
IgG1-derived sequence by PCR method. The resuiting DNA fragment was inserted into an
animal cell expression vector to construct an expression vector for the heavy chain of SEQ ID
NO: 105. A polynucleotide encoding the light-chain variable region of antibody 6K.C4-1#85
(SEQ ID NO: 104) was linked 1o a polynucieotide encoding the constant region of the natural
Kappa chain (SEQ ID NO: 44) by PCR. The linked DNA fragment was inserted into an animal
cell expression vector.  Sequences of the constructed variants were confirmed by a method
known to those skilied in the art.  Sequences of the construcied variants were confirmed bya
method known to those skilled in the art.

(15-4) Expression and purification of antbodies .

Clone 6KC4-1#85 that was predicted to have a Ca-dependent antigen-binding activity
based on the result of phage ELISA was inserted into animal cell expression plasmids.
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° cells/ml (3 ml) mto each well of a
6-well plate. The prepared plasmids were introduced into cells by a lipbfection method.  The
cells are cultured for four days in a CO, incubator (37°C, 8% CO,, 90 rpm).  From the culture
supernatants, antibodies were purified using the rProtein A Sepharose™ Fast Flow (Amersham
Biosciences) by a method known to those skilled in the art.  Absorbance at 280 nm of the
purified antibody solutions was measured using a spectrophotometer.  Antibody concentrations
were calculated from the determined values using an extinction coefficient calculated by the
PACE method (Protein Science (1995) 4: 2411-2423).

[Refereﬁce Example 16] Assessment of antibody 6KC4-1#85 for calcium ion binding
Calcium-dependent antigen-binding antibody 6K C4-1#85 which was isolated from a

human antibody hibrary 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 2.
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Tm values for the Fab domain of antibody 6KC4-1#85 are shown in Table 25.  As
shown in Table 25, the Tm value of the 6KC4-1#85 antibody Fab domain varied depending on
the calcium ion concentration, This demonstrates that antibody 6K.C4-1#85 binds to caicium.

5 [Table25]

ANTIBODY CALCIUM ION ATm (°C)
CONCENTRATION
3uM |2 mM 2mM-3uM
6KC4-14#85 (17149 | 75.39 3.9

[Reference Example 17] Identification of calcium ion-binding sife in antibody 6K.C4-1#85
As demonstrated in Reference Example 16, antibody 6KC4-1#85 binds to calcium ion.

10 However, 6KC4-1#85 does not have a calcium-binding motif such as the hVk3-2 sequence
which was revealed from assessment to have a calcium-binding motif.  Then, whether calcium
ion hinds to either or both of the heavy chain and the light chain of antibody 6KC4-1#85 was
confirmed by assessing the calcium ion binding of altered antibodies resulting from exchanging
the heavy chain and light chain of 6KC4-1#85 respectively with those of an anti-glypican 3

15 antibody (heavy chain seﬁuence GC _H (SEQ ID NO: 106}, light chain sequence GC_L (SEQ ID
NO: 107)) which does not bind calcium ion. The Tm values of altered antibodies measured
according to the method described in Reference Example 2 are shown in Table 26.  The result
suggests that the heavy chain of antibody 6K.C4-1#85 binds to calcium, because the Tm values of
the altered antibody having the heavy chain of antibody 6KC4-1#85 changed depending on

20  calcium ion concentration.

[Table 26]
HEAVY CHAIN l LIGHT CHAIN CALCIUM 10N CONCENTRATION | ATm (°C) 2
3uM 2 mM mM-3uM
6KC4-1#85 6KC4-1#85 71.46 75.18 3.72
Ok(C4-1#85 C i GCL 78.87 1 80.01 1.14 |
GC_H 6KC4-1#85 75.69 75.94 0.25
GC_H GC_L 79.94 80.01 0.07

25 Thus, to further identify residues responsible for the calcium jon binding of antibody



10

i5

20

214

6K C4-1485, altered heavy chains (6_H1-11 (SEQ ID NO: 108), 6 HI-12 (SEQ ID NO: 109),

6 H1-13 (SEQ ID NO: 110), 6_H1-14 (SEQ ID NO: 111), 6 H1-15 (SEQ ID NO: 112)) or
altered light chaing (6_LI1-5 (SEQ ID NO: 113) and 6 L1-6 (SEQ 1D NQ: 114)) 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 15, altered antibodies were purified from the culture
supernatants of animal cells introduced with expression vectors carrying the altered antibody
genes. The purified altered antibodies were assessed for their calcium binding according to the
method described in Reference Example 2. The measurement result is shown in Table 27.  As
shown in Table 27, substitution of an Ala residue for the residue at position 95 or 101 (Kabat
numbering) in the heavy chain CDR3 of antibody 6KC4-1#85 resulted in loss of the
calcium-binding activity of antibody 6KC4-1#85. This suggests that these residues are
responsible for calcium binding. The calcium-binding motif located at the base of the CDR3
loop in the heavy chain of antibody 6K.C4-1#85, which was found based on the calcium binding
capacity of the antibody altered from antibody 6KC4-1#835, can be a new factor for designing Ca
libraries as described in Reference Example 7. In Reference Example 7, calcium-binding
motifs were introduced into the light chain variable region. Meanwhile, such libraries include,
for example, those containing the heavy chain CDR3 from antibody 6KC4-1#85 and flexible
residues in the CDRs other than the heavy chain CDR3 but including the light chain CDRs.

[Table 271
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HEAVY CHAIN | LIGHT CHAIN | ALTERED RESIDUE CALCIUM ION ATm (°C)
CONCENTRATION
3uM 2 mM 2 mM-3 u
M
6KCA-1#85 | 6RC4-1#85 | WILD-TYPE 71.49 75.39 3.9
6H1-11 G6KC4-1#85 H CHAIN 71.73 75.56 3.83
POSITION 61
(Kabat NUMBERING)
6H1-12 6KC4-1#85 H CHAIN 72.9 73.43 0.53
POSITION 95
{Kabat NUMBERING)
6H1-13 6KC4-1#85 H CHAIN 70.94 76.95 5.21
POSITION 100a
(Kabat NUMBERING)
6H1-14 AKC4-14#85 H CHAIN 73.05 75.14 1.19
POSITION 100g
(Kabat NUMBERING)
6H1-15 6K CA-1485 H CHAIN 65.37 66.25 0.87
POSITION 101
(Kabat NUMBERING)
T CHATN
BKCA-1#85 | 6L1-5 POSITION 50 71.92 76.08 4.16
(Kabat NUMBERING)
— T THAIN
AKC4-1#85 | 6L1-6 PORITION 92 72.13 78.74 6.61
(Kabat NUMBERING)

[Reference Example 18] Examination of effects of Ca-dependent binding antibody on plasma

retention of antigen using normal mice

{18-11  In vivo test using normal mice

To a normal mouse (C57BL/6] mouse, Charles River Japan), hsIL-6R (soluble human

IL-6 receptor prepared in Reference Example 21) alone was administered, or hsIL-6R and

anti-human IL-6 receptor antibody were administered simultaneously to examine the kinetics of

the hsIE-6R and anti-human IL-6 receptor antibody in vivo.

A single dose (10 mE/kg) of the

hsI-6R solution (5 ng/mL) or a mixture of hsIL-6R and anti-human IL-6 receptor antibody was
administered into the candal vein. The above H54/L28-1gG1, 6RT#9-1gG1, and FH4-1gGl

were used as anti-human IL-6 receptor antibodies.

The hsIL-6R concentration in all the mixtures is 5 pg/ml. The concentrations of
anti-human IL-6 receptor antibody vary with the antibodies: .1 mg/mL for H54/1.28-IgG!1 and
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10 mg/mL for 6RL#9-1gG1 and FH4-1gG1. At this time, it is thought that most of the hsti.-6Rs
bind to the antibody because the anti-human IL-6 receptor antibody against hsIL-6R exists in a
sufficient or excessive amount. Blood samples were collected at 15 minutes, 7 hours and 1, 2,
4,7, 14, 21, and 28 days after the administration. ~ The blood sanipies obtained were
immediately centrifuged for 15 minutes at 4°C and 12,000 rpm to separate'plasma. The

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

18-2) Determination of plasma anti-human I11.-6 recepior antibodv concentration in normal
mice by ELISA

The plasma concentration of anti-human IL-~6 receptor antibody in a mouse was
determined by ELISA.  First, Anti-Human IgG (y-chain specific) F(ab'}2 Fragment of Antibody
(SIGMA) was dispensed into a Nunc-Immuno Plate, MaxiSoup (Nalge Nunc International), and

was allowed to stand undisturbed overnight at 4°C to prepare an anti-human TgG-solid phase
plate. Calibration curve samples at a plasma concentration of 0.64, 0.32, 0.16, 0.08, 0.04, 0.02,
or 0.01 pg/mL, and mouse plasma measurement samples diluted by 100-fold or above were each
dispensed into the anti-human IgG-solid phase plate, followed by incubation for 1 hour at 25°C.
Subsequently, the plate was allowed to react with a biotinylated anti-human IL-6 R antibody
(R&D) for 1 hour at 25°C, followed by reaction with Streptavidin-PolyHRP80 (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 1N-sulfuric acid (Showa Chemical), absorbance at
450 nm of the color solution was measured usin'g a microplate reader.  The plasma
concentration 1n the mouse was calculated from the absorbance of the calibration curve using the
SOFTmax PRO analysis software (Molecular Devices). Changes in the plasma concentrations
of antibodies, H54/L.28-1gG1, 6RL#9-IgG1, and FH4-1gGl, in the normal mice after intravenous

administration, measured as described above, are shown in Fig. 42.

(18-3) Determination of plasma hslT-6R concentration by an elsctrochemiluminescence

method

The plasma concentration of hsIL-6R in a mouse was determined by an
electrochemiluminescence method.  An hsIT-6R calibration curve sample prepared at 2,000,
1,000', 500, 250, 125, 62.5, or 31.25 pg/ml., and a mouse plasma measurement sample diluted by
50-fold or above, were mixed with a monoclonal anti-human IL-6R antibody (R&D) ruthenated
with SULFO-TAG NHS Ester (Meso Scale Discovery), a biotinylated anti-human IL-6 R
antibody (R&D), and toctlizumab (heavy chain SEQ ID NO: 96, light chain SEQ ID NO: 97),
followed by overnight reaction at 4°C. At that time, the assay buffer contained 10 mM EDTA
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to reduce the free Ca concentration in the sample and dissociate almost all the hsIL-6Rs in the
sample from 6RL#9-IgG1 or FH4-IgG1 to be bound to the added tociliznmab.  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 allowéd to react for 1-
hour at 25°C, Read Buffer T (x4) (Meso Scale Discovery) was dispensed into each well.
Immediately, the reaction liquid was subjected to measurement using a SECTOR PR 400 reader
{Meso Scale Discovery). The concentration of hsll-6R was calculated from the response of the
calibration curve using the SOFTmax PRO analysis software (Molecular Devices). Changes in
the plasma concentration of hsIL-6R in the normal mouse after intravenous administration,
determined as described above, are shown in Fig, 20.

As aresult, the disappearance of hsIL-6R was very rapid when hsIL-6R was
administered alone, while the disappearance of hsIL-6R was significantly delayed when hsIL-6R
was administered simultaneously with H54/L.28-1gG1, a conventional antibody having no
Ca-dependent binding ability to hsIL-6R. In contrast, the disappearance of hslL-6R was
signiﬁcanﬂy accelerated when hsIL-6R was administered simultaneously with 6R1#9-1gG1 or
FH4-IgG1 having 100-fold or higher Ca-dependent bindimg ability to hsIL-6R. The plasma
concentrations of hsIL-6R one day after hsIL-6R was administered simultaneously with
6RI#9-1g(G1 and FH4-1gG1 were reduced 39-fold and 2-fold, respectively, as compared with
simultaneous administration with H54/1.28-IgG1. Thus, the calciumndependent binding

antibodies were confirmed to be able to accelerate antigen disappearance from the plasma.

[Reference Example 19] Trials to improve the antigen elimination-accelerating effect of antibody
with Ca-dependent antigen-binding (preparation of antibodies)
(19-1) Regarding the binding of IgG antibedy to FeRn

Ig(G antibodies have longer plasma retention time as a result of FcRa binding.  The
binding between 1gG and FcRn is observed only under an acidic condition (pH 6.0). By
contrast, the binding is almost undetectable under a neutral condition (pH 7.4).  AnlIgG

antibody 1s taken up into cells in a nonspecific manner.  The antibody returns to the cell surface
by binding to endosomal FcRn under the endosomal acidic condition, and then dissociates from
FeRa under the plasma neutral condition.  When the FcRn binding under the acidic condition 1s
lost by introducing mutations into the IgG Fe region, the antibody retention time in plasma is
markedly impaired because the antibody no longer recycles to the plasma from the endosome.

A reported method for improving the plasma retention of an 1gG antibody is to enhance
the FcRn binding under acidic conditions.  Amino acid mutations are introduced into its Fe
region of an IgG antibody to improve its FcRn binding under acidic condifions.  This increases

the efficiency of recycling of IgG antibody to the plasma from the endosome, resulting in



10

15

20

25

30

35

218

improvement of the plasma retention of IgG antibody. When introducing amino acid
substitution, it is considered important not to increase the binding to FcRn under neutral
conditions. IgG antibodies that bind to FcRn under neutral conditions can return onto the cell
surface through Binding to FcRn under the acidic condition of the endosome, but IgG antibodies
do not dissociate from the FcRn in plasma under neutral conditions and are not recyeled to the
plasma, and thus plasma retention of IgG antibodies was thought to be inversely impaired.

For example, as described by Dall' Acqua et al. (J. Immunol. (2002) 169 (9),
5171-5180), the plasma retention of Ig(G1 antibody that was allowed to bind to mouse FcRn
under a neutral condition (pH 7.4) was exacerbated as a result of introducing an amino acid
substitution into a mouse. In addition, as described by Yeung et al. (J. Immunol. (2009) 182
(12), 7663-7671), Datta-Mannan et al. (J. Biol. Chem. (2007) 282 (3), 1709-1717), and Dall
Acqua et al. (J. Immunol. (2002) 169 (9), 5171-5180), IgG1 antibody variants whose binding to
human FeRn under an acidic condition (pH 6.0} 1s improved by introducing an amino acid
substitution 1§ also observed to bind to human FcRn under a neutral condition (pH 7.4).
Reportedly, the plasma retention of said antibody admintstered to a cynomolgus monkey was not
improved, showing no change in the plasma retention.  Thus, in antibody engineering
technology for improving antibody functions, efforts have been made to improve the plasma
retention of antibody by increasing its binding to human FcRn under acidic conditions without
increasing its binding to human FcRn under a neutral condition {pH 7.4). In other words, no
report has been published on the advantages of IgG1 antibodies whose binding to human FeRn
under a neutral condition (pH 7.4) 1s increased by introducing amino acid substitutions into the
Fec 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 antibody molecule to soluble antigen. A method of enhancing binding to
FcRn under a neutral condition (pH 7.4) was examined as a method to further improve the

accelerating effect on antigen disappearance.

(19-2) _Preparation of Ca-dependent human [T -6 receptor-binding antibodies having

FcRan-binding ability under neutral conditions

An amino acid mutation was mtroduced into the Fe regions of FH4-IgG1 and
6RIL#9-1g(G1 having a calcium-dependent anfigen-binding abiity and H54/L28-igG! having no
calcium-dependent antigen-binding ability (used as a control} to prepare variants having an
FcRo-binding ability under a neutral condition {(pH 7.4). The amino acid mutation was
introduced by a method known in the art using PCR.  Specifically, FH4-N434W (heavy chain
SEQ ID NO: 115, light chain SEQ 1D NO: 101), 6RL# 9-N434W (heavy chain SEQ ID NO: 116,



10

15

20

[
W

30

219

light chain SEQ ID NO: 99), and H54/L.28-N434W (heavy chain SEQ ID NO: 117, light chain
SEQ ID NO: 39) with Asn (an amino acid at position 434 represented by the EU numbenng)
substituted by Trp in the heavy chain constant region of IgG1 were prepared.  An animal cell’
expression vector into which a polynucleotide encoding a vartant with the amino acid
substitution was inserted was prepared using the QuikChange Site-Directed Mutagenesis Kit
(Stratagene)} by the method described in the accompanying instructions.  Antibody expression
and purification, and concentration measurement were conducted according to the method

described in Reference Example 11.

fReference Example 20] Examination of the effect of accelerating disappearance of
Ca-dependent binding antibodies using normal mice
(20-1)  In vivo test using normal mice

To a normal mouse (C57BL/6] mouse, Charles River Japan), hsIL-6R (soluble human
IL-6 receptor prepared in Reference Example 20) alone was administered, or hsIL-6R and

anti-human IL-6 receptor antibody were administered simultaneously to examine the kinetics of
the hsIL-6R and anti-human IL-6 receptor antibody in vive. A single dose (10 mL/kg) of
hsIL-6R. solution (5 ng/mL) or a mixture of hsIL-6R and anti~human IL-6 receptor antibody was
administered info the caudal vein. The above H54/L28-N434W, 6RL#9-N434W, and
FH4-N434W were used as anti-human 1L-6 receptor antibodies.

The concentration of hsIL-6R in all the mixtures is 5 pg/ml.. The concentrations of
anti-human 1L-6 receptor antibody vary with the antibodies: prepared at 0.042 mg/mL for
H54/128-N434W, 0.55 mg/mL for 6RL#9-N434W, and 1 mg/mL for FH4-N434W. At this
time, 1t was thought that most of the hsIL-6Rs bind to the antibody because the anti-human IL-6
receptor antibody against hsIL-6R exists in a sufficient or excessive amount. Blood samples
were coliected at 15 minutes, 7 hours and 1, 2, 4, 7, 14, 21, and 28 days after the admimstration.
The blood samples were immediately centrifuged for 15 minutes at 4°C and 12,000 rpm to
separate plasma. The separated plasma was stored in a freezer set to -20°C or lower until the

time of measurement.

(20-2) Determination of plasma anti-human IL-6 receptor antibody concentration in normal
mice by ELISA

The plasma concentration of anti-human IL-6 receptor antibody in a mouse was

determined by ELISA as described in Reference Example 18, Changes in the plasma
concentrations of antibodies, H34/1.28-N434W, 6RI#9-N434W, and FH4-N434W, in the normal

mice after intravenous administration measured as described above are shown in Fig. 21.
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(20-3) Determination of nlasma hsIL-6R concentration by an electrochemiluminescence

method

The plasma concentration of hsIL-6R in a mouse was determined by an
electrochemiluminescence method.  An hsIL-6R 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 monocional anti-human {L-6R antibody (R&D) ruthenated
with SULFO-TAG NHS Ester (Meso Scale Discovery) and a biotinylated anti-human IL-6 R
antibody (R&D), followed by overnight reaction at 4°C. At that time, the assay buffer
contained 10 mM EDTA to reduce the free Ca concentration in the sample and dissociate almost
all hsIL-6Rs in the sample from 6RL#9-N434W or FH4-N434W to exist in a free state.
Subsequently, said reaction liquid was dispensed into an MA400 PR Streptavidin Plate (Meso
Scale Discovery). In addition, after washing each well of the plate that was allowed to react for
1 hour at 25°C, Read Buffer T (x4) (Meso Scale Discovery) was dispensed into each well,
Immediately, the reaction liquid was subjected to measurement using a SECTOR PR 400 reader
(Meso Scale Discovery). The concentration of hsiL-6R was calculated from the response of the
calibration curve using the SOFTmax PRO analysis software (Molecular Devices). Changes in
the plasma concentration of hsIL-6R in the normal mouse after intravenous administration
determined as described above are shown in Fig. 22,

As aresult, in comparison with the administration of hsIL-6R alone, simultaneous
administration of hsIl-6R with the H54/L.28-N434W antibody which has FcRn-binding activity
at pH 7.4 and does not have.Caudependent binding activity to hsli-6R had a significantly
delayed disappearance of hsIL-6R. In contrast, the disappearance of hsIL-6R was accelerated
when hsIL-6R was administered simultaneously with the 6RL#9-N434W or FH4-N434W
antibody which has 100-fold or higher Ca-dependent binding ability to hsll.-6R and
FcRn-binding activity at pH 7.4, as compared with the administration of hsIL-6R alone. The
plasma concentrations of hsIL-6R one day after hsIL-6R was administered simmultancously with
the 6RL#9-N434W or FH4-N434W antibody were reduced 3-fold and 8-fold, respectively, as
compared with the administration of hsIL-6R alone. As a result, it was confirmed that the
disappearance of antigen from plasma could be further acceierated by imparting FcRn-binding
activity at pH 7.4 to an antibody that binds to antigen in a calcium-dependent manner.

The 6R1#9-1gG1 or FH4-1gG1 antibody having 100-fold or higher Ca-dependent
binding activity to hsiL-6R was confirmed to increase the disappearance of hsIL-6R, as
compared with the H54/1.28-1gG1 antibody having no Ca-~dependent binding activity to hsIL-6R.
The 6RI#9-N434W or FH4-N434W antibody which has 100-fold or higher Ca-dependent
binding activity to hsIL~-6R and FcRn-binding activity at pH 7.4 was confirmed to more strongly
accelerate the disappearance of hsIlL.-6R, as compared with the administration of hsIL-6R alone.
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These data suggest that an antibody that binds to an antigen in a Ca-dependent manner
dissociates from antigen in the endosome, similarly to an antibody that binds to anfigen in a
pH-dependent manner.

(Reference Example 21) Preparation of soluble human I1-6 receptor (hsIL-6R)

Recombinant human IL-6 receptor of the human IL-6 receptor, which is the antigen,
was prepared as follows, A CHO cell line constitutively expressing soluble human IL.-6
receptor (hereinafier referred to as hsIL-6R) having the amino acid sequence of positions 1 to
357 from the N terminus as reported by Mullberg ef al.(J. Immunol. (1994) 152, 4958-4968) was
established by a method known to those skilled in the art.  This expression line was cultured to
express hsIL-6R.  hsIL-6R was purified from the obtained culture supernatant by Blue
Sepharose 6 FF column chromatography and gel filtration column chromatography. A fraction
eluted as the main peak in the final step was used as the final purification product.

[Reference Example 22] Design of pH-dependent binding antibody library
(22-1) Method for acquiring pH-dependent binding antibodies

WO2009/125825 discloses a pH-dependent antigen-binding antibody whose properties
are changed in neutral and acidic pH regions by introducing a histidine into an antigen-binding
molecule. The disclosed pH-dependent binding antibody is obtained by modification to
substitute a part of the amino acid sequence of the antigen-binding molecule of interest with a
histidine. To obtain a pH-dependent binding antibody more efficiently without preliminarily
obtaining the antigen-binding molecule of interest to be modified, one method may be obtaining
an antigen-binding molecule that binds to a desired antigen from a population of antigen-binding
molecules (referred to as His library) with a listidine introduced into the variable region (more
preferably, a region potentially involved in antigen binding). It may be possible to efficiently
obtain an antigen-binding molecule having desired properties from a His library, because
histidine appears more frequently in antigen-binding molecules from His library than those from
conventional antibody libraries.

{(22-23  Desien of a population of antibody molecules (His librarv} with histidine residue

introduced Into their variable reeion to effectively acquire binding antibodies that bind to antigen

in a pH-dependent manner

First, positions for introducing a histidine were selected in a His library.
WO02009/125825 discloses generation of pH-dependent antigen-binding antibodies by
substituting amino acid residues in the sequences of IL-6 receptor, IL.-6, and IL-31 receptor
antibodies with a histidine. In addition, anti-egg white lysozyme (FEBS Letter 11483, 309, [,
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85-88) and anti-hepcidin (WO 2009/139822) 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 IL-6 receptor antibody, 1IL-6
antibody, IL-31 receptor antibody, egg white lysozyme antibody, and hepcidin antibody are
shown in Table 28.  Positions shown in Table 28 may be listed as candidate positions that can
control the antigen-antibody binding. In addition, besides the position shown in Table 28,
positions that are likely to have contact with antigen were also considered to be suitable for

introduction of histidines.

[ Table 28]

ANTIBODY CHAIN| POSITION (Kabat)

IL-6 RECEPTOR H 27 31 32 135 |50 |58 62 1008 | 102
ANTIBODY L 28 31 32 53 56 |92
IL-6 ANTIBODY H 2 59 . 61 99 |
L 53 54 90 94 i
JL-31 RECEPTOR H 3 %
ANTIBODY L )
EGG—WHILE LYSOZYME H 33 98 ]
ANTIBODY i b4 |
HEPCIDIN ANTIBODY | H 52 57 99 | 107
L 27 |89 % 3‘

In the His library consisting of heavy-chain and light-chain variable regions, a human
antibody sequence was used for the heavy chain variable region, and histidines were introduced
into the light chain variable region.  The positions listed above and positions that may be
involved in antigen binding, i.e., positions 30, 32, 50, 53, 91, 92, and 93 (Kabat numbering,
Kabat EA et al. 1991, Sequence of Proteins of Immunological Interest. NIH) in the light chain
were selected as positions for introducing histidines in the His library.  In addition, the Vkl
sequence was selected as a template sequence of the light chain variable region for introducing
histidines. Multiple amino acids were allowed to appear in the template sequence to diversify
antigen-binding molecules that constitute the library. Positions exposed on the surface of a
variable region that 1s likely to interact with the antigen were selected as those where multiple
amino acids are allowed to appear.  Specifically, positions 30, 31, 32, 34, 50, 53, 91, 92, 93, 94,
and 96 of the light chain (Kabat numbering, Kabat EA et al. 1991, Sequence of Proteins of
Immunological Interest. NIH} were selected as flexible residues.

The type and appearance frequency of amino acid residues that were subsequently
allowed to appear were determined.  The appearance frequency of amino acids in the flexible
residues in the hVkl and hVK3 sequences registered in the Kabat database (KABAT, E.A. ET
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AL.: 'Sequences of proteins of immunological interest!, vol. 91, 1991, NIH PUBLICATION) was
analyzed. Based on the analysis results, the type of amino acids that were allowed to appear in
the His library were selected from those with higher appearance frequency at each position. At
this time, amino acids whose appearance frequency was determined 1o be low based on the
analysis results were also selected to avoid the bias of amino acid properties. The appearance
frequency of the selected amino acids was determined in reference to the analysis results of the
Kabat database. _

As His Hbraries, His library 1 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 1 were designed by taking the amino acids and appearance frequency set as described
above into consideration. The detailed designs of His libraries 1 and 2 are shown in Tables 3
and 4 (with the positions in each table representing the Kabat numbering). Ser (S) at position
94 can be excluded if position 92 represented by the Kabat numbering is Asn (N} for the

appearance frequency of amino acids as described in Tables 3 and 4.

[Reference Example 23]  Preparation of a phage display library for human antibodies (His
library 1) to obtain an antibody that binds to antigen in 2 pH-dependent manner.

A gene library of antibody heavy-chain variable regions was amplified by PCR using a
poly A RNA prepared from human PBMC, and commercial human poly A RNA as a template.
A gene library of antibody light-chain variable regions designed as His library 1 as described in
Reference Example 2 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 o construct a human antibody phage display library which presents Fab
domains consisting of human antibody sequences. For the construction method, Methodé 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 sequence
mformation was obtained for 132 clones. The designed amino acid distribution and the amino
acid distribution of the identified sequences are shown in Fig. 23. A library containing various

sequences corresponding to the designed amino acid distribution was constructed.

[Reference Example 24] Isolation of antibodies that bind to IL-6R in a pH-dependent manner

(24-1) Isolation of antibody fragments. which bind fo antigens in a pH-dependent manner, from

the library bv bead panning
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The first selection from the constructed His library 1 was performed by enriching only
antibody fragments with antigen (IL-6R) binding ability.

Phages were produced by E. coli contaiming the constructed phagemids for phage
display. To precipitate the phages, 2.5 M NaCl/10% PEG was added to the E. coli culture fluid

“of phage production. The precipitated phage population was diluted with TBS to prepare a

phage library solution. BSA and CaCl, were added to the phage library solation to adjust the
final BSA concentration to 4% and the final calcium ion concentration to 1.2 mM. Regarding
the panning method, the present inventors referred to general panning methods using antigens
immobilized onto magnetic beads (J. Immunol. Methods. (2008) 332 {1-2), 2-9; J. Immmunol.
Methods. (2001) 247 (1-2), 191-203; Biotechnol. Prog. (2002) 1'8(2) 212-20, Mol. Cell
Proteomics (2003) 2 (2), 61-9). The magnetic beads used were NeutrAvidin coated beads
(Sera-Mag SpeedBeads NeutrAvidin-coated) or Streptavidin coated beads (Dynabeads M-280
Streptavidin).

Specifically, 250 pmol of biotin-labeled antigen was added to the prepared phage library
solution to allow the contact of the phage library solution with the antigen at room temperature
for 60 minutes. BSA-blocked magnetic beads were added and allowed to bind to antigen/phage
complexes at room temperature for 15 minutes. The beads were washed three times with 1 ml
of 1.2 mM CaCly/TBST (TBS containing 1.2 mM CaCl; and 0.1% Tween20) and then twice with
1 mlof 1.2 mM CaCly/TBS (pH 7.6). Then, the beads added with 0.5 ml of lmg/ml trypsin
were suspended at room temperature for 15 minutes, and then immediately separated using a
magnetic stand to collect a phage solution. The collected phage solution was added to 10 ml of
E. coli strain ER2738 in a loganthmic growth phase (OD600 of 0.4-0.7). The E. coli was
infected with the phages by culturing them while gently stirring at 37°C for one hour. The
infected E. coli was plated in a 225 mm x 225 mm plate. Then, the phages were collected from
the culture fluid of the plated E. coli to prepare a phage library solution.

To enrich the phages, the second and subsequent rounds of panning were performed
using the antigen-binding ability or the pH-dependent binding ability as an indicator. Specifically,
40 pmol of the biotin-labeled antigen was added to the prepared phage library solution to allow
the contact of the phage library solution with the antigen at room temperature for 60 minutes.
BSA-blocked magnetic beads were added and allowed to bind to antigen/phage complexes at
room ternperature for 15 minutes. The beads were washed multiple times with 1 ml of 1.2 mM
€aCly/TBST and with 1.2 mM CaCl,/TBS.  Then, when the phages were enriched using the
antigen-binding ability as an indicator, the beads added with 0.5 mi of 1 mg/ml trypsin were
suspended at room temperature for 15 minutes, and then immediately separated using a magnetic
stand to collect a phage solution. Alternatively, when the phages were enriched using the
pH-dependent antigen-binding ability as an mdicator, the beads added with 0.1 ml of 50 mM
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MES/1.2 mM CaCl, /150 mM NaCl (pH 5.5) were suspended at room temperature, and then
immediately separated using a magnetic stand to collect a phage solution. To eliminate the
ability from phages displaying no Fab to infect E. coli, the pII protein (helper phage-derived pIll
protein) of phages displayimg no Fab was cleaved by adding 5 ul of 100 mg/ml trypsin to the
collected phage solution. The coliected phages were added to 10 mi of E. coli strain ER2738 in
a logarithmic growth phase (OD600 01 0.4-0.7). The E. coli was infected with the phages by
culturing them while gently stirring at 37°C for one hour.  The infected E. coli was plated in a
225 mm x 225 mm plate. Then, the phages were collected from the culture fluid of the plated E.
coli to collect a phage library solution. The panning using the antigen-binding ability or the

pH-dependent binding ability as an indicator was repeated twice.

(24-2) Assessment by phape ELISA

Phage-containing culture supernatants were collected according to a conventional
method (Methods Mol. Biol. (2002) 178, 133-145) from single colonies of E. coli obtained by
the method described above.

To the phage-containing culture supernatants, BSA and CaCl, were added at a final

concentration of 4% BSA and at a final calcium ion concentration of 1.2 mM. These
phage-containing culture supernatants were subjected to ELISA by the following procedure. A
StreptaWell 96 microtiter plate (Roche) was coated overnight with 100 pl of PBS containing the
biotin-labeled antigen.  Afier washing each well of the plate with PBST (PBS contaiming 0.1%
Tween20) to remove the antigen, the wells were blocked with 250 ul of 4% BSA/TBS for one
hour or more.  After removing 4% BSA/TBS, the prepared culture supernatants were added to
each well.  The antibodies presented on the phages were allowed to bind to the antigens on each
well by incubating the plate at 37°C for one hour. Following wash with 1.2 mM CaCly/TBST,
1.2 mM CaCl/TBS (pH 7.6) or 1.2 mM CaCly/TBS (pH 5.5) was added to each well. The plate
was incubated at 37°C for 30 minutes.  After washing with 1.2 mM CaCL/TBST (pH 7.6),
HRP-coupled anti-M13 antibody (Amersham Pharmacia Biotech) diluted with TBS containing
4% BSA and 1.2 mM ionized calcium was added to each well.  The plate was incubated for one
hour. After washing with 1.2 mM CaClL/TBST, TMB single solution (ZYMED) was added to
each well. The chromogenic reaction in the solution of each well was stopped by adding
sulfuric acid, and then the absorbance at 450 nm was measured to assess the color development.
When enrichment was carried out using the antigen-binding ability as an indicator,
phage ELISA following two rounds of panning showed that 17 of 96 clones were ELISA positive
in an antigen-specific manner. Thus, clones were analyzed after three rounds of panning.
Meanwhile, when enrichment was carried out using the pH-dependent antigen-binding ability as

an indicator, phage ELISA following two rounds of panning showed that 70 of 94 clones were
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positive in ELISA. Thus, clones were analyzed after two rounds of panning.

The base sequences of genes amplified with specific primers were analyzed for the
clones subjected to phage ELISA., The results of phage ELISA and sequence analysis are
shown in Table 29 below.

[Table 29]
LIBRARY His LIBRARY 1 ‘i His LIBRARY 1 |
PcmmTIOE | PTRIRPRT | e
NUMBER OF PANNING 3 2
NUMBER OF EXAMINED CLONES 80 94
ELISA-POSITIVE 76 70
TYPES OF ELISA-POSITIVE 30 67
CLONE SEQUENCES
TYPES OF pH-DEPENDENT 22 47
BINDING CLONE SEQUENCES

By the same method, antibodies with pH-dependent antigen-binding ability were
isolated from the naive human antibody phage display library. When enrichment was carried
out using the antigen-binding ability as an indicator, 13 types of pH-dependent binding
antibodies were isolated from 88 clones tesied. Meanwhile, when enrichment was carried out
using the pH-dependent antigen-binding ability as an indicator, 27 types of pH-dependent
binding antibodies were isolated from 83 clones tested.

The result described above demonstrated that the variation of clones with pH-dependent
antigen-binding ability isolated from the His library 1 was larger as compared to the naive
human antibody phage display library.

(24-3} Expression and purification of antibodies

Clones assumed to have pH-dependent antigen-binding ability based on the result of
phage ELIS A were introduced inte animal cell expression plasmids,  Antibodies were expressed
using the method described below.  Cells of human fetal kidney cell-dertved FreeStyle 293-F
line (Invitrogen) were suspended in FreeStyle 293 Expression Medium (Invitrogen), and plated
at a cell density of 1.33 x 10° cells/ml (3 ml) to each well of a 6-well plate. The prepared
plasmids were introduced info the cells by a lipofection method. The cells were cultured in a
CO, mcubator (37°C, 8%C0O;, 90 rpm) for four days. By a method known to those skilled in
the art, antibodies were purified using rProtein A SepharoseTM Fast Flow (Amersham

Biosciences) from culture supernatants obtained as described above,  The absorbance of
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solutions of purified antibodies was measured at 280 nm using a spectrophotometer.  Antibody
concentrations were calculated from the measured values by using the absorption coefficient
determined by PACE method (Protein Science (1995) 4, 2411-2423).

(24-4) Assessment of 1solated antibodies for their pH-dependent binding ability to human 1L-6
recepior

Antibodies 6RpH#01 (heavy chain SEQ ID NO: 118; Light chain SEQ ID NO: 119),
6RpH#02 (heavy chain SEQ ID NO: 120; light chain SEQ ID NO: 121), and 6RpH##03 (heavy
chain SEQ ID NO: 122; light chain SEQ ID NO: 123} isolated as described in (24-3) were
assessed for the pH dependency of their human 1L-6 receptor-binding activity by analyzing the
interaction between the antibodies and human 1L.-6 receptor using Biacore T100 (GE Healthcare).
Tocilizumab (heavy chain SEQ ID NO: 60; light chain SEQ ID NO: 61) was used as a control
antibody that does not have pH-dependent binding activity to human 1L-6 receptor. The

interaction for the antigen-antibody reaction was analyzed in solutions at pH 7.4 and pH 6.0,
corresponding to a neutral pH and acidic pH conditions, respectively.  An appropriate amount
of Protein A/G (Invitrogen) was immobilized onto a Sensor chip CM5 (GE Healthcare) by an
amino coupling method, and about 300 RU each of antibodies of interest were captured onto the
chip. The two types of running buffers used were: 20 mM ACES/150 mM NaCl/0.05% (w/v)
Tween20/1.2 mM CaCls (pH 7.4); and 20 mM ACES/150 mM NaCl/0.05% (w/v) Tween20/1.2
mM CaCl, (pH 6.0). These buffers were each used to dilute human IL-6 receptor.  All
measurements were carried out at 37°C. -

In the interaction analysis of the antigen-antibody reaction using tocilizamab as a
control antibody, and antibodies 6RpH#01, 6RpH#02, and 6RpH#03, a diluted IL-6 receptor
solution and a running buffer as a blank were injected at a flow rate of 5 pl/min for three minutes
to allow IL-6 receptor to interact with antibodies tocilizumab, 6RpH#01, 6RpH#02, and
6RpH#03 captured onto the sensor chip.  Then, 10 mM glycine-HCI (pH 1.5) was injected at a
flow rate of 30 ul/min for 30 seconds to regenerate the sensor chip.

Sensorgrams at pH 7.4 obtained by the measurement using the method described above
are shown in Fig. 24.  Sensorgrams under the condition of pH 6.0 obtained by the same method
are shown in Fig. 25.

The result described above shows that the IL-6 receptor-binding ability of antibodies
GRpH#01, 6RpH#(02, and 6RpH#HO3 was significantly reduced when the buffer pH was shifted
from pH 7.4 to pH 6.0.

(Reference Example 25) Production of human IL-6 receptor knock-in mice
{25-1)} Construction of a knock-in vector
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A bacterial artificial chromosome (BAC) clone into which a genomic region of mouse
mterleukin-6 gene (Ii6ra) has been cloned was used. A DNA fragment in which the human
interleukin-6 receptor gene coding sequence (GenBank# NM_000565 ), hp7 sequence, poly A
addition signal, loxP sequence, neomycin-resistance (neo) gene cassette, and loxP are serially
linked was inserted into the target region of the mouse H6ra gene on this BAC by homologous
recombination using a Red/ET system (GeneBridges). In this case, insertion was carried out by
matching the translation initiation site located in exon 1 of the mouse li6ra gene on BAC with
the translation initiation site of the human IL6R gene, and only 40 base pairs of the nucleotide
sequence following the translation nitiation site in exon 1 of the mouse Héra gene were deleted.
A pkg gene promoter was added to neo, which is the drug-resistance gene, so that the neo gene is
expressed in ES cells. However, the neo gene is predicted to possibly suppress the expression
of the hILL6R gene introduced into the upstream region. Therefore, to enable later removal of
the neo gene, the loxP sequence (ATAACTTCGTATAGCATACATTATACGAAGTTAT (SEQ ID
NO: 131)) was placed on both sides of the neo gene.  This produced a system where the neo
oene situated between the loxP sequences will be removed by recombination when Cre acts on it.
Next, to enable linearization of the knock-in vector, the restriction enzyme Notl recognition
sequence (GCGGCCGC) was inserted together with the ampicillin resistance gene to the 5'

upstream region of the mouse [l6ra gene on BAC.,

(25-2) Infroduction into ES cells

The above-mentioned hIL6R knock-in vector was electroporated into ES cells

(129SvEv mouse-derived cells), and after selective culturing with G418, drug-resistant clones
were obtained. From these clones, homologous recombinants were screened by the PCR
method. 60 ug of the knock-in vector was linearized with Notl, extracted with
phenol/chloroform, precipitated with ethanol, and then dissolved in PBS.

To prepare PCR samples, ES cells to be used in the screening were cultured on a
96-well plate, washed twice using 200 pL of PBS per well, and then a cell lysis buffer having the
following composition (5 uL of 10x LA buffer IT (TAKARA LA for Taq), 5 uL. of 5% NP-40, 4
uL of proteinase K (TAKARA) (20 mg/mL), and 36 uL of distilled water) was added thereto for
treatment at 55°C for two hours, followed by treatment at 95°C for 15 minutes to inactivate
proteinase K.

A total volume 0f 25 UL of a PCR reaction mixture was prepared by mixing 1 ptl of the
sample, 2.5 pL of 10x LA buffer 11, 2.5 uL of 25 mM MgCl,, 4 1L of dNTP (including 2.5 mM
each of dATP, dCTP, dGTP, and dTTP), 0.2 ul each of the primers (50 uM each), 0.25 uL of LA
Taq (TAKARA), and 14.35 pL of distilled water. The PCR conditions were: preheating at 94°C
for five minutes, 35 cycles of amplification consisting of 98°C for ten seconds and 68°C for 3
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minutes 30 seconds, as well as heating at 68°C for seven minutes. :

P6Ral (forward) 5'-ACAGGGCCTTAGACTCACAGC-3' (SEQ ID NO: 132) and
hRII6 11638R (reverse) 5'-AACTTGCTCCCGACACTACTGG-3' (SEQ ID NO: 133) were
used for the primers.  Primer P6Ral was placed in the mouse Héra genome region at the 5'-side
further upstream of the homologous arm of the knock-in vector, and hRL16 11638R was placed
inside the hIL6R ¢DNA (see Fig. 32). In samples of ES cells that underwent homologous

recombination, an approximately 2.2-kb band is amplified.

{3) Generation of knock-in mice

The homologous recombinant ES clones were suspended by trypsin treatment, and
washed with the ES cell medium. Five IU of equine chorionic gonadotropin (eCG) and human
chorionic gonadotropin (hCG) were administered intraperitoneally at 48-hour intervals to female
C57BL/6J(B6) mice to perform superovulation treatment, and these fernale mice were crossed
with male mice of the same lineage. The day when a plug was confirmed in a female mouse
was regarded as day 0.5. On gestation day 2.5, the uterus and the oviduct were perfused, and
embryos in the 8-cell stage to the morula stage were coliected.  The collected embryos were
incubated overnight at 37°C, the embryos that developed into blastocysts were used as host
embryos and 10 to 15 ES cells were injected therein.  The injected embryos were transplanted
into the uterus of psendopregnant ICR-type recipient females on gestation day 2.5, and the
offsprings were obtained 17 days later. Based on distinction by the coat color of the offspring
obtained by injection of ES cells to the blastocysts, chimeric mice with mixed presence of the
recombinant ES cells (wild-type color) and the host blastocyst-derived cells (black) were
obtained. After maturation, the male chimeric mice were crossed with the B6-female mice, and
transmission of the knock-in allele to the next generation mice was confirmed by the PCR
method using the genomic DNA extracted from the tail of the next generation mice as the
template, PCR was performed by the method used when screening for the above-mentioned
homologous recombinant ES cells.  As a result, individuals from which a 2.2-kb signal was
detected were obtained, and the knock-in allele was confirmed to be transmitted to these

mdividuals.

{4) Removal of the neo gene

The neo gene cassette was removed by microinjection of the recombinase Cre
expression vector into the pronucleus of the fertilized egg obtained by propagation of individuals
in which transmission of the knock-in allele was confirmed. That is, by transiently expressing
Cre, recombination was induced between the two loxP sites placed in the knock-in allele, and the

neo gene cassette was removed.  The fertilized egg to which the Cre expression vector was
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microinjected was transferred to the oviducts of pseudopregnant ICR recipient females on
gestation day 0.5 and the offsprings were bdm 19 days later. Removal of the neo gene cassette
was confirmed by a PCR method using genomic DNA extracted from the tail collected after
weaning of the offsprings.

The PCR reaction solution was composed of 1 pL of the sample, 12.5 pL of 2x GC
buffer I, 4 pL of ANTP (including 2.5 mM each of dATP, dCTP, dGTP, and dTTP), 0.25 uL each
of the primers (50 UM each), 0.25 uL of LA Taq (TAKARA), and 6.75 pL of distilled water, and
upon mixing them, the total amount was set to 25 nL.  The PCR conditions were: preheating at
94°C for four minutes, 35 cycles of amplification consisting of 94°C for 30 seconds, 62°C for 30
seconds, and 72°C for three minutes, as well as heating at 72°C for seven minutes.

The positions where the primers were set are shown in Fig. 32B. mRLI6 10355
(5-TCTGCAGTAGCCTTCAAAGAGC-3' (SEQ ID NQO: 134)) and mRLI6 11166R
(5'-AACCAGACAGTGTCACATTCC-3" (SEQ ID NO: 135)) were used for the primers. In the
samples from individuals before removal of the neo cassette, a 4.2-kb signal detected as an
amplification product derived from the knock-in allele and a 0.8-kb signal derived from the
wild-type allele were detected by PCR reaction, whereas in the samples from individuals whose
neo cassette has been removed, an approximately 2.7-kb signal and a (.8-kb signal derived from
the wild-type allele were detected (Fig. 33).

(63 Confirmation of human IL6R expression and mouse 11.6ra expression

(6-1) Confirmation by the RT-PCR method using tissne RNA

Analyses of expression of human [L6R and mouse IL6ra were carried out by the

RT-PCR method using tissue RNA of homozygous knock-in mice and wild-type mice. Tissue

RNAs were prepared from the liver, spleen, thymus, kidney, heart and lung.  Using I pg each of
the tissue RNAs as templates, cDNAs were synthesized by performing a reverse transcription
reaction using a SuperSecript Il First Strand ¢cDNA Synthesis Kit (Invitrogen) and oligo dT (20)
primer. Human IL6R and mouse IL6ra were detected by performing PCR using the synthesized
cDNAs as templates.  Human IL6R was detected using the combination of a forward primer
6RIK-s1 (5'-CCCGGCTGCGGAGCCGCTCTGC-3' (SEQ ID NO: 136)) set in the 5'
uniranslated region further upstream of the transiation initiation site which is the insertion
position of the hIL6R gene in the knock-in allele and a human IL6R-specific reverse primer
RLI&-al (5'—ACAGTGATGCTGGAGGTCCTT&‘ (SEQ ID NO: 137)).  On the other hand,
mouse IL6ra was detected by using the combination of the above-mentioned forward primer
6RIK-s1 and reverse primer 6RLICA2 (5-AGCAACACCGTGAACTCCTTTG-3' (SEQ ID NO:
138)) which is specific to mouse [LL6ra. The PCR reaction solution was composed of 12.5 pL
of the sample, 12.5 uL of 2x GC buffer [, 4 uL of dANTP (inciuding 2.5 mM each of dATP, dCTP,
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dGTP, and dTTP), 0.25 pL each of the primers (50 uM each), 0.25 pL. of LA Tag (TAKARA),
and 6.75 ulL of distilled water, and upon mixmg them, the total amount was setto 25 pl.. The
PCR conditions were: preheating at 94°C for two minutes, 30 cycles of amplification consisting
of 94°C for 30 seconds, 62°C for 30 seconds, and 72°C for one minute, as well as heating at
72°C for five minutes. While the amplification product of human ILOR 1s detected at 880 bp
and the amplification product of mouse IL6ra is detected at 846 bp, onty human IL6R was
detected from each of the tissues of homozygous hIL6R knock-in mice, and mouse 1L6ra was
not detected. Meanwhile, human IL6R was not detected from each of the tissues of wild-type
mice, and only mouse IL6ra was detected (Fig. 34). These results confirmed that the knock-in
vector underwent homologous recombination as designed, giving mice that express human IL6R .
instead of mouse IL6ra.

{6-2) Measurement of human IL-6R concentration in the plasma

Laparotomy was performed under isoflurane inhalation anesthesia, and the
concentration of soluble human IL-6R in the plasma separated from the blood collected from the
abdominal large vein was measured using a Quantikine Human IL-6sR Immunoassay Kit (R&D
Systems). As a result, the concentration of soluble hiL-6R in plasma was 22.1 £+ 5.0 ng/mL for
the homozygous knock-in mice, and 11.5 + 4.1 ng/mL for the heterozygous knock-in mice.
Sotuble hIL-6R was not detected in the plasma of wild-type mice (Fig. 35). The concentration
in homozygous knock-in mice was equivalent to the concentration in blood reposted for humans
{Blood (2008) 112, 3959-3969).

(6-3) Confirmation of species-specific ligand reactivity

Mouse IL-6 or human IL-6 were administered intraperitoneally to homozygous
knock-in mice and 'wild-type mice at 4 ug per kg body weight, blood was collected six hours
later, and the concentration of serum amyloid A (SAA) in the blood was quantified using an SAA
ELISA Kit (Invitrogen). A solution produced by supplementing phosphate buffered saline
solution (PBS) with mouse plasma so that 1t will become 0.5% was used as the solvent of 1L-6
for administration, A control group to which only the solvent is administered was prepared.

As aresult, the homozygous knock-in mouse was responsive to human IL-6 only and the plasma
SAA level increased, but it did not show any responsiveness to mouse IL-6 (Fig. 36). Onthe
other hand, the wild-type mice were responsive to human IL-6 and mouse IL-6, and showed an
increase in the plasma SAA level (Fig. 36). It is known that while mouse IL-67a binds to mouse
IL-6 as well as huzﬁan IL-6, human IL-6R binds to human IL-6 but does not bind to mouse IL-6,
and the results of this experiment were in accordance with this knowledge. Therefore, it was

revealed that in the homozygous knock-in mice, mouse IL6ra is not expressed, and instead,
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human IL6R is expressed and is functioning, as designed.

Since the mRNA of the hIL6R gene transcribed by the knock-in allele of the present
invention has a structure that will not be spliced out, it is not degraded by the NMD mechanism,
but on the other hand, the expression level of genes that are not spliced out is known to bécome
low. However, in the hIL6R knock-in mice of the present invention, the soluble hiL-6R
concentration in the blood is the same as that in healthy individuals, and moreover, the mice are
sufficiently responsive to the administered human 11-6 and SAA production was confirmed.
This shows that the hp7 inserted together with the poly A addition signal contributed to the
stabilization of the expression level of IL6R which would normally have decreased because of
its structure that is not spliced out.



233

CLAIMS

1. Use of an antibody in manufacturing a medicament for treating an antigen associated-disease
by inducing an immune response of a living organism to said antigen, wherein the antibody
comprises an antigen-binding domain whose binding activity to the antigen changes depending
on an ion concentration condition and comprises an FcRn-binding domain having a higher
binding activity to FcRn compared with naturally-occurring human IgG Fc region at pH 7.4,
wherein the antigen-binding domain comprises:

(1) an antibody variable region in which at least one or more amino acids selected from the group
consisting of amino acids at positions 95, 96, 100a and 101 according to Kabat numbering in the
antibody heavy chain variable region and amino acids at positions 30, 31, 32, 50 and 92
according to Kabat numbering in the antibody light chain variable region are amino acids having
a metal-chelating activity and the antigen-binding activity is higher under a calcium ion
concentration of 2 mM or 1.2 mM than under a calcium ion concentration of 3 uM; or

(i1) an antibody CDRs in which at least one or more amino acids are His and the antigen-binding
activity is higher at pH 7.4 than at pH 5.8, and

wherein the FcRn-binding domain comprises an antibody Fc region in which at least one or more
amino acids selected from the group consisting of amino acids at positions 257, 308, 428, and
434 according to EU numbering in the Fc region are different from amino acids at corresponding
positions in a naturally-occurring human IgG Fc region,

wherein the antigen is a soluble antigen.

2. The use of claim 1, wherein the antibody has neutralizing activity against the antigen.

3. The use of claim 1 or 2, wherein the antibody has cytotoxic activity against a cell expressing

the antigen.

4. The use of any one of claims 1 to 3, wherein the Fc region comprises at least one or more
amino acids selected from the group consisting of:

Ala at amino acid position 257,

Pro at amino acid position 308;

Leu at amino acid position 428; and

Tyr at amino acid position 434,

according to EU numbering in the Fc region.

5. The use of any one of claims 1 to 4, wherein the Fcy receptor-binding activity of the Fc
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region is higher than that of a naturally-occurring human IgG Fc region in which the sugar chain

attached at position 297 according to EU numbering is a fucose-containing sugar chain.

6. The use of claim 5, wherein the Fcy receptor is FcyRlIa, FeyRIIa(R), FeyRIla(H), FeyRIIb,
FeyRIIIa(V), or FeyRIIIa(F).

7. The use of claim 5 or 6, wherein the Fc region is an Fc region in which at least one or more
amino acids selected from the group consisting of amino acids at positions 221, 222, 223, 224,
225,227,228, 230,231, 232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 243, 244, 245, 246,
247, 249, 250, 251, 254, 255, 256, 258, 260, 262, 263, 264, 265, 266, 267, 268, 269, 270, 271,
272,273,274, 275,276, 278, 279, 280, 281, 282, 283, 284, 285, 286, 288, 290, 291, 292, 293,
294, 295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 311, 313, 315, 317, 318, 320, 322,
323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 339, 376, 377, 378,
379, 380, 382, 385, 392, 396, 421, 427, 428, 429, 434, 436, and 440 according to EU numbering
in the Fc region are different from amino acids at corresponding positions in a

naturally-occurring Fc region.

8. The use of any one of claims 5 to 7, wherein the Fc region comprises at least one or more
amino acids selected from the group consisting of:

either Lys or Tyr at amino acid position 221;

any one of Phe, Trp, Glu, and Tyr at amino acid position 222;

any one of Phe, Trp, Glu, and Lys at amino acid position 223;

any one of Phe, Trp, Glu, and Tyr at amino acid position 224;

any one of Glu, Lys, and Trp at amino acid position 225;

any one of Glu, Gly, Lys, and Tyr at amino acid position 227,

any one of Glu, Gly, Lys, and Tyr at amino acid position 228;

any one of Ala, Glu, Gly, and Tyr at amino acid position 230;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 231;

any one of Glu, Gly, Lys, and Tyr at amino acid position 232;

any one of Ala, Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 233;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 234;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 235;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
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Tyr at amino acid position 236;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 237;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 238;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr
at amino acid position 239;

any one of Ala, Ile, Met, and Thr at amino acid position 240;

any one of Asp, Glu, Leu, Arg, Trp, and Tyr at amino acid position 241;

any one of Leu, Glu, Leu, Gln, Arg, Trp, and Tyr at amino acid position 243;

His at amino acid position 244;

Ala at amino acid position 245;

any one of Asp, Glu, His, and Tyr at amino acid position 246;

any one of Ala, Phe, Gly, His, Ile, Leu, Met, Thr, Val, and Tyr at amino acid position 247,

any one of Glu, His, Gln, and Tyr at amino acid position 249;

either Glu or Gln at amino acid position 250;

Phe at amino acid position 251;

any one of Phe, Met, and Tyr at amino acid position 254;

any one of Glu, Leu, and Tyr at amino acid position 255;

any one of Ala, Met, and Pro at amino acid position 256;

any one of Asp, Glu, His, Ser, and Tyr at amino acid position 258;

any one of Asp, Glu, His, and Tyr at amino acid position 260;

any one of Ala, Glu, Phe, Ile, and Thr at amino acid position 262;

any one of Ala, Ile, Met, and Thr at amino acid position 263;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr
at amino acid position 264;

any one of Ala, Leu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Val, Trp,
and Tyr at amino acid position 265;

any one of Ala, Ile, Met, and Thr at amino acid position 266;

any one of Asp, Glu, Phe, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Thr, Val, Trp, and Tyr at
amino acid position 267;

any one of Asp, Glu, Phe, Gly, lle, Lys, Leu, Met, Pro, Gln, Arg, Thr, Val, and Trp at amino acid
position 268;

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 269;

any one of Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Gln, Arg, Ser, Thr, Trp, and Tyr at amino acid
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position 270;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 271;

any one of Asp, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 272;

either Phe or Ile at amino acid position 273;

any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 274;

either Leu or Trp at amino acid position 275;

any one of Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 276;

any one of Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, and Trp at
amino acid position 278;

Ala at amino acid position 279;

any one of Ala, Gly, His, Lys, Leu, Pro, Gln, Trp, and Tyr at amino acid position 280;

any one of Asp, Lys, Pro, and Tyr at amino acid position 281;

any one of Glu, Gly, Lys, Pro, and Tyr at amino acid position 282;

any one of Ala, Gly, His, Ile, Lys, Leu, Met, Pro, Arg, and Tyr at amino acid position 283;

any one of Asp, Glu, Leu, Asn, Thr, and Tyr at amino acid position 284;

any one of Asp, Glu, Lys, Gln, Trp, and Tyr at amino acid position 285;

any one of Glu, Gly, Pro, and Tyr at amino acid position 286;

any one of Asn, Asp, Glu, and Tyr at amino acid position 288;

any one of Asp, Gly, His, Leu, Asn, Ser, Thr, Trp, and Tyr at amino acid position 290;

any one of Asp, Glu, Gly, His, Ile, Gln, and Thr at amino acid position 291;

any one of Ala, Asp, Glu, Pro, Thr, and Tyr at amino acid position 292;

any one of Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino acid
position 293;

any one of Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at amino
acid position 294;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr at
amino acid position 295;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, and Val at amino
acid position 296;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 297;

any one of Ala, Asp, Glu, Phe, His, Ile, Lys, Met, Asn, Gln, Arg, Thr, Val, Trp, and Tyr at amino
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acid position 298;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Val, Trp, and
Tyr at amino acid position 299;

any one of Ala, Asp, Glu, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, GIn, Arg, Ser, Thr, Val, and Trp
at amino acid position 300;

any one of Asp, Glu, His, and Tyr at amino acid position 301;

Ile at amino acid position 302;

any one of Asp, Gly, and Tyr at amino acid position 303;

any one of Asp, His, Leu, Asn, and Thr at amino acid position 304;

any one of Glu, Ile, Thr, and Tyr at amino acid position 305;

any one of Ala, Asp, Asn, Thr, Val, and Tyr at amino acid position 311;

Phe at amino acid position 313;

Leu at amino acid position 315;

either Glu or Gln at amino acid position 317;

any one of His, Leu, Asn, Pro, Gln, Arg, Thr, Val, and Tyr at amino acid position 318;

any one of Asp, Phe, Gly, His, Ile, Leu, Asn, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid
position 320;

any one of Ala, Asp, Phe, Gly, His, Ile, Pro, Ser, Thr, Val, Trp, and Tyr at amino acid position
322;

Ile at amino acid position 323;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Pro, Arg, Thr, Val, Trp, and Tyr at amino acid
position 324;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 325;

any one of Ala, Asp, Glu, Gly, Ile, Leu, Met, Asn, Pro, Gln, Ser, Thr, Val, Trp, and Tyr at amino
acid position 326;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Thr, Val, Trp, and Tyr
at amino acid position 327;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, and
Tyr at amino acid position 328;

any one of Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Gln, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 329;

any one of Cys, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Arg, Ser, Thr, Val, Trp, and Tyr
at amino acid position 330;

any one of Asp, Phe, His, Ile, Leu, Met, Gln, Arg, Thr, Val, Trp, and Tyr at amino acid position
331;
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any one of Ala, Asp, Glu, Phe, Gly, His, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp,
and Tyr at amino acid position 332;

any one of Ala, Asp, Glu, Phe, Gly, His, Ile, Leu, Met, Pro, Ser, Thr, Val, and Tyr at amino acid
position 333;

any one of Ala, Glu, Phe, Ile, Leu, Pro, and Thr at amino acid position 334;

any one of Asp, Phe, Gly, His, Ile, Leu, Met, Asn, Pro, Arg, Ser, Val, Trp, and Tyr at amino acid
position 335;

any one of Glu, Lys, and Tyr at amino acid position 336;

any one of Glu, His, and Asn at amino acid position 337;

any one of Asp, Phe, Gly, Ile, Lys, Met, Asn, Gln, Arg, Ser, and Thr at amino acid position 339;
either Ala or Val at amino acid position 376;

either Gly or Lys at amino acid position 377;

Asp at amino acid position 378;

Asn at amino acid position 379;

any one of Ala, Asn, and Ser at amino acid position 380;

either Ala or Ile at amino acid position 382;

Glu at amino acid position 385;

Thr at amino acid position 392;

Leu at amino acid position 396;

Lys at amino acid position 421;

Asn at amino acid position 427;

either Phe or Leu at amino acid position 428;

Met at amino acid position 429;

Trp at amino acid position 434;

Ile at amino acid position 436; and

any one of Gly, His, Ile, Leu, and Tyr at amino acid position 440;

according to EU numbering in the Fc region.

9. The use of any one of claims 5 to 8, wherein the naturally-occurring Fc region is an Fc
region of any one of human IgG1, human IgG2, human IgG3, and human IgG4 in which the
sugar chain attached at position 297 according to EU numbering is a fucose-containing sugar

chain.

10. The use of any one of claims 5 to 9, wherein the Fc region is modified so that the
percentage of the Fc region to which a fucose-deficient sugar chain is attached, or bisecting

N-acetylglucosamine is added, at position 297 according to EU numbering in the Fc region, will



239

become higher.



